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FOREWORD

This document contains the work done under the amendment to NASA
Contract NAS2-6563 for study of a Lift Cruise Fan Technology Airplane
and Conceftual Design of a Navy Multi-Mission V/STOL Airplane. The
arrangement of this report emphasizes these two phases of the study.
Tne conceptual designs are described in Part I and the Technology
Airplanes in Part II,

The ASW is the version of the multi-mission airpliane which received the
most detailed analysis. For that reason all the detailed design,
phiiosophy and configuration development 's described in Section 3.3,
ASW Airplane Design.

Similarly, for Part II the design of the technology airplane is presented
in detail in Section 4.1, the A1l New Aircraft. The discussion of the
modified aircraft are presented without repeating areas which are common
to the all new ajrplane.

il



1.0 SUMMARY

CONTENTS

................................................................

2.0 INTRODUCTION Lottt it i i
3.0 PART [-NAVY OPERATIONAL AIRCRAFT ... e
3.1 Point Design Aireraft ... i
3.2 Multi-Mission Atreralt . ..o i e e e e
3.2.1 Multi-Mission SUMINArY ... oottt ittt iies
3.2.2 Multi-Mission Performance ..o

3.3 ASW Airplane Design, Model 1041-133-1 ... inn R
3.3.1 Arrangement and Characteristics (1041-133-11 ..,...........0o0
3.3.2 Internal Arrangement (1041-138-1) ... .o
3.3.3  Acrodynamic Characteristics (1041-183-1) ........coviiviivinns
3.3.3.1 Liftand Drag Data ..............000, e

3.3.3.2 Performance ......cvieeieennnonrereenriioressnneonnronois

1.3.4  Structural Criteria and Design t1041-133-1) ... oinein ot

3.3.5  Aircraft Systems (1041-138-1) .. ovvuiiiniivnireeriiinineinines o,
3.3.6  Propulsion (1041-133-1) . ...0viiirivriiniririnerierairrnesnis
3.3.7  Drive SYSLem .. u\uvuir et rs i i
3.3.8 Weightsand Balance .........cveiiiiininininiaiiiiiniiionennns
3.3.9 Flight Controls ...... b
3.3.9.1 Control System Description ........ooiiviii i

3.3.9.2 Control System Performance......c.ooiiiviiiineon

4.0 PART II-LIFTYCRUISE FAN TECHNOLOGY AIRCRAFT ...........c.ovvu
4.1 All New Aircraft, Model 1041-184 ..., iiiii it
4.1.1  Configuration .......evveiviiniriiueianineienrnaaasarsrieeisons
4.1.2  PropulSioN «.iiuieiiiine ittt
4.1.3  AerodynBmICS .....vniuiiiiiiii i i
414 Flight Controls ...t
4,15  Alreraft SYysUemS . .oviiiui it e
4.1.6 Weight and Balance .......c.ivivensirininiearierniirnerneasiises
4.1.7 Performance-All New Airplane 1041-134........c00vvvvviinnnens

4.2 Modified Aircraft Madel 1041-135-2 ... ittt
4.2.1  Configuration .......coveeiieiiinariinieerioarnnateiieasiaenans
4.2.2 TFlight Controls ... .oovvviiiniiiiiiiiiniin, b
4.2.3 Weightand Balance ..ot
4.2.4  PerfOrmBNCE .\ vt ertt it v et e e et

4.3 Modified Aircraft (Limited Flight Envelope) Model 1041-136 ............
4.4 Technology Aireraft Comparison Summary ........ccieviineiiiiiii ...

FRECEDING PAGE BLANK NOT FILMED

Page



CONTENTS (Concluded)

APPENDICES Page
A, Excerpts From Work Statement and Guidelines ......... ... 169
B. Installed Propulsion Performance ... iaiinenn, 187
C, Ground Effeets oo vuuieeiiiiiiiiiiiiiennrriietiairanns e 225
D, Inlet Aerofynamics .. .uvsiseierentrinesrerrinrrraoneriernerneinasioroo 224
E. Fan Nozzle VAnes ... riirtiiiiiiaenaaariasstsiasrivineesiasraanaronnne 263
F. ‘Transmission Spiral Bevel Gear Load and Veloeity Experience ..., ..0a 00 259
G. HLH Transmission Gearing Experienct ...t iaiiiiiier i, 260
H, Takeoff and Landing Time Histories .......ovviiiiiiiiiiiiiin it 275
I;  Weight Analysis Method .....ov iy, e e 281
J.  Maximum Lift, Speed and Nacelle Deflection

Characteristics for the 1041-183-1 ... i e e e 291

vi



No.

1.0-1
1.0-2
1.0-3
1.0-4
1.0-5
2.0-1
3.1-1
3.1-2
3.1-3
3.1-4
3.1-8
3.1-6
3.1-7
3.1-8
3.1-9
3.1-10
3.1-11
3.1-12
3.2-1
3.2-2
3.2-3
3.2-4
3.2-5
3.2-6
3.2-7
3.2-8
3.2-0
3.2-10
3.2-11
3.2-12
3.2-13
3.2-14
3.2-15
3.2-16
3.2-17
3.3-1
3.43.1-1
3.3.1-2
3.8.2-1
3.3.2-2
3.3.2+
3.3.3-1
3.3.3-2

FIGURES

Pago
Hierarehy of Designms. oo v it e e reaiiaarer s e 2
T041-133 VISTOL Alreraft oo it it sna ey :
LR T BT .41 T T PP 5
All New Technology Airplane, Model 1041-134 .00 oo iienee K
Modified T-20 Technology Airplane, Model 1041-135-2 ... 000 iiis 11
ASW Mission Performance ... i et 1:
Point Design, Three Fan Two Engine ASW Airplane, LCFA-128......... 17
Trimmed Drag Poler LOFA 10412128 ASW) L oo 14
Surveillunee Alrplane, LCFA-12 Lo i et s 19
Trimmed Drag Polar LOCFA 1041129 (Surveillance) . .oooooiiionnia 20
VOD Airplane, Three Engines, LCFA-130 ... oo iiiiiiiine 21
VOD Three Engine Transmission ... iiiiaieriainiiiirsiansanas 22
VOD Airplane, Cabin Arrangement ...ttt iinnns 23
Trimmed Drag Polar LCFA 1041-130(VYOD) oo iiiiiiii e iennnes 24
Surface Attack Airplane, LCFA 131 ... .. i it i 25
Trimmed Drag Polar LCFA 1 41-1831 (BA) ..o iiiananen 26
CBAR, LU A-T3 vt i it i i s raa e nes 27
Trimmed Drag Polar LOFA 1041-132 (CSAR) ... ..o, 28
ASW Airplane, Model 1041-188-1 . 0viiinnrieiiiiiniiiiiiinnsirennes 37
Trimmed Drag Polar ... o it st i e 34
Multimission Airplane Surveillance Role, Model 1041-133-2........... .. 39
LCFA 133-2 Surveillance Rotodome and Support Strut Drag...........000.
Mission Breakdown LCFA 1041-133-2 (SurveillanceY ... oovviiinnen et 41
Performance Capability, Model 1041-133-2 ... uoiiiiiiiiiiiiineinnnn. 42
Muitimission Airplane, VOD Role, 1041-133-3 ... ivriiiiiirrarernnin.. 43
Trimmed Drag Polar LCFA Configuration: 133-3 (VO .......ovieent R I
Mission Breakdown LOFA 1041-133-3 (VOD) o oiiiiiiiiiinnnirerinnnnnan,
Performance Capability, Model 1041-183-3 ... i iiiiiiinnnns 46
Multimission Airplane Attack Role, Model 1041-133-4 ..........000viis 47
LOTFA 133-4 (SA) External Store Drag .o vvviiivrr o e eaaas 48
Migsion Breakdown LOFA 104121334 (BAY oo i 49
Performance Capability, Model 1041-133-4 ... v iiiirinniii it 50
Multimission Airplane CSAR Role, Model 1041-133-5 ..ot 51
Mission Breakdown LOCFA 1041-133-b(CSAR) .....oviiiiii i, 52
Performance Capability, Model 1041-133-5 .....ooooiiiiiiii i, B¢
Propulsion Arrangements for Thrust Vecloring ....o.ovviiiivinrnnenn 56
General Arrangement, Model 1041-133 ...t iiiaaaaa, 58
Spolling CompariSon ..., iyuuues vonntiaannireanirirrteciririionisesssas 5%
Inboard Profile of Model 1041-133-1 ASW Airplane .........c0veninnn it 61
Area Distribution, Model 1041-133-1 i 64
Alternate Fan Drive System, Model 1041-133-1 (ASW Airplane)......... 65
Reynolds Number Skin Friction Correction 1041-133-1 (ASW) ...l 67
Drag Breakdown 1041-133-1 (tASW L i ittt rarasannns 68

vii



3.4.3-3
3.3.13-4
3.3.3-5
3.3.3-6
3.3.3-7
3.31.3-8
3.3.3-49
3.3.3-10
3.3.48-11
3.3.3-12
3.3.4-1
3.3.4-2
3.3.4-3

3.3.4-4
3.3.4-5
3.3.6-1
3.3.6-2
3.3.6-3
3.3.7-1
3.3.8-1
3.3.9-1
3.3.9-2
3.1.8-3

3.3.9-4
3.3.89-h
3.3.9-6
3.3.9-7
3.3.9-8
3.3.9-9
3.3.9-10
3.3.9-11
3.3.9-12
3.3.8-13
3.3.9-14
3.3.9-156
3.3.9-16
a.3.9-17
4.1-1
4.1-2
4.1.3-1
4.1.3-2

FIGURES (Continued)

Oswald Efficieney Factor LOFA 1041-133 (ASWY ..o oot
Buffel Boundary CLpp oo
Lift Characteristics 1041-133-1L (tASW ) . i e e
External Store Drag 1041-133-HASW I, ..o iiiiii e
Trimmed Drag Polar 1041-133-1 (AABW) ... e
V/STOL Configuration Polar 1041-133-1 tASW) Qut of Ground Effeet .. ..
STO Time History, T041-133-1 (ABW oo i i
STO Mission Breokdown LOFA-TO41-188 CASW Lo e
VT Mission Breakdown LOFA 1041-133-1 ASW)I ..o o iinn
Model 1041-133 Flight Envelope ..o i ciieenes
Structural Speed-Altitude Envelope ... ooio i i
Ven Diagrams ....o.00nnnan birraaraenea e e
Gieneral Structural Arrangement

Engine Support and Rotation Mechanism .. ... ...,
Schemaitie of Services (Fuel, Eleetrie, Bleed) o Pivol Beam ...l ovue.
Section Through Quter Bearing ..ottt i i ieneniinnes
Cruise/Lift Fan/Engine Propulsion Pod ... it
Advanced T701 Compound Lift/Cruise Turbofan Turboshaft Iingine ... ..
Variable Geometry Infet Model ... oo i i i i iiicaaes
Power Train Sehemalic ..o it ii i i ettt ettt
Center-of Gravity Loading Diagram Model LCFA-133-1 (ASW) ... .......
Pitch/Roll/Yaw Control ... i i it e aaereieiernniaas
Flight Control Schematic .....c..ovitiiiiii it it irenrrerrneersers
Flight (‘ontro] System, Relationship of

Frimary Controls te Actuation Systems. ..o ovi it on,
Flight Control Modes ..o i e i e et nrnas
Pitch Attitude Controller ... i i e vaee e e inaaes
Horizontal Speed Controller ... i i e reraaes
Roll Angle and Side Velocity Controller ooovior it innns.
Yaw Rate Controller ... it i it et enneiiannnrasins

Roll Control Power Capability, Model 1041-133 .. ... .o i
V/ASTOL Control System Response ... vueiinnoieniiiniinieeeeaanienan,
Hover Gyroscopic Moments, Model 1041-183 ... oo iiiiiiiiinn,
Hover in a Crosswind (Light Gross Weight) ... o oo,
Thrust Vectoring Trim Schedule, Model 10414133 ..., .ot
Thrust Vectoring Trim Schedule, Model 1041-133 .......cooivvvvvnn ...
Statie Directional Stability Cruise Vertieal Fin Size ... invnnn..
Horizantal Tall Size .o i e i e s starserrnennnransnns
General Arrangement, Model 1041-133 .. i i
Overlay CompariSon ...vuee e it iiiet ittt csnacinneraaas
Drag Nue to Lill LCFA 1041-134 (All New A/T)) Mach - 0.6 ............

Roghness Plus Exerescence Drag Factor ...t

viii

111



Na.
4.1.3-3

4.1.3-4
4.1.3-5
4.1.3-6
4,1.3-7
4.1.4-1
4.1.6-1
4.1.7-1
4.1.7-2
4.1,7-3
4.1.7-4
1.1.7-5
4.2-1

4.2-2
4.2-3
4,2.4
4.2-5
4.3-1

FIGURES (Concluded)

Page
Drag Due to a Jet Engine Nacelle Attached to a
Fruselage as a Function of Pylon Length oo, 139
Drag Polar LOFA 1041-134=-All New AP Lo 140
Low-Speed Drag Polar LCFA 1041-134-All New A/P ..o 141
Acrodynamic Lift Power O LCTPA 1041-134 AlINew A/P...oveeiann, 1432
Power-on Lifl LOFA 1041034 .o e e i s nr e 148
Model 1041-134 Control Response Time, GW. 225001 ... ... .04 146
Balance Diagrom Net Technology Airplane ..., 150
LIUFA Technology Airplanes, Typieal Terminal Area Test Missions ..., 162
LOTFA Technology Airplanes Ferry Mission Performance Rules .......... 153
Takeoff Performance LOFA 1041.134, AN New Airplane ......oovnaals, 154
Landing Performance LOCTA 1041-134 All New Airplane ......oooin0. 1565
Level Flight Capability LCFA 1041-134 All New Airplane .............. 157
Technology Airplane Modified T-39
(Sabreliner), Model 1041-1856-8 .. ittt e i vsabanrasraraasas 159
Overlay CompariSon ..o s iraeesiriiserarrnestaenersrirenas 180
Drag Polar LOTFA 1041-180-2 . i iiiiiiiiiian e 161
Low-Speed Drag Polar ... 162
Aerodynamic Lift Power OO, .o i s e iiiiieiranens 163
Limited Might Envelope Technology Airplane Modified T-39
(Sabreliner), Model 1041-136 ..........ov 0 v e raaes 166



No.

1.0-1
1.0-2
1.0-3
3.1-1
4.1-2
3.1-3
3.2-1
322
3.3.3-1
3.3.3-2
3.3.8-1
3.3.6-2
3.3.8-1
3.3.8-3
3.3.8-4
4,1-1
4.1,3-1
4.1.4-1
4.1,6-1

4.,1.6-2

4,2-1
4.4-1

TABLIES

Pagoe
Multimission Aireralt ... ... it iiiianeerenns, e e 5
TTOT BNgine ..oovvuriniiieiiniie e arenns e 6
Operational and Technology Airplane Weight Comparison ..., ..., 9
Lift/Cruise Fan NASA/Navy VisTOL ., ..o eeonn e 30
LCFA Configurations=-Toint Design Mission Summaries ................ 31
Point Design Weight Summary, Mission-Sized Aivplanes ................ 32
Multimission Aireraft Comparison ..ot iiiiri e innens HE|
Multimission Weighl Summury ... oiir it i i e 36
Drag Summary Nonlift Dependent ..o oo oo e Gi6
Combat Load Factors W 83, 8101b............. et 82
Installed Static Performance Sea Level S0 F Day ..., e 95
Comparison of Current to Growth T701 Engine ............. e 4]
Multimission Airplane, Model 1041-3133-1 ............ e 102
Weight Increments for Special Features ....... e .. 106
ASWinertia,..........cccvut et r e b ta e e e 106
Installed Static PPerformance on Technology Aireraft ...l 1356
LCFA 1041-134 Zero Liflt Drag Breakdown .o ovveioo i e 138
Technology Demonstration Hover Control Power, Model 1041134 ..., 145
Technology Airplane Weight
Statement NASA/Navy VISTOL-Part Il ............... e 148
Lift/Cruise Fan and Transmission System
Weight, b, Technology Airplane ........... e beaaes Crr i 149
Possible Technology Demonstirator Modifieation Comparisen Chart ...... 168
Weight Summary Technology Airplane ... .. e Cerrenaas Ce e 168



SYMBOLS AND

ABBREVIATIONS
A aapoct ratio-b*S; nozzle area~ft? (m?%
AP airplane
ASW antisubmarine
h wing span-(t2 (m*)
BCAY best cruise altitude and veloeity
BPR bypass ratio-fan airflow Lo primary airllow
BS body station
¢ mean aerodynamic chord
c.g. center of gravity
Co drag coefficient, D/gs
CL lift coefficient, Lqs
C1, max maximum }ift coefficient
C[,x lift curve slope
CSAR combat search and rescue
D drag, Ib (\D
DDA Detroit Diesel Allison
e Oswald efficiency lactor on drag due to lift (Cpy = Cpyy * CL*ImAe)
I thrust, Ib (N)
Fg gross thurst, 1b (N)
Fyg max maximum gross thrust, 1b (N)
Frie lift cruise fan thrust, 1b (N)

Xi



Fn net thrust, b (N)

/W thrust.weight ratio, Ib/1b (N/N)

G.E. General Electric Company

gpm gallons per minute

GW gross weight

HLH heavy lift helicopter

HP horsepower (W)

10C initial operating capability

Ix

Iy ] moments of inertia, slug fi 2 (kgm2l

Iz

kn knot

KEAS knots equivalent airspeed

KTAS knots true airspeed

L lift, Ib (N)~characteristic length

LE leading edge

M Mach number; pitching moment I't b (N m}
MAC mean aerodynamic chord

MH maximum horizontal flight Mach number
N number of engines; yawing moment {t/Ib (N/m)
OEW operating empty weight, 1b (kg)

P pressure 1b/ft% (N/m?)

P-pmax maximum total pressure, 1b/it? (N/m*)
PTmin minimum total pressure, /12 (Nim®)

xii



q dynamic pressure, Ib/ft2 (N/m*)

Re compressor pressure ratio

Ry fan pressure ratio

S wing or reference area, (t? (m*
SA surface attack

SAS stability augmentation gystem
SFC gpecific fuel consumption, Ib/hr/lh (kgix'N)
STOL sliort takeofl and landing

T temperature, deg

TAS true airspeed

te thickness/chord ratio

TIT turbine inlet temperature, deg
T.0. takeoff

TOGW takeoff gross weight, Ib (kg}

Vv velocity, kn (m/s)

Vu level flight maximum speed
VL vertical landing

Vo freestream velocity

VoD vertical onboard delivery

V/STOL vertical/short takeoff and landing
VTO vertical takeoff

VTOGW  vertical takeoff gross weight, 1b (kg
VTOL vertical takeoff and landing

w weight, 1b (kg); airflow, 1b/s thg/s); watts

vl



Greek:

14

Y

Aot

wing body line

fuel flow, Ib/hr tks/hr)

angle of attack, deg (rad)
Nlighipath angle, deg (rad)

pressure ratio P/Pgy, stq; lap deflection, deg (rad)

H

pitch nngle, deg (rad); temperature ratio, ﬁ“;!"':‘;'l'
by oL

gross thrust vector angle relative to the turizantal hady reference line:
when thrust is horizontal and forward, A = 0% when ‘hrust is vertical and

up, A = 90 deg (rad)
gweep of the quarter cho.d line, deg trad)
roll angle, deg (rad)

yaw angle, dog (rad)
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1.0  SUMMARY

Hub driven, variable pitch fans connected to turboshaft engines through
a mechanical transmission offer the airplane designer a flexible means
for selecting a yood compromise between the requirements for high thrust
at low speed and efficient thrust at cruise speed. This compromise is
extremely important in selecting the propulsion arrangement for high
speed, vertical takeoff airplanes. The present study was performed to
examine the applicability of such a propulsion system to V/STOL ajrcraft
intended for Naval sea control operations.

The study was accomplished in two parts. Part I consists of a series
of naval operational aircraft designs leading to a multi-purpose airplane
capable of performing a variety of missions with minimum modification.

In Part II a family of technology demonstrator aircrafl was designed,
each of which could re,. 2sent to various degrees the technical features

of the multi-mission airplane.

The relationship of the 13 resulting configurations and their identifying
model numbers are shown on Figure 1.0-1,

OPERATIONAL AIRPLANES

As a result of the point design configurations studied in Part I, the
ASW airplane became the basis for the multi-mission design.

An isometric view, emphasizing the V/STOL features, is shown in Figure 1.0-2.
The two engines are mounted behind the variable pitch 1ift/cruise fans,

and the engine/fan units rotate to provide thrust vectoring for V/STOL
operation. A variable pitch 1ift-fan is mounted ahead of the crew stations
and is driven by interconnecting shafts.

In cruisc and high speed flight the airplane is conventional in appearance
and operatiantkﬁzbe nose fan is disengaged at the cross shaft.



Point design
operational
aircraft

Multipurpose
operational
atrcraft

Technalogy
aircraft

ASW SURV vobD SA CSAR
LCFA-128 LCFA-129 LCFA-130 LCFA-131 LCFA-132
{5 independent designs with similar propulsion systems)
1041-133-1
IMinimum modification of 1041-133-1}
r 1041-133-2 1041-1333 1040-1334 1040-133-5
h J
All new airplane, (1041-133-1 propulsion system except
1041-134 : .
for use of zvailable engines}
1041-135-2 Morified T-39 (1041-134 propulsion)
1041-136 Modified T-39, low speed only {1041-134 propuision)

Figure 1.0-1.-Hierarchy of Designs
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Shaft support

Crive shaft (t\/p)
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Figure 1.0-2.~1041-133 VISTOL Aircraft
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A sumn vy of the point designs developed in the Part T study are shown

in Figure 1.0-3. The VOD is an exception to this family in that it
requires three engines rather than two and its fuselage is substantially
different due to the transport mission requirement. Otherwise, the

ASW design 1s critical; that is, the ASW airplane must be somewhat larger
than the other point designs and it can be readily modifed to perform the
other missions in its multimission role.

Therefore, Model 10471-133-1 is presented as the typical operational
airplane. The arrangement is the natural resuit of the basic assumptions
on propulsion failure: (1) safe flight is possible after engine failure
including ' safe failure transients during specific flight conditions and
(2) there is no provision for fan failure during V¥/STOL maneuvers. The
second assumption is similar to helicopter design philosophy with regard
to rotor fajlure.

Model 1041-133-1 is designed by flying the ASW mission from a short takeoff
carrying a 2820 1b. payload 150 nautical miles, loiter 4 hours, return

150 miles with reserves and land vertically. With the addition of water/
alcohol the airplane can fly the same mission from vertical takeoff and
loiter 3.16 hours at 150 mile radius.

The basic configuration for all the missions is similar (with the exception
of VOD which requires an extra engine). The resulting configurations have
three fans, two for Tift/cruise and one for T1ift only. The three fans are
identical. The two engines are developments of the Detroit Diesel Allison
T701 or equivalent and the three fans are developments of the Hamilton-
Standard "Q-Fan" variable pitch fans. The multi-mission airplane weights for
the various missions are listed in Table 1.0-1.

The static performance of the propulsicon combination used for both the
operational and technology airplanes at sea level and 90°F is shown on

Table 1.0-2. Each engine drives a reduction gear set through an overrunning
clutch. A right angle bevel set distributes power to the front fan through
a "T" box and clutch. Airplane accessory power is taken from the rear of
the "T" box. The «lutch adjacent to the "T" box disconnects the frontfan
during conventional flight.



ASW
LCFA-128

SA
LCFA-131

Surveillance
LCFA-129

vVOb

LCFA-130

CSAR

LCFA-132

ASW Surv voD SA C3AR

-128 -129 -130 -131 177
Number of engines 2 2 3* 2 2
Wing area, ft 310 265 350 250 270
Emergency landing weight required 24500 | 24420 30 300 | 20180 | 23090
Emergency landing weight capability 24 500 24 500 30300 {24500 | 24 500
Mission GW 37 750 32 220 42 300 3 30350 § 31 730

“T701 (current).

Figure 1.0-3.—Point Designs




Table 1.0-1.-Multimission Aircraft

ASW SURV voD SA rean
1041-133-1 1041-133-2 10411333 1041 1334 1041 133 5

Number of engines 2 2 3 P ?
Mission GW, Ib 37 760 32 Gb0 42 530 30810 30 850)
Emergency landing
weight, Ib 24 500 25 000 30 440 21280 23 000
Emergency landing
weight capability, I 25 000 25 000 38 000 265000 25000

Table 1.0-2.-T701 Engine*

Intermadiate powsr, Conlingency power,
two engines, three fans one enging, three fans
Fan pressure Tt fan Fan pressure Tatal fan
ratio thrust, Ih ratio thrust, b
Current {1975) 1.14 27 680 1121 21 000°
1985 1.17 34 000 1.13 25 330

*Sea leve!, 90° F, day

TWater/alcohal augmentation

0



Thrust vector control during V/STOL operation is achieved by rotating

the 1ift/cruise fan nacelles. The nose fan thrust vector is fixed 15°
forward of vertical. ODuring V/STOL transition, as the nacelles rotate
and their moment arm about the ¢.g. changes, the nose fan thrust level
is changed to balance the moments,

A very important design constraint is the requirement for one engine out
operation during low speed flight and hover. The operational airplane was
designed to have engine out capability at emergency weight {weapons stores
and all but 1,000 1bs. of fuel jettisoned) with the remaining engine ai
contingency power.

TECHNOLOGY AIRPLANES

The technology airpianes of the Part II study were based on the ASW version
of the multi-purpose design. The propuision arrangement and size is the
same as the ASW except for the engines which are current models of the
operational engine. The static thrust available is shown on Table 1.0-2.
Water-alcohol injection is used to provide contingency power in the event
of single engine operation,

A three view of the_a]l new technology airplane, Model 1041-134, is shown

on Figure 1.0-4. Compared to the multimission airplane, it has a more
slender fuselage, a two place instead of a four place cab and a smaller wing.
The wing size was reduced to maintain the operational wing Toading for
similarity in flight characteristics. These differences result in an
operating weight of 16,400 pounds compared to 23,500 pounds for the
operational ASW. A comparison of pertinent weight is shown on Table 1.0-3.

With full payload and 2 crew members, at emergency landing gross weiaht

of 20,400 1bs; it carries 1,490 pounds of fuel. This will provide a hover
endurance of 18 minutes. The all engine operating thrust/weight ratjo is
1.36 at this weight. Vertical flight at higher weight is safe within a
Timited hovering envelope.
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Table 1.0-3.-Operational and Technology Airplane Weight Comparison

Operationat Technology (
airplarne dirplane
1041-133, 1041-1.39, AWright,
1] I b

Structure 1920 G 290 -1 630
Propulsion 7 480 G910 -570)
Equipment G 500 2 600 3an0
Enmipty weight 21 900 15 800 -6 100
Nonexpendable useful load 1 600 GO0 -1 000
Operating weight 23 500 T 400 [T T 2o
Payload 2 820 2 H -320
Fuel 12 070" 1 By
Gross weight {ASW mission) 37750 T -
Emergency landing weight 24 500 20 400 -4.100

*Includes external tanks.

TIncludes H20/alcuhnl.
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A technology airplane based on modifying a Rockwell International T-39
Sabreliner was studied as a means of reducing cost (Model 1041-135-2), A
general arrangement is shown on Figure 1.0-5, Modification consists
primarily of removing unnecessary weight, chanaing the nose and aft body
to accept the V/STOL propulsicn system, and replacing the canopy to
permit ejections. 1Its operating weight is 700 pounds heavier than the
all new 1041-134. At the single engine emergency weight, it can carry
790 pounds of fuel with 2 crew members and full payload. A hovering
endurance of 9 minutes can be extended by removing part of the payload

or limiting the hovering envelope. The major disadvantage of this concept
is the unnecessarily large wing of the T-3Y9, The cost of reducing the
wing size on the -135-2 would cancel the cost saving due to modification.

A further small cost reduction was achieved by limiting the operation of

a moditied airplane to the low speeds associated with takeoff, landing

and transit‘on. This configuration, Model 1041-13G, is also a modification
of the T~39. Additional changes consist mainly of removing the canopy,
fixing the landing gear and removing unnecessary doors and actuators. This
airplane is 600 pounds Tighter than the -135-2 and only 100 pounds heavier
than the all new -134,

These three technology airplanes offer a classic cost/weight/performance
trade:

~ The all new -134 costs the most, has low risk on weight and has
good performance.

- The modified T-39 is Tess expensive, has a low weight margin, and
has good performance.

-~ The Tow speed modified T-39 is the least expensive, it has low risk
on weight, but its performance capability is Timited to low speed.

10
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Figure 1.0-5.-Modified T-39 Technology Airplane, Model 1041-135-2



2.0 INTRODUCTION

Many successful V/STOL experimental aircraft have flown in the last
two decades. Few except for helicopters, have resulted in useful
operational systems, Recent trends in the strateqgy of naval warfare
have revealed a potential requirement for high speed V/STOL airplanes
that may well supply the mission requirement for vertical takeoff that
has been missing in previous studies and experiments. This turn of
eventscould result in the introduction of high speed V/S5TOL airplanes
as a major element in the composition of modern naval forces.

Successful development of vertical and short takeoff and landing aircraft
with good payload-range and high speed capability will allow effective

air power to be dispersed throughout the fleet instead of being concentrated
on conventional aircraft carriers,

Other military applications are evident. Troop deployment, rescue,
surveillance and attack missions of both the Army and Marines could profit
from the development of high speed, VTO aircraft.

In the civil applications development and re-supply at remote Tocations in
difficult environment can also be improved by high productivity VTO aircraft.

This study has addressed the problem of desiqning a vertical takeoff airplane
to perform the naval mission. It is shown that proper selection of modern
propulsion components combined with a traditional aerodynamic configuration
can yield a twin engine airplane having very respectable conventional
performance together with excellent vertical takeoff capability and engine
out safety. Performance and control after engine failure is superior to

that of conventional twins during normal flight. Conventional safety margins
are retain during very low speed flight and hover.

The selection of a 1ift/cruise fan system at a disk loading balanced

between the requirements for Tow speed thrust and high speed fuel economy
has resulted in an airplane which minimizes the inherent penalty of vertical
takeoff. Figure 2.0-1 shows the application of these principles to a V/STOL
ASW airpiane and compares it to the performance of the conventional, carrier
based S~3A when both are flying the ASW mission.

l A
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Although the resulting design is unique principally in its combination

of previously successful components, the conbination does require validation.
Technical risks can be resolved by demonstrating the aerodynamic, propulsion
and flight control characteristics of the airplane in a technology
demonstrator. Several possibilities ot technology demenstratior airplanes

are oresented. They all share in coumon the advantages ot being sized

to an existing engine. The fan and transmission are practically identical

to their full scale operational counterparts thereby demonstrating the

new features at full scale but avoiding the requirement for engine development
at the demonstratur stage.



3.0 PART I ~ NAVY OPERATIONAL AIRCRALS

As part of the NAVY's contro} of the sea, five V/STOL aircraft missions
were formulated. These ranged from aerial surveillance to transport
operation, Specifically, the missions are:

A. Surface Attack (SA) - sea contro) wission. Patrol for 2 hours
at 20,000 feet at a radius of 300 n.mi. armed with 2 harpuons
and 2 AIM-9 missiles.

B. Antisubmarine (ASW) - Patrol at 10,000 feet for 4 hours at a radius
of 150 n.mi. armed with 2 MK-46 torpedoes and 50 sonobuoys.

C. Vertical Onboard Delivery (VOD) - Deiiver 5000 1bs. of payload
2000 n.mi. '

D. Surveillance - Patrol at 25,000 feet for 4 hours at a radius of
75 n.mi. carrying surveillance avionics.

E. Combat (strike) Search and Rescue {CSAR) - Accompany strike aircraft
and perform the search and rescue as required.

Compiete mission ground rules are given in Appendix A.

V/STOL Aircraft were designed for each mission. The point designs were
then compared to find the best multimission airplane and to determine the
mission compromises such a cancept would entail,



3.1 Point Design Aircraft

The point design aircraft were configured to perform the five missions.
A development of an existing engine (Detroit Diesel Allison T701) and
62 inch diameter variable pitch fans were used on all airplanes. They
all had three fans (one 1ift/fan and two Tift/cruise fans), and all but
the VOD used two engines. The V0D needed three.

The Point Design configurations and the drag polars for each are shown
on Figures 3.71-1 to 3,1-12. A comparison of these configurations is
shown in Figure 1.0-3. Mission and weight summaries of these airplanes
are shown on Tables 3,1-Z and 3,1-3.

The Static thrust available (at this point in the study) at sea level
on a 90°F day was:

2 Engines/3 Fans; Thrust = 34,000 1bs.

1 Engine/3 Fans; Contingency Rating Thrust = 24,500 1bs,

The installed cruise performance used in calculating the performance of
these designs is presented in Appendix B. Performance, other than

static, is based on parametric data from Hamilton-Standard. The Hamilton-
Standard estimate of instailation Tosses is optimistic. This balances

the very conservative core performance used. The installed data shown

on Figures B-1 to B-10 were used as installed performance with fuel flow
increased 5% to account for service tolerance included.

The total installed power required is dominated by the short takeoff and
vertical Tanding requirements. There are three Tow speed conditions which
can define the total thrust required. These are: (1) short takeoff,

thrust weight vratio {F/W) less than one; (2) wission end vertical landing,
F/W = 1.05; and (3) emergency weight, (engine out) vertical landing,
F/W=1.0. In all cases, the engine out vertical landing is critical. The
emergency weight is the weight that can be attained after jettison of
relecsable payload. This condition can be satisfied with one or two engines
for all the missions except VOuU. The VOD emergency weight is high because
of the Targe fuselage and non-releasable character of the payload.
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The antisubmarine design, conceptually similar to the SA, is shown

on Figure 3.1-3. It has a 310 ft2 of wing. Performs the mission

from a GW of 37,750 1bs. with @ short takeoff ground roll less than

400 feet in a 10K wind. The emergency weight is equal to the emergency
thrust. This condition was the criterion for the selection of the

fan diameter. Its drag polar is in Figure 3.1-4,

The three engine VOD is an anomaly in that the emergency gross weight
must be achieved with full payload. The third engine, for use only during
takeoff and landing,is beneath the floor of the cockpit, Figure 3.1-5.
The shaft routing is also different from the other aircraft. A schematic
is shown in Figure 3,1-6. The "T" box is Tocated asymetrically; from
the “"T" box the shaft descends along the cabin wall below the floor. An
extra gearbox is used to turn the shaft forward, under the floor, to the
front fan. The effect on the cabin arrangement is shown in Fiqure 3.1-7,
The trimmed drag polar is shown in Figure 3.1-8.

The surveillance airplane features a retractable radar under the fuselage
(Figure 3.1-9), A 12 ft. diameter system was used. The airplane has

265 ftz of wing; performs the mission from takeof gross weight of 32,220 1bs.
which is a F/W = 1.05. This is sufficient for a vertical takeoff. The
drag polar is in Figure 3.1-10.

The CSAR version is shown in Figure 3.1-11. Its polar is in Figure 3.1-12.
The cabin, for rescue operations, is encumbered with a shaft bulge, Tike
current automobiles. It performs the mission from a vertical takeoff with

F/W=1.07. It has a wing area of 270 ftz.

The five point designs are compared on Tables 3.1-2 and 3.1-3. It is
apparent that the ASW mission is the most stringent for the two engine
ajrplanes. A1l the other missions are performed from a vertical takeoff;
only the ASW needs a short ground run. On this basis the ASW configuration
was used at the basis for the multimission airplane.
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Figure 3.1-1.-Point Design, Three Fan Two Engine ASW Airplane, LCFA-128
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Figure 3.1-3.—Surveillance Airplane, LCFA-129
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Figure 3.1-5.-VOD Airplane, Three Engines, LCFA-130
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Figure 3.1-6.—~VOD Three Engine Transmission
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Figure 3.1-9.-Surface Attack Airplane, LCFA-131
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Table 3.1-1.-Lift/Crulse Fan NASA/Navy VISTOL
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Table 3.1-2.-LCFA Configurations—Point Design Mission Summaries

W/S = 120 Ib/ft?
Standard day
Advanced DDA T701 engines/VP fans

configu’\:la::ist;znr{umber Swing (ftz} ‘L"fD]max (M(L"D”max Mission fuel OEW Mics;ii’on ?\gis‘;ﬂon

ASW/-128 310 11.82 (M = 0.6) 8.45 (M = 6.75) 11430 23500 37750 0.9

Surveillance/-129 265 10.34 (M = 0.6) 7.01 (M = 0.7) 8800 23420 32220 1.05

vQOD/-130 350 11.45 (M = 0.6) 8.18 M =0.75) 13000 24300 42300 —

SA/131 250 9.79 (M = 0.6} 5.80 (M =0.75) 8630 19180 30350 1.12

CSAR/-132 265 10.58 (M = 0.6) 7.45 (M = 0.75) 8830 22090 31730 1.07
Notes:

1. VOD configuration {3 engines)
2. Mission calculations include 5% SFC tolerance
3. Ali mission fuel carried internally




Table 3.1-3.-Point Design Weight Summary, Mission-Sized Airplanes

Configuration | LCFA-128 LCFA-131 LCFA129 LCFA-132 LCFA130

Mission ASW SA SRV CSAR VoD
Operating weight, 1 23 500 19180 23420 22 000 24 200
Payload, Ib 2 820 2 540 0 810 5000
Fuel, Ib 11 430 8 630 8 800 8 810 13000
Mission gross weight, I 17 750 30 3650 32 220 31730 42 300
Mission T.0,, F/W 0.9 1.12 1.06 1.07
Emergency landing weight, 'h 24 500 20180 24 420 23 090 30 300
Wing area, 12 310 250 265 265 an0
Lift/Cruise fan diameter, in, G2 G2 b2 G2 G2

s
(=)



3.2 Multi-Mission Aircraft

Comparison of the point designs from the standpoint of emergency weight,
and mission weight and payload led to selection of the ASW as the basis

for the multi-mission airplane. Mode]l 1041-128 was renamed 1041-133-1, and
became the ASW version of the multi-mission airplane. For convenience

the other versions of the multi-purpose airplane were given dash numbers

on the 1041-133 designation:

Antisubmarine (ASH) 1041-133-1
Surveillance 1041-133-2
Vertical Onboard Delivery (VOD) -3
Surface Attack (SA) -4

Combat (Strike) Search & Rescue (CSAR) -6

The multi-mission airplane concept is conceived as being a single airplane
design with only minor changes which are required by the different mission
roles. Except for the VOD airplane, the same wing, flight deck, propulsion
and contyrol system will be used for all the models.

As a result of continuing design and analysis. the weights and thrust

used for the multi-mission airplanes are slightly different from the

point designs. For example, the point design ASW (-128) airplane had a
mission GW of 37,750 1bs; the multi-mission ASW (-133-1) has a mission GW

of 38,390 1bs. The maximum emergency thrust for the two engine airplane,

is 25,300 ibs. That is after an engine failure with one engine driving three
fans. For the V0D, two engines driving three fans after an engine out,

the emergency thrust is 39,400 1bs. This performance became available

in June 1975. The performance of the multi-mission aircraft was modified

to account for the differences. The data is in Appendix B.

3.2.1 Multi-Mission Summary

A summary of the five multi-mission airplanes is presented to show the
overall capability of the system. A more detailed description of the ASW
version is presented in Section 3.3 and represents the entire family.

A comparison of the airplanes in the different roles is shown in
lable 3.2-1.



Table 3.2-1,-Multimission Aircraft Comparison

Fan Diameter = 62 in.

Wing Areq 3101 12

Airplanc 1041-1331 | 1041-1332 | 1041-133-3 | 1041-133-4 | 1041.1335
Mission ASW SURV VoD sA SAR
No. of engines 2 2 3 2 ?
Wetted area, it 1674 1947 1937 1674 1674
Sody: Volume, ft3 934 034 1890 n34 934
Density, /i3 22.8 16.9 12,5 14.1 13.4
Mission T.O. weight 38 890 33 360 42 520 31 250 30 180
Mission T.0. F/W  [i>> 0.89 1.02 1.01 1.09 1,10

- VN R .

[ sealevel 80° F day




The ability to perform the specified mission from a vertical takeoff is
approached by all the aircraft except the ASW which has a F/W = 0.89,
On Tahle 3.2-2 the weight for the five versions are summarized, The
empty weight cost of using a single wing area and fuselage causes the
surveillance airplane to become the most critical from an emergency
weight standpoint; it is st{ll within the available thrust.

3.2.2 Multi-Mission Performance

The performance and drag polars of the five versions of the multi-mission
aircraft are presented in Figures 3.2-1 through 3.2-17. The ASW (1041-131-1)
was the baseline airplane. Drag and weight estimates of the other

four were taken as increments to the ASW. The ASW three-view is shown

on Figure 3.2-1. The trimmed drag polar, without external stores for the
four two engine aircraft is shown in Figure 3.2-2. The complete buildup

of ASW aerodynamics and performance is described in Section 3.3,

The surveillance airplane (1041-133-2) three view is in Figure 3.2-3.

The drag increment due to the rotodome is shown on Figure 3.2-4. The
mission performance is on Figure 3.2-5. The mission F/W at T.0. is 1.02
at sea level and 90°F., It could be performed from a vertical takeoff with
acceleration margin reduced from F/W = 1.05. The level flight envelope is
in Figure 3.2-6. The early drag rise of the rotodome cause the high

speed to be drag 1imited at M =

The VOD airplane (1041-133-3) three view is in Figure 3.2-7. The drag
polar is shown in Figure 3.2-8 and the mission calculation on Figure 3.2-9.
The flight envelope is shown on Figure 3.2-10. The mission takeoff F/W

is 1.01. Just possible for VTO.

The surface attack (1047-133-4) three view is in Figure 3.2-11. The drag
increment for the external stores is in Figure 3.2-12. Mission performance
in Figure 3.2-13 with VTO from an F/W = 1.09. The flight envelope is

in Figure 3.2-14.



The CSAR version (1041-133-5) is in Figure 3.2-15. There are no
external stores so that the polar in Figure 3.2-2 applies, The mission
performance is in Figure 3.2-16. The initial takeoff 1s vertical at a
F/W=1.1. The flight nrofile is shown in Figure 3.2-17.
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Table 3.2-2,.-Multimission Weight Summary

Confiquration 1331 1334 1332 1335 1333
Mission ASW SA SURV C3AR vOD

Operating weight, 1b 23 6500 20 280 23970 21 600 24 400
Payload, It 2 8. 2 h10 0 810 H 00N
Fuel, I 12 070" 7 990 9 390 8370 13080
Mission grass weight, i 38 300 31 250 33 360 30 7180 A 520
Emergency landing weight, th 24 500 21280 24 970 22 GOn 30 140
Emergency thrust, ib 25 300 25 300 25 300 26 300 39 400

*Includes weight of external leaks.




413 FT

Vi - 17.8 FT

48.1 FT

Figure 3.2-1.-ASW Airplane, Model 1041-133-1



LCFA CONFIGURATIONS 3M41-133-1(ASK), -133-4(5A),
-133-5(CSAR), =133-2  SURVEILLANCE)

WING REFERENCE AREA = 310 FT2

REFERENCE ALTITUDE = 30000 FT
EXTERNAL STORES OFF

.01 .02 .03 .04 .05 .06 .07

Cp

Figure 3.2-2.-Trimmed Drag Polar
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4a
6 —3
3 4
7
2
1
— 75 NMI - -
B SEGMENT SPEED TIME | DISTANCE | FUEL*} A/P WEIGHT
(HRS. ) (NMI) (LBS, )| START OF SEGMENT
1) WARM-UP, TAKEOFF, -- ,042 - 33 33357
ACCEL TO CLIMB SPEED
2) CLIMB TO BCAY 280 CAS .79 29 526 33026
3) CRUISE @ BCAV M=,75 . 095 46 269 32500
(INITIAL ALTITUDE=32000 FT)
4) LOITER @ 31000 FT M=.60 4.000 - 7080 32231
a) CLIMB TO BCAV 320 CAS ,028 12 121 25151
5) CRUISE @ BCAV
(INITIAL ALTITUDE=37000 FT) | M=.75 146 63 285 25030
6) DESCEND TO SEA LEVEL - -- - — 24745
7) LANDING ALLOWANCE
AND RESEY AND RESERVE
a) 10 MIN. LOITER @ S.L. M=, 28 .167 - 329 24745
b) 5% TOTAL INITIAL FUEL == - - 446 24416
OEW+PAYLOAD 23970

* 5% SERVICE TOLERANCE THROUGHOUT

Figure 3.2-5.-Mission Breakdown LCFA 1041-133-2 (Surveillance)
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WING REFERENCE NRER = 210 FT?
REFERENCE ALTITUDE = 35000 FT

O .02

Figure 3.2-8.-Trimmed Drag Polar LCFA Configuration: 133-3 (VOD)
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5
1 :
| 2000 NM! _—
| _ TIME | DISTANCE | FUCL*] A/P WEIGHT O
SEGHMENT SPEED | pps.y | (mMT) ] (LBS.) | START OF SEGHENT
1) WARM-UP, TAKEOFF, - 042 - 175 35519
ACCEL. TO CLIMB SPEED
2} CLIMB TO BCAV 300 CAS | .110 42 727 42173
3) CRUISE @ BCAV H=.75 | 4.499 1958 | 10590 11408
(INITIAL ALTITUDE=29000 FT)
4) DESCEND TO SEA LEVEL - - . - 30856
5) LANDING ALLOWANCE AND
RESERVE
a) 20 MIN. LOITER 0 S.L. | M=.32 | .333 - 791 30856
b) 5% TOTAL INITIAL FUEL |  -- -- ” 625 30065
OEW + PAYLOAD 29440

* 5% SERVICE TOLERANCE THROUGHOUT

Figure 3.2-9.~Mission Breakdown LCFA 1941-133-3 (VOD)
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Figure 3.2-12.-LCFA 133-4 (SA) External Store Drag
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3
10 4
7
2
3
1
| < 300 M |
" ‘ TINE | BISTANCE] TULL* | A7F WLOIHT O
SLGHENT SPLED 1 iins.y | (M1 | (LBS.) |START OF secHin
1) WARM-UP, TAKEOFF, - 047 330 31250
ACCEL. TO CLIMB SPEED
2) CLIMB TO BCAV 290 cAS | .076 29 507 30920
3) CRUISE @ BCAV M=.75 | .630 271 | 1424 30413
(INITIAL ALTITUDE=33000 FT
4) DESCEND TO 20000 FT - - - - 28989
5) LOITER @ 20000 FT M=.45 |2.000 - | 3662 28919
6) COMBAT @ 20000 FT M=.80 | .083 .- 163 25327
7) CLIMB TO BCAV 350 CAS | .037 16 | 189 24954
8) CRUISE @ BCAV N=.75 | .660 280 1207 24775
(INITIAL ALTITUDE=38000 FT
9) DESCEND TO SEA LEVEL - —- - - 23568
10) LANDING ALLOWANCE AND
RESERVE
a) 10 MIN. LOITER @ S.L, | M=.27 | .167 - 348 23568
b) 5% TOTAL INITIAL FULL - -- _- 400 23220
OEW+PAYLOAD 22820

* 6% SERVICE TOL<RANCE THROUGHOUT

Figura 3.2-13.~-Mission Breakdown LCFA 1041-133-4 (SA)
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Figure 3.2-15.-Multimission Airplane CSAR Role, Model 1041-133-5
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10

12 3
3 5
2 7
1 ) é:}
|- 350 NMI |
SEGMENT SPEED TiMe | pISTANCE | ruce | A/p welent o
(RS, ) | (nM1) (LBS.) | START OF SEGMLNT
1) WARH-UP, TAKEOFF, . , — .
ACCEL. TO CLIMB SPLED 042 331 30769
2] CLIMB T0 BCAY 300 CAY .074 79 518 30438
3) CRUISE © BCAY . .
(INITIAL ALT. = 35000 FT) | M° 75 | 746 4 321 1529 29920
4) LOITER @ 39,000 I7T. M= .75 333 | - 663 28391
5) DESCEMD TO SEA LEVEL -- - - - 27728
6) DASH AT M = .80 M- .80 | 094 | 50 839 27728
7) PERSONNEL PICKUP N .
(10 MIN. HOVER) 167 1216 26889
3) Dash at M= .80 Me .80 | L0939 | 50 841 25673
3) CLIMB TO BCAV 300 CAS | .069 | 27 442 24832
18} CRUISE ® BCAV M= .75 | 751 | 323 1260 24390
(INITIAL ALT. =38000 FT.)
11) DESCEND TO SEA LEVEL - - - - 23130
12} LANDING ALLOWANCE
AND RESERVE
a) 10 MIN. LOITER @ S.L. M= .78 167 - 313 23139
b) 5 TOTAL INITIAL FUEL| -- -- - 407 22817
OLW+ PAYLOAD 22410

* 5% SERVICE TOLERANCE THROUGHOUT

Figure 3.2-16.--Mission Breakdown LCFA 1041-133-5 (CSAR)
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3.3 ASH Airplane Design, Model 1041-133-1

The ASW airplane as th~ baseline design is described in some detail.

An isometric of this basic two argine arrangement is shown on Figure 1.02.
The propulsion system installation is cmphasized. E£ach engine drives
through an overrunning clutch into the lift/cruise gearbox, This gearbox
contains a reduction gear, which reduces enqgine RPY to fan RPM

(11,500 RPM to 3,500 RPM) and a riqght annie bevel set which distributes
power to the combiner gearbox or "T" box. Interconnecting shaft speed

is equal to engine speed., At the "T" box power is distributed as required
to the tront fan, where a bevel] set reduces the speed back to fan RPM. A
clutch adjacent to the "T* box disconneuts the front fan during conventional
flight. Airplane accessories power is taken from the rear of the “T" box.

Thrust vector control during V/5TOL operation is achieved by rotating the
lift/cruise fan nacelles, The thrust vector anqgle of the nose fan is
fixed 16° forward of vertical { A = 75%): its magnitude is controlled with
fan pitch. During V/STOL transitions as the 1ift/cruise vector is rotated
and its moment arm about the c.q. changes, the nose fan thrust is changed
to balance the system.

Three Jarge benefits Ted to selection of thrust vectoring by nacelle
rotation. In addition to minimizing the number of gearboxes and permitting
an aerodynamically clean engine-wing integration, rotating the nacelles
provides ahout 157 more vertical thrust at the 1ift/cruise fan than would
otherwise be ;ssible with the same engines.

Use of other propulsive arrangements was considered but the performance
advantage of the selected arrangement overrides other considerations. A
comparison of a rotating nacelle and thrust deflecting nozzle is shown
in Figure 3.3.1.

The rotating nacelle has the engine placed behind the fan. The engine is
supercharged by the fan and a single gearbox connects i%- engine and fan
and provides the output for the interconnect system. For single engine
operation the fan pressure ratio of 1.13 supercharges the engine for about
10% more power. When both engines are operating, the augmentation caused
by supercharging is as much as 207. The nozzle efficiency is about 98. of

the ioeai.
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Figure 3.3-1.-Propulsion Arrangements for Thrust Vectoring



For the ti1t nozzle thrust deflection system the engine is separate

from the fan., This is necessary to keep the point of action of the
vertical thrust vector near the wing trailing edge without creating

an unfavorable interference condition by hlocking the winy and batk
pressuring the engine with the fan. The weight and complexity of two
extra gearboxes are required by this separation. The supercharging
action of the fa 1is lost, resulting in about 10" Tess power than would
have been available with sunercharging. In addition, a nozzle efficiency,
including duct bend losses, approaching 95 may be possible. Thus, the
thrust available is 85" of the ideal with supercharging.

3.3.1 Arrangement and Characteristics (1041-133-1)

Fig. 3.3.1-1shows the qeneral arrangement of Boeing Model 1041-133-1,
multi-mission V/STOL airplane in its ASW vole. It has a low wing, “T"
tail and engine pods mounted on the aft body in an arrangement similar
to the majority of today's small jet transports.

The design incorporates a number of special features to suit it for

its role as a ship based V/STOL aircraft. The most important

feature is the propulsion system. Two Allison advanced T701 turboshaft
engines drive three Hamilton-Standard variable pitch fans by means of

a mechanical drive system.

The wings fold just outboard of the engine pods. The planform of ihe
ajrplane with wings folded is siightly smaller than that of the A-7.

It is therefore assumed that the spotting factor relative to the A-7 is
1.0 or s}ightiy less. Figure 3.3.1-2 shows the planforms of the two
airplanes superimposed.

The landing gear is a conventional tricycle arrangement. The main gear

attaches to the wing fold rib and retracts outboard. The nose gear
retracts aft under the cockpit floor.
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Figure 3.3.1-1.—General A~ - - 1ent, Model 1041-133
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Figure 3.3.1-2.-Spotting Comparison



3.3.2 Internal Arrangement (1041-3133-1)

The interior arrangement of the airplane is shown by Figure 3.3.2-1.

A four man crew cab is provided. Each crew station is equipped with a
zero-zero ejection seat. A high visibility full bubble canopy is
provided for the pilot and co-pilot with nearly straight down visibility
over the side. Large transparent areas in the hatches for the two

aft stations provide maximum use of visual observatiou.

Avioni.s is located in the nose forward of the nose fan. Access is from
the bottom through a large hatch. The volume of this compartment not
including the radome 1is 46 cu, ft. *Fuel is located in the wing inboard
of the fold and in four body tanks. The main body tank is located

above the wing box and occupies the entire bay between the front and
rear spar bulkheads. A forward body tank is located just forward of the
front spar and below the aft crew stations. Two aft body tanks are
located aft of the rear spar on either side of the sonobuoy bay. The
total internal fuel capacity is 11,400 ibs.

Avionics systems are based upon the ASW Payload Summary from thc

Medium VTOL Systems Analysis Study as suggested in Attachment II of the
contract work statement. No mission scenario analyses or avionic
requirements analyses were conducted by The Boeing Company for this
study. It is assumed that this avionics suite, weights, and elements
are consistent with a 1985 ASW application.

The 50 soncbuoy capacity bay is located on the body centerline aft of
the wing carry through box. A retractable mad boom is located in the body
tail cone just aft of the sonobuoys.

The airplane accessory power components, two AC generators, twin

hydraulic pumps and cabin pressurization and cooling compressor occupy
the volume aft of the sonobuoy bay 2nd below the fan drive "T" box.
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Lift farv drive shaft
Fwd lift fan

Avionics

/- Mad beom extended

- )

DN
%Mad boom
Advanced T-701 allison engine

Sonobuoy launch: tube
A size preloaded {50 places)
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Figure 3.3.2-1.—Inboard Profile of Model 1041-133-1 ASW Airplane



Figure 3.3.2-2 shows the distribution of body volume. The gross volume
includes the nacelle/body fairings, The principal contents of the body

and the volume for each {installed) is indicated. Avionics volume does

not include controls and displays in the cockpits; that volume is

included in the cockpit volume. The avionics volume (46 ft3) is obtained
by applying a density of 35 1bs/ft3 to a weight of 1600 1bhs. Drive

system volume includes all shafts and gear boxes in the body and airplane
accessories, i.e., yenerators and hydraulic pumps. The remaining electrical
and hydraulic/pneumatic system are assumed to have densities of 50 and

25 1bs/ft3 respectively. The other volumes were obtained by measurement,

Table 3.3.2~1 itemizes the body volume and contents, as installed. The
total required volume is about 2/3 of the total body volums available.
Growth or a reduction in body volume are possible. The overall density
of the body and contents is 23 ]bs/fta.

A "straight through" drive shaft connects the nose fan to the "T" box.

The shaft passes through a tunnel in the lower part of the aft crew station.
An alternate arrangement using an additional gearbox is shown by

Figure 3.3.2-3. This arrangement would reduce intrusion into the cabin

at the price of the weight and complexity of the additional gearbox. The
shaft elements are identical for both arrangements.

3.3.3 Aerodynamic Characteristics (1047-133-1)
3.3.3.1 Lift and Drag Data

The basic 1041-133 (ASW) aerodynamic characteristics are presented in

Table 3.3.3-, and Figs. 3.3.3-1 to -8. Table 3.3.3-1 is a detailed breakcown
of 1ift independent drag. Polar shape (Figure 3.3.3-2, results in an

(L/D) maximum of 11.9. Trimmed oswald efficiency at the loiter condition

is shown in Figure 3.3.3-3 as 0.87.

Buffet onset 1ift coefficient is presented in Figure 3.3.3-4. The curve
is based on YC-~14 RMS root bending divergence, for Mach numbers in
excess of 0.50, and on break in linearity of the 1ift curve at Jower
speeds. Maximum usable 1ift coefficient is felt to be beyond the scope
of the current analysis and will require testing.
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Table 3.3.2-1.~-Body Volume Buildup, Model 1041-133-1

Item

Forward Cockpit

Aft Cockpit

Avionics

Radome

Nose Fan

Nose Landing Gear
Drive System
Hydraulic/Pneumatic System
Electrical System
Sonobuoys

Mad Boom

Torpedo Racks

Air Conditioning Pack
Oxygen System

Fuel

Structure

Unused

TOTAL

143
104
46
25
69
9
30
12
13
33
5

1
15
3
161
17
334

1020

3

Volume, Ft



£y

2

Cross-sectional area, in

6 x 103

Gross body volume 1020 3
5 e—
1 Aft \ Nace!le-body fairings
Fwd cockpit | cockpit \
i l Fuel
3 ' 1 { L 166015
\ I 1 ~—
1 -~
2 \‘ ’ Fuet
v -- ———— 45& b
‘ | MNacelle
o FUEi 1050 1h ——f:—‘ "--...___j support hearings
1 Avionics |/ Shaft housing Air conditioning pack
d Naose fan \Nase gear _\\ | Wing box 'Sonobuoyl
adome bav _}[ Mad baom
6 M T N o
80 127 160 208 240 360 400 440 480 520 560 600

Body siation, in

Figure 3.3.2-2.—Area Distribution, Mode! 1041-133-7
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Tuble 3.3.3-1.-Drag Summary Nonlift Dependent

LCFA 1041 - 133 (ASH)

m=a.5 ,
S.op = 310 FT
SKIN FRICTION
WING 0439
BODY .00524
VERTICAL TAIL .00058
HORIZ. TAIL 00134
NACELLES .0n216
SUB TOTAL .01371
FORM ORAG
WING 00166
BODY .00N66
VERTICAL TAIL .00014
MORIZ. TAIL .00048
NACELLES 00014
SUB TOTAL . 00308
INTERFERENCE DRAG
WINR-BODY .00035
HORIZ.-VERTICAL ,00005
NACELLE BODY .00327
SUB TOTAL 00367
EXCRESCENCE LRAG .00327
MISCELLANEOUS
CANOPY 00078
TAIL SKID . 00005
MAD BOOM .00050
FRONT FAN LOUVER DOORS . 00009
SONOBUOY ROUGHNESS .00088
TORPEDOES (2) .00220
AIR DATA PROBE ,00011
UNF/IFF ANTENNAS (2) .00005
FUEL TAMK VENTS (4) .00001
BEACON (1) .00001
SUB TOTAL .00468

TOTAL .02841

[4Y¢]
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Figure 3.3.3-1.-Reynolds Number Skin Friction Correi.t+in 1041-133-1 (ASW)
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Figure 3.3.3-2.-Drag Breakdown 1041-133-1 (ASW)
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The remaining characteristics: 1ift curve slope, zerolift angle of
attack and store drag are shown in Figures 3.3.3-5 through 3.3.3-6.

Trimmed polars for the cruise and STO configurations, out of ground
effect, are presented in Figures 3,3.3-7 and 3.3,3-8 respectively.
Ground effects, for configurations where the thrust is deflected similar
to the -133-1 (ASW), are highly configuration dependent and are best
obtained by test. Since STO Tiftoff speeds are so 1c.: che performance
impact of neglecting ground effects will be small and have been assumed
so, It should be noted that no credit has been taken for beneficial
induced 1ift due to jet induced downwash at the wing trailing edge.

VTOL ground effect has been estimated as being neutral tov favorable
and will require test verification. See Appendix C for further discussion.

3.3.3.2 Performance, Model 10471-133-1 ASH

The ASW adirplane mission requirement calls for a 400 foot takeoff in a
10 knot wind; cruis2 150 n.m., then four hours loiter at 10,000 feet and
return to base,

The shortest takeoff can be achieved by rotating the nacelles toward
vertical just at 1ift off; however, this airplane can meet the re uired
goals without nacelle rotation, thus providing operational simplicity.

Tne time history of a takeoff in which the engine tilt angle is held

fixed at A = 50% shown in Figure 3.3.3-9. During acceleration the nose
fan is engaged, but is set at flat pitch in order to get maximum thrust
from the Tift/cruise fans. Rotation is jnitiated 5.5 sec. after brake
release at a speed of 92 ft/sec. At 7.75 sec. the airplane has rotated

to a= 82 and 1iftoff occurs at an airspeed of 115 ft/sec. The 1iftoff
lift coefficient of 1.6 used in this calculation is conservative in that

no credit has been taken for induced aerodynamic effects. The takeoff

run is 400 foot and the longitudinal acceleration at Tiftoff is .103 g's;
this exceeds the requirement of .065 g's. The capability of making an
emergency vertical landing with one engine out at a maximum sink speed

of 15 ft/sec ir assumed to be met if the thrust and weight are equal. This
requirement is exceeded by the Model 71041-133 which has an emergency landing
weight of 24,500 1bs. and engine out contingency thrust of 25,300 1bs.
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STO Mission - The ASW mission requirement calls for a 150-mile radius

with 4 hours of [oiter on station at 10000 ft. Figure 3.3.3-10 presents

the breakdown of the calculation of this mission in terms of speed, time,
distance and fuel burned for each mission seqgment. The airplane, sized

to meet this mission, has a takeoff weight of 38,394 ibs. Initial cruise
altitude is 33,000 ft. at M = 0,75, The 4 hour loiter at 10000 ft. is
performed at M = 0.42. The total fuel required for the mission is 13,914 1bs.
including Tanding allowance, reserves and a@ 5. service tolerance on SFC
throughout thc mission,

V10 Mission - Although water/alcohol augmentation is not at this time,
included in the PD370-15 performance, the potential of such an addition

was examined. The addition of water/alcohol will substantially increase

the vertical takeoff capability and provide a useful VTO mission., Figure
3.3.3-11 presents a breakdown for this mission. The joiter time is

3.16 hours. The F/W at takeoff is 1.05. The thrust is 33,700 1bs., and
mission weight is thus restricted to 36,857 1bs. The configuration requires
390 Tbs. of alcohol-water and 110 1bs. of tank and plumbing.

The relationship between radius and time on station is linear., The maximum
mission radius with no lgiter time {s about 900 n.mi. from & short takeoff.

For a vertical takeoff the mission radius with no loiter is 720 miles.

Performance Flight Envelope

Figure 3.3.3-12 presents the cruise confiquration tevel flight pertormance
envelope for standard day conditions at an airplane weight of 36,000 1bs.

At this weight the airplane is capable of operation up to 40,000 ft. altitude,
where it is buffet 1imited. The maximum Mach number, which is also buffet
limited, exceeds .8 at all altitudes below 35,000 feet to the ajtitude where
the ¢ Timit occurs.

On the same figure the V/STOL flight modc envelope at about 26,000 pounds
is shown., The overlap between the two modes assures a good transition
corridor.
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Load, Factors

Maximum aerodynamic load factors are presented in Table 3.3.3-2, at

sea level (M = 0.3) and 10,000 ft. (M = .65 and .835). Test data is
required for an accurate assessment of maximum usable 1ift; the values
used are based on YC-14 values. Maximum sustained Toad fuctor i4 based
on intermediate thrust. At the combat condition {M = .6% at 10,000 ft,)
the load factors exceed 3.38.

3.3.4. Structural Criteria and Design {1041-133-1)

The flight speed altitude envelope is shown on Fiqure 3.3.4-1. The level
flight maximum <peed (VH) is selected to meet the operational requirements
for the ASW, surveillance and surface attack missions. It is below the
maximum speed attainable in level flight. Appropriate restrictions to

the maximum usable power in conventional flight will be imposed. AT a
flight design weight of 33,780 1bs. a limit positive maneuvering load
factor of 3 g's is required. V-n diagrams for sea level and 20,000 feet
are shown on Figure 3.3.4-2.

The Toad stroke requirements for the main landing gear, 40,300 1bs. and
20 in. are based on a sink rate of 15 ft/sec at the design landing weight
of 32,700 1b. The maximum design weight is the STO gross weight which

is 38,390 |bs,

Advanced structural materials were selected based on the results of the
Advanced Transport Technology Study, NASA Report CR-112092. Full depth
graphite epoxy honeycomb was sefected for the empennage surfaces and
engine fan cowls. Stiffened graphite epoxy and graphite epoxy honeycomb
were selected for the wing surfaces and body shell respectively. The alil
flying stabilizer attachment to the fin and the wing hinge are of matal
construction. This structural concept is conservatively estimated to
result in a weight reduction, compared io conventional metal structure of 10..



Table 3.3.3-2.-Combat Load Factors W 33,870 b

Condition "max. sust Minax, usable Hufiet onsoet
M- 0.3atS.L 1.52 1.54 1.42
M 0.65at 10K’ 341 3.1 3.38
M- 0.835 al 10K’ 1.00 3.14 2.06
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An important structural design detail for this airplane is the nacelle
pivot support. Severa] concepts have been considered, The selected
one is shown on Figure 3.3.4-3,

Fly-by-wire fan pitch and throttle controls and fuel supply are introduced

to the pivot structure as shown schematically in [igure 3.3.4-4, It is

of interest that once attachment is made to the pivot beam the outing

from that point to the engine or fan involves no relative motion between

the nacelle, the pivot beam and the services involved., By selecting the
midpoint of the 110 degrec thwow for attachment, the extra Joop material

and lencth channe accommodavi=n is minimized., Fue{ line diameter is 1% inches,
Clearance is quite adequate between the drive shaft and the heam for

service routing.,

This short tubular bea:w dual hearing arrangement offers advantages in weight
and rodundancy.  The short load paths and Tow required installation volume
result in structural efficiency and Jow installed weight. The dual bearings
assure the nacelle will be retained even if one of the bearings shnuld fail.
A section through the outer bearing is shown on Figure 3,3.4-5., The sciiti
outer race construction provides a dual structural capaoility.

3.3.5 Aircraft Systems

Accessory Power

The prime power source for the airplane accessories is the ac-essory drive
gearbox located aft of and driven by the transmission tee box. The accessory
drive gearbox will drive two 75 KVA integrated drive generators, two 25 gpm
hydraulic pumps, one air compressor, one tachometer and a lube pump.
Engine/airplane performance is based on the following accessory drive

shaft power extraction:

Condition Shaft Horsepoer Extraction
Norma 200
Emergency 23
Cruise and Loiter 143
Design 450
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Provisions included to reduce the total power extraciion during
emergency operation include electrical power reduction te assential
power (4200 watts for electronics and control) and disconnect of
the air compressor.

Electric Power

The electrical power supply consists of two 75 KVA integrated drive
generators. This provides two separate power systems, A third backup
power system is provided through the use of hydraulic/electric power
conversion units. A battery is installed to provide essential power
for emeraency bus for ground checkout and initiation of engine start.

Hydraulic Power

Hydraulic power is provided by two 4000 psi hydraulic pumps of
approximately 20 to 25 gpm each supplying an independent circuit for
operation of the flight control and airplane utility systems. A%l
fan blade angles and the exhaust deflection vanes of the cruise/lift
fans are powered by the airplane hydraulic system.

Starting System

The starting system will provide for independent engine starting. In
addition, tha airplane weight allowances are sufficient to support the
installation of a reliable inflight start system.

Enyironmental Control

Aircraft pressurization will be provided by an air compressor driven by

the accessory drive. Cooling is provided by a conventional air turbine
unit. Adequate airflow will be provided to meet cabin and electronic
conditioning requirements and windshield defoggirg. Provisions are included
to use ram air ventilation.

Protective Systems

The protective systems detailed requirements have not been established
but allowances are carried in the weight statements. These include
typically oxygen, rain removal, anti-icing, smoke clearance and escape systems.
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Missicn System Provisions

The mission equipment provisions are as follows: Avionics are located

in the nose forward of the nose fan and below the pilot's floor aft

of the nose Tan on either side of the nnse wheel well. The retractable
MAD boom is located aft of the sonobuoy compartment. A 50 sonobouy
capacity bay is located aft of the wing carry through box. The bay is
tilted to ease loading and provide space for the flap drive, External
body mounts include provisions for two MK-46 torpedos flush mounted just
forward of the wing box on the Tower body shoulders. Two wing attachment
points are included for external fuel tanks.

Fuel System

Fuel is Jocated in the wing box inboard of the fold and in four body

tanks. The main body tank is located above the wing box and occupies

the entire bay between the front and rear spar bulkheads, A forward

body tank is located just forward of the front spar and below the aft

crew stations. Two body tanks are located aft of the rear spar on either

side of the sonobuoy bay. The weight includes allowance for inflight refueling.

Engine Bleed Air

Engine bleed air 1is not used on this airplane,
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3.3.6 Propulsion {(1041-133-1)

The engine operational requirements are defined by the airplane operational
modes. The critical engine sizing conditions is that vertical thrust
equals the weight during hover with one engine inoperable. The emergency
weight has been defined as operating weight plus 1000 1bs. fuel.

The requirements placed on availability of the propulsion system were:

o The engine had to be in service, in developmcent, or a derivative o
one in service or deveiopment.

o The fan design was to have a firm technology base consistent with
10C 1985,

Complete performance of the propulsion system is in Appendix B.

Engine Availability

During initial propulsion system studies, a review of available candidate
turboshaft engines was condu-ted. Initial engine selection studies and
airplane preliminary design studies invoived several iterations in matchin:
engine power output with thrust required to achieva the V/STOL mission
requirements.

0f the engines studied a growth version of the Allison T701 (PD370-15)
and a turboshaft engine based on the G.E. F101 core were considered. The
power size and weight of these engires are;

Intermediate Weight Length Diameter
HPG LB IN IN
SLS 90°F
Allison 11,250 1,219 63.1 28.70
PD 370-15
GE F101 13,000 1,700 451 31.2
(Modified)

The Allison T701 was developed in the HLH program. The T701 has successfully
completed a PPFRT program and will be available for use in the technology
demonstrator. The GE F101 core with medification to the low spool and
turbine offers another source for the 1985 operational airplane. The

current applications of the F101 core are for the B-1 bomber and with CFMSO
9]



commercial turbofan engine. Either of ihese engines in conjunction with
a variable pitch fan satisfies the operational airplane requirements.

Model 1041-133-1 Iptegrated Propulsion System

The propulsion system used consists of: two Allison engines, three
Hamilton-Standard 62 inch diameter variable pitch fans, with the associated
gcaring, shafting and clutches,

Schematically, the propulsion system is shown in Figure 1.0-2 with the
major components identified. The two engines are mounted behind the

two 1ift/cruise fans. A star gear train reduces the engine speed to the
fan speed and a bevel sel connects the engine/fan to a cross shaft which
enters the combiner gearbox. An overruning clutch will automatically
disconnect the engine from the system if it fails, and the remaining engine
can run all three fans. The airplane accessories are geared into the
forward output shaft from the combiner gearbox A disconnects clutch

ahead of the accessories on the forward shaft allows the nose fan with

its bevel reduction gear to be disconnected during the conventional flight
conditions. Inlet doors open during operation of the nose fan and close
during conventional fl1ight. The undersurface doors of the nose fan become
yaw control vanes during takeoff and landing.

A sketch of the tilting1ift/cruise propulsion pod is shown on Figure
3.3.6.1. The engine receives airflow from the fan and the fan and engine
exhaust from separate nozzles. The fan nozzle area is varied from wide
open in vertical flight to about 70: of this area in cruise and loiter.
The inlet is a high performance inlet contoured to have low cruise drag,
with blow~in doors to achieve good low speed performance and acceptable
distortions at incidence angles up to 115°,  Fins at the fan exit provide
yawing moments for the airplane control system. Airplane rolling moments
and pitching moments are provided by varying the thrust of the variable
pitch fans with redundant blade pitch control systems.

The propulsion system will provide adequate vertical thrust in normal

and engine out conditions., Individual fan thrust can be rapidly increased

or decreased to provide adequate pitch and roll control by varying fan

blade pitch angle. The fans and engines are located the proper distances
from the airplane C.G. to provide balanced 1ift with either fan in its design.
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Any minor thrust trimming required will be accomplished with the
variable fan pitch on each fan, Installed engine performance data used
for the 1041-133-1 configuration STOL takeoff and landing conditions
are listed in Table 3.3.6-1 for sea level 90°F day operating conditions.

Turbo_Shaft Engine and Fan (PD 370-15)

The engine used in the 1985 operational airplare is a growth version
of the Allison T701 turboshaft engine, The engine is an outgrowth of
Allison's advanced technology program,

The fans are Hamilton-Standard 62 inch diameter variable pitch fans,

The technology is to be based on Hamilton Standard's experience with their
Q-Fan demonstrator and NASA variable pitch fan wind tunnel models, A
comparison of the growth version with the current engine is shown in

Table 3.3.6-2.

The fan characteristics include:

Tip diameter 62 inches
Hub to tip ratio 425
Design tip speed 955 fps
Number of blades _ 26
Nominal pressure ratio 7.2

The cross section view of the advanced T701 Tift/cruise variable pitch
turbofan engine is shown on Figure 3.3.6-2,

Inlet

A V/STOL airplane with tilting Tift-cruise nacelles puts the inlets

into very high angle-of-attack conditions during transition, particularly
during the landing maneuver. The inlet is required to operate at angles
near 90° combined with speeds up to 100 knots.

An inlet model with a blow-in door inlet was tested. The model is shown
in Figure 3.3.6~3. This inlet was tested at speeds up to 150 knots,
crossfiow angles of U, 40°, 60° and 90° and corrected airflows from 34 to
42.5 1b/sec ftz at the fan face,

04



Table 3.3.6-1.~Installed Stalic Performance Sea Lavel 90' F Day

Buiner
Gondition FPR X Thrust, I SFC, it
temp
STOL 1.28 2190 F 28,000 309
2 engitws/? fans
VTOL 1.18b 2540 F 34.000 271
2 engines/3 fans
Contingency 1.14 2750 F 25,300 226

1 engine/3 fans
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Table 3.3.6-2.-Comparison of Current to Growth T701 Engine

PARAMETER T-701

-~

POWER ~ HP 7540
SEA LEVEL 90°F DAY

* WEIGHT ~ LB. 1070
CORRECTED
AIRFLOW ~LB/SEC 43.6

* WITHOUT FORWARD FRAME

PD370-15

11250

1219

53.5
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Figure 3.3.6-3.-Variable Geometry Inlet Model
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fhe installed propulsion system performance (Appendix B) used in the
V/STOL mission studies, reflects this data. Test results are shown
in Appendix D,

Fan inlet total pressurce distortion was obtained and is within the
tolerance of the engine and fan. The engine airflow (7 of Lotal fan
afrflow) passes through the hub region cf the fan and has Jess distortion
than the fan.

3.3.7 Drive System

The power trairn is shown schematically in Figure 3.3.7-1. 1t consists
of the ovarrunning clulches which allows an inoperative engine to drop
oft the line, engine star reduction gearing, fan bevel gear sets,
vross shafts, 1ift fan drive shaft, c¢lutch, combining (tee) box and
accessory drive takenff.

An overrunning clutch js installed on each enaine power shaft output
drive. The technology is similar to that currently used with helicopter
drives.

The cross shaft bevel gear set is straddle-mounted between the fan shaft
bearings. It provides the gear ratio match required by thz cross shaft
and the initial power exchange link between the fans.

The forward fan bevel gear drive installation is similay to the cross-
shaft bevel set and reduces the rpm at the front fan.

The tateral shaft design between the engine mount and the combiner gearbox
is relatively short and well supported. A 1% inch diameter steel shaft

is used to minimize flow interference. The 1ift fan drive shaft consists
of three zlements of shafting with four flexible connectors. The shafts
are similar to those used on all Boeing helicopters.
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The tee box provides the elenent that allows both lift/cruise fan
engines to effect a power exchange and to provide power to Lhe
forward 1ift fan.

The ¢lutch is mounted on the front of the Lee box. The engaging
mechanism consists of friction discs L0 synchronize speed and a
positive engagement jaw clutch., The friction cluteh utilizes carbon
graphite discs faces developed Trom the HLH rotor brake technology.

3.3.8 Weights and Balance

The weights were determioed parametrically in conjunction with the
HASA/Navy V/STO! desivn criteria,

The weight statement and dimension and structural data for the ASYW
confiquration are presented in Table 3.3.7%-1 and 3.3.3-?., The individual
structural group weights have been determined for a current technology
(aluminum) aircraft., A 10. weight improvement has been included to
account for advanced techrology improvements commensurate with initial
operations in 19ah,

The uperating weight center of qravity and JTocation of ASW expendable
load produce the envelope of most forward and aft center of gravity and
weight conditions for the Model 1041-133-1 configuration. (Figure 3.3.8-1).

The Tist of special features which are related to V/STOL capability
are listed in Table 2.3.3-3.

The inertias are listed in Table 3.3.3-4.

3.3.9 [light Controis

The Flight Control Systems consists of conventional aerodynamic control

a.,! reaction control for V/STOL operation. The reaction control is achieved
by modulation and deflection of the thrust vectors. The blending of the two
systems is straight forward with the aerodynamic system increasding in
authority with increasing flight speed. A fly-by wire system with a digital
flight control computer is used.
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Table 3.3.8-1.-Multimission Airplane, Mode! 1041-133-1
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The V/STOL flight control sysiem is based on the use of shaft

driven internnected variable pitch fans. The fans operate ai constant
rotational speed. Variations in the fan blade angle (pitch) controls
the thrust and the demand for engine power by each fan, These thrust
variations are used for trim and control. Control capalility for
normal and emergency operation meets or exceeds the design guidelines.
Since a single engine can drive all three fans through the transmission
system, the airplane will tolerate an engine failure without a decay

in attitude control power. Engine out emergency conditions result in

a negligible trim change. Control system mechanization is fly-by-wire
with control augmentation capability. A aigital cospuier wili manage
the various elements of the flight control system. Computation signal
transmission, actuation, hydraulic power and electrical power will have
fail-operational capability through monitored redundancy.

3.3.9.1 Control Systen {lescription

Aerodynamic control and trim is accomplished by conventional aileron,
rudder and horizontal stabilizer surfaces. Stabilizer trim setting
during transition will be scheduled as a function of flight condition
and airplane configuration to minimize pitching moment variation.

The aerodynamic control surfaces will operite throughout the hover and
transition flight mode.

Hover and low speed control is accomplished by modulation and deflection
of the thrust. Pitch and roll control result from differential thrust.
Thrust modulation is achieved by varying fan blade pitch angle which
gives excellent dynamic response. Yaw control is by thrust deflection
and differential fan blade pitch commands will be scheduied as a function
of nacelle incidence to decouple roll and yaw control inputs for nacelle
incidences between zero and 90° (Figure 3.3.9-1).

A triplex digital primary system is used on the airplane; it is considered
representative of the technology that will be available and would be
required for the complex operaticnal tasks of a 1985 operational airplane.
It offers the possibility for the most complete integration of the guidance
and navigation functions with the primary flight control system.
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The control system functions are based on piloted simulation results.
The machanization of these functions is based on YC-14 and HLH development,

The interaction between the Flight Control system and the propulsion
system is apparent in the block diagram, Fiqure 3.3.9.2. The blending of
aerodynamic and reaction controls is also indicated.

The f1ight control system is shown schematically on Figure 3.3.9.2. The
flight control computer generates command signals for the actuation systems
resulting from pilot input and airplane motion sensed from inertial and
air data sensors. All interconnections are electrical. Control stick
feel is provided artificially and is scheduled by the flight contro]
computer. It also regulates nacelle incidence, fan blade pitch, aero-
dynamic control surfaces and the fan deflection Touvers. The relationship
of the actuation systems to the primary controls is shown in more detail
on Figure 3.3.9-3. The complexity of the signal mixing within the flight
control computer is readily apparent. For instance, the fan blade pitch
mechanism on the 1ift/cruise fans {is effected by pitch and roll attitude
control, as well as horizontal and vertical velocity commands.

The piTots' primary controls consist of a conventional stick and rudder
paedals, a power control JTever and a nacelle tilt switch. Fiyure 3.3.9-4
summarizes the outer loop of the flight control system in which each of
the cockpit controls interact. Three speed ranges are considered. ‘"Hover
and Tow speed"” blends into "higher transition speeds" in the region of

35 to 40 knots. The phasing from transition to cruise speed occurs about
160 to 200 knots.

At hover and low speed a displacement of the stick commands a pitch attitude
and drift velocity. The pitch axis controller is diagrammed on Figure
3.3.9-5. At higher speeds a displacement of the stick commands a pro-
portional pitch rate. When the stick is returned to the neutral position,
the airplane is stabilized to the attitude then existing. Manuval pitch

trim is combined with trim changes as a function of flight condition.
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The speed switch, mounted on the power lever, drives the commanded

forward velocity. The velocity command is displayed on the instrument
panet. Figure 3,3.9-6 schematically shows the horizontal speed controller.
The pitch attitude input provides an incremental velocily command at

Tow speed. During cruise, at the pilot's option, the speed control can

be turned off.

Lateral stick position commands a side velocity at hover and low speed.

AT higher speed a small displacement of the stick commands a proportional
roll angle up to 4° and returning the stick to neutral commands a wings
level attitude. Larger lateral stick displacement cummands a proportional
roll rate and returning the stick to neutral holds the existing bank angle,
or returns the airplane to a level attitude if the bank angle was less

than 4°, A block diagram of the roll angle and side velocity conwroller

is shown on Figure 3,3.9-7.

The yaw axis controller shown on Figure 3.3.9-8. At hover and Tow speed

a heading hold mode is engaged when the rudder pedais are neutral to

prevent side velocity or roll angle from coupling into yaw wotion. At

higher speeds, roll atticude and rate are used in the yaw channel to

enhance turn coordination. Also included is a yaw damper to provide additional
yaw axis stability.

The rate of climb control Toop logic is shown on Figure 3.3.3-9. At hover
and Tow speed an altitude hold mode is engaged.

3.3.9.2 Control System Performance

Maneuver control was evaluated for both normal and engine out operation.
Two constraints define the control capability of the system. One is the
maximum single fan thrust, a structural and aerodynamic 1imit, and the
other is the maximum power that the engines can deliver., The fan thrust
limit is well outside of the normal demands for YTOL control, but can be
reached on the Lift/Cruise fan by a simultaneous maximum roll and pitch command.
Maximum engine power is a 1imit that can be encountered under normal
operati~nal circumstances. For example, the engine power will increase to
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satisfy the constant speed feature of the system. 1If the power required
by the trust distribution exceedspower available, the fan speed will
bleed off until the torque required and the engine power reach a balance.
The speed of all operating fans is the same; consequently, the fan speed
bleed down will affect all three fans simuitaneously. Control system
logic will provide a signal when engine power 1limits arc encountered to
wash out the blade angle of all three fans until a torque balance at
essentially constant speed is achieved. This design feature allocates
priority to attitude command.

Figure 3.3.9-10 shows the system capability in terms of 1ift combined
with roll. A command of 100% of design roll has a 2.) effect on Tift.
The figure also illustrates engine out control capability. Engine out
control is well above design guideline levels. There is some affect on
1ift if control commands are sustained for perinds that are longer than
normally required for maneuvering.

The time response of the control system is excellent and exceeds the
design guidelines,

The responses to attitude and flightpath commands are shown i Figure
3.3.9-11. A rolling moment based on a thrust change of + 307 has a
time constant of 0.1 sec, This is near maximum control. For smaller
moments the time constant is as low as 0.05 sez. Flightpath control is
exemplified by a fly-down command. The thrust is reduced 5% with a
time constant of 0.15 sec. This includes the response of the engine to
the required change in power level.

Gyroscopic coupling in the hover mode occurs whenever the nacelle incidence
is varied or when the airplane pitch or roll attitude is varied.

.Figure 3.3.9-12 shows an evaluvation of the gyroscaopic rolling moments
produced by pitching of the engines and fans. When the entire airplane
pitches all three fans contribute to the gyroscopic effect.
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If the 1ift cruise nacelles are rotated, as for transition, anly two
fans are involved. The fans and engines rotate in opposite dircctions
which reduces the total angular momentum.

A gyroscopic moment less than 10 of the avaiiable control is considered
acceptable. From the figure, it is apparent that the airplane can be
operated with a nacelle incidence rate of about 22 degrees/second or an
attitude rate of 11 degrees/second and require only 10" of the roll to

compensate for the induced roll moment. The evaluation was mads for a
nominal hovering condition with the fans and engines at maximum angular
momentum. The fan and engine polar moments of inertia are based on
Hamilton-~Standard estimates far a 62 inch fan with Borsic aluminum blades.
The rpm, the polar moments of inertia and the anquiar moments are:

Component

Polar Mom. Angular Momentum*

rp of Inertia ‘

STuy-ft= STuy~ft™ x rad/sec
Engine Compressor +15,000 1.10 +]R70
Engine Power Turbine +11,800 0.81 +1000
Fan** - 3,500 14.3 -5390
Airplane Pitch Attitude Rate -10,430
Nacelle Tilt Rate ~5038

* Positive angular momentum is clockwise when reviewed from rear.
**% Includes gear transmission and interconnect shafts.

The fan angular momentum dominates.
The capability to hover in a crosswind is shown on Figure 3.3.9-13. The

guideline for a hover in a 25 knot wind is matched by banking the airpiane
about 5 degrees,



15
-
-~
-
' / /
Gyroscopic NASA guitriine
moment 10 JAAAAIAMALANLAAEAAAALAANNAAR A RANANAARY (T T LR TR CTREIRRARTTTTRRTRIC L (TUTERENITIRIRAIRINN
-~
cantrol, % . . -
< ottt -
& o ““a‘;‘ -
\\6‘ A0 O
L > el
5 S
W a
ey 30“'\ -
q‘& "\/‘ -
-
-
-
o
<, -~
1 J 1 1 A
0 5 10 15 20 25 30
Angular velocity, deg/sec
Figure 3,3.9-12.-Hover Gyroscopic Moments, Model 1041-133
12
End of Mission Gross Weight
MIL-F-83300 bank limst
10 | PULALURAEURATARAVRUARARAAMAAAY
gl
Airplane roll
attitude, ¢, deg G-
4 -
2 Design
crosswind
i | | _| I
0 5 10 15 20 25 30

Crosswind speed, kn

Figure 3.3.9-13.-Hover in a Crosswind (Light Gross Weight)



The transition to and from vertical flight is controlled by thrust

vector management. The total airplane thrust vector anyle is controlled

by rotating the 1ift/cruise fans. The thrust direction of the nose fan

is fixed. 1Its fan thrust angle is 75% from the horizontal. This angle

was chosen so that at the Tiftoff angle-of-attack, for STU, the nose fan
thrust will have a positive component along the flight path. Moment balance
is maintained by varying the thrust magnitude of the nose fan. Tms is
accomplished by changing blade pitch and power is transferre! between the
nose fan and the 1lift cruise fans. During takeoff a Lonstant power setting
can be maintained and the thrust wil' gradually transter to the cruise systea,
At the end of transition, the nose fan is very lightlv loaded, Most of the
power is going to the cruise fans; in this way. the suwtem is converiently
controlled for conversion to conventional flight.

The schedule of nose fan and Tift/cruise fan thrust for trim as a function

of nacelle angle is shown on Figure 3.3.9-T4., During hover the nacelle

tilt angle is 97% and all three fans are equally Toaded. At zero deqgrees
tilt, nacelles horizontal, the nose fan is near zero thrust and the cruise
fans are at high thrust. The resultant thrust vector angle for the trimmed
system as a function of nacelle tilt angle is shown on Figure 3.3.9-15. These
schedules apply at all power levels. The power distribution for balance is

a function only of nacelle angle.

The moment preducing elements of the V/STOL control system can undergo

changes in function during transition. For example, the roll control is
achieved, with the nacelles vertical, by modulating the thrust of the 1ift/
cruise fans. With the nacelles horizontal, this same action produces a

pure yaw moment. The control system mixes, blade pitch angle, vane deflection,
and aerodynamic control deflections as a function of speed and nacelle angle
to reduce pure moments from the control inputs.

The vertical tail was sized by a statistical relationship between forward
fuselage moment of area and vertical fin moment of area. The data basis 1is
shown in Figure 3.3.9-16., The tail fin area is 63 ft2 and the volume
coefficient is .08.
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The horizontal stabilizer was sized to meet a static longitudinal stability
margin of 0.05 at the aft center of gravily; a flap pitching moment trim
at maximum 13ft coefficient and a center of gravity of travel of + .056¢ wing.

These conditions are met by a tail volume coefficient of 0.54 and a

nominal center of gravity location at 0.30¢ (shown in Figure 3.3.9-17;. The
stabilizer panel size is 64 ftz. A stabilizer aspect ralio of 5.0 was
chosen to achieve a favorable tail span to nacelle span for effectiveness

at high airplane angle of attack.
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4.0 PART II - LIFT/CRULSE FAN TECHNOLOGY AIRCRAFT

Three separate approaches to the design of an airplane representing the

technology of the multi-mission aircraft developed under Part 1 were taken:

(a) An all new airplane

(b) Modification of an existing airplane (T-39A} capable of operation over
the same flight envelope as the all new airplane,

{c) Modification of an existing airplane (T-39A} for low speed operation,
approximately 160 KEAS maximum speed capability.

A1l the designs use the same cruise and 1ift fan hardware as the operational
multi-mission airplane. The turboshaft engine is the XT7G1 (PD 370-16)
essentially the same as that intended for the Army Heavy Lift Helicopter program.
The drive system inierconnect and the "T" gearbox are all designed for

the operational improved engine having 507 more power. The technology

airplane drive system will have the advantage of operating in a de-rated mode.

Emphasis on minimum weight is paramount and for a two-engine airplane, the
critical design case is performance with one engine out. The research payload
is 2500 1bs. and the crew consists of pilot and co-pilot.

The T-39 (Sabreliner) is a fortunate match for an aircraft that can be

modified for 1ift/cruise fan technology development. It is in the department
of defense inventory and is a current production airplane.
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4.1 ALL NEW AIRCRAFT (Model 1041-134)

Major design guidelines for this airplane are that it must approximate
the operational aircraft handling properties, fundamental aorodynamic,
and cockpit work station. It musi feature high research utility in its
performance and exploration margins, and safety. The proposed design
satisfies all of these requirements.

4.1.1 Configuration

Fig. 4.1-1 shows the general arrangement of the Model 1041-134. The arrangement
has the appearance of a "slimmed down" opevrational airplane with a reduced

wing size. An overlay comparison of the technology and operational airplane

is shown in Figure 4,1-2.

For simplicity and low cost, there are no wing folds, wing fuel, nor leading
edge devices. Avoiding the use of wing fuel eliminates the need for many
access holes,thus saving the weight and cost that structural discontinuity
and hole framing introduces., For an airplane relying on powered 1ift, the
avoidance of exotic aerodynamic high Tift devices is prudent.

The airplane is designed for a limit load factor of 2.5g and a maximum
dynamic pressure (q), of 212 psf. This is equivalent of 250 KEAS and
permits Mach 0.8 flight at about 36,000 ft. altitude.

Lift/cruise propuision pod structural support and arrangement is the same
as that for the operational airplane,

The principal features of the Model 1041-134 are:

Design weight of 20,000 1bs.
Aluminum airframe

200 .2 wing

No cabin pressurization

62 inch diameter variable pitch fans
Allison XT701 engines

Flying tail

Body fuel in foamed bladder

0 O o O o o o O
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Figure 4.1-1.-General Arrangement, Model 1041-133
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0 3000 psi dual hydraulic systen

o Fly-by-wire flight controls using dual, redundant command
dugmantation systenm

o Variable geometry inlet

o Variable area nozzle

0 Water injection tor emerqency single engine fiiqht

o Ejection is through the canopy. No pressurization,

Tow q flignt, permit Tight weight canapy enclosure
that permits this emergency ejection anproach
o No air-conditioning or anti-icing

4.1.2 Propulsion

The propulsiaon system for the technology airplane 1is identical to the
operational airplane with the exception of the gas generator. The engine
used in the technology airplane is a modified version of the current T701.
Modifications will be made to the LP turbine and a water/alcohol injection
system will be employed to achieve performance given in Table 4.1-1. The
water/alcohol injection system will be a modification aof the fully developed
system used on the Allison T56 turboprop engine. To insure operational
capability, the system will run continuously during the hover mode by
recirculating the mixture back to the tank. During engine out operation a
valve will open delivering the water/alcohol mixture to the operating engine,

4.1.3 Aerodynamics

The 1ift and drag properties of the ~134 are given in Table 4.1.3-1 and
Figures 4.,1.3-1 to 4.1.3~7. The table Tists the zero 1ift drag breakdown.
Figure 4.1.3-1 gives the drag due to 1ift. The factor used in calculating
the roughness and excrescence is in Figure 4.1.3-2 and the interference
drag between the cruise nacelle and the fuselage is in Figure 4.1.3-3, The
complete cruise drag polar is in Figure 4.1.3-4 and the V/STOL mode polar
with the nacelles at 45° {s in Figure 4.1.3-5.

The 1ift, power off, is Figure 4.1.3-6 and the effect of power in the V/STOL
mode with the nacelles at 50° is in Figure 4.1.3-7.



Table 4.1-1.~Installed Static Performance on Technology Aircraft

N__T__ : R
Condition FPR Ttrust, 1h SFC, Ih/ib
STOL, 2 engines/2 fans 1.19 21890 0.271
VTOL, 2 enqgines/3 fans 1.11 27 G8O 0.243
Contingency, 1 engine/3 fans 1.12 21 000G 0.228
{water/aicohol)

*Sea tevel, 90" F, day

ORIGINAL p4
G
OF POOR Quazpry



Tabla 4.1.3-1.-LCFA 1041-134 Zaro Lift Draq Breakdown

ALT = 35,000 FT

SREF = 200 F12

AWET = 1,517 FT2

Moo= .6
COMPONENT p
WING ,00672
FUSELAGE 00529
CANOPY 00135
HORIZ TAIL ,00278
VERT TAIL ,00142 FRICTION + FORM
VENT FIN ,00036 02753
NACELLES (ISOLATED) 00446
NACELLE PYLONS ,00118
TIP TANKS (FERRY MISSION) ,00378
NOSE BOOM ,00019

Y

NACELLE-FUS INTERF, ,00315 T
WING BODY INTERF. 00035 PRESSURE DRAG
VERT-HORIZ INTERF. ,00005 '00195
EXCRESCENCE ,00600 ,00600 EXCR
PABEER ,00102 ,00102 CAMBER
TOTAL G381
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Figure 4.1.3-1.--Drag Due to Lift LCFA 1041-134 (All New AP) Mach = 0.6
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DRAG EXCLUDING ROUGHNESS
AND EXCRESCENCE DRAG.

NOTE: AIR CONDITIONING
DRAG INCLUDED

USED IN CURRENT STUDY
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Swer ~ 1000 FT2

Figure 4.1.3-2.-Roughness Plus Excrascence Drag Factor
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Figure 4.1.3-3.-Drag Due to a Jet Engine Nacelle Attached to a Fuselage as a Function of Pylon Length
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Figure 4.1.3-5.-Low-Speed Drag Poiar LCFA 1041-134-All New A/P
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Figure 4.1.3-6.—Aerodynamic Lift Power Off LCFA 1041-134 All New AP
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Figure 4.1.3-7.-Power-on Lift LCFA 1041-134
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4.1.4 Flight Controls

The flight control system for the technology airplane is the prototype
for the operational airplane. The fly-by-wire system will Le develoned
and refined in this airplane. The control system description of the
operational airplane (Section 3.3.9) applies to the technology airplane,

The airplane moment of inertias in rell and yaw are greater than the
operational airplane because of the wing tip tanks. The thrust modulation
needed to meet rol] control levels for hover dre larger because attitude
control scales with moment of inertia. The increase in thrust modulation

is available at no penalty because Lhe fans of the technology airplane

are operated well below design thrust levels. The control available is
tabulated on Table 4.1.4-1. This VYTOL control capability, combined with the
variuble stability features achievable with a fly-by-wire system, gives the
technoloyy airplane excellent potential for handling qualities research. The
flight control characteristics of the technology airplane will have the
flexibility to simulate a range of operational properties. The desirable
operational characteristics can be established by fiight experience.

The control response of the system is significantly better than the quidelines
minimum. The response to maximum control commands, far outside of design require-
ments, is less than 0.2 seconds. The response for the pitch, roll and

height commands are based on blade angle changes at essentially constant

fan speed. Figure 4.1.4-1 shows the response time variations with control
input size. The time response for a 1007 of design level roll control is

0.70 seconds using a system mechanized with a blade rate of 100 deg/sec. The
yaw control response is based on the deflection rate of vanes in the
slipstream of the fans with similar response characteristics. Height control
exercises the system more than attitude control. A "fly up" command requires
a change in power to achieve an increase in fan thrust. The response of

the system is a function of both biade angle changes and engine power changes.
An overall response time of 0.10 seconds is available.
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Table 4.1.4-1.-Technology Demonstration Hover Control Power, Model 1041-134

Control function

Design quideline

requirement

System capability

Roll
Pitch

Yaw

Height

0.90 rad/soc?
0.50 rad/sec?
0.30 rad/snc?
0.05q

1.80 rad/sec?
1,40 radfsec?
0.50 rac/sec?
0.22¢g




OFi

Time constant, sec

MNASA guidelines

.5p~4——— Emergency height canirol

Control, percent

Figure 4.1.4-1.-Model 1041-134 Control Response Time, G.W. = 22,500 Ib

GW =225001b
4
3= —*—— Emergency attitude
(normal height control)
-2}~ ——— Normal! attitude j
R Height controi . ————— —
Pitch conirot
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4.1.5 Aircraft Systems

The aircraft systems in the technology airplane will be designed primarily
to prototype the Model 1041-133 propulsion and flight co:tral systems.
Other systems will be capable of meeting the demonstrator operational
requirements with the necessary levels of performance and safety.

The accessory power package will be similar to the 10471-133 with the
exception that the two 75 KVA generators will be replaced by two 30 kVA
generators and the air compressor will be deleted. Performance will be
based on the following power extraction:

Condition Shaft/Horsepower Extraction
Normal 100
Emergency 23
Design 450

4,7.6 Weight and Balance

The weight statement of the new technology airplane is presented in
Table 4.1.6-1. The propulsion weight {s the significant contributor

to an operating weight of 16,400 1bs. The research payload is 2500 1bs.
with 240 1b. water/alcohol mixture for water injection during hot day
emergency conditions; the mission weight less fuel is 19,140 1bs.

The special features which are diractly related to V/3TOL capability
include the 1ift/cruise encine pod rotation weight which is 370 1bs.

The forward fan installation weight is 350 1bs. and the transmission system
increment is 2600 1bs,

The 1ift/cruise fan and transmission system weights have been coordinated
with and obtained from_the propulsion system component manufacturers

(see Table 4.1.6-2). These data have been integrated into the operating
weight of the technology airplanes.

The loading diagram, Figure 4.1,6-1, for the all new technology airplane
shows the relationship of operating weight c.g. and the location of payioad
and fuel. The Joadiny is typical of each of the technology airplanes. The
diagram shows the payload loads forward, while the fuel load vector fis
Jocated to produce minimal change in the operational c.g.

147



Table 4.1.6-1.-Technology Airptane Weight Statement NASANavy ViSTOL- Part Il
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Table 4.1.6-2.-Lift{Cruise Fan and Transmission Systermn Weight, Ib, Technology Airplane

COMPONENT CONTRACTOR WEIGHT
LIFT/CRUISE FANS HAMILTON-STANDARD 642
LIFT FAN “ “ 321
TOTAL FANS 963
COHTROLS - LIFT CRUISE “ " 22
- LIFT " " 1
GEAR TRAIN ASSY - LIFT CRUISE “ " R
GEAR TRATM ASSY - LIFT " " 412
FAl CASE - LIFT " " 257
HEAT EXCHANGER “ " 33
COMBINER BCX (T BOX) BOEING VERTOL >33
DISCONHECT CLUTCH " 57
GRIVE SHAFTIG BOEING SEATTLE 222
DRIVE SYSTEIV/AIRFRAME THTERFACE BCAC 123

TOTAL TRANSMISSIOH 2800
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4.1.7 Performance - A1l New Airplane, 1041-134

The missions used to estimate fuel requirements are shown in Figure 4,1.7-1.
Eleven circuits from an initial STC and 5 from ¢ VTU were used as the

fuel measure. A ferry mission using the rules shown in Fiqure 4,1.7-2

was also calculated.

The takeoff performance, ground roll as » function c¢f V1iftoff speed, is
presented in Fiqure 4,1.7-3. The Tiftoff speed is 1.2 X stall speed

and no credit is taken for induced aerodynamic Tift or ground effects,
The airplane is assumed to accelerate with the nose fan in flat pitch.

At Tiftoff the nose fan pitch is set to the value reguired fur propulsive
moment balance for the amount of engine tili being used. The l1ift/cruise
fans are held at constant angle during acceleration and Tiftoff,

The landing performance approach speed vs. ground roll, is shown in
Figure 4.1.7-4. The approach speed is 1.2 X stall speed and no credit
is taken for induced aerodynamic effects. 1hrust reveral is not used.

Emergency vertical landing can be accomplished at a GW of 20,400 1bs.
at a thrust weight ratio of 1.03. At higher gross weights a short landing
can be accomplished.

Five VTO mission circuits can be done with 1300 1bs. of fuel. The mission
takeoff weight is 20,440 1bs. which is equal to the single engine emerqgency
landing weight at F/W = 1.03. By trading payload for fuel or accepting

a limited hovering envelope at higher gross weight a longer VTO mission can
be had. The 11 STO circuits can be made from a gross weight of 21,200 1's.
The available thrust, both engine operating, is 27,680 1bs. The STO missions
are not limiting.

A ferry range of 820 n.mi. is possible at a gross weight of 25,000 1bs.
The thrust weight ratio is still greater than one.
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Figure 4.1.7-1.-LCFA Technology Airplanes, Typical Terminal Area Test Missions
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|a~——  FERRY RANGE ——]

Warm-Up, Takeoff, Accel. to Climb Speed - 2.5 minutes at intermediate
thrust. Installed sea Tevel static conditions.

Climb - To best cruise altitude and velocity at intermediate thrust.

Cruise - To maximum range at best cruise altitude and velocity

Breguet range,
Descent - To sea level. No fuel, time or distance.

Landing Allowance and Reserves - Fuel for:

(a) 20 minutes loiter at best endurance speed at sea level.

(b) 5% total intial fuel

Taxi-In - From reserves

Figure 4.1,7-2.-LGFA Technology Airplanes Ferry Mission Performance Rules
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Figure 4.1.7-3.-Takeclf Performance LCFA 1041-134, All New Airplane
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The Tevel flight performance envelope is presented in Figure 4.1.7-5

for the cruise and Y/STOL configurations. The cruise configuration
altitude capability is about 37,000 ft. and the maximum Mach number

is about .76, The V/STOL configuration envelope is based on an optimum
value of engine tilt angle, XA, at cach point on the envelope. Hovering
is possible at altitudes up to 10,000 ft. and the waximum flaps dowr.
altitude is about 29,000 ft. Mo credit has been taken for induced
aerodynamic 1ift in thesr calculations, The crosshatched area represents
conditions where the enveiopes overlap, allowing the conversion maneuver
to be performed.

4.2 MODIFIED AIRCRAFT (Full flight envelope)

Several candidate aircraft were reviewed for potential use as a
moditication base for the 1ift/cruise fan technology airplane and the
T-39 (Sabreiiner) was selected because it is available from government
inventory, it is a Tow wing configuration and its size is correct for the
available propulsion system. The modified airplane differs from the

all new aircraft in two important ways; the wing loading is considerably
Tighter and it is about 700 pounds heavier.

A list of the candidate aircraft with their general characteristics
are given in Tabla 4,2-7.

4.2.1 Contiguration

Figure 4.2-1 shows the general arrangement of the modified Sabreliner
(1041-135-2). An overlay comparison with the operational airplane
is shown in Figure 4,2-2,

The 1ift and drag characteristics are given in Figure 4.2.3, 4.2.4 and 4.2-5.
The necessary modifications include: a new nose to accommodate the fan
installation; new vertical and horizontal tails; canopy replaced with
Tightweight enclosure that is fixed in place; mechanical flight control
system adapted; (Use of control actuation and retention of the existing
mechanical system will be investigated); flap deflection will be

increased to clear the tiltirg pod; new hydraulic system due to increased
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R8sl

T-3G SABRELINER

LEARJET

CESSNA CITATION

LOCKHEED JETSTAR
IAT WESTYIND

GULFSTREAM. 11
DASSAULT FALCON 10
HS 125

Table 4.2-1.-Possible Technology Demonstrator Modification Comparison Chart

GROSS HT,
LBS.

18650
17000
11650
44000
20500

62000
18330
25500

EMPTY WT.
LBS.

9260
3300
6350
24280
22600

55600
10400
11900

WING AREA

342
251
260
543
308

794
260
353

Maax

.80
.33
.60
.32
77

.35
.30
755

REMARKS

SMALL
SMALL
LARGE
WING HIGH
0il BODY
LARGE
FOREIGN
FCREIGH



44 4 ft

681

56.8

Figure 4.2-1.~Technology Airplane Modified T-39 (Sabrefiner), Model 1041-135-2

GEOMETRY
Wing {T-39 unchanged]

Area

Aspect ratio
Taper ratio
Sweepback
Airfoil

MAC

Span
incidence
Dihedral

Horizantal tai! {new)

Area

Aspect ratio
Taper ratio
Sweepback

Vertical tail {new}

Area

Aspect ratio
Taper ratio
Sweepback

342 12

58

033

28.6 deg C/4

64, A212 (mod) root 64, AB12 {mod) tip

100.6 in,

445 it

0 root, 2.9 tip
3.1 deg

64 2

5.0

0.35
26degC.4

59 f12
1.175
1.393
25degC'4
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Figure 4.2-2.-Overlay Comparison

Modified T-39

/——Model 1041-133-1
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Figure 4.2-3.-Drag Polar LCFA 1041-135-2
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Figure 4-2-5.—Aerodynamic Lift Power Off



power requirements; reworked Tanding gear metering needed t¢ ccronmodate
the higher sink speed requirements of vertical landin~; now nove gear
installation needed to accommodate an aft swinging strut due +o fan
installation; body strengthening requived for the lift/cruise propulsion
pod installation and the new "T" tail loads. The propulsion system
will be the same as one in the all new technology airplane.

4.2.2 Flight Controls

The modified T-39 (Model 1041-135-2) requires the same flight control
systems as the all new airplane. The hover inertia and gross weight
characteristics are within the capability of the reaction control system
for airplane trim and control during VTOL.

4,2.3 Weight & Balance

The modification of the T39A to a V/STOL technolegy airplane resulted in

a net empty weight increase of 7240 1bs, The resulting techno® .y airplane
is 700 1bs. heavier than the all new airplane., The operating weight is
17,100 1bs.

4,2.4 Performance

The takeoff and landing performance is improved over the all new airrlane
due to the difference in wing loading: from 120 1b/ft% to 70 1b/ft%. This
increased capability is unimportant,

The number of V70 circuits availtable fram the emergency landing weight
is reduced due to the weight increase. Three instead of five are avajlable.
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4.3 MODIFIED AIRCRAFT (LIMITED FLIGHT ENVELOPL)

This version of the modified Sabreliner airplane was examined to determine
if significant cost savings were possible, The savings are nominal since
much of the program cost is associated with the propulsion system which

is essentially identizal to that of the full anvelope airplane. Flight is
Timited to takeoff and landing traffic speeds, about 160 KEAS.

Major development savings consist of; a reduced flight test program:
analysis and simulation of high Mach number characteristics is not required;
drag refinements are not necessary in analysis and fabrication; high

speed tunnel testing is not required; ejection through canopy verification
is not required.

Figure 4.3-1 shows the general arrangement of Model 1041-136, the 1imited
flight envelope modified existing airplane. The modifications are the
same as for the previously described airplane except:

An open cockpit is used; Landing gear is fixed; fan nozzles are
fixed on the aft pods, and no nose fan inlet doors are used.

The weight savings resulting from these changes make this version of
modified airplane about 100 1bs. heavier than the all new airplane. It

will have about the same VTO mission capability as the all new airplane,

The propulsion system will be the same as that for the all new technology,
except that the inlet vanes for the nose fan will be fixed.

This airplane will have the same flight controls system and empennage
features as the unlimited modified airplane (1041-135-2),
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44,

4 ft

A

Geometry

Wing {T-39 unchanged)

Area 342 ft2

Aspect ratio 58

Taper ratio 0.33

Sweepback 286degC 3

Airfc | 64, A212 (mod) root 64, AR12 imod) tip

MAC 100.6 in.

Span 445 fr

Incidence 0 rgot, 29 tp

Dihedral 3.1 deg
Horizontal tail {new)

Area 64 ftz

Aspect ratio 50

Taper ratio 0.35

Sweephack 26 degC4
Vertical tail (new)

Area 59 ft2

Aspect ratio 1.1756

Taper ratio 0.393

Sweepback 25degC4

Figure 4.3-1.-Limited Flight Envelope fachnology Airplane
Modified T-39 (Sabreliner), Model 1041-136



4.4 TECHNOLOGY AIRCRAFT COMPARISON

The comparison of the three technology airplanes offers classic
cost/weight/performance tradeoffs. Table 4.4-1 presents a weiqht comparison
of the three airplanes. The modified Sabreliner with normal flight envelope
is approximately 700 Tbs, heavier than the new airplane, The Sabreliner
with 1imited flight envelope is 100 1bs, heavier,

In summary:

The &1l new ~134 costs the most, has Tow risk on weight and has
good performance.

The modified T-39 is 1ess expensive, has less weight margins and
has good performance.

The low speed modified T-39 {is the least expensive; it has Tow
risk on weight, but its performance capability is limited to low speed.
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Table 4.4-1.-Waight Summary Technology Airplane

Configuration

Noew anpslane

Madhfied

Loww-spaerd

Sabreliner Sabrehiner

Model 1041 1734 -13h 2 1306

Structure, Ib 5 G660 G 320 G 020
Propulsion, b 7 6hi 7 B80 715630
Eqaipment, b 2 600 2 600 7 350
Weight empty, Ib 15 800 16 600 15 900
Nonexpendable useful load, b /00 GO0 GO0
Qperating weight, il 16 400 17100 16 600
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APPENDIX A

EXCERPTS FROM WORK STATEMENT 2 DESIGN GUIDELINES
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STATEMENT Of WORK

DLSIGN DEFINITION STUDY OF A LIFT CRUISE FAN
TECHNOLOGY V/STOL AIRCRAFT

INTRODUCTION

1.0 Recent studies by the Navy, and by NASA during contractor studies
have confirmed the future need for a high performance V/STOL aircraft
for both military and civil applications. The Navy requires a multi-
mission V/STOL aircraft in the 1980's which is capabioc of sea control
operations from many platfcrms as well as ship-to-shore and shore-to-
ship functions.

1.1 The turbotip or mechanically driven Tift/cruise fan V/STOL aircraft
exhibits an excellent potential becuase of its high speed, high altitude
and range capability coupled with its overall operational suitability.
The expected benefitis of this concept for multivole applications makes
it advisable to conduct a Jift/cruise fan technology aircraft flight
Lrogram.,  Successful completion of the flight program and related technology
suppurt programs in propulsion, aerodynamics, and simulation will result
in a firm ba s from which multi-mission aircraft for the U. S. Navy can
be designed ith confidence. The technology developed would also be
useful in consideration of future civil utility aircraft for purposes
such as off-shore oil rig operations and other construction, Tumbering or
development sites that are located in areas difficvlt to reach rapidly

by other modes of transportation.

1.2 As an initial step in developing a realistic technology aircraft,

a study phase shall be performed to quantify Navy operational aircraft
requirements, develop conceptual designs of research aircraft and assess
their applicability to operational requirements. This design definition
study shall be directed toward a minimum cost research program consistent
with providing maximum research productivity, Navy operational demonstration
capabilities and proper attention to safety.
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2.0.. Basic design guidelines for the technology ajrcraft are given

in Attachment 1.,.This technology aircraft will be used to exploit the
benefits of the 1ift/cruise fan system, to define future V/STOL aircraft
design requirements, to obtain operational experience to dzvelop operating
techniques to serve as a facility for controi/propulsion system tests,

and for experiments related to V/STOL terminal area operation with advanced
stabilization, guidance and navigation systems..,.

2.1.1 Part I - NAVY OPERATIONAL AIRCRAFT REQUIREMENTS

The contractor shall evaluate Navy requirements for V/STOL aircraft to
perform the missions outlined in Attachment II. .... Considering mission
deficiencies, cost and the potential for design commonality, the Contractor
shall postulate a compromise design mission and design approach to
commonality for approval of Navy and NASA. Based upon this compromise
mission, a multipurpose aircraft (or aircraft system) shall be synthesized
and evaluated for adequacy against the original design missions.

2,1.2 Part IT - DESIGN DEFINITION OF LIFT/CRJISE FAN TECHNOLOGY AIRCRAFT

To allow a true comparison of program cost and value, the Contractor shall
prepare and evaluate at Teast threc separate design approaches for the
technology aircraft. One approach will be based upon a new airframe

using the compromise aircraft design of Part I, the second will be based

upon modifying an existing airframe to accept the propulsion system and
demonstrate an ability to operate in a full envelope (i.e., hover, transition,
and hi-speed cruise) and the third approach would be based upon modifying

an existing airframe to accept the propulsion system but be flight Timited

to a maximum velocity of approximately 16C knots. ....

2.1.2.17 The Contractor shall provide for each design approach a summary
of the total data base such as airframe, engines, compenents, aerodynamic,
control, noise, avaitability of off-the-shelf hardware, and others. Those
technical development programs and their scheduling which are required

to suppert the technology émonstrator aircraft will be delineated for

eact. design approach. Total program budgetary costs shall be defined for
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each design approach by fiscal year expenditures and key milestones
will be established, The Contractor shall determine propulsion system
costs, through discussions with the appropriate manufacturers and

the Government, and include the cost of design, preliminary flight
tests (PFRT), hardware procurement, ground support and spares in the
budgetary cost estimates. Cost and programs schedule for budgetary
purposes shall be based upon tk~ following:

1) A one aircraft program for each of the three design
approaches listed above.

2) For a second aircraft in each of the above one aircraft programs.
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DESIGN GUIDELINES AND CRITERIA
FOR
DESIGN DEFINITION STUDY OF A LIFT CRUISE FAN TECHNOLOGY V/STQL AIRCRAFT

The purpose of these guidelines is to provide a basis for comparing

the conceptual designs of V/STOL Technology aircraft using the

remote Tift-cruise fan propulsion system, These quidelines will
provide direction for only those items required for conceptual design
considerations. This is not an attempt to provide criteria for either
the preliminary or detail design of military aircraft.

Except where specific criteria are given, handling qualities shall be
consistent with the intent of AGARD-R-577-70 and MIL-F-83300. Under
MIL-F-33300, the aircraft will be considered in the Class Il category.
Two Tevels of operation will be considered. Level I is normal operation
with no failures. Level 2 is operation with a single reasonable failure
of the propulsion or controal system.

Upon any reasonable failure of a power plant or control system component,
the ajrcraft shall be capable of completing a STOL flight mode takeoff
and continuing sustained flight. For the vert{ical landing flight mode,
upon failure, sustained hovering flight is required at some usetul
aircraft gross weight to be determined by the contractor. At higher gross
weights for which hovering flight cannot be sustained after a failure,
sinking vertical flight is permitted provided that aircraft attitude
remains controllable and the landing gear design sink is not exceeded.
Fan failure during low speed flight is not a design requirement (as
similarly the case for rotor type or propelier-driven concepts), although
consideration of gas generator failure is a design requirement.

1.0 Flight Safety and Operating Criteria

1.1 Handling Qualitities Criteria (low speed powered 1ift mode)

Defi.a tions of the two Tevels are as follows:

Level 1: Flying qualities are as near optimal as possible
and the aircraft can be flown by the average
military pilot.

Level 2: Flying qualities are adequate to continue flight
and land. The pilot work Toad is increased but is
still within the capabilities of the average

miiitary pilot.
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1.1.1

Level 2: Flying qualities are adequate to continue
flight and land, The pilot workload is
increased but is still within the capabilities
of the average military pilot.

Attitude Control Power (S.L., 90°F)

Applicable for all aircraft weights and at any speed up to

Vcon' For purposes of this study, the VTOL values will apply
near hover (0 to 40 kis); where the STOL values will apply when
operating above 40 knots. The Tables 1ist minimum values, higher
levels are desirable for research purposes.

Level 1: The low speed control power shall be sufficient to
satisfy the most critical of the three following sets
of conditions:

Conditions {a) --~ to be satisfied simultaneously,

(1) Trim with the most critical CG position,

(2) In each control channel provide control power,
for maneuver only, equal to the most critical
of the requirements given in the following table.

Maximum Control Moment Qttitude Angie
tnertia " Step Tnpus
Axis VTOL STCL VToL STOL
Rol1 + 0.9 rad/sec2 + .6 rad/sec2 + 15 deg + 10 deg
Pitch | + 0.5 rad/sec’ | + .4 rad/sec’® |+ 8 deg + 6 deg
Yaw + 0.3 rad/sec2 + 0.2 rad/sec2 + 5 deg + 3 deg

These manauver control powers are applied so that 100% of
the most critical and 30% of eacu of the remaining two need
occur simultaneously.
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Condition (b) -- At least 507 of the ahove control power shall be
available for maneuvering, after the aircraft is
trimmed in a 2% knot crosswind,

Condition (c) -- At least 90. of the control power specified in
condition(a) shall be available after compensation
of the gyroscopic moments due to the maneuvers

specified in condition (a). This condition includes
trim with the most critical CG pesition.

Level 2: The Tow speed control power shall be sufficient to satisfy,
simultaneously, the following:

(1} With the most critical CG position trim after any
reasonable single failure of power plant or control
system.

(2) In each control channei, provide control power, for
maneuver only, equal to at least the following:

Control Moment Attitude Angle

Inertia in 1 sec after

Axis o a Step Input
YTOL STOL VTOL STOL

Rol1 + 0.4 r-ad/sec2 + 0.3 rad/secz + 7 deg + 5 deg

o]
Pitch + 0.3 rad/sec” + 0.5 rad/sec2 + 5 deg + 5 deg
Yaw + 0.2 r'ad/sec2 + 0.15 rad,v‘bec2 + 3 deg + 2 deg

Simuitaneous maneuver control power need not be greater
than 1004 - 30% - 30%.

1.1.2  Flight Path Control Power (SL to 1000 ft., 90°F).

1.1.2.1 VTOL (0-40 kt TAS and zero rate of descent)

At applicable aircraft weights and at the conditions for
50% of the maximum attitude control power of critical axis
specified in para. 1.1.1 it shall be possible to produce
the following incremental accelerations for height control:
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Leyel 7:

(a) In free air + 0.1g
(b) tith wheels just c¢lear of the qround
-0.10q, + 0.05q

Level 2:

In free air -~ 0.1q, + 0.05q
With wheels just clear of the ground
- 0.10g, + 0.00g

It shall also be possible to produce the following
horizontal incremental acceleration, but not simultaneously
with height control.

Level 1: + 0.15qg
Level 2: + 0.10q

At appiicable aircraft weights it shall be possible to
produce the following stabilized thrust-weight ratios
without attitude control inputs.

1.05 in free air (Takeoff power rating)

Level 1:

Level 2:

)il

=7 =7

1.03 in free air (Emergency power vating)

1.1.2.2 VTOL and STOL Approach (40 kts. to VCON)

At the applicable Tanding weight the aircraft shall be
capable of making an approach at 1000 FPM rate of descent
while simultaneously decelerating at 0.08g along the flight
path.

It shall be possible to produce the following incremental
normal accelerations by rotrtion alone (angle of attack
change and constant thrust) in Tess tha 1.5 seconds at the
STOL Tanding approach air<peed where reasonable rotation
(ongle of attack changes) will produce at least 0.15g's.
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a1y
Level Z2: + 0.05¢g

Leyel T1:

t -+

It shall be possiblie to produce the following normal
accelerations in at Jeast 0.5 seconds for flight path,
flare, or touchdown control by either thrust changes

or combined thrust changes and rotation at STGL landing
approach speeds below which €.15q9's can be produced by
reasonable rotation alone.

Level 1:

1+

0.1q
Level 2: + 0.0%q

1.1.3 VTOL and STOL Low Speed Control System Lags (S.L. to 1000 ft, 90°).

The effective time constant (time to 63 of the final value)
for attitude control moments and for flight path control forces
shall not exceed the levels given in the following table:

Level 1 Leyel 2
Attitude 0.2 sec 0.3'- C
Control Moments
. R
Flight Path
Control Forces 0.3 sec 0.5 sec

With a step-type input at the pilot's control the commanded
control moment or force shall be applied within the following:

Level T: 0.3 seconds for 0.5 inches of pilot's control
0.5 seconds for full pilot's control

Level 2: 0.5 seconds for full pilot's control

1.2 STOL Takeoft Performance

The climbout gradient in the takeoff configuration, at takeoff
gross weight, with gear down and most critical power plant failed
at 1ift off shall be positive and the aircraft will continue

to accelerate.
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1.3

2.0
2.1

3.0
3.1
3.2
3.3

3.4

During takeoff wing 1ift shall not exceed 0.8 Clypy, No catapults

or arresting gear will be utilized. The roiliwng coefficient of
friction will be 0.03 (for calculations).

Conversion Requirements (STOL and VTOL)

It must be possible to stop and reverse the conversion procedure
quickly and safely without undue complicated operation of the
powered 1ift controls.

The maximum speed in the powered-1ift confiquration shall be at
least 207 areater than the power-off shall speed in the converted
confiquration for level 1 operation and the speed in the powered
1ift configuration shall be at least 10/ greater than the power off
stall speed for the Tevel 2 operation.

Mission
Mission Summary

The mission, payload, and range of the technology aircraft wili be
derived through consultation with the contractor, Navy and NASA
and will be based upon the findings of Part I of this study,

General Design Guidelines
Austerity is to be stressed but not by compromising safety.
The 1imit load factor will be no Tess than + 2.5g, -~ 0.5q9.

Sufficient attitude control power will be available to perform
research on control requirements. The contractor shall indicate
those axes where greater control power than required in section 1.0
would be made available for research purposes.

The modified existing airframe designed with the limited flight
envelope should have a maximum flight speed of approximately 160
knots. This aircraft could use a fixed landing gear. A retracting
gear would be acceptable if it were available at no cost increase.
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3.5

3.6

New aircraft components will be designed for approrimately 500
flight hours.

Additional Information

Minimum Mission Time

VTOL Missians 1/2 hour
STOL Missions 1 hour
Cruise/Endurance Mission 2 hour
Pay Load {not inciuding crew) 2500 1bs, (minimum)
Volume 50 cu. ft.
Craw 2 pilots (flyable by one

pilot only, or by
efther pilot;

Sink rate at touchdown 12 fps at max landing weinht
Ceiling
(Low Speed restrictive configuration) 15,000 ft,
(Nonpressurized cockpit)
Cockpit Environmental System Minimum
Pilot's Primary Flight Controls Stick and Pedals
Ejection System for both piltots

Maximum possible visibility
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Summary of Missions, Design Guidelines, and Design Technical
Information Desired for the Preliminary Aircraft Designs and
Multipurpose Aircraft Designed for the Compromise Mission (Part I)

INTRODUCTION

The purpose of Attachment II is to provide the basis for designing the
preliminary aircraft of Part I and the multipurpose aircraft designed

for the compromise mission as specified in Part I of the Statement of Work.
Five missions are described.

Mission Summary and Design Requirements

1.0 MISSION SUMMARY
A. Surface Attack (SA) - Sea Control Mission

[ ]

10

[_ 300 N. MI. _l
{ }

1
Loading: (2} Harpoon, (2) AIM-9
Conditions: STO with 400 ft deck run and vertical landing both
at 89.8%F. Ten knots WOD for takeoff. A1l fuel
consumption ic be calculated at Standard Day Conditions.

Note: External fuel permitted if within STO capability;
tanks dropped when empty or prior toc combat whichever
occurs first.

1. Warm-up, takeoff, accel. tn climb speed - 2-1/2 min. at
intermediate thrust. Installed sea level static conditions.

Climb - To BCAV at intermediate thrust.

Cruise - To radius to BCAY

S W™

Descend to 20,000 ft. No fuel u.ad, no time or aistance credit.

5. Loiter - 2 hours at 20,000 ft. at speed for best endurance.
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» Combat - 5 min, at intermediate thrust at 20,000 ft. MN - 0.3.

~

Climb - From 20,000 ft., to BCAV at intermediate thrust

co

Cruise - At BCAV to point of takeoff

9. Descend tuv Sea Level - No fuel used, no time or distance credit

10, Landing Allowance and Reserve - fuel for:
(a) 10 min. Joiter at best endurance speed at sea level

{b) 5. total initial fuel

B. Antisubmarine (ASW)

7
8 \ .
/—' 3 6\ |4
0 / oY
1
)_ 150 N.MI,
St
Loading: (2) MK - 46 torpedoes, (50) mixed sonobuoys -

(sonobuoys wt. 1760 1b} without containers

Conditions;  STO with 400 ft. deck run and vertical landing, bot..
at 89.8°F. Ten knots WOD for takeoft. All fuel
consumption to be calculated at Standard Day Conditions.

1. Warm-up, takeoff, accel. to climb speed - 2-1/2 intermediate
thrust. Installed sea level static conditions.

2. Llimb - To BCAV at intermediate thrust

3. Cruise - To radius at BCAV

4. Descend - To 10,300 ft. no fuel used, no time or distance credit.
5. Loiter - At 10,000 ft. and speed for best endurance - 4 hrs,

6. Climb - At intermediate thrust to BCAV.
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7. Cruise - To starting point at BCAY
8. Descend - To sea level. MNo fuel used,no time or distance credit.

9. Landing Allowance and Reserve - Fuel for:
(a) 10 min. at best endurance speed at sea level
(b) 5% total initial fuel

Vertical Onboard Delivery (VOD)

i
’ 4
1 .
‘_ 2000 N. MI.
.

Loading: 5000 1b. disposable payload, may include pallets, but
not life rafts, cargo loading equipment, etc.

Conditions: STO with 450 ft. deck run and vertical landing, both
at 89.8°F, Twenty knots WOD for takeoff. A1l fuel
consumption to be calculated at Standard Day conditions.

1. Warm-up, takeoff, accel. to climb speed - 2-1/2 min. at
intermediate thrust. Installed sea level static conc¢itions.

2. Climb - To BCAV at intermediate thrust.
3. Cruise -~ To radius at BCAV,
4. Descend - To sea Jevel. No fuel used, no time or distance credit.

6. Landing Allowance and Reserve - tuel for:

{a) 20 min. Loiter at best endurance speed at sea levei.
(b) 5% total initial fuel
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Note: VOD designs should be sized to carry at least the following:

(a) Passengers: 17 - 23 plus 3 crew

) 350 in rotor blade

) F40) engine on stand {no afterburner)
(d) 463L Half pallet (88" x 54")

) TF34 engines on stand

If internal carriage of the rotor blade creates an adverse impact

upon the aircraft design external carriage may be considered.
External carriage of blades up to 420 inches long should be examined.

Surveillance

GJ =t > 4

L_ 75 N, MI.
]

Conditions: STO with 400 ft. deck run and vertical landing both
at 89.8°F. Ten knots WOD for takeoff. A11 fuel
consumption to be calcuated at Standard Day Conditions.

Loading Mission Ayvionics

1. MWarm-up, takeoff, and accel. to ciimb speed - 2-1/2 min. at
intermediate thrust. Installed sea level static conditions.

2. Climb - To BCAY at intermediate thrust
3. Cruise - To radius at BCAV

4, Loiter - On station 4 hours at best endurance speed at 25,000 ft.
or higher.

5. Cruise - To point of takeoff at BCAV.

6. Descend - To sea level. No fuel used,no time nr distance credit.
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7. Landing allowance and reserye - Fuel for:

{a) 10 min. loiter at best endurance speed at sea level
(b) 5% total intial fuel

E. Combat (Strike) Search and Rescue (CSAR)

10

11 |

Loading: (2) AIM~9, MINI GUN and 1000 Rounds AMMO
(Production Gun Turret System) (all retained)
and 600# Armour.

Conditions: STO with 400 ft. deck run, mid-point hover, and
vertical Tanding at 89.8°F. A1l fue] consuniption
to be calculated at Standard Day conditions,

Note: External fuel permitted if within STO capability,
tanks dropped when empty or prior to hover whichever
occurs first,

1. Marm-up, takeoff, accel. to climb speed - 2-1/2 min. at intermediate
thrust., Installed sea level static conditions.

2. Climb - To BCAV at intermediate thrust
Cruise - To 350 nm at BCAY less distance covered in climb
Cooter - 20 min. at optimum altitude and airspeed

Descent - To sea level, no fuel used, no time or distance credit.

(=2 B S T

Dash - 50 nm at sea level, Mach 0.8 to pickup area
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7. Personnel Pickup ~ Fuel allowance for 10 min. hover at
sea level (OGL) pickup 2 personnel (400 1b.)

8. Dash - At Mach No. 0.8, 50 nm at sea Jevel
9. Climb - To BCAV at intermediate thrust

10. Cruise - At BCAV to point of takeoff, 350 nm less distance
covered in climb,

11. Descend ~ To sea level. No fuel used, no time or distance credit.

12, Landing Allowance and Reserve -~ Fuel for:
(a) 10 min. Toiter at best endurance speed at sea level
(b) 5% total initial fuel.

MISSION NOTES

1. If a short term engine rating is developed which provides greater
than intermediate thrust for takeoff the takeoff fuel allowance shall
be calculated as the sum of:

{a) 2 minutes at intermediate thrust
{bY 1/2 minute at takeoff thrust

2. Al mission calculations shall include 5% fuel flow tolerance.
3. BCAV: Best cruise altitude velocity 5
4. Crew complement: SA-3, ASW-4, VOD-3, Surveiliance -4, C (STRIKE)

SAR-4; includes Hoist operator and swimmer.

2.0 V/STOL PERFORMANCE
A. VERTICAL TAKEOFF (VTO)

1. 89.8° at sea Tevel.
WOD - variable direction/velocity, no 1ift contribution

Trimmed f1ight condition

2 W M

Ratio of net vertical force to takeoff weight = 1.05
in and out of ground effect

5. Propulsion induced effects and Tosses due to trim requirements
should be accounted for
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SHORT TAKEQFF {STQ)
1. 89.8°F at sea level

2. Available deck run distance is for main gear travel
Horizontal acceleration at least .065 g after 1iftoff

3

4, For aircraft rotation/reconfiguration after Tiftoff contractor
should specify criteria used in defining and canstraining the
takeoff.

TAKEOFF AND LANDING TRANSITIGN

Transition to wing-borne flight will be accomplished at speeds not
Tess than 120% of power~on stall speed for fully wing-borne flight.
In addition, an acceleration of .065 A/G will be possible throughout
a (level flight) transition,
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APPENDIX B - INSTALLED PROPULSION PERFORMANCE
OPERATIONAL (1985)

The installed propulsion performance used was developed during the studies.
As a result the performance changed as the analysis progressed. Two
discreet sets were used. The first set was based on Hamilton-Standard's
fan performance 1inked to a T-55 gas generator. This data was then

scaled to approximate the Allison T-701. The instalied performance is
shown in Figures B-1 to B-10. A 62 inch diameter fan is used with the
appropriate engine size. A 5% fuel allowance, for service tolerance is
included. During this same period, the static performance at sea level

and 90°F was:

2 Engines/3 Fans; Intermediate Rating, F = 34000 1b.

1 Engine/3 Fans, contingency rating, F = 24500 1bs.
Figures B-1 to B-5 show fuel flow vs. net thrust at altitudes of 0, 10,000,
20,000, 30,000 and 40,000 feet. Figures B-6 to B-10 show ram drag as a function
of gross thrust for the same conditions,

The second set of data was received from Allison in June 1975. The developed
varsion of the T-701 was called PD 370-15. The installed thrust and fuel
flows used to calculate the multi-mission airpTlane performance is shown in
Figures B-11 to B-22. Installation losses are summarized on Table B-1.

Technology Airplane

The instalTed performance for the technology airplane is based on minor
modification to the current T-701 with the operational 62 inch fans. This
engine was designated PD 370-16. The contingency rating was augmented by
the use of water/alcohol injection. The performance is given in Figures
B-24 to B-35. The installation losses given in Table B-1 apply.
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Inlet Recovery

Transmission 1o0ss

Power Extraction
per Airplane

Engine Bleed

Nozzle Cv's

TABLE B-1

INSTALLATION LOSSES
(MULTI-MISSION AIRPLANES)

992 @ V =100 KTS
998 @ V =100 KTS

4% of required fan power

VLAND’ Emergency
VLAND’ Normal

1TOL Takeoff
¢timb (Intermediate)
Max. Cruise and below

Figure B~23
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23 HP
200 HP

200 HP
200 HP
143 HP
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1000 LBS.

FUEL FLOW ~ W ~

HAM-STD INSTALLATION LOSSES

0 BLEED 0 HPX
£P - oos
FAN OUCT

INLET RECOVERY

M<0.4 M>0.4
0.993 0.997
MACH NUMBER
0.3 FAN NOZZLE C,,
0.2 /0.1 0 M<0.4 M>0.4
0.99 0.995

o 3 L] 1

I
8 10 12 14 16

e =y
CFy =

NET THRUST ~ F ~ 1000 LBS.

i
Figure 5-1.-Cruise Performance Sea Level Standard Day



HAM-STD INSTALLATION LOSSES

CRUISE PERFORMANCE 0 BLEED 0 HPX
AP
STD DAY Pean oot

INLET RECOVERY

0ol

FUEL FLOW ~_ Wp ~ 1000 LBS.

4

MACH NUMBER

M<0.4 M>0.4
0.993 0.997
FAN NOZZLE Cy
M<0.4 M>0.4
0.99 0.995

] T T T
3 4 5 6 7

NET THRUST ~— FN ~— 1000 LBS.

Figure B-2.—Cruise Performance 10,000-ft Standard Day
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FUEL FLOW ~—, W ~— 100 LBS.

36

32 -

28 4

24 -

20

16

MACH NUMBER

0.5

HAM-STD INSTALLATION LOSSES

0 BLEED 0 HPX
L
FAN DUCT
INLET RECOVERY
‘M < 0.4 M>0.4
0.993 0.997
FAN NOZZLE <,
M<0.4 M >0.4
0.99 0.995
[{ ] 13 1 1 | 1 1 ]
22 26 30 34 38 42 a6 50 54

NET THRUST ~_ FN ~— 100 LBS.

Figure B-3.—Cruise Performance 20,000-ft Standard Day
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FUEL FLOW ~— W ~— 100 LBS.

30+

22 -
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HAM-STD INSTALLATION LOSSES

0 BLEED 0 HPX
5 ~ .004
FAN DUCT
INLET RECOYERY
M<0.4 M>0.4
0.993 0.997
MACH NUMBER FAN NOZZLE CV
0.8 M<0.4 M>0.4
0.75 - 0.99 0.995
0.7
0.6
/05
J T T T T T —
20 24 28 32 36 40 44

NET THRUST . FN ~— 100 LBS.

Figure B-4.—Cruise Performance 30,000-ft Standard Day
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HAM-STD INSTALLATION LOSSES

0 BLEED 0 HPX
‘,‘,P = .004
FAN DUCT
MACH NUMBER INLET RECOVERY
‘g M<0.4 M >0.4
- 0.993 0.997
0.75 FAN NOZZLE C,
0.7 M<0.4 M>0.4
0.99 0.595
] 1] 1 }
26 27 28 29

NET THRUST ~_ FN ~ 100 LBS.

Figure B-5.-Cruise Performance 40,000-ft Standard Day
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RAM DRAG ~_ FR ~— 1000 LBS.

2 -

CO -~

T T T T ) T
9
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GROSS THRUST ~_ FG ~— 1000 LBS.

Figure B-6.-Cruise Performance Sea Level Standard Day
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Figure B-7.-Cruise Performance 10,000-ft Standard Day



961

RAM DRAG ~— FR ~— 1000 LBS.

104

6

0.5

-l
-
-

1 1] 1 ¥ [] i

8 9 10 11 12 13 14 15 16

GROSS THRUST ~_ FG ~— 1000 LBS.

Figure B-8.—Cruise Performance 20,000-ft Standard Day
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RAM DRAG ~ FR ~— 1000 LBS.

0.5
_— T T T T M T T
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Figure B-13.-Allison PD370-15 Installed Cruise Performance Sea Level
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Figure B-18.-Allison PD270-15 Installed Cruise Performance Sea Level
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Figure B-22.-Allison PDS70-15 Installed Cruise Performance 40,000 ft
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Figure B-30.-Allison PD370-16 Installed Cruise Performance 40,000 ft
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APPENDIX C - GROUND EFFECTS

This discussion of ground effects is qualitative and is based on reason
and experience,

The ground effect phenomena of interest involves changes in the forces and
moments on the airplane, and recirculation and reingestion of exhaust qas
due to the presence of the ground.

The exhaust flow pattern is illustrated on Figure C-1. Considering the

fan exhausts as flow sources, stagnation points and flow reinforcement

Tines {fountains)} are shown in hover in fiaure C-2. The following discussion
is based on this estimated flow pattern.

Forces and Moments

The regions of positive and negative pressure can he estimated from

the flow pattern. In Tigure 7A-13 the density of the + and - signs indicates

the pressure distribution for hovering, The incremental forces on the

airplane by inspection appear to be positive (in the 1ift direction). This

force increment is a function of the pressure distribution and the curvature

of the surface. The pressure distribution is also a function of forward

speed or wind velocity. The spanwise reinforcement line moves aft with speed
causing the positive pressure concentration also to move aft, Again, by inspection,
it appears that a nose down pitching moment will occur in ground effect. The
magnitude of this moment change as the airplane enters and Teaves ground effect
must be determined experimentally, however, it is our opinion that this moment
change will be gradual enough to be controlled by the proposed reaction (variable
pitch) control system. Operating experience with the X-i4, XV-5A, and the Harrier
show that such moment and force increments can be controiled manually, without an
extensive learning period. Use of an attitude hold mode on the automatic flight
control system could further simplify the transition into and out of ground
effect.

PRECIDING PAGE BLANK NOT FILMEDy
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Hot Gas Ingestion .

Hot gas in this system occurs in the core of the 11ft/cruise fans. The
hot core is surrounded by about ten times as much cool far air., For
ground operation the engine exhaust flow patterns for the Boeing
1041-133-1 configuration are indicated in Finure C-1. In the inboard
section between the engines a fountain will probably result in fan

and primary exhaust flows circulating underneath the fuselaqe «nd wina,
The fuselage and low wing will act as a deflector which will minimize
exhaust gas recirculation and inlet ingestion. Some mixing of hot
primary exhaust and cool fan exhaust will cccur, Due to the large mass
of cool fan air surrounding and mixing with the hot primary core a Tow
mean temperature of the mixed stream will occur which will reduce the
risk of hot gas ingestion.

Exhaust gases flowing outward and away from the engine can be deflected

by wind at some distance away and blown back into the inlet. Past
experience with V/STOL Systems have shown that inlet ingestion of hot

air can result in loss of thrust and hot streaks may Tead to compressor
stall, Factors influencing ingestion inciude exhaust temperature Tevel,
inlet location and engine arrangement, direction and strength of the wind
and tolerance of the engine to ingestion effects. Much more work is required
to predict the ingestion characteristics of the Boeing 1041-133-1 confiqura-
tion with crosswind. Although no ingestion analysis has been conducted at
this time, the takeoff and crosswind ingestion flight test experience of the
VAK 7918 and VJ101C (Ref. 1) V/STOL airplanes has been examined. Problems
of reingestion and recirculation were solved by developing operational
techniques considering engine speed, nozzle angle, forward speed and wind
direction. These turbojet powered aircraft have hot exhausts and all mixing
must occur with ambient air. It is our opinion that similar techniques

can readily be developed for the high bypass ratic 1041-133-1 aircraft.

Ref. 1 - V/STOL Propulsion Systems September 17-21, 1973,
AGARD CPD-135.
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APPENDIX D - LIFT/CRUISE INLET AERODYNAMICS

Inlet operating requirements for these V/STOL airplanes are presented,
available inlet data are reviewed, and the performance of the selected
inlet is presented. A V/STOL airplane with tilting 1ift-cruise nacelles
puts the inlets inte very high Tocal angle-of-attack conditions during
transitions, particularly during the landing maneuver. Figure D-1 shows
the nacelle angle (relative to body axis) and thrust requirements vs.
airspeed for typical takeoff and landing transitions. It is seen that

the inlet is required to operate at angles near 90° combined with speeds
up to 100 knots. Conventional fixed-lip inlets with contraction ratios up
to 1.65 would possibly prevent separation and excessive distortion, but
insufficient data are available for such inlets. However, Boeing in-house
data are available for a blow-in-door inlet shown on Figures D-2 and D-3.
This inlet produces acceptable distortion at critical takeoff and Tanding
transition points as shown on Table D-T.

Inlet Operating Envelope

The 1ift-cruise engine inlet operating envelope for transition flight is

derived from Figure D-1 by converting thrust requirements, including control

thrust increments, to airflow requirements. For comparison with isolated

inlet data the angle of attack and downwash are added to the nacelle angle
A, and the local airspeed is increased.

The nose fan inlet airflow requirements at low speed are the same as those
of the Tift-cruise fans, except during a STOL takeoff, where the nose fan
operates at part power. The nose inlet js designed for low speed operation
and will turn the flow such that the relative inflow angle into the nose fan
is independent of angle-of-attack.

The maximum corrected airflow at the fan face of 41.7 LB occurs in V/STOL
sec-Tt
takeoff and climb. This resuits in a fan face mach number of Mz = .60. The

inlet throat is currently sized for this condition.

‘1'\()



A number of critical opersiing conditions were selected from the operating
envelope shown on Figure D-1., Control requirements were added or subtracted
to obtain critical inlet design conditions. These are shown on Table D-1.

Distortion Criteria

No distortion Timits are available for the fan. The fan is expected to be able
to operate even in complete stall. However, a fan thrust loss will occur in

a separated inlet. Therefore, inlet flow separation cannot be tolerated in
those areas of the flight envelope where thrust, including thrust requirements
for control, is critical.

Distortion criteria for the Allison T701 core engine were obtained from refer-
ence 1. Individual engines have characteristic distortion limits and as the
engine is developed the distortion tolerance will be established. Until then,
we will use reference 1 Timits as shown on Figure D-4. At a critical condition
where no loss of thrust is allowable such as the final phase of an engine-out
emergency landing, the "no power loss" curve applies, at all other conditions
the "stall free 1imit" curve applies. These criteria must be met at the core
inlet, downstream of the fan. Any distortion applied to the fan will be prop-
agated through the fan and may be attenuated or amplifed. Due to lack of data
it will be assumed that the distortion is not modified by the fan.

Distortion pirg$eters used on Figure D-4, K(8) and K(R), are weighted indices in
th?ag$rm of PT, Table D-11 shows the conversion of these Timits into the form
of -EE. It is"seen that when full thrust is required such as the final phase

of an emergency vertical Tanding, local pressure losses due to distortion cannot
exceed .28 of the Tocal q, whereas at lower airflows local losses in the inlet
must exceed several (one-dimensional} q's to produce ?PT = .15 distortion.

This implies that inlet separation may be tolerable at lower airflows.

Thus, for the time being, the core distortion Timit at the maximum airflow, if

no thrust loss may be tolerated, is (KR)2 + (KQ)2 = ,0572, At all other condi-

tions, it will be interpreted as {Kp)2 + (Kq)2 = ,152, The core engine will

be considered to be subject to distortion within 25% of the fan airflow next

to the hub region. This provides for a generous allowance for crossfiows,

since the bypass ratio is in the order of 10. A fan flow distortion limit of
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A
wpgl = ,1 is reasonable for no-thrust-loss conditions, and no limit for

otger conditions.

Fixed-Lip Inlets in Crossflow

High distortion levels occur when the internal flow separates and when the
internal Mach number is high. Separation is generally a function of the ratio

of crossflow velocity to internal velocity, contraction ratio Athroat ,
and inlet 1ip shape. Ahighlight

Much research has been done to define the onset of separation in terms of
velocity ratio, contraction ratio and lip shape. Unfortunately, 1ittle or no
distortion information is given and often the internal Mach number is low or
not given, such that the data are not useable for critical takeoff and vertical
landing conditions when maximum airflows occur, For approach conditions, when
thrust requirements are Jow, separation may be tolerable at the lower airflows,
when it does not produce excessive distortion, so data in terms of separation
Timits only, are too conservative.

Distortion data at high inlet airfliows are available from YC-14 inlet develop-
ment tests (Ref, 2) up to a contraction ratio of 1.34 and from a Boeing NASA
study on Tow-speed and angle-of-attack effects on sonic and near-sonic inlets
(Ref. 3) up to contraction ratios of 1.45, At high airflows, the 1.34 contrac-
tion YC-14 inlet separates at o+ 500, V0 = 67 knots, and at a= 900, Vo =
36 knots. The 1.45 contraction ratio inlets show excessive distortion for
critical condition 2 of Tabie D-1. Inlets up to 1.56 contraction ratio tested
by NASA (Ref. 4) show attached flow up to 70° at high airflows, but no data
are given for distortion at higher angles and lower airfiows. It is estimated
that an inlet having a contraction ratio in the order of 1.65 might be accept~
able, but further testing and study is required.

Blow-in-Door Inlet
Boeing test data are avaiiable for a blow-in-door inlet for V/STOL applications
shown on Figures D-2 and D-3. This inlet was tested at speeds up to 150
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knots, crassflow angles of 0, 40°, 60° and 90° and corrected airflows from 34
to 42.5 1b/sec-ft2 at the fan face, Distortion at Tower airflows is not
expected to increase in terms of 1%21. Total pressure data from a rotating
cruciform rake and some static pressure data are available in Ref., § for this
and several fixed-Tlip designs of moderate contraction ratios.

Figure D-5 shows a typical isobar plot at 90°, 100 knots crosswind, The data
were obtained from a cruciform rake rotated in 10 degree intervals. It is
seen that there is considerable inlet distortion, most of it near the windward
1ip and behind struts. From the data distortion plots were generated, Figure
D-6 shows the fan face distortion data. Fan inlet distortion in terms of
PT MIN - Pt AVG  is shown for six critical operating points on Table D-1,

PT AVG

Of greater importance is the distortion tolerance of the T701 engine. The
engine airflow passes through the hub region of the fan. The inner 25% of

the fan flow was assumed to include all of the engine airflow, with an allowance
of 2.5 factors for possible crossfiows between the fan inlet and engine inlet.
The distortion within the inner 25% is shown on Figure D-7. The Timit for the
T701 engine is also shown. Data from this plot was used to estimate distortion
for 6 critical flight conditions. The results are shown on Table D-1., The
expected distortion is close to the limits. Admittedly, the fan may amplify

the distortion. ON the other hand, the inlet model tested was designed fur

a high critical Mach number and had a contraction ratio of 1.08 at the Tip

and 1.18 at the internal 1ip when the doors are open. These values could be
increased considerably for an aircraft whose cruise Mach number is .75, resulting
in Tower distortion.

Inlet 'Fixes"

As previously noted, the performance of the blow=in-door inlet can probably
be improved by increasing the contraction ratio at bath primary and secondary
inlet lips.




Should distortion levels at the engine inlet prove excessive, it is possible

to design a flow diverter such that the engine is fed air from the 270% high
pressure region of the total annulus, where the distortion is greatly reduced,
The isobars on Figure D-5 show that the distortion admitted would not exceed 2%.

Inlet recovery of the blow-in-door inlet as tested is shown on Figure D-11.
Cruise recovery should be near that shown for 150 knots, zero nacelle angle,

_;1;1 = ,998,

0

The blow-in-door (vane) inlet as reported in Reference 5 was tested as a
small scale model. It was found to have acceptable performance (including
distortion). When this tested inlet is scaled up to full size for a 62 inch
diameter fan, the length becomes 54 inches which is much longer than desired.
A review of this inlet indicates that by leaving the forward variable part
of the inlet as was tested, the rearward portion can be shortened about 22
inches. This is accomplished by increasing the downstream hilite diameter,
making the second throat diameter equal to the fan face diameter, keeping
the second contraction ratio at 1.3, and eliminating the diffuser ahead of
the fan face. The new inlet geometry is shown in Figure D-8 with the geometry
of the tested model superimposed.

Effect of the Airplane on the Inlet Flow Field

A potential flow analysis of the wing-body was performed to determine its
effect on the flow field at the inlet, since all avajlable inlet data is
for isolated inlets,

The wing-hody was represented by the network shown on Figures D-9 and D-10.
The incompressible, potential flow around this network was solved at angles-
of-attack of 0, 5, 10, 15 and 20 degrees. No inlets or inlet flow were
represented, but the influence of the wing-body on the flow field in the inlet
plane was calculated, Results are shown on Table D-3  in terms of magnitude



of downwash and sidewash velncitv, relative to the freestream, for Tive
points in the inlet plane. It is seen that the downwash is in the favorable
direction and increases with angle-of-attack, such that the net increase in
inflow angle is only 20% to 33% of the angle-of-attack. Local velocities are
generally increased. For instance at oa= 100, with the inlet deflected 20°,

the velocity ratio V1oca1 at the inlet centerline is 1,045, leading

freestrea
edge 1.067 and trailing egge T.023. These results were obtained at zero flap

deflection, It is expected that the effect of flaps will be similar to the
effect of angle-of-attack at equal 1ift coefficients.

In summary, the flow field effects are not expected to be significant. Since
angle-of-attack has already been taken into account on TAble D-1, the downwash
is a beneficial effect while the local velocity is a detrimental effect. Their
effects tend to cancel.

Estimated Inlet Recovery and Drag

Inlet recovery of the blow-in-door inlet as tested is shown on Figure D-11,
Cruise recovery should be near that shown for 150 knots, zero nacelle angle,

;%%— = ,998. Cruise inlet drag tests were conducted on fixed-door models at
several door positions. Figure D-12 shows that the Towest spillage drag at
cruise mass flows, which are high for this engine, occurs when the doors are
kept closed or the gap is small allowing essentially only the boundary Tayer
to bypass. The drag includes skin friction and the variation with mass flow
is very flat over the region of interest. Analysis has shown tha* skin
friction contribute 4Cp = .02. Thus, spillage drag in this range of mass

flows is negligible if the inlet doors are closed or nearly closed,

Model Scale Effect

in comparing model data with full scale inlet data, the non-simulation of
Reynolds number due to difference in scale is a consideration. The low Reynolds
number of the smaller inlet results in more adverse boundary layer separation
conditions, because of the Targer buildup of laminar boundary layer downsiream
of the stagnation point and the relatively thicker turbulent boundary Tayers
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with higher shape factors. If the conditions on the model are not severe
enough to separate the boundary layers, small scale and full scale flow
results agree quite well. Some tes results show that separation on a
small model is not experienced at full scale,

The full scale 1041-133 inlet performance is expected to be the same or
better than the small scale inlet model. The estimated inlet performance

is based on small scale model tests, therefore, this performance is expected
to be conservative,



1)

2)

REFERENCES

Allison T701 Specification, "Military Turboshaft Engine - Prime Item
Development Specification 844-B", January 1975,

Boeing Coordination Sheet YC-14-PROP-019, "Preliminary Results of YC-14
.01734 Scale Model Inlet Tests in 9'x9' WW Speed Tunnel," R, J. Ream,
April 23, 1973.

NASA CR-134 778, D6-42392, "Low Speed and Angle-of-Attack Effects on
Sonic and Near-Sonic Tests," T. E. Hickcox, R. L. Lawrence, J. Syberg
and D. R. Wiley, March 1976,

AIAA Paper #75-64, "Internal Cowl-Separation at High Incidence Angles,"
A. K. Jakubowski and R. W. Luidens.

Boeing Document T6-3219, "Model Test of V/STOL Cruise-Lift Fan Inlet
Performance,”" P. R. Stewart, May 4, 1964.

NASA-SP-116, Paper No. 8, "Summary of Large-Scale Tests of Ducted Fans,"
by K. W, Mort, April 4, 1966.

Proceeding of the 4th Congress of the Aeronautical Sciences, Paris,
August 24-26, 1964, "Analytical and Experimental Studies of Normal
Inlets, With Special Reference to Fan-In~Wing VTOL Power Plants,"

by U. W. Schaub, and E, P. Cockshutt.

Boeing Document D6-~20628TN, "Test of a Model Fan in a Two Dimensional
Wing at Forward Speed," by D. L. Baum, B. Neal, and J. M. Zabinsky
December 71967

Society of Automotive Engineers Journal, September 1969, pg. 44-561,
"3-D Potential Flow Method", by P. E. Rubbert and G. R. Saaris, 1969.

236



Lee

NACELLE
ANGLE
OF
ATTACK,
DEG

120

100

a0

60

40

20

POWER LEVEL/DISTORTION
60%/10%

VERTICAL LANDING

50%/13%

SHORT TAKEQFF

100%/12%
30%/11%

100%/9%

VERT]CAL_/
TAKEOFF

100%/10%

100%/6%

100%/< 5%

{ ] | { i 1 | [

20 40 60 80 100 120 140 160
VELOCITY, KN

Figure D-1.—-Nacelle Operating Envelope



i
e .
@
i
.
WMW%(%’WMW%W/&W//WMM/%W//W/« ;

L
. o

Flglire U2 ~flow il

v it Moo




Figure U-3 en

ORIGINAL PAGR
OF POOR Q;mm% — 239




oy LY

b

Lt i i i L L
N

e rndd iRl

POINT

1

DEMONSTRATIO

i
| 8 :
i -
“ 1 Nl SRR S
i L Looag i id
m, m - - m P w_m.
: i . m S re
: : it ma Y I
: w i i

——dmamn
ri

[ R EY N

0 e b —

cRa e

bis.

o
LINIT NOILUGISIC TVIAVY

0.10

Ko

CIRCUMFERENTIAL DISTORTION LIMIT

Figure D-4.~Inlet Air Pressure Variation Limits for Radial

and Circumferential Total Pressure Distortion

240



V,= 160 KNOTS
oL = 20 ¢

INLET : VANE
COND. NO. 2.6340

|
Figure D-8.-Isobar Plot

241



20"r
o 10-
=
<
Ll L2
o, -
t <
=\~
— .
=1 0-
a.
2 :
P
1D
—_—
=
[,
o
o
}—
A
o 20~
R
104
0—-

CORRECTED AIRFLOY = H\IGT‘?/ Ay 6-,-2

A:: 900

60°
10°

150K
100K

IAS = 50K

= 41.0

A= o9o°

60°

40°
150K
100K

IAS = 50K

Figure D-6.—Blow-in-Door Inlet Distortion

= 34.0

20

10+

20"

10

0—

= 37.5
A= 90°
60°
o
100K
IAS = 50K
= 42.5
A= gp°
60°
40°
150K
100K
1AS = 50K



1343

% DISTORTION

% DISTORTION = Pry, ~P7y,;,  OVERSHADED AREA
Pimax
WIND SHADED AREA = 25% QF FAN Ay
— R
© PTuaxPT
——%—-—M OVER 60° OF SHADED AREA ON LEE SIDE
MAX
20
[=]
“ & o
> o >
o o
-~ ~ Fe]
157 K(@) LIMIT FOR X701 ~ AT K(R) = 4.3%
10- S
-
% 2
2.
5—
%
» “
5
(&) U
7 D,
0 73
WVB+/Ar6y = 34.0 37.5 41.0
OT/ 207,

Figure D-7.—-Blow-in-Door Inlet Pressure Distortion in Hub Region



== —_ —
8= 35 2
< S ,-"'_3. ~ =
K o8
~ & {
8 |
a
“
|
|
{
{
. B |
—— e |
)
i
|
Note: My
Dashed lines
represent previously
tested indet

geometry (ref. 5)

62!'
fan tip
74"
{max)

ST,
AR et by e e o O S —

Figure D-8.-Shortened Blow-in-Door Inlet for 1041-133 and 1041-134

244

T — i ——



She

y J 1T

/ !
& N el WIS~ s =

Figure D-9.-Three-View of Airplane Source Network Used for TEA 230 Flow Field Analysis



Figure D-10.-Isometric of Airplane Source Network Used for TEA 230 Flow Field Analysis
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Table D-1.-Estimated Fan and Core Inlet Distorsions at Various Extreme Points inthe Operating

Placard
ESTIMATED
¢ DISTORTION >
TOTAL INLET CORRECTED AP X 100
AIR SPEED ANGLE OF ATTACK FAN -
CONDITION (KNOTS) (DEGREES) ATRFLOM T2
LB/SEC/FTZ FAN CORE
1. VL FLARE 40 115 41.25 15 B> 7.5 >
2. STOL LIFTOFF 75 70 41.25 12 7
3.  APPROACH 75 90 31.0 9 6.7
4. APPROACH,
MAX. CONTROL THRUST 100 80 36.9 14 10
5. APPROACH,
MIN. CONTROL THRUST 100 80 20.0 > >
6. APPROACH,
- MAX. CONTROL THRUST 125 60 31.0 9 7
7. APPROACH,
MIN. CONTROL THRUST 125 60 16.2 > s

EXTRAPOLATED FROM DATA AT 90°.

E> TEST DATA WAS NOT AVAILABLE AT THESE LOW AIRFLOM CONDITIONS BUT DISTORTIONS ARE EXPETTED TO BE LESS
THAN 10%, BECAUSE OF THE VERY LOW COMPRESSOR FACE DYNAMIC PRESSURES.

- - P
APT2 _ PTMIN - PT AVG .o oo and PTHAX - PT MIN

P12 PT Ave

for core.
PT May
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Table D-2.-Comparison of Distortion Parameters

AIRSPEED CORRECTED INTERNAL APp APy
CONDITION KNOTS AIRFLOW MACH NO. P LT % LINIT
LB/SEC/C+2

TAKEOFF AND LAST

PHASE OF VERTICAL

LANDING 70 41.7 .60 056 .28

APPROACH TO

VERTICAL LANDING 150 18 .215 .15 4.42
120 21.5 126 13 3.32
100 25.5 "32 115 2.10 -
80 99.5 .375 115 57

1
40 34 .45 .15 1.14



Table D-3.~Inlet Flow Figld From TEA 230 Analysis

TNLET FLOW FIELD FROM TEA 230 ANALYSIS

AIRPLANE ANGLE NACELLE INCIDENCE UPHASH* SIDEWASH* LOCAL VELOCITY*:
OF ATTACK,=¢ ANGLE, A (+ = UP) (+ = INBOARD) RATIO, V| /oo
DEGREES DEGREES

0 0 3.4 -2.2 1.08
40° -2.7 -1.2 1.05

60° 2.6 1.1 1.04

900 2.8 -1.1 1.03

5 0 -5.8 -3.2 1.10
40 4,2 2.0 1.07

60 4,6 -1.9 1.05

90 -4.7 -1.8 1.04

10 0 -8.3 -4,2 1.12
40 -6.7 2.8 1.07

60 -6.7 -2.7 1.06

90 -6.7 -2.5 1.04

15 0 -10.9 -5.1 1.14
40 -8.8 -3.6 1.07

60 -8.7 -3.5 1.07

90 -8.7 -3.2 1.04

20 0 -13.5 -6.1 . 1.14
40 -10.9 -4.4 1.07

60 -10.8 -4.2 1.-6

90 -10.7 -4.0 1.04

* IN THE CENTER OF INLET PLANE



APPENDIX E - FAN NOZZLE VANES

Vanes are mounted at the exit of the fan nozzle to provide side force and
yawing moment for the airplane when needed in vertical and transition modes,
Airplane control studies have shown that adequate control will be provided

by forces aquivalent to vectoring the fan exhaust 10° from its normal direction.

The capability of vanes in the fan nozzle exit to vector the thrust of the
1ift-cruise engines for control purposes is about +10°,  Undeflected, .oth

the vanes and the cross-shaft should produce negligible blockage compared to
the 747 JT9D bifurcation. However, while the vanes are defiected, they will
tend to cause some upstream blockage on the pressure side and some “negative"
blockage on the suction side of the vane. The net result is similar to the
effect of a large 1ifting surface in a wind tunnel: a small net blockage due
to thickness and independent of angle-of-attack and an upwash due to 1ift. The
mannitude of this upwash near the rotor and fan exit guide vanes should be
small due to the large distance, 3 to 5 vane chords upstream, see Figure E-1.
The original JT9D birfurcation, shown on Figure E-2, caused up to 11° change
in flow direction in the stator plane, resulting in peripleral variations

in fan back pressure, fan work and total pressure distortion and loss of stall
margin, Since 1ift effects tend to decay faster than solid body effects, and
distances are comparable, the effect of the deflected vanes should be smaller.

The effectiveness of the exit turning vanes has been analyzed by assuming
they act as low aspect ratio wings with 30% chord, seaied plain flaps. This
approach requires a dounle hinged arrangement; the first to permit overall
vane deflection and the second for deflection of the flap. The exposed
semi-span is fixed at 1.178 feet (t/c = .15) and the force characteristics
have been obtained parametrically as a function of span to chord ratio
(Figure E-3). The values shown are for two vanes (one each side of the
centerbody) and assume optimum vane and flap deflection. Included is a
decrement in (L/q of .36 to account for the centerbody). The fan nozzle
exit Reynolds number was assumed equal to 106.

Aspect ratio = 1 vanes result in an %’max = 5,5, The average fan nozzle

height is 1.178 ft., so the maximum side force 1ift coefficient CL MAX +

{L/a/max) . y ggp.

1.178%x2
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The thrust of the fan can be expressed in an analogous coefficient form
with fan nozzle area as reference area:

= " = 2 =
Fg = (p¥A)e x Ve = ( pVA) = 2000 Acay

CF = Fq = 2.0

Graniran

The maximum vector angle is then the arc sine ¢f the ratio of total vane
area to fan nozzle area, since for the vanes chosen CL VANE ,."':.CF

— . - v}
arc sin = BT 10.4
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APPENDIX F - TRANSMISSION SPIRAL BEVEL GEAR LOAD AND VELOCITY EXPERIENCE

The transmission power capability requirements were determined by review
of airplane thrust and control power requirements during normal and one
engine-out operation. The resulting maximum power conditions are shown
on Tables F~1 and F-2.

Gear design allowables for the 1041-133 will be no higher than those of
current designs. We have selected gear tooth loading and gear pitch line
velocity as two of several possible parameters to illustrate the relationship
of the 1041-133 gears to other applications (Table F-1). Gear tooth Joading
is a function of both stress and size of tooth (diametral pitch). The larger
size gears with proportionate teeth therefore can be expected to carry higher
unit loadings without an increase in stress.

The direct comparison of drive system experience for several parameters

(Tahle F3) shows that stress levels, gear loads, gear velocities and beariny
velocities are within demonstrated capability. The overrunning clutch on

the operational airplane will be resized to carry added torque. The higher
overrun velocity which results is within the range which has been successfully
run in a development program sponsored by USAAMRDL, Ft, Eustis Directorate.
Although increased gear size near the 1imits of previous experience constitutes
a design risk and although increased pitch line velocity near the limits of
previous experience requires special attention to Tubrication and the prevention
of destructive stresses due to resonance, these two parameters do not tend

to interact and compound the risks.

PRECEDING PAGE BLANK NOT FILMED
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TOOTHLOAD - 1000 LB/IN

LEGEND

— — LOAD CAPABILITY ESTABLISHED BY HLH

----- SPEED CAPABILITY DEMONSTRATED BY CH-47C

HLH DESIGN*
HLH DESIGH*

CROSS SHAFT-OPERATIONAL AIRPLANE (1041-133-1)
100% ROLL-ONE ENGINE INOPERATIVE

CROSS SHAFT (1041-133-1) 100% ROLL-NORMAL

CROSS SHAFT-TECHNOLOGY AIRPLANE (1041-128)
100% ROLL-ONE ENGINE INOPERATIVE

CROSS SHAFT (1041-133-1)100% ROLL-NORMAL
FWD FAN - (1041-133-1) 100% PITCH MANEYVER

FWD FAN (1041-133-1)100% PITCH MANEUVER

CHA7CMAXIMUM DESIGN

CA47CMAXIMUM TEST },

CH47CMAXIMUM TEST }*
CH47CMAXIMUM DESIGN

5 __._u,_____.__.__.L_.._.ﬁ)____ q<>
N

d ;

é & &

.

2

:

a 10 20 Y

PITCH LINE VELOCITY - 1000 FPM

GLEASON TEST

o DrocecorOb D@ o9 0

AGEH HYDROFOIL SHIP

== NOMINAL CLIMB, CRUISE, AND LOITER
OPERATION {1041)

*  DIFFERERT BEVEL SETS ON SAME MODEL AIRPLANE

Figure F-1.-Spiral Bevei Cear Experience
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Table F-1.~Maximum Power Conditions-Two Engine, Three Fan

LOCATION
1. PWD FAN DRIVE, SHAFT
& DISCONNECT CLUTCH

2. LIFT/CRUISE FAN &
PLANETARY

3. CROSS SHAFT & TEE
BOX GEARING

4. OVERRUN CLUTCH

5. AGB

OEI - ONE ENGINE OPERATING
AGB - ACCESSORY GEARBOX
AEQ - ALL ENGINES OPERATING

MAXTMUM
DESIGN CONDITION

SHAFT HORSEPOWER

100% PITCH MANEUVER

CLIMB

QOEI: 100% ROLL
-30% PITCH
AEQ: 100% ROLL
+30% PITCH

0EI:
AED:

10,747

12,000

9,974

6,613
13,600
12,400
100-200



i

9

“

HP PER
ENGINE

13,600
(OET)

12,400
(AEO)

10,450*
(OEI)

8,500*
(AEQ)

12,400

g,500*

LOCATION

X-SHAFT

X-SHAFT

A-SHAFT

X-SHAFT

FYD FAN

FWD FAN

Table F-2.—Bevel Gearing VISTOL

CONDITION

100% ROLL

160% ROLL

1007 ROLL

100% ROLL

100% PITCH

100% PITCH

*XT-701 ENGINE - TECHNOLOGY AIRPLANE
OEI - ONE ENGINE INOPERATIVE

AEQ - ALL ENGINES OPERATIVE

HP PER
MESH

9974

6613

7700

4500

10747

7400

VEL.
FPM

30,000

30,000

30,000

30,000

25,000

25,000

LOAD

LB/IN.

6600

4000

4600

2800

5000

3400
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Table F-3.-Boeing Helicopter Drive Systems Experience Related to NavyINASA V/ISTOL

COMPONENT OR
PARAMETER

USE OF VASCO X-2
STEEL GEARS

LARGE BEVEL
GEAR DESIGN

GEAR VELOCITY
0F 30,0u0 FPM

HIGH SPEED
SHAFT RELIABILITY

OVERRUN CLUTCH
TORQUE AND
VELOCITY

BEARING
VELOCITY

Airplanes
EXPERIENCE DEMONSTRATED RELATED TO:
EXPERIENCE TECHNOLOGY AIRPLANE  OPERATIONAL AIRPLANE
1650 HOURS INCLUDING 1500 HOURS {UTTAS) 125% OF V/5TOL EQUAL TO V/STOL
AilD 150 HOURS (HLH) STRESSES STRESSES

STRAIN SURVEYS, FINITE ELEMENT ANALYSIS,
DAMPING TECHNIQUES AND EXCITATION
TESTING

300,000 AIRPLANE HOURS (CH47C) EQUAL

1,500,000 AIRPLANE HOURS (CH47A, B, C)

50 HOUR DEVL TEST AMD 200 HOUR BENCH EQUAL
TEST (HLH)
HIGH SPEED TAPER BEARINGS TESTED EQUAL

3000 HOURS (RIG, HLH BENCH AND DSTR)

DIRECTLY APPLICABLE

EQUAL

DIRECTLY APPLICABLE

60% OF TORQUE
857 OF VELOCITY

EQUAL



APPENDIX 6
HLH TRANSMISSION GEARING LXPERIENCE

The HLH transmission combiner box collects the output from three 701
engines and drives two output shafts. During initial tests of the HLH
aft and combiner transmissions,failure of spiral bevel gears occurred.
These were the input pinion to the aft transmission and the collector
gear in the combiner transmissions. Investigation revealed that the
failures were caused by high bending stresses in the roots of the teeth.
This had been caused by adverse load distribution across the teeth and high
frequency vibratory response to gear mesh excitation. It was found that
damping rings were necessary to reduce resonant stresses and increased
rim thickn2sses of both the pinion and gear were required to improve
load distribution.

The fixes are incorporated in the HLH prototype helicopter scheduled to
fly in mid 1976, and will be bench tested in 1975. "n excerpt from the
Vertol paper presented by K. K, Grina, Director of Engineering to the
2-5-75 Royal Aeronautical Society Meeting which discusses the problem
follows.

PRECEDING PAGE BLANK NOT FILMED
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HELICOPTER DEVELOPMENT AT THE BOEING VERTOL COMPANY

HLH Transmission Testing

During the initial tests of the HLH aft and combiner transmission, we
experienced failures of spiral bevel gears: the input pinion in the

aft transmission, and the collector gear in the combiner transmission.

We have determined that these failures were caused by high bending stresses
in the roots of the teeth which resulted from adverse load distribution
across the teeth., High frequency vibratory response to gear mesh
excitation contributed to the failures also.

We conducted strain gage surveys, measuring stresses in the tooth roots,
both statically and dynamically, using micro-minature gages. We used a
telemetry system for the transmittal of data. Figure w=l is a three-
dimensional plot prepared from stati. test data showing measured stresses
across the face of the gear at various instants of time {roll angle).

The movement of both compression stress and tension across the face is
easily visualized.

The results of a typical stress survey, comparing dynamic and static
measurements, is shown in Figure b-4. The dynamic data measurements have
either equalled or exceeded the static test results by about 10%. These
effects are not true dynamic (rpm)2 effects, but the result of variations
resulting from meshing the instrumented tooth with each tooth of the
mating gear.

Gear resonant frequencies are first evaluated on a stationary gear

using air sirens. A pulsating air jet whose freqier.y can be varied by
changing either the number of holes in the "head", or by varying the
"head" rpm, provides the excitation source. A roving accelerometer is
used to produce Lissajous patterns against a reference pickup to identify
mode shapes.
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The results of a typical siren test are displayed as the zero rpm points

on the Campbell diagram shown in Figure u-4. Even thocj! “he gears operate
at high speed, we found no discernible rpm effect on frequency. The fiqure
also shows the rpm at which the rescnances occur. For :hese not familiar
with gear resonance, it is pointed out that, because teoth impact is fixed
in space while the gear is rotating, there exists both a rearward and a
forward traveling wave that results in resonances other than at a :me-tooth
excitation frequency both above and below by an amount established by the
mode number.

Gear resonant frequencies are best identified during dynamic tests using

a spectral analyzer. The use of a Visicorder time history spectral analysis,
such as shown in Fiyure u-3 permits accurate evaluation of the resonant
frequency and rpm. This data can then be plotted as shown to illustrate

the stress sensitivity of each mode while passing through resonance.

The results obtained can also be plotted on a Campbell diagram, such as

that shown in Figure v-4. The correlation found in H.H tests between the
static siren tests and the dynamic measurements has been excellent. It was
initially thoughtthat frequencies established from siren tests on isolated
gears would change when installed in the transmission. Tests to date have
indicated virtually no installation effects on the fundamental gear resonant
diametral modes.

The stress cycles accumulated while operating gears at resonance can be
awesome when considering the frequency of stressing. For example, with a
12,000 cps resonance, stresses abnve the endurance limit could cause a
failure in only 10 mintes of operation. For this reason, adequate damping
is a must to maintain the resonant stresses at a very modest level.

There is no direct analytical analysis available that defines the type
and amount of damping required or achievable. Figurev~® shows, however,
what can be accomplished by changes in damping. These tests, plus others
conducted both on HLH and CH-47 gearboxes, led to a semi-empirical
relationship that is currently used to

a7



)3/4

Wt = 0.15 x (Wt

damping ring gear head

size the damping ring so that resonant stresses at their worst are less
than 5,000 psi.
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APPENDIX H - TAKEOFF _AND LANDING TIME HISTORIES

The time history of several types of takeoffs and landings are discussed
in this section. The takeoffs are shown first,

The takeoff time history shown on Figure H-1 is a constant attitude
transition from hover to 162 knots. The Tiftoff and initial climb to

an altitude out of ground effects is not shown. Takeoff power setting is
maintained and the 1ift/cruise fan thrust is vectored for acceleration.

As the airplane picks up speed and the wings share the airplane weight,
more thrust can be used for acceleration. A peak acceleration of 0.5 g's
is reached at 120 knots. The takeoff is at a gross weight of 32,400 1bs.
{maximum hot day VTOGW). It takes 23 seconds to reach 162 KTAS (120) power
off stall speed). The peak nacelle incidence rate used is a moderate 59
per second.

Figure H-2 1is a short takeoff trans.tion from liftoff to flight speed. The
acceleration to 1iftoff is described in 3.3.3 and shown in Figure 3.3.3-9,

The takeoff is made at a weight of 37,750 lbs. The performance is shown as

a constant altitude transition to aerodynamic flight. The time history starts
at 85 KTAS and it takes 17 seconds to accelerate to 174 KTAS (120% power

of f stall speed). The peak nacelle inciitence rate required is about 4°/sec.
The airplance is ready to convert to aerodynamic flight about 0.7 nautical
mile after leaving the deck.

Two types of transitions to a vertical landing are shown. Figure H-3 shows

a two segment approach and Figure H-4 shows a "rainbow" variable gamma approich.
These patterns were examined to provide some insight to the landing vector
requirements. They are not the 1imits of landing transiton ccnabilities.

The two segment approach (Figure H-3) arbitrarily at 200 knots. The airplane
is in the V/STOL mode. The airplane is decelerated to an air speed of about
100 knots nolding a constant altitude (-0.20g's deceleration is used). At
100 knots constant descending flight path angle (-150) is established. The
deceleration in the descent is 0.1gs. To reach zero speed at this deceleration
rate along this flight path the initial altitude is 1640 ft. It takes about
two nautical miles and 84 seconds to make the approach. The peak nacelle
incidence rate encountered is 8°/second. The nacelle angle of attack at 100 KTAS
is 72°.
275
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The variable gamma approach combines a constant rate of descent and a
constant deceleration. The approach profile is parabolic from initial
altitude to touchdown ("rainbow profile"). Time history is shown for a
0.15 g's deceleration and a rate of descent of 1000 feet per minute.

The approach takes about 70 seconds and 2 nautical miles. The initial
altitude is 1180 ft. The peak nacelle incident rate is 4.5°/second.
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APPENDIX [ - WEIGHT ANALYSIS METHOD

A discussion of the methods used to predict the weight of the NASA/Navy
V/STOL configurations is presented.

This analysis is based on the selection and application of a reliable
parametric weight analysis method, in conjunction with the NASA/Navy
V/STOL design criteria, to determine the preliminary weight of the ASW
configuration proposed by The Boeing Company.

The method is included among the Navy weight analysis resources; it is
updated frequently and has been used by The Boeing Company since the
mid-1960's with consistent results in areas of identifying significant
weight considerations of new aircraft designs,

Weight validation information is presented in the form of correlating
data, operating weight comparisons of VTOL aircraft and actual versus
estimated weight. A population of 11 USH aircraft are inciuded in the
validation and correlation data which have been prepared for 41 aircraft
sample (sufficiently 1arge enough to eliminate sample size errors), but
more specifically during this study actual weiqht information on the C-2
and 5-3A have been used to test and calibrate the weight analysis method.

Percent Operating Weight Versus Weight Prediction Method

Application of the Boeing preliminary weight analysis method produced

507, of the operating weight. From the statement of work recommended
guidelines were used in the developmert of avionic and payload system
weights. Further analysis by Boeing particulariy in the avionics area
established these as excellent sources of weight information producing
13% of the resuits. Propulsion system weight elements, engines, 1ift
fans and transmission components (gear boxes, shai.s, clutches, etc.) are
based on engine and transmission manufacturer component weight quotations
accounting for 277 of the weight. Ten percent of the weight has been
derived directly from Lockheed S-3A aircraft actual weight data, see
Table I-1,
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Typical Parametric/Statistical Weight Method

The wing weight method is typical of the approach used to produce
structural propulsion and fixed equipment group weights. The wing

weight is identified in four areas that serve primary furctional purposes,
the structural box, 1ift devices, lateral controls and secondary structural
items, see Table I-2., The weight of these elements are predicted as a
function of the significant design parameters that affect and create this
weight. Approximately 25 design parameters are involved in the preliminary
design weirht analysis of the wing.

Lift/Cruise Engine Pod Rotation

The engine rotation weight allowance was determined from actual weight

and thrust information. The data presented in Table I-3 has been developed
from VTOL aircraft with propulsion rotation requirements similar to the
Model 1041-133-1.

Advanced Technology Weight

A potential of 15% weight improvement (1400 1bs) through widespread use of
advanced technology structural materials {is shown on Figure I-1. In that
the 15% improvement implies technology development which may or may not
occur, an improvement of 10% (about 900 1bs.) is used in this study. As a
result, the operational airplane weight analysis has a 500 1b. weight
contingency in advanced structural technology considerations.

Operating Weight Versus Gross Weight

The propulsion, weight and aerouyramic mission sizing analysis of the
operational ASW configuration (Model 1041-133-1) produced an operating
weight to gross weight ratio of 0.623. The relationship of this ASW infor-
mation to a group of helicopter and V/STOL aircraft is presented in

Figure I-2 and the V/STOL ASW weight ratio plots near the curve of the
mean line through this -lata. MNote the C-2A and S-3A aircraft information
has been included.

281



Actual Weight Versus Estimated Weight

The analysis of 41 aircraft by th: method described in this section produced
the results presented on Figure [-3. Some of the capabilities of the

method are: the ability to predict aircraft weight regardless of size over a
wide range of aircraft functions, whether passenger, cargo, fighter class

or strategic; and the ability to predict aircraft weight within one sigma
standard deviation of + b%., The differences for V/STOL operational features
between the ASW configuration and the population of aircraft presented here
have been accounted for.
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Table I-1.—Percent Operating Weight Versus Weight Prediction Method ASW Mission

% OPERATING WEIGHT VERSUS WEIGHT PREDICTION METHOD
ASH MISSION

SOURCE 2 0.4,
& BOE1!I6 50,0
NASA/NAVY SUPPLIED 13,0
VENDUR QUOTATION 27.0
SCALED FROM S-3A 10,0



Table 1-2.-Typical Parametric/Statistical Weight Method

o USED TO PREDICT 1007Z OF THE WING WEIGHT

o WING WEIGHT = STRUCTURAL BOX 1 + LIFT DEVICES 2 + LATERAL COWTROLS > +
SECONDARY STRUCTURE ﬁ,NHERE THE WEIGHT OF:

1 = f? (W, Sy N, T/C, R, M, A-C/H, EXPOSED SPAN,
DEAD WEIGHT RELIEF, FOLD LOCATION, LANDING GEAR
LGCATION, FATIGUE AND GUST CRITERIA)

9

88

2 = Sspcl LA/

MAX
3 = £ (CONTROL SURFACE AREAS, TYPE OF AIRPLANE)
4 = £ (s,, EXPOSED SPAN)

o PREDICTS CONVENTIONAL METAL WiNG

o MATERIAL & CONSTRUCTION CHANGE FACTORS ARE CONSIDERED
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Table I-3.-Lift{Cruise Engine Pod Rotation

VJ101CX-2 X-22 LCFA-133-1
ROTATION WEIGHT - LB 410 387 450
THRUST OF ROTATED ENGINES - LBS 15500 > 16600 22660
ROTATION WEIGHT/THRUST 0.026 0.023 0.0

LCFA - 133-1 IS NOT CONSTRAINED BY THE DEPTH OF THE WING. THEREFORE, ASSUME
A SIMPLER INSTALLATION, DESIGN ANALYSIS REQUIRED.

> FOUR RB14S ENGINFS, AUGMEMTED



APPENDIX J -~ MAXIMUM LIFT, SPEED AMD NACELLE DEFLECTION CHARACTERISTICS
FOR THE 1041-133-]

Maximum 1ift, initial buffet, maximum speed and Timited nacelle deflection
effects have been estimated for the ASW 1ift fan configuration shown in
Figure J-1. Boundaries for buffet onset and maximum 1ift are shown in
Figure J-2. Nacelle deflection effects, including the induced aerocdynamic
effects, are incomplete due to the Tack of suitable data for estimating
these configuration sensitive effects. In general, it is believed that
favorable induced effects will result from the aft engines when deflected.
However, the nose fan will probably have adverse induced effects (suck down)
and reduce the favorable effect from the aft engines.

Ruffat and Maximum Lift:

The buffet and maximum Tift boundaries shown in Figure J-2 for the 133-1
confiugration are based on /C-14 wind tunnel data; reference J-1. As the
YC-14 wing is similar, i.e., same airfoil, low sweep and approximately
the same thickness, it was assumed that buffet and maximum 1ift for the
133-1 would occur at the same anglie of attack, By correcting the 1ift
curve slope for t/c, sweep and aspect ratio, the 1ift coefficient for the
133-1 buffet and maximum 1ift boundaries were “efined.

Maximum Speed and Sustained Load Factor:

The maximum speed and maximum sustained load factors were determined using
the drag polars from reference J-2 and engine data, dated 1/17/75. The
1.0 size engine data used were scaled by 1.922 Appen. B. The following
table summarizes these load factors for several conditions.

LOAD FACTOR

Condition n max. sustained nmax, usable n buffet onset
M= .30 1.52 1.56 1.42

Sea Level

M= .05 3.41 3.74 3.38
10,000 ft.

M= ,835% 1.0 .15 2.06
10,000 ft.

* Maximum 1g sustained speed at 10,000 ft.
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Induced Aerodynamic Effects Due to Nose Fan and Engine Exhaust:

The operation of the nose fan and the engines when rotated to 90° causes
induced aerodynamic effects as a result of the exhaust {and inlet) flows
circulating about the configuration. The procedure for determining these
effects is to separate the basic aerodynamic characteristics and the actual
thrust effects from the total forces acting on the vehicle. The difference
is the induced aerodynamic effect. These effects are a function of engine
thrust, forward air speed and most important, the vehicle's configuration,
By applying the principle of superposition, the induced aercdynamic effects
can be added to a vehicle's performance in V/STOL modes. Though there

is a large quantity of powered model data available, it is not in a form
or suitable configuration which makes it possible to determine the induced
aerodynamic effects., Because of this, the following data should only be
used in a preliminary manner to indicate trends.

The only data reasonably related to predicting the effects of the nose fan
was found in reference J-4. The 1ift data shown in Figure J-4, are
non-dimensionalized with fan thrust coefficient, CT, and are plotted as

a function of effective exhaust velocity, Ve = V%EFEUE{' These results
include the vehicle's basic aerodynamic characteristics, the direct thrust
has been taken out. However, the data does indicate a significant
detrimental effect on 1iftout of ground effect, especially as Ve increases
{or Vexhaust decreases). These results are expected to be typical for

the 133-1 with only the nose fan operating; however the induced aero effect,
the vehicle's basic aerodynamic characteristics and the effect of the

cruise engines cannot be separated out.,

The induced aerodynamic effect shown in Fig. J-5 with the aft engines
rotated to 90° were estimated from data in reference J-5.

These data are true induced effects as the vehicle's aerodynamic characteristics
were measured with and without jet effects and the thrust was not attached

to the model. The dat# had to be extrapolated extensively to match the

axhaust location on the 133-1. The exhaust jet located at 25% semi-span

instead of next to the body, the flap configuration was not the same as

the 133-1 and the data were taken with exhaust flow only-no inlet was present.

'\(_)'\



Corrections were not made for these differences. However, these data
can be used as & general guide as to the expected trends. In general,
locating the exhaust aft of the wing traiiing edge produces Tavorable
effects which increase with flap deflection. Jet exhaust locations
ahead of the wing leading edge give adverse interference effects,
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