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Study of the Performance of the Fin-Tube Heat Exchanger of the
Miniature Joule-Thomson Refrigerator

Yong-Ju Hong™,

TEF, AEY

Hyo-Bong

Abstract: Miniature Joule-Thomson refrigerators
have been widely used for rapid cooling of infrared

detectors,

probes of cryosurgery, thermal cameras,

missile homing head and guidance system, due to
their special features of simple
compact structure and rapid cool-down characteristics.
The thermodynamic performance of J-T refrigerator
highly depends on the hydraulic and heat transfer
characteristics of the recuperative heat exchanger.
The typical recuperative heat exchanger of the J-T
refrigerator has the double helical tube and fin
configuration. In this study, effectiveness-NTU
approach was adopted to predict the thermodynamic
behaviors of the heat exchanger for the J-T
refrigerator. The thermodynamic properties from the
REFPROP were used to account the real gas effects

of the gas.

The results show the

configuration,

effect of the

operating conditions on the performance of the heat
exchanger and refrigerator for the given heat
exchanger. The influences of mass flow rate and the
supply pressure on the effectiveness of heat
exchanger and the ideal cooling capacity are
discussed in details.

Key Words:
exchanger.
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Fig. 1. Schematic diagram of a J-T cooling cycle.
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Table 1. Dimensions of a heat exchanger.

Parameters Value
Diameter of helix 4,070 mm
Inner diameter of tube 0.300 mm
Outer diameter of tube 0.500 mm
Pitch of tube 0.950 mm
Number of turn of tube 42
Height of fin 0.200 mm
Pitch of fin 0.132 mm
Thickness of fin 0.080 mm
Number of fin per 5
revolution of tube g
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—=—— Mass flow rate = 0.0998 g/s
= Mass flow rate = 0.1975 g/s
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Fig. 3. UA with varing pressure of nitrogen gas.
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Fig. 4. Effectiveness of a heat exchanger with
varing pressure of nitrogen gas.
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Fig. 5. Cooling capacity of a refrigerator with varing
pressure of nitrogen gas.
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Fig. 6. Temperature variation of high and low
pressure gas along the heat exchanger with N2 gas.

40.500

40.000

<
& e T11 1 ECSCURT RURES SSN——
2 High pressure
~ — — = Low pressure :
s
= : :
v
3 0.115 Mass te =-0.0198 g -
=
~ o
0.110 x v ——=
! L .
0.105 o L I S
e N
0.100 L

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

Length of heat exchanger (m)

Fig. 7. Pressure variation of high and low pressure
gas along the heat exchanger with N2 gas.

e ks 22 9 A UsWY. ole vta
FF 7R A% dudrle fE&xe AR
FHEn £ ZA2 dFFFMY Adrtae HvA
FAA 2ETHE AWtz HEFsn e ALE
719 EETHdE S A A287]9 Y4RE
HaAgle 2348 Ued ez gddr,

1o 2e WARe Fae Asve E92d
(thermal mass)e #HEE FEFT AR dFH
FEAEEEY EESYEY WAgR AHdAY
FEAN (FR) A= B2 F7HE AAlge
8902 &3l AR ggdn),

g dndr] e mshrhkae Agtriae ¢
o] W3te 1 slpm 7kaFEe] 2S¢ Ao LAA
e Aoz vewton, 10 slpme 7t A%
AA7rES) BE o 1%, AdTE=Y S F 10%9
dH o] TAsE Aoz YEigT. Agrta <
HEde ke 719 AR (ZIeR)d A%
< #Esty, AMEFY] dFHEAd e 1 K v %3
+xo Aee fEste AR Jehy, sagde
7R @ daide dadrlie] Agrtae ¥Ed
& WEvle Aed & %S AN gL e
ekt

Fig. 82 o2& 7t29 B¢ 25U eV W%
TEE& Yehln gtk SN2 shafrake] Ao A
o Fdd 1 (0.0282 g/s), 5. 10 slpmel 3]
A7 o2 Jlxe AfdE A4
M FEEH] S8 &Koz WES

T7hte A2 YEsith

of
il

o
W

¢

_orl_r,
2
)

1B 28 ¥ o o
O, 1 &

—— Mass flow rate = 0.0282 g/s (1slpm) /*”"
pH— Mass flow rate = 0.1409 g/s (Ssipm) Pl
~—=— Mass flow rate = 0.2818 g/s (10 slpm)
~
= 10
~
=]
© 8
=
g 6 ]
. 20 "
0 41
~
2
/”‘
0 i
0 5 10 15 20 25 30 35 40 45 50

Inlet pressure (MPa)

Fig. 8. Cooling capacity of a refrigerator with varing
pressure of the argon gas.

320

: Mass flow rate = 0.@282 gis
N?.:\\\\ = 5\\/
280 . J\
% SN
240 | v <
]
5 ‘ NN
= . Massflowrate=02818g/s N\ |\
E 200 > \ \
o : \
o \ \
g 160 N
o \
= \
120 + High pressure p--—--n-i~- X
— — —  Low pressure : \
80 H i i i

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040

Length of heat exchanger (m)

Fig. 9. Temperature variation of high and low
pressure gas along the heat exchanger with the
argon gas.

ol otz e A ol H duBrE N EE
£YE7IY Weede Adigkel 50 MPa °©]/lA
Ay 3ky] w Jolth,

A4 ol22E FAFHAZ e YE7Y dF
THE Hiol ASd vd dFRFe zolETt ¢
WE s SU7F dAlses A2 et o
otz ol AL YT FTHFYYAAM dHBFRHF
YEegol o A7 W el
Fig. 9% ol2& rlxe] 399 40 MPasl 74
Gudr] R mgrtx 9 Atz 2EEXE
et

Ay otz JAE Alede EESUYWEZY
LEEXE Fig. 69 A&rlzsd Hla] 293 AA&
oA o E ¥MAEAE Jehllen fEe] St
e B3 A ugrtre &5 Aol FAA A,
AY7t= 79 25 94 197t dTF2E9%9] A
o|7} AA TAd = Ao ey

oft rir iy

(o]
e
=

=

c
=
-
o
i)
WE ot rlo bl

=
1
wdse fude Ao Yehdn 593 A3%
o] Axstrel A9 urh § 2 Z3ewo AHo)
)



B AFoMe A9 A&
EJ"’ AE %%C”&%ﬂ«l 45

g R Bol AHg

el A o opza

|
o
§J—7] M d F gzt

b srEMse) BE I

Hes 7o) A8 FAAHE TR

#4927 Qurle GABSHE Agrtad dA
Aol o) AW FFL wowl AuHv)e

=
[e)
FEEE Eudr S=ud G

& vAE, ge
HafFA MARA LEEE} s Ao

VR ob2E Jhnel B An b

WEsd S Uehe Aavtre) Fono duirg
et o Al Aoz wgsksl
EECWE/Y BHMAGY B Ttaf gl S
weh EEedErle dEse] Ftete Aer

et

G tafrie] Svte SRvlcAY Eex 4

& A, ol2Ertast Aavkad HlE BT

AXFFelN o & 232xe] A5E Fidhs

e

Ry
m

f 28 ofy

il

b

Ho
ok

(1) G. Walker, "Miniature Refrigerator for Cryogenic
Sensors and Cold Electronics”, Clarendon Press,
Oxford, 1989.

(2] K. Fredrickson, G. Nelis and S. Klein, "A
design method for mixed gas Joule-Thomson
refrigeration cryosurgical probes”, Int. J. of
Refrigeration, Vol. 29, pp. 700 - 715, 2006.

(3) H. Xue, K. C. Ng, J. B. Wang, "Performance
evaluation of the recuperative heat exchanger in
a miniature Joule-Thomson cooler”, Applied
Thermal Engineering, Vol. 21, pp. 1829-1844,
2001.

(4) B. Z. Maytal, “Maximizing production rates of
the Linde-Hampson machine”, Cryogenics, Vol.
46, pp. 49-54, 2006. :

(5] J. S. Buller, "A Miniature Self Regulating
Rapid-Cooling Joule-Thomson Cryostat”,
Advances of Cryogenic Engineering, Vol. 16, 205
- 213, 1971.

CUHA 5 EETdEST|e a8y dso

iz

=7 o bt o7 59

(6) K. D. Hagen. "Heat Transfer Applications”,
Prentice Hall Int.."Inc., New Jersey, 1999,

(7} K. D. Timmerhaus, T. M. Flynn, Cryogenic
Process Engineering, Plenum Press, New York,
1989,

(8) E. W. Lemmon, M. O. McLinden, M. L. Huber,
NIST Reference Fluid Thermodynamic and
Transport PropertiessfREFPROP, NIST, Boulder,
2002.

A A & A

45 (PR
1968\ 03€ 19¢94, 1990d 2} &
0 AZE £9, 19924 F skl
AAEHH EQEHAAD, @A 5
gete slATE A, d4 @
247 Ad AT,

r{o

g A (R )
1962 12€ 13¥ 4, 19859 #4td &
o AT &4, 19884 5 kel
AABETR BQREFGNN, A B
Werd AAFGR BQ(FFLA), A
A FZNADTFL AJATY

HET(REE)

1960 049 10948, 2000 oA
W oEd JIAESS £, 20039 F
dol o Z1AE s EA@ A AD,
A F=rAGTE Adrled.

HGE(EEH

1950 0549 30€4, 1973d A&t
T Z1AFTES £4, 19758 KAIST
ZIAFES  EH(FEAAL, 19794
KAIST 7|A&3t3 &G (Fstaa}),
A7 neista Z AT 5




