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Analysis of a Refrigeration Cycle Driven by Refrigerant Steam Turbine
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ABSTRACT: We have analyzed a combined cycle employing refrigerant Rankine cycle and
simple refrigeration cycle with one working fluid. Although this cycle shows promising as—
pects such as simplicity, it does not have a good efficiency to compete with the other ex-
isting technologies because of high temperature at the exit of the turbine. However, by intro-
ducing a recuperator, it is found that the cycle efficiency can be improved up to the level
much higher than other technology’s efficiency.
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Table 1 Input data for the analysis of the base cycle
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Table 2 Critical points of considered refri~

gerants
R123 | R134a {R245ca
Molecular weight 152.93 | 102.03 | 134.05
Critical temperature [C]| 183.68 | 101.06 | 174.42
Critical pressure [kPa] [3661.80(4059.28|3925.00
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Fig. 2 COP: contour for the base cycle using
refrigerant (a) R123 (b) R134a (c) R234ca.
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Fig. 4 Modified cycle diagrams: (a) Modified cycle A: recuperator is added (b) Modified cycle B:
recuperator, reheater and economizer are added.
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Table 3 Input data for the analysis of modified cycles
Saturation temperature of evaporator T, 6C
Adiabatic efficiency of lst stage compressor Tel 0.73
Saturation temperature at economizer Pocon 25T
Adiabatic efficiency of 2nd stage compressor N2 0.77
Saturation temperature at condenser T. 38T
Amount of subcooling at condenser T 5T
Adiabatic efficiency of boiler feed pump 7 0.7
Effectiveness of recuperator 7, 09
Boiler exit temperature T, 220~300C
Boiler pressure P, 4~8MPa
Reheater exit temperature T =T,
Adiabatic efficiency of high-pressure turbine n 0.8
Adiabatic efficiency of low-pressure turbine P 0.8




808

Aol AtolE Mg P37 & RdHAYH
I E7EEE HEATEA ANSHE, AL
ET7LET Yy 729 4 BYEA 3
Aok, AT dEdzAL Table 39 EASHY .
T4 AtolE BeA 19 HYl EEYELE FEHAL
ojZel E&d 8% 29 F9 o)y, AA
A &8, F COPol 4 713k E AT
Ae Az 1¢ "6y B8 s Az,
of AAgL 37 93, IMSLe UVMIF MEF
g®g Algsideh 19 HulTo] ALEHE 34
AbolE AdM e HY 7o EVIYHe
2 ZAHY ez HAzxASL FE Havt
ok

BYE JEHEA Y2 duier gyl 2g
Fioete] dugg = AYrig g8 ¢
3719 Z &(effectiveness of heat exchanger)

Apgte BT ol g ®

tlo Kl m

_ (ti—th)
€= (thi_ tc;) (29)

AI7NA ty, e EHIA YA AATIZ Eo
7te Wl Y4EFeEL f,& Yy H=F
g vo AA7E B0t Yo dF2E
o} 7|4 ABAB71e] d-8-#H)(capacity heat ratio)
Z=1°131, dugr|e E&L UFHY dud
719 A%, e o] A8 5 Ah®

__NTU
€= TINTU (30)

o] B%, e=09% TE7] HaH NTU=97} H
ojef 3z, ol A7 LiHEs adelrlE
gt

A AB71E FAGE ALO)Z(FA AbolE A)
o] COP:5kel #de AZHolth(Fig. 5). ¥l
w2} zo]lE YA, R245ca®] A5 115904 157
2 A3 % 50% A=Y BEFEe] Ut o] A
EYFE 2= ¥EFE ¥ 2 ZF¥o] Yok
o] FAle Wule FFHo FBglel vdette= A
dolth. &7} ol wt FE&IFAo] Fol
Ag ofrE HUETIM 2 22& 7137 Y
vjel del %712 &uiglel BeAy] Al 3

Fote %ol Wobxy] WEolnt F71¥ Age

R AlBAAE Egel F2 P I
VAT, Aol AdAE F2 22 9PL
€. o} ¥4& Rl134a, R245ca, R1239 <A
§ AZaA e, Aol E8E o] &4
2 e

AH719) o) mwrtolq R ALANE FA
3 Ale]E2 BY &E&E Fig. 69 BAEA
2 AYNTE 3RS And 188 P
3 EENFLE 10~20%E

2R ale

ol

oo B
2 ox e A

300 1 1 i i
200 155 156—1
280 —t
\150____’_/1.50 r
270+ 145
e IR T-as
- 1 35—
B2501—— 140 /1. —t
]
240- ‘”35/1123 Tt
230 430 135—1
220 4 uo——-“
4F6  ©E8 6E8 = 7Es  BES
P, (Pa)
(a) R123
300 i 1 1. 1 L L 1
B i% L
280 L
1 ({,\ 1.% -
0270- ~J
280 N2 o [
& 2504 ~4
2407\, s [
230"\ % 1'06 L
220 . \. — Lo,
4E8 5E6 6ES8 7ES 8E6
P, (Pa)
(b) R134a
soc L 1 1 L 1 1 I
2001 15 156—1
280- e s
270_.\1.45 L
=" —— 45—
~ 260 -
e -\140‘—’__’_1_40"-
2501 rs5—F
] —_ A
240 _\1.35 30—
230 126— T
T——130 Yo0—]
220 T T T T T T T
4E8 5E6 6E8 7ES 8ES
P, (Pa)
(c) R245ca

Fig. 5 COP2 contour for the modified cycle A
using refrigerant (a) R123 (b) R134a (c)
R245ca.



Yo Z7leiulel o8 FEHE WEAel gy Y

300 I | | 1
290—\ 70—
aao-\’*’sx N
1 1.65—
.cz'mﬂ Leo i
"'280‘\ 160
5-‘250: 155 ———155—1
240:\1.50/1':50—_
1.45—
20 \us/wo——
220 . ; .
458 5E6 6E8 7E6 8EG
P, (Fa)
(a) R123
soc 1 l 1 1 L 1 1
290: \\f \ \L
1 % % A
280 N
] \% 3. |
© 270 \_-
~ 260+ -
] Z A
250 ol
249 " L
< 25 |
~
2304 @ % L
'\ T \ (Jal Ileo [
4E8 586 6E8 L8 BES
P, (Pa)
(b) R134a
300 1 L A 1 L
2507 \‘eo a5t
zaoq\ \ i
270 _I
32501 1.55\180 [
. 155 —
t“250"\’1‘50 "
4 \— —
240_‘\1 150
230 A — 146 —T7
220140 . —140—1
4E8 5E6 6E8 7ES 8ES
P, (Pa)
(c) R245ca

Fig. 6 COP:2 contour for the modified cycle B
using refrigerant (a) R123 (b) R134a (¢)
R245ca.

g & v d4% U=, dA=EN M 2
R1239} COP/t 7V Az, Hauge 1.7~175
Aotz gole dERA EdAT Yoigz
o] ¥3¢& u¥sA gEvd 185~19 FEY).
2 =2dA4 45719 Hyley dgiss A4
Adel A AMgEE g 082, 087HT A
Z2 &Y 073, 088 AMEEINEE 1e sy,
AA AEFAME HdEE £ de goldt € +
ATh A AlolE B Ho] BE £UHE T4
U %, Rl34a %9 282 & Yurg v

, R1232 ODP A Fol w& FATFA w&
A7F epz B AFdAE R24bca’t 7+
A7 e Wzt & & o

I Ao

4, JPACZ HE = Alo|Z=le] H| W

dEz e A &AM - Bo] A}
£53 gleon, HEA2WEoz 3 s AUy
7b Adl 207Xl AUZIE 7R 5 AT Aol
Fo 282 WuAd A4 11 &0, 497
ool Hu WEBE 16RT $30]h%0

AF7A E&E AlolEL 7l2E AMESE F
HEZ2E 33" £ 33, ofF F44 derv
b2 gz Hladty sixe FPE 9
Frd o3 g

(1) AJolE & &o] A3 17002 thE F A}o)
Erd e
(2) ¥yA o] Fe Yulg AtE3t HFH-9
g 29 = itk
(3) F+4o)A Yehtes Raoz <dd Uy
A EAE 4.

(4) HExA Ao NAH Fz7F dsin).

(B) 715 ¥ AALAd Tgdte © ZAg:e
AlZre] ZA gth

4

58 B

&S S2AE AYLo A5 A (GHPY F
7 EE 54 £37D)sh wastel WA ol
Ao yulg vd A54AZ e AZE Ao
2¢ TS WZo Eojst: FAL e
@ Aolge) BEE J)Ee 2 QW=
t aAEy F54 WE/R 44 ¥e L
Sze)x, g AgWely, 37, WA
DY W, FF A "axgo W ¥
g 4 U B A7 A7AFE vheH ol
aog T,

() AALES} B RI23 Wizt e 2E
Aol 2o sl mgol 713 ¥

@ 712 ApolZ eI Alo]F T go] UE off
t HNETLEs} §7) WEolm, oE A4
g A8 UAE Hsekel, Rosbeas] BF
o 50%9 B&TAE g & Uk

@) A471E AAAA e AR A2 7

I

I

=
o

Ko



810

FE BYAGH o E3h,
HETE & FS, AOlE &
B FFLE F2 &3

§, AtolE 282
AE71E st

[~
==

]

1E8

1. W. Y. Lee, S. H- Won & H. S. Chung,
1990, Thermodynamic Optimization of a
Organic Rankine Power Cycle,
Energy, Vol. 10, No. 3, pp. 35-45.

2. S. H. Shin, D. S. Jung, C. B. Kim & T. B.
Seo, 1999, A Study of Ocean Thermal
Energy Conversion Systems Using Kalina
cycle and Regenerative Rankine cycle, Solar
Energy, Vol. 19, No. 3, pp. 101-113.

3. Sonntag and Van Wylen, 1991, Introduction
to Thermodynamics, Classical and Statisti-
cal, Wiley, p. 258.

4. Bejan, A., 1988, Advanced Engineering Ther-
modynamics, Wiley~Interscience.

Solar

o

e

10.

Burmeister, L.C., 1998, Elements of Ther-
mal-Fluid System Design, Prentice Hall, p.
220.

ASHRAE Handbook, 1993, Fundamentals.
NIST Thermodynamic and Transport Pro-
perties of Refrigerants and Refrigerant Mix-
tures —REFPROP Version 6.01.

IMSL Math Library —Fortran Subroutines for
Mathematical Applications—Visual Numerics,
J.S. Woo & S. K. Lee, 1992, A Study on
the development of Gas Engine Driven Heat
Pump, Korean Journal of Air-Conditioning
and Refrigeration Engineering, Vol. 21, No. 4,
pp. 290~-305.

O. B. Kwon, 2000, The Sale Trens and
Technology & Development Status of Gas
Engine Heat Pump(GHP) in Japan,
Proceedings of the SAREK Summer Annual
Conference, pp. 1074-1085.



