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Experiment and adiabatic analysis of miniature inertance pulse tube
refrigerator
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Abstract - A Miniature inertance pulse tube R 1A A
refrigerator was designed and tested with a R, e [=P/P,]
10 W compressor. Experiments were carried Ua Z1A1e] &R B £% [m/s]
out for different pulse tube length and v, 22 A [m)]
inertance tube length. An adiabatic model
which considered the pressure drop in the ag|A 2
regenerator was used to analyze the o QEAE (m?/s)
performance of the pulse tube refrigerator. " HAE (Pa - s)
Among various design parameters which ~y H) & ]
should be optimized. the pulse tube length = 3
and the inertance tube length were optimized. p S (kg/m]
PdV  work and several different loss @ &% (rad/s]
mechanism were included in the analysis to o
simulate  more  accurately the physical ,6} & »IF
phenomena in the pulse tube refrigerator. c—a W57 FEA71e A
Nevertheless, the simulation program could l—e Aeset dede A
not completely predict the performance of the a—r FEA7I A7 A
refrigerator. The possible reason for the r—1 A7 A5 AA
difference of the optimal point between the w—h W=T3 Lo AA
simulation and the experiment was explained. pt Wl =3}
i #g#
Key Words: pulse tube(®%F#), adiabatic r A A 7]
model(F¥€ 2d), regenerator(XA71), inertance
tube (&g &)
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Fig. 1. Schematic diagram of theexperimental
apparatus.
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Table 1 Operating conditions and sizes

Mean Pressure 18 atm

Pressure amplitude 0.85 atm

Regenerator size ¢ 6.35X40 mm, e.= 0.694

Inertance tube diameter 1 mm

Aftercooler temperature 293 K

Matrix material stainless steel # 200

Operation frequency 50 Hz

Reservoir volume 200 cc

Operation gas Helium gas
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Fig. 2. Cold-end temperatures for various
pulse tube lengths and inertance tube
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Fig. 4. Schematic diagram of inertance
pulse tube refrigerator.
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Fig. 6. PdV work and losses calculation about
various inertance tube length.

EdE AN

o3 BHTY USH SST|e MY Y o S 57
1.2
Inertance tube length: 30 cm
1.0+
B PdV expansion work
0.8} . .
g
2 06}
< Regenerator ineffecttiveness loss
2
g 04} AN v
-
w !
v .
02b Shuttle loss Conduction loss
e \ ° .
00 L 1 ) [ 1 1
30 35 40 45 50

Pulse tube length (mm)

28 7. 9ES dold wE PJV €3 E4E A
A3t

Fig. 7. PdV work and losses calculation about
various pulse tube length.

Aol ez ALY Axe

it B2
L
2
i
E
lo
N
©

o
o
o, M
L—E
iy
ﬁ—\gﬂl
z
E]M
o o
2

y o

o

b

in

o 1

e S 4
re
(r
Sue

>
) My
N 2
X,
X
lo

s
o
s
flo
g
o
EY
>

b1

p‘Lv
£
o 3% o o

M &l
i =
ifl%4

b
>,
o

T
>,

M, O
£
18

— nE o
kd o ofo

ok
ol
o

>~
R
ol
ol
N
o flo 2 ¢

2

™

ol N o O iy N, 2 B¥ ool 39,
2 rlo
o

g
R
e
N,

e

S

P

e o —
ml
o
9,

2

lf
al

250 Pulse tube length: 40 mm
® Experimental results
& Calculated results
240 + |

230 -

220 +

Temperature (K)
|
[ |
®

210+ ) .

200 " 1 1 1 n 1 " 1 n 1 " 1 1
0 40 60 80 100 120 140

Inertance tube length (cm)

24 8. 4% AT A A3 vm,

Fig. 8. Comparison between experimental
results and calculated results.

B AFdAE 10 wol £8&



o1
o
o
H
B
2
3l
Ral
rfo
ol
o
b
T
Ho
pal
N
ra
—
J‘Ol‘
B
<
o
S
i
w
[

71& ARetH oy o
9} ¥ w8k

7] &)
k= kiy

oflt
2

. offl
&
offt

iy ot

g £
e P
t o2

e
ot
1
filo
Hﬂ 4
o
>
tlo 13t
m

. of,
12

L 2

o ir e
I8 o
o
ok 30,

aUguta
b

b ofl
F

2 o,

o% i)
ot iy . ofn
N

2

il

ok 1% i

ol wlo ogt

ol
i

= s A
X?LOPOOHJT:LNRH
"

>
P,ﬂ
i

e
oX
8 pt oy

wd 29 AN 29E
lo] Mol thstel HAHE
bts 23 ddd

o

2

L ]

o ol wwdl ¥ fuY FPoR:
L

1.

&

Emﬁrﬂ‘&
N o

e o
il

10 off nx

B oo

_)D

o

N

S

®
do it o T ¥ HE fE o B

t

_\|I_.

of¥

N
N e
ofj

ox  d

B or 27

e wRe ewst APHDE © e
3 fg@el Zol @A 2ARYn A
WY e W) AA sl A

i ot fL 0 2L o ok Hy Hr 2

2ol 2

€ WA S71SMEA (99-DU-04-A-02)

#3 AFH(KOSEF)9 Ade e dav)
AE (CERC)S 214171 Z2¥ ol d7
ARl A 2AE &8 Ve g A"
(2001-008-04-02)¢] =&z FHPHALH o]
R e e e

44

ot

rat

o2

[1) A. Bitterman, S. Brody, "Pulse tubes gain
foothold in cryocooler markets”,
Superconductor &  Cryoelectronics, pp.
12-18, spring 1998

(2] D. T. Kho, A. S. Loc, S. W. K. Yuan and
A. L. Johnson, "Design of a 0.5 Watt Dual
use long-life low-cost Pulse tube cooler”,
Advances in Cryogenic Engineering, Vol.
43B, pp. 2039-2046, 1998

(3] &%, #4d, 77T K& ¢G-ME 892 9%
I FAHL WEV AA 2 e HAET Frzs

2 Y5FEgs, FAFdesRRy =Ed. pp.

294-298, 1999

f4) Urieli, "Stirling Cycle Engine Analysis”,
Adam Hilger Ltd, Bristol, 1984

(5] P. R. Roach and A. Kashani. "Pulse tube
coolers with an inertance tube Theory,
Modeling and Practice”, Advances in
Cryogenic Engineering, Vol. 43B, pp.
1895-1902, 1998

(6] F. M. White, “Fluid mechanics”,
McGraw-Hill international editions, Fourth
edition, 1999

(7) S. W. Zhu and Z. Q. Chen, “Isothermal
model of pulse tube refrigerator”,
Cryogenics, Vol. 34, No. 7. pp. 327-334,
1994

[8] R. A. Ackermann, 'Cryogenic Regenerative
Heat Exchangers”, Plenum press, New York
and London, 1997

(9] R. F. Barron, "Cryogenic systems”, Oxford
university Press, New York & Clarendon
Press, Oxford, 1985

[10) J. Jung, S. Jeong "Surface heat pumping
loss in pulse tube refrigerator”, Cryocoolers
12, pp. 371-378, 2003

A A A2 A

359 (FEHT)

19769 79 13¢€4, 20029 m#E A
T Z1AZEs &4, A KAIST
7IAS &g A

TS (W)

19739 109 25¢44. 19964 x#
9 T ZIAFEE &9, 19984
KAIST 7141382 A (FE4A,
A gy JATE A

A3A(THHE)

19623 8¢ 16¥A, 19859 A2t
a2l 71AZE} &9, 19929 MIT
NAFEH E(FEEAL, 1992~
1995 MIT Plasma Fusion
Center 974€, 2000~ 2001 MIT
Francis Bitter Magnet Laboratory
WiEwg "Hal KAIST 71Alges} &
EnA




