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Influence of Spike Shape at Supersonic
Flow Past Blunt-Nosed Bodies:
Experimental Study
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University of Belgrade, 11000 Belgrade, Serbia, Yugoslavia

Introduction

ECAUSE of the appearanceof a strong shock wave at a super-
sonic flight of a projectile, which considerably increases the
drag and aerodynamic heating during the projectile’s flight through
the air, a spike is mounted on its nose to reduce this effect.'® In
this way, the strong shock wave is replaced with a system of conical
waves, so that the driving force, and consequentlythe fuel consump-
tion, is reduced. A spike mounted on a blunt body during its flight
at an angle of attack decreases the drag and also increases the lift.
Therefore, all aircraft at supersonic speeds, such as planes, blunt
reentry vehicles, rockets, missiles, etc., are usually spike nosed.
Even better effects can be attained using such a simple geometrical
construction than in the case of sophistically shaped front side of
bodies flying supersonically. However, the applicability of the spike
is limited due to the possible appearance of oscillations, which may
reduceits positiveeffects and may cause aerodynamicsdisturbances
during the flight.! =
Many researchers focused their attention predominantly on the
influence of the spike’s length on the aerodynamic characteristics
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of blunt bodies, for various angles of attack at some transonic,’
supersonic2~> or even hypersonic*® speeds. However, one might
question whether the shape of a spike could affect the fluid flow
structure and the aerodynamic characteristicsof a blunt body. How-
ever, this influence has not been systematically analyzed so far. This
Note is a contribution to the study of this effect.

This Note presents the results of an experiment that analyzed the
influence of the spike’s shape on the drag coefficient and the lift
coefficient at supersonic flow past blunt-nosed bodies. The experi-
ment was carried out in a wind tunnel, for one value of Mach and
Reynolds numbers and for different angles of attack. The aerody-
namic forces for the body without a spike and with four different
spike shapes were measured. The Note also proposes a criterion for
estimating the aerodynamic effect of the spike shape, by using only
the schlieren visualization of the flow. The best spike shape from
the experimental set of spikes was selected using this qualitative
criterion. This selection coincided with the spike selected by the
measurement of the aerodynamic coefficient.

The Note briefly reports the results of the research. An in-depth
description of the experiment conditions and results may be found
in Ref. 5.

Geometric Characteristics and Experimental Conditions

The geometry of the tested model without and with four different
types of spikes’ is shown in the inset of Fig. 1. The model had a
cylindrical body of diameter d =27 mm, with length L =4.44d.
Its nose was hemispherical, and its tail was conical, with a semi-
angle of 9 deg and with a basis diameter d, =0.85d. All four of
the spikes were of the same length / =d. The first spike (spike 1)
had a cylindrical body with a conical nose with the angle of
20 deg. The second (spike 2) and third (spike 3) spikes were con-
ical with the angles of 5 and 10 deg, respectively. The tips of all
of these spikes were rounded. The fourth spike (spike 4) had a
hemispherical nose and a cylindrical body. All four spikes, as well
as the model, were made of steel and finished with high surface
quality.

The experiments were carried out in the wind tunnel T-36 in the
Technical Institute of the Yugoslav Army. T-36 is a small trisonic
open wind tunnel with interruptedaction. The tunneltest sectionhad
acrosssection0.25 x 0.25 m and was 0.6 m long. A classic Teppler
system, specially designed to meet high quality and accuracy re-
quirements, was used as the schlieren system for visualization of
the fluid flowfield.

The dynamic pressure of undisturbed flow g was taken as the
reference value of pressure, the reference area A was the cross-
sectionalarea of the cylindricalbody of the model, and the reference
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Fig.1 Relation between the drag coefficient and the angle of attack for
the body without (cd) and with the four analyzed spikes (cd1-4).
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length was its diameter d. During the experiments, two cycles of
measurements were performed. First, the drag coefficients ¢, and
the lift coefficients ¢; were calculated from the measured values of
the normal and tangential forces for the model without spike and for
models with four different types of spikes.” The coefficients were
based on the forces acting on the entire model, and its estimated?
accuracy is 0.035. Second, the fluid flowfield around the models
was visualized using the schlieren method. All of the experiments
were carried out at supersonic flow with Mach number M =1.89,
Reynolds number Re; = 0.38 x 10°, and angle of attack o from —4
to 10 deg, with a 2-deg step.

The duration of each measurement was about 20 s. The fluid ve-
locity v, density p, Mach number M, dynamic pressure g, and dy-
namic viscosity were calculated on the basis of the measured values
of stagnation pressure p,, stagnationtemperature 7j, static pressure
D, and static temperature 7. The measured and calculated mean val-
ues of undisturbed flow were almost the same for all of the experi-
ments: settlingchamber py = 0.992 bar and 7 = 278 K and test sec-
tion p=0.151bar, T =162 K, p =0.324 kg/m*, © =0.1097 Pa - s,
q =0.376 bar, v =482.1 m/s, M =1.89, and Re, = 0.38 x 10°.

Results Analysis

It can be clearly seen from Figs. 1 and 2 that both the drag coef-
ficient ¢, and the lift coefficient ¢; increase with the angle of attack
o for all four tested configurations with spikes, as well as for the
body without a spike. When a spike is mounted on the nose of a
hemispherical-nosed body, a significant reduction of the drag co-
efficient ¢; occurs, as shown in Fig. 1, along with an increase in
the lift coefficient ¢; (Fig. 2). This coincides with other researchers’
results2* However, Figs. 1 and 2 show also another issue, that is,
the influence of the spike shape.

The influence of the spike itself and its shape to the drag coeffi-
cientvalueis most notable for the angle of attack near to zero. In that
case, note that the drag coefficient value for the model with the first
spike was reduced by about 28%, compared to the model without
a spike. When the second and third spikes were mounted, the drag
coefficient was reduced by about 32%, and the greatest reduction
(about 40%) was obtained with the forth spike. When the angle of
attack increases, the relative drag coefficient reduction decreases.
At o ~ 10 deg, that reduction for the model with the first spike was
about 10%, with the second 6%, with the third 7%, and finally with
the forth 15%. For the range of the tested values of the angle of
attack o, it seems that the fourth spike, with a cylindrical body and
a hemispherical nose, is most effective for reduction of the drag
coefficient.
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Fig.2 Relation between the lift coefficient and the angle of attack for
the body without (cl) and with the four analyzed spikes (cl1-4).

It is also clear from Fig. 2 that spike 4 gives the greatestincrease
of the lift coefficient compared to the model without a spike. The
maximum influence on the lift coefficient’s increase for all four
tested models with spike was obtained for the lowest tested value,
o~ 2 deg. It was 43% for the model with the first spike, 50% with
the second spike, 59% with the third spike, and 86% with the fourth
spike. That increase of the lift coefficient compared to the model
without a spike at & ~ 10 deg for the model with spike 1 was about
18%, with spike 2 about 11%, with the spike 3 13%, and finally with
spike 4 29%. To conclude, for the fourth spike (cylindrical shape
with a semispherical tip), the drag force has minimal values and the
lift force has maximum values of all of the tested cases, for all tested
angles of attack.

Becauseof the optical adjustmentofthe schlierensystemused, the
obtained photographs, even for the angle of attack 0 deg, are asym-
metric. The schlieren photographs of the model without a spike,’
obtained for all of the angles of attack show the front of the shock
wave for a 2 0.2d ahead the stagnation point. As it distances the
body, the wave becomes weaker, and its angle decreases. At the
distance of one diameter from the body, this angle is reduced to
45 deg. Behind the shock wave, in the region near the shoulder of
the body at the end of the hemispherical nose, an expansion wave
can be seen, with expansion lines from 55 to 50.5 deg. There is also
another expansion wave, with expansion lines from 44 to 35 deg, at
the beginning of the conical tail of the body.

Schlieren photographs of the model with the four different types
of spikes are presented in Fig. 3, for the near-zero angle of attack.
A strong influence of the spike on the fluid flowfield structure is
evidentin all four cases. Foremost, a conical shock wave is formed
at the tip of the spike. High pressure behind the shock wave pro-
vokes boundary-layer separation. An approximately cone-shaped
recirculationzone (dead air region) is formed between the wave and
the spike, due to the separation. There is a strong deflection of the
external flow in the region of the boundary-layerreattachment (on
the hemisphericaltip of the model), which provokes the appearance
of a detached shock wave. As a result of the interactionof this wave
with the conical shock wave emanating from the tip, a new, almost
conicalshock wave is formed. The remainderof the flowfield pattern
is the same as for the body without a spike.

The differences between the corresponding characteristic shock
angles, for various types of spike, are insignificant. However, the
principal difference that can be noted is the joint place of the lead-
ing conical shock wave, which is formed on the tip of the spike,
and the detached shock wave, formed in the region of the boundary-
layer reattachment. For spike 1, this place is the nearest to the axis
(R, ~1.1d); for spikes 2 and 3, it is R, 3~ 1.5d; and for spike 4,
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Fig. 3 Schlieren photographs of the model with the four analyzed
spikes at near-zero angle of attack.
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Model with spike | Model with spike 4

Fig.4 Schlieren photographsof the model with spikes 1 and 4, at angle
of attack a =10 deg.

itis Ry ~2d. These differences can be explained by the following
reasoning. In front of spike 4, with a hemispherical tip, the sepa-
rated curved shock wave is stronger than the conical shock waves
for the other three spikes with conical tips. The angle of that shock
wave is f ~45 deg, when the distance from the axis varies from
0.1d to 0.5d, and decreases to the minimal value 8~ 43 deg at
the vicinity of its joint point with the secondary (detached) shock
wave. For spike 1, the minimal value of that angle is 8 ~ 39 deg and
for spikes 2 and 3, the minimal value is B ~ 42 deg. The stronger
shock wave at the tip of spike 4 is followed by the weaker de-
tached shock wave at the shoulder of the model, which is in a
good agreement with the accomplished aerodynamic coefficient
analysis.

It appears that the position of the joint point of the leading and the
secondary shock wave, obtained by the visualization,is a simple but
reliable criterion of the aerodynamic effect of a spike. The greater
radial distance of the joint point from the axis indicates the better
aerodynamic characteristics (less drag and greater lift) of the tested
configuration.

The observed differences among different types of spikes de-
crease for higher angles of attack, which corresponds well to the
results of aerodynamic coefficients, presentedin Figs. 1 and 2. The
schlieren photographs are given in Fig. 4 for two cases, the model
with spike 1 and with the best spike, spike 4, for angle of attack
o~ 10 deg. The distance of the joint point from the axis decreases
with ascending the angle of attack «. This distance measured in
the vertical plane, below the axis, is about 0.5d for the model with
spike 1 and about 0.8 for the model with spike 4. When it is as-
sumed that this distance represents the criterion, it seems that, even
for high values of the angle of attack, spike 4 retains the best aero-
dynamic characteristics.

The general characteristicsof the flow patternspresentedin Figs. 3
and 4 are in accordance with the results of other authors>> No
oscillations were noticed for any tested model, which is the same
result as for all hemispherical tipped models with spikes.>~® Also,
because the semi-angle of the recirculation zone for the model with
spikes 2 and 3 is about 20 deg (slightly smaller for spike 1 and
slightly greater for spike 4), the observed conical shock angles j
correspondwell to the angle of the conical shock wave thatis formed
in a supersonicflow (M = 1.9) pasta cone body with the semi-angle
y =20 deg (Ref. 7).

To validate the obtained results for the lift coefficient, they were
compared with the results of Hunt (see Ref. 2) for supersonic flow
at M =1.89. His spike had a conical tip. For comparison purposes,
our results were corrected to reduce the base drag.’ A good agree-
ment with Hunt’s results (see Ref. 2) was obtained for the models
with spikes, particularly for spikes 1-3, whereas our results for the
best spike, spike 4, were slightly higher, which could have been
expected.

To the best of our knowledge, the only report found to treat the
influence of geometric characteristics of a spike is by Daniels and
Yoshihara (see Ref. 2). They analyzed two types of spike, with flat
and conical tips, and with length [ > 1.5d, for M =2.5. Therefore,
a quantitative comparison with our results is not possible. However,
their conclusions that the spike with a flat tip (provoking a stronger
leading shock wave appearing in front of the tip) had better aerody-

namics features than the spike with a conical tip, can be taken as a
qualitative verification of our results.

Conclusions

The Note has treated experimentally the influence of different
shapes of spikes mounted on a hemispherical nose of a blunt body,
in a supersonic flow. The experiments were performed in a small
trisonic wind tunnel, with Mach number M =1.89 and Reynolds
numberRe,; = 0.38 x 10°, and for four differentspikes, of the length
equal to the body diameter. The angle of attack varied from —4 to
10 deg. The measurements of the aerodynamic load of the model
were carried out to obtain the drag and lift coefficients. It has been
shown that the shape of the spike has an important influence on the
aerodynamiccharacteristicsof the model, but also that it diminishes
with the increase of the angle of attack. Spike 4, with a hemispher-
ical tip and a cylindrical body, has been found to have the better
aerodynamic characteristics. For that spike, and for the angles of
attack from O to 10 deg, the drag coefficient is reduced from 40
to 15% in comparison with the same model without a spike. The
lift coefficient is increased from 86 to 29% for the angles of attack
from 2 to 10 deg in comparison with the same model without a
spike.

To explain the influence of the shape of the spike, visualization
experiments were performed in the same wind tunnel, using the
schlieren technique. It has been shown that, in the case of the spike
with a hemispherical tip (the fourth one), the leading shock wave
appearing at the tip is curved, separated, and stronger than the con-
ical shock wave appearing at a sharper tip in the case of the other
tested geometries. However, this implies that the following, second
shock wave, appearing at the shoulder of the body, is stronger for
the leading conical shock wave. The total loss of mechanical en-
ergy is, therefore, less for the curved and separated leading shock
wave. This reasoning has lead to a formulation of a simple yet re-
liable criterion for estimating aerodynamic effects of a spike by
using visualization only. The greater the radial distance of the
joint point of the leading and the secondary shock waves from the
axis, the better the aerodynamic characteristics of the tested confi-
guration are.
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