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Abstract- The wave drag exerted on a body in 

supersonic/hypersonic flow is very critical and 

important problem of aerodynamic analysis. In 

order to minimize the drag force is essential to use a 

blunt body with a large nose radius which in turn 

induces drag for the vehicle motion. The present 

work involves study of supersonic/hypersonic flow 

around the blunt nose of an aero vehicle. Three 

different types of spike have been considered for the 

purpose of drag reduction studies.  Blunting of the 

front surface is considered in a certain sense as a 

way of thermal protection of an aero vehicle. But 

still, this blunted nose experiences the most 

intensive thermal action, therefore it requires 

thermal protection to even a greater extent than the 

peripheral part of the aero vehicle. The problem of 

wave drag can be alleviated by modifying the flow 

field in front of the body. One of the techniques to 

modify the flow fields is using retractable nose 

spike. In order to complement the numerically 

simulated results, they have been compared with the 

available experimental results. 

 

Indexed Terms- Energy, Temperature, 

Computational Fluid Dynamics, Blunt Nose, Heat 

Transfer, Turbulence, Aerodynamics. 

 

I. INTRODUCTION 

 

A Drag-Reducing Aero-spike is a device used to 

reduce the fore-body pressure drag of blunt bodies at 

supersonic speeds. The aero-spike creates a detached 

shock ahead of the body. Between the shock and the 

fore-body a zone of recirculating flow occurs which 

act like a more streamlined for body profile, reducing 

the drag. This concept was first introduced on the 

Trident missile and is estimated to have increased the 

range by 550 km. The Trident aero-spike consists of 

a flat circular plate mounted on an extensible boom 

which is deployed shortly after the missile breaks 

through the surface of the water after launch from the 

submarine. The use of the aero-spike allowed a much 

blunter nose shape, providing increased internal 

volume for payload and propulsion without 

increasing the drag. This was required because the 

Trident IC-4 was fitted with a third propulsion stage 

to achieve the desired increase in range over the 

Poseidon C-3 missile it replaced. To fit within the 

existing submarine launch tubes the third stage motor 

had to be mounted in the center of the post-boost 

vehicle with the reentry vehicles arranged around the 

motor. Drag is an important parameter to be 

considered for a body in motion. Higher the vehicle 

speed, higher the drag exerted on the vehicle. It is the 

resistance cause due to different sources for the 

vehicle motion. Drag can be classified based on the 

source of it. Some of them are wave drag, friction 

drag, pressure drag, induced drag, form drag, profile 

drag etc. Only wave drag has been discussed here 

which is relevant to the present case study (for details 

of the other types of drags, refer [3]). Wave drag is 

the drag force which comes into picture with the 

formation of shock wave.   

 

The wave drag exerted on a body in hypersonic flow 

is a very critical and important problem of 

aerodynamics. In order to minimize the heating 

problem, which dominates during the ascent phase of 

the flight, it is essential to use a blunt body with a 

large nose radius. This increases wave drag on the 

vehicle. This wave drag which is crucial in the 

hypersonic flow has to be minimized in order to 

make the best use of the thrust of the propulsive 

system and keep the fuel consumption as well as the 

propulsive system requirements low, improving the 

payloads and structural integrity of the vehicle. Fuel 
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is almost half the aircraft’s base weight and a 1% 

reduction in drag enhances the vehicle pay load 

capacity or the range by around 10%. 

 

II. COMPUTATIONAL MODEL 

 

It is necessary to have enough details of geometry of 

any test case for the purpose of modeling it on digital 

computer. Fluid domain is a virtually cut portion of 

the whole system whose outer boundaries are decided 

in such a way that the physics of the problem do not 

get affected. In all the present case studies, 

computational domain is the fluid surrounding the 

geometry (external flow problems). It is usual 

practice to go up to 8-10 times the width or base 

diameter of the body in the far field regions and 3-5 

times in the upstream region for shock capturing 

problems.  

 

It should be noted that, only the fluid domain is being 

modeled and not the solid body, since all the present 

case studies are being external flow problems. The 

models considered in the present case studies are 

symmetric. For both the cases (without spike and 

with spike) the blunt cone body is modeled for flow 

at zero angle of attack and two non zero AOA (5 deg 

& 15 deg).  

 

2-D geometry of blunt body has been built by using 

ICEM CFD industrial standard code and which is 

shown in Fig 1. Geometrical information of blunt 

body without spike and with spike configurations has 

been shown in Fig 2. 

 

 
Fig. 1 : Blunt body without spike configuration 

 

 
Fig. 2 : Meshed model for Blunt nose, Concave, Flat 

disc and Convex spikes 

 

III. PROBLEM STATEMENT 

 

The governing equations must be satisfied in the 

interior of the fluid and the specific solutions can be 

obtained only by prescribing the constraint of flow 

geometry as well as the initial state of the flow field. 

Hence on the boundary of the region velocity, 

pressure and temperature must be suitably defined to 

permit integration of the governing equations. In the 

transient problems, the time derivative is of first 

order and the value of dependent variable at time t=0 

must be given. This is called as initial condition. 

Other conditions prescribed on the physical boundary 

of the fluid region are called Boundary conditions. 

However, in the present problem, steady state has 

been assumed and hence no initial conditions have 

been applied. Inlet, typical values used here are 

velocity, pressure and temperature, these are the 

ambient atmospheric conditions at an altitude of 5 

kms (16404 ft) above the sea level. Opening, it open 

to ambient outlet. At the outlet of the computational 

domain, all variables are extrapolated from the 

interior domain. Wall, on the solid surface of the 

blunt body, the fluid is assumed to stick to the wall 

by the action of viscosity. This is called as no-slip 

condition and it requires that the solid and adjacent 
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fluid do not have a velocity relative to each other. 

Hence the wall boundary condition is used at the 

blunt cone model surfaces and the fluid at these 

surfaces is assumed to have no-slip condition. 

The Continuity Equation: 
𝜕𝑈 𝑗

𝜕𝑥𝑗
= 0 

 

The Momentum Equation:  
𝜕

𝜕𝑡
 𝜌𝑈 𝑖 +

𝜕

𝜕𝑥𝑗
 𝜌𝑈 𝑖𝑈 𝑗  = −

𝜕𝑃 

𝜕𝑥𝑖
−

𝜕

𝜕𝑥𝑗
 𝜏 𝑖𝑗 + 𝜌𝑢𝑖

′′𝑢𝑗
′′        

   

The Energy Equation:  
𝜕

𝜕𝑡
 𝜌ℎ  +

𝜕

𝜕𝑥𝑗
 𝜌𝑈 𝑗ℎ  = −

𝜕

𝜕𝑥𝑗
 𝑄𝑗 + 𝜌𝑢𝑖

′′ℎ′       

 

 

IV. CFD RESULTS AND DISCUSSIONS 

 

Below figure shows the different variables contours 

for 0 deg AOA (angle of attacks) and non zero 

degrees of angles of attacks. Two different mach 

numbers are considered 2 mach and 4 mach. From 

the pressure and velocity contours, it can be seen that 

the body fitted with spike has been developed 

strongly shock waves and it is attached frontal area of 

the blunt nose. Shock waves are asymmetry in the 

case of non zero angles of attacks. Fig 3 shows the 

velocity contours plots for 0, 5 and 15 deg AOA’s at 

2 Mach speed with blunt nose. Similarly pressure and 

temperature and density contours shows in Fig 4 for 

15 deg AOA.  

 
Fig. 3 : Blunt nose 2-Mach velocity contours for 0 

deg, 5 deg and 15deg angles of attacks 

 

 
Fig. 4 : Blunt nose 2-Mach Pressure, Temperature, 

Density contours for 15deg angles of attacks 
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Below figure shows the different variables contours 

for 0 deg AOA and non zero degrees of angles of 

attacks. Fig 5 shows velocity contours for 0 deg 5 deg 

and 15 deg for 4 mach speed, Fig 6 shows pressure 

contours for similar AOA’s. Shock waves are 

asymmetry in non zero AOA. Asymmetry shocks 

flow patterns will offers more drag force against 

symmetry. 

 

 
Fig. 5 : Concave spike with blunt nose 4 mach 

velocity contours for 0 deg, 5 deg and 15 deg angles 

of attacks 

 

 
Fig. 6 : Concave spike with blunt nose 4Mach 

pressure contours for 0 deg, 5 deg and 15 deg angles 

of attacks 

 

Similarly CFD simulations are carried out for convex 

and flat disc spikes, the flow patterns are observed 

similar to above cases.  The shock structure was 

altered by the attachment of the spike to the blunt 

body. The flat aero disc tipped spike used on the 

blunt cone accomplishes the task of pushing the flow 

re-attachment point off the model fore-body as shown 

in the respective figure. No other among the 

considered spikes was able to avoid the re-attachment 

point. The drag coefficient and percentage of drag 

reduction for different spikes have been compared. 

From this analysis, spike with Concave & flat disc 

may be regarded as the best choice, from the point of 

view of wave drag reduction. Comparison of spikes 

in terms of drag reduction for 4 Mach and 0-deg 

AOA 

Configuration  

details 

Numerical values 

of drag 

coefficients 

Blunt Nose Body 1.34 
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Convex spike 0.660 

Concave spike 0.539 

Flat spike 0.551 

 

CONCLUSION 

 

The shock structure was altered by the attachment of 

the spike to the blunt body. The flat aero disc tipped 

spike used on the blunt cone accomplishes the task of 

pushing the flow re-attachment point off the model 

for a body as shown in the respective figure. No other 

among the considered spikes was able to avoid the re-

attachment point. The drag coefficient and percentage 

of drag reduction for different spikes have been 

compared. From this analysis, spike with Concave & 

flat disc may be regarded as the best choice, from the 

point of view of wave drag reduction. 
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