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Results of Interest and Simplifications:

A liquid circulation and temperature model of the liquid argon in MicroBooNe was performed to check for any temperature gradients in the liquid space due to the field cage and to be sure no bubbles would form from boiling of the argon.  Argon velocity was also of interest.   Since temperature gradients would not be preferred and the model is quite complex involving numerous porous media, we can simplify the model using conservative simplifications to achieve tighter convergence.  These simplifications also show a worst case scenario in case the porous media affected the flow differently than the model calculates.  For these reasons, all porous media were modeled as impermeable stainless steel walls, which transfer heat between the fluid regions.  An image of the field cage is seen in Figure 1, compliments of Bo Yu.   
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Figure 1:  3D representation of field cage.




Model and Argon Specifics:
	
Model Dimensions:
Cryostat Diameter: 150” cylinder
		Field Cage Dimensions:  See Figure 2
	Model Physics: 
		Turbulence Model: 		k-ε 
Buoyancy Model: 		Boussinesq approximation
Turbulence Numerics:	High Order
Advection Scheme: 		High Order
Convergence Criteria: 	1e-6 Maximum Residual
Coarse Mesh (Fig 3): 		Structured Uniform (0.5”) Quasi-2D Hexehedral
Fine Mesh (Fig 4): 		Structured Uniform (0.25”) Quasi-2D Hexehedral 
	Fluid Specifics:
		Fluid: 				Liquid argon @ 17.3 psia   
Molar Mass: 			39.948 kg/kmol
Saturation Temperature:  	88.877K
Density: 			1385.6 kg/m3  
Viscosity: 			248.20 µPa*s
Specific Heat: 			1119.3 J/kg*K
Volume Expansivity: 		0.0045182/K
	Results: 
Low fluid velocity was seen in the model with low temperature gradients and zero chance of entering the nucleate boiling regime forming bubbles in the liquid.  Figures 5 through 9 display the results of interest.
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Figure 2: Dimensions and boundaries of CFD model
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Figure 
3
: Coarse mesh, though still quite refined.
)
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Figure 
4
: Fine Mesh
(Results nearly identical to previous mesh showing grid independent solution)
)


	Results:
[image: C://Users/Voirin/.cfx/CFX_TEMP_6460/Figure001.png]
Figure 5: Liquid Temperature in cryostat cross section
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Figure 6: Liquid argon circulation velocity vectors
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Figure 7: Temperature in field cage
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Figure 8: Degrees of sub-cooling
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Figure 9: Possible natural convection boiling areas, No bubbles form in this boiling regime. 
(Surface temperatures must be 2K-5K above the saturation temperature to be in nucleate boiling and cause bubbles)


	



ATTACHMENTS:
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