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Layout overview of current cryogenic system
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Configuration: Single redundant 
compression system only.
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Liquefaction rate: 239 L/hr
Cooling capacity: 890W@4.2K with LN2 precooling



Encountered operation challenges

 There is no backup liquefaction/storage/distribution system available to

ensure continuous liquid helium supply during liquefier maintenance.

 There is insufficient time to warm up the liquefier and fully restore its

performance in the event of a blockage caused by solidified moisture in the

heat exchanger..

Replacing the turbo expander requires a minimum of three days for system

warm-up, one day for the replacement itself, and two additional days for

recovery. Due to time constraints, completing this full procedure is not

feasible. Attempting an accelerated two-day process risks moisture

contamination and a significant reduction in system efficiency.
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Encountered Challenge - Pressure degradation for first
heat exchanger
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Recovery by partial warm up
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Drying loop 
The variation of moisture 
and temperature
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The comparison of pressure difference
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2nd cryogenic system

Multiple operation mode

Operate alternately

Operate simultaneously

To operate in redundancy, providing backup during
maintenance, pressure vessel inspections, or repairs.
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Layout overview of 2nd cryogenic system
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Design and configuration of 2nd cryogenic system
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Major working items

Room temperature Helium piping system – Local supplier

Cold box and 7000-L Dewar – To be purchased from Linde

Cold piping (LN2 transfer line and MCL) – in house
development

Distribution valve box - in house development

Integration and commissioning – NSRRC/Linde

Uninterrupted power supply system (AC and DC bank) –
Local supplier

Water, electricity, and instrumentation air – Local supplier
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Heat Load budget
Four cavities

120 W (4*30)Static heat loss

240 W (4*60)Dynamic heat load

21 L/h (4*5.3)RF waveguide

75 W (4*15+15)Valve boxes

25 WMain multichannel transfer line

96 W (4*24)Branch helium transfer line

556 W+26.3 L/h (~ 656W)Total sum



Performance requirement
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SpecificationLN2 
Precooling

Dewar 
pressure

DewarMode

230-L/hrYes1.35 - barMain DewarLiquefaction 

385-WNo1.35 - barMain DewarRefrigeration

800-WYes1.35 - barMain DewarRefrigeration

650-W and 
25-L/hr

Yes1.35 -barMain DewarMixed



Cold piping - MCL
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• The average heat load from the experiment

and simulation analysis is 0.045 W and 0.035

W, respectively.



Distribution Valve box
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Milestone
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Summary

A quick recovery circulation loop and procedure of the
cold box performance has been implemented.

The 2nd cryogenic system project has been proposed, which
is aimed to provide the multiple operation mode and a
redundancy during scheduled or temporary maintenance.

The proto type of MCL had been fabricated and tested.
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