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Flow Field Mechanism of Wake Interference Effects

on Aerodynamic Characteristics of a Downstream Circular Cylinder
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Abstract: To clarify the mechanism of wake interference effect on the downstream cylinder, large eddy simula—
tion (LES) method was adopted. The flow around two static staggered circular cylinders was studied at a high
Reynolds number of Re=1.4x10°, and the ratio of center—to—center pitch (P) to the diameter of the cylinder(D)
ranges from P/D=1.5~4. The aerodynamic coefficients, mean pressure distributions, and flow field of the downstream
cylinder were discussed along with the changing of incidence angle. The relationship between aerodynamic forces
and flow characteristics was analyzed based on the time—averaged wall shear stress and flow structures. The results
show that the reasons for the negative drag force of the downstream cylinder at small pitch ratio (P/D<3) lie in two
factors, i.e., a pair of recirculation zone with opposite direction for the tandem configuration and the high—speed gap

flow for the staggered arrangement with small incidence angles. At small pitch ratios (P/D=1.5~3),the downstream
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cylinder is subjected to remarkable mean lift coefficient (inner lift),which is caused by the shift of the stagnation

point, high—speed gap flow, and separation bubble. At the moderate pitch ratios(P/D=3~4) ,the mean lift(outer lift)

of the downstream cylinder is affected by the shift of the stagnation point and separation point in the gap side.

Key words: two circular cylinders;large eddy simulation ; high Reynolds number;lift mechanism; negative drag

mechanism

R USSR AE R TREP R 72, FLR R DA
FERERIE U B, IR IR0 R 2 MR L A
PERE R BESESL TP B Z A AR Y
BT, W51 TSR i XUy 8 R ek 5] &
LA A R, IFIE A R AR B
T BT AR R IR R i TR, Rt <5
PEREFNIL AR 52 B AR 2 238 ) (B T 3R
M2 2S5, TR & 24, i
A A ) i — 20 i,

Z B A AR, R AR S s
e S HRBEINARKZESR, I HabEE RiE(Re) .
(B (B E.CP) R RG] £ (B) AR Ak & A= T B 3. 2
HWFFTFEM T F /Al (PID=1.25~3.0) XA, T
TFIRIRE 25 32 B3 5 BH VR s 70/ INRU ] £ I 3 2%
ZRR KA 7 TR, — izt 1 2 el
F+ 137 (Inner Lift)*7-8, ZEB KA HE(P/ID =3.0) B}, T
Tl ARt 23 52 8] i 2 0 P4 Ve R (HHALEEA
[Ny, SCEkb Rz “AMill T 737 (Outer
lift )17,

WG E X RS S G2E H T AR TH LA
B, WA G — B T U B A % 67 B 30
4, Zdravkovich 25 N\ 53 51 A B sp SR [a] ) 455
T AR L B 485 50 A ) B4 18] B 3 ] e S 0T Ui
(BRI 52 ~F- 22 671 BEL VR PR 794 D R 010056 1 A
3, B A (] B4 PR B g b i B A B D) 2 PR 3
U B R T RA R i R A A AR A
SE BT D AT RSB 6T AMINA- T, R iR
A RS 52 o P i A 5 13140 TR [T ) i 3k 3 1) 1
KESDL K 1=y B AT 8 Ui g it 55 1 e IR AT A9 A B AR
FHu2 15 A Sk SR T U B A 22 S T AR Y R
5

AR BB, DR T PR B A AR 2
FEFHAR TR LT B30T won iR g5 5%, ansciEk
[LLRTSCRI 2] 0 B 0 3R 5.6 x 10° T 360.
{EORLBIAE 83 A 5 20 0 7 BRI 7, B R B
HIUL T P LAR AT B S5 A T B AN []. B[] A

RAZERGH TARTE SR VRO T 10° AEErh, IR A
BRI 5 AL T T TR L.

AR SCR R TT: TR TR A ECT (Re=1.4
x 10°), 858 T BL.C B PID=1.5~4 XL £ B = 0°~
90° Y5 RURIA: A8l 1 FRER 2R T XU 734 LA
TH WA BRI s 45 A I e B T L Tl R e
[P RS T s o = Nl S e i S
VEFR IR ML ; T T I A ) B 7 FEE 4 R 450
I RE TR A R T TR U R BT Y T T
TN,

1| HERRS M

11 =HIFEMTREFEER

TENmis s, REe b et Jpoht  RE R K H A
PP s A2 KO EEHETR 52, /N e
WL AZ LA RS, T & mErE, 5
JIESK A ) [R) RE T AN B VDA G, KR SE4EL (LES ) i 5+
SR R BRSIE L, TR FH BRI 19 N-S J7 %
LA s it 0 R R , /N RUBE T X KRR
T3 P 5 M DU 3o WA RUBEABE A ( SGS B, 555
AR L, LES J7 ik B T AT A v 5 5 B
BB L, IR )R AL B .
AR SCH ORI LI AR Ay Y B[ 335 .

283 YR PRER IR , T AR B R R EE R AN ]
45 Navier-Stokes J7 2.

Ju;

=2 =() 1
o (1)
G w1, Fu _on ()

A sy FUE PG 5 p R BE 5p 0 DRI TR
T RN FIFEIE 37y AR T ST 5K

AL EA® I8 T 7 R Smagorinsky-Lilly
HEAS T ROEERRY, By LR B,

Tjj _%Tkkaij = —QIJ«zSij (3)



106 IR A 2R R 2019 4
_ 1 aﬁl @L _ F])
Si]‘:?(\@-’- o, ) (4) Cy= O.SpU(Z)D (11)
A, A T RUE 3 sh AR, L C = F],Z (12)
w=(C.A)?S| (5) Hrh ,;ﬁigﬁW%T$1ﬁl$ (IBH A3 F
, __ i By M E AR FERAA K RIAE | R 1]
S| =/28.S. 6
lAlz(AASA”S)”m 27; T+ " g7 m WE 1(a), E R AR 17 F27 43

oA AR U A AR @ 7 ) A RSE S CL g
Smagorinsky %, A< SCHL 0.1.
1.2 HEEBERITESH

B 1 AR SOBURN A B A R A T 0l s i A
P B AL RO RIS P, BRE AR D. 8O [E] i
PID=1.5.2.3 F1 4, X ff B FE A4 0°.5°.10°,
15°.20°,30°.,45° ,60°,75° 90°% 1.4, 7E/NAE]E T
AT RIEBINGE. 0 Ay [BIAS: 2 T XURR I A5 BE A
DAIBIREID KU o 2, IR s A 18 T ). AR P
B FE B AR D Ak RGE U, THRAS 20 TR a5
1.4 x 10°.

TR O BITHASL, THREE RN 46D, i
KBAFER Ry 4.3% (BIFEIFFFIT), BIRLfE M RN
2D, HRBA N RS A i A,
B Bk A H RS TR 1) T R FH
I FEAc A, AR R T B RE T 25 1. R
HI SIMPLEC 53K i 01—l FE il & 5 18, 25 1)
BHCR RG220k, B ESEOR H R B
KB Fluent 144

THAERRIR HIZ5 A 40 /A%, A ) 400 4~ ER
JG, A2 1] 180 JZERIT, e ]2 20 2 50 ; (Rl AT i BE
T 5 /NP RS JEEBE 7 0.000 1D, BETT Y o=~ 1, W JE K
T AU, 5 3k oF 3 B TET O A% 1) 25K . A% A2
270 J1~320 J7, Toim Nt E) 2 Ar'= 0.005(Ar'=AtU,/
D, Horr Ar SEBRIFER D, Uy R WGk ).

(BRI 2 T 1) XU R ESORI B R 880 SR

- P =PDo

G 0.50U5 (8)
—_ Ty

Ci= 0.5p03 (9)

A :p - po MY HE RUR LT 7 WUT 2 2% 50 ok
MAEREE. AE IR ¢, B RUE R,
K H €, FR s R 2R 20 BE T BE 4 R LU £
J7 N IE 7, AR FHAE IR BE T XTI 07

1. =p(aV/an)l,_, (10)
o AR PE R B (oVian )|, o R BE T JRyil KUsE T
B T2 7 ) 1% S A

FH 1 2%k €, AT 248 G m9E W T K

7R L i AR 307 (B A

(a) THEARY

0 1.5D 2D 3D y))
(b) T T8
A1 AT ER

Fig.1 Schematics of computational model and simulation cases
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Tab.1 Result verification for a single circular cylinder
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