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Abstract— NACA 0012, a mathematical reproduction of 

tempestuous wind stream around a balanced airfoil, changed 

pair. They were changed at various approaches and acted in 

ANSYS 19. The advancement in research on the stream 

structure and streamlined qualities of an airfoil at a low 

Reynolds number, as experienced by close space low-speed 

airplanes and miniature air vehicles, is summed up in this 

Review. This work mathematically depicts the effect of 

adding miniature chamber, as a detached stream control 

around NACA0012 airfoil, on streamlined execution under 

different working circumstances. The outcomes showed that 

utilizing a chamber with width equivalent to driving edge 

breadth causes more strain drop as the pair hole diminished, 

seeing that this impact turns out to be more critical at a high 

approach. It additionally shows that the expansion in the 

width of the miniature chamber defers the slow down 

peculiarity. Besides, the wing streamlined execution are 

improved as drag is decreased and lift is upgraded. 

Keywords: Ansys Fluent 19.1, CFD, Angle Of Attack (AOA), 

Drag, Lift & Solidworks (2020).     

I. INTRODUCTION 

 
Fig. 1: Schematics of a micro-cylinder near the leading-

edge. 

The study of aerodynamics at low Reynolds numbers, or Re, 

is becoming more popular. This is mostly due to a growth in 

real-world engineering applications such as wind turbines, 

micro air vehicles (MAV), small unmanned aerial vehicles 

(UAV), and even a possible Mars exploration system. The 

immensely rich flow physics in this flying domain is another 

reason for interest in low Re aerodynamics. The two main 

strategies for controlling the flow state are active and passive 

flow controls. Because it requires an extra regulator, 

actuators, and power source to control the stream, dynamic 

stream control is restricted. Detached stream control, then 

again, is simple and economical. In this manner, the latent 

stream control is more pertinent in pragmatic applications yet 

on a tight scope of working circumstances. Several 

publications investigated the impact of different passive 

technique on the aerodynamic performance.  

 Airfoils are one of the most key parts of airplane and 

UAVs, and its streamlined presentation straightforwardly 

affects their productivity. Specifically, they are frequently 

exposed to significant troublesome antagonistic strain slopes, 

which lead to inescapable stream division mostly at a high 

approach. The limit used to characterize the low Reynolds 

number is different in various fields of exploration. In the 

plan of aviation vehicles, the worth of 10^5 is regularly used 

to distinguish the scope of the low Reynolds number, and 

customary airplanes work at Reynolds quantities of up to 

10^6. As per the meaning of the Reynolds number, the 

proportion of the inertial power of the liquid to its thick power 

is lower at a lower Reynolds number, demonstrating the 

development of gooey impacts. Stream at a low Reynolds 

number has been generally investigated as a part of 

streamlined features. The hypothetical reason for the optimal 

design at a low Reynolds number is the laminar detachment 

bubble (LSB) hypothesis proposed by Horton et al. t depicts 

the detachment, change, reattachment, and other actual 

peculiarities in the laminar partition bubble (LSB). . 

Concerning slowed down airfoils, numerous examinations 

have been directed to stifle the limit layer detachment. 

Notwithstanding most with respect to concentrates on 

performed by streamlined analysts, low Reynolds number 

optimal design actually have researchable potential. This is a 

result of the accompanying:   

1) The isolated laminar limit layer on account of 

unfavorable strain inclinations (APGs) is touchy.   

2) Progress area is excessively expansive, bringing about 

more insecure way of behaving.  

3) Short and long division bubble arrangements arise with 

these APGs and insufficient force in stream.  

4) Helpless job can be played due to surface circumstances 

free-stream choppiness.  

 A few kinds of exploration have been led on the drag 

decrease for a few sorts of air foils.   

II. LITERATURES REVIEWS 

Marchevskii and Puzikova used the LS-STAG method to 

numerically simulate the flowing patterns of two tandem 

airfoils with varied distance space. They used two symmetric 

vortices and asymmetric vortices, a single vortex behinds the 

first airfoil for Reynolds numbers between (10-500)[1]. Mr. 

Sandesh K. Rasal et al, Observed with the implementation of 

circular dimple on the upper surface of NACA0012 airfoil 

produce high velocity region near it as compared to normal 

airfoil[2]. The dual airfoil drag coefficient (Cd) is negative 

for short gaps and moderately becomes positive for greater 

gaps for specific flow types, but it still is smaller than the 

single airfoil drag coefficient (Cd). Inserted a micro scale 

cylinder in front of the leading-edge bend of a wind turbine 

blade at stall condition has been proposed by some 

researchers as an effective approach to manage flow 

separation [3]. Md. Mahbub Alam et al, Lift force and near 

wake of an airfoil were measured on a NACA0012 airfoil at 

ultra-low Reynolds number and found that wake depends on 

angle of attack and correlates with lift coefficient, with a 

drop-in lift coefficient resulting in stalling[4].  
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 According to the simulation results, the finest 

cylinder velocity ratio is done by using different position gaps 

of (0.5) and (0.8) from the chord length, respectively. Further, 

the revolving cylinder has affected the stalled airfoil by 

decreasing the separated zone and reducing the drag 

coefficient (Cd) for the same AoA [5].  Nazari uses the 

detached eddy simulation turbulence model to analyze a 

similar case configuration computationally. Kentfield used 

flaps on the trailing edge of the airfoil to perform theoretical 

predictions and experiments, verifying that the trailing edge 

flap procedure can improve the lift-drag ratio of the wind 

turbine [6].  

 Holten discovered that the wind turbine with the tip 

vane of the blade was more powerful than the original one 

after inserting the tip vane [7]. Dahai Luo et al, The test was 

conducted on NACA0012 airfoil and results tell that spacing 

between leading edge of the airfoil and micro cylinder plays 

a vital role in delaying stall phenomenon and in lift drag 

efficiency,  if the spacing is (s/c = 0.005) Severe blockage 

occurs. When the spacing above increases s/c =0.015, the 

blockage is significantly alleviated [8]. The Delft University 

of Technology (DUT) analyzed data on self-developed DU 

airfoils, with the results indicating that Gurney flaps, vortex 

generators, and tip vane can improve the airfoil lift-to-drag 

ratio [9].  

 In contrast, a rod–airfoil model called as the elevated 

wire concept has recently been proposed by Choudhry and 

fellow researchers [10]. The rod is placed in front of the 

leading edge but in the center of the span. The mounting of 

the airfoil differs from that of Heine et al [11].  Wang et al. 

The effect of installing micro-cylinders of different diameters 

and positions in the structure were discussed in depth. The 

blade of the N.R.E.L. Phase VI wind turbine [12].  

III. METHODOLOGY AND FORMULATION 

A. Numerical equations  

In this review, CFD is utilized to recreate the stream over the 

air foil at various AOA’s. Most of CFD recreations in this 

study depend on two-layered consistent RANS estimations, 

while DDES depends on three-layered and shaky 

calculations.  

B. Governing Equation  

The design specification was changed, and the Airfoil flow 

transfer was neglected when evaluating incompressible flow. 

In the scenario of angle of attack (AOA). The presence of 

fluid viscosity will lead the Reynolds-averaged -dimensional 

viscous incompressible equations to flow apart. Equation for 

Navier Stock 

Continuity equation :  

Two-dimensional viscous incompressible Naiver-Stocks 

equation:  

 

C. CFD (Computational Fluid Dynamics)  

"CFD (Computational fluid dynamics) is a set of 

mathematical techniques applied to obtained approximate 

solution fluid dynamics and heat transfer."CFD is a numerical 

method for simulating and researching fluid dynamics. The 

physical system is divided to two parts CFD Simulation. 

Governing equations can be solved by separating the domain 

into the smallest finite volume components. Numerically all 

flows are turbulent, which is called as turbulence.  

 CFD process theoretical basis governing equation 

fluid mechanics, and the various numerical calculation 

methods and the CFD technology.  

 
Fig. 2: Different disciplines contained within CFD. 

D. Mathematical Method  

CFD are the numerically algorithm that can handled fluid 

flow problems. All the CFD commercial package available in 

the marketing have 3 basic elements, which divide the fully 

analysis of the numerically experimental to performing on the 

specific geometry.  

 
Fig. 3: CFD elements and Process Flowchart. 

 
Fig. 4: Solver Process of CFD 
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 The NACA 0012 airfoil was chosen for this work. 

Turbulent flownaca0012 airfoils without controlled fluent 

simulation to investigation the aero dynamic inter section the 

airfoil and micro cylinder. In this we solved our mesh by 

pressure based, absolute velocity formulation and time period 

is transient solution. We have viscous laminar flow in our 

mesh. A fixed on the controlling airfoil at AOA’s range from 

0 to 8.0.The airfoil is near to the micro cylinder.  

 The dia. of the rod using for controlled and the 

gaping the airfoil and cylinder are so small in study  

 
Fig. 5: The diagram of Airfoil and Micro cylinder 

 The Reynolds No. for this experiment is 10^4.  The 

dia. of the micro cylinder is varying from Different locations 

of the micro cylinder are also investigate to assess the effect 

of this passive control strategy. 

E. The Geometry Meshing  

 
Fig. 6: the schematic diagram of airfoil and micro-cylinder. 

 In this computational study, the adapted grid was 

generating around the micro cylinders and the airfoil. In the 

near boundary of the airfoil and micro cylinder, the grids are 

used in order to get the higher accuracy flow field data in 

streamline and wall. The Airfoil Chord Length is NACA0012 

c = 1.0 m. The harmony length of airfoil NACA0012 is c = 

1.0 m. Stream around the miniature chamber which is closer 

to the main edge and the stream variety in following edge 

enormously impact the computational reenactment.  

 In this cross section the absolute acquired hubs and 

cells represent the lattice were (110412) and (109479), 

separately and number of countenances are (219892).  

 The boundary conditions for all the areas are as for 

airfoil is wall , for bottom part it is wall, for inlet it is pressure 

inlet and for outlet wall it is pressure outlet. 

IV. RESULT AND DISCUSSION 

 
(a) 

 
(b) 

 
(c) 

Fig. 7: (a) Drag history (b) Lift history (c) streamlines for 

Reynolds 10k of finer mesh at AOA0. 

In these figure (a) is cd vs time step graph which shows the it 

is periodic in motion. Fig (b) shows the cl vs time step graph 

by which we know that it is periodic in motion. Fig (c) shows 

the streamline of our mesh.  
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(A) 

 
(B) 

Fig. 8: (a, b) show Stream line at AOA 2 of finer mesh at 

10k. 

In this two figures we come to know about the trailing edge 

where separation of boundary layers which is happening at 

the air foil. 

 
(A) 

 
(B) 

 
(c) 

Fig. 9: (a) streamlines (b) Lift history (c) Drag history are 

from Reynolds 10k of finer mesh at AOA4. 

In these figure (c) is cd vs time step graph which shows the it 

is periodic in motion. Fig (b) shows the cl vs time step graph 

by which we know that it is periodic in motion. Fig (a) shows 

the streamline of our mesh and come to know about the 

trailing edge where separation of boundary layers is 

happening at the air foil. 

 
(a) 
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(b) 

 
(c) 

Fig. 10: (a) streamlines (b) Drag history (c) Lift history 

Reynolds 10k of finer mesh at AOA6. 

In these figure (b) is cd vs time step graph which shows the it 

is periodic in motion. Fig (c) shows the cl vs time step graph 

by which we know that it is periodic in motion. Fig (a) shows 

the streamline of our mesh and come to know about the 

trailing edge where separation of boundary layers is 

happening at the end of the air foil.   

 
(A) 

 
(b) 

 
(c) 

Fig. 11: (a) streamlines (b) Drag history (c) lift history 

Reynolds 10k of finer mesh at AOA8. 

These figure (b) is cd vs time step graph which shows the it 

is periodic in motion. Fig (c) shows the cl vs time step graph 

by which we know that it is periodic in motion. Fig (a) shows 

the streamline of our mesh and come to know about 

separation of boundary layers is happening at the two vertices 

at the trailing edge and other in the middle part. 

 
Fig. 12: Streamline at micro cylinder of Reynolds 20k at 

AOA8. 

 We come to know about that the separation of 

boundary layers which is not happening at the air foil in this 

AOA. 
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Fig. 13: Streamline at micro cylinder of Reynolds 20k at 

AOA0 

We come to know about that the separation of boundary 

layers which is happening at the air foil in this AOA at the 

trailing edge. 

 
Fig. 14: Streamline at micro cylinder of Reynolds 20k at 

AOA2. 

We come to know about that the separation of boundary 

layers which is not happening at the air foil at trailing edge.  

 
Fig. 15: Streamline at micro cylinder of Reynolds 20k at 

AOA4. 

We come to know about that the separation of boundary 

layers which is not happening at the air foil in this AOA. 

 
Fig. 16: vortex formation on airfoil at Reynolds 20k at 

AOA6. 

We come to know about that the separation of boundary 

layers which is happening at the air foil at two vertices one at 

trailing edge and one at the outer layer of it. 

 
(A) 

 
(B) 

Fig. 17: (a) Streamline at micro cylinder (b) vortex 

formation on airfoil at Reynolds 10k at AOA2 with circular 

cylinder. 
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In this figure we see that the boundary separation is 

happening at the trailing edge and as well as near the circular 

cylinder. 

 
(A) 

 
(B) 

Fig. 18: (a) Streamline at micro cylinder (b) vortex 

formation on airfoil at Reynolds 10k at AOA0 with circular 

cylinder. 

In this figure we see that the boundary separation is 

happening at the trailing edge and as well as near the circular 

cylinder. 

 
(A) 

 
(B) 

Fig. 19: (a) Streamline at micro cylinder (b) vortex 

formation on airfoil at Reynolds 10k at AOA4 with circular 

cylinder. 

In this figure we see that the boundary separation is 

happening at the trailing edge and as well as near the of 

circular cylinder. 

 
(A) 

 
(B) 

Fig. 20: (a) streamline at micro cylinder (b) vortex 

formation on airfoil at Reynolds 10k at AOA6 with circular 

cylinder. 
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In this figure we see that the boundary separation is 

happening at the trailing edge and as well as near the circular 

cylinder. 

 
(A) 

 
(B) 

Fig. 21: (A) Streamline at micro cylinder (b) vortex 

formation on airfoil at Reynolds 10k at AOA8 with circular 

cylinder. 

In this figure we see that the boundary separation is 

happening at the trailing edge and on the outer layer of the 

mesh which is at two vertices. 

Re 10 k  AOA 

Drag Lift  

0.125314 -0.00014 0 

0.04 0.02 2 

0.048841 0.125315 4 

0.062627 0.186462 6 

0.126614 0.846063 8 

Table For RE At 10 K   

 
(a) 

 
(b) 

Fig. 22: (a) Cd vs. AOA 8 and (b) Cl vs. AOA 8 at Re 10k. 

These are the two graphs which are obtained from the values 

in the given table above. 

Re at 20k  AOA 

drag lift  

0.028607 -0.00016 0 

0.03279 0.026805 2 

0.042874 0.103166 4 

0.050929 0.582148 6 

0.085844 0.720424 8 

   

Table For RE At 20 K 

 
(A) 
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(B) 

Fig. 23: (a) Cl vs. AOA 8 (b) Cd vs. AOA 8. 

Re 10 Circular cylinder AOA 

0.038624  0.006624 0 

0.041731  0.047316 2 

0.041731  0.047245 4 

0.089722  0.620799 6 

0.112198  0.718725 8 

Graphs are plotted with the values given in the table above 

from 20k. 

 
(A) 

 
(B) 

Fig. 24: (a) Cd vs AOA (b) cl vs AOA. 

These are the graphs which are plotted from the values given 

in the above table re20k with circular cylinder.  

Experimental turnsd Cd 10k Experimental turnsd Cl 10k aoa 

0.042 0.042 -0.00014 0.174 0.174 -0.000136 0 

0.041 0.043 0.04 0.217 0.208 0.02 2 

0.048 0.049 0.125315 0.291 0.262 0.125314731 4 

0.068 0.07 0.186462 0.409 0.387 0.18646177 6 

0.103 0.1 0.846063 0.587 0.53 0.846063263 8 

Table of RE10K VS RE10k with circular cylinder 

 
(A) 

 
(B) 
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Fig. 25: (a, b) shows comparison with experimental data and 

numerical simulation. 

These graphs are plotted from the values given at the table 

above which is between the re10k cd cl and experimental 

values.  

V. CONCLUSION 

 The NACA0012 When the altered cylinder size is 

Dc=0.5, the airfoil drag reduction is more significant.  

 The total lift coefficient (LD) and drag coefficient (Cd) 

of the measure between the airfoil and the micro-cylinder 

is critical to the entire system.  

 The vertices are attached to micro cylinder at every angle 

of attack.  

 Micro cylinder is placed upstream which affects the fluid 

flow at all angle of attack.  

 This becomes more pronounced as the angle of attack is 

increased.                                   
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