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反応・相界面の非平衡を統一的に扱う流体数理モデル 

Unified model for non-equilibrium fluid interface of chemical reaction and phase change 
 

� ����, ���, ������ 13 ! 8"#, E-mail:oshima@eng.hokudai.ac.jp 

$ %&, ���, ������ 13 ! 8"# 

Nobuyuki OSHIMA, Hokkaido univ., Kita-13 Higashi-8, Kita-ku, Sapporo, Japan 

Chen-xing JIANG, Hokkaido univ., Kita-13 Higashi-8, Kita-ku, Sapporo, Japan 

 

This paper investigates a new mathematical model of globally non-equilibrium fluid interface phenomena for the 

diffusive solution of a level-set equation under the local equilibrium condition defined by the phase field approach. It 

gives formulations of local premixed flame and boiling gas-liquid interface, which are discussed on their common or 

individual characteristics in mathematics and physics. 

 

1. '()*+,-./0123 

456789:;<=>?@ABCDEFG456789DEFH

IJKL?MNOPQRST@UVWXP>?@YMNZ[OP

I\]T@^_`ab;AcNde@>fghi@jk;lm?

^_`ab nMNopdq:CDrQstLQuvT@>wx

T@>WJKLQyz{|I}~YMNZ[WAcN d]

hi@MN��n����};>��x�hi@jk;>��M

N��GAcN  H;��[ABCDEF 

uV
Dt

Du
∇−=  

Ql���LQ��hi@jkkdWJKL?MNOPn�x�

���T@Q[��;MN��n��MN�� I�~k>n�

�>?�W�?@AcN QXT@ABCDEF;�Q~�

�� ¡;¢£¤I¥Tk>n¦�>?@jk;k>[W�§L

Q[ABCDEF;�I�¨QzxT@©¤�;ª«GChen et.al. 

1991(1)HI¬mk>I¨�W456789:;®¯°Sd;�

c�x±;�²Q�³�³RShi@YMNop�;´µf±Z

n¶;·¸L?D:I¹º��@j�¡�Wki ;»¼hi�

456789:nJKOP>½;lmQ¢s¾¿ i@¡[Àu

ÁÂhi��?�j 

 

 

 

 

 

 

 

 

 

 

 

�DWk;ÃÄ[JKLQ[^_`aUÅ�DEF>¢s¾¿

@k>nd�WLiu (2011) (2)[ÆÇVÈÉ;xÊËÌIA�ÍÎ

ÏdoÐT@ÑÒ6IWOshima (2016) (3)[ 3ÓÔ¡~Õ�Ö±I

×mÏ¸MNQ»¼��WØbÅ�>ÙÚÛÜÏIÝÞ��xF 

( )( ) ( )nn

v

φφβ

φρφρ
φ

ρ

∇+⋅∇+⋅∇∇+−

∇=∇⋅+
∂
∂

DFDF

s
t

(2) 

I¹º�jkkdW¢�FnMN:CßàQ Single wepuvI¹

º@>��W�>º³Olsson et.al. (2005) (4);´µf±:;áâ

Qãä�W 

( )( )+− −−= φφφφAF (Aåæçx�H    (3) 
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Fig.1  Concept of unified fluid interface model 
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Fig.2 Gas bubble in a liquid jet flow 
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