BL1BHIM Z F T B K ¥ ¥ HEKPERD Vol.1 No.3
2000 4 8 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Aug. 2000

—FRE AL _ LRI X Galerkin R ITH %
E ml, AREH

Q.BETRERKRY TREE, B BE 710038 2. HRALFEKRY BE SN TR, BRE WE 710049)

# E.EI Green EEWHAAALTEAMLSETFLH R, ABEIRAFIHANARE R, R
Xt %3 F] B Galerkin H BT H AT AR AR BN —RFWAEF &, FXHFEXA BB
R R R E—E R P AR, MR T —FxtH Reynolds ik t 50 $AE AL A R 4 IRTT
FikE, FERBRA, RAZF LU FHRAITARE.
XBR-ARTHFZ WA HT B RER; AAREE SEEN

RES¥ES.0357 IRFIRE.A 0 XEHRS:1009-3516(2000)03-0019-04

R FIA RROT 7 0 W3 545 R A AT SR, TR AR e TS, H— R AT X MR B 5 A MK,
W, R e b BB S R 04 . R B s B w i A B AT A R O 1R T I8 sR 3R BAR
FARBED, UREE S EARAERMNFEED, XEFERSR T HENERYE, XIRTHEHE
WWHE Rice SR AIMARA KT LT, PA R AEXT RS2 1 J5 72 S B 0 AR TT 45 U9 B U BB BEIE R D9 SR o B
REMEABBERITEN, T B s T X LemIRE, HRLE K X1 7 Reynolds Fit 3 EEUEAR B
FRERTEMBEY . &30 H R HX A 8, BIR A Green 2, ¥ FAAE B MA FRITBS
FRRAE T 2B R, (X TR B 53 AR R RO, NTTARIE R S4eH, TR A BRI AR
R, AU —FRERFRE R R XA R T UARIE, SR — R R Rk A b, B — AR
WS FEA Rk .

1 #EHTRS—BARTAR

BRESEERTERR TS R TER
FHERTE V « (pvp— o) =S 1)
ALY V() =0 )]
R o FRMETE, « BRBERE, Ye=u,S=S.—p/a i, RO ER 2 THNHIEHFE. X o=v,
S=S8,—ap/y B}, RQFER v FHHHRIE.

BRSO AT, 8T ERAFURBEXESTHREE

aN; an, ~ aN; 7[aN; aN;
x| | EH EY | E _ | ”
aN;| |aN, AN, | |aN; aN,
dy n™ @’ Loy a
XFER) L )BT IR RE R
Z UA‘N;V » (pvp)dA — LeNzV . (#VSD)dA]: 2 L,N:SdA 5)

W58 B 48 . 2000-01-20
EEBNY . EMA957-), B, BRI, B, 8, EENFTHERE S EDR .



20 SETBREFFRAAPFER 2000 4

S| MV - mda]=o )
Hob ] BT e EXMTFR—REE N k MANGERE,

2 ZhEFERBRMERTTE

2.1 BE#HinRER

BEFSTEH
z = Nz;, y = N;y; (7N
%Eﬂiﬁtﬂ@ Gauss ﬂ]\ﬁ'kl-i (ecyﬂc)ﬁﬁﬁ%ﬂiitﬂg(-’tmyc) ° #"'Eii
v = Nu,;, v = N, (8

BB (zerye) FHEE R R vo, i (zo, yo IEF T T ve HELR, SE—RTHTQHAZTF (zu,y0) . MEWHE:
) (zuryu) T (zery6) B LT M
(2)  (zu,y) BB 21y 1) (20, ) K EZ M ETQREHE.
ﬂﬂ%(zu,yu)jb(zc,yc)ZEﬁii_tEQﬂﬁLﬁ. ?‘EE)‘L
w= 1 — I/ler + U/lm)a = Nig €Y
HYP o e BN RBTU. TQRKEE.
2.2 FIREEHFTE
Xt R (5) ZEWRE Z M5 AR i — M Galerkin FRITEBEH. R (G) L£%H TR A Green &
B, X HIT e
[ N7 - vpraa = [ Nicov - madl — | (ov - TNDgA 10)

Hpdr (W AR TR G EX B EFBER,» Ao dr LR MMERE. XRA0)AWE—T]
PRi%— Galerkin A FRIC BRALBE

I N - gl =~ sign(ﬂ)Jrl+raN,(u %E! — %)qJIFﬂdE + sign(®) j o et % — %)¢15=ﬂdq an

HPEERETE, M (—1<EL1,9=—1),,: (=1, —1<7<<1) , T5: (—1<E<1,9=1), I, : (= —1,
—1<<). Xv 5 o FEHITH BIFRHERE.

ERQO)ERBE_ITF,E R o B EMABTFVIEX, BT H#E REEEMEE4LE . RARK O A HK
SRR FHD AR K Gausss B4

[ v - INDRA = { S acleve - (VNDGIN 1T Io ), 12)
H ac IR TR G WBANART. BEXAAXGIAY
ah = Dauns + 2 | NiSda s
WRTF z RS y FEMHRSTE, RNADNH
an = 3 awitm + 3 L'N,(S, — ap/ar)dA o
avy = auwvs + 3 L,N,(S., — ap/ay)dA (15)
3 E—ERMMEHNFTR

X (6) ZE ¥R F Green B, X0 e .
[ N+ (onrda = J' Ni(ev - )l — | (v - VNDdA 16
A ad A

R, R (16) 285 — T B R Rui A F 0 b BEFBEAR RASXAD BRI TIE,
ARy FARMEER E—RERERA.



sa3W EE % —FRAMRE LR Galerkin & FRITH 21

FEMRQOBNEHFR,IC

= | Dawns + 3 [ NS4 /e, an

V= ( Eanbvnb + 2 JA,NISvdAJ /as as)

Y4 K, = ( EJ.A,deA) /ax avy
WA A5 TELLH

w = uy+ Ki(— 3p/x): 20

n= i+ Ki(— 3/ ¢2D)

¥R CHRARQE) BB -, EH —1 Gauss BL KL, BIBRETRTEEN 2. v BHE
K: SR YEIR{E, AT L E BB (—aN;/ax).pjs (—aN;/dy).p; R (20) . (21) BHyE SIS EE(—
/At (—3p/ M. EHRT BT

[ v TNDaa = L‘p( Bin s+ Q%’N,.% (Jda— [ o[ | vk Bip, | + Q;%( NK; %‘p,) laa e
HPxX) i PR R RER. RERAQ6), FBERTHE, BN r NEHNBESTE
by = D Cupw + di (23)
ROCOBER r LHEAESHFEHSSERNENERER, B4 THARKENGHEE,

4 BES5HBG

X (14) . (15) R AR R R, W3 (23) R B RTEOR#%, 74812 SIMPLER AR,

B HBESERHRLGNE 1 FR. 7 61X11(FE.385)+41 X10( =3, 355 (1 000 M4TE,
1081 45 KO BIFI#% |, " AR Reynolds ${(Re=2pH,/ (31)) TSI #AT BUEA L 328 1 X DB A
5MEAMHE, B1HBTHESBEMNBNER. BT XRIsIH RN RESR SEEERIESR
DERE RS WY, RS HRAEEEE, R 1 R4 R S50 IRERET B . (B T
R, 7E Rez>400 B, AR SCH RV Z ORI 1 P BEB DL R, ES TRHWE . P, Re=1 000 BT EE
HinE 2 iR,

— X ——  UsV=0
s o7 .
U--" 3ufax=0 - :
T a%,;:o H:=10.1 E
H=52|Y7 Usv=o O &
i _ , 5
— £,=100 !:__ X7
H1 EERNNITTRRR AR &4 B2 Re=1000 B/ &M HAKEES
1 RERRERNIBRISHRRCE
Re 200 400 600 800 1 000 1 200
x1/S 6.122 4 9.183 7 12.2449  13.2653  14.2857  14.2857
%2/S 11.2245  11.2245  12.2449  12.244 9
xs/S 17.346 9  22.4490  27.5510  30.612 2

HEl 2 fERxt B REREBR R, B 3 4 A SO 4k 28 XA ZE Re=100,400,1 000 B, 52
HESPRBER SRR EHBEBEDLER. IR ANRESR 4141 & 61X 61 ISR, NI
PR ISR BE LR 1. 05 BYFEHIAN,



22 BEIBRKFFXBRERMNER 2000 4E

5 oo U 10
2 ’ 9
= Ghia
— 41x41
Vv y
9 . E
00 X 10
Re=100 Re=400 Re=1000

B3 oSS MAERIg R
5 %

iH I Green R, 10 WAL B N4 7 BAURA B XA HF 3 B ik, BA XX Galerkin &
WRITTT B BRAL Y — i BT 0 A A 7 i B R S R R AhE XA 2R, DA R e — RN
B L5 R AT R HAT BB, BAAEESL T — B AT XA KA L B MK S ZE R P L AT BE I RY
WRABRITH K. IWEGIFT AR B, 307 3 BRiE R T X 38 < it (el A BB A0 , 038 P o B0 o P A A
Bl

AT KA ) S B AT A, 7238 2 <2 AR 70 RBUA P R AT T, BR VTSR A A SCEEr R B AT
RS, TR B A S R =X L B s B (A =K

$ % X W

[1] Mizukami A, Hughes T J R. A Petrov-Galerkin Finite Element Method for Convection-Dominated Flows :
An Accurate Upwinding Technique for Satisfying the Maximum Principle[J]. Comput Methods Appl Mech
Eng, 1985,50.:181 - 193.

[2] Hughes T G, Taylor C. Finite Element Programming of the Navier-Stokes Equations[M]. Swansea,U K:
Pineridge Press Limtted, 1980.

[3] Rice J G, Schnipke R J. A Monotone Streamline Upwind Finite Element Method for Convection—Dominated
Flows[J]. Comput Methods Appl Mech Eng, 1985, 48:313 - 327.

[4] Rice J G, Schnipke R J. An Equal-Order Velocity-Pressure Formulation That Does Not Exhibit Spurious
Pressure Modes[J]. Comput Methods Appl Mech Eng, 1986, 58:135 - 149.

[5] Armaly BF, Durst F, Pereira J CF, et al. Experimental and Theoretical Investigation of Backward-Facing
Step Flow[J]. J Fluid Mech, 1983,127:473 ~ 496.

[6] Ghia U, Ghia K N, Shin C T. High-Re Solutions for Incompressible Flow Using the Navier-Stokes Equa-
tions and a Multi-Grid Method[J]. J Comput phys, 1982, 48:387 - 411.

A Co-Located Upwind Scheme-Based Galerkin Finite Element Method

WANG Xu!, GU Chuan-gang?
(1. The Engineering Institute, AFEU. , Xi’an 710038, China; 2.Energy and Power Engineering
Institute, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract ; Invoking Green’s theorem to separate the convection variable from the differiential oper-
ator of weighted residual equation 1s a new strategy of using upwind scheme in Galerkin finite ele-
ment method. As an example, the locally skewed upwind scheme 1s proposed. By imple-menting
this strategy 1n conjunction with the equal-order velocity-pressure formulation, the convection-
dominated fluid flow can be obtained more accurate simulation 1n complex geometrics. This paper
not only has established this new method, but also has proved its accuracy 1s rather encouraging
by its application to some typical examples and comparisons with other literatures.

Key words :finite element method; differentiator; locally skewed upwind scheme; equal-order ve-
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