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Fast algorithm for solving N-S equation based
on nonorthogonal collocated grids
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(1. State Key Laboratory of Automotive Dynamic Simulation, Jilin University s Changchun 130022, China; 2. Institute of

Mechanical Science and Engineering, J ilin University, Changchun 130022, China)

Abstract; A SIMPLEXT algorithm is established based on nonorthogonal collocated grids by using
finite volume method. The algorithm explicitly treats the influences of adjacent velocity., source term
and cross-derivatives on the velocity correction value. Detail of derivation of the algorithm is given,
and numerical simulation of the inclined lid-driven square cavity flow is carried out. Results show that
as Reynolds number increases the number of eddy increases, the inertia force also increases that
enhances the flow inside the cavity. It is demonstrated that convergent solution can be obtained by the
SIMPLEXT algorithm under relatively wide underrelaxation. The robustness of the algorithm is also
better and it can be used for the calculation of flow fields with complex boundaries.

Key words: hydromechanics; SIMPLEXT algorithm;nonorthogonal collocated grids;robustness

BEE T B RS20 AR IRA L EAEIE o TR R SO B g iy 17— Mt e B st
ML AL bR A B TR AL ROAR ROR M N-S Or R RS W AR Ok AT L T g e i TR ) B
T A TARZ MR, 0 SIMPLE 58 IEJ7FRR T S R L™ B RS IE L W] LATE R
P OSIMPLER 85 35 PISO 80 DU K st AR 58 9 9 Bl P9 5 B0 0 S5 A o it SCk (8 )
SIMPLES' S5k 45 IF iz B . fESCHRE7] bR D8 1B 75 2 v i JR g i 5 U BO0UAE 13 AU

Y #5 B H3:2008-08-11.

E&TH: HEHARERESTH (5097512D).

YEZ B RV (1955 ) &, 282 W AR ST BFSE 5 1) 158 12 S5k, R AR B, E-mail : xutao@jlu. edu. cn
BEEE HKILA981 -, 5 LA A, AF5E 7 W S AR 77 2% i 940 J7 5. E-mail : mygongbo@ gmail. com



+ 1522 - F ok k% ¥

B’ F ) % 39 %

Ab PR A5 3]T Btk i) SIMPLEC Bk,

R T A e TR BE AR AR T A A U SR L A S
AR IESSIE R MR A b RN, DL as A8 4 AR Dy it
SV b 3 Sk Oy R A R Ry i, DL AR AR AR
AR RS b R R PR T
SIMPLEXT B3k, X T [F) £ % 4% % S 1 8 A R
FHSCHERLO T By J7 s o I 76 3 B2 8 1 AE D7 T 75 JE 4R
L R I K 5 S SO Y 5 e %o R T
KB AT T BUE B, 45 R R SIMPLEXT
BT EROR T 7E ORI S B AT T T S
) 5 K B B BUE R OT A B ok

1 F 67 2 i B

X LA AR AR R A RS A I B [, HE A o
Ir RGN R
Jd(ow) | I(pv) _
9 + 7y =0 (la)
d d
Tx(pu‘ﬁ)+a(pv¢):

2(r2)4 2 (2t

P +ay[f‘a +R(x,y  (1b)

v PR NN A 71 o R 4 BN N T 9 ) 3
KA R EG RCay y) AL TR 1 N B9 IR I ¢
R By, Wl sl A& LR (=1
Cxs y) s = 1Cas y) B2 (1b) e 40 2] 1+ 551 17 (U
B D, 15

dx

%@Wﬁ%}(pv@:%[%[ai—z—ﬁi—;’;]}
%[ﬂvg—f]—sg—g}m 2)

_[9x)*, (dy)* p_dxdx dydy
J“_[anJ +[anJ ’B_agan+agaq

_[9x)t (x|t y_dxdy_ dxdy
\y*{' ] +[9§] 0oy g ¥

d vy J d d
(} ada (x—ug

an CanV T Vag oy

X3 () 18 5 AN A B BUY L TR I 5
BRI Ry y) 43 B 1O . BLAS 58 S 50
e B P o HEAT A B Y b= w i, AT 7

J d
apup= Z a,‘f,,u,,,,er“Jr[b“ JJFC“J] )
b Ig ;)77 P

X FAr nb XARLIETH E.W, N, S; ap
= > al s I dv R G R al, i TSR Y
nb

%‘ﬁﬂ%iﬁ&%;%\%ﬁ%ﬁ%ﬁﬁﬁﬁ; b= —

1 PEFTESHEFENLRTER

Fig. 1 Coordinate transformation of physical plane

and calculation plane

J J
ACAW;T,Y?;C“:*ACMJ [ b= o i , 5

3§°
apvp= E ay vy d'+ [b ﬂ)+ ¢ %J (5)
nb F)C ‘77) P
KA S, B A ESEFRE () R
HOE AN

(PUAY 4+ (pVA)Y =0 (6)
2 SIMPLEXT &S
= (15
Saky+d
:g uaj uai] —
u, ar +[B aCJrC nl
- Ll;)l ‘tl;)l
uP+[B a§+c an]p 7

B (DOIRA ULV e LR, R A% 84D
S, 2B MR (D RS, 75 5 E U,
H

5 9P~ 9P
U, UHr[B a§+c anJe
20 BOSF T E T AR A RS B R RS £ e £ A
[45°,135°]38 Bl N IsE, o] DA 2 A2 SO ) 86 B 00
H REAS 2] F 5 A% A R Sy 7 FREOY L T a7 Ak
U, #£iEKH
_ o e dp)
UP—U,,HB EJCJ« (8)
KU, B #e1 5 F AR R AR (T 15
[ B AT A RV, N
v;(fﬁ[cw%ﬂ] 9)
IN) n
R (O AELE TR B HUE R (6)
H

alg’pP: 2 aﬁbpnb+bp (10)
nb




% 6 B FF A TIHEELIREMET M N-S HR2GREE % + 1523 -
o= [0 28] at= (e 2] R D L AL B850 R 00 A
on ). o ) YA TEAR AR B — U 0B T A1 W) 13 50 1k L 1
ap=ap+ al +ak+ al "
e T u”p:u/er[B“%R] JF[C”—?R] + S
b =CUADPLF(pVAD! I In e
RABWIESITH p° RERM TR, m EA
BEEEIL B p . R TFRD U@:U/ﬁ[ ;Q%J +[cu(’aiJ s, 36
" T] n
apup = 2 a,f,,uf,,er“Jr[ LCJF JJ)*J [ B
nb P
an V%ﬂm+@€%]+k@%]+aum
SIMPI E N ,‘ «HA % E \ \‘ g /El ‘ ‘ n i n
fude S TR DB e v At 6o
A, H AT R G AR PRI A 52, A app”p= Z aly 4 phy bt (18)

apup = E asyuny +d+ [b” _LC + —L%?‘ ]
nb ¢ P

a2

>, % i 5 % ’ % %
KFw =w +u'psus =uw, T v p" =

+p"su’ p" A ) R BRI S AR — B IE(E,
A5 AD A
Eanbu nb i i

X BRI TR, 22 W 4T A 3 F%DXXTE’FE&EI’JE/
i A
AP
u P [B (,)g]
el H BT A IR (E N

ap' ap’
U'.,= [B ] sV, {(/ ] (13)
7§ (77] n

ol Ufﬂﬂ+h€%]

! dp
vr=vx+hﬁiﬂ

a7
RN T .15
Zam
ix B b = (pU" Amw+pr%Ap?
LR T SR W P L TR
R 03 2 Bl Ty B O T AT — A IE L TR
2 R a5 B | A8 S B R YR L ) R )
apup” = Z amuy 1 d A

Lo (14)

GPP P

1“911474— e b (15)
C Iy

XH ™ =w + e uy)

p**#—p",it(15>£§it(12>$ﬁﬁi”a

w Mo u ” u
apu p— § AxpU ,,/,+ [[ +
nb

+s5
Jg rz]
SEVRI R H S A S A o

_ 1 sxx
=y T U P =

XH S

nb

X H

by[MUP/%Ua%+SH(+

w

[@ghﬂ+3—%+su

SIMPLEXT Sk 2 A0

(D B — PR E S s - — BRI A
A5 Hh A SR U B B B IO BRI R A

(2) HHJEJI Poisson R (10) fift R )
el p s

) IESEEFH RS o

(D 2 p" B IE 7 B 2 (14) B3 i 45

(5) f# p"IE 148 IE 7 B 20 (18) , P K 3 ik
JE 4%

(6) VIR IE o PRI M 5 5
I, 2 I AE TR P SIS TR

(7)) et I 0 2 32 3 | BT T 5. B o B
TR R B I I R e R — 2 IR
AT BRI L OB IR EE Lk 5%,
LB ARAT WS

SCREIMEIEME p' M p " AALEAE IE L 8
BEIE TR 1. T3 2R A st 5 4 A st P T
B A BB B, KO R A R R
AR AR 7 2 B )z 5] AR SIP g5 ik

R — 3 T S 5 4 i B R B SR i ik
EﬁEmMEﬁﬁ&mwﬁJlﬁTu?%Em
B WSS B 3 T SR A 4 R Ak I A v R TR R Y
REOTFRYL . £ SIMPLER™ 534 v A 41 i 4R
L AT MR AR G AR SCEE ST B SIMPLEXT
SRYLAE LR D1 3 R 3 [ B 2 B i R R
SE P BRI SR A T WA IE /Y 7 2 D RE AT DT
T B8 4 B4 3 4 » AN 00 R A1 3k AR B B HE AT 00 B
FA L BT AU T 78 UG A9 3240 T 580 28 B8 b 4 i

G L



+ 1524 -

THRRXFFR(OI FR) %

2 b THPE R . FEFH T SIMPLEXT &
g B 2R i 42 ) 7 B, I | PISO Bkt
5 B U A0 R e T A A A

3 5 ALY KAt S 45 R o Hr

B
A« Ky 30°, 45°TH 55 UK 3 i 7E A 6] 75 it
BOF AT T RUERLL LA 2,

3.1

2 “HAFETMEIRINE
Fig.2 Lid driven flow in a square cavity
XL
RGZULL/U (19)

KU HTEB S E B LT R K o
LB BT IS F R . PR A R BCHR R AR
P B iz 2 P R B ) Re B, T A5 5
151 iy A2k 1) 3 0 155 0 o HETT T A ST Y
Ml R AR IE 2238 1A B A% (40 X 40 i E 21K
) R IR A 22 20 4 2L OF SR SRR B IE
PR 0 22 oM X RS AT T A R stk R
43R 0.7.0. 1, WS R AR FH 0 W 4 o R
E e KRR J7 A RN T 10X 10 !
I TS5 oY F AR e AR — R AR, B O
W SACHR A I 32 AR B B BT 38 1Y B IR B
THELE R, TFE T HBLE CPU Celeron(R) 2. 80
GHz,NfE 512 M, TEJFAE Visual Fortran % {4
s tT .
3.2 HEWGRSW

Kl 3 Jy SIMPLEXT 8 1 BOA [a] 46 /1 #1834
BN M B, BATT 5 SR ] v i B o i — 3
A TR T v BT Wi 2 19 230 A b AT LAY 2 3 7 3
1E YT 55 7 e K sl i X T Re=100 W, R i
WILT- 546 T8 A28 5L X T Re=1000 H, %
B 4R T A B 1/3, I KBRS
AN TMAE a= 450 7278 T A A AR H /N R .
SRIESS T =B, [, BEHE Re Hrny i ok 1)

{a) a=30°, Re

&7

() a=45°, Re=100

(111 (b} =307, K= 1000

(el =5, Re= 100K

B3 R&E

Fig.3 Streamlines

A FE GBI DTG X6 25 5 P 2l B4 A FH A AH i 4
58, X [F B AF A Re AN W0 380 i 4% 50 F o € i 1Y
B A B 2 3G I A R

B 4 FIIE 5 43345 T SIMPLEXT Bk 7

Lo e
0%

5 06 —O—  SIMPLEXT ALGORITHM
04 —&8— BENCH-MARK SOLUTION
02
ool B

0.3 0.0 0.4 0%
L
(a) a=30°, Re=100
Lol -
-, - =

- ey -

NEL t'_ a2
.

o,

. DO} *e —O— SIMPLEXT ALGORITHM
04t —— BENCH-MARK SOLUTION
02l E
0.0 ? \ \

03 0.0 0.4 0.8
"
(b)a=30°, Re=1000
1.0k
o o~
08k "
’!
06 -~ —{J— SIMPLEXT ALGORITHM
= 3 —@— BENCH-MARK SOLUTION
e i’)s
0.2 }
)
00 z M A
03 0.0 0.4 0.8

(0) a=45", Re=100



% 6 27 e A F ATEEXFEAEMAET LM NS FREG kR L X ¢ 1525 -
(i 3 — - [ . Y
) p—— 0zl ——  SIMPLEXT ALGORITHM
08k 5.':- ! I
%, —@)—  BENCH-MARK SOLUTION
L ‘i —{— SIMPLEXT ALGORITHM g
r
-1
" E_.— BENCH-MARK SOLUTION R
0.2) § I
] 0.4k
ool g X . ; . :
i3 LK) ﬂl.-l. (18] 0 b
i - A . A . J e A . A &
00 02 0.4 0.6 0.3 1.0
(d) e=145", Re=1000 X
] WY
B4 HmoEEUSH (d)a=15°, Re=1000
Fig. 4 , Variation of centerline U-velocity profiles 5 hhELE VAT
L —D— SIMPLEXT ALGORITHM Fig. 5 Variation of centerline V-VelOCity profiles
0.8
i AN TG A7y R0 T BT 4 s T K B i B H 2k
| —@—  BENCH-MARK SOLUTION - :
il | EU.V#SI, U,V BB @i el & U, v
N O 4 EBRR /N 5 SORRC 1] TP B 26 SR 4
o . .
I F1H ., N us v, p BN R T, 72 3T
04 b i )
! W] A SCRT R ) SIMPLEXT H ik 5
0s b SIMPLE 83540 22 T8 JL . H 2 A< SC 7 15 AT 78 A3 X
0o 02 0.4 0.6 0.8 1.0 N 00 A/ . I = 1 = B RN
X Qo p=0.7,0.7,0.3 Bf SIMPLE 545t 25 & #(,
(a)a:SO",Re:lOO ﬁﬁ SIMP14EXT ﬁ?ﬁmﬂiﬂ [/y\ LI& (ﬁjl’ %ii;
SIMPLEXT ALGORITHA SIMPLE 533 78 3B WA 5t PR 55 & g 32 A il A
i —r—  SIMPLEXT ALGORITH! B
(.8 £1 TREEERE ReH ML EF TH CPU
os b —@—  BENCH-MARK SOLUTION B il
Table 1 CPU time using different algorithms under
B e different Reynolds Number and underrelaxation
04| factor
CPU Hi i
0.8 | Wik WA SR T e p
Re=100 Re=1000
[ X1 ] 02 0.4 LEX L1 1.0 SIMPLE 0.7,0.7,0.1 0.53 1.50
A 0.7,0.7,0.2 0.43 1.53
(b) a=30°, Re=1000 0.7,0.7,0.3 - -
i 0.7,0.7,0. 4 — —
og b —O—  SIMPLEXT ALGORITHM 0.8,0.8,0. 1 0.56 1.28
- 0.8,0.8.0.2 — —
04 b —@—  BENCH-MARK SOLUTION 0.8.0.8.0.3 - -
I o 0.8.,0.8,0. 4 — —
L 0.0 pamonsossst ooy o
| o anee SIMPLEXT 0.7,0.7,0.1 0.57 1.80
04 b 0.7,0.7,0.2 0.39 1.41
~ 0.7,0.7,0.3 0. 40 1. 40
0s 0.7,0.7,0.4 0. 40 1.34
oD Y o4 Yy o8 T 0.8,0.8,0. 1 0. 62 1.58
X 0.8,0.8,0.2 0.42 1.20
0.8,0.8,0.3 0.31 0.94
(0)a=45°, Re=100
0.8,0.8,0.4 0.23 0.95




+ 1526 -

THRRXFFROT F R)

% 39 A&

TZHART 0.9 BHAL 2 A B, A SO Y i 9 55
TERETEfR i IS B 1. 2 YRS &0 T s, HOSCHRES
H R ME AR TR R T T 2 AR 3 8 AR R M)
56 B2 A 22 RS T E R, e AT WL SIMPLEXT
SR A A

4 HERE

ZEE | O Sl i A R 7 B i
SIMPLEXT 535 KK fifg A n Rk i 3 ). %5
VAR 18 TE R D7 1T 7% R A0 A B T % 28 X
SRR L G T A L R T R A
FIAE P9 H A IF R 2 2B 0E L S8 T 7E 4 0 4h
BACETA — DN F AR R . IR B AR 2R
ULF - SIMPLEXT 553 #8 BE #E B 171 A7 280 5 400
Yy IF A B bF B3 S A5 R  BLAE AR SE R S 80T
Pl A A 2SS0, ks 1 R G A g

Sk

(1] EEAR, A, B8 % JFE s R A B A& bRy

SIMPLE 57 3% [J ], 0 g K% = 4. 1 SR B 2 it
2003,31(5) :509-512.
Wang Zhi-dong, Wang De-guan, Lai Xi-jun. Non-
orthogonal collocated grid-based SIMPLE algorithm
[J]. Journal of Hohai University ( Natural Sci-
ences) » 2003,31(5):509-512.

(2] 882 R 80 (IR Jr. JE45 4[R2 M A% SIMPLE

FEEWSERE LR LT . 25 K8 14k, 2004, 22
(3):289-294.
Lai Xi-jun, Wang De-guan, Fu Yuan-fang. Conver-
gence performance of SIMPLE-like algorithm on un-
structured grids [J]. Acta Aerodynamica Sinica,
2004,22(3) :289-294.

[ 30 SRR, ERRT iSRS, 75 AR S8 A% 15K i 3k 1E
A bR AR ON-S I R L] iFH P B, 1998, 15

(1) :95-100.

Zhu Song-lin, Wang Xian-fu, Lu Rui-song. A nu-
merical study for N-S equation in arbitrary curviline-
ar coordinates with nonstaggered gridsS[ J]. Chinese
Journal of Computational Physics, 1998,15(1):95-
100.

[ 4 ] Acharya S,Moukalled F H. Improvements to incom-
pressible flow calculation on a nonstaggered curvilin-
ear grid[ J ]. Numer Heat Transfer, 1989, 15: 131-
152.

[ 5] Parameswaran S, Srinivasun A. Numerical aerody-
namic simulation of steady and transient flows a-
round two-dimensional bluff bodies using the non-
staggered grid system[ ] ]. Numerical Heat Transfer,
Part A,1992,21(4) :443-461.

[ 6 ] Kobayashi M H,Pereira J C F. Calculation of incom-
pressible laminar flows on a nonstaggered, non-
orthogonal grid[ J]. Numer Heat Transfer, Part B,
1991,19:343-362.

[ 7] Cho M J,Chang M K. New treatment of nonorthogo-
nal terms in the pressure-correction equation[ J]. Nu-
mer Heat Transfer,Part B,1994,26:133-145.

[ 8 ] Wang Y,Komori S. On the improvement of the SIM-
PLE-like method for flows with complex geometry
[J]. Springer,2000,36(1):71-78.

[ 9 ] Rhie C M,Chow W L. A numerical study of the tur-
bulent flow past an isolated airfoil with trailing edge
separation[ ] . ATAA J,1983,21:1525-1552.

[10] Peric M. Analysis of pressure velocity coupling on
nonorthogonal grids[J]. Numer Heat Transfer, Part
B,1990,17:63-82.

[11] Demirdzic 1, Lilek Z. Peric M. Fluid flow and heat
transfer test problems for non-orthogonal grids:
bench-mark solutions [ J]. International Journal for

Numerical Methods in Fluids,1992,15:329-354.



