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ON THE AERODYNAMIC INSTABILITIES OF
TANDEM CIRCULAR CYLINDERS

By Naruhito SHIRAISHI, Masaru MATSUMOTO, Hiromichi SHIRATO,
Nobuyuki SAGAWA and Tetsuya YOKOTA

Synopsis

Wake Galloping is defined as cross flow oscillation of leeward cylinder in higher wind velocity
due to Kdrmén vortex shedding when two cylinders are suitably arranged in series with approach-
ing flow.

In this study, in order to discuss the physical mechanism of Wake Galloping, some wind
tunnel experiments were carried out, like static and dynamic pressure measurements on the surface
of leeward cylinder, flow visualization by smoke wire method. On the basis of these measure-
ments, some characteristics concerning the relationship between the flow pattern around two
circular cylinders with the unsteady pressure are investigated.
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RhiENE s 5 x/D=—08 Ti3 Point No. 1 BENENEED Y~ %> T3, (Fig. 11 BR)

F7z, EEBIREMTITENES S x/D=—0.6~-0.8 Ti3, Point No. 13, 14, 15, 16 It B THEEEOD
248 EE VS FERTRKEBAENE LT D, ThZENOTHILIZRITE T, Wake Galloping iR
iz b IREERIEBN « A LS50 T Gop-Flow ORET B LBHERINTEY, COERIKLS
yDEEzoh (Fig. 11 x/D=-08 BH), Gap-Flow DRBICL A fhoazh, OEREKIC &R
DRUOWEI BT 3 RANOEERREZLLOTLOLHKIN S,

z# 5 Stagnation Point O #47% & ¥ Gap-Flow itk 3 EH DT R, ERAMEO%IRE LB
LEEEHE LD EBbhB, 351, Wake Galloping DEBRENERICEL STRIF—FMEEL S L0
SIERED, MBLELEAERTRIZE-ETHIELAIETE O EELI SN,

Fig. 12 i3, #EHAOEBHENZEZBRMC LIcHERBEICESI L, BOhBHIRE C ORBEH LR
BEL x/D o VY-V 2EHN I bOTH B, RPOB#KIL Fig. 9 TREINBHBHRBOHEET
5%, BHBAEBERARCEEEBNBRRICINTS X/D=03 BLU0.3FIL 25D~ 7 RAD S
hz, X/D=03fEOC -7 XWHELL C=—07~—-08 LIFIFALVvNITH BN, X/D=08 5D
Y— 7 TRERESNIGNBHOIEULIKELTED, WlD Gap-Flow DRBICL 3 Hhoazh
KE{EBLTVEbDEEXZ DN S,

PEXY, EEEES « EEEHH & OICRBEMIED « BALRE B HEEZRVTIZIZHE BEITEN
v RED, BN BRHETIR switching flow &0 3 HhORES WKICERT 3 BETERWIES
FURELREOL, BERBEOMKAREBEREETI60DLEIL 503,

3.6 MEHER A8k

Wake Galloping ORHICIY, HWHEEOBFHIMEM LZOEBBH LRBZEMLOMICBENFETSC
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EHBELBR NI ENHEHILTE R, CL
Ruschewey! i3, BMZERHHEMHE & Wake \
Galloping ORFOMEMICHEEL, T OHH%E ‘\
BEREREAOCCRBEH FERCERLL, b :
IEREBRBERWTELLLERLI, ZCTRE \
SICHML L REFBRAEERLL, RBEME

LB ORI E HtWake Galloping D RHEIT & 72

X/D
STHRBCONTERT S,

PRICERTIEE R BEM x it L a4
L7 e REENB SO LTI, EHHBRI \
RK(1)TEDbINL,

$+ 20k +odr=1,(x(t+1) \
)

RS £ BEHL x 1O UAEREN 15 BRI CL(X) = CroX/D
LERT S, CCTRWHEDLY Fig. 13 LR Fig. 13 Coefficient of Lift Force
TS50, BHMEL x/Dicd 3 BEEHEK
i EFREHEOAR C ZAVT, R(2)D& 5 KHHEMT %0

Crxt+e)=C, o_x.(JDi'i (Cro>0)eerseeerevemscosemssemenenesemmsenes sensisnas os @
WEEBREEMT S LBEN [, RR(3)THEALNE,

fL(X(I-I-r)):—.;—pul% Cl.oﬂ%-l ............................................................ 3)
x=xosinwt LH|HBERELT, RB)ER(1)KRATS &

(—w’+w5—%pu’—’%‘—cos go) sin wl+(2$wow—cl_o—;—-pu‘ %sin go) cos wt=0 - ()]
ZZTo REMx THTEELRN [, OMEETHYRA(5)TCEDLEINS,

QEEQE +eeree e e e e e e e bR s e e a e en s ene ®)
R(4)OE2HR * CHTIREFETH D, AHEBIRAT ZHNARBORBICS 1T

% U2 %c“ SIM @0 rereererrrerentninier et a st b e r s aerens (6)
L BBERDY, Col0kd

SIN QD +eerreere oot )

MERIL LIS TR S0,
Fr, RAIRBOTE2H=0L Bl &ickh, BRERE V., ¥R (7)DLSkdoh 3,
}fg =7 %Z—Jsin—;c; ............................................................ (8

R(7) &b, Wake Galloping MY 3 diciy, EBELHBRBEIICH U THHEBLORREICS
BLEMBBEHELIEE, CDOT LR, Fig. 2 KBV TEBERBRBEMICH UTHAREBhTHS
EVHERMRE—HT B,

. ¢t F v

EPETIE, wake NKEDPNIFRAUMEOBHENBHER D & L bir, REMNED FERERS
¥t & Wake Galloping OBIEICOWTER L ZOREA 1 =X AXOVTRIPEMALIN, ETOHRES
hicHREUTICAET 5,

Vo=
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(1) Wake Galloping 13 LRI T 2 THMHEOHMMES (3D, 0°), (3D, 4°) &3 H#HIR
SN RMEIRTREAT 50 ‘

(2) HEL Scruton Fht Wake Galloping IGERIFIC b7 o HER, o BB LEE TR
boLBbh3,

&) THAUMHEEZIAMEASFCBBHISLBEOBNENSHIL, RO IS0 4 — it EIhis,
- TYPE-1 (X=0fif) BIFARKOOTAENLE U SH, 0=60° 300° {:ECENSICK ZEAREH
HET 5,

TYPE-2 (X=03D{}i£)  Stagnation Point 2 9=340° {1ificBH L, 6=45° f#3Eic Gap-Flow itk
BRERAEDY -7 2D,

TYPE-3 (X=08D f1if) BIMEOEHSHHRITEMUL, 6=90° ffiFic Gap-Flow itk 52 k=7
Eov— i,

() BEEHSAEEZWEHE D 85 LBEHEREL, BOEE X=03D 8L 08D iEIK220
-2 %%, TOERBEhTH TYPE-2, TYPE-3 OEAAAHRICE 2 b0 LM sh5,

(6 Mhor#ibir 5, Wake Galloping IREIFICB TS, REIZ LA/ » BARICIZ Gap-Flow @
RETEC MBI,

©) THRUMAENEAROEBEHERE C BXUCEHBAIRYE G 3, BBHEMSEN « BARLIRS
BEHREIGENT EHBWSHEN 1 B« BRI 212, Gap-Flow DRBICES hoa®
KX - THAKBOWIEEEREE2 ST O LHMEN S,

() ERBEEAD) V-9 adho, LEMAEORRKIEN Wake Galloping OFEBIRIEICEEEESHD
EEZoh, RECKL STINEREMZTEI—-ETH S L0 5 AE—EHEENETERER OGNS 5h
3,

®) K eBRAOMMELERUERHERp S, Wake Galloping REONELM: L& LT, T
HHRBEALICH UTHEBNh TH 3 C & pslhh, EEFRLHAEERLO—HHBBD Shiz,

BEIC, AWREZRITTICHL)RALZR - ¥ -2 BEERSAREHH L8, BEAZTES B
BYNK, BLUMBRILKERUD LT 3RFPAFIESBRTERREOMNITLD SBHOES
£7 5,

e £ X W
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