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There was a Design Review of the Pad Chamber Cooling System on 7 December 1998.  Out of this Design Review, there were 4 Action Items, as given in the note from Ed Killian of 10 December 1998.  These action items were:

1. Enclose the FEM card with an aluminum enclosure and run it without compressed air or nitrogen to see if the electronics perform well without cooling.  This could eliminate the need for cooling.

2. Find out where the temperature monitoring and gas monitoring will occur; i.e. what crates have been assigned to monitoring by Buzz Jacobs.

3. Check the possibility of adding cooling fins to the primary heat source on the FEM. 

4. Revisit the gas supply and return with regard to pressure drops and flow rate. 

This note addresses action item 1.

The PC represents two cooling environments.  The first is the ROCs on the back of each of the PCs.  The second is the FEM cards.  

A. ROC Cooling: 

Each ROC dissipates 250 milliwatts of power.  There are 90 ROCs on each chamber, but they are divided in such a way that 45 ROCs are connected to a single FEM card.  For PC-2 and PC-3 the division is in  while for PC-1 the division is in Z.  Thus each sector of 45 ROCs dissipates 12 watts of power.  It is anticipated that convective cooling of the ROCs with ambient air is sufficient to keep the temperature increase in the area of the ROCs to less than 10 degrees C.

B. FEM Card Cooling:

Each FEM card dissipates ~30 watts of power.  There are two FEM cards on each chamber.  The heat sources on the FEM card are localized, and some chips can get too hot to touch for long; i.e. ~60 degrees C

To understand what the thermal environment was like for the PC, we conducted two tests to study how hot the ROCs and FEM cards would get without cooling.

A.   ROC Cooling:

We tested the heating of the ROC environment using the PC-1 prototype.  We had 41 ROCs mounted instead of the designed 45 on one side of the chamber.  PC-1 is likely to be the chamber with the most stringent cooling requirements since the PC-2 and PC-3 chambers have the same number of ROCs spread over a much larger area.  We feel that testing the chamber with one side fully instrumented was an accurate test of the thermal environment.

The ROCs themselves do not ever get noticeably warm to the touch.

We constructed a thermal barrier across the back of the PC-1 prototype chamber.  This was achieved using a thermally insulated cover cut to fit the chamber tightly at the sides and having a gap of 5 cm along one edge.  This was meant to simulate the region between the RICH vessel and the PC-1 chamber where the separation between the RICH window and the back of the PC-1 is designed to be 5 cm.  For these tests the chamber was horizontal on a table.  In the PEH, the PC sectors will be inclined to the vertical to at least 45 degrees, aiding in convective air flow.  A thermometer was inserted into the cover at the center to sample the temperature rise caused by the electronics heating the air inside the cover.

The power to the ROCs was turned on, and we watched how long it took to come to thermal equilibrium, and at what temperature equilibrium was reached.  The initial temperature was 24 degrees C.  After 20 minutes with the power on the ROCs the temperature had stabilized at 29 degrees C.  We left the power on for an hour, but no further temperature rise was observed.

Since the observed temperature rise on the back of the chamber was only 5 degrees C, we feel that convective cooling with ambient air is sufficient for cooling the ROCs.  No further cooling is planned for the ROCs.

B.   FEM Cooling:

On January 22, 1999 the FEM card was enclosed in an aluminum enclosure and the power to the card was turned on.  The temperature was monitored at two points on the card over a two hour period during which the card came to thermal equilibrium.  The two points chosen as monitoring points were selected because they were close to the hottest spots on the card.  

During the heat test, the data acquisition system was activated, and events were read in from the FEM card to ensure that the heat did not compromise the performance of the FEM card.  Although the thermometers read temperatures in excess of 130 degrees F the FEM card never showed any signs of overheating.  

Based on the results of this test, I propose that the Pad Chamber electronics does not need either compressed air or nitrogen cooling of the FEM cards and the ROCs.  I would like to maintain the possibility of providing a source of cool dry air for the Pad Chambers, so the installation plan calls for a connection to the compressed air supply and a ¼” copper tube will be run in the area beneath the FEM card.  This compressed air will ensure a dry environment for the terminal boards and keep the air flowing in the region around the FEM cards.

Below is a graph showing the FEM card temperatures as a function of time from turning the power on.







