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Thermal FEA using ANSYS have been conducted on different materials to decide what could and couldn’t work. In this engineering note some results will be shown to give an idea of the different scenarios and at last a FEA will be presented on the design we have chosen that considers an indirectly water cooled HOPG (Highly oriented pyrolitic graphite) foil.

Due to the vague properties of the HOPG and the unusual laminar structure of this material that is difficult to model, no stress analyses are shown but instead a test plan is presented (see ….) to have more valuable results.

Comparison of results.

These analyses have been done at the beginning of the study. They are based on different numbers for foil dimensions and they cannot be considered as representative for the final design but they can give an idea on why we have chosen a certain material to proceed.

Common to all the analyses is the geometry that shows two water-cooled copper blocks connected through a “glued” joint to the edge of the foil. 

Water convection coefficient used=10000W/mK

Volume heat load = 2600 W on 70mm x 3.5mm x 0.4mm

The only difference among the analysis is the foil material which properties are shown in each slide. When temperature dependent properties are available, they are input in Ansys, otherwise only room temperature properties are used with the known limitations on the results. 
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Final choice.

Based on the previous analysis we have decided to proceed using the highly oriented pyrolitic graphite material because due to its high conductivity in the plane, it helps to keep the max temperature at a reasonable number. 

One point of discussion was based on the fact that it is true that this graphite conducts very well in the a, b plane but it is also true that it conducts very poorly in the c plane (thickness of our foil). Since conducting out of the edges of the graphite needs some thinking and a more advanced approach, some analyses have been done to show that we could have good cooling even conducting out of the sides, with a “perfect” interface. Since it is not easy to understand why this works, some comparative analyses have been done and are shown next

Comparative analyses:

A block 10mm high (y), .4mm thick (x), 1mm wide (z) is considered.

A volume load of 26.5W/mm3 is applied to .4x1.75x1 mm3 at the bottom of the block

Different temperature conditions are applied at the top (faces or edge depending on the situations)

Different material conductivities are applied for Kxx, while I have used Kyy=kzz=1600W/mK.
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The conclusion from these analyses is that side cooling should work for the foil thickness that we are considering even if the conductivity through the thickness is only 8 W/mK. Theoretically only a much more poor conductivity will prevent this assembly to work. This case can happen if by any chance the foil delaminates causing separation between the layers and preventing any conduction through the thickness.

Since the side cooled approach is simpler and we cannot see any big problems with it so far, we are basing our design on this approach that was in principal suggested by Mark Montesano of K-Technology Corporation. In our test plan we are considering also as backup an edge braze to the foil in case delamination happens and we will need to conduct out the heat from the edge of the foil.

Final design

The final design is based on the following parameters:

Foil dimensions: 20mm x 80mm x 0.4mm

Beam footprint: 70mm x 3.5mm x 0.4mm (the heat will be applied as volume load as per Steve Marks calculations)

Total heat absorbed: 2600 W for a constant 26.5W/mm3 volumetric load.

Copper properties:

HOPG properties: thermal conductivity based on K-Technology Corporation APG foil

Kxx=8 W/mK

Kyy=Kzz=1500W/mK ( at  375 K)

Convection film coefficient= 15000W/m2K

Shown are the plots of the temperature on 1/8 symmetry model.
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Since this foil will be a very important component in the beamline serving as a protection for a Be window just downstream of the storage ring port, tests will be carried out to solve some of the main issues that this assembly will present.

Clamping issues 

Pressure issues

Thermal and structural interface issues

Delamination issue.

Different options and backups are considered to make sure we will have a functioning assembly ready to be installed in spring 2004. Due to a tight schedule and vague properties of this material it has been decided not to invest more effort in trying to simulate the structural behavior through FEA but to build parts and start the testing to have an idea of the real behavior of this material.
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