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Requirements

• ~1kW heat transfer from the detector (per half cylinder) 
(supposing power pulsing) at room temperature. 

• Keep ΔT over the gas volume within ~1℃. 
→ Pad plane temperature should be uniform and close 
enough to the gas temperature. 

• Less material compared to existing experiments
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System: The case of other HEP experiments
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• LHCb-VELO 
Q = 1500W 
T = +8 to -30℃ 
(slides by Bart Verlaat @LCTPC 
Collaboration Meeting, DESY, 22/
Sep/2009)  

• IBBelle for Belle2 VTX 
Q = 1kW 
T = -30℃ 
(C. Kiesling, Marco / IBBelle 
Meeting, MPI, Sep. 20-21, 2012)

ਤ 2.24: IBBelle ͷ֎؍ਤ [11]

(a) Open CO2 System ͷ֎؍ਤ (b) Open CO2 System ͷ಺؍ਤ

ਤ 2.25: Open CO2 System[11]
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8th IIR Gustav Lorentzen Conference on Natural Working Fluids, Copenhagen, 2008 

  

The 2PACL system works as long as the freon chiller is colder than the accumulator temperature. 
The freon chiller condenses and sub-cools the CO2 so the pumps can operate free from cavitation. 
The remaining sub cooling after the pump is heated up by the concentric transfer line such that 
the evaporator inlet remains in saturation. The operating condition of the evaporator is 
independent of the amount of pump sub cooling. This sub cooling may vary in a wide range so a 
controlled condenser temperature is not needed. The accumulator temperature is the only accurate 
controlled item in the CO2 loop. 

 
 
2.2 VTCS construction 
The VTCS chiller and CO2 loop are installed in racks on one of the LHCb service platforms. The 
CO2 loop is constructed from orbital weld components from Swagelok and Cajon VCR 
connectors. The CO2 pump used is a Lewa CO2 membrane pump. The accumulators are self 
engineered stainless steel vessels 
containing cooling spirals and a 
thermo siphon liquid heater. There are 
2 identical CO2 loops, each cooling 1 
Velo detector half. Both CO2 loops 
are cooled by 1 water cooled chiller 
for normal operation and an air-
cooled back-up chiller for 
redundancy. The chillers are self 
engineered R507a chillers using 
standard refrigeration hardware such 
as Bitzer compressors, Danfoss line 
components and SWEP plate heat 
exchangers. The CO2 condensers are 
also SWEP plate heat exchangers 
reinforced for the high CO2 system 
pressure.  The design pressure for the 
CO2 loop is 135 bar, the test pressure 
170bar. 
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Figure 9: VTCS operation in the Pressure-Enthalpy diagram for CO2 
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Fig. 10: The VTCS cooling plant installed at LHCb 



Delivery: The case of the LHCb VELO

Bart Verlaat @LCTPC Collaboration Meeting, DESY, 22/Sep/2009
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Delivery: Initial Idea for LCTPC

Bart Verlaat @LCTPC Collaboration Meeting, DESY, 22/Sep/2009
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Thermal contact btw. chip and pipe

• Use of high thermal conductivity material (TPG) 

• Development of micro-channel cooling plate 

• in-PCB piping 

• any idea else?
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Summary

• CO2 system → experiences at AMS, LHCb-VELO, 
ALTAS-IBL, Belle2-VTX, etc. 

• Delivery → Need design for our TPC 

• Heat contact → Technology choices
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