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Thermal conductance of 
interleaving fins



Heat exchange

heat

Rapid cooling



Heat switch (cryo battery)

Slow heating



Problems

How to achieve high heat 
flux?

How to ‘switch’?



Solution: Interleaving fins

No fin:  𝑞′′ =
𝑘𝑔 𝑇ℎ −𝑇𝑐

𝐷

Fins: 𝑞′′ = −
𝑘𝑔 𝑇ℎ −𝑇𝑐

𝐷

𝑊−𝐿−2𝛿−𝐷
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Working principle Heat switch

𝑔

Pump/

Sorption



Testing…



Fin in infinite medium: Bi

h

𝐵𝑖 =
ℎ𝐿

𝑘𝑠
𝑇~exp(−𝐵𝑖1/2𝑥)

A. Bejan, Heat Transfer – J.Wiley&Sons 1993



Cooling effect 

𝑘𝑔

𝑘𝑠
= 10−5

𝑘𝑔

𝑘𝑠
= 10−1

𝑇 0,0 − 𝑇 0,𝑊 = Θ0(𝑇ℎ − 𝑇𝑐)

Θ0 = −0.03

Θ0 = −1



Model

 Rescale  ො𝑥 = ҧ𝑥෠𝐿 and ො𝑦 = ത𝑦 ෡𝑊 − ෡𝐷

 For large 
෠𝐿2

෡𝑊−෡𝐷 2 :

෠𝑇 ො𝑥, ො𝑦 ≈ 𝑇 ො𝑥  1D-model



1D-model

Two profiles: 
𝑇(𝑥) for cold fin and T (𝑥)in the 
hot fin

Gap: Fourier’s law:

𝑞𝑔𝑎𝑝 = −𝑘𝑔 𝛻𝑇 ≈ −
𝑘𝑔 𝑇 𝑥 −T 𝑥

𝐷

𝑞𝑔𝑎𝑝

𝑞𝑔𝑎𝑝

෠𝑇( ො𝑥)

෠𝑇(ො𝑥)

(ො𝑥)



1D-model

Δො𝑥

෠𝑇(ො𝑥)

෠𝑇(ො𝑥)

( ො𝑥)



Solving model: Θ

Θ = 𝑇 𝑥 − T 𝑥

d2Θ

d𝑥2
− 𝐶2Θ = 0

with 𝐶2 =
4෠𝑘𝑔෠𝐿

2

෠𝑘𝑠 ෡𝐷 ෡𝑊−෡𝐷

Θ = Θ0 cosh 𝐶
1
2 𝑥

Rescaled lengths with ෠𝐿



Intermezzo:
no base plate 𝛿 = 0

Θ = Θ0 cosh 𝐶
1
2 𝑥



Intermezzo:
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BC and more…

1) T −1/2 = 𝑇 −1/2 = 𝑇𝑐𝑜𝑙𝑑
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BC and more…

1) T −1/2 = 𝑇 −1/2 = 𝑇𝑐𝑜𝑙𝑑
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BC and more…

1) T −1/2 = 𝑇 −1/2 = 𝑇𝑐𝑜𝑙𝑑
2) Flux continuity 

𝑞′′𝑊 = −𝑘𝑠𝑊
𝑑𝑇

𝑑𝑥

= −𝑘𝑠 𝑊 −𝐷
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BC and more…

1) T −1/2 = 𝑇 −1/2 = 𝑇𝑐𝑜𝑙𝑑
2) Flux continuity: 𝑞′′𝑊
3) T 1/2 = 𝑇 1/2 = 𝑇ℎ𝑜𝑡

𝑞′′𝑊𝑞′′𝑊 1) 3)



equation in full domain.
Flux, T 𝑥 (red) and 𝑇 𝑥
(blue) are extracted

Analytical model is Weak 
Solution: three pieces

Numerical benchmark



Weak solution 3 pieces



Cooling strength: 𝐶 and Θ0



Cooling strength: 𝐶 and Θ0



Benchmark against numerics

𝑘 = ෠𝑘𝑔/෠𝑘𝑠



Heat flux



Does the model work?
Analytical prediction for the 
conductance

Old model, without cooling



Finally, success!



Summary

Cooling can occur in interleaving heat fins

𝐶2 =
4෠𝑘𝑔 ෠𝐿

2

෠𝑘𝑠෡𝐷 ෡𝑊 − ෡𝐷
> 1

Quick-and-dirty fit for Θ0

Analytic model predicts performance well

Allows for easy optimalization/implementation 
studies



Limitations

Flux normal to fin
Constant gap spacing
Constant width of fin
Symmetric geometry


