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Baffles & HE Modeling  : Material Thermal 
Properties

- Cooper C10200 (ASTM B152) ( Oxygen Free 0,001% max) 



Baffles & HE Modeling  : Meshing

Mesh Domain

Mesh Statistics :

Mesh consists of 278.753 
elements. Minimum 
quality: 0.1106; average 
quality: 0.6606.



Baffles & HE Modeling  : EQS solver & BC

Fluid and Solid Domain ( Helium Gas & Copper)

Laminar Incompressible Flow 
Solver

Inlet:  5 SLPM  

Outlet = Open Boundary ; 

Wall = no slip 

Heat Transfer fluid-solid Solver

Inlet:  T = 4.2 K
Outlet = Open Boundary ; 
Thermal Insulation BC
Initial Conditios: Fluid@ T=5 K

Baffle @T = 77 K

Linear System of 290.440 DOF



Baffles & HE Modeling  : Results

Temperature



Baffles & HE Modeling  : Results

VelocityPressure



Baffles & HE Modeling:  Fridge test 

- First Evaporation Fridge Cool-Down

[3] Pierce,j., Maxwell,J., Badman,T. et all . 2014. Dynamically polarized target for the g2p and GEp

experiments at Jefferson Lab. Nuclear Instruments and Methods in Physics Research A738 54-60.

[4] UNH-NPG http://nuclear.unh.edu/wiki/index.php?title=2015-09_Cool_Down_Analysis

[3] 

[4] 

2015-09 Cool Down Analysis



Baffles & HE Modeling : Temperature Analysis 

- First Evaporation Fridge Cool-Down

[4] UNH-NPG http://nuclear.unh.edu/wiki/index.php?title=2015-09_Cool_Down_Analysis

[4] 

Steady
State



Baffles & HE Modeling  : Operation Curve 

- First Evaporation Fridge Cool-Down
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Baffles & HE Modeling:  Pumped Helium
- First Evaporation Fridge Cool-Down
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F[SLPM] = F[LPM] x ( 294.26 / Tgas) x ( 
Pgas / 14.696)

Pgas – Absolute gas pressure in Psia

Tgas – Gas Temperature in K

During operation : 

Pgas= 200 [mtorr]  T gas room = 300 K.
V = 12 [SLPM]

3.487 [m3/hr]    Root Pumping



Baffles & HE Modeling:  Pumped Helium
- First Evaporation Fridge Cool-Down
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Baffles & HE Modeling:  Pumped Helium

- First Evaporation Fridge Cool-Down
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- Pumping liquid helium @ 1 K, 

VP = 160 [ubar]
= 0.016 [kPas]
= 1.2 E-1 [Torr] = 120 [mTorr]

- Choose Pumping speed
(depends on heat load of system
(0.1 -3 W)

Hevap He @ 1K = 80 - 92 [J/mol]

- Pump speed=  Heat load /
Hevap

[ mol/s] or [m3/hr] -- by ideal gas 
law

pump speed 3487 m3/hr

pump speed 0,97                m3/s

pump speed 968,61           lt/s

R 8,31                Ctant

T 295,00           K

P 26,66             Pa

pump speed 968,61           lt/s

pump speed 0,01                mol/s

heat load 1,23       W
H helium 83 J/mol

for [4.2K- 1.4K]

Heat Load Pumped
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Baffles & HE Modeling  : Liquid Helium Properties
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DensityHeat CapacityDinamic Viscosity

Thermal Conductivity



[4] 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. 

Baffles & HE Modeling  : Gas Helium Properties
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* With Ideal Gas :Density

Constant Heat Capacity

Dinamic Viscosity Thermal Conductivity



Baffles & HE Modeling:  Pumped Helium

0.1 W overrall ( 16 SLPM)  T in=4.2 K



Baffles & HE Modeling:  Pumped Helium

- First Evaporation Fridge Cool-Down



Baffles & HE Modeling:  Mesh Improvement
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Baffles & HE Modeling:  Mesh Improvement



Baffles & HE Modeling: Incompressible NS with K-
epsilon Turbulence model

Navier Stokes Equations with
K-e turbulent eddy viscosity
model



Baffles & HE Modeling: Heat trasfer



Baffles & HE Modeling:  Measurement Points

Rank of priority:

*** Very necessary 
** Necessary
* Not that all ( could be supposed) 

Point Description:

1 ) Helium inlet ( mixture) : *** Mass flow ( LPM), ***Temperature.
2) Helium outlet ( gas): ***Vacuum pressure, ***Speed Pump(LPM), 
***Temperature.
3) **Flange top Inner wall Temperature 
4) ***Baffle outer wall temperature
5) ***Baffle lower wall temperature
6) Separator gas outlet : *Temperature
7) Separator Mixture inlet: *Temperature
8) Separator Liquid Bypass Outlet: **Temperature.
9) Separator Liquid Outlet: ***Temperature, ***mass flow.
10) ***HE outer wall temperature.
11) ***HE lower wall temperature
12) ***HE low low temperature wall.

Temperature Zones ( red points) : ** Locally Wall 
or Vapor bed Temperature measurements 



Baffles & HE Modeling:  Free Oxigen Copper

Properties of copper change a lot depending on its purity, and 
also if it is immersed in to a magnetic field.
The purity of free oxygen copper is measured by the value RRR, 
which means Residual Resistivity Ratio. This quantity is 
calculated as the ratio of electrical resistivity at 273K to the 
resistivity at 4 K. The RRR gives a measure of purity 
And the extent of physical defects such as lattice imperfections 
due to cold-working also electrical resistivity is function of the 
chemical and physical imperfection of the material.

RRR 



Vacuum Viscous Flow Modeling

Main free path Helium

For 6 [mm] channel Kn = 0,001073 

Continuous Flow



Vacuum Viscous Flow Modeling

For pipe Flow:

Laminar Compressible Flow CFD Modeling

2D Axisymmetric Domain
Fluid: Air
BC in = Mass Flow Inlet [6 m3/s]
BC outlet = Mass Flow Inlet [6 m3/s]
Initial Pressure field = 300 [Pa] ( 2.25 [Torr]) 



Vacuum Viscous Flow Modeling

Pressure

Pressure Drop: 2.32 [Pa] 
( 17[mTorr])

Density

Compressible Flow

Velocity



Vacuum Viscous Flow Modeling

Pressure Density

Incompresible Flow ( Change of P outlet BC=299 Pa)

Velocity



Vacuum Viscous Flow Modeling

Pressure Density

Stationary K-e Turbulent Compressible Flow

Velocity



CAD Modeling



The Mesh


