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Simulation of virtual flow around an elliptical column in the Riemann surface
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Abstract: In this study, the virtual flow of fluid in the Riemann surface is simulated by taking advantage of the
numerical simulation that can create any situation. Specifically, it is assumed that one elliptical column is placed in two
Riemann surfaces and three Riemann surfaces, and a uniform flow is applied to them. The incompressible Navier-Stokes
equation is used as the basic equation, and the equation is solved numerically using the standard MAC method. The
Reynolds number is set to 200, where Karman vortices are generated and the result is compared with the actual flow.
When there are two Riemann surfaces, when the flow of uniform flow is slightly changed on the two surfaces, the
phase of the Karman vortex is slightly shifted accordingly. In the case of three Riemann surfaces, the twin vortex flow

and two kind of Karman vortex flow that is approximately 180 ° out of phase appeared on each surface.
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2 dimensional flow slover (genaralized coordinate sysytem) *

PROGRAM FLOW2D

PARAMETER (JDIM=182, KDIM=35)

COMMON/GRDPRM/ JM, JMAX. KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

1

2

3

4

5

6

1

8

9 CALL GRID
? CALL DATA
2

3

4

5

6

1

8

[p X Nep)

CALL METJ
CALL INIT

DO 10 N = 0, NSTEPS
IF (MOD (N, 50) . EQ. 0) CALL OUTP (N, DT=N)
CALL RHS
ERR = 0.
DO 20 I=1, ISTEPO
19 GALL PRS
20 CALL PRSBC
21 IF (ERR.LT. EPS) GO TO 30
22 20 CONTINUE
23 30 WRITEé;.*) N . ERR

24 CALL

25 CALL BC

26 10 CONTINUE

271 G

28 STOP

29 END

30 C

g; 8 SUBROUTINE FOR INPUT DATA B
33 SUBROUTINE DATA

34 COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
35 COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

36 M = JMAX-1

37 KM = KMAX-1

38 WRITE (%, %) ' INPUT NUMBER OF TIME STEP (3000)

39 READ (*, *) NSTEPS

40 WRITE (+, %) " INPUT MAX. NUMBER OF ITERATION FOR POISSON EQ. (30)
41 READ (x, %) ISTEPQ

42 WRITE (x, %) ' INPUT REYNOLDS NUM. & TIME INCREMENT DT (200,.01)
43 READ (, ) RE, DT

44 WRITE (x, %) " INPUT MAX. ERROR (. 0001)

45 READ (*, %) EPS

46 WRITE (x, ) ' INPUT ACCERARATION PARAMETER FOR SOR METHOD (1)
47 READ (*, x) CONST

48 REI = 1. /RE

49 DTI = 1./DT

50 RETURN

51 END

52 G

gi g SUBROUTINE FOR GRID DATA *
55 SUBROUTINE GRID

56 PARAMETER ( JDIM=182, KDIM=35)

57 COMMON/GRIDXY/ X (JDIM, KDIM), Y (JDIM, KDIM)

58 COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
gg DIMENSION RR(KDIM)

C
61 8 WRITE (+, %) 'DO YOU WANT TO READ GRID FILE ? (YES=1,N0=0) (0)°

62 READ (%, *) IGR

63 C WRITE (%, %) 'Is the grid Periodic one ? (Yes=1,No=0) (1)’
64 C READ (*, ) [ITYP

65 [GR=0

66 ITYP=1

67 WRITE (x, %) "Number of Riemann-Plane (1 or 2 or 3) ?
68 READ (*, *) NPR

69 C

70 IF (IGR.EQ.1) THEN

71 C

72 READ (11, %) IA, IB

3 READ (11, %) ((X(I,J), I=1,1A), J=1, IB)
14 READ (11, %) ((Y(I,J), I=1, IA), J=1, IB)
75 JMAX = 1A

76 KMAX = IB

17 C

78 ELSE

79 C

80 C#+x GRID AROUND THE ELLIPSOID

81 JMAX = 60*NPR+2

82 KMAX = 35

83 PAI = ATAN(1.)*4.

84 AA =0.75

85 BB =1.0

86 HH =0.025
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RA =1.15
RR(1) = 1.0
DO 15 K = 2, KMAX
RR(K) = RR(K-1) +HH*RA%* (K-1)
15 CONTINU

NUE
WRITE (*, %) (RR(K) K=1, KMAX)
DO 20 K = 1, KMAX
DO 20 J = 1, JMAX

TT = 2. *PAI*FLOAT (J-2) /FLOAT (JMAX-2) xNPR
BC = BB+ (AA-BB) *FLOAT (K-1) /FLOAT (KMAX-1)
X(J, K) = AA*RR (K) *COS (TT)
Y (J,K) = BC+RR (K)*SIN(TT)
20 CONTINUE

END IF

RETURN

END

SUBROUTINE FOR CALCULATING METRICS

S | g g
SCOOUDNBWN—O

SUBROUTINE METJ

PARAMETER ( JDIM=182, KDIM=35)
COMMON/GRIDXY/ X (JDIM, KDIM), Y (JDIM, KDIM)
COMMON/METRIC/

1 XX (JDIM, KDIM), XY (JDIM, KDIM), YX (JDIM, KDIM), YY (UDIM, KDIM)

2 G1(JDIM. KDIM), G2 (JDIM, KDIM), C3 (JDIM, KDIM)
3 CA4(JDIM, KDIM), G5 (JDIM, KDIM), AJ (JDIM, KDIM)

M
COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR

DO 125 K=1, KMAX
DO 125 J=1, JMAX
IF (K.EQ.1) THEN

XE=0. 5% (=X (J, 3) +4. 0%X (J, 2)-3. 0%X (J, 1))

YE=0. 5% (=Y (J, 3) +4. 0%Y (J, 2) 3. 0%Y (J, 1))
ELSE IF (K. EQ. KMAX) THEN
XE=0. 5% (X (J, KMAX-2) —4. 0%X
YE=0. 5% (Y (J, KMAX-2) -4
ELSE

(J.

0%Y (J,

XE=0. 5 (X (J, K+1)-X (J, K-1))
EE?g.S*(Y(J,K+1)—Y(J,K 1)

EN
IF(J.EQ. 1) THEN
XXI1=0. 5% (X (3, K) +4. 0xX (2,

K
YXI1=0. 5% (=Y (3, K) +4. 0%Y (2, K
=2,
2.

)—3. 0xX (1, K))
)=3.0%Y (1,K))

IF(ITYP.EQ. 1) THEN
XXI1=0. 5% (X (2, K) X (JMAX-
BX{;O‘S*(Y(Z.K)—Y(JMAX

EN
ELSE IF (J. EQ. JMAX) THEN

K))
K))

XXT1=0. 5% (X (JMAX-2, K) -4. 0%X (JMAX-1, K) +3. 0X (JMAX, K) )
YXI=0. 5% (Y (JMAX=2, K) 4. 0%Y (JMAX-1, K) +3. O%Y (JMAX, K) )

IF(ITYP.EQ. 1) THEN
XX1=0. 5 (X (3, K) -X (JMAX-1, K) )
YXI=0. 5 (Y (3, K) =Y (UJMAX-1.K) )
END IF

LSE
XX1=0. 5% (X (J+1,K)
YXI=0. 5% (Y (J+1, K)

END IF

IF (ITYP. EQ. 1 AND. J.
XX1=0. 5% (X (J+1, K)
YXI=0. 5*( (J+I K)

END IF

[F(ITYP. EQ. 1. AND. J. EQ.
XX1=0. 5% (X (3, K) =X (J-
YXI=0. 5% (Y (3, K) -Y (J-

END IF
AJJ=XXI*YE-XExYX]

XX (J. K) =YE/AJJ

YX (J, K)=-YXI/AJJ

XY (J. K) ==XE/AJJ

YY (J, K) =XX1/AJJ

AJ (J, K) =AJJ
125 CONTINUE

DO 10 K=1, KMAX

DO 10 J=1, JMAX

C1(Jd, K)=XX (J, K) #x2+XY (J, K) **2

G3 (J, K) =YX (J, K) *%2+YY (J, K) %2

02 (J. K) =2. % (XX (J. K) xYX (J, K) +XY (J, K) *YY (J, K) )
10 CONTINUE

DO 11 K=2, KM

DO 11 J=2, M

—~~

J-1,K
J-1.K

1 I'I'I
<'_C_O <><oO -
—~~

CT7=XX (J. K) * (XX (J+1, K) XX (J-1, K) ) +YX (J, K) * (XX (J, K+1)

1T =XX(J K=1)) XY (J, K) * (XY (J+1, K) -XY (J-1,K))
2 +YYEJ K)* (XY (J, K+1) =XY (J, K-1))

688=XX (J, K) * (YX (J+1, K) =YX (-1, K))+YX(J K)* (YX (J, K+1)

KMAX-1) +3. 0%X (J, KMAX) )
KMAX-1) +3. 0%Y (J, KMAX))
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173 1 =YX(J K +XY (J, K)* (YY (J+1, K) =YY (J-1.K))
174 2 +YY (LK) *(YY (J K+1) =YY (4, K-1))

175 C4(J. K)=C77*. 5

176 05 (J, K) =C88*. 5

177 11 CONTINUE

178 RETURN

179 END

180 C

}g]z g SUBROUTINE FOR INITIAL CONDITION
183 SUBROUTINE INIT

184 PARAMETER ( JDIM=182, KDIM=35)
185 COMMON/GRIDXY/ X (JDIM, KDIM), Y (JDIM, KDIM)
186 COMMON/METRIG/

187 1 XX(JDIM, KDIM) . XY (JDIM, KDIM), YX (JDIM, KDIM), YY (JDIM, KDIM),
188 2 G1(JDIM, KDIM), G2 (JDIM, KDIM), C3 (JDIM, KDIM),
189 3 G4 (JDIM, KDIM) , C5 (JDIM, KDIM) , AJ (DIM, KDIM)

190 COMMON /VEL/ U(JDIM, KDIM), V(JDIM, KDIM), P (JDIM, KDIM)
191 COMMON/GRDPRM/ JM. JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, 1GR, ALP, NPR
192 WRITE (+, %) ' INPUT ATTACK ANGLE? (1)’
193 READ (, ) ALP

194 TTT = ALP=3. 1415192/180.

195 DO 20 K = 1, KMAX

196 DO 10 J =1, IMAX

197 U(J.K) = COS(TTT)

198 V(J. K) = SIN(TTT)

199 P(J.K) = 0.

200 10  CONTINUE

201 IF (NPR. EQ. 2) THEN

202 DO 15 J = JMAX/2+1, JMAX

203 U(J.K) = COS(TTT=0.)

204 V(J,K) = SIN(TTT=0.)

205 15 CONTINUE

206 END IF

207 IF (NPR. EQ. 3) THEN

208 DO 11 J = JMAX/3+1, 2xJMAX/3

209 U(J.K) = COS(TTT=0.)

210 V(J.K) = SIN(TTT=0. )

211 11 CONTINUE

212 DO 12 J = 2xJMAX/3+1, jmax

213 U(J.K) = COS(-TTT)

214 V(J.K) = SIN(-TTT)

215 12 CONTINUE

216 END IF

217 20 CONTINUE

218 RETURN

219 END

220 C

%%; g SUBROUTINE FOR CALCULATING RHS OF POISSON EQ.
223 SUBROUTINE RHS

224 PARAMETER ( JDIM=182, KDIM=35)

225 COMMON /VEL/ U(JDIM, KDIM), V(JDIM, KDIM), P (JDIM, KDIM)
226 COMMON /FLW/ Q(JDIM, KDIM), D (JDIM, KDIM)

221 COMMON/METRIC/

228 1 XX(JDIM, KDIM), XY (JDIM, KDIM), YX (JDIM, KDIM) YY (JDIM, KDIM),
229 2 G1(JDIM, KDIM), G2 (JDIM, KDIM), C3 (JDIM, KDIM),
230 3 G4 (JDIM, KDIM), C5 (JDIM, KDIM) , AJ (JDIM, KDIM)

231 COMMON/GRDPRM/  JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
232 COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

233 DO 10 K = 2, KM

234 DO 10 J = 2, UM

235 UXD = XX (J, K)* (U (J+1, K)-U (J-1, K) ) +YX (J. K) % (U (J, K+1) -U (J, K-1
236 UYD = XY (J, K)* (U (J+1, K) -U (J-1,K) ) +YY (J, K) % (U (J, K+1) -U (J, K-1
237 VXD = XX (J, K)* (V (J+1, K) =V (J-1, K) ) +YX (J, K) * (V (J, K+1) =V (J, K-1
238 VYD = XY (J, K) * (V (J+1, K) =V (J-1, K) ) +YY (J, K) * (V (J, K+1) =V (J, K-1
239 Q(J, K) = —. 25% (UXD*UXD+2. xUYD*VXD+VYD%VYD) +. 5% (UXD+VYD) *DT1
240 10 CONTINUE

241 RETURN

242 END

243 G

ggg g SUBROUTINE FOR PRESSURE BOUNDARY CONDITION

246 SUBROUTINE PRSBC

247 PARAMETER ( JDIM=182, KDIM=35)

248 COMMON /VEL/ U(JDIM, KDIM), V(JDIM, KDIM), P (JDIM, KDIM)

249 COMMON/METRIC/

250 1 XX (JDIM, KDIM), XY (JDIM, KDIM), YX (JDIM, KDIM), YY (JDIM, KDIM),

251 2 G1(JDIM, KDIM), G2 (JDIM, KDIM), C3 (JDIM, KDIM),

252 3 G4 (JDIM, KDIM), C5 (JDIM, KDIM), AJ (JDIM, KDIM)

253 COMMON/GRDPRM/ JM. JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
254 COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

255 C#*xx no-slip at K=1  free stream at K=KMAX

256 DO 10 J =2, M

257 uL = . 5%G2(J, 1)*(U(J+1,2)-U(J-1,2))+C5(J, 1) *xU(J, 1)
258 VL = 2.*%C3(J, )*V (. 2)
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259 P, 1) = P(J, 2) -REI*AJ (J, 1) * (XX (J. 1) *VL-XY (J, 2) *UL)
260 P(J, KMAX) = —. 5x (U (J, KMAX) #x2+V (J, KMAX) *%2)

261 10 CONTINUE

262 C

263 IF(ITYP.EQ. 1) THEN

264 Cxxx periodic

265 DO 20 K = 1.KMAX

266 P(1,K) = P(IM. K)

267 P (JMAX, K) = P(2,K)

268 CONTINUE

269 LSE

270 Cxxx extapolate

27 DO 30 K = 1, KMAX

272 P(1,K) = P(2,K)

273 P (JMAX, K) = P (M. K)

274 CONTINUE

215 END IF

276 RETURN

277 END

278 C

g;g g SUBROUTINE FOR CALCULATING PRESSURE *
281 SUBROUTINE PRS

282 PARAMETER ( JDIM=182, KDIM=35)

283 COMMON /VEL/ U(JDIM, KDIM), V(JDIM, KDIM), P (JDIM, KDIM)

284 COMMON /FLW/ Q(JDIM, KDIM), D (JDIM, KDIM)

285 COMMON/METRIC/

286 1 XX(JDIM, KDIM), XY (JDIM, KDIM), YX (JDIM, KDIM), YY (JDIM, KDIM),
287 2 C1(JDIM, KDIM), C2 (JDIM, KDIM), C3 (JDIM, KDIM),

288 3 CA(JDIM, KDIM), C5 (JDIM, KDIM) . AJ (JDIM, KDIM)

289 COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
290 COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

291 DO 10 K = 2,KM

292 DO 10 J = 2, UM

293 GC = .5/(C1(J,K)+C3 (J.K))

294 PA = C1(J, K)* (P (J+1, K)+P (J-1,K) ) +C3 (J, K) * (P (J, K+1) +P (J, ))
295 1 +.25%C2 (J, K) * (P (J+1, K+1) -P (J-1, K+1) =P (J+1, K-1) +P (J-1, K-1))
296 2 +, 5%C4 (J, K) * (P (J+1, K)-P (J-1.K))

297 3 +, 5%C5 (J, K) * (P (J, K+1)-P (J. K-1))

298 PP = (PA-Q(J, K))*CC

299 ERR = ERR+ (PP-P (J, K) ) *x2

300 P(J,K) = P(J,K)* (1. -CONST) +PP*CONST

301 10 CONTINUE

302 RETURN

303 END

304 C

ggg g SUBROUTINE FOR CALCULATING VELOCITY *
307 SUBROUTINE NS

308 PARAMETER ( JDIM=182, KDIM=35)

309 COMMON /VEL/ U(JDIM, KDIM), V (JDIM, KDIM), P (JDIM, KDIM)

310 COMMON /FLW/ Q(JDIM, KDIM), D (JDIM, KDIM)

311 COMMON/METRIC/

312 1 XX (JDIM, KDIM), XY (JDIM, KDIM), YX (JDIM, KDIM), YY (JDIM, KDIM),
313 2 C1(JDIM, KDIM), C2 (JDIM. KDIM), C3 (JDIM, KDIM),

314 3 G4 (JDIM, KDIM), C5 (JDIM, KDIM), AJ (JDIM, KDIM)

315 COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO NSTEPS, ITYP, IGR, ALP, NPR
g}g " COMMON/FLWPRM/ RE, REI, DT, DTI, EPS, ERR, CONST

318 DO 10 K = 2,KM

319 DO 10 J = 2, UM

320 UA = (U(J K)*XX (J, K)+V (J, K)*XY (J, K) ) *. 5

321 VA = (UWJ, K)*YX(J, K)+V (J, K)%YY (J, K) ) *. 5

322 UNL = UA* (U(J+1, K) =U (J-1, K) ) +VA% (U (J, K+1) -U (J, K-1))

323 VNL = UAx (V (J+1, K) =V (J-1, K) ) +VA* (V (J, K+1) -V (J, K-1))

324 WS-C]JM*wUHK)Z*me+W-1M)

325 1 +02 (J, K) * (U (J+1, K+1) =U (J+1, K-1) -U (J-1, K+1) +U (J-1, K-1) ) *. 25
326 2 +C3 (J. K) * (U (J, K+1)-2. *U (J, K) +U (J, K-1) ) +. 5%C4 (J, K)
327 3 * (U (J+1, K)-U (J=1,K) ) +. 5%C5 (J, K) * (U (J, K+1)-U (J, K-1))
328 WS = C1(J. K)* (V(J+1, K)-2. %V (J, K) +V (J-1, K))

329 1 +02 (. K)# (V (J+1, K+1) =V (J+1, K=1) =V (J-1, K+1)+V (J-1, K1) ) %. 25
330 2 +03 (J, K) * (V(J, K+1)-2. %V (J, K) +V (J, K1) ) +. 5xC4 (J, K)
gg; . 3 *(V(J+1,K) -V (J-1,K) ) +. 5%C5 (J, K) % (V (J, K+1) -V (J, K-1))
333 DW.K) = U(J.K)+DT*(—UNL—.5*XX(J.K)*(P(J+1 K) -P (J-1.K))
334 = 5%YX (J, K) * (P (J, K+1) =P (J, K-1) ) +REI*UVS

335 0. K) = V(J,K)+DT*(—VNL—.5*XY(J,K)*(P(J+1 K) -P (J-1,K))
336 1 - 5%YY (J, K) % (P (J, K+1)-P (J, K1) ) +RET%WVS)

337 10 CONTINUE

338 DO 20 K = 2, KM

339 DO 20 J =2, M

340 U(J.K) = D(J, K)

341 V(K = QWK

342 20 CONTINUE

343 RETURN

344 END
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346 C SUBROUTINE FOR BOUNDARY CONDITION FOR VELOCITY

347 C

348 SUBROUTINE BC

349 PARAMETER ( JDIM=182, KDIM=35)

350 COMMON /VEL/ U(JDIM, KDIM), V (JDIM, KDIM), P (JDIM, KDIM)
gg; . COMMON/GRDPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
353 Cx++ no-slip at K=1 free stream at K=KMAX

354 TTT=ALP*3. 141592/180

355 DO 10 J = 1, JMAX

356 U@, 1) = 0.

357 V(. 1) = 0.

358 U(J, KMAX) = COS(TTT)

359 V(J, KMAX) = SIN(TTT)

360 10 CONTINUE

361 IF (NPR. EQ. 2) THEN

362 DO 15 J = JMAX/2+1, JMAX

363 U(J, KMAX) = COS (TTT*0.)

364 V(J, KMAX) = SIN(TTT=0.)

365 15 CONTINUE

366 END IF

367 IF (NPR. EQ. 3) THEN

368 DO 11 J = JMAX/3+1, 2xJMAX/3

369 U (J, KMAX) = COS (TTT=0.)

370 V(J, KMAX) = SIN(TTT=0.)

3N 11 CONTINUE

372 DO 12 J = 2xJMAX/3+1, jmax

373 U(J, KMAX) = COS(-TTT)

374 V(J, KMAX) = SIN(-TTT)

319 12 CONTINUE

376 END IF

377 ¢

378 IF(ITYP.EQ. 1) THEN

379 Cx*xx poriodic

380 DO 20 K = 1, KMAX

381 U(1,K) = U(JIM, K)

382 V(1,K) = V(M. K)

383 U(JMAX. K) = U(2,K)

384 V(JMAX. K) = V(2. K)

385 20 CONTINUE

386 ELSE

387 Cxkx symmetric

388 DO 30 K = KMAX

389 U(1, K = U(2.K)

390 V(l K) = 0.

391 U (JMAX. K) = U (M, K)

392 V(JMAX.K) = 0.

393 30 CONTINUE

394 END IF

395 RETURN

396 END

397 C

398 C WRITE DATA INTO FILE

399 C

400 SUBROUTINE OUTP (NN, TT)

401 PARAMETER ( JDIM=182, KDIM=35)

402 COMMON/GRIDXY/ X (JDIM, KDIM), Y (JDIM, KDIM)

403 COMMON /VEL/ U(JDIM, KDIM), V(JDIM, KDIM), P (JDIM, KDIM)
ﬁgg COME&R/G?DPRM/ JM, JMAX, KM, KMAX, ISTEPO, NSTEPS, ITYP, IGR, ALP, NPR
406 WRITE(11) JMAX, KMAX, LMAX

407 WRITE(11) (((X(J,K), J=1, JMAX) . K=1, KMAX) . L=1, LMAX)
408 WRITE(11)  (((Y(J,K), J=1, JMAX) . K=1, KMAX) . L=1, LMAX)
409 WRITE (1) (((0.0. J=1, JMAX), K=1, KMAX) , L=1, LMAX)
410 WRITE(12) NN, TT

411 WRITE(12) (((U(J, K), d=1, JMAX) ., K=1, KMAX), L=1, LMAX)
412 WRITE(12) (((V(J,K), d=1, JMAX) . K=1, KMAX) . L=1, LMAX)
413 WRITE (12) (((0.0, J=1, JMAX), K=1, KMAX) , L=1, LMAX)
414 WRITE(12) (((P(J.K), J=1, JMAX) ., K=1, KMAX) , L=1, LMAX)
415 RETURN

416 END

417
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