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Abstract—Flow over an airfoil is important aspect of many engineering applications such as,
turbines, wind mills, compressors, airplanes etc. However, experimental investigation of important
flow physics characteristics around airfoil is technically and economically expensive. At this point of
uncertainty, CFD can significantly help the researchers. Owing to its capability to promptly replicate
the real life flow physics at comparatively lower cost, CFD can play an important role in design and
optimization process. This project is aimed towards CFD analysis of subsonic flow over airfoil
NACA 0012 at Reynolds number 3 x 106 for various values of angle of attack and Mach number. It
has been observed that present CFD results are in good agreement with experimental results.
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I. INTRODUCTION
Airfoil is defined as the body which, when placed in a air stream results into occurrence of an
aerodynamic forces which can be utilized depending upon the application areas. These forces can be
used by the wings of an aircraft, rotor, propeller blades, blades of a wind mill turbine etc. When the
airfoil moves through an air stream it result into splitting up of air into two region i.e. the half of the
wind passes through the upper region while the other remaining portion passes through the lower
region. The upper region of an airfoil is in a curved shape while the lower portion is straight. When
the air passes through the upper region it get stretched due to the shape present over there which
result into the reduction of a pressure on the upper side. While the air passing from the lower region
do not results into a reduction of a pressure due the present of a straight portion.
II.
LITERATURE SURVEY
Murthy et al. [1] predicted the formation, growth and shedding characteristics of vortices both
primary and secondary type, either flow was steady or unsteady. Lee and Jang [2] investigated
experimentally, flow structure of the wake behind a NACA 0012 airfoil covered with a V-shaped
micro-riblet film and the drag force acting on each airfoil were measured for Reynolds numbers
ranging from Re 1.03 x104 to 5.14 x104. Shan et al. [3] presented Direct Numerical Simulation
(DNS) for the flow separation and transition around a NACA 0012 airfoil with an attack angle of 4 o
and Reynolds number of 105 based on free-stream velocity and chord length. Deng et al. [5] obtained
and analyzed the details of flow separation, formation of the detached shear layer, Kelvin–Helmholtz
instability and vortex shedding, interaction of nonlinear waves, breakdown, and re-attachment.
Baxevanou et al. [6] reported that the most appropriate interpolation scheme for the high Re k-ε
model was the Roe-Sweby upwind TVD scheme with the minmod limiter. Martinat et al. [7]
provided a study of the NACA0012 dynamic stall at Reynolds numbers 105 and 106 by means of
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two-dimensional and three-dimensional numerical simulations as well as studied the turbulence
effect on the dynamic stall by statistical modeling. Douvi et al. [8] showed the behavior of airfoil at
different angles of attack and Re 3 x106.
Present paper is intended to report the findings of CFD study carried out on airfoil NACA 0012 for
different values of angle of attack. The computational model is 2D domain using structured mesh
which has been created using modeling and meshing software Gambit 2.4.6. the equations related to
flow physics and turbulence have been solved using commercially available solver Fluent 6.3.26.
Spalart Allmaras model has been used for the computation of turbulence in the flow field.
III. MATHEMATICAL MODELLING
3.1 Governing Equations of CFD [9]
The governing equations solved by Fluent 6.3.26 are equation of continuity, momentum, energy and
equation of state, given below:
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Additionally, transport equations are also solved for different turbulence models.
3.2 Transport Equation for Spalart-Allmaras Model
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IV. GRID INDEPENDENCE STUDY
The structure grid used in present study has been depicted in Fig. 1. Grid independence check is
necessary to eliminate the erros which arise due to coarseness of the grid. In present study, grid
independence of the solution has been tested using four different grid sizes i.e. with grid made up of
9000, 18032, 25296 and 33338 cells. Fig. 2 shows the effect of grid size on coefficient of lift. From
Fig. 2, it is observed that value of Cl does not change significantly when grid size is increased
beyond 18032 cells. Hence, further observations have been reported using grid of 18032 cells to save
computational power and time.
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Figure 1. Structured grid used in present study
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Figure 2. Effect of grid size on Cl

V.
VALIDATION
Once the CFD results have been obtained, they must be compared with experimental results to check
their correctness and authenticity. the results of present CFD study have been compared with
experimental results of [4], as shown in Fig. 3. it is observed that for all the values of angle of attack
(AOA), results of present CFD study are in good agreement with experimental results. such an
accurate computational model can now be utilized to study the effect of different parameters on
operating performance of airfoil.
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Figure 3. Comparison of experimental and CFD values of Cl

RESULTS AND DISCUSSION
Once a reliable and dependable CFD model has been established, it can be used to study the effect of
various values of angle of attack on the values of drag coefficient Cd and lift coefficient Cl for
Reynold Number of 3x106. It has been observed during the present study that with increase in angle
of attack, lift force increases substantially, however, accompanied by significant rise in drag force
also. hence, attempt has been made to compare the change in drga and lift forces with change in
angle of attack.
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Figure 4. Variation of ratio of drag and lift force with angle of attack

Fig. 4 shows variation of ratio of lift force Fl and drag force Fd with change in angle of attack. it is
oberved that this ratio increases with increase in angle of attack from 0o to 6o. After this, the ratio
decreases with further increase in angle of attack. Maximum value of this ratio has been observed to
be 43.60 at 6o angle of attack. it means that airfoil NACA 0012 operated at angle of attack of 6o can
experience much efficient operation as compared to that at other values of angle of attack.
To gain further insights into the flow characteristics, variation of drag force experienced by airfoil
with change in Mach number at two benchmark cases of angle of attack have been observed. Fig. 5
shows the variation in the magnitude of drag force with change in Mach number at angle of attack of
6o and 15o. Previously, in Fig. 4, it has been shown that performance is better with angle of attack of
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6o. From Fig. 5, it is observed that drag force magnitude increases abruptly when Mach number is
changed for angle of attack 15o. This causes the formation of stall at 15o angle of attack.
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Figure 5. Variation of drag force with change in Mach number

CONCLUSION
CFD study of airfoil NACA 0012 has been carried out using Spalart Allmaras turbulence model. It is
concluded that results of present CFD study are in good agreement with experimental results.
furthermore, angle of attack of 6o is best suited for airfoil operation under given condition. abrupt
increase in drag force after this angle of attack results in poor performance of airfoil operation.
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