AN UNCONDITIONALLY STABLE, ENERGY PRESERVING
METHOD FOR MAGNETOHYDRODYNAMICS

J.A. Hopman, J. Rigola, F.X. Trias
D. Santos

e
\/ 1 Z‘ 3;11“?\ )/ QYM P
‘\ A 7 S ebutes

,", ,;-: \.."
Wy o

O F
UNIVERSITAT POLITECNICA < oS ” ERCOFTAC
DE CATALUNYA s a7
BARCE LONATECH = . s ) E_uruuuuu Research Z:Ur‘rmuni:y_Du
: } Flow, Turbulence And Combustion



@ ETMM

Motivation

MagnetoHydroDynamic (MHD) flows for Nuclear Fusion



@ ETMM

Motivation

MagnetoHydroDynamic (MHD) flows for Nuclear Fusion
-High Hartmann number, Ha = LB, /,fn—i



@ ETMM

Motivation

MagnetoHydroDynamic (MHD) flows for Nuclear Fusion

-High Hartmann number, Ha = LBy /5_1
0
-Low magnetic Reynolds number, Re,, = opLlug < 1



Challenges

Complex geometries

Balancing Lorentz force & pressure drop



Challenges

Complex geometries
- Collocated grids
Balancing Lorentz force & pressure drop



UNIVERSITAT POLITECNICA ETMM
DE CATALUNYA -
AAAAAAAAAAAAA e ';‘ o Tobudonce

Complex geometries
- Collocated grids

Balancing Lorentz force & pressure drop
- Symmetry-preserving method



Symmetry-Preserving method




@ ETMM

Symmetry-Preserving method

1. Projected gradient distances

Ci
d
() s, f
— %
J
Q.
J




Symmetry-Preserving method

1. Projected gradient distances
2. Consistent Div, Grad, Lap

C.
O,
ony:
Q.
|




Symmetry-Preserving method

1. Projected gradient distances
2. Consistent Div, Grad, Lap
3. Midpointinterpolation in C(u,)




Symmetry-Preserving method

1. Projected gradient distances —
2. Consistent Div, Grad, Lap
3. Midpointinterpolation in C(u,) 2|
4. Volumetric interpolation | H
: Q
on s
~Te_




Symmetry-Preserving method

1. Projected gradient distances —
2. Consistent Div, Grad, Lap
3. Midpointinterpolation in C(u,) 2|
4. Volumetric interpolation E
* Flux term of Poisson equation Q.
| 5?”' )




Symmetry-Preserving method

Projected gradient distances
Consistent Div, Grad, Lap
Midpointinterpolation in C(u,)

=

Volumetric interpolation
* Flux term of Poisson equation
* Correction term after Poisson
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Pressure prediction

px _ __pP ~ P
u; —uc_GCpc

~/ __ p* __ P ~ P
Lp., =M, =M, — L:p;
~n+l1 _ ~ ~ |/
P =Pc tP;

Lowering pressure error ~ (L— L.) p..
Larger part on L. = More prone to checkerboarding
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Quantifying checkerboarding

Starting from the pressure budget term:

—u. QGpe =p: Mou,=Atp. (L—Le)pe € [Atpr Lpe, 0]
Rearranging to:
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Balance checkerboarding and accuracy

General predictor coefficient:

a?ﬂ L.a,

al La, G:> Low Cb Iﬁl

Adjusted prediction equations:

0o =

Use less predictor Use more predictor

f* —llL -0 G.;-pc E Higher Cb <:D

c = (xbf — QQDGC(PL‘
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Results — Turbulent duct flow

vV 16Dy
e
Hvdrodvnamic . Mesh L Ny Ny Nie(-10%)  Axt Afy,z},  Aly,z))
y y Insulated (Shercliff) - - 7 ° B =
MHD Conducti Huurse 27Dy 160 64 0.66 118 9.1 0.9
ohductive Hjne 27Dy 160 128 262 118 46 0.4
Meoarse  16Dg 160 64 0.66 36.0  10.9 1.1

Mgne 16Dy 320 128 5.24 18.0 5.5 0.5
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Results — Turbulent duct flow

v 16Dy
T
Hvdrodvnamic ) Mesh L N N{ 2} N; t(-lOG) Ax* A{y,z}+ A{y,z}+
y y Insulated (Shercliff) - g i : B =
MHD Conducti H_ . urse 2nDyg 160 64 0.66 11.8 9.1 0.9
ohductive Hjne 27Dy 160 128 262 118 46 0.4
Muurse 16Dy 160 64 066 360  10.9 1.1
Mgne 16Dy 320 128 5.24 18.0 5.5 0.5
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Results - Turbulent hydrodynamic duct flow
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Results - Turbulent MHD duct flow
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Results - Turbulent MHD duct flow
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Results - Turbulent MHD duct flow
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SP-04, NSP

Case Mesh Cells Peb Deb (*10_3] Re/p) Peb bep (-10_3] Rey/p)
Hydrodyn. Hgg, Cart. 0.14 0 4314(B] - - -

) Hiparse Cart. 0.32 0 4536[B] 0.37 0 4389|B]

! Hcoarse skew. 0.49 0 4787|B] 0.80 0 4826|B]
Shercliff Mg Cart. 0.13 0.17 368.4|1] - - -

) M oarse skew 0.50 0.64 351.7[1] 0.89 0.61 328.8(1]
Full Con. Mgne Cart. 0.12 2.75 364.3[1] - - -

" M oarse skew 0.49 8.33 351.2[1] 0.87 3.62 317.9(71]
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Conclusions

-Interpolation is essential factor in collocated methods

-Checkerboarding is an unwanted consequence of collocted
methods

-New method balances checkerboarding
-Symmetry preserving method provides stability
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