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2-Port Constant Volume Chamber (2P)

Chamber with two ports and fixed volume of two-phase fluid

Library: Simscape / Foundation Library / Two-Phase Fluid /
Elements S E
L)
mﬂ
Description

The 2-Port Constant Volume Chamber (2P) block models the accumulation of mass and
energy in a chamber containing a fixed volume of two-phase fluid. The chamber has two
inlets, labeled A and B, through which fluid can flow. The fluid volume can exchange heat
with a thermal network, for example one representing the chamber surroundings,
through a thermal port labeled H.

The mass of the fluid in the chamber varies with density, a property that in a two-phase
fluid is generally a function of pressure and temperature. Fluid enters when the pressure
upstream of an inlet rises above that in the chamber and exits when the pressure gradient
is reversed. The effect in a model is often to smooth out sudden changes in pressure,
much like an electrical capacitor does with voltage.

The flow resistance between each inlet and the interior of the chamber is assumed to be
negligible. The pressure in the interior is therefore equal to that at the inlets. Similarly,
the thermal resistance between the thermal port and the interior of the chamber is
assumed to be negligible. The temperature in the interior is equal to that at the thermal
port.

Mass Balance

Mass can enter and exit the chamber through ports A and B. The volume of the chamber
is fixed but the compressibility of the fluid means that its mass can change with pressure
and temperature. The rate of mass accumulation in the chamber must exactly equal the
mass flow rates in through ports A and B:



2-Port Constant Volume Chamber (2P)

[(ap) dp+(ap du
dt au pdt

]V mpa + mg + €y,

where the left-hand side is the rate of mass accumulation and:

* pis the density.

* pisthe pressure.

* u is the specific internal energy.
* Vis the volume.

* mis the mass flow rate.

* ey is a correction term introduced to account for a numerical error caused by the
smoothing of the partial derivatives.

Correction Term for Partial-Derivative Smoothing

The partial derivatives in the mass balance equation are computed by applying the finite-
difference method to the tabulated data in the Two-Phase Fluid Properties (2P) block and
interpolating the results. The partial derivatives are then smoothed at the phase-
transition boundaries by means of cubic polynomial functions. These functions apply
between:

* The subcooled liquid and two-phase mixture phase domains when the vapor quality is
in the 0-0.1 range.

* The two-phase mixture and superheated vapor phase domains when the vapor quality
is in the 0-0.9 range.

The smoothing introduces a small numerical error that the block adjusts for by adding to
the mass balance the correction term e);, defined as:

_M-V/v
==,

where:

* M is the fluid mass in the chamber.
* v is the specific volume.
* 7 is the characteristic duration of a phase-change event.

The fluid mass in the chamber is obtained from the equation:

1-3



1 Blocks — Alphabetical List

1-4

dM _ . .
W=mA+mB.

Energy Balance

Energy can enter and exit the chamber in two ways: with fluid flow through ports A and B
and with heat flow through port H. No work is done on or by the fluid inside the chamber.
The rate of energy accumulation in the internal fluid volume must then equal the sum of
the energy flow rates in through ports A, B, and H:

E=¢p+¢p+0Qn
where:

* ¢ is energy flow rate.
* Qs heat flow rate.
* E is total energy.

Neglecting the kinetic energy of the fluid, the total energy in the chamber is:
E =Mu.

Momentum Balance

The pressure drop due to viscous friction between the individual ports and the interior of
the chamber is assumed to be negligible. Gravity is ignored as are other body forces. The
pressure in the internal fluid volume must then equal that at port A and that at port B:

P=pPA=DB-

Assumptions

* The chamber has a fixed volume of fluid.
» The flow resistance between the inlet and the interior of the chamber is negligible.

* The thermal resistance between the thermal port and the interior of the chamber is
negligible.

* The kinetic energy of the fluid in the chamber is negligible.



2-Port Constant Volume Chamber (2P)

Ports

Conserving

A — Fluid inlet
two-phase fluid

Opening through which fluid can enter and exit the chamber.

B — Fluid inlet
two-phase fluid

Opening through which fluid can enter and exit the chamber.

H — Thermal port
thermal

Interface through which the fluid in the chamber exchanges heat with a thermal network.

Parameters

Parameters Tab

Chamber volume — Volume of fluid inside the chamber
293.15 K (default) | scalar with units of area

Volume of fluid in the chamber. This volume is constant during simulation.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of area

Inlet area normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of area

Inlet area normal to the direction of flow.
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Effects and Initial Conditions Tab

Initial fluid energy specification — Thermodynamic variable whose initial
value to set

Temperature (default) | Vapor quality | Vapor void fraction|Specific
enthalpy | Specific internal energy

Thermodynamic variable in terms of which to define the initial conditions of the
component.

Initial pressure — Absolute pressure at the start of simulation
0.101325 MPa (default) | scalar with units of pressure

Pressure in the chamber at the start of simulation, specified against absolute zero.

Initial temperature — Absolute temperature at the start of simulation
293.15 K (default) | scalar with units of temperature

Temperature in the chamber at the start of simulation, specified against absolute zero.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Temperature.

Initial vapor quality — Mass fraction of vapor at the start of simulation
0.5 (default) | unitless scalar between 0 and 1

Mass fraction of vapor in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor quality.

Initial vapor void fraction — Volume fraction of vapor at the start of
simulation
0.5 (default) | unitless scalar between 0 and 1

Volume fraction of vapor in the chamber at the start of simulation.

1-6
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Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor void fraction.

Initial specific enthalpy — Specific enthalpy at the start of simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific enthalpy of the fluid in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific enthalpy.

Initial specific internal energy — Specific internal energy at the start of
simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific internal energy of the fluid in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific internal energy.

Phase change time constant — Characteristic duration of a phase-change
event
0.1 s (default) | scalar with units of time

Characteristic time to equilibrium of a phase-change event taking place in the chamber.
Increase this parameter to slow the rate of phase change or decrease it to speed the rate.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also
3-Port Constant Volume Chamber (2P) | Constant Volume Chamber (2P) | Reservoir (2P)

Introduced in R2017b

1-8
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3-Port Constant Volume Chamber (2P)

Chamber with three ports and fixed volume of two-phase fluid

Library: Simscape / Foundation Library / Two-Phase Fluid /
Elements o z]
[ o
2,0
o |
Description

The 3-Port Constant Volume Chamber (2P) block models the accumulation of mass and
energy in a chamber containing a fixed volume of two-phase fluid. The chamber has three
inlets, labeled A, B, and C, through which fluid can flow. The fluid volume can exchange
heat with a thermal network, for example one representing the chamber surroundings,
through a thermal port labeled H.

The mass of the fluid in the chamber varies with density, a property that in a two-phase
fluid is generally a function of pressure and temperature. Fluid enters when the pressure
upstream of an inlet rises above that in the chamber and exits when the pressure gradient
is reversed. The effect in a model is often to smooth out sudden changes in pressure,
much like an electrical capacitor does with voltage.

The flow resistance between each inlet and the interior of the chamber is assumed to be
negligible. The pressure in the interior is therefore equal to that at the inlets. Similarly,
the thermal resistance between the thermal port and the interior of the chamber is
assumed to be negligible. The temperature in the interior is equal to that at the thermal
port.

Mass Balance

Mass can enter and exit the chamber through ports A, B, and C. The volume of the
chamber is fixed but the compressibility of the fluid means that its mass can change with
pressure and temperature. The rate of mass accumulation in the chamber must exactly
equal the mass flow rates in through ports A, B, and C:
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[(ap) dp+(ap du

a U pdt]v mp + mp + mc + €y,

where the left-hand side is the rate of mass accumulation and:

* pis the density.

* pis the pressure.

* u is the specific internal energy.
* Vis the volume.

* mis the mass flow rate.

* ey is a correction term introduced to account for a numerical error caused by the
smoothing of the partial derivatives.

Correction Term for Partial-Derivative Smoothing

The partial derivatives in the mass balance equation are computed by applying the finite-
difference method to the tabulated data in the Two-Phase Fluid Properties (2P) block and
interpolating the results. The partial derivatives are then smoothed at the phase-
transition boundaries by means of cubic polynomial functions. These functions apply
between:

* The subcooled liquid and two-phase mixture phase domains when the vapor quality is
in the 0-0.1 range.

* The two-phase mixture and superheated vapor phase domains when the vapor quality
is in the 0-0.9 range.

The smoothing introduces a small numerical error that the block adjusts for by adding to
the mass balance the correction term €y, defined as:

_ M-V
= A

where:

* M is the fluid mass in the chamber.
* v is the specific volume.
* 7 is the characteristic duration of a phase-change event.

The fluid mass in the chamber is obtained from the equation:
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B tig + 1ig + .

Energy Balance

Energy can enter and exit the chamber in two ways: with fluid flow through ports A, B,
and C, and with heat flow through port H. No work is done on or by the fluid inside the
chamber. The rate of energy accumulation in the internal fluid volume must then equal
the sum of the energy flow rates in through ports A, B, C, and H:

E = ¢p+dp+ dc + Qu,
where:

* ¢ is the energy flow rate.
* Qs the heat flow rate.
* E is the total energy.

Neglecting the kinetic energy of the fluid, the total energy in the chamber is:
E =Mu.

Momentum Balance

The pressure drop due to viscous friction between the individual ports and the interior of
the chamber is assumed to be negligible. Gravity is ignored as are other body forces. The
pressure in the internal fluid volume must then equal that at port A, port B, and port C:

p=pa=pPB=DPC-

Assumptions

* The chamber has a fixed volume of fluid.
» The flow resistance between the inlet and the interior of the chamber is negligible.

* The thermal resistance between the thermal port and the interior of the chamber is
negligible.

* The kinetic energy of the fluid in the chamber is negligible.
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Ports

Conserving

A — Fluid inlet
two-phase fluid

Opening through which fluid can enter and exit the chamber.

B — Fluid inlet
two-phase fluid

Opening through which fluid can enter and exit the chamber.

C — Fluid inlet
two-phase fluid

Opening through which fluid can enter and exit the chamber.

H — Thermal port
thermal

Interface through which the fluid in the chamber exchanges heat with a thermal network.

Parameters

Parameters Tab

Chamber volume — Volume of fluid inside the chamber
293.15 K (default) | scalar with units of area

Volume of fluid in the chamber. This volume is constant during simulation.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of area

Inlet area normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”™2 (default) | scalar with units of area



3-Port Constant Volume Chamber (2P)

Inlet area normal to the direction of flow.

Cross-sectional area at port C — Inlet area normal to the direction of flow
0.01 m”™2 (default) | scalar with units of area

Inlet area normal to the direction of flow.

Effects and Initial Conditions Tab

Initial fluid energy specification — Thermodynamic variable whose initial
value to set

Temperature (default) | Vapor quality | Vapor void fraction |Specific
enthalpy | Specific internal energy

Thermodynamic variable in terms of which to define the initial conditions of the
component.

Initial pressure — Absolute pressure at the start of simulation
0.101325 MPa (default) | scalar with units of pressure

Pressure in the chamber at the start of simulation, specified against absolute zero.

Initial temperature — Absolute temperature at the start of simulation
293.15 K (default) | scalar with units of temperature

Temperature in the chamber at the start of simulation, specified against absolute zero.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Temperature.

Initial vapor quality — Mass fraction of vapor at the start of simulation
0.5 (default) | unitless scalar between 0 and 1

Mass fraction of vapor in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor quality.
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Initial vapor void fraction — Volume fraction of vapor at the start of
simulation
0.5 (default) | unitless scalar between 0 and 1

Volume fraction of vapor in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor void fraction.

Initial specific enthalpy — Specific enthalpy at the start of simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific enthalpy of the fluid in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific enthalpy.

Initial specific internal energy — Specific internal energy at the start of
simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific internal energy of the fluid in the chamber at the start of simulation.
Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific internal energy.

Phase change time constant — Characteristic duration of a phase-change
event
0.1 s (default) | scalar with units of time

Characteristic time to equilibrium of a phase-change event taking place in the chamber.
Increase this parameter to slow the rate of phase change or decrease it to speed the rate.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
2-Port Constant Volume Chamber (2P) | Constant Volume Chamber (2P) | Reservoir (2P)

Introduced in R2017b
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Absolute Reference (2P)

Reference point at zero absolute pressure and specific internal energy

2

Library

Two-Phase Fluid/Elements

Description

The Absolute Reference (2P) block represents a reference point at zero absolute pressure
and specific internal energy. Use with the Pressure & Internal Energy Sensor (2P) block
to measure the absolute pressure and specific internal energy at a two-phase fluid node.

Ports

The block has a two-phase fluid conserving port. This port identifies the two-phase fluid
node set to zero pressure and specific internal energy.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Internal Energy Sensor (2P) | Reservoir (2P)



Absolute Reference (2P)

Introduced in R2015b
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Absolute Reference (G)

Reference point at zero absolute temperature and pressure
Library: Simscape / Foundation Library / Gas / Elements

Description

The Absolute Reference (G) block represents an absolute reference for the pressure and
temperature in a gas network. At port A, the pressure and temperature are both equal to
Zero.

Unlike other domains, where each topologically distinct circuit within a domain must
contain at least one reference block, gas networks do not have this requirement. For more
information, see “Reference Node and Grounding Rules”.

The purpose of the Absolute Reference (G) block is to provide a reference for the
Pressure & Temperature Sensor (G). To measure the absolute pressure and absolute
temperature of a node, connect that node to the A port of a Pressure & Temperature
Sensor (G) block. Connect the B port of the Pressure & Temperature Sensor (G) block to
an Absolute Reference (G) block.

If you use the Absolute Reference (G) block elsewhere in a gas network, it triggers a
simulation assertion because gas pressure and temperature cannot be at absolute zero.

Ports

Conserving

A — Pressure and temperature are zero
gas

Gas conserving port where the pressure and temperature are both equal to zero.
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Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Temperature Sensor (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Absolute Reference (MA)

Reference point at zero absolute temperature and pressure
Library: Simscape / Foundation Library / Moist Air / Elements

G-

Description

The Absolute Reference (MA) block represents an absolute reference for the pressure and
temperature in a moist air network. At port A, the pressure and temperature are equal to
absolute zero. Specific humidity and trace gas mass fraction are also equal to zero.

Unlike other domains, where each topologically distinct circuit within a domain must
contain at least one reference block, moist air networks do not have this requirement. For
more information, see “Reference Node and Grounding Rules”.

The purpose of the Absolute Reference (MA) block is to provide a reference for the
Pressure & Temperature Sensor (MA). For example, to measure the absolute pressure and
absolute temperature of a node, connect that node to the A port of a Pressure &
Temperature Sensor (MA) block. Connect the B port of the Pressure & Temperature
Sensor (MA) block to an Absolute Reference (MA) block.

If you use the Absolute Reference (MA) block elsewhere in a moist air network, it triggers

a simulation assertion because air mixture pressure and temperature cannot be at
absolute zero.

Ports

Conserving

A — Pressure, temperature, specific humidity, and trace gas mass fraction are
zero
moist air



Absolute Reference (MA)

Moist air conserving port where the pressure and temperature are equal to absolute zero,
and specific humidity and trace gas mass fraction are equal to zero.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Temperature Sensor (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Absolute Reference (TL)

Reference point at zero absolute temperature and pressure

Library: Simscape / Foundation Library / Thermal Liquid /
Elements |
Description

The Absolute Reference (TL) block represents an absolute reference for the pressure and
temperature in thermal liquid systems. At port A, the pressure and temperature are both
equal to zero.

Ports

Conserving

A — Pressure and temperature are zero
thermal liquid

Thermal liquid conserving port where the pressure and temperature are both equal to
zero.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Reservoir (TL)
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Topics
“Modeling Thermal Liquid Systems”

Introduced in R2013b
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AC Current Source

Ideal sinusoidal current source

?

Library

Electrical Sources

Description

The AC Current Source block represents an ideal current source that maintains sinusoidal
current through it, independent of the voltage across its terminals.

The output current is defined by the following equation:

I=1Iy-sin2m-f-t+ ¢)

where

I Current

Iy Peak amplitude
f Frequency

® Phase shift

t Time

The positive direction of the current flow is indicated by the arrow.

Note For Release 2012b and earlier, the unit definition for Hz was rev/s, whereas in
R2013a it was changed to be 1/s, in compliance with the SI unit system. For this block it




AC Current Source

means that you must specify frequency in units of Hz or directly convertible to Hz, such
as 1/s, kHz, MHz and GHz. In 2012b and earlier you could also specify frequency in
angular units (such as rad/s or rpm), but this is no longer possible because the internal
equation of the block now uses the 2m conversion factor to account for the 1/s unit
definition. If you use this block in a model created prior to R2013a, update it by using the
Upgrade Advisor. For more information, see the R2013a Release Notes.

Parameters

Peak amplitude

Peak current amplitude. The default value is 1 A.
Phase shift

Phase shift in angular units. The default value is 0.
Frequency

Current frequency, specified in Hz or units directly convertible to Hz (where Hz is
defined as 1/5s). For example, kHz and MHz are valid units, but rad/s is not. The
default value is 60 Hz.

Ports

The block has two electrical conserving ports associated with its terminals.

See Also
AC Voltage Source

Introduced in R2007a
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AC Voltage Source

Ideal constant voltage source

&

Library

Electrical Sources

Description

The AC Voltage Source block represents an ideal voltage source that maintains sinusoidal
voltage across its output terminals, independent of the current flowing through the

source.

The output voltage is defined by the following equation:

V=Vy-sin2o-f-t+ @)

where

\%4 Voltage

Vi Peak amplitude
f Frequency

® Phase shift

t Time

Connections + and - are conserving electrical ports corresponding to the positive and
negative terminals of the voltage source, respectively. The current is positive if it flows
from positive to negative, and the voltage across the source is equal to the difference
between the voltage at the positive and the negative terminal, V(+) - V(-).




AC Voltage Source

Note For Release 2012b and earlier, the unit definition for Hz was rev/s, whereas in
R2013a it was changed to be 1/s, in compliance with the SI unit system. For this block it
means that you must specify frequency in units of Hz or directly convertible to Hz, such
as 1/s, kHz, MHz and GHz. In 2012b and earlier you could also specify frequency in
angular units (such as rad/s or rpm), but this is no longer possible because the internal
equation of the block now uses the 2m conversion factor to account for the 1/s unit
definition. If you use this block in a model created prior to R2013a, update it by using the
Upgrade Advisor. For more information, see the R2013a Release Notes.

Parameters

Peak amplitude

Peak voltage amplitude. The default value is 1 V.
Phase shift

Phase shift in angular units. The default value is 0.
Frequency

Voltage frequency, specified in Hz or units directly convertible to Hz (where Hz is
defined as 1/s). For example, kHz and MHz are valid units, but rad/s is not. The
default value is 60 Hz.

Ports

The block has the following ports:

+

Electrical conserving port associated with the source positive terminal.

Electrical conserving port associated with the source negative terminal.

See Also

AC Current Source

Introduced in R2007a
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Adiabatic Cup

Thermal element with no thermal mass and perfect insulation

£

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Adiabatic Cup block models a thermal element with no thermal mass and perfect
insulation. Use this block as an insulation for thermal ports to prevent heat exchange with
the environment and to model an adiabatic process.

Ports

The block has one thermal conserving port.

See Also

Cap (TL) | Hydraulic Cap | Open Circuit | Perfect Insulator | Rotational Free End |
Translational Free End



Adiabatic Cup

Introduced in R2009b
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Cap (2P)

Perfectly insulated stop to fluid flow

Library: Simscape / Foundation Library / Two-Phase Fluid /
Elements |
Description

The Cap (2P) block represents a perfectly insulated terminus for a two-phase fluid branch.
There is no fluid flow or heat transfer through the cap.

You can use this block to terminate two-phase fluid ports on other blocks that you want to
cap. This is not necessary because if you leave a conserving port unconnected, the
physical network sets all the Through variables at that port to 0. However, terminator
blocks improve diagram readability.

You can also use this block to set the initial pressure and specific internal energy at a
node.

Variables
To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property

Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Gas Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
two-phase fluid



Cap (2P)

Two-phase fluid conserving port where the mass flow rate and energy flow rate are both
equal to zero.

Compatibility Considerations
Capping unconnected ports is no longer required
Behavior changed in R2019b

This block is no longer required. Starting in R2019b, the restriction that disallowed
unconnected conserving ports in Simscape models has been lifted. Now, if you leave a
conserving port unconnected, the physical network sets all the Through variables at this
port to 0. However, you can still use terminator blocks to improve diagram readability.

There are no plans to remove the terminator blocks. All existing models that use these
blocks work the same as in previous releases.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Cap (MA) | Cap (G) | Cap (TL) | Hydraulic Cap | Open Circuit | Perfect Insulator |
Rotational Free End | Translational Free End

Introduced in R2015b
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Cap (G)

Gas port terminator with zero flow
Library: Simscape / Foundation Library / Gas / Elements

Description

The Cap (G) block represents a perfectly insulated terminus for a gas network branch.
There is no mass or energy flow through the cap.

You can use this block to terminate gas ports on other blocks that you want to cap. This is
not necessary because if you leave a conserving port unconnected, the physical network
sets all the Through variables at that port to 0. However, terminator blocks improve
diagram readability.

You can also use this block to set the initial pressure and temperature at a node.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Gas Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
gas

Gas conserving port where the mass flow rate and energy flow rate are both equal to
ZET0.



Cap (G)

Compatibility Considerations
Capping unconnected ports is no longer required
Behavior changed in R2019b

This block is no longer required. Starting in R2019b, the restriction that disallowed
unconnected conserving ports in Simscape models has been lifted. Now, if you leave a
conserving port unconnected, the physical network sets all the Through variables at this
port to 0. However, you can still use terminator blocks to improve diagram readability.

There are no plans to remove the terminator blocks. All existing models that use these
blocks work the same as in previous releases.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Cap (MA) | Cap (2P) | Cap (TL) | Hydraulic Cap | Open Circuit | Perfect Insulator |
Rotational Free End | Translational Free End

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Cap (MA)

Moist air port terminator with zero flow
Library: Simscape / Foundation Library / Moist Air / Elements

1

Description

The Cap (MA) block represents a perfectly insulated terminus for a moist air network
branch. There is no mass or energy flow through the cap.

You can use this block to terminate moist air ports on other blocks that you want to cap.
This is not necessary because if you leave a conserving port unconnected, the physical
network sets all the Through variables at that port to 0. However, terminator blocks
improve diagram readability.

You can also use this block to set the initial variables, such as pressure or temperature, at
a node prior to simulation.

Variables
To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property

Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Moist Air Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
moist air



Cap (MA)

Moist air conserving port where the mass flow rate and energy flow rate are both equal to
ZET0.

Compatibility Considerations

Capping unconnected ports is no longer required
Behavior changed in R2019b

This block is no longer required. Starting in R2019b, the restriction that disallowed
unconnected conserving ports in Simscape models has been lifted. Now, if you leave a
conserving port unconnected, the physical network sets all the Through variables at this
port to 0. However, you can still use terminator blocks to improve diagram readability.

There are no plans to remove the terminator blocks. All existing models that use these
blocks work the same as in previous releases.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Cap (2P) | Cap (G) | Cap (TL) | Hydraulic Cap | Open Circuit | Perfect Insulator |
Rotational Free End | Translational Free End

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Cap (TL)

Perfectly insulated stop to fluid flow

Library: Simscape / Foundation Library / Thermal Liquid /
Elements 1
Description

The Cap (TL) block represents a terminus to a thermal liquid branch. The stop is perfectly
insulated, preventing heat transfer with its surroundings.

You can use this block to terminate thermal liquid ports on other blocks that you want to
cap. This is not necessary because if you leave a conserving port unconnected, the
physical network sets all the Through variables at that port to 0. However, terminator
blocks improve diagram readability.

You can also use this block to set the initial pressure and temperature at a node.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Gas Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
thermal liquid

Thermal liquid conserving port where the mass flow rate and energy flow rate are both
equal to zero.



Cap (TL)

Compatibility Considerations
Capping unconnected ports is no longer required
Behavior changed in R2019b

This block is no longer required. Starting in R2019b, the restriction that disallowed
unconnected conserving ports in Simscape models has been lifted. Now, if you leave a
conserving port unconnected, the physical network sets all the Through variables at this
port to 0. However, you can still use terminator blocks to improve diagram readability.

There are no plans to remove the terminator blocks. All existing models that use these
blocks work the same as in previous releases.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Cap (MA) | Cap (2P) | Cap (G) | Hydraulic Cap | Open Circuit | Perfect Insulator |
Rotational Free End | Translational Free End

Introduced in R2013b
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Capacitor

Linear capacitor in electrical systems

e

Library

Electrical Elements

Description
The Capacitor block models a linear capacitor, described with the following equation:
_~dV
I= CW
where
I Current
"4 Voltage
C Capacitance
t Time

The Series resistance and Parallel conductance parameters represent small parasitic
effects. The parallel conductance directly across the capacitor can be used to model
dielectric losses, or equivalently leakage current per volt. The series resistance can be
used to represent component effective series resistance (ESR) or connection resistance.
Simulation of some circuits may require the presence of the small series resistance. For
more information, see “Modeling Best Practices”.

Connections + and - are conserving electrical ports corresponding to the positive and
negative terminals of the capacitor, respectively. The current is positive if it flows from




Capacitor

positive to negative, and the voltage across the capacitor is equal to the difference
between the voltage at the positive and the negative terminal, V(+) - V(-).

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Capacitance
Capacitance, in farads. The default value is 1 pF.
Series resistance

Represents small parasitic effects. The series resistance can be used to represent
component internal resistance. Simulation of some circuits may require the presence
of the small series resistance. The default value is 1 pQ.

Parallel conductance

Represents small parasitic effects. The parallel conductance directly across the
capacitor can be used to model leakage current per volt. The default value is 0.

Ports

The block has the following ports:

+

Electrical conserving port associated with the capacitor positive terminal.

Electrical conserving port associated with the capacitor negative terminal.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

Introduced in R2007a



Conductive Heat Transfer

Conductive Heat Transfer

Heat transfer by conduction

Ar—=1B
= _1

Library

Thermal Elements

Description

The Conductive Heat Transfer block represents a heat transfer by conduction between
two layers of the same material. The transfer is governed by the Fourier law and is
described with the following equation:

Q=k-5(Ts~Tp)

where

Q Heat flow

k Material thermal conductivity

A Area normal to the heat flow direction

D Distance between layers (thickness of material)
T, Tg Temperatures of the layers

Connections A and B are thermal conserving ports associated with material layers. The
block positive direction is from port A to port B. This means that the heat flow is positive
if it flows from A to B.
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Area
Area of heat transfer, normal to the heat flow direction. The default value is 0.0001
m”™2.
Thickness
Thickness of material, that is, distance between layers. The default value is 0.1 m.
Thermal conductivity
Thermal conductivity of the material. The default value is 401 W/m/K.

Ports

The block has the following ports:
A

Thermal conserving port associated with layer A.

Thermal conserving port associated with layer B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Conductive Heat Transfer

See Also

Convective Heat Transfer | Radiative Heat Transfer

Introduced in R2007b
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Connection Label

Virtual connection between conserving ports
Library: Simscape / Utilities DG

Description

The Connection Label block lets you specify virtual connections between conserving
ports, similar to the Goto and From blocks in Simulink® diagrams. Physical connection
lines are nondirectional, which means that all sides of the virtual connection use the same
type of block.

Virtual connectivity is established by the label name. If two or more Connection Label
blocks in a model subsystem have the same label, then the conserving ports of other
blocks connected to them behave as though they were physically connected. Virtual
connections cannot cross subsystem boundaries.

The label name is displayed next to the block icon on the model canvas. You specify the
label name by using the Label parameter.

Use the Connection Label block to reduce diagram clutter by breaking off tangled
connection lines.

Ports

Conserving

Port_1 — Connection port
untyped conserving port

Conserving connection port. By default, this port is untyped.

You define the type of the port by connecting it to a conserving port of another block in
the subsystem, or to a Simscape Bus port. Once you establish a connection, other
Connection Label blocks that are in the same subsystem and have the same label can be
connected only to the same type of port.



Connection Label

Parameters

Label — Name of connection label
Labell (default) | character vector | string

Label name, which establishes the virtual connection. If two or more Connection Label
blocks in the same subsystem of a model have the same label, then the conserving ports
of the blocks connected to them behave as though they were physically connected.

The value of this parameter appears as a label next to the block icon on the model canvas.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Connection Port | From | Goto

Introduced in R2019b
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Connection Port

Physical Modeling connector port for subsystem

oo

Library

Utilities

Description

The Connection Port block transfers a physical connection or signal across subsystem
boundaries. Physical connections include Simscape conserving and physical signal
connections, Simscape Multibody™ connections, and Vehicle Dynamics Blockset™ two-
way connection ports, among others. This block is similar in function to the Inport and
Outport blocks in the Simulink library.

A subsystem needs a Connection Port block for each physical connection line that crosses
its boundary. You can manually place a Connection Port block inside a subsystem, or
Simulink can automatically insert a Connection Port block when you create a subsystem
within an existing network.

Port Appearance on Subsystem Block

The Connection Port block adds a port to the parent Subsystem block. The port type
depends on the connection or signal it transfers. The port appearance on the Subsystem
block matches the port to which the Connection Port block connects inside the subsystem.
For example, if the port transfers a Simscape conserving connection, then it appears on
the Subsystem block as a Simscape Conserving port.

Port Location and Orientation on Subsystem Block

The orientation of the parent subsystem block and your choice of port location determine
the Connection Port block port location on the parent subsystem block.



Connection Port

A subsystem is in its fundamental orientation when its Simulink signal inports appear
on its left side and its Simulink signal outports appear on its right side.

A
Out

{] Connection Port

Subsystem

When a subsystem is oriented in this way, the actual port location on the subsystem
block respects your choice of port location (left or right) for the connector port.

A subsystem orientation is reversed, with left and right interchanged, when its
Simulink signal inports occur on its right side and its Simulink signal outports occur
on its left side.

In &
 Out

Connection Port [

Subsystem

When a subsystem is oriented in this way, the actual port location on the subsystem
block reverses your choice of port location. If you choose left, the port appears on the
right side. If you choose right, the port appears on the left side.

Parameters

Port number

Labels the subsystem connector port that this block creates. Each connector port
requires a unique number as a label. The default value for the first port is 1.

Port location on parent subsystem

Choose here which side of the parent subsystem block the port is located. The choices
are Left or Right. The default choice is Left.

See “Port Location and Orientation on Subsystem Block” on page 1-46.
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See Also

In the Simulink documentation, see “Create a Subsystem” (Simulink).

Introduced in R2007a
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Constant Area Hydraulic Orifice

Constant Area Hydraulic Orifice

Hydraulic orifice with constant cross-sectional area

A B

Library

Hydraulic Elements

Description

The Constant Area Hydraulic Orifice block models a sharp-edged constant-area orifice.
The flow rate through the orifice is proportional to the pressure differential across the
orifice, and is determined according to the following equations:

2 p
a=cpafZ P
D 0 (p2 4 pgr)1/4

P = PA— PB
where
q Flow rate
p Pressure differential
Pa, P Gauge pressures at the block terminals
Cp Flow discharge coefficient
A Orifice passage area
P Fluid density
Per Minimum pressure for turbulent flow, when the block transitions from laminar
to turbulent regime

1-49



1 Blocks — Alphabetical List

The minimum pressure for turbulent flow, p,, is calculated according to the laminar
transition specification method:

By pressure ratio — The transition from laminar to turbulent regime is defined by the
following equations:

Per = (Pavg + Patm)(1 - Biam)
Pavg = (Pa + ps)/2
where

- Average pressure between the block terminals

Patm Atmospheric pressure, 101325 Pa

Biam Pressure ratio at the transition between laminar and turbulent regimes
(Laminar flow pressure ratio parameter value)

By Reynolds number — The transition from laminar to turbulent regime is defined by
the following equations:

pcr=§

Cp- Dy

4A
Du ==

where

(Recr'v 2

Dy Orifice hydraulic diameter

v Fluid kinematic viscosity

Re,, Critical Reynolds number (Critical Reynolds number parameter value)

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure differential is determined as p = pa — pg.



Constant Area Hydraulic Orifice

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* Fluid inertia is not taken into account.

Parameters

Orifice area
Orifice passage area. The default value is 1e-4 m”™2.
Flow discharge coefficient

Semi-empirical parameter for orifice capacity characterization. Its value depends on
the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0.7.

Laminar transition specification
Select how the block transitions between the laminar and turbulent regimes:

* Pressure ratio — The transition from laminar to turbulent regime is smooth
and depends on the value of the Laminar flow pressure ratio parameter. This
method provides better simulation robustness.

* Reynolds number — The transition from laminar to turbulent regime is assumed
to take place when the Reynolds number reaches the value specified by the
Critical Reynolds number parameter.

Laminar flow pressure ratio

Pressure ratio at which the flow transitions between laminar and turbulent regimes.
The default value is 0.999. This parameter is visible only if the Laminar transition
specification parameter is set to Pressure ratio.

Critical Reynolds number

The maximum Reynolds number for laminar flow. The value of the parameter depends
on the orifice geometrical profile. You can find recommendations on the parameter
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value in hydraulics textbooks. The default value is 12, which corresponds to a round
orifice in thin material with sharp edges. This parameter is visible only if the Laminar
transition specification parameter is set to Reynolds number.

Global Parameters

Parameters determined by the type of working fluid:

* Fluid density
* Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the orifice inlet.

Hydraulic conserving port associated with the orifice outlet.

References

[1] Meritt, H.E. Hydraulic Control Systems. New York: John Wiley & Sons, 1967.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Constant Area Hydraulic Orifice

See Also
Variable Area Hydraulic Orifice

Introduced in R2009b

1-53



1 Biocks — Alphabetical List

Constant Area Pneumatic Orifice

Sharp-edged orifice in pneumatic systems

u—‘rb'iﬁ-n
E —

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Constant Area Pneumatic Orifice block models the flow rate of an ideal gas through a
sharp-edged orifice.

The flow rate through the orifice is proportional to the orifice area and the pressure
differential across the orifice.

2 yp+1

G=Ca APy —T RT,

where

G Mass flow rate




Constant Area Pneumatic Orifice

Cqy Discharge coefficient, to account for effective loss of area due to orifice shape
A Orifice cross-sectional area
Pi, Po Absolute pressures at the orifice inlet and outlet, respectively. The inlet and

outlet change depending on flow direction. For positive flow (G > 0), p; = pa,
otherwise p; = pg.

\Y The ratio of specific heats at constant pressure and constant volume, ¢,/ ¢,
R Specific gas constant
T Absolute gas temperature

The choked flow occurs at the critical pressure ratio defined by

y

p \y+1l

after which the flow rate depends on the inlet pressure only and is computed with the
expression

1
G= Cd'A'piﬂRLTi'ﬁcr%

The square root relationship has infinite gradient at zero flow, which can present
numerical solver difficulties. Therefore, for very small pressure differences, defined by
Po/ pi > 0.999, the flow equation is replaced by a linear flow-pressure relationship

G=kCq- AT *°(p; - po)

where k is a constant such that the flow predicted for p,/ p; is the same as that predicted
by the original flow equation for p,/ p; = 0.999.

The heat flow out of the orifice is assumed equal to the heat flow into the orifice, based on
the following considerations:

* The orifice is square-edged or sharp-edged, and as such is characterized by an abrupt
change of the downstream area. This means that practically all the dynamic pressure
is lost in the expansion.

* The lost energy appears in the form of internal energy that rises the output
temperature and makes it very close to the inlet temperature.

Therefore, q; = q,, where q; and g, are the input and output heat flows, respectively.
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The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* The gas is ideal.

* Specific heats at constant pressure and constant volume, ¢, and c,, are constant.
* The process is adiabatic, that is, there is no heat transfer with the environment.
* Gravitational effects can be neglected.

» The orifice adds no net heat to the flow.

Parameters

Discharge coefficient, Cd

Semi-empirical parameter for orifice capacity characterization. Its value depends on
the geometrical properties of the orifice, and usually is provided in textbooks or
manufacturer data sheets. The default value is 0. 82.

Orifice area

Specify the orifice cross-sectional area. The default value is 1e-5 m”™2.

Ports

The block has the following ports:
A

Pneumatic conserving port associated with the orifice inlet for positive flow.

1-56



Constant Area Pneumatic Orifice

Pneumatic conserving port associated with the orifice outlet for positive flow.

See Also

Constant Area Pneumatic Orifice (ISO 6358) | Variable Area Pneumatic Orifice

Introduced in R2009b
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Constant Area Pneumatic Orifice (1SO 6358)

Fixed-area pneumatic orifice complying with ISO 6358 standard

=
: e

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Constant Area Pneumatic Orifice (ISO 6358) block models the flow rate of an ideal
gas through a fixed-area sharp-edged orifice. The model conforms to the ISO 6358
standard and is based on the following flow equations, originally proposed by Sanville [1
on page 1-63]:

( T , . ;
ky - Pi(l - &) ;ef - sign(p; — Po) 1fp—‘? > Biam (laminar)
pl 1 pl

_ ’T
G= pi'C'pref _}_jf,

/T
pi'c'pref ';"_jf
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Constant Area Pneumatic Orifice (ISO 6358)

_ 1 A / Blam = b)?
kl—m C-prepy|1 — ﬁ)

where

G Mass flow rate

Biam Pressure ratio at laminar flow, a value between 0.999 and 0.995

b Critical pressure ratio, that is, the ratio between the outlet pressure p, and
inlet pressure p; at which the gas velocity achieves sonic speed

C Sonic conductance of the component, that is, the ratio between the mass flow
rate and the product of inlet pressure p; and the mass density at standard
conditions when the flow is choked

Pref Gas density at which the sonic conductance was measured (1.185 kg/m~ 3 for
air)

Pi, Po Absolute pressures at the orifice inlet and outlet, respectively. The inlet and
outlet change depending on flow direction. For positive flow (G > 0), p; = pa,
otherwise p; = pg.

T, T, Absolute gas temperatures at the orifice inlet and outlet, respectively

Tt Gas temperature at which the sonic conductance was measured (T, = 293.15
K)

The equation itself, parameters b and C, and the heuristic on how to measure these
parameters experimentally form the basis for the standard ISO 6358 (1989). The values of
the critical pressure ratio b and the sonic conductance C depend on a particular design of
a component. Typically, they are determined experimentally and are sometimes given on a
manufacturer data sheet.

The block can also be parameterized in terms of orifice effective area or flow coefficient,
instead of sonic conductance. When doing so, block parameters are converted into an
equivalent value for sonic conductance. When specifying effective area, the following
formula proposed by Gidlund and detailed in [2 on page 1-63] is used:

C = 0.128 d 2
where
C Sonic conductance in dm” 3/(s*bar)
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d |Inner diameter of restriction in mm

The effective area (whether specified directly, or calculated when the orifice is
parameterized in terms of C, or K,, as described below) is used to determine the inner
diameter d in the Gidlund formula, assuming a circular cross section.

Gidlund also gives an approximate formula for the critical pressure ratio in terms of the
pneumatic line diameter D,

b = 0.41 + 0.272 d / D

This equation is not used by the block and you must specify the critical pressure ratio
directly.

If the orifice is parameterized in terms of the C, [2 on page 1-63] coefficient, then the C,
coefficient is turned into an equivalent effective orifice area for use in the Gidlund
formula:

A = 1.6986e - 5 C,

By definition, an opening or restriction has a C, coefficient of 1 if it passes 1 gpm (gallon
per minute) of water at pressure drop of 1 psi.

If the orifice is parameterized in terms of the K, [2 on page 1-63] coefficient, then the K,
coefficient is turned into an equivalent effective orifice area for use in the Gidlund
formula:

A = 1.1785e - 6 C,

K, is the SI counterpart of C,. An opening or restriction has a K, coefficient of 1 if it
passes 1 Ipm (liter per minute) of water at pressure drop of 1 bar.

The heat flow out of the orifice is assumed equal to the heat flow into the orifice, based on
the following considerations:

* The orifice is square-edged or sharp-edged, and as such is characterized by an abrupt
change of the downstream area. This means that practically all the dynamic pressure
is lost in the expansion.

* The lost energy appears in the form of internal energy that rises the output
temperature and makes it very close to the inlet temperature.

Therefore, q; = q,, where q; and g, are the input and output heat flows, respectively.



Constant Area Pneumatic Orifice (ISO 6358)

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* The gas is ideal.

* Specific heats at constant pressure and constant volume, ¢, and c,, are constant.

* The process is adiabatic, that is, there is no heat transfer with the environment.

» Gravitational effects can be neglected.

* The orifice adds no net heat to the flow.

Parameters

Orifice is specified with

Select one of the following model parameterization methods:

Sonic conductance — Provide value for the sonic conductance of the orifice.
The values of the sonic conductance and the critical pressure ratio form the basis
for the ISO 6358 compliant flow equations for the orifice. This is the default
method.

Effective area — Provide value for the orifice effective area. This value is
internally converted by the block into an equivalent value for sonic conductance.

Cv coefficient (USCU) — Provide value for the flow coefficient specified in US
units. This value is internally converted by the block into an equivalent value for
the orifice effective area.

Kv coefficient (SI) — Provide value for the flow coefficient specified in SI
units. This value is internally converted by the block into an equivalent value for
the orifice effective area.
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Sonic conductance

Specify the sonic conductance of the orifice, that is, the ratio between the mass flow
rate and the product of upstream pressure and the mass density at standard
conditions when the flow is choked. This value depends on the geometrical properties
of the orifice, and usually is provided in textbooks or manufacturer data sheets. The
default value is 1.6 l/s/bar. This parameter appears in the dialog box if Orifice is
specified with parameter is set to Sonic conductance.

Effective area

Specify the orifice cross-sectional area. The default value is 1e-5 m~2. This
parameter appears in the dialog box if Orifice is specified with parameter is set to
Effective area.

Cv coefficient

Specify the value for the flow coefficient in US units. The default value is 0. 6. This
parameter appears in the dialog box if Orifice is specified with parameter is set to
Cv coefficient (USCU).

Kv coefficient

Specify the value for the flow coefficient in SI units. The default value is 8.5. This
parameter appears in the dialog box if Orifice is specified with parameter is set to
Kv coefficient (SI).

Critical pressure ratio

Specify the critical pressure ratio, that is, the ratio between the downstream pressure
and the upstream pressure at which the gas velocity achieves sonic speed. The
default value is 0.528.

Pressure ratio at laminar flow

Specify the ratio between the downstream pressure and the upstream pressure at
laminar flow. This value can be in the range between 0.995 and 0.999. The default
value is 0.999.

Reference temperature

Specify the gas temperature at which the sonic conductance was measured. The
default value is 293.15 K.

Density at reference conditions

Specify the gas density at which the sonic conductance was measured. The default
value is 1.185 kg/m™3.
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Ports

The block has the following ports:

A
Pneumatic conserving port associated with the orifice inlet for positive flow.

Pneumatic conserving port associated with the orifice outlet for positive flow.

References
[1] Sanville, E. E. “A New Method of Specifying the Flow Capacity of Pneumatic Fluid

Power Valves.” Paper D3, p.37-47. BHRA. Second International Fluid Power Symposium,
Guildford, England, 1971.

[2] Beater, P. Pneumatic Drives. System Design, Modeling, and Control. New York:
Springer, 2007.

See Also

Constant Area Pneumatic Orifice | Variable Area Pneumatic Orifice

Introduced in R2009b
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Constant Volume Chamber (2P)

Chamber with one port and fixed volume of two-phase fluid

Library: Simscape / Foundation Library / Two-Phase Fluid /
Elements
Description

The Constant Volume Chamber (2P) block models the accumulation of mass and energy in
a chamber containing a fixed volume of two-phase fluid. The chamber has one inlet,
labeled A, through which fluid can flow. The fluid volume can exchange heat with a
thermal network, for example one representing the chamber surroundings, through a
thermal port labeled H.

The mass of the fluid in the chamber varies with density, a property that in a two-phase
fluid is generally a function of pressure and temperature. Fluid enters when the pressure
upstream of the inlet rises above that in the chamber and exits when the pressure
gradient is reversed. The effect in a model is often to smooth out sudden changes in
pressure, much like an electrical capacitor does with voltage.

The flow resistance between the inlet and interior of the chamber is assumed to be
negligible. The pressure in the interior is therefore equal to that at the inlet. Similarly, the
thermal resistance between the thermal port and interior of the chamber is assumed to be
negligible. The temperature in the interior is equal to that at the thermal port.

Mass Balance

Mass can enter and exit the chamber through port A. The volume of the chamber is fixed
but the compressibility of the fluid means that its mass can change with pressure and
temperature. The rate of mass accumulation in the chamber must exactly equal the mass
flow rate in through port A:

ap\ dp ap du
[( )dt+(au pdt]v M+ en
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where the left-hand side is the rate of mass accumulation and:

* pisthe density.

* pis the pressure.

* u is the specific internal energy.
* Vis the volume.

* mis the mass flow rate.

* ey is a correction term introduced to account for a numerical error caused by the
smoothing of the partial derivatives.

Correction Term for Partial-Derivative Smoothing

The partial derivatives in the mass balance equation are computed by applying the finite-
difference method to the tabulated data in the Two-Phase Fluid Properties (2P) block and
interpolating the results. The partial derivatives are then smoothed at the phase-
transition boundaries by means of cubic polynomial functions. These functions apply
between:

* The subcooled liquid and two-phase mixture phase domains when the vapor quality is
in the 0-0.1 range.

* The two-phase mixture and superheated vapor phase domains when the vapor quality
is in the 0-0.9 range.

The smoothing introduces a small numerical error that the block adjusts for by adding to
the mass balance the correction term €);, defined as:

_M-V/p
€M = T
where:

* M is the fluid mass in the chamber.
* v is the specific volume.
* 7is the characteristic duration of a phase-change event.
The fluid mass in the chamber is obtained from the equation:
M _
a ~ A
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Energy Balance

Energy can enter and exit the chamber in two ways: with fluid flow through port A and
with heat flow through port H. No work is done on or by the fluid inside the chamber. The
rate of energy accumulation in the internal fluid volume must then equal the sum of the
energy flow rates in through ports A and H:

E = ¢a+Qu
where:

* ¢ is energy flow rate.
* (Qis heat flow rate.
* E is total energy.

Neglecting the kinetic energy of the fluid, the total energy in the chamber is:
E =Mu.

Momentum Balance

The pressure drop due to viscous friction between port A and the interior of the chamber
is assumed to be negligible. Gravity is ignored as are other body forces. The pressure in
the internal fluid volume must then equal that at port A:

p=pa-

Assumptions

* The chamber has a fixed volume of fluid.
* The flow resistance between the inlet and the interior of the chamber is negligible.

* The thermal resistance between the thermal port and the interior of the chamber is
negligible.

* The kinetic energy of the fluid in the chamber is negligible.
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Ports

Conserving

A — Fluid inlet
two-phase fluid

Opening through which fluid enters or exits the chamber.

H — Thermal port
thermal

Interface through which the fluid in the chamber exchanges heat with a thermal network.

Parameters

Parameters Tab

Chamber volume — Volume of fluid inside the chamber
293.15 K (default) | scalar with units of area

Volume of fluid in the chamber. This volume is constant during simulation.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of area

Inlet area normal to the direction of flow.
Effects and Initial Conditions Tab

Initial fluid energy specification — Thermodynamic variable whose initial
value to set

Temperature (default) | Vapor quality | Vapor void fraction |Specific
enthalpy | Specific internal energy

Thermodynamic variable in terms of which to define the initial conditions of the
component.

Initial pressure — Absolute pressure at the start of simulation
0.101325 MPa (default) | scalar with units of pressure
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Pressure in the chamber at the start of simulation, specified against absolute zero.

Initial temperature — Absolute temperature at the start of simulation
293.15 K (default) | scalar with units of temperature

Temperature in the chamber at the start of simulation, specified against absolute zero.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Temperature.

Initial vapor quality — Mass fraction of vapor at the start of simulation
0.5 (default) | unitless scalar between 0 and 1

Mass fraction of vapor in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor quality.

Initial vapor void fraction — Volume fraction of vapor at the start of
simulation
0.5 (default) | unitless scalar between 0 and 1

Volume fraction of vapor in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Vapor void fraction.

Initial specific enthalpy — Specific enthalpy at the start of simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific enthalpy of the fluid in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific enthalpy.
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Initial specific internal energy — Specific internal energy at the start of
simulation
1500 kJ/kg (default) | scalar with units of energy/mass

Specific internal energy of the fluid in the chamber at the start of simulation.

Dependencies

This parameter is active when the Initial fluid energy specification option is set to
Specific internal energy.

Phase change time constant — Characteristic duration of a phase-change
event
0.1 s (default) | scalar with units of time

Characteristic time to equilibrium of a phase-change event taking place in the chamber.
Increase this parameter to slow the rate of phase change or decrease it to speed the rate.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

2-Port Constant Volume Chamber (2P) | 3-Port Constant Volume Chamber (2P) | Reservoir
(2P)

Introduced in R2015b
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Constant Volume Chamber (G)

Chamber with fixed volume of gas and variable number of ports
Library: Simscape / Foundation Library / Gas / Elements . =

Description

The Constant Volume Chamber (G) block models mass and energy storage in a gas
network. The chamber contains a constant volume of gas. It can have between one and
four inlets. The enclosure can exchange mass and energy with the connected gas network
and exchange heat with the environment, allowing its internal pressure and temperature
to evolve over time. The pressure and temperature evolve based on the compressibility
and thermal capacity of the gas volume.

Mass Balance

Mass conservation relates the mass flow rates to the dynamics of the pressure and
temperature of the internal node representing the gas volume:

oM dpr oM dTI_. . . .
W W'FO—T W—mA+mB+mC+mD,

where:

) % is the partial derivative of the mass of the gas volume with respect to pressure at
constant temperature and volume.

) % is the partial derivative of the mass of the gas volume with respect to temperature

at constant pressure and volume.

* p;is the pressure of the gas volume. The pressure at ports A, B, C, and D is assumed
to be equal to this pressure, py, = pg = Pc = pPp = Pr.

* T;is the temperature of the gas volume. The temperature at port H is assumed to be
equal to this temperature, Ty = T;.
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e tistime.

* m, is the mass flow rate at port A. The flow rate associated with a port is positive
when it flows into the block.

* mpgis the mass flow rate at port B. The flow rate associated with a port is positive
when it flows into the block.

* mc is the mass flow rate at port C. The flow rate associated with a port is positive
when it flows into the block.

* mp is the mass flow rate at port D. The flow rate associated with a port is positive
when it flows into the block.

Energy Balance

Energy conservation relates the energy and heat flow rates to the dynamics of the
pressure and temperature of the internal node representing the gas volume:

oU dpr  oU dTi

W'W+6—T‘W=@A+®B+®C+@D+QH,

where:

) % is the partial derivative of the internal energy of the gas volume with respect to
pressure at constant temperature and volume.

) % is the partial derivative of the internal energy of the gas volume with respect to

temperature at constant pressure and volume.
* @, is the energy flow rate at port A.
* @y is the energy flow rate at port B.
* @ is the energy flow rate at port C.
* ®p is the energy flow rate at port D.
* Qyis the heat flow rate at port H.

Partial Derivatives for Perfect and Semiperfect Gas Models
The partial derivatives of the mass M and the internal energy U of the gas volume, with

respect to pressure and temperature at constant volume, depend on the gas property
model. For perfect and semiperfect gas models, the equations are:
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% = Vpr{cpr = %)
where:

* p;is the density of the gas volume.

* Vis the volume of gas.

* hyis the specific enthalpy of the gas volume.

* Zis the compressibility factor.

* R s the specific gas constant.

* Cp is the specific heat at constant pressure of the gas volume.

Partial Derivatives for Real Gas Model

For real gas model, the partial derivatives of the mass M and the internal energy U of the
gas volume, with respect to pressure and temperature at constant volume, are:

oM Pr

oM _yH

op Br

oM

3T - Vprag

oU prhr

LA Vi ¥

ap ( Br o
U

g_T = Vor(cpr — hay)

where:

* B is the isothermal bulk modulus of the gas volume.
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* ais the isobaric thermal expansion coefficient of the gas volume.

Variables
To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property

Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Gas Volume”.

Assumptions and Limitations

* The chamber walls are perfectly rigid.
* There is no flow resistance between ports A, B, C, and D and the chamber interior.
* There is no thermal resistance between port H and the chamber interior.

Ports

Conserving

A — Chamber inlet
gas

Gas conserving port associated with the chamber inlet.

B — Chamber inlet
gas

Gas conserving port associated with the second chamber inlet.

Dependencies
This port is visible if you set the Number of ports parameter to 2, 3, or 4.

C — Chamber inlet
gas

Gas conserving port associated with the third chamber inlet.
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Dependencies
This port is visible if you set the Number of ports parameter to 3 or 4.

D — Chamber inlet
gas

Gas conserving port associated with the fourth chamber inlet. If a chamber has four inlet
ports, you can use it as a junction in a cross connection.

Dependencies
This port is visible only if you set the Number of ports parameter to 4.

H — Temperature inside chamber
thermal

Thermal conserving port associated with the temperature of the gas inside the chamber.

Parameters

Chamber volume — Volume of gas in the chamber
0.001 m” 3 (default)

Volume of gas in the chamber. The chamber is rigid and therefore its volume is constant
during simulation. The chamber is assumed to be completely filled with gas at all times.

Number of ports — Number of inlet ports in the chamber
1 (default) |2 |3 | 4

Number of inlet ports in the chamber. The chamber can have between one and four ports,
labeled from A to D. When you modify the parameter value, the corresponding ports are
exposed or hidden in the block icon.

Cross-sectional area at port A — Area normal to flow path at the chamber
inlet
0.01 m"™2 (default)

Cross-sectional area of the chamber inlet at port A, in the direction normal to gas flow
path.
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Cross-sectional area at port B — Area normal to flow path at the chamber
inlet
0.01 m”~2 (default)

Cross-sectional area of the chamber inlet at port B, in the direction normal to gas flow
path.

Dependencies

Enabled when port B is visible, that is, when the Number of ports parameter is set to 2,
3, or4.

Cross-sectional area at port C — Area normal to flow path at the chamber
inlet
0.01 m"2 (default)

Cross-sectional area of the chamber inlet at port C, in the direction normal to gas flow
path.

Dependencies

Enabled when port C is visible, that is, when the Number of ports parameter is set to 3
or 4.

Cross-sectional area at port D — Area normal to flow path at the chamber
inlet
0.01 m"2 (default)

Cross-sectional area of the chamber inlet at port D, in the direction normal to gas flow
path.

Dependencies

Enabled when port D is visible, that is, when the Number of ports parameter is set to 4.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Reservoir (G)

Topics
“Modeling Gas Systems’

J

Introduced in R2016b
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Constant Volume Chamber (MA)

Chamber with fixed volume of moist air and variable number of ports

Library: Simscape / Foundation Library / Moist Air / Elements
.-1'-
|«
= LT
TV
Description

The Constant Volume Chamber (MA) block models mass and energy storage in a moist air
network. The chamber contains a constant volume of moist air. It can have between one
and four inlets. The enclosure can exchange mass and energy with the connected moist
air network and exchange heat with the environment, allowing its internal pressure and
temperature to evolve over time. The pressure and temperature evolve based on the
compressibility and thermal capacity of the moist air volume. Liquid water condenses out
of the moist air volume when it reaches saturation.

The block equations use these symbols. Subscripts a, w, and g indicate the properties of
dry air, water vapor, and trace gas, respectively. Subscript ws indicates water vapor at
saturation. Subscripts A, B, C, D, H, and S indicate the appropriate port. Subscript I
indicates the properties of the internal moist air volume.

m Mass flow rate

() Energy flow rate

Q Heat flow rate

p Pressure

P Density

R Specific gas constant

\%4 Volume of moist air inside the chamber
Cy Specific heat at constant volume
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h Specific enthalpy

u Specific internal energy

X Mass fraction (x,, is specific humidity, which is another term for water vapor
mass fraction)

y Mole fraction

0] Relative humidity

r Humidity ratio

T Temperature

t Time

The net flow rates into the moist air volume inside the chamber are

Mpet = My + Mp + Mc + Mp — Meondense + Mws + mgS
OQnet = Pp + P + ¢ + Op + Qn — Peondense + Ps

mw, net = mwA + mwB + rth + me - mcondense + mwS
T'hg, net = Tth + mgB + mgc + ng + mgs

where:

*  Mgondense 1S the rate of condensation.

*  ®.ondense 1S the rate of energy loss from the condensed water.

* g is the rate of energy added by the sources of moisture and trace gas. myg and mys
are mass flow rates of water and gas, respectively, through port S. The values of m,,g,

mgs, and @ are determined by the moisture and trace gas sources connected to port S

of the chamber, or by the corresponding parameter values on the Moisture and
Trace Gas tab.

If a port is not visible, then the terms with the subscript corresponding to the port name
are 0.

Water vapor mass conservation relates the water vapor mass flow rate to the dynamics of
the moisture level in the internal moist air volume:

dXW[ . .
TPIV + XwiMnpet = My, net
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Similarly, trace gas mass conservation relates the trace gas mass flow rate to the
dynamics of the trace gas level in the internal moist air volume:

dx I . .
d_gplv + XgIMnpet = Mgy, net

Mixture mass conservation relates the mixture mass flow rate to the dynamics of the
pressure, temperature, and mass fractions of the internal moist air volume:

1dpr _ 1dT; Ry—Ry, . : Ry— Ry, . . _
(pl d  Tjdt pIv aRI W(mw’ net = Xwhinet) + GTIEJ(mg, net — Xgmnet) = Mpet

Finally, energy conservation relates the energy flow rate to the dynamics of the pressure,
temperature, and mass fractions of the internal moist air volume:

dT; . . : . .
pICvIVW + (Uwr = Uar)(Mw, net = XwMnet) + (ugI - UaI)(mg, net ~ Xgmnet) + UMpet = Pnet

The equation of state relates the mixture density to the pressure and temperature:
pr = PRIy

The mixture specific gas constant is
Ry = Xq1Rq + XwiRy + XgiRyg

Flow resistance and thermal resistance are not modeled in the chamber:

PA=PB=Pc =Pp =PI
Ty =T;

When the moist air volume reaches saturation, condensation may occur. The specific
humidity at saturation is

_ Rr pr
XwsI = QOWSR_W%

where:

* @, is the relative humidity at saturation (typically 1).
*  Duws IS the water vapor saturation pressure evaluated at T;.
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The rate of condensation is
Mcondense = 1 Xwl — XwsI

T PV, if Xywr > Xysr
condense

where T.gdense 1S the value of the Condensation time constant parameter.

The condensed water is subtracted from the moist air volume, as shown in the
conservation equations. The energy associated with the condensed water is

Qcondense = mcondense(hwl - Ahvap[)
where Ahy,, is the specific enthalpy of vaporization evaluated at T;.

Other moisture and trace gas quantities are related to each other as follows:

= YwiPr1
W Pwsr
_ XwiRw
Ywi = RI
S Xw]
w 1- XwI
_ XgiRg
Vg1 = R;

Xal t Xwl + Xg1 = 1

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Moist Air Volume”.

Assumptions and Limitations

» The chamber walls are perfectly rigid.
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* Flow resistance between the chamber inlet and the moist air volume is not modeled.
Connect a Local Restriction (MA) block or a Flow Resistance (MA) block to port A to
model the pressure losses associated with the inlet.

* Thermal resistance between port H and the moist air volume is not modeled. Use
Thermal library blocks to model thermal resistances between the moist air mixture
and the environment, including any thermal effects of a chamber wall.

Ports

Output

W — Rate of condensation measurement, kg/s
physical signal

Physical signal output port that measures the rate of condensation in the chamber.

F — Vector physical signal containing pressure, temperature, humidity, and trace
gas levels data
physical signal vector

Physical signal output port that outputs a vector signal. The vector contains the pressure
(in Pa), temperature (in K), moisture level, and trace gas level measurements inside the
component. Use the Measurement Selector (MA) block to unpack this vector signal.

Conserving

A — Chamber inlet
moist air

Moist air conserving port associated with the chamber inlet.

B — Chamber inlet
moist air

Moist air conserving port associated with the second chamber inlet.

Dependencies

This port is visible if you set the Number of ports parameter to 2, 3, or 4.

1-81



1 Blocks — Alphabetical List

C — Chamber inlet
moist air

Moist air conserving port associated with the third chamber inlet.

Dependencies
This port is visible if you set the Number of ports parameter to 3 or 4.

D — Chamber inlet
moist air

Moist air conserving port associated with the fourth chamber inlet. If a chamber has four
inlet ports, you can use it as a junction in a cross connection.

Dependencies
This port is visible only if you set the Number of ports parameter to 4.

H — Temperature inside chamber
thermal

Thermal conserving port associated with the temperature of the air mixture inside the
chamber.

S — Inject or extract moisture and trace gas
moist air source

Connect this port to port S of a block from the Moisture & Trace Gas Sources library to
add or remove moisture and trace gas. For more information, see “Using Moisture and
Trace Gas Sources”.

Dependencies

This port is visible only if you set the Moisture and trace gas source parameter to
Controlled.
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Parameters

Main

Chamber volume — Volume of moist air in the chamber
0.001 m”"3 (default)

Volume of moist air in the chamber. The chamber is rigid and therefore its volume is
constant during simulation. The chamber is assumed to be completely filled with moist air
at all times.

Number of ports — Number of inlet ports in the chamber
1 (default) |2 |3 | 4

Number of inlet ports in the chamber. The chamber can have between one and four ports,
labeled from A to D. When you modify the parameter value, the corresponding ports are
exposed or hidden in the block icon.

Cross-sectional area at port A — Area normal to flow path at the chamber
inlet
0.01 m”~2 (default)

Cross-sectional area of the chamber inlet at port A, in the direction normal to air flow
path.

Cross-sectional area at port B — Area normal to flow path at the chamber
inlet
0.01 m”2 (default)

Cross-sectional area of the chamber inlet at port B, in the direction normal to air flow
path.

Dependencies

Enabled when port B is visible, that is, when the Number of ports parameter is set to 2,
3,or4.

Cross-sectional area at port C — Area normal to flow path at the chamber

inlet
0.01 m”2 (default)
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Cross-sectional area of the chamber inlet at port C, in the direction normal to air flow
path.

Dependencies

Enabled when port C is visible, that is, when the Number of ports parameter is set to 3
or 4.

Cross-sectional area at port D — Area normal to flow path at the chamber
inlet
0.01 m"2 (default)

Cross-sectional area of the chamber inlet at port D, in the direction normal to air flow
path.

Dependencies

Enabled when port D is visible, that is, when the Number of ports parameter is set to 4.

Moisture and Trace Gas

Relative humidity at saturation — Relative humidity above which
condensation occurs
1 (default)

Relative humidity above which condensation occurs.

Condensation time constant — Time scale for condensation
le-3 s (default)

Characteristic time scale at which an oversaturated moist air volume returns to
saturation by condensing out excess moisture.

Moisture and trace gas source — Model moisture and trace gas levels
None (default) | Constant | Controlled

This parameter controls visibility of port S and provides these options for modeling
moisture and trace gas levels inside the component:

* None — No moisture or trace gas is injected into or extracted from the block. Port S is
hidden. This is the default.

* Constant — Moisture and trace gas are injected into or extracted from the block at a
constant rate. The same parameters as in the Moisture Source (MA) and Trace Gas
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Source (MA) blocks become available in the Moisture and Trace Gas section of the
block interface. Port S is hidden.

* Controlled — Moisture and trace gas are injected into or extracted from the block at
a time-varying rate. Port S is exposed. Connect the Controlled Moisture Source (MA)
and Controlled Trace Gas Source (MA) blocks to this port.

Moisture added or removed — Select whether the block adds or removes
moisture as water vapor or liquid water
Vapor (default) | Liquid

Select whether the block adds or removes moisture as water vapor or liquid water:

* Vapor — The enthalpy of the added or removed moisture corresponds to the enthalpy
of water vapor, which is greater than that of liquid water.

* Liquid — The enthalpy of the added or removed moisture corresponds to the
enthalpy of liquid water, which is less than that of water vapor.

Dependencies
Enabled when the Moisture and trace gas source parameter is set to Constant.

Rate of added moisture — Constant mass flow rate through the block
0 kg/s (default)

Water vapor mass flow rate through the block. A positive value adds moisture to the
connected moist air volume. A negative value extracts moisture from that volume.

Dependencies
Enabled when the Moisture and trace gas source parameter is set to Constant.

Added moisture temperature specification — Select specification method
for the temperature of added moisture
Atmospheric temperature (default) | Specified temperature

Select a specification method for the moisture temperature:

* Atmospheric temperature — Use the atmospheric temperature, specified by the
Moist Air Properties (MA) block connected to the circuit.

* Specified temperature — Specify a value by using the Temperature of added
moisture parameter.
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Dependencies
Enabled when the Moisture and trace gas source parameter is set to Constant.

Temperature of added moisture — Moisture temperature
293.15 K (default)

Enter the desired temperature of added moisture. This temperature remains constant
during simulation. The block uses this value to evaluate the specific enthalpy of the added
moisture only. The specific enthalpy of removed moisture is based on the temperature of
the connected moist air volume.

Dependencies

Enabled when the Added moisture temperature specification parameter is set to
Specified temperature.

Rate of added trace gas — Constant mass flow rate through the block
0 kg/s (default)

Trace gas mass flow rate through the block. A positive value adds trace gas to the
connected moist air volume. A negative value extracts trace gas from that volume.

Dependencies
Enabled when the Moisture and trace gas source parameter is set to Constant.

Added trace gas temperature specification — Select specification method
for the temperature of added trace gas
Atmospheric temperature (default) | Specified temperature

Select a specification method for the trace gas temperature:

* Atmospheric temperature — Use the atmospheric temperature, specified by the
Moist Air Properties (MA) block connected to the circuit.

* Specified temperature — Specify a value by using the Temperature of added
trace gas parameter.

Dependencies
Enabled when the Moisture and trace gas source parameter is set to Constant.

Temperature of added trace gas — Trace gas temperature
293.15 K (default)
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Enter the desired temperature of added trace gas. This temperature remains constant
during simulation. The block uses this value to evaluate the specific enthalpy of the added
trace gas only. The specific enthalpy of removed trace gas is based on the temperature of
the connected moist air volume.

Dependencies

Enabled when the Added trace gas temperature specification parameter is set to
Specified temperature.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Moisture Source (MA) | Trace Gas Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Constant Volume Chamber (TL)

Chamber with fixed volume of thermal liquid and variable number of ports

Library: Simscape / Foundation Library / Thermal Liquid / - -
Elements ol
Description

The Constant Volume Chamber (TL) block models the accumulation of mass and energy in
a chamber containing a fixed volume of thermal liquid. The chamber can have between
one and four inlets, labeled from A to D, through which fluid can flow. The fluid volume
can exchange heat with a thermal network, such as a network representing the chamber
surroundings, through the thermal port H.

The mass of the fluid in the chamber varies with density, a property that in a thermal
liquid is generally a function of pressure and temperature. Fluid enters when the pressure
upstream of the inlet rises above that in the chamber and exits when the pressure
gradient is reversed. The effect in a model is often to smooth out sudden changes in
pressure, much like an electrical capacitor does with voltage.

The flow resistance between the inlet and the interior of the chamber is assumed to be
negligible. The pressure in the interior is therefore equal to the pressure at the inlet.
Similarly, the thermal resistance between the thermal port and the interior of the
chamber is assumed to be negligible. The temperature in the interior is equal to the
temperature at the thermal port.

Mass Balance

Mass can enter and exit the chamber through ports A, B, C, and D. The volume of the
chamber is fixed, but the compressibility of the fluid means that its mass can change with
pressure and temperature. The rate of mass accumulation in the chamber must exactly
equal the mass flow rates in through ports A, B, C, and D:

1d dT . : . :
(Fd_lt) - am)pv = mp + mg + mc + mp,
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where the left-hand side is the rate of mass accumulation and:

* pisthe pressure.

* Tis the temperature.

* P is the isothermal bulk modulus.

* ais the isobaric thermal expansion coefficient.

* mis the mass flow rate.

Energy Balance

Energy can enter and exit the chamber in two ways: with fluid flow through ports A, B, C,
and D, and with heat flow through port H. No work is done on or by the fluid inside the
chamber. The rate of energy accumulation in the internal fluid volume must therefore
equal the sum of the energy flow rates in through ports A, B, C, D, and H:

h Ta\dp dT
(5~ T5)9F + (e~ ha) G |pV = 6+ 05 + dc+ 0 + Qu,
where the left-hand side is the rate of energy accumulation and:
* his the enthalpy.

* pis the density.

* ¢, is the specific heat.

* Vis the chamber volume.

* ¢ is the energy flow rate.
* Qs the heat flow rate.

Momentum Balance

The pressure drop due to viscous friction between the individual ports and the interior of
the chamber is assumed to be negligible. Gravity is ignored, as are other body forces. The
pressure in the internal fluid volume must therefore equal the pressure at ports A, B, C,

and D:

P=PA=DPB=PC=PD-
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Assumptions and Limitations

* The chamber has a fixed volume of fluid.
» The flow resistance between the inlet and the interior of the chamber is negligible.

* The thermal resistance between the thermal port and the interior of the chamber is
negligible.

* The kinetic energy of the fluid in the chamber is negligible.

Ports

Conserving

A — Chamber inlet
thermal liquid

Thermal liquid conserving port associated with the chamber inlet.

B — Chamber inlet
thermal liquid

Thermal liquid conserving port associated with the second chamber inlet.

Dependencies
This port is visible if you set the Number of ports parameter to 2, 3, or 4.

C — Chamber inlet
thermal liquid

Thermal liquid conserving port associated with the third chamber inlet.
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Dependencies
This port is visible if you set the Number of ports parameter to 3 or 4.

D — Chamber inlet
thermal liquid

Thermal liquid conserving port associated with the fourth chamber inlet. If a chamber has
four inlet ports, you can use it as a junction in a cross connection.

Dependencies
This port is visible only if you set the Number of ports parameter to 4.

H — Thermal port
thermal

Thermal conserving port through which the fluid in the chamber exchanges heat with a
thermal network.

Parameters

Chamber volume — Volume of fluid inside the chamber
0.001 m"3 (default)

Volume of fluid in the chamber. This volume is constant during simulation.

Number of ports — Number of inlet ports in the chamber
1 (default) |2 |3 | 4

Number of inlet ports in the chamber. The chamber can have between one and four ports,
labeled from A to D. When you modify the parameter value, the corresponding ports are
exposed or hidden in the block icon.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default)

Inlet area normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m™2 (default)
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Inlet area normal to the direction of flow.

Dependencies

Enabled when port B is visible, that is, when the Number of ports parameter is set to 2,
3,or4.

Cross-sectional area at port C — Inlet area normal to the direction of flow
0.01 m"™2 (default)

Inlet area normal to the direction of flow.

Dependencies

Enabled when port C is visible, that is, when the Number of ports parameter is set to 3
or 4.

Cross-sectional area at port D — Inlet area normal to the direction of flow
0.01 m”2 (default)

Inlet area normal to the direction of flow.

Dependencies

Enabled when port D is visible, that is, when the Number of ports parameter is set to 4.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Reservoir (TL)

Introduced in R2013b
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Constant Volume Hydraulic Chamber

Hydraulic capacity of constant volume

Library

Hydraulic Elements

Description

The Constant Volume Hydraulic Chamber block models a fixed-volume chamber with rigid
or flexible walls, to be used in hydraulic valves, pumps, manifolds, pipes, hoses, and so on.
Use this block in models where you have to account for some form of fluid compressibility.
You can select the appropriate representation of fluid compressibility using the block
parameters.

Fluid compressibility in its simplest form is simulated according to the following
equations:

V
Ve=Ve+ Fcp
_Ve dp
1=F 'd
where
q Flow rate into the chamber
Vi Volume of fluid in the chamber
V. Geometrical chamber volume
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E Fluid bulk modulus

p Gauge pressure of fluid in the chamber

If pressure in the chamber is likely to fall to negative values and approach cavitation

limit, the above equations must be enhanced. In this block, it is done by representing the
fluid in the chamber as a mixture of liquid and a small amount of entrained, nondissolved
gas (see [1 on page 1-100, 2 on page 1-100]). The mixture bulk modulus is determined as:

1/n
1+a(re)
Patp
E = El 17
Pa n
l1+a P E)
n-(pa+p) n
where
E, Pure liquid bulk modulus
P« Atmospheric pressure
a Relative gas content at atmospheric pressure, a = V/V}.
Vs Gas volume at atmospheric pressure
Vi Volume of liquid
n Gas-specific heat ratio

The main objective of representing fluid as a mixture of liquid and gas is to introduce an
approximate model of cavitation, which takes place in a chamber if pressure drops below
fluid vapor saturation level. As it is seen in the graph below, the bulk modulus of a
mixture decreases as the gauge pressure approaches zero, thus considerably slowing
down further pressure change. At gauge pressures far above zero, a small amount of
undissolved gas has practically no effect on the system behavior.
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Bulk modulus (Pa)

% 10° Bulk modulus vs. pressure at different air contents
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To reproduce this graph, copy and paste the following script in your MATLAB® Command
Window:

% Parameters

p_atm = 1.01325e5; % Atmospheric pressure [Pa]

pressure = -1.01325e5:1e3:5€6; % Pressure (gauge) [Pa]

alpha = 0:2e-3:0.01; % Relative amount of trapped air

k sh = 1.4, % Specific heat ratio

bulk = 1.24285e+09; % Bulk modulus at atmospheric pressure and no gas [Pa

% Absolute pressure

p_abs = p_atm + pressure;

% Relative absolute pressure

p_nom = (p_atm./p abs).”(1/k sh);

p_den = p nom .* bulk ./ (k sh .* p _abs);

% Instantaneous bulk modulus

bulk inst = bulk * (1+ bsxfun(@times, alpha', p nom)) ./ (1 + bsxfun(@times, alpha', p
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% Reuse figure if it exists, else create new figure

if ~exist('hl bulk modulus', 'var') || ~isgraphics(hl bulk modulus, 'figure')
hl bulk modulus = figure('Name', 'hl bulk modulus');

end

figure(hl bulk modulus)

clf(hl bulk modulus)

legend label = cell(length(alpha),l);

for i=1l:length(alpha)

plot(pressure, bulk inst(i,:))

hold on

legend label{i,1} = ['alpha = ',num2str(alpha(i))];
end

grid on

xlabel('Pressure (Pa)"')

ylabel('Bulk modulus (Pa)")

title('Bulk modulus vs. pressure at different air contents')
legend(legend label, 'Location', 'Best')

hold off

Cavitation is an inherently thermodynamic process, requiring consideration of multiple-
phase fluids, heat transfers, etc., and as such cannot be accurately simulated with
Simscape software. But the simplified version implemented in the block is good enough to
signal if pressure falls below dangerous level, and to prevent computation failure that
normally occurs at negative pressures.

If pressure falls below absolute vacuum (-101325 Pa), the simulation stops and an error
message is displayed.

If chamber walls have noticeable compliance, the above equations must be further
enhanced by representing geometrical chamber volume as a function of pressure:

V.=nd*/4-L
K
—_=p
d(s) = 75P(s)
where
|d |Internal diameter of the cylindrical chamber
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L Length of the cylindrical chamber
K, Proportionality coefficient (m/Pa)
T Time constant

s Laplace operator

Coefficient K, establishes relationship between pressure and the internal diameter at
steady-state conditions. For metal tubes, the coefficient can be computed as (see [2 on
page 1-100]):

_ d (D*+d?
R e
P~ Enm|D? _ g2
where
D Pipe external diameter
Exm Modulus of elasticity (Young's modulus) for the pipe material
1) Poisson's ratio for the pipe material

For hoses, the coefficient can be provided by the manufacturer.

The process of expansion and contraction in pipes and especially in hoses is a complex
combination of nonlinear elastic and viscoelastic deformations. This process is
approximated in the block with the first-order lag, whose time constant is determined
empirically (for example, see [3 on page 1-100]).

As a result, by selecting appropriate values, you can implement four different models of
fluid compressibility with this block:

* Chamber with rigid walls, no entrained gas in the fluid

* Cylindrical chamber with compliant walls, no entrained gas in the fluid

* Chamber with rigid walls, fluid with entrained gas

* Cylindrical chamber with compliant walls, fluid with entrained gas

The block allows two methods of specifying the chamber size:

* By volume — Use this option for cylindrical or non-cylindrical chambers with rigid
walls. You only need to know the volume of the chamber. This chamber type does not
account for wall compliance.
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* By length and diameter — Use this option for cylindrical chambers with rigid or
compliant walls, such as circular pipes or hoses.

The block has one hydraulic conserving port associated with the chamber inlet. The block
positive direction is from its port to the reference point. This means that the flow rate is
positive if it flows into the chamber.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* No inertia associated with pipe walls is taken into account.

* Chamber with compliant walls is assumed to have a cylindrical shape. Chamber with
rigid wall can have any shape.

Parameters

Chamber specification

The parameter can have one of two values: By volume or By length and
diameter. The value By length and diameter is recommended if a chamber is
formed by a circular pipe. If the parameter is set to By volume, wall compliance is
not taken into account. The default value of the parameter is By volume.

Chamber wall type

The parameter can have one of two values: Rigid or Compliant. If the parameter is
set to Rigid, wall compliance is not taken into account, which can improve
computational efficiency. The value Compliant is recommended for hoses and metal
pipes, where compliance can affect the system behavior. The default value of the
parameter is Rigid. The parameter is used if the Chamber specification parameter
isset to By length and diameter.

Chamber volume

Volume of fluid in the chamber. The default value is 1e-4 m” 3. The parameter is used
if the Chamber specification parameter is set to By volume.
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Chamber internal diameter

Internal diameter of the cylindrical chamber. The default value is 0.01 m. The
parameter is used if the Chamber specification parameter is set to By length and
diameter.

Cylindrical chamber length

Length of the cylindrical chamber. The default value is 1 m. The parameter is used if
the Chamber specification parameter is set to By length and diameter.

Static pressure-diameter coefficient

Coefficient K, that establishes relationship between pressure and the internal
diameter at steady-state conditions. The parameter can be determined analytically or
experimentally. The default value is 1.2e-12 m/Pa. The parameter is used if
Chamber wall type is set to Compliant.

Viscoelastic process time constant

Time constant in the transfer function relating pipe internal diameter to pressure
variations. With this parameter, the simulated elastic or viscoelastic process is
approximated with the first-order lag. The parameter is determined experimentally or
provided by the manufacturer. The default value is 0.01 s. The parameter is used if
Chamber wall type is set to Compliant.

Specific heat ratio
Gas-specific heat ratio. The default value is 1.4.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameters:

* Chamber specification
* Chamber wall type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the values of the Tube cross section type and Chamber
wall type parameters at the time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:
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*  Fluid bulk modulus

* Nondissolved gas ratio — Nondissolved gas relative content determined as a ratio of
gas volume to the liquid volume.

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has one hydraulic conserving port associated with the chamber inlet.

References
[1] Manring, N.D., Hydraulic Control Systems, John Wiley & Sons, New York, 2005
[2] Meritt, H.E., Hydraulic Control Systems, John Wiley & Sons, New York, 1967

[3] Holcke, Jan, Frequency Response of Hydraulic Hoses, RIT, FTH, Stockholm, 2002

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Variable Hydraulic Chamber

Introduced in R2009b
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Constant Volume Pneumatic Chamber

Constant volume pneumatic chamber based on ideal gas law

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Constant Volume Pneumatic Chamber block models a constant volume pneumatic
chamber based on the ideal gas law and assuming constant specific heats.

The continuity equation for the network representation of the constant chamber is

where

G |Mass flow rate at input port
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Chamber volume

Absolute pressure in the chamber

Specific gas constant

Absolute gas temperature

IR T <

Time

The equivalent circuit of the Constant Volume Pneumatic Chamber block model is shown
in the following illustration. Port A is the pneumatic conserving port associated with the
chamber inlet. Port A connects both to the gaseous and the thermal circuit. Port H is a
thermal conserving port through which heat exchange with the environment takes place.
Port H connects only to the thermal circuit.

G
A =
&
Gaseous circuit (lp EJ
q ]
A — —p- H
* ’ .
* QcH
Thermal circuit
T, Th

The diagram shows that the heat flow q to the chamber consists of two components:
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* Heat flow qcy, associated with the gaseous process

* Heat flow gyg, associated with the heat exchange with the environment
The heat flow due to gas inflow is

CvV dp

QCH= R dt

where ¢, is specific heat at constant volume.

The heat exchange with the environment happens through port H, connected to thermal
components. To determine the value of the heat exchange flow, the model contains a
short-circuit element, resulting in the equation

TA = TH

where both T, and Ty represent the gas temperature.

The gas flow and the heat flow are considered positive if they flow into the chamber.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* The gas is ideal.

* Specific heats at constant pressure and constant volume, ¢, and c,, are constant.

Parameters

Chamber volume

Specify the volume of the chamber. The default value is .001 m” 3.

1-103



1 Biocks — Alphabetical List

Ports

The block has the following ports:

A
Pneumatic conserving port associated with the chamber inlet.

Thermal conserving port through which heat exchange with the environment takes
place.

See Also

Pneumatic Piston Chamber | Rotary Pneumatic Piston Chamber

Introduced in R2009b
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Controlled Current Source

Ideal current source driven by input signal

®

A ]

Library

Electrical Sources

Description

The Controlled Current Source block represents an ideal current source that is powerful
enough to maintain the specified current through it regardless of the voltage across the
source.

The output current is I = Is, where Is is the numerical value presented at the physical
signal port.

The positive direction of the current flow is indicated by the arrow.

Ports

The block has one physical signal input port and two electrical conserving ports
associated with its electrical terminals.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Voltage Source

Introduced in R2007a
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Controlled Flux Source

Ideal flux source driven by input signal

Library

Magnetic Sources

Description

The Controlled Flux Source block represents an ideal flux source that is powerful enough
to maintain the specified flux through it regardless of the mmf across the source.

The output flux is PHI = PHIs, where PHIs is the numerical value presented at the
physical signal port.

The positive direction of the flux flow is indicated by the arrow.

Ports

The block has one physical signal input port and two magnetic conserving ports
associated with its magnetic terminals.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

1-107



1 Blocks — Alphabetical List

See Also

Flux Source

Introduced in R2010a
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Controlled Heat Flow Rate Source

Variable source of thermal energy, characterized by heat flow

Library: Simscape / Foundation Library / Thermal / Thermal
Sources @l
I\
Al =<1
AT
Description

The Controlled Heat Flow Rate Source block represents an ideal source of thermal energy
that is powerful enough to maintain specified heat flow at its outlet regardless of the
temperature difference across the source.

Connections A and B are thermal conserving ports corresponding to the source inlet and
outlet, respectively. Port S is a physical signal port, through which the control signal that
drives the source is applied. You can use the entire variety of Simulink signal sources to
generate the desired heat flow variation profile. The heat flow through the source is
directly proportional to the signal at the control port S.

The block positive direction is from port A to port B. This means that positive signal at
port S generates heat flow in the direction from A to B.

Ports

Input

S — Heat flow control signal, W
physical signal

Input physical signal that specifies the heat flow through the source.
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Conserving

A — Source inlet
thermal

Thermal conserving port associated with the source inlet.

B — Source outlet
thermal

Thermal conserving port associated with the source outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Heat Flow Rate Source

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007b
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Controlled Mass Flow Rate Source (2P)

Generate time-varying mass flow rate

[oef

Library

Two-Phase Fluid/Sources

Description

The Controlled Mass Flow Rate Source (2P) block generates a variable mass flow rate in a
two-phase fluid network branch. The source has two inlets, labeled A and B, with
independently specified cross-sectional areas. By default, the source does isentropic work
on the fluid, though the block provides the option to ignore this work.

The source is ideal. In other words, it maintains the specified flow rate regardless of the
pressure differential produced between its ports. In addition, because the source is
isentropic, there is no viscous friction between the ports and no heat exchange with the
environment. Use this block to model an idealized pump or compressor or to set a
boundary condition in a model.

Use physical signal port M to specify the desired mass flow rate. Use positive values for
flows directed from port A to port B and negative values for flows directed from port B to
port A.

Mass Balance

The volume of fluid in the source is considered negligible and is ignored in a model. There
is no fluid accumulation between the ports and the sum of all mass flow rates into the
source must therefore equal zero:

mp + mg =0,
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where m denotes the mass flow rate into the source through a port. The block accepts as
input the mass flow rate at port A. The flow is directed from port A to port B when the
specified value is positive.

Energy Balance

By default, the source maintains the specified flow rate by performing isentropic work on
the incoming fluid, though the block provides the option to ignore this term. The rate at
which the source does work, if considered in the model, must equal the sum of the energy
flow rates through the ports:

®a + @B + dwork = 0,

where ¢ denotes the energy flow rate into the source through a port or by means of work.
The energy flow rate due to work is equal to the power generated by the source. Its value
is calculated from the specific total enthalpies at the ports:

dwork = Ma(ha — hp).
The specific total enthalpy h is defined as:

2

’

M#*Vx
S

h*=u*+p*v*+%

where the asterisk denotes a port (A or B) and:

* u is specific internal energy.

* pis pressure.

* Sis flow area.

The specific internal energy in the equation is obtained from the tabulated data of the
Two-Phase Fluid Properties (2P) block. Its value is uniquely determined from the

constraint that the work done by the source is isentropic. The specific entropy, a function
of specific internal energy, must then have the same value at ports A and B:

SA(Pa, up) = sg(pB, up),

where s is specific entropy. If the Power added parameter is set to None, the specific
total enthalpies at the ports have the same value (hy = hg) and the work done by the

source reduces to zero (Pwork = 0).
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Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

B — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

Input

M — Mass flow rate
physical signal

Value of the mass flow rate from port A to port B.

Parameters

Power added — Parameterization for the calculation of power
Isentropic power (default) | None

Parameterization for the calculation of power. Work is isentropic and its calculation is
based on the assumptions of zero friction losses and zero heat exchange with the
environment. Change to None to prevent the source from impacting the temperature of
the fluid—for example, when using this block as a boundary condition in a model.
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Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Controlled Volumetric Flow Rate Source (2P) | Mass Flow Rate Source (2P) | Volumetric
Flow Rate Source (2P)

Introduced in R2015b
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Controlled Mass Flow Rate Source (G)

Generate time-varying mass flow rate
Library: Simscape / Foundation Library / Gas / Sources

s /
B
o
: 1A

Description

The Controlled Mass Flow Rate Source (G) block represents an ideal mechanical energy
source in a gas network. The mass flow rate is controlled by the input physical signal at
port M. The source can maintain the specified mass flow rate regardless of the pressure
differential. There is no flow resistance and no heat exchange with the environment. A
positive mass flow rate causes gas to flow from port A to port B.

You can choose whether the source performs work on the gas flow:

» If the source is isentropic (Power added parameter is set to Isentropic power),
then the isentropic relation depends on the gas property model.

Gas Model Equations
Perfect gas (PA)Z “Rlcp (PB)Z “Rlcp
Ta  Tp

Semiperfect gas Tac (T
P J £ #dT—Z-R-ln(pA)

- j; '8 CPC(FT) dT - Z- R - In(pp)

Real gas S(Ta, pa) = s(T, pB)

The power delivered to the gas flow is based on the specific total enthalpy associated
with the isentropic process.

Wi
2

2

. . wp
Qyork = — my|ha + —mplhp + —=
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If the source performs no work (Power added parameter is set to None), then the
defining equation states that the specific total enthalpy is equal on both sides of the
source. It is the same for all three gas property models.

2 2
Wja WE
hyt+ o =hp+

The power delivered to the gas flow @4 = 0.

The equations use these symbols:

Gy Specific heat at constant pressure

h Specific enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

R Specific gas constant

s Specific entropy

T Temperature

w Flow velocity

Z Compressibility factor

Dyork Power delivered to the gas flow through the source

Subscripts A and B indicate the appropriate port.

Assumptions and Limitations

There are no irreversible losses.
There is no heat exchange with the environment.




Controlled Mass Flow Rate Source (G)

Ports

Input

M — Mass flow rate control signal, kg/s
physical signal

Input physical signal that specifies the mass flow rate of the gas through the source.

Conserving

A — Source inlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

B — Source outlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the gas flow:

* Isentropic power — The source performs isentropic work on the gas to maintain
the specified mass flow rate, regardless of the pressure differential. Use this option to
represent an idealized pump or compressor and properly account for the energy input
and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”™2 (default)
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Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m"2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Mass Flow Rate Source (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Controlled Mass Flow Rate Source (MA)

Generate time-varying mass flow rate
Library: Simscape / Foundation Library / Moist Air / Sources

Description

The Controlled Mass Flow Rate Source (MA) block represents an ideal mechanical energy
source in a moist air network. The mass flow rate is controlled by the input physical
signal at port M. The source can maintain the specified mass flow rate regardless of the
pressure differential. There is no flow resistance and no heat exchange with the
environment. A positive mass flow rate causes moist air to flow from port A to port B.

The equations describing the source use these symbols.

Cp Specific heat at constant pressure

h Specific enthalpy

h, Specific total enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

P Density

R Specific gas constant

S Specific entropy

T Temperature

Dyork Power delivered to the moist air flow through the source

Subscripts A and B indicate the appropriate port.

Mass balance:
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my+mg=0
Mya + My =0
mgA+n'1gB=0

Energy balance:
Pp+ P+ Dyork =0
If the source performs no work (Power added parameter is set to None), then @0« = 0.

If the source is isentropic (Power added parameter is set to Isentropic power), then

Qyork = mA(htB — hta)

where
; 2
1 ma
hta=ha® 3| oasa
; 2
1 mp
B =15+ 3\ 0pS5

The mixture-specific enthalpies, h, = h(T,) and hg = h(T3), are constrained by the
isentropic relation, that is, there is no change in entropy:

- rin(PB
| Fdh(T) = Rln(pA)

The quantity specified by the input signal of the source is

M = Mspecified

Assumptions and Limitations

e There are no irreversible losses.

* There is no heat exchange with the environment.
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Ports

Input

M — Mass flow rate control signal, kg/s
physical signal

Input physical signal that specifies the mass flow rate of the moist air through the source.

Conserving

A — Source inlet
moist air

Moist air conserving port. A positive mass flow rate causes moist air to flow from port A
to port B

B — Source outlet
moist air

Moist air conserving port. A positive mass flow rate causes moist air to flow from port A
to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the moist air flow:

* Isentropic power — The source performs isentropic work on the moist air to
maintain the specified mass flow rate, regardless of the pressure differential. Use this
option to represent an idealized pump or compressor and properly account for the
energy input and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

1-121



1 Blocks — Alphabetical List

1-122

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”~2 (default)

Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m”2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Mass Flow Rate Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Mass Flow Rate Source (TL)

Generate time-varying mass flow rate

Library: Simscape / Foundation Library / Thermal Liquid /
Sources uj
B
B
Description

The Controlled Mass Flow Rate Source (TL) block represents an ideal mechanical energy
source in a thermal liquid network. The mass flow rate is controlled by the input physical
signal at port M. The source can maintain the specified mass flow rate regardless of the
pressure differential. There is no flow resistance and no heat exchange with the
environment. A positive mass flow rate causes the fluid to flow from port A to port B.

The energy balance at the source is a function of the energy flow rates through ports A
and B and the work done on the fluid:

¢A + ¢B + ¢work =0,
where:

* ¢, is the energy flow rate into the source through port A.
* ¢y is the energy flow rate into the source through port B.
Pwork iS the isentropic work done on the fluid.

The isentropic work term is

m(pg — pa)

¢work = Pavg

’

where:

¢work 1S the isentropic work done on the thermal liquid.
* D, is the pressure at port A.
* pgis the pressure at port B.
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Pavg s the average liquid density,

PA + PB
Pavg = ——

Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.

Ports

Input

M — Mass flow rate control signal, kg/s
physical signal

Input physical signal that specifies the mass flow rate through the source.

Conserving

A — Source inlet
thermal liquid

Thermal liquid conserving port. A positive mass flow rate causes the fluid to flow from
port A to port B.

B — Source outlet
thermal liquid

Thermal liquid conserving port. A positive mass flow rate causes the fluid to flow from
port A to port B.
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Parameters
Cross-sectional area at ports A and B — Area normal to flow path at inlet

and outlet
0.01 m”2 (default)

Area normal to the direction of flow at the source inlet and outlet. The two cross-sectional
areas are assumed identical.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Pressure Source (TL) | Controlled Volumetric Flow Rate Source (TL) | Mass
Flow Rate Source (TL) | Pressure Source (TL) | Volumetric Flow Rate Source (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2013b
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Controlled MMF Source

Ideal magnetomotive force source driven by input signal

Library

Magnetic Sources

Description

The Controlled MMF Source block represents an ideal magnetomotive force (mmf) source
that is powerful enough to maintain the specified mmf at its output regardless of the flux
passing through it.

The output mmf is MMF = MMFI, where MMFI is the numerical value presented at the
physical signal port.

Ports

The block has one physical signal input port and two magnetic conserving ports
associated with its magnetic terminals.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Controlled MMF Source

See Also
MMF Source

Introduced in R2010a
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Controlled Moisture Source (MA)

Inject or extract moisture at a time-varying rate

Library: Simscape / Foundation Library / Moist Air / Sources /
Moisture & Trace Gas Sources wl
-
A A
Description

The Controlled Moisture Source (MA) block represents a time-varying source or sink of
moisture for the connected moist air volume. Two physical signal input ports, M and T,
supply the mass flow rate and temperature values, respectively. A positive or negative
moisture mass flow rate results in moisture being added or removed, respectively.

You can add moisture as water vapor or liquid water. For water vapor, the energy
associated with the added or removed moisture is

D, = mspecified ' hw(Tspecified)r if mspecified =0
s = .. o
Mspecified * hy(Ts), if Mspecified < 0

where:

Mspecified 1S the water vapor mass flow rate specified by the input physical signal at
port M.

* h, is the water vapor specific enthalpy.

*  Typecifiea 1S the temperature of added moisture specified by the input physical signal at
port T. The block uses this value to evaluate the specific enthalpy of the added
moisture only. The specific enthalpy of removed moisture is based on the temperature
of the connected moist air volume.

» T, is the temperature at port S, which is the same as the temperature of the connected
moist air volume.

For liquid water, the energy associated with the added or removed moisture is
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D = mspecified ’ (hw(Tspecified) - Ahvap(Tspecified))/ if mspecified =0
ST .. o
Mspecified * (hw(Ts) - Ahvap(Ts))r if Mgpecified < 0

where Ahy,, is the water specific enthalpy of vaporization.

Port S is a moist air source conserving port. Connect this port to port S of a block with
finite moist air volume to add or remove moisture through that block. For more
information, see “Using Moisture and Trace Gas Sources”.

Ports

Input

M — Mass flow rate control signal, kg/s
physical signal

Input physical signal that specifies the water vapor mass flow rate through the source.

T — Temperature of added moisture, K
physical signal

Input physical signal that specifies the temperature of added moisture. The block uses
this value to evaluate the specific enthalpy of the added moisture only. The specific
enthalpy of removed moisture is based on the temperature of the connected moist air
volume.

Conserving

S — Inject or extract moisture
moist air source

Connect this port to port S of a block with finite moist air volume to add or remove
moisture through that block.
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Parameters

Moisture added or removed — Select whether the source adds or removes
moisture as water vapor or liquid water
Vapor (default) | Liquid

Select whether the source adds or removes moisture as water vapor or liquid water:

* Vapor — The enthalpy of the added or removed moisture corresponds to the enthalpy
of water vapor, which is greater than that of liquid water.

* Liquid — The enthalpy of the added or removed moisture corresponds to the
enthalpy of liquid water, which is less than that of water vapor.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Moisture Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Pneumatic Flow Rate Source

Ideal compressor with signal-controlled mass flow rate

™

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Controlled Pneumatic Flow Rate Source block represents an ideal compressor that
maintains a mass flow rate equal to the numerical value presented at physical signal port
F. The compressor adds no heat. Block connections A and B correspond to the pneumatic
inlet and outlet ports, respectively, and connection F represents a control signal port.

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B. The pressure differential is determined as p = p, - pg and
is negative if pressure at the source outlet is greater than pressure at its inlet. The power
generated by the source is negative if the source adds energy to the flow.
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Warning Be careful when driving an orifice directly from a flow rate source. The choked
flow condition limits the flow that is possible through an orifice as a function of upstream
pressure and temperature. Hence the flow rate value produced by the flow rate source
must be compatible with upstream pressure and temperature. Specifying a flow rate that
is too high will result in an unsolvable set of equations.

Ports

The block has the following ports:
A

Pneumatic conserving port associated with the source inlet.
Pneumatic conserving port associated with the source outlet.

Control signal port.

See Also

Pneumatic Flow Rate Source | Pneumatic Mass & Heat Flow Sensor

Introduced in R2009b
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Controlled Pneumatic Pressure Source

Ideal compressor with signal-controlled pressure difference

.

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Controlled Pneumatic Pressure Source block represents an ideal compressor that
maintains a pressure difference equal to the numerical value presented at physical signal
port F. The compressor adds no heat. Block connections A and B correspond to the
pneumatic inlet and outlet ports, respectively, and connection F represents a control
signal port.

A positive pressure difference results in the pressure at port B being higher than the
pressure at port A.
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Ports

The block has the following ports:

A

Pneumatic conserving port associated with the source inlet.
B

Pneumatic conserving port associated with the source outlet.
F

Control signal port.
See Also

Pneumatic Pressure & Temperature Sensor | Pneumatic Pressure Source

Introduced in R2009b
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Controlled Pressure Source (2P)

Generate time-varying pressure differential

[= P

Library

Two-Phase Fluid/Sources

Description

The Controlled Pressure Source (2P) block generates a variable pressure differential in a
two-phase fluid network branch. The source has two inlets, labeled A and B, with
independently specified cross-sectional areas. By default, the source does isentropic work
on the fluid, though the block provides the option to ignore this work.

The source is ideal. In other words, it maintains the specified pressure differential
regardless of the mass flow rate produced through its ports. In addition, because the
source is isentropic, there is no viscous friction between the ports and no heat exchange
with the environment. Use this block to model an idealized pump or compressor or to set
a boundary condition in a model.

Use physical signal port P to specify the desired pressure differential. Use positive values
for pressures that increase from port A to port B and negative value for pressures that
increase from port B to port A.

Mass Balance

The volume of fluid in the source is considered negligible and is ignored in a model. There
is no fluid accumulation between the ports and the sum of all mass flow rates into the
source must therefore equal zero:

mp + mg =0,
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where m denotes the mass flow rate into the source through a port. The block accepts as
input the mass flow rate at port A. The flow is directed from port A to port B when the
specified value is positive.

Energy Balance

By default, the source maintains the specified flow rate by performing isentropic work on
the incoming fluid, though the block provides the option to ignore this term. The rate at
which the source does work, if considered in the model, must equal the sum of the energy
flow rates through the ports:

®a + @B + dwork = 0,

where ¢ denotes the energy flow rate into the source through a port or by means of work.
The energy flow rate due to work is equal to the power generated by the source. Its value
is calculated from the specific total enthalpies at the ports:

dwork = Ma(ha — hp).
The specific total enthalpy h is defined as:

2

’

M#*Vx
S

h*=u*+p*v*+%

where the asterisk denotes a port (A or B) and:

* u is specific internal energy.

* pis pressure.

* Sis flow area.

The specific internal energy in the equation is obtained from the tabulated data of the
Two-Phase Fluid Properties (2P) block. Its value is uniquely determined from the

constraint that the work done by the source is isentropic. The specific entropy, a function
of specific internal energy, must then have the same value at ports A and B:

SA(Pa, up) = sg(pB, up),

where s is specific entropy. If the Power added parameter is set to None, the specific
total enthalpies at the ports have the same value (hy = hg) and the work done by the

source reduces to zero (Pwork = 0).



Controlled Pressure Source (2P)

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

B — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

Input

P — Pressure differential
physical signal

Value of the pressure gain from port A to port B.

Parameters

Power added — Parameterization for the calculation of power
Isentropic power (default) | None

Parameterization for the calculation of power. Work is isentropic and its calculation is
based on the assumptions of zero friction losses and zero heat exchange with the
environment. Change to None to prevent the source from impacting the temperature of
the fluid—for example, when using this block as a boundary condition in a model.
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Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure Source (2P)

Introduced in R2015b
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Controlled Pressure Source (G)

Generate time-varying pressure differential
Library: Simscape / Foundation Library / Gas / Sources

Description

The Controlled Pressure Source (G) block represents an ideal mechanical energy source
in a gas network. The pressure differential is controlled by the input physical signal at
port P. The source can maintain the specified pressure differential across its ports
regardless of the mass flow rate through the source. There is no flow resistance and no
heat exchange with the environment. A positive signal at port P causes the pressure at
port B to be greater than the pressure at port A.

You can choose whether the source performs work on the gas flow:

» If the source is isentropic (Power added parameter is set to Isentropic power),
then the isentropic relation depends on the gas property model.

Gas Model Equations
Perfect gas (pA)Z~R/cp (pB)Z'R/cp
T,  Tp
Semiperfect gas Tac,(T
P J £ Cp,‘(r )dT = Z R - In(py)
TB T
= [ C”; )4T — Z- R - In(pp)
Real gas S(T4, pa) = (T, pB)

The power delivered to the gas flow is based on the specific total enthalpy associated
with the isentropic process.

Wi
2

2

. . wp
Qyork = — my|ha + —mplhp + —=
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If the source performs no work (Power added parameter is set to None), then the
defining equation states that the specific total enthalpy is equal on both sides of the
source. It is the same for all three gas property models.

2 2
Wja WE
hyt+ o =hp+

The power delivered to the gas flow @4 = 0.

The equations use these symbols:

Gy Specific heat at constant pressure

h Specific enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

R Specific gas constant

s Specific entropy

T Temperature

w Flow velocity

Z Compressibility factor

Dyork Power delivered to the gas flow through the source

Subscripts A and B indicate the appropriate port.

Assumptions and Limitations

There are no irreversible losses.
There is no heat exchange with the environment.




Controlled Pressure Source (G)

Ports

Input

P — Pressure differential control signal, Pa
physical signal

Input physical signal that specifies the pressure differential of the gas across the source.
A positive signal at port P causes the pressure at port B to be greater than the pressure
at port A.

Conserving

A — Source inlet
gas

Gas conserving port. A positive signal at port P causes the pressure at port B to be
greater than the pressure at port A.

B — Source outlet
gas

Gas conserving port. A positive signal at port P causes the pressure at port B to be
greater than the pressure at port A.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the gas flow:

* Isentropic power — The source performs isentropic work on the gas to maintain
the specified pressure differential, regardless of the mass flow rate. Use this option to
represent an idealized pump or compressor and properly account for the energy input
and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the pressure differential produced by the source. Use this option to set
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up the desired flow condition upstream of the system, without affecting the
temperature of the flow.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”2 (default)

Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m”™2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure Source (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Controlled Pressure Source (MA)

Generate time-varying pressure differential
Library: Simscape / Foundation Library / Moist Air / Sources

Description

The Controlled Pressure Source (MA) block represents an ideal mechanical energy source
in a moist air network. The pressure differential is controlled by the input physical signal
at port P. The source can maintain the specified pressure differential across its ports
regardless of the mass flow rate through the source. There is no flow resistance and no
heat exchange with the environment. A positive signal at port P causes the pressure at
port B to be greater than the pressure at port A.

The equations describing the source use these symbols.

Cp Specific heat at constant pressure

h Specific enthalpy

h, Specific total enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

P Density

R Specific gas constant

S Specific entropy

T Temperature

Dyork Power delivered to the moist air flow through the source

Subscripts A and B indicate the appropriate port.

Mass balance:
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my+mg=0
Mya + My =0
mgA+n'1gB=0

Energy balance:

Op+ P+ Dy =0
If the source performs no work (Power added parameter is set to None), then @0« = 0.
If the source is isentropic (Power added parameter is set to Isentropic power), then

Qyork = mA(htB — hta)

where
; 2
1| ma
hta=Pat 3\pasa
; 2
1 mp
B = M5+ 2| 555

The mixture-specific enthalpies, hy, = h(T,) and hg = h(T}), are constrained by the
isentropic relation, that is, there is no change in entropy:

81 PB
[, Fdnm) = Rln(a)

The quantity specified by the input signal of the source is

PB — PA = APspecified

Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.
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Ports

Input

P — Pressure differential control signal, Pa
physical signal

Input physical signal that specifies the pressure differential of the moist air mixture
across the source. A positive signal at port P causes the pressure at port B to be greater
than the pressure at port A.

Conserving

A — Source inlet
moist air

Moist air conserving port. A positive signal at port P causes the pressure at port B to be
greater than the pressure at port A.

B — Source outlet
moist air

Moist air conserving port. A positive signal at port P causes the pressure at port B to be
greater than the pressure at port A.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the moist air flow:

* Isentropic power — The source performs isentropic work on the moist air to
maintain the specified mass flow rate, regardless of the pressure differential. Use this
option to represent an idealized pump or compressor and properly account for the
energy input and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
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desired flow condition upstream of the system, without affecting the temperature of
the flow.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m"™2 (default)

Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m”~2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Pressure Source (TL)

Generate time-varying pressure differential

Library: Simscape / Foundation Library / Thermal Liquid /
Sources u A
Bo
B P
Description

The Controlled Pressure Source (TL) block represents an ideal mechanical energy source
in a thermal liquid network. The pressure differential is controlled by the input physical
signal at port P. The source can maintain the specified pressure differential across its
ports regardless of the mass flow rate through the source. There is no flow resistance and
no heat exchange with the environment. A positive signal at port P causes the pressure at
port B to be greater than the pressure at port A.

The energy balance at the source is a function of the energy flow rates through ports A
and B and the work done on the fluid:

¢a+ ¢B+ dwork = 0,
where:

* ¢, is the energy flow rate into the source through port A.
* ¢y is the energy flow rate into the source through port B.
Pwork iS the isentropic work done on the fluid.

The isentropic work term is

m(pg — pa)

¢work = Pavg

’

where:

¢dwork 1 the isentropic work done on the thermal liquid.
* D, is the pressure at port A.
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* pgis the pressure at port B.
Pavg 18 the average liquid density,

_ patps

Pavg = ——

Assumptions and Limitations

* There are no irreversible losses.
» There is no heat exchange with the environment.

Ports

Input

P — Pressure differential control signal, Pa
physical signal

Input physical signal that specifies the pressure differential across the source.

Conserving

A — Source inlet
thermal liquid

Thermal liquid conserving port. A positive pressure differential causes the pressure at
port B to be greater than the pressure at port A.

B — Source outlet
thermal liquid

Thermal liquid conserving port. A positive pressure differential causes the pressure at
port B to be greater than the pressure at port A.



Controlled Pressure Source (TL)

Parameters
Cross-sectional area at ports A and B — Area normal to flow path at inlet

and outlet
0.01 m”2 (default)

Area normal to the direction of flow at the source inlet and outlet. The two cross-sectional
areas are assumed identical.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Mass Flow Rate Source (TL) | Controlled Volumetric Flow Rate Source (TL) |
Mass Flow Rate Source (TL) | Pressure Source (TL) | Volumetric Flow Rate Source (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2013b
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Controlled Reservoir (2P)

Two-phase fluid reservoir at variable pressure and temperature

=

o

|-_'L'-':'I:I_Iul
A A

Library

Two-Phase Fluid/Elements

Description

The Reservoir (2P) block sets boundary conditions in a two-phase fluid network. Those
conditions are specified in terms of pressure and—depending on the Reservoir energy
specification setting—either specific enthalpy or specific internal energy. The reservoir
is assumed infinite in size, causing its pressure and specific internal energy to remain
constant.

Port A represents the reservoir inlet. The flow resistance between port A and the
reservoir interior is assumed negligible. The pressure at port A is therefore equal to that
inside the reservoir.

Port P sets the absolute pressure in the reservoir (in units of MPa). Ports H and U set the
specific enthalpy and specific internal energy, respectively (both in units of kJ/kg). Which
of these two ports is active depends on the energy specification setting of the block.

The specific enthalpy and specific internal energy at the reservoir inlet depend on the
direction of flow. If fluid leaves the reservoir, these variables are the same as inside the
reservoir. The reservoir then acts as an energy source. If fluid enters the reservoir, these
variables are the same as upstream of the reservoir. The reservoir acts as an energy sink.

This block also serves as a reference connection for the Pressure & Internal Energy
Sensor (2P) block. In this case, the measured pressure and specific internal energy are
relative to the reservoir pressure and specific internal energy.
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Assumptions and Limitations

» The flow resistance between port A and the reservoir interior is negligible. Pressure is
the same at port A and in the reservoir interior.

Parameters

Reservoir energy specification

Measure of energy to specify during simulation. The default setting is Specific
enthalpy. Changing this setting changes port H to port U. Use the active port to
specify the chosen measure of energy.

Cross-sectional area at port A

Flow area of the reservoir inlet, represented by port A. The flow area must be greater
than zero. The default value is 0.01 m”™2.

Ports

The block has four ports:

* A — Two-phase fluid port representing the inlet of the reservoir.
* P — Physical signal input port for the (absolute) pressure of the fluid in the reservoir.

* H — Physical signal input port for the specific enthalpy of the fluid in the reservoir.
Whether this port is active depends on the Reservoir energy specification setting of
the block.

» U — Physical signal input port for the specific internal energy of the fluid in the
reservoir. Whether this port is active depends on the Reservoir energy specification
setting of the block.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also
Constant Volume Chamber (2P) | Reservoir (2P)

Introduced in R2015b
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Controlled Reservoir (G)

Boundary conditions for gas network at time-varying pressure and temperature
Library: Simscape / Foundation Library / Gas / Elements

Description

The Controlled Reservoir (G) block represents an infinite reservoir at variable pressure
and temperature. Port A, a gas conserving port, represents the reservoir inlet. Port P, a
physical signal port, provides the reservoir pressure control signal. Port T, a physical
signal port, provides the reservoir temperature control signal.

The volume of gas inside the reservoir is assumed infinite. Therefore, the flow is assumed
quasi-steady.

Gas enters and leaves the reservoir at the reservoir pressure, but its temperature is
determined by the direction of gas flow. If gas flows into the reservoir, its temperature is
determined by the gas network upstream. The reservoir acts as a heat sink. If gas flows
out of the reservoir, its temperature equals that of the reservoir. The reservoir acts as a
heat source.

Assumptions and Limitations

* Gas in the reservoir is quasi-steady.

Ports
Input

P — Pressure control signal, Pa
physical signal
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Physical signal port that provides the reservoir pressure control signal.

T — Temperature control signal, K
physical signal

Physical signal port that provides the reservoir temperature control signal.

Conserving

A — Reservoir inlet
gas

Gas conserving port associated with the reservoir inlet.

Parameters
Cross-sectional area at port A — Area normal to flow path at the reservoir

inlet
0.01 m”2 (default)

The cross-sectional area of the reservoir inlet, in the direction normal to gas flow path.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Reservoir (G)

Topics
“Modeling Gas Systems”
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Introduced in R2016b
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Controlled Reservoir (MA)

Boundary conditions for moist air network at time-varying pressure, temperature,
moisture, and trace gas levels

Library: Simscape / Foundation Library / Moist Air / Elements
a.r]
F |1/€:"’.:
AAAA
Description

The Controlled Reservoir (MA) block sets controlled boundary conditions in a moist air
network. The volume of moist air inside the reservoir is assumed infinite. Therefore, the
flow is assumed quasi-steady. Moist air leaves the reservoir at the reservoir pressure,
temperature, specific humidity, and trace gas mass fraction. Moist air enters the reservoir
at the reservoir pressure, but the temperature, specific humidity, and trace gas mass
fraction are determined by the moist air network upstream.

You specify the reservoir pressure, temperature, amount of moisture, and amount of trace
gas by control physical signals at ports P, T, W, and G, respectively. The inputs are
limited by their valid ranges. For pressure and temperature, the valid range is between
the minimum and maximum values specified in the Moist Air Properties (MA) block
connected to the circuit. For the amount of moisture, the valid range is between zero and
either saturation or 100 percent water vapor. For the amount of trace gas, the valid range
is between zero and either the fraction left over after water vapor or 100 percent trace
gas. The input G is ignored if Trace gas model in the Moist Air Properties (MA) block is
set to None.

You can specify moisture as one of:

* Relative humidity, ¢,,

* Specific humidity, x,,

* Water vapor mole fraction, y,
* Humidity ratio,

You can specify trace gas as one of:
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+ Trace gas mass fraction, x
* Trace gas mole fraction, y,

These moisture and trace gas quantities are related to each other as follows:

0, = YwP
W Dws
XywRy
Yw = R
Tw= 1= Xy
_ XgRg
Vg = R

Xg+ Xy +Xg=1
R = xgRq + XywRw + XgRyg
where:

* pis pressure.
* R s specific gas constant.

Subscripts a, w, and g indicate the properties of dry air, water vapor, and trace gas,
respectively. Subscript ws indicates water vapor at saturation.

Ports

Input

P — Pressure control signal, Pa
physical signal

Physical signal port that provides the reservoir pressure control signal.

T — Temperature control signal, K
physical signal

Physical signal port that provides the reservoir temperature control signal.
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W — Moisture control signal, unitless
physical signal

Physical signal port that controls the reservoir moisture level. To select the quantity that
the control signal represents, use the Reservoir moisture specification parameter.

G — Trace gas control signal, unitless
physical signal

Physical signal port that controls the reservoir trace gas level. To select the quantity that

the control signal represents, use the Reservoir trace gas specification parameter.

Conserving

A — Reservoir inlet
moist air

Moist air conserving port associated with the reservoir inlet.

Parameters

Reservoir moisture specification — Select the moisture property that the
control signal represents

Relative humidity (default) | Specific humidity |Mole fraction |Humidity
ratio

Select a moisture property:

* Relative humidity — Physical signal at port W specifies the relative humidity.

* Specific humidity — Physical signal at port W specifies the specific humidity.

* Mole fraction — Physical signal at port W specifies the water vapor mole fraction.
* Humidity ratio — Physical signal at port W specifies the humidity ratio.
Reservoir trace gas specification — Select the trace gas property that the

control signal represents
Mass fraction (default) | Mole fraction

Select a trace gas property:
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* Mass fraction — Physical signal at port G specifies the trace gas mass fraction.
* Mole fraction — Physical signal at port G specifies the trace gas mole fraction.
Relative humidity at saturation — Relative humidity above which

condensation occurs
1 (default)

Relative humidity above which condensation occurs. Amount of moisture in the reservoir
must be less than saturation.

Cross-sectional area at port A — Area normal to flow path at the reservoir
inlet
0.01 m”2 (default)

The cross-sectional area of the reservoir inlet.

Inputs outside valid range — Select what happens when the input signal
values are outside of valid range
Warn and limit to valid values (default) | Limit to valid values |Error

Select what happens when the input signal values are outside of valid range:

e Limit to valid values — The block uses the minimum or maximum valid values,
but does not issue a warning.

* Warn and limit to valid values — The block issues a warning and uses the
corresponding minimum or maximum valid values.

* Error — Simulation stops with an error.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Reservoir (MA)
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Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Reservoir (TL)

Thermal liquid reservoir at time-varying temperature

Library: Simscape / Foundation Library / Thermal Liquid / _
Elements -
A

Description

The Controlled Reservoir (TL) block represents an infinite reservoir at fixed pressure and
variable temperature. The reservoir and its inlet can be at atmospheric pressure or at a
specified pressure. Port A, a thermal liquid conserving port, represents the reservoir
inlet. Port T, a physical signal port, provides the reservoir temperature control signal.

The inlet temperature depends on the direction of liquid flow. If the liquid flows into the
reservoir, the inlet temperature equals that of the upstream liquid and the reservoir acts
as a heat sink. If liquid flows out of the reservoir, the inlet temperature equals that of the
reservoir and the reservoir acts as a heat source.

To ensure a smooth temperature change at the reservoir inlet during liquid flow reversal,

the block includes heat conduction along a length equal to the effective diameter of the
inlet pipe. This diameter is a function of the specified cross-sectional area of the inlet

pipe.

Ports

Input

T — Temperature control signal, K
physical signal

Physical signal port that provides the reservoir temperature control signal.
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Conserving

A — Reservoir inlet
thermal liquid

Thermal liquid conserving port associated with the reservoir inlet.

Parameters

Reservoir pressure specification — Specification method for reservoir
pressure
Atmospheric pressure (default) | Specified pressure

Specification method for the reservoir pressure:

* Atmospheric pressure — Use the atmospheric pressure specified by a Thermal
Liquid Settings (TL) or Thermal Liquid Properties (TL) block connected to the circuit.

* Specified pressure — Specify a value by using the Reservoir pressure
parameter.

Reservoir pressure — Pressure in reservoir
0.101325 MPa (default)

Desired pressure in the reservoir. This pressure remains constant during simulation.

Dependencies

Enabled when the Reservoir pressure specification parameter is set to Specified
pressure.

Cross-sectional area at port A — Area normal to flow path at reservoir inlet
0.01 m”™2 (default)

Cross-sectional area of the reservoir inlet pipe. The block uses this area to determine the
characteristic length of the pipe along which heat conduction occurs.
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Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also
Constant Volume Chamber (TL) | Reservoir (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2015a
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Controlled Temperature Source

Variable source of thermal energy, characterized by temperature

Library: Simscape / Foundation Library / Thermal / Thermal
Sources ol
_."I_"ih_l",_
"..I&I d’_ﬂ
Description

The Controlled Temperature Source block represents an ideal source of thermal energy
that is powerful enough to maintain specified temperature difference across the source
regardless of the heat flow consumed by the system.

Connections A and B are thermal conserving ports corresponding to the source inlet and
outlet, respectively. Port S is a physical signal port, through which the control signal that
drives the source is applied. You can use the entire variety of Simulink signal sources to
generate the desired heat flow variation profile. The temperature differential across the
source is directly proportional to the signal at the control port S.

The block positive direction is from port A to port B. This means that the temperature

differential is determined as Ty - T, where Ty and T, are the temperatures at source
ports.

Ports

Input

S — Temperature control signal, K
physical signal

Input physical signal that specifies the temperature difference across the source.
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Conserving

A — Source inlet
thermal

Thermal conserving port associated with the source inlet.

B — Source outlet
thermal

Thermal conserving port associated with the source outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Temperature Source

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007b
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Controlled Trace Gas Source (MA)

Inject or extract trace gas at a time-varying rate

Library: Simscape / Foundation Library / Moist Air / Sources /
Moisture & Trace Gas Sources wl
=[F
A A
Description

The Controlled Trace Gas Source (MA) block represents a time-varying source or sink of
trace gas for the connected moist air volume. Two physical signal input ports, M and T,
supply the mass flow rate and temperature values, respectively. A positive or negative
trace gas mass flow rate causes trace gas levels to increase or decrease, respectively.

The energy associated with the added or removed trace gas is

D, = mspecified ’ hg(Tspecified)' if mspecified =0
s = .. o
Mspecified * hg(Ts)' if Mgpecified < 0

where:

*  Mgpecified 1S the trace gas mass flow rate specified by the input physical signal at port
M.

* hgis the trace gas specific enthalpy.

*  Typecifiea 1S the temperature of added trace gas specified by the input physical signal at
port T. The block uses this value to evaluate the specific enthalpy of the added trace
gas only. The specific enthalpy of removed trace gas is based on the temperature of
the connected moist air volume.

* T, is the temperature at port S, which is the same as the temperature of the connected
moist air volume.

Port S is a moist air source conserving port. Connect this port to port S of a block with
finite moist air volume to add or remove trace gas through that block. For more
information, see “Using Moisture and Trace Gas Sources”.



Controlled Trace Gas Source (MA)

Ports

Input

M — Mass flow rate control signal, kg/s
physical signal

Input physical signal that specifies the trace gas mass flow rate through the source.

T — Temperature of added trace gas, K
physical signal

Input physical signal that specifies the temperature of added trace gas. The block uses
this value to evaluate the specific enthalpy of the added trace gas only. The specific

enthalpy of removed trace gas is based on the temperature of the connected moist air
volume.

Conserving

S — Inject or extract trace gas
moist air source

Connect this port to port S of a block with finite moist air volume to add or remove trace
gas through that block.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Trace Gas Source (MA)
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Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Voltage Source

Ideal voltage source driven by input signal

i

Library

Electrical Sources

Description
The Controlled Voltage Source block represents an ideal voltage source that is powerful

enough to maintain the specified voltage at its output regardless of the current flowing
through the source.

The output voltage is V = Vs, where Vs is the numerical value presented at the physical
signal port.

Ports

The block has one physical signal input port and two electrical conserving ports
associated with its electrical terminals.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Controlled Current Source

Introduced in R2007a
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Controlled Volumetric Flow Rate Source (2P)

Generate time-varying volumetric flow rate

NGy

Library

Thermal Liquid/Sources

Description

The Controlled Volumetric Flow Rate Source (2P) block generates a variable volumetric
flow rate in a two-phase fluid network branch. The source has two inlets, labeled A and B,
with independently specified cross-sectional areas. By default, the source does isentropic
work on the fluid, though the block provides the option to ignore this work.

The source is ideal. In other words, it maintains the specified flow rate regardless of the
pressure differential produced between its ports. In addition, because the source is
isentropic, there is no viscous friction between the ports and no heat exchange with the
environment. Use this block to model an idealized pump or compressor or to set a
boundary condition in a model.

Use physical signal port V to specify the desired volumetric flow rate. Use positive values
for flows directed from port A to port B and negative values for flows directed from port
B to port A.

Mass Balance

The volume of fluid in the source is considered negligible and is ignored in a model. There
is no fluid accumulation between the ports and the sum of all mass flow rates into the
source must therefore equal zero:

mp + mg =0,
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where m denotes the mass flow rate into the source through a port. Its value at port A is
calculated from the specified volumetric flow rate:

K, ifv=0
) VB
mA = . 7
K, otherwise
VA

where V is volumetric flow rate and v is specific volume.

Energy Balance

By default, the source maintains the specified flow rate by performing isentropic work on
the incoming fluid, though the block provides the option to ignore this term. The rate at
which the source does work, if considered in the model, must equal the sum of the energy
flow rates through the ports:

®a + @B + dwork = 0,

where ¢ denotes the energy flow rate into the source through a port or by means of work.
The energy flow rate due to work is equal to the power generated by the source. Its value
is calculated from the specific total enthalpies at the ports:

dwork = Ma(ha — hg).

The specific total enthalpy h is defined as:

T'h*V* 2
S

h*=U*+p*V*+%

’

where the asterisk denotes a port (A or B) and:

* u is specific internal energy.

* pis pressure.

* Sis flow area.

The specific internal energy in the equation is obtained from the tabulated data of the
Two-Phase Fluid Properties (2P) block. Its value is uniquely determined from the

constraint that the work done by the source is isentropic. The specific entropy, a function
of specific internal energy, must then have the same value at ports A and B:
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SA(Pa, ua) = sg(pB, uB),

where s is specific entropy. If the Power added parameter is set to None, the specific
total enthalpies at the ports have the same value (hy = hg) and the work done by the

source reduces to zero (Pwork = 0).
Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Fluid opening
two-phase fluid

Opening through fluid can enter and exit the source.

B — Fluid opening
two-phase fluid

Opening through fluid can enter and exit the source.

Input

VV — Volumetric flow rate
physical signal

Value of the volumetric flow rate from port A to port B.

Parameters

Power added — Parameterization for the calculation of power
Isentropic power (default) | None
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Parameterization for the calculation of power. Work is isentropic and its calculation is
based on the assumptions of zero friction losses and zero heat exchange with the
environment. Change to None to prevent the source from impacting the temperature of
the fluid—for example, when using this block as a boundary condition in a model.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Mass Flow Rate Source (2P) | Mass Flow Rate Source (2P) | Volumetric Flow
Rate Source (2P)

Introduced in R2015b
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Controlled Volumetric Flow Rate Source (G)

Generate time-varying volumetric flow rate
Library: Simscape / Foundation Library / Gas / Sources

u_&.
A S Eu
[

Description

The Controlled Volumetric Flow Rate Source (G) block represents an ideal mechanical
energy source in a gas network. The volumetric flow rate is controlled by the input
physical signal at port V. The source can maintain the specified volumetric flow rate
regardless of the pressure differential. There is no flow resistance and no heat exchange
with the environment. A positive volumetric flow rate causes gas to flow from port A to
port B.

The volumetric flow rate and mass flow rate are related through the expression
) pgV for V=0
m= . .
paV for V<0
where:

* m is the mass flow rate from port A to port B.
* p,and pg are densities at ports A and B, respectively.

V is the volumetric flow rate.
You can choose whether the source performs work on the gas flow:

» If the source is isentropic (Power added parameter is set to Isentropic power),
then the isentropic relation depends on the gas property model.
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Gas Model Equations
Perfect gas (pA)Z-R/cp (pB)Z-R/cp
Ta  Tg
Semiperfect gas Tac (T
P J £ CPT(, )dT - Z - R-n(py)
TB T
= [ C”:(r )dT - Z R - In(p)
Real gas S(Ta, pa) = (T, pB)

The power delivered to the gas flow is based on the specific total enthalpy associated
with the isentropic process.

. AR wh
Qyork = —mAhA+T —mBhB'*'T

» If the source performs no work (Power added parameter is set to None), then the
defining equation states that the specific total enthalpy is equal on both sides of the
source. It is the same for all three gas property models.

2 2
WA Wpg
hat o =hg+ -

The power delivered to the gas flow @4 = 0.

The equations use these symbols:

Cp Specific heat at constant pressure

h Specific enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

R Specific gas constant

s Specific entropy

T Temperature

w Flow velocity
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Z Compressibility factor

Dok Power delivered to the gas flow through the source

Subscripts A and B indicate the appropriate port.

Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.

Ports

Input

V — Volumetric flow rate control signal, m~3/s
physical signal

Input physical signal that specifies the volumetric flow rate of gas through the source.

Conserving

A — Source inlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

B — Source outlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the gas flow:
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* Isentropic power — The source performs isentropic work on the gas to maintain
the specified mass flow rate, regardless of the pressure differential. Use this option to
represent an idealized pump or compressor and properly account for the energy input
and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”2 (default)

Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m”2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Volumetric Flow Rate Source (G)

Topics
“Modeling Gas Systems”

Introduced in R2019a
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Controlled Volumetric Flow Rate Source (MA)

Generate time-varying volumetric flow rate
Library: Simscape / Foundation Library / Moist Air / Sources

Y%
[P

Description

The Controlled Volumetric Flow Rate Source (MA) block represents an ideal mechanical
energy source in a moist air network. The volumetric flow rate is controlled by the input
physical signal at port V. The source can maintain the specified volumetric flow rate
regardless of the pressure differential. There is no flow resistance and no heat exchange
with the environment. A positive volumetric flow rate causes moist air to flow from port A
to port B.

The volumetric flow rate and mass flow rate are related through the expression
) pgV for V=0
m= . :
paV for V<0
where:

* m is the mass flow rate from port A to port B.
* p,and pg are densities at ports A and B, respectively.

V is the volumetric flow rate.

The equations describing the source use these symbols.

Cp Specific heat at constant pressure

h Specific enthalpy

h; Specific total enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)
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Pressure

Density

Specific gas constant

Specific entropy

Temperature

S H | ™| T

- Power delivered to the moist air flow through the source

Subscripts A and B indicate the appropriate port.
Mass balance:

mag+mg=0

My + Myp =0

mgA + mgB =0

Energy balance:

Dp+ P+ Dok =0
If the source performs no work (Power added parameter is set to None), then @0« = 0.
If the source is isentropic (Power added parameter is set to Isentropic power), then

Dywork = ma(htg — hta)

where
v 2
1| my
M= Mt 31 paSa
v 2
1| mp
B =15 3\ ppS5

The mixture-specific enthalpies, hy = h(T,) and hg = h(Tg), are constrained by the
isentropic relation, that is, there is no change in entropy:

TBq B
L Ldn(T) = Rln(a)
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Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.

Ports

Input

V — Volumetric flow rate control signal, m”™3/s
physical signal

Input physical signal that specifies the volumetric flow rate of the moist air through the
source.

Conserving

A — Source inlet
moist air

Moist air conserving port. A positive volumetric flow rate causes moist air to flow from
port A to port B.

B — Source outlet
moist air

Moist air conserving port. A positive volumetric flow rate causes moist air to flow from
port A to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the moist air flow:

* Isentropic power — The source performs isentropic work on the moist air to
maintain the specified mass flow rate, regardless of the pressure differential. Use this
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option to represent an idealized pump or compressor and properly account for the
energy input and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m™2 (default)

Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m"™2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Volumetric Flow Rate Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Controlled Volumetric Flow Rate Source (TL)

Generate time-varying volumetric flow rate

Library: Simscape / Foundation Library / Thermal Liquid /
Sources n f
Br
B
Description

The Controlled Volumetric Flow Rate Source (TL) block represents an ideal mechanical
energy source in a thermal liquid network. The volumetric flow rate is controlled by the
input physical signal at port V. The source can maintain the specified volumetric flow rate
regardless of the pressure differential. There is no flow resistance and no heat exchange
with the environment. A positive volumetric flow rate causes the fluid to flow from port A
to port B.

The volumetric flow rate and mass flow rate are related through the expression
) pgV for V=0
m = ) :
pAV forV <0
where:

* m is the mass flow rate from port A to port B.
* paand pg are densities at ports A and B, respectively.

V is the volumetric flow rate.

The energy balance at the source is a function of the energy flow rates through ports A
and B and the work done on the fluid:

¢A + (bB + ¢work =0,
where:

* ¢, is the energy flow rate into the source through port A.
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* ¢pis the energy flow rate into the source through port B.
*  ¢.ox is the isentropic work done on the fluid.

The isentropic work term is

_ m(pg — pa)
d’work = —p ,
avg

where:

*  ¢,ox is the isentropic work done on the thermal liquid.
* D, is the pressure at port A.

* pgis the pressure at port B.

*  Payg is the average liquid density,

pat PB
—

Pavg

Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.

Ports

Input

V — Volumetric flow rate control signal, m~3/s
physical signal

Input physical signal that specifies the volumetric flow rate through the source.

Conserving

A — Source inlet
thermal liquid
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Thermal liquid conserving port. A positive flow rate causes the fluid to flow from port A to
port B.

B — Source outlet
thermal liquid

Thermal liquid conserving port. A positive flow rate causes the fluid to flow from port A to
port B.

Parameters

Cross-sectional area at ports A and B — Area normal to flow path at inlet
and outlet
0.01 m"~2 (default)

Area normal to the direction of flow at the source inlet and outlet. The two cross-sectional
areas are assumed identical.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Mass Flow Rate Source (TL) | Controlled Pressure Source (TL) | Mass Flow
Rate Source (TL) | Pressure Source (TL) | Volumetric Flow Rate Source (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2016a
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Convective Heat Transfer

Heat transfer by convection

. _a.}: ::[IEI .

Library

Thermal Elements

Description

The Convective Heat Transfer block represents a heat transfer by convection between
two bodies by means of fluid motion. The transfer is governed by the Newton law of
cooling and is described with the following equation:

Q=k-A-(Thp—-Tp)

where

Q Heat flow

k Convection heat transfer coefficient
A Surface area

Ty, T Temperatures of the bodies

Connections A and B are thermal conserving ports associated with the points between
which the heat transfer by convection takes place. The block positive direction is from
port A to port B. This means that the heat flow is positive if it flows from A to B.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.
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Parameters

Area
Surface area of heat transfer. The default value is 0.0001 m™2.
Heat transfer coefficient
Convection heat transfer coefficient. The default value is 20 W/m”~2/K.

Ports

The block has the following ports:

A
Thermal conserving port associated with body A.

Thermal conserving port associated with body B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Conductive Heat Transfer | Radiative Heat Transfer

Introduced in R2007b
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Current-Controlled Current Source

Linear current-controlled current source

Td

Library

Electrical Sources

Description

The Current-Controlled Current Source block models a linear current-controlled current
source, described with the following equation:

R=K-1
where
I2 Output current
K Current gain
I1 Current flowing from the + to the - control port

To use the block, connect the + and - ports on the left side of the block (the control ports)
to the control current source. The arrow between these ports indicates the positive
direction of the control current flow. The two ports on the right side of the block (the
output ports) generate the output current, with the arrow between them indicating the
positive direction of the output current flow.




Current-Controlled Current Source

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Current gain K

Ratio of the current between the two output terminals to the current passing between
the two control terminals. The default value is 1.

Ports

The block has four electrical conserving ports. Connections + and - on the left side of the
block are the control ports. The other two ports are the electrical terminals that provide
the output current. The arrows between each pair of ports indicate the positive direction
of the current flow.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Current-Controlled Voltage Source | Voltage-Controlled Current Source | Voltage-
Controlled Voltage Source

Introduced in R2007a
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Current-Controlled Voltage Source

Linear current-controlled voltage source

1@

Library

Electrical Sources

Description

The Current-Controlled Voltage Source block models a linear current-controlled voltage
source, described with the following equation:

V=K-I1
where
"4 Voltage
K Transresistance
I1 Current flowing from the + to the - control port

To use the block, connect the + and - ports on the left side of the block (the control ports)
to the control current source. The arrow indicates the positive direction of the current
flow. The two ports on the right side of the block (the output ports) generate the output
voltage. Polarity is indicated by the + and - signs.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.



Current-Controlled Voltage Source

Parameters

Transresistance K

Ratio of the voltage between the two output terminals to the current passing between
the two control terminals. The default value is 1 Q.

Ports

The block has four electrical conserving ports. Connections + and - on the left side of the
block are the control ports. The arrow indicates the positive direction of the current flow.
The other two ports are the electrical terminals that provide the output voltage. Polarity
is indicated by the + and - signs.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Current-Controlled Current Source | Voltage-Controlled Current Source | Voltage-
Controlled Voltage Source

Introduced in R2007a
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Current Sensor

Current sensor in electrical systems

ot

Library

Electrical Sensors

Description

The Current Sensor block represents an ideal current sensor, that is, a device that
converts current measured in any electrical branch into a physical signal proportional to
the current.

Connections + and - are electrical conserving ports through which the sensor is inserted

into the circuit. Connection I is a physical signal port that outputs the measurement
result.

Ports

The block has the following ports:

+

Electrical conserving port associated with the sensor positive terminal.
Electrical conserving port associated with the sensor negative terminal.

Physical signal output port for current.



Current Sensor

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

PS-Simulink Converter | Voltage Sensor

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Custom Hydraulic Fluid

Working fluid properties, set by specifying parameter values

Library

Hydraulic Utilities

Description

The Custom Hydraulic Fluid block lets you specify the type of hydraulic fluid used in a
loop of hydraulic blocks. It provides the hydraulic fluid properties, such as kinematic
viscosity, density, and bulk modulus, for all the hydraulic blocks in the loop. These fluid
properties are assumed to be constant during simulation time.

The Custom Hydraulic Fluid block lets you specify the fluid properties, such as kinematic
viscosity, density, bulk modulus, and relative amount of entrapped air, as block
parameters.

The Custom Hydraulic Fluid block has one port. You can connect it to a hydraulic diagram
by branching a connection line off the main line and connecting it to the port. When you
connect the Custom Hydraulic Fluid block to a hydraulic line, the software automatically
identifies the hydraulic blocks connected to the particular loop and propagates the
hydraulic fluid properties to all the hydraulic blocks in the loop.

Each topologically distinct hydraulic loop in a diagram requires the properties of the
working fluid to be specified. You can specify these properties by using either a Custom
Hydraulic Fluid block or a Hydraulic Fluid block, which is available with Simscape
Fluids™ libraries. If no Hydraulic Fluid block or Custom Hydraulic Fluid block is attached
to a loop, the hydraulic blocks in this loop use the default fluid, which is equivalent to
fluid defined by a Custom Hydraulic Fluid block with the default parameter values.



Custom Hydraulic Fluid

Parameters

Fluid density

Density of the working fluid. The default value is 850 kg/m~ 3.
Kinematic viscosity

Kinematic viscosity of the working fluid. The default value is 1.8e-5 m”™2/s.
Bulk modulus at atm. pressure and no gas

Bulk modulus of the working fluid, at atmospheric pressure and with no entrapped air.
The default value is 8e8 Pa.

Relative amount of trapped air

Amount of entrained, nondissolved gas in the fluid. The amount is specified as the
ratio of gas volume at normal conditions to the fluid volume in the chamber.
Therefore, the parameter value must be less than 1. In practice, the relative amount
of trapped air is always greater than 0. If set to 0, ideal fluid is assumed. The default
value is 0.005.

Absolute pressure below absolute zero in blocks with fluid compressibility

During simulation, the software checks that the absolute pressure does not fall below
absolute zero. This check is performed only for those blocks in the hydraulic circuit
where fluid compressibility is important. The value of this parameter determines how
the block handles the out-of-range assertion during simulation:

* Error — If the pressure falls below absolute zero, the simulation stops and you
get an error message. This is the default.

* Warning — If the pressure falls below absolute zero, you get a warning but the
simulation continues. Use this option when modeling systems where cavitation can
occur in extreme cases.

Ports

The block has one hydraulic conserving port.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Hydraulic Fluid

Introduced in R2007a
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DC Current Source

Ideal constant current source

?

Library

Electrical Sources

Description

The DC Current Source block represents an ideal current source that is powerful enough
to maintain specified current through it regardless of the voltage across the source.

You specify the output current by using the Constant current parameter, which can be
positive or negative.

The positive direction of the current flow is indicated by the arrow.

Parameters

Constant current
Output current. You can specify positive or negative values. The default value is 1 A.

Ports

The block has two electrical conserving ports associated with its terminals.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
DC Voltage Source

Introduced in R2007a



DC Voltage Source

DC Voltage Source

Ideal constant voltage source

?

Library

Electrical Sources

Description

The DC Voltage Source block represents an ideal voltage source that is powerful enough
to maintain specified voltage at its output regardless of the current flowing through the
source.

You specify the output voltage by using the Constant voltage parameter, which can be
positive or negative.

Connections + and - are conserving electrical ports corresponding to the positive and
negative terminals of the voltage source, respectively. The current is positive if it flows

from positive to negative, and the voltage across the source is equal to the difference
between the voltage at the positive and the negative terminal, V(+) - V(-).

Parameters

Constant voltage
Output voltage. You can specify positive or negative values. The default value is 1 V.
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Ports

The block has the following ports:

+
Electrical conserving port associated with the source positive terminal.

Electrical conserving port associated with the source negative terminal.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

DC Current Source

Introduced in R2007a
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Diode

Piecewise linear diode in electrical systems

Dt

Library

Electrical Elements

Description

The Diode block models a piecewise linear diode. If the voltage across the diode is bigger
than the Forward voltage parameter value, then the diode behaves like a linear resistor
with low resistance, given by the On resistance parameter value, plus a series voltage
source. If the voltage across the diode is less than the forward voltage, then the diode
behaves like a linear resistor with low conductance given by the Off conductance
parameter value.

When forward biased, the series voltage source is described with the following equation:

V = V(1 = RonGofy),

where

"4 Voltage

Vf Forward voltage
Ron On resistance
G,rr Off conductance

The R,, G, term ensures that the diode current is exactly zero when the voltage across it
is zero.
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Forward voltage

Minimum voltage that needs to be applied for the diode to become forward-biased.
The default value is 0.6 V.

On resistance
The resistance of a forward-biased diode. The default value is 0.3 Q.
Off conductance
The conductance of a reverse-biased diode. The default value is 1e-8 1/Q.

Ports

The block has the following ports:

+

Electrical conserving port associated with the diode positive terminal.

Electrical conserving port associated with the diode negative terminal.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

Introduced in R2007a
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Electrical Reference

Connection to electrical ground

Library

Electrical Elements

Description

The Electrical Reference block represents an electrical ground. Electrical conserving
ports of all the blocks that are directly connected to ground must be connected to an
Electrical Reference block. A model with electrical elements must contain at least one
Electrical Reference block.

Ports

The block has one electrical conserving port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Topics
“Grounding Rules”

Introduced in R2007a
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Electromagnetic Converter

Lossless electromagnetic energy conversion device

L — TE ]
j T

Library

Magnetic Elements

Description

The Electromagnetic Converter block provides a generic interface between the electrical
and magnetic domains.

The block is based on the following equations:
MMF=N"-1I

do

V=-N-G

MMF Magnetomotive force (mmf) across the magnetic ports

Flux through the magnetic ports

Current through the electrical ports

Number of electrical winding turns

o)

I

\%4 Voltage across the electrical ports
N

t

Simulation time
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Connections N and S are magnetic conserving ports, and connections + and - are
electrical conserving ports. If the current from the electrical + to - ports is positive, then
the resulting mmf is positive acting across the magnetic N to S ports. A positive rate of
change of flux flowing from N to S results in a negative induced voltage across the + and
- ports.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

Electromagnetic energy conversion is lossless.

Parameters

Number of winding turns
Number of electrical winding turns. The default value is 1.

Ports

The block has the following ports:

N
Magnetic conserving port associated with the block North terminal.

Magnetic conserving port associated with the block South terminal.
Positive electrical conserving port.

Negative electrical conserving port.



Electromagnetic Converter

Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Reluctance Force Actuator

Introduced in R2010a
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Flow Resistance (2P)

General resistance in a two-phase fluid branch

Library: Simscape / Foundation Library / Two-Phase Fluid /
Elements W g
Description

The Flow Resistance (2P) block models a general pressure drop in a two-phase fluid
network branch. The pressure drop is proportional to the square of the mass flow rate
and to the density of the two-phase fluid. The constant of proportionality is determined
from a nominal operating condition specified in the block dialog box.

Use this block when the only data available for a component is its pressure drop as a
function of its mass flow rate. Combine the block with others to create a custom
component that more accurately captures the pressure drop that it induces—for example,
a heat exchanger based on a chamber block.

Mass Balance

The volume of fluid inside the flow resistance is assumed to be negligible. The mass flow
rate in through one port must then exactly equal the mass flow rate out through the other
port:

mp+mg=0,
where my and mp are defined as the mass flow rates into the component through ports A

and B, respectively.

Energy Balance

Energy can enter and leave the flow resistance through the two-phase fluid ports only. No
heat exchange occurs between the wall and the environment. In addition, no work is done
on or by the fluid. The energy flow rate in through one port must then exactly equal the
energy flow rate out through the other port:



Flow Resistance (2P)

da+¢g =0,

where ¢, and ¢ are the energy flow rates into the flow resistance through ports A and B.

Momentum Balance

The relevant external forces on the fluid include those due to pressure at the ports and
those due to viscous friction at the component walls. Gravity is ignored as are other body
forces. Expressing the frictional forces in terms of a loss factor £ yields the semi-empirical
expression:

v’

Ap =2
p 5252

where:

* Apis the pressure drop from port A to port B—that is, p, + ps.

« £ isthe loss factor.

* v is the specific volume, the inverse of the mass density p—that is, 1/p.
* Sis the flow area.

The pressure drop equation is implemented with two modifications. First, to allow for a
change in sign upon reversal of flow direction, it is rewritten:

vri|m|

Ap = )
pEZSZ

where the pressure drop is positive only if the mass flow rate is too. Second, to eliminate
singularities due to flow reversal—singularities that can pose a challenge for numerical
solvers during simulation—it is linearized in a small region of near-zero flow:

Ap = Eum\/mz +

252

’

where mry, is a threshold mass flow rate below which the pressure drop is linearized. The
figure shows the modified pressure drop against the local mass flow rate (curve I):
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* Above mpp, the pressure drop approximates that expressed in the original equation
(curve II) and it varies with m?. This dependence is commensurate with that observed
in turbulent flows.

* Below mrp, the pressure drop approximates a straight line with slope partly dependent
on mrp, (curve III) and it varies with m. This dependence is commensurate with that
observed in laminar flows.

Pressure Drop
[

[u]
Mass Flow Rate

For ease of modeling, the loss factor £ is not required as a block parameter. Instead, it is
automatically computed from the nominal condition specified in the block dialog box:

E Ap*

28 v*m»%

’

where the asterisk (*) denotes a value at the nominal operating condition. Underlying all
of these calculations is the assumption that the threshold mass flow rate mpy, is much

smaller than the nominal value m«. Replacing the fraction &/(2S?) in the expression for the
pressure drop yields:

Ap = VA,p;(m\/mz +miy).

DxIMx

or, equivalently:

Ap = Connfm?® + m4y,



Flow Resistance (2P)

where C is a constant of proportionality between the pressure drop across the flow
resistance and the local mass flow rate. It is defined as:

Apy

C= .
V*mg

If the specific volume—and therefore the mass density—is assumed to be invariant, then
its nominal and actual values must always be equal. This is the case whenever the
nominal value is specified in the block dialog box as 0—a special value used to signal to
the block that the specific volume is a constant. The ratio of the two is then 1 and the
product Cv reduces to:

Ap,

m?

Cv =

Ports

Conserving

A — Flow resistance port
two-phase fluid

Port through which the two-phase fluid enters or exits the flow resistance.

B — Flow resistance port
two-phase fluid

Port through which the two-phase fluid enters or exits the flow resistance.

Parameters

Nominal pressure drop — Pressure drop at a known operating condition
0.001 MPa (default) | scalar with units of pressure

Pressure drop from inlet to outlet at a known operating condition. The block uses the
nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.
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Nominal mass flow rate — Mass flow rate at a known operating condition
0.1 kg/s (default) | scalar with units of mass/time

Mass flow rate through the component at a known operating condition. The block uses
the nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Nominal specific volume — Specific volume at a known operating condition
0 m”™3/kg (default) | scalar with units of volume/mass

Specific volume inside the flow resistance at a known operating condition. The block uses
the nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate. Set this parameter to zero to ignore the dependence of the
pressure drop on the specific volume.

Cross-sectional area at ports A and B — Flow area at the ports of the flow
resistance
0.01 m”2 (default) | scalar with units of area

Flow area at the ports of the flow resistance. The ports are assumed to be identical in
size.

Fraction of nominal mass flow rate for laminar flow — Ratio of threshold
to nominal mass flow rates
le-3 (default) | unitless scalar

Ratio of the threshold mass flow rate to the nominal mass flow rate. The block uses this
parameter to calculate the threshold mass flow rate—and ultimately to set the limits of
linearization for the pressure drop.

Variables

Mass flow rate into port A — Mass flow rate into the resistance through port
A
293.15 K (default) | positive scalar with units of temperature

Mass flow rate into the resistance through port A at the start of simulation.



Flow Resistance (2P)

Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also
Infinite Flow Resistance (2P) | Local Restriction (2P)

Introduced in R2017b
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Flow Resistance (G)

General resistance in a gas branch
Library: Simscape / Foundation Library / Gas / Elements

Description

The Flow Resistance (G) block models a general pressure drop in a gas network branch.
The pressure drop is proportional to the square of the mass flow rate and to the density of
the gas. The constant of proportionality is determined from a nominal operating condition
specified in the block dialog box.

Use this block when the only data available for a component is its pressure drop as a
function of its mass flow rate. Combine the block with others to create a custom
component that more accurately captures the pressure drop that it induces—for example,
a heat exchanger based on a chamber block.

Mass Balance

The volume of gas inside the flow resistance is assumed to be negligible. The mass flow
rate in through one port must then exactly equal the mass flow rate out through the other
port:

mp+mg=0,
where my and mp are defined as the mass flow rates into the component through ports A

and B, respectively.

Energy Balance

Energy can enter and leave the flow resistance through the gas conserving ports only. No
heat exchange occurs between the wall and the environment. In addition, no work is done
on or by the fluid. The energy flow rate in through one port must then exactly equal the
energy flow rate out through the other port:



Flow Resistance (G)

da+¢g =0,

where ¢, and ¢ are the energy flow rates into the flow resistance through ports A and B.

Momentum Balance

The relevant external forces on the fluid include those due to pressure at the ports and
those due to viscous friction at the component walls. Gravity is ignored as are other body
forces. Expressing the frictional forces in terms of a loss factor £ yields the semi-empirical
expression:

.2

m
Ap=§—>7,
ZpS2

where:

* Apis the pressure drop from port A to port B—that is, p, + ps.
» £ isthe loss factor.

* pis the fluid density.

* Sis the flow area.

The pressure drop equation is implemented with two modifications. First, to allow for a
change in sign upon reversal of flow direction, it is rewritten:

m|m|
Ap=§—>,
ZpS2

where the pressure drop is positive only if the mass flow rate is too. Second, to eliminate
singularities due to flow reversal—which can pose a challenge for numerical solvers
during simulation—it is linearized in a small region of near-zero flow:

Ap = En'u/mz + Ay

2pS2

’

where mrp, is a threshold mass flow rate below which the pressure drop is linearized. The
figure shows the modified pressure drop against the local mass flow rate (curve I):
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* Above mpp, the pressure drop approximates that expressed in the original equation
(curve II) and it varies with m?. This dependence is commensurate with that observed
in turbulent flows.

* Below mrpp, the pressure drop approximates a straight line with slope partly dependent
on myp, (curve III) and it varies with m. This dependence is commensurate with that
observed in laminar flows.

Pressure Drop
[l

[u]
Mass Flow Rate

For ease of modeling, the loss factor £ is not required as a block parameter. Instead, it is
automatically computed from the nominal condition specified in the block dialog box:

E _ p*A Px

282 @2’

where the asterisk (*) denotes a value at the nominal operating condition. Underlying all
of these calculations is the assumption that the threshold mass flow rate mpy, is much
smaller than the nominal value m«. Replacing the fraction &/(2S?) in the expression for the
pressure drop yields:

Ap = p*AZ*(m,/mz + rh%h).

prh*

or, equivalently:

Ap:CTm .2+m%h,



Flow Resistance (G)

where C is a constant of proportionality between the pressure drop across the flow
resistance and the local mass flow rate. It is defined as:

_ P+A Dy

m?

If the fluid density is assumed to be invariant, then its nominal and actual values must
always be equal. This is the case whenever the nominal value is specified in the block
dialog box as 0—a special value used to signal to the block that the fluid density is a
constant. The ratio of the two is then 1 and the fraction C/p reduces to:

C_Ap*
[

Ports

Conserving

A — Inlet or outlet
gas

Gas conserving port associated with the inlet or outlet of the flow resistance. This block
has no intrinsic directionality.

B — Inlet or outlet
gas

Gas conserving port associated with the inlet or outlet of the flow resistance. This block
has no intrinsic directionality.

Parameters

Nominal pressure drop — Pressure drop at a known operating condition
0.001 MPa (default)
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Pressure drop from inlet to outlet at a known operating condition. The block uses the
nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Nominal mass flow rate — Mass flow rate at a known operating condition
0.1 kg/s (default)

Mass flow rate through the component at a known operating condition. The block uses
the nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Nominal density — Density at a known operating condition
0 m™3/kg (default)

Mass density inside the flow resistance at a known operating condition. The block uses
the nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate. Set this parameter to zero to ignore the dependence of the
pressure drop on the fluid density.

Cross-sectional area at ports A and B — Flow area at the ports of the flow
resistance
0.01 m”~2 (default)

Flow area at the ports of the flow resistance. The ports are assumed to be identical in
size.

Fraction of nominal mass flow rate for laminar flow — Ratio of threshold
to nominal mass flow rates
le-3 (default)

Ratio of the threshold mass flow rate to the nominal mass flow rate. The block uses this
parameter to calculate the threshold mass flow rate—and ultimately to set the limits of
linearization for the pressure drop.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Infinite Flow Resistance (G)

Introduced in R2017b
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Flow Resistance (MA)

General resistance in a moist air branch
Library: Simscape / Foundation Library / Moist Air / Elements

Description

The Flow Resistance (MA) block models a general pressure drop in a moist air network
branch. The drop in pressure is proportional to the square of the mixture mass flow rate
and inversely proportional to the mixture density. The constant of proportionality is
determined from a nominal operating condition specified in the block dialog box. Set the
Nominal mixture density parameter to zero to omit the density dependence.

Use this block when empirical data on the pressure losses and flow rates through a
component is available, but detailed geometry information is unavailable.

The block equations use these symbols.

Mass flow rate

Energy flow rate

Pressure

Density

Specific gas constant

Cross-sectional area

Proportionality constant

Specific enthalpy

=TI EIRE

Temperature

Subscripts a, w, and g indicate the properties of dry air, water vapor, and trace gas,
respectively. Subscripts A and B indicate the appropriate port.

Mass balance:



Flow Resistance (MA)

my+mg=0
My + Myp =0
Energy balance:

Dy+05=0

If the Nominal mixture density parameter value, p,,m, is greater than zero, then the
block computes the pressure drop as

2RTip
Pin

. 2 ;
Pa—pB = KlmA\/mA + (flamMnom)

where:

* fiam is the fraction of nominal mixture mass flow rate for laminar flow transition.
* Di is the inlet pressure (p, or pg, depending on flow direction).
* Ty, is the inlet temperature (T, or Ty, depending on flow direction).

The proportionality constant is computed from the nominal flow conditions as
Ky = APnomPnom
mnom

If the Nominal mixture density parameter is set to zero, then the block computes the
pressure drop as

. ) . 2
PA—PB = KZmA\/mA + (flamMnom)
where the proportionality constant is computed from the nominal flow conditions as

APnom
. 2
Mpom

Ky =

The flow resistance is assumed adiabatic, so the mixture specific total enthalpies are
equal

mpRTR
Spg

1
BT2
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Assumptions and Limitations

* The resistance is adiabatic. It does not exchange heat with the environment.

* The pressure drop is assumed to be proportional to the square of the mixture mass
flow rate and inversely proportional to the mixture density.

Ports

Conserving

A — Inlet or outlet
moist air

Moist air conserving port associated with the inlet or outlet of the flow resistance. This
block has no intrinsic directionality.

B — Inlet or outlet
moist air

Moist air conserving port associated with the inlet or outlet of the flow resistance. This
block has no intrinsic directionality.

Parameters

Nominal pressure drop — Pressure drop at a known operating condition
0.001 MPa (default)

Pressure drop from inlet to outlet at a known operating condition. The block uses the
nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Nominal mixture mass flow rate — Mass flow rate at a known operating
condition
0.1 kg/s (default)

Mass flow rate of the air mixture through the block at a known operating condition. The
block uses the nominal parameters to calculate the constant of proportionality between
the pressure drop and the mass flow rate.



Flow Resistance (MA)

Nominal mixture density — Density at a known operating condition
0 kg/m™3 (default)

Mass density of the moist air mixture inside the flow resistance at a known operating
condition. The block uses the nominal parameters to calculate the constant of
proportionality between the pressure drop and the mass flow rate. Set this parameter to
zero to ignore the dependence of the pressure drop on the air mixture density.

Cross-sectional area at ports A and B — Flow area at the ports of the flow
resistance
0.01 m”~2 (default)

Flow area at the ports of the flow resistance. The ports are assumed to be identical in
size.

Fraction of nominal mixture mass flow rate for laminar flow
transition — Ratio of threshold to nominal mass flow rates
le-3 (default)

Ratio of the threshold mass flow rate to the nominal mass flow rate of the air mixture. The
block uses this parameter to set the threshold for the linearization of the pressure drop.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Infinite Flow Resistance (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”
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Introduced in R2018a
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Flow Resistance (TL)

General resistance in a thermal liquid branch

Library: Simscape / Foundation Library / Thermal Liquid /
Elements A B
Description

The Flow Resistance (TL) block models a general pressure drop in a thermal-liquid
network branch. The pressure drop is proportional to the square of the mass flow rate.
The constant of proportionality is determined from a nominal operating condition
specified in the block dialog box.

Use this block when the only data available for a component is the typical pressure drop
and flow rate. This block is useful for representing complex components, where it is
difficult to determine theoretical pressure loss from the geometry.

Mass Balance

The volume of fluid inside the flow resistance is assumed to be negligible. The mass flow
rate in through one port must then exactly equal the mass flow rate out through the other
port:

mp+ mg=0,
where my and mp are defined as the mass flow rates into the component through ports A
and B, respectively.
Energy Balance

Energy can enter and leave the flow resistance through the thermal liquid ports only. No
heat exchange occurs between the wall and the environment. In addition, no work is done
on or by the fluid. The energy flow rate in through one port must then exactly equal the
energy flow rate out through the other port:

da+ ¢ =0,
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where ¢, and ¢y are the energy flow rates into the flow resistance through ports A and B.

Momentum Balance
The pressure drop is assumed proportional to the square of the mass flow rate. The

square of the mass flow rate is linearized in a small laminar flow region near zero flow,
resulting in

. 2 2
pa — pg = Kmaymy + migp,

where:

* p, and pg are pressures at ports A and B, respectively.

* Mg is the mass flow rate threshold for laminar transition.
K is the proportionality constant,

K = APnom

Mpom

where Ap,,, is the Nominal pressure drop parameter value and m,,, is the Nominal
mass flow rate parameter value.

Ports

Conserving

A — Flow resistance port
thermal liquid

Port through which the thermal liquid enters or exits the flow resistance.

B — Flow resistance port
thermal liquid

Port through which the thermal liquid enters or exits the flow resistance.
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Parameters

Nominal pressure drop — Pressure drop at a known operating condition
0.001 MPa (default)

Pressure drop from inlet to outlet at a known operating condition. The block uses the
nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Nominal mass flow rate — Mass flow rate at a known operating condition
0.1 kg/s (default)

Mass flow rate through the component at a known operating condition. The block uses
the nominal parameters to calculate the constant of proportionality between the pressure
drop and the mass flow rate.

Cross-sectional area at ports A and B — Flow area at the ports of the flow
resistance
0.01 m”™2 (default)

Flow area at the ports of the flow resistance. The ports are assumed to be identical in
size.

Fraction of nominal mass flow rate for laminar flow — Ratio of threshold
to nominal mass flow rates

le-3 (default)

Ratio of the threshold mass flow rate to the nominal mass flow rate. The block uses this

parameter to calculate the threshold mass flow rate—and ultimately to set the limits of
linearization for the pressure drop.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Infinite Flow Resistance (TL) | Local Restriction (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2017b



Fluid Inertia

Fluid Inertia

Pressure differential across tube or channel due to change in fluid velocity

A B

Library

Hydraulic Elements

Description

The Fluid Inertia block models pressure differential, due to change in fluid velocity, across
a fluid passage of constant cross-sectional area. The pressure differential is determined
according to the following equation:

_,Ldq
P=PAdt

where

Pressure differential
Fluid density
Passage length

Passage area

Flow rate

Sl ST N S N el o

Time

Use this block in various pipe or channel models that require fluid inertia to be accounted
for.

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B.
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Assumptions and Limitations

Fluid density remains constant.

Parameters

Passage area

Fluid passage cross-sectional area. The default value is 8e-5 m™2.
Passage length

Length of the fluid passage. The default value is 1 m.
Initial flow rate

Initial flow rate through the passage. This parameter specifies the initial condition for
use in computing the block's initial state at the beginning of a simulation run. For
more information, see “Initial Conditions Computation”. The default value is 0.

Global Parameters

Parameter determined by the type of working fluid:
* Fluid density

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
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Hydraulic conserving port associated with the passage inlet.

Hydraulic conserving port associated with the passage outlet.

Extended Capabilities
C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

Introduced in R2007a
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Flux Sensor

Ideal flux sensor

Library

Magnetic Sensors

Description

The Flux Sensor block represents an ideal flux sensor, that is, a device that converts flux
measured in any magnetic branch into a physical signal proportional to the flux.

Connections N and S are conserving magnetic ports through which the sensor is inserted

into the circuit. The physical signal port outputs the value of the flux, which is positive
when the flux flows from the N to the S port.

Ports

The block has the following ports:

N
Magnetic conserving port associated with the sensor North terminal.

Magnetic conserving port associated with the sensor South terminal.

The block also has a physical signal output port, which outputs the value of the flux.



Flux Sensor

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Flux Source | Flux Source | PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2010a
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Flux Source

Ideal flux source

Library

Magnetic Sources

Description

The Flux Source block represents an ideal flux source that is powerful enough to maintain
specified constant flux through it, regardless of the mmf across its terminals.

You specify the output flux by using the Constant flux parameter, which can be positive,
negative, or zero.

The positive direction of the flux flow is indicated by the arrow.

Parameters

Constant flux
Output flux. You can specify any real value. The default value is 0.001 Wb.

Ports

The block has two magnetic conserving ports associated with its terminals.



Flux Source

Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Flux Source

Introduced in R2010a
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Fundamental Reluctance

Simplified implementation of magnetic reluctance

LE St

Library

Magnetic Elements

Description

The Fundamental Reluctance block provides a simplified model of a magnetic reluctance,
that is, a component that resists flux flow. Unlike the Reluctance block, which computes
reluctance based on the geometry of the section being modeled, the Fundamental
Reluctance block lets you specify a value of reluctance directly as a block parameter.

The block is based on the following equation:

MMF =@ -R
where
MMF Magnetomotive force (mmf) across the component
() Flux through the component
R Reluctance

Connections N and S are magnetic conserving ports. The mmf across the reluctance is
given by MMF(N) — MMF(S), and the sign of the flux is positive when flowing through
the device from N to S.



Fundamental Reluctance

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Reluctance

The ratio of the magnetomotive force (mmf) across the component to the resulting
flux that flows through the component. The default value is 8e4 1/H.

Ports

The block has the following ports:

N
Magnetic conserving port associated with the block North terminal.

Magnetic conserving port associated with the block South terminal.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Reluctance | Variable Reluctance

Introduced in R2014a
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Gas Properties
Pneumatic domain properties for attached circuit

A

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Gas Properties block defines pneumatic domain properties for a circuit, that is, the
gas properties that act as global parameters for all the blocks connected to the pneumatic
circuit. These gas properties are assumed to be constant during simulation time.

The Gas Properties block lets you specify the gas properties, such as specific heat at
constant pressure and constant volume, as well as viscosity, as block parameters. It also
lets you specify ambient pressure and ambient temperature.

The Gas Properties block has one port. You can connect it to a pneumatic diagram by
branching a connection line off the main line and connecting it to the port. When you
connect the Gas Properties block to a pneumatic line, the software automatically
identifies the pneumatic blocks connected to the particular circuit and propagates the gas
properties to all the pneumatic blocks in the circuit.



Gas Properties

Each topologically distinct pneumatic circuit in a diagram requires exactly one Gas
Properties block to be connected to it. Therefore, there must be as many Gas Properties
blocks as there are pneumatic circuits in the system. If no Gas Properties block is
attached to a circuit, the pneumatic blocks in this circuit use the gas properties
corresponding to the default Gas Properties block parameter values.

Parameters

Specific heat at constant pressure

Specify the gas specific heat at constant pressure. The default value is 1.005e3
J/kg/K.

Specific heat at constant volume
Specify the gas specific heat at constant volume. The default value is 717.95 J/kg/K.
Dynamic viscosity
Specify the gas dynamic viscosity. The default value is 1.821e-5 s*Pa.
Ambient pressure
Specify the gas ambient pressure. The default value is 101325 Pa.
Ambient temperature
Specify the gas ambient temperature. The default value is 293.15 K.
Pressure or temperature below absolute zero
Determines how the block handles the out-of-range assertion during simulation:
* Error — If the pressure or temperature falls below absolute zero, the simulation
stops and you get an error message. This is the default.

* Warning — If the pressure or temperature falls below absolute zero, you get a
warning but the simulation continues.

Ports

The block has one pneumatic conserving port.

Introduced in R2009b
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Gas Properties (G)

Global gas properties for attached circuit
Library: Simscape / Foundation Library / Gas / Utilities

Description

The Gas Properties (G) block defines the gas properties that act as global parameters for
all the blocks connected to a circuit. The default gas is dry air.

Each topologically distinct gas circuit in a diagram can have a Gas Properties (G) block
connected to it. If no Gas Properties (G) block is attached to a circuit, the blocks in this
circuit use the gas properties corresponding to the default Gas Properties (G) block
parameter values.

The Gas Properties (G) block lets you select between three gas property models: perfect
gas, semiperfect gas, and real gas. The three gas property models provide trade-offs
between simulation speed and accuracy. They also enable the incremental workflow: you
start with a simple model, which requires minimal information about the working gas, and
then build upon the model when more detailed gas property data becomes available. The
following table lists the information that must be specified for each of the three gas
property models.

Gas Property Physical Properties
Model
Perfect R Specific gas constant
Z Compressibility factor, Z = p/(pRT)
Tref Reference temperature
Pt Specific enthalpy at reference temperature
C Specific heat at constant pressure, ¢, = (%)p
Ui Dynamic viscosity
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Gas Property
Model

Physical Properties

k Thermal conductivity

Semiperfect R Specific gas constant
Z Compressibility factor
h Specific enthalpy vector
Cp Specific heat at constant pressure vector
u Dynamic viscosity vector
k Thermal conductivity vector
T Temperature vector

Real Joj Density table
S Specific entropy table
h Specific enthalpy table
B Specific heat at constant pressure table
u Dynamic viscosity table
k Thermal conductivity table
B Isothermal bulk modulus table, § = p(g—g)T
a Isobaric thermal expansion coefficient table,

= 1(3_P)
p\oT)p

T Temperature vector
p Pressure vector

For semiperfect gas, caloric and transport properties are functions of temperature. You
specify them as one-dimensional arrays corresponding to the Temperature vector. For
real gas, all properties are functions of temperature and pressure. You specify them as
two-dimensional arrays in which the rows correspond to the Temperature vector and
the columns correspond to the Pressure vector.

Simulation issues an error when temperature or pressure is out of range:
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» For perfect gas, you specify the minimum and maximum permissible values for
pressure and temperature in the Parameters section.

* For semiperfect gas, the Valid temperature range parameterization parameter
gives you an option to define the permissible range of temperatures by using the
lowest and highest values of the temperature vector. You have to specify the minimum
and maximum permissible values for pressure.

* Forreal gas, the Valid pressure-temperature region parameterization parameter
gives you an option to define the permissible ranges of pressure and temperature by
using the lowest and highest values of the pressure and temperature vectors,
respectively. You can also specify a validity matrix for the pressure-temperature value
combinations.

Data Visualization

The block provides the option to plot the specified gas properties as a function of
temperature and pressure. Plotting the properties lets you visualize the data before
simulating the model.

To plot the data, right-click the Gas Properties (G) block in your model and, from the
context menu, select Foundation Library > Plot Gas Properties. Use the drop-down
list located at the top of the plot to select the gas property to visualize. Click the Reload
button to regenerate a plot following a block parameter update.



Gas Properties (G)

Density (kg/m*3) o Reload Data

500

100

107° 1000 Temperature (K)
Pressure (MPa)

Gas Properties Plot

Note To facilitate plot readability, density data is shown in log-log scale, while other
properties are plotted in semi-log scale. That is, for a density plot as a function of
temperature and pressure, both density and pressure are in log scales, while the
temperature values are not in log scale. For other properties, only the pressure is in log
scale.
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Ports

Conserving

A — Connection port
gas

Gas conserving port that connects the block to the gas network. You can connect it to any
point on a gas connection line in a block diagram. When you connect the Gas Properties
(G) block to a gas line, the software automatically identifies the gas blocks connected to
the particular circuit and propagates the gas properties to all the blocks in the circuit.

Settings

Physical Properties

Gas specification — Select gas property model
Perfect (default) | Semiperfect | Real

Select the gas property model, which defines the level of idealization: perfect gas,
semiperfect gas, or real gas. The gas property model determines the set of physical
properties and parameters that you can specify for the working gas. For more
information, see “Gas Property Models”.

Specific gas constant — Perfect or semiperfect gas
0.287 kJ/kg/K (default)

Universal gas constant divided by the molar mass of the gas.

Compressibility factor — Perfect or semiperfect gas
1 (default)

Compressibility factor that accounts for deviation from the ideal gas law. It is assumed
constant during simulation.

Reference temperature for gas properties — Perfect gas
293.15 K (default) | scalar

Temperature at which the perfect gas properties are specified.
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Specific enthalpy at reference temperature — Perfect gas
420 kJ/kg (default) | scalar

Specific enthalpy of the perfect gas at the reference temperature.

Specific heat at constant pressure — Perfect gas
1 kJ/kg/K (default) | scalar

Specific heat capacity of the perfect gas at constant pressure.

Dynamic viscosity — Perfect gas
18 s*uPa (default) | scalar

Dynamic viscosity of the perfect gas.

Thermal conductivity — Perfect gas
26 mW/m/K (default) | scalar

Thermal conductivity of the perfect gas.

Temperature vector — Semiperfect or real gas
vector

Vector of gas temperature values, to be used for table lookup of other gas properties.

The block allows easy switching between the gas property models, without having to
change the values of the parameters. Although the parameter name is the same for
semiperfect and real gas, the values are independent from each other. The block stores
them separately. This way, you can have different lookup tables stored within the block for
semiperfect and for real gas.

The default value, both for semiperfect and real gas, is [150 : 10 : 200, 250 :
50 : 1000, 1500, 2000] K.

Specific enthalpy vector — Semiperfect gas
vector

The vector of specific enthalpy values of the semiperfect gas, for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size.

The default value is [275.264783730547; 285.377054177734;
295.474578903607; 305.560871069627; 315.638490783961;
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325.709373787179; 376.008033649461; 426.297784741196;
476.678788323875; 527.253890684429; 578.12722735187;
629.395040865183; 681.137690131207; 733.415442873049;
786.267894376777; 839.715851152006; 893.764459999509;
948.406676876931; 1003.62653219711; 1059.40193232821;
1115.70691941005; 1172.51341226958; 1762.18512007361;
2377.14064127409] kJI/kag.

Specific heat at constant pressure vector — Semiperfect gas
vector

The vector of specific heat at constant pressure values, for one-dimensional table lookup
based on the corresponding temperature value. The vector size must be the same as the
temperature vector size.

The default value is [1.01211492398124; 1.01042105529234;
1.00914159006373; 1.00815898273273; 1.00739688341918;
1.00680484569075; 1.00554191216852; 1.00637389921747;
1.0092105862442; 1.01414404435034; 1.02111299587909;
1.02986878923959; 1.04003820504128; 1.05120320041448;
1.06296312852444; 1.07497111709439; 1.08694865668905;
1.0986858495625; 1.11003396604319; 1.12089493621399;
1.13121051694521; 1.14095251451866; 1.21001953144; 1.24628356718428]
kJ/kg/K

Dynamic viscosity vector — Semiperfect gas
vector

The vector of gas dynamic viscosity values, for one-dimensional table lookup based on the
corresponding temperature value. The vector size must be the same as the temperature
vector size.

The default value is [10.3766056544352; 10.9908682444892;
11.5932000841352; 12.1841060353213; 12.764067709023;
13.3335437107148; 16.038149065057; 18.5373404836509;
20.8671495114253; 23.0554226800681; 25.1239717991959;
27.0901379793485; 28.96790749834; 30.7687111230031;
32.5020036481173; 34.17569027566; 35.7964450415303;
37.3699520751368; 38.9010908824946; 40.3940804368247;
41.8525925389218; 43.279841956487; 56.3254722619962;
68.068290080945] s*uPa.
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Thermal conductivity vector — Semiperfect gas
vector

The vector of gas thermal conductivity values, for one-dimensional table lookup based on
the corresponding temperature value. The vector size must be the same as the
temperature vector size.

The default value is [14.1517155766309; 15.0474512994325;
15.9300520513026; 16.7998749295306; 17.6573089963228;
18.5027588910197; 22.5644026699512; 26.384465676638;
30.0032801168886; 33.4532006033488; 36.7600619429332;
39.9446251241844; 43.0237448740114; 46.0112537033799;
48.9186234516389; 51.7554617696538; 54.5298878921773;
57.2488200454925; 59.9181976996146; 62.5431553064749;
65.128159527924; 67.6771186900213; 91.7815514375552;
114.486299090693] mW/m/K

Pressure vector — Real gas
vector

Vector of gas pressure values, to be used together with the vector of temperature values
for two-dimensional table lookup of other gas properties.

The default value is [0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0,
10.0] Mpa.

Density table — Real gas
matrix

The matrix of gas density values, for two-dimensional table lookup based on pressure and
temperature. The matrix size must correspond to the sizes of the pressure and
temperature vectors. The table rows correspond to the Temperature vector values, and
the columns correspond to the Pressure vector values.

The default is [0.232389928446798, 0.465063671432694, 1.16479567270147,
2.33676613945539, 4.70263894299404, 11.983516436453,
24.7878864888476, 53.4753944012435, 188.202476404452,
488.088746553617; 0.217841319668304, 0.43590005028115,
1.09138524660849, 2.18825141646267, 4.39865940277095,
11.1676860192343, 22.9408518273177, 48.6188318442922,
151.41140977555, 397.086323615566; 0.205009108095605,
0.410186693889784, 1.02673290215943, 2.05770371150129,
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4.13249094693848, 10.4620818492884, 21.3797637857971,
44.7465382224065, 130.788260466556, 323.533424670971;
0.193606079729805, 0.38734394286521, 0.969349656759853,
1.94200819142115, 3.89732426996839, 9.84460606064557,
20.0372743829505, 41.551685035359, 116.744404785154,
273.404057887341; 0.183405807765996, 0.36691546510227,
0.918068262208759, 1.83874006288175, 3.68793116346732,
9.2989642809239, 18.8669316601087, 38.8510263281099,
106.248040134752, 239.063674783047; 0.174227353976232,
0.348537012803259, 0.871960127107058, 1.74598097193374,
3.50022045445381, 8.81280884432948, 17.8353318467781,
36.5262009931833, 97.9572133071041, 214.144269454883;
0.139362218300841, 0.278750918818379, 0.697075681624698,
1.39481110010495, 2.79224958681861, 7.00009934436889,
14.0635945083875, 28.3693859898697, 72.4958995959279,
148.061190553083; 0.116127751690325, 0.232262711724454,
0.580710652868886, 1.16159962682988, 2.32390314733333,
5.81485119489922, 11.6454651017326, 23.345179818482,
58.6036404676478, 116.933272564178; 0.0995348730218713,
0.199069527735142, 0.497672062326111, 0.995337472158662,
1.99064239855983, 4.97624478331013, 9.95052507838832,
19.8877675359538, 49.5222664696343, 97.8281817865855;
0.0870915231079571, 0.174179875730153, 0.435425837514054,
0.870771682736456, 1.74121977223468, 4.35055112014231,
8.6923131825558, 17.3462098741118, 43.0204270425471,
84.5862815012905; 0.0774139632775453, 0.154823661826077,
0.387027124125729, 0.773947181340524, 1.54746386958083,
3.86538722275345, 7.71958432856407, 15.3924298760864,
38.0966874262009, 74.7409240194489; 0.0696722132563204,
0.139339881699215, 0.348315590097498, 0.696517280056477,
1.3925775726502, 3.47798929739441, 6.94428820700405,
13.840595299045, 34.2211656015534, 67.0763619510542;
0.0633382100675146, 0.126671957763271, 0.316646408860559,
0.633181081307499, 1.26591433962438, 3.16140997822029,
6.31145690049322, 12.5766989218007, 31.0826018729834,
60.9113572079736; 0.0580599590057729, 0.116115694052286,
0.290257544054221, 0.580409375636267, 1.1603953396719,
2.89780177016166, 5.78491146603688, 11.5265728971708,
28.4843351052556, 55.829341571381; 0.0535937940886494,
0.107183660899874, 0.267929690316126, 0.535761125401431,



Gas Properties (G)

1.07112886747126, 2.67486471725533, 5.33982631291416,
10.63973457213, 26.2952097273985, 51.5589206387574;
0.0497656797149008, 0.0995277403610491, 0.248792203124892,
0.497493882078744, 0.99462543314985, 2.48384153794703,
4.95858078750581, 9.88055926765067, 24.4240170579045,
47.9145569639003; 0.0464479959361466, 0.0928926705710533,
0.232206763597689, 0.464330464081941, 0.928328524958611,
2.31832536465517, 4.62831259866885, 9.22315228584034,
22.8051678288226, 44.7645110499732; 0.0435450312171066,
.0870870188301226, 0.217694718092182, 0.435313326650428,
.870322119623417, 2.17351945401494, 4.33940803061583,
.64821978531377, 21.3901818076149, 42.0123332867245;
.0409835963547538, 0.0819644033075145, 0.204890086547796,
.409710426055867, 0.819141805232369, 2.04576053908084,
.08453435907903, 8.14108047721294, 20.1423910541739,
39.5856012611331; 0.0387067675798369, 0.077410976131965,
0.193508246917561, 0.386952511151441, 0.773649057561575,
1.93220226835442, 3.85799954128176, 7.6903585147706,
19.0335137737723, 37.4287645642868; 0.0366696057813522,
.073336860231159, 0.183324515224783, 0.366590243538238,
.732945322059316, 1.8305992514921, 3.65531662685461,
.28709889581498, 18.0413651664581, 35.4984330382504;
.0348361601073285, 0.0696701556937661, 0.174159155188816,
.348264195999875, 0.696311928298658, 1.73915624407237,
.47290023125895, 6.92415359223964, 17.1482850565279,
33.7601783509398; 0.0232242994681783, 0.0464475414045395,
0.11611092226157, 0.232195408621678, 0.464285085702862,
1.15991997307222, 2.31719916466188, 4.62384864786652,
11.4808038114339, 22.7013239671071; 0.0174183167348545,
0.0348360245853652, 0.0870854949659176, 0.174155769175675,
0.348250662116806, 0.870170220523828, 1.73881992076876,
3.47156495737229, 8.63350555136021, 17.1168158717553] kg/m"3.

POOCOOOO

WOONOO

Specific entropy table — Real gas
matrix

The matrix of specific entropy values, for two-dimensional table lookup based on pressure
and temperature. The matrix size must correspond to the sizes of the pressure and
temperature vectors. The table rows correspond to the Temperature vector values, and
the columns correspond to the Pressure vector values.
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1 Blocks — Alphabetical List

The default is [3.85666832168988, 3.65733557342939, 3.39321600973057,
.19240764614444, 2.98972303348322, 2.71525667312277,
.4961408855038, 2.25200576011077, 1.78471429674036,
.29090458888978; 3.92140869957028, 3.72213261304626,
.45818397201293, 3.25766364401107, 3.0555672742907,
.78296953737326, 2.56736420779637, 2.33223141053168,
.92951303779799, 1.47834112059833; 3.98221529565273,
7829836555054, 3.51916895627942, 3.31887389296688,

.1658665252885, 2.9558053312017; 5.06986353974934,

.87087647196321, 4.60779671754215, 4.40873067340924,
.20956618447661, 3.9459565693246, 3.74601527912977,
.54512868450336, 3.27656221849516, 3.06897900823943;

3

2

1

3

2

1

3

3.11723580728132, 2.84607806940339, 2.63311263769974,
2.40436393408814, 2.03542502560031, 1.64260706565665;
4.03954033696417, 3.84034421897669, 3.57663648301021,
3.37652102412054, 3.17524721731924, 2.90522439822934,
2.69430151549255, 2.47029333509785, 2.12268019468985,
1.77344207366055; 4.09376228675006, 3.89459501864723,
3.63097409868183, 3.43100422585914, 3.23002497599441,
2.96091365856363, 2.75160785927873, 2.5312406415135,
2.19841869007162, 1.87901583141216; 4.14520117995298,
3.94605767166668, 3.68250821276855, 3.48265804957869,
3.28192051690123, 3.0135531037355, 2.80555209686157,
2.58805540086205, 2.26610502263839, 1.96775904763196;
4.36901028390122, 4.16994018348893, 3.90661129562974,
3.70712991087092, 3.5071342997304, 3.24102784511277,
3.03691403727937, 2.82764560970477, 2.53381584725277,
2.28577338343632; 4.55205623466113, 4.35302221894054,
4.08980164185938, 3.89050096377458, 3.69086747132005,
3.42585296452877, 3.22357730852106, 3.01804958620108,
2.73582153398541, 2.50683391368241; 4.70718999888292,
4.5081763447144, 4.24501685439271, 4.04581799448331,
3.84638816350602, 3.58198482518679, 3.38072826636793,
3.17723930571407, 2.90109390657126, 2.68174878534546;
4.84213514624873, 4.64313406945348, 4.38001230330443,
4.18087629053765, 3.98157205463241, 3.71754470888327,
3.51691216187067, 3.31466120289276, 3.04214220284213,
2.82845136827457; 4.96189181371153, 4.76289902096378,
4.49980209857165, 4.30070746415684, 4.10148588060503,
3.83770566300567, 3.63748226836764, 3.43603958793625,
3

4

4

3
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Gas Properties (G)
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.1684503865325, 4.96946742614353, 4.70639998856773,
.50735445472532, 4
.84500452317677, 3
.17128346671381; 5
.7973525623652, 4.59832219207578, 4.39922893392441,
.13583208512233, 3
.46947669719846, 3
.14499498347528, 4
.48385435941153, 4
.82107803046202, 3
.42316925832833, 5
.7621373349829, 4.5630847709502, 4.29980946881718,
.10042058896199, 3
.43244552095257; 5
.03571476221911, 4
.3744396285261, 4.17511974266743, 3.97545657469879,
.71041694885177, 3
3692740321233, 5.10623550252735, 4.90723810625184,

.30823091994561, 4.04474364100682,
.64451604005125, 3.37709737816777,
.2593908173202, 5.06041089369949,

.93624237769884, 3.73604799461671,
.26497004191754; 5.34397260579747,
.88194355295007, 4.68292467374206,
.22052603846292, 4.02104955215385,
.55514894085648, 3.35163463875693;
.22419341632272, 4.96114732438797,

.90062154398139, 3.63518977950306,
.49773109148187, 5.29875665110057,
.83671177184987, 4.63767318328301,

.5082812277818; 5.56824735227027,

.70821068826088, 4.44501050574435, 4.24574578441128,
.04619129997113, 3.78146565369216, 3.57981830676003;
.63518925543468, 5.43621684242134, 5.17318103311078,
.97418816693336, 4.77516979527807, 4.51199664197531,
.31277661041644, 4.11331020953596, 3.84883930692141,
.64758910924957; 5.69894018571711, 5.4999685157543,
2369349347088, 5.03794577935713, 4.83893481833662,
.57578380965866, 4.37660040041591, 4.17720621324442,
.91294438708545, 3.71202087418194; 5.75981714571907,
.56084609060782, 5.2978143534057, 5.09882826876, 4.89982344031189,
.63669075931028, 4.43753766711061, 4.23820328614963,
.97411480122343, 3.77346272019934; 5.81808616796, 5.61911562623141,
.35608542860148, 5.15710190799382, 4.95810220046551,
.69498482551242, 4.49585705785849, 4.29657265520884,
.03262917849163, 3.83220462904951; 6.29530146610539,
.09633331903482, 5.8333103029986, 5.63433874379363,
.43536292947713, 5.17231699952891, 4.97330753860033,
.77425696756918, 4.51099451008297, 4.31164629242141;
.64886963403215, 6.44990215110977, 6.18688112698696,
.98791288587009, 5.78894370112331, 5.52591760746728,
.32694103515787, 5.12795561761856, 4.86488401452708,
.66584072487367] kJ/kg/K
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1 Blocks — Alphabetical List

Specific enthalpy table — Real gas
matrix

The matrix of specific enthalpy values, for two-dimensional table lookup based on
pressure and temperature. The matrix size must correspond to the sizes of the pressure
and temperature vectors. The table rows correspond to the Temperature vector values,
and the columns correspond to the Pressure vector values.

The default is [276.007989595737, 275.926922934925, 275.68326231383,
275.275612961165, 274.45440990197, 271.941510053176,
267.573991878308, 258.028969756929, 218.234362269026,
158.930370089034; 286.039258534729, 285.966962517021,
285.749758776967, 285.386693516142, 284.656540566853,
282.432853052032, 278.608576829258, 270.456137821523,
240.62825338508, 187.975341616082; 296.069269816893,
296.004298839236, 295.809169446516, 295.483228714877,
294.828601531559, 292.84221621424, 289.452931620771,
282.352183856267, 258.083267319111, 215.051052511419;
306.098418400666, 306.03965742714, 305.863227349031,
305.568684845356, 304.977739633649, 303.189749788045,
300.157496456351, 293.885241012016, 273.341211471863,
237.921819553097; 316.127034494775, 316.073605930689,
315.913222268783, 315.64558865716, 315.109086307672,
313.489564435311, 310.756170955578, 305.156737704007,
287.344997830989, 257.435968836394; 326.155419682752,
326.106620570346, 325.960160622186, 325.7158515410006,
325.226445621544, 323.751863790821, 321.272681065641,
316.232458831075, 300.538097964225, 274.729457520261;
376.304967312284, 376.272444481832, 376.174889100496,
376.012340447409, 375.687406489001, 374.713906995184,
373.095751316588, 369.876236784684, 360.387900683659,
345.656435942873; 426.50485367445, 426.482160685975,
426.414109983542, 426.30078622341, 426.074490520224,
425.398399641627, 424.280795394447, 422.079563123224,
415.746855514936, 406.194464895021; 476.825819267465,
476.80969998052, 476.761370979607, 476.680918679615,
476.520372988485, 476.041583484634, 475.252944483118,
473.709732112807, 469.339610018801, 462.897504479846;
527.358078674724, 527.346652677109, 527.312400552407,
527.255399745011, 527.141719692163, 526.803228763503,
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Gas Properties (G)

526.
517.
578.
577.
574.
629.
629.
628.
681.
681.
680.
679.
733.
733.
733.
786.
786.
786.
839.
839.
839.
841.
893.
893.
895.
948.
948.
949,

1003.
1003.
1003.
1008.
1059.
1059.
1061.
1115.
1115.
1116.
1172.

1172

247426409769, 525.16611881262, 522.148839900958,
815837109305; 578.199407091628, 578.191488376844,
16775454136, 578.128272369734, 578.049585297172,
576.694019389874,
629.442482115764,
629.395727286419,
628.942009298704,
625.579623790386;
681.153294327517,
681.018879721989,
679.94611657735,
733.426044380332,
733.40278431897,
733.209722450195,
03360169447, 733.087076022656; 786.266709844873,
267208214465, 786.267876004164,
274993640674, 786.2882450665,

553281957475, 787.225888563409;
70504000887, 839.70901483498,

729121711022, 839.770488095606,
999515710826, 840.559250908246,
743067589143, 893.745403899365,
75242189651, 893.764148726438, 893.787715116484,
859308222756, 893.981558350577, 894.236670780038,
080332077458, 896.712551381498; 948.377371826816,
380575306181, 948.390193713629, 948.406250911057,
438464405059, 948.535890862389, 948.700843735304,
040088044586, 950.12680220025, 952.137078607614;

815721490642, 577.
669839072011, 571.
437274460453, 629.
344077339647, 629.
466216590227, 627.
165504740472, 681.
138092074412, 681.
875761746077, 680.
249483320862; 733.
422115787073, 733.
365663494888, 733.

266831443852, 786.
269360429697, 786.
328732242753, 786.
703718528092, 839.
715674095171, 839.
842783833376, 839.
750855761636; 893.

758048708, 1115.9
70611010185, 1118
46160798047, 1172
.51266015931, 1172

59040526852, 1003.
62600734625, 1003.
98716277073, 1004.
03325638583; 1059.
37828691794, 1059.
58653006743, 1059.
77473328752, 1064.
66484839484, 1115.

433139940652,
873288825611;
421670526216,
191001924645,
202800994792,
162448079495,
107889301156,
608453039536,
427358544504,
415614375573,
308277054267,

59435635928,
66567635309,
39900119214,
35987800545,
40132155581,
82032895022,
39791677957,
68036078582,

1003.
1003.
1005.
1059.
1059.
1060.
1115.
1115.

60621668171,
78537887654,
69566363563,
36447866476,
44746887997,
29529625187,
6596794705,

70623346662,

1404892212, 1116.17586781833,

34575590913,
.46727707642,
.56946454382,

1121.
1172.
1172.

21980977189;
48428942135,
74037694276,
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1 Blocks — Alphabetical List

1173.02686874382, 1173.60580340131, 1175.38672698925,
1178.48246092596; 1762.10727721046, 1762.11579940935,
1762.1413682507, 1762.18399045824, 1762.26926281627,
1762.52530190486, 1762.95276369405, 1763.81035090328,
1766.40303160672, 1770.78232137303; 2377.0524638672,
2377.06211829984, 2377.09108293987, 2377.13936180819,
2377.23593626125, 2377.52579256081, 2378.00932430138,
2378.97799140869, 2381.89608390415, 2386.79535914098] kJ/kg.

Specific heat at constant pressure table — Real gas
matrix

The matrix of specific heat at constant pressure values, for two-dimensional table lookup
based on pressure and temperature. The matrix size must correspond to the sizes of the
pressure and temperature vectors. The table rows correspond to the Temperature
vector values, and the columns correspond to the Pressure vector values.

The defaultis [1.00320557010184, 1.0041691525775, 1.00707743852905,
1.01198388197822, 1.02202562270308, 1.05412155485561,
.1152747482059, 1.27776397304517, 2.72714600163742,

.84169679152775; 1.00305665529268, 1.00385495020235,
.00626171270995, 1.01031300874797, 1.01856901047877,
.04463433942978, 1.09292211458076, 1.21254825029424,
.91568051250176, 2.88130807863504; 1.00295209523415,
.00362423915973, 1.00564889473126, 1.00905096181284,
.01596048941702, 1.03756832264122, 1.07677086800609,
.16935473257714, 1.61274080548658, 2.49705970753673;
.00288306639866, 1.00345683185285, 1.00518392449607,

.0080818551325, 1.013951550188, 1.03217016931395, 1.0646970984316,

.13890069327182, 1.45314157485364, 2.09724000634052;
.00284513880189, 1.00334073461589, 1.00483166592398,
.00733042924969, 1.01238048621931, 1.02796073691597,
.05542748615461, 1.11647221332449, 1.35460688567128,
.82497183987797; 1.00283682944629, 1.00326928939605,
.00456966478083, 1.00674697608445, 1.01113942325315,
.02462437914299, 1.04815719159727, 1.09940879194009,

.2879608304898, 1.64561032045572; 1.00329934910967,
.00354447996773, 1.00428050378407, 1.00550931299369,
.00797480662471, 1.01543403864644, 1.02807301255901,
.05410032215668, 1.1370595668667, 1.27667353640799;
.00493370280677, 1.00509133864519, 1.00556434123231,

H R R RERERERERRERRRBRBR BB
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Gas Properties (G)
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.00635299455648, 1.0079314755531,
.02061296964177, 1.03658189787277,
.16220451192724; 1.0082099496314,
.0086482943854, 1.00919607243928,

.01357213131286, 1.01902645924599,
.06187268740862, 1.11203831447519;
.01349109533105, 1.01373205197484,
.01493525704896, 1.0173338224635,

.02917221070611, 1.05207076302405,
.02055448721779, 1.02061569051992,
.02110489958894, 1.02171537134855,
.02655828571218, 1.03251272842721,
.07634460433342; 1.02943075893538,
.02962271860113, 1.02986244006153,
.03177118158355, 1.03413496644912,
.05222519740105, 1.07293262035703;
.03972518411936, 1.03984071999137,
.04041725327376, 1.041564650546, 1.
.04719276076415, 1.05794765935823,
.05091575080444, 1.05094725491763,
.05119903411067, 1.05151312659059,
.05400115405601, 1.0570518469246,

.0794113758917; 1.06272444629524,

.06282904784038, 1.06295966903439,
.06399946734372, 1.06528655888261,
.07512332807677, 1.08641966249765;
.07479235240011, 1.07485833393168,
.07518759463145, 1.07584291626895,
.07905818118525, 1.08520928708625,
.08677790841906, 1.08679662142856,
.08694618174342, 1.08713277427591,
.08861150786242, 1.09042630393675,
.10380810039455; 1.09853924561766,
.09860349180281, 1.09868372452655,
.09932261842318, 1.10011396834262,
.10618098976507, 1.11320064188411;

.1099209549981, 1.10996266523763,
.11017083908205, 1.11058531966622,
.11262188650428, 1.11653182839406,
.12078425520571, 1.12079638431193,

1.01267611184663,

1.

08483165641663,

1.00831954600127,
1.01029111748123,

1.
1.
1.

02987923459813,
01341075301128,
01413341227812,

1.02130841135621,

[ T T S T -

.08759133887527;
.02079923080097,
.02353991759304,
.04974356502866,
.02947876408642,
.03034112568935,
.03879129407206,
.03968665510974,
.04003310960439,
043460523131006,

1.
1.
1.

07453027993477;
05104172492289,
05245123964959,

1.06584135589456,
1.0627506054135,

1.06322047753513,
1.06782023265042,
1.07477034892988,
1.074968207086,
1.0769258365524,
1.09474437534767,;
1.
1
1
1
1
1
1

08685273646968,

.08769019167808,
.0956664697493,
.09855531217341,
.0988439410057,
.10167339765528,
.10990704597111,

1.1100321262765,

1.
1.
1.

11127070044324,
12263462387947,;
12083275738759,
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1 Blocks — Alphabetical List

1.12089333179633, 1.12101430361411, 1.12137581669100,
1.12197375228244, 1.12315305305123, 1.12656934044830,
1.13191335135503; 1.13111337419617, 1.13112401943828,
1.13115594304562, 1.13120910873864, 1.13131528950622,
1.1316326382829, 1.1321576486921, 1.133193557109, 1.13619765700072,
1.14090677336816; 1.14086676413044, 1.14087616073784,
1.14090434018739, 1.14095127142654, 1.14104500497982,
1.14132518387657, 1.14178880550594, 1.14270395912918,
1.14536059930382, 1.14953335297966; 1.20998897700762,
1.20999232462239, 1.21000236461065, 1.21001908842037,
1.21005250052026, 1.21015245505421, 1.21031812238981,
1.21064610721112, 1.21160534237447, 1.2131333248498;
1.24627002647896, 1.24627150992239, 1.24627595914621,
1.24628337083698, 1.24629818045446, 1.24634250007779,
1.24641600783175, 1.24656172222959, 1.246989251114606,
1.24767439351222] kJ/kg/K.

Dynamic viscosity table — Real gas
matrix

The matrix of gas dynamic viscosity values, for two-dimensional table lookup based on
pressure and temperature. The matrix size must correspond to the sizes of the pressure
and temperature vectors. The table rows correspond to the Temperature vector values,
and the columns correspond to the Pressure vector values.

The defaultis [10.3604759816291, 10.3621937105615, 10.367418080323,
10.3763644808926, 10.3951680979376, 10.4591651061333,
10.5933716881858, 10.987254253246, 14.2772531553238,
32.0640438449792; 10.9746289690763, 10.9763664398934,
10.9816387279312, 10.9906266336238, 11.0093642467284,
11.0718587716065, 11.1983236137388, 11.5473941927686,
13.80253919041, 24.9939602435999; 11.5769808861739,
11.5787223615312, 11.583997583134, 11.5929596854945,
11.6115273211419, 11.6724951531801, 11.7924961900945,
12.1087051696631, 13.877110798453, 21.116594552727;
12.1679978404446, 12.1697321846652, 12.1749786474567,
12.1838679911623, 12.2021948975387, 12.2616345418299,
12.3760758859915, 12.6668675990252, 14.1428657176503,
19.3071407602894; 12.7481340945151, 12.7498534307175,
12.7550488382933, 12.7638328050275, 12.7818715111764,
12.8397983982715, 12.9493527652261, 13.219710064689,
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Gas Properties (G)

14

18.
18.
18.
20.
20.
20.
21.
23.
23.
23.
25.
25.
25.
26.

27

27.
27.
28.
28.
29.
30.
30.
30.
31.
32.
32.
32.
34.
34.
34.
35.
35.
35.

.4977302956073, 18
13.
13.
13.
16.
16.
16.

3195275009732, 13
3510320108467, 13
7661027806947, 14
0238079360955, 16
0379392868608, 16

.4912497838941; 13.3178287127886,
.3246562824217, 13.3333124788606,
.4074736485989, 13.5126622664861,
.899955910071, 18.1598898734484;
.0253666205878, 16.0300598781818,
.053912766856, 16.1035452030589,

191935922972, 16.3896878927643, 17.1441537726836,
884784635824; 18.52440681911, 18.5258161888637, 18.5300544205539,

5371518302972, 18.
6719871639656, 18.
6372440527557; 20.
8605744863513, 20.
9191686895803, 20.
6108097810363, 22.

5514726042656, 18.5954348735271,
8370142902459, 19.4199345833489,
8554697382748, 20.8567443227183,
8669794187721, 20.8798689481311,
986731360858, 21.1292934645023,
5597942408407; 23.0448221434545,

045979989021, 23.0494578145236, 23.0552684559991,
066943007854, 23.1023882980934, 23.1628395000098,

2886837392316, 23.
1142940198393, 25.
1238310913551, 25.
2213696262148, 25.
3680691177854; 27.
.0851399370654, 27.
1292797980586, 27.
6058089463127, 28.
9606004148378, 28.
9767971072563, 29.
1432877879835, 29.
7610994221431, 30.
7686005669006, 30.
8444950072474, 30.
6733383603249; 32.
4980156297584, 32.
5331204679996, 32.
8995616662979, 33.
1697800092973, 34.
1828723898823, 34.
3158950975646, 34.
7902135588225, 35.

7017174154222, 24.4855712668615;
1153517007868, 25.1185277377966,
134474978366, 25.1667008098841,
3341476729655, 25.6971247787102,
0812512958046, 27.0822229155161,
090008831616, 27.0997734703662,
1791493931782, 27.2813713204132,
1940892928547; 28.9597031311334,
9632938713994, 28.9677883052456,
003981220333, 29.049802171496,

4369487246637, 29.9617496853132;
7619320706261, 30.7644312356394,
7769543732151, 30.8021356113189,
930615426825, 31.1990251289407,
4949104479269, 32.495686507264,
5019006419902, 32.5096823953741,
572486613314, 32.6523054692036,
3326296905506; 34.1690538279474,
1719592969339, 34.1755939162799,
2047808981699, 34.2415335080216,
5451352599228, 34.9437909088635;
7908954982821, 35.7929419104473,

796354572472, 35.8031872716339, 35.8237437459906,

8581950302175, 35

.9277821776786, 36.141470539637,
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1 Blocks — Alphabetical List

36.5109227626193; 37.3640817965628, 37.3647242614964,
37.366652136349, 37.3698668579186, 37.3763022640149,
37.3956556877903, 37.4280654747596, 37.4934390588987,
37.6935517485496, 38.037872360799; 38.8955445574042,
38.8961516091219, 38.8979731565972, 38.9010103740854,
38.9070896826512, 38.9253661946702, 38.9559530260828,
39.0175798676091, 39.2057292225718, 39.5281681110305;
40.3888261334681, 40.3894012555341, 40.3911269454317,
40.3940041720465, 40.3997626466744, 40.4170699132082,
40.4460193409127, 40.5042924094875, 40.6818132979733,
40.9850102421168; 41.8476027037491, 41.8481489035896,
41.8497877724624, 41.8525201165967, 41.8579881512737,
41.8744187556912, 41.901889650535, 41.9571430391398,
42.1251545145845, 42.4112860620607; 43.275092666491,
43.2756125563266, 43.27717245166, 43.2797730284532,
43.2849769878333, 43.3006110869677, 43.3267405070731,
43.3792607438865, 43.5387111552397, 43.8095952349356;
56.3222978677009, 56.3226454260967, 56.3236881526017,
56.3254262008214, 56.3289029348368, 56.3393381859437,
56.3567467614485, 56.3916232579666, 56.4966803757243,
56.6729203832773; 68.0659308723044, 68.0661891931937,
68.0669641709277, 68.0682558505842, 68.0708393968717,
68.0785915136088, 68.0915165160473, 68.1173836790054,
68.1951058070175, 68.324944028235] s*uPa.

Thermal conductivity table — Real gas
matrix

The matrix of thermal conductivity values, for two-dimensional table lookup based on
pressure and temperature. The matrix size must correspond to the sizes of the pressure
and temperature vectors. The table rows correspond to the Temperature vector values,
and the columns correspond to the Pressure vector values.

The default is [14.0896194596466, 14.0962928994967, 14.1164979631452,
14.1507959891554, 14.2217750346856, 14.4546939871274,
14.9161812046845, 16.179147415959, 25.804405174674,
52.7180018225101; 14.9897852748967, 14.9959964117649,
15.0147814269664, 15.0465994004966, 15.1121738136527,
15.3249205125914, 15.7364707474682, 16.804366372490,
22.9562135535487, 43.3833329114209; 15.8762358183473,
15.8820425495945, 15.8995893400156, 15.9292585639261,
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Gas Properties (G)

15.
17.
16.
16.
17.
32.

17

17.
22.
18.
18.
19.

22

22.
22.
29.
26.
26.
28.
29.
30.
30.
33.
33.
33.
36.
36.
36.
37.
39.
39.
40.
43.
43.
43.
45,
46.
46.
46.
48.

9902051816438, 16.
4902098051164, 22.
7494370491423, 16.
7991324227521, 16.
3785258158075, 18.
8930646908785; 17.
.630484995726, 17.6566114067637,
8796016859028, 18.
1982657206096, 30.
4628246117595, 18.
5523972214712, 18.
6882500463792, 22.
.5295267397569, 22.
5638923617408, 22.
9392024892054, 23.
1026020666553; 26.
3684204301145, 26.

1862002209989,
1528330719619,
7548870807582,
8560641436321,
208203678567,

6098605465768,

1938407516341,
777075291909;

4774535090791,
711323043571,

5419671243229,
5333162187732,
6027614529468,
4208794883241,
3559981789686,
3840499604917,

16.5586124847781,
36.7631825210105;
16.7713444308513,
17.0378636225901,
22.0215304626411,
17.6149936632712,
17.7100224746424,
18.9436656412164,
18.4579748810943,
18.50210119593009,
19.0031367814908,
29.6342111066617;
22.5447280689821,
22.7236585032217,
25.2225807004481,
26.3590969468369,
26.4156464271078,

513103457303, 26.6842088495029, 27.0572951588736,
3894828113755, 31.116172718458; 29.9792852821715,
9818997749358, 29.9897623413869, 30.00293009458,

0295024972172, 30.1110920118903, 30.2531619878245,
5589676635475, 31.6266997546166, 33.7713242983997;
4325033482028, 33.4347601010226, 33.4415445093619,
452898913298, 33.4757833616242, 33.5458253676961,

6670810329056, 33.
5779479385118; 36.
7498320768626, 36.
8411331524036, 36.
9301765555925, 39.
9302178746677, 39.
9622338457127, 40.
3069184840544, 40.
0091886076603, 43.
0235329814107, 43.
1721143078645, 43.
0680736353814; 45.
0038122846688, 46.
0699251693948, 46.
8285393394153, 47.
9078405799009, 48.

9257157838018,
7418926226882,
7597972498181,
9467440951269,
4231380752276;
9355214503588,
0166204072958,
9690202447697,
0107777144628,
0395826599714,
3476855159646,
9980307084909,
0110612730578,
1456429179092,
8384752869958;
9118119135018,

34.8145797429682,
36.7438747571878,
36.7798631433013,
37.1704725669481,
39.9284529105416,
39.9443896273473,
40.1100512227945,
42.2600441586569;
43.0155521112874,
43.0884283290468,
43.9335022352695,
45.9994746322735,
46.0256323609001,
46.3039277327615,
48.9065184578233,
48.9184473324447,
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1 Blocks — Alphabetical List

48.9317799444647, 48.9722677483055, 49.0413526520279,
49.1853349000785, 49.6597989829678, 50.5682381944555;
51.7443071656044, 51.745525704373, 51.7491855737184,
51.7552995100503, 51.767580290433, 51.8048425014379,
51.8683232820388, 52.0002826738489, 52.4329446456495,
53.257237057186; 54.5195506971908, 54.5206801157423,
54.5240720551906, 54.5297375484385, 54.5411143746451,
54.5756088111794, 54.634294449072, 54.7560113342558,
55.1533210316785, 55.9068028282042; 57.2391930354411,
57.240245001546, 57.2434041225393, 57.2486800512407,
57.2592720210842, 57.2913665575319, 57.3459044849862,
57.4587952617007, 57.8258378690484, 58.5189735848795;
59.909193195724, 59.9101772544579, 59.9131322744835,
59.9180667746078, 59.927971180289, 59.9579657490833,
60.0088820020188, 60.1140915894389, 60.4549450900886,
61.0960905721369; 62.5347007241231, 62.5356247803198,
62.5383994775854, 62.5430323913023, 62.5523297075283,
62.5804719765559, 62.6281996229267, 62.7266663614742,
63.0446493817009, 63.6405775919021; 65.1201941202401,
65.1210647917066, 65.1236790697485, 65.1280437362695,
65.1368012634004, 65.1632980493667, 65.208197772669,
65.3007000594371, 65.5985480944572, 66.1548211331343;
67.6695911218085, 67.6704140026442, 67.6728846837353,
67.6770092731228, 67.6852838475087, 67.7103095833674,
67.7526848810435, 67.8398753764544, 68.1198688564118,
68.6411071959795; 91.7767359068442, 91.777262593984,
91.7788435541879, 91.7814814816141, 91.7867685465899,
91.8027190941739, 91.8295990025123, 91.8844513412603,
92.0574313529676, 92.3717892854824; 114.482791123862,
114.483174899984, 114.484326734451, 114.48624814467,
114.490097281331, 114.501695087767, 114.521191867175,
114.560805453965, 114.684476478976, 114.905858092359] mW/m/K.

Isothermal bulk modulus table — Real gas
matrix

The matrix of isothermal bulk modulus values, for two-dimensional table lookup based on
pressure and temperature. The matrix size must correspond to the sizes of the pressure
and temperature vectors. The table rows correspond to the Temperature vector values,
and the columns correspond to the Pressure vector values.
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Gas Properties (G)

The default is [0.00999390291790365, 0.019975596477506,

HOONOOUIOORPHROOHOOPRRODODUOOOOHOOPRPROOMWMOOOHOONOO

.0498471914323395, 0.0993868331912267, 0.197531539031374,
.484259268054388, 0.934728751330763, 1.71724988255064,
.82175958388315, 17.9919018393343; 0.00999501582294484,
.019980055533591, 0.049875200783815, 0.0994998167287049,
.197991211869307, 0.487286155539529, 0.947989796271856,
.78170846489774, 3.51015719198841, 10.7214594343083;
.00999589475132194, 0.0199835757487714, 0.049897286918626,
.0995887316618911, 0.198351512022939, 0.489628938251755,
.958019328446712, 1.82784028886759, 3.90652386037032,
.82854192149657; 0.0099965989898174, 0.019986395438532,
.0499149614555173, 0.0996597753736587, 0.198638486959409,
.491476766853061, 0.965793651429376, 1.8622384486163,
.16822627329493, 8.63159094055481; 0.00999717031901561,
.0199886824058013, 0.0499292860323451, 0.0997172816775755,
.198870192541928, 0.492957196986466, 0.971938886453558,
.88865947552405, 4.35409769664694, 8.80496894225828;
.00999763885669209, 0.0199905575293509, 0.0499410238357645,
.09976435529279, 0.199059473751491, 0.494159033891154,
.976874655018731, 1.90941822598397, 4.49230805929173,
.03075785062252; 0.00999904969083958, 0.0199962017056947,
.0499763157291795, 0.099905628722424, 0.199625422103725,
.497712504275578, 0.991197318806328, 1.96746753165082,
.84750864309542, 9.81988814731239; 0.00999968937543632,
.0199987597506444, 0.0499922905319115, 0.0999694417192566,
.199879988705673, 0.499290875622076, 0.99742780597502,
.9917193153671, 4.98305568535804, 10.1656019796519;
.0100000107657759, 0.0200000446683482, 0.0500003092207186,
.100001436447427, 0.200007331564404, 0.500075036239648,
.00048844086038, 2.0033761441506, 5.04492274361954,
0.3235244831897; 0.0100001818834321, 0.0200007286818531,
.0500045757502084, 0.100018445745085, 0.200074917321734,
.500489132153313, 1.00209119595608, 2.00937998338643,
.07536569274062, 10.3970361107304; 0.0100002753602103,
.0200011022772309, 0.0500069048874091, 0.100027723548317,
.200111720745558, 0.500713487337442, 1.00295213774867,
.01254849426626, 5.09054105189364, 10.4290658432466;
.0100003261002374, 0.0200013050236998, 0.0500081680546832,
.10003274966352, 0.200131614263656, 0.500833938761101,
.00340895811156, 2.01418774348902, 5.09767889148856,
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1-262

10.4394281011518; 0.0100003522309734, 0.020001409397665,

OO NOOUIOCORPRHOONOOUIOOHRPFOONOOUIOORHOONOOUIOO®

.0500088176038191, 0.100035329341532, 0.200141785852635,
.500894802476762, 1.00363498281765, 2.01496079090984,
.10036467376937, 10.4380608503546; 0.0100003637388679,
.0200014553232053, 0.0500091026538814, 0.100036456359626,
.200146189184624, 0.500920394361745, 1.00372493336464,
.01522723999957, 5.10050925168426, 10.4302658232288;
.0100003663834363, 0.0200014658244477, 0.0500091668449028,
.100036703546432, 0.200147101823945, 0.500924696260925,
.00373311072209, 2.01519203184266, 5.0991858431757,
0.4190022258625; 0.010000363608138, 0.0200014546662049,
.0500090960380804, 0.100036413225327, 0.200145884159056,
.50091604682661, 1.00369181722325, 2.01497646633471,
.09702101425378, 10.4059756798434; 0.0100003575307486,
.0200014303136357, 0.0500089430294319, 0.100035795841818,
.200143372106845, 0.500899562667401, 1.00362082635598,
.01465443675056, 5.09439104481377, 10.3921899924774;
.0100003494824879, 0.0200013980876295, 0.0500087409998702,
.100034983623855, 0.200140090642286, 0.500878452458178,
.00353250756031, 2.01427193112161, 5.09152635088116,
0.3782418599722; 0.0100003403137851, 0.0200013613871755,
.0500085111420191, 0.100034061002855, 0.200136374797818,
.500854760597534, 1.00343471996805, 2.01385799749085,
.08856963592464, 10.3644851864513; 0.0100003305738062,
.020001322407037, 0.0500082671375832, 0.100033082469423,
.200132440659468, 0.500829803088868, 1.00333250556547,
.01343113818249, 5.08560952488836, 10.3511260030461;
.010000320619021, 0.0200012825717463, 0.0500080178646851,
.100032083368648, 0.200128428277648, 0.50080443076327,
.00322911019209, 2.01300315461294, 5.08270063956026,
0.3382789225521; 0.0100003106805437, 0.0200012428047909,
.0500077690769735, 0.100031086594575, 0.200124428270713,
.500779192346422, 1.0031266152441, 2.01258152001199,
.07987590059229, 10.3260015341067; 0.0100002276847675,
.0200009107668482, 0.0500056928131132, 0.100022774714135,
.200091126444364, 0.500570052304359, 1.00228355378324,
.0091599660732, 5.05768572125532, 10.2331043051344;
.0100001747871207, 0.0200006991625897, 0.0500043700304798,
.100017481881046, 0.200069941554726, 0.500437395676774,



Gas Properties (G)

1.00175129454241, 2.00701846253067, 5.04409493230387,
10.177673467778] MPa.

Isobaric thermal expansion coefficient table — Real gas
matrix

The matrix of isobaric thermal expansion coefficient values, for two-dimensional table
lookup based on pressure and temperature. The matrix size must correspond to the sizes
of the pressure and temperature vectors. The table rows correspond to the Temperature
vector values, and the columns correspond to the Pressure vector values.

The defaultis [0.00667922012518017, 0.00669181264110188,
.00672982638662978, 0.00679398124264439, 0.00692537286982025,
.00734607851757868, 0.00815022150220267, 0.0102947700145685,
.0286130234990625, 0.0187953609548895; 0.00625983959082828,

.00626970330044927, 0.00629944001931492, 0.0063494918362647,
.00645147598349833, 0.00677332847886827, 0.00736905474929384,
.00884048760073163, 0.0171339202490674, 0.0215315077643186;

.00589018585424886, 0.00589803389264854, 0.00592166917961251,
.00596136776571166, 0.00604193334161856, 0.00629337413340494,
.00674772192415558, 0.00781179743638987, 0.0126760057430892,

.0188265238969795; 0.00556187450638498, 0.00556820302846878,
.00558724622228694, 0.00561917817400221, 0.00568377600485627,
.00588362426414759, 0.00623812701166661, 0.00703668964338148,
.0102469955676518, 0.0149536825294414; 0.00526831453344121,

.00527347724162598, 0.00528900187610229, 0.00531499852393791,
.00536745444819242, 0.00552860555277807, 0.00581033085505093,
.00642649496887873, 0.00869646281395399, 0.012066880795797;

.00500425061604882, 0.00500850505700949, 0.0050212913702516,
.00504267877028035, 0.00508574365995129, 0.00521729340118635,
.00544459697246268, 0.00593041440285951, 0.0076105627631654,

.0100682280023522; 0.00400181304245358, 0.00400362618568443,
.00400906621781262, 0.00401813493211499, 0.00403627972376539,
.00409077021034855, 0.00418174921054286, 0.00436400960219121,
.00490100541701872, 0.00562155604159635; 0.00333421185313783,
.00333509006258143, 0.00333772282956964, 0.00334210457480867,
.00335084484885457, 0.00337688044325411, 0.00341965705023207,
.00350288036408, 0.00373210009503289, 0.0040224471305652;
.00285760133449809, 0.00285805953708679, 0.002859432498067,
.00286171528786412, 0.0028662604025581, 0.00287973354731443,
.00290165734133489, 0.00294356774142556, 0.00305431746464114,

[cNcoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo]
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[oNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoloNoNoNoNoNoNoNoNoNoNoNoNoNo

.00142807314680965,
.00142133264209363,
.00133330438715713,
.00133304070781509,
.00133011148807634,
.00124998256666653,
.00124982507210603,
.00124819330564196,
.00122772507871996;
.00117637524921376,
.00117550611047333,
.00116588996983256,
.00111107153532981,
.00111071397803639,
.00110701172424232,
.00105261162892232,
.00105243181158577,
.00105060815541382,

.00318740088788344; 0.00250024882385804, 0.00250049745078393,
.00250124215161053, 0.00250247939627841, 0.00250493924559049,
.0025122030852077, 0.00252393267225762, 0.00254603777605415,
.00260236336428197, 0
.00222249460364612, 0
.00222492178356112, 0O
.00224692658003741, O
.00200007258789285, 0
.00200072169593176, 0
.00200681155082699, 0
.00203612832096266; 0
.00181835725159714, 0
.00181986446354205, 0
.00182881438125047, 0
.00166669207675119, 0
.00166691257836838, 0
.00166835822480996, 0
.00153846054408761, O
.00153845012018689, 0
.00153820477492471, 0O
.00152514199244349; 0
.00142852424563152, 0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0026655593424356; 0.00222235848069695,
.00222290216059238, 0.00222357872330766,
.00222887152831193, 0.00223519655385453,
.00227548830007393, 0.0023039296686364;
.00200014508258874, 0.00200036200840209,
.00200143415322425, 0.0020035169729466,
.00201277258031385, 0.0020261922956013,
.00181821703439595, 0.00181825218577952,
.00181853107073621, 0.00181887389835542,
.00182139265566498, 0.00182401402332969,
.00182849858742558; 0.0016666793946039,
.00166672984892135, 0.00166679189109629,
.00166724787274696, 0.00166772010434241,
.00166812873286004, 0.00166203844048902;
.00153845951685567, 0.00153845623835195,
.0015384354465394, 0.00153837222503799,
.00153765053910512, 0.001534460538146606,
.0014285620398155, 0.00142855262711849,
00142847646666545, 0.0014283791330723,
.00142751797086101, 0.00142624811075033,
.00141028344512266; 0.00133331886909244,
.00133326083537194, 0.0013331878969186,
.00133258880731091, 0.001331802258975006,
.00132422665389017, 0.00131234790632645;
.00124996512008288, 0.00124991270097266,
.00124964883188495, 0.00124911237594876,
.0012462672139215, 0.00123988413227689,
.00117645154049269, 0.00117643248270835,
.00117627966023511, 0.0011760877378041,
.00117451781904419, 0.00117247471993822,
.00115378631688242; 0.0011110913270673,
.00111101211403981, 0.00111091292547076,
.00111011264786176, 0.00110909595498133,
.00110041248132117, 0.00108856745884026;
.00105259167294376, 0.00105253176935347,
.00105223145483156, 0.00105162691347276,
.00104853139690437, 0.00104203499016234,



Gas Properties (G)

.00103056828403983; 0.000999980252515709, 0.000999960500382609,
.000999901216143385, 0.000999802316594989, 0.000999604173050738,
.000999007033534597, 0.00099800307517343, 0.000995964605933906,
.000989643139947452, 0.00097862116221275; 0.00066665347214985,
.000666640277074793, 0.000666600688508808, 0.000666534696481079,
.000666402671244935, 0.000666006273741644, 0.000665344588714039,
.00066401774733083, 0.00066001610662481, 0.000653313601854791;
.000499991591899168, 0.000499983183702468, 0.000499957958539613,
.000499915914707016, 0.00049983182004726, 0.000499579482293665,
.000499158754482985, 0.00049831678545942, 0.000495788736070635,
.000491579671000215] 1/K.

[ocNoNoNoNoNoNoNoNoNoNo]

Parameters

Minimum valid temperature — Perfect gas, semiperfect gas, or real gas
1 K (default)

Lowest temperature allowed in the gas network. The simulation issues an error when
temperature is out of range. For semiperfect or real gas, you have an option to use the
lowest and highest values of the temperature vector as the permissible range of
temperatures, instead of specifying this parameter.

Maximum valid temperature — Perfect gas, semiperfect gas, or real gas
inf K (default)

Highest temperature allowed in the gas network. The simulation issues an error when
temperature is out of range. For semiperfect or real gas, you have an option to use the
lowest and highest values of the temperature vector as the permissible range of
temperatures, instead of specifying this parameter.

Minimum valid pressure — Perfect gas, semiperfect gas, or real gas
le-6 MPa (default)

Lowest pressure allowed in the gas network. The simulation issues an error when
pressure is out of range. For real gas, you have an option to use the lowest and highest
values of the pressure vector as the permissible range of pressures, instead of specifying
this parameter.

Maximum valid pressure — Perfect gas, semiperfect gas, or real gas
inf MPa (default)
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Highest pressure allowed in the gas network. The simulation issues an error when
pressure is out of range. For real gas, you have an option to use the lowest and highest
values of the pressure vector as the permissible range of pressures, instead of specifying
this parameter.

Valid temperature range parameterization — Semiperfect gas
Range of gas property vectors (default) | Specified minimum and maximum
temperatures

Select how the block specifies the permissible range of temperatures:

* Range of gas property vectors — Use the lowest and highest values of the
Temperature vector in the Physical Properties section.

* Specified minimum and maximum temperatures — Use the Minimum valid
temperature and Maximum valid temperature parameter values.

Valid pressure-temperature region parameterization — Real gas
Range of gas property tables (default) | Specified minimum and maximum
values | Validity matrix

Select how the block specifies the permissible pressure-temperature region:

* Range of gas property tables — Use the lowest and highest values of the
Temperature vector and the Pressure vector in the Physical Properties section.

* Specified minimum and maximum values — Use the Minimum valid
temperature, Maximum valid temperature, Minimum valid pressure, and
Maximum valid pressure parameter values.

* Validity matrix — Use the Pressure-temperature validity matrix parameter to
specify valid pressure-temperature pairs.

Pressure-temperature validity matrix — Real gas
ones(24, 10) (default) | matrix

A matrix of validity indicators, where the rows correspond to the Temperature vector
and the columns correspond to the Pressure vector in the Physical Properties section.
Validity indicator is 1 for valid pressure-temperature pairs and 0 for invalid pressure-
temperature pairs.

Dependencies

Enabled when the Valid pressure-temperature region parameterization parameter is
set to Validity matrix.



Gas Properties (G)

Atmospheric pressure — Perfect gas, semiperfect gas, or real gas
0.101325 MPa (default)

Absolute pressure of the environment.

Mach number threshold for flow reversal — Perfect gas, semiperfect gas, or
real gas

0.001 (default)

Mach number below which flow reversal occurs. During flow reversal, the energy flow

rate at the ports smoothly transitions between the upstream value and the downstream
value.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Gear Box

Gear box in mechanical systems
Library: Simscape / Foundation Library / Mechanical /

Mechanisms
85 O

Description

The Gear Box block represents an ideal, nonplanetary, fixed gear ratio gear box. The gear
ratio is determined as the ratio of the input shaft angular velocity to that of the output
shaft.

The gear box is described with the following equations:

ws =N - wp

To=N-Tg

Ps=ws-Ts

Po= —wo-To
where

* wg is input shaft angular velocity.

*  wq is output shaft angular velocity.
* N s gear ratio.

* Tsis torque on the input shaft.

* Ty is torque on the output shaft.

* Pgis power on the input shaft.

* P, is power on the output shaft. Notice the minus sign in computing P,. One of the
network rules is that the power flowing through a conserving port is positive if it is
removed (dissipated) from the circuit, and is negative if the component generates
power into the system.



Gear Box

Connections S and O are mechanical rotational conserving ports associated with the box
input and output shaft, respectively. The block positive directions are from S to the
reference point and from the reference point to O.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

S — Input shaft
mechanical rotational

Mechanical rotational conserving port associated with the input shaft.

0 — Output shaft
mechanical rotational

Mechanical rotational conserving port associated with the output shaft.

Parameters

Gear ratio — Ratio of gear velocities
5 (default)

The ratio of the input shaft angular velocity to that of the output shaft. You can specify
both positive and negative values.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Lever | Slider-Crank | Wheel and Axle

Introduced in R2007a



Gyrator

Gyrator

Ideal gyrator in electrical systems
l1+ oy EL_l
l;b d;l

Library

Electrical Elements

Description

Gyrators can be used to implement an inductor with a capacitor. The main benefit is that
an equivalent inductance can be created with a much smaller physically sized
capacitance. In practice, a gyrator is implemented with an op-amp plus additional passive
components.

The Gyrator block models an ideal gyrator with no losses, described with the following
equations:

IN=G-v2
nR=G-vi
where
V1 Input voltage
V2 Output voltage
I1 Current flowing into the input + terminal
I2 Current flowing out of the output + terminal
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G Gyration conductance

The two electrical networks connected to the primary and secondary windings must each
have their own Electrical Reference block.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Gyration conductance
The gyration conductance constant G. The default value is 1.

Ports

The block has four electrical conserving ports. Polarity is indicated by the + and - signs.
Ports labeled 1+ and 1- are connected to the primary winding. Ports labeled 2+ and 2-
are connected to the secondary winding.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

Introduced in R2008a



Heat Flow Rate Sensor

Heat Flow Rate Sensor

Ideal heat flow meter

Library

Thermal Sensors

Description

The Heat Flow Rate Sensor block represents an ideal heat flow meter, that is, a device
that converts a heat flow passing through the meter into a control signal proportional to
this flow. The meter must be connected in series with the component whose heat flow is
being monitored.

Connections A and B are thermal conserving ports. Port H is a physical signal port that
outputs the heat flow value.

The block positive direction is from port A to port B.

Ports

The block has the following ports:

A
Thermal conserving port associated with the sensor positive probe.

Thermal conserving port associated with the sensor negative probe.

Physical signal output port for heat flow.

1-273



1 Biocks — Alphabetical List

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007b
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Heat Flow Rate Source

Constant source of thermal energy, characterized by heat flow

Library: Simscape / Foundation Library / Thermal / Thermal
Sources m]
:d'_; 1]
Description

The Heat Flow Rate Source block represents an ideal source of thermal energy that is
powerful enough to maintain specified heat flow at its outlet regardless of the
temperature difference across the source.

The source generates constant heat flow rate, defined by the Heat flow rate parameter
value.

Ports

Conserving

A — Source inlet
thermal

Thermal conserving port associated with the source inlet.

B — Source outlet
thermal

Thermal conserving port associated with the source outlet.
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Parameters

Heat flow rate — Heat flow rate through the source
0 W (default)

Constant Heat flow rate through the source. Positive heat flow rate flows from port A to
port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Heat Flow Rate Source

Introduced in R2017b
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Humidity & Trace Gas Sensor (MA)

Measure humidity and trace gas levels in moist air network
Library: Simscape / Foundation Library / Moist Air / Sensors

wis
| ’r-: [

Description

The Humidity & Trace Gas Sensor (MA) block measures the amount of moisture and trace
gas in a moist air network. There is no mass or energy flow through the sensor.

The physical signal ports W and G report the moisture level and trace gas level,
respectively, measured at port A. Connect these ports to PS-Simulink Converter blocks to
transform the output physical signals into Simulink signals, for example, for plotting or
additional data processing.

The sensor measurements correspond to the moisture and trace gas level upstream of the
measured node. For example, if port A of the Humidity & Trace Gas Sensor (MA) is
connected to a node between pipe 1 and pipe 2 and the moist air flows from pipe 1 to pipe
2, then the moisture and trace gas level measured at port A are those of the moist air
volume in pipe 1. If the air flow then switches direction and flows from pipe 2 to pipe 1,
then the moisture and trace gas level measured at port A are those of the moist air
volume in pipe 2. If the moisture and trace gas levels of the two moist air volumes are
different, then the measured values change when the flow direction switches. If there are
two or more upstream flow paths merging at the node, then the moisture and trace gas
level measurement at the node represents the weighted average based on the ideal
mixing of the merging flow.

Ports

Output

W — Moisture level measurement, unitless
physical signal
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Physical signal output port for moisture level measurement. To select the quantity you
want to measure, use the Measured moisture specification parameter.

G — Trace gas level measurement, unitless
physical signal

Physical signal output port for trace gas level measurement. To select the quantity you

want to measure, use the Measured trace gas specification parameter.

Conserving

A — Sensor inlet
moist air

Moist air conserving port. Connect this port to the node in the moist air network where
you want to measure the moisture and trace gas level.

Parameters

Measured moisture specification — Select the moisture property to measure
Relative humidity (default) | Specific humidity |Mole fraction |Humidity
ratio

Select the property to measure:

* Relative humidity — Physical signal port W reports the relative humidity.

* Specific humidity — Physical signal port W reports the specific humidity.

* Mole fraction — Physical signal port W reports the water vapor mole fraction.
* Humidity ratio — Physical signal port W reports the humidity ratio.
Measured trace gas specification — Select the trace gas property to

measure
Mass fraction (default) | Mole fraction

Select the property to measure:

* Mass fraction — Physical signal port G reports the trace gas mass fraction.
* Mole fraction — Physical signal port G reports the trace gas mole fraction.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Measurement Selector (MA) | Pressure & Temperature Sensor (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a

1-279



1 Blocks — Alphabetical List

1-280

Hydraulic Cap

Hydraulic port terminator with zero flow

Library: Simscape / Foundation Library / Hydraulic / Hydraulic
Elements |
Description

The Hydraulic Cap block represents a hydraulic plug, that is, a hydraulic port with zero
flow through it.

You can use this block to terminate hydraulic ports on other blocks that you want to cap.
This is not necessary because if you leave a conserving port unconnected, the physical
network sets all the Through variables at that port to 0. However, terminator blocks
improve diagram readability.

You can also use this block to set the initial gauge pressure at a node.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

P — Zero flow rate
hydraulic

Hydraulic conserving port with zero flow rate.



Hydraulic Cap

Compatibility Considerations
Capping unconnected ports is no longer required
Behavior changed in R2019b

This block is no longer required. Starting in R2019b, the restriction that disallowed
unconnected conserving ports in Simscape models has been lifted. Now, if you leave a
conserving port unconnected, the physical network sets all the Through variables at this
port to 0. However, you can still use terminator blocks to improve diagram readability.

There are no plans to remove the terminator blocks. All existing models that use these
blocks work the same as in previous releases.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Cap (2P) | Cap (G) | Cap (MA) | Cap (TL) | Open Circuit | Perfect Insulator | Rotational
Free End | Translational Free End

Introduced in R2012b
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Hydraulic Constant Flow Rate Source

Ideal source of hydraulic energy, characterized by constant flow rate

o

Library

Hydraulic Sources

Description

The Hydraulic Constant Flow Rate Source block represents an ideal source of hydraulic
energy that is powerful enough to maintain specified flow rate at its outlet regardless of
the pressure differential across the source. The Source flow rate parameter specifies the
flow rate through the source.

Block connections T and P correspond to the hydraulic inlet and outlet ports, respectively.
The block positive direction is from port T to port P.

Parameters

Source flow rate
Specifies the flow rate through the source. The default value is 0.001 m”™3/s.

Ports

The block has the following ports:



Hydraulic Constant Flow Rate Source

Hydraulic conserving port associated with the source inlet.

Hydraulic conserving port associated with the source outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Flow Rate Sensor | Hydraulic Flow Rate Source

Introduced in R2011a
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Hydraulic Constant Mass Flow Rate Source

Ideal source of mechanical energy in hydraulic network, characterized by constant mass
flow rate

o

Library

Hydraulic Sources

Description

The Hydraulic Constant Mass Flow Rate Source block represents an ideal mechanical
energy source in a hydraulic network that can maintain a constant mass flow rate
regardless of the pressure differential across the source. The source does not generate
any losses due to friction. The Mass flow rate parameter specifies the mass flow rate
through the source.

Block connections T and P correspond to the hydraulic inlet and outlet ports, respectively.
A positive mass flow rate causes liquid to flow from port T to port P.

Parameters

Mass flow rate
Specifies the mass flow rate through the source. The default value is 0.001 kg/s.

Ports

The block has the following ports:



Hydraulic Constant Mass Flow Rate Source

Hydraulic conserving port associated with the source inlet.

Hydraulic conserving port associated with the source outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Mass Flow Rate Source

Introduced in R2016b
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Hydraulic Constant Pressure Source

Ideal source of hydraulic energy, characterized by constant pressure

o

Library

Hydraulic Sources

Description

The Hydraulic Constant Pressure Source block represents an ideal source of hydraulic
energy that is powerful enough to maintain the specified pressure differential between its
inlet and outlet regardless of the flow rate through the source.
The Pressure parameter specifies the pressure differential across the source

P=PpPp—Pr
where pp, pr are the gauge pressures at the source ports.

Block connections T and P correspond to the hydraulic inlet and outlet ports, respectively.
The block positive direction is from port P to port T.

Parameters

Pressure

Specifies the pressure difference between the source inlet and outlet. The default
value is 1e6 Pa.



Hydraulic Constant Pressure Source

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the source inlet.

Hydraulic conserving port associated with the source outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Pressure Sensor | Hydraulic Pressure Source

Introduced in R2011a
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Hydraulic Flow Rate Sensor

Ideal flow meter

(W] =g
a A =
L=

Library

Hydraulic Sensors

Description

The Hydraulic Flow Rate Sensor block represents an ideal flow meter, that is, a device
that converts volumetric flow rate through a hydraulic line into a control signal
proportional to this flow rate. Connection Q is a physical signal port that outputs the
volumetric flow rate value. Connection M is a physical signal port that outputs the mass
flow rate value. The sensor is ideal because it does not account for inertia, friction,
delays, pressure loss, and so on.

Connections A and B are conserving hydraulic ports connecting the sensor to the

hydraulic line. The sensor positive direction is from A to B. This means that the flow rate
is positive if it flows from A to B.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the sensor positive probe.

Hydraulic conserving port associated with the sensor negative (reference) probe.



Hydraulic Flow Rate Sensor

Physical signal port that outputs the volumetric flow rate value.

Physical signal port that outputs the mass flow rate value.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Constant Flow Rate Source | Hydraulic Flow Rate Source | PS-Simulink
Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2009b
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Hydraulic Flow Rate Source

Ideal source of hydraulic energy, characterized by flow rate

a
[+ B

F

L
A "

Library

Hydraulic Sources

Description

The Hydraulic Flow Rate Source block represents an ideal source of hydraulic energy that
is powerful enough to maintain specified flow rate at its outlet regardless of the pressure
differential across the source. Block connections T and P correspond to the hydraulic inlet
and outlet ports, respectively, and connection S represents a control signal port. The flow
rate through the source is directly proportional to the signal at the control port S. The
entire variety of Simulink signal sources can be used to generate desired flow rate
variation profile.

The block positive direction is from port T to port P. This means that the flow rate is
positive if it flows from T to P. The pressure differential is determined as p = pp — pr and

is negative if pressure at the source outlet is greater than pressure at its inlet. The power
generated by the source is negative if the source delivers energy to port P.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the source inlet.



Hydraulic Flow Rate Source

Hydraulic conserving port associated with the source outlet.

Control signal port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Constant Flow Rate Source | Hydraulic Flow Rate Sensor

Introduced in R2009b
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Hydraulic Mass Flow Rate Source

Ideal source of mechanical energy in hydraulic network, characterized by mass flow rate

a
[+ B

F

AT

Library

Hydraulic Sources

Description

The Hydraulic Mass Flow Rate Source block represents an ideal mechanical energy
source in a hydraulic network that can maintain a specified mass flow rate regardless of
the pressure differential across the source. The source does not generate any losses due
to friction. Block connections T and P correspond to the hydraulic inlet and outlet ports,
respectively. The mass flow rate through the source is directly proportional to the signal
at the control port M.

A positive mass flow rate causes liquid to flow from port T to port P.

Ports

The block has the following ports:

T
Hydraulic conserving port associated with the source inlet.

Hydraulic conserving port associated with the source outlet.

Control signal port.
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Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Constant Mass Flow Rate Source

Introduced in R2016b
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Hydraulic Piston Chamber

Variable volume hydraulic capacity in cylinders

V e
o <

Library

Hydraulic Elements

Description

Note Starting in Release R20144, you can specify fluid compressibility directly in the
hydro-mechanical converter blocks. MathWorks recommends that, instead of using the
Hydraulic Piston Chamber block connected to a converter, you use the Compressibility
parameter in the converter block dialog box, because the new method provides more
accurate results and also because the Hydraulic Piston Chamber block may be removed in
a future release. For more information, see the R2014a Release Notes.

The Hydraulic Piston Chamber block models fluid compressibility in a chamber created by
a piston of a cylinder. The fluid is considered to be a mixture of liquid and a small amount
of entrained, nondissolved gas. Use this block together with the Translational Hydro-
Mechanical Converter block. The Hydraulic Piston Chamber block takes into account only
the flow rate caused by fluid compressibility. The fluid volume consumed to create piston
velocity is accounted for in the Translational Hydro-Mechanical Converter block.

The chamber is simulated according to the following equations (see [1 on page 1-298, 2
on page 1-298]):

_ V0+A(X0+X‘Or‘)'dp
a E dt




Hydraulic Piston Chamber

1/n
1+ (0]
E=FE Pa+P
! pé/ n
1+a P Ej
n-(pg+p) n
where
q Flow rate due to fluid compressibility
Vi Dead volume
A Effective piston area
Xo Piston initial position
X Piston displacement from initial position
or Chamber orientation with respect to the globally assigned positive direction. If
displacement in positive direction increases the volume of the chamber, or
equals 1. If displacement in positive direction decreases the volume of the
chamber, or equals -1.
E Fluid bulk modulus
E, Pure liquid bulk modulus
p Gauge pressure of fluid in the chamber
Pq Atmospheric pressure
a Relative gas content at atmospheric pressure, a = Vg/V}.
Vs Gas volume at atmospheric pressure
4 Volume of liquid
n Gas-specific heat ratio

The main objective of representing fluid as a mixture of liquid and gas is to introduce an
approximate model of cavitation, which takes place in a chamber if pressure drops below
fluid vapor saturation level. As it is seen in the graph below, the bulk modulus of a
mixture decreases as the gauge pressure approaches zero, thus considerably slowing
down further pressure change. At gauge pressures far above zero, a small amount of
undissolved gas has practically no effect on the system behavior.
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x 10° Bulk modulus vs. pressure at different air contents
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Cavitation is an inherently thermodynamic process, requiring consideration of multiple-
phase fluids, heat transfers, etc., and as such cannot be accurately simulated with
Simscape software. But the simplified version implemented in the block is good enough to
signal if pressure falls below dangerous level, and to prevent computation failure that
normally occurs at negative pressures.

If pressure falls below absolute vacuum (-101325 Pa), the simulation stops and an error
message is displayed.

Port A is a hydraulic conserving port associated with the chamber inlet. Port P is a
physical signal port that controls piston displacement.

The block positive direction is from port A to the reference point. This means that the flow
rate is positive if it flows into the chamber.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.



Hydraulic Piston Chamber

Basic Assumptions and Limitations

* Fluid density remains constant.
e Chamber volume cannot be less than the dead volume.
* Fluid fills the entire chamber volume.

Parameters

Piston area

Effective piston area. The default value is 5e-4 m”™2.
Piston initial position

Initial offset of the piston from the cylinder cap. The default value is 0.
Chamber orientation

Specifies chamber orientation with respect to the globally assigned positive direction.
The chamber can be installed in two different ways, depending upon whether the
piston motion in the positive direction increases or decreases the volume of the
chamber. If piston motion in the positive direction decreases the chamber volume, set
the parameter to Positive displacement decreases volume. The default value
is Positive displacement increases volume.

Chamber dead volume

Volume of fluid in the chamber at zero piston position. The default value is 1e-4 m” 3.
Specific heat ratio

Gas-specific heat ratio. The default value is 1.4.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

¢ Chamber orientation

All other block parameters are available for modification.
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Global Parameters

Parameters determined by the type of working fluid:

* Fluid density
* Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:
A

Hydraulic conserving port associated with the chamber inlet.

Physical signal port that controls piston displacement.

References

[1] Manring, N.D., Hydraulic Control Systems, John Wiley & Sons, New York, 2005

[2] Meritt, H.E., Hydraulic Control Systems, John Wiley & Sons, New York, 1967

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Hydraulic Piston Chamber

See Also
Constant Volume Hydraulic Chamber | Rotational Hydro-Mechanical Converter |
Translational Hydro-Mechanical Converter | Variable Hydraulic Chamber

Introduced in R2009b
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Hydraulic Pressure Sensor

Ideal pressure sensing device

Bm
PE

Ay

Library

Hydraulic Sensors

Description

The Hydraulic Pressure Sensor block represents an ideal hydraulic pressure sensor, that
is, a device that converts hydraulic pressure differential measured between two points
into a control signal proportional to this pressure. The sensor is ideal because it does not
account for inertia, friction, delays, pressure loss, and so on.

Connections A and B are conserving hydraulic ports connecting the sensor to the
hydraulic line. Connection P is a physical signal port that outputs the pressure value. The
sensor positive direction is from A to B. This means that the pressure differential is
determined as p = ps — pg.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the sensor positive probe.

Hydraulic conserving port associated with the sensor negative (reference) probe.

Physical signal port that outputs the pressure value.



Hydraulic Pressure Sensor

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Constant Pressure Source | Hydraulic Pressure Source | PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2009b
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Hydraulic Pressure Source

Ideal source of hydraulic energy, characterized by pressure

]
3

F

o
i L}

Library

Hydraulic Sources

Description

The Hydraulic Pressure Source block represents an ideal source of hydraulic energy that
is powerful enough to maintain specified pressure at its outlet regardless of the flow rate
consumed by the system. Block connections T and P correspond to the hydraulic inlet and
outlet ports, respectively, and connection S represents a control signal port. The pressure
differential across the source

p=pp—pr

where pp, pr are the gauge pressures at the source ports, is directly proportional to the
signal at the control port S. The entire variety of Simulink signal sources can be used to
generate desired pressure variation profile.

The block positive direction is from port P to port T. This means that the flow rate is

positive if it flows from P to T. The power generated by the source is negative if the source
delivers energy to port P.

Ports

The block has the following ports:



Hydraulic Pressure Source

T
Hydraulic conserving port associated with the source inlet.
P
Hydraulic conserving port associated with the source outlet.
S

Control signal port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Hydraulic Constant Pressure Source | Hydraulic Pressure Sensor

Introduced in R2009b
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Hydraulic Reference

Connection to atmospheric pressure

Library

Hydraulic Elements

Description

The Hydraulic Reference block represents a connection to atmospheric pressure.
Hydraulic conserving ports of all the blocks that are referenced to atmosphere (for
example, suction ports of hydraulic pumps, or return ports of valves, cylinders, pipelines,
if they are considered directly connected to atmosphere) must be connected to a
Hydraulic Reference block.

Ports

The block has one hydraulic conserving port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Hydraulic Reference

See Also

Topics
“Grounding Rules”

Introduced in R2007a
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Hydraulic Resistive Tube

Hydraulic pipeline which accounts for friction losses only

A B

Library

Hydraulic Elements

Description

The Hydraulic Resistive Tube block models hydraulic pipelines with circular and
noncircular cross sections and accounts for resistive property only. In other words, the
block is developed with the basic assumption of the steady state fluid momentum
conditions. Neither fluid compressibility nor fluid inertia is considered in the model,
meaning that features such as water hammer cannot be investigated. If necessary, you
can add fluid compressibility, fluid inertia, and other effects to your model using other
blocks, thus producing a more comprehensive model.

The end effects are also not considered, assuming that the flow is fully developed along
the entire pipe length. To account for local resistances, such as bends, fittings, inlet and
outlet losses, and so on, all the resistances are converted into their equivalent lengths,
and then the total length of all the resistances is added to the pipe geometrical length.

Pressure loss due to friction is computed with the Darcy equation, in which losses are
proportional to the flow regime-dependable friction factor and the square of the flow rate.
The friction factor in turbulent regime is determined with the Haaland approximation (see
[1] on page 1-310). The friction factor during transition from laminar to turbulent regimes
is determined with the linear interpolation between extreme points of the regimes. As a
result of these assumptions, the tube is simulated according to the following equations:

_(LtLeg) p .
P=/"Dg .20 |4



Hydraulic Resistive Tube

(Ks/Re for Re < = Rey,
frL+ R};; }};Le (Re — Rey) for Re; < Re < Rer
1 for Re > = Reg
r/Dg\1-11
[ 1810g10 +( 77 ) ))
q Dy
A-v
where
p Pressure loss along the pipe due to friction
q Flow rate through the pipe
Re Reynolds number
Rey, Maximum Reynolds number at laminar flow
Rer Minimum Reynolds number at turbulent flow
K, Shape factor that characterizes the pipe cross section
fi Friction factor at laminar border
fr Friction factor at turbulent border
A Pipe cross-sectional area
Dy Pipe hydraulic diameter
L Pipe geometrical length
Leog Aggregate equivalent length of local resistances
r Height of the roughness on the pipe internal surface
v Fluid kinematic viscosity

The block positive direction is from port A to port B. This means that the flow rate is
positive if it flows from A to B, and the pressure loss is determined as p = p4 — pg.
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Basic Assumptions and Limitations

* Flow is assumed to be fully developed along the pipe length.
* Fluid inertia, fluid compressibility, and wall compliance are not taken into account.

Parameters

Tube cross section type

The type of tube cross section: Circular or Noncircular. For a circular tube, you
specify its internal diameter. For a noncircular tube, you specify its hydraulic
diameter and tube cross-sectional area. The default value of the parameter is
Circular.

Tube internal diameter

Tube internal diameter. The parameter is used if Tube cross section type is set to
Circular. The default value is .01 m.

Noncircular tube cross-sectional area

Tube cross-sectional area. The parameter is used if Tube cross section type is set to
Noncircular. The default value is 1e-4 m”™2.

Noncircular tube hydraulic diameter

Hydraulic diameter of the tube cross section. The parameter is used if Tube cross
section type is set to Noncircular. The default value is 0.0112 m.

Geometrical shape factor

Used for computing friction factor at laminar flow. The shape of the tube cross section
determines the value. For a tube with a noncircular cross section, set the factor to an
appropriate value, for example, 56 for a square, 96 for concentric annulus, 62 for
rectangle (2:1), and so on [1 on page 1-310]. The default value is 64, which
corresponds to a tube with a circular cross section.



Hydraulic Resistive Tube

Tube length
Tube geometrical length. The default value is 5 m.
Aggregate equivalent length of local resistances

This parameter represents total equivalent length of all local resistances associated
with the tube. You can account for the pressure loss caused by local resistances, such
as bends, fittings, armature, inlet/outlet losses, and so on, by adding to the pipe
geometrical length an aggregate equivalent length of all the local resistances. The
default value is 1 m.

Internal surface roughness height

Roughness height on the tube internal surface. The parameter is typically provided in
data sheets or manufacturer’s catalogs. The default value is 1.5e-5 m, which
corresponds to drawn tubing.

Laminar flow upper margin

Specifies the Reynolds number at which the laminar flow regime is assumed to start
converting into turbulent. Mathematically, this is the maximum Reynolds number at
fully developed laminar flow. The default value is 2000.

Turbulent flow lower margin
Specifies the Reynolds number at which the turbulent flow regime is assumed to be
fully developed. Mathematically, this is the minimum Reynolds number at turbulent
flow. The default value is 4000.

Restricted Parameters

When your model is in Restricted editing mode, you cannot modify the following
parameter:

* Tube cross section type

All other block parameters are available for modification. The actual set of modifiable
block parameters depends on the value of the Tube cross section type parameter at the
time the model entered Restricted mode.

Global Parameters

Parameters determined by the type of working fluid:

1-309



1 Biocks — Alphabetical List

* Fluid density
* Fluid kinematic viscosity

Use the Hydraulic Fluid block or the Custom Hydraulic Fluid block to specify the fluid
properties.

Ports

The block has the following ports:

A
Hydraulic conserving port associated with the tube inlet.

Hydraulic conserving port associated with the tube outlet.

References

[1] White, EM., Viscous Fluid Flow, McGraw-Hill, 1991

See Also

Linear Hydraulic Resistance

Introduced in R2009b
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Ideal Angular Velocity Source

Ideal angular velocity source in mechanical rotational systems

Library: Simscape / Foundation Library / Mechanical /
Mechanical Sources l
s L
ﬂ, a
Description

The Ideal Angular Velocity Source block represents an ideal source of angular velocity
that generates velocity differential at its terminals proportional to the input physical
signal. The source is ideal in a sense that it is assumed to be powerful enough to maintain
specified velocity regardless of the torque exerted on the system.

Connections R and C are mechanical rotational conserving ports. Port S is a physical
signal port, through which the control signal that drives the source is applied. The
relative velocity (velocity differential) across the source is directly proportional to the
signal at the control port S. The entire variety of Simulink signal sources can be used to
generate the desired velocity variation profile.

The block positive direction is from port R to port C. This means that the velocity is
measured as w = wg - wc, where wg, we are the absolute angular velocities at ports R and
C, respectively, and torque through the source is positive if it is directed from R to C. The
power generated by the source is negative if the source delivers energy to port R.

Ports

Input

S — Control signal, rad/s
physical signal

Physical signal input port, through which the control signal that drives the source is
applied.
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Conserving

R — Rod
mechanical rotational

Mechanical rotational conserving port associated with the source moving part (rod).

C — Case
mechanical rotational

Mechanical rotational conserving port associated with the source reference point (case).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Rotational Motion Sensor

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Force Sensor

Force sensor in mechanical translational systems
Library: Simscape / Foundation Library / Mechanical /

Mechanical Sensors u' 'DVJE_}‘-L“
=

Description

The Ideal Force Sensor block represents a device that converts a variable passing through
the sensor into a control signal proportional to the force. The sensor is ideal since it does
not account for inertia, friction, delays, energy consumption, and so on.

Connections R and C are mechanical translational conserving ports that connect the block
to the line where force is being monitored. Connection F is a physical signal port that
outputs the measurement result.

The block positive direction is from port R to port C. This means that positive force
applied to port R (the sensor positive probe) generates a positive output signal.

Ports

Output

F — Force, N
physical signal

Physical signal output port for force.

Conserving

R — Rod (positive probe)
mechanical translational

Mechanical translational conserving port associated with the sensor positive probe.
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C — Case (reference probe)
mechanical translational

Mechanical translational conserving port associated with the sensor negative (reference)
probe.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Force Source | PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Force Source

Ideal source of mechanical energy that generates force proportional to the input signal
Library: Simscape / Foundation Library / Mechanical /
Mechanical Sources 0

my
L

Description

The Ideal Force Source block represents an ideal source of mechanical energy that
generates force proportional to the input physical signal. The source is ideal in a sense
that it is assumed to be powerful enough to maintain specified force at its output
regardless of the velocity at source terminals.

Connections R and C are mechanical translational conserving ports. Port S is a physical
signal port, through which the control signal that drives the source is applied. You can
use the entire variety of Simulink signal sources to generate the desired force variation
profile. Positive signal at port S generates force acting from C to R. The force generated
by the source is directly proportional to the signal at the control port S.

The block positive direction is from port C to port R. This means that the force is positive
if it acts in the direction from C to R. The relative velocity is determined as v = v - vy,
where vg, v are the absolute velocities at ports R and C, respectively, and it is negative if

velocity at port R is greater than that at port C. The power generated by the source is
negative if the source delivers energy to port R.

Ports
Input

S — Control signal, N
physical signal
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Physical signal input port, through which the control signal that drives the source is
applied.
Conserving

R — Rod
mechanical translational

Mechanical translational conserving port associated with the source moving part (rod).

C — Case
mechanical translational

Mechanical translational conserving port associated with the source reference point
(case).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Force Sensor | Simulink-PS Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Rotational Motion Sensor

Motion sensor in mechanical rotational systems
Library: Simscape / Foundation Library / Mechanical /

Mechanical Sensors
LiEs W

AL

Description

The Ideal Rotational Motion Sensor block represents an ideal mechanical rotational
motion sensor, that is, a device that converts an across variable measured between two
mechanical rotational nodes into a control signal proportional to angular velocity or
angle. You can specify the initial angular position (offset) as a block parameter.

The sensor is ideal since it does not account for inertia, friction, delays, energy
consumption, and so on.

Connections R and C are mechanical rotational conserving ports that connect the block to
the nodes whose motion is being monitored. Connections W and A are physical signal
output ports for velocity and angular displacement, respectively.

The block positive direction is from port R to port C. This means that the velocity is

measured as w = wg - wc, where wg, wc are the absolute angular velocities at ports R and
C, respectively.

Ports

Output

W — Angular velocity, rad/s
physical signal

Physical signal output port for angular velocity.
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A — Angular displacement, rad
physical signal

Physical signal output port for angular displacement.

Conserving

R — Rod (positive probe)
mechanical rotational

Mechanical rotational conserving port associated with the sensor positive probe.

C — Case (reference probe)
mechanical rotational

Mechanical rotational conserving port associated with the sensor negative (reference)
probe.

Parameters

Initial angle — Sensor initial offset
0 rad (default)

Sensor initial angular position (offset).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Angular Velocity Source | PS-Simulink Converter



Ideal Rotational Motion Sensor

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Torque Sensor

Torque sensor in mechanical rotational systems

Library: Simscape / Foundation Library / Mechanical /
Mechanical Sensors I, [
TE>
Description

The Ideal Torque Sensor block represents a device that converts a variable passing
through the sensor into a control signal proportional to the torque. The sensor is ideal
because it does not account for inertia, friction, delays, energy consumption, and so on.

Connections R and C are mechanical rotational conserving ports that connect the block to
the line where torque is being monitored. Connection T is a physical signal port that
outputs the measurement result.

The block positive direction is from port R to port C.

Ports

Output

T — Torque, N*m
physical signal

Physical signal output port for torque.

Conserving

R — Rod (positive probe)
mechanical rotational

Mechanical rotational conserving port associated with the sensor positive probe.



Ideal Torque Sensor

C — Case (reference probe)
mechanical rotational

Mechanical rotational conserving port associated with the sensor negative (reference)
probe.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Torque Source | PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a

1-321



1 Biocks — Alphabetical List

1-322

Ideal Torque Source

Ideal source of mechanical energy that generates torque proportional to the input signal

Library: Simscape / Foundation Library / Mechanical /
Mechanical Sources el
my
A S
Description

The Ideal Torque Source block represents an ideal source of mechanical energy that
generates torque proportional to the input physical signal. The source is ideal in a sense
that it is assumed to be powerful enough to maintain specified torque regardless of the
angular velocity at source terminals.

Connections R and C are mechanical rotational conserving ports. Port S is a physical
signal port, through which the control signal that drives the source is applied. You can
use the entire variety of Simulink signal sources to generate the desired torque variation
profile. Positive signal at port S generates torque acting from C to R. The torque
generated by the source is directly proportional to the signal at the control port S.

The block positive direction is from port C to port R. This means that the torque is
positive if it acts in the direction from C to R. The relative velocity is determined as w =
wg - wc, Where wg, wc are the absolute angular velocities at ports R and C, respectively,
and it is negative if velocity at port R is greater than that at port C. The power generated
by the source is negative if the source delivers energy to port R.

Ports

Input

S — Control signal, N*m
physical signal



Ideal Torque Source

Physical signal input port, through which the control signal that drives the source is
applied.

Conserving

R — Rod
mechanical rotational

Mechanical rotational conserving port associated with the source moving part (rod).

C — Case
mechanical rotational

Mechanical rotational conserving port associated with the source reference point (case).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Torque Sensor | Simulink-PS Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Transformer

Ideal transformer in electrical systems

AL

Library

Electrical Elements

Description

The Ideal Transformer block models an ideal power-conserving transformer, described
with the following equations:

Vi=N-V2
I2=N-I1
where
V1 Primary voltage
V2 Secondary voltage
I1 Current flowing into the primary + terminal
I2 Current flowing out of the secondary + terminal
N Winding ratio

This block can be used to represent either an AC transformer or a solid-state DC to DC
converter. To model a transformer with inductance and mutual inductance terms, use the

Mutual Inductor block.




Ideal Transformer

The two electrical networks connected to the primary and secondary windings must each
have their own Electrical Reference block.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Winding ratio

Winding ratio of the transformer, or ratio of primary coil turns to secondary coil turns.
The default value is 1.

Ports

The block has four electrical conserving ports. Polarity is indicated by the + and - signs.
Ports labeled 1+ and 1- are connected to the primary winding. Ports labeled 2+ and 2-
are connected to the secondary winding.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Mutual Inductor

Introduced in R2007a
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Ideal Translational Motion Sensor

Motion sensor in mechanical translational systems

Library: Simscape / Foundation Library / Mechanical / _
Mechanical Sensors HWH
o = I}
o e
Description

The Ideal Translational Motion Sensor block represents a device that converts an across
variable measured between two mechanical translational nodes into a control signal
proportional to velocity or position. You can specify the initial position (offset) as a block
parameter.

The sensor is ideal since it does not account for inertia, friction, delays, energy
consumption, and so on.

Connections R and C are mechanical translational conserving ports that connect the block
to the nodes whose motion is being monitored. Connections V and P are physical signal
output ports for velocity and position, respectively.

The block positive direction is from port R to port C. This means that the velocity is

measured as v = vy - Ve, Where vy, V¢ are the absolute velocities at ports R and C,
respectively.

Ports

Output

V — Velocity, m/s
physical signal

Physical signal output port for velocity.



Ideal Translational Motion Sensor

P — Position, m
physical signal

Physical signal output port for position.

Conserving

R — Rod (positive probe)
mechanical translational

Mechanical translational conserving port associated with the sensor positive probe.

C — Case (reference probe)
mechanical translational

Mechanical translational conserving port associated with the sensor negative (reference)
probe.

Parameters

Initial position — Sensor initial offset
0 m (default)

Sensor initial position (offset).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Translational Velocity Source | PS-Simulink Converter
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Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Ideal Translational Velocity Source

Ideal velocity source in mechanical translational systems
Library: Simscape / Foundation Library / Mechanical /
Mechanical Sources :

Description

The Ideal Translational Velocity Source block represents an ideal source of velocity that
generates velocity differential at its terminals proportional to the input physical signal.
The source is ideal in a sense that it is assumed to be powerful enough to maintain
specified velocity regardless of the force exerted on the system.

Connections R and C are mechanical translational conserving ports. Port S is a physical
signal port, through which the control signal that drives the source is applied. The
relative velocity (velocity differential) across the source is directly proportional to the
signal at the control port S. The entire variety of Simulink signal sources can be used to
generate the desired velocity variation profile.

The block positive direction is from port R to port C. This means that the velocity is
measured as v = vy - Ve, Where vy, v¢ are the absolute velocities at ports R and C,
respectively, and force through the source is negative if it is acts from C to R. The power
generated by the source is negative if the source delivers energy to port R.

Ports

Input

S — Control signal, m/s
physical signal

Physical signal input port, through which the control signal that drives the source is
applied.

1-329



1 Biocks — Alphabetical List

Conserving

R — Rod
mechanical translational

Mechanical translational conserving port associated with the source moving part (rod).

C — Case
mechanical translational

Mechanical translational conserving port associated with the source reference point
(case).

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Translational Motion Sensor | Simulink-PS Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2007a
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Inductor

Linear inductor in electrical systems

b= g

Library

Electrical Elements

Description
The Inductor block models a linear inductor, described with the following equation:
_.dl
V= L%
where
I Current
"4 Voltage
L Inductance
t Time

The Series resistance and Parallel conductance parameters represent small parasitic
effects. The series resistance can be used to represent the DC winding resistance or the
resistance due to the skin effect. Simulation of some circuits may require the presence of
a small parallel conductance. For more information, see “Modeling Best Practices”.

Connections + and - are conserving electrical ports corresponding to the positive and
negative terminals of the inductor, respectively. The current is positive if it flows from
positive to negative, and the voltage across the inductor is equal to the difference
between the voltage at the positive and the negative terminal, V(+) - V(-).
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Inductance
Inductance, in henries. The default value is 1 pH.
Series resistance

Represents small parasitic effects. The series resistance can be used to represent the
DC winding resistance. The default value is 0.

Parallel conductance

Represents small parasitic effects. The parallel conductance across the inductor can
be used to model insulation conductance. Simulation of some circuits may require the
presence of a small parallel conductance. The default value is 1e-9 1/Q.

Ports

The block has the following ports:

+

Electrical conserving port associated with the inductor positive terminal.

Electrical conserving port associated with the inductor negative terminal.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Inductor

Introduced in R2007a
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Inertia

Ideal mechanical rotational inertia

Library

Mechanical Rotational Elements

Description

The Inertia block represents an ideal mechanical rotational inertia, described with the
following equation:

_ dw
T=Jrar
where
T Inertia torque
J Inertia
() Angular velocity
t Time

The block has one mechanical rotational conserving port. The block positive direction is
from its port to the reference point. This means that the inertia torque is positive if inertia
is accelerated in positive direction.
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Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Inertia
Inertia. The default value is 0.001 kg*m™ 2.

Ports

The block has one mechanical rotational conserving port, associated with the inertia
connection to the system.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Mass

Introduced in R2007a
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Infinite Flow Resistance (2P)

Perfectly insulated barrier between two-phase fluid networks

Library

Two-Phase Fluid/Elements

Description

The Infinite Flow Resistance (2P) block represents a perfectly insulated barrier between
otherwise distinct two-phase fluid networks. The block joins the networks, enabling you to
specify their fluid properties using a single Two-Phase Fluid Properties (2P) block. No
fluid flow or heat transfer occur across the barrier.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

The block has a pair of two-phase fluid conserving ports, A and B, representing branches
of adjacent two-phase fluid networks.



Infinite Flow Resistance (2P)

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Infinite Thermal Resistance | Infinite Flow Resistance (TL) | Infinite Hydraulic Resistance
| Infinite Pneumatic Resistance | Infinite Resistance

Introduced in R2015b
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Infinite Flow Resistance (G)

Perfectly insulated barrier between gas networks
Library: Simscape / Foundation Library / Gas / Elements

Description

The Infinite Flow Resistance (G) block represents a perfectly insulated barrier between
two connected gas networks. There is no mass or energy flow through the barrier.
However, gas properties are still shared between the connected gas networks.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Gas Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
gas

Gas conserving port where the mass flow rate and energy flow rate are both equal to
ZEro.

B — Mass flow rate and energy flow rate are zero
gas

Gas conserving port where the mass flow rate and energy flow rate are both equal to
ZETo0.



Infinite Flow Resistance (G)

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Infinite Flow Resistance (MA) | Infinite Flow Resistance (2P) | Infinite Flow Resistance
(TL) | Infinite Hydraulic Resistance | Infinite Resistance | Infinite Thermal Resistance

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Infinite Flow Resistance (MA)

Perfectly insulated barrier between moist air networks
Library: Simscape / Foundation Library / Moist Air / Elements

gl y

Description

The Infinite Flow Resistance (MA) block represents a perfectly insulated barrier between
two connected moist air networks. There is no mass or energy flow through the barrier.
However, moist air properties are still shared between the connected networks.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”
and “Initial Conditions for Blocks with Finite Moist Air Volume”.

Ports

Conserving

A — Mass flow rate and energy flow rate are zero
moist air

Moist air conserving port where the mass flow rate and energy flow rate are both equal to
zero.

B — Mass flow rate and energy flow rate are zero
moist air

Moist air conserving port where the mass flow rate and energy flow rate are both equal to
zero.



Infinite Flow Resistance (MA)

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Infinite Flow Resistance (2P) | Infinite Flow Resistance (G) | Infinite Flow Resistance (TL)
| Infinite Hydraulic Resistance | Infinite Resistance | Infinite Thermal Resistance

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Infinite Flow Resistance (TL)

Perfectly insulated barrier between thermal liquid networks

Library: Simscape / Foundation Library / Thermal Liquid /
Elements Py By
Description

The Infinite Flow Resistance (TL) block represents a perfectly insulated barrier between
two connected thermal liquid networks. There is no fluid or heat flow through the barrier.
However, fluid properties are still shared between the connected thermal liquid networks.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Flow rate is zero
thermal liquid

Thermal liquid conserving port with no fluid or heat flow.

B — Flow rate is zero
thermal liquid

Thermal liquid conserving port with no fluid or heat flow.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Infinite Flow Resistance (MA) | Infinite Flow Resistance (2P) | Infinite Flow Resistance (G)
| Infinite Hydraulic Resistance | Infinite Resistance | Infinite Thermal Resistance

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2014b
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Infinite Hydraulic Resistance

Hydraulic element for setting initial pressure difference between two nodes

) H

Library

Hydraulic Elements

Description

The Infinite Hydraulic Resistance block represents an infinite resistance, with no fluid
flow through it. Use this block to set the initial pressure difference between two hydraulic
nodes without affecting model equations.

The Variables tab lets you set the priority and initial target value for the Pressure

difference variable prior to simulation. For more information, see “Set Priority and Initial
Target for Block Variables”.

Ports

The block has two hydraulic conserving ports.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Infinite Hydraulic Resistance

See Also

Infinite Flow Resistance (MA) | Infinite Flow Resistance (2P) | Infinite Flow Resistance (G)
| Infinite Flow Resistance (TL) | Infinite Resistance | Infinite Thermal Resistance

Introduced in R2014b
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Infinite Pneumatic Resistance

Pneumatic element for setting initial pressure and temperature difference between two
nodes

o

Library

None (example custom library)

Description

Note As of Release R2016b, the Gas block library replaces the Pneumatic library as the
recommended way of modeling pneumatic systems. The former Pneumatic library is now
included in the product installation as an example custom library. The pneumatic domain
definition is still provided with the software, and all the pneumatic blocks in your legacy
models continue to work as before. However, these blocks no longer receive full
production support and can be removed in a future release. For more information, see the
R2016b Release Notes.

The Infinite Pneumatic Resistance block represents an infinite resistance, with no gas or
heat flow through it. Use this block to set the initial pressure and temperature difference
between two pneumatic nodes without affecting model equations.

The Variables tab lets you set the priority and initial target value for the Pressure
difference and Temperature difference variables prior to simulation. For more
information, see “Set Priority and Initial Target for Block Variables”.

Ports

The block has two pneumatic conserving ports.



Infinite Pneumatic Resistance

See Also
Infinite Thermal Resistance | Infinite Flow Resistance (TL) | Infinite Hydraulic Resistance
| Infinite Resistance

Introduced in R2014b
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Infinite Resistance

Electrical element for setting initial voltage difference between two nodes

Library

Electrical Elements

Description

The Infinite Resistance block represents an infinite electrical resistance that draws no
current. Use this block to set the initial voltage difference between two electrical nodes
without affecting model equations.

The Variables tab lets you set the priority and initial target value for the Voltage
difference variable prior to simulation. For more information, see “Set Priority and Initial
Target for Block Variables”.

Ports

The block has two electrical conserving ports.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Infinite Resistance

See Also

Infinite Flow Resistance (MA) | Infinite Flow Resistance (2P) | Infinite Flow Resistance (G)
| Infinite Flow Resistance (TL) | Infinite Hydraulic Resistance | Infinite Thermal
Resistance

Introduced in R2014b
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Infinite Thermal Resistance

Thermal element for setting initial temperature difference between two nodes

Library

Thermal Elements

Description

The Infinite Thermal Resistance block represents an infinite resistance, with no heat flow
through it. Use this block to set the initial temperature difference between two thermal
nodes without affecting model equations.

The Variables tab lets you set the priority and initial target value for the Temperature

difference variable prior to simulation. For more information, see “Set Priority and Initial
Target for Block Variables”.

Ports

The block has two thermal conserving ports.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Infinite Thermal Resistance

See Also

Infinite Flow Resistance (MA) | Infinite Flow Resistance (2P) | Infinite Flow Resistance (G)
| Infinite Flow Resistance (TL) | Infinite Hydraulic Resistance | Infinite Resistance

Introduced in R2014b
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Lever

Generic mechanical lever
Library: Simscape / Foundation Library / Mechanical /
Mechanisms —~4 -~

Description

The Lever block represents a mechanical lever in its generic form, known as a free or
summing lever, shown in the following schematic.

E, F
q A o C B .
]'N: IBC
! E-

The summing lever equations are derived with the assumption of small angle deviation
from initial position:

vec =Kac-va+Kpc-vp

Fp=Kyc-Fe

Fp=Kpc " Fc

Isc
Kam=—BC__
ACT Tac +1Ipc

_lac
Kpc = lac + Ic
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where

* v, Vg, V¢ are level joint velocities.
* F,, Fg, F; are level joint forces.
* Iy, Igc are arm lengths.

The above equations are derived with the assumption that the lever sums forces and
motions at node C. The assumption is arbitrary and does not impose any limitations on
how the forces or motions are applied to the lever. In other words, any of the lever nodes
can be “input” or “output” nodes, depending on the value of the force. Moreover, any of
the block nodes can be connected to the reference point, thus converting a three-node
lever into a first-class lever, with the fulcrum in the middle, or a second-class lever, with
the fulcrum at the end.

The following illustration shows a schematic of a first-class lever, with the fulcrum in the
middle.

E, K
A C Bt
. B

It is described with the following equations:

vy = _lac

A Isc B
lac

Fp= g0 Ta

The next illustration shows a schematic of a second-class lever, with the fulcrum at node
A.
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1:‘B
A C B
£ [ |
/;, ]'AE | IB:
! F.
It is described with the following equations:
vc = Kpc ' v
Fp=Kpc-Fc

The Linkage Mechanism example illustrates the use of the Lever block in three different
modes. Linkages L 1 and L 4 simulate first-class levers with the fulcrum at the end.
Linkage L 2 represents a summing lever. Linkage L. 3 simulates a second-class lever with
the fulcrum in the middle.

As far as the block directionality is concerned, the joints' absolute displacements are
positive if they are in line with the globally assigned positive direction.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Node A of the lever
mechanical translational

Mechanical translational conserving port associated with the node A of the lever.



Lever

B — Node B of the lever
mechanical translational

Mechanical translational conserving port associated with the node B of the lever.

C — Node C of the lever
mechanical translational

Mechanical translational conserving port associated with the node C of the lever.

Parameters

AC arm length — Arm length between nodes A and C
0.1 m (default)

Arm length between nodes A and C.

BC arm length — Arm length between nodes B and C
0.1 m (default)

Arm length between nodes B and C.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Gear Box | Slider-Crank | Wheel and Axle

Introduced in R2007a
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Linear Hydraulic Resistance

Hydraulic pipeline with linear resistance losses

A B

Library

Hydraulic Elements

Description

The Linear Hydraulic Resistance block represents a hydraulic resistance where pressure
loss is directly proportional to flow rate. This block can be useful at preliminary stages of
development, or as a powerful means to speed up the simulation, especially if the flow
rate varies insignificantly with respect to the operating point.

Connections A and B are conserving hydraulic ports associated with the block inlet and
outlet, respectively.

The block positive direction is from port A to port B. This means that the flow rate is
positive if fluid flows from A to B, and the pressure loss is determined as p = ps — pg.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Resistance
The linear resistance coefficient. The default value is 10e9 Pa/(m”3/s).
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Ports

The block has the following ports:

A
Hydraulic conserving port associated with the resistance inlet.

Hydraulic conserving port associated with the resistance outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Hydraulic Resistive Tube

Introduced in R2007a
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Local Restriction (2P)

Fixed flow resistance

P = B
o,

Library

Two-Phase Fluid/Elements

Description

The Local Restriction (2P) block models the pressure drop due to a fixed flow resistance
such as an orifice. Ports A and B represent the restriction inlet and outlet. The restriction
area, specified in the block dialog box, remains constant during simulation.

The restriction consists of a contraction followed by a sudden expansion in flow area. The
contraction causes the fluid to accelerate and its pressure to drop. The expansion
recovers the lost pressure though only in part, as the flow separates from the wall, losing
momentum in the process.

Inlet Outlet
e e
:—p_

e

OO >

Local Restriction Schematic

Mass Balance

The mass balance equation is



Local Restriction (2P)

my+mg=0,
where:

* my and mp are the mass flow rates into the restriction through port A and port B.

Energy Balance

The energy balance equation is
pat¢p=0,
where:
* ¢, and ¢ are the energy flow rates into the restriction through port A and port B.

The local restriction is assumed to be adiabatic and the change in specific total enthalpy
is therefore zero. At port A,

wi wh
Uptpaba+ - = URTPRVR+ —-,

while at port B,

wh wh
UB+PBVB+7 = UR+PRVR+7,

where:

* Uy, ug, and ug are the specific internal energies at port A, at port B, and the restriction
aperture.

* Da, PB, and pg are the pressures at port A, port B, and the restriction aperture.

* D,, b, and vy are the specific volumes at port A, port B, and the restriction aperture.

* w,, wg, and wy, are the ideal flow velocities at port A, port B, and the restriction
aperture.

The ideal flow velocity is computed as

MidealVA
Wa=—g—
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at port A, as

_ MidealVB
WB=—g5 —
at port B, and as

Wy = MidealVR
Sp "’
inside the restriction, where:

*  Mjgeq is the ideal mass flow rate through the restriction.
* Sisthe flow area at port A and port B.
* Sgis the flow area of the restriction aperture.

The ideal mass flow rate through the restriction is computed as:
. _my
Mideal = T’

where:

* (Cpis the flow discharge coefficient for the local restriction.

Fort A Aperture Port B

Local Restriction Variables
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Momentum Balance

The change in momentum between the ports reflects in the pressure loss across the
restriction. That loss depends on the mass flow rate through the restriction, though the
exact dependence varies with flow regime. When the flow is turbulent:

. _ 2
" = SR(PA = PR\ Ty pylorky

where K7 is defined as:

Sr Vin SR

’

KT=

Sr Vout SR
2?(1 RS

in which the subscript in denotes the inlet port and the subscript out the outlet port.
Which port serves as the inlet and which serves as the outlet depends on the pressure
differential across the restriction. If pressure is greater at port A than at port B, then port
A is the inlet; if pressure is greater at port B, then port B is the inlet.

When the flow is laminar:

2

m = Sr(pa — PB) S’
ApTth(l - ?)

where App, denotes the threshold pressure drop at which the flow begins to smoothly
transition between laminar and turbulent:

PA + PB
apm = (25221 - Bu),

in which B;,, is the Laminar flow pressure ratio block parameter. The flow is laminar if
the pressure drop from port A to port B is below the threshold value; otherwise, the flow
is turbulent.

The pressure at the restriction area, py likewise depends on the flow regime. When the
flow is turbulent:

_ _vr(m\¥, . SR Vin SR
PR,L = Pin — T(S_R] (1 + ?)(1 "R S

When the flow is laminar:
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pa+ PB
PrL = ) .

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Assumptions and Limitations

* The restriction is adiabatic. It does not exchange heat with its surroundings.

Parameters

Restriction area

Area normal to the flow path at the restriction aperture—the narrow orifice located
between the ports. The default value, .01 m”2, is the same as the port areas.

Cross-sectional area at ports A and B

Area normal to the flow path at the restriction ports. The ports are assumed to be
identical in cross-section. The default value, 0.01 m” 2, is the same as the restriction
aperture area.

Flow discharge coefficient

Ratio of the actual to the theoretical mass flow rate through the restriction. The
discharge coefficient is an empirical parameter used to account for non-ideal effects
such as those due to restriction geometry. The default value is 0. 64.

Laminar flow pressure ratio

Ratio of the outlet to the inlet port pressure at which the flow regime is assumed to
switch from laminar to turbulent. The prevailing flow regime determines the
equations used in simulation. The pressure drop across the restriction is linear with
respect to the mass flow rate if the flow is laminar and quadratic (with respect to the
mass flow rate) if the flow is turbulent. The default value is 0.999.



Local Restriction (2P)

Ports

A pair of two-phase fluid conserving ports labeled A and B represent the restriction inlet
and outlet.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Variable Local Restriction (2P)

Introduced in R2015b
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Local Restriction (G)

Restriction in flow area in gas network
Library: Simscape / Foundation Library / Gas / Elements A

"_/ B,
AR

Description

The Local Restriction (G) block models the pressure drop due to a localized reduction in
flow area, such as a valve or an orifice, in a gas network. Choking occurs when the
restriction reaches the sonic condition.

Ports A and B represent the restriction inlet and outlet. The input physical signal at port
AR specifies the restriction area. Alternatively, you can specify a fixed restriction area as
a block parameter.

The block icon changes depending on the value of the Restriction type parameter.

Restriction Type Block Icon
Variable A

AT =
Fixed

I:E‘I E:I

The restriction is adiabatic. It does not exchange heat with the environment.

The restriction consists of a contraction followed by a sudden expansion in flow area. The
gas accelerates during the contraction, causing the pressure to drop. The gas separates
from the wall during the sudden expansion, causing the pressure to recover only partially
due to the loss of momentum.

1-364



Local Restriction (G)

Inlet Outlet
.
:—p_

OO

Local Restriction Schematic

Caution Gas flow through this block can choke. If a Mass Flow Rate Source (G) block or
a Controlled Mass Flow Rate Source (G) block connected to the Local Restriction (G)
block specifies a greater mass flow rate than the possible choked mass flow rate, the
simulation generates an error. For more information, see “Choked Flow”.

Mass Balance
The mass balance equation is:
myp+mg=0

where m, and my are the mass flow rates at ports A and B, respectively. Flow rate
associated with a port is positive when it flows into the block.

Energy Balance
The energy balance equation is:
Op+ D=0
where @, and @3 are energy flow rates at ports A and B, respectively.

The block is assumed adiabatic. Therefore, there is no change in specific total enthalpy
between port A, port B, and the restriction:
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2 2
wa WR
o+ =hp+—
2 2
Wp _ WR
hp+ o~ =hg+ -

where h is the specific enthalpy at port A, port B, or restriction R, as indicated by the
subscript.

The ideal flow velocities at port A, port B, and the restriction are:

mideal
W =
A7 oS
mideal
W =
B~ "ogS
mideal
Wp =
R™ "prSr
where:

* S isthe cross-sectional area at ports A and B.
* Spis the cross-sectional area at the restriction.

* pis the density of gas volume at port A, port B, or restriction R, as indicated by the
subscript.

The theoretical mass flow rate without nonideal effects is:
. my
s = A
ideal C d

where Cy is the discharge coefficient.

Momentum Balance
The pressure difference between ports A and B is based on a momentum balance for flow
area contraction between the inlet and the restriction, plus a momentum balance for

sudden flow area expansion between the restriction and the outlet.

For flow from port A to port B:
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1+r PR PR
ApaB = PR * WR * |Wg| ( > (1 - ra) - r(l - rﬁ))

where ris the area ratio, r = Sg/S.

For flow from port B to port A:

1+r PR PR
APBA=PR'WR'|WRI'( 5 (1 —rE)—r(l _rﬁ))

The pressure differences in the two preceding equations are proportional to the square of
the flow rate. This is the typical behavior for turbulent flow. However, for laminar flow, the
pressure difference becomes linear with respect to flow rate. The laminar approximation
for the pressure difference is:

Apiam = }pRAptrzansition(1 -7

The threshold for transition from turbulent flow to laminar flow is defined as Apiransition =
Pavg(1 — Biam), Where By, is the pressure ratio at the transition between laminar and
turbulent regimes (Laminar flow pressure ratio parameter value) and p,,; = (ps +
ps)/2.

The pressure at the restriction is based on a momentum balance for flow area contraction
between the inlet and the restriction.

For flow from port A to port B:

1+ r( PR)
= — . . . 1 —r—
PRap = PA~PR*WR" |WR| ' — o
For flow from port B to port A:
1+ r( PR)
=pp+ PR WR"|wg|- 1-r—
PRpa = PB*+ PR " WR " [WR| - — o8

For laminar flow, the pressure at the restriction is approximately

1-r2

PRigm = Pavg — PR" WIZQ 2
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The block uses a cubic polynomial in terms of (p, - pg) to smoothly blend the pressure
difference and the restriction pressure between the turbulent regime and the laminar
regime:

¢ When Aptransition = Pa - Ps,
then p, - pg = Apag

and pr = Pg,,
* WhenO =< Pa-Ps < Aptransitionl

then p, - pg is smoothly blended between Ap,z and Apiam

and pg is smoothly blended between pg , and pg, .
¢ When _Aptransition <Pa-PB= 0:

then p, - pg is smoothly blended between Apg, and Apj,

and pg is smoothly blended between pg_ and pg_ .
* When Pa-Pp = _Aptransition/

then p, - pg = Apga

and pg = pg,,.

Choked Flow

When the flow through the restriction becomes choked, further changes to the flow are
dependent on the upstream conditions and are independent of the downstream
conditions.

If A.p is the Across variable at port A and pg__, is the hypothetical pressure at port B,
assuming choked flow from port A to port B, then

_ o 2(l+r PR PR
A.p—chhoked—pR aR( > (1—ra)—r(1—r@))

where a is speed of sound.

If B.p is the Across variable at port B and p,_ , is the hypothetical pressure at port A,
assuming choked flow from port B to port A, then



Local Restriction (G)

_ 2(l+r PR PR
5.0~ ra = i1 =r20) = 52

The actual pressures at ports A and B, p, and pg, respectively, depend on whether
choking has occurred.

For flow from port A to port B, p, = A.p and

B.p, if B.p = PBjoked
pg =

chhoked' lfB.p < chhoked

For flow from port B to port A, pg = B.p and

A.p, if A.P = Pagyoked
pPa =

PAchoked’ ifA.p< PAchoked

Assumptions and Limitations

* The restriction is adiabatic. It does not exchange heat with the environment.

* This block does not model supersonic flow.

Ports

Input

AR — Restriction area control signal, m~2
physical signal

Input physical signal that controls the gas flow restriction area. The signal saturates when

its value is outside the minimum and maximum restriction area limits, specified by the
block parameters.

Dependencies

This port is visible only if you set the Restriction type parameter to Variable.
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Conserving

A — Inlet or outlet
gas

Gas conserving port associated with the inlet or outlet of the local restriction. This block
has no intrinsic directionality.

B — Inlet or outlet
gas

Gas conserving port associated with the inlet or outlet of the local restriction. This block
has no intrinsic directionality.

Parameters

Restriction type — Specify whether restriction area can change during
simulation
Variable (default) | Fixed

Select whether the restriction area can change during simulation:

* Variable — The input physical signal at port AR specifies the restriction area, which
can vary during simulation. The Minimum restriction area and Maximum
restriction area parameters specify the lower and upper bounds for the restriction
area.

* Fixed — The restriction area, specified by the Restriction area block parameter
value, remains constant during simulation. Port AR is hidden.

Minimum restriction area — Lower bound for the restriction cross-sectional
area
le-10 m”2 (default)

The lower bound for the restriction cross-sectional area. You can use this parameter to
represent the leakage area. The input signal AR saturates at this value to prevent the
restriction area from decreasing any further.

Dependencies

Enabled when the Restriction type parameter is set to Variable.
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Maximum restriction area — Upper bound for the restriction cross-sectional
area
0.005 m”™2 (default)

The upper bound for the restriction cross-sectional area. The input signal AR saturates at
this value to prevent the restriction area from increasing any further.

Dependencies
Enabled when the Restriction type parameter is set to Variable.

Restriction area — Area normal to flow path at the restriction
le-3 m"2 (default)

Area normal to flow path at the restriction.

Dependencies
Enabled when the Restriction type parameter is set to Fixed.

Cross-sectional area at ports A and B — Area normal to flow path at the
ports
0.01 m"2 (default)

Area normal to flow path at ports A and B. This area is assumed the same for the two
ports.

Discharge coefficient — Ratio of actual mass flow rate to theoretical mass
flow rate through restriction
0.64 (default)

Ratio of actual mass flow rate to the theoretical mass flow rate through the restriction.
The discharge coefficient is an empirical parameter that accounts for nonideal effects.

Laminar flow pressure ratio — Pressure ratio at which gas flow transitions
between laminar and turbulent regimes
0.999 (default)

Pressure ratio at which the gas flow transitions between laminar and turbulent regimes.

The pressure loss is linear with respect to mass flow rate in the laminar regime and
quadratic with respect to mass flow rate in the turbulent regime.
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Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Pipe (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Local Restriction (MA)

Restriction in flow area in moist air network
Library: Simscape / Foundation Library / Moist Air / Elements

A
E
b.&ﬁ%

Description

The Local Restriction (MA) block models the pressure drop due to a localized reduction in
flow area, such as a valve or an orifice, in a moist air network. Choking occurs when the
restriction reaches the sonic condition.

Ports A and B represent the restriction inlet and outlet. The input physical signal at port
AR specifies the restriction area. Alternatively, you can specify a fixed restriction area as
a block parameter.

The block icon changes depending on the value of the Restriction type parameter.

Restriction Type Block Icon
Variable

Fixed

The restriction is adiabatic. It does not exchange heat with the environment.

The restriction consists of a contraction followed by a sudden expansion in flow area. The
moist air accelerates during the contraction, causing the pressure to drop. The moist air
separates from the wall during the sudden expansion, causing the pressure to recover
only partially due to the loss of momentum.

1-373



1 Biocks — Alphabetical List

Inlet Outlet

Local Restriction Schematic

Caution Moist air flow through this block can choke. If a Mass Flow Rate Source (MA)
block or a Controlled Mass Flow Rate Source (MA) block connected to the Local
Restriction (MA) block specifies a greater mass flow rate than the possible choked mass
flow rate, the simulation generates an error. For more information, see “Choked Flow”.

The block equations use these symbols.

Mass flow rate

Energy flow rate

Pressure

Specific gas constant

m
()
p
P Density
R
S

Cross-sectional area

Cq Discharge coefficient

h Specific enthalpy

Specific heat at constant pressure

T Temperature

Subscripts a, w, and g indicate the properties of dry air, water vapor, and trace gas,
respectively. Subscripts lam and tur indicate the laminar and turbulent regime,
respectively. Subscripts A and B indicate the appropriate port. Subscript R indicates the
restriction.

Mass balance:
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my+mg=0

Mmya + myg=0
Energy balance:

Oy +05=0

When the flow is not choked, the mixture mass flow rate (positive from port A to port B)
in the turbulent regime is

: 2pR
Meyr = C4SR(PA — PB) Toa = pelker
SR PR SR SR PR SR
Kiyr=14+—4|1 - ——=|-2—4|1-——+
tur ( S Pin S S Pout S

Subscripts in and out indicate the inlet and outlet, respectively. If p, = pg, the inlet is
port A and the outlet is port B; otherwise, they are reversed. The cross-sectional area S is
assumed to be equal at ports A and B. Sy is the area at the restriction.

The mixture mass flow rate equation is derived by combining the equations from two
control volume analyses:

* Momentum balance for flow area contraction from the inlet to the restriction
* Momentum balance for sudden flow area expansion from the restriction to the outlet

In the analysis for the flow area contraction, pressure p;, acts on the area at the inlet, S,
and pressure pg acts on the area at the restriction, Sg. The pressure acting on the area
outside the restriction, S — Sy, is assumed to be (p;,S + PrSR)/(S + Sg).

In the analysis for the flow area expansion, the pressure acting on both the area at the
restriction, Sg, and the area outside the restriction, S — Sy, is assumed to be pg, because
of flow separation from the restriction. The pressure acting on the area at the outlet, S, is
equal to pyy.

The mixture mass flow rate (positive from port A to port B) in the laminar regime is
linearized with respect to the pressure difference:

2pR

Migm = C4Sr(PA — PB) SR
Apthreshold(l - ?)
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where the threshold for transition between the laminar and turbulent regime is defined
based on the laminar flow pressure ratio, B,y as

pa + PB
APthreshold = ( 5 )(1 = Biam)

When |pa — Pl = APthreshold, the flow is assumed to be turbulent and therefore

munchoked = mtur-
When |pg — pB| < APthreshold: Munchoked SMoothly transitions to mygp,.

When the flow is choked, the velocity at the restriction is equal to the speed of sound and
cannot increase any further. Assuming the flow is choked, the mixture mass flow rate is

. YR
Mchoked = CdSRPm/R—TR

where yr = cpr/ (ch - R). Therefore, the actual mixture mass flow rate is equal to
Mynchoked, but is limited in magnitude by mcpoked:

_mchoked: if munchoked = - mchoked
mA = munchoked' if'mchoked < munchoked < mchoked
mchokedr if munchoked = mchoked
The expression for the pressure at the restriction is obtained by considering the

momentum balance for flow area contraction from the inlet to the restriction only. In the
turbulent regime, it is

ma 2
CdSr

1

SR
2pRr

S

_ PrSR

1
Pin S

Prtur = Pin —

In the laminar regime, the pressure at the restriction is assumed to be

_ Pa+DpB
PRIam = P

Similar to the mixture mass flow rate, when |ps — pPg| = APthreshold, the flow is assumed to
be turbulent and therefore pg = pPru- When |pg — pg| < APthreshold, Pr Smoothly
transitions to priam-
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The local restriction is assumed adiabatic, so the mixture specific total enthalpies are
equal. Therefore, the changes in mixture specific enthalpies are:

ha—hg = 212 - 21 2 miz
PRSR  PAST)2Ch
hp — hg = 212 - 212 m]232
PrRSR  PBS”)2Ch

Assumptions and Limitations

* The restriction is adiabatic. It does not exchange heat with the environment.
» This block does not model supersonic flow.

Ports

Input

AR — Restriction area control signal, m~2
physical signal

Input physical signal that controls the air flow restriction area. The signal saturates when

its value is outside the minimum and maximum restriction area limits, specified by the
block parameters.

Dependencies

This port is visible only if you set the Restriction type parameter to Variable.

Conserving

A — Inlet or outlet
moist air

Moist air conserving port associated with the inlet or outlet of the local restriction. This
block has no intrinsic directionality.
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B — Inlet or outlet
moist air

Moist air conserving port associated with the inlet or outlet of the local restriction. This
block has no intrinsic directionality.

Parameters

Restriction type — Specify whether restriction area can change during
simulation
Variable (default) | Fixed

Select whether the restriction area can change during simulation:

* Variable — The input physical signal at port AR specifies the restriction area, which
can vary during simulation. The Minimum restriction area and Maximum
restriction area parameters specify the lower and upper bounds for the restriction
area.

* Fixed — The restriction area, specified by the Restriction area block parameter
value, remains constant during simulation. Port AR is hidden.

Minimum restriction area — Lower bound for the restriction cross-sectional
area
le-10 m”2 (default)

Lower bound for the restriction cross-sectional area. You can use this parameter to
represent the leakage area. The input signal AR saturates at this value to prevent the
restriction area from decreasing any further.

Dependencies

Enabled when the Restriction type parameter is set to Variable.

Maximum restriction area — Upper bound for the restriction cross-sectional
area

0.005 m”2 (default)

Upper bound for the restriction cross-sectional area. The input signal AR saturates at this
value to prevent the restriction area from increasing any further.



Local Restriction (MA)

Dependencies
Enabled when the Restriction type parameter is set to Variable.

Restriction area — Area normal to flow path at the restriction
le-3 m”2 (default)

Area normal to flow path at the restriction.

Dependencies
Enabled when the Restriction type parameter is set to Fixed.

Cross-sectional area at ports A and B — Area normal to flow path at the
ports
0.01 m"2 (default)

Area normal to flow path at ports A and B. This area is assumed to be the same for the
two ports.

Discharge coefficient — Ratio of actual mass flow rate to theoretical mass
flow rate through the restriction
0.64 (default)

Ratio of actual mass flow rate to the theoretical mass flow rate through the restriction.
The discharge coefficient is an empirical parameter that accounts for nonideal effects.

Laminar flow pressure ratio — Pressure ratio at which air flow transitions
between laminar and turbulent regimes
0.999 (default)

Pressure ratio at which the moist air flow transitions between laminar and turbulent
regimes. The pressure loss is linear with respect to mass flow rate in the laminar regime
and quadratic with respect to mass flow rate in the turbulent regime.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also
Pipe (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels

”

Introduced in R2018a
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Local Restriction (TL)

Restriction in flow area in thermal liquid network
Library: Simscape / Foundation Library / Thermal Liquid /

Elements “\ 2 B,
[ AR

Description

The Local Restriction (TL) block models the pressure drop due to a localized reduction in
flow area, such as a valve or an orifice, in a thermal liquid network.

Ports A and B represent the restriction inlet and outlet. The input physical signal at port
AR specifies the restriction area. Alternatively, you can specify a fixed restriction area as
a block parameter.

The block icon changes depending on the value of the Restriction type parameter.

Restriction Type Block Icon
Variable

Fixed

The restriction is adiabatic. It does not exchange heat with the environment.

The restriction consists of a contraction followed by a sudden expansion in flow area. The
fluid accelerates during the contraction, causing the pressure to drop. In the expansion
zone, if the Pressure recovery parameter is set to off, the momentum of the
accelerated fluid is lost. If the Pressure recovery parameter is set to on, the sudden
expansion recovers some of the momentum and allows the pressure to rise slightly after
the restriction.
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Inlet Outlet
.
:—p_

OO

Local Restriction Schematic

Mass Balance

The mass balance in the restriction is
0 = mp + mgp,

where:

* my is the mass flow rate into the restriction through port A.

* mp is the mass flow rate into the restriction through port B.

Momentum Balance

The pressure difference between ports A and B follows from the momentum balance in
the restriction:

2
1 SR
Ap = 2 1- 2 vR\/v}% + VI%C
_ My

YR = TanSR
o = Reclt [ 11

Re ™ "Cap \| 4Sg

where:

* Apis the pressure differential.
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* pis the liquid density.
* nis the liquid dynamic viscosity.

* Sisthe cross-sectional area at ports A and B.

* Spis the cross-sectional area at the restriction.

* vy is fluid velocity at the restriction.
* Vg is the critical fluid velocity.
* Re,is the critical Reynolds number.

* (C,is the discharge coefficient.

If pressure recovery is off, then
Pa = PB = Ap,

where:

* p,is the pressure at port A.
* pgis the pressure at port B.

If pressure recovery is on, then

P -l -k

V5]

Energy Balance

The energy balance in the restriction is
pa+¢p =0,

where:

* ¢, is the energy flow rate into the restriction through port A.
* ¢pis the energy flow rate into the restriction through port B.
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Assumptions and Limitations

* The restriction is adiabatic. It does not exchange heat with its surroundings.

* The dynamic compressibility and thermal capacity of the liquid in the restriction are
negligible.

Ports

Input

AR — Restriction area control signal, m~2
physical signal

Input physical signal that controls the gas flow restriction area. The signal saturates when
its value is outside the minimum and maximum restriction area limits, specified by the
block parameters.

Dependencies

This port is visible only if you set the Restriction type parameter to Variable.

Conserving

A — Inlet or outlet
thermal liquid

Thermal liquid conserving port associated with the inlet or outlet of the local restriction.
This block has no intrinsic directionality.

B — Inlet or outlet
thermal liquid

Thermal liquid conserving port associated with the inlet or outlet of the local restriction.
This block has no intrinsic directionality.
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Parameters

Restriction type — Specify whether restriction area can change during
simulation
Variable (default) | Fixed

Select whether the restriction area can change during simulation:

* Variable — The input physical signal at port AR specifies the restriction area, which
can vary during simulation. The Minimum restriction area and Maximum
restriction area parameters specify the lower and upper bounds for the restriction
area.

* Fixed — The restriction area, specified by the Restriction area block parameter
value, remains constant during simulation. Port AR is hidden.

Minimum restriction area — Lower bound for the restriction cross-sectional
area
le-10 m”2 (default)

The lower bound for the restriction cross-sectional area. You can use this parameter to
represent the leakage area. The input signal AR saturates at this value to prevent the
restriction area from decreasing any further.

Dependencies
Enabled when the Restriction type parameter is set to Variable.

Maximum restriction area — Upper bound for the restriction cross-sectional
area
0.005 m"2 (default)

The upper bound for the restriction cross-sectional area. The input signal AR saturates at
this value to prevent the restriction area from increasing any further.

Dependencies
Enabled when the Restriction type parameter is set to Variable.

Restriction area — Area normal to flow path at the restriction
le-3 m”™2 (default)

Area normal to flow path at the restriction.
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Dependencies
Enabled when the Restriction type parameter is set to Fixed.

Cross-sectional area at ports A and B — Area normal to flow path at the
ports
0.01 m”~2 (default)

Area normal to flow path at ports A and B. This area is assumed to be the same for the
two ports.

Discharge coefficient — Ratio of actual mass flow rate to theoretical mass
flow rate through restriction
0.64 (default)

The discharge coefficient is a semi-empirical parameter commonly used to characterize
the flow capacity of an orifice. This parameter is defined as the ratio of the actual mass
flow rate through the orifice to the ideal mass flow rate.

Pressure recovery — Specify whether to account for pressure recovery
On (default) | O f

Specify whether to account for pressure recovery at the local restriction outlet.
Critical Reynolds number — Reynolds number for transition between laminar
and turbulent regimes

12 (default)

The Reynolds number for the transition between laminar and turbulent regimes. The
default value corresponds to a sharp-edged orifice.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Local Restriction (TL)

See Also
Pipe (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2013b
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Magnetic Reference

Reference connection for magnetic ports

Library

Magnetic Elements

Description

The Magnetic Reference block represents a reference point for all magnetic conserving
ports. A model with magnetic elements must contain at least one Magnetic Reference
block.

Ports

The block has one magnetic conserving port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Topics
“Grounding Rules”

Introduced in R2010a
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Mass

Ideal mechanical translational mass

[

I

Library

Mechanical Translational Elements

Description

The Mass block represents an ideal mechanical translational mass, described with the
following equation:

__dv
F = mm
where
F Inertia force
m Mass
v Velocity
t Time

The block has one mechanical translational conserving port. The block positive direction
is from its port to the reference point. This means that the inertia force is positive if mass
is accelerated in positive direction.




Mass

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Mass
Mass. The default value is 1 kg.

Ports

The block has one mechanical translational conserving port, associated with the mass
connection to the system.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Inertia

Introduced in R2007a
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Mass & Energy Flow Rate Sensor (2P)

Measure mass and energy flow rates

Be
e 1=
hill=

Library

Two-Phase Fluid/Sensors

Description

The Mass & Energy Flow Rate Sensor (2P) block measures mass and energy flow rates
through the two-phase fluid branch defined by ports A and B. The energy flow rate
includes contributions from internal energy advection, thermal conduction, pressure
work, and kinetic energy. The flow rates are positive if mass and energy flow from port A
to port B.

Ports

The block has two two-phase fluid conserving ports, A and B. Physical signal port M
outputs the mass flow rate value. Physical signal port Phi outputs the energy flow rate
value.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.



Mass & Energy Flow Rate Sensor (2P)

See Also

Controlled Mass Flow Rate Source (2P) | Mass Flow Rate Source (2P) | Volumetric Flow
Rate Sensor (2P)

Introduced in R2015b
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Mass & Energy Flow Rate Sensor (G)

Measure mass and energy flow rates

Library: Simscape / Foundation Library / Gas / Sensors .
da ="M
Phil>
Description

The Mass & Energy Flow Rate Sensor (G) block represents an ideal sensor that measures
mass flow rate and energy flow rate in a gas network. The energy flow rate is the
advection of total enthalpy. There is no change in pressure or temperature across the
Sensor.

Because the flow rates are Through variables, the block must connect in series with the
component being measured.

The relative orientation of ports A and B establishes the measurement sign. The sign is
positive if flow occurs from port A to port B. Switching port connections reverses the
measurement sign.

Two physical signal ports output the measurement data. Port M outputs the mass flow
rate. Port Phi outputs the energy flow rate. Connect the ports to PS-Simulink Converter

blocks to transform the output physical signals into Simulink signals, for example, for
plotting or additional data processing.

Ports

Output

M — Mass flow rate measurement, kg/s
physical signal

Physical signal output port for mass flow rate measurement.



Mass & Energy Flow Rate Sensor (G)

Phi — Energy flow rate measurement, W
physical signal

Physical signal output port for energy flow rate measurement.

Conserving

A — Sensor inlet
gas

Gas conserving port. Mass and energy flow rates are positive if gas flows from port A to
port B.

B — Sensor outlet
gas

Gas conserving port. Mass and energy flow rates are positive if gas flows from port A to
port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Temperature Sensor (G) | Thermodynamic Properties Sensor (G) | Volumetric
Flow Rate Sensor (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Mass & Energy Flow Rate Sensor (MA)

Measure mass and energy flow rates in a moist air network
Library: Simscape / Foundation Library / Moist Air / Sensors

Description

The Mass & Energy Flow Rate Sensor (MA) block represents an ideal sensor that
measures mass flow rate and energy flow rates in a moist air network. There is no change
in pressure, temperature, specific humidity, or trace gas mass fraction across the sensor.

Because the flow rates are Through variables, the block must connect in series with the
component being measured.

The relative orientation of ports A and B establishes the measurement sign. The sign is
positive if flow occurs from port A to port B. Switching port connections reverses the
measurement sign.

Four physical signal ports output the measurement data. Connect the ports to PS-
Simulink Converter blocks to transform the output physical signals into Simulink signals,
for example, for plotting or additional data processing.

Ports

Output

M — Mixture mass flow rate, kg/s
physical signal

Physical signal output port for the mixture mass flow rate measurement.

Phi — Mixture energy flow rate, W
physical signal



Mass & Energy Flow Rate Sensor (MA)

Physical signal output port for the mixture energy flow rate measurement.

Mw — Water vapor mass flow rate, kg/s
physical signal

Physical signal output port for the water vapor mass flow rate measurement.

Mg — Trace gas mass flow rate, kg/s
physical signal

Physical signal output port for the trace gas mass flow rate measurement.

Conserving

A — Sensor inlet
moist air

Moist air conserving port. Mass and energy flow rates are positive if air flows from port A
to port B.

B — Sensor outlet
moist air

Moist air conserving port. Mass and energy flow rates are positive if air flows from port A
to port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Temperature Sensor (MA)

Topics
“Modeling Moist Air Systems”

1-397



1 Blocks — Alphabetical List

“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Mass & Energy Flow Rate Sensor (TL)

Measure mass and energy flow rates

Library: Simscape / Foundation Library / Thermal Liquid /
Sensors B
s A M
Phil>
Description

The Mass & Energy Flow Rate Sensor (TL) block represents an ideal sensor that
measures mass and energy flow rates through a thermal liquid node.

Because the flow rates are Through variables, the block must connect in series with the
component being measured.

The relative orientation of ports A and B establishes the measurement sign. The sign is
positive if flow occurs from port A to port B. Switching port connections reverses the
measurement sign.

Two physical signal ports output the measurement data. Port M outputs the mass flow
rate. Port Phi outputs the energy flow rate. Connect the ports to PS-Simulink Converter
blocks to transform the output physical signals into Simulink signals, for example, for
plotting or additional data processing.

Ports

Output

M — Mass flow rate measurement, kg/s
physical signal

Physical signal output port for mass flow rate measurement.

Phi — Energy flow rate measurement, W
physical signal
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Physical signal output port for energy flow rate measurement.

Conserving

A — Sensor inlet
thermal liquid

Thermal liquid conserving port. Mass and energy flow rates are positive if fluid flows from
port A to port B.

B — Sensor outlet
thermal liquid

Thermal liquid conserving port. Mass and energy flow rates are positive if fluid flows from
port A to port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Pressure & Temperature Sensor (TL) | Thermodynamic Properties Sensor (TL) |
Volumetric Flow Rate Sensor (TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2016a
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Mass Flow Rate Source (2P)

Generate constant mass flow rate

g

Library

Two-Phase Fluid/Sources

Description

The Mass Flow Rate Source (2P) block generates a constant mass flow rate in a two-
phase fluid network branch. The source has two inlets, labeled A and B, with
independently specified cross-sectional areas. By default, the source does isentropic work
on the fluid, though the block provides the option to ignore this work.

The source is ideal. In other words, it maintains the specified flow rate regardless of the
pressure differential produced between its ports. In addition, because the source is
isentropic, there is no viscous friction between the ports and no heat exchange with the
environment. Use this block to model an idealized pump or compressor or to set a
boundary condition in a model.

Mass Balance

The volume of fluid in the source is considered negligible and is ignored in a model. There
is no fluid accumulation between the ports and the sum of all mass flow rates into the
source must therefore equal zero:

mp+mg =0,

where m denotes the mass flow rate into the source through a port. The block accepts as
input the mass flow rate at port A. The flow is directed from port A to port B when the
specified value is positive.
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Energy Balance

By default, the source maintains the specified flow rate by performing isentropic work on
the incoming fluid, though the block provides the option to ignore this term. The rate at
which the source does work, if considered in the model, must equal the sum of the energy
flow rates through the ports:

¢a + @B + dwork = 0,

where ¢ denotes the energy flow rate into the source through a port or by means of work.
The energy flow rate due to work is equal to the power generated by the source. Its value
is calculated from the specific total enthalpies at the ports:

dwork = ma(ha — hp) .
The specific total enthalpy h is defined as:

2

’

M#*Vs
S

h*=u*+p*v*+%

where the asterisk denotes a port (A or B) and:

* u is specific internal energy.
* pis pressure.
* Sis flow area.

The specific internal energy in the equation is obtained from the tabulated data of the
Two-Phase Fluid Properties (2P) block. Its value is uniquely determined from the
constraint that the work done by the source is isentropic. The specific entropy, a function
of specific internal energy, must then have the same value at ports A and B:

SA(Pa, ua) = sg(pg, Ug),

where s is specific entropy. If the Power added parameter is set to None, the specific
total enthalpies at the ports have the same value (hy = hg) and the work done by the

source reduces to zero (Pwork = 0).



Mass Flow Rate Source (2P)

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

A — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

B — Inlet
two-phase fluid

Opening through fluid can enter and exit the source.

Parameters

Power added — Parameterization for the calculation of power
Isentropic power (default) | None

Parameterization for the calculation of power. Work is isentropic and its calculation is
based on the assumptions of zero friction losses and zero heat exchange with the
environment. Change to None to prevent the source from impacting the temperature of
the fluid—for example, when using this block as a boundary condition in a model.

Mass flow rate — Mass pumped per unit time from port A to port B
0 m"~3/s (default) | scalar with units of volume/time

Fluid mass pumped per unit time from port A to port B. A positive rate corresponds to a
flow directed from port A to port B. The specified rate is maintained no matter the
pressure differential produced between the ports.

Cross-sectional area at port A — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time
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Area of the fluid opening normal to the direction of flow.

Cross-sectional area at port B — Inlet area normal to the direction of flow
0.01 m”~2 (default) | scalar with units of volume/time

Area of the fluid opening normal to the direction of flow.

Ports

The block has two two-phase fluid conserving ports, A and B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Mass Flow Rate Source (2P) | Controlled Volumetric Flow Rate Source (2P) |
Volumetric Flow Rate Source (2P)

Introduced in R2015b
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Mass Flow Rate Source (G)

Generate constant mass flow rate
Library: Simscape / Foundation Library / Gas / Sources

Description

The Mass Flow Rate Source (G) block represents an ideal mechanical energy source in a
gas network. The source can maintain a constant mass flow rate regardless of the
pressure differential. There is no flow resistance and no heat exchange with the
environment. A positive mass flow rate causes gas to flow from port A to port B.

You can choose whether the source performs work on the gas flow:

» If the source is isentropic (Power added parameter is set to Isentropic power),
then the isentropic relation depends on the gas property model.

Gas Model Equations
Perfect gas (pA)z-R/cp (PB)Z'R/CP
Ta Tz
Semiperfect gas Tac,(T
P J j; CP; )dT = Z R - In(py)
TB T
= [ C”% )dT - Z- R - In(pp)
Real gas S(Ta, pa) = (T, pB)

The power delivered to the gas flow is based on the specific total enthalpy associated
with the isentropic process.

2

Wpg
hB+T

2
. Wa .
Dyork = —malha+ —=| —mp

1-405



1 Biocks — Alphabetical List

» If the source performs no work (Power added parameter is set to None), then the
defining equation states that the specific total enthalpy is equal on both sides of the
source. It is the same for all three gas property models.

2 2
Wja WE
hyt+ o =hp+

The power delivered to the gas flow @4 = 0.

The equations use these symbols:

Gy Specific heat at constant pressure

h Specific enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

R Specific gas constant

s Specific entropy

T Temperature

w Flow velocity

Z Compressibility factor

Dyork Power delivered to the gas flow through the source

Subscripts A and B indicate the appropriate port.

Assumptions and Limitations

* There are no irreversible losses.
* There is no heat exchange with the environment.
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Ports

Conserving

A — Source inlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

B — Source outlet
gas

Gas conserving port. A positive mass flow rate causes gas to flow from port A to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the gas flow:

* Isentropic power — The source performs isentropic work on the gas to maintain
the specified mass flow rate, regardless of the pressure differential. Use this option to
represent an idealized pump or compressor and properly account for the energy input
and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

Mass flow rate — Constant mass flow rate through the source
0 kg/s (default)

Desired mass flow rate of the gas through the source.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”2 (default)

Area normal to flow path at port A.
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Cross-sectional area at port B — Area normal to flow path at port B
0.01 m”™2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Controlled Mass Flow Rate Source (G)

Topics
“Modeling Gas Systems”

Introduced in R2016b
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Mass Flow Rate Source (MA)

Generate constant mass flow rate
Library: Simscape / Foundation Library / Moist Air / Sources

A

Description

The Mass Flow Rate Source (MA) block represents an ideal mechanical energy source in
a moist air network. The source can maintain a constant mass flow rate regardless of the
pressure differential. There is no flow resistance and no heat exchange with the
environment. A positive mass flow rate causes moist air to flow from port A to port B.

The equations describing the source use these symbols.

Gy Specific heat at constant pressure

h Specific enthalpy

h; Specific total enthalpy

m Mass flow rate (flow rate associated with a port is positive when it flows into
the block)

p Pressure

P Density

R Specific gas constant

s Specific entropy

T Temperature

Dyrork Power delivered to the moist air flow through the source

Subscripts A and B indicate the appropriate port.

Mass balance:
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my+mg=0
Mya + My =0
mgA+n'1gB=0

Energy balance:
Pp+ P+ Dyork =0
If the source performs no work (Power added parameter is set to None), then @0« = 0.

If the source is isentropic (Power added parameter is set to Isentropic power), then

Qyork = mA(htB — hta)

where
; 2
1 ma
hta=ha® 3| oasa
; 2
1 mp
B =15+ 3\ 0pS5

The mixture-specific enthalpies, h, = h(T,) and hg = h(T3), are constrained by the
isentropic relation, that is, there is no change in entropy:

T8 1 PB
| Fdh(T) = Rln(a)
The quantity specified by the Mixture mass flow rate parameter of the source is

M = Mspecified

Assumptions and Limitations

e There are no irreversible losses.

* There is no heat exchange with the environment.
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Ports

Conserving

A — Source inlet
moist air

Moist air conserving port. A positive mass flow rate causes moist air to flow from port A
to port B.

B — Source outlet
moist air

Moist air conserving port. A positive mass flow rate causes moist air to flow from port A
to port B.

Parameters

Power added — Select whether the source performs work
Isentropic power (default) | None

Select whether the source performs work on the moist air flow:

* Isentropic power — The source performs isentropic work on the moist air to
maintain the specified mass flow rate, regardless of the pressure differential. Use this
option to represent an idealized pump or compressor and properly account for the
energy input and output, especially in closed-loop systems.

* None — The source performs no work on the flow, neither adding nor removing power,
regardless of the mass flow rate produced by the source. Use this option to set up the
desired flow condition upstream of the system, without affecting the temperature of
the flow.

Mixture mass flow rate — Constant mass flow rate through the source
0 kg/s (default)

Desired mass flow rate of the moist air mixture through the source.

Cross-sectional area at port A — Area normal to flow path at port A
0.01 m”~2 (default)
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Area normal to flow path at port A.

Cross-sectional area at port B — Area normal to flow path at port B
0.01 m"™2 (default)

Area normal to flow path at port B.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Controlled Mass Flow Rate Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Mass Flow Rate Source (TL)

Generate constant mass flow rate

Library: Simscape / Foundation Library / Thermal Liquid /
Sources A LB,
Description

The Mass Flow Rate Source (TL) block represents an ideal mechanical energy source in a
thermal liquid network. The source can maintain a constant mass flow rate regardless of
the pressure differential. There is no flow resistance and no heat exchange with the
environment. A positive mass flow rate causes the fluid to flow from port A to port B.

The energy balance at the source is a function of the energy flow rates through ports A
and B and the work done on the fluid:

¢A + ¢B + ¢work =0,
where:

* ¢, is the energy flow rate into the source through port A.
* ¢p3 is the energy flow rate into the source through port B.
¢work 1S the isentropic work done on the fluid.

The isentropic work term is

m(pg — pa)

¢work = Pavg

’

where:

¢dwork i the isentropic work done on the thermal liquid.
* p,is the pressure at port A.
* pgis the pressure at port B.
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Pavg s the average liquid density,

pa t+ pB
Pavg = —5

Assumptions and Limitations

* There are no irreversible losses.

» There is no heat exchange with the environment.

Ports

Conserving

A — Source inlet
thermal liquid

Thermal liquid conserving port. A positive mass flow rate causes the fluid to flow from
port A to port B.

B — Source outlet
thermal liquid

Thermal liquid conserving port. A positive mass flow rate causes the fluid to flow from
port A to port B.

Parameters

Mass flow rate — Constant mass flow rate through the source
0 kg/s (default)

Desired mass flow rate of the fluid through the source.
Cross-sectional area at ports A and B — Area normal to flow path at inlet

and outlet
0.01 m"2 (default)
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Area normal to the direction of flow at the source inlet and outlet. The two cross-sectional
areas are assumed identical.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Mass Flow Rate Source (TL) | Controlled Pressure Source (TL) | Controlled
Volumetric Flow Rate Source (TL) | Pressure Source (TL) | Volumetric Flow Rate Source
(TL)

Topics
“Modeling Thermal Liquid Systems”

Introduced in R2013b

1-415



1 Blocks — Alphabetical List

1-416

Measurement Selector (MA)

Measure pressure, temperature, humidity, and trace gas levels in moist air internal
volumes
Library: Simscape / Foundation Library / Moist Air / Sensors

[ =
VWY

Description

The Measurement Selector (MA) block lets you access the pressure, temperature,
moisture level, and trace gas level measurements inside a block with a finite moist air
volume. There is no mass or energy flow through the sensor.

Blocks with a finite moist air volume contain an internal node, which represents the moist
air volume inside the component. (For a complete list of these blocks, see “Blocks with
Moist Air Volume”.) Regular sensors cannot connect to this internal node. Therefore, each
of the blocks with a finite moist air volume has a physical signal output port F, which
outputs a vector signal containing the pressure (in Pa), temperature (in K), moisture level,
and trace gas level measurements inside the component. For more information, see
“Measuring Moisture and Trace Gas Levels”.

Use the Measurement Selector (MA) block to unpack the vector signal and reassign units
to pressure and temperature values. Connect the input port F of the Measurement
Selector (MA) block to the physical signal output port F of a block with finite internal
moist air volume to access the data.

Connect the output ports of the Measurement Selector (MA) block to PS-Simulink
Converter blocks to transform the output physical signals into Simulink signals, for
example, for plotting or additional data processing. Use the Output signal unit
parameter of the PS-Simulink Converter blocks connected to ports P and T to reassign
units to pressure and temperature values, respectively.



Measurement Selector (MA)

Ports

Input

F — Vector physical signal containing pressure, temperature, humidity, and trace
gas levels data

physical signal vector

Connect this port to the physical signal output port F of a block with finite internal moist
air volume to access the data. Blocks with a finite moist air volume have a physical signal
output port F, which outputs a vector signal containing the pressure (in Pa), temperature

(in K), moisture level, and trace gas level measurements inside the component. Use the
Measurement Selector (MA) block to unpack this vector signal.

Output

P — Pressure measurement, Pa
physical signal

Physical signal output port for pressure measurement.

T — Temperature measurement, K
physical signal

Physical signal output port for temperature measurement.

W — Moisture level measurement, unitless
physical signal

Physical signal output port for moisture level measurement. To select the quantity you
want to measure, use the Measured moisture specification parameter.

G — Trace gas level measurement, unitless
physical signal

Physical signal output port for trace gas level measurement. To select the quantity you
want to measure, use the Measured trace gas specification parameter.
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Parameters

Measured moisture specification — Select the moisture property to measure
Relative humidity (default) | Specific humidity | Mole fraction |Humidity
ratio

Select the property to measure:

* Relative humidity — Physical signal port W reports the relative humidity.

e Specific humidity — Physical signal port W reports the specific humidity.

* Mole fraction — Physical signal port W reports the water vapor mole fraction.
* Humidity ratio — Physical signal port W reports the humidity ratio.
Measured trace gas specification — Select the trace gas property to

measure
Mass fraction (default) | Mole fraction

Select the property to measure:

* Mass fraction — Physical signal port G reports the trace gas mass fraction.
* Mole fraction — Physical signal port G reports the trace gas mole fraction.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Humidity & Trace Gas Sensor (MA) | Pressure & Temperature Sensor (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”
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Introduced in R2018a
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Mechanical Rotational Reference

Reference connection for mechanical rotational ports

Library

Mechanical Rotational Elements

Description

The Mechanical Rotational Reference block represents a reference point, or frame, for all
mechanical rotational ports. All rotational ports that are rigidly clamped to the frame
(ground) must be connected to a Mechanical Rotational Reference block.

Ports

The block has one mechanical rotational port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Mechanical Translational Reference



Mechanical Rotational Reference

Topics
“Grounding Rules”

Introduced in R2007a
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Mechanical Translational Reference

Reference connection for mechanical translational ports

R

Library

Mechanical Translational Elements

Description

The Mechanical Translational Reference block represents a reference point, or frame, for
all mechanical translational ports. All translational ports that are rigidly clamped to the
frame (ground) must be connected to a Mechanical Translational Reference block.

Ports

The block has one mechanical translational port.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Mechanical Rotational Reference



Mechanical Translational Reference

Topics
“Grounding Rules”

Introduced in R2007a
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Memristor

Ideal memristor with nonlinear dopant drift approach
Library: Simscape / Foundation Library / Electrical / Electrical

Elements N

Description

This block allows you to model an ideal memristor with a nonlinear dopant drift approach.
The behavior of memristor is similar to a resistor, except that its resistance (also called
memristance) is a function of the current that has passed through the device. The
memristance is defined by two states, A and B, with some fraction of the device in one of
those states at a given time.

The nonlinear dopant drift model, [1], is described with the following equations:

1% = M-I
M = ERAH(1 - &) Rg
d I
& = &l
where

* Vis the voltage across the memristor.

* M is the memristance.

* [Iis the current entering the + terminal.

* R, and Ry are the resistances of the A and B states, respectively.

» £ is the fraction of the memristor in state A. A positive current from the + terminal to
the - terminal increases . Similarly, a positive current from the - terminal to the +
terminal decreases &. The value of € is bounded by 0 and 1.

e tistime.

* (@ is the total charge required to make the memristor transition from being fully in
one state to being fully in the other state.



Memristor

* Fy(¢)is a "window" function, which keeps & in the window between 1 and 0, and
therefore gives zero drift at the boundaries of the device.

The window function is
F,(é) = 1 - (28 _ 1)2p

where p is a positive integer. This function is modified when £ is close to either 0 or 1, to
improve numerical stability.

Variables
To set the priority and initial target values for the block variables prior to simulation, use

the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Ports

Conserving

+ — Positive terminal
electrical

Electrical conserving port associated with the memristor positive terminal.

- — Negative terminal
electrical

Electrical conserving port associated with the memristor negative terminal.

Parameters

Resistance of state A — Entire memristor in state A
1 Q (default) | positive scalar

The resistance if the entire memristor is in state A, that is, if £ = 1. The value should be
greater than 0.
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Resistance of state B — Entire memristor in state B
100 Q (default) | positive scalar

The resistance if the entire memristor is in state B, that is, if £ = 0. The value should be
greater than 0.

Total charge required for full state transition — Charge required for
full transition between states
10 mC (default) | positive scalar

The total charge flow that is required to transition the memristor from being fully in one
state to being fully in the other state.

State A fraction at t=0 — Fraction of memristor in state A at start of
simulation

0 (default) | min/max: (0,1)

The initial condition for & at the start of the simulation. This parameter sets a high
priority variable target within the block. The value should be greater than or equal to 0
and less than or equal to 1.

Exponent of the window function — Drift control at the boundaries
2 (default) | positive integer scalar

The exponent, p, of the window function, which keeps the value of £ between 0 and 1.

References

[1] Joglekar, Y. N., and S. J. Wolf. "The elusive memristor: properties of basic electrical
circuits." European Journal of Physics. 30, 2009, pp. 661-675.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.
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See Also

Introduced in R2016b
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MMF Sensor

Ideal magnetomotive force sensor

4

o 7

Library

Magnetic Sensors

Description

The MMF Sensor block represents an ideal magnetomotive force (mmf) sensor, that is, a
device that converts the mmf measured between any magnetic connections into a physical
signal proportional to the mmf.

Connections N and S are conserving magnetic ports through which the sensor is
connected to the circuit. The physical signal port outputs the value of the mmf.

Ports

The block has the following ports:

N
Magnetic conserving port associated with the sensor North terminal.

Magnetic conserving port associated with the sensor South terminal.

The block also has a physical signal output port, which outputs the value of the mmf.



MMF Sensor

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Controlled MMF Source | MMF Source | PS-Simulink Converter

Topics
“Connecting Simscape Diagrams to Simulink Sources and Scopes”

Introduced in R2010a
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MMF Source

Ideal magnetomotive force source

Library

Magnetic Sources

Description

The MMF Source block represents an ideal magnetomotive force (mmf) source that is
powerful enough to maintain specified constant mmf across its output terminals,
regardless of the flux flowing through the source.

You specify the output mmf by using the Constant mmf parameter, which can be
positive, negative, or zero.

Parameters

Constant mmf
Output mmf. You can specify any real value. The default value is 1 A.

Ports

The block has two magnetic conserving ports associated with its terminals.
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Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Controlled Flux Source

Introduced in R2010a
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Moist Air Properties (MA)

Global moist air properties for attached circuit
Library: Simscape / Foundation Library / Moist Air / Utilities

6C P

Description

The Moist Air Properties (MA) block defines the moist air properties that act as global
parameters for all the blocks connected to a circuit. The moist air mixture is composed of
dry air, water vapor, and an optional trace gas. The default trace gas is carbon dioxide.

Dry air, water vapor, and trace gas are assumed to be semiperfect gas. Pressure,
temperature, and density obey the ideal gas law. Other properties are functions of
temperature. You specify them as one-dimensional arrays corresponding to the
Temperature vector.

Each topologically distinct moist air circuit in a diagram can have a Moist Air Properties
(MA) block connected to it. If no Moist Air Properties (MA) block is attached to a circuit,
the blocks in this circuit use the properties corresponding to the default Moist Air
Properties (MA) block parameter values.

Ports

Conserving

A — Connection port
moist air

Conserving port that connects the block to the moist air network. You can connect it to
any point on a moist air connection line in a block diagram. When you connect the Moist
Air Properties (MA) block to a connection line, the software automatically identifies the
moist air blocks connected to the particular circuit and propagates the properties to all
these blocks.
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Parameters

Dry Air

Dry air specific gas constant — Universal gas constant divided by molar
mass of dry air
287.047 J/kg/K (default)

Universal gas constant divided by molar mass of dry air.

Temperature vector — Vector of temperature values for table lookup
vector

Vector of temperature values, to be used for table lookup of other properties as a function
of temperature. Dry air, water vapor, and trace gas properties share the same
temperature vector.

The default valueis [-56.55, -50 : 16 : -10, -5 : 1 : 5, 10 : 10 : 350]"'
degC.

Dry air specific enthalpy vector — Vector of specific enthalpy values for
table lookup
vector

The vector of specific enthalpy values of dry air, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size.

The default value is [342.416126230579; 349.005511058471;

359.063577249119; 369.119948684177; 379.175469465129;
389.230944678417; 394.258910928084; 395.264534937366;
396.27017101329; 397.275819932805; 398.281482472874;
399.287159410541; 400.292851523015; 401.298559587728;
402.304284382408; 403.310026685143; 404.315787274435;
409.34489180313; 419.404921755863; 429.468036401264;
439.535033154839; 449.606720928652; 459.683919949603;
469.767460521911; 479.858181001348; 489.956925196484;
500.064539372946; 510.181869006204; 520.309755403634;
530.449032296018; 540.60052248087; 550.765034584465;
560.943359995745; 571.136270013102; 581.344513234296;
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591.568813210327; 601.809866375885; 612.068340261954;
622.344871990218; 632.640067043998; 642.95449830646;
653.288705353699; 663.643193987949; 674.018435994423;
684.414869104228; 694.832897145098; 705.272890361557;
715.735185886199; 726.220088344236; 736.727870574087;
747.258774447567; 757.813011774199] kJ/Kkg.

Dry air dynamic viscosity vector — Vector of dynamic viscosity values for
table lookup
vector

The vector of dynamic viscosity values of dry air, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size.

The default value is [14.2568883320012; 14.6140127728333;
15.1517277055779; 15.6806860159119; 16.2012351072083;
16.7137043125028; 16.9670071730589; 17.017438062815;
17.0677930842452; 17.1180725309876; 17.1682766951315;
17.2184058672268; 17.2684603362935; 17.3184403898301;
17.3683463138234; 17.4181783927569; 17.4679369096204;
17.7156358640698; 18.2056751785154; 18.68879035749;
19.1652344664982; 19.6352478927873; 20.099059103658;
20.5568853601578; 21.0089333871663; 21.4554000014051;
21.8964726992323; 22.3323302062775; 22.7631429910631;
23.1890737447833; 23.6102778293792; 24.0269036959922;
24.4390932757886; 24.8469823450548; 25.2507008663546;
25.6503733074314; 26.0461189394339; 26.4380521159325;
26.8262825340948; 27.2109154792923; 27.5920520543128;
27.969789394274; 28.3442208682439; 28.7154362685068;
29.0835219883356; 29.4485611890712; 29.8106339572472;
30.1698174524429; 30.5261860464955; 30.8798114546565;
31.2307628592324; 31.5791070262086] s*uPa.

Dry air thermal conductivity vector — Vector of thermal conductivity
values for table lookup
vector

The vector of thermal conductivity values of dry air, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size.
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The default value is [19.8808489374933; 20.4162454629695;
21.2248743590758; 22.0232452890903; 22.8117314495857;
23.5906913619588; 23.9767075412237; 24.053639990175;
24.1304826682191; 24.2072359051629; 24.2839000294007;
24.3604753679152; 24.4369622462801; 24.5133609886625;
24.5896719178249; 24.6658953551279; 24.7420316205333;
25.1214164701832; 25.8738283029331; 26.6180150229276;
27.3542674377332; 28.0828634735341; 28.8040686837224;
29.5181367785657; 30.2253101618423; 30.9258204644224;
31.6198890677835; 32.3077276126633; 32.9895384896798;
33.6655153099498; 34.33584335461; 35.0007000027879;
35.6602551380254; 36.3146715334901; 36.9641052165342;
37.6087058133173; 38.248616874307; 38.8839761815308;
39.5149160384798; 40.1415635435708; 40.7640408480637;
41.3824653993118; 41.9969501701893; 42.6076038755117;
43.2145311762238; 43.8178328720941; 44.4176060836121;
45.013944423749; 45.6069381602018; 46.1966743687041;
46.783237077953; 47.3667074066625]1 mW/m/K.

Minimum valid pressure — Lowest pressure allowed
1 kPa (default)

Lowest pressure allowed in the moist air network. The simulation issues an error when
pressure is out of range.

Maximum valid pressure — Highest pressure allowed
inf MPa (default)

Highest pressure allowed in the moist air network. The simulation issues an error when
pressure is out of range.

Minimum valid temperature — Lowest temperature allowed
-56.55 degC (default)

Lowest temperature allowed in the moist air network. The simulation issues an error
when temperature is out of range.

Maximum valid temperature — Highest temperature allowed
350 degC (default)

Highest temperature allowed in the moist air network. The simulation issues an error
when temperature is out of range.
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Atmospheric pressure — Absolute pressure of the environment
0.101325 MPa (default)

Absolute pressure of the environment.

Atmospheric temperature — Absolute temperature of the environment
20 degC (default)

Absolute temperature of the environment.

Water Vapor

Water vapor specific gas constant — Universal gas constant divided by
molar mass of water vapor
461.523 J/kg/K (default)

Universal gas constant divided by molar mass of water vapor.

Water vapor saturation pressure vector — Vector of vapor saturation values
for table lookup
vector

Vector of vapor saturation values for water as a function of temperature, to be used for
one-dimensional table lookup. Moist air becomes saturated when the partial pressure of
water vapor is equal to the water vapor saturation pressure. Therefore, condensation may
occur. The vector size must be the same as the temperature vector size. Dry air, water
vapor, and trace gas properties share the same temperature vector.

The default value is [1.71168953425982e-06; 3.93770601979424e-06;
1.28411717710344e-05;

3.80051394873809e-05; .00010323902900209; .000259873810798063; .0004
01741022116384; .000437454836117844; .000476040820618202; .000517704
666185737; .000562664883741207; .000611212677444345; .00065708804911
7899; .000705987905898279; .000758082381149132; .000813549384183233;
.000872574861129522; .00122818386934022; .0023392147667769; .0042466
8834054807; .00738442748706953; .0123512704340234; .0199458019246787
; .0312006356960619; .0474147199263783; .0701823607447713; .10141797
792131; .143375967241115; .198665399739302; .270259606559999; .36150
0961984849; .476101381081492; .618139196722055; .792053183687694;
1.0026345688121; 1.25501792086105; 1.55467186826983;
1.90739066433297; 2.31928772772542; 2.79679245576864;
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3.34665187151016; 3.97593907083533; 4.69207105435535;
5.5028394740883; 6.41645928168037; 7.4416425436169;
8.58770832955728; 9.86474556030261; 11.2838558865497;
12.8575218898034; 14.6001810568052; 16.5291642526045] MPa.

Water specific enthalpy of vaporization vector — Vector of specific
enthalpy of vaporization values for table lookup
vector

Vector of the difference between the specific enthalpy of saturated water vapor and the
specific enthalpy of saturated liquid water as a function of temperature, to be used for
one-dimensional table lookup. The vector size must be the same as the temperature
vector size. Dry air, water vapor, and trace gas properties share the same temperature
vector.

The default value is [2836.88241275372; 2837.81392500514;
2838.63937175807; 2838.7309929628; 2838.06905313927;
2836.62597341095; 2835.60023952573; 2835.37006381376;
2835.13143158077; 2834.88429145066; 2834.62859062897;
2500.93420564316; 2498.55329907119; 2496.17495082036;
2493.79885912205; 2491.42474723191; 2489.05236104642;
2477 .20875029194; 2453.54955988604; 2429.83856603313;
2406.00136954922; 2381.97406342174; 2357.69101156389;
2333.08088387814; 2308.06565480412; 2282.56034405021;
2256.47287422313; 2229.70428017508; 2202.14968030993;
2173.69998896199; 2144.24368406447; 2113.66758247452;
2081.85585110571; 2048.68725710494; 2014.03141249899;
1977.7449923284; 1939.66849592886; 1899.62342931686;
1857.40930169838; 1812.79975416601; 1765.53721731251;
1715.32525772152; 1661.81700477787; 1604.59703745016;
1543.1534616334; 1476.83692476464; 1404.80240352424;
1325.92091736114; 1238.61667822208; 1140.5102987018;
1027.62017777647; 892.733785613825] kJ/kg.

Water vapor specific enthalpy vector — Vector of specific enthalpy values
for table lookup

vector

The vector of specific enthalpy values of water vapor, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
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as the temperature vector size. Dry air, water vapor, and trace gas properties share the
same temperature vector.

The default value is [2396.55944251649; 2408.68643343608; 2427.1988031141;
2445.702165897; 2464.18429108356; 2482.62529466839;
2491.82135326629; 2493.6580151792; 2495.49372578218;

2497 .32843835745; 2499.16210446923; 2500.99462758899;
2502.83092214066; 2504.6665223621; 2506.50140563013; 2508.335548891;
2510.16892865793; 2519.32352241995; 2537.56068088674;
2555.67742615292; 2573.6403223998; 2591.4109179101; 2608.9455037701;
2626.19492016262; 2643.10444358428; 2659.61377634497;
2675.58278696023; 2696.1846256545; 2716.49989553741;
2736.6235210957; 2756.61216047011; 2776.50561773853;
2796.33378922508; 2816.11979583049; 2835.88181423877;
2855.63430574511; 2875.38889327595; 2895.15500577172;
2914.94035964689; 2934.75132290228; 2954.59319330244;

2974 .47041285505; 2994.38673458964; 3014.34535328009;
3034.34900867103; 3054.40006755764; 3074.50058946898;
3094.65237953784; 3114.85703128106; 3135.11596137801;
3155.43043805905; 3175.80160435813] kJ/kg.

Water vapor dynamic viscosity vector — Vector of dynamic viscosity values
for table lookup
vector

The vector of dynamic viscosity values of water vapor, to be used for one-dimensional
table lookup based on the corresponding temperature value. The vector size must be the
same as the temperature vector size. Dry air, water vapor, and trace gas properties share
the same temperature vector.

The default value is [6.81365662228272; 7.04953750742707;

7.40970098298307; 7.76991278093907; 8.13017290129507;
8.49048134405107; 8.67065368632907; 8.70668960445667;
8.74272600580827; 8.77876289038387; 8.81480025818347;
8.85083810920707; 8.88687644345467; 8.92291526092627;
8.95895456162187; 8.99499434554147; 9.03103461268507;
9.21124319676307; 9.57169660671907; 9.93219833907507;

10.2927483938311; 10.6533467709871; 11.0139934705431;
11.3746884924991; 11.7354318368551; 12.0962235036111;
12.4570634927671; 12.8179518043231; 13.1788884382791,;
13.5398733946351; 13.9009066733911; 14.2619882745471;

1-438



Moist Air Properties (MA)

14.6231181981031; 14.9842964440591; 15.3455230124151,;
15.7067979031711; 16.0681211163271; 16.4294926518831,;
16.7909125098391; 17.1523806901951; 17.5138971929511,;
17.8754620181071; 18.2370751656631; 18.5987366356191;
18.9604464279751; 19.3222045427311; 19.6840109798871,;
20.0458657394431; 20.4077688213991; 20.7697202257551;
21.1317199525111; 21.4937680016671] s*uPa.

Water vapor thermal conductivity vector — Vector of thermal conductivity
values for table lookup
vector

The vector of thermal conductivity values of water vapor, to be used for one-dimensional

table lookup based on the corresponding temperature value. The vector size must be the

same as the temperature vector size. Dry air, water vapor, and trace gas properties share
the same temperature vector.

The default value is [11.46288215976; 11.941997488935; 12.676358586935;
13.414208884935; 14.155548382935; 14.900377080935; 15.274099879935;
15.348949115735; 15.423833243535; 15.498752263335; 15.573706175135;
15.648694978935; 15.723718674735; 15.798777262535; 15.873870742335;
15.948999114135; 16.024162377935; 16.400502076935; 17.155798374935;
17.914583872935; 18.676858570935; 19.442622468935; 20.211875566935;
20.984617864935; 21.760849362935; 22.540570060935; 23.323779958935;
24.110479056935; 24.900667354935; 25.694344852935; 26.491511550935;
27.292167448935; 28.096312546935; 28.903946844935; 29.715070342935;
30.529683040935; 31.347784938935; 32.169376036935; 32.994456334935;
33.823025832935; 34.655084530935; 35.490632428935; 36.329669526935;
37.172195824935; 38.018211322935; 38.867716020935; 39.720709918935;
40.577193016935; 41.437165314935; 42.300626812935; 43.167577510935;
44.038017408935] mW/m/K

Water vapor diffusivity in air — Smoothing coefficient for flow reversals
25 mm”"2/s (default)

Coefficient for the diffusive flux of water vapor in the moist air mixture due to the
difference in concentration of water vapor. During mixture flow reversal, the water vapor
mass flow rate at the ports smoothly transitions between the upstream and downstream
value based on the diffusivity.
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Trace Gas

Trace gas model — Select how to model trace gas in the air mixture
None (default) | Track mass fraction only | Track mass fraction and gas
properties

Select how the block models the amount of trace gas in the air mixture:

* None — No trace gas is present. The moist air mixture consists of only dry air and
water vapor. Any nonzero values of trace gas level in parameters and variable targets
of the blocks connected to the circuit are ignored. All connections to the trace gas
source blocks in the model are also ignored. Therefore, you do not need to modify your
model based on the trace gas modeling selection.

* Track mass fraction only — The trace gas level can be nonzero and vary during
simulation. However, the amount of trace gas is assumed to be small enough to have a
negligible impact on the fluid properties of the moist air mixture.

* Track mass fraction and gas properties — The trace gas level can be
nonzero and vary during simulation. The fluid properties of the moist air mixture
depend on the amount of trace gas in the mixture.

For more information on the impact of these options on block and system equations, see
“Trace Gas Modeling Options”.

Trace gas specific gas constant — Universal gas constant divided by molar
mass of trace gas
188.923 J/kg/K (default)

Universal gas constant divided by molar mass of trace gas.

Dependencies

Enabled when the Trace gas model parameter is set to Track mass fraction only
or Track mass fraction and gas properties.

Trace gas specific enthalpy vector — Vector of specific enthalpy values for
table lookup
vector

The vector of specific enthalpy values of trace gas, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size. Dry air, water vapor, and trace gas properties share the
same temperature vector.
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The default value is [439.555216260064; 444.670268200251;
452.538618847003; 460.487124258496; 468.522588768941;
476.649415958793; 480.74798538725; 481.57054318762;
482.394052398751; 483.218514288831; 484.043930029015;
484.870300696555; 485.697627277859; 486.525910671489;
487.355151691079; 488.185351068185; 489.016509455051;
493.186704139431; 501.599194953048; 510.107689961685;
518.711611080182; 527.410026793075; 536.201764778798;
545.085474203452; 554.059675505208; 563.122805485367;
572.27325096919; 581.509373027928; 590.829525105886;
600.232066705818; 609.715373581392; 619.277845178105;
628.917909922924; 638.634028838794; 648.424697859328;
658.288449140109; 668.223851601449; 678.229510889093;
688.304068901113; 698.44620299875; 708.654624994591;
718.928079991818; 729.265345132425; 739.665228299475;
750.126566808087; 760.648226111439; 771.229098541268;
781.868102096908; 792.564179292476; 803.316296068366;
814.123440770426; 824.984623198037] kJ/kg.

Dependencies

Enabled when the Trace gas model parameter is set to Track mass fraction and
gas properties.

Trace gas dynamic viscosity vector — Vector of dynamic viscosity values for
table lookup
vector

The vector of dynamic viscosity values of trace gas, to be used for one-dimensional table
lookup based on the corresponding temperature value. The vector size must be the same
as the temperature vector size. Dry air, water vapor, and trace gas properties share the
same temperature vector.

The default value is [10.8921054191698; 11.2215357085649;

11.7233300740382; 12.2234238147811; 12.7215124453467;
13.2173328890673; 13.4643203184773; 13.5136406274989;
13.562934752385; 13.6122025024997; 13.6614436900741;
13.7106581301692; 13.7598456406398; 13.8090060420983;
13.8581391578796; 13.9072448140062; 13.9563228391538;
14.2012926853717; 14.6890687376044; 15.1738428124161;
15.6554929043332; 16.1339159800463; 16.6090257998657;
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17.0807510097148; 17.5490334645512; 18.0138267508952;
18.4750948814453; 18.9328111390399; 19.3869570507278;
19.8375214755778; 20.2844997922255; 20.7278931741254;
21.1677079421287; 21.6039549853963; 22.036649242835;
22.4658092382469; 22.8914566632375; 23.3136160026627;
23.7323141980278; 24.1475803447965; 24.5594454200432;
24.9679420372927; 25.3731042257492; 25.774967231431;
26.1735673380029; 26.5689417053362; 26.9611282240413;
27.350165384404; 27.73609215832; 28.118947892972; 28.4987722151178;
28.8756049449796] s*uPa

Dependencies

Enabled when the Trace gas model parameter is set to Track mass fraction and
gas properties.

Trace gas thermal conductivity vector — Vector of thermal conductivity
values for table lookup
vector

The vector of thermal conductivity values of trace gas, to be used for one-dimensional
table lookup based on the corresponding temperature value. The vector size must be the
same as the temperature vector size. Dry air, water vapor, and trace gas properties share
the same temperature vector.

The default value is [10.489430678843; 10.9507672150864; 11.666197960308;
12.392559739764; 13.1299519771612; 13.8778409888416;
14.2554325416312; 14.3312274189707; 14.4071122346908;
14.4830860227061; 14.5591478179508; 14.6352966574703;
14.7115315815553; 14.787851634907; 14.8642558678259;
14.9407433374142; 15.0173131087819; 15.401364480906;
16.1751373988038; 16.9558134611595; 17.7432208682398;
18.5366976599676; 19.3360988502003; 20.1412225692689;
20.9517507672929; 21.7672310558863; 22.5871115634685;
23.4107980865695; 24.2377021890869; 25.0672663781241;
25.8989689893876; 26.732318357514; 27.5668446164644;
28.4020933015927; 29.2376215872816; 30.0729965057542;
30.9077942826816; 31.7416001931033; 32.5740086297993;
33.4046232539953; 34.2330571812868; 35.0589331874899;
35.8818839295189; 36.701552179391; 37.5175910702657;
38.3296643536716; 39.1374466671854; 39.9406238119064;
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40.7388930391313; 41.5319633456945; 42.3195557774861;
43.1014037407076] mW/m/K.

Dependencies

Enabled when the Trace gas model parameter is set to Track mass fraction and
gas properties.

Trace gas diffusivity in air — Smoothing coefficient for flow reversals
16 mm”~2/s (default)

Coefficient for the diffusive flux of trace gas in the moist air mixture due to the difference
in concentration of trace gas. During mixture flow reversal, the trace gas mass flow rate

at the ports smoothly transitions between the upstream and downstream value based on
the diffusivity.

Dependencies

Enabled when the Trace gas model parameter is set to Track mass fraction only
or Track mass fraction and gas properties.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Moisture & Trace Gas Cap (MA)

(To be removed) Moist air source port terminator

Note The Moisture & Trace Gas Cap (MA) block will be removed in a future release. For
more information, see “Compatibility Considerations”.

Library: Simscape / Foundation Library / Moist Air / Sources /
Moisture & Trace Gas Sources

Description

Use Moisture & Trace Gas Cap (MA) block to terminate unused moist air source ports on
other blocks.

Blocks with a finite moist air volume contain an internal node that lets you model
moisture and trace gas levels inside the component. This internal node belongs to the
moist air source domain. The corresponding port is named S. If no moisture or trace gas
is injected or extracted from a block with moist air volume, connect its port S to a
Moisture & Trace Gas Cap (MA) block.

Ports

Conserving

S — Terminate unused moist air source ports on other blocks
moist air source

Connect this port to an unused port S of another block.



Moisture & Trace Gas Cap (MA)

Compatibility Considerations

Hide unused moist air source ports
Not recommended starting in R2019b

Starting in R2019b, all Moist Air library blocks with a finite moist air volume have a new
parameter, Moisture and trace gas source, which controls the visibility of port S and
provides options for modeling moisture and trace gas levels inside the component. In
previous releases, you needed the Moisture & Trace Gas Cap (MA) block to cap unused
ports S in the model. Now, ports S should be exposed only when in use.

Currently, legacy models using the Moisture & Trace Gas Cap (MA) block work the same
as in previous releases. However, this block will be removed in the future. To update your
legacy models, in each block connected to a Moisture & Trace Gas Cap (MA) block, set
the Moisture and trace gas source parameter to None. Then delete the Moisture &
Trace Gas Cap (MA) blocks and unused connection lines.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Cap (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Moisture Source (MA)

Inject or extract moisture at a constant rate

Library: Simscape / Foundation Library / Moist Air / Sources /
Moisture & Trace Gas Sources ul
Description

The Moisture Source (MA) block represents a constant source or sink of moisture for the
connected moist air volume. A positive or negative moisture mass flow rate results in
moisture being added or removed, respectively.

You can add moisture as water vapor or liquid water. For water vapor, the energy
associated with the added or removed moisture is

_ mspecified ' hw(Tspecified)r if mspecified =0

o . o
’ Mspecified * hw(Ts), if Mgpecified < 0

where:

Mspecified 1S the water vapor mass flow rate specified by the Moisture mass flow rate
parameter.

* h, is the water vapor specific enthalpy.

*  Typecifiea 1S the temperature of added moisture, as specified by the block parameters.
The block uses this value to evaluate the specific enthalpy of the added moisture only.
The specific enthalpy of removed moisture is based on the temperature of the
connected moist air volume.

» T, is the temperature at port S, which is the same as the temperature of the connected
moist air volume.

For liquid water, the energy associated with the added or removed moisture is

D. = mspecified ’ (hw(Tspecified) - Ahvap(TSpecified))f if mspecified =0
s= .. o
Mspecified * (hw(Ts) - Ahvap(Ts))/ if Mgpecified < 0



Moisture Source (MA)

where Ah,,, is the water specific enthalpy of vaporization.

Port S is a moist air source conserving port. Connect this port to port S of a block with
finite moist air volume to add or remove moisture through that block. For more
information, see “Using Moisture and Trace Gas Sources”.

Ports

Conserving

S — Inject or extract moisture
moist air source

Connect this port to port S of a block with finite moist air volume to add or remove
moisture through that block.

Parameters

Moisture added or removed — Select whether the source adds or removes
moisture as water vapor or liquid water
Vapor (default) | Liquid

Select whether the source adds or removes moisture as water vapor or liquid water:

* Vapor — The enthalpy of the added or removed moisture corresponds to the enthalpy
of water vapor, which is greater than that of liquid water.

* Liquid — The enthalpy of the added or removed moisture corresponds to the
enthalpy of liquid water, which is less than that of water vapor.

Rate of added moisture — Constant mass flow rate through the source
0 kg/s (default)

Water vapor mass flow rate through the source. A positive value adds moisture to the
connected moist air volume. A negative value extracts moisture from that volume.

Added moisture temperature specification — Select specification method
for the temperature of added moisture
Atmospheric temperature (default) | Specified temperature
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Select a specification method for the moisture temperature:
* Atmospheric temperature — Use the atmospheric temperature, specified by the
Moist Air Properties (MA) block connected to the circuit.

* Specified temperature — Specify a value by using the Temperature of added
moisture parameter.

Temperature of added moisture — Moisture temperature
293.15 K (default)

Enter the desired temperature of added moisture. This temperature remains constant
during simulation. The block uses this value to evaluate the specific enthalpy of the added
moisture only. The specific enthalpy of removed moisture is based on the temperature of
the connected moist air volume.

Dependencies

Enabled when the Added moisture temperature specification parameter is set to
Specified temperature.

Extended Capabilities

C/C++ Code Generation
Generate C and C++ code using MATLAB® Coder™.

See Also
Controlled Moisture Source (MA)

Topics
“Modeling Moist Air Systems”
“Modeling Moisture and Trace Gas Levels”

Introduced in R2018a
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Mutual Inductor

Mutual inductor in electrical systems

Library

Electrical Elements

Description

The Mutual Inductor block models a mutual inductor, described with the following
equations:

_;4dIl di2
_ rodI2 dIl
M =kyL1-L2

where
V1 Voltage across winding 1
V2 Voltage across winding 2
I1 Current flowing into the + terminal of winding 1
I2 Current flowing into the + terminal of winding 2
L1, L2 Winding self-inductances
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M Mutual inductance

Coefficient of coupling, 0 < k < 1

t Time

This block can be used to represent an AC transformer. If inductance and mutual
inductance terms are not important in a model, or are unknown, you can use the Ideal
Transformer block instead.

The two electrical networks connected to the primary and secondary windings must each
have their own Electrical Reference block.

Variables

To set the priority and initial target values for the block variables prior to simulation, use
the Variables tab in the block dialog box (or the Variables section in the block Property
Inspector). For more information, see “Set Priority and Initial Target for Block Variables”.

Parameters

Inductance L1

Self-inductance of the first winding. The default value is 10 H.
Inductance L2

Self-inductance of the second winding. The default value is 0.1 H.
Coefficient of coupling

Coefficient of coupling, which defines the mutual inductance. The parameter value
should be greater than zero and less than 1. The default value is 0.9.

Ports

The block has four electrical conserving ports. Polarity is indicated by the + and - signs.
Ports labeled 1+ and 1- are connected to the primary winding. Ports labeled 2+ and 2-
are connected to the secondary winding.



Mutual Inductor

Extended Capabilities

C/C++ Code Generation

Generate C and C++ code using MATLAB® Coder™.

See Also

Ideal Transformer

Introduced in R2007a
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Op-Amp

Ideal operational amplifier

>

Library

Electrical Elements

Description

The Op-Amp block models an ideal operational amplifier (op-amp). The figure shows the
implementation schematic.

The block implementation is based on the following assumptions:
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* The ideal op-amp gain A is assumed to be infinite
* Then, for finite output, must have VI = 0
* Ideal op-amp also 