-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Tottori University Research Result Repository

75

BESGEMZ & DEEMEREEN D OBOERADOVIaL—a Yy
— YR E L TCOREHFNERLDBER B X —

KUY Eoe. FAEG
FSEUR 22 2R i PR T2

On simulations of strong evaporation flows of a vapor from its plane
condensed phase with finite thermal conductivity

— Method of application of the Fluid Dynamic Formulation
as the governing system —

Yoshimoto ONISHI and Kenji KISHIMOTO

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

Abstract: Flow problems associated with phase change processes even if they are within the range of the
continuum limit have to be dealt with based on the kinetic equations because the nonequilibrium nature of the
Knudsen layer, which is always existent in the close vicinity of the interface, is the cause for the phase-change
processes to occur at the interface. Recently, a new governing system of equations has been proposed by Onishi
et. al. to deal with at the ordinary fluid dynamic level various flow problems, transient to steady, due to phase
change processes. This new system, called the Fluid Dynamic Formulation, can be used as the substitute of
the kinetic equations for the analyses of flow problems of such kind. However, the method of application of
this new governing system is not so straightforwad as is expected. The present paper will show 1) how to use
the Fluid Dynamic Formulation as the governing system of equations in place of the kinetic system by taking
up simple one-dimensional problems and 2) the approriateness of the results obtained by comparison with the
corresponding results obtained based on the kinetic system.
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Table 1: Relations among the fluid dynamic quantities at the evaporation surface. c is the local sound speed
of the vapor defined by ¢ = +/yRT. The cases with * have been given by Onishi [6].

*0.01151428 0.9779109  0.9960865 0.40 0.4900 0.8470
*0.01781781  0.9660689 0.9929670 | * 0.4116336 0.4805556 0.8431526
*0.03528261 0.9341734 0.9856512 0.45 0.4520 0.8290
0.05 0.9083 0.9798 || * 0.4680458 0.4397356 0.8205349
*0.08560052 0.8491672  0.9656550 0.50 0.4178 0.8113
0.10 0.8267 0.9599 || * 0.5073304 0.4126337 0.8093412
*0.1100452 0.8113436  0.9560329 | * 0.5257805 0.4008900 0.8030579
*0.1347011  0.7755454  0.9458628 0.55 0.3867 0.7938
0.15 0.7539 0.9404 || * 0.5890503 0.3640470 0.7810847
*0.1597824  0.7406096  0.9366845 0.60 0.3585 0.7765
*0.1632782  0.7359386  0.9353294 || * 0.6432188 0.3369601 0.7588155
*0.1710500 0.7256723  0.9323459 || * 0.6451976 0.3346759 0.7621847
0.20 0.6891 0.9212 0.65 0.3331 0.7594
*0.2089165 0.6781106 0.9178766 | * 0.6594658 0.3279153 0.7571200
*0.2097766 0.6770806 0.9175442 0.70 0.3099 0.7424
*0.2192439  0.6658809 0.9139038 || * 0.7415711 0.2906557 0.7300204
0.25 0.6309 0.9022 0.75 0.2888 0.7256
*0.2554473  0.6249500 0.9002396 || * 0.7751735 0.2772709 0.7187124
*0.2565422  0.6240294 0.8991350 0.80 0.2695 0.7088
*0.2951540 0.5835681 0.8854928 0.85 0.2519 0.6923
*0.2984796  0.5802365 0.8843041 || * 0.8865858 0.2372958 0.6813442
0.30 0.5789 0.8836 || * 0.8912829 0.2345309 0.6805655
*0.3022338 0.5764978 0.8829758 0.90 0.2357 0.6758
0.35 0.5321 0.8652 0.95 0.2210 0.6595
*0.3825696  0.5039204  0.8536502 1.00 0.2075 0.6434
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Fig. 1: Transient pressure and density distributions
of a vapor due to strong evaporation from its plane
condensed phase with finite thermal conductivity ra-
tio Ae/ Ao = 100. T./Ty = 3.0, D/L =10.0, ' = 7.0,
ke/ko = 0.5, and Pr = 1.0. The numbers in the
graphs indicate the time t/79, 79 being defined by
70 = L/(2RT,)"/?. Solid lines: the present results
based on the Fluid Dynamic Formulation (Riemann
applied) [2]. Dotted lines: the results by Onishi
& Yamada [7] based on the kinetic equation [1].
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Fig. 2: The enlarged portions of the transient pres-
sure and density distributions of a vapor due to
strong evaporation from its plane condensed phase
with finite thermal conductivity ratio A\./Ao = 100.
The caption of this figure is exactly the same as that
in Fig. 1.
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Fig. 3: Transient temperature and velocity distribu-
tions of a vapor due to strong evaporation from its
plane condensed phase with finite thermal conduc-
tivity ratio A\./Ao = 100. The caption of this figure
is exactly the same as that in Fig. 1.
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