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Convergence Study of Multigrid Method
for K-o Turbulence Equations

Soo Hyung Park, Chun-ho Sung, Jang Hyuk Kwon and Seungsoo Lee

An efficient implicit multigrid method is presented for the Navier-Stokes and k-0
turbulence equations. Freezing and limiting strategies are applied to improve the robustness
and convergence of the multigrid method. The eddy viscosity and strongly nonlinear
production terms of turbulence are frozen in the coarser grids by passing down the values
without update of them. The turbulence equations together with the Navier-Stokes equations,
however, are consecutively solved on the coarser grids in a loosely coupled fashion. A
simple limit for k is also introduced to circumvent slow-down of convergence. Numerical
results for the unseparated and separated transonic airfoil flows show that all computations
converge well without any robustness problem and the computing time is reduced to a
factor of about 3 by the present multigrid method.
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Table 1. Freestream conditions for the test

cases.
Case Moo Qexp Ceor Re.x10°
1 0.676 240 1.93 57
6 0.725 292 2.54 6.5
10 0.750 3.19 2.81 6.2

Table 2. Lift and drag coefficients for

each case.
Case C, Go
Case 1 exp 0.566 0.0085
B-L 0.574 0.0082
k-0 0.563 0.0084
Case 6 exp 0.743 0.0127
B-L 0.762 0.0126
k-0 0.745 0.0125
Case 10 exp 0.743 0.0242
B-L 0.828 0.0283
k-0 0.768 0.0252
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(a) Multigrid level (b) B-L and k-0 models

Fig. 4 Comparison of the convergence histories : Case 1.

o A9 o 7 TS B F Uk + H] A4 (unsteadiness)©] YJERE 4= 9o

Fig. 2% 2 7Z%$9 Wdl gaAf 2IXEql 1, Case 109 =2 ol g nlgddeol ¢

ﬂ Case 13 69 Z$9& =22, Case 102 Eld hE Ao ztgo] sl grol A Al
A% AANA AZT Aot EATES EAste AeE g4 ArHIl

god = 9t} Fig. 3 Case 109 @M% s cwadeol wla )
F9 GARI vhael REE e 19 Case 19 A% FYAF=S M2% Fie.
oz 24%z A% WeWE(scparation 4 TFEH T L2-nomel 107 X 53
N 3= %) = o] AL e
bubblesl el oliel 3Asep gazg TR ATE AT AW BE 05T @

< = ] = - _g_ e = o°T el ] o =00
3] '57—:':{]'9] 70}5;;‘9}35}/\]71 o} 2= 9lt} o wlE AN 512 v]Zoz lul, AT
e FAH/AAE Alz%}%-o] Kl 1 . L Me e swoo wols
3%, #4 e . a2l BXol tEAR e wde| &

o s BEANY dlge 5SS B 5
10° Rou, olAL BE Casedl tis] L3t
X Case 19] A% WAAe 22 @x

Sk Z B3 RO 0 W) 37 Wl O
‘6105 Without (14) and (15) w7 T EeZ Su 480
§ T Wih(4) FARA G M 10018kl 4 FH Lol A
o —a—— With (14) and (15) _ . =7
4 st otk 4 #HEY vF AR W
Ly e Fig. 5914 HEo|, ‘1% A (14) 2
10°r a (15)s} #Zeo] FAAVIEE Ag 5Hd A
10° B>y B0 g7t & 4% -’Faﬂﬂ]ﬂ' 2T B F
UTh oA RE Casedr TLF Ao
Fig. 5 Comparison of freezing and . o]l#H3 FHEAAE A (14)8 e &%
_l(i:mitinlg effects for k-0 equations Tl AL Ea AT 4 gon A
e a5l Awe Fa FEL FHE AL +



26 5y - 425 - AYY - o] SEIMALG HIFCLRX|

(b) Density, k and o

Iig. 6 Comparison of the convergence
histories : Case 6.

ALk a8y, FHe] AYPHo) mE FHE
o Askiz k™3 AR Kl

Fig. 62 Case 6°] o8] k-0 ¢F=22&
HAede w 2%, k 09 FHHJATe|G A

W) +=E AL Case 13 FAFstt}. Fig.
6(b)ell A BEol, k WA o3t 44 o}
A eEEl WA A3 (slow-down)H
a, o#

@ #9& Askrt D= 0o) Y2
A

1oz B & Qv wEA,

2
o0
ot
il
o
H

7000
CPU time (sec)

(b) Computing time

Fig. 7 Comparison of the convergence

histories : Case 10.
ol 3t FHEE AHIE A dsE Aoz
Bdd. oo U A= FF FAR P

U}X]‘l}ii, Fig. 72 Case 109 W@ 43

HHzoltt k-0 HHFELE 83 gFF

Z71H el FHAL Case 13 69 FHA

dlg] EojX x|, AR HFolut A

So] EZA31x ¥ uEAT EAEL HolF

3 ogleh W BL 29 FHEALS 10
o

Aol AzsA AEHD 9



A7A A43. 2002. 12 K-@

GRS 9 dFARARY £PE A7 27

et

ox
2
B
Lo

)

)
£_‘Emlm
R

m i ﬂllo

o
o oX oX
T

4
oo
o
>
oft
L
T
[=3
Tl
it
2,
2

© o
2
<0
o

>~
=
>,

ox M rlf £ M o ©
g 20 2

b

o

19 o

[

o oo

Z
=
=.
@
i
wn
Lomal
@]
=3
)
»
o
o
>
i)
T
NES
S
ol
ol
>

oly

N
N e
N

>0 ol
1o
oX

Jp

o

4

=

2 N,
o2

]

R 2

i, L g

=

o
2kl
oxl

ol

ol

rlr

° & oL

,d
X,
go ry ap
i
)
2
>
o
[ U om

-,
oE o B 9 o

©
o
&
ik
o -
i)

o o -
)
vk
ol¥

i

do N
i

BN

!
)

do oF

4
A yo
2 o X
s

Rt i1

" ogo 2 iy
RN

T

S

e

4

jait)

am e

o o
Lk
X

w
4
lo o
f oo

pol Sy
o™
o

2

ol
offt
e,
o
X,
off

2 M
ox, 3
e
o

o
N

2 At FUHEAT 4 “Navier-Stokes
Code®] 84 3 W A7 LdFol A
foll ZA=EHY .

ita]

ta

Ho
K

[11Baldwin, B.S. and Lomax, H., “Thin
layer approximation and algebraic
model for separated turbulent flows,”

ATAA paper 78-257 (1978).

[2] Menter, F.R.,, “Performance of popular
turbulence models for attached and
separated adverse pressure gradient
flows,” AIAA paper 91-1784 (1991).

[38] Wilcox, D.C., “Reassessment of the
scale-determining equation for advanced
turbulence models,” AIAA J., Vol.26,
No.11, (1988), pp.1299-1310.

[4] Menter, FR. “Influence of freestream
values on k-0 turbulence model pre-
dictions,” AIAA J., Vol30, No.6, (1991),
pp.1657-1659.

[5ILiw, F. and Zheng, X., “A strongly
coupled time-marching method for
solving the Navier-Stokes and k-0
turbulence  model  equations with
multigrid,” J. Comput. Phys., Vol.128,
(1996), pp.289-300.

[6] Gerlinger, P. and Bruggemann, D,
“Multigrid convergence acceleration for
turbulent supersonic flows,” Internat. J.
Numer. Meth. Fluids, Vol.24, (1997),
pp.1019-1035.

[7]1 Jameson, A. and Schmidt, W., “Solution
of the Euler equations for two
dimensional transonic flow by a
multigrid method,” Appl. Math. Comp.,
Vol.13, (1983), pp.327-356.

Ble4+d, A3, d44Y, “4=4 454
g o}Z A2 DADI 7He $EA 4
T, dFZEgFeF8E ], A2949, A5E,
(2001), pp.25-32.

[91Kyle, D.A. and O'Rourke, M.],
“Implementation of turbulence models
for shock/boundary layer interaction in
transonic flow,” AIAA paper 2001-2856
(2001).



