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The affective thermal conductivity of thermally coupling compounds when used to couple aluminium alloys at up to 1 mm thick

Objectives

The aim of the experiment was to determine the affective thermal conductivity of thermally coupling compounds when used to couple aluminium alloys at up to 1 mm thick and further to determine how this coupling is affected by ionising radiation

Apparatus

The test rig consists of an aluminium alloy (Farnell 709-4668, HE9TF BS1474) (K=120w/m/ºC) block (a) mounted on an aluminium alloy heat sink (b). The block is thermally coupled to a 25W 3.3 ohm resistor (RS 160-708) which acts as a heater.

The heat sink is thermally coupled to a plate which is cooled by circulating water held at 22 ºC. See appendix 1 for mechanical details.

Thermal coupling is maintained by using thermal grease (Dow 340)

Extraneous heat loss is reduced by polystyrene cheeks on the resistor assembly, and a thermally insulating compression system.

The power to the resistor is calculated by measuring the current through it and the voltage across it

Thermisters (BetaTHERM 10K3A) (placed in holes packed with thermal grease (Dow 340) in the block and heat sink are used to measured their temperature.

The whole assembly is mounted in a temperature controlled box held at 22ºC

The box, water cooling system, and monitoring electronics is in a temperature controlled room at 21ºC

The material under test is placed between the block (a) and the heat sink (b) with spacers of 1.04mm plastic light guide (these are judged to represent a small perturbation to the measurement of thermal conductivity).

Measurements could be made at a number of temperatures and all data could be logged under computer control.

For radiation tests, the apparatus could be disassembled to just the Al heat sink and block and then re-assembled to take measurements.

Figs. 1. and 2 show photographs of the test cells
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Fig. 1. Sample ready to be mounted in test rig, side pads of polystyrene not yet installed
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Fig. 2. Sample set up to take a zero measurement.

Method

Initially, the heat loss for no transmission across the material under test was calculated by running a test with 12.5 mm of expanded polystyrene placed between the block (a) and the heat sink (b)

Measurements were taken at a number of power settings to give temperatures between 22ºC and 40.7ºC, the highest temperature that could be monitored. A fit was then made to the points and the gradient determined. From this gradient, knowing the heat losses of the system, and the thickness and area of the sample under test, its affective thermal conductivity could be determined.

Sufficient time was allowed for the temperatures to stabilise between readings. This time depended on the thermal conductivity of the material under test, being about 40 min for 12.5 mm expanded polystyrene and 8 min for 1 mm of thermally conducting compound.

Results

Fig 1 shows data from a run with 13mm expanded polystyrene.
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This gives a temperature rise of 42.4ºC/watt

This can thus be used to estimate heat losses

The normal equation for heat flow is 

Q = k.A.Dt/l

For electricity 

I = V/R

Thus one can consider an equivalent thermal value of R

So Q=Dt/R where R = l/(kA)

And  R = Dt/Q = the gradient of the graph

Hence the equivalent thermal resistance of the rig with no sample is thus 42.4.

Two test assemblies were used for each measurement, LHS and RHS

Further attests showed that in tests the average value of the thermal resistance of the empty assemblies was:

R thermal LHS = 40

R thermal RHS = 38

If one determines the thermal resistance of the system with a thermally conducting compound in it, one can use the normal technique of summing resistors to estimate the thermal resistance of the compound.

1/R(rig) = 1/R(empty) + 1/R (full)
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From the figure it can be seen that the rig with .04mm electrolube has a thermal resistance of 2.92

Hence the thermal resistance of the electrolube can be determined using

1/2.92 =1/40+1/R(electrolube)

Thus R(electrolube) = 2.72

As the width of the block was 15mm

Its length was 27mm 

Its thickness was 1.04mm

From R = l/(kA) we get

K = 0.94 W/m/ºK

For radiation damage tests, the samples were demounted and sent to Brunel University for gamma radiation.

They were given 2 separate doses, one of 26kGy and the second of 27kGy

The samples had been drying for more than 1 week before they were irradiated and were tested shortly after irradiation.

A summary of the results is tabulated below
	The effect on gamma radiation on thermally conductive heat transfer compounds
	
	

	LHS measurement station
	
	
	RHS measurement station
	
	

	Sample 
	Run Number
	Conductivity W/m.K
	Sample 
	Run Number
	Conductivity W/m.K

	G1 +0kGy, Blue glue 
	34
	1.32
	G1 +0kGy, Blue glue 
	35
	1.41

	G1 +26kGy, Blue glue 
	44
	1.35
	G1 +26kGy, Blue glue 
	46
	1.44

	G1 +93kGy, Blue glue 
	49
	1.38
	G1 +93kGy, Blue glue 
	48
	1.43

	G3 +0kGy, electrolube  TCR
	45
	0.94
	G3 +0kGy, electrolube TCR  
	34
	0.97

	G3 +26kGy, electrolube TCR  
	45
	0.95
	G3 +26kGy, electrolube TCR  
	44
	0.99

	G3 +93kGy, electrolube TCR  
	47
	0.95
	G3 +93kGy, electrolube TCR  
	49
	1

	G5 +0kGy, RTV  1075 
	37
	1.02
	G5 +0kGy, RTV 1075  
	36
	1.1

	G5 +26kGy, RTV 1075  
	46
	0.99
	G5 +26kGy, RTV 1075  
	45
	1.03

	G5 +93kGy, RTV 1075  
	48
	0.99
	G5 +93kGy, RTV 1075  
	47
	1.04


Conclusions

There is some uncertainty in the absolute values of the thermal conductivity; the data on the LHS measurement station should be the same as that on the RHS. It seems likely that this error is due to calibration errors in the absolute values of temperature.

The relative values are accurate and thus we can feel confident that we are not seeing any signs of radiation effects on the heat transfer properties of the compounds

Appendix 1
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Appendix 2

Discussion of errors
Water set to 22 C 

Thermometer reads 20.5 C

Box reads 20.9

Sensors 20.7
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Water set 30 C

Thermometer reads 29.0 C

Sensors read 29.5
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Water set 40 C

Thermometer reads 38.4 C
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Thermometer in box 38.9 C

Sensors read 39.6


Appendix 3 Data

	Run
	R Thermal
	R rig
	R sample
	Width
	Length
	area
	thickness
	A/l
	K

	Run 31
	
	
	
	
	
	
	
	
	

	LHS FBG1
	40
	2.056
	1.9554879
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.31

	RHS FBG2
	38
	1.843
	1.7577492
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.46

	
	
	
	
	
	
	
	
	
	

	Run 32
	
	
	
	
	
	
	
	
	

	LHS FBG1
	40
	2.042
	1.9428191
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.32

	RHS FBG2
	38
	1.836
	1.7513807
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.47

	
	
	
	
	
	
	
	
	
	

	Run 33
	
	
	
	
	
	
	
	
	

	LHS FBG1
	40
	2.007
	1.9111101
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.34

	RHS FBG2
	38
	1.859
	1.7722973
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.45

	
	
	
	
	
	
	
	
	
	

	Run 34
	
	
	
	
	
	
	
	
	

	LHS FBG1
	40
	2.038
	1.9391979
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.32

	RHS Electrolube G3
	38
	2.841
	2.6433731
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	0.97

	
	
	
	
	
	
	
	
	
	

	Run 35
	Good
	
	
	
	
	
	
	
	

	LHS Electrolube G3
	40
	2.922
	2.7230791
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	0.94

	RHS FBG1
	38
	1.914
	1.8222178
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.41

	
	
	
	
	
	
	
	
	
	

	Run 36
	Good
	
	
	
	
	
	
	
	

	LHS Electrolube G4
	40
	2.823
	2.6369007
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.04

	RHS RTV G5
	38
	2.664
	2.4894747
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.10

	
	
	
	
	
	
	
	
	
	

	Run 37
	Good
	
	
	
	
	
	
	
	

	LHS RTV G5
	40
	2.856
	2.6656711
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.02

	RHS RTV G6
	38
	2.745
	2.5600687
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.07

	
	
	
	
	
	
	
	
	
	

	Run 38
	Poor
	No hot sensors installed
	
	

	LHS FBG G2
	40
	-0.47
	-0.475588
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	-5.40

	RHS RTV G6
	38
	-0.24
	-0.241525
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	-11.30

	
	
	
	
	
	
	
	
	
	

	Run 39
	Poor
	Compressor off
	
	
	

	LHS FBG G2
	40
	1.87
	1.786482
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.44

	RHS RTV G6
	38
	2.51
	2.3544804
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.16

	
	
	
	
	
	
	
	
	
	

	Run 40
	Poor
	
	
	
	
	
	
	
	

	LHS FBG G2
	40
	1.89
	1.8047267
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.42

	RHS RTV G6
	38
	2.54
	2.3808584
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.15

	
	
	
	
	
	
	
	
	
	

	Run 41
	Poor
	
	
	
	
	
	
	
	

	LHS FBG G2
	40
	1.9
	1.8138425
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.42

	RHS RTV G6
	38
	2.54
	2.3808584
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.15

	
	
	
	
	
	
	
	
	
	

	Run 42
	Poor
	
	
	
	
	
	
	
	

	LHS Artic Allumina G7
	40
	3.784
	3.4569706
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	0.79

	RHS RTV G6
	38
	2.53
	2.3720701
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.15

	
	
	
	
	
	
	
	
	
	

	Run 43
	Poor
	
	
	
	
	
	
	
	

	LHS FBG G1-26kGy
	40
	2.05
	1.9500595
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.32

	RHS Electrolube G3-26kGy
	38
	2.64
	2.4685039
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.04

	
	
	
	
	
	
	
	
	
	

	Run 44
	Good
	
	
	
	
	
	
	
	

	LHS FBG G1-26kGy
	40
	2.003
	1.9074828
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.35

	RHS Electrolube G3-26kGy
	38
	2.783
	2.5930903
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	0.99

	
	
	
	
	
	
	
	
	
	

	Run 45
	Good
	
	
	
	
	
	
	
	

	RHS Electrolube G3-26kGy
	40
	2.893
	2.6978761
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	0.95

	RHS RTV G5-26kGy
	38
	2.84
	2.6425073
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.03

	
	
	
	
	
	
	
	
	
	

	Run 46
	good
	
	
	
	
	
	
	
	

	LHS RTV G5-26kGy
	40
	2.957
	2.7534511
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	0.99

	RHS FBG G1-26kGy
	38
	1.87
	1.7822925
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.44

	
	
	
	
	
	
	
	
	
	

	Run 47
	Good
	
	
	
	
	
	
	
	

	RHS Electrolube G3-93kGy
	40
	2.887
	2.6926574
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	0.95

	RHS RTV G5-93kGy
	38
	2.806
	2.6130471
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	1.04

	
	
	
	
	
	
	
	
	
	

	Run 48
	good
	
	
	
	
	
	
	
	

	LHS RTV G5-93kGy
	40
	2.952
	2.7491153
	0.015
	0.0254
	0.000381
	1.04E-03
	2.73E+00
	0.99

	RHS FBG G1-93kGy
	38
	1.886
	1.7968209
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.43

	
	
	
	
	
	
	
	
	
	

	Run 49
	good
	
	
	
	
	
	
	
	

	RHS FBG G1-93kGy
	40
	1.946
	1.8557193
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.38

	RHS FBG G3-93kGy
	38
	2.752
	2.5661563
	0.015
	0.027
	0.000405
	1.04E-03
	2.57E+00
	1.00
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