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1. Introduction

Analysis of vortex shedding and wake region 
behind bluff bodies plays an important role in 
industrial and engineering applications such as 
thermal protection of high-speed systems, heat 
transfer enhancement in heat exchangers, drag, 
lift and vibration control, dynamic install, 
reducing acoustic effects, etc. Main problems in 
flow systems in such applications are flow-
influenced vibrations and oscillating forces due 
to flow velocities. There are two methods to 
overcome the problem by reducing the 
fluctuating forces and mitigating vortex 
shedding. Passive and active flow control 

techniques are used to design industrial 
structures. The passive method works by 
modifying the geometrical shape or attaching 
extra devices such as sinusoidal front and rear 
faces, slot flow, splitter plate, control plates and 
rods (e.g. [1-8]). Injection and suction through a 
surface, electromagnetic forces, rotationally 
oscillating body, bleeding through a surface, 
using streamwise oscillating foil and exerting an 
external magnetic field ([9-15]) are some 
examples of active methods, which work with 
energy input. Generating secondary flow like 
transpiration through perforated surfaces of a 
bluff body as active control of the flow field can 
control the characteristics of boundary layers 
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such as boundary layer thickening, surface skin 
friction and drag reduction, avoiding the 
separation of the boundary layer and hence 
preventing the transition to turbulence, etc.  
Numerous papers have been published analyzing 
the effects of blowing from a perforated surface 
to the main flow. Simpson [16] reviewed the 
characteristics of turbulent boundary layers at 
low Reynolds numbers with and without 
transpiration. Schetz and Nerney [17] studied the 
turbulent boundary layer experimentally with 
blowing and surface roughness and reported that 
increasing the injection rate increases turbulence 
intensity in the boundary layer. Effects of mass 
bleeding into the flow have been experimentally 
investigated by Yang et al. [18]. The results 
reveal that the reverse horizontal velocity and 
flow rate, turbulence intensity, and Reynolds 
shear stress suppressed within the whole 
recirculating zone as a result of normal mass 
bleed. Bellettre et al. [19] analyzed the turbulent 
boundary layer in case of injection from a porous 
plate and observed an important decrease in the 
friction factor heat transfer coefficient by the 
injection rate. Hwang and Lin [20] adopted an 
improved Low-Reynolds number k-ɛ model to 
predict the dynamic and thermal fields in the 
flows with uniform wall injection and suction 
using DNS data of channel flow. Meinert et al. 
[21] measured the velocity and temperature 
influence of foreign gas transpiration on skin 
friction and heat transfer. Kudriavtsev et al. [22] 
numerically studied external flow over a porous 
flat surface with cross-flow injection that 
suppress drag at the interface between the 
boundary layer and the solid wall. Bazovkin et 
al. [23] performed numerical simulations of low-
velocity gas flow past a flat plate to analyze the 
intensity of micro blowing from some part of the 
surface. Kornilov et al. [24] numerically and 
experimentally investigated the characteristics 
of turbulent boundary layer on a flat surface with 
the injection of air at the expense of the resources 
of an external confined flow. The results show 
that the local surface friction coefficient 
decreases constantly along with the plate. 
There are limited numbers of literature that 
studied the effects of blowing/suction from the 
surfaces of a bluff body on the aerodynamic 
parameters and heat transfer compared to a large 
number of papers investigating the turbulent 
boundary layers on perforated plates with 
normal injection. Hannemann and Oertel [25] 
simulated the development of the wake behind a 

flat plate at 𝑅𝑒 = 200 numerically and found 
that base bleeding from the plate reduces the 
strength of the vortex street. Ling et al. [26] 
numerically studied the vortex shedding over 
porous square cylinders subjected to suction and 
injection and analyzed the Strouhal frequencies. 
Schumm et al. [27] experimentally studied the 
Kármán-vortex shedding in the wake region of 
two-dimensional bodies and investigated 
different control actions, such as wake heating, 
base bleed and body oscillations. Mathelin et al. 
[28] show that the dynamic and thermal 
boundary layers around a circular cylinder 
affected strongly by blowing with the 
experimentally investigated study. Ling and 
Fang [29] numerically investigated the effects of 
surface suction or blowing's strength and 
position on the lift and drag forces and vortex 
structures at 𝑅𝑒 = 100. The results reveal that in 
some cases suction suppresses the asymmetry of 
the vortex wake and reduces the lift or reduces 
the drag force significantly. Fransson et al. [11] 
in an experimental  study found that continuous 
injection and suction at moderate levels through 
the cylinder walls have a large impact on the 
surface pressure distribution, vortex shedding 
frequency, and the wake flow behind a porous 
circular cylinder. An experimental study of the 
effects of transpiration from a perforated surface 
of a square cylinder in a two-dimensional 
turbulent flow on some aerodynamic parameters 
is presented by Çuhadaroğlu et al. [30]. The 
results reveal that the pressure and drag 
coefficients affected based on the perforated 
surface position of and the injection rate.  An 
effective technique was presented by Dong et al. 
[31] to suppress the flow-induced vibrations of 
bluff bodies and find that combined injection and 
suction reduce the fluctuating lift force. 
Çuhadaroğlu and Turan [32] numerically studied 
the turbulent flow around a square body 
subjected to suction/injection from different 
surfaces and have found that the parameters such 
as Nusselt number, drag coefficient and vortex 
shedding were affected in some cases. 
Çuhadaroğlu [33] studied the effects of 
injection/suction from a porous square cylinder 
on the flow field at 𝑅𝑒 = 21400. The numerical 
results reveal that increasing suction velocity 
decreases the drag coefficient while applying 
suction from the top/bottom body faces attenuate 
the vortex shedding movement. Turhal and 
Çuhadaroğlu [34] analyzed the effects of the 
surface injection from various permeable 
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surfaces of the diagonal and horizontal square 
cylinders on some aerodynamic parameters for 
various Reynold numbers. Experimental results 
show that blowing from the top-rear, rear and all 
surfaces of a diagonal square cylinder reduces 
the drag coefficient for all Reynolds numbers. 
Furthermore, blowing from all surfaces of the 
horizontal square cylinder reduces the drag 
force. Çuhadaroğlu and Turan [35] analyzed the 
impacts of injection/suction on heat transfer over 
the velocity and temperature wall functions at 
𝑅𝑒 = 21400. The results show that suction 
increases the heat transfer while blowing from 
the rear surface caused thermal protection. 
Sohankar et al. [36] investigate the impacts of 
uniform injection/suction from the surfaces of a 
square cylinder on the flow field and heat 
transfer at low Reynolds numbers. The study 
demonstrates that the optimum case happened 
ate suction from all surfaces of the cylinder. 
Teimourian et al. [37] experimentally studied the 
effects of wake suppression by entrainment of 
fluid around the perforated square body on the 
flow structure and vortex shedding. The results 
show that velocity profiles and flow structure 
have been affected by different perforated 
surfaces and, as a result, wake structures have 
been reduced considerably. 
This review shows that the effects of the 
injection/suction from different perforated faces 
of the square cylinders with different perforation 
rates on the heat transfer and aerodynamic 
parameters have not been widely analyzed at 
high and moderate Reynolds numbers, and 
limited papers are present in the literature. Thus, 
the objective of the present study is to investigate 
how suction and injection affect the drag and 
heat transfer in various cases. Due to the 
experiences from the previous studies, the 
effects of uniform injection through the rear 
surface of a square cylinder analyzed at 3.5%, 
10% and 20% perforation rate (Fig. 1) to choose 
the optimum case and 20% perforation case have 
been chosen based on the reduction in the drag 

coefficient. The injection/suction coefficient  is 

defined as 𝛤 = 𝑎 (
𝑢𝑤

𝑢∞
) where 𝑎 is the matching 

constant. Afterward, the influences of 
transpiration from the front, rear, top/bottom and 
all surfaces of the cylinder on Nusselt number 
and drag coefficient have been studied and for 
validation the achievements of this study have 
been compared with the experimental values. 

 
Fig. 1. Variation of the drag coefficient with Γ for 
injection case from the rear surface with various 
perforation rates. 

 
2. Problem statement, numerical method and 
grid 

 
This study reviews transient flow over a bluff 
body. Due to bulk motion in the flow field 
around a bluff body, the time-varying 
component in the wake region includes a 
periodic component. Turbulent fluctuations 
𝜙′ are overlying on a periodic transient motion 
〈𝜙〉(𝑡) in the wake region of the cylinder. In the 

definition 𝜙(𝑡) = �̅� + �̃�(𝑡) + 𝜙′ = 〈𝜙〉(𝑡) +
𝜙′, instantaneous flow quantities 𝜙(𝑡) include 
an ensemble-averaged component 〈𝜙〉(𝑡) 

(composed of a time-averaged �̅� and periodic 

component �̃�(𝑡)) and a turbulent oscillations 
component 𝜙′. Substituting expressions of this 
form for the flow variables into the instantaneous 
continuity, momentum and energy equations and 
taking an ensemble average yield time-averaged 
Navier-Stokes and energy equations as: 
 
𝜕(𝑢𝑗)

𝜕𝑥𝑗
= 0                 (1) 

𝜕(𝑢𝑖)

𝜕𝑡
+ (𝑢𝑗)

𝜕(𝑢𝑖)

𝜕𝑥𝑗
= −

1

𝜌

𝜕(𝑝)

𝜕𝑥𝑖
+

𝜕

𝜕𝑥𝑗
[𝜈 (

𝜕(𝑢𝑖)

𝜕𝑥𝑗
+

𝜕(𝑢𝑗)

𝜕𝑥𝑖
) − (𝑢′

𝑖𝑢′
𝑗)]             (2) 

𝜕(𝑇)

𝜕𝑡
+ (𝑢𝑗)

𝜕(𝑇)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[

𝜈

𝑃𝑟

𝜕(𝑇)

𝜕𝑥𝑗
− (𝑢′

𝑗 𝑇
′)]       (3) 

 
By using Boussinesq eddy viscosity hypothesis 
the Reynolds stress and heat fluxes approximate 
as: 
 

(𝑢′
𝑖𝑢′

𝑗) = (𝜈𝑡) (
𝜕(𝑢𝑖)

𝜕𝑥𝑗
+

𝜕(𝑢𝑗)

𝜕𝑥𝑖
) −

2

3
𝛿𝑖𝑗(𝑘)      (4) 
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Fig. 2. Computational domain. 

 

−(𝑢′
𝑗 𝑇

′) =
𝜈𝑡

𝑃𝑟𝑡

𝜕(𝑇)

𝜕𝑥𝑗
            (5) 

 
Standard k-ɛ model of Reynolds-averaged 
Navier-Stokes (RANS) was used for a two-
dimensional flow. Turbulent energy 
overproduction in stagnation regions and in the 
small regions with high deceleration and 
acceleration around the square corners, which 
affect the vortex shedding, is a disadvantage of 
standard two-equation turbulence models. To 
produce better results, we use a modification 
introduced by Kato and Launder [38]. Turbulent 
kinetic energy production is expressed in terms 
of the strain rate and the vorticity based on the 
Kato-Launder modification. The model 
equations are: 
 
𝜕(𝑘)

𝜕𝑡
+ (𝑢𝑗)

𝜕(𝑘)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜈 +

(𝜈𝑡)

𝜎𝑘
)

𝜕(𝑘)

𝜕𝑥𝑗
] + 𝑃𝑘 −

(𝜀)                             (6) 
𝜕(𝜀)

𝜕𝑡
+ (𝑢𝑗)

𝜕(𝜀)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜈 +

(𝜈𝑡)

𝜎𝜀
)

𝜕(𝜀)

𝜕𝑥𝑗
] +

𝐶1𝑃𝑘
(𝜀)

(𝑘)
− 𝐶2

(𝜀)2

(𝑘)
                        (7) 

(𝜈𝑡) =
𝐶𝜇(𝑘)2

(𝜀)
                           (8) 

𝑃𝑘 = 𝐶𝜇(𝜀)𝑆𝛺 

𝑆 =
(𝑘)

(𝜀)
√

1

2
[
𝜕(𝑢𝑖)

𝜕𝑥𝑗
+

𝜕(𝑢𝑗)

𝜕𝑥𝑖
]

2

 

 

𝛺 =
(𝑘)

(𝜀)
√

1

2
[
𝜕(𝑢𝑖)

𝜕𝑥𝑗
−

𝜕(𝑢𝑗)

𝜕𝑥𝑖
]

2

 

 
In the equations above, S is the deformation 
tensor and 𝛺 is the vorticity vector. The k-ɛ  
 
 

model constants are 𝜎𝑘=1, 𝜎𝜀=1.3 𝐶1=1.44, 𝐶2 =
1.92 and 𝐶𝜇 = 0.09.  
Fig. 2 illustrates the schematic of the 

computational domain. As it can be seen, a 

perforated two-dimensional square cylinder with 

the length of H located at 𝑥 = 0 (Origin of the 

coordinate system is in the center of the front 

surface of the cylinder). To reduce the effects of 

outer boundaries, the lengths of the upstream and 

downstream and the width of the domain are 

chosen as 4.5H, 25.5H and 15H. These values 

are selected considering  previous studies [32-

34].  

The boundary conditions of the computational 

domain are as follows: 

(1) At the inlet: (𝑢 = 𝑢∞), (𝑘) = 1.5(𝐼. 𝑢∞)2, 

(𝜀) =
𝐶𝜇(𝑘)2

𝝂𝒕−𝒊𝒏
, (𝑇) = 𝑇∞ where the turbulence 

intensity (𝐼) is 5%. The viscosity 
is given by Sutherland's law with three 

coefficients. 𝜇 = 𝜇0 (
𝑇

𝑇0
)

3

2 𝑇0+𝑆

𝑇+𝑆
  with 𝑇0 =

273.11 K, S = 110.56 K, the inlet viscosity 𝜇 =

1.7894 × 10−5 
𝑘𝑔

𝑚𝑠
, the reference viscosity 𝜇0 =

1.716 × 10−55 
𝑘𝑔

𝑚𝑠
 and the inlet temperature 

𝑇∞ = 373 K. 𝑅𝑒 =  21400, 𝜌 =  1 𝑘𝑔/𝑚3 and  
𝑢∞  = 0.38 𝑚/𝑠. 

(2) At the top and bottom boundaries: (
𝜕𝜙

𝜕𝑦
) =

0, (𝜈 = 0). 

(3) At the outlet: (
𝜕𝜙

𝜕𝑥
) = 0. 

(4) At the top and bottom cylinder boundaries: 

(𝜈 = 𝑣𝑤), 𝛤 = 𝑎 (
𝑣𝑤

𝑢∞
), (𝑘) = 1.5(𝐼. 𝑣𝑤)2, 

(𝜀) =
𝐶𝜇(𝑘)2

𝜈𝑡−𝑖𝑛
, (𝑇) = 𝑇𝑤 where 𝑣𝑤 is the injection 

or suction velocity normal to the  
boundary and the temperature of the cylinder 
wall 𝑇𝑤 = 273 K. Where 𝛤 is the normalized 
injection or suction coefficient and 𝑎 is the 
matching constant. 
(5) At the front and rear cylinder 

boundaries: (𝑢 = 𝑢𝑤), 𝛤 = 𝑎 (
𝑢𝑤

𝑢∞
), (𝑘) =

1.5(𝐼. 𝑢𝑤)2, (𝜀) =
𝐶𝜇〈𝑘〉2

𝜈𝑡−𝑖𝑛
, (𝑇) = 𝑇𝑤 where 𝑢𝑤 is 

the injection or suction velocity normal to the 
boundary and the temperature of the cylinder 
wall 𝑇𝑤 = 273 K. 
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Table 1. Grid resolution details. 

Grid no. M × N 

Minimum 

grid face area 

(m) 

Maximum 

grid face area 

(m) 

𝛤 =  0 

Cd      Nu 

𝛤 =  0.0005 

all surfaces 

Cd     Nu 

𝛤 =  −0.0005 

all surfaces 

Cd     Nu 

Ⅰ 452 × 322 4.88 × 10−3 1.88 × 10−1 2.23    115 1.80     97 1.75     144 

Ⅱ 552 × 382 4.88 × 10−3 8.73 × 10−2 2.25    117 1.81     98 1.75     146 

 

For all simulations, the finite volume method 

was used based on an incompressible SIMPLE 

algorithm. Last squares nod-based method was 

selected to discretize the gradient. Pressure, 

momentum and energy components were 

discretized with second-order method while the 

first-order-upwind scheme was used to discretize 

other variables such as turbulent kinetic energy 

and dissipation rate. The second-order implicit 

scheme was used in transient formulation with a 

fixed time step method. To determine variables 

such as velocity and pressure fields, temperature, 

turbulence, etc. Hybrid interpolation method was 

used with the convergence criteria of 10−6 in all 

calculations. 

Increasing the perforation rate of the cylinder 

faces provides more suction and blowing and 

therefore, increases the number of nodes on the 

body surface. Thus, a high-resolution non-

uniform grid is made in the computational 

domain (Fig. 3) in comparison with other papers.  

 

 
(a) 

 
(b) 

Fig. 3. Non-uniform computational grid (452 × 322): 

(a) whole domain and (b) enlarged view of the grid 

near the cylinder. 

 

To test the effect of the grid on the results two 

resolutions are used for each perforation case 

(Table 1), and the results show that an increase 

of nods has a minor influence (less than 2%) on  

𝐶𝑑 and 𝑁𝑢. So all simulations performed with 

grid Ⅰ. 

 
3. Results and discussion 

 
To validate the results of this study, 

experimental and numerical achievements were 

considered as reference data to investigate the 

influence of uniform injection and suction 

through the perforated square cylinder on the 

flow field. Accordingly, the flow over  a non-

perforated square cylinder, which has been 

examined by Lyn et al. [39], Durao et al. [40], 

and Bosch and Rodi [41] and also the results 

achieved by Turhal and Çuhadaroğlu [34] in an 

experimental study of the surface injection 

effects on some aerodynamic parameters were 

considered. Moreover, experimental data by Lee 

[42] and Bearman and Obasaju [43] concerning 

turbulence effect on the surface pressure field of 

a square cylinder are chosen as reference data. 

Fig. 4 demonstrates the distribution of the time-

averaged velocity component �̅�/𝑢∞ on the 

centreline of the cylinder at 𝑦 = 0. As seen, the 

length of the recirculation zone matches the 

experimental values. In Figs. 5 and 6, the 

variation of drag coefficient with Γ for the 

injection cases from the rear and all surfaces of 

the perforated cylinder, is compared with the 

experimental study by Turhal and Çuhadaroğlu 

[34]. The figures reveal that applying injection 

from the rear and all faces of the body decrease 

the drag except the blowing case from all faces 

of the cylinder at 𝛤 = 0.01 due to pressure 

increase on the rear surface.  
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Fig. 4. �̅�/𝑢∞ on the centreline of the cylinder (𝛤 =
0). 

 
Fig. 5. Variation of drag coefficient with Γ for 

injection case from the rear surface. 

 
Fig. 6. Variation of drag coefficient with Γ for 

injection case from all surfaces. 

 

To modify the effects of injection and suction on 

the temperature field in the wake region and 

analyse the heat transfer, non-dimensional mean 

static temperature 𝜃 was defined as: 

 

𝜃 =
𝑇∞ − �̅�

𝑇∞ − 𝑇𝑤
 

 

where 𝑇∞, �̅� and 𝑇𝑤 are the inlets, time-averaged 

and wall (injection) temperatures respectively. 

As seen in Fig. 7, blowing from surfaces of 

cylinder influences the temperature distribution 

on the centerline of the cylinder especially at 

high   whereas suction is less effective on the 

temperature distribution. 

Fig. 8 shows the time-averaged Nu number 

variation with all injection and suction values. 

As it can be seen, by increasing suction 

parameter (|𝛤|) in all cases, time-averaged Nu 

number increases while on the other hand 

opposite behavior occurs for all injection cases. 

By comparing Nu number for no injection case 

with all other cases, it is observed that the 

maximum increase and reduction of Nu number 

occur at (|𝛤|) = 0.025 for all cases which are 

about 46% and 32%, 61% and 63%, 92%, 60%, 

180%, and 115%  for cases Ⅰ (front surface), Ⅱ 

(rear surface), Ⅲ (top-bottom surfaces) and Ⅳ 

(all surfaces) respectively. It is also proved that 

applying suction through all surfaces of the 

cylinder provides higher heat transfer from the 

cylinder whereas an inverse effect happened 

(thermal protection) by applying injection. Fig. 9 

depicted the time-averaged isotherms of 

injection and suction through all surfaces of the 

cylinder at various injection rate (𝛤). 

The variation of the drag coefficient with 𝛤 is 

depicted in Fig. 10. It is concluded that applying 

injection and suction from the front surface of 

the cylinder for all values of  𝛤 reduces the drag 

coefficient. In this case, the maximum reduction 

of the drag coefficient is observed at 𝛤 =
−0.025 for about 20%. Applying injection and 

suction through the rear surface of the cylinder 

reduces the drag coefficient except for values of  

𝛤 = −0.020 and 𝛤 = −0.025 (S-RE-0.025) 

which increases the drag coefficient up to 43% 

and 60% respectively. Injection through top-

bottom surfaces for 𝛤 = 0.025 (I-TB+0.025) 

increased of drag coefficient 57%, while for 

suction with  𝛤 = −0.01  20% decrease is seen 

in the drag coefficient. Generally, the figure 

demonstrates that suction from top-bottom faces 

of the cylinder reduces the drag coefficient 

whereas the opposite influence happened by 

injection. In the case of suction and blowing 

from all surfaces of the cylinder, for 𝛤 =
0.01 (I-AL+0.01) the drag coefficient is almost 

the same compared to no injection case. 
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(a) 

 
(b) 

 
(c) 

(d) 

Fig. 7. Nondimensional mean static temperature on 

the centreline of the cylinder for all blowing/suction 

cases: (a) front, (b) top and bottom, (c) rear and (d) 

all surfaces. 

 
Fig. 8. Variation of mean Nusselt number with Γ for 

all injection/suction cases. 

 

(a)  

(b)  

(c)  

(d)  

(e)  

(f)  

(g)  

(h)  

 

Fig. 9. Time-averaged isotherms of injection/suction 

cases through all surfaces of the cylinder: (a) 𝛤 = 0; 

(b) 𝛤 = 5.0 × 10−4; (c) 𝛤 = 1.0 × 10−3; (d) 𝛤 =
2.0 × 10−3; (e) 𝛤 = 5.0 × 10−3; (f) 𝛤 = 1.0 × 10−2; 

(g) 𝛤 = 2.0 × 10−2; (h) 𝛤 = 2.5 × 10−2. 
 

Also at 𝛤 = −0.01 (S-AL-0.01) a considerable 

decrease is observed about 40%. Furthermore, 
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the reduction of the drag coefficient is seen for 

all other values of  𝛤. Circumferential 

distribution of the mean pressure coefficient 

(Cp) is demonstrated in Fig. 11. The results of 

the no-injection case yielded a fair match to 

experimental studies by Lee [42] and Bearman 

and Obasaju [43]. This figure also shows that the 

pressure distribution on the front surface is 

approximately the same for all the cases. 

Pressures on the other surfaces (rear, top-bottom 

and all) are different because of different values 

of 𝛤. The pressure coefficient distributions on 

the top and bottom surfaces are symmetric due 

to uniform blowing and suction for each case. 

Besides, the Cp curves for the cases (I-AL+0.01) 

and (I-TB+0.025) ensemble in shape as in cases 

(S-RE-0.025) and (S-AL-0.01). Fig. 11 also 

shows that by applying suction from the rear 

surface of the body with 𝛤 = −0.025 (S-RE-

0.025),  the Cp distributions on the rear face take 

the lowest value; while applying suction through 

all surfaces of the cylinder with 𝛤 = −0.01 (S-

AL-0.01) shows the highest amount. The time 

average streamlines of drastically effected Cd 

values are depicted in Fig. 12.  

 
Fig. 10. Variation of drag coefficient with Γ for 

various injection/suction cases. 

 
Fig. 11. Mean pressure coefficient distribution on 

the cylinder surfaces. 

 

         
(No injection)                      (I-TB+0.025) 

         
(S-RE-0.025)                       (I-AL+0.01) 

 
(S-AL-0.01) 

Fig. 12. Mean streamlines of some critical 

injection/suction cases for the drastically effected 

drag coefficient. 

 
4. Conclusions 

 
The flow over a perforated square cylinder 

subjected to uniform surface injection/suction 

was studied numerically by ANSYS-FLUENT. 

The effects of injection/suction coefficient on 

the surface pressure distribution, drag and heat 

transfer have been investigated. It is seen that 

applying uniform injection/suction through the 

surfaces of the cylinder drastically influences the 

heat transfer, the drag force and surface pressure 

depending on the position of the perforated 

surface and blowing rate. The dominant effect of 

injection or suction on Nu number was obtained 

for the transpiration through all surfaces, 

whereas the injection/suction from the rear or 

front surfaces slightly influences Nu number 

compared to no-injection case. Suction through 

side surfaces may also be regarded as a heat 

transfer enhancement.   

Numerical achievements show that the 

injection/suction from some faces of the cylinder 

body drastically affects the pressure. The 

pressure distribution on the rear surface was 

strongly influenced by the suction through all 

surfaces and hence the drag drastically 

decreased. Thus, it can be concluded that the 

suction with 𝛤 = −0.01 through all surfaces of 

a perforated square cylinder may be considered 

as a drag reduction mechanism.  Additionally, it 

can be resulted that the suction through all 

surfaces of the square body is an effective way 

for heat transfer enhancement, whereas the 

injection case from all surfaces provides an 

efficient thermal protection.  
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