UNCLASSIFIED

AD NUMBER
AD027503
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 17 FEB 1954.
O her requests shall be referred to Ofice of
Naval Research, 875 North Randol ph Street,
Arlington, VA 22203. Pre-dates formal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

ONR Itr dtd 13 Sep 1977; ONR Itr dtd 13 Sep
1977

THISPAGE ISUNCLASSIFIED




FORM 25-aY

(10-31)

EL SEGUNDO DIVISION

SUMMARY OF WIND-IVENEL TESTS ON AN
AIR-DROPPABIE LAKD MINE

contaacy wo, _ NONR 936(00)

DOUGLAS AIRCRAFT COMPANY, INC.

——
A 208 2 i i

REPORT NUMBER

E8 17622

P
APPROVED BY e s

ef, Aerodynamics ion

This report is the property of the Douglas Aircraft Com
vealed to uneuthorized persons or be reproduced in w
promotion purposes without writlen permission.

REVISIORS

rerorT pATE _ February 17, 195k

cussiEicarion Sonfidential

SECTION Of

{14ty and Control g

B

APPROVED 8 £

, Inc., and shall not be re-
or in part or used jor sales

LETTER

OATE PASES AFFECTED

REMARK S

\)[-%/75;;6/7



g
~

¥

= = s A D AT A W e T X g P

e

T

i S e e EAERT Y TR
P R R R T e

FORM 30-280

".. (7=51) 5 0.crme

‘@

O U Page 1
BS 17622

DOUGLAS ACRAFT COMPAMY, INC. EL SEGUNDO DIVISION  EL SEGUNDO, CAUFORNIA

1.0_ SUMWRY

The results of wind-tunnel teate on an air-droppeble land mine
are presented in this report. It is shown that considerable
isprovement iu stadility and dexping characteristics can be

achieved by the use of a slightly larger fin with a sweepback
ol thirty degrees. It is recommended that this fin be used
on the mine.
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3.0 _IWIRQDUCTION

Free flight drope of the air-droppable land mine resulted in a
large amplitude wobbling motion® after relsase of the paravane.
The moticn vas believed to be caused by low stability and
damping, particularly at the lover speeds. Consequently, a
vind-tunnel program vas initiated for the purpose of iwproving
the stability. A brief summary of the resulta of the tests
are presented in this report. The complete wind-tunnel dsta
are presented in Reference 1.

The tests included tosts of four differunt fins at various
angles of sweep, various dive brakes, and dorsal fins. Iwo
nose sections of the body were also tested.

A full scale store wvas used for the tests and the teats vere
conducted in the GALCIT 10-Foot Wind Tunnel during October,
1953.

#In general a wobbling motion of a store consists of combined
pitching, yawing, and rolling oscillations. The frequencies
of the oscillations are identical so that the tail of the
store traces Gut a helix ( or a circle neglecting the forward
rslocity) with one side of store alvays fesing the csnter.

COXFIDENTIAL
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b

h'a

4.0 DRSCRIPTICN OF MODRL

A full scale store vas used as a model. The store wvas mounted on
the conventional three strut support system by means of a shaft
perpendicular to the axis of symmetry and a teil sting. This
system was used in the previous tests reported in Reference 2.
Diagrams of the store, fins, and dorsal fins are shown in

Pigure 1. Dimensions used in reduction of the wind-tumnel

data are listed below.

Dnensional Data

Length Kose Bp L = 2.73 rt.
N“e B3 ‘ = 2-63 “-

Diameter d = 0.500 7%,

h.ontal ma s“ = o l% .q- '0

Pin, dive brake, and dorsal fin dimensions are shown on Figure 1.

FPins 1y, ¥;, ant F, had a wedge airfoil section with a 10 degree

included anglo. n Fg vas cut from s flat sheet.

5 1ls

The following symbols are used in deeeribing the model or ssro-
&ynamic forces cr coefficients.

8, Maximum frontal ares

4 8tore length

Store diameter

Body Subscript denotes boily number

Pin - Subscript (X) denotes fin configuration
Superscript (Y) denctes fin sweepback in degrees

x-!‘w <7

Dive Breke - Subscript (X) denotes dive brake nmumber

Dorsal Fin - Bubacript (x) derotes dive brake number

o ¥

Lift Coefficient » -2
g9x

[¢]
2

D
C Drag Coefficient » e
D S

Cm Pitching Moment Coefficient = 3’7

CONFIDENTIAL
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a Angle-of-Attack
P Pericd of Oscillation

T)/z Time to balf amplitude

FaXal sdoin et
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2:9 WIND-TUNNRL TEST RESULTS

Typical data from the vind-tunnel tests are shown in Pigures
2 - 8. As can be seen, the iests vere run from san angle-of-
attack of 30 degrees to +60 degrees. The datz vere rum to
large angles because the data at angles near the stall vere
considered ixportant.

A summry of the more important configurations ars shown in
Figure 8 and the acrodynamic parameters are compared in Table
I. Tue data shown in Pigure 8 are the average of the positive
snd negative angles-cf-attack. The data ir Table 1 were taken
mrmam.p strictly applicable only for an angle-
of-attack range of - 10 degrees.

The variation in nose shape results in a negligible change in
the stability and a very slight change in drag. However, the
incresse in fin size results in an sppreciadble increase in
stabllity. Por exi , from the original fins (F,) to the
reccamended fins (F(””) the stability inorease is gppraﬁnu*s
50 percent and from the original fins to the largest fina (er )
the inorease is g'acmthnnmoxnrcogs Bwveeping the fins
from O degrees (F;°) to 30 degrees (F4°") caused s slight re-
duction in the stability at small sngles-of-gttack, but there
is an insrease in stability at large angles-of-attack (x = 20
degress). However, an increase in sweepback from 30 degrees

to 45 degress caused a reduction in the stability. The addi-
tion of dorsal fins materially increases the stability (%0
percent for dorsal fim 4)), but interference betveen the dive
brakes and ths dorsal fin precludes the use of dorsal fin 4.
The largest dorsal fin that can de used is dy vhich resulted

in an increase in stability of 15 percent. The addition of
brakes or rotation of the fins resulted in relatively minor

changes.

The fin orientation 4id sffect the drag vhich indicates &
possible interference between the wind-tunnel struts and the
store. It should bde noted that the largs decrease ir drag
coefficient with sveepback o0f the fins is due to the reduction
in projected froniali area of the dive braxes vhich results
vhen the fin to vhich it is attached is sweptback, rather than

a reduction in the fin drag.

Page
8 17622
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TABLE I
SUMMARY OF THE ARROLYNAMIC PARAMETERS
Run No. Configuration Varisble C1y c,,b Cp
4 B, Nose Shape .050 +.00%0 .3k
(Pins OFf)
1 By 050 +.00b0 .33
3a BF°Dy 1(«;::' ~ -067 -.0205 188
2 B3Py 067 -.0205  1.80
5 Boly, D5 .062 -.0250  1.88
n 8,7, Fin Sise .078 -.0280  1.86
T 8,7 3% .104 -.0865 1.9
9 Bo¥; °ps . .067 -.0310 2.2k
1 Bg13%5 Pin Bmp c078 -om 1086
10 Bo¥4 *Ds .078 -.0260  1.A5
18 Ba¥; 3%sa) .115 -.0390  1.83
19 3,7, 3%.e, Darsal Pins 102 -.0320  1.83
20 B.F, %5, .090 -.0300  1.83
1 B,#;3%; (¢ = 0°) .078 -.0280  1.86
2 8,7,3%, (¢ = 22.5) Fin .070 -.026c 1.8
L Orientation

22 B.7,3°D5 (# = 45°) .070 ~R60  1.76
12 B,»,3° 1.08 .08l C.BS
1 8,7, 3%; Brake Bize .078 -.0390  1.86
13 3.¥,3%; | .078 ~.0390  2.26

CONFIDEIMTAL
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6.0 o

0f the configurations tested, the following wers considered to
merit analysis.

Run Configuration
se T,
9 32’10195
n 2.¥43%;
10 Br 1“”5
T 2%, °0;
18 2.1 3%s0,
19 AR

The large amplituds wodbbling motion was encocuntered after de-
coupling of the paravane. It was estimated that the speed at
this time was about 100-150 ft/sec. Comsequently, these speeds
vere wsed in two-degree-cf-ireedom dynamic stadbility calcula-
tions. Thess calculations were mads primarily to investigaste
the effect of the stability ard the damping in piteh with the

sults of these calculations are presented in Table II.
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ZANLE 11
2¥O-INGRES - OF -JRESDOM DYRANIC CHARACTERISTICS

Critfcal V¥ = 100 ft/see. 150 ft/sec. 200 ft/sec.

Damping P /2 P T/2 P mM/2
Run Configuration (Percent) (sec.). (sec.) (sec.) (sec.) (sec.) (ses.)
32 Br’my b.6 1.47 3.51 0.98 2.33 0.7 1.76
9 B¥,%g 5.0 1.20  2.57 0.80 1.72 9.60 1.28
n a3 5.7  1.26  2.46 0.88  1.6% 0.63 1.23
10 ner,.“os 5.6  1.36  2.67 Q.80 1.78 0.68 1.3%
[ 32133%5 7.0 0.98 1.56 0:65 .03 0.59 0.77
18 B¥,3%.a, 6.5 107 1.8 0.72 1.2 0.53 0.9
19 B#,3%:a, 6.1 118  2.15 0.79 1.3 0.59 1.08

Table II shows that the larger fins (F; & Fy) shov a considerable isprovement
over the originoal fins. Ia addition, tchénthn.ttorthol‘iﬁumh-

grees of sveepbesk of the fins (Run 11) is probably ths best compromise from
the standpoint of damping and period of oscillation. The dorsal fins (Rum 18
and 19) also shov a gain, btut dorsal fin which is the largest practical

dorsal shows & gain of less than iC percent. From this analysis it was eoun-
cluded that analysis of the wobbling amplitude include the following config-
urations:

R__u_n 'cmuion
3a 37Dy

u 32'1301’5
v 37>

19 2.7, 3.ce,

The amplituds of the wobble motion is shown in Figures 10 and 11l. Thare is
a decrease in peak amplitude and &n increase in patural fregquancy as the
stability increases. Both of these tend to decrease the amplitude of the
wobble motion at any frequency below the oritical frequsvoy. Configuration
B3Py shovs a reduction in peak amplitude of about 15 percent and an
increase in oritical frequency g&b;bout 15 percent from the original con-
figurstion. Coafiguraticn Bolfy 42 shows u slight isprovement over

" ONFIDENTT 3
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38713 « Configuration Bel' 33 has a peak amplitude that has a
30 percént lower valus and a'oxificel frequency that is 50 percent
higher than configuration Bg These comparisons are strictly true
for small amplitude ocseilla &u (o¢= X 10 degrees) end for larger
amplitudes it i{s believed that larger improvexsnts will be present
because the . 11ty incresse is larger at angles of about 20-30

degrees than . ;ed in Table I.

From a h;nd.n tandpoint configuration 32!'13 is much more prac-
tical t.han because the sige or the storé is less in the
stoved pooi e fins of BoFy in the stoved position will

fit in the -iniml box required for body of the store.

T4 view of the sbon discussion it wvas decided to procesd with con-
figuration BoFy o If flight tests indicated the need for a fur-
ther irmprovement, dorsal fins or fins !’J could be added.

CONFIDSRTTAL
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£

1.

2.

1.0 CONCLUSICONS

The following conclusions were re.ched from these tests:

The intermediate sise, 30 degree svept fins (BF,3D;)
should result in consideradle improvement over tﬁc
original fins (B.F.°Dy), and it is reccemended that
this fin be check.o& by flight drop.

If a further incresse in stability is required, a
dorsal fin (42) be added.

The largest fins {B,F 3°D:) incroased the stability
of the store by appro&i.mzely 200 percent over the
original configuration. .

Thirty degrees of sveepback appeared to be ootimm.
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Coase 0

£l SEGUNDO DIVISION, EL SEGUNDO  CALIFORNIA

DOUGLAS AIRCRAFT COMPANY INC..
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