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A B S T R A C T  

 

In this study, the simultaneous effect of suction and blowing on the boundary layer and the effect 
of control parameters on the flow separation from a NACA 0012 airfoil is numerically analyzed. 
Reynolds number is considered 500000 , and the shear stress transport (SST) k-w turbulence 
model is used to estimate eddy viscosity. The airfoil is supposed to be 2-D. To validate the 
numerical results, they were compared with reported experiments. In the flow control by 
simultaneous suction and blowing, the location of the suction jet was 0.1 of the airfoil chord from 
the fixed leading edge, and that of the blowing jet was 0.5, 0.7, and 0.9 of the airfoil chord from 
the leading edge. When the blowing location is at 0.5 of the airfoil chord, better results are 
observed than I n; other locations. An increase in suction jet velocity increases the lift-drag ratio 
between 22% and 55%. Also, increasing the blowing jet velocity increases this ratio between 
43% and 55%. Horizontal blowing has the most negligible effect on improving aerodynamic 
characteristics. Based on the results, at the angle of attack of 16°, blowing is most effective in the 
flow control at 30° with an approximate velocity of half the free stream velocity. In this 
condition, vertical suction has the best effect , and the lift-drag  ratio will increase by 76%.  

doi: 10.5829/ijee.2022.13.04.12 
 

 
INTRODUCTION1 

 

Due to the great significance and massive use of airfoils, 

it is essential to study the separation of the boundary layer 

in them. The separation of the boundary layer leads to the 

emergence of undesirable aerodynamic characteristics 

such as energy loss, which causes the reduction of the lift 

coefficient and an increase in the drag coefficient. So, it 

is necessary to delay the separation of the boundary layer 

by applying some methods [1, 2]. In this concept, flow 

control mechanisms must be introduced. Aerodynamic 

characteristics can be improved by flow control. In other 

words, the lift and drag coefficients can be increased and 

decreased , respectively which can lead to lower energy 

consumption.  

Flow control is performed in both active and passive 

methods. The passive control methods , such as changing 

the airfoil geometry and modify the flow field without 

energy consumption, so that flow separation will be 
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delayed. Active control methods like suction and blowing 

of the flow perform this by energy consumption [3]. 

Prandtl applied suction around a cylinder and 

succeeded in delaying the separation of the boundary 

layer. He introduced himself as a pioneer in this area [4]. 

Subsequently, the research were continued by studying 

the suction and blowing over airfoils. In this concept, You 

and Moin [5] studied the flow separation with a synthetic 

jet on NACA 0015 airfoil using the large eddy simulation 

(LES) method, and they increased the lift coefficient by 

70% and decreased the drag coefficient by 18%. Piperas 

[6] numerically investigated the flow separation control 

on NACA 4415 airfoil, and by controlling suction, he 

reduced the lift coefficient by 20%. Lu et al. [7] studied 

the flow separation by numerical simulation of synthetic 

jets and reduced the drag coefficient. Genc et al. [8] 

numerically analyzed the effect of suction and blowing 

over NACA 2415 airfoil in a transient state. Although the 

separation bubble in the suction and blowing simulation 
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was not completely vanished, it was reduced. They also 

showed that if several blowing jets were used, better 

results would be obtained than one jet. The idea of 

simultaneous suction and blowing was first proposed by 

Cheng et al. [9] as a way to reduce the energy 

consumption of the aircraft. Huang et al. [10] studied the 

separation of the flow over an airfoil by blowing and 

suction of the flow with a Reynolds number of 5000000 

at the angle of attack of 18°. They proved that by 

combining the jet location and the angle of attack, the 

suction perpendicular to the leading edge, which is in the 

range of 0.075-0.125 of the airfoil chord length, increases 

the lift coefficient. It was also found that the tangential 

blowing in the downstream results in a maximum increase 

of the lift coefficient. By the numerical simulation of 

simultaneous blowing and suction over a Clark airfoil; 

Chang [11] indicated that the pressure coefficient could 

be increased at various angles of attack. Zha [12] 

increased the lift coefficient between 113% to 220% by 

the experimental simulation of blowing and suction over 

the NACA 0025 airfoil. It was also observed that a lower 

chordwise slot length (0.65 of the chord length) yields 

better results. By modeling suction and blowing over a 

two-dimensional airfoil, Noor et al. [13] changed the free 

stream and overcame the adverse pressure gradient. Dano 

et al. [14] experimentally analyzed the simultaneous 

suction and blowing of the flow. They located the suction 

and blowing jets near the leading edge and the trailing 

edge of an airfoil, and they observed that the flow would 

be be more turbulent when the momentum coefficient is 

high. Anoosha et al. [15] simulated the simultaneous 

suction and blowing of the flow over the NACA 0025 

airfoil using a numerical approach. In this way, they 

increased the lift coefficient by 343% at the angle of 

attack of 32°. In 2017, Ethiraj [16] controlled the flow 

appropriately. He has conduct this experiment using a 

numerical simulation of high-pressure air blowing near 

the leading edge with the same air suction amount (using 

a pump) near the trailing edge.  

In previous studies in the field of active flow control 

methods, mostly, aerodynamic coefficients have been 

explored and the flow structure has not been analyzed 

precisely. Also, a few studies have been done regarding 

the simultaneous use of suction and blowing. Moreover, 

In this research, the effect of blowing and suction 

parameters have limited to the position of the jet, and 

other parameters of the jet such as jet angle and blowing 

intensity has not been investigated. Therefore, to fill the 

gap in previous research, in the present study, the 

simultaneous blowing and suction have been studied 

numerically and different parameters such as the jet 

location, jet intensity, and jet angle are investigated. 

Moreover, to understand the effect of applying jet, flow 

structure, aerodynamics coefficients variation, and 

velocity field over airfoil were critically analyzed. 

The paper is organized as follows: in section 2, the 

governing equation, cases, numerical setup and validation 

are discussed. In section 3, part 4, the jet parameters and 

their effects are introduced. In section 4, the results 

regarding the control effects on aerodynamic efficiency 

and flow structure are carried out. In section 5 the 

concluding discussion is presented. 

 

 

NUMERICAL SOLUTION 
 
Governing equations 
In the present study, the flow is supposed to be steady-

state, incompressible, and two-dimensional. The 

continuity and momentum equations are used as 

governing equations. The governing equations of 

conservation are written as follows: 

∂ui

∂xi
= 0  (1) 

∂(u𝑖)

∂t
= −

1

ρ

∂p

∂xi
+ 𝜈

𝜕2𝑢𝑖

𝜕𝑥𝑖𝜕𝑥𝑗
−

∂

∂xi
(𝑢i𝑢j − u′

𝑖u
′
j

̅̅ ̅̅ ̅̅ ̅)  (2) 

In the above relations ρ, u, p are the density, the fluid 

velocity, and static pressure, respectively. 𝑥𝑖 and 𝑥𝑗 

indicate the direction of flow and the direction 

perpendicular to the flow. 𝑢𝑖 and 𝑢𝑗 are components of 

velocity, and (𝑢𝑖
′𝑢𝑗

′̅̅ ̅̅ ̅̅ ) is the Reynolds stress. 

For modelling the turbulence effects is used from the 

shear stress transport (SST) k-ω turbulence model. The k-

ω -SST model is used to model turbulence. This model 

uses equations that provide excellent results for wall-

based flows in the aerodynamic analysis. Another feature 

of this model is that it represents the boundary layer and 

adverse pressure gradient very well. The equations of 

turbulent kinetic energy denoted by k and turbulence 

specific dissipation rate shown by ω are as following: 

𝜕(𝜌𝑘)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝑘)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜇𝑙 + 𝜎𝑘𝜇𝑡)

𝜕𝑘

𝜕𝑥𝑗
] + 𝑃𝑘 − Ck + SK  (3) 

𝜕(𝜌𝜔)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝜔)

𝜕𝑥𝑗
=

𝜕

𝜕𝑥𝑗
[(𝜇𝑙 + 𝜎𝜔𝜇𝑡)

𝜕𝜔

𝜕𝑥𝑗
] + 𝑃𝜔 − Cω +

Sω + Gω  
(4) 

where the 𝜇𝑡 refers to turbulent viscosity and 𝜎𝑘 ،𝜎𝜔are 

constant values. Pk represents the turbulent kinetic energy 

(k) and Pω denotes the specific dissipation rate (ω). CK 

and Cω respectively shows the dissipation K and ω due to 

turbulence. Gω represents the cross-diffusion term. Sk 

and Sω denotes to user-defined source terms. 

 

Solution settings 
In this study, airflow with a Reynolds number of 5 × 105 

is assumed. The flow is considered over the NACA 0012 

airfoil at the chord length of 1 m. The flow analysis is 

performed by commercial Ansys-Fluent software. 

Uniform velocity is assumed for inlet boundaries (bottom 

and left). on walls, the no-slip condition is applied. The 

boundary conditions and structured grid used are shown 

in  Figure 1  The  SIMPLE  coupled  algorithmis  used  to  
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(a) (b) 

Figure 1. a) Airfoil mesh, b) boundary flow conditions over the airfoil 

 

 
couple velocity with pressure. All simulations have 

continued until complete convergence of drag and lift 

coefficients has been achieved. For all governing 

equations, the convergence condition is satisfied when the 

residual reaches 10−6. 

The independence of the results from the number of 

cells has been investigated to ensure that the results are 

valid. Figure 2 shows the variation of the drag and lift 

coefficients with the number of cells at angles of attack of 

10, 12, and 14 degrees. According to this figure, by 

increasing the number of cells, the aerodynamic 

coefficients converge, which confirms the independence 

of the results from the cells. When the number of cells 

reaches 60000, the lift coefficient does not change 

significantly. Hence the number of 60000 cells is 

considered for the numerical analysis. 

 

Validation of the computational model  

To verify the numerical results of the present study, two 

experimental works are used as references. Figure 3 

compares numerical drag and lift coefficients with 

experimental ones. According to this figure, the 

numerical results agree with the experimental results 

achieved by Critzos and Jacobs [17, 18]. 

 

 

 
Figure 2. Independence of the lift coefficient from the 

number of cells 

PARAMETERS 
 
The purpose of this study is to investigate the effect of 

different parameters of simultaneous blowing and suction 

on the flow. Some parameters should be defined 

accordingly. These parameters include the location of the 

flow jet (Lj), jet angle (θ), and jet intensity (I) which are 

shown in Figure 4. The jet intensity is the ratio of the jet 

velocity to the free stream velocity. Also, the local jet 

location is expressed in terms of the airfoil chord length, 

in a way that the beginning of the airfoil is considered as 

the origin, and determines the jet location.  

𝐼 =
𝑢𝑗𝑒𝑡

𝑢∞
  (5) 

𝑢 = 𝑢𝑗𝑒𝑡  cos(𝜃 + 𝛼)  (6) 

𝑣 = 𝑢𝑗𝑒𝑡  sin(𝜃 + 𝛼)  (7) 

θ is the angle between the local jet velocity and local jet 

surface, and α is the angle between the local jet surface 

and the horizon (Figure 4). In the present paper, the 

negative and positive θ represent suction and blowing, 

respectively. 

 
 

 
Figure 3. Comparison between experimental lift and drag 

coefficients [17, 18] and numerical coefficients of the present 

study 
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Figure 4.  Jet Parameters over the NACA 0012 airfoil 

 

 
According to Dannenberg and Weiberg [19], the 

optimum chordwise slot length is about 2.5% of the airfoil 

chord length, and the lift coefficient will decrease if the 

chordwise slot length reduces by less than 2.5% of the 

chord length. They also found that increasing chordwise 

slot length to more than 2.5% of the chord length is almost 

ineffective in variations of the lift coefficient. So the 

chordwise slot length here is assumed constant. 

The results of separate suction and blowing show that 

suction is best effective near the leading edge, and 

blowing near the trailing edge [10]; hence, the suction 

here is located at 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1. Also, blowing is studied 

in the 0.5 ≤ 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 ≤ 0.9. The results of reference 

[10] show that blowing at low angles and vertical suction 

has a desirable effect on aerodynamic coefficients. 

Hence, the suction jet angle is held constant at 𝜃 = −90°,  

but the angle of the blowing jet is considered to be in the 

range of  3.75° ≤ 𝜃 ≤ 40°. To investigate the effect of jet 

intensity, the suction and blowing intensities are assumed 

in these ranges: 0.25 < 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 < 0.5 and 0.125 <
𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 < 0.5. 

 

 
RESULTS AND DISCUSSION 
 
The purpose of this study is to investigate the effect of 

different parameters of simultaneous blowing and suction 

on the aerodynamic coefficients and the flow structure. 

As stated in the introduction, active control methods are 

used to delay the separation of the flow. In the following, 

the results of simultaneous blowing and suction on the 

airfoil are scrutinized.  

According to Figure 5, using suction and blowing jets 

simultaneously, causes a significant improvement in the 

ratio  of  aerodynamic  coefficients.  According  to 

obtained results, when the suction and blowing jet 

intensities are increased, the lift-drag ratio significantly 

increased. The ratio of the lift coefficient to the drag 

coefficient (L / D) in the no-jet condition is 4.8, but after 

applying  simultaneous jets with 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 =

0.5  and  𝜃 = 40°,  this  ratio  increases  by  32%  and 

reaches  7.4.  This  ratio  is  also  increased  by  increasing 

the angle of the blowing jet, as at 𝜃 = 40°, 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 

changes from 0.25 to 0.5, and L/D increases from 5.9 to 

7.4. However, when 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5, an increase in the 

angle of the blowing jet after 𝜃 = 30° reduces the lift-

drag  ratio.  

 

 
(a) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.25 

 
(b) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.375 

 
(c) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 

Figure 5. Variations of the lift-drag  ratio in 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 

and 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 

 

 
Figure 6 shows the variation of the flow pattern in 

different control conditions of the suction jet intensity. It 

can be observed that by increasing the suction jet 

intensity, the boundary layer is well controlled, and the 

flow separation is delayed. Also, the vortex flows are very 

weak. Therefore, the suction jet intensity is one of the 

determining parameters in flow control. 
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(a) No–suction and –blowing condition 

 

(b) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.25 

 

(𝑐) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.375 

 

(𝑑) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 

Fgure 6.   Streamlines for the angle of attack 16°, 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 30° , and 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 

 

 
The effect of jet intensity and jet location on the flow 

control is indicated in Figure 7. This figure shows the 

variation of the lift-drag ratio at different angles and 

different jet intensities for 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.7. It is clear that 

the relationship of this ratio with both the suction and 

blowing jet intensities is direct. Applying suction and 

blowing jets, with 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 and 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, 

changes the lift-drag ratio (L/D) between 5.58 and 7 and 

increases this ratio between 16% and 46% compared to 

the no–suction and –blowing condition. According to 

Figure 7 (b), by increasing 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 (from 10° to 40°), the 

value of L/D first decreases, and then after 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 =

20°  it  has  an  ascending  behavior.  But  the behavior of 

L/D variations versus 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 was ascending trend in 

Figure 5. 

The effect of the blowing jet angle, and the suction 

and blowing jet intensities on the changes in the lift-drag 

ratio  are  shown  in  Figure  8 for  𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.9.  Based 

on the results, by increasing each of the 

parameters 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔, 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔, and 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛, the ratio is 

improved. Also, the behavior of variations of L/D in each 

diagram is approximately similar to the condition in 

which the blowing jet is located at 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5. The 

results show that when 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 40° and 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 =

0.5 L/D increases between 12% and 38% by 

increasing 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛. 

To determine the best control conditions, the effect of 

location, angle, and intensity of simultaneous suction and 

blowing jets are investigated in Figures 5, 7, and 8. 

Hence, based on Figures 5, 7, and 8, the variations of lift-

drag  ratio at 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 with 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 are 

plotted in Figure 9 for various angles and locations of the 

blowing  jet.  It  is  obvious  that  when  the  jet  is  located 

near  the  end  of  the  airfoil,  the  lift-drag  ratio decreases.  
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(a) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.25 

 
(b) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.375 

 
(c) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 

Figure 7.  Variations of the lift-drag ratio in 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.7 

and 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 

 

 
Increasing 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 increases the L/D ratio; however, 

at 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.9, an increase in this ratio is negligible 

compared to other conditions. Based on the results, 

horizontal blowing jets have the most negligible effect on  

 
(a) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.25 

 
(b) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.375 

 
(c) 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 

Figure 8. Variations of the lift-drag  ratio in 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.9 

and 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 

 
 

improving the aerodynamic characteristics. Figure 9 also 

shows that blowing jet at 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 with  𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 =

0.5, 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, and 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 30° has the best 

effect on the flow separation control. Also, the blowing at  
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Figure 9. Lift-drag ratio ratio at 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 and 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 =
0.5 for various angles and locations of the blowing jet 

𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.7 with   𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5, 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5  and 

𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 40° can control the flow well. The blowing at 

𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.9  with 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5, 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.375,  

and 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 40° increases the L/D ratio. The 

streamlines  at  different  locations  of  the  blowing  jet 

are  shown  in  Figure  10.   They  are  plotted  for  the  

best  control  conditions,  which  confirms  the  above 

results.  

 

 

 

 

 

 

 

 
(a)  No-suction and –blowing condition 

 
(b)  𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 

 
(c) 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.7 

 
(d) 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.9 

Figure 10.   Streamlines in the best control conditions for various locations of the blowing jet 
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state flow is modeled with Reynolds number 500000 over 

the NACA 0012 airfoil. The results are as follows:  

 The numerical results are in good agreement with 

the experimental results. 

 Simultaneous use of blowing and the suction jet has 

a considerable effect on the flow separation 

control. Because applying the controlling jets 

increases the lift-drag  ratio in all conditions. This 

ratio is equal to 4.8 in uncontrolled conditions. 

 The intensities of suction and blowing jets have a 

direct relationship with the lift-drag ratio. 

At 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1, 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 =

30° with 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, an increase in the suction 

jet intensity increases the L/D ratio between 22% 

to 55%. Also, at  𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1, 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, 

𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 30° with 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5, by increasing 

the jet velocity, L/D ratio increases between 43% 

to 55%.  

 The velocity over the airfoil increases by applying 

the control jets. When 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, this 

increase is higher than in other conditions.  

 Investigating the effect of the jet angle on the 

aerodynamic performance showed that at 

𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 and 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, 𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5 

and 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5, by increasing the blowing jet 

angle, L / D increases between 47% to 54%. It is 

also found that the lowest effect of the blowing jet 

on improving aerodynamic performance is 

obtained when the jet is horizontal. 

 At the angle of attack of 16°, the control jets 

applied in 𝐿𝑗𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.1 and 𝐿𝑗𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 with 

𝐼𝑠𝑢𝑐𝑡𝑖𝑜𝑛 = 0.5, 𝐼𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 0.5 , and 𝜃𝑏𝑙𝑜𝑤𝑖𝑛𝑔 = 30° 

are best effective in the flow field and increase L/D 

by 76%.  
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Persian Abstract 

 چکیده

 لیتحل یبه صورت عدد NACA 0012 لیرفویاز ا انیجر یبر جداساز یکنترل یپارامترها ریو تأث یمرز هیلا یبر رو دنیمطالعه، اثر همزمان مکش و دم نیدر ا

 لیرفوی. اشودیم تفادهاس یگرداب تهیسکوزیو نیتخم ی( براSST) یانتقال تنش برش k-wو از مدل تلاطم  شودیدر نظر گرفته م 055555 نولدزی. عدد رشودیم

همزمان، محل جت مکش  دنیبا مکش و دم انیشدند. در کنترل جر سهیگزارش شده مقا یها شیآنها با آزما ،یعدد جینتا دییتا یباشد. برا یبعد 2قرار است 

 یبهتر جیباشد، نتا لیرفویوتر ا 5.0در  دنیدم حلکه م یاز لبه جلو بود. هنگام لیرفویوتر ا 5.0و  5.0، 5.0ثابت و جت دمنده  یاز لبه جلو لیرفویوتر ا 5.0

سرعت  شیافزا نی. همچندهدیم شیدرصد افزا 00تا  22 نیکشش را ب-سرعت جت مکش، نسبت بالابر شیافزا گرید یشود. مکان ها یمشاهده م I nنسبت به 

 هیدر زاو ج،یدارد. بر اساس نتا یکینامیرودیاثر را در بهبود مشخصات آ نیزتریناچ یافق دنیدهد. دم یم شیدرصد افزا 00تا  34 نینسبت را ب نیا دنیجت دم

 نیبهتر یمکش عمود طیشرا نیرا دارد. در ا ریتأث نیشتریآزاد ب انیاز سرعت جر یمین یبیدرجه با سرعت تقر 45در  انیدر کنترل جر دنیدرجه، دم 01حمله 

 .ابدی یم شیدرصد افزا 01اثر را دارد و نسبت بالابر به درگ 

 

 


