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Abstract—The two-phase closed loop thermosyphon is investigated with emphasis on the overall per-

formance in transient operation. The control volume approach is the base of a global analysis describing

the motion of vapor and liquid phases of the thermosyphon system in one-dimensional equations. Interfacial

shear forces are neglected as only co-current flows are present. Heat transfer coefficients are based on

empirical correlations. It is found that the density ratio vapor-liquid, dimensionless friction coefficient and

water column length determine respectively the overall dynamic behavior characteristics such as response
time, damping and oscillation frequency.

INTRODUCTION

A THERMOSYPHON is a heat transfer device of very high
thermal conductance in which fluid circulates. The
heat transfer is considered to be affected by many
factors, such as working fluid, quantity of the working
fluid, inside pipe diameter, pipe length, ratio of cooled
surface to heated surface, adiabatic length between
heated and cooled sections, heat flux and operating
temperature. Thermosyphons are found in many
applications: gas turbine-blade cooling [1], thermal
stabilization [2], air-to-air or gas-to-gas heat
exchangers [3], prevention of icing on a buoy [4],
utilization of hot water [5] and for recovering waste
heat in industrial fields [6].

In recent years, many studies have been carried out
on the heat transfer in different types of thermo-
syphons. Research on counter-current two-phase
closed thermosyphons was first performed by Cohen
and Bayley [1] in 1955, followed by, among others,
Strel’tsov [7] and more recently by Dobran [8] and
Reed [9]. Torodial thermosyphons were investigated
by Hart [10] and Sen ez al. [11]. Huang and Zelaya
[12] and Zvirin [13] have analyzed rectangular closed
loop-phase thermosyphons.

In industrial applications, there is a preference for
co-current two-phase thermosyphons because of’: (1)
their capability of transporting large heat quantities
at very small temperature differences, (2) less liquid—
vapor interaction and (3) no limitations like dry-out
phenomena. Early models of co-current two-phase
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thermosyphons by Hughmark [14] and Flair [15] were
not based on first principles. Research on two-phase
co-current thermosyphons concerning heat transfer
coefficients was conducted by Hallinan and Viskanta
[16]. McDonald er al. [17-20] studied the thermal
conductance of a two-phase thermosyphon in steady-
state operation. Leidenfrost and Modrei [21] inves-
tigated, experimentally, heat transfer and flow con-
ditions in the two-phase co-current thermosyphon.

In this paper, a model is presented which describes
the transient operation of a co-current two-phase
thermosyphon. A control volume approach, also used
by Dobran [8] and Reed [9], is applied. The working
liquid is water. The transient behavior of the thermo-
syphon will be investigated at three different operating
temperatures. The thermosyphon is analyzed with
emphasis on the dynamic behavior of evaporator and
condensor temperature, water and vapor mass fluxes
in transient operation. Three dynamic system
characteristics have been investigated : damping, free
oscillation period and response time.

Furthermore, a practical case is simulated. This
practical case was derived from the application of a
two-phase thermosyphon for the batchwise heating of
vegetable oil. In a batch process trays of cold oil
are heated by the condensor of a thermosyphon to a
specified temperature. In this process the evaporator
temperature is controlled by switching the heat source
{a boiler) on/off. Due to this batchwise heating and the
unsteady heat source the thermosyphon is operated
under essentially unsteady conditions and the dynam-
ics of temperatures and mass fluxes become important
for efficient and reliable operation. Problems that may
occur are, for example, large transient water fluxes or
water flow reversal. These phenomena may damage
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¢ specific heat [Jkg 'K ]

d  tube diameter [m]

J [riction coefficient

F coefficient

g  acceleration of gravity [ms 7}

h heat transfer coefficient [Wm~ 2K~ ']
H, latent hcat of condensation [Jkg ']
H  height [m]

L.! length [m]

M total mass [kg]

N number

P pressurc [Nm 7]

Q  heat, power [Is ]

r tube radius {m]

Re  Reynolds number

5 foop coordinate [m]

f time {s]

7 temperature [K]

V  velocity [ms™ 'L

NOMENCLATURE

Greek svmbols
o film thickness [m]
4 thermal conductivity [Wm 'K ']
i dynamic viscosity [kgm™ 's 1]
p  density [kgm L

Subscripts
¢ condensor
e cvaporator
h  horizontal
i interphase
i liquid
n nominal
p phase
r reference
§ loop section
v vapor, vertical.

the thermosyphon or cause it to malfunction. There-
fore it is important to simulate these situations and to
investigate how to avoid them.

PHYSICAL MODEL

Although there are different types of closed loop
thermosyphons, a general layout is depicted sche-
matically in Figs. 1(a) and (b). Liquid and vapor are
transported through a system of pipes (Fig. 1(a)). In
the condensor, the vapor flow is divided over several
heat coils. The evaporator consists of an assembly
of vertical pipes (Fig. 1(b)). As the total cross-section
of the evaporator 1s larger than that of the condensor,
a small change of water elevation in the evapor-
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F1G. 1(a). Idealized closed loop thermosyphon.

ator causes a large change of water clevation in the
condensor.

Common industrial conditions are high operating
temperatures, up to 280°C, water as working liquid,
power supply of 1-2 MW and a liquid filling of 0.3~
1 m®. The evaporator pipes are flooded to prevent
local overheating. The heat source is a boiler, the heat
sink a tray of liquid, for example vegetable oil. The
oil is heated to a certain temperature and ihen
removed. The boiler shuts off, a new batch of oil
enters the tray and the boiler is set on firing again.
Temperature differences over the vapor pipe and the
condensate pipe are caused by heat losses. As thermo-
syphons are well insulated and heat losses are small,
the system can be described by two characteristic tem-
peratures, namely the evaporator and condensor tem-
peratures. This was verified by temperature measure-

Lb
vapor‘ k Heo
flow
Lv condensor
water
He 1 flow
avaporator

F1G. 1(b). Thermosyphon piping layoul.
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FiG. 2. Schematic model of the thermosyphon.

ments at three full scale industrial thermosyphons
carried out by Vincent [22].

In the present study, the thermosyphon is divided
into two control volumes (see Fig. 2). One control
volume contains the liquid and vapor phase of the
evaporator region and the second control volume
includes the liquid phase (consisting of the liquid pool
and the liquid film) and vapor phase of the condensor
region. A one-dimensional model has been developed,
simulating parallel pipes by one long serial pipe with
nominal diameter d,. The model accounts for differ-
ences in lengths and cross-sections of the different
loop components. It is assumed that the vapor is satu-
rated in both evaporator and condensor sections. The
solution is facilitated by the neglection of the phenom-
ena caused by the heat capacity of the piping, heat
losses, axial conduction and viscous dissipation. The
film thickness is thought of as negligibly small com-
pared to the tube radius. The dynamic viscosity and
the specific heat are assumed to have constant values.
The present analysis is based on a control volume
formulation of the mass, energy, volume and momen-
tum macroscopic balances according to Bird et al.
[23].

The evaporator region is governed by equations
(1)-(3) below. Mass balances of liquid and vapor
phases are, respectively :

d
an _—'[plelle] = 7"‘2(/)lcvle_pvevve,i) (1)
dr

d
an a; [pvelve] = nrzpve (Uve.i - vve)' (2)

If the temperatures of the liquid and vapor flow are
identical, the energy exchange with the ambient
should equal the energy for phase change. Therefore,
a system temperature is defined, equal to the mean
temperature of evaporator and condensor section:
T, = 0.5(T.+T.). As the vapor is assumed to be satu-
rated, the two separate phase energy balances can be
replaced by one total energy balance :
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d
7.”,2 a [plellecl(Te - Tr)

+pvelvecv(Te - Tr)] = nr2(plcvlecl(Tc - Tr)
_pveuve,i(cv(Te_ Tr) +Hv))+Qm (3)

The condensor region is governed by equations (4)—
(7) below. Mass balances of the liquid pool and vapor
core are, respectively :

d
nr? d [oichc] = 2nrdpvy, "'nrzplcvle 4

d
m.z & [pvclvc] = nrzpvevve - 2nrlcpvcvvc‘i' (5)

The liquid film has uniform thickness. The rate of

growth of liquid film thickness is determined by the

balance of the mass rate of condensing vapor and the

mass rate of flowing liquid :

d
27‘”’5 [plc(lvc _OSIh)6] = 2nrlcpvcvvc,i - 2nr5plcvlc’

(6)

As the vapor phase is saturated, there is one energy

balance:

d
a [nrszclchv(Tc - Tr) +2nr5plc(lvc _0~51h)cl(Tc - Tr)

+Tcr2plcllccl(Tc - Tr)] = 2nrlcpvcvvc.iHv
+nr2(pvevvecv(Tc - Tr) _plcvlecl(TC - Tr))
- 2nl.lch(Tc - Toil)- (7)

The momentum balance between the evaporator
and condensor regions of the liquid phase is:

d':3 ]
=P lv U =Pc_Pc
d s;]{hpl i}

— 0.5 s v + ch e eHe
J;l {Nsds P1; Nsdsz | g(piH\. —piHy,)
(®)

and that of the vapor phase, neglecting the static vapor
head, is:

d 6
a |:‘.Z4 {lvxpvsvv}} = Pe_Pc

6 VJVS dnz 2
-2 {%70-5”“ <7v7ﬁ ”v) } ©)

The batch of oil is assumed to be insulated, hence the
heat transport from condensor to oil is described by :
d
a[MoilcoilToiI] = 2nrl.h(T. — T). (10)

The volume balances express that the volumes of
evaporator and condensor sections remain constant :

lLe+h.=L, and [ .+ = L. (lla,b)
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In co-current flows, the impact of interfacial shear
stress is much less than in counter-current flows, hence
the liquid flow velocity can be based on Nusselt’s
theory, neglecting interfacial shear stress, for a flat
plate:

e =" (12)

Eight auxiliary algebraic equations close the set of
equations (1)—(12): the thermodynamical relation-
ships between density, pressure and temperature in
saturated liquid-vapor mixtures, three equations for
cach section (see Vincent [22]), and the relationships
between water elevations, H, and H,. and water
column lengths, /, and /..

The heat transfer coefficient, based on empirical
and experimental data, has the value 8.5 x 10* Wm ?
K~ ' [22]. The friction coefficient f is based on the
Blasius correlation for turbulent flow in smooth
pipes: /= 0.3164/Re"* [23]. As the Reynolds number
in the model calculations is high for water flow of
about 10* and vapor flow of about 107, the friction
coefficients can be assumed to be constant: 0.03 for
water and 0.02 for vapor flow.

INITIAL CONDITIONS

Our goal is to analyze the transient behavior of a
two-phase thermosyphon. The simulation of transient
operation starts by perturbing a thermosyphon
initially in equilibrium, i.e. in steady-state operation.
Therefore the steady-state conditions have to be cal-
culated because they are needed to serve as initial
conditions for the simulation of transient operation.

In steady-state operation, all time derivatives
vanish. Equations (1)—(10) simplify to algebraic equa-
tions and can be rewritten as follows. In the steady-
state the two energy equations (7) and (8) become
identical. This leaves us with one more unknown than
we have equations. As a consequence the system
becomes indeterminate: one variable is free to be
chosen as a parameter. As the temperature determines
three variables, namely pressure, water and steam den-
sity, the evaporator section temperature is the selected
parameter to determine the system. The remaining
variables are solved numerically from the system of
nonlinear algebraic equations. This way the initial
conditions necessary for the transient analysis arc
obtained.

The dependence of the equilibrium values on pro-
cess parameters, like for example the tube radius, will
not be discussed here. There is a considerable amount
of literature on the dependence of steady-state heat
transfer in a two-phase closed loop thermosyphon on
process parameters. For example, McDonald er al.
[17-20] performed numerical simulations as well as
experimental resecarch on the steady-state per-
formance characteristics of two-phase co-current
thermosyphon loops. McDonald and co-workers
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investigated thoroughly the dependence of the ther-
mal conductance on loop filling, angle of inclination
of evaporator and condensor tubes, temperature
difference, etc. More references on steady-state per-
formance of two-phase thermosyphons can be found
in a review on natural circulation loops by Greif [24].

TRANSIENT ANALYSIS

The transient behavior of the system after a per-
turbation of the system in steady-state operation is
computed. The solution of the transient system starts
with the integration of the differential equations (1)~
(10) with a time step of 0.01 s, using the conventional
Euler method. Then the other parameters in the
algebraic equations are updated and the new values
of the section temperatures of the next time step are
determined. This process is continued until the final
time step is reached. The solution procedure is docu-
mented in detail elsewhere [22].

Response time

The system response after a step in heat input is
investigated. A positive step in heat input causes a
quick response in pressure drop over the steam pipe
between evaporator and condensor sections. To com-
pensate this, the water head in the condensate pipe
should increase. The time delay between this increase
and the step in heat input is larger via the steam side,
because of heating delay in the condensor and the
longer intermediate distance, than via the water side.
Hence, the increase in water head is at first achieved
by a decrease in returned condensate flow (to the
evaporator).

From conservation of mass it follows that a small
vapor-liquid density ratio corresponds to a large
vapor-liquid velocity ratio. In equation (9) we see
that at high vapor velocities. an increase in this
velocity causes a large increase in pressure drop and,
hence, a long time to re-establish steady-state con-
ditions. This way it can be reasoned that the vapor—
liquid density ratio will determine the transient evol-
ution of the system.

Responses of the system are investigated by a rise
in heat input of 30% in Af = 0.5 s, under the initial
operating conditions: evaporator temperature T =
90"C with heat input Q = 0.2 MW, and T = 170"C,
T = 250°C with @ = | MW.

The calculations described below were performed
with model dimensions given in Table I.

The time response of the system is analyzed from
the time response of the evaporator vapor flow and the

Table 1. Mode!l dimensions

H,=3m N.=4
H.=2m M,,. =375kg
N.=200 M, =45x10"kg

Ly=S5Sm d,=30mm
[,=15m d. =40 mm
I,=20m d,=50mm
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normalised values
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Fi1G. 3. Evaporator flow responses at T = 90°C, T = 170°C
and T = 250°C.

evaporator water flow. Figure 3 shows the evaporator
vapor flow response (normalized by the final value)
for three evaporator temperatures : 90°C, 170°C and
250°C. The normalized heat input as a function of
time is also shown. We see that the higher the evap-
orator temperature, the faster the vapor flow response
will be.

In Fig. 4 the time response of the evaporator water
flow is shown for two operating temperatures: 250°C
and 170°C. As with the vapor flow the time response
of the water flow is much faster at 250°C than at
170°C. To show that this is actually due to an
increased vapor-liquid density ratio, a third simu-
lation is shown (marked 170p). This was performed at
an operating temperature of 170°C but with an arti-

. Evaporator water flow (kg/s)

01

0 L 1 -

[ 0.6 1 1.5 2

time (min)
FiG. 4. Evaporator water flow responses at T = 250°C,
T=170°C and T = 170°C, with artificially high vapor-
liquid density ratio.
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ficial five times larger vapor-liquid density ratio. We
see that the curves of 250°C and 170p are almost
identical. Thus we can conclude that the larger the
vapor-liquid density ratio of the system’s fluid (for
example, due to high operating temperatures), the
faster the system will respond. As found in counter-
current thermosyphons [9], the responses in closed
loop thermosyphons are lead by vapor flow.

Damping

Analyzing the system of equations (1)-(12), it is
seen that the momentum equations (8) and (9) are
sensitive to input changes. Flow variations have to
be damped by friction. As the value of the energy
dissipation term (f,/,/d)0.5p,02 in the vapor momen-
tum equation (9) is large compared to the term in the
water momentum equation (8), the condensate flow
is much more sensitive to changes in operating con-
ditions than the vapor flow. The oscillation of the
condensate flow induces oscillations in other variables
such as the water head.

In Fig. 5 the responses of the evaporator water flow
on a temporary rise in heat input of 20% at evaporator
temperature T = 170°C and heat input 0 = 1 MW
during Af = 0.5 s are shown for three different water
friction factors. To show the responses separately, one
response (f; = 0.09) is moved a Ay = 0.03 kg s~'
upwards and one response (f; = 0.015) toa Ay = 0.03
kg s™' downwards. We see that at the low friction
factor f; = 0.015 the evaporator water flow can make
many oscillations after a perturbation. Increasing the
friction factor to 0.03, the number of oscillations is
decreased. For f; = 0.09, an optimally damped situ-
ation is created. This value is, however, too high to
be achieved by surface roughness but the pressure
drop can also be obtained by obstructing the water
flow through a certain part of the condensate piping.

5, Evaporator water flow (kg/s)

0.52

time (min)

FIG. 5. Evaporator water flow responses at three different
water friction coefficients.
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Period of free oscillation

The dynamics of the water flow in the thermo-
syphon system show some analogy with a water-filled
open U-tube. The period of free oscillation of a water
column with length L oscillating under gravitational
acceleration g in an open U-tube with equal pressure
at both legs is [23]

oscillation period = 2r,/(L/2g). (13a)

It is hard to calculate analytically the free oscillation
period of the water flow in a thermosyphon from
equations (1)—(12). For this reason the free oscillation
period of the water flow of a closed loop thermo-
syphon is deduced from the simulated time responsc
after a stepwise perturbation. As we want to read the
oscillation period from the time response the damping
has to be set low. Therefore we set the energy dis-
sipation in the condensate pipe to zero by putting the
water friction coefficient equal to zero. The vapor
friction coeflicient is made small but cannot be set 1o
zero as this would also set the pressure difference
between the boiler and condensor section to zero.
Hence there still remains a small amount of energy
dissipation and the pressures in both sections are not
identical. It is clear that the system cannot exactly
be compared with the U-tube system. However. it is
expected that an equation analogous to (13a) deter-
mines the free oscillation period of the thermosyphon
system. Hence

oscillation period = F2n/(L/2g) (13b)

in which Fis a lumped coetficient.

Figure 6 shows the evaporator water flow oscil-
lations at evaporator temperature 7 = 170°C, heat
input @ = 1 MW and at two water column lengths,
as responses on a rise in heat input of 20% during
At = 0.5 s. It is noted that because of the energy

o evaporator water flow (kg/s)

LENGTH L

time (min)

FiG. 6. Evaporator water flow responses at 7'= 170"C and
low damping.
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Table 2. Coeflicient F as a function of temperature

T(C)

90 130 170 210 235 247 280

F E4l 143 146 144 130 (.28 td

dissipation in the steam pipe. the oscillation is shightly
damped. We sec that a four times larger 1. causes
an cxacl, less than 1% deviating. doubling of the
oscillation {requency, confirming that the L in equa-
tion (13b) is in the square root form. This was verified
at several other temperatures from 90 C to 250 C.

The dependence of coefficient F on temperature is
shown in Table 2. It is found that the coeflicicnt Fi1s
about 1.4 atlower temperatures and approaches unity
for higher temperatures. This can be explained by the
fact that for higher temperaturcs the pressure differ-
ence decreases and thus the thermosyphon system
resembles more an open U-tube. These results are in
agreement with the experimental results of Leiden-
frost and Modrei [21]. They made measurements on
flow oscillations with refrigerant fluid R-11 at low
pressure.

Practical case simulation

Three practical cases are simulated to determine the
effect of time delay between a change in heat input
and heat output, namely via boiler start up and drop
in temperature of the heat sink, provided by the batch
of oil. Figure 7 shows the temperatures of the cvapor-
ator section in each case and the oil temperature. In
all cases the boiler heat input is set to zero at 7 = | min.
As a consequence the water temperature decreases (o
the oil temperature between 7 = 1 min and 7 = 2 min.
Subsequently the temperature of the batch ol ol
drops at 7 = 2 min from 240°C to 170 C in 2 min and
the heat input of the boiler increases hinearly from

temperature (C)

280 1
- T=2 EVAPORATOR WATER |
\ — T=4 BVAPORATOR WATER |
40— > 7= EVAPORATOR WATER |
— OILL (lower curve) '
220
200
180
160 L ) ; .
[ 2 4 6 8 10

time (min)

FiG. 7. Temperatures of evaporator section and of oil after
drop of a new batch of oil.
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to 1 MW in 2 min. The time of boiler start up is varied
for three different times: t = 2, t = 4 and ¢ = 6 min.

In Fig. 7 we see that an increase in time delay of
boiler start up shifts the evaporator water temperature
curve to the right, to longer times. The nature of the
temperature response is, however, unchanged, and so
is the slope of the temperature curve after ¢ = 8 min.
It is interesting that at the time delays used here there
is no visible effect on the oil temperature response
(lowest curve). Apparently the boiler start up delay
cannot be chosen on the grounds of an optimal oil
temperature response.

In Fig. 8 evaporator water flows calculated for the
three different time delays of boiler start up are shown.
For a delay of 2 min (‘t = 2°) steady-state conditions
are re-established quickly but a high peak in water
velocity is also observed. Inthecase r = 4min (‘1 = 47)
there is less overshoot but we have a much larger time
response of the flow. A boiler start up delay of 6 min
(‘t = 6) might give problems. As the water flow is
almost decreased to zero, there is no water head left
in the condensate pipe. In this situation there is the
risk of water flow reversal, resulting in water flow
from evaporator to condensor. In fact the system has
then changed to operate like a counter-current
thermosyphon. Although the actual impact cannot be
assessed exactly it is preferred to avoid this condition.

CONCLUSIONS

A model based on first principles has been
developed for a two-phase co-current thermosyphon.
The transient behavior of the system after a per-
turbation in steady-state operation is investigated.
Density ratio vapor-liquid, dimensionless friction co-
efficient and water column length determine dynamic
system characteristics such as response time, damping
and oscillation frequency, respectively. Response time
decreases with increasing vapor-liquid ratio. Relevant

evaporator water flow (kg/s)

14+

T=2

time (min)

Fic. 8. Evaporator water flows at three different cases after
drop of a new batch of oil.
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for the damping of the thermosyphon is that the press-
ure drop in the condensate flow is sufficiently high.
The period of free oscillation is proportional to the
square root of the liquid column length and equal to
the period of oscillation of a liquid-filled open U-tube
times a coeflicient. The coefficient is in the range 1-
1.4 and depends on the operating temperature. The
results on the period of free oscillation are confirmed
by experiments carried out earlier by Leidenfrost and
Modrei [21]. In the case of the application of a thermo-
syphon for the batchwise heating of trays of oil, it
follows that there exists an optimal boiler start up
delay. If the delay is too small the water flow reaches
high peak values. A long time delay may result in
unstable flow situations.

The control volume approach provides a powerful
tool to describe the overall performance of the
thermosyphon with a limited number of variables.
The predictive capacity of the model can be enhanced
by improved representations of the two-phase flow in
the evaporator region and the heat transfer in the
condensor.
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ETUDE DE LA PERFORMANCE GLOBALE VARIABLE D’UN THERMOSIPHON
INDUSTRIEL DIPHASIQUE FERME

Résumé—Un thermosiphon fermé diphasique est étudié pour dégager la performance dans une opération

variable. L’approche par volume de controle est 1a base d’une analyse globale décrivant le mouvement des

phases vapeur et liquide du systéme thermosiphon par des équations monodimensionnelles. Les forces

cisaillantes interfaciales sont négligées. Les coefficients de transfert thermique sont basés sur des formules

empiriques. On trouve que le rapport de densité vapeur-liquide, le coefficient adimensionnel de frottement

et la longueur de colonne d’eau déterminent les caractéristiques dynamiques variables telles que temps de
réponse, amortissement et fréquence d’oscillation.

UNTERSUCHUNG DES TRANSIENTEN GESAMTVERHALTENS EINES
INDUSTRIELLEN ZWEIPHASEN-THERMOSYPHONS IN
SCHLEIFENANORDNUNG

Zusammenfassung—Ein Zweiphasen-Thermosyphon, der als geschlossene Schleife ausgefiihrt ist, wird im
Hinblick auf sein Verhalten bei transientem Betrieb untersucht. Die Kontrollvolumina-Methode wird zur
globalen Beschreibung der Bewegung von flissiger und Gasphase in dem Thermosyphon-System durch
eindimensionale Gleichungen angewendet. Schubkrifte zwischen den Phasen werden vernachldssigt, da
nur gleichgerichtete Strémung der beiden Phasen auftritt. Die verwendeten Wirmeiibergangskoeffizienten
beruhen auf empirischen Beziehungen. Die Untersuchung zeigt, daB das Verhiltnis von Dampf-zu Flis-
sigkeitsdichte, der dimensionslose Widerstandsbeiwert und die Linge der Wassersiule das dynamische
Gesamtverhalten bestimmen. Dies betrifft beispielsweise die Antwortzeiten, das Ddmpfungsverhaiten und
die Oszillationsfrequenz.

UCCJIEJOBAHME OBIIUX MEPEXOJHbLIX XAPAKTEPUCTHUK NMPOMBIIJIEHHOI'O
IBYX®A3HOI'O TEPMOCHU®OHA C 3AMKHYTbBIM KOHTYPOM

Annoramms—MccTeyroTcs xapakTepucTUki ABYX($a3HOro TepMOCH(OHA € 3aMKHYTHIM KOHTYPOM B

nepexoaHOM pexume. [lTs ananu3a ABMKeHUA 1apoobpa3Hoi M KuaKo# (asbl B TepMOCH(OHE HCIOMB-

30BaJICA METOJ KOHTPOJBHbIX 06beMOB. ITOCKOJILKY NPHCYTCTBOBANM TOJILKO CIIyTHbIC OTOKH, HALPs-

KEHHE CIABHTa HA IPaHMALIE pa3eNa He yYHTbIBajaoch. KoapdHUMEHTE! Temionepenoca onpeaessiuch 13

IMnupUYeckux cooTHouenuit. HaiineHo, 4To OTHOINEHHE IIOTHOCTEH Napa U XKHAKOCTH, Ge3pasmepublit

K03((HILMEHT TPeHHS H AHMHA BONAHOTO CTONGA ONPENeNAIOT COOTBETCTBEHHO TakKHe oOLIHe nepexon-
HBIE XaPAaKTEPHCTHKH, KAK BPEMs OTKJIMKA, a TAKXKE 3aTyXaHHe U HACTOTY KoseGaHui.



