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COMSOL Modeling: Introduction

• Evaporation refrigerators are cryogenic equipment that can reach temperatures down 
to 1K and are used in nuclear physics experiments. 

Dynamic Nuclear Polarization 
with Fixed Target



COMSOL Modeling: History



COMSOL Modeling: Objectives

• Predict the cooling power of the UNH cryogenic refrigerator.

• Identify opportunities for improvements in the design.

• Simulate the whole bulk flow of Helium in the UNH refrigerator.

• Validate COMSOL Multiphysics as a design tool for this type of equipment.



COMSOL Modeling: The Problem

• How does the fridge work??

Answer: Evaporation Cooling Technique

Ekin, J, W.2006. Experimental Techniques for Low- Temperature Measurements, Cryostat Designs,

Material Properties, and Superconductor Critical- Current Testing. Oxford University Press. p, 673.

Q cooling= ሶ𝑚* Hfg



Vacuum Viscous Flow Modeling

Main free path Helium

For 6 [mm] channel Kn = 0,001073 

Continuous Flow

COMSOL Modeling: Validation of Flow

Academic.pgcc.edu           PFEIFFER VACUUM, website



Viscous Flow Modeling

COMSOL Modeling: Validation of Flow

The 4-He gas is considered as a ideal gas 
and an isotropic Newtonian fluid. 
Turbulence effects are considered in the 
modeling.



J.E. Jensen, W.A. Tuttle, R.B. Stewart, H. Brechna and A.G. Prodell. 1980. Brookhaven National Laboratory Selected Cryogenic Data Notebook. 
Vol 1 Sec I- IX. 

* With Ideal Gas :Density

Constant Heat Capacity

Dinamic Viscosity
Thermal Conductivity

COMSOL Modeling: CFD Setup
• Helium-4 gas properties



COMSOL Modeling: CFD Setup

• Domain, Meshing

• A 2D Computer-Aided Design (CAD) 
model was build in COMSOL based in the 
geometry and measures of the 
evaporation refrigerator 

• The meshing is done in the COMSOL 
interface. Three meshes are tested. 



COMSOL Modeling: CFD Setup

• Boundary Conditions



COMSOL Modeling: CFD Setup

• Solver Setup



COMSOL Modeling: Results



COMSOL Modeling: Results



COMSOL Modeling: Conclusions

• We successfully develop a CFD simulation using COMSOL® Multiphysics for an 4-He evaporation refrigerator 
which predicts a cooling power of 2.68W for the superfluid helium bath at 1.11K. The difference between 
predicted and empirical cooling power was less than 7.5%. 

• The parameters extracted from the UNH experiments allowed us to perform a characterization of the main 
4He flow.

• From this point, extensive studies can be done to optimize this individual components of the refrigerator. This 
will improve the cooling capacity of the refrigerator.



Thank You!



COMSOL Modeling: Annexes

W. M. Rohsenow, J. P. Hartnett, Y. I. Cho, et al., Handbook of heat transfer, Vol. 3, McGraw-Hill New York, 

1998


