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Trend: Cryocoolers increasingly favored over traditional immersion bath cooling for 
superconducting (SC) components

Challenge: Transport heat efficiently from SC coil to cryocooler

State of the art: Copper links (heavy, bulky)

Motivation

?
Copper braids

Copper blocks

Cryocooler

SC coil
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Trend: Cryocoolers increasingly favored over traditional immersion bath cooling for 
superconducting (SC) components

Challenge: Transport heat efficiently from SC coil to cryocooler

State of the art: Copper links (heavy, bulky)

Motivation

PHP

Cryocooler

SC coil

Proposed solution: 

• Use pulsating heat pipes (PHP) filled with 
neon (for HTS) or helium (for LTS) 

Principle:

• Transfer heat from “warm” evaporator to 
cold condenser using two-phase flow 

→ latent heat (enthalpy of phase change) + 

→ sensible heat (advection and convection)
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Equivalent thermal conductivity (k) of PHP for cryogenic
application

• Helium PHP for LTS application

• Neon PHP (24.5 … 44.4 K) for HTS application

References listed in annex of this presentation

5

𝑘 =
𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒
×

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝐹𝑙𝑢𝑖𝑑 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎
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500 𝜇𝑚

Pipes:

Material: 316 L steel

Diameters: 𝐷i = 1 mm, 𝐷o = 3mm

Adiabatic length: 𝐿 = 195 mm

→ similar to Dixit et al. [1]

Evaporator and condenser: 

Material: High purity copper

Thickness: 𝑒 = 2 × 5 mm

Width: 𝑊 = 115 mm

Contact to tubes: Apiezon N grease

Design features

Evaporator cross-section

20-tube-PHP

Condenser

Evaporator 

(lower half)

Pipes
Brazed

connection

Pipe cross-section
Courtesy of A. Brem, PSI
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𝑳

[1] Dixit T, Authelet G, Mailleret C, Gouit F, Stepanov V and Baudouy B 2023 Cryogenics 132, 103670 ISSN 0011-2275 URL 
https://doi.org/10.1016/j.cryogenics.2023.103670



Experimental set-up

Cryostat

Cryocooler

Charging tube

Condenser adapter

and heaters

Evaporator adapter and 

heaters

PHP

Radiation shield

Temperature sensor

Multi-layer insulation
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Experimental set-up
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DAQ

Cryostat

Gas supply rack

Mini gas rack

Cryocooler



Exemplary cooldown

Condenser

PHP tubes

(adiabatic part)

Evaporator
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Example of characterization in pseudo-steady state (simulate operated coil)

Characterization results
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20 tube neon PHP works very 
well with condenser 
temperature at 27 K, 27.1 K and 
30 K

Maximum of 22 W transferred 

Measured PHP performance was 
mostly limited by test setup
(cryocooler or pressure limits) 
instead of PHP limit (dry-out 
phenomenon)

Fast transient experiments 
simulating a quenched coil 
showed also promising results



Comparison of thermal resistance (Rth) with experimental results
from Dixit et al. [1]

Similar results

Slightly lower thermal 
resistance can be 
explained by

• Slightly different 
geometry

• Different assembly 
method

Best values for 40 % 
filling ratio in both 
cases

[1] Dixit T, Authelet G, Mailleret C, Gouit F, Stepanov V and Baudouy B 2023 Cryogenics 132, 103670 ISSN 0011-2275 URL https://doi.org/10.1016/j.cryogenics.2023.103670
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𝑅th =
𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑

[1]



Thermal resistance (Rth) dependence on filling ratio (FR) 
and condenser temperature (TCondenser)
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- Filling ratio (FR) Benchmarking:

• 𝑅th,PHP,this study = 𝟎. 𝟏𝟎… 𝟎. 𝟒𝟔 𝐊/𝐖

• 𝑅th,PHP,Ne,literature = 0.11…32 K/W

• 𝑘PHP,this study = 40.8... 1𝟖𝟐. 𝟔 Τ𝐤𝐖 (𝐦 ∙ 𝐊)

• 𝑘PHP,Ne,literature = 0.8 ... 149.8 ΤkW (m ∙ K)

• 𝑘Cu 27 K,0 T,RRR=50…500 = 1.5…4.5 ΤkW (m ∙ K)

→ factor 30…40 better than Cu

𝑅th ↓ with 𝐹𝑅 ↓ (but danger of dry-out)

𝑅th ↓ with 𝑇Condenser ↑



New test stand for cryogenic pulsating heat pipes built and commissioned

Promising first results for 20-tube neon PHP

Better thermal performance with filling ratio ↓ (but danger of premature dry-out) and with condenser
temperature ↑

Successful benchmarking with results from Dixit et al. (CEA Saclay)

Next steps: 

Parametric studies, e.g. on number of tubes, working fluids

Operation of 2 PHP in parallel

Cooldown and operation of HTS coil

Conclusion & Outlook
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General trend:

• Thermal resistance ↓ with filling ratio ↓ (but danger
of premature dry-out) → best 35 %

• Thermal resistance ↓ with condenser temperature
↑

Thermal resistance (Rth) dependence on filling ratio (FR) 
and condenser temperature (Tcond)
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