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Paper History 1.0INTRODUCTION

Received: 10-October-2015 The Montreal Protocol, an international treaty ohe t
Received in revised form: 20-November-2015 environment, first set the R-22 on the list of dahses that are
Accepted: 23-Nevember-2015 harmful to the environment in 1987 [1]. Indonesg@aacountry

that participate in the Montreal Protocol alreadg lyovernment
regulations on the elimination of Ozone Depletionb&ance
(ODS) and Global Warming Potential (GWP). Amongenthof
ABSTRACT the regulation are Presidential Decree No. 23/1(@®@tection of
. . . . ) the ozone layer), Law of The Republic of Indonds@ 17/2004
(Elé(g,?.\rcl:n\;\m;al bi/tUdr:f:Iac?irr]]gRerzlf(rjin;trI::]tSrl)RlltZ éACwmatﬁ?:tsrzz (C;Iobal Warmin?), Regulati:)n of Minister| of Tra(f:JaIJ\IM/ZOO;S
. 7 R AR about imports of ODS regulations, Regulation of khieister o
(h;{d_rﬁ?ar(;)on refrlgergmts) asta drgp-ln tsubsthqolm?“f?&carrled Industry and Trade No. 33/2007 (prohibition on pneduction of
out. The dummy condenser (trombone type coil) overy goods using ODS and BPO, Regulation of Minister of

system was used for heating water and installéderwater tank Environment No.2 / 2007 (for technician of Air Cdtiaher/AC)
with 50 L capacity. The use of HCR-22 save eleatramergy due 2]

to decrease in compressor power about 16.31% 4Zi & the The latest regulations [3, 4] which was startedieathis year
R-22, because HCR-22 refrigerant mass charge in the s {he Regulation of the Minister of Industry oktRepublic of
refrigeration system 40% less than the charge df2RThe Indonesia no. 41/2014 on the prohibiton use of

cooling capacity and heat rejection capacity iathetly the same hydrochlorofluorocarbon (HCFC) in the field of Irgty
for R-22 and HCR-22. The CQHncreases around 11.89% - qntained in article 3: At the beginning of Januay2015 HCFC
18.69% and COPR. npalso increases around 4.26%-11.41% for type of HCFC-22 and HCFC-141B is prohibited for ose

HCR-22 compared to R-22. The room temperature W{iiR-22 a. Charging in the process of production of air coodir

is relatively the same compared to R-22, while tiw¢ water (AC), air conditioning machines, and equipment /
temperature using HCR-22 and R-22 are about 46:88°€1°C refrigeration machine :

and 59.50°C-63.40°C respectively. The use of theRr@ b. Process and production of rigid foam for freezevdg
provides electrical energy savings for compressowgs and domestic  refrigerator, boardstock / laminate,
better performance (COP) at similar room tempeeat@mpared refrigerated truck.

to R-22. c. The production process of integral skin for useha

automotive and furniture sectors.
) Recovery of waste heat energy in the condensebeamsed
KEY WORDS: water heater, hydrocarbon refrigerant, for heating water, so that the modification of RSB for
trombone coil, dummy condenser, heat recovery cooling and heating simultaneously will affect RSAE
performance. Some researchers have been conducttddg
utilization of waste heat in the condenser as waéater and the
use of hydrocarbon refrigerants, that produce gnsayings for
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hot water needs [5-9]. Yu and Teng [10] reportedrofie
assessment of refrigerator using hydrocarbon faigts (HCs).
The results shows that the HCs charged ratios \86re60%
based on the charged mass of R134anrad et al [11] studied
the usage of waste heat energy from air conditipraia water
heater for bathing. The study shows that the cosgorepower
increase from 1,357 kW to 1,447 kW where the hotewa
temperature reaches %D after heating for 120 minutes in 20 L
water tank capacity.

Some studies shows that the use of hydrocarboigeedints
can increase the COP of the air conditioning systam) [12-
14]. Khalid A. Joudi and Qusay R. Al-Amir [15] reped the
performance of residential air conditioning systensing R22
and alternatives R290 (Hydrocarbon refrigerantQ R, R410A.
The study showed that R290 is the better candidaieplace R22
It has lower Total Equivalent Warming ImpafEWI) values
and a better coefficient of performance than ttihemotefrigerants
tested.

The research objective was to compare the perfaeanf
HCR-22 and R-22 in the hybrid refrigeration syst@mombined
cooling and heating) on Residential Split Air Cdratier Water
Heater (RSACWH).
parameters such as pressure, temperature, compresger,
energy saving, cooling capacity, room temperatueat rejection,
and COP also observed in this study.

20METHODOLOGY

Schematic diagram of the test apparatus is shovigiire 1.
This test apparatus is original Split AC modifiedhathe addition
of dummy condenser (trombone coil type), so thedp@rates as
an air conditioner and water heater simultaneooslgalled as
Residential Split Air Conditioning Water Heater (RSWH).
The test apparatus is equipped with 3 pieces ofdhe (valve 2,
2a and 2b), so that the system can operate as R$#&ard

(without dummy condenser) or as RSACWH (with dummy

condenser). The dimension of test room is 2,26m7%r x 2m
(length x width x height) and equipped with 30 gie®f 100
Watt incandescent lamp. The variation of coolingdian the test
room as actual load simulation are OW, 1000W, 200@Wd
3000W depend on the usage number of incandesaapt While
the dummy condenser is placed in a water heat&ntih water
capacity of 50 L, without water circulation.

The research method was experimental method by aongp
performance R-22 refrigerant in RSACWH system gbrid
refrigeration system with hydrocarbon refrigerabt€R-22 as
drop-in substitute (without change in the composesft RSAC
system). The original RSAC system used R-22 refaige(before
modification) as the working fluid with the compses power
680 Watts. The performance comparison in RSACWHesysare
the power compressors, cooling capacity, heatimgadty, the
capacity of waste heat recovery, and the COP.

The experiments was began with the setting of RSAMCW
system by closing valve 2 and open the valves 2b24n First
test were conducted with R-22 refrigerant as thekimg fluid.
The amount of R-22 refrigerant charged into thetesy was 500
grams. Second tests were conducted by HCR-22 wittoved R-
22 from the system using a refrigerant recovery imec
Furthermore, system was vacuumed and oil with gisgadlGS

The RSACWH system performance

was added. The amount of refrigerant using HCR-22 300
grams and measured by refrigerant mass scalesasttiracy +
10 gram.

Data was collected every 5 minutes during the 1Rtutes of
the test. The composition of the hydrocarbon refagt cannot
be displayed due to copyright issues. Enthalpyhefrefrigerant
was calculated using REFPROP software ver. 6 byTNIS

(National Institute of Standards and Technologylhe
calculation was carried out as ideal vapor compwass
refrigeration cycle.
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Figure 1: Schematic diagram test facility of anditioning
water heater [16, 17].

During whole the tests, test room temperature waisitained
at 19°C. The data taken in each test were as fsllow
1. Compressor Outlet Temperaturg )T
2. Dummy Condenser Inlet Temperaturg)(T
3. Dummy Condenser Outlet Temperaturg)(T
4. Evaporator Inlet TemperatureJT
5. Evaporator Outlet TemperaturesfT
6. Water Inlet Temperature £
7. Water Outlet Temperature {T
8. Test Room Temperatured)T
9. Test Room Temperatured)T
10. Test Room Temperature ().
11. Surrounding Temperature
12. Compressor Outlet Pressurg)(P
13. Dummy Condenser Inlet Pressurg)(P
14. Dummy Condenser Outlet Pressurg) (P
15. Evaporator Inlet PressurajP
16. Evaporator Outlet Pressurg)P
17. Electric Current of Compressor (I)
18. Electric Voltage (V)

m Published by International Society of Ocean, Meat&lrand Aerospace Scientists and Engineers



Proceeding of Ocean, M echanical and Aerospace
-Science and Engineering-, Vol.2:1

November 23, 2015

Temperatures of the system was measured at 8rsgoists
installed on the pipe surface of installations piysng omega
TC-08 data logger with K type thermocouple (accyra®.2
percent + 0.5C and has a resolution of better than°0.1The
digital thermometer accuracy is +0CL Pressure of the system
was measured using pressure gauges with accurapgibigh
pressure refrigerant in condenser side) and +X(lpai pressure
refrigerant in evaporator side). The electric coirr@nd voltage of
compressor were measured by ampere-meter (accura2zy)
percent) and voltmeter (accuracy * 1.0 percenspeetively.

Figure 2 shows dummy condenser trombone coil ptpeed
in the hot water tank to heat the water utilizinghatemperature
refrigerant coming out from compressor before émgerthe
condenser. Figure 3 shows the system of testingoernt used
in this study, it appears the test room and theodndunit
(condenser) and the hot water tank (condenser dymmy

Trombone coil
condenser in water tank
-

= W1

j

‘ 1
Testqimulation o
¥ pressure gage” _

room

_7" 0

. condenser

Figure 3:The test facility of experimental apparatus [18].

—

Refrigeration system

—

The calculation is done by assuming the systemdaal i
vapor compression cycle. The P-h diagram of vapanpression
cycle is shown in Figure 4 where heat recovegyc@l) in 2-2'.

The enthalpy of the system is calculated using Refsoftware
ver. 6.0.

The equations 1 - 10 are used to calculate a hybrid

refrigeration system (RSACWH) performance.

- Compressor Power

Whetin = VicosBi, 1)
wherecos @ is 0.83
Wnet,in =mwy (2)

4
- Cooling Capacity
QL =mq,=m(hy — hy) 3)

- Heat Rejection Capacity

QH(condenser) = M Qucondenser = M (har — h3) 4)
- Heat Recovery Capacity

QH(coity = M q(coiry = M (hy — hy,) (5)
- Coefficient of Performance as Refrigerator

COPp = —% (6)

Whet,in

- Coefficient of Performance as Refrigerat®) ¢ Heat Pump

(HP)

COPgypp = QL‘;\FIQH(f:oil) (7)
netin

(R—22 Energy)—(HCR-22 Energy)

- Energy Saving (%) 22 Energ)

@)

) oz (HCR—22 COPR)—(R—22 COPR)
COR; Increase (%) (HCR_2Z COPR) 9)

(HCR—22 COPR+HP)—(R—22 COPR+HP)
- 0,
CORrup Increase (%)= (HCR—22 COPR+HP)

(10)

QH (condenser)

D
d » QH (coil)

QH (condenser)

expansion 3

device

W

,
in (compressor)

(L (evaporator)

h

Figure 2: P-h diagram of vapour compression cycle
(modified from [19]).

3.0RESULTSAND DISCUSSION

Figure 5 shows the comparison of compressor presalet (Pi)
and outlet (Po) between R-22 and HCR-22 at diffepzoling
load (OW, 1000W, 2000W and 3000W). There is a pmess
difference between R-22 refrigerant and HCR-2ZXlaswn in
Figure 5. The compressor pressure inlet and owitbt HCR-22
are around 70-76 psi and 196-204 psi, respectiwghile the
compressor pressure inlet and outlet with R-22aaoeind 62-70
psi and 205-217 psi. As shown in Figure 5, the qares of HCR-
22 is lower than R-22, because the less refrigerass charge in
RSACWH system using HCR-22 compared to R-22 so the
pressure inlet and outlet are lower too.
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4
250 - 15 217 shown in Figure 8. Usage of HCR-22 give more enesaying,
205 209 the same result presented by Khalid A. Joudi anda@R. Al-
"g 200 - B —— < . Amir [15] where R-290 (HC) was the better altermatior R-22,
P 108 196 204 203 RZQO.system requ.ired less charge which alleviabes direct
5 1501 emission of refrigerant and lowers compressor power
8 100 - consumption.
o
S 50 - e i > o R 0.80 0,665 0.689 0.710 0.727
@ g 070 1 0569 0.590
s 0 . . . . < 0.60 0.556 0.556
§ ow 1009W 2000 W 3000 W % 0.50 -
=g P0 HCR-22 Cooling Load Po R-22 Q. 0.40 1 2 HCR-22
. . o
e P HCR-22 e Pj R-22 » 0.30 -
. . ® 0.20 - R-22
Figure 3: Compressor pressure inlet and outlet W{iR-22 and I
R-22 at different cooling load. § 0.10 1
© 0.00
Figure 6 shows the comparison of compressor tesyer 1000W 2000W 3000W
inlet (Ti) and outlet (To) between R-22 and HCR&Xifferent Cooling Load
cooling load (OW, 1000W, 2000W and 3000W). In Fegér is )
also showed the temperature difference of R-2dgesiant and Figure 7: Compressore power of HCR-22 and R-2iifterent
HCR-22 while in and out from the compressor. Asvamdn cooling load.
Figure 6, the HCR-22 refrigerant temperature isdothan R-22. 25 -
It is clear from [19] when a substance at lowerspuee, thus 21.64
temperature also lower. =20 -
> 16.31
i 100 9 795 80.7 781 80.6 245
5 80 - %
§ 60 | O—ry—l— 3 10 1
E? 40 4 599 57.6 61.3 61.1 E 5 |
5 20 -
2 % 0 -
g 0 T T T J ow 1000 W 2000 W 3000 W
g ow 1000 W 2000 W 3000 W Cooling load
O Cooling Load ; . : ;
To HCR.22 9 To R22 Figure 8: Percentagg of energy saving with HCRy2@ R-22 at
_ _ different cooling load.
e Ti HCR-22 e Ti R-22
6.00 -
Figure 4: Compressor temperature inlet and outist WCR-22 < 5.00
and R-22 at different cooling load. = 364 3.72 3.90 4g, 4.09
. . . . > 4.00 - 3.54 361 3.47
Figure 7, Figure 8 and Figure 9 shows a comparisbn 3
compressor power, the percentage of energy saemngsooling %3.00 1 #HCR-22
capacity, respectively at RSACWH system comparafggerant @)
R-22 and HCR-22. The comparison is carried outhenefffect of 2 2.00 ~ R-22
different cooling load from OW, 1000W, 2000W andBW that S 1.00 -
give an impact on system performance RSACWH. o
As shown in Figure 7, compressor power increasth wi 0.00 -
increasing of cooling load. It means the value ofmpressor OW 1000 W 2000 W 3000 W
power depend on cooling load in the system. Thepcessor Cooling Load
power in RSACWH systems using the HCR-22 range ratou
556W - 590W, while the use of R-22 range aroundV$é65 Figure 9: Cooling capacity of HCR-22 and R22 atedént
727W. The compressor power using HCR-22 refrigeriant cooling load.
smaller than R-22, this is because when using HEZR¥
amount of refrigerant mass lower than R-22, socdtmpressor Figure 9 shows the R-22 cooling capacity range ratdg;54
power and pressure of the system also lower compavith R- kW-4,09 kW, while the HCR-22 range around 3,47k\\Bk3V at
22. different cooling load. The cooling capacity withCR-22 is
Figure 8 shows the percentage of energy savingQiR-22 lower than R-22 around 2%-7.6% in different coolingd OW,

compared to R-22 in different cooling load. The rgyesavings 1000W, 2000W and 3000W. This is because the less oizarge
using the HCR-22 was 16.31% -21.64% compared t®,Ra8 of HCR-22 refrigerant into the RSACWH compared t@R but
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this cooling capacity is less significant differenso the use of
HCR-22 can be applied as alternative to R-22 refdgt.

Figure 10 shows the comparison of room temperaaire
different cooling load with HCR-22 and R-22. Theomo
temperature of RSACWH with R-22 is lower than HCR-2

around 1.8C, because of the less refrigerant charge with HCR-

22.
30 1 27.76 28.32
Q 25 - 23.64 2347
Tz 2027 2040
© 20 - 18.53 18.46
g
£ 15 -
'_
10 -
1000 W 2000 W 3000 W
Cooling Load
® T room HCR-22 T room R-22

Figure 10. Test room temperature of HCR-22 and &22
different cooling load.

Figure 11 shows the comparison of heat rejecticdifigrent
cooling load with HCR-22 and R-22, the heat ref@cttapacity
increases with the increasing of cooling load irakmuantity.
The heat rejection capacity of HCR-22 is betwe@2 XW-4.34
kW while the R-22 between 3.78 kW-4.34 kW.

6.00 -

5.00 4.07

3.99 392 434 434

4.00 -

3.00 1 =HCR-22
2.00 - R-22
1.00 -

0.00 -

ow 1000 W 2000 W 3000 W
Cooling Capacity

Figure 11: Heat rejection capacity of HCR-22 andZRat
different cooling load

Heat Rejection Capacity
(kw)

Figure 12 shows the comparison of GORBt different
cooling load with HCR-22 and R-22. The CORith HCR-22 is
higher than COR with R-22. This is because the compressor
power with HCR-22 lower than R-22 at the same ompli
capacity, the COPdepend on compressor power quantity. The
percentage of increasing CRWith HCR-22 compared to R-22
are presented in Figure 13. The increase in {O@¥#hg the HCR-
22is11.89% -18.69% as shown in Figure 13.

®HCR-22

COP,
O L N W > O O N
.

R-22

1000 W 2000 W 3000 W
Cooling Load

Figure 12: COR of HCR-22 and R22 at different cooling load.

18.69

14.88

14.24

10 +

Increasing of COP g (%)

ow 1000 W 2000 W

Cooling Load

3000 W

Figure 13: Percentage of increasing of GBIZR-22 and R22 at
different cooling load.

The superiority of ACWH is the usage of condenseath
rejection partially for heating water. When comgies process
occurs, the pressure of refrigerant is increagbdcdigh pressure
in condenser, phase of refrigerant out of the cesgor is
superheated vapor phase, in this phase refrigegarerature is
also very high. In original air conditioning systerefrigerant at
high temperature is rejected into the surroundimgugh the
condenser without utilized.

Figure 14 shows the comparison of heat recoveraagpat
different cooling load with HCR-22 and R-22. As wshmin
Figure 14, the heat recovery capacity of HCR-2@vser than the
R-22, so that the temperature of the hot waterinbdtby HCR-
22 is also lower than R-22 as shown in Figure 15.

Figure 15 shows the comparison of hot water tentperan a
water tank from heat recovery system at differesliog load
with HCR-22 and R-22. In Figure 15 is shown the ewat
temperature due to heating by a dummy condenser &0
minutes of testing at different cooling load, thater temperature
has increased with the increasing of the cooliragl Ifsom low to
high. The maximum water temperature is obtained nwite
cooling load of 3000 W applied, where the water gerature
with HCR-22 and R-22 is 48.81°C and 63.40°C, reSpely as
shown in Figure 15.
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Figure 14: Heat recovery capacity with HCR-22 R22 at
different cooling load.

70 61,54 62,12 59.50 63.40
3 60 47,04 46,58 47,99 48,81

< 50
540
%;_ 30
£ 20
= 10
0

1000 W 2000 W 3000 W

Coolingload

mTwater HCR-22 m Twater R-22

Figure 15: Hot water temperature from heat recovwetly HCR-
22 and R-22 at different cooling load.
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2.00 -~
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0.00 - T T .
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Figure 16: Comparison CQRpof HCR-22 and R22 at

different cooling load.

Figure 16 shows the comparison of GQR at different
cooling load with HCR-22 and R-22. The CQRp with HCR-22
is higher than COPwith R-22. This is because the compressor
power with HCR-22 lower than R-22 at the same iogol
capacity. The highest CQR yp of the RSACWH system with
HCR-22 and R-22 are 6.75 and 6.29, respectively.

The percentage of increasing GQE with HCR-22
compared to R-22 are presented in Figure 17, wiher€OR.p
depend on compressor power quantity. The increa€®ORs.p
using the HCR-22 is around 4.26% -11.41% as showRigure
17. The quantity of CORypis calculate using equation 7.

12 . 1141
10 A

8 .

Increasing of COP g, e (%)
[e2)

ow 1000 W 2000 W

Cooling Load

3000 W

Figure 17: Percentage of increasing GQR»with HCR-22 and
R-22 at different Cooling Load

4.0 CONCLUSION

Replacement of R22 refrigerant and HCR-22 as thé&ing fluid

in the RSACWH has been conducted to determine the
performance comparison of the system. The amourgfo§erant
mass charge of HCR-22 refrigerant is 40% moreiefit than R-
22. The test results showed that the use of the-REZRefrigerant
can save energy consumption for compressor poweutab
16.31%- 21.64%. The cooling capacity and heat fiejec
capacity is nearly the same for R-22 and HCR-2n Wliitle
discrepancies. The CQPand COR , .p increases around
11.89%- 18.69% and around 4.26%-11.41%, respegtifei
HCR-22 compared to R-22 as effect less refrigensamts charge.
The room temperature with HCR-22 is nearly the saampared
to R-22 with little discrepancies at cooling load/@nd 1000W.
The hot water temperature from heat recovery sygtummy
condenser) using HCR-22 and R-22 are about 46.88°81°C
and 59.50°C-63.40°C respectively. The use of HCR&®/ides
energy saving and better performance at the sanmdingo
capacity.
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