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1. Introduction 
 

Various efforts have been made to develop thermal-
hydraulic codes for ocean nuclear reactors based on 
RETRAN [1], RELAP5 [2, 3], and MARS [4].  

Recently, the SPACE code has been modified for 
ocean nuclear reactors. This paper reports some results 
of conceptual problems to demonstrate the capability of 
system analysis of ocean nuclear reactors. In particular, 
the effects of the rotational acceleration are presented. 

 
 

2. Code development 
 

The conservation equations for scalar properties 
remain unchanged under the change of the frame, i.e., 
frame indifferent. However, fictitious force terms appear 
to the momentum equation. The two-fluid momentum 
equation for phase k  in the non-inertial frame of 
reference is written as 
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where R  and Ω  are the linear acceleration vector and 
rotational vector, respectively, of the moving coordinates 
with regard to the fixed coordinates [5]. For one-
dimensional adiabatic flow, Eq. (1) can be written as 
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where [..]x denotes the main pipe direction. In Eq. (2), the 
last term consists of the linear acceleration, Euler force, 
and centrifugal force. The Coriolis effect has been 
neglected. 

There are a number of ways to express the three-
dimensional rotation. Of them, the intrinsic rotation with 
Tait-Bryan angles is adopted in the SPACE code. 

The geometrical parameters such as inclined angle and 
azimuthal angle for each component are updated while a 
whole reactor system rotates. The thermal-hydraulic 
options and models for each component are also updated 
according to the dynamic inclined angle. 

 

3. Rotation test 
 

 
Fig. 1 Square manometer half filled with water 
 
Figure 1 shows the square manometer. Each pipe is 1 

m in length and 0.1 m in diameter. Initially, the water is 
half filled in the manometer at a saturation pressure of 
100 bar. Figure 2 shows the water lengths in left and right 
pipes as the manometer rotates in the counter-clockwise 

direction as sin(2 / )A t T  . Since the rotation speed 
is low, the gravity direction is the dominant factor to 
determine the water position.  

Figure 3 shows the result when the rotation angle 
slowly increases up to 60o and come to a standstill. The 
rotation speed is 1o/s for first 60 s. Thus, until 60 s, the 
time can be interpreted as the rotation angle. The left pipe 
becomes full and the right pipe becomes empty. Figure 4 
shows the result when the manometer rotates by 360o. 
The predictions are excellent. These results demonstrate 
well working of head according to rotation. 

0 20 40 60 80 100 120
0.0

0.2

0.4

0.6

0.8

1.0
             SPACE   Theory
C100(L):      
C200(R):      

W
at

er
 le

ng
th

 (
m

)

Time (s)  
Fig. 2 Collapsed water length: o30A   and 40 sT  . 
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Fig. 3 Water length for the rotation up to 60o 
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Fig. 4 Water length for the rotation up to 360o 

 
4. Linear acceleration test 

 
Figure 5 shows the result when a horizontal 

acceleration is increased up to 4.905 m2/s for first 50 s 
and lasts until 100 s. Additionally, a vertical acceleration 
is increased up to 4.905 m2/s for the next 50 s and lasts 
until 200 s. The waver levels are well predicted. Figure 6 
shows the result when a horizontal acceleration is 
increased up to 19.62 m2/s for 50 s such that the water 
reaches the top pipe.  

 
 
5. Rotational acceleration test: centrifugal force 

 
The fluid in the rotating system experiences the 

centrifugal force. Figure 7 shows the square manometer 
rotating about the z axis, i.e., Ω k . 

Figure 8 and 9 show the water levels for 090 / s   

and 0360 / s  , respectively. For the latter case, the 
centrifugal force is so large that the water reaches the top 
pipe. 
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Fig. 5 Results for both horizontal and vertical 
accelerations 
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Fig. 6 Results when a horizontal acceleration is increased 
up to 19.62 m2/s. 
 

 
Fig. 7 Square manometer rotating about the z  axis 
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Fig. 8 Result for 090 / s   
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Fig. 9 Result for 0360 / s   

 
 

6. Rotational acceleration test: Euler force 
 

Figure 10 shows a horizontal torus with a radius of 1 
m. Twelve identical pipes are connected to form the torus. 
Each pipe has a diameter of 0.1 m and a length of 0.5176 
m. Initially, the water is half filled in the torus. The torus 
is rotating about the z axis as  sin(2 / )A t T  Ω k k , 

where A  is 30o and the period is T=10 s. In this situation, 
the water experiences only the Euler force due to the 
angular acceleration. Figure 11 shows the result. The 
torus oscillation starts at 10 s. One can see that the there 
is a phase difference of 90o between the oscillation and 
water velocity. The reason is that the Euler force is 
proportional to the time derivative of the angular velocity. 

In Eq. (2), the term k k  Ω r  accounts for the Euler 

force. Although not shown here, at every pipe, the void 
fractions remain at 0.5.  

 

 
Fig. 10 Horizontal torus 
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Fig. 11 Result of rotationally oscillating horizontal torus 

 
 

6. Conclusions 
 

The SPACE code has been modified to include the 
effects of linear and rotational accelerations. The 
simulation results demonstrated the capability of the 
SPACE code for ocean nuclear reactor. The code will be 
extended to three-dimensional flow based on the cross-
flow junctions.  
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