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I. INTRODUCTION

A theorectical and experimental research program for providing the
capability of predicting projectile aerodynamics has been underway in
the Launch and Flight Division of BRL in recent years. Earlier efforts
were predominately in the supersonic regime but more recently the
efforts have been extended to the transonic regime. The predictive
capability Is to be achieved primarily by using modern finite-difference
computational techniques. The objective of the experimental program is
to obtain data for comparison to computations. The secant ogive-
cylinder-boattail (Figure 1) shape was chosen because a substantial
quantity of experimental and computational data already exist for this
shape which is typical of modern, low drag shell. The shape has been
simplified, with respect to conventional shell, by using a pointed nose
and by eliminating the rotating band. Some examples of the data for
this shape which have been reported are: (1) surface pressure measure-
ments at supersonic speeds by Reklisl; (2) turbulent boundary layer
measurements by Kayser and 3turek2'3 ; aerodynamic coefficient data by
Nietubicz and Opalka4 . A major motivation for obtaining the transonic

1. R. P. Reklis and W. B. Sturek, "Surface Pressure Measurements on
Slender Bodies at Angle of Attack in Supersonic now," USA ARRADCOM,
Ballistic Research Laboratory Memorandum Report No. 02876, November

4 1978, AD A064097.

2. L. D. Kayser and W. B. Sturek, "Experimental Measurements in the
Turbulent Boundary Layer of a Yawed, Spinning Ogive-Cylinder Body of

* Revolution at M = 3.0. Part 1: Description of the Experiment and
4 Data Analyeis," USA ARRADCOM, Ballistic Research Laboratory

Memorandum Report No. 02808, January 1978, AD A052301.

3. L. D. Kayser and W. B. Sturek, "Turbulent Boundary Layer
Measurements on the Boattail Section of a Yawed, Spinning Projectile
Shape at Mach 3.0," USA ARRADCOM, Ballistic Research Laboratory
Memorandum Report No. 02880, November 1978, AD A052301.

4. C. J. Nietubicz and K. 0. Opalka, "Supersonic Wind Tunnel
Measurements of Static and Magnus Aerodynamic Coefficients for
Projectile Shapes with Tangent and Secant Ogive Noses," USA
ARRADCOM, Ballistic Research Laboratory Memorandum Report No. 02991,
February 1980, AD 083297.
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pressure measurements was the research effort by Reklis 5 involving com-

putation of transonic flow for projectiles at angle of attack.

II. EXPERIMENT

Surface pressure measurements were obtained for the secant-ogive-
cylinder (SOC) model and the secant-ogive-cylinder with a 7" boattall
(SOCBT) shown in Figure 1. Both models were 6 calibers long and iden-
tical in shape except that the SOC had a zero degree boattail angle.
The model was instrumented with 10 pressure taps located along a single
ray and positioned longitudinally at stations listed in Table 1. The
tests were conducted in the Supersonic Wind Tunnel No. 2 of the Naval
Surface Weapons Center, White Oak Laboratory, Silver Spring, Maryland;
this tunnel has an open jet test section with a nozzle exit size of
40.6 x 40.6 cm. Data were obtained at Mach 0.908 with a supply pressure
and temperature of approximately one atmosphere and 328"K, resoec-
tively. These test conditions provide a Reynolds number of 4.5 X 10
based on model length. Data were recorded at 0, 1.0, 2.5, and 5.0
degrees angle of attack and the model was rolled from 0 to 180' in 10
degree increments to provide circumferential pressure distributions.

III. RESULTS

Surface pressure measurements for both configurations are presented
in Tables 2 and 3. Pressure measurements are nondimensionalized by
dividing by the free-stream static pressure. Data are tabulated so that
pressure distributions can be conveniently obtained as a function of
roll angle (PHI) or longitudinal position (Z/0).

Longitudinal pressure distributions for the windward and leeward
sides of the model are shown in Figures 2 and 3. Figures 2a, b, and c
compare pressure measurements on the SOC with the inviscid computa-
tions. At zero angle of attack agreement on the ogive is good. There
are not enough experimental points to define the sharp expansion at the
ogive cylinder junction but the one pressure measurement at Z/D = 3.13
does confirm the existence of the pressure drop. On the cylinder
between Z/D of 3.5 to 5.0 the experimental pressures are higher by about
3%; this is interpreted as a boundary layer displacement thickness
effect. Moving toward the base, the measured pressures drop below the
inviscid computations. The base region, for the computations, is
usually approximated by extending the model shape for one caliber; this

5. R. P. Rekie, W. B. Stur'ek and F. R. Baitey, "Computation of
Traneonic ?tow Past ProjectiZee at Angte of Attack," USA ARRADCOM,
BaZtietic Research Laboratory TechnicaZ Report No. 02139, Peb'uary
1979, AD A069106.

6



technique has been used since numerous photographs seem to show a sepa-
rated shear layer extending approximately parallel to the boattail
surface. The inviscid flow was also computed assuming a one degree turn
at the base. The effect of this one degree turn on the inviscid flow
computation is shown in Figure 2a and gives better agreement with the
experimental measurement. Figures 2b and 2c show the SOC pressure
distribution at 2.5 and 5.0 degrees. The pressures on the ogive are
slightly higher than the computed values; however, the difference in
pressure from windward to leeward is approximately the same for both the
computed and measured pressures. It is of interest to note that there
is no difference in windward and leeward pressures on the cylinder for
both the experimental data and the computational data.

Figures 3a, b, and c show the pressure distribution on the SOCBT.
Again, there are not enough pressure taps to define the sharp pressure
drop at the cylinder-boattail junction. The measured pressure at
Z/D = 4.88 on the cylinder just before the junction shows a pressure
drop which indicates that the flow anticipates the sharp expansion at
the boattail. On the boattail, at angle of attack, the difference
between experimental windward and leeward oressures is not as large as
for the inviscid pressures; this is also believed to be a boundary layer
displacement effect since addition of a thickening boundary layer on the
boattail would decrease the turning angle and hence decrease the boat-
tail effect. Also, it is seen both experimentally and computationally,
that the leeward boattail pressures are larger than the windward pres-
sures.

Figure 4 is a shadowgraph of the SOCBT. Although the picture is
not too clear, the expansions and shock waves can be seen in the
vicinity of the ogive-cylinder and cylinder-boattail junctions.
Qualitatively the shock waves are seen to be at about the same
longitudinal position as the sharp pressure rise as shown on the
pressure plots.

Circumferential pressure distributions (Figure 5) are shown for
three longitudinal stations on the SOCBT configuration at a = 5.0

- degree. The windward pressure is larger than the leeward pressure on
the ogive and the reverse is true for the boattail. These pressure dis-
tributions illustrate why the pitching moment for boattailed configu-
rations reach critical values at transonic velocities. Positive normal
force on the ogive and the negative normal force on the boattail form a
couple which results in a large positive pitching moment.

IV. SUMMARY

Surface pressure measurements were obtained on a projectile shape
at a Mach number of 0.908. These experimental data compliment available
supersonic data for the same configurations. The experimental results
have been valuable in evaluating computational codes; however, more
pressure taps are needed to define the pressure distribution more

7
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completely.. The existance of mixed subsonic-supersonic flow on the
model at a free-stream Mach number of 0.908 illustrates the basic
features of the flow at transonic velocities but data for a wide range
of transonic Mach numbers are needed.

*£ 8
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Tap Distance from Nose (Calibers)_

1 .89

2 1.56

3 2.22

*4 2.79

5 3.13

6 3.56

7 4.22

8 4.88

9 5.32

10 5.77

Table 1. Pressure Tap Locations
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LIST OF SYMBOLS

ALPHA, c model angle of attack, degree

M Mach number

PHI circumferential position on model, t = 0 on wind side

PN, p surface pressure, N - 1, 2,

PS, p, free-stream static pressure, kPa

REL Reynolds number based on model length

SOC model, 3 caliber secant ogive with 3 caliber cylinder

SOCBT model, 3 caliber secant ogive, 2 caliber cylinder, and 1

caliber boattail

TO tunnel stagnation temperature, OK

Z/D longitudinal position along model axis, calibers
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USER EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
this sheet, fold as indicated, staple or tape closed, and place
in the mail. Your comments will provide us with information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
project, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.)

4. Has the information in this report led to any quantitative
savings as far as man-hours/contract dollars saved, operating costs
avoided, efficiencies achieved, etc.? If so, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information.

Name:

Telephone Number:

Organization Address:


