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CONFILENTIAL
I. SUMMARY

Iz Ma2y 1535, Vaerto! Aircraft Corporation received Contract Nonr 1681(00)
from the Office of Naval Research to undertake & broad research study of
vertical take -off and landing aircraft suitabls for military transport missiocns
in the period 1960 to 1965.

This repucrt, based on a parametric study of she problem is submitted
as partial fulfillment of the requirements of the subject contract. It sum-
marises tha initial efforts in establishing the relistive competitive position
of the raany configurations conceived for V TOL transpert applications.

A, Ob!cctivol

The objectives of this phase of tho research study 2re twofold:

1. To compile ané consolidate technical data for various VTOL dauign
concepts with particular emphasis on trends of componant weights
ané powerplant data. In keeping with the intent of the study, the
trend data will be extrapolated to reflect 1962 state of art.

2. Using the trend data, to evaluate the relative position of the varicus
VTOL design concepts on a technical basis in order to determins
the corfigurations most suitable for the military transport misesion.
Tuke -off gross weight was used 83 the eriterion for comparing the
VTOL aircraft capable of accomplishing the following specified mis-

sion:

a. Payload 8000 1b. out - 4000 1b, back

b. Take -off Vertical

c. Cabin Size 8'x9' x*

d. Cargo 35 Infantry troops or equiva-
lent vehicles

e. T,0,Conditions Precsure altituds 6000 ft, at
95°F

f. Runway Surface Friction coefﬂciout/U. z.2;
UcCl = 15 Lo

g. Cruise Speed 300 MPH

h. Flight Profile 20% of radius adjacent to target
at S. L.
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{. Laading Vertical

J. Radlue of Action 425 Statute miles

*As required to accommodate 35 troops.
#*Applicabls to the case of running take -
off at overload gross weight,

A map of Europe and Asia has been prepared, Figure 1-1, to illustrate the
radius of actiorn capabilities of this assault transport. The shaded areas
indicate possible areas of application assuming the operation originates
from outside the Soviet Union and its eatellitas.

B, Assumptions

1.

Page
R-75

Mission Deviations

Several deviations from the epecified mission were made in order

to evaluate the numerous VTOL design concepts as quickly as
possible:

a. Payload - 8000 pounds outbound and inbound

b, Cruise at sea level

c. Cruinve at 80% of rated military power
These deviations were made to simplify the calculations and do not
effect trends but merely resuit in conservative (heavy) estimates for

take -off gross weaight.

Engine -out Safety Provisions

Interconnecting shafts have been provided for zll applicable design
concepts in order to satisfy the requirement that the aircraft re-
main controllable with one engine inoperative and be able to maks a
“'controlled crash' landing. In anddition, weight provisions and power
requirements have been estimated to assure positive contrel through-
out all regimes of flight with particular emphasis on ths take -off
and landing conditions.

Time in Hove ring_

Time spent in hovering is an extremely important factor and has an
appreciable eifect in determining not only ths optimum deeign para-
meters for certain design concepts but also effects the comparative
competitive position of tha various VTOL configurations. After dis-

2 CONFIDENTIAL
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cussing this item with operational personnel, it was determined that
an absolute minimum of five (5) minutes of hovering would be re-

quired to perform the specified mission.

In addition, a two (2) minute warm-up was assumed. Therefore a
total time of seven (7) minutes was used in calculating fuel require -

ments in hovering.

Since hovering time is an important aspect of VTOL aircraft, the
study will be extended in the near future to include the effect of
varying the time spent ir the hovering regime of flight. The length
of hovering time may influence the competitive position of the various

VTOL cenfigurations.

4, General

Since the study is for transport application, only those concepts
that retain basically a horizontal attitude of the fuselage in all re-

gimes of flight were investigated.

C. Scope

In order to invastigate and categorize the many VTOL design concepts,
it ws2 decided tc consider cruise speed as a variable. With cruise speed
as a variable, the entire spectrum of VTOL aircraft, from helicopters to
direct-lift turbojet aircraft, can be evaluated. In addition to determining
the competitive position of each VTOL configuration, the results of this
type of analysis can be used directly to assess the relative effect of cruise

speed with regard to the size of any given aircraft.

The VTOL configurations studied may be divided into two distinct ca-
tegories:

a. Rotary wing concepts
b, Fixed wing concepts

Three basic configurations were investigated under item (a):

1. Conventional helicopter with and without boundary

layer control
2. Compound helicopters

3. Retractoplanes
For each configuration several combinations of available powerplants
were assumed.

CONFIDENTIAL
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Under item (b), the following concepts were investigated:
1. Tilt-Wing
2. Deflected Thrust
3, Vectored Lift
4. Breguet-Kappus
$. Special Hovering Turbojet
6. Tilting Ducted Propeller

In addition, Dr. Lippisch's '"Aerodyne' concept for VTOL was also
evaluated under Item (b). In all cases, various types of powerplants
were considered where applicable.

D. Results

The results of the Phase 1 study are presented graphically (Figure
1-2) in terms of take-off gross weight required to meet the mission
specifications as a function of cruise speed. It should be noted that the
purpose of this phase was to determine the approximate competitive
position of the various VTOL design concepts. Therefore, this study
was prepared to determine trends of take-off gross weight with speed.
This was accomplished through a parametric analysis, taking into comn-
sideration both the weight and aerodynamic aspects of the problem.
Although the data used in this investigation are believed to indicate
correct trends, the absolute values of take-off gross weight are con-
servative (heavy) due to several basic assumptions. Consequently, the
magnitude of gross weight should be used only as a means of a rela-
tive comparison between the various design concepts and not construed
to be abaolute values. In order to obtain exact values of minimum gross
weight of aircraft capable to perforin the mission, a detailed perform-
ance and weight analysis will be made for the more promising design

concepts.

Of the many VTOL transport concepts investigated in this Phase I
study, the following designs appear to be the most suitable for fulfilling
the mission requirements at cruising speeds of 300 mph or greater:

CONFIDENTIAL
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| 8 Tilt-Wing Propeller

2. Tilting Ducted Propeller
3. Vectored Lift

4. Special Hovering Turbojet
5, Breguet-Kappus

6. Aerodyne

From an evaluation of weights and performance, the tilt wing propel-
ler, tilting ducted propeller and vectored lift designs bave approximately

equal capability at the specified cruise speed of 300 mph,

For true VTOL operation, the vcctcred lift concept will always be at
somewhat of a performance disadvantage due to the losses in thrust that
are accompanied with deflecting the slipstream through quite large angles.
At a given gross weight, the loss in thrust requires a greater power which
is reflected mainly in increased power plant weight and to a lesser degree
in increased propeller weight, Consequently, assuming equal design pro-
ficiency, the vectored lift concept will be somewhat heavier than either the
tilting ducted propeller or tilt wing designs for VTOL applicatioas,

The results of this study indicate that the required gross weight for
the tilt wing propeller and tilting ducted propeller concepts are very nearly
the same., From Fig. I-2, the tilt wing propeller has a very slight advan-
tage over the tilting ducted propeller concept. The weight advantage results
primarily from decreased required cruising fuel. The shroud dragaccounts
for the slightly incre-sed fuel requirements for the tilting ducted propeller

design,

At higher cruising speeds, the special hovering turbojet, Breguet-
Kappus and Aerodyne VTOL concepts become more promising.

Although the results presented in Fig, I-2 indicate the special hovsr-
ing turbojet aircraft to be the lightest configuration for cruise speeds be-
tween 350 to 450 mph, there are several disadvantages of this design for
the assault transport mission. Perhaps the greatest detriment is the hot
exhaust gases blasting downward in the take-off and landing flight condi-
tions, Another drawback is the limited time available that can be spent
in the VTOL regime of flight due to the high fuel consumption.

Page 7
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The Aerodyne overtakes the propeller driven YTOL concepts at approxd -
mately 400 mph and the special hovering turbojet aircraft at 450 mph. Be-
yond a speed of 450 mph, the Aerodyne's competitive position is clearly
superior to all the other concepts investigated. However, for the size of
aircraft considered the optimum propeller disc loading is kigh and increases
with increasing forward speed, resulting in high effective span loadings.
Even in cases of partial power failure (for a reasonable number of engines),
safe landings are dubious if not impossible, Obviously, one solution to the
above problem is to install emergency power plant units., This study did
not consider this requirement and does not reflect the additional weight of
such units. Further, to provide adequate stability about all axes of flight
duplicate electronic devices would be required. This itern has not been
included in the trend study. Both of these items would increase the re-
quired take-off gross weight, ccnsequently decreasing its indicated com-
petitive advantage. It should also be noted that for an overall evaluation,
the Aerodyne is best suited for low altitude operation due th the fact that
in forward flight it still depends on lift created by very highly loaded thrust
generator, This means that the induced power represents a high percent-
age of the total power. Since this power depends in turnon air density and
islowest at sea level, hence the Aerodyne is relatively better suited for low
altituda operations than other concepts. Other high speed VTOL concepts
consideredin this study would compare more favorablyfor cruisingat high-
eraltitudes. Nevertheless,the Aerodyne isaninteresting concept especially
suited for high speed low altitude operation,

Taking into consideration the operational difficulties of the special
hovering turbojet concept and the safe landing difficulties with partial power
failure of the Aerodyne, the Breguet-Kappus VTOL aircraft is promising
for high speed assault transport applications., Since the wing area of this
design must of necessity be large to accommodate the submerged ducted
propellers, the assumption of cruising at sea level is particularly disad-
vantageous for this concept. In an overall evaluation, it should be realized
that the required take -off gross weight for the Breguet-Kappus VTOL con-
cept would decrease more rapidly for cruising at optimum altitude when
compared to either the apecial hovering turbojet or Aerodyne designs.
Thus, the competitive position of this concept would be improved if amore
detailed analysis of the cruise condition was made.

In conclusion, this type of broad parametric study to indicate trends is
extremely desirable to aid in establishing the competitive position of the
many conceived VTOL configurations. However, it should be emphasized
that such a study reflects only the weight and performance aspects and does

Page 8 CONFIDENTIAL
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not consider design proficiency or the operational and stability and comtrol
problems that may be encountered. Consequently, those comcepts that
appear to be 'optimum! may not prove to be entirely suitable in operation.
Some of these problemsmay be resclved through wind tunnel and component
testing. However, the advantages anddesirability of having flying test beds
to prove and explore the principles of the many competitive VTOL comnfig-

urations cannot be underestimated.
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Summary Remarks of Take-off Gross Weight Treads (Fig. 1-2)

Coafiguration

. Rotary Wing Concepts
1. Conventional Tandem
Rotor Helicopter

2. BLC Tandem Rotor
Helicopter
3. Compound Helicopter

4. Retractoplane

Fixed Wing Concepts
1. Tilt-Wing

2. Deflected Thrust

3. Vectored Lift

4. Breguet-Kappus

5. Tilting Ducted Propeller

6. Aerodyne

Remarks

Cruise speed limited by retreating blade
stall. G.W. rise due torotor weight and
increased profile power associated with
high solidity (low Cj) requirements for

high speed.
Speed potential improved, G. W. rise

delayed.

Not suitable for mission as outlined.
Probably more competitive if cruising
at higher altitudes.

Most competitive of rotary wing concepts
at moderate speeds, G.W. high due to
heavy rotor and drive systems. For
increased time in hovering and high speed
potential, turbojet powered retractoplane
would probably be more competitive.

Tilt-wing propeller optimum aircraft for
specified mission. Tilt-wing turbojet
heavy due to power plant weight and hover
fuel requirements.

Not competitive due to losses in thrust
deflection resulting in increased power
plant weight and hover fuel requirements.
Competitive with tilt-wing propel ler.
Heavier du: to thrust loss for deflection
of slipstream.

Competitive at high speeds. Heavy due
to high fuel requirements associated with
low wing loadings due to submerged fans.
More competitive at higher cruising alti-

tudes.
Competitive at mission speed require-

ment.

Superior at speeds greater than 450 mph.
Disadvantages due to reliance on power
for lift and electronic devices for stabil-
ity. Less competitive athigher cruising

altitudes.

Page 10 CONFIDENTIAL
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COMPARATIVE STUDY OF VARIOUS TYPES OF VTOL AIRCRAFT
TAKE -OFF GROSS WEIGHT ¢ VS CRUISE SPEED
DESIGN REQUIREMENTS
(1) Payload - 8,000 ibs. (vutdound & inbound)
400, 000 (2) Vertical Take-olf with Military power at 6,000 feet and $5°F
4 (3) Radius of action - 425 Statute miles
A (4) Cruise at sza level j
o (5) Hover at sea level for VTOL - 5 minutes at hover power
§ {6) Warme-up for Turbuprops & Turbojets - 2 minutes at hover
powaer at sea level
(7) 10% Fuel Feserve
. (8) SFC increased 5% \
i ; ]
¢ - S
. y
= I COMPOUND WITH TURBOPROPS
v
3 " 1. Autorotative Rotor (M=.8)
E “ a. Turbine Rocket Powered Rotors —
g S b. Tip Rocket Powered Rotors —
200,000 =4~ y 2 =
2 1 c. Shaft-Driven-Turboprop \ Adidvis
X -
fay s
g 4
< .
b /M
i /
100, 000 4
. "\ Vectored Lift - Turboprops
-__ Tandem Rotor Helicopter
) a. Shaft Driveri — “
) b. Equipped with B.L.C. Tilted Ducted Propeller ?
. Tilting Wing - 'Propellen Turboprops
o I'II""I""' LR R R A | LR AL | 'l"i'llT""lfI'l
Q 100 200 300 400

*Valucs shown represent trends only and are not necessarily the absolute minimum take - off gross wcights for the specified mission,

CRUISE SPEED, V - mph

\&

12}
sy

3

Retractoplane with Turbojets
a. Turbine Rochket Powered Rotors

pr— b. Tip Rocket Powered Rotors

Tilting Wing By-Pass Turbojet
Tilting Wing - Turbojet

-

N S
e i O
< - a .

& ’
ats,
\\

Breguet - Kappus

o

EXG

— Deflected Thrust By-Pass Turbojet
poeemee Deflected Twrboiet Thrust

Retractoplane with Turboprops
a.- Turbise Rocket Powered Rotors
b. Tip Rocket Powered Rotors

c.

Shaft Driven - Turbopzop

N

Jet Transport with Special

Hovering Turbojets
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A, MISSION REQUIREMENTS

CONFIDENTIAL

11, INTRODUCTION °

Development of aircraft capable of vertical take—offs and landings and also
capable of much higher flying speeds than contemportry helicopters has received
great impetus due to recent developments in the aerodynamics of high 1ift generation
and thermo-propulsion, Such aircraft have been conceived in a number of configurations,
the relative advantages of which have not been established on an analytical basis,

In May 1955, Vertol Aircraft Corporation was awarded Contract Nonr 1681 (00)
from the Office of Naval Research, Department of the Navy, to undertake a broed
research comparative study of vertical take—off and landing subsonic transport
aircraft in order to analyze and categorize these many design concepts,

At a meeting held at the Office of Naval Research in Washington, D,C, on
April 27, 1955, the following mission requirements were set forth:

a) Payload

b) Take-off
¢) Cabin Size
d) Cargo

e) T,0, Conditions
f) Runway Surface
g) Cruise Speed

h) Flight Profile
1) Landing

j) Radius of Action

8000 1b, out - - - - 4000 1b, back
Vertical
8 x9'x *

35 Infantry troops or equivalent vehicles

Pressure Altitude 6000 ft, at 95°F
Friction Coefficiens}1= ,2; UCI = ]15%*

300 mph

20% of radius adjacent to target at S,L,

Vertical
425 statute miles,

* As Required to accomodate 35 troops,
** Applicable to the case of running T,0, at O,G,N,

Furthermore, it was specified the aircraft must remain controllable with one
engine inoperative and be able to make a "controlled crash" landing,

The study is confined to types which offer reasonable technical promise of
becoming operationally available within the next S to 10 years, Therefore,
technical data, such as power plant performance and weights, structural weights,
etc,, were extrapolated to 1962 state of art,

B,  OBJECTIVES

In order to encompass the entire spectrum of VIOL aircraft suitable for a
medium payload transport, Verto! Aircraft Corporation suggested that cruise speed

be considered as a variable,
divided into two phases,

* prepared by: J, Mallen

Consequently, it was agreed that the study be

CONFIDENTIAL
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The pdase I study considers sll possible design concepts for VIOL transports
wherein the take-off gross weight required to perform the snecified mission is

evaluated and presented as a function of cruise speed,

studied in the phase I analysis are tabulated in Fig, II-1,

Fig, II - 1 VIOL Concepts
a) Rotary - Wing Concepts

Configurations

1.,

2,

Conventional Tandem Rotor

Helicopter

Tandem Rotor Helicopter
equipped with BLC Rotors

Compound lelicopter

Retractoplane

b) Fixed Wing Concepts

1.

Notes: (1)

Page 14
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Tilt Wing

Deflected Thrust

Vectored-Lift

Breguet - Kappus

Special Hovering Turbojet
Tilting Ducted Propeller

Aerodyne

The various configurations

Power Plant

Hover Cruise
Turboprop Turboprop
Turboprop Turboprop
Turboprop Turboprop
Rocket Turbine Turboprop
Tip Rocket Turboprop
Turboprop Turboprop
Rocket Turbine Turboprop
Tip Rocket Turboprop
Rocket Turbine Turbojet
Tip Rocket Turbojet
Turbojet Turbojet
Turbopr op Turboprop

By-Pass Turbojet

Turbojet
By-Pass Turbojet

Turboprop
Split-turboprop
Turbojet (1)
Turboprop

Turboprop (2)

arranged in clusters,

(2) Shrouded propeller

CONFIDLENTIAL
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By-Pass Turbojet

Turbojet
By-Pass Turbojet »

Turboprop
Split-turboprop
Turbojet
Turboprop

Turboprop (2)

Special high thrust - light weight hovering engines
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At the conclusion of this study, the more pre=m! J concepts for VIOL tressspert

applications will be subjected to a more detailed des:gn study and evz'uated for the
specified mission,

C. GENERAL METHOD OF SOLUTION

Since the main purpecse of the phase I study is to determine the approximate
competitive position of each VIOL concept the method of solution was gerred to
this purpose, Although the results are not considered sufficiently detailed to
establish values of design parameters, thev are sufficiently accurate to establish

trends,
In any study of this sort there are two aspects to the probleam:

a) Determination of component weights
b) Determination of fuel required

In the problen of weight prediction, perhaps the most important consideration
is the powerplant since so many of the design conrcepts depend upon low specifie
weight power generators, For the purposes of this study, only the gas turbine
and turbojet engines were considered as primary sources of power, For hovering
flight, however, auxiliary sources of power such as tip rockets and rocket turbines,
were considered for those VIOL concepts that derive their vertical thrust from a
conventional type of helicopter rotor, After visiting various cognizant government
agencies, talking with several representatives of industry and reviewing performance
data of present day and future engines, trend curves of specific weight and fuel
consumption were determined, These results are discussed ir Section V,

Other compunents of weight empty were based 11 most part, on actual aircraft

data obtained from various goverument agencies or from our own experience, For each
component weight, pertinent design piramelevs were aetermined in order to establish
the correlating factor, ‘*eight irend data are discussed in Section IV,

In order to expedite the calculations, all weight items were expressed either
as a constant number of pounds or in terms of gross weight, However, several of
the correlating factors obtained in Section IV & V are functions of parameters
other than gross weight, Through manipulation, many of these items could bDe
changed to gross weight, For example;, power required mayv be expressed as gross
weijht divided by power loading, Power loading in turn can be defined in terms of
disc loading, Another example is radius which can be expressed in terms of gross
weight and disc loading, These manipulations were made so that only a few of the
basic parameters remained to be varied and al!l the terms were finally represented
as a function of gress weight

Several terms invoelved gross weight to 4 fractional power, These terms
were linearized simply by solving for a new constant at an assumed gross weight,
In this manner, all the component weight terms were rade a function of gross weight,
Fuel required for cruising a total distance of 830 statute miles was obtained in
terms of gross weight using the power plant data and assuming power reqguired remains
constant, i_e. no variation in gross weight was considered as fuel is consumed,
Summing all these items and sclvirg for required take-off gross weight was an easy

task, A more detailed discussion of the procedure and assumptions used in evaluating

take-oft gross weight can be found in Section VI,

CONFIDENTIAL
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Miss ion Deviations

To evaluate and categorfze the many VIOU design concepts as quickly as
possible, several deviations from the specified mission were made,

a) Payload - 8000 1bs, outbound and inbound

b) Cruise at sea levei

c) Fower required to cruise at a given speed is assumed to be supplied
by the engine (s) at 80% of its (their) rated military power,

These deviations were made in order to facilitate the calculations and

do not effec ) trends but merely result in conservative (heavy) estimates

for take-off gross weight, Item (c), cruise at 80% of rated military

power, may be criticized from an operational viewpoint since this assumption
requires shutting down a sufficient number of engines to assure the cruise
condition,

In the next phase of this st-yy, the tilt-wing propeller and vectored
lift VTOL concepts will be optimized in order to minimize the take-off
gross weight, One item in the optimization will be the determination
of the best cruising altitude and speed for the specified mission taking
into consideration part-load fuel consumption characteristics of the
power plants,

Fngine-out Safety Provisions

In order to satisfy the requirement that the aircraft remain controllable
with one-engine inoperative and be .ble to make a "controlled crash"
landing, inter connecting shafts have heen provided for all applicable
design concepts, In addition weight provisions and power requirements
have been estimated to assure positive control throughout all regimes

of flight with particular emphasis on the take-off and landing conditions,

Time in Hovering

Time spent in hovering was not specified, However, this is a very important
factor and may have considerable influence in the selection of the optimum
des tgn parameter,, To 1llustrate the importance of hovering time, the
hourly fuel consumption per pound of vertical thrust is shown in Fig, II-2
for various types of vertical thrust generaters, ranging from conventional
helicopters to turbojets, In order to correlate on a common basis the
relative fuel consumption of various thrust generators, the jet exit area
loading has been selected as an independent variable,

Jet exit area loading is defined us the thrust divided by the cross section
of the fully developed air stream associated with the generation of thrust,
It may be reculled at this point that for the airscrew type of thrust
generators, the ultimate jet area loading is equal to twice the disc loading,
This results from the assumption that the cross section area of the ultimate
slip stream is equal to one-half of the airscrew disc area,

CONFIDENT LAL
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For suck thrust generators as ducted propellers end fans, 3s well as
turbcjet zngines, the exit sree cf the duct cr exhaust plpe msy be
consideced as the "jet exit” area

In order to provide some feeling as to the efficiency with which thermo-
chemical energy of fuel is used ir the process of vertical thrust generation,
a few lines showing the equlvalent efficiency (feq) are plotted in Fig, II-2,
This equivalent efficiency is defined as the product of the overall
efficiency (7,,) and the square root of the ratin of the air density {in

the fully developcd s]ip stream of the thrust generator (ﬂ‘) to the density
of the ambient air (f):
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POUNDS OF FUEL REQUIRED
PER POUND OF THRUST W,/w

HOVERING TIME-MINUTES

CONFIIENTIAL

Time In Hovering (Continued)

The overall efficiency is defined, in turn, as the ratio of the ideal
energy required per unit of time to generate a given thrust to that

actually released from the fuel,

It can be seen from Fig, 1I-2, that

for such fuels as gasoline and kerosene with an approximate heat value
of 19,500 BTU/1b,, an equivalent efficiency of 15X may be considered as
representative for a very wide range of vertical thrust generators ranging

from conventional helicopters to pure turbojets,
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Time in Hoverina {(Corntinuyed)

Using this value of equivalent efficiency (7, = .15) Fig. I1-3 has been
prepared showirg the approximate fuel required per pound of static

thrust as a function of jet exit area loading for several valmes of
hovering tims, It can be seen that for extremely short times in hovering
(not exceeding 5 minutes), the weight of hovering ‘fuel required, even at
very high values of jet exit area loaiing corresponding to tur' ojets, is
not excessive, However, as the time in hovering is increased, it is
apparent that the jet oxit area loading must be decreased in order to arrive
at reasonable values of hovering fuel required, Consequently, time in
hovering is an extremely important factor and will have an appreciably
effect in determining not only the optimum design parameters for certain
design concepts but will also effect the comparative competitive position

of the various VIOL <onfigurations,

To establish a realistic time in hovering to be used in the phase I analysis,
a number of operational personnel in the arned forces, gcvernment agencies
and at VERTOL were approached, The concensus of opinion expressed by these
personnel .was than an absolute minimum of five G) minutes would be required
to perform the specified mission, In addition to the operational time in
hovering, a two ) minute warm-up was assumed, Therefore, a total time

of seven (7) minutes was used in deterzining fuel requirements in hovering,

Since hovering time is an important aspect of VIOL operation, the study
will be extended In the near future to include the effect of varying time
spent in the hovering regime of flight on the corpetitive position of the

VIOL configurations,

Design Hovering Altitude

A design hovering altitude of 000 ft, ard %,°F ambient temperature was
used throughout this initial investigation, The effect of hovering
altitude and ambient temperature on the payload capabilities of the
tilt-wing and vectored 1ift VIOL concepts wili be considered in the

more detailed study to follow,

CONFIDENTIAL
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Since some aof the design fenture

miy rot be recdily apparent, each VIOL

concept investicated in this phase of the work program is briefly described,

In addition, for each design concept, charts have been prepared expressing
the relative various compenent weights as a function of cruising speed,

To

provide a clear presentition of the data, the take-off gross weight was
divided into six relative components expressed as percentage of T,0,G.W,:

1

25

Powerplant Package, Wp, Includes insta'led engine weight, trans-
mission shafting and drive systens, lubrication and fue! systems,

Lift and Propulsive Package, Wy, Includes rotors, propellers and
wing,

Structural and Fixed Equipment Package, W,. Includes body, tail,
alighting gear and fixed equipment,

Cruising Fuel, WeR.
Hovering Fuel, Wyoy.

Fixed Useful Load, WgpL. Includes crew, payload, trapped liquids,
engine oil, etc,

ROTARY WING CONCEPTS

1.

Conventiona! Tandem Rotor Helicopter

A conventional shaft driven tandem rotor helicopter, powered with turbo-
prop engines, was analyvzed in order to encompass the entire YIOL speed
spectrum, This aircraft is competitive with other more promising VIOL
schemes at speeds not exceeding approximately 160 mph, Beyond this
cruise speed, the gross weight tends to rise rapidly due to increase

in rotor weight and higher crulsing powers associated with the high
sclidity - Yow avevage voter 1ift coefficients required at high speed,
At minimum gross weight the disc loading is approximately 4 1bs/sq,ft,
and the rotor iip speed is ©50 fps, As the crulse speed is increased
the optimum disc loading tends to rise and the tip speed decreases,

BLC Tandem Rotor Helicupter

To indicate the :peed potential orf « tandem rotor helicopter, a blowing
type BLC systenm was analyzed, The speed potential of the helicopter

was increased by approximately 20 to 40 mph withcut appreciable increase
in take-orf gross weight, With more eYaborate schemes of BLC, or
circulation control potentiality of the helicopter to fuifilt the mis-
sion cun, probably, be extended to stilY higher speeds,

Compound Helicopter

A single rotor helicopter equipped with a wing and propellers for forward
fright operation was analyzed, Three separate methods for powering the

* Prepaved by: J. Mitten
CONFIDUNTIAL R-75

——m



N Moo Vg

3-

COMFLDENT AL

Compound lhlicogler (Cont *d)

rotor were assumed: shaft drive; tip rocket; and rocket turbine,

This was done to make certain that for the specified time in hovering
some means other than the shaft drive wou'd prove to be 'ighter, None
of the compound he'icopter versions appear to be competitive for this
mission, Duplication of the Vift and propulsive systems results in
high empty weight., Cruise fue! requirements are high due to the hub
drag, Optimum disc loading to§ the shaft driven versions is approxi-
mately 3 1bs/sq.ft.; 4 1bs/ft < for the tip rocket and 5 1bs/sq.ft,
for the rocket turbine version, Optimum wing aspect ratio is approxi-
mately 6 and operating wing 1ift coefficient is .5,

Retractoplane

Briefly, the basic concept of the retractoplane is one in which the
rotor is telescoped to a smal) diameter, stopped and retracted into

the fuselage after sufficient forward speed has been attained to support
the aircraft on wings while forward thrust is provided by propellers

or jets, Due to the telescoping and retraction features of the rotor,
the 1ifting system is heavier for the retractoplane than for the con-
ventional or compound helicopter, However, cruising fue! requirements
for the retractoplane are considerably less, resulting in Yower (than
the compound) required gross weight for this concept., The retractoplane
is the most competitive of the rotary wing concepts for fulfilling the

mission requirements,

Optimum disc loading for the shaft driven propeller turboprop retracto-
plane is approximately 6 'bs/sq.ft.; 7 1bs/sq.ft, for the tip rocket
version and 8 1bs/sq.ft, for the turbine rocket rotor, A high tip speed
Tow solidity rotor is most suitable, The optimum wing configuration

is that of high aspect ratio (AR = 8) and Yow wing Vift coefficient,

The requirement for unloading the rotor at moderate forward speeds was
primarily responsible for the low operational wing 1ift coefficients,
Consequently, cruising at altitude would be especially beneficial for

this design concept,
The turbojet versions of the retractoplane are considerably heavier due
to the high cruise fue! requirements, Cruising at altitude would reduce

the required take-off gross weight, The optimum design parameters are
approximately the same as for the turboprop versions,

CONFIDENTIAL
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Wp Power Plant Package
W Lift & Propulsive
Package
w Structures & Fixed
4
- Equipment Package
wCR Cruise Fuel
WHOV Hovering Fuel
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ROTARY WING CONCEPTS
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ROTARY WING CONCEPTS
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C. FIXED-WING CONCIPTS

1. Tivt-Wing Propeller

The tilting wing propeller concept appears to be the most spplicable
design in the fie'd of medium speed aircraft wherein the rotor-propellers
are used for both Vift in hovering and forward fiight thrust generation,
For this analysis a constant chord wing was assumed, resulting in con-
siderable increase in wing weight, Use of a tapered wing would be reflected
in Yower values for required take-off gross weight, At the specified mis-
sion cruise speed of 300 mph, optimum prope'ler disc loading is 68 1bs/
sq.ft, As forward speed is increased the optimum disc loading increases.
A high tip speed high solidity rotor-propeller is required, Wing opera-
ting 11ft coefficients are mecderate, The wing span is a function of
propeller diameter and number of propellers since the entire wing was
assumed to be immersed in the slipstream, Optimum wing aspect ratio is

approximately 7,

2, Tivt-Wing Direct Thrust Concepts

The tivting wing turbojet and by-pass turbojet concepts wherein the

entire engine-wing package is rotated from near vertical for VIOL to
nearly horizontal! for forward propulsion are not competitive for this
mission, The powerplant size and hovering fue' requireme:ts are primariiy
responsible for the resulting high values of take-off gross weight,
Cruising at altitude would resu't in a more competitive position for these

concepts,

3. Defilected Thrust Concepts

For this design concept, turbojet and/or by-pass turbojet thrust is assumed
to be deflected through 90° for VIOL, A 10% loss in thrust was assumed

for deflection, Due to this thrust loss, powerplant and hover fuel! weight
is increased resulting in sti1) higher take-off gross weights, Conse-
quently, these schemes are least attractive for this mission,

4, Vectored Lift

The vectored 1ift VIOL concept! wherein the propeller slipstream is de-
flected through large angles by means of full-span double flaps for VICL
cperation is competitive at the assumed cruise speed, Due to the losses
aysociated with deflection of the slipstream, the vectored 1ift concept
appears somewhat heavier than the tilting-propeller designs for true VTOL
applications, Optimum disc loading is approximately 55 Vbs/sq,ft, for
the 300 mph cruising speed. Wing aspect ratio, assuming Fowler flaps,

is about 7,

o Page 27
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Tilting Ducted Propeller

Vertical take-offs and tandings are accomplished by rotating shrouded
propellers through approximately 90 degrees. This VIOL concept is
competitive at the mission cruising speed, It is slightly heavier
than the tivt-wing propeller design due to the increased fue! con-
sumption associated with the shroud drag, Ootimum disc Yoading is
approximately 130 'bs/sq.ft,, assuming a four-propeller version,
Rotation of the inboard ducted propellers through 90° may present some
mechanical difficulties.

Special Hovering Turbojet

In this design concept, it was assumed that clusters of light-weight
turbojets would be mounted vertically for VIOL operations, The turbo-
jet cruise engines would be optimized for the cruising fright, With
these assumptions, this VICL concept is competitive at speeds of 300
mph or greater, However, there are twe disadvantages associated with
this design for the assault transportit mission, First, the hot exhaust
gases blasting downward for VIOL would probably create operational
problems., Second, due to high fue! consumption associated with these
light-weight hovering turbojets, the time spent in the VITOL regime
becomes an exceedingly important factor and must be limited to a matter

of minutes,

Brequet-Kappus

The Breguet-Kappus VITOL concept derives its vertical thrust from ducted
propellers submerged in the fixed wings, A hot gas generator of the
turbojet type is installed to either drive the ducted propellers through
special turbines, or to provide thrust in forward flight, through the
discharge of hot gases as in a conventional turbojet, This scheme would
obviously necessitate quite large wing areas in order to submerge the
propellers, Due to the low wing lToadings cruising fuel requirements

are quite high for sea level operation, Consequently, for a more real-
istic mission analysis, the Breguet-Kappus concept for VIOL would be
more competitive with the other high speed concepts, Optimum disc load-
ing at 300 mph is approximately 140 1bs/sq.ft, increasing to 200 1bs/
sq.ft, at the higher speeds,

Page 28
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Aerodyne

It has been assumed for analysis purposes, that the tota) thrust (both
1ift and forward thrust) is derived from the two shrouded propellers,

At speeds greater than 450 mph, the Aerodyne's competitive position is
clear’y superior to a'l the other concepts investigated, Two dis-
advantages, however, are associated with this design concept; first,
retiance on power for 1ift and second, dependence upon electronic devices
for stabivity, In an overal) evaluation, it shou'd be reatized that

the Aerodyne is best suited for low altitude operation due to its strong
dependence of power required on air density, Consequently, for a more
realistic mission analysis, wherein optimum cruising avtitude would be
selected, the other high speed VIOL concepts would be more competitive
with the Aerodyne, At 300 mph the optimum propeller disc loading is
approximately 80 Ybs/sq,ft, increasing to 275 1bs/sq.ft, at high speed,
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IV, WEIGHT TREND DATA *

&, INTRODUCTION

Since the purpose of ihis phase of the study is to indicate the competitive
position of the various VIOL concepts for a specified mission, the weight analysi:
has been geared to the prediction of accurate trends rather than detailed absolut:

values,

Furthermore, in keeping with the purpose of this study, weight trends have
been extrapolated to the 1962 "state of art", Consequently, in &an attempt to pro
ject progress in technology and materials to 1962, the trend weights reported her:
in are of necessity optimistic as compared to present day data, This approach to
the weight analysis is exceedingly important at this stage of investigation, sinc:
an inherent problem associated with VIOL aircraft is the high percentage of gross
weight represented by weight empty, As a result, in order to perform the specifi
mission, a concept approaching the borderline of practicality from a weight view-
point becomes increasingly sensitive to small weight variations in weight empty,
Therefore, the prediction of weights should be somewhat optimistic to prevent pre
mature elimination of such a concept from further consideration, The more promis
configurations that fulfill the mission requirements will be subjected to a more
detailed analysis to confirm and substantiate the accuracy of the initial investi

tion,

Development of weight expressions for VIOL aircraft has been based on the
premise that fixed wing and rotary wing weight trends, with adjustments made to
reflect special features and problems, could be combined to predict VIOL weight
trends, The design parameters for correlating weight trends have been selected
principally for this investigation, The parameters and formulae have been kept
as simple as possible, consistent with acceptable accuracy, for ease of calcula-
tion and conversion to basic aerodynamic parameters,

The general method of obtaining the weight trends has been to correlate actua
weights of various airplanes and helicopters with combinations of basic design psa
meters, In most cases, these statistics have been plotted on logarithmic graph p
to facilitate obtaining a trend and determining the correlating equation, The tr
equations were obtained in most cases by weighting the data considered most repre
sentative of efficient design and applying the method of least squares,

In the following sections weight trends are set forth for the various compone
groups and applied to the various VIOL concepts, (Summary charts showing the
application of these trends follow this page),

*Prepared by: R, Swan CONFIDENTIAL
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SUMMARY VTOL WLIGHT TRENDS - ROTARY WING CONCEPTS

EPN

Tandem Helicopter
Shaft Driven Rotors

with Propellers

Compound Helicopter Single Rotor

Convent ional BLC Shaft Driven Rotor Tip Rocket
Item Rotor Rotor Gas Turbine | Turbine Rocket Driven
Rotor
Rotor Group/Rotor
Blades 226x 063 (1.1) (226K06Y) | 226K 063 -
Hub & Hinge 92.4k933 [ (1.11(92.4x93)) | 92.4x0.53 -
.6 (LF) b3 F
Wing Group n—1.06 [4!.576, ur3'255+ 0.6t ): W T )]
Tail Group .01% .0Iw .029V 029w 019w
LI5X
Body Group —~— 1.7 [495»(0-34] ————— |26 [496,(0.34] -—
Alighting Gear® |-= .04wW -
Propulsion Grou - "

Rgtor P a2 Ve a2 Yup 51 Ve 09 Ve +360 | .145 Prurust
Props or Jets s */up .31 */up
Propellers — 2 *%/np o=
Drive System . ROTOR SHAFT

Ui 6101.6K)1067% | gi0(.6x)067T4 | 305x0 674 303Kk 0674
Rotor Drive s.01W
Prop. Sync, XMSN 130K-3 N
Prop, Sync, 5
Shafting 6.5k"L
Fixed Equipment®* | 2380 + .03w 2380 4 .03 |== 2380 4 0.35W =
Fixed Useful Load
Incl, Eng, Lub, j—= 2300 = 9050
Sys.**
Fuel & Fuel Syste g . = 8
Retor } 6.7 */caL .} 6.7 "/GaL 3.5.55 Jear (2s%/ue/nour |15 PTHRusThR
Props or Jets |J J J 6.65 */cAL 6.65 */GAL

* Retractable - Helicopter Design Criteria

** These values apply only for the gross weight range and mission of this study,
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SUMMARY VTOL WEIGHT TRENDS - ROTARY WING CONCEPTS

| % e ™~
~ ~~
~ Retractoplane Retractoplane
Single Rotor with Propellers Single Rotor with Turbojet Correlation
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SUMMARY VTOL WLIGHT TRLNUS-FIXLED WING CONCLPTS
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SUMMARY VTOL WEIGHT TRENUS-FIXZU WING CONCEPTS
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Rotor Hub and Hinge Weight Trend
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Three easily determined factors which affect the weight of the rotor
hub and hinge are gross weight, torque, and centrifugal force, Assum-
ing that the RPM in torque cancels the effect of RPN in centrifugal
force, the factors mentioned above are represented in the correlation
factor used in Figure Jv- | by gross weight, horsepower and rotor radius,

Since the plotted points fall on, or close to, the curve it is logical
to assume that the correlation factor contains a reasonable balance

of parameters, and that a reliable trend has been established, It is
interesting to note that the plotted points include the following
variety of rotor systems: teetering two bladed single and tandem
rotors; fully articulated four bladed single rotors; and fully articu-
lated three bladed tandem and laterally dispcsed rotors, Some of the
weights were taken from relatively old and obsolete helicopters,
particularly the laterally disposed rotors, but the majority are from
aircraft presently in use or advanced models,
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2. Rotor Blade Weight Trend
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The rotor blade weight trerd indicated by Figure Jy-orepresents the
best correlation obtained from various combinations of the parameters
effecting blade weight, Further study as to the individual effect on
blade weight of each parameter within the correlation factor probably
would permit a decrease in the scatter of the plotted points; however,
the present trend is sufficient for its intended purpose, The wider
scatter of blade weight as compared to hub and hinge weight may be
attributed to variations in method of blade construction, and more
pronounced differences in design philosophy and manufacturing techni-
ques of various manufacturers, For example, two single rotor blades
produced by the same manufacturer represent a line approximately
parallel to but heavier than the trend curve, while several tandem
rotor blades produced by another manufacturer fall on or close to the
trend curve,
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Application of Trends

Conventional Helicopter Rotors

The trend equations were used directly,

Helfcopter with Boundary Layer Control

The boundary layer control proposed is of the circulation control or
blowing type which would be accomplished by utilizing the centrifugal
pumping action of the blades, eliminating the necessity and resulting
weight penalty of special blowers, "he additional power requirement
will be supplied by the helicopters' main engines thus eliminating

the need for an auxiliary power unit, Based on a boundary layer control
program presently under development by this contractor, it has been
estimated that this type can be built into the rotor system for a rotor

group weight increase of 10%,

Retractable Rotor

This rotor would consist of a partially telescoping blade which could
be retracted inside the fuselage of the helicopter after its rotation
has been stopped and sufficient forward speed has been obtained to
fully unload the rotor, Preliminary design studies on this type sys-
tem have shown an estimated weight increase of approximately 38X over
the weight predicted by the trend curves, However, in this study the
trend curve weight has been increased by only 20X to allow for a more
efficient design as the state of the art progresses,

Tip Rocket Driven Rotors

The addition of tip rockets and their fuel lines to a conventional rotor
blade would result in a relatively small weight increase, The added
complexity of the hub and hinge occasioned by the fuel delivery and
control problem would also cause a weight increase, However, the
elimination of the rotor driving torque from the hub and hinge would
result in a weight decrease, Therefore, it has been assumed that these
changes would counterbalance each other and there would be no overall
weight change within the accuracy of the study, As a result, the weight
from the trend curve has been used without adjustment,
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CONFLUENTIAL

PROPELLER

1, Conventional Propeller Weight Trend
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Horsepuwer

The correlation of conventional propeller weight with take-off horse-

power was considered sufficiently accurate for this study, Figure IV-3
indicates direct propeller weight variations with horsepower from

0,35 to 0,15 1b, per HP, For use with the compound helicopter and
retractoplane versions a value of 0,2 1b, per HP has been used, Although
this weight is somewhat below the muthematical average, it is in accordance
with the intent of this capability design investigation,
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Flapping Prop .. .r Weight Trend

Flapping Propeller Estimated Weight Trend
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At the present time there is no weight information available for a
flapping propeller of the size and capacity required by the VIOL air-
craft under study, In order to estimate a trend for such a propeiler
both conventional propeller weights including their pitch ccrntrol
mechanism and helicopter rotor group weights per rotor including their
upper controls, were plotted against the same correlation factor (Fig.IV-4)
In this plot, propellers represent the heavy weight while rotors the
light weight extremes, It seems reasonable to assume that the weight
of an air screw that is neither a propeller nor a rotor but is a
combination of the two, will fall somewhere between the two extremes,
The reduction of bending stresses in the propeller blade and hub
resulting from utilizing flapping hinges and the elimination of pro-
peller pebble damage criteria, makes possible a lighter system as
compared to a conventional propeller, With disc loading much higher
than normal for a helicopter rotor the weight probably would tend to
increase over that of a conventional helicopter system, Following this
reasoning, in the absence of any detailed design data, the flapping
propeller trend has been conservatively assumed to fall approximately
halfway between the prepeller and rotor trends,

This estimated weight trend has been used for VTOL aircraft assumed
to have a flapping propeller, such as the tilt-wing and vectored lift
concepts,

The tilting ducied propeller, Breguet-Kappus, and the Aerodyne concepts
are assumed to utilize non-flapping, high solidity, multi-bladed
propellers, The weight trend for a propeller meeting these requirements
has been estimated to be equivalent to the conventional prepeller trend
shown in Fig, IV-4, increased by 25% to reflect a more complicated hub

and pitch control mechanism, 1In addition, the ducted propeller shroud has
been estimated to weigh 2,0 Tbs, per square foot of shroud area,
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D.

NING GROUP

1. NWing Weight Trend

CONFIIENTIAL

Several wing weight prediction methods wecre investigated in searching
for an expression that was simple, reasonably accurate, and applicable
The zxpression

to the calculation methods utilized in this trend study.
selected which meets these requirements is derived by C.R, Englebry
and is shown beiow with some symbols changed to agree

in Ref, 8

with the usage in this report,

Way = 41.57 C;S &)

An average value for conventional airplane aileron and flap weight is
This percentage has been added to Mr, Englebry's equations for

9% WBW.

%

+0,6WNb° @) TR +f

Where Wgy = Wy, less ailerons and flaps

comparison with weights calculated from other expressions and the actual
weights for various aircraft as shown in Figure IV-5.

FIGURE IV-5

WING WEIGHT COMPARISION

ITEM WING WEIGHT
GROSS WEIGHT 150, 000 120,000 64,000 48,700 45,000
SPAN FT 117 141 109 104 93
ASPECT RATIO 8.5 11,4 8.3 7.6 10.0
Lbs, Lbs, Lbs, Lbs, Lbs,
%Error* | %Error %Error %Error %Error
ENGLEBRY'S 11,310 13,300 6,710 5,750 4.590
Wgw x 1,09) +5,3 25| -2.5 -3.3 -6.1
KELLY'S [ 12,800 13,100 8, 066 6,381 4,949
(From K,D, Wood) +19.0 -4,0 +17.2 +7.3 +1.3
RYAN'S 11,473 11,787 7,083 5,785 4,452
(Based on Kelly's +6.8 -13.6 +2.9 -2,7 -8.9
DRIGGS 10,106 10,618 6,619 5,611 3,960
(Based on K,D, Wood)] -5.9 -22.2 -3.8 -5.6 -19.0
MCWHORTER'S 10,290 11,939 7.100 5,918 4,735
-4.3 -12,5 +3,2 -0.5 ~3.1
ACTUAL 10,745 13,640 6,880 5,946 4,887
0 0 0 0 0
* Based on Actual Weights,
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Application of Trends

Assuming that in general a VIOL aircraft will not need the large flap
area that a conventional aircraft requires for take-off and landing,
only 6% Wgy has been added to allow for the VIOL's basic aileron and
flap requirements, Therefore, the wing weight is equal to 1,06Wgy,
Application of this general rule to the particular cases and some
possible exceptions are discussed below,

Compound Helicopter, Retractoplane, and Deflected Jet Thrust

These aircraft will use a conventional wing with only moderate flap
requirements, which can be represented by the basic wing weight trend

without further adjustment,

Tilting Wing

The basic wing weight has been increased by 20% to allow for the struct-
ural requirements, hinges, actuators, and tilting mechanism, necessary
to rotate the wing through 90 degrees in converting from vertical to

horizontal flight and vice versa,

Tilting Ducted Propeiler

An increase of 10% Wpy has been estimated to reflect the necessary
structurai beef-up and complication to permit tilting the propellers,

Vectored Lift

To realize vertical flight by means of vectored slipstream requires large
and complex double flaps and possibly a supplementary cascade arrangement,

It has been assumed that this can be done for an increase of 20% Ww.

Brequet-Kappus

This system requires large cutouts in the wings which must result in a
weight penalty, This weight increase caused by structural beef-up and
complication is represented by an allowance of 30%W,.

Aerodyne

The weight of the shroud and vanes, which replace conventional wings in

this aircraft, has been assumed to be 2,5 pounds per square foot of shroud

surface area,
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Empennage Weight - 1lbs,

WT =

E.

CONFTIENTIAL

TAIL GROUP

1, Helicopter Tail Weight Trend

A review of present day tandem rotor helicopters has revealed that an
adequate horizontal and vertical tail may be built for 1% of gross
weight, A single rotor helicopter tail weight, including the anti-
torque rotor and drive system as well as the stabilizing surfaces
averages out to about 2% of gross weight,

2, Airplanes Tail Weight Trend

3000 10000 100000 30000V
W = Gross Weight - 1bs,

The plot of empennage weight vs, gross weight (Figure IV-6) of many
airplanes reveals that empennage weight for airplanes may be reasonably
expressed as 1, %% of gross weight,
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Tandem Helicopters
Average tail of 1% of qross weight has been used without adjustment,

Compound Single Rotor Helicopter

2.9 of gross weight has been estimated for the shaft driven rotor
versions of this aircraft to reflect an anti-torque rotor in addition
to stabilizing surfaces that must be capable of withstanding the for-
ward speeds associated with this concept,

Utilization of a tip rocket driven rotor obviously eliminates the need
for an anti-toraue device, hence an allowance of 1,9% gross weight has
been made for the tail group weight for this configuration assuming

that its tail design would closely approach that of a fixed wing aircraft,

Retractoplane

The retractoplane in forward flight is fundamentally a fixed wing air-
craft, therefore its tail group weight has been assumed to consist of

1. 9% qross weight for its stabilizing surfaces plus an additional 1,1%
gross weight for an anti-torque rotor giving a total of 3.0% gross weight
as the total tail group weight for the shaft driven rotor design, In the
case of a tip rocket driven rotor no anti-torque device is necessary,
therefore, only 1,% gross weight has been used,

Fixed Wing VTOL Concept

It has been assumed that for every concept of a fixed wing VIOL under

wils e v owome form of nosiiive control force is needed in the tail
Qs ve cat and transyiron fhight, In oaddition to this, 8 conven-
tiond! Craed wing type of empenvage is required, In order to meet these
veirenents 3% of qross weight has been estimated for the tavl group
we g, assuming that the necessary control force can bhe supplied by
contrul wiits weighing about 1, 1% gross weight,
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F. BODY GROUP

1., Body Group Weight Trend

ODY GROUP WEIGHT IN LIS,

Fig., IV -7

1 10 100 1000 10000

Wp

The body group weights of various fixed wing aircraft plotted against
gross weight squared times fuselage surface area (Figure IV-T7) yields
an acceptable trend, The scatter of points should be expected con-
sidering the wide variation in purpose, design parameters, and
construction details of the airplanes represented, This trend has

been used as the basis for body group weights for each VIOL concept
presently beiny scrutinized, with necessary adjustments made to satisfy

individual special requirements,
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Application of Trends

Helicopter

The fixed wing body group trend has been increased by 70X to allow for
the fore and aft body loads associated with a tandem rotor fuselage,
The resultant weight 1s approximately 1X gross weight lighter than
present day helicopters, which are much smaller tkan en 2ircraft which
could perform the mission specified for this study, It is reasonable
to assume that the body group weight will become a smaller percentage
of gross weight as size and gross weight increases,

A single rotor helicopter fuselage more closely approaches that of a
fixed wing aircraft, however, the rotor transmission and its associated
torque must be contended with, Therefore, the trend of Figure IV-~-T has
been increased by 26X, In ths case of a tip rocket driven rotor an
increase of only 15X was added to the basic trend,

To allow for the requirements of retracting the rotor inside the skin
line of the fuselage for the retractoplane versions, the trend weight
has been increased by 33X for the shaft driven rotors and 21X for the

tip rocket driven rotors,

Fixed Wing Version

The trend curve has been used directly for all fixed wing versions for
they all have basically a conventional airplane type fuselage,

6.  ALIGHTING GEAR GROUP

1

Page 48
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Alighting Gear Weight Trends

Present day non-retracting helicopter alighting gear weighs an average
of 3,5% gross weight, It is estimated that a retractable helicopter
type gear can be built for an additional 0,5% gross weight giving a

total of 4% gross weight,

Application of Trends

Assuming that these VTOL aircraft will be landing as a helicopter, the
abovementioned 4% of gross weight represents alighting gear weight for
every concepi, except the tilting wing turboprop and the vectored 1ift
versions, An allowance of 4,5% ¢ross weight has been used for the tilt
wing-propeller version bacause the gear probably will not be installed
on the wing making a longer than normel alighkting gear necessary, The
vectored slipstream version requires a rather steep angle between the
fusslage and the ground, necessitating an unusually high alighting gear,
An allowance of 6% gross weight was made to fill this requivement,
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PROPULSION GROUP

The propulsion group includes the following items: engine section;
engine; engine accessories; power plant controls; starting system; and
0il cooling system, In the following discussion these items will be
referred to collectively as "installed weight,” The application of the
various propulsion group weights may be seen in the summary charts on

pages 34 through 37,
Gas Turbine - No Propeller Reduction Gearing

Present day installed weight averages 0,56 lbs,/HP, The engines alone

weigh 0,33 1bs,/HP leaving 0,23 1bs,/HP for the remaining installation
items, It is predicted that, by 1962, these engines will weigh 0,24 1bs,/HP
Assuming engine size for a given horsepower will decrease and the develop-
ment of more efficient starting systems, the installation weight has been
reduced in the same proportion as the engine weight giving a total installed

weight of 0,42 1lbs,/HP,

Gas_Turbine - Propeller Reduction Gearing

It is estimated that by 1962 a turboprop engine will weigh approximately

.33 1bs,/HP, Assuming the same installation weights as used above, the

total installed weight will be 0,51 lbs,/HP, For the Breguet-Kappus

concept the installed engine weight has been increased by 10X, to allow for
the ducting and valves necessary to channel the exhaust from the gas producer
either to the propeiler turbines, or straight aft for forward propulsion,
This results in an installed weight of 0,56 1bs,/HP,

The tilting ducted propeller and the Aerodyne are assumed to have 3 or more
adjacent engines, Therefore, the engine weight has been increased to
.53 1bs,/HP, to allow for a common mixing gear box,

Turbo-jet

A non-augmented turbo-jet engine has beecn assumed to weigh 0,208 1bs,/lb,
thrust by 1962, The installation weight has been estimated to be 1/3 of the
engine weight giving a total installed weight of ,277 1bs,/lb, thrust,

For the deflected jet thrust concept, an additional ,013 1bs,/lb, thrust
has been estimated for the thrust deflecting mechanism, This gives a total
of 0,29 1bs,/1b, thrust for total installed weight,

Turbine Rockets

Based on information from Ref, 1 the installed weight of turbine rockets,
including fuel system, has been assumed to weigh ,09 lbs,/HP plus 360 1bs,

per engine,
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Rotor Tip Rocket

Based en Ref, 1 rotor tip rocket has been assumed to weigh 0,145 1bs,/1b,
thrust, including the fuel sysiem,

¥

Low Specific Weight - Short Life Turbo-jets

It has been assumed that engines designed for vertical flight and hovering
only and installed in clusters could be built for approximately 0,09 1lbs,/1b,
thrust for the engine slone plus an additional one third of the engine weight
for installation, yielding a total installed weight of 0,12 1lbs,/1b, thrust,

By-Pass Turbojet

This engine, commonly referred to as a "ducted fan", is estimated to weigh
0,23 1bs, per 1b, thrust, The installed weight is assumed to be 0,306 1b,
per lbs, thrust, allowing 33% for installation weight, For the deflected

thrust concept this weight has been increased to 0,345 lbs, per 1b, thrust
to include the weight for a deflection device.
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I, IRIVE SYSTEM

1. Rotor Drive System Weight Trend
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For simplicity and ease of calculation the entire rotor drive system
weight per rotor has been correlated with take-off horsepower and

rotor RPM, in lieu of investigating the various component transmissions
and shafting separately, By using weight and design horsepower per
rotor, both single and tandem vrotor helicopters can be included in the
same trend expression, For tandem helicopters it has been assumed

that each rotor is designed to absorb 60% of the total available
horsepower, Although both reciprocating engine and gas turbine
powered systems are plotted in FigureIv-8 the trend has been deter -
mined primarily by gas turbine systems, because reciprocating engines
will not be used in any of the VTOL concepts, The drive system includes
all components necessary tc¢ reduce the turbine speed down to the rotor
RPM including the rotor drive shaft, It does not include the anti-
torque transmissions or shafting which are included, when necessary,

in the tail group weight,
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CONFILENTIAL

Propeller Synchronizing Shafting and Transmissions Weight Trend

0 10

. 1.
K= iibg + (g

In Figure [V-91the weight of rotor synchronizing shafting, couplings
and bearings from tandem helicopters have been related to the torque
transmitted, torque beiug represceuted by horsepower divided by shaft
RPM, It has been assumed that propeller synchronizing shafting, when

needed, will follow this trend,

To estimate the gearing necessary to connect this shafting to the pro-
pellers, a line having the sume slope as the synchronizing shafting
trend was drawn through the plot of three tandem helicopter intermediate
transmission weights vs, horsepower divided by RPM, To better adapt
this trend for use in this study it has been reduced by 25% to reflect

a two gear transmission instead of three gears as contained in the
intermediate transmissions investigated, The resulting expression is:

wSX = 130 (HPX4I%Q0'” x No, Transmissioas
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Application of lTrends

Rotary Wing Coucepts

A 4,5% reduction in the present trend weight of the rotor drive
system has been made to reflect the "state of the ari' in 1962, With
this reduction, the equation of the drive system becy es, for tandem
helicopters:

0,674

Wp = (305 x 2) (0,6 WPy +0 1) and

for single rotor compound helicopters:

Wp = (305) (ipp =R 074

Furthermore, for the retractoplane, the rotor drive ~-ight trend has
been reduced by approximately 12% to reflect the lirited life system
utilized by this aircraft, Accordingly, the expressicn for the
retractoplane system becomes:

The compound helicopter and retractoplane concepts powered by gas
turbines installed in the wing will require synchronizing shafting
and transmissions, Therefore the weight (Figure IV-?) of these items
must be added to the rotor drive weight,

The drive system of the tip rocket driven rotcrs only :onsists of a
rotor shaft and bearings, An estimate of O,lW has bee': based on a
review of rotor drive shaft weights of present day kelicopters, taking
account for the absence of driving torque but rememb:r 'ng that the
shaft must still transmit lift and control forces of tie helicopter,

Fixed Wing Concepts

Propeller synchronization is contemplated in the turbojrop tilting
wing, tilting ducted propeller, vectored lift, Breqi:t. Kappus, and
Aerodyne VIOL concepts, To account for this weight th¢- trends of
Figure IV-9 have been used, In addition to this, a we ght allowance
for propeller extension shafts is represented by the e:;pression:

This expression reflects the weight of helicopter ro.or drive stafts.
which have been designed by the rotor torque and bencirj moments impused
by various maneuvers, similar to the conditjons that wculd be imposed

on a VIOL propeller extension shaft, In retrospect, this expression
yields a weight that appears to be conservative (heavy) but is believed
to be withia the accuracy of this study,
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CONFILENTIAL

FIXED : JGIPMENT

1, Nejjat Trend

A ainimum of fixed equipment has been estimated to meet the require-
m:y's of the transport VIOL mission® Fixed equipment weight excluding
£11 ht controls has been considered constant for all the configurations,
A 1:st of the main items and their assumed weight follows:

Instruments 230 lbs,

Hydraulic System 350 1bs,

Electrical System 850 1bs,

Communicating 300 1bs,

TOTAL CONSTANT WEIGHT ;.’E
F’icht or surface controls for airplanes within the anticipated gross
wel(ht range of the study average approximately 1% gross, A reason-

al.i¢ estimate for helicopter controls, including a hydraulic boost
sistem, is 3% gross weight, Flight control weight trends for each

cincept will be based upon these two systems,

2, Aiplication of Trends

T:ndsm Helicopter

C.mentional controls equal 3% W,

Cmound Helicopter

Cimtination of airplane and helicopter controls are needed, Assuming
ti:at some portions of the system need not be duplicated, the weight is

e tinated to be 3.5% W,

B:ixactoplang
A conbination of airplane and helicopter controls plus rotor retracting
cont:ols is estimated to weigh 4,6% W,

Furnishing (no de-icing) 650 lbs, E

14]5.4ng Wing Turbojet and By-Pass Tucbine, Deflected Tugbojet gnd

F.:=l'ags_Tyrbine, Vectored Lift Turboprop, and Direct Jet Lift i
Cinvintional airplane controls plus 0,6% W for spacial control problems

giving a total flight control weight of 1,6% W, E

A

.
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Tilting Ducted Propeller, Breguet-Kappus, and Aerodyne

CONFIDENTIAL

Conventional airplane surface controls plus collective pitch controls
for the propellers, combine to give a weight estimate of 2,5X W,

Tilting Wing-Turboprop

The weight of this control system is assumed to be the same as the

Brequet-Kappus with an additional O,1% W to allow for controlling the

tilt of the wing,

ENGINE LUBRICATING SYSTEM

In order to simplify the trend calculations the engine lubricating system
has been assumed to weigh 500 lbs, for all engines except tip rockets,
Although this weight would in fact vary, the error introduced by this
assumption is relatively small and will have a negligible effect on the

trends,

USEFUL LOAD LESS FUEL

All useful load items, except for fuel and trapped liguids have been

The trapped liquid weight has been varied

to reflect the difference between reduction gear box 0il requirements

The useful load less fuel breakdown is shown

assumed to remain constant,

for various configurations,
in Figure IV - 10,

USEFUL LOAD LESS FUEL
Rotary Wing VIOL Fixed Wing VIOL
Shaft Tip Rocket Turbo-Jet
Driven Driven Turboprop | Ducted Fan
Item Rotor Rotor Types Etc,
Crew (3) 600 600 600 600
Trapped Liquids 850 400 650 500
(Trapped Fuel & 0il,
Reduction Gear Box
0il & Engine 0il)
Payload 8000 8000 8000 8000
Miscellaneous 50 50 50 50
USEFUL LOAD LESS FUEL 9500 9050 9300 9150
FIG, IV - 10 - USEFUL LOAD LESS FUEL
Page ©
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FUEL AND FUEL SYSTEM

For gas turbine and turbojet engines, JP-4 fuel weighing 6,5 pounds per
gellon has been used. Fuel systems for these engimes sre ssswmed to |
weigh 0,2 lbs, per gallon for fuselage mounted tanks and 0,15 lbs, per

gallon for wing tanks,

Fuel weight for the tip rockets has been computed from the fuel consumption
Similarly, fuel

of 15 pounds per pound thrust per hour (see Figure V - 13)
weight for the turbine rocket engines has been based on a fuel consumption
- 17) The fuel sys-

of 8)% pounds per shaft horsepower per hour (see Figure ¥
tem weight for both these systems has been included in their propulsion group

weight,
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V. POWER PLANT TREND DATA

A, INTRODUCTION

Since the performance and therefore the competitive position of VIOL aircraft
is dependent to a large extent on low specific fuel consumption and low specific
weight power plants, the need to predict future power plant design trends accurately
is exceedingly important for this type of study, Power plant performance repre-
sentative of the state of the art of the year 1962 is used for the VIOL transport
study, Figure V-1 presents predicted 1962 state of the art performance and weight
data for various engine types considered for this study, Performance and weight
data for various current, development and study engines has been obta@ngd from
cognizant engine manufacturers and is listed in Figure V-2, The specific fuel
consumption and specific weight of representative shaft turbine, turbojet and
ducted fan engines is plotted against the date of availability to allow the con-
struction of curves representing the trend of technelogical improvement from which
predicted 1962 values are obtained, The reduction of available power for operation
at a pressure altitude of 6000 feet and at an ambient temperature of qs.degrees F,
represents an average of the estimates obtained from representative engine manu=
facturers. Figures V-5, V-8 and V-11 depict the average ratios of part load spe-
cific fuel consumption at various flight speeds to static military rating.for a
typical shaft turbine, turbojet and ducted fan engine respectively. Predicted
rocket-on-rotor and propellant turbine power plant performance estimates were
obtained from Reaction Motors (Ref,1 ). The reciprocating engine is not considered
as a candidate power plant for this study due to its bulk, installed weight and
development stagnation,

FIGIRE V-1
Shaft Turbine Tmel 2450%
Geared Direct over 1 Thrust Thrust By-Pass Rocket Propellant
approx, approx, after non- non— Turbo- on Shaft
1000 RPFM 10500 RPM -burner augmented sugmented Jet Roter  Turbine
Specific Weight (%/SHP Mil,) .327 .238 .09
) + 360% per
Specific Weight (S/ESHP Mil,) .309 .226 engine
Specific Weigkt (®/® Thrsst TO) .174 208 .10
Specific Weight (%/% Thrust Mil,) .264 .208 Jo 230 145
Specific Feel Con, (®/SHP Mil/br.) .500 .500 8.5
Specific Fvel Con, (®/ESHP Mil/br,) 474 474
Specific Fuel Con, (%/% Thrust TO/hr) 1.50 798 .91
Specific Fwel Con, (3/% Thrust Mil¥hr) a2 .798 91 .,590 15,0
% Power Available at 6000' at 95°F oT% 67% 2% % % 70X 100% 103%
Part load Fwel Conswmption — See Fig, v-5 V-5 V-8 v-8 V-8 v-11 v-14 v-18
Page
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FIGRE V-2
ENGINE SUMMARY LIST {
Specification Engine
or Take-off Nilitary We tyht Military Dute of
Manulacturer Type Model No, Report Numher s sie Pounds SFC Avallability {
Allison Shaft XTH-A-3 374-A 1000 1000 1240 . 600 1954
Turbine TAU-A-b6 J00- e 6302 5302 2064 L, 603 Jaan 1954 O
YING-A-1 276-F o Joi7 1575 L6l6 Jan 1955 o -
Y%~ A-S 391 3490 RED )] 1120 .00 Oct 1956 L] '3
THO-A- ) 339-1 3460 34,0 1045 L5605 Jan 1955 e i
501-00 3771-8 3755 3755 1660 501 Mar 1957 * a -
500-C14 Ju2 %10 7510 3150 5060 36 MHGA .
500-C)5 3 6920 6920 3300 585 48 WCA
All{son 550-131 394-A 5200 5200 2150 .500 Sept 1959 Iy
Proposed Twin Spool Proposed 5930 5930 2150 .54 Sept 1959 .
i
General Electric XTH0-Gr-2 St~ | o4 1024 325 , 060 Summer 1956 ® a
Pratt € Whitney T-34 3529 5500 5300 2590 .69 1953 =
Pratt & Waltney T-57 13340 13340 6600 . 606 Dec 1958 . §
We st inghouse RBIOY TSIM49 4020 3200 1650 515 1958 . -
Lycoming XT55-1-1 127,1 1595 1458 600 707 Dec 1957 * 3
Shaft '¥
Curtiss-Nright Turbine  YT49-w-1] B875-E 8500 8500 4466 , 803 Current H
2
(® Thrust) (*Thrust)
General Electric Ducted X64 RS4AGT106 32900 16900 5100 ,619 unknown
Fan XU4A RS5ACT22 17400 17400 4300 .593 Jul 1959 ) '%'
Curtiss-Nright WTFA4 AC-T15A 32000 18000 7000 . 640 1960 ‘7
wI'bS AC-216A 19200 19200 5500 . 606 1960 L4 -
Westinghouse R.Co, 7 TS0 568 13600 12002 3731 722 1957 .
Duc ted PD42-~1 16600 16500 3550 . 690 1961 & 5
Fan PDI2-2 WAGT £42,2,1 27200 16000 5425 L715 1962 ]
Alllson Turbojet J71-A-2 361-C 14000 9450 4869 955 Jul 1955
JT71A-9 350-4 %570 %.0 4090 .880 Kay 1954 #
J7i-A-11 J6i-8 9700 9700 4090 . 880 Apr 1955 b
600-1344 403 13600 9500 4690 . 900 Apr 1957 b 3
T700-P00 0000-HPD-X)2 18000 12000 J280 825 unknown O
T00-PUY 0000-1#D-X12 37500 26000 1320 .825 unkaown ®
. T
General Eleciric JH7-GE-15 E-582 6000 5200 2515 1.130 1949 . g
J4T-Gl-2 E-591-8 5910 5620 2512 1,028 1951 e [
JT3-G-3 8920 KI T 917 1952 e -
J79-3 RS3JAGTTH 14360 9300 3265 ,860 Sept 1956
J79-216 RS5AFT400 15600 10000 3255 .839 Jul 1957 * b -
JT9-207 RSHAGTS T 18000 12000 3500 834 Jul 1959 o
NX2273 RS SES 2450 2450 231.4 .910 Spring 1967
SJ-110-C1 R555E19 3520 2470 37 .99 Nov 1957 -
Genecal Electiric $3-110-C3 R558E19 21 2470 333,10 .99 Nov 1957
Pratt & Whitney J57-1 1680 12500 11200 3790 L7758 Fall 1956 3
J87-2 1690 13750 11200 3065 175 Susmer 1957 {
J57-20 1681 17200 10950 4720 .810 Apr 1957
J75-1 1660 15000 15800 5300 770 Mar 1957 b
J75-24 2604 23500 15500 6100 , 800 Mar 1957 L
J75-21 5900 25000 16500 830 Aug 1958 i
Pratt & Whitney J52 A/l Tast, bk, 11000 7250 2750 .820 1960 > {
Pratt & Whitney J52 7800 7600 2000 820 1960 o) L
Curliss-Wright JUH-W-a NUYO- A 7700 17700 2760 915 1955 '
JOH-w-6 NOYY 11000 1600 3485 ,930 Jul 1956 L
J65-w-7 8O-k 1955 ¢ b ’
Weat inghuuse P30 WAGTZ20-C 6075 6075 1425 860 1967 e (
PIXsS-2 WAGT)2013-1 10000 6800 1960 , 950 1958 *
Fulrehild FIL0BA 299 2450 2450 35 . 940 unknown b
FEIOOL 301 3650 23060 415 L0 unknown
L]
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B, SHAFT TURBINE ENGINES

1., Specific Weight Trend

_ @ S/ESHP MIL.

-
Héduqtioq Génr

i

£

SPECIFIC WEIGHT

: i e e B e
out Eaductin: Gear A

- - ——

1952 1954 1956 1958 1960 1962 1964 1966

ESTIMATED YEAR QUALIFIED ENGINE AVAILABLE

Figure V-3 presents specific weight trend curves for shaft turbine
engines with reduction gearing to provide a shaft speed of approxi-
mately 1,000 RPN and for direct drive turbines with shaft speeds of
approximately 10,500 RPM, The specific weights of typical shaft
turbine engines as indicated by an asterisk (*) in Figure V-2 have
been plotted against the year in which these engines are scheduled
to complete their qualification testing,
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2, Specific Fue) Consusption Trend
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ESTIMATED YEAR QUALIFIED ENGINE AVAILABLE

Figure V-4 presents specific fuel consumption trend curves constructed
by plotting specific fuel consumption values of typical shaft turbine
engines as indicated by an asterisk (*) in Figure V-2 against the year
in which these engines are scheduled to complete their qualification

testing,

The most advanced shaft turbine engine for which performance and weight
data was obtained is the Allison twin spool 550 Bl for which specifica-

tion number 394-A reports the following preliminary performance based i
on military power at sea level static conditions: i
Dry weight with reduction gear (1,000 RPW) 2,150 1bs, 3
Dry weight for direct drive engine (10,500 RPM) 1,575 1bs, i
Equivalent shaft horsepower 5,500 :
Shaft horsepower 5,200
Specific weight with reduction gearing (1b,/SHP) .413 I
Specific weight for direct drive engine (lb,/SHP) .303 i
Specific fuel consumption (1b,/SHP/Hr) .508
Scheduled date of production availability Sept, 1959 E
1

For the purpose of this .study it was assumed that, should a military

requirement exist, a twin spool shaft turbine engine similar to the 5§50

Bl could be developed in the same period of time for the same weight {
which would realize a 14% power growth at the expense of a 3% increase

in specific fuel consumption, The values of specific fuel consumption

and specific weight of this proposed engine have been used a control '
points for the trend curves in Figuces V-3 and V-4,
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3, Part Load Fuel Consumption Trend
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Figure V-5 represents the ratio of part load specific fuel consumption
at the noted flight speeds to static military power specific fuel
l consumption as a function of the ratio of part load power at thes
flight speeds to static military power for a typical shaft turbin
engine, These curves were constructed as averages of these ratios
l for the shaft turbine engines indicated by an "a" in Figure V-2,
I - Page 61
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Power Vurjation with Altitude & Ambjent Temperature

The power avajlable at a pressure altitude of 6,000 feet and an ambient
temperature of 95°F of a typical turboprop engine has been selected

as 67% of sea level power rating, This selection was based on the

following data from engine manufacturers: 1

CONFIDENTIAL E
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66,3% to 66,9% -~ Allison Division of General Motors Corp. S
65.7X% to 68,2% —- General Electric Corp,

65% to 70X —- Lycoming Division of AVCO Mfg, Corp, [] 8
67,5% -~ Westinghouse Electric Corp,
60% to 65% ~- Continental Aviation & Engineering Corp.
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l C.  TURBOJET ENGINES

CONFIDENTIAL

1. Spe-ific Weight Trend

SPECIFIC MEIGHT

1950 1954 1956 19586 1960 1962 1964
ESTIMATED YEAR QUALIFIED ENGINE AVAILABLE

Figure V-6 presents specific weight trend curves for non-augmented
and afterburner equipped turbojet engines, The specific weights of
typical turbojet engines as indicated by an asterisk (*) in Figure
V-2 have been plotted against the year in which these engines are
scheduled to complete their qualification testing,

The values of specific fuel consumption and specific weight of the
General Electric J79-X207 single rotor, high pressure ratio turbcjet
engine, which is scheduled to complete its qualification testing in
1959, have been used as control points for Figures V-6, V-7, and V-8,
General Electric has estimated the weight and minimum sea level,
static performance of this engine as follows:

: Net SFC

Rating % RPM Net Thrust Pounds 1bs/hr/1b
Maximum 100 18,000 1,670
NMilitary 100 12,000 .834
Cruise 95 9,475 767
90 7,500 . 745
85 5,280 L1758

Weight with high auygmentation afterburner
Weight as a non-augmented engine

CONFIDENTIAL

3,500 pounds
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2, Specific Fuel Consumption Trend

! 'F
1 =
2400{%1{:?“-;%

—hr

\_.I\

[

1,100 e L4 I~ i |
—ZREHEAT ENG, MIL A/B OUT
AN, SN ROl | AT TR e 1
|

e /oot NP ARy s e e
@#/# THRUST MIL. (NON A/B) —
< ¥/® THRUST T.0, (A/B LIT)
® #/#% THRUST MIL. (A/B OUT)

SPECIFIC FUEL CONSUMPTION

] | i |
NON-AUGMENTED ENG, MIL,—

., B0V

1958
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Figure V-7 presents specific fuel consumption trend curves constructed
by plotting specific fuel consumption values of typical turbojet engines
as indicated by an asterisk (*) in Figure V-2 against the year in which
these engines are scheduled to complete their qualification testing,

The trend curve for the military power specific fuel consumption of non-
augmented engines was determined to be 2,7% lower than the trend curve
for the military power specific fuel consumption of reheat engines with
the afterburner out, This relationship was determined by averaging the
relationship for four engines (indicated by a "b" in Figure V-2) for
which both afterburning and non-afterburning model data was available;
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3. Part Load Fuel Consumption Trend
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Figure V-8 represents the ratio of part load specific fuel consumption

at the noted flight speeds to static military power specific fuel con-

sumption as a function of the ratio of part load thrust at these flight

speeds to static military thrust for the General Electric J79-X207 turbo-

jet engine, Page 68
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t Varjstion with Altitude & nt T ot

The thrust available at a pressure sltitude of 6,000 feet and an
ambient temperature of 95°F of a typical turbojet engine bas been
selected as 72X of sea level power rating, This selection was
based on the following data from engine manufacturers:

72,5% — Westinghouse Electric Corp,
72% — Continental Aviation & Engineering Corp.

77..5% — General Electric (J79 engine)
T72,5% — General Electric (MX2273)
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D, DUCTED FAN (BY-PASS TURBOJET) ENGINES

Rand report number R-269 entitled "Performance, Weight, and Size Relations
for a Family of Turbofan Engines with Exhaust Mixing” proposes the following
characteristics for three non-afterburning, mj xed-exhaust turbofan engines based
on representative values attainable by engines which wer& in the development stage

during early 1954:

s s

Rand R-269 figure number 89 93 97
Mach No, = 0,8 at design by-pass ratio 0,75 0,4 0.6
35,332 ft, and normal power design pressure ratio 12,0 16,0 16,0
Altitude S. by S.L, S.L,
Flight speed static static static
Weight = pounds 3220 3087 3129
Nilitary thrust = pounds 10000 10000 10000
Specific weight = pounds/pound military thrust 322 . 309 .313

Specific fu~l consumption = pounds/pound militarv 458 .616 512
thrust/hr,

1, Specitic Weight Trerd

SPECIFIC WEIGHT

1954 1956 1956 1960 1902
ESTIMATED YEAR QUALIFIED ENGINE AVAILABLE
Figure V-9 presents a specific weight trend curve for non-augmented
ducted fan engines, The specific weights of typical ducted fan engines
as indicated by an asterisk (*) in Figure V-2 and for the three proposed

engines from the Rand report have been plotted against the year in which
these engines should complete their qualification testing,
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SPECIFIC FUEL CONSUMPTION
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Specific Fuel Consumption Trend

ESTIMATEU YEAR QUALIFIED ENGINE AVAILABLE

Figure V-10 presents a specific fuel consumption trend curve for non-
augmented ducted fan engines, Specific fuel consumption values for
typical ducted fan engines as indicated by an asterisk (*) in Figure V-2
and for the three proposed engines from the Rand report have been plotted
against the year in which these engines should complete their qualifica-
tion testirng,
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Part load Fuel Consumption Trend

20 ~0 60 80 100
THRUST/THRUST MIL. STATIC %

Figure V-1l represents the ratio ¢f part load specific fuel consusption
at the noted flight speeds to static military thrust specific fwel con-
sumption as a function of the ratio of part load thrust at these flight
speeds to static military thrust for a typical ducted fan engine,
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CONFILENTIAL
4. Thrust Variation with Altitude & Ambient Temperature
The thrust available at a pressure altitude of 6,000 feet 23d an
ambient temperature of 95°F of a typical ducted fan engine has been
selected as 70X of sea level thrust rating, This selection was based
on the following data from engine manufacturers:
70% ~- Continental Engineering and Aviation Corp,
70% — Westinghouse Comvay R,Co, 7
84% —- Westinghouse PD42-]
68, 7% — General Electric X84A
E. GENERAL
The use of turbojet or ducted fan power plants for direct 1ift VTOL
transport aircraft presents a serious disadvantage for assault transport
aircraft, The high velocity, very hot, (over 1000°F) exhaust wake must
be positioned or deflected toward the earth for take-off, landing or
hovering flight, This condition would:
1. Prohibit the use of this aircraft for take-off and landing operation
on most surfaces,
2, Probably require deflecting the exhaust or stopping the engine during
an expedited pick-up of personnel or cargo,
3. Probably require the use of fireproof material on the under side of
part of the fuselage and/or wing,
4, Present & fire and turbulence hazard to the aircraft and ground
personnel,
5. Restrict the use of the aircraft for retrieving personnel or cargo
by hoist while in hovering flight,
6, ‘Turbulent exhaust wake may foul and heat the intake air as well as
setting gravel in motion for compressor ingestion,
Page Tu
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WEIGHT OF THRUST UNIT, LBS.

CONFIENTIAL

ROCKET ON ROTCR SYSTEM

The following {uformation and performance curves on rocket on rotor pro-
pulsion systems have been cbtained for this study from the Engineering
and Research Division of Reaction Motors, Inc,, Denville, New Jersey,
This information is applicable to both monopropellant and bipropelliant
systems except where noted, Included among the monopropellants, which
were considered are catalytically decomposed monopropellants typified

by hydrogen peroxide, and thermally decomposed monopropellants typified
by normal propyl nitrate, The bipropellant systems considered applicable
are those having simple, dependable ignition characteristics as typified
by hydrocarbon fuels with hot, oxidizer rich gases from the decomposition
of hydrogen peroxide,

1. Specific Weight Trend
12

200 A 800 1000
RATED THRUST, LBS,

The dry weights of current typical ROR thrust units are shown i
Figure V-12 as a function of rated thrust, These are not independent
of tip speed since centrifugal loads are a secondary but appreciable
source of stress in the ROR thrust unit, In applications to rotors

of small diameter and supersonic tip speeds the weight penalty imposed
by centrifugal loads may be critical, The weights given in Figure

are for approximately 500 g's,
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Specific Fuel Consumption Treud

E 30
[

LBS/LBS T/HR

SPECIFIC PR

Page 72
R-75

[t ]
o

—
=

o

Monopropellant %

DM

AN

/
Bi-Propellant —/

FIG, V - 13

RATED THRUST, LBS,

Figure V13 gives the estimated specific propellant consumption’ of ROR
thrust units, The range of thrust considered applicable to future
vertical take-off aircraft extends up to 1,000 lbs, for an individual
thrust unit, Separate areas are indicated for monopropellant and
bipropellant ROR sysiems, The lower specific propellant consumption
of the bipropellant systems more than compensates for the higher dry
weight in ROR systems of high thrust cr long duration {above a total
impulse of approximately 100,000 1b, secs,).

Specific propellant consumption can be decrzased by the use of higher
energy monopropellants; however, current higher energy monopropellants

are characterized by higher decomposition temperatures which will impose

a weight penalty on the thrust units because of lower allowable design
stresses,
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3, Part Load Fuel Consumption Trend
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RATIO OF PART-LOAD THRUST TO RATED THRUST

An estimate of reduced thrust requirements on the specific propellant
consumption is shown in Figure V-14. A sharp increase in the rate of
part load propellant consumption to rated propellant consumption is

noted below 40X of rated thrust, This increase in propellant consumption
results from nozzle losses due to over-expansion, While this increase in
propellant consumption can be avoided by the use of rockets having vari-
able area nozzles, this practice is generally not recommended because of

the increased mechanical complexity,
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4, Tctal Dry Weight Trend
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500 1000

2000

1500

TOTAL THRUST, LBS, (3 THRUST UNITS)

Figure V-15 gives the total dry weight of the system estimated as a
function of total rated thrust for maximum duration of five minutes,
These weights ure based on a three bladed rotor ROR system typified
by the system developed by Reaction Motors, Inc,, with the cooperation
of Sikorsky Aircraft, under BuAer Contract NOa(s)52-1049 for use on

the HRS-2 helicopter,
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G, PROPELIANT TURBINE SYSTEN

The following information and performance curves for a typical propellassg
turbine system suitable for driving the rotors of vertical take-off
aircraft have been obtained for this study froms the Engineering and
Researeh Division of Reaction Motors, Inc,, Denville, New Jersey, These
curves are generally applicable to the monopropellants and the bipro-
pellant combipmatiops discussed for the ROR systems, Because of the
limited operating jemperatures permitted by present methods of turbine
blade ceoling, there 1s no significant difference shown between tke
performance ranges of monopropellant and bipropellant tugbines,

1. Specific Weight Trend

|

Output Shaft Speed

200

E
— No Reduction
Gearing

WEIGHT OF POWER UNIT, LBS,

2000 4000 6000 8000 10, 000
RATED POWER, BHP

The dry weights of propellant turbine systems are shown in Figure V.16
as a function of rated power, The portions of the propellant turbine
syster ; included with the power unit are the turbine, propellant pump,
gas generator and controls, and reduction gears, A separate curve
shows the weight of the power unit without the reduction gears, Out-
put shaft speeds without reduction gearing would be approximately
10,000 to 20,000 RPN, the lower speeds occurring in the units of

larger rated power,
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2. Specifjc Fye] Consymption Trend
E 1
#
A,
ga
B
E 5 |F16, V - 17
6000 8000 10,000

RATED POMER, BHP

Figure V=17 gives the estimated specific propellant consumption of
sisple propellant turbine systoms as a function of rated power at out-
Put shaft speeds of 3,00C to 4,000 RPN,
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3. Part load Fuel Consusption Trend

2,0

ONSUMPT ION

—
.

CONSUMPTION TO RATED

SPECIFIC PROPELLANT C

RATIO OF PART-LOAD SPECIFIC PROPELLANT
=

'D;E ﬂ. 4 ] ] : .
RATIO OF PART-LOAD POWER TO RATED POWER

The effect of reduced power requirements on the specific propellant
consumption of the simple turbine is estimated in Figure V-l

This curve is -similar in form to that skown in Figure Y-14 for the

ROR system, and many of the same design criteria influence its charact-
istics, However, unlike the ROR system, sections of turbine nozzle
can be blanked off at reduced power to regain rated specific propellant

consumption,
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4, Tots]l Dry Wejght Trend
900 AN
! S5 Minute Duration \\\\ @
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3 Minute wyration ‘\‘ \! ) N\\
9}\99\\\ | -
\)ub 1 Minute Duration
300 }——————~ e g
1 &
b i FIG, V - 19 i
h 000 4000 6000 8000 10, 000

RATED POWER, BHP

Figure V- 19gives the total dry weight of the propellant turbine system
as a function of rated power for maximum run durations of one minute,
three minutes, and five minutes, The total dry weight includes the
weight of the turbine system itself as represented in Figure V-19

and the weight of propellant tankage, tank supports, lines and valves,

etc,

Power Variation with Altitude & Ambient Temperature

The power available from a propellant turbine system and the thrust
available from a rocket-on-rotor system would increase approximately
2% to 4% with an increase in pressure altitude to 6,000 feet, The
influence of the temperature increase to 95°F from standard sea
level conditions is negligible,
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VI, PERFCRMANCE EVALUATION *

General Remarks

In order to obtain a direct correlation between the weight trend studies
and performance analysis, it was necessary to use the same design para-
meters in both cases, For this reason, the weight trend expressions of
aircraft based on both rotary and fixed wing concepts were modified to
include the design parameters used in the performance equations, The
hovering performance equations for rotor and propeller type of aircraft
were established using the basic equations for this regime of flight as
given in Ref, 2 . The same reference was used as a starting point for
equations referring to forward flight of rotary wing aircraft, Fixed
wing forward flight power required is based on the most part on Ref, 3,

Performance Equations - Hovering Flight Regime

1. Ideal Power Loading

Induced power is that power required to compensate for the energy
transferred each second to the slipstream when thrust is produced,
Assuming the rotor (propeller) is acting as an idealized actuator
disc, the minimum power required (induced power) to produce a given
thrust would be:

HP, 4 =

Tv =T I
550 §50 \‘G‘KRQ' 1

Introducing disc loadi"g'(U:%ﬂ’Rz into the expression:
HP , =T /w
ta 550 2p

Therefore, ideal power loading may be expressed as:
A =T .50
e

Vi

and is plotted as a function of disc loading in Fig, VI-1,

2. Actual Power Loading for Non-Ducted Rotors

Due to non-uniform downwash distribution and tip losses, the induced
power in hovering is somewhat greater than that expressed for the

ideal case, To facilitate the calculation of induced power, the

ideal power is increased by a factor K;, to account for the above losses,

CONFIDENTIAL
* Prepared by: J, Mallen
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ldea) Power Loading - Pounds Per

Cong L NT (AL

I;J:
Sea-Level (5td

Jisc Loading, Pounds Per Sq, Ft,

Figure VI-1, Ideal Power Loading In Hovering
vs, Disc Loading

In addition, for the case of overlapped rotors, an overlap correction
is included in Kl, Therefore, actual induced power may be expressed

i HP -—KIT \/&.!
ind~ ——= :f"—

The power required to overcome the profile drag of the blades is
defined as:

HP .0inR?pCdoV,
PRO A0

The variation of profile drag coefficient with average rotor lift
coefficient was computed for an NACA 0G15 airfoil section, Calcula-
tions were made at several tip speeds and at sea level and 9600 feet
(pressure altitude of 6C00 feet at 95¢F ambient temperature). The
method of calculation is similar to the procedure used at Vertol
Aircraft Corporation for performance estimates which has in the past

resulted in good-to-excellent agreement with properly conducted flight

tests,
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2, Actual Power Loading for Non-Ducted Rotors (Cont'd)

It has been found that conditions at 80% of the blade radius are

representative for computing profile power, Consequently, the
calculations were based on a profile drag coefficient at ,3R, Minimum
profile drag was increased by & correction factor of 1,3 to compensate
for surface roughness of actual blades, Profile drag coefficients were
computed assuming a constant value of Reynold's Number, Mach number
effects as well as the effect of changes in density ratio on the drag
coefficient were included in the calculation, Profile drag coefficients

are plotted in Fig, VI-2A and VI-2b,

[=]

U"U

0012 > 1 i
= e | { 1] - ‘ | | | |
.2 l A 1 ! o = H i RN M T_
o C,at S.L, (Std.Day) }.. § . i ;
o) | | 45| . '
s .00 : ; + o9 , , v -
Q .- e-aeed s =ab . t } |
S o I St | |
& o I o e e e ;
v Up e (B g ey ) L e T R S - | , }
X ' ~ -
v .008
= 500 550 600 650 700 750
o Rotor Tip Speed, fps
2 Figure VI-2a, Variation of Profile Drag Coefficient With

Tip Speed for NACA 0015 Airfoil at Sea Level 4
and Standard Atmosphere. !
Total power in hovering may now be written as: 3
2
HR-K T ([, =tnR pcgo"t
H S50 V2 440

Remembering that average rotor l1ift coefficient, CL is defined as:

_— . OEW 5
CoL O’L’\’sz\/t

where € is the download factor
3/
thus HPH-f- _|§|€’1W o 6 WE Cdo W
5SSO 2p Cc_ 4400
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2. Actua! Power Loading for Non-Ducted Rotors (Cont‘'d)

- o
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, 008
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Rotor Tip Speed, V; - f.p.s.
Fig, VI 2-b, Variation of Profile Drag Coefficient with Tip
Speed for NACA 0015 Airfoil at an Altitude of
6000 feet and 95°F Ambient Temperature,
Or, actual power loading.JAHais:
A .W _S§50 L S A400 i
a HP, KE¥% [ 6WECy, Ve
H
) 2/’ i*
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2, Actual Power Loading for Non-Ducted Rotors (Cont'd)

For purposes of calculation and presentation, it is convenient to
define aerodynamic efficiency as:

nd.e ro =____-A a

Therefore,

L

.A..4 =/\L‘ v¢er0

The aerodynamic efficiency for non-ducted rotors is plotted in
Fig, VI-3a and VI-3b,
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Actual Power Loading for Non-Ducted Rotors (Cont'‘'d)

%
8

70

........

50

Hovering Rotor Efficiency, 11
aero"

30

Disc Loading, Lbs,/ Sq. Ft,

Fig, VI-3b Hovering Rotor Efficiency vs, Disc Loading
NACA 0015 Airfoil (Over)apped Rotorg) EL= .6
6000' Altitude, Ambient Temp, = 95 F

Actual Power Loading for Ducted Rotors

Actual power loading of ducted rotors was based on NACA test data

(Ref. 9 ). An aerodynamic efficiency factor was determined using

the data calculated in Section B-1 with actual test points from Ref, 9,
This factor was then applied to the ideal power loading at a density
altitude of 9600 ft, The resultant power loading for ducted rotors

is presented in Fig, VI-4,

Hovering Fuel Requirements

a, General

Hovering fuel requirements were calculated at sez level for a

total time of seven (7) minutes, Five minutes were assumed for
take-off and landing and two minutes for warm-up, The calculation
was based on the hovering power required taking into consideration
part-load operation of the powerplants, and includes 10% reserve and

5% increase in specific fuel consumption,
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Actual Fower Loading - Pounds Per Horsepower
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Hovering Fuel Requirement. (Cont'd

For convenience, fuel system weight was included with the fuel
requirements, Fuel svstems are assumed to weigh 0.2 lbs, per

gallon for tanks mounted in the fuselage and ,15 pounds per gallon

for tanks located in the wing, For turboprops, turbojets and by-pass
turbojets, JP-4 fuel weighing 6,5 pounds per gallon was used, Therefore,
hovering fuel requirements were increased by 1,038 and 1,023]1 for tanks
in the fuselage and tanks in the wing respectively, For the tip rocket
and rocket turbine installations fuel tankage was included in the
propulsion group weight,

18

.......

10 20 100 200 500
Disc Leoading, Lbhs,/ Sq, Ft,
Fig, VI-4 Actua! Power Loading vs, Pisc Loading
(Shrouded Propellers)
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Shaft-Driven Turboprop Systems

Hovering fuel requirements for shaft-driven aircraft was

calculated as foliows:

W. HPu SFC§ - x12% x B

oV
= MiL 60 .9
t
where, HP“ = hovering power,
z7f = transmission efficiency,
£ = total time in hovering, minutes,

)

f? = tgankage factor,

Substituting%afm Hp“hovering fuel may be expressed in terms
of gross weight as:

Wiov © .0195 SFj:u. gfﬁ
a t

part-load correction of rated military SFC

Since the aircraft is designed to hover at 6000 ft, ar¢ 7°F
ambient temperature at military power, hovering at se: v~]1 under
standard atmospheric conditions is accomplished at 6T% ated sea

ljevel military power (see Section V, B-4)., Consequently, the value
of specific fuel consumption is obtained at this part-load power,
From Figure V-5, the sea level military static SFC is increased by

1,005,

For the sake of simplicity, the value of A“conputed at 6000 ft,
altitude and 95°F ambient temperature was used for calculating the

hovering fuel requirements at sea level,
a conservative (heavy) estimate of fuel required,

Turbojet (Direct Lift) Systems

For direct 1ift applications, wherein the thrust is directed downward,

at take-off, hovering fuel requirements may be expressed simply as:

HOV

W =W SFC_ ., (531:6 l.gs B - .09 chMﬂ-atlBW

CONFIDENTIAL

This assumption results in

i T

o]

by

i

|
I
|
I
I
|
L
U
L
I



CONFIDENT IAL

Hovering at sea level can be accomplished at 72% of the ses leve!l
military thrust reting of the turbojet (see Section V, C-4),
From Fig, V-8, the value of J' is , 90,

For the by-pass turbojet application, the above expression is
equally applicable, The part-load fuel consumption correction
factor is ,955 (see Fig, V-11),

d. Tip Rocket Systems

For the rotary-wing concepts that employ tip rockets at each
rotor blade for thrust generation, the hovering fuel requirements

at sea level can be expressed as:

=W _550 SFCuiL-t- x 1.OS
vV &V 60 7.5

Wio

or

Wiy =.1605 SFCmiL LWy
HOV AL Ve

e, JTurbine Rocket System

For those concepts that employed turbine rockets to provide shaft
horsepower to the rotor, the hovering fuel requirements at sen level

i were calculated as for the turboprop schemes, However, tankage weight
was included in the propulsion group and operation was at a full
power, Thus,
t
I W __ = oios SFCmn
ov A ¥
= Ag Ne

C., Performance Equations - Forward Flight Regime

1., Conventional Helicopter

Forward flight power required for a conventional rotary wing aircraft
is defined as QRef, 2 ):

3
3,  onNR2ptVy Cdo( 2\ Kpw?

HP,

S (s
RW 1100 Ut

CONFIDENTIAL
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Substituting average rotor lift coefficient and disc loading into the
above expression yields:

HP. -1 [ 3, . OWECY,Vy 2 szﬂ
Frw ooy pv it ac, ('+4ﬂ )+ PV

Since the fuselage cross-section is defined by the mission payload
equivalent flat plate area could be estimated for each concept, Thus,
parasite power required could be defined and the remaining portions,
profile power and induced power, could be expressed as a function of

gross weight, Thus,
AV W .S€C4oVe (1+4u2) . K, @
HP + /4 D2
RW HOO))t ||Oo‘ot_ é"‘L PV

Compound Helicopter

For the compound helicopter study, wherein the rotor was assumed to
be autorotating at an advance ratio of ,8 (providing no thrust), power
required in forward flight may be expressed as:

HP -ﬂ?i +PV55deow + vaswCDg_’_aKRPLVt CJQ(I'.’S”)

Fcu]uoo]}P oo ))P uooﬁlp 4400 )¢

The proflle drag correction factor for forward fllght has been increased
fromlj 2for the conventional helicopter toS&q for the compound helicopter
to account for the higher advance ratio encountered in this design,
Substituting the expressions for average rotor 1ift coefficient and wing
area, the above expression reduces to:

HP, =2V [ 2v +.zg_c_uy_+ Cao('+5ﬂ)]
CH 1oo uoo ,,(
-l? (:L/QL; ‘:47P C:L~Z7tr
Assuming at ¥ = Cdo = ,009 and C .45 (since _6[_ was substituted

for rotor sol1dlty. this value of CL 1ef1ects the required solidity in
hovering flight), power required in forward flight for the compound

helicopter reduces to:

+
Few nooj “noo helCr/ey )w ﬂRQ&P )}t v

A%
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3. Fixed Wing Concepts

Forward flight power required for a fixed wing aircraft is defined as
Ref, 3 ):

HF;:FW ”oob [PVBF-}-PV Sde° + PV Spr“]

Substituting W/ﬁ CLW - for sw:

Pe =PVt . wv
H Few © foo&,, +550j i.\CL/CA")w WA?e ]

For the tilting ducted propeller concept, the additional power to

overcome the drag of the shrouds was estimated, Since the shroud

length was assumed to be one diameter, the total area of the shrouds
istfrvO'where ¢ is the number of shrouds, Substituting for diameter,

D 1n terms of gross weight and disc loading, the total area of the shrouds

is W/w , Assuming a profile drag coefficient of ,01, the equivalent flat
plate area of the shrouds is ,01 W/w , Thus total power required in forward
flight for the tilt wing ducted propeller is:

2 :pvsf + WV ! +Cww .Ci1PV?2
TOP noo&P sso/)P cl_/cd.,)w T"Re 20

Obviously, for turbojet powered aircraft, assuming drag divergence has not
been encountered, the expression for required thrust is:

pV2E .__.__ - Ciw
.T;== 2 /(:cg -*. N"Re

"Aerodyne™ Concept

For the "Aerodyne" concept, it has been assumed that all the lift and
propulsive force is derived from the shrouded propellers, After several
discussions with Dr, Lippisch of Collins Radio Corporation, the
following method of performance evaluation was considered adequate for
this study,
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The power required in hovering can be expressed as:

HP, - wyv «
A 53.7%\/—",,/1%

where.?} has been assumed to be ,88 for this design concept, Considering
the loéses associated with deflecting the thrust for the hovering regime
of fligikt, the above expression yields values for hovering power which are

in good agreement with the NACA test results for shrouded propellers (Ref, 9 ), -

In forward flight, the propellers supply the 1ift (equal to gross weight)
and the thrust required to overcome drag, Thus, the resultant thrust of

the shrouded propeller, TR may be expressed as:

-T}z = \V/iglzz +—[);:21

where, D; is the total drag of the aircraft in forward flight,

Assuming the length of the shroud to be 2D, the total shroud area is
equal to ¢ROX20:2,%0here ¢ is the number of shrouds, Estimating

an equivalent flat plate area for the remaining portions of the aircraft
f, total drag may be expressed as:

[)f.::j;{:-k 2.7 [):jz (:{;

where, C¢ is equal to skin friction drag coefficient = ,005,

Thus, the resultant thrust required, Tp may be calculated for each
forward flignt condition,

Power required in forward flight, based on data obtained from Dr, Lippisch,
may now be expressed as:

80), V7

where, We is the disc loading in forward flight =4Tg/cﬂ02 and ), is equal
to ,94,

5, Forward Speed Limitations for Rotary-Wing Aircraft

Level flight forward speed of the helicopter can be limited by power as
well as either stalling of the retreating blade or compressibility effects

on the advancing blade,

Page 90 CONFIDENTIAL

R-T5

“1



CONFLLENT IAL

5. _Forward Speed Limitations for Ro:ary-Ning Aircraft (Cont'd)

a, Compressibility

Compressibility effects on the advancing blade have not been
encountered in flicht tests conducted by Vertol Afircraft Corporation
(in autorotative flight) up to an estimated 1,25 Mach critical at the
tip of the advancing blade. Compressibility limitations to forward
speed were conservatively based on this experience and are indicated
in Fig, VI-5,

720

640

560

Rotor Tip Speed, Vt—fps

Average Rotor Lift Coefficient

480

160 200 240 2680

Cruise Speed, V-mph
Fig, VI-5 Retreating Blade Stall and Compressibility
Speed Limitations @ Sea Level, Std, NACA bay.
b, Retreating Blade Stall

The method employed in determining the speed at which retreating blade
stall occurs is based on actual flight test data for tandem and single

rotor helicopters,

As the forward speed of a helicopter increases, the retreating blade
of the helicopter must operate at higher 1ift coefficients in order
to compensate for the lower resultant air velocity, By analogy with
fixed-wing, the resultant retreating blade stalling velocity can be

expressed as:
\Y = E.‘Ss We
m“m. CL . e
X

W
where,TB should actually be the blade loading in the stalled portion
Since it is impractical to calculate the actual value of¥gat stall )
an empirical factor, Kg, has been used to correlate the formula
with test results, For current helicopter models, a value of Ks =3
provides good correlation with flight test results based on a Cimax = 1.2,

Thus, V. o|-©%Ws and, =V, =Vs -
R, »lc,m-e Vs = VeVR Page N
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For maximum speed in cruising the stall speed has been reduced by 10X,
Retrezting blade stall limitations are shown in Fig, VI-4 for a Ci ...

of 1,2,

Based on a boundary layer control program presently under development

by this contractor, the forward speed capabilities of the helicopter
equipped with BLC rotors has been estimated, The boundary layer control
proposad is of the circulation control or blowing type. Using the
empirical relationship developed above, Cpmax required for a given speed
has been calculated assuming an average rotor 1ift coefficient in hovering
at sea level of ,45, Rotor tip speed was reduced as forward speed increased
commensurate with the compressibility limit criterion, These results are
presented in Fig, VI-5, It should be noted that even higher forward speeds
could be attained by decreasing the average rotor 1ift coefficient with
consequent increase in rotor weight and decrease in hovering efficiency,
For the purposes of this study, however, the assumed value of Cp provided
sufficient information to indicate the possible extension of the helicopter

speed potential,

Power required for BLC was estimated as a function of maximum lift coefficient,
Crmax: and expressed as a percentage increase in basic cruise power, The
variation with Cpmyx was assumed linear between a Crmax of 1,2 where no
additional power for BLC was required to a 10% increase in power at a Cimax

of 4,0, The additional power was assumed to be supplied by the helicopter
main engines eliminating any need for auxiliary power units,

Power Limits

Since these aircraft are designed to meet high hovering performance, which
results in low installed power loading, forward flight speed will not be

limited by available power,

6. Range Fue}! Requirements

a, General
Range fuel requirements were calculated for a total distance of 850 statute
miles cruising at sea level, The calculation was based on the cruise power
required at take-off gross weight; i,e,, no variation in gross weight was
considered as fuel is consumed, Both of these assumptions result in
conservative (heavy) estimates of required fuel, It was further assumed
that the required cruise power is obtained from the engine(s) operating at
80% of its (their) rated military power, This latter assumption obviously
requires shutting down a sufficient number of power sections, A 10% fuel
reserve and a 5% increase in specific fuel consumption was’ included, As for
the hovering fuel required calculation, the fuel system was included in
the estimation for required cruising fuel.
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Therefore, range fuel requirements can be expressed as follows:

Wee #F SFCui § & %132 B

where,
L is the total distance travelod in feet
V 1is the cruise speed in fps

is the part-load (80X) correctini: of rated military SFC
taking into consideration cruising speed

HPF 1s the cruice shaft horsepower required

Substituting for L and reducing,
W, - 155HPe SFCmn § B
\'%

Since the fuselage cross-section was determined by the mission
payload requirements, the equivalent flat plate area was estimated
for each concept from preliminary layouts, Therefore, the fuel
required to overcome parasitic drag could be assessed directly at
each speed, The remaining portions of fuel required to overcome
rotor, wing, or shroud profile drag and rotor, or wing induced
drag were obtained as a function of gross weight,

To determine the optimum combination of aerodynamic parameters

for establishing the take-off gross weight as a function of
cruise speed, the following items were varied for each design concept:

DESIGN CONCEPT ITEMS VARIED

s S i A A RN St 5

Rotary Wing Concepts
1, Conventional Tandem Rotor w; Vt ) CL

Helicopter
W, Vi s CLMAK

2, Tandem Rotor Helicopter
equipped with BLC Rotors ,
3. Compound Helicopter W, Vi 1 CL w, AR
4, Retractoplane Wy Ve ,CL wy AR
Fixed-Wingq Concepts
1. Tilt Wing Propeller Uy Vt ) Cluw.
2, Tilt Wing Turbojet CiLw ) AR
3. Tilt Wing By-Pass Turbojet CiLw ’ AR
4, Tilting Ducted Propeller Wy CLyw, AR
5., Special Hovering Turbojet CLw, A R
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DESIGN CONCEPT ITEMS VARIED
b, Fixed-Wing Concepts (Continued)
6. Deflected Turbojet Thrust CLy, AR
7. Deflected By-Pass Turbojat CLw, AR
Thrust

8, Vectored Lift W, Vi

9, Breguet-Kappus w, AR
10, Aerodyne oW

For the rotary wing concepts, disc loading,) was varied from 4 to 12
1bs/ft, 2 and rotor tip speed, Vi was varied from 550 to 700 fps, A
maximum value of C; of .45 at sea level was used to assure adequate
control for all fl&ght regimes, This value was reduced where necessary
to prevent retreating blade stall for the conventional tandem rotor
helicopter, Aspect ratio, AR, was varied from 6 to 10 and operational
wing lift coefficient, Cpy was varied from ,4 to .8 for both the compound
helicopter and retractop%ane designs,

For fixed wing designs, aspect ratio was varied from 4 to 10 and
operational wing lift coefficient from .4 to ,8, For the tilt-wing
propeller and vectored lift designs, disc loading was varied from 40
to 100 1bs/ft.<, The disc loading for the_Brequet-Kappus and Aerodyne
aircraft was varied from 70 to 200 lbs/ft.z. Propeller tip speed

was varied from 600 to 800 fps, for all applicable designs,

The span of the tilt-wing propeller and vectored lift designs was
determined by the disc loading and number of propellers since it

was assumed the entire wing would be immersed in the propeller slipstream,
Derivation of the span as a function of these parameters appears in a
following section,

For the vectored 1ift concept, full span Fowler flaps were assumed,
The chord to propeller diameter ratioc was established as ,5 based on
NACA tests QRef, 4 ), Assuming the extended wing chord to be 30%
greater than the wing chord with flaps retracted and using the above
ratio for chord to propeller diameter, the wing area was a function

of disc leading, Consequently, for this design concept, the operating
wing lift coefficieut was not an independent variable,

Several basic aerodynamic factors were assumed to be constant throughout
the study, Equivalent flat plate area was estimated to be 67 sq, ft,

for the tandem rotor helicopters, 56 sq, ft, for the compound helicopters
and 36 sq, ft, for the retractoplane concepts, The remaining fixed

wing cgncepts were estimated to have an equivalent flat plate area of

34 ft, <,

. -
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For those concepts that are shaft driven, 8 6% gear loss was used

in estimating required engine power, An additions]l 7% loss for anti-
torque power was assumed in hovering for all spplicable designs, A
propeller efficiency in forward flight of 85% was used throughout the

study,

An induced power factor in hovering, Kj. of 1,12 was used for all
isolated rotors, A value of 1,23 was used for the tandem rotor
helicopter. The induced power 1n forward flight, Ko was 1,12 for
single rotor designs and 1.8 for tandem rotor designs. A wing
efficiency factor, e, of 85% was used for all fixed wing concepts,
Values of wing profile drag was based on the NACA 2415 airfoil section,
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C. Neight Trends for Performesnce Evaluation
1. Genera]

In Section IV and V, expressions for determining aircraft component
weights were developed from statistical data using pertinent design
parameters for correlating factors, Many of these design parameters
used in the weight trend correlations can be related to each other,
Therefore, to minimize the number of variables, the weight trend
expressions were manipulated so that only 8 few of the basic serodynamic
perameters remained, Furthermore, to simplify the calculation of take-
off gross weight, it was desirable to express all weight items either

as a constant number of pounds or as a direct function of gross

weight, Since several correlating factors developed in Sectica IV
involve gross weight to a fractional power it was necessary to linearize
these terms, This was done simply by solving for e new constant at an

assumed gross weight, W,

The derivation of the weight trend expressions used in evaluating the
take-off gross weight is described in the following expressions,

2, Rotary Wing Concepts

s, Rotor Growp
From Section IV-B,1, the rotor hub and hinge weight is expressed as:

.S287
Ha; 924 K

where, . WR 4P
/0 y

Rotor radius, R may be expressed as a function of gross weight, W;
disc loading, & and number of rotors, ¢ . Thus,

PV,

w

Horsepower may also be expressed as a function of gross weight and
actual power loading, Ag

HPs= 2135;

Substituting, for rotor radius and horsepower, rotor hub and hinge

weight is:
W,, = 92.4 w % ] S287
o (cnw)ha o’

Since W is raised to a fractional power, a value of gross weiqht.W
was selected and the value of k), calculated so that: ‘,w s W i.un
w
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Thus . 828

/7 7
(Emw)ia, /of/ £ W

m” 3 92.4

The rotor blade weight correlation can also be written in terms of
basic aerodynamic parameters, Starting from the expressicn developed
in Section IV-B,2:

where, K= W R o
Vo x 102

Rotor solidity, O~ may be expressed in terms of disc loading, rotor
tip speed, Vi and average rotor 1ift coefficient Ty, Thus,

o= 6CEW
f!%_z "C'-:
where, € = download factor
Substituting, 5 2 Ji'3 L6299
W, = 226 [— S S
8 <p V7 G 102
or
g 66 6299
Wy = 22¢ oV 3= 103 K, W
Lt & v
where k., -_W Y. @SS
NV - —
w

b, Rotor Drive System

Drive system per rotor was expressed as:
_ 674
Wy, = 320 K /

where
. HP
K N
Page 97
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Substituting for rotor rpa, /2 ’60%/271'4’ , the drive system

weight is:
e W;’z 2m v - 6T¥/
» [AuboVeyine/
674/
or W, = 320/ 1047 £,

l.0¢/
and »('w:_ld(____

w

Shafting

For the gas turbine powered ratractoplane and compound helicopter
designs, the powerplants were assumed to be mounted in wing nacelles;
requiring a synchronizing shaft to transmit the power to the rotor
drive system, The weight of this item as developed in Section

IV-H,3 is: .5
. - HP
Wps =63 (77— ) L
where -n-’ = shaft rpm (assumed to be 6000 rpm)
L” = length of shafting, ft,
HP = horsepower per shaft = 1/2 total horsepower

The length per shaft was assumed to bz 1/4 of the wing span, Thus,

total length is:

L:2 8, ;VE:g.\/m

o, Ws = 0287/—3 ] W

Propeller Synchronizing Transmission

The gearing necessary to connect the shafting to the propeller is:
st = /30 //P) N
where, & is the number of propeller nacelles = 4, Thus,

.5
= 130 W 4
Wsx 4A . 6000)
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Powerplants

Powerplant weight was correlated on the basis of military static
power, or thrust delivered at sea leve! under standard atmospheric
conditions, Thus, for shaft power units wherein the required power
was dictated by hovering at 6000 ft, at 95°F ambient temperature
the weight of the powerplant is

vaqg s 4Ubn91 HP

where, a4w9:is the specific weight in pounds per horsepower,

Thus,
us Wé/)f - wé’ﬂy W (:5-

Na b

where.és = is the power correction factor to account for losses
at 6000' and 95°F,

For those designs, such as the tip rocket or turbine rocket powered
rotor compound helicopter and retractoplane designs, the turboprop

engine was designed for cruise at 80% of military static sea level

operation, Thus,

PVQ” g ‘Zan./ff;
.80

It may be recalled that cruise power, HPg was derived as a function
of a constant value of equivalent flat plate area and the remaining
portion was a funciion of gross weight, Consequentiy, for this

case, powerplant weight was expressed as a given number of pounds
(that portion to overcome parasitic drag) in addition to a percentage
of gross weight (to overcome roior and wing profile and induced drags).

The tip rocket rotor engine weight was calculated as:

W, . « 5500
eng = Teng 2
7 A, Ve
Page 99
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Propellers

For the compound helicopter and retractoplane propeller driven
aircraft, conventional propellers were used, The weight was
correlated as .20 1bs, per prepeller horsepower, Consequently,
propeller weight was expressed as a function of cruise power multiplied
by 1.25 since the cruise condition was assumed to be at 80% of military

power,

Body Group

Body group weight trend was correlated as a function of gross weight
squared times the fuselage surface area; Sp, The surface area for
each rotary-wing concept was approximated in terms of rotor radius
and fuselage circumference as determined by the cargo space required,
From preliminary layouts, a circumference of 39 ft, was necessary for
Loth the tandem rotor helicopter and compound helicopter designs,

The retractoplane, due to the space required for retracting the rotor,

required 42 ft,

For the tandem overlapped rotor design, the length of the fuselage
including nose enclosure and aft pylon was determined to be 1,7IR,

chus, Sp can be expressed as:

Sp =171Rx39: 4 VAT

(7w

Body weight for the tandem helicopter is then:

W = 1.7 x 496 W2¢34 oz
/olo ¢ 7Ty

o e P . 341
}v = /. =
F /V??fw/ éwW

For the compound helicopter designs, fuselage length was approximated
by 1.64R, Surface area was then 1,64R (,8 x 39) where the .8 factor
accounts for the decreased required circumference of the tail boom,
Thus, body group weight for the shaft-driven rotor compound helicopters

is:
3407
We = 126 x 496. 3 [W"XS/./S

/0’9 L"-w

.34/

. 3407

.935/‘7__1‘_0_] bW

or yv}
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For thae tip rocket rotor compound helicopter, Np is

.J3407
WF—' .8.5’4/ £ / K
77

Fuselage length of the retractoplane designs was estimated to be
1.668R, Thus Sp is equal to 1,66R (.8 x 42) and body weight for the

shaft driven versions is:

. 3407

1 /
WF"934/:~7Tw k, W

and for the tip rocket rotor retractoplane,

-.849 34
W (7Tw/ 07'4 w

where léw= W'Bs%v-for all the above expressions,

Wing Group

The expression for basic wing weight from Section IV-B1 is:

W =41.57¢,(5)(4 ) At 6 (LF) 63 (Ww) TF
7

where, S = wing area, ft2 5
Wy = wing loading, Ths/ft
I 1
b = wing span, ft
C] -~ non-bending material factor = ,024
L.F= load factor = 4,5
T,F= taper factor,
f = 35000 1bs/in®

Substituting for wing area W/ Cp and for span[/;;;"the expression
for basic wing weight is

44 + 000772 T F (/M’ VV) Z[L

aw'(Z(L)JS ZC"
> W = [ s 1:000772 fF__(_A;f_l_‘z k] W
ew [(Z e ) (Z C,) 2
3
where ,4 - _____V_\,/_,_/l
. w . - Page 100
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For all rotary wing concepts that require a fixed wing, the taper
factor was calculated from,

A\ /. S1Ke + A
TF'(’g )(/(fifx:/rrf\r

where, the following values were assumed:

Kp = thickness of root chord expressed in percent - J16
Kt = thickness of tip chord expressed in percent = ,08
A = equivalent tip chord/root chord = ,5

and T,F, = ,794

Miscellaneous

The remaining items such as alighting gear, tail group, flight
controls, etc, conmprising either weight empty or fixed useful

load were correlated as a direct function of gross weight or a fixed number

of pounds, Consequently, these items did not require any modification,

3. Fixed Wing Concepts

a,

General

Derivation of the weight expressions for the fixed wing concepts were
obtained using the same procedure and definitions of basic aerodynamic
parameters as for the rotary wing aircraft, Consequently, it is not
deemed necessary to repeat these derivations, Instead the salient
features and assumptions of each design concept is briefly discussed,

A summary of fixed and rotary wing weights terms used for performance
evaluation appears at the end of this section,

Fixed Wing Concepts

Rotor group trends were obtained as for the rotary wing concepts,

For the tilting ducted propeller aircraft the surface area of the
shroud was obtained by assuming the shrcud length to be equal to one
diameter and the circumference to beTfD, The shroud iength for the
"Aerodyne" was taken as 2D, thus the surface area is equal to 2im0 2
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¢, Drive System

Under drive system, several of the concepts required propeller
extension shafts, The correlating factor, K for this item is

the same as previously derived for the propeller synchronizing
transmission, The extension shaft Jength was assumed to be ,5D

for tne tilt-wing propeller and vectored 1ift designs, For the
"Aercdyne' and tilting ducted propeller, the length was taken to

be 1/4 of the propeller diameter. The length for the Brequet-Kappus

VTOL concept was assumed to be equal to one foot,

zing shafting was deemed necessary in case of
for the tilt-wing propeller, vectored lift,
"Aerodyne" and Breguet-Kappus concepts.

Propeller synchroni
powerplant failure
tilting ducted propeller,

med to be entirely immersed in the propeller

nd vectored 1ift aircraft,

s expressed in terms of

Thus, wing span, based

Since the wing is assu
slipstream for the tilt-wing propelier a
the length of the synchronizing shaft wa
propeller disc loading and number of engines,
on slipstream effects of Ref, 4, is:

b= bp d, + fuselage width * dist. of inboard propellers to fuselage

where, bp = number of propellers
dy = slipstream diameter = V Dl(r:;i,;«';

and Kp = ,707 when the propeller extension Yength to

propeller diameter

is .5.

fuselage plus the distance of the inboard

Assuming the width of the
the wing span is

propellers to the fuselage can be approximated by D,

b= 26, V/r w / 4+ 2 V/;:TEE——-

bpmw It Kp » T
or
b=\ W __ [.assé,j,-f “i]
bp W
P
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The length of the synchronizing shaft for the 1ilt wing propeller
and vectored 1ift concepts is thus equal to,

L: bw "ZCJ,

For the tilting ducted propeller the shaft 'ength was assumed to be

equal to the full span, b =VA%S The shaft length for the "Aerodyne"
was assumed iv Le one diameter plus 10 feet, and for the Breguet-Ksppus

wherein 6 ducted prope’’ers were assumed, the shaft length is equal to
7 diameters,

The number of propeller synchronizing transmissions are of course
governed by the number of propellers which are indicated on the

summary charts,

Body Weight

This item was derived as for the rotary wing concepts with the
exception of determining fuselage wetted area, From preliminary
layouts, the fuselage wetted area for each concept was determined,
The vajues for wetted area are included in the summary charts,

Wing Weight

Wing weight calculations were based on the previously derived formula,

However, for the tilt wing propeller and vectored 1ift VIOL concepts

a constant chord wing was assumed (A= 1,0) resulting in a taper factor
of 1.4. It should be noted that for these two concepts, the wing span

was determined as a function of disc loading and number of propellers,

The expression has been derived in Section VI-2C.

Miscellaneous

Other items for fixed wing concepts are either a fixed number of pounds
or can be expressed directiy as a function of gross weight, and therefore
do not require further explanation,

4, Discussion

Obviousiy the methods empioyed in this study and the assumptions required

to facilitate the numerical calculations, yield results that are not
sufficiently accurate to determine, basic design parameters, However, the
method used for determining the overall performance of the many VIOL
configurations was adopted since it allowed a rapid means of calculation and
is considered sufficiently accurate to predict trends for a comparative

eva
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4. Discussion (Cont 'd)

7he expressions used for weight trends for performance esalustion are
summarized on the following charts,
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SUMALRY VTOL WLIGHT TRINDS FOR PURF(RMANC |

v !l ATTON- ROTARY WING CONCEPTS

] S T ®S\Q\_ —
QI
\.‘"‘}‘ ‘If:“ Q/ “é
Tandem welicopter Compound llelicopter Single Rotor
Shaft Driven Rotors with Propellers
Conven[ional BLC Sh'lfl UI‘IVG:I Rotor Tip ROCket
Item Rotor Rotor Gas Turbine |[Turbine Rocket Driven
Rotor
Rotor Group/Rotor 6
.63 6 S .63 =
Blades 0404k Swi | 04a5K i, 04a1K 3wz
Hub & Hinge 455K Bk, | 30Kk PBwa,, |- 494K wik,, -
Wing Group 156 . e564aR"D -
-~— "OGLCcf? V5 5 v JWkw o=
Tail Group Ol W 00w .029W 029w .019wW
5 A7
lody Group fa——— 07K W — e 334K T Wk ] I210K Wi,
Alighting Gear* 04w e - -= 04w
Propulsion Group .426 4286 516 .09 6 .1456550
——— ——— W ~——W +360 | —— '
Rotor Na Xy Aalre Aa¥t Aa e Ao Ve
Props or .Jets e— SIHP:X 1.25 =
Propellers - 2HPg X 1.25 -
Drive System 674 674
. -— : SE— TR TS -
Rotor Drive L 54BKT " M | a 49k Mk -
Prop. Sync, XMSN 00BITK I Wk
Prop. Sync, 5
Shafting B3ZKW
€ 1.04 1.04 it ol O - 1.07
Number of Nacelles i
RIS
Number of Rotors 2 2 | I ]
Correlating G.W. 100,000 100,000 140,000 * - 140,000

* Retractable - Helicopter Desiqn Criteria
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SUMMARY VTOL WEIGHT TRENDS FOR PIRF(RMANCL LVALUATION-ROTARY WING CONCEPTS

o B
i &
N A -
A H‘-‘Q\‘x{_‘:&; 15\‘ H‘"‘Q ]
Ty =
5 I
Retractoplane Retractoplane
Single Rotor with Propellers Single Rotor with Turbojets Correlation
Shaft Driven Rotor Tip Rocket Shaft Drivenf Tip Rocket Factor
Gas Turbine Turbine Uriven Rotor Rotor Driven K
Rocket Turbine Rocket Rotor
€
63 =
0529 K" %I wk i (6CL vad) 106
- 993K 33wi,, - Y
- 138 63CAR .3
- vos [ zoveyms + zowy— ] —
. 03w 0low
I |
7 )4 17 A7 -t
b 143K Wiy, =] 130K Wi, Jda3k Twi, A30KTT Wiy T
R,
- —C 04w
.096W 1458550 .096W J4ssssow
A"',*BGO Aa Vr w A.rp'+36° Aa Ve
| 4o .5IHP X125 ote.277 T; X128 -
L2HPEX 1.25 =
|
674, [3ZW e
- .443K ko 01w 443K k OIW
| * (R Ve V) 103
i
.00897K Wh,, Ae
5 — AR
.832K°" W VzAtcL_'z
.07 - f~ 1.07
4
' ) | ' ]
140,000 - e 140,000
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SUMMARY VTOL WLIGHT TRUNDS

1AL

FOR_PLEFURCUNGE LVALUATTON-FIXED WING CONCEPTS

-
»
ifm e 2 , Y ,J_i- jﬁqﬁu _
e, o S | ey
\F/IU. ~& C&A] = | 5 .\ii‘*
Tilti Wi Filting Ducted
By-t'ass - Hover¥ng
Item Turboprop Turbojet furbojet Turboprop Turbojet
t
tor Group/Rctor 27 65b. K 3062y | (NCLUDED
65bp " IN ENGINE
WEIGHTY
- VLT R W l.is§ RwW
Gr : 'ozc;(::??é( «3 re' e #.56“’7"51« W [K'+ 6564R "D SARE aF
ng Group EH. ) LLL'LN. ] l. sl b CL;!T'\}_"J DEFLECTED THRUS]
1il Group .03W - - - .03wW
ydy Group 0756w 063W 063W LOT56W .063W
lighting Gear* 045w 04w - o=E 04w
copulsion Group .518 .536W
) - i R AN 277 8W
Fwd, Flight A‘n,w 306 6W 277 6W TP
o= e
Vert, Flight i i { 126 W
! 4 .
ropeller/Prop, : : b OBEKE W
vy -’)t'_ w
rive System By o5 ‘ OeG  ¥ W
1 i , ,0053( ---‘i) kW ' i )
Prop, Sync, XMSN Na Fhe w
Prop, Sync, L0613 KW | L ase VAR
Shafting tbp wAaY g | faTiy VAa
L S MR
Prop, Lxtension |.0'283 k. W i LI
L H 4 (WW
Shaft (bpw) " Na Lo Aaw
: " -
S 3000 2409 { zaoc i 3GG 0 2400
; warmy i
Number ot ! i
Propellers i é ! E *
| { {
‘ S ;r—
Correlating G, W, 100000 140000 | 4000 160000 140000
[ g .g...._. v vn ’

* Retractable - llelicopter Design Criteria
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SUMMARY VTOL WE1GHY TRENDS FOR PERFORMANCE EVALUATION-FIXED WING CONCEPT.

1 Dy [
E'-L“-\. ‘;.-'*-,I ("JI\
3:") Bty <7 '\"3
T
B & . m
Deflected Thrust Velci;?:ed ;:q"‘:; Aerodyne Correlation
= PP Factor
Turbojet y-pass Turboprop Split Turboprop K
Turbojet Turboprop
INCLUDED 3062 !
N ENGINE | 2TE3bRK T XY Wi, 2ng V8
WEIGHT T
7T w0 1 78w 1.8 |
h ‘ |5° *
Los[x;ﬂi‘sﬂ].'w J22k Ttg—&LzB __Q'g_&] 20 s136/Cy Y
CL (bpw)'® (bpw)- 5w w Ks.868bp 4 LI3
.03W - - - .03W
.063W 063w .0T56W 0756 3w 68
.0 4w .04W .05W oew 04w
5186 566
2916 W 3196 W v w ; HP
Al Ao e S3I6HPy,
WPua Wi 27| .27 .4-'
634 “"“W 5.1 [ er }- ./A.- ot °f
5
.5 L0907 koW
008 _.) A0 e 1.189[ P Vﬁ]
KW :
e w?d [ HATA
20813 KW 039('_ )5 3 '
bp (WARS ! ”PHAEW“- = .865bp + 113
L2 kW H
GgoiBha | Aww " Coops=t
2400 2400 3000 3000 3000
q 6 2
140000 140000 100000 100000 ]
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TILTING DUCTED PROPELLER CONCEPT

SPECIAL HOVERING TURBOJET CONCEPT
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¥ii, LIST OF SYMHOLS

aspect ratio = %4

wing span, ft,; number of blades per rotor

number of propellers; number of rotors

wing chord, ft,, rotor blade chord, ft,

non-bending material factor = , 024

average rotor lift coefficient = G'Ew/f%’r
operational wing 1ift coefficient = v~§j}cf

maximum 1ift coefficient

profile drag coefficient

induced drag coefficient

propeller slipstream diameter, ft,
drag, 1lbs,; diameter, ft,
airplane wing efficiency
equivalent flat plate area, sq. ft,; average allowable stress, 1bs/sq,in,
horsepower
cruise horsepower

hover horsepower
propeller horsepower

horsepower transmitted in the shaft

horsepower transmitted in the transmission

hovering induced power factor for rotary wing concepts
forward flight induced power factor for rotary wing concepts
gross weiyht linearization factor

weioht trend correlation factor

thickness of wing root chord expressed in percent
thickness of wing tip root chord expressed in percent

range, ft,;length of shaft or fuselage, ft, Page 113
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LF = load factor

N = number of transmissions and/or nacelles
§ = dynamic pressure lbs/sq,ft. =fyz/2-
R = rotor or propeller radius, ft,

S = wing area, sq,ft,

SF = fuselage wetted area, sq,ft.

55 = shroud surface area, sq,ft,

T; = thrust, 1b,

TF = wing taper factor

V- = induced velocity, ft/zec,

V = forward velocity, ft/sec, unless otherwise noted
Vt = rotor or propeller tip speed, ft/sec,
w = gross weight, 1bs,

Ws = blade weight, 1bs,

Wer =  cruise fuel weight, 1bs,

Wp = drive system weight, 1lbs,
We,y. = 1installed engine weight, 1bs,

W, = body weight, 1bs,
Wep = flapping propeller weight, 1bs,
WFU,_= fixed useful load, as defined in Section III, 1bs,

Wuov= hover fuel weight, 1bs,
W_ = 1ift propulsive system weight as def}ned in Section III, 1lbs,

VVL(v = landing gear weight, 1bs,

W/a = propeller or propulsive group weight as defined in Section III, 1bs,
st = synchronizing transmission, 1bs,

Wr = tail weight, 1bs,

W-? = weight empty less Wp ¢ W,
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tankage weight factor

= part-load specific fuel consumption factor

= engine power loss factor for 6000' and 95°F operation at static conditions
= download factor

= rotor transmission efficiency

= rotor transmission efficiency including anti-torque power loss

= propeller efficiency

= equivalent tip chord/root chord

= actual power loading, lbs/HP
= advance ratio, V/Vy; coefficient of friction
=  3,1416

= mass density, slugs/cu, ft,
= rotor solidity = beR/7#?

= disc loading, 1lbs/sq.ft, = W/g'f@’

= blade loading, 1bs/sq,ft, = W/('rﬂﬁz

= wing loading, 1bs/sq,ft, = W/S

specific weight of engine, 1bs/HP or 1bs/thrust

Y.
¥

J

€

De

Je:

De

A

A/ = 1ideal power loading, 1bs/HP
Ae

M

n

f

-

w

e

Wy

£l = propeller or rotor rpm

/lg = shaft rpm

fl?‘ = transmission rpm (lowest value)
Subscripts

A - refers to Aerodyne

¢ H - refers to compound helicopter

FW - refers to fixed wing

RW _ refers to conventional rotary wing
TOP - refers to tilting ducted propeller

W - refers to wing Page 113
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BREGUET-KAPPUS CONCEPT
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