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PRATT & WHITNEY AIRCRAFT
Division of United Aircraft Corporation
East Hartford, Connecticut, U.S.A. 06108

Commercial Specification No. 2710
T.C. No.

MODEL SPECIFICATION
ENGINE, AIRCRAFT, TURBOFAN
PRATT & WHITNEY AIRCRAFT

JTF17A-218

A

~

1.0 SCOPE o

1.1 Scope\é‘This specification establishes design and performance
requirements for the Pratt & Whitney Aircraft €P&Wa&) JTF17A-21B turbofan
angine to be certificated in hareIV of the Supersonic Transport Program.
Significant differences in the deslgn and performance of the Phase IH 3
Flight Test Status (P$8) engines for airplane flight testing are noted.
in Appendix A,

1.2 Specification Performance and Installation Drawing - The
Specification Portormance is presented in table I and table 1I and estimated
performance throughout the complete engine operating envelope is presented
in curve No, S-84, sheet 1. The Installation Drawing forms a part of
this specification and 1s included herein.

2.0 APPLICABLE DOCUMENTS - The following publications were used
as a gulde in the preparation of this document and form a part of this
document to the extent specified herein.

2.1 Government

2.1.1 FAR Part 1 - Federal Aviation Regulations 'Definitions and
Abbreviations," effective date 15 May 1962.

2.1.2 FAR Part 21 - Federal Aviation Regulations 'Certification
Procedures for Products and Parts," effective date 21 September 1965,

2,1.3 FAR Part 25 - Federal Aviation Regulations 'Airworthiness
Standards: Transport Category Airplanes,” effective date 25 July 1965.

2.1.4 FAR Part 33 - Federal Aviation Regulations "Airworthiness
Standards: Aircraft Engines," effective date 1 February 1965.

2.1.5 FAR AC NO: 33-1 - Federal Aviation Agency Advisory Circular
"Turbine-Engine Foreign Object Ingestion and Rotor Blade Containment
Type Certification Procedures,'" effective date 24 June 1965.

2.1 6 FAR Part 45 - Federal Aviation Regulations "Identification
and Registration Marking,'" effective date 20 April 1964.




s et s sl 1Y

PR N

e o ey et it e ¥ ol I Y

———

ot o 4 g — e

- R ; P
R T - [ QT UFRAE SIS o > v e, o s E -

Prat: & Whitney Rircraft
Specification No. 2718

2,1.7 Mi1-STD-210A ~ "Climatic Extremes for Military Equipment,”
dated 2 August 1957,

2.1.8 MIL-STD-704 - "Electric Power, Aircraft, Characteristics and
Utilizatlon of,” dated 6 October 1%59.

2.1.9 MIL-E-5007C - "Engirves, Airvcraft, Turbojet, ind Turbofan,
Generai Specificatioms fer,” dated 31 December 1965.

2.1.10 MIL-S-7732A - "Screw Threasds, Standard Aercnautical,™
dated 2 December 1959,

2,1.11 MIL-S5-8879A - "Screw Threads, Standard Aerowautical,"
datce 8 December 1965,

2,2 Non-Government

2.2.1 PWA 522 (A> "M D~?755-65T, Jet A, A-1) - Pratt & Whitney Aircraft
Specification,” Fuel, Commercial Aircraft Turbine Engine," dated 5 Novewoer
1665,

2.2.2 WA 521-B Type II - Prait & Whitney Aircraft Specification,
"Lubricant, Aircraft Turbine ingine," dated 25 June 1963.

2,2.3 SAE ARP 681A - Society of Automctive Engineers, Aeronautical
Recommended Practice, "Engine Performance Presentation for Use on High
Speed Digital Computers," dated 1 February 1960.

2.2.4 SAE ARP 865 - Society of Automotive Enginesrs, Aerospace
Rercamended Practice, "Definitions and Procedures for Computing the
Perceived Noise Level of Aircraft Noise,' dated 15 October 1964.

2.2.5 SAE ARF 866 - Society of Automotiv. Engineers, Aerospace
Recommended Practice, '"Standard Values of Atmospheric Absorption as a
Tunction of Temperature and lumidity for Use in Evaluating Aircraft
Flvover Noise," dated 31 August 1964.

2.2.6 SAE AIR 876 - Socisty of Automotive Engineers, Aerospacs
Information Report, "Jet Noise Prediction," dated 10 July 1963,

2.2.7 PWA FTDM 208 - Pratt % Whitney Aircraft Technical Design
Memorandum, "Design Maintainability Checklist.'

2,2.8 PWA FIDM 207 - Pratt & Whitney Aircraft Technical Design
Memc..undum, "Design Reliability Checklist."

2,2.9 PWA FTIM 210 - Pratt & Whitney Atlrcraft Technical Design
Memorandum, "Design Safery Checklist."
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3.0 TYPE AND DESCRIPTION - The JTF17A-21B is a twin-spool, axial-flow,
duct heating turbofan engine with a forward multistage fan (also serving
as the low pressure compressor) driven by a multistage reaction turbine,
and a multistage high pressure compressor driven by a single-stage reac-
tion turbine. This engine is capable of continuous supersonic operation
at conditions defined herein. The primary engine exhaust discharges through
a fixed convergent-divergent nozzle. The engine incorporates a full length
concentric fan discharge duct with a duct heater for augmentation. The
duct heater d‘scharges through a modulating, variable-area, convergent
exhavst nozzle operated by the engine controcl and hydraulic systems. . The
comb‘ned primary and duct heater exhaust discharges into a variable-area
divergent ejector nozzle which also functions as & thrust reverser and a
noise suppressor. Detailed descriptions of engine components shall be
presented in the Installation Handbook.

3.1 1Installation

3.1.1 Dimension and Iastallation Drawing - The following drawing
forms a part of this gpecification:

Engine Installation Drawing No. 2129601

, 3.2 Dry Weight of Engine - The dry weight of the basic engine shall
not exceed 9910 pounds. The total dry weight of the engine including
special installation items shall not exceed 10,640 pounds. The total
dry weight does not include the we!ght allowance required for cover plates
and those brackets supplied with the engine that ace to be utilized for
the support of airframe equipment. Engine components included in the
engine total dry weight are as follows:

Fuel System Including Gas Generator Contrcl, Duct Heater
Control and Fuel Purps

Lubrication System Including Oil Tank and Fuel/0il Coolers

Engine Ignition System Without Power Source

Variable-Area Duct Heater Exhaust Nozzle Including Control
Systenm

Fuel Inlet Manifold

Windmilling Brake System (Aerodynamic)

Reverser-Suppressor Including Control System

Power Takeoff Provigions Including Inlet Hydraulic Pump
Prives Gearbox

Gas Generator Exhaust Gas Temperature and Pressure Probes

Frovisions for Power Setting Instrumentation

Secondary Air Ducting Including Control System and Bulkhead

Superseonic Inlet Support

Centerline Bend of 6 1/2 degrees Including Conical Reverser-
Suppressor

Turbopump Discharge Alr Duct

Cabin Bleed Mani’old

Anti-Tcing Bleed Manifcld and Port

Power lLever Adaptation

¥an Hub Spinuer
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Drain Tank, Lines, and Ejector System
Overbosrd Breather Vent System
Ground Handling Attachments

3.2.1 Neight of Residual Fluids - The estimated weight of residual
f.iuids remaining in the engine after operation and drainage is 40 pounds.

3.3 Engine Mounting - Engine mounting provisions and load limits
shall be as specified on the Installation Drawing.

3.4 Requirements

3.4.1 Materials and Processes - Materials and processes used in
the manufacture of the engine shall be of a quality consistent with
aircraft standards.

3.4.2 Standacds

3.4.2.1 Parts - AN, MS, or AS standard parts shall be used unless
they «re determined by P&WA to be unsuitable for the purpose, and shall
be jdentified by their stendazd part rumbers.

3.4.2.2 Design Stsndards - MS, AND, and industry design standards
shall be used unless they are determined by P&WA to be unsuitable for
the purpose.

3.4.3 Paiia List - The parts list for the engine which satis-
factorily completes the certification test as modified by approved
changes shall constitute the parts list for engines of the same model
to ba delivered.

3.4,4 Interchangeability - All parts having the same manufacturer's
part number shall be functionally and dimensionally interchangeable with
each other with respect to installation and performance, except that
matched parts or selective fiis will be permitted where required.

3.4,5 Accessibility - Those parts of the engine requiring line
maintenance checking, adjustment, draining, or replacement shall be
wsde accessible without engine teardown or removal of mejor parts,
components or accessories as shown on the Installation Drawing.

3.4,6 Maintainability, Reliability, and Safety

3.4.6.1 Maintainability - The engine shall be designed for ease
>f servicing and maintenance in accordance with 2.2.7.

3.4.6.2 Reliability - ZEngine reliability considerations shall be
as guided by 2.2.8.

3.4,6.3 Safety - Engine safety considerations shall be in
accordance with 2.2.9,
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3.4.7 Enginc Expansion Dimensjons - Engine dimensional changes
resulting from temperature increases between room and operating tem-
peratures are as shown on the Installation Drawing.

3.4.8 Flight Maneuver Forces - The engine sup, orts shall withstand
without permanent deformation the conditions speciiied on the maneuver
load diagram as shown on figure 1. The engine shall operats satis-—
factorily when exposed to the vertical, side, and thrust loads as shown
on figure 1 and pitch velocity of 1.0 radian per second and yaw velocity
of 0.5 radian per second, respectively.

3.4.9 Ground Handling - The engine shall have provisions for ground
handling attachmeats. Tae attachment provisions shall be designed as
follows:

a. Vertical loading - 4 "g"
b. Side loading - 2 "g"
c. Fore to aft loadirg - 1.5 "g"

3.4.10 Engine Inlet Flange Design Load ~ The engine inlet flange
design load shall be as specified on the Installation Drawing.

3.4,11 Containment and Rotor Structural Integrity - The engiue
shall Lte designed for rotor blade containment to meet the requirement
of Paragraph 33.19 of Reference 2.1.4 and compliance shall be specified
in the engine type certificate.

3.4,12 Flammeble Fluid Systems - All external lines and fittings
which convey flammable fluids shall be fireproof as defined in 2.1.1.
Each separable joint or connection shall be designed or shielded so
that the 1likelihood of leakage causing a fire hazard is remote.

3.4.13 Engine Connections - All electric, fluid and pneumatic
connections to which the airframe manufacturer will attach are defined
on the engine Installation Drawing.

3.4.14 Connection Identification - Insofar as is practical, the
engine shall be permanently merked to indicatz: all airframe connections
shown on the Installation Drawing for Znstrumentation, electrical,
fluid and pneumatic connections. Similar fluid connections located
in close proximity to each other shall be made physically noninter-
changeable.

3.4.15 Engine Mounted Airframe Accessories

3.4.15.1 Use of Integral 0il Systems for Accessories - The inte-
gration of asccessory oil systems with that of the engine shall not be
acceptable.

*
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3.4,15.2 Engine-Supplied Support Brackets for Airframe Accessozies -
Engine-supplied support brackets for asirframe accessories shall be as
gshown on the Installation Drawing. Support of airfreme equipment shall
be coordinated with and agreed upon by P&WA.

3,4.15.3 Cover Plates - Cover plates for covering all accessory
drive openings where the accessory is not mounted for engine shipment
shall be supplied with each engine., Suitable provisions for covering
or plugging all other connection openings shall be made. Cover plates
suitable for flight operation shall be provided on drive pads and
coanecting points which are not used.

3.4.16 Useful Life - The engine shall be designed for a useful
life, including repair, consistent with an airplane normal service
life expectancy of at least 50,000 hours. The design objective for
the basic engine shall be a useful life, with repair, in excess of
S000 hours. P&WA shall undertake the design and development of improved
components or parts and/or repair procedures for the components or
parts, as shown to be required by airline service.

Fm o B 1 N W

3.4.17 Identification of Product - The identification data applied
to the engine data pla.e shall be in accordance with 2.1.6 as follows:

3 Manufacturer's Name or Trademark
o Model Designation*

3 Serial No.#*
Installation Arrangement*
Takeoff Rating*
Fuel#®
Type Certificate Number*
Production Certificate Number*

o o =

®Applicable data to be entered by P&WA.

oA
| S— ]

_ Equipment, assemblies and -~arts shall be marked for identification in
4 accordance with P&WA stancurd procedures.

o 4,0 MASS MOMENT OF INERTIA OF ROTATING PARTS - The sstimated

effective mass moments of inertia of the engine rotors about their

é axes are 30.0 slug-feet squared for the low rotor and 21.5 slug-feet
squared for the high rotor. The maximum effective mass mowent of inertia

jl of the engine at the power takeoff accessory drive is as shown on curve

[}

No. S-84, sgheet 21,

5.0 VIBRATION - The engine shall be designed and constructed to
function throughout its operating range without inducing excessive
stress in any of the engine parts because of vibration. The engine
unbalance shall not cause an engine case displacement greater than
+ 3 wils. This vibration requirement is applicable to engineas operating
with specified flight weight components installed. Iustalled vibration
characteristics of the engine-nacelle combination must be established
by the airframe wanufacturer and be coordinated with P&WA.
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5.1 Adrframe Vibration Testing with installed Engines - If the air-
frame manufacturer deems it necessary to shake the airframe with the
engine installed during airframe stress and fatigue tests, or during tests
to establish vibration characteristics, it will te necessary to rctate
both engine rotors to prevent brinelling of the bearings. Rotor speeds
may be achieved by turning the high rotor with a hydraulic starter ot g
the low rotor with an alr stream directed on either the turtine or fan INE
blades. The decermination of safe rotor speeds must be coordinated 8§
with and agreed upon by P&WA, 3

6.0 ENGINE PERFOKMANCE -~ The specified ratings are attainav.> on
a PSWA test stand using a P&WA bellmouth inlet at 1962 U.S. Standard
Atmosphere (Geometric) conditions at the engine inlet, with the fuel
specified in 2.2.1, without compressor air bleed or load on accessory
drives other than that required for continuous engine operation and with
correction to engine performance for any bellmouth total pressure loss.

6.1 Performance Ratings - The specified engine thrusts and thrust R
specific fuel conpumptions (TSFC} include the effects of the reverser- g
suppressocr. Performance is based on a cylindrical outside reverser-
suppressor with external flows parallel to the reverser-suppressor :
centerline at free stream flow conditions, accounting for boundary ;}
layer growth at the blow-in door entry station an! external pressure !
drag on the reverser-suppressor tailfeathers. This performance is
based on a temperature corrected secondary airflow (W . defined below) i,
of 2% except for reverse thrust which is based on zero seccndary flow.
A minimum of 2% corrected flow is required at all operating conditions
when the tertiary and the reverse dcors are closed.

= O £ 39 3 & 0 B3 e

e R - R s

[ 7 Teg +O0Tg ;
Wgck = x100 1

—

secondary airflow, lb/sec

Cf:J
=
[}

Wge ™ total gas generator gas flow at nozzle throat, ib/sec
= total duct gas flow at nozzle throat, lb/sec

T,, = compressor inlet total temperature, °R

AT, = secondary stream temperature rise, °R

total temperature st gas generator nozzle throat, °R

T,, = total temperature at duct nozzle throat, °R

i
i
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The specified reverse thrust is attainable at sea level static test stand
conditions when reingestion of exhaust gases is not experienced, and
without special regtrictive provisions for reverse targeting. The speci-
fied value is basad upon a reverse effective flow area over 192 degrees of
circumference and o mean ges discharge angle of 20 degrees or less with the
exhaust nozzle centerline.

te @

6.1.1 Guarsnteed Standard Day Calibration Stand Performance at
Sea Level - The gusranteed standard day calibration stand performance at
ses level is as shown in table I. Eng?.e calibrations will be demonstrated
by calibrations with the reverser-suppressor and P&WA bellmouth.

Table I. Guaranteed Standard Day Calibration Stand Performance at Sea Level

fouony SR comeon Y conost: B coenn |

Rating Net Thrust TSFC Estimate of Estimated Estimated Engine
(Min), 1b (Max) , Measured Airflow, Rotor Speed, rpm
4 1b/hr/1b  Exhaust Gas 1b/sec Ny (5) Ny
(6) Temp. (Max) ’
°F(°C) .
(5) |
3 Takeoff(l) 3
o Augmented 51,000 1.77 1515 (823.9) 687 6500 82060 [i
o Nonaugmented 38,300 0.74 1515 (823.9) 687 6500 8200 J
;f Maxiuun(z) o
3 Augnented 61,000 1.77 1515 (823.9) 687 6500 8200 (J
b {3
Maximum Reverse 15,300 - -- - - - - re
Lj
{1) Takeoff Rating ~ This rating is intended for takeoff use only and .
iz time limited to 5 minutes. The specified takeoff rating is the -
maximum takecff thrust available at standard day temperatures and
balow.

s

{2) Maximm D=ting - Thi, rating is primarily iuntended for climb and
acceleration with augmentation from zero to full duct heat. This
rating is time limited to 30 minutes. This rating is alsc available
for emergency use at the discretion of the pilot and is authorized
as a msximem continuous raiing under emergency conditions.

P
Bt it

{3) The specified maximum reverse thrust is as measured along the
exhaust norrle centerline and 1s time limited to 30 seconds.

o .

(4) Forward thrust is measured along the exhaust nozzle centerline.

(5) Subject to change prior to engine certification.

B

(6) Based on s fuel having a lower heating value of 18,400 Btu/lb.
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6.1.2 Guaranteed Steady-State Performance Ratings at Stanaard
r Altitude Conditions - The guaranteed steady-state performance ratings at
L] standard altitude conditions are as shown in table II. Demonstration
will be made using an engine assembled substantially in accordatnce with
the production parts list on a P&WA approved test stand using the
{} specified fu:. and standard calibration equipment and methods. The sub-
stantiation of any guaranteed point where the test conditions exceed the
capability of the laboratory will be by calculations from test data
obtained at test conditions that lie within the cepacity of the laboratory,

Engine performance will be demonstrated by calibrations without the
reverser~suppreszor. Simulated flight Mach number and altitude conditions
will be accomplished by setting measured test engine inlet total pressure
and total temperature coriesponding to that calculated for the 1962 U.S.
Standard Atmosphere (Geometric) and the specified inlet ram recovery.
Engine airflow will be measured using a standard ASME orifice to permit
the calculation of ram drag and gross thrust. Measurements of engine
discharge pressures, temperatures, and areas, combined with ambient back
pressure for the simulated altitude, permit calculation of gross thrust
assuming an ideal expansion process to amblent pressure. Reverser-
suppressor gross thrust coefficients (Cfp) determined from isolated
scale model tests in a free flow field with a uniform and parallei flow
forward of the tertiary doors, will be applied to the ideal expansion
gross thrust to obtain the actual gress thrust,

[ owmns B ot S sum

M
[N

r

Net thrust is determined by subtracting the calculated ram drag (of
the engine plus secondary airflows) from the calculated gross thrust,
The specified TSFC is obtained by dividing the measured engine fucl flow
by the net thrust,

=y ——

For the purpose of practical demonstraticn, the sltitude performance
will be met if substantiated within the precision of the altitude lsbora-
tory equipment.

6.2 FEstimated Engine Performance - Estimated engine performaance and
data are shown on curve No. S-84, sheets 1 through 40. Information supplied
on these curves iz based upon no air bleed and no power extraction over
and above that regquired for continucus operation of the engine and accessory
drives, except as specified.

A card deck program, reference curve No. S-84, shest 1, shall be pro-
vided which is capable of running on a high-speed computer mutually agreed
upon by P&WA and the airframe manufacturer. This program will define
estimated engine performance, representing maximum fuel flow, minimum
thrust and average values for all other items, and will be consistenr with
the engine performance specified in table I and table II. Idle thrust may
be average. The program ghall be capable of genersting data at any power
setting from idle to takeoff at any altitude, Mach number, or ambiert
temperature within the engine op~rating envelope. The program shall be
capable of making corrections for horsepower extrac®ion, inlet pressure
reccvery, and air bleed.

—-— - Kovmned oamend ] - .| | S—  —
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Unless otherwise specified, all engine performance estimar=2s are based
upon the following:

e
9]

Ar':lent conditions in accordance with 1962 U.S. Standard
Atmoeph. vre (Geometric).

b. Iniz. Iotal Pressure Recovery at the engire inlet as defined
on curve No. S-84, gheet 5.

¢. Radial and circumferential overall pressure distortion at

' the inlet as defined in section 10.0(a).

Fuel with a lower heating value of 18,400 Btu/lb.

No power extraction or compressor air bleed over and above
that necessary for operation of engine and accessory drives,
f. Minimum effective flow area for reverser-suppressor tertiary
air induction of 12,0 square feet over a minimum circumfer-
ence of 236 degrees.

g- Thrusts are along the exhaust nozzle centerline. Performance
is based upon a cylindrical outside reverser-suppressor with
external flow parallel to the reverser-suppressor centerline
at free stream flow conditions accounting for boundary layer
growth at the blow-in door entry station.

Ranned Kanned | S
n o

HE |

6.3 Flight Conditions - The engine shall function satisfactorily
under the following flight conditions:

J a, Level position (horizontal) with the engine inclined (roll)
20 degrees to either side.

} b, Level position (horizontal) with the engine inclined (roll)
45 degrees to either side for 30 seconds.

c¢. Zero tc 15 degrees below horizonta: {nose down) with up to

. 20 degrees inclination on either side.

! d. Zero to 30 degrees above horizontal (nose up) with up to

20 degrees inclination on either side.

Flight operation under negative 1 "g" flight conditions for

10 seconds.

f. Flight operation under zero "g" flight conditions for

S geconds.

£

6,42 Atmosrheric Liquid Water ~ The engine shall operate satisfactorily
thoughout the flight operating envelope under conditions of idle to
maximum thrust at levels up to 5% of the total airflow weight in the form
of water (liquid and vapor) evenly distributed as it enters the engine
iniet.

satisfactorily under ambfent temperature conditions defined by curve
No. $-84, sheets 39 and 40.

7.0 ENGINE OPERATING ENVELOPE ~ When P&WA recomnended procedures
are complied with, the engine shall operate satisfactorily within the inlet
total temperature, total pregsure and time limits as shown on curve
No. S-84, sheet 2. The corresponding pressure altitude and Mach number
envelope for standard day conditions is shown on curve No. S$-8%, sheet 3,

l 6.5 Ambient Temperature Conditions - The complete engine shall perform

11
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8.0 THRUST TRANSIENTS

8.1 Stability - Under steady-state operating conditions without
augmentation, thrust oscillation shall not exceed + 5% of the thrust
available at that particular power lever position and €light condition,
but in no event shall the thrust oscillation exceed # 1% of the maximum
nonaugmented thrust available., During steady-state operation with any
amount of augmentation up to maximum, the engine thrust oscillation shall
not exceed + 1% of the maximum augmentec thrust available at that condition,

8.2 Respcnse - ror power lever movement of 1 second or less, the time
required to safely accomplish the following transients on a standard day
with no bleed or power extraction shall not exceed the tabulated values,
from sea level to 6000 feet altitude:

Transient Time, sec

Idle to 75% maximum noraugmented rating: 6.0
Idle to 95% maxiuum nonaugmented rating: 3,0
Idle to 95% maximum augmented rating: 8.5
307 maximum nonaugmented rating to 5% augmenteg rating: 5.0
Maximum augmented rating to 95% full reverse: 6.0

The relationship of engine high rotor speed versus time is shown oa curve
No. S-B4, sheet 22.

4.0 PRESSURE AND TEMPERATURE CHANCE

9.1 1Inlet Pressure Transients - The engine i3 estimatec to be capable
of experiencing an occasional reduction in stabilized ?t? A of 60%
in 1/20 of a second for a maximum of 3 seconds without any Xgrect damsge
p-ovided that the distortion limits specified herein are not exceeded.
Rapid changes of pressure are not recommended and would be expected to
cause adverse engine operat!on including stall and/cr flameout.

The engine is estimated tc be capable of experiencing an occesional
variation of stabilized Pyj Avg of +15% and -60% at a frequency range of
up te 5 cycles per second for a maximum of 1 minute without any di-ect
damage provided that the distortion limits specified herein are
not exceeded. Rapid changes in pressure are no% recommended and would
be expected to cause adverse engine operatior including stell anc/or
flameout.

9.1.1 Minimum Exhsust Pressure - The engine inlet air total pressure
divided by the external pressure at the exhaust nozzle shsll not be less
than 1.0 at high rotor speeds less thar 6500 rpm in flight.

§.2 Inlet Temperature Rate of Change

9,2.1 Normal - The maximum continuous rate of inlet temperature change
which the ergine can withstand without perfcimance degradation is 1.5°F
(0.8°C) per second. The engine can withstand a rate of inlet tewpersture
change not exceeding 5°F (2.8°C) per second for a total of 40°F (21.2°C)

to account for atmospheric temperature gradients,

12
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9.2.2 Emergency - Under emergency conditions, the maximum
continuous rate of inlet temperature change shall not exceed 3.0°F (1,7°C)
per second. It is anticipated that performance degradation will result
from engine operation which exceeds the limits in 9.2.1 but does not
exceed the emergency limit.

10.0 INLET AIR PRESSURE DISTORTION - The estimated capability of
the engine to withstand inlet air pressure distortion is described below
where terms are defined uas follows:

Pt2 Avg = Average area weighted engine inlet total pressure

= Maximum engine inlet total pressure measured

using instrumentation as recommended by P&WA
Pt2 Min = Minimum engine inlet total pressure measured
using instrumentation as recommended by P&WA

Pt2 Max

P - P
Percent Overall Distortion = t2 Max £2 Min x 100

Peo avg

The Percent Overall Distortion shall be evaluated as a time dependent
quantity and is defined as the maximum instantaneous value of the quantity,

Allowable circumferential and radial distortion limits are dependent
on the distribution and extent of the distortion. Accordingly, compatibility
between engine and inlet shall be determined and agreed upon between P&WA
and the alrframe manufacturer based on detailed analysis of flight test
data and the estimates below must be considered as preliminary and subject
to change. Until engine development confirms that adverse effects of
distortion within these limlts on engine performance and component durability
are tolerable, flight operation at these distortion lavels cannot be
recommended.

a. For continuous operation, the estimated allowable overall
inlet air pressure distortion limits as defined in 10.0 shall
be approximately 13% except within 1/2 inch at the inside
diameter and outside diameter of the flow annulus. The
effect of distortion on engine performance within this limitc
may be considered negligible.

b. It is estimated that overall distortion of 252 excluding
the area within 1/2 inch of the duct walls will not so
adversely affect engine operation as to precipitate engine
stall or flameout.

c. If all P&WA operating recommendations are followed, no direct
engine damage would be expected as a result of inlet dis-
tortion in excess of above limits, if this distortion does
not exceed a 10-second duration.

Best Available Copy
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11.0 INLET ANTI-ICING - The engine shall be capable of operation
throughout the flight power range without accumulation of ice on the
engine sir induction system such ag to adversely affect engine operation
ov cause & sericus lose of thrust in continuous maxiaum and intermittent
maximum icing conditions as defined ih Appendix C of 2.1.3.

s

12,0 FOREIGN OBJECT INGESTION ~ The engine shall comply with the
requirements of 2.1.5 with respect to foreign object ingestion. Demon-
stration of sheet lce f~gestion shall be limited to single sheets of
ice i/2-inch thick and 144 square inches in area, and a single sheet of
ice 1 inch by 2-1/2 inches by 30 inches having a specific gravity of 0.85,

{.-M«I

! S |

13.C EXHAUST SYSTEM

13.1 Secondary Airflow - Secoadary airflow is required for reverser-
suppressor cooling when the tertiary air doors are closed to control the
expangion of the fan exhaust stream. The secondary air is suppiied to
and routed around the emgine in accordance with the requirements of 6.1.

™

14,0 LUBRICATION SYSTEM - The lubrication system is & self-contained
engine system which does not reruire an airframe supplied input,

# aovmey
i

-

14,1 01l Type - The oil type is as specified in 2.2.2. l-

14.2 0il Consumption - The oil consumption shall not exceed 0.25
gallons per hour as measured over & 10-hour period.

14.3 01l Pressure and Temperature Limits - The operating oil {. i
pressure at maximum rated thrust shall be 45 + 5 psi (relative to
interna® engine scavenge compartment) at 250°F (121.1°C) oil temper~ture.
The o0il pressure and temperature indicator ranges required for the cock-

emareacer 4
2 O

pit indicators are 0 to 120 psi and O to 235°C, respectively. The R
maximum transient oil temperature during normal operation shall be ]
3160°F (182.2°C) at the location indicated for oil temperature on ]
the Installation Drawing. During windmilling <peration up to 25% of L
maximur raZed engine rotor speed, the maximum transient oil temperature
ashall not exceed 400°F (204.4°C) for 3 minutes and the oil pressure - -
must be positive. Low temperature starting and operation is limited N -
to an oill temperature correspending to an oil viscosity of 10,000
cencistokes. .
14.4 041 Quantity - The oil reservoir shall contain usable oil -
guffic 2nt for 10 hours of engine operation.
14.5 011 Tank - The oil tank shall contain the following features: L.
a. Fill System g
{1) Pressure (remote fill) ;
(2) Gravity-f11l port with scupper drain (at tank}
b. Qu-...ity Measurements vo
(1) Mounting boss for remote ofl guantity fransmifter {
(2) Dip stick and cap b
¢. Scavenge (1l Deaerator (with tank) !
d. Drain Valve ™
e. Strainers on Supply Ports {pressure and gravity) i
f. Magnetic Chip Detector. |
14 »
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14,6 0il Flow Interruption - The engine shall operate ~ontinuousiy
with no detrimental effects during and after a period vf 10 seconds of
11 )

negative "'g" operation and/or 30 seconds of low o1l pressure indicatien
caused by maneuvers.

14.7 Drive Pad Lubriczation - The power takeoff, hydraulisc pamp,
and tachometer pads shall be presgsure lubricated by the engine lubrica-
tion system.

15.0 FUEL - The engine shall function satisfactorily throughout
the operating envelope when supplied with aviation kerosene meeting the
requirements of the fuel specified in 2.2.1 at the engine fuel inlet.

15.1 Fuel Temperature Limits - The temperature of fuel provided
at tte engine inlet connection must be between the limits shown below
for the condition speciffed. The allowable time at the maximum fuel
temperature limits is shown on curve No. 5~-84, sheet 23.

Condition PWA 522 (Jet A, A-1) Limits

Ground Starting Minimum - Temperature corresponding
to a fuel viscosity cf 12 centistokes.

Maximum - Curve No. S-84, sheet 24.

All other -~onditionms Minfimuin - 10°F (5.6°C) above fnel
freezing point.

Maximum - 260°F (126.7°C) or as
shown on curve No. S§-84, sheet 24.

The tempcrature rate of change at the engine fuel inlet connection shall
not exceed 50°F (27.8°C) per minute. Provisicns have been made on the
engine to measure pressure drop across the fuel filter as an indication
of ice accumulation. The engine is not equipned with a fuel heater.

1f detailed parameters affecting fuel heating rates determine the need
for a heater or a larger fiiter, an engine-supplied fuel heater or
larger filter may be negotiated with P&WA.

15.2 Fuel Pressure Limits - Fuel pressure, ircluding cyclic and
random pressure fluctuations, at the engine connections must be maintained
at not less than 5 psi above true wvapcr pressure of the fuel and not
greater than 50 psig and with a vapor/liquid ratio of zerp. Pressure
fluctuations at the engine fuel pump inlets shall be within the limit
of curve No. S-84, sheet 25,

Under emergency conditions, with tank-mounted boost pumps in-
operative, the engine shall operate for limited periods under the inlet
conditicns shown in table III, provided the true vapor pressure of the
fuel does not exceed 0.5 psia at 175°F (79.4°C) and 2.5 psia at 250°F é
(121.17°C) and the vapor/liquid ratio at the engine inlets does not L]
excead 0,30,
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Table III. PFuel Pressure Limits

Fuel
Condi - Power Altitude, Mach Time, Temp., Fuel Pressure at
tion faet No. Hours °F Inlet Connecti. .,
(°c) psi
1 Maximum 0-8,000 0 to 0.3 0.03 140 4.65 below ambient
Augmented (60)
2 Maxipum 0~15,000 0.45 at S.L. 0.03 140 3.75 below ambient
Nonaugmented 0.60 at 15,000 ft (60)
3 Part Power 36,150 0.8 4,00 140 1.3 belcw ambient
(60)
4 Idle 0-73,000 0 to 2.7 0.5¢ 140 0.20 below ambient
(60)

The engine fuel system shall be capable of priming itself and starting
within 5 minutes after 10-second fuel starvation when subjected to the
following conditions:

a. Dry lift of 2 feet.

b. 20,000 feet fuel tank altitude,

c. 140°F (60°C) fuel temperature.

d. A fuel line volume of 14 U.S. gallons maxir. m between
the fuel pump inlet and the fuel pump supply.

«,» Fuel as specified in 2.z.1,

15.2.1 Fuel System Desicn Pressure - The engine fuel system shall
be designed to withstand 8 maximum fuel pressure of 170 pesig applied
at the engine inlet connection with the engine shutdown.

15.3 Fuel Recirculation - The engine will provide a connection

for the recirculation of fuel to the aircraft tanks, The location and
details of this connection shall be defined on the Installation Drawing.
During opevation where recirculation is not required, a continuous flow
of 500 pounds per hour (pph) may be allcowed for recirculation to prevent
stagnation in the aircraft system. The pressure, flow, and temperature
requirements at the engine fuel recirculation connection are shown on
the Installation Drawing.

15.4 Fuel Cleanliness - Fuel delivered to the engine must meet

the requirements of 2.2.1 and be free of all solid contamination larger
than that which will pass throuh a 200-mesh screen and be essentislly
free of solid coniamination of a smeller size.
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15.4.1 Fuel Contamination - The use of fuel contaminated to the
extent of 8 grams of foreign matter per 1000 gallons shall not inhibit
sarisfactory engine running for a minimum of 10 hours. This foreign
matter shall be considered to consist of not less than 68% Si0; and
shall have a particle size analysis as follows:

Particle Size, Microns Percent of Total by Weight
0-5 39 +2
5-10 18 + 3
10-20 16 + 3
20-40 18+ 3
Over 40 9+3
Tarough a 200-mesh screen 100

15.4.2 Fuel Filters ~ The fuel filters shall be provided with the
engine. Each ghall be of sufficient capacity to permit a cumulative
fuel flow equivalent to a minimum of 10 hours of continuous engine
operation at maximum nonaugmented sea level thrust. This time is based
on fuel contaminated as specified in 15.4.1 where the contaminated fuel
has first passed through a 200-mesh screen prior to entering the engine
fuel system.

15.5 Xuel Leakage - For normal operation, there shall be no leakage
from any part of the engine except at the drains provided for this purpose.
A drain tank shall be provided on the engine to collect leakage from
engine accessory pad drains and to collect the fuel discharged from the
fuel manifold and combustion chamber during start or shutdown. The
tank shall have a minimum caepacity for 1 normel shutdown and 2 false
starts. Suitable ports shall be provided for hoth overflow and vent
commecitions. The shape ond location of the drain tauk and size and
iocation of the ports shall be cecordinated with the airframe
manufacturer, The drain tank ghall be of fireproof comstruction. An
ejector shall be incorporated to discharge the drain tank contents into
the engine exhgust system.

15.6 Combustible Fluid Drains - Provisions shall be made for
automatically clearing the combustion areas of combustible fluids after
each false start and for preventing excess cowbustible fluids from
entering the combustion areas after shutdown with the sngine in a level
position, 15 degrees nose up, and 20 degrees nose down. Provisions
shall also be made for clearing all vent areas and other pockets or
compartments where combustible fluids may cellect during or subsequent
to operation of the engine.

15.7 Fuel Flowmeter - The prcvision for installation of fuel flow-
meters is noted on the Installaticn Drawing.

15.8 Fuel Flow Limits - The maxiwum fuel flow shall be 120,000 pph
at maximum rating and takeoff operating conditions. The minimum fuel flow
limit shall be 12C0 pph at 1idle rating and cruise operating conditions.

17




Pratt &Whitnay Rircraft
Specification No. 2710

16.0 ENCINE CONTROL SYSTEM - The fuel and exhaust nozzle comzrol
incorporates the gas generator and duct heater controls in a unitized
assembly., The unitized control hes dusl input levers. The power lever
controls eagine thrust, speed, and turbine inlet temperature from Full
Reverse to Idle to Maximum Augmentation. The shutoff lever provides
for engine ghutdown and starting by closing or opening the fuel shutoff
valve. Fuel is meterad to the gas generator to set the desired thrust
as a function of power lever position, high compressor rotor speed,
buiner pressure and engine inlet temperature. Fuel 1s metered to the
duct heater to set the desired thrust augmentation as a function of
power lever positiom, burner pressure, and engine inlet temperature.
The duct heater exhaust nozzle area is positioned to control total engine
airflow over part of the engine operating