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Blast Pressures Recorded Dubing Launching of §-inch High-Velocity Afreraft 26638

Rockets irom A Type PV-2 Naval Patrol Bomber {None)
Perls, Thomas A,
David Taylor Model Basin, Washing,ton,ib. C. C-93
{Same) ”
_ {None)
May ’48 Confd’l u.s, Eng. 10 photos, tabie

Measurements were made, in flight, of the blast pressures imposed on aircraft by the
launching of 6~inch high-velocily atreraft rockets. The rockets were fired from 3 zero-

. length launcher under the wing of a PV-2 Naval patrol bomber, and nressure-time records

. were obtained with & capacity-type gage and an electronic recording system. Similavities
and differences between flight-launching, ground-laanching, and static firing records are
discussed. The flight-launching data are analyzed., Additional flight tests are requived in
order to establish whether it will be possible to obtain the required pressure and frequency
data for flight launching by suitable adjustment of data obtained during ground launchings.

Copies of this report obtainable from Alr Documents Division; Attn: MCIDXD

Ordnance and Armament (22) Rockets - Launching from aireraft
Rockets and Launchers (10) (82705)
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and 32, as amended. Its transmission or the
revelation of its contents in any manner to an
unauthorized person is prohibited by law.’
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BLAST PRESSURES RECORDED DURING LAUNCHING OF 5-INCH
HIGH-VELOCITY AIRCRAFT ROCKETS FROM A TYPE PV-2
NAVAL PATROL BOMBER

by
Thomas A. Perls, Ph.D.

ABSTRACT

In this report are presented the data from what are believed
to be the first records ever obtained of the pressures behind 5-inch
high-velocity airaraft rockets launched from an aircraft in flight.
Similarities and differences are brought out between flight-launching,
ground-launching, and static-firing records. Additional flight tests
are required in order to establish whether it will be possible to ob-
tain the required pressure and firequency data for flight launchings by
suitable adjustment of data obtained during ground launchings.

INTRODUCTION

The David Taylor Model Basin is engaged,in the concluding
stages of developing instrumentation for the measurement, in flight,
of blast pressures imposed on aircraft by the firing of aircraft
rockets. This work is being done at the request of the Bureau of
Aeronautics (1)% under BuAer Project TED-TMB-2406, BuShips Symbol E-241.

This instrumentation has been tested during static firing of
5-inch high-velocity aircraft rockets, HVAR's, at the Naval Powder Fac-
tory, Indian Head, Maryland, and during flight launching at the Naval
Ordnance Test Station, Inyokern, California. Blast pressures recorded
during firing of 5-~inch HVAR's from a Type PV-2 aircraft in flight are
discussed in this report and are compared with similar data obtained in
static-firing and ground-launching tests (2).

TEST APPARATUS

In the flight tests conducted at the Naval Ordnance Test Sta-
tion, Inyokern, California, 5-inch HVAR's were fired from a "zero
length" launcher under the wing of a Type PV-2 naval patrol bomber.

Pressure-time records were obtained with a capacity-type gage
(3) and an electronic recording system (4) operating on the same prin-
ciple as the equipﬁent used for similar measurements during ground
launching of 5-inch HVAR's (2). The instrumentation had been modified
to make it airborne and to extend its uniformity.of response to cover
the range from zero to approximately 20,000 CPS while maintaining neg-
ligible sensitivity to heat and acceleration as well as negligible
microphonics and cable signal.

+* Numbers in parentheses indicate referencés on page 4.
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The gage was mounted in a panel under the wing of the aircraft
as shown in Figure 1. The sensitive face of the gage was flush with the
outside face of the panel and was protected against excessive heat from
the rogket flame by en 80-mesh cooper screen.¥ Figure 2 shows the posi-
tion of the gage with respect to the rocket nozzles.

The two main electronic units were mounted on standard ARC-1
racks in the cabin of the plane as shown in Figure 3, together with the
remote-control unit which makes it possible to operate this equipment at
distances up to 50 feet from the two main units. Remote operation might
be necessary, for instance, if the instrumentation were used in a fighter
plane and had to be operated by the pilot.

TEST RESULTS

Six records were obtained at the gage location shown in Figure
2. The significant portion of one, Record C, is shown in Figure 4, which
includes the entire time history of the blast pressure up to the point
‘vihere the rocket has left the launcher and has gone a sufficient distance
to make the blast pressures at the gage very small. The pertinent data
from these six records are assembled in Table 1 which also includes; for
comparison, the averdges and ranges of similar data for both ground
launching (2) and static firing of 5-inch HVAR's.

ANALYSIS OF DATA
The data shown in Table 1 and Figure 4 will be analyzed ac-
cording to the five time phases established in Reference (2).

1. The initial short -positive pulse has a pressure amplitude which
is, in general, at least 1/3 smaller in flight launching then in ground
launching or static firing. Its duration and general shape are subject
to considerable variations and the duration differences apparent in Table
1 cannot be taken as significant without additional data.

2. The next phase, previously designated as the negative pulse,
has not been entered in Table 1 because it does not consistently occur
immediately after the positive pulse, as in Figure 4. In several of
the recent records, in both static firing and flight launching, a pro-
nounced negative pulse has been observed the duration of which is com-
parable to the initial positive pulse. This negative pulse occurs
between 10 and 30 milliseconds after the start of the record.

onea
- - Pty

¥* Static-firing tests conducted at the Naval Powder Factery, Indian
Head, Maryland, had shown that any effect of this screen on the rec-
orded pressures was Qééligiblg in comparison with the random variations
from one rocket to anotheras -
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3. The phase of high-frequency, low-amplitude oscillations is
shortest for static firing, somewhat longer for ground launching, and
longest for flight launching (in'Figure 2 it occurs in the time interval
from 2 to 95 milliseconds after the start of the record.)

4. The phase of low-frequency, large-amplitude fluctuations is
definite in only about 75 per cent of the records. Its fréquency has
very little spread for eath of the three types of records. Its amplitude
is approximately the same for static firing and ground laupching but is
over 30 per cent lower for flight firing.

5. The tapering off of the pressure variations takes place in a
similar manner in all records. The total duration of the record, how-
ever, equals the entire burning time (about 1.1 second) of the rocket
for static firing but is less than 0.2 second when the rocket is launch~<u;
it was consistently about 15 per cent smaller on the ground than it was
in flight.

DISCUSSION OF RESULTS

A comparison of the data in Table 1 from static firing, ground
launching, and flight launching of 5-inch HVAR's shows that the following
features appear consistently:

i The pressures recorded for flight launching are considerably
lower than those recorded for the cother two types of. firing. However,
the individual effects of altitude, temperature, and air speed cannot be
separated on the basis of the records obtained to date.

2. The frequency recorded in the low-frequency, large-amplitude
pressure fluctuations does not seem to be sensitive to altitude, since
very nearly the same values were obtained at ground level at Indian Head,
Maryland, and Inyokern, Califormia, in spite of the difference in alti-
tude of more than 2000 feet. It is reasonable to assume that the cause
of the large difference in frequency observed in flight firing will be
found by a systematic investigation of the effects of temperature and air
speed.

3. The duration of the records obtained in flight launching was
greater than for ground launching, and the low-frequency fluctuations
appeared at a somewhat later time on the flight record. This indicates
that the rocket is slower 'in leaving the plane than in leaving a ground
launching stend, presumably because of increased velocity-dependent re-
sistance to its motion when launched from a plane.

CONCLUSIONS AND RECOMMENDATIONS

Certain similarities and differences have been brought out
between ground- and flight-launching records of 5-inch HVAR's. It is
apparent that a considerable number of additional flight launchings
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should be made under controlled conditions of temperature, altitude, and
air speed. It should then be possible to determine the effects of these
parameters on the observed pressures and frequencies. When this is done
for several types of aircraft rockets, it may be possible to realize the
hope expressed in the authorizing letter (1) for this project to deduce
from blast records of rockets launched on the ground the pressures and
frequencies that would be present had the rocket beem fired in flight, at
a given temperature, altitude, and air speed.

The significance of the reported data in terms of the effect of
rocket blast on airplane structures can best be decided by designers of
planes. The scantiness of the data has already been emphasized. It
should be noted, however, that the data indicate a possible decrease with
increasing air speed of the frequency associated with the phase of large-
amplitude pressure fluctuations. If this trend is confirmed in tests at
higher air speeds, it is possible that the frequency of these fluctuations
might fall in the range of frequencies associated with airplane structures,
and a critical condition might then result.

REFERENCES

(1) Buler CONFIDENTIAL letter Aer-E-2411-RAC of 2 December 1944 to
BuShips.

(2) "Blast Pressures Recorded during Ground Launching of 5-Inch

High-Velocity Aircraft Rockets" by Thomas A. Perls, Ph.D., TMB CONFIDENTIAL
Report C-54, January 1948.

(3) The TMB Condenser-Type Pressure Gage, by Thomas A. Perls, Ph.D.,
TMB Report 625, in preparation.

(4) "A Resonant-Bridge Carrier System for the Measurement of Minute
Changes in Capacitance," by George W. Cook, TMB Report 626, in preperation.
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: Forward Post of : Pressure Gage
, rZ_ero-l__engi'h Launcher ' G
~ b
, 9
T
i
Figure 1 - Capacity~-Type Blast Pressure Gage Mounted in a Panel
under the Wing of a Type PV-2 Aircraft
O The panel in which the gage was mounted is open to show the body of
the gage and the cables leading to the associated electronic equipment.
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