
JAERI / KEK
Joint Project

Ⅲ-09N-TAC
October 28-30, 2002

Process Design of Cryogenic LoopProcess Design of Cryogenic Loop

Japan Atomic Energy Research Institute Japan Atomic Energy Research Institute 
(JAERI)(JAERI)

Isamu USHIJIMA, Tomokazu ASO,  Isamu USHIJIMA, Tomokazu ASO,  
Toshio TAKAHASHI, Takashi KATO Toshio TAKAHASHI, Takashi KATO 

and Ryutaro HINOand Ryutaro HINO



Design Conditions for Hydrogen LoopDesign Conditions for Hydrogen Loop

・ H2 pressure in moderators :   ~ 1.5 MPa 
• Temperature increase through the 

moderators :               less than　3 K
• Moderator outlet temperature : 

less than 21 K
• Para-H2 concentration at the moderator 

inlet :                              more than 99 %



Flow Diagrams of Hydrogen Circulation System
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Process Flow Diagram of H2 loop in Parallel CoolingProcess Flow Diagram of H2 loop in Parallel Cooling
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Moderators

The condition of calculation
This calculation was carried out 
under following conditions;

Para-hydrogen would be converted 
into ortho-hydrogen by neutron-beam 
in moderator. In this calculation, a 
content of ortho-hydrogen is 
assumed to be 5% at point ⑦,⑫&⑰

Moderators are arranged in parallel 
flow from the viewpoint of decreasing 
pressure loss, that is, decreasing 
kinetic energy of a pump.

So that, the helium refrigerator power 
could be reduced.

Total flow rate : 195 g/s( =2.6 L/s)

Total pressure drop : 0.106 MPa

Total heat load : 5521 W

Hydrogen supply temp. at heat-
exchanger outlet  :17.4 K

Para-hydrogen content at 
moderators’ inlet  : 99.5%

Results



Process Flow Diagram of H2 loop in Series CoolingProcess Flow Diagram of H2 loop in Series Cooling
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Total flow rate : 111 g/s( =1.5 L/s)

Total pressure drop : 0.267 MPa

Total heat load : 5598 W

Hydrogen supply temp. at heat-
exchanger outlet  :15.4 K

Para-hydrogen content at 
moderators’ inlet  : 99.2%

Flow performance of the 
series cooling is not better 
than that of the parallel cooling.



Specification of OrthoSpecification of Ortho--Para ConverterPara Converter

255 [255 [L] / 18.8 [kg]L] / 18.8 [kg]H2 volume / inventoryH2 volume / inventory

< 0.02 [< 0.02 [MPa]MPa]Allowable pressure dropAllowable pressure drop

OOφφ570x 570x hh1910 [mm]1910 [mm]Dimension of oDimension of o--p converter p converter 

260 [260 [L]  (L]  (iiφφ550x 550x hh1100 mm)1100 mm)Catalyst filling volumeCatalyst filling volume
96.12 / 99.49 [%]96.12 / 99.49 [%]Inlet/outlet para conc.Inlet/outlet para conc.
17.85 / 20.67 [17.85 / 20.67 [K]K]Inlet / outlet temperatureInlet / outlet temperature
1.52 [1.52 [MPa]MPa]Inlet pressureInlet pressure
194.7 [194.7 [g/s]g/s]Flow rateFlow rate
600 [600 [minmin--11]]Space velocity of catalystSpace velocity of catalyst
96.0 [%]96.0 [%]Efficiency of conversionEfficiency of conversion
Fe(OH)Fe(OH)33CatalystCatalyst



Flow Diagram of Helium RefrigeratorFlow Diagram of Helium Refrigerator
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A helium refrigeration system is designed on 
the basis of conventional system.

Helium supply temperature (17 K) is to be 
controlled with an electric heater of 6 kW.

Helium supply pressure is kept higher than the 
pressure of  hydrogen loop.
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Calculation conditions

--The hydrogen circulation system is isolated from 
external  hydrogen charge system.

--He refrigeration power and supply temp. is constant, 
compensating for excess cold with its heater.

--Hydrogen flow rate is constant.

Nuclear heating

PM 1026W    

DM 986W

CM       1739W

Total  3751W

Supercritical pressure

・In the event of proton-beam trip, system 
pressure of the hydrogen circulation system would 
be reduced to around 0.3MPa.

・Continuous operation of hydrogen pump would 
be expected against the beam trip without boiling. 

・Pressure control would not be necessary in the 
event of frequent beam trips .
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ConcludingConcluding RemarksRemarks
・Process behaviors of the hydrogen circulation 

system were estimated under steady state 
condition.

--Flow performance of the parallel cooling is better 
than that of the series cooling, so that the helium 
refrigerator power could be reduced.

• In case of the proton-beam trip, pressure control 
would not be necessary in spite of decrease of the 
system pressure.
Further investigation on another pressure control 

method (e.g. volume self-adjusting of hydrogen 
surge tank using bellows) is to be done.
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