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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. A conservative model was simulated to be absolutely sure no nucleate boiling would occur, which would form bubbles.  That model was performed in August.  This model uses almost no conservative assumptions and attempts to estimate the temperature and velocity fields as realistically as possible.  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
Boundary Conditions:  	See Figure 3
	Model Physics: 
		Turbulence Model: 		k-omega and k-ε (almost identical results)
Buoyancy Model: 		Boussinesq approximation
Turbulence Numerics:	High Order
Advection Scheme: 		High Order
Convergence Criteria: 	2.5e-5 Maximum Residual – (Transient)
Coarse Mesh (Fig 3): 		Hybrid Multi-Zone Quasi-2D – See Figure 4
	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 and 6 display the nearly steady temperature results.  Results show there is no steady state solution for temperature or the argon velocity profile, see the section Transient Fluid Velocity Information for more information.
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Figure 2: Dimensions and boundaries of CFD model
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Figure 3:  Boundary Conditions of model, light blue is the liquid argon volume.
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Figure 4:  Part of the multi-zone mesh with all hexahedral elements except in the 1" bar zones
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Figure 5:  Steady state liquid temperature in entire cryostat

[image: C://Users/Voirin/.cfx/CFX_TEMP_1964/Figure003.png]
Figure 6: Steady State Temperature in field-cage cross section
Transient Fluid Velocity Information:
Even though temperature profile is nearly steady, the velocity profile of the liquid argon has no steady state solution.  Much like a flag flapping in the wind exhibits random and cyclic behavior due to turbulence has no steady state solution.  Turbulence is an extremely complex and still not fully understood parameter of fluid flow.  Even the random or cyclic behavior can depend on the initial conditions of the flow. The fluid flowing past the wires and bars causes unsteady behavior in the flow profile causing eddies to form and dissipate.  Flow over a cylinder causes cyclic von-Karman vortices, and all the cylinders in this geometry contribute to this phenomenon.  Regardless, a main pattern of flow can still be seen.  The attached animation titled Transient Velocity Vectors shows the changing fluid pattern over a 7 minute time period.  We can see the parts which remain steady and also the production and dissipation of turbulent eddies. It should also be noted turbulence is a 3D phenomenon, so the flow patterns will not be uniform in time through the length of the cryostat.  The flow pattern for a cross section at some instance in time is shown in Figure 7.
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Figure 7:  Flow Velocity at some instance in time, though there is no steady state solution for flow.

ATTACHMENTS:
Transient Velocity Vectors.wmv
Transient Cryostat Temperature.wmv
Transient Field Cage Temperature.wmv
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