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Entropy generation theory to quantify the damage degree
of tissues subject to cryosurgical treatment
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Abstract ; From non-equilibrium thermodynamics, a generalized entropy generation theory including mul-
tiple factors involved in the freezing/heating process was prbposed to evaluate the cryosurgical treatment effi-
ciency. Starting from the well-known Pennes bioheat model, the entropy generation rate equation for charac-
terizing the transport process of living tissues was derived, which has taken into consideration of the living
properties such as blood perfusion and metabolic rate. Several correlations were preliminarily suggested to
quantify the damage degree thus involved. Further, the finite element method was implemented to solve the
transient phase change bioheat transfer problem as well as the entropy generation equation during cryosurgical

freezing and rewarming. Effects of the above physiological and thermal parameters were then evaluated.
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Fig.1 Schematic of the calculation model in

one dimensional spherical coordinate
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Fig.2 Temperature responses at various tissue positions

—
(=}

N o
T Ll

P/ [X 10PW /K -m?)]
s

[
;—-

0 , - ,
0 400 800 1200 1600
tls

B3 ENLNIERFEELALANBREHTE

Fig.3 Entropy generation rate responses at

various tissue positions
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Fig.5 Entropy generation rate responses at various

tissue positions for Case 2
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Table 1 Local entropy generation rate at various tissue positions subject to different freezing and heating
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