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1. Introduction 
 

Film boiling occurs when the wall temperature is so 
high that the vapor layer exists between the heating wall 
and the liquid. Various works have been made to 
investigate the film boiling heat transfer [1-6]. However, 
they are limited to the stationary heating wall.  

Recently, a marine reactor receives a great attention 
[7]. Figure 1 shows a ship equipped with a nuclear 
reactor. The ship may show six-degree-of freedom 
motions in response to external conditions such as ocean 
waves. Of six motions, the heaving linear oscillation and 
the rolling rotational oscillation are relatively important 
in terms of length scale.  

The objective of this study is to investigate the effect 
of the wall oscillation on the heat transfer. Toward this 
end, we performed volume-of-fluid simulations.  

 
Fig. 1. A ship equipped with a nuclear reactor 

 
 

2. Numerical method 
 
Figure 2 shows two-dimensional film boiling on an 

oscillating plate. The heating plate may oscillate linearly 
or rotationally. 

 
Fig. 2. Film boiling on an oscillating plate 

 

There are two choices in the simulation approaches. 
The first approach is to adopt the moving grid system 
for the heating surface in the absolute coordinate. The 
second approach is to perform simulation in the moving 
coordinate. The latter approach is preferred owing to 
simplicity. 

The momentum equation in the moving coordinate is 
given as follows: 

 

( ) ( )

[ ( ( ) ]

2 ( )

T
s

t
p

ρ ρ

µ ρ σκ δ

ρ ρ ρ ρ

∂
+∇ ⋅

∂
= −∇ +∇ ⋅ ∇ + ∇ + +

− − × − × − × ×

u uu

u u g n

R Ω r Ω u Ω Ω r

  (1) 

where R  is the linear acceleration of the heating wall 
when viewed from the absolute coordinate, Ω  is the 
rotation vector of the moving coordinate, r  is the 
position vector in the moving coordinate. The term 

sσκ δn  accounts for the surface tension force, which 
appears only in the gas-liquid interface region. 

ANSYS FLUENT was used to perform numerical 
simulation in the moving coordinate. To do this, the last 
four terms in Eq. (1) were implemented into the 
software through user-defined function (UDF). 

For the first step, we considered the linear oscillation 
the heating wall. The simulation is underway. 
 

 
3. Summary 

 
This study seems the first in the film boiling on a 

moving surface. The effect of the oscillation on the film 
boiling heat transfer will be investigated numerically. 
The result will be presented in the conference. 
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