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Abstract

A numerical study on the Stefan problem occurred in cryosurgery is performed. Crank -

Nicholson type finite difference algorithm based on the enthaly method is adapted to solve the

phase change problem in this study. As it is a moving boundary problem, special emphasis is

put on the estimation of the freezing front location. Two cases selected here are freezings of
human tissue by disk type cryoprobe and by hemispherical one. In both cases, the heat flows
are considered to be one dimensional. The calculated results using enthalpy method are com-

pared with those using the program TRUMP and with Neumann's solution. These results

agree guite well with each other. While it is pretty difficult to get accurate freezing front loca-

tion by TRUMP due to the so - called “phase change knee” occurred during the phase change,

the algorithm based on the enthalpy method is proved to be very powerful to cope with this

kind of problem.
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Fig. 1 Typical cryosurgery probe tips : (a) the act-
ive portion is hemispherical in shape; (b)
the active portion is disk - shaped

Table 1 Thermal properties of water used in this

study
Temperature | Thermal Conductivity | Specific Heat
() (cal/sec ~ em - ) (cal/gm - ©)
- 200 0.0053 0.6389
0 0.0053 0.6389
0.01 0.00132 1.009
44 ‘ 0.00134 1.005
10 0.00136 1.002
15.5 0.00139 ' 1.0
211 0.00141 0.998
37.8 0.00147 0.997

(297)



166  @EMARMEEE, $£204 £33, 1996

Table 2 Internal heat generation rate used in this study

Temperature Convected Rate from Blood Flow | Metabolic Heat Generation Rate | Total Heat Generation Rate
() my, ¢,(Tb - T) cal/cc - sec Sy calee - sec G cal/cc - sec
0 0.00 0.0 0.0

10 0.036 0.0008 0.368

15 0.074 0.0024 0.0764

20 0.076 0.0032 0.0792

25 0.067 0.0041 0.0711

30 0.047 0.0049 0.0519

37 0.0 0.006 0.006
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Fig.2 Schematic drawing of cryosurgery model
for one dimensional heat flow in rectangu-
lar coordinate
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Fig.3 Schematic drawing of cryosurgery model
for one dimensional radial heat flow in
spherical coordinate
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Fig.5 Comparison of enthalpy solution with
TRUMP results for freezing front location
vs freezing time in one dimensional cooling
by hemispherical probe with Ts = 75T
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Fig. 6 Freezing front location vs freezing time for
hemispherical probe with Ts= -75T ;
Result for heat generation case is compared
with no heat generation case.
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Fig. 7 Freezing front location vs freezing time for
hemispherical probe with Ts = -196TC :
Result for heat generation case is com-
pared with no heat generation case.
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Fig. 8 Relation between probe temperature and
freezing front location for certain times in
hemispherical probe with heat generation
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