EM Calorimeter thermal discussion
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To assist with the development of design specifications, here are a few considerations and preliminary numbers.  The major assumption is that the EM calorimeter is cooled by forced air.  Three operating temperatures were considered.

Operating at 25C is the simplest.  The arrangement could be simply to blow filtered room air over heater and once through the EM calorimeter.  The heaters would be used to regulate the supply air temperature.  No insulation is required, nor is there any concern about minor air leakage.

Operating at 15C would require a chiller or building chilled water, if available.  The air would be slightly overcooled and then heated to the regulated temperature.  Insulation is not required, but would improve performance.  The building HVAC would need dehumidification controls to keep the dew point below 15C.  Air would probably be recycled and leakage is more important.

Operating at 0C would require a chiller.  The air would be slightly overcooled and then heated to a regulated temperature.  At least ¾ inch of insulation is required to prevent condensation on the outside of the calorimeter.  Signal cables, structural supports and other penetrations would have to be checked for possible condensation.  The building HVAC would need dehumidification controls to keep the dew point below 15C.  Air would probably be recycled and leakage is more important.

Temperature control

1. The temperature can be controlled to +/- 0.1C at one point, but changes in room temperature or internal heat load will affect the temperature distribution.

2. Heaters will be used for fine control due to their fast response.

3. Tradeoffs

a. Insulation vs. air temperature rise and temperature variation.  More insulation results in less air temperature change as it passes through.  It also reduced the affect of room temperature changes.

b. Airflow area vs. temperature rise and variation.  As the air flow area increases, flow can be increased and consequently temperature differences drop.  Is a flow area of 150 square inches available for air movement through the calorimeter?

c. Better building HVAC control will reduce disturbances on the calorimeter temperature.

The effort and costs will depend on the operating temperature and other parameters.  In all cases an outline of the tasks is:

1. Calculate all heat loads

2. Calculate air flow resistance

3. Size fans, ducts, chillers, etc.

4. Size heaters, design control scheme

5. Select instruments

6. Select controls, displays, data paths

7. Install, tune and test.

