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Abstract

Heat transfer devices are provided in many refrigeration systems to exchange energy between the cool gaseous

refrigerant leaving the evaporator and warm liquid refrigerant exiting the condenser. These liquid-suction or suction-
line heat exchangers can, in some cases, yield improved system performance while in other cases they degrade system
performance. Although previous researchers have investigated performance of liquid-suction heat exchangers, this
study can be distinguished from the previous studies in three ways. First, this paper identifies a new dimensionless
group to correlate performance impacts attributable to liquid-suction heat exchangers. Second, the paper extends pre-
vious analyses to include new refrigerants. Third, the analysis includes the impact of pressure drops through the liquid-
suction heat exchanger on system performance. It is shown that reliance on simplifled analysis techniques can lead to
inaccurate conclusions regarding the impact of liquid-suction heat exchangers on refrigeration system performance.
From detailed analyses, it can be concluded that liquid-suction heat exchangers that have a minimal pressure loss on
the low pressure side are useful for systems using R507A, Rl34a, R12, R404A, R290, R407C, R600, and R410A. The
liquid-suction heat exchanger is detrimental to system performance in systems using R22, R32, and R717. O 2000
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Performance d'un systdme frigorifique utilisant des

6changeurs liquide-vapeur d l'aspiration
R6sum6

Les dispositifs d'bchange de chaleur sont utilisbs dans beaucoup de systimes.frigorffiques afin de permettre les 4changes

d'tnergie entre le frigorigine refroidi sous forme de gaz et le frigorigdne chaud sous forme liquide sortant du condenseur.
Dans certains cas, ces tchangeurs de chaleur d I'aspiration peuvent amiliorer la performance du systime tandis que dans

d'autres cas la performance peut )tre diminu'te. On a dtjd ment d'autres ttudes sur la performance des tchangeurs de

chaleur d I'aspiration, mais cette itude comporte trois aspects qui la distingue des |tudes prbctdentes : (i) elle identifie un

nouveau gtoupe adimensionnel permettant de corrtler I'impact des tchangeurs de chaleur d I'aspiration sur la performance ;
(ii) elle ttend l'analyse afn d'inclure des nouveauxfrigorigines ; et (iii) I'analyse tient compte de I'impact des chutes de

pression au niveau de l'1changeur d aspiration sur la performance du systime. Les auteurs dbmontrent que si on si utilise
des techniques d'analyse trop simplffi1es, on peut tirer des conclusions enontes sur I'impact des ichangeurs de chaleur d

aspiration sur la performance du systime frigorifique. A partir des analyses dAtuiilbes, on peut conclure que des ichangeurs
de chaleur d I'aspiration qui ont une perte de pression minimale c6tb basse pression conviennent pour des systdmes utilisant
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du R507A, du R134a, du R404A, du R290, du R407C, du R600 et du R410A. Il s'avire que f|changeur d l'aspiration

clonne lieu d une baisse de performance pour les sysftmes utilisant du R22, R32 et R717. @ 2000 Elsevier Science Ltd and

IIR. A11 rights reserved.

Moficbs:Cyclefrigorifique;Compression;Aspiration;Echangeurliquide;Vapeur;Performance;R507A;R134a;R404A;R290;
R407C; R600 ; R410A; R22 ; R32; R717

l. Introduction

Liquid-suction heat exchangers are commonly instal-
led in refrigeration systems with the intent of ensuring
proper system operation and increasing system perfor-

mance. Speciflcally, ASHRAE [1] states that liquid-suc-
tion heat exchangers are effective in:

l. increasing the system performance;

2. subcooling liquid refrigerant to prevent flash gas

formation at inlets to expansion devices;

3. fully evaporating any residual liquid that may
remain in the liquid-suction prior to reaching the

compressor(s).

Fig. I illustrates a simple direct-expansion vapor
compression refrigeration system utilizing a liquid-suc-
tion heat exchanger. In this configuration, high tem-
perature liquid leaving the heat rejection device (an

evaporative condenser in this case) is subcooled prior to
being throttled to the evaporator pressure by a expan-

sion device such as a thermostatic expansion valve. The

sink for subcooling the liquid is low temperature refrig-
erant vapor leaving the evaporator. Thus, the liquid-
suction heat exchanger is an indirect liquid to vapor
heat transler device. The vapor-side of the heat exchan-
ger (between the evaporator outlet and the compressor

suction) is often conflgured to serve as an accumulator
thereby further minimizing the risk of liquid refrigerant
carrying-over to the compressor suction. In cases where

the evaporator allows liquid carry-over, the accumu-

Fig. 1. Schematic of typical vapor compression refrigeration
system with a liquid-suction heat exchanger.

Fig. 1. Schima d'un systime frigorifque d compression de vapeur

muni d'un 1changeur de chaleur d I'aspiration.

lator portion of the heat exchanger will trap and, over
time, vaporize the liquid carry-over by absorbing heat

during the process of subcooling high-side liquid.

2. Background

Stoecker and Walukas [2] focused on the influence of
liquid-suction heat exchangers in both single tempera-

ture evaporator and dual temperature evaporator sys-

tems utilizing refrigerant mixtures. Their analysis

indicated that liquid-suction heat exchangers yielded
greater performance improvements when nonazeotropic
mixtures were used compared with systems utilizing
single component refrigerants or azeoptropic mixtures.
Mclinden [3] used the principle of corresponding states

to evaluate the anticipated effects of new refrigerants.
He showed that the performance of a system using a

liquid-suction heat exchanger increases as the ideal gas

specific heat (related to the molecular complexity of the

rifrigerant) increases. Domanski and Didion [4] eval-

uated the performance of nine alternatives to F.22

including the impact of liquid-suction heat exchangers.

Domanski et al. [5] later extended the analysis by eval-

uating the influence of liquid-suction heat exchangers
installed in vapor compression refrigeration systems

considering 29 different refrigerants in a theoretical
analysis. Bivens et al. [6] evaluated a proposed mixture
to substitute for R22 in air conditioners and heat

pumps. Their analysis indicated a 6-7oh improvement
for the alternative refrigerant system when system mod-
ifications included a liquid-suction heat exchanger and

counterflow system heat exchangers (evaporator and

condenser). Bittle et al. [7] conducted an experimental
evaluation of a liquid-suction heat exchanger applied in
a domestic refrigerator using Rl52a. The authors com-
pared the system performance with that of a traditional
Rl2-based system. Bittle et al. [8] also compared the

ASHRAE method for predicting capillary tube perfor-

mance (including the effects of liquid-suction heat

exchangers) with experimental data. Predicted capillary
tube mass flow rates were within lloh of predicted

values and subcooling levels were within 1.7"C (3"F) of
actual measurements.

This paper analyzes the liquid-suction heat exchanger

to quantify its impact on system capacity and perfor-
mance (expressed in terms of a system coefficient of
performance, COP). The influence of liquid-suction heat

exchanger size over a range of operating conditions
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(evaporating and condensing) is illustrated and quanti-
fied using a number of alternative refrigerants. Refrig-
erants included in the present analysis are R507A,
R404A, R600, R290, Rl34a, R407C, R410A, F.12,P.22,
R32, and R717. This paper extends the results presented
in previous studies in that it considers new refrigerants,
it specifically considers the effects of the pressure drops,
and it presents general relations for estimating the effect
of liquid-suction heat exchangers for any refrigerant.

3. Heat exchanger effectiveness

The ability of a liquid-suction heat exchanger to
transfer energy from the warm liquid to the cool vapor
at steady-state conditions is dependent on the size and
conflguration of the heat transfer device. The liquid-
suction heat exchanger performance, expressed in terms
of an effectiveness, is a parameter in the analysis. The
effectiveness of the liquid-suction heat exchanger is
defined in Eq. 1:

(Zuuoor,ou, - Zuupor,in)

(Ztlqula.in - Zuupo,.ln)

where the numeric subscripted temperature (7) values
correspond to locations depicted in Fig. 1. The effec-
tiveness is the ratio of the actual to maximum possible
heat transfer rates. It is related to the surface area ofthe
heat exchanger. A zero surface area represents a system
without a liquid-suction heat exchanger whereas a sys-
tem having an infinite heat exchanger area corresponds
to an effectiveness ofunity.

The liquid-suction heat exchanger effects the perfor-
mance of a refrigeration system by influencing both the
high and low pressure sides of a system. Fig. 2 shows the

key state points for a vapor compression cycle utilizing
an idealized liquid-suction heat exchanger on a pressure-
enthalpy diagram. The enthalpy of the refrigerant leav-
ing the condenser (state 3) is decreased prior to entering
the expansion device (state 4) by rejecting energy to the
vapor refrigerant leaving the evaporator (state l) prior
to entering the compressor (state 2). Pressure losses are
not shown. The cooling of the condensate that occurs
on the high pressure side serves to increase the refrig-
eration capacity and reduce the likelihood of liquid
refrigerant flashing prior to reaching the expansion
device. On the low pressure side, the liquid-suction heat
exchanger increases the temperature of the vapor enter-
ing the compressor and reduces the refrigerant pressure,
both of which increase the specific volume of the refrig-
erant and thereby decrease the mass flow rate and
capacity. A major benefit of the liquid-suction heat
exchanger is that it reduces the possibility of liquid
carry-over from the evaporator which could harm the
compressor. Liquid carryover can be readily caused by a
number of factors that may include wide fluctuations in
evaporator load and poorly maintained expansion devi-
ces (especially problematic for thermostatic expansion
valves used in ammonia service).

4. Heat exchanger effect on capacity neglecting mass
flow rate corrections

Without a liquid-suction heat exchanger, the refriger-
ating effect per unit mass flow rate of circulating refrig-
erant is the difference in enthalpy between states 1 and 3

in Fig. 2. When the heat exchanger is installed, the
refrigeration effect per unit mass flow rate increases to
the difference in enthalpy between states I and 4. If
there were no other effects, the addition of a liquid-suc-
tion heat exchanger would always lead to an increase in
the relrigeration capacity of a system. The extent of the
capacity increase is a function of the speciflc refrigerant,
the heat exchanger effectiveness, and the system operat-
ing conditions. The effect of a liquid-suction heat
exchanger on refrigeration capacity can be quantified in
terms of a relative capacity change index (RCI) as

defined in Eq. 2:

ncr: (c'lclr:lelrunto) x loo?" (2)
\ Lapacrtynohx /

where

Capacity

Capacityno 6,

is the refrigeration capacity with a

liquid-suction heat exchanger
is the refrigeration capacity for a system
operating at the same condensing and
evaporating temperatures without a

liquid-suction heat exchanger.

(1)

o

q)

Enthalpy

Fig. 2. Pressure+nthalpy diagram showing effect of an idea-
lized liquid-suction heat exchange.

Fig. 2. Diagramme pression-enthalpie montrant I'effet de

I'ichange a I'aspiration id?al.
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Refrigeration cycle performance calculations were
carried-out using a commercial equation solving pro-
gram [9] with refrigerant property data provided by the
REFPROP 6 data base [10]. The results presented here
assume that refrigerant exits the evaporator as a satu-
rated vapor at the evaporator pressure (state 1 in Fig. 1)

and exits the condenser as a saturated liquid at the
condenser pressure (state 3). The effects of superheat at
the evaporator exit and subcooling at the condenser exit
were investigated and found not to have any significant
effect on the relative capacity index defined in Eq. (2) or
on the general results described in this paper. Com-
pressor performance is quantified in terms of an isen-

tropic efficiency. Different constant values of the
isentropic efficiency between 0.5 and 1.0 were investi-
gated. In addition, an empirical expression for the isen-

tropic efficiency as a function of temperature and
pressure ratios was investigated by Klein and Reindl

[1 1]. However, the calculated values of relative capacity
index and the general conclusions ofthis paper were not
aflected by the different methods or values used to
quantify compressor performance.

When a liquid-suction heat exchanger is employed,
the refrigerant entering the compressor (state 2) has been

superheated by heat exchange with the liquid exiting the
condenser which causes the liquid to enter the expan-
sion device in a subcooled state (state 4). In practice,
the beneficial effects ofa liquid-suction heat exchanger are

offset by the refrigerant pressure drops that occur in the
heat exchanger. Performance estimates are first provided
for no pressure losses. A method for correcting the esti-
mates for pressure losses is provided later in the paper.

Calculated relative capacity indices are presented in
Fig. 3 for different refrigerants and heat exchanger
effectiveness values at a fixed saturated evaporator tem-
perature of -20'C (-4'F) and a saturated condensing

0.00 0.20 0.40 0.60 0.80 1.00

Effectiveness

Fig. 3. System capacity change as lunction of the liquid-suc-
tion heat exchanger effectiveness ignoring corrections for sys-

tem mass flow rate changes.

Fig. 3. Changements de puissance frigorifique en fonction de

I'efficacitb de I'1changeur d I'aspiration, sans considbrer des cor-
rections tenant compte des changements de flux massique dans le

systime.

temperature of 40'C (104"F). These calculations assume

the refrigerant flow rate to be constant and no pressure
losses through the liquid-suction heat exchanger. The
effect of these assumptions is considered in following
sections. The results in Fig. 3 indicate the potential
increase in capacity possible by subcooling the liquid
refrigerant before expansion. An increase in capacity is

observed for all refrigerants although there is consider-
able variation in the magnitude of the effect. The rela-
tive capacity increase for refrigerant R507A at a heat
exchanger effectiveness of unity is 58.5% while the
increase in relative capacity for R7l7 (ammonia) at the
same conditions is only about 13%. The relation
between the relative capacity index and liquid-suction
heat exchanger effectiveness is nearly linear. The relative
capacity index is affected by both the saturated eva-
porator and condensing temperatures. For example, the
relative capacity indices for R507A are 84o/o and3Soh at
a condenser temperature of 40"C (104"F) and eva-
porator temperatures of 40'C (-40"F) and 0"C
(32'F), respectively, while the relative capacity indices
for R717 are 17o/o and9o/o at these same conditions. The
effect of saturated evaporator and condenser tempera-
tures is quantified later in terms of the temperature lift
defined as the difference between the saturated conden-
sing and evaporating temperatures.

5. Heat exchanger effect on capacity with mass flow
rate corrections

A critical element not included in the calculated
results shown in Fig. 3 is the effect that superheating the
compressor suction gas has on the mass flow of refrig-
erant delivered by the compressor. Most compressors
are flxed volumetric flow devices (i.e. they operate at a

flxed displacement rate); consequently, the mass flow of
refrigerant the compressor delivers will be a function of
the suction specific volume [12]. The refrigeration capa-
city can be expressed in terms of the compressor dis-
placement rate and a volumetric efficiency, refrigerant
suction density, and change in enthalpy across the eva-
porator as indicated in Eq. (3):

CapacitY : CFM n' pr(h - hq) (3)

where

CFM is the volumetric displacement rate of the
compressor

4y is the compressor volumetric efficiency
pt is the density of refrigerant at the compressor

inlet
hr is the specific enthalpy of refrigerant entering

the compressor
ha is the specific enthalpy of the refrigerant entering

the expansion device.
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The volumetric efficiency can be approximately
represented in terms of the ratio of the clearance volume
to the displacement volume, R, and the refrigerant spe-

cific volumes at the compressor suction and discharge,
v1 and v2. as indicated in Eq. (4):

4v:r-Rrl-r) @)\uz /

As the effectiveness of the liquid-suction heat exchanger
increases, the refrigerant entering the compressor at
state 2 achieves a greater degree of superheat which
reduces both its density and the compressor volumetric
efficiency. Pressure losses on the low-pressure side of the
heat exchanger result in a further reduction in refriger-
ant density which is considered below. Consequently,
the refrigerant flow rate decreases with increasing eflec-
tiveness of the liquid-suction heat exchanger. The pre-
sence of a liquid-suction heat exchanger produces

opposing effects on refrigeration capacity. The refriger-
ating effect per unit mass flow rate increases due to an
increasing enthalpy difference across the evaporator (as

seen in Fig. 2); however, the mass flow rate itself
decreases due to the effects ofdecreasing suction density
resulting from increased temperature and reduced pres-

sure at state 2 when pressure losses in the heat exchan-
ger are considered. The net effect of the liquid-suction
heat exchanger on the relative capacity index for eleven

refrigerants at a saturated evaporator temperature of
-20C (-4'F) and a saturated condensing temperature
of 40"C (104'F) is shown in Fig. 4.

In addition to the influence of liquid-suction heat
exchangers on system capacity, it is also important to
consider their influence on the system coefficient ofper-
formance. This requires knowledge of how the refrig-

0.00 0.20 0.40 0.60 0.80 1.00

Effectiveness

Fig. 4. Relative capacity (and relative system COP) index as a

function of liquid-suction heat exchanger effectiveness for var-
ious refrigerants at -20"C evaporating temperature and 40'C
condensing temperature.

Fig.4. Indice de puissance relative (et COP relatif du systimes)
en.fonction de' l'fficacitb de l'1changeur de chaleur d I'aspiration
pour divers frigorigdnes d une tempbrature d'baporation de

-20" C et une lempbrature de condensation de 40 C.
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eration system power varies with liquid-suction heat
exchanger performance. Threlkeld [13] develops the fol-
lowing approximate expression for compressor work
(on a per unit mass flow rate basis) assuming a poly-
tropic compression process:

w:#3[(;)'""-'] (5)

F
xot
--
'6
d
ct
Go
o

6
ot

whereP2 is the absolute pressure at the compressor suc-

tion, P3 is the absolute pressure at the compressor dis-

charge, r;2 is the refrigerant speciflc volume at the
compressor suction and n is a polytropic index. The

compressor power can be calculated knowing the
refrigerant mass flow rate and the motor efficiency as

given by Eq. 6:

.W
,Z".-or.rro. : tilref ,_' 4motor

cFM ,"+ lr3),, 
,,,,_,'l 

(6): 
ry"*- (, - D L\&/ -'l

The compressor volumetric displacement rate is solely

a function of motor speed and independent of the liquid
subcooling and suction superheat produced by a liquid-
suction heat exchanger. The compressor suction pres-

sure is controlled (typically by loading and unloading
the compressor) as is the discharge pressure (typically,
by controlling the capacity of the heat rejection device).
Neither the compressor suction or discharge pressure

are a function of the liquid subcooling or suction
superheat that results from the installation of a liquid-
suction heat exchanger. The polytropic constant, n, is

also assumed to not be a function of the level of liquid
subcooling or suction superheat. As a result, the com-
pressor power is unaffected by the operation ofa liquid-
suction heat exchanger, assuming the pressure drops in
the heat exchanger are negligible.

Since the system COP change is directly related to the

change in capacity, the percentage change in system

COP is equivalent to the percentage change in system
capacity, again assuming the pressure drops in the heat

exchanger to be negligible. Accounting for the decrease

in refrigerant mass flow rate that results from increasing

the suction inlet temperature, the effect of a liquid-suc-
tion heat exchanger on COP with various refrigerants is

identical to that found for capacity in Fig. 4. Pressure

losses in the liquid-suction heat exchanger have different
effects on COP and capacity, as noted below.

6. Correlation of results (neglecting pressure losses)

The results in Fig. 4 indicate that a liquid-suction heat

exchanger increases system capacity (and COP) for



some refrigerants and decreases it for others. It is logical
to question what causes the refrigerants to behave dif-
ferently. An analysis and explanation ofthe behavior of
different refrigerants is presented by Domanski and
Didion [4]. Using a simple model that assumes isen-

tropic compression and ideal gas behavior, they show
that the improvement in COP resulting from the use of a
liquid-suction heat exchanger should improve lf Lh,"pl
Co,, (enthalpy of vaporization at the evaporation tem-
perature divided by isobaric specific heat of the vapor)
and B are minimized and (7.o".1-7",,pXCp,r-/Cp,,) is

maximized. The parameter -B is an average coefficient of
thermal expansion defined as:

Yr - VrB: ' ' (7)
vz(Tz - Tt)

where states I and2 are identified in Fig. 1. Domanski
and Didion [4] note that the ratio of heat capacities of
liquid and vapor exerts stronger influence with increas-
ing temperature lifts. They tabulate the properties relat-
ing to liquid-suction heat exchanger performance lor 29

refrigerants. However, some refrigerants of current
interest, such as R507A, R404A, R407C, R410A, and
F'717, are not included in their results.

Domanski and Didion [4] caution that relationships
other than those they identified with their simple model
influence refrigerant performance in the basic refrigera-
tion cycle. They then investigate liquid-suction heat
exchanger performance using a simulation model.
Property data in the model are based on the Carnan-
han-Starling-DeSantis equation of state that was

employed in the REFPROP 4 and 5 programs [4].
They present simulation results for 29 refrigerants;
however, it is difficult to directly compare the perfor-
mance of alternative refrigerants because the simulation
results are presented for a reduced saturated condensing
temperature of 0.82 and a reduced saturated evaporat-
ing temperature of 0.65. As a result, the simulation
results for each refrigerant are at different saturated
condensing and evaporating temperatures and at differ-
ing temperature lifts. Application charts are presented
for four refrigerants to quantify the effect of tempera-
ture lift, but the effect of pressure losses in the liquid-
suction heat exchanger is not addressed.

One objective of this paper has been to identify a

general correlation of liquid-suction heat exchanger
performance for different refrigerants. The parameters
identified by Domanski and Didion [4] were first inves-
tigated to determine whether simulation results could be

correlated; however, a satisfactory correlation could not
be established since these parameters do not include all
of the refrigerant-speciflc influences on cycle perfor-
mance (as noted by Domanski and Didion [4]). A sys-

tematic evaluation of the dimensionless refrigerant
properties revealed that the relative capacity index for a
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specified temperature lift correlates well with the
dimensionless quantity A,huuof(cp,r Z") where Alruu. is

the enthalpy of vaporization at the evaporator pressure,
co.s is the specific heat of saturated liquid refrigerant at
the evaporator temperature and Z" is the critical tem-
perature ofthe refrigerant. The relationship between the
relative capacity index and this dimensionless quantity is
shown in Fig. 5 for the 1l refrigerants investigated in
Figs. 3 and 4 at an evaporator temperature of -20'C
(-4'F) and a condensing temperature of 40"C. The line
shown in the figure represents a best-fit second-order
polynomial which represents the relationship with a R2

of 0.95.
The relative capacity index is also a strong function of

condensing and evaporating temperatures as shown by
Domanski and Didion [4]; however, it is the diflerence
between these temperatures, the temperature lift, rather
than the individual temperatures that affects the perfor-
mance of a liquid-suction heat exchanger. Simulation
results were obtained for a range of evaporator tem-
peratures between -40 and lO"C and for condensing
temperature between l0 and 60'C. These relative capa-
city (RCI) results are presented in Fig. 6 in terms of
D: L,huorf@r,1 Z") and Z, the temperature lift. The ele-

ven refrigerants used in this investigation are not iden-
tifled in Fig. 6 to avoid clutter, although their position
can be surmised from Fig. 5. Linear regression was used

to correlate the results in Fig.6 (for e:1) and similar
results for other values of e. The resulting correlation is

presented in Eq. (8):

RCI/e : -3.0468 + 19.3484 D - 19.091 D2

+ 1.2094 L + 0.02101 L2 - 5.9980 DL

- 0.02797 DL2 + 5.5286s D2L (8)

0.35 0.45 0.55 0.65 0.75

Ahnuy'Cp,lTc

Fig. 5. Relative capacity index versus Lh,urf(cp.t Z.) at satu-

rated evaporating and condensing temperatures of -20'C and
40"C, respectively.

Fig.5.Indice de puissance relatitte enfonction de Lh,,"pl(cp,LT,)
d des tempbratures de saturation d'ivaporation et de condensa-

tion de -20"C et 40"C respectivement.
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where

D: Lh,upf (cp,L T")
L: (T"on4-T"uuo)

The lines shown in Fig. 6 were generated using Eq. (8).
Eq. (8) fits the simulation data with a standard deviation
in relative capacity of 0.34 and an R2 of 0.95. The
agreement of the fit and simulation results is better at
low lifts. Relative capacity was found to be linearly
dependent on the liquid-suction heat exchange eflec-
tiveness and this relationship is included in Eq. (8). Fig.
6 shows that liquid-suction heat exchangers offer the
highest capactty (and, therefore, COP) at low values of
Lhuuof(co.r Z.) and at high temperature 1ifts. Eq. (8)
provides a general means of estimating the capacity
improvement expected from a liquid-suction heat
exchanger for any refrigerant and temperature lift
within the range of values investigated. However, nei-
ther Fig. 6 nor Eq. (8) account for pressure losses in the
liquid-suction heat exchanger. This additional effect is

considered in the following section.

7. Effect of pressure losses in the liquid-suction heat
exchanger

The results presented in Figs. 34 all assume that
there are no pressure losses in the liquid-suction heat
exchanger. The relative capacity index and COP will
both be reduced if pressure losses occur. Pressure drops
are unavoidable in heat exchangers. However the mag-
nitudes of the pressure drops in the liquid and vapor
lines can not be predicted in general since they depend
on the heat exchanger design as well as the refrigerant
properties.

0.25 0.35 0.45 0.55 0.65 0.75

Ahy6y'Cp,rTc

Fig. 6. Relative capacity index vs Lh"urlQp.r Z") for various
temperature lifts for a liquid-suction heat exchanger with no
pressure losses and effectiveness : 1.0.

Fig. 6. Indice de puissance relative enfonction de Lh""rl (cr,1T,)
pour divers bcarts de tempbrature de condensation et d'bvapora-

tion sans chute de pression et pour une fficacitb 6gale d 1,0.
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The pressure drops in the liquid and vapor lines have
different effects. A pressure drop in the liquid (high
pressure) line will have much less effect on capacity and
COP than a pressure drop of equal magnitude in the
suction (low pressure) line. The result of the pressure
loss in the liquid line is to reduce the pressure of the
refrigerant upstream of the expansion device. Assuming
that the pressure drop is sufficiently small such that
flashing does not occur ahead of the valve, the pressure
drop will have little eflect on relative capacity because

the liquid refrigerant is nearly incompressible and its
properties are not aflected by the reduction in pressure.

The tendency to fiash before the valve is reduced by the
reduction in liquid refrigerant temperature as it passes

through the heat exchanger.
A pressure loss in the vapor (low pressure) leg of the

liquid-suction heat exchanger affects both capacity and
COP. The pressure loss reduces the density of the
refrigerant entering the compressor and thereby results
in reduced refrigerant mass flow rate which in turn
results in reduced capacity. In addition, more work per
unit mass is required to increase the pressure to the level
in the condenser and the volumetric efficiency is

reduced, as indicated in Eq. (4) and Eq. (5). Since com-
pressor power is unaflected by the increased superheat,
the effect of the liquid-suction heat exchanger on COP is

identical to relative capacity index. However, pressure
loss affects capacity and the compressor power differ-
ently, so changes in COP will not necessarily be the
same as changes in capacity when a liquid-suction heat
exchanger with pressure losses is introduced.

Refrigeration systems having a liquid-suction heat
exchanger were simulated for a range of temperature
lifts, effectiveness values, and pressure losses lor the
eleven refrigerants identified in Fig. 5. The simulation
results indicate that the effect of pressure loss in the
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Fig. 7. Correction to the relative capacity index to account for
pressure loss in the low pressure leg of the liquid-suction heat

exchanger.

Fig.7. Corrcction de I'indice de puissance relative afin de prendre
en compte la chute de pression de la partie basse pression de

I'bchangeur de chaleur d I'aspiration.
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liquid-suction heat exchanger on refrigeration capacity
and COP can be represented in terms of a non-dimen-
sional pressure loss defined as the pressure loss in the
low pressure leg of the liquid-suction heat exchanger
divided by the absolute pressure in the evaporator. The
effect of this non-dimensional pressure loss on refrig-
eration capacity is shown in Fig. 7. The ordinate in Fig.
7 is the capacity of the refrigeration system divided by
the capacity that the system would have if there were no
pressure losses in the low-pressure leg of the liquid-suc-
tion heat exchanger, all else being the same. Fig. 7 indi-
cates that there is a linear relationship between the
reduction in capacity and the non-dimensional pressure
loss. The relationship is independent of the liquid-suc-
tion heat exchanger effectiveness. At temperature lifts
below 40"C, there is no discernable dependence on the
refrigerant but some dependence becomes evident at
higher lifts. The information in Fig. 7 can be approxi-
mately represented using Eq. (9):

Capacity : I -(1.042 - 7.32 x rc-1 L3)
CaPacitY.u o.".sure losses ,.(+*) (e)

\re\apl

The effect of pressure loss on COP is shown in Fig. 8.

The pressure loss results in reduced refrigerant mass
flow rate which causes reduced capacity. Reducing the
refrigerant mass flow rate tends to reduce compressor
power. However, the increased pressure ratio resulting
from the pressure loss tends to increase compressor
power. The net effect on COP can be represented in
terms of the non-dimensional pressure loss and tem-
perature lift, independent of the liquid-suction heat
exchanger effectiveness. There is very little effect of
refrigerant for the I I refrigerants investigated' The
information in Fig. 8 can be represented with Eq. (10):
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Fig. 8. Correction to the COP to account lor pressure loss in
the low pressure leg of the liquid-suction heat exchanger.

Fig.8. Correction du COP afin de tenir compte de Ia chute de

pression de la partie basse pression de I'tchangeur de chaleur it
aspiration.
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This paper provide a means of estimating the effect of
a liquid-suction heat exchanger for any refrigerant for
which property data are available. Eq. 8 is first used to
determine the relative capacity index for a liquid-suction
heat exchanger of specified effectiveness assuming that
there are no pressure losses. Then, the result obtained
from Eq. (8) is multiplied by the factor in Eq. (9) to
account for reduced capacity resulting from pressure
losses in the low pressure leg of the heat exchanger. The
product of the result obtained in Eq. (8) and the factor
in Eq. (10) indicates the net result of the liquid-suction
heat exchanger on COP. At this point, an economic
assessment can then be made to determine the overall
merit of the liquid-suction heat exchanger.

8. Conclusions

By neglecting the reduction in refrigerant mass flow
rate, one would conclude that liquid-suction heat
exchangers lead to performance improvements for any
refrigerant. Under closer evaluation, liquid-suction heat
exchangers increase the temperature and reduce the
pressure of the refrigerant entering the compressor
causing a decrease in the refrigerant density and com-
pressor volumetric efficiency. Although the compressor
power is only slightly affected by the change in state of
the refrigerant entering the compressor, the refrigerant
mass flow rate is reduced. Consequently, the advantage
of liquid-suction heat exchangers depends on competing
effects. Fig. 4 illustrates the influence of liquid-suction
heat exchangers (with no pressure losses) on the perfor-
mance ol a relrigeration system for a number of refrig-
erants accounting for changes in compressor volumetric
efficiency. The eflect of a liquid-suction heat exchanger
(with no pressure losses) on the refrigeration capacity
can be correlated in terms of the temperature lift and a

dimensionless grouping equal to the enthalpy of vapor-
ization at the evaporator temperature divided by the
product ofthe liquid specific heat (evaluated at the eva-
porator temperature) and the critical temperature. The
effect of pressure losses in the low pressure leg can be
quantified in terms of a non-dimensional pressure dif-
ference. From this analysis, it can be concluded that
liquid-suction heat exchangers are most useful at high
temperature lifts and for refrigerants having a relatively
small value of A,huorf(co.t 4). The potential perfor-
mance advantage of a liquid-suction heat exchanger is

reduced due to pressure losses in the heat exchanger.

: t-(nl - o.otjtL * 3.01 x 1o-1L2)

/APux\
"\P"r*i

(10)
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A general method of estimating the magnitude of the
reduction is provided in Fig. 7 and Eq. (9). The liquid-
suction heat exchanger is detrimental to system perfor-
mance in systems using R22, R32, and R717 at all tem-
perature lifts investigated. The results obtained for
Rl34a, R12 and R22 follow the same trends as the
results of Domanski and Didion [4]. However, the pre-
sent research expands their results by examining addi-
tional refrigerants and an alternative method ol
correlating the performance results. Even though the
liquid-suction heat exchanger has a negative impact on
system performance, the system does benefit from the
heat exchanger by preventing vapor in the liquid line
before the expansion valve. The system designer must
thus be very careful in choosing when to install a liquid-
suction heat exchanger in a refrigeration system.
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