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Introduction Results

The Compressed Baryonic Matter (CBM) experiment at FAIR [1] will play a unique role in 25 e Since thermal conductivity of FEE box fin
the exploration of the QCD phase diagram in the region of high net-baryon densities (1B : M Extruded FEE Box (aluminium), FEE base plate (aluminium ni-
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unprecedented interaction rates (upto 10MHz), the experiments will focus on: 337.5 P *\ rable, the temp. across all three materials is
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struction & momentum determination of charged particles from beam-target interactions. Figure 7: Effect of FEE box flatness on thermal inter- results by ~5°C.
e Rad. tolerance of innermost sensors = End-of-lifetime criterion = 10 Neq cm~? after 5-10 face measurments
months equivalent running with Au—+Au collisions at 25 AGeV & at 10MHz interaction rate. 35.0 | e Fin temp. depend highly on the TIM used
e Sensor operation at -5°C is mandatory to avoid thermal runaway and reverse annealing of j A at Interface 1, where the max. fin temp. for
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i, 230.0 face 2 minorly improves the result by ~0.5°C
‘fmag_ é irrespective of the TIM used as Interface 1.
: ﬁﬂs : e Reason: Imperfect contact at Interface 2
107 .

with graphite coil = Lower fin temp. &

=d=Interface 1: Thermal Grease; Interface 2: Thermal Grease

- ®-Interface 1: Thermal Grease; Interface 2: Graphite Foil h Ighe r AS C te m p .

=8 Interface 1: Graphite Foil; Interface 2: Thermal Grease

mg_ 5.0 '-l-lnterfacel:lGraphiteFDil; *nterfaceE:Gralphitanil ° SO for the Coolant temp _ 15OC, Max. fln
- F1 F2 F3 F4 F5 _ ano _ 1po
3 I RN A o Figure 8: Temp. profile on the FEE box (flat) fins
10" 10" 10" 10™ @, C1I,gf§‘]
| | o Interface 1 Interface 2 Interface 3 Max Fin Temp °C
Figure 1: CBM Silicon Tracking System [2] Figure 2: Full-depletion voltage v/s non-ionizing dose [2]
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e Due to micro level imperfections in the mat- Graphite Foll Thermal Glue 1 29.6
ing surfaces, the in-between air-filled gaps Graphite Foil Thermal Grease 33.7
with very low thermal conductivity (0.026 Graphite Foil 33.9
W/(m-K)) act as a thermal barrier [3]. Table 1: Summary of thermal interface measurements for Interface 1 & 2
Figure 3: Thermal interface between surfaces [3] _ _ . o
e An ideal Thermal Interface Material (T||\/|) e Using an aluminium cover for the FEE box
A fully replaces the air to increase the overall encloses the FEE temp. such that it doesn't
Liquid Vapor . . . : :
thermal conductivity. interact with the ambient environment.
@ e Important for extracting maximum enthalpy e A minor change (~0.1°C) on FEE fin temp.
2 available for efficient cooling (i.e., maximum is observed.
, 2-phase | heat absorption for a certain coolant temp.)
Enthalpy g e \Water is used instead of CO, here, because Figure 9: FEE box with aluminium cover

interface measurements are relative in nature.
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Figure 4: CO9 phase diagram
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Experimental Setup
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Conclusion & Outlook

I oad e All thermal interfaces should be flat & thermal grease is better for removable interfaces.
@ e For the eventual CO, temp. = -20°C, in principle it is possible to obtain the target -5°C
max. temp. on FEE box, as AT = 15°C observed should be true over all coolant temp.
Water Outlet «§ @ N _ _ _ _
R otiter Pressure Temperature e Aluminium covers the higher FEE temp. from heating up the surroundings and is useful.
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e Verification of results with bi-phase CO, at -20°C.

Figure 5: Experimental setup for thermal interface measurements with water

e Input temp. = 15°C, Flow rate = 40lt/hr,

. ::::““ Heat Load = 160W References

% ::::E:E e Interface 1: FEE Box — Cooling Plate

I ' Cases: Thermal Grease and Graphite Foil e S. Chattopadhyay et al., arXiv:1607.01487 (2016)
mterfac;_ v e e Interface 2: FEE Box Fin — AIN Plate e J. Heuser et al., Technical Design Report for the CBM Silicon Tracking System (2013)
pumlum e~ Aumnmide - tgboc- Cool Cases: Thermal Grease and Graphite Foil o L. Filtstrom, Masters Thesis (2014)

e Interface 3: Resistor (ASIC) — AIN Plate

Figure 6: Thermal interfaces in the setup _
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