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A Numerical Simulation of Ostillating How in a Two Dimensional
Channél Using Lattice2Boltzmann Method

Wang Yong, He Yaling, Tang Guihua, Tao Wenquan
(State Key Laboratory of Multiphase Flow in Power Engineering, Xijan Jiaotong University , Xijan 710049, China)

Abgract: A numerical study was performed for incompressible oscillating flow in a two2di men2
siona channel , the so2called Womerdey flow , using latticeBoltzmann method (LBM) . The pres2
sure gradient variesperiodically. The major results are asfollows. When the cycleis short , annu2
lar effects exist in the velocity profiles. The amplitudes of the velocity along the centerline are
less than those near the wall , and the gradients of the velocity near the wall are larger than those
in the center region. However , when the cycleislong the velocity profiles are of parabolic type,
and the amplitudes of velocity along the centerline are larger than those near the wall. The results
of the velocity fields agree well with the analytical solution. The phase difference between the ve2
locity and temperature, the profiles of the temperature, and the fluctuating characteristics of the
temperature mainly depend on the cycle and amplitude of the pressure gradient. From this study ,
it can be concluded that the LBM is an efficient approach for smulation of oscillating flow.
Keywords: latticeBoltzmann; oscillating flow ; heat trander; numerical s mulation
ii ii .Ax@Boltzmann ¥~ (LBM) EQEAxOESQ~  A44A'N§(CFD) %LEYOH«EEN§(NHT) 42" Ta +E,
»U(L GA) -¢ OeA prAOOBAMAHE EYOIAFAGYs" , LBM ¥ODIiTaTAGpAOAE 2¢ OGEOYEARDJaAI 00
+»El12 E@O@0pAT AIAQAEYS . Oé«i® pivukEs NORNDLHER

EQ&AEGEU 200551, jjx:OR4d4é 16 |jOA1982i«) ADEEF;OT NAAAUED ,A®WIEUZOE FVE! . ji»lsedi A
10,0680 CAE AS IAKEDT A (50425620) ;EQG20ENE» ATAx=OK 1T xBA&EDUT A¢(200436) .



0L &G i i i i i i i i i i i 10 i§ OAPE: Tl UMW 8AT AR x@oltzmann Y2 ASARNDs; 15

ii ii X130 MALBM 5" OAUDOWHA2» ¢ BNLESA+
T UAAEAZ ). X7 %010 A&, DAIAEE i xCAEDIE Y]
EHOAETOOBA E+a» pAEEA! NSIE 1a pAAEAA A4
ODO!OAI 15 © PAEE R xOAEDI T2 E«-O2v40 Ey
(DDF) A®I™' . DDF ADIEQQUAUE-O2/° EypA
»U | EIOESAHATE-O2v Ey, OMUE-O2/2 EyNY
» PAVEUTES; ,OAA E-O2v,° EyNYs pAuvA JE
3, AADI%ORDECERAHS AfDila - pAEYOUE T
DO 18CO0, 0 +¥E1 V284AENLES! °f PAECEHE 14 .
TATx [4]Eula 36 pA CLB GK AfDiv4, E6OUE ASEE i
xOADI  EIORFAE B ExOBquc Ep AL ENES
Dg!  OUFAGA B} Ex i Yuqu¥Opb

pl- UpAAA- O&»EBE 1A ,Ec¥R0Br 3| +3
Y UAAGT A+ @axaA-IE, AcC°O02E OA« I3 pAVLAE
E&A18 Al N&0EyOi« EEN§Y2" Yo@ENBe, 2?E OA
LBM 5" AFAGUAIATx EB» Tav.0 T1ATx [ 2 ,6]10/0
U¥pAY 2+ EAY 332 Womerdey A+YA@dBPAFALAA, OO
‘Ex+12 {OLBM ADi»0+R12d6 VapAFAACIE - TE A
DAWA YIE . u«<EC, 0D AA OAYVO>ALASAE Womer2
dey AUAEUE; 2¢T TAATB; YadNBDae, + A E
OALBM %2 O1pl- 1UpAAG» ¢ BNIEBAHE pAODO
Yorr8AY VoBEARAFAS, NBLABEE B i6A B3
pAOYCE 6 ,-O16 ABNTA! Yok 8OUEE -0 OICA=T
O&»EHAOT ,00¢ EQL«LBM O&D»DDHIAEYOU
AfAaYs" O'0OWAAAI O
1iiLBM AfA4Ys" LAEIEO

+IAELOAPI- v.AWALBM AfDI (CLBGK) ,/E4
11 EUB;

EWE; Ny w3 2

g (x+ cat,t+81) - g(x,t) =
- Lo (D - g% (D] (1

E1oD g 12 AWEO2P Ey; g T2 F%I1-AJEO¥,
o"Ey; ¢ 1@ AXGEE]OR AWEO2/P EyC-OVEA%
1= - OV EBUER/44 /% 1- AGEO2VS EY O848
4G 20

¢ 3¢ T 0
A, ciou (o’ Lf
» c 3¢ 2¢ 6¢
9° %) i=1234 (2)
‘An L Ligu (cjoy? 7
2 4 -
c 12¢ 8¢ 24¢
ii 1=5,6,7,8

EoHOAAR ADIZ By, ujp -O+82 A4 ptee1UEU
10 N2A! 08

2
- )
(3
AMOAChapmanCEnskog 0% 2% ¢ EDOOEY1) u%ao
Navier(Btokes -2l
T jau =0
Su
5t
EoRl = (20- 1) (ax)?/ (dat) 2 OB 8=bdu Ey,
oxiet -Oxd2 AxQ iRl Euaysa .
112 ;i1ATB;
TATB; Ny 3 12
Ti(x + @t t +181) - Ti(x,t) =

A TG - T (x,) (5)

(4)

+uje u=- "p+lT%u

EWOB T, 12 TATEO2¥ By, TI 12 £%I-TATEO,
"By TATEO2P™ EyC-OUE% |- - OV AEBUE
Vi AE%RI-TATEG2Y P EYT O

T = —Huz%‘}”] . 1=1,23,4 (6)
E16D T Ada ke OIATE OBATEO™F EE-T
4
T= )
AMOAChapmanCEnskog 0% 2.v%" |, ¢ EDOOEYS) u¥Ao
TATB; pA @b AR
2Ly jaun) = a" 27 (8)

EdBba= (2G4 1) (o x) %/ (4at) 12 TATEAGE G Ey.

ABIOBEUIE; °f TATES; pAdi of EG™ 1y OyEs
Bouss nesq YLilE A EPOPA, 16 v4lATx [4] ,"E") 2» OU
Yode U
2 i1 EyOuOIo pAli AiAMI

i AIAMIEJY21 ECEYUpAuBeol R Lyjt, -O
+3d2 210i¢10 (+%AOPAAEER TPALU) ,+UARA T
TAYE Tw =20 ,x000E, 32Baw T TAYE T =10. Ay
¢ JANY TECYT , N1A! Y TBEEJA O UEHa ~

5p/5x = Re[ Ad™?'] (9)
EXODA 2 Ofl ;j0=2By T, 12 EAE O GossA Vs
Womersey A+, YROBJApALE0 Y-8
U(Xx,Y,t) =

Re{i:‘%[l-

V(X,Y,t) =0

COS|'E(2¥/ Ly - 1)] i:(ZJE|
CO$E (S] /' Unmax

(10)



16 T+ 022 qiveonil” 1076 1 NS NSi£" i ii i i i di i i i i i i i i i i i iiH040 %

valiili AiASBI

EWOHE = - {& IAlR Womerdey EyI& =LA@ 4l

AFAZDRE OALIDED i , i xCEY N« jAN, =100 jA
50. 280 ¢ BEODUEDAR/440 Vap ENIA+UAREOAA I/
AE%RAS Vi A EYOIA-O+aE; O 5/12i¢/
3i¢/12."Eia ,EjlO= 110 Q&= 01975, Pr=01701. 2¢
2EOQAJAY Ey

| X Y . p P _(u)
(X,Y) = Lx'LJ ,P—:~ﬁw,(U,V) =

s T- T il L.y t
- ——i. LI = LoyUmax, -
' Tw- T’ Pr a'Re i Tk Tp:ﬁt

E10D un = - AL,/ (81) 12 W0pAOBAE
3iAfAdL&0v.I0AU

‘OAFAEAAD ¢ BOGE TO, 0006 AFAGCEOETT T» OA
HANZA! | EWE;TA TETVE B 48 UEWE» £ 1012 -CIE
I-.Of42 ¢ BOQ 36 : pxOUERID; ( Tk = 200) E+ EU
TBE»- DI-02v4, OW0pAUAY4606 24, -OCOEIEOY4a
UHER 120U st Aag4436 IOAEJEIAL OpCQe
YixUAsE! EUTE+a» -C3£ 6 ; prOUEWLI 6 (( Tk =
20 000) E+, EWEUAE2E+OYALEM BN 1R ,1UpAOD
PAMEYE 6 O Aags4IEE, COUEDYS  EEA%4
pAQ TEODYH . Ela ,2 OOUETAAFAJIALA0 08430
Ya&uliCol pfeUrA.

‘Ova3ilsa B p2OBEWEU OGATBERT O pA
C& AA uEE? YordE+ TATEL10%62°  +&» ,CO
OUEDYS EWEA+auAN TEOYS TAONATER"  pAU
020V . Eia , OBUPAOBA(Y =015 *! ) , uxOUEU
Tk =2 000E+ ElJEO8ATHIAAT» 2 T2 13953 OUEUTK
=8 000E+, Tal» 2 12 1654 OWUAagsil( Y = 019
1) 1GpAaT» A -Ode 1294¢60i4¢ BADWIPAOD
DO Rags,i EWEOGA TEuIAA T» 2 TvEasAOUEU
pAO66 12066 ,CAAa/A4IEEOGATEIAAT» 21 O6
“OpA . OE®E OdAad/sii»»ERAREas A UE A
0606 12v.®i ,(ETAATENEWE:S O3 OlpA il Ay.

ORY/45 ¢ B4l Eas AOUEWAOG6 TATELR 1, 0%0
¥GAO OFY46¢ ED2 Eas Au Opid66 TATEWER 1 02

(a) Tk =200,A =50

(b) Tx =20 000, A =50
[v42 ji X =015 Y28 a2 OQUEA PAEEL EOY,

(@ EWEii ii i ii ii ii ii ii ii ii (DIATE
X=011,A =50
ii1¥43 ii Tk =2 000 E2» [~ %0 1» OAYEOSATEE £ +LHA
+& 1eAE
(@ EWEij ii i ii ii ii ii ii ii ii (DIATE
X=011,A =50
ii1%4 i Tc =8 000 E®2» [~ %490 1» O EOSA TEEE £LHA
+& 1aAE

%AO Eia ,Of/,5b Y4iv4a6b ¢ BED2, OUA i~ pAOUEE)
UOPA 10pAOPDLa-BapAA TE- OVt B, ¢Yoi80 ¢ (WA
Yo BapAATEO2Y, U £ , 02 TATBYIEUD;. O£ ®O
2 A48 A&486 ¢ 0BT, CHOAN:OT OB E2EHAATE
pAO OO AGE Xx0ALE" , OSETATBY 1B4I0B;.






