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Radiative transfer

Many physical situations

Laser-matter interactions
Astrophysics: HII region, . . .
Atmospheric physics
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Radiative transfer in atmospheric physics

[Tremblin et al., prep] : opacity jump interface
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M1 model

Moment method

Grey radiative transfer equation without scattering 1(
1
c ∂t + n · ∇

)
I(x, t,n) = σB(x, t)− σI(x, t,n)

First moments of the specific intensity:
Er radiative energy
Fr radiative flux
Pr radiative pressure

Two moments model:

∂tEr +∇ · Fr = cσ(ar T 4
g − Er )

∂tFr +c2∇ · Pr = −cσFr

∂t(ρCv Tg) = −cσ(ar T 4
g − Er )

Admissible states: Er > 0 and ||Fr ||
cEr
≤ 1

1[Mihalas and Mihalas, 1984]
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M1 model

Closure relation
M1 model closure relation 2

Pr = DEr

where D is the Eddington tensor

D =
1− χ

2 I+
3χ− 1

2 n⊗ n

Free-streaming regime:
χ(Er ,Fr ) = 1, D = n⊗ n
Diffusive limit:
χ(Er ,Fr ) =

1
3 , D = 1

3I

2[Dubroca and Feugeas, 1999]
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M1 model

Numerical scheme

Implicit

Preserves the admissible states Er > 0 and ||Fr ||
cEr
≤ 1

Source terms
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A geometric multigrid solver

Implicit solver

Speed of light
c = 3× 105 km s−1

Speed of sound
v = 10 km s−1

c
v = 3× 104

Implicit scheme with
time step
∆t = 3× 104 h

c
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A geometric multigrid solver

Newton method

Compute the Jacobian

Solve linear system
Does not preserve the admissible states Er > 0 and ||Fr ||

cEr
≤ 1
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A geometric multigrid solver

Jacobi method

En+1
i

(
1 + c∆t

h

)
= En

i

+
∆t
2h

(
cEn+1

i+1 − F n+1
i+1

)
+

∆t
2h

(
cEn+1

i−1 + F n+1
i−1

)
F n+1

i

(
1 + c∆t

h

)
= F n

i

+
c∆t
2h

(
F n+1

i+1 − cPn+1
i+1

)
+

c∆t
2h

(
F n+1

i−1 + cPn+1
i−1

)

[Pichard, 2016]
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A geometric multigrid solver

Beam test
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Beam test
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A geometric multigrid solver

Convergence
vi = (Ei ,Fi)
Solve A (v) = f
Residual: ||f −A (v) ||
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129× 129 cells
257× 257 cells
513× 513 cells
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A geometric multigrid solver

Geometric multigrid (GMG)

h

2h

4h

[Briggs et al., 2000]
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A geometric multigrid solver

Full Approximation Scheme (FAS)

Pre-smoother: relax a few times Ah (vh) = fh.

Restrict the residual: r2h = R2h
h

(
fh −Ah (vh)) and v2h = R2h

h
(
vh).

Solve A2h (u2h) = r2h +A2h (v2h).
Correct the solution: vh ← vh + Ph

2h
(
u2h − v2h).

Post-smoother: relax a few times Ah (vh) = fh.

[Briggs et al., 2000]
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A geometric multigrid solver

Admissible states

Er > 0 and ||Fr ||
cEr
≤ 1
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A geometric multigrid solver

Pseudo-time equation

Instead of solving

A2h
(

u2h
)
= r2h +A2h

(
v2h

)
,

solve
du2h

dτ +A2h
(

u2h
)
= r2h +A2h

(
v2h

)
,

as
ũ2h =

(
u2h

)m
+∆τ

(
r2h +A2h

(
v2h

))
(

u2h
)m+1

+∆τA2h
((

u2h
)m+1

)
= ũ2h

[Kifonidis and Müller, 2012]
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A geometric multigrid solver

Convergence
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A geometric multigrid solver

Computational time
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Conclusion

Conclusion and perspectives
Conclusion

Implicit scheme with Jacobi method
Geometric multigrid

Perspectives
Source terms
Coupling to hydrodynamics for physical applications
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Conclusion

Prolongation operator

(
Ph

2h

(
v2h

))
ih,jh

=



v2h
i2h,j2h if ih is even and jh is even,

1
2

(
v2h

i2h,j2h + v2h
i2h+1,j2h

)
if ih is odd and jh is even,

1
2

(
v2h

i2h,j2h + v2h
i2h,j+12h

)
if ih is even and jh is odd,

1
4

(
v2h

i2h,j2h + v2h
i+12h,j2h + v2h

i2h,j2h+1 + v2h
i2h+1,j2h+1

)
if i2h is odd and j2h is odd.

[Strang, 2006]
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Conclusion

Restriction operator

(
R2h

h

(
vh
))

i2h,j2h
=

1
16vh

ih−1,jh−1 +
1
8vh

ih−1,jh +
1
16vh

ih−1,jh+1

+
1
8vh

ih,jh−1 +
1
4vh

ih,jh +
1
8vh

ih,jh+1

+
1
16vh

ih+1,jh−1 +
1
8vh

ih+1,jh +
1
16vh

ih+1,jh+1.

[Strang, 2006]
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