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Keywords: the geometrical data, control derivatives, etc. In this work, we are investigating an analyti-
Airship cal technique which can calculate the aerodynamic parameters for a high altitude airship.
Analytical method The complete airship model is implemented using the derived aerodynamic coefficients. A
Dynamic model MATLAB® Simulink based simulation is used for the investigation.

Aerodynamic coefficients

Nomenclature I Product of inertia about y axis, kg/m>

a Angle of attack, deg m Airship mass, kg

B Side slip angle, deg my, my, m; Apparent mass components in the x,y and z axes, kg

Oa Aileron deflection angle, deg p,q,r Airship angular velocities along the roll, pitch and yaw
O, Elevator deflection angle, deg axes, deg/s

d, Rudder deflection angle, deg S Wing planform area, m?

n Throttle ratio t, T Current simulation time and gust time period, s

. Angles along the wind axes, de
(2 & & & T Maximum engine thrust, N

¢,0,¢ Airship’s Euler angles - roll, pitch and yaw, deg
u,v,w Airship linear velocities along the x,y and z body axes, m/s

P Density of air, kg/m?

b Wing span, m Vv Airship forward velocity, m/s

b, Point of action of buoyant force in z direction, m Vin, Ve Mean wind and gust velocity, m/s

c mean aerodynamic chord, m Xg, Vg, Zg Position coordinate in the earth frame, m
Cp,Cr,Cy Coefficient of drag, lift and side force CoG  Centre of Gravity

C;,Cy, C, Coeflicient of rolling moment, pitching moment and

yawing moment CoV  Centre of Volume

d, Point of action of thrust in z direction, m EOG  Extreme Operating Gust

I, I, I, Moment of inertia components about x, y and z axes, kg /m* LTA Lighter-Than Air

“Venkata Ramana Murthy Oruganti, Amrita Vishwa Vidyapeetham, ovr_murthy @cb.amrita.edu

www.astesj.com 167
https://dx.doi.org/10.25046/aj050420


http://www.astesj.com
https://www.astesj.com
https://dx.doi.org/10.25046/aj050420

A.S. Pillai et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 4, 167-176 (2020)

1 Introduction

Man’s dream of flying has been fulfilled by hot air balloons by the
end of the 18" century and the realisation of a controlled flight was
done by the design proposal of Jean-Baptiste Meusnier. Airship
technology has a great history starting from the hot air balloons used
in the medieval ages and has been widely used in the 19" century.
Unfortunately, the interest in airships has been lost due to the high
maintenance cost, drastic developments in air crafts and helicopters
and some catastrophic tragedies such as the Hindenburg disaster
[1]. By the end of the 20 century, a resurgence in the interest
in airships by researchers and military agencies has occurred (as
shown in Figure E]) due to the low speed, long endurance, economic,
noiseless and eco-friendly operation of airships. Major applications
[2] of airships include transportation of war equipment, intelligence,
surveillance, reconnaissance, advertisement, telecommunication,
monitoring and inspection of climate and environmental effects,
inspection of man-made structures such as buildings, pipelines, rail-
way network, and power lines, planning for urban development,
research, exploration and so on.
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Figure 1: Number of papers published in the field of LTA vehicles (Source: Scopus
database)

The airship based application has to be modelled to reflect the
expected behaviour. Like any other complex system, dynamic mod-
elling of an airship is one of the challenging areas for researchers in
this field. Dynamic modelling of Lighter-Than-Air (LTA) vehicles
differ from other members of aerial vehicles such as helicopters and
air crafts. There is a close similarity between the dynamics of an
airship and an underwater vehicle [3]], which researchers exploited
for modelling the airship in the early stage of research [4]. A de-
tailed survey of the dynamic modelling of the airship is presented
in [1]] along with the details of wind tunnel tests; which are being
utilized by researchers for the dynamic modelling and structural
design of airships. A system level mathematical modelling of a high
altitude airship is presented in [5]. The presented model includes
the airship dynamic model, solar power system model and atmo-
sphere models. The aerodynamic modeling of the airship was done
using the geometrical data available from the literature. A linearized
longitudinal and lateral dynamic models of an airship is presented

www.astesj.com

in [6]. An analysis of different stability modes for the two linear
models was presented. A dynamic model is presented for an airship
in [7] which utilizes the geometrical aerodynamic parameters for the
model. A simulation methodology is also presented to demonstrate
the effectiveness of the developed model using MATLAB®.

Most of the above cited works on the dynamic modelling of
airships have utilised the available database or the method of prac-
tical extraction from the actual system for obtaining the model
parameters such as the aerodynamic coefficients. There are various
methods by which we can estimate the parameters included in the
aerodynamic model such as CFD based methods [8]], experimental
methods using wind tunnel [4} 9] and analytical methods [10]]. Com-
putational Fluid Dynamics (CFD) tools can be used to extract the
aerodynamic coeflicients for airship geometries [11,[12]. A method
of extracting the force and moment coeflicients of an airship using
CFD and Fourier analysis is presented in [11]]. Forced sinusoidal
oscillations are used in the longitudinal direction to extract the force
and moment coefficients. A specialised computational tool used
for the aerodynamic coefficient extraction is presented in [12]. The
major drawbacks of CFD based analysis are the inability to model
the geometry accurately, computational cost and time taken for sim-
ulation. The traditional way is to use wind tunnel testing for the
extraction of aerodynamic coefficients [4}[9]. An analytical method
for calculating the aerodynamic coefficients and other control deriva-
tives is presented in [9]. The method is heavily dependent on the
wind tunnel test results. A detailed investigation of LOTTE airship
using wind tunnel is presented in [4] in which the force and mo-
ment coefficients, pressure distributions and the flow visualization
were elaborately discussed. There are practical difficulties in this
method such as the size limitation of the test section of the wind
tunnel, difficulties in the installation and inaccurate measurements,
inaccuracies due to the blockages in the tunnel, etc. Most accurate
and realistic data for the calculation of those coefficients can be
obtained through actual test flights [10]. But it is not always feasi-
ble to conduct flight tests because of fuel consumption, unsteady
atmosphere conditions, etc. There are a lot of works carried out in
this context which are trying to reduce the efforts in the calculation.
A method which requires no experimental data for calculating the
aerodynamic coefficients using geometrical parameters is presented
in [[13]. The problem with this method is the inability to generalise
the method to all class of airships. The parameters specified in the
study are particularly available for a certain class of airships only.
The digital DATCOM software based on Fortran is reported to be
useful in the calculation of the aerodynamic coefficients. Such a
work is presented in [14} [15]] which used the DATCOM to predict
the aerodynamic coefficients for a high altitude airship to manoeu-
vre at an altitude of 21000 m. This method is also limited to the
available datasets in the DATCOM database.

There is no doubt that the above cited works are providing
enough light to the field of aerodynamic modelling of airships. As
per the difficulties posed by those methods, it is evident that there
is still scope for research in this field using methods which need
not rely much on experimental data, complex geometry develop-
ment for CFD, etc. The aim of this work is to present a study on
the aerodynamic modelling of a high altitude airship. The current
study is motivated by the work presented in [13]] which describes
a method of aerodynamic modeling for the aircraft with a little ex-
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Figure 2: Basic components, actuators, and degrees of freedom of a double ellipsoid airship [16]

perimental data. We are investigating the same technique for a high
altitude airship which is modelled using a modified set of aircraft
equations of motion. The main advantage of this method is that
the experimental data required for the modelling is considerably
less. The remaining paper is presented in five sections. After the
introduction and literature survey presented in Section [T} a brief
description of the principle of operation of airships is given in Sec-
tion [2| as a preliminary note. Different components of the airship,
application of each component, principle of lift and hovering are
also presented in Section 2} Section [3]discusses the complete dy-
namic modelling of a high altitude airship with a detailed study on
aerodynamic modelling. Section[]discusses the simulation results
and their analysis. Simulation of the aerodynamic coeflicients for
different flight conditions and an open loop simulation of the airship
are presented along with the results. Finally the conclusions and
future works are presented in Section 3]

2 Airship Principle of Operation

The basic principle behind the operation of airships is the natural
buoyancy of LTA gases such as hot air, helium and hydrogen. The
concept of airship came from the basic hot air balloon, which uses
the buoyancy property for lift generation. But to use it as a vehicle,
there should be some modifications made on the balloon such as
the streamlined body to reduce the air resistance and to enhance
the aerodynamic properties. Figure [2] shows the major parts of a
double ellipsoid airship [16]. The main body, which is known as the
hull, occupies the large volume of LTA gas. Based on its structure,
airships are classified as non-rigid, semi rigid and rigid airships.
Non-rigid airships, also known as blimps, do not have any rigid
structure to maintain its streamlined shape. It is maintained by the
pressure inside the envelope. While rigid and semi rigid airships
have a fully supported or partial mechanical structure on which the
hull envelope is attached. Hull houses the pressure controlling bal-
lonets, which can even control the altitude and pitch of airships. The
pressure and thereby volume of the LTA gas may vary with altitude,
which results in the expansion and contraction of the gas accord-
ingly. As altitude increases, the helium expands which pushes the
air in ballonets out. This will continue till the pressure height which
is the designed maximum altitude of operation. Beyond the pressure
height, the safety valve will release helium to avoid bursting.
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Thrusters or propellers are the aerostatic actuators used for lon-
gitudinal and lateral movement of airships. A pair of propellers are
placed on both sides of the gondola which provides the forward
thrust. Thrust vectoring can be included to have a longitudinal free-
dom when the aerodynamic actuators are not active due to low wind.
Apart from these main propellers, stern propellers may be used for
providing a lateral degree of freedom when the aerodynamic sur-
faces cannot provide much actuation. Aerodynamic control surfaces
are provided at the stern end of airships which can control the yaw,
roll, and pitch degrees of motion. These control surfaces can be ei-
ther designed as a ‘+’ configuration or ‘X’ configuration. Elevators
produce a pitch degree when they act together in the same direction
and a roll degree can be generated by differentially actuating the
elevators. Yaw is provided by rudders which are the vertical control
surfaces. Another part of the airship is the ballast mechanism to
control the pitch. By using solid or liquid as a movable mass, the
pitch can be controlled by manipulating the location of the centre of
gravity of the airship, and sometimes the gondola completely can
be the ballast.

Body frame
Roll, =
o® o/’ X"
T
Cv AL
Pitch > u
4’)
\
q
s \‘:', Yaw o' XL
Y v \\Ll) _r./'i‘.
w 7B Earth frame

ZI
Figure 3: The reference frames used for the dynamic model along with the linear

and angular position and velocities [16]

The airship considered in this study is a high altitude airship
which is intended to operate at 21000m. The hull is of Gertler shape
with four tail fins (as shown in Figure[2)) and two thrusters. There
are some assumptions based on which the following analysis is
carried out. They are,

e Hull volume is constant throughout the simulation
e Structure of the airship is rigid

e The airship geometry is symmetric in the XZ plane
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o Airship is at neutral buoyant condition

o A flat earth approximation is followed

3 Dynamic Model

As mentioned in Section [T} the dynamic modelling of an airship
differs largely from that of an aircraft. The displaced Centre of
Gravity (CoG) from the Centre of Volume (CoV) and the effect
of the added mass of the surrounding air are the main contrasting
features of LTA vehicle models. The displacement of the CoG ver-
tically downwards of the CoV is to provide unconditional stability
for the airship. The tendency of rotation will be counteracted by the
downward displaced CoG. Even though the mathematical model
of an airship differs from that of an aircraft model, it is possible
to include the added mass, buoyancy and the aerodynamic prop-
erties of the airship to the aircraft model. The advantages of this
methodology are the availability of well-established flight dynamic
equations, availability of experimental data for different flight and
airship configurations and more insight into the dynamic behaviour
of the airship in the light of aircraft dynamics.

3.1 A mathematical model for an airship

For deriving the dynamic equations of a rigid body there should
be a coordinate system which can properly behold the complexity,
degrees of freedom and application requirements. There are mainly
three reference frames earth fixed inertial frame, wind frame and
body frame. The position and orientation of an object in the atmo-
sphere with respect to the earth can be obtained with the help of
earth fixed inertial reference frame. In the same way, the forces and
moments of a moving body are not only depending on the velocity
with respect to earth but also to the surrounding air itself. This leads
to the consideration of an atmosphere fixed reference frame i.e.,
wind reference frame which is a moving frame with respect to earth
but not with respect to the vehicle. Another set of a reference frame
is the body fixed frame which is fixed to the CoV and is moving
with the vehicle. The earth fixed inertia and the body fixed reference
frame are shown in Figure [3| (wind frame is not included since it
is considered temporarily during the derivation). The inertia frame
0;X,Y;Z; is having the orientation as X; pointing towards the north,
Y; towards the east and Z; towards the centre of the earth. Similarly,
the body frame OpXpYpZp has its centre at the CoV of the airship
and Xjp pointing towards the nose of the vehicle, Y towards the
right side wing and Zg pointing downwards perpendicular to Xz and
Yp. The wind frame is used only during the derivation of equations
and the final equations will be expressed in terms of the earth and
body frames only. In a general way, the dynamic equations for an
airship can be represented as follows,

. 1 1
V =—I[Tncosacosf — EpVZSCD — (mg — B) sinvy]
My

@=q- =

wspl(peosa +rsina)sing + ﬁ(TmU sin a+
1pV2SCy, — (mg — B) cos pcos y)] (1)

B= T,ncosasinf + 1pV2SCy + (mg — B)sinp

1
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—siny cos @) + V sin @ cos B(cos i sin 6 cos ¢ + sin Y
sin ¢)

Ve = V cos acos B(sin i cos 6) + V sin S(sin ¢ sin 8sin ¢
+ cos iy cos ¢) + V sin @ cos B(sin i sin 6 cos ¢ — cos
sin ¢)

Zg = Vcosacos B(—sinf) + V sin B(cos Osin ) + Vsina
cos B(cos 6 cos ¢)

=

)

where

siny = cos @ cosBsin 6 — sin B sin ¢ cos § — sina cos B

cos ¢ cos @
sin i cosy = cos @ sinSsin @ + cos Bsin ¢ cos 6 — sina
sin 8 cos ¢ cos 6

COS (1 cOSy = sin @ sin @ + cos a cos ¢ cos 6

where the states [V a B p g r ¢ 6y xg ye z¢]” are the forward ve-
locity, angle of attack, side slip angle, body axis role, pitch and yaw
rates, roll, pitch and yaw angles and position coordinate in the earth
frame respectively, m,, m, and m are the components of apparent
mass, T, is the maximum engine thrust, 7 is the throttle ratio, p
is the density, S is the wing planform area, c is the chord, b is the
wingspan, b, is the point of action of buoyant force along the Zg
direction, d, is the point of action of thrust along the Zp direction, B
is the buoyant force, m is the airship mass, Iy, I, I, I, are the inertia
components, Cp, Cr, Cy are the drag, lift and side force coefficients,
Cy, Cyy, C,, are the rolling, yawing and pitching moment coefficients.

3.2 Aerodynamic coefficients

The set of equations described in Section [3.1] are modified air-
craft equations to demonstrate the dynamics of a high altitude
airship. The aerodynamic parameters in the equation such as
Cp,Cy,Cy,C;,C,, and C,, are the major design parameters of the
airship. There is an analytical method for the calculation of the
aerodynamic coefficients for aircraft using the actuator values [13]].
Since the airship model used in this paper is modified from the
same aircraft model, this method is investigating for the airship in
this paper. The method calculates the aerodynamic coefficients as a
function of a, S, p, g, r, 6., 6, and J,. The set of equations for the
calculation of aerodynamic coefficients are given by equations (3)

to (8).

170


http://www.astesj.com

A.S. Pillai et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 4, 167-176 (2020)

alpha

70 dot—————————# ze_dot v
P sin gama ve_dot P ve dot alpha
P sin mu cos gama xe_dot f————® xe_dot beta
’—F COS MU COS Zama psi_dot P psi_dot P
g g g [V] Ay theta_dot fF————————— theta_dot q
5 = g
£ ;rf ;’ alpha phi_dot P phi_dot r
E = beta r_dot f—————— 1 _dot phi
= = p q dot | q dot theta
theta p_dot f———— P p_dot psi
£ 2z = %
= X =& 3 m q beta_dot P beta_dot xe
IE}D' r alpha_dot f—————— ¥ alpha_dot ye
[alpha [beta] |[phi])ltheta] | | [phi] > phi V_dot P Y _dot ze
psi Cof—C n
States
delta_r ——— delta_r Cm P om
~delta_e —W delta_e Cl—®(C |
dchﬂ_-a P delia a cy P C Y
eta [—P eta CL—MC L
Inputs CD D
Dynamic equations
Aerodynamiccoe [ficients
Figure 4: Simulink block diagram of the simulation of airship
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Figure 5: Simulink block diagram of the simulation of coefficient of drag
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Figure 6: Simulation results of the aerodynamic coefficients given by — for various values of d,
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0.001258 if-5<a<10
Cu(a,B) =4 (-0.00022a + 0.00342) if10<a <25
-0.002018 if25 <a <35

where 6,,0, and 0, are the deflection of the elevator, aileron and
rudder respectively.

4 Results and Discussion

4.1 Simulation

The model of the airship is implemented using MATLAB® Simulink
2018a. Simulink block diagram of the simulation is as shown in
Figure @] The ‘Dynamic equations’ block shown in Figure ] holds
the realisation of airship dynamic equations given in (I)) and (2).
The ‘Aerodynamic coefficients’ block in Figure ] consists of the re-
alisation of coefficients given in (3) - (8). As a representative figure,
the simulink block diagram of the coefficient of drag expressed in
([@) is shown in Figure[5] The parameters used for the simulation are
given in Table[I] ODE45 solver with variable time step execution is
used for the simulation. Five sets of elevator deflection angles are
used for the simulation.

4.2  Simulation results

The method of obtaining aerodynamic coefficients explained in (3) -
(8) is directly applicable to aircraft. It can be extended to airships
also. Since there is no aileron for the airship, the value of §, is
taken as same as ¢,. The aerodynamic coefficients represented using
equations (3)-(8) are obtained for different values of a and ¢, are
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shown in Figure[6} Cp, Cr, Cy and C,, are shown in Figure[6]and C;
and C,, are not shown since their values are zero for the simulated
conditions. Even though we have shown the coefficients for a wide
range of angle of attack starting from —30 to 30 degrees, the airship
simulation later in this section shows that the angle of attack remains
within 10 degrees. It is evident that the angle of attack obtained in
our simulation is far below the stall angle for a stream lined airship
[[17]. So the problem of stalling is not in the scope of this work.

Table 1: Model parameters used for the simulation

No. | Parameter | Value Unit
1 m 23145 kg

2 I, 17400000 | kgm?
3 I 245264282 | kgm®
4 2 245264282 | kgm?
5 I, 1920000 kgm?
6 T 6000 N

7 n 23145 kg

8 My 25032 kg

9 m, 43044 kg

10 | m, 43044 kg

11 T, 6000 N

12 [p 0.0767 kgm®
13 S 4748 m?
14 | b, 16.43 m

15 | d, 14.67 m

16 | ¢ 68.9 m

17 | b 68.9 m
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Coeflicient of drag, Cp is given in Figure [6] (a). The higher
values of drag at the higher angle of attacks are as expected and
it is clear from the results that there is no effect of 6, on the drag
coefficient of the airship. Even though the coefficients are given for
a wide range of angle of attacks, the normal operation (except the
take off and landing) of airships will be in a small angle of attack.
The drag coefficient at zero angle of attack is 0.1432.

Coefficient of lift, C;, seems to have a wide range of deviation
for the simulated angle of attacks as shown in Figure [6] (b). The
model shows a positive lift at zero angle of attack and the above,
which is a characteristic peculiarity of airships. Coefficient of side
force, Cy, and the coefficient of pitching moment, C,, are shown in
Figure|§| (c) and (d) respectively.

These extracted aerodynamic coefficients are used for the model
given in (T) and (Z) and are simulated to see the response for differ-
ent inputs. Some of them are given in the following paragraphs.

The initial condition for the 9 state variables used in (I) and (2)
is as given as follows;

T
Vi 0,
xo=[ o @ Bo Po g0 To Po G Yo xEO} ©)
YEO ZEO
5 3 0000030 o0
~ [0 =21000

A zero input simulation of the airship is shown in the first col-
umn of Figure[7] The simulation was run for 1000 seconds. The
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015
0148 ¢
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0.144

0.142 : *
0 100 150
Time (s)
(@) Cp
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velocity of the airship is asymptotically settling to zero as shown
in Figure [/| (a). There is an oscillating negative angle of attack
around —7 degree which causes a slight decrease in the altitude of
the airship from the initial altitude. The side slip angle remains zero
throughout the simulation as shown in Figure [7) (c). Figure[7) (e)
shows the roll, pitch and yaw rates of the airship. The roll and yaw
rates remained at zero throughout the simulation, but the pitch rate
shows an oscillation as shown in Figure |Z| (e). These oscillations
are reflected in the attitude of the airship also. Figure[7](g) shows
the oscillatory pitch angle and the zero roll and yaw angles. The
position of the airship with respect to the inertial frame are shown
in Figure[7)(i). It is clear from the figure that the airship is staying
at the initial position through out the simulation. There are slight
deviations in the y direction but it is negligibly small. There is a
slight oscillation in the yg of the order of 1 m/s which is shown in
Figure[7)(i).

Another set of results are shown in the second column of Fig-
ure [/| with a minimum throttle ratio of 0.1836 by keeping all other
inputs zero. The velocity is settling at 2.8 m/s after a prominent
overshoot and oscillations as shown in Figure[7](b). The angle of
attack and side slip angle are shown in Figure[7] (d). There is a large
improvement in the magnitude of the negative angle of attack. Now
the angle is —1.3 degree which can be expected due to the thrust gen-
eration off to the centre of gravity. The side slip angle remains zero.
The pitch rate oscillation dies out asymptotically as shown in Figure
[7](f). The roll and yaw rates are remaining the same as in the first
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Figure 9: Transient response of the coefficient of drag and lift
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Figure 10: Gust response of the velocity, coefficient of drag and lift

case. The attitude of the airship is shown in Figure[7|(h) in which
the pitch angle 6 has a negative angle of —0.6 degree. This indicates
the inherent dynamics of the airship due to the displaced CoG from
the CoV. An active elevator control is necessary to overcome this.
Otherwise, the station keeping of the airship at the desired altitude
will be difficult. The roll and yaw angles remain zero. The position
of the airship is shown in Figure [/| (j). The position along the x
direction shows a linear motion which gives 831m at the end of the
simulation. There is a deviation of 3660 m in the z direction also,
which shows again the necessity of an active elevator control. The y
direction motion which is expected to be steady at zero value shows
a sustained oscillation throughout the simulation. An enlarged view
of a portion of the response (650 seconds - 700 seconds) is shown
in the insight of Figure[7](j).

Figure[§| shows a comparison of the forward velocities and po-
sition along x direction for different throttle ratios. Four different
cases were considered; zero throttle ratio, initial condition specified
in (9), half throttle and a full throttle. It is shown that the maximum
velocity this airship can attain is 6.5 m/s. There are considerable
overshoots and undershoots present in the velocity as the throttle ra-
tio approaches its maximum. The position of airship also increases
with the increase in input.

The transient response of the coefficient of drag and lift for a
maximum thrust is shown in Figure[9] The drag shows a consider-
able overshoot from the initial value which causes a slight damped
oscillations lasts for 50 seconds. This increase in drag is due to the
motion initiated at the starting of simulation from rest. Similarly
for the lift curve, there is a dip in the lift value mainly due to the
induced drag.

www.astesj.com

Even though we haven’t considered any closed loop control
strategy for the airship, the response to a gust is analyzed. A stan-
dard wind gust model, Extreme Operating Gust (EOG) described in
IEC standard [18]], is used for the analysis. The velocity profile of
the EOG gust is given in (10).

V. = Vi =037V, sin(3nt/T)(1 — cos(2nt/T)) :0<t<T
P Vin : otherwise
(10)

A representative gust profile with 10.5 seconds period, zero
mean wind velocity and 2 m/s gust amplitude is shown in Figure[I0]
(a). Since this is an initial stage of this work, we haven’t considered
real wind scenario. The ability of the model to retain the steady state
condition even after the occurrence of a gust is analysed. The gust
is applied at 500 second which is sufficiently far from the transient
region. The plot of velocity is shown in Figure[I0](b). The direction
of application of gust is in the free stream direction of the airship.
It is shown that after a surge the velocity falls down quickly at the
maximum of the gust and retains to the steady state . Drag increases
with velocity and is clearly shown in Figure[10| (c). Since a part
of the lift is contributed by the aerodynamic flight, there will be a
proportional increase in lift with velocity as shown in[I0|(d). With
this analysis the open loop stability of the airship in the presence of
gust is demonstrated.

5 Conclusion

A study on the modelling and simulation of airships lead us to this
work where an analytical methodology to model the aerodynamic
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coeflicients is investigated for an airship. The implementation of
the aerodynamic coefficients given in (3)-(8) was successfully done
on the mathematical model of the airship given in (I) and (). All
the six coefficients were simulated for five different values of the
elevator deflection angles. Even though the drag coeflicient at zero
angle of attack is 0.1432, the large drag value (> 1) at a higher
angle of attacks demands an optimal sizing of the airship envelope.
The inability to be at the initial altitude indicates the necessity of an
active position control system for the airship. A gust analysis of the
airship is also carried out using IEC standard gust. The open loop
stability of the airship in the presence of gust is demonstrated.

The presented method of calculating aerodynamic coefficients
is originally applicable to aircraft where the effect of added mass
and buoyancy are negligible. Nevertheless, a general outline on
the aerodynamic behaviour of the airship can be obtained from
the presented analysis. The model behaves as expected using the
coefficients extracted using this method.

This study can be considered as an initial investigation of the
mathematical modelling of the aerodynamic parameters of airships.
As a future work, an investigation on the validation of the proposed
method will be done using CFD based analysis on the selected
airship configuration.
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