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1. Introduction

The gas refrigerant injection is successfully im-
plemented in refrigerating systems, using the scroll com-
pressors with an additional vapour injection connection.
The two main configurations of gas refrigerant injection
systems are i) flash tank system and ii) intermediate heat
exchanger (IHX) system, also called an economizer tech-
nology. The economic system reduces the throttling loss by
decreasing the specific enthalpy of the refrigerant, entering
the thermostatic expansion valve (TXV) of the main loop.
Also, the overheated gas compression loss can be de-
creased by decreasing the temperature in the compression
pocket. Therefore, the gas refrigerant injection improves
the performance of the vapor compression system. Accord-
ing to the research Winandy and Lebrun 2002 [1], Wang et
al. 2009 [2] under the large compression ratio conditions
the gas refrigerant injection not only increase the efficien-
cy and capacity of the system, but also improves system’s
reliability by decreasing the discharge temperature of com-
pressor.

The previous research on the gas refrigerant injec-
tion into the scroll compressors analyse various aspects of
the technology. The works as (Winandy and Lebrun, 2002
[1]; Ayub et al., 1992 [3]; Dutta et al., 2001 [4]; Yamazaki
et al., 2002 [5]; Park et al., 2002 [6]; Cho et al., 2003 [7]),
Tello Oquendo et al., 2016 [8], Navarro et al., 2013 [9],
Dardenne et al., 2015 [10] focus on the effects of gas injec-
tion on the compressor and reveal the effects of the injec-
tion parameters on the compressor power consumption,
discharge temperature, compressor efficiency and so on.

The second group mainly focuses on experimental
research on the systems with gas injection (Zehnder et al.,
2002 [11]; Maet al., 2003 [12], He et al., 2015 [13], Roh et
al., 2014 [14]). These researches show the influence of the
gas injection on the performance of the whole system and
demonstrate the potential of gas injection technology.

The works of the third group are dedicated to the
optimization of the gas-injected system. Ma and Li, 2007
[15] investigated the effect of the injection pressure on an
injected heat pump system with an IHX and proposed an
optimal injection pressure range for their system. Beeton
and Pham, 2003 [16] analyses the impact of the gas injec-
tion and offered an economical selection method for the
IHX. Wang et al. 2009 [17] developed a model of the re-
frigeration system with a gas-injected scroll compressor
and proposed a set of general principles for the design and
operation of the system with a gas-injected scroll compres-
sor. Mathison et al., 2014 [18] investigates the ability of an
economized cycle with a saturated vapor injection through
a finite number of ports to approach the limiting cycle per-
formance. Redon et al., 2014 [19] analysed the influence of

design parameters, such as the displacement ratio, and op-
timized these parameters in terms of the COP in ideal con-
ditions.

The objective of this research is the development
of high efficiency, low-temperature transport refrigerating
system with eutectic plate evaporator. These systems oper-
ate at specific operating conditions, such as: i) strict weight
limitations, ii) single stage refrigerating system and iii)
very low evaporation temperature and high compression
ratio. According to [8], for pressure ratios above 7.5 the
two-stage reciprocating compressor would offer higher
efficiency comparing to the scroll compressor with vapor
injection. However, for the transport applications the scroll
compressor with economizer is preferable due to weight
limitations.

Usually the performance of refrigerating system
with economizer can be predicted and parameters of re-
quired components can be determined using the selection
software provided by compressors manufacturer. However,
in the analysed case the vapour injection optimized com-
pressor of the required capacity does not exist and the only
available option is to use the compressors, optimized for
the liquid injection. In addition to that, the evaporation
temperatures in the eutectic system are so low, that even
the compressors optimized for liquid injection are operat-
ing beyond the limits of the envelope.

The research plan was to design and build an eu-
tectic system with vapour injection and economizer. The
tests of the system are developed to help determining the
most effective setup of the economizer as well as other
required components (compressors, control system...). The
tests must also determine the operating parameters of new
systems, such as pull-down time and energy consumption.

2. The initial system — low-temperature transport
refrigerator

Such refrigerating systems are used in refrigerated
bodies for delivery vans. The usual transport refrigerators
are used to deliver frozen goods from a single load point to
a single destination point or small number of destination
points. The refrigerating compressor is constantly running
either from the car’s engine or from the autonomous en-
gine. Usually such a system is equipped with copper tube —
aluminium fin evaporator with forced air convection. The
delivery vans analysed in this research are used for the
retail distribution of frozen food and have an operation
pattern different from other transport refrigerators. The
frozen goods are delivered from a single load point, but the
number of destination points may reach 30 or even higher.
During the unload period the car’s engine must be stopped
and the door opening causes significant heat load. The dis-
tance between the unloading points is usually small and the
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possible operation time is insufficient for compensation of
this heat load. For such specific application the most suita-
ble refrigerating system is so called eutectic system.

Eutectic systems consist of hollow tubes, beams
or plates filled with an eutectic solution (phase change ma-
terial) to store energy and produce a cooling effect when-
ever necessary to maintain the correct temperature in the
refrigerated container. The Eutectic concept is different to
conventional refrigeration systems in that a cold source
(heat absorption) is provided by phase change material
rather than direct expansion of refrigerant gas. The plates
or beams that contain the eutectic are charged (frozen
down) at night on mains power. Once the plates are frozen
they provide reliable cooling for a specific duration of time
and ensure very high instantaneous capacity required for
compensation of heat load from the door opening.

To keep the indoor air temperature below -18°C,
the eutectic mixture with the phase change temperature
equal to -33°C is used. During the eutectic mixture crystal-
lization the evaporation temperature is -43 + -45°C. At the
end of the pull-down cycle the evaporation temperature
goes below -50°C. At the nominal ambient temperature
(20°C) the condensing temperature is 26 — 28°C. However,
the refrigerator should also be able performing pull-down
at 38°C ambient temperature, when the condensing tem-
perature increases up to 55°C and the refrigerating com-
pressor is operating under very high compression ratio.

The initial system is equipped with direct expan-
sion (DX) evaporator with mechanical thermostatic expan-
sion valve (TXV) as expansion device, high-pressure (HP)
liquid receiver and suction - liquid heat exchanger
(SLHX). It uses R507A refrigerants and is equipped with
scroll compressor with liquid injection through the dis-
charge temperature control (DTC) valve. The crankcase
pressure regulator valve (CPRV) is installed in a suction
line for controlling the maximum operating pressure.

3. The economizer system

The test system was designed in such a way, that
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the same prototype could be used to test various configura-
tions. The targeted pull-down time (with economizer) is
identical to the pull-down time of the initial system. The
initial system was equipped with the scroll compressor
with the theoretical volumetric capacity of 8.03 m%/h. The
economizer increases the refrigerating capacity, therefore
the economizer system was equipped with the significantly
smaller scroll compressor with the capacity of 5.92 m3/h.

The components of the prototype refrigerating
system are illustrated in the Fig. 1. The setup of evaporator
is identical to the initial system. On the Fig. 1 only single
eutectic plate is shown for each branch, but actually the
entire evaporator comprises of five eutectic plates, com-
bined into two branches. The system was equipped with
aluminium micro-channel condenser with the inner volume
of 1.345 I. The high-pressure receiver with 4.6 | inner vol-
ume is the same as used in the initial system.

The mechanical TXV was used as an expansion
device of economizer branch. In the economizer system the
main thermostatic expansion valves (TXV) with the maxi-
mum operating pressure (MOP) function were used. The
TXV with the MOP function allow significant reduction of
refrigerant charge as demonstrated by Vaitkus and Dagilis,
2014 [20]. The crankcase pressure regulator valve (CPRV)
with 1.7 bar settings.

As the economizer we used plate evaporator certi-
fied for refrigerating systems, comprising of 28 stainless
steel plates with the dimensions 208 x 77 mm. The rated
capacity of the evaporator is 2 kW at 4.5 K logarithmic
mean temperature difference.

The economizer system also comprises of four
additional heat exchangers (HX). The purpose of the feed
line subcooler (FLSC) of economizer 13 is to subcool lig-
uid before the TXV of economizer while superheating va-
pour in the suction line. The counter flow liquid — vapour
heat exchangers 14 and 15 subcool liquid refrigerant in the
main branch of refrigerating system while superheating
vapour in a suction line of the compressor. The vapour
superheater of the economizer 12 superheats the vapour
after economizer while subcooling liquid before the eco-
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Fig. 1 The test system: 1 — compressor; 2 — condenser; 3 — receiver; 4 —filter; 5 — sight glass; 6 — eutectic plates; 7 — main
thermostatic expansion valve (TXV); 8 — TXV of economizer; 9 — economizer; 10 — the discharge temperature con-
trol valve; 11 —crankcase pressure regulator valve; 12 —the vapour superheater; 13 —feed line subcooler;
14 — suction-liquid heat exchanger (SLHX) of 1300 mm length; 15— SLHX of 1700 mm length; 16-20 — shut-off

valves



nomizer. This should decrease the heat transfer area of
economizer dedicated for vapour superheating.

The economizer system is equipped with five ad-
ditional valves, which allows testing and comparing per-
formance of different refrigerating system configurations.
The system can be tested with economizer (valves 16 or 17
opened) or without it (both 16 and 17 closed). Since in
both cases (operating with and without economizer) the
refrigerated body, system components and adjustments of
TXV and OPR are identical, these tests offer good evalua-
tion of economizer‘s influence.

The liquid feed to economize can be high temper-
ature liquid after condenser (valve 16 opened, 17 closed)
or subcooled liquid after the subcooler 13 (valve 16 closed,
17 opened). The discharge temperature control (DTC)
valve can be connected (valve 20 opened) or disconnected
(valve 20 closed). When the system is tested without econ-
omizer, the DTC valve must be connected to protect the
compressor from overheating. When the economizer is
connected, the low temperature vapour is injected into the
compressor, allowing some protection from overheating.

The system can be tested with the 1700 mm
length, suction-liquid heat exchanger 15 disconnected
(valve 18 closed, 19 opened); in such a case only the
1300 mm length, suction-liquid heat exchanger 14 is ac-
tive. Therefore the total length of suction — liquid heat ex-
changer may be 1300 mm or 3000 mm.

Theoretically the total number of different system
configurations is 16, but not all configurations were tested.
For example, the system without economizer should not be
tested without the DTC valve because of the compressor*s
overheating and there is no need in subcooling the liquid
before the inactive economizer.

4. Test equipment and methods

During the tests, the lotech Personal Dag/56 Data
acquisition module was used with the acquisition speed set
to 610 ms per measurements and the scan period 30 s. Also
the K-type thermocouples (accuracy =+ 1.2°C, including
cold-junction compensation error + 0.5°C) and Danfoss
AKS 32 pressure transmitters (accuracy = 0.8% max, = 3%
typical) were used for temperature and pressure measure-
ments respectively. A power consumption was measured
with an electrical energy meter ABB OD 4165 (pulse out-
put frequency 100 imp/kWh, Class 2).

The main parameters used for performance evalu-
ation are ambient temperature, inside air temperature, suc-
tion temperature, condensing pressure, suction pressure
and power consumption. Ambient temperature is average
of four air temperatures. Inside air temperature is average
of five air temperatures (10 cm below the eutectic plates
and 10 cm above the floor in front and rear sections, as
well as in the middle of central section). All the air tem-
peratures were measured inside aluminium cylinders. Suc-
tion temperature was measured on the outer surface of the
suction tube ~30 cm from the compressor. Condensing and
suction pressures were used to calculate corresponding
temperatures (max error of temperature estimation is 0.3 K
for condensing and 0.2 K for evaporation).

When comparing performance of refrigerating
systems the usual approach is to make the tests under
steady conditions. Such an approach is of a limited use for
refrigerators with eutectic systems due to the phase change.
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The performance of eutectic systems is estimated on tran-
sient mode of operation and the main test is temperature
pull-down test. During this test, the warm refrigerator with
all temperatures equal to ambient temperature is turned on
and runs until the cut-out temperature of the thermostat
(air, -36°C) is reached. Since the refrigerator is defrosted
before each test, the identical heat transfer conditions in
evaporator are ensured. The interval of pull-down test dur-
ing which the inside air temperature decreases from -20 to
-33°C is used as an indication of the everyday perfor-
mance. The pull-down tests were performed in a wide
range of ambient temperatures — from ~ 15°C to ~ 32°C.

Another important test is the temperature holdo-
ver test. After stable on/off cycling conditions are reached,
the refrigerating system is turned off and the rise of inside
air temperature is registered. The temperature rising time
from -33 to -20°C depends on the cold, accumulated in the
eutectic plates during the pull-down. Due to the particulari-
ty of this test it serves as an indication of the cold accumu-
lated in eutectic plates and efficiency of insulation, rather
than efficiency of refrigerating system itself.

The eutectic plates used in the economizer system
were identical to the plates of the initial system. The
amount of accumulated cold during the holdover test must
also be identical and the difference in holdover time should
be an indication of differences in the quality of insulation
and external heat transfer. The quality of insulation of the
economizer system was lower compared to the average
initial system — the heat transfer rate was ~ 6% higher.

5. Test results

The objective of the first stage of the research was
to compare performance of the modified system running
without economiser to the performance of the initial sys-
tem. The summarised results of these tests are presented on
the Fig.2 and Fig. 3. At 20°C ambient temperature the
measured pull-down time of the modified system increased
by ~30%. The main factor causing the increase is lower
refrigerating capacity of prototype compressor. According
to the manufacturer’s data, the refrigerating capacity of the
initial system’s compressor is higher by 38% when com-
pared to the modified system’s compressor.

The deeper comparison between the expectations
and measurements is difficult because of the concurrent
additional factors. Due to the lower refrigerating capacity
of the modified system compressor, the thermal loads and
temperature differences in condenser and evaporator de-
creases, increasing evaporation pressure and efficiency.
The mass flow rate of this system is also lower, which de-
creases the hydraulic losses and further increases the suc-
tion pressure and efficiency. However, the heat transfer
through the insulation of the modified system also increas-
es due to longer pull-down, which increases pull-down
energy consumption. Finally, the performance of the modi-
fied system is compared to available measurements (pull-
down time and energy consumption) of the initial system,
but differences of the insulation quality could not be accu-
rately compared since the insulation quality was not meas-
ured for every tested initial system system. The heat trans-
fer through the insulation of the modified system is ~ 6%
higher when compared to the average value of the initial
system calculated from the available scope of measure-
ments. The compressor with the capacity of 5.92 m%h



without economizer is not capable to ensure the required
pull-down time, but the efficiency of both systems is very
close — the positive and negative factors to efficiency does
mutually compensate.
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Fig. 2 The pull-down time, subject to ambient temperature

for the pull-down from -20 to -33°C; a - the initial
system; b - the modified system without economizer
with SLHX 1300 mm; c-the modified system
without economizer with SLHX 3000 mm
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Fig. 3 The energy consumption, subject to ambient tem-
perature for the pull-down from -20 to -33°C; a - the
initial system; b -the modified system without
economizer with SLHX 1300 mm; ¢ - the modified
system without economizer with SLHX 3000 mm

The next stage of research was the testing of the
modified system with the economizer equipped with the
plate intermediate heat exchanger. The system was tested
with the suction-liquid heat exchangers with the lengths of
1300 mm and 3000 mm; the feed line subcooler was ena-
bled or disabled. The test results are compared with the
performance of the initial system as well as to the same
modified system operating with disabled economizer. The
variation of some distinctive temperatures during the pull-
down for the modified system with enabled and disabled
economizer is presented on the Fig. 4 and Fig. 5 respec-
tively. Since both tests are performed on the same modi-
fied system, the uncertainty due parameters of system
components (compressors, evaporators, insulation, etc.) are
eliminated and the performance difference can be attribut-
ed to the effect of the economizer.
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During crystallization of eutectic plates the inter-
mediate evaporation temperature in the economizer was
~-12°C and the temperature difference at the exit of econ-
omizer was ~ 2 K. The recommended intermediate evapo-
ration temperature for the vapour injection optimized com-
pressor at similar operating conditions would be ~ -24°C -
significantly lower than observed in the prototype. The
recommended liquid temperature after the economizer
would be -19°C comparing to -10°C in our modified sys-
tem. Obviously the compressor designed for liquid injec-
tion cannot ensure the same economizers capacity as the
compressor optimized for vapour injection. However, if
vapour injection optimized compressor of required capaci-
ty is not available, the economizer can still be used and
will ensure significant liquid subcooling. In the analysed
case the liquid subcooling achieved in the economizer
makes ~ 80% of the recommended subcooling in the econ-
omizer of vapour injection optimized compressor.

When manufacturers data for the vapour-
injection-optimized compressor with the economizer of
recommended size is compared with the data of the liquid-
injection-optimized compressor with SLHX as in the initial
system, the COP increase should be 13% and capacity in-
crease — 38%. The subcooling in economizer of the modi-
fied system was lower than recommended subcooling for
the vapour-injection-optimized system, therefore the ex-
pected performance improvement of the compressor in the
prototype is lower as well. However, some of observed
performance improvement is caused by other factors, such
as dynamic effects, changes to heat transfer conditions, etc.
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Fig. 4 The variation of temperatures during the pull-down
of the modified system with economizer, feed line
subcooler disabled, suction-liquid heat exchanger of
3000 mm length at 18.9°C ambient temp.;
a - condensing; b - ambient air; c - liquid refrigerant
before main TXV; d - average inner air; e - average
plate; f- evaporation; g - evaporation intermediate;
h - liquid out of econimizer

One of such dynamic effects can be observed
when analysing the pull-down from -20°C to -33°C (the
Fig. 4 and Fig. 5). When economizer is enabled the aver-
age evaporation temperature is approximately -44.5°C, but
with disabled economizer this temperature decreases to -
46.6°C. When economizer is enabled, the pull-down from
-20 to -33°C is mainly coinciding with the crystallization
period; without the economizer the pull-down period is



moved to a lower evaporation temperature. Regardless of
the lower refrigerating capacity, the average evaporation
temperature decreases by more than 2 K when economizer
is disabled. Such decrease in evaporation temperature
should cause ~8% efficiency decrease.

The performance of the modified system with the
plate economizer and the performance of the initial system
is summarized on the Fig. 6 and Fig. 7. The significant
increase of refrigerating capacity was observed with ena-
bled economizer. At 20°C ambient temperature the pull-
down time decreased by 26-27%, when compared to the
tests of the prototype with disabled economizer and with
the SLHX of 1300 mm length. The 5.92 m¥h capacity
compressor with economizer demonstrates the same pull-
down time as 8.03 m¥h capacity compressor in the initial
system. One more interesting feature of the systems with
economizer — these systems are less sensitive to high am-
bient temperature. While the ambient temperature increas-
es from 20 to 30°C, the pull-down time of the initial sys-
tem increases by 31%, but for the modified system with the
economizer this increase is just 22%. At 30°C ambient
temperature the pull-down time of the initial system is
higher by ~ 14.5%. The system with economizer offers the
highest capacity when it is needed.
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Fig. 5 The variation of temperatures during the pull-down
of the modified system with disabled economizer,
suction-liquid heat exchanger of 300 mm length at
16.5°C ambient temp.; a - condensing; b - ambient
air; c-liquid refrigerant before main TXV;
d-average inner  air; e-average plate;
f - evaporation

The economizer also offers the significant effi-
ciency improvement comparing to the initial system over
the whole ambient temperature range. During the pull-
down at the 20°C ambient temperature the energy con-
sumption decreased by the respectable 17%, but at 30°C
ambient temperature the measured decrease of energy con-
sumption is even higher and reaches 25%. In addition to
that, the prototype’s quality of insulation was worse by by
~ 6%.

Another important question is the comparison be-
tween the different economizer setups. As can be seen
from the Fig. 6 and Fig. 7, all the systems offered similar
pull-down time and energy efficiency (the difference of
observed performance within the error of measurement).
The only system with slightly worse performance was the
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system with the suction-liquid heat exchanger of 1300 mm
length and disabled feed line subcooler. Since performance
of all systems was similar, the decision can be based on
technological and economic motives.
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Fig. 6 The pull-down time, subject to ambient temperature
for the pull-down from -20 to -33°C; a - the initial
system; b - the modified system with plate econo-
mizer (PE), feed line subcooler (FLSC) enabled,
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e - the prototype with PE, FLSC disabled, SLHX of
1300 mm length
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Fig. 7 The energy consumption during the pull-down from
-20 to -33°C, subject to ambient temperature; a - the
initial system; b - the modified system with plate
economizer (PE), feed line subcooler (FLSC) ena-
bled, suction-liquid heat exchanger (SLHX) of
3000 mm length; c - the system with PE, FLSC ena-
bled, SLHX of 1300 mm length; d - the modified
system with PE, FLSC disabled, SLHX of 3000 mm
legth; e - the prototype with PE, FLSC disabled,
SLHX of 1300 mm length

The subcooled liquid feeding (SLF) to TXV of
economizer offered no positive effect, therefore this com-
ponent was eliminated for the further development of the
modified system. Without FLSC, the vertical section of the
suction tube (length 900 mm) can be used for SLHX, in-
stead of being used for subcooler. For the further develop-



ment, we selected the setup with 2200 mm SLHX. The
900 mm option was rejected since 1) in combination with-
out SLF it demonstrated measurably worse performance
and 2) 1300 mm section of suction tube still has to be used,
which makes the possible cost savings negligible. The
3900 mm SLHX was rejected since a further increase in
cost and weight was deemed unjustified.

The holdover tests were performed at a 20°C am-
bient temperature. Since the design of eutectic plates was
not changed, no changes in holdover performance were
expected. The holdover time, demonstrated by the proto-
type at 20°C ambient temperature, is 21.4 hours, against
22.5 hours average holdover of the baseline system. This
difference can be explained by the lower quality of the
modified system’s insulation.

6. The discharge temperature control

One more question considering the eutectic sys-
tem with an economizer is whether the DTC valve is re-
quired. Since relatively low temperature vapour from
economizer is injected into compressor through the injec-
tion port, the compressor receives some cooling. As we
already mentioned, elimination of the DTC valve would
simplify the system layout and decrease the cost.

The economizer system with disabled DTC was
tested at various ambient temperatures. At a nominal 20°C
ambient temperature the vapour injection through the
economizer is sufficient and additional cooling through
liquid injection is not needed. At a 32°C ambient tempera-
ture the different situation was observed. At the initial
stage of pull-down and during the crystallization of eutec-
tic plates the system with vapour injection through an
economizer demonstrated 94 — 96°C discharge tempera-
ture, which is within allowable temperature limits. Howev-
er, at the final stage of pull-down (after the crystallization)
the discharge temperature of the system with disabled DTC
started increasing and reached 106°C before the system
was turned OFF by the system thermostat (inside air tem-
perature reached -36°C). The maximal allowable discharge
temperature is set by the discharge temperature relay, with
the set point of the 99 + 3°C. This relay was short-circuited
for this experiment. The difference may seem insignificant,
but in the real life the refrigerator is loaded with the frozen
goods and the heat transfer is decreased by the frost accu-
mulation on the eutectic plates. Both these factors increase
the difference between the evaporation and air tempera-
tures and in the worst cases the increase exceeds 10 K. The
system without the DTC would be turned OFF by the dis-
charge temperature relay far from the air temperature set-
point.

As demonstrated previously, the system with
economizer performs especially effectively at high ambient
temperatures, which could be a strong selling point. How-
ever, the system should remain functional at least up to
38°C ambient temperature (subtropical conditions). One
possible solution would be to eliminate the discharge tem-
perature relay and leave the temperature uncontrolled.
However, at higher ambient temperatures at the final stage
of pull-down such system will be overheating, which may
decrease the durability of the compressor. Moreover, the
system without the DTC relay will be unprotected in case
of faulty equipment even at lower ambient temperatures.
For example, the malfunction of the TXV of economizer
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will cause overheating of the compressor. Therefore, we
would recommend installing the DTC valve parallel to
economizer branch and keeping the discharge temperature
control relay in place. Such setup was successfully tested
and no interference between the operation of DTC valve
and economizer branch was observed.

7. Cost reduction possibilities

The commercial success of an economizer system
strongly depends on the competitive cost. The use of a
smaller compressor (5.92 m%h instead of 8.03 m%h) of-
fered some cost reduction. However, the cost of the plate
economizer is two times higher compared to the saving
from the smaller compressor. The additional TXV, insula-
tion, solenoid valve and fittings of economizer also drive
the system’s cost up. The objective of the next research
stage was to estimate the cost reduction possibilities.

All the available plate heat exchangers, certified
for the refrigerating equipment, are relatively expensive.
The capacity of the plate economizer in the modified sys-
tem is ~ 450 W. The value is significantly lower than the
nominal capacity of the used plate heat exchanger. Due to
the oversized plate heat exchanger the measured tempera-
ture difference at its exit was just 2 K. The logarithmic
mean temperature difference for the system with disabled
feed line subcooler was 12 K.
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Fig. 8 The pull-down time, subject to ambient temperature
for the pull-down from -20 to -33°C; a - the initial
system; b - the modified system with plate econo-
mizer, feed line subcooler (FLSC) disabled, suction-
liquid heat exchanger (SLHX) of 3000 mm length;
c - the modified system with tube-in-tube (TIT)
economizer, with FLSC enabled, SLHX of
3000 mm length; d - the modified system with TIT
economizer, with FLSC disabled, SLHX of
3000 mm length

)

The proposed heat exchanger was a tube-in-tube
counter-flow type. The outer tube was @12 x 1 mm copper
tube, the inner tube was @8 x 1 mm copper tube. The lig-
uid after the receiver is flowing through the circular chan-
nel, and the evaporating refrigerant — through the inner
tube. The equivalent diameter of the circular channel is
only 2 mm, which causes significant hydraulic losses
(~ 2.7 kPa). Still, the estimated decrease of liquid subcool-



ing in economizer due to the saturation temperature drop
has been just 0.1 K. The hydraulic losses on the low pres-
sure side of economizer increase the final liquid tempera-
ture after economizer (the estimated increase is ~ 2 K).

The economizer for the next revision of the modi-
fied system was a tube-in-tube (TIT), counter-flow heat
exchanger, built of @12 x 1 mm outer tube and @8 x 1 mm
inner tube of 2500 mm length, coiled up on the @150 mm
cylinder. Taking into account the savings from the smaller
compressor, it is possible to build the new system with
approximately the same cost as initial system.

The test results of the modified system with the
TIT economizer are given on the Fig. 8 and Fig. 9. As ex-
pected, with the TIT economizer some performance degra-
dation was observed, comparing with the plate economizer
At 20°C and 30°C ambient temperature the pull-down time
increased by 3.1% and 3.75% respectively. The corre-
sponding energy consumption increased by 3.1% and
4.8%. Considering the subcooled liquid feeding, the ob-
served results are identical to the previous tests — the liquid
subcooling before the TXV of economizer offers no posi-
tive effect.
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Fig. 9 The energy consumption during the pull-down from
-20 to -33°C, subject to ambient temperature; a - the
initial system; b - the modified system with plate
economizer, feed line subcooler (FLSC) disabled,
suction-liquid heat exchanger (SLHX) of 3000 mm
length; c - the modified system with tube-in-tube
(TIT) economizer, with FLSC enabled, SLHX of
3000 mm length; d - the modified system with TIT
economizer, with FLSC disabled, SLHX of
3000 mm length

Comparing the system with TIT heat exchanger of
economizer to the initial system, we still see significant
advantages. The pull-down energy consumption decreased
by 16% at 20°C ambient temperature and by 21% at 30°C;
the pull-down time decreased by 4% and 10% respectively.
Since the improvement was achieved without increasing
the systems cost, such a product should be also very com-
petitive.

8. Conclusions
The economizer technology traditionally is used

with vapour-injected scroll compressors. However, if va-
pour-injected scroll compressors of required capacity are

not available, the liquid-injected scroll compressors can be
used in a system with economizer and still offer perfor-
mance improvement. The effect is especially noticeable at
high compression ratios, i.e. for low evaporation tempera-
tures or high condensing temperatures. Compared to the
initial system without economizer, the pull-down energy
consumption of the system with the plate economizer de-
creased by up to 25% at 30°C ambient temperature

When operating at high condensing temperatures
and low evaporation temperatures, just the vapour injection
through the economizer branch is not sufficient to ensure
compressors cooling (the discharge temperature of the
compressor increases above 100°C). Therefore the system
must be equipped with the additional discharge tempera-
ture control valve, connected parallel to economizer
branch.

The custom-built tube-in-tube type economizer
was developed and tested in order to minimize the cost
increase. Compared to the initial system without econo-
mizer, the pull-down energy consumption decreased by
more than 20% at 30°C ambient temperature.
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L. Vaitkus, V. Dagilis

EXPERIMENTAL RESEARCH ON EUTECTIC
REFRIGERATIING SYSTEM WITH ECONOMIZER

Summary

In the article a problem of performance improve-
ment of the transport refrigerating system with eutectic
plate evaporator is analysed. Due to weight limitations the
system is equipped with single-stage compressor, which
operates at very low evaporation temperatures. For such
conditions the economizer technology offers substantial
performance improvement.

A transport refrigerating system with eutectic
plate evaporator and economizer is investigated and com-
pared to the eutectic system without economizer. Different
configurations of an economizer system with additional
suction liquid heat exchangers and with/without additional
liquid injection through the discharge temperature control
valve are analysed.

Comparing to the initial system, the pull-down
energy consumption decreased by more than 20% at 30°C
ambient temperature. The proposed design of the econo-
mizer heat exchanger allows efficiency improvement with-
out significant cost increase.

Keywords: eutectic refrigerating system, economizer.
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