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- FOREWORD

This document was prepared to serve as the final
report of Power Plant Laboratory Project T-11-P-206A-16,
(formerly S506-224J) entitled (Unclassiflied) "War Emer-
gency Thrust Augmentation for the J47 Turbojet Engine
Installed in the F-86 Aircraft”. The project was adminis-
tered by the Rétating Engine Branch, Power Plant Laboratory,
Wright Alr Development Center.

Acknowledgment for thelr work on the project 1s given
to the followling: F-86 Weapon System Project Office, _
Wright Air Development Center; Air Force Flight Test Center,
Edwards Air Force Basej; NACA Lewils Flight Propulsion
Laboratory; General Electric Company; and North American
Aviation Inc. .

This document, excepting the title and Sections I and
II, is classified CONFIDENTIAL because of the nature of,
and potential future military application of the work re-
ported on; classification 1s made in accordance with Air
Force Regulation 205-1, paragraph 24a, dated 15 December
1953.
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o ABSTRACT

Augmentating the thrust of the J47 engine in the F-86
aircraft was the principal objective of the program herein
reported upon. The work covered a period of approximately
two and one~half years and was conducted primarily by the
General Electric Company and North American Aviation, Inc.
under Air Force contract. Work was also accompllshed on
the project by the Wright Air Development Center, the Alr
Force Flight Test Center, and the Lewis Flight Propulsion
Laboratory. All known schemes that could possibly augment
the thrust of a turbojet engline were considered and over-
speed, overtemperature, liquid nitrogen injection, water-
alcohol injection, end pre-turbine fuel injection were '
brought under development. With the exception of overspeed
and liquid nitrogen injection, the above systems were
tested in flight and demonstrated that they could provide
increased thrust for the J47 engine thereby substantially
increasing the performance of the F-86 aircraft, O0Of the
three augmentation systems flight tested, two drastically
reduced the life of the engine and the third, water-alcohol

, _ injection, although not having such a severe effect on en-
gine 1life was not sulted for installation in the F-86 alr-
craft, Thus, under the circumstances, adaptation of any
thrust augmentation system to the J47 engine in the F'-86 ,
alrcraft for Korean operational use was deemed impractical.

PUBLICATION REVIEW

This report has been reviewed and 1s approved.

747/ NORﬁLAg'C. APPOLD

Colonel, USAF
Chief, Power Plant Laboratory

Directorate of Laboratoriles

FOR THE COMMANDER:
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INTRODUCTION

Encounters against the enemy M1G-15 aircraft in Korea
dictated that steps be taken to improve the performance of
the F-86 alrcraft. Combat experience demonstrated the in-
ferlority of the combat and service cellings of the F-86 alr-
craft and it was evident that the aircraft's climb perform-
ande was 1n need of the most improvement., Although the F-886
alrcraft had higher level flight and dive speeds than the
MiG-15 alrcraft, the latters ability to accelerate more
rapldly to 1ts maximum speed in part made up for 1ts some-
what lower maximum attalnable speed: It was directed that
the greatest effort be exerted on measures to improve the
combat capabllity of the F-86 alrcraft with regerd to the
above mentioned alrcraft performance variables. The pro-
duct of these measures was to be something that could be
placed in operational combat use at the earllest possible
date; however, work was to be continued to provide further

. Improvements as soon as they could be made available to

supplant or supplement initial expedlencles adopted as emer-
gency solutions. The understanding was that measures

which promised significant performance gains would not be
re jected on the grounds that englne life would be reduced
unless the reduction 1n 1life imposed an unsupportable bur-
den on supply and malntenance.

The deficiencies of the F-86 alrceraft when compared to
the MiG-1l5 alrecraft, as outlined above, were indlcative of
one factor which needed improvement—thrust loading. In
order to make the thrust loadling of the F-86 alrcraft more
nearly equal to that MiG-15 alrcraft, an lmprovement of such
in the order of 50% would have been necessary. The problem
was attacked by attempting to incresse the thrust of the F-86
aircraft and reduce the alrcraftis weight., All the known
methods of asugmenting the thrust of a turbolet engine were
considered and many were actually brought under development
for the J47 engline, the purpose being to Improve the perform~
ance of the F-86 alrcraft., This report will present and re-
view the various technical aspects of the above clted problem.
which concern the J47 englne.

Because of the varled and extensive nature of the pro-
gram concerning the efforts to augment the thrust of the

WADC TN 55-298 viii
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J47 engine, the work reported upon herein 1s presented
chronologically rather than in any order pertalning to the
relative iImportance of the various phases of the work
accomplished or the benefits derived from such work. As
the objJect of the entire project was to meet an emergency,
where timing was necessarily important, pertinent data
with regard to thls are prdsented in Figure 1 for esarly
reference., Other steps taken to improve the performance
of the F-86 alroraft, which were not directly related to
the J47 engine, such as rocket boost, serodynamic improve=-
ments, welght reductions, etc. are reviewed in numerous
other USAT and contractors' documents and will not be sub-
Jects of this report.
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SECTION I

OVERSPEED

A, Gener&l_- Testing - Results

Operating at e higher rotor speed was consldered as a
means of increasing the thrust of the J47-GE-13 engine; 1t
was originally thought that an incresse in thrust could be
obtained by incressing the alr mass flow through the en-
glne. When the exhaust nozzle area was not enlarged for
such operation, an overtemperature condltion existed. How~
ever, 1t was soon found that when the exhsust nozzle area
was so enlarged to maintain the limlting exhaust gas tem-
perature, a decrease in thrust, rather than an increase
occurred. Figure 2 illustrates how the thrust tapers off
1f the exhsust gas temperature is maintained constant by
increasing the exhaust nozzle area for rotor speeds great-
er than 7950 rpm (100%). This condition was due to the
comparatively large decrease in the pressure ratio across
the nozzle relative to the lncrease in the alr mass flow
through the engine. Overspeed operation in itself con-
tributed nothing to any additional thrust output when such
operation was combined with overtemperature due to fall-
off in compressor efficiency at the higher values of rpmj
Figure 3 illustrates this fall-off in compressor effi-
clency. Should overspeed operation of the engine have
resulted in an increase in thrust, 1t is doubtful if such
operation could have been approved for any extensive ser-
vice use because of the relatively large increase in cen-
trifugal stresses which accompained overspeed. These
stresses increased approximately 8% when the engine was
oversped by 4%.
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SECTION II
CVERTEMPERATURE

A, General

Previous experience had demonstrated that any thrust
increase which was derived during the engine overspeed
testing was solely due to overtemperature. Overtemperature
operation, without overspeed, was then conaidered as a
means of lncreassing the thrust of the J47-GE-13 engine.
Although it was known that overtemperature operation would
provide a subsiantial amount of augmentation, dependent
upon the degree of overtemperature, there were many prob-
lems which had to be resolved before such operation could
be approved for use in the field. The most difficult of

‘these problems was that of determining a 1ife for the en-

gine parts that had been subjected to such overtemperature.
It was lknown from past experlence that realistic engine
parts! life figures could only be obtained through service
use or a long endurance testing program. Possible trouble
areas which needed investigation were as follows: ade-
quacy of alrcraft cooling in parts adjacent to the engilne,
ability of the airframe structure to take the additional

" loading and temperatures, and the determining of accurate

means of setting the rpm and exhaust nozzle area of the
engine on the ground to glve the desired conditions at
altitude. Attention needed also to be given toward re-
solving the problems associated with the use of a small-

er area exhaust nozzle with regard to engine control opera-
tion, engine acceleration, engine stalls, flame-outs, end
starting.

Since it was not possible to enter into an endurance
type of test program to gather engine parts' life data, it
was decided to determine alrcraft performance utilizing
overtemperature operation of the engine and to gather as
much other information as could be had, coincident with
such performance testing, that might allow a reasonable
assessment to be made sbout the degree of maintenance and
logistic support which would be necessary to allow tactical
use of engine overtemperature operation.

WADC TN 55-298 3
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B. Testing

Only a small expenditure of work was necessary to allow
overtemperature operation and that consisted of placing
restrictor segments in the tall-plpe to decrease the ex-
haust nozzle area, Figure 4 1llustrates the restrictor
segments placed In the tall-plipe of the J47-GE=13 engine
in the F-86E test alrcraft. In addition, an asuxiliary stop
" was placed on the throttle quadrant In the cockpit. The
auxiliary stop was installed on the throttle quadrant so
that the engine might not be continually operated at an
overtemperature condition., The auxiliary stop was set at
8 position which limited the rpm of the engine to a value
such that 100% thrust was obtained at 100% exhaust gas:
temperature but at lower engine rpm than 100%. The auxil-
lary stop was designed so that the throttle could be pushed
outboard and forward to the original full throttle position
thus glving additional thrust resulting from overtempera- .
-ture operation. Figure 5 1llustrates the auxiliary stop -
installed on the throttle quadrant in the cockplt of the
F-86E test alrcraft. Such a system allowed normal opers-
tion up to the auxlliary step and in addition allowed the
pllot to obtain additional thrust by advancing the throttle
past the auxillary stop. Since the rpm was slso lncresased
when the throttle was advanced past the auxilliary stop,
the air mass flow through the engine was increased slightly.

Approximately 99% thrust was available with the throt-
tle at the auxiliary stop provided 100% exhsust gas tem-
perature was maintained at that setting. Not only was 99%
thrust availsble at 93% rpm, but due also to the engine's
component characteristlics, the full thrust normally avall-
able was obtained between 96% and 100% rpm at 100% exhaust
gas temperature with due allowances belng made for changes
away from standard ambilent conditions. Static and flight
testing was accomplished with the auxlllary stop set at
7400 rpm (93%) and the exhaust nozzle area so reduced to
produce 1275°F(100%) exhaust gas temperature at that en-
gine rpm. With such an arrangement, an exhaust gas tem-
perature of 1500°F (118%) was produced at 7950 rpm (100%).
A timer was Installed so that the duration of operation
ebove 93% rpm could be determined. Flight operation above
93% rpm was for the most part limited to one minute cycles
at the overtemperature setting in order te obtain meximum

WADC TN 55-298 4
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F-86E Tall-Pipe Restrictor Segments
Utilized In The J47-GE-13 Engine
Overtemperature Tests.

FIGURE S8.

WADC TN 55-298

Auxiliary Throttls Stop Installed On The
Throttle Quadrant In The Cockplt Of The

F«-86E Aircraft During The J47-GE-13 Englne
Overtemperature Tests
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life of the turbine buckets, Continuous and cyclie ovartem-
perature operation tests were conducted both on the ground
and in flight. Throughout the testing, lnspections were
made in an attempt to correlate parts'! life deterioration
with overtemperature operation. A full metallurgical in-
vestigation of all parts subjected to overtemperature was
made upon completion of the testing.

Two other tests were run iIn conjunction with the over-
temperature flight testing. One such test was the placing
of a by-pass needle valve between the large and small slot
fuel manifolds to prevent exhaust gas temperature drop-off
in c¢limbs and the other was the placing of a 30 psi restric-
tor valve in the emergency fuel system side of the double
check valve so as to give better temperature regulation
while climbing. Both of these additional tests were con- :
ducted with the purpose of alleviating problems which had
been experlenced 1n the field.

Figures 6 through 11 are plots of pertinent perform-
ance data gathered during the testing phase of an F-86E
alreraft with a J47-GE-13 engine utilizing overtemperature
as a means of thrust augmentation. Data for & standard
unaugmented J47-GE-13 engine and F-86E alrcraft are sup-
plied for comparative purposes.

From Figure 6 1t cen be seen that the rate-of-climb
of the F-86E alrcraft wes increased by 1800 ft/min at alti-
tudes between 30,000 feet and 45,000 feet when utilizing
overtemperature operation of the engine; thus the rate-of-
¢climb wes nearly doubled at an sltitude of 35,000 feet and
nearly tripled at an altitude of 40,000 feet., At an altl-
tude of 45,000 feet the rate-~of-climb with overtemperature
operation was four times as great as the rate-of-climb at
military power, The time to c¢limb from an altitude of
30,000 feet to an altitude of 45,000 feet wag meduced by
spproxlmately 8 minutes utillzing overtemperature opera-
tion of the engine as can be seen from Figure 7. Flgure 8
shows a steady incremental Increase iIn maximum level flight
true alr speed of about 10 knots at an altitude of 15,000
feet to 15 knots at an altitude of 45,000 feet utilizing
overtemperature operstion as compared to operation at mili-

WADC TN 55-298 6
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tary power, The performance gains as noted were mede possi-
ble by an average lncrease in net thrust of approximately
27% at altitudes between 15,000 and 45,000 feet, with a
maximum incresse in net thrust of nearly 30% being obtained
at ag altitude of 35,000 feet as can be observed from Fig-
ure 9.

As a result of the smaller exhaust nozzle area, a
lower specific fuel consumption was obtained at the inter-
medlate power settings within the cruise regime which was
below 93% rpm. At the 100% rpm position, utilizing over-
temperature operation, a somewhat lower or at least squal
speciflc fuel consumption was reslized. As detalled pre-
viously, no overtemperature operation was allowed below
93% rpm; 93% ppm was the point at which the auxiliary
throttle stop was placed. Figure 10 shows a favorable
increase in the range obtainable for the F=~86E alrcraft

- utilizing the smaller exhaust nozzle area necessary for

overtemperature operation; the data indicates a 4 to B
increase In range for a given fuel loed, the crulsing
altitude naturally varying with ailrcraft weight. The
curves presented in Figure 10 were obtalned for best crulse

- speeds based upon calculation. Estimates indlcated that

an increase in combat readius of approximately 20 nautical
miles was possible for the basic mission 1f flown with the
non~-standard exhaust nozzle area setting utilized for
overtemperature operation.

As was stated previously, the deterlioration of engine

‘1l1fe was an important factor to be evaluated in the program.

An accumulation of parts'! life data sllowed the following
accessment of life to be glven to each part: turbine buck-
ets =~ 10 minutes, transition liners, turbine nozzle dla-
phragm, and shroud ring -- 20 minutes, and Inner combustion
chambers -- 30 minutes. The above parts! life figures re-
fer to overtemperature operation in a cumulative sense and
represent the life of the parts for an increase in tempera-
ture of 2250F from the standard value. The exhaust-cone
and tail-pipe were also adversely affected by the overtem-
perature operationy exhaust cone cracking was quite common.
The results of the static tests showed that cycllic opera-
tion at overtemperature and continuous operation to the
same total overtemperature level and duration were equally
bad from a parts'! life viewpolnt.
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The ten minute 1life of the turbline buckets was found
to be & limiting factor. In service use it would be nec-
essary for all the buckets to be replaced at that time for
it would not be possible to determine visually if the buck-
eta were fit for further service. It was felt that the
remalining parts of the engine subjected to overtemperature
could be given a standard hot parts inspection and allowed
to remain in service provided all the inspectlion criteria
established in the already existing technical orders for
such inspectlions wers met. The effect of overtemperature
on the turbine wheel was only determined to a very limited
extent due to the difficulty surrounding such an investiga-
tion. In order to utilize overtemperature operation for
the maximum time limit as determined by the life of the
turbine buckets, 1t was necessary to begin the testing with
new buckets. It was verified from the tests that if the
overtemperature system as evaluated was to be used in the
field with a reasonable factor of safety, new turbine
buckets would have to be installed at the beginning of
overtemperature operation and replaced after 10 minutes of
overtemperature operation had been accomplished. Colncl-
dent with this turbine bucket replacement a thorough hot
parts inspection was felt necessary. Such a bucket re-
placement and inspection task would necessltate removal
of the aft fuselage of the alrcraft and removal of the
turbine wheel from the engine.

In general, the entire system functioned properly and
no outstanding engine control or alrcraft cooling problems
were sncountered. The test results indicated that the in-
crease 1In performance of the F-86E alrcraft resulting from
overtemperature operation of the J47-GE-13 engline was sub-
stantial but the maintenuance and logistic support for such
operation made use of engine overtemperature operation im-
practical; thus, no overtemperature as such was utilized in
Korea. A variation of the previous described technique
used during the overtemperature tests was employed by one

‘fighter wing in Korea, the purpose being to prevent exhaust

gas temperature drop-off with altitude, The exhaust nozzle
was tabbed by the placing of restrictor segments in the
tail-pipe to produce rated temperature (100%) at 96% rpm
while on the ground and as the temperature dropped off with
altitude, the throttle was advanced by the pllot. Such a
system 1f properly used did not overtemperature the engine,
but it was necessary that the pllot closely monitor the

WADC TN 55-298 11
CONFIDENTIAL




B e

CONFIDENTIAL

exhaust gas temperature. The by-pass needle valve between
the large and small slot fuel manifolds, which was evalu-
ated during a portion of the overtemperature testing, was
also used in Korea by another fighter wing to accomplish
the same task of reducing exhaust gas temperature drop-off
with sltitude. Reduction in the temperature drop~off made
possible the realization of more nearly the full avallable
thrust at altitude and provided the limlting temperature
was not exceeded, there would be no reduction in parts!
life. As was previously stated, no loss in englne thrust
occurred at the alightly reduced rpm, which was used for
take~off and operation at the lower altitudes,provided
100% exhaust gas temperature was maintained.
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SECTION III
LIQUID NITROGEN INJECTION

A. Genersal

One method of thrust augmentation for the J47 engine
that appeared promising on the basls of snalytical work
conducted was that of liquid refrigerant injection into
the compressor inlet. Such injection artiflcally cooled
the entering air thereby resulting in a greater air mass
flow through the engine and hence increased thrust. The
lower temperature of the alr flowing through the compres-
gsor increased the compressor pressure ratio by lncreasing
the compressor Mach Number and also lncreased the differ-
ence between the temperature at which the work of compres-
sion was added to and taken from the working fluid in the
engine. Liqulid nitrogen and liquid oxygen were the refrig-
erants glven the most consideration in the studies. It wes
concluded from a theoretical examination that for the same
welght flows of refrigerant injection, liquid nitrogen and
liquid oxygen would glve approximately the same thrust aug-
mentation providing the combustion process was not serious-
ly disturbed by the injectlion of elther refrigerant, Li-
quid oxygen is however more dense than liquid nitrogen and
has the advantage of requiring a 14% smaller storage tank
for the same weight., The use of liquid oxygen was later
ruled out because it is dangerous from a handling point of
view; 1t may explode spontaneously when brought in contact
with grease or oil. Experience had also shown that leak-
ages in installationg utilizing liquid oxygen do occur and
that the fire hazard 1s considerable; nitrogen on the other
hand 1s 1inert and does not burn or explode.

Hydrogen peroxide, liquid ammonia, methyl chloride, and
liquid alr were also considered for possible use but soon
eliminated from further consideration. Hydrogen peroxide
was disqualified as a satisfactory coolant at the compara-
tively low operating temperatures since its boiling tem-
perature 1s relatively high. Hydrogen peroxide also pre-
sented a distinect problem for it 1s spontaneocusly combus-
tible at temperatures approximeting the compressor dis-
charge temperature of the J47 englne, Ligquid ammonis,
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although possessing a bolling temperature sufficiently low
to permit favorable evaporation at the temperatures and
pressure consldered 1s nevertheless -toxlc and since com-
pressor discharge alr was used for ailrcraft cebin pressurl-
zation, 1ts use was ruled out. Liquld ammonia also attacks
copper and copper alloys in the presence of moisture. Me-
thyl chloride and liquid air were considered unsulitable be-
cause their heats of vaporization are comparatively low,
and thus these coolants could absorb only small quantities
of heat during vaporization. Water injection into the com-
pressor inlet was unsatisfactory for use with the J47 en-
gine due to the cooling of the compressor case and its
subsequent contraction which caused 1nterference between
the rotor blades and the case., Natursally, cooling of the
engine's compressor case would also occur with any type of
refrigerant used, but it was thought thet by injecting the
coolant near the very beginning of the duct leading to the
engine instead of directly at the compressor face, the
throwing of the coolant outward toward the case as a result
of centrifugal action could be avolded. It was doubtful
if water injection into the compressor inlet would have
been of much beneflt at altitude because although water is
a satlsfactory coolant at the normal air temperatures asso-
ciated with near sea level operation or for very high '
gspeeds at the higher sltitudes, it 1s unsatisfactory at

the low temperatures encountered by alrcraft operating at
moderate speeds at altitude since small amounts of water
saturate the air and very little evaporate cooling can be
obtalned.

Since liquld oxygen appeared to offer no advantages

as compared to liquid nitrogen injection, but Instead offered

many disadvantages in the elaborate care and precautlons
required for its safe handling and use, a test program was
begun using liquid nitrogen. The purpose of initiating
such a program was to determine whether satisfactory opera-
tion of the J47 engine could be maintalned with liquid
nitrogen when it was injected into the compressor inlet and
also to determine the amount of thrust augmentation pro-
duced by such injection. '

B. Testing

Only static engine testing was accomplished with four-
teen actual test runs being made with liquid nitrogen in-
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- Jection. Figure 12 1s a diasgram of the test set up. Two

tanks were used, one was a large supply tank and the other
was a smaller pressure tank. To minimize heat transfer

and the resulting loss of liquid nitrogen, the two tanks
end the related plumbing were wrapped with an insulating
foil. Gaseous nitrogen was used to pressurize the liquid
nitrogen supply tank to force the liquid through the in-
Jection nozzle. A manually controlled pressure regulator
was used to control the flow of gaseous nitrogen into the
l1iquild nltrogen tank and the resulting liquid through the
injection nozzle. An F-88 alrcraft duct was placed shead
of the engline and was separated from i1t by a plenum chamber.
The injectlon nozzle was located at the very beginning of
the duct and extendling directly into the center, beling sup-
ported by 1its single supply line which extended out from
one side of the duct. The position of the liquid nitrogen
injection nogzle was approximately 24 feet linear horlzon-
tal distance from the plane of the engine compressor inlet.
The nozzle stem axis was parsallel to the axis of the engilne.
The geometry of the nozzle was such that the nitrogen was
injected in a continuous sheet which in s till alr would
form a cone with an included angle of approximately 100 de-
grees. The geometric apex of the cone pointed downstream
so that there was an upstream component of injection velo-

city. However, when the engine was running at near full

power, the velocity of the entering air covercame the up-
stream componerit of the nitrogen injection velocity so that
the injected sheet of liquild nitrogen took on the appear-

.ance of a parabolold of revolution with 1ts vertex located

at the injectlion nozzle with the concave formation opening
downstream. Originally 1t was felt that the smallest
practical nozzle orfice sigze and the largest practical
nozzle injection pressure would provide the optimum vapori-
zation because such a combination would provide the best
atomization. Optimum vaporization was desired because if
the liquid nitrogen was not -completely vaporized before
reaching the compressor inlet, a portion of the potentisal

" cooling effect on the engine alrflow, and consequently

maximum thrust augmentation would not be realized. It was
later found that another factor influenced the amount of
vaporization. It appeared that with a greater nozzle open-
ing, larger slugs of liquld nitrogen were injected into

the engline alrflow and it was reasoned that the lncreased
mass and added momentum were such that it resulted in the
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liquid nitrogen penetrating the engine airflow all the way
to the ducet walls where the nitrogen was spread out in a
thin f1lm and veaporized by the aglitating nature of the
boundary layer. Thus better results wers obtalned by using
8 larger nozzle opening than was originally thought neces«:
SAry.

To offset the exhaust gas temperature drop-off during
1iquid nitrogen injection, ths same method previously de-
scribed was utlllized; thus prior to the test, the exhaust
nozzle area was so adjusted to produce the meximum allow-
able continuous exhaust gas temperature at approximately
93% rpm. The throttle was then advanced during. injection,
usaally to approximately 97% rpm in order to maintain the
exhaust gas tenmperature near 1ts maximum allowable limit.

C. Results

Figure 13 shows the percent thrust augmentation ob-
tained for various liquid nitrogen injection rates utiliz-
ing the J47 engine in statlic tests. It can be seen that
at the relatively high liquid nitrogen Injectlion rates in
the order of 17 lbs/sec an incresse in thrust augmentation
of approximately 28% was obtalned. There was quite a dis~-
crepancy between the data obtained from preliminary calcu-
lation and the actual test results; it was belleved to be
caused by the poor vaporizing sbility of the injection
nozzle. Thus a smaller increase in actual inlet weight
flow and compressor pressure ratio were obtalned which re-

. aulted in a lower thrust due to the non-uniform inlet-alr

temperature distribution. It appeared that the larger the
nozzle openings and the higher the injection rates, the
worst the engine 1lnlet temperature distributions were. As

. was previously pointed out, the utlllzation of a somewhat

larger nozzle than was originally anticipated had also a
rather beneficlal effect.

Pigure 14 shows the approximate maximum temperature
decrease of the alrflow entering the engline as a result of
liquid nitrogen injJection. The data presented in the figure
were obtalned after the injectlon flow had bullt up to a
relatively constant value. The approximate polnt to point
temperature reduction of the airflow across the compressdp .
Inlet showed a * 10% to £ 14% variation from the mean value
with liquid nitrogen injection. The total pressure loss
of the incoming air to the engine due to the injection of
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liquid nitrogen was about twice as much as was indlcated by
prelimInary calculation. It was felt that the higher than
anticipated pressure logs could be attributed to the fact
that the nitrogen was injected at an angle having an up-
stream veloclty component. A logs In free stream total
pressure of 2% due to nitrogen injection would, by calcula~-
tion, amount to a net thrust decrement of about 115 lbs for
the J47-GE-13 engine in the F-86 alrcraft at an altitude

of 30,000 feet and a true alr speed of 550 knots, Thus
pressure loss was & more important factor than theoritical
snalysis had indicated. However,it 1s felt that additional
nozzle development could minimize the total pressure loss
due to injection. Engine combustion fallure or flame-ocut
occurred in 40% of the tests under similer conditions. It
is believed that they were precipltated by excessive rates
of 1iquid nitrogen injection in excess of 17 1lbs/sec. It
is significant then that the flame-outscccurred when the
comggessor inlet total temperature was in the region of
400°R.

In handling the liquid nitrogen during the tests, the
fact became generally established that liquid nitrogen was
not nearly as volitile as some references had pointed out.
The nitrogen tanks were prone to leaking at any place there
was a bolt in a hole due to the cooling effect on the met-
als and the differential contraction between the two. Al=-
‘though the handling of the liquid nitrogen appeared quite
reasonable, its storage could prove quite difficult and
1ts avallabllivy might be limited as a result; another fac-~
tor was the excessive weight and space necessary for insu-
lating alrcraft storage tanks. No data was collected on
the effect that liquid nitrogen injection into the engine
would have upon the cabin pressurization equipment since no
attempt was made to adapt the system to an F-86 aircraft.
It was thought that through continual development of the
system, a substantial incresse in thrust could be gained
even at the higher altitudes;but, 1t was also thought that
the limitations imposed on the system from an alrcraft
modification and welght standpoint made it impractical.
There was also the time that had to be made avallable to
acquire flight test data on such a system and 1t was be-
lieved that concentration should be centered on a system
that showed promise of being more easily adapted.

Liguid nitrogen injection was elliminated from further
consideration as a means of augmenting the thrust of the

WADC TN 55-~298 19
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J47 engine in the F-86 aircraft even though static testing
and estimated performence at altitude had showed promise.
It was nevertheless true that the full potential of such &
syastem could only be realized at relatively high ambient
temperatures or very high speed operation and such which
would not be the case for operatlion in Kores with the F-86
alrcraft ageinst the enemy MIG-15 ailrcraft.
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.CONFIDENTIAL




e

CONFIDENTIAL

SECTION 1V
WATER-ALCOHOL INJECTION

A, Gensersl

Although analytical work showed that liquid injection
into the compressor might prove highly satisfactory, such
operation with the J47 engine was not possible due to the
cooling and subsequent contraction of the compressor case
causing interference between the case and the rotor blades;
therefore, the only alternative was to iInject directly in-
to the combustion chambers. Work on & water-alcohol com-
bustion chamber injection system for the J47-GE~13 engine
in the F-86 alrcraft was therefore initiated. The basic
idea behind the water-alcohol combustion chamber injection
system as epplied to the J47 engine was that by virtue of
the liquid injection, the fluld welght flow through the
engine could be lncreased, In addition, the exhaust gas:
pressure would also increase, Both of these factors al-
lowed increased thrust, It was necessary to mix alcohol
with the water so as to supply the heat required for va-
porization of the water. Some work on such a system had
already been accomplished with the J47 englne prior to the
initiation of a formal program to meet the then present
emergency, but 1t was confined to static testing.

There were many problems assoclated with the use of a
water-alcohol combustion chamber injection system in the
F-86 aircraft that had to be investigated. Also, 1t was
not known prior to the initiation of flight testing Just
exactly what increase in aircraft performance might be re-
alized with such a system. The problem of making a mechani-
cally satisfactory water-alcohol injectlon installation in
the F-86 aircraft was a difficult one since space was ex-
tremely limited. The actual components to be used in the
alreraft portion of the system presented problems for none
were specifically designed for such an installation. In the
interest of safety, the preliminary tests using water-alco--
hol injection were made on one engine of a B-45 alrcraft.
Later testing was accomplished with a J47-GE-13 englne in
a F<86A aircraft. Final testing was accomplished with a
J47-GE-27 engine in-a F-86F alrcraft for the F-86E alrcraft
was scheduled to be phased out of combat,
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B, Testing

The water-alcochol mixtures utilized in the testing
consisted of plailn tap water, AN-A-18 alcohol {MIL-A-6091),
and emulsive corrosion preventive -oll, USAF Specification
3604~A, The mixtures were prepared on a volumetric basis.
At first, the mixtures were prepared by mixing the o1l and
water, then adding thils mixture to the alcohol. Later,
better results were obtalned by adding the water to the
alcohol and mixing to the desired percentage, then adding
the oll. Figure 15 1s a diagrem of the water-alcohol
injection system tested in the F-86 alrcraft. The air-
craft's aft fuselage 105 gallon fuel tank was 1isolated for
use as a water-aslcohol tank., On the original installation
the normal tank outlet line was used as a water-alcochol
supply line. and the fuel transfer pump was replaced by a
pump which had been modified for use as & water-alcohol
boost pump. It was soon learned that the tank outlet line
offered too much restriction and the boost pump could not

-supply the flow required to keep the injection system in

operation at the lower altitudes, so the tank outlet line
was capped and use of the boost pump was abandoned.

For the next configuration a plate was made to fit in
place of the fuel level transmitter on top of the tank and
a 1-3/4 inch diameter tube was welded to the plate and
formed in such a way that 1t extended downward to within an
inch of the bottom of the tank., Alr for tank pressuriza-
tion was obtained from the line used for g?essurizing the
main hydraulic reservoir., A one-half inch diameter line
was installed between the tee downstream from the alr-
craft's primary heat exchanger and one of the tank vent
lines., A gate type shut-off valve was lnstalled in the line,
and a relief valve capable of passing high airflows was
used to 1limit maximum tank pressure to 8 psi. The.other
tank vent lines were capped. This configuration proved
very successful and was used for the remainder of the test
on the F-86A glrcraft.

For the test on the F-86A ailrcraft, the J47-GE-13 en-
gine was equipped with thimble type combustion chamber
liners since it had been determined that the combustion
characteristics, when utillzing these liners, were better
when used in place of the standard liners., For approxi-
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mately half the test the standard 100 gal/hr water-alcohol
nozzles were used, and for the remainder of thée test the
experimental 50 gal/hr nozzles were used with the lower
capaclty pump.

The system was modifiled only slightly for the F-86F
aireraft test installation. In that aircraft, the ammuni-
tion compartment heating system was used to supply tank
. pressurlzation. The connection to the system was made
Just downstream from the heatling alr shut-off valve and
wiring was installed so the valve could be controlled from
the cockplt. A larger capacity turbine pump was installed
to overcome the difficulties encountered in the F-86A air-
craft installatlion. A plague of pump fallures began,
apparently caused by cavitatlon which resulted in overspeed-
Ing. Various modifications were made in a valn effort to
eliminate air from the water-alecohol pump inlet and outlet
lines. Eventually the water-alcohol supply line between
the tank and the pump was changed completely. A plate was
made to fit in place of the tank inspectlion door on the
aft face of the tank. A tube, welded to the plate, extend-
ed in to the center of the tank, and a mating line was
connected to the pump inlet. By keeping the line as low as
posslible, trapped ailr was held to & minimum. In addition,
a valve was installed so that all air could be bled from
the line after each servicing; a slightly smaller capacity
pump was also installed to replace the large capacity pump.

The J47-GE-27 engine in the F-86F aircraft was not
normally equipped for water-~slcohol injectlon. The J47-GE-
27 engine used for the testing was therefore modified by
installing an external water-alcohol manifold, eight flex
lines for connecting the manifold to each combustion cham-
ber, and a set of combustion chambers from s J47-GE-25
engine which was used in a B-47 type aircraft. The water-
alcohol manifold encircled the forward end of the combus-
tion system and was attached to the compressor rear frame.
The experimental 75 gal/hr water-alcohol nozzles were used
throughout the test.

The pllot's water-alcohol injection control panel
consigsted of two switches for opening and clpsing the tank
pressurization shut-off valve and the turbine pump alr con-
trol valve, appropriate circuit breaskers, and a light which
indicated when the pressure switch closed; Figure 16 1l-
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FIGURE 16, J47-GE~27 Engine Water-Alecohol Injection
Control Panel On The Left Forward Console
In The Cockpit Of The F-86F Alrcraft.

FIGURE 17. F-86F Tall-ripe 1ab aAssembly Utilized
In The J47-GE-27 Englne Water Alcohol
Injection Testing.
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lustrates the water-alcohol injection contrel presentation
located in the cockpit. To initliate water-alcohol injec-
tion, the tank was first pressurized. After at least 15
seconds the water-alcohol Injection control switch was
moved to PRIME and held, energlzing the circult to the air
control valve providing the float swlitch was closede The
float switch was a safety feature installed to prevent
starting the pump until there was a head of water-alcohol
at the pump inlet. A air bleed valve was used in conjunc-
tion with the float valve to allow air to escape. Pres-
surization of the water tank forced water into the float
valve assembly, raising the float and cleosing the switch.
end at the same time closing the bleed valve. When the
motor on the air control valve was energlzed, the valve
cpened allowlng compressor discharge air to energlze the
turbine pump. As soon as pump discharge pressure was 10
psl greater than combustion chamber pressure, water~alco-
hol was forced through the check valve and injectlion was
started. Simultaneously the exhaust nozzle tab; which was

. necessary to maintain temperature, was forced up into the

exhaust stream by the force of the pump discharge pressure
on the piston in the nozzle actuator. Figure 17 illustrates
the tab assembly used for the testling. As soon as the
water~aleohol pressure reached the pre-selected pressure
switch setting 1t closed the switch energizing the pilot's
indicator li%Et- and completed an alternate circuit to the
alr valve. e pllot then released the switch and water-
aleohol injection continued until the pump discharge pres-
sure dropped to the level at which the pressure switch was
set to open. Opening of the pressure switch de-energized
the air valve and stopped the alrflow to the pump. If the
pllot desired, he could stop water-alcohol injection by
moving his control switch to the OVERRIDE OFF position;
otherwise, the injection continued untlil the water-alcchol
mixture was expended.

In 35 flight hours on the test F~86A aircraft, approxi-
mately three (3) hours of water-alcohol injection time was
sccumulated. For the test F«86F slrcralft, in nearly 50
hours of flight testing, over three (3) hours of water-alco-
hol injection was accomplished. Many more hours of water-
alcohol injection were accumulated during ground tests and
some initial flight testing utilizing a B=45 alreraft was
accomplished.
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C. Regults

In general, the first water-alcohol flight tests uti-
lizing a single J47 engine of a B-45 alrcraft were success-
ful and most promising. A difficult task came however with
the adapting of the system to the F-86 alrcraft.

The augmentation obtained with the configuration tested
in the F-86A sircraft utlilizing a J47-GE-13 engine was
very encoursaging, being approximately 30% at altitudes of
30,000 feet and above. No serious problems were encoun-
tered, and operation was for the most part quite satisfac-
tory at altitudes up to 40,000 feet. At higher altitudes
the termination of water-alcohol injectlion during climbs
invariasbly resulted in flame-outs, although level flight
operation was normal. Upon disassembly of a test J47-GE=-13
engine for inspection after approximately 1-1/2 hours of
water-alecohol injection time, the combustion chamber inner
liners and transition liners were found to be damaged. The
damage was attributed to the poor and erratlc spray pattern
exhibited by the standard water-alcohol nozzles in the
J47-GE-13 englne. During an equivalent period of operation
with lower flow capacity nozzles, no engine damsege was in-
curred; however, the restriction of these nozzles was so
great that flow, and consequently augmentation, was notice-

_ably reduced even with maximum power lnput to the pump.

Since a method of augmentation for the F-86F aircraft was
of primery interest, and because more intensive testing

-was accompllshed with that alrceraft, further discussion

will be confined to that phase of the testing.

Figures 18 and 19 show comparatlive climb performence

"data between a standard F-86F aircraft and one utilizing

water-alcohol injection, It can be observed from Figure
18 that the rate-of-climb of a water-alcohol augmented
F-86F 18 continually increased above an altitude of 25,000
feet until 1t 1s over double the dry rate~of-climb at
40,000 feet. As a consequence, the time to climb from an
altitude of 20,000 feet to an altitude of 30,000 feet

is reduced by approximately one minute. Also, the time to
climb from sn altitude of 30,000 feet to an altitude of
40,000 feet is reduced by over four minutes. The reason
for the discontinulties in Figure 19 1s that a change in
water-alcohol flow rate had to be made for each range of
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altitudes; such a change could only be made on the ground.
Figure 20 shows the increase in level flight true air
speed that was obtalned by the use of water-alcohol injec~-
tiony 1t can be seen that the speed of the F-86F was in-
creased by 10 knots at an altitude of 20,000 feet and nearly
15 knots at an altitude of 45,000 feet. Maximum thrust
augmentation obtained in the F-86F alreraft varied from
approximately 19% at 20,000 feet to approximately 29% at

an altitude of 40,000 feet; such data are presented in
Figure 21. Since changing the water-alcohol injection rate
in order to extend operation to higher altitudes was a
ground adjJustment, the reduction in flow necessary at high
altitude resulted in less flow and less augmentation at the
lower altitudes if the system was set for high altitude
operation. The augmentation at the lower altitudes was re-
duced in the order.of 20% so as to allow satisfactory opera-
tion at the higher altitudes and eliminate the need for an
ad justment., It was reasoned that satlisfactory operation at
altitudes above 40,000 feet was worth the loss in augmenta-
tion which resulted at the lower altitudes. Figure 22

_shows comparative dats gathered from accelerations from
" minimum level flight true air speed to maximum level flight

true air speed at an altitude of 35,000 feet. It can be
noted that with water-alcohol injection, the F-86F alrcraft
reaches the same maximum true air speed at an altitude of
35,000 feet that was possible with an unaugmented F-86F
aircraft approximetely 1-1/4 minutes sooner.

More serious engine instability was encountered with

‘the J47-GE-27 engine than with the J47-GE-13 engine, and

alcohol percentages were more critical. Mixtures ranging
from 204 to 28% alcohol were used, but with the higher per-
centages there was a tendency for the engine to overspeed
when starting or stopping water-alcohol injection. The
maximum water-alcohol flow schedule used, as shown in Fig-
ure 23, which varlied from 48 gal/min at an altitude of
20,000 feet to 33 gal/min at an altitude of 40,000 feet
gave optimum performance throughout that altitude range
with a 24% alecohol mixture. Above an altitude of 40,000
feet, that combination resulted in flame-outs when the
injection was terminated under conditions other than level
stabilized flight. By reducing the flow rate to 26 gal/min
at an altitude of 40,000 feet, satisfactory operatlon was
obtained during level flight, climbs, dives, and other
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maneuvers at altitudes up to 48,000 feet; only one climb
was continued to an altitude of 50,000 feet. Operation
above 45,000 feet necessitated that the pllot more closely
monltor the exhaust gas temperature so as to keep 1t within
limits. Also at altltudes of 45,000 feet and above there
was usually surging In engine speed when water-alcohol in-
Jection was Initiated but throttle adjustment could allevi-
ate the problem., The single exhaust nozzle tab, as -located,
caugsed an objectionable yaw force, but it was thought that
by a redesign or the symmetrlcally locating of twin tabs
would eliminate the trouble.

It was concluded that the normal combustion system
components of the J47-GE-27 engine have a water-alcchol in-
Jection endurance life of approximately two hours. It is
noted from the forgoing dlscussion that water-alcohol aug-
mentation of the J47-GE-27 engline in the F-86F alrcraft
offered substantial gains in performance. With the excep-
tion of the 105 gallon fuel tank converted to carry water-
alcohol, the configuration tested wes satisfactory; a
single aircraft under-fuselage tank was designed,although
never tested,to overcome that difficulty. It was apparent
however that some additlional testing was necessary. It was

- also apparent that even with ultimate refinement, the gross.

welght of the ailrcraft would be considerably lncreased. One
problem that appeared difficult in light of the fact that
operation was to be 1n Korea, was that of loglstlics. It

was declded that a methoddfaugmentation that did not require
another fluld and therefore not necessitate a duel tank
system would be the most desired, thereby, allowing flexl-
billity from mission to mission or as the need occured during
any one misslon, Since it was not possible to support a
high-priority effort on more than one project, 1t was
concluded that pre-~turbine injection, which looked promis-
ing on the basis of prelimlnary analysls, would be concen-
trated on and that further work on water-alcchol injection
would be continued on a.development basis with direct appli-
cating being aimed at the B-47 alrcraft for take-off only,
where the control problems would necessarily be less, It
was felt that a water-fuel injection system might be used.
With such a system JP-4 would be substituted for the alco~

hol.
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SECTION V

PRE~-TURBINE INJECTION

A. General

One of the most popular means of augmenting the thrust
of a turbojet engine 1s afterburning. An afterburner for
the J47 engine had already undergone some development test-
ing as early as February 1948; this afterburner development
engine was designated the XJ47-GE-5. Further development
of that engine led to the J47-GE-17 engine which powers the:
F-86D Alrcraft and eventually to the J47-GE-33 engine. The
J47-GE-17 and the J47-GE-27 engine were by no means inter-
changeable. Even provided 1t would have been possible to
install a conventional afterburner in the F-86F alrcraft,
the added pressure losses when non-afterburning would have
reduced the aircraft's cruising range. Since the crulse-
out portion of the missions in Korea were lengthy, the use
of & conventional afterburner would show a disadvantage
from that viewpoint.

A method of afterburning was necessary which would, in
addition to providing the increase in thrust necessary, also
be capable of belng incorporated in the existing aireraft
with little modification and also be such that the dry en-
gine performence of the aircraft would not be affected.
With such rigid requirements, only pre-turbine injection
seemed feasible. Pre-turbine injection (hereafter referred
to as PTI) is a system of reheat whereby the fuel for after-
burning 1s injected upstream of the turbine in contrast to
the conventional method of injecting the fuel for after-
burning downstream of the turbine. With such a system the
turbine wheel acts as a flameholder rather than having
separate flameholders which contribute to the dry loss of
an afterburning engine. PTI, which in a liberal sense
might be referred to as an extremely short afterburner,
allowed the combining of the diffuser and burner sectlons
into one and therefore made installation in the already
existing ¥-86 alrcraft possible. The first work on such
e system was cunducted in Germany as early as October 1939.
The first successful tests were run on the German Jumo 004
turbojet engine in 1942, Later, although prior to the out-
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break of hostilitles in Korea, a gserles of simllar tests
were conducted on American engines of a later design in the
Power Plant Laboratory, Wright Fleld.

Many of the problems which had to be resolved during -
PTT development and testing were similar to problems which
were encountered in previous afterburner developments.
These problems however were  aggravated by the limitatlons
placed on the system in the form of welght and available
space restrictions. Since PTI was to be installed in the
F-86F alrcraft, a rather large portion of the testing had
to be centered around obtaining adequate cooling of the
aircraft structure., Two test alrcraft were used, one was
devoted to engine testing and the other toward resclving
the problems associated with the installations.

B, Testing

Thrust augmentatlion during PTI operation was obtained
.by a combination of afterburning and basic englne overtem-
perature operatlion. Naturally baslic englne overtemperature
was undesirable but it was nevertheless necessary because
of the space limitations in the aft fuselage of the F-86
alrdraft, Had space been avallable, a larger tall-pipe and
nozzle could have been utilized, much llke a conventional
alfterburner, and the lncrease 1n back pressure on the en-
gine due to afterburning could have been reduced. 1t is
noted that afterburning has much the same effect as closing
the exhaust nozzle of an engine., A decrease in the exhaust
nozzle area increases the back pressure on the turbine
which reflects forward through the engine to the commressor
outlet, resulting In an incresasse in compressor pressure
ratio. In order to maintein the additional work from the
turbine that 1s required to maintain engine operation at
this increased compressor pressure ratio condition, the
turbine inlet temperature must be increased. Such was the
case with PTI where 1t was not possible to incresse the ex-
haust nozzle area as much as was desired and still main=-
tain stable burning., Without overtemperature, the engline
rpm would continually drop off with increassing altitude.
The degree of englne overtemperature for which the PTI
system was designed was based upon an estimated five hour
turbine bucket l1life. However, In order to obtaln stable
PTI burning, it was necessary to operate at sugmentation
ratios higher than those originally intended with a conse-
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quent adverse effect on engine life. A variable-area exhaust
nozzle was used to maintain the correct combination of pres-
sure and temperature for stablilized PTI burning in the engine
exhaust section as well as to provide the correct nozzle area
for dry engine operation. In order to minimize control sys-
tem design complexities and to maintain the fuel flow requlre-
ments within the capacity of the existing fuel pumps, PTI
operation was limited to altitudes above 20,000 feet. Such
requirements which would allow operation below an altitude

of 20,000 feet were beyond the limits of the egquipment used
in the PTI system.

The PTI system 1s shown schematic&lly in Flgure 24.
Fuel for pre-turbine injection was supplied from the normal
alrcraft fuel system by the standard engine emergency fuel
pump. A PTI metering valve regulated the fuel flow in
accordance with the pressure schedule set by the EC-2 enmer-
gency fuel regulator normally provided on the engine. The
metered PTI fuel was injected into the gas stream by means
of four probes located in alternate combustion chamber
transition liners forward of the turblne nozzle. The fuel
vaporized and burned downstream of the turbine wheel. Opera-
tion was such that flameholders were not thought necessary.
Naturally when the correct combination of pressure, tempera-
ture, and fuel-air ratio occurred, burning would take place.
The fuel in order to burn had to enter a zone that would
continually meet the combustion requirements. Thus the
conditions at turbine outlet had to meet such requirements.
Should combustion not have taken place, the PTI fuel
would have meprely passed out through the engine unburned.
Once 1l1t, the flame dld not progress upstream as the gas
velocity far exceeded the rate of flame propagation. At

-first the systém utilized a hot streak ignition system but

subsequent flight tests demonstrated that 1t was unnecessary
for satisfactory light offs. Initial flight testing was
accomplished using a water injection type tab to vary the
exhaust nozzls area pending development of a sultable
variable-area nozzle and nozzle control. Early tests were
run with the standard F-86F tail-pipe and it was not ade-
quate due to the high failure rate. Numerous tests, with
tail-pipes constructed of various materials and thicknesses,
were conducted. Since fallures were caused by excesslve
temperature of the tail-pipe skin, some method of lowering
the skin temperature was sought. The initial testing was
conducted with an insulation blanket surrounding the tail-
pipe. Radiation heat shields were added to several major

WADC TN 55-208 35

~ CONFIDENTIAL




© o

— .

CONFIDENTIAL -

*4J8J0dTY J98-d °9UL
Tong euTqQINL-edd 4LJ

—

S/

SAPerry
S P

— ~AYp’ v IITOy

U uol4eTTedsul weqsLg uogpgoeful
-qn-LPL OUl JO WeddBI(Q 9FFBWIUS

*$8 HUNOTA

et )22 pferaelfy

f e e A————

lop |

Ny #5007

() |, ouza

Ho-#r4s
[ Jowy

u\\\\\s‘v \s\\WM‘“b\..\.\ ql IIlIlIlJ
2Ny A
aiediogd | - 120 sirt i
I TEEEE
\ . Z L T A ll—
Syef by o — i A .
w2y |2nS
AI._ 1 / 1
\ ek gh 4 - 2N _
n/ .a“.th\W\n Z27F .\&su\*h@(—
' SY Pa055o4y Borsas”
< Iy =2 )7 \1‘ -
y | I ek . ol
*ﬂ““wwx.\\\w‘\ ) t \SQ\“ su\v.vmxﬂw
. \\.&%&\\W\N\ P '—y 2/97°F
o 243 3Y ysoxdoss
. 1 ' S3/02)
n S /e RN
LY ‘ b
| sunrsay a4pd N
- \ LIRS 7 \ U
a7
- ) .MmWM\\ \u\:u\w\ wﬁwﬁ B/ sl /m
AOUS J/Pesss ) y Y- 2 B
B Massr DunssALd
=== o ’ N
W WA _ Q
y2hrvgn/ \\Q\RQ o
¢“|\n.\ \k\\ ”.I\\\\ﬁ V. .
- .

" CONFIDENTIAL

WADC TN 55-298



CONFIDENTIAL

alrcraft frames and local cooling was provided for the aft
canted frame. Ram alr scoops were incorporated to increase
the cooll alrflow throught he aft fuselage. BHi tall-~
pipe skin temperatures measured during flights indicated
that a blanketed tall-pipe configuration was unsuitable
and that the temperature could be lowered by about 150° to
200°F by thelr removal. The taillpipe blankets were thus
replaced by a silver plated shroud. The cooling problem
was made difficult by the partial loss of ejsctor action
due to the decrease in secondary alr area as a result of
installing a varlable-area nozzle which was necessarily
larger than the standard tail-pipe's nozzle. Further re-
duction in the temperatures to which the tail-pipe was
exposed became possible with the lntroduction of a corru-
gated louvered liner. The liner was installed for better
cooling and not to prevent screech since that problem was
not present. The liner was identical in constructlon, al-
though not in size, to the liner in the afterburner of the
J47D series engines used in the F-86D ailrcraft, Tall-pipe
construction was revised to include a flex jJoint between
the engine tall-cone and tall-pipe to eliminate the high
overhang moment of this tall-pipe configuration.

A by-pass fuel line with a variable trimmer valve was
specially provided between the englne small and large slot
manifolds to increase the basic engine fuel flow during
PTI operation. A solenold shut-off opened the by-pass line
when PTI was selected., The variable trimmer valve 1s a
metering device which varies the by-pass flow in accordance
with small slot fuel pressure, closlng completely above
approximately 45,000 feet altitude where the main engine
regulator fuel schedule 1ls adequate to supply englne fuel
demands. A second special by-pass fuel line with a ground
adjustable trimmer (needle valve) was provided between the
small and large slot manifolds for ease in adjusting the
englne acceleration schedule on the ground.

After a review of many variable-area nozzle configura-
tions, the flat plate orifice type appeared to best sult
all needs since 1t was simple and relatively light in welght.
Actyation was obtalned at a single circumferential point
thus reducing the space requirements. Actuation loads were
relatively light since only friction had to be overcome.
The power source for the nozzle was a 1/6 horsepower air-
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frame mounted electric motor. The motor actuated a ball
bearing jack screw mounted on the nozzle housing. Figure 25
is a sketch of the nozzle arrangement. It was found that
one nozzle position would suffice for PTI operation but two
were needed for dry operation; this was due to the fact

that the flow coefficlent and effective areas varied apprecl-
ebly at the low actual values. There were two possible ways
of compensating for the variations of these factors ~- con-
stantly variable or a step control nozzle. The simplest
method and also the most advantageous from a development
time standpoint was step control. Ideally, for the most
effectively controlled engine, a constantly variasble-aresa
nozzle was desirable since any use of a step control would
necessarily compromise performance., It was decided that
only a fully varisble-area nozzle would be satisfsactory,

for with a step control a three position nozzle was neces-
sary; one for take~off, one for climb and normal performeance
at altitude, and one for PTI operation,

The fully varisble-area nozzle used in conjunction

with PTI was controlled by a pressure sensing device known

as the Micro-Jet. The unit controlled turbine discharge
temperature by varying the nozzle position to malntain a
constant pressure ratio across the turbine for any given
operating condition. The Micro-Jet contelined a disphragm,
one side of which was exposed to turbine discharge pres-
sure through a sensing line. The other side of the dla-
phragm was exposed to a pressure which was controlled by
bléeding compressor discharge alr through a fixed inlet
orifice and a varisble discharge orifice. The fixed ori-
fice was analogous to the engine's turbine and the orifice
slze was ground adjustable to glve the proper turbine
pressure ratio (determined by turbine discharge temperature).
The second orifice simulated the variasble-sarea exhaust
nozzle. A tapered needle in the variable orifice was auto-
matically positioned by the diasphragm to relieve any pres-

sure differential across the diaphragm by increasing or
decreasing the pressure drop through the orifice. hould

the needle be disturbed from its neutral position (deter-
mined by the pre-set turbine pressure ratio) by a pressure
differential across the diaphragm, the electrical contacts
of the Micro-Jet would close signalling an electrical con-
trol box to energlze the nozzle actuator motor to either
close or open the exhaust nozzle (depending on the direc-
tion of needle movement). The nozzle closed or opened
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FIGURE 25, I'-86F Tall-Pipe Variable Areas Nozzls
Utllized In The J47-GE-27 Engine Pre-

FIGURE 26. J47-GE-27 Englne Pre-Turbine Fuel
Injection Control Cockplt Presentation
In The F-86F Alrcraft. ‘
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until it reached a position which restored the turbihe pres-~
sure ratlio to the value determined by the neutral position
of the needle.

A gsolenold operated bleed valve on the compressor dis-
charge pressure side of the Micro-Jet dlaphragm, which was
open during dry operatlon and closed during PTI operation,
permitted engine operation on two different turbine pres-

. sure ratios thus allowing the control to be used for both
dry and PTI operation. Since retarding of the throttle be-
low its military power lowered the turbine pressure ratlio,
the control tended to open the nozzle as the throttle set-
ting was reduced., The light—-off problem at altitude was
considerably alleviated with the introduction of the Micro-
Jet control.

A PTI pressure cut-out switch was provided as a means
of de-energizing the PTI circuit to prevent engine over-
speed should override of the main fuel control system by
the emergency fuel control system have occurred during PTI
operation. Figure 26 1s a sketch of the PTI presentation .
in the cockpit. PTI operation was inltiated by the pllot Y
firast setting the guarded PTI ready switch to ON, he then '
set the nozzle selector switch to AUTOMATIC and then fol-
lowed by moving the throttle to the military power position ) }
and then momentarily outboard from the military power de-
tent., PTI light~up and operation was fully automatic fol-
lowing the above three step procedure, However, the pllot
had to observe the PTI exhaust gas temperature limit of ;
1200°C during PTI operation. If the temperature approached ‘
the limit, the throttle had to be retarded. PTI would re-
main in operation untll the throttle was retarded to the |
96% rpm position, but below 96% rpm PTI was automatically .
shut off., If for any reason the pilot wilshed %o stop PTI .
operation, either the PTI ready switch could be positioned :
to OFF or the throttle retarded past the 96% rpm position.

During 894 hours of static testing, 117 hours of PTI
were accompllished. In addition 46 hours of testing were
accomplished in an altitude tank with 8 hours of PTL being
accomplished. A total of 209 flights were conducted uti-
1izing two aircraft; during the 135 hours of flight testing,
17 hours of PTI were accomplished. A single 50 hour endur-
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ance test and three consecutive 850 hour tests were run.
During the single 50 hour endurance teat 100 minutes of PTI
were accomplished., Five hours of PTI were accomplished
during the three consecutive 50 hour tests. The maximum
altitude reached during the testing was 53,760 feet. Twelve
flights were conducted above an altitude of 50,000 feet and
26 flights were conducted above an altitude of 45,000 feet.

C. Results

PTI applied to the J47-GE-27 engine in the F=86F sair-
eraft cénsldersbly improved the weapon's performance.
Pertinent data concerning PTI are shown in Figures 27
through 34, Also shown are performance data for a produce~
tion F-86F alrcraft for purposes of comparison. '

As can be seen from Figure 27, the rate-of-climb of
the F-86F aircraft using PTI, as compared to a standard
unaugmented F-86F, was more than doubled at an altitude of
35,000 feet, tripled at an altitude of 40,000 feet and was
increased by as much as four times at an altitude of 45,000
feet. Thus the time to climb from an altitude of 20,000
feet to an altitude of 45,000 feet was reduced by over six
minutes, the compareaetive times to c¢climb being approximately
4 and 10 minutes for a PTI equlipped aircraft and a produc-
tion aircraft respectifully. A PTI climb could be made

from an altitude of 20,000 feet to an altitude of 50,000

feet 1n approximately 6 minutes; Figure 28 presents such
data, The maximum level flight true elr speed of the F-86F

- alrcraft was increased in the order of 20 to 25 knots be-~

tween altitudes of 20,000 &nd 45,000 feet; Figure 29 shows
this incresse. The thrust augmentation obtalned by using
PTI, as can be seen from Figure 30, showed as average in-
crease of about 45% over the 20,000 to 45,000 feet altltude
renge. As a result of PTI, s substantial improvement in
acceleration was made possible as evidenced from Figure 31.
Thus with PTI, the maximum level flight true air speed of

& production F-86F aiprcraft at an altitude of 35,000 feet
was reached over one minute sooner., Flgure 32 is & com-
pllation of specific fuel consumption datae; the Figure shows
the rather large increase in specific fuel consumption with
altitude when using PTI, As c¢an be observed, the unaug-
mented J47-GE-27. englne's specific fuel consumption is near-
ly constant over the complete altltude range while the spe-
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clfie fuel consumption, utilizing PTI, increases due to the
necessity of having to increase quite substantlially the
fuel flow at the higher altitudes. Nevertheless, the spe=-
cific fuel consumptions obtalned with PTI were conslderably
bstter than those obtained with a standard afterburning en-
gine; for instance, the J47~GE-17 engine which powers the
F-86D alrcraft has a specific fuel consumptlion approximately
40% greater than a PTI equipped J47-GE-27 engine. It was
concluded that the combat fuel requirements of PTI would
not impose a serious operational limitation; the combat radi-
us of the F-86F alrcraft utilizing PTI was reduced even
less due to the addition of the lncreased weight of the
system. The J47-GE-17 engine utilizing a standard after-
burner gives a higher sugmentation ratlio than the PTI .
equipped J47-GE-27, but also at & cost of nearly five times
the weight. With PTI, there was an increase ln alrcraflt
weight of 140 pounds. The PTI kit 1tself actually weighed
210 pounds; however 70 pounds of existing parts were de~-
leted. For Instance, the tall-pipe and nozzle included in
the kit replaced those already in the alrcraft. The after-
burner of the J47-GE-17 engine alone welghs 655 pounds.

A pronounced improvement in airplane maneuverabllity,
a8 can be observed from Flgures 33 and 34 was possible
with the addlitlonal thrust provided by PTI operation. Al-
titude turns and maneuvers with PTI could be performed
with less drop-off in speed and altitude. Also, constant
altitude, constant speed maneuvers could be accompllished
with higher load factors and reduced turning radia with
PTI., One disturbing factor arose however due to the added
welght of the PTI installation, The adédition of the PTI
installation plus ballast, combined with the expenditure
of ammunition and fuel sequencing produced unacceptable
loading conditions., With the PTI system tested, 150 pounds
of ballast were required to provide the same acceptable
elrcraft balance ag an unmodified aircraft, The added
weight of the PTI installation caused a rearward shift of
the alrcraft's center of gravity such that 1t exceeded
the aft neutral stabllity limits when the ammunlition was
expended and thus the ballast in the nose of the aircraft
was necessary to correct that condition; but, when the
ballest wea added and the ammunlition was retained, the
center of gravity shifted forward to its maximum in-flight
position. The net result being an spproximate 15% reduc~
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tlon in the aircraft's maximum allowable load factor. It
was felt that with the addition of the proposed 12 inch wing
tip extension, the 150 pound ballast could be deleted. The
12 inch wing tip extension would allow an approximate 3% ime
provement In alreraft stabillty.

The degree of englne overtemperature for which the PTI
system was designed was based upon an estimated five hour
turbine bucket 1life., However, in order to obtain stable
PTT burning at the higher altitudes, 1t was necessary to
operate at augmentation reatios higher than those originally
intended with a consequent adverse effect on engine life.
Nearly 40% of the augmentation obtained was due to over-
temperature of the basic engline 1tself., Turbine buckets
during the test program had to be replaced nearly every one
hour of PTI operation. The buckets were replaced becsuse
of excessive growth or sctual fallure. It was necessary
to replace the turbine wheel after approximately three hours

‘of PTI operation. Throughout the entire best program, five

turbine wheel fallures were exporlenced and several others
wore rejected after inspection. The exhsust-cone and tail-
pipe had to be replaced on the average of about once every
tenth flight. Some difflculty was experienced with the
variable-area nozzle as it had a tendency to stick; the
d1fflculty was overcome by hardening of the segments.
Burner roughness was found at altitudes near 50,000 feet,
but In general the entlire system functioned satisfactorily
end burning and light-ups were smooth. One very great
problem centered around the obtaining of the proper fuel
scheduling and many flights were accomplished to obtaln
satisfactory operatlon, particularily at the higher alti-
tudes, Since the EC-2 standard emergency fuel regulator
was used as the PII fuel metering device, maintaining a
close tolerance on the fuel injJection rate was impossible
end that complicated with the narrow operating range of the
burner at high altitudes made the problem more difficult.,
Although the emergency fuel regulator was part of the PII
system, normal operation of the emergency fuel system was
possible,

A large portion of the test program was concerned with
determining an adeguate conflguration for the aft fuselage
since PTI operation necessarily overheated the alrcraft's
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structure in that sectlon; cooling alr inlet and outlet

scoops were added to the aft canted frame in additlion to

stiffener plates Iin two places on the inner slde and straps

in three places on the outside. It was also necessary to

remove & lower portion of the aspiration as well as to add

heat reflecting shlelds. Access doors were placed to sal-

low servicing and adjustment of the nozzle actuator. A

complete satisfactory conflguration for the aft fuselaze was

developed and a service bulletin was formulated. One of

the design objectives of the PTI systems was that it might

allow installation in the field; such an objective was re-

alized but approximately 600 man-hours would be necessary ;
for the installation and rework operation. i

The severe reduction in parts life was obviously the
greatest deterrent to the use of PTI. It was estimated
that 1t would be possible to perform six missions, utiliz-
ing 6 to 10 minutes of PTI per mission, before it would be
necessary to replace turbine buckets. In addition, at
least one of the PTI missions would be necessary to check-
out and adjust the system; particularly critical was the
determining of the proper fuel schedule for operation above ' :
an altitude of 45,000 feet. Near the end of the testing s
program, some work was accomplished utilizing flameholding , :
olements in an effort to increasse the 1life of the turbine
buckets which had previously served the purpose of flame- p
holders.,
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SECTION VI

GENERAL CONCLUSIONS

Without overtemperature, no increase in thrust is made
possible through overspeeding the rotor of the J47-GE-13
engline. _

Immediate thrust augmentation of the J47 englne may be
obtained through overtemperature operation. Such overtempera-
ture operation requires only the decreasing of the exhaust
nozzle area by placing restrictor segments in the tail=-pipe.
This tabbing operation is8 easily accomplished and requires
only a small expendlture of work. Other than the decresass
in the life of the engine's hot parts subjected to overtem-
perature, engline operation is unaffected throughout the en-
tire operational range of the F-86 aircraft. The rate-of-
¢limb of the F-B86E aircraft may be increased by as much as
four times. at an altitude of 45,000 feet by overtemperaturing
the J47-GE-13 engine by 18%., At lower altitudes, the increase
in the rate-of-climb of the F-86 aircraft resulting from
overtemperature operation will not be as pronounced, Over-
temperature operation of the J47-GE-13 engine may be safely
utilized for a meximum period of ten minutes before a hot
parts inspection and turblne bucket replacement 1s necessary.
Overtemperature operation of the J47-GE-27 engine in the
F-86F aircraft 1s expected to offer a slightly lower 1increase

-in performance, relatively speaking when compared with the

J47-GE-13 engine in the F-86E alrcraft due to the formers
initially better altitude characteristics; hot parts' life
would also tend to increase slightly as the J47-GE-27 englne
incorporates lmprovements in its hot section.

Liquid nitrogen injection into the J47 engine 1s not
precticle for use in the F-86 aircraft. Further work with
compressor refrigerant injection should be carried out on
advanced engines as it would undoubtedly prove worthwhile
for supersonic applications.

Many factors combline to make water~alcohol injection
into the J47 engine undesirable for use in the F-86 alrcraft

although substantial increasesin performance were demonstrated
in flight tests. The necessity of having a dual tank system
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and the lack of an adequate fluid Injectlion metering control
would compromise the overall performance of the F-86 alrcraft.
Without further development of the water-alcohol injectlon
system, unsatisfeactory operation of the engine could be ex~
pected above an altitude of 45,000 feet., Installation of a
water~galcohol injection system into the F-868 alrcraft is a.
major task although no redesign of the aircraft structure is
necessary. The J47 engine may be expected to hold up under
two hours of wsier-alcohol iInjection before an Inspection is
necessary. '

Pre-turbine fuel injectlion met all initlal performance
expectations with the exception of hot parts! life. Opera-
tion of the PTI system in the F-86 alrcraft is satisfactory
up to an altitude of 45,000 feet and may be consldered mar-
ginelly satlsfactory above that to altlitudes slightly in ex~ ;
coess of 50,000 feet. The rate-of-climb of the F=-86F aircraft T
is increased over four times at altitudes greater than 45,000
feet and the meaneuverabllity and overall performance of the
aircraft is Increased substantially above an altitude of ,
20,000 feet. Overtemperature operation of the basic engine
- during pre-turbine injection alone provided nearly 40% of ’
the total augmentation provided by PTI and although the PTIL ‘ _
portion of the system can have a reasonably lengthy parts! _ |
life, the baslic engine's hot pearts would be limited to less ;
than one hour of PTI operation. The PTI system may be in-
stalled in the fleld as installation criterion is avallable |
in service bulletin form, however, it might pose somewhat T
of a task and installatlon had better be accomplished at a |
depot. PFurther work on a system employing the pre-turbine
injection principle is warranted although utilizing a more
modern engine than the J47., Such a system offers a means
for achleving a low dry loss, light weight afterburning system
which could posslibly find application for take~off purposes
thereby not encountering the usual diffilculty with after-
burning at altitude and also necessitate only a minimum of
complication through control requirements. Work should be
directed toward improving the vaporizatlon cooling of the
turbine through better fuel distribution and the investiga- .
tion of flameholders, possibly of the retractable type. (
Interstage turbine fuel injectlion on multistage engines should
be further investigated. Such work by the U.S. Navy, utilliz-
ing 8 J46 engine, has been relatively unsuccessful to date.

il AR

WADC TN 55-298 50

CONFIDENTIAL

‘":151:%»: PR




TR T

CONFIDENTIAL

Means of increasing the performance of the F-86 air-
craft were demonstrated through the program and such means
would have considerably enhanced the aircraft's combat cap-
abllity as may be observed by superimposing the previous
discussed data upon similar data of the MiG-15 aircraft
glven in the appendix for comparative purposes. However,
the most serious deterrent to the possible use of any of
the augmentation systems brought under development in the
program was the severe reduction in engine parts' 1life
whlch was brought ebout by their use. Although the J47
engine 1s baslcally a reliable, easily maintasinable engine,
which can take considerable maltreatment, it 1s prone to
turbine wheel fallures and any operation which subjects the
engine to overtemperature should only be resorted to in dire
emergencles, Attacking the probleu at 1ts sourecs, by pro-
viding more durable basic engline hot parts, was beyond the
gcope of the program. ‘

Each phase of the project was typlified by rapid pro-
gress 1n the beginning with further improvements requiring
intensified effort and considerable time as each system be-
ceme more compllicated and increased altitude requirements
demanded more sophlstltation. Refinement of each system
gsoon reached a saturatlion point where returns were dimin-
ishing due to the inherent limitations of the baslic englne
and the high density of the alrcraft's structure. -

It 1s obvious that each of the thrust augmentation
means developed for the J47 engine in the F-86 aircraft was
of a strictly war emergency type and only sultable for use
in an extreme emergency and then only when adequate logistic
and maintenance support can be made avallable or where flight
safety or the ailrcraft in-commision rate can be compromised
for the Increased performance gains,

The thrust asugmentation program for the J47 engline 1in
the FP-86 alrcraft demonstrated that there 1s no substitute
for a basically better engine which is made avallable through
a normal development program., This point was illustrated
in the superior performance and combat record of the F-86F
alreraft which uses the J47-GE-27 engine as compared to the
F86E which is powered by the J47-GE-13 engine. The J47-GE-27
engine 1s a development of the J47-GE~-13 engine.
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National Advicory Committee For Aeronautics. (Confidential !
. Title ) Alt 1tude Investigation Of Thrust Augmentation Of A
) g&?-GE-ﬁV Turbo jet Egggnq_ﬁy Injecfigg IagiﬁfonaI Tue 1
Immediate Ahead Of The Turbine. NACA Research Memorandum
RN E53L3I, 1B December 1953. (Confidential Report)
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As the title of Lhis report is Secret 1t can not be
given here. The material taken from the above report
and contained in WADC TN-55-208 1s as of the writing
of this TN classified Confidential.
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

FEB 19 2002

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944

FORT BELVOIR VA 22060-6218

FROM: AFMC CSO/SCOC
4225 Logistics Avenue, Room S132
Wright-Patterson AFB OH 45433-5714

SUBJECT: Technical Reports Cleared for Public Release

References: (a) HQ AFMC/PAX Memo, 26 Nov 01, Security and Policy Review,
AFMC 01-242 (Atch 1)

(b) HQ AFMC/PAX Memo, 19 Dec 01, Security and Policy Review,
AFMC 01-275 (Atch 2)

‘ (c) HQ AFMC/PAX Memo, 17 Jan 02, Security and Policy Review,
AFMC 02-005 (Atch 3)

1. Technical reports submitted in the attached references listed above are cleared for public
release in accordance with AFI 35-101, 26 Jul 01, Public Affairs Policies and Procedures,
Chapter 15 (Cases AFMC 01-242, AFMC 01-275, & AFMC 02-005).

2. Please direct further questions to Lezora U. Nobles, AFMC CSO/SCOC, DSN 787-8583.

oflfal//%fﬂw_,

LEZORA U. NOBLES
AFMC STINFO Assistant
Directorate of Communications and Information

Attachments:

1. HQ AFMC/PAX Memo, 26 Nov 01
2. HQ AFMC/PAX Memo, 19 Dec 01
3. HQ AFMC/PAX Memo, 17 Jan 02

cc:
HQ AFMC/HO (Dr. William Elliott)



DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL COMMAND
WRIGHT-PATTERSON AIR FORCE BASE OHIO

N T ot S 16
\Ji."‘l"; U B GRSV NS

MEMORANDUM FOR HQ AFMC/HO

FROM: HQ AFMC/PAX
SUBJECT:  Security and Policy Review, AFMC 02-005

1. The reports listed in your attached letter were submitted for security and policy review IAW
AFI35-101, Chapter 15. They have been cleared for public release.

2. If you have any questions, please call me at 77828. Thanks.

Y
ES A. MORROW

ecurity and Policy Review
Office of Public Affairs

Attachment:
Your Ltr 14 January 2002



14 January 2002

MEMORANDUM FOR: HQ AFMC/PAX

Attn: Jim Morrow

FROM: HQ AFMC/HO

SUBJECT: Releasability Reviews

1. Please conduct public releasability reviews for the following attached Defense
Technical Information Center (DTIC) reports:

a.

Flight Test Program for Model P-86 Airplane Class — Jet Propelled Fighter, 2
December 1946; DTIC No. AD-B804 069.

Physiological Recognition of Strain in Flying Personnel: Eosinopenia in F-86
Combat Operations, September 1953; DTIC No. AD- 020 375.

Phase IV Performance Test of the F-86F-40 Airplane Equipped with 6x3-inch
Leading Edge Slats and 12-inch Extensions on the Wing Tips, May 1956; DTIC
No. AD- 096 084.

F-86E Thrust Augmentation Evaluation, March 1957; DTIC No. AD- 118 703.

F-86E Thrust Augmentation Evaluation, Appendix IV, March 1957; DTIC No.
AD- 118 707.

A Means of Comparing Fighter Effectiveness in the Approach Phase, October
1949; DTIC No. AD- 223 596.

War Emergency Thrust Augmentation for the J47 Engine in the F-86 Aircraft,
August 1955; DTIC No. AD- 095 757.

Operational Suitability Test of the F-86F Airplane, 4 May 1953; DTIC No. AD-
017 568.

Estimated Aerodynamic Characteristics for Design of the F-86E Airplane, 26
December 1950; DTIC No. AD- 069 271.

Combat Suitability Test of F-86F-2 Aircraft with T-160 Guns, August 1953; DTIC
No. AD- 019 725.
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2. These attachments have been requested by Dr. Kenneth P. Werrell, a private
researcher.

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

OHN D. WEBER
Command Historian

10 Attachments:

DTIC No. AD-B804 069
DTIC No. AD- 020 375
DTIC No. AD- 096 084
DTIC No. AD- 118 703
DTIC No. AD- 118 707
DTIC No. AD- 223 596
DTIC No. AD-095 757
DTIC No. AD- 017 568
DTIC No. AD- 069 271
DTIC No. AD- 019 725
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