SBN - MiniBooNE Beryllium Beam Target 
Forced Air Cooling CFD Simulation
Erik Voirin – Fermilab – evoirin@fnal.gov - 630-840-5168 – November 19, 2015

Scope of simulation:
We solve for the temperature and flow field of the MiniBooNE beryllium target which is cooled by forces air flow flowing through the Beryllium pipe it is housed in. We also solve the temperature and flow field of the buoyancy driven air between the beryllium pipe and inner horn surface, as well as the heat flux to the 35 deg C inner horn surface.  We employ ANSYS CFX, a commercial CFD code to solve the fluid and energy equations.  
Geometry, Material, and Boundary conditions:
All solid materials are Beryllium, gas spaces are air.  All material properties respect temperature, air density uses ideal gas law.  The outlet pressure of the horn is 15 psia, and air flows in the positive Z direction, (from beam downstream to upstream)  Surface to surface radiation was neglected, as with a beryllium emissivity of only 0.18, it would only be a few perfect of the heat transfer done by forced air convection.   
[image: ]
Figure 1:  Cross section of Geometry and boundary conditions for thermal fluid analysis.
Thermal Resistance at solid/solid interface: 
	This was calculated using assuming the target was tightly fitting at the corners of the spiders.  An air gap would then have an approximate thickness of half the distance between the chord of the circle formed by the spider, and the beryllium pipe (0.0009” / 2 = 0.00045”).   The conductivity of air at 34C was then divided by this gap to calculate the thermal conductance/resistance of the interface, as shown below.  No heat transfer was assumed to transfer directly from metal to metal. Tighter or looser fitting spiders will of course change this resistance value, and it is the largest source of uncertainty in the simulation.   
[image: ]
Heat Load:
The heat load to the target was applied to the 0.375” diameter target only, and the equation which describes the internal heat generation, and integrated total heat load is shown below, where the largest heat lead is beam upstream, and zval is the target length (0.71425m) minus the z coordinate. 
[image: ]
Results:
[bookmark: _GoBack]	Simulation Results are shown in Figures 1 – 8, and the numerical grid is shown in Figures 9 and 10. Heat Transfer at interfaces is shown in Table 1 below:
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[image: C://Users/evoirin/.cfx/CFX_TEMP_4952/Figure002.png]
Figure 2:  Target Temperature, air flows from top right (in the positive Z direction)
[image: C://Users/evoirin/.cfx/CFX_TEMP_4952/Figure003.png]
Figure 3:  Surrounding Beryllium Pipe Temperature, air flows from top right (in the positive Z direction)
[image: C://Users/evoirin/.cfx/CFX_TEMP_4952/Figure004.png]
Figure 4:  Temperature of gas and target on vertical Symmetry plane (Top).  Gas Velocity and directional arrows on bottom.  Note the Z direction vector, (this is an angled view)
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Figure 5: Longitudinal Temperature profile of target centerline as well as air at several radial locations directly between two spiders.
Target downstream beam end starts at Z = 0m, and upstream end is at 0.71425m.

[image: C://Users/evoirin/.cfx/CFX_TEMP_4952/Figure001.png]
Figure 6:  Temperature of all bodies, and velocity of buoyancy driven gas at a cross section near the hot end (upstream end) of the target.

[image: C://Users/evoirin/.cfx/CFX_TEMP_4952/Figure005.png]
Figure 7:  Heat flux to Horn from buoyancy driven air in gap between the horn and the beryllium pipe.
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Figure 8:  Heat flux to Horn from buoyancy driven air in gap (Top middle and side, as it is circumferentially varying).                                                  
Target downstream beam end starts at Z = 0m, and upstream end is at 0.71425m.
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Figure 9:  Very high quality full mapped, pure hexahedral numerical grid on target body and spiders.
[image: C:\Users\evoirin\AppData\Roaming\Ansys\v161\preview.png]
Figure 10:  Very high quality full mapped, pure hexahedral numerical grid on all bodies, cross section of all bodies shown.
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