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A Study on Performance Characteristics of Propane/Isobutane Refrigerant
Mixtures in a Domestic Small Multi-Refrigeration System
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Abstract

In this paper, the performance of Kim-chi refrigerator with three evaporator and one compressor was
investigated in employing 55% propane and 45% isobutane (R290/R600a) refrigerant mixture as an
alternative refrigerant of R134a. The drop-in test was performed by varying both refrigerant charge and
capillary tube length in order to find both the performance and reliability of a small multi-refrigeration system.
Results show that the power consumption is decreased by about 15% and COP is increased by about 10%,
respectively as compared to the baseline system using R-134a. In addition, the propane/isobutane refrigerant
mixture system took advantage of the minimization of modification and redesigning of system components
because thermodynamic properties such as saturation pressure, temperature, normal boiling point(NBP)
characteristics are similar to those of R134a. The reduction of sales cost is caused by the decrease of
refrigerant cost per unit mass and refrigerant charge amount necessary for the refrigeration system.
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Table1 Properties of hydrocarbons refrigerants

Refrigerant Name NBP[T] P. [Mpa] T.[TC]

R-170 Ethane -84.0 32.15
R-1270 Propylene -47.7 4.67 924
R-290 Propane -42.1 4.25 96.8
RC-270 Cyclopropane -335 5.58 125.2
R-12 - -29.8 4.14 112.0
R-134a - -26.1 4.06 101.1
R-600a Isobutane -11.6 3.64 134.7
R-600 n-Butane -0.5 3.80 152.0

Table 2 Specifications of a refrigeration system

Component Specification
Compressor Reciprocating Comp.
<scotch yoke type>

Condenser Wire_Fin HX,
Evaporator Cu,Tube_Plate HX.
Capillary 1d 0.74*L 3500, 2EA
tube 1d 0.74*L 6000, 1EA

Table 3 Power consumption variation with refrigerant
charge and power consumption rate [Baseline]

Refrigerant Capillary Power
charge Length Consumption
[e] [mm] [kWh/month]
95 3000/3000/6000 18.63
100 3000/3000/6000 18.17
105 3500/3500/6500 20.49

Table 4 The comparision of performance data of
baseline and NR system

charge Capi. Energy
System Ref. amount Length  consumption
[g] [mm] [kWh/month]
Base. Rl34a 100 3000/30 18.17
line 00/6000
NR_1 R290/ 60  3000/30 18.12
R600a 00/6000
NR_2 R290/ 60  3500/35 16.97
R600a 00/6500
NR_3  R290/ 55 3500/35 16.23
R600a 00/6500
NR 4 R290/ 50  3500/35 15.92
R600a 00/6500
NR_5 R290/ 45  3500/35 17.92
R600a 00/6500
NR_6  R290/ 40  3500/35 19.99
R600a 00/6500
NR_7 R290/ 50  3500/35 19.83
R600a 00/7000

Table 5 The comparision of system specifications
between baseline and NR system

Compressor Baseline NR system
0il POE Mineral/alky
Oil charge[cc] (Freola) benzene
220 220
Power input{W] 142 142
COP[EER] 1.45(4.7) 1.45
Displacement[cmm’] 5.71 5.71
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Table 6 The comparision of pulldown test results between baseline and NR system [40 C,60%]

Chamber Condition Charge Suction Discharge Compressor Top
[40°C, 60%)] Amount([g] Pressure[kPa] Pressure[kPa] Temperature[ C]
NR 4
(R290/R600a) 50 78.5 1304.3 89.5
NR 3
(R290/R600a) 55 88.3 1323.9 88
Baseline Model
(R_134a) 100 49.0 1245.4 90.5

Table 7 The comparision of pulldown test results, compressor operating time between baseline and NR system
[40°C,60%]

Chamber Condition Compressor Compressor Temperature ~ Room_middle_ 1 Room_Middle 2
[40°C, 60%)] On_Time [Min]  Off_Time [Min] [C] [min] [min]
0 85 90
NR_4 33 -5 112 121
(R290/R600a) @3/ 170 -10 153 174
48h)
-15 272 291
-20
323 171 0 84 90
24/
NR_3 48) -5 120 125
(R290/R600a) -10 160 183
-15 338 329
-20
42.5 172 0 98 97
QU
Baseline Model 48) -5 128 123
(R_134a) -10 213 194
-15 382 368
-20
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2.3.1 ECt2 AlE(No load pulldown test)

B AP Z0e AEE ZA¥ZL Za
Uiel 2% AjAME AAFA AFIE
o AHE WwE F ARG TR *JEHE
7FEAA IU(INCASE)S] HZ&=E SA 63
o}, Eoe AP A2¥" JbE 24 F32/%
Byl 27 40T, 60% AejoA e 2%
oy 222 A3 Al H A=RE THE
71= Aolt}. Baseline system ¥ T2 /o]AH
EHR-290/R-6002) &3 YulE& A& 299 2z
W &x W3 E Azt me SAEUAT. &
e FFLE} SE, -10 %, -15%, 20 29
Tgate AE J15EY P4dEe 2 34
59 AAEIY T, Table7 o e

_4:

A

o oy

AlS
=

232 YEAMEs 9 olHXx| 2H|lEE 3
Baseline system 9] AlZHE o2 Al P A

g /34 Ay 25 1 C, 50 £5% =4
]/ﬂ 48 A2t B 2EEHTG. dEAS Z
HA AvlE4 AL KS 249 742 KS C
9321 3} KS C 9321 F-&A0] Az APEL &
gstark, 2x 2 odH AL Yokogawa DR
240 Data logger oAl PC 9} 20 = 1A o2 A4
ez AFSHAY. duA AHFS DTI010
Digital power meter & ©] &3t FATUR, F
48 ANZF B¢ AT AnAEFge] HFAE 7}
A3 Azh an AFFE Ao

0l
02‘.4 g

NI T £

B dpdMe 2x9Fue 4t =H-<
g M54 B g8 EF Iule] IoiFE
2% Zol2 WAsIEA A¥L YA n,
249 A48 ASEL N2 4F7 &HE,
Az A¥ESE FFS dd & F de 47
A AgZE, A2do YFHsE ¥g T F
Ar 19 IAHE A9 F& IPsd
Baseline system 28 A9 njw&c. E dF
o A2) ox+ ME 60Hz oM HHFL +0.009W

2% +0.15C, &8 $0.02kPa ojt}.

3.1 dESAtol 22| FHAE

2 A@or ALE3T Baseline system ‘33 A}0)
29 HAE sty duiF mAZ Holg
wAastas Ade AP, AT ZHojst

Yo A" 4 2T #A] L

o, F 7kx] F o= shirt vAdH s A
g 2%, JEAS Ast, 293 Aohd 4
28148 wAe o] gk B AFdME
A3 g Y= A2 H 9 s At #3 xhsi
sg FAF Asbdgol glol 4EE T =A

=2 na

7 7olsh Yujekg ARSI, Table 3ol 3ol
F3 ZAB Po| WA e WEAF 2 9

b 261489 ¥3E Yehd. ZA#E WA
0.74mm &£ 117 3}1l Baseline system ] Zu] 1, 2
o dZ9 2AF Zo] 3000~3500mm, L4 3 <}
d29 =2AT Ho] 6000~6500mm, ‘FuliF
95~110g 2 WAsAA AEE TPt
Baseline system < EAZ Zo] 3000/3000/6000
mm, JoiF 100g € W JFEET L 4 &
AZ8o] JF AA doE Zo=E FUAHUR
o] & A A (design poin) 2.2 BASGY, T
28/0) 2R EHR-290/R-6002) T vl HE =
48 7|& wde] =3-<l(drop-in test] 75 S
B7rshr) sl FENES AR S 74 8
AEL J|&RAn SY5A FAsG dejF
ZA% ZolE ¥AFEA vlm 48 AP
ot T 2yh/o]AREKR-290/R-600a) =7 ol
NERD] Hg A QrF7]q] AHEE POE &
Mz edz mAstd 4¥S APsH
22 A7} Baseline system ¥} tE3tAY o ¢
—rI_ 3zds 2 JBEEs ved 5 de
I 2 /0] 2 K- RH(R-290/R-
600a) 3 WiE A& JFA2HE PP
45g, ZAH 3500/3500/6500mm ZA oA FFA
T 2 97 2uAdge] B AA YeE AL
2 "y, o] WE NR system & HAA
(design point) 2 Z AT}, NR system o] FA|
7 0|7} Baseline system o H]& ZojH=d, 1
o2& R-134a o BF ZZH/O|AFEY(R-
290/R-6002) & Bvle] F% Fdo] $531o
B3 YE5sEde W) A& AF F2o] #
Adjop stmz BAFE Holst F71sk%th. NR
system ©] Wl B o] Base- line system o H
8} ZAsteEd, o oREE ZEW/OAFHR-
290/R-6002) &3 dvie] WA Ho] R-134a BT}
A7) E4 baseline system 3} ¥]=3 Jujo] 2
ZF 4%S A7) dEM e Bl BRFE £
oF Fhct.

o
o

32 Btz ¥ YAKTAHE o
Baseline system 3 &% Julg 43 mdo

W %7} 0, -5, -10, -15, 20Tl E@aHE A



I 2 /0] AR ¥H(R-290/R-6002) =3 YrlE AL 71 L 28 de] YEA2H, 277

& n8sly 48 A7} Table 79) UE
AT}, Table 7014 BWH, £¢ P HLEd
o] Baseline system 2t} -5C =gdtE WAzt
ol % 15% A= FFHUL, 5T o]FdA=
oF 5% AE FAE FZA7 &7 E A E Aoz
vebdch, oleld 2 g/o] AR EHR-290/R-600a)
EF IujE A" A8 F9 Al2d 5
o] &4d & UL AT + UJx, T2
/0] & F-EHR-290/R-600a) 3 Wivle] ddE %
go] R-134a BT} §-F8to] Y&z ol Y55 g
| +F8its A& oot Table 6 oA 2
A 457 EES 4EE O 41y AR T
B, MR RS 2EE % 24T AR T
2830tk olE YT ¢E/E ALY A
X 2 ¢/0] AR EHR-290/R-600a) £ JulE ApL
g Aol &7y FHSHAAE fEE +
ATH ©, 4E57] Y4+ 4Ho| Baseline system
e oz =70 EAT Qg Aol wlnH|E}Y)
o] Al2"oA Ao vials dFE Hd

- A~
i E T .

L3

o

330l4x] AvlEE8 S3 MY H3

Az Avag SHANEL KS AY 72U
KS C9321 3 KS C9321 H-&x o] 2]A3to] A
& FH8H N, 2uAYH Ag A oy 24L&
Ao} AE FHA oAt EESI(No load) A
HE sigich d3e Aw 2= 25T, 60% =
o 4] Baseline system ¥ NR system 3t A7
av MEFgs 94 Andle EHIY,
Table 4 o) e S}, ¥4, Baseline system <& 43
]2 100g, 3000/3000/6000mm A1 19.07kWh/
month, NR system & 45g, 3500/3500/6500 mm 333
oAl Al 16.92kWh/month 1§ttt} T2 H/olARE
(R-290/R-600a) &3t v B2 JujsFd
Baseline system tB] 9 55% AX= 7431,
BEA#E 500mm A= F7relgch Tag/olx
S EHR-290/ R-600a) E3F @rf2] wlA A o] R134a
of ula] =7 wieo] HA Qo] FAFol T
g oz Holu, TAF Zolg Frte AU
) o] gAa9 3t Jdvie T FE

A7) Q4#A Aoz AZAAt*? NR system
AU A] Ad]2F2 Baseline system thH] °F 13% &
T A 71E9 I Aoz T2y
o] 2% BHR-290/ R-600a) =3 WBul7} R22 ==
R-134a o dlsf €AF AF7t 2 30% A= &
Aoz Yelged,!? ol ¥ A7 ZAidA
L 5Y4% HAF5xdoM xuddey iz &

Codling rate
380
—8—NR 50
330
280 | —4A—NR5S5
<
£
—230
2 —8—Ri34a
g
©
2130
@]
80
30
-20
-1
0 Incgsse Termeratue?‘c] 13

Fig.2 Schematic of the test set-up

LHAAS. F YA ZE FF =g &
o X2 g/0] AR ENR290 /R600a) EF IHS
83k NR system ©] R-134a & Z &3} Baseline
system BTF &0 ¢F3la dugrg FHE
A AAZ F dde FFE ARG E2F,
AF7] EHELS FHAA AdA 2HFE &
ol AFNE ALt AnAY FHA 97
£ 347} NR system ©| Baseline system X.C}
2H A8 APFA 48 AT E<t 34 3 O
HAR 4571 1 8 A Ade] oF 9~11 # F
T 9550 Aoz 47 2HES #A
A7lE BRE VALY wEka] T2 g/olak
(R-290/R-600a) <3 FHE HET A2y
BEsdd ddg EAo] Baseline system o H]
A $-dtd A AuAHE oF 10% A= A

Fse Ane A
4 # B

71€ AAEFY YmE AEE 3 e R-
314a A UIZ Bslga ALY T2 w/ola
F-EHR290/R600a, E§HH] 55:45) £ Wrjg =
-2 A &3t Al2®le HAHg, oA 4w
AY, TR Evhe HAE ¥ yzisn Ay
€ B3t oS e FES 9.

(1) £ AdFoA A& Baseline system 9] 43
ujFE 100g, ZAF o] 3000/3000/6000mm



278 o)

b HAHo YFAI2RE FAHEAL, FFAL|E
o HAHgE T 7|E Al2"e AvjHE gy
10% ©]4& HZAZT NR system < ‘Fo3
45~55g, 2 AT Zo] 3500/3500/6500mm ¥ ui,
Ao YFA2ds TSP Baseline system
i) <F 9~13% olite] AnAl FRaAE 7}
A gtk olgg AxdEs T2 @/o)AFENR-
290/R-600a) &3 Wolle] dAY E4o] R-134a
Bt 9537 w&olt
@) Et2 "H2E AJ NR system ©] Baseline
system i8] °F 5~15% AT BzZt&= &4
Y558 Fdoz Y AvjdFHol Fadte
EHE JHAg 2% =9 H2EE E9)
71&E A2 ¢E7] Ao FEAToZE
Nx"e] 2 A WA glo] 3 vl &
o] 7502 R-134a & AT + I& o=
#odd
(3) X2 3/o]ARENR-290/R-600a) EF i
£ R-134a tiy] Edg B4, BA&E7 &F
o B ol v AFF A TA A2
29 o Bz 42 Soz AFY AR
295 7| F o] AFdA sHE B
$9E 7IAE = g Aoz siHE
o] Jo| M9} Zo] AL 23 FE YFAIE
gl A Pgaie] duj ¥R wE =3H-<
s H eSO 2HE @i Yn) ¥A
o @ AN2¥ FF 54 Wis ot 2k
o, &7 249 AE AYstae Al=E
9l & dA4 w74 2 My Fxut aFHA g
5, 4F7 2HE, o
Uz 48 && Fo] AT, a2y =2
B/olARe Eg QY FF FANE HAAR &
4 =3 Aol Jo)

FTEEAA g FEF, dd AHE Ao}

(1) UNEP, 1987, Montreal Protocol on Substances

.71)&)-%

a7 o

That Depletes The Ozone Layer.

(2) Jang, Y. S., 1997, “Performance and Heat Transfer
Characteristics of a Heat Pump System Using
Hydrocarbon Refrigerant Mixtures,” Ph.D. Thesis,
Seoul National University, Seoul, Korea.

(3) Richardson, R. N. and Butterworth, J. S., 1995,
“The Performance of Propane/Isobuthane Mixtures
in a Vapour-Compression Refrigeration System,” Int.
J. Refrigeration, Vol. 18, No. 1, pp. 58~62.

(4) Yoon, W. J. and Kim, W. C., 2002, “Performance
Characteristics of Propane/Isobutene Mixtures in a
Small Refrigeration System,” Sarek. Vol. 14, No. 1,
pp. 73~82.

(5) Baskin, E. and Perry, R. B., 1994, “The Performance
of Hydrocarbons in a Household Refrigerator/Freezer,”
Proceedings of the International Refrigeration
Conference at Purdue, U.S.A, pp. 237~244.

(6) Richardson, R. N. and Butterworth, J. S., 1995,
“The Performance of Propane/Isobuthane Mixtures
in a Vapour-Compression Refrigeration System,” Int.
J. Refrigeration, Vol. 18, No. 1, pp. 58~62.

(7) Jung, D. S, Kim, C. B., Song, K. H. and Park, B.
J., 2000, “Testing of Propane/Isobutene Mixtures in
Domestic Refrigerators,” Int. J. Refrigeration, Vol.
23, pp. 517~527.

(8) Didion, D. A. and Bivens, D. B., 1990, “Role of
Refrigerant Mixtures as Alternatives to CFCs,” Int. J.
of Refrig, Vol. 12, pp. 163~175.

(9) Lim, B. H,, Park, Y. B,, Yoo, H. K., Jung, D. S.
and Park, B. J., 1995, “Performance Evaluation of
Propane/Isobutene Mixtures as a Substitute for
CFC12 in Domestic Refrigerators,” Sarek, Vol. 7, No.
2, pp. 249~265.

(10) Shin, J. Y., Kim, M. S. and Ro, S. T.,, 1996,
Experimental Study on Convective Boiling Heat
Transfer for Pure Refrigerants and Refrigerant
Mixtures in a Horizontal Tube,” Trans. of the KSME,
Vol. 20, No. 2, pp. 730~740.

(11) Kim, M. S., Mulroy, W. J. and Didion, D. A,,
1994, “Performance Evaluation of Two Azeotropic
Refrigerant Mixtures of HFC-134a with R-290 and
R-600a,” J. Energy Resources Technology, Vol. 116,
pp. 148~154.

(12) Lee, M. Y., Choi, S. J. and Kim, S. O., 2003,
“Evaluation on the Cyclic and Adiabatic Perfor-
mance of a Small Multi-Refrigeration System,”
Proceeding of the KSME, Autumn Annual Conference,
pp. 769~774.



