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Does the LAr boil at the HL-LHC? 

At 1×1034 cm-1 s-1 about 30 Watts of heat   
is deposited in each FCal, 18 W in FCal1 
This heat flows radially to the LN2 cooling 
coils located on the walls of the end cap 
cryostat cold vessel. 
The greatest impedance to this heat flow is 
at the 12 mm LAr-filled gap between the 
FCal support tube and the inner bore of the 
HEC 
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12 mm 
Gap 

Inner surface of gap 

Outer surface 
of gap 



For full-size drawings see 

http://atlas.physics.arizona.edu/       
Arizona_Atlas_Downloads/HeatFlow/ 
File name is in upper right corner of 
each slide 
Engineering drawings are in a sub-
directory 
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High η end of 3 HEC Absorber Plates 
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Exploded view 

Constructed view 

Flattened out 

HeatFlow001B 

Plate end 

Tie bar 



HEC absorber plates and tie bars 
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HEC absorber plate ends 
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Nine layers of HEC absorber plate ends 

Note 8.5 mm      
gaps between 
absorber plates 

“Strong back” and 
two sides of box 

to hold HEC 
absorber plates in 

place 

HeatFlow001B 

Convective flow direction 

12 mm LAr Gap is 
below the plate ends 

Particles 

Heat 
flow 



View from the LAr side 
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HeatFlow001B 
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G10-CR insulator plate 

Heater plane 

Al heat spreader plate 

G10-CR Heat 
Flow Plate 

Al Support “Tube” 

Assembled plates 

12 mm LAr Gap is 
above the Al Support 
Tube 

HeatFlow001B Exploded view 

G10 screws 
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Assembled plates mounted 
in box.  Sides and bottom 
are G10. 

HeatFlow001B 
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HeatFlow001B 



Heat Flow box in cryostat 
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HeatFlow001B 

500 mm ID 
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AZHF000 
Concept drawing 
•   G10 on left is insulator 
• G10 on right determines 

heat flow rate via ∆T1  
and known conductivity 

• Al plates are “perfect” 
conductors 

• Heat flow through G10 
on right also flows thru 
LAr gap 

• ∆T2 determines 
effective thermal 
conductivity of LAr gap 

• Heat flow is also 
determined by power to 
heaters and balance 
between heat flow to 
left and to right. 

G10-CR chosen 
so that  

min max
2 1 2T T T∆ < ∆ < ∆



What else is needed for the test? 

The following two slides list items which 
we foresee as essential for the test 
We need to assign responsibility for 
these items 
Johan and Torsten can help 
What have we forgotten? 
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Necessary items 
Cryostat top plate with … 
 Temp probe readout signals feedthru 
 Heater power feedthru 
 Plunger feedthru 

Cryostat to run with … 
 High pressure (2 bar?) 
 Wide temperature differential between 

freezing and boiling (6 - 8 K) Ambient 86 K 
 LN2 cooling loops in the liquid – Up to 23 W 
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Necessary items (con’t) 

Re-design “hanger” to fit top plate 
Heater Power Supply (9) and control 
Temp probe readout and DAQ 
DAQ programming (Lukas Schroeder?) 
HexCell (Arizona, Schacht, Chekukaev) 
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DiscussionTopics 
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DiscussionTopics 



Go to Timeline.pdf 
in http://atlas.physics.arizona.edu/   
Arizona_Atlas_Downloads/HeatFlow/ 
 

This file outlines the steps we foresee 
from now to the end of June. 
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http://atlas.physics.arizona.edu/


Present Estimated Cost 

Arizona parts - $17.1 K + 
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