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Abstract: The air flow rate on the gas cooler side is one of the key parameters affecting the per-
formance and running safety of transcritical CO, electric vehicle air conditioning systems. After
experimentally analyzing the effects of the air volume flow rate in the gas cooler on the cycle parame-
ters and system performance, a novel method to evaluate the optimal air flow rate was proposed.
In addition, the effect of the gas cooler air volume flow rate on the key performance parameters
of the system (e.g., optimal discharge pressure) was explored. Finally, the coupling effects of the
compressor speed, ambient temperature and optimal air flow rate on the system performance was
also exhaustively assessed. It was found that as the discharge temperature, the CO, temperature
at the gas cooler outlet and the discharge pressure did not vary more than 2%, the corresponding
gas cooler air volume flow rate was optimal. For the single-row and dual-process microchannel
evaporator used in this work, the recommended value of the optimal gas cooler air volume flow rate
was 2500 m3-h~!. The results could provide reference for the fan speed design of electric vehicle CO,
air conditioning systems, especially for the performance under idling model.

Keywords: CO,; air flow rate; air conditioning; electric vehicle; transcritical system

1. Introduction

Electric vehicles have been proved to be one of the most effective solutions to reduce
greenhouse gas and air pollutant emissions in the transport sector, besides promoting low
noise [1,2]. However, a considerable contribution to the environmental impact of cars is
given by high global warming potential (GWP) refrigerants [3,4]. Therefore, ever-stricter
regulations aiming at phasing out these working fluids are being implemented all over the
world. Looking for new environmentally friendlier refrigerants for mobile air conditioning
units has become one of the hottest research topics in the field of EVs in recent years [5].
Thanks to its negligible GWP, zero ozone depletion potential (ODP), non-toxicity, non-
flammability and favorable thermo-physical properties [6,7], CO, (R744) has become one
of the most preferred working fluids for cooling systems of vehicles [8,9].

Since the introduction of the transcritical running mode [10], there have been countless
studies on the performance of CO, refrigeration systems. Compared with high-GWP
working fluids, the performance of transcritical CO; refrigeration units is lower at high
cooling medium temperatures [11,12]. Therefore, in order to improve the performance of
transcritical CO, air conditioning systems, many methods have been studied [13,14]. The
expedients to improve the performance of transcritical CO, systems are based mainly on
two approaches: optimizing system components and enhancing system layout. Regarding
the optimization of system components, this method mainly includes the performance
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enhancement of the gas cooler, evaporator and compressor. Wang et al. [15] developed
a simulation model of an automobile gas cooler and proposed a new heat exchanger
optimization design method. Li et al. [16] proposed an integrated fin and micro-channel
gas cooler and developed a segment-by-segment model to analyze the design scheme
maximizing the heat exchange performance. Wang et al. [17] proposed a novel CO; heat
pump system with series gas cooler (SGC) configuration and compared its performance
with that of the conventional CO, system. The introduction of SGC was found to lead to
an average increase of 33.7% in the system heating capacity and of 35.0% in the system
coefficient of performance (COP). Yang et al. [18] implemented a fast and accurate genetic
algorithm to predict the performance of CO, microchannel gas coolers in automobile air
conditioning systems. In addition, the performance of microchannel evaporators and
its improved structure design were studied in [19-21]. Zheng et al. [22] explored the
internal flow characteristics of a scroll compressor to enhance the performance of R744
mobile heat pump air conditioning systems. The above studies have resulted in significant
advances in the investigation of maximizing the overall performance of the system by
optimizing system components. Besides, regarding enhancing the system cycle to improve
the transcritical CO, cooling performance, various solutions have been implemented, such
as overfed evaporators, two-phase ejectors and parallel compression [23].

A literature review revealed that the influence of the gas cooler air flow rate on
the transcritical CO, electric vehicle air conditioning system performance has not been
investigated comprehensively. On the one hand, the efficiency of transcritical CO, systems
is significantly sensitive to the refrigerant temperature upstream of the expansion valve,
which is affected by the air flow rate within the gas cooler substantially. On the other hand,
the gas cooler air flow rate varies considerably in vehicles due to the running state and
the stationary state. Thus, an in-depth study on the influence of the gas cooler air flow
rate on the performance of transcritical CO, mobile air conditioning units is needed to
enhance their energy efficiency and provide reference for the fan design and speed control.
Insufficient air flow rate leads to an inadequate heat transfer between the refrigerant and air
in the gas cooler, reducing the system performance. As the air volume flow rate is sufficient
for the gas cooler to meet the cooling demand, further increasing the air volume rate has
a very limited degree of improvement in the cooling capacity. However, this will result
in a significant increase in the power consumption of the fan, which leads to a decrease
in the system performance. Hence, there is an optimal value of air volume flow rate at
which the increase in fan power consumption exceeds the increase in the cooling capacity.
In order to bridge the aforementioned knowledge gap, firstly, the effect of the gas cooler air
volume flow rate on the system temperature and pressure, efficiency of the compressor
and performance of the system was studied experimentally in this work. Furthermore,
a reliable and novel approach to assess the optimal gas cooler air volume flow rate was
implemented. Secondly, the influence of the operating conditions and optimal gas cooler
air volume flow rate on the system performance was assessed. Based on the obtained
results, the optimal gas cooler air volume flow rate for the full operating range in cooling
mode was determined.

2. Materials and Methods
2.1. Experimental Setup Description

The test bench employed for evaluating the performance of the transcritical CO,
electric vehicle air conditioning system involved a compressor, a gas cooler, an internal
heat exchanger (IHX), an expansion valve (EXV), a microchannel evaporator in the heating,
ventilation and air conditioning (HVAC) unit and an accumulator (Figure 1). All the
connecting pipes of the system were made of aluminum hose. The detailed parameters of
the components are listed in Table 1.
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Figure 1. Schematic of the experimental setup of the transcritical CO; electric vehicle air conditioning system. 1—compressor,

2—gas cooler, 3—internal heat exchanger (IHX), 4—mass flow meter, 5—electromagnetic expansion valve (EXV), 6—heating,

ventilation and air conditioning (HVAC) unit, 7—accumulator.

Table 1. Detailed parameters of the components.

Component Main Parameters Other Parameters
Compressor 6.8 cc, 1000 to 8000 rpm two-stage rotary type, aluminum
Gas cooler 312 H-600 L-23 D (mm) aluminum micro-channel fin-tube, single-row
IHX 5.8 H-30 L-0.6 D (mm) aluminum cross flow
EXV Range of 0 to 576 step driven by a stepper motor
Evaporator 218 H-200 L-38 D (mm) aluminum micro-channel fin-tube, three-rows
Accumulator 500 mL aluminum

Two temperature sensors were installed in the gas cooler air-side and two temperature
sensors were mounted in the evaporator air-side. As for the CO,-side, nine temperature sensors,
six pressure transmitters and a mass flow rate were installed. The air volume flow rate in the
gas cooler side ranged from 600 m3-h~! to 9000 m®-h~! with an accuracy of £0.01 m>-h~1. All
the detailed parameters of the measurement instruments are listed in Table 2.

Table 2. Detailed parameters of the measured instruments.

Component Parameter Calibration range Uncertainty
K-type thermocouples Temperature (°C) —50°C to 200 °C +0.5°C
PT100 Temperature (°C) —50 °C to 200 °C £(0.15 + 0.2% of reading)
Pressure transmitters Pressure (MPa) 0 MPa to 20 MPa +2.5 %o of full scale
WT500 power meter Power (W) 15V to 1000 V and 0.5 A to 40 A £0.1% of reading
Electronic mass scale CO; charge (g) 0 kg to 100 kg +0.02 kg
Mass flow meter CO, mass flow rate (kg-h~1) 0kg-h~!to 11,500 kg-h~! +1% of reading

Volume flow meter

Air volume flow rate

3.1—1 311 31 —1 ;
(m3-h~1) in gas cooler 600 m°-h™" to 9000 m°-h +0.01 m”-h ~" of reading
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2.2. Experiment Conditions

The experimental setup of transcritical CO, electric vehicle air conditioning system
was built in an enthalpy difference chamber. The cooling COP was computed as follows:

hair = f(TzzirW/ TairD) (1)
Qcooling = Vair * Ogir * (hair,eva i hair,eva 0)/3600 (2)
COP = Qcooling 3)

Wcomp

In all cases, the volume flow rate of the air on the evaporator side was kept at
480 m3-h~! and the compressor was varied between 3500 rpm and 6500 rpm. The upper
limitation of the discharge temperature (T4;s) and pressure (Pg;s) were 135 °C and 14 MPa,
respectively. The detailed experimental conditions are listed in Table 3.

Table 3. Detailed experimental conditions.

Parameter Evaporator Side Gas Cooler Side
Ambient 30 °C, 50%
temperature and 27 °C, 50% 35 °C, 50%
humidity 40 °C, 50%
Air volume flow rate 480 m3-h~! 500,/1000/1500/2000/2500/3000/3500 m3-h~1
Refrigerant charge 700 g [24]
Compressor speed 3500/5000/6500 rpm

2.3. Uncertainty Analysis

The uncertainty propagation analysis for COP and cooling capacity was calculated by
using the Kline and McClintock method [25] expressed in Equation (4):

1
“WR = oxq “1 Xy “2 X Wn

in which wg is the resulting uncertainty, while wy, ..., wn are the uncertainties of the
independent variables x1, ... , xn. Uncertainties of cooling capacity and COP were obtained
by Equations (5) and (6). The maximum uncertainty of the cooling capacity and COP were
3.83 % and 3.83 %, respectively.

1
“o._| ()" (Y " () o 2 5
_ | :
Qc O Vs Cpa (Tai — Tuo)
2 2
wcor _ | { wWQ. ww |2
cop ~ (Qc)+(w)1 ©)

The thermo-physical properties of CO, and air were obtained from NIST REFPROP [26]
during the data reduction process. Finally, it was observed that the maximum discrepancy
regarding the heat balance between CO, and the air was about 10% in the gas cooler.

3. Results and Discussion
3.1. Influence of Gas Cooler Air Volume Flow Rate on Key Temperatures and Pressures

The effect of the gas cooler air volume flow rate on the COP, cooling capacity, compres-
sor power input, key temperatures and pressures as well as on the compressor isentropic
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and volumetric efficiencies under the optimal discharge pressure was evaluated at the
ambient temperature and compressor speed of 30 °C and 3500 rpm, respectively.

Figure 2 shows the variation characteristics of the evaporator (Teva), suction (Tsuc),
discharge (Tg4is) and CO, gas cooler outlet (Tgasc_o) temperatures with the air volume flow
rate on the gas cooler side. It could be seen that all the aforementioned temperatures de-
creased rapidly and then gradually became constant with the rise in gas cooler air volume
flow rate. As the gas cooler air volume flow rate increased from 500 m3-h~! to 2500 m®-h~!,
the discharge temperature dropped by 20.88 K. Compared with the compressor discharge,
the suction temperatures and the CO; gas cooler outlet temperature showed less marked
changes, which were equal to 8.00 K and 8.03 K, respectively. Additionally, the change in
evaporation temperature was the smallest (i.e., 4.28 K). Therefore, the discharge temper-
ature was the most suitable parameter for evaluating whether the gas cooler air volume
flow rate was optimal. However, considering that the discharge temperature could not
exceed 135 °C (i.e., the safety limit), another parameter for assessing the optimal gas cooler
air volume flow rate was necessary. The CO, gas cooler outlet temperature was found to
be more affected by the air volume flow rate in the gas cooler than the evaporator and
compressor suction temperatures. Moreover, it was the most directly influencing parameter
of the air flow rate on the gas cooler side. Therefore, the CO, gas cooler outlet temperature
was taken as the second evaluation parameter.

50 , 135
Axis on gasc_o A Ty —»

the left Touc ;
40 L - T i Axis on 1125

the right

30| ; i 4115

20| 4105

10| d95

Low temperatures ('C)
Discharge temperature (C)

Insufficient air volume rate ESufﬁcient R Tvol e rare

1 1 1 1 i 1 1
500 1000 1500 2000 2500 3000 3500

Air volume rate (m>h?)

Figure 2. Effect of the air volume flow rate in the gas cooler on the key temperatures of the investi-
gated system.

Figure 3 illustrates the change characteristics of the evaporator (Peya), compressor
discharge (Pg;s) and suction (Psyc) pressures as well as the pressure upstream of the expan-
sion valve (Ppgg) with the gas cooler air volume flow rate. The discharge pressure and the
pressure upstream the EXV were the high pressures, whereas the evaporation pressure
and suction pressure were the low pressures. It could be concluded that the pressures
decreased rapidly at first and then gradually stabilized as the gas cooler air volume flow
rate increased. Moreover, it was found that the high pressures of the system changed
more significantly with the gas cooler air volume flow rate than the low pressures. As the
gas cooler air volume flow rate increased from 500 m®-h~! to 2500 m3-h~!, the discharge
pressure and PBE decreased by 1.34 MPa and 1.42 Mpa, respectively. However, the suc-
tion pressure and the evaporation pressure decreased only by 0.48 Mpa and 0.47 Mpa,
respectively. Therefore, it could be stated that the discharge pressure and the PBE were
more suitable as parameters for assessing whether the gas cooler air volume flow rate
was optimal. Since the pressure difference between the discharge pressure and PBE was
so small and constant, which was caused by the almost unchanged pressure drop in the
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gas cooler and pipes, only the discharge pressure was taken as parameters to evaluate the
optimum gas cooler air volume flow rate.

10 : 7

dis eva

p PBE : B suc

High pressure (MPa)
o]
1
(9]

Low pressure (MPa)
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Air volume rate (m*h)

Figure 3. Effect of the air volume flow rate in the gas cooler on the pressures of the investigated system.

It can be seen from Figure 4 that the isentropic (1) and volumetric (ny) efficiencies
of the compressor generally showed a slowly growing trend as the gas cooler air volume
flow rate increased. Therefore, it could be concluded that the increase in air volume flow
rate on the gas cooler side improves the isentropic efficiency and volumetric efficiency of
the compressor. However, these efficiencies were not suitable as parameters for assessing
whether the gas cooler air volume flow rate was optimal, since they were not significantly
sensitive to changes in gas cooler air volume flow rate.

1.0 ,
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Figure 4. Effect of the air volume flow rate in the gas cooler on the compressor isentropic (1) and

volumetric (ny) efficiencies.
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Figure 5 presents the characteristics of the cooling capacity, compressor power in-
put and COP with respect to the gas cooler air volume flow rate. As the gas cooler air
volume flow rate increased, the compressor power input decreased rapidly at first and
then gradually stabilized. By contrast, the cooling capacity was found to first increase,
then gradually stabilize and finally, slightly decrease. As the gas cooler air volume flow
rate increased, the heat exchange rate between the refrigerant and the air in the gas cooler
was noteworthy. The CO, gas cooler outlet temperature gradually decreased, resulting in
a progressive reduction in enthalpy of the refrigerant at the outlet of the gas cooler and
thus in an increase in cooling capacity. By contrast, the optimal discharge pressure value
gradually decreased as the gas cooler air volume flow rate increased, which had a negative
impact on the increase in cooling capacity. In general, under the combined effect of the gas
cooler outlet temperature and discharge pressure, the trend of the cooling capacity initially
increased rapidly, then remained unchanged and finally decreased slightly. The COP of the
air conditioning system first increased rapidly with the gas cooler air volume flow rate and
then the rate of increase gradually reduced. Therefore, it could be concluded that there is
an optimal air volume flow rate and the performance was no longer significantly improved
as the air volume flow rate exceeded the optimal value.

5000 ’ 4
§ ¢ cooling capacity poweir COoP
2 4000 |
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] e
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& 3000 F o
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1 i 1 1
500 1000 1500 2000 2500 3000 3500

Air volume rate (m*h™)

Figure 5. Effect of the air volume flow rate in the gas cooler on the compressor power input, cooling
capacity and COP.

The COP and the cooling capacity are the conventional evaluation parameters for
directly judging whether the air volume flow rate of the gas cooler is optimal. However, in
the actual driving process, the cooling capacity and COP of mobile air conditioner units
cannot be measured. Therefore, it is necessary to propose some other criteria, which can be
quantified in real time and used to intuitively reflect whether the air volume is optimal.
After the above analysis, the discharge temperature, the CO, gas cooler outlet temperature
and the discharge pressure were adopted as evaluation parameters for assessing whether
the gas cooler air volume flow rate was optimal. In order to further improve this evaluation,
additional experimental exploration and data analysis were carried out. Figure 6 shows the
evaluation parameters and the change rate of the cooling capacity and COP with gas cooler
air volume flow rate. It was found that the change rate of the system evaluation parameters
gradually decreased as the gas cooler air volume flow rate increased from 500 m3-h~!
to 2500 m®-h~!. Continuing to increase the gas cooler air volume flow rate, the change
rate of the evaluation parameters considered in Figure 6 was less than 2%. Therefore, the
change rate of these parameters less than 2% was determined as a quantitative indicator of
whether the gas cooler air volume flow rate was optimal.
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Figure 6. Change rate of evaluation parameters and performance parameters with air volume flow
rate in the gas cooler.

3.2. Influence of Gas Cooler Air Volume Flow Rate on Optimal Discharge Pressure

In this subsection, the effect of the air volume flow rate in the gas cooler on the
optimal discharge pressure (Popt) was investigated at the ambient temperature and the air
temperature at the evaporator inlet of 35 °C and 27 °C, respectively. The tests were carried
out at the compressor speed of 5000 rpm and air volume flow rate in the gas cooler side
was varied between 1000 m®-h~! and 3500 m3-h~!.

Figure 7 shows that the COP increased first and then decreased with the rise in
discharge pressure as the air flow rate was higher than 2000 m3-h~!. As the air flow rate
was 1000 m®-h~!, the COP value kept increasing with the rise in discharge pressure and
there was no COP peak value. This was due to the fact that the compressor discharge
temperature had reached the safety limit, as the discharge pressure was 9.47 MPa. The
optimal discharge pressure and the maximum COP were 9.6 MPa and 1.64 at the air flow
rate of 1500 m3-h~1, 9.4 MPa and 1.67 at 2000 m®>-h~! and 9.2 MPa and 1.69 at 2500 m3-h !,
respectively. It could be concluded that the optimal discharge pressure gradually decreased
as the air flow rate increased, whereas the COP gradually increased. As the air flow
rate continued to increase, the optimal discharge pressure and COP value did not change
significantly. As the air flow rate increased, the heat exchange performance of the gas cooler
gradually improved. The temperature difference between the refrigerant at the outlet of
the gas cooler and the air at the inlet gradually decreased, resulting in a gradual reduction
in optimal discharge pressure value and a gradual increase in COP value. However, as the
air flow rate was greater than 2500 m®-h~!, the heat exchange between the refrigerant in
the gas cooler and the air was full. As the air flow rate increased, the change in temperature
difference between the refrigerant and the air through the gas cooler decreased gradually.
Therefore, the influence of air flow rate on the optimal discharge pressure and COP of the
air conditioning system was gradually reduced.
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Figure 7. Influence of discharge pressure on COP at gas cooler air volume flow rates between
1000 m®h~! and 3500 m®-h 1.

Figure 8 illustrates the p—h diagrams of the investigated cases under different air
flow rates. The temperature before the EXV gradually decreased as the air flow rate
increased, resulting in a reduction in optimal discharge pressure. The decrease in the
temperature upstream of the EXV led the enthalpy difference between the inlet and outlet
of the evaporator to increase. The growth in cooling capacity reduced the HVAC supply
air temperature, leading to a gradual decrease in evaporation temperature. However, with
the further increase in the air flow rate, the p-h diagrams of the investigated cases almost
overlapped. This suggests that the air flow rate was almost sufficient, as the effect of further
increasing the air flow rate on the system was minimal.

500 m*h-!
|| —— 1000 m3h-!
1 1500 m*h-!
| —— 2000 m3ht
2500 m3-h-!

10.0

Pressure (MPa)

e \ | ||

PN IR O W S O B |
400. 500. 600.
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Figure 8. P-h diagrams of the investigated air conditioning system at gas cooler air volume flow
rates between 1000 m®-h~! and 3500 m®-h 1.
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3.3. Effect of Compressor Speed and Ambient Temperature on Optimal Gas Cooler Air Volume Flow Rate
3.3.1. Influence of Compressor Speed on Optimal Gas Cooler Air Volume Flow Rate

At the ambient temperature of 35 °C, the influence of the compressor speed on the
optimal air flow rate was studied in detail (Figure 9). The air flow rate and air temperature
at the evaporator inlet were 340 m3-h~! and 27 °C, respectively. As the compressor speed
was 6500 rpm, the optimal discharge pressures were not found due to the safety limit
regarding the discharge temperature (i.e., 135 °C). Therefore, all data were recorded at
135 °C, at which the highest COP values were observed. As the compressor speed was
5000 rpm, the optimal discharge was not found under the air flow rate of 500 m®-h~! and
1000 m3-h~!. Therefore, the data were recorded at the discharge temperature of 135 °C. All
other data were recorded under the optimal discharge pressure.

5500 24
—A- Q 3500rpm * Q 5000rpm - ¢ - Q 6500rpm
—4— COP 3500rpm —*— COP 5000rpm —¢— COP 6500rpm|

5000 |
\3-/ > 420
24500 | .
g o * - * ¥ [
& S ) O
o )
& 4000 |- R
S . {16
U »

3500 |

T bt S I ——
e S e \A;
3000 H | 1 1 1 1 1 1 1 1.2

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Air volume rate (m>h)

Figure 9. Influence of compressor speed on the optimal gas cooler air volume flow rate.

Figure 9 shows how the cooling capacity and the maximum /highest COP are affected
by the compressor speed. As the speed was 3500 rpm, the cooling capacity increased
at first and then decreased with the rise in air flow rate. As the compressor speed was
5000 rpm, the cooling capacity first increased and then there were no marked variations.
As the compressor speed was 6500 rpm, the cooling capacity basically showed a gradually
increasing trend as the air flow rate increased. The CO; gas cooler outlet temperature
decreased, leading to an increase in cooling capacity. By contrast, the optimal discharge
pressure gradually decreased, which had a negative effect on the increase in cooling
capacity. As the air flow rate was smaller than 1500 m3-h~1, the role of the CO, gas cooler
outlet temperature was in a dominant position, so the cooling capacity increased first.
As the air volume exceeded 1500 m3-h~!, the role of the optimal discharge pressure was
dominant, leading to the decrease in the cooling capacity.

Based on the above data analysis, it could be concluded that the optimal air flow rate
would increase slightly as the compressor speed increases. However, the increase in air
volume flow rate slowed down as the speed of the compressor increases.

3.3.2. Influence of Ambient Temperature on Optimal Gas Cooler Air Volume Flow Rate

Figure 10 shows the cooling capacity and the maximum COP with the rise in air flow
rate under different ambient temperatures. The air temperature at the gas cooler inlet was
30/35/40 °C, while the air temperature at the evaporator inlet was kept at 27 °C, respectively.
Furthermore, the compressor speed was set to 3500 rpm. It is important to highlight that at
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the condition at the ambient temperature of 40 °C and the air volume flow rate of 500 m3-h~1,
the discharge temperature and/or the discharge pressure were above the safety limits.

5500 ’ 3.0
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Figure 10. Influence of ambient temperature on the optimal gas cooler air volume flow rate.

As the air volume increased from 2500 m3-h~! to 3000 m3-h !, the COP value in-
creased from 2.37 to 2.42 at the ambient temperature of 30 °C (i.e., with a variation rate of
2%). Furthermore, the COP value increased from 2.13 to 2.17 at the ambient temperature
of 35 °C (i.e., with a variation rate of 1.8%), while the COP value increased from 1.75 to
1.78 at the ambient temperature of 40 °C (i.e., with a variation rate of 1.7%). Therefore, it
could be seen that the optimal air flow rate was basically the same under different ambient
temperatures, which was about 2500 m3-h~1.

4. Conclusions

In order to enhance the performance of electric vehicle R744 air conditioning units, the
effects of the gas cooler air volume flow rate on the key parameters have been experimen-
tally studied. Furthermore, the coupling influence of operating conditions and air flow rate
on the system performance have been studied in detail. As a result, a novel approach to
evaluate the appropriateness of the gas cooler air volume flow rate has been implemented.
The main conclusions of this work can be summarized as follows:

1.  the new approach suggests that the optimal gas cooler air volume flow rate can be
selected as the one, which results in the discharge temperature, gas cooler outlet
temperature and discharge pressure change rates below 2%;

2. high compressor speeds are recommended in order to promote optimal gas cooler air
volume rates;

3. the ambient temperature does not influence the optimal gas cooler air volume rate
significantly;

4.  for the single-row and dual-process microchannel heat exchanger used in the experi-
ment, the recommended value of the optimal air flow rate is about 2500 m3-h~!.

Since the real time power consumption of the fan on the gas cooler side has not been
measured to calculate the overall performance of the air conditioning system, there is still
great potential for the enhancement of the evaluation criteria proposed in this article. In
future work, the real time power consumption of the fan will be simultaneously assessed
along with that of the compressor to evaluate the optimal air volume flow rate on the gas
cooler side more accurately.
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Nomenclature

Nomenclature

cor Coefficient of performance

D Depth, mm

EXV Expansion valve

GWP Global warming potential

h Specific enthalpy, k]-kg ™

H Height, mm

HVAC Heating, ventilation and air conditioning
IHX Internal heat exchanger

L Length, mm

obr Ozone depletion potential

P Pressure, MPa

PBE Pressure upstream of expansion valve
Q Cooling capacity, W

SGC Series gas cooler

T Temperature, °C

\Y% Volume flow rate, m3-h~!

W Power input, W

X Uncertainty of independent variable
Greek symbols

w Resulting uncertainty

p Density, kg-m >

n efficiency

Subscripts

air Air

airW Wet bulb temperature of air
airD Dry bulb temperature of air

dis Discharge

eva Evaporation

evai Evaporator inlet

evao Evaporator outlet

gasc_o Gas cooler outlet

opt Optimal

suc Suction

\% Volumetric

I Isentropic

R Representation of the parameter
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