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Abstract- Experimental investigation of drag and lift force on an airfoil shaped body at different angles is presented. 
Fundamentals of aircraft design is provided with detailed estimation of the aerodynamic drag of airfoil is presented. These 
include the definition of the mission of the aircraft and various requirements, such as performance, handling, manufacturing, 
upgradability, maintainability, and many others. At different angle the coefficient of drag is to determine. A 3D airfoil was 
placed in a low speed wins tunnel with pressure taps along its surface and a pitot probe downstream to measure the flow 
characteristics. The wind tunnel was operated at nominal velocities during the coefficient measurement, a Reynold’s number 
of about 200- 800. The airfoil, with a 10inch chord, was analyzed at 0,5,10,15,20,25 degrees angles of attack and with 
different loads. The phenomenon known as hysteresis with regards to stall conditions was also observed by varying the angle 
of attack and wind tunnel velocity.  
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I. INTRODUCTION 
 
For conventional large transport aircraft, a substantial 
knowledge base exists for best practice in the 
evolution of the wing design for transonic 
performance.  
This experiment analyzes the airfoil in a low speed 
wind tunnel at varying angles of attack. Symmetric 
airfoils are used in many applications including 
aircraft vertical stabilizers, submarine fins, rotary and 
some fixed wings. A 3D wing section is analyzed at 
low speeds for lift and drag characteristics at different 
angles.  
The aerodynamic characteristics of airfoils at a chord 
Reynolds number (Rec = qcU1/l, where q and l are 
the density and viscosity of the fluid, respectively, U1 
is the free-stream velocity and c is the chord length of 
an aerofoil) of less than 5 _105 are becoming 
increasingly important from both fundamental and 
industrial point of view, due to recent developments 
in small wind turbines, small unmanned aerial 
vehicles (UAVs), micro-air vehicles (MAVs), as well 
as researches on bird/insect flying aerodynamics 
(Brendel and Mueller, 1988; Hsiao et al., 1989; 
Dovgal et al., 1994; Lin and Pauley, 1996). For 
example, at the starting stage of a 500W wind 
turbine, the tip Rec increases from 1 _ 104 to 1 _ 105, 
and the angle (a) of attack reduces gradually from 
86_ to 20_ (Ebert and Wood, 1997; Wright and 
Wood, 2004). A similar variation in a occurs during 
insect flight, but Rec may be even lower (e.g. Wang, 
2005). For UAVs and MAVs, Rec is commonly in 
the range of 1 _ 105 – 6 _ 105. However, such low 
Rec problems have not been addressed sufficiently in 
the literature, let alone when combined with large 

angle of attack. General researches on airfoil 
aerodynamics have focused on conventional aircraft 
design with Rec beyond 5 _ 105 and a below stall. 
Carmichael (1981), Lissaman (1983) and Mueller and 
DeLaurier (2003) reviewed the available low Rec 
studies, with almost all the measured Rec higher than 
the wind turbine values quoted above. 

 
II. APPARATUS AND INSTRUMENTATION 

 
The experiment was conducted in the fluid mechanics 
laboratory subsonic wind tunnel located at Indian 
Institute of Technology, Bombay main campus. This 
is a low turbulence, closed-loop atmospheric wind 
tunnel capable of tunnel low velocities and is 
described in detail in table 1.  
 
Airfoil, made of balsa wood materials and mounted in 
the center of the test section was used for this 
experiment. The airfoil has a 8 in chord, extended the 
full width of the tunnel and had several small 
streamers taped to the upper surface in order to 
visualize the flow.  
 
A handle outside of the wind tunnel and attached to 
the airfoil was used to adjust the angle of attack. This 
was determineded using a protractor also mounted on 
the outside of the test section. This is set-up to take 
pressure measurements in the flow while traversing 
the wake of the airfoil vertically.  
 
In order to measure the dynamic pressure from this, 
the static pressure is measured from a pitot-static 
probe located 8 inches from the top and 5 inches 
downstream from the beginning of the test section. 
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Fig. 1. A detailed design of an Airfoil 

 
III. EXPERIMENTAL PROCEDURE 
 
The airfoil was set at a 0 degree angle of attack and 
the wind tunnel operated at approximately required 
velocity and fixed weight. The angle of attack was 
varied while taking note of the behavior of the small 
streamers on the suction side of the airfoil. The 
velocity was noted. The points of separation and 
reattachment were noted. The angle of attack was 
then set at approximately 5 degrees and the wind 
tunnel velocity varied again taking note of the 
streamers as the flow separates and reattaches at 
various speeds. The wind tunnel velocity was then set 
at a nominal velocity for the different angles. The 
pressure distribution about the airfoil’s pressure taps 
was recorded at set angles of attack of 0, 5, 10, 15, 20 
and 25 degrees. The airfoil was again placed at a 0 
degree angle of attack and the downstream wake 
measured using the pitot probe and traverse. 
 
IV. MESUREMENT OF DRAG AND LIFT 

 
Drag force is the force that resists the movement of a 
solid object through a fluid. The drag force is made 
uo of frictional force and pressure force components 
acting along the direction of flow, integrated all over 
the surface of the body. The drag force is very much 
dependent on the shape of the body that results in 
very complicated formulae for drag force. Hence, the 
drag force equation is developed using the drag 
coefficient approach. In this approach the drag force 
is related to the stagnation pressure ½ ρU2 and 
exposed area AD. The exposed area is taken as 
projected area parallel to the fluid flow for 
convenience. The relationship is expressed by 
FD = CD.AD.ρ.U2/2 
 

 

V. PREDICTION OF MEAN DRAG AND 
LIFT 

 
A linear mathematical analysis is carried out in this 
section to predict CL and CD, along with the 
prominent features of their dependence on α: (i) CL 
reaches a maximum at α = 25 and then drops to a 
very small value at α = 15 degree, (ii) CD is maximum 
at α = 25, (iii) the inflection point of CD (α) occurs at 
α = 20.  
Note that, as a increases from 0 to 25 degree, the area 
AL of the airfoil projected on the x-z plane shrinks 
following AL = c cos α given a unit spanwise length 
and a negligible thickness. The thickness may affect 
AL appreciably only at α = 25. AL is directly linked 
with the magnitude of the lift force. Similarly, the 
area AD projected on the y–z plane could be 
expressed as AD = csin α, which may be connected 
with the magnitude of the drag force. With a 
increasing from 0 degree to 25 degree, the bluffness 
of the airfoil changes from a streamline to maximum, 
where bluffness is defined as the body height, i.e., c 
sin α, projected in the y–z plane. It is plausible to 
assume that the base pressure (Pb), defined as the 
pressure at the midpoint of the suction surface, 
increases with a and its increase, i.e., dPb, is directly 
proportional to the increase in the ratio of bluffness to 
c, i.e., d{(c sin α)/c}, viz. dPb α d{(c sin α)/c}. 

 

 
 
VI. ANALYSIS 
 
The trapezoidal rule is used several times throughout 
the analysis in order to numerically carry out required 
integration of the measured data. The following is the 
trapezoidal rule (method) also known as the 
trapezium rule4. 
 

 
This is a simple geometric approximation to the area 
under the curve f by assuming the change between 
any two points a and b is linear. The following four 
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equations3 were used in order to determine the 
measured coefficients of lift and drag from the 
pressure tap data. 
 

 
 
All integration required in these equations was 
accomplished using the trapezoidal rule described 
above. The moment coefficient was calculated about 
the quarter chord position taking the 
counterclockwise direction as positive. This was done 
with the following equation for the moment 
coefficient. 
 
Airfoil is relatively thin and symmetric. Because of 
this, thin airfoil theory was applied in order to 
determine the theoretical values of the lift, drag and 
moment coefficients.  
 
VII. RESULT AND DISCUSSION 
 

 

 
Fig. 2. Experimental Setup 

 
TABLE 1. 

 

 
Fig. 3. Dependence of CL on angle. 

 

 
Fig. 4. Dependence of CD on angle. 
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While holding the tunnel velocity constant and 
varying the angle of attack characteristics of the flow 
can be seen in the attached streamers. As angle of 
attack is increased, the flow will eventually separate 
from the upper surface of the airfoil resulting in a 
'stall'. It was noted that the angle of attack must be 
decreased below the separation angle of attack in 
order for the flow to reattach. This phenomenon is 
known as hysteresis. The same can be seen by setting 
the angle of attack and decreasing the tunnel velocity 
until separation occurs. The velocity must be 
increased again much higher than the velocity at 
which the flow separated in order to reattach.  
The following 5 figures are plots of the coefficient of 
pressure (Cp) versus the normalized x-location of the 
pressure tap. The upper surface taps are shown as 
blue +'s whereas the lower surface taps are shown as 
green *'s. Figure shows the results with the airfoil set 
at a 0 degree angle of attack. 
 
For a 0 deg angle of attack the points on the upper 
and lower surfaces almost match exactly, a result of 
the symmetric airfoil. 
Figure 6 shows the plotted results of the wake 
traverse with the pitot probe. The vertical black line 
indicates the free stream velocity obtained by 
averaging the outermost data points that were well 
outside of the wake. The downstream profile very 
clearly shows the velocity and therefore momentum 
deficit in the flow do to the viscous (friction) losses to 
the airfoil. 
 

 
Fig. 5. Pressure Distribution at 0 Deg Angle of Attack 

 

 
Fig. 6. Velocity Profile of the Downstream Wake. 

CONCLUSIONS 
 
The experiment on airfoil was done for the lift and 
drag as planned. The experimental study has been 
conducted to measure mean and fluctuating lift and 
drag forces on a airfoil at different angle, α = 
0o,5o,10o,15o,20o,25o. The coefficient tests were 
conducted at a nominal Reynolds number of 200 -
800. The hysteresis effect was clearly observed with 
respect to the separation conditions of free stream 
velocity and angle of attack.  
 
ACKNOWLEDGEMENTS 
 
The work described in this paper was supported by 
Indian Institute of Technology, Bombay. The total 
experiment is done at Fluid Mechanics Lab, Indian 
Institute of Technology, Bombay. 
 
REFERENCES 
 

[1]. Haritonidis, J. H., “Wind Tunnels”. Aerospace Engineering, 
The Ohio State University, Columbus, 2008. 
 

[2]. Miller, S. D., “Wind Tunnels”. Aerospace Engineering, The 
Ohio State University, Columbus, 2008. 
 

[3]. Haritonidis, J. H., “Lift, Drag and Moment of a NACA 0015 
Airfoil”. Aerospace Engineering, The Ohio State University, 
Columbus, 2008. 
 

[4]. Gilat, Amos, and Vish Subramaniam. Numerical Methods 
for Engineers and Scientists: An Introduction with 
Applications Using MATLAB. Hobeken, NJ: John Wiley & 
Sons, Inc., 2008. 
 

[5]. Anderson, John D., Jr. Fundamentals of Aerodynamics. 
Fourth Edition. Boston: McGraw-Hill, 2007. 

 
NOMENCLATURE 
 
C  Chord 
f  Function 
u  Velocity 
CD Coefficient of Drag 
Cf Coefficient of Friction 
CL Coefficient of Lift 
CM Moment Coefficient 
CP Coefficient of Pressure 
D  Drag 
I  Integral 
Re Reynold's Number 
u  Free Stream Velocity 
α Angle of Attack 
ρ Density 

 
 
 

 


