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Abstract- With the increasing demand for sustainable energy sources, wind turbines have emerged as the dominant solution 

for clean energy production. However, there is a lack of discussion regarding the concept of pattern identification for 

visualizing the design and evaluation of boundary layer of the blowing and suction technology. In this paper, several simulation 

models are developed based on previous literature, comparing the results of different cases and attempting to derive a rule for 

determining the appropriate positions for blowing and suction ports. The impact of the applied jet force on the aerodynamic 

performance of the NREL S826 aerofoil is also examined. ANSYS CFD program is used to run the simulations with the SST 

K-ω turbulence model and 5% turbulence intensity. The findings revealed that positioning the blowing port closer to the 

separation position resulting from large angles of attack significantly improves the lift force generated for each case. 

Additionally, decreasing the applied momentum coefficient not only improves the aerodynamic performance but also reduces 

the loads on the turbine blade. For the model S826-0.2B-0.7S, where the blowing port is closest to the position of separation at 

high angles of attack, there is a substantial increase in the lift coefficient by 49.8% with a relatively small increase in drag 

value up to 60%.  On the other hand, the model S826-0.2B-0.7S, while applying a momentum coefficient of 0.08 provides a lift 

coefficient increase of 51.1% with a minimal increase in drag coefficient of only 11.3%, making it the most efficient among the 

other cases. 

Keywords- wind turbine, boundary layer control, NREL S826 aerofoil, computational fluid dynamics, lift and drag coefficient. 

1. Introduction 

Due to the rapid growth of population and urbanization in 

developing nations, there has been a significant global surge 

in the demand for electric power. The reliance on 

diminishing fossil fuel and natural gas reserves, coupled with 

mounting environmental concerns, necessitates the 

exploration of renewable and eco-friendly methods for power 

generation. There is increasing research in the field of 

aerodynamics of wind turbines. Across the globe, there is a 

proactive pursuit of renewable energy approaches such as 

hydroelectric, solar power conversion, and wind power 

extraction to address the continuously increasing need for 

electricity. The field of wind turbine aerodynamics has been 

growing rapidly, driven by the need to improve the efficiency 

and performance of wind turbines. Researchers are exploring 

various aspects such as blade design, aerofoil shapes, turbine 

placement, and wake interactions to optimize energy capture 

and reduce costs. Advances in numerical methods such as 

Boundary Element (BE) and Computational Fluid Dynamics 

(CFD) have also contributed to advancements in this field [1-

3]. 

The Earth possesses a wide array of renewable energy 

sources, with solar energy, wind energy, and geothermal 

energy being prominent examples of diverse and sustainable 

options for power generation [4-6]. Focusing on wind energy, 

it has been observed that there are significant variations in 

wind speeds across the globe, as indicated by the wind 

atlas[7, 8]. Areas with high wind velocities have already been 

utilized for energy production, but in the future, there will be 

a need to explore regions with moderate and low wind 

speeds[9]. Significant progress has been made in the 

development of wind turbine technology. Through 

advancements in materials, manufacturing techniques, 

intelligent control systems, and rotor aerodynamics, the rotor 

diameter of a 5MW wind turbine has reached an impressive 

126 meters[10, 11] . Extensive research has been conducted 

to enhance the size, efficiency, and reliability of wind 
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turbines while simultaneously reducing costs, complexity, 

and risks associated with their operation. However, despite 

these advancements, there have been relatively few changes 

in the aerodynamic profiles of wind turbine blades.   

Research on the impact of the boundary layer on an aerofoil 

has been ongoing since the mid-20th century. The existence 

of the boundary layer has given rise to numerous design 

challenges in various domains of aerodynamics. 

Nevertheless, the focus of the investigations has primarily 

been on studying its impact on the lift and drag of the blade. 

Currently, the utilization of this boundary layer control is 

evident in wind turbines. Methods have been devised to 

modify the boundary layer, with the aim of either 

augmenting lift or reducing drag. A higher level of influence 

would result in improved performance of the wind 

turbine[12]. 

Blowing and suction techniques are commonly employed 

for separation control on an aerofoil, both in steady and 

unsteady conditions. Various methods have been utilized in 

the past to delay separation by increasing the momentum of 

the boundary layer [13].  

 

2. Literature Survey  

      Numerous configurations have been developed to address 

the issue of separation and improve its mitigation. One 

approach is the implementation of jet blowing and suction, 

which involves applying an external moment to the flow 

stream over the aerofoil. This additional moment helps 

prolong the adherence of the flow stream to the aerofoil 

surface, Leading to a stall angle delay. Consequently, the 

aerofoil becomes capable of generating higher lift forces, 

resulting in higher power coefficients[14]. 

      In their study, Khoshnevis et al. [15] conducted a 

numerical analysis to evaluate the efficiency of the CFJ 

aerofoil  at five distinct moderate Reynolds numbers. The 

results indicate that the lift coefficient of the CFJ aerofoil 

increases as the coefficient of momentum increases. Once the 

coefficient of jet momentum surpasses the threshold limit, 

the performance of the CFJ aerofoil decreases., Lei et al. [16] 

examined the impact of suction control on the laminar 

separation bubble of the NACA2415 aerofoil at low 

Reynolds number (Re). They employed a γ-Reθt transition 

model and k- turbulence model for their analysis. The 

simulation outcomes shown that the implementation of 

suction control significantly mitigated flow separation. In 

contrast, a higher proximity between the suction position and 

the separation bubble, along with an increased suction 

velocity, leads to enhanced control efficacy. Zhang et al. [19] 

performed an experiment to analyze the impact of DCFJ 

control on a rotor aerofoil. Regarding computational fluid 

dynamics (CFD) investigations, the majority of the 

numerical techniques discussed in previous research papers 

rely on the utilization of the Reynolds Averaged Navier-

Stokes (RANS) equations in conjunction with the Spalart-

Allmaras (S-A) turbulence model. Balaji et al. [20] 

performed an experimental study on a Modified CFJ (MVCJ) 

aerofoil and compared it to a baseline aerofoil. The revised 

CFJ incorporated a convergent-divergent (CD) nozzle at the 

injection slot to alleviate the workload of the pump. This 

study determined that the lift coefficient is enhanced by 43% 

in comparison to the aerofoil without any modifications. . 

Sun et al.[17] conducted an optimization study to investigate 

the ideal placements of blowing and suction jets as well as 

the appropriate Cm. Their investigation concluded with three 

main findings. First, CFJ's flow separation control works best 

when the blowing and suction jets are positioned 0.03 and 

0.8 cm, respectively, from the leading edge. Secondly, the 

greater Cm of CFJ causes a stall to be delayed and a 

noticeable rise in CL. Third, a Darrieus VAWT wind power 

coefficient is greatly improved by the CFJ control. Wang et 

al. [18] conducted a numerical study on the impact of 

Reynolds number on the aerodynamics of a CFJ6421 

aerofoil. They discovered that a higher Reynolds number had 

a positive influence on the aerodynamics of the CFJ aerofoil. 

In their study, Arunraj et al. [19] conducted experiments to 

assess the efficacy of aerofoil suction control in a wind 

tunnel. They demonstrated that suction control exhibits 

superior performance when operating at low suction 

pressures and small AOA. Additionally, they found that the 

highest lift coefficients can be achieved by implementing 

suction control at 70% of the chord length (c). In their study, 

Lei et al. [20] utilized the CFJ (Coanda Flow Jet) technique 

to enhance the low-speed performance of a supersonic 

narrow aerofoil. This research has potential implications for 

the design of supersonic vehicles that operate throughout a 

wide range of speeds.  Numerical methods were used to 

analyze the aerodynamic efficiency of different blade 

profiles. Due to the low Reynolds number, this study focuses 

mainly on the performance of vertical-axis wind turbines. 

The work focused on examining the stall and separation 

effects in order to develop guidelines for effectively utilizing 

a particular aerofoil at a certain range of speeds to attain the 

highest possible power coefficient[21]. Despite many 

attempts to achieve the best use of CFJ technology by 

proposing many different designs that are characterized by 

changing the dimensions and locations of the blowing and 

suction ports, the optimal position for the location of the 

suction and blowing port has not been determined. In this 

study, a number of designs will be presented for NREL S826 

aerofoil. Furthermore, this study includes an assessment of 

how the modified lift and drag coefficients, resulting from 

suction and blowing, affect the tangential and thrust forces 

generated by the aerofoil at different conditions. 

 

3. Numerical Modelling 

Computational Fluid Dynamics (CFD) stands as a 

cornerstone in the iterative process of design refinement and 

validation. It offers an expedited pathway for transitioning 

designs from concept to real-world applications, often with 

greater efficiency and cost-effectiveness compared to 

traditional experimental methods. While experimental 

approaches remain invaluable for certain scenarios, well-

executed CFD simulations yield results that closely 

approximate experimental findings, thereby providing highly 

reliable insights. 
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3.1 Turbulent Model and Governing Equations 

In our study, we employ the ANSYS simulation suite 

to conduct CFD simulations on the NREL S826 aerofoil, 

utilizing a simultaneous blowing and suction CFJ technique 

to explore the most suitable parameter set among the tested 

conditions. Leveraging the RANS-based capabilities of 

ANSYS FLUINT, we employ a finite element solution 

technique, incorporating the fundamental governing 

equations of mass, energy, and momentum. The integration 

of these governing equations enables us to comprehensively 

analyze the aerodynamic behavior of the NREL S826 

aerofoil under various operating conditions. Additionally, we 

adopt the SST K-ω turbulence model, which is renowned for 

its robustness in capturing turbulent flows, characterized by 

dissipation rate and turbulent kinetic energy, with a 5% 

turbulence intensity specified for this CFD simulation. This 

meticulous approach ensures a thorough understanding of the 

flow dynamics, facilitating informed design decisions and 

optimization strategies. More details are shown in Error! 

Not a valid bookmark self-reference.. 

 

                                                                    Table 1: ANSYS Simulation details.

 Model specifications                   Notes 

Solver Double-Precision 

The double-precision uses 64 

bits to represent each floating-

point number. The extra bits 

increase not only the precision, 

but also the range of magnitudes 

that can be represented. 

 Pressure-based solver 

The pressure-based solver 

accounts for the incompressible 

flow around the aerofoil. 

Pressure-Velocity coupling  Coupled  

Ensure the pressure field is 

corrected based on the velocity 

field to satisfy mass conservation 

(divergence-free), then the 

velocity field is corrected based 

on the new pressure field state to 

ensure that momentum equations 

and maintain consistency with 

the updated pressure distribution. 

Mesh topology  Structure mesh  

structured mesh topology offers 

advantages in terms of 

computational efficiency, 

numerical accuracy, ease of 

boundary treatment, and 

robustness. 

Element type  Quad cell 

quad cell is a two-dimensional 

(2D) element consisting of four 

vertices (nodes) and four edges. 

It is commonly used to discretize 

and represent planar or curved 

surfaces 

Computational resources  

6 parallel nodes on  

a PC with 11400h 

i5 processor with 16GB RAM 

Each case is calculated in 15 

min. 

No. of iterations  1000 

This is found to reduce the 

residuals of the main flow 

variables below 1E-5. 

Solution initialization  Hybrid  

It uses the solver algorithms to 

initialize the flow field iteratively 

based on the specified boundary 

conditions and other solver 
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settings. Hence, provides more 

accurate initial conditions, 

leading to faster convergence and 

more reliable results. 

 

 

3.2 Geometry and Computational Domain 

The NREL S826 aerofoil is the selected aerofoil for 

the present case study. However, various changes in its 

geometry will be considered. The NREL S826 aerofoil is 

selected as it is characterized by good performance at low 

Reynolds numbers which are typical for operation 

conditions, the S826 aerofoil is versatile and can be used in 

various sections of wind turbine blades and the S826 aerofoil 

is developed by the National Renewable Energy Laboratory 

(NREL), which means it has undergone rigorous testing and 

validation. The Literature reviews highlight some factors to 

avoid the decreased performance that may accompany the 

application of the CFJ technique. It’s found that for prober 

blowing effect over the separated flow, the blowing ports 

should be applied over the range of 0.08 to 0.2 from the cord 

length measured from the leading edge, applying earlier 

blowing jet will trigger early turbulence. Meanwhile, the 

range of suction port should be over the range of 0.7 to 0.8 

from the cord length measured from the leading edge, 

applying earlier suction jet will form a secondary turbulence 

bubble. Applying 45-degree tilt angle for both blowing and 

suction ports allows fine air distribution over the aerofoil and 

avoiding any farther disturbance in the mean stream. The 

blowing path is convergent path to provide the required high 

velocity to achieve sufficient momentum with small 

compressor as possible. The suction path is divergent path is 

to increase the low-pressure condition at the suction port, 

hence, rescuing the compressor required power, crafting the 

blowing and suction ports with a fixed port depth of 2% from 

the chord length (C) for the blowing port and 3% from the 

chord length for the suction port achieves this purpose. 

Multiple positions for blowing and suction ports and blowing 

and suction jet momentum coefficients are chosen to monitor 

their effect on the aerodynamic characteristics of the NREL 

S826 aerofoil.  

 

The chosen port positions for blowing are 0.08C, 

0.1C, and 0.2C and the suction port positions are set to be at 

0.7C and 0.8C. The momentum coefficient, Cm, effect is 

chosen to be monitored at the values of 0.05, 0.08, 0.16,0.2, 

0.4, and 0.5. Figure 1 illustrates the normal configuration for 

NREL S826. Meanwhile, Figure 2 shows the different sets of 

geometrical configuration changes performed over the NREL 

S826 aerofoil. The CFD domain used for the current study is 

shown in Figure 3, and the mesh generated around the 

normal NREL S826 aerofoil and the case S826-0.2B-0.7S 

aerofoil  are shown in Figure 4. In the case S826-0.2B-0.7S, 

"S826" refers to the aerofoil section, "0.2B" indicates the 

location of the blowing port at 0.2 of the chord length, and 

"0.7S" indicates the location of the suction port at 0.7 of the 

chord length, measured from the leading edge  

 
Fig.1.The normal configuration for NREL S826 before applying blowing and suction CFJ configuration on ANSYS 

SpaceClaim. 

  

(a) (b) 
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(c) (d) 

Fig.2. The various augmented CFJ technique configurations over a NREL S826 aerofoil where (a) 0.2B-0.7S (b) 0.1B-0.7S, 

(c) 0.08B-0.7S and (d) 0.08B-0.8S on ANSYS SpaceClaim. 

 

 
 

Fig. 3. The CFD simulation domain used through the current case study with 10 times the chord length distance from the 

leading, pressure side and suction side and 20 times the chord length distance from the trailing edge. 

 

The mesh is generated using the ANSYS Meshing 

program while taking the common meshing consideration 

into account to ensure high-accuracy results. The generated 

mesh as shown in Figure 4 is characterized by a higher 

number of mesh elements near the aerofoil surface, where 

rapid and complex changes in fluid flow properties take 

place within the boundary layer. A mesh with 340700 

elements is found to be the most suitable number respecting 

the simulation results accuracy and the computational cost 

and time. The simulation is performed at a Reynolds number 

(Re) of 6x105 and applying simultaneous blowing and 

suction with an equal value of momentum coefficient (Cm) 

for both the blowing and suction process, Where the 

momentum coefficient (Cm) can be obtained by Error! 

Reference source not found.: 

.

20.5

j j

m

m V
C

U S 

=  

Where:  

Cm: momentum coefficient 

mj : jet mass flow rate 

Vj: jet velocity 

 ρ: air density at normal atmospheric conditions 

U∞ : ambient air velocity  

S: the aerofoil span side are 

 

Although the blowing and suction are kept identical in 

each case, the Cm values vary from 0.05 to 0.5, 

corresponding to flow rates of 0.24 to 0.76 Kg/s. The specific 

values for Cm are 0.05, 0.08, 0.16, 0.2, 0.4, and 0.5, while the 

corresponding flow rates are 0.24, 0.31, 0.43, 0.49, 0.68, and 

0.76 Kg/s, respectively. A mass flow inlet boundary 
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condition is imposed at the entrance of the blowing nozzle, 

while the mass flow rate is used to measure the mass leaving 

the suction nozzle exit. 

      

 

 

(a) 

 

(b) 

Fig. 4.The mesh configuration generated by ANSYS Meshing program for the CFD simulation over (a) the normal NREL 

S826 design and (b) the CFJ augmented S826-0.2B-0.7S aerofoil. 

 

4. Results and Discussion 

Based on the literature review, the main objective of the 

blowing and suction co-flow jet (CFJ) technique is to 

overcome the separation phenomenon which represents a 

barrier toward a better aerodynamic characteristic over the 

aerofoil. An aerofoil can be said to have better aerodynamic 

characteristics when achieving high lift coefficient (CL) 

while maintaining a low value of drag coefficient (CD) or 

achieving even lower CD values. This can be obtained by 

creating conditions where the stream of air flow can attack 

the aerofoil profile at high values of attack angle (  ) without 

separating from the aerofoil surface, such conditions can be 

provided using the CFJ technique as observed.  

The distance where blowing and a suction port are 

located with respect to the chord length of the selected 

aerofoil, (X/C)B and (X/C)S, the momentum coefficient (Cm), 

the port height with respect to the aerofoil chord (h/C), and 

the tilt angle of the CFJ port represent the main and decisive 

parameters that affect the conditions provided over the 

aerofoil surface aiming to prevent the separation 

phenomenon. Hence, enhancing the  aerodynamic properties 

of an aerofoil. However, the effect of changing the port 

position and the momentum coefficient are the parameters to 

be studied in this case. 

In order to make sure that the CFD-generated results are 

reliable and possess a level of realism, the results obtained 

from the normal configuration of the NREL S826 aerofoil are 

to be validated by the experimental results obtained by Barti 

et al. [22]. 

 

4.1 Validation 

Results shown in Figure 5 represent the validity of the 

mesh and CFD results generated based on the normal 

configuration of the NREL S826 aerofoil. Hence, by 

applying the same process for the geometries designed for 
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the performed case study would ensure the reliability of the obtained results. 

 

 

Fig.5. The validation results between the normal configuration NREL S826 CFD simulation results and the experimental 

results obtained by Barti et al.[22]. 

 

4.2 The effect of Momentum Coefficient  Variation Over 

the Aerodynamic Performance of the NERL S826 

The simulation is, first, performed at a fixed position for 

the blowing and suction ports of the model S826-0.2B-0.7S 

while varying the values of Cm from 0 to 0.5. Based on 

existing research on NACA profiles the case 0.2B-0.7S at Cm 

= 0.2 is expected to give the best performance among the 

tested models. However, this isn’t the case. As shown in 

Figure 6, which illustrates the relation between lift and drag 

coefficient and the angle of attack under the effect of 

momentum coefficient for the model S826-0.2B-0.7S, at first 

glance, the prevailing impression is that the higher the value 

of Cm, the higher the value of CL, with a slight change in the 

value of CD at low angles of attack. Stall delay is also a 

common effect that appears over the model S826-0.2B-0.7S 

for most applied Cm values. 

The lift coefficient (CL) witnesses an enhancement with 

a minor change in the value of drag coefficient (CD) and stall 

delay when activating the blowing and suction CFJ 

technique. This mainly is due to the intentionally generated 

vortexes working to exchange their momentum with the 

main wind streamlines which leads the following results, at 

low values of attack angle (α) the excess momentum added 

to the mainstream increases the generated lift coefficient as 

resulting forces increase. For a bigger attack angle (α), where 

stall normally occurs at the base condition, the excess applied 

momentum forces the mainstream to keep attacking the 

aerofoil surface. 
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Fig. 6. The relation between lift and drag coefficient and the attack angle (α) under the effect of momentum coefficient (Cm) for 

the model S826-0.2B-0.7S at Re = 6x105 simulated using ANSYS Fluent. 

The influence of blowing and suction CFJ technique 

over the model S826-0.2B-0.7S with applying Cm = 0.05 can 

be observed in Figure 7. As can be observed in Figure 7 (a) 

and (b) the effect of applying blowing and suction CFJ at 

attack angle α = 0⁰ is reducing the shock of flow at the 

leading edge and generating high uniformed velocity of wind 

stream over this aerofoil. hence, more pressure uniformity 

over both the suction and pressure side of the model leads to 

a more stable operation and higher lift coefficient value with 

the negligible change in drag coefficient presented in Figure 

6. When increasing the attack angle to α = 15⁰ while keeping 

the model S826-0.2B-0.7S under observation, the effect of 

blowing and suction CFJ technique remarkably appears as 

shown in Figure 7 (c) which illustrates the stall effect over 

the S826 at base condition, a formation of vortexes can be 

easily observed at the trailing edge of the aerofoil. These 

vortexes increase the drag coefficient while causing a 

reduction in lift coefficient value which is an unwanted 

condition for aerofoil aerodynamics. In contrast, in Figure 7 

(d), streamlines are fully attached to the model surface with 

no vortex formation at the leading or trailing edges 

increasing the lift coefficient and achieving the same effect 

occurs at the condition S826-0.2B-0.7S at attack angle (α) of 

0⁰ from the perspective of pressure distribution.  

Figures 7 (e) and (f) represent the worst case at attack 

angle α = 20⁰. For the base case, the stall effect is remarkably 

noticed with large vortexes area and big stagnation shock of 

the flow. In addition to the appearance of small vortexes 

area, compared to these appears at the base condition, at the 

trailing edge for the case of model S826-0.2B-0.7S with Cm 

=0.05 at attack angle (α) of 20⁰, small vortexes are appeared 

at the leading edge, shown in Figure 8 increases the drag 

coefficient and reducing the lift coefficient. 

 

 
 

  
(a) (b) 

AOA = 

0⁰ 
AOA = 

0⁰ 
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(c) (d) 

  
(e) (f) 

Fig.7. The aerodynamic field without and with blowing and suction CFJ technique over the model S826-0.2B-0.7S applying 

Cm = 0.05 at Re = 6x105 simulated using ANSYS Fluent post-process. 

 

 

Fig. 6. A closeup view of the formed vortexes at the leading edge of model S826-0.2B-0.7S applying Cm=0.05 at α=20⁰ at Re = 

6x105 simulated using ANSYS Fluent post-process. 

 

As the minimal considered momentum coefficient 

managed to enhance the aerodynamic performance of the 

S826 aerofoil, various momentum coefficients are applied 

over the model S826-0.2B-0.7S to investigate its effect on 

the model. Figure 9 shows the effect of applying blowing and 

suction CFJ at Cm of 0 (base case), 0.2 and 0.5 at attack 

angles equal to 0⁰, 15⁰ and 20⁰, respectively.  The model 

S826-0.2B-0.7S at Cm = 0.2 shows an increase in lift 

coefficient. However, at a high angle of attacks the 

generation of vortexes is demolished at trailing edge and 

appear at the leading edge instead resulting in an increase in 

drag coefficient values, which results in a reduction of the 

aerodynamic efficiency of the blade compared with the base 

case. For Model S826-0.2B-0.7S at Cm = 0.5, although, the 

high stall delay is achieved, vortexes are generated at the 

leading edge at early stages of attack angle values with 

respect to the stall angle delay. Hence, a reduction in the 

aerodynamic properties is obtained despite the high lift 

generated. 

 

 

 

 

 

AOA = 20⁰ AOA = 20⁰ 

AOA = 

15⁰ 

AOA = 15⁰ 
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(a) 

   

 

 

(b) 

   

 

 

(c) 

   
 

Fig.9.The effect of applying (a) Cm = 0 (base case), (b) Cm = 0.2, and (c) Cm = 0.5 on the aerodynamic field of the model 

S826-0.2B-0.7S at Re = 6x105 simulated using ANSYS Fluent post-process. 

As observed from Figure 9 and Figure 7 all values of 

applied momentum coefficient managed to prevent the 

separation of flow from the model surface at trailing edge. 

However, high momentum coefficient values result in lower 

aerodynamic efficiencies compared with the base case. 

Figure 10 illustrates the relation between the lift to drag ratio 

and the attack angle with change in momentum coefficient 

for the model S826-0.2B-0.7S. It can be observed that for the 

model S826-0.2B-0.7S the lower the Cm value the higher the 

aerodynamic efficiency for most of the attack angle range 

compared to the base case. Results of applying blowing and 

suction CFJ technique on the average lift coefficient, drag 

coefficient, lift to drag ratio and stall angle delay are 

displayed at Table 1 for model S826-0.2B-0.7S at various 

momentum coefficient Cm values. As can be observed from 

the data in Table 1, applying blowing and suction CFJ 

technique is always able to enhance the lift value. However, 

it must be applied with caution as blowing and suction CFJ 

technique also increases the value of drag over the blade 

surface, which is an undesired phenomenon for most 

applications. Applying high momentum coefficients Cm 

causes high drag force over the aerofoil surface. For very low 

and very high momentum coefficient Cm values a delay in 

stall angle occurs by remarkable values. This phenomenon is 

suggested to be used for automatic control of the aerofoil or 

wing characteristic. 

Table 2: Results of applying blowing and suction CFJ technique for the model S826-0.2B-0.7S at Re = 6x105 for the 

main stream. 

Cm 
Increase in % CL 

_average 

Increase in % 

CD_average 

Increase in % (CL / CD) 

_average 

Increase in Stall angle 

delay 

0.05 44.2 21.4 15.4 3⁰ 

0.08 52.85 120.7 11.5 1⁰ 

0.16 69.4 100.4 11.6 0⁰ 

0.20 81.9 142.4 13.9 0⁰ 

0.4 124 285.9 57.1 5⁰ 

AOA = 20⁰ AOA = 15⁰ AOA = 0⁰ 

AOA = 15⁰ AOA = 0⁰ AOA = 20⁰ 

AOA = 0⁰ AOA = 15⁰ AOA = 20⁰ 
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0.5 136.8 390.7 354.3 4⁰ 

 

 

Fig. 10. The effect of increasing Cm value on the CL / CD ratio at various attack angle at Re = 6x105 for the main stream. 

 

When an aerofoil is submerged in an air stream various 

aerodynamic forces are generated. Figure 11 illustrates these 

aerodynamic forces, which are lift force FL, drag force FD, 

tangential force Fn, trust force FT, and resultant force FR, and 

the velocity triangle of an aerofoil. The generation of these 

forces depends primarily on the aerodynamic conditions 

surrounding the blade, which are intentionally manipulated 

by CFJ technology.  Based on this principle, it is necessary to 

study the effect of large values of Cm on the generation of 

these forces, which may negatively affect the performance of 

the turbine blade from structural aspects. 

 

Fig11.Aerodynamic forces analysis applied on the NREL S826 aerofoil. 

Considering NTNU (Norwegian university of science 

and technology ) HAWT turbine geometry [23], Figure 12 

illustrates both tangential and thrust forces coefficients – Cn 

and CT, respectively, and their changes in the spanwise 

direction on the turbine blade when applying various Cm 

values. To evaluate the effect of the enhanced lift coefficient 

for wind turbine applications, the estimated tangential and 

thrust forces coefficients are examined along the spanwise 

direction of an NTNU turbine blade. It is observed that 

increasing the momentum coefficient increases the tangential 

and thrust forces. However, there is a significant increase in 

the thrust force, especially near the blade tip. Therefore, it is 

advisable to implement suction and blowing in sections away 

from the blade tip. Stronger and more expensive material will 

be required for the manufacture of turbines with blowing and 

suction CFJ technique. For such reasons and for their poor 

aerodynamic efficiency, high momentum coefficients Cm 

should be avoided. 
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Fig. 12. Tangential and thrust force coefficients – Cn and CT, respectively – and their relationship to the position at the 

turbine blade and the momentum coefficient Cm applied at Re = 6x105 for the main stream, focuses on the potential stresses 

on the NREL Phase VI blade structure. 

4.3 The effect of both blowing and suction ports position 

and momentum coefficient variation over the 

aerodynamic performance of the NERL S826  

The position of blowing and suction ports can be 

considered an important design  parameter which affect the 

performance of a blowing and suction CFJ technique. 

Various positions for blowing and suction plots are simulated 

to configure the path towards a better performance. To serve 

that purpose various models for the S826 aerofoil are 

designed. The designed models are shown in Figure 2.  

Figure 13 illustrates the effect of ports position on the lift and 

drag coefficients when applying a Cm =0.2. As can be 

observed, the model S826-0.1B-0.7S provides the highest lift 

enhancement with a value equal to 81.3% and a 3⁰ stall delay. 

However, the drag produced is also higher than its 

presumptions leading to low aerodynamic characteristics. It 

can also be seen that the model S826-0.2B-0.7S provides a 

high lift with a value equal to 78.6% and no stall delay 

accompanied with an increase in overall drag values. In 

general, the presented models in this case all perform low 

aerodynamic characteristics. 

 

 

Fig. 7. The effect of ports positions on the lift and drag coefficients when applying a Cm =0.2 at Re = 6x105 for the main 

stream. 

Reducing the value of momentum coefficient Cm leads to 

a reduction in the achieved enhancement in lift values for 

different models and reduces the difference between the 

maximum lift and drag produced by most models. Figure 14 

illustrates the enhancement achieved by various models 

specially S826-0.1B-0.7S and S826-0.08B-0.8S in improving 

the aerodynamic performance of the aerofoil by enhancing 

the lift value up to 76.8% for S826-0.1B-0.7S and 72.5% for 

S826-0.08B-0.8S, keeping the drag values low as compared 

to other designed models – achieving almost the same drag 
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values – and delay the stall angle by 2⁰ for both.

 

Fig. 8. The effect of ports positions on the lift and drag coefficients when applying a Cm =0.16 at Re = 6x105 for the main 

stream. 

Applying minimal values of momentum coefficient Cm 

reduces the increase in drag value and allowing to achieve an 

increase in the lift values close to the achieved values using 

higher momentum coefficient values. Figure 15 (a) illustrates 

the enhancement in lift values and a relatively small increase 

in drag values for most of the designed models when 

applying Cm =0.08. Where the model S826-0.2B-0.7S 

achieves the highest increase in lift coefficient with a value 

of 51.1% and the smallest drag coefficient increase by 

11.3%. While Figure 15 (b) shows almost constant drag 

values for all designed models at all angles of attack 

compared to the base condition with the ability to increase 

the value of lift produced by all the designed models when 

applying a Cm =0.05. If observation is made to Figure 16 (a) 

and (b) an enhancement in the aerofoil aerodynamic 

efficiency can be noticed for a wide range of attack angles 

compared to the other presented models. However, the model 

S826-0.2B-0.7S shows an irregular response when applying 

Cm =0.05 as it achieves a delay in stall angle by 3⁰ while 

achieving a high lift increase with a value of 49.8% and low 

drag increase by a value of 60% among the considered 

models at the same operating conditions. The model S826-

0.2B-0.7S at Cm =0.08 and Cm =0.05 gives the best 

aerodynamic enhancement of the presented cases. However, 

the range of enhancement is longer in the case when applying 

Cm =0.05, and the enhancement is higher in the case where 

Cm =0.08 is applied It is observed that the enhancement in 

aerofoil performance increases as the Cm value decreases. 

These findings align with the results of Deng et al [24].      

This behavior is attributed to the Kelvin-Helmholtz                                                                            

instability  phenomenon[25], which occurs when two layers 

with different velocities or densities interact, forming an 

interfering layer due to sufficient shear stress between them. 

This leads to momentum transfer across the interface, 

resulting in the reattachment of the separated layer on the 

aerofoil surface. Based on the understanding of the Kelvin-

Helmholtz instability phenomenon, when Cm =0.5 and Cm 

=0.4 are applied, the shear between the interface layers is too 

strong, forming high instability and complex structures such 

as vortices. This causes an increase in the pressure difference 

between the suction and pressure sides of the aerofoil, 

leading to an increase in lift force accompanied by a high 

increase in drag force due to the generated vortices. For the 

cases when Cm =0.08 and Cm =0.05 are applied, the 

generated shearing at the interface is sufficient to cause the 

proper amount of momentum transfer between the layers of 

the mainstream and the CFJ stream, leading to the 

reattachment of the separated layer without causing high 

turbulence to create large and strong vortex areas. The 

application of low Cm values of 0.08 and 0.05 results in a 

favorable increase in lift force while keeping the increase in 

drag force minimal. 
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(a) 

 

(b)   

Fig. 9.The effect of ports position on the lift and drag coefficients when applying a) Cm =0.08 and b) Cm=0.05 at Re = 6x105 

for the main stream.

 

(a) 
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(b) 

Fig.10. The effect of ports position on the CL/CD ratio at a) Cm=0.08 and b) Cm=0.05 at Re = 6x105 for the main stream. 

 

5. Conclusion 

This study investigates the utilization of suction and 

blowing techniques as Boundary Layer Control methods 

and their impact on the performance of the NREL S826 

aerofoil used in wind turbine applications. Computational 

Fluid Dynamics (CFD) is employed to simulate the airflow 

around the aerofoil at varying suction and blowing flow 

rates and positions. Six values of the momentum 

coefficient, Cm (0.05, 0.08, 0.16, 0.2, 0.4, and 0.5), are 

considered for both suction and blowing. The SST K-ω 

turbulence model is utilized for turbulence modeling. 

One particular model, S826-0.2B-0.7S, emerges as 

the most efficient among the proposed models. By 

positioning the blowing port closest to the separation point 

at high angles of attack, this model achieved a significant 

increase in the lift coefficient by 49.8%, with a minor 

increase in drag of up to 60%. Another model, S826-0.2B-

0.7S, yielded a lift coefficient increase of 51.1% with a 

minimal increase in drag coefficient of only 11.3% by 

applying Cm = 0.08. 

In order to evaluate the impact of the enhanced lift 

coefficient on wind turbine applications, the estimated 

tangential and thrust force coefficients are analyzed along 

the spanwise direction of an NTNU turbine. The results 

indicate that increasing the momentum coefficient leads to 

an increase in both tangential and thrust forces. However, 

there is a notable increase in the thrust force, particularly 

near the blade tip. Therefore, it is recommended to 

implement suction and blowing techniques in sections that 

are located away from the blade tip. 
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