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CONFIDENTIAL

Object.

The object of project 4-04-16-06 (3 U.9-5) is to develop
a fire bomb for high-performance figh-ter aircraft.

Zhe object of the work deacribed !n this report was to con-
duct a preli-inary investgation and to evaluate the end item in the design
and model stage prior to full-scale engineering tests.

Results.

The literature search comprised a survey of the work done on
fire bombs, including that on fillings of 'various grades of thickened gasoline,
altitude of release, density of fire, groune coverage, end functioning on
different types of terrain,

Six drop tests were ccrdulcted with uristabilized containers
(modified amoka tanks V10; photo. 14355, appendix A), which were adapted to
receive igniters U16 wounfed externally at the nose and the tail. Satisfa~ctory
functioning of the igniters in these positions permitted preparation of a
design in which the igniters could be placed within fairings at the nose and
tail giving th* tank urnterrupted streamlined shape.

A number of knocklown fuel tanks for the P-80 airplaUe sere
procured for ilea as the casing of the firebomb tud a model fire bomb, desig-
nated the E47, was prepared (photc. 14596) for Lnstallation tests on the
available high-performance airplanes. Installat'vO!L drawings were prepared
(dwgs. C18-64-770, 018-64-836, 018-64-768, C18-64-837, C18-64-769, appendix B)
to determine the possibility of fitting all airpa.za with the saws model firbe

bomb.

Flight testis of the model fire bomb mounted on a P-47 airplane
were conducted at velocities up t6 360 m~p.h. to determine the stability of
the nose and tail fairings (photo, 14619, appendix A) 0

Conclusions.

0 A fire bomb design ba-sed on the modiPcation of the 16_-ral

knookdown range-extension tank for the P-80 ai.rplane, to incorporate external

foe the P6-80, P-82, and P-86 airplanes, and possibly for the P-90 and sub-
sequent; fighter aircraft, and wfill be available for use in the shortest
period of tizo0

2* "The onciurrent developmant of a fire 'bomb having a capacity of
approximtely 100 gal.,, a maximum diameter of 24 in0 q a fineness ratio of five

to one,and identical in all other respects to the fire bomb mentioned in
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conclusion 2, fok use with thw IP-80, P-82, P'-84, P-86, P-86, and± subsequent

perfomneefighter aircraft is continuing.
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MINARY INVESTIGATION OF FIRE BOM FOR
HIGH-FERFOU(&NCE FIGHTER AIRCRAFT

I. INTRODUCTION.

A. Obet

The object of project 4-04-16-06" (B 11.9-5) is to develop a
fire bomb for high-performance fighter aircraft.

The object of the work described in this report was to con-
duct a preliminary investigation and to evaluate the end item in the design
and model stage prior to full-scale engineering tests.

B. Authority.

Authority for this work was the 1948 project program, Project
4-04-16-06 (B 11.9-5), Fire Bomb for High-Performauce Fighter Aircraft.

III HISTORICAL,

A, General,

The use of a large incendiary munition fer close tactical

support of ground troops and for the destruction of m, ieriel was conceived
in the active theaters of operation during World War IIo It is reported
that jettisonable fuel tanks of fighter aircraft, released over targets
of opportunity and then ignited by incendiary or trvcer aununition fired by
accompanying aircraft, produced remarkably effective results, This use led
to the development of the thickened-gasoline-fillad fuel tank, which was*
used extensively as a fire bomb in both the European and iacific theaters,
The original work on this improved munition was done by the Aiu Air Forces

Proving Ground Comnand at Eglin Field, Florida (1,2,3, and 4).

The tests conducted by the AAF indicated that jettisonable

fuel tanks filled with napalm-thickened fuel and fitted with incendiary

hand grenades or incendiary bombs produced a fire of saffioient magnitude

and intensity to insure considerable incendiary effect, The thickened
fuel reduced "splash," thus concentrating the fireo

The fire bomb proved very successful during the recent war
and "is regarded as responsible for one of the break-throughs in France,
the surrender of St. Malo, and the death of von Kluge." (6, note 5),

B, Location of Igniters,

Although the fire bomb possessed a considerable degree of

effectiveness, it was desirable that improvements in ignition devices be

effeoted, It was necessary to determine the funoti.oning efficiency of
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externally attached igniters as opposea to those mounted internally or to a
combination of both, that i, one internal and one external igniter. Xx-
haustive tests were conducted and it was recommended (6) that the fire bomb
should be fitted with two external-type igniters.

C. Size of Fire Bomb.

Various sizes of jettisonable fuel tanks and bombs were tested
to determins the optimum size for a fire bomb. The 165-gal, tAnk was found
to be the most effective. When compared to the U.S. Navy bomb 1ark 66, Mod. 0.
(1,000lb.) (7), the U.S. Navy practice bomb Mark 67 (2,000-lb.) (8), and the
58-gal. aircraft jettionable fuel tank (9), the 165-gale jettisonable fuel
tank proved three to four times as effective. Comparison was based on the
effective coverage, fireball effect, altitude of release, and ignition.

D. Temperature Effects,

The effect of extreme temperatures on the functioning of the
fire bomb has been studied only partially. 85'ice the fire bomb was subjected
to miscellaneous tests at temperatures up to approximately 100F. only, no
specific study has been made of its functioning at extreme high temperatures.
However, a project was established to determine functioning of the bomb
under extreme cold weather coit ns. Under this project, a test was con-
ducted by the AAFPGC (10) in 4 E .t temperatures ranging between -44'Fo
and -70*F. The conclusions were base on the testing of 75 different gels
prepared under varying conditions. The coverage and fireball effect were
considered by the test personnel to be slightly better than those obtained
in warmer climates, It was proved that gel can be mixed in temperatures as
low as -4 40.,, and it was concluded that extreme cold weather has no effect
on the functioning of the fire bomb,

III, MEORETICAL,

The military requirement for a fire bomb for high-performance
fighter airplanes was established and the military characteristics were approved
on 26 June 1947 (item 1750, CCTC Minutes).

The military characteristics for the fire bomb are as followss

lo Total weight of the filled fire bomb should not exceed wing load
allowance for bomb rack, The filling for this munition should
be of the field-mixed, gelled gasoline type.

2, As ie.ny as practical of the features of the knockdown fuel tanks
now being used or being developed by the Army Air Forces should
be incorporated in the fire bomb.

3. The fire bomb should be suitable for carriage withouk modifiea-
tion of installation featurcis on the wings of fighter aircraft
including the P-80, P-84, 7686, P-88, 2-90, and subsequent
fighters,
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4. The fire bomb should have optimum streamlined characteristics
at least comparable to the 165-ge.lo droppable fuel tv'k designed
for the P-80 airplane.

5. The fire bomb should not fail in any part when subjected to the
accelerations currently specified by Army Air Forces.

6. The fire bomo should have an overall functioning percentage of 95.
7. The fire bomb should be safely Jettisonable when full or empty

and in level flight at airspeeds up to 600 knots.

8. The fire bomb should, if practicable, be suitable for at least
six months' storage when filled with ar' of the authorized
agents.

9. The tank of the fire bomb should be adaptable for nested ship-
ments.

10. The tank of this bomb should be designed so that it can be widely
employed as a jettisonable range-extension tank,

The approved military~ characteristics were revised 4 March 1948
(item 1827, CCTC Minutes), as follawss

1. Par. 10 (The tank of this bomb should be designed so that it
can be widely employed as a jettisonable range extension tank)

was deletod,
20 Par.. 4 waE changed to reads "The fire bomb should have optimum

streamlined characteristics consistent with operational and
~~structural limitations." •

The 165-gal° knockdown range-extension tank for the F-80 air-
plane, existing and available for this development, will presumably meet the
military characteristics listed in pars. 1, 2, 4, 5, 7, 8, 9, and 10,

Installation drawings and installation tests are necessary to
determine compliance with par. 3. Also, since each airnlane is mocked-up

*prior to manufacture and mock-up bombs are installed on the racks, a fire
L bomb of approximatel' the same configuration as the existing fire bomb (165-gal.

range-extension tank, should fit.

For compliance with the military characteristia listed in par, 6,
two external igniters have been recommended (6). Preliminary tests are nocessaryo

The action approved by CCTC item 1827 does not necessarily change
the foregoing analysis, but eliminates only those portions of the characteristics
covering the use of the fire bomb as a range-extension tanks Optimum stream-
l Lned characteristics will vary from airplane to airplane and must be determined
by extensive wind tunnel studieto An optimum streamlined fire bomb for all
the fighter aircraft enumerated will obviously be a compromise and will be the
result of investigation to comply with par, 3 of the military characteristics,
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IV. EXPE&DnEN1&L=

A. Procedure.

1. Procurement of Tanks, Drawings, and Reportso

An inquiry as to the use of the 2-80 range-extension tank was
made in July 1946 in connection with the development of an all-purpose chemical
tank (project B 3.1-16, canceled), and it was found that the range-extension
tanks would be available after January 1947, Circulation of the proposed military
characteristics for the fire bomb resulted in a renewal of negotiations, in
April 1947, to secure a number of the P-80 range-extension tanks for use.
Subsequently, 52 tanks were ordered.

A chronological listing of requests from the USo Air Force for
data on the airplanes and on range-extension tanks is as followas

July 1946 Request for data on P-80, F-84, and P-86 airplanes.,
Request for six 1-80 rauge-extension tanks.

October 1946 Request for drawings of P-80 range-extension tank.
April 1947 Request for two P-80 range-extension tanks.

Request for 52 P-80 range-extension tanks.
September 1947 Request for data on installation of the B-80 range-

extension tank on P-80, 2-82, P-84, P-86, P-88, and
P-91 aircraft. Request for data on proof-testing of
the P-80 range-extension tank.

November 1947 Request for die drawings of the P-80 range-extension
tank. Request for detail drawings of the wing, bomb
shackle, and may brace installation of the P-82,
P-84, 1-86, P-88, and P-90 aircraft. Request for
data on other range-extension tanks,

2, Installation.

Arrangements were made with the Air Materiel Command, Wright
Field, to conduct intallation tests of fire bomb E47 (modified 165-gal, range-
extension tank) on the 2-80, P-82, and P-84 airplanes. The fire bomb was
flown to Wright Field in the bomb bay of a B-25 airplane in March 1948 for
these tests.

Considerable difficulty was encountered in installing the fire
bomb in the bomb bay of the B-25 for this trip. It was necessary to remove all
fairings and to rope the bomb in a diagonal position.

It appeared from the initallation drawings that it might be
necessary to lengthen the suspension lugs on the bomb to facilitate mounting on
the P-82 airplane, due to interfereao9 with the bomb rack pylons., TWo 2-in, and
several 1/4-in. spacers were made so the bomb could be mounted under any con-
ditions.

CONFIDENTIAL
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3, Location of Initers.

After a review of available literature on the fire boub,
V and of design characteristics, it was tentatively decided to place two

external igniters, inclosed within fairings, at the nose and the tall of
the fire bomb, Six 110 airplane smoke tanks were modified (photo. 14355,
appendix A) to receive standard 115 igniters at the nose and tail. no,
inert containers were dropped from a P-47 airplane at 173 knots (2CO m.p.h.)
indicated airspeed from an altitude of 100 ft. to deter-dne fuze functoning
with respect to location. The arming vanes of the igniters were also =dified
to present the bell face 300 to the perpendicular.

4. Flight Tests of 1,000-lo. Fire Bomb E47.

To determine the flight stability of the model fire bo=b E47
with fairings attached (photo. 14596, appendix A), two =odels were modified
with a U-shaped - ay brace and mounted on a P-47N airplane (photo. 14594,
appendix A). Flight tests were conducted with the empty fire bombs at
velocities up to 252 knots (360 m.p.h.). with the airplane taking evasive
action to simulate flight conditions in combat. Notion pictures of the nose
and tail fairings were taken in flight (photo. 14619, appendix A), using the
idO photo, tank and two AN-MS gun cameras.

B. Results.

1, Procurement of Tank, Drawings, and Reports,

Fifty-two range-extension tanks were received for use in
fabricating a preliminary model of the fire bomb and in future engineering
tests. The tanks were manufactured by Curtis-Wright on contract, in
accordance with Weber Showcase Company dwg. W-165001.

Drawinrs of the range-extension tank (Weber Showcase Co. dwgo
W-135001) were received in February 1948. Tentative sketches were prepared
and detail drawings on which to prepare a model for installation tests were
begun in September 1947. A model of the fire bomb, designated the E47, wa!

completed in February 1948.

Drawings of the P-80 airplane were received in August 1946,
drawings of the P-84 and P-88 airplanes were obtained on a visit to the Air
MAteriel Command in February 1948, and drawings of the P-82 and P-86 air-
planes were received in March 1948, No drawings on the P-90 or subseq-ent
fighters are available. After receipt of drawings of the tank and the
various airplanes, installation drawoings were prepared (dwgso C18-64-770,
C18-64-836, C18-64-768, C18-64-837, and C18-64-769, appendix B)

No reports are available on the installation of the 165-galo
knockdown range-extension tank for the P-80 airplane on any of the fighter
airplanes subsequent to the P-80 and no reports have been located on the
installation of the existing fire bomb (165-gal, range-extension tank) on

COIFIDENTIAL
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awy of these airplanes. A stAy of reports 1, 2, and 3 on the testing of
the 165-gal. knockdown rae-ten- ion tank indicates that very little of
the datz are applicable to its use as a fire bo b. t h. cancellation of the
military charcteristics covering the use of the fire bc=b as a range-
extension tank was the result of similr decisions (n1).

2. Lnstallation.

Clearances were checked and photographs of each installation
were taken.

a. P-80 Airplan.e.

As the 947 fire bcmb is priwrily a modified 165-gal.
droppable fuel tank, no great difficulty was experienced in installing the
bomb on the P-80 airplane (photo. 14639. appendix A). It was noted that if
the interference drag fairing was on the bomb, installation would be diffPi-
cult. Tis was verified by personnel of the Bombing Branch, Air Materiel
Conwnd, and it was stated that one hour waz needed for installing the droppable
fuel tank. If a removable panel were located in the side of the fairing, making
it possible to see the lugs, installation would be simplified.

b. P-82 Aizplane.

The E47 fire bomb ust be modifie for use on the P-82
airplane, as the bomb rack pylon strikes the bomb at the forward end of the
sump. When the bomb is mounted on the outboard racks (photo. 14640, appendix A)
the interference is approximately 1/2 in.; when it is mounted on the center
racks, the interference is approximately 2-1/4 in.

The clearance between the two fire b os when vounted on
the center racks is approximately 7/8 in. It appears that if the bombs are
dropped in .alvo, the possibility -f their striking together, causing air
burst and dangur to the airplano, is great. If the bombs are dropped in. train,
the clearance seems sufficient. Electrica .,ng of the fire bomb has been
considered, and if this is done the cen - aoks will have to be especially
wired, as there is no wiring at this polalt on existing airplanes.

0 P-.84 Airplane.

The E47 fire bomb, as designed, is not suitable for use
with the P-84 airplane, When the bomb is mounted, the interference between
the bomb and the landing gear door is approlimately I in.; the clearance
between the bomb and the fuselage is 7/8 in, When the landing gear is raised
or lowered, the tire rubs the door at its extreme open position (photo. 14638).

3, Location of Ign.. ,rs.

trTest of the first two inert, unstabilized containers with 115
ie.iters at the nose and the tail established the proper testing procedure.
It was found that on impact the igniters became detached from the container

CONFIDENTIAL
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a nd since only two were found, in a relatively swapy area, positivo identifi1-
cation with respect to their location was impossible, Subsequently, an
identifying color was added to the body at the igniters, Mwe seond test re-
sulted I= the recover-y of both rose iptiters, which functioned properly.
Only czn tail igniter was recovered amd this bed not f nctionsd due to a
broken arming wire, which was retained i= the face. The third test resulted
In 100% funtioning of both noze amd taLxl ignIters.

4, Plight Teste of Model.

A total at six hours' flight timewas registered on two model
fire bombs. Inspection of the models at the end at this period tailed to
reveal any flaws.

V, DIScI;SSION.

The fire bomb proved its effectiveness in the last war, ev-en
though the first bombs were of the most elevrtary typo. Since that tim
vany improvements have been made on the bomb. These improvements. are the
result of extensive test programs conducted in an attempt to ascertain the

cpti typeand size at bomb, It has been realized that an optimm stream-
lined fire bomb for allhigh-perforomnes fighter aircrtirt will obviously be
a compromise.

7he 165-gal. jettisonable fuel tank was used as the major cam-
ponent of the 547 fire bomb. External igniters with fuzes of the inertia type

* were mounted in truncated fairings at the nose and the tail and were inclosed
in removable fairings. Arming wires for both the fairings and fuzes were run
through internal ducts to prevent their being carried away by the air stream,
As can be seen from photo. 14596, appendix A, the bomb presents a clean, smooth

surfac to te air tre1m Pr li ar pressure tests of the bomb indicate
that a hyd-rostatic pressure of 10ls.in, will no;,as laae

The functioning efficiency of internal and external igniters
has been the subject of many tests. It was determined from these tests that
two external igniters were the most efficient, thus this type is being used
on the B47 bomb. As the igniters at the nose and the tail are identical and
are suitable for both Nk and Wi' filling, procurement is simpified. The
removable fairings are of clear plastic to permit inspection of the igniter
prior to toke-off,

Since the 165-gal. jettisonable fuel tank was designed
prim~arily for the P-80 airplane, no difficulties were encountered in in-
stalling it on that airplane, As the interference drag fairing is attached
to the tank before mountipg on the wing it is impossible to see the bomb
rack, thus making propasr alignment between the suspension lugs and suspen.-
sion hooks* amatter of chance, A change is anticipated in the method of
sway bracing which will nocessiatate only a minor change to the fire bomb,

CONFIDENTIAL
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When mounting the fire bomb on the P-82 airplane, inte-
ference between the top of the bomb and the wing rack pylon was enounteredo
The inboard pyions are equipped with bomb racks for both 14-in, and 30-in.
suspension. As the fire bomb requires 14-in.suspension, the forward end of
the pylon strikes the bonb at the forward end of the sump and the sway braces
could not be extended faf enough to support the bomb. When the lugs were
lengthened 14t in,, the pylons cleared the bomb, When the fire bomb was
mounted on the outboard racks it wa3 necessary to lengthen the lugs 2 1/4 in.
?he alterations required to make the E47 fire bomb suitable for the P-82
airplane are minor.

The E47 fire bomb is not suitable for installation on the P-84
airplane, as the landing gear door strikes the side of the bomb when it is 1 in.
short of its noxisaw open position. The angle of the door when open, in rolation
to the bomb, is such that lengthening the suspension lugs does not remedy the
difficulty. The rnly solution to this problem is to develop a now fire bomb
with a diameter no greater than 24 in. A compromise must be accepted in the
ancunt of incendiary fuel carried, in order to decrease the diameter of the
bomb and thus facilitate mounting on all airplanes. A bomb of 24-in, diameter
would have a capacity of approximately 100 galo9 which wculd materially re-
duce the incendiary effect but which would not impair the over-all efficiency,
it is believed,

The stability of the removable nose and tail fairings when in

flight was questioned, Due to the unavailability of a high-performance fighter
aircraft, the E47 bomb was given preliminary flight tests on a P-47 airplane at
speeds up to 360 mp.h. Motion pictures of the nose and tail fairings were
taken in flight. A study of the motion pictures did not reveal any serious
movement in these fairings, consequently it is presumed that the ondition at
high speeds will be satisfactory. The airplane was flown at a speed of 263
m.p.h. and the power setting noted; when the fire bombs were mounted and the
airplane flown at the same power setting a speed reduction of 8 mopoh. was
noted. This reduction is .03% of the maximum, On this basis, which only
can be checked by actual flight tests, there would be a loss of 21 mpho with
a power setting of 700 mop.ho This figure seems to be low but may give some
indication of the reduction in speed. These tests were conducted with empty
'anks; if the tanks had been filled the reduction in speed would undoubtedly
be greater,

No reports on the jettisoning or functioning of munitions
dropped from high-performance jet fighter airplanes at high subsonic
velocities have been found, It is known, however , that wodified fire bombs
have been dropped at Rglin Field, Fla., from the P-80 and P-82 airplanes0
Informal discussion with personnel of Eglin Field, in May 1.47, on the con-
cept of fire bombs and spray tanks for the jet airplanes led to the decision
to place arming wires and electrical wiring inside small-diameter metal
tubing which is run through the inside of the bomb, to prevent their being
carried away by the air stream, This method hmb proven satisfactory with
spray tank 219R1.

COWFIDENTIA1
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It was alao learned in discussions with personnel of the Air
Materiel Comand, Wright Field, that very little about the behavior of wing-
mounted munitions when jettisoned at high speed could be predi-ted and that
a program had been prepared to conduct flight and jettisoning tests with
an XB-45 airplane instrumented with various cameras to record results. The
problem of jettisoning munitions at high velocities is regarded as one of
basic research by the AMC, It is anticipated that some additional means,
such as hydraulic ejection cylinders, explosive cartridges or carbon dioxide
bottles, may be required to jettison munitions at very high velocities. No
provision can be made to strengthen the tanks at the ejector bearing surface
until more data are available on the basic requirements. It is also anti-
cipated that fairings to the wings may be necessary at very high velocities,
especially through the transonic zone. The tumbling nature of the fire bomb#
which apparentl is the major factor in producing the fireball effect,would

§. not be affected by retaining the interference drag fairings now in use on
range-extension tanks. Therefore, it is indicated that a distinct advantage
may accrue in the development of externally mounted munitions for higher
velocity airplanes by retaining the fairings of the present fire bomb0  The
upper shell of the knockdown range-extension tank has been designed for
right-and left-hand installation. The redesign of this part and the relocation
of the fairing attachment holes to make a basic casing that will receive
right- and left-hand fairings for any airplane is desirable,

The arming of munitions on release from present airplanes has
been accomplished almost invariably by arming wires or similar mechanical
devices, Spray tanks have been fir ed electricallyi The use of electrica
controls gives several advantages, such as safety in handling, storage, and

flight9 jettisoning in safe condition, and elimination of the drag of arming
wires on munitions when jettisoned at high velocity, In discussions with
personnel from the AMC, Wright Field, it was Vadicated that electric~lly
fuzed or armed munitions would replace the .urrently standardized arming-
wire type of munitions at some future date0  For the connection from shackle
to bomb it was anticipated that a break-away coupling of the jack type would
be developed. A current investigation by the Technical Comnand of a self-
ejecting-type coupling for use with the wing-mounted munitions has been
referred to AMC, Wright Field, for consideration0 The first models of fire
bombs are armed by arming wires0 To obtain a fully electrically controlled
munition, minute solenoids have been procured for locking the nose and tail
fairings and a tentative design is being considered. A miniature motor also
has been procured for use in the igniter fuze and a tentative design to give
an electrically safetied air-arming fuze is being studied0 The ultimate
goal of electrically controlled munitions will be slower of accomplishment
than the development of conventional types and must await a simultaneous
solution for airplane, munitions, and fuze.
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10, Ai.PI.SC, Serial no. CI 9-45-1, ?inal Report on Cold eathor
Test of Fire Boz-bs

11, TWSPP-524-1769, Conference in Regard to Standardieation of
External Jettison Fuel Mank with Representatives of Ergineering, Procurement,
Mintonance and Supply Divisions.
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APPENDIXES~

Appendix A, Photos. 14355, 14596, 14594, 14619, 14639, 14640, a~nd 14638.

Appendix B, Dwgs, C18-64-770g G18-64-836, C18-64-768, C18-64-837, and C18-64-769.
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APE1NDjX A

Photo. 14355, Smoke Tank M10 Modified to Reoeive Igniters 115 at Ncfse and Tail.
Photo. 14596, Fire Bomb E47 Mounted on P-80 Airplane Wing Tip.
Photo. 14594, Fire Bomb E47 Mounted on P-47N Airplane.
Photo. 14619, Fire Bomb £47 Mounted on P-47N Airplane, in Flight.
Photo. 14639, Fire Bomb £47 Mounted on Wing of P-80 Airplane.
Photo. 14640, Fire Bonb £47 Mounted on Outboard Wing Raoks of P-82 Airplane.
Photo. 14638, Fire Bomb £47 Mounted on P-84 Airplane.
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APE1DI X B

Dwe. C18-64-770, Installation, Smoke Tank and Fire Bomb (XP-80 Airplane).
Dwg, C18-64-836, Installation, Smoke Tank and Fire Bomb (IP-82B Airplane).
Dwg, C18-64-768, Installation, Smoke Tank and Fire Bomb (IP-84 Airplane),'
Dwg. C18-64-837, Installation, Smoke Tank and Fire Bomb (IP-86 Airplane).
Dwg. C18-64-769, Installation, 4moke Tank and Fire Bomb (IP-88 Airplane).
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