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FOREWORD 

The work reported herein was done at the request of the Air Force 
Logistics Command for Picatinny Arsenal,   U. S. Army,  under 
Program Area 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 F40600-69-C-0001.    The 
test was conducted from April 29 to May 10,   1968,  under ARO Project 
No.  PB0868,  and the manuscript was submitted for publication on 
June 24,   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 OOAMA (OOYEC),   Hill AFB, 
Utah 84401,  or higher authority within the Department of the Air Force. 
Private individuals require a Department of State export license. 

This technical report has been reviewed and is approved. 

Richard W. Bradley Roy R. Croy,  Jr. 
Lt Colonel,   USAF Colonel,   USAF 
AF Representative,  PWT Director of Test 
Directorate of Test 
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ABSTRACT 

A test was conducted in the Propulsion Wind Tunnel (16T) to deter- 
mine the static stability characteristics of the M-117 Bomb with any of 
three tail fin configurations.    Tests were made over the Mach number 
range of 0. 6 to 1. 4 for an angle-of-attack range of -3 to 19 deg,  and 
fin orientations of 11. 25 to -101. 25 deg.    The M-117 Bomb was stat- 
ically stable for all three tail fin configurations for the Mach number 
range of the tests. 

This document is subject to special export controls 
and each transmittal to foreign governments or foreign 
nationals may be made only with prior approval of 
OOAMA (OOYEC), Hill AFB, Utah  84401. 

ill 



AEDC-TR.68-162 

CONTENTS 

Page 

ABSTRACT  iii 
NOMENCLATURE  vii 

I.   INTRODUCTION  1 
II.    APPARATUS 

2. 1   Test Facilities  1 
2. 2   Model Geometry  1 
2. 3  Instrumentation  2 

III. TEST  DESCRIPTION 
3. 1   Procedure  2 
3. 2   Data Reduction  2 
3. 3   Precision of Measurements  2 

IV. RESULTS AND DISCUSSION 
4. 1   Static Stability (Zero-degree Fin Orientation).   .... 3 
4. 2   Fin Orientation  3 
4. 3   Axial Force  5 

V.    CONCLUDING REMARKS  5 
REFERENCES       5 

APPENDIX 
Illustrations 

Figure 

1. Location of Model in Test Section  9 

2. Model Details 
a. M-117 Bomb with M131A1 Fin        10 
b. M131A1 (Modified Shape)        11 
c. MAU-103A/B        11 

3. Model Installed in the Test Section        12 

4. Reynolds Number versus Mach Number        13 

5. Variation of Normal-Force Coefficient with Angle of 
Attack, 7 = 0 deg 

a. M131A1        14 
b. MAU-103A/B         15 
c. M131A1 (Modified Shape)        16 



AEDCTR.68-162 

Figure Page 

6. Variation of Pitching-Moment Coefficient with Angle 
of Attack,  7=0 deg 

a. M131A1       17 
b. MAU-103A/B       18 
c. M131A1 (Modified Shape)       19 

7. Static Stability Characteristics,  7 = 0 deg 
a. M131A1       20 
b. MAU-103A/B       21 
c. M131A1 (Modified Shape)       22 

8. Variation of Neutral-Point Location with Mach Number, 
7 = 0 deg       23 

9. Effect of Fin Orientation on Normal-Force Coefficient 
a. M131A1       24 
b. MAU-103A/B       25 

10. Effect of Fin Orientation on Pitching-Moment Coefficient 
a. M131A1       26 
b. MAU-103A/B       27 

11. Effect of Fin Orientation on the Static Stability 
Characteristics 

a. M131A1       28 
b. MAU-103A/B       29 

12. Effect of Fin Orientation on Neutral-Point Location ...      30 

13. Variation of Induced Side-Force Coefficient with Angle 
of Attack       31 

14. Variation of Induced Yawing-Moment Coefficient with 
Angle of Attack       32 

15. Variation of Induced Rolling-Moment Coefficient with 
Angle of Attack       33 

16. Variation of Axial-Force Coefficient with Mach 
Number,  a = 0       34 

VI 



AEDC-TR.68-162 

NOMENCLATURE 

FA 
CA Axial-force coefficient, positive downstream, q»s 

C^ Rolling-moment coefficient, positive clockwise looking up- 

stream, 
q„SD 

Mm ]!m Pitching-moment coefficient, positive nose up, —=-=- 

FN 
CN Normal-force coefficient,  positive up, q„s 
Cn Yawing-moment coefficient,  positive nose right looking up- 

Stream' i^D 
Cy Side-force coefficient,  positive right looking upstream, 

Fy 

q.s 

D Diameter of model (reference diameter),   1. 33 ft 

F^ Axial force,  positive downstream,  lb 

FJ,J Normal force,  positive up,  lb 

Fy Side force,  positive right, lb 

M^ Rolling moment, positive clockwise looking upstream, ft-lb 

Mm Pitching moment,  positive nose up,  ft-lb 

Mn Yawing moment, positive nose right looking upstream, ft-lb 

M8 Free-stream Mach number 

qB Free-stream dynamic pressure, psf 

Re Unit Reynolds number,  per ft 

S Maximum cross-sectional area of model,   1. 396 ft^ 

xnp Neutral-point location expressed in body diameters from the 
eg,  dCm/dCN at a = 0, positive forward of the eg location 

a Model angle of attack,  positive nose up, deg 

7 Tail fin orientation, positive clockwise looking upstream 
(zero with one set of fins in the pitch plane),  deg 

Vll 
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SECTION I 
INTRODUCTION 

Small-scale tests reported in Ref.   1 were conducted to determine 
the static stability characteristics of various tail fin configurations pro- 
posed for the M-117 Bomb in order to provide both an aerodynamically 
and structurally acceptable fin.   Selections were made from this effort 
to verify performance full scale.    This report presents the results of 
wind tunnel tests on full-scale M-117 model configurations to determine; 
the static stability characteristics with the original tail fin (M131A1) and 
two proposed configurations (MAU-103A/B and M131A1 modified). 

Tests were made over the Mach number range of 0. 6 to 1.4 for an   , 
angle-of-attack range of -3 to 19 deg.   The tail fin assembly was rotated 
about the model body longitudinal axis to obtain fin orientations from 
11.25 to -101. 25 deg. 

SECTION II 
APPARATUS 

2.1   TEST FACILITIES 

Tunnel 16T is a closed-circuit, continuous-flow wind tunnel that 
can be operated at Mach numbers from 0. 55 to 1. 60.    The tunnel can be 
operated over a stagnation pressure range from approximately 100 to 
4000 psfa and over a stagnation temperature range from 90 to 125°F. 
The tunnel specific humidity is controlled by interchanging the tunnel 
air with conditioned makeup air from an atmospheric dryer.    Perforated 
walls in the test section allow continuous operation through the Mach 
number range with a minimum of wall interference. 

A detailed description of the tunnel,  its equipment,  and calibration 
may be found in Ref.  2.    Details of the test section wall configuration 
and location of the model in the tunnel are shown in Fig.  1. 

2.2 MODEL GEOMETRY 

The test article was a full-scale model of the M-117 Bomb.    The 
basic bomb consisted of a contoured nose section, cylindrical mid- 
section, and a conical afterbody with four fins spaced at 90-deg inter- 
vals.    Provisions were made to manually rotate the tail fin assembly 
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about the model longitudinal axis to obtain fin orientations of 11. 25-deg 
increments.    Details of the model and the tail fin configurations are 
shown in Fig.  2.   A typical model installation in the tunnel is shown in 
Fig.  3. 

2.3  INSTRUMENTATION 

An internally mounted, six-component, strain-gage balance was 
used to measure model forces and moments.    Outputs from the balance 
were digitized for on-line data reduction by a Raytheon 520 computer. 
Also, the balance outputs were continuously recorded on a direct- 
writing oscillograph for monitoring model dynamics. 

SECTION III 
TEST DESCRIPTION 

3.1   PROCEDURE 

For a given fin orientation, data were obtained while holding Mach 
number constant and varying the angle of attack between -3 and 19 deg. 
The model was tested at Mach numbers from 0. 6 to 1. 1 at simulated 
pressure altitudes of 15, 000 ft, Mach number 1. 2 at 25, 000 ft and Mach 
number 1. 4 at 28, 400 ft.    The corresponding Reynolds numbers are pre- 
sented in Fig.  4. 

3.2 DATA REDUCTION 

The force and moments were corrected for weight tares and re- 
duced to coefficient form in the nonrolling body axis system.    Pitching 
and yawing moments were determined about the M-117 Bomb center of 
gravity which was located at a common model station 28. 11 in. aft of 
the nose.   All force and moment coefficients are based on the model 
maximum diameter and cross-sectional area. 

3.3  PRECISION OF MEASUREMENTS 

An estimate of the accuracy of measurements is presented in the 
following table: 
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M.. ±at, deg 

0. 1 0.053 

±CN 

0.050 

±Cy 

0.042 

±Cn 

0. 041 

±cA 

0.008 

±Cz          ±MW 

0.6 0.0063     0.005 

1.4 0.1 0.017 0.016 0.014 0.013 0.003 0.0020     0.016 

SECTION IV 

RESULTS AND DISCUSSION 

The primary purpose of this investigation was to determine the 
static longitudinal stability characteristics of various tail fin configura- 
tions attached to the M-117 Bomb.   In addition, the effects of fin orien- 
tation on the static longitudinal stability were investigated for the 
MAU-103A/B and M131A1 configurations. 

4.1   STATIC STABILITY (ZERO-DEGREE FIN ORIENTATION) 

The normal-force and pitching-moment coefficients as a function of 
angle of attack for each configuration are presented in Figs.  5 and 6. 
The stability data are summarized in Figs.   7 and 8.    The static longi- 
tudinal stability characteristics of the M-117 Bomb can be interpreted 
from the slope of the pitching-moment versus normal-force coefficient 
plots presented in Fig.  7.   As shown in Fig.  7, the M-117 Bomb was 
statically stable with all three fin configurations at zero-degree fin 
orientation throughout the angle-of-attack and Mach number ranges of 
the test.   The stability of the M-117 Bomb increased slightly at angles 
of attack above 4 deg for all three fin configurations.    As shown in Fig. 8, 
all of the configurations tested are stable {-xnp) at zero-degree angle of 
attack and zero-degree fin orientation for the Mach number range of the 
test.    The M131A1 and the M131A1 (modified shape) configurations ex- 
hibited essentially the same static stability margin for all test Mach num- 
bers.    The MAU-103A/B configuration exhibited the least margin of 
stability and had a minimum static stability margin of 0. 46 calibers at 
Mach number 1.0. 

4.2   FIN ORIENTATION 

4.2.1   Static Stability 

Normal-force and pitching-moment coefficients of the MAU-103A/B 
and the M131A1 configurations for various fin orientations are presented 
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as a function of angle of attack in Figs.  9 and 10.    For angles of attack 
greater than zero, the magnitude of the normal-force and pitching- 
moment coefficients decreases as the fin orientation angle is increased 
up to -45 deg or compliments of 45 deg.    As shown in Fig.   11,  this 
decrease in normal-force and pitching-moment coefficient resulted in 
slightly less static stability of the M-117 Bomb at the higher angles of 
attack. 

Neutral-point location of the MAU-103A/B and of the M131A1 con- 
figurations versus Mach number for various tail fin orientations is 
presented in Fig.  12.   As shown in Fig.  12,  fin orientation had little 
effect on the static margin of stability of the MAU-103A/B and the 
M131A1 configurations at zero-degree angle of attack. 

4.2.2   Induced Forces and Moments 

Side forces and yawing and rolling moments induced on a sym- 
metrical vehicle are produced by the combination of angle of attack and 
fin orientation and became significant only at the higher angles of attack. 
The data show that the induced force and moment coefficients increased 
to a maximum magnitude as the fin orientation angle was increased to 
-22. 5 deg or any compliment of 22. 5 deg.   The magnitude of the induced 
force and moment coefficients decreased from the maximum magnitude 
at -22. 5 deg to essentially the magnitude of the zero-degree fin orien- 
tation at -45 deg.    The induced side forces and yawing and rolling 
moments are the results of interaction between the fins and the body at 
high angles of attack.    In addition to the induced forces and moments 
from fin orientation there could be forces and moments produced by 
small misalignment of the tail fin assembly. 

The variation of the induced side-force coefficient with angle of 
attack,  fin roll orientation,  and Mach number for the MAU-103A/B and 
the M131A1 configurations is shown in Fig.  13.    The induced side forces 
for both configurations are much larger in magnitude at the subsonic 
Mach numbers than at the supersonic Mach numbers.    The induced side- 
force coefficients for the MAU-103A/B are larger than those for the 
M131A1 configuration at corresponding angles of attack. 

The effect of fin orientation on induced yawing-moment coefficient 
as a function of angle of attack is shown in Fig.  14 for various Mach 
numbers.    The magnitude of the induced yawing-moment coefficient for 
the M131A1 configuration for a fin orientation angle of -22. 5 deg is 
generally less than the magnitude of the MAU-103A/B configuration 
with a fin orientation angle of -11. 25 deg. 
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The variation of the induced rolling-moment coefficient with angle 
of attack,   fin orientation,   and Mach number is shown in Fig.   15.    At 
subsonic Mach numbers there was little or no induced rolling-moment 
coefficient with the M131 Al configuration and only at the supersonic 
Mach numbers and extremely high angles of attack did the M131A1 con- 
figuration have any significant induced rolling-moment coefficient.    The 
induced rolling-moment coefficient of the MAU-103A/B configuration 
at high angles of attack decreased from a large positive value to a large 
negative value as Mach number increased. 

4.3  AXIAL FORCE 

The variation of axial-force coefficient with Mach number for the 
three configurations investigated at zero angle of attack is presented in 
Fig.   16.    As would be expected,  the thicker,   blunt trailing-edge fins 
(M131A1 modified shape) had a larger axial-force coefficient at all test 
conditions.    The increase in axial-force coefficient of the M131A1 
(modified shape) configuration over that of the M131A1 configuration was 
about three percent. 

SECTION V 
CONCLUDING REMARKS 

Aerodynamic force and moment data were obtained to determine the 
static stability characteristics of the M-117 Bomb for various tail fin 
configurations at Mach numbers from 0. 60 to 1. 40.    The results of the 
investigation are summarized below: 

1. All configurations investigated are stable for the angle-of- 
attack and Mach number range of the test. 

2. The MAU-103A/B configuration exhibited the least margin of 
stability and had a minimum static stability margin of 0. 46 cali- 
bers at Mach number 1. 0. 

REFERENCES 

1. Lehner,  Paul.    "Static Stability Tests of the M-117 Bomb at Mach 
Numbers from 0. 55 to 1. 30 with Seven Tail Fin Configurations. 
AEDC-TR-68-103 (AD832710),  May 1968. 
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Facility,  Vol.  5. '    Arnold Engineering Development Center, 
November 1966. 



AEDC-TR-68.162 

APPENDIX 
ILLUSTRATIONS 



FLOW       v.     ■     ^N 

^r 
Section   A-A 

60° 

6% Open Area 
Hole  Diameter = 0.75 i n. 
Plate Thickness = 0.75 in. 

TYPICAL   PERFORATED 
. WALL  PATTERN 

SOLID 
AREA 

-PERFORATED 
WALLS 

SOLID DIVERGED WALL SECTION 
TO ALLEVIATE   STRUT BLOCKAGE 

-MODEL SUPPORT 
STRUT 

CD 

C_  

> 
m 
O 
n 

TUNNEL STATIONS ARE IN FEET 

Fig. 1   Location of Model in Test Section 



a.   M-117 Bomb with M131A1 Fin 

Fig. 2 Model Details 

n 

TO 
■ 

DIMENSIONS ARE IN INCHES 



0.50 

DIMENSIONS   ARE IN INCHES 

m 
O 
O 

c.  MAU-130A/B 
Fig. 2   Concluded 



n 

TO 

o. 
CD 

Fig. 3   Model Installed in the Test Section 



co 

O 
o u. 
ac 
IU a. 

UJ 
m 

o 

>- 
UJ 
tr 
2 
< 
UJ 
a. 
t- 
co 

I 

UJ 
UJ 
DC 

6.0 

5.0 

4.0 

3.0 

2.0 
0.5 

c > 

r 

o 
o 

o o 

c 

v. 

) 

J y 

c * 

0.6 0.7 0.8 0.9 1.0 I.I 
MACH   NUMBER, MQ, 

1.2 1.3 1.5 

Fig. 4   Reynolds Number versus Mach Number 

r> 

09 



> 
m 

n 

o 
00 

o 

0 0 4 
ANGLE OF ATTACK,    a 

UJ 

o 
iT 
u. 
UJ o o 
UJ u 
IE 

s 
I 

g 
0 0 4 

ANGLE OF ATTACK,   a 

a. M131A1 
Fig. 5   Variation of Normal-Force Coefficient with Angle of Attack, y  =   0 deg 

16 20 



z 
-       2 
ü. 
ü. 
UJ 

8   i 
UJ 
CJ 
CC 

£   o 

o 

MQO =0.60 0.80 0.90 0.95 1.00 

-4 0 0 0 
ANGLE OF ATTACK,   a 

12 16 20 

oi 

0 0 4 
ANGLE OF ATTACK,   a 

20 n 

b.  MAU-103A/B 
Fig. 5  Continued 



n 

09 

0 0 4 
ANGLE OF ATTACK,    Q 

05 
Z u 

ä     2 o 

Ul 

Id u 

i 
-i < 

S  -i 

Me -1.00 1.05 1.10 1.20 

0 0 
ANGLE OF ATTACK,    a 

8 12 16 20 

c.   Ml 31 Al (Modified Shape) 
Fig. 5   Concluded 



E 
u 

Id 
G 
u. 

B 
-I 

o 
z 

I 
<9 
Z 
X o 

E 
u 

-3 

-4 

Moo »0.60^1 0.801 0.90 0.95 ' 

- 

-4 

UJ 

2    0 

o u 

z o 

o 

I     --« 

0 0 4 
ANGLE OF ATTACK,    0 

8 12 16 20 

Ma, »LOO^t I.IC^T; l.20Nv I.40L 

0 0 4 
ANGLE OF ATTACK,  a 

12 16 20 
> 
m 
O 
n 

a.   M131A1 
Fig. 6   Variation of Pitching-Moment Coefficient with Angle of Attack, y  -   Odeg 

Oh 
CD 

Oh 



00 

E 
o 

UJ 

u 
U. 

8 o 
I- 
z 
Ul z o z 

a. 

E      I 
O 

H* 
g    0 
5 
it 
8 -i u 

Ul 
S o 

-4 

a 
n 

0 0 0 
ANGLE OF ATTACK, a 

16 20 

^vl   - 

Mm «1.03    v 1.10* l.20\ 1.40* 

0 0 4 
ANGLE OF ATTACK,   a 

b.  MAU-103A/B 

Fig. 6   Continued 

12 16 20 



E 
o 

UJ 
u 
u. 

o u 

UJ 

CP   . 

Q. 
0 0 4 

ANGLE OF ATTACK,   a 
16 20 

CD 
E 
o 

UJ 
o 
o 

Ul 
z o 

I 
(9 

U 

a. -4 

Ma -100   * 1.05* 1.10* l.20i 

0 0 4 
ANGLE OF ATTACK, a 

12 16 20 
o 
n 

c. M131A1 (Modified Shape) 

Fig. 6   Concluded 



CO 
o 

E 
u 

ill 

b. 
t    -. 
o 
u 

bi    . 2 
s o 

o 

I- 

n 

CD 

Kl 

50 0.90 1.10 1.40 

i 

0 0 
NORMAL-FORCE   COEFFICIENT,   CN 

a.  M131A1 
Fig. 7  Static Stability Characteristics, y =  0 deg 



to 

? 
o 

■i 

1- 0 
z 
u 
Ü 

u. 
b. - 1 
UJ 
O 
o 
1- 
z -? 
Ul 
Z 
o 
z 
(9 -3 
z 

o-    _4 

MQ,» 0.60 0.90 1.10 1.40 

-I 0 0 
NORMAL-FORCE  COEFFICIENT,    CN 

b. MAU-I03A/B 
Fig. 7   Continued > 

m 
o 
n • 
73 

IO 



o 
n 

o as 

K3 

DO 
CO 

E 
o 

i ° 
u 

"■  -1 
UJ 
o u 
»- 
S   -2 z o 
z 

I 

o 
I- 
a. 

M     =0.60 0.90 1.10 

0 0 
NORMAL-FORCE COEFFICIENT,   CN 

Ml31 Al (Modified Shape) 
Fig. 7   Concluded 



to 
co 

(0 
ft: 
Id m 
_i 
< 
o 

a. c x 

< o 
o 

I 
_l 
< a: 
3 
Id 
Z 

CONFIGURATION 
O   MAU-103 A/B 
D   MI3IAI 
A   M 131 Al    (MODIFIED SHAPE) 

0.4 

0.8 

1.2 
0.5 

r 
) S 

0.6 0.7 .   0.8 0.9 1.0 I.I 
MACH NUMBER, MQQ 

1.2 1.4 

Fig. 8  Variation of Neutral-Point Location with Mach Number, y =   0 deg > 
m 

n 



o 
n 

00 

o- 

8 
y, DEGREES 

0 
-22.50 
-45.00 

z 
*      2 o 

111 

8   i 
111 u 
K 

?    o 
-I < 
z 

i -i 

Mo, -0.6 0.9 i.i ,_, 1.4   rj 

<^ 

^ 
_r ?A Y y=o°-. 

)on^ H n 1 H \ 
p^ 

OCP- JM ootf 

12 16 20 
ANGLE OF ATTACK,    a 

a.   M131A1 
Fig. 9   Effect of Fin Orientation on Normal-Force Coefficient 



3 
X, DEGREES 

0 
-22.50 
-45.00  4 

to 
CJl 

ANGLE OF ATTACK,  a 

b.  MAU-103A/B 
Fig. 9  Continued 

o 
■ 
-I 
TO 

to 



o 
n 

8 
y, DEGREES 

O 
•22.50 
-45.00 

to 
OS 

E 
o 

111 
Ü 

u o u 

III 
I o z 
I 

(9 
5  -3 
x 
u 

M« »0.6 

Vn 

0.9 

VT_ 

i.i 

v, 

1.4 

Irr *A 
^ H s^ 

"Qgd H ^ 

ÖQJ H k^ 
<*q, H >v 

1 y *, 1 W L 
% H ^e 

^ H i. X \ \? ■^ 

r r 
ANGLE OF ATTACK,   Q 

16 20 

a.   M131A1 
Fig. 10   Effect of Fin Orientation on Pitching-Moment Coefficient 



8 
Y, DEGREES 

0 
-22.50 
-45.00 

to 

ANGLE  OF ATTACK,   a 

b.  MAU-103A/B 
Fig. 10   Concluded o 

n 
i 

TO 
■ 

00 



o 
n 

8 
Y, DEGREES 

O 
-22.50 
-45.00 

o. 
OD 

CO 
00 

E 
u 

UJ 

o 
u. 
Ik 
IÜ 
o u 

z 
UJ 
z o 

o z 
X 
Ü 
H 
K 

-2 

-3 

0 0 
NORMAL-FORCE COEFFICIENT, CN 

a.  M131A1 
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