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Feedback to questions of Paola
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Detector power and flow requirements

• UT cooling  requirement: documented in EDMS 1487284

 With one exception the document is complete and correct
– Extract: 

 We say nothing in the specifications about the lowest temperature in the box for 
the various operating modes; we only define the dew-point of the dry air. 

 The box has been validated for a temperature of about -10oC. Down to this 
temperature the aerogel interface between the beam-pipe and the box has also 
been validated, but not for lower temperatures. 

 It seems now that this cannot be guaranteed for all operating modes 2



UT cooling  requirements

• Extract: 
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We only specify the lowest 
temperature on the sensors, 
not inside the box.

Clearly, in particular when the 
electronics are off and we have
a CO2 temperature of -30oC, 
the air temperature inside the 
box will drop to < -10oC. 



Common T set point for operation in backup

• Delicate point for the exceptional  case where VELO and UT are 
powered by the same plant and the set-point cannot be 
changed to a value of -10oC.

• From the UT-side we have to be avoid problems with the 
(silica aerogel) interface to the beam-pipe and the resulting 
temperatures, if the temperature inside the box drops to -25oC.

 We have to address this issue !
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Options to be discussed 

• Related to the design of the box:
– Add 2 heaters on the side of the box  needs large power (2x~2kW), difficult to 

bring warm air to the beam-pipe area

– adding on the outside of the box in certain areas thin heaters (e.g. nickel-
chromium-based superalloy on kapton foils, as used in CMS) could be considered 

 These heaters are very thin (~200µm), and thus the impact on the material budget 
would be small

 The heaters would be needed in particular close to the beam-pipe  complicated

– a guided warm airflow in particular in the area between UT and RICH1 could also be 
considered

 Space constraints, which should not be underestimated

• From tests on the prototype box we have a better understanding of the 
thermal behaviour when going down with the air temperature to -20oC. 
 However, the present box has 3cm thick Airex walls (not 2cm, as foreseen in the end)

 The measurements don’t agree with calculations 
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Options to be discussed 

• Changing the P&Id for the cooling system by e.g. introducing a back-pressure-
regulator or an impedance to control the temperature for the UT cooling 
independent of VELO (in case of common operation of the two systems)

 Implications should be discussed
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Further questions of Paola

• All parts are qualified for design pressure of 130 bar, i.e. testing pressure 
of 187 bar

 This is what we are doing/intend to do

• All sub detectors will provide via DIP a “reading Temperature” which will 
be used at cooling system start-up to initiate circulation at that T

 We have various temperature sensors in the system

– In the detector part of the cooling system (Simone)

– A system monitoring the ambient conditions in the box (FOS, Gaia/Carlos)

– Moreover, we have temperature sensors on the staves (Syracuse)
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Backup
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Proposed insulation of UT to the beam-pipe
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• Advantages of this proposal are: 
• It minimizes the distance between detector modules and the 

beam-pipe. 

• It minimizes the amount of material and thus interactions and 
multiple scattering

 This proposal has been summarized in the upgrade Tracker TDR



Silica aerogel based insulation
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• Calculation of the Heat Transfer Coefficient: 
• Thermal conductivity K of aerogel 14.7 mW/mK, and of beryllium 190 W/mK

• Assuming -10oC in the box and 20 oC for the beam-pipe, thus a dT of 30 oC, the 
HTC approaches a value of 5W/m2K

• 4mm of aerogel have been determined to avoid condensation outside the box 
through heat-transfer via the beam-pipe (compressed thickness 3.5mm)  



Experimental validation
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• Location of temperature sensors
• T0 temperature inside the box

• T1, T4 temperature outside the box

• T2, T3 and T5 on the beam-pipe

• T6 and T7 on the insulation   

Results with RH=17% and Tbox-air = -10oC


