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M:	
  mass	
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Cp:	
  specific	
  heat	
  [J/(kg	
  K)]	
  
T:	
  temperature	
  [K]	
  
Q:	
  heat	
  flux	
  [W/m]	
  

w:	
  tunnel	
  wall	
  
vv:	
  vacuum	
  vessel	
  
s1:	
  MLI	
  30	
  
ts:	
  thermal	
  shield	
  
s2:	
  MLI	
  10	
  
cm:	
  cold	
  mass	
  	
  



Heat	
  Flux	
  through	
  MLI.	
  Simple	
  Model	
  

6	
  

1 2
Qc 
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Reflective 
film 

Insulating 
spacer 

N: number of reflective layers 
α: average thermal conductivity 
β: average emissivity 

LHC prototype cryostats at 10-4 Pa: 
- 300-80K, MLI 30, q=1.2 W/m2  
- 80-4.5K, MLI 10, q=0.06 W/m2 

Model based on empirical data 
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Al coating (2x 400 Å) 

Spacers: polyester net  
(0.025 mm) 

Mylar film (6 µm) 
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Set	
  of	
  N+1	
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MLI	
  layer	
  to	
  layer	
  (I):	
  Radia9on	
  

σ: Stefan-Boltzmann constant 
E(ε,A): Emissivity factor 
Th: Hot boundary temperature [K] 
Tc: Cold boundary temperature [K] 
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MLI	
  layer	
  to	
  layer	
  (II):	
  	
  
Conduc9on	
  in	
  residual	
  gas	
  

Ω=0.028 (Helium gas)     Th: Hot boundary temperature [K] 
α: Accommodation Coefficient   Tc: Cold boundary temperature [K] 
P: Residual gas pressure [Pa] 
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  MLI	
  layer	
  to	
  layer	
  (III):	
  	
  
Solid	
  conduc9on	
  through	
  spacers	
  

ks: Effective spacer thermal conductivity [W/m K]   
t: Spacer thickness [m] 
Th: Hot boundary temperature [K] 
Tc: Cold boundary temperature [K] 
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Matlab	
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Matlab	
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