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NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Govermment may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other
data, 18 not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or s«il
any patented invention that may in any way be related thereto,

All distribution of this document is controlled, In addition to
security requiremeuts which apply to this duocument and must be met,
it may be further distributed by the liolder snly with specific
prior approval of:

Director of Supersonic Transport Develcrment W
Federal Aviation Agency 3
" Waghington, D, C, 20553

The distribution of this report is limited because it cuntains
technology identifiable with items excluded frow axport by the
Department of State (U, S, Export Control Act of 194%. . amended).
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REPORT G
GROWTH

SECTION I
INTRODUCTION

The JTF17 series engine can be d veloped to prcluce 157 more sea level
takeoff and transonic thrust with a 4% decrease in Mach 2,7 cruise TSFC
within 5 to 6 years after introduction into commercial service, . caun be
developed to cruige efficiently at a fliglic Mach Number of 3 or greater when
airframe technology and_airline service economics warrant. The twin spool,
duct heeting turbofan cycle and particular design features of the JTF17
- engine permit exploitation of component iuprovements and modifications to
attain these goals with a minimum of redesign and development effort. Lower

noise ig inherent in the derign of the JIF17. Further noise redurtinng will
© result” from incregged thrust to permit higher climb rates. Increased

knowledge of sound generation characteristics of exhaust jets and fan
blading and of attenuation characteristics of the reverser-suppressor and
sound absorbent duct liners will lead to significant quieting during the
growth period.

The material on the growth potential of the JTFl7 is presented in the
following sequence:

Objectives ~ benefits to the SST operation

Goals - specific numerical levels of performance, life, and
specific weight

Component Growth - presentation of. growth of the major componenta
of the engine as they could contribute to improvements in
performance, 1ife, and specific weight.

Plan for Engine Growth - presentation of potential specific
combinations of growth features of the components which are
compatible on the basis of cycle matching and timing to provide
advanced models of the JTF1l7 engine capable of higher takeoff
and transonic thrust, lower supersonic cruise TSFC, reduced
noise, higher Mach number, longer life, reduced specific weight,
improved tolerance ro inlet distortion, lower smoke generation
and utilization of lower cost fuel.
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SECTION I1
OBJECTIVES

Engire growth objectives are related to the improvement of overall
economic attractiveness of the airplane, More specifically, efforts
are aimed at the traditional airplane growth demands and reduction in
noise,

Objectives include:

1. Increased sea level and transonic thrust (with reduced
‘specific weight) to accommodate airplane weight increase

2. Decreased fuel consumption for increased range and payload

3. Increased component life and engina overhaul time for
reduced overall operating cost

4. Increased operating envelope, specifically to higher
Mach number, for improved economic benefits

5. Reduced noise level at takeoff and approach conditions

6. Lower cost fuel,

G-3
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SECTION IIIX
GOALS

The minimum goals for the continued development of the JIF17 series
engine for each of the objectives within 5 to 6 years after introduction
to commercial service are: -

1. Performance - Sea level takeoff and transonic thrust - up 15%
- Mach 2.7 cruige TSFC - down 4% ‘
Noise at constant thrust - down 3PNdb at takeoff
and 7PNdb on approach
Flight envelope increase - expanded to Mach 3+
2. Engine Life - Equivalent TBO - increased to 4600 hours
3. .  Specific Weight - Sea level takeoff and transonic - down 10%

Lo

PR



CUNHUENTIM. Pra:t & Whitney RAircraft

PWA FP 66-100
Volume 11I

SECTION IV
COMPONENT GROWTH

A. GENERAL

The improved component characteristics which will be the h=2sis of
future growth of the JTF17 engine must come from a combiration of enginre
development effort and advanced component technology programs. The need
for support of both of these areas has been histcrically recognized by
the management of P&WA. Today, the scope of pertinent research and
development includes programs at Pratt & Whitney Aircraft in East Hartford,
the Florida Research and Development Center, the UAC Research Laboratories,
and at specialized vendor research activities throughout the country.
Technical reviews in each component field are held regularly to advance
and coordinate this work. As a result of JTFl7 engine design characteristics
and of advanced technology programs which are underway now, component
growth is most clearly indicated in the areas discussad below.

'B. COMPRESSOR

1. JTF17 Engine

The dual rotor design of the JTF17 provides inherent versatility in
compresmor growth trade-off possibilities compared to a single rotor
engine. For example, speed changes can be made on either rotor independently.
Blading which will provide improved stage loading in the high compressor
can be traded off for reduced weight by reducing high rotor speed, without
affecting the low turbine or fan performance. An additional degree of
freedom is also provided by the fan. The relationship between fan pressure
ratio, bypass ratio, duct augmentation, turbine work. etc., can be matched
to give the best overall performance based on individual component capa-
bilities.

The design specific flow and average stage pressure ratio of both
the fan and high compressor cf the JTF1l7 are shown in figures 1, 2, 3,
and 4 in relatign to the state-of-the art. The specific flow of both the
fan (41.2 1b/ft“ sec) and the high compressor (37 1b/£t2 sec) can be seen
to be lower than that of previous production engines. The stage pressure
ratios of both the fan and compressor are slightly higher than that of
previous production engines. Figure 2 shows the stage pressure ratio of
the first fan stage in comparison with single stage pressure ratios
obtained experimentally. As can be seen, both Government and FRDC
research stages have achieved considerably higher loadings. The high
spool stage pressure ratio 1s plotted in figure 4, compared with previous
P&WA production eng.nes to show the logical progression to this desfgn
value.
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2. Advanced Compressor Technology Tnvesrigations

Pratt & Whitney Aircraft's advauced compressor technology relies
hesvily upon eZperimiuial desdign limiis and development deta that nave
been generated rhyough msve than 580,000 hours of cascade aund rotating

aachinery testing. Working jointly with the UAC Research Laboratortes,
systematic test data from move than 103,000 performsnce tests have been
compiled and correlated for cescades of NACA four-digit and 65-geries
airfolls as well as double circular arc sections and several special blade
deaigins fov igh Wach number applications. Since its gnception more than
20 years ago, this effort has been responsible for continued CoDpressor
growth, as {llustrated in figure 5. The blocks in this figure represent
the reduction in compressor size achieved through growth, even though
each new compressor has had to operate over an increasingly wide
operating range. As indicated below, the advanced technology effort
responsgible for this growth is increasing. Ccmpressor research programs
currentiy underway at P&WA that are being performad on JIF1? type blading
end are particularly pertinent to SST engine growth are discussed briefly
in the following paragraphs.

Fressure Ratio 12 J57
16 Stages
—
Pressore Ratio ? JTs
12 Stages

Pressure Ratio 12

8 Stages JTF17
Figere 5. Improved Compressor Envelope and FI* 138324
Stage Loading - GIV

&. Slotted Blading

Slotted alrfoil concepts, such as that shown in figure 6, that provide
suction surface boundary layer control and off-des’gn 11ft {improvement
for operational w'rcraft have been appiied with an encouraging degree of
success to JTF17 type ccopressor stages. Analytlical and experimental
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effort associated with the JS8, JT8D, and TF30 advanced development
programe involviug slotted vanes and rotor blades indicaied a potential
for slotted blading te reduce proflile loss at high loading levels and to
increase operating rauge. In addition to sontinyucd in~house effort to
expiore this potential in two-dimenslonal cascade and full-gcale engine
compressor rigs, P&WA {8 currently working on a Bystematic evaluation of
s.otted vanes and rotor blades under NASA Contract NAS3-7602.

Figure 5. Slcited Rotor Biade FE 61294
. Giv

An annular cascade investigaiion of slctted stator vanes was coaducted
to eavaluate slot gecmetzry parameters and slot location Yo establish pre~
liminary slot design criteria for rotating rig blading. A typical cagcade
assembly is shown in figure 7. The best slot configuvration resulted {n
a loss coefflcient reduction /from aboit 0.07 to 0,012, nearly a factor
of six improvement. This is illustrated in figure B Ly the comparison
of wake tctal pressure profiles for an unslotted and slotted stator.

The single stage vorating vig part of the NASA program lavclves tesis
of ihree siotted rotor configuratious and three stator coniigurations,
Te date, two slotted rotor configurations aud one slot.:d stator coufig-
uration have been teuted in rhe FRDC compressor research facility and
rig shown in figure 9.

Loading level (D~factor}, deviation, and liosz coefficient at 10, 50,
and 30 percent span location (roct, mean, anli tip) for & slotted rotor
configuration having a design tip diffusion factor of 0.46 are presented
in figures 10, 11, and 12. A direct ccmparison is made in these figures
with the test results of the szme blade design without a slct. A nominal
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Twg coefficient reduction of SO peo.cent can bLe seen. Loading level
£ _

(&)
L

factor; and deviation at the same incidence angle are not appreciahly

atfected by the slot; however, the doecrease 1o luss permits operation
nver a larger 1ncidence range which can be used to advantage in one or
more of several ways: (1) increcased suvrge margin, {2) increased dis-
tortion tolcrance, (3) increased loading level, and (4) increased

efficiency.

Figure 7..
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Similar test results with a slotted stator configuration having a
design hub D-factor of 0.60 (39-degree camber) are shown in rigures 13,
14, and 15. 1In these figures, a comparison is made w'*h an unslotted
stator Jdesigned with a hub D-factor of 0.52 (30-degree camber). The more
highly loaded slotted stator had a lower loss than the unslotted stator,
and the measured D-factor level for the slotted stator is higher than the
design value. ‘ :

The effect of reduced blading losses on overall compressor efficiency
is readily apparent, Applied to the JTF17 high compressor (six stages),
slotted rotor and stator blading that provide the level of loss reduction
as measured thus far under the NASA contract program would increase overall
adiabatic efficiency a total of 6%. Slotted stators alone would increase !
efficiency approximately 3%.

Investigations of slot fabrication techniques and the effect of slots
on blade stress limits are being performed concurrently with the aerody-
namic evaluation of slotted blading. The desired slot geometries have been
successfully machined into rotor and stator blading using the Electric Dis-
charge Machining process and simple fixtures. Vibration and fatigue life
test results gshow very little effect of alots on bending and torsion vi-
bration frequencles, and essentially no loss in strength due to slots.
Stress measurements obtained in rotating rig tests at blade tip velocities
on the order ={ 1000 ft/sec corroborate the bench test results,

o]
L
68 Gl
o}
3 -
Q ——‘—_-.
Radial Position:
4 10% Span from Root
o 100% Dasign Speed ——
E ——————T Slotted
@ = =Unslotted
(=]
5
&3 < "o
-y
O o
= o! -~
B Sl
& ™~ -~
o \\ ’/
U \\\s —”’
= ————
7]
Q
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Figure 13. Slotted Stator Test Results - "~ FD 17062
10% Span GLV
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near Lhe end wal
stable stages at the deelred loading levels of the growth versfons of the
JTIF17 high compressor.
the form of the stator end bends under the Phase II-C compressor develop-
went program, have met with a high degree of success.
which may either overccwe the end-wall loss effect or vhich may take advan-
tsge of the nigh mid-channel flow distribution, are currently under
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b, End-Wall Logw Investi{gation

i has been recagniced {ivs advanced cumpresaor stags development work

that as loading levels are pushed higher for blading designed on the baste
af rus-dicengicnal cascads Slade element data, three=dimensivnal flov gf-
facts in the endewsll regions {particularly nesr the rotor roer section)

becore predoninant and cause a depavture from cascade deviation and loss
An investization of (nd-wall lusses lu a single-sctage ro-
tating rig was initlated to extend the axial flow compressor deslzn system
to nigher ilcgding levels,
L “ary mocitication of two-dlactslviel casvade deviation,

The resulis of this program provided the neces-
inctdence, and loss

ls, ags illustrated in figure 16, to permit the design of

DEVIATION

LOSS

Figure l6.

l

Resuits of this effort, applied preliminarily in

Design revisions,

/—Shuh Stags Blads Elemant Deta
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Tne end-wall logs investigation is part of continulng research at FRODC
to {mprove comprasdor dasign techmology., This piogrem includes investiga-
tinn of the 4nterdspindence Leiween bDiade loading, Mlade span, dand chwid,
Ciploiatory investigaticons ave alsc Lefog conducted with end~wall “flow-
fixing' devices, such as serondary flow fences. 2lots tn ghepi-chord blad-

ing, waii fiilets, etc.; figure 17 ghows somé of these devices,

l i '( '_/ﬂw
)
i

i ‘ (A) Sbort-Span Secozdary Flow
— Fences Applied to Reduce
. ™ VYortex Cur{-Up st Rotor

r/a = Root and Slator Root agd Tip

/ Flow

(B) 8lota to Eperyize Bnd-Wall
Flow Defect Region

(C) Bnd-Wall Pillets (Based 0n
Succosefui Application to
ﬂ High-Aspect Ratic Alrplane
[ Wings)

Figure 17. Secondary Flow Fixing DPevicces Fb 170606
GIV

c. Variable Geometry Regecrch Progran

Another area of advanced compressor research involves the evaluation
of variable geozetry cuncepts as a weans cf extending stable and efficient
operation over wider ranges of compreasor inlct conditions. A program to
accomplish this 1s teing performed under NASA Contract NAS3-76J34. One var-
iable geometry inlet guide vane with @ slot and two variabl: geometry
stators, one having a 510t in & fixed forvard section and & flupped rear
section, and the other haviug flapped forward and rear géctions, will beo
tested. The blading and flow conditions are represenlative of a2 high Mach
nuzber compiesmor firsc stage. Pigure 18 shova the test configuration
widspan sections for deaign speed (SLTO) and 70 percent design speed
(cruise) ccaditious for tre inlet gulde vane and slorted stator. The var-
iable camber inlet guilde vane concept was evolved from work performed at
PSWA. The double-hinge arrangement permits more aerodynamically clean
geometry than & single flap configuration would permwit at the e¢xtrecme oper-
ating conditions. The slot in che rear section of the guide vane {s ex-
pected to extend the range of low-loas turning.

G-18

-

~ ear e

- -

.




ey watd

-

Pratt 8 Whithey Rircraft

PWA FP b6«100
Volurnw 11k
31L.TO Geomatry
& ‘_-n_@__'__

INLET GUIDE VANE™
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Figure 18. Variable Geasetry Slot Cencuepts

-

bl

Tre 3lot in the forward section of the stator cunfiguration ig designed
to prevent flow separation at high incidence ¢ruise coaditions. Annular
cascade results have f{ndicated the effectivenitss of this slat appli-
cation, as shown in figure 19. Wake loss coefficient was reduced 20
percent, and turning was increased 3 degrens. Flow separation, ob-
served at about 50 pe..ent chord without a slot, was completely elim-
inated with a glot. Inclusion of this perfsrmance with the wide varie. .

T &tion Ol geometry that is possible with the double hinged or flapped

concepts holds promise of a substantial {ncrease in che ecrfectivencss
of the inlet stages of high Mach number compre63uls.
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d. Mechanical Design Considerations for Aerodynamic Performance

Improvements in fan stage blade element performance can be applied
to reduce blade solidity and thus reduce blade weight for a given stage
efficiency and pressure ratio level. The reduction in blade weight can
be traded for increased annulus area (lower hub/tip ratiq}ffor a given
rotor speed, which in turn provides increased engine airflow. This can
be accomplished within the area presently available in the JTF17 fan
case design. Improvements in structural efficiency through use of higher-
strength alloys will permit size and weight reduction in blade attachment
and rotor disk design. Improvement in this direction can also be applied
to reduce hub/tip ratio and increase airflow.

Continuing programs of aeroelastic research for advanced compressor
blading and compressor disk designs have contributed to the development of
new blade and disk damping techniques and higher strength-to-weight ratio
stages.

3. Compressor Growth Contribution

Gains from increases in airflow, efficiency, pressure ratio, and stage
loading can be incorporated in the JTF1l7 to increase thrust, improve TSFC,
reduce noise, and decrease weight. Increases in specific flow with com-
mengurate increased pressure ratio at constant efficiency will increase
takeoff and transonic thrust in direct proportion. Each 1% increase in fan
and compressor efficiency would add approximately 0.45% increase in cakeoff
and transonic thrust and represent approximatcly 0.30% decrease in cruise
TSFC for approximately a 360-1b increase in payload.

C. COMBUSTORS
1. JTF17 Engine

The combustion systems of the JTF1l7 are based on previous advanced
technology work which has resulted in a new combustor concept which has
been called "ram-induction.”" It has enabled the attainment of even tem-
perature distributions at high temperatures with aircraft inlet distor-
tion, conventional fuels, and low pressure loss, in substantially less
length than conventional multi-nozzle combustor designs. Compared with
current production engines, both the primary combustor and duct heater of
the JTF17 represent significant advancements to the state-of-the-art.
However, in perspective with the continuing advanced tech:ology programs
on this concept, it is evident that substantial potential growth Iis
indicated.

2. Advanced Ram-Induction Burner Investigations
a. JTF17 Advanced Development

The JTF17 ram-induction burner program is supported by advanced
research in rigs which include (1) a water table, (2) a water tunnel,

(3) a straight 70° primary burner sector, (4) a straight duct heater
sector, (5) a curved 120° primary burner sector, and (6) a curved 30°
high pressure primary burmer sector. Two research primary burner
diffuser rigs are being designed, and the development program has

G-20

CONFIDENTIAL

LI R N S P A A . s AWK T R PR o 4 A =

. 4



mﬂmﬂm. Pratt & Whitney Rircraft

PWA FP 66-100
Volume III

utilized both full-scale duct heater and full-scale primary combustor
rigs. These supporting rigs have been used for toth development testing
and for investigation of advanced concepts with indicated growth potential.
Figure 20 shows a ncvel lightweight duct heater design which is being
investigated and has shown promising periormance. Figure 21 is a reduced-
scoop main combustor sector which is also being evaluated for specific
weight improvement. Although this effort has not yet resulted in designs
suitable for use in the engine, it has been a partial basis for the
Government-supported research programs describod below. Altogether, these
investigations provide strong evidence that the ram~induction burner con~-
cept, as currently designed tu meet the requirements of the JTF17, has not
reached ihe limit of its growth in performance, size, or durability.

b. short Main Combustor

Under NASA Contract NAS3-7905, two ram-induction burner concepts,
which have as an objective the reduction of the JTFl7 primary combustor
to 12 inches of burning length, are being experimentally invegtigated.
These two concepts are shown in figure 22 in relation to the JTFl7 primary
combustor and a conventional multinozzle can-annular combustor. Figures
23 and 24 are photographs of the actual combustors. The goal of the
contract effort is to conduct a 40-hour endurance test on one of the
combustors under environmental conditions that are appreciably more
severe than those imposed on the JTF17 combustor during cruise.

The volumetric heat release rates of both short main combustors are
almost double that of the JTF17 primary combustor. Successful evolution
of either concept holds promise for appreciable increase in temperature
rise and decrease in weight and cost.

c. Advanced Vaporizing Combustors

Vaporizing type combustors capable of operation with less expensive
fuels than current aviation kerosene are included in the advanced com-
bustor research and development efforts at P&WA. The successful evol:-ion
of this concept makes it quite attractive for growth versions of the engine
by permitting the use of lower cost fuels.

Figure 25 is a cutaway photograph of a vaporizing primary coubustor.
Proper mixing of air and fuel, (as in a carburetor) permits the fuel to
enter the combustion chamber as a combustible mixture without leaving
deposits in the vaporizing passages. This principle has been combined
with ram-induction air admission to provide one of the two concepts con-~
sidered to be feasible for the short main combustor contract objectives,
and 1s currently under test. Tests are being conducted to document the
telations between fuel-ai, ratio, pressure, temperature, mass flcw velocity,
and tube length to avoid either coking deposits or chemical reacticn to
various types of fuel. The results of this effort should provide an
alternate combustor design ior growth veraions of the engine which can be
operated with low quality, inexpensive fuels.
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d. Full Annulav Duct Heater
Experimental investigation of the ram=induction duct heater is being
conducted under NASA Contidci NAS3-7907 in addition to the malor efforc

bring carried out 1in support o. the JTF17. The primary goal of the XASA
contract iz to evalugte the durability of the duct heater by subjecting it
to & 250-hour cyclic endurance test prior to the time that such a test
could be expe=ted to be conducted under the 2»ngine development schedule.
The operating range requlred of the duct heater is alsc somewhat zreater
than that which wust presently be met by the engine dusnt heatev. Figure
25 is a cross section of the duct heater designed to =eat the NASA require-~
menis, Figurc 27 i~ a photograph of the NASA duct heater assembled prior
to its installation in the Lewis Research Center test facility where the
tes: program is being conducted. This advanced component testing adds to
the technical base from which the advanced JTFl7 engines must come.

e, Full Annular Main Combustor

Similar to the duct heater, an early evaluation of a ram-induction
mzin combustor durability (500-hour cyclic endurance) is scheduled to be
conducted under NASA Contract NAS3-9403, This effort will also add to the
background which must be buiit up in order to support engine growth
developments.

3. Combustor Growth Contribution

The inherent high combustion efficiency and low pressure loss of the
JTF17 rem~induction primary combustor preclude significant growth in these
parameters; however, the development of combustors cutlined above will
permit higher temperature rise to match increased turbine temperature
capabilities, and shorter length to reduce specific weight. Duct heater
growth from the advancez development of this component will contribute to

imprcve subsonic cruise PSFC 2t the tate of (.35% for each 12 reduction in

pressure loss and 0.702 lower cruise TSFC for each 1% increase in com-
bugstion efficiency (equal to approximately 1400 pou-ds payload increase).

One of the objectives of the development ¢t the JTFl7 ram-induction
combustor and growth versions will be to produce less smoke tham current
ccomercial engines. This will have the dual benefit of reducing turbine
airfoil erosion and eliminating a source of air pollution in rhe vicinicy
of airports and overhaul facilities. Inherently the ram=-induction burner
of the JTF1l7 designed for high temperature rise will produce less smoke
than current engines as shown in table l. The goal will be to maintzin
leas than 20 at all significant power levels,

The ability to operate the main combustor and the duct heater on less
expengive fuels will make s properticnste decreaee in direct operating
cost. The :am-induction type wmain combustor lends ita-1f to exploiting
this advantage and the similaricy of the ram-induction duct heater, unlike
an afterburuer, assures that principles learned on the main combustor can
be appli:d directly to the augmentor.
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GIV

Figure 27. NASA Duct Burner Rig FE 57726
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TABLE l. SMOKE DENSITY AT SEA LEVEL TAXE-OFF

Engine Smoke Den-ity*
J57 50
J79 bé
JT8D 63
JT3D 39
JT12 23
JTF17 16

*(100-Reflectivity as measured by Von Brand smoke meter)
D. TURBINE
1.  JTF17

As in the compressor and fan sections, the dual rotor design of the
JTF17 provides inharent versatility in the selection of growth possibil-~
ities as compared to a single rotor engine. A wide choice of rotor
speeds, rotor work splits, and stage temperature levels is possibie,
permitting optimum use of grovwth developrents.

- Tha current ITPL? tutbine design incorporates tile concept of con-
trolled vortex flow. This has permitted a lower design velocity ratio
with a consequent reduciion of rotor speed and savings in welght. How-
ever, as the initial application to a turbofan engine, it has been
conservatively integrated iato the overall turbine design. Further
improvements in the application of the controlled vortex concept to
turbine design can be expected and exploited in the JTFl7 to give weight
reduction, improved efficiency, or increased work.

a. Blades ard Vanes

The design blade and vane metal temperatures of the JTFL7 have been
eet below the strength capability of the materials currently specified
because of erosion, corrosion and/or sulfidation limits. PWA 658 is
specified for rhe turhine blsdes, Columnar grain Twa 004 will be fully
developed by the time the engine is introduced iato commercial service,

As now available, PWA 664 has the strength capability to le operated
75°P above the JTP1? design temperature. The TD nickel in the first-stage
vanes is also not being pushed to its limic.

b. Disks

Pratt & Whitney Aircraft has alsc evolved casting techniques, forging
processes, and heat treatments for two different alloy systems, the
IN-100/SM-200 type, and the UX-1500 type. These advenced fabrication
capabilitries should lead to turbine disks produced in the near future
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vhich have « 50°F or wore qoperating tesperature ndvuntlge over Astroloy,
the material nov specified for turbine dieks in the JTPI? englie. Such
an increase of temparatnre capability i{s cowpatibvle with a J007F increeas
in turblne cparatiug cenperoture‘

A2trcloy in luru possesfSes a zignificant advantage in high temper-
arurs strength capabilitly over Waspaloy, which has been specified for the
JTPL7 turbine cases. Pratt & Whitney Alrcrafr hse developed Astrolcy
aheet and methods cof uti{llziug it for walded and fabricated assemblies,
This technology, combined with the forging prucedurs daveicped for wariug
iarge rings for the J5B engine, gives P4WA the capabilicy of pecducing
Astroioy turbine ceser whenever the other components cf the turbine are
ready for temperature upgrading.

Although no sheet has been made frem UX-1500 vr IN-i00, the techaology
developed 1in the forging of disks from rtheae alloys can be applied to pro-
duce sheet. There is an excelient possibility that siieet from these
alloys would have elevated temperature atrength superior to Astroloy. The
possibility of using IN-100 sneet is especially intriguing from the stand-
point of 1ts lover density (0.282 1b/in %. compared to that of Astroloy
(9.288 1b/in3) sad Waspaloy (0.257 1b/4n?).

Tt ese improved materials with higher temperature capability thanm
currantly devaloped alloye will provide growth for the JTFi7? in flight
Mach numbe: to 3 or higher.

2. Advanced Turbine Technmology

Technology directed at increasing turbine inlet tempevutures has
received wajor emphasis in regeairch and developuent effort a: P&WA during
the past fuw vears. The J58 engine in the SR-71 arucraft has accumuleted
extensive high tempcrnture flight operation. The JT4 high spool turbine
developmant .rig described fn Reporc I of Voiume IIT, has completed a 200-
hour endurance test at 2500°F, snd extenmive riz tests have bsen con-
ducted gt temperature levels up to 3000°F.

8. Cooling Effectiveress

Although systematic investigation of fila and transpiration cooling
is continuing, convec:iive cooling of turbiae sirfoils has been emphasized
because of the inherent structural {ntegrity and resistance to forsign
object demage so provided. Furthermore, gas path flow disturbances are
miaimized by this method compared to film or transpiration cooling.
Significant progreas has been made in developing analytical and experi-
mental rechnigues tu impiove current turbime desiguc and to provide the
toola ior advdncing the state-of-the-art. Advanced cooling concepts for
turbine sirfoiis bave been evcived and teated at temperatures considera vy
above current engine practice, This c¢ffort is directly applicable to the
advanced turbipe cachnology requirezents of providing growth potencial
for the JTF17 engine. The wafer vane concept, which provides for a large
internal heszt traacfer surface erea snd permits almost unlimited design
flexibility, is {llustrated in figure 28. Advanced wmanufacturing tech-
nigues are also being investigated to provide higher cooling performance
for turbine blades and vanes. Among the more advanced research efforcs
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is an attampt to rcase 2 turblue Llade with swall cooling passsges similar
to the wafer vane. Ceoramic wafers are being molded and starked regether
{ to form the castiag Cure.
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Figure 28. Wafer Vane Configurations GS 1709A
GIV

Significant advence in the state-of-the-art of diffusion bonding has
; also been achieved. The diffusion-bonded thermgl shield configuration

t (figure 29) was aldo conceived to provide effective heat exchanger
characteristics in a solid structure. It has been successfully tested &t

| gas stream temperatures up to 3000°P gz gz Thie Wafer vane shown in figure

U ' 30, with the chordwise ueral temperature profile plotted. As a result of

| research programs in environmeénts subsrentially more gevere than those

required of the JIF17 engine, turbine cooling capability has been evclved
which will meet higher temperature limi<s required for overall grovth of
the engine.

[ b. High Temperature Materials

Until the sdvent of aircooled turbine airfoils the iucrease in turbine
inlet temperaturc was paced by advances in metallurgy to develop high
gtrength, high teamperaturé materials. Although air cooling has reached a
high degree of sopnisticarion and additional refinements can be aade,
furthier improvements in high temperature materials can benefit the engine
growth directly oy perxuitting reducticn of airfiow to improve overall
- turbine efficiency or to increwse the turbine inlet temperature without an

iocrease in coollng airflow. Projected materials such as PWA 1409
[’ (Monacrystalloy MAR-4-200) will have improved high temperature strength

TR

properties. Ac superior protective systems are evolved from the advanced
coating and claddiuy progreny In progresgs, degeribed in detzil {in Reporg F
of Volume III, turbine metal temperature can be raised by more thar 200°P.
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c. Aerodynamic Performance

Turbine aerodynamic efficiency 1s affected by many factors including
airfoil geometry, orientation with respect to the primary gas stream, and
method of discharging cooling air. One of the test rigs being used to
investigate the effects of these factors on airfoil profile losses is the
annular cascade rig shown in figure 31. Data from vane tests with various
trailing edge thicknesses and cooling alr discharge slot sizes has shown
that the profile losses associated with this methdd of discharge can be
minimized by proper selection of blade geometry and airflow parameters.
(See figure 32.) These data demonstrate that controlled introduction of
turbine airfoil cooling air through a slot in the trailing edge will
minimize aerodynamic losses by reducing the '"base drag'. Further refine-
ments of such methods will effectively increase the turbine efficiency
of air-cooled parts while maintaining the ruggedness of thick traiiing
edges. Figure 33 shows reduction of aerodynsmic loss at higher cooling
alr flows for a wafer vanc design. This curve demonstrates that when the
cooling effectiveness increase obtainable with this design with increased
airflow is desirable for the engine cycle, the additional cooling flow can
be reintroduced into the turbine flow stream with minimum loss. Rotating
and cascade testing will be continued to provide the design criteria
necessary for JTF17 growth through Improved turbine performance.

Figurce 31. Turbine Annular Cascade Rig FD 14497
GIV
G-31
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d. Thermal Fatigue

As turbine in -t temperatures are incr-2sed, thermal fatigue becomes
an increasingly important mode of turbine failure since thermal fatigue
1ife is affected by both the cyclic temperature range and the thermal
gradient through the metal. Pratt & Whitney Airecraft has developed
analytical methods of predicting thermal fatigue based on reaiistic
thermal shock testing of standard specimens and airfoil parts. The
thermal shock cascade rig showr in figure 34 at the Florida Research and
Development Center cycles main stream airflow, main stream fuel flow, and
cooling airftlow to simulate engine thermal stress conditions. A typical
thermal cycle is shown in figure 35. Experimental data from this unit
will provide verification of analytical 1life predictions and lead to
growth in the thermal shock resistarce of advanced vane and blade designs.

3. Turbine Growth Contribution

' The mOSt A REAhAL e E A ol A S G50 e, L LS SR, |
will be to inc‘reaseMm engine heavy maintenaice
(ERM) periods and e me between overhatY 0) as rapidly as safety
and ecoromics warrant. Thesec have historically been paced by the life of
turbine parts. Therefore, growth in the fnrm of improved coatings to
extend the present life limiting variable, sulfidation and erosion-corrosion,
will be of utmost importance and receive the most development effcrt.

Past histgry also indicates a turbine inlet temperature increase of approxi-
nately 40 F per year. Improved coatings with 75°F higher temperature capa-
bility will {mmediately permit increasing the overhaul life to the full

12 creep life of PWA 658 to 10,733 hours. PWA 664 with a compatible coating
would permit increasing the turbine inlet temperature by 50°F. TFurther
materials improvements 1nd/or ccoling effectiveness, with no turbine
efficiency penalty, will directly result in increased turbine irlet tem-
pera-ure. An increzse of 1000F can be translated into 2.27 add.tional
thrust and 1.27% reduction of TSFC by rematcl:ing the current JTF17. The
same increase cpplied to iacreasing bypass ratio will yield 127 increase

in takeoff and transonic thrust and a cruise TSFC reduction of 2%.

e g b ol it L g
Thermal Shock Cascade Rig FE 61108
G-33 cIv
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4.  Exhaust System

Improvemeuts in exhaust nozzle technology are expected to play &
Jominant role in determining advancements in propulsifor for the next
generation of aircraft aince changes as small as 0.1% will increase
payload approximately 500 pounds. The trend of increased exhaust system
performance 18 shown in figure 36.

. N L
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Pigure 36, Exhaust System Ferformance Design FD 17075
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To provide the turbopropulsion exhaust nozzle technology needed to
meet such future propulsion requirements, the Air Force Systems Command,
in June 1965 selected Pratt & Whitney Aircraft vu ccndvret a three-year
"Exploratory Research Program for Turbopropulsion Exhaust Systems"
(Contract AF 33(615)-3128). Technological fall-out from this work obtained
by direct interchange of data on a day~to-day basis and regular reports
is expected to contribute appreciably to the growth potential of the
JTF17.

The above are in addition to specific items of growth delineated in
the exhaust nozzle and reverser-suppressor performance and design sections
of this proposal (Section E of Report A and Sections E and F of Report B,
Volume IIL). Examples of growth potential cited in those sections are:

1. Use of a split-flow nozzle, as shown in figure 37, to provide
higher supersonic cruise performance levels through better
utilization of pressures available in the secondary flow is
shown in figure 38.

2. Use of titanium actuators for the reverser-suppressor clam-—
shells and variable-area duct nozzles to reduce weight.

3. Providing higher reverse thrust by changing materials for
the clamghell support structure.

4. Providing reverse thrust more juickly by modifying the clam-
shell control system to peiait a null-thrust mode of operation.

Supersonic Cruise Configuration
Low Secondary Pressure Shroud

High Secondary Pressure Sle'om‘L‘7 7
y 4 r 4 }
ndary Sream ‘\\~ l},—-——-“"“
Duct Stream

Duct Expansion Surface

Gas Generator Expansion Surfac
Gas Generator Stream

- -— ' Engine-G,. — -_—
Figure 37. Split Flow Nozzle FD 17133
G1vV
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S. Exhaust System Growth Contribution

The trade factor for the influence of improved performance of tha
exhaust system on overall SST performance 1s 4 times that of any other
1 component. _An increase of D .5¥ im thrust mimus drag coefficient would
represent a 2500-pound increase in maximum payload. This order of
improvement ia projected for the JTF17 in 5 to 6 years after introduction
to commercial service.
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SECTION V
PLAN (OR ENGINE GROWTH

A
5. CENERA

aa L¥=F ", )
The selection of the duct heating turbofan over oiuer engine cyceles
was strongly fnfluenced by iy a.ility to mateh the growih requirements

of the supevrsonic transport. Hiatori:ally, engine growth has been vb-
tained through component improvemante and turbinz Lenperature increases.
The JIFP17? component and turbine temperafure growth is illustrated herein.
However, the cduct hearing turbofan hss four additional growth dimensions:
(1) the ability to change bvoass ratic to increass transonic thrust at
sea level and optimize TSFC at cruise; (2) the ability to increase cruise
airflow by large increments without engine change or rotor speed change;
(3) the ability to operate the aircraft economically over longer subsonic
rfigtances; and (4) the ability to increase t..e SST cruise Mach number and
obtain the maximum range/paylioad improvemwent,

The aircraft requirements for engine growth cannot be precisely de-
fined at this time. However, past experience and analysis indicate that
improvements in SST economics will require increases in takeoff gross
weight, time between engine overhaul, and cruise Mach number. The increase
in takeoff gross weight provides a requirement for increased takeoff/
transonic thrust, and reoptimization of the cruise thrust-TSTC relation-
ship. To hold noise levels constan: with increased takeoff gross weight,
the noise-thrust relationship must also lmprove. It is also possible that
adverse sonic-boom effects and political considerations may restr -t more
and more the supersonic operation of the aircrafet, so that growth .. fhe
amount of subsonic flying may be required. Growth in criise Mach aumber
has been rare with subsonlc jet transports; however, at supersonic ccadi-
tions the drag function improves with Mach number and our analysis indicates
that growth in this parameter should be expecred.

-T8rC Is“dffebtly'réfiébfed_iﬁwrangéfbayload and economics.
The predicted growth of the JTFl7 engine Is described for each of
these requirements.

B. SEA LEVEL AND TRANSONIC THRUST INCREASE

Component improvements and increased turbine temperature are ex-
pected to provide thrust increases of 152 during the first six years of
airline gervsice. (See figure 35.) Even larger thruat increases are
avallable from increases in bypass ratio. These chaages require a
larger fan and may require a new low turbine. However, the high spool,
control, lurner, etc., remain substantially unchanged. Bypass ratio
changes may be accomplished by retrofit in a wanner similar to the
retrofir of JT2 engines to JT3D engines. Thrust improvements from in-
creases in bypass ratio are shown in figure 40.

G-37

e e e rom ¢ A e - e

PP S




Pratt & Whithey Rircraft
PWA FP 66-i00
Volume 11
2 I | 7
® ! ’
e |
§15 SR B S sy /// 7/
T %%
; o 7 //}/;//
2 Y /4
3
5
S 7/
OM

0 1 2 3 4 b 8
YEARS3 FROM START OF COMMERCIAL SERVICE

Figure 39. Growth-Comporent Deveiopment FD 17077
GIvV
Seiﬂ
B
<Z w0 LB,
SSS: + 1401 giggggg@ 201 3rd-Stage
. afmsel 7 BHEG | e
£ 1204 50380 ' 10]
[«

53 110+ §D§E 5 /Q/z“ds‘“!‘

2 75] fow Turbine
<2 <100 0
<)
w 160
s % 189
:’s; 1401  Transonic

o 130

& 120

Sea Level
& 10 Static

0o 15 20 26

BYPASS RATIO

Figure 40. Growth-Bypass Ratio - Sea Level FD 17078
Static GIV

ey

-

NG

o —y

pugpeo |




Rt

y T

L T B

et B g

T TS PR AW W e

iy

3 | | e~

-4

cmml Pratt & Whitney Aircraft

WA FP €6-100

Yalume

€. CRUILE 4

e

Cruise TSFC may be imnroved 4Y oy coapunent development within the
irline gperetion. (See tigure 41}
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Figure 41, Growth-Cruise TS¥C Reduction Fo 17079
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Bypass ratio changes relocate the minimum TSFC point &4: & function
of thrust and may be employed to maintain the aircraft cruise thruet
requirepent near .this =minizum T5FC.  Crulse bypass ratio may be varted
either by changing the fan as described above or by changing te cruise
airflow achedule. The turbofan has the capability of changing airflow
at crulse in excess of 10X by merely replacing the cam in the fuel
control which schedules “he duct nczzle area. In this manner the JTF17
should be able to maintain optimum TSFC at cruise as gross weight in-
Cresses.

Cruise TSFC can be matched to higher airframe gross weight coincident
with increased SLTO thrust. Figure 42 indicates the effect of bypass
ratio increase on ISFC thrust relationghip. It can be seen that minimunm
TSFC occurs at higher thrust tuoy the higher airflow engine. Thus, for
cperation above e minimum T3FC poiat, the cruise TSFC may be reduced
by increasing airflow even though the minimum TSFC {ncresses.
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D. [IRCREASED COMPONENT LIFE AND ENGINE TBO

All parts of the JTP17 are currently designed for a minimua of

10,000 hours TBO with minor repair, approximately 20,000 hours useful
1ife for LCF limited diaks and 50,000 hours useful life for creep limited
cases, as explained in Section (Design). However, practical experience
telis us that these parts lives can ouly be proved by dawein; dsyp—sut-

- commersdal-cogratiun, Farts life and resultant TBO increases come only
as the result of learning in service how to most economically operate
the SST, daeveloping sclutions to parts life problems unique to afrline
operaticn, and masintaining an eggrsssive engine development program.
TBO beyond the 600-hour initial period will increaze, with the approval
of the FAA, at a rate set by engine coudition sampling, in-flight shut-
dovn rate and premature engine removal rate of the fndividual airlicoe.
By this approach it is expected that the JTF17 TEO growth will follow
the pattern of previous P&WA commercial transport engines, which are shown
in figure 43. The TBO growth projected for the JTF17 is shown in figure 44.

Component l4fe and consequent engine TBO are functions of “most
limited parts.” It was pointed out that the deveiopment of coatings was
the key o loag turbiue blade and vane life. High coupressor disks are
currently deseisned f5r 12,000 cycies by low cycle fatigue. Extended
life foar these parts will take the nature of material improvement and
of reduced thermal gradieuta. Correction for wear and cracking depends
on early recognition of the problem by accelerated engine development
testing coupled with accurate, immediate reporting of data from the air-
lines and P4WA Service representatives as& described in Volume IV,

Report F, Section VI and action on such problems by aggressive develop-
ment of repair procedures and/or engineering changes.
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The Turbine Engine Relisbility Program (TERP) allows the commercial
airlines to operate turbojet engines in service without fixed TBC limits,
during which time the engine reliability trends are being explored and
evaluated as the engine ages in daily service operation.
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The application of Pratt & Whitney Adlrcraft sarvice data to tha
JTF17 design and devalopment {a degcrited in detail in the ITP1? Rali-
auility Program, Velums IV, Raeparc ¥, Sectien II. Rellability growth
functions for in-{ilight engine shutdowne and premature angine are also
includad in the plan.

ors e b

$venginn

Tha cosmercial airiines have long recognized thet limf{ted-life parts
in turbojet engines have in the past playad an ell too domiuani role
tdward the dezerminatlion of fixed engfne TBO's, Under the TERP main-
tenancs concapt, enginesg are scheduled intc the Engine Heavy Haintenance
{EM) Shop for inspection, vawork, rTepalr, or repigccaant of these
lizsited-lifz pavie, 1ns frequency of the scheduling of engines into
the EHM Shop 1s predicated by a thaorough study of parte-time reliability
relaticnship. Engineering changes incorporated to improve parts life
result in an increase in the tilM intervals. The EHM program ae related
tc TERP allows the exploration of engine long-life parts on a far more
rapid echedule while etill maintainoing a high degree of engine reliabiliry.
It 1s anticipated that the reliability of the JTF17 engine will be attain-
ed without the need of a fixed TBO limit. Studies related to the parts
aging reliab{lity aspects will determine the extent and frequency of
line maintenance inepections as well as schedule engine removals for
parts repair or replacezent at EHM.

g -

L ] P L ] | il
— m L. . M

The end result of the TERP zmaintenance concept {s that the EHM
Program al.ows TBO's to develop far more rapidly while maintaining a
high degree of reliabilicy st a coneiderable reduction and saving in man-
hours and material costs.

o

The engine developmeat program recognizes the dependency cof the rapid
accelecation of EHM intervals by ccncentrating on potentially life-limit-
ing parts Ly means of an extensive Engine History Records system and a
Reliability Program. Records of current subgsonic commarcisl turbine

a vae

engine transparrs-show @@ @uch @8 @ ¢ to 1 variation in perts costs
betwees »ngine uakes, which 18 a direct result of an aggresuive service
organization and a responsive Engloeering Development group. This back-
grourd and the lessons learned by its application will be directly
applied to the JTF17 end result in &1 accelerated improvement in parts
life expectancy. The unitized construction and EHM concept of the JTFL?
design, which will be developed and demonstrated on the JTF17 epgine,
lend themselves to the Turbine Engine Relisbility Program.

. INCHEASED FLIGHT MACH NUMBER CAPABILITY *

CE2Y WM AN e M

Mach number growth carries tvo basic conmsideration, airflow
scheduling snd structursl design associated with increased compressor
inlet temperature.

- ————

Wheu considering engine growch it i important to keep in mind that
the twin spool turbofan cycle higli rotor operates like a fixed geometry
turbojct with constant turbine {nmlet temperature during crulae. Thus, 1
at any Mach number, changes to total airflow may be accomplished by
changing the fan airflow only. Since, at the coaparatively low presasure
ratios associated with the fan corrected speed at high flight Mach number, i

[ ronn-1
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conatant TOLOT épwed iines are essantially caralici te the locus of
cpstaiting points obtained by vaiying durt et srez, a fairly large
variation in elrilov may be mccomplished with litzle or ne changa fo
speed in either roror.

N e - cr—a————

Thess convenient zethods of controlling airflcw aliow "hand tatlor~
ing” the airflow achadule tc the {nwtsllstion fur the best possitlc per-
tormence at exch condition aé described in Report B, Secricn IIT.

As crulse Moih number lucrisses with the resulting increase ia
engine inlet tcmperature, the augmanted turbofan cperates more like a
racjel and the advantages decome even more apparent. Most of the turbe-
fan airflow 1la duct flow and, therefore, enters the duct heater com-
bustion section at & low teaperature. The combustcr inlet temperature
can incresse considerably from this point without becoming so high that
cycle efficlency suffers. Since, in a turbojet cycle, air enters both
the prizary and afterburner combustion section st & much higher temperature,
growth in Mach number ie considerably lees attractive, The effect of
Mach nuwmber growth uvn range for the JTF17 and a typical jet cycle is
shown in figure 45.

180 -_
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CRUISE FLIGHT MACH NUMBER

Figure 45. Cruise Mach Number Effect on YD 17082

Design Rangce

Structural changes zssociated with increased Mach number to 3 and
above depend heavily on the rotor speed schedule. Since the duct heat-
ing turbofan cycle does not require significant changes in rotor sepeed
to attain efficient operation at higher Mach numbers, the degign changes
are primarily limited to improve high temperature materisls in the front
of the engine. The extensive background of the JS8 development and
flight at compressor inlet temperatures more than a hurdred degrees in
excess of those for Mach 3.0, give Pratt & Whitney Aircraft unique ex-
perience with very high strength-to-weight ratiocs, high tcmperature
materisls on a production basis. The J58 program required the recog-
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nition and solution tc m=any problems not previasusly encountgred Ln the
dompressor s2ction of an engine. This knowled;e has been applied ro
the JTP17 design 2nd continued service exposure to such operation in
the 358 vill be appliad te growth verdion of the JTF17 series engine,

Highar Mach nu=ber operation than that presently specified for the
JTP1? engine will entail higher operating temparsture conditions in the
cemprasavi which in turn will necessitate application awd/or developmeud
of khigher tecperature titanium or the substitutica of proven nickel base
alloys. 1t is Pratt & Whitney Aircraft's objective to develop to the
utmost the capabilities of the titanium alloys ciscussed above and in
Volume 111, Report F, Section II to avold degradirg the thrust-weight
ratio of the engine as the flight Mach number capability is increased.
The development of solid-solution dispersion rtreagihened titaniua
alloys could afford 1200°F capabilicy. Nickel base ailoys, Inco-718,
Wagpaloy, and Astroloy are proven performers and are avallable to pro-
vide the necessary capability. 1If the Inco 160 alloy comes up to expec-
tations, it might become very attractive for introduction to an upgraded
compreasoy for high Mach numb2r engine operation,

F. NOISE REDUCTION

Growth in engine quieting will result from thrust growth as well
af advances in attenuation techniques. The more promising possibilities
are enumerated g8 follows:

1. Higher thrust will permic greater climb vate to reduce
noise on takeoff '

2. Research on the phenomenon of noigse generation will cpen
new possibiiities of noise attenustion, beth in fan and
reverser-suppressor

3. Sound absorbing duct liners indicate promise. Pelt
metals and perfarated sheet are among the possibilittes
currently being tested.

A prominent growth area is in the control of exhaust gas noise.
Existing commercial jet engine suppression devices are {nefficient in
terms of both suppression gained and performance losses. The high
exhaust gas velocities which will be generated by the engines required
for the SST should allow improvements in the efficiency of these
auppregsors. However, it ia alao anticipated that lerge improvemeits
will be geined at the low exhgust velocities required at airnort
approach and thrust cutback after takeoff. Methods of teriis-y airflow
control and nozzlas dezigns to improve mixing will be investigated for
this growth goal.

Extensive improvements in the control of fan noise are expected to
result fror improved application of acoustical liners located in the
‘tan duct. This ie expected to result frow technical advancements in
liner design techniguea and wmaterials, such as &n analytical design
uethod for nonrescnant liner materials and improved strucrural aroperties
of this material.
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Applicarion of the aksve aiienuaiion devices ia thelr fully devaloped
form can be expected tc¢ lncrease fan noise attenuation above current
levels (Report C, Section IIl,) by as much as 12 db. Improveaent in jet
tolse suppr:ssion of S5 db 1a alego expected ai unsugmented power settings
and of 3 db in the sugueuied power range.

- educlions Geveicped {pto the engine will resulrs
directl y in ncise b nefits, By pioviding an improved specific aircrafe
weight, highcr altitudes will be achievable at takeoif with attendast
reductiond in perceived noilse v an observer on the ground.

Resear~h work 13 also expected to lead to 2z ney gan: r,;Acr vf troize
contvol devices., Both model and englne tests wil® Ge conductazd o improve
uaderstanding of the noise generation process of euxhausgt gases arﬁ fan.
This work will be conducted with Schlieren analysis of the interaction
of ambient air with a high velocity exhaust streawy amd navrow frequency
band analyses of the effect of fan design medificaticns., Fan duct
diecharge ¢ tours will be evaluated in detail to pravfde wininum pressure
losges whii ~etaining beneficial shapes for acoustliccl liners. It is
anticipated 1at the applicatica of the resulte of this effort will pro-
vide complete attenuation of farn nuise g4 a significant centributor to
total engine noise. Additional exhaust nolse atteruations <n the range
of 4~-6 PNdb are expected to result from chis prograr.

G. REDUCTIOR OF SPECIFIC WEIGHT

Reduction of specific weight will accempeny the thrust improvements
described in Section V-A. This reducticn will be accomplished by iight-
weight design features and caterlal improvements as well as the com-
ponent improvements. Some cf the de~ign imprcvements zxpecied to resuit
in lower weight ave:

. More advanced blacde attachment designs

. More effective use of cooling air

Shcrrer burners

Higher stage loading and subsequent votor speed reduction
Lightweight fastening methods

. Improved forging techniques fcr rewer flinges

Improved welding techniaques for fewer machant:al joints.

RV s RNV, I WS B U )

As the JTF17 engine developmeut prugran progresses, a sustained effort
will be rade by Pratt & Whitney Aircraft te subsifture, where econowically
practicable, materials which will effect worthwhile reductions in engine

ght. Macerials presently under development which offer strength-weligh

.antage over specified materials include ticanium siloys, ircermedisce
tempera*ure niczel basn alloys, and high temperiture nickel base alloys.
"o the case of titanium alleys, two compositions, IMXI-747% and Ti-641-ZSa-
4Zr-2%0 {(Volume IIT, xeport ¥, Secction III) ofle. crength~a“—wﬂight
advantage over T1-3A1-1Mo-IV, which 18 specified quite exteasively in the
JTF1? for a fan disk, high compressor blades and vancs, and for fam duct
and reverser-suppresgor parts. Once the suitability of one or both of
these development alloys can be definictively estahkifshed, substit rion
of either, particularly rhe Ti-6A1-2Sn~4Zr-245, should result in substan-
tial weight saving.
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Evaluation of the promising solid-solution dispersion strengthening
gsystem of titanium alloys discussed in Volume III, Report F, Section III,
which have potential for use up to 1200°F 1is being diligently pursued
because of the obvious gains that could be realized in the form of engine
weight reduction through the substitution of such a titanium alloy for
nickel base disks, blades, and vanes.

The intermediate temperature nickel base alloy, Inco-718, also is
specifisd extensively in the JTF17 engine fcr welded and fabricated cases.
Inco-160, an experimental alley, based upon the preliminary data now
available, offers opportunity for substantial weight reduction because
of its outstanding strength-to-weight characteristics (Volume III,
Report F, Section II). In addition to a possible substitution for
Inco-718, it also might be attractive as a substitute for the specified
Waspaloy compresgsor disks for weight saving. In the area of high tem-
perature nickel base alloys, some weight reduction could be realized
through the substituticn of Astroloy for Waspaloy, and forged Inco-100
for Astroloy.

H. OPERATION WITH LOWER COST FUEL

Development of a main burner and duct heater to operate on lower
cost fuel need not be timed by parallel developments of other components.,
Modified combustor sections could be incorporated in delivered engines
as soon as substantiating engine testing supported the change. The

benefits of reduced operating cost would then be immediately available
to the airlines.
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