UNCLASSIFIED

AD NUMBER

AD379231

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1965.
Other requests shall be referred to
Director, Federal Aviation Administration
, Washington, DC.

AUTHORITY

FAA 1ltr, 10 Oct 1972; FAA 1ltr, 10 Oct 1972

THIS PAGE IS UNCLASSIFIED




Ab_ 379 ZiL \

Best Available Copy

Best Available Copy




Best
Available

Copy



NOTICES

When Covernment drawinge, specifications, or other data are used
for any purpose other than in connection with a definitely related
Govermnent procurement operation, the United States Covernment
thexchy incurs no responsibility nor any obligation whatsoever;

and the fact that the Covernment may have formulated, furnished,

or in any way supplied the said drawings, speciffcations, or other
data, ia not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or
conveying any righte or permission to manufacture, use, or sell any
patented invention that may in any way be related thereto.

Copies have been placed in the DDC collection. U.S. Covernmment
agencies may obtain copies from DDC. Other qualified DDC users may
request, br submission of a DDC Form 1, through:

Director of Supersonic Transport Development
Federal Aviation Agency
Washington, D.C. 20553

Defense Documentation Center release to the Clearinghouse for Federal,
Scientific, and Technical Information (CFSTI) and foreign announcement
and dissemination are not authorized, The distribution of this report
is limited because it contains technology identifiable with items
excluded from export by the Department of State (U.S. Export Control
Act of 1949 as amended).




wmu-q

[——y

Ly e o | amannd

e

CONFIDENTIAL

Report No. PWA-2600 Volume 1
Date: 30 June 1965

SUPERSONIC TRANSPORT AIRCRAFT ENGINE

PHASTY I'-B DEVELOPMENT PROGRAM

FINAL REPORT (U)

Prepared Under Contract FA-85-65-18

. Period Covered 1 January through 30 June 1965

PWA-E. H. Document Control
Eng. Sub-Control Statlon

JUil 25 965

wumber~ (4 3-5=(27=A

This document contoins information of acting the national defense of the United
States within the meaning of the Er .onoge Lows, Title 18 U § C, Sactions 793
and 794, Its transmission or tha avelation of its contents in any mauner 1o an
uynauthoiiied peison is probibifer by iaw.

Reproduction, distribution and se of this document are limited as specified in
the contract under which | 43 prepared. Use for other than U. 5. Governmantal
purposes is subject 1o prior approval of United Aircraft Corporation.

Approved by W,ML{/A C. W. Bristol, Jr.

Project Engineer

, U
Prat‘t & Wh itney g i r'C raft DIVISION OF UN.TED ﬁnﬁnn CORPORATION

- i o
AST HARTFORD . CoONNECTICUT
E FAA SECURITY CONTROL

No._ e Al

COPY NO. o

DOWNORADED AT ) YEAR INTED M ALS,
DECLASSITIED AFTER 12 YEARS

CONFIDENTIAL

s

i e




L

DAGES NOT FIIMED ARE RLANK,
PRATT & WHITNEY AIRGRAFT o ..

PWA-2600

FOREWORD

This repcrt describes the work that was accom-
plished by Pratt & Whitney Aircraft during the
period 1 January 1965 through 30 June 1965 in
accordance with the requirements of contract
FA-35-65-18 entitled "Dev :lopment of Super-
conic Transport Engine - Phase IT~-B", The re-
port is submitted to fulfill the requirements of
Item 7, Section D of the contract work statement.

. This report is classified as CONFIDENTIAL in
I compliance with the provisions of DD Form 254

dated 1 January 1965 provided for this contract.

oy

rAGE MO, 111

e s




CONNMIDENTIAL

PRATT & WHITNEY AIRCRAFT PWA- 2600

TABLE OF CONTENTS

FOREWORD
TABLE OF CONTENTS
LIST OF ILLUSTRATIONS

INTRODUCTION

Item ] - INSTALLATION COORDINATION

A. installation Coordination Meetings with Airnlane Companies 1-1

i. Installation Coordination with the Boeing Airplane
Company 1-1
2. Installation Coordination with the Lockheed California
Corporation 1-11
B. Engine Cycle Studies 1-17
1. Introduction L-17
2. Augrnentation System Studies 1-21
3, Inflight Performance Measurement System 1-23

Itemm 2 - DESIGN

suoy  FIEg KON WY GBE SO0 A0 SER ST EER  GBR eean  eetm WSS

A, STF219 Engine 2A.-1
1. Overall Engine Design 2A-1
2. Fan 2A-2 -
3. Intermediate Section 2A-15
4, Aerodynamic Brake 2A.-21
5, High Pregsure Compressor 2A-23
6. Dilluser Case ZA- 54
7. Main Combustion Chamber 2A-38
8. Turbine Design 2A-46
9, Turbine Cooling Analysis ZA-65
10, Turbine Exhaust 2A-113
- 11. Duct Heater Diffuser 2A-115
12, Duct Heater 20120
- 13. Duct Heater Nozzle 2A-127
14. Ejector-Reverser 2A-130
i 1¥. Assembly of Major Comnponents 2A-143
16. Critical Speeds 2A-150
!
1 PAGE NO. V

ey

CONFIDENTIAL




PRATT & WHITNEY AIRCRAFT

17.
18.
19.
20,
21.

CONPIDENTIAL

TARLE OF CONTENTS (Cont'd)

Bearing Design

Bearing Thrust Balance System
Qil Heat Rejection

Tubing System Design

Weight Analysis

B. STF227 Turbojet Engine

I.
I1.

III.

General Description

Aeroaynamic Turbojet Studies

U o N e
e e e e e

Compressor

Main Burner
Turbine
Afterburner
Ejector-Reverser

Mechanical Turbojet Studies

-
[ JRN<T -BEN BEe ST BN SRV

Variable Inlet Gride Vanes and Case
Compressor

Diffuser

Primary Combustion Chamber

Turbine

Turbine Exlaust Section

Bearing and Seals

Afterburner and Primary Nozzle
Octagonal Blow-In-Door Ejector-Reverser
Canied Engine Contigurations

External Plumbing, Brackets and Hardware
Main Gearbox Accessory Drive

Control System

Engine Mounts

Bleed and Vent Systems

Thrust Balance

Engine Heat Rejection

Secondary Airflow

Weight Analysis

Agsembly Procedure

| AGE NO. Vi

2A-151
2A-162
2A-168
2A-171
2A-176

2B 1
2b-1
2B3-13

2B-3
2B-4
2B-7
2B-~16
2B-19

2B-25

2B-25
2B-29
2B-39
2B-41
Z2B-48
2B-60
2B-61
2B-65
2B-71
ZB-80
2B-82
2B-92
2B-96
Z2B-110
2B-113
2B-115
2B-~121
2B-124
2B-~126
2B-127

GOWMIRADIO 4! b VESA wiOAvaLs
DRCLISIP AR AFTER B voang
oan Out e o

CONFIDENTIAL

PWA-2600




iy

] ]

-
1

e

CONFIDENTIAL

PRAYY & WittTHEY AGMCRANT

TABLE OF CONTENTS (Cont'd)

Jtem 3 - COMPRESSOR DEVELOPMENT
A. Introduction

B. Development Program
i. Two-Stage Fan Rig
2. Aeroelasticity Investigations
3. Multistage Compressor

Item 4 - PRIMARY COMBUSTION
A. Introduction
B. Description of Burner Section

C. Description of Rigs
1. Two-Dimensiona! Annular Segmental Rig
2, Large-Scale Full-Annular Burner Rig
3. Ram Induction Primary Burner Rigs

D. Test Description and Results
1. Two-Dimensional Annular Segmental Burner Rig
Testing
2. Large-S-ale Full-Annular Burner Rig Testing
3. Ram Induction Primary Burner Rigs
Ttem 5 - TURRINE DEVELOPMENT
A, Introduction
1. Investigation of the Heat Transfer Characteristics
of Air Cooled Vanes
2. Investigation of New Fabrication Techniques
3. Thermal Fatigue Testing of Air Cooled Vanes in a
Hot Chocked Cascade Rig
4. Evaluation of Aircooled Turbine Blades and Vanes
in a Full-Scale Turbine Development Engine
5. Performance Testing of Film Cooled Vanes and
Blades
6. Laboratory Testing of Advanced Vane and Blade
Materials

PAGE NO. Vil

Tow RN ALTO T

CONFIDENT AL

PWA-2600

P




CONPFIDENTIAL

PRATT & WHITNEY AIRCRAFT

TABLE OF CONTENTS (Cont'd)

Basic Investigation of the Effectiveness of Film Cooling

U W

Introduction

Description of Test Rig
Description of Parts Tested
Test Procedure

Test Program and Results

Investigation of the Heat Transfer Characteristics of Air
Cooled Vanes in a High Pressure Cascade Rig

1,
2,
3.

Description of Rig
Test Program
Test Results

Development of a Chocked Cascade Thermal Shock Rig for
the Thermal Fatigue Testing of Full-Scale Turbine Vanes

1,
2,

Evaluation of Full-Scale Air Cooled Blades and Vanes in .he

Description of Test Rig
Test Program

Turbine Development Engine

1.
2.

3.
4.

Description of Turbine Development Engine
Description of Blades and Vanes Tested in the
Turbine Development Engine

Test Procedure

Test Program and Results

Performance Testing of Film Cocled Vanes

1.
2,
3.

Description of Test Rig
Description of Parts Tested
Method of Test

Performance Testing of Film Cooled Blades

1,
2,
3,
4

Description of Test Rig
Description of Parts Tested
Test Program

Test Results

Laboratory Testing of Advanced Vane and Blade Materials

1.
2.
3.

Cyclic Stress Rupture Tests

Low Cycle Fatigue Testing

Testing to Determine Long Term Creep Properties of
PWA 657 Cobalt Base Alloy

PAGE NO. viii

CONFIDENTIAL

[S. BT IS, BT B (RN
ror
[S2I0 I N SUC RN

5-13
5-141
5-15

5-20
5-20
5-20
5-21
5-22

5-23
5-23
5.24

5-256

PWA-2600

[T [ ] _—— -

ftiton |




[ro—,

CONFIDENTIAL.

PRATT & WHITNEY AIRCRAFT

TABLE OF CONTENTS (Cont'd)

4. Creep Rupture Tests of PWA 658 Nickel Base Alloy
5. Combined Stress Rupture Fatigue Tesls on Turbine

Blade Materials
6. Strain Cycle Fatigue Tests

Item 6 - AUGMEN" ORS

AL

Aerodynamic Flameholder Tests in Small-Scale Duct

Heater Rigs
1. Introduction and Summary
2. Detailed Program Description

Ram Induction Burner Tests in Small-Scale Duct

Heater Rigs
1. Introcduction
2. Phase IIB Program Summary

Full Scale Duct Heater Rig

. Introduction

. “est Results

Description of Rig and Test Stand
Procedure

Conclusions and Recnmmendations

D b W N -
. e e

Item 7 - EXHAUST SYSTEM

A.

R

C.

Introduction

R .
~n
Digcussion

1. Forward Flight Investigations
2. Thrust Reversers

Conclusions

Item 8 - NUGISE REDUCTION

Al

B.

Introduction

Inlet Duct Sound Propagaticn Characteristics

1. General
2. Conclusions
3. Recommendations

PAGE NO. 1Y

CONFIDENTIAL

o O O
[}
DN b g

o~ o O
]
N oo

6-8
6-8
6-8
6-1
6-1
6-1

W oW =

PWA-2600




PRAAYT & WHITNRY AMIRGIIAPT

CONPMIDENTIAL

TABLE OF CONTENTS (Cont'd)

4, Diascudaion of Renultls
%, Analysir of Results

Sound Abrorbing Materials

1, Objectives of Tesots

Z. Deecription of Facilities
3, Method of Test

41, Renults

5, Conclusiona

Model Exhaust System Noise-Teats
1.  Pescription of Facilities

2. Mothod of Test

3, Deacription of Model Nozzles
1, Renrults

%, Conclusione

Full«Seale Blow-In~Door Fjector Noise Tests
1, General

2, Renulta

3, Conclusions

4, Recommendations

5, Denceription of Test Equipment

6. Mathod of Test

7. Data Analysis

8, Calibration of Acoustic Instrumentation
9., Dlecussion

Analysin of Total 551 Alrplane Nolse
1, General

¢, Discuseion

3, Conclusions

1 Recommendarions

Iltem 9 ~- CONTROLS AND ACCESSORIES

A

Controls

l.  Introduction

2. Engine Sitmulation Studies
1. Engine Cantrol Stidies

4. Vendor Activity

HAGE NO X

CONPFIDENTIAL

N -0 o

PWA-2600




COMFIDENTIAL

PRATT & WHITNEY AIRCRAFT et PWA-2600

i
TABLE OF CONTENTS (Cont'd)

B. Accessories - Ignition System 9-16
1, Introduction 9-16
2, Components 9-16
3. Facilities 9-17
4. Test Procedure 9-18
5. Discussion of Results 9-19
6. Recommendations 9.22

Item 10 - BEARING AND SEAL DEVELOPMENT

A, Bearing Development 10-1
1. Endurance and Calibration Tests 10-1
2, Single-Ball Material Tests 10-7
3. Oil Pump and Jet Tests 10-10

B. Seal Development 10-12
1. Face Seal Tests 10-12 |
2. Ring Seal Tests 10-16 :
3. Materials and Design Tests 10-20

Item 11 - FUELS

’ A. Introduction 11-1

B. Investigation of the Effect of Fuel Oxygen Content on

| Thermal Stability 11-1
|
Item 12 - LUBRICANTS
[ 3
{ A, Introduction 12-1
B. Lubricant Environment 12-1
1 Temperature 12-2
2 0Oil Tank Capacity 12-2
3. Air Contacting Oil 12-2 :
4, DBearings 12-.2 i
5 Alloys in Lubricating System 12-3
6. Gears 12.3 ;
7. Elastomers 12-3 ;
8. Lubricant Volatility 12-3

PAGE NO. Xi

COWNSRADED AT B YEAN BC/ENVLE
DICLARESHD AFTIA 1 veARe
Mo om saao

CONFIDENTIAL




T,

CONPFIDENTIAL

PRATT & WHITNEY AIRCRAFT PWA~2600

TABLE OF CONTENTS (Cont'd)

C. Gear Pitting Tests 12-3
D. Discussion 12-4

Item 13 - ENGINE-INLET COMPATIBILITY ‘

A, Introduction 13.1
B. Discussion 13-1
C. Conclusions 13-2

Itern 14 - MATERIALS AND MANUFACTURING TECHNIQUES

A, Introduction 14-1
B, Creep Testing of IMI 679 Titanium Alloy 14-1
1. Mechanical Properties ~ IMI 679 Titanium Allcy 142
C. Metallographic Study of PWA 1007 (Waspaloy) 14-4
D. Containment Testing 14-5
1. Ballistic Tests 14-5
2. Spin Containment Tests 14-6
3, Analytical Investigation 14-6
4. Discussion of Results 14-6
E. Diffusion Bonding of Titaniurn Fan Disk 14-7

Item 15 -~ SUPPORTING DESIGN CONSIDERATIONS

A. Reliability 15-1
1. Introduction 15-1
2. Reliability Support of the Design Effort 15-1
3. Numerical Reliability Analysis 15-2
B, Configuration Management 15-3
1. Objective 15-3
2., Discussion 15-3 -

raGE WO, Xii

COWNMBAAIID AT § VEAR witWVaim
OECLAMSTIS LFTRR 1) YRAMS
o oW 8N w

CONFIDANTIAL




- ——

——

—

A
[
|
i
2
l v
i
|
I
i’
|

CONPIDENTIAL

PRATT & WHITNEY AIRCRAFT

TABLE OF CONTENTS (Cont'd)

PWA-2600

C. Weight and Center of Gravity Control 15-5
1, Turbofan Engines 15-5
2. Turbojet Engines 15-5

D. Value Engineeting ) 15-5

E. Maintainakility 15-7
1, Introduction 15-7
2. Maintainability Review of Design Layouts 15-7
3. Maintenance Analysis 15-10

F. Safety 15-12
1. Support of Design for Flight Safety 15-12
2. Design Support for Maintenance Personnel Safety 15-13

PAGE HO. Xiil

CONFIDENTIAL

i adbwts ablie 0 v




vomy W EER GED MWR e e

Bt b L W —nee

e

PRATT & WHITNEY AIRCRAFT CONMIDENTIAL PWA-2600

LIST OF ILLUSTRATIONS

Item 1

1-1 Boeing Installation - SST

1-2 Effect of Moving the Cant Point Aft
1-3 STF219B 600 L.bs. /Sec. Turbofan
1-4 STF219B 600 Lbs. /Sec. Turbofan
1-5 STF219B 600 Lbs. /Sec. Tuxrbofan
1-6 STF219B Lbs. /Sec. Turbofan

1-7 STF219B 600 Lbs. /Sec. Turbofan
1-8 STF219B 600 Lbs. /Sec. Turbofan
1-9 STF219B 600 Lbs. /Sec. Turbofan
1.1

1-1

«10 STF219B 600 Lbs. /Sec. Turbofan

=11 STF219 650 Lbs. /Sec. Turbofan

1-12 STF219 650 Lbs. /Sec. Turbofan

1-13 STF219 600 Lbs. /Sec. Turbofan

1-14 Proposed Turbofan Accessory Arrangement
1-15 STJ227 500 Lbs. /Sec. Turbojet

1-16 STJ227 500 Lbs. /Sec, Turbojet

1-17 STJ227 500 Lbs. /Sec. Turbojet

1-18 STI227 500 Lbr. /Sec. Turbojet

1-19 STJ227 525 Lbs. /Sec. Turbojet

1-20 8TJ227 525 Lbs. /Sec. Turbojet

1-21 STJ227, 525 Lbs. /Sec. (High Flow) Turbojet
1-22 8TJ227, 525 Lbs. /Sec. (Base Flow) Turbojet

i-23 STJZZ7, 525 Lbs. fSec. {Low Flow) Turbojet

1-24 8TJ227, 525 Lbs. /Sec. {High Flow) Turbojet

1-25 5TJ227, 525 Lbs. /Sec. (Base Flow) Turbsojet

1-26 8TJ227, 525 Lbs. [Sec. {Low Flow) Turbojet

1-27 Proposed Turbojet Accessory Arrangement

1-23 Revised Accessory Arrangement Showing Fuel Components
Removed from Bottom of Engine

1-29 Revised Accessory Arrangement Making Room for Mount
Structure at Top of Engine

1-30 Proposed Turbofan Accessory Arrangement

1-31 Schematic of Octagonal Ejector

1-32 STF2191, 700 Lb/Sec Turbofan Outhoard Engine

1-33 STF219L 700 Lb/Sec Turbofan Inboard Engine

1-34 STF219L 650 Lb/5ec Turbofan

PAGE NO. XV

CONFIDENTIAL




T e T R T

) CONFIDENTIAL
PRATY & WHITNEY AIRCRAFT

Figure
No.

1-35
1-36

1-37
1-38
1-39
1-40
1-41
1-42
1-43
1-44

LIST OF ILLUSTRATIONS (Cont'd)

[cem 1

STF219L 650 Lb/Sec Turbofan Showing Engine/Ejector
Relationship

Inlet Pressurz and Temperature Probes for Biasing
Engine Fuel Control
Arrangement of Flame Arrestors in Secondary A.r Passage
Secondary Airflow Passage General Arrangeinent
Details of Secondary Airflow Passage
STJ227 525 Lb/Sec Turbojet
§TJ227 525 Lk/Sec Turbojet
Typical Turbojet Engine. Full Afterburning.
Proposed Turbojet Accessory Arrangement
Typical Turbojet Installation Showing Effect of Increased
Cant Angle
Estimated Performance of STF219 and STJ227 Engines
at Mach 2.7 at 65, 000 Feet
Estimated Performance of STF219 and STJ227 Engines at
Mach 0.9 at 36, 150 Feet
Estimated Performance of STF219 and 8TJ227 Lngines at
Mach 0. 6 at 15, 000 Feet
Estimated Periormance of STF219 Engine After Phase ILA
and After Phase IIB at Mach 2.7 at 65, 000 Feet
Estimated Perforrnance of STF219 Engine After Phase [LA
and After Phase IIB at Mach 0.9 at 36, 150 Feeot
Estimated Performance of STF219 Engine After Phase IIA
and After Phase IIB at Mach 0.6 at 15, 000 Feet
Estimated Performance of STJ227 Engine After Phase IIA
and After Phase IIB at Mach 2.7 at 65, 000 Feet
Estimated Performance of STJ227 Engine After Phase IIA
and After Phase IIB at Mach 0.9 at 36, 150 Feet
Estimated Performunce of STJ227 Engine After Phase IIA
and After Phase IIB at Mach 0,6 at 15, 000 Feet
Loading ard Thrust Increment Produced by Lighting Duct
Heater of STF219 Engine
Effect of Turbine Inlet Temperature on Engine Weight and
Maximum Diameter
Effect of Engine Supersonic Cruise [niet Airflow on Engine
Weight and Maximum Diameter

PAGE NO. XV1

DermeaniTAn AT B YRar wTeWVLLE
TACLANATED ATEN ¥ vesss
L I R T T

GCONPFIDENTIAL

M R R




gy

T

P e gy gumn p puey

s

——

-

Figure
No.

2A-1
2A-2
2A-3
2A-4
2A~5
2A-6
2A-7
2A-8

2A-9
2A-10

2A-11
2A-12
2A-13

25814
2A-15

2A-16
ZA-171
2A-18
2A-19
2A-20

2A-21

CONFIDENTIAL

PRATT & WHITNEY AIRCRAFT

PWA-2600

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A

STF219 Fan, Intermediate Case, and High Pressure

Compressor Sections

STF219 Fan Aerodynamic Design Rotor One Pressure Ratio
STF219 Fan Aerodynamic Design Rotor Two Pressure Ratio
STF219 Fan Aerodynamic Overall Pressure Ratio

S5TF219 Fan Aerodynamic Design Stage
Mach Number

STF219 Fan Aerodynamic Design Stage
Gas Angles

STF219 Fan Aerodynamic Design Stage
Velocities

STF219 Fan Aerodynamic Design Stage
dynamic Loading (AP/q)

STF219 Fan Aerodynamic Design Stage

STF219 Fan Aerodynarnic Design Stage
Mach Number

STF219 Fan Aerodynamic Design Stage
Gas Angles

STF219 Fan Aerodynamic Design Stage
Velocities

STF219 Fan Aerodynarmic Deaigun Stage
dynamic Loading (AP/q)

STF219 Fan Aerodynamic Design Stage

STF219 Fan Aerodynamic Design Stage
Mach Number

STF219 Fan Aerodynamic Design Stage
Gas Angles

ST¥219 Fan Aerodynamic Design Stage
Velocities

STF219 Fan Aerodynamic Design Stage
dynamic Loading AP/q

STF219 Fan Aerodynamic Design Stage
Factors

STF219 Fan Aerodynamic Design Stage
Inlet Mach Number

STF219 Fan Aerodynamic Design Stage
Relative Gas Angles

PAGE NO. XVI1i

CONPFIDENTIAL

One Rotor Inlet

One Rotor Relative
One Rotor Meridional
One Rotor Aero-

One Rotor "D" Factor
One Stator inlet

One Stator Relative
One Stator Meridional
Orie Stator Aero-

One Stator "D'" Factor
Twao Rotor Inlet

Two Rotor Relative
Two Rotor Meridional
Two Rotor Aero-

Two Rotor "'D"

Two Stator and Degv

Two Stator and Degv




-’

PRATT & WHITNEY AIRCRAFT

Figure

No,
2A-22
2A-23
2A-24
2A-25
24-26

2A-27
2A~28

2A-29
2A-30
2A-31
2A-32
2A-33

2A-34
2A-35

2A-36
2A-37
ZA-38
2A-39
2A-40

2A-41
2A-42

CONFIDENTIAL PWA-2600

LIST OF ILLUSTRATIONS (Cont'd)

Itein 2A {Cont'd)

STF219 Fan Aerodynamic Design Stage Two Stator and Degv
Meridional Velocities

STFZ219 Fan Aerodynamic Design Stage Two Stator and Degv
Aerodynamic Loading

STF219 Fan Aerodynamic Design Stage Two Stator and Dzgv
"D" Factor

STF219 Fan Aerodynamic Design Rotor I.oss Coefficient
Vs. Inlet Relative Mach Number

STF219 Fan Aerodynamic Design Stator Loas Coefficient
Vs. Stator Inlet Mach Number

STF2]9 Fan Aerodynamic Design Rotor Incidence

STF219 Fan Aerodynamic Stator One Incidence -~ Difference
Between Gas Angle and Minimum Loss Angle

S§TF219 Fan Aerodynamic Deviation in Excess of Carter's
Rule Va. Blade Camber*

5TF219 Fan Resonance Diagrams

Blade Ingestion Parameter Vs. Blade Length

Intermedinte Case and Accessory Drive Arrangement
{Looking Aft)

No. 1 and No. 2 Bearing Compartment Oiliag and Scavenge
Schematic

Intermediate Case Loading

STF219 Windmilling Predicted Fan Speed When Cornpresgsacyr
Rotates at Coastant 2000 RPM

STF219 1900°F Turbofan at Mn - 2,7 at 65, 000 Feet -
Egtimated Windmilling Speed

STF219 1900°F Turbofan Corrected Total Airflow Ratio for
i Compressor Inlet Area Which Varies to Maintain
2000 RPM

S 'F2i9 Variable Inlet Guide Vane and Aerodynamic Brake

STF219 High Pressure Compressor Stage Pressure Ratio
Distribution

STF219 High Pressure Compressor Exit Profiles

STFZ219 Mid-Span Incidences at Part Speed and Full Speed

STF2]19 Mid-Span Incidences at Part Speed and Full Speed

FrAGE NO xvul

CONTIDENTIAL




|
[
|
i
|
t
|
|
i
|
|
i
!
|
|
|
|
|
l’

PRATT & WHITNEY AIRCRAFT

Figure
No.,

2A-43
2A-44
2A-45
2A-46

2A-47

2 i-48
2A-49
2A-50
2A-51
2A-52
2A-53
2A-54
2A-55
2A-56
2A-57

2A=-58
2A-59

2A-60

ZA-6]
2A-062

2A=-03
2A-64

2A-065

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A (Cont'd)

STF219 Compressor Final Cord Selector

STF219 Stage Reaction Distribution

STr219 High Pressure Compreasor Choke Parameters

STF219 High Pressure Compressor Flow IPath

STF219 High Pressure Compreasor Aerodynamic Loading
(aP/q)

STT21¢ High Pregsure Compressor "D Factor

STF219 High Pressure Compressor Rotor Stresses

STF219 High Pressure Compressor Stator Stresscs

STF219 High Pressure Compressor Stage One Bladed Disk
Frequency at 6400 RPM

STF219 High Pressure Compressor Stage Three Coupled
Blade~Disk Frequency

STF219 High Pressure Compressor Stage Five Coupled
Blade-Disk Frequency

STF219 High Preasure Compressor Stage Seven Coupled
Blade-Disk Frequency

STF219 High Preesure Compressor Stage Four Average
Tangential Stress Level Vs. Disk Thicknens

STY¥'219 Initial Design Study - Compressor Case and Stator
Construction

STI219 Initial Design Study - High Pressure Compressor
Casc and Stutor Construction

STIF219 Initial Design Study - Diffuser Case Strut Location

STF219 Diffuser Case Fabrication Techniquen Considered in
Early Design Studics

GTI219 Diffuser Case Fabrication Techniquus Considered
in Early Design Studies

571219 Main Combustion Chamber Sectlion

STI'219 Main Combustion Chamber Scction ~ Detailed
Section of Scoop with Film-Cooled Louvera

Seals Studied for Unme in STIF219 Annular Combustion
Chamber

STF219 Estimated Pressure Through Combustion Chamber -
Sea Level Take-off

STF219 Estimated Preesures Through Combustion Chamber -

Altitude Cruise

PAGE 1O xix

CONPIDENTAL

CONMIDUINTIAL PWA-2600




[,

. CONRIDENTIAL
PRATY & WHITNEY AIRCRAFT

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A (Cont'd)

Figure
No.

2A-66 5TF219 Estimated Combustion Chamber Mach Numbers and
Flow Areas

2A-67 STF219 Turbine Flowpath

2A-68 Turbine Mean Line Aerodynamics at 1900°F Cruise
Condition

2A-69 STF219 Turbine Blade Cooling Scheme

2A-70 STF219 Turbine Blade Cooling Scheme Evolved from J58
Engine Fxperience

2A-71 STF219 Firat Stage Vane Attachment and Cooling Scheme

2A-72 STIF216 First Stage Blade and Disk Coupled Vibrations Mode

2A-13 STF219 Second Stage Disk Blade Coupled Frequencies

2A-74 STF219 Third Stage Disk Blade Coupled Frequencies

2A-T5 Burner Temperature Profiles Vs Average Radial Profile
ZA~T6 Vane Design - Initial (2000°¥) Rating
2A-77 Spanwise Gradient for the Initial Engine

2A-78 Growth Capability for the Initial Engine
2A-Ty Vane Design - Basic (2300°F) Rating
2A-80 Spanwige Gradient for the Basic Rating
2A-81 Growth Capability for the B..gic Rating
2A~32 Alternate Basic Rating Engine Vane Design

2A-83 Spanwise Gradient for the Alternate Vane
2A-84 Basic Rating Capability for the Alternate Vane
2A-85 Biade Design for the Initial Rating

2A-86 Basic Rating Engine Blade Design

2A-87 Spanwise Gradient First STG Blade - Initial Rating

2A-88 Growth Capability of the Initial Rating Configuration -
Firet Stage Blade

2A-89 Alternate Initial Rating Engine Blade Design = lst Stage

2A-90 Spanwise Gradient for the Initial Rating Engine - First
Stage Blade

2A-91 Growth Capability for the Initial Rating Engine - First
Stags Blade

2A-92 Spanwige Gradient for the Basic Raling - First Stage Blade

2A-93 Chordwise Gradient for the Basic Rating - F'irst Stage Blade
2A-94 Transient Therinal Gradients on the Turbine Development
Engine

pane Ho, XX

GO ALRE k0§ TIA R BRra
e vhree seves 4 Teamy
[T T

CONPFIDRFITIAL

PWA-2600

B b — Y '%WMM&MWHWW '

. u‘ﬁ;‘!ﬂ%rs'.@ﬁﬂﬂmllllﬁkm'lmiM’i’a\ R Sl

M e

e e

R

T

a

E

i\,: R ;

e




[y . ey s

wrnere oy

CONFIDENTIAL

PRAYT & WHITNEY AIRCRAFT

Figure
No.

2A-95
2A-96
2A-97
2A-98
2A-99
2A-100
2A-101
2A-102
2A-103
2A-104
2A-105
2A-106

2A-107
2A-108
2A-109
ZA-110
2A-111
2A-112
2A-113
2A-114
2A~115
2A-116

2A-117
2A-118
2A-119

2A-120
2A-121
2A-122
24-123
2A-124
2A-125
2A-126
24-127

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A {Cont'd)

This page intentionally blank

This page intentionally blank

Comparison of Radial Temperature Profiles

First Blade Stress Distribution ~ Initial Rating

Second Blade Stress Distribution - Initial Rating

Third Blade Stress Distribution - Initial Rating

First Stage Vane Stress Distribution - Initial Rating

Second Stage Vane Stress Distribution - Initial Rating

Third Stage Vane Stress Distributicn - Initial Rating

Super Alloy Relaxation Curve

Goodman Diagram, Typical Turbine Blade Muocerial

Goodman Diagram, Unnotched U-700, Showing Teinpcrature
Dependence

Midspan Centrifugal Stress

Comparison of Creep Strength Temperature Margin

Trailing Edge Bow Predictions and Test Values

Weight Loss Plot for Coated B-~1900 Erosion Test

Temperature Dependence of Rate of Erosion

Erosicn Limits for Coated Turbine Materials

First Stage Turbine Bladed-Disk Frequency

Turbine Blade Vibratory Stress

Stress Levels JT3C Shrouded and Unshrouded Blades

Transient Temperatures on Convectively Cooled Blades
Showing Predicted and Actual Valucs

First Stage Turbine Blade Strain Range

First Stage Turbine Vane Strain Range

Engine Substantiation of Fatigue Strength of Turbine Blade
Alloys

First Stage Blade Tip Section

First Stage Vane Tip Section

First Turbine Vane Geometry - Initial (2000°F) Rating

First Tarbine Vane Spanwise Temperature Distribution

First Turbine Vane Spanwise Ternperature Distribution

First Turbine Vane Midspan Local Metal Temperature

First Vane Typical Transient Response

First Turbine, Three Cavity Blade Section - Initial
(2000°F) Design

paoe no. KX

COWNRAATAD AT B LU SREfvie
LAZLABEPUD AFIER 18 veuws

CONFIDENTIAL.

PWA-2600

ol

AT )




PRATT & WHITNEY AIRCRAFT

Figure
No.

2A-128
2A-129
2A-130
2A-131

2A-132
2A-133
2A-134
2A=135

2A-136
2A-137
2A-138
2A-139
2A-140
2A-141
2A-142
2A-143
2A-144
2A-145
2A-146
2A-147
2A-148
2A-149
2A=150
2A-151
2A=-152

¢A=153
2A-154
2A-155
2A-~156
2A-157

CONPFIDENTIAL

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A (Cont'd)

First Turbine, Three Cavity Blade Spanwise Temperature
Distribution

First Turbine, Three Cavity Blade Spanwise Temperature
Distribution

First Turbine, Three Cavity Blade Spanwise Temperature
Distribution

Convectively Cooled First Turbine Blade - Transient
Response

Eleven Hole Blade Midspan Cross Section

0. 020 Sawtooth Blade

0. 030 Sawtooth Blade

Typical Cycling Test Data - High Temp. Turbine Develop-
ment Test Engine

Instrumented Blade

Eleven Hole Blade Test Data

0. 020 Sawtooth Blade Test Data

0.030 Sawtooth Blade Test Data

Convectively Cooled ‘3lades Life Limits

Mar M200 Stress Rupture Data

Creep Limit Temperature Margin, First Stage Vane

Creep Limit Temperature Margin, First Stage Blade

Creep Limit Temperature Margin, Second Stage Vane

Creep Limit Temperature Margin, Second Stage Blade

Creep Limit Temperature Margin, Third Stage Vane

Creep Limit Temperature Margin, Third Stapge Blad:

Transient Response First Stage Vane, 2300°F TIT

This page intentionally blank

Transient Response First Stage Blade, 2300°F TIT

Strain S-N Curve for Turbine Super Alloys

Runout Fatigue Strengths of Notched and Smooth Turbine
Materials

JT4 Vibration Surveys

First Stage Basic Engine Vane Geometry

Average Vane Temperature

Local Metal Temperature {75% Span)

First Stage Vane Transient Temperature, 2300°F TIT-SLTO

paGE b XX11

PUARORATER AT § viam SeowvaLy
BrcLaseswD APTER 13 Tramw
[ Y

CONFIDENTIAL

PWA-2600

=
=
H
z
3
)

it o s bl e




A

bstbng|

PHAYTY & AUYIEE ¥+ AIRCRAFRT

Figure
Nao,

LA 1RH
LA=IDY
ZA-140
LA-106]

AN=1062
dA=103
AA=164
LA=164

LA=100
LA=167
AA-LGY
LA=109

AA=1T70
AT
LA=1T2
AA=173

AA=1T74
2A-175
AA=116
LA-1T6A
LAY

LA=1TH
AA-11Y

SA-THD
LA=1N)
SA-HY

CONPIDENTIAL

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A (Cont'd)

Firat Stage Basic Engine Vane Geometry

Average Vane Temperature

local Metnl Temperutures (75% Span) - MN 2.7

Vane Tempearature Response - Transient Accell., SLTO -
23001 Rating

FFirst Stage Blade Geometry ~ 2300° I Rating

Averaga Blade Tamparaturee - I['irast Stage Blade

Laeal Dlade Temperatures (50% Span) - First Stage Blade

Dlade Temperature Response Transient Accell, S5LTO -
2390 I

Second lurbine Vane Geometry - 2300° I Rating

Avarajje Second Stage Vane Temporatures

Hncond Stage Vane Maximum Metal Temperature

Typical Traneient Gradients, Second Stage Vane - Accell.
5LTO - 2300° I

Vane Denign, Impingament Cooled Leading Edge and Con-
vactively Couoled Trailing Zdge

Vane Deoign, Radial Hole Convectively Cooled Leading
Edye and Convectively Cooled Trailing Edge

Vane Deslgn, Showarhead Leading Edge and Film Cooled
I'railing Edge

Vana Design, Detached Leading Edge and FFilm Cooled
Tiatling Ddye

Vanae Dewign, Filin Cooled Trailing Edge

Typical Thermocoupled Vane

21 D=20 Pivet ‘l'urbine Vane Metlal Temperature

Pudental T, E, Vano Data - 2300"F Gas Temp

Showerhead Vane Metn]l Temperature Vg Chord - 2300° 1"
Ciaw Tamp

I"tlm Cuoled Alrfoll Test Results

I'ilin Cuoled Airfull Test Results, Vane Trailing Edge
Film Gooling

IFlat I*late Test Rig - Schematic

Comparison of Matal Tempaeratures Baai. IFilm Cooling Rig

1ileyy Cuonlad Rlarda, 008 Diametar Holed

“ilin Cunled Nilade, , 013 Dinmeter lHoles, 30°

panr o AN

CONFIDENTIAL

PWA-2600




CONP.ODRNTIAL

ORATT & WHITNEY AIRCRAFT

Figure
No.

2A-184
2A-185
2A-186

2A-187
2A-188
2A-189

2A-190
2A-191
2A-192
2A-193
2A-194
2A-195
2A-196
2A-197
2A-198
2A-199
2A-200
2A-201
2A-202
2A-203
2A-204
2A-205
2A-206
2.A-207
2A-208
2A-209
2A-210
2A=-211
2A-212
2A-213
2A-214
2A-215
2A-216

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A {Cont'd)

Film Cooled Blade, .013 Diameter Holes, 90°

Film Coocled Blade, .030 Diameter Holes, 30°

JT4 Turbine Inlet Temperature Variation ~ High
Temperature Development Engine

Convectively Cooled Turbine Blade Test Results - High
Temp Development Engine

Film Cooled Turbine Blade Test Results - High Temp
Development Engine .

Film Cooled Blade Test Results - High Temp Development
Engine

Turbine Exhaust Section

Duct Heater Diffuser Schematic

Duct Heater Access Panel

Duct Heater Schematic

Fuel-Air Ratio Vs, Power Lever Angle

Balanced Flap System Schematic

Secondary Air to Primary Nozzle Schematic

Bellerank Flap Synchronization Schematic

Hinged Flap Seal Arrangement Looking Ferward

Sixteen Sided Nozzle Flap Arrangement Looking Forward

Duct Hleater Nozzle Linkapge Longitudinal Section

Duct Heater Nozzle Assembly Looking Forward

Octagonal Ejector For Boeing

Octagonal Ejector-Translating Shroud

Cascade Ejector-Translating Shroud

Rack and Pinion Details-Translating Shroud

Actuation System Details- Translating Shroud

Model of Translating Cascade - Cruise Position

Model of Translating Cascade - Loiter Position

Model of Translating Cascade - Reverse Position

Model of Translating Cascade - Reverse Position

Assembly of Major Components

Stiff Bearing - First Mode -~ 124% of Rotor Speed

Stiff Bearing - First Mode - 120% of Rotor Speed

Number 3 Bearing Compartment

Compartment Air Cooling - Number 3 Bearing

Compartment Oil Flow - Number 3 Bearing

PAGE NO. XX1V

DOWMBRADHS AT ¥ YEAR werEmVALe
DACLAMAEE AFTER 19 vramg
LR T

CONFIDENTIAL

PWA-2600




Dl

"y oaen gun oan o R 05 G R pow  feny een

PRATT & WHITNEY AIRCRAFT

Figure
No.

2A-217
2A-218
2A-219
2A-220
2A.221
2A-222
2A-223
2A-224
2A-225
2A-226
2A-227
2A-228
2A-229
2A-230
2A-231
2A-232
2A-233
2A-234

ZB-1
2B-2
2B-3
2B-4
2B-5
2B-6
2B-7
2B-8
2B-9
2B-10
2B-11
2B-12
2B-13
2B-14

CONFIDENTIAL

LIST OF ILLUSTRATIONS (Cont'd)

Item 2A (Cont'd)

Number 4 Bearing Compartment

Hydrostatic Seal Schematic

Summary of Proposed Thrust Balance Systems
Secondary Flow Schematic - System E

Thrust Balance Schematic - System E

High Rotor Thrust Vs. Bias Pressure - System E
Liow Rotor Thrust Vs, Bias Pressure - Sysgiem E
High Rotor Bearing Thrust Vs. Mission Time
Low Rotor Bearing Thrust Vs. Mission Time
Fundamental Thrust Vs. Climb Characieristic
Thrust Balance and Flow Schematic ~ System A
Thrust Balance and Flow Schematic - System B
Thrust Balance and Flow Schematic - System C
Thrust Balance and Flow Schematic - System. D
Flow System Schematic « Fan Duct Diffuser Struts
Air Bleed From Diffuser Case to Outer Case
Typical Strut Connections for Lines

Typical Fuel Manifold Quadrant

Item 2B

Compressor Polytropic Efticiency Vs, Specific Flow
Compressor Preliminary Design Loading Eastirnate
Ideal Work Coefficient vs. Flow Coefficient
STJ227 Nine Stage Compressor

§TJ227 Eight Stage Compressor

Primary Combustion Chamber

Burner System Pressure Loss Estimates
Compressor Exit Velocity Profile

Compressor Exit Velocity Profile

Effect of Inlet Velocity on Outlet Temperature
Average Combustor Exit Temperature Profile
Combustor Exit Temperature Profile

Selected Combustor Air Distribution

Total Turbine Cooling Air Requirements

PaAGE NO. XXV

“n MADED 4V VEAR eTIEVALS
FICLAMISUS Arge 1t viame

CUNFIDENTIAL

PWA-2600

T T R R IR R

PR TR




PRATT & WHITNEY AIRCRAFT CONMDRBNTIAL

Figure
No.

2B-15
2B-16
2B-17
2B-18
2B-19
2B-20
2B-21
2B-22
2B-23
2B-24
2B-25
2B-26

2B-27

2B-28
2B-29
2B-30
2B-31
2B-32
2B~33
2B-34
2B-35
2B-36
2B-37
ZB-38
2B-39
2B-40
2B-41
2B-42
Z2B-43
2B-44
2B-45
2B-46
2B-47
2B-48

LIST OF ILLUSTRATIONS (Cont'd)

itern 2B (Coat'd)

First Stage Turbine Vane Heat Balance Results

First Stage Turbine Vane Configuration

Static Heat Transfer Results

First Stage Estimated Metal Temperatures

Baffle Blade Flow Characteristics

Advanced Cooling Blade Scheme (Fraenkl Surface)

Effect of Vortex Design on Turbine Efficiency

Afterburner Cold Flow Pressure Losses

Effect of Fuel/Air Ratio on Afterburner Efficiency

STJ227 Cross-Section Drawing

Typical Full Afterburning Turbojet Ejector

Comparison of Scale Model Blow-in Door Ejector With
Goal Values

Comparison of Scale Model Blow-in Door Ejector With
Goal Values

Effect of Primary Nozzle Spacing on Ejector Perforimance

Effect of Primary Nozzle Spacing on Ejector Performance

Effect of Reduced Tertiary Airflow

Variable Inlet GGuide Diagram

General Inlet Case Construction and Assembly

Anti-Icing Air Flow Throuygh Inlet Guide Vane

STJ227 Compressor Section Assembly

Extended Root Blade With Mechanical Damping

First Rotor Resonance Diagram

Third Rotor Resonance Djagran!

5TJ227 Rotor Stiff Bearing Mode Shape

JT11D-20 Rotor Stiff Bearing Mode Shape

Typical JT11D-20 Descent Disk Teraperatures

Typical JT11D=-20 Ascent Disk Temperatures

Effect of Thermal Gradients on LCF Life

Typical Compressor Disk Thermal Gradient (250°F AT)

Typical Compressor Disk Thermal Gradient (130°F AT)

Diffuser Case Construction

Front Combustor Section

Spark Ignitors

Second Stage Turbine Vane

FAGE NO. XXVI

CMNITLLD AT § view meriwvas
DICLAGET Y AFTEN 4 TLAe

CONFIDENTIAL.

1
PWA-2600 x
i

(e

oy
b |

.
s
oA A i s 0 v

; dlllliﬁ:lH:I'IUWJhﬂKéull




e e

|——

| o
e BN s

PRATT & WHITNEY AIRCRAFT

Figure

No,

2B-49
2B-50
2B-51
2B-52
2B-53
2B-54
2B-55
2B-56
2B-57
2B-58
2B-59
2B-60
2B-61
2R-62
2B-63
2B-64
2B-65
2B-69
2B-67
2R-68
2B-69
ZB-170
2B-71
2B-72
2B-73
2B-74
2B-75
2B-76
2B-77

2B-78
2B-79

2B-80
2B-81

CONFIDENTIAL

LIST OF ILLUSTRATIONS (Cont'd}

Item 2B (Cont'd)

First Stage Blade and Disk Cooling Passages

First Stage Blade Cooling Scheme

PWA-2600

JT11w-20 First Stage Blade Airfoil Stress vs. Damper Force

8TJ227 First Stage Bladed-Disk Coupled Mode

Turbine Exhaust Section
Turbine Exit Guide Vane Outer Attachment

Turbine Exit Guide Vane Attachment to Inner Case

Nuriber 1 Bearing Compartment Seal
Number 2 Bearing Compartment Seal
Number 3 Bearing Compartment Seal
Bearing Compartments

Hydrostatic Seal Arrangement
Primary Nozzle Actuation System
STJ227 Afterburner Systen

Flap Load Calculation

Octagonal Blow-In Door Ejector-Reverser
Cross Section Through Reverser
Ejector Actuation System

Reverser Targeting Patterns
Exhaust Nozzle Configurations
Exhaust Nozzle Hydraulic Analogy
Sliding Bracket Assembly

Fixed Bracket Assembly

Hydraulic System

Bosgs-~to- Adapter Joint

Integral Ferrule Joint With Sealing Gasket
Afterburner Fuel System

Main Fuel System

Metallic Static Seal for Joints Subject to Moderate

Thermal Shock

Metallic Static Seal for Joints Subject to High

Thermal Shock

STJ227 Fuel, Hydraulic, and Lubrication
System Schematic

Bellows Expansion Joint

Tube Support Clamp Stand-Off

pace no. XXVii

CONPIDENTIAL

wlybbiin




ﬁ.’"
iad [

PRATT & WHITNEY AIRCRAFT CONITIDENTIAL PWA-2600

LIST OF ILLUSTRATIONS (Cont'd)

Item 2B (Cont'd) T

Figure
No.

2B-82 STJ227 Main Gearbox

£B-83 Power Lever Operation

2B-84 Main Burner Fuel Schedule

2B-85 Afterburner Fuel Schedule

2B-86 Main Fuel Pump Flow Passages

2B-87 Main Fuel Control )

2B-88 Afterburner Fuel Control and Pump : ‘
2B-89 Hydraulic Pump Characteristics

2B-90 STJ227L Engine Installation

(Lockheed) R ;
2B-91  STJ227B Engine Installation i |
{Boeing) - |
2B-92 Lockheed Engine Mounting System i
2B-93 Boeing Engine Mounting System |
2B-94 Engine Mounting System |
(Lockheed) 1 i
2B-95 Engine Mounting System
{Boeing)
2B-96 Overhung Front Mount System i i
(Boeing) 2
2B-97 STJ227 Bleed System Requirements %
2B-98 Airirame Bleed Flow Requirements ' a
2B-99 Engine Blced Flow Requirements ®
2B-100 Typical Forces Acting on a ;%
Turbojet Rotor ; %

2B-101 Load Action on a Bearing

2B-102 STJ227 Flow Schematic for Engine Thrust Balance
and Cooling

2B-103 STJ227 Oil Flows

2B-104 Characteristic Heat Flux Trends

2B-105 Heat Transfer Calculations

2B-106  Metal Temperature Heat Transfer Results

2B-107 STJ227 Weight Breakdown

2B-108 Specific Installation Weight

PAGE NC. X VI

CIWHBRIOIT AT 3 TIAR TEEVALR
CATLANBIRY AFTER 18 -eanp
o600 br Smom

COHRFIDENTIAL




[

N $ JEETE v

N
iy ?‘-lq

CONFIDENTIAL PWA-2600

PRATT & WHITNEY AIFCRAFT

LIST OF ILLUSTR. TIONS (Cont'd)

Item 3

3-1 Two-Stage Fan Design Specifications

3-2 Design Layout of Two-5Stage Fan Rig

3-3 Detail of Single-Stage Fan Rotor Assembly with Welded
Mid-Span Shrouds (Phase II-A)

3-4 Rubber Model of Typical Shrouded Compressor Rotor
Operating in Severe Resonance

3-5 Test of Rubber Model of Compressor Rotor Incorporating
Segmented Shroud

3-6 Detail of Single-Stage Fan Rotor Assembly with Paired-
Welded Mid-Span Shrouds (Phase II-~B)

3-7 Performance Comparison of Third and Fourth Builds of the
Multistage Compressor

3-8 Performance Comparison of Fourth and Fifth Builds of the

Multistage Compressors

Item 4

4-1 Sketch of Annular Burner Configuration

4-2 Two-Dimensional Annular Segmental Burner Rig Assembly

4-3 SST Two-Dimensional Annular Burner Rig

4-4 Large-Scale Full-Annular Burner Rig Mounted in Test Stand

4-5 Large-5cale Full-Annular Burner Rig with Exit Duct
Removed

4-6 Large-Scale Full-Annular Burner Rig

4-7 Schematic of Large~Scale Full-Annular Burner Rig

4-8 Typical Burner for Ram Induction 72° Straight Sector
Burner Rig

4=9 72~Degree Straight Sector Test Rig Mounted in Test Stand
4-10 Minimum Lighting Curve for the 2-D Burner

4~11 Partial Annular Burner Schematic

4-12 Partial Annular Burner

4-13 Cross~Section of Hot-Cone Burner

4-14 Location of Inlet Tripe on Full-Annular Buruner Rig

4-15 Diffuser inlet Pressure Profile on Full-Annular Burner Rig
4-16 Effect of Inlet Profile on A TVR

4-17 Variation of Burner Exit Temperature Profile with

Temperature Profile with Temperature Risge

PACGE NO, XXIX

COMEIDENTIAL




CONPFIDENTIAL PWA-2600

SRATT & WHITNEY AIRCRAFPT

W

LIST OF ILLUSTRATIONS (Cont'd)

M

z
Item 4 %
Figure £
No. 4 1
3 {
4-18 Effect of Inlet Pressure Profile on Buiner Exit Temperature g
Profile af;
4-19 Full-Annular Burner Rig Igniter Location ) §
4-20 Rich and Lean Operating Limite -
4-21 Minimum Lighting Curve - JP-5 Fuel g
4-22 Model 2-1 Ram Induction Burner 5
4-25 Burner Outlet Temperature Distribution of the Model 2-7 =
RPM Induction Burner 2
4-24 Temperature Profile of the Mordel 2-7 Ram Iladuction Burner »
4-25 Burner Outlet Termperature Diagtribution of the Model 2~7 3 :
Ram Induction Burner ; !
4-26 Temperature Profile of the Model 2-7 Ram Induction Burner : § }
4-27 Burner Outlet Temperature D stribution of the Model 2-7 ’ § |
Ram Induction Burner ‘ f
4-28 Temperature Profile of the Model 2-7 Ram Induction Burner A
4-29 Percent of Average Velocity Head at Burner Diffuser Inlet [ E
Versvs Distance from 1. D, Wall : %
4-30 Effect of Inlet Velocity Profile on Outlet Temperature { i
Profile of Model 2~7 Buruer e Do
4-31 Model 3-1 Ram Induction Burnar |
4-32 Model 3-2 Ram Induction Burner =
4-33 Test Stand for Model 4 120-Degree Segment Ram Induction 4
Burner - i
4-34 Model 4 120-Degree Segment Ram Induciion Burner %
4-35 Model 4 120-Degree Segment Ram Induction Burner g
Item 5

5«1 Overall View of Basic IFlow Rig Test Installation

52 Schematic Diagram of Basic I low Rig

5-3 Basic Flow Rig -~ Test Flate Holder and Test Plate

5.4 Film Cooled Plates Tested in Basic Flow Rig

5.5 Cooling Effectiveness Test Resultsa Obtained in Basic Flow
Rig Using Wooden Plate -« Low Temp.

PAGE NO. KXK

CONFIDENTIAL




PRATT 4 WINTNEY AIRCRAFT CONFIDENTIAL PWA-2600

LIST OF ILLUSTRATIONS (Cont'd)

Item 5 (Cont'd)

Figure
No.
i 5+0 Comparison of Measured Temperature Distribution with
Analytically Predicted Data = High Temp,
57 Motal Temperatures Measured in Typical Tent with Film i
i Cooled Plate ~ Uncorrected for Radiation Effects
‘ 5.8 Cooling Effectiveness Data for Plate #3 :
| 5-9 Cooling Effectiveness Data for Plate #4 :
} l 5-10 Cooling Effectiveneaa Data for Plate #6
| 5«11 Overall View of Iigh Pressure Cascade Rig Teal
| Inetallation
’ l -12 Schematic Diagram of Heat Transfer Cascade Rigy
5-13 Instrumented Pressure Distribution Vane #1 Used for :
- Meaguring Airfoil Pressure Profiles in ligh Pressure
| ‘ Cascade Rig }
5-14 Presaure Diatribution Vane #2 Usad for Measuring Airfoil !
Profilca in Iligh Pregsure Cascade Riy g
5-15 Instrumented Showerhead Veno After Testing In High Pres-

sure Cascade Rig at 30, 4%, 175 psia, and 2300° " Ninin
Gas Streamm Conditions
5-16 Schematic of Showerhead Vane
Instrumentead TD Nickel Vane Tested in Illgh Pressure
Cascade Rig

| 5-14 Schematic of TD Nickel Vane Tested in High Pressure
. Cascade Rig
' 5-19 Instrumanted Wafer #1 Vane Testod in HNigh Pressura
Cuascade Riy :
5-20 Front and Rear Views of Segments Used in Assembly of ;
Wafer /]
5-21 Instrumented Pedestal Trailing Edge Vane Tested in Iigh

Preoasure Cascade Rig ut 30, 45, 175 paia, 2300°F
Gastream Conditions

5 5-22 Schematic of Pedeslal Trailing Edge Vane
' 5-23 Wafer #2 Vane Tested in High Pressure Cascade Rig at
45 pria, 2300°F Gaastream Condltions
524 Front and Rear Views of Sogments used in Wafer Vane ##2
5-25 Plerced Sheet Leading IEdge Vane l'ensted in [High Pressure

Cancade Rig at 30, 45 Psia, 2300°FF Ganatream Conditions

FAGE Hu KKK

GCONFIDENTIAL

ieeee ) o b1




CONPIDONTIAL

PRATT &4 WIHITNEY AMRCRAFT

Figure
No.

5-32

5-33

LIST OF ILLUSTRATICNS (Conl'd)

Itern 5 (Cont'd)

Schamaltic of Pierced Sheet Vane Tusled in High Pressures
Cascade Rig

Segments Used in Assembly of Wafler Vane #3

Segments Used In Assembly of Wafer Vane #4

Pressure P'rofile Data Derived from Tests

Metal Temperatures Measuved on Showerhead Vane in FHigh
Pressure Cascade Rig. Main Gastream Temp 2300°F

Metal Temperatures Measured on Pedestal Trailing Kdge
Vane in MHigh Pressure Cascade Rig, Main Strevm Temp.
2300°F - All Cascs

Metal Temperatures Measured on Wafer #1 Vane in High
Pressure Cascade Rig. Main Stream Temp. 2300°F -
All Cases

Metal Temperatures Measured on Wafer #2 Vane in High
Pressurc Cascade Rig, Mainstream Temp, 2300"1 -
All Canes

Metal Temperatures Measured on Wafer Vane #3. Main-
siream Termp, 2300

Metal Temperaturea Measured on Waler #4. Mainstream
Temp. 2300"F

Metal Temperatures Meanured on Wafer fd4. Mainstream
Temp, 2300"F

Metal Temperatures Mcasured on Wafev 4. Mainstream
Temp, 2300°F

Front View of Chioked Cascade -~ Thermal Shegk Riy

Schoematic Diagram of Choked Cascade Thermal Shock Rig

Side View of Tesat Inmtallation for High Temp. Turbine
Devolopment Engine Showing Heatcd Inlet

Schernatic Diagram of High Temp. Turbine Development
Fngine Inatallation

i T1Z Engine Used 1o Supply llade and Yane Cooling Air to
High Temp Turbine Development Test Engine

Overall View of High Temp. Turbine Development Engine
Test Installation

Filin Coolad ‘T'urbine Blade with Three Rows of , 013"
Diameter Floles at 90° to L. E.
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Film Cooled Turbine Blade with Three Rows of . 013"
Diameter Holes at 30° to L. E.

Film Cooled Turbine Blade with Three Rows of . 008
Diameter Hole at 90° to L. E,

Film Coocled Turhine Blade with Five Rows of . 008 Diameter
Holes at 90° to L. E.

Film Cooled Turbine Blade with Five Rows of . 008 Diamet=r
Holes at 30° to L. E.

Film Cooled Turbine Blade with Single Row of . 030 Diameter
Holes at 30° to L. E,

Film Cooled Turbine Blade with Three Rows of , 030
Diameter FHole at 30° to L. E.

Cutaway Sections of Convectively-Cooled Blades Showing
Configuration of Cooling Passages Showing Left to Right -
. 020 Sawtooth Blades, .030" Sawtooth Blade, Ribbed Core
Blade, and Eleven Hole Blade

Instrumented Turbine Varz with Shielded Thermocouples
Installed on Leading Edge

Instrumented Turbine Vane with Mid Chord Leading and
Trailing Edge Thermocouples for Measuring Metal Temp.

Typical Temperature Readings Recorded on Convectively
Cooled Sawtooth Blade During Cyclic Endurance Test

Typical Temperature Readings Recorded on Film Cooled
Blade During Cyclic Endurance Test
Steady State Enduirance Test at 2300°F Turbine Inlet
‘Temperaturs and 1200°F Cooling Air Temperature

PWA 663 R.pbed Core Blade with Stress Rupture Cracks
Following 150 Hours of Steady State Endurance Testing
at 2300°F T.L T.

Cascade Rig Used for Vane Performance Testing

Close Up View of Vane Cascade Test Section

Sckematic Diagram of Film Cooled Vane Performance
Cascade Rig

Basic Vane Used for Evaluating Performance of Film Cooled
Vanes

Front View of Vane Pack Showin
Air Slots

g Pressure Surface Cooling
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Rear View of Vane Pack Showing Pressure Surface Cooling
Air Slots
Cross-Section of Vanes with Leading Edge Holes Only Open
Used in Vane Performance Tests
Schematic of Film Cooled Turbine Blade Performance Rig
Installation
Schematic of Turbine Performance Rig Test Section Showing
Path of Main Gastream, Cooling and Leakage Air
Schematic of Turbine Performance Rig Instrumentation
Overall View of Turbine Blade Performance Rig
Cross-Section of Initial Blades Tested During Phase II-B
Performance Tests
Typical Blade with Leading Edge Slots and Holes Near
Trailing Edge on Suction Surface Tested in Performance
Rig. Holes on Pressure Surface Near T.E. are Plugged
Typical Blade with Holes Near Trailing Edge on Suction
Surface Tested in Performance Rig. Holes on Pressure
Surface Near T.E. are Plugged
Typical Blade with Holes Near Trailing Edge on Pressure
Surface Tested in Performance Rig. Holes on Suction
Surface Near T, E, are Plugged
Typical Blade with Leading Edge Slots only Open Tested in
Periormance Rig. Holes on Both Sides Near T.E. are
Plugged
Crose-Section of Blade with Suction and Pressure Surface
Slots at Leading and Trailing Edge
Typical Blade with Suction and Pressure Surface Slots at
weading and Trailing Edges
Change in Turbine Efficiency Due to Leakage Only
Change in Turbine Efficiency with Various Blade Cooling
Schemes as a Function of Cooling Flow
Iiffect of Cooling Hole Area on Cooling Air Flow and Pressure
Creep Machine Used For Cyclic Stress Rupti e Tests
Cyclic Stress Rupture Specimen
Cyclic Stress Rupture Data on PWA 663, PWA 659, and
PWA 657 Alloys
Low Cycle Fatigue Specimen
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Inutalled in Toel Rig

Behamutic Dlagram of Cross Jut Flumeholdor Installed in
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Combustion Efficiency Obtained with the Addition of
Secondary Fuel in Region of Primary System and Uniform
Flameholder Coverage

Effect of Fuel Mixing Length on Combustion Efficiency

Effect of Splash Plate Gap Width on Combustion Efficiency

Effect of Combustion Chamber Length on Combustion
Efficiency

Effect of Bleed Flow Varied by Changing the Pressure Ratio
on Combustion Efficiency

Effect of Bleed Flow Varied by Changing Hole Size on
Combustion Efficiency

Single-Bar Jet Flameholder Perpendicular to Conventional
Vee Gutter

Perfor' ance of Single-Bar Jet Flameholder with and without
Perpendicular Vee Gutter

Porous Cooling Liner Ccounstructed of 0, 120, and 230 SCFM
N=-155 Material and Installed in 12-Inch by 16~-Inch Rig

Combuastion System Used for Testing Porous Cooling Liner

Water Table Used to Determine Jet Flameholder Flow

Water Table Stream Lines Around Flameholders

Effect of Trailing Edge Geometry on Combustion Efficiency

Model E Ram Induction Duct Burner

Blow-Qut Characteristics of Model E Ram Induction Duct
Burner

Effect of Mach Number on Biow-Out Characteristics of
Model E Ram Induction Duct Burner

Model D Ram Induction Duct Burner

Blow-Out Characteristics of Model D Ram Induction Duct
Burner

Combustion Efficiency of Ram Induction Duct Burners

Crose-Tet Flameholder Tested in Full-Scale Duct Heater Rig

Full-Scale Duct Heater Rig Test Results with Primary Fuel
Injection

Fyli-Scale Duct Heater Rig Test Results with Frimary and
Secondary Fuel Injection

Cold Pressure Loss of Full-Scale Duct Heater Rig

Effect of Bleed Flow on Efficiency of Full-Scale Duct Heater
Rig
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Duct Heater Test Results Cbtained with Full-Scale and
Small-Scale Rigs

Full-Scale Duct Heater Rig

Full-Scale Duct Heater Rig Inlet Diffuser Assembly

Full-Scale Duct Heater Rig Showing Jet Flameholder

Jet Flameholder and Spray Rings in Full-Scale Duct Heater

Rig
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STF-219 Engine Operating Conditions Ueced for Exhaust
Nozzle Models

Co-Annular Blow-In-Doo.r Ejector

Effect of Internal Shroud Geometry at Supersonic Cruise

Effect of Internal Shroud Geometry at Sea Level Static with
Maximum Duct Heat

Typical Effects cf Shroud Spacing Ratio for Subsonic Conditions

Effect of Internal Shrond Geometry at Subsonic Cruise
{(Mach 0. 9)

Effect of Blocking Two of Twelve Blow-Ia-Docrs

Effect of Internal Shroud Geometry at Transonic Acceleration
{Mach 1. 2)

Scale Model STF219 Blow-In-Door Ejector Performance

Schematic Thrust Reverser

Thrust Reverser Blow-In-Door Blockage

Effect of Blow~In~-Door Blockage

Effect of Reverser Bleed Flow

Typical Effect of Flight Mach Number with Four Doors
Blocked

Typical Effect of Flight Mach Number with Five Doors
Blocked

Influence of Trailing Edge Flap Position on Mach Number
with Spoiled Flow

Effect of Trailing Edge Flap Position ox: Mach Number for
20% and 30% Bleed

Simulated Free Flap Nozzle Performance
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8~1 Airplane Engine Noise Power (Watts) Generated at Maximum
Static Thrust

3.2 Lockheed Two-Dimensional Inlet

8-3 Boeing Axisymmetric Inlet with Partially Expanded Center-
body

8-4 Results of Noise Tests

§-5 Effect of Duct ¥low Mach Number on Inlet Noise for
Axisymmetric Ducts

8-6 Inlet Noise and Throat Mach Number as a Functior of Duct
Airflow

8~7 Effect of Duct Flow Mach Number on Inlet Noise for Two-
Dimensional Inlets .

8-8 Effect of Feltmetal Acoustic Lining Length on Inlet Noise
Reduction

8-9 Effect of Inlet Duct Airflow Mach Number on the Acoustic
Effectiveness of Feltmetal Duct Lining

8-10 Comparison of Inlet Noise Spectra for Feltmetal Liners and
Solid-Walled Liners

8-11 Noise Attenuation vs. Frequency for a Feltmetal Lined Inlet
Duct

-12 Reverberation Chamber Test Facility

8-13 Fan Discharge Duct Model for Testing Sound Absorption
Materials

5-14 Specifications for Noise Attenuation Treatments Tested in
Fan Discharge Duct Model

8-15 Insertion Loss with Fan Duct Treatments A, Band C

8-16 Insertion Joss with Fan Duct Treatments C, Dand E

8-17 Overall Diagram of Anechoic Chamber Test Facility

8-18 Blow-In-Door Ejector Nozzle Models for Noise Tests without
Duct Heating

8-19 Blow-In=-Door Ejector Nozzle Models for Noise Tests with
Duct Heating

8-20 Scalloped Primary Nozzle

8-21 Scalloped Primary Neozzle and Duct Nozzle Assembly

8-22 Tantalum Alloy Turbejet Nozzle Mcdel

8-23 Turbojet Nozzle Model with Water-Cooled Jacket Simulating
Blow=In Doours

8-24 Turbojet Nozzle with Model of Ejector Used cn YF-12A

Aircraft
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Test Stand Installation of Turbojet Nozzle with Model of
Ejector Used on YF=12A Aircraft

Test Stand Installation of Turbojet Nozzle with Ejector
Geometrically Similar to STF219 But Scaled to the Turbo-
Jet Model

Water-Cooled Channel Ejectors

STF219 Tantalum-Alloy Primary Nozzle Model

STF219 Tantalum-Alloy Duct Nozzle Model

STF219 Nozzle Model with Water Jacket Simulating Blow-In
Doors

STF219 Nozzle Model Assembly with Ejector

Model Turbofan Nozzle Noise Test Results without Duct
Heating for Configurations (1, 6, 0) and (1, 6, 1)

Model Turbofan Nozzle Noise Test Results without Duct
Heating for Configurations (1, 6, 1), (1, 6, 3) and (1, 6, 4)

Model Turbofan Nozzle Noise Test Results without Duct
Heating for Configurations (1, 6, 1), {1, 6, 5) and (1, 6, 6)

Model Turbofan Nozzle Noise Test Results without Duct
Heating for Configurations (3, 5, 0) and (3, 5, 1)

Model Turbofan Nozzle Noise Test Results without Duct
Heating for Configurations (1, 6, 0) and (3, 5, 0)

Model Turbofan Nozzle Noiser Test Results without Duct
Heating for Configurations {1, 6, 1) and (3, 5, 1}

Model Turbojet Nozzle Noise Test Results for Configurations
(8, 0, 0), (8, 0, 7) and (8, 0, 8)

Model Turbofan Nozzle Noise Test Resuits with Duct Heating
for Configurations (2, 3, 0) and (2, 3, 1)

Model Turbofan Nozzle Noise Test Resulis with Duct Heating
for Configurations ( 2, 3,0}, (2, 3,3} and (2, 3, 4)

Model Turbofan Nozzle Noise Test Results with Duct Heating
for Configurations ( 2, 3, 1), (2, 3, 3) and ( 2, 3, 4)

J 57 Afterburning Engine Used for Baseline Tests

Results of J57 Afterburning Engine Noise Tests; Baseline
Versus Predicted Noise Levels

Full-Scale J57 Aficrburning Engine wiih Basic S TF215-
Type Blow-In-Door Ejector

Results of Full-Scale Blow-In-Door Ejector Noise Tests;
Bagic STF219-Type Ejector
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Shroud =
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Air-Scoops in Ejector Shroud §
8-48 Full-Scale Blow-In-Door Ejector with Mixers Fully Extendet -
8-49 Results of Full-Scale Blow-In-Door Ejector Noise Tests;
Fjector with Mixers Extended i ‘
8-50 Full-Scale Blow-In-Door Ejector Relocated Eight Inches » 7
Forward ‘
8-51 Results of Full-Scale Blow-In-Door Ejector Noise Tests; ! :
Ejector Relocated Eight Inches Forward { |
8-52 Results of Full-Scale Blow-In-Door Ejector Noise Tests; |
Ejector Relocated Five Inches Forward I o
8-53 Results of Full-Scale Blow-In-Door Ejector NoiseTests; |
Ejector with One-Half Blockage or Blow-In-Door Area ‘(
8-54 Full-Scale Blow-In-Door Ejector with One-Quarter Blockage I L
' of Blow-In-Door Area g ﬁ
8-55 Results of Full-Scale Blow-In-Door Ejector Noise Tests; =
Ejector with One-Quarter Blockage of Blow-In-Door Area I ;
8-56 J57-P-55 Engine Performance Parameters
8-57 Full-Scale Blow-In-Door Ejector Noise Tests; Typical :
Exhaust Noise Spectra at Maximum A/B Power I P
8-58 Blow-In-Docr Airflow as a Function of Engine Thrust o
8-59 Effect of Blow=-In-Door Ejector on Near-Field Noise )
8-60 Aerial View of Bradley Field Full-Scale Engine Noise Test '
Facility
8-61 Microphone Locatione at Bradley Field Full-Scale Engine .
Noise Test Facility :
B-62 Sound Recording Console at Bradley Field Full-Scale Engine
Noise Test Facility
8-63 Automatic Sound Spectrum Anelyzer 3
8-64 Primary Acoustic Calibration Equipraent E
8-65 Suppression of Take~-Off Noise by Blow-In-Door Ejector; -
YF-12A Fly-Over Measurements ;
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8-67 Cormnpari son of 1500-Foot Sideline Noise From S3T Engines
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Weibull Distribution of Test Data From M-£0 CVM Ball
Bearing (125 MM Bore)

Weibull Distribution of Test Data From M-50 CVM Ball
Bearing (125 MM Bore)

Weibull Distribution of Test Data From M-50 CVM Ball
Bearing {178 MM Bore)
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Speed Vs, Temperature Effects with Various Cage Plaling
In Three 178 MM Bore Bearings

Speed Vs. Temperature Effecte with Various Cage Plating
In Three 178 MM Bore Bearings

Load Vs, Temperature Effects With Various Cage Plating
In Three 178 MM Bore Bearings

0Oil Flow Vs. Temperature Effects With Three 178 MM Bore
Bearings Containing Different Cage Plating Under Two
Load Conditions

Load, Speel and Oil Flow Vs. Temperature Effects With
Fatnir 125 MM Bore Bearings

Load, Speed and Oil Flow Bs. Temperature Effects With
SKF 125 MM Bore Bearings

View of 178 MM Bore M-50 CVM Ball Bearing Tested in
PWA-524 Oil at 500°F

Cage From 178 MM Bore M-50 CVM Ball Bearing Tested In
PWA-524 Oil at 500°F

Ball-Fatigue Test Rig Including (A) Lower Race, (B) Upper
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Scheme=tic of Ball- Fatigue Test Rig

Hal{~Inch Diameter M-50 CVM Material Test Balls Showing
''ypical Spall Failure Obtained in Ball-Fatigue Test Rig
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10-16 Weibull Distribution of Test Data From M-50 CVM Balls In
Humble WS-5251 Oil

10-17 Weibull Distribution of Test Data From M-50 CVM Balls In
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10-18 Weibull Distribution of Test Data From M-50 CVM Balls In
Humble 4040E O’1

10-19 Weibull Distribution of Test Data From M-50 CVM Balls In
Humble 4040 0Oil

10-20 Weibull Distribution of Test Data From M-50 CVM Balls In
Cellutherm 2712C 0Qil
10-21 Weibull Distribution of Test Data From AlSl 52100 CVM

Balls in Cellutherm 2712C Qil
10-22 Weibull Distribution of Test Data From AlSl 52100 CVM
Balls In MIL-L-~7808D (PWA 521A) Qil

10-23 Diagram of Experimental Oil Pump Featuring Roller Bearings

10-24 Oil Jet Test Configuration Showing {A) Pressure Taps (B)
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10-25 Oil Jet Test Rig Showing (A) Scale for Flow Measurement,

(B) Pressure Drop Gauge, (C) Pressure (Gauge (D) Accumu-
lator (E) Pump, (F) Motor, (G} Temperature Meter, (H)
Qil Tank, (I) Shield and (J) Oil Jet

10-26 Component Parts of Qil Seal Testing Rig Including (A) Front
Cover, (B) Rig Bearing, (C) Hub, (D) Oil Jet to Seal Plate,
{E) Dreather Manifcld, and (F) Shaft

10-27 Face Seal High- Temperature Test Rig Installation

10-28 CDJ-83 Material Carbon Run for 57.5% Hours at 40 PSI, 400°F,
and 12,500 RPM

10-29 Dry-Face Seal Plate Run for 57,5 Hours at 40 PSI, 400°*F
and 12,500 RPM

10-30 Time Va. Leakage Effects with a PO3XHT Carbon (. 2004 LIP)
and Wet~Face Plate Combination

10-31 Time Vs, Leakage Effects with a CDJ-83 Carbon (. 150 LIP)
and Wet-Face Plate Combiration

10-32 Time Vs, Leakage Effects with a PO3XHT Carbon (. 200 LIP)
and Wet-Face Plate Combination

10-33 Time Vs, Leakage Effects with a CDJ-83 Carbon (. 15¢ LIP)

and Wet-Face Piate Combination
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10- 34 Wet-Face Seal Plate Run for 45, 5 Hours at 50 PSI, 400°F
and 12,500 RPM
10 - 35 Time Vg, Leakage Effect with a CDJ-83 (, 150 LIP) Carbon
Seal and Wet-Face Seal Plate Combination at Varied
Pressures
10- 36 Wet-Faca Seal Plate Run for 89. 75 Hours at 10-50 PSI, 400°F
and 12,500 RPM.
10-37 Time Vs, Le. tage Effect with a CDJ-83 (. 150 LIP) Carbon
Seal and Wet~Face Plate Combination
1G- 38 Time Vg. Leakage Effect with a CDJ-8 (75% Uabalance)
Carbon Seal and Wet Face Plate Combination
10- 39 Time Vs, Leakage Effect with a CDJ-83 (55% Unbalance)
Carbon Seal and Wet~Face Seal Plate Combination
10-40 Wet- Face Seal Plate Run For 129 Hours at 10-50 PSI, 400°F,
and 12, 500 RPM
10-41 Time Vs, Leakage Effects with a CDJ-83 (. 250 LIP) Carbon
Seal and Wet~Face Plate Combination
10-42 Time Vs, Leakage Effects with a CDJ-83 (. 150 LIP) Carbon
Seal and Wet- Face Plate Combination
10-43 Time Vs, Leakage Effect with a CDDJ-83 (. 200 LIP) Carbon
Seal and Wet- Face Plate Combination
10-44 Radial Groove- Type Ring Seal Layout
10-45 Ring Se | Test Shaft and Details, Including (1} Seal Plate,
{2} Test Carbon Ring Seal, (3) Spacer, (4) Back-Up Plate,
and (5) Spacer
10-46 Ring Seal Test Shaft Assembled, Showing (1) Back-Up Plate,
(2) Test Carbon Ring Seal, and (3) Seal Plate
10-47 Schematic Diagram of Seal Material Evaluation Rig
10-48 Seal Material Test Rig Installation Showing (A) Hot Air Supply
Line, (B) Rig Breather Line, (C) Breather Settlement
Tank, (D) Bleed Control Valve, (E) Bearing Oil Lines, and
(F) Seal Air Temperature Probe
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10-49 Seal Material Test Rig Installation Showing (A) Front Breather -
Thermocouple, {B) Rear Breather Thermocouple, {(C) :g
Front Breather Pressure, (D) Rear Breather Pregsure, -
(E) Front Seal Oil, {(F') Rear Seal Oil, (G) Seal Air Pressure,

! gy

t and [(H) Qil Drains
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10-56
10-57
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10-60

10-61

10-62

10-63

10-64

10-65

LIST OF ILLUSTRATIONS (Cont'd)

Item 10 (Cont'd)

Ring Seal Rig Including (1) Air Heaters, (2) High »resaure
Air Lines, (3) Stand Breather Line, (4) Thermocouple
Conduit, (5) Rig Breather, (6) Drive Motors (Thvee 14 OP),
(7) Gearbox Qil Drain, (8) Two-Speed Gearboxes, (9 Rig
Drain, (10} Rig Oil Supply Manifold

Rig Test Control Stand Including (1) Air Heater, (2] Fire
Contrel, (3) Power Station tc Control Heater, (4) Lewis
Switch, (5) Potentiometer, (6) Pressure Gauges, (7) Roto-
meters, (8) Pressure Gages, {9) Heater Temperature
Controls

Air Pressure Vs, Wear Rate of a CDJ-83 Carbon- Stellite 6B
Plate Combination at 500°F

Air Pressure Vs, Wear Rate with a P-2239 Carbon- Stellite
6B Plate Combination at 500°F

Air Pressure Vs, Wear Rate of a P-2239 Carbon-Stellite 6B
Plate Combination at 1000°F

Air Pressure Vs, Wear Rate of a Speer 9341 Carbon- Stellite
6K Plate Combination at 500°F

Air Pressure Vs, Wear Rate of a Speer 93341 Carbon-Stellite
6K Plate Combination at 1000°F

Air Pressure Vs. Wear Rate of a Speer 9341 Carbon-Stellite
6B Plate Combination at 1000°F

Air Pressure Vs. Wear Rate of a { peer 9341 Carbon-Stellite
6B Plate Combination at 500°F

Air Pressure Vs, Wear Rate of a PO3XHT Carbon- Linde
LCIC Plate Combination at 1000°F

Ajr Pressure Vs. Wear Rate ¢f a PO3XHT Carbon- Linde
LCIC Plate Combination at 500*F

Air Pressure s, Wear Rate of a PO3XHT Carbon-Chrome-
Plate AMS 6223 Plate Combination at 500°F

Air Pregsure Vs. Wear Rate of a PO3XHT Carbon-Chrome-
Plated AMS 6323 Plate Combination at 1000°F

Air Pressure Vs, Wear Rate of a PO3XHT Carbon- Stellite
6B Plate Combination at 500°F

Air Pressure Vs, Wear Rate of a PO3XHT Carbon- Stellite
6B Plate Combination at 1000°F

Air Pregsure Vg, Wear Rate of a B-2936 Carbon-Sieilite 6K
Plate Combination at 500*F
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No.

10-66
10-67
10-68
10-69
10-70
10-71
10-72
10-73
10-74
10-75
10-76
10-77
10-78
10-79
10-80

10-81

LIST OF ILLUSTRATIONS (Cont'd)

Item 10 (Cont'd)

Air Pressure Vs. Wear Rate of a B-2936 and CDJ-83
Carbon-Stellite 6K Plate Combination at 1000°F

Air Pressure Vs. Wear Rate of a B-2936 and CDJ-83
Carbon-Stellite 6K Plate Combination at 500°F

Air Pressure Vs, Wear Rate of a USG 2800 Carbon-Stellite
6K Plate Combination at 500°F

Air Pressure Vs. Wear Rate of USG 2800 Carbon-Stellite 6K
Plate Combination at 1000°F

Air Pressure Vs, Wear Rate of a USG 2803 Carbon-~Stellite
6K Plate Combination at 1000°F

Air Pressure Vs. Wear Rate of USG 2803 Carbon-Stellite 6K
Plate Combination at 500°F

Air Pressure Vs. Wear Rate of a USG 2777 Carbon- Linde
LCIC Plate Combination at 500°*F

Air Pressure Vs. Wear Rate of a USG 2777 Carbon- Linde
LCIC Plate Combination at 1000°F

Air Pressure Vs, Wear Rate of a CDJ-83 Carbon-Brush
NiBe Plate Combination at 500°F

Air Pressure Vs. Wear Rate of a CDJ-83 Carbon-Brush
NiBe Plate Corabination at 1000°F

Air Pressure Vs. Wear Rate of a CDJ-83 Carbon- Brush
NiBe Plate Combination at 1000°F

Air Preggure Va, Wear Rate of o CDJ-83 Car
NiBe Plate Combination at 1200°F

Air Pressure Vs. Wear Rate of a CDJ-83 Carbon~Clevite
300 Plate Combination at 500°F

Air Pressure Vs. Wear Rate of a CDJ-83 Carbon-Clevite
300 Plate Combination at [000°*F

Air Pressure V3. Wear Rate of a CDJ-83 Carbon-Haynes
No. 25 Plate Combination at 1000°F

Air Pressure Vs, Wear Rate of a CDJ-83 Carbon-Haynes
No, 25 Plate Cornbination at 500°F
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INTRCDUCTION

The overall objectives of the program conducted under contract
FA-55-65-18 were to continue: the design of the STF 219 duct-heating
turbofan engine, liaison with aircraft manufacturers to ensure optimum
engine and ejector-reverser installation, and verification of major
component performance by approximately full-scale component testing.
This program was a continuation of the contractor's derign and test
effort on supersonic transport powerplants and was aimed at achieving
further advances in engine design and component gtate-of-the-art over

those submitted in the Phase JI-A proposal for the supersonic transport
engine.

In accordance with the requirements of contract FA-35-65-18, the pro-
gram was divided into 15 major fields of effort corresponding to the
tasks listed in Section B of the contract work statement. These {ields
of effort included engine design in addition to research and development
on compressors, primary combustion, turbines, augrnentors, inlest

and cxhaust systems, noise reduction, controls ani accessories,
bearings and seals, and fuels and lubricants. Also, investigations were
conducted on installation optimization, materials and manufacturing

techniques, and supporting design considerations such as maintainability,

reliobility, and value engineering. A discussion of the work accom-
piished in each of these fieids is presented in separate sections of this

report in an order corresponding Lo the work staiement items of the
contract,
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ITEM 1 - INSTALLLATION COORDINATION

OBJECTIVE

The Contractor continued to work with the
airframe contractors to ensure >ptimum
installation arrangements for the engine and
ejector reverser in the airframe. Engine
cycle studies were also included in thi.. work,

A, INSTALLATION COORDIN..TION MEETINGS
WITH AIRPLANE COMPANIES

1. INSTALLATION COORDUNATION WITH THE BOEING AIRPLANE
COMPANY

a, Introduction

Six coordination meetings were held between the Contractor and the
Boeing Airplane Company during Phase IIB., The most significant
topics discuesed in the course of these meetings are summarized below:

¢ Performance, IBM pe~formance decks for both turbofan and
turbojet were given to Boeing, Changes were incorporated in
these programs, at Boeing's request, to enable more efficient
usge to be made of thcir computer time,

e [Ejector concepts. Improved mechanical and aerodynamic
ejectur concepts were studied, the most recent of which is
a gliding shroud ejector (a fixed ghroud ejector was used
during Phase ILA),

e Noise. Information was exchanged several times, and Doeing
witnessed a full-8cale noise tesl in which a J57 afterburning
engine, uaing a "boiler plale' 88T type c¢jector, was run,

e [Engine-tu-inlel compatibility, Various constanty for the
Conlractor's analoy computer progran lor atudying enyine-
to«inlet compalibilily were supplied to Boeing Lor hoth the
turboflan and turbojet,

aar v ) -]

GCONFIDENTIAL




CONPFIDENTIAL
PWA-2600

PRATT & WHITNEY AIRCRAFT

¢ Turbine inlet temperature. The Contractor's turbine program
was re siewed several t: mes during Phase IIB, Data, hardware,
and fuiure planning were discussed.

o Weight, Weights were updated periodically. Weights for a
specific installation were supplied to Boeing with each ins-

tallation drawing.

¢ Engine-to-wing mating. A reduction in the base drag in the
region between the engine ard the wing at the wing trailing
edge was made. Compatibility with Boeing's latest installa-
tion requirements was achievad.

"

The above items, with the exception of eagine-to-wing mating, are
covered in detail elsewhere in this report. This section of the report
will, therefore, be devoted to a discussion of the engine-to-wing mating
work done during Phase IIB,

Lot

b. Summary of Engine-to-Wing Mating Work

A reduction in base drag was accomplished by changing the shape of
the ejector from round to octagonal, and by moving the ejector cant
point aft relative to its Phase ILA position.

Figure 1-1 shows a comparison between the Fhase IIA and Phase IIB
configurations, Figurc 1-2 shows the benefits obtained by raoving the

ejector cant point aft.

¢. Nomenclature

The following nomenclature is used in describing the engine-to-wing
mating worlk, ;

e [Cqguivalent diameter. An octagonal ejector is used to eliminate
base drag. As il i8 cumbersome to describe the gize of an
octagon, i.e., by dimensions across flats and corners, the
terminology "equivalent diameter" or "equivalent round' has 3
been adopted. This expression refers to the diameter ol a 1
round ejector which has the same geometlric area as the

partitnlar octagonal ejector under discussion, !

e Caunt puint, For all intents and purposes, the plaue through
whroh the ejector i canted intersects the enginde center line
at & polnt about which the ejector is i body of revolution,

Thaa point bs called the ejector cant point, The Tocation of
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the cant point influences the following:

Ejector cant angle
Position of the ejector relative to the wing.

d. Background
(1} Selection of Cant Pgint Location

For a given size engine and ejector combination, and for a given ex-
haust gas target point, it is advantageous to move the cant point aft.

As the cant point moves aft, the ejector cant angle decreases while the

ejector stays close to the trailing edge of the wing with very little in-

terruption of internal wing structure. This is illustrated in Figure 1-2

It is desirable to have a decreased cant angle because of ejector inter-
nal aerodynamic and mechanical reasons. It is also desirable to have
the ejector clo e to the wing because of the consequent reduction in
base drag, and simpler wing mating.

In the course of studying how to obtain these desirable feat-res, the
ejector was canted in three different places. In Phase IIA the ejector
was canted at the rear mount plane. Early in Phase IIB, the cant
point was moved aft to the rear face of the turbofan primary nozzle to
determine the effect on base drag and ecjector cant angle. Later in
Phase IIB, the cant point was moved slightly forward to a plane which
passes through the throat of the fan nozzle (or the afterburner nozzle
in a turbojet). This latter position assured symmetry downstream of

the nozzle choke point. Boeing selected this cant point as the one which
best suited their installation, In each of the foregoing cases, however,

the canting results in some non-symmetry upstream of the cant point
which will impose additional mechanical and aerodynamic complexity.

(2) Mounts, Tailflaps, and Inlet Extensions

As the installation progressed, the engine (and mounts) were movea
rearward to raduce hase drag. Finally, in order to get the variable
exhaust nozzle (tailflaps) entirely out from under the wing where it
could adversly effect base drag, the cjector was positioned relative

Lo the wing such that the hinge point of the tailllaps was either in line
with or aft of the wing trailing cdge. Since the Boeing inlet position
was fixed relative to the wing, the engine had to fill the space between

the ejector (as positioned by the tailflap hinge point) and the inlJet. The

shorter turbofan required an extension or spacer between the engine
inlet and the Boeing inlet, sec Figure 1-1 . The lopger turbojets with

full alterburvers did not reguire an inlet extennion and, in some cases,

they were long enough Lo necessitate moviog the tailflip hiage point
aft of the wing triiling edge.
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(3) Boeing's Installation Requirements

The differences between the installation drawings presented later n

this section reflect the changes in Boeing's installation requiremeants

as well as changes to the engine. As detailed design studies progressed,
various aspects of the powerplant, including length and diameter, were
revised. Close coordination with Beoeing was essential to ensure that

these revisions were compatible with the frequently changing airframe
requirements,

The installation drawings were based on the latest Boeing requirements
in the following areas:

e Wing contour. Wing cross section at the outbound nacelle
location was provided by Boeing.

¢ Inlet position relative to the wing. This was changed as a
function of the inlet flow field.

e Exhaust gas target point. This was fixed to be compatible

with good cruise performance and by the location of the hori-
zontal stabilizer,

® Permissible limits of mount locations. These limits were

supplied by Boeing from time-to-time based on the latest
wing configuration.

® Thrust reverser targeting requirements. Reverse thrust

requirements and the possibility of re-ingestion were taken
inio consideration.

Ejector position relative to the wing at the wing trailing edge.
This position was varied,from time to time depending on its

influence on the favorable interference effect between the
engine and the wing.

Ag a rule, the inlet, the exhaust gas target point, and the position of
the ejector variable tailflap hinge point were all fixed relative to the
wing. The objective was to [it the engine to these points using ex-
tens'ons, canting, etc,, in guch a manner as to result in the minimum
amount of interruption of wing internal structure,

(4) jector Concepts

Improved aerodynamic and mechanical concepts were studied during
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Phase IIB. These studies resulted in the sliding shroud ejector (a
fixed shroud ejector was used in Phase IIA). The sliding shroud
ejector uses more efficiently the energy available from the engine and
secondary air streams, and reduces the minimum wrap of the ejector
around the engine. The sliding shroud ejector also has a higher L/D
than the fixed shroud ejector. Its longer length for a given diameter,
together with the translating shroud capability, has the potential for
more flexibility in accommodating thrust reverser targeting. This
ejector appears on the latest turbojet and turbofan installations.

L el

(5) Afterburner Concepts

The afterburner for the turbojets progressed from a short, partial

(accelieration) type unit witn a Mach 2.0 limitation to a longer, full

afterburner with Mach 2.7 capability (Boeing indicated that they re-
quired a Mach 2.7 or full afterburning capability)., This primarily

zccounts for the increased length of the turbojet engines toward the
latter part of Phase IIB.

(6) Flow Schedules and Turbine Inlet Temperature

Above Mach 2.0 on both the turbofan and the turbojet, the corrected
engine airflow as a function of Mach number may be selected over a
range of values. This flexibility gives Boeing an opportunity to choose
the airflow schedule which results in the best match between engine
and inlet, A "h.gh', "base' and "low'" flow schedule were offered. In
Phase IIA, Boeiny selected a base flow turbofan. In order to provide
an opportunity for comparison of turbojets, all three flow schedules
were offered in the latter part of this Phase, For each flow schedule,

A~mA BT
r

configurations for both ithe 2000°F and 2300

turbine inlei tempera-
tures were presented. Boeing could, therefore, examine the trades
involved in starting initial service at the lower temperature with sub-
sequent growtn to the higher temperature within the same external en-
velope.

e. Discussion of STF 219B Turbofan Installations

The study of new ejeclor and installation concepts began with the Phuse

LA configuration, (see Iigure 1-3 ), which was a 600 lb/sec engine with
a cylindrical ejector of 76.00 inch diameter. This arrangement pro- :
duced a base drag area between the ejector and the wing trailing edge
of approximately 425 sq. in.

T'he object of the new studies was Lo reduce this base drag arca, thereby
truproving on the Phase A installation. Wing contour, mount location,
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and exhaust gas targeting information, as well as nacelle canture area
and a 5° inlet angle relative to the horizontal retference datum, was
supplied by Boeing and was used as the basis of these studies. An oc-

tagonal ejector was selected to further reduce the base drag area at
the wing trailing edge.

e

The flat side on top of the octagonal ejector
offcred possibilities of closer coupling to the wing surface than the
circular section of the Phase ILA ejector.

reecd SEDER W

A number of new arrangements of the engine and the octagonal ejector
relative to the wing were investigated. These arrangements are
summarized below.

o o i

Figare 1-3 (Phase IIB configuration) shows how an octagonal
ejector with the same equivalent area as the 76.00 inch dia-

meter ejector of Phase IIA reduces the base drag area to 398
sq. in,

As in Figure 1-3 , Figure l-4 shows an arrangement with
the engine and ejector tangent to the wing. The rear engine
mount plane was moved aft 40.00 inches (relative to its
Phase IIA position) which required a 33.50 inch extension
to the engine inlet case. The ejector was canted at an

angle of 5° at the rear mount plane. The base drag area
was redzed to 337 sq. in,

s ¥

iy

e Figure 1-5 shows an arrangement with the rear engine

mount plane moved aft 30.00 inches. The ejector was
canted 8° at the rear mount plane and the engine/ejector
was inserted 4.00 inches into the wing. A 31.00 inch ex-

tension was required. The base drag area was reduced to
320 sq. in,

Figure 1-6 shows an arrangement identical to Figure 1-5
except that the ejector cant point was moved aft to the
primary nozzle plane. The cant angle is 6°, A 40.00

inch extension was required for this. The base drag area
was reduced-to 230 sq, in.

Figure 1-7 shows an arrangement with the rear mount

plane moved aft 40.00 inches and the ejector canted at §°
at the primary nozzle plane. The engine/:jecior was in-
serted 4.00 inches into the wing. A 40.00 inch extension
was required. The base drag area was reduced to 150 sq
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@ Figure 1-8 shows the best arrangement from a base drag
reduction standpoint. The ejector tailflap hinge line was
moved aft to the wing trailing edge and set tangent to it.
The ejector was canted 9° at the primary nozzle plane,
This configuration required a 51.50 inch extcnsion, but
reduced the base drag area to zero.

At this point in the program, Boeirg specified a larger ejector diameter.
Their area ruling dictated an ejector area/inlet area ratio = 1,7,

Based on this, the ejector equivalent diameter was increased 'o 78.00
inches. Figure 1-9 shows an arrangement with this larger ejector
canted 11° 30' at the rear mount plane, The ejector tailflap hinge

line was aligned with and set tangent to the wing trailing edge. This
configuration required a 44,00 inch extension. The base drag re-
mained at zero.

The e¢jector cant point was moved 10.00 inches forward of the primary
nozzle plane to the throat of the fan nozzle. This presirved symmetry
downstream of the fan nozzle choke point, Figure 1-10 shows an
arrangement using this new cant point on the new 78.00 inch diameter
equivalent ejector. The ejector tailflap hinge line was aligred and set
tangent to the wing trailing edge. The ejector cant angle was 8° 45'.
This required a 49.00 inch extension. Here again the base drag area
was zero.

}'igure 1-11 shows an arrangement for a 650 lb/sec engine with an 81.00
inch equivalent diametey ejector. The ejector is positioned so that the
tailfiap hinge line is aligned with the wing trailing edge. The upper
surface of the octagonal ejector is set 3.00 inches above the wing upper
surface at the wing trailing edge as requested by Boeing. The nacelle
inlet capture area center point location of 29,60 inches down from the
horizontal reference line was changed to 28.30 inches by Boeing. The
ejector cant angie becaine 8° 41.7' and a 17,4 inch extension was
required.

Figure 1-12 shows a further Boeing revision. The inlet angle was re-
duced to 2° 15' from 5°. Figure 1-12is identical to Figure 1-11 except
for the aforementioned inlet angle and the ejector cant angle which was
increased to 11° 2.1'. A 30.63 inch extension was required.

Figure 1-13 shows an arrangement for a 600 Ib/scc engine/cjector
system and is similar to Figure 1-10 except that it was laid out to the
latest Boeing geometry. The latest Boeing inlet centerline Jocation

of 27.%0 inches down from the horizontal reference dalum was used,
The cjector was positioned 25 before, 3.00 inches above the wing with
the tailflap hinge line aligned with the wing trailing edge. The octagonal
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ejector hat a 78,00 inch equivalent diameter and was canted 10.00
inches forward of the primary nozzle plane. The ejector cant angle is
10° 55' and the configuraticn required a 36.98 inch extension,

The previcus installation studies all involved fixed shroud ejector de-
signs. A sliding shroud ejector was evolved in Phase IIB. This shroud
makes more effective usc of the energy in the engine and secondary air
streams, reduces the minimum wrap of the ejector around the engine,
and provides greater reverser targeting flexibility. On the turbofan,

the shroud translates to three positions. The cruise position (blow-in
doors closed) is the forward-most position. For take-off and up through
the blow-in-door operating range, the shroud translates somewhat rear-
ward relative to the cruise position, The shroud translates further rear-
ward for reverse. The sliding shroud ejector is described in detail
elsewhere in this report. Figure 1-14 shows a turbofan cunfiguration
which incorporates a sliding shroud ejector. Figure 1-14 also shows o ‘
the most recent STF 219B accessory arrangement. |

howet BEEE R

f. Discussion of STJ 227B Turbojet Installations

A 500 Ib/sec afterburning turbojet engine installation was pregsented to
Boeuing for their initial Phase IIB studies., A number of new arrange-
ments of the STJ 227B erngine/ejector relative to the wing were investi-
gated. The arrangements are summarized below., Two maximum tur-
bine inlet temperatures were considered: 2C00°F and 2300°F.

® Figure 1-15 shows an arrangement using an octagonal ejector
of 75.00 inch ear ivalent diameter on a 2300°F turbt.ue inlet
temperature engine with partial augmentation. The inlet :
cowl was located 27.00 inches down from the horizontal -
reference line, Wing contour, reverser targeting, and the o
5° inlet angle were supplied by Boeing and were used as the j'
basis for these studies. The ejector was positioned so that
the tailtlap hinge line was aligned to and set tangent with the . )
wing trailing edge. The ejector was canted at the rear engine i :
mount plane with a 10° 15' angle required to hit Boeing's
exhaust gas target point., This configuration required a 13.40
inch extension at the engine inlet,

Y P I R

.. .

e TFigure 1-16 shows an arrangement identical to Figure 1-15
except that the ejector cant point was moved aft to the throat p
of the afterburner nozzle, which reduced the cant argle to 7° 40°.
This required a 13, 80 inch extension,

vy
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The 2000°F maximum turbine inlet temperature (ngine incorporated

a full afterburner from its incepiion and was thus longer than the

2300 °F engine with partial augmentation, An 81.00 inch equivalent
diameter ejector was used. Figure 1-17 shows an arrangement using
this size octagonal ejector on a 2000°F turbine inlet temperature
engine. The ejector, canted at the rear engine mount plane, required
a cant angle of 8° 25'. The overall length of the engine and ejector

eliminated the need for an inlet extension,

Figure 1-18 shows an arrangement identical to Figure 1-17 except that
the ejector was canted at the throat of the afterburner nozzle, which re-
duced the required cant angle to 6° 30",

At this point in the program tt . ngine size was increased to 525 Ib/sec.

Figure 1-19 shows an arrange . nt of this engine with a partial alfter-

burner and its required 76. 8 " equivalent diameter ejector for tur-
bine inlet temperature of 230(°. This configuration was positioned
relative to the wing according "he latest Boeing data. A capture
diameter of 56.18 inches loca: ~ 27.75 inches down from the horizontal
reference line with an inlet an.t of 2° 15" was used. The ejector tail-
flap hinge line was aligned vs*.'. *" e wing trailing edge and with the upper
surface of the octagonal ejec’ 3.00 inches above the wing upper sur-

face at the wing trailing edge The ejector was canted slightly forward
of the afterburner nozzle thi u. at 10° 50'. A 21.00 inch inlet exten-
sion was required.

Figure 1-20 shows the corresponding arrangement for a fully augmznted
2000 °F engine with its required 83,00 inch equivalent diameter ejector.
The engine was positioned relative to the wing similar to that shown in
Figure ]-19 except that the length of the engine moved the egjector tail-
flap hinge ling 35.00 inches afit of the wing trailing edge. The ejector
was canted at a point 2.40 inches forward of the afterburner nozzle
throat at 8°. No extension was required.

The previous installations all had fixed shroud ejectors. Later instal-

lations used the sliding shroud ejector. On the turbojet, the shroud trans-

lates such that it has one position for forward flight, and another for
reverse. This ejector is described in detail elsewhere in this report,
Six full afterburning turbojet configurations incorporating the sliding
shroud ejector were presented to Boeing. These six configurations
comprised a high, base, and low flow version of the 2000°F and the
2300°F engine. Each configuration was adjusted to its particular flow
schedule and temperature for comparative purposes. As in the case

of the turbofan, once the comparison has been completed and a selaction
made, one configuration may then evolve which permits growth from
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2000 °F to 2300°F within the same external envelope. The six configu-
rations are summarized below:

¢ Figure ]-21 shows an installation study for a 2000°F tur-

bine inlet temperature, high flow engine. The ejector size
used for this configuration was 78.00 inch diameter equiva-

lent and was canted 1.50 inches forward of the afterburner
nozzle throat at 7° 55°'.

Figure 1-22 shows an installation study for a 2000°F turbine
inlet temperaturc, base flow engine. The ejector size used
for this configuration was 75.00 irch diameter equivalent

and was canted 1.80 inches forward of the afterburner nozzle
throat at 8° 35',

Figure }-23 shows an installation study for a 2000°F turbine
inlet temperature, low flow engine. The ejector size used
for this configuration was 72. 00 inch equivalent diameter

and was canted 1.75 inches forward of the afterburner
nozzle throat at 8° 50!,

Figure 1-24 shows an installation study for a 2300°F turbine
inlet temperature, high flow engine. The ejector size used
for this configuration was 78.00 inch equivalent diameter

and was canted 1.65 inches forward of the afterburner nozzle
throat at 8° 97,

Figure .25 shows an installation study for a 2300°F turbine
inlet temperature, base flow engine. The c¢jectur size used
tor this configuration was 75.00 inch equivalent diameter

and was canted 1.80 inches forward of the afterburner nozzle
throat at 8° 35'.

Figure 1-26 shows an installation study for a 2300°F turbine
inlet temperature, low flow engine. The ejector size used
for this configuration was 70.00 ir.ch equivalent diameter

and was canted 2.00 inches forward of the afterburner nozzle
throat at 9° 45',

It should be noted that in the above six installation studie- the overall
length of the engine/ejector eliminated the need for an inlet extension,

Figure 1-27 shows the most recent S1J 227 accessory arrangement.
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2. INSTALLATION « OORDINATION WITH THE LOCKHEED
CALIFORNIA CO! PORATION

a. Introduction

Coordination meetings were held between the Contractor and the Lock-
heed California Corporation during Phase IIB. The most significant
topics discussed in the course of tnese meetings are summarized below:

¢ Engine accessories. The Phase lIA arrangement was revised
in order to relocate the accessories away from the bottom of
the engine.

¢ Ejector. An octagonal blow-in-door ejector was studied as an
alternative to the 12-sided design presented in Phase IIA,

¢ Engine cant and wing relationship. -A study was made to deter-
mine the most desirable location for canting the engine as the
result of Lockheed's request that the engine be canted 4° in a
downward direction.

e Sonic boom. The size of the engine was changed in the light
of the FAA's reduction in the sonic boom overpressure re-
quirements,

e Turbojet installations. A number of installation sketches was
prepared for various versions of the turbojet, which was rein-

troduced during Phase IIB.

b. Accessory Study

Pratt & Whitney Aircraft restudied the accessory arrangement proposed
in Phase I1A. This arrangement consisted of engine accessories driven
by a gearbox located on the bottom of the engine and a power take-off
gearbox located on top of the engine which supplied power to drive the
airframe accessories, Lockheed requested that all engine accessorics
containing combustible fluids be moved {rom the bottom of the engine

to reduce the danger of fire in the event of a collapsed landing gear or
belly landing.

Figure 1-28 shows a revised arrangement with the engine accessories
split into two groups. Those accessories requiring a power drive were
mouried on the gearbox located on the leitl side of the engine at the
engine horizontal center line. The remaining accessories were grouped
at the same elevation on the opposite side of the engine. All accessories
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were removed from the bottom. 7This arrangement was rejected by

Lockheed because the accessories in the upper quadrants interfered

with their front engine mount structure. The arrangement also pre-
vented ready access to the power take-off gearbox.

Continued study rejected the use of two separate towershafts and gear-
boxes for engine access.ries because of internal gearing difficulties.
A new arrangement (Figure 1-29) was devised with the engine-driven

accessories located on the left side of the engine approximately 45°

below the engine horizontal center line. The remaining accessories

were located at the same level on the opyp ssite side of the engine.
Although this arrangement involved greater difficulty in removing the
accessories from the bottom of the engine, the arrangement was gen-
erally acceptable for the 700 1b/sec engine size. When the size was
reduced to 650 lb/sec this accessory arrangement becarmne less attrac-
tive, as the units were crowded togetner in the reduced circumferential
space, An alternate arrangement, Figure 1-30 evolved locating the
engine accessory drive shaft on the right horizontal centerline, with
the accessories grouped differently from Figure 1-28,

c. Octagonal Ejector

Early in Phase LIB Pratt & Whitney Aircraft studied the use of an
octagonal blow-in-door ejector as an alternate to the circular door 12-
sided design presenied in Phase IIA, Figure i-31is a schematic draw-
ing of the octagonal ejector sent to Lockheed. The octagonal ejector
dominated studies during Phase IIB. All subsequent installation sketches
sent to Lockheed represented some modification to this design. A

detailed description of ejector studies is covered in the Ejector Rever-
sers section of this report,

d. Engine Cant and Wing Relationship

During Phase IIB l.ockheed moved both the inboard arnd outboard en-
gines rearward on the wing approximately 5 to 6 feet. Concurrently,
they requested that the engine be canted 4° downward. A study was
made to determine the mosi desirable location for canting the engine,
and a point just {forward of the ejector was chosen. Figure 1-32 (out-
board engine) and Figure 1-33 (inhoard engine) show the STF219-L-~700
engine installed in the Lockheed L-2000-4 wing with a 4° engine cant.
This sketch indicated that the rearward relocation of the¢ engine allowed
the installation of the engine-ejector to ~ignificantly reduce wing block-
age of the blow-in doors. During Phase IIA, the forward location of

the engine placed the ejector in the thicker part of the wing and resulted
in blockage of two blow-in doors.
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e. Reduction of Sonic Boom Overpressure Requirements

The FAA's reduction of the sonic boom overpressure reduced the maxi-
mum thrust requirement for the engine. The engine is now sized for
cruise thrust levels instead of the greater thrust levels previously
required for transonic acceleration. In addition, refinement of ihe
aircraft design with accompanying increases in lift/drag values lowered

thrust requirements. As a result the size of the engine was reduced to
650 Ibs /sec airflow size.

Figures 1-34 and 1-35 are installation drawings for the new size of
engine. Critical areas (i.e. accessory arrangement and ejector O.D,)
were reviewed to assure proper nacelle clearance. These drawings
rellect the chauges in basic engine length derived from the continuing
detailed design of the engine, The most significant change was the
addition of a diffuser section between the third stage turbine blades and
the rear struts, This results in the reduction of the exhauct gas velocity
{rom the turbine to the desired value. This feature is further explained -
in the section of this report on Turbine Design, A revised weight for :
the 650 lbs/sec STF219 engine was developed.

f. Miscellaneous Studies

Lockheed expressed concern about the area available for passing
secondary airflow between the front mount ring O.D. and the nacelle
wall. Information was then supplied to Lockheed describing the weight
changes in~urrved in reducing the front mount ring O.D. by 0.5 and 1.0
inches to i: crease the secondary air passage. The design of the ring
had been optimized in Phase IIA,

While the detail design of the STF219 turbofan continued, a study was
made to position the P, and T, probes, which are necessary for
biasing the engine fuel control. The probes were located in the engine
front mount ring as shown in Figure 1-36.
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At the end of Phase IIA, Lockheed requested a study of flame arrestors
1n the secondary airstream, Although spring-loaded flapper valves in
the secondary air stream to prevent a reverse or forward flow of sec-
ondary air were included in the Phace ilA design, it was considered
F possible that during conditions of very low rcarward sccondary airflow,
a combustible mixture trom a leak in the engine compartment might
ignite when it reached the hot exhaust section. This could propagate
forward through the flapper valve openings irto the engine compartment,
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Lockheed provided a sketch of a suggested flame arrestor showing the
general construction, frontal area, and desired pressure drop. The
resulting study is shown on Figure 1-37. Th2 flame arrestors werc
located immediately forward of the flapper valves, Their installation
requires a mounting structure, attachment flanges, and accessibility
for replacement of damaged units, The original study based on the
700:1bs/sec engine showed that the flame arrestors could be installed
without difficulty and still provide the required area to maintain a

minimum pressure drop.

Continued detail design of the engine and the reduction in engine s .e
from 700 lbs/sec to 650 lbs/sec resulted in slightly less room for the
flame arrestors. Similarly, continued ejecter studies resulted in a
tighter wrap between the engine and the ejector reducing still further
the area available for the flame arrestors. A study was made of the
entire secondary airflow passage from the engine inlet to the ejector
throat because of these changes and the possible increase in secondary
airfiow to nearly 18 percent of the primary airflow.

Figure ]1-38 shows that the minimum area avaiiable for secondary air-
flow occurs at the flame arrestors, flapper vaives, and rear mount
rings. Figure 1-39 shows more detail of these areas. This minimum
area is now smaller than earlier studies showed, With an increase in
secondary airflow and a corresponding increase in pressure drop, con-
tinued studies will be required in this area to provide a proper installa-

tion,

g. Turbojet Installations

The reiniroduction of the turbojet engine during Phase IIB required
updating of the Phase IIA installation. As a result, two preliminary
installation drawings for a partial afterburning and a full afterburning
turbojet were developed for the initial study (Figures 1-40 and 1-41).
Subsequently, as the turbojet design evolved, a series of six installa-
tion sketches were prepared each showing the effect of turbine inlet
temperature and airflow schedule selection on the size of the engine
and ejector, Figutre 1-42 presents a typical turbojet engine. The
major dimensions and differences between each of the six engines are
summarized on page 1-16, All versions of the turbojet are fully
augmented and weights for each of the six engines were quoted.

Figure i-43 shows external dimensions and a proposed accessory ar-
rangement for the high temperature, base flow engine.
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The 4° downward cant of the engine is required for the turbojet engine

as well as the turbofan. Various combinations of engine positions

relative to the L-2000~4 wing shape were tried, The current design a
has placed the cant in the turbojet engiue slightly aft of the rear mouant

structure. All subsequent installation studies showed the cant at this

lecation with an octagonal sliding shroud ejector.

The additional length of the turbojet engine plus the rearward movement
of the engines relative to the wing makes it possible to install the en-
gine in the L-2000-~4 wing without bloclkage of any of the ejector blow-
in doors. Reaching this optimum position reanvires setting the ejector
higher into the wing and increasing the cant angle to approximately 6°
(Figure 1-44). As seen in the figure, the engine rear mount ring
appears to be in a favorable position for direct mounting to the wing.

cany SN REE 0 AN seme  leeu

An alternate scheme placed the top of the ejector flush with the top of
the wing. This allowed full utilization of the blow-in doors and intro-
duced the added feature of reduced cant angle. Unfortunately this
arrangement lowered the engine relative to the wing sufficiently to
eliminare a practical mounting installation.

antrisg

Continued detail design of the engine will create further areas requiring
coordination and revised installation techniques and procedures.
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) R, FENGINE CYCL.E STUDIES :
L
1, INTRODUCTION 2
r =
‘'wo enginne worae studied during Phaae I3, the STEF2119, a nou- mixed ;
flow duet~heatling turbofan, an/d the 8TJ227, an afterburning tnurbojet, =
Tho dosign paramaters for thase engined are pregented in Table 1-4. 2
TABLE 1-2 2
i 1 Nenign Parminetard of Aftarbarning Turbojot (§TJ227) E
and Duet=Heating Turbolin (8TF219) Logines s
AR 915219
d Turtine Inlat Tempariture (*F) ;
3 Take=OIf and Accelaration 2000 2300 20boo €300 :
7 Cruine 1900 2200 1900 2200
' l Corractad Alrflow (1h/eace)
Nominal L7h 5245 650 650
. i‘ Crulae (Ivn = 2, 7) 172 312 nn 1)
Over-All Pressuro Rallo 9.3 9.3 1.9 1.9 i
: l Fan Prosauro Ratin AT 2.7 :
3
P l Bypnan Ratio I3 b3
h A= acbr o AL 1 le N Y i . < s . :
- iR ALTD Mine Mhamotoer tinchoes) s (] "l Y]
7 i Engine Waight Including EBfectior (ih) o470 10445 9560 YELD

During Phase UA, the alrframe manufacturare wares supriiad with wal-
firient tnformation to permil then, te make praliminaiy coaglve-alrerafl
porformance satimatos. Al this time, Loticatrlrams manafacturers
snlacied the 8TIFZ19 snyine. Nowing inftlally axpreadacd an intorest in
tha 8TJ227 engine with 2% pueesat augmentiation, but s o gine axiaml
the lmite oy slable afterburnei combustion above NMach 2, bieinjg

[ apecifically deglgne-i foy augmantation duriog ranswiie vperatiovn from
Mach . & to Mach .8 Abova Mach &, the combustion chamhbay Mach

number ini reanal I‘il!)!!”y dhiove tho covihinatiagn _-;L;':!:!!H.,, Tignit e tha
g gomhuation chambur inlet feinpuralure fi]'uppud bitko the mnarpginal auto
S lgmition range. Jowavar, darving Phasa 3, tha nonic overpressara
-
1 FAGL isii 1-17
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Hmits were fncreased from 2.0 ta 2.5 paf for trankonic accelerstion
anddl from 1.6 to .7 paf for supersonic cruide. This ahift resulted in
the enginan haing sized for mupormonic cruise rather than for transonic
nccalarntion and nade the 1. T227 turhojat angine with full angmantation
an attractive powneplant, Condegunntly, both engines ware rostudied,

The porformance of the uninstalied angines al several eritical flight con-
ditionns s shown in Table 1-3, T .o thrust upecific fusl epnsamption nver
n wlde range of pewer saltings is shown in Flgures 1-45 thiough 1-47.
‘The #ffact of reoptimizing the STF219 angina (e shown in Table [=4 and
Figures 1-48 through 1-50. Similar data for (he 5TJ227 enyine i pre-
aspfed o ‘Table -6 and Wiguran '-31 through 183, Detailod design in-
forration le pre, anlad in 8sction 2.

TABLE 1-4 i 3

Performance of Unlnsatallad g ;%Zr

8TJE27 and BTV A1) FEngines %

Aftarburning Turbofee Puct Heatlng Turbofan l g:

Talea=0Off Mastmum I'hrust (1) %7000 K9ROD0 2500 57000 I ii‘f
Naminul Atrflow Stze (1h/poc) 5% L¥ L) (50 Hhe0o ) g
Cruian Turbina Inlet ‘Tamporalura :
(°F) 1900 2400 1900 2200 i
Transonic Accalaration, Muach 1.2, al 45000 Jt i
Thruet (1) 20600 21400 IB400 ) 9i0n é,
Spacific Voal Copsumption (1/ hre /in) 1,91 1.H3 . HH |, Rd . %
Suparsunic Crulee Mach 4.7 at L5000 L. Thrast = 800 1) 3 é
fpocific Fual Congumption (Ih/ e fib) | 44 1,45 ). 64 (Il i %
Bubimonie Part fhpottin, Macl 0 9 at 36150 Py (Theust - 7500 11 g
Specific Fual Consumplion (1b/ he /ib) | 08 1.0k () Al 0.9l ! %i

subaunic Part Throttle, Mach 6 6 at 15060 P, Thront < G500

Spaciflc Fual Copsumption I/ by /16y | 25 | 25 U 4k U .
AIE FU7 I l“ ——E i . i AR}
COMPIDENTIAIL I FooZ
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Porformance of $TF..1y Engine at Comple. on of Phase IIA
and o0 ompleton ¢f Phase 1B

i LS S

[ ! TADBLE )-4
h

Baaic Enging Initial Engine
Phiune I;IA Phaso 1B Phake 1A Phase 11D
Supersanie Crulse Turbine ;
| inlat Ternperatura ("F) 2200 2200 1900 1900 2
: Take=Off Maximum Thraat (11} 56400 57000 52300 524500 ’
Alrtlow Biza (1h/sac) (550 650 650 650 2
Maximum Diameter (in) 79.1 Bl 7,7 Kl

ngine Woight Including Ejector
(1) §140 94560 9200 3560

Tranwonle Accelarention, Mach 1,2 at 45000 ¥y

Thruat (1b) 19700 19406 11300 TRA00

Bpecifle Fusl Consumption

T L ISRt T e

(Ib/ br /105) 184 1. 84 I 48 I b :
Supateunle Crulue, Mach 4.7 8t 650C0 VL) Thauat - 9800 Ju
| B - }
Bpacific I'nal Gonnomptlor. Si
l (17 hy N1} o4y 1.8 1.5 oo
|
| Subsonie Pagt Throttle, Mach .9 a1 36150 Pt Thruat = 7500 1)
[
‘ Gpecific Vuel Consvmption 1
! (1, hr /1) 0.92 0,91 (. H9 i, HH ]
}
{
Subagnle Part Throttle, Macl 0 f l 15000 Ft, Thrast = 6500 1)
Specific Fuel Consumption J
(i hr [1h) 0,497 0,96 b, b 0.4Y5 J
' ;
[EEETEY 2 NI | - 1 'V“','.‘.'...‘.-“.. ';:'-. i
|
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TABLE 1-5

Performance of 8TJ227 Engine at Completion of Phase ITA
and at Completion of Phase IIR

Bnrric Ingine

e i - e (l - iy b

CONFIDONTIAL

PWA-2600

Initial Eongine

Phage 1A Phage 1D Phasge 1B

Supersonic Cruise Turbine

Irtet Temperature (°T) 2200 2200 1900
Taka-Off Maximum wrunt (1h) 60600 R9800 57000
Airtlow Size (Ib/sec) 525 52F 525
Maxirnum Diameter (in) 78 75 75
Fingine Weight Including Ejcrtor (1b) 9850 10455 10470
Trant:ionic Acceleration, Mach 1.2 at 45000 Ft
Thruut {1b) 214100 21400 20600
Specific Fuel Consumption

(th/ M f1h) 1.86 1.83 1.91
Supersonic Cruise, Mach 2,7 at 65000 I't, Theust 9800 1h
Spacific Fue) Consurmption

(:ii'/[' _iu'/'ii_:‘] .50 1.1% 1.11
Subsunic Pary Throttle, Mach 0.9 at 36150 Tt, Thrust = 7500 1h
Spacific I'uel Corsumption

(17 he [1b) 1.10 1,06 1. 05
Subuonle Part Throttle, Mach 0, 6 at 15000 Iy, Thrust 6500 1)
Specific Fael Conaamplion

(th/ hr /i) 1. 33 1.45 1. 2%
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Particular emphasis during Phase IIB was placed on the augmentation
systems, and IBM performance decks were provided to the airframe
manufacturers to permit airframe~powerplant optimization with the
fully augmented turbojet engine. In addition, a study of inflight thrust
measnrement techniques based on the STIF219 engine was conducted.

2. AUGMENTATION SYSTEM STUDIES

The relaxation of the sonic boom overpressure limit permitted a re-
optimization of the engine cycles, and, in particular, the augmentation
systems. TFor the STF219 engine, the effect of reducing the amount of
augmentation and the magnitude of the thrust discontinuity between un-
augmented and minimum augmented operation were studied. For the
STF227 engine, the effects of the turbine inlet temperature and engine
air flow on augmentor performance were studied.

., ET ré 12.

Sinue the engines are now sized for yuperdgonic cruise rather than for
tranaonic acceloration, the fue] ¢consumption during climt ~ar he re-
Aucerd by redacing the duct heater augmentation thruat and temperature,
A reduction in the maxirnum augmentation thrust of 1 to 5 percent cor-
responds {0 an augrnentation tempaerature reduction of 100 to 3004F and
increasey the aircratt range by 20 to 35 miles.

The Phase LA evaluation indicated that the evaluating team consgidaeread

the thrast divcontinuity betwean non-augmented and minimum augmented
thrust Lo be too great. Coasequently, a study was conducted Lo determine
the g loading applied to a passenger when the ductl hedters on all fousr
enginey are it simultar cously with saveral augmentation ratios, The
remiliy nre plodted in Clgure 1-%4. Thoe upper curve shows the g loading
for the perforrnance dita presented during Phano 1IA for which the fuel-
alr ratio for Hphtine van 0,01, For these conditions, the g loading would
bes only 0, 0%, However, rtudies conducted during Phase D have indicated
that the rinimum duct heating fuel-air ratio could be reducad to 0. 0060,
thereby redocing the g loading to 6. 04, Stable combustion has heen domon-
slrited at much lower fuel-alr ratios, and, with additional development,
it would be peuaible to decrease the minimam fuel=air vatio to 0,003,
correyponding to a maximam g loading of 0,01, The problem han bheen
dismcuaued with airfrinme manufacturers, however, and il wans learnoed that
pasacnhyers on present commercelal jet alveralt experience a g loading

of about 0.1, and, in wome canses, Lhey experience g loadinge ua high an
0.33. [t apprare, therafare, that the g loading produced doring the 587

)
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flight will be significantly lower than that of current jet aircraft and,
thercfore, that there is little rcason to develop a duct heat~r capablc
of ignition with a fuel-air ratio below 0, 008.

b, §TJ227

Y

(1) FEiffect of Turbine Inle* Tcoinperature

TR ety .

The engines were designed for operation with a turbine inlet temperature of
2200°F, However, initially the engines will preolably be operated with a tur-
bine inlet tempcrature of 1900°F, and, therelc re, the effect of operating

at the Jower turbine inlet temperature must be considered. If the augmen-
tation ratio ur thrust increase is to be maintained at the lower turbine

inlet temperature, the weight and maximum engine diamecter are
significantly increased, 1If the cycie presrure ratio is to remain un-
changed, the turbine expansgion ratio must be increased Lo provide

the required compressor power,

AT

However, increansing the expansion
ratic increasca the turbine exit Mach number and the afterburner coma
burtion chamber Mach number., Conecquontly, the engine diaweter
must be increased to provide acceptable afterburner inlet conditions,

The cffect of turbine inlet temperature on the maximum engine diameter
ig shown in Figure 155,

With a turbine inlet temperature of 1900°F, unavgmented thrudt at
cruige ip marginal and the capability for augmentation during cruisc
at nonstandard temperaturesd or at off-design altitudes is desirable,
The IBM decke supplicd to the adrframe rmanufacturers, thercefore,
provided performance, welght, and installation data for engines with
augmentation limlited to take~off and transonic opoeration; Umited to

! talkn=off, acceleration, and supersonic crulse: or unlimited and ned
throughout the mission, Optimidzation studics conducted by the a <«
frame manufacturers and based on those data resulted in the velec: . n
ol the fully augmeueuted version of the STY227 enylne,

T N T

(2} Elfect of Supersonic Crulse Alrflow

The engine corrected alrilow at crulse affects the augmentor designin a
A manner similar to that of the turblne inlet temperature. In order to in-
creaune the airflow, the power output of the turbine must he increaned, and,
thorefore, the expanston ra‘io muust be increaned,

1 i

Cuanaequently, the max-
irum englne diamoter must he incressed to satisfy the augmentor design
criteria,

Subibisit

Continued reduction of the supursonle cruilse airflow eventually results
in the turblne power requlrement belng established at acceleration

_f’;é
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conditions rather than at cruise conditions. This effect ig shown in
Figure 1-56,

3. INFLIGHT PERFORMANCE MEASUREMENT S5YS5TEM

Inflight thrust measurement in supersonic vehicles is considerally
more complicated than in subsonic vehicles. In subsonic vehicles,
cngine pressure ratio, speced, and exhaust temperature have been

used in conjunction with a series of charts to indicate the performance
and condition of the engine., These paramcters provide an accurate
method of determining the performance of engines with fixed nozzle
geametry, For the more sophisticatcd engines required for the guper.
gsonic transport, however, thege parameters are not adequate since
the inlet, the exhaust nozzle, and the interference cifects between the
propuleion svstem and the airirame significauntly affect the actual force
applied to the vehicle, Conscouently, thrust measurement will require
the use of additional paramecters in conjunction with a compact, light«
weight (about 30 pounds}) computer such as those currently being used
in missile guidance systems. The parameters required are listed in
Table 1-6 together with the measurement accuracy,

Table 1-6

AT = TR R

Inflight Performance Measuremoent Paramaeters

k3
Acturacy §
Farameter (Porccyt) i
B
2
Pyime free stream atatic pressure 1,25 %
Py3, fan discharge tolal pressure wl,25 %}
Pg3, fan discha.ge static pressura 1,28 -
Tiyy fan discharge total temperalure 1.0 H
(PL3-Pg3)/ Py3 24, 0
PW' gas generator total exhaust pressurc ), 0 :
Aj ducts duct exhaust nozzle throat arcea % 43,0
Wi, engine {uel flow 20,5 i
Notes:

“ This paramoter may be obtained (rom engine contro) where
it is uned for duct cxhaust nozzle positioning.
#%  Direct measurement of Ajduct may nol be requited,

et il

The thrust and thrust spectfic fuel consumption oblained lrom these
meagureinents could be in error by as much as the arithmetical som
of the Individual errovs, but it is unlikely that all crrors would e

BAGE RO 1-23
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at a maximum in the same direction, It is most probable that the
error will be that predicted by the root-mean~-square method of error
summation. The probable error predicted by this method is shown in

Table 1-7.

Table 1-7

Probable Error in Inflight Performance

Flight Condition

Sea-Level Take «Off
Trangsonic Accelaraa.
tion (Mach 1,2)

Supersonic Cruise
{(Mach 2.7)

Gubsonlc Cruise
{Mach 0,9)

Measurement

Probable Error (Percent)

PWA-2600

Power Setting :I_gm__} Thrust TSFC
Maximum Duct

Heating 3.0 3.1
Maximum Duct

Heating 4.2 4.3
Partial Duct Heating 12.3

Part Throttle

5.5

PAGE MO, 1-24
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SCHEMATIC OF OCTAGONAL EJECTOR

Figure 1-31
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