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Abstract: A bellows is an important temperature control component in a Joule-Thomson micro-cryocooler. It is
designed using a very thin shell, and the inside of the bellows is filled with nitrogen gas. The bellows is made of a
nickel-cobalt alloy that maintains its strength and elastic properties in a wide range of temperatures from cryogenic to
300C. The pressure of the gas and the volume within the bellows vary according to the temperature of the gas. As a
result, the bellows contracts or expands in the axial direction like a spring. To explore this phenomenon, the
deformation of the bellows and its internal volume must be calculated iteratively under a modified pressure until the
state equation of the gas is satisfied at a given temperature. In this paper, the modified Benedict-Webb-Rubin state
equation is adopted to describe the temperature-volume-pressure relations of the gas. Experiments were performed to
validate the proposed method. The results of a numerical analysis and the experiments showed good agreement.
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Fig. 1 Schematic drawing of bellows-controlled Joule-
Thomson micro-cryocooler
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Fig. 2 Geometry of bellows in Joule-Thomson micro-
cryocooler
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Table 1 Mechanical properties of bellows

Ultimate Tensile Strength (psi) | 150,000
Yield Strength (psi) 120,000
Modulus of Elasticity (psi) 22,000,000
Poisson’s Ratio 0.31

Shear Modulus (psi) 8,400,000
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Table 2 Nitrogen coefficients for MBWR equation(y = 0.0056, R = 0.0820562, liter-atm/mol-K coefficients
are for temperature in Kelvin, pressure in atmospheres and density in mols/liter.)

N, 0.136097243686983% 107 Ny | -0.509008258448481 Nys | 0.554879602331972x10°
N, 0.107028500555504 Nj; | 0.488523311385766%10™ Ny, | -0.174677685666810

N, -0.243926251659031x10' Ny | -0.112001704676209x107 Nys | -0.256709963280944x10'
N, 0.341240789637052x 107 Nis | -0.678366343173806 Nys | -0.404528219006087x107
Ng -0.422956791527436x10°* Ny | 0.742796115735318x10™ Ny, | -0.257279422571519

Ng 0.105277159433708%10° Ny, | -0.110400310752087x10° Nyg | -0.121204517440575x10°
N, -0.111355267180312x 10" Nig | 0.341309483327025x107 Nyo | 0.104690038752288x10™
Ng 0.142748464727047%10° Nyo | -0.166216790652177x10° Nag | -0.529499586313775%10”
No 0.179621096187021x10° Nyo | -0.164616585853003x10° Nip | -0.774723053052639x10°
Nj, | 0.751267113751007x107 I\ -0.119724198386865x10° Nip | 0.610368224362452%107
Ny, | 0.231737284741220x10° Ny, | -0.948085610750225x 10
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Table 3 Pressure, volume, density and displacement of
bellows at each temperature

Table 4 Comparison between axial deformations by
experiments and results by Analysis

Temp(K)|Pressure(kPa)| Vol(mm®) | Disp(mm) | Density Tem(pi%r;lture Aélrilé’sis EXI()frfrirIBent Error(%)
323 2187.1 10.2132 0.5182 | 0.8140 123 0.5182 0.508 19
310 2106.7 10.1591 0.4991 | 0.8184 313 05036 0514 20
293 2000.0 10.0872 0.4739 | 0.8242 303 04887 0498 19
290 1980.9 10.0745 0.4694 | 0.8252 208 0.4814 0.490 18
270 18532 | 9.9884 | 0.4391 | 0.8323 203 04739 0482 17
250 1723.3 | 9.9008 | 0.4083 | 0.8397 288 0.4664 0478 24
230 1590.8 9.8117 0.3769 | 0.8473 278 0.4513 0.465 2.9
210 1455.8 9.7206 0.3449 | 0.8553 268 0.4361 0.445 2.0
190 1317.8 9.6277 0.3122 | 0.8635 258 0.4207 0.426 1.2
170 1176.6 9.5327 0.2788 | 0.8721 248 0.4052 0.411 1.4
150 1031.8 9.4350 0.2445 | 0.8812 238 0.3896 0.396 1.6
130 882.4 9.3344 0.2091 | 0.8907 228 0.3737 0.380 1.6
110 726.8 9.2296 0.1722 | 0.9008 223 0.3658 0.372 1.7
100 645.6 9.1749 0.1530 | 0.9061
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Fig. 6 Comparison between axial deformations by
experiments and results by analysis
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