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Compact Accelerator Systems test stand 
(COMPASS)[3]

Infrastructure for experimental 
studies of i. a. CMRC-CLs
Two independent CMRC providing 
approx. 100 W and 500 W of cooling 
power, resp.

Current leads (CL) impose heat
load on cryogenic system
Current leads are a main sources
of power input for cooling[1]
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Numerical model for current lead calculation

Optimization of operating conditions

Motivation – cooling demand of current leads Cryogenic mixed-refrigerant cycles (CMRC)

Theoretical power demand for
cooling of conduction cooled
(CC-CL) and continuously cooled
(∞-CL) current leads
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𝑃𝑃∞−CL = 73 W/kA[2]𝑃𝑃CC−CL = 123 W/kA[2]

Single-stage Cryogenic Mixed-
Refrigerant Cycle  

Simple JT-cycle with application-
specific fluid mixture 

Complex correlations (no derivatives)
 Disqualifies many optimization 
algorithms

 Components
 Pressures
 Temperatures

 Molar fractions
 Energy demand
 Pinch point analysis

Optimization with HPC 
algorithm[4] using 
Differential Evolution[5]

Consideration of 𝑇𝑇-
dependent joule heating
Optimization parameter:

𝑇𝑇LP,in = 80 K
𝑝𝑝HP,in = 20 … 25 bar
𝑝𝑝LP,in = 1 … 5 bar
𝜂𝜂comp = 𝑓𝑓 𝑝𝑝ND, Π

Numerical model for heat exchanger
calculations[6]

Solution of conservation equations
Empirical correlations for 𝛼𝛼, Δ𝑝𝑝 and 𝜀𝜀
Heat source term for ohmic losses[2]

Solution of 1-D 𝑇𝑇-field equation for conduction
cooled part of current lead
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Reference case: operation with Cryomech AL600[8]

Key figures of CMRC-CL prototype
Current capacity 10 kA
Dimensions (L x W x H) 564 x 90 x 56 mm
Pressure level PN30
Total area for heat transfer 4.69 m²

Commissioning in Q4/2024

Cryogenic mixed-refrigerant cycles offer 
scalable cooling power at 𝑇𝑇 ≤ 100 K
CMRC-CLs promise reduction of power 
demand for cooling by 2/3 compared to 
CC-CLs

Simulation results: single-stage CMRC-cooled current lead

CMRC-cooled current lead under variable operation conditions

Final design of CMRC-CL 
prototype for COMPASS

Operating costs can be
reduced by about 50 %

adapted from [7]

Parameter CMRC-CL CC-CL
Wall temperature at cold end 79.3 K 79.3 K
Current capacity 10 kA 10 kA
Mass flow mixed-refrigerant 17 g/s -
Heat load due to ohmic losses 70.2 W 424 W
Power demand* 2.1 kW 8.1 kW
Carnot-Efficiency 35 % 15 %

Reference case: conduction cooled current lead

adapted from [7]

*compared to Cryomech Al600 cryocooler

Adaption of the mass flow to the operation conditions

Detailed modelling of CMRC-cooled current leads

Reduction of power demand
compared to CC-CL by 74 %

[9]
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