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Performance Evaluation of Propane(R290)/Isobutane(R600a) Mixture
as a Substitute for CFC12 in Domestic Refrigerators
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Abstract

The performance of a refrigerant mixture of propane(R290)/isobutane(R600a) as a substi-
tute for CFC12 was investigated in a domestic refrigerator with single evaporator. A thermo-
dynamic cycle simulation indicated an increase in COP of a 1.7 to 2.4% with R-290/600a in
the composition range of 0.2 to 0.6 mass fraction of R290 compared to CFC12.

For the tests, two units(299 ¢, 465 ¢ ) were used. All refrigeration components remained
the same throughout the tests, except that the length of capillary tube and amount of charge
were changed for the mixture. The refrigerators were fully instrumented with more than 20
thermocouples, 2 pressure transducers, and watt/watt-hour meter for each refrigerator. ‘En-
ergy consumption test’ and ‘no load pulldown test’ were performed under the same condition.

The experimental results obtained with the same compressor indicated that R-290/600a
mixture at 0.6 mass fraction of R290 showed a 3 to 5% increase in energy efficiency and a
faster cooling speed compared to CFC12. The R-290/600a mixture showed a shorter compres-
sor on-time and a lower compressor dome temperature than CFC12.

In conclusion, the proposed hydrocarbon mixture seems to be an appropriate candidate to

replace CFC12 without causing more environmerntal problems.

ZiEdY

Q s ek [W]
f . ek T e [C]
h ey [k)/kg] TS . dag fA9 &= [C]
I:MTD = B R UA 938 A$ xdust i34 [W/C]
m : Ak gk [kg/s] W sbEr) o (W]
P 444 [kPa]
Jd2|AER}

* Q3o oSt 7]741:51&}34 c el yELl o)A

3|9, Qlag



250 DI - Y - BT - FFF - AFY

& &7 SRS 7§
s 3 X

air Z7)

amb : F9¢]

C 37, 37

E 7]

HX : dxusl7]

ref Wl

supc . &7 4]e] zPedad

subc . & 7ol ]2} shfedod

supe . W7ol A]e] 3}ededd

tpe . E&7]oA]e] o]Atedd

tpe . SE7)ol|A| 9] olatei ]

.M B

tiefo 2R e WhEEE A19]Ade ol FE AS
H 2} @ Z3(0zone Layer)o] CFC7} th7] Soll 4]
8 ol v s el s FAER 2
th= o] WA ¢EE E3E oozt
CFCE9 At 79, A4 5& A7) %
2egld 2]z (Montreal Protocol)z} 19874
AAL 8 F7tEd o 2R F, AAA A
2 YF T2 3 oA Ay Feprl & %L wx
advh? S8 vete 19929 24 o] 2] A
9133, 19929dR-El+= CFC E4d g A4
2l FA 7} A2 gict. CFCEL 1930l 7)
byl o] f, 943 doEby, Hehd A P wpr)
a4, vEAG R AL nE F7ZEe} Y
o} g2 AFS-Ho A} 53] CFC12& 714
4 Ao} AFFARA HAAA N 7] 5P
2 ALgEol A st} e AT AT 9
3ld, CFCEL A%5H9 2858 BAX#IH A
T st dAdele 2A, b QL v)A =
ZAe® wsgct aeiy e23¢ FHANA &
i, A dEen o] gl AMER iAW
vl 2] 7o) W9 s}A = AUvt

o] g FA| FellA AF7A] Ux& vEIF o
2] AR F7hEe CFC129) i Yul 2 HFC134a
o} A4S A4l ¥ HFCl34avs 2E&3

227} 0.00]32, ulrpeddoln, Atz g
3 BpehA kA o BAe] AN, A &
W3t Aes ok E Aol s 27] wiEl
AMow o4 7 FAe oiabel B ez ual
o m 437] 3s)e ARle WE AH £
(Volumetric Capacity for refrigeration, VCR) o]
CFCl2el Wla 7%k A+, Algalol 4} o)y
%) 4¥] 4% AzelA= HFCI34ao] oz &
g0l CFCl28t} of 8~12% o 7o wal4
=

CFCl122] A Juj2 HFCl134a9} & &
e ARG 2 ES FE HE e AR
A BAE FA2 glong A4 i3 A
& ZaAA a7t ik webd CFC1229) oA
iz Eghulel vl Eggol (Non-Azeotrop
ic Refrigerant Mixtures, NARMs)7} Algk=glct.
v)ge] Eghgule] A2 dushr)elx] Yoot F
719ke] JFEEAE Y2 dugr)e] u)r}
A& o AA A 2de] Hug AT = vt
= Zlojch®  wlgmw]  Eghuwiel  HCFC22/
HCFC142b &§uvie] 7-¢os=, HCFC222] %=
A7t 52% <) w <F 2~3% 2] oA A&} &
7= A, o2 v Eghdyuje) HCFC22/
HFC152a &3§Hyvle) 7Z$ole, AlgdHeld Ax
= HCFC229] zAJH|7} 0~40% < o} <F 1.5~
25%¢ COP7} #7pleown] Alal AFHAMw
HCFC229] =Aul7t 13% d 9] oidA 582
oF 4% A FAEICE P

2= CFC129] oiAdviz 282 539}
A7 2x3ke A8 deov)z] ¢k v Ald
o] Yz} Agkslsict. wgishea Alde] Wl g
o] AM&slx, ARgol A3 N AnbA<l FEH
o} Egbo] HE}. 3E7A| vkshpa e AR 7}
o1 4 (flammability ) i o] 35 A28 U 3
ola 5 o2 AAFE s AL Tt
o} zefuh st FA7E AlASEEA A& o e
ulel, 23} Agrh e whshepa Yoo Akgo)
AT e g AT vk spAE dRdae] Ay
ebsl= 4 Yo e] FAeko] <dubzql CFCe} Axnt
HrolnR 7iAAe ojgh FHuke) §1¢-> A9 ¢
B o2 A0 AAR 'hglea A
ql Alol2 =2 23 (cyclopropane) S HL3& 7

O

o

ox



Z2y/olaRg ERUrE A 4e JME S WA Asd a8 A7 251
Table 1 NBP and T, of hydrocarbons and synthetic refrigerants
Name Alternate name Refrigerant number NBP[C] Tl 'C1
Methane R-50 -161.49 -92.00
Ethene Ethylene R-1150 -103.70 9.30
Ethane R-170 -88.63 32.20
Ethyne Acetylene C.H, -84.00 32.15
Carbondioxide R-744 -78.40 31.10
Propene Propylene R-1270 -47.70 91.80
Propane ‘ R-290 -42.07 97.00
Chlorodifluoromethane R-22 -40.76 96.00
Perfluoropropane CiFs -36.65 71.95
Cyclopropene C;H,(=CH-CH,-CH=) -35.00 NA
Propadiene Allene C;H,(CH,=C=CH,) -34.50 120.00
Cyclopropane RC-270 -32.80 125.15
Dichlorodifluoromethane R-12 -29.79 112.00
Propyne Methylacetylene |CH,(CH;-C=CH) -23.22 129.24
2-Methylpropane Isobutane R-600a -11.73 135.00
2-Methylpropene Isobutylene CHs, -6.90 145.00
1-Butene C.Hs -6.26 146.45
1,3-Butadiene C.Hs -4.40 151.85
Butane n-Butane R-600 -0.50 152.00
trans-2-Butene C.H, 1.50 155.45
Cyclobutene CH; 2.90 NA
cis-2-Butene C.Hs 3.73 162.45
Perfluorobutane CFu 3.96 113.25
1-Buten-3-yne CH, 5.10 NA
1-Butyne CHs 8.10 190.55
2,2-Dimethylpropane Neopentane C:H,. 9.50 160.65
1,3-Butadiyne CH, 10.30 NA
1,2-Butadiene C.Hs 10.85 191.00
Cyclobutane CH; 12.50 NA
2-Butyne C.Hs 27.50 NA
2-Methylbutane Isopentane C:H,, 27.85 190.28
Trifluorodichloroethane R-123 27.87 183.79
Pentane n-Pentane C:Hi. 36.00 196.66

NA : not available
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Table 2 Heat transfer equations in heat exchan-

ger!’?

fame=(TSI—TS,) /(TS,—TS)

fon=(TS;:—TS.)/(TS;—TSs)

faune= (TSs—T8Ss)/(TS;—TSe)

LMTDg= (1 —{f,up) LMTD ;pe+ fupiM TD e

LMTDc¢=f M TD e+ foupiM TD e+
(1—f e Foup) LMTD

Qi=UsA:LMTDgreux

Qc=UALMTDcenx
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719] Axe 422 Table 29} 3}

Table 26l A foev 474 AA Sd7]do
of tigh FdFridde] dpulolH, fundt funs
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Table 3 Variables and residual equations for the Newton-Raphson(NR ) method!'®

Variables Residuals

Description

VA( 1 ) zrhref RE(I )= '_QF.+UF.AELMTDEEHX

Heat transfer rate equation in evaporator

VA(2)=P, |RE(2)=—Q:+UALMTDcenx Heat transfer rate equation in condenser
VA(3)=P; [RE(3)=—(H,—H;)x{.+(H,—H;) |Definition of f.,.
VA(M4)=T, |RE(4)=—(Hs—H. +(H,—H,) Energy balance in SLHX

VA(5)Y=TS; | RE(5)= —Qe+m, X (H,—Hy)

Refrigerant energy balance in evaporator

VA(6)=TS,

RE(6) = — (H;~ He) X up-+ (Hs;—Hs)

Definition of .

VA(T)=TS;

RE(7)=— (H;—Hg) X f -+ (H;—H,)

Definition of f,,.

VA(8)=TS;

RE(8)=—Q,+m:C,.. X (TS.—TS;)

Air stream energv balance
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Table 4 Simulation Conditions"®

Cooling load 130.0 Watts

Air temperature entering evaporator(TS,) -15C

Air temperature leaving evaporator(TS;) -21°C

Pressure drop in evaporator( APg) 10kPa

Pressure drop in condenser( AP.) 15kPa

Compressor isentropic efficiency(&c) 0.55

Heat exchanger correction factor(euyx) 1.0

Mass flow rate of air stream in evaporator(ms) 0.02155kg/s(32.76CFM)
Mass flow rate of air stream in condenser(r¢) 0.02602kg/s(39.55CFM)
Ambient temperature(T,,.) 32.22°C(90°F)

UA in evaporator(UgAy) 20W/C

UA in condenser{UcA¢) 10W/C

Degree of superheating 3C

Degree of subcooling 3C

' 50 1500

cFeiz | 1400
;COPIIJOO! ) cor = ver 1300
140 3 |VCR=730 1200

1100

g
VCR(kl/m*)

F £ 3 3 e o
20 3! 22 03 44 45 06 07 08 0% 10

MASS FRAC. of PROPANE

Fig.4 COP and VCR for propane/isobutane
cycle simulation
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271 1.3200c}. e}y AAAdR e A=z Aul=
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Table 5 Thermocouple location

Components Location
Compressor suction, dome, discharge
Condenser in, out, upper plate, lower plate
Evaporator in, middlel, middle2, out
SLHX out
Refrigerator up, middle, down
Freezer up, down
Air stream inlet in evaporator 3
Air stream outlet in evaporator 2
Ambient 4
3.2 23 Transducer 2t Holl M port2l A x|
at=719] &< (suction)} EZE(discharge)2] T:“:“ HPIESIA Computer
FEE 2457 A9 7] AT 279 242
o Toll Tee® SAstm BARE A5t 31 Domesc /
Transducer(Setra 206)8 AX#c}. = }57] e warWHl, | e led power
& el Sly= Processing Portg AHE-3bz] ¢, : ol
H37)9] FYBZ| TeeT $AIT W2E 4 oo

gte] Wfn) %3 Portg 23 A=stdch. WA 1
-g3F2) ZAe AH A epdelE
2 %% (Setra digital balance)Z %3 F7
EF ZAsAA ZAd e WelE dRga Aad
Well 243}t

3.3 GjolE FF Al~H

dole} &4 AAde HP3852AE Al£38lw,
Instrument BASICo]& o]88 T 2asjew
AFelel 23 deHelx A AY FE 1
o} ex, 9bd, #2714 5o dojelE sy
o2 A3 2 4 A shedck. doleke Azrel @
T2 25 49 ez AAEe]d Aol fof
A stk AwE A€ HAH7] A
Watt/Watt-Hour Meter& AF&-3) 11, o 7)ol A v}
S R 282 exel nizlrpxl2 HP3852A &
S8 diclel zalz Axsglcl. Fighys 7heket
A o] FA ot}

Fig.5 Data acquisition from experiment appa-
ratus

3.4 o4x|] ZH| A#(Energy consumption
test)

2 2A3 H, 2E A¥S Ysigoh. 4 YRn
kel 1AL ¢4 12cmz
FANUE, YA NaglFo s dEMo] g
stk CFC12E 243 7|15 A3oNAe zzte
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TR =Asty, YAAle 2xx A7 7, &, o
o2 zAstct. 2 Adeic} AAIE Aol A4t
Elo)m2] Zato & 4% a4} (manual defrost)S
2170 F, <F 750% F9F 30%9] 71A o2 dlole}
E 715315 % skt
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z2f/olated Edrle AFedMdE AgH
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o

35 253t % 2W 48 (No load pulldown
test)
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(1) Compressor on-time[ min}
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(4) Compressor on-time average power[ W]=lcycle Watt-hour X 60minute - compressor on-time
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Table 7 Results of energy consumption test-CFC12(465 £ )

AER

(a) Freezer, refrigerator mean temperature, energy consumption, on, off-time, compressor on-time

ratio, ambient temperature

Test Freezer | Refriger. E.C. Power | on-time | off-time on-time Amb.
temp. temp. Ratio temp.
case C C kWh/Day| Watts min min % C
A -20.3 0.2 2.341 181.9 13.3 115 53.6 29.5
B -20.4 1.8 2.299 183.3 12.6 11.5 52.3 29.3
C -20.1 39 2.247 181.2 12.4 11.6 51.7 29.5
D -18.8 44 2.114 185.5 10.4 11.7 47.5 29.3
E -18.7 1.6 2.181 185.9 11.0 11.5 48.9 294
F -18.3 0.6 2.183 184.3 11.2 11.5 49.3 29.5
{b) Suction and discharge pressure, compressor dome temperature, test condition
Suction Discharge Dome .
Test Condition
Test case pressure pressure temperature
kPa kPa C Freezer Refriger.
A 105.4 1106.3 60.5 -20.0C cold
B 104.9 1104.9 59.5 " middle
C 104.3 1094.2 59.7 ” warm
D 106.6 1101.2 59.6 -18.5C cold
E 109.1 1101.5 5.6 ” middle
F 108.0 1111.4 59.5 ” warm

Table 8 Results of energy consumption test-R290/R600a(465 ¢ )

(a) Freezer, refrigerator mean temperature, energy consumption, on, off-time, compressor on-time

ratio, ambient temperature(* . supplementary length of capillary tube)

Test. Freezer [Refriger. EC. Power | on-time |off-time op-tiTne " Amb. |Charging| Capi.
) temp. | temp. Ratio temp. | amount |Length*
e ‘C_ |[kWh/Day| Watts | min | min % C g em
F -18.7 0.6 2.269 191.6 114 11.7 494 29.5 100 280
G -19.7 -0.3 2.209 191.1 10.5 11.3 48.2 29.3 85 100
H -20.0 0.3 2.268 191.6 11.0 11.3 49.3 29.6 ” '/
I -19.3 0.3 2.143 191.0 10.0 114 46.7 29.3 ”
J -18.2 0.8 2.122 192.5 9.6 11.3 45.9 29.7 ” ”
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(b) Suction and discharge pressure, compressor dome temperature, test condition
Suction Discharge Dome Test Condition
Test case pressure pressure temperature
kPa kPa C Freezer Refriger.
F 110.3 1281.5 58.8 -18.5C cold
G 115.7 1170.5 584 -20.0°C ”
H 114.8 1162.4 59.1 ” ”
I 114.4 11854 58.7 -18.5C ”
J 115.2 11874 58.5 ” "

Table 9 Results of energy consumption test-CFC12(299 ¢ )

{a) Freezer, refrigerator mean temperature, energy consumption, on, off-time, compressor on-time

ratio, ambient temperature

Test Freezer | Refriger. EC. Power on-time | off-time on-time Amb.
temp. temp. Ratio temp.
case C C kWh/Day| Watts min min %, C
K -20.0 -0.1 1.661 127.3 31.0 26.0 54.4 29.4
L -20.0 2.9 1.596 128.8 28.7 26.9 51.6 29.2
M -20.0 4.2 1.558 128.2 27.6 26.9 50.6 29.2
N -18.4 0.3 1.587 132.0 27.1 27.0 50.1 294
0] -18.6 2.0 1.523 131.6 25.6 27.5 48.2 29.1
P -18.7 4.6 1.471 132.0 24.0 27.7 46.4 29.0
(b) Suction, discharge pressure and compressor dome temperature
Suction Discharge Dome Test Condition
Test case pressure pressure temperature
kPa kPa C Freezer Refriger.
K 107.6 1022.7 65.7 -20.0C cold
L 106.9 1019.2 65.0 ” middle
M 106.3 1014.7 64.1 ” warm
N 109.9 1020.9 64.5 -18.5°C cold
0 109.7 1021.8 63.6 ” middle
P 109.4 1019.1 65.6 " warm
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Table 10 Results of energy consumption test-R290/R600a(299 ¢ )

(a) Freezer, refrigerator mean temperature, energy consumption, on, off-time, compressor on-time

ratio, ambient temperature( * :supplementary length of capillary tube)

Test Freezer [Refriger. EC. Power | ontime | off-time on—ti.me Amb. |Charging| Capi.
temp. | temp. Ratio temp. | amount {Length*
case C ‘C (kWh/Day| Watts min min % C g cm
Q -19.7 0.3 1.537 146.3 21.2 27.2 43.8 29.3 90 240
R -19.5 0.4 1.547 146.0 21.5 27.2 44.2 29.4 " "
S -19.2 3.5 1.471 144.5 20.4 27.7 42.4 29.3 " ”
T -19.2 0.3 1.513 144.7 21.4 27.7 43.6 28.7 » "
U -18.9 2.9 1.461 144.3 20.3 27.8 42.2 29.1 ” "
Vv -19.6 2.9 1.521 144.2 214 27.3 43.9 29.5 ” ”
'b) Suction and discharge pressure, compressor dome temperature, test condition
Suction Discharge Dome Test Condition
Test case pressure pressure temperature
kPa kPa C Freezer Refriger.
Q 135.1 1246.0 62.8 -20.0°C cold
R 135.5 1249.1 63.4 " ”
S 132.6 1226.0 61.1 -18.5C warm
T 131.7 1236.7 63.4 ” cold
U 132.3 1227.4 62.7 o middle
\Y 130.8 1222.7 63.6 -20.0°C ”
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Table 11 Results of no load pulldown test
465 ¢ 299 ¢
CFC12 Propane/ CFC12 Propane/
Isobutane Isobutane
Freezer mean temp. Time(min) Time(min)

-5C 51 46.5 53.5 50.5

-10°C 66 60.5 72 67.5

-15C a1 83 100.5 94.5

-20C 132 122.5 138.5 130




Z2@/olakd EFIE HE8Y /PEE YR Hool BB A7 263

CFCr2

R290/R600a{60/40)

Freezer temp. {deg. CJ

i 36 59 88 17 46 175 204 233
Scan Time [30sec.|

Fig.14 Variation of freezer temperature for no
load pulldown test(465 ¢ )

e
o

} CrCI2 i
—— I

j H
l R290/R6002(60/40}
e ————————

Refrigerator temp. [deg. C}
©

| 30 59 88 117 146 175 204 233
Scan Time [30sec.|

Fig.15 Variation of refrigerator temperature
for no load pulldown test(465 ¢ )

17 Z4zp2) YA a4 Y54, J3Ade] 3
FLE2 A7te] g W3tE 2z = e A
o]c}.

z2g/olatet ERAuE AL Ay, UF
A Hgexrt -5C, -10°C, -15C, -20Ce =
g3t AjZte] CFC12& 43 Azpyc) 7zhe)
WA o] thsfA oF 3~4%, 5, 6~8%, 8~10
B Axr) wacl, o)zl oA 4w AP v}
A7} 8 2 4F7E AR Ao, 2R/
ojafut Eghulie] WEsHo| CFCl29) wis)
Acks AL oujgich. AL 4EIE AT AT
+%7] on-timewle] FF AHFe] Avte AL
WE =29 Zy1E ol Wzt eyl wads A

Refrigerator temp. [deg C)
S

30

20

CFCI12

R290/R6003(60/40)

a

Freezer temp. | deg. C}
(&)

S

-20

-30

1 31 L) 21 121 151 81 2Nt 241 271
Scan Time |30sec.]

Fig.16 Variation of freezer temperature for no
load pulldown teat(299 ¢ )

~
o

w

=

I CFC12

w»

| R290/R600a(60/40)

(=]

! 30 59 88 "7 46 175 204 233 262 29!
Scan Time [30sec)

Fig.17 Variation of refrigerator temperature
for no load pulldown test(299 ¢)

& Slulgo.

5.4 &

7444 YRR Yol AM8Ew CFC129) o
A Yol 2 w3lps Aldel =29 (R290)/ o8
H(R6002) &} YvliE 43l Gy slo)2
AlEE0)A, oluA] 4w AP FRE A5 A
AYE F8 YA Al2ge H5g wasz o
$3 e AL At

1) z2g/olatet E¢YvlE sl 49

3 Aot AlolF AlEH oY AP Z2
o] Ak xAu7} 0.3Y o CFC124) u)3)

):4



264

2)

3)

4

~—r

6)

7)

DI - e - ABT - AEF -

A o 2.4% 359 COP7} 37}sted 2 5
e veliz, Zege) A% 24} 0.2
o2} 0.6 o) CFC129)] n]sj4] of 1.7~2.
4% 2] COP7} Z&7}sl4dr}.

AA AR AHF AL 2HY Aol 7
ol e washs A¥ezd, WEA
3 R HEeET ddebl ¥ F A
o Abgge EHsls olux 4w Y
A5 AE Lt I enl wes
£ Azg wasty) SR Ty 4 A
4ol faimol. CFCI2e} Z2a/o)a
Bk Egunlel e A wast]

Ak, 2Rl delop EPPokel 3%
gAY e BEe mE AdelA 5

ﬁ}ﬂl k-l S 1=

60% ZZH/40% o] 24wt E3hYE F o)
2] YAFI1(465, 299 £ )] 24-3}e] A2
y= 4u A3 Aste CFC125 #4387
T A3 Asfe ws] ZEI/o]4Nw
43 WA oA 8] thAA
3~5% AL =788 BodFr)
60% T 2qH/40% o] A Fvk Eghluoie] FA
2k CFCl29o) A=k nlwstw 4654 9
299 ¢ o] YAar zhztel] wisha] <F 56%, 42
%A=} Fpastgen, olg qlsf Ale|EH
+£4E Ed 7 Ak

5719 F9 shHe zhzhe] YA o) s
°F 5%, 20% A% F7lsla, EE siEe
°F 10%, 20% A% ZF7lstch. = k57
Dome €5%= CFCI12E 243 AFd) u]3|
A of 1~3C7} 2stet.
WEA HF2Ert dHg
AlZre 5457 R TS
el A= WEANY 257 -5C~-20Cl
E2she Azke] CFC12E H4] 71& A
3 wjBc} of 3~10% Hx Witc), o] e
Al Wz 5 o] CFCl2¢] s34
ZRg/o)latet Yzl ok Ag 9
v gkt

Z2@/olaet EehdvlE o2 9
A& Wat ol)e} CFC12¢) wlaf&] o=

& 1 1 % 3
E_%C’] _‘j’i“: =l 2] o]ol_ I\]xl HAamlal AR

O
g 7

ow o

Lol mddhe

bag e Al

AER

o B7RE & g ko] ZEgR/ol4NE &
hivls 74 WA T A A"S AHA W3t
A171M A% CFC12% ‘Drop-in’ A& &
e A Yol 2 A=

x 7|

B e 199495 Qstdistn wu dTule)

s A9H, £
F4 (F)AHAAE o124 olibd, HiE H3
‘E}’

A79) S A5 GRshod

olAis HAdE v W3 AFH 2n

Qspeheta chetele] Ao ZHAbE =ach

6.

. Wilson and Basu, 1988,

. AEg, 1991,

el

&

Ha

. M. J. Molina and F. S. Rowland, 1974,

“Stratospheric sink for chlorofluorometh-
anes; chlorine atom catalized destruction of

ozone”. Nature, Vol. 249, pp810~812.

. Montreal protocol on substances that de-

1987, Final Act,
United Nations Environmental Programme.

pletes the ozone layer,

“Thermodynamic
properties of a new stratospherically safe
working fluid refrigerant 134a”, ASHRAE
Trans., Vol. 94, Part 2, pp2095~2118.
“71A4 WAz A Yehet
A wst”, F7lEs dEEEt A2048 A3z,
ppl90~198.

. Vineyard E. A., Sand J. R. and Miller W.

A., 1989, “Refrigerator-freezer energy test-
ing with alternative refrigerant”, ASHRAE
Trans., Vol. 95, Part 2, pp205~ 210.

D. A. Didion and D. B. Bivens, 1990, “Role
of refrigerant mixtures as alternatives to
CFCs”, Int. J. of Refrig., Vol. 13, ppl63~

175.

. X. He, U. C. Spindler, D. S. Jung and R.

Radermacher, 1992, “Investigation of R22/
R142b mixtures as a substitute for R12 in

. . . Aid
single-evaporator domestic refrigerators”,
ASHRAFE Trans.. Vol 98 Part 1’ pp150~



10.

11.

12.

Zag/olate EFYE H &5 JHEE WY e B8 AT

159.

. K. Kim, U. C. Spihdler, D. Jung and R. K.

Radermacher, 1993, “R22/R152a mixtures
and Cyclopropane(RC270) as substitutes
for R12 in single evaporator refrigerators:
simulation and experiments”, ASHRAE
Trans., Vol. 99, Part 1, pp1439~1446.

H. Kruse, 1993, “European research and de-
velopment concerning CFC and HFC substi-
tution”, ASHRAE/NIST Refrigerants Con-
ference, pp41~54.

M. S. Kim, W. J. Mulroy and D. A. Didion,
1993, “An experimental evaluation of the
flammability and performance potentials of
two azeotropic refrigerant mixtures”,
Transport Phenomena in Thermal Eng.,
pp446~451.

R. W. James and J. F. Missenden, 1992,
“The use of propane in domestic refrigera-
tors”, Int. J. of Refrig., Vol. 15, no. 2, pp95
~100.

D. S. Jung and R. Radermacher, 1991, “Per-

13.

14.

15.

16.

265

formance simulation of single-evaporator
domestic refrigerators charged with pure
and mixed refrigerants”, Int. J. of Refrig.,
Vol. 14, July, pp223~232.

G. Morrison and M. O. McLinden, 1986,
“Application of a hard sphere equation of

state to refrigerants and refrigerant mix-

tures.” National Bureau of Standards
(NBS).
J. Gallagher, M. McLinden, G. Morrison, M.

Hurber, 1993, “NIST Thermodynamic Prop-
erties of Refrigerants and Refrigerant Mix-
ture Database(REFPROP) version 3.0”.
gk, uhgw, F3F, HET, 1994, “dfel
2 712 vl A4 7HAE YR 4
Algd o) Ad”, T2 PEEeE sAshed
23] =F4, pp93~100.

AHAM, 1985 AHAM standard for house-
hold refrigerators and household freezers,
chicago: American Home Appliance Manu-

facturers.





