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Temperature Drops and Holes in the Kapton 

1.  Introduction

In thinking about what laser drilling trials to do, I have re-worked my calculations on temperature drops, using the ac loss powers calculated for dipole 001, with two different sizes of cooling holes and also with no cooling holes.

In version 1 I used the wrong value of thermal conductivity for Kapton (k = 0.03 W/m/K) measured along the film rather than across it.  In this update I use a more realistic value of k = 0.0125 W/m/K, as recommended by J. Kaugerts in his note 'Kapton and its Thermal Conductivity', GSI,  Feb. 5, 2004.  To save you reading it all again, changes are typed red.
2. Cooling Holes

Fig 1 shows the existing holes cut at Jena with superposed straight lines to approximate rectangles of the same area.  With these lines, I calculate the fraction of area cooled to be 28%, similar to the 26% used earlier.  Also shown in Fig 1 are lines representing the proposed trial holes of height 0.4mm, ie a cooled fraction of 18%. 
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Fig 1: Edge view of the cable with holes cut by Jena University.

3. Temperature Rises

Appendix 17-1-1 is the usual spreadsheet with the same parameters as Rep 14-3, calculating losses at 1T/s and 2T/s for a maximum field of 4T.  The only number used from this sheet is the peak power generation per unit volume, shown highlighted at the bottom of the 'sum loss' column.  Appendix 17-2-1 calculates the effective thermal conductivity across the cable as detailed in Rep 4-3, showing that the temperature drop from this source is rather small.  Appendix 17-3-1 calculates the temperature rise at the metal-helium boundary, assuming force flow cooling with supercritical helium at 5 bar.  Table 1 summarizes the results.  It may be seen that the temperature rise is acceptable for the existing holes and the smaller holes at 1T/s, but gets too large at 2T/s.

Table 2, summarizes the results of Appendix 17-4-1, which calculates the temperature rise for solid Kapton with a trapped gas film.  The method of calculation is as in Report 5, but this time I reduced the gas film thickness to 0.2mm.  For this version, I also included the heat transfer drop from Kapton surface to the coolant stream - but it turns out to be very small.  At 1T/s, it may be seen that the temperature rise across the Kapton alone is now significant and becomes unacceptable if we assume a gas film.

Table 1: Summary of calculated temperature rises with cooling holes

	
	28% cooling hole
	
	18% cooling holes
	

	
	1T/s
	2T/s
	1T/s
	2T/s

	peak power density  Wm-3
	5.5x103
	1.7x104
	5.5x103
	1.7x104

	 across cable
	0.019K
	0.058K
	0.019K
	0.058K

	 heat transfer
	0.17K
	0.53K
	0.27K
	0.82K

	 total
	0.19K
	0.59K
	0.29K
	0.88K


Table 2: Summary of calculated temperature rises with solid Kapton

	
	1T/s
	2T/s

	peak power density  Wm-3
	5.5x103
	1.7x104

	 across cable
	0.019K
	0.058K

	 across 0.2mm of helium
	0.50K
	1.56K

	 across Kapton
	0.43K
	1.34K

	 heat transfer to helium
	0.05K
	0.15K

	 total
	1.00K
	3.11K


Conclusion.

Some reduction in the size of cooling hole is acceptable, but no less than 0.4mm.  I therefore recommend that the new trials by Oxford Lasers should aim for hole sizes of 0.6mm and 0.4mm.  The heat transfer calculation is not certain, because it assumes a smooth walled pipe where in fact we have a set of small cooling holes.  However, the holes are 100m deep and 2000m long in the gas flow direction, so perhaps the gas flow is not too different from a smooth pipe.

With no holes, the temperature drop across the Kapton alone would be substantial, and if there is any gas gap or interface resistance (either between the Kapton and the cable or between any of the four layers of Kapton) it would be unacceptable.  In my view, this means that we must have cooling slots. 
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