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NATTONAL ADVISGRY CCMMITTEE FOR AFRONAUTICS

MIEMORANDUM REPORT

for the
Army Air Forces, Materiel Command
FORCE TESTS OF A 1/5-SCALE MODEL OF THE
TYPE GRB-5 CONTROLLABLE GLIDE BOMB

By Marvin Pitkin
INTRODUCTION

At. the reguest of the Army Alr Forces, Materiel
Command, the NACA is assisting in the development of
a type GB-5 controllable g]ide bomb equipred with a
"target-seeking" device. TIn order to measure the
stability and control characteristics of the bomb in
its original condition and with various modifications
a 1/5-scale model has been tested on the six-component
balance in the free-=flight tunnel. The tests included
the development of suitable means for altering the
effective dihedral and the directional stability by
simple structural modifications, the developmeht of a
dewice cépable of altering the litt=drag ‘retio of the
bomb without changing the angle of eattack, and the
measurement of the rolling- and yawing-moment charac-
teristics of the allerons, The results of these teats
aresphesented herein.

fas

Force tests were macde for 12 different vertical-
talil configurations and the effect of six different
sets of wing-tip end plates upon the effective dihedral
characteristics of the model was studied. The influence
of two sets of spoilers, two sets of double-split
rudders, one set of double-split flaps, and five sets
of split flaps upon the lift-drag characteristics of
the model was investigated and the characteristics of
the beveled-nose, plain-flap-type ailerons were obualned
Most of the tests were made at an angle of attack of g
which corresponded to the launching angle of the full-
scale bomb.
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o} control deflection, degrees, with subScripts as
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APPARATUS AND METHODS

Wind tunnel.- The tests were made in the free-
flight tunnel, a complete description of which is given
in reference 1. The free-flight-tunnel balance, upon
which the tests were made, is a six-componsnt balance
which so rotates with the model in yaw that all forces
and moments are measured with respect to the stability
axes. A photograph of the 1/5-scale model of the glide
bomb mounted inverted on this balance is given in fig-
ure l. A more complste description of this balance and
its operation is given in reference 2.

Modsel.- The model was supplied by ths Materiel
Command, Army Air Forces and was prepared for balance
testing by the installation of a standard mounting plate
used to attach models to the talance strut. A three-
view drawing of the model is given in figure 2. Photo-
graphs of the model as it was originally received are
shown in figure 3.

Sketches of the wing-tip end plates used in the
tests are presented in figure 4 and sketches of the
various vertical tails tested are given in figures 5
and 6. The aileron system tested is also shown in
figure 6. Figure 7 shows sketches of the various glide-
path controls investigated in the tests.

Test .conditiong.~ All of the 'forcs togts Were run
at a dynamic pressure of 4,09 pounds per square foot
which corresponds to an airspesd of about 40 miles per
hour at standard sea-level conditions and to a test
Reynolds number of 204,000 based on the mean chord of
0.55 fcote The moments and forces measured on the




balance were transferred to the center-of-gravity loca-
tign below the 25-percent chord line at a distance
6-percent chord above the center line of the bomb.

TEST PROCEDURE

The test program was so laid out that all of the
stability changes could be obtained by simple structural
modification of the glide bomb. This limitation was
deemed necessary in order to permit full use to be made
of full-scale bomb units already manufactured. A
preliminary analysis of the stability requirements for
a controlled glide bomb indicated ths desirability of
being able to obtaln a range of values of the effective-
dihedral parameter C7 , and the directional-stability

parameter CnU from the values for the bomb as ori-
\

ginally received down to zero. The test program was
laid out, therefore, in such a manner that any desired
values of these stability parameters could be obtained
by a selection of the proper end plates and vertical
tail size. A gspecilal effort was made to find a combina-
tion of surfaces that would yield a value of CZW of

0,00030 and an of -0,00018 because calculations had

indicated that this combination of derivatives might
vield good flight characteristics with a rudder eontrols

The directional stability of the bomb was rsduced
by two differsnt methods. One was the reduction of area
on the existing tail booms and was accomplished simply
by removing one of the tails or by removing portions
from the top and bottom of the tails, keeping the chord
constant, as shown in figure 5, to form tails 1 to 11.
Ths second method was the addition of tail area on
forward booms to form tail 12 on filgure 6. This arrange-
ment was tested because it would result in greater
damping in yaw.

For each vertical-tail and snd-plate arrangement,
the rolling moment, vawing moment, and lateral force
due to yaw were determined.

The rolling and yawing moments produced by the
ailerons were measured for the right aileron alone
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deflected up and down various amounts. The moments for
simultansous deflection of hoth ailerons may be obtained
by suumation of the moments for the up and the down
deflections.,

The goal of the glids-path control tests was to
develop a device which weould change the /D ratio from
7 to O without altering a given angle of attack or
elevator setting. A further proviso was that it should
be possible for some setting of this device to obtain a
1ift coefficient of 0.64, a condition corresponding to
the most suitable launching spesd of the bomb. Although
1t was obvious that only lift-dscreasing devices could
reduce the L/D ratio to zero, tests were made of
several devices operating wholly on drag-increasing
principles in the hope that their simplicity of operation
would offset their inability teo produce an L/D ratio of
ZEYOe

RESULTS AND DISCUSSION
Effect of End Plates on Dihedral Parameter

The use of vertical end-rlate area butted to the
ends of ths wings as shown in figure 4 was found to be
an effective and simple means of altering the dihedral
parameter CLW' The effect of end plates 1, 3, 4,

and 5, which extsnded wholly below the lowser surface

of the wing,upon the static lateral-stability charac-
teristics, is shown in figure & and the variations

of Cg, with vertical end-nlate area are summarized

in fizure 9. These data indicate that the effective=-
dihedral parameter CLW was reduced almost directly

proportionally to the amount of vertical area added
below the wing at the wing tin. The action of the
vertical end plates in reducing the effective dihedral
must bs entirely ascrihed to the restrictions impose
by these areas upon the cross-flow conditions around
the wing tips. This was indicated by calculations which
showed that the rolling-momsnt contribution of the end
plates as isolated asrodynamic surfaces wes not only
very small but was such as to increase the effective
dihedral because the resultant center of pressure of
the aerodynamic loads on the end plates tested is above
the center of gravity.
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The action of ths upper-surface end plates 2 upon
the effectlive-dihedral parameter CLW is shown in

figure 10. These data indicats that adding end-plate

area above the surface of the wing acts onpositely to

adding area below the wing ard consequently increased CLW'

The large reduction of CZU initially caused by lowsr-
1

ne

vrface end plates 1 was almost completely nullified by
the addition of the smaller end-plate surfaces 2.

o
2

BEffect of Vertical-Tall Arrangement

Upon Directional Stability

The effect of the twin-tall designs 1 through 4
uponothe lateral-stability characteristics of the model
at 8% angle of attack are shown in figure 11l. The

results of the tests conducted with the asymmetrically
located single-vertical taill designs 5 through 8 are
presented in figure 12. Although the lateral-force

and yawing-moment data presented in figures 11 and 12

are consistent, the rolling-moment data of thess fig-
ures are erratic and do not agree with the corresponding
data of the no-end=-plate run of figure 8 which were
obtained at 6° angle of attack. The rolling-momsnt

data oi figures 11 and 12 were believed erratic because
of premature wing stalling caused by ths low scale of

the tests; thersfore, the remaining directional-
stability tests were conducted chlefly at an angle of
attack of 6°. The results of fisure 12 also indicated
that the sinrle-tail designs caused unsymmetrical yawing-
moment characteristics with yaw and, hence, would causs
unsatisfactory flight behavior. This point is illustrated
in figure 13 in which are nressnted yawing-moment data
for twin tails and for tails located on the left or

right of the stabilizer.

The results of figures 11 and 12 are summarized in

figure 14 in which is shown the variation of the
directional-stability parameter, an with vertical-
tail area aft of the center of gravity. Thsse data
indicated that a twin-tail design of three-sirhths the
area of tail 1 would probably create the desired value
off Cp of -0.00018. The results of tests made with




a vertical tail of this size (tail 11) and with lower
end plates 6 are shown in figure 15. These snd plates
were selected on the basis of ths results presented in
figure 9 which indicated that the end plates of
18.5-percent wing area would provide the desired value
of CL' of 0.00020. The results of figure 15 indicate

that tne desired speciflcations for C, ~and C;  were

met at 6% angle of attack with these vertical tails and
snd plates installead.

The variation of the lateral-stability characteristics
with angle of attack of the model equipped with end plates 6
and vertical tails 11 is shown in figure 16. These results
indicated that there was ceansiderable variatlien of an

with an-le of attack and that when the specified value
of Cp, was obtained at 6° angls of attack,the value

of an was tco large at ths required angle of attack

of 80, It was further indicated that directional insta-
bility wculd occur at smaller angles of attack and

that, if ths vertical-tail arsea was further reducsd to
vield the required degrees of dirsctional stability at 8°
angle of attack, the bomb would then be dirsctisnally
unstable over most of the low angle-of-attack range.

It was believed that the variation of an with

angle of attack of the bomb arose due to wing charac-
teristics inasmuch as the results of refersnce 3
indicated similar variations of Cny with anglse of

attack for rectangular wings. Additioenal tests were
therefore run to check this point. For these tests

the characteristics of the model as originally received
(tail 1, no end plates) wers investigated over ths angle-
of-attack range. The results of these tests are plotted
in figure 17 and are summarizsd with the data of [ig-
ures 15 and 16 in figure 18. Data for an 1selated
rectangular wing, obtainsd from raference &, are also
shown in figure 18 for purposes of comparison.

The results of figure 18 indicate that the increass
in dirsctional stability with incrsased angle of attack
is independent of tail design and, therefors, must be
primarily a wing characteristic. It appears, thsrsfore,
that the desired dsgres of diresctional stability cannot
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be achieved at 8° angle of attack without resultine in
directional instebllity at angles of attack smaller
than ©°. This corclusion was further substantizted by
tests of forward tails 12 actiag togetbher with the
original tails 1 - a configuration shown in figure 6.

The static lateral-stability characteristics of

the model ecquinped with the original vertical tails 1

and forward tails 12 are presented in figure 19. These
data indicate that the directional stability of the model .
at 8° angle of attack was just barely stable. The results
of figurs 19 are summarized In figure 20 and show the

same varlation of directionel stability with angle of
attack vreviously noted. The data indicated that the
model with the coupled tail arrangemsnt would he direc-
tionally unstable at angles of attaclk smaller than 8°.

Alleron Tests

The data from tests of the aileron system shown in
gure € are presented in ligure 21 at various angles of
tack for the right aileron alone deflected various
mounts from 15° up to 15° down.

Glide~Path Control

in order to provide the data nacessary to convert
pitching moments to slevator deflections requirsd to
trim at a given angle of at tocx tvsto were run of the
model with elevator sst at 0° and +10°., The results of
these tests are pressnted in figure 22.

Spoilers.- Tests werse run to determine the effect
of the ucper-surface spoilers shown in fisure 7, inasmuch
as this type of dGViCb both decreases lift and increases
crag. The results of these tests are showm in figure 23.
These data show that although svoilsrs of 39 percent of
the svan decreased the L/D ratio at the anrle of attack
COPTSS“Oﬂdfn? to Cp = 0,64 from 7.0 to 2.9 a further
increas e in spoiler span of 22 percent span only decreased
the L/D ratio to 2.5, a valve deemed unsatisfactory.
In addition, both inboard and outboard spollers created
large diving momsnts, particularly inboard spoilers 1,
and consequently required rather largze changes in elevator
deflecticn to malntain constant angls of atbtack.




ptes

m 3

The Jarge diving sncountered with spoilers 1
were belisved to ke vrimarily caused by the influence of
the de GPSASEd 7ing downwash upon the taill surfaces
immediately behind.

Double-split rudders.- Figure 24 prescnts the effect
of double-split rudders A (mounted on end plates 4 as
shown in figure 4) on the aerodynamlc characteristics of
the model. The data on figfure 24 were rearranged in.
conjunction with the elevutor data given in figure 22
to show the variation of L/D rafio, C1,, and elevator

angle required to trim with rudder deflection and are
thus presented in flﬁuro 25. These data are given for
the argle of attack 8% at which it was possible to
approach the snecified value of 1lift coefficient of 0.64.

The data presented in figures 24 and 25 indicate
that the double-split rudder A was inadequate as a glide-
path control device and would merely alter the L/D ratio
from 7.7 to 4.1 for full rudder deflection (%500). A
further attempt was made to lower the L/D ratio by use
of 8pllt rudders of greater span than rudders A. The
results of tests made with double-split rudders B mounted
on end plate 3 are shown in figures 26 and 27. Although
rudders B were twice tha span of rudders A, they reduced
the L/D ratic only a slisht amount 4urbher and conse-
gusntly no othsr tests were made utilizing the double-
split-rudder type cof controls. It is intawcstﬂn“ to
note that both ruddsrs A and particularly rudders B
increased the 1ift on the wing - thesreby emphasizing the
critical nature of air-flow conc:tlonc about the wing
tips.

Double=-split flaﬂs. Tecsts were made of double-split
flaps A FA+Vralnb over the outhoard 42 percent of ths
wing oga as shown in flg ire 7. The results of these
tests are plotted similarly tec those of the rudder tests

and are presented in p:L_‘ur'a 28 snd 29. The rsosults
presanted in figure 22 show that the double-split flaps
deflected 600 up and down decrsased the L/ ratio from
7

11 not considered sufficient. In addition, a con-

a

8

T

3 to 2,1, This decrease, although conslderable, was

X

deratle change in elevator angle was requlred to trim
&)

el

onstant anTQ of attack.

Lower-surface split flaps.- Figures 20 and 31 show
the effect of a lower-surface split flap 1 of 42-percent
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°ﬂ“1 located as shown In figure 7. These data show a
airly small variation of L/D ratio with downwardly
deflected flars., The data from these tests indicats
that the diving moments caused by ths Tlaps on the wing
were almost wholly nullified on the complete model,
This aection 1ndauLt dly arose owing to the effects of

a

the ilncreased w1hgoownwash on the [ltChan momsnts
contributed by the horizontal tail surfaces.

Upper=svrface s»nlit flaps.- The tests of lower-
surface flaps 1 indicated that upper-surface flaps would
be required to alter the L/D ratio as desired. It
was also indicated from thzde tests and from the spoiler
tests previously discusssd that the upwash effascts of
the upper-surface flaps upon ths horizontal tail could

be employed to nullify the incremental wings moments
causasd tj flap defl Jut$on. Such confiruration would
then alter the L/D atio without changing the angle

of attack or elav'tor angle, In cordsr to determine the
proper flap arrangement and location, tests were first
made of split flaps 2 which are Td””ulc 21 with flap 1
but are mounted on the upper wing surface over the
inboard 42 percent of ths wing span. Ths results of

these tests are pressnted in figures 32 and 33 and indicate

that flaps 2 came very cloze to meeting all specifications,
Only a slight amount of slevator adjustment was required

to trim and thé L/D ratio at 8° angle of attack was
reduced from 7.3 to 1,3 for 60° flan deflection.

In order to the L/D ratio still further
the span of flay £ was increassd to 60-percent wing span
to form flaps 3. he regults of the tests of flap 3 are
presanted in filsures 34 and 35. Although the results
presented in these figures indicated that flap 3 would
satisfactorily reduce the L/D ratio to zerc as desired,
a large incremsnt of up elevator was required to trim
cut the pitching moments caused by flap deflsction.

It appeared likely that the diving moments arising
from deflection of flap 3 were cesusad by downwadh changes
i

01183 ¥
on the horizontal tail such that the tail momsnts over-
balanced the wing stalling momesnts created by flep deflec=
tion. 1In order to assist in finding the spanwise loca-
tion of a flap,which required no change in elevator
settings when dﬁflecteo, further tests were run in which
flap & was moved to the outboard portion of the wing.

The results of tests mads with the flap in this position
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(flap 4) are presanted in figures 36 and 37. These
rasults indicated that with this arrangement a large
increment of down elevator would be required to trim
out the moments due to flap deflections.

A study of the results of the tests of flaps 3
and 4 indicated that a 60-percent span flap located
at the center of each wing panel should provide the
CiaEarsiE] L/b control without requiring large elsvator
changes to maintain a constant angle of attack. The
results of such a flap (flap 5) are presented in
figures 38 and 39 and substantiate this belief. These
data indicate that it is possible to secure a reduc-
tion in L/D ratio with flap 5 from 7.2 to O with
only 3° elevator-deflection change being required to
maintain the desired angle of attack (87 ). It appears
that even this slirht change of elevator deflectlon
could he eliminated by the expedisnt of moving flap S
a slicht amount inboard.

CONCLUDING REMARKS

Force tests of a 1/5—ouale model of a type GB-5
con tro¢11blu glide bomb in the NACA free-flicht tunnel
indicated the following:

-dihsdral characteristics of the

aried by the addition of wvertical
end platss butted to g wing tins. Addition of end-
plate area below the wilg surface reduced the effective
dihedral whereas area added above the wing increased the
gl'fective dihedral.

1. The sffec
model were NldG]Y

tiv
v
4
v

ve -
it
t

J*m
Ll

2. Thes model wing characteristics were such as
to cause an increase in dirsctional stability with
increased angle of attack. This change in directional
stability with angle of attack was independsnt of
wertical-tall design. Consequently,a moderately large
amount of directional stability was required at low
spesed to avoid directional instability over the high-
speed portion of the speed range.




]
0

2. Upper-surface, upwardly deflected, split flaps
located at the center of each wing panel reduced ths

1ift

over drag ratio from 7.2 tc O without anpreciably changing

ths angle of attack (8°).
Langley lMemorial Asronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Ve., March 27, 1944.
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Aeronautical Engineer.
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FIGURE LEGENDS

2
Figure l.- Photograph of a £-scale model of the type

GR=5 controllable glide bomb mounted 1nverted on the
free-flight tunnel balance strut.

Figure 2.- Three view sketch of the type GB-5 controllable
glide bomb as originally received. All dimensions are
in inches.

—d

Figure 3%.- Photographs of =-scale model of type CGB-5

centrollable glide bomb.

n

~

Figure 4.- Sketches of vertical wing-tip end plates tested
in ‘the free—flight unnel investigation of a § scale
model of the type GR-E controllable glide bomb.

cal tail surfaces
of the type GB-5 control-

installed on &a
le d in the free-flight tunnel.

1

;igurg 6.- Sketch of ferward fins and ailerons tested on
a S-scale model of the type GB-5 controllable glide
bomb in the free-flight tunnel.

Figure 7.- Sketches of glide-path controls tested in the

]
free-flight tunnel investigation of a %-scale model of

the type GB-5 controllable glide bomb.
Figure 7.~ Continued.

Figure &.- Effect of lower-surface wing-tip endplates on
the static lateral-stability characteristics of

1 - 3
a E-scale model of the type GB=C controllable glide

bomb. a = 8°; b = &p = 6f = g = 0°.

igure 9.- Effect of lower-surface wing-tigp endpleates

upon the dihedral parameter Cj3y of a g-scale model

of the type GB-5 controllable glide bomb. a = 673
8= Bp = 8.7 Bp = 0O°,

Figure 10.- Effect of upper-surface endplates upon the

rolling-moment characteristics of a %—~Cale model of
(&)

the tyne GR-5 cnnt“dlldvle glide bomb. @ 6%




FIGURE LECENDS - Continued

Figvre 1ll.~ Effect of vertical tail area removed equally
from the twin vertical taills of s % ale model of
the type GR-5 corntrollable gl ide borm bg =0g =0f = 0°:
an=no.

Figure 12.- Effect of removing vertical tail area from

s
two vertical teils of a %—scale model of the
g

de bomb., a = 8°;
ght vertical tail off.

O"
H
97
H
Of')
P‘S [
e i

Figure 13.~ The Influence of vertical tail location upon
the yawing-moment characteristics of a %-scale model

of the type GB-5 controllable glide bomb in yaw.
ée = 6& = 61-4 E"f‘ = Oou

redvecing vertical tail size of
e

he type C3-5 controllable glide
oono . a = 8 ; J\€ = 61" - 68_ — Gf = Ot_)' 3

Figure 185.-~ Static latsral-stabilitv characteristics
1
e

mndel of the type GB-Z controllable glide
YK

bomb eqLiL, , wing-tip, endplates 6
and vertical tail on"%;n l]. a = 673 86g = Op = Og
= op = 0Q°.
Figure 16.- IZffect of angle of sattack on the lateral
-‘ :
stabllity characteristics of a =-scale model of the
<
type GB-5 controllable glide bomh equipped with lower-

1id
qurf.ce, wing-tip endplates

deslgn 11. &g = &, = 65 = 0O

6 and vertical tail
P o= 0°.

Flgure 17.- Tffect of angle of attack on the rolling and
vawlng ﬂnment characteristics in yaw of a i-scaLe
model of the type GB-5 controllable glide bowb.

Vertical tail 1; &g = &p = €4 = 8¢ = O.

Fal

Figure 18.- Variation of
of attack of a =-scale model of the type GB-5

directional stability with angle

i

controllable glicde bomb as compared to that of an
1solated rectangular wing.




FIGURE LEGFNDS - Continued

Figure 19,- Effect of angle of attack on lateral-stabllity

characteristics of a %—vcale model of the tvype GB-5

controllable glide bomb equipped with originel vertical
tails 1 and forward tails 12. O6p = 6f = 8¢ = 8g = 0°.
Figure 20.- Tffect of angle of attack upon the directional
stability parameter Cp, of & 1.scale model of the
type GB-5 controllable glide bomb.
Figure 21.- Alleron characteristics of a %-scale model
of the type GB-5 controllable glide bomb., K W = 0°;
g = O6p = Of = 09; B8y, = g%
Figure 22.- Dffect of elevator deflection on the aero-
dynamic characteristics of a %-scale model of the
type CQ-< controllable glide bombe 8yp = 865 = 0p = OO;
w_.

on the aerodynamic charsac-

U

Higure 23.- Bffect of spollers
teristics of a Z-scale model of the type GB-5
controllable clide bomb. &g = 0p = 6p = 0°.

Figure 24.- Effect of double-spli

rudders on the aero-
s characteristics of a =-s

cale model of the

¢
type GB-5 controllable glicde bombe. Double-split
rudders A; endplate 4; 65 = 6p = 8o = 0°.

B3

flgure 25.- BEffect of double-spiit r 1dder deflections o
i

e aerodynemlic characteristics of a a—scule model of
l—
the Lype GB-& trollable glide bomb. Double-spllt
pudders Aj .85 = Bp = 0°9; a = 8°%; endplete 4.

Figure 26.- Sffect of double-split rudders B upo:
0 d

tyve C“-o controllable glide bomb. Og = dg = 6f = 09;
endplate 3.

Pigure 27.- Tffect of double~split rudder deflectlon on
: : 1

the aerodynemic charscteristics of a -scale model of
w

the type GE-5 controllable glide bomb; double-split
rudders B; endplate 3; 8y = 6p = 0°; @ = 8%,




FIGURE LEGENDS - Continued

Figure 28.- Effect of outboard double-split flaps
upon the aerodynamic characteristics of a %-scale

model of the type GB-5 controllable glide bomb
bf = .42b; cp = .30c; Oy = 8y = &p = 0°.

Figure 29.- Effect of double-split flap cdeflections on
the aerodynamic characteristics of a %-scale model
of the type GB-5 controllable glide bomb. OCutboard
6ouh¢e—°p¢ t flep A; bp = 4205 cp = .20c; Og = &p = g
a = 8°,

e 30.,- Tffect of lower-surface inboard flaps 1 upon
g
€

GHA S
Sy
o
)

h rodyvnamic characteristics of = ==~ scale mocel of
O
the type GR-5 controllable gllde bomb. be = .42b;

Figure 3l.- Effect of flap deflection on aerodynamic
tharacteristics of a %- scale model of the type GB-5
controllable glide bonb. Lower surface, mid panel,
split flap 1; be = .42b; cp = 30c; a = 893 85 = 6 = 0O,

(]

Figure 32.~ Effect of upper-surface inboard flaps 2
upon the serodynamic characteristics of a %—sca]e model
o

of the type GB-5 controllable glide bomb. be = .42b;
Cp = .30c; Bg = 6 = &p = 0°,

Figure 32.- Effect of flﬁp deflection on the aerodynamic
charecterlistics of g-Tca]e odel of the type GB-=5

a
controllable glide bomb.

per surface, inboard split
flap 2; by = .420b; cp . 2

6g = Op = 09; o = 80,

Filgure 34.- Effect of upper-surface inbcard flaps 3 upon
it - il
the aerodynamic characteristics of a =-scale model of

the type GB-5 controllable glide bombt b = .6Ch;
= e Ce G =G =6 s O

£3

Figure 35.- Effe flap deflection on the aerodynamic
t

of
characteris ¢ of a %—Scale model of the type GB-5

controllable
split flap 3;
@ = 8%

lide bomb. Upper surface, irboard
bf = .60b; ceg = «30c; Og = 6p = O



< TIGURE LEGTNDS -~ Concluded

- Figure 36.- Wffect of upper-surface, outbocard flaps 4

upon the aerodynamic characieristics of a %—scale
model of the type GB-5 controllable glide bomb.

be = 6005 cp = 20¢; B = Bg = Bp = Q°

Pigure 37.- BEffect of flgp deflection on the aerodynamic
characteristics of a ﬁ—scale model of the type GB-°
controllable glide bomb. Upper-surface, outboard
Qp]lt 1130 4; bp = .60b; cp = 30c; 04 = O, = O
a = 8°

Figure 38.- Effect of upner-surface flaps & upon the

aerodynemic characteristics of a %-scale model of the

type GB-5 controllable glide bomb. by = .60b;
(‘f =, uuoc, 66 = 0 = 61’: = \)O

[

Figure 39.- Effect of flap deflection on the aerodynamic
characteristics of a %—scale model of the type GB-5

controllable glide bomb. 'pper surface mid-panel
split flap 5; be = .60b; cpr = «30c; O6g = Op = O;
a = 89,




1
Figure l.- Photograph of a —g——scale model of the type

GB-5 controllable glide bomb mounted inverted on the

free-flight tunnel balance strut.
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Figure 2.- Three view sketch of the type GB-5 controllable glide bomb as originally
received. All dimensions are in inches.




1 :
Figure 3.- Photographs of T-scale model of type
GB-5 controllable glide bomb.
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Figure 4.- Sketches of vertic?l wing-tip end plates tested in the free-flight-

tunnel investigation of a —g--scale model of the type GB-5 controllable glide
homb.
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Figure 5.- Sketches of aft vertical tail surfaces installed on a -g--scale model
of the type GB-5 controllable glide bomb tested in the free-flight tunnel.
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Figure 6.- Sketch of forward fins and ailerons tested on a — -scale model of the
type GB-5 controllable glide bomb in the free-flight tunnel.
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investigation of a —%—-scale model of the type GB-5 controllable glide bomb.
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