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Abstract

Cryoablation device is a surgical instrument to produce the cooling effect to destroy detrimental biological tissue by utilizing low
temperature around 110 K. Usually, this device has the concentrated cooling region, so that it is suitable for concentrated and thick
target. Accordingly, it is hard to apply this device for the target which is distributed and thin target. In this study, the design
procedure of a closed-loop cryoablation device with multiple J-T expansion part is developed for the treatment of incompetent of
great saphenous vein. The developed cyoablation device is designed with the analysis of 1-dimensional (1-D) bio-heat equation.
The energy balance is considered to determine the minimum mass flow rate of refrigerant for consecutive flow boiling to develop
the uniform cooling temperature. Azeotropic mixed refrigerant R410A and zeotropic mixed refrigerant (MR) of R22 (CHCIF,) and
R23 (CHF;) are utilized as operating fluids of the developed cryoablation device to form the sufficient temperature and to verify the
quality of the inside of cryoablation probe. The experimental results of R410A and the zeotropic MR show the temperature
non-uniformity over the range are 244.8 K +£2.7 K and 239.8 K +4.7 K respectively. The experimental results demonstrate that the
probe experiences the consecutive flow boiling over the target range of 200 mm.
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Fig. 1. Schematics of Great Saphenous Vein (GSV) [7].
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Fig. 2. (a) Schematic of the cryoablation probe and (b) details of the probe part.
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Fig. 4. Schematics of cooling capacity assumption.
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Thermodynam
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ic property
Boundary
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(r=10 mm) 310K Whole
[X]
Initial
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probe and
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Thermal 235XT T <251.15K
conductivity
-0.083407T +
[W/m K] 251.15K<T<273.15K
[19] 23.268
0.485 T>273.15K
1630.7 T<213.15K
1846.1 213.15K<T<233.15K
1953.6 233.15K<T<253.15K
Heat capacity 2169.2 253.15K<T<263.15K
[J/kg K] 2922.8 263.15K<T<268.15K
[19] 4323 268.15 K < T<270.15K
6153.9 270.15K<T<271.15K
10461 271.15K<T<273.15K
41414 T>273.15K
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[20] 0 T<251.15K
Metabolic
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Fig. 5. (a) Schematics of probe modeling, (b) cross-sectional diagram of probe modeling and (c¢) schematics of

modeled grid.
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Fig. 6. Modeling result of 1-D bio-heat equation.
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