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Abstract

In the present paper, flow fields around two dimensional single and two circular cylinders are
analysed by a finite difference method, Navier-Stokes and the continuity equations are solved to
simulate the flow fields, A overlapped grid system{the composite of a body boundary-fitted grid
system near the body and a rectangular grid system for other flow fields) is used for this
calculation, In the use of overlapped grid system, it is most significant thing to exchange the
physical quantities from one grid system to the other one continuously. In this research, the
linear interpolations of physical quantaties are done for this purpose in the overlapped region,

The numerical calculations are carried out for the flows around a circular cylinder and two
cylinders to verify the accuracy of present method. The flow fields around two cylinders facing
the flow with side by side and tandem arrangement are analysed. The results are compared to
other experimental and computational ones dene in other single grid system,
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FREXE Y (FDM:Finite Difference Method)o] &%t F=XAl4tel] QlojA, siM3slaz} sl RF9
80 W AzAL] AP MY »§ Fadicly ¥ 4 gl 718 £AANER F2 A}
AP A=A Y EMNAUAAA T U FxAlN L£Elojx Ut AAPPAAAAE AHRY 2
£, A BAY YA e EAFHY d3E BAHY £ e FHo] aen, Fzje ulst A
3t AlAre] Ax7l BN F9l9] Aile] dlojae EAAY2IRA N vlsA oz FH¥ o] glcl
vt EAMAYRFANS ARSI FS, BT ¥ EMo] doME Ao oe o] ol
on, EY AF4AS RS FFols ol A AolM ApFSRAA WA A2LE zjPA )
of 3}= whAol glrh o]yt HAES Ay ¢sle, F FAAAY AL HslAE A7)
g 2B Esle Al&EolA Ut} lkegawa and Kaiho[l1]15S SatxpEwizt §3te sy
(Finite Element Method)& ZYUY ZHZAAAE 183l UFF9le {5%HS, Obata and
Satofuka[2] 5& SRHAHEHE ol g3l Wil 912 UALH BE(Transonic Flow)ol ctjste]
A3tgc}, ERE, Malmliden[3]2 FHARAE AME3lo 3xgd AANF¢ Y §5& siMstaxt sty
t}h,
2 dFo M= FIME AHS3ted, UG53 $& AZske ¢ X2 Y, HE2 wixH 27
g 23] 4FFHY F52 st EXFHoE EAAUZAAE, ol AFFolME A
AP H4xAE 7128 she S8 GAA/(overlapped grid system)& Alg3lgion, FAH FE
olMe Z4 Belghd AP0 Ao E N, B3 Aiddo] Jedte g sladct

2 A7 B3 FHUFAA ARES B £XAAY b4 S AR, AL ARES
A F2 iAo ALY Aab U AEZ4ED ¥, BEHoEH B Auxe I=E ¥
ol alch
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2.1 2ugg

2 AFdAE 2apd, HYHEY HAEGREES ALY fstd, FAVE 4B UEE 7HA
3, HdHgdold d&Aoletn s1Hsta, AU PAEZ M Navier- Stokes A2} d&UA
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A& AHgstalch

2.2 AP Ao a3

e by Al o] xpE el gloj M=, A|te] tidted HAUAEY E= Adams-Bashforthi &, e
3 Fo M E 2SR, 3N RARYEES AHEsldct. aFYe xR dloAE,
Mol 713 JAY REoME 1ALFAES, SABAL ALY R 99 A M= hybrid
HE AMg3gden, I 9 REEoMe 3XAGFAEYE ol&3tAdct. e, A
(diffusive term)§S BF FAlaEHog Aasigct. 2 A iAol gl chyt Poisson
waAae 4£d% wjrix] SORYLZ uhE A Arstalc,

2.3 {xA g FAxA

FAFHAAE BEHAYFAAAE, ol FFoME JALEHAAE A5 $HHAAE
g3t FANAYFAAS 082 vl A (non-staggered) JAAIE A}R-3tAcTh Al4te] A=
& ®°l7] #1%td 3 EHFL ol FA g FFAAZL, A FE5 o cistd= ALY 7
HaxAxAE A&t Fig lolMde £ 43§ #istq 32t 7 Sol uldt Axtgd gz 2
EAE, Fig.2= ¥4 ¥ JAAE Bolx AUth.

B XD ZARAULEE no-slip RAL Foon], &xo iyt FAZRIES FYZEANA
£ Dirichlet2, 2 2]lo] ZAAoA= NeumannRZA L2 Fojcl 2lz, oA ZH 2o
A, $23z2A08 NeunannZX AL, Uz} olale] ZHAol= Dirichlet2ZAS AlL3}
Table 1ol A& ZtZte] AAtzA & Rolx glry,

i
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2.4 £33 Ui

FAARALY Abgol oM, FUE FTol oM FeY d&3 VL2 ¥ Sy
Zojth Fig.32 FUFAAIMY Ee|F WAtS TH3A Rolx lrh. oM AML
AP AAAE, 242 ENAUATAE Uehdch ‘W E EAY FE32 HAAGRFHAA
Ao AAREF A AR FEelnl, 2 A2 ‘0’2 EAYH Y222 EANFYE
Azyee] gelgel Uadsiold FAUeE FxA Hrh =Y, SAHYAEAL 73t
"ol d& ‘O’ AAAdE 2 A=A & stz e AAABAAEZHEHY F2lPo] i
HojAch chi @ ‘O'olAd ‘O 7ix 7t $¥=HE Fd9oln, o] FRolMe) A2 the3t 2
< 22 oM 2] AP ALE Fch

Q= (U-X1-YQ.+ X1-NQp + XYQc + 1-XYQp (1)
oluf, Q= WatEHolalE Baa(&E, ¢d¥)ojn, X, Y& t124E 3l F3tedich

x = (l—X)(l—Y)xA + X(l‘—Y)IB + XYI,_- + (1—.“},10

y=(1-X)(1-YVys + X(1-Nysg + XYy, + (1-X)Yyp

(2)

R Ag E7) HMN £ dFoM = Newton-Raphson'd & o] &3t o), M=z} A B,C De Fig. 4
ol A3l 2 Yl

3.AN A3t 2 22
3.1 &Y 4379 B ¥

AA Reynolds4 8x10°Q] 292l WUYF F49 FF5& shAstdch Fig.solMe FadA
40 weo gAY EEF ol Arh ¥F WY A} BN YHAAY BAE e}
un, Axp7l 3AY FPME Eelgo] s AL ¢ 4 drh Figollde FALA
7 400l 432}ole] 9fE(vorticity)e] HEF Bolx glch Fig.7olA: FA¢ed BIAS
8] Aol wE WEE Holn gt ¥d, YAAS EF 45 FIHA Y& st 37
Hog Wt o 4 otk PAHSE Aol iy HF Yol -0.17015, YA ZF9 v
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UAN gAg Heln ou, HWIULS o 1402, uE J2Y A¥ L ALAIEH
[4,571% & Aol7t Aee ¢ 4 Atk Fig8oldE A Wuel TE 7|3 (Base
Pressure: FMALTEE 180° of $1AIY Hel ¢a)e WHE Holn ot sAYYA4Y
FFL o 16558 Mol otk Fig.9elHE BMEHAMY YAA4e EXE goln, of&
Aztole] thsled WFY olth, YAALE AHAHTE FE UL Holm o}, T&
Reynolds4-ol 48] AAZztebs AR & Rolz glth,

3.2 3d= viNE €58 3¢

F 78 UF7 K5 EFol dAA HEE viAE U Ffol oy AN s
th Fig.100)& FaHd Al 24-364t0]2] @& Holl alrt. ¥ dFF9leMe F52
FEIY AXJIHEAIL 2] AA] oty ciP AL 2XE Rol: drh. ol& Fig. llo] Hol
2 e ¢YAs 9 YALY HHE Foldx & + vk o] "W UFKe] sl Aol HFKel
HAY dFolrh, FPASY Z¢ F AdF7 il AAE JhRE, AL Z2 FIIE w3}
32 gler, gAY Ff AFY W Bolxwt, F LR HYAFI AL AEE HA
th °o]& F3tol, F AF T /ol AL FYJEE ¢ + drh. AXHAA A=
ot 1.5024 71&2] HYUA[4,6,7,9,101% & Aol7t 9SS BT} Fig 126lM = 71AUHA
48] A3 HHE Vel oled, Fig 13oMe dFEHAML AFASUE 44 BAF
3 gch ZlAtE e F-, AYA(6]o viste] A e Qlch

3.3 A= XY YFEY B¢

F A8 W37 85 EEo LEHA elAES A3, FFAelY HFH(g)e] 14 FHeol
3l £XAALE £BsATL Fig 14 B A1 24-3611018 453} Rojx Qi) 4
F2 Q3o UMY 2Fo] R YFo A EA(reattach)Elo}, 3lFol] A= PFolMT 9}
Fol $EIIL UFEF ¢ T oth ol&= 7S AE[7] Tl &3t ojn #HUH Apaleln, &
AAte]l EHE AE Aol EEE 4 4 AUrh Fig 150 Aol utd g A5l
YPAsY] HIAE HolT dEd, MR XY 4F A= 47 o -0.059 0.87& Hol
3 gled, ol e Y3 ZF9 45 YEE st FFALI FrHo2 WYt g
I, YYASL U 45 WEY d¥oT o 03035 BIFUL 4o AEs L) &
ATl AXE 3}, AL 712 HYANEHN F2 YXNE Roln AUrl6,7,9]. Fig.16
2} Fig. 17olM & Z|A g A2 ERLHAASE Bol2 AUt 7IXLd&dAFe] BA$, 4L 3F
45 BEF -0,6 - -0.4Atolo] 913}, HEA[8]of wIdl] W2 ZE Holx it EAHUY
A48 Zfode 71AEE FHLEY §5Y IRV ES AMsta, Ao ¥ dAUS o
4 elrh[7].

4.4 4

(1) SHFAAE A of 7 F23ittn ¥ £ UdEs FaA Aol Ez|zge A3xAd
o] & Az ME 3 o]FA3 &S HAsidct

(2) ENHUFAAY ALY FAAE YUY FAFAAS Agst] & A H2 249
L334 53 MY + sdden, 2 A olE AE R AdAE} F2 o
X g B4l

(3) SHFAAE AT £ ANRZL, Yo AFTHES UYL ST PAE 1A
EXNFHY RS Rl A &3 BEHOR HHY £ gl Rolr).

(4) ¢HR{FY 54 AHY £+ UAEE, F FzAAlold 35 JYFEW] 27} Hr
H, dFEgelY RFAHE MsstA °H Felch
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Table 1 Condition for calculations
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Fig.13 Surface pressure(side by side case)
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