Notes on heat flow measurement in FCAL region

Gerald Oakham

10th February 2004

Description of test 

The main goal of this test is to measure the heat leak through the walls of the cryostat in the region of the FCAL. This can be accomplished by measuring the heat required to maintain the temperature differential across the cryostat wall in a steady state. This will allow us to calculate the effective thermal conductivity and hence the leak we will see when the cryostat is in use in ATLAS. So it is important for this test that the ends of the warm tube of the cryostat be blocked to prevent air flow. Air flow will carry heat away in a manner that will be impossible to model. The ends would be best blocked with pieces of foam. If the heaters on the warm tube are then adjusted to maintain a constant temperature and the cryostat is left cold until the thermocouples on the cold tube provide steady values a measurement of the power output of the heaters along with all the thermocouple readings should allow the required thermal conductivity to be calculated.

Note if the temperature readings along the warm tube or the cold tube vary widely this calculation may be a lot more difficult if not impossible. It will require at least setting up a 3-D FEA study to model what might be happening.  

Note that during the cold test the FCAL support tube will be in place, which will act as thermal barrier between the cold tube and the rest of the cryostat. In addition the plan is to cool the cryostat but not fill it with cryogenic liquid (presumably liquid nitrogen.) There will be a small amount of cryogenic liquid in the bottom of the cryostat to keep the whole thing cool. Due to the heat leak through the cold and warm tube the temperature of the cold tube will probably not remain at liquid nitrogen temperatures and this may be a major problem for this test. I am fairly confident that the heaters will keep the warm tube reasonably constant but I have no idea what the temperature profile of the cold tube will be. 

To give ourselves the best chance of understanding what is going on I think it is important for us to monitor the temperatures as the cryostat cools. I would prefer to have the heater system working all the time to maintain the warm tube temperature. I think Aboud may want to have the heater off at some point to see if frost really forms. I don’t think that this is a particularly useful observation but if we have enough data to calculate the thermal resistivity I don’t see a problem with it.

We don’t need high accuracy in this measurement knowing the heat leak to 10% should be OK.  

Diagrams of sensor placements (see text for details)
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Warm tube: There were plans to put sensors on the section of the tube with a larger diameter but I do not know what numbers where assigned to these. TC1 through TC6 are at the top of the tube, TC9 through TC14 are at the bottom and TC7 and TC8 are at a horizontal position.
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Cold tube:-

I did not see all of these sensors being places. Along the inside of the narrow part of the tube TF1 through TF5 were at the top andTF7 through TF 11 were at the bottom. The plan was to have sensors inside the large cone shaped part of the structure, although again I am not sure of the number of sensors that were used or their placement 

The vacuum region between the inner warm wall and inner cold wall of the cryostat have been instrumented with two heaters and a number of temperature sensors fixed to the walls. The placement of the sensors (as I understand it from my November trip) are shown in the diagrams on the previous page. Note the warm tube fits inside the cold tube and the separation between the two tubes is maintained by spacers fixed around the warm tube. The sensors and heaters on the warm tube are covered with super-insulation; the spacers are fixed to the tube on top of this super-insulation. There are pictures of the preparation of the cold and warm tubes at:-

http://www.physics.carleton.ca/research/atlas/Construction/fcal3c/fcal3_files/Board_files/warm_cold_tube_photos.htm  

It might also help if you get a copy of the drawing of the EndCap cryostat.

Test Procedure

Check on sealing at the ends of the warm tube – main thing is to prevent airflow.

1) Monitor of pt100 sensors

a. Are the sensors on warm wall reading same temperature within a few degrees – what can we tolerate

b. Temperature of sensors on cold wall – are they uniform. How close are they to Liquid Argon temperatures.

2) Monitor power produced by heaters – does it look reasonable

3) Calculate the heat leak and then the effective thermal resistance.

4) There shouldn’t be any frost on warm tube but worth checking this. 

People involved in the test:-

Aboud Fallou and Alice Thiebault both from Orsay

Still to do

1) Check when Alice and Aboud will be at CERN to take part in this test.

2) Please check the information on the placement of the sensors, the heaters and the spacers. Alice should have this info in her log book. Alice probably did not put all the sensors in place (Aboud was going to place some of them). 

3) Find out from Alice or Aboud how the heaters are powered: is it from the AC power supply or from a DC source. In either case how well do we know what the actual power output of the heaters is. Do we need to monitor current and voltage when heaters are on?

4) Check on transfer of data from Alice’s PC to the network

