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DRAFT
Possible design solutions will be added to document for review upon completion since each simulation reveals more about the flow pattern and possible manipulation strategies.  Each simulation requires a large amount of computing power and time so new simulations will be added on about a weekly basis.  

Abstract
Results of a Computational Fluid Dynamics model of the natural convection flow profile in the MicroBooNE cryostat (MicroBooNE Doc-15) showed it would be possible for positive ions to build up in the field cage since a portion of the velocity field would be flowing quite steadily at the opposite of the positive ion drift, roughly (8u, 0v, 0w) mm/sec (directly to the right in the analysis).  This means any portion of liquid argon flow with a velocity, which we call the “reverse ion drift velocity”, of (-8u, 0v, 0w) mm/sec will begin to build up positive ions since diffusion, instead of convection, would be the only means of shedding these ions.  The amount positive ions built up in an area is proportional to the size and the time duration that any part of the flow field is near the reverse ion drift velocity.  This set of analyses intends to find solutions to manipulate the liquid argon flow field to minimize the area in the field cage flow field at the reverse ion drift velocity or cause unsteady turbulent behavior, reducing the time duration at the reverse ion drift velocity.  Several possible solutions will be analyzed and posted as videos in this document as they are completed.  From these, the most promising design can be chosen and reanalyzed in greater depth. 
Performance Criteria:    
	A function was defined which describes how close the argon velocity vectors are to the reverse ion drift velocity; This function, Function #1, is shown as a contour in the velocity animations, an example shown in Figure 1.  A value of zero means the velocity vectors are exactly at the reverse ion drift velocity; any value below this means the velocity is different in the X or Y directions by that magnitude.  This contour should quickly point out and quantify the problematic areas and easily distinguish the most favorable design.  
                 Function #1
Where:
is the Velocity in the X direction
is the Velocity in the Y direction
is the positive ion drift velocity in the X direction
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Figure 1:  Contour  showing flow near the reverse ion drift velocity (bottom center of field cage)



Original Design:
Boundary Conditions are seen in Figure 2, and a snapshot of the flow field seen in Figure 3 shows the problematic area, just like in Figure 1, of flow near the reverse ion drift velocity.  Attached animation "0 - Velocity Animation of Original Analysis" shows the transient results for the velocity vectors, and attached animation "0 - Temperature Animation of Original Analysis" the transient results for clipped temperature, where the minimum and maximum values on the temperature scale have been squeezed to show greater contrast of the temperature field.    
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Figure 2:  Original Model which resulted in high positive ion buildup in certain areas of field cage.
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Figure 3:  Snapshot of flow field from original design with problematic area.











Design Solution #1
Change Impermeable wall on right side of field cage to 30% open area porous membrane with top 36” impermeable wall.  Boundary conditions are seen in Figure 3.  Attached animation "1 - Velocity Animation for Solution #1 - Partial Porous Wall on Righ Side of Field Cage" shows the transient results for the velocity vectors, and  "1 - Temperature Animation for Solution #1 - Partial Porous Wall on Righ Side of Field Cage"  shows the transient results for clipped temperature, where the minimum and maximum values on the temperature  scale have been squeezed to show greater contrast of the temperature field.    
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Figure 4: Boundary Conditions for design 1 for liquid argon flow manipulation 
(Porous wall on right)

Design Solution #2 
Change impermeable electronics wall to a partly open flow path.  Position electronics to have 2.5 inches of flow path between top of the electronics and the surface of the liquid.  Attached animation "2 - Velocity Animation for Solution #2 - Reposition Electronics" shows the transient results for the velocity vectors, and "2 - Temperature Animation for Solution #2 - Reposition Electronics"  shows the transient results for clipped temperature, where the minimum and maximum values on the temperature  scale have been squeezed to show greater contrast of the temperature field.    































Design Solution #3 
Combine Solutions one and two.  

Design Solution #4 (not yet simulated, will be added upon completion)
Heater added to bottom of cryostat which can turn on and off to change the flow pattern at will.

Design Solution #5 (not yet simulated, will be added upon completion)
Increase liquid level (may be combined with other solutions)

Design Solution #6 (not yet simulated, will be added upon completion)
Baffles above top of field cage to distribute flow downwards in a more uniform manner.  (may be combined with other solutions)

Other possible solutions or design changes can be submitted to author
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