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Motivation

Simulations of convection

Figure: Pratt et al 2016
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Motivation

The Gresho test case

p0 =
ρ

γMa2 , γ = 1.666 ≈ 5
3
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25
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All regime solver

The all regime solver verifies the following properties (Chalons, Girardin,
Kokh 2014):

splitting of acoustic and transport terms :
explicit / implicit treatment of the acoustic step
explicit treatment of the transport step

“all regime” accuracy, meaning :
conservative scheme to capture shocks
correction of the low Mach regime to have less diffusion

treatment of non-linear equations of state
treatment of unstructured grids
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All regime solver

Splitting

1D Euler system :

∂tρ+ ∂x(ρu) = 0

∂t(ρu) + ∂x(ρu
2 + p) = 0

∂t(ρE ) + ∂x(u(ρE + p)) = 0
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All regime solver

Conservativity

Notations :
Acoustic step : ρnj → ρn+1−

j

Transport step : ρn+1−
j → ρn+1

j

Full step : ρnj → ρn+1
j

The entire step must be conservative, i.e. :

ρn+1
j = ρnj −

dt

dx

(
hj+1/2 − hj−1/2

)
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All regime solver

Acoustic step...

∂tτ − ∂mu = 0
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All regime solver

Acoustic step...

∂tτ − ∂mu = 0

τn+1−
j = τnj +

dt

dmj

(
f #
j+ 1

2
− f #

j− 1
2

)
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Ljρ
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f #
]
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All regime solver

...Transport step...

∂tρ+ u∂xρ = 0
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All regime solver

...Transport step...

∂tρ+ u∂xρ = 0
∂tρ+ ∂x(ρu)− ρ∂xu = 0
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All regime solver

...Transport step...

∂tρ+ u∂xρ = 0
∂tρ+ ∂x(ρu)− ρ∂xu = 0

ρn+1
j = ρn+1− − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j = ρn+1− − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

Lj
Lj
ρn+1− − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

Ljρ
n+1−

Lj
− dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

To identify to :

ρn+1
j = ρnj −

dt

dx
[h]j

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

To identify to :

ρn+1
j = ρnj −

dt

dx
[h]j

A sufficient condition is to set :

1
Lj
ρnj + {ρ∂xu} = ρnj

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

To identify to :

ρn+1
j = ρnj −

dt

dx
[h]j

A sufficient condition is to set :

{ρ∂xu} =
Lj − 1
Lj

ρnj

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

To identify to :

ρn+1
j = ρnj −

dt

dx
[h]j

A sufficient condition is to set :

{ρ∂xu} = (Lj − 1)ρn+1−
j

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 14 / 22



All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

ρn+1
j =

1
Lj
ρn − dt

dx

[
ρn+1−u

]
+ {ρ∂xu}

To identify to :

ρn+1
j = ρnj −

dt

dx
[h]j

A sufficient condition is to set :

{ρ∂xu} = (Lj − 1)ρn+1−
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]
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Results Low Mach regime
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Results Conservativity
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Results Performance

Resolution : 2002

Ma = 0.01
hllc order 1 all regime

iterations 5040 5040
simulation time (in s) 40 58

time step : 2.010−5

Ma = 0.1
hllc order 1 all regime

iterations 540 540
simulation time(in s) 6.6 9.1

time step : 1.910−4
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Gravity source term

Plan

1 Motivation

2 All regime solver

3 Results
Low Mach regime
Conservativity
Performance

4 Gravity source term

Thomas (thomas.padioleau@cea.fr) Presentation of an all-Mach regime solver June 1st 2017 19 / 22



Gravity source term

Given a gravitationnal potential φ :

∂tρ+ ∂x(ρu) = 0

∂t(ρu) + ∂x(ρu
2 + p) = −ρ∂xφ

∂t(ρE ) + ∂x(u(ρE + p)) = −ρu∂xφ
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Gravity source term
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Conclusion

Conclusion

Thank you for your attention !
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