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Experimental Studies on the Spatial Dynamical Behaviors of Wakes of Two
Circular-Cylinders Forming A Cross
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Abstract: This experimental study was put emphasis on the spatial dynamical behaviors of two circular-cylinders
forming a cross at low Reynolds number. It is involved in the vortices space evolution characteristics of the
middle layer and the shear layer by the different flow speed and the different cylinder spacing conditions. The
spatial dynamical behavior analysis is mainly based on self-spectrum and cross spectrum, involving spatial phase
analysis. The results are obtained by the self-spectrum that the normal direction and the spanwise direction do not
have the symmetry of the direction in the wake of two circular cylinders arranged perpendicular to each other that
one is the wake of the vortex is similar to the single-cylinder and another is the secondary flow phenomenon. Near
the center of structure the third mergence and embedding was found in the wake of the two circular cylinders by
the self-spectrum picture. On the other hand, by the way of cross spectrum and the spatial phase analysis, the
wave-number-matching phenomenon is found in the regime of Re=68 and Re=103. And the
wave-number-matching phenomenon only exists around the shedding-frequency. In the regime of Re=68, it is
found that the shedding-frequency and the first sub-harmonic wave have the same wave-number, and with the
increasing of the Reynolds number, the determinable spatial-phases disappeared.
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Fig.12.The spatial phase evolutions of the shedding-frequency(234Hz)with its 1% sub-harmonic and harmonic
at Re=103

ﬁﬁﬂéﬂuﬁmﬁwﬁ?mﬂ%IﬁRF%I%FE%fﬁ%%ﬂ%%%ﬁﬁﬁ%ﬁﬂﬂw%

LU f 2 T AR AL s AR R 2 ) B 22 B B RFALL
Fe T A (A A LI AL 2R PEARAE, PTOE R f RE 2 R) G M s AL B A AR 2 0 5 Eh O ) s, ( F )

_ [ ArgS (f,.,x,)— ArgS(f,,x)]

=d,(f ,)D ®)
[Xz_XJ/D
I BAT LA A R e o s C, L (F,) AT
ool 27t _pp 8D 1 sty @)
U ual(f,) U a(f,)D a,(f ,)D

. f
#* 1, Wor T {£ Re=68,103 I%Tfﬂl—?ﬁ[ﬁﬂ?)}ii&&?& SR, T ILAEAR 98 A 1Al Y, Re=68

TR s H— Wi B A L — ﬁzﬁﬁvm/ﬂzéﬁzisﬁ, MRONEE TR [12,13], 11 Re=103 T/ K
JIR V& A 2R 5 — B VA I AT 1) VR R S B A B S A 25 R . IR s B 4 B () DA A% T 2R BONRRAE ) T K
(& 10) %

=1, BRTTERe=68,103 THT RELEM LIRSS

Table. 1. The determination of the real parts of wave—numbers and wave—-velocities of the shedding—frequency
with its 1% sub—harmonic at Re =68, 103

Re Hz St(f.,) a,,(f,)D C,(f)/U X/D

68 122 0. 1119 6. 44 0. 72 6~86

68 61 0. 0560 6. 40 0. 36 6~86

103 234 0. 1418 6. 10 0. 87 6~86

103 117 0. 0709 6. 34 0.45 6~86
6 g

R S 36 ek A T R AR B B S A G Reynolds %0 1EAZ B AE B A (A A IEAT THFAL, 20 b T IEA T
B R T Aoty Z BT i R VR A2 B Re BB AITERR E Re 20 F i A 23 (B AL o 1830 32
SR (1) kRN U A ) R R B FE KB, R LA 76 B 1E A2 R A o A A AR R 1 T 9
o TEULALE AL, R RANREA B F AL, ST DLACK i A 7R 25 1F 22 [ A Hh o Ak AT AR A B ]
AL, R85 Williamson Frill (1) St #05 Re 2k RERIHLEL, 15 HSLbakim/N T B lki. (2
A 3 M A T AR IEAS AR O AR IR R . (3D @i X 1A B A JR2 320 2 ) 0 2 (1) 3ok i ik 3
HATIRE ST R M T AR R, IEAS R A B T ZE R A0, B B T 0 B 1 v R 4y
%Wu]h 8. (4) IEAC M RERASAATE = RIAFE MR, FRERR e TR GRS E . B SAR
REVERE, X T IEACEAE R UL, BRI & T RG A E, 0] BeAERR R P & A A 4R,
Fifpﬁﬁ’j (5) {E Re=68 fl Re=103 L./ NAILIEE LIS, RS RAF R G ol — 2, I H bk BRFr
FH R DX s A 1A S IEAS AR 2 S AR s B Re b, ARG CIBEH 2%



& £ 1 wk:

[1] M.M. Zdravkovich. Interference between two circular cylinders forming a cross. J. Fluid Mech., 1983, 128:
231-246.

[2] T.A.FOX. Wake characteristics of two circular cylinders arranged perpendicular to each other. Journal of
Fluids Engineering, 1991, 113:45-50.

[3] Hideo Osaka, Ikuo Nakamura, Hidemi Yamada, Yoshimasa Kuwata and Yoshiro Kageyama. The Structure
of a Turbulent Wake behind a Cruciform Circular Cylinder( 1st Report, The Mean Velocity Field ) .Bulletin
of the JSME., 1983, 26(213): 356-363.

[4] T.A.Fox and N.Toy. Fluid flow at the center of a cross composed of tubes. Int. J. Heat and Fluid Flow., 1988,
9(1): 53-61.

[5] Tsutomu Takahashi, Laszlo Baranyi, Masataka Shirakashi. Configuration and Frequency of Longitudinal
Vortices Shedding from Two Circular Cylinders in Cruciform Arrangement. Journal of the Visualization
Society of Japan, 1999, 19(75): 328-336.

[6] Yukio Tomita, Susumu Inagaki, Shoji Suzuki and Hisami Muramatsu. Acoustic Characteristics of Two
Circular Cylinders Forming a Cross in Uniform Flow(Effect on Noise Reduction and Flow Around Both
Cylinders ). The Japan Society of Mechanical Engineers, 1987, 30(265): 1069-1079.

[71 X0, fEZets, ARt 3 B Ag SOWEM SR BUE B Samas ity o b, <8 17724k, 2005,
23(1):29-34
DENG Jian, REN An-lu, ZOU Jian-feng. Numerical simulations of flow around two circular cylinders in
cruciform arrangement and vortex structures analysis. (in Chinese). Acta Aerodynamica Sinica, 2005,
23(1):29-34

[8] C.H.K. Williamson. Vortex Dynamics in The Cylinder Wake. Annu. Rev. Fluid. Mech., 1996, 28: 477-5309.

[9] C.H.K. Williamson. Three-dimensional wake transition. J.Fluid Mech., 1996, 328: 345-407.

[10] ®iEs. LFARZES) /g2 s ol ik, 2000:72
Hu Haiyan. Nonlinear Dynamics. Aviation Industry Press. (in Chinese). 2000:72

[11] ¥R, THBORIA 2 8 1547 A — P2 g i FUHESR S LR & SO it 7. 52 EOR S 18 18 3, 2004
Xie Xilin. The framework of an experimental study of the dynamic behavior of open flow field space and a
few classic flow field. Fudan University doctoral thesis. (in Chinese). 2004.

[12] B sE, Wk, BRiGEL, M. BT B R EIG LI F gk iR RIS |3 #4708, 1
T, 2010, 31(3):319-328.

SHANG Xuan-ting, XIE Xi-lin, MAR Wei-wei, YANG An. Experimental Studies on the Spatial Dynamical
Behaviors of two Dimensional Wakes of a Circular-cylinder based on Self- and Cross- spectra. (in Chinese).
Chinese Quarterly of Mechanics, 2010, 31(3):319-328.

2012, %554 55310:250-2509.

XIE Xilin, MA Weiwei. The primary ideas and methologies of spatial dynamics analysis of real open flows
and some contemporary developments. (in Chinese). Online published in http://www.paper.edu.cn/,
2012,5(3): 250-259.

2 Re=68 TESIRERMZTEENL (St=0.11)
Table 2 The spatial evolution of the primary frequencies at Re=68 (St=0.11)
RN E [ AL BE L TEMNRE x/d BT

b ZE 1d 6~86 41 /8




6~20 6f/8

2 3d

20~86 2f/8 /8
2 6d 6~86 f/8
B2 1d 6~86 41 /8

6~20 f
HYZE 3d

20~86 2f/8 6f/8

6~42 f
Y2 6d

42~86 {RAT B

%< 3 Re=84 TESFIMEMTEEIL (St=0.13)
Table 3 The spatial evolution of the primary frequencies at Re=84 (St=0.13)

WA E A% Ja) L TEMRE x/d FEME f,
bR 1d 6~86 41 /8
6~19 6f/8
19~26 2f/8 /8 12f/8
Hub 2 3d
26~53 f/8
53~86 2f/8 /8
6~14 f/8
ey 6d 14~42 7118
42~86 2f/8 /8
) E 1d 6~86 41 /8
- 6~17.5 f
3d 17.5~40 6f/8
(LA 3.1
40~86 f/8
6~3
By 6d 8
38~86 fRAE

&4 Re=103 TESIMEMTEEMN (St=0.14)
Table 4 The spatial evolution of the primary frequencies at Re=103 (St=0.14)

FES Y A [ FE AR L TR E x/d IR |,

HFb 2 1d 6~86 3f/8

6~17 2f/8 6f/8
HFb 2 3d 17~65 21 /8

65~86 2f/8 41f/8

6~44 7f1/8
VY= 6d

44~86 f/8

6~13 f
Y2 1d

13~86 5f/8

6~14 21 /8
Y2 3d

14~86 2f/8 6f/8

6~75 f
Y2 6d

75~86 {RAT B

5 Re=119 TESIMEHPZEENL (St=0.15)



Table 5 The spatial evolution of the primary frequencies at Re=119 (St=0.15)

LA E [ e ) P L TR E x/d FEIE f,

b2 1d 6~86 3f /8

‘ 6~31 6f/8

b2 3d 31-86 2t /8

b2 6d 6~86 f/8
6~21.5 f

B Z 1d 21.5~59 6f/8

59~86 3f/8

» 6~21 6f/8

B2 3d 21-86 2% /8
B2 6d 6=30 f

30~86 (702

&6 Re=134 TESIMEMTEEMN (St=0.16)
Table 6 The spatial evolution of the primary frequencies at Re=134 (St=0.16)

e A= [ A%: (] 2 L TENRE x/d F 3 1,
. 6~36.5 3f/8
bR 1 36.5~86 AR
. 6~37 6f/8
i 3 37-86 R
6~28 f
b2 6d 28~55 f/8
55~86 AR
. 6~39.5 6f/8
B td 39.5-86 HEL
6~18 6f/8
Y= 3d 18~45 2118
45~86 IR B
I 6d 0= f
32~86 IR B

£R7 Re=171 TESIMEMTELEL (5t=0.17)
Table 7 The spatial evolution of the primary frequencies at Re=171 (St=0.17)

LA E GIEEHEN N TR RE x/d ESHE 1,
b2 1d 6~86 IR
Hb 2 3d 6~86 IR
b2 6d 6~86 AL
B 1d 6~86 AL
B 3d 6~86 IR

B 6d 6~86 {RAT B




