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By John B. Iee
SUMMARY

An investigation has been conducted in the 27- by 27-inch preflight
jet of the Langley Pilotless Aircraft Research Station at Wallops Island,
Va., of the release characteristics of a dynamically scaled AVCO booster
vehicle, internally carried store model from a l/30—scale simulated -bomb
bay of the B-52 airplane at Mach numbers of 0.64 and 0.93. Simulated
altitudes were -11,800 feet and 50,000 feet. .

Successful releases were dbtained at all Mach numbers and similated
altitudes of the test. Dynamic scaling was obtained by the modified
light-model method and also by the heavy-model method.

INTRODUCTTON

At the request of the Wright Air Development Center, U. S. Air Force,
an investigation was made to determine the release characteristics of
an internally carrled AVCO booster vehicle from the bomb bay of the
B-52 airplane.

The primary purpose of the test program was to determine whether the
AVCO booster vehicle could be free-dropped from the bomb bay of a B-52
aircraft flying at an altitude of approximately 30,000 feet at a Mach
nunber of approximately 0.93 in a manner that would neither endanger the
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carrier aircraft nor impede the function of the booster vehicle. A study
of the store trajectories and oscillations that occurred near the bomb
bay and after release was also made.

Dynamic. scaling of the test model was obtained primarily by the
light-model method and secondarily by the heavy-model method as outlined
in references 1 and 2. In order to cobtain proper simulation for a free
release (zero ejection velocity), the modified light-model method of
accelerating the airplane model away from the store (ref. 2) was used.
The heavy-model method was also compared with the modified light-model
method.

This investigation was made by using 1/30—scale models in the 27-
by 27-inch preflight jet of the Langley Pilotless Aircraft Research
Station at Wallops Island, Va. The dynamically scaled stores simulated
the full-scale configuration at an altitude of 50,000 feet for free- ,
stream Mach numbers of 0.64 and altitudes of both -11,800 and 50,000 feet

at a free-stream Mach number of 0.93 at Reynolds numbers from 4.47 X lO6
to 6.6 x 100 per foot. :

- SYMBOLS
a acceleration, g units
d store diameter, in.
hy altitude simulated by sirplane model due to acceleration, ft
hp simulated altitude of booster model, ft
Os store pitch.angle in reference to the horizontél, degv
t time, mllllseconds |
JAN S tlme interval of stroboscopic photographs
" Xg horlzontal coordlnate of store displacement, with orlgin at

center of gravity at initial release

Zg vertical coordinate of store displacement, with origin at
center of gravity at initial release, in.
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2t total vertical coordinate of store displacement, corrected to

account for relative position with respect to accelerating air-
plane model, in. '

W weight, 1b
.Iy store inertia in pitch plane, Ib—in,g(
L characteristic length, in.
Mo free-stream Mach nunber
P static pressure, lb/sq Tt
q dynamic'preségfe,'lb/sq ft
Ty tunnel static temperature, OR
Oy wing anglebof attack, deg
Subscripts:
M. . model
P prototype‘

MODELS AND APPARATUS

Store

A 1/30-scale model of the AVCO booster vehicle is shown in fig-
ure 1. The four-fin configuration had a roll tab on each fin. The model
was smooth as shown in figure 2, whereas the full-scale store.has sev-
eral ribs 1 inch high along its surface (ref. 1). The first rib was

.located immediately behind the nose on the flat surface of the model.

A 1/32—inch wire ring encircled the model at this point (station

" 0.840 in. model scale) for one test. In order to obtaln a dynamically
scaled model of the store (Wp = 5,590 1b and IYP = 23,900,000 lb-in.e),

the model nose, tail plug, and case were made of steel for the light-
model method (ref. 1). ' For the heavy-model method, the model nose and
tail plug were made of tungsten and the case, of aluminum.
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B-52 Airplane Model

A sketch of the l/30—scale B-52 airplane model is shown in figure 3.
The wing for the test model was an NACA 654018, 35° sweptback wing. End
plates were placed 12 inches from the fuselage center line. The airplane
model was attached to a single strut (fig. 4) which was free to move only
in the vertical direction between rollers in the beam support.

An acceleration of 12g could be obtained from 1ift on the wings of

the airplane model with the wings at an angle of attack of 129, A hydrau-

lic cy1inder was attached to the end of the fuselage strut to increase the
airplane model acceleration to 29g (which was the proper amount for :

‘dynamic similarity).

The nose of the fuselage was placed approximately 1/2 inch down-
stream from the nozzle exit. ‘ ,

Photography

High-speed photographs were made by continuously illuminating the
model by a series of flash bulbs that were electronically timed to over-
lap, and exposing the film through narrow radial slits in a rotating
disk placed in front of a camera. Exposures were made at L- and 8-
millisecond intervals on a single 8- by 1O-inch piece of film. The test
setup is shown in figure k4. o :

TESTS

Dynamic Similarity

Two basic methods of obtaining dynamic similarity were employed in
the present tests - light-model and heavy-model methods (ref. 2). Both
methods require that the nondimensional radii of gyration, Mach number,
air properties, air temperature of model and prototype be equal and that
model and prototype be geometrically similar.

Tight-model method.- In the light-model method the model weight and
moment of inertia are defined by -

3
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and

5P
Ty,M =(%> 2 Iy,P

With this method of scaling,. the time to travel a distance of one char-
acteristic length in the streamwise or x-direction, and the period and
time t0 damp the short-period longitudinal oscillation are proportional
to the ‘characteristic length. The aerodynamically produced accelerations
are inversely proportional to the characteristic length. Inasmuch as the
gravity-induced acceleration cannot respond to scale changes in a manner
similar to the aerodynamically induced accelerations, the vertical accel-
eration, velocities, and displacements are deficient. One way of circum-
venting this deficiency is to accelerate the parent model vertically at

a rate equal to (%E - l) g, at the instant of store release. The trajec-
M : : B

tory of the model with respect to the parent model then duplicates that
of the prototype. This method (cal;ed modified-1ight-model method) was
employed in most of the present tests. It should be noted that the

modified-light-model method gives essentially an exact simulation of the

prototype motion except for the component of the angle of attack produced

by the vertical velocity of the airplane fuselage. FoOr a maximum veloc-
ity of 27 feet per second obtained in this investigation the maximum .
angle is only approximately 1.5°.

Heavy-model method.- In the heavy-model method the model weight and
moment of inertia are given by

2

and

LM)l* Py _

o (B) B oe

In this method, the aerodynamically produced accelerations are independ-
ent of the scale and the length in the x-direction. The period and .
velocity change are proportional to the square root of the characteris-
tic length L. The time to damp to 1/2 amplitude is independent of
model size. The number of cycles required to damp to 1/2 amplitude is
inversely proportional to the square root of L, and the model will
therefore be underdamped when compared to the full-scale booster.
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Detailed methods of scaling are giﬁen in reference 2. Only expres-
sions for model weight and inertia have been given herein; the relation
between model and prototype motion has been stated without proof.

The maximum altitude simulated with a heavy model constructed from
practical materials was -11,800 feet (ref. 2).

Test Methods .

The store was held inside the bomb bay until the tunnel exit static
pressure was adjusted to ambient static pressure. The airplane model -
strut was unlocked and allowed to accelerate upwards. At the instant of
release of the airplane model, a break link on top of the store (fig. 2)
The release of the air-
plane model was synchronized with the flash bulbs and camera shutter and
a stroboscopic photograph was dbtalned of the drop.

A relatively constant acceleration could be obtained from 1lift on
the wings alone (fig. 5). With the use of the piston the desired initial
acceleration of 29g was obtained. However, after approximately 16 milli-
seconds the acceleration decreased, reaching O at approximately 50 milli-
seconds. The test results are therefore conservative in that the bomber
was closer to the store than would be expected for full scale during the
period after 16 milliseconds (model scale time).

RESULTS AND DISCUSSION

Table I lists the pertinent information of each test. The model
weights and inertias are scaled for a simulated altitude of 50,000 feet.
The initial acceleration of the airplane model and the corresponding
altitude for the airplane model acceleration are listed. Presented in
figure 6 are the stroboscopic photographs of the store drops from which
the test data were obtained.

Presented in figure 7 is a set of time-history plots of the store
and store displacements xg/d and zg/d. The flagged
symbols indicate the total corrected trajectory (that is, =zt/d) of
store displacement relative to the alrplane model for the cases where
the airplane model was accelerated. Zero time was taken to correspond
with the first photograph that showed the store emerging from the bomb
bay and consequentLy is not necessarily the same for different tests.

The store trajectories are plotted in figure 8. The zero point for
the store trajectory was the center of gravity point of the store at
release, which was inside the bomb bay. The shaded symbols indicate the
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approximate position of the store inside the bomb bay as obtained from
the displacement of the airplane fuselage. Store pitch oscillations and
trajectories are repeated in figure 9 for comparison with other test
conditions.

The stroboscopic photographs of the tests (fig. 6) show that satis-
factory releases were obtained in all cases from simulated altitudes
below sea level, -11,800 feet, to hlgh altitudes of 50,000 feet at
My = 0.93. Maximum pltch amplitudes. of 13° and -10° were reached at
M, = 0.93 and a simulated altitude of 50,000 feet (fig. 9(a)). The

store pitch oscillations repeat within 59 and the total store trajectory

"appears identical for a drop of over four store diameters. Changing the

wing angle of attack to 6° (fig. 9(b)) showed no significant change in
the store release characteristics.

A ring on the nose of the store (flg. 9(c)) appeared to cause a
shift in the store pitch-time curve of approximately 1h mllllseconds,
but the maximum pitch amplitudes were the same.

A decrease in Mach number (fig. 9(d)) caused a large increase in
the pltchlng perlod with little or no change in max1mum pitch amplitudes.

Max1mum pitch amplitudes of 13.5° and -8.5° were reached with the -
heavy model method (fig T(f)) at a simulated altitude of -11,800 feet.

TIittle or no change was noted in the store trajectory for all the
cases tested for the flrst four store diameters (fig. 9). ‘

CONCLUDING REMARKS

An experimental investigation was conducted in the 27- by 27-inch
preflight jet of the Iangley Pilotless Aircraft Research Station at’
Wallops Island, Va., of the release characteristics of a dynamically
scaled AVCO booster vehicle from a 1/30-scale simulated bomb bay of
the B-52 alrplane at free-stream Mach numbers of 0.64 and 0.93. As a
result of this investigation it is concluded that the AVCO booster
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vehicle may be successfully released from the bomb bay of the B-52 at the

seee altitudes and Mach numbers simulated in the tests.
e
7.....
:: : Langley Aeronautical Laboratory,
o et National Advisory Committee for Aeronautics,

Langley Field, Va., September 5, 1956.

3 o , ' o John B. Lee

: Aeronautical Research Scientist
Approved: @ M

+/ Jgkeph A. Shortal
Chief of %}lotless Aircraft Research Division
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TEST DATA
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Mach s e ) Ws) Iy M QW;‘viét, | Qo> Ts,
Test Num‘(c:)er (1n1t1?.1)v, (initlal), 1b lb/in.2 deg|millisec|1b/sq ft| °R Remarks
g unit Tt 1
| |
1 0.93 | 29.5 50,500 [1.801] 9.200 | 12] L 1,304 |482|0riginal test of light model
2 ;93 29.5 50, 500 1.78&3 9.038 | 12 L 1,302 466 Repeat of test 1
3 .93 32.0 52,000 |1.799| 9.500 | 6] h 1,307 |L481|Effect of wing ay
4 .93 .27.0 48,500 |1.804]| 9.369 | 12 4 1,247 : 1&85‘Ring encircling nose of store
5 .6h 23,2 45,500 |1.788| 9.206 | 12 L 613 |505{Mach number effect
6 .93 N -11,800 |4.2u6]23.h27 | 12 8 1,318 |471|Heavy model
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Figure 2.- Photograph of 1/30-scale AVCO booster vehicle.
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Flgure .~ Photograph of model installation in 27~ by 27-inch preflight
jet at Wallops Island, Va.
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(2) Test 1. Light model; My = 0.93; hyp = 50,000 féet; oy = 129,

1-95816

(b) Test 2. Repeat of test 1.

Figure 6.~ Stroboscopi:c photographs of the store release tests.
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(c) Test 3. Light model; My = 0.9%; hy = 50,000 feet; ay = 6°.

Figure 6.- Continued.
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(d) Test 4. TLight model with wire ring encigcling nose; My = 0.93;
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(e) Test 5. Light model; M, = 0.6L; hy = 50,000 feet; oy = 12°.

Figure 6.~ Continued.
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(£) Test 6. Heavy model; My = 0.9%; By = -11,800 feet; oy = 12°.

Figure 6.- Concluded.
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hp = 50,000 feet; ay = 12°.
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~(e) Test 5. Light model; My = 0.64; hy = 50,000 feet; ay = 12°,

Figure 8.~ Continued.
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(£) Test 6. Heavy model; My = 0.93; hy = -11,800 feet; oy = 12°.

Figure 8.- Concluded.
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Figure 9.- Comparisons of store oscillations and trajectories for changes
in test conditions. o
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(b) Effect of change in ap at My = 0.95 and hp = 50,000 feet
characteristics of light models.

Figure 9.- Continued.
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(c) Effect of ring encircling nose of store with light model of My =

hy = 50,000 feet; and o = 12°.

Figure 9.~ Continued.
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(d) Decrease in Mach number at hy = 50,000 feet.

Figure 9.- Concluded.
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ABSTRACT

An investigation of the release characteristics of a dynamically
scaled booster vehicle from a l/30-scale simulated bomb bay of a B-52
airplane was conducted in the 27- by 27-inch preflight jet of the
Tangley Pilotless Aircraft Research Station at Wallops Island, Va., at
Mach numbers of 0.64 and 0.93. Similarity was obtained by scaling the
model by the light-model method and accelerating the mother ship at the
instant of release. A test drop was also made of a model for which
dynamic similarity was obtained by the heavy-model method. The purpose
of the investigation was to determine whether the AVCO booster vehicle -
could be free-dropped from the bomb bay of a B-52 aircraft at high alti-~
tudes and high subsonic Mach numbers.
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