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ZERO-LIFT DRAG OF SEVERAL CONICAL AND BLUNT NOSE
SHAPES OBTAINED IN FREE FLIGHT AT MACH
NUMBERS OF 0.7 TO 1.3

By Robert O. Piland and Ieonard W. Putland
SUMMARY

The zero-lift drag characteristics of seven nose shapes on a slender
body of revolution have been determined in free flight between Mach num-
bers of 0.7 and 1.3 corresponding to Reynolds numbers, based on body

length, of 6 X lO6 and 11 X 106, respectively. The nose shapes tested
consisted of a spherical segment, a flat face with a sharp shoulder, =

flat face with a rounded shoulder, 30° and 40° total-angle cones, and

a spherical segment with each of two different-length spikes projecting
upstream from the center of the nose.

The flat nose with the rounded shoulder was found to have consider-
gbly less subsonic drag than the flat nose with the sharp shoulder. This
beneficial effect deteriorates at transonic speeds and disasppears at
supersonic speeds. Both flat noses have considerably higher drag than
the spherical segment at supersonic speeds. The 30° and 40° conical
noses were found to have somewhat lower drag than the spherical segment
at a Mach number of 1.3 but the differences are small. Adding a spike
to the spherical segment had no apprecisble effect for the Mach number
range tested.

INTRODUCTION

Conventional slender nose shapes have been found undesirsble for
use with certain proposed missiles due to the optical requirements of
the guidance systems. Consequently, effort has been directed toward the
study of the aerodynamic characteristics of blunt nose shapes (refs. 1
to 6). During these studies, improvement of blunt-nose charascteristics
has been attempted by modifications to the nose. These modifications
have most often taken the form of spikes protruding upstream from the
center of the nose. Investigations, except those in free flight (refs. 1
end 5), have been conducted at Mach numbers sbove 1.6. Since missiles
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vwhich might use blunt shepes, with or without modifications, will oper-
ate through a range of Mach numbers, the drag characteristics of these
shapes are of interest at lower speeds for the purpose of performance
estimation.

In addition to their use for missiles, blunt shapes are being con-
sldered in the design of bombs, in order td avoid difflicultles in

launching from high-speed aircraft and in an attempt to reduce dispersion.

With these points in mind, the lLangley Pilotless Alrcraft Research
Division has tested a limited number of nose shapes in the Mach number
range of 0.7 to 1.5 to supplement the aforementioned higher speed data.
Drag data have been obtained for seven nose shapes on a fin-stebilized
body of revolution in free flight. Reynolds numbers of the tests, based

on body length, were 6 x 10° o 11 x 106 corresponding to Mach numbers
from 0.7 to 1.5. The tests were conducted at the Langley Pilotless
Alrcraft Research Station, Wallops Island, Va. using the helium gun.

MODELS AND TESTS

The seven nose shapes tested are shown in figure 1 and are numbered
1l to 7. DNose shape 1 is shown on the test body. All other nose shapes
except 3 were also tested on this body. The test body for nose shape 3
is shown in the figure also. This nose shape has the same dlameter, flat
face, as model 2, but the test body wes modified between stations 1.53
and 4.50 as can be seen in the figure. Model ordinates asre presented
in table I.

The models were constructed of mshogany with 24S-T aluminum-slloy
bases. Three equally spaced fins, located as shown in filgure 1, sta-
bilized the models in flight. All models were finished smoothly with
clear lacquer. Photographs of the models are shown in figure 2, with
the exception of model 3 for which no photograph is available. 'The
models were fired from & helium gun (ref. 7) and attained a pesk Mach
number of l.3. During the coasting period that followed, a continuous
velocity record was obtained by means of a CW Doppler radar. Atmospheric
conditions were cobtained by means of a radiosonde. A trajectory was cal-
culated from the velocity-time record which in turn gave the variation
of altitude and flight-path angle with time. Deceleration of the model
wes determined by differentiation of the velocity-time curve. With this
information, used in conjunction with atmospheric data, the drag coeffi-
cient of the model may be calculated ag follows:

= = A .(a + g sin
Cp q_Sg( g )
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W welght of model, 1b

g acceleration due to gravity, 32 f£t/sec2
S maximum frontal area, sq ft

q dynamic pressure, %pve, 1b/sq £t

a acceleration, ft/sec?

% flight-path angle, deg

The accuracy of the tests is believed to be within the following
limits:

CD ° o * s o . a e . e . - o s - . « = - . . e . . . . . . - e o . 7’:0-01
M e » e o & o e & e 8 o o L] e e e o . e e e e o . o o - L] - . . L] '.l.'O-Ol

Test conditions as indicated by the variation of Reynolds number with
Mach number are presented in figure 3. Reynolds numbers sre based on

body length.
RESULTS AND DISCUSSION

Drag coefficients for models 1, 2, and 3, based on maximum frontal
area, are presented in figure 4 for Mach numbers from 0.7 to 1.26. As
expected, model 1 has the lowest drag of ell three models. Removing the
spherical segment (model 2) results in a large increase in drag which
can be associated in part with a separated region on the forward part of
the nose. A spark photograph in reference 8 shows this separated region
very graphically. Modifying the nose shape of model 2 by the rounding
of & shoulder (model 3) is seen to have considerasble effect. This rounded
shoulder was obtalned by modifying the forebody aft of the flat face while
retaining the seme-diameter flat face on model 3 as on model 2. At lower
subsonic speeds model 3 has the same drag as model 1, indicating elimina-~
tion of the separated region. At transonic speeds, the beneficial effects
of the rounded shoulder decresse and, above a Mach number of 1.13%, the
pressure dreg on the rounded shoulder itself causes the drag of model 3
to be even greater than that of model 2. As mentioned sbove, the dlam-
eters of the flat faces of models 2 and 3 were the seme. This diameter
was kept constent so that the two models could house the same-size seeker
lens. If, in a particular case, it is not necessary to keep the diameter
constant, both subsonic and supersonic benefits may be effected by rounding
the shoulder and reducing the amount of flat area. The forebody radii will
then decrease for several stations aft of the flat face.
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Since the subsonic benefits of the shoulder are so large, data from
another investigation, partielly reported in reference 1, are shown in
figure 5. The very similar results for these shapes on a different test
body tend to confirm the present findings. As mentioned in the introduc-
tion, consideration is being given to the use of bomb_ghapes with flat
noseg. These data indicate that with a minimm of modiflication the drag
of a flat nose could be reduced comsidersbly at subsonic speeds. Emphe-
sis 1s placed here on the bomb rather than the missile since this speed
range is probably of more importance to bomb designers than misgsile
designers.

(model 1) and the 30° (model 4) and 40° (model 5) conical-nose models.
The coefficients at Mach number 1.25 are in the expected order. Model k4
seems to be reaching its peak drag at a lower Mach number than model 5.
This is consistent with the relative Mach numbers for shock attechment
on the two cones.

The drag coefficients for models 1, 6, and 7 are presented in fig-
ure 7. References 2, 3, and 4 have shown substantial reductions in drag
to be effected by the addition of a spike ahead of a spherlical segment
for Mech numbers as low as 1.6. The present tests, however, indicate
the spike to have & negligible effect at Mach numbers of 1.3 or lower.
Reference 3 also shows a decreaging beneficial effect with decreasing
Mach number. In addition, reference 3 shows that, for an optimum spike
length, the drag was sbout the same as that of a 42° total-angle cone for
the Mach number range tested (1.76 to 2.10). If this holds true at the
lower Mach numbers, large benefits could not be expected from the spike
since the drag of the conical nose of 420 angle 1s not greatly lower than
that of the spherical segment alone. This can be seen by referring to
figure 6 vwhere the drag of the 40° conical-nose model is compared with
that of the model with the sphericel-segment nose.

CONCLUDIRG REMARKS

Seven nose shapes have been tested in free flight on a fin-stabilized
body, and drag data have been obtained between Mach numbers of 0.7 and 1.3,
corresponding to Reynolds numbers of 6 X 106 and 11 x 106 based on body
length. The nose shapes are a spherical segment, a flat face with a sharp
shoulder, a flat face of similar area with a rounded shoulder, 30° and
40° totel-angle cones, and a spherical segment with each of two different-
length spikes. The following observations were made from the tests:

1. The large subsonic and transonic drag penalty occasioned by the
removal of a spherical segment, leaving a flat face, may be greatly
reduced by rounding the sgharp shoulder., = __ _ S

T
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2. At a Mach number of 1.2, 30°, and 40° conical nose shapes have

only slightly less drag than the spherical-segment nose shape.

3. Splkes protruding upstream from a spherical-segment noge have

negligible beneficial effect for the Mach number range tested.

Langley Aeroneutical ILsboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., January 12, 1954.
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TABLE I.- BODY ORDINATES OF MODELS AFT OF STATION 1.53

Models 1, 2, and 4 to 7

E%nmnsions are in inch%ﬂ

Station Redius
1.530 0.300
1.722 .32
2.095 .363
2.469 391
k.157 Lok
4.500 . 500

13.00 . 500

15.00 . 360

Station Radius
1.530 0.300
1.82L L20
h,157 Lot
4.500 . 500

13.00 . 500

15.00 .360
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(a) Models 1, 6, and 7.

Figure 2.~ Photographs of mddels.
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(b) Models 2, 4, and 5.

Figure 2.~ Concluded.
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Figure 4.- Drag coefficients of models 1, 2, and 3.
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Figure 5.- Drag coefficients for three models with nose shapes similar
to those of models 1, 2, and 3. Data from reference 1.
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Figure 6.- Drag coefficients for models 1, 4, and 5.
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NACA-Langley -

A#

3-23-54 - 325


http://www.abbottaerospace.com/technical-library

