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a b s t r a c t
The effects of uniform suction and blowing through the surfaces of a square cylinder on the vortex shedding, wake ﬂow and heat transfer are investigated, Re = 70–150, Pr = 0.7. All numerical simulations are
performed with a ﬁnite-volume code based on a collocated grid arrangement. To ﬁnd the optimum condition, where vortex shedding suppression occurs and the maximum reductions on the forces and their
ﬂuctuations provide, three simple cases are examined. In these cases, the inﬂuence of the uniform blowing and suction only through the front surface (case I), rear surface (case II) and top/bottom surface (case
III) is studied at Re = 150. Based on the obtained advantages of these simple cases, different combinations
of the suction and blowing on the cylinder sides are considered and an optimum case is introduced. In
this case, suction is applied on the top and bottom surfaces and blowing is employed on the front and
rear faces. The effect of the Reynolds number on the results for the optimum conﬁguration is also investigated (Re = 70, 100, 150). This study shows that the lift and drag ﬂuctuations for the optimum conﬁguration decay and the maximum reduction on the drag force are 61%, 67% and 72% for Re = 70, 100, 150,
respectively. An optimum case with respect to heat transfer is also introduced where suction is applied
through all surfaces.
Ó 2014 Elsevier Ltd. All rights reserved.

1. Introduction
Flow-induced vibrations and generation of the ﬂuctuating
forces are major problems in most of the ﬂow systems in engineering and industrial applications. If this phenomena is not considered
in design of an engineering structure, it can demolish the structure
due to oscillations. The structure of the wake region and the shape
of vortex formation are main factors for the value of the ﬂuctuating
forces exerting on the structures. Thus, the elimination or reduction of the ﬂuctuating forces and vortex shedding from such bodies
by the application of the various passive or active ﬂow-control
methods is necessary. Passive ﬂow control methods require no
external energy input, typically changing the geometrical conﬁgurations such as splitter plate, small control cylinder, trip wire or a
grooved wall, change of surface roughness, adding ﬁxed mechanical vortex disturbers, ribs or large eddy breakup devices on to the
main body to inﬂuence vortex shedding [1–7]. Active ﬂow control
methods require an energy input. Solid wall motion, blowing or
suction from a surface, the injection of micro bubbles or particles,
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acoustic excitation, periodic rotation or oscillation of a body, and
electromagnetic forces can be given as examples to active control
methods. These methods due to kinds of energy that is used
divided to three kinds: (1) Actuators (electromagnetic, acoustic
forcing, etc.), (2) motion of the solid wall (forced cylinder vibrations) and (3) generate secondary ﬂow (suction, blowing, bleed)
[8–11].
A limited number of literatures have been published reporting
the effects of injection or suction through a bluff body on the
aerodynamics parameters and heat transfer characteristics.
Mathelin et al. [12] numerically studied the ﬂow around a porous
circular cylinder in a cross-ﬂow when complete blowing was
applied through the cylinder at Reynolds number range of
3900 < Re < 31,000. They revealed that the pressure defect at the
rear of the circular cylinder tended to ‘‘ﬁll up’’ with blowing, leading to lower transverse static pressure gradients in the near wake.
Fransson et al. [10] conducted experiments on the ﬂow around a
porous circular cylinder subject to continuous suction or blowing
at the range of Reynolds numbers of 8.5–25  103. Their results
show that the drag coefﬁcient of the cylinder increases linearly
with the blowing rate, whereas for suction there is a drastic
decrease at a speciﬁc rate. Also, it was observed that the Strouhal
number decreases with blowing and increases with suction.

