Cavities in Heat
Transfer Models
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Crystal heating on specific temperature

The LASER crystal must be heated on specific temperature, to provide optimal
optical parameters

More important than exact
temperature is the
temperature distribution in
crystal and T Gradient
minimization
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Model of specific geometry for crystal oven

Many air cavities in the 3D geometry Default boundary condition:
Thermal insulation
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Choices how to handle the cavities

Numerical vanishing of the cavities ?

Add fluid to cavities
+ Convectively

Enhanced Conductivity
Contact pair Add fluid to cavities

h = 12.5 W /(m?K) = 125W/(m*K)
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Contact pair model
Thin structures === Thermal contact
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Constriction Conductance with Interstitial Gas Equivalent Thin Resistive Layer

More possibilities how to set — see the [unit]

¥ Thermal Contact

Contact model:

Equivalent thin resistive layer

T2

Specify:
[ Total resistance
Layer resistance
Layer conductance
Layer thermal conductivity and thickness
Total resistance
Total conductance
h. - Constriction conductance = f(P, H., K. ontact) . Length L
- Can be calculated by: Cooper-Mikic-Yovanovich Correlation (CMY) ™ _T1 1L K ‘
Mikic Elastic Correlation Ry, = W =37 (W) T"J}\] —
' Heat flow P
hg - Gap conductance = f(P, H¢, Kcontact) Cross section A
0.95
_ Masp p
h. =125 - Kcontact?w ) (H_c . . r2 -
I Coefficients calculated by ln(ﬁ) K N

h, =—29Y "\ Comsol (with user defined Ry = , ( =) )i
@se Y+ M, values) / user defined inputs k-2-Pi-l "Wm N/




Contact pair model - results

Surface: Temperature (K)

Surface: Temperature (K)
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Static fluid model

Added new domain between half-cylinders.

Air material properties defined
=simulation with static air

Temperature gradient,
y-component (K/m)

™ Geometry 1

LiveLink for SOLIDWORKS 2 (cod2)
[ Cylinder 1 {gpil)

@ Difference 1 {difl)

Form Union (fin)

@-

SRV VAV S

T=319.7K
T=306.3 K

Temperature\(K)

Line Graph: Temperature (K)

12000

9000

6000

3000

8 16
Arc length (mm)

Temperature gradient,
y-component (K/m)

Temperature gradient,
y-component (K/m)

10 15 20
Arc length (mm)

10*
10°
10?
10t
10°

107t

Ty

0 8 16

Arc length (mm)

NroobhioNBOBEN

GradY- contact pair

”.
m,L 0000 o000 =

0 10 20

340

1335

1330

325

320

315

310

305

300

295

290

T (K)




Dynamic fluid model

Add FLUID volume condition to the ht physics. Than select:
Convectively Enhanced Conductivity

~ |IF Heat Transfer in Solids (ht)

e e Uses Nusselt correlations for calculating heat transfer in cavity
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For current settings there is no significant difference between static
and dynamic fluid model




Static and Dynamic fluid comparation
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Cavities in (semi) real geometry &=
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Cavities in Heat Transfer Models

Cavities could be handled via:
Equivalent thermal resistances
Fluid infill of cavities

For real geometry Convectively Enhanced Conductivity was used mostly because
,sSmooth” gradient

Other possible (future) ways: References:
Thermal resistances (thermal connection / lumped thermal port) +  https://doc.comsol.com/5.5/doc/com.comsol.help.heat/he
2_Component mOdel at _ug theory.07.66.html

. . . https://www.omnicalculator.com/physics/thermal-
Add radlat|0n resistancefthow-to-use-the-thermal-resistance-calculator
Heat Transfer in Shells (Composite Thermal Barrier model from library) +  https://www.comsol.com/model/thin-film-resistance-31

https://fscdn.rohm.com/en/products/databook/applinote/c

ommon/basics of thermal resistance and heat dissipatio

n_an-e.pdf
@Se . Zaklady sdileni tepla, Michail Michejev, Praha 1953, SNTL



https://doc.comsol.com/5.5/doc/com.comsol.help.heat/heat_ug_theory.07.66.html
https://www.omnicalculator.com/physics/thermal-resistance#how-to-use-the-thermal-resistance-calculator
https://www.comsol.com/model/thin-film-resistance-31
https://fscdn.rohm.com/en/products/databook/applinote/common/basics_of_thermal_resistance_and_heat_dissipation_an-e.pdf

