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1. Introduction 

 
Recently, a marine reactor received a great attention in 

Korea [1-2]. The marine reactor can secure safety from 

natural disasters like tsunami. The floating marine 

nuclear power supplies power to the surrounding 

facilities from the coast or ocean [2]. It is a way to 

develop resources in the ocean.  

A floating ship may show an unexpected behavior in 

response to external conditions such as ocean waves and 

currents. In this case, one must consider the effect of the 

ship motion on the thermo-fluid dynamics in the reactor.  

There are two choices to predict a flow behavior in the 

moving body. One is to apply the existing two-fluid 

equations to a two-phase flow in a moving body in the 

absolute frame of reference. The other is to use the proper 
two-fluid equations in the non-inertial frame of reference. 

The latter is preferred because the moving body can be 

fixed in the simulation domain. 

Kim et al. (2017) proposed the multi-dimensional two-

fluid equations in the non-inertial coordinates [3]. This 

paper demonstrates the numerical simulations using the 

proposed equations. 

 

2. Numerical Methods 
 

2.1 Governing equations 

 

According to Kim et al. (2017), for an adiabatic two-

phase flow, the two-fluid momentum equation in the 

non-inertial coordinates is given by 
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This equation is the same as the existing equation, except 

for the last term. The fictitious force term is 
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where R  represent the linear acceleration of the moving 

frame relative to the absolute frame, Ω  is the rotation 

vector of the moving frame relative to the absolute frame, 

and kr  is the local position vector relative to the rotation 

origin in the moving frame. 

 

2.2 Two-phase models 

 

In Eq. (1), 
ikM  stands for the interfacial momentum 

transfer. One can write 

 

 
ik D L WL TD VM    M f f f f f ,  (3) 

 
where 

Df , 
Lf , 

WLf , 
TDf , and 

VMf  are the interfacial drag, 

lift, wall lubrication, turbulent dispersion, and virtual 

mass, respectively.  

In this study, Grace’s model [4] was used for the 

interfacial drag. This model is recommended for large 

deformable bubbles. Tomiyama’s model [5] was used for 

the lift force. The main advantage of this model is that 

the value of the lift coefficient depends on the bubble 

diameter. Antal’s model [6] was used for the wall 

lubrication force. [7] suggested 
,1 0.055wC    and 

,2 0.09wC  , and we adopted these values for Antal`s 

model. Burns’ model [8] was used for the turbulent 

dispersion force. As for the liquid turbulence, we used 

the K-  SST model [9]. In addition, Sato`s model [10] 

was used to consider the bubble-induced turbulence. 

 
3. Simulation in stationary channels 

 
Figure 1 compares the numerical simulation results 

with the experimental data for stationary circular pipes. 

Detailed experimental conditions can be found in the 

corresponding references.  

The void fraction profiles are plotted across the pipe. 

One can see that not only the wall-peaking profile but 

also the core-peaking profile is well predicted. 

We also performed numerical simulations in a 

rectangular channel (0.1 ⅹ0.02ⅹ1.0 m) [15]. Initially, 

the channel is filled with water. The air is injected from  
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Fig. 1. Void fractions across the stationary circular pipes 

 

-0.05 -0.04 -0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05
0.01

0.02

0.03

0.04

0.05

0.06


g

x[m]

 Experiment

 Numerical simulation

 
Fig. 2. Time-averaged void fractions at a height of 0.63 m in 

the stationary rectangular channel. 

 

 
Fig. 3 Krepper`s rectangular channel. a) stationary, b) 

oscillating ( o10m   and 8 sT  ) 

 

the inlet (0.02ⅹ0.01m) placed at the bottom of the 

channel. 

Although the volume flow rate of the air injection is 

constant in time, the flow oscillates. See [15] for the 

details.  

Figure 2 shows the time-averaged void fractions at a 

height of 0.63 mz   from the bottom ( 10 mm/sgj  ). 

The predicted void fractions show good agreement with 

the experimental void fractions. 
From the results so far, one can tell that the present 

model set is acceptable for bubbly flow simulation. 
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Fig. 4. Time-averaged void fraction profile for the stationary 
channel (numerical simulation) 
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Fig. 5. Time-averaged void fraction profile for the oscillating 

channel (numerical simulation) 

 

4. Simulation in oscillating channels 
 

Figure 3 delineates two cases of Krepper`s rectangular 

channel. The left channel is the stationary case, whereas 

the right channel is oscillating ( sin(2 / )m t T   ). 

Initially, the channel is filled with water. The air is 

injected through the whole bottom of the channel 

( 10 mm/sgu  ) 

Figure 4 shows the time averaged void fraction at a 

height of 0.63 m in the stationary channel. The void 

fraction is about 0.04 and nearly uniform across the 

channel. Figure 5 shows the result for the oscillating 

channel. It is interesting to note that the void fraction is 

considerably decreased compared to the stationary case. 

The oscillation leads to the significant decrease in the 

void fraction. This may be due to the centrifugal force 

caused by the rolling oscillation. 
 

5. Conclusions 

 
Numerical simulations were carried out using the 

multi-dimensional two-fluid equations in the non-inertial 

frame of reference. It was shown that the rolling motion 

decreased the void fraction in the channel. Experiment 

will be performed to validate the simulation result. 
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