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ABSTRACT

s paper explains about e compaiational design procedhire for designing of an Unmanred Air Veldeles (UAV) having
Herolnl Shaped Fuselage® It also explains and analvses of the acrodywamic characteristics of an “derofosl Shaped
Fusolage” This model conld be wsed for designing of the futire UAV which wold be used for many military amd civil
applicavions fike sclemific dore gathering, swveillance for law enforcemens and homwelond secieipy, precision agriculiire,
Jorest fire mondtoring, gealogical survey ete. NACA 4416 cambered aevofll with chord length of 100 pn has been used for
this campaational design. The acrodwamie characteristies of Aerofoll Shaped Fuselage has been carvied owt at iwe
dfferent velacities (20 m's & 40 m's respectively) with differont angles of anack from -3° 10 18" with 3 degre steps. This
dhesign has bovn mack: as well as mowerical valuwes have been obrained with the help of CED softeare. The ssalling angle for
this chesdgn is forwsd ar abowt 137, This modkel conld be wused for designing of fe fonre UAY.
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LO INTRODUCTION

An air vehiele having no onboard pilot and capable
of pre-programmed operation as well as reception of
mtermittent commands either independently or from
o human operator at a distance from the ground is
called Unmanned Air Vehicle (UAV). The UAVs
may operate mdependently or in cooperation with
mother aircraft or ground bases sensors to carry out
both military and ¢mil applications. UAVs have
been used to perform “dull, dirty and dangerous®
missions successfullyl!l [t can provide importam
mformation such as scientific data gathering,
surveillance for law enforcement and homeland
security, precision agnoulture, forest fire
monitoring. geological survey etel2],

UAVs mostly fly under low speed conditions. The
acrodynamic charactenistics of the UAVs have many
similarities  than  that  of the monoplane
configuration. But UAV requires higher lifting force
with a smaller size. In the recent vears, the use of
small UAVs lor senal surveillance in vanous ¢l
applications has been mereased mamfold due to

greater deploy ability in comparison with the
conventional manned aircraft, Due to the UAV's
potential for carrving out so many tasks without
dircet nisk to the crew or humans i general, they
are wheal for testing new concepts which have been
put forward as o means to further increase the
vehicle's capabilityl*]

This paper contains mmnly the theoretical design
and investigation of serodynamic characteristics of
a low speed UAV having "Acrofoil Shaped
Fuselage™ by using NACA 4416 profile with CFD
software. The wings of a conventionnl UAV are
producing the hift and it's fusclage has very hittle or
no contribution on producing hit. But UAV requires
hugher lifting foree with a smaller size. As such, m
order to maxmmize the efficiency of an UAV, 1t 1s
assumed that the basic design of UAV could be
changed and 1t should be such that all components
of an UAV should contnibute to the total it In such
cuse, the concept of development of all lifting
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vehiele technology would bring good result for
rescarch on design of future UAV. Henee, this paper
will explain the development of the design of
acrofoil shaped fusclage and analvze i's flow
pattern and acrodynamic characteristics at different
angles of attack.

2.0 COMPUTATIONAL DESIGN

2.1 Important Features to be Considered for
Computational Design

Important features for computational design arc
shown mn Table 1.

Table 1: Important leatures of computational

procedure  overview to be followed dunng
computation phase is shown in Figure 1.

To ascertain convergence result, each residual is to
be reduced to a value of less than 10°%, except the
encrgy residual, for which the default enterion is
10, Sometimes the residuals may not fall below
the convergence criterion set in the case setup.
However, by monitoring the representative low
vanables through iterations, it could be casily
understood that the residuals have stagnated and do
not change with further iterations. This could also
be considered as convergence which usually scen
for Iift and drag coelficients. A sample of It &
drag coellcient indicating convergent entena is

design. shown in Figures 2 & 3 respectively.
Nomenclature Type Set the solution parmmeters
Aeroloil NACA 4416 1
Flow of air lm::.nmmss:!vlc anxd faiilakie e Lt
subsonic
Chord  kength  of 100 mm t
geroforl Enshle the solution monitors
Air spead 20 mv's and 40 mv's of interest
Density of wr (po) 1.225 ke/m’ T
Operating pressure 1.01 bar lecration I\
Absolute viscosaty (@) 1.789 x 107 kg/m-s Modify soluticn
Reynold's Number (Rey| 137 X107 and 2.74 x 107 parameters or grid
| Angles of attack -3° 1o 18° with 3° steps '
Eftect of temperature Neglected Check for convergence
'

2.2 Phases of Computational Design

CFD deals with the solution of fluid-dynamic
equations on compuaters and the related use of
computers in Nuid-dynamics research!l. There are
three steps for designing an objeet successfully by
using CFD soltware which arc Pre-processing,
Computation and Post-processing phases. The pre-
processing phase consists of creation ol geometry,
meshing geometry, specify boundary type, set up
the problem and solve.

Computation phase start with the import and scale
of the mesh Nile designed at GAMBIT. In this phase,
checking the grid of the physical model 15 to be
carried out to ascertnn the accuracy of design. On
completion of entry of dilferent data and setting up
boundary conditions, the variables are to be
mitialized for convergent monitors, At the end, the
designer is to go for eedhack into the solver as well
as for engincering analysis®l. The typical solution

Check for sccuracy \ No

Step

Figure 1: Typical Solution Procedure Overview.
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Table 2: Important features of wing.

Reratons

Figure 3: Drag Coefficient Plot.

At the post-processing phase, different engineering
analyses have been carmed out based on results,
charts, graphs cte. The numerical results after
engineenng  analyses would be used for
experimental design, analysis of charactenstics,
manufacture of an object and detail investigation
about an object,

3.0 CONFIGURATION LAYOUT

3.1 Aerofoil Shaped Fuselage Model Design

Four major parts of the acrofoil shaped fuselage
model are wing, fusclage, horizontal stabilizer and
vertical stabilizer. Up wing type model has been
sclected. The total volume of the model 1s 534,102
em®. The fusclage of this model is of acrofoil
shaped like the wings. Important features which
have been used during designing the wings and
tuselages are shown in Table 2 and 3 respectively.

Nomenclature Type
o Aerolail type NACA 4416
1cese C hord length of aarefoil 100 mm
o s ) T hickness of fuselage 80 mm
Tip to tip length of both wing 480 mm
wouse Root to tip length of each 200 mm
o o wi
09000 Maxcimum thickness batween 11.86 mm
upper and lower surface
“ © W00 M6 3000 A000 W00 LOGE TESS BIO0 00 WSO MNose Radius 2.48 mm
lecations Tapes Amgle Zeso
Figure 2: Lift Coellicient Plot, Table 3: Important features of fusclage.
— Nomenclature Type
R Aerofoil type NACA 4416
proen C hord length of amaolcil 200 mm
e Tip w© tip length of both 80 mm
w0 - fusalage
Cd oo Root to tip length of each 40 mm
wams | f
G . Maximum thickness batween 23.70 mm
Samo 4 and lowers surface
o 4 Naose Radius 5 mm
O s om0 2ees Soe% Se%s $00s Some Sows See% waee | Tapar Angle Zexo

Total length, width and thickness of horizontal
stabilizer are 140 mm, 30 mm and 4 mm
respectively. It has been placed in a suitable position
at the rear side of the lusclage. Total length, wadth
and thickness of vertical stabilizer are 60 mm, 30
mm and 8 mm respectively. It has been also placed
in a suitable position at the rear side of the fusclage.
The wire-frame views ol the acrofoil shaped
fusclage model are shown in Figure 4,
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Figure 4: Wire-Trame Views ol Aerofoil Shaped Fuselage Model [6)

3.2 Finalization of Design dilferent stages of the dessgn, The gnd display ol
acrofoil shaped UAV model and convergent result
Finnhzation of design ol aerofoll shaped model are shown in Figures 5 and 6 respectively

mvolves lot of modification, tnal and emrors at

—p-Showing direction of
air flow

Figure 8: Gnd Display of Aerofoil Shaped Fuselage Model showing Direction of Air Flow.
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Figure 6: Convergent Result of Acroloil Shaped Fuselage Model

4.0 AERODYNAMIC CHARACTERISTICS iy r T r T
4.1 Acrodynamic Characteristics of Aerofoil . 1 : $ - — {
Shaped Fuselage Model at 20 m/s S
[he vanation of hift cocthicient with angle of attack A
at 20 m/s for acrofoll shaped fusclage model at 7
ferent angle ol attack 1s shown mn Figure 7. The |
zero hift angle has been found at -3” angle of attack ' ' / 1
[hen the hilt coellicient mercases almost lineardy : AL | 4 1
with the ncrease of angle of attack up to /
approximately 15°. In other wards., the Lt ,] 1 1
cocfhicient mcreases linearly with the mercase ol | ;."’ | | |
angle of attack up to 15° Aflter wards, the lift g
cocthicient deereases with the further increase ol {
angle of attack. As such, the -'-'..I”]i‘.,_..'. angle of i o Altiack CATAD B D
,-",'\-p.-wa.‘:l model 1s lound at about 15 It 15 also

observed that the maximum hit coethicient, Clmax - . AT Py . A
o 1 e Figure 7: Variation of Liflt Coeflicient with Angle
for this type of model is approximately 1.2 1 ;

of Attack for Acrofoil Shaped Fusclage Model at 21
m's 1©]

IST Josarvnnd of Se s oo d T Tronrnls 15 3 N J
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The vanation of drag coeflicient with angle of
attack at 20 m/s for acrofoil shaped luselage model
at different angle of attack 1s shown m Figure 8. The
shape of the drag coellicient vs angle of attack
curve is found exponential nature, As such, the drag
cocllicient increases with the mercase of angle of
attack. The value of drag cocflicient for this
proposed model at 15 angle of attack is found
0.234.

. /
/
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Figure 8: Vanation of Drag Coellicient with Angle
of Attack for Acrofoil Shaped Fusclage Model at 20
s 1°],

4.2 Acrodynamic Characteristics of Acrofoil
Shaped Fuselage Maodel at 40 m/s

The vanation of lift coeflicient with angle of attack
at 40 m/s for acrofoil shaped fusclage model at
different angles of attack is shown in Figure 9. The
zero lift angle has been found at - 3° angle of attack.
Then the lift cocfficient increases almost lincarly
with the increase ol angle of attack up to
approximately 15° In other wards, the hift
cociicient increases lincarly with the merease of
angle of attack up to 15° Afier wards, the hift
coelficient decreases with the further mcrease of
angle of attack. As such, the stalling angle of
acrofoil shaped fusclage model 1s found at about
15 It 1s also observed that the maximum hift
cocilicient, Cumx of acrofoil shaped fusclage model
1s approximately 1.221.

-

s 0 ' 0 n »
fegn of Muach |BON in Degae

Figure 9: Variation of Lift Coellicient with Angle
of Attack for Acrofoll Shaped Fuselage Model at 40
m/s 9],

The vanation of drag coefficient with angle of
attack at 40 m/s for acrofoil shaped fuscloge model
at different angle of attack is shown in Figure 10.
The shape of the drag coelficient vs angle of attack
curve 1s found exponential nature. As such, the drag
coeflicient mereases with the increase of angle of
attack. The value of drag cocflicient for this model
at 15° angle of attack 1s found 0.165.
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Figure 10: Variation of Drag CoefYicient with Angle
of Attack for Acrofoil Shaped Fuselage Model at 40
m/s 16),

4.3 Flow of Air on Aerofoil Shaped Fuselage UAV
Model

Air flows over the acrofoll shaped fusclage model at
20 m/s & 40 m's respectively at different angles of
attack from -3°to 18° with 3° increment. Steam line
flow over the acrofoil scctions of the wings as well
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gs flow scparation from the trailing edge has been
found dunng mnvestigation, It 1s also seen that all
components (surfaces) of the acrofoil shaped
fusclage model contributed to the total hift. As such,
this model 1s producimg some extra it from it's
fusclage along with it's wing and this type of model
might be a very better option to camry out rescarch
on designing future UAV model.

The acrofoil shaped fuselage model 1s producing
extra drag due to ncreased fusclage frontal area,
fusclage-wing interference eflect and trailing edge
vortex. The effect of fuselage trontal arca 1s not that
much significant here as the size of UAV is smaller
The fusclage-wing mterference ellect has also been
reduced by selecting the up wing type model. More
so, the concept of all body hifting structure would
also open a good research arena for designing the
future UAV. The visualization of air flow effect over
this model 1s shown in Figure 11.

Figure 11: Flow of Air on Acrofoil Shaped
Fusclage Model

4.4 Lift to Drag Ratio Curve of Acrofoil Shaped
Fusclage Model

The Lt drag ratio curve of acrotoll shaped lusclage
at different velocities 1s shown m Figures 12, The
lift to drag coeflicient is tound better for acrofoil
shaped fuselage model having velocity 40 misee
From ligure 10, 1t 1s found that both the hit and drag
coctlicient increase almost hinearly up to stall angle
of attack. Afterwards, a sharp ncrease ol drag
coefficient with reduction of hift cocfhicient occurs
1¢ separation of flow starts alter the stalling angle
Table 4 shows the Lift to drag ratio curve at the
stalling angle and two different velocitics.

| -a-mh!-dl-\;
B ila & LU LU

Figure 12: Companson of Lift to Drag Ratio Curve
of Acrofoil Shaped Fusclage Model at Different
Velocities

Table 4: Lift Drag Rato of Acrofoil Shaped
Fuselage Configuration at the Stalling Angle and
two Different Velocities (20 mfs & 40 m/s
respectively)

LD
Ratio

Stall

A ngle C D

Cenfigurations

Aercfoil
Shapad 8
Fuselage Model 15.0 120
at 20 ms
Aerofail
Staped 15.0°
Fuselage Model '
at 40 m's

Cl mas

0234 | 513

1.221 | 0165 | 7.40

50 CONCLUSION

Operation of UAV proved to be easy and adaptable
tor versatile tasks including malitary as well as
many civil apphications in the recent vears. But
UAV requires higher liling force with a smaller
size. In order to maximize the efliciency of an UAV
- the concept of development of all hifung vehicle
technology might bring good result for research on
designing future UAV. For this reason. the acrofoil
shaped fuselage would be a good option tor carrying
out rescarch in this field

T'his paper explains the steps of computational
design of a low speed ucrofoil shaped fusclage
model. NACA 4416 acrofoll profile and CFD
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software have been used extensively for the design.
The acrofoil shaped lusclage has produced a
sigmificant amount of extra Lft from it's fuselage
duc to it's acrotoll shape. But this model has also
produced some extra drug due to it's incrcascd
fuselage frontal arca. fusclage-wing interference
cffect and trailing cdge vortex. The cffect of
fuscloge frontal arca is found minimum as the size
of UAV 1s smaller. The fuselage-wing interfercnce
cffeet could also been reduced by selecting the up
wing type model. However. rescarch on ways for
reduction of the trailing edge vorex from acrofoil
shaped fusclage might be carried out afterwards for
designing the future UAV,
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