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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-
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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
Page 6

R-75

'

G EES PER e ) e

e— S fe§



ops D M i

CONFIDENTIAL

| 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.
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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
R-75

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,

NN

RS

[ Z
L~
L1
P
L~
[

e
L~

/

I <

BRRE

Wi -Ibs/FTe

APPROXIMATE FUEL REQUIRED PER POUND OF STATIC THRUST AT SEA LEVEL F(RV Ovz.ls

Page 16
R-75

CONFIDENTIAL

A%

)




3.

CiNE I ESNT LA

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
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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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** These values apply only for the gross weight range anu mission of this study,
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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 pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>