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Abstract

In this research the steady state analysis of a supercritical airfoil is done to understand the flow
physics at transonic Mach number regime for various thickness. The modeling of NASA SC (2) 0714
supercritical airfoil with various thickness values is done. The steady state analysis is carried out for
different test cases in combination with different thickness, angle of attack and Mach number at 10 km
altitude using density-based Reynolds Averaged Navier Stokes solver and k-omega Shear Stress
Transport Model. The variation of pressure and velocity is studied with different Mach numbers and
given angle of attack. The pressure and velocity counters clearly indicate the formation of shockwave
and its location. The results show that the occurrence of shock wave and its location on the surface of
the airfoil. The strength of the shockwave formed is affected based on the thickness of the airfoil, the
freestream Mach number and the angle of attack. The strength of the shockwave has decreased with
decrease in the thickness of the airfoil at given angle of attack and Mach number. Also, the location of
the shockwave has moved from mid chord to trailing edge of the airfoil as there is an increase in the
Mach number.
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INTRODUCTION

Adaptive supercritical airfoil is designed to optimize lift and reduce drag during different flight
conditions. Aerodynamic characteristics of a supercritical airfoil can also be obtained through wind
tunnel testing where blockages are formed which means there are side wall boundary layer effects
which would affect the Mach number and pressure distribution [1]. The shock wave and boundary
layer separation observed at transonic flow conditions may lead to induce large scale flow separation
over the surface. The thickness of the boundary
layer and downstream separation location
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fluctuates whenever there is a range of mean flow
Mach number and angle of attack for selfsustained
oscillations. Which shows us static and dynamic
pressure distribution over NASA SC (2) 0714
supercritical airfoil in transonic speeds [2].
Experimental study on NASA SC (2) 0714 airfoil
was conducted for different transonic Mach
number and angles of attack, which represents the
surface pressure distribution and integrated
aerodynamic coefficients [3]. The computational
analysis to study the flow around a supercritical
NASA SC (2) 0714 airfoil at various angles of
attack is done. Parameters like lift and drag
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coefficients at 0.6 Mach can be observed. The accuracy of the results is good from this analysis and
flow separations regions are plotted in the form of contour for different Reynolds numbers [4]. The
aerodynamic performance of aircraft can also be enhanced for various flight conditions using adaptive
camber wings, which can be analyzed by the CFD simulations and drag decomposition method [5].
The airfoil configurations for well distributed pressure distributions, the shock wave and other
characteristics can be obtained through statistical study. Relevant background states, the output space
sampling algorithm and criteria are anticipated to improve and explore the output space-filling
property and boundaries respectively [6]. The nature of bow shock wave is to compress the air,
forming a high-pressure region at the front of blunt body leads to a high wave drag. The techniques to
reduce wave drag are spikes, aerodisks and focused gas jet. Also, the laser beams, using plasma torch,
arc discharge, and firing supersonic projectiles ahead of the blunt forebody are the means to reduce
the wave drag [7]. The numerical modelling of unsteady compressible flow using a time - accurate 2D
RANS solver to analyze the helicopter rotor and transonic airfoil aerodynamics has the benefit for
aerodynamicist [8]. The supercritical wing design and optimization require sophisticated CFD
packages for its cruise efficiency and drag divergence characteristic, buffet boundary and stall
behaviors [9]. CFD analysis is done on the interferometry for unsteady aerodynamic flows system,
image analysis, preprocessing and filtering and fringe centerline extraction [10]. Designing a laminar
supercritical airfoil can be done based on Navier Strokes equations, numerical simulation method,
RANS solver [11]. Numerical investigation to analyze the flow around a supercritical airfoil showed
that the effect of Reynold’s number constraints the design and optimization of large aircraft. The
pressure distribution on the upper surface changes with Reynold’s number, when shock-induced
trailing-edge separation exists [12]. The NASA SC (2) 0714 airfoil with porous surface and cavity is
studied for its aerodynamics and flow characteristic at Mach number 0.8. The comparison between
aerodynamics characteristic of the porous airfoil and the solid airfoil, which resulted in the flow
mechanism to reduce the drag. [13]. In a transonic flow over the airfoil for certain free stream Mach
number and angle of attack involves shock wave induced oscillations due to the shock boundary layer
interaction, which consequences the fluctuating in the lift and drag coefficients, vibrations buffeting
and so on. This can be studied by using RANS equations, which can predict various aerodynamic
performances under transonic buffet [14]. In computational fluid dynamics simulations model of
Spallart-Allamaras assumes density to be constant to solve the flow field which is having the nearest
environmental period results when compared with k-omega and k-epsilon models of turbulence [15].
In dynamic flow cases whenever there is a defect in leading edge it severely impacts on the
aerodynamic performances rather than steady cases where defect in appearance of leading-edge
causes cl to decrease and cd to increase [16]. At a particular Mach number, increase in lift is achieved
with increase in the angle of attack, is due to the maximum pressure on surface near to the leading
edge of the airfoil. By laminar flow design aerodynamic performance could be improved which could
decrease the fuel consumption and pollutant emissions and reduce noise aeroacoustics, the total drag
of aircraft would decrease when Reynolds number increases. The convergence of solution can be
enhanced using multi grid and mesh sequence techniques. The study on a leading-edge location of the
supercritical airfoil done and the detached zone is not much affected for the high frequency pressure
oscillations within by the passage of the gust [17]. The shape optimization for the transonic
applications requires numerical tools and methods. The shape optimization can be achieved by using
adaptive morphing trailing edge wing gave improved aerodynamic characteristics compare to
conventional wing [18]

METHODOLOGY

NASA SC(2)-0714 airfoil is the supercritical airfoil with maximum thickness to chord ratio of 0.14
and blunt trailing edge of thickness 0.0077 of chord. The basic parameters have been calculated for
the adaptive supercritical airfoil design and it is modeled. The modified airfoil configurations with
various thicknesses to chord ratio are as shown in Figure 1.

Airfoil is constructed by combining a thickness envelop with mean line are;
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Figure 1. Comparison of SC (2)-0714 supercritical airfoil configurations based various Thickness at 0
Degree angle of attack.

Xu=X-—Y (X) sin g

Yu=Ye (X) +yt(x) cosq
X1 =X+ Yy (X)sing

Ye=Ye (X) -yt (X) cos q

The discretization of C domain is done using structured mesh. The grid independence study is done
to achieve the suitable domain size and mesh parameters. The steady flow analysis over supercritical
airfoil is done by for different Mach number and thickness of airfoil for 0,2,4,6 angles of attack using
RANS solver, density based and k-omega SST turbulence model.

RESULTS AND DISCUSSIONS

The analysis results shows that maximum pressure point is 2.786e+04 pa for 60% thickness of
airfoil, maximum pressure point is 2.845e+04pa for 80% thickness of airfoil whereas maximum
pressure point is 2.873e+04pa for 100% thickness of airfoil for zero angle of attack at 0.5 Mach
number. The below table shows the variation of maximum pressure point for 60%, 80%and 100%
thickness of airfoil for 0,2,4,6 angle of attack at 0.5, 0.6, 0.7 Mach numbers respectively. The analysis
results show the variation of maximum velocity point when compared to 60%, 80%and 100% of
thickness of airfoil for 0,2,4,6 angle of attack for 0.5,0.6,0.7 Mach number respectively. Due to the
limitations of page, the results for different thickness at 0,2,4,6 angle of attack at 0.7 Mach number
have been discussed.

Pressure Contours

The pressure contours for NACA SC (2)0714 airfoil from test cases such as 60, 80 and 100%
thickness of airfoil for angles of attack 0,2,4,6 for 0.7 Mach number and at an altitude of 10 km shown
in Figure 2. The maximum pressure increases slightly with an increase in the thickness of the airfoil
for a constant Mach number and also with an increase in the Mach number and it’s same for all the
test cases. Comparatively the pressure point at 60% thickness for 0.5 is lower as we get higher
pressure point at 0.7 with 100% thickness of airfoil due to the increase in both angle of attack and
Mach number. The increase in thickness of the airfoil increases the strength of the shockwave so the
wavedrag increases drastically, which is also similar with increase in the angle of attack.

Velocity Contours

The velocity contours for NACA SC (2)0714 airfoil from test cases such as 60, 80 and 100%
thickness of airfoil for angles of attack 0,2,4,6 for 0.7 Mach number and at an altitude of 10 km shown
in Figure 3. The maximum velocity increases with increase in the thickness of the airfoil for given
same Mach number whereas maximum velocity point decreases with increase in the angle of attack of
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the airfoil. It concludes that increase in Mach number and thickness of the airfoil, maximum velocity
point increases but there is decrease when increase in the angle of attack of the airfoil. The variation
of coefficient of pressure distance form leading edge for 100%,80% and 60% thickness of airfoil with
increase in Mach number and angle of attack, the surface area enclosed by the curves increases with
increase in AOA but when seen with increase in Mach number the surface area enclosed by the
increase up to 0.7 from 0.8 but decreases with the introduction of transonic flow, when considering
the thickness. As the parameter of observing the area enclosed by Cp curves decreases with increase
in the thickness percentage.

(b)
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(1)
Figure 2. Pressure contours for 60% thickness (a) to (d),80% thickness (e) to (h),100% thickness (i)
to () of airfoil for angles of attack 0,2,4,6 respectively for 0.7 Mach number and at an altitude of 10
km

(b)
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Figure 3. Velocity contours for 60% thickness (a) to (d),80% thickness (e) to (h),100% thickness (i)
to (1) of airfoil for angles of attack 0,2,4,6 respectively for 0.7 Mach number and at an altitude of 10
km.

CONCLUSION

The steady aerodynamic analysis was done on NACA SC (2) 0714 airfoil with various thickness of
airfoil for different Mach number and angle of attacks. The pressure contours and velocity contours at
different thickness were analyzed at different Mach numbers using Energy equation and K-omega
SST model. The maximum pressure points at 0.5 Mach number with 60% thickness of airfoil less
compared to 0.7 Mach number with 100% thickness of airfoil, it concludes that maximum pressure
point increase with increase in thickness and Mach number along with the angle of attack of airfoil,
comparatively same for the velocity contours but the maximum velocity point decreases with
increases with increase in the angle of attack of the airfoil. It also shows the variation of co-efficient
of pressure with different Mach number and given angle of attack.
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