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On the construction of pseudo-steady state solutions
to half-space evaporation or source flows

Yoshimoto ONISHI
Department of Applied Mathematics and Physics, Faculty of Engineering,
Tottori University, Tottori 680-8552, Japan
E-mail: onishi@damp.tottori-u.ac.jp

Abstract: In dimensionally degenerate source flow problems in an infinite space such as half-space evaporation
flows or source flows, the steady state solutions which satisfy the specified conditions at the boundary surface
and at infinity do not exist. This is a well known fact. So far, the common understanding of this phenomenon
of solution non-existent would be that the flow field of such kind never attains the steady state because the
shock wave, which is produced at the same time with the onset of the evaporation process or source flow at
the surface of the boundary, still remains and keeps propagating in an infinitely far field even after an elapse
of infinitely large times. Of course, the transient or unsteady solution, in a strict sense, should surely exist.
However, with the consideration of only the existence of shosk wave at infinity, the transient solution after
an elapse of infinitely large times, which is called here the pseudo-steady state solution, can not be properly
constructed. The present study reveals that, in addition to the shock wave, the contact region (contact surface
in Euler terms, i.e., inviscid flows) also plays an important role in the formation of the flow field at all times.
The contact region and the shock wave initially produced at the same time with the onset of the flow keep
moving and propagating indefinitely in time and space, persisting forever at infinity. With the persistently
existing contact region following the shock wave properly taken into account at infinity, one can construct a
set of solutions, which might be considered to be the one for its virtually steady state. This is what the present
study is concerned with.

Key words: Nonexistence of the steady state solutions, Construction of pseudo-steady state solutions, Half-
space evaporation or source flows, Fluid Dynamic Formulation, Phase changes
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Fig. 1: A schematic view of an evaporation flow field
in a half-space at infinitely large times. The shock wave
(S.W.) and the contact region (C.R.) are at infinity in
the order drawn. The specified conditions at infinity are
that P = Py, T = Tp and u = 0.
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Table 1: Results obtained for the values of Pj (=
Py), Us(=Us), T3, Ty and M = U, /¢ for various
given values of Ty /Ty with T' = hr,/(RTp) = 11.

Tw/To | Pw/Bo | P3/B | Usjco | T5/T0 | T2/To | M
1.01 | 1.1156 | 1.051 | 0.030 | 0.998 | 1.020 | 1.020
1.02 | 1.241 | 1.101 | 0.058 | 0.996 | 1.039 | 1.040
1.03 | 1.378 | 1.151 | 0.086 | 0.995 | 1.058 | 1.059
1.04 | 1527 | 1.201 | 0.112 | 0.994 | 1.076 | 1.077
1.05 | 1.688 | 1.250 | 0.137 | 0.993 | 1.094 | 1.095
1.06 | 1.864 | 1.298 | 0.160 | 0.993 | 1.110 | 1.113
1.08 | 2259 | 1.392 | 0.205 | 0.993 | 1.143 | 1.146
1.10 | 2.718 | 1.482 | 0.245 | 0.995 | 1.172 | 1.177
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Fig. 2: Temperature distribution T'/Ty of an evapo-
ration flow from the plane condensed phase at times
t/7o = 10000 (dashed lines) and 20000 (solid
lines). Tw /1o = 1.03, T = 11.0 (Pw /Py = 1.378).
These results are calculated based on the fluid dy-
namic formulation [2] starting from a uniform initial
state corresponding to the one given in Eq.(3). The
symbols S.W. and C.R. indicate the shock wave and
the contact region, respectively. The symbol (2) in-
dicates region (2) between the shock wave and the
contact region and the temperature in the region is
T5. The symbol (3) also indictes region (3) between
the contact region and the boundary surface and its
temperature there is 73. Graph below: enlarged
graph of the region 0 < x/L < 4000.
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Fig. 3: Pressure P/P, and velocity u/co distribu-
tions of an evaporation flow from the plane con-
densed phase at times ¢/79 = 10000 (dashed lines)
and 20000 (solid lines). Ty /Ty = 1.03, T' = 11.0
(Pw /Py = 1.378). Note that the pressure and the
velocity do not recognize the existence of the contact
region.
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Fig. 4: Temperature distributions T'/Ty of an evapo-
ration flow of a vapor from its plane condensed phase
at a fairly large time t/79 = 20000. Ty /To = 1.03,
I' = 11.0 (Pw/Py, = 1.378). Graph below: en-
larged graph of the region 0 < z/L < 4000. Solid
lines: present pseudo-steady state solution given by
Egs. (16) — (18). Dashed lines: present numerical
analysis starting from a uniform initial state corre-
sponding to the one given in Eq.(3).
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