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Abstract—In this paper flow around two cam shaped cylinders Nishiyama and Ota [8] studied experimentally heangfer

had been studied numerically. The equivalent dianwftcylinders is
27.6 mm. The space between center to center ofcamo shaped
cylinders is define as longitudinal pitch ratio a@hdaries in range of
2<L/D¢<6. Reynolds number base on equivalent circulaindgt

varies in range of 50<R&300. Results show that drag coefficient of

both cylinders depends on pitch ratio. However dragfficient of
downstream cylinder is more dependent on the péth.

characteristics of two elliptic cylinders having awis ratio
1:2. They were placed in tandem arrangements aidahgles
of attack to the upstream uniform flow were ideaiticThe
testing fluid was air and the Reynolds number basedhe
major axis length C ranged from about 15,000 t®@0, The
angle of attack was varied from 0 to 90 deg at &9 idtervals
and the nondimensional cylinder spacing L/C fro2blto 4.0.

Keywords—Cam shaped, tandem cylinders, numerical, draB_haS been found that the heat transfer featusgsdrastically

coefficient.

|. INTRODUCTION

HE Spatial arrangement of two cylinders can bestfiasl

into three categories, namely, aligned with thedtion of
the main flow (in tandem), placed side-by-side, plated in a
staggered arrangement. In the tandem arrangenient|aw
field and heat transfer depend highly on the camfijon and
the spacing of the cylinder pair due to both wakel a
proximity-induced interference effects.

There are many experimental and numerical studip44]
devoted to the flow and heat transfer over two uiéc
cylinders with different arrangement. As it is cldeom the
previous studies [5], [6] drag coefficient of cilau tube is
more than streamline cylinder. There are some asudbout
flow around tandem streamline cylinder.

Flow around two elliptic cylinders in tandem arramgent
was experimentally investigated by Ota and Nishigam).
The elliptic cylinders examined had an axis ratiol® and
they were arranged in tandem with an identical @oglattack.
The angle of attack was ranged from 0 to 90 deg taed
nondimensional cylinder spacing L/C from 1.03 t0,4vhere
L denotes the distance between the cylinder ceiatedsC is
the major axis. It has been found that the flowrabgeristics
vary drastically with the angle of attack and alise cylinder
spacing.
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with the angle of attack and also with the cylindeacing.

They were also found that, at narrower cylindercsgpand
smaller angles of attack, the heat transfer capaifitthe
elliptical cylinders considered here is comparabléhat of in-
line circular cylinders.

The aim of characterizing its features or develgpin

reduced-order models that predict the induced éveces on
it. So, the purpose of this study is to numericéfiyestigate
the flow characteristics of two cam shape cylindefrequal
equivalent diameter in tandem arrangements sulbjectoss
flow of air.

Il. PROBLEM DESCRIPTION ANDGOVERNING EQUATIONS

The cross section profile of the cylinder comgdissome
parts of two circles with two line segments tangenthem.
The cylinder have identical diameters equal to dwirh and
D=22 mm with distance between their centers, |I=183, iffig.
1). Characteristic length for this tube is the dien of an
equivalent circular cylinder, Deg=P/=27.6 mm, whose
circumferential length is equal to that of the csimaped
cylinder.

The typical solution domain and the cylinder bougda
definition and nomenclature used in this work aneven in
Fig. 2.The inlet flow has a uniform velocity,,Urhe velocity
range considered only covers laminar flow conddiofhe
solution domain is bounded by the inlet, the outeid by the
plane confining walls, AB and CD. These are treatsdsolid
walls, while AC and BD are the flow inlet and otifdanes.

In order to decrease the effect of entrance andetout

regions, the upstream and downstream lengths Hs&,., and
50D, respectively and for neglecting the wall effects
cylinders the distance between walls is 30D

Equations are written for conservation of massmanchentum
in two dimensions. Cartesian velocity componentnd V are
used, and it has been assumed that the flow islystaad
laminar, while the fluid is incompressible and Nemmn with
constant transport properties.
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Furthermore, the effect of viscous dissipation églacted. However, the drag coefficient for the downstreartincgr
The governing equations consist of the followingeth increases about 56 percent as the pitch ratioaserérom 2 to
equations for the dependent variables U, V anceP ar 6 but the drag coefficient for upstream cylindel Wwe more

like single cylinder in cross flow.

@Jﬁ@ -0 (1) Fig. 6 and Fig. 7 represent CDP and CDF. As thehpiatio

ox dy increase from 2 to 6, CDP and CDF increase abo6fltand

47 percent respectively.
du  du P d°u  0’u
P[uax +V0yJ = Y + Fv +13sz ) V.CONCLUSION

In this study flow around two cam shaped cylindersad

) 5 been investigated. The dependency of the dragicieeff for

p(ua"ﬂ,a"j:_ap+ [aVJran (3) cam shape cylinders on the longitudinal pitch rasioquite
ox oy oy ox*  oay? clear from the results.
Equations (1) to (3) are the conservation of masand y
direction momentum equations, respectively. The ndauy
conditions used for the solution domain shown ig. & are
uniform inlet velocity, fully developed outflow ando-slip
cylinder surface boundary. The total drag coeffiti®r a cam

shaped cylinder is

Wall
c. - o 4) AL A 5
® 0.50U°D,
Ueo
Where, F is the total drag force exerted by the fluid ome th —>yL
—L

. N — 30D
cylinder per unit cylinder length. |, o
Teo | Tw E—
[ll.  NUMERICAL METHOD _4‘ 15Deq | L | 50Deq |

This problem considers a 2D section of a cam shaped

cylinder. For the simulations presented here, deéipgnon the c D

geometry used, fine meshes of 150000 to 200000esienfior
L/De2 to 6 were used. The computational grids usetthig Fig. 2 Solution Domain
work were generated using the set of regions showag. 3. (a)

In this domain quadrilateral cells are used in tegions
surrounding the cylinder walls and the rest of dognain. In
all simulation, a convergence criterion pf10°was used for
all variables.

The governing equations with appropriate bound
conditions are solved using finite volume approaelsed in
Cartesian and coordinate systems.

The second order upwind scheme was chosen
interpolation of the interpolation of the flow vables. The
SIMPLEC algorithm [9] has been adapted for the fures (b)
velocity coupling.

IV. RESULTS ANDDISCUSSION

For the purpose of the validation of the solutisagedure, !
it is essential that CFD simulations be comparedh v
experimental data. Fig. 4 compares the drag caexffic
circular cylinder with the results of Zhukauska®][1There is
a difference of about 8 percent between the pressntts and
the results of Zhukauskas. It can therefore be loded that i
the CFD code can be used to solve the flow fieldsfailar ig. 3 Computational grid: (a) entire computatiodamain. (b)
geometries and conditions. closer view around cylinders

The effect of the longitudinal pitch ratio from & 6 over
total drag coefficient presented in Fig. 5 and dam shaped
cylinders.

1205



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:7, 2012

Zhukauskas [10]
Present Work
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NOMENCLATURE

Small diameter

Large diameter

Distance between centers of two catimdgrs
Distance between centers

Pressure, circumferential length

Reynolds number,,D/n

x-direction velocity

y-direction velocity

Distance between stagnation point aretye
Point on circumferential length

><<C(JDJ'U'\|—UQ_

(i) Greek
P Density
u Kinematic viscosity

(i) Subscripts

Cam  Cam-shaped cylinder
Cir Circular cylinder

eq Equivalent

00 Free stream
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