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An Investigation of Flow Around square Cylinders in Tandem
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ABSTRACT

Results of an experimental study of aerodynamic forces act on. two square cylinders in tandem
arrangement in a unit'rom cross-flow are presented. A critical spacing equal to four times the
w.idth of the cylinder is found to exist, when the drag force changes sharpty. For spacings less
than the critical anlue_, the downstream cyliniler is subjected to a negatioe-drag foice. V"elocity
distributions within the spacing and in the wake of the downstream cylinders-aie found to ie
self similar.

NOMENCLATURE

b Characteristics shear laycr width
dcfined as the distance from the
centrc of the cylindcr to the point
where the velocity becomes
maximum.

Cp Drag cocffici"r',t = -, L

fu""
P-P^Cp Mcan prcssurc cocfficicnt =;*
)ru"'

D Side lcngth of thc square cylindcr.
FD Drag force pcr unit lcngth acting on

thc cylinder.
L Strcamwisc ccntre to centre distance

. betwccn the two squarc cylindcrs.
P Local static pressure
Po Frcc stream static pressure

Re Reynolds numbcr = DUu/v
u Mean axial vclocity
Au Velocity dcfcct ,u-Uo.
Ar*u* Maximum vclocity dcfcct,

U)o'max
Uo Frcc strcam vclocity
X ' Distance from the centrc of

cylindcr in thc strcamwise dircction.
Y Distance from the ccntre of the

cylinder in the transvcrse dircction.
v Kincmatic viscosity of air.
p Dcnsity of air.
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INTRODUCTION

Flow past a cylinder is always associatcd
with the separation of flow behind the
cylindcr incurring large energy losses.
Specially in the case of flow past rectangular
and square cylindcrs the separation of flow
occurs at the corners of the frontal face and a

complcx wake is creatcd bchind it. Again
whcn more than one cylindcr is placed in a
uniform flow, the surrounding flow
phcnomcna bccomes morc complex and results
in a different characteristics than in the case
of a single body.

Till now extensive works havc bcen carried
out on a single cylindcr and study on multiple
cylindcrs is a vcry recent endeavour. An
extcnsivc rcview of such works can be found in
Zdrakovich (1977) and Ohya et al (1990).
From the flow induced vibration point of
view, the squarc cylindcr is also very
intcrcsting shapc as it is subjcctcd to both
vortcx resonance and galloping [Luo & Teng,
19901. The square cylinder has also great
importance in enginccring as many buildings
have eithcr a square or a rectangular cross-
scction. The intcrference of the wind load on
the square or rectangular cylinders may be
investigated either for the cylinders in
tandem or staggered arrangemcnt. This paper
rcports on the interfcrcnce of the pressure
distribution for two equal size square
cylinders placcd in tandem arrangemcnt.
Othcr rcfcrcnces that rcport on thc rclated



topics are Cowda & Sithccq (7997), Luo &
Teng (1990), Mandal & Islam (1980), Bcarman

& Trucman (1972),lgarashi (1982).

EXPERIMENTAL DETAILS

Thc expcimcnt is carricd out in an opcn circuit
subsonic wind tunncl in thc Fluid Mcchanics
Laboratory of Mcchanical Engineering
Dcpartmcnt, BUET, Dhaka. Thc tcst scction
of the wind tuncl is 457 mm x 457 mm in cross

scction and 1.5 m long. Air entcrs the tcst
section after passing through a settling
chamber, a convcrging mouth and a honey
comb. Thc flow is produccd by a two stagc
contra-rotating axial flow fan. Though the
fan is capablc to producc a maximum velocity
of about 50 m/s irr thc tcst scction, thc tcst is
carricd out at 7.5 m/s,14 m/s and 19 m/s of
wind spccd and thc turbulcncc intcnsitics arc
cstimatcd to bc lcss than 0.4olo.

Two squarc cylindcrs 457 mm long arc mountcd
horizontally in tandem position in thc
middlc of thc tcst scction (scc fig. 1). Thc
cylindcrs arc madc of 4 mm thick pcrspcx
platc and cach has a 50 mm x 50 mm cross
scction. The aspect ratio of cach cylindcr is 9
and 1.0 mm dia 36 prcssure tappings (9 on cach

sidc) arc madc in thc mid span of cach
cylindcr. Thc PVC tubings from thc prcssure
taps arc conncctcd to thc various ports of a

sclcction box typc FC091 (Furncss Controls
Ltd., UK) which are in turn conncctcd to the
micromanomctcr typc FC-012 (make: Furncss
Controls Ltd., UK) with an accuracy of 0.1 mm
of watcr column. The frcc strcam vclocity
through thc wind tuncl is varicd from 7.5 m/s
to 19 m/s with thc hclp of a dampcr placcd
downstrcam of thc fan.

In thc prcscnt papcr, mcasurcmcnts are
carricd out at dimcnsionlcss strcamwisc
spacing of 1.5 < L/D < 9. The mcan vclocity in
the wakc of thc cylindcr are mcasurcd by
pitot static tubc connccted to thc
micromanomctcr.

RESTILTS AND DISCUSSIONS

The mcasurements are carried out at three

Reynolds numbers namely 2.5 x 1&, a.7 x 1&
and 6.5 x 104 for various spacings bctwcen the
cylinders. Fig. 2 shows the variation of drag
coefficient with dimcnsionlcss spacing L/D.
The results of Takano et al (1981) and Luo &
Tcng (1990) are also prcscntcd in the figure. A
critical spacing equal to L/D = 4.0 is found to
cxist, whcn Cp for both cylinders incrcascs

very sharply. For downstream cylindcr (cyl.

2) ncgative drag exists for L/D < 4. However
whcn L/D > 4, positive drag occurs. An
explanation is givcn by Luo & Teng (1990) for
the abovc obscrvation. Whcn L/D < 4 the
boundary layer that scparates from the
upstream cylinder rcattachcs on to the
downstrcam cylindcr and a rcgion of slow
moving fluid is formcd which is boundcd by
the shcar laycrs and thc two cylindcrs. The
boundcd rcgion is at a pressure that is lowcr
than thc wakc prcssurc of the downstrcam
cylindcr and hcncc thc lattcr is subiectcd to a
ncgativc drag force and only the downstrcam
cylindcr is shcdding vortices. This fact is
suppoortcd by the prcssure distributions

shown in figures 3 & 4 for Re = 2.5 x 104. For
L/D > 4, both cylirrdcrs arc shcdding vorticcs,
thc prcssure distribution at thc rcar sidc of
the downstrcam cylindcr is lowcr than the
front sidc and thus subjcctcd to a positive
drag. The effcct of the downstream cylindcr
on thc upsircam cylindcr can be notcd from
the prcssurc distribution shown the fig.3. The
f ront face of the upstrcam cylindcr is
unaffcctcd whcrcas the rear facc expcricnces
thc cffcct of thc critical spacing and thus also
giving a diffcrcnt CO valucs for the upstrcam
cylindcr bcfore and aftcr thc critical spacing
L/D = 4-0. Since the cylinders are
symmctrical, indcntical prcssure distributions
occur at top and bottom faccs resulting zcro
lift force. The similar bchaviour of prcssurc
distribution for other two Reynolds numbcrs is

also obscrved.
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Fig. L : Experimental Setup.
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The mean velocity defects in the wake of the
up-and downstream cylindcrs are prcscntcd in
figs. 5 to 7. The velocity profile in the wake
of the downstrcam cylinder (cyl. 2) for 3.5 <
L/D < 4.5 are self similar and agrees well
with the theoretical equation

*5 41-1y16y3/2p (1)
AU max

obtained by Schilichting (1930) for plane
wake (sce fig. 5). The velocity distribution in
the spacing bctween the cylinders are
presentcd in figs. 6 andT for L/D < 4 andL/D
> 4.0. For L/O > 4 the vclocity profile agrecs
again with the theorctical equation (1) but
for L/D < 4 due to the cxplanation given
earlier, the velocity distribution is self_
similar but very diffcrent from the
theoretical equation.

CONCTUSIONS

From thc rcsults prcscntcd and discusscd for
two square cylindcrs in tandcm arrangmcnt
thc following conclusions arc drawn :

1. A critical spacing is found to exist at
L/D=4.0.

For L/D < 4, the downstream cylinder
is subjcctcd to a negative drag force.

The velocity profilcs bchind the
downstream cylinder are self similar
and agree with the theoretical
equation for wake of a single cylindcr
irrespcctive of L/D.

a

The velocity dcfccts in the spacing
between the cylinders are also self_
similar, but for L/D > 4, the profiles
agree with the thcoretical equation
and for L/O < 4 it is very different.
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