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Heat exchange
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Rapid cooling




Heat switch (cryo battery)

Slow heating
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How to ‘switch’?



Solution: Interleaving fins

No fin: ¢’ = g 1’; c)
Fins: ¢"' = — kg(Tli; ~T¢) (W—L;Vz(g_D)




Working principle Heat switch
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Figure 2.1: The flat-panel gas-gap heatswitch. (a) A cross-section of the heat switch. (b) A
photograph of the heat switch. Image by M.A.R. Krielaart|2]
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Testing...
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Fin In infinite medium: B

_.,’ '_...
X x+Ax
- S
B & Fluid flow
4 hT,

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




Cooling effect
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Model

. Rescale £ =xLandy = y(W — D)

« Forlarge -5y -

T(x,9) =~ T(®) > 1D-model



1D-model

Two profiles:

T (x) for cold fin and 7 (x)in the

hot fin

Gap: Fourier’s law:

Agap = —hg VT =~ —

kg(T () = T(0)
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1D-model
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Solving model: ©

Rescaled lengths with L

0=T(x) — Ax)
d2
— — (20 =
2
ith C2 — 4k 412 .
W & = 2bw-D)

0 =0, cosh(C% x)
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Intermezzo:

no base plate § = 0

-1/2 X 12
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Intermezzo:

no base plate § = 0
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BC and more...

1) =1/2) =T(=1/2) = Teo1q



BC and more...
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1) «7(_1/2) — T(—l/Z) = Tcola
2) Flux continuity

14 — ﬂ
q'W = kSde

quW



BC and more...

1) N—=1/2) =T(=1/2) = Tepiq
2) Flux continuity

" _ ﬂ
q W = kSde

= —k(W —=D) -+ ky(W —D)
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BC and more...

1) N—=1/2) =T(=1/2) = Teoia
2) Flux continuity

b d
= —ks(W =D)L |, + 2ky 1 [P O dx — k(W — D)L,




BC and more...

1) N—=1/2) =T(=1/2) = Tepiq
2) Flux continuity: q"'W

3) H(1/2) =T(1/2) = Thot

1)




Numerical benchmark

Analytical model is Weak
Solution: three pieces



Weak solution 3 pieces
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Cooling strength: ¢ and 0,
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Cooling strength: ¢ and 0,

Or <> D
0.2 O L*
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Benchmark against numerics

Error in Og
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Heat flux

Error in heat flux
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saltiel mene=del work?
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Finally, success!
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Cooling can occur in interleaving heat fins
4k, L?
CZ —

~ &, D(W - D)
Quick-and-dirty fit for 0,
Analytic model predicts performance well

> 1

Allows for easy optimalization/implementation
studies



_imitations

Symmetric geometry




