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Evaporation and condensation processes from the condensed phase
with an internal structure and the formation of a shock wave
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Transient motions of a vapor due to evaporation and condensation processes from or onto
the plane condensed phase with temperature field as its internal structure have been considered
numerically based on the formulation of fluid dynamic level, i.e., the Navier-Stokes equations
subject to the boundary conditions appropriate for evaporation and condensation derived earlier
from the kinetic theory analysis. The consideration of the internal structure within the condensed
phase may serve to clarify one of the characteristics of the imperfectness of the interface of the
condensed phase. The results obtained here agree quite well with the corresponding ones from
the Boltzmann equation of BGK type, describing appropriately the development of the transient
flow field due to the weak evaporation processes caused by the continuous energy supply from the
condensed phase. Moreover, the process of the formation of a shock wave is clearly observed at
early stages owing to the series of weak compression waves catching up one after another. Also,
the present problem is considered to be simulating a practical flow field within heat exchange

systems such as heat pipes.
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Table 1: Values of the parameters for various substances

Substances To (°K)  X/Xo K/ Ko T
a 300 33 0.0004 19

a 370 28 0.0074 13
20000 216.58 15 0.0926 9
20000 255 10 0.3263 7
20000 280 7 0.7241 6
0o0oago 90 21 0.0607 9
oooo 140 5 0.8152 5
aad 80 17 0.0720 8
oad 110 6 0.4232 6
gooooooa 370 6 0.0123 12
ooooo 300 17 0.1551 10

4. 0O000O00O0ODO

(15 000000000000000000000000
0000000000000000000000000000
Table 1 0000000000000 00OOOOOOOOO
00000000000000000(15 000000000
00000000000000000000000000000
000000000000000 ro00000000000
00000000000000000000000000000
0000000 «00000000000000000000
00000000000000000000000000 Fig. 1
0000000000000000000000000000
00 (z=-D)00000000000000 (To—T.)0
0000000000000000000 (¢=0)00000
0000000000000000000000000000



1_ =

-20 -10 x/L 0

Fig. 1: Transient temperature distributions T/To within
the condensed phase (—20 < z/L < 0). The interface sur-
face is at = 0. Ac/Xo = 30.0, /Ko = 0.32, T./To = 2.0,
I' =7.0, Pr=1.0 and D/L = 20.0. The numbers in the
figure indicate the time ¢/70.
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Fig. 2: Transient temperature distributions in the close
vicinity of the interface at z = 0 (evaporation case). —20 <
z/L < 0: T/Ty of the condensed phase. z/L > 0: T/Ty
of the gas phase. Ac/Ao = 30.0, x/ko = 0.32, T./To = 2.0,
Pr=1.0 and D/L = 20.0. The numbers in the figures indi-
cate the time t/79. Case (a): I' =7.0. Case (b): I' = 11.0.
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Fig. 3: Time variations of the differences in temperature and
pressure occurring at the interface at z = 0 (evaporation
case). T and P indicate the values of the temperature and
pressure of the vapor at x = 0. Ac/Xo = 30.0, k/ko = 0.32,
T./To =2.0, Pr=1.0 and D/L = 20.0.
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Fig. 4: Transient temperature distributions in the close
vicinity of the interface at = = 0 (condensation case).
—20 < x/L <0: T/Ty of the condensed phase. z/L > 0:
T/To of the gas phase. Ac./Ao = 30.0, x/ko = 0.32,
T./To = 0.5, Pr = 1.0 and D/L = 20.0. The numbers
in the figures indicate the time t/7. Case (a): I' = 7.0.
Case (b): T =11.0.
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Fig. 5: Time variations of the differences in temperature and
pressure occurring at the interface at « = 0 (condensation
case). T and P indicate the values of the temperature and
pressure of the vapor at x = 0. Ac/Xo = 30.0, k/ko = 0.32,
T./To = 0.5, Pr=1.0 and D/L = 20.0.
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Fig. 6: Transient distributions of the fluid dynamic quan-
tities (evaporation case). A:/Ao = 30.0, k/ko = 0.32,
T./To = 2.0, T' = 7.0, Pr = 1.0 and D/L = 20.0. The
Mach number of the shock wave is about Ms; = 1.115 (at
about t/79 = 5000). The interface surface is at = = 0. The
numbers in the figures indicate the time ¢/70.
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Fig. 7: Transient distributions of the fluid dynamic quan-
tities (evaporation case). A:./Ao = 30.0, k/ko = 0.32,
T./To = 2.0, T' = 11.0, Pr = 1.0 and D/L = 20.0. The
Mach number of the shock wave is about Ms; = 1.084 (at
about t/79 = 5000). The interface surface is at = = 0. The
numbers in the figures indicate the time ¢/70.
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Fig. 8: Time development of the distributions of the fluid dy-
namic quantities at early stages (evaporation case). A./Ao =
30.0, k/Kko = 0.32, T./Tp = 2.0, T' = 11.0, Pr = 1.0 and
D/L = 20.0. The interface surface is at z = 0. The num-
bers in the figures indicate the time ¢/79. Dashed lines: the

results” based on the Boltzmann equation of BGK type.
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Fig. 9: Transient distributions of the fluid dynamic quan-
tities (condensation case). Ac/Ao = 30.0, /Ko = 0.32,
T./To = 0.5, T' = 7.0, Pr = 1.0 and D/L = 20.0. The
interface surface is at * = 0. The numbers in the fig-
ures indicate the time t/79. Note that p/pglz=0 = 0.779,
T/Tole=0 = 0.993 at t/7o = 5000.
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Fig. 10: Transient distributions of the fluid dynamic quan-
tities (condensation case). Ac/Xo = 30.0, x/ko = 0.32,
T./To = 0.5, I' = 11.0, Pr = 1.0 and D/L = 20.0. The
interface surface is at ¢ = 0. The numbers in the fig-
ures indicate the time t/79. Note that p/polz=0 = 0.837,
T/To|z:0 =1.011 at t/To = 5000.
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Fig. 11: Time development of the distributions of the
fluid dynamic quantities at early stages (condensation case).
Ac/Ao = 30.0, k/ko = 032, T./Tp = 0.5, I' = 11.0,
Pr=1.0 and D/L = 20.0. The numbers in the figures indi-
cate the time t/79. Dashed lines: the results” based on the
Boltzmann equation of BGK type (the difference between the
present results and the Boltzmann’s is hardly noticeable).



