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Two—dimensional Numerical Simulation of Entire Pulse Tube Refrigerator
Chen Ling Zhang Yu Wei Xiaolin Yu Lixin

(Institute of Mechanism, Chinese Academy of Science, Beijing, 100190, China)

Abstract The simulation of two pulse tube refrigerators was performed using a two-dimensional axisymmetric CFD included in
FLUENT. The predictions of the final temperature of a pulse tube refrigerator are in reasonable agreement with the experimental
data in literature. Then the other pulse tube refrigerator developed by the Chinese Academy of Sciences (CAS) was numerically
investigated. The influences of frequency, charge pressure and pressure amplitude on the performance of the pulse tube refrigerator
were discussed. The simulation results show that for a certain pulse tube refrigerator, there is an optimum frequency with which the
temperature drop rate is highest. In addition, large pressure amplitude and lower charge pressure can also enhance the refrigerating

effect of the pulse tube refrigerator.
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Fig.1 Scheme of the pulse tube refrigerator
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Tab.1 Dimensions of the pulse tube refrigerator
FPs 1 2 3 4 5 6 7
Hif/mm 25 25 25 12 12 2 200
KE/mm 11 70 20 60 10 2000 90
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Tab.2 Operational parameters of the porous media
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Fig.2 Comparison of predicted final temperature with that
of experiment by Harvey
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Tab.3 Simulation cases

Case 1 2 3 4 5 6 7

HE f(Hz) 10 30 50 50 50 50 50

RAESp, (1x10°Pa) 25 25 25 20 30 25 25

PREp , (1x10°Pa) 2 2 2 2 2 5 15
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Fig.3 Histories of the temperature at the cold end surface

FURT, 0 Bk b 174 ALK il v4 HLEE A RIS
ARIGHRE, LR 2 - B AT AN Bg
Radebaugh®: " t 13 i A EL 18 . JL T30 2%
S BRI HLA I o e R R R
757'\7 :

E+(H)—(H.)=0 (1)

R E R UL I T A V4 S LR B i AL
CH S it VAR K I35 0 e, CHL 78 3 N 111
BT . & WA N BARE A AR, (H A0,
BV AR IR AR, J(H )R AER K B &Y
A MR RSB SR AR, YA g LA N
() A it BE A2 A T FCHD I RN RERAE, W RRCH )
kA R LA PSS

Horbp h K T kIR, v o ETRE, DA
J& )5 AR %

FET IR B AT, kR YA LI 3 1
V5 n] A i AR B S8 8 TR SR AE, DRt AA
A I A1 A KSR e P A T A ML RE TR S
P40 45 0 v o e g Y I S8 AR f, drh
“O7 Froangs Fo KA Q) v E 439 o H O
BT, A7 Fongs FONAE fluent BB 2 A0
ARIA vt AR A AR 35 P f

Blags R0, R 2 (3) TH S BT ARV i
HH LA B4 0 9 32 K M fluent L B 42 3R B V4 i H
CUARRTHT A0 I A ¥ pr g 45 21, X S Peter! 56+
KO U EE Ve BT AR ) £ A AT RN 2 A | N e
JIWF YN T A3 4518 — 3%, R R AT Re e 1 38 AR T
AR DA R I 5Z I A AL 3 1 220 8% s ) AR T R —
B DL b B 3 30 R0 ey R iR 22, BRI 2 2K (3)
e B PR AER . O H, YRR R
DIPRMEARACIT, P i I B S v B 7V 9 45
Ra g —3, RIBEAE 78R JI3Gm, At
By ROk /N, B A RN, A R AR
75y WA R I HRIEHE AN, Vi VS SRR A
BB AR, I BORARI, Rk g BRI
TZFR G R T ARG /N 1 78 Ay FER R Mk A )
T, X5 B3 78R ) R ) R AR A A
Ui B AL P AR A AW Fr s BRIT, AR ALY,
KA Q) W5 25 R BEAE SR B, V2 o
CU 48 R s/, B RIS ATAE10HZ R
BRI RO, 31X 5 1 3 H A3 AR A s 4 g B T 4
FEAAAANTT &, B3R RERE30HZ N Bk
A PEBE T 10HZ 5 SOHZ 1 150 ¥4 difg B [ 15 ) AR 10 3
A8, MR B R v SRV i I A0
WA30HZ PR, 10HzFIS0HZ FIEAME, X5
IR A A I A v B T i S AR A A e . DAL
SERRH], W BES LRI T A ML RE 23 T R4

_7_



W31E ESH B 4 2 4R Vol.31,No.5
20104108 Journal of Refrigeration October. 2010
180 Jok A A HLA T R4S VA I T ) AN 1)
i%: WRSHIR. BNV E a2
120t T
Z 100} ’%=?[Mmﬂf (4)
S wl ™~ ’
40} o Hrbw RN, pi i NV IKEN T
o OSSPNEL S
L RSLREIR, BABARM, RGP H
"o ARG, 26 % A T RE . RGBT
60 30Hz A A /2 bL A BRIV s BEAE 78R 18 m, &
%K\\\\\ ST N TR, (a0 Hy T iR bb i R G4 TR
ol WA, LA % ik P —ANE R 78 UR A L
z 30 T Bty El B KSR RN, R
T B SNTI SR, DA T S SR A
H A PN e E DN
5t B —— Ty, SEFRH A% S
O 52327 26 28 30
78U T / (1x10°Pa) %5 FRIRFHMA
(b) Tab.5 Input power for simulation cases
ggg- Case 1 2 3 4 5 6 7
ggg /V‘; 51.0 302 198 28.6 157 2225 7709
& 400}
S A 5 04 L P 340 50 B i
100} I R R (BT i) HASE [FIAH), s
Of o CSEMIARLZE, NIRRT AL R

34 5 6 7 8
FE 3RS / (1x10°Pa)

(©
B4 REIDRTAHHOMNSERELE

Fig.4 Enthalpies for simulation cases at cold end
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Tab.4 <H,> for simulation cases
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Fig.5 Phase relations between pressure and mass flow rate
for simulation cases along the system
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Fig.6 Axial surface temperature for Case 7 after 20s
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