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Abstract - Cooling with easy, reliable
cryocooler is highly desirable for the
commercial and military application. The
pulse tube refrigerator has no moving parts
at the cold end, so that the mechanical
vibration and magnetic noise can be
reduced to the low level with higher
relaibility and longer lifetime than the
Stirling cryocooler.

The inertance tube improve the performance
of pulse tube refrigerator by providing
optimal phase shift between pressure and
amss flow rate, and it is easiest to implement
at large cooling capacity and high operating
frequency.
In this study, the performance of the inertance
pulse tube refrigerator was investigated
by analysis. The results show the influence
of the diameter and length of the inertance
tube on the performance of the refrigerator.
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Fig. 1 Schematic diagram of IPTR
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Table 1. Parameters of analysis
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Item Value
swept volume 9.7 cc
operating 50 Hz
frequency
charging 2.0 MPa
Compressor pressure :
. . Helium
working fluid (Ideal gas)
source 300 K
temperature
. length 20 cm
Split tube diameter 4 mm
length 8 ecm
diameter 16 mm
Regenerator porosity 0.68
cold end 80 K
temperature
Pulse tube @ength 8 cm
diameter 9 mm
Inertance length 1.0-30m
tube diameter 1.0 - 3.0 mm
Buffer volume 300 cc

AYLFE7)e FEN2ER ALY ApoloA
t WARoE Mo WS, ot %3719
Aol $3AA 9B WA B NN
12 1Sy A F37] WNLED WYY A
ool AFF 3¢ AT

W QZBE JBHoz AEBUSIY A
$+ Ae¥E FAZyHY gPYLEYH AW
71 A8 A8t AgHAA D, FEI2Y
8 3FHE AFAA FET BEE A% 2
Az o| A= olAE nadstod, 20 cmel ol

2 AAs4d.
A7 2 WEA AL Radebaugh(9)
L Jul(10)7F AA G 437 FFAA A 9 &

<]

=2

aEste] A st
Fig. 2& #4% 5@ YF71e SAGE 3

-> fnGg 10
15 mg, e*@» > Qstdy 29 17 Pphyy < & 1
B d —> mg; 18 @
b Phsr
buffer compressor piston compressor cylinder spht tube
>Pay16 10 ng <« oy > gy 11 11 g <« > mgt 12 12 Mg < > hg 20 20 MG < - Mg 21
P 30 Qutdy <« | > Qstay &6 23 Qstdy <« . -> Gy 24
i 2 Qstdy < N ->Qstdy 2
piessure source tegenerator cold h/x pulse tube inertance tube
2 Qugy < >0y 2B B Qg < >0udy 2 4 gugy < A mg € ey

RN

hot source

"“ ->Qstey 22 5 Qady < ‘_,

cold sink

.........

hot sink

Fig. 2 The analysis model of IPTR (SAGE)
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Fig. 3. Calculated mass flow rates and
pressure at the pulse tube
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Fig. 4. The COP and cooling capacity as a
function of length of the inertance tube

1.0 1.25

0.9
0.8 4 -

0.7

0.6 )
0.5 W

0.4 F1.10

8]
=3

Po,PT/ Po.c

0.3 1

0.2 4 - 1.05

Pressure ratio at pulse tube

0.1 1

0.0 T T T T T T T T T 1.00
076 100 125 150 175 200 225 250 275 300 325

Length of inertance tube [m)

Fig. 5. The non - dimensional pressure
amplitude and pressure ratio at the pulse ttbe



Fig. 6 2 7& #A8# Zol7} 1.75 m9 74
$ BT AANGe g dFadsrle é%
H3E Jelgn o dldEds Yeede
A A7 WAy o] WA R AFH ‘ﬁﬁ}oﬂ
o 2 4L vHe S nosideEts a8
o] AWzl wla o FZHF WHIHE eI S
& 4 gtk W PV L #AAJHE] ZHows)
9} o] AAo] Frtsle AS ¢ A 8TES
& & Stk ol TAATY AAol AL AL,
ol2 Q3 FEAFol FAZ FhetA, ﬁr*éﬂ
ol 9Azd 7l%ol ZA AsHr iRz #
gt AEdeA HAse gEHF gy
v BB FAHol Frtge wet Zasy,
7oA HAGE AP ¥ I A
she Aoz JEgt. ole BT/ Ao F

AAgel et BBl AFRF L AR 7]
Sol Astslel, A7 AeyolMe FEHA
Agggel A Frheted AMTNN LAt
FeAS} BBes A YIRS BY o
R CEEED

&

—-o—Q
11 -0~ PVwork

g

g

o

F 250

rS

+ 200

w
s

[ 150

PV work [W]

N
(

I 100

Cooling capacity at 80K [W]

I 50

0 T u T T T T T T v 0
075 100 125 150 175 200 225 25 275 300 325

Diameter of inertance tube [mm]

Fig. 6. The PV work and cooling capacity as a
function of the diameter of the inertance tube
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Fig. 7. The non - dimensional pressure
amplitude and pressure ratio at the pulse tube
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