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Abstract - A car at velocity withstands some forces that generate instability due to the positional change in center of gravity. 
This brings about greater drag and lift forces in which the latter causes the rear wheels to float off the track and hence, 
instability. To resolve this problem, an addition of a rear spoiler to generate a counter down force is a way among other more 
complex modification. This work presents the performance characteristics of the rear spoiler designed for a car. The flow with 
temperature variation over NACA 0012 airfoil profile was simulated using commercial software package with numerical 
validation. The angles of attack to the profiles were varied from 10 to 50 degrees to the horizontal plane and the simulated 
velocity of the longitudinal wind were ranging from 40 to 200 km/h (0.2106<Re<1.0106), neglecting other lateral 
disturbances. Meanwhile, the air temperatures between 10C and 50C were varied. The more the attack angles of the spoiler, 
the less the power loss coming with the lowered drag and lift forces. The increasing air temperature resulted in the decreasing 
drag force while increasing down force. 
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I. INTRODUCTION 
 
Vehicles nowadays are progressively technologically 
advanced and relatively capable of running at higher 
speed than predecessors. At a greater extent of 
velocity, a car endures some force generate moments, 
e.g. yaw, rolling, and pitching moments, generating 
instability. This may bring the changes in drag and lift 
forces. In particular, the latter causes the rear wheels to 
float off the track and hence, shakiness. A way to 
resolve this problem is to generate a counter down 
force, e.g. by adding a rear spoiler with various 
profiles. 
 
The NACA 0012 airfoil has been widely used with its 
symmetrical profile. Its performance characteristics 
have been explored in various aspects and solving 
techniques. Shoja-Sani et al. (2014)[1] investigated 
aerodynamic characteristics of rarefied flow around 
NACA 0012 airfoil using Direct Simulation Monte 
Carlo (DSMC) and Navier–Stokes (NS) solvers. In 
addition, both unsteady–state and steady-state NS 
solutions for the flow over the profile have been 
investigated, respectively by Murthy et al. (2000)[2] 
and Swanson and Langer (2016)[3]. Akbari and Price 
(2003) [4] simulated the dynamic stall for a NACA 
0012 airfoil using a vortex method while Shan et al. 
(2005) [5]analyzed flow separation around the profile 
using direct numerical simulation and De Bortoli 
(2002)[6] used multigrid based aerodynamics for its 
simulation. 
 
In terms of application, Bhat et al. (2013) [7] studied 
stall flutter of the profile at low Reynolds numbers 
(Re) while Gageiket al. (2015) [8]studied for a direct 
numerical simulation of the transonic flow 
(Re=500,000) around a NACA 0012 airfoil. The 

NACA 0012 airfoil has been revealed for test results at 
high angles of attack by Rainbirdet al. (2015) [9]while 
Katkhawet al. (2014) [10]analyzed heat transfer 
behavior of other profile of flat plate having 45 
ellipsoidal dimpled surfaces. Formerly, Ahmed et al. 
(1998) [11] computationally studied the flow field 
developed around a cascade NACA 0012 airfoil 
profile. Its unity chord profile derived from UIUC 
Airfoil Coordinates Database [12]by UIUC Applied 
Aerodynamics Group is depicted in Fig. 1. 
 

 
Fig.1 NACA 0012 airfoil profile[12] 

 
Fig. 2 shows the NACA 0012 performance as a 
function of Re in terms of drag coefficient (Cd) and 
maximum lift-to-drag coefficients (Cl/Cd) obtained 
from calculation using values in the database of Drela 
and Youngren (2013)[13], at zero angle of attack. The 
drag coefficient decreases over the increment of 
Reynolds number while the maximum lift-to-drag 
coefficients increase and are stabilized. Both values 
are seemingly benefit in the Re range of interest. 
 
Subsequently, there are some other aspects that have 
not been studied concerning the air flowing over the 
NACA 0012 airfoil spoiler with elevated temperature. 
The main aim of this work is to investigate the drag 
force and the lift force over the variation in air 
temperature and velocity. 
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Fig.2 Drag coefficient (Cd) at 0 angle of attack and maximum 

lift-to-drag coefficients (Cl/Cd) 
 
II. MATERIALS AND METHODS 
 
2.1 Governing equations 
To focus on the fundamentals of flow and heat transfer 
of the NACA0012 airfoil, a two-dimensional model is 
considered.  The model was on the assumption of 
steady-state incompressible turbulent flow. By this 
conjecture, the continuity, momentum, and energy 
equations can be listed as[14]: 
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Where iu  is mean velocity, /
iu  is fluctuating velocity, 

ν   is kinematic viscosity, //
ji uu  is Reynolds-stress 

tensor,   ρ is fluid density,   is dynamics viscosity, 

pc is specific heat and T  is temperature. For turbulent 
flow, linear k  turbulence models of Launder and 
Sharma (1974) [15] is employed in this work. 
The commercial software package ANSYS is used in 
this study. The governing equations are discretized by 
the finite volume method, and the second order 
upwind scheme is adopted for spatial discretization of 
the convection terms. The segregated solver is used in 
the simulation, and the SIMPLE algorithm is 
employed to couple the pressure and velocity[16]. The 
convergence criteria of iterative solution have been 
insured when the residual of all variables are less than 
specific values. The specified value is 10-4 for the 
continuity and momentum equations, and 10-6 for the 
energy equation. 
 
2.2 Computational domain 
The two dimensional model of the NACA 0012 airfoil 
with unstructured meshing is shown in Fig. 3. The 
NACA 0012 airfoil used in this work has 280-mm 

chord and 120% of nose circle thickness. 

 
Fig.3 Two-dimensional model of the NACA 0012 airfoil with 

unstructured meshing 
 
Computational domain and boundary conditions for 
the two-dimensional NACA 0012 airfoil are depicted 
in Fig. 4. The x-axis is along to the direction of the 
drag force while the y-axis is upwards perpendicular to 
the x-axis, in the direction of the lift force. The air inlet 
velocities were altered in their vectors in x- and y-axes 
due to the changes in the angles of attack (AOA, ). 

 
Fig. 4 Computational domain and boundary conditions for 

two-dimensional NACA0012 airfoil 
 
2.3 Grid independence study 
At zero-degree angle of attack with 200 km/h air inlet 
velocity, the grid independence study for 
two-dimensional NACA 0012 airfoil was 
accomplished and determined. The results obtained 
from the software package have shown that when the 
grid number increased from 91,584 to 148,949, the 
drag force changed by 7.2%. Therefore, it can be 
proven that the performance is not affected by the grid 
and the results are independent of the mesh. 
 
2.4 Reynolds number determination 
The velocity range of interest is between 40 km/h and 
200 km/h as it is fast enough to observe for 
distinguishable drag and lift force values. This range 
of velocity causes in resultant Reynolds numbers. 
Reynolds number is a dimensionless value that 
measures the ratio of inertia forces to viscous forces 
and describes the degree of laminar or turbulent flow. 
Reynolds number (Re) is calculated by [17] 
 

Re =  
vl


                                                                (4) 
where v is air velocity in m/s, l is characteristic length 
in m, the chord width of the airfoils, and   is 
kinematic viscosity of air in m2/s ( = 1.5610-5 m2/s 
at 25C [18]). The Reynolds number range (200,000 < 
Re< 1,000,000) corresponding to the velocity range 
(40 km/h < v< 200 km/h) used in this work is shown in 
Fig. 5. 
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Fig. 5 The Reynolds number range 

 
2.5 Validation of numerical results 
The commercial software package was validated at 
least for problems. Further validation is performed in 
this study for the numerical procedures and settings. 
The simplified model, flow around diamond-shaped 
obstacle at Reynolds number of 1,000,000 was 
considered. The experimental drag coefficient (Cd) 
was 1.55 [19]. The drag coefficient from numerical 
result was 1.57. It can be seen that the numerical result 
is different from theory by 1.5%. Therefore, it can be 
confident that numerical results in this study are 
consistent with the experimental value. 
 
III. RESULTS AND DISCUSSION 
 
3.1 Baseline effects of angle of attack 
The variations of drag force, lift force, and power loss 
at various AOA are shown in Fig. 6 at 120 km/h, 30C. 
The drag force, lift force, and power loss have shown 
to decline during leaning angle of attack. The critical 
point was at -30AOA where the drag force would 
increase when the profile was getting leaner. 
However, the negative drag force can also be observed 
when the profile is getting steeper. These cause the 
power loss to occur for the leaner profile than 
-30AOA. At this condition, almost all the lift forces 
were negative (down force) over the range of 
-40AOA to -3AOA. 

 
Fig. 6 Power loss, drag and lift forces variation with angle of 

attack at 120 km/h, 30C 
 

3.2 Velocity effects on drag and lift forces 
The variations in drag force, lift force and power loss 
at various air inlet velocities are shown in Fig. 7 at 
-30 AOA and 30C. The drag forces were varied in 
some extents with the positive values at the speed 
below 150 km/h. For the speed beyond 150 km/h, the 
drag forces were reduced with increasing air inlet 
velocity. This helps a car moving forwards. These 
trends of the drag force cause the power loss to be in 
the same pattern. Also in Fig. 7, all the lift forces are 
negative values (down forces) and they are increased 
in magnitude with the increasing velocity. 
 

 
Fig. 7Power loss, drag and lift forces variation with air velocity 

at 30C, -30 AOA 
 
3.3 Effects of air temperature 
The air inlet temperature is shown to affect the drag 
force and lift force as seen in Fig. 8 at 120 km/h and 
-30 AOA. As the air inlet temperatures increase, the 
drag forces reduced while the lift forces increased as 
the air density, dependent on temperature, plays an 
important role in the drag force calculation. The drag 
forces were reduced by 3% with the increment of air 
inlet temperatures from 10C to 50C. However, the 
changes in the lift forces were greater in some extents 
than those of the lift forces. All the lift forces were 
negative values (down force) and they were increased 
by 13% from the air inlet temperatures of 10C to 
50C. 
 

 
Fig. 8 Drag and lift forces variation with air temperature at 120 

km/h, -30 AOA 
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CONCLUSION 
 
The analysis of flow over the NACA 0012 airfoil rear 
spoiler of a car using commercial software package 
ANSYS can conclude as the followings. 
• The drag force, lift force, and power loss with 

AOA variation at 120 km/h and 30C declined 
with the critical point of the drag force at 
-30AOA. The down force can be generated when 
the profile is getting steeper. The power loss 
occurred for the leaner profile than -30AOA. 

• The drag forces were varied with velocity at -30 
AOA and 30C at the speed below 150 km/h. For 
the speed faster than this value, the negative drag 
forces help a car moving forwards. The down 
forces were strengthened when the velocity 
increased. 

• At 120 km/h and -30AOA, when the air 
temperatures increased, the drag forces 
diminished while the lift forces increased. The 
down forces were enhanced by increasing the air 
temperature. 
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