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Model Specifics:
	

Model Dimensions:
Cryostat Diameter: 150” cylinder (See Figure 2)
Ullage space liquid surface 105.4” wide
Quasi-2D slice of Cryostat

		
	Model Physics: 
		Turbulence Model: 		k-ε 
Buoyancy Model: 		Full Buoyancy Model
Turbulence Numerics:	High Order
Advection Scheme: 		Specified blend factor = 1
Convergence Criteria: 	1e-6 Maximum Residual
Mesh (Fig 4): 			Nearly Uniform (0.25”) Quasi-2D Hexehedral 
	

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 matched to nearest 2lb/ft3 insulation in NIST cryogenic database, see Figure 1.  
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Figure 1: Temperature dependant insulation properties from NIST database
 (best match to manufacturer specs)

Speeding Computation Time:
In the model the actual thickness of the insulation (16”), and the thermal conductivity were both divided by four in order to reduce numerical model size and speed computation time.  Symmetry was also used across the centerline of the model.  All calculations performed on i7-2600K @4.8GHz, 1600MHz 7-9-8-24 Ram; CPU time was roughly 45 hours. 




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 9.214 grams/sec (assuming heat load to liquid of 1475 Watts) for a mass flux = uniform 0.283688372[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.”  

Insulation Outer Shell:  Held at a fixed temperature of 300K.

Argon Insulation Interface:  Rather than actually creating a physical domain for the 0.5” thick cryostat, an interface model of the stainless steel was used; temperature dependant thermal conductivity obtained from NIST cryogenic database.

Outlet:  Argon gas was allowed to exit via the top center of the cryostat.  


Results:  
Integrated heat load through insulation of ullage space: 		29.81 W/m down length of cryostat 
Total: 		360.4W
Integrated heat load to liquid surface from ullage space: 		18.93 W/m down length of cryostat
Total: 		228.8 W
Argon mass flow from liquid heat load boil off: 			9.214 grams/sec
Additional boil off from ullage heat transfer: 			1.41 grams/sec
Total:	 	10.624 grams/sec
Argon Exit Temperature: 						114.2 K

Figures and charts for ullage velocity, temperature, heat flux, surface boil off velocity are contained below: 
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Figure 3:  Maximum residual values - (showing excellent convergence was obtained)
ANSYS CFX Physics 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
	0.0000e+00 [psi]

	Heat Transfer Model
	Thermal Energy

	Turbulence Model
	k epsilon

	Turbulent Wall Functions
	Scalable

	Domain - Default Domain

	Type
	Solid

	Location
	B34

	Settings

	Domain Motion
	Stationary

	Domain Interface - Domain Interface 1

	Boundary List1
	Domain Interface 1 Side 1

	Boundary List2
	Domain Interface 1 Side 2

	Interface Type
	Fluid Solid

	Settings

	Interface Models
	General Connection

	Heat Transfer
	Conservative Interface Flux

	     Material
	Stainless Steel

	     Heat Transfer Interface Model
	Thin Material

	     Thickness
	5.0000e-01 [in]

	Mesh Connection
	GGI






	Table 4.  Boundary Physics for Fluid Flow

		Domain
	Boundaries

	Argon
	Boundary - Domain Interface 1 Side 1

	
	Type
	INTERFACE

	
	Location
	F31.27

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	Boundary - Outlet

	
	Type
	OUTLET

	
	Location
	F33.27

	
	Settings

	
	Flow Direction
	Normal to Boundary Condition

	
	Flow Regime
	Subsonic

	
	Heat Transfer
	N/A (no inflow)

	
	     Opening Temperature
	N/A (no inflow)

	
	Mass And Momentum
	Opening Pressure and Direction

	
	     Relative Pressure
	1.7300e+01 [psi]

	
	Turbulence
	Low Intensity and Eddy Viscosity Ratio

	
	Boundary - SymB

	
	Type
	SYMMETRY

	
	Location
	F29.27

	
	Settings

	
	Boundary - SymC

	
	Type
	SYMMETRY

	
	Location
	Symmetry YZPlane

	
	Settings

	
	Boundary - SymF

	
	Type
	SYMMETRY

	
	Location
	F28.27

	
	Settings

	
	Boundary - Argon Default

	
	Type
	WALL

	
	Location
	F32.27, F39.27

	
	Settings

	
	Heat Transfer
	Adiabatic

	
	Mass And Momentum
	No Slip Wall

	
	Wall Roughness
	Smooth Wall

	
	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

	Default Domain
	Boundary - Domain Interface 1 Side 2

	
	Type
	INTERFACE

	
	Location
	F31.34

	
	Settings

	
	Heat Transfer
	Conservative Interface Flux

	
	Boundary - SYMFI

	
	Type
	SYMMETRY

	
	Location
	F35.34

	
	Settings

	
	Boundary - SymBI

	
	Type
	SYMMETRY

	
	Location
	F36.34

	
	Settings

	
	Boundary - Default Domain Default

	
	Type
	WALL

	
	Location
	F32.34, F38.34

	
	Settings

	
	Heat Transfer
	Adiabatic

	
	Boundary - OuterWall

	
	Type
	WALL

	
	Location
	F37.34

	
	Settings

	
	Heat Transfer
	Fixed Temperature

	
	     Fixed Temperature
	3.0000e+02 [K]
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