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Motivation

Simulations of convection

Figure: Pratt et al 2016
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The Gresho test case
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All regime solver

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

o splitting of acoustic and transport terms :

o explicit / implicit treatment of the acoustic step
e explicit treatment of the transport step

@ “all regime" accuracy, meaning :

o conservative scheme to capture shocks
o correction of the low Mach regime to have less diffusion

o treatment of non-linear equations of state

@ treatment of unstructured grids
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Splitting m

1D Euler system :

Otp + Ox(pu) =0
0:(pu) + Ox(pu® + p) = 0
O¢(pE) + Ox(u(pE + p)) =0
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Splitting m

1D Euler system :

Otp + Ox(pu) =0
O(pu) + Ox(pu® +p) = 0
Ot(pE) + Ox(u(pE + p)) =0

Op + pOxu + udyp =0

Ot(pu) + pudsu + udy(pu) + 0xp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0
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Splitting @

1D Euler system :

Op + pOxu + udyp =0
Ot(pu) + pudsu + udx(pu) + Oxp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0

Acoustic system Transport / advection system
Otp + pOxu =0 Oip + udyp =0
Ot(pu) 4+ pudyu+ 0xp =0 Ot(pu) + udk(pu) =0
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Splitting =

1D Euler system :

Op + pOxu + udyp =0
Ot(pu) + pudsu + udx(pu) + Oxp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0

Acoustic system Transport / advection system
O0p + pOxu =0 Oip + udyp =0
pOtu + udip + pudsu + Oyp =0 Ot(pu) + udx(pu) =0
pOLE + EO¢p + pEOcu + Ox(pu) =0 Ot(pE) + udx(pE) =0
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Splitting @

1D Euler system :

Op + pOxu + udyp =0
Ot(pu) + pudsu + udx(pu) + Oxp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0

Acoustic system Transport / advection system
Op + pOxu =0 Otp+ udxp =0
pOtu + Oxp =0 Ot(pu) + udk(pu) =0
pO+E + Ox(pu) =0 Ot(pE) + udx(pE) =0
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Splitting @

1D Euler system :

Op + pOxu + udyp =0
Ot(pu) + pudsu + udx(pu) + Oxp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0

Acoustic system Transport / advection system
O — TOxu =0 Otp+ udxp =0
Oru+T10p =0 Ot(pu) + udk(pu) =0
OtE + 70x(pu) =0 Ot(pE) + uox(pE) =0
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Splitting @

1D Euler system :

Op + pOxu + udyp =0
Ot(pu) + pudsu + udx(pu) + Oxp =0
Ot(pE) + pEOxu + udx(pE) + 0x(pu) =0

Acoustic system Transport / advection system
0T — Oqu =10 Otp+ udxp =0

3tu + 6mp = 0 615(,0(/) + u@x(pu) = 0
OtE 4 Om(pu) =0 Ot(pE) + udx(pE) =0
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All regime solver m

Conservativity

Notations :
o Acoustic step : p] — pj’.’+1_
o Transport step : p/*~ — pf*?

o Full step: pf — pJ’.’+1
The entire step must be conservative, i.e. :

dt
+1 _
i =pf = g (hivaja = hjapo)
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All regime solver U

Acoustic step...

OtT — O =
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All regime solver m

Acoustic step...

OtT — Oqu =10
dt
n+1— _ _n # _ i
" _J+d1(6+5 55)
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All regime solver

Acoustic step...

OtT — Omu =0
dt
n+l— _ _n e #_ #
7:/. - + dmj (f.-l‘i’é J—;)
Pt dxpl \Ut: s
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All regime solver m

Acoustic step...

81-7' — 8mU =0
dt
n+l— _ _n # o c#
= g (5 )
1 o i dt 1 # f#
Pt pf dxpl \Ut: Ui
1 1 dt
()
PJ"H_ I ( dx j
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All regime solver m

Acoustic step...

11 ( )
pj{1+1— p}r
LJ,OJ'H'1 7 with L; —l—i——[ ]
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o
... Transport step...

Otp+ udyp =0
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... Transport step...

Otp + udyxp =0
Otp + Ox(pu) — pOxu =0

LU CTUEE (T EERGEL T EETTCLLE R g Ml Presentation of an all-Mach regime solver

June 1st 2017

13 / 22



... Transport step...

Otp+ udyxp =0
Otp + Ox(pu) — pOxu =0

n pi1o dt g
pptt=p"T = [p" ] + {pOu}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

n+1— dt n+1—
pj'-’+1=p+1 —&[,o +1 u] + {pOsu}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

L q dt . .i
p7+1:L_jp+1 _&[erl U:|+{,08XU}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

i1 _ Lp"TT ot

n+1—
o L o [P U]+ {poku}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

1, dt . ..
prtt = L—jp - [P u] + {poku}
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

1 . dt . ..
pitt = =p" — == [p" " u] + {pdu}

L; dx
To identify to :
ntl _ p dt

p] i = g 1l
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

1 dt
n+1 _ n__ n+1—
L [p" " u] + {pou}

To identify to :
dt
n+l _ n
L o dx [h]j

A sufficient condition is to set :

]' n n
5" + {poxu} = p;
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

1 dt
n+1 _ n__ n+1—
pj = —Ljp e P u] + {pOxu}

To identify to :

J J dx

A sufficient condition is to set :

n , dt
i+l — [h]j

Li—1

J
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All regime solver

..Recombining the two steps

By recombining the two steps we obtain :

1, dt g
pitt = " o [p" 1 u] + {pdsu}
To identify to :
] dt
pit=pf =[]

A sufficient condition is to set :

{pOxu} = (L; — 1)pf ™~
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All regime solver

...Recombining the two steps

By recombining the two steps we obtain :

] 1 . dt B
pitt = =p" = == [p" " u] + {pdu}

LJ' dx
To identify to :
dt
pit=pf = ]

A sufficient condition is to set :
{pdxu} = (L = 1)pf ™"

Thus we have :

p}H—l _ pn _ % [pn-l—l—u]
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(3) Results
o Low Mach regime
o Conservativity
o Performance
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Erreur en fonction du temps, schéma HLLC ordre 1
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Erreur en fonction du temps, schéma tout régime

1 =®= Ma, nx = 0.01, 50 —e— Ma, nx = 0.10, 50
10—1 4 -9 - Ma, nx = 0.01, 100 —e—_ Ma, nx = 0.10,.100
] == Ma, nx = 0.01, 200 —e— Ma, nx = 0.10, 200
1 =9= Ma, nx = 0.01, 400 —e— Ma, nx = 0.10, 400
S i
c ]
® 1072 4
— ]
| ]
_ ]
5 i
9] ]
M
o 3
1077
1074

temps

LU CTUEE (T EERGEL T EETTCLLE R g Ml Presentation of an all-Mach regime solver

June 1st 2017

16 / 22



Profil de densité du tube a choc

= solution exacte
1.0 me== HLLC ordre 2
HLLC ordre 1
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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 : 2.0107
Ma = 0.1
hllc order 1 | all regime
iterations 540 540
simulation time(in s) 6.6 9.1

time step : 1.910~*

LU CTUEE (T EERGEL T EETTCLLE R g Ml Presentation of an all-Mach regime solver June 1st 2017 18 / 22



m
Plan

(@ Gravity source term
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Gravity source term

Given a gravitationnal potential ¢ :

Otp + Ox(pu) =0
d(pu) + Ox(pu® + p) = —pdxdp
9¢(pE) + Ox(u(pE + p)) = —pudxd
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Gravity source term

Given a gravitationnal potential ¢ :

Otp + Ox(pu) =0
d(pu) + Ox(pu? + p) = —pdxdp
9¢(pE) + Ox(u(pE + p)) = —pudxd

Putting the gravitationnal potential term in the acoustic step :

Otp + pOxu =10
Ot(pu) + pudsu + Oxp = —pOxd
Ot(pE) + pEOxu + Ox(pu) = —pudyd
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Gravity source term

Given a gravitationnal potential ¢ :

Orp + Ox(pu) =0
Oe(pu) + Ox(pu® + p) = —pOxsh
Ot(pE) + Ox(u(pE + p)) = —pudyxo

Putting the gravitationnal potential term in the acoustic step :
81-7' — 8mU =0
1
Ot + Omp = _;amﬁb

O+E + Om(pu) = —gamqs
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avity source term
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Conclusion w

Conclusion

Thank you for your attention !

MAISON DE LA SIMULATION
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