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Radiative heattransfer in a nutshell

T (x, t)

∂ρh

∂t
+∇ · (ρhv) +∇ · q = σ : (∇v) + qchem + qrad

qrad =

∫
λ

∫
4π

Iλ(s)dΩdλ
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Radiative heattransfer in a nutshell

e = hν
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Radiative heattransfer in a nutshell

A1 A2

r

cp,mw

s

Ω = A2

r2

mwcp,w
∆T

∆t
= P (s,x)

Ω =
A2

r2

mwcp,w

A1Ω

∆T

∆t
=
P (s,x)

A1Ω

= Iλ(s,x)
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Radiative heattransfer in a nutshell (RTE)

1

c

∂Iλ
∂t

+ s · ∇Iλ(s,x) = −κλIλ︸ ︷︷ ︸
Absorbtion

+ κλIb︸︷︷︸
Emission

− σsIλ︸︷︷︸
out−Scattering

+
σs

4π

∫
4π

IλΦ(s′, s)dΩ′︸ ︷︷ ︸
in−Scattering

I restrict to on band → skip λ

I neglect scattering

s · ∇I = −κI + κIb
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Finite Volume Method

s · ∇I = −κI + κIb∫
Ωdc

∫
Vc

∇ · (sI(s,x)) dΩdV =

∫
Ωdc

∫
Vc

−κI + κIb dΩdV∫
Ωdc

∫
Afc

I(s,x)s · n dΩdV =

∫
Ωdc

∫
Vc

−κI + κIb dΩdV

Fc∑
fc=1

Idcfc s
dc · nfcAfc = −κcIdcc ΩdcVc + κcIb,c ΩdcVc

sdc =

∫
Ωdc

sdΩ
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Finite Volume Method
Fc∑
fc=1

Idcfc s
dc · nfcAfc = −κcIdcc ΩdcVc + κcIb,c ΩdcVc

c
sdc Idcfc

nfc
Afc

Ωdc

n

Idcfc = αdcfcI
dc
c + (1− αdcfc)I

dc
n , αdcfc =

{
1, if sdc · nfc > 0

0, if sdc · nfc < 0
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Matrix
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Example (Nerd-Art)

Cells x Dirs x Bands
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Mapping

setID=0 setID=1

setID=3 setID=2

map(2,1), map(1,2)

Fc∑
fc=1

αdc

fc
Idc
c s

dc · nfcAfc

+

Fc∑
fc=1

Dn∑
dn=1

(1− αdc

fc
)Idn

n s
dn · nfcAfcmap(sID(c, dn), sID(n, dn))

= −κcIdc
c ΩdcVc + κcIb,c ΩdcVc
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Adaptivity Example
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Status

I 2d Finite Volume solver implemented

I Arbitrary mesh support (all what comes out of gmsh)
implemented

I Possible applications found

I TDD system used

I Plot functions for indices, values, matrices implemented

I 2d adaptivity implemented

I Some discussions with senior people about need
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Next Steps

I Evaluate different coupling conditions

I Implement more advanced schemes

I Vectorize code

I Evaluate useful applications

I Extend to 3d

I Implement into fireFoam/FDS

I Develop strategy for automated resolution control

I Calculate benefit

I Publish
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End

Thank you for your attention!

?
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