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Abstract
Among a variety of design requirements, reducing the drag and aeroheating on hypersonic vehicles is the
most crucial one. Unfortunately, these two objectives are often conflicting. On one hand, sharp slender
forebodies design reduces the drag and ensures longer ranges and more economic flights. However, they are
more vulnerable to aerodynamic heating. On the other hand, blunt bodies produce more drag; however, they
are preferred as far as aeroheating is concerned. In addition, in the context of hypersonic vehicles, blunt
geometries are preferred over slender ones for practical implications such as higher volumetric efficiency. In
principle, a blunt vehicle flying at hypersonic speeds generates a strong bow shock wave ahead of its nose,
which is responsible for the high drag and aeroheating levels. There have been a number of efforts devoted
towards reducing both the drag and the aeroheating by modifying the flowfield ahead of the vehicle’s nose.
Of these techniques, using spikes is the simplest and the most reliable technique. A spike is simply a slender
rod attached to the stagnation point of the vehicle’s nose. The spike replaces the strong bow shock with a
system of weaker shocks along with creating a zone of recirculating flow ahead of the forebody thus reducing
both drag and aeroheating.
Keywords: Hypersonic Vehicles; Sharp Slender Forebody; Blunt Body; Aerodynamic Heating; Higher
volumetric efficiency; Bow shock wave; Spike; Stagnation Point.

1. Introduction
In today’s advanced world time is everything. Space travellers travelling deep into space face biggest challenge
of high aero thermal environment. Most Hypersonic vehicles are made to overcome time. Hypersonic aircrafts
are those manmade devices which moves 5 times more than the speed of sound (Mach no>5) .These kind of
aircrafts are generally used either in defence or space related projects. Manufacturing of such planes or rockets
comes under different section where all the fundamental laws, propulsion problems, drag problems etc.
Velocity of Vehicles having more than Mach 5, it is very important to study of Aerodynamic flow around the
nose of the vehicle. Vehicles like Missiles, Space shuttles and Re-entry Vehicles travels at very high speeds. At
that speed it is necessary to have minimum drag and minimum Aero heating for the better performance of that
vehicle. For minimum drag Nose of vehicle with a conical shape can be used but there is a major problem of
Aero heating of nose cone. Temperature at the Front of the cone reaches up to very high Kelvin which can be
cause of melting of nose cone. Most of the sensors like accelerometer balance sensor, payload, communication
system and GPS are placed at the front of the vehicle means very near to the nose cone. These sensors can be
melt because of high temperature at the nose during flight. As we see in conical nose Aero heating is more but
drag is less, which can be the cause of damage of sensors and payload.
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Now days there are many researches are going on to reduce the drag of hypersonic vehicles using Aerospike.
For the better performance of a hypersonic vehicle it is very necessary to reduce drag. Aerospike with different
configurations are having different tendency to reduce a limited amount of drag.

1.1 Need for Drag Reduction and Surface Heating
Minimization of Aerodynamic drag and aerodynamic heating are the most important design parameters for
hypersonic vehicles. Influence of minimizing the aerodynamic drag is reduced fuel consumption, high
endurance limit and high achievable speeds. Extreme aerodynamic heating can cause the damage of surface
material which creates fluctuations in the performance of the vehicle. Combined with the high surface pressure
and more heating completely damage the surface material.
Pointed slender bodies create less drag as compared to blunt bodies at hypersonic speed. They are good when
drag reduction is concerned. However, blunt bodies are found to get less heating values as compared to pointed
slender bodies. In fact blunting the body is examined as primary design for hypersonic speed. On one side it is
favourable to use pointed slender bodies to minimize the aerodynamic drag during the take-off phase. On the
other side the positive ways to use blunt bodies are reducing high aerodynamic heating levels during the reentry and to desired vehicle deceleration. Noticeably, designing a vehicle at the same time satisfies both
aerodynamic drag and heating is challenging understanding between these two important requirements.
It is believed that they both can be met by adjusting the flow field around blunt body so as to eliminate the
strong detached bow shock wave. A variety of techniques have been started to achieve this problem they are:






Aero spikes
Focused gas jets
Laser or microwave beams upstream stagnation point of the nose
Energy deposition using plasma torch
Arc discharge

Out of these varieties of techniques aero spike has showed to be simplest and more effective technique in
reducing both aerodynamic drag and aerodynamic heating. It is viewed as negotiate especially lower
aerodynamic drag for atmospheric flight and lower aerodynamic heating for re-entry.
The spike is simply a slight and cylindrical rod placed at stagnation point of the blunt nose body and projected
in the upstream direction. The spike provides two major modifications in the flow field upstream of the blunt
body. Firstly, it replaces the strong bow shock wave into addition of weaker oblique shock waves. It separates
boundary layer from surface and creates shear layer. It passes to downstream; reattach the blunt body surface
and develops a region of recirculation in which flow has low pressure and velocity values. The local surface
pressure and heating value will increase at the zone of shear layer reattachment.
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Figure l. Initial concepts for drag reduction on blunt body
Shock wave is reattached at the shoulders of the blunt body to turn the flow outside the shear layer parallel to
the body surface. Downstream of the reattachment shock wave there will be high pressure and heating created.
Compare to with spike there is a significant reduction in both drag and aerodynamic heating.
To find the effectiveness of the spike with large tip called hemispherical aero spike can be used. The
hemispherical aero spike mounted at the stagnation point of the blunt nose body with different lengths such as
l.0, l.5 and 2.0 have the act of afford reduction in drag and aerodynamic heating. The purpose of the report is to
investigate different lengths of spike with hemispherical cap over aerothermodynamics of a blunt body.

1.2 Force Acting On Blunt Body
A body moving through fluid experiences lift forces and drag forces

1.2.1 Lift Force
Lift force is a component of resultant aerodynamic force that is perpendicular to the relative wind.
Aerodynamic lift is primarily produced by pressure forces acting on surface of the body.

1.2.2 Drag Force
Drag force is a component of aerodynamic force that is parallel to the flow field. Aerodynamic drag is
produced by the pressure forces and skin friction forces acting on the surfaces. There are three types of Drag
which act on blunt body while going to atmosphere or re-entry. They are




Pressure Drag
Skin Friction Drag
Wave Drag
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1.2.2.1 Pressure Drag
The size and shape of the body are important in pressure drag because depends on geometry pressure drag will
develop. If the body has larger cross-sectional area then it will have more pressure drag compare with pointed
slender body where it has less drag. Drag follows formula that is it will increase when velocity increases
square, thus more important for high speed flight such as hypersonic.

1.2.2.2 Skin Friction Drag
Skin friction drag occurs from the friction between fluid and surface of the body. Skin friction drag is related
with the wetted surface. That is the surface which is contacted with the fluid. Skin friction drag is caused by
viscous drag in the boundary layer around the object. In front of the body boundary layer is laminar and thick
but it becomes turbulent and thinner at rear. There are two methods to reduce the skin friction drag such as
shape the moving body like airfoil and other method is reduce the length and cross-sectional area of the body.

1.2.2.3 Wave Drag
Wave drag arises due to presence of shock wave at supersonic and hypersonic speed. Wave drag will
dramatically increase as speed of the vehicle increases, and it is independent on viscous effects. Shock wave
generates considerable amount of drag which can leads to more wave drag on body.
Swept wing is best solution to reduce the wave drag, sweeping the wing makes it appear as thinner and larger
in the direction of the airflow.

1.3 Aerospike
Aero spike is device which is used to reduce the pressure forces over the surface of the blunt body at
hypersonic speeds. Aero spike generates a detached shock wave, from shock wave to fore body a region of
recirculation flow occur which can viewed as more effective to reduce the pressure forces.
Generally aero spike replaces the strong bow shock wave into series of weaker oblique shock waves. In this
report aero spikes which consist hemispherical cap and Flat-Triangular cap protruding from the nose of
stagnation point of blunt body.

1.4 Shock wave
Shock wave is a propagating disturbance; it carries energy and propagates to any medium such as gas, liquid
with more than he speed of sound. Across shock there will extreme changes in pressure and temperature of the
flow. Shock wave always forms at high speed that is supersonic speed.

1.4.1 Normal Shock Wave
It is a shock wave which forms perpendicular to the flow field at supersonic speed. Mostly normal shock is
created for blunt body at supersonic speed whereas in subsonic sound wave will form in which speed sound is
more than the velocity of object. These shock waves are stronger than the oblique shock waves, whereas
oblique shock waves forms when supersonic flow is turned itself it is sharp edge shock wave.

1.4.2 Bow Shock Wave
Bow shock wave can also call as detached shock wave which created at blunted bodies with supersonic speed.
Bow shock wave increases the drag when it flowing at supersonic speed, most likely all space vehicles which
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have blunted nose will get high drag at hypersonic or supersonic speed.

Figure 2. Vehicle using Aerospike

2. Geometric Modelling and Grid Generation
The geometry of the spiked blunted considered for this analysis is shown in below

Figure 3. Hemispherical disk spiked blunt body

Figure 4. Flat triangular disk spiked blunt body
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2.1 Spike Geometry
The spiked blunt body is an axis symmetric model, the dimensions of the blunt body are diameter of 50mm,
and the spike which is mounted at nose of blunt body of diameter is 1mm and it consist of hemispherical cap
and Flat triangular disc cap with varying length 100, 75 and 50.The length of the spikes are varies in length to
diameter ratio (L/D) such as l.0, 1.5, 2.0. In this report I have done CFD simulations according to the L/D ratio
which I mentioned above.

2.2 Creating the Flow Domain
The flow domain is created by creating vertices and joining them as edges. The flow domain is a square which
has three times more than the length of the body. To create the hemispherical cap for spike select arc command
and specify the centre and end points and click apply.

2.4 Face Creation
The edges can be joined together to form face (which are planar surface in 2D). One face has been created.

Figure 5. Hemispherical disk spiked body
2.3 Boundary Layer Meshing
It is mainly used to control mesh density, thereby to control the amount of information available from the
computational model in specific regions of interest. It is define as spacing of mesh node rows in regions
immediately adjacent to edges.
To define boundary layer meshing it is important to define following
 Height of the row mesh of mesh elements
 Growth factor which specify the height of each row of elements
 Total number of rows which defines the depth of the boundary layer.
Following values are specified to be created boundary layer over spiked blunt body
 First row is 0.001
 Growth factor is 1.2
 Number of rows is 20
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Figure 6. Boundary Layer Meshing
2.4 Adaptive Mesh Refinement
Here I have used adaptive mesh it means fluent splits the cells into four cells wherever it witness the value
greater than the threshold value. I have adapted l0% of computed value for threshold. It is generally advised to
keep number of cells getting adapted around 30; I have done this by changing the refinement threshold value
and marking cells each.

Figure 7. Adaptive Mesh Refinement
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3. Results and Discussion
3.1 Analysis of the blunt body without spike

Figure 8. Static Pressure contour without spike
The above contour shows that there is sudden pressure increase at stagnation point of blunt body which effects
velocity and temperature contours. Sudden pressure change shows formation of bow shock wave at front of
blunt body.

Figure 9. Static temperature contour without spike
From contour we can predict that the temperature rises after the shock wave which will affect more heating on
surface of the blunt body. We got maximum temperature is l600K at stagnation point of blunt body. It
gradually decreases behind the blunt nose of the body.
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Figure 10. Mach number contour without spike
The above contour shows that the Mach number reduced from 6 to 0.6 at front part of the blunt body it because
higher pressure values made Mach to decrease.

3.2 Temperature contours for hemispherical spiked blunt body

(a) L/D=1.0

(b) L/D=1.5

(c) L/D=2.0

Temperature contours for the hemispherical and flat triangular aero-disc spike body shows the variation of
temperature along the spike at different L/D ratios such as 1.0, 1.5 and 2. The separation zone is found to be
function of spike length as well as the shape of the spike. Maximum temperature is found at tip of the spike
which is attributed to flow stagnation, and secondary maximum temperature found at reattachment point. The
secondary maximum temperature decreases with increasing the length of the spike. Flat triangular disc tip
observed greatest temperature as hemispherical disc tip which is attributed to flow field hits less temperature
value. Temperature gradually increases with increment of radius of aero-disc; the R8 has shown the
maximum temperature compared with R4 and R6.
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3.3 Temperature contours for flat triangular disk spiked blunt body

(a) L/D=1.0

(b) L/D=1.5

(c) L/D=2.0

Temperature contours for the hemispherical and flat triangular aero-disc spike body shows the variation of
temperature along the spike at different L/D ratios such as 1.0, 1.5 and 2. The separation zone is found to be
function of spike length as well as the shape of the spike. Maximum temperature is found at tip of the spike
which is attributed to flow stagnation, and secondary maximum temperature found at reattachment point. The
secondary maximum temperature decreases with increasing the length of the spike. Flat triangular disc tip
observed greatest temperature as hemispherical disc tip which is attributed to flow field hits less temperature
value. Temperature gradually increases with increment of radius of aero-disc; the R8 has shown the maximum
temperature compared with R4 and R6.

3.4 Mach number contours for hemispherical disc spiked blunt body

(a) L/D=1.0

(b) L/D=1.5

(c) L/D=2.0

The Mach contours for the hemispherical aero disk of the spiked body have been numerically simulated for
Mach 6.2. The interaction between the bow shock wave starting from the aero-disc of the spike and the
reattachment shock wave of the blunt body is observed. The reflected reattachment wave and shear layer from
the interaction are shown behind reattachment shock wave. A large separated region observed in front of the
blunt body and shear layer, this region on the spike contributes to reduction in dynamic pressure which is
function of L/D ration of the spike.
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3.5 Mach number contours for flat triangular disc spiked blunt body

(a) L/D=1.0

(b) L/D=1.5

(c) L/D=2.0

The interaction of the shock wave produced by the hemispherical disk aero spike differs with flat triangular
disc aero spike. The flow separation on the spike and recirculation zone formed on the blunt body cap shape of
the spike. The contour plot explains the reason for drag reduction due to increase of flow separation region
over aero-disc type of spike. Flat triangular disc tip absorbs more drag compared to hemispherical disc tip.

4. Conclusion
The numerical simulations were carried out using finite volume method for hemispherical disk spike and flat
triangular disk spike and length to diameter ratio at free stream Mach number 6. The influence of spike length
and diameter of the disk has been investigated and flow field visualization performed using velocity vector and
contour plots. The bow shock wave emanating from the hemispherical spike tip and impinges on the blunt
body. The formation of bow shock wave over the spike and reattachment point of the shear layer on the blunt
body can be used for a suitable configuration of the spike nose. Drag value is changing depends on the spike
length and radius of the disk. From the flow field the aero-disk with L/D=2.0 has the potential for the large
drag reduction and heat flux reduction in the computational results.
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