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Abstract

To investigate the capability of least squares isogeometric method for complex flow, the method
was used to simulate the transient flow around an impulsively started circular cylinder. The go-
verning equations were first discretized in time by implicit difference scheme with third order of
accuracy, and then discretized in space by least squares isogeometric method with order of accu-
racy more than two. The flow over a range of Reynolds numbers from 550 to 9500 was numerical-
ly simulated. Results were compared to those from other experimental and computational works.
The flow modes like bulge, isolated secondary eddy, a-phenomena and f-phenomena at different
Reynolds number were resolved correctly. The results show that the high order accuracy least
squares isogeometric method can be used for simulation of complex transient flow.

Keywords

Transient Flow, Flow around Circular Cylinder, Least Squares Isogeometric Method, Implicit
Difference Scheme

B HRA R shiastRa &/ Z5RFJLITHRH

BB, MR, O, ABR

NSRRI X AL R G ERAREE, T R
25 M AU FC B, AN B R E =, 2f AE

Email: cdx97 @tom.com

Weks H . 20174F7 250 FHBER: 20174F8 H2H; & A HM: 20174F8 H9H

ESIH: RKH, BRI, SR, Bk BRI R 35 SRR A iR/ RS TLATRLID]. AR B) %, 2017, 5(3):
83-90. DOI: 10.12677/ijfd.2017.53010


http://www.hanspub.org/journal/ijfd
https://doi.org/10.12677/ijfd.2017.53010
https://doi.org/10.12677/ijfd.2017.53010
http://www.hanspub.org

wKRH %

=

AR BN R U B A B R R WA et BT RE T B R BB E KRS RS . 77
R EEERA =R RRAZMER, FHEBCRA b U ERER R RE AT, XIE
TEHCN550~9500 I FBNHEAT TR, HEHELBREUETTERSRET T, BEBRTHRET
AREERTRFERFE. 00K, o ARAF-RARFRIIRX . HHEERRARBEKR/D —RSE
JURRET T R AR B S T KL

XKigid
WERS, BERESR, BhREILAT% BRAES

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

SCHR[ATR R T — i/ 3RS U T3, Ml 3Rz o 3 1 AZ 72 T 78, SR NURBS 2 bR 4
A RTCE ], FZITER AR T AR Stokes ¥itah, SCBR[2] M A WAL MEALIS I, K foe s 35 JLAT
JTFAET BARZ M N-S T REMSR AR, WEIT T AR h (DL, SCHR[3]RT i 8] TR A B a2 o s sk AT
i WHIE 72T RAE AR RS SR A R BT o WF TR W die /s — 34 J LRI VRS e/ — IR IR T [4] 5
S UM B [STRIE R, 1 EL AT BLSIN 2 B RS 532 UG v SRR [6], 33 Vi BB/ e a0 1) i Y g
B BE S R

EIRSCHR[L] [2] [3]3 R AT AR sl R At M U 8 1) REAT) S5 BOAIE 1 e /N — 3 JLART 5 32 1 Jd FH 44
ESRN BE ARWBN WG L 2 — DT T, A SCLLIRIR R B RAE SR 1) UK R, T iR R
AEN R . EARDY D MBAEAL T b ik, I ZIDTR 588 LUEE (3 U S1dissl . B
SR BN IR AU B2 SR (K AR RE W 2> B sl e o U R sl (K R A g BUE AL R T Bk,
FEN G AN I3 IR AN R T V8T R BIREAT 1AL, AR IR Z A7) (8] W IA[9] [10]. LBM %
[11] [12] [13]+ /DRCALIE[14]45 o Herh i g SR AN B B8 A R 7 ik, (HIRER IR T
AT RN AE. S3oh, T BAE NS IERRIMES] U, fEWTAGI 24 L 8] B 23 bk, X Was sl
EAEAUL R 1IN XE. Bouard [15]58 X% AR A S BAE SRR BEAT 1 SEIRHT I, Fir 5 B 10 & i (Re =UD/v )i
K79 .9500, SEHAIL, WEHE RGN, Hsht & ASuIg, 0L RR. o R3M g- I3 5%
AR o

ARSOx N 550~9500 AN AL I REHEAT 1 BB RSN, BB R S 2 7 AN R A R AR
PERITRAIREAE, TSRS STk AU S SRR A R AT TR LE
2. EHIGIEER

f/ s e J LA D5 9 PR PR D RE R 22 2E St/ 3R A “ B 7 2 bR, HZIZ PR3 AR A
T HH NURBS #4136 7 PR2E 2 [ HEAT 12 81 7 R B A2 7 VAXT AN A B PRI 0 09050 ) A 49 XA
I I RBGERE: THREMIEESTT T AsAE MR, ARENTRIZMEE: B 7RISR 552 0

DOI: 10.12677/ijfd.2017.53010 84 PRS-


https://doi.org/10.12677/ijfd.2017.53010
http://creativecommons.org/licenses/by/4.0/

WRE %
DR BE = BUE MR FE, 3B mT DU IS TR 50242 1 NURBS 2 bR £ T 1 R A B
e HREA T RS B N-S J7 R, HAs b 7 R e &40 ] 5 il
(Zt—u—%Au+u-Vu+Vp =f, (x,t)e 2x[0,7]
Veu=0, (x,t)eQx[0,7] 1)

u_,=u, xeQ
u.=u, (xt)el x[0,r]
A u NIRBEESE, p AEST, fORRIERETZ BT T, Re NEERL, Q AREIXIE, T2 Q 1iast,
[0.2] AITAIXIA], uo AWIGHNS ZIHVIEE o34, us AT LRI o WIARE L RO 2 AN T R 46 A LA
AR E VSR . T R0 SR T IR AR B K Bl S AR AN A, S T RO S AR S ok
.

e 4 ) 5 R o AR TR IR AR e ) A B ks AT B L RS AR — AN RE AR gt AT
LMEAL, o fE P RN IS LA ik AR AR o B IR B ORGP AEAR 7 Rl 1) 5 2200 22 4 B AT %
i, 2 ) BSOS FE AE R il it NURBS TR kA7 42, B A I[2] [3]

3. IHEER

AR Matlab 5230 1 SR g 4 WA YA o] IR 8l B> ISR LT SR, BARAE i TR R [
G IR A R R I =45, (B2 SEB R WIE R BN IR SR W] AR B 40, it oA BA XK
Yo THEIXEWE 1R, RSP LIEACNZSE R, BIERINEELF A u=v=0, FMBHAR Eu=
U, v=0, #IGERZIGRAH5 0 M u=U, v=0, p=0, RAME=MZE53TH S, NURBS %
SR SRk = 6, Newton ARSI R HAR B UGEAR IR 2/ T 107°. A BITHE T H#ECN
550, 3000 A1 9500 i), Re =550, 3000 i} A]2EK 4 0.01, Re = 9500 fi ]2 4 0.005, 45
TR IR TN, = 0 A IR E B %23 9] 0 28080 82908 Al 127368, J:H Re = 9500 [

I 0 2
;7 N
/ N\
/ \
Y ‘

A
)

Figure 1. Domain of transient flow around an
impulsively started circular cylinder
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Figure 2. Grid for Re = 9500
2. Re = 9500 I+ & M1
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Figure 3. Streamline for Re = 550 (t = 2.5)
3. Re =550 iRk % (t = 2.5)
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Figure 4. Streamline for Re = 550 (t = 2.5)
4. Re = 550 &k 3R (t = 2.5)

Figure 5. Streamline for Re = 3000 (t = 2.5)
5. Re = 3000 SRk 2 #R(t = 2.5)
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Figure 6. Flow parameter for Re = 550
6. Re = 3000 &k S 7a(t = 2.5)
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4.2. Re = 9500
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Figure 7. Streamline for Re = 9500 at different time
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Figure 8. Velocity along the axis of symmetry for Re = 9500
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Figure 9. Variation of drag coefficient with time for Re = 9500
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