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Thermodynamic Properties of Alternatives for R12, R22 and Performances of Refrigerator
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ABSTRACT

Thermodynamic properties of alternatives for R12 and R22 were estimated and performances of
refrigerating cycle using these refrigerants were compared. In this study, we adopt R134a, R22/R142b,
R22/R152a, R22/R152a/R124 as alternatives for R12 and R32/R134a for R22. Thermodynamic properties
of these refrigerants were estimated using modified CSD equation of state. Cycle simulations of the
refrigerating system considering heat source were carried out in order to compare the performance
of the system. R134a shows relatively lower COP than R12 but very similar VCR. R22/R142b(50/50
mass fraction), R22/R152a(10/90), R22/R152a/R124(30/25/45) are good for the substitutes of R12 and
R32/R134a(30/70) is appropriate for that of R22 in view of COP and VCR.

E 2z
h D gy [k)/kel
he 1 FEFEK/ke]

72l & M &

ELIEED
B L ERYA BAPE A5 WEAS
@  IAWEAA BAY AL mo WS A kgs)
[kPa(m¥/kg)?] P : Sre[kPal
5 AR BAR A% [n'ke Quo BN F[KW]
coPr ‘435719 AsAF, COPR:&'L R P 7V 5L kgK]
W R, gy
G reldviAle skl E [kI/kgK] s : AE 2 9 [Kk]/kgK]

« Neystz qag JAEew
» gadetm -



74/

T 2 2[K]
ATy 27 dFFF2E2HK]
UA FEHAF&kW/K]

VCR: W¥Hle] S8 A A F e

Quop he
VCRg=—"*= or
Viswp * M Uy

2 [kJ/m],

v H A A [mi/kg]

W PE79 £28F kW]
x R

y

Sy Aol gAE et H, y=b/40

(B X
0 71/ el
1,23 4,5 Atolge 7+ ZeiA
cal Al gk
cond 57
evap F7]
f Z 3o} e
g X374 A
given Ak =2
i i B
Ji Egvle] HAE
m 8=
ref ZEA 8
sub Fg g e
sup I dde
1. M g

1985 2 &F B3 E A vAtEF ol
19928 2% H el olar]7tA] 7o BHE
TE A hE o] AlLEm ok WE,
FE Y R 7TEF AP Eokol A W) 2 wtx
T2 8 AME-5 1 )= CFC(chlorofluorocarbon)
€ LEFHY E olde) AF 233t 9120
dohe Abdol B AT, ol whel I Ago
3 FACE ZEn U wels, 2 o e
e A7 AT L) Dy Ho ojm @@
CFC AE ¥rle 2 A7t 283 GAlo) r}.

HAY = ¢4 43 g9ty 43 oF

z:sl. %E], 5_}.§}-z_—1 AMA 24 7lad A = o) o=

45 71&e YA vIEE HES ol o)

ole} F& MB7IE AET M2 st
2R 71& AAUY dug oA 7t
BES o gttt F, A Alo]F 2wy
s, FLFE, X358 Fol 71E9 Yl
Ak 4AE 7HAok d, EE ZARg e
EE79 A diE 7 W g
A 2 39 &8 F(volumetric capacity for refrige-
rant : VCR) & & 712l A8 glo] 71& Q)
Z A = dokes "M 238 AL
Boh o 8¢ AdAv € 2 ek

FH ARG Yol oA dyez By
vje] AR =g A7E I et EF Wl g A
£3le ol H L AusiA g ez Qe o
ZEHAAH HAAYE EY F U7 GE
e 7IOE 5 dos Holoh = o
iAol FPANMN JEVE 2EFO
A Yufet FARE d5A4 == VCRE
ZHA & = Qo HellA 1 Abgo] 2
dTEIL

2 dFdAMe el EFYuiy g9
83 EAHAE 485, o] BEHAE o] &7
AtolE BALE 3 EdWoie gAY E A

%

gote Axdel 45 e A%, MaSA

_LL4
4
i)
i

2 dATadMe £270e HEgn ggoez
T4 ¥ van der Waals Fej2] Jefdy4g 2
Loz gt FATY HEg Vet EA4
2 Carnahan-Starling-De Santis &l ¥4 2] 51}
TYT EHE o] R3HL, AEE Ve &
Aol 548 dPolAMe vgRez V&
g9 1S ZAEHA 58 5 JxE a9y
ol R & AE F3 Oed 2 He o
e A Agstgeh®

_RT 1ty+y—y' 2 ()
v (1—y)? v2+bv-b£~

P



A7 g be 2= Ed}E AFl, X
geol A BgF 7] FIHAES 2 £
AE THAAN offig L Yol HaTt H
ZE wBRALL o3 7o

_(P—Puy )2 ( v v[,mf)z
= +
E ( Pre[ vfyrc[
- 2
+ (_._QL_..E.:H'L) .......................... ( 3)
vg)rcf

A7 P ov, v 4 EEAH Y, X3
Heol WA, Xr|AY HAHE vEdH,
B H A refe 7|ZEAa0PE Jepdd,

2.2 QEI 9 AdEZm H A

Ay oA 9g 4 9E FHAL-LE
BA S o} A7A A A A 9 BjEAEUSPE o)
g35c A9 AEZY T SN de
ES 7Y F A A¥F} & & ERWET
sl 79 dgw, AEZI BA4E O
g_:l-q_(m'

O}

o

h=ho+ﬁ[P—T(g—§‘)J dv+Py—RT

s=sot [ &~ (F5 ) Jao+ Rin et

T et
+J'T0TdT (5)

q71A Te 718 due 252§ debid, &
E 3 FAMe & dBHE Fote ol
soE 71E AEZAE A3e dolth

B AT e 2dgR Yol dhste] 0T

ZERTA - SRR ROUE F5E H15%(1993)/75

M EAA o dey B JdEZA g FF
o}.

2.3 EE=0 st EerEE

FHPINe TYEA 437 ARME
AUl THE A5 ke 2R 9
@ EPUAol agd ¥ A7elN AFsE
TRyl BN e Be EYUNE
o1 SR TH

d:S S XX @yttt (6)

i=1j=1

b:S‘ S‘x'_ijil_ .................................... (7)

i=1j=1

'?‘]C’ﬂ)“] 74]";: i 3‘2 bic 2}2}94 @ AJ‘E“’“
s 2 E AE Ty EFE dMe
ay, b2 BAEE do] FriH e o ¥gEL
EYEE TAHYE 22 3 i829 84 4%
el #AE el g a8 ;9] 71318HA
B o2 AER, olnf EFE EAL B}
AEs] Jetdy UEE A5 2L A< (binary
interaction coefficient) &7} T U be byt
b9 AreWFor FAF)

a;,-:(l—k.-,) \/a—"a ............................. (®)

b,y=l)"—2ﬂ’”¥ ....................................... (9)

A7NM, ke 2%, &E, AR FuE A4
F2 HFE, Fold 22 H A4e] GEHld
tfate] 71 Fgeiol Aol 239 & Atst
o d3oz 78 ¢He] HAE HieE
g kS S BAS

FepR el Ag oldelx dEH FEH,
JEZT 71EZ, o1371A Zeiel vEdT @&
Ex EFE9 AEnd we} ofefi i o
A48t



76/

T 10
SO,MZ%:JC,' Sgytttrrrene e (11)
CZM(T):%'L. Cg,(T) ........................... (12)

o] n:}] ho,.', Sa.is Cﬁ;(T), xil\’f' Z}Z}' 'G:"T”ELE‘ a5y
Ho) i@ Ay NEF, JEZY VI, °]
F71A dee) Bg R QEuEE Yepd,

2.4 doIstx SMX vlR

UHNA YR A ES A H2 B4
o] dAe] Hx Qe B7HA Yol sty &
z9 "Hglel g ¥39y, F¢3d, VCRY
H 32 A48k Figl, Fig2, Fig.3ol Yebu Slch
of7]A VCRE FEFEE E37IA vAF
o2 UE goez Au3ez ALg gheluh

10000: T T T T 1 T T T T

ory
(=]
Q
o

Pressure, kPa

100§

10

Temperature, °C

Fig.1 Estimated vapor pressure of several ref-
rigerants

R129) diA el = Z}33w 3 2l R134a R12
st Xajte e Ao ¥|sdtn A FT T8
Fgol o 30% 7t% 29 VCR =& 3A g
v} 22y VCRE 7IAAH ] v A Ho] By

Hgg Smz ZRFEAT Aol 2AE o

450 —T T T T T T T T K
] R32 ----- R152a |
—— -R22 — - -R124
400 — — -R134a —-~---R142b 7]
g 350
=
-
= 300
[5-3
2
_ 250
[
(] T R mes -
S 200 TS T -~
| L = =
‘--::~~_—\_\ \
150+ T ST — ]
100 Lt
-50 0 50

Temperature, °C
Fig.2 Estimated latent heat of several refrige-

rants

15000 —————r+—F+—— T

R32
b o—— -R22

| — — -R134a /

10000

VCR, kJ/m?

5000

Temperature, °C

Fig.3 Estimated VCR of several refrigerants



. §9 Ri129] AYuIZ EFYE T
99 235 71¢e] R128] EIFINGRY L
Weojel v Yuje] ERo g dd AANFL
AE 4 3l o] 3¢ R22/R142b, R22/R152
ag 13T 7 Ao, FAEHTE 2 R22/R152
a/R1249] AFE= s glo), 221t R142b,
R152at 7194 EHolnz 1 A EuE Fd
Fo|HA HARAAE FE3] o] 8T 4 Slojok
g},

R134a9} R22/R142b, R22/R152a/R1242] &3}
Yol & R12¢}F v]m3tY] S1]A ol 471 @
uj o] . dgy HEE Figdol Yl AL, of
g EFYcle FJBulEs FAFENE JeEiy, 3
9] Alo] &R Ao M R12%F VCRe] & 99
dEulolt, A&dFol A RI129 2337
°] R134a, R22/R142b, R22/R152a/R124] ¥ 3}
F71RG 2o, 129 Ho A= W E R12
o] a7t ¥&& 4 F Aok 23y —20
o} 30Tt e vl7kx] Wl o] X379t
Aol Ao dA 3} VCRA= 28 FEe R12
E A2g A7k ¥t BF RI2E S & §&
7R gl

A71Ho g B of, R22 =3 A7 o
&g wol 714 8HFZHAA FAHge] €
7b5de] 2B R R32/R134a T EFYvi29)
A 7bsdel 7= Ut R12s} nlA7bA 2
R229} R32/R134a& =] 2 3}7] 913} Figs9l ¢3-
A A=g Yepdiic olnf EF Yo A
Y= 23U E JdEeldY, 339 Alo] E R Ale)
A1 R229} VCRo] Z& wje] AE-ulol, 0T o]
dtoll A= R229] E3HF7I44e] R32/R134a9)
FEF/ g4 2AdE A B ¢ o,
2E 229l R32/R134a8] Fgo) R229
IR & e MR Qo

3. AAHe 45 Hn

3.1 AOlE =ZA =

EFd Yool LB E Alol & BALE F8lq
HZ g o 713 EA7) 5= AL vlarjgEolc
gzt Edunle S, 224 5U¢EsE

ZERARA - TR LR B H5% $5158(1993)/77

10000

RI2  —-— R22/R1425(50:50)
R22/R1520/R124(30:25:45)

= —— RiMa e

b=]
b3
©

Pressure, kPo

Q
=3

100 150 200 250 300 350 400 450 500
Enthalpy, kd/kg

Fig.4 Pressure-enthalpy diagram of R12, R
134a, R22/R142b and R22/R152a/R
124

10000

R22
- ——- R32/R1345(30:70)

1000

Pressure, kPa

100

10 " s
100 150 200 250 300 350 400 450 500

Enthalpy, kJ/kg

Fig.5 Pressure-enthalpy diagram of R22 and
R32/R134a

ANE &£x7t Hatstunz Yoo FL7v &
Z719 2EE HA7|ELE HotI Ao]E B2
A & o, Vgl He X8 4T, T EE
A7 279 HTEF o= A& AYd=7td
et Aol 9] dEol B2 IF¥E wen o
2Ze v Z3E Irie Fopnew

metM dAE9d 237 5719 T2
719 P& 79 2 & ME7|ELE 4ol Alo]
g BAFE she Aol 7HE g Holzta A%
ok B APl A g § A4 28 ol g} Zot

23749 $%7] dF_E 1 25C
23548 $&7] 2TFLE [ 35C
2372 8 27 ATFRE 1 15C T 5C
23 f-A 9 2] 4L 150 EE —5C



78/

CGiven Qg (UA) s (UAL,.‘)
|

(Assume T, )«

(Calculate T, )
(Assume T,

A4
(Calculatc T, { ATm),...)

(UA) > (UA) ey cat

evap., givan

\ 4

CCalculatc T.( ATW)C..D

(UA)cwd.. given > {UA)con‘. cal

y
QOutpurt Result

COP, VCR. Work, Pressure ...

Fig.6 Flow chart for cycle simulation conside-
ring heat source and sink

Refrigerant
--------- secondary fluid

Temperature

Entropy
Fig.7 Temperature-entropy diagram of nona-

zeotropic refrigerant mixture and opera-
ting cycle of refrigerating system inclu-
ding secondary fluids

W & : 2kW
Zd719 £EAFE (WA | 020kW/K
$&7)19 $E8F&WA)  024kW/K
$&71AMY FYx . 5C
FuvidAe] FEE 1 5C
g7 2SS 108

oluj R22, R32/R134aE AAE W& 22 #
Ao ¢ ¢, 2T 25 FA & 15C, 5C, R12,
R22/R142b, R22/R152a, R22/R152a/R1248& A4t
g e 235A S 9], BT 22T S
5C, —5CZ 31y} Alel§ RAlE Figéol v
Bl A9} o] &5Vl PEIH1 He
SE(TYE A sa, 1 S X0 o] R3%H &
Tt &7 B9 4EHE AR, Fu7
Ao FHEFEC] FoI =07 ZopF o
A FE7idA Azt 19 HY 2=(T)E
wrEAde g pIln, 1 2rdAMY E &
To JeHE AAA TLE W A7y BHEA
g PaHon, o] o 4FAS, VCRH &g
H & A SEc 4F7] &2 FAERZY
ZE9E e £ Ed BAE A
Fig7ol ZEAIE Alo]& x4t zZt JHHE L
[Sa=auA=

3.2 o2 24+ Eot

321 Ri29 di=n|

Yo R12& AHE e Al2"E o) & dlAd
19 e5dvie) EFYE AHL3IE Al
o} BEA4& v u3}7] 93t R12, R134a R22/R
142a, R22/R152a%} R22/R152a/R1248} A5 A 4,
VCR, 88 E Fig8, Fig9, Fig.109l z}zt vhet
ydth o 71A VCRE 4 (14) ¢} #o] Wke3
< $E7] Q7MY AN A AFFF] F
& Yoo MAFFe I Ui ghelth

VCRR=-—Q1"'+ .............................. (14)

R134a9] ¢ A%A+E R1R2EG AT
VCR& R12¢} wi % FAMSE &€& 714 2 59
A& AP R129 7HF ol AHA WA



4-5 L3 T T T
R12
— -R134a
— — -R22/R142b
— - -R22/R152a
x - — - -
2’40 TN/
\
o § 4
~ 7/
~ v
7
e
3.5 S

0.0 0.2 0.4 0.6 0.8 1.0

Mass fraction of R22
(a) R134a, R22/R142b, R22/R152a

4.2 Y Y T T

0.0 0.2 0.4 0.6 0.8 1.0
Mass fraction of R152a

(b) R22/R152a/R124

Fig.8 Coefficient of performance compared
with that of R12

ERFAT - HETR RXE F5E F157(1993)/79

VCR, kJ/m®

VCR,, kJ/m®

0.0

R12
—— -R134a /
s
— — -R22/R142b /
. — - -R22/R152a 4 ]
v
/’ /
- /
[ = 7 ]
= /
s/
7
| rd
_ J
7
V"

0.0 0.2 0.4 0.6 0.8 1.0

Mass fraction of R22
(a) R134a, R22/R142b, R22/R152a

T T T T

R12

Mass fraction
of R22

0.2 0.4 0.6 0.8 1.0
Mass fraction of R152a
(b) R22/R152a/R124

Fig.9 VCR compared with that of R12



80/

5-5 T T L T
5.0 T D e e e e ]
~
AN
AN
AN
= 4.5 4
[ — - — \
\‘\~ \
~  \
L A
4.0 R12 AN "
—— -R134a N
— — -R22/R142b
— - -R22/R152a
3'5 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Mass fraction of R22
(a) R134a, R22/R142b, R22/R152a
6.0 T T T {
5.5F 4
/
~
@ Ve
o -~
o . _ -7
, -
50, e
R22
— — -R32/R134a
4.5 J. L e A
0.0 0.2 0.4 0.6 0.8 1.0

6.0

T T T T

Rt12

Mass fraction

0.0

0.2 0.4 0.6

Mass fraction of R152a

(b) R22/R152a/R124

Fig.10 Pressure ratio compared with that of R12

Mass fraction of R32

Fig.11 Coefficient of performance of R22 and

R32/R134a

VCR,, kJ/m®

6000 r T v T
R22
— — -A32/R134a /
/
5000 | ;-
/
/
/
4000 Y :
7
/
/
3000 | p -
/
/
%

2000 1 L i L
0.0 0.2 0.4 0.6 0.8 1

Mass fraction of R32

Fig.12 VCR of R22 and R32/R134a

.0



ZERAN - T

3-5 L k2 T T
N R22
N\ — — -R32/R134a
N
\
N
N
N
~ 3.0} A .
& N
N
AN
N
N
2.5 1 A A 1
0.0 0.2 0.4 0.6 0.8 1

Mass fraction of R32

.0

Fig.13 Pressure ratio of R22 and R32/R134a

Wollzia Y zhgict, gl R12EG & g8
Hojx ot

R22/R142bE vl 2] 7 $-oll =
v 7t F7185E YeAlsrl das
A& AUA hA] FokEte AE B

R ARHoA RIZET 4E5ASF7 FS
% 7 Aok ¥ R22/R152a2] A $le A
ol A AsAFrst A9 A g
Ao 2gkEo] RI2ZETHE A o33 A
T9 BN MRE B R22/R152a2] E & o]
R22/R142b8] EYBHT 53 NAEZ 427
Hu AL E a1 R22/R142b9 H ¢ R
142b A 4] 68% ©]4}, R22/R152a2] 7 ¢ R152a
Ak} 24% o] 4ol 7t o] qUvtm Baog
uhe} zrol® R152a7F R142bX Tt} 718 o) &
EHolRZ2 W53 Agstdor & £dyoiz
Az g},

VCRe| #tie He& 598 457 w43
AME B2 BHE 7HveE Ag sz,
dA Yo} FPAA Bod AeAs 2oe
232} VCRE 71&9] Yo} Hlus] Be Zo
oozt itk R22/R142bE A M) 50 | 5023

ook NlO é

tan

MR 5% 515%(1993)/81

ol A, R22/R152a€ < 10 : 909} A& u] <A R12
¢} VCRe] ZolAH, o] W ¢Fule ZF RI2
B adg,

R22/R152a/R124¢] 429 E3ES R229
H|7} F718 45 VCRe] 7130, R229]
H) 7} 80, 90% <1 A& A Y3 R229]
Y7t A o Ri152a9] AEE7}L 71852
VCRE F7Hgtc} o] of F¥HHl= VCRA i o
7A%E Holm It} R22/R152a/R1249] A Y E
29 7% R129 VCRo) v|5:% AFAHE

¥ 10:90:0,20:50:30,30:25:45,40:0
: 60°lt}, o] 47FA EFE Sl A R152a9 A
H7F & EFEL WAL 188 9 A8
ol ¢, AFAFE 1eldtd 30:25:45 4
o] o] R129 tAER A

Y ok oX oX
F“ Ar de Ao

322 R229] diAw

R22E diAsl7] $¢ EFYuie 234579t
S vaFctd R229 TFU|gETG L Y
el e el g oz Efsioor i),
22§ 2d& HEAFIE= A o] R32/R134a, R32
/R12, R32/R152a 5-°lt}. 18y R12e 83 &
A2, R152ax A EAZ A& Ago] 9
ocmg B dpoies R32/R134a2] EFEofd
thdte] AlolERALE et n, ANE A FAA
AE A, VCR, &+8H 9] W3slE Figly, Figl2,
Fig.13el 2tz} Wbl Aot

R329] A4V FHEE HFASe
F7EE B 4 Ut ol R329] Fge] avE
WiEgE 433 KA37 f4d R32¢9
AZAEv 7t 185 Yoy FFFFo)
FHasta, ol U $E7] 285" Fad)
1 B Zolct Ale]E mALA TR XL R329]
FAHERZL F7MESE Yohe BEFRH] A
2%E 8A¥ 4 AU} VCRE Fig3olA &
4 9%o] R32, R22, R134a28] T2 2 ZH43d
w2} A] R329} R134aE &3 R229 22 @

N
i)

Y4

9 VCRE €& F AZE A5 F 3k 94
VCRE R329] HFdEnldl ot d¥Ho=2

Z7tehe Aeg Hola lomn, R329 AeA
BH7F 30% A AA R229] VCRY #opA oy,



o

ol W2 JEAFE R2E AHEste ARG

T ELE AL L AT A AFE
9} o] VCRo] %& o AZAEY e &F
HE AP gstojol dohu g
el & R329) AFEEH 7 F7H8HE VCRHY
w2 Ao d¥¥ez A2

i

4. & B

T3 CSD #HAAE ol&3ld &5Yns}
EFdYuie] 49 EHYNE AN, A}
olZ RALE B3 021 ¥ HAEL FU.

(1) R12¢] iAol 2 A R134aE AHEE A
292 J5L 2F Z23AT VCRE
R12¢9} A9 2o}

(2) R22/R142b R229) A N7} 50% A ¢
o R12¢} VCRo] #Zolxn, R22/R152a2]
B BE A& M 45 A 59 VCRol
R12E o} At} mhehr] R22/R142be R229)
AR 7 50% Y o R129] thAF o)
2 7tsstt @ 4 3len, R22/R152ae
71 B E nH st 2GRN}
dE =fofo} 3T

(3) R22/R152a/R124= A FAA B 7} o 30!
25 459 o} R12¢} VCRo| Zolx|H, o]
U AsASsE 2557

(4) R32/R134a8] EFPole] Z$ R329 =
o7t F7M¥4E VCRY AEASIt
Z7vgt} 18l R329] AFA RS} o
30% ¥ © R229} VCRo] #olA| o, matA
o] J&u)e EFYrE R229 A Y]
2 A" # U

¥ 7
2 d7e #3d%ADe At Y3}

Qoo oo tata AT BAR A A=Y
U,

11.

A2 31 2 3

. Carnahan, N.F. and Starling, K. E., 1969,

“Equation of State for Nonattracting Rigid
Spheres”, J. Chem. Phys., Vol.51, pp.635-636.

. De Santis, R., Gironi, F. and Marrelli, L., 1976,

“Vapor-Liquid Equilibrium from a Hard-
Sphere Equation of State”, Ind. Eng. Chem.
Fundam., Voll5, pp.183-189.

LAY, AEAH, =59, 1991, ‘3 € Car-

nahan-Starling el 43 4 & o] &8 EFY
ul o) BEAALL, a7 AE s =83, Ais
A, M6, pp.2189-2205.

. Stewart, R. B,, Jacobsen, R. T. and Penoncello,

S. G., 1986, ASHRAE Thermodynamic Prope-
rties of Refrigerants, ASHRAE.

. Wilson, D.P. and Basu, R. S., 1988, “Thermo-

dynamic Properties of a New Stratospherica-
lly Safe Working Fluid-Refrigerant 134a”,
ASHRAE Trans., Vol.94, pp.2095-2118.

. Malbrunot, P.F., Meunier, P.A., Scatena, G.M.,

Mears, W.H., Murphy, K.P., Sinka, J.V., 1968,
“Pressure-Volume-Temperature Behavior of
Difluoromethane”, J. Chem. Eng. Data, Vol.13,
pp.16-21.

. Shankland, I. R.,Basu, R.S. and Wilson, D.P,,

1990, “Thermophysical properties of HCFC-
124  An environmentally acceptable refrige-
rant”, ASHRAE Trans, Vol.2, pp.317-322.

. McLinden, M.O., 1990, “Thermodynamic pro-

perties of CFC alternatives : A survey of the
available data”, Int. . Refrig, Vol.13, pp.149-
162.

. =5, 1986, A4 FHIYE BT
10.

Prausnitz, J. M., Lichtenthaler, R. N. and de
Azevedo, E. G., 1986, Molecular Thermody-
namics of Fluid Phase Equilibria, 2nd ed.,
Prentice-Hall.

McLinden, M.O. and Radermacher, R., 1987,
“Methods for comparing the performance of
pure and mixed refrigerants in the vapour



12.

13.

compression cycle”, Int. | Refrig, Vol.10, pp.
318-325.

A. Miyara, S. Koyama and T. Fujii, 1992, “Co-
nsideration of the performance of a vapour-
compression heat-pump cycle unsing non-
azeotropic refrigerant mixtures”, Int. J. of Ref-
rig, Vol.15, No.1, pp.35-40.

P. A. Domanski and M. O. McLinden, 1992,
“A simplified cycle simulation model for the
performance rating of refrigerants and refri-

ZoE AT - HTRTR RE H58 $155(1993)/83

14.

15.

gerant mixtures”, Int. J. of Refrig., Vol.15, No.
2, pp.81-88.

Kenji Ushimary, 1990, “Impact of CFC curtai-
Iment on refrigeration and mitigation resea-
rch in Japan”, Int. J. of Refrig, Vol.13, March,
p.131-141.

D. A. Didion and D. B. Bivens, 1990, “Role
of refrigerant mixtures as alternatives to
CFCs”, Int. J. of Refrig, Vol13, May, p.163-175.





