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FOREWORD

The test reported herein was sponsored by the Air Force Logistics
Command (AFLC) under Program Element 6441514F.

The results of the test were obtained by ARO, Inc. (a subsidiary
of Sverdrup & Parcel and Associates, Inc.), contract operator of the
Arnold Engineering Development Center (AEDC), AFSC, Arnold Air
Force Station, Tennessee, under Contract AF40(600)-1200. The tests
were conducted from February 26 through March 1, 1968, under ARO
Project No. PC0871, and the manuscript was submitted for publication
on April 15, 1968.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of Ogden Air Materiel Area
(OOYEC), or higher authority within the Department of the Air Force.
Private individuals or firms require a Department of State export
license.

This technical report has been reviewed and is approved.
Richard W. Bradley Roy R. Croy, Jr.

Lt Col, USAF Colonel, USAF
Directorate of Test Director of Test
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ABSTRACT

Wind tunnel tests at Mach numbers from 0.55 to 1. 30 and angles
of attack from -4 to 20 deg were conducted on a 0. 18-scale model of
the M-117 Bomb with seven tail fin configurations to determine the
static stability characteristics of the bomb. The seven tail fin con-
figurations consisted of the M131A1, MAU-103/B, and five variations
of the MAU-103/B fin. The five variations were represented by
changes in fin span, chord length, and planform shape. The stability
characteristics of the seven tail fin configurations were compared on
the basis of neutral-point location with respect to the center-of-gravity
location. A suitable fin configuration was found that was stable through-
out the range of conditions tested.
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NOMENCLATURE

Ay Projected model base area measured in a plane perpendicular
to the model x-axis, 0, 003922 ft2, for Configuration A,
0. 00511 ft2 for Configurations B through D-2

Ca Axial-force coefficient, axial force/q,S
Po-Pp, [Ap
C Base axial-force coefficient,
ADb e S

CaF Forebody axial-force coefficient, Cp - Cp p

Cm Pitching-moment coefficient, pitching moment/qg,SD moment
referenced to cg location

Cma Pitching-moment coefficient slope, dC.,/da at @ = 0 deg

CN Normal-force coefficient, normal force/q,S

CNa Normal-force coefficient slope, dCy/da at @ = 0 deg

cg Full-scale center-of-gravity location (see Fig., 3)

D Model reference diameter, 0.242 ft (see Fig. 3)

M, Free-stream Mach number

Pp Model base pressure, psfa

P Free-stream static pressure, psfa

G Free-stream dynamic pressure, psf

S Model reference area, #D2/4

Xcp Center-of-pressure location expressed in body diameters from
cg, Cy/Cyn, positive forward of the cg location

Xnp Neutral-point location expressed in body diameters from the
cg, de/dCN at « = 0, positive forward of the cg location

o' Angle of attack, deg - angle between model longitudinal axis
and the wind direction (see Fig. 6)

¢ Roll angle, deg - angle between plane of pitch motion and the

model longitudinal plane of symmetry, with zero roll
corresponding to having two fins in the pitch plane (see Fig. 6)

viii
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SECTION |
INTRODUCTION

The M-117 Bomb was introduced approximately 25 years ago with
the M131A1 tail fin and was aerodynamically and structurally accept-
able for the aircraft velocities of that era. With today's high speed
aircraft, the M131A1 tail fin has proved to be aerodynamically accept-
able but structurally unsound when attached to the M-117 bomb shell.
To correct this structural deficiency, the MAU-103/B tail fin was
introduced in place of the M131A1 tail fin. Flight tests subsequently
proved the structural integrity of this modification, but aerodyanmic
instability at high speeds resulted. This investigation was conducted
to determine the static stability characteristics of various tail fin con-
figurations proposed for the M-117 Bomb in order to provide both an
aerodynamically and a structurally acceptable fin.

To accomplish this objective, force and moment data were obtained
for seven tail fin configurations of a 0. 18-scale model of the M-117
Bomb at Mach numbers from 0.55 to 1. 30 in the angle-of-attack range
from -4 to 22 deg.

SECTION II
APPARATUS

2.1 TEST FACILITY

The Aerodynamic Wind Tunnel, Transonic (4T) is a closed-loop,
continuous flow, variable density tunnel. It is capable of operating at
Mach numbers from 0. 20 to 1. 30 with a variable stagnation pressure
from 300 to 3900 psf at all Mach numbers. The test section is 4 ft
square and 12. 5 ft long with variable porosity walls (0.5 to 10 percent)
and top and bottom walls that can be diverged or converged (+0.5 deg).
The test section is completely enclosed in a plenum chamber from which
the air can be evacuated, thus allowing part of the tunnel airflow to be
removed through the test section walls. This design allows control of
wave attenuation and blockage effects. The tunnel model-support system
consists of a pitch sector, boom, and sting and provides a pitch capa-
bility of from -12 to 28 deg with respect to the tunnel centerline. A
temporary tunnel modification restricted the positjve pjtch angle to 12 deg
during this test so that an 8-deg offset adapter was required in order to
obtain angles of attack on the order of 20 deg. A schematic of the test
section showing the location of the test model is shown in Fig. 1. A
photograph of the test installation is shown in Fig. 2.
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2.2 TEST ARTICLE

The test article was a 0. 18-scale model of the M-117 Bomb. The
basic bomb consisted of a round nose fuse, a contoured nose section,
cylindrical midsection, and a conical afterbody with four fins spaced
at 90-deg intervals.

The tail cone and the base of the fins were altered slightly to
accommodate an 0. 675-in. -diam sting. Provisions were made to man-
ually rotate the tail assembly about the model body longitudinal axis to
obtain roll angles at preset 11. 25-deg increments. Details of the bomb
model tested and the seven tail fin configurations are shown in Fig. 3.
The basic differences are listed below:

Configu- Model Span, Full-Scale Span,

ration in. in. Comments

A 4.028 22. 40 M131A1 Fin

B 3. 420 19. 00 MAU-103/B Fin

C 3.600 20. 00 Configuration B with
increased span

C-1 3. 600 20.00 Configuration C with
part of rib removed

D 3.600 20. 00 Configuration C-1 with
increased chord

D-1 3.792 21,07 Configuration D with
increased span

D-2 3.792 21,07 Configuration D-1 with

part of rib removed

Photographs of the models are shown in Fig. 4.

2.3 INSTRUMENTATION

A six-component strain-gage balance was used to obtain the force
and moment data during the test. Base pressure measurements were
obtained with a pressure transducer connected to an orifice located in-
side the tail cone cavity of the model.
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SECTION I
TEST DESCRIPTION

3.1 TEST DESCRIPTION AND PROCEDURES

The models were tested at nine Mach numbers from 0. 55 to 1. 30.
Tunnel stagnation pressure ranged from 3500 psf at M, = 0. 55 to
1830 psf at M, = 1. 30, and the total tenmiperature ranged from 65 to
85°F. Reynolds numiber and dynamic pressure variations with Mach
number are presented in Fig. 5. The test section wall porosity and the
top and botltom test section wall angles were set to provide optimum
flow for each test condition.

The tunnel conditions were heid constant at the prescribed Mach
number and total pressure, while the angle of attack was varied through
the prescribed range of -4 to 20 deg. Data were recorded at each of
several angles of attack. At some test conditions, the maximum angle
of attack was restricted to less than 20 deg because of the aerodynamic
loads exceeding the capacity of the balance.

3.2 CORRECTIONS

Balance and sting deflections caused by the aerodynamic loads on
the model were accounted for in the data reduction program to deter-
mine the true model angle of attack and roll angle. Corrections were
also made for model weight tares to calculate net aerodynamic forces
on the models.

3.3 PRECISION OF MEASUREMENTS

Uncertainties in the data were calculated taking into consideration
probable inaccuracies in balance measurements and tunnel conditions.
The uncertainties in coefficients are based on a 95-percent confidence
level and are listed below for each quantity:

CN Ca F Ca,b Cm Xep
+0. 008 +0. 008 +0. 001 +0. 015 +0.012

Values of x., within the angle-of-attack range +2 deg are not re-
liable data because of the small values of Cp, and CN and the uncer-
tainties stated above. These values of x,, are thus deleted and are
replaced with the neutral point, xpp, at o= 0 deg.
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The estimated uncertainty in setting Mach number was no greater
than £0, 005, and the uncertainty in angle of attack was estimated to be
10.1 deg. Tunnel calibrations indicate that the Mach number variation
in the area of the tunnel occupied by the model was no greater than
+0.004 for M, < 1.0 and %0.014 for M, > 1.0.

SECTION IV
RESULTS AND DISCUSSION

The primary purpose of this investigation was to obtain aerody-
namic data concerning the static stability characteristics for various
tail fin configurations attached to the M-117 Bomb. Basic stability
data are presented for each configuration tested. The coefficients are
presented for the body-axis system, and the pitching moments are
referenced to the full-scale center of gravity. The coordinate system
for the coefficients is shown in Fig. 6.

The normal-force coefficient data for each Mach number and con-
figuration are presented in Fig., 7. Figure 8 shows the effect of fin
span, chord length, and planform on the normal-force coefficient slope
for the Mach number range 0. 55 to 1. 30. Increasing the span and

chord length increases the normal-force coefficient slope, but removing
a portion of the forward part of the tail fin tends to decrease the normal-

force coefficient slope.

The pitching-momert coefficiert data for each Mach number and
configuration are presented in Fig. 9. Figure 10 presents the pitching-
moment coefficient slope versus Mach number for all configurations and
shows that increasing the fin span, chord length, and removing a portion
of the forward part of the tail fin all produce increases in the pitching-
moment coefficient slope.

Figure 11 presents the forebody axial-force coefficient data for all
Mach numbers and configurations. The trend of the data for Configura-
tion A differs slightly from tnat of the other configurations, with the
effect being most notable at high angles of attack and at Mach numbers
near 1.0. Figure 12 presents the variation of forebody axiai-force
coefficient with Mach number for Configuration D-2 at 0-deg angle of
of attack. All configurations tested exhibited approximately the same
axial-force coefficient versus Mach number.

The base axial-force coefficient data are presented in Fig. 13.
Because of the small base area, these values are quite small compared
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to the forebody axial-force coefficients. The negative values ex-
perienced at low angles of attack correspond to high base pressures
resulting from the fin and afterbody geometries and the presence of
the sting. Removal of the sting (as in free flight) would generally re-
sult in lower base pressures and thus higher base axial-force
coefficients.

Figure 14 presents the center-of-pressure locations for all Mach
numbers and configurations. Also shown on these plots are the neutral-
point locations. Configuration A is seen to be stable (negative x,) at
all angles of attack throughout the Mach number range. However, Con-
figuration B shows instability at low angles for Mach numbers 0.9 and
above. The other configurations had stability margins between these
two extremes, and all configurations were stable at angles of attack
greater than *4 deg.

The stability data are summarized in Figs. 15 and 16 which show
neutral-point location versus Mach number. Configurations B, C, and
C-1 are compared to Configuration A in Fig. 15. The increase in span
of Configuration C over that of Configuration B results in a substantial
movement of the neutral point aft of the cg except in the vicinity of Mach
number 1. 0. Configuration C-1 produced a further aft movement of the
neutral point. All the changes were in the direction of increasing
stability with respect to Configuration B. Configurations D, D-1, and
D-2 are compared to Configuration A in Fig. 16. Configurations D,
D-1, and D-2 have a longer chord length than Configurations B, C, and
C-1. The extension of the chord length was achieved by adding to the
aft end of the fin, resulting in an overall increase in model length. This
increase in length resulted in a stable configuration, although the margin
of stabiliy near Mach number 1.0 was very small. Configuration D had
the same span as Configuration C-1, and the span was further increased
to produce Configuration D-1. This moved the neutral point generally
aft, but did not help at Mach number 1.0. Further improvement in sta-
bility was achieved with Configuration D-2. This configuration had a
minimum positive margin of stability of 0. 28 cal at Mach number 1. 0.
Although this is still less than the stability of Configuration A, it is con-
sidered to represent an acceptable compromise.

Figure 17 shows the effect of roll attitude on the neutral-point loca-
tion for Configuration D-2. It can be seen that this configuration remains
stable even at the roll angle of minimum fin effectiveness (¢ = 45 deg).
This figure also shows improvement of Configuration D-2 over Configu-
ration B.
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SECTION V
CONCLUSIONS

The following conclusions were made from the results of this

investigation:
1. The MAU-103/B fin is unstable at low angles of attack for Mach
numbers of 0.9 and higher.
2. Increasing the fin span increases the stability.
3. Moving the fin further aft increases the stability.
4. Configuration D-2 proved to be stable throughout the Mach num-

ber range of the test at roll angles of both 0 and 45 deg.
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APPENDIX
ILLUSTRATIONS
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