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Abstract 
The paper focus on exclusive review in the field of Transonic flow 
over an airfoil. Various research and analysis has been done for the 
improvement and development of Airfoil in transonic regimes by 
means of Computational Fluid Dynamics (CFD), Direct Numerical 
Simulation (DNS) in form of analytical model and various 
experimental approach has been carried out by researchers in the 
field of transonic aerodynamics in order to overcome the trouble 
shoot occurs in form of instability and irreversibility during 
transonic and subsonic flight. During transonic flow Airfoil of Air 
vehicles exhibits shock wave in form of instability and If these 
shock waves are not been analyzed this may leads to tragic failure 
Since airfoils are subjected to both static and dynamic loads, due to 
which it pose great challenge to analyze the aerodynamic 
characteristics of an Airfoil. 
Keywords: - NACA0012, CFD, DNS, Lift, Drag  etc. 

I. INTRODUCTION 

In the last 50 years this circumstances has been completely 
makeover by the introduction of sophisticated numerical 
algorithms and an astonishing increase in the on hand 
computational power, with the corollary that aerodynamic 
design is now carried out largely by computer simulation. 
Moreover improvements in aerodynamic shape optimization 
based on control theory enable a competitive swept wing to 
be designed in just two simulations, as illustrated in the 
article. While the external appearance of long range jet 
aircraft has not changed much, advances in information 
technology have actually transformed the entire design and 
manufacturing process through parallel advances in 
computer aided design (CAD), computational structural 
mechanics (CSM) and multi- disciplinary optimization 
(MDO). They have also transformed aircraft operations 
through the adoption of digital fly-by-wire and advanced 
navigational techniques. 

II. MATHEMATICAL MODEL 

The Navier–Stokes equations can be written in the most 
useful form for the development of the finite volume 
method: 
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Energy  
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Equation of State  p = p(ρ, T) and i = i(ρ, T)  
                                       (6) 

III. LITERATURE REVIEW 

In 1988, Peter and Guru surveyed in the field of 
computational analysis of unsteady transonic flow of 
NACA0012 airfoil. [1] Several case studies are performed 
along with considering moving shock wave in order to 
predict the aero-elastic behavior of variable-sweep wing and 
the obtained result are compared with experimental result. 
Moreover the effect aero elastic damping is studied.   

Mahajan et. al 1991 solve Navier stokes equation by 
applying Lanczos approach for computing the eigen values 
and eigen vector for air foils. [2] The method of solving 
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contains a combination of lopsided iteration and block tri-
diagonal matrices. It is found that the obtained some eigen 
values has large magnitude corresponding to their Eigen 
vectors and at last reveals the modal behavior of fluid in a 
fluid-structure. 

In 1996 Yang and lee perform transonic aero-elastic analyses 
for a flap of airfoil. The aerodynamic calculation is solved 
by finite volume scheme. Runge-Kutta time stepping method 
has been used for determining unsteady aerodynamic forces 
and the time responses of aero-elastic system. [3] The 
obtained results for steady and unsteady flow are validated 
with experimental data. Apart from this the effects of the 
stiffness of the flap hinge spring and the initial flap angle on 
the flutter are also investigated. 

 

Figure 1 Static pressure distributions of the NACA64 AOtO airfoil at M, = 
0.8. [3] 

In 2003 transonic aerodynamic shape optimization Wang 
proposed a Hierarchical evolutionary algorithms based 
genetic algorithm and Nash strategy of game theory. The 
proposed optimization scheme is applied over NACA0012 
airfoil and found that airfoil has been optimized in 
maximizing the lift coefficient under a specified transonic 
flow condition.[4] 

 

 

Figure 2 Iso pressure comparisons [4] 
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Figure 3 Comparison of pressure distribution and convergences [4] 

Peigin and Epstein A new approach to the constrained design 
of aerodynamic shapes is suggested. The approach employs 
Genetic Algorithms (GAs) as an optimization tool in 
combination with a Reduced-Order Models (ROM) method 
based on linked local data bases obtained by full Navier–
Stokes computations. The important features of the approach 
include: (1) a new strategy for efficient handling of non-
linear constraints in the framework of GAs (2) scanning of 
the optimization search space by a combination of full 
Navier–Stokes computations with the ROM method (3) 
multilevel parallelization of the whole computational 
framework. The method was applied to the problem of one-
point transonic profile optimization with non-linear 
constraints. The results demonstrated that the approach 
combines high accuracy of optimization (based on full 
Navier–Stokes computations) and efficient handling of 
various non-linear constraints with high computational 
efficiency and robustness. A significant computational time-
saving (in comparison with optimization tools fully based on 
Navier–Stokes computations) allowed the method to be used 
in a demanding engineering environment.[5] 

Cinnella 2008 High-performance airfoils for transonic 
viscous flows of dense gases are constructed using an 
efficient high-order accurate flow solver coupled with a 
multi-objective genetic algorithm.[6] Dense gases are 
theoretically characterized by reversed behavior of the speed 
of sound in isentropic perturbations for a range of 
temperatures and pressures in the vapor phase. A class of 
dense gases, namely the so-called Bethe–Zel’dovich–
Thompson (BZT) fluids, might exhibit nonclassical 
gasdynamic behaviors in the transonic and supersonic 
regimes, such as the disintegration of compression shocks. 
Utilizing BZT gases as working fluids may result in low 
drag exerted on airfoils operating at high transonic speeds 
thanks to an increase in the airfoil critical Mach number. 
This advantage can be further improved by a proper design 
of the airfoil shape, also leading to the enlargement of the 
airfoil operation range within which BZT effects are 
significant. Such a result is of particular interest in view of 

the exploitation of BZT fluids for the development of high-
efficiency turbo machinery. 

 

 

 
Figure 4 Wall distribution of the pressure coefficient between NACA0012 

and Optimal shape (b) Lifting airfoil 2-point performance optimization. 
Overview of the computed solutions during the genetic evolution process. 

[6] 
Zhang and ye 2010 based on aerodynamic identification 
technology in which unsteady CFD (computational fluid 
dynamics) is used, the unsteady aerodynamic reduced order 
models (ROM) are constructed. Coupled with structural 
equations, we get the analyzable models for transonic aero 
elasticity in state-space. [7] A Mach number flutter trend of a 
typical airfoil section with a control surface is analyzed and 
agrees well with that of CFD/CSD (computational structural 
dynamics) direct coupling method. Then we study the effect 
of the structural parameters (natural frequency and the flap 
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static unbalance) of the control surface on the transonic 
flutter system. We find some classical structural design rules 
are unfavorable for transonic flutter problem. For transonic 
flutter problem, the flap rotating mode becomes the 
predominant mode of aero elastic system. Classical 
technology of mass static balance or over-balance maybe 
reduces the stability of transonic aero elasticity. 

 

Figure 5 Computation of steady flow of NACA0012 airfoil: (a) 
unstructured meshes of NACA0012 airfoil; (b) computed shock wave 

positions at different Mach numbers and (c) pressure coefficient distribution 
at M=0.8. 

Santlosh et. al 2011 investigate the type of loading 
distribution and its effect on aerodynamic performance for 
three different turbine airfoils with analogous turning angles 
but different aerodynamic shapes.[8] Mid span secondary 
flow field, total pressure loss, & static pressure 
measurements on the airfoil surface in the cascades are 
addressed and compared for the three different airfoil sets. 
The airfoils are designed for the identical velocity triangles 
i.e. inlet/exit gas angles and Mach number. Airfoil curvature 
& true chord are varied to change the loading vs. chord.  

Hong et. al 2013 conducts Large eddy simulation to examine 
co-flow jet (CFJ) airfoil flows at high angle of attack. The 
Smago-rinsky model with Van Driest damping is utilized to 
resolve the subgrid-scale stress. [9] The obtained parametric 
LES results are compared with the experiment to 
comprehend the flow structure of the jet mixing and flow 
separation. The quantitative forecast of lift and drag and 
qualitative prediction of vortex structures are in good 
agreement with experiment. 

 

 

 

Figure 6- Instantaneous CFJ stalled flows contoured by axial velocity (U) 
for Cμ =0.15, Re =1.19179x10P

5
P, M =0.05; AOA =25 deg (top), AOA=30 

deg (bottom) [9] 
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Figure 7-Instantaneous vorticity near the injection slot of the CFJ airfoil at 
AOA=30 deg predicted by LES; Cμ =0.08 (top), Cμ =0.15 (bottom), Re 

=1.19179x10P

5
P, M =0.05 [9] 

Masoud 2014 investigates the effect of flow regime change 
from subsonic to transonic for NACA0012. By means of 
harmonic balance approach numerical calculations are done 
with low computational time. The obtained result shows the 
influence of angle of attack and mach number in pitch 
amplitude and moment of the airfoil.[10] 

 

Figure 8-Hysteresis loop for lift and pitching moment coefficients at 
different pitch amplitudes and Mach numbers when the reduced frequency 

is k=0.06.[10] 

Yang et. al 2015 develop a novel global optimization 
algorithm named as particle swarm optimization combined 
with particle generator (PSO–PG).through this algorithm the 
calculation accuracy has not only been improved but also 
optimize the system efficiency. By means of this algorithm a 
special fitness function has been designed for selected low-
velocity airfoil. The aerodynamic characteristics are well 
compared with the experimental result and shows good 
agreement. [11] 

 

Figure 9- Pressure distribution: (a) cascade (α= 5:32), single  airfoil (α= 5) 
and (b) cascade (α= 12:67), single airfoil (α= 12:5) 

IV. CONCLUSION 

As the Mach number increases, shock waves appear in the 
flow field, getting stronger as the speed increases. The shock 
waves lead to a rapid increase in drag, both due to the 
emergence of wave drag, and also because the pressure rise 
through a shock wave thickens the boundary layer, leading 
to increased viscous drag. Thus cruise speed is limited by the 
rapid drag rise. 

Swept wings have to be used in order to reduce drag at high 
mach no. 

Pitching moment change with Mach number (Mach tuck), 
and Mach induced changes in control effectiveness. 

On increasing angle of attack lift coefficient significantly 
increases but there is limitation of increasing angle of attack 
i.e. the angle of attack starts converging after +16 P

0
P. At angles 

of attack greater than that which produces the greatest 
amount of lift, the airfoil is said to be stalled. This occurs at 
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16° angle of attack. The increase in static pressure on the 
upper surface dramatically reduces lift and increases drag. 

The effect of mach no. is vice versa in lift coefficient and 
Drag coefficient. 

From the above reviews we can conclude that a number of 
researchers are using CFD to study transonic aerodynamics. 
CFD is widely used for calculated the flow analysis around 
the airfoil (e.g. velocity distribution, pressure distribution, 
lift and drag etc.) which is affected by changing current of 
air velocity, angle of attack, tip speed ratio, mach no etc. 
CFD has become a mature tool for predicting a wide range 
of flows; however, one important ongoing challenge is the 
accurate representation of turbulence. 
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