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Estimates of Thermal Time Constant for the first SIS200 Dipole

1. Introduction

I am grateful to those, particularly Richard Thomas and Juris Kaugerts, who pointed out some errors in version 1 of this note (which was dashed off in some haste and without enough thought).  This second version takes account of those comments to make (I hope) a better estimate of the thermal time constant.  The main change is to the assumptions made about helium boiling in a closed volume, where the effective latent heat is expected to be reduced.  The case of a 'dry' winding was clearly impossible and has been replaced by a winding with helium gas in the cable voids.  In addition, version 1 used filling factors calculated for the 36 strand cable, although in fact they are very similar to those for the 30 strand cable calculated here.

2. The Calculation 

I assume the magnet ramping cycle listed in Table 1.

Table 1: Magnet cycle 5 used for loss calculation

	extraction aperture field
	Bap
	4.0
	Tesla

	ramp ratio Binj / Bext
	f
	0.1
	

	ramp time
	Tr
	3.6
	sec

	ramp rate
	B`
	1.0
	T/s

	injection time
	Ti
	0
	sec

	extraction time
	Te
	5
	sec


The measured cable nearest to that used in the dipole is GSI003E.  From Report 11-1, the maximum loss power per unit volume of winding during cycle 5 is calculated to be 4520 Watts.m-3.  The equilibrium temperature rise depends on cooling efficiency: here I take a conservative value of 0.2K.  

The time to reach equilibrium temperature depends on the effective heat capacity of the winding, which includes copper, NbTi and Kapton, but is dominated by helium trapped in the voids.  There are two possibilities:


a) at the start of ramping, the voids are filled with liquid which must be evaporated before the equilibrium temperature rise of ~0.2K can be established


b) perhaps due to a previous run, liquid has already been cleared out of the voids and has not been replenished, so the voids are filled with gaseous helium  

In the case a) we must decide how much of the latent heat is available because, when boiling occurs in a closed cavity, some of the liquid will be expelled by the boiling process and its latent heat will not be available.  The only experimental work I know of on this problem is by Yuki Iwasa [1], who looked at short pulses of heat in a cooling channel which was horizontal so that there was no convection force to clear out the gas.  He stated a theory that the effective latent heat should be reduced by the ratio of gas / liquid densities, ie a factor 0.135.  At the longest pulse length measured the experimental data are ~60% higher than this, but even this long pulse is only 0.14 seconds, considerably shorter than our case.

Iwasa's theory is based on the idea that the boiling ejects pure liquid from the void.  While at CERN, I developed a theory, reproduced in Appendix 2, in which the boiling ejects a foam of liquid and gas.  According to this theory, the effective latent is only reduced by a factor 0.313 - but I have no experimental data.

For case b), I take the specific heat of helium gas at constant pressure and 1 atmos.  Because Cp is variable near the boiling point, I take a mean between values at 4.2K and 4.5K. 

3. Results

Appendix 1 calculates the thermal time constants according to the above assumptions, with the following results


a) with latent heat according to Iwasa model     
 = 8.1 sec



with latent heat according to Wilson model     
 = 18.6 sec

  
b) with specific heat at 1 atmos
 = 0.77 sec

Faster ramping will dissipate higher power per unit volume and correspondingly higher equilibrium temperatures.  Because the latent heat of helium dominates in case a), the time to equilibrium will roughly be reduced pro-rata with the power dissipation.  For case b) the thermal time constant will be unchanged.

4. Correction

In looking at Report 11-1, I found a typo in Appendix 2.  The filament diameter used in the calculation is 6m not 2.9m  as stated, the correct 6m is used in the calculation. 
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