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Abstract— This paper presented an experiment on a CO,
air conditioning system with copper heat exchangers. In
this study, the compressor and cooler were tested with
hydraulic method to determine the deformed and torn
temperatures. The results show that conventional
compressor is not suitable for using high pressure, due to
the COP of cycle is very low (0.5 only). With CO,
compressor, the cycle can be achieved COP of 3.07 at the
evaporative temperature of 10 C. This value equals with
COP of commercial air conditioning system presently.
Keywords— air conditioning system, heat exchanger,
cooler, evaporator, CO, refrigerant.

I.  INTRODUCTION
With conventional refrigeration systems, most oé th
HCFC and HFC refrigerants are already affecting the
ozone depletion and global warming. To solve this
problem, CQ is as a refrigerant replacement for the
current refrigerant fluorocarbon. When £© commonly
used in refrigeration systems, amount of Fluorogcarb
refrigerant emits into the atmosphere that wilkééuced.
Regarding to C@air conditioning systems, Ngo et al. [1]
investigated heat transfer and pressure drop etiveb
of microchannel heat exchangers with S-shaped and
zigzag fins for carbon dioxide cycles. Experimental
results show that the pressure-drop factor of tHeHE
with S-shaped fins is 4-5 times less than that 6fH&
with zigzag fins, although Nuis 24-34% less, depagnd
on the Re within its range. Elbel and Hrnjak [2]
researched about the performance of R744 trarcsdriti
systems with direct expansion (DX) can be signifiba
improved by implementing a Flash Gas Bypass (FGB).
The idea behind the concept is to bypass refrigesapor
in the evaporator during the isenthalpic expansion

process. Yun et al. [3] numerically analyzed a
microchannel evaporator designed for JCCQair-
conditioning systems. The performance of the

microchannel evaporator for GOsystems can be
improved by varying the refrigerant flow rate tackhalab
and changing fin space to increase the two-phagerre
in the microchannel. Cheng et al. [4-7] studiedrtiaels
of CO, boiling heat transfer tubes that placed horizdytal
in size from mini to micro. However, authors didtno
mention completed C{Qair-conditioning systems.
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Sato et al. [8] announced patent on a hot wateplgup
systems and CgQair conditioners system. Dienhart et al.
[9] announced patent on the optimal operation of G©
conditioners system. Dube [10] announced pater@0n

air conditioners system for skating surface. Howgethe
heat exchangers in the [8-10] were used traditisimds
rather compact types. Jin et al. [11] presented an
analysis/computer model to predict the performaofcan
evaporator for a COmobile air-conditioning system. The
errors of root mean square (RMS) for cooling capei
and refrigerant-side pressure drops were 1.9% ar&p4,
respectively. Lee et al. [12] studied on the pemfance of

a CQ air conditioning system using an ejector as an
expansion device. The cooling capacity and COPén t
air-conditioning system using an ejector are higtan
those in the conventional system at an entrainmesid
greater than 0.76. Huang et al. [13] investigatedtfie
effect of axial heat conduction on the heat transfe
analysis in microchannel flow. In this study, mdhan
half of the temperature increase occurs within &f8
channel length from the entrance at a Reynolds eummb
15. Baheta et al. [14] studied the performance of
transcritical carbon dioxide refrigeration cycla this
study, the highest COP was 3.24 at 10MPa gas cooler
pressure. Chen et al. [15] analyzed and optimized a
hybrid CO, transcritical mechanical compression -
ejector cooling cycle. The hybrid cooling cycle &
combination of a C@ transcritical mechanical
compression refrigeration machine (MCRM) powered by
electricity, and an ejector cooling machine (ECNiyen

by heat rejected from the G@ooling cycle. Refrigerants
R245ca, R601b (neopentane) and R717 (ammonia) are
investigated as the working fluids of ECM in theegent
study. In this study, using the ejector cooling leyfor
subcooling the C®gas after gas cooler allows increasing
the efficiency of the C@transcritical cooling cycle up to
25-30% depending on the refrigerant type of theteje
cooling cycle. However, the investigations in [115]
were done by theoretical methods only.

From literature reviews above, there are no more
experimental studies on air conditioning systenh@o,

as the working refrigerant. They did not indicate
thermodynamic parameters of €@ir conditioning cycle
clearly. So, it is essential to investigate LQ@ir
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conditioning system experimentally. In this studgpper

tubes were used in the evaporator and the cool¢hisf For four main points of this system, four tempemtu

system sensors and pressure gauges were installed to get
Il. EXPERIMENTAL SETUP thermodynamic parameters. The £@ir conditioning

The Fig. 1 indicates the experimental test loopdo air cycle was done with transcritical mode. This cyabep-h

conditioning system. This system has four main  diagram is shown in Fig. 2. The superheat is ar&@igd
components: a CQOcompressor, a copper cooler, a

thermal expansion valve, and a copper evaporatoe. T _'luj T T T

CO, refrigerant enters the compressor in superheated
vapor state and then it is compressed to a higleesspre
corresponding higher temperature state. The suptthe
vapor is routed through a cooler where it is codbgd
flowing inside tubes with cooler air flowing acrotse
tubes. The cooled refrigerant continues to moveario
expansion valve.

When it runs through an expansion valve, the presisu
dropped dramatically because of the adiabatic ewion

of a part of the liquid refrigerant. Therefore eafflowing
through the expansion valve, the refrigerant isigture 10 1L
of liquid and vapor. That mixture has lower tempera
than the temperature of the enclosed space. Thé col
mixture is routed through the tubes in the evaporat - oo e
where it refrigerates the enclosed space. A fawsblthe AS05Y5 6406857130 175 20865 910955

warm air in the enclosed space across the tubet)eso h [kjfkgl

warm air (the room-temperature air) is cooled. Fig. 2: The CO2 air conditioning cycle on p-h diagram
Meanwhile, the liquid part of the cold refrigeramixture
is also heated to evaporate by the warm air. Topbete
the refrigeration cycle, the refrigerant vapor frahe
evaporator with saturated vapor state is supertieatd is
routed back into the compressor.
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Fig. 1. Schematic of the test loop for CO2 air
conditioning system
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Fig. 3: Dimensions of the cooler
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Fig. 4: Dimensions of the evaporator

Copper tubes were used in the cooler, as showigin3F
The refrigerant ran in the tubes of this coolerhwit2
passes (including eight parallel passes). The pilcé is

15.6 mm and these tubes have outside diameter4of 9.

mm.Fig. 4 shows dimensions of the evaporator. Copper i
also used in this heat exchanger. Outside diamafter
tubes is 6.3 mm. The thickness of the tubes isnin®
The cooler and evaporator were tested with the dufir
testing method. The two heat exchangers did notdea
deform at the pressure of 150 bars. Accuraciesamges
of testing apparatus are listed in Table 1 andmyents
used for the experiments are listed as follows:

- Thermometer, made by Daewon

- Thermostat, EW — 181 H, made by Ewelly

- Infrared thermometer, AT 430L2, made by APECH

- Infrared thermometer, Raynger@ST, made by

Raytek

- Pressure gauge, made by Pro - Instrument

- Anemometer, AVM-03, made by Prova

- Clamp meter, Kyoritsu 2017, made by Kyoritsu.

Table.1: Accuracies and ranges of testing apparatuses

Testing apparatus Accuracy Range
Thermometer +0.5°C 0C100°C
Infrared x1°
nirare LCot 1 3rn400°c
thermometer reading
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0C100
Pressure gauge +
ure gaug 1FS kgflcn?
Clamp meter +1.5 % rdg 200 A
Anemometer +3% OC 45 m/s

M. RESULTS AND DISCUSSION
3.1 Working with conventional compressor
By the hydraulic testing method, a reciprocating
compressor using for the R410 refrigerant was dedthe
compressor has the absorbed power of ¥ HP. Thésesu
shown that the compressor body was slight deforated
the pressure value of 140 bar. Up to 197 bar, the
compressor was torn at the suction port. Basedhen t
results, the same compressor was used in thisotgsto
get the thermodynamic parameters. Experimental fdata
the air conditioning system were obtained under the
ambient temperature of 29.5°C. The temperature
difference between the refrigerant and the aif(3. 2

Table.2: Thermodynamic parameters of the CO, cycle
with conventional compressor

pl t1 p2 t2 p3 t3 p4 t4
(bar | (°C | (bar | (°C | (bar | (°C | (bar | (°C
) ) ) ) ) ) ) )
20 | 20.2| 45| 832 45| 31p 2(Q a
195 | 20.4| 445 827 45 312 205 02
20 | 20.1| 45| 83.2 45| 314 20/ 01
20.5 | 20.6| 45| 82.8 45| 314 21 02
20 | 19.7| 45| 83.3 4453 31]1 205 05
20
151
é 10
:
=
5,
0 T T T T 1
0 1 2 3 4 5 6
Current, A
Fig. 5: Head pressure vs. current
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Fig. 6: Experimental point of the cycle on T-s diagram

Table 2 shows several thermodynamic parametersuat f
main points of this system. The pressure dropshef t
cooler and the evaporator are negligibly small. The
pressure value at point no. 1 is lower than pressatue
at point no.4. This means the process is not isothk in
fact, the pressure at outlet of evaporator is lothan the
pressure at inlet of evaporator by suction presaire
compressor. A relationship between the head pressut
current is shown in Fig. 5. The process was obthine
adjusting expansion valve. The head pressure biyosuc
pressure and discharge pressure increases assingrea
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current. However, when the current was over 5A, the
compressor was out of work.

The experiments of four main points of the cycleTea
diagram are shown in Fig. 6. The results show that
cycle was done following the principle of a refriggon
cycle. However, the conventional compressor is not
suitable for using high pressure. So, the cycles mithin

the superheat region, leading to the COP (Coefficid
Performance) is very low (0.3 only). This is imgort
key to investigate a CQair conditioning system which
depends on the compressor as well as the expansion
method.
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Fig. 7: Experimental point of the cycle on p-h diagram

3.2 Working with CO, compressor

For this section, a CQa-ompressor was used to supersede
for the conventional R410 compressor above. This
compressor was made by DORIN - lItaly. The
thermodynamic parameters of the gcle with DORIN
compressor are listed in Table 3. Experimental data
the air conditioning system were obtained under the
ambient temperature of 32.5°C. The temperature
difference between the refrigerant and the air®s. 71t
was observed that the cycle belongs to saturatd, sis

shown in Fig. 7.

Due to pressure drop of the cooler and evaporatothe
pressure value at the outlets of these heat exeharge
lower than those obtained from the inlet ones. So,
isothermal and isobaric processes in this cycleqamsi
with theory. The cycle can perform at the evapueati
temperature lower tharfQ (at -2.3C). It leads the COP
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of this cycle is low, with COP of 2.01. Howevehet
COP of this cycle was 3.07 at the evaporative teatpee

of 10°C. The experimental results are in good agreement
with the results from [14, 15]. These values equih
COP of commercial air conditioning system presently
The experimental results are important for inved#g
CG, air conditioning system.

Table.3: Thermodynamic parameters of the CO, cycle
with DORIN compressor

pl t1 p2 t2 p3 t3 p4 t4
(bar) | (°C) | (bar) | (°C) | (bar) | (°C) | (bar) | (°C)

34 | 20.8| 86 105 85| 40.2 35 31
33.5| 21.1| 85.5| 104 85/ 395 345 -32

34 21.2| 85.5| 109 855% 397 35 -28

34 21.3 86 105 85 39.p 35 - 2|7
33.5| 20.9 86 104 85.5 39,8 34 -2.5

Page | 2062



International Journal of Advanced Engineering, Management and Science (IJAEMS)

Infogain Publication (Infogainpublication.com)

[Vol-2, Issue-12, Dec- 2016]
ISSN : 2454-1311

V. CONCLUSION
An experiment on a CQair conditioning system with
copper heat exchangers was done. In this study, the
compressor and cooler were tested with hydraulithate
to determine the deformed and torn temperatures.
The conventional compressor is not suitable fongsi
high pressure, the cycle runs within the superhegibn,
leading to the COP (Coefficient of Performanceyeasy
low (0.3 only). This is important key to investiga CQ
air conditioning system which depends on the cosgme
as well as the expansion method.
Due to pressure drop of the cooler and evaporatothe
pressure value at the outlets of these heat exeharge
lower than those obtained from the inlet ones. So,
isothermal and isobaric processes in this cycleqamsi
with theory. The cycle can perform at the evapueati
temperature lower tharfQ. It leads the COP of this cycle
is low, with COP of 2.01. However, the COP of ttysle
was 3.07 at the evaporative temperature of@0 This
value equals with COP of commercial air conditignin
system presently. The experimental results arentiss
for studying CQ air conditioning cycle.
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