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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 Government may have formulated, furntslc!,
or in any way supplied the said drawings, specifications, or other
data, is 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 sft]
any patented invention that may in any way be related thereto.

All distribution of this document is controlled. In addition to
sccurity requiremetits which apply to thi,• document and must be met,
it may be further distributed by the holder only with specific
prior approval of:

Director of Supersonic Transport Devel~cent me
Federal Aviation Agency
Washington, D. C. 20553

The distribution of this report is limited because it c~ntains
technology identifiable with items excluded from 'b y the
Department of State (U. S. Export Control Act of W!)4. amended).
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SECTION I
INTRODUCTION

The JTFI7 series engine can ba d veloped to prciuce 15% more sea level
takeoff and transonic thrust with a 4% decrease in Mach 2.7 cruise TSC
within 5 to 6 years after introduction into commercial service. L ant be
developed to cruise efficiently at a flighic Mach Number of 3 or greater when
airframe technology anA. sarline service economics warrant. The twin spool,
duct heeting turbofan cycle and particular design features oL the JTFI7
engine permit exploitation of component ixprovements and modifications to
attain these goals with a minimum of redesign and development effort. Lower
noise is inherent in the des• n of the JTF17. Further noise red,-,-4nas will
Sreuirt-fro [intrese thiut-tb permit higher climb rates. Increased

knowledge of sound generation characteristics of exhaust lets 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 JTF17 is presented in the
following sequence:

Objectives - benefits to the SST operation

Goals - specific numerical levels of performn-ce, life, and
specific weight

Component Growth - presentation ofgrowth of the major components
of the engine as they could contribute to improvements in
performance, life, 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 JTF17 engine capable of higher takeoff
and transonic thrust, lower supersonic cruise TSFC, reduced
noise, higher Mach number, longer life, reduced specific weight,
improved tolerance to inlet distortion, lower smoke generation
and utilization of lower cost fuel.

G-1
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J OBJECTIVES

"j 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 reducedspecific weight) to accommodate airplane weight increase
2. Decreased fuel consumption for increased range and payload
3. Increased component life and engine 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 ,,.1.
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SECTION III
GOALS

The minimum goals for the continued development of the JTF17 series
engine for each of the objectives within 5 to 6 years after introduction
to cimmercial service are:

I. Performance - Sea level takeoff and transonic thrust - up 15%
- Mach 2.7 cruise 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%

G-5
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SECTION IV
COMPONENT GROWTH

A. GENERAL

The improved component characteristics which will be the bhsis of
future growth of the JTF17 engine must come from a combiration of engine
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 JTF17 engine design characteristics
and of advanced technology programs whichare underway now, component
growth is most clearly indicated in the areas discussed below.

B. COMPRESSOR

1. JTF17 Engine

The dual rotor design of the JTF17 provides inherent versatility in
comprcsmor growth trade-off possibilities compared to a single rotor
engine. For example, speed changes ran be made on either rotor independently.
Blading which will provide improved stage loading in the high zomprcssor
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 ef the JTF17 are shown in figures 1, 2, 3,
and 4 in relatirn to the state-of-the art. The specific flow of both the
fan (41.2 lb/ft• sec) and the high compressor (37 lb/ft 2 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 is plotted in figure 4, compared with previous
P&WA production engi.nes to show the logical progression to this design
value.

G-7
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2. Advanced Compressor Tpchne~ngy lnv!!ge* 4ya

Pratt & Uhitncy Aircraft's advauced compressor technology Lelies

...... n La.iin arn d'pvelopment data Mhat have
been generated through more than 500,000 hours uf ucade and rotating
machInery tec.ing. Working jointly with the UAC Research Laboratories,
cyntma•tic teut data from, roi'e than 300.000 ptrfu•mance Lteas have been
compiled and correlated for cascades of NACA four-digit and 65-series
airtotla as well ab double circular arc sections and several special bladew.16nz Foi ilih Naich number applications. Since itr inception more than
20 years ago, this effort has been responsible for continued compressor
g.rowth, as illustrated 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 inducated below, the advanced technology effort
responsible for this growth is increasing. Compressor research programs
currentl.y underway at P&WA that are being performed on JTF17 type blading
Lnd are particularly pertinenL to SST engine growth are discussed briefly
in the following paragraphs.

I.Preseure Ratio 12 17

16 Stages

Pres6 ,re Ratio JT8
12 Stages [

Pressure Ratio 121
8 Stges' JTF17

Fitgre 5. Improved Compressor Envelope and K., 13832A
Stage Loading GIV

a. Slotted Blading

Slotted airfoil concepts, such as that shown in figure 6, that provide
suction nurface boundary layer control and off-desgn lift improvement
for operational c:rcraft have been applied with an encouraging degree of
success to JTFi7 type compressor stages. Analytical and experimental

G-1O
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[ effort assoclAtod with the J58, JT8D, and TF30 advanced developrment
prcra.-s involviuS slotted vanes and rotor blades ±ndicaed a p-otential
for slotted blading to reduc. profile loss at high loading levels and to
increaze operating rauge. In addition to contiud fa-houe effort to
explore this potential in two-dimenfiloal cascade and fu"l-scaic engine

coaiprewuor rigs, P&WA is currently working on a systematic evaluation of

asotted vanes and rotor blades under NASA Contract NAS3-7603.

SIip

Figure .. S... tt. d Rotor Blade FE 61294
GIV

An. annular cascade investiga ion of slotted stator vanes was coaduzted
to evaluate slot geometry parametera and slot location to establish pre-
livinary slot design criteria for rotating rig blading. A typical cascade
assembly is shown in figure 7. The best slot configuration resulted In
a Loss coefficient reduction raom about 0.07 to 0.012, nearly a factor
of six improve-zent. This is illuctrated in figure 8 loy the comparlson
)f wake tczal pressure proiiles for an unslotted and slotted stator.

The single sLage rotating rfg part of the NASA. pregran I,,ol=a . . a

of Lhree slotted rotor configurations and three otator configurations.
To date, Lwo slotted rotor configurations and one slot-xi stator config-
uration have been tested in rhe YRDC compressor reseirch facility and
rig shown in figure 9.

Loading level (D-factor), deviation, and l'2z coefficient at 10, 50,
and 90 percent span location (root, mean, ani tip) for a slotted rotor
configuration having a design tip diffusion factor of 0.46 are presented
in figures i0, 11, and 12. A direct ccmparison is made in these figures
with the test results of the same blade design uithouc a slot. A nominal

G-l1
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I i -noff•cient reduction of 50 pc. cent can bu :,ei.. Loading ievei
-- acLauL) an, d deviation at the 8amne incidence anglep nrp nrt appreci-thly

affeeted by the slot; hov,'.r, the dcereabe ii luss permits operation

over a larger incidence range which can be u-ged to adv~antnt• in o.'n. or
more n' .everal ways: (1) increased Eurgrn margli. -2) increased dis-
tortion a olerance, (3) increased loading level, and (4) increased

efficiency. :
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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 1-5. In these figures, a comparison is made %< 'h an unslotted
stator designed with a hub D-factor of 0.52 (30-degree camber). The more
highly loaded slotted stator had a lower I.oss 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 show very little effect of slots on bending and torsion vi-
bration frequencies, and essentially no loss in strength due to slots.
Stress measurements obtained in rotating rig tests at blade tip velocities
on the order :f 1000 ft/sec corroborate the bench test results.

zD
"0~

- ----- - - -- - - --

Radial Position%
z08 from Root
0 *s% ~eign Speed -

-- Slotted
-- -.. Unslotted

z
- 0

0

04

INCIDENCE ANGLE

Figure 13. Slotted Stator Test Results - FD 17062
10% Span GIV
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b. End-Wall L# netgto

it i;Sbcn rcailzJ dVdr~t coprexo utr,=meelvvrnet w~
that as loading levels Ire pu'shed higher for blading dczign~'d on the bost-

becom~e predomintnt and causeade~parture from cascade deviation, and loss

Lohigher icading icvels. The resu~ltso hs program provided the ne e- "-I
* e~ i~~ of, V'; t ý!Za. 'i-.4 VMVaoq deviat ion, incldcr~cc , and los

niear Lilt end walls, as illustrated in figure 16, Lo perr~it thu- design of
stable stages at the desired loading levels of the growth versions of the
JTF17 high compressor. Results of this effort, applied prelirrinarily in
the form of the stator end bends under the Phase 11-C. compressor develop-

ment program, have met with a high degree of success. flesign revisions,
which may either overcome the end-wall love effect or which may take advan-
tage of cthe high mid-channel flow distribution, are currently under
investigation.

z
0 ,-Singlt Stage BUWd. 21meant Dots
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Root BLADE SPAN
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\-2-Dim. Ctisead Cotralation
Root BLADE 5SpQj Tip

Typka fBlade Root Sectioa

I'no Dataa Correlaion GI

111 Ne~i* PoitiI



Pratt a Whitney Aircoraft

"The cd-wall loss investigation is part of contlnuilig research at FRDC
to improve compresior deanun twch-.tlo;. '91 • 16 pir&Z includes investign-
timn of the 4_vnce twseen blade loading, hlade sar, h 14yiid.
-rp"LQL&Lury inur*4jgatient are a n c ,vru,,uLeý with tvmJ-wall "flow- -
fixing" devices, such sa se aondary flrw fences, slot= inr e-i .
±Enj, waill ii1,itcs. etc.; figure 17 x~hcv aox, V1 these davrem..~

-~~ U
I (AW Sbart.8pes Sswaedary Flow

Feoam Applied to Redurs
Vu'l CurI-Up at Rotor
Root a"d 8lat"o Root &ad Tip

-Rotaoe

Flow

jH) Sig to aeris agd-Wau

(C) Band-Wsi Fillets 1Based on1 ccseful Application to

Higb-Aspeci Rat;4 Aliptaft

Figure 17. Secondary Flow Fixin.g Devices FV 17Ubb
GIV

c, Variable Geometry Raes..;rch Progrant

Another area of advanced compre•"or research involves the evaluation
of variable geo:etri concepts as a uteans of extending stable and efficient
operation over wider ranges of compressor inlet conditions. A program to
accomplish this is being performed under NASA Contrac t NA53-7604. One var-
iable geometry inlet guide vane with a slot and two variablz" geometryi

stators, one having a slot in & fixed forward section and a flapped rear
gection, and the other havlnj flapped forward and rear aectiona, will b:
tested. The bisding and flow conditions are repreienLaLivil Of hit h a._l
Sn"'ar oprei•asor first stage. Figure 18 shows the test configuration

Ji•@panl b- iona for design speed (SLTO) and 70 percent design speed
.p(crut) conditions for the inlet guide vane and slo7ted rcn ate . The ver-

lable camber inlet guide vane concept was evolved from work performed at
P&WA. The double-hinge arrangement perzits more aerodynamically clean F

geometry than a single flap configuration would permit at the tcxtrene oper-
ating conditions. The slot in che rear section of the guide vane is ex-
pected to extend the range of low-loss turning.

I1t 0-18
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The slot in the forward section of the stator configuratlon is designe.4to prevent flow separation at high incidence cruise conditions. Annularcascade results have Ind.cated the effectiven.ig of this slot appli-cation, as shown in figurt 19. Wake loss coefficient was rteuced 20
percent, and turning was increased 3 degrees, Flow separation, ob-scrved at about 50 peL.ent chord without a slot., was compl'tely elim-inated with a slot. Inclusion of this .Prerfzrc z.i._•iitleiu4 . -

- .... .. gt, ecry that is possible with the doubhc hinged or flappedconcepts holds promise of a substantial increase in ch•. er.ectiv~enisof the inlet stagcs of high Mash number compressurs.
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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 ratioX for 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 JTF17 to increase thrust, improve TSFC,
reduce noise, and decrease weight. Increases in specific flow with com-
mensurate 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 takeoff
and transonic thrust and represent approximatcly 0.30% decrease in cruise
TSFC for approximately a 360-lb increase in payload.

C. COMBUSTORS

1. JTF17 Engine

The combustion systems of the JTF17 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 techn.ology programs
on this concept, it is evident that substantial potential growth is
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 700 primary burner sector, (4) a straight duct heater
sector, (5) a curved 1200 primary burner sector, and (6) a (urvet1 300

high pressure primary burner sector. Two research primary burner
diffuser rigs are being designed, and the development program has

G-20
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utilized both full-scale duct heater and full-scale primary combustor
rigs. These supporting rigs have been used for both development testing
and for investigation of advanced concepts with indicated growth potential.
Figure 20 shows a novel lightweight duct heater design which is being
investigated and has shown promising performance. 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 described below. Altogether, these
investigations provide strong evidence that the ram-induction burner con-
cept, as currently designed to meet the requirements of the JTFI7, has not
reached Lhe 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 JTF17 primary combustor
to 12 inches of burning length, are being experimentally investigated.
These two concepts are shown in figure 22 in relation to the JTF17 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 corbustor.
Proper mixing of ai- 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 feasiblf for the short main combustor contract objectives,
and is currently under test. Tests are being conducted to document the
relations between fuel-air ratio, pzessurc, temperature, mass flow 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 for growth versions of the engine which can be
operated with low quality, inexpensive fuels.

G-21
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NASA Sbort Twin Ram Inouction

~Combustor

Figure 22. Combustor Size Comparison FD 11063
GIV

I

Figure 23. Týwin Ram-Induction Combustor FE 57838
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Figure 24. Vaporizing Ram-Induction Combustor GS 1282

GIV
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Figure 25. Vaporizing Centcr Tube Burner 
[I: 8293
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d. Full Annulav Duct HeaterK r if
txperimental investientinn of the ram=.nduction duct heater is hying I

conducted under NASA Contrc NAS3-790t in addirion to thc ma'O eor
bring carried out in support oc. the JTFl7. The primary goal of the NASA
c ontract ic tO evaluate the durability ot the duct heater by suhjecting it
to a 250-hour cyclic endurance test prior to the time that such a test
could be expe-ted to be conducted under the ingine development schedule.
The operating range required of the duct heater is also somewhat greater
than that which must presently be met by the engine dust haaEi-. Figure

iz p a cross section of the duct heater designed to neet the ""ASA requiro-
nmerits, iigurc 27 1. a photograph of the NASA duct heater assembled prior

.Ito its installation in the Lewis Research Center test facility where the
te';; program is being conducted. This advanced component testing adds to
the technical base from which the advanced JTFI7 engines must come.

e. Full Annular Main Combustor

Similar to the duct heater, an early evaluation of a ram-induction
n=in combustor durability (500-hour cyclic endurance) is scheduled to be

L2 conducted under NASA Contract NAS3-9403. This effort will also add to the
background which must be built up '-n order to support engine growth[: developments.

3. Combustor Growth Contribution

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

-[mprcýv itbsonlcarul" PS YC zt thz Tac- nf 0.33N for each 1% reduction in
i pressure loss and 0.70% lower cruise TSFC for each 1% increase in com-

bustion efficiency (equal to approximately 1400 pou:ds payload increase).

SOne of the objectives of the development ,f the JTF17 ram-induction
combustor and growth versions will be to produce less smoke than current
commercial engines. This will have the dual benefit of reducing turbine
airfoil erosion and eliminating a source of air pollution in the vicinity
of airports and overhaul facilities. Inherently the ram-induction burner
of the JTFI7 designed for high temperature rise will produce less smoke
than curren. engines as shown in table 1. The goal will be to maintain
less than 20 at all significant power levels.

The ab3lity to operate the main combustor and the duct heater on less
expensive fuels will make a nroprti..ate decreate in direct operating
cost. The :am-induction type main combustor lends ita:lif to exploiting
this advantage and the similarity of the ram-induction duct heater, unlike

an afterburner, assures that principles learned on the main combustor can
be applied directly to the augmentor.
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Figure 27. NASA Duct Burner Rip, FE 57726
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TABLE I SMOKE DENSITY AT SEA LLVEL TAKE-OFF

Enji; e Smoke Denalty*

- J57 50

J79 46

JT8D 45

JT3D 39

IT12 23

JTF17 16

*(100-Reflectivity as measured by Von Brand smoke meter)

D. TURBINE

1. JTFI7

As in the compressor and fan sections, the dual rotor design of the
JTFI7 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 gros.'th developments.

Tho-:ur-e !TFI? Alacu-- u-- rates the ; -concept of -con-

trolled vortex flow. This ham permitted a lower design velocity ratio
with a consequent reduczion of rotor speed and savings in weight. How-
ever, as the initial application to a turbofan engine, it has been

• ¢onaervatively integrated into the overall turbine design. Further

improvements in the application of the controlled vortex concept to
turbine design can be expected and exploited in the JTF17 to give weight
reduction, improved efficiency, or increased work.

a. Bladeo and Vanes

The design blade and vane metal temperatures of the jTFI7 have been
set below the strength capability of the materials currently specified
because of erosion, corrosion and/or sulfidation limits. PWA 658 is
specified for rhe tu,,rbine b!zA.-. Coll.zr gra., r'WA 6 4 will be fully

developed by the time the engine is introduced into commercial service.
As now available, NWA 664 has the strength capability to be operated
75°F above the JTF17 design temperature. The TD nickel in the first-stage
vanes is also not being pushed to its limit.

b. Disks

Pratt & Whitney Aircraft has also evolved casting techniques, forging
processes, and heat treatments for two different alloy systems, the
IN-l0O/SM-200 type. and the UX-1500 type. These advanced fabrication
capabilitiea should lead to turbine disks produced in the near future
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which have 4 50 F or wore operating temperature advantage over Astroloy,
the material now specified for turbine dlirs in the JTY!Iý engine. Such

an increase of temrrorure cspzbilli.- Ii<7i• copatible .,tih a 300 F Ineremet
in turbine op*1i4tl temperature.

Aa.......l t um ps!#sse~se a aigzifficant advantage 1r, hixhi temper- t
aturs strength capabilitly over ljspsaloy, which hat been specified for the iJTF17 turblne cases. Pratt h Whitn#7 Aircraft has deveitped Adtrolcy j I
sheet and Oethads of utili.ia4 it for walord and fabri.cated assemblies.
This techaology, combined with the foraing r i.pdLre develcpcnd for akit.g [g
isrge rings for the J58 engine, gives P&WA tha ¢pi-ilityv of rpe;dkl'ig

Asitrvoy -.utrbiw ceser whenever the other components of the turbine are
ready for temperature upgrading.

Althougn no sheet has been made frc'm UX-15O or IN-iO0, the techoiology
developed in the forging of disks from rhes aleoys can be applied to pro-
duce sheet. There in an excelient possibility ihat salet from these [
alloys would have elevated temperature strength superior to Ascroloy. The
possibility of using IN-0O0 iheet is em~ecially intriguing from the stand-
point of its lower density (0.28 lb/in, compared to that of Astroloy f
(0.288 lb/in 3 ) ad Waspaloy (02O 7 lb/in ).

Tiese improved materials with higher temperature capability than [
currently developed alloys will provide growth for the JTFi7 In flight
Mach numbe. to 3 or higher.

2. Advanced Turbine Technology

Technology directed at increasing turbine inlet temperatures has

receivee aojor emphasis in research and developient effort az P&WA d'aring
the past f4.w years. The J58 engine In the SR-71 a:.craft Las accumulated _

extensive high renperature flight operation. The JT4 high sgool turbine
dmve•.pa~n•.t r• a--cid i•-Fe1 ,Pi of voýLuie III, has completed a 200-
hour endurance test at 250 0 0F, 5and extennive rig tests have been con-i
ducted at temperature levels up to 300010F.

A. Cooling Effectiveness

Although systematic inveatigation oi film and transpiration cooling
is continuing, convective cooling of turbine airfoils has been emphasized
because of the inherent structucal Integrity and resistance to foreign[
object do..age so provided. F-irthermore, gas path flow disturbances are
miaimized by this method compared to film or transpiration cooling,

Significant progress has been made in developing analytical and experi-
mental techniquas rt inpiove current turbine desiguL and to provide the I
toola Lor advancing the state-of-the-art. Advanced cooling concepts for
turbine airfoils have !'een' evolved -dU jteicd at temperatures considera y
above current engine practice. This effort is directly applicable to the I
advanced turbine Lachnology requirements of providing growth potential
for the JT717 engine. The wafer vane concept, which provides for a l.rge

internal hert transfer surface arts and rermits almost unlimited design It
flexibility, is illustrated in figure 28. Advanced manufacturing tech-

niques are also being investigated to provide higher cooling performance
for turbine blades and vanes. Among the more advanced re4earch efforts
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is an attapt ti, rnit a rurbli, b'tade with sml! cuoling pasnsgsP imilar
to the wafer vane. Ccramic wafers are being molded and Atxrk'Icd tcscthcr
to form the eeitiln Lutc.

I I

II

Figure 28. Wafer Vane Configurations CS 1709A
GIV

Significant advance in the state-of-the-art of diffusion bonding has
also been achieved. The diffusion-bonded thermal shield configuration
(figure 29) was also conceived to provide effective heat exchanger
characteristics in a solid structure. It has been successfully tested at
gas stream temperature&.__un. jtm--.KAM1 - -i z watrvane shown in figure
:55, with the chordwise aeral temperature profile plotted. As a result of
research programs in envirowwants substantially more ievers than those
required of the JTF17 engine, turbine cooling capability has been evolved
which will meet higher temperature limits required for overall growth of
the engine.

b. High TemperatureMit.erials

Until the advent ýf aircooled turbine airfoils the increase in turbine
inlet temperature was paced ýy advances in metallurgy to develop high
strength, high temperature naterials. Although air cooling has reached a
high degree: of sopqs1tiastion and additionas reflnements can ba made,
furLher improvements in high temperature materials can benefit the engine
growth directly cy yeri.tting reduction of airflow to improve overall
turbine effif eatcy or to incregse the turbi'at inlet temperature without an
increase in cool-Ing airflow. Projected maerials surh as PWA 1409

S(Monocrystallj-,, XAA-R--200) will have improved high temperature strength
properties. Ar s%4perior protective systems are evolved from the advanced

coating and claddlug proirans In progress, described in detsil in Report F
of Volume Il1, tirbine metal temperature can be raised by more :han 2000 F.
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Figure 25. Therma1-Shield* Vane (* Trademark) FE 17071
GIV

I,

"# g -CM t- i-

Figure 29. T000mal-Shield Vane Te adi_-zark) FE 17071
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Figure 30. 30000! Wafer Vane Test Results FD) 17072
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c. Aerodynamic Performance

Turbine aerodynamic efficiency is 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 air discharge slot sizes has shown
that the profile losses associated with this metho- 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 trailing
edges. Figure 33 shows reduction of aerodyntimic loss at higher cooling
air flows for a wafer vane design. This curve demonstrates that when the
cooling effectiveness increase obtainable with this deisign 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.

E~tPr~ureTraverse Probe

Annular Traverse System ,

Figure 31. Turbine Annular Cascade Rig FD 14497
GIV
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d. Thermal Fatigue

As turbine in 't temperatures are incresed, thermal fatigue becomes
an increasingly important mode of turbine fa4 l-ure since thermal fatigue
life is affected by both the cyclic temperatare range and the thermal
gradient through the metal. Pratt & Whitney Airrraft has developed
analytical methods of predicting thermal fatigue based on realistic
thermal shock testing of standard specimens and airfoil parts. The
thermal shock cascade rig showp in figure 34 at the Florida Research and
Development Center cycles main stream airflow, main stream fuel flow, and
cooling airflow 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 life predictions and lead to
growth in the thermal shock resistarce of advanced vane and blade designs.

3. Turbine Growth Contribution

The most imm 4 'es" '1i8•. . .•- - 4--ij ...... h 4.J *'.rlinp =oU 4 e J
! will be to increase hot sectnn-in HSI) on engine heavy maintenance

(EMI) periods and e---n orMe between overWaM0--O) as rapidly as safety
and economics warrant. These have historically been paced by the life of
turbine parts. Therefore, growth in the form of improved coatings to
eittend the present life limiting variable, sulfidation and erosion-corrosion,
will be of utmost importance and receive the most development effcrt.
Past history also indicates a turbine inlet temperature increase of approxi-
mately 40 0 F per year. Improved coatings with 75 0 F higher temperature capa-
bility will itmriediately permit increasing the overhaul life to the full
1% creep life of PWA 658 to i0,•K0 hours. PWA 664 with a compatible coating
would permit increasing the turbine inlet temperature by 50 0 F. Further
materials improvements and/or cooling effectiveness, with no turbine
efficiency veralty, will directly result in increased turbine inlet tem-
perature. An increase of 100OF can be translated into 2.2% add-tional
thrust Pnd 1.2% reduction of TSFC by remat{½bi-, the current JTFI7. The
same increase applie ! tD iacreasing bypass ratio will yield 12% increase
in takeoff and transonic thrust and a cruise TSFC reduction of 2%.

Figure 34. Thermal Shock Cascade Rig FE 61103
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z,. Exhaust System

lmprovemezuti in exl'aust nozzle Zechnology are expected to play a
Jominant role in determining advancements in propulsion for the next
generation of aircraft since changes as small as 0.1% w.ill increape
payload approxinately 500 pounds. The trend of increased exhaust system
performanc.e is shown in figure 36.

C.) Noci systemS

Modifioa JW0.

_•• 0 _�_/•_ 
4 8T Split Plow Ejector Model .

"J58 Iija t.yeto I-I

NOTE: Performanoe coefficient d~1udue the net- effct of &H1 exhaust
O~a I:,' oQ .9 ., I __ _ _ __ _ _

~ 195 160 96b1970 105i
CALENDAR YEAR

Figure 36. Exhaust Sysem .erfor-nnce Design FD 17075
Point Operation - Cruise GIV
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To provide the turbopropulsion exhaust nozzle technology needed to
meet such future propulsion requirements, tl.q Air Force Systems Command,
in June 1965 selected Pratt & Whitney Aircraft Lu acný,,t 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
JTFI7.

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 III). 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 clamshell support structure.

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

Supersonic Cruise Configuration
Low Secondary Pressure Shroud

High Secondary Pressure Shroudn7

Duct Stream Duct Expansion Surface

Gas Generator Expansion SurfRc

Gas Generator Stream

---- • Engine-S. -

Figure 37. Split Flow Nozzle ID 17133
GIV
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Figure 38. Split Flow~ Nozzle Performance ED 17076
GIV

5. Exhaust System Growth Contribution

S~The trade factor far the influence of improved performance of the

exhaust system on overall SST performance ia 4 times that of any other-
component. jan 1ncre•u-•f O.-5.•- i= .r•r .... & . du-rag •6efrtcient-would

represent a 2500-pound increase in maximum payload. This order of I
improvement ia projected for the JTFI7 in 5 to 6 years after introduction
to co~mercial service.

I,

1.10

0.10

I

E-3
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PLAN R ENGINE GROWTH V !

-- i

SThe selection of the duct heai- o Lurb fan cavei ou her eakine cvciis

was strongly Influenccd by 1's a;iity t. mat e he grow t equirements
of the supersonic transport. Hiatorically, engine growth has beeti *h- o
tained through component improvemsnto aod turbine -tc-pe-ature increases.
The JTF17 component and turbine temperature growth is illustrated herein. F
SHowever. the duct heating trbcfa.,n four addttional growth dimensions:
U) the ability to change by"pai ratio to incz'casa ticaneonic 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
rcistances; and (4) the ability to increase t..e SST cruise Mach number and
obtain the maxi-..um range/payload improvement.

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 constant with increased takeoff gross weight,
the noise-thrust relationship must also improve. It is also poscr.ble that
adverse sonic-boom effects and political considerationt may restr-!t more
and more the supersonic operation of the aircraft, so that growth i.. thci
amount of subsonic flying may be required. Growth in cr-aise Mach number[ has been rare with subsonic jet transports; however, at supersonic condi-
tions the drag function improves with Mach number and our analysis indicates
that growth in this parameter should be expected.

F- --• STz is-dfiectiy reflected in range/payload and economics.Ll

The predicted gro•th of the JTF17 engine is described for each oft these requirements.

B. SEA LEVEL AND TRANSONIC THRUST INCREASE

Component improvements and increased turbine temperature are ex-
pected to provide thrust increases of 15Z during the first six years of
airline seriice. (See figure 39.) Even larger thrust increases are
available from increases in bypass ratio. These chaoges require a
larger fan and may require a new low turbine. However, the high spool,
control, lourner, etc., remain substantially unchanged. Bypass ratio
changes may be accomplished by retrofit in a manner similar to the
retrofir of JT3 engines to J73D engines. Thrust improvements from in-
creases in bypass ratio are shown in figure 40.

[
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Figure 39. Growth-Component Development FD 17077
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Figure 40. Gr~th-Bypass Ratio - Sea Level 17D 17078 p!
S1atic IV

0-38

-•- -0 1 -Ta.... ..



-LCOWfDNIA 8rf Whkrny Aircraft
FWA FP 16-1O0

Cruise TSFC may be imprnv.d 4! ::y cQipuiInt deveiopmnent withfn thc

Stirs. six year* cf arln. operation. (Sep figure 4 1.)

SI

YEARS FROM INITIAL COMMERCIAL OPERATION

I Figure 41. Growth-Cruise TSYC Reduction F) 17079
GIV

Bypass ratio changes relocate the minimum TSFC point a• a function
of thrust and may be employed to maintain the aircraft cruise thrk,5tE ~re~quirementnr.nar _thie-,-t A, > 7C-. -- C-rui-se bpass ratio may be varied

L either by changing the fan as described above or by changing to cruise
airflow schedule. The turbofan has the capability of chanqing airflow
at cruise in excess of 10% by merely replacing the cam in the fuel
control which schedules the duct nozzle area. In this =anner the JTF17
should be able to maintain optimum TSFC at cruise as gross weight in-
creaes,

Cruise TSFC can be matched to higher airframe gross weight coincident
with increased FLT thrust. Figure 4. indicates the effect of bypass

F ratio increase on TSFC thrust relationship. It can be seen tliat Minim=n
TSFC occurs at higher thrust tor the higher airflow engine. Thus, for
operation above Lho minimum TSFC point, the cruise TSFC may be reduced
by increasing airflow even though the minimum TSFC increa•_Lee.

G-39
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Figure 42. Growth-Bypass Ratio - Cruise FD 17080

D, INCREASED COMPONENT LIFE AND ENGINE TBO

All parts of the JTP17 are currently designed for a minimum of
10,000 hours TBO with minor repair, approximately 20,000 hours useful
life for LCF limiteA disks and 50,000 hours useful life for creep limited
Cases, as explained in Section (Design). However, practical experience "
tells us that these parts lives can oulybe_pioved• vdy-!nj d±7-o- "
='•-- l -rPi-7irfs life and resultant TBO increases come only
as the result of learning in service how to most economically operate
the SST, developing solutions to parts life problems unique to airline
operation, and maintaining an aggreasive engine development program.
TBO beyond the 600-hour initial period will increase, with the approval
of the FAA, at a rate set by engine condition sampling, in-flight shut- I
down rate and premature engine removal rate of the individual airline.
by this approach it is expected that the JTF17 TBO growth will follow
the pattern of previous P&WA commercial transport engines, which are Lhovr.
in figure 43. The TBO growth projected for the JTT17 is shown in figure 44.

Component life and consequent 2ngine TBO are functions of "most
limited parts." It was pointed out that the development of coatings was
the key t•o long turbine blade and vane life. High compressor dinks are
currently designed for 12,0W cycles by low cycle fatigue. Extended
life for these parts will take the nature of material improvement and
of reduced thermal gradient*. Correction for wear and cracking depends I
on early recognition of the problem by accelerated engine development
testinZ coupled with accurate, Lmediace reporting of data from the air-
lines and P&WA Service representatives as described in Volume IV, I
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 Reliability Pr'o~rem (TER?) ailow• the commercia1
S~airlines~ to operate turbojet engines in service without fi:wed T8C limits,

during which t±ina the engine reliability trends are beirng explored and
evaluatedu as the engine ages in daily service operation.

[
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The application of Pratt W •hitney Aircraft service data to the
JTF17 design and developsmen is descrlbid in detail In the !T?!7 "ali-I
ability Program, Vo•.- 17, Report F. Section II. •llability growth
functions for ia-Ciight engine ahutdow-" ajwd premature engine are also
included in the plan. 3

The comercial airlines have log recognized that limited-life parts -

in turbojet engines have ir the past played an all too do='iiAuL role
tdward the deter.l-n.aLln ot fixed engine TBO's. Under the TERP main-
tense concept, engines are schaduled . tn* he Engine Heavy asintenan4e
,L'S) hop for inspection, rework, rs-Air, or reviacc-=rt uf chese
llmled-'l. Pa&'(, !ne frequency of the scheduling of engines Into
th* E£4 Shop is predicated by a thorough study of parts-time reliability ,
relationahip. Engineering changes incorporated to improve parts life
result in an increase in the ULI intervals. The EM0 program as related
to TERP allows the exploration of engine long-life parts on a far more
rapid schedule while still maintaining a high degree of engine reliability. 1
It is 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 reliability aspects will determine the extent and frequency of
line maintenance inspections as well a4 schedule engine remvals for
parts repair or replacement at EHM,.

The end result of the TEUP maintenance concept is that the EHM
Program alhow TS'au to develop far more rapidly while maintaining a
high degree of reliabilfty at a considerable reduction and saving in man-
hours and material costs.

The engine development program recognizes the dependency of the rapid
acceleiation of EN0 intervals by concentrating on potentially life-limit-
ing parts iy means of an extensive Engine History Records system and a
Reliability Program. Records of current subsonic c-mmirncnlt
engine tzanap.rce-e-r ar a as a 2 to 1 variatiou in parts costs
between engine makes, which is a direct result of an aggresvive service
organization and a responsive Engineering Development group. This back-
grourl and the lessons learned by Its application will be directly
applied to the JTF17 and resul: in &a. accelerated improvement in parts I
life exiuactaacy. The unitized coastruction and E10 concept of the JTF17
design, which will be developed and demonstrated on the JTF17 engine,
lend theaselvea to the Turbine Engine Reliability Program.

E. INCL£ASED FLIGHT KACH Nh•WBFR CAPABILITY

Mach number growth carries two basic consideration, airflow
scheduling and structural design aasociated with increased compressor
inlet temperature. U!

When considering engine growth it is important to keep in mind that
the nwin spool turbofan cycle high rotor operates like a fixed geometry
turbojet with constant turbine inlet temperature during cruise, Thus,
at any Mach number, changes to total airflow may be accomplished by
changing the fan airflow only. Since, at the ;omparatively low pressure
ratios associated with the fan corrected speed at high flight Mach nuhber, Ii
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constant rotor ipv*d lines are ua_•ntta!lly pATAIC! C1. the lcu' f;pt~i~lagL points obtained •,'Y V•iyiag durr Jet A-roa, a (.ý'-liy largevxrlation In airflow may be accomplished with little ow no __hanv t

speed in #ither rot.,r.

* These convenient methoda of controlling airflcw allow "hand ta&ivr-
ing" the air-fila achidw1l tc thc intiallation tur the best osibIr per-
torseuce at each coniditioia at described in Report R. Sectizz

engine inlet Lezperature, the augmented turbofan operates more like a
ram•et and the advantage# become even more apparent. Most of th.' turber-
fan airflow is duct flow and, therefore, enters the duct heater com-

Sbustion section at a low temperature. The combus tr inlet temperature
can increase considerably from this point without becoming so high that
cycle efficiency suffers. Since, in a turbojet cycle, air enterv both

I the primary and afterburner combustion section at a much higher temperature,
growth in Mach number is considerably less attractive. The effect of
Mach number growth on range for the JTF17 and a typical jet cycle is
shown in figure 45.

Field Wina Airpmana
1 ' o . TOG W a&4

Payload m Consuant1 140 -

2.7 2A 2.9 3.0

CRUISE FLIGHT MACH NUMBER
SFigure 45. Cruise Xzch Number Effect on ID 17082

fDesign Raagc

Structural ChAnge- aSocfiated with increased Mach number to 3 and

above depend heavily on the rotor speed schedule. Since the duct heat-
ing turbofan cycle does -4ot require significant changes in rotor speed
to attain efficient operation at higher Mach numbers, the design changes
are primarily limited to improve high temperature materials in the front
of the engine. The extensive background of the J58 development and
excess of those for Mach 3.0, give Pratt & Whitney Aircraft unique ex-

perience with very high ttrength-to-weight ratios, high tcmperatuze
materials on a production basis. The J58 program required the recog-
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ntUion and solution to many proilems not prevPnutly encuuntcied in the i
tonpresgor aaLLion ot an engine. This knowled.,e has been 400lied to
the JTF17 design an d ';dtizurw mervice exposure to such operation in
the 158 vilk.1 be appliad to grcuth ve:fion of the JTF17 series engine. I

Higher Mach n,.,er operation than that presently specified for the I
JT717 engine wIll entail higher operating tet,,e ...rc Coj.•iuions in thu .
tcnpraaavi which in turn will necasaitete jppLication a!d/or devClop~eiL
of iilth*r tr=pcrarut. titaniuz or the substitutio.- of proven nickel base
"alloys, It is Pratt & Whitney Aircraft's objective to develop to the j
utmost the capabilities of the titanium alloys discussed above and in
Volume I11, Report F, Section I1 to avoid degradirg the thrust-weight
ratio of the engine as the flight Mach number capability is increased.
The development of solid-aolution dispersion rtrrn.thened titaniumnI
alloys could afford 1200 0 F capability. Nickel base alloys, Inco-718,
Waspaloy, and Astroloy are proven performers and are available to pro-
vide the necessary capability. If the Inco 160 alloy comes up to expec- I
tations, it might become very attractive for introduction to an upgraded
compressor for high Mach number engine operation.

F. NOISE REDUCIION

Growth in engine quieting will result from thrust growth as well
an advances in attenuation techniques. The more promising possibilities !
are enumerated as folljws:

1. Higher thrust will permit greater climb rate to reduce
noise on takeoff

2. Research on the phenomenon of noise generation wil- c-,
, naw --------- of noise attenuation, beth in fan and

reverser-suppressor
3. Sound absorbing duct liners indicate promise. Felt

metals and perforated sheet are among the possibilities
currently being tested.

A prominent growth area is in the control of exhaust gas noise.

Existing commercial jet engine suppression devices are inefficient 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
suppressors. However, .t is also anticipated that large improvements l!
will be gained at the low exhaust velocities required at airnort
approach and thrust cutback after takeoff. Methods of terciaev airflcv
control and nozzle deaig-. to improve mixing will be investigated for I
this growth goal.

Extensive improvements in the control of fan noise are expected to 1
result from improved application of acoustical liners located in the
fan duct. This is expected to result frow technical advancements in
liner design techniques and materials, such as an analytical design
method for nonresonant liner materials and improved structural properties 1
of this material.
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Applirari-n of the ibh'v at, i.uaion devices in their fully dcVxIOPFid
f -[• rn be expected tc increaie fan noise attenuation above curreit
levels (Report C, Section III.) by as much a6 12 db. Imprcvuiut in je
olsr supprsaior of 5 db 19 also expccted aL unaugmented power qettingý.i • And of 3 db in thp aug~ww.Led power range.

K 'rfi 'If!: 1ehL r dL-..tjLcfl devfavoneu* into thc e-ginc %.III resuir
direcly in acise benefirs, By providing an improved specIfic aircraft
weight, highcr altitudes will be achievable at tak2off with attendAit
reductiona in perceived nols42 tv an obaerver on the ground.

Raear-h work :s alo expected to lead to a new geratio- (,t f-i'o .t
&cOtrol devices. Both model and engine tests wil. -c con ucted Lo improve

understanding of the noise generation process of exhaust 3aset and fan.
This work will be conducted with Schlieren analysis of tLe iziteractron
of ambient air with a high velocity exhaust stream and naroro frequency
band anaiysen of the effect of fan design n'odlificatlcns. Fzn duct
discharge r tours will be evaluated in detail to prcvide ,ininux pressure

losses ahi'i :etaining beneficial shapes for acousticc1 liners. it is
anticipated iat the application oC the results of this effort w-i". pro-
vide complete attenuation of fan noise a8 a signtficant contrihutor to
total engine nolsd, Additional exhaust noise attenuations in the rang'e

of 4-6 PNdb are expected to result from chis progcvp.

G. REDUCTION OF SPECIFIC WEIGHT

Reduction of specific weight will accompany the thrust improvenents
described in Section V-A. This reduction will be accomplished by light-

weigh, design features and mraterial imprcvements 4s well as the com-
porent improvements. Some of the design improvements expected to result
in lower weight are:

1. More advanced blade attachment designs
2. Karp- eff£-ivt c!,2 c'4: •fool11:1g air

--- 3. Shorter burners
4. Higher stage loading and suboeque:nt roto: speed reduction

5. Lightweight fastening methods
6. Improved forging techniques for fewer fl,.rigei

S7. Improved welding techniques for fewer mocha n'ai joints.

As the JTF17 engine development pr..gr'a% pro:4resses, a i;ustained eff.,rt
will be made by Pratt & Whitney Aircraft to suhjtitute, where economically
practicable, tmaterials v.hich will effect wort-while rec4uctions in engine

ght. Macerials presently under development which offer strength-weight
,anrage over specified materials include titaniu= alloys, interiredo.ste

temperature nickel ba.se alloys, anid high temperture nickel base alloys.
'n the case of titanium alloys, two compositions, TI.--79 ind T_-bAl-2Sa-
4Zr-2Xo (Volume III ..... F, S .tio. Il) of 6e sCrength-tL-weight
advantage over Ti-3A1-lMo-IV, which is specified qsuite extensively in the
JTFi7 for a fan disk, high ccmpresaor blades and vanes, and for fan duct
and reverser-suppressor partv. Once the suitability of one or both of
these development alloys can be definirively estabitshed, substit cion
of either, particularly rht 'ri-6A!-2Sn-4Zr-2Ho, should result in substan-
tial weight saving.
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Evaluation of the promising solid-solution dispersion strengthening
system of titanium alloys discussed in Volume III, Report F, Section III,
which have potential for use up to 12000F is 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
specified extensively in the JTF17 engine for welded and fabricated cases.
Inco-160, an experimental alloy, 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 compressor 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-lO0
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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