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Revision 1.1 changes the material used in the FEM Card enclosure from polyvinyl fabric to aluminum.

1.0
Purpose

The purpose of this document is to present the design for cooling the PHENIX Pad Chambers (PC).  The primary goal of this design is safety of the Experimental Hall (PEH).  Secondary considerations include providing a dry and thermally stable environment for the PC electronics.  All of this needs to be accomplished with a design that is safe, easy to build and maintain.

2.0 Safety Considerations

The PC-1 is located on the outer surface of the Drift Chamber (DC) with the electronics situated two inches from the inner window of the Ring Imaging Cherenkov (RICH) detector.  The PC-2 is located two inches radially outward from the outer window of the RICH.  The orientation of the PC-2 chamber, whether the electronics faces the RICH window or PC-3, has not yet been determined.  The PC-3 is located on the outer surface of the Time Expansion Chamber (TEC) in the East Arm with the electronics two inches away from the Time of Flight detector.  Each of these locations poses a potential threat to the safety of PHENIX.  The largest threat is overheated electronics igniting a fire that causes the Ethane gas in the RICH to ignite.  For this reason, the PC electronics will be cooled using dry filtered compressed air.

3.0 Cooling Details

The general cooling plan is to bring compressed air to each of the Pad Chambers in copper lines.  This compressed air will be distributed to each of the Front End Modules (FEMs) so that each component gets sufficient air across it to limit the temperature increase during normal operation to 10 degrees C.  The compressed air will be distributed from the main gas house compressor to a set of manifolds.  These manifolds will each serve one layer of the PC on one side of one arm of PHENIX; in other words there will be ten manifolds in total. (See attached drawing.)  The pressure delivered by the compressor is anticipated to be in the range 80 to 120 psig.  The manifolds will each need a pressure regulator.  This is due to the fact that the PC really 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.  In order to keep the temperature rise in the area of the FEM cards to under 10 degrees C we will need to deliver cool air to blow over the cards.

4.0 Testing the Heat Load

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.  We then attempted to cool them with prototype cooling schemes to see if our plans were adequate.  

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:

We tested the FEM card environment using the PC-1 prototype.  We mounted a FEM card on PC-1, covered it in a thermally insulating layer with a thermometer measuring the temperature inside the enclosure.  The enclosure was a sleeve of polyvinyl fabric open at one end.  The end was left open to simulate the environment of the FEM card when the RICH window creates a 5 cm wide sleeve around the FEM card. And all cooling comes from convective air circulation.  Then we turned on the power and watched the FEM card thermally equilibrate.

The initial temperature of the air in the enclosure was 20 degrees C.  It took an hour for the temperature to stop increasing at which point it was 38 degrees C.  At that point we turned on the compressed air flow at a flow rate of 5 SCFM.  This had the effect of bringing the temperature down to 24 degrees C and keeping it there.  So we believe that we have a workable scheme for cooling the FEM card environment by bringing compressed air to the area and blowing that compressed air across the FEM card electronics.

5.0 Compressed Gas Cooling

In order to calculate the volume of air needed to cool the PC, I have made a number of assumptions.

1. The specific heat capacity of air is equal to that of pure nitrogen, i.e. 1.04 joules per gram per Kelvin.  

2. The mass density of nitrogen is 28 grams per mole or 28 grams per 22.4 liters, or 1.25 grams per liter.  This translates to 35.4 grams per cubic foot (CF).

3. Hence 1 CF of Nitrogen gas will heat by 1 K when it absorbs 36.8 joules of heat.  If we expect that the temperature increase of the gas will be 10 degrees C in passing over the electronics, then we can say that 1 CF of N2 will heat by 10 K when it dissipates 368 joules of power.

4. Assuming a temperature increase of 10 degrees C, we need 0.16 cubic feet per minute (CFM) of nitrogen flowing across the electronics per watt of power we want to dissipate.

5. For the FEM cards, we will need 5 CFM for each card.

6. The total cooling gas required for the FEM cards is 400 CFM of dry filtered compressed air.

6.0 Tests of Cooling Design

In order to deliver the cooling gas to the electronics, the compressed gas will be distributed to ten manifolds.  Each manifold will serve one side of one layer of one arm of the PC.  The manifold will be a copper pipe with fittings for the input pipe from the compressor, and one output pipe for the FEM cards.  The output pipes will each have regulators on them so that the gas flowing to the FEM cards can be set to 40 psig.  

The output for the FEM cards will be divided into 8 separate line.  The lines will be ¼” copper tubing.  These lines will run from the regulator manifold to the FEM cards.  There they will feed enclosures built around the FEM cards to channel the cooling air over the FEM card electronics.  The enclosures will be constructed out of a thin sheet of aluminum 3003.  The aluminum enclosure provides protection for the RICH window from exploding fragments of electronics, as well as shielding the sensitive DC electronics from any radiating noise generated by the PC clocks.  At 40 psig the 0.17” ID copper tubes flow at a rate of approximately 5 CFM and can easily be tuned to give the required flow rate to cool the FEM card electronics.  The copper tubes will enter the enclosure from the outer edge, and the top of the enclosure will be left open for the heated air to escape to the hall.  There are also many penetrations in the enclosure to allow cables access to the FEM card.

7.0 Summary

In summary, we propose to cool the FEM Cards using a ¼” copper pipe flowing compressed air at 5 SCFM for each FEM Card.  The ROCs will be cooled by ambient air and by convection.  This is sufficient to keep the temperature of the FEM Cards and the ROCS to within about 5 degrees C of the hall air temperature.

