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Deformation Analysis of Self-regulating Bellows in Joule-Thomson
Cryocooler

Sang Eun Lee’ and Tae Won Lee’

ABSTRACT

Bellows is an important component in Joule-Thomson cryocooler, which minimize the excessive flow of the
cryogenic gas. The bellows is made of Monel 400 and its geometry is an axial symmetric shell. During
cool-down process, the pressure and volume within bellows must be satisfied with Benedict-Webb-Rubin state
equation. Moreover, Poisson's ratio of Monel 400 is nearly constants, but its Young's modulus varies for a drop
in temperature. Under these conditions, bellows contracts in the axial direction like a spring. To evaluate
deformation of bellows at cryogenic temperature, the numerical calculation of the volume within bellows and
finite element analysis are iteratively used in this research. the numerical resuits show that deformation of the
bellows is approximately linear for change of temperature.

Key Words : Cryogenic Temperature (53] 2), Self-regulating Bellows (X7]1Z 2 W 2 ¢ =), State Equation of
Gas (714 2] Ae834]), Cool-down (X738}, Finite Element Analysis (384 8]41)
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volume within bellows

E = young's modulus

m = mass of gas within bellows
P = pressure’ within bellows

R = gas constant

T = temperature

|4

v

specific volume of gas within bellows
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v = specific volume per kmol of gas within
bellows
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Fig. 1 Bellows Model
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Fig. 2 Schematic Drawing of Bellows Control
Self-Regulating Joule-Thomson Cooler
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Table 1 Constants in Benedict-Webb-Rubin state

equation for Nitrogen

Constant Value
3, 2.54
Ay 106.73
by 0.002328
By 0.04074
Co 7.379x10*
Co 8.164x10°
o 1.272x107*
v 0.0053
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Fig. 5 Definition of Region for Numerical Calculation
of Volume Inside Bellows
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Assume initial volume at Temperature Ti

Y

Calculate Pressure Py at Ty using eq. (2) & (4)
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Finite slement analysis under Py

h

Calculate deformed volume using eq. (5}

¥ Po—Py

Calculate niew pressure P,

Fig. 6 Flow Chart for Deformation Analysis of
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Table 2 Pressure, Volume and Displacement of
Bellows at Each Temperature

Temperature| Pressure | Volume | Displacement
6] (MP2) | (mm? (mm)
293 4.15 29.66012 0.174686
273 3.8465 | 29.60358 0.161568
253 3.5404 | 29.55038 0.148669
233 3.2319 | 29.49659 0.135624
213 2.9206 | 29.44211 0.122409
193 2.6057 | 29.38672 0.108974
173 2.2858 | 29.33015 0.095252
153 1.9589 | 29.27213 0.081175
133 1.6214 | 29.21214 0.063623
113 1.2657 | 29.14862 0.051203
93 0.8755 | 29.07830 0.341385

89 0.7905 | 29.06289 0.030398
85 0.7022 | 29.04683 0.026499
81 0.6098 | 29.02997 0.022409
77 0.5126 | 29.00455 0.018095
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Table 3 Pressure, Volume and Displacement during
Iteration for Exact Solution at 77K

Iteration { Pressure Volume | displacement
Number | (MPa) (mm®) (mm?)
1 0.512409 | 29.00451 0.018025
2 0.512644 | 29.00456 0.018096
3 0.512643 | 29.00455 0.01809s
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