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The modification of viscous term evaluation on the multi-block interface
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This paper proposes the modification of viscous term evaluation on the multi-block interface boundary, where a
one-sided difference is employed along with a central compact difference scheme applied to inner nodes. Unlike
the convection term that utilizes the characteristic decomposition incorporated with upwinding treatment, the
viscous term should be formulated based on the average over both sides of grid blocks, due to its diffusive nature.
When viscous flux, or first-order derivative, is sought, the gradient averaged across an interface must be imposed
as an explicit boundary condition for compact difference operation, to remove imaginary contribution of modified
wavenumbers. The imaginary part associated with one-sided difference stencils would leads to unstable behavior
at higher wavenumbers. The present formulation is validated via one-dimensional heat conduction and a three-

dimensional application problem: flow around a sphere.

1. 00O

000000000000 00000 DNS, LESO0
ocooooooooooOoOoOoOoOoOoobooboboooboooo
oo0O000oooODGO,FROOOOOCODOOOOO
goooooooooooooooooooboooooo
0000000000000 Obody-fitted0 00000
ocoooooooooooooOoOoOoObooboboooboooo
ocooooooooooOoOoOoOoOoOoObooboboooboooo
gooooooooooooooooOoOoOOOOOOn
gcoooooooooooooooooooboooboooo
goooooooooooOooOooooooooboooo
ocoooooooooooOoOoOoOoOObOOobObOboobo
ocooooooooooooooOooOobooOooOooOooooo
coooooooooooooooOooOooOoooboooooo
00o0ooo0oooooooooo [, 20

pgoooooooooooobooooobOOoOOoOOo
ocooooooooooOoOoOoOOOOOOOOOOO0
ocoooooooooooOoOoOoOOOOOOOOOo
000000000 [3,40000000 overlapOd OO
gooooooooooooooooOoOoOOOOOOn
goooooooooooooooooooboooooo
OO00000D00 00000 Navier-Stokes 0 00O
O00000000000000 (Local One-Dimensional
Inviscid, or LODI) 0000000000000 0O0OOO
ocoooooooooooooooooooboooboooo
ocooooooooooOoOOOOOOOO0O -

—+A—=P S (1)

000 ROODODODOOADOOODOOOOOOOOO
DO000P ‘000000000008 00000¢0
0000000000000000000

00 Eq. (1)00000000KimO (400000

P '0000000000D0000O00000000
O00000O0O00O000O0oOoUO p|ooooooo
obooobOobooooobOooboooobooboonog
OO0 Navier-Stokes OO CFDOOOOOOO0O0OOODO
ooooboboooobobooooboobooog
gboooboboobooboboooobobooog
gooobOobooooboboooobobooog
oooobOooooboobooboooooboooogn

2. 000 Modified Wavenumber O O

doo0dooDo0oooooooooooooooon
0do0dD0b0D0o0oO0DoOoDoUooooDOooooog
dooooooo<z<LOOO0OOODOOO«O0000
gdodooodobooooooaa

ou  0*u
ot 0z’

oooooo o, L0000 A=L/NOODOOOOOO
gddbooodoudboodouobooooban
000000000000000o Booooouoo
00o00DoDO00ooooOooooo sooooednoon
odoodoD0Doo0oooooouooooooooog
O020000000000000D0D0ODOOODODOO
000 (000 j=0000000000000000
040 20000000000 -

u;:—ﬁih
Eq. (3)0 [6)00 A-Stability 00000 40000 20
gddboodouoboououoboooonbooan
gddood2000000b0o03oooouoon
00000000000 Eq. (3) 00000000000
00000000000 dmodified wavenumber O O 0O
ododD0D0bDOo0oooOoDoUooooDoooooog
04000 PadeOOODOODODOODOO

u|m:0: u|z:L (2)

(10’LLj — 15uj41 + 6ujqo — 2’LLj+3) (3)

Copyright (©) 2015 by JSFM



gbobooobobooobobbooooboooooboo
oooodoooode; 000000ooooogn :

1
Tpptlj = 72 > iy (4)
l

[J00d0o0bOo00oooDoooooooooooon
doo0doo0odoooooooooooooooogaon
0 00O O Modified wavenumber 0 0000000000
ODOoo0oo0O0o000000000w; 00000000
oo -

u; = Z ﬂneikhj (5)

000, 0000000000000 k=2mn/L,n0O
0000000000 NODOOO —N/200 N/2-1
obooooOooooobooobooboobooobnbOO0n
ooooog

& 2, ik

2l = —k*Un,e™® (6)
000000000000 modified wavenumber O x O
goog

1 o .

2 o kh(iHD) — _ 25 ikh

RTES 5 g ;1 i @FhUHD = g2, 6Rh(7)
]

oo
_ (Iih)Q — ZajJ eikhl (8)
l

O00O0O00Eq. (8)000q;; 0 j000000000
O00x000 00000D00DOO0OO0DOODOOOO
J0o000o0oDd0oooooooooooooooog
000oo0oooooooooooooooooooon
0o00o00o0ooDOoooooDoooooooooooo
k2000 Real(nz)ZODDDD
Joo0do0odoooooDOoooooOooooon
doodooooooooo300oooooooag

Case A

000000000000000000 2000000
j=00NOOOOOODOOOOOO00000000
000000000000 Imag(x?) 00000000
0000000000000000001000000
000000000 4000000000000000
00000000

Case B

ogoooo ag;uDDDDDImag(K)DDDDDDDDD
00000 100o00bodj=00 NODOODOOOO
O020000000000000000O000DOO0
00 j=00 NOOODOOOOOODOOO 200

o2000000000000O0

B06-4
15 T
—a— CaseA Jon
—+ - CaeB ,A'/
10} |—— CaseC N
————— Ideal /

kh/m

Fig. 1: Comparison of modified wavenumber profiles
for 2nd-order difference schemes at the I/F boundary.
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Fig. 2: Accuracy improvement at lower wavenumbers
by changing the boundary schemes of the 2nd com-
pact-difference operation.
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with wavenumber m = 4.
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Fig. 4: Comparison of 1D heat equation with initial
wavenumber m = 12.
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Fig. 5: Temporal decay of L? error norm for initial
wavenumber m = 12.
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Tab. 1: Comparison of L? error norm of 1D heat equa-

tion at t = 0.1
Method m=4 m =12
Original 5.54 x 1071 8.51
Mod 1 1.19 x 1072 1.37 x 101
Mod 2 7.36x 1073 | 1.03 x 1072
Exp 2nd 3.85x 1072 | 3.64x107*

Fig. 6: Surface grid on the sphere.
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Fig. 9: Instantaneous surface temperature contours

Fig. 7: Instantaneous Q-vortex isosurfaces, solved with solved with the Original scheme.

the Original scheme, at @ = 1 x 1075(Us/D)?. Solid
lines in the figure denote edge lines shared by adjoining
three grid blocks, extended from the sphere surface.

Fig. 10: Instantaneous surface temperature contours

. . ) solved with the Mod 2 scheme.
Fig. 8: Instantaneous Q-vortex isosurfaces solved with

the Mod 2 scheme.
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