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Abstract

The paper provids details of a methodology for design and performance analysis of the aerostat. The
methodology is a systematic collation of various design approaches and concepts, which were examined during
the ongoing design and field trial exercises related to reynoteitrolled airships and aerostats at the Lighter
ThanAir Systems Laboratory dfT Bombay. A methodology for arriving at the size of fins from static stability
considerations is presented, which includes determination of tether pidfdevarious degn decisions were

driven by the availability of local materials for different compondittis. paperoutlinesa Multi-disciplinary
Optimization approach for identifying the optimum shape of an aerostat envelope that results in the largest
payload capacitydr a given envelope volume. Apart from aerodynamics, the participating disciplines in this
optimization problem are flight mechanics and structures. Some constraints that take into consideration the
difficulty in fabrication of certain kinds of shapes halso been included. A shape generation algorithm for
parameterization of a general envelope shape in terms of standard geometrical surfaces is then described. The
problem is posed in an optimization framework and optimum shapes are obtained using Agostlums.

Results for an aerostat of envelope volume of 20d€ereal that the payload capacity of the optimum shape of
single fabric construction is ~ 2.2 % higher compared to a similar envelope using the standard GNVR shape.
However, use of muHliabric construction was seen to increase the payload capacity by ~ 22% for both the
GNVR and optimm shapeSensitivity analyses revealed that the payload capacity decreases considerably with
increase in fabric densitgnd tether weight per unit length dweibcreased self weight, and angle of attack. It

was also seen that the fin weight and the location of confluence point depend to a great extent, on the location of
CG.

Nomenclature

AGL = Above Ground Level

CB = Centre of Buoyancy

Cov = Volumetric drag coefficient

CG = Centre of gravity

Co = Pressure coefficient

d = Diameter of the envelope [m]

D = Drag on the envelope [N]

GNVR = GNV Rao envelope Profile for aerostat
I = Length of the envelope [m]

LOS = Line of Sight

Lift, ., = Net lift [kg]

LMDS = Local Multipoint Distribution System



PADS = Procedure for Aerostat Design and Sizing

Pu ta = Percentage purity of the contained gas [%]

Praero = Pressure due to aerodynamic loading (Kg/m

Prhydro = Pressure due to Dynamic Pressure loading (Rg/m

Re = Reynolds number

a,b,c,d,a,,b,c,d, = Coefficients of cubic splines that parameterize middigigo of envelope
a, = Coefficient for parabolic rear shape

Cma = Change irmoment coefficientvith angle of attack (@bility margin
d.a = max. diameteof aeostat envelope

Fcomp = Composite Objective Function

(Z,Z) = Coefficients of confluence point

P, = Internal overpressure in the aerostat envelope

R = Radus of curvature of spherical front portion

S = surface area

t = envelope material thickness

Xp = Six dimensional design vegcto

Ynax = maximumradius ofaerostat envelope

} matl = Area density (weight per unit area) of envelope material

COmax = maximum stress

Oy Gp, 3 0@ = maximum stress limit of Fabric # 1,2 & 3, respectively

I. Background and Introduction

An eerostat is an aerodynamicalshaped tethered body, belonging to the family of Ligttanair
vehicl es. Aerostat envelopes are filled with a o6light
and thus generate lift due to buoyancy. The envelope is gimbaled at #rectifiuence point, so that it can
freely align with thedirection of the ambient wind. Adequately sized fins@vided on the envelope to impart
it stability during wind disturbances. Payloads in modern day aerostats are usually radars, surveitienae c
or communication equipment. In order to deploy more sophisticated equipment on Aerostats, it is always
desirable to increase their payload capacity, without compromising on their operating dftitisdeaperalso
providesdetails of a methodologipr arriving at the optimum shape of the envelope of an aerostat, keeping in
mind the aerodynamic and structural considerations, while incorporating some constraints imposed from

manufacturing considerations.

II. Aerostat Design Methodology

Depending on thepayload, range of surveillance, and operational tahestation aerostatshave been
launched to @ operatingaltitude ofaround 4600 m from sea level. As griblished literature from Ref.71
aerostats have beeuccessfullydeployed bycommercial compdas to carry payload such &urveillance

radars of all sizes and capabilities, Signal Intelligence (SIGINT) collection equipmentstabitized daylight,



low-light level and infrared video cameras, Direct television broadcast and relay, FM radio bebaahd relay,
VHF/UHF, Ground Control Intercept (GCI) and microwave communicatiand,Environmental monitoring
equipment.

Based on the preliminary work carried out by Gupta & Pamd Raina & Gawafe a methodology for
initial sizing and conceptual dign of an aerostat system has been developed to arrive at the required
geometrical parameters and detailed mass breakup of an aerostat system, given the values of some operation,
configuration, and performance related parameters. This methodology impdespeead sheet form of MS
EXCELE and named as PADS.

PADS accepts all the input parameters, constant parameters, and some geometrical and operation related
options such as envelope profile selection, gas pressure manadgniifionets or symmetricallyxpandable
elastic strip, and type of LTA gas used. The objective behind providing this facility for selection of optional
parameters was to make the methodology more flexible and adaptive for any future modification in the aerostat
system, and also to makensitivity analyses much more comprehensive.

In an aerostat the geometry of the envelope has a profound effect on its aerodynamic characteristics, and
hence on the stability and payload carrying ability. Some standard shapes of the aerostat envsicpes ex
their profiles were incorporated in the input part of the PABRSirief overview is given in the section that

follows:

A. Various modules in PADS

PADS is designed in a modular fashion and contains 48 spread sheets with separate modules that cover the
calculations related to LTA gas properties in the atmosphere, and sizing of envelope, petal, tether land fins.
also has modules that carry out calculations related to LOS error angle calculation, pivot ansgystdety
attachment. The fabrication prosgslans, including that of a small winch are worked out and cost calculations
are carried out. Design flow is described in a modular way which enableddostand the contribution of each

module for the design and sizing in subsequent steps.

B. Design Regirements
The main module is the heart of PADS, all the inputs and options can be selected to perform design and
analysis.Table 1 shows a typicatructure of the spread sheet for input parameters. PADS is designed for Sl

units.

Table 1: Sample inpus of Main module of the PADS

Input Parameters Sl Unit Typical Value

Payload [ka] 7.00

Floating Altitude (From Sea Level) [m] 740.81

Spot Altitude from Sea Level [m] 560.00
Design Wind Speed [m/s] 15.00

Off Standard Temperature [°C] 20.00
Operational Tire [days] 15.00

Diurnal Temperature range [°C] 10.00
Free Lift Permissible % 15.00
Permissible Reduction in Altitude +DH 5.00




Constant Parameters

Contained Gas Initial Purity [%0] 99.50
Option for Envelope Material (P\AC, Other2) PVC 1.00
Rate of Ga Permeability thru Envelope fabric [Itr/m?/day] 2.50
PoE Cable Specific Length [kg/m] 0.04
Low Loss Cable Specific Length [kg/m] 0.00
Elastic Strip Specific Length [kg/m] 0.02
Available PVC Fabric density [kg/m?] 0.21
Permissible Blow by and Exces®hgth for all the
cablesDesign altitude AGL % 20.00
Centre of pressure for Aerostat (@.35) [-] 0.33
Options
Profile Configuration (NPEL, GNVR-2, SAG3, SAC 3
Optimum4, TCOM360Y¥-5)
Petal Configuration (Bingle, 2Double) Double 2
Rear Gore Pats (No. of Petals) [-] 10.00
Front Gore Petals [-] 20.00
Contained Gas (H&, H2-2) Helium 1
Include Integrated Balloonet OR Elastic Strips )
(Ballonet1,El Strip2) El. Strip :
Fin fabrication (Inflatablel, Rigid outline with coveR) 1
Mass specifi length of the 0.5 inch PVC pipe gm/m 125.00

The spreadsheet like form of PADS also helps in carrying out extensive sensitivity studies. In order to resize
the aerostat of a given configuration and material for different operating conditions, onlypehating
parameters have to be chang€de Main modulén the PADSIs linked to other modules fodesign and sizing
of various components of the Aerostttis includesAtmosphere, Envelope, Fin, Petébr the envelope, Pivot
and safety, and accessormsch as winch. The required output/s from these modules is posted back to Main

module.
C. Envelope sizing, estimation of net Lift and Drag

PADS starts by inputting all the required input data as mentioned in the T.aBlstarting value for the
envelope lagth is specifiedwvhich keeps on changing until the total aerostat empty weight is balanced by
payload and free lift. Each instantaneous length taken by PADS invokes the envelope sizing module to multiply
the same tahe normalized coordinatesf the seleted profile from Database and Options modul&ith
numerical integration method, program calculatesvitiame and surface ared selected profile; this in turn
used to calculate CG and CB detailed layout of the envelope profile, reference fin geomeat the single

gore petal is collectively shown in the Fig All the features shown areathered from different modules.



The Atmosphere module stardalculating the

required off standard air properties not only at t

design altitude, but also at thermissiblevertical
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Khoury & Gillett". Similarly, prcperties of the Figure 1. PADS generated combined output for envelo
profile and reference fin geometry (Ref. 7)

selected LET-A gas are also calculated a

respectivealtitudes.

The Main Modulereceives the required properties of air
and LTA gas and calculatabe ret disposable liftwith
volume of envelope purity of LTA gas as per Eq. 1 from
Ref. 4 According to Hoernér the aerostat envelope
contributes heavily to its drag, exceeding ovef760%. In
order to seek the drag of the aerostat like body wheres lif

directly related to the volum&py, is calculatd as per Eq. 2

taken from Ref. 4

Fgure 2. An inflated 100n? envelope of th
aerostat
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Drag on the envelope is calculated using Eg. 2 and Eq. 3.

D :% (o Oy ac,, Eq. (3)

This value is used in tether module along with other parameters for calculating the expected blow by which is

explained later.



D. Internal Over Pressure Estimation

In order to maintain positive pressure inside ¢ineelope, three main loadings am@nsideredo estimate the
internal over pressuredP viz., the loading due to dynamic pressure, aerodynamic loading, and hydrostatic

pressure as suggested by Gupta & Malik

Since the aerostat envelope diameter isentban twenty times of the thickness of the material; it can be
considered as a very thin shell and hence hoop stress is calculated in terms of the circumferentialamit load

shown in Eq. 4
d..
s.= b —ZC Eq. @)

Normally, this value is expressed in terms of kg/5cntiocfumferentiallength of maximum diameter of
envelopematerialfiber. This gives the allowable load that the envelope material fiber of 5 cm length, aligned in
circumferential fashion can bearhe stress calculated using Eqistithen compared with the allowable stress
value of the selected fabric stored in the databAstactor of safety of 4 (fourhas normallybeenkept in
selection of envelope fabricThis is required to take care of the inacies in the calculation of diurnal
temperature variations, degradation in the envelope material due to handling and prolonged exposure to

atmospheric conditions, and changes in gas properties due to superheat.

E. Gore petal sizing

In most of the aerodts petals are shaped depending on size of the envelope and the available form of
material . I'n I ndia, PVC rolls are wuswually available
length. In order to achieve more accurate shape after anf|adi large number of petals are employed, if the
welding length is not a constraint. For operational benefits, however, a wider material with fewer welds is

always preferable from leakage view point.

—— =

Figure 3. Conceptual sketch of single and split petdor envelope fabrication

But lesser number of petals leadsatoimproper shape of the envelope, especially at the ends. Usually less
petals and greater curvatures at the nose portion, lead to many folds and thus affects the shape of the envelope
and dso the surface quality. In order to reduce these folds, a novel technique is incorporated as suggested by
Gupta & Malil, in this technique; a single petal is divided at certain appropriate location near the maximum
diameter(normally 40% from the nosepito two symmetric petals as shownRig 3. Thus, a single petal

remains single at maximum diameter and subsequently at rear ends, in the region of maximum diameter, and



also gets double at the nose portion to avoid folds. This split technique ensutésimelonly in front area and

thus leads to minimum weld lengths.

F. Fin Sizing

Fin moduleof PADS accepts the fin sizing parameters as soon as the selected envelope is scaled to inputted
l ength in envel op efinsiiing andngassrastimain ase .basd dtBedraference fin area.
Based on theselected profile from Database modudetatio of each part of the fin geometry to the envelope
length (Root chord, Tip chord, Average half span, and the location dfaifieg edgefrom the nose ofhie
aerostat, to the length of the aerostat) is calculadihear scaling is performed on all the parameters so as to
get the exact plan form geometry of the far the instantaneous envelope lengBADS does the fin sizing
structurally for two typesfdin, one is the conventional inflatable structure with symmetric airfoil and other is
the framed PVC structur®lACA 0018, aerofoil cross section is commonly ussdadefault cross section for
all the fins of various envelope profilagailable in thdPADS Database and Options module;

Coordinates of this airfoil are extracted fr@neschneret. al. and Masdh

For an nflatablefin, it is necessary to join the flexible ribs made of the esamaterial as fin to get a

reasonably accuraghape of thelesired aerofoil crossectionafter infation. As suggested by Daviet. al.,

Figure 4. Photograph of the Aerostat taken during the field trials conducted at Gliding Centre, Pune
displaying the internal structure of the fin.

thirteen ribs were used in the fin structufbetrailing edgecan either be cut or cdre aligned properly by

means of harder plastic so as to maintain the contour

Two CAD tools viz,Aut o CAD2004E and Bevelused forcaccuratdd §izing Fhe entire
3-D fin is firstly converted in to a flat-B structureby knowing the perimeter of the profile at both root and tip
levelsseparated by the reference half span. This giveartge which is then multiplied with surface density of
cover material to get the mass of the covére width of each rib is calculated by dividing the root and tip
airfoils at appropriate intervals and getting the local thickness. A margin for weld igsabdaled to this
thickness. Length of each rib is calculated directly by joining the rib from tip at one point to the corresponding
point at root locations. Thus knowing the length and width at root and tip for each fin, surface area of all the ribs

is catulated by multiplying it with the material surface density.



G. Tether sizing and Profile generation

A tether module is developed in PADS to calculate the exact length of the combination of tether and PoE cable

Confluance point required for given design altitude, winde®d, permissible blow by,
/ and permissible free lift in the aerostat at the design altitude. This

sizing & based on the method suggested by WHghthich

determnes blow by of the aerostat and tether profile, given the

tether tension and the tether anglethe confluence pointn this

Wind, V2

method, the tether is discragd into elements of equal lengths and

starting from the confluence point, the tension and inclination angle

of each subsequent element below is determined by solving for the
Figure 5. Free body diagram o equilibrium of farcesas shown irthe Fig.5.
discretized elements of tether (Ref. 17) The tether module also predicts the profile taken by the tether
at various ambient wind speeds as shown in &ig the sensitivity studies performed by PADScan be seen

that an increase in wind speed
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increases blow byt lis evident that as
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acting on it.In practice, as suggeste Blowby (m)
by Gupta & Malik, 20% extra tether Figure 6. Sensitivity of tether profile with winds

is provided to take care of blow by.

Mass of the tether which is a combination @dd and PoE cable is calculated by knowing the length AGL
multiplied by the specific mass of the individual cable. Tether module also takes other issues in to account, such
as load due to PoE cabtnnfluence lineso distribute the load on the envelogevarious locations, and Pivot
frameetcCon f | u e m@ass isltaken assl & of the envelope mass, and the pivotriragss takenafter

fabrication as pethe payload space requirements.

H. Gas pressure management

This module provideswo options; he ballonets or Elastic Striper managing the gas internal over
pressureln case of ballonetsowing the net positive lift at ground level, the volume of air to maintain aerostat
both at ground and design altitudes is calculated. In addition to ¢hisne, some additional air volume is
calculatedto maintain the platform performance at the design altitude in the effect of diurnal temperature
variation at the local condition. Thus, once the total volume of air that is to be available in the badlonets i
calculated, material for one or two ballonet bags which are to be kept within envelope for this air is calculated. It

is obvious that before ballonet calculation, the volume calculated for the envelope is not enough to raise the



payload to the design #iide. Hence, resizing is carried out by changing length with which envelope was
calculated prior to the ballonet sizing.

In case ofElastic stris, sizing and mas estimation is carried out by calculating #gansion of the gas
from ground to the desmgaltitude This varies the maximum diameter circumference which is recorded by Gas
pressure management moduléth some room for expansion and contraction to take care of the envelope in the
diurnal temperature variations.

While launching the aerostateelope is filled with the lifting gas slightly less by amount of expansion
till it ascendsto the design altitudevhich is given by the calculations in the Main modul#astic strips
maintain the tightness in the envelope. As it goes up, elastis stitgw the gas to expand and thus envelope
remains tight at any altitude within the design range. Thus, knowing the volume at ground level and at design
altitude, the requiredircumferenceat maximum diameter of the envelope is calculated. The differianite
circumferencegives the maximum width of the elastic region, and it is maintained proportionately on front and
rear portion of the maximum diameter along the petal profile. Usually the elastic region is kept 30% of the
envelope lengthThe dead legth is the length of thelasticstrip which gives maximum stretchable length more
than that of required circumferential expansidhus,width of themaximum expandable length to take care of
expansion under circumferential unit load is the sum of diffegén circumferenceof maximum diameter at
superheat volume of the envelope to ground level volpiue dead length of the strip depending on the
properties. A factoof safetyis includedknowing the fact that the envelope contraction can be managéiaebut
expansion is quite undesirabkeurther, knowing the maximum width and maximum length of the elastic region
total lengthrequired,specific massmass of the hooks to maintain a zigzag fashion in the region and other mass

of attachments are calculated.

I. Weight Estimation of Various groups

Main module continues to calculate the total system mass breakdown in terms contained gas, Envelope
group, Fin group, tether group, and other accessories group. All the sub group parameters are received from
respectivenodule.

PADS calculates weight afgging, hooks, patchesosebattensand Gas filling hose/port/opening terms

of the percentages of envelopkable 2 shows the assbreakup of each group and its values dotypical

aerostat.
Table2: Mass breakdownfor a typical Aerostat System
Group
Sub Group Value kg
Name
Contained Gas 15.18
Envelope Group 30.98
[}
&
< Envelope 26.3
g
w
Rigging, Hookg24 No.) and Patche& No.) 1.58




Nose Battens

2.63

Gross Take off Empty Mass

Gas Filling Hose/Port/Opening (s) 0.53
Elastic Strips group 2.62
2 o 0.91
= Mass of the elastic strip
Q
3 Mass of corner hooks 161
w
Mass of support patch for elastic region 0.10
Mass of Fin Group 13.22
Mass of PVC Cover 3.65
L% Mass of total spars 0.588
Total fin Mass 4.24
Total Empennge mass
Tether Group 23.13
Tether 10.85
PoE Cable 8.68
@
e
o
= Pivotwith payload frame 3.34
Confluence lineSupport Distribution Wires (1% of 0.26
Envelope Mass) '
Other Accessories 0.70
Night Visibility System (Five Pin Lights) 0.50
3 GPS Receiver 0.20
O
70.64

1C




J. Winch Design and development:
The winch is designed to arrive at a cost effective design, with main emphasis on local availability of
materal and fabrication techniguessn 6 open ended ad potoatitdodd be aontinuousle
upgradedduring its developmentcycle This work is taken fromSequeird et. al.; the specific design
requirements for winch design weegrived from one of the modules described in PADhis included
parameters like g@ected tethetension drum sizetetherwinding rate, and tether profile, power requirements
for winding, Tether configuration ¢bination of Load and data cables, Specific weight, and diameter),
minimum bending radiutr cable and length of the tethewith these inputs, main drum with collar at the ends
was structurally designedith the suggestions given by MarR&yby treating it as a simply supported beam
with a uniformly distributed loadh terms of tether

mass, and line pull as a point logdn the same Connecting link @\ ol |
lines, the completestructural design wasarried out Weakest Joint \\ s

for spur gears, selection of frame cross secti

provision of other drum for data cable eté. \,
braking system was also designtd regulate the P -L ————————————— ©
ascending rate of aerostat with a line pulbeér 70 @/ @

1 = Brake Drum

kg. An innovative inversion of four bar link | 255 o % (=)
3 =DBrake links <—~—>1
mechanism was employed for symmetrig| |‘=Foute chonmechauian 2 b \m

application of the brake pressure by means of t

Figure 7. Braking mechanism using inversion of foul
brake shoes; which ultimaly resultan an effortless bar links

braking even by manual meanbig. 7 shows a conceptual layb of this braking systemSnap shots of the
winch in operation are shown Ffig. 8.

When the force P is applied at one end of the link L which is pivoted mainly at fixedlidtvies the two
links indicated by its lengthiband B. Link b, is directly connected whereas, lis connected in opposite
direction by means of an inversion of four bar link mechanism as shown by number 4 in theLEiggths a1,

b1, cl and a2, b2, c2 are so adjusted that the shoes hinged at b1l and b2 applies almost equainptiessu

Figure 8. Snap shots of winch |noperat|on durmg fleld trials
drum. Thus the braking mechanism does not create any bending force on the shaft on which it is mounted.

A field trial revealed that the winch was toppling due to high line pull on the tether due to low weight of the
winch. Therefore, a topplingrrester was developed and attached to the winch. This arrester has four studs
housed in a barrel which is connected to the frame of the wihfdur cornersOnce the winch is placed at the
launch location, these studs are pierced inside the grounidnfogrip and thus arrest the toppling of winch. The
design of the toppling arrester takes into consideration the tether tension at drum location for all possible
movement patterns of the aerostat due to ambient wind conditions. Further, the winch i gowarsingle

phase induction motor that drives a pulley system which in turn drives the gear pairs for rotating the main tether
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drum during recovery. A separate drum has also been provided to releagéndral data cable from the
ground to a payload mated on the aerostat which could be a communication system, still/ video camera or a
data logger etc. This drum is also powered by an inversion of four bar link mechanism that draws power from
main drum shaft.

lll. Effect of envelope shape oa n  a e r payoadacapaciy

The envelope shape affects the/lpad capacity in many way3he envelope weight is decided by the Total
Surface Area (TSA) of the envelgpehich, for a given envelope volumean vary greatly with itshape The
difference in internal andxternal pressure on the aerostat envelope generates stress on the membrane. For a
given pressure difference, the stress is a function of the envelope shape. If the stress is low, a material of low
ultimate strength can be used, which is expected to beligOn the other hand for a higher stress, a stronger
material which is expected to be heavidud toh i g h,g) will have to be used. Thus shape directly influences

the self weight of the aerostdthe envelope shapmdsodecides the aerodynamic force and moments generated

on it. The size of fins required to trim the aerostat at a given angle of attddk provide the required stability

is thus a function of its shape. The ambient wind on the aerostat produces drag which tends to displace it along
the direction of flow. This displacement is called blby and itreducegshe operational heighof anaerostat

ard may also give rise to functional disadvantages depending on the application, for instance, to maintain the
specified altitude of operation; a longer tether will have to be released at the expense of a decrease in payload

capacity. To increashe payload capacity, it is thus necessary to reduceryeopedragcoefficientCp.

IV. Previous studyin aerostatenvelope shape optimization

In a previous study by Kanikdale et*3lthe envelope geometry of arrastat was parameterized using a

spheredor the nose, two cubic splines for the rAliddy and a parabola for the rear, as shown in Figure

ke 7Sphere Cubic Spline -1 i
&l Cubic Spline - 1T
(x2,y2) Parabola
(x1yl) (2:53) {(x4,54)
° 0 5I 1‘0 1I5 EID 2I5 30
Figure 9. Parameterization of geometry
The defining equations for the various shape segnaeatgiven in Eqns5(8).
Sphere (Circle in®d):  y* =2xR - X (5)
Spline I: y=axX #HX €x d (6)
Spline II: y=ax #¥X €x d @
Parabola: y =a(x -X (8)

By imposing constraints on the slope continuitpaints(X, ¥;), (X,, Y,) and(X;, ¥;), andzero slope at

point (X,, Y,)for an aerostat envelope of fixed volume, the sitghe design vector was reduced to six,
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viz.,, Xp = (X, Yo, %, %, ¥, %). Additional constraints on the radius of curvature and rate of change of

slope were also employed to incorporate manufacturing constraints. A shape generation algorithm was
developéd, which generated various possible shapes of aerostat envelopes by varying these geometrical

parameters, while meeting the specified constraints.

An objective functionF¢.mp incorpaating the disciplines of Aerodynamics (through Volumetric Drag

Coefficient Gyy), and Structures (through Envelope Surface Area S, and Max. sirgswas formulated as:

C S S max
comp = ]_( Y ) -|W2( ) w,?,( ) (9)
(CDV)GNVR SGNVF& S GNVR
Generate v
Shape Determine
l load
- - distribution
Dec!de fabrlc on envelope
considering the
. . le———
loading and breaking
strength of material

Assume a large

initial value of

payload weight

n
e ;
' Estimate fin
v Payload size and weight
| i 2
: Maximum® : ¢ Take new
| ! Perform tether Z?;/T;Zt; :;
e 1 rofile estimation ;
4 P 99% of earlier
v guess
Optimum
Shape is Is the vertical force j
found available sufficient no
to support tether

weiaht?

The assumed payload is
payload capacity of the
aerostat with current
envelope shape

Figure 10. Methodology for Shape Optimization
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WhereW,, W, andW, are useispecified weight functions. The subscript GNVR in the quantities listed above

refer to the corresponding values tbese parameters for a reference GNVR shape. The optimum shape for
various values of weight functions was obtained by coupling the shape generation algorithm to an ofstimizer.

the present work, the GADO (Genetic Algorithm for Design Optimization) codelaged by Rasted™ has

been coupled to the shape generation algorithm to obtain the envelope shape that maximizes the payload
capacity. Figurd.0 shows the methodology adopted for solving the problem.

In order to eliminate the need of using a flow sofeerdetermination of g, in all iteratiors of the optimization
process, a ceelation between & and some geometry related parameters is required. Such an empirical
formula was developed for an aerostat of envelope volume 18@@dra length of 26.26 rby computing Gy

for a number of envelope shapes. Aerodynamic analyses were carried out using FMUBENT solver
package. Araxi-symmetric, solver was used in conjunction witth Surbulence model. Figur&l shows the

structured grid around a trial edope shape and the senircular domain that was used.

In this study, the envelope length was kept fixed to avoid compromising on stability with respect to the
reference GNVR shape. However, it is a known fact that the size of the fins can be greatyl riédhe
envelope length is increased, which results in a larger payload. Seciwedtyrmulation used in Kanikdale et.

a6 s mo dnetlamenable to coupling with an MDO process, since it requires detailed geometric data about
the envelope shape,pesially the ceordinates of several points at the nose and trailing edge, and the grid
density in these regions. The-mglation was arrived using some arbitrarily derived coefficients, purely based on
observation of the flow patterns.

Figure 11. Structured grid around Aerostatenvelope in a semicircular @main

V. Details of present study

In the present work a more geneeixpressioff to estimate Gy is used which is a function only of the six
geometrical parameters. The problem is formulated to maxipayg®ad. The drag on the aerostat enpeland
the stresses generated arpressed in terms of the penalty that they impose on payload capacity of the aerostat.
The weight of the fins required for stability is estimated to accurately predict the pagloadtg. Unlike in the
previous study, the length of the aerostat has also been kept as a free variable, since appropriate restrictions have
been inserted on the length by requirement on the size of fin.

The drag on an aerostat produd#swby or lateraldisplacement, due to which either a longer tether is
required to maintain a particular operational height, or there is a decrease in operational height of the aerostat,

for a given tether length. The added weight of the tether decreases the payloay.capaditain a correct
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