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Introduction

The following report describes analyses of heat transport from the helium vessel end on a 650 MHz RF cavity into the bulk of the (nearly) saturated helium II around the RF cavity.  Heat comes from the input coupler via conduction along the beam pipe.  Some additional heat may be generated on the beam pipe.  This heat ultimately transfers into the helium II at the transition of the helium vessel end to the beam pipe.  (Figures 1, 2, 3,4.) 
[image: image25.png]£7UTHW¥emB.K)

1.4 16 18 20 22
T(K)
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peak value.




Figure 1.  (From analysis by Serena Barbanotti)  Beam tube end section of 650 MHz RF cavity including input coupler port and flange and helium vessel end.  The assumption here was 0.1 W of heat on the input coupler flange.  


The estimate of the heat load to the 2 K flange from the 5 K intercept region of the input coupler is no more than 0.1 W.  (Sergey Kazakov)  In Figure 1, the input assumption on the coupler flange is 0.1 W, which results in the temperature distribution shown.  The high temperature at the flange is approximately 4.4 K with an assumption of 2.0 K on the helium vessel wall.   


The question to be answered here is whether the heat arriving at the helium vessel end can be adequately transported through the superfluid in the narrow spaces available in the end group.  Figures 2, 3, and 4 illustrate the heat flow path into and through the helium.  


The approach to solve the problem is to utilize a published set of results for helium II heat transfer through restrictions in the channel and scale the problem with our set of dimensions for the narrow annular space in the end group.  

[image: image1.jpg]A:Steady-state Thermal (ANSYS)
Temperature 2

Type: Temperature

Unit °C

Time: 1

42972011 153 M

268,76 Max
25692
269.08
289.24
2694
26956
289.72
26988
27004
2m.2
27036
2m0.52
27068
2708
271 Min

0o 1000 200,00 o) «

s0.00 15000



[image: image2.jpg]



Figure 2.  End section of 650 MHz RF cavity including helium vessel end.  Yellow arrows show direction of heat flow via conduction, then green arrows the heat flow in helium II through gaps in the support tabs for the end group.  
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Figure 3.  End group detail showing helium space around beam tube transition from the helium vessel.  
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Figure 4.  Detail of heat flow area on helium vessel / cavity end group.  

Superfluid heat transport 

Heat transport through He II with constant cross-section and constant heat flux obeys
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where m = 3 (Reference 1, pp. 143-144) and q is the heat flux. This formula is often written as 
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So that  
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  looks like a “thermal conductivity” except that it relates  
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than linearly to q.  

Figure 5.3 from Reference 1 is a plot of 
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 .   The top curve labeled SVP is for saturated vapor pressure, which is close to what we have in our helium vessels.  One can see that at around 2.0 K, 
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  is approximately 1200 W3/cm5K.  One can also see the weak dependence on pressures between SVP (31 mbar for 2.0 K) and 1 bar.  
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Figure from Van Sciver (Reference 1). 
 
For the small temperature differences which we consider in heat transport from below the surface up to the surface of the saturated helium liquid, differences of at most 10’s of mK, nominally all at 2.0 K, we may take constant 
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 (W3/cm5-K), with units for q of W/cm2.  With constant heat flux through a channel (heat added at one end of the channel), m = 3, and constant 
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where L is distance in cm, q is the heat flux in W/cm2, and delta-T is the temperature difference through the conduit in K.   


The 
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 available is determined by the depth below the surface through which heat transport occurs.  Slight subcooling is provided by the pressure due to liquid weight (the liquid head).  The head pressure [image: image19.png]


 where P is pressure, ρ is density, and h is height of the liquid.  For helium at 2.0 K, 31 mbar, [image: image21.png]P/h




 = 0.142 mbar/cm which is equivalent in saturation temperature to 1.5 mK/cm.  Thus, the boiling temperature increases by 1.5 mK/cm of depth below the surface, providing a maximum of 1.5 mK/cm of temperature difference for heat transport.  
In Figure 1, the distance from the tabs which partially block the flow, out to the inner diameter of the helium vessel is approximately 94 mm.  This provides as a worst case on the upperside of the end group, 14.1 mK of possible temperature difference for heat flow through the restriction at the tabs.  
Reference 2 is a study of the effect of a restriction on the flow of heat through a channel of superfluid helium.  Experiment shows thermal behavior for superfluid helium similar to the pressure drop for normal fluid flow through an orifice, with a significant temperature rise in the helium occurring at an orifice in a channel carrying heat through superfluid.  Figure 4 from Reference 1 plots the heat flux (mW/cm2) through the 8.71 mm diameter channel as limited by orifices of various sizes, as a function of delta-T through the helium.  The delta-T occurs essentially all at the orifice.  
Our support tabs (Figures 3, 4) cover 2/3 of the heat flow area radially outward in the helium from the beam tube area.  This area restriction is equivalent to the 5 mm orifice in the 8.71 mm channel, since  [image: image23.png]5
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.  So we may use the d = 5 mm curve in Figure 4.  With a 14.1 mK temperature difference and a restriction filling 2/3 of the flow area, we have a heat flux of 280 mW/cm2 based on the main channel area.  
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Fig.4  Channel heat flux as a function of the temperature rise
upstream of the restriction for different size orifices at T, = 1.9 K




Figure from A. Khalil (Reference 2).
The total flow area on either side of the flow restriction is about 39.6 cm2, which means for uniformly distributed heat flow we would have a total maximum of 0.28 W/cm2 x 39.6 cm2 = 11.1 W.  We may reduce this number due to the fact that the heat from the input coupler is not distributed uniformly around the beam tube, but 11.1 W is two orders of magnitude higher than the estimated heat from the input coupler.  

Conclusions

It looks like a heat load from the input coupler, which is estimated as no more than 0.1 W at 2 K, will be safely removed from the cavity end group through the support tabs via the helium II.  However, note that a local heat load of a few Watts, not uniformly distributed around the helium vessel end, could result in bubble formation due to exceeding the critical heat flux through the support tabs.  
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Support tabs cover 2/3 of the heat flow area.
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