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Japan Atomic Energy Agency (JAEA) has been performing the development and design of Water-cooled 

ceramic/Be type test blanket module (TBM). The TBM has a box structure that consists of six plates, and 

circler or rectangular cooling flow channels are built in the plates. In the side wall, parallel flow channels 

are considered. Two parallel large channels that act as a manifold are connected by small parallel channels. 

In the cooling channels structure, the flow distribution probably arises from the pressure drop in the 

channels. The purpose in this study is to clarify the water flow distribution in the side wall and design the 

cooling channels structure so that structural material of the side wall can be kept under the allowable 

temperature. 

The calculation of maximum temperature of the structural material is performed by a one dimensional 

thermal calculation, and the minimum flow rate of the coolant to keep the structural material under the 

allowable temperature is estimated. The flow distribution among parallel flow channels is estimated by the 

calculation of the pressure drop, and then the cooling channels structure is designed. The design is verified 

by the water flow experiment using the mockup made of the vinyl chloride pipe. For the verified design, 

the mockup made of F82H is manufactured, and the water flow distribution and the pressure drop are 

measured in the water flow experiments. The result shows that decrease rate of the water flow to the 

average is 12% in maximum. This is sufficient in the view of the heat removal capability. It is also 

confirmed that the calculated pressure drop corresponds to the measured one. 

From these results, the design for the cooling channels structure in the side wall is established so that 

enough water flow to cool the structural material is kept.   
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Fig. 3-1 Rise of temperature in the case of decreased 

cooling water 

Fig. 3-2 Schematic of cooling channel made of F82H 
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Fig. 3-4 Assumed changing rate of water flow rate 

Fig. 3-3 Calculation system of pressure drops in the cooling channel  
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Fig. 3-5 Pressure drops of each flow channel for assumed  

water flow distribution (80 L/min) 

Fig. 3-6 Schematic of cooling channel made of polyvinyl pipes
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Fig. 3-7  Flow rates of branch pipes in introduced  

water flow rate of 60 L/min 
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Fig. 4-1 Flow rates of branch pipes in introduced water flow rate of 

 80 L/min

Fig. 4-2 Pressure drops of each flow channel for assumed  

water flow distribution (50 L/min)
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Fig. 4-3 Pressure drops of each flow channel for assumed 

water flow distribution (60 L/min) 

Fig. 4-4 Pressure drops of each flow channel for assumed 

water flow distribution (65 L/min) 
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Fig. 4-5 Pressure drops of each flow channel for assumed  

water flow distribution (70 L/min) 

Fig. 4-6 Flow rates of branch pipes in introduced water flow rate of 

 50 L/min
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Fig. 4-7 Flow rates of branch pipes in introduced water flow rate of 

 60 L/min 

Fig. 4-8 Flow rates of branch pipes in introduced water flow rate of 

 65 L/min 
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Table 1 Summary of water flow distribution estimated from calculation and measurement

Fig. 4-9 Flow rates of branch pipes in introduced water flow rate of 

 70 L/min 
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Fig. 4-10 Calculated and experimental values in the pressure drops 

        (50 L/min)

Fig. 4-11 Calculated and experimental values in the pressure drops 

       (60 L/min)
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Fig. 4-12 Calculated and experimental values in the pressure drops 

        (65 L/min)

Fig. 4-13 Calculated and experimental values in the pressure drops 

        (70 L/min)
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Fig. 4-15 Pressure drops of each flow channel for assumed  

flow distribution in water of 300 ºC and 15 MPa 

Fig. 4-14 Calculated and experimental values in the pressure drops 

        (80 L/min)

JAEA-Technology  2009-077

─ 20 ─

JAEA-Technology  2009-077

─ 21 ─



 15

1

3 TBM

8.0 MW/m3 0.17 kg/s 30 mm

497 50% 550

3 1

Fig. A-1 30 mm

497 35 mm 550

TBM 5 mm

TBM

30 mm

550 Fig. A-2

TBM

1.0 MW/m3 1/14

JAEA-Technology  2009-077

─ 22 ─

JAEA-Technology  2009-077

─ 23 ─



 29

Fig. A-1 Maximum temperature of structural material to the distance from the 

cooling channel       

Fig. A-2  Calculation results of the flow rate under 550 ºC in the temperature of 

structural material for nuclear heating    
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