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Summary of heat flow tests on a Supercrystal

Aims

The purpose of these tests was to establish the extent to which perturbations in a radiating plate near to the front of a supercrystal influence crystal temperature stability

Apparatus

The supermodule was assembled with the central pocket of the 5 x 5 array being replaced by an expanded polystyrene crystal, all the other pockets being filled with PbWO4 crystals.

Thermister temperature sensors were attached to the fibreglass insert at the front of the central crystal pocket and to the top carbon fibre skin of at 20 mm, 120 mm and 220 mm from the front of the crystal. 

The supercrystal was mounted on a temperature stabilised back plane (( 0.1 ºC) and thermisters were attached to the top of the back plane and the shim plate.

The whole assembly was insulated, except for the front face, with expanded polystyrene and mounted in a temperature stabilised (( 0.1 ºC) thermally insulated box. The box cooling circuit was the same circuit as that used to stabilise the back plate

20 mm in front of the supermodule, a temperature stabilised 300 mm x 300 mm 12.5 mm Al radiator plate was mounted. This had thermisters at its centre and edge and could be held at any chosen temperature above ambient stable to ( 0.1 ºC. Control was achieved using a 500W heater and an Eurotherm furnace controller. Feedback to the controller was by a thermocouple mounted on the radiator plate. 

Table 1 shows the positioning of the thermisters

	P11
	Radiator centre

	P8
	Radiator edge

	P9
	Front face

	P2
	20 mm along crystal

	P10
	120 mm along crystal

	P3
	220 mm along crystal

	P14
	Positional spacer

	P5
	Cooled plate


Table 1. Thermister allocations

The apparatus is shown in Fig. 1. and Fig. 2.
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Fig. 1. Plan view of experimental assembly
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Fig. 2. Schematic arrangement of thermisters

Method

The assembly was allowed to stabilise at 21 ºC and then the radiator plate was heated to 36 ºC. The equilibrium temperatures were noted.

The radiator plate was then reduced in temperature to 34 ºC. The new equilibrium temperatures were noted.

Results

Fig. 3. shows the raw data from the thermister sensors. There was a noticeable variation in the temperature of the cooled back plate. To simplify analysis, the data was normalised to a back plate temperature of 21 ºC. It should be noted that further work is still needed on the calibration of the thermisters. The effect of self heating has also not been quantified.
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Fig. 3. Raw data from thermal rig before correction applied for a systematic drift in all detectors

Fig. 4. shows the effect of increasing the radiator plate temperature from 22 ºC to 36 ºC. 

The overswing on stabilisation of the radiator occurred because some changes had been made to the experimental arrangement and the Eurotherm controller was not properly tuned. It was not thought that the overswing influenced the results.
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Fig. 4. The effect of increasing the temperature of the radiator plate from 21 ºC to 36 ºC

Fig. 5. shows the effect of reducing the temperature of the radiator plate from 36 ºC to 32 ºC. The central value of the plate is about 0.3 ºC higher than the edge because the plate is heated from the central region.
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Fig. 5. The effect of reducing the temperature of the radiator plate by 2 ºC from 36 ºC to 34 ºC

Fig. 6. shows the effect of a 2 ºC change on the shim mounted in the fibre glass front plate. Although this was, mounted in a centre hole in the fibreglass, touching the crystal and the hole was plugged with expanded polystyrene; heat flows down the wire causing an error in the reading.
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Fig. 6. The effect of a 2 ºC drop in radiator temperature on the fibre glass front face

Figs. 7., 8. and 9. show the effect of a 2 ºC change in radiator  at distances of 20 mm, 120 mm and 220 mm along the crystal. Fig 10 is a temperature sensor placed on the aluminium positioning plate coupled to the cooled plate.
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Fig. 7. The effect of a 2 ºC drop in radiator temperature on a point 20 mm along the crystal
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Fig. 8. The effect of a 2 ºC drop in radiator temperature on a point 120 mm along the crystal
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Fig. 9. The effect of a 2 ºC drop in radiator temperature on a point 220 mm along the crystal
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Fig. 10. The effect of a 2 ºC drop in radiator temperature on the Al positional spacer

Conclusions

The results obtained are summarised in Table 2

	
	+ 15ºC change in radiator
	-2ºC change in radiator

	Front face
	4.3ºC
	0.5ºC

	20 mm along crystal
	3.0ºC
	0.35ºC

	110 mm along crystal
	1.6ºC
	0.17ºC

	220 mm along crystal
	0.8ºC
	0.05ºC

	Positional spacer
	0.01ºC
	0.005ºC


Table 2. Data obtained on the temperatures along the centre of an insulated 5 x 5 supercrystal separated 20 mm from a radiator, initially heated from 21ºC to 36ºC, then reduced to 34ºC. The cooled back plate was at 21ºC

The change 20 mm in to the crystal is probably much more representative of the real temperature swing than the fibre glass measurement as there would have been significant heat leakage along the thermister in the fibreglass.

It would therefore appear that with 20 mm separation from the radiator and no thermal screening the maximum temperature swing in the front of the crystal is 18% the swing in the plate. It should be noted however that 90% swing takes over 3 hours to develop at the front 20 mm and substantially longer at the back face. This would imply that provided the average temperature over an hour was less than ( 1.0 ºC, and any excursions were short, the crystal would be stable to ( 0.1 ºC

It is likely that any thermal barrier, which reduced radiative and convective heat transfer, would improve the temperature stability of the crystal.

These results are only initial results taken during commissioning of the heat transfer test rig and should be treated with caution. Further tests are being made to establish the limitations of these measurements.

It is proposed to test the effect of a thin thermal barrier between the crystal and the radiator.
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