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EUSTIS DIRECTORATE POSITION STATEMENT
; This report provides an insight into various approaches that can be
é taken in aircraft design to integrate and manage external airflows 1
3 soc as to minimize ultimate vehicle performance penalty. In this
1 case, stringent IR plume and hot-part suppression requirements greatly s i
1 increased external airflows, adding to the complexity of the 3
3 integration approach and dictating innovative design techniques. 1
4 The aircraft performance penalties from the IR suppression require- ~e i
4 ments were reduced through improved integration techniques for
various vehicle configurations, The results of this contract should
be integrated in future vehicle studies and in the formulation of
standard IR suppression criteria.
LeRoy T. Burrows of the Technical Applications Division served as ;
proiect engineer for this effort. 3
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) DISCLAIMERS

The findings in this report are not to be construed as an official Department of the Army position unless so
designated by other authorized documents.

When Government drawings, specifications, or other data are used for any purpose other than in connection

with a de‘initely related Government procurement operation, the United States Government thereby incurs no i
responsibility nor any obligation whatsoever; and the fact that the Government may have formulaied, furnished,

or in any way supplied the said drawings, specifications, or other data is not to be regarded by implication or #
otherwise as in any manner licensing the holder or any other person or corporation, or conveying any rights or [} E

permission, to manufacture, use, or sell any patented invention that may in any way be related thereto.

Trade nanwes cited in this report do not constitute an official endorsement or approval of the use of such
cosnmercial hardware or software. S

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the originator.

Sabagngiadl date L b 30 it L%J
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0. ABSTRACT (cont'd)

he baseline aircraft for the investication was a single-main-rotor,
win-engine utility helicopter with a design gross weight of 8500
ounds. Following an initial review of six innovative designs,

hree propulsion integratior concepts were selected for detailed
reliminary design based upon comparative analyses and evalua-

ions of overall system performance, system complexity, aircraft
ystem weight and design, technical risk, and control requirements.

The integrated concepts each incorporated a mechanically driven
blower to draw cooling air through the transmission oil cooler
pnd into the IR suppressor device, which was integrated with the
Pngine compartment cooling airflow and the particle separator
Ecavenge,

he propulsion integration concepts achieved a much greater measure
f protection against the IR missile threat than a current IR
uppressor design on the baseline aircraft, which did not meet the
uppression requirements established for this study. Also, reduced
ystem complexity resulted from the integration of airflow require-
ents into one blower, as well as fewer individual transmissions

in certain concepts. However, the penalties incurred were sub-
tantially more accessory (blower) power and a heavier weight empty,
hich served to reduce aircraft performance capability.

«caled aircraft with integrated propulsion systems and engines
caled in power and weight to provide the same performance capa-
ility as the baseline aircraft would provide the desired IR
uppression capability with a 15-percent increase in aircraf*’
pmpty weight and a 22-percent increase in installed engine power.
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SUMMARY

Under contract to the Tustis Directorate of the U. S. Army Air
Mobility Research and Develoupment Laboratory, the Boeing Vertol
Company developed integrated engine/transmission/airframe
conceptual designs for a utility helicopter to meet projected
airflow requirements of future Army aircraft. The design
program culminated in comparative analyses and evaluations of

a baseline and six innovative concepts. Aircraft systems were
evaluated on the basis of performance, weight, complexity and
technical 1isk. This document is the final report of the

: aircraft desiun investigation.

BASCLINE AIRCRAFT

The baseline aircraft selected for the conceptual analyses
ani preliminary designs was a single main rotor, twin-engine,
utility helicopter, with a design gross weight of 8500 pounds,
shown in Figure 1. Rotor system, structure, and materials
utilized in the design were consistent with current design
techniques as refined by 1980, and the drive system reflected
state-of-the-art technology, proven by component demonstra-
tion. Suitable armor was ~vovided for crew and critical
component protection. Airframe ventilation and compartment
cooling (including electronic equipment) was supplied by a
senarate fan, which was incorporated into the engine bleed-air
pneumatic system for cockpit and cabin heating when required.

ENGINE CONFIGURATION

The advanced-technology turboshaft engines used in the study
offered the alternative of front or rear drive, 30,000 rpm
output shaft speed, and the capability of operating in either
horizontal or vertical attitude. The engine included an
integral inlet particle separator (IPS) and an integral lube
system with a fuel-oil cooler. The engine was installed in

a nacelle compartment to provide a continuous flow passage
for cooling air, which was induced by an integrated engine
exhaust-powered ejector.

The infrared (IR) suppression goal established for the engine
exhaust plume was so rigorous and the resulting plume dilution
requirement so great that it dictated an abundant amount of
cooling airflow for IR suppression. Consequently, a design
aoal of 200°F metal temperature was established for the hot-
metal IR suppressor. Suppressed signatures for the integrated
propulsion system concents were consistent with the following
temperature levels:
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o Hot metal temperature = 200°F

400°F

1

o Exhaust plume temperature

This level of IT suppression was provided over the entire
flight spectrum.

INNOVATIVE CONCEPTS

In addition to the baseline aircraft with no IR suppression
(Concept a), six advanced propulsion system concepts were
identified for conceptual analyses. Design features of
candidate concepts are outlined in Table 1. Airflows for the
engine inlet and inlet separatcr ccavenge, engine and drive
train compartment cooling, transmission oil ccoling, and IR
suppressor were integrated in each advanced conceot.

ATRCRAFT MISSIONS

Comparative analyses and evaluations of the diffcrent concepts
were conducted for aircraft with a constant design gross
weight of 8500 pounds. The range capability of the aircraft
was defined based upon the mission noted below:

Extended Loiter Mission

1. HOGE, 15 minutes at 4000 feet, 95°F.

2. Cruise outbound to mission radius, 140 knots,
at S.L., 59°F.

3. Loiter 1 hour, 70 knots, at S.L., 59°F.

4. Cruise inbound, 140 knots, at S.L., 59°F.

5. 30-minute reserve at 140 knots, at S.L., 59°F.
6. Entire mission flown with payload.

An alternative "Radius Mission" was postulated, flown entirely
at 4000 feet, 95°F:

Short Loiter Mission

1. Warm up 2 minutes at maximum continuous power.
2. Cruise outbound to mission radius, 140 knots.
3. Land, unload payload.

4. Warm up 2 minutes at maximum continuous power.

3
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5. Cruise inbound, 140 knots.

6. Reserve is 10 percent of initial fuel.

TABLE 1. CANDIDATE PROPULSION SYSTEM CONCEPTS

CONCEPT

IN-FUSErAGE

Fan-

CONCEPT DESIGNATION

ENGINE
Front Drive (F) F F F F
Rear Drive (R) R R R

ENGINE MOUNTING
Horizontal (H) H H H H H
Vertical (V) \Y v

ANTITORQUE DEVICE
Tail Rotor (TR) TR TR TR TR TR TR

Vectored Fan (VF) VF

INTEGRATED COOLING-FLOW CONCEPT
Transmission-Driven Fan (X) X X '
Tail Rotor Shaft Fan (TR) TR TR TR
Fuselage-Mounted Fan (F) F
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ADVANCED-CONCEPT PRELIMINARY DESIGNS

Of the initial six propulsion integration concepts, a prelim-
inary design was performed for three, selected on the basis

of comparative analyses and evaluations of overall system
performance, system complexity, aircraft system weight and
design, technical risk, and control requirements. A detailed
breakdown of the concept selection criteria and weighting
factors is included in the text of the document. Selected
advanced concepts are pictured schematically in Figure 2, and
include the horizontal, front-drive enaine concept; the
vertical, front-drive engine conceot; and the horizontal,
direct-drive engine concept. In each concept a large fan,
either concentric with the tail rotor shaft or driven from

the main transmission, draws cooling air through the trans-
mission o0il cooler and pumps it into the suppressor device.

: Part of the cooling air used for plume dilution, in conjunc-

i tion with the engine exhaust, provides the ejector action to
ventilate the engine compartment and scavenge the inlet
particle separator. The remainder of the cooling air provides
hot metal cooling - the horizontal, front-drive engine concept
uses a plug suppressor; the vertical, front-drive concept uses
a vane-type suppressor; and the horizontal, direct-drive engine
concept uses a vane-type suppressor followed by a jumbo-slot
duct.

i

Each of the advanced conceots resulted in increased emoty weight
which impacted aircraft range capability, and each resulted in
increased accessory power requirements which diminished verti-
cal climb capability. The impact of a current IR suppressor
design on weight and performance of the baseline configuration
also was determined (designated Concept a'). Figure 3 compares
the propulsion system and aircraft performance parameters for
these designs.

The concept with horizontal, front-drive engines
had the lowest weight empty of the aircraft with
integrated propulsion system installations, and
offered good range capability but only moderate
. vertical climb capability. Engine-installation
related factors in the aircraft system design
compared favorably to the baseline aircraft.




Ty

*s3dedouo) uoijeabajur
we3sdg aATag-uotsTndoad po3oalas JO sbuTmeaq OTIPWSYOS 'z 2iInbtg

HO10Y 1ivl Yl

MOTJHIV ONIT00D INIWLHVIWOD INIONI @ NDISETRS e
HOSSIHAINS HI Syl
MOT4HIV IDONIAVIS Sdi @ HOLVHYA43S 3121LHVYd LIINIE Sdl

NION3 3
MOT4HIV DNI 100D 110 ANV INIWLHVINLD -
AHOSS300v/NoIssInsNvuL (1) aNgR

sauibug [E3san poadasuog saubug EIL WuoE g 1dasuoy

sauibug eluaruoy § 1d8ou0D

J2YHE HL

LA de

o

s




R

Db Gt b e g S

T

< 60 CcoNcepT RADIUS
= [] MISSION
I 120
(72}
g w© /% DESIGN
=) /A MISSION
o«
Z 40
o
1923
2 o a ? -l
=
40 o £t b d f
E CONCEPT
w 600
5
e 0]
= ] 98¢ iRP
= 4,000 FT
© L0l B o
w
o
w
l—
Z [ ]
o«
1 200}
3
2 ]
- ]
s
0
2 a’ b o f
CONCEPT
—= -~ == == ="~ T Jcumsrower
g T g e e
HlcL
P (e BEE H lcL| TAIL ROTOR
1.000 r—- - e i -
NOTER cums fulet] o~
800
o
w
C;) MAIN
© o ROTOR
w HOVER
2 POWER
o
I
a00{
200
) LTz = == N ~ XMSNLOSS
e - BLOWER (1F1)
. - - — — o - —- — ACCESSGRY _
a a' b d f
CONCEPT

Figure 3. Propulsion System and Aircraft Performance for the
Baseline and for Three Selected Advancecd Ccncepts.

7

e




T T

The vertical, front-drive engine concept had a
larger weight empty and less installed power
available due to engine inlet plenum losses.
Although the aircraft had good range capability,
its vertical climb capahility was substantially
reduced. Complexity was reduced significantly
by elimination of engine transmissions and
bevel-gear meshes in the diive train from engine
to main rotor.

The horizontal, direct-drive engine concept also
had a larger weight empty, but the installed
power avallable was greater, so the aircraft

had excellent vertical climb capability, although
only moderate range capability. The direct drive
into the main transmission from the rear-drive
engines, without an engine-mounted transmission,
contributed to reduced complexity of this
concept.

The current IR suppressor design provided substantially less
protection against the IR missile threat. Suppressed
signatures for this design were consistent with the following
temperature 1l:rels:

o Hot metal temperature 275°F

o Exhaust plume temperature 642°F

Figure 4 graphically illustrates the improved IR protection
which the advanced concepts afford. Since aircraft system
requirements dictated suppressed signatures much less than
those obtainable by the baseline with a current suppressor
design, the advanced propulsion integration concepts were
necessary to achieve the desired IR protection. In addition,
the advanced concepts offered improvements in IR suppression
with less complexity than the baseline in terms of numbers
of subsystems and components.

ADVANCED CONCEPT SELECTION

On the basis of the concept selection criteria discussed in
the text of the document, there was very little difference
among the advanced concepts in the total evaluation. While
Figure 3 shows the superior range of the horizontal, front-
drive concept and the superior climb capability of the
horizontal, direct-drive concept, the reduced complexity of
the vertical, front-drive enaine concept compensated for its
slightly poorer performance and made it virtually equal to
the highest rated concept. Although cost was not considered
in the study, qualitative evaluations of aircraft system life-
cycle costs indicated that the vertical engine concept also

3
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was the best ir this regard. Research, development, test,

and ergineering (RDTE) cost factors are only a small percen- 1
tage of the total life cycle cost of an aircraft system

comwared to production costs, which amount to slightly less

than one-third, and operations and maintenance (0O&M) costs,

which comprise two-thirds of the life-cycle costs. Technical

risk considerations and their impact on RDTE costs are

relatively unimportant. Slight differences in aircraft cmoty

weight for the advanced concepts, which would be reflected

in production costs, make little difference in life cycle -
costs. But compla:rity and design factors, such as number of

blowers, number of transmissions, number of bevel gear meshes,

and engine accessibility, have the greatest imwact on O0&M

costs and life-cyc.e costs. The vertical, front-drive engine

concept was superior to the others in this respect, and is
recommended as the best of the advanced concepts.

s

SCALED AIRCRAFT

o gt

It is of interest to compare the takeoff gross weight of
aircraft scaled up in weight to perform the same mission and
have the same climb capability, with engines scaled up in
power and weight. Figure 5 compares "rubberized" versions of
the baseline and the advanced concepts to meet the following
performance requirements:

o 500-fpm vertical climb capability at 95-percent
IRP (Intermediate Rated Power), 4000 feet, 95°F :

o Design mission with 50-NM radius

There was little difference in gross weight among any cf the
advanced concepts.

el e a0 i
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PREFACE

This final technical report completes a 7-month design
investigation of integration concepts which provide total i
airflow and power management to meet requirements of future b
Army helicopters. Bozing Vertol Company conducted the pro- i
gram under U. S. Army Air Mobility Research and Development 3
Laborator’ Contract TAAJ02-74-C-0043, Engine/Transmission/
Airframe Zdvanced Integration Techniques.

Technical direction was provided by Mr. Leroy Burrows and :
Mr. James Gomez of the Technology Applications Division, y ;
Eustis Directorate, U. S. Army Air Mobility Rescarch and ]
Development Laboratory. ‘
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INTRODUCTION

Propulsion system installaticns in future U. S. Army helicop-
ters will be required to provide airflows for the following

requirements:
o Engine compartment cooling
o Drive train and transmission o0il cooling
o Engine o0il cooling

o Infrared suppression (hot metal cooling and engine
exhaust plume dilution)
(]

o Engine inlet particle separator (IPS) scavenging
o Airframe ventilation (cockpit and cabin cooling)

In recent years increasing effort has been devoted to provid-
ing the proper environment for the propulsion and drive
systems of military helicopters and to reducing their vulner-
ability, particularly as it depended upon the propulsion and
drive systems. IPS kits have been developed for present-
generation aircraft to provide engine-irlet protection from
sand and dust contaminants. IR suppressor kits have been
developed to provide suppression of the engine hot metal
signature and, to a limited extent, suppression of the =ngine
exhaust plume signature. Advanced turboshaft engines are
trending to higher pressure ratios and turbire-inlet tempera-
tures, and installation designs must provide cooling air for
the accompanying high skin temperature and heat rejection.
Integral oil systems with fuel/oil coolers are incorporated
into some present-generation engines as well as into advanced-
technology engines.

Integrated propulsion system concepts which provide efficient
management of total airflow and power are needed to minimize

installation complexity, cooling drag, and engine and trans-

mission installation losses.

Under contract to the Eustis Directorate of the U. S. Army Air
Mobility Research and Development Laboratory, the Boeing
Vertol Company conducted a 7-month study of innovative engine/
transmission/airframe integration concepts which provide total
airflow and power management, to mc.t projected requirements
of future Army aircraft. The oL ,ective of the work performed
under this contract was to develop integrated design concepts
for a utility transport helicopter including engine inlet
foreign particle protection, exhaust plume and hot metal IR
signature suppression, engine and transmission oil cooling,
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engine compartment cooling, aircraft ventilation, and pylon
boundary layer control to reduce drag. Six integrated concepts
were initially presented and evaluated in comparison to the
baseline aircraft propulsion system, and three were selected
for preliminary design based upon the following considerations:

Overall System Performance
System Complexity
Aircraft System Weight
Aircraft System Design
Technical Risk

Control Requirements

22




AIRCRAFT SYSTEM REQUIREMENTS

Aircraft system requirements were established initially to pro-
vide the basis for the conceptual propulsion system designs and
comparative analyses and evaluations. The helicopter configu-
ration, design, mission, and payload were defined. State of
the art of structures technology and drive system design were
selected. Engine performance and weight, including an integral
inlet particle separator, were established, and the required
levels »f engine hot metal IR suppression and exhaust plume
dilution were stipulated.

BASELINE AIRCRAFT DEFINITION

The bkaseline aircraft selected for the conceptual analyses and
preliminary designs was a single main rotor, twin-engine,
utility helicopter, pictured in Figure 6. Rotor technology
was based upon Boeing's YUH-61lA and BO-105 helicopters. The
hingeless, four-bladed, advanced-technology main rotor system
used in the design incorporated advanced airfoils and com-
posite materials. The rotor possesses a diameter of 40.92

ft ainl a solidity of 0.C7.

A flex-strap tail rotor with an 8-foot diameter was selected
to fulfill the antitorque requirement, and is impact resis-
tant for safety, deiced for all-weather operations, and
offers high capacity through the use of advanced airfoils.
The vertical fin was designed to ensure level flight after
complete tail rotor loss, and is deiced for all-weather
operations.

The propulsion-drive system arrangement incorporated horizon-
tal front-drive engines mounted parallel to each other, with
engine transmissions to provide a right-angle bevel gear drive
into the main transmission. The separated engine arrangement
offers good survivability characteristics, since the sepuaration
between the two minimizes potential damage to both from a sin-
gle projectile and also reduces secondary damage potential. 1In
addition, engines which are separated from each other, the
passenger compartments, and the fuel provide good safety and
crashworthiness characteristics.

The main transmission of the baseline aircraft consisted of a
spiral-bevel collector gear and a single planetary reduction
stage. Use of only two stages of reduction results in a low
main rotor transmission profile, which permits the aircraft to
be loaded on the C-130 and C-140 without hub removal. A drive
shaft extends from the main transmission to the intermediate
transmission and another shaft to the tail rotor transmission,
which drives the tail rotor.
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Two accessory gearboxes, located fore and aft and driven by
the main transmission, provide redundant electrical generators
and hydraulic pumps for the aircraft subsystem requirements.
The forward accessory gearbox (AGB) also incorporates a rotor
brake. Mounted on the aft AGB is an integral oil cooler and
blower unit which provides o0il cooling capacity for the main
transmission, both AGB's, and both engine transmissions.

Main engine starting is accomplished by batteries and an elec-
trical starter, as discussed in the paragraph on the PROPULSION
SYSTEM. Aircraft size, and particularly the small size of the
main engines, precludes the use of an APU. Operating one main
engine provides the facility of ground checkout of equipment
and cockpit/cabin heating or ventilation.

The baseline aircraft does not possess an IR suppression system,
although the impact of a current IR suppressor design on the
baseline aircraft weight and performance was evaluated and is
discussed in the section on DESIGN ANALYSIS.

Baseline Aircraft Sizing

A parametric sizing study was conducted to define the baseline
aircraft to meet the system requirements stated below:

Single main rotor, twin-engine utility helicopter
Design gross weight (DGW) of 8500 pounds (desired)
Payload of 960 pounds (4 equipped troops)
Crew weight of 500 pounds {(crew of 2)
Climb capability of 500 ft/min at 95 percent
Intermediate Rated Power (IRP), 4000 feet, S$5°F
6. Design mission (at Sea Level/59°F)
- 15-minute hover
- Cruise outbound at 140 knots
- Loiter 60 minutes at 70 knots
- Cruise inbound at 140 knots
- 30-minute reserve at 140 knots
7. Two advanced-technology turboshaft engines with
integral inlet particle separator (IPS), no IR
suppressor, 1614 shp installed power available
at sea level/ 59°F
8. Drive system technology consistent with the
state of the art
9. Rotor system, structure, and materials technology
as refined by 1980

U N
« s s e e

The parametric trend data is displayed in carpet plot format
as a function of disc loading, rotor tip speed, and miscion
radius in Figures 7 and 8. The trend data is based upon main-
taining a constant thrust capability (Cp/c) of 0.116 (at an
advance ratio of 0.315) and a solidity of 0.073.
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E BOEING YUH-61A TYPE HINGELESS
‘ ROTOR SYSTEM UTILIZING GLASS
FIBER REINFORCED PLASTIC BLADES
1 AND TITANIUM HUB, 351 RPM ROTOR
E T SPEED

: PILOT'S STATION
E:.
3
' 0 20 40 60 80 100 COPILOT'S STATION
¥ Lid L 1dli
! INCHES 40 FT-11 IN. DIA
‘ F_.——’—— ]‘ A —— e WS LR
WL 174
. 54 IN.
3 96 IN. 9FTSHIN,
E FUSELAGE WIDTH CABIN HT
WL 120
, |

Figure 6. Three-View Drawing of Baseline Utility Helicopter.
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HINGED AND SLIDING DOORS.
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Locus lines were developed on Figures 7 and 8 for a parametric
family of 8500-pound gross weight aircraft and a parametric
family of aircraft using tne available installed power of

1614 shp. 7o avoid the confusion of a multiplicity of locus
lines, only the lines for 750-ft/sec rotor tip speed have been
indicated on the carpet plots.

Utilizing the constant DGW and installed shaft horsepower locus
lines of Figures 7 and 8, Figure 9 was developed. As
indicated, the main rotor diameter decreases with increased

tip speed. Limiting the tip speed to 750 ft/sec dictates a
rain rotor diameter of 40 ft, 11 in.

A complete description of the baseline aircraft is provided in
Tables 2 and 3, which list size and weight data by subsystem.

Mateiials and Weight Trends

The technology level of the rotor system, structures, and
materials of the baseline aircraft is consistent with ~urrent
design techniques as refined by 1980. Studies were conaucted
to determine where advanced composite materials could be em-
ployed in structure and fairings. During the structural
design investigation, advanced structural techniques were
defined which utilized the latest analytical, material, and
fabrication technology for significant vehicle weight reduc-
tions without sacrificino structural efficiency, fail-safety,
safety and producibility. These initial studies showed a
possible reduction of 25% in the vehicle weight by the use of
advanced composites in the 1980 time period.

The reduction in weicht could be realized in the following
areas:

Body 15 percent reduction
Horizontal Tail 21 percent reduction
Engine Section 12 percent reduction
Landing Gear 13 percent reduction

Advanced Aircraft Structure 25 percent reduction

However, for the purpose of this study, a weight reduction of
only 15 percent was assumed to minimize program risk.

Figure 10 shows an exploded view of the advanced aircraft major
structures and those items scheduled for the weight reduction
as refined in 1980. The major items that contributed to the
weight decrease of the advanced aircraft were as follows:

29

e R g 2

Ao o B A A F

)




i i R R e e S B ook ol e G et sy i £

T

Frm, TEOTE T T et aha bl e e Rl £ € 2t S i e B O B R

*I9MOJ PSTTRISUI JHS-FTI9T PUR MOHA PUNOJd-00S8 I0J S3ITNSaY Apnis OTajsuereg g 2Inbrg

3 Sdd — d334S dii HO10H
¥ 09L obL ozt 0oL
i 09 4 o oy
3
> @] < P
E @ al 9
- S\T\Q 850 —— m an D
: 2oy ve D-lve D 2
. =l V
3 o c| I
- | wn m ,
3 OW—O n.M | _H -1 008G
oaavo \\\\ R gl -
-
89 -8t o
™
-3
m
)
£ 4zy g
O/.wm/ u
o&¢4y hn 08~m £
\\\\\\,£¢ e Her m
|
-
/ +.]
)
,
SwNV S Hov — o009
U\W
4
qov
/ -t 8—.0
= :.ﬂb,vﬁr ——— _ L - i = o . " - bt ” Y B o ol e i Tt P - e




LA o0

Sy g i M

sy

ik o g i i ot et (gl i b o

TABLE 2.
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BASEBENE ATRCRAFT DIMENSIONAL AND PERFORMANCE DATA

Aircrart Subsystem

Cimension/Per formance

Fuselage
length (Body & Tail Boom), ft
Length (Cabin), ft
Length (Body), ft
Length (Tail Boom), ft
Fwd. Rotor Location, ft
width, ft
Wetted Area, sq ft

Horizontal Tail
Aspect Ratio
Area, sg ft
Span, ft
Mean Chord, ft
Taper Ratio
Thickness/Chord
Hor. Tail Arm, ft

Vertical Tail
Aspect Ratio
Area, sq ft
Span, ft
Mean Chord, ft
Taper Ratio
Tail Rotor (vert.) Location, ft

Tail Rotor/Vert. Tail Overlap Ratio

Thickness/Chord

Main Rotor Pylon
Aspect Ratio
Wetted Area, sg ft
Frontal Area, sq ft
Height, ft
Mean Chord, ft
Taper Ratio
Root Thickness/Chord
Tip Thickness/Chord

Main Rotor
Diameter, ft
Solidity
Disc Loading, lb/sqg ft
Thrust Coeff./Solidity
No. of Rotors
No. of Blades/Rotor
Blade Twist, deg
Blade Cutout/Radius Ratio
Tip Speed, ft/sec

Tail Rotor
Diameter, ft
Solidity
Net Disc Loading, lb/sq ft
Thrust Coeff./Solidity
No. of Blades/Rotor
Blade Twist, deg
Blade Cutout/Radius Ratio
Main/Tail Rotor Gap, ft
Tip Speed, ft/sec

4l.6
9.2
20.1
21.5
12.6
8.0
492.1

5.700
20.8
10.9
1.9
0.566
0.150
21.7

1.722
19,2
S
3is
0.473
4.0
0.563
0.230

0.100
18.3
4.4
0.8
8.3
1.000
0.270
1.n00

40.9
0.073
6.5
0.116
1.

4.
-12.000
0.230

750.

-9,000
0.250
0.5
741.
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Ajrcraft Subsystem

: TABLE 3, BASELINE AIRCRAFT WEIGHT DATA

Weight, 1b

Propulsion Group

Total Main Rotor Group
Main Rotor Blade (Per Rotor)
Main Rotor Hub (Per Rotor)

Drive System

Primary Engines

Primary Engine Installation

Fuel System

Total Propulsion Group Weight

Structures Group
Tail Group
Hor. Tail
Tail Rotor
Fuselage
Landing Gear
Nose Gear
Main Gear
Total Structure Weight

Flight cControls Group
Primary Flight Controls
Cockpit Controls
Main Rotor Controls
Main Rotor Systems Controls
Fixed Wing Controls
SAS
Total Flight Controls Group Weight

Weight of Fixed Equipment
Weight Empty

Fixed Useful Load
Operating Weight Empty
Payload

Fuel

Gross Weight

888.
492. 3
396. :

923.
430.
261,
87
2675.

5.
35.
40.
B.SW
245.
55.
190.
1157.

48.

255,

237.

3/

39.
592 .

1483,
SI907.
506.

6413,
960.
1127.

8500.
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Cockpit Enclosure was composed of composite honeycomb
sandwich molding (sandwich fiberglass) with integral
reinforced side post flanges and plastic core epoxy
matrix. The unit was a one-piece molding, or in two
b2lves with a vertical splice.

Loors consisted o. a composite honeycomb sandwich of
fiberglass with molded composite close-out members around
door edges.

Floor panels were a plank configuration made in composite
honeycomb sandwich (graphite-epoxy), which were
mechanically attached to an underfloor structure of ar
"egg crate" arrangement. Floor also consisted of con-
tinuous longitudinal floor beams with intercostal frames
of composite honeycomb sandwich construction.

Upper Deck structure was formed by a composite honeycomb
sandwich (graphite-epoxy) horizontal deck panel, canted
at its rear end, combined with two deep buttline beams of
the same construction attached to the rear underside of
deck, with matching continuous beams running longitu-
dinally along upper surface of deck.

Engine Fairings were thin honeycomb sandwich composite
(graphite-epoxy) molding.

Tail Boom Assembly structure was a two-piece clamshell
construction with molied honeycomb ,sandwich (graphite-
epoxy), requiring only end frames for stabilization.
This assembly consisted of a molded honeycomb sandwich
frame at the forward end and canted banjo-type one-piece
frames of same design loceced in line with vertical
stabilizer front and resa: spars. Upper and lower splice
joints are either hot wonded or mechanically fastened.

Horizontal Stabilizer was a full-depth honeycomb core
with composite (fiberglass) skins and flat tapering spar
caps running spanwise and overlapping a titanium root

end fitting with tapering flat prongs. A detachable
leading edge nose skin was of thin honeycomb design.

Post end and tip ribs were of a conventional aluminous
alloy design and bonded to skin and core (graphite-

epoxy) structure. A four-bolt lug system enables the
stabilizer to be folded, if need be, for transportability.

Vertical Tail was a one-piece torque box section of
composite honeycomb sandwich (boron epoxy), formed by an
inner skin with integral unidirectional cap material
molded over inflated-type mandrel. Honeycomb core sheets
were hot molded and wrapped over the inner skin.
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Separate flanged molded channels matching front and rear
spar widths were bonded to spars and banjo frames in
tail boom, to join stabilizer to tail boom.

o Landing Gear construction utilized metal matrix and/or
epoxy matrix in the drag struts and oleo barrels,
pistons, etc.

Valuable weight and layup time can be saved by integration of
high and low modulus materials in hybrid (mixed system) sand-
wich skins. In addition, the use of hybrid sandwich skins
satisfies strength and stiffness requirements while providing
improved impact resistance, fail-safety, ballistic tolerance
and crash attenuation. Weight savings realized from the use
of composite materials are summarized in Table 4, which shows
the actual percent weight reduction used in the study.

Armor Requirements

Suitable armor was .dentified in the aircraft configuration
design to provide protection for crew and critical components
against 7.62-mm projectiles. This criterion for armor protec-
tion is consistent with that used in Boeing's YUH-61A UTTAS
helicopter.

Protection of the aircraft against a 23-mm threat would
entail a large increase in weight empty for adequate armor.
Decreased vulnerability through careful consideration in
design was judged to be a more desirable approach, since
armor protection against the larger projectile threat would
have a major impact on study results.

Ventilation and Cooling Requirements

The environmental control system provides the heating and
ventilation, cooling and thermal control for the cockpit and
cabin, avionics, and other equipment in the crew compartment
consistent with system requirements. An electric fresh air
fan provides ambient air for compartment ventilation (both
cockpit and cabin) in the absence of a heating demand. The
fan and associated ducting direct the air into the cockpit or
cabir., rather than sucking air from inside the aircraft. Com-
partmein: heating is provided by bleed air from the main
engine. Sufficient bleed air is available to meet this
require..ent.
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DRIVE SYSTEM

The baseline aircraft incorporates a current state-of-the-art
drive system patterned after the YUH-61A UTTAS. Tech-

nology differences between the baseline and the advanced con-
cepts were primarily in the propulsion system installations,
specifically the main transmission and the overrunning-clutch
designs. These differences were based upon proven engineer-
ing designs substantiated either in service or by test.

The bas:sline drive system configuration incorporates engine
nose gearboxes with a right-angle drive into the main trans-
mission, which consists of a spiral bevel collector gear and
a single planetary reduction stage. The baseline configura-
tion offers the advantages of the overrunning clutch, lo-
cated on the low-speed shaft which provides good reliability.
In addition, the spiral bevel collector gear and single-stage
planetary main transmission represent a low-weight, low-risk
installation. The propulsion-drive system installation of
the baseline aircraft is pictured in Figure 11.

Transmissions

The engine nose gearbox, directly mounted to the engine, pro-
vides a short, accurately aligned, completely contained
installation of the high-speed (30,000 rpm) engine output
shaft. A single spiral bevel mesh in this transmission per-
mits the clutch to be located on the lower speed shaft and
integral with the nose gearbox. The clutch is a sprag-type
clutch, designed to overrun for at least 30 minutes after
loss of all oil.

The collector gear of the main transmission is attachec to
the sun gear of a single planetary gear stage. The maian
transmission housing is an aluminum forging.

A prime lubrication system and a backup system were con-
sidered for all configurations, with pumps and tanks armored
against 7.62-mm projectiles and designed to minimize damace
due to 12.7-mm and 23-mm HEI projectiles.

The drive systems for each of the advanced concepts, although
differing in design from the baseline, incorporated current
technology with design refinements that can be expected by
the 1980 time period.
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Transmission 0il Cooler/Blower

3 Investigations undertaken by Boeing Vertol indicated the re-
duced vulnerability and improved cost effectiveness of an
annular type integral oil-air cooler for helicopter trans-
missions. A subsequent development program demonstrated the
feasibility and practicality of the annular oil cooler con-
cept. The results of the latter program are reported in
Reference 1. The development hardware weighed 26.4 1lb (16.2-
1b heat exchanger core and 12.2-1b blower) and the cooler
produced 2340 Btu/min, which exceeds the present study air-
craft requirements. This integrated cooler/blower concept
provided the following advantages:

o Improved survivability

0 Increased cooling effectiveness

o Cost effectiveness

o Excellent vibrational characteristics
The transmission losses for the baseline aircraft and ad-
vanced concepts, discussed in the paragraph on Transmission
Losses and calculated in Appendix A, were 1285 Btu/min. Con-
sequently, for this application heat exchanger core and blower

were scaled down from the developed hardware to 12.0 1lb and
6.0 1lb, respectively.

The integral oil cooler/blower concept as used in the study
is consistent with the state of the art as proven by the
referenced component demonstration, and suitable for a 1980
aircraft.

Accessory Gearboxes

‘ The propulsion system installation incorporated two accessory

1 gearboxes, separated fore aad aft of the main transmission,

' to provide redundancy in subsystem power supply and so improve
aircraft survivability. On each of the accessory gearboxes

(1) A. J. Lemanski and H. J. Rose, INVESTIGATION OF AN EXPERI-
MENTAL ANNULAR-SHAPED INTEGRATED TRANSMISSION OIL COOLER
DESIGN, The Boeing Company, Vertol Division; USAAVLABS
Technical Report 70-41, U. S. Army Aviation Materiel
Laboratories, Fort Eustis, Virginia, September 1970,

AD875985.
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was mounted an electrical generator and a hydraulic pump. In
addition, on the baseline aircraft, a rotor brake was mounted
on the forward AGB and the integral oil cooler/blower mounted
on the aft gearbox.

Accessory loads of 25 shp were used in the investigation to
prcw ide electrical, hydraulic, and mechanical blower power.

Transmission Losses

The losses assumed in study performance calculations for each
of the transmissions and gearboxes are itemized below (per-
centage losses are based upon the total two-engine power out-
put which is input to the aircraft drive system):

Engyine Transmission 1.00 percent

Main Transmission -

Spiral Bevel Input 0.60
Spiral Bevel Tail Rotor (2) 0.08
Main Rotor Planetary 0.66
AGB Meshes 0.04
Intermediate Transmission 0.10
Tail Rotor Transmission 0.10
Accessory Gearbox 0.20
Total 2.78 percent

PROPULSION SYSTEM

The utility aircraft are powered by two advanced-technology
turboshaft engines which' offer the alternative of front or
rear drive, and are capable of operating in a horizontal or
vertical attitude at a 30,000-rpm output shaft speed. The
selected engine has an integral inlet particle separator
scavenged by an engine-mounted blower, and an integral oil
system, including tank and fuel-o0il cooler. At sea level/
59°F and intermediate rated power (IRP), this engine produces
807 shp at the optimum output shaft speed and 794 shp at the
design output shaft speed, 30,000 rpm. The engine installa-
tion provides sufficient cooling air induced by an exhaust-
powered ejector to meet engine heat rejection rates and com-
partment temperature requirements. The induced airflow re-
duces the temperature of nacelle equipment and structure to
the extent that surface temperatures and adequate ventilation
prevent compartment fires which may result from fuel leakage.

Preceding page blank
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Engine Configuration and Weight

The advanced-technology engine for this application incorpo-
rates a high compressor pressure ratio to provide low specific
fuel consumption (SFC) characteristics and a high turbine-
inlet temperature to provide a specific horsepower of 165 shp/
pound/second (output shaft horsepower per pound/second of
engine airflow).

The engine installation drawing pictured in Figure 12 illus-
trates the configuration details, including the integral
particle separator (IPS) scavenge blower ana the integral oil
system. The IPS blower system was assumed to weigh 10 percent
of the total engine weiaght, 5 percent each for the IPS and

for the blower. The weight of the baseline engine (including

the IPS system) is 215 pounds.

The engine's integral oil system includes the tank and the
fuel-o0il cooler. Calculations indicated that the fuel-oil
cooler provided adequate capacity to absorb the heat rejected
to the engine o0il. However, the SFC of an advanced-technol-
ogy engine could prove too low to prov.de a sufficient reser-
voir for the heat rejection. In this :vent an air-oil cooler
using particle separator scavenge airflow offers a suitable
alternative heat sink. For either design, the total engine
0il cooling system is integral with the engine.

The small advanced-technology engine has a relatively high
compressor pressure ratio and gas generator speed, both of
which impact engine starting requirements. The starter must
accelerate the engine to a correspondingly higher starter
cutout speed, and the compressor characteristics result in a
high drag torque throughout the starting regime. These
seemingly difficult starting requirements were the subject of
some investigation to ensure that they would not have a major
impact on the aircraft design. It was decided to incorporate
an electrical starting system for the enuine, and preliminary
studies were conducted of battery voltage-current capability,
degradation in capability at low amblient temperatures, starting
system resistance, and the match with typical electrical
starter characteristics. The results of these preliminary
studies indicated sufficient electrical starting capability at
standard ambient temperatures, but only marginal capability at
lower temperatures, due to increasing engine drag torque and
diminished battery cavability. However, conversations with
engine manufacturers relative to engine starting brought out
the fact that the small advanced-technology gas generators on
tests have exhibited lower starting power requirements than
the predicted curves would indicate. This encourages the

use of battery starting systems even for starts at lower
ambient temperatures.
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Another concept which has merit for electrical starting
systems is the use of two batteries in series to provide the
initial high-voltage requirement, with a switching mechanism
to switch to one of the batteries when the gas generator
accelerates beyond the initial low speed-high drag torque
regime of operation.

Engine customer bleed is available for aircraft cockpit and
cabin heating requirements. Because of the small size of the
engine, the percentage of bleed air permitted is small. But
the bleed-air port is at the compressor exit, and the high
pressure ratio and correspondingly high temperature result in
reduced bleed flows to meet the aircraft heating requirements.

Engine Performance

Performance data were generated for the advanced-technology
engines with no inlet particle separator or blower system. To
simulate performance data of the engine with an integral IPS,
typical inlet pressure loss and blower power corrections were
F applied (as illustrated in Figure 13). The resulting engine
performance is pictured in Figure 14. Performance of the
engine with no IPS system and performance with an integral
IPS/blower are compared at 100 percent output shaft speed,
30,000 rpm.

Performance parameters for the engine operating at intermediate
rated power (IRP) are listed in Table 5. Two configurations

of the engine are considered, one with integral IPS and blower
as configured for the baseline aircraft, and one with only

the IPS and no blower as used in some of the advanced propul-
sion system concepts.

TABLE 5. ADVANCED-TECHNOLOGY ENGINE PERFORMANCE AT INTERMED-
IATE POWER

] IPS/Blower IPS/No Blower
1 S.L./59°F | 4000 Ft/95°F { S.L./59°F | 4000 Ft/95°F

Shaft
% Horsepower 794. 581. 799. 585.
é SFC, 1b/hr/shp .489 .508 .485 .505
5 Output Shaft 30,000 30,000 30,000 » 30,000
1 Speed, RPM
Engine Air-
flow, 1lb/sec 5.00 3.96 5.00 3.96
: Exhaust Gas
§ Temperature, °F 1100. 1100.
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Engine Installation

The engine installation is configured to provide sufficient
compartment cooling to (1) maintain engine surfaces, engine-
mounted components, and airframe-mounted components below
specified temperature limits; (2) to maintain airframe
structure, particularly bonded materials and aluminum, below
long-life tewperature limits; and (3) to limit outer-skin
temperatures consistent with 1R suppression considerations.
The installation is designed to meet appropriate military
specifications and standards, including the following (Refer-
ence 2):

O Accessibility and maintainability (Paragraph 3.2.4.2)

o Nonflammable materials in engine compartment (3.11.2)

o Installation compatibility and mounts (3.11.3)

o Firewall thickness and flame resistance (3.11.4)

0 Nacelle internal clearance and venting (3.11.5)

0 Nacelle drainage (3.11.7)

o Engine intake location and design (3.12.5.2.2)

o Engine exhaust design and outboard cant (3.12.6)

o Compartment cooling requirements, hot day (3.12.7)

and from Reference 3:

o Limiting zone temperatures and air temperature limits
(Paragraph 3.19).

Thermal Ignition

The compartment cooling concept used in the study design is
adapted from the YUH-61A UTTAS and is the same as that emp}oyed
in Boeing's CH-46 helicopter, as well as the prototype design

(2) GENERAL SPECIFICATION FOR DESIGN AND CONSTRUCTION OF
AIRCRAFT WCAPON SYSTEMS. VOLUME II - ROTARY WING AIRCRAFT,
SD-24K, Vol. II, Department of the Navy, Naval Air Systems
Command, Washington, D.C., 6 December 197i.

(3) MILITARY SPECIFICATION, ENGINES, AIRCRAFT, TURBOPROP,
GENERAL SPECIFICATION for, MIL-E-8593(ASG), Department
of the Air Force and Navy Bureau of Aeronautics, Washing-
ton, D.C., 3 September 1954.
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of the XCH-62A--an ejector-pumped compartment cooling air
system. It was assumed that the engine bay comprised a single
continuous annular compartment surrounding the engine, with
appropriately located cooling air inlets. Ambient air intro-
duced through these openings provides cooling flow through the
compartment. The cooling flow is induced by the ejector pump
at the engine exhaust tailpipe or by ejector action powered

Dy the integrated blower system.

The engine installation incorporated a longitudinal firewall

to separate the engine compartment from the airframe structure,
but not a lateral firewall, which would interfere with engine-
exhaust ejector compartment cooling. This nacelle design was
based on the premise that adequate compartment ventilation and
reduced surface temperatures within the engine compartment will
prevent the occurrence of thermal ignition as a result of fuel
spillage. Substantiating data is provided in Reference 4,
which documents an FAA test program to determine nacelle en-
vironmental conditions which produce thermal ignition, using

a JT3D-1 turbofan installation. Test data confirmed that fuel
leaks from an unpressurized fuel system and sufficient changes
of compartment air per minute permit surface temperatures up

to 1100°F without thermal ignition.

The FAA test program investigated fuel leakage occurring in

the nacelle combustor-turbine section and in the compressor-
accessory section (the production JT3D-1 nacelle has a fire
seal between the two sections). Simulated fuel leakage condi-
tions in each section were divided into a number of test
categories depending upon nacelle configuration, powerplant
operating condition, and simulated pressurized or unpressurized
fuel system. In the nacelle configurations with controlled
cooling flow, thermal ignition occurred only in the minimum
compartment airflow range. This effect of nacelle ventilation
on thermal ignition is illustrated in Figure 15. Sufficient
ventilation prevents ignition up to 950°F engine exhaust gas
temperature or higher, depending upon type of fuel (Type A,
kerosene,or Type B, JP-4). 1If ventilation is sufficient to
prevent ignition at 950°F exhaust gas temperature, this
corresponds to engine surface temperatures within the nacelle
of nearly 1100°F. Compartment ventilation rate in the heli-
copter is very high, and is sufficient to reduce surface temper-
atures below the thermal ignition point. Based upon the facts
noted above, an exception to the military specification was

(4) AN INVESTIGATION OF IN-FLIGHT FIRE PROTECTION WITH A

TURBOFAN POWERPLANT INSTALLATION, Report No. NA-69-26,
Department of Transportation, Federal Aviation Adm.nis-

tration, National Aviation Facilities Experimental
Center, Altantic City, New Jersey, April 1969, AD686 045.
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taken in the design of the baseline aircraft, relative to the
use of fire shields to prevent leakage of combustible fluids
from reaching hot parts.

Engine Compartment Cooling

An estimate of the compartment cooling flow induced by the
ejector pump at the engine exhaust is based upon measured data
obtained during tests of the YUH-61A engine nacelle. The
amount of cooling flow was determined by scaling in direct pro-
portion to the engine airflow, and resulted in an induced flow
of 1.23 lb/sec at IRP, 4000 feet, 95°F, ambient conditions.

An analysis of compartment temperatures and insulation
requirements was performed based upon predicted cooling air-
flow, engine skin temperatures and heat rejection rates.
Results of the analysis included engine skin temperature,
cooling air temperature, and the nacelle structure inner and
outer surface temperatures as functions of axial position.
Because of the relatively high engine skin temperatures
typical of advanced-technology engines, the predominant mode
of heat transfer from the engine was radiation. Component
emissivities were estimated from known surface finish
characteristics; view factors between component surfaces and
hot nacelle and engine surfaces were computed by numerical
integration; and radiant transfer was calculated between each
engine skin segment and all nacelle segments within 10 inches
axially. In calculating convection coefficients within the
nacelle, the engine and cov' surfaces were treated as a series
of flat plates, with the characteristic dimensions (length)
assigned as input parameters. Typically, the governing
equaticn for laminar flow was used, but in the case of an
exceptionally high cooling flow rate, turbulent convection
coefficients were ntilized in the analysis. In the calcula-
tions the convection coefficient for the outer nacelle sur-
faces versus station was used with suitable adjustments for
downwash and forward velocity effects. The analyses considered
heat conduction from the engine, convection to the compartment
cooling air, and radiation to and from the engine hot end and
the nacelle inner surfaces.

To evaluate the most critical engine cooling requirements,
compartment temperatures were calculated for engine operation
at IRP, sea level, 130° - compartment airflow was 1.25 1lb/sec
at this condition. Results of the analysis are presented in
Figure 16. It was determined that a 1.0-inch insulating
blanket would be needed on the nacelle inner wall, and through
selective use of insulating material in areas where engine peak
skin temperatures occurred, external nacelle temperatures

were limited to 200°F or less.
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ADVANCED CONCEPT REQUIREMENTS

Airflows for the engine inlet and inlet separator scavenge,
engine and drive train compartment cooling, transmission oil
cooling, and engine hot metal and exhaust plume IR signature
suppression were integrated in each of the six advanced
propulsion system integration concepts. The integration of
the various external airflows is illustrated in Fiqure 17, and
the calculated flows and temperatures are tabulated in Appen-
dix A.

Cooling Airflow Blower

A transmission-driven blower was required to provide the cool-
ing airflow for the propulsion system integration concepts.

The blower design point was 20 inches of water pressure

rise to overcome the pressure losses encountered in ventilating
the drive system compartment, passing through the oil cooler
core, and flowing through the ducts to the IR suppressor,

where a substantial total pressure head is desired to provide
ejector-action plume dilution and hot metal suppressor surface
cooling. The blower design point at 4000 feet, 95°F, was:

Pressure Rise = 20 in. water

Airflow

17.8 1lb/sec

Inlet Temperature = 100°F

Blower adiabatic efficiency was assumed to be 0.60, resulting
in a temperature rise of 15°F. Blower power required was 90
shp. A mixed-flow impeller configuration was selected, rather
than an axial-flow blower, because it provides greater struct-
ural integrity. The mixed-flow design also offers increased
tolerance to small caliber gunfire. Backward leaning vanes
were incorporated into the mixed-flow impeller to minimize
exit swirl. Tip speed was 600 feet/second, which resulted

in an exit swirl velocity of 150 feet/second at the tip dia-
meter of 20 inches.

IR Suppression System

Required levels of engine hot metal IR suppression and exhaust
4 plume dilution were established for the advanced propulsion

1 system integration concepts. The maximum temperature of the

4 suppressed exhaust plume was not to exceed 400°F at an engine
exhaust gas temperature of 1100°F (IRP, 4000 feet, 95°F). This
amount of plume dilution was required over the entire flight

: spectrum.
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The suppressor configurations also were required to provide
shielding of the engine hot metal to prevent direct viewing.
Correlation of the area of exposed hot metal suppressor surface
and the corresponding allowable level of surface temperature
is provided in Figure 18. The hot metal area-temperature
relationship of Figure 18 results in an IR signature substan-
tially less than that of the 400°F exhaust plume. Although
the hot metal signature experiences very slight atmospheric
attenuation, the plume signature attenuates very rapidly with
distance from the source. However, i1f the aircraft were at

a distance of 1.0 km or less from the IR missile launch point,
the intensity of the plume signature would still be very
significant in comparison to the hot metal signature, the two
being of virtually equal importance.

The requirement for exhaust plume dilution dictated the amount
of cooling air available for IR suppression and resulted in

a large quantity of available air for hot metal cooling.
Therefore, a design goal of 200°F metal surface temperature
was established for the suppressor. The exposed hot metal
surface area for the suppressed engin=e concepts was only
slightly larger than 3.0 sag ft, considerably less than the
limiting hot metal area from Figure 18 corresponding to 200°F.
Consequently, the resulting hot metal signature of the ad-
vanced concepts was much lower than that defined by the metal
temperature-area relationship of Figure 18.

Appendix A provides calculated values of significant parameters
of IR suppressor performance for the advanced integration con-
cepts. Only a fraction of the total blower-supplied cooling
airflow is designated for hot metal cooling. However, this
fraction of cooling air would provide 0.25 1lb air/second/
square foot of surface area and a predicted effectiveness of
0.85, which is sufficient to ensure the metal surface temper-
ature is less than 200°F.
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CONFIGURATION DESCRIPTION

BASELINE AIRCRAFT DLSIGN VARIANTS

Six innovative engine/transmission/airframe integrated design
concepts were developed which meet the total airflow require-
ments for a utility transport helicopter. These requirements
include engine compartment cooling, drive train and transmis-
sion o0il cooling, engine exhaust plume and hot metal IR sig-
nature suppression, and engine inlet particle separator
scavenging. The baseline and six unique concepts studied are
listed below and schematically pictured in Figure 19:

l. Front-angle drive, horizontal, parallel, pod-mounted
engines with tail rotor (Baseline Concept a).

2. Front-angle drive, horizontal, parallel, pod-mounted
engines with transmission-driven blower integral with
tail rotor drive (Concept b).

3. Front-anygle drive, horizontal, splayed, pod-mouunted
engines with fan-in-fuselage (Concept c).

4, Front-direct drive, vertical, buried engines with trans-
mission-driven blower, with tail rotor (Concept d).

5. Rear-angle drive, horizcntal, parallel, pod-mounted
engines with transmission-driven ducted fan, integral with
tail rotor drive (Concept e).

6. Rear-direct drive, horizontal, splayed, sponson-mounted
engines with blower integral with tail rotor drive
(Concept f).

7. Rear-direct drive, vertical, buried engines with
transmission-driven blower integral with tail rotor drive
(Concept g).

The variant configurations were derived from the baseline
design and retained the same main rotor and engines, and all
configurations possessed the same design gross weight anrd pay-
load. Except for the fan-in-fuselage configuration, al. used
the baseline aircraft's tail rotor. The ground rules used in
the development of the baseline aircraft were applied to the
conceptual variants with the exception of the vertical climb
performance which was permitted to vary.

At the time the drag analysis was performed for these con-
figurations, boundary layer suction was considered as a means
to prevent flow separation and reduce drag. A review indicated
that the mechanism would add weight and complexity, reducing
or eliminating the small benefits available through boundary
control. Careful fairing of the fuselage, pylon, hub and
nacelle interfaces could produce equal or greater benefits.
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For these reasons, boundary layer suction was not recommended
for application in the advanced aircraft configurations.

Of the initial six propulsion integration concepts, three were
selected for preliminary design, based upon comparative anal-
yses and evaluation of overall system performance, system
complexity, aircraft system weight, system design, technical
risk, and control requirements.

PROPULSION SYSTEM ARRANGEMENTS

Conceptual designs were produced for the baseline utility

helicopter propulsion-drive system and six variant concepts 4
with integrated airflow arrangements. A brief description )
of each of the arrangements follows.

Oy A

Baseline Aircraft

Eh

The baseline aircraft (Figure 11) incorporates front-drive
engines, pod-mounted horizontally and parallel to each other,
with the engine transmission mounted on the engine front
frame and a right-angle, bevel-gear drive into the main rotor
transmission. The direct mounting of the engine transmission
to the engine permits a reasonable installation for the high-
speed (30,000 rpm) engine output shaft. The single-stage
bevel mesh in this transmission permits the "sprag" clutch to
be located on a low-speed shaft. The conventional main trans-
mission consists of a spiral-bevel collector gear and a one-
stage planetary gear.

R O IR 3

The speed reduction in the engine transmission permits the
use of only two reduction stages in the main rotor transmis-
sion, allowing a low profile main rotor transmission which
permits C-130 and C-141 loading without hub removal.

The tail rotor drive shaft and pads for a hydraulic pump, an
alternator, and a separate blower interral with the oil
cooler are provided on the aft accessor; gearbox at the rear
of the transmission. The integral oi. cooler/blower system
handles o0il cooling requirements for the main transmission,
both the aft and forward accessory gearboxes and both engine
nose gearboxes with air exhausted overboard. The forward
accessory gearbox provides redundant hydraulic and electrical
power in addition to a rotor brake. Cooling of the acces-
sories and drive system compartment is by free-air convection.

An engine-exhaust powered ejector is used to induce engine
compartment cooling airflow which dumps into the combined
nacelle exhaust duct. Similarly, IPS blower exhaust is
ducted to the rear of the engine compartment, where the con-
taminated air is sucked out by the ejector.

Mo T i il i i
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The antitorque tail rotor intermediate (angle) gearbox con-
tains a simple spiral bevel mesh with splash lubrication and
convection cooling. The tail rotor gearbox consists of a
simple right angle spiral bevel arrangement.

A backup lubrication system without cooling is provided for
the main transmission, which includes a pump, screen, reservoir,
passages, jets and pressure sensing system.

No IR suppression system is incorporated in the baseline
configuration.

Horizontal, Parallel, Front-Drive Engine Arrangement

This configuration offers the same basic engine/transmission/
airframe system arrangement as the baseline aircraft, but
incorporates total airflow and power management for subsystem
cooling and IR suppression. A low pressure ratio mixed-flow
blower, driven off the main rotor transmission and concentric
with the tail rotor drive shaft, provides cooling air for the
drive system, as well as for IR suppressor hot-metal cooling
and exhaust plume dilution. This integrated propulsion-drive
system installation is pictured in Figure 20.

The blower air is collected in a large scroll with individual
ducts to each IR suppressor unit, which deliver cooling air
to an annular plenum surrounding the suppressor and exhaust
system where it is divided for hot metal cooling and straight
exhaust plume dilution. The blower scroll collector offers
the possibility of an on-off dump valve (cockpit operated) to
unload the blower when IR suppression is not required.

The mixed flow blower occupies the volume previously used for
the aft accessory gearbox; therefore, for this concept both
the accessory gearboxes are separately mounted, side by side,
forward of the main rotor transmission with armor plate
between to reduce vulnerability. A common inlet duct located
on top and at the aft section of the cabin at the aircraft's
centerline provides cooling air for the AGB's, main transmis-
sion and the integrated centrifugal blower. The free=stream
air cools the AGB's, the main transmission, and the annular
0il cooler before it enters the blower inlet.

Internal to the IR suppressor, the blower cooling air flows
through a "daisy-mixer" arrangement to augment the engine
exhaust, and provides an effective ejector system. Sufficient
ejector action is achieved for scavenging the engine inlet
particle separator and for inducing compartment cooling air.
This arrangement obviates the requirement for an engine-
mounted IPS blower, thereby reducing the engine accessory

power requirements. The proposed IPS scavenge concept paral-
lels similar design concepts based upon ejector-induced
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scavenge flows. Presented in Figure 21 is rig test aata for

such a concept, which substantiates the capability of an ejec-

tor scavenge system and indicates that it is a viable design
concept.

Boundary layer control could be exercised for this configura-
tion by locating a BLC slot or perforated wall on aircraft
surfaces having severe flow separation or base drag, and
matching flow areas to provide controlled flows satisfying
the blower airflow requirement with a minimum of duct losses.
However, no BLC configuration was considered, and no drag
benefits which could be ascribed to boundary layer suction
were incorporated.

Fan-In-Fuselage Concept

The fan-in-fuselage concept pictured in Figure 22 departs
from the conventional antitorque tail rotor and incorpo.rates
a large mechanically driven, fuselage-mounted, variable pitch,
ducted fan with adjustable louvers in the tail for antitorque
control. The fan-in-fuselage antitorque technique lends it-
self uniquely to an integrated propulsive system providing
for an efficient air management system. Within the size con-
straints of the aircraft, the largest possible fan diameter
results in the lowest power penalty, which offsets the in-
crease in duct size and weight.

The front-drive engines are at an angle to the main trans-
mission (i.e., splayed), but otherwise the main rotor drive
system is similar to previous concepts. The engine IPS air
is ducted overboard and not into the fan, to prevent the con-
taminated air from reducing the reliability and life of the
antitorque unit. An integral engine-mounted IPS blower is
therefore required with the associated weight and power
penalties.

The forward accessory gearbox (AGB) with the integral rotor
brake is mounted similarly to the baseline. The aft AGB
is integrated with the ducted fan offset drive system.

Initial mixing of the engine compartment cooling air with
engine exhaust reduces the temperature of mixed flow im-
pinging locally on fan structure to 875°F. At the inlet

face of the fan, accessory compartment ventilation airflow
and airflow introduced through the scoop inlets dilutes the
fan flow to a temperature level of 157°F, which does not com-
promise the variable pitch fan size or design. The total
mixed flow requirement for antitorque control is 130 1lb/sec,
far greater than the amount reguired for engine exhaust

plume dilution. Downstream of the fan, the temperature of
the flow in the duct is 160°F. Despite the 160°F temperature,
the hot metal IR signature of the exhaust louver cascade 1is
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significantly greater than the limit corresponding to Figure .
18, due to its large area, but the much lower exhaust plume 5
IR signature compensates for this.

. To duct the fan flow to the antitorque louver device requires 4
9 a relatively large tail boom, which increases aircraft weight. !
4 This increase in weight necessitates the use of the tail

wheel as opposed to the nose wheel for the baseline aircraft.

A dual vertical tail arrangement provides aircraft direction-
al forwvard flight stability for the fan configuration. The 1
! overa.l length of this concept is larger than the baseline
3 aircraft with the forward fuselage length increased by 18
° inches to achieve the desired balance.

1 Vertical, Front-Drive Engine Concept

The vertical, front-drive engine installation pictured in :
Figure 23 has a direct drive into the main rotor transmission. i
Aircraft width is extended to accommodate the twin engine :
remote locations, and the rear bulkhead of the passenger com-
partment is moved from underneath the main transmission to
accommodate the vertical engine installation. The main

4 landing gear is moved forward, and to accommodate the shift

i in center of gravity, the aircraft utilizes a tail wheel
instead of a nose wheel.

I

] To provide hot metal and plume dilution airflow, the blower is
: vertically mounted between the engines and driven mechan-

% ically and separately from the main transmission. The blower
4 arrangement exhaust is ducted to an ejector arrangement in .
i the suppressor to provide compartment cooling air and IPS

scavenging, and IR suppression. The vertical engine instal-
lation lends itself to a vane IR suppressor concept instead

of a plug arrangement. Vanes at the exhaust duct exit, k
cooled by blower airflow, provide shielding of the hot metal. 1
This vertical engine and IR blower arrangement have the same 1
accessory gearbox arrangements as the baseline aircroft.

A conventional tail rotor drive system is employed driving ]
f through the aft accessory gearbox. Like the baseline, a ram 1
5 inlet duct forward of the rotor hub and on top of the cakin
provides cooling air for the necessary gearboxes, the main
transmission, and for the IR blower, which also houses the
integral annular oil cooler.

Separate ram inlets provide airflow into plenum chambers up- ;
stream of each engine installation. Bellmouth inlets oriented ‘
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vertically are attached to each engine with bulkheads between
the engine face and the plenum. Adequate clearance is pro-
vided to permit sufficient air to enter for engine compart-
ment cooling. The separate ram inlets for engine air are
located outboard and at the cabin height tc provide an inte-
grated system with the aircraft surfaces.

The overall dimensions of this concept are increased over
the baseline aircraft with the forward part of the fuselage
extended forward to accommodate the vertical engine instal-
lation underneath the main transmission.,

Horizontal, Parallel, Rear-Drive Engine Concept

This rear-drive engine installation uses a variation of the
conventional rear-drive engine configuration tail pipe to
bypass exhaust gas around the engine transmission and by the
main transmission. As shown in Figure 24, engines are mounted
outboard, horizontal, and parallel above the cabin and for-
ward of the main transmission. The engine inlet incorporates
a short straight-in annular inlet duct to provide maximum
pressure recovery. The inlet location reduces the danger of
hot exhaust reingestion, as well as minimizes the danger

from foreign object damage (FOD).

The engine IPS and engine-mounted blower discharge inlet con-
taminants through a separate duct and overboard.

A dual-element blower of fixed geometry, concentric with the
tail rotor drive shaft, serves several purposes:

° The inner element induces engine exhaust air and compart-
ment cooling air through ducts leading from the engine
exhaust.

° The outer element induces cooling air from a separate
free-stream ram inlet located along the top of the
cabin, through the accessory compartment, and through
the transmission oil cooler.

° The outer element charges the hot metal cooling panels
of the plug-type IR suppressor and provides cooling air
to mix with the exhaust gas through the trailing edge
of the suppressor struts. Directional vanes at the exit
of the suppressor could be required to prevent hot mixed
flow impingement on the tail boom.

Placement of the dual element blower requires an aft extension
of the rotor pylon, and in combination with IR suppressor
plug and fuel tanks necessitates the relocation of the aft
AGB. Both accessory gearboxes are located forward of the
main transmission with armor plate between them to reduce
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vulnerability.

The baseline aircraft type main landing gear tail rotor,
drive system and nose wheel are used with this configuration. :
The overall dimensions for this concept remain the same as for
the baseline aircraft,

Horizontal, Direct Rear-Drive Engine Concept

An aircraft-supplied inlet particle separator is integrated
with the sponson inlet in this concept. The concept is
pictured in Figure 25 with an aircraft-mounted IPS and the i
engine separator and blower removed. The splayed engine 3
arrangement enables the engines to drive directly into the
main transmission without an angle gearbox or engine trans-
mission. In addition, this arrangement provides a clean inlet
with a moderate turn angle that results in good inlet per-
formance.

Ean o

In this configuration a large transmission-mounted, mixed-flow
blower is located directly aft of the main transmission and
integrated with the tail rotor drive. The location of this
large blower for IR suppression cocling air necessitates the
relocation of the aft accessory gearbox. Both accessory
gearboxes are therefore located forward of the main transmis-
sion with armor plate between them to reduce vulnerability.

A ram inlet located above the cabin forward of the main trans-
mission ducts free-stream air for cooling of the accessory
gearboxes and main transmission. Part of the cooling air is
used by the blower to power an ejector, which induces engine
compartment airflow and IPS scavenge air. In addition, the
blower air is used to charge the plenum chamber surrounding
the engine exhaust. The air is discharged through slots to
suppress the main engine exhaust plume temperatures to meet
the IR suppression requirements. The plume dilution air

also bathes the walls of the "jumbo-slot" duct inside and
outside, providing film cooling to keep the metal temperatures
below 200°F. Hiding turning vanes are located at the exhaust
discharge to prevent line-of-sight radiation from the engine
hot metal.

The conventional antitorque tail rotor system and landing
gear (nose and main gear) are incorporated in this configura-
tion. The overall dimensions of the concept remain the same
as for the baseline aircraft.

To minimize the IR suppressor blower size and power require-
ments of the horizontal, direct rear-drive engine concept, a
jumbo-slot cooling technique using rotor downwash to film
cool the duct wall and provide additional plume dilution is
utilized in an alternate design of this concept shown in

5
5
3
K
g
E
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Figure 25.

This alternate scheme uses a cooled plug at the engine
exhaust to shield hot metal from view, followed by a mixing

4 duct which uses air from the smaller integrated IR blower for
: plume dilution. The remainder of plume dilution is achieved
1 by the rotor downwash airflow mixing with the main exhaust

; flow by ejector action through the "jumbo slots."

R R Gl s SO bl sas

The overall dimensions of the alternate configuration remain
the same as for the baseline aircraft.

Vertical, Rear-Drive Engine Concept

3 Figure 26 is a 3-view drawing of the vertical rear-drive

: engin~ concept. In this concept, the transmission has been
reconfigured to move the engine's centerline aft, so the rear
bulkhead of the passenger cabin can remain in the same
position as the baseline aircraft. Engine airflow enters
through a screen port in the side of the aircraft into a
plenum volume. Although the engine is mounted vertically
with its inlet facing downward, the inlet port is located
near the top of the fuselage to minimize exhaust gas reinges=-
tion and FOD. The free-stream air is ducted into a large
plenum extending along the side of the fuselage, to the
bottom, and in the front of the engine. The engine has a
bellmouth inlet facing downward.

The engine installation uses a variation of the rear-drive
tail-pipe configuration to bypass the main engine exhaust
flow around the direct rear drive into the main transmission.
Spur gears are used in the main rotor transmission with a
built-in integral overrunning clutch arrangement., Main ring
gear size was increased to accommodate the high engine drive
input speed.

The IPS and IPS blower are integral with the engine, and the
scavenge air is ducted into the main exhaust ejector. Com-

] partment cooling air is provided by an opening in the bulk-

% head separating the engine compartment and inlet plenum, and
3 is exhausted through the engine exhaust ejector system,

A free-stream ram inlet located atop the cabin surface pro-
vides cooling air for the accessory drives, the main trans- E
mission, and the annular oil cooler located integrally with ﬁ
the mixed-flow blower inlet. All cooling flows are processed j
by the large blower and pass through ducts into the plenum
which surrounds each engine exhaust system. The higher
pressure cooling air is injected into the main engine exhaust ]
through slots for metal cooling and plume dilution. Hiding- é
turning vanes are located at the exhaust discharge to
eliminate hot metal radiation effects.
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: Figure 25. Concept f, Integrated Propulsion-Drive System Installation

(Horizontal, Direct Rear-Drive Engines).
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Forward and aft accessory gearboxes are incorporated as in
the baseline aircraft. The blower is integral with the tail
rotor drive through the aft AGB. A conventional antitorque
tail rotor system is employed for this configuration. The
overall dimensions of the aircraft, including the fixed cabin
dimensions, remain the same as the baseline aircraft.

An alternate variation shown in Figure 26 offers a smaller
centrifugal blower and uses rotor downwash in conjunction
with a "jumbo-slot" exhaust duct to film cool the end of the
duct with additional plume dilution.

This scheme is similar to the system employed in the alternate
version of the horizontal, direct rear-drive engine concept.
Since hiding-turning vanes are not employed, the engine

exhaust tail pipe (which also turns the hot exhaust gas) must
be convection cooled with air from the centrifugal blower to
maintain hot metal temperature within the required IR radiation
levels.

Preceding page blank




CONFIGURATION EVALUATION

Comparative analyses and evaluations of the baseline aircraft
and of the advanced aircraft with integrated airflow concepts
were conducted to include:

° Performance

° Weight

° Complexity

° Design

° fTechnical risk

° Control requirements

In the following paragraphs, weight and performance parameters
used in the comparative analyses are quantified, and factors
considered in comparing complexity, design, technical r: sk,
and control requirements are discussed qualitatively. The
procedure used to determine the relative importance of each

of these evaluation criteria is discussed in Appendix B.

Also shown are the factors used in the selection of the three
most promising concepts.

AIRCRAFT SYSTEM WEIGHT

The results of the weight analysis are summarized in Table 6.
As indicated, the baseline aircraft represents the lowest
weight empty of all the confiqurations evaluated. 1In con-
trast, the heaviest vehicle is the fan-in-fuselage concept
which weighs 450 lb more than the baseline. This increase in
weight is attributable to the body weight, which results from
the heavy tail section. The IR suppressor unit for the hori-
zontal, front-drive concept (b) is considered as an add-on
unit to “he baseline, with the integrated airflow management
cooling air fan and ducts the major items that contribute to
the increased weight empty of this concept.

The increased weight empty of the vertical, front-drive con-
cept (d) over the baseline aircraft is primarily due to its
larger main transmission. This concept incorporates IR sup-
pression ducting and centrifugal blower which also result in
increased weight.

The significant items which tend to increase the weight empty

for the rear-drive concept (e) are the engine gearbox, armor,
and IR suppressor blower and ducting.
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TABLE 6. CONCEPT EVALUATION - AIRCRAFT WEIGHT SUMMARY
£ 9
3
~ & Horizontal Vertical
Concept o 53 j’ - ¥ Direct Drive Rear Drive
L] $ FYy v & ® 5 °~ “05‘57
2’ N Q < ~ A
5 Pog® 4 & pudl s
3 LS5 s L ¢ Alt. Alt.
& &
Rotor 888 888 888 888 888 888 888 888 888
Tail 153 153 130 153 153 153 153 153 153
Surfaces 113 113 130 113 113 113 113 113 113
Rotor 40 40 0 40 40 40 40 40 40
Body 760 760 886 793 760 760 760 793 793
Alighting Gear
Group 245 245 245 245 ‘245 245 245 245 245
Engine Scction 98 95 95 122 118 127 127 137 137
Propulsion Group | 1695 1947 2045 1895 1981 1982 1999 1900 1907
Enginc 430 430 430 430 430 430 430 430 430
Exhaust Systom/

IRS 5 177 10 10 10 10 10 10 10
Ducts, etc. 0 43 293 170 180 276 304 167 185
Controls 17 17 17 17 17 1? 17 17 17
Starting 140 140 140 140 140 140 140 140 140
Fan 23 199 23 34 23 12 23 12
Lubricating 1  § 1 1 1 1 1 1 1
Fuel 172 172 172 172 172 172 172 172 172

Drive System 930 944 782 932 997 913 913 940 940
Engine Xmsni 116 116 116 0 172 0 0 0 0
Main Xmsn s514 514 514 645 514 594 594 645 645
Interm. Xmsn 34 33 0 34 34 34 34 34 34
Tail Rotor Xmsn 74 74 | 0 74 74 74 74 74 74
AGBs 97 91 l 103 97 91 91 91 97 97
Cooler/Blower 26 20 | 20 20 20 20 20 20 20
Armor 7 30 0 0 30 30 30 0 0
Shafting 62 65 30 62 62 70 70 70 70

Flight Controls 592 592 592 592 592 592 592 592 592

Fixed Equipment®* 1476 1476 1476 1476 1476 1476 1476 1476 1476

Weight Empty 5907 6156 6357 6164 6213 6223 6240 6184 6191

Crew 470 470 470 470 470 470 470 470 470

Trapped Liquids 10 10 10 10 10 10 10 10 10

Engine 01l 26 26 26 26 26 26 26 26 26

Payload 960 960 960 960 960 960 960 260 960

Fuel 1127 878 677 870 821 811 794 850 H4

Gross Weiqght 8500 8500 8500 8500 8500 8500 8500 8500 #500

{ .
* Fixed Equipment Lisi: Instruments 132
Hydr. & Penumatic 50
Electrical Group 200
Avionics Group 466
Armament Group kl:]
Furn. & Equip. Group 468
Accom. For Person. 312
Misc. Equipment 57
Fur nishings 43
Emrg. Equipment 56
ECu 40
Anti-Icing Group 36
Load & Handling Group 36
1476
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Elimination of the engine gearbox in the direct rear-drive
concept does not offset the weights of the main gearbox, armor,
IR blower and ducting, and engine nacelle, which results in

an aircraft with a weight empty in excess of the baseline,

The vertical rear-drive aircraft possesses a heavier body,
engine section and main transmission than the baseline.

SYSTEM PERFORMANCE

The performance capabilities of the baseline aircraft were
evaluated on the basis of mission radius and vertical rate of
climb. All aircraft were evaluated at a constant gross weight
and payload. The performance capabilities of the aircraft are
compared in Table 7. As noted, the horizontal, front-drive
concept (b) possesses the longest mission radius of all the
advanced configurations. This is a direct reflection of the
lower weight empty of the aircraft, which permitted configu-
ring it with a larger fuel capacity. Table 7 indicates that
the fan-in-fuselage configuration possessed the highest ver-
tical climb capability of all the advanced configurations,
exceeding most configurations by approximately 200 fpm.

The alternate version of the direct, rear-drive configuration
and the alternate vertical, rear-drive configuration were
second and third, respectively. The superior climb perfor-
mance of the fan-in-fuselage concept is attributable to the
elimination of the tail rotor and its replacement by a blower
system. The improved vertical climb capabilities of the direct,
rear-drive and vertical, rear-drive alternate configurations
are attributable to the reduction of accessory blower power in
both these configqurations.

Drag

Table 8 contains the component drag breakdown of each of the
study configurations. As indicated, all configurations are
within two square feet of one another. The highest drag is
possessed by both the direct, rear-drive and vertical, rear-
drive alternate configurations. This increased drag is attri-
butable to the exhaust issuing from the jumbo slot arrangement
on these configurations. Since the drag for most configura-
tions is comparable, mission range as previously noted is a
direct function of fuel capacity, which varies inversely as
the weight empty.

Aircraft drag vas determined from a detailed analysis of a
1/10th scale layoat of cach of the configurations. Wetted and
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projected areas for the basic arrangements were determined with
a planimeter, and the major aircraft components were evaluated
separately. The equivalent drag includes the drag due to
cooling flow, momentum loss, trim and interference effects.
The momentum drags associated with the external airflows are
schematically shown in Figure 27.

Climb Per formance

Table 9 illustrates the power breakdown at a vertical rate of
climb of 500 Zpm for the baseline and advanced concepts. As
illustrated, the fan of the fan-in-fuselage ~onfiguration in-
corporates both the antitorque and IR suppression functions
and so results in the best power available, thereby providing
a significant climb advantage of this aircraft. However, the
added weight required for this concept would offset this ad-
vantage if the aircraft were sized to perform a given mission,

SYSTEM COMPLE XITY

The factors considered in the evaluation of the system com-
plexity of the baseline and advanced integration concepts in-
clude:

0 Number of subsystems and components
0 Number of transmissions and bevel gear meshes

o Effect of complexity on reliability and maintain-
ability (R&M)

o Effect of complexity on subsystem simplicity and
producibility

Some of the key points noted during the evaluation are sum-
marized below:

o The vertical, front-drive concept provides the minimum
complexity as a result of the reduction in number of
transmissions utilized in this configuration and the
elimination of the bevel gears in the main rotor drive,

o The horizontal, front-drive concept is superior to the
baseline with respect to the integrated airflow system
utilized on this concept.
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o The horizontal, rear-drive configuration is deemed the
most complex system due to its separate overboard
engine IPS blower system and integrated, dual-element
IR ducted fan.

o The variable pitch fan-louvered antitorque system on
the fan-in-fuselage configuration presents maintain-
ability problems.

AIRCRAFT SYSTEM DESIGN

Factors considered during the evaluation of aircraft system
design include:

o The impact on transportability of aircraft external
dimension and configuration changes.

o Effect of engine installation design on inlet inges-
tion cusceptibility, inlet flow uniformity, and
cockpit and cabin noise level,

O Vulnerability and survivability.

0 On-off capability of the IR suppressor concepts
(impact on installed engine power).

0 Safety and human factors.

The system design baseline aircraft suffered by comparison
with some of the advanced concepts due to its lack of IR
suppression capability. Incorporation of the IR suppressor
in the horizontal, front-drive concept (b) provided this con-
cept with the highest score.

The fan-in-fuselage concept compared favorably with concept (b)
because of its improved IR capability and the safety features
of the antitorque design. Reference 5 emphasizes the safety

3 aspects of this concept, which reduces the hazard to personnel
i in the areca of the tail rotor and eliminates the problem of

(5) C. R. Akeley and G. W. Carson, FAN-IN-FUSELAGE ADVANCED
ANTITORQUE SYSTEM, Kaman Aerospace Corporation: USAAMRDL
Technical Report 74-89, Eustis Directorate, U. S. Army

| Air Mobility Research and Development Laboratory,

3 Fort Eustis, Virginia, November 1974, AD A005049.
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aircraft damage caused by the tail rotor impacting ground ob-
jects. The latter benefit has a substantial effect on air-
craft system R&M characteristics. 1In addition, as noted in
the Reference 5 system study, the fan-in-fuselage configura-
tion offers the additional benefits of reduced radar and/or
noise detection. With suitable vectoring concepts, the fan-
in-fuselage could provide forward thrust augmentation in
cruise flight. However, this auxiliary thrust is advantageous
only if higher aircraft speed is desired. At the 140-knot
cruise speed of the utility helicopter, the pronulsive effi-
ciency of the ducted fan is significantly lower than the
efficiency of the main rotor. Consequently, ttere would be a
power penalty associated with fan auxiliary thrust.

The low system evaluation score given the vertical, front
drive is attributed to the increase in the aircraft dimen-
sional envelope, poor transportability, engine exhaust loca-
tion and engine noise in the cabin. The direct, rear-drive
concept also suffered from an increase in the aircraft dimen-
sional er-.=lone, 1In additio.n, the vulnerability of the out-
board engine Location penalized this configuration.

TECHNICAL RISK

The system requirements stipulated that drive system tech-
nology be consistent with the state of the art as proven by
component demonstration, and that aircraft rotor system,
structure, and materials be consistent with current design
techniques as refined by 1980. Coasequently, the technical
risk evaluation was concerned only with the IR suppression
system, and the antitorque system in the fan-in-fuselage con-
cept.

Scoring for technical risk was highest with substantially "O"
risk (used on production aircraft). Listed below are the risk
assessment and major factors considered for each concept.

0 Baseline - "O" risk

0 Horizontal, front drive and vertical, front drive -

low risk (IR suppression concept proven by component
development)
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©0 Fan-in-fuselage - moderate risk (fan-in-fuselage
antitorque concept within development state of the
art)

o0 Horizontal, rear drive - high risk due to dual-element
fan

0 Alternate version of direct, rear drive and vertical,
rear drive - high risk due to jumbo slot duct concept

and rotor downwash exhaust plume dilution.

CONTROL REQUIREMINTS

i i R S S 107 N Sl

Dynamic system compatibility and subsystem control reqguire-
ment were considered during all the advanced concept studies
but were not weighted heavily in the selection criteria. An
integrated blower separate from the tail rotor drive system
provided the vertical, front-drive arrangement with the high-
est score, which compared favorably with the baseline. The
fan-in-fuselage concept with its variable pitch ducted fan and
louvered antitorque system, scored the lowest with regard to
dynamic system compatibility as well as its nced for increased
control requirements.

Horizontal, front-drive and alternate dircct, rcar-drive and
vertical, rear-drive arrangements represent the mean with

regard to the control requirements.

CONCEPT SELECTION

On the basis of comparative analyses and evaluations of the
items previously discussed, three advanced concepts which
offercd the most potential for mecting system requirements
with the minimum adverse effect on the aircraft were selected
for preliminary design. The advanced concepts selected in-

clude:

o Horizontal, tront-drive - pod-mounted engincs,
transmission-driven blower for integrated
flows, with conventional tail rotor.

] . . . . . .
: 0 Vertical, front-drive - buried engines, direct-drive

] into transmission, transmission-driven blowcr
for integrated flows, with conventional tail
rotor,
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0 Direct, rear-drive (alternate) - splayed, sponson-
mounted engines, rear direct-drive into
transmission, transmission-driven blower for
integrated flows, with conventional tail rotor,

The procedure used to determine the relative importance of
each of the areas of evaluation is presented in Appendix B,

and the weighting factors were as follows:

Weighting Factor

Aircraft system per formance
System weight

System complexity

System design

Technical risk

control requirements

O O 0O 0 0o
— =W D W

Table B-2 of Appendix B shows the comparison of all concepts
relative to the baseline.
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CONVENTIONAL AIRCRAFT PRELIMINARY DESIGN g

The preliminary design effort encompassed a more comprehensive
structural design of the aircrait, integration of the engines
and drive train with the aircraft structure, preparation of i
three-view drawings of the aircraft, and an iteration of the

subsystem weights to define more accurately aircraft weight

empty. The impact of a current IR suppressor on the design of

the baseline configuration also was determined. A detailed

breakdown of subsystem weights contributing to weight empty i
4 was prepared for both the baseline aircraft and the baseline . '
with current IR suppressor according to MIL-STD-1374, Part 1 i
(see Appendix C). 1

é Figure 28 illustrates the baseline aircraft structural design
: concept and the integration of the conventional propulsion

and drive system into the airframe. The aircraft incorporates
a pod-mounted horizontal and parallel front-drive version of
the advanced-technology engines. The engine transmission is
mounted on the engine front frame and incorporates a right- :
angle, bevel-gear drive into the main rotor transmission. :
The conventional main transmission consists of a spiral-bevel
collector gear and a one-stage planetary gear. A bevel gear
driven by the collector drives the tail rotor shaft to the

L bevel gear intermediate transmission, and from there another
shaft drives the bevel-gear tail rotor transmission and the
tail rotor.

Nose gearboxes provide both the initial reduction of 2.7:1

from the engine output shaft speed of 30,000 rpm to 11,100 rpm,
and a right-angle change in direction inboard to the main

rotor transmission. An integral overrunning clutch is lo-
cated on the output side of the engine nosebox. The engine
mounted gearbox and integral lubrication system are supported
from the front mounting face of the engine.

3 The main rotor transmission has a 5.83:1 bevel gear reduction
' and a 5.43:1 single-stage planetary reduction to achieve

351 rpm rotor speed. An accessOory gearbox which incorporates
[ a rotor brake is attached to the forward face of the main
rotor transmission at the centerline of the aircraft. An
auxiliary gearbox, to provide redundant electrical and hydrau-
lic power, and the tail rotor drive are attached to the aft
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face of the main rotor transmission. The drive shaft to the
intermediate transmission operates at 7100 rpm, the series of
bevel gear meshes with the main transmission collector gear
providing a ratio of 3.73:1. The intermediate and tail rotor
transmissions provide the additional reduction to drive the
tail rotor at 1770 rpm. Figure 29 illustrates schematically i
the gear ratios throughout the drive system.

The lubrication system for the main rotor transmission con-
sists of a primary and a backup system which is in continuous |
operation. An integral annular oil cooler is used with an
axial fan, driven from the aft accessory gearbox, supplying
the necessary cooling air. The separate backup system does
not have the integral cooler, but does have its own pump,
screen, reservoir, passages, and pressure sensing diagnostic
system., The dry sump in the main transmission is scavenged {
from four locations to accommodate all flight attitudes. The
dry sump is armored against a 7.62-mm ballistic strike and
minimizes the damage effects from an impact with a 23-mm pro-
jectile.

The main transmission is sized for 80 percent of the total
two-engine installed intermediate power (sea level/59°F),

1293 shp. This represents an l8-percent margin over the

power required to climb 500 fpm at 4,000 feet, 95°F. The tail
rotor drive system rating is 139 shp, a 42-percent margin

over the tail rotor power required at the climb condition.

The final weight and performance analysis of the baseline air-
craft showed a slight increase in weight empty from the

5907 1b calculated in the CONCEPTUAL ANALYSES to 5927 lb,

which resulted in a decrease in the design primary mission
radius to 43 NM. The 20-1lb adjustment in weight was concen-
trated in the body weight. The vertical rate-of-climb capa-
bility for the baseline aircraft at 4000 feet, 95°F and 95 per-
cent IRP is 536 fpm,

The baseline aircraft was configured to incorporate current
technology IR suppressor units (see Figure 30). These units
are based on the technology demonstrated with a hot-metal IR
suppressor on the CH-46 aircraft, and a plug-type ram ejector
IR suppressor unit under development for the YUH-61A UTTAS.

Preceding page blank
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PLUG TYPE - IR
BASIC ENGINE INSTALLATION SUPPRESSION UNIT
(WITH IR SUPPRESSION])
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ENGINE COMPARTMENT
COOLING AR

iIPS SCAVENGE
AIRFLOW

AMBIENT AIRFLOW
HOT METAL COOLING/
PLUME DILUTION

Current IR Suppressor Design for Baseline
Aircraft, Concept a.
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Current state-of-the-art IR suppression unit design will pro-
vide for hot metal shielding with suppressor surfaces cooled
to the levels defined in Figure 18. These requirements dic-
tated the following blower design (at 4000 feet, 95°F):

Airflow = 1,0 1lb/sec
Pressure Rise = 24, in. water
Blower Hydraulic Motor Power = 6.5 shp
Diameter = 9.0 in.
Accessory Hydraulic Power = 7.5 shp

To meet this added hydraulic power demand on the baseline air-
craft, the capacity of the hydraulic power supply unit on the
aft accessory gearbox was increased with a subsequent increase
in the accessory power requirements. Hydraulic lines, with
cockpit operated solenoid valves if desired for on/off capa-
bility, are connected to the isolated IR unit blowers. These
blowers are located immediately outside the upper deck butt-
line beam structure and adjacent to the IR units, to minimize
the length of cooling air ductwork and, as regquired, provade
forced ventilation to the avionics bays and compartments.

Calculations of the performance of the current IR suppressor
design are summarized in Appendix A. The hydraulic blower
was sized to provide adequate airflow for the hot metal cool-
ing in the aft section of plug-suppressor unit, to maintain
the exposed hot metal (i.e., line-of-sight) surfaces to 275°F.
The engine exhaust and the hot metal coolin¢ air are dis-
charged in a manner which provides effective ejector action.
The IPS blower discharge, cor,artment cooling air, and hot
metais cooling air all coalesce to provide exhaust plume dilu-
tion. This ejector action concurrent with the ram-inlet-
ejector design provides augmentation of the exhaust plume
dilution air by 0.90 lb/sec at static conditions. Airflow re-
quirements at intermediate power (4000 ft/95°F) are listed

below:

Engine Airflow = 4.04 lb/sec @ 1100°F
IPS = 0.74 lb/sec @ 140°F
Compartment Cooling = 1.23 lb/sec @ 140°F
Ejector Augmentation = 0.90 lb/sec @ 9§°F
Hot Metal cooling Air = 1.00 lb/sec @ 110°F

Thermodynamic considerations indicate that an exhaust plume
temperature of 642°F is expected with the above engine ex-
Laust cooling flow rates. Figure 4 in the SUMMARY section of
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A this report illustrated graphically the level of IR signature
' suppression obtainable with the current IR suppressor desiqgn.

The addition of current-technology plug-type IR suppressor
units adds 143 1b to the empty weight of the baseline air-
craft, consisting of a minor adjustment in body weight, the
major addition of the IR suppression hardware, and a change

in fuel system weight due to the lower fuel load (Appendix C).
Body weight increased by 8 lb. The weight increase due to the
IR suppression system was 177 1lb, but this incorporated 20 1b
of hardware charged to the nacelle weight, so the net increase
was 157 1b. The higher empty weight resulted in lower fuel
weight and lower fuel system weight - a 22-1b decrease.

The hydraulic-powered IR blower adds 15 shp accessory power.
Back pressure on the engine is increased by the ram-ejector
suppressor which causes un additional power penally of 9 shp
for the two engines, or effectively 24 shp additional power

_ penalty compared to the baseline aircraft. The increase in

i accessory power requirements reduces the aircraft vertical

i rate-of-climb capability by 119 fpm. In addition, the weight
of the IR suppression system reduces the amount of available
mission fuel, which results in a 21-NM reduction in radius.

In Figure 31 is plotted the net momentum thrust (momentum
drag at higher flight speeds) of the installed engine in the

. baseline aircraft, with and withoot the IR suppressor. In-

- cluded are the engine airflow and 1PS scavenge flow, engine

f compartment cooling flow, and the hvdraulic-powered blower and
E ram-ejector airflows for the IR suppressor., Net thrust/ram

: drag values for intermediate and maximum continuous power

i ratings (IRP and MCP) are plotted. The baseline tail pipe of
the engine is sized to give a net momentum thrust at flight
speeds beyond the 140-knot design value, but the ejector con-
cept for compartment cooling reduces the crossover to 100

- knots. With the IR suppressor added, part of the power penal-
1 ties inherent in the engine back pressuvre and accessory blower
power are offset by larger gross thrust at the suppressor

_ exit, and a higher crossover speed is obtained. Also, the

] magnitude of the gross thrust is greater throughout due to the
: blower airflow and suppressor ram airflow.
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ADVANCED HELICOPTER PRELIMINARY DESIGN

Preliminary designs were conducted for three advanced helicop-
ters listed below with integrated propulsion-driven system
installations, selected on the basis of the criteria outlined
in CONFIGURATION EVALUATION:

0o Front-drive, horizontal, parallel-mounted engines,
ducted fan integrated with tail rotor shaft for cool-
ing flow (Concept b)

o Front-drive, vertical-mounted engines, direct--drive
into main transmission, transmission-driven fan for
cooling flow integration (Concept d)

0 Rear-drive, splayed engine mounting, direct-drive
into main transmission, ducted fan integrated with
tail rotor shaft for cooling flow (Concept f, alter-
nate). The alternate concept was selected because
its larger power available improved the vertical
climb capability.

As in the case of the baseline aircraft, the preliminary de-
sign tasks included a comprehensive structural design of the
helicopters, integration of engines and transmissions with the
structure, and an accurate determination of the subsystem
weight to define total weight empty. Appendix C is a tabu-
lated weight breakdown in accordance with MIL-STD-1374, Part 1.

HORIZONTAL, PARALLEL, FRONT-DRIVE ENGINE (CONCEPT b)

Figure 32 contains a design drawing of the horizontal, front-
drive concept. With the exception of the mechanically driven
blower to supply the integrated airflows, this concept utilizes
the same propulsion-drive system as the baseline. The mixed-
flow blower design is integral with the tail rotor drive sys-
tem and operates at the same speed of 7100 rpm. The blower is
located immediately aft of the main transmission, with its ex-
haust flow ducted without valves or control systems to the
plug-type IR suppressor units. Blower operation is continuous
and supplies cooling air continually to the suppressor-exhaust
system during aircraft operation., Arrows are drawn on Figure
32 to illustrate the cooling air flowpaths which are directed
around the accessory gearbox and main transmission, through

the transmission 0il cooler matrix, into the blower, and into
the IR suppressor.
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In the final version of this aircraft, the accessory gearboxes
are located fore and aft of the main transmission, rather than
in front of the transmission as shown in the early design. To
provide space for the integrated cooling flow blower, the aft

accessory gearbox is located attached to the forward bulkhead

of the composite tail-boom structure.

Fuel tankage volume requirements, aircraft structural design,
and space requirements for the integrated blower system dic-
tate the split fuel tank arrangement pictured in Figure 32.

Figure 33 is an enlargement of the engine installation in the
horizontal, front-drive concept. Arrows indicate the differ-
ent air.low paths. Illustrated in Figure 33 is the air sup-
plied by the blower that cools the metal surfaces of the
suppressor and provides exhaust plume dilution. Arrows indi-
cate the integration of engine exhaust, engine compartment
cooling air, and IPS scavenge flow in the "daisy mixer" con-
cept surroundinog the exhaust tail pipe of the engine.

Figure 34 is a plct of the net momentum thrust (momentum drag
at forward flight speeds) for the horizontal, front-drive
concept, including engine and IPS airflow, engine compartment
cooling flow, and the blower airflow for IR suppressor hot
metal cooling and exhaust plume dilution. The large blower
provides sufficient high-pressure air to achieve positive net

thrust from the entire system at flight speeds up to 140 knots.

The final weight analyses of the horizontal, front-drive con-
cept resulted in a weight empty of 6166 lb, a 10-1b increase
compared with the initial estimate provided in the CONCEPTUAL
ANALYSES phase of the study and a 239-1b increase compared to
the baseline aircraft. The changes from the initial CONCEP-
TUAL ANALYSES entailed adjustments in body weight, engine and
IR suppressor weight, fuel system weight, and armor. Of the
239-1b increase over the baseline, 215 lb was the IR suppres-
sion system. Body weight increased 27 lb and armor 70 lb (the
0il cooler matrix was substantially armored in the lower quad-
rants). The impact of elimination of the IPS blower on engine
weight was assessed more carefully, resulting in a 22-1b de-
crease in weight., Also, the fuel system weighed 36 1lb less.

This increase in empty weight resulted in a reduction in the
design mission radius to 4.5 NM, approximately 40 NM less than
the baseline. The increased accessory power required for the
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integrated blower reduced the power available to the rotor,
decreasing the vertical climb capability to 130 fpm or 405 fpm
less than the baseline.

VERTICAL, FRONT-DRIVE ENGINE _(CONCEPT d)

Figure 35 is a three-view inboard drawing of the vertical,
front-drive concept. Shown is the propulsion-drive system
installation. Greater detail, with some major changes, has
been provided in this preliminary design drawing as compared
with the previous conceptual design. The lateral arrangement
of the vertical engines in the conceptual design was such that
the rear bulkhead of the cabin had to be moved forward of the
main transmission. The resulting forward location of aircraft
cockpit and cabin had an adverse impact on overall length and
ease of transportability. A more detailed design study of the
main transmission showed that by the appropriate arrangement
of the spur gears, the engine centerline could be moved rear-
ward and the outboard location maintained with the addition of
an idler, spur gear. The final design of the main trans-
mission is pictured schematically in Figure 36.

A high-speed overriding clutch assembly, indicated in Figure
35, is incorporated as an integral part of the main trans-
mission. Reference 6 provides the desion details pertaining

to this clutch concept, which has a splined input shaft to
accnmmodate the front output shaft drive of the vertically
mounted engines, through appropriate flexible couplings. The
size and installation of the overriding clutch and the arrange-
ment of the main transmission do not impact the aerodynamic
performance of the plenum-bellmouth engine inlet.

The spur gear arrangement for the main transmission is compro-
mised to the extent necessary to accommodate the flight con-
trol swashplate actuator as shown in the plan view of Figure
36. The outboard location of the vertical engines also re-
quires the use of idler cears to accommodate the offset dis-
tance. The buttline bean main structure is compromised in
design to permit installation of the larger transmission on
the aircraft upper deck and within the buttline beam structure.

(6) P. Lynwander, A. G. Meyer, and S. Chachakis, SPRING
OVERRIDING AIRCRAFT CLUTCH, AVCO Lycoming Division,
Stratford, cConnecticut; USAAMRDL Technical Report 73-17,
Eustis Directorate, U. S. Army Air Mobility PResearch and
Development Laboratory, Fort Eustis, Virginia, May 1973,
AD 766309.
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Main transmission design impacted the drive systems for the
accessory gearboxes, the tail rotor drive, and the IR suppres-
sor blower., A separate spur-gear drive was incorporated in-
tegrally into the rear of the main transmission (Figure 36),
with an external bevel gear drive attached and driven by this
spur gear through a short drive shaft. Through appropriate
bevel gears, drive shafts, and flexible couplings, this exter-
nal bevel gear provides the drives to the forward accessory
gearbox and rotor brake, the integral drive for the aft ac-
cessory gearbox and tail rotor drive and the IR suppressor
blower, The forward AGB and rotor brake is driven through a
separate short Jdrive shaft from the external bevel gear, pass-
ing underneath the main transmission.

In the vertical, front-drive concept, the large IR suppressor
blower is located vertically between the engines. High-
pressure discharge air is ducted and processed through a large
plenum to a jumbo-slot type suppressor design. Engine exhaust
is deflected upward to prevent line-of-sight hot metal radia-
tion ard to provide personnel protection from the hot exhaust
gases during ground handling.

Net momentum thrust for Concept d is plotted in Figure 37, and
includes engine and IPS airflow, engine compartment cooling
flow, and the blower airflow for IR suppressor hot metal cool-
ing and exhaust plume dilution. The large turning angle of
the integrated exhaust flow results in net ram drag for the
system at flight speeds greater than 100 knots.

The final weight analysis of Concept d indicated a weight
empty of 6232 1lb, 68 1lb heavier than the initial estimate pro-
vided in CONCEPTUAL ANALYSES. The significant changes in
subsystem weigtt estimates were as follows:

Body weight = +38 1b
Engine section = 431 1b
Engine = =22 1b
IR suppression = =53 1b
Starting/fuel systems = -58 1lb
Transmission = +109 1b
Armor = +24 1b

Compared to the baseline aircraft, the weight empty increase
is 305 1b, including the following major changes:
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Preliminary Design and Propulsion Installation Drawing

Figure 35.
of Integrated Propulsion-Drive System, Concept 4.
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FLIGHT CONTROL
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NO tN.
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—

AGB — 7,000 RPM

FElanb

BLOWER — 5,220 RPM

Figure 36. Drive System Gear Reductions and Shaft
Speeds for Concept d.
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Body weight = +48 1b
Engine section (mounts/firewalls) = +55 1lb
Engine = =22 1b
IR suppression system = +145 1b
Starting/fuel systems = =55 1b
Transmission = +118 1b

Preliminary performance studies show that the primary mission
radius, for an aircraft DGW of 8500 pounds, is 47 NM less than
the baseline. The increased installation losses and accessory
power requirements severely impact the vertical rate-of-climb
capability of this concept, resulting in an 83-fpm VRC

(453 fpm less than the baseline).

HORIZONTAL, DIRECT REAR-DRIVE ENGINE (CONCEPT f)

Illustrated in Figure 38 are the structural design and the
integration of the horizontal, direct rear-drive concept. The
splayed engine mounting arrangement of this concept has a
rear, direct drive through an overrunning spring-clutch inte-
gral with a conventional bevel-planetary gear transmission.

A ducted blower integrated with the tail rotor shaft provides
air for hot metal cooling and exhaust plume dilution. The
jumbo-slot duct IR suppressor concept also utilizes rotor
downwash to accomplish part of the exhaust plume dilution.

The blower charges the vane-type hot metal suppressor and in-
ternal jumbo-slot duct with 5.45 lb/sec of cooling air. The
external jumbo-slot duct provides an additicnal 3.45 lb/sec

of cooling air, approximately 30 perc2>n* of the mixed flow,

by ejector action. Since the dilution airflow added in this
manner is a small percentage of the total flow and the density
of the mixed flow is changing, the impact on the cross-section
area of the slotted duct is small.

The major subsystem changes in the horizontal direct rear-
drive concept adopted during the preliminary design phase
were:

o Aft accessory gearbox relocated to the main forward
bulkhead of the tail boom but integral with the tail
rotor drive shaft, aft of the centrifugal blower,

o Removal of the plug-type IR system in favor of a

vane-type arrangement followed by the jumbo-slot
section (using rotor downwash).
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o Use of an innovative removable overrunning clutch de-
sign integral with the main transmission (Figure 39),.

0 Position of the centrifugal blower reversed to pro-
vide for a more effective IR suppressor system.

The power turbine high speed (30,000 rpm) output engine shaft
drives directly into the main transmission through a special
integral overriding clutch. The main rotor transmission for
the horizontcl, direct rear-drive aircraft is similar in over-
all envelope to the baseline aircraft main transmission.
However, it differs in that an addit ional planetary stage is
added, and the engine nose gearbox eliminated, permitting the
direct engine drive. This transmission utilizes an engine
pinion gear drive through a large spiral bevel collector gear
as the first stage reduction, followed by two planetary stages,
as shown schematically in Figure 40. The separate integral
0il cooler system is identical tc the system used for the
baseline aircraft.

Fuel tankage volume requirements, aircraft structural design,
and space requirements for the integrated blower and avionics
hays dictate the split fuel tank arrangement pictured in the

drawing.

The final weight analysiz of Concept f resulted in a weight
empty of 6216 1lb, 24 1b lighter than the initial estimate pro-
vided in CONCEPTUAL ANALYSES, including the following signifi-
cant changes in predicted subsystem weights:

Body weight = +49 1b
Engine section = 440 1b
Engine = =22 1b
IR suppression system = -177 1lb
Starting/fuel system = -55 1b
Transmission = +88 1b

The weight empty was 289 lb heavier than the baseline aircraft
due to the following major changes in subsystem weights:

Body weight = 426 1b
Engine section = 469 1b
Engine = =22 1b
Air frame-mounted IPS = +20 1lb
IR suppression system = 4184 1b
Starting/fuel system = -52 1lb
Transmissions = +48 1b
Arinor = +17 1b
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of Integrated Propulsion-Drive System, Concept f.
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As a consequence of the weight empty increase, the design
primary mission radius is 45 NM less than the baseline air-
craft.

The jumbo-slot cooling technique using rotor downwash mini-
mizes the IR suppressor blower size and power requirements,
which were initially estimated as 45 shp. Revised calcula-
tions during the preliminary design phase indicated that the
blower must provide more of the plume dilution airflow than
originally intended, as well as the hot metal cooling airflow,
to stimulate the required ejector action in the exhaust duct.
The resulting blower power increased to 60 shp. The accessory
power requirements associated with the integrated blower sys-
tem still were substantially less than the accessory power
requirements of the other advanced aircraft, so the vertical
rate-of-climb capability improved to 280 fpm, 256 fpm less
than the baseline aircraft.

Concept £, like Concept d, has a large turning angle of the

i.. ~grated IR suppressor exhaust flow which results in the
same momentum thiust/drag relationship as a function of flight
speed.

Alternate Direct-Drive Transmission Design

An alternate transmission based on an advanced concept pro-
posed for Boeing Vertol's CH-47 aft transmission was applied
to the final horizontal, direct rear-drive concept. A sche-
matic of the gear arrangement, which is similar to the basic
transmission, is shown in Figure 41. The alternate trans-
mission design features a reduced envelope size, a completely
integrated oil reservoir and cooling system, and a fully inte-
grated flight control actuator system. A representative
sketch of the advanced concept is shown in Figure 42. The
alternate, advanced-concept transmission impacts the upper
deck and buttline beam structural design, which results ir a
significant reduction in tr: mission and vehicle structurai
weight. The level of technoliogy employed in this transmission
is substantially advanced beyond that utilized in the baseline
design. The resulting vehicle design cannot be compared
directly to the other aircraft, which incorporate state-of-
the-art drive system technology.

The advanced-technology main transmission consists of a
spiral-bevel stage; a four-spur-gear planetary stage; a six-
spur-gear, split-carrier, planetary stage:; and an integral oil
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Concept f.
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cooling system. The advanced-concept transmissions have not
been optimized. It would be desirable for the advanced con-
cept to reduce the lst stage bevel gear ratio and the 3rd
stage planetary gear ratio, or perhaps increase the ratios in
both planetary stages. It is expected that this advanced
transmission would be refined and available for use by 1980.
The horizontal, direct rear-drive concept was designed to
accept this smaller and more compact main transmission with
the vehicle configuration modified to take advantage of its
reduced size and weight.

The sketch of the advanced concept transmission, Figure 42,
shows the special overriding clutch assembly integrated with
the main transmission housing. The special clutch configura-
tion is based on the design and dimensions of Design B in
Reference 6.

A weight trend curve was established for the advanced-concept
main transmissions based on the torque requirements, and re-
sulted in a weight savings of 70 lb for the advanced-concept
transmission in the horizontal, direct rear-drive configura-

tion.

The smaller, more compact main transmission permits the upper-
deck, buttline beam structure to be reduced in width, thus
permitting the engine installation to be moved inboard as
shown in Figure 43. The IR suppression system is altered,
eliminating the large plenum and external "jumbo-slot" con-
figuration in favor of a more conventional plug-type, ram-
ejector IR suppression system. The IR centrifugal blower air-
flow and power requirements remain the same, but the inte-
grated oil cooler/blower design is reduced in length with the
elimination of the oil-cooler system.

The incorporation of an advanced-technology main transmission
not only reduces the size of the upper-deck, buttline beam
structural assembly, but also impacts the vehicle minimum
weight by eliminating large duct work associated with the IR
suppression system. In addition, with the inboard relocation
of the engines and the use of the plug-type IR suppressors,
the weight of the engine nacelles and sponsons is decreased.
The net result is a decrease in weight of 114 1lb, or a total
weight empty of 6102 1b, 175 1lb heavier than the baseline.
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DESIGN ANALYSIS

During this phase of the program, comparative analyses of the
preliminary designs were conducted, including cooling airflow
requirements and drag effects. A detailed breakdown of air-
craft power requirements and associated perform.nce capabili-
ties was obtained for each aircraft. 1In addition, a weight
empty breakdown was developed consistent with MIL-STD-1374,
Part 1. Analyses were conducted for the baseline aircraft,
both with and without a current IR suppressor, and for the
threce advanced aircraft with integrated propulsion-drive sys-
tem concepts, plus the direct, rear-drive concept with the
advanced-technology main transmission introduced previously.
The level of technology utilized in the advanced transmission
is superior to the state-of-the-art drive systems in the other
aircraft, preventing direct comparisons of weight and perform-
ance parameters. Areas of technical risk for each of the con-
cepts were defined and assessed.

Table 10 describes the blower and IR suppressor of each of the
propulsion-drive system concepts. Because of its lower weight
and lower accessory power requirements relative to the ad-
vanced integration concepts, the current IR suppressor on the
baseline aircraft is deemed most desirable from the standpoint
of aircraft performance. However, the current suppressor pro-
vides substantially less protection against the IR missile
threat, as illustrated graphically in Figure 4. The SYSTEM
REQUIREMENTS section dictated suppressed IR signatures sub-
stantially less than those obtainable with the current sup-
pressor. The advanced concepts were ne_essary to achieve the
desired improvement in IR suppression, and provided greatly
reduced complexity in terms of numbers of subsystems and com-
ponents.

Also included in this sectjon of the report are comparative
weight and performance characteristics developed for "rubber-
ized" wversions of each of the aircraft, sized to meet the same
mission and climb requirements.

COMPARATIVE ANALYSES

Integrated cooling flow requirements for the advanced concepts
and for the current IR suppressor design on the baseline air-
craft are defined in Appendix A. The momentum thrust (or drag)
corresponding to the integrated flows was presented previously
as a function of flight speed.

Preceding page blank 125
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In these paragraphs, comparative performance and weight data
generated for the selected concepts and sensitivity trends for
key system characteristics are summarized.

Aircraft Drag

The results of the final iteration of aircraft drag terms by
subsystem and component are listed in Table 11, including the
momentum ram drag contributions,

Power Requirements

The power requirements for the final design concepts are tab-
ulated in Table 12.

As noted, the accessory power requirements are 25 shp through-
out. The blower power penalty for the current IR suppressor
actually included 8 shp accessory power and 4 shp performance
loss attributed to back pressure on the engine. The blower
power penalty for the horizontal, direct-drive concept (f) was
revised upward from the initial estimate of 45 shp to 60 shp,
as a result of the detail design requirements of the IR sup-
pressor concept.

The integral IPS and scavenge blower of the baseline engines
resulted in a power available of 1104 shp, while the integral
IPS system of the horizontal, front-drive and direct-drive
concepts without the scavenge blower resulted in a power
available of 1113 shp (95-percent IRP at 4000 feet, 95°F).
The integral IPS without a scavenge blower in the vertical,
front-drive concept (d), with the power penalties associated
with the plenum inlet, resulted in a power available of

1104 shp. Transmission losses of 2,78 percent were deducted
from the useable power to determine the climb power available
to the main and tail rotor.

Figure 44 graphically illustrates the excess hover power
available and the climb power available for each of the con-
cepts.

Aircraft Performance and Sensitivity Studies

Per formance and weight data are presented for the baseline
aircraft, with no IR suppressor, with the current IR suppres-

sor design, and for advanced aircraft with propulsion integra-
tion concepts, including the direct, rear-drive concept with
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( TABLE 12. VERTICAL CLIMB POWER COMPARISONS FOR SELECTED CONCEPTS
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Shaft Horsepower

1104 1104 1113 1104 1113

Engine Power Available¥*
0 24 90 90 60

Integrated Blower Power
3 Accessory Power 215 25 25 25 25
. Transmission Loss 30 29 28 28 29
1 1049 1026 970 961 999

Rotor Power Available
861 861 861 861 861
90 70 22 14 47
98 95 87 86 91

1049 1026 97v 961 999

Ma.in Rotrr Hover Power
Main Rotor Climb Power
Tail Rotor Climb Power

Main-Tail Rotor Power Req'd

Vertical Rate of Climb - fpm 536 417 131 83 280

* 95 percent IRP, 4000 feet, 95° F

129




A LN e e

"qQUTTD pue I2A0H 103 uosTiaedwod UOTIINGTIAISTA I1smod

q

1430NOD

T AHOSS3IDOV

{41} H3IMO8

—_SSOTNSWX

H43IMOd
H3AO0H
HO104

NIYW

HO10H IVl

43IMOd BWID

10

1
Il
/]

10

10

\“
—
—

am——
-

10

L H3IAOH

009

000°t

‘yy L@anbtg

H3IMOdISHOH

130

Ciamh gl o a b




w'r!'lw TP AT T TP > T

an advanced-technology main transmission. Table 13 lists the
overall aircraft performance parameters of principal interest,

Data illustrating the vertical rate-of-climb capability and
the mission radius for the primary design mission and for the
alternate "Radius Mission" are contained in the table and
graphically compared in Figures 45 and 46.

Sensitivity factors developed for the baseline aircraft and
three advanced helicopters include:

O Sensitivity of primary design mission radius to air-
craft drag, accessory power, and structural weight
(plotted in Figure 47).

o Sensitivity of forward speed at engine maximum
continuous power, s<& level/59°F, to aircraft drag,
accessory power, and structural weight (plotted in
Figure 48).

O Sensitivity of vertical rate of climb to accessory
power (plotted in Figure 49).

Figure 47 illustrates that, for constant takeoff gross weight,
mission radius is dependent on structural weight, which im-
pacts directly on the weight of fuel. Accessory power has a
lesser impact on radius, which is virtually insensitive to
drag - 15 -percent change 1in drag results in only a few miles
difference in radius. Conversely, the effect of drag on air-
speed is illustrated in Figure 48. The sensitivity of verti-
cal rate of climb to power reguirements is noted in Figure 49.

Weight Empty Breakdown

A weight empty breakdown per MIL-STD-1374, Part 1, is provided
for the study he!icopter configuration in Appendix C. Sub-
system weights are sumuarized graphically in Figure 50.

TECHNICAL RISK ASSESSMENT

n . system requirements for the study effectively limited the |
c¢o-narative technical risk to an evaluation of the integratedqd k
cu > ling IR suppression sys tems of the various aircraft. How-
ever, some comments should be made concerning technical risk

inherent in the different engine configurations, specifically
front wversus rear drive.
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Engine manufacturers offer the alternative of front or rear
drive even in the small engine sizes considered for these air-
craft. Furthermore, they do not indicate any change in per-
formance between the two possible configurations. It is
apparent though that the radial blade/v—ne heights in the com-
pressor and turbine flowpaths are quite small and that the
optimum component aerodynamic designs would be at minimum
tlowpath radii. Through-shaft and bearing requirements neces-
sitated by the front-drive configuration would force the flow-
path to larger radii and would have an adverse effect on
component and engine performance. Of greater significance,
perhaps, would be the possibility of critical speed problems
with the relatively long, thin through-shaft, and bearing
design speeds in excess of usual design practice. The front-
drive configuration really involves some compromises in
mechanical and aerodynamic design, and the rear-drive engine
would be more attractive from the standpoint of technical
risk. A more deta.led consideration of the risk factors was
considered to be outside the scope of this study, but the
possibility of further effort is discussed in the RECOMMENDA-
TIONS section,

In a consideration of the technical risk factors associated
with the integrated cooling-IR suppressor systems, the hori-
zontal, front-drive concept was judged to be low risk; the
vertical, front-drive concept moderate risk; and the horizon-
tal, direct-drive concept high risk. The horizontal, front-
drive concept's plug-type hot metal suppressor and ejector
with daisy mixer for plume dilution constituted an IR sup-
pression concept which has been proven in component develop-
ment programs for other applications.

The vertical engine concept was a variation of the configura-
tion proposed during the initial conceptual design. Although
the vane-type hot metal suppressor was a conventional design
with attendant low risk, the slotted-duct ejector concept for
plume dilution was an untried configuration with a moderate
degree of risk attached. The jumbo-slot duct of the horizon-
tal, direct-drive concept, utilizing rotor downwash for ex-
haust plume dilution, was considered to be an unproven design
with a high degree of technical risk.

The differences in transmissions among the various advanced
concepts also contributed to slight differences in risk,
although component technology was within the state of the art.
The spur-gear transmission of the vertical engine concept
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offered moderate risk, due to its overall size and arrange-
ment, and particularly the unusual combination of gears and
shafts for the accessory and tail rotor drives. The direct-
drive triple reduction main transmission of the direct-drive
concept with the proposed clutch design introduced a slightly
greater technical risk for this concept.

CONFIGURATION SELECTION AND COST CONSIDERATIONS

The configuration selection criteria and relative scores for
the advanced concepts, outlined in Appendix B, were reassessed
to determine if preliminary design changes in the advanced
concepts had impacted the total comparative evaluation. Al-
though cost factors were not considered in the conceptual
analyses, qualitative evaluations of aircraft system life-
cycle costs were made to determine their influence on the
selection of promising vehicle configurations that meet stated
system requirements.

confiquration Selection Criteria

The relative scoring of the configuration selection criteria
and factors among the three advanced concepts selected for
preliminary design, referring to Table B-2 of Appendix B, was
quite uniform. With reference to Concepts b and 4, the ver-
tical engine concept configured during the conceptual analyses
was penalized for its greater length, and for the tail wheel
design which was necessitated by the greater length, both in
terms of drag under overall system performance and dimensions
and transportability under aircraft system design. However,
the preliminary design permitted the vertical engine installa-
tion to be accomplished within the same aircraft dimensional
envelope as the horizontal, front-drive engine arrangement.
The change in aircraft dimensions during preliminary design
also resulted in the change to the same nose wheel arrange-
ment, rather than the tail wheel. The selection criteria
scoring of the vertical, front-drive concept (d) increased
from 1160 to 1226 (increases included 45 for A drag, 18 for
dimensioral changes, and 3 for transportability), virtually
the same as the horizontal, front-drive concept.

Comparing the empty weights of the advanced concepts in

Table 13 to the values generated during conceptual analyses in
Table 9, the increased weight of the vertical, front-drive
concept and tne decreased weight of the horizontal, direct-
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drive concept are noted. However, the Aifferences in empty
weight are relatively small, and particularly their impact on
mission radius capability. Referring to Table B-2 again, the
aircraft system weight scoring of the direct-drive concept
should increase by 60, and the total score increase to 1169,

Aircraft System Cost

Of the total life-cycle cost of an aircraft system, costs
associated with the research, development, test, and engineer-
ing (RDTE) phase of the system life cycle comprise only a
small percentage of the total. Production costs constitute
somewhat less than one-third of the total, while operations
and maintenance (0&M) costs constitute two-thirds of the
total., Since RDTE costs are a very small percentage of the
total life-cycle cost, the technical risk considerations which
were discussed above and which have an impact only on RDTE
costs become a relatively unimportant cost consideration.

Production costs can be assumed to be a function of aircraft
structural weight primarily, and to a lesser degree dependent
upon numbers of subsystems and components, and their complex-
ity. Excluding the differences in transmissions and inte-
grated cooling systems among the advanced concepts, the dif--
ferences in subsystem weight (body group, engine/nacelle
group, and armament group) amount to less than one percent of
aircraft empty weight. The differences in subsystems and
components should provide the major impact on production cost.
In this respect, the vertical, front-drive concept with only
three transmissions and no bevel meshes between the engine and
the main rotor should be superior to the others.

Similarly, differences in subsystems and components should
provide the major impact on O&M costs. Although the vertical
engine concept and the horizontal, direct-drive concept have
the same number of transmissions, the former has fewer bevel
meshes. The reduced number of transmissions provides reduced
complexity. The vertical, front-drive concept provides the
best engine accessibility for maintenance actions. All these
factors indicate the superiority of this concept in projected
O&M costs, and in overall life-cycle costs.

The advanced concept with vertical, front-drive engines was
virtually equal to the highest rated concept on the basis of
the configuration selection criteria, and superior to the

other advanced concepts in terms of life-cycle system costs.
It was recommended as the best of the advanced concepts.

141




e

Maaid b

g i, - WL - (.

SCALED AIRCRAFT AND ENGINES

Another comparison of interest was that of relative changes in
takeoff gross weight of "rubberized aircraft", aircraft scaled
up in weight with engines scaled up in power and weight, to
perform the same mission and have the same climb capability.
"Rubberized" versions of Concepts a to f were generated to
meet the following performance requirements:

o 500 fpm climb capability at 95 percent IRP,
4000 feet, 95°F

O Design mission with 50-NM radius

Scaling was accomplisned at a constant disc loading of 6.5 psf,
the. same value used in the design of the 8500-pound aircraft.
Parametric aircraft gross weight and empty weight were plotted
previously in Figure 7. For a selected mission radius

of the design mission, Figure 7 illustrated that both design
gross weight and empty weight decreased with reduction in disc
loading, with a diminishing rate as disc loading approached
6.0 psf. At the lower disc loadings, aircraft weight was pri-
marily dependent upon rotor tip speed. Higher tip speeds,
limited by tip Mach number in cruise and/or by rotor noise
constraints, resulted in lower weights. Figure 8 demonstrated
that the lower disc loading corresponded to reductions in in-
stalled shaft horsepower, also. However, Figure 8 showed that
the lower disc loadings resulted in larger rotor diameters, as
expected. Consequently, disc loading = 6.5 psf and rotor tip
speed = 750 ft/sec were selected design values for the scaled
aircraft, to minimize takeoff gross weight, empty weight, and
installed shaft horsepower, while retaining reasonable rotor
diameters.

Table 14 summarizes significant weight, dimensional, and per-
formance parameters for the "rubberized" aircraft. The alter-
nate direct-drive concept with the advanced-technology main
transmission is the lightest of the advanced concepts, of
course, while the horizontal, front-drive concept is the
lightest of the remaining advanced concepts. Of these air-
craft scaled to achieve the same vertical rate of climb and
mission radius, the desired IR suppression capability could be
obtained at a cost of 15 percent in empty weight and 22 per-
cent in installed shaft horsepower. The weights of the
"rubberized" aircraft are graphically illustrated in Figure 5.
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Alternate mission ("Radius Mission") performance was developed
for these aircraft sized to accomplish the same design mission,

with the resulting payload-range characteristics plotted in
Figure 51,
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CONCLUSIONS

This report completes the conceptual analyses and preliminary
designs of integrated propulsion-drive system concepts which
provide total airflow and power management for a utility heli-
copter. The following principal conclusions have resulted:

?

1. The amount of cooling air needed to achieve the
desired level of IR signature suppression, together
with the requirement for suppression in both hover
and cruise operation, dictated a large blower to
supply the integrated airflows and an engine ex-
haust IR device. The weight of the blower-suppressor
configuration reduced the fuel weight by a corres-

] ponding amount, resulting in a decreased mission

radius. Accessory power requirements for the blower

reduced rotor power available, resulting in a de-
creased climb capability. However, the large amounts
of cooling air available for IR suppression obviated
the need for complex extended-surface heat transfer
cooling panels. 1Instead, hot metal suppressor con-
cepts can utilize large louvers for cooling air,

] resulting in a more cost-effective design.

AR e e T i S LS Ol e L

t The baseline heliccpter with a current IR suppressor
' design offered substantially improved range and
climb capability compared to the advanced concepts,
but less than the desired IR suppression capability.

1 2. The configuration with wvertical, front-drive engines
was recommended as the best of the advanced concepts.
In terms of the configuration selection criteria
established for the study, this concept was essen-
tially equal to the best of the concepts. Qualita-
tive evaluations indicated that it was the best in
terms of aircraft system life-cycle costs. Opera-
tions and maintenance costs typically constitute a
large percentage of life-cycle costs., The vertical
engine concept offered the lowest number of trans-
missions and bevel-gear meshes and the best engine
accessibility, which should have the greatest impact
on O&M costs.

3. The baseline heliconter and the aircraft incorpora-
ting advanced propulsion inteqration concepts were
scaled to achieve 500-fpm climb capability and 50-NM
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radius for the primary design mission. The lightest
of the advanced aircraft was the configuration with
horizontal, front-drive engines, with an empty weight
15 percent greater than the baseline and with 22 per-
cent more installed shaft horsepower.
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RE COMME NDAT T ONS

For the vertical, front-drive concept, selected as the best

of the advanced concepts, recommendations are made for de-
tailed investigations of propulsion-related subsystems. BAero-
dynamic performance of the engine plenum inlets, the particle
separator scavenge system, and the exhaust plume dilution
configuration should be evaluated. 1Investigations should be
initiated to optimize the main transmission design and the oil
cooling arrangement, particularly in conjunction with the
technology introduced with the advanced-concept transmissions.

bk o sz iy

System requirements which established certain ground rules for
this program limited the scope of the effort, and suggestions
of other potentially attractive concepts are made.

1. Technical risk discussion in the section on DESIGN
ANALYSIS included considerations of risk inherent
in the selection of front- versus rear-drive engines,
It was pointed out that in small advanced-technology
engines, the through-shaft for a front-drive con-
figuration introduced risk factors in the mechanical
design, both in shaft critical speed and in bearing
design, and also introduced compromises in component
and engine performance. These are factors which
indicate the desirability, and possibly the neces-
sity, of the rear-drive configuration. Previous
discussion about the advanced-concept direct-drive
transmission indicated that it would be an attrac-
tive design arrangement in conjunction with the
rear-drive engine. One recommendation for further
effort would be to investigate the front- versus
rear-drive engine configuration selection in con-
junction with the advanced-concept transmission.

St anind

.

This study necessarily gave only superficial con-
sideration to engine starting, which could be a
critical subsystem requirement for small engines in
small helicopters. Sufficient work was accomplished
to indicate that battery starting would probably be
a viable concept. However, it is recommended that

& these aspects of engine drive system-airframe inte-
3 gration would be worthy of further consideration.

¢ 2. System requir:ments established the desired level of
1 hot metal suppression and exhaust plume dilution for

* 148 3
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this program, and the design results have indicated
that the plume dilution requirement was the basis
for sizing the integrated airflow blower and its
horsepower demand. Atmospheric attenuation has a
very strong impact on the exhaust plume signature,
so in conjunction with IR missile capability, it
could prove reasonable to reduce the plume dilution
requirement. This would, in turn, reduce blower
accessory power requirements and blower weight. It
also opens the door to other possible IR suppressor
concepts, utilizing ejector action and/or a ram in-
let scoop to charge the suppressor with atmospheric
air and further reduce accessory power requirements.
It is recommended that the desirable level of hot
metal and exhaust plume IR suppression be the sub-
ject of further study, to minimize system weight and
accessory power requirements.,

System requirements defined a simple-cycle advanced
turboshaft engine, with the alternatives of front

or rear drive and horizontal or vertical mounting,
to be used in the study. Other viable propulsion
configurations could prove beneficial in these inte-
grated propulsion-drive system concepts, such as the
following arrangements:

0 The gas generator and power turbine could be
separated, with the power turbine and engine
transmission integrated into a single configura-
tion and gas-coupled to the gas generator. The
integrated power turbine-engine transmission
would be beneficial from the viewpoint of reduced
bearing requirements and balanced axial thrust
loads.

0 The gas-coupled arrangement described above could
employ a single power turbine in conjunction with
two gas generators to further simplify the pro-
pulsion system. The single power turbine, partic-
ularly with a partial admission nozzle design for
optimum part-power performance, would provide a
substantial performance improvement for extended
cruise operation.

0 Regenerative turboshaft engines would perform
part of the IR suppression task by reducing

149




T

exhaust plume temperatures, thus alleviating the
requirements for external dilution airflow and
reducing accessory power redquirements by 50 per-
cent. Discussion on page 8 of Reference 7 covers
the improved vulnerability aspects of the regen-
erative engines, which also provide improved

per formance, particularly in part-power opera-
tion,

It is recommended that these propulsion concepts be
considered as viable alternatives to the simple-
cycle turboshaft engines for further propulsion
integration studies.
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APPENDIX A
INTEGRATED AIRFLOW REQUIREMENTS

The external airflows which were integrated in the six advanced

propulsion system concepts included the following:

0 Engine inlet airflow.

0 Inlet separator scavenge flow.

o0 Engine compartment cooling air.

o Drive train compartment cooling air.

o Transmission 0il cooling airflow.

o IR suppression airflow, hot metal, and plume dilution.
Figure A-]1 1llustrates schematically the integrated airflows.
Table A-1 has been developed to provide the calculated values
of significant parameters at various stages of the flow mixing
processes. The design point selected for the calculation was
engine operation at intermediate rated power, 4000 feet, 95°F

ambient conditions.

Current IR Suppressor Design

The impact on weight and performance of the baseline aircraft
due to the installation of a current IR suppressor design has
been included in the study results. The thermodynamic mixing
processes of this configuration were generally quite similar

to those of the advanced integration concepts. A smaller,
hydraulic-powered blower was used to provide cooling air for
hot metal suppression and exhaust plume dilution, and a ram
scoop provided additional cooling air through ejector action
of the engine exhaust flow. The hydraulic blower, augmented
by ambient air flowing through the scoop inlet, resulted in a
limited suppression of the IR signature in hover, although
the ram scoop should offer improved suppression capability in
cruise flight.

Calculated values of temperature and flow parameters for the
current IR suppressor design also are tabulated in Table A-1.
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APPENDIX B
ADVANCED AIRCRAFT CONFIGURATION SELECTION CRITERIA

Ccnceptual propulsion system designs were completed for six
engine/transmission/airframe integrated design concepts which
provide total airflow and power management for a utility
transport helicopter. Ccmparative analyses were conducted for
these six advanced concepts and for a baseline aircraft, to
evaluate aircraft system performance, system weight, system
complexity, technical risk, control requirements, and aircraft
system design. The factors considered under the heading of
each of these evaluation criteria are listed below:
o Overall System Performance (DGW = Constant)

A Range

Rotor Horsepower

Rate of Climb

A Drag

Momentum Drag (Cooling Airflow/External Flow
Requirements)

Internal Flow Losses
0 Aircraft System Weight
Empty Weight
0 System Complexity
Number of Subsystems/Components
Munber of Transmissions/Number of Bevel Gear Meshes
Reliability and Maintainability
Simplicity/Producibility
o Technical Risk
Component/Subsystem Development
0 Control Requirements

Dynamic System Comwatibility

Subsystem Control Requirements
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o Aircraft System Design
Dimension/Configuration Changes
Impact on Transportability
Engine Installation
Inlet Ingestion Susceptibility
Inlet Flow Uniformity
Front/Rear Drive Impact on Engine Configuration
Noise - Proximity to Cockpit/Cabin
Vulnerability/Survivability Considerations
IR Suppressor On-Off Capability

Safety/HFE - Location of Engine Inlet/Exhaust
Tail Rotor Vs. Louvers

The weighting factors for each of the evaluation criteria, to
determine their importance in relationship to each other for
purposes of the comparative evaluations, are developed in
Table B-1l. Each of the evaluation criteria is compared with
every other one in turn, with the criterion of greater impor-
tance (in the opinion of the evaluator) being scored 1 and
the criterion of lesser importance being scored 0. The
weighting factors are the resulting sums.

Scoring of each of the factors considered under the various
criteria of aircraft system performance, system weight, system
complexity, control requirements, and aircraft system design
was based upon the performance levels tabulated below:

SCORE PERFORMANCE LEVEL

5 Excellent (exceeds all requirements)

Good (exceeds minimum requirements)

Adequate (generally meets minimum requirements)
Weak (does not meet minimum requirements)

Poor (makes omission in a major area)

o = N W &

Inadequate (fails to respond to requirements in
major areas)
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Technical risk scoring was determined as follows:

SCORE TECHNICAL RISK

5 Substantially "O" risk (technology is in use 1
production aircraft, and needs no modificatic
as used herein)

4 Insignificant (items of similar technology in pro-
duction, highly reliable, and only minor changes :
required as used herein) 1
3 Low (uses proven improvements from component programs;

potential problem solutions are well understood)

2 Moderate (similar performance has beern demonstrated
in component test, and developmental areas are with-
in "state-of-the-art")

it High (requires breakthroughs in minor areas, and prob-
ability of unforeseen developmental problems is high)

0 Critical (would require several major breakthroughs
with high probability of many unforeseen problems)

The comparative evaluations are quantified in Table B-2. Total
possible score for each of the evaluation criteria and each
factor is tabulated in the first column of the table. The sum
of the individual scores for each evaluation criterion is in
proportion to the weighting factors defined above in Table

B-1.

Table 7 provides the weight and performance data to substantiate
the scoring of aircraft system performance and system weight.
Tables B-3 and B-4 are brief summaries of the evaluations of
system complexity and system design which are reflected in
those scores.

The three advanced concepts selected for the p.eliminary de-
sign phase of the study were Concepts b, 4 and f-alternate -
the horizontal, front-drive engine concept; the vertical,

front-drive concept; and the horizontal, direct-drive concept. g
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APPENDIX C
GROUP WEIGHT STATEMENT

MIL.STD-1374 PART I Peee
D. Pritchard
R Repart

GROUP WEIGHT STATEMENT

AIRCRAFT
(INCLUDING ROTORCRAFT)
ESTIMATED . GAIRHLATED . ARKIAK
{Cross Out Those Not Applicable)
Conventional Aircraft - No IR Suppressor

- Ir Suppressor Kit
Advanced Helicopters - 3 Configurations

CONTRACT NoO._DAAJ02-74-C-0043 __

i e skt R

P

Model

A e T

e

AIRCRAFT, GOVERNMENT NO.

AIRCRAFT, CONTRACTOR NO.__

MANUFACTURED By Boeing Vertol Company

MAIN AUX
w};“MANUFACTURED BY Advanced-
2| _mODEL Technology
gJ, No. [Turboshaft
TYPE Engine
PAGES REMOVED PAGE NO.

162




1900 Cdi 1o 18| RS ¥ UGO | ¢ PBUDND.

T R =

L1 (D i |promicy 4yBnC.g 99 Oy 3=MUINWIS TVLIOL [ L5 |

— EMIBTSIINYG S¥00Q s

WILSAS NOILDNANI By s

13

— — L isE
o SR = .08
__GWORAR L
Gevoin onm_ev

WwnEdXd To

TwNELNI 4309 (97

AeiS R A

4N0¥D 3NIDVYN 2 NOuIFS INONI Sy -

|
-
<t
R
i~

5 By N
5t ot ot ot F
151 3N L31 (5304 A 13T

901407 QININLG  [,ID00) 1581y [,1000) Butauny NOIYDO1 8f
r = T -
[ ¢t Ste ot (PO, T3 [OX0TI]  edh) 4nQuO avIO ONLHOITY | L€

e

5W ¥ S1INVA Sawva $10040 - St
SIAVHIGHLLS =% Sl C0
S SWCOT [zc_

VNH 0 3OVIS 05 JWUDNAIS ABYONODIIS  iE

o swoow ot
i NN 9 IOV 38n1D7RIS 2SvE 6L
1 18 I CYA b __4N039AC08 9¢

IONIM ¥ §0H 9z

PN A —e

feq1 i om Suoiog ui S¥Iane YL
f1a1 iqoIeam e3uDiDg dup BO:YAI  E2
TV EINIA z
=L oL T % <z §oweq el Nid - LTk
S i3 - B S BITIUIVLS * "1ONELS AAVANQDIIS ¥ JiISva | 0Z
21 151 61 -6 1 i 4NOBO 1YL ' 81
a8l
N 35 36 RCE I T
— o D < toqy 14Biem Prog 8POIE 12Vl JONIM ¥ 8OH | 91
Lok Sl : 5t P ot ATgWISSY 3OVIR st
353 333 43 86 3 33- 408 80108 T1_

S$¥IN0LS

3903 OriGYIN
3503 ONITval © SVl
teq 1yStem e3uoi0g (35 SNOBIUY
L)) 14B1om P1og Bura 12un 32AUDNAS ABYCNODIS
3A019°
ANV 33100 -
— 1INV 3V IIWIUNI
4 NOILY 35 JIINID  33NLDNUS NSV [
L il 40089 ONiIm |
3 3dasuod p 3idaduop q 3d=adu0p f1d I0ssoaddng ¥I)aossaaddns ¥I oN e =gy

SYILJODITIH JIONVAY [® 1330800 - LivdodIv TYNOIINZANOD

ey
ot - s

T v ALdWI  1HDIIMm 1 1dvd FLED QLS TIA
INIWILYIS  LHOHEM 4NOBD



e v

Lk &

ki

o T TR =
o = = i L eRR RN L:
£C S51c 1 — 23974 w1 vioL Teg
SBYA ONILALDY §S i
. LA
e C CNVHavOl €S|
y - ONIGRYH DvDORY 2§ ]
= r 2 2 a2 O IINIIENVHES, YO0 11 60)
;
]

s
dNOaD JMVIDOIOH | 67

G

-

<t

187!

-

41029 ONO UNY (27

Lo L

Tiaal

#NO.D DN 402HOD BY 19T |

TP

TR SA

Ak

(it

i

F

&

bt

Laecs oSt

SEALACITTE dIINTAGY

LdFIONCI~ LAYHIHIY "W n,r..,..mr)ZCr\_

- i 1
ow 9t B % o5 INFNHICT ASNATIWT vy |
v L5 it v t SOF. A% w4 £r |
LS s [4:1 LS ] A3 Wiwe ~93 Sno-viSw 17l
M cTE & bl __ o1 i STE TINNOSTIL b4 NGUYSHWWOIIY iy
Lt 23t 03 d0O¥S INTNAADI T SON KEINSNY |07
) o1 °t a1 1014 SAIDA 1341 JRO¥D NIWYWIY | 6E
] [
EXH TTT T 1T NOuvTIvISNI 18]
Es T8 S 1 5 ININdNT3 ot
{ER St aNG¥D SYNOAY Tse!
L H s o, Y .ﬂnv
| wm BuH _an0#s WM len
N ]
_ E | 41079 3UYwNI id 7 DINVECAH | 1g
H 1 T 470.9 SINIATRLNT | OF )
. | ' I MDY INV4 22MOd ATvInY 16z |
. b <o ¢ v (I
SaT AN TR TTOALIUS DRI LYW s -0, Jofevlod |4,
e 55T T LUCC ST NUGA T rI0,"0, T - SYOYINOGD SWISAS jer
— ik = _ 3t B, toq IS AT IO NINGD 120D [14
£6¢% ChS nC S . Xe. ¢ 108D SIONUNDD HOW 'l
' = £z
3120 130 (23]
SLIVHS £O108 [
34120 NOISSIWENYYL oz
- W48 80:08 ¥ 4§ €M §IxOT ¥vID .
1o 1o o [ WLSAS A0 3|
e ORI L
Q512310880 9t
E QI153:0ud_S:NVL s
sZ1 - P A B RETYTRELT] v
1 1 I WIISAS ONUY YR €L
I INTAIIYEY 3:0WS 121
= NOIYTIYISN 37112:08d 3t
<t acl O] T viT 1508 ONIYVIS 0
o1 | 4T A L1 CEr O NONT 6 -
AR id 1311 WOCUIRIGNE []
o i e ONICCD SNONT ¢
- E Lol < AL S U 1L HI/WUSAS 1SAVHYY 9
2 : ULl O TID T M T T MOUANTY G, T [
IAI40 T SIXOW ¥VID 480551V v
= - 3
u_ st N NGV TIVLISNG INIONT LHA_
T PIREEN wiow I 4NO¥D NOISINACH | 1 |
3 1280ucd 1da0u0) T Iossazddng x:unm roxddns g1 ] T e

T

cdoy
L]
ey

G s

ALdW3  LHOIIM I 1¥Vd ®LEUALS UKW
INIWILVIS (HDIIM 4NOBD

bl

164




MIL-STD-1374 PART |

Name

Oare

GROUP WEIGHT STATEMENT

USEFUL LOAD AND GROSS WEIGHT

Page__ 4
Mode!

Repert

RS o

e N T o e

>

] 1645 CoRoIiioN

CONVENTIONAL
AIRCRAFT
CONCEPT a

ADVANCED
HELICOPTERS

No IR IR
Suppr.

Suppr. X
eR Kit

Concept| Concept
b d

Concept
t

TROOP TROOP

TROOP TROOP

TROOP

ASSAULT |ASSAULT

ASSAULT | ASSAULT

| CREW [No 3 j

170 17

470 I70

ASSAULT
370

| PASSENGERS iNo T )

G 960

96y 960

Y60

fo:l Locotisn Type

Gols.

T UNUSABLE

10 10

v 10

T

INTERNAL FUSELAGE| JT175

1107 964

868 6U2?

Hly

EXTERNAL

jot

TRAPPED

[22] CARGO

[24] GUN INSTALLALONS

ENGINE

3 | FUEL TANKS fLocatic n 7

(19| WATER INJECTION *LUID | Gah}

BAGGAGE

__ GUNs B __tocotion [Fix_or Flex | Quonhty

Coliber

SUPPTS

s | EQUIPMENT

T SURVIVAL KITS & UIFE RAFTS

T 1nTAr USERIC 1OAD

WEYE "y o

) 2268

=

WEIGHT EMFTY

- w7t

olGo DM

GROSS whiGHT

£ 0 S

500 250

ool
Gt

*il Ramovobls end Ipec:lred ea Uinlul Lood

Misnles, Senabue
hen, Lecshion, o

Liet Ideant

1 Fo'lowed by Racke Lovachars, Chutes, otc Not Past of Waight Lapty
Quontity for All lemu Shawn Iacivding Instelletion
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LIST OF ABBREVIATIONS, ACRONYMS, AND SYMBOLS

; AGB Accessory gearbox

: APU Auxiliary power unit :

; cr Main rotor thrust coefficient, dimensionless

i DGW Design gross weight, 1b i
ECu Environmental conditioning unit (cooling/heating) i
EW Empty weight, 1b ,

1 ;
fe Equivalent flat plate drag, £t2

HOGE Hover out-of-ground effect

IPS Inlet particle separator

IR Infrared (signature)
IRP Intermediate rated power (30-minute engine rating), shp
o
[ M Mass airflow rate (Figure 27), lb/sec
1 MCP Maximum continuous power, shp
é PL Payload, 1lb

SFC Specific fuel consumption=fuel flow (lb/hr)/shaft
horsepower, lb/hr/shp

\Y DAircraft flight speed (Figure 27), ft/sec
Vexyr IR suppressor exit flow velocity (Figure 27), ft/sec

1 VRC Vertical rate-of-climb, fpm

o} Main rotor blade solidity, dimensionless

N S a0 s
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SUBSCRIPTS (Figure 27)

co Drive system/IR suppression cooling flow
COMP Engine compartment cooling airflow

DIL IR suppressor ram inlet dilution airflow
ENG Engine airflow

EXIT IR suppressor exit flow

IPS Inlet particle separator scavenge airflow
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