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Abstract— The aerodynamic design of a nose cone aircraft 
section is an important component in subsonic condition as it 
contribute to its weight and drag. The air data sensor of a fixed-
wing type Unmanned Aerial Vehicles (UAV) also located on the 
nose cone. Thus, by focusing to the design of the nose cone the drag 
force of the entire aircraft body can be reduced and the flow 
separation can be minimized or delayed which can affect the 
efficiency of an aircraft. This research aims to identify the nose 
cone design that suitable for the air data sensor with the minimum 
value of drag force and observe the pressure contour of each nose 
cone design. Each design simulated in velocity of lOm/s, 20m/s and 
30m/s with seven angles of attack from -30° to 30°. CAD software 
is used to design the nose cone and C F D is used to simulate the 
airflow as well to obtain the drag force of several design of nose 
cone. The original nose cone of F T Guinea Pig model and elliptical 
nose cone design shows the lowest value of drag coefficient 
compared with other proposed designs; conical and tangent ogive. 
The selected nose cone design will be used for implementing tbe 
air data system for the next phase of the research. 
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I . I N T R O D U C T I O N 

Unmanned Aerial Vehicles ( U A V ) is a technology that 
provides various of benefit to human kind [1] , [2] . However, 
the limitation function of Inertial Measurement Unit ( I M U ) that 
normally used as the main sensors o f the U A V to control its 
attitude limiting the capabilities of the U A V to fly in such harsh 
condition where the measurement o f the drift angle is needed 
[3] . The concept of conventional aircraft that uses differential 
pressure data located on the nose cone to measure the drift angle 
w i l l be implemented for U A V s . The differential pressure data 
also used for airspeed calculation of the U A V s . The drift angle 
and airspeed measurement for U A V w i l l allow the U A V to react 
in crosswind conditions and still reach significant stability 
during maneuvering. 

In this paper the U A V that being used is an off-the-shelf 
small fixed-wing type U A V , F T Guinea Pig (F ig . 1) by Flite 
Test, designed with a removable nose cone [4] . The U A V w i l l 
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be implemented with the air data sensor system to measure 
airspeed and drift angle. 

Fig. 1. FT Guinea Pig 

The aim of this paper is to design a suitable nose cone o f a 
fixed-wing type U A V that w i l l be use to install an air data 
sensor system. The air data sensor system for a fixed-wing 
U A V consists o f a pitot-static tube and flush air data sensing 
system ( F A D S ) to measure the airspeed and the drift angle [5] . 
The pitot-static tube is used to measure the airspeed by 
calculating the differential pressure of the total pressure and 
static pressure. The pitot-static tube is a thin and long 
cylindrical tube shape which needs special bracket or mounting 
for installation. The flush air data sensing system ( F A D S ) is a 
method that estimates air data parameters using pressure data 
collected from orifices flushed with the surface of the 
vehicles[5]. The system is mounted on the nose cone o f the 
fixed-wing U A V . Thus, the design o f the nose cone needs to be 
study thoroughly before installing the air data sensor system. 
The performance o f the nose cone is evaluated based on the 
velocity streamline, pressure distribution and the drag 
coefficient. C F D analysis of the nose cone design is carried 
using A N S Y S with different velocity and angle o f attack. 

The velocity streamline is observed to make sure the airflow 
around the nose cone is in laminar. The pressure distribution 
contour is a parameter that is used as guideline to allocate the 
suitable location for air data sensor system. The low value o f 
drag coefficient of the nose cone is crucial point in subsonic 
aircraft as it wi l l make decrement drag of the overall U A V . 
Hence this w i l l improve the efficiency of the nose cone design. 
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11. L i TERATURH R E V I E W 

/) Nose cone design 

A comparison between various nose profile has been carried 
out in [6] to prove that the shape of the nose cone can postponed 
the boundary layer separation. The value o f pressure 
coefficient, pressure contour and Mach contour were the 
parameters that are being observed. This paper concludes Von 
Karman ogive nose profile as the best shape for the subsonic 
flows as it gives the minimum pressure coefficient and higher 
critical Mach number than the conical, ogive and parabola 
shape. An analysis on various commercial aircraft nose cone 
profiles has been done to identify the design of nose profiles 
with minimum drag at specific Mach number. The velocity 
distribution contour and the value o f drag coefficient were 
observed. This paper conclude that elliptical nose cone gives 
the minimum drag coefficient at 0.4, 0.6. and 0.8 Mach number 
compared to conical, parabola and ogive nose cone profiles [7] . 
In paper [8] , the elliptical and secant ogive nose cone shape has 
been analyzed to study the aerodynamic characteristics. The 
pressure contour, velocity contour, velocity streamline and 
value of drag coefficient and pressure coefficient were 
observed. It concluded that elliptical nose cone performs better 
that secant ogive as the elliptical experienced less drag 
coefficient. 

A C F D analysis of elliptical, tangent ogive, parabolic and 
conic nose cones have been done to analyzed the drag force 
generated in subsonic medium ranged from 0.05 to 0.62 o f 
Mach number. Ell iptical been concluded as the best 
aerodynamics shape compared to other shape [9 ] . A review on 
nose cone design for different flight regime in order to select 
the appropriate nose cone geometry suited with the specific 
flow and operating conditions has been reported in [10] . B y 
observing the velocity contour and drag coefficient o f each nose 
cone design, elliptical has been chosen other than parabolic and 
ogives shape. 

Based on the review of previous research, the four models 
of nose cone wi l l be analyzed in this research are the existing 
F T Guinea Pig. elliptical, tangent ogive and conical. The 
selected nose cone shape is the basic geometry figure and the 
geometry o f each shape is discussed in the next section. 

2) Geometry of the nose cone 

Reference [11] describe the geometry o f different nose cone 
design including elliptical, conical and tangent ogive where the 
basis of the designs is based on the geometry figures. 

A n elliptical nose cone is a half-ellipse. The center line 
( C / L ) is the major axis o f this design, while the base of the nose 
cone is the minor axis, as seen in Fig. 2. Due to its blunt tip and 
tangent base, this fprm is typically used in subsonic conditions. 
Equation ( 1 ) givesThe radius Y at any point x varying from 0 
to L. 

Fig. 2. Elliptical 
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X2 

( 1 ) 

Fig . 3 demonstrate the geometry of tangent ogive nose cone 
design where the length of the nose is the tangent to the arc of 
the Tangent ogive nose cone is popular in rocketry design. 
Equation ( 2 ) is used to compute the radius of the circle defining 
the ogive. The radius of the circle is p, while the nose cone's 
length is L. Since it extends from 0 to L. the equation that 
describes the radius at any point and defines the nose cone 
tangent design is presented below Fig. 3. 

Fig. 3. l angent ogive 
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Conical nose cone is the simple cone as illustrated in Fig. 4 
due to it ease to manufacture and simplest in design. The 
equation that defines the conical design is shown in ( 3 ) and also 
being defined often by their sides or half angle. 

Fig. 4. Conical 

xR 
Y = ( 3 ) 



I I I . M E T H O D O L O G Y ; 

A. Design 

The three chosen nose cone shape including the design from 
original model nose cone are designed in SolidWork software 
by using the respective formulas. A l l of this design is based 
from the base-measurement that connect the nose cone with the 
body o f the aircraft as depicted in Fig . 5 where the length and 
the reference area of the base of the nose cone are 0.2m and 
1.69m^ (0.13m x 0.13m). The resulted 3D designs of the 
proposed nose cone are shown accordingly in Fig . 6, Fig . 7, F ig . 
8 and Fig . 9 

Fig. 5. Tlie side view measurement of FT Guinea Pig nose cone in millimeter 

Fig. 6. FT Guinea Pig nose cone 

Fig. 7. Elliptical nose ccjne 

Fig 9 Conical nose cone 

B. Computational Domain 

A N S Y S was used to do the C F D analysis in this study which 
involved pre-processing, processing, and post-processing step. 
The designing, rneshing, boundary condition, and numerical 
approach are all part o f the pre-processing step. The processing 
stage entails solving the fluid flow governing equation 
numerically until convergence is achieved. Finally, the post­
processing procedure entails extracting results in the form of 
graphs and contours that describe the physics of the flow, as 
wel l as the desired results. 

/) Pre-processing 

The four nose cone design from the SolidWork are imported 
to the fluent C F D in A N S Y S software for meshing. For 
simulations, the same boundary conditions were applied to all 
nose cone designed where the flow velocity was lOm/s, 20m/s 
and 30m/s respectively. The reference values in fluent C F D are 
related to the value o f drag coeftlcient and T A B L E 1. shows all 
the parameters used in the reference values and the solver used 
for this simulation in A N S Y S was Shear Stress Transport k-w 
( S S T k-oj) turbulence model [12J. 

T A B L E I . R E F E R E N C E V A I . U F . P A R A M E T E R 

Reference area F T Guinea Pig 0.15487m2 Reference area 
Elliptical 0.13279m2 

Reference area 

Tangent ogive 0.12330nF 

Reference area 

F T Guinea Pig 0.10898m2 
Length 0.3m 
Temperature 3 0 3 . 1 5 K / 3 0 ° G 
Density 1.164 
A i r viscosity 1.872X lO-"^ 

I V . R E S U L T A N D D I S C U S S I O N 

The parameter o f velocity streamline, pressure contour and 
drag coefficient are extracted form C F D post after the analysis 
from fluent solver. T A B L E I I . shows the pressure contour o f 
F T Guinea Pig nose cone in lOm/s velocity with different angle 
of attacks. The same test w i l l be applied on the rest of the nose 
cone designs. 

Fig. 8. l angent ogive nose cone 



T A B L E I I . P R E S S U R E C O N T O U R 
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Fig. 10. Pressure contour of nose cone ai lOm/s, O" angle of attack for every 
nose cone design 

M T««e«1 ' 
• 3.S1»t-0i ; 

• •• H5.«>1 • 

(b) Elliptical 

SSS! 
1 ; 

46124.01 
.70656.01 

(c) Tangent Ogive (d) Conical 

Fig. 11. Pressure contour of nose at 1 Oni/s. 0° angle of attack 

Fig . 10 and Fig . 11 show the pressure contour for each nose 
cone design at velocity of 1 Om/s and 0° of angle of attack. Based 
on the pressure contour, the high pressure area for the F T 
Guinea Pig and elliptical on the tip of the nose decrease 
drastically along the curve line and the high pressure area are 
smaller compared to the tangent ogive and conical nose cone 
shape. The pressure contour o f nose cone wi l l be used as 
guideline for the next objective of the research which is defining 
the position of the air data sensors (pitot-static tube and static 
pressure port). 

(b) KUiplical 

(c) Tangent Ogn (d) Conical 

Fig. 12. Velocity slreamiinc of nose cone at lOin/s, O" angle of attack 



The Reynold number of each designed nose cone have been 
calculated to make sure the airflow on the nose cone is in 
laminar and tabulated in T A B L E I I I . Based on the critical 
Reynold number for external flow, the transition from laminar 
to turbulence begins at around 3 x 10^ [13] . 

T A B L E I I I . R E Y N O L D N L M B I R 

Velocity (m/s) Reynold number 
10 1.865 X 10^ 
20 3.731 X 10== 
30 5.596 X 10^ 

Hence the airflow of all nose cone designed in this research 
is in laminar flow by referring to the calculated Reynold 
number and streamline from the simulation shown in Fig . 12 
streamline of nose cone at lOm/s, 0° angle of attack. A l l o f the 
nose cones experienced laminar airflow since it is in the 
subsonic condition. The velocity streamline is observed for the 
positioning of the total pressure of pitot-static tube that must be 
parallel with the airflow to measure the total pressure. 

The value of drag coefficient of the nose cone for subsonic 
aircraft is important as it w i l l determine the entire drag o f the 
body. Thus, by obtaining lower drag coefficient on the nose 
cone wi l l reducing the drag force o f the entire aircraft body 
where the drag coefficient is defined by [14]: 
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Fig. 14. Drag coefficient for velocity of 20ni/s 

Drag Coefficient for Velocity of 30m/s 
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Fig. 13. Drag coefficient for velocitv of I Om/s 

Fig. 15. Drag coefficient for velocitv of30in/s 

The nose cone designs are simulated in velocity of lOm/s, 
20m/s and 30m/s with different angle o f attack from -30° to 30° 
respectively with an increment o f 10° for each simulation. 
Based on the three figures (F ig . 13 through Fig. 15), the lowest 
drag coefficient o f all nose cone is elliptical followed by F T 
Guinea Pig, tangent ogive and lastly conical. 

[ 



V . C O N C L U S I O N A N D F U T U R E W O R K . 

Based from the resulted simulation, F T Guinea Pig and 
elliptical nose cone shape are the most suitable shape for 
implementing the air data system for the U A V as both shape 
shows the lowest value of drag coefficient compare to tangent 
ogive and conical shape. The decrement of the pressure contour 
from the high pressure at the tip o f the nose cone to low pressure 
also decrease drastically which resulting less high pressure area 
faced by the nose cone. 

Based from this finding, elliptical nose cone shows the best 
aerodynamic performance for subsonic condition by comparing 
the simulation result from this finding with the simulations done 
in the literature review. 

The next phase of the work wi l l use the pressure contour as 
guideline to allocated the static pressure port of the flush air 
data sensing system that w i l l help in obtaining the surface 
pressure distribution as it is one o f the reference conditions 
needed. The velocity streamline also used for positioning the 
pitot-static tube to avoid the position error. Both pitot-static 
tube and static pressure port positioning w i l l be analyzed by 
simulation and validate with experimental analysis in a wind 
tunnel. 
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