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SECTION 1
INTRODUCTION

A series of blast tests had been conducted at the 50,788-ft high
speed sled track at the Holloman Air Force Base (HAFB) during the summer
of 1976, described in Reference 1 and illustrated in Figure 1, for
measuring blast-induced wing loadings on a high-sweepback wing at high
subsonic speed. The objective of the tests reported here, which were
conducted during June and August of 1977, was to examine the effect of

other blast encounters on the wing loadings.

A total of six bursts were intercepted in the two sled runs. In
the first run the burst centers were 45 degrees out of the plane of
symmetry of the wing model to provide airloads data for a non-symmetrical
blast intercept. In the second run, which involved symmetrical inter-
cepts, a 10,000-pound charge of TNT was employed for the second burst,
in place of the 1,000-pound TNT charges used for the other bursts,

in order to examine the effect of charge yield on the wing loading.

A new connector was built for the model sting on the sled to provide
for a selectable model roll orientation to achieve a selectable out-of-
plane burst intercept angle. Measures were taken for the charge firing
systems to ensure that the electromagnetic field radiated from each
burst would not induce premature firing of any other charge. These are

reported here.

Both sled runs were made at a nominal preintercept Mach number of
0.76 and Reynolds number based on mean chord of 7.0 million. The test
model had a 46.80-in wing span and 18.95-in mean chord. Six separate
TNT charges were detonated, five of 1,000 pounds and one of 10,000 pounds.
Test results are reported for six blastwave intercepts, nominally 50, 90

and 135 degrees from head-on, at blast overpressures of about four psi.

The test techniques developed and used in the three test runs are
described in Section 2 and Reference 1. The test conditions, test
results and data analysis procedures are presented in Sections 3, 4
and 5, respectively. Test results on tuft measurements are discussed

in Section 6 and concluding remarks are presented in Section 7.

9
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SECTION 2
TEST EQUIPMENT

HAFB SLED TRACK

[he 50,788-ft high-speed track and associated general test equip-

ment at HAFB are described generally in Reference 2. In the test
procedure described here, the dual-rail sled employed ran from south
to north. The sled was launched near the 10,500-ft station, entered
the blast test area extending from about the 12,500-ft station to the

13,850-ft station, and then coasted out to about the 40,000-ft station.

2.2 GENERAL TEST ARRANGEMENT

A sketch of the overall test arrangement is shown in Figure 1. The
moving sled enters the field of view from the left and progressively
encounters the blast waves from the detonation of three separate TNT
charges generally centered about 6 feet above ground level at various
locations on the west side of the track, except for one charge in the

second run which was stacked at the ground level.
2.3 TEST AREA

The ground surface in the test area is described in detail in
Reference 1. A photograph of this area with explosive charges in place
for Run 9B-A5 is given in Figure 2. The explosive charge locations for
the three intercepts are indicated as 1, 2 and 3 in this figure. The
sled moves from the upper left (south) to the lower right (north) in
this view so the blast area is to the left of the sled. The test area

extends 1250 feet along the track and 320 feet to the west from the track.

Four blast-line pressure probes were used to define the free-air
blast profile for each of the three intercepts for each run, as can be
seen for the first intercept location in Figure 3. The locations »f
the vertical struts supporting these pressures transducers, desigrated
1 to 12, in terms of track station (distance parallel to track) are
given in Table 1. All struts were located laterally (perpendicular to

track) 7.5 feet west of the track centerline. All transducers were

11
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Table 1
BLAST-LINE STATIONS FOR RUNS

(Location of Blast-Line Probe Mount)

TRACK STATION*
Intercept RUN 4 RUN 5
Station
No. DIP Mounts DIP Mounts
1 12744 12746.9 12744 12746.9
12752.6 12752.6
12758.9 12758.9
12772.0 12772.0 :
2 13180 13171.9 13153 13133.9
13187.9 13171.9
13202.7 13202.7
13225.7 13251.1
3 13730 13713.1 13730 13713.1
13738.3 13738.3
13768.1 13768.1 ,
13813.5 13813.5

DIP - Desired Intercept Point

*All mount poles are located 4 feet west of west rail (7.5 feet
west of track centerline).

14




located approximately 18 inches closer to the corresponding charge

location than the supporting strut.

Screen boxes located adjacent to the west rail at designated
locations were used to trigger the explosive firings and breakwires
placed across the west rail at specified locations were used to provide
a common time reference signal for checking time correlation of different
recorders. They served as links in electrical circuits, which were
either broken by the leading edge of the forward left slipper of the
sled (for breakwires) or connected by knife-edge pairs mounted at the
rear of the sled tied together electrically (for screen boxes). The
trigger screen boxes were located between about 92 and 176 feet ahead
of the desired intercept point (DIP) and the time reference breakwires

were located between 9 and 21 feet ahead of the DIP.

Several grid boards with diagonal stripes were placed in the blast
area to serve as backgrounds for photographic studies of sled and blast

wave motions.
2.4 SLED

A modified HAFB dual rail rocket sled, designated as FDN 6326, was

employed in these tests.

Photographs and descriptions of the sled and associated propulsion
rocket motors are presented in Reference 1 and in Figure 4. The top
surface of the sled is basically a thick blunt flat plate whose front
and blastward edges are faired to minimize sled drag and distortion of
the blast wave striking the model due to interference with the sides

and lower parts of the sled structure.

The test model is mounted on the front of the sled by the vertical
strut and horizontal sting attachment seen in Figure 4. The attachment
of the vertical strut to the horizontal sting is by a bolted connection
whereby the model can be set at various rotation angles (roll angles)
about the sting axis. (This bolted connection replaced the rigid zero

roll connection used in Reference 1). Figure 5 and 6 present front views
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of the model on the sled in an unrolled (Run 9B-A5) and a 45° rolled
(Run 9B-A4) position, respectively. The pitch angle of the model, for
initial angle of attack, is achieved by a combination of wedge shimming

between connector faces and rotation of the strut.

A pair of cameras aimed at the upper wing half are mounted on the

sled bed in a box behind the model, as indicated in Figure 4.

The propulsion systems used to drive and maintain the sled at
nearly constant speed are described in Reference 1. For all test inter-
cepts, the sled speed after blast intercept did not vary more than about
3 fps from the intercept speed during the next 100 feet of travel, which

is about the maximum distance of interest.

A pitot probe and two pressure transducers were located together
on the blastward side of the upper surface of the sled, as indicated in
Figures 4 and 7. The pitot probe was located above the surface of the
sled about 6 inches. The two pressure transducers were mounted flush
with the upper surface of the sled about 10 inches ahead of the pitot
probe. These transducers were installed to provide a check on the accuracy

of the blast pressures as obtained from the blast-line probes.
2.5 WING MODEL

The test model consisted of the swept wing model of Reference 1 with
a nose and partial fuselage section, sting-mounted to the sled as shown
in Figure 4. The model wing planform, fuselage and nose sections were
constructed to simulate the basic features of the B~1 aircraft in its
most sweptback position at 1/20 of full scale dimensions. Basic model
data are listed in Table 2. Wing leading and trailing edge sweepback
angles were 67° and 550, respectively. The wing cross section (stream-

wise) was made up as a 64A012 symmetrical airfoil.

The wing was mounted at angles of attack of 3.5° and 3.20, for
Runs 9B-A4 and 9B-A5, respectively, in a direction such that the pre-blast
steady-state lift force was in the same direction as the blast-induced
force. For Run 9B-A4 the model was rolled 45°, with the upper tip rolled

toward the burst point.

The wing construction is described in Reference 1.
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Figure 7. Closeup view of pressure transducers on the sled.
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Table 2

BASTIC MODEL DATA

Wing Span, b 46.80 in.
Wing Planform Area, S 6.16 ft2
Aspect Ratio 2.47
Taper Ratio 0.29
Leading-Edge Sweepback 67.0 deg.
Quarter-Chord Sweepback 64.8 deg.
Trailing-Edge Sweepback 55.0 deg.
Mean Chord (S/b) 18.95 dm.
Root Chord (at model centerline) 30.60 in.
Wing Section (streamwise) 64A012
Thickness Ratio (streamwise) 127%

Pressure Stations 20

(Two transducers per station)

Fuselage Diameter




Holes for twenty wing transducer locations were located as indicated
in Figure 8 and Table 3. Two transducers were installed for each loca-
tion to measure pressure differences between wing blastward and leeward
surfaces. Alsc provision was made for one pressure transducer being
located at the nose-tip of the fuselage for measurement of model total
pressure at the sled. An accelerometer was mounted inside the left wing
half near the 90 percent semi-span location for measurement of wing

motion normal to the wing plane.
2.6 EXPLOSIVES

The explosives used for each firing consisted of either 1,000 or
10,000-1b charges of TNT, constructed and used as described in Reference
1. Figure 9 shows a typical pre-test view of a 1,000-1b TNT charge set
up on a styrofoam pillar with center about 6 feet above the ground.

Figure 10 shows the 10,000-1b charge.

The explosives were detonated by modified portable Reynolds Indus-
tries Exploding Bridgewire Firing Sets, using Reynolds Industries boosted
RP-1 detonators. Each firing set was buried about one to two feet below
the surface of the test area at a distance of 75 to 100 feet from the
respective charge. A photograph of a firing box and barial hole is shown
in Figure 11. Sand bags shown in the figure were placed cvecr each hole
for blast protection. The RG-22 triggering cables from the screenboxes
at the track to the firing sets, for initiation of firing, were laid on
the surface of the test area. The RG-58 firing cables from the firing
sets to the charge detonators were laid above ground and fixed at the

charges to prevent pull-away from the detonators.

The firing sets were connected to remote control units by means of
RG-22B/U cables. Within the test area the cables were buried to a
minimum depth of two feet for shielding from blast radiation. The
control units were located at about track station 11,000, about 1500
feet south of the test area. A photograph of the control units mounted
in their protective box is shown in Figure 12. The arming plugs at the

control panel in the Alpha Blockhouse, at track station zero, were

connected electrically to the control units.
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Table 3

DISTRIBUTION OF AIRLOADS MEASUREMENT STATIONS OVER INSTRUMENTED (UPPER) WING.

Spanwise Chordwise Locations
Loc‘ltmns (Percent of Local Chord)
(Percent of
Semispan) 5 25 45 65 85
20 X
30 X
40 X X X X X
50 X
60 X X X X X
70 X
80 X X X X X
90 X

L]
o
£




e, S

Figure 9. Typical 1,000 pound charge.




Figure 10. 10,000 pound charge.
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Figure 12. Control units for tiring

1




Extensive tests were perfecrmed on the firing sets to qualify them
against premature firing from various signal sources and to achieve

reliability of firing.

2.7 BLAST-LINE MEASUREMENTS

The blast-line probe system employed was the same as is described

in Reference 1.
2.8 WING PRESSURE MEASUREMENTS

Pressures on the wing were measured using Kulite high performance
pressure transducers of the XCQL-41-093-025 and XCQL-37-093-25D series.
lhese transducers have a 25-psi range, 0.093-in diameter, low accelera-
tion sensitivity and a 230 kHz natural frequency. All transducers were
initially mounted with their surfaces flush with the wing surface, and

remained nearly flush through the two test runs.

The transducer signals were generally connected in pairs electrically
through differential amplifiers for measuring the difference in pressure
between the blast-side and lee-side surfaces of the wing. The trans-
ducers were calibrated in this arrangement for matching of gains.

Calibrations were carried out before and after each test.

The wing was shielded from the sun prior to sled firing to minimize

solar heating. Polystyrene blocks were placed over the wing for this
purpose. The blocks were pulled away from the model as the sled started

down the track.

2.9 SLED VELOCITY AND POSITION MEASUREMENTS

Sled position and velocity were measured with the standard HAFB VMS

system described in Reference 1.

Figure 13 presents time histories of sled velocity in the test area

for the two runs made.

In addition to the above VMS measurements, independent measurements
of sled position along the track were obtained for several times from

the breakwire signals used to provide timing information (see Section 2.3).

2.10 HIGH-SPEED PHOTOGRAPHY

Various high-speed cameras running at speeds between 120 and 10,000

frames per second were employed in the two tests. At the first and third
29
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intercept areas, 4 x 16-ft. grid boards with parallel black and white
stripes, Figure 14, were placed west of the track for observation of

the blast shock intercept with the sled, using NOVA cameras at 10,000
frames per second. Two sled-borne 1000-fps cameras mounted in a box

on the sled (Fig. 4) were used for monitoring lateral deformations

of the wing model.

Various lower speed motion picture cameras were used for general
surveillance of the run phenomena. 7Two were mounted over the track
looking south for overall observaticon of the blast waves and sled.
Additional tracking cameras, mounted on a building 1/2-mile east of the
track were used for surveillance, as were also several cameras mounted
in a helicopter about two miles east and 3500 feet above the track.

Tufts were mounted on the leeside of the lower wing semispan for
observation of vortex motion. Cameras were located east of the track for
viewing the second intercept. They were placed so as to observe the

vortex motion before, during and after blast intercept.

In Run 9B-A4B various combinations of tufts and cameras, with color

film, were used for development of the tuft-photography technique.

Figure 15 shows the tufts after the run was completed. The tufts were

of different material, colors, length, attachment methods and wing paint
background. All the tufts remainded attached. Some unravelled more

than others and some were more flexible. There was a significant variation

in detectability of the tufts as viewed from the test films.

A single Nova high-speed camera was located about 21 feet from the
model in Run 9B-A4 viewing the second intercept area along about a 24
foot field of view at the model. A frame rate of 2500 fps was employed
using color film. An image motion camera was located a few feet further

north to obtain a stop-motion view of the model.

From the results of Run 9B-A4 and some laboratory tests, the photo-

graphy technique used in Run 9B-A5 was developed. Two Nova high-speed

cameras were located about 90 feet east of the track running at about
10,000 fps at the time of intercept. The field of view of one camera

was centered on the desired blast intercept point, for viewing the tufts

3l
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prior to blast intercept and during the lift buildup period. The field

of view of the other camera was centered 10 feet further north for observ-
ing the later stages of the vortex motion. The image motion camera viewed
at five feet further north. The tuft photography results of this test
were good, showing the tuft motion quite clearly. The results are

discussed in Section 6.
2.11 TELEMETRY

All sled-borne transducer signals were telemetered from the sled
to a HAFB ground receiving station. Six transmitters were used, operating
at carrier RF frequencies near 800 MHz, with 4 transducer signals generally
multiplexed in each transmitter at sub-carrier frequencies of 64, 96,
128 and 160 kHz, having a frequency response of 8 kHz for each transducer
signal. Figure 16 shows the telemetry electronic system located below

the surface of the sled.

The overall response time of the instrumentation and telemetry system

to transient pressures is estimated to be about 0.1 milliseconds.

2.12 MODEL STRENGTH AND STIFFNESS TESTS

The model and its strut-sting support had been designed strengthwise
to meet conservative design specifications of blast airloads. For stiff-
ness the model and its support had been designed to keep the frequencies
of the wing modes and the support lateral modes well separated from the
frequencies of the sled lateral modes and to keep the model deflections
and motion small so the resultant airloads produced by the deflections
and motion would be negligible. These criteria were applied to the

redesign of the sting connector for the present tests.

Loads and vibration tests were performed on the model, model-support
and sled system at HAFB during the period of March 7 to 11, 1976, prior
to the test program with the model at a 45-deg roll angle. A test report
was prepared and distributed by HAFB, Reference 3. Critical results of

those tests are reviewed here.

2.12.1 Strength

The loads test of the sting connector indicated design goals had
been met.

34




Figure 16. Sled telemetry system.
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2.12.2 Deflection

Deflections of the wing, wing box and sting were measured during
the loads tests. The measured deflections were compared against the
predictions of the NASTRAN code calculations performed by D. J. Krupovage,
Reference 4. The sting pitch deflections were essentially the same as
before the connector redesign and well within design objectives. Wing

rotation due to sting torsional rotation was negligible.

2.12.3 Frequencies

Shake tests were performed with the sled mounted on rails in the
laboratory. The shaker force was applied separately in both the lateral
and the vertical direction relative to the track. Accelerations were
measured normal to the wing plane, which was at the 4°5-deg roll angle.
The lowest eleven frequencies measured in the tests are listed in Table
1/

4, taken from Reference 4. The measured frequencies are compared there

with results of the tests of March 1976, before the connector was added,

and with the NASTRAN predictions of Reference 4. ‘

The first nine modes have frequencies about equal to the values
before the connector was added. The last two modes were lateral wing
motion, i.e. normal to the wing plane, due to sting bending and wing
rotation due to sting torsion. The two frequencies had been reduced
from 70.70 and 79.84 to 56.2 and 58.1, respectively. The reductions
are attributed to the addition of the connector, but the frequencies
were still well above the lowest mode involving the wing, sting and

strut of 25.6 Hz.

The first eight modes agreed reasonably well with the NASTRAN
predictions of March 1977, but the remaining three did not. It is
believed that this could be corrected by refinement of the modeling,

but these modes were not believed to be significant, so it was not done.
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SECTION 3
TEST SERIES

3.1 INTERCEPT CONDITIONS

The test conditions for the runs and intercepts are tabulated in
Tables 5 and 6. Table 5 gives general sled test conditions for each
run, including atmospheric pressure, temperature and wind conditions and
the nominal sled speed. Table 6 gives specific charge and blast inter-
cept conditions for each blast intercept, including charge weight, sled
intercept velocity, charge-sled intercept geometrical relationships,
blast intercept angle (¢), incident blast intercept overpressure (Aps),

and the peak angle of attack produced by the blast wave.

Sled-borne pressure transducer locations were the same for all
runs, as given in Figure 8 and Table 3. For most locations only the
differential pressures between the two surfaces of the (upper) wing were
recorded. For a few locations individual pressures on the leeward or

blastward side of the model were recorded as indicated in Table 7.

The reference point on the wing which is used to define the wing-
blast intercept location is defined as that point where the wing 40 -
percent chordline intersects the centerline of the model fuselage. The
corresponding blast intercept time for this point can be easily determined
from the observed blast arrival times at the two wing transducers closest
to that reference point, which are at the 20 and 30 percent semispan

locations.

The track station at blast intercept time for the model reference
point was estimated by three essentially independent methods for each

intercept, results of which are presented in Table 8. {

The first estimate made (A) was based on the sled trajectory
measurements described in Reference 1 and Section 2.9 and the blast
intercept time as determined by the wing pressure transducers (tl). The

second estimate (B) was based on the timing breakwire location, the sled
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PRESSURE

Table 7

MEASUREMENTS ON THE WING

Transducer location, Measurement recordedaduring Run:
%semispan/Zchord
(Fig. 8) 9B-A4 9B-A5
20/25 B B
30/25 5 0 BB, 1
40/05 D D
40/25 D D
40/45 D D
40/65 D D
40/85 D D
50/25 D D
60/05 * L
60/25 D D
60/45 D D
60/65 D D
60/85 D D
70/25 D D
80/05 D D
80/25 D D
80/45 D D
80/65 D D
80/85 D D
90/25 D D

a ; ’ .
“D for differential pressure, B for blastward pressure, L for
leeward pressure, * for no reliable data obtained.

;;
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Table 8

COMPARISON OF INTERCEPT LOCATION ESTIMATES

é Intercept Intercept Station Estimate (ft)*
Run No. No. A B 4 av
§ 9B-A4 1 0.5 -0.7 -0.1 -0.1
2 -2.4 ~3.6 -3.3 =
5 =3k -5.8 -6.0 ~5.6
9B-A5 1 1.4 1.0 0.9 : [
2 0.6 0.2 0.2 0.3
3 =2.3 -2.8 ~2.7 2.6

*

Distance ahead of Desired Intercept Point in the direction of sled
motion (see text, Sec. 3.1, for meaning of A, B, C, designations).
The Track Station for the DIP is given in Table 1.




speed, the indicated time of wire breaking and the blast intercept time

t The third method (C) was based on the location of the firing screen-

1
box, the sled speed, the time of the detonation, and the blast intercept
time tl. Values of intercept conditions obtained by these three methods
differ somewhat due to the associated experimental uncertainties. It

is recommended that the intercept conditions presented in Table 6, based
on the average values presented in Table 8, be used for any calculations

relevant to the test program.
3.2 RUN 9B-4

This test was performed to obtain blast intercepts for bursts out

of the airplane plane of symmetry, resulting in nonsymmetrical intercepts.

p <o : o
The intercepts were for three different intercept angles of 50, 90° and

o : g !
135" at a blast shock overpressure level of 4 psi, with the instrumented

: 0 A 1
wing rolled 45 toward the blast. Weather conditions were good with the

temperature 86.6 deg. F. and a wind of less than 5 knots. This run was
successful in that all three charges detonated as scheduled, all three
intercepts occurred at the scheduled intercept angles and overpressure
levels, and the intercept sled speed was close to the planned value of
Mach 0.76. Useful pressure data were obtained from all but one sled-

borne pressure transducer locations and from all but two of the twelve

blast-line transducers.
3.3 RUN 9B-A5

This test was performed to obtain symmetrical blast intercepts as
in the 1976 series, at a 4-psi overpressure level for blast intercept
angles of 500, 90° and 135° with an unrolled wing. Weather conditions
were very good. The temperature was 79.9 deg. F and there was essen-
tially no wind. The second intercept condition was intended to be the
same as that for Run 9B-A2 of the previous series (Ref. 1) except having
a longer blast duration for examination of the effect of yield. The
burst was produced by a 10,000 1b. TNT charge as compared to 1000 1b.

charges for all other intercepts.




This run was successful in that the desired sled speed, intercept
angle and intercept pressure levels were obtained and all wing
transducer locations and all blast-line pressure transducers produced

useful data.

45




SECTION 4

TEST DATA

4.1 A/D DATA PROCESSING

Seven types of event data were obtained as a function of time

during a run:

Sled position and velocity.

Blast-line pressure.

Total pressure at the model and at the sled.
Static pressure at the sled.
Wing pressure.

Wing acceleration.

Lateral bending moment at the sting root.

All data were processed to digital form by WSMR and were provided to KA

as tabular data. 1In addition Items 2 to 7 were provided in graphical

form and on magnetic tapes.

The sled-borne transducer data (items 2 to 6) were taken from the

analog tapes at 0.05 millisecond intervals for about 20,000 times per

run.

4.2 DATA PRESENTATION

Graphical time history plots of most of the measured blast-line and

sled-borne transducer measurements are presented in this report according

to the index of figures given in Table 9.

Time histories of blast-line pressures, blastward and leeward wing

pressures, total pressure at the model and at the sled, static pressure

at the sled, and model acceleration are presented in Appendix A.

In all figures presenting time histories of sled transducer pres-

sures, transducer locations are identified by a four digit code, e.g.,
60/05, where the first two digits (60) give the spanwise distance from

the model centerline as a percent of the semi-span (e.g., 60%) and the
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last two digits (05) give the percentage chordwise distance from the

leading edge of the wing.

4.3 ACCURACY OF DATA

Data accuracy and interference corrections for the blast-line data

are discussed generally in Reference 1.




SECTION 5
BLAST VARIABLES AT SLED

In order to utilize the blast-line pressure data presented in
Section 4 for the comparison of experimental and theoretical wing
pressures, it is necessary to interpolate or extrapolate the experimental
blast-line pressures to obtain the blast pressure time history at the
sled as a function of time, and to also estimate the corresponding blast
density and velocity time histories as well. The blast pressures at
the sled were generally obtained as indicated below and the corresponding
densities and velocities were obtained by using the method described in
Reference 5, as discussed in Appendix B of Reference 1. The resulting
time histories of pressure, density and velocity at the sled are presented

in Figures 17 to 22.

For each blast line transducer time history, a corresponding time
history of the blast overpressure at the sled was determined by assuming
that the shapes of the overpressure time histories at a blast line
transducer location and at the sled location are the same, if the over-
pressure is expressed as a fraction of the shock overpressure at the
location and the time is expressed as a fraction of the positive duration

of the blast wave, or

Ap/bp, = f(mt/tﬁw)

Aps is the shock overpressure
Ap is the overpressure at time t
At is time after shock arrival (t—ts)

t is time




t is shock arrival time
S

t\p+ is the positive duration time of the overpressure, as

determined theoretically from Brode's analysis (Fig. 36

of Reference 6).

f(&t/t.p+) is the experimental variation of ip/&ps with

At/t as obtained from a blast line transducer,

Apt+
after fairing out some obvious interference pulses

and noise.

The shock overpressure corresponding to any position of the sled
was interpolated or extrapolated from the corresponding blast line

transducer value with the equation

Mp (r) = dp_(r) [dp (r )*/bp_(r,)*]

designates the radius from the burst point to the blast line

transducer.

designates the instantaneous radius from the burst point to
the model reference point, as determined from the problem

geometry and the experimental sled trajectory.

Lps(r) designates the shock overpressure at a point at a radial

distance r from the burst.

qu(rb) is the experimental shock overpressure at the blast line
transducer
and the *'s designate theoretical values as obtained from Brode's

theory (Reference 6), using the curves presented in Reference 5.

Using the above equations, overpressurc time histories at the sled
were calculated for each intercept for all of the blast line transducers
for which useful data were obtained. Then all time histories obtained

for each intercept were averaged to obtain a best estimate of the true




time history for that intercept. The following weighted average equation

was used for this purpose for intercepts 2 and 3 of Runs 9B-A4 and 9B-~AS.

wlpl+w2p2+...+wnpn

p = (3)
wl+w2+...+wn
where
p is the weighted average pressure at any time
Py is the pressure estimate from the i-th transducer
n is the number of transducers
W is a weighting factor given by f
w = A(AB)xB (4)
e 5 0,2
A(AB) = 0.1 + 0.9 exp(-(A8/7.5)°) (5)
A 2
= =2 * Ap* ok
B exp | —O(DPS, sled/ ps, blast line 1)7] (6)

AR

A is the circumferential angle between a ray from the burst to
the blast line transducer and a ray from the burst to the sled

reference point.

The factor A(AB) gives maximum weight to blast line transducers
lying on a radial line between the burst and the sled and the factor B
gives maximum weight to transducers located at the same radial distance
from the blast as the sled. The particular expressions for these two
weighting factors A and B given above, while somewhat arbitrary, were
considered satisfactory in Reference 1 since several other choices of

weighting factors gave about the same end results. However, for inter-

cepts 1 of both Runs 9B-A4 and 9B-A5 the above procedure gave unrealistic

results because of an apparent significant deviation of the blast-line
| pressure signals from an axisymmetrical pattern. Consequently, for
these two intercepts it was found to be more realistic to interpolate
or extrapolate the test data by a slightly different procedure using

only the transducers located nearest to the sled at any particular time.
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The time histories of the blast overpressure at the sled obtained

by the above procedure for all intercepts are shown in the first parts

of Figures 17 to 22. These time histories cover the time period from

initial shock arrival up to the time of second shock arrival.

The corresponding time histories of blast density and velocity, as
obtained as described in Appendix B of Reference 1, are also presented
2

in Figures 17 to 2

In order to provide an independent check on the reliability of the
blast conditions at the sled as determined above, these above pressures
and total pressures derived from these pressures and velocities were
compared with the corresponding direct measurements of static and total

pressure measurements made on the sled.

For Run 9B-A4, total pressure time histories as calculated from
the data in Figures 17 to 22 were found to be in good agreement with the
direct measurements of total pressure on the model. Differences were
generally in the noise level and were usually well under 1 psi. The
directly measured time histories of total and static pressures on the
sled were also in fair agreement with the calculated values but were
sometimes larger and noisier, probably due to the lower physical loca-
tion of these transducers (than for the model total pressure probe)

where they are more subject to track and sled interference effects.
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SECTION 6
DISCUSSION

The objective of this report is to document the Phase 2 sled test

| results and to lay a foundation for correlations of these data with

theoretical calculations based on the VIBRA-6 or other blast vulnera-

bility codes. It is planned to discuss the obtained pressure data in
detail in a subsequent volume, in which the test data will be compared
with predictions of the VIBRA-6 code. The discussion in this section
deals only with the tuft photographs obtained during the tests.

6.1 MOTION OF TUFTS

Two 35-mm cameras and an image motion camera (IMC) were used for

viewing the tuft motion before and after the intercept of the second

blast wave of Run 9B-A5. The FX-2 35-mm camera was located so its field

of view was centered at the desired intercept point, track station 13153.

The FX-3 35-mm camera was located so its field of view was centered 10

feet further north, track station 13163, that is, 10 feet further along

the track in the direction of sled travel. The IMC camera views the

sled through essentially a vertical slit, which viewed the sled 5 feet

further north, track station 13168.

A l4-frame sequence of the film from the FX-2 camera is presented
in Figure 23a through c. The nominal frame rate of the two FX cameras
was 2500 fps. The five frames in Figure 23a and the first frame of
Figure 23b indicate the flow prior to blast intercept. The first
indication of the blast intercept is in Figure 23b, frame 7, where the
tufts near the leading edge of the two most outboard rows of tufts are
yanked so as to essentially align with the leading edge. 1In the next
frame this effect shows up over a larger portion of the three most
outboard rows of tufts and along the remainder of the leading edge.
The tufts, except near the root, continue to swing around toward the
forward direction through the remainder of the frames of the FX-2

camera, Figure 23a-c.




FIGURE 23.

PHOTOGRAPHS OF TUFTS ON LOWER WING

Al

SECOND INTERCEPT OF RUN 9B-A>.
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The rotation of the tufts from the rearward direction prior to
blast intercept to the forward direction following intercept is con-
firmation of the vortex that is formed on the leeward surface of the
wing due to the blast wave. The intercept period observed by the FX-2
frames shown here is about 3.2 milliseconds for the nominal camera rate
of 2500 fps, which is the period when the vortex appears to form at
the leading edge and starts to move rearward according to the differ-

ential pressure records.

The FX~3 camers Figure 23d, picks up the wing about 5 milliseconds
later. The tufts appear to indicate the vortex has a high sweep angle.
Forward of the apparent vortex location outboard on the wing the tufts
have the rather random orientation characteristic of flow ahead of such
a vortex. The FX-3 frames, Fig. 23d-g, extend over a nominal period
of about 8.8 milliseconds, so the last frame is about 17 milliseconds
after blast intercept. At this time the vortex is not expected to have

started to return toward the leading edge.

The photograph of the image motion camera is shown in Figure 24.
This is a moving-focal plane picture so it is equivalent, as mentioned,
to a view through a vertical slit. This view is taken about 17 milli-
seconds after blast intercept. At this time the vortex may have started
moving forward, but it is expected to be near the most rearward position.

The tuft pattern is similar to that from the FX-3 camera.

These tuft motions confirm the presence of the vortex on the leeward
; . ; : : 3 o
side of the wing following blast intercept feor this near 90 intercept
angle as was indicated by the time histories of the differential pressure

measurements.







SECTION 7
CONCLUDING REMARKS

Blast loadings have been measured on a rigid 65 deg-sweepback wing
at Mach 0.76 in two sled runs. In Run 9B-A4 the wing was rolled 45
degrees to achieve a blast intercept from the left side of the model.
In Run 9B-A5 all intercepts were symmetrical. A 10,000-1b charge of TNT
was used in one intercept of this second run compared with 1,000-1b
charges of TNT for other intercepts to examine blast duration effects.

All intercepts had about a 4-psi shock overpressure.

The effect of a strong leading-edge vortex was evident on the
loadings, particularly for peak blast induced angles of attack greater
than 10 degrees, so tufts were mounted on the leeward side of the wing
and photographed during the tests. The tuft pictures did verify the
presence of the vortex and showed its marked influence on the flow

direction at the wing surface.

The objective of this report is to describe the tests and present
the test data. The VIBRA-6 code predictions are to be compared with the
measured blast loadings in a separate report. The blast properties at
the model have been determined and presented for both runs. The loading
data for the wing have been verified for Run 9B-A4; the data from Run

9B-A5 were received too late for more than a first pass validation.

In light of the results obtained in these tests it is recommended
that similar blast loading tests be conducted with a low-sweep rigid
wing and with a flexible wing. It is expected that the results from
all of these tests could essentially provide the data base required
for validation of methods for prediction of blast airloads on wings of

current military fixed-wing aircraft of interest.
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APPENDIX A
PRESSURE AND ACCELERATION TIME HISTORIES

This appendix presents time histories of most of the measured
blast-line and sled-borne transducer measurements obtained during the

present test program, arranged as indicated in Table 9.

Material is presented here according to the chronological order of
intercepts as indicated in Table 6. For each intercept blast-line
pressures are presented first, followed by differential, blastward and
leeward wing pressures, total pressure at the model and at the sled,

static pressure at the sled, and wing acceleration.

The reference time for the origin of the time scale in each figure
is indicated at the bottom of the figure in the form TO = X-Y-Z where
X designates hours, Y designates minutes and Z designates seconds. For
Run 9B-A4, the reference times (TO) for the blast line data are based on
a nominal time standard which is different from the true time standard

used for the rest of the data; examination of the test data indicates

that true TO values may be obtained for the 9B-A4 blast line plots by

subtracting 1-5-47.304 from the indicated TO values.
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