ELSEVIER

Available online at www.sciencedirect.com
ScienceDirect

International Journal of Thermal Sciences 47 (2008) 175-181

Internadionsl
Journal of
Thernnzl
Scieness

www.elsevier.com/locate/ijts

Experimental studies on R134a-DMAC hot water based vapour absorption
refrigeration systems

V. Muthu *, R. Saravanan, S. Renganarayanan

Institute for Energy Studies, Anna University, Chennai 600 025, India

Received 4 July 2006; received in revised form 14 February 2007; accepted 14 February 2007
Available online 2 April 2007

Abstract

The objective of this paper is to present an experimental study on environment friendly vapour absorption refrigeration system of 1 kW capacity
using R134a-DMAC as the working fluids. The system is designed and tested for various operating conditions using hot water as heat source. In this
paper, performance of the fabricated system are outlined with respect to various operating parameters such as heat source, condenser, absorber and
evaporator temperatures. The result indicates that at the sink and source temperatures of 30 and 80 °C respectively and a typical heat input of 4 kW,
the system attained steady state in two hours. For this system an actual COP of 0.25 to 0.45 was obtained under the tested conditions. The study re-
veals the feasibility of using R134a-DMAC as working fluids in the absorption machines using low potential heat sources for various applications.

© 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

The world demand of energy for the air-conditioning and
refrigeration is increasing. This is due to an increasing desire
for comfort, necessity of food storage and medical applications
in hot climates especially third world developing countries.

The normal conventional cooling unit used for the above pur-
pose is an electrically powered vapour compression machine,
which often uses halogenized hydrocarbons (CFCs) as refrig-
erant with suitable substitute (HCFC). The Montreal Protocol
marked a turning point in refrigeration industry and has a focus
on international commitment to end the use of CFC and HCFC
refrigerants aimed to protect the environment. One of the al-
ternatives to overcome these draw-backs is vapour absorption
refrigeration systems which use non-CFC/HCFC working flu-
ids.

Absorption systems, being principally heat operated can uti-
lize low potential heat sources like waste heat, solar energy,
low-pressure steam etc. For large capacity systems, absorption
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systems consume very little high-grade electrical/mechanical
energy compared to the vapour compression refrigeration sys-
tem. Thus the absorption system can significantly contribute to
the improvements in energy consumption efficiencies and also
to energy conservation. The most commonly used refrigerant
and absorbents pairs for VARS are water—lithium bromide and
ammonia water. Some of the limitations encountered with these
pairs are:

(1) Since water is used as refrigerant, evaporator temperature
is limited to 5 °C and the system has to be operated under
extremely low pressures (vacuum). There is also a pos-
sibility of lithium bromide salt crystallization at elevated
temperatures and higher concentration, which will upset
the operating parameters due to concentration variations;

(2) Ammonia—water system is toxic, rectification is necessary
and copper cannot be used due to corrosion problem; and

(3) Ammonia with air is flammable when its concentration is
about 25% by volume.

Because of these problems, in recent years considerable
attention has been shifted to new working fluids for VARS.
Among them many HFC/HCFC based working fluids have been
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Nomenclature

COP  Coefficient of performance
COP.,r Carnot coefficient of performance

CR Circulation ratio

E Effectiveness or efficiency

m Massflowrate ...........cvviiieiinnn, kg/s
P Pressure ......... ..o i bar
0 Heat transferrate . ......................... kW
t Temperature ...........ccoviiieiiiiie... °C
X Weight fraction of R134a in solution. ... kgr/kgs
& Second law efficiency

Subscripts

a Absorber or absorbent

act Actual

c Condenser or condensation or cooling

cw Cooling water

e Evaporator or evaporation
Generator

r Refrigerant

w Chilled water

sink Heat rejection sink

th Thermodynamic

ws Weak solution

1-18  State paints in the system with reference to Fig. 1.

Abbreviations

CFC  Chloro-fluoro-carbon

DMAC N,N-dimethyl acetamide
R134a 1,1,1,2-tetrafluoroethane
VARS  Vapour absorption refrigeration system

identified [1-3]. Another major advantage of these systems
is its capability to operate at moderate generator temperature,
which makes these systems suitable for utilization of low po-
tential heat sources such as waste heat/solar energy.

The search for new working fluids has centered on the halo-
hydrocarbon group of fluids commercially known as Freons as
the volatile component. These fluids meet most of the require-
ments for the desirable refrigerant. However, in comparison
to ammonia and water, these fluids have a considerable lower
enthalpy of vaporization. Number of investigators have consid-
ered and reported data for R134a as refrigerant with different
absorbents for VARS [4-6]. It was experimentally found that
Dimethyl Acetamide (DMAC) was found to be a very promis-
ing solvent for HCFC22 in VARS applications, and felt that the
performance of HCFC134a-DMAC solution in VARS should
be investigated [7]. Hence this study is focused on the exper-
imental investigations on R134a-DMAC based absorption re-
frigeration systems.

2. Experimental set-up

The schematic diagram of the experimental set-up of the
single stage continuous vapour absorption refrigeration system
designed for 1 kW cooling capacity is shown in Fig. 1. Ther-
modynamic process cycle analysis have been carried out to
estimate the heat interactions at the major components such as
generator, condenser, evaporator, absorber and solution heat ex-
changer. These components are designed as per heat and mass
transfer calculations using the standard design procedure.

The VARS employs an absorber, evaporator, condenser,
generator, solution heat exchanger, solution pump, expansion
valves and the piping to connect these. Heat is supplied to the
generator from the heat source simulator. High-pressure refrig-
erant vapour, which is separated from the strong solution in the
generator, enters to the condenser. Superheat and heat of con-
densation of refrigerant vapour are released to the cooling water
flowing through condenser. Thus, the refrigerant vapour gets
condensed and collected into the refrigerant receiver. Liquid re-

frigerant now passes via filter-drier, refrigerant flow meter and
an expansion valve or capillary tube to the evaporator where it
gets evaporated at a lower temperature absorbing heat from the
refrigeration load simulator. A filter-drier is placed in the lig-
uid line of refrigerant to remove moisture that may be present
in the liquid R134a. The refrigerant vapour leaving the evapo-
rator enters the bottom of the absorber where it is absorbed by
the weak solution. Heat released during the absorption process
and also during the mixing process is being rejected to the cool-
ing water circuit. The solution now becomes strong in absorbent
enters the strong solution reservoir. The solution pump enables
its entry into the generator through the solution heat exchanger
increases the pressure level of this solution. The strong solution-
entering generator at the top of the shell is heated by circulated
hot water and the refrigerant in the solution is separated. Hence,
the solution becomes weak at high pressure and temperature.
This solution enters the solution heat exchanger before entering
the absorber for the improvement of system performance.

The various quantities to be measured during the course of
experimentation are pressure, temperature, flow rate and heat
interaction at all the major components at various locations as
mentioned in Fig. 1. The various temperatures are to be mea-
sured are temperatures of refrigerant and absorbent Solution at
various state points in the system and temperature of cooling
water and ambient. Temperatures are measured using copper-
constant an thermocouples (30 gauge). The uncertainty in the
measurement of temperature was found to be +0.5°C. Since
only positive pressures are encountered in the system, bour-
don type pressure gauges are used for measuring these positive
pressures at 10 locations in the circuit of the vapour absorption
refrigeration system. The uncertainty in the pressure measure-
ment is +3.27%. Flow meters are used to monitor the flow rates
of the liquid refrigerant and the strong solution. Hot water and
cooling water flow rates are measured using water flow meter.
The uncertainties for the refrigerant, solution and water flow
measurement are 6, +2.9 and £8.7% respectively.
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3. Results and discussion

Experiments are carried out with R134a-DMAC as working
fluid in the Single Stage Vapor Absorption Refrigeration Sys-
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Fig. 1. Schematic diagram of experimental set-up.

testing the fabricated experimental setup.

(a) Temperatures of 60 and 80°C were used to represent
low potential heat energy sources. Higher temperature was

not attempted, as the heat transfer fluid was water at at-

mospheric pressure.

(b) Cooling water temperatures (sink temperatures) were var-

ied in the range of 20, 25 and 30 °C which covered for the
typical ambient conditions.

(c) Evaporator temperature from about —5 to 15°C aimed.

This range is considered to cover a variation of variety of
refrigeration requirements.

Heat quantities calculated from the measured temperature,
pressure, mass flow rates and estimated concentration at steady
state condition of the working fluids are designated as “ther-

177

modynamic values”. The relevant equations are as given below:
The state points are corresponding to the points represented in

Fig. 1.
3.1. Thermodynamic heat quantities

Heat supplied at evaporator:
Qe,th = mr(he — hs)

Heat rejected at the condenser:
Oc,th =my(hy — hy)

Heat rejected at absorber:
Qa,th =mrhe + myshio — mgshy

Generator heat input:

Qg,th =meh| + myshz — mgshy

Recovered heat in solution heat exchanger:

Oh,th = mgs(hy — hg)

(1

2)

3)

“4)

®)
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“Actual” heat quantities are determined based on the mea-
sured flow rate and temperature rise (or drop) of water passing
through each component.

3.2. Actual heat quantities

Heat rejected at absorber:

Qaact = MewCPew(T1g — T17) (6)
Generator heat input:

Qg act = mnscphs(T11 — T12) (7
Heat supplied at evaporator:

Qc,act = Mrwcprw(Tis — Tie) ()
Heat rejected at the condenser:

Oc,act = MewCPew(Ti4 — T13) )

Where the specific heat capacities are calculated at the aver-
age temperature of water through each component.

From the above thermodynamic and actual heat quantities,
the performance of each component is represented by its heat
transfer effectiveness as follows:

Absorber:

Ea = Qaact/Qath (10)
Generator:

Eg = Qgth/ Qg act an
Heat exchanger:

Eh=(T»—T3)/(T3 — Ty) 12)

Two important performance characteristics of VARS are, cir-
culation ratio (CR) and coefficient of performance (COP).

CR is defined as the ratio of the mass flow of the strong
solution to that refrigerant, i.e.

CR =mgs/my (13)

Coefficient of performance (COP) is defined as the ratio of the
cooling load at evaporator (Q.) to the heat energy input at gen-
erator (Qg). Solution pump input being very small; has been
neglected in the calculation of the COP. Therefore,

COP = Qe th/ Qg.th (14)

Actual COP is calculated by means of actual heat supplied at
generator and evaporator, i.e.

COPact = Qe,act/ Qg,act (15)
Carnot Coefficient of Performance is given by the equation,
COPcyr = (T5/(Ty — T5) x (T3 — T7)/ T3)) (16)

Fig. 2 shows the variation of the temperature of the gener-
ator, absorber, condenser, and evaporator with respect to time.
The plots are drawn for a constant heat source temperature ‘thg’
of 80 °C and sink temperature of 30 °C. The mass flow rate of
cooling water ‘mcy,’ is also held constant at around 0.33 kg/s,
the generator temperature is seen to increase initially and then
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Fig. 2. Variation of component temperature with respect to time for constant
sink and source temperatures.

after 3 hours it stabilizes at a temperature of around 74 °C. The
variation of absorber and condenser temperature with time also
follows the same pattern as the generator. From the figure it
can be noticed that the absorber temperature is nearly always
higher than the temperature of the condenser. This is due to
higher heat load in the absorber because of the large heat of
formation of solution involved in the absorption process. The
evaporator temperature tends to decrease with time. This is ob-
viously due to the cooling effect of the refrigerant. As can be
seen from the figure the evaporator temperature reaches a sta-
ble condition after 5 hours. As the system is a heat operated one
there is a heat carrying capacity for all the components of the
system, this increased load causes the observed delay in reach-
ing a stable evaporator temperature.

The variation of component temperatures with heat source
temperature at constant temperatures is shown in Fig. 3. The
mass flow rate of cooling water ‘mcy,’ is also held constant. It
is clear from the figures that the operating temperatures at all
components increase with heat source temperature. This is be-
cause of an increase in temperatures of both weak solution and
refrigerant vapor at the respective outlet of generator. When
the temperature of the refrigerant vapor leaving the generator
and entering the condenser increases, cooling water flow rate
through the absorber and condenser being kept constant, the
condenser pressure and hence condenser temperature increases.
Due to the increase of weak solution temperature at the outlet
of the generator, weak solution temperature at the inlet of the
absorber increases and therefore strong solution temperature at
absorber outlet also increases. This causes the evaporator pres-
sure and evaporator temperature to increase.

The variation of Circulation Ratio (CR) with Heat source
temperature at constant evaporator temperature is shown in
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Fig. 3. Variation of component temperature with heat source temperature at
steady state conditions.
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Fig. 4. Variation of circulation ratio with heat source temperature for different
sink temperatures.

Fig. 4 for various sink temperatures. This can be attributed
to the fact that the weak solution concentration decreases at a
higher rate than that of strong solution when heat source tem-
perature increases. Hence, when temperature and flow rate of
cooling water are held constant, degassing width increases with
heat source temperature, resulting in reduction of circulation ra-
tio. As the sink temperature increases, the pressure of the heat
source component increases, thereby increasing the heat source
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Fig. 5. Variation of absorber effectiveness with heat source temperature for dif-
ferent sink temperatures.

temperature. Thus, as explained above the circulation ratio de-
creases with increase in sink temperature.

The variation of absorber effectiveness with heat source tem-
perature is shown in Fig. 5 for various sink temperatures at
constant mass flow rate of cooling water. It is observed from the
figure that as heat source temperature increases the effective-
ness of the absorber is increasing, which is as expected. Now,
since absorption is an exothermic process due to heat of mixing
of solutions, it proceeds effectively at lower sink temperature.
Therefore as sink temperature increases, the effectiveness of
the absorber decreases. This can also be attributed to the fact
that the increase of temperature of the weak solution in the ab-
sorber is not as much as the increase in sink temperature. Thus,
the effectiveness of the absorber decreases with increase in sink
temperature.

Fig. 6 shows the variation of both thermodynamic as well
as actual cooling capacity as a function of heat source temper-
ature at constant evaporator temperature ‘z.’ for various sink
temperatures. It can be seen from the figure that cooling ca-
pacity increase with increase in heat source temperature. This
is due to the increase in refrigerant flow rate at higher heat in-
put to the generator. The rate of condensation and absorption is
efficient at lower sink temperature. Hence there is an increase
in cooling capacity at lower sink temperature. And it is also
noticed from the figures that the thermodynamic quantities are
more than the experimental values which is as expected.

The variation of both COP, and COPy, with heat source tem-
perature for constant evaporator temperature at 7 °C is shown in
Fig. 7. It can be seen that the COP decreases as the heat source
temperature increases. This is due to the large increase in the
heat input at generator while the cooling load at evaporator is
only slightly increased. It is also observed from the figure that
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the value of COPy, is higher than that of COP,. This is obvi-
ously due to heat losses associated with experimental trials.
Fig. 8 shows the variation of COP with evaporator temper-
ature at various sink temperatures. This variation is measured
for a constant heat source temperature of 80 °C. The COP is
seen to increase with increase in evaporator temperature. Now,
at a nearly constant heat load at the generator, when the evap-
orator temperature increases there is a small increase in both
refrigerant mass flow rate and cooling effect while the change
of enthalpy at the inlet and outlet of the condenser is not sig-
nificant. Thus with increase in cooling effect at nearly constant
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Fig. 8. Thermodynamic and actual COP variations with evaporator tempera-
tures for different sink temperatures.

generator heat load the COP increases slightly. Again COP, is
less than the COPy, because of increase of actual heat input at
generator. With increase in sink temperature the COP decreases.
This is because the increase in sink temperature brings about in-
crease in generator heat load. This increase causes a decrease of
COP.

4. Conclusions

An experimental set up of 1 kW capacity is designed and
fabricated using R134a-DMAC as working fluid and hot wa-
ter as heat input. Experimental studies on the developed system
are performed to evaluate the effects of various operating pa-
rameters on the systems performance. The specific conclusion
arrived from these studies are listed as below:

(a) Itis observed that sink temperature plays an important role
in performance of the system.

(b) As the heat source temperature increases, heat quantities
at generator, absorber, condenser and evaporator increase,
while the circulation ratio decreases.

(c) Solution heat exchanger effectiveness, absorber effective-
ness and generator effectiveness increase with increase in
heat source temperature.

(d) At the sink and source temperatures of 20 and 80 °C respec-
tively and a typical heat input of 4 kW, the system attained
steady state in two hour. A steady evaporator temperature
of about —4 °C is achieved.

(e) For the designed system and tested conditions an actual
COP of 0.25 to 0.45 is attained.

The study reveals the feasibility of using R134a-DMAC as
a working fluid in the future absorption machines using low
potential heat sources.
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