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Fluctuating lift and flow field mechanisms of two staggered circular cylinders
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Abstract: Influenced by the wake flow of upstream cylinder, the downstream cylinder is prone to wake-induced
vibration at small wind angles. Although fluctuating lift is closely related to wake-induced vibration, the
characteristics of fluctuating lift are less investigated, and the flow field mechanisms are not yet clear. For two
staggered circular cylinders with center-to-center pitch ratio P/D of 1.5 —4, by using the large eddy simulation
(LES) method, the intrinsic relationships between the fluctuating lift of the cylinders and the flow fields were
studied at small wind angles (B8 =0° —30°) with a high Reynolds number of Re = 1.4 x 10°. The interference
mechanisms between the two cylinders were explored based on the flow field mechanics. Results show that the
fluctuating lift of the cylinders and the flow field mechanisms experienced significant changes at small wind angles,
and there were five different interference flow patterns, namely, wake interference, shear layer interference,
proximily interference, interaction between vortex and cylinder, and interaction between vortex and vortex. Under
wake interference and shear layer interference, the fluctuating lift of the downstream cylinder was much smaller than
that of a single cylinder. Under proximity interference, the interaction between the two cylinders was weak, and the
fluctuating lift of the downstream cylinder was close to that of a single cylinder. For the interaction between vortex
and cylinder and the interaction between vortex and vortex, the fluctuating lift of the downstream cylinder was
higher than that of a single cylinder, and the wake vortex impinging of the upstream cylinder on the downstream
cylinder or the interaction with the downstream cylinder led to the rapid increase of the fluctuating lift of the
downstream cylinder.

Keywords: two staggered circular cylinders; large eddy simulation ( LES); high Reynolds number; fluctuating

lift; flow field mechanism
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Fig. 1 Schematic diagram of computational model
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Fig.2 Pressure coefficient distribution of a single cylinder
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Fig.3 Mean drag coefficients of tandem cylinders as a function of pitch ratio
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Fig.4 Fluctuating lift coefficients of tandem cylinders as a function of pitch ratio

2 HRAN

2.1 BIIANRE

ES IR s VI S N = 2 o N [ 51X o S &5
TH o1 ZEbE R AR AR £, f IR 5 (a) AT, 24
P/D = 1.5 ~ 2 08f fE2 XA~ , LigRA R ksh
TE 1 BB/ N T B s 7E B = 5° BT, b i [B
FERKBh T IR B/ IMEA, I G XU £ 0 15 T 4
K, BHFE B = 90° Bk BN KIH. 456 T CH 5
BT a4, GBS 9 (B A A A7 A o 1 L i [ A 7 e
W% , T8 L R A B9 Bk 3 7 ) REIR /N T 1
BE. 25 P/D =3 ~ 4, gl r bk sh 1 BE X
I £ B AR AL B B 8 P/D = 3 I, b i B4 ik sh
T ZFAAE B = 10° ~ 20° 2 90° B KT H[EH:,
[FIFEFE B = 5° BFEUASR/IME ; 7E P/D = 4,8 < 45°

127

—O0—P/ID=15 —4L—PID=2
—O—P/D=3

——PID=4

BI°)
(a) L UFRIFE

I, b P B Ak sl 0T ) 2R B R T B R A

HITEL S (b) R, R IR A BK 3l T 28 Rkt AU
FRARAL L B BAE R RIS, 25 P/D = 1.5 ~ 2
i, fEB = 5° ~ 20° oW, FHFRAERBKSITE ) &
B /N T B 25 P/D = 1.5 i, NI BRE ) ik
BT 77 28 BB X 17 384 R AT A e HE K s/
P, M4 P/D = 2 ), BBl T 2800 iR 28 52 484 R Y
X EE S P/D = 1.5 B, RUSRAE [ A7AE 5 P 1]
WA K. 24 P/D = 3 I, B AE A9 Bk sl Tt 3R
B =0° ~ 5°m/NFREIFE (H2 B = 10° 1), FiiF [
MRk ST 3 BRG] R AR S
¥erZ 24 P/D = 4 W, R AL B9 Bk sh T 1 R R
B = 0° WU ARAE, HALAE B = 90° IFig /) T 5
(R , 26 W] 5 1] LG R B8, TR i [l A 52
R R R P

1.2
—o0— P/ID=15 ——P/D=2

—o— P/ID=3

——PID=4

BI°)
(b) MU

BS BahFHhEREEEXERREN

Fig.5 Fluctuating lift coefficients of staggereed cylinders with wind angles
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