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Model Specifics:
	

Model Dimensions:
Cryostat Diameter: 150” cylinder (See Figure 2)
Ullage space liquid surface 105.4” wide
3D representative volume (half of volume between feedthroughs)

		
	Model Physics: 
		Turbulence Model: 		k-ε 
Buoyancy Model: 		Full Buoyancy Model
Turbulence Numerics:	High Order
Advection Scheme: 		High Order
Convergence Criteria: 	Not reached: No steady state solution
Mesh (Fig 4): 			Hybrid 0.5” Hexahedral &Tetrahedral
	

Fluid Specifics:
		Fluid: 				Superheated argon @ 17.3 psia   
Molar Mass: 			39.948 kg/kmol
Saturation Temperature:  	88.877K
All other fluid properties vary WRT temperature (Obtained from RefProp)








Insulation Thermal Conductivity:
Manufacturer claims 0.02 W/m*K @ room temperature
Temperature dependant properties for 2lb/ft3 insulation in NIST cryogenic database, see Figure 1. For a more conservative analysis the higher thermal conductivity insulation was used in the model.  Temperature results do not differ much between the two insulations as the higher heat load to the liquid boils more argon gas, offsetting the higher heat input to the ullage space.

[image: ]
Figure 1: Temperature dependant insulation properties from NIST database
 (best matches to manufacturer specs)






Model Setup and Boundary Conditions:
[image: ]
Figure 2: Cryostat dimensions and boundaries

Liquid Surface:  Modeled as stationary wall at 88.877K. The boil-off enters the gas space from the liquid via a source term at a rate of 10.328 grams/sec (assuming heat load to liquid of 1651 Watts) for a mass flux = uniform 0.3154893 [grams*m^-2*s^-1].  In addition to this, any heat transferred from the argon gas space to the liquid surface will cause additional boil off at a mass flux rate of the heat flux at that point of the liquid surface divided by the latent heat of vaporization. This was included in the model as well via a source term of “Wall Heat Flux/hfg.”  Heat transferred to the liquid through the cryostat walls and through the copper wires caused additional argon boiling and also increased the mass flow into the control volume, this was all included into the model via various source terms. 

Insulation Outer Shell:  Air convection of 5W/m^2 @ 293K.

Outlet:  Argon gas was allowed to exit via the top center of the cryostat, while the feed-through tubes were purged at a rate of 0.073 gr/sec or 5.5 SCFH each.    

Results:  
Integrated heat load through Insulation:		 		437.4W 
Integrated heat load from cryostat walls to liquid: 		180.6W 
Integrated heat load to liquid surface from ullage space: 		156.8 W
Integrated heat load from wires to Argon gas space:		4.9 W/feedthrough
Integrated heat load from wires to Liquid Argon:			13.8 W/feedthrough
Integrated heat load from air convection on feedthrough:	19.6 W/feedthrough
Argon mass flow from liquid heat load boil off: 			10.328 grams/sec
Additional boil off from gas space/cryostat walls/wires:		3.845 grams/sec
Total Boiloff:	 	14.173 grams/sec
    Argon Exit Temperature: 		107.1 K

Ullage model space shown below in Figure 3, instance transforming was used to show the representative model mirrored across several planes to rebuild the entire ullage space.  It is apparent the feedthroughs do not purge through very well due to buoyant flow caused by the warmer wires.  Some sort of baffle to reduce the cross sectional open area of the feedthroughs would be advisable.  Otherwise impurities outgassed by the warmer wires will find their way down the feedthrough and into the ullage space. A baffle design will be added to the model and tested
[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure004.png]
Figure 3: Rebuilt model of ullage space.

[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure004.png]
Figure 4: Buoyant circulation in feedthrough, showing need for baffles which reduce cross sectional area to prevent backflow of impurities
  

Overall velocities in the ullage were very slow, but the warmer copper wires transferred heat the argon gas, causing buoyant driven flow from the wires which stirred the cryostat space. Figure 5 shows the temperatures of the ullage space along a plane which runs through the center of the feedthrough.  Figure 6 shows just the ullage space and steel tank shell temperature.  Figures 7-9 show the argon gas streamlines in the 3D space.
[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure001.png]
Figure 5: Temperature of all materials at plane through center of feedthrough.
[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure007.png]
Figure 6: Temperature of ullage space and tank shell (feedthrough temperature is not displayed here)
[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure003.png]
Figure 7: Wire temperature and streamlines (logarithmic scale).  Notice the warmer wires heat the surrounding argon gas and cause buoyant driven flow near them and relatively high gas velocities.

[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure011.png]
Figure 8: Argon gas streamlines (linear scale)

[image: C://Users/HeadHPCNode/.cfx/CFX_TEMP_3264/Figure010.png]
Figure 9: Argon gas streamlines (linear scale)

Appendix A: ANSYS Physics and  Boundary Condition Report
	Table 1.  Domain Physics for Fluid Flow

		Domain - Argon

	Type
	Fluid

	Location
	B27

	Materials

	ArgonGas

	     Fluid Definition
	Material Library

	     Morphology
	Continuous Fluid

	Settings

	Buoyancy Model
	Buoyant

	     Buoyancy Reference Density
	5.2500e+00 [kg m^-3]

	     Gravity X Component
	0.0000e+00 [m s^-2]

	     Gravity Y Component
	-9.8100e+00 [m s^-2]

	     Gravity Z Component
	0.0000e+00 [m s^-2]

	     Buoyancy Reference Location
	Automatic

	Domain Motion
	Stationary

	Reference Pressure
	1.7300e+01 [psi]

	Heat Transfer Model
	Thermal Energy

	Turbulence Model
	k epsilon

	Turbulent Wall Functions
	Scalable

	Domain - Connectors

	Type
	Solid

	Location
	B491

	Settings

	Domain Motion
	Stationary

	Domain - Insulation

	Type
	Solid

	Location
	B698, B706, B657

	Settings

	Domain Motion
	Stationary

	Domain - StainlessTank

	Type
	Solid

	Location
	B34, B427, B428, B440

	Settings

	Domain Motion
	Stationary

	Domain - Wires

	Type
	Solid

	Location
	B464

	Settings

	Domain Motion
	Stationary

	Domain Interface - ArgonToTank

	Boundary List1
	ArgonToTank Side 1

	Boundary List2
	ArgonToTank Side 2 1, ArgonToTank in StainlessTank Side 2

	Interface Type
	Fluid Solid

	Settings

	Interface Models
	General Connection

	Heat Transfer
	Conservative Interface Flux

	Mesh Connection
	GGI

	Domain Interface - Default Fluid Solid Interface

	Boundary List1
	Default Fluid Solid Interface in Argon Side 1

	Boundary List2
	Default Fluid Solid Interface in StainlessTank Side 2, Default Fluid Solid Interface in Wires Side 2

	Interface Type
	Fluid Solid

	Settings

	Interface Models
	General Connection

	Heat Transfer
	Conservative Interface Flux

	Mesh Connection
	GGI

	Domain Interface - Default Solid Solid Interface

	Boundary List1
	Default Solid Solid Interface in Connectors Side 1

	Boundary List2
	Default Solid Solid Interface in StainlessTank Side 2, Default Solid Solid Interface in Wires Side 2

	Interface Type
	Solid Solid

	Settings

	Interface Models
	General Connection

	Heat Transfer
	Conservative Interface Flux

	Mesh Connection
	GGI

	Domain Interface - InsulationToTank

	Boundary List1
	InsulationToTank Side 1

	Boundary List2
	ArgonToTank Side 2

	Interface Type
	Solid Solid

	Settings

	Interface Models
	General Connection

	Heat Transfer
	Conservative Interface Flux

	Mesh Connection
	Automatic






	Table 4.  Boundary Physics for Fluid Flow

		Domain
	Boundaries

	Argon
	Boundary - ArgonToTank Side 1

	
	Type
	INTERFACE

	
	Location
	F31.27, F420.27, F446.27, F447.27, F448.27, F449.27, F457.27, F494.27, F496.27

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	Boundary - Default Fluid Solid Interface in Argon Side 1

	
	Type
	INTERFACE

	
	Location
	F458.27, F459.27, F460.27, F461.27, F462.27, F470.27, F471.27, F472.27, F473.27, F474.27, F475.27, F476.27, F480.27, F481.27, F482.27

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	Boundary - Outlet

	
	Type
	OPENING

	
	Location
	F33.27

	
	Settings

	
	Flow Direction
	Normal to Boundary Condition

	
	Flow Regime
	Subsonic

	
	Heat Transfer
	Opening Temperature

	
	     Opening Temperature
	N/A - No Inflow

	
	Mass And Momentum
	Opening Pressure and Direction

	
	     Relative Pressure
	0.0000e+00 [psi]

	
	Turbulence
	Low Intensity and Eddy Viscosity Ratio

	
	Boundary - PurgeOut

	
	Type
	OUTLET

	
	Location
	F484.27

	
	Settings

	
	Flow Regime
	Subsonic

	
	Mass And Momentum
	Mass Flow Rate

	
	     Mass Flow Rate
	3.6483e-05 [kg s^-1]

	
	Boundary - OutletTube

	
	Type
	SYMMETRY

	
	Location
	F32.27, F160.27, F39.27, F419.27, F501.27, F495.27

	
	Settings

	
	Boundary - SymB

	
	Type
	SYMMETRY

	
	Location
	F456.27, F463.27, F477.27

	
	Settings

	
	Boundary - SymF

	
	Type
	SYMMETRY

	
	Location
	F28.27

	
	Settings

	
	Boundary - LiquidSurface

	
	Type
	WALL

	
	Location
	F30.27

	
	Settings

	
	Heat Transfer
	Fixed Temperature

	
	     Fixed Temperature
	8.8877e+01 [K]

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	Boundary - NearWires

	
	Type
	WALL

	
	Location
	F741.27

	
	Settings

	
	Heat Transfer
	Fixed Temperature

	
	     Fixed Temperature
	8.8877e+01 [K]

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	Boundary - SymPurgeLine

	
	Type
	WALL

	
	Location
	F483.27, F485.27, F486.27

	
	Settings

	
	Heat Transfer
	Adiabatic

	
	Mass And Momentum
	Free Slip Wall

	Connectors
	Boundary - ArgonToTank Side 2 1

	
	Type
	INTERFACE

	
	Location
	F457.491

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - Default Solid Solid Interface in Connectors Side 1

	
	Type
	INTERFACE

	
	Location
	F478.491, F479.491, F487.491, F488.491, F489.491

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - SymConnectors

	
	Type
	SYMMETRY

	
	Location
	F492.491

	
	Settings

	
	Boundary - Connectors Default

	
	Type
	WALL

	
	Location
	F493.491

	
	Settings

	
	Heat Transfer
	Heat Transfer Coefficient

	
	     Heat Transfer Coefficient
	2.0000e+01 [W m^-2 K^-1]

	
	     Outside Temperature
	2.9300e+02 [K]

	Insulation
	Boundary - InsulationToTank Side 1

	
	Type
	INTERFACE

	
	Location
	F661.657, F700.698, F705.698, F709.706

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - SYMFI

	
	Type
	SYMMETRY

	
	Location
	F663.657, F699.698, F704.698

	
	Settings

	
	Boundary - SymBI

	
	Type
	SYMMETRY

	
	Location
	F658.657, F707.706

	
	Settings

	
	Boundary - Insulation Default

	
	Type
	WALL

	
	Location
	F660.657, F662.657, F701.698, F703.698, F710.706, F712.706

	
	Settings

	
	Heat Transfer
	Adiabatic

	
	Boundary - OuterWall

	
	Type
	WALL

	
	Location
	F659.657, F702.698, F711.706

	
	Settings

	
	Heat Transfer
	Heat Transfer Coefficient

	
	     Heat Transfer Coefficient
	5.0000e+00 [W m^-2 K^-1]

	
	     Outside Temperature
	2.9300e+02 [K]

	StainlessTank
	Boundary - ArgonToTank Side 2

	
	Type
	INTERFACE

	
	Location
	F37.34, F430.427, F443.440, F455.427, F614.428

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - ArgonToTank in StainlessTank Side 2

	
	Type
	INTERFACE

	
	Location
	F31.427, F420.428, F446.427, F447.427, F448.427, F449.427, F494.440, F496.34

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - Default Fluid Solid Interface in StainlessTank Side 2

	
	Type
	INTERFACE

	
	Location
	F480.427, F481.427, F482.427

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - Default Solid Solid Interface in StainlessTank Side 2

	
	Type
	INTERFACE

	
	Location
	F487.427, F488.427, F489.427

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - SSB

	
	Type
	SYMMETRY

	
	Location
	F432.428, F439.427, F490.427

	
	Settings

	
	Boundary - SSF

	
	Type
	SYMMETRY

	
	Location
	F35.34, F441.440

	
	Settings

	
	Boundary - ConvectionTank

	
	Type
	WALL

	
	Location
	F450.427, F451.427, F452.427, F453.427, F454.427

	
	Settings

	
	Heat Transfer
	Heat Transfer Coefficient

	
	     Heat Transfer Coefficient
	5.0000e+00 [W m^-2 K^-1]

	
	     Outside Temperature
	2.9300e+02 [K]

	
	Boundary - LiquidCorner

	
	Type
	WALL

	
	Location
	F38.34, F431.427, F433.428, F500.440

	
	Settings

	
	Heat Transfer
	Fixed Temperature

	
	     Fixed Temperature
	8.8877e+01 [K]

	
	Boundary - StainlessTank Default

	
	Type
	WALL

	
	Location
	F32.427, F39.34, F419.428, F429.427, F501.440

	
	Settings

	
	Heat Transfer
	Adiabatic

	Wires
	Boundary - Default Fluid Solid Interface in Wires Side 2

	
	Type
	INTERFACE

	
	Location
	F458.464, F459.464, F460.464, F461.464, F462.464, F470.464, F471.464, F472.464, F473.464, F474.464, F475.464, F476.464

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - Default Solid Solid Interface in Wires Side 2

	
	Type
	INTERFACE

	
	Location
	F478.464, F479.464

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - SymWire

	
	Type
	SYMMETRY

	
	Location
	F466.464

	
	Settings

	
	Boundary - ColdWire

	
	Type
	WALL

	
	Location
	F469.464

	
	Settings

	
	Heat Transfer
	Fixed Temperature

	
	     Fixed Temperature
	8.8877e+01 [K]








	

	




image7.png
NNSYS

Streamline Velocity
0.18991

Wire Temperature
279.8

269.7
259.7

-~
002323

139.1 0.00035
129.1
119.0
109.0 N
98.9 I
88.9 -“
[ms™1]

[K]




image8.png
NNSYS

Velocity
Streamline 2 Figure 11

0.190

[m s*-1]




image9.png
Velocity
Streamline 2 Figure 10

0.190





image1.png
Conductivity (Wim™K)

Btest (1)

Polyurcthane Insulation (Four Types)

0206

0055

00s|

0045

004

0035

Btes(Te)

003

0025

00|

0015

001

\

507

100

0

a0

160

[
Tp

Temperature (K)

B

240

260

20

el




image2.png
A\ Outlet: Argon Gas

Outlet: Purged Argon Gas Leaves Control Volume
Leaves Control Volume

Heater on Connectors
20W/m"2*K @ 293K

Black lines are
adiabatic surfaces

All Outer Surfaces
SW/ImM2*K @ 293K

Copper Wires Argon Gas Space

1/2" Thick S.S. Cryostat

Liquid Surface, Temperature = 88.877K (Gas Enters)




image3.png




image4.png
z
k]
°
)
>
@
£
£
s
2
@

Wire Temperature




image5.png
/NNSYS

Temperature
Contour 1 Figure 1

291173
280.526
269.878
259.231
248.584
237.937
227.290
216.643

142113
131.466

120.818

110.171 X
99.524
88.877

[K]




image6.png
Temperature
Contour 2 Figure 7
114.353
113.012
111.671
110.330
108.990

[K]




