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Flow

ObjectivesObjectives

-- To clarify the lift pump performance for To clarify the lift pump performance for PbPb--Bi circulation.Bi circulation.

-- To clarify the direct contact boiling heat transfer.To clarify the direct contact boiling heat transfer.
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Operational procedureOperational procedure

1. Evacuation of Pb-Bi and water loops
2. Charge of Pb-Bi into the Pb-Bi loop and heat up 

to 300℃
3. Water supply into water loop and heat up to 

220℃
4. Natural circulation in Pb-Bi loop with heater pin 

power
5. Injection of water into Pb-Bi loop
6. Increase in the water injection flow rate and 

heater pin power
7. Control of condenser cooling
8. Achievement of desired flow rate, temperature 

and pressure



Controlled parameters in operationControlled parameters in operation

Experimental 
condition

Rated 
conditions

Flow rate (kg/h)

Temperature (℃) 198-228 220

Heater pin bundle    Power (kW) 5-106 133
308-469
5.8-245

Steam pressure (MPa)     (Condenser 
cooling)

2, 7 7

460
256

Pb-Bi temp. at outlet
Injected water

Result of operationResult of operation

Rated 
conditions

Result

303-316
56-61

278-414

-
36.5
310

Temperature in chimney (℃)

Pb-Bi temp. at inlet of heater pin bundle (℃)
Pb-Bi flow rate (L/min)
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図2   自然循環時の圧力損失計算モデル（
鉛ビスマスのみの循環）
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Comparison of Experiment and AnalysisComparison of Experiment and Analysis
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Estimate of Direct Contact Boiling Heat Transfer Estimate of Direct Contact Boiling Heat Transfer 

satTV
QU
∆

=

satinsat TTT −=∆

Q : Heat transfer rate

P(Tsat)

Superheat

Tin

Volumetric heat 
transfer coefficient



Volumetric Boiling Heat Transfer  Coefficient
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Conclusion

1. Pb-Bi was circulated successfully by 
boiling bubbles of injected water into Pb-
Bi above the heater pin bundle.

2. The experimental result of Pb-Bi flow 
rate agreed well with the analytical result.

3. Volumetric heat transfer coefficient 
ranged 20-100 kW/m3K which was higher 
than the result of the other study. It 
decreased with superheat.


