
LHCb SiPM cooling 
 
 

- Aluminum jacket to avoid superficial cold spot  - 
- Preliminary design of different cooling pipes - 

- CFD simulation for air-cooling test - 
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Aluminum skin (2mm thick) 

 
 Configuration with “air recess” considered, comparison “with Al” vs “without Al”. 
 2 mm thick aluminum skin covering the module down to the polycarbonate “module plug” (see sketch). 
 Temperature in the cold-spot on polycarbonate side is increased by more than 3 K. 
 Global heat load increase ~5%. 
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Some considerations on the cooling system 
Three main points needs to be checked: 
 
1. Refrigerant temperature rise (ΔTout-in): 
•it should be low in order to achieve a good temperature uniformity on the sensor; 
•with single-phase cooling this is achieved adopting an high enough flow rate (for this reason the cooling “pipe” 
cross-section will be much bigger with air than with a liquid refrigerant); 
•with two-phase cooling there is no such temperature rise, just some temperature drop (usually very small) due 
to the pressure drop; 
•this issue could be anyhow fixed using Peltier cells for a local fine-tuning of the temperature; 
 
2. Temperature difference between wall and refrigerant (ΔTwall-ref): 
•it must be kept low in order to keep the required refrigerant temperature as close as possible to -40°C;    
•it depends on the Heat Transfer Coefficient (HTC) and surface available for heat transfer;  
•the HTC  heavily depends on thermodynamic properties and turbulence; 
•generally speaking, with “good” refrigerants a simple pipe is enough, with “bad” ones the heat transfer surface 
must be increased (→ multiport mini-channnels / fins);   
 
3. Pressure drop: 
•it must be kept low enough, according to the pumping system available 
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Liquid cooling with 4 mm pipe (rough estimation) 

ASSUMPTIONS 
Pipe dimensions: 4 mm i.d. (round) 
Refrigerant velocity: 1.5 m s-1 

Refrigerant temperature: -50°C 
Cooling load per module: 10 W 

Refrigerant ΔTout-in  [K] HTC [W m-2 K-1] ΔTwall-ref [K] Δp [bar] Flow Rate [kg s-1] 

C6F14 0.3 1200 1.3 0.10 0.035 

NOVEC649 0.28 1100 1.4 0.11 0.034 

CO2 liquid* 0.24 6000 0.3 0.004 0.022 

NH3 liquid** 0.17 11000 0.14 0.005 0.013 

* Saturation pressure @ 30°C: 72 bar 

* *Saturation pressure @ 30°C: 11.6 bar; copper must be avoided 

 The “default” CERN solution for single-phase detectors cooling (C6F14), as well as its so-called “green” 
substitute (NOVEC649), would fit without problem. 

 CO2 and NH3 display absolutely excellent thermodynamic properties. 
 Air cooling cannot be used at all with such a small pipe (under the present assumption, ΔTout-in=340K !!). 
 Almost any two-phase cooling option would work with this configuration. 
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Liquid cooling, secondary fluids 

Fluid ΔTout-in  [K] HTC [W m-2 K-1] ΔTwall-ref [K] Δp [bar] Flow Rate [kg s-1] 

Water/70% 
methanol * 0.17 354 4.3 0.54 0.018 

Water/29.9% 
calcium chloride ** 0.15 463 3.3 0.36 0.025 

Syltherm XLT 0.40 111 14 0.09 0.017 

Thermogen VP1869 0.25 158 10 0.80 0.019 

Dynalene 0.36 120 12 0.20 0.015 

Dowterm J 0.35 138 11 0.06 0.017 

 Water mixtures with methanol or calcium chloride would work, but the freezing point ~ -55°C could be a problem. 

 Secondary fluids designed for low temperatures (such as Syltherm XLT, Thermogen VP1869, Dynalene, Dowteerm J) would 
display a fluid-to-wall temperature difference > 10K: this can be easily solved using multiport minichannels in order to 
increase the area available for heat transfer  

* Minimum temperature -57°C 

** Minimum temperature -55°C 
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Air cooling with aluminum heat sink (rough estimation) 

Refrigerant Velocity 
[ms-1] 

ΔTout-in  
 [K] 

HTC  
[W m-2 K-1] 

ΔTwall-ref  
[K] 

Δp  
[Pa] 

Flow Rate 
[Nl min-1] 

 

Air 
(-50°C) 

2.5 10.6 26 3.0 63 48 

5 5.3 26 3.0 125 96 

10 2.7 70 1.1 600 192 

15 1.8 110 0.7 1100 288 

15 mm 

24
 

8 

Pitch: 3 mm 
Fin thickness: 1 mm 

 ASSUMPTION: total heat 10 W per module; 
 Commercially (and quickly) available aluminum heat sink could be used 

for air-cooling; 
 The heat-sink must be closed to create channels, air leaks could anyhow 

be beneficial to keep the enclosure in overpressure; 
 The main “problem” is the air temperature rise and the desired sensor 

temperature uniformity. 
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Size comparison liquid-cooling vs air-cooling (sketch) 
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CFD simulation of air cooling       1/2  

10 W applied as boundary 
condition in a 6 mm wide strip 

 CFD simulations have been run for the geometry described in the previous slides. 
 Results display a good agreement with analytical estimations. 
 Air velocity 5 m s-1 → 96 Nl min-1, corresponding to roughly the maximum cold air flow rate available at 

the moment from the vortex pipe in the lab.  

Refrigerant Velocity [ms-1] ΔTout-in  
 [K] 

ΔTwall-ref  
[K] 

Δp  
[Pa] 

analytical 
estimation 

5 5.3 

~3.0 125 

CFD 
(laminar solution) 

~2.5 130 
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CFD simulation of air cooling       2/2  

Temperature at the heat-sink/sensor-substrate 
interface 

 Air inlet temperature: -50°C; 
 Maximum temperature at the interface between the heat-sink and the sensor 

substrate: -42.6 °C; 
  Air temperature rise: 5.3 K; 
 Sensor temperature non-uniformity: 4.6 K; 
 The actual temperature non-uniformity is lower than the air temperature rise 

since the thick aluminum slab helps to redistribute the heat longitudinally; 
 The aspect ratio is anyhow to high to achieve a good temperature uniformity; 
 If using copper instead of aluminum, the non-uniformity would be 3.8K; 
 According to the Project Request (EDMS 1271014) the required uniformity is 

0/-10°C 
 

INLET 

OUTLET 
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CONCLUSIONS 
 Aluminum jacket can be a valid solution to avoid local cold spots and possible condensation (estimated 

minimum temperature 9.5°C vs 6°C), with a minor increase (~5%) of the cooling load. 

 All the estimations proposed here are based on 10 W per module cooling load estimation.  

 The easiest cooling configuration is a 4 mm pipe, in direct contact with the sensor substrate: such 
solution would work with any 2-phase cooling option, as well as single-phase cooling with, just as an 
example among others, C6F14, NOVEC649, liquid CO2 or liquid NH3. 

 Water mixtures with methanol or calcium chloride would work, but the freezing point (around -55°C) could 
be an issue. 

 Secondary fluids designed for low temperatures (such as Syltherm XLT, Thermogen VP1869, Dynalene, 
Dowteerm J) may need to adopt multiport minichannels in order to increase the heat transfer surface, if 
the wall-to-fluid temperature difference needs to be kept below 10K. 

 Air cooling may require very large heat transfer areas, compared to the size of the module. 

 Clear sensor temperature uniformity requirement must be fixed, since this can be the main issue for the 
air-cooling option. 

  A first air-cooling test can be done using a commercially available aluminum heat sink: with around 100 
Nl/min of air at -50°C, the maximum sensor temperature is expected to be around -42°C and the non-
uniformity along the 0.5 m long sensor around 5K. 
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