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Abstract— Transonic flow is a Mach number around 0.8 to 

1.2 regime used to distinguish flow fields, phenomena and 

problems appearing at flight speed equal to the speed of 

sound. The nose cone should be built with an outer surface 

which should be able to withstand high temperature 

generated by aerodynamic heating and the shape of the nose 

cone must also be chosen for minimum drag. In this project 

an attempt is made to Mach number 1 calculates the flow 

parameters around the nose cone of aerial vehicle. The 

effect of pressure, velocity and various other parameters are 

analyzed using ANSYS FLUENT software which is custom 

made to analyze this parameters. The analysis will be 

carried out for three model of nose cone namely Sharp, 

Ogive and Blunt nose cone for transonic flow of Mach 

number 1.The selection of material for the nose cone as the 

aerodynamic heating has be to less. Optimization is done for 

the best suited shape of nose cones for best suited transonic 

aerial flight. 
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I. INTRODUCTION 

In aeronautics, transonic refers to the condition of flight in 

which a range of velocities of airflow exist surrounding and 

flowing past an air vehicle or an airfoil that are concurrently 

below, at, and above the speed of sound in the range of 

Mach 0.8 to 1.2, i.e. 600–920 mph at sea level. This 

condition depends not only on the travel speed of the craft, 

but also on the temperature of the airflow in the vehicle's 

local environment. It is formally defined as the range of 

speeds between the critical Mach number, when some parts 

of the airflow over an air vehicle or airfoil are supersonic, 

and a higher speed, typically near Mach 1.2, when the vast 

majority of the airflow is supersonic. For aircraft speeds 

which are very near the speed of sound, the aircraft is said to 

be transonic. Typical speeds for transonic aircraft are greater 

than 250 mph but less than 760 mph, and the Mach number 

M is nearly equal to one, M = 1. While the aircraft itself 

may be travelling less than the speed of sound, the air going 

around the aircraft exceeds the speed of sound at some 

locations on the aircraft. In the regions where the local 

airspeed is near or greater than the speed of sound, we 

encounter compressibility effects and the air density may 

vary because of local shock waves, expansions, or flow 

choking. 

The term Nose Cone is used to refer to the forward 

most section of an aircraft, rocket, guided missile and Aerial 

vehicle. The cone is shaped to offer 

minimum aerodynamic resistance. Nose cones are also 

designed for travel in and under water and in high-speed 

land vehicles. Due to the extreme temperatures involved, 

nose cones for high-speed applications have to be made 

of refractory materials. Pyrolytic carbon is one choice, 

reinforced carbon-carbon composite or HRSI  ceramics are 

other popular choices. Another design strategy is 

using ablative heat shields, which get consumed during 

operation, disposing of excess heat that way. Materials used 

for ablative shields include, for example carbon 

phenolic,  polydimethylsiloxane composite with silica filler 

and carbon fibers, or as in of some Chinese FSW reentry 

vehicles, oak wood. 

II. COMPUTATIONAL STUDY 

There are many types of nose cones. The design adopted and 

the material depends upon the application. We have 

modelled three most commonly used types of nose cones. 

They are: 

A. Sharp Nose Cone 

A very common nose cone shape is a simple cone. This 

shape is often chosen for its ease of manufacture, and is also 

often chosen
 
for its drag characteristics. Table.1 gives the 

geometry setup of sharp nose cone and Table.2 gives the 

mesh formation of sharp nose cone with symmetry walls. 

Table 1: Dimensions of sharp nose cone 

No. Of Elements 195485 

No. Of Nodes 34756 

Table 2: Mesh formation of sharp nose cone with symmetry 

walls 

In Fig.1.shown the isometric view of sharp nose 

cone. Mesh formation of sharp nose cone with surrounding 

symmetry walls shown in Fig.2. 

 
Fig. 1: Isometric view of sharp nose cone 

 
Fig. 2: Image of sharp nose cone with meshing 

Name of Parameter Values (mm) 

Major axis 120 

Minor axis 60 

Base 120 
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B. Ogive Nose Cone 

The profile of this shape is formed by a segment of 

a circle such that the rocket body is tangent to the curve of 

the nose cone at its base; and the base is on the radius of the 

circle. Table.3. gives the geometry setup of ogive nose cone 

and Table.4. gives the mesh formation of ogive nose cone 

with symmetry walls. 

Name of Parameter Values (mm) 

Major axis 120 

Minor axis 60 

Base 120 

Table 3: Dimensions of ogive nose cone 

No. Of Elements 188340 

No. Of Nodes 33562 

Table 4: Mesh formation of ogive nose cone with symmetry 

walls 

In Fig.3.shown the isometric view of ogive nose 

cone. Mesh formation of ogive nose cone with surrounding 

symmetry walls shown in Fig.4. 

 
Fig. 3: Isometric view of ogive nose cone 

 
Fig. 4: Image of ogive nose cone with meshing 

C. Blunt Nose Cone 

In practical applications, a conical nose is often blunted by 

capping it with a segment of a sphere. Table.5. gives the 

geometry setup of blunt nose cone and Table.6.gives the 

mesh formation of blunt nose cone with symmetry walls. 

Name of Parameter Values (mm) 

Major axis 120 

Minor axis 60 

Radius 60 

Base 120 

Table.5: Dimensions of blunt nose cone 

No. Of Elements 148788 

No. Of Nodes 26914 

Table.6: Mesh formation of blunt nose cone with symmetry 

walls 

In Fig.5.shown the isometric view of blunt nose 

cone. Mesh formation of blunt nose cone with surrounding 

symmetry walls shown in Fig.6. 

 
Fig. 5: Isometric view of blunt nose cone 

 
Fig. 6: Image of blunt nose cone with meshing 

III. COMPUTATIONAL MODELING 

A. Governing Equations  

SST k-omega Governing Equations 

Turbulence Kinetic Energy 

 
Energy governing equation  

 

B. Boundary conditions and Solution Method 

After the governing equation, solution setup and solution are 

shown in table.7.the solver stage are carried out. 

General setup 
Pressure based solver with absolute 

velocity in steady condition. 

Models 
Energy is on and viscous should be SST 

k-omega 

Materials Fluid-Air 
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Solid-Aluminum 

Boundary 

conditions 

Inlet –Mach number 1 

Oulet- zero velocity 

References value 
Inlet shown as 334m/s as Mach number 

1 

Solution controls 

Relaxation factor 

Pressure-0.1 

Density-1 

Momentum-0.2 

Body forces-1 

Energy-1 

Solution 

initialization 

Hybrid initialization has initialized and 

clicks the initialize. 

Run calculation 
Number of iteration as 500, analysis 

carried out. 

Table.7: solver stage 

IV. RESULTS AND DISCUSSION 

The analysis of three type of nose cone of Aerial vehicle for 

transonic flow of Mach number 1 has been carried out with 

initials and boundary condition. 

A. Sharp Nose Cone 

The analyses of sharp nose cone for transonic flow with 

M=1 are as following. 

1) Velocity Contour 

 
Fig. 7: velocity contour of sharp nose cone with M=1 

In this Fig.7 Sharp nose cone with M=1, the minimum value 

of velocity is 0 ms-1 and maximum value is 306 ms-1. The 

flow speed is maximum near the free stream conditions. The 

attached shock reduces the flow velocity to subsonic speeds 

about 100 m/s.  

2) Streamline Contour 

 
Fig. 8: streamline contour of sharp nose cone with M=1 

In this Fig.8 Sharp nose cone with M=1, the minimum value 

of streamline is 0 ms-1 and maximum value is 318 ms-1.In 

the front of the nose cone blue colour sonic velocity occurs 

but side of the nose cone transonic velocity as red colour. 

3) Pressure Contour 

 
Fig. 9: pressure contour of sharp nose cone with M=1  

In this Fig.9 Sharp nose cone with M=1, the minimum value 

of pressure is -21459.5pa and maximum value is 90088.7pa. 

The maximum pressure occurs at behind the shock wave 

where the attach shock reduces the flow velocity to subsonic 

conditions. 

B. Ogive Nose Cone 

The analyses of ogive nose cone for transonic flow with 

M=1 are as following.  

1) Velocity contour 

In this Fig.10 Ogive nose cone with M=1, the minimum 

value of velocity is 0 ms-1 and maximum value is 306.9 ms-

1. The speed reduction due to the bow shock and the 

aerodynamic shape of the tangent ogive structure is more 

gradual when compared to other types of nose cones. The 

flow speed still remains near transonic range in many 

regions around the nose cone. As the reduction in flow 

speed is very less, the aerodynamic heating is reduced. 

 
Fig. 10: velocity contour of ogive nose cone with M=1 

2) Streamline contour 

 
Fig. 11: streamline contour of ogive nose cone with M=1 
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In this Fig.11 Ogive nose cone with M=1, the minimum 

value of streamline is 0 ms-1 and maximum value is 319 

ms-1. Considering both the variation of flow velocity and 

the local speed of sound, it can be seen that the all ranges of 

Mach number are present around the nose cone. The tangent 

ogive nose cone is surrounded by subsonic mach number 

which reach transonic conditions far behind the nose cone. 

3) Pressure contour 

 
Fig. 12: pressure contour of ogive nose cone with M=1 

In this Fig.12 Ogive nose cone with M=1, the minimum 

value of pressure is -7307.2pa and maximum value is 

96602.5pa. The pressure variation mainly occurs due to the 

normal shock conditions that occur at the centre of the 

detached bow shock . Much of the flow domain remains the 

same assuring that the pressure remains relatively constant. 

The pressure variation at the apex shows that the reduction 

in velocity and the aerodynamic heating is maximum at that 

point when compared to other edges of nose cones. 

C. Blunt nose cone 

The analyses of blunt nose cone for transonic flow with 

M=1 are as following. 

1) Velocity contour 

 
Fig. 13: velocity contour of blunt nose cone with M=1  

In this Fig.13 Ogive nose cone with M=1, the minimum 

value of velocity is 0 ms-1 and maximum value is 320.2 ms-

1.Due to the bow shock, the flow speed in the spherically 

blunted region reduces to near sonic value. Some regions 

behind the shock also attain sonic velocity which  is shown 

by the blue coloured dots on the sides of the nose cone. The 

flow separation is the major cause for the reduction in flow 

speeds to  subsonic values behind the nose cone.    

2) Streamline contour 

 
Fig. 14: streamline contour of blunt nose cone with M=1 

In this Fig.5.14 Blunt nose cone with M=1, the minimum 

value of streamline is 0 ms-1 and maximum value is 331.6 

ms-1. The major difference between the sharp nose cone and 

blunted cone is the type of shock in the front of the nose 

cone. The blunted cone has a detached shock or the bow 

shock in front of it and the sharp nose cone has an attached 

shock. The attached shock is equivalent to an oblique shock 

while the bow shock has to be considered as a normal shock 

at the centre as the shock angle at the centre will be around 

90 degrees. Hence when there is a bow shock both normal 

shock conditions and oblique shock conditions have to be 

considered. 

3) Pressure contour 

 
Fig. 15: pressure contour of blunt nose cone with M=1 

In this Fig.15 Blunt nose cone with M=1, the minimum 

value of pressure is -12780.5pa and maximum value is 

97570.89pa.The normal shock conditions at the apex of the 

nose cone causes maximum static pressure rise 97570.89pa. 

This is shown by the red coloured region in the front of the 

nose cone. The sudden change in pressure behind the shock 

is shown by the green coloured region. 

D. Coefficient of Drag and Drag Force 

In Fig.16, Fig.17 and Fig.18 coefficient of drag for sharp, 

ogive and blunt nose cone respectively. 
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Fig. 16: Coefficient of drag for sharp nose cone 

 
Fig. 17: Coefficient of drag for ogive nose cone 

 
Fig. 18: Coefficient of drag for blunt nose cone 

The drag force equation: 

Fd =
 

 
       

Fd =drag force in the direction of the flow velocity in N 

  = density of the fluid, 1.507114kg/m
3 

  = speed of the object, 334m/s 

A = area, 

Sharp nose cone, A=0.050m
2 

Ogive nose cone, A=0.053m
2 

Blunt nose cone, A=0.057m
2 

Model 
Coefficient 

of drag 
Drag force(N) 

Sharp nose cone 0.0019 8.1 

Ogive nose cone 0.0017 7.6 

Blunt nose cone 0.0021 10.0 

Table 8: Cd and drag force for nose cone 

Comparisons of Cd and drag force for different 

nose cones are shown in table.8. The ideal nose shape for 

aerial vehicles that minimizes its drag depends on how fast 

the aerial vehicle is designed to travel. As a result, the ideal 

nose for a model aerial vehicle is ogive shape. The drag 

force is more for sharp and blunt nose cone than the ogive 

nose cone shape. 

V. CONCLUSIONS 

The analysis of three types of nose cones showed the 

variation in the pressure, velocity, mach number around the 

nose cone of an aerial vehicle. Each nose cone shape results 

in a certain amount of aerodynamic heating. If the 

aerodynamic heating is less then the need for thermal 

protection systems will be reduced. 

Following are the conclusions drawn from the 

analysis carried out, 

 The Sharp nose cone experiance minimum pressure 

occurs at behind the shock wave where the attach 

shock reduces the flow velocity to subsonic 

conditions. 

 From pressure countor it is observed that blunt 

nose cone expreiance more pressure where as sharp 

nose cone experience minimum pressure in flow 

pattern. 

 Drag coefficient of Ogive nose cone is less 

compared to other models. So drag force is less for 

Ogive nose cone. 

 As aerodynamic heating directly proportional to 

drag force on surface of nose cone so Ogive nose 

cone can be considered for less aerodynamic 

heating design. 

 In Ogive nose cone, the pressure variation at the 

apex shows that the reduction in velocity and the 

aerodynamic heating is maximum at that point 

when compared to other edges of nose cones and 

the aerodynamic shape of the tangent ogive 

structure is more gradual when compared to other 

types of nose cones. The flow speed still remains 

near transonic range in many regions around the 

nose cone. 

 In Blunt nose cone, the flow separation is the major 

cause for the reduction in flow speeds to  subsonic 

values behind the nose cone. 

From the above conclusions it can be considered 

that Ogive nose cone is suited for transonic and near 

vacuum conditions when compared to sharp and blunted 

nose cones. The Tangent ogive nose cone is easy to 

manufacture, has good aerodynamic characteristics and 

experiences the least amount of aerodynamic heating. It also 

provides flexibility in the selection of material for the nose 

cone as the aerodynamic heating is less. 
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