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Abstract
The utilization of lift and drag forces for power generation is becoming increasingly attractive and gaining a
great share in the global renewable energy production. This study proposes to find out the impact of
aerodynamic force on a moving wind turbine. The study was evaluated based on the air flow towards (same and
opposite direction) to the moving wind turbine. The result shows an increase of rotor speed when wind turbine is
moving in the direction of air flow. With expectation for further details research would carry out to validate this
approach.
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1.0 Introduction
Wind energy has attracted more interest
for several reasons and has increasingly
become the most harvested renewable
energy source [1]; [2]. This new approach
was motivated by dragging a turbine-like
kite in an air medium resulting to the
necessary force to rotate blades. This
approach could also applicable in driving
airplane wings, sailing, wind tunnel,
parachuting, the transport of pollens, etc.
Due to the consideration of efficientenergy demand, the shrouded wind turbine
as being a relatively smaller size, one
could suggest installing on movable
objects such as train, van, lorry etc. to
harness wind energy crossing over the
moving wind turbine (as shown in Fig. 2).
As the turbine is moving, the kinetic
energy of the turbine in an air medium is
significant particularly at higher speed.
Thereby exhibiting strong lift and drag
forces, causing it rotor rotate. Hence, the
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resulting force turns generator shaft to
produce electrical power.
The air flow on wind turbine blades plays
an important role in comparison to others
factors responsible for renewable energy
production. Wind turbines are mostly
determined by the characteristics of lift
and drag forces. Often considered the most
important in this study, aimed to proposed
a new approach in harvesting air flow,
emphasize to evaluate the impact of lift
and drag forces on a moving wind turbine.
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Turbine
Air flow

Fig. 1 Movable wind turbines
power efficiencies than vertical axis wind turbines
(drag force design) [7]. The horizontal axis or
propeller-type approach currently dominates wind
2.0 Theoretical Background
turbine applications [8]; [9].
Theoretical background on wind energy system and
The wind turbine rotor is an energy converter
energy harvesting concept from the aerodynamic
which transforms kinetic energy from the moving
lift and drag force is described as follows.
air into mechanical energy. There are two types of
rotors: fixed speed rotors and variable speed rotors
2.1 Aerodynamic forces on Wind
[10]. If the blades can switch between lift and drag
Turbine
modes, then it can selectively harvest energy when
Theoretically, the resistance force acting on
a strong displacement take place. Most of
movable turbine in the air is the result of the speed
investigations carried on rotor tend to improve
of the air that being pushed to rotate blades. The
aerodynamics of the blades in order to increase
principle of lift and drag forces can be considered
performance and efficiency of wind turbines [11];
as a generalization of the wind turbine.
[12]. The rotor consists of the hub and blades of the
Aerodynamic forces are produced when a rotor
wind turbine [13]. Having direct impact in the
rotates [3]. The aerodynamic lift and drag produced
smoothness of rotor operation. The wind speed is
are resolved into useful thrust (T) in the direction
maximum in the highest point when the blade in
of rotation absorbed by the generator and reaction
the upward position and minimum in the lowest
forces (R) [4]. The aerodynamics behavior of the
point when the blade in the downward position [1].
wind turbines is described by the forces of a
When air flows past a rotor at an angle of attack,
rotating turbine parameters. Among them are (i)
both the lift and drag acting on the airfoil are
turbine speed, (ii) rotor blade tilt, (iii) rotor blade
nonzero. Therefore, air that crossed through the
pitch angle (iv) size and shape of turbine, (v) area
blades undergoes lift and drag forces to achieved
of turbine, (vi) rotor geometry whether it is a
rotational displacement of turbine. Even though
HAWT or a VAWT, (vii) and wind speed [5].
crosswind has been shown to be more effective in
Therefore, understanding and application of
drawing more power.
aerodynamic principles is an essential part of wind
The wind turbine is controlled via the blades
turbine development [3].
pitching and torque to obtain the maximum power
Airflow over turbine blades creates two types of
output of a wind turbine. The input to the rotor is
aerodynamic forces; drag forces (directional to the
the wind speed and the angle of attack for the
airflow, and lift forces, (perpendicular to the
determination of torque. The application of torque
airflow). Some time called, the net upwards force
is to cause (twist) internal forces or pressures to
(the lift) and the net backwards force (the drag).
smooth out the power fluctuations in the wind.
The lift and drag forces can be split into
When the load resistance decreases, greater torque
components parallel and perpendicular to the
is required to rotate the generator (the turbine speed
direction of the undisturbed wind [6]. And today
becomes slower with decreasing resistance).
researches are stating that horizontal axis wind
turbines (lift force design) theoretically have higher
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2.2 Aerodynamic Lift and Drag Forces
The aerodynamic forces are determined by using
the wind velocity, frontal projected area, air density
and dynamic pressure. To determine these
parameters it is unnecessary to resolve lift and drag
coefficients on wind turbine. Each of these forces
are detailed in the following subsections.

2.2.1 Aerodynamic Drag force
Drag is a force that opposes motion due to an
object's shape, material, and speed [14]. This is
called drag force or air resistance. [15] defined drag
force in fluid mechanics, as the force which exerted
on the solid object in the upstream direction of the
relative flow velocity. This drag force (FD) is a
function of the frontal projected area (Af) of the
turbine, drag coefficient (CD). FD = fun (CD, Af , V,
ρ ).
Drag force is expressed as
= (1 2
)
(1)
where the 1/2 is included to form the dynamic
pressure,

V2

Air impacts the object creates pressure. A high
pressure on the rear of the blade however will push
the object forward, reducing drag. That is to say,
the more perpendicular a forward-facing turbine is
to the flow, the more likely it will create pressure
and thus drag. Likewise, a backward-facing surface
experiencing underpressure will pull the object
backwards, again creating drag.
Drag coefficient (CD) is the dimensionless
parameter used to quantify the aerodynamic
resistance of the moving turbine through its
medium. And are minimized as much as possible in
high performance wind turbines.
The drag coefficient is the ratio between
aerodynamic drag and the product of dynamic
pressure of moving air stream and the projected
frontal area [16];
=

2.2.2 Aerodynamic Lift Force
Lift is the force used to overcome gravity [22]. Lift
force for all wind speeds is created immediately at
wind impact, and occurs just as the rotor starts to
rotate. Aerodynamic lift is the force responsible for
the power yield generated by the turbine and it is
therefore essential to maximise this force using
appropriate design [4]. Wind turbines using
aerodynamic lift can be divided according to the
orientation of the axis of rotation on the horizontal
axis and vertical axis turbines [9]. The lift
generated at the turning blades creates a reaction
force, called thrust, opposing the incoming wind
[23]. The forces on the turbine are a function of the
turbine angle of attack and the local relative air
speed. The blades are assumed to be rigid and are
easily excited by air to manipulating its angle of
attack. Wind turbine rotors and aerodynamic lift
can be generated by varying angles normal to the
wind direction. This is called Angle of Attack
(AoA) [24], produces maximum lift. The blade
pitch is adjusted to control the angle of attack in
amplifying the lift [25]. Lift increases when angle
of attack increases. For a lift driven rotor the
relative velocity at which air strikes the blade (V) is
a function of the blade velocity at the radius under
consideration and approximately two thirds of the
wind velocity (Betz theory) [26]; [4]. Lift force is
also a function of dynamic pressure, surface area
and lift coefficient as shown in Equation:
=(

(2)

Drag coefficient usually interrelated with a
particular surface area [17]. However, a lot of
researcher estimates the projected frontal area to
estimate the air drag [18]-[20]. More streamlined
objects will have a low Cd, less streamlines objects
will have a high Cd.
The drag coefficient of a turbine increases when
the blade is smooth, and it requires more power to
overcome aerodynamic drag. Increasing rotor
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diameter rises the Reynolds number of the blade
[21].
The blades area is the frontal projected area of the
turbine, parallel to the direction of air flow and
normal to the lift force. The swept area of the
turbine can be calculated from the length of the
turbine blades using the equation for the area of a
circle:
A = πr2
(3)

)

(4)

where the 1/2 is included to form the dynamic
pressure,

V2 because the blades extract energy

from the wind based on Bernoulli’s principle due to
the pressure difference to obtain lift.
The lift coefficient given as
=

(5)

Lift forces will increase when rotor blade is turned
in an increases the angle of incidence of air on it.
An increase in the angle of attack beyond 2.20
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decreases the lift-drag ratio [25]. This indicates no
decrease in relative wind velocity at any rotor
speed [4]. That is to say, an increase in turbine
speed, increases the lift on the turbine. Conversely,
decrease in turbine speed, decreases the lift on the
turbine.

2.2.3 Translational Aerodynamic Drag
Force
The turbine pushes air with a area equal to the
multiplication of the drag force and projected
radius of the rotor. The translational aerodynamic
drag force on the turbine due to the turbine moving
in a straight line through the air (some time referred
to as linear drag) is given by;
=1 2
(6)
However, the translational torque is the result of
translational drag force multiply by the rotor radius,
r, which expressed as
= .r
(7)
1
= 2
(8)
2.2.4 Translational Aerodynamic Lift Force
The corresponding translational aerodynamic lift
force is given as;
=1 2
(9)
Whereas, translational torque;
=
.r
(10)
1
= 2
(11)

2.3 Aerodynamic Lift and Drag Forces
Design Considerations
Based on these Equations, both the lift and the drag
are proportional to the air density, the area of the
airfoil, and the square of the wind speed [4]. In
comparison Table 1 show the general behavior of
lift and drag forces to consider when designing
wind turbine, often helpful to carry out this study.
Table 1 lift and drag aerodynamic comparison
Drag force
Lift force
Perpendicular to the
Parallel to the direction
direction of air flow
of the air flow.
Move slower than the
Move quicker than the
wind flow
wind flow
Causes rotor to slow
Causes rotor to speed up
down
The air moving over the This pressure difference
airfoil yields drag force
across the airfoil yields
lift force
Increases with an
Increases when rotor
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increase in air flow
cross the blades

Vertical axis wind
turbines recommended
for most applications.
Has a higher torque
Acted upon by gravity

blade is turned in an
increase of angle of
incidence cross the
blades
Horizontal axis wind
turbines recommended
for most applications.
Has a lower torque
It's Overcome gravity

For better considerations, the aerodynamics of the
moving wind turbines was considered in this study
sssknowledge in harvesting wind energy.

3.0 Methodology
The method in this study was designed to discuss
new approach application of aerodynamic lift and
drag forces on the moving wind turbine.
The approach was similar to the conventional wind
turbine, except that the constraint equations derived
from the second Newton’s Law by applying
translational torque was adopted for evaluating
drag forces for both the turbine and wind speed at;
wind blowing against the direction of motion of the
turbine; and wind blowing in the same direction of
motion of the Turbine. For example
(a) Wind speed: V = = 5m/s
(b) Wind blowing against the direction of turbine
motion: V =
+ * = 5+4 = 9m/s
(c) Wind blowing in the same direction of turbine
motion: V = - * = 5 - 4 = 1m/s. Where
In order to evaluate the wind turbine output,
analysis was carried out under a wide wind and
turbine speed range (from 3 to
16m/s) by
considering only drag aspect (without considering
lift force) of aerodynamic given as the functions of
some parameters in Table 2.
Table 2 parameters for lift and drag force
evaluation
Parameters
Symbols
Values
Radius of the rotor
r
0.4m
Frontal area of rotor
A
0.5m2
Air density
1.225Kg/m3
Drag coefficiency
0.4
The evaluated results should give a clear
indications on how lift and drag forces was
distributed to allowed us to get closer to the real
operating conditions.

©IJSRED: All Rights are Reserved

Page 508

International Journal of Scientific Research and Engineering Development-–
Development Volume 3 - Issue 5, Sep - Oct 2020
Available at www.ijsred.com
maximum speed requirement for wind energy
production.
The effect of the drag force is clearly seen in the
result, an increase in force on the turbine in the
same direction of air flow, increases rotor speed
and decreases when in opposite direction.
Therefore, greater is the drag force, greater the
power output of the wind turbine.

4.0 Results and Discussion

4.0 Conclusion

Fig. 2 Variation of drag and translational drag force
across air flow

It was concluded that the aerodynamic lift and drag
force depends on the direction of air flow. As the
turbine is moving in same direction of air flow, the
rotor speed increases, while decreases in an
opposite air flow.
Therefore, It is possible to generate and optimize
net power by utilizing lift and drag forces from this
approach to improve
mprove energy harvest from wind
turbine.

6.0 Recommendations

Fig. 3 Distribution of forces across air flow
From Fig. 2 It appears that the drag and
translational drag forces acting on the turbine are
highly dependent on the velocity. It also found that
the when turbine is moving in an air stream, the
translational
ranslational drag required less force (high speed)
than that of non-movable
movable wind turbine. Revealing
that the high pressure from air stream is expected
by the moving turbine, yielding an increase in rotor[1]
speed.
Fig. 3 shows the result of air flow and turbine
turbi
speed; added when they are in opposite directions;
subtracted when they are in the same direction; and[2]
normal when turbine is not moving, which was
observed that the force profiles are velocity
dependent. It was also observed that the nonnon
moving turbine experience larger force to rotate
rotor compared to when air is blowing from either
same or opposite direction to the turbine. But, it[3]
experience distortion at low turbine speed by air
flow fluctuations from different directions as
shown. This shows that the turbine moving in the
direction of air flow required less energy to attain a
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This approach focused on harvesting energy from
the air flow without considering the mechanical
aspect. The aerodynamic design principles for a
modern wind turbine blade are detailed to include
blade plan shape and optimal attack angles. Such
measures and some missing aspect (not even
mention in this study) are expected to carry out
further research to validate this approach.
If this approach were designed, installed and
operated, then an increasee in rotor speed at the
point of maximum power production were
expected.
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