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PC System Cooling 

Cooling System Requirements:


Keep electronics cool.

Provide a barrier between the PC-ROCs/PC-FEM Cards and the RICH window.

Provide an RF Shield for the DC and PC electronics.

Heat Load:


Look at ROCs and FEM Cards spearately.

Prototype Tests:

Measure temperature rise on PC-1 prototype in thermal isolation.

Cooling Design:


What is required to keep this area cold?

Implications on the Cable Plant:


Will this all fit within the PC envelop?

Summary.
PC Power Dissipation

There are two cooling environments in the PC:

FEM Cards on edge of chambers.

ROC on back of chambers.
Power dissipation requirements:


FEM:      30 Watts/FEM, 60 Watts/Chamber.



     480 Watts/Arm for each layer.



   2400 Watts Total.


ROC:   28 Watts/Chamber.



   224 Watts/Arm for each layer.


  
 1120 Watts Total.


Total Cooling Requirements: ~3520 Watts.

Divide up cooling function into 4 regions:


East Arm North Side,    East Arm South Side


West Arm North Side,   West Arm South Side

Each region needs to dissipate. ~1000 Watts

Two thirds of the heat from the FEM.


One third of the heat from the ROC.

Prototype Tests
Enclose the two Heat Source Volumes in thermal insulation.  Turn on the Power and watch what happens to the temperature inside.  

How long does it take to reach thermal equilibrium

and at what temperature?

The ROC region was heated by 41 (of 45) ROCs.  In 20 minutes the temperature went from 24 degrees C to 29 degrees C where it stabilized.

There were no points on the ROCs which were warm to the touch.

The FEM region was heated by the prototype FEM card from an initial temperature of 20 degrees C to a final temperature of 38 degrees C over the period of an hour.  The Voltage regulator got quite hot to the touch (60 degrees C) and 3 chips also got warm.  These were the primary heat sources on the card.

When we supplied compressed air at a rate of 5 CFM across the FEM Card, the temperature came down to 24 degrees C in 2 minutes and stabilized.

PC Cooling Design
Dry Filtered Compressed air is supplied at a pressure between 80 and 300 psi.  This air is brought to the PC and regulated to 40 psi.

Connect to 1” copper gas manifolds mounted on arch where gas flow is diverted to each of 8 FEM Cards.  (see figure)

Each FEM card will be enclosed in an aluminum box with multiple penetrations to allow for cable access to the FEM Card itself.  The air supply to each box will be a ¼” OD copper tube from the manifold running along the arch.

Gas flow:

FEM:                 5 CFM per card
Chamber:      10 CFM per chamber

Manifold:       40 CFM per manifold

Subsystem:  400 CFM total

The air will be allowed to escape out the upper end of the box, and out of the penetrations into the hall.

Summary
The ROCs will be cooled by convective ambient air flow.

The FEM Cards will be cooled by dry filtered compressed air.  The total compressed air demand is 400 SCFM.  Each FEM card will be enclosed in an aluminum box to protect the RICH window and to provide RF shielding to the DC and PC.  The exhaust air will be vented to the PEH.
