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RESEARCH MEMORANDUM

FORCE MEASUREMENTS ON CONE-CYLINDER BODY OF REVOLUTION WITH
VARIOUS NOSE AND FIN CONFIGURATIONS AT MACH NUMBER 4.0

By Leonard Rabb and Wesley E. Messing

SUMMARY

An investigation was made to determine the effects of six stabi-
lizing fin plan forms and three body-nose configurations on the static
stability of a 20° cone-cylinder body of revolution that had a fineness
ratio of 8.65. The fin plan forms tested were swept untapered fins
with 45° and 60° sweep angles, trapezoidal fins, and delta fins. The

“nose configurations tested were conical, conical with a protruding an-
tenna, and conical with a single-oblique- -shock type supersonic inlet
attached to the nose. The tests were conducted in the NACA Lewis 2- by
2-foot supersonic wind tunnel at a Mach number of 4.0 and a Reynolds
number of 1.1X106 per foot. .

Normal force coeff1c1ents, pitching moment coefficients, and center
of pressure locations are presented at angles of attack up to 4°. Also
presented are the center of pressure locations and the incremental
normal force coefficients of the fins in the presence of the body. It
was shown that the addition of either a single-cone supersonic inlet or
a long antenna-type boom ahead of the body did not materially affect the

" center of pressure locatlon of the complete fin-body configuration at
angles of attack up to 4%,

The slope of the normal force coefficient curve at 0° angle of
attack was 0.076 per degree for the cone-cylinder body without fins.
For the same body in the presence of the antenna-type boom and the
supersonic inlet, the slopes of the normal force coefficient curve were
0.072 and 0.035 per degree, respectively.

INTRODUCTION
It is generally recognized that the stability prdblem assoclated

with fin-stabilized supersonic missiles and research test vehicles is
intensified by an increase in flight Mach number. The unstable moment
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2 CONFIDENTIAL NACA RM E53L29b

contribution of the body remains nearly constant with increasing Mach
number, but the decrease in fin effectiveness with increasing Mach nunmber
results in a decrease in the over-all stability. Consequently, a config-
uration which has stability at low supersonic velocities may become un-
stable at higher speeds. The design of a missile to be stable over a
range of supersonic Mach numbers therefore necessitates providing an ade-
quate distance between the center of pressure and the center of gravity
at the peak velocities. This may be achieved aerodynamically by a proper
choice of fin area and plan form.

The wind tunnel investigation described in this report was conducted
with a 0.378 scale model of the research test vehicle described in refer-
ence 1. The purpose of the investigation was to establish the center of
pressure locations for the various proposed configurations so that the
stability of the full-scale test vehicle could be accurately predicted
at high Mach numbers if the center of gravity were known. Figure 1 il-
lustrates the cone cylinder body used in this investigation as well as
the six proposed fin plan forms and three nose configurations.

Because the free-flight research vehicle could provide a technique
for obtaining transient inlet data through a high Mach number and Rey-
holds number range, it was of interest to determine the effect of the
addition of a single-cone supersonic inlet attached to the nose of the
wind tunnel model on the static stability. In addition, the center of
pressure was determined for the cone-cylinder configuration with a boom-
type antenna affixed to the nose. PFigure 2 illustrates the various nose
configurations tested. The results of this investigation obtained at a
Mach number of 4.0 through an angle of attack range of 0° to 4° are re-
ported herein. '

SYMBOLS
The following symbols are used in this report:
Cm. pitching moment coefficient about apex of cone, M/qOSZ
Cy normal force coefficient, N/qOS

CNa slope of curve of normal force coefficient against angle of attack

at 0°
1 body length, ft (2.52)
M moment about apex of cone, ft-lb
MO free-stream Mach number

CONFIDENTIAL
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N normal force, 1b

Pg free-stream static pressure, lb/sq ft

ap free-stream dynamic pressure, 0.7 pOMoz, lb/sq ft
S maximum body cross-sectional area, sq ft (0.0668)

ACy  incremental normal force coefficient of fins, CNFB-CNB

a angle of attack, deg
Subscripts:

B body without fins

FB fin-body combination

APPARATUS AND PROCEDURE

The investigation was conducted in the NACA Lewis 2- by 2-foot
supersonic wind tunnel, which is a nonreturn-type tunnel having a Rey-
nolds number of l.leOé per foot and a test section Mach number of 4.00
40.04. The total temperature was maintained at approximately 200° F.

The model investigated consisted of a 20° cone-cylinder body of
revolution having a fineness ratio of 8.65 and a.body diameter of 3.50
inches. It was supported in the tunnel by a sting extending upstream
from a vertical strut mounted on the top of the tunnel (fig. 3). The
model was designed so that the various nose configurations and fins could
be easily changed without removing the model from the tunnel. The dimen-
sions of the model components are presented in figures 4 and 5. The dif-
ferent noses for the body are designated 1, 2, and 3, while the fins are
noted by the letters A through F. In the discussion that follows, the
configurations may be referred to by number and letter. For example,
the basic cone~cylinder body in combination with nose number 1 and fin A
may be called 1-A. In reference to the body configuration without fins,
the letter X will be used and the configuration will be called 1-X.

The single-cone inlet used as one of the nose configurations was
designed for the conical shock to intercept the cowl lip at a Mach number
of 3.85. The frontal area of this inlet was 35 percent of the test body
frontal area.

The 1ift, drag, and pitching moment were measured by means of a
three component flexure-type strain-gage balance which was rigidly mounted

CONFIDENTIAL



4 CONFIDENTIAL NACA RM E53L29b

to the sting and to the inside of the model. The cruciform fin con-
figuration was oriented so that two of the fins were in a plane perpen-
dicular to the angle of attack plane. The tests were conducted at angles
of attack of 4° or less because of the limitations of the pitching moment

strain gage.

RESULTS AND DISCUSSION
Normal Force Coefficient

The normal force coefficient of the basic body (without fins) Cyp

is presented in figure 6 for the three nose configurations tested as a
function of the angle of attack. At a given angle of attack, the highest
value of CNB was obtained with configuration 1-X (200 cone), while a
slightly lower value was obtained with 2-X (attached boom-antenna). Nose
3, which consisted of a single-cone supersonic inlet attached to the
forebody, caused an appreciable loss in the body normal force coeffi-
cient. At 4° angle of attack, CNB for configuration 3-X was approxi-
mately 65 percent of the value of the other two tips. Figure 6 also shows
the normal force coefficient of the body without fins for configuration
1-X as computed from reference 2, which is a correlation of other experi-
mental data, and from the semiempirical method given in reference 3.

Both these references predict lower values of CNB than the data obtained

for 1-X. At 4° angle of attack, the experimental CNB for configuration

1-X was 0.303 as compared with 0.250 from reference 2 and 0.170 from
reference 3. The normal force curve slopes at zero angle of attack Cyg

were 0.076 and 0.072 for configurations 1-X and 2-X, respectively, and
the slope was only 0.035 for 3-X.

The normal force coefficients for all the fin-body combinations
tested are shown in figure 7. The slopes of the normal force coefficient
curves at zero angle of attack are also noted. In addition, the normal
force coefficients of the complete fin-body combinations as predicted by
the combined methods of references 2, 4, and 5 are given for fins in com-
bination with nose 1 (fig. 7(a)). For a typical case, configuration 1-C,
the theoretical value of the normal force coefficient is 86 percent of
the experimentally measured value at an angle of attack of 4°.

The data of figure 7 are also presented in figure 8 in the form of
CNOL against fin area. From figure 8, it can be seen that the loss of

the body normal force due to the addition of the supersonic inlet (as
shown in fig. 6) is reflected in the lower values of CNo for the fin-

body combination. The agreement between the data for nose configuratidns

CONF IDENTIAL
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1 and 2 is as expected since the values of the normal force coefficients
for the body alone were similar. For fins of equal area but different
plan forms, no significant change in Cpy, could be noted, and it appears
that for a given nose configuration Cy, was a linear function of fin

area only.

The incremental normal force coefficient ACy 1is the contribution
to the over-all normal force coefficient provided by the fins in the
presence of a body and is presented in figure 9. Each data point was
obtained by subtracting the normal force coefficient of the body without
fins from the normal force coefficient of the complete fin-body configura-
tion at corresponding angles of attack and for identical nose configura-
tions. Also shown are the theoretical normal force coefficlients of the |,
fins alone from reference 4. The interference effect of the body on the
fins as given by Stewart and Meghreblian in reference 5 was applied to -
the fin normal force coefficients of the fins alone as obtained from
reference 4 in order to predict ACy. This interference factor is a
function of fin plan form and of the ratio of body diameter to fin span
(including the body). It is based on the theoretical work of Beskin
(ref. 6). The theoretical values of ACy as predicted in reference 4

and modified by the method of reference 5 are in good agreement with the
data for each of the fins tested.

Pitching Moment Coefficient

The pitching moment coefficlent Cy based on the body length and on

the moment about the apex of the cone is presented in figure 10 as a
function of Cy. The configurations are grouped according to the nose

configuration so that the data for noses 1, 2, and 3 are given in figures
9(a), 9(v), and 9(c), respectively. The slope of the curve (dCy/dCy) is
a measure of the stability, and the slope is greatest for fin E, which

has the largest fin area and sweep angle and consequently would be ex-
pected to have the greatest stability.

Center of Pressure

Figure 11 presents the center of pressure (in body lengths from the
cone apex) as a function of angle of attack for the bodies without fins
as well as for the fin-body combinations. Included in figure 11(a) are
the centers of pressure as predicted for the body without fins (refs. 2
and 3) and as calculated for the fin-body combinations based on references

CONF IDENTIAL
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2, 4, and 5. The calculated center of pressure locations for the fin-
body combinations assumed the center of pressure of the fin force to be
at the centroid of the fin area. The disagreement between the experi-
mental center of pressure of the body without fins and as predicted by
reference 2 amounted to approximately 7 percent of the body length at
30 angle of attack. Reference 3 showed an even larger difference.

Even though the data of reference 2 predicted the center of pres-
sure of the body without fins to be further forward than it actually
was, the center of pressure of the fin-body combination showed excellent
agreement between the data and the location predicted by references 2,
4, and 5. This apparent discrepancy was resolved because the predicted
normal force coefficient of the body without fins was less than the
measured value (fig. 6). The combined effect of a smaller Cy and
further forward center of pressure location for the body without fins
was compensating. The predicted center of pressure for the fin-body
combinations of nose 1 would therefore be expected to agree with the
data, since the predicted fin forces have previously been shown to be
in good agreement with the data (fig. 9). '

Figure 11(b) presents the experimentally determined center of pres-
sure for the nose 2 configurations. The calculation of the center of
pressure of the body without fins was based on the experimental data of
figures 6, 7(b), 9, and 11(b). :

The centers of pressure for the nose 3 configurations are presented
in figure 11(c). 1In contrast with the data for body noses 1 and 2,
there was a decided forward shift in the center of pressure as the angle
of attack increased. The shift was not observed for the body without
fins (3-X), which remained constant at a center of pressure equal to
0.3121. Consequently, the movement of the center of pressure of the fin-
body combination was attributed to the nonlinearity of the normal force
coefficient curve for the body without fins, as shown in figure 6 for
configuration 3-X.

In order to show the effects of the various nose configurations on
the center of pressure of a typical fin-body configuration as well as the
effect of the noses on the center of pressure of a body without fins, the
data for the three body configurations without fins and with fin C are
replotted in figure 12. The centers of pressure for configurations 1-X
and 2-X are nearly identical and show a slight rearward movement (center
of pressure = 0.4151 to 0.4601) as the angle of attack increases from 1°
t0 40. The center of pressure location for configuration 3-X was con-
siderably nearer the nose and remained constant with an increasing angle
of attack at 0.3121. The center of pressure for the fin-stabilized con-
figurations involving the three different nose configurations do not
differ greatly at 4° angle of attack. The configuration which has the
ram-jet inlet ahead of the body has the greatest stability followed

CONFIDENTIAL
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closely by the cone and the long antenna-nose configurations. This re-
sults from the fact that the normal force coefficient for configuration
3-X is much less than that for either 1-X or 2-X (fig. 6) and more than
compensates for the difference in the center of pressure location of

the body alone. :

The location of the center of pressure of the fins is presented in
figure 13 against the centroid of the fin plan forms. Each data point
represents the average of all the test points for a given fin, and the
solid line represents the line of perfect agreement between the center
of pressure of the fins and the fin centroids. Although the fin center
of pressure may be affected by the location of the fins on the body, the
data show excellent agreement of fin center of pressure and fin centroid.

CONCLUDING REMARKS

It has been shown that for a cone-cylinder configuration with a
fixed center of gravity the greatest margin of stability (distance be-
tween the center of gravity and center of pressure) would be encountered
with fin E, which had the greatest sweep angle and fin area. However,
the aerodynamic forces encountered by the fins during the wind tunnel
investigation were sufficiently small as to preclude any aeroelastic
effects despite the large sweep angle of fin E. In the selection of a
fin plan form for a proposed cone-cylinder test vehicle which would
operate under conditions of extremely high aerodynamic forces at a Mach
number of 5.0, serious consideration must be given to the aeroelasticity
of the fins. In order to provide adequate rigidity, fin E would neces-
sarily be extremely thick and heavy, which for this particular test
vehicle seriously reduced the margin of stability by moving the center
of gravity rearward. This consideration led to the selection of the
trapezoidal fin (fin C). The distance between the center of gravity of
the flight vehicle and the center of pressure as determined from this
wind tunnel investigation was 0.087 body length at a Mach number of 4.0.
This margin proved adequate as the test vehicle was successfully rocket-
boosted to a maximum Mach number of 5.18 (ref. 1).

CONCLUSIONS
The following conclusions were drawn from an investigation made to
determine the effects of various fin plan forms and nose configurations

on the center of pressure of a cone-cylinder body of revolution of fine-
ness-ratio 8.65 at a Mach number of 4.00:

CONF IDENTIAL
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1. The forces acting on the fins in the presence of the test body
can be predicted by modifying the theoretical forces of the fins alone
by the body interaction effects as suggested by Stewart and Meghreblian.

2. The center of pressure for the fins in the presence of the test
body may be considered to act at the centroid of the fin area.

3. The slope of the normal force coefficient curve at zero angle of
attack for a fin-stabilized body was not affected by the fin plan form
but was a linear function of fin area.

4. The addition of a single-cone supersonic inlet to the basic cone-~
cylinder body produces & considerable loss of normal force on the body
without fins. The slope of the normal force coefficient curve at zero
angle of attack was reduced from 0.076 to 0.035, and the center of pres-
sure was 0.312 of the body length at 30 angle of attack.

5. The addition of a long antenna-type boom ahead of the cone-
cylinder configuration does not appreciably alter the aerodynamic charac-
teristics of either the body without fins or the body in combination with
the fins for the angles of attack tested. The slope of the normal force
coefficient curve at zero angle of attack was 0.072 for the body without
fins.

6. The center of pressure for the fin-stabilized configurations in-
volving the three different nose configurations do not differ greatly at
4° angle of attack. The configuration which has the ram-jet inlet ahead
of the body has the greatest stability followed closely by the cone and
the long antenna-nose configurations.

lewis Flight Propulsion ILaboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, January 4, 1954
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Figure 1. - Photograph of model including different fins and nose configurations tested.
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C-32266
! C-32267

(a) Conical tip. (b) Single-oblique-shock type inlet.

C-32264

(¢) Conical tip with protruding antenna.

Figure 2. - Various nose configurations.
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Fin A; fin area, 10.88; Fin B; fin area, 10.88;
aspect ratio, 1.69. aspect ratio, 1.69.
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Fin D; fin area, 13.18; Fin E; fin area, 13.18;
aspect ratio, 1.39. aspect ratio, 1.39.
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Fin F; fin area, 5.46; 0.005 Detail C Fin C; fin area, 10.88;
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Figure 4. - Details of six fins tested. (A1l dimensions are in inches.)
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Figure 5. - Details of three nose configurations tested. (All dimensions are in inches.)
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Normal force coefficient, Cy
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Figure 6. - Variation of normal force coefficient with angle of
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Normal force coefficient, Cy
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Angle of attack, deg
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Figure 7. - Varlation of normal force coefficients of fin-body
combinations with angle of attack.
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(b) Tested with nose 2.

Figure 7. - Continued. Variation of normal force coefficlents
of fin-body combinations with angle of attack.
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Normal force coefficient, Cy
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Figure 7. - Concluded. Variation of normal force coefficient

of fin-body combinations with angle of attack.
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Incremental normal force coefficient due to addition of fins to body, ACy
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Incremental normal force coefficient due to addition of fins to body, ACy
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Pitching moment coefficlent about cone apex (M/qpSt), Cpm
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Figure 10. - Variation of pitching moment coefficient
with normal force coefficlent for all configurations.
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Pitching moment coefficient about cone apex (M/qOSI), Cy
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Center of pressure (body lengths from apex of cone)
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FPigure 11. - Varlatlion of center of pressure with

angle of attack.

CONFIDENTIAL

25



28

Center of pressure (body lengths from apex
of cone)

.
-

CONFIDENTIAL : NACA RM ES53L29b

Configuration
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Figure 11. - Continued. Variatlon of center of pressure

with angle of attack.
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Center of pressure (body lengths from apex of cone)

NACA RM E53L29b CONFIDENTIAL
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Figure 11l. - Concluded. Variation of center of pressure

with angle of attack.
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Center of pressure (body lengths from apex of cone)

CONFIDENTIAL NACA RM E53L29b

Body plus fins
Configuration
- 3-0'\s?
g S PN

=

1-C ;’ ﬁ
2-C h

Body alone
e
1-X _——f—
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Figure 12. - Variation of center of pressure with angle of
attack for bodies without fins and in combination with
fin C.
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NACA RM ES53129b COhr Lucaviiny

Center of pressure of incremental normal force
of fins (body lengths fram cone apex)
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Centroid of fin area, body lengths from apex of
cone :

Figure 13. - Variation of center of pressure of
incremental normal force of fins with centroid
of fin area.
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