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Performance of Heat Pumps Charged with R170/R290 Mixture
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ABSTRACT: In this study, performance of R170/R290 mixtures is measured on a heat pump
bench tester in an attempt to substitute R22. The bench tester is equipped with a commercial
hermetic rotary compressor providing a nominal capacity of 35kW. All tests are conducted
under the summer cooling and winter heating conditions of 7/45 C and -7/41 T in the eva-
porator and condenser respectively. During the tests, the composition of R170 is varied from 0
to 10% with an interval of 2%. Test results show that the coefficient of performance (COP)
and capacity of R290 are up to 15.4% higher and 7.5% lower than those of R22 for both con-
ditions respectively. For R170/R290 mixture, the COP decreases and the capacity increases
with an increase in the amount of R170. The mixture of 4%R170/96%R290 shows the similar
capacity and COP as those of R22. For the mixture, the compressor discharge temperature is
16~30 C lower than that of R22. There is no problem with mineral oil since the mixture is
mainly composed of hydrocarbons. The amount of charge is reduced up to 58% as compared
to R22. Overall, R170/R290 mixture is a good long term ‘drop-in’ candidate to replace R22 in
residential air-conditioners and heat pumps.

Key words: Alternative refrigerant(th# @), COP(4 %5 A%), Capacity(d 5 &%), R290(Z =),
R170(o &), Refrigerant mixture(Z ¥ o), Heat pump(3| EH X)

PR CIR=RN;
CoP  : ABAF .
GID =T [C] ¢ 57
GWP DA evs A dis. E BEE RE
m A%H % [g/s] e TR
ODP SEZ B AF w 2z 8-
Q WE vE (W]
T 2= [T] 1.8 =2

* Corresponding author
Tel.: +82-32-860-7320; fax: +82-32-868-1716 A

v B 78S 9383 A(CFC) B 43}
E-mail address: dsjung@inha.ac.kr dstE

SE2HCFOE 58 4984, 354



RITO/R290 E3tde ¥ & SEHZ d5 37t 591

i

B = QtAA wHEo AL W gL

44

YE/Fx HoplN 9e AEHe} gk 2wy
197045 S CFCEo) AN BAA sl
%3 42de 2E25E HHUTE Aol el
AW BRFEE EEAE GG st

1996 1€ 1dRE HCFC AH4#& FZHIA
g9 20198 @R AAAFANR gty
.V CFC 9 HCFCE oA A8 2228
EANNA = HFCY AdsEey HFC
g7l & B AT 243IHE FEIe
AodEdz F49UG? 2 A5 #4 v °ﬂ
N7 fH 4% Uy ZtEE FHeE AAY
HFC ¥eEe A4 4 79 a2ex Abgo] s
TR 7hEES D Yt

R22E 29 7|7 B¢ AR dozny 3=
HZo A A EFH oz Al85o] gt R2:=
AN AR dA 7 aAw 2&£35 BHste
¥ 38 HCFCol7] W&o J AAlx R22
3 EAJE B33t & HCFCS 37
AN ZI7IZ Feol gy, ojd ¥ o
1ol M 2010 o) Fof EviE Az
/527 e o o] R2E AEE 4 gl W
g v=ZE v RE oy HATEL LESFE &
AAZA g FA AT 2dEE FHA 34
713 ‘R22 QAYE Agsied St vk

olH FAFAR ?l‘ﬂr Ass AN4s7] §
3wy F shve 23leAast e AdudE
AHgEte Aolth BEed AdUnEL &%
£ BAANZA Fa AF 2dd AFGWP)7H
von T ouz F&o] FopA Fridoez 7
£ A9A g3} Yelegg QAT £ d= £
EZolr} old AAHolr BF3a st A4
WEo BRFAELE FEE AYE & Ad=
A E Ao AMEHA ¢k th

ey HTo 87 BEo )k Ao FulH
HA AR gales Yol AHgol o 2
A A= AEHD 3 1 A g5 o
g A A @rgtA o]Fo{zlil e}, Chang
et al.(a)% Propane, Isobutane, Butane, Propylene
o 7R &4 g342 Yol Propane/lIsob-
utane, Propane/Butaned T &3 o] Z g Y
o] YegZ3 4eAFE &4 Propane¥} Pro-
pylene®] RZZEE]- FL 54& M2 E gEg =
Fernaldo et al.” < Propanes 2ERAZ 3 5

El

rﬂil&nﬁ._,

jo x&

e
A=
-
‘r
=R
=
=2

off

kWJL S ERZAA HPS 3t Yoo HF
dege A8t Purkayastha and Bansal®
Propane®} R22& FEHAE 3 15kWH 8
EfZor 48& 43349 Propane®] R22% T}
HEAFI 0% AE FHYE WAL, Granryd®
ol 4 & Propane™ RZ2¢1 st €583 A}
olF diMa dAdg ¥4& F3 Pukayastha and
Bansal”¢) B#el $A AR AANUL. 2007
Yo Hwang et al” & HFCHA &% Wujs} Pro-
paned] AEA g9 AUx A¥FE FAS}E
T2 433 Propane®] oz 44| WA 7I
o]l HFCH &¢ Wvir g & A%5g 7L ¥
Rk #H Bol oy WFEFEE(ASHRAE)
X R429A, R430A, R431A, R432A, R433A 5
B g gafad vue F EEve) Yo A
38 BHodld #43349 o3 Yuige] 44
Mol g2 A Adel +52 & A dsat”®
olglgt ALl dFE 3 2Y EHile+L Y
HES YE B2 Bokd Hexw 9l @
A FHAME AHL oA, SEEE, APE
2#7) So ®344 F 39l R290(Propane)
Abgsta 9tk o o) f= R290 7L w34
ol &L LAl Ayen, WE FR 2o
BAET 840 F3, /&9 ¥ LY
iz ALEE oo, Ao wE
=3
38 S| EE Iy ool e viFY EFWE
o] &3l oz &S HAIA FH4ANYE =
oot By Efhid= SYEclA Sde]
ol w el g Fuekrl sty
B2 50| dold moe $ERXEI FAS
E} olgl e HAL ‘2xTH] dHAPolgn R
o S EFmo) ol uFn| EFYE A}
£33 Yeig 22 QAD RA L AV E
org FG9eAQl H7tYgge] FoJEA Hu
At _@M g Zust ol &
| ZdolAM 2 2yl BA4E &3lsir] ¢
A1z o] i'” slEg o ulFu EFWUAE Al
fste Ax zHof SR 7EY AFE A

._.,LO_L. ﬂr{oow

wo rir b

29

l

HRW S ugTe) gsteid) EFYHE 488
4 WE Pes AR AT AE AY Y A
A o]},

olof ¥ Atz LEFSE 23 XF(0ODP)7+
Qolan A4t &ut3l A =(GWP)7F 30l8tel R170



592 7174

(Ethane)® R290(Propane)& E&¢ gAyue
A€ J52 ¥ 233 ALdy 4 24
N EAstn 1 BRE 7]1E9 R29 AF v
aFHA 2438 et

2. Ay EA
21 A B2 A 2 ME

=

E3E 9437 94
2o HFEH °]—r‘:’% ]
FUsA B
B Aujg *é_/%l/zﬂﬁrsm 1
W5 &F AT, 457
, w439 Fig. ll« K}H]
& dAT YEEF 35kWQ
Wz HAHE AFHdoz 19 o £ &
]2 % dFANIST)S Mulroy et al®?
01 AHE3 A v £d F2E eI

E AgoA 72 A143 dudse WA
19.0mm, 9173 254mm, o] 740 mme °]FH#F
He 53¢ 844 AdE dgste BEUTh
Fig. 2% 23879 d28E A% 2o &},

il
3 A
#
H

B
.
g %

A
A 9
laf..

= %

| E

2o ok ot & & ool
l—ﬂ i)

L7 8&719 F Aol Z4Z 592meln
W ERg JlFos @ Jusyle AHe %7

03536 m?olth, A} 8d olF W g9 HIL
2 22 #A7 BEEE Fgow, do= g
I @ Alole] gATeR A s, E
n3E FUsiA77) At dgFHIF JES A
2t ¥s AlolEe EAAY $&F7 ¢E¥R

0~B7147HA gk S Q7] g o] 2 1
FoAM = Alxdlo]l AL F URE 7] A5 =

=

E HEEE 2 £38L A g 243
AgE Y712 E R2 A4 Hgg odeolnd
o HA AT Y dHld 2eely &)
(QKI9IKAC LGAF AZhHE Alg3sid. &7
B3 Qi @43 JYHAEA 4EE F
7] 98 fElE " 7HA 8 AR (Sight glass) &
Adxjstg o HPAdE Hol Wel =aofof(Fil-
ter dryer)2& A X 5te] Yoido] Q&AL FEE
ErEol) 7 %‘% IAstA S, 28l wAx
Aol Mt 54 HF WRE MG F9
1R Eelvte ‘@“1191 ¢ gye 2dsdch
FE7)9 23 FARE ARSI Zo] Awy

OEEE

CE
2 40% EFE B-"AFYE EFES AL
AL $E7E B Agsdd 8o eEE
AAEA 227 A8l 57 AAE Mg
gov Furlde sEE AHgsat 8o 9

AV & & groe HeE dXsle ¥ &
d 44 JSAE RaE BELES AAG ®
3 Aol g9 B3E HAE s 8 &=
1A e AL i @A Hdee A
MBS AR dR8AA 47ty 238 29
E}. B AgdAas €48 dagsty] 98 4
71 98 3mm FA9 A Ho|ZE F
a2 Yol 25mm FA49 vd B8 ¢
o g dasy] JAE 50mm FAY

Jo

2.2 Holef &%

FL7] JollM ¥ 2 B9 &5 337
e 2h2 407) ol4be] T-type €AUE €n
7l dd EHe v 9 Bo] mEE #4d
AYstda, ZE dAYRES Algd g4 Ax
1001 Co AY 2=A42 BAHIAGY $27]9
Wolel B 228 437 M T-type
%Z%H*"“ ‘éﬂ:@ﬂ THel RAstdd. 4] 4

718 828 AAIN] H¥9ME D dud)
e ‘} A &9 2xaE ¥ 3
ghoh, 23t FA Fo 2EAE A 24

Hﬁﬂ 6709 A& A48l Thermopile
Ax B eEAZ RAH F
Azt HYsel A7 exAE 24t
RS gEI]e AT W] E gl
e Wse duey] i 4F7d ez
EZLET A

FEVI% 5719 dETde BA#EE A%
-g;}ag 0}3;3 /‘}Z-]EL;..E_ m}agiﬂ ;<45/} +()1%
vigkel g 4 HEAAEZ o) &ste ¥ =

Table 1 Uncertainty of experimental parameters

Parameters Uncertainty
Temp.(RTD) +001°C
Temp.(Thermocouple) +01°7C
Pressure +34kPa
Mass flow rate + 0.2%
Work(Wattmeter) +0.5%
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Fig. 1 Schematic diagram of the heat pump bench tester.
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Fig. 2 Details of evaporator connection.
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Table 2 Some variables to set test conditions
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Table 3 Refrigerants tested in this study

Ref. Refrigerant GTD
No. (Mass fraction) (C)
1 R22 0
2 R290 0
3 296R170/98%6R290 25
4 4%R170/96%R290 47
5 6%6R170/94%R290 6.6
6 8%R170/92%R290 84
7 1026R170/90%R290 10.0

Simulation results by Cycle-D
O Condition A (Summer)
Condition B (Winter)

X

7722727777 7722

1 2
(R22)(R290) 3 4 5

Refrigerants

Fig. 3 Calculated COP of R170/R290 mixture.
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Simulation results by Cycle-D
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1 2
(R22)(R290)

Refrigerants

3 4 5 6 7

Fig. 4 Calculated discharge temperature of
R170/R290 mixture.
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Table 4 Summary of test results for various refrigerants

Ref. . Condition A (Sumr?er cooling) Condition B (Winter heating)
No Refrigerant | o1 diff. | Q | diff. | Tus | Charge | op | diff. | Q | diff.| Tus | Charge
(%) | (W) | (%) | (T) (g) (%) | (W) | (%) | (T) (g)
1 R22 3.48 3830 86.7 | 1300 |245 2318 97.1 | 1350
2 R290 401 | 154 13543 -75] 617 | 530 |268| 9512242|-33] 673 | 550
3 | 2%R170/98%R290 | 3.83 ] 10.0 | 3624| -54 | 63.1 550 | 258 54(2281)-16| 689 | 550
4 | 4%R170/96%R290 | 3.73| 7.1]3685|-3.8| 66.0 | 550 |249) 1.7|2329| 04| 706 | 550
5 | 6%R170/94%R290 | 3.60 | 3.4 3737|-2.4| 672 | 550 |241|-1.4(2345) 12| 723 | 550
6 | 8%R170/929%R290 | 3.48 | 0.03808|-06| 689 | 5350 |233]-49|2383| 28| 742 | 550
7 | 10%R170/90%R290 | 3.37 | -3.2 13852| 0.6 70.1 550 1 227)-7212390| 3.1 | 747 | 550
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