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Abstract 
The effects of aerospike geometry on the drag reduction and heat transfer rates for a
large-angle blunt cone flying at hypersonic Mach numbers are investigated in a
hypersonic shock tunnel. Two spike geometries are considered. The first is a plain spike
with a conical tip and the second is a telescopic aerospike fitted with discs of decreasing
diameter in the direction opposite to the flow direction. These aerospikes are fitted to a
120o apex-angle blunt cone and results are investigated at free stream Mach numbers of
5.75 and 7.9 for different angles of attack. The aerodynamic forces are measured using
an accelerometer-based force balance system and the heat transfer rates are measured
using platinum thin film sensors. It is found that the telescopic aerospike has better drag
reduction performance at angles of attack beyond 2o while the performance of the plain
aerospike is better for angles of attack closer to zero degrees. 

NOMENCLATURE
a = acceleration, m/s2

Cd = coefficient of Drag
h = enthalpy, J/kg
M∞ = free stream Mach number
Ms = primary shock Mach number
P = pressure, Pa
q = heat transfer rate, W/cm2

Rb = base cone radius, mm
Re = Reynolds Number, m-1

r = system response
s = distance of Platinum thin film sensor from blunt cone nose, mm
St = Stanton number
T = temperature, K
V = velocity, m/s
ρ = density, kg/m3

Subscripts
o = total condition
∞ = free stream condition
w = wall condition
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1. INTRODUCTION
The design of hypersonic flight vehicles is dominated by the issues of aerodynamic heating and
aerodynamic drag. The problem of aerodynamic heating is mitigated by adopting a blunt nose
configuration for vehicles flying at hypersonic Mach number. This has an associated effect of enhanced
aerodynamic drag. The demand for hypersonic flight vehicles both for space travel and defense
purposes has triggered global interest in the investigation of different drag reduction techniques for
high drag configurations in recent times. The prominent techniques of drag reduction include the
injection of a counter travelling cold jet [1, 2], the injection of a plasma jet against the freestream flow
[3, 4], the addition of energy into the freestream flow and the addition of heat energy into the shock
layer using exothermic reactions [5-7].  Large jet total pressures are required in the case of counter flow
jet injection to produce jet-spikes in order to change the shock shape and to bring about a significant
drag reduction. This spike flow is unsteady in nature and the thrust produced by such a spike flow
results in a net increase in the overall drag, making the jet-spike counterproductive in practical
situations.  On the other hand, the technique of energy addition into the flow upstream of the vehicle,
in general, results in enhanced heat transfer rate to the surface of the body.  Both these techniques
increase the complexity of the hypersonic vehicle system due to the addition of mechanisms for gas
injection and energy addition in the flight.

A simplified and an effective alternative for reducing the aerodynamic drag and altering the heat
transfer rates to the surface is to add a forward facing aerospike of appropriate dimensions in the nose
region of the hypersonic flight vehicle. The aerospike could be expendable due to the severe heat loads
during the ascent stage or detachable during the reentry stage where the aerobraking requires higher
drag.  The technique of drag reduction by use of an aerospike has been investigated widely. Zorea et al
[8] reports an experimental study of the effect of spike length on the drag reduction at Mach numbers
ranging from 1.5 to 2.25 at a freestream unit Reynolds number of 2x105 (based on the length from the
spike’s tip apex to the tip shoulder). The results indicate that the maximum drag reduction is achieved
when the spike length is equal to the base diameter of the blunt cone.  Recently, Menezes et al. [9]
investigated the effect of tip geometry of the aerospike on the percentage of drag reduction for large
angle blunt cone in a hypersonic shock tunnel.  The experimental measurements for a 120o apex angle
blunt cone at freestream Mach number of 5.75 show that an aerospike attached with a flat aerodisc at
the tip yields an optimum drag reduction of about 50%. 

While the plain aerospike is an effective means of substantial drag reduction, the technique suffers
from the severe unsteady and oscillatory flows generated around the base of the aerospike leading to
severe structural problems in practical applications. A proper understanding of spiked flows would give
a better insight in modifying the spike configuration to overcome these problems. Crawford [10]
investigated the flow over a spiked-cone hemisphere-cylinder configuration at a Mach number of 6.8.
He analyzed the separation of the boundary layer with the variation of different unit Reynolds numbers
ranging from 0.12x106 to 1.5x106 (based on diameters) and for different spike lengths. His
investigations show that the separated boundary layer flow of the spiked body is similar to the flow
boundary of a cone-cylinder. Maull [11] studied the flow over a blunt cone body with an aerospike at
a flow Mach number of 6.8 and Reynolds number of 6.693x106 /m.  Based on this study, the author
proposed the mechanism for the conical flow separation, re-attachment and flow oscillations. The
boundary layer on the nose of the blunt body separates initially under the influence of the nearly normal
shock wave of the body. If the spike protrudes through this shock wave, the separated layer will re-
attach on the face of the body enclosing an approximately conical region.  This region with circulatory
flow is called the ’dead air region.’ The conical shock wave which turns the main flow past this dead
air region, is stronger and further influences the boundary layer for earlier separation. The interplay of
scavenging the air from the dead air region, re-attachment of the flow and boundary layer interaction
with an oblique shock results in the oscillation of the flow. Wood [12] investigated the factors which
control the shape and size of the steady separated flow region in order to provide a basis for prediction
of unsteady flow around blunt bodies with short spikes. He identified five different flow conditions on
a blunt cone with a spike based on the cone angle. Rolf et al. [13] measured the fluctuating pressure
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environment in the region of flow separation which is induced by a disc tipped spike at Mach numbers
ranging from 0.6 to 3.5. They found that the maximum pressure fluctuations were because of the shock-
shock interaction due to incipient reattachment of the disc wake on the spike at supersonic speed and
therefore needs to be avoided to reduce the pressure fluctuations.  Recently, Kobayashi et al. [14]
proposed a new supersonic inlet device called a Multi-Row-Disc (MRD) with the disc and cavities
formed over an 8o cone to get a good pressure recovery. They also showed that the same device can be
used as an aerospike for missile-shaped bodies to reduce the drag.  They measured the drag and
pressure recovery by varying the number of discs and with different cavities of length to depth ratio at
Mach numbers ranging from 0.6 to 3. The pressure oscillations due to the cavities and the vibrations of
the discs were also measured to monitor the resonance frequency.  The results show that increasing the
number of discs suppresses certain frequencies of flow oscillations and also improves the aerodynamic
stability of the missiles. Based on these findings they propose this multi-row-disc (MRD) device with
suitable modifications to reduce the drag for the blunt cone body. 

In this paper we report the experimental investigations of the effects of aerospike geometry on the
aerodynamic drag and heat transfer rates to the surface of a 120o apex angle blunt cone in  hypersonic
flows at freestream Mach numbers of 5.75 and 7.9 at angles of attack varying from 0 to 10 degrees in
the hypersonic shock tunnel HST2. The aerodynamic forces are measured using an accelerometer-
based force balance system and the heat transfer rates are measured using platinum thin film sensors.
Experimental data for the blunt cone model without an aerospike, the blunt cone with a conical tipped
plain aerospike and the blunt cone with a telescopic aerospike are presented in graphical form for
different angles of attack.

2. EXPERIMENTAL FACILITY AND MODEL DESCRIPTION 
The experimental investigations were carried out in the hypersonic shock tunnel HST2 which consists
of a 50 mm internal diameter shock tube divided into a 2.4 m long driver and a 6.0 m long driven
section separated by an aluminium diaphragm. The end of the driven section is connected to a
converging-diverging nozzle of 300 mm exit diameter with a detachable throat through a thin paper
diaphragm. The exit of the conical nozzle is connected to a 450 mm long rectangular test section of 300
x 300 mm cross section which is attached to a dump tank-vacuum pump assembly. The flow Mach
number of 5.75 is achieved in straight through mode while the Mach 7.9 flow is achieved by operating
the tunnel in the reflected mode. In all the tests air is used as the test gas and helium as the driver gas.
The flow enthalpy in the tunnel can be varied from 0.7 to 4.5 MJ/kg by using metallic diaphragms of
different thicknesses. The typical test conditions obtained in HST2 are given in the Table.1.

Table 1. Test conditions

The 120o apex angle blunt cone test model consists of a spherical nose of radius 27 mm and conical
frustum of 101 mm base diameter. The drag of this body can be theoretically estimated using modified

Srinath S and Reddy K. P. J 95

Volume 1 · Number 2 · 2010



Newtonian theory [15] with the centrifugal force effect considered at the nose portion.  The details of
the blunt cone model are shown in Fig. 1. The nose tip was fitted with a metallic insert with 3-mm
internal threads to fix the aerospike.  The effective spike length of 100 mm was selected such that the
ratio of the spike length to the model base diameter is 1 [8].  Two types of spikes were designed in
which one was a plain aerospike with sharp conical tip of 10o cone angle and another one was the
telescopic aerospike designed from a 10o cone with cavities formed over it. The cone angle of 10o was
chosen to ensure that the aerodynamic body would be completely under the shadow of the conical
shock wave emanating from the tip of the aerospike. The aerospike resembles that several disks of 2
mm thickness were attached to the above said plain spike with conical cavities of length equal to their
mean depth. The blunt cone base was internally threaded to attach a 100-mm long hollow skirt which
houses the force balance system. The blunt cone surface was flush mounted with two Macor pieces,
each having six Platinum thin film heat transfer sensors deposited on them.

Figure 1. Schematic diagram of the blunt cone model (1, 2 and 3, - Drag, Front lift and Aft-lift
accelerometers respectively; 4. Rubber bush; 5. Fastening sting; 6. Platinum thin film gauges).

3. VISUALIZATION OF HYPERSONIC FLOW OVER THE AERODYNAMIC MODEL
Flow visualization was done using the schlieren arrangement shown in Fig. 2 to understand the flow
field around the models with and without an aerospike and the physical reasons for the effects of the
aerospikes on the aerodynamic drag and heat transfer rates. The visualization experiments were carried
out at different angles of attack for the freestream Mach number of 5.75 using a high speed camera
(Phantom V7.1)  capable of capturing  0.2  million frames per second.  The schlieren pictures clearly
show the details of the flow establishment and the shock interaction over the blunt cone surface. 

The time sequence of the flow over the blunt cone body is shown in Fig. 3.  These pictures show the
development of a steady bow shock pattern in front of the blunt cone body without a spike from the
initial starting of hypersonic flow. A similar time sequence of the flow patterns over the blunt cone with
the telescopic spike at zero degrees angle of attack is shown in Fig. 4. Even though the model was
mounted at zero degrees angle of attack, the schlieren images clearly indicate slight misalignment of
the model with respect to the flow direction. It is seen that the oblique shock generated by the telescopic
aerospike has encompassed an oscillating conical flow region and this buzzing phenomenon is due to
the following sequential occurrences in the flow.  If the flow beyond 1000 µs of time, which includes
all the starting processes, is considered as steady state, the oblique shock assumes initially an
asymptotic profile. Pressure in the conical flow region gets enhanced due to the complex flow
phenomenon within the cavities created by the parallel disks of the spike causing the shock profile to
bulge and, when the enhanced pressure exceeds the limit, the fluid is swept away through the gap
between the blunt body periphery and the shock profile. Once the fluid is swept away again the oblique
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shock forms an asymptotic profile.  Moreover this shock disperses as it extends along the flow to
accommodate the fluid particles state to the adjacent flow streamlines. The schematic representation of
the flow pattern for the blunt cone with telescopic spike is presented in Fig. 5.  The conical cavities
formed over the spike generate shear layers at the edge of the discs. Since the conical cavities have a
mean length-to-depth ratio of unity, these are considered as deep conical cavities which create a
recirculation region [16]-[20]. Reattachment shock and expansion waves are generated when the flow
seeps out from the blunt cone periphery.

Figure 2. Z-type schlieren arrangement.

Figure 3. Schlieren pictures for the blunt cone without  spike at Mach 5.75.
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Figure 4. Schlieren pictures for blunt cone model with telescopsic spike at Mach 5.75.

Figure 5. Schematic representation of proposed flow patterns around the blunt cone model with
telescopic spike at zero degrees angle of attack in hypersonic flow.
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The schlieren pictures  shown in Figs. 6-8 show the time histories of the flow for the model at 2o, 6o

and 8o angles of attack, respectively.  As the angle of attack increases the flow oscillations reduce and
there is an interaction between the oblique shock and the re-attachment shock over the windward side
of the blunt cone surface.  This shock interaction comes closer towards the blunt cone nose when the
angle of attack increases. At and beyond 6o angle of attack there are multiple shocks in the windward
side generated from each and every disk with variation in angles as the flow passes through every shock
and they collide to form a single primary shock and this interacts with the re-attachment shock over the
blunt cone body. In the leeward side a re-attachment shock is visible and this is due to the flow getting
accelerated to supersonic speeds.  For angles of attack less than 6o, this re-attachment shock is not
observed in the leeward side. Also, on the leeward side, the oblique shock faces a sudden deflection in
its angle. This may be due to the supersonic flow in this region. Fig. 9 shows the schematic
representation of multi shock profiles at 8o angle of attack.

Figure 6. Time history of flow at 2o angle of attack at Mach 5.75.
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Figure 7. Time history of flow at 6o angle of attack at Mach 5.75.

Figure 8. Time history of flow at 8o angle of attack at Mach 5.75.
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Figure 9. Schematic representation of the proposed flow pattern around the blunt cone model
with telescopic spike at angle of attack in hypersonic flow.

4. MEASUREMENT OF DRAG AND HEAT TRANSFER RATES
The drag measurements for the blunt cone body without a spike, with the conical tipped plain spike and
with the telescopic spike were performed using the three component accelerometer based force balance
system which is capable of measuring the drag, lift and pitching moment of the body [21]. However,
since we are interested in the drag reduction studies we present the results of only the drag
measurements in this paper. Primarily the drag force measurement was done based on Newton’s second
law of motion by measuring the acceleration of the aerodynamic model in the hypersonic flow. The
details of the balance system are given in the schematic diagram shown in Fig. 10. The existing design,
used by Menezes et al. [9], was modified with a 2-mm grove on the inner side of the steel rings and at
the fastening sting as a protective covering for the rubber bushes. This enhanced the life of the rubber
bushes substantially. The total design of the aerodynamic model was based on the location of center of
gravity between rubber bushes to avoid any drooping. The force balance system was attached to the
skirt portion of the model using screws through the steel rings. This enables the model to move as a
free body due to the negligible resistance from the rubber bushes during the hypersonic flow. The drag,
front lift and aft lift accelerometers in the force balance system were connected to a PC based data
acquisition system to store the analog signals in digital format.  The actual drag signal was obtained
from the raw signals by deconvoluting with the system response function derived from the calibration
procedure of the force balance system using a hammer. 

Figure 10. Schematic diagram of the accelerometer-based force balance system

When there is hypersonic flow of about a millisecond duration in the test section of the shock tunnel, the
aerodynamic body is subjected to an impulse loading.  The body in the test section accelerates due to its
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free floating conditions ensured by the negligible resistance offered by the rubber bushes during the short
run time of the tunnel [22, 23]. The acceleration of the body was measured using M/s PCB piezotronic
accelerometers with 100 mV/g sensitivity. A typical drag accelerometer signal is shown in Fig. 11. 

Figure 11. Typical drag accelerometer signal for telescopic spiked blunt cone body.

A mathematical expression for the convolution of the force balance system response r(t) with the force
f(t) giving the output acceleration a(t) is as follows.

(1)

Deconvolution is the process of recovering input f(t) from the output signal a(t).  In the frequency
domain the deconvolution is represented by

(2)

where R(f) is the transfer function of the force balance system.  Identifying this transfer function is
essential to adopt the proper deconvolution methodology.  This was done by calibrating the force
balance system in which the response of the force balance system was found by giving a known impulse
input and recording the corresponding output of the accelerometer. The impulse force was given along
the axis of the blunt cone model at its nose tip by a standard impulse hammer with the sensitivity of
12.65 mV/N (M/s PCB Piezotronics). The impulse signal and the corresponding accelerometer signals
were stored in a PC through a data acquisition system. These signals give a better understanding of
kinetics of the body. Fig. 12 shows typical calibration signals which show that once the impulse is given
to the body, the drag accelerometer senses initially a positive jerk (time rate of change of acceleration)
then attains a maximum acceleration and then a negative jerk until there is an increase in the impulse
force.  When the impulse force reduces the body starts moving in the reverse direction which is seen
from the increase after the negative jerk in the accelerometer signal. Therefore, approximately only the
initial 360 microseconds is considered as the useful calibration signal and is used for the deconvolution
process. In the second step of the calibration, the signals are subjected to the deconvolution of original
input impulse signal from the recorded output calibration signal by using the method of discrete
constrained iterative deconvolution technique as described below. 
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Figure 12. Calibration signals

Prost and Goutte [24] developed three discrete constrained iterative deconvolution algorithms in which
the extended conjugate gradient algorithm has the optimized convergence rate and this method is
adopted for doing the deconvolution of the drag accelerometer signals. Although the force balance
system is a non-linear system, we assume that it is a linear and shift-invariant system for short times to
adopt this technique. Therefore this deconvolution technique is capable of restoring the signal for the
initial 500 to 600 microseconds of the millisecond test time. The flow chart of the discrete conjugate
gradient algorithm is given in Fig. 13, where Â is the experimental accelerometer signal,Cˆ is the
cascaded matrix operator, Rˆ is the system response, Dˆ (n) is the recovered drag input after the nth

iteration, Eˆ c(n) is the nth iteration error, Hˆ is the Toeplitz matrix of the system response and n is the
number of iterations.

Figure 13. Flow chart of discrete conjugate gradient algorithm.
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A Matlab Program was written based on this deconvolution technique.  Initially the calibration
signal from the impulse hammer was recovered from the recorded output signal as a test case.  Fig. 14
shows the comparison of the input impulse hammer signal with the recovered signal after
deconvolution of the accelerometer output. In the process of deconvolution at the end of every iteration,
high frequency noises were getting added with the resultant of the deconvolution. To eliminate this
noise a low pass filter was used. The cut off frequency of this low-pass filter cannot be selected in every
iteration and therefore an optimized value was selected based on a trial and error method, such that the
base signal does not get affected. The number of iterations for the deconvolution of the raw
accelerometer signal primarily depends upon the number of samples selected which decides the
frequency spectrum for processing, size of the window and the cut off frequency of the low-pass filter.

Figure 14. Recovered calibration signal after deconvolution compared with the impulse signal.

The heat transfer rates were measured using Platinum thin film sensors formed over a thermally
insulating backing material of Macor. They were flush mounted into the test model surface. In the
present case two slots were formed on either side of the nose tip over the blunt cone surface and on
each side six platinum thin film gauges were formed on the Macor inserts by vacuum deposition using
a sputtering technique. Figure 15 shows a picture of the blunt cone model with the Platinum thin film
gauges.

Figure 15. Blunt cone model with the Platinum thin film gauges formed on Macor substrate.
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The passive platinum thin film sensor was provided with an initial power supply depending upon the
resistance to maintain a constant current of 20 mA. The gauges had resistances ranging from 12 to 18
ohms initially. The heat transfer rates were derived from the recorded time history of the temperature
sensed by these platinum thin film gauges using a numerical procedure given by Cook [25]. 

5. RESULTS AND DISCUSSION
The experiments were carried out for the model without any spike, with the plain spike and with the
telescopic spike at different angles of attack ranging from 0 to 10 degree at 2 degree intervals. Raw
signals from the drag accelerometer are shown in Fig. 16 for the three cases.  The recovered signals
after deconvolution are shown in Fig. 17 for zero degree angle of attack. It was seen that this
deconvolution process recovers the drag signal only for the initial 500 to 600 microseconds of the total
test time. The behavior of the force balance system becomes non-linear after this time probably due to
the reaction of the rubber bushes.  The number of iterations needed for the deconvolution was in the
order of several thousand, which is time consuming. Therefore a better deconvolution methodology
needs to be found and adopted.

Figure 16. Raw accelerometer signals for (a). Model without spike, (b) Model with plain spike and
(c) Model with telescopic spike.

Figure 17. Recovered signals after deconvolution at Mach 7.9.

The drag accelerometer signals gave an understanding of the dynamics of the model during the flow.
Compared to the signal from the model without any spike, the signal from the model with a spike has
high frequency content which may be due to the flow instabilities induced by the spike. After the
deconvolution of the drag history it is seen that about 400 microseconds of constant axial force is felt
by the model during the steady hypersonic flow.
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In general, total drag of the aerodynamic body is the sum of components of axial and normal forces
which are found from the respective accelerometer signals.

Where FA and FN are axial and normal forces respectively. In the calculation of the coefficient of drag,
only the axial force was considered and found as follows

The measured values of the drag coefficient are compared with the estimated values using modified
Newtonian theory in Fig. 18 for different angles of attack. The error in Cd was estimated to be within
5.37% based on the uncertainty analysis of the measurement system. The drag of the spiked blunt body
depends on the separated flow region and also the shock interaction over the blunt cone surface. From
the results it is found that the drag is greatly reduced by using the spikes. At zero angle of attack it is
seen that the introduction of the plain spike and the telescopic spike reduced the drag coefficient by 38%
and 29%, respectively.  At a 2o angle of attack the drag for the body with the telescopic spike increases
compared to that for the body without any spike because of addition of the stabilizer disks and also
because the shock impinges on the body surface. Beyond 2o angle of attack, the shock interaction over
the blunt body surface slips out in the leeward side while on the windward side the shock interaction
comes closer towards the nose. Therefore, the flow separation created by the stabilizer disk is high which
results in the decrease of pressure on the blunt cone surface. The drag reduction for the telescopic spike
configuration is due to this slipping out of the shock interaction over the surface and the low pressure
region at the leeward side. But in the case of the plain spike the flow separation is not that large and
therefore the drag increases when compared to the configuration without a spike at 4o angle of attack and
beyond.  At 6o angle of attack, the maximum drag reduction of 54% is observed for the telescopic spike.
Hence it is found that the telescopic spike is a better drag reduction device than the conical tipped plain
spike for the blunt cone body at higher angles of attack. Figure19 shows the percentage of drag reduction
due to the spikes when compared to that measured for the blunt cone body without a spike.

Figure 18. Comparison of the measured and estimated drag values for different angles of attack
at Mach 7.9.
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Figure 19. Comparison of percentage of drag reduction for blunt cone body with plain and
telescopic aerospikes.

Hypersonic flow over a blunt body creates a shock layer, having large thermal energy, which results in
high heating rates of the aerodynamic vehicle, particularly in the stagnation point of the flow over the
body. But when the blunt cone body is attached with a forward facing spike protruding from the nose
tip, it would change the bow shock pattern into conical shock pattern leaving the blunt cone surface
engulfed with a low energy re-circulation region resulting in reduced heating of the fore body. But the
conical shock pattern interacts with the re-attachment shock over the blunt cone surface and this shock-
shock interaction enhances the heating of the surface to levels higher than the stagnation point heating
near the interaction point on the blunt body. In the present experimental studies, heat transfer rates over
the blunt cone surface were measured for all the three cases of without any spike, with the conical
tipped plain spike and the telescopic spike for angles of attack varying from 0 to 10 degree in steps of
2 at freestream flow Mach numbers of 5.75 and 7.9.

The first set of experiments was conducted for the models without any aerospike and with the
telescopic aerospike at a free stream Mach number of 5.75 at angles of attack varying from 0 to 8
degrees in steps of 2 degrees with the model aligned in such a way that the thin film sensors were axi-
symmetrical to the flow. Typical experimental heat transfer signals along the surface of the blunt cone
without any aerospike starting from the stagnation point are shown in Fig. 20. Similarly, Fig. 21 shows
the signals for the model with the conical tipped telescopic aerospike.  The signals show that at s/Rb of
0.52 and 0.65 there is a large jump in voltage which corresponds to a temperature rise due to the shock-
shock interaction at these points. At s/Rb = 0.52 the output signal voltage variation is smaller than that
for the blunt cone without any spike and also it does not show a parabolic rise. This is due to the
presence of the disc close to the base of the spike which blocks the heat transfer gauges from direct
exposure to the hypersonic flow. In addition, these gauges face the recirculation conical cavity flow.

The heat transfer rates derived from the platinum gauge output signals shown in Fig. 21 are shown
in Fig. 22. For blunt cone body without any spike, a constant heat flux rate is observed during the test
time, The results are expressed in terms of Stanton numbers. In the case of the telescopic spiked blunt
cone body the peak heat flux rate within the test time, which is consistent for repeated experiments, is
considered for the Stanton number calculation. The error in St is estimated to be within 8.09% based
on the uncertainty analysis of the measurement system.

(3)S
q t

V h ht
w

= ( )
−( )∞ ∞ρ 0
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Figure 20. Heat transfer signals for blunt body without spike.

Figure 21. Heat transfer signals for blunt body with telescopic spike.

Figure 22 Heat transfer rates corresponding to the signals shown in Fig.21.
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The experimental Stanton number variation along one side of the surface at different angles of attack
for the blunt cone without any spike is shown in Fig. 23.  Similarly, the Stanton number variation for
the blunt cone with the conical tipped telescopic aerospike is shown in Fig. 24. It is clearly seen that
there is an enhancement of heat transfer rate in the shock interaction region.

Figure 23. Stanton number variation along the body for conical body without spike at Mach 5.75.

Figure 24. Stanton number variation along the body surface for body with telescopic spike at
Mach 5.75.

The second set of experiments was conducted at a Mach number of 7.9 for angles of attack varying
from 0 to 10 degree in steps of 2 for all the three cases of blunt cone without aerospike and with plain
and telescopic aerospikes.  The model was mounted in such a way that the two Macor pieces were kept
vertical and therefore the difference in windward and leeward side flow could be identified at angles of
attack. The experimental results are presented in terms of Stanton numbers in Figs. 25(a) - (f) for all
the three cases at different angles of attack.  The negative s/Rb denotes the windward side and the
positive value denotes the leeward side of flow over the model. Since in the case of the blunt cone with
a spike there is a conical shock which interacts with the reattachment shock over the blunt cone surface,
the flow region within this conical shock is a low pressure and low temperature recirculation region.
Therefore heat transfer rates measured nearer to the nose of the blunt cone are lower for the case of the
blunt cone with an aerospike compared to the blunt cone body without any aerospike.  The heat transfer
rates increase with increasing s/Rb due to the shock-shock interaction.
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Figure 25 (a)-(f). Heat transfer rates over the blunt cone surface at Mach 7.9 at different angles
of attack.



Comparison of measured heat transfer rates for the blunt cone with the conical tipped plain aerospike
and the telescopic aerospike leads to the following explanation of the flow physics. In the later case the
stabilizer disk sitting in front of the nose of the blunt cone blocks higher energy flow and hence the
sensors close to the stagnation point encounter only low energy deep conical cavity flow.  Therefore the
heat transfer rates further decrease when the blunt cone is attached with the telescopic spike. But the
shock interaction in this case is stronger than that with the plain spike. As the angle of attack increases
the shock interaction point on the leeward side moves away from the nose, which is evident from the
decreasing heat transfer rates. In addition, the rate of decrease of heat transfer rates in the leeward side
with respect to the angle of attack is higher for the telescopic spike than for the plain spike. Beyond 2o

angle of attack the shock interaction slips out of the blunt cone periphery on the leeward side and hence
at higher angles of attack the telescopic spike is more effective in reducing the heat transfer rates
compared to the plain spike. On the windward side, the maximum heat transfer rate is observed at 6o

angle of attack at the location of the shock interaction. 
The measured heat transfer rates for all three cases of the blunt cone without any spike, attached with

the conical tipped plain spike and the telescopic spike are consolidated in Figs. 26-28, respectively. It
is seen that surface of the blunt cone in absence of any spike in general faces the maximum heat transfer
rates nearer to the nose region due to the stagnation of the high energy flow which has been eliminated
by the presence of spike.

Figure 26. Heat transfer rates for blunt cone without spike at Mach 7.9.

Figure 27. Heat transfer rates for blunt cone with plain spike at Mach 7.9.

Srinath S and Reddy K. P. J 111

Volume 1 · Number 2 · 2010



Figure 28. Heat transfer rates for blunt cone with telescopic spike at Mach 7.9.

The shock interaction is unsteady in nature. Therefore, the heat transfer rate increase is for a time less
than 100µs. The magnitude of this transient heat transfer rate is very much higher than the value
estimated using the Fay and Riddell expression [26], which is found to be 43 W/cm2 for the flow
enthalpy of 2.1MJ/kg. The measured value for the blunt cone without any spike nearer to the stagnation
point at s/Rb = 0.092 is 24 W/cm2.  This measured value is less than the theoretically estimated value
because of the location of the gauge away from the exact stagnation point.

As discussed above, the shock generated by the conical tip telescopic aerospike interacts with the re-
attachment shock of the blunt cone body and the location of the shock interaction can be inferred from the
heat transfer data shown in Fig. 24 and Fig. 28. Using this data, it is possible to draw cubic curves which
represent the shock-shock interaction profiles at different angles of attack. This profile over the blunt cone
in the presence of the telescopic spike is shown in Fig. 29. At zero angle of attack the shock interaction
profile is exactly circular in nature and, as the angle of attack increases, the shock interaction approaches
towards the nose of the blunt cone until 6o on the windward side.  Even if the angle of attack is increased
further, the shock interaction cannot come closer beyond a certain limit due to the presence of the discs
on the spike.  On the leeward side, the shock interaction point moves away from the nose and it prevails
within the blunt cone periphery until 4o.  Beyond this angle of attack it just slips out of the blunt cone
surface.  In the sideways the shock interaction profile comes closer toward the nose until the profile slips
out of the periphery on the leeward side.  When there is no shock interaction on the leeward side, the flow
has a rapid expansion.  Therefore, it affects the overall profile and the profile expands on the sides.

Figure 29. Shock- shock interaction profile.
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CONCLUSION
The effects of addition of forward facing aerospikes of different geometries on the aerodynamic
parameters of the large angle blunt cone flying at hypersonic Mach numbers of 5.75 and 7.9 was
investigated experimentally for different angles of attack. The measurements carried out include
measurements of the heat transfer rates and aerodynamic drag along with the visualization of flow
patterns using a high speed schlieren technique around the blunt cone without any spike and with a
plain and a telescopic spike. It is found that at larger angles of attack the performance of the telescopic
aerospike as a drag reduction device is superior to that of the plain aerospike. However, it is found that
the inclusion of an aerospike results in creation of high heat transfer rates at certain locations on the
model surface due to the interaction of the oblique shock generated by the aerospike with the
reattachment shock on the surface of the blunt cone. It is found that this increase in the heat transfer
rate is larger for the telescopic aerospike than for the plain aerospike. At angles of attack, the shock
interaction moves away from the nose on leeward side and the heat flux rate decreases while  the shock
interaction moves towards the nose of the blunt cone body on the windward side and the heat flux rate
attains a maximum level at a 6o angle of attack. Essentially this study shows that the telescopic
aerospike is an effective drag reduction device at higher angles of attack while its role on the heat
transfer rates needs to be studied further. 
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