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SENSITIVITY ANALYSIS ON THE INFLUENCE OF MIXTURE COMPOSITION
VARIATION ON THE PERFORMANCE OF MIXED-GASES JOULE-THOMSON
REFRIGERATION SYSTEM

GONG Mao - giong
(Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100080, China)

Abstract: Using multicomponent mixture as refrigerant in the low temperature throttle refrigeration system can improve
the total performance greatly. Former research work shows that there will be composition shift in the refrigeration system due
to different reasons. Therefore, the circulating composition is finally different from the initial charged composition. It will
lead to a different performance of the system. A sensitivity analysis is made in this work to know the influence of different
components on the total performance. The results show that there are key components in the mixtures. That is the composition
variation of the key component will greatly influence the thermodynamic performance of the system. The analysis will be
useful in the future design of such system and be helpful in the understanding the work mechanism of the mixture refrigeration
system.

Key words: low temperature mixed — refrigerant throttle refrigerator; non — azeotropic mixture; composition variation;

sensitivity analysis

[1~3]

80 K 230 K

2005-03-28.
(50206024 )
(1971-)



145

CFCs

(1)

25% 4]
(2)

LNG

4 5
e - 0 S vy e P 1
r'_'\/\\J_ﬁ\_J\\ \\ \l—:—-- —I>.<“—l/_’ e
i | 3 -
= . : | A /\'\. l... A g Sl
s i ok
(o] A 40 B B \
55 b >

a) (b) T-s



146

11 3

DCEF

[2 3]

[3]

w:hz_hl,
q(-,: hé— hsz he.— h4: h] - hszmin h T ,,1_h T ph  — hls_hl
Ahr=min h T pl_h T ph qh,,szh]s_}“
cop = L
P he = ha.
% To Ti qc % To - T‘- f T é—'
=Co = =] 3
K p Tl», hz_hl, T(- b
To T. A hy
w qe Gloss
o] P r
P T 3
Zj:(TZj')
Zg)
z= - j=12 n 7]
1_Zj Zj

z —m oz

pcep =217
nz

ST
[5~71
200 150 120 80 K
1
200 K
2 3~ 5 150 120 80 K

=Ahy - loss 2

gj

PR



147

1
200 K 150 K 120 K 80 K
R600a R600a R600a R600a
R290, R170 R290, R170, R14 R290, R170, R14 R290, R170, R14, R50
R14 R50 R728, R50 R728, R720
/K 300 300 300 300
/MPa 2.0 2.0 2.0 2.0
/MPa 0.2 0.2 0.2 0.2
0] o
~107
~20 . -201
®  -30] g
5 -4 w40
S -507 S
-601
Q 601
707 -0
- 80
~90] ool TR
-eey s ——— 0 20 40 60 80 100 120 140 160 180 200
0 20 40 60 80 100 120 140 160 180 200
AR EE /% X TR /%
B2 200KBREBEYRETLEBEST H3 150 K BRIBEAYWKRESALEUBEI T
’.% 04 o g
01 ST Vo,
@ -20 ] v~
-201 8
® N 40
3 / 2 -6 ‘
[~} —60-J e 1 \A\
—&-R14 -80 Y
-80- ~%-R170 i a,
|o—
—$-R200 ~100
=100+ e
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
IR /%
AT REEAER /%
120 K B XB & Yk ELLBURME AT Es5 80 K RRBEYERETHEUBRIES T

DCEF

DCEF

-100%

-100%



148

11 3

2 200 K
4
6~ 9 6 200 K
25. 0%
5 20. 0%
16. 7% 9 80 K
16. 7%
609 & 200 K .
401 -._,_H“ )/,-/ \\_\
R 201 /Z\x\ //
Ny \.'\v A PP S )
=5 07 euve '—"""”;y_.—.—'—.
Q  -204 e
] / s SV
—40] / v R SN
- / —8—R14
- 60 / —~R170
-~&--R290
-804 / —v~R6002]
-0 e T e
0 20 40 60 80 100 120 140 160 180 200
MM KEELER /%

6 FHWET 200 K BEIR S YRR

407
]

Iy,
20 4 2!},‘ 120 K ./\.

e /
LW t/ /"_,...-0-".‘1

® 04 * A ~a
= 1 ‘”":»—»"‘””»/ ?‘M.‘
I Ea e
| 7/
=401 / )
- —e—R50
=60 7 —4—R14
) ~w~R170
- 80 1 /./ ~— +,._ R290
100] o —4—R600a
0 20 40 60 80 100 120 140 160 180 200
M RETHER /%

8 WHRET 120 K BXREYHBEIH

R14 150 K R50 120 K

200 K R170 150 K R14

[3.4]

7 150 K
8 120 K 6
6
200]
—s—R50 |

150 150 K —e—Rl4 /'/ N
2 —A—RI170 /
S 0] e —v—R290 S
;5 e - »-R600a]
Q

50 4 *”\23\ /u/
0-( e 4, /'

i~ g

e
7\1 ~——

/ .

i 3
~ivg
RT/ R TS S B o —
0 20 40 60 30 100 120 140 160 180 200
HXT B R /%

B7 FEHRET 150 K BRIBSYEEEM T

80? -
mi 80 K /,/' e
40 s

® ir e

S 20 T A

G,

8 0 w}"‘:"}:

S el AT TSN
207 }f“' A e
—40] 27 |ee~rms

4 » -4~ Rs0
-60 S —v—RI70
» - R290
B BOJ. 2 < Ré0oa
- 100 #‘1 T T T T T T
0 20 40 60 80 100 120 140 160 180 200
M REEAR /%
Ao WHEET 80 K BXESWEREIT
200 K
R728 80 K R728

R50



149

4
1
2
;03
4
5
6

[1] LITTLE W A. Kleemenko cycle: low-cost refrigeration at cryogenic temperatures| C]. Bournmouth UK Proceedings of ICEC17,

1998.
(2] [D]. 1997.
[3] [D]. 2002.
[4] GONG MQ, WU JF, LUO EC, et al. Research on the change of mixture compositions in mixed - refrigerant Joule — Thomson cry-

ocoolers[J]. Advances in Cryogenic Engineering, 2002, 47: 881 ~ 887.
[5] PENG DY, POBINSON D B. A new two — component equation of state[J]. Ind Eng Chem Fundam, 1976, 15:59 ~65.
[6] [M]. 1992.
[7]  Proll. User manual [M], Simulation Science Inc, 601 S. Valencia Ave, Brea, CA 92621, USA, 2001.
( 138 )

spacecraft[J]. Cryogenics 1999, 39(10): 179 ~ 183.
[14] ROSS Jr, R G. Cryocooler load increase due to external contamination of low-& cryogenic surfaces|[ C|. Cambridge, MA Pro-
ceeding of the 11th cryocooler conference, 2001.
[15] [cl.
1997. 60 ~ 66.

[16] , .80K/0.5W [C].

2001.
[17] EREMENKO V V, GETMANETS V F, LEVIN A YA, et al. New methodology and apparatus for accelerated long-life testing of

linear-drive cryocoolers|J]. Cryogenics, 1999 39: 1003 ~ 1005.



