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Asrodynamic Research Report i4

MISCELLANBOUS WIND-TUNNEL TESTS ON 7'.i OV-DRAG BOMB

Prepared by:

F. J. Delisritte
B. Gauzza
- 1. Shantz

mnm:v Results are presentsd in this report of several
wind-tunnel tests on .tho,liov-p{-ag Jiomb performed at the Naval
Ordnance Laboratory, White Oak, Maryland and the National
Bureau of Staidards. The tests were:

(W A/ Pree-spin tests of a number of configurations
performed at the Nztional Bureau of Standards.

@\ ,3-:/ Free-spin tests of a number of configurations
7 "performed at the Naval Ordnance Laboratory, White
Oak, Maryland, '

(}) ,b/ Pitci-damping measurements of several configurations
performed ian the Naval Ordnance Laboratory Aeroballistics
Tunnel No. 1.

G) p/ Limited roll-damping tests of the basic Low-Drag
Bomb shape obtained in the Naval Ordnance Laboratory

Aercballistics Tunnel No. 1.

/ >

Tests #and ¥ were performed to obtain configurations which
would free spin in a uniform manner for angles of attack from
0 to Soﬁdoeno-v}jh no yoll speed-up, roll slow-down or roll
rovor:%. osts and d-were performed to obtain data on the
basic tow-Brag Boamb and several of the coniigurations which
appeared good from the free-spin tests at the National Bureau
of Standards.
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Wind-tunnel tests on the Low-Drag Bomb were performed at the
request of the Bureau of Ordnance (reference (a)). The wind
tucnel tests were performed under task number 230-866/64057/
02040. Previous reports on the Low Drag Bomb are givem in
references (L) through (h).

MELL A. PETERSON
Captain, USN
Commander

R. KENNETH LOBB
RBR; direction
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MISCELLANEOUS WIND-TUNNEL TESTS ON THE LOVW-DRAG BOMB

INTRODUCTION o

1. The standard Navy Low-Drag Bomb is a clipped fin versiocon
of the bomb shape developed by Douglas Aircrait. The Low- i
Drag Bomb size varie#.from small practice bombs to 2000 pound
boabs .

2. A small percentage of the bombs dropped go into circular
yaw and give rather large dispersions. Some of the tests
presented in this report were aimed at finding configurations
which would rot go into circular yaw. The remaining data were
obtained to f£ill in the aerodynamic data needed for range
tables for the Low-Drag Bombs.

*

Symbols

A reference area (v d2/4)
Ap wing-panel area (sq. ft.) %
b total wing span (ft.) !
c.g. center of gravity 3.64 calibers from the nose i
cg static rolling-moment coefficient (Mg/qAd) '
CQ roll-moment coefficient due to fin cant !

6 (CR(2° fin cant)"cl(o‘ fin cnnt)/o)
CQ roll-damping mc.ent coefficient

P (4IA/pVb?Ap-nQn(P/po)/A t)
Cy ¢ C-; aerodynamic damping coefficient (-16/rxn) i
d ¢ reference diameter (caliber)(1.499 in.)
I, axial moment of inertia (llugs-ftz) 2
1 transverse moment of inertia about the c.g. (slugs-ft®)

‘l ballistic damping coefficient (
£ model length (ft.)(see Figure 30) ‘
" rolling momeant (in-1lbs) ‘
n number of fins

P roll rate (rad/sec)

q dynamic pressure (psi)

Re Reynolds number ,(see Figure 30)

CONPIDRNTIAL \
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time (seconds)

free-stream velocity (ft/sec)

angle of attack (deg)

average angular amplitude (deg)

fin bend angle (deg - see Pigure 2)

fin cant angle (rad or deg)

trailing edge bend (deg - see PFigure 2)
fin orientation angle (deg)

air density (slugs/cu. ft)

dynamic damping coefficient (-2I ¢n (a/co)/zst)
angle of roll (deg)

fin sweep angle (trailing edge)(deg)(+ denotes
sweep back) '

> R|ME YN Mo BRI 4

FPree-Spir Tests

3. The free-spin test instrumentation for the teste performed
at the National Bureau of 3tandards consisted of a model mounted
on ball bearings, which allowed the model to free spin, and a
Strobotac to measure the spin rate, The instrumentation from
the NBS arvangement differed at NOL in that a tachometer was
substituted for the Strobotac. The model is allowed to free
spin while the angle of attack was varied. Model s8tall during
the angle of attack variation has been termed "free stall".

At .the NBS it was possible to stop the model from spinning at
any desired angle of attack by pulling a string tight against
*+»s model. The model would normally resume spinning when the
string was released. The term "forced stall" has appiied when the
model remained stationary. In reglons heyond the stall the
model will tend to spin in either direction. Roll reversal

data are not included in this report.

Roll-Damping Tests

4. The instrumentation for the roll-damping tests included
an external drive air turbine powercd model and a magnetic
clutch to allow instantaneous release of the model from the
driving turbine. The roll-damping coefficients were obtained
by driving a model up to some spin rate and releasing the
magretic clutch which stopped the power to the model., The
spin rate was recorded continuously as a function of time,

2
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Yitch~-Damping Models and Instrumentation

5. The damping models were dynamically balanced about the
scaled full-scale center of gravity. A shaft whose axis was
normal to the longitudinal axis of the model was passed through
the center of gravity and was attached to the model by means of
precision ball bearings of very low frictional torque. The
models were thus able to rotate in the pitch plane about a
transverse axis which passes through the center of gravity. The
models are allowed to oscillate and the motion is recorded with
a 16 mm movie camera.

Data Reduction for Dynamic Pitch Damping

6. The technique is described in detail in reference (i).
Briefly the data reduction consists of two phases: reading the
film and fitting an envelope to the data obtained from the film.
From the film the angle of the model is obtained for each frame
of film using a comparator. The time record is obtained from
the camera speed (64 frames per second). The angular deflection
plotted against time yields a damped sine motion. The envelope
of the motion is faired. 1In true harwiicic damping, this en-

velope would be of the form a =~ aoe-ptlzl. Damped harmonic

motion requires that the restoring m2x~nt be linear; this is
not always the case. However, by assuming the harmonic
condition for small increments’ along the envelope, the damping
coefficient (u) can be obtained as a iunction of aagular de-
flection by obtaining an average u fo. aa average angle. The
damping coefficient (n) is related tec KH by the equation

Ky = ——~
H pvd

Models

7. The models are divided into 4 sets; static, free-spin NOL,
free-spin NBS, and damping. A sketch of the Low-Drag Bomb is
shown in Figure 1. Sketches of the three fin shapes being in-
vastigated in detail are given in Figure 2. The fin shapes are
for the basic bomb with 2 degree fin cant, the "dog ear" and
thé bent fin,

8. Photographs of these configurations (damping models) are
presented in Figures 3, 4, and 5. A sketch of the box fin
configuration is also given in Figure 2 while a photograph of

the model is given in Pigure 6. A photograph of a representative
model with vanes is shown in Figure 7,

3 '
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9. An index of the photo.rapho of soms of the models tested
at NBS are given in Table 1 (ra: 8 through 31). Rectangdlar
fines were mado for many of the «Adetacline .

of manufacturing. A complete dolcriptioa of the tin' 1: given
in Table 2,

Test Progranms

10, Free-spin tests at the Naval Ordnance Laborato
Some prellminary tests have been comp e Naval

Ordnance Laboratory. Figure 22 shows the free-spin performance
of the Low-Drag Bumb at various Mach numbers and to angles of
attack of 24 degrees. At a Mach number of 0.90 the bomb was
tested up to an angle of attack of 36 degrees. The bomb showed
a slight tendency to speed up in the angle of attack range 0

to 18 degrees. It rotated at a constant spin rate for an angle
of attack from 15 degrees to 31 degress. The bomb stopped
completely at an angle of attack of 32 degrees (increasing

angle of attack). The bomb would not spin from 32 to 56 de-
grees. Figure 23 is a plot of the spin rate versus angle of
attack for several configurations. In additicua a configuration
with vanes (Figure 7) was tested at Nach number 0.80.. ' At.amngles
of attack from O to 24 degrees the spin rate remains fairly con-
stant for vane deficctions of 0 and 5 degrees. The angle of
attack range will have to be increased to 90 degrees before

definite conclusions can be drawn about the roll :orformance.

11, Static roll tests (induced rolling moment). As an ex-
tension o program, n cant was
measured statically using alternately a zero and a2 two degree
fin cant. The results are presented in Figurs 34 in com-
parison with NOL firing range data.

12, Roll dampi tests at the Naval Ordnance Laboratory.
Rolling damping !c-t. wero made at a Jach ouasber of U. 3*
over an angle of attack range from 0 to 90 degrees and at a

Mach number 0.80 over an angle of attack range from 0 to 20
degrees. The results are presented in FPigure 25.

13. Pitch damping. The results of a test to determine pitch
damping at a series of Mach numbers for the tcmb with 2-degree
fin cant, beveled fin, "dog ear” fin and a box fin are pre-
sented in Figures 26 through 29.

’ ]
14. JFree spin test at National Bureau of Standards. A
total of 48 configurations were tested at the WBS, The
configurations consisted of varying the span, number of fins,
bending the tips, "dog earing” the tips, taugent fins, wrap
sround fins and twisting the fins. A summary of the NBS.
data and an index to the photographs are given in Table 1.
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13. The purpose of the test was to determine a fin shape
that would not "free™ er "force" stall., At the same time
the bomd model should not rotate at spin rates much beyond
8500 cycles per second. This limited the fin cant of the
basic bomb to zhout 2 degr:-us.

16, The tests were performed at & wind lbood of 160 ft/sec.

Results

17. The configuration considered best from the fres-spin
performance were the 67.5 degree bent tip and the 15 degree
“dog ear”. 1t is believed that a tangent fin configuration
could be found that would not stall. Configuration 5(NBS)
had a roll reversal region at a = 6 degrees. A slight change
in the fin amgle would probably yield a fin configuration
which would not stall.

R
- -

18. The box shroud configuration has been included in the
lov-drag program since this is a configuration which has a
saall side moment and a small induced rolling moment. Both
’ are objectionable and contribute to theacatastrophic yaw

: problem (reference (j)). The box shroud has poor stability
at supersonic Mach numbers (reference (h)).

T e

. 19. The NOL free-spin results are inconclusive. The results
]§ are presented only as a progress report. Figure 22 shows that
there is a rather large effect of Mach number or Reynolds
number (or both) on the free-spin performance. The tests of
the various configurations will continue and some of the con-
figurations will be teated up to angles of attack of 90 de-
grees if possible.
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Table 2
BUREAU OF STANDARDS FREE SPIX TEST
FIN INFORMATION

Model SPAN  BASE CHORD No. Ain £ in € in
No. (dia.) (dia.) Pins degrees degrees degrees PLANFORN *
1 1,667 1.085 4 0 45 0 A
2 1.667 1.055 4 0 45 0 A
3 1,667 1.055 4 0 45 0 A
4 2,15 0.81 4 0 0 0 B
5 2.4 0.965 4 0 0 0 B
6 2.4 0.965 4 <15 0 0 C
7 2.4 0.965 4 30 0 0 c
8 3.3 0.588 4 30 0 0 Cc
9 1.667 0.87 4 c 0 0 B
10 1.667 0.87 4 30 0 0 C
11 3,4 0.588 4 -15 0 0 C
12 2.4 0.585 4 30 0 0 C
13 2.4 0.585 3 30 0 0 B
14 1.667 0.865 4 0 0 0 B
s 1.667 0.865 3 0 0 0 B
16 1.667 0.865 6 0 0 0 B
17 1.667 0.530 6 0 0 0 B
18 1.414 0.780 4 0 0 0 B
19 1.414 0.780 4 0 0 0 B
20 1.414 0.965 3 0 0 0 A
21 1.414 0.965 6 0 0 0 A
22 1.414 0.965 12 0 0 0 A
23 1,667 1.055 3 0 0 0 A
24 1.667 1.055 b 0 0 0 A
25 1.667 1.055 12 0 0 0 A
26 2.4 0.965 4 0 0 0 B
27 2.4 0.965 4 3 0 0 C
28 1.667 1.055 4 0 30 30 A
2 0 0 0 A
29 1.667 1.055 412 O 30 30 A
30 1,667 1.055 4 0 30 30 A
31 1.667 0,.8k5 4 0 "0 0 B
32 1.414 0.965 4 0 15 30 A
33 1.414 0.965 4 1] 20 30 A
34 1,414 0.965 4 0 30 30 A
38 1.414 0.965 4 0 30 25 A
36 1.414 0.965 4 0 30 20 A
37 1.414 0.965 4 0 30 18 A
38 1.667 1.055 4 0 30 15 A
39 1,667 1.055 4 0 30 20 A
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CONF IDENTIAL

Table 2 (Cont.)

NAVORD Report 5702

N B = rectangular planform
f C - parallelogram planform

CONFIDENTIAL

-

* A - low drag planform (see Fig. 2)

Model ' Span BASE CHORD No Ain Bin € in

No. (dia.) (dia.) Fins degrees degrees degrees PLANFORM *
40 1.667 1.055 4 ] 35 10 A

41 1.667 1.085 4 0 30 17.5 A

42 1.667 1.0565 4 0 30 10 A

43 2.4 0.965 4 (V] (0] 0 B

44 2.4 0.965 4 1] 0 0 B

45 2.4 0.965 4 0 0 0 B

46 1.4 0.965 4 0 0 0 A
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