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FOREWORD

This report, as presented in Volume I and II, represents a final summary of
Boeing-Vertol effort under Contract DA44-177-TC-663 to determine the feasibility
and potential of the Ground Effect Take-off and Landing (GETOL) Configuration.
This analytical development program was initiated in September 29, 1960 and
completed on March 28, 1962 with a preliminary design of a Flight Research
Vehicle (FRV).

H. Wahl, F. McHugh and R. Hooper of Boeing-Vertol guided the parametric
analysis, development testing, preliminary design and report preparation under
the direction of W. Stepniewski. Technical assistance and cooperation was pro-
vided by 8, Spooner, J, Whitman and G, Smith of USATRECOM as well as
K. Goodsen and R. Kuhn of NASA’s Langley Field facility.

Major development testing was performed by NASA at Langley Field. Static room
tests were performed from April 21 to June 30, 1961, Tow track testing began
May 31, 1961 and was completed June 9, 1961, while wind tunnel testing of the
GETOL model commenced on July 7 and ended on July 28, 1961, Planform and
dynamic model (esting was alsoconducted by Princetonand Toronto Universities.

Special mention for technical service during the life of Contract DA44-177-TC-663
go to T. Sweeney of Princeton University, B. Etkin, J. Liiva, R. Radford, and
G. Kuryvlowich of the University of Toronto, H. Chaplin of DTMB and J. Wosser

of ONR. Editorial coordinative assistance for this final report was provided by
J. Gaffney.
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SUMMARY

Thig final renort. issued in two volumes, comnrehensivelvnresents the achieva-

LUSNLS VUL WG DUQLLIE™ VUL WL L OASANLIALY PLUUY UL WS ULUUWLU IOV La@=UM dliu

Landing (GETOL) Aircraft concept. The study was conducted-under Contract

DA44~177-TC~663 for USATRECOM, with joint Boeing-Vertol funding, This study

results in a preliminary design of a Flight Research Vehicle (FRV) which could
' be used to provide the next step in GETOL development.

The GETOL aircraft concept -evolved during 1959 from various efferts with
Ground Effect Machines (GEM) as furthered by exploratory analytical and test
work by Boeing~Vertol (Reference 1).

The object of the GETOL was to provide a relatively high speed aircraft capable
of taking off and landingona ‘‘ground cushion’ from any moderately flat surface.
The questions of adequate ground clearance, satisfactory propulsive capability,
low internal losses, STOL capability, and proper stability and control had to be
answered to truthfully assess the feasibility of the GETOL Configuration.

Consequently, the GETOL Feasibility Study consisted of the following integrated
analytical and test programs:

1. Complete literature assessment
2. Internal airflow studies and tests
3. Preliminary wing planform test
4. Wind tunnel model design (5 ft. span 20 Air HP),
5, Data'qualification programs:
a) Sfot flow distribution tests
b) Static performance tests of planforms
c) Free flight model tests 7 S
d) Four to one (4:1) aspect ratio slotted GETOL wing wind tunnel test -'

e) Investigation of the influence of the tunnel ground board boundary
layer through comparative tests on a tow track.

6. The main test program was conducted in the NASA 17 x 17 ft. tunnel with
the 5 ft. span model.

7. Flight Research Vehicle design

The complete GETOL program may be betier visualized by the chart of the In-
* tegrated Study Program shown in the Introduction of Volume 1. ,
The general results of this integrated study may be summarized as follows- '
- 1. A ground clearance of h/c =.33 can be obtained.

2. Satisfactory propulsion capabilities for take~off and forward flight can
be obtained in the following manner:

a) Nacelle doors open gradually, eventually converting to a ducted fan
configuration in forward flight.
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SUMMARY

greatly reduces the mechanical complexity of the GETOL control
system.

Internal flow losses were reduced to 20 to 30 percent by careful internal
design.

In spite of the many design concessions forced by the GETOL system, -
L/D ratios indicated by tunnel tests promlse a satisfactory airplane.
. conﬁguratlon -

-STOL _capability, based upon pr ojected data. is ‘acceptable.

6. . Pr esently available data- from this mvestlgatwn indicates that the jet

h ‘boundary. layer on the ground has neghglble effect on the wind tunnel

- data.

. 'Inhcrent static stability and cont1 ol-in hovermg appears margmal but .

tests of a-*“T”’ shaped planform pro: nise a satisfactory [ix.

.. The 1ela_t1ve1yr low lift per- air horsepower of 3.0, obtained from the test '
“data, are’the result of poor flow distribution. It is thought that if flow’
- distribution is improved that lift per air horsepower would also improve.

'Compxlatlon of broad GETOL data assembled in Volumes Iand 1I represent _
basic GETOL knowledge which shouldbe consideredin 1tse1f as one of the -

most important results of this program.

Specmc study of the flight research vehicle of the 8,000 pound gross welght
class and equipped with a single Lycoming YT55-L-5 engine of 1970 shp demon-

strated the following characteristics with the projected improvements:

L

2
3. .
4., -Endurance with pilot and copilot plus 400 pound payload is 1.5 hours.

[ I

Hovering altitudes of 3.6'
Reqmred maximum veloc1ty of 250 mph at sea level

: ake-off d1stance of 500! over a 50! barrier.

Wind tunnel data indicated that the maximum lift/drag ratio of the model - -

- (with no attention to aerodynamic cleanliness) was 5.5; but it is estimated . .

" "that for the FRV with more streamlining a maximum lift/ drag ratlo >7 o .
can be obtamed S :

o lhe conclusion reached is that the GE'TOL conﬁguratmn, mcorporatmg features )
. - needed for the improved Flight Research Vehicle, is feasible. The next step re-
" quired in the program to confirm such feasibility is the development of ‘the pro-
-posed Flight Research Vehicle whose details are given in Phase III of Volume I

of this report.
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correlations with data from other sources are as follows:

1,

10.

A ground clearance of h/c =.33 can be obtained (for the proposed FRV .

of 8,000 pound gross weight this altitude is 3.6 ft.).

. Satisfactory propulsion capabilities can be obtained by gradually opening

the nacelle doors located hehind the fan,

. Straight through fan propulsion is better than aft angled wing slots and

also reduces mechanical complexity of the GETOL control system.
Internal flow losses were 20 to 30 percent.

L/D ratios indicated by wind tunnel tests of the Boeing-Vertol model are
on the order of 5.5 and the L/D for the FRV, incorporating the projected
streamlining, should be on the order of 7.0; on the transport aircraft
(40,000 pound gross weight class) an L/D =13.0 can be expected.

STOL capability, as indirectly calculated from the data of this program,
is acceptable (take-off distance over a 50' obstacle is = 500! for the
FRV and of the same magnitude for the 40,000 pound gross weight
transports).

. In light of the presently availablc information developed during this in-

vestigation, it appears that the jet boundary layer on the ground hoard
has a negligible effect on the wind tunnel data.

. Inherent static stability and control in hovering appear marginal but a

“T” shaped planform can improve those characteristics.

The relatively low lift per air horsepower of 3.0, obtained from the test
data, is probably the result of poor flow distribution. It is thought that
if flow distribution is improved, lift per air horsepower would also
improve. ‘

Based upon this program, a GETOL research aircraft of the 8,000 pound
gross weight class can be designed and flown; more attractive GETOL
configurations can be obtained at higher gross weights. For instance, a
GETOL type vehicle in the 40,000 pound category appears to be com-
petitive with STOL and even conventional aircraft.
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RECOMMENDATIONS

Vertol based upon analytical studies performed under the GETOL Feasibility
Program in addition to data correlated by a survey of other non-company inves-
tigations in the GEM and GETOL configurations,

1. The relatively low lift per air horsepower is a result of poor flow dis-

tribution which requires additional testing to determine the effect of
distribution on performance,

2, The inherent marginal stability and control requires testing of a cruciform
““T” planform,

3, Perform mission studies in order to compare the GETOL conéept with

other STOL and NTOL aircraft and thus define the best area of GETOL
application,

4, Initiate effort on the Flight Research Vehicle as described in Phase III,
Volume 1 of Boeing-Vertol Report R276.
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INTRODUCTION

The Vertol Division of The Boeing Company has been engaged in the design and
test studies of the GETOL concept since 1959. These studies have been coor-
dinated into an Integrated Study Program to determine the feasibility and po-
tential of a GETOL type aircraft. The sequence of this program is shown on the

next page and presents the various areas of investigation which can be categorized
into three distinct phases:

Phase I - Determination of Preliminary Flight Research Vehicle (FRV)and
Wind Tunnel Model : o o

Phase II - GETOL Model Testing and Data Analysis

PhaseIll - Recommended Program for Construction of a Flight Research
Vehicle (FRV)

‘The above phases are the same as those given in the Statement of Work, Volume
II, Appendix A.

An extensive amount of engineering data made available by this testing has been
analyzed in Volume I. In these analyses, pertinent design parameters have been
established to facilitate the dcsign of a GETOL aircraft. The data and analyses

as well as the results are summarized in Volume I and Volume II of Boeing-
Vertol Report R276. :

With the results obtained from the tests énd analyées and the design objectives
presented in the Statement of Work Volume II, Appendix A, a Flight Research
Vehicle (FRV) could then be designed with a_high degree of competence. The

basic features of this vehicle, recommended further test programs, and schedules

are reviewed in the final portion (Phase III) of this report.
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General

‘T'he initial qualitative studies conducted at Princeton University as company spon-
sored program pre-empted the Boeing-Vertol decision to further investigate the
Ground Effect Take-off and f.anding (GETOL) type aircraft. This led to the
submittal of a proposal to USATRECOM which resulted in the award of a con-
tract to the Vertol Division of the Boeing Company to determine the feasibility
and potential of such an aircrafi (see Figure 1) through comprehensive wind
tunnel tests and proper design studies. Described in Phase I of this report is the
initial portion of the Integrated Study Program discussed previously in the
Introduction which made possible the determination of the ‘‘Second Generation
Preliminary Flight Research Vehicle for GETOL?’’. This,configuration became
the design basis for the GETOL wind tunnel model. The major portions of Phase
T are:

1. Literature Survey
2, Analyses of GETOL. Configuration

3. Analysis and Selection of the Final GETOL Configuration

Literature Review

Upon receiving thc acceptance of the Plan of Performance from TRECOM, the
first step taken in the Integrated Study Program was a survey of all existing
literature, available to Boeing=-Vertol, on Ground Effect Machines. This entailed
reading through this material to digest the information, then assessing its value
and relevance to a Ground Effect Take-off and Landing Aircraft. Some of the
data were very applicable in the hovering mode and aided in followmg perform-

ance analyses, Appendix B of Volume II summarizes this effort in the following
manner:

1. Date of Publication
2, Title

3. Excerpt

4, Comments

The excerpt and comments are purely the interpretations of the authors as to
their immediate contribution to the subject effort.
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Analvaas OF GETOT. Configuration

Taking the pertinent information from the literature review, an assimilation of
this information was achieved in the analyses of the GETOL configuration, The
three major sections of these analyseswere (1) Parametric Studies, (2) Perform-
ance Analyses, and (3) Preliminary Tests at Boeing-Vertol.

The initial step in the investigations was to list the design objectives stated in
the Statement of Work (see Volume II Appendix A). Two additional objectives
were established by Boeing-Vertol:

1. .Have fan axis of rotation parallel to the free stream air,
2, Provide two fans outboard of fuselage.

Since the major area of the flight regime is as an airplane configuration, the
fan axis of rotation must be parallel to the free stream air to provide efficient
operation, This requires turning the air from the horizontal direction down into
the wing and then spanwise out the wing to the slot. If one shrouded fan in the
fuselage is used, the air must not only be turned through two 90 degree turns
but also travel the length of half the span, thus resuiting in a large internal
friction loss. The use of two shrouded fans has these advantages: (1) useful
fuselage (more payload capability), (2) short flow lengths (lower internal friction
losses) (3) small fans and shrouds (better aerodynamics),

These objectives then formed the ground rules for the parametric studies (per-
formance analyses and preliminary tests) discussed under Phase I, In this
discussion of performance, it must be stated that the information available was
for thick plenum type ground effect machines (GEM’s). Very little data were
available for GEM’s with an internal cross section as narrow as that imposed
by the airfoil section. What effects the internal thickness had on distribution and
performance were not known, These effects on performance were neglected in
the initial investigations conducted under Phase I,

Parametric Studies 2

Once the design objectives were established, an investigation of a parametric
nature was initiated to study the size, gross weight and velocity attainable,
Since the cross section of an airfoil is extremely low, to eliminate a
drastic contraction in flow area which leads o high spanwise velocities in the
wing and high friction losses, a thick airfoil was required. This is
necessary from the internal flow requirements and from the external aerody-
namic design in which a drag penalty resultingfrom thick airfoil sections must
be considered. A NACA 4418 airfoil section was selected as being the best
compromise of the two conditions.
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From the Princeton data, hovering performance was obtained for Aspect Ratios
Al T 2 A T Lavrreredd 1240 L thmw Arvmmnd TVaddan 2N e O neem L nnd B
pertormance requirements, A parametric study was conducted for a range of
Aspect Ratio of 2 to 8 and the resulting value selected was app:*oximately
3.35 based on its compatibility with hover and forward flight. This analysis
was extended to determine the wing loading that would fulfill the hovering and
the forw}ard flight requirements and resulted in the selection of a wing loading
of 20 lb/ft2

F O RN TR T U S N P ISHA AT LN TR

With the Aspect Ratio and wing loading known, a relationship was obtained
between the power required per pound of gross weight and equivalent flat plate
area loading. This relationship is one of major importance in determination
of the power required to achieve a given maximum velocity. Since the param-
eters were already established and the previoualy discussed relationship
obtained, a flat plate area loading of 900 b/ft2 and a power required per pound
of gross weight of 0.2 hp/ib was determined as necessary for achieving a 250
MPH speed at SL. This established the basic configuration upon which the
detailed analysis was performed,

Performance Analyses

With the data from the parametric analysis, a gross weight was selected and
the configuration was then defined.

Layouts incorporating this information were intiated to permit more detailed
analyses, To determine the required power plant, an estimation of the actual
equivalent flat plate drag area was made. This permitted a performance
analysis tobe used inthe selection of a power plant and propulsive system. Stabil-
ity and control investigations were performed using the hovering data obtained
from Princeton University. The configuration that resulted from these analyses
is shown in Figure 2 and all discussions of performance refer to this figure.

Drag Estimation: To establish any performance characteristics, it is first
necessary to develop the overall equivalent flat plate area of the configuration,
This estimation, listed in Table I, was obtained by methods discussed in Ref-
erence 2. The configuration was based upon this estimation and is shown basi-
cally by Figure 2,

Power Requirements: The power requnirements for a GETOL configuration
were separated into two specific areas, the first, hover and the second, forward
flight. At this time, these two areas were the only ones for which data had been
obtained and it was further established that the power requirements for transition
would not exceed that of the hovering or high speed forward flight. From the
previously discussed drag analyses, power requirements were determined to
obtain 250 MPH at sea level.

11
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TABLE 1
Item Equivalent Flat Pia_.te Area
Fuselage 1.60
Vertical tails 18
Tail Boom .32
Horizontal Tail 31
Duct © 1,04
Louvres .46
Hub & Shaft Fairings .18
Interference 43
TOTAL 4,52

To estimate the hover power, a flow analysis through the system had to be es-
tablished. The major limiting assumption in the investigation was the flow
distribution through the wing and slots, The distribution and the internal and
slot velocities having been fixed, the power for hovering could be obtained. With
this information, further analysis was performed and a balanced match between
hovering and high forward flight (250 MPH) was achieved, This balance in power
was one of the basic objectives of the GETOL design, Power requirements during
transition were realized from the wind tunnel tests,

Stability and Control: By combining the peripheral jet and an airfoil section
there arises a problem of the compatibility of the control system for hover and
forward flight. A rectangular peripheral jet has good stability in.the lateral
direction and has neutral longitudinal stability at low hover heights stated in
conventional aerodynamic terminology for a wing., As the height is increased the
stability becomes neutral or slightly negative. The Center of Pressure for a
peripheral jet is located at the 50% chord in hover, In forward flight, the Center
of Pressure or lift of anairfoil is at approximately the 25% chord, This indicates
that there must be a capability of handling large trim changes or obtain a method
of shifting the hover Center of Pressure forward. There must also be some
means of changing the stability characteristics,

From test work discussed in Reference 3, there is an increase in the above
mentioned longitudinal hover stability by the addition of a lateral slot but at the

12
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Figure 2, S8econd Generation
GETOL Configuration
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it was found that the tlow distribution has a detinite etfect on the stability, ‘t'he
plenum type planforms, having an almost uniform distribution, do not have the
same stability characteristics as a wing type planform because of this distribu-
tion problem, A uniform distribution could be desirable but the effect of varying
distribution is not known and therefore some degree of non-uniformity may be
required.

Propulsion System: The overall propulsion system is divided into the fol~
lowing three major areas:

1. Power Plant
2. Fan
3. Nacelle,

This system must not only provide for the hovering regimes but also for forward
flight where the aircraft flies as a ducted fan configuration. The design of these

items were developed from the design objectives and the results of the perform-
ance analyses,

Power Plant - To obtain the hover height of 3 feet and to have a maximum
velocity of 250 MPH a power plant must have a maximum continuous rating of
approximately 1200 horsepower. The engine selected for this configuration of the
GETOL Flight Research Vehicle (FRV) was the T-53 (LTC1L~1) which has the
following ratings:

Rating HP SFC RPM
TO 1400 .605 6000
MIL 1270 .617 8000
NRP 1150 .634 6000

This engine has a constant output shaft rpm which is required to meet the design
requirements of the fan,

Fan - To achieve fuselage usefulness. a two fanconfigurationwas selected. This.
in conjunction with the conditicne imposed by the performance requirements,
established the basic design parameters, In hovering, each fan was required to
have an output of 4840 cfs with a pressure rise of 100 Ib/sq. ft. As the analyses
of the fan progressed, discussions were held with NASA personnel familiar with
fan and compressor design, The conclusion from these discussions was to use
a single stage fan with variable inlet guide vanes designed with Free Vortex
Theory. This results in a uniform velocity distribution behind the fan thereby
requiring minimum power and eliminating distribution problems thatcould arise

15
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a 4 foot diameter fanwith a hub diameter to tip diameter ratio of .4 was selected,

In forward flight a variable exit nacelle was required to operate the fan at the
design point and have the required exit velocity.

Nacelle - In hovering, air from behind the fan must be directed down into the
wing and in forward flight the air must be directed straight aft., To accomplish
both tasks, an adjustable door is provided inthe back of the nacelle, The internal
contour was developed for the hover condition when this door is closed. As the
air flow exits from the fan, a gradual expansion is required to decrease the
velocity of the air as it enters the turning vanes in the wing, An expansion ratio
of 2 was selected for the wing opening; thereby establishing the stream lines of
flow in the nacelle and also the contour of the nacelle,

When the door is partially open, the major portion of the flow goes to the periph-
eral slot to provide lift and the remaining air issues straight back to provide
propulsion. The door, having some curvature to blend with the external and
internal shape, acts as an airfoil immersed in a high velocity slipstream and
thus develops lift to further augment that produced by the peripheral jet.

When flying as an airplane, this door opening can be varied to achieve the de-
sired exit veloeity for maximum propulsive efficiency.

Preliminary Testing by Boeing~Vertol

Preliminary internal flow testing was conducted to determine the pertinent
internal flow areas, velocity distributions, and pressure losses, These tests
used varied nacelle sizes and shapes as well as a straight bellmouth entrance
into the wing. The bellmouth established the conditions of no internal loss in
the nacelle and perfect turning into the wing to determine the required turning
radius of the air into the wing. The velocity distribution and pressure losses
of this system were acceptable and it was necessary that similar results were
obtained from the nacelle entrance.

Tests with different nacelle sizes were made and it was determined that the
nacelle entrance was almost as efficient as the bellmouth. It was also deter-
mined that the majority of pressure losses occurred in the entrance to the
wing, With proper sizing of this entrance and proper turning radius, the pres~
surc loss could be minimized,

These tests and the results are discussed in greater detail in Phase Il on
Page 23.

Analysis and Selection of the Final GETOL Model Configuration

From the analyses and tests performed, a second generation GETOL Flight
Research Vehicle (FRV) was designed (see Figure 3) and became the basis for
the model design. Minor modifications to the fuselage and the nacelle had to be

16
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made to facilitate installation of instrumentation. Analvses were conducted to
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vestigated,

Wwind Tunnel Model

The wind tunnel model was designed as a one-sixth scale of the Preliminary
Flight Research Vehicle (FRV). This configuration has been selected to fulfill
hoth a ‘‘general data’ program for GETOL and an ‘‘aircraft design data’’ pro-
) gram for the final Flight Research Vehicle (FRV). Certain aspects of the test
philosophy had to be eliminated to accomplish the overall task in the specified
amount of time that was allotted for the test program. An example of this was
that the spanwise flow inthe slots was not eliminated by using slot vanes, These
vanes would improve hovering ability but would cause many complications in
the testing variations of slot arrangements.

EIRER T

It should be stressed once'more that the main purpose of the wind tunnel
model was to serve as a tool to determine the feasibility and potential of the
GETOL concept in general. The model itself as seen in Figure 4 has a wing

span of 53 inches and two 8. inch diameter fans. External contours are
i- formed from a 1/8 inch fiberglas shell that is mounted to a basic frame. This
! frame is comprised of two mainbeamstowhich a balance is attached and from
: which the model is supported.

Basic variables built into the model to be investigated were slot exit angle,
slot thickness ratios, slot area and nacelle door opening., All of these model
vaviables with the exception of the nacelle door opening were obtained by having
g interchangeable pieces that fit into the base of the wing to form the contours
1 of the peripheral slot. Door opening was obtained by removing the bolts from
the brackets on the door and relocating them in the required holes.

The propulsive system was a single stage fan with variable inlet guide vanes.
Power for the fan was provided by high pressure air.

Rt b A R AN £

Planform (Wing)

The planform of the wing was selected as a compromise between hovering and
forward flight requirements, Princeton and Toronto Universities conducted
tests with models having a planform similar to that of the Beeing~Vertol wind
tunnel model. The model tested at Princeton (Figure 5), discussed in greater
detail on Page 37, has an Aspect Ratio of 3.35. Lift augmentation and pitching
moment were measured to establish basic trends,

Rl R L e

Tests conducted at Princeton and Toronto Uaiversity indicate a design problem
with the slot flow. By observing smoke patterns and pressure surveys, it was
determined that the flow was separating from the nozzle walls, A redesign of

the nozzles partially corrected this problem, thus improving the GETOL
efficiency.
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Fan

Aerodynamic design of the model fan was aimed at obtaining full scale flow

velocities, The requirements of the model fan were a pressure rise of 100
1b/£t2 for an inlet velocity of 200 ft/sec.

The propulsive system designed and manufactured by the Tech Development
Company (see Figure 6) was a single stage fan with variable inlet guide vanes
to provide a flexible design, Fan power was provided by high pressure air
being supplied to the hub of the fan, This air then travelled out the hollow
blade to a small orifice at the tip of the trailing edge of the blade thus pro-
viding a driving force to turn the fan,

A basic design objective was to have full scale velocities in the internal flow
system and through the slot.

21
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Phage IT = GETOL Model Testing And Data Analvais

This section describes the integrated test programs conducted to determine the
feasibility and potential of Ground Effect Take-off and Landing (GETOL) aircraft.
In addition, comparisons of data obtained from various development tests are
made with data obtained from static room and wind tunnel testing performed by
NASA. Further, final analysis of the data are made and serve as a basis for
much of the design philosophy achieved from this analytical study program.

Boeing-Vertol Preliminary Tests

Preliminary Flow Tests

From the Performance Analyses described under Phase I on Page 11, a basic
unknown was the internal losses incurred by having air from behind the fan
turned down into the wing and turned again to flow spanwise out the wing to
the peripheral slot. An internal flow tcst program was established to measure
the overall pressure loss in a particular GETOL model shape to determine
the nacelle flow area needed, areas of high loss, methods of decreasing flow
losses by flow area corrections and internal velocity distributions. Investi-
gation of the variation of nacelle flow area and wing entry opening did not
permit the use of conventional model motors and fans. To eliminate this
problem it was decided to draw air through the model with a large centrifugal
blower and achieve the same results with a minimum amount of model change.

Figure 7 shows the basic internal flow test configuration and Figure 8 gives
a pictorial view of the overall test setup. The model had two nacelles; one
simulating the single fan configuration, the other simulating the two fan con-
figuration, These were attached to the top of the plenum which was a hollow
wing with peripheral slots (see Figure 9). The base plate was adjustable to
obtain the effect of varying the front and rear slot thickness. Air was drawn
through the model and flow visualizations were made by observing tufts
through plexiglas windows in the top of the wing and the side of the plenum.
A typical example of the flow visualization is shown in Figures 10 and 11.

A list of the pertinent data and the configurations tested are in Table II and
are also illustrated in Figure 12. For each of these tested configurations, an
investigation was made of the pressure drop of the air as it entered the wing
to flow in a spanwise direction (see Figure 11). Figure 13 shows a Typical
Pressure Profile at this measuring station for two configurations (No. 1 and
8). A summary plot presents the average pressure drop (see Table II) and
the diffusion from the nacclle into the wing (sce Figure 14).

After obtaining all the information at the various stations, a graph was pre-

pared showing the pressure losses through the model for the design configur-
ation shown in Table II (see Figure 15).
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Figure 12, Tested Internal Flow Configurations
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Figure 15, Pressure Loss at Various Stations
Within the GETOL Model
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the inlet (i-e.,jh%ji =2.0) the pressure loss, relative to the inlet g, "de-

creases. This occurred in configuration 2 and 4 andwas relativéto 1.and3 = -

respectively. Proper wing inlet -distribution ‘is ‘extremely important for-two-
following reasons:

1. With poor inlet distribution, the gap velocity may be non-uniform (see

F.igure 11)‘ P N L SV

2. With poor inlet distribution, the losses into the wing are high (Configura-
tion No, 7 is better than Configuration No, 6 because of even inlet
distribution.)

The corner radius of turn from thc nucelle into the wing introduces a large
percentage of the losses because of the high velocity air separation as it
turns a sharp corner. Proper distribution reduces the high corner velocity
and a large corner radius reduces thc turning losscs (note change in from
Configuration No. 7 to Configuration No. 8 (see Figures 12 and 14) when the
turning was reduced).

This testing shows that a éq-l: = ,5 can be achieved with proper wing inlet

distribution (inlet guide vanes) and large smooth turning radius.

Preliminary GETOL Model Testing

After model delivery to Vertol from the University of Wichita, the GETOL
wind tunnel model (see Figure 4) was mounted on its test stand over a four by
eight foot tufted ground board. A balance for measuring forces was not in-
stalled at this time and no force measurements were made. At this time (late
March, 1961) functional and flow survey tests were conducted and operation of
the model was satisfactory. The maximum fan drive air pressure available
was 40 pounds/inch2, while subsequent testing at NASA was conducted over
the range of 100 to 200 pounds/inch“. These tests permitted reasonable flow
studies to be accomplished.

The first step taken was to set the turning vanes from the nacelle to the wing.
They were adjusted to achieve minimum flow separation over the vanes. The
windows in the wing base plate were used to observe the tufted vanes with
flow through the model. Following this a flow survey around the peripheral
slot was made. Using protractors and tufts, flow directions were determined
and skiris were developed to provide the required jet directions, especially
at the trailing edge. Total pressure distribution around the slot was con-
sidered quite uniform.

An investigation of the pressure levels was performed and losses at various
stations within the model were measured at this time. Figure 15 provides this
information as well as the results of the initial internal flow tests con~
ducted at Boeing-Vertol. The conclusion is that the wing entry vanes provide
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- Princeton University Tests (Pléhfonrh.)

General

" In a parallel effort to the Boeing-Vertol GETOL Feasibility Stady, initial work
done by Princeton University has been utilized in the following manner:

1. As a guide for initial sizing of a GETOL aircraft and design of the wind
tunnel model for NASA, '

2. As a source of additional fundamental information on the significance of
planform shape and flow distributions.

Princeton’s interest in GETOL aircraft stemmed from their work in GEM’s
under ALART (Army Low Speed Aircraft Research Task) funding from
TRECOM. They had been evaluating the lifting and trim variations of various
basic planform shapes, from square through rectangular to triangular.

Although limitations in the information have been discovered, the results of
this work are rcported herein since much of Vertol’s NASA model concept
was bascd on this work.

A second data group from Princcton University was obtained from their test
of an additional planform which represents the first generation GETOL with
a straight tapered wing planform. This work uncovered two significant facts:

1. That for a given planform, varied slot flow distributions resulted in
varied moment characteristics;

2, That all of Princeton’s GETOL planform tests had been done with a two
component balance (lift force and pitching moment, no thrust force) and

consequently, although lift forces were proper, moments had not been
correctly resolved.

With the discovery of flow distribution significance and after discussions with
Princeton, Wichita. and Toronto Universities and with TRECOM it was agreed
that a second generation GETOL planform (that being the Boeing-Vertol wind
tunnel planform) should be tested to:

1. Measure forces and moments with a three component balance.

2, Specifically evaluate and determine some fundamental trends for the

effect of slot flow distribution. Unfortunately this effort was not fully
realized.
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The final task at Princeton University was their undertaking of an evaluation
of a cruciform planform. The shape of a GETOL wing and fuselage naturally

P e i e Y - B O i e et

in long1tudma1 stability as well as ‘the abllity to shift forward the hovering
Center Of Pressure. To this end, a fairly simple cruciform model test was
conducted by Princeton (under ALART funds) and the test data were made
available to Boeing-Vertol. Flow distribution problems were inherent in this
model (reverse flow for some portions of the slot was observed) but some
general trends were obtained,

Testing Under The ALART Program

Four types of tests were performed at Princeton University and are described
below,

Initial Planform Tests, Information from preliminary planform tests con-
ducted by Princeton University was received early in 1960, The following
characteristics of hovering were parametrically investigated:

1. Performance as a function of planform,
2, Static stability (longitudinal and lateral as a function of planform),

3. Center of Pressure location as a function of peripheral slot widths
(wider at the leading edge).

4, The effect upon performance and stability of non-peripheral jet wings
added to a GEM fuselage,

Six planforms have heen tested (see Figure 16). The models were self-powered
to obviate plumbing interference with the force measuring equipment, but this
advantage was offset by difficulties with accurate mass flow measurement in a
self-powered model,

The information, presented in the non«-dimensional forms of Augmentation
Ratio (—') and height parameters (ﬁ'ﬁs)’ illustrated the effect of Aspect
Ratio on the Augmentation Ratio for constant values of height.

To obtain a forward Center of Pressure, the width of the front slot was in-
creased and that of the rear slot was decreased. This effect is shown in the
variation of pitching moment coefficient (C,,,) with angle of attack for specific
values of height to mean aerodynamic chord ratio.
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Figure 16, Schematic Diagram of Planform Models
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TECHNICAL PROGRAM (PHASE 1)

Two of the planforms, the 30° swept planform and the 60° delta, exhibited a cllose

shape in fact seems superior to the rectangle of the same Aspect Ratio. In
comparing various planforms, Augmentation Ratio is not a valid means of
comparison and is discussed in greater detail on Page 84. Figure 17 presents
the hovering height attainable for various Aspect Ratio wings with the same
wing area for specific values of Augmentation. This shows the hovering height
for the 60° delta shape is approximately the same for the lower Augmentation
Ratio but bccomes less as the Augmentation Ratio increases..Simulated non-.
peripheral jet wing panels were added to the 60° delta shape in subsequent
testing; the loss of hovering performance was suprisingly small when the
advantage of increased L/D during transition, resulting from wing proximity
to ground, is considered.

Pitching Moment Coefficients were incorrect since the drag force and its con-
tribution to the moments were neglected. The balance used measured the vertical

forces in front and rear, and only these individual forces were used to calculate
the Pitching Moment,

The Aspect Katio for the large wind tunnel model to be tested at NASA was
selected from the variation of Augmentation Ratio with Aspect Ratio for constant
values of Height to Chord Ratio. Augmentation Ratio, definedas L |is a gquestion-
mVyg

ably accurate means of performance, since Jet Momentum (inVy) is defined in the
Princeton Report (see Refcrence 6, Page 193) by the experimentally derived
relation J =mVy =APhe. This latter relationship would appear valid only under
the condition that there is no vortex flow induced by the peripheral jet.

Wind Tunnel Planform Tests, Initially, the primary purpose of this test was
to determine the effect of changing the slot flow distribution on the stability
characteristics of the GETOL planform, This was to be accomplished by using
a model with a planform the same asthe GETOL wind tunnel model and be of such
design that the thickness of the cross-sectional flow area could be varied to
obtain the following three hasic chord-wise sections:

1. Type 4418 airfoil,

2. ‘‘Semi-plenum’’ - athickness of approximately 50% of the chord,

3. Plenum - a thickness of approximately one chord,

Forces, moments, mass flow, and peripheral slot flow distribution were to be
measured for the hovering condition. It was expected that the plenum would re-
sult in an even flow distribution around the periphery and possibly a more desir-
able operating condition., As the thickness of the planform is decreased, the
uniformity of the flow distribution presumably would also decrease,
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TECHNICAL PROGRAM (PHASE II)
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flow would be established and from the performance and stability requirements
it was planned that a determination of the dcsirable degree of uniformity could
be attained.

As additional information, the effect of altitude, gap ratio (leading edge thickness/
trailing edge thickness) and angle of attack was to be investigated.

The model was a box with an infternal contoured planform which simulated
the GETOL wind tunnel model wing. In the upper surface there were two
circular openings, at approximately the same position as on the wind tunnel
model, for the passage of air into the wing cavity. The ducts, placed over these
openings, were four inch aluminum pipes perpendicular to the upper surface
and had wooden inlets with one-fourth inch radii. These pipes were in two
pieces, one piece being an extension added to provide a section to measure the
pressure distribution across the duct far enough ahead of the fan to eliminatc
the effect of pre~rotation of the air, The pressure distribution was for the deter-
mination of mass flow through thc system, In the ducts were commercial model
fans with a high solidity and hub diameter-to-tip diameter ratio. Fan power was
supplied by small D.C. motors operating at forty volts and eight amps. The
base plate was fastened to four posts being adjusted from the upper surface of
the box. Slots in the base provided adjustability for the variation of the gap ratio.
The geometric slot flow angle (0) wasfixedat -30° (measured from a line normal
to the base, negative angles inward toward the center of the base). A one-fourth
inch trailing edge flap was added for a portion of the test to provide additional
directional control of the jet. Additional semi-plenum and plenum models were
not provided and the planned distribution effect tests were not conducted.

A thrce component balance (lift, drag and pitching moment) was used. This
balance was of the strain gaged, cantilevered-beam type and was used in con~
junction with three carrier amplifiers with milliammeters for readout. Fluctu-

ating aerodynamic loads hampered accurate reading of the meters because the
damping factors were low.

There was a definite interaction of the lift and drag forces requiring an elaborate
calibration and complicating the data reduction,

Before the primary objectives of the test could be accomplished, preliminary
data on this model had to be obtained to determine the effect of altitude and lead-
ing edge/trailing edge gap ratio on the lift, thrust and pitching momeni charac-
teristics,

Calibration of the balance was the first step in the program, Variation of the
gap ratio and angle of attack at an altitude of three inches was the first item to
be investigated. Next was a small variation on height from the basic three
inches at the same gap ratios and angles of attack. The third step in the test
consisted of varying the height from one half inch to six inches for a gap ratio
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TECHNICAL PROGRAM (PHASE II)

of 3:1. A rerun of some of the data, to check doubtful test points and the addi-
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and smoke studies constituted the 1ingi portion of the test, 1ne 10L0wing taple
summarizes the total test on the GETOL planform flow model.

TABLE I
TEST PROGRAM FOR BOEING-VERTOL WIND TUNNEL PLANFORM
\ . Angle of ‘Incremental

Noo | Calbratin | oy | Adeck | angle of Adtack

1 tLE/tTE = 3 in £ 20° 2°

2 tLE/tT E- 3 in £ 20° 2°

3 tLE/tTE = 3 in * 20° 2°

4 tLE/tTE = 3 in +12° 2°

5 No good

6 tLE/tTE 3 2 in + 10° 2°

7 ty g/t = 3 4 in % 10° 2°

8 tLp/tr RS 4 in +10° 2°

9 tLE/tTE =2 2 in + 10° 2°
10 tLE/tTE = 4 in £ 10° 2°
11 tLE/tTE = .5 6in 0° )
12 tLE /tTE =3 .5 6in +5° Inlet ext.e'fxsions
13 tLE /tTE - 5 6in - 5°) plus trailing
14 t p/tpg=3 | .5 6in 0° edge flap
15 (la) tLE/tTE= 3 in x 5° 5°)

tLE/tTE = 2 in 0° (

(6) tLE/tTE = 3 in % 5° 5° ) inlet
tLE/tTE = 4 in +6 2° (
tLE/tTE = 2 in %5 5° Yexten-

(M "LE/"’TE = 3 in x5 5° (sions
tLE/tTE = 2 in + 5° 5°)
tLE/tT E= 4 in * 5° 5° (
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TECHNICAL PROGRAM(FRASET) -~~~

Investigations on the Vertol planform model dembnstré.ted-' that no spe‘ei.fié

height and gap ratio the lift increased with angle of affack. The thrust r.emained"

relatively constant with height after a height oftwo inches was a.ti;z;lginedu Pitchmg_' "

Moment remained constant as the angle of attack varied.

A typical illustration of the Augmentation Ratio is shown in Figure 18, Changing
the gap ratio from 1:1 to 3:1 was done to obtain a forward shift in the Center

of Pressure while keeping the magnitude of the 1ift constant. Figure 19-indicates— - -

a trend towards forward shift in the Center of Pressure* for an angle of attack
of zero degrees and various heights, As the tests were conducted qualitative
tuft and smoke studies were made of the flow under the wing,

Flow measurement was made and the following effects were investigated:

1. Inlet Extensions
2. Trailing Edge flap
3. Gap Ratio

4, Height

5. Angle of Attack

Upon comparing the results, no measurable difference was noted.

Gauzed Wind Tunnel Planform Test. This type test was conducted solely
by Princeton University for Boeing-Vertol in an attempt to provide a uniform
flow distribution, Gauze was placed.over the slot to increase the uniformity of
flow, One layer of gauze was applied around the periphery and the uniformity was
checked by using a hand-held total pressure probe. Another layer of gauze was
then applied at the wing tips and on the leading and trailing edge of the main
center section of the wing.

Since the mass flow was not measured, this data can only be used qualitatively
in looking at gap ratio and Center of Pressure shift and angle of attack effect,
In trying to create a uniform flow, the Center of Pressure has been shifted
forward for the same heights as in the non-uniform case, Variation of the angle
of attack has a very little effect on thrust or Pitching Moment for all gap ratios
and heights,

*Later tests with the large (5 foot) model at NASA did not substantiate this
Center of Pressure shift.
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,to th;s problem wou“ld be to. take twe rﬁctanglllaf nape
dicular to. each other,-Such a model. was built by Pri
fuselage was a large box-like plenum with a fan in the certer. The wing v

was small in comparison to the fuselage volume and the passage e from & the

fuselage to wing was small with sharp edges. For this reason, most of the ﬂow
issued from the fuselage slots,

An mvestlgatxon of the sta‘nhty characterlstlcs was the prlmary purpose of this
test. A comparison of the cruciform to the wing slots ounly, can be seen in
Figures 20 and 21 for values of h/mac =.16 and .32. These two configurations
show moderate pitch and roll stability at h/mac =.16, As the height increases,

pitch and roll stability becomes neutral, No definite improvement in the longi-

tudinal stabilily was demonstrated and can possibly be explained by the strange
flow distributions occurring in this model,

Since the mass flow was not measured, a comparison of the lift for various con=
figurations could be made only by non-dimensionalizing lift in ground effect by
lift out of ground effect. This does take into account the change in internal
resistance and ils corresponding effect onmVj caused by taping some of the slots
but does not include the effect of height on these two terms which may not be
as minor as in other configurations investigated in the past. One conclusion that
can be made is that the ratio of lift in ground effect/lift out of ground effect

(L/Le) for this model is higher with fuselage blowing than without it as illustrated
in Figure 22,

University of Toronto Tests (Dynamic Model)

General

It was learned from discussions at the University of Toronto that they were
conducting test programs and constructing a test facility to test aircraft
flying close to the ground. It was furthcr discovered that a co~operative study
program could be established to complete the construction of this facility and
test a dynamic GETOL model similar to the Bocing-Vertol wind tunnel to be
tested at NASA,

The following program was developed:

1. Complete construction of the track and carry out development work
' necessary to put it into operating condition.

2, Construct a GETOL model similar to the Boeing=-Vertol wind tunnel
model,
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Stability Characteristics (h/mac =.32)
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3. Carry out a program of tests on the model within the time limits of the

L <

4, Provxde Boeing-Vertol with data from the AspeLt Rauo ot 4 perlpheral .'—. SR
jet wing being tested in the wind tunnel,
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Circular Track Tests

Owing to the dearth of information on airceraft flying in close proximity to the
ground, a circular track facilily was constructed at the University of Toronto,
Testing on this type of test {acility eliminates the possgibility of the problem

-+ of boundfny layer on the ground hoard encountered in wind tunnel testing,
A circular track also permits harnessingthe model to suppress any undesirable
motions such as roll and yaw, and also allows the possibility of continuous
recording of flight attitude.

Arrangements were made by Bocing=Vertol with the University of Toronto
to fund an cflort to complete construction of their track facility. perform
development effort und place it into operating condition, and construet and test
a model, as shown in Figure 24. similar to the Boeing-Vertol wind tunnel model.
Testing on this model was condncted in fwo phases: (1) dynamic tests, per=
formed on the frack and shown in IFigure 25, and (2) static tests, These two
areas ol testing are described in great detail in Appendix E. Volume I1. A
typical sumple of duta obtained from testingonthe track is shown in Figure 26
and shows a veloeity of 27 ft/sce at an average height of one half inch,

From the vesults obtained from this study. it appears that this method of
testing was very usclul and resolved the dynamic ehuracteristics of the GETOL
tvpe aircrvaft quickly and easily. A major achievement was that this crude,
simple model demonstrated that the veripheral jet GETOL can.operate at a
relatively constant height and transist from hover to forward flight very easily
on Fixed slot angles using the door inthe rear of the nacelle to obtain propulsive
lorce. The static tests. o survey of the pressure distribution across the slot
and around the periphery. demonstrated that distribution was not uniform and
remains a problem area.

£
7
L3
1
E
3

Wind Tunnel Tests Aspect Ratio ~- Wing with Peripheral Blowing Slots

Fpr mpaeny

Generally, these experiments were an application of the ground effect concept
to conventional airplane f{light; previous cfforts hadbeenrestricted to vehicles
designed for opcration close to the ground throughout their flight regime. Thrust
in this improved vehicle would be furnished either by the trailing edge jet
directed back or by a separate propulsion unit,
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pitching moment characteristics of a rectangular wing equipped with a
peripheral jet for various heights above the ground, forward speed, and angles
of attack., The circular planform, more suitable for a conventional GEM, was
replaced by a planform with an Aspect Ratio of 4 since the wing would have to
be efficient also in cruising flight remote from the ground,

Some information obtained from this testing is shown in Figure 23, This
demonstrates the variation of lift per air horsepower variation with Height to
Chord Ratio, Superimposed on this figure is the same variation for the Boeing-
Vertol wind tunnel model with similar slot angles and slot flow area, There
is a deviation between the two curves; at the lower Height to Chord Ratio, the
Boeing-Vertol model achieves a lower lift per air horsepower but at the high
Height to Chord Ratio the trend reverses, This difference could be attributed to
a difference in planform shape and Aspect Ratio, However it is thought that
flow distribution is the major cause for this difference, since the Toronto
model had almost uniform flow distribution and the Boeing-Vertol model had
a non-uniform distribution.

NASA Tests (Static, Track and Wind Tunnel)

General

The NASA testing of the large 5 foot span GETOL model was conducted in the
17 foot section of the Langley 7x10 foot tunnel. In addition, most preliminary
functional checks and static tests were conducted in their 30 x 60 foot Static
Room.,

Beside the tunnel tests about fifty runs were performed on the NASA tow track
facilily, recording data as the model passed over a sixty foot ground board
section,

Description of Model and Instrumentation

A brief description of the 5 foot model is given here and shown in Figure 27,
This figure is an overall view of the model showing the major components,
One of the possible methods of obtaining forward propulsive force is the use of
doors in the nacelle (see Figure 28) to permit the air to flow straight through
the nacelle thereby acting as a ducted fan. For the hovering regime the verti-
cal lift is generated by air issuing from a peripheral slot in the wing base

(see Figure 29). To turn the air passing through the fan into the wing, turning
vanes are required as shown in Figure 30.
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sensors, and & récording system. - LT sEEe

Fan flow and pressure were sensed by a three~armed five prabe tatal pressure

rake in each nacelle, On each rake arm was located one statie pressure -
probe and a static pressure orifice, the latter flush with the nacelle outer
wall (see Figure 39).

No slot probes were installed on the model due to the variability of the base
plate slot inserts and the inahility to provide flow alignment assurance for each
test configuration; neither were probes used on the base itself since prior
attempts to measure base pressure (e.g., Princeton) had shown that these
pressure levels are normally low and readily obscured by swirl of the flow
beneath the wing.

The nacelle exit was provided with total and static pressure rakes, This
arrangement was not used since testing showed the total pressure at the
nacelle exit to be the same as the fan rake total and the static to be the
ambient static. From these, the flow was known.

The model was mounted on a NASA six-component #710 strain gaged balance
(see Figure 31). NASA personnel provided the necessary calibration for the
instrument which was designed to measure the six componenis of interest.
These included lift, drag and side forces, and the pitching, rolling, and yawing
moments.

Pressure recording consisted of the photographing of manometer boards and
the simultaneous registration of pressure on IBM cards through the use of
scanner valves, with Brown balancing of the scanner valve transducer output.
This automatic readout system was obtained from. and installed at NASA, by
personnel of The Boeing Company. The apparatus is pictured in Figures 32
and 33.

Force data readings from the #710 balance were recorded manually from
Brown dials.

One additional item was recorded, fan rpm, by stroboscopic alignment of
pulses from a transducer mounted on the nacelle wall, The pulses obtained
were the result of the compressed air from the fan tip passing over the
transducer. '

During track tests, all data recording were made with an oscillograph, Since
there was a limitation on the number of channels available, a minimal
quantity of data were obtainable. Subject to this limitation, the data selected
for recording were as follows: six components of force and moment (lift,
drag, side force, pitching, rolling and yawing moments), four pressures (one
total pressure and one static pressure behind each fan), and forward velocity.
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Reccrding of“che data werethus @imple andl-ra; ; . ]
subsequently-useless;-the: carriage: houncing-the-models contributed sueh-laps
and random amplitudes that any analysis of the data would be futile.

NASA '1 est P1 ogl am

month period {rom Apml 21 to June 29, 1961, with an mterruptlon fljom May. 31
to June 9 for tow {rack tests. This phase of the operation had the following
objectives:

1. To determine the functional response of the model to full (200 psi) fan
drive air;

2. To investigate the flow through the model by calibrating the fan rake;

3. To perform all necessary testing of the forces present in the hovermg
situation.

Installation of the model was ina 30x 60 {oot room, Height adjustments were made
by raising or lowering the ground hoard on platform lifts and the ground board
was blocked to provide angles of attack of -5, 0, 5 and 10 degrees relative to
fuselage centerline. Figure 34 shows the static room installation,

Alter the initial few days of installation difficulties and the customary period of
mutual familiarization of personnel with the model, testing was begun,

Fan flow calibration was the first effort. The procedure was to rake carefully
with manually inserted probes across the permanent fan rake station. The re-~
sults of these measurements are graphically illustrated in Figure 40.

FFan swirl, due to the tip driving jets, caused a skewed high velocity jet ring in the
measuring scction. This ring caused substantial inaccuracies in flow measure-

ment. To eliminate the fan tip swirl, a honeycomb was manufactured and was
located behind the fan (see Figure 34).

Recalibration with the honeycomb provided further flow calibration curves which
have been included with those of Figure 40. This latter calibration was con-
sidered satisfuctory. since the permanent instrumentation average pressure then
agreed with the culibrated average pressure,

Actual force testing. which did not begin until after return from the track, con-
sisted of 1050 test points encompassing the following rangc of hovering
geometiries:

.o h 3.6 to 47 iuoaes

2. ¢ ~5tlo 1o degrees

3. 3 fuan rpms per configuration
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. TECHNICAL PROGRAM (PHASE L) -

4. Range of slot angles and gaps
5, Doors open and shut
6. Roll + 5 degrees

A complete tabulation of the static room tests is presented in Table IV,

A comprehensive survey and interpretation of the results of the static room
testing is made on Page 84, ’

Track Testing at NASA: During the course of the static room program, when
the calibrations were almost completed, the instrumentation was disconnected
and the model taken to the tow track facility, This portion of the test required
two weeks, from May 31 to June 12, 1961, A total of 54 data points, as listed in
Table V, were obtained, The carriage from which the model was suspended can
be scen in Figure 35 and 36, Flat spots on the tires and small gaps in the rails
gave rise to periodic oscillations of the carriage as it was moved along the track.
This resulted in vibration of the carriage and was transmitted to the model,
Diagonal support struts were added to ecliminate the lateral movement and a
viscous damper installed to damp the vertical oscillations (see Figure 35),
Operation of the model now appeared satisfactory; dirt from the compressed air
system, however, subsequently ruined a set of bearings,

Recording of data, by means of the oscillograph, were simple, rapid and semi-
automatic, Each run down the track corresponded to one test point, the com-
pressed air bottles being refilled after each two or three run interval. The work
at one end of the track was approximately two feet lower than the level of the
ground board so that modifications of the slot geometry were made quite easily,
The only problem encountered in the course of these tests were a recurrent
tendency of the leading edge tapes and those on the tip slots to blow off,

The data taken at the tow track had neither the honeycomb flow straighteners
behind the fan nor skirts around the slots. No evaluation of the data will be made
in this section, but will be included in the comprehensive analysis of the NASA
program on Page 83.

Tunnel Tests at NASA: Tunnel tests were conducted during the three week
period {roim July 7 to July 28, 1961, Two shifts wcie maintained for the latter
half of this time. The tunnel installation is shown in Figures 27 and 38,

Approximately 2000 test points were obtained, and are logged in Table VI
The model operation during the tunnel test period was very satisfactory. Fan
bearing problems, attributed to the contaminated supply air, were significantly
improved and fan bearing life was extended to periods of 100 hours or more,
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TABULATION OF STATIC ROOM TESTS

RUN NO,

ANGLE OF ATTACK

(@)
O GR tLE trg -5 0 (+5 | +10 | h/c Comments
-30X -30X 1! .8 .8 49 46 | - 52 2 -
48 451 44 51 .33 -
50 47 1 42 53 D -
56 55| - 57 11.0 -
- 54| 43 - o0 -
-30X -30X | .8 .8 - - 58 - .2 JROLL +5°
- - 59 - .33 ] KOLL +5°
- - 60 - .5 |ROLL +5°
- - 61 - 1,0 |ROLL +5°
-30X -30X| .8 .8 - - G2 - .2 |ROLL -5°
- - 63 - .33 ROLL -5°
- - 64 - .5 |ROLL -5°
- - 65 - 1.0 |ROLL -5°
-30X -30X| .8 .8 - - - 204 .33 AFT NAC.
- - 1201 { 205 .5 |AFT NAC.
- - (202 206 | 1.0 {AFT NAC.
-30V -30X1| .8 .8 - - (207 - .2 |1/2 AFT NAC.
- - 1208 - .33|1/2 AFT NAC,
- - 1209 - .5 |1/2 AFT NAC.
- - 1210 1.0 [1/2 AFT NAC.
-30X -30X1!| .8 .8 - - 1179 .2 |DOOR = ,2
- - |180 - .33 | DOOR = ,2
- - (181 - .5 | DOOR = ,2
- - 1182 - 1.0 [DOOR = ,2
- - (183 - .2 |DOOR =1,05 /
- - |184 - .33| DOOR = 1,05
- - (185 - .50 | DOOR =1,05
- - (186 - 33| DOOR = ,55
- - 1188 - .33 DOOR = 1,94
-30X -30X]| .8 .8 1190 [1941199 - .2 | AFT NAC,
191 | 1951200 - .33} AFT NAC,
192 1196 - - .5 | AFT NAC,
193 1197| - - 1.0 | AFT NAC.
- 198| - - w | AFT NAC.
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TECHNIGAL PROGRAM (PASET)

TABLE TV

TABULATION OF STATIC ROOM TESTS (Contihued)

RUN NO,

ANGLE OF ATTACK
(@) . _ o
eF eR tLE tTE -5 0 |+5 | +10 | h/e Comments
=30 =30 .8 o 8 - 70| - - .2 |TAIL OFF
- 71 - - .33 | TAIL OFF
- 72| - - .5 |TAIL OFF
- 73| - - 1.0 |TAIL OFF
- 74| - - » |TAIL OFF
0X -30X| .8 .8 [137 | 1411146 | 150 .2 -
138 | 1421{147 | 151 .33 -
139} 143(148 | 152 .0 -
140 | 144 {149 [ 153 | 1.0 -
- | 1451 - - 2 -
-30X -30X11.07 | .53|245 | 249 (254 | 258 .2 -
246G | 250 1255 259 .33 -
247 | 2511256 | 260 oD -
248 1 252 1257 | 261 | 1.0 -
- 253 | -~ - o0 -
-30X -30X1{1,2 .4 12621 266 1271 | 275 .2 -
263 | 267 |272 | 276 .33 -
264 | 268 (273 | 277 ;) -
265 | 269 |274 | 278 | 1.0 -
- 270 - - o0 -
-30X -30X|[1.0 1.0 |279 | 283 |288 | 292 02 -
280 | 284 1289 | 293 .33 -
281 | 285|290 | 294 .5 -
2821 286291 | 295 | 1,0 -
- 287 | - - 00 -
-30X -30X11,33| .67| - - {296 - .2 -
- - |297 - .33 -
- - 298 - .50 -
- - 1299 - i.0 -
- {300/ - - o -
~-30X -30X|1.5 .D - - 1301 - 2 -
- - 1302 - .33 -
- - 1303 - .50 -
- ~ 1304 - 1.0 -
- {3051 - - B -
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TECHNICAL PROGRAM (PHABE 1)

MUATNT Y TIT

TABULATION OF STATIC ROOM TESTS (Contiped)

RUN MO,

ANGLE OF ATTACK| ... . _ . _ .
(@)
Op Or ItLg | tre | -5 0 |+5 [+10| h/c Comments
-30X -30X| .6 | .6 [306|310(315 | ~- .2 -
307 | 311316 | 319 | .33 -
308 | 312{317 {320 | .50 -
309313318 {321 { 1.0 -
- 314 - - 00 -
-30X -30X| .8 | .4 | - - 1323 | - .2 -
- - |824 | - .33 -
- - |325 | - .50 -
- - 1326 - | 1.0 -
- | 327]| - - 0 -
-30X -30X! .9 | .3} - - 1328 | = .2 -
320 | =~ .33 -
- 330 | - .50 -
- 1831 | - |1,00 -
332| - - % -
-30X +30X|1.07| .53 - |333| - .2 -
- |334 | =~ .33 -
- - |33 | - .50 -
- - 1336 - | 1.00 -
- 337 - - = -
-30X -30X| .8 | .8} - - | 66| = .2 |NO LE SKIRT;
- - 67| - .33 |TIP & REAR ONLY.
- 68 | - .5
- - {69 - | 1,0
+30X 0X .8 ] .8 |211]215|220 | 224 | .2 -
212 | 216{221 | 225 .33 -
213 | 217(222 | 226 | .5 -
214 | 218]223 | 227 | 1.0 -
- 219 - - [ ] -
+30X -30X| .8 | .8 154158163 | 167 | .2 -
155 | 159{164 | 168 | ,33 -
156 | 160|165 | 169 | .5 -
157 |161}166 | - | 1.0 -
- 162 - - 0 -
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“RUN NO,

ANGLE OF ATTACK
R (') B

TABULATION OF STATIC-ROOM TESTS (Gontimued). -~ -

O -5 0 h/c Comments
-30X 86 90 .2 -
87 91 .33 -
88 92 .5 [*POSSIBLY H = 11"
89 93 1.0 -
- 94 > o] -
-30X 103 | 107 2 -
104 | 108 .33 -
105 | 109 .D -
106 | 110 1.0 -
- 111 0 -
0 - - .2 |NO LE SKIRT
- - .33
- - R 5
- - 1.0
- 175 0
0X 228 | 232 o2 -
229 | 233 .33 -
230 | 234 ) -
231 | 235 1.0 -
- 236 00 -
-30 - 75 .2 -
- 76 .33 -
- 77 .5 -
- 78 1.0 -
- 79 [- <] -
CLOSED - 81 .2 -
- 82 .33 -
- 83 ) -
o 84 1.0 -
- 80 00 -
=-30X - - o2 -
- - .33 -
- - .50 -
- - 1.00 -
- 342 0O -
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TECHNICAL PROGRAM (RHASE I

TABULATION OF STATIC ROOM TESTS (Continued)

RUN NO,

ANGLE OF ATTACK

. (@)
Og GR tLE tTE ~5 0 |+5 |[+10 | h/c Comments
-30X -30X] .90 1 ,30|343 [ 344329 | 345 .33 -
.80 | ,40(346 1347324 | 348 .33 -
1.33 ] .67 (349 - 296 - . 20 -
350 13511297 | 352 .33 -
1,5 .5 353 |]354}302 | 355 .33 -
-30X +30X11,07 | ,H53]|356 | 357 - 358 33 -
1,20 ,40(1359 (360 - 361 .33 -
-30X -30X1 .8 .8 - - 1362 - .33 3=20(1GV)
- | - 364! - | .33 p=25@1 GV

69




I S S e s e

LGRS VS AN

LI

TECHNICAL PROGRAM (PHASE 1)

TABLE V
' ' Velogity
Run No. Op GR typ trg h/c Rpm Eps)
9128 -30 ~30 .8 .8 © F, - 27 0
9129 C, - 80.
9130 Fy +15
9131 I + 21
9134 -30 -30 .8 8 .33 F, - 30 0
9135 Cg +15
9136 F + 32
9137 I + 27
9229 -30 +30 .8 .8 w F, - 25 0
9230 Cq + 5
9231 Fy + 30
9232 I, + 10
9235 -30 | +30 .8 .8 .33 F, -5 0
9236 Cg +11
9237 Fy + 22
9238 I + 30
9245 -30 +30 .8 .8 .33 F, + 20 60
9248 Cg - 14 60
9251 Fg +12 60
70
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' TECHNICAL PROGRAM (PHASE H) S

TABULATION OF TRACK TESTS (Continued)

| Velocity -
Run No. BF GR ti g tTE h/c Rpm 4 (fps)
9257 -30 | +30 .8 8 .| .38 | L;-10. |7 45
9260 15 + 34 22,5
9277 - +30 - 8 % F, - 22 0
9278 C,.’ - 38
9279 F5 + 15
9280 15 -8
9283 - +30 - . 8 .33 F4 - 56 0
R4 -
9284 C5 49
9285 F5 + 10
9287 15 +15
9318 - +30 - .94 .33 F4 -19 0
9319 C5 - 35
9320 F5 + 30
9321 15 +11
9326 - +30 - .94 o0 F4 + 37 0
9327 C5 - 50
9328 F5 -14
9329 I5 - 28
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| TECHNICAL PROGRAM (PHASET) ~

TABLE V

TAB_U LATION OF TRACK “TESIS (Continwesy .
Run No. G)F ﬂeR | tLE .tTE h/c Rpm V%gg;ty -
9370 - +30 - .94 .33 F4 + 10 60
9373 ”05 -5 60
9376 F5 - 50 60
9380 15 - 32 45
9383 15 - 47 22.5
9390 =30 -30 .8 .8 .33 F, -8 60
9393 C‘,3 + 40 60
9396 F5 -9 60
9399 I. +25 45
9402 15 + 21 22. 5
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TECHNICA-L?ROC?RAM (PHABE ) - -

TABLE VI

C(;\In(t;ig. Run No.| 6 % PreltTE h/c|Door| Tail |Skirts| . Cc

42 | 633-626{-30x[+30x| .8} .8}.2 | .0 JOFF|YES }\ . ____

43 637-640(~ .81 .81.5 0 |OFF| YES

67 641-644 1.2] .4}.5 0 |OFF| YES

68 645-648 1.2] .4(.2 0 |OFTj| YES

69 649-652 1.2 .4|.33] 0 |OFF}| YES

46 653-656 .61 .61.331 0 jOFF| YES

47 657-660 1.0(1.01.33] 0 }|OFF| YES

70 661-666 B8l 8] w 0 |OFF| YES

71 667-670 8] 8] = 0 |ON | YES

27 671-674! - [+30x| - .8] «| 0 {ON | YES

36 675-680| - - 8] 0 |OFF| YES

72 681 - - .81 «| 0 |[OFF|YES (V=0

27 682 - - B8 = 0 |ON | YES

73 683-688| =~ [|+60x| =~ 8| 0 |OFF| YES

74 689 - - W8 0 |OFF]YES |[V=0

26 690-693| - - B8 w 0 {ON | YES

32 694-6971 - [=30x| - W8 = 0 {ON | YES

33 698-703| - - 8] > 0 |[OFF| YES

75 704 - - B ™ 0 |OFF|{YES |V=0

76 705-710{-30x|+30x| .8| .8| = 0 |OFF| YES

77 711-7141-30x|+30x| .8 .8} = 0 |ON | YES

14 716-719( - - - - o |OFF|ON | NO | Airplanc

38 720 - - - ~ | «w! O |ON | NO | Nacelles Blocked
Long Fusclage

39 721 - - - - | «| © |OFF| NO | Naceclles Blocked
Long Fusclage

40 722 - - - - | «| O |OFF| NO | Nacelles Blocked
Short Fuselage

41 723 - - - - | | © |ON | NO | Nacelles Blocked
Short Fuselage

78 401 - - - - 1.33] ©6 [ON | NO

79 402 - - - - 1,200 © [ON [ NO

50 403 - - - - 1.33] © [OFF| NO

81 404 - - - - .20 © |OFF| NO

K3 405~409|-30 |-30 .81 .8/.33] 0 |OFF| NO

82 410-414|-30 [+30 | .8} .8(.33] 0 |[OFF|NO

37 415-419| - |+30 | - {.94(.33]| 0 |[OFF| NO

12 | 420-425| - |[+30 | - |.94].33] 0 |ON | YES

54 | 428 - {+30 | - 1.941.33] 0 [ON |YES |q=0

55 429-430| - |+60x| - |.94].33f 0 [ON | YES
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TECHNICA L P’BOG"BAM",’; 1 {PHASEII) o

TABLE VI

- . ——————

TABULALIUN VY L UNINE L L0140 \ A ALLAAAMAAL )

Tail |

C%\In(ftg. Run No, eF O |tLeltre h/c |Door Skirts Comments
jF ————
56 437 - [+60x| =-].,941.33|..0. .{ON_|YES |gq=0
8 445-450 |-30x |+30x| .8| .8(.33] 0 |ON | YES
9 457~460 .81 .87.33] .2 |ON | YES
11 463-46G8 .81 .81.33]/2,0 |ON | YES
10 469-474 .8 .8].33|1,05|ON | YES
28 481-486 |-50x |-30x] .8] .8j.33] 0 |OFF| YES
2 487-492 .81 .81.2 0 |ON | YES
1 493-498 .81 .8(.33] 0 jON | YES
50 499-504 |-60x |H60x]| .8 .8(.33] 0 |ON | YES
51 505-508 .81 .8].2 0 [ON | YES
6 511-516 1.27 .41.33] 0 |ON | YES
4 517-519 |-30x |-30x] .8] .8].33]1.05]ON | YES
5 520-522 .8 .81.33[{1.94/OFF| YES
48 523-525 .81 .8].33 OFF| YES [5° Roll
, (L.. Wing Down)
49 526-528 8] .8}.33] 0 |OFF| YES {10° Roll
(L. Wing Down)
53 |529-534 .8 .81.2 0 |[OFF| YES
3 535-540 .81 .8[.5 0 |OFF| YES
7 541-543 1.2 4.5 0 |OFF| YES
15 544-546 1.2] .41].2 0 JOFFj YES
13 547-549 1.2] .4(.33] 0 |OFF! YES
52 550-552 1.1{ .5).33] 0 |OFF| YES
30 553-555 .61 ,6|.33] 0 |OFF| YES
29 556-538 1.011.0{.33[ 0 |OFF} YES
57 559 8| .81.33] 0 [OTFF| YES | Asymetric L-I5
Power R-off
58 560 8] .81.33] 0 |OFF| YES |Asymetric L-Ig
Power R-C4
59 561 .8| .8[.33] 0 |OFF| YES | Asymetric L-I5
Power R-Lg4
60 | 563-565 .81 .8],33] 0 |OFF| YES | Yaw LF +30
Control RR +30
44 |575 - |=30x| -~ .8(.33|2,0 |OFF| YES
45 576-577| - |~30x| - | .8].50]2.0 |OFF| YES
61 586 +59x|-30x{ .8( .8/|.33| 0 |OFF| YES
18 | 587-589 l .8 .8(.20| 0 [OFF|YES
16 590-592 .8] .8].50] 0 |OFF| YES
19 593-596|0x [~30x| .8| .8].50] 0 |OFF| YES
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TABLE VI

TABULATION OF TUNNEL TESTS (Continued)

i Cc&nﬁg. Run No. O O |tLE |t h/c |Door|Tail [Skirts|  Comments
. ‘F F:f—:—___'_—___————_—__
- 21 | 597-600]0x [-30%| .8| .8[.20] 0 [OFF|YES T
: 62 {602 -~ | - 1.50] 0 |OFF| NO [NacellesClosed,
Power Off
20 |603-606|0x [-30x| .8 .8{.33| 0 |OFF|YES
63 |607-610 0x .81 .8|.33] 0 |OFF|YES
64 |611-614 .8| .8j.2 | 0 |OFF|YES
34 |615-618 8| .8{.5 | 0 |OFF| YES |Check
35 |619-624|-30x|-30x| .8| .8}.33] 0 |OFF| YES
65 |625-628 .81 .8(.33|] 0 |OFF|YES |8 =-5" Roll
66 | 629-632 .8 .8{.33}| 0 |OFF| YES =-10° Roll
ii
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of the tunnel ground board, which was mounted on parallelogram legs, and did
not fold readily, After repeated efforts, achange in the wing slot inserts could be
accomplished in about fwenty minutes,

The analysis of the data for this section are evaluated on Pages 80 to 148.

Interface-of GETOL Test Data

General

Data were obtained from tests at Boeing-Vertol, Princeton University,
University of Toronto and at NASA's Langley Field facility. To achicve a
comprehensive picture, a concatenation of the separate sources of data are
required. Since the majority of the data obtained are from NASA and are the
hases upon which most of the conclusions were obtained, this section of the
GETOL final report will show the interface of the data from the ahove tests.

Interface of Boeing-Vertol and NASA ¥Flow Data

From the preliminary testing in the static room at NASA, it became evident
that the rotation of the air at the measuring station caused by the high pres-
sure air used to drive the fanwould present problems in flow calibration, force
measurement and internal losses. Figure 40 presents the maximum total and
static pressurce distribution across the duct as obtained from surveys made
with hand-held probes and from fixed rakes at the measuring station.

Before the honeycomb behind the fan was installed, there was a large difference
in the pressure readings obtained from the survey and fixed rakes, This was
caused by reading the maximun pressure (essentially the supply pressure near
the duct wall) at its skew angle from the axial direction of the duct for the
survey and measuring the axial component for the fixed rakes, After the honey-
comb was installed there was pgood agreement between the survey and the
fixed rakes thus indicating that the swirl problem was eliminated, From the
data obtained from the static room testing of the model (with the honcycomb),
an estimation of the losses from the measuring station behind the fan to the
peripheral slot was made for various configurations. Shownon ¥Figure 15 is the
total pressure at specific station through the model referred to the total
pressure measured behind the fan, It can be noted that there is a narrow band
formed by the various peripheral jet configurations investigated. Also there
is a significant difference in the losses hetweenthe preliminary Boeing-Vertol
tests made on the wind tunnel model (without honeycomb) and that from the
NASA data., The magnitude of the losses up to the inlet to the peripheral slot
was less than estimated {rom preliminary analysis and much less than that
obtained from initial internal flow tests. This indicates that an internal flow
system can be constructed to result inasmall loss while having a complicated
path through which the air must flow,
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The testing accqmplished at the tow track facility, as described on.Page 64,
was not very significaut, Force data were made vague-by the random-oscillation -
imposed on model by the supporting carriage which moved along the track.,
Flow data does not include the effects of the honeycomb. With these facts in
mind, comparisons for three configurations were made with the NASA Static
Room and Wind ‘Tunnel Data, These comparisons are for thé following con-
figurations:

2_ = o
1. Figure 41: 65" = b = +30

2 _ = _
2. Figure 42: eF = =30 0R 30

2 = =
3. Figure 43: eF = =30 0R +30

The method of presentation of the data used in this section is typical of a
convenient form of non-dimensionalization. Shown is the conventional Lift
Coefficient divided by the Momentum Coefficient plotted against the reciprocal
of the Momentum Coefficient for a constant angle of attack, This presents the
continuous variation of lift from hover through transition. For any specific
conditions the Lift Coefficient can be ohtained by dividing the ordinate by the
abcissa. The abcissa is indicative of a forward speed scale where 1/Cu is
equal to zero, The velocity is zero and as 1/Cu increase the velocity also
increases, For the jet flap configuration (see Figure 41) there appears to be
good agreement over the range of the reciprocal of the Momentum Coefficient
tested. Figure 42 presents the hovering slot arrangement. This indicates close
agreement in hover and low values of 1/Cu. As the speed is increased there
is a deviation showing the track data resulting in a higher lift than the wind
tunnel data. In Figure 43 there is still a different trend shown. In hover and
low values of 1/Cu there is poor agreement, and indicating the track data has
developed a greater amount of lift than the tunnel data. As the speed is in-
creased the trend is completely reversed; the tunnel data demonstrates higher
lift than the track data.

These trends discussed cannot be taken as conclusive evidence as to what effect ]
the moving or stationary boundary layer on the ground board has on the forces !
developed by the model in forward flight, ’

Interface uf Princeton Planform And NASA Static Room Data

A planform for the GETOL wind tunnel model was determined from initial N
testing performed at Princeton University and preliminary analysis by Boeing-
Vertol. This testing (see Page 35) was performed to give some qualitative insight :
into the performance to be expected from the model design, A standard per- L
formance comparison for Ground Effect Vehicles, shown in Figure 44, is the
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" to the possible inaccuracies in flow measurement inthe | G - These-
‘are limitations imposed upon the datg by the low mass flow :hroughih._ mg_dgl L
and thereby results in extremely low pressure differentials that ave difficalt -

to obtain accurately.

“"With these factors in mind, the conclusion reached from the Princeton tests
presented a good quantitative and qualitative representation of the basic hover~
ing characteristics of the wind tunnel planfoim that can be made,

Analysis of NASA Data

General: The data obtained during the NASA {tests incorporates so many
facets that it has been difficult to determine a best method of presentation.
Rather than discuss the data for each test phase (i.e. static room, track and
tunnel), it has been decided to discuss by subject the findings of these tests,
Occasionally, several items utilize data plotted on a given curve, so of neces~
sity, curves and figures are collectively grouped, Cross reference or duplication
in considerations (such as slot angles when discussing gap ratio or gap ratio
when discussing trim moments) are unavoidable and necessary,

Some of the important factors that affect the data in this section are stressed
here, The madel had a lengthened fuselage and nacelles, A section of approxi-
mately twelve inches was added to facilitate in measuring the flow behind the
fan. With this lengthened section therc was the possibility of developing vortex
flow and have a negative lift and nosc down pitching moment increment. It became
evident from some exploratory investigations that these effects were of minor
magnitude and therefore are not included in this report.

Slot extensions and skirts were used in almost all of the static room and wind
tunnel testing, but unfortunately none were used at the track test, Honeycomb
flow straighteners were used in the static room and wind tunnel testing but
were not installed at the time of the track tests,

P e N

Development of Performance Parameters (Augmentation or Lift/HP): To
evaluate the performance of any of the tested GETOL configurations, it was
firsl necessary io deiermine a parameter which would truly reflect such per-
formance. Classically, ground effect vehicles have used ‘*Augmentation’’ termed
“*A’’, as a measure of performance

RN RIS

npu o total lift L
jet lift mVj
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the ability to know Vj is the problem. Princcton has used Chaplin’s theory of
thin jets to determine VJ from a measurement of base pressure, but this base
pressure measurement is so dependent on the location of such measurement that
errors are almost inevitable,

Knowledge of the total pressure within the wing (or plenum) and the calculation
of the resultant jet velocity is another possibility but depends on (usually known)
slot orifice characteristics.

A third method is to define VJ from the Quantity Flow and the slot area. This, too,
depends on the slot orifice coefficient, but if the slot flow area is considered to
be the geometric slot areu, at least a consistent set of numbers can be obtained,

Figure 45 prescnts the results of the NASA tests on the GETOL model as
Augmentation Ratio (A) versus Ileight to Chord Ratio (h/c), where Vg is defined
as the Quantity Flow divided by the geometric slot area (Q/Aslot geom). Inspec-
tion of this curve shows the design Augmentation Ratio attained at a Height to
Chord Ratio of .33 is 1.60, Further, this method of obtaining mVJ shows an
advantage in Augmentation Ratio for a wider gap and is illustrated in Figure 46
for three power levels tested in the static room. The first conclusion drawn
from these two figures is that the wider gap is better. However, Figure 47
presents the Quantity Flow for these same gap areas and it is apparent that as
the slot is widened the flow does not proportionately increase; the flow is not
filling the slot gap and defining actual Vg as Q/As]oy geom is in error.

Looking further, Figure 48 presenis the sume model configurations in terms of
lift per air horsepower (L/HP). Here, no unknowns are involved (not to say that
test inaccuracies might not exist). L/HP is considered a very valid measure of
performance. However, note that no particular advantage is shown for any gap
ratio; if any, there is a slighily beiter power required situation for the smaller
and larger slot, certainly contradictory to Figure 46,

To evaluate another definition of VJ, where;

- 2P0t

v
J P
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Use of mVy (mass flow rate x average slot jet velocity) seems most logical, but.
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TABLE VII

COMPARISON OF AUGMENTATION RATIO
Slot Slot
Configuration | Velocity | Velocity | Augmentation Ratio | Augmentation Ratio
(GAP=-tLE =tTE)| (VT) (VJa) (“A”) (“A2”)
(Ft/Sec) | (F't/Sec) J
.6 151 169 1.4 1,11
.8 124 173 1.8 1,14
1.0 114 171 2.0 1.17

““‘Ag’’ seems about constant with changing gap area, ‘‘A’’ of course varies,

The solution to this problem is as follows:

1. To evaluate hovering capabilities of various model geometries, we must
use L/HP.

2. To conveniently compare hovering capabilities for the same geometry
but at different heights or attitudes, this is consistent with flow data
discussed in subsequent sections where heights, angle of attack and even
forward velocities tested make no significant difference in slot flow rate.
The only available parameter (besides fan RPM, of course) which signi-
ficantly changes flow rates is gap geometry. We may use Augmentation
Ratio and we will define ‘“A”’ in terms of the most easily measured test
information as Q/Aslot geom.

The previous discussion concerns itself, primarily with the hovering regime. For
the transition and forward flight regimes, L/HP appeared to be the best method
of comparison since it has been shown that no unknowns are involved and is a
valid measure of performance., This is so if the comparison of L/HP versus
forward speed are made for specific design parameters (especially wing load-
ing, w). In an attempt to make the following analysis applicable to any ‘‘size’’
aircraft of this general configuration it was necessary to determine an addi- *
tional performance parameter.

L
Bd A

wi Al

o zkiems

As can be seen in Volumell, Appendix C, this non-dimensional form of presenta-
tion for the force data is applicable to any wing loading.

i DR st e s s e
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this is done i dotall on Page 96 biit it casbe Statad ﬂxﬁﬁ!ﬁé“‘h"b.,’ FuFation
there is a [ixed resisiance and a relationship hetween the-total pressure Jehind

product of the total pressure and Quantity Flow,-and jet sloit momentum (jet
lift) is a function of Quantity Flow, there is a definite correlation between air
horsepower and jet slot momentum,

For a given set of conditions, equilibrium flight (Drag = 0) and a specific angle
of attack, the reciprocal of the Momentum Coefficient is determined and hence
the Lift Coefficient Over-the Momentum Coefficient (%& = %‘73 = A), results in
an effective Augmentation Ratio through transition being obtained, By dividing
a specific wing loading by the effective Augmentation Ratio, the jet slot momen~-
tum per unit of wing area is determined and thereby specifies the power per unit
of wing area,

Therefore, the following statements can be made:

the fan and the quantity flow that exists, Since air horsepower is-essentially-the

1 Jet slot momentum _ Wing loading [mVj = w/(L/J) ]

Wing area Effective AugmentationRatio LTS,

Air horsepower _ jet slot momentum 3/ 2 I-HP * , 1,3/2
2. Wingarea Constant ("=, ing area K ( Se )
3 Lift - Wing Loading L - @
* Air horsepower Air horsepower/wingarea |IHP HP/S
4. .. L ——W—Z- for a specific wing loading.
K (L / J )

Wing loading is the only variable in the above equation; thus to eliminate this
dependence upon wing loading, both sides of the equation are multiplied by the
square root of the wing loading and the result is:

(/532 3/2
HP\/_ K

which is a constant for a given configuration for any wing loading,

* Kis a function of the resistance of the flow system
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Since this term varies with forward velocity and this is also dependent upon:th
wing loading, the velocity must be converted to dynamic préssire and;

divided by the wing loading This results ina plot showing the variation of ﬁB i

with 4/w, -

Flow and Fan Characteristics, Using a peripheral jet for hover and transi~

tion, the Ground Effeet Take-off and Landing (GETOL) aircraft’s basic charac-

teristics are dependent upon the flow and fan characteristics, These are
separated into the following three distinct sections:

1, Fan and Model Flow
2, Fan Pressure Effects

3. TFlow Distribution

Fan and Model Flow: Consideration here must be given to two specific flow
items:

1. The validity of the model fan flow measurements.
2. The resulting model flow rates for the various geometrical configurations,

The first item, validity of the model fan flow measurement, was presented on
Pages 80 and 82. Figure 40, the resulting curve, showed that the installed pressure
rakes behind the fan would provide accurate flow measurement by simple
arithmetic average.

The second item, model flow rakes and pressure requirements, as shown in
Figure 49 is the variation of Quantity Flow with fan RPM for various slot geome-
tries, The band for each configuration is a combination of data scatter, Height
to Chord Ratio and forward speed. A straight line would be expected for the fan
except that the tip jet air used for power might provide a nonlinear character-
istic. However, the curve, except for scatter, is linear and provides adequate
knowledge of the model flow for a given geometry.

Shown on Figure 50 is a plot of the pressure behind the fan versus the Quantity
Flow for various slot configurations. The band shown is a function of scatter
Height to Chord Raiio and anglc of attack, For an ideal fan the variation of total
pressure behind the fan would be a function of the square of the Quantity Flow.
The plotted curves and their equations (included in Figure 50) provide excellent
support to the following facts:

1. For a given geometry, the flow-pressure relationship does not vary
with height,

2. Flow measurements are quite accurate.
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7 Paw mracaurs inaraacaa tha flaw alanc the anma resistance 1ine defined
in hovering,

Fan Pressure Effects: To be assured of proper parametric expressions, it
was important to make certain that no parameter vary with flow rate (except for
the possibilities of secondary effects such as internal flow Reynolds numbers),
To this end, the hovering Lift Coefficient, AugmentationRatio (‘‘A’’), was specifi-
cally evaluated early in the static room phase for possible variance with fan
pressure (hence Vj), Figure 51 presents this investigation and shows the con~ ~
sistency of Augmentation Ratio with jet velocity (Vj).

Thus, all coefficients forms used inthis GETOL analysis were similarly constant
with respect to fan total pressure, except the one dimensional parameter of great
importance, L/HP. The dependence of L/HP on the lifting fluids velocity is ele-
mentary and of necessity results in the requirement that power evaluation of the
GETOL type aircraft had to account for specific wing and fan pressure loadings,
To eliminate this requirement, the slightly revised parameter of v was used

for certain areas of investigation, The reasons for using this parameter are
described on Page 84.

Flow Distributions: No specific variations of slot flow distributions were
imposed on the model tested at NASA, but as mentioned in other sections of this
report, the measured characteristics of this model, especially trim moment

and stability results, were a function of the flow distributions which this model
possessed.

Measurements of the slot total pressure described on Page 33 were quite uniform,
If at a future date, when criteria becomes available, some correction to force
and moment data may be possible. The importance of flow distribution is that

it must be known for thc detail design of an actual GETOL Flight Research
Vehicle (FRV).

The significance is that any GETOL capability which may be predicted from the
results of this GETOI, Feasibility Study are limited to that which would occur
based upon further analysis of the slot flow distributions, Possible estimations

of improvement may be obtained but specific improvements require further
testing.

Slot Geometry Effects

Thc torm ‘‘Slot Geometry’’ represents a broad area that must be subdivided
into the following items of major importance:

1. Slot Anglcs
2. Slot Skirts
3. Gap Area
4. Gap Ratio
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item, one is varied while the others remainconstant, The effect of-Slot Geomety.
variations must be considered on performance, stability and tfim in hover and

transition, Each of the following terms of major importance are discussed in
this manner:

Slot Angles: Hovering Performance — Figure 56 presents the performance

for several possible hovering slot arrangements with eéqual gap ‘as shown below: —-

OF or
~30x ~30x
~30x +30x

0x -30x

Note that L/HP is the compared parameter as it must be when comparing different
geometries, Although magnitudes of difference are small, there is a superiority

in hovering performance for the GF -30° x GR = =30°x configuration.

Hovering Stability — In the determination of the effect of slot angles on hovering

stability the variation of pitching moment with angle of attack was plotted and
is shown on Figure 55 for the significant slot angles tested, It should be noted
that on this figure negative pitching moment is up. Two configurations exhibit
very slightly stable characteristics; they are 0 = -30°x O0R ==30° x and
Oy = -30° x R = 0° x. Actuaily all configurations have what seems to be a mild
slope and are about neutrally stable, but a slight advantage may exist for the
two geometries previously mentioned,

Hovering Trim — All slot angles (see Figure 55) show a large nose down frim
moment about the model balance which was at the 25% root chord on the thrust
line. Only the O = =30° x OR = +30° x configuration shows a reduction in this
trim moment, but this geometry suffers excessive performance loss as shown in
Figure 56.

Transition Performance — As stated previously on Page 84, when comparing
different geometries H_I;P vw  variation with ¢/w should be used to make the
resulting comparisons applicable to any wing loading. In the transition regime,
a comparison of ﬁl-i-, J@  was made with the nacelle doors closed, the model at
a constant Height to Chord Ratio and drag equal zero for three slot arrange-
ments shown in Table VIII, (see Figure 56)

For the 0 = 0°x OR =-30°x configuration power required constant increases.
For the other two configurations, there is a small difference in the power re-
quired in hover and the low speed regime, As the speed is increased, the differ-
ence becomes much more significant. Although the difference is minimal at
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extremely low speeds there is a definite advantage at higher velocities for the
Op = -30°x Op = -30°x configuration,

Transition Stability — To compare the stability in transition for three slot angle
configurations, a variation of the Pitching Moment Coefficient (Cm) with angle
of attack is shown for three values of the reciprocal of the Momentum Coefficient
(a measure of the state of transition between hover and forward flight). Figure 57
presents this variation for three slot angle configurations. They demonstrate
marginal stability characteristics, but the 8 =-30°% 6g =-30°% and 6 =-30°x
fR = +30°k configurations are neutrally stable,

Transition Trim - Figure 58 shows a large nose down trim moment in the low
speed range about the model balance which was at the 25% chord. This Center
of Pressure is approximately at the 50% chord, As the velocity is increased
the trim moment decreases to zero. The difference between the 0f = -30%
R = -30°x and 0F = =-30°x OR = +30°x configuration is of minor significance, A
general trend similar to this was noted for all configurations tested.

Slot Skirts: Slot skirts were developed as extensions to the outer edze of the slot
contours to better effect the desired flow directions. A typical skirt installation
is shown on Figure 59, Skirts were screwed to the wing when possible, or taped
when necessary, Visually, these skirts improved flow directions, especially for
the trailing edge slot, Most significant testing at NASA was therefore conducted
with the skirts on, In Tables IV, V and VI, skirted slot angle:s are referred to as
0 x i.e, -30°x. A limited number of runs were made with the skirts off as in
the tow track tests which were conducted without them. It is the intent of this
section to show the effect of skirts on performance, stability and trim.,

Hovering Performance — Figure 59 shows the improvement in Augmentation
Ratio which resulted from the skirt installation, In reasonable ground clearance
situations the improvement in lifting ability is about 45%. Figure 60 preseuis
the same skirt on-off situation in terms of lift per air horsepower due to the
fact that ‘‘A’’ can be misleading when comparing different Slot Geometries and
that the addition of skirts to a given Slot Gap and angle is effectively a Slot
Geometry change. Here, too, the skirt improvement is noted, but is about 35%.
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Hovering Stability — The effect of slot sk1rts on h0\ erm‘g 'tgbi i:y

HRLE LN SIS

Certainlv, an impnrovement in hovering caﬁabiliw of aboutﬂ 49% is elem*‘lv
UWLMMGLQN cAIrG\A; :

determined, UnsKirted tests which provide such data were within-the firstforty - .- - =
static foom test runs for which data are not available, This lack of-data-is'due - - - =

to fan swirl (before installation of honeycomb flow straighteners) limitations,

Hovering Trim — Only four test points exist to suggest the trim change in

hovering due to skirts. These points are shownon Figure 61, At Height-to-Chord—

Ratios of 1.0 and .5 there seems to be no moment change; at a Height to Chord
Ratio of 33 a slightly less severe nose down moment was recorded; at a
Height to Chord Ratio of .20 about 20 percent decrease in nose down moment

‘occurred. Although this information is meager, certainly it is in favor of the

skirts and adds evidence to their desirability,

Transition Performance — The effect of the addition of skirts to the 0F = -30°

R = ~30 slot angle in transition is shown in Figure 62, This configuration had
the same slot area and Height to Chord Ratio with the doors closed and zero
drag. There is a constant decrement inpower (approximately 20 percent) attained
by the addition of skirts over the range tested. As can be noted for the angle of
attack through transition, the configuration with skirts achieves any speed at
a lower angle of attack thus indicating that better flow direction is achieved by
the use of skirts,

Transition Stability — To illustrate the effect of the addition of the skirts to
the slots on the stability characteristics, the Pitching Moment Coefficient
variation with angle of attack is shown in Figure 63, For the low speed regime
(1/Cy g -50) there are definite stable trends for angles of attack of less than
+4 degrees but above that there are definite unstable characteristics, As the
speed is increased, the characteristics become only marginally stable, There
is no major difference in the trends, only in the magnitude of the trim moment,

Transition Trim — A comparison of the Center of Pressure through transition
for skirts on and skirts off can be seen in Figure 64, There ig a negligible
difference noted and the variation of location with speed follows the general
trend previously stated without any definite advantage shown for either
configuration,

Gap Area:* Gap area was one of the basic test variables in the program,
and runs were made at three basic slot gaps.

TLe + TTE S.T/SW
1.2 inches .075
1.6 inches .10
2,0 inches .125

Note: Gap area ratio is not.considered here where the leading edge gap was
larger than the trailing edge gap.
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-gap “area but Augmentation is-an incorrect parameter “when, compar1

AR - Tt T e

“or_IiIt per air"horsep"m T (8¢
oped. Referring again to. these f

nggap
variances, Lift per air horsepower (Figures 48 and 52) suggests a possible -
slight performance advantage for a gap area either larger or smaller than the

nominal S / SW of .10 gap for which most of the testing was conducted, L o o

Flgux es 52, 53, 54, 6.). 66 and 67 add more mformatlon for gap area variations

at various angles of attack, Height to Chord Ratio: (h/c) and gap ratio tLE/tTE)
configurations.

Here the trends seem to favor the smaller gap areas, showing a small increase

in lift per air horsepower for the smaller gap area (-SJ— =,075) over the medium
gap area (—-J—-— .10)

Hovering c}tabxh'ry - Figures 65, 66 and 67 present the moment characteristics
at the three gap areas. Inspection reveals that the variation of Pitching Moment
Coefficient with angle of attack (dCm/da) is approximately neutral for any of the
three gap areas tested and may be slightly stable for the smaller area, The
conclusion, if any, is again in favor of the smallcr area,

Hovering Trim ~ This is also shown on Figures 65, 66 and 67 for three gap
areas. No significant change in the trim moment was effected at any variation in
gap area,

Transition Performance — Since there is some uncertainty about Augmentation
Ratio, it appcars that the best method /of comparigon, as stated on Page 84,
is the product of lift and (wing Ioadmg) divided by air horsepower. Figure
68 represents the variation power required with velocity, This indicates that of
the three configurations shown, the smallest gap area is somewhat better
throughout transition, There is a power decrease with this configuration at low
speed that increases to zero and then decreases again as the speed continues
to increase when compared with the basic configuration ( F = -30x R = -30x

S . .S
‘SJW:' .10). The largest gap area, defined by the ratio s%= . 125, when compared

to the basic configuration shows a small decrease in power in hover but as the
velocity is increased the power required becomes greater for a major portion
of transition, It thendecreases as the velocity is further incrcased and approaches
the power required by the smallest gap area, This results in the selection of the
smallest slot area as best for transition,

Transition Stability =~ The effect of varying gap area on the stability character-
istics is shown in Figure 69, For the three gap area ratios 1nvest1gated
(S3/Sw =.075; .10 and .125) there is no definite decrease or increase in stalflity.
Neutrally stable characteristics are noted up to angle of attack of 8 degrees
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Tranmtiou Trim — The effect -of gap area on trim is shown on Figure 70. For;- -
the large gap area (S3/Sw =.125) there is a more aft Center of Pressure loca-
tion than for the medium and small gap area, but the overall trend is basically
the general trend of the Center of Pressure located near the fifty percent chord

in'hover and extremely low speed and movingto the 25% chord. Again no definite
advantage is shown,

Gap Ratio: Gap ratio was another basic variable in the NASA test program.
Tested were: tp,g/tTE = 1:1, 2:1 and 3:1. The primary intent of making the
leading edge slot larger than the trailing edge slot was to shift the Center of
Pressure in hovering forward to a position near the quarter chord, where the
forward flight (airplane configuration) Center of Pressure would be expected.
Princeton planform work (see Page 41) produced data where the Cenier of

Pressure had been shifted forward when the gap raiic was increased from 1:1
to 3:1.

In any event, these NASA tests were expected to define a forward Center of
Pressure shift with gap ratio.

Hovering Periormance -- Whether a significant performance penalty would
occur with gap ratio variation was a primary question that would determine the
potential of this possible method of gaining a forward shift in the Center of
Pressure. The effect of changing the gap ratio on the lift per air horsepower is
shown in Figure 73. There is no significant power penalty observed whether the
gap ratio is 1:1, 2:1 or 3:1.

Hovering Stability — Referring to Figures 65, 66 or 67, the near neutral stability
of any gap ratio is apparent; no improvement nor decrement to hovering stability
would occur with variation in gap ratio up to 3:1.

Hovering Trim — The effect of gap ratio on hovering was the main angwer being
sought of this variable. Referring to Figures 65, 66 and 67 the Pitching Moment
Coefficient is about constant with gap ratio; finding the Augmentation Ratio for

this configuration in Figures 71 and 72 permits the Center of Pressure location
to be calculated as shown in Table IX:

TABLE IX
VARIATION OF CENTER OF PRESSURE WITII GAP RATIO {a - +59
Configuration '
0 = -30x 8 = -~30x tLE /g A Ch AC. P, {from 25%c)
t g + tTE = 1.6" 1:1 1.15 | -.30 -.17
h/c =.33 2:1 1.52 -~.30 -.198
o = +5° 3:1 1.48 -.30 =202
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"As the leading edge gapwas increased;nochange in Center of: Pnessurb:ogmeﬁ'- TR

“(the slight shift rearward: in the previous calculation i ot .-,igmf" ¢
anothPr angle of attack the same trend occurs. in Table X* : .

TABLE X

VARIATION OF CENTER OF PRESSURE WITH GAP RATIO (o = -59

Configuration
Op = -30x Oy = -30x tLE/tTE A Ch C.P. (from 25%c)
tLE + tTE = 1.6 1:1 1.28 -.36 -.28
h/c =.33 2:1 1.05 -.36 -.34
o =<5° 3:1 1.03 -.36 ~-.35

Note that the Center of Pressure does shift with angle of attack, which is
explained in greater detail on Page 131. The significance of this section is that
the shift of gap ratio to alarger slot at the leading edge does not effect a forward
Center of Pressure shift (the small aft shift actually calculated is a surprise,
and may be explained by a very small suck down on the nacelle and fuselage),
This area was investigated and the amount of difference in lift or Pitching Moment
obtained could possibly be the result of small data inaccuracies,

Transition Performance ~ To obtain the effect of gap ratio on the transition
performance, the model was tested for three gap ratios (1:1, 2:1 and 3:1) at a
Height to Chord Ratio of .33, nacelle doors shut and zero drag. This information
is shown in Figure 73, A negligible difference in power is noticed at extremely
low velocities but this difference becomes greater as the speed increases,
Further increasing the speed decreases the increment of power between the
three gap ratios to a negligible amount, This indicates that the peripheral
curtain is being effected by the dynamic pressure of the free stream acting on
it, The conclusion is that the basic gapratio of 1:1 is best from the performance
consideration,

Transition Stability — As the velocity increases through transition, the change
in stability obtained by varying the gap ratio from 1:1 to 3:1 was not appreciahle
(see Figure 74). The near neutral stability obtained from the 1:1 gap ratio is
representative for all gap ratios,

Transition Trim — The basic idea of obtaining a forward Center of Pressure in
hover and transition, thus making it compatible with the forward flight regime,
was not realized. Figure 75 presents the variation of Center of Pressure with
velocity for the three gap ratios tested. There is no significant difference in
trim among the three gap ratios and it follows the general trend with velocity.
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TECHNICAL PROGRAM (PHASE II)

Stability Characteristics

Forward Speed Effects: To facilitate handling o'f_thé' _hbver and transitmn

data, the conventional lift. drag and pitching moment coefficients (Cp, = S0

=D =
_CD = qS o and Cyy = s C)_ where divided by the momentum coefficient (Cu =

" ok b sionih

J) and plotted against 1/ C (see Volume II Appendlx C) for constant angies
of attack. This simplifies the dctermination of the aerodynamic coefficients
while independently varying the dynamic pressure and jet slot momentum. As
the forward speed increases, 1 C” increases, the lift and drag coefficients
(CL/Cy and Cp/Cy) increase showing the aerodynamic effect. The pitching
moment coefficient (Cpy/C,,) increases or decreases with 1/0# depending
upon the angle of attack. An almost lincar relationship between CL/ C,. C p/ Cy
Cm/ C, can be seen; therefore, demonstrating that for the higher speed mnge,
mVy has no major effect on these coefficients.

Acrodynamic Characleristics

One of the major influencing parameters on the aerodynamic coefficients is
angle of attack. For example, as the angle is increased the lift coefficient in-
creases up to a point where flow becomes separated over the leading edge and
stall occurs. Similarly in GETOL, angle of attack has a great influence on the
coefficients in hover, transition and forward flight, In hover, air issues from
the bottom surface of the wing at some fixed angle to it; the angle of attack
change results in changing the angle of the jet to the ground reference plane
and hence a changed distribution of horizontal and vertical forces caused by
the jet. This also results in an effective change in the base pressure trapped
by the peripheral jet curtain. In transition and forward flight this is com~
pounded by the aerodynamic effect, Therefore, an evaluation of the character-
istics as affected by the angle of attack is required,

Angle of Attack Effects: Hovering Performance - There was a definite
variation in hovering lifting ability with angle of attack, Figure 76 shows the
Augmentation Ratio at several angles of attack for various slot angle configura-
tions, always revealing the greatest lift in nose high attitudes, This is partially
explained by the fact that the installed wing incidence plus airfoil bottom curva-
ture reculis in a horizontal wing base when the fuselage was at an angle of
attack of approximately +7 degrees. Figure 77 cross plots Augmentation Ratio
versus angle of attack for several geometries. The trend to a higher Augmenta-
tion Ratio at six to ten degrees is obvious.

Hovering Stability - The variation of pitching moment with angle of attack is the
measure of longitudinal static stability for the preferred hovering geometries of
BF = -30x 6 = -30x or O =0Ox O =0Ox. Other slot angles exhibit positive
or negative stability depending on the geometry, but all seem fairly neutral,
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there seems to be the least trim moment at approximately +7 degrees angle of
attack, The conclusion is that from power, stabilily and trim considerations
hovering-at-+7-degrees angle-of attack.is recommended.... .

\ _Hovefihé Trim - No angle of attack was discoveredfor the hovering configuration .. -
where the trim moment would be zéro about thé 25% chord. But, from Figure 83 -

Transition Performance - Figure 84 shows the varistion of equilibrium power
required through transition for typical slot angle - height configurations, With
the drag equal to zero condition established, it can be noted that the angle of
attack required decreases as the speed increases; as the forward speed in-
creases the aerodynamic lift increases thereby requiring a lower lift coefficient
to maintain a specified wing loading, The variation of lift coefficient with angle

of attack is illustrated in Volume T, Appendix C and indicates decreasing lift
with decreasing angle of attack,

Transition Stability - The effec’. of angle of attack on the Pitching Moment
demonstrates the longitudinal stobility., For the slot configuration, the trend of
the stability characteristics is shown (see Figure 85) to be almost neutral or
slightly positive. Stability is also a function of l/Cu and as this value increases

the stability changes from positive to negative (see Figure 193 of Volume II,
Appendix C).

Transition Trim - As the velocity increases through transition, the angle of
attack, established from the equilibrium condition, decreases as the velocity
increases. A Center of Pressurc variation with velocity is shown in Figure 86
following the general trend of hovering Center of Pressure at the 509 chord
and moving forward to the 25% chord.

Jet Flap Characteristics: From many investigations it has been proven that
the jet flap wing provides very high lift coefficients; thereby, making it very
useful in the design of a Short-Take~-off and Landing (STOL) aircraft. The GETOL
aireraft, having air flow in the wing and through the peripheral slot, would lend
itself to a jet flap configuration very easily by closing all but the trailing edge
slot. With this capability available, it was felt that an investigation of this con-
figuration with a jet flap should be investigated to determine its characteristics,
To obtain this information, the leading edge and tip slots were closed and

various trailing cdge clot angles were tested,

Transition Performance - The effect of the jet slot angle on the performance in
transition and forward flight is presented in Figure 78. The two configurations
shown in Figure 78 are 0 = 0g = +60xand 0 - g = + 30 x as noted in GETOL
terminology. In conventional terminology, the first is a jet flap deflection angle
of 30 degrees and the second is a jet flap deflection angle of 60 degrees. In the
low speed range thore is a small difference in the L/HP hetween the two con-
figurations, but as the speed increased thorce is a very significant difference in
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TECHNICAL PROGRAM (BHASEI) =~

that the 6y = - Oy = +60X configuration becaomes superior, Comparing-the ahg
of attack to achieve any speed, the O = - 0g =+30x configuration requiresza
lower angle, -This indicates that a major portion of the lift is developed by the
. jet and poor turning of the air passing over the wing is obtained. From the per-
: formance demonstrated in the 6y = - 6p = +60x, it is the better configuration.

) Transition Stability - Variafion of the jet'flap angle has no significant-effect-on—-———
the stability through transition (see Figure 79). Both configurations are slightly
unstable and the increasing forward speed has changed only the trim moment,

Trangition Trim ~ Figure 80 presents the variation of the Center of Pressure
with spced. There is a small amount of shift incurred with forward speed. The

0p = - 6 = +60x Center of Pressure is located at approximately the 15% chord
and the f = - OR = +30x is near the 30% chord. Based upon trim, the 0F = - BR
= +30x configuration would bhe most compatible with forward flight.

Performance Characteristics

RS iy S R P 11 A St R A i

Height Effects: One of the most powerful parameters for the Ground Effect
Machine (GEM) is the operatingheight. Parametrically height is treated as height
to diameter (h/d) for a circular planform, In this GETOL study height will be
treated as Height to Chord Ratio (h/c), where c is the root chord (18 inches for
the Boeing-Vertol wind tunnel model tested at NASA).

A requirement of TRECOM Coniract DA44-177-TC-663, under which Boeing-
Vertol has been conducting this GETOL feasibility study, was a three foot
hovering hcight. For initial aireraft layouts the resulting Height to Chord Ratio
was .33. For this reason most of thc NASA testing was donc at this Height to
Chord Ratio of .33. However, considerable trend data points were ohtained at

h/c =.2, .5, 1,0 and « so that this evaluation of the effect of hovering clearance
may be conducted.

Hovering Performance — For comparisons of hovering performance variations
with h/c, either lift per air horsepower or Augmentation Ratio may be used as
long as model geometries are not wrongly compared. The purpose here being
S only to clecarly determine the height-lift trend, Augmentation Ratio provides the
most logical parameter, Referring to Figure 71, a variety of Augmentation
curves are presented showing the increase in the lifting ability with decreased
h/c. Tt is significant that, as a guide, dropping hovering h/c from the coatem-
plated value of .33 to .20 will provide about 25 to 30% increase in lifting ability,

:

To obtain a feeling for the actual power requiremeuts, Figures 81 and 82 should
, be used but it must be kept in mind that the lift per air horsepower attainable
- is a furction of power loading; however, the same 25 to 30% lifting ability in-
- crease is shown for an h/c decrease from ,33 to .20.
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Hovering Stability — Figure 83 presents Pitching Moment VAT iation-with-angle. .-
of -attack for three height ratios. These curves are typical: of many plotted 1o;

w————Hover--Trim---Referring again-to-Figurc-83 tho-trim-moment is—qti—ite —riegatrive' S

hovering geometries and show aboutf neutral. longltudinal [ stability, As'height is

““decreased no significant change inthe slope occurs. The conclusion is that’ above

h/c = .20 changing height makes no significant change in stability. 7 7‘ =

and certainly varies with height ratio. However, lift also decreases with in-
creasing height and Table XI shows the actual shift of the center of the pressure.

TABLE X1
VARIATION OF CENTER OF PRESSURE WITH HEIGHT 1'O CHORD RATIO (a=0)

C C A C.P. (%)
h/c (= ™Mo (a= I“0) (from quarter chord)
.20 -.53 1.8 -29
.33 -.36 1.45 -24
.50 -.28 1.32 -21
Note: Negative percentage indicates aft center of pressure

The conclusion is that any controlling trim moment will only vary slightly with
height, but will be quite substantial, if the center of gravity must be located at
the quarter chord. A front cruciform ‘‘T’’ may be needed just for moment

balance (forward Center of Pressure shift) as well as for a possible stability
improvenent,

Transition Performance - To illustrate the effect of height on {rangition per-
formance, a comparison of the parametric lift per air horsepower ( ﬁ«p— vaw )
through transition is shown in Figure 84, There is a decrement in power rcquired !
by reducing the Height to Chord Ratio from the basic value of .33 to .2 at low ;
speeds, An increment in power required for the Height to Chord Ratio of .5
over that of ,33 is obtained at very low forward speeds and decreases as the
speed Is increased. The power required for each of the three heights discussed
converges as the speed is further increased. This indicates that ihe saving in
power in the hovering regime decreased to the point of non-existence as the
free stream dynamic pressure becomes great enough to deteriorate the aug-
mented 1ift developed by the peripheral jet curtain, 1
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TECHNICAL PRGC‘RAM (P.

transitlon 15 "SHown on Figure 85, For the Height to Ghord Ratios: of:20 and .33
neuiral or siighi posiiive stabilily can be seen, Ata Height to Chord Ratio. of
.50 there is a slight unstable trend, This indicates that-as the height-incréases -

the stability characteristics change from slightly stable to slightly 1 unstable

Transition Trim - Figure 86 shows the effect of height on the trim moment
about- the -25% -chord--through transition.. There_is__a small effect caused by
height at low speeds and beyond this the difference becomes very evident for

the lower shaft. A cruciform ‘‘T’’ may be needed for stability improvement and
correction of the large nose down Pitching Moment.

Propulsion Possibilities: Two basic concepts of propulsionwere incorporated
into the NASA testing:

1, Aft angled wing slots

2. Nacelle door opening

Propulsion is required to accelerate irom hover, during transition, and in air-

plane flight, All three flight regimes were investigated, but Vmax was limited to
100 ft/sec.

Static Propulsion (Hovering) - Figure 87 presents the variationoflift with thrust
of the model for two (angled slotsor naceile doors) methods of obtaining forward
propulsion, To obtain a high acceleration both the forward and aft slots would be
directed aft (0p =-30x OR = ~30x); this condition demonstrates a small in-
crease in thrust but a large decrease in lift, When the doors in the nacelle were
opened there was a significant increase in thrust and only a small decrease in
lift, The trend of this variation is not influenced by height. The superiority of
the door thrust system is evident and the lift decrease is not nearly so severe

as with the aft angled slots, This indicates that lift is developed by the slip-
stream passing over the door,

Transgition Propulsion - To investigate the propulsion capabilities in transition,
a comparison of the pcrformance characteristics of various configurations was
made. Shown in Figure 88 is_this comparison in terms of the parametric
lift per air horsepower ( Ti% vw ) required for an equilibrium transition
(Drag = 0). For the two configurations (6 = -30x 6R=-30x and 6F =-30x
Ap = +30x) with the nacelle doors closed, forward propulsion was achieved by
decreasing the angle of attack to obtain enough thrust to overcome the drag, The
6F = -30x  Or = -30x configuration results in a higher lift per air horsepower
but at a lower angle of attack, These two configurations are again shown with
the nacelle doors open two inches to obtain additional propulsive force. At low
forward speeds the 6F = -30x 6R = +30x configuration has slightly better per-
formance at a higher angle of attack. This indicates that a portion of the lift must
be supplied by the propulsive force being at positive angles of attack. As the
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force to generate lift, S
Included on Figure 88 are the jetflapand the airplane configurations to 'complete
the overall picture of the flight regimes that the GETOL conflguratlon must
operate, -
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To conclude Phase JLof this repart it is negegsary fo summarize’the resdlts of
the analyses discussed herein, These analyses have:been presented:for the C
specific areas of investigation to determine the best ¢ oriibination of variables to' S

- TECHNICAL PROGRAM {(PHASE 1)

achieve the design objectives. The results obtained are listed below:

1, A ground clearance of h/ ¢ =.33 can be obtained.

2.

8'

Satisfactory propulsion capabihties for take-off and forward fliffht
can be obtained in the following manner:

a) Nacelle doors open gradually, eventually converting to a ducted fan
configuration in forward flight.

b) The nacelle propulsion is better than aft angled wing slots and
greatly reduces the mechanical complexity of the GETOL control
system.,

. Internal flow losses were reduced to 20 to 30 percent by careful internal

design.

In spite of the many design concessions forced by the GETOL system,
L/D ratios indicated by tunnel tests promise a satisfactory airplane
configuration.

STOL capability, based upon projected data, is acceptable.

Presently available data from this investigation indicates that the jet
boundary layer on the ground has negligible effect on the wind tunnel
data.

Inherent static stability and control in hovering appears marginal, but
tests of a ‘“T’’ shaped planform promise a satisfactory fix.

The relatively low lift per air horsepower of 3.0, obtained from the test
data, are the result of poor flow distribution. It is thought that if flow
distribution is improved that lift per air horsepower would also improve.

Compilation of broad GETOL data assembled in Volumes I and II repre-
sent basic GETOL knowledge which should be congidered in itgelf as ona
of the most important results of this program,

From this summarization, it is evident that an aircraft of relative simplicity can
be constructed to meet the design objectives. Two problem areas were indicated
but they can possibly be solved by further development testing. These conclusions
have thus indicated that the GETOL CONCEPT IS FEASIBLE.
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Phage ITI Recommended Program for the Construction of the
Flighi Research Vehicle (FRV) |

General

The feasibility of Ground Effect Take-Off and Landing (GETOL) Aircraft has heen . ___

proven by the completion of the test work and analyses presented in Volume I
and Volume II of this report. In cooperation with Army and NASA personnel,
studies by the Vertol Division of The Boeing Company have indicated the desira-

bility of developinga Flight Research Vehicle (FRV)of this type for the evaluation
of military applications.

Extensive engineering experience gained from the Integrated Study Program may
be readily applied to the FRV. Ior example, important design parameters (Height
to Chord Ratio, slot area to wing area ratio and slot angle) are either identical
or very similar to those tested on the Boeing-Vertol wind tunnel model.

The basic features of the Flight Research Vehicle (FRV) are described in Phase
III and shown in Figure89. In addition, a discussion of the detail design is pre-
sented which also incorporates a recommended program to achieve the construc-
tion of a GETOL type aircraft. A weight and performance statement for this
recommended vehicle is also shown in Table XIIL

Major Design Features

The following items summarize the major design features of the Boeing-Vertol
Ground Effect Take-Off and Landing Flight Research Vehicle (FRV):

1. Fuselage of monocoque construction.

2. Two interconnected, opposite rotating fixed pitch fans with variable pitch
inlet guide vanes.

3. One (1) YT55~-L~5 shaft turbine engine.
4. Two thousand (2,000) lb, fuel capacity.

5. Dual cockpit controls which operate inconventional sense for all regimes
of flight.

6. Semi span external ailerons.

7. Slot flow nacelle door control for hover and transition control.
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TABTE X1I

WEIGHT AND PERFORMANCE STATEMENT - -

Gross Weight, Std, Day, SL

8000 b

16T |

Weight Empty -

Fixed Useful Load 433 1b
Payload 400 1b
Span 32.00 ft
Length 42.75 ft
Height 14.00 ft
Wheel Thread 15.67 ft
Whee) Base 9.50 ft

Power Plant

1 Lycoming YT35~L-§

Fan Diameter 5.00 ft
Hub Diameter 2,00 ft
Blade Chord Root .94 ft
Blade Chord Tip .92 ft
Solidity Root .600
Solidity Tip .212
Disc Loading
Wing Loading 26 1b/sq ft
Wing Area 307 sq ft
PERFORMANCE
Sea Level, Standard Day
Vmax (MIL) 260 mph
Vmax (NRP) 248 mph
h 31t

Take-Off Distance

Endurance

500 ft over 60 ft obstacle

1.5 hrs
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Alrcrart vescription

The Boeing-Vertol Model 129 is a twin fan hollow wing Ground Effect Take~Off

and Landing Flight Research Vehicle powered by one Lycoming YT55-1~-5 engine

(see Figures 90 and 91). This engine has a military rating of 1970 shaft
horsepower.

Two four-bladed fixed pitch fans are mechanically interconnected by drive
shafting in the aftsectionofthe nacellesand fuselage. This shafting is unloaded

and has quick disconnect clutches. In front of each fan are the seven blade,
variable pitch inlet guide vanes.

Nacelles

The two nacelles are an integral part of the fuselage that enclose the fans. At

the aft end is a movable door tocontrol the flow of air required for propulsion
in transition and forward flight.

F\xselage

The fuselage, of semimonocoque stressed skin construction, has a single tail
boom. A cabin, 52 inches wide, 54 inches high and 127 inches long provides

adequate seating for six (four passengers, pilot and copilot) or for two (pilot
and copilot) with a cargo area.

Wing Assembly

The wing is constructed in two pieces, the upper surface which is the main
structure and the lower surface. Lower surface attachment to the upper sur-

face is accomplished at the peripheral slot on the lower surface of the wing.
A sandwich type honeycomb construction is used.

Ground Handling Wheels

A semi-submerged tricycle gear, incorporating a swiveling nose wheel, is
provided for ground handling.

Controls

Dual controls for pilot and copilot are provided as shown in Figure 92,

Hover control is achieved by choking or closing the slots around the periphery

to obtain pitch and roll. The outboard leading edge siot angles are varied in
conjunction with choking for yaw.
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along with the aerodynamic controls used in for

flight ‘regime the stabilizer provides ipitéhﬁonfi‘él,‘vj.ex_tglz_na,-l_i_‘7 lerons.

roll control and the rudder provides yaw control.

Phasing of the control system isperformedby a mechanical system which
_engages slot control to normal flight control.

Detailed Design

Aerodynamics

Performance: Drag Estimate- A component drag evaluation for the Ground
Effect Take-OIf and Landing (GETOL) Aircraft is shownbelow in tabular form for
the cruise condition. From analyses of the drag of ducts, shrouds and ‘‘ring
wings’’, an estimate of the effect of the ducts used in this configuration on drag
has been incorporated. For the other more conventionalcomponents such as wing
tail and fuselage, the drag was ecvaluated using a skin-friction wetted area
coefficient modified for variation from non-optimum shape, surface irregularities

and gaps. To provide a conservative analysis, thesevalues were increased by an
additional 20% as an interference.

EQUIVALENT
ITEM FIAT PLATE AREA
Fuselage 1.28
Ducts 1.60
Spinners .22
Duct Struts .16
Wing 1.99
Tail Boom .40
Vertical Tail .27
Horizontal Tail .45
Interference 1.28
Total 7.65
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From:analyses of the Windtunneldata,sumrnarlzedinlghasellpfthlsrepolt»the
overall. efficiency of the Boeing-Vertol wind tunnel model was marginal. Based =~ =
upon these test resuits, it was evident that the performance was greatly affected

by the poor distribution across and around the peripheral slot and the lack of
directional control of this flow from the slot. In Phase II, it was shown that the

lossés "from ™ the fan to the slot were low:; thus-indicating that the-losses-were -

incurred in the slot.

It is believed that in the FRV these problems can be minimized by the use of
vanee in the slot to obtain better flow direction and by improving slot shape to
obtain better distribution. From other Vertol investigations, it was estimated
that the overall efficiency could be improved from 33% (wind turmel test data)
to 70%. Gains due to this improvement in overall efficiency are shown in Figure
93 by the presentation of horsepower per square foot of wing arca variation with

jet slot velocity as obtained from wind tunnel tests and estimated for the FRV.

From the drag estimation of an aircraft of the FRV gross weight class and
assuming optimum wing loading, the power required in forward flight was de~
termined for several gross weights and selected speedsof flight (lower limits in
Figure 94). It can also be seen from Figure 94 that a deviation of 50% from the
optimum wing loading (upper limits of cross hatched area, Figure 94) results in
a very small change in the power required in forward flight. This increase in
wing area leads to a much higher hovering lift per horsepower at a given height
from the ground. In this way a much better balance between power required in
forward flight and that needed to obtain a three foot hovering height can be
achieved. In order o better check this relationship, an analysis of the hover
height attainable with the power installed was performed. The result of this anal-
ysis is shown in Figure 95 and indicates that the design objective of maximum
velocity of 250 mph amd a hover height cf 3 fcct are attainable, This conclusion
is reached not only on the basis of the improved performance based on the
NASA tests of the Boeing-Vertol wind tunnel model but also on Princeton data
(Reference 6) and David Taylor Model Basin data (Reference 4 and 5). Figure 95
shows the hover height as calculated from the Princeton data and from the origi-
nal Chaplin report (Reference 4). From further test work at David Taylor Model
Basin, it was found that an assumption used in Reference 4 was incorrect and
was revised in Reference 5. Figure 95, which includes this correction (broken
line) as well as Princeton data, still gives better hovering height than those indi-
cated by the *‘improved‘’’ vertol curve. On ihis basis, il mauy be assumed thui
hovering heights given by the improved curve should be attainable.

Investigation of the transition regime, in Phase 1I of ihis report, indicate that
proper sequencing of the aft nacelle door with fixed slot angles is the best method
to proceed from hover to forward flight. For the Flight Research Vehicle (FRV),
a take-off analysis was performed with this fransition schedule and it indicated
that a take-off distance of 500 ft over a 50 ft barrier could e obtained.
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These analyses show that the desig'n objectivea pertainmg to performancﬁ of 'the,
FRV have been achieved. . - o S .

Flying Qualities: Flying qualities are tailm ed to the specialneeds of each of
the operational mndes

Hover — All lift and control are provided by the T shaped peripheral slot.
Good hover flying qualities demand positive control force and moment producing
devices, due to the fact that there isn’tany slipstream dynamic pressure to pro-
vide forces from conventional surfaces. For safety, reliability and control
power, the peripheral jet was selected as the source of control for moments
and forces, Itemized below are controls for the various flight regimes:

1. Height Control - Inlet guide vanes
2. Longitudinal Control - Front and rear slot vanes

3. Directional Control - Front and rear slot vanes and front slot angles

4, Lateral Control - Tip slot vanes

Transition = Transition from hover to forward flight or vice versa is con~
trolled primarily by the nacelle door opening and the two position forward slot.
This functions as acceleration or deceleration control of forward speed. The
important characteristics of this maneuver are as follows:

1. Net lift is derived from both the peripheral slot and the wing lift.

2. Control is partly from the peripheral jet and partly from conventional
surfaces.

Control in transition is achieved through a combination of the airplane surfaces
and the peripheral jet. The mixing is mechanically interconnected so the airplane
surfaces are in operation at all times. Pitch control makes use of the front and
rear slot valves plus elevator deflection to achieve the necessary moment. Roll
control employs a combination of the tip slotvanes to obtain a differential thrust
and external ailerons. Yaw control employs a combination of the front and rcar

slot vanes and the two position front sict angle with the rudder and exiernal
ailerons.

Conventional Flight — The conventional mode of flight is essentially similar to
any low subsonic fixed wing aircraft. The principal difference is thainoasym-
metric power conditions can exist because of the interconnecting shaft.
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.._.. 2. ‘““Brake’ control diverts forward slots forward.

A acumamare Af tha anavatinn nf tha havar and tranaitinon
in Figure 92 and itemized helow:

SLOT CONTROLS

1. ‘‘Landing Gear’’ control opens slots uniformly all ar;uﬁd.

3. Rudder pedals, through phasing unit, divert forward slots in wing differ-
entially, for yaw control.

4, Lateral stick motion closes slots in wing tips differentially, for roll control.

5. Longitudinal stick motion closes slots in fuselage and part of aft slots in
wing differentially, for pitch control.

6. ‘‘Phasing” engages slot control with normal flight control system when
‘“‘Landing Gear?”’ is ‘‘Down’’ (Air Cushion operating).

Structural Design Criteria — Model 129

This section containg the Structural Design Criteria for the Boeing-Vertol
Ground Effect Take-off and Landing (GETOL) aircraft. The structural criteria
is defined in Table XIII to Table XX according to Military Specifications MIL-A-
8860 to MIL-A-8870(ASG), MIL~S-8698(ASG) and MIL-F-9490R({UISAF). The data
contained in this section represents the criteria for the aircraft, fan, drive
system, central system and other miscellaneous items.
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i - PECHNICAL PROGRAM . (PHASEJID) . .
 BASIC ATRCRART DATA
i "Spec-ifiéét'idns’:.....;-See References 1-13 . :
Aircraft Class: See Reference 10 _ S
Basic Flight Design Cross Weight, w = 8, 000 lbs
___ Minimum Flying Weight, Wi, = 6,240 lbs
“7Take-off Weight, '_“"""“"“"‘WT.“O;":'B,000“1138 e e
Ievel Flight Maximum Speed, V4 = 250 mph = 217 kts -
Limit Speed, vy, =1.4 Vg = 350 mph = 304 kts
Stalling Speed, Vg =70 mph = 61 kts
Military Power, 1970 SHP at 14,550 RPM
Normal Rated Power, 1740 SHP at 13,930 RPM
Aspect Ratio, AR = 3.5 2
Wing Loading, W/S = 26 Ib/FT
Wing Section, NACA 4418
Wing Span, 32.0 FT = 384 inches
LIMIT N
ol
2.0
400
0 iy __MPH
& KNOTS
"'2.0 3 E
E D ;
© GUST COND.'S (BASIC) '
Mgure 97. Symmetrical Flight V-n Diagram TLimit
]
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TECHNICAL PROGRAM (PHASE IIT)

Fan Criteria: The loading conditions described in this criteria are in‘accordance. . .
with the requirements of MIL-S-8698 and MIL~A-8860 through MIL-A8870, The

- loading conditions for analysis of the fan are divided into the following four
general groups: '

- 1. Limit Maneuver Conditions - Condition; which progldethema;cir;mm

inflight loadings on the fan, resulting from maneuver and gust loadings,
are specified in Table XIil

2, Limit Gust Conditions

3. Fatigue Loading Schedule - Table XIV represents the design fatigue
loading for the fan. Cumulative damage analysis will be performed using
the Basic Fatigue Loading Schedule shown in Table XIV, All components
shall be designed for a minimum of service life of 2500 hours. Bearings
used in the fan shalibe designed for a minimum service life of 1200 hours.

4. Special Conditions - Starting Torque represents the application of a
starting shock torque applied to the blades while at rest (1.5 times the
maximum torque resulting from the following starting proccdure).
With the free turbines at ground idle, the fans are brought up to idle
speed. The throttle is then advanced to flight position accelerating the
fans to normal RPM (Nn).
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TECHNICAL PROGRAM (PHASE III)

Drive System Criteria: Each element of the drive system shall be deszgned for -

the following loading conditions.

1. Fifty five (55) percent of design maximum power (1970 HP @14,430 RPM)
to either fan in combination with the most critical fan shaft loads.

2. A limit load factor of 1.5 is applied to the torque load.

All drive system components except bearings shall be designed for a minimum
service life of 2500 hours under the Basic Fatigue Loading Schedule of Table XIV.
Bearings shall be designed for a minimum service life of 1200 hours. The
following criteria, supplementing the Basic Fatigue Loading Schedule shown in
Table XIV, shall apply in the design of the indicated components.

1. Transmissions and Intermediatec Shafting (Exclusive of Gear Teeth and
Bearings) - The cyclic torque in unaccelerated flight conditions shall be
+15% of steady power torque. In addition, these components shall be

designed for unrestricted fatigue life at normal rated power (1,740
HP @ 13,930 RPM).

2. Propeller Shafts and Supports -Cyclic Torque is as specified in Item 2 of
paragraph 1 of this criteria.

3 Bearings - Design of bearings for 1200 hours B-10 service life between
overhauls shall be with considerations of a 60-40 distribution between

fans at the basic design gross weight and the Basic Fatigue Loading
Schedule of Table XIV.

4, Gear 'T'eeth ~In licu of the Basgic Fatigue Loading Schedule of Table XIV
gear teeth shall be designed for unrestricted fatigue life under normal
rated power (1,740 HP at 13,930 RPM), with55% of power to cither rotor.

Note:

Secondary loads arising from deflections and misalignments shall be con-
sidered for both limit and fatigue conditions

17¢
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TECHNICAL PROGRAM (PHASE III)

Miscellaneous Criteria: Crash loads~All items of which detachment might

cause injury to crew or passengers shall be designed for the following -
ultimate load factors: ; -

1. Eight (8) g Downward

2. Eight (8) g Forward

3. Eight (8) g Sideward

The load factors shall act separately.

In addition, the engines, transmission, and fueltanks, as well as their supporting
structures, will be designed to load factors of 20 g down, 20 g forward and
10 g side.

Crew Seats

The crew seats shall be designed for the followingindependent loading conditions

(seats shall be at top limit of vertical adjustment either with ncrmal seating
angle or 15° aft tilt)

1.

3.

Down Load -A down load of 1,920 lbs. ultimate uniformly distributed
over and normal to seat bottom.

Back Load -An aft. load of 1,000 lbs. ultimate uniformly distributed
over and normal to the seat back.

Side Load -A side loadof1,9201bs. ultimate applied at the crew members

center of gravity and resisted by the safety belt, the shoulder harness
and the seal siructure,

Harness and Belt Loads -A load of 1180 lbs. ultimate applied to the lap
belt mountings (equally distributed between the two) on the side of the seat
in a direction forward and inclined 40 degrecs up from the seat bottom.
An ultimate load of 740 lbs. applied to the shoulder harness take-up

mechanism in a forward direction parallelto seat bottom shall be applied

simultaneously with the belt load.

. Seat Attachment and Support Loads -Independently applied ultimate load

factors of 8 g down, 8 g forward, 8 g lateral. The combined weight of the
man, seat, and equipment shall be taken as 240 lbs.

. Front Edge Load-A vertical load of 4001bs. ultimate applied to the front

edge of the seat bottom over a length extending 1-1/2 inches to each side
of the center of the seat.
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REFERENCE: MIL-A-3881 (ANQ)

LOAD FACTOR ANGULAR VELOCITY ANGULAR ACC. HORIZONTAL TATL
AEF. | cou. CONITIONS FWD SPRED POWSR PITCH | ROLL | YAW | PITCH | ROLL- | YAW | WING LOAD LOAD %
PAR. N, ra8) stiTinas | vemr, | Lar.] vowo. | RA/ | RaD/ | RAD/ | RAD; | RAD/ | RAD/ | DISTRIBUTKCN | LoAD | pisTRIB,

sec | sec | sEc | sec? | sec? | sxc [
'BYMMETRICAL FLIGHT CONDITIONS (BASIC CONFIGURATION) T o T
ALL SPEEDS | 0-MILITARY o A | e NOE | ay
.31 1 | POSITIVE LOAD PACTOR 0w, " | RaTED PowEn| aetio | © | chic v] o o ° 0 0 50-50 5 o
max
ALL SPEEDS | O-MILITARY ) A | = NOTE | an
TRY 2 | NEOATIVE LOAD FACTOR o | Wateorowsa| mado | O | chic v| o ° ° ) ° 80-80 ph P
min
MANEUVER-SPECIFIED ALL SPEEDS | 0-MILITARY a8 As ) 8 )
1218 3 | CONTROL DEPLACEMENT UPTOV, |RATEDPOWER| () o | catc jcare [ o o |caLc | o 0 £0-80 cALe | - se-to
a9 (10) an
0-MILITARY A8 a8 A3 8 un
3.8 + | oust-es r1/8EC- UP Vg RATEDPOWER| ¢alc | o | cAc | o ° o |caLc | o 0 50-50 caLc | so-go
(L] {3 (]
0 MILITARY Y] an A8 a8 )

2.8 ¢ | ovsr-es rr/arc- oy Vg maTenpPowER| catc | o | caLc | o ) a |cate | o ° 8080 oL 50-50

® @ (
0-MILITARY A8 Y] A8 A8 i
3.8 ¢ | ousr-sorr/sxc-vrp vy ratTeppowrr| cate | o | cALe | o 0 o |cALc | o ° 50-50 cnlc | 6050
[C] [$] {8)
O-MILITARY | < AS a8 A8 A8 i)
3.0 1 | ousr-so F1/82c - DN i RATEDPOWER| catc | o | caLc | o ° o |ee| e 0 50-50 caLc | so-so
® [ 16)
0-MILITARY As a8 A8 A8 i
.5 s | uust-2s pr/sec- up v RATED POWER| CALc | o | cALc | o ° o [cac | o ° 80-80 cALc | 8060
) ™ )
O~MILITARY A8 A8 A8 A8 i
58 s | aust-2s ¥1/eEC - DN vy, RATEDPOWER| cAlc | o [ cate | @ o s |eate ! o ° 8050 cALc | so-B0
® It ©
SYMMETRICAL FLIGHT CONDITIONS (LANDING APPROACH CONFIGURATION)
LANDING v, 0-MILITARY a8 | ov 1y

3.3.3 10 | BALANCED PULL-uUi IF Gz | RATED MOwER] T30 ° | carLc v o 0 o 0 0 50-50 @ 50-50

LANDING PULL - OUT Veor 0-MILITARY A8 AB a5 an Iy

5.1.3 1 | SPECIFIED CONT. DISPL. “WT 12 |RATEDPOWER| o~2.0 | o | cale | cave | o o |cae | o ° 80-50 CALC |  80-60

1) 110 110)
ALL RPEEDS | 0-MILITARY A8 a8 78 A8 an

as 13 | oust-so FT/sec- UP TOViypp | RATEDPOWER| cALC | o | cALe | o ° o jemc| o ° 50-50 CALC | 5050

[ { )
ALL SPEEDE | 0-MILITARY 28 A8 A8 A8 an

3.8 18 | oust-se rr/sec - Dx TO Vi pp | RATED POWER| cALc | o | cAtc [ o 0 o |cae | o ° 30-56 cALc | s0-80

® ) ®
UNSYMMETRICAL FLIGHT CONDITIONS (BASIC CUNFIGURATIGN)
3.3.(0) ROLLING PULL - OUT ALL UPEEDS | 0-MILITARY | 1.0t | an | as s as | s | a3 a8 | A8 | AscCALC A8 2
3.3,1.1 14 | ACCELERATED ROLL T0%, wa1zD POWER| .80 | CALC] cALC | canc | carc | cALe| cAte | care] caic e ¢ALc | CcALC
R _ {10) 10) {10) (10) 10) (10 (10} {10} {10) 10)
3.3.10) ROLLING PULL- OUT ALL S8PEEDS | O-MILITARY | 1.0t | A8 | AS a8 | AB | AS | A8 A8 | AB | ABCALC A8 A8
3311 15 | ACCELERATED ROLL 1oV, RATED POWER| .80 catc| carc | carc | eate | eae| cate | cate| carc (10) cAlc | cALc
un| 0o | ao | am | uo| ag | ue | oo (o 0
UNSYMMETRICAL THRUST Vi ONE TAKE OFF AR | A8 A8
3.3.31 16 | ZERO SIDESLIP vinour | power 1.0 cate| carc | o ° 0 ° ° ° 50-80 cALC | so-80
)
FAN PAILURE A5 | A8 25 A8 o]
3.0.%.3m| 1 | NEUTRAL RUDDER an an 1.0 cate| cate | o o |cane| o o |catc] so-s0 cALe | so-80
«
PAN FAILURE A8 | AS ) A8 A8

3.3.3.3%)| 18 | RUDDERDEPL, ) an 1.0 caLe] caLc | o 0 [cALe; o o |[cALc|  so-bo catc | so0-50

uoy | e a0 ie) [
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g HORIZONTAL TAIL | VERTICAL Tafi. LOAD FACTOR ANGULAR VELOCITY ANGULAR ACC..
I “OND. PITCH | ROLL | YAW | prrom i ROLL | YAW
EwiNG LOAD LOAD % LOAD % REF. | con. CONDTIIONS FWD SPEED POWER
ISTRIBUTION | LOAD | DISTRIB. | LOAD | DISTRIB, PAR. NO. ® (EAt) SETTINGS VERT. | LAT.] LONo. | RAD/ | RAD/ |RAD/ | RA RAD{| RAD,
5@’ % B aEC | sec |sEC n:cn{ sEC? | SEC
Z UNSYMMETRICAL FLIGHT CONDITIONS (BASIC CONFIQURATION)
3 . ALL SPERDS | 0~-MILITARY ) A8 AS -
50-80 Al I N 0 - 2.3.3.3 19 | STEADY SDESLIP TOV, RATED POWER| 1.0~ | cALej caLc | o ° ] o ° °
ROTE LOW SPEED ALL BPEEDS | O-MILITARY | A8 A8 A8 A8
50-50 OTE | a1 0 - 3534 20 | RUDDER KICK TO0.6Vy, | RATED POWER| 1.0 catc| cale | o o leae| o 0 | CALC
2 80-80 (10) 0 (10) {10)
= m HIGH SPEED ALL SPEEDS | 0-MILITARY A8 A8 AS A8
= A3 (n 3.3.3.8 21 | RUDDER KICK TOVy RATED POWER | 1.0 cAlc| cALc 0 o |caLc| o 0 | cALC
i 50=50 C(I:(I;)C 50-80 ] - “ugr | 09 10 10)
A8 o ONE-FAR-OUT NORMAL “as | a8 e, i
.3.3.7 N .
50-30 cate | sote o . 3.3.3 22 | OPERATION it RATED POWER | 2.28 | cALc| cALC 0 [} [] ° [}
ol " HORIZONTAL GUST 0-MILITARY A8 AS A8
A8 {13} 2.8 23 66 FT/SEC v RATED POWER | 1.0 CALC | cALC [ [ 0 0 o | caLc
5050 CALC | %0-80 ] - [} ™ Y
6 WORIZONTAL GUST O-MILITARY As | A8 as
N AS (1) 3.8 24 80 FT/8EC v RATED POWER | 1.0 cALC | cALC [ 0 0 [ ¢ | carc
s 508t CALC | $0-50 [ - H ® ®
B o P B _ I B
e “RORTZONTAL GUST 1 G-MILITARY A8 A% A
§ AS a1 3.6 2 26 FT/BEC v RATED POWER § 1.0 caLc | cALc ° ° [ [ 0 CALC
2 60-50 CALC 50-50 0 - L ® )
- ‘z on TORIZONTAL GUST-08 I'T/8EC U-MILITARY A8 Aﬁ A:c
: 26 | STEADY SIDESLIP v RATED PO'WER | 1.0 ALC | CALC [ [} °
50-50 eate| o o . 3.8 Y a TED POWER | 1 [ (;;c ¢ [ ° cnm
3 8)
18 I HORIZONTAL GUST-50 FT/SEC O-MILITARY A8 A8 A3
A5 (1) ER 27 STEADY SIDESLIP v RATED POWER | 1.0 CALC | CALC ° [ o [ 0 | CALC
50-50 CALC 50-50 [ - H ) ®
@ HGAIZONTAL GUST-25 FT/SEC 0-MILITARY AS | A8 A3
B 3.6 28 | STEADY SIDESLIP vy RATED POWER | 1.0 CALC | CALC [} [} [ [ o | caLc
= ) ®) 5]
1
50-5¢ (2) ¢ .; 9 - UNBYMMETRICAL FLIGHT CONDITIONS (TAKE-OFF AND LANDING APPROACH CONFIGURATION)
50-30
AS 0 ROLL IN TAKE-UFF AND Vigr 0-MILITARY A% A8 AS AB AS AS AS A
Su-t CALC 50-30 k4 - 3.0.2 29 LANDIKG uy RATED POWER | 1.0 CALC | cALC | CALC |cALc |cALc | caLe | caLc] cALc
a0 ag | 0o | an | oy | an | dn a0 | an
A8 (11 UNEYMMETRIGAL, THRUST Vigp TAKE OFF AS A8
60-50 C:\Gl)-c 50-30 ? . 3.3.3.1 30 ZERO SIDESLIP uz POWER 1.0 cALc | caLc ° 0 [ ] ° [
AB (11) TAW SPELD RUDDER ALL SPEDS | 0-MILITARY A8 A8 A8 A8
50-5% CALC |  30-30 0 - 3.3.3.4 3 KICK TOViyp RATED POWEK | 1.0 CALC | CALC 4 o cALc | o 0 | cALc
(6 ao | a9 . (10 i)
: T ot UNSYMMETRICAL FLIGHT CONDITIONS (LANDING APPROACH CONFIGURATION)
AS CALC AS A8 AS HORIZONTAL aust ALL SPEEDS | 0-MILITARY Ab A8 AS
ae CALC | CALC CALC] 100 3.6 32 | 50 F1/BEC TO ¥y pp RATED POWER | 1.0 CALC | CALC [ [ [ [ 0 | CALC
(10) (10) (10) © “m
AR CALC A8 A3 A8 ' TORIZONT AL OUST- 50 FT/S8EC | ALL S8PEEDS | 0-MILITARY AS A8 A8
10 CALC | CALC CALC o 2.8 a3 STEADY SIDESLIP TO Vi RATED POWER | 1.0 CALC | CALC 0 [ ° 0 o | care
10) (10) (10) W @
AS %8
50-50 CALC |  60-50 CALC 100
“)
I AS
J 5080 cALC | so-50 CALC 100
B 4
N A8 A8
o 8050 CALC |  50-50 CALC 100
- [C}] 10}
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TECHNICAL PROGRAM (PHASE II)

TABLE XIII

S R Y AR T ey VEn. =
| LOAD FACTOR ANGULAR VELOCITY ANGULAR ACC. HORIZONTAL TAIL
¥WD SPEED | POWER piTcH | ROLL | vaw | prrou [ moLL | vaw | wmio 10AD LOAD &
(EAS) SETTINGS VERT. | LAT.| LONG. | RAD/ | RAD/ |PAD/ | EAD/ | RAD{ un‘ DITRIBUTION| LOAD | DISTRIS. . i
l gec | sec | sec | scct | sec| sEc [} Hotee.- Table X1 : i
Iy 3 ) 1. Inveailgate all oritical points on and within the V-n din- t
UNSYMMETRICAY, FLIGHT CONDITIONS (BASIC CONFIMIRATION) gramm, " The apeified 1uas factor (s sppiicable 1o weighas !
ALL SPEEDS | Q-MILITARY I3 AS AS A8 W 10 the basio flight design gross weight. At higher
vy, RATED POWEK | 1.0 CALC | ¢ALC 0 [ 0 0 0 [ 6080 CALC | 80-80 CALC 100 §rosn we'ghts, & notetant AW produot shall be maintatued
[0)] oHcept that the snaximum load factor shall not be fess than :
ALL 8PERDS | -MILTARY 1™ R A . |2 a8 T A8 ik ame the minimun losd facior algsbraioally grescer i
T00.8 Vy RATED POWER | 1.0 uo)c ca °)r: 0 ° cal;;; 0 (m)c 80-50 ca;.c $0-80 cal&c 100 s, m |:un' 1:‘.'4 u‘: Yood “z" be M& mlm “l e ?:;. B
ALL SPEEDS | 0-MILITARY A8 AS A8 A8 A8 CALC AS AS and an ol uu' o Toad to the
TOV, RATED POWER | 1.0 cALc | caLe ° o fjeatc| o o | caLe o CALC | 80-80 CALC 1% offsot of the to the velooity
{10} (L] {10) {10) {9 {19 (w = g@/y).
NORMAL [ AS m, ) A8 A8 s, mmumumxudn alrplany sball be such thot
a4 RATEDPOWER | 2.28 | catc) eare |~ ‘v ° ° ° o ° 50-50 caLc | so-s0 | carc| 100 the proguct 1o bals " oush tha
® the c. a. % the gust,
0-MILITARY AS AS AB AB AS 4. The horisowal tafl load shall be determined as the bel~
Vo RATED POWER | 1.0 CALC | cALC 0 ) 0 0 o | cALc 50-80 carc | so-s0 CALC 100 anoing tal load secesaary fes 1§ level flight,
o (£ (] (L) 5. The atrpiane lateral xo%m ;m&. be that '15:.“‘,:‘ by
2-MILITARY AS AS A8 AS A8 - & steady sideslip and o 2oets] side gust. airplans
v RATED POWER i 1.0 CALC | cALC 0 [ [ [} o | caLc 80-50 CALC | $0-30 | CALC 100 shall be in & wings-15val steady sideslip with the most
u 16 (o] {@ & ~RUL) fan fannarativn when & hor{saets] alde et in
V-MILITARY AS AB A8 AL AS , MIL-A-888
v, RATED POWER | 1.0 | cALc | cALe | o v 0 0 o |cAc| soso catc | so-30 [ceac| 1w §. Oustfactors shall be 14 spectfied tn 8641(A30), \‘
(0] @ “ ® 7. Tha vertioal tail load shall be that resalting from the .
JEEC 0-MILITARY AS AS A8 AB AS sleady #idesiip plus the horizonial gust,
Ya RATED POWER | 1.0 CALC | CALC [ 0 [ 0 0 CALC 80-80 CALC 80-80 CALC 1%0 ¥, The altitedes for Night 1ading conditicns, cther than take-
8) L] ) (U] ru and Landing 'lzruci. shall be ﬁ;. l::ibd. st '-hhhhh‘m.
JEC O-MILITARY A5 A8 AS AS A3 imit speed in is & msximum, titude at whic
T Mach sumber is 2 maximwm, sea lavel, and any {dter
vy RATED POWER | 1.0 u:;.)t. CALC [ 0 [} [} 0 c::;c su-80 ca:.c 80-80 CArl';c 100 Tedisis Sltthades the revat i cettiond losd, sou level
= Y 5 5 r m m ohall be used for landing, approsch and takeolf,
/3EC 0-MIL| v %, The denign center of gra ftion at sach 0 waight
v RATED POWER | 1.0 cate | cALe [ ] ) 0 o |caLc| so-s0 CALC | 030, | caLc| 100 Tt nign camar of gravity position s each i ekt
L] [£] [ (1] g: possl W: of lodhu; ':(“:h: tolormo‘“:ho
erance &% reze or 16 distance L
UNSYMMETRICAL FLIGHT CONDITIONS (TAKE-OFF AND LANDING APPROACH CCNFICURATION) the actual most forward or uft valuss from the complate
nvll , whichever 18 e,
iy 0-MILITARY as | as AS AS | a8 A8 A | as AS CALC a8 A8 A8 J e oPe. o Sresta of motton for the co-
Fay RATED POWER | 1.t cALc | cAlc | caLc | cALc |calc | cate | caLc| canc [iT) caLc | cALc cALC 100 N movement &xd fime apsoified {n MIL- A-8361 (A5C).
o | ao 3L} ae | e | a9 e | ua a9 (19 () The load factore to be attained shall be all values on and
j Vigr TAKE OFF AB AE AS A8 withia the V-2 dlagram,
i) POWER 1.0 CALC | cALC [ [ [ [} [} [ 50-50 caLc | so-s0 CALC 100 . Thed tail losd shall bs as shown ang
Bt ey =,
ALL SPEEDS | 0-MILITARY A8 AS AS A8 AS A8 ,I'irluda on ';o horizontal tail on one aldc:l the gl% of
Tov RATED POWER | 1.0 CALC | cALC 0 o Jcanc | o ¢ | caLc 80-80 CALC | B80-8¢0 CALC 100 |
Lar prrogl IRt . 110) 0 ® a0 :’nmu -t x'ﬂn’ 4 X) a0d on the other side by (1-X), The
L :
UNSYMMETRICAL FLIGHT CONDITIONS {LANDING APPROACH! CONFIOURATION) X= q::‘; :“H:lllt)o:n:}:r all peints representing asto- :
X = .18 for all ther points on V-n diagram, t
ALL SPEEDS | 0-MILITARY A8 AS A8 AS AS !
TOVy gy RATED POWER | 1.0 CALC | CALC 0 0 [J 0 [ CA:.C 80-80 C.A‘Lc 50-30 c%’c 100 13 Vigye wmwl g:to :l:'ohmlghd in MIL-A- .
il L] et Y - . 13, The alraposds shall be all $peeds frofa th approv :
/SEC | ALL SPEEDS | 0-MILITARY A8 A8 AS AS Ay fan-out minimum takeoff spoed to V. The omml vl N
iy RATED POWER | 1.0 tALC | caLe [ o o L] 0 | CALC 80-80 CALC | ®-80 CALC 100 shall suddonly fail. The engine shall deilver nermale ;
(7] 9 () (Y] rated power or thrust, emoept that takeol! power or thrust
is applicable at speeds up to 3 Vsy,. Automatic Isathering, "
d-mpllu, or thrust-controlling en shall be operat- H
Ing and alternately not oparatl 3 With these duvices opere K
auu limit nnnn.h 18 requir Wllh auwmlm: devides "
1. tor -ﬂumuunn. nunmd-muull ‘.'
apueda thove the takgol! I
mwumnnlmmmmmo sivorat
et theze fiod epeed ranges.
The limit strength of the sirplane shall not be exceeded In 7
| ey 1 pull-out to & 1oad fastor of 4,28,
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TECHNICAL PROGRAM (PHASE IIT)

TABLE XIV
BASIC FATIGUE LOADING SCHEDULE

CONDITION % SERVICE LIFE
GROUND CONDITION
Taxiing .5
Jump Take-Off .5
Fan Starting )
HOVERING 20.0
FORWARD FLIGHT, POWER ON 11.5
Transition (From Vertical to Fwd Flight) 15.0
Cruise 20.0
Maximum Level Flight Speed 10.0
Maximum Power Climb 6.0
71.5
vy .5
Right and Left Turns 10.0
SIDEWARD FLIGHT, POWER ON 2,0
REARWARD FLIGHT, POWER ON 2.0
MANEUVERS, POWER ON 4,0
Pull-Ups 1.5
Landing Approach 1.5
Change to Partial Power Descent B
Yawing .5
Steady Descent 4,0 13.0
Partial Power Descent 2.0
CONTROL REVERSALS AT VoRuise
Lateral 1.0 5
Longitudinal 1.0 i
Directional 1,0 @
-
]
E
E
4
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TECHNICAL PROGRAM (PHASE II)
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TECHNICAL PROGRAM (PHASE III)

HANDLING CRITERIA ~ TOWING LIMIT LOADS

AD_
TOW FOINT MAGNITUDE| DIRECTION BALANCING FORCE
FWD PARALLEL| 8IDE COMPONENT-
TO DRAG AXIS | OF TOWING LOAD
AT MAIN GEAR IR
REACTED BY SIDE
FWD AT 30° TO | FORCE AT STATIC
DRAG AXIS GROUND LINE AT
. - THE WHEEL TO
ﬁg‘g&q 0. 75F row WHICH LOAD R
LA AFT PARALIEL | APPLIED,
TO DRAG AXB | ryp rowmNG
LOADS AT THE
AFT PARALLEL | AUXILIARY GEAR
TO DRAG AXIS | AND THE DRAG
COMPONENT OF
AFT AT 30° THE TOWING
TO DRAG 1OADS AT THE
AXIS MAIN GEAR ARE
o o REACTED BY:
SWIVELED FORWARD A. 1) A FORCE
FORWARD ACTING AT THE
AXLE OF THE
1O, | AFT WHEEL TO WHICH
L ___l10AD B APPLIED,
OPPOSITE TO THE
FORWARD APPLIED LOAD
- AND EQUAL IN
SWIVELED ——— MAGNITUDE TO
AT | AFT AFT THE APPLIZD
AUXILIARY| LOAD OR THE
GEAR S - ===~ = VERTICAL REAC~-
SWIVELED FWD IN PLANE | TION AT THE
15° FROM OF WHEEL GEAR, WHICHEVER
FORWARD IS LESSER,
. %) TRANSLA-
Q;KVI,’:E‘.":‘:““NE TIONAL AND RO-
0u5F TATIONAL INER-
—1 7 TOW ’—-—~— ———— TIA OF AIRPLANE
A8 REQUIKED FOR
FWD IN PLANE | &
O WHEE L EQUILIBRAIM,
B. TRANSLATION-
SWIVELED AL AND ROTATION-
45° FROM AFT IN PLANE | AL'INERTIA OF
AFT OF WHEEL THE AIRPLANE,

Notes - Table X1

1. Thazc loads shall te spplied at the tuwing fittings and act pavallel
For all towing conditions, the vertical reaction on cach
goar 1s equal to the static reaction. The towing load Fu. .y, = 0.3W:

to the ground.

Where W = Maximum Design Groas Weight

2. D = drag renction on a whe2)] (parallel to ground).

3, S = side reaction on a wheel (parallel to ground and normal to plane
of symmetry of airplane),
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TECHNICAL PROGRAM (PHASE II)

HANDLING CRITERIA - JACKING AND HQISTING LIMIT LOADS

REFERENCE: MIlL-A-8862

CONDITION | LANDING GEAR| PRIMARY FLIGHT HOISTING. . ..
JACKING JACKING
ATTITUDE 3 POINT LEVEL LEVEL
REFERENCE
PARAGRAPH | 342 3.4.2 3.4.3
VERTICAL
COMPONENT | 1+35F, 2. 0F 2.0F
FORE OR AFT
COMPONENT | %4Fo; 0.5F 5 0
LATERAL
COMPONENTS | 0.4F 0.5F,; 0
DESIGN GROSS | MAXIMUM LAND PLANE HOISTING
WEIGHT DESIGN GROSS | LANDINGDESIGN | DESIGN GROSS
WEIGHT GROSS WEIGHT WEIGHT

Notes - Table XVII

1. FOj

= Maximum static reaction on jacking or hoisting points.,

ments of variable and removable items for which provision is

required,

The C. G. positions used for design shall be all those that are critical
and shall be determined by consideration of all practicable arrange-

3. The vertical load shall act singly and in combination with the longi~

tudinal load, the lateral load, and both longitudinal and lateral loads,

4. The horizontal loads at the jacking points shall be reacted by inertia
forces so as to cause no change in the vertical loads at the jack points.
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TECHNICAL PROGRAM (PHASE III)

HANDLING CRITERIA - SECURIN G LIMIT 1LOADS

REFERENCE: MIL-A-8862(ASG) and MIL~A-88G3{ASG)

LOADING -~ - - | BALANCING -
CONDITION ATTITUDE LOADS FORCE

WIND LOALING AIRPLANE ON| WEIGHT OF

LEVEL AIRPLANE W,
REFERENCE: GROUND OR | AND LOADS

DECK. RESULTING FROM
MIL~A-8862(ASG) 100 KNOT WIND | REACTIONS
PAR 3,4.4 FROM ANY HORI- | AT MAIN AND
MIL-A-8863(ASG) ZONTAL DIREC- | AUXILIARY
PAR 3.5.1.3 TION GEAR (NOR-

: MAL TO DECK)

LOADS RESULTING | AIRPIANE |V = 1,0W AND TENSION
FROM MOTION SECURED TO |S = 1.0W IN SECURING
OF SHIP DECK OF LINES,

SHIP WITH and
REFERENCE: SHIP PITCH

AND ROLL |V = 0.4W
MIL-A-8863(ASG) | TO DEVEL- |§ =1,0W
PAR 3.5.1.4 OPE SPECI-

FIED LOADS, )

Notes - Table XVIO

1.
2.

V = Force normal to deck,

W = Maximum design gross weight of airplane,

S = Force normal to the plane of symmetry of the airplane,
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Flaps and high-lift devices shall be in neutral or retracted positions,

Coutrol surfaces shall be held in neutral by locks or battens.
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TECHNICAL PROGRAM (PHASE IIT)

TAIL TO WIND LOADS (LIMIT LOADS)

MATYT TO Wy

REFERENCE: MIL-A-8865(ASG) PAR 3.8

CONDITION

CONTROL
SURFACE

DIRECTION

OF LOAD .

POSITION OF
SURFACE

1LOCATION OF

__REACTION |

1

LATERAL

DOWN ON
EACH
AILERON

NEUTRAL
AND
UNLOCKED

AT CONTROL
STICK OR
WHEEL GRIP

DOWN ON
EITHER
AILERON
AND UP
ON THE
OTHER

LONGITUDINAL

DOWN

AGAINST

UpP

STOPS

a|lo|w] e

DIRECTIONAL

RIGHT

LEFT

AT STOPS

1ATERAL

DOWN ON
EITHER
AILERON
AND UP
ON THE
OTHER

LONGITUDINAL

up

DOWN

LOCKED

10

11

DIRECTIONAL

RIGHT

LEFT

AT LOCKS

Notes -~ Table XIX

Loads on ailerons, elevators and rudders shall be those from a 75 knot
horizontal tail wind or the resulting moment shall be:

H
H
C
]

LI I '}

The load at sach station shall vary linearly from zero at the hinge line to a

16,5 c8
Hinge moment - ft, 1bs,
Average chord length of control surface aft of hinge ling - ft,
Area of contrs! surface oft of hinge line - [12,

mazimum vaiue at ihe {railing edge,
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TECHNICAL PROGRAM (PHASE 1II)

Control System Criteria

A ANST Agha L2LN

PILOT & POWER BOOST APPLIED LOADS

REFERENCES: MIL~S-8698(ASG) PARA. 3,5

MIL~A~8%65{ASG) TABLE O

T P

I e - -
CONTROL LOAD | POINT OF APPLICATION DIRECTION OF LOAD
(1.B) i e
DIRECTIONAL 300 POINT OF CONTACT OF | PARALLEL TO THE PROJECTION
FOOT WITH PEDAL ON THE AIRPLANE PLANE OF
SYMMETRY OF A LINE CONNECTING
THE POINT OF APPLICATION AND
THE PILOTS' HIP JOINT, WITH THE
P{LOTS! SEAT IN ITS MEAN FLYING
POSITION,
BRAKE, 300 POINT OF CONTACT OF | PARALLEL TO THE PROJECTION
FOOT WITH PEDAL ON THE AIRPLANE PLANE OF
SYMMETRY OF A LINE CONNECTING
THE POINT OF APPLICATION AND
THE PILOTS' HIP JOINT, WITH TR
PILOTS! SEAT IN ITS MEAN LANDING
POSITION.
LATERAL 100 TOP OF STICK GRIP A LATERAL FORCE PERPENDICU-
LAR TO A STRAIGHT LINE JOINING
THE TOP OF STICK GRIP AND PIVOT
POINT,
LONGITUDINAL | 200 TOP OF STICK GRIP A LONGITUDINAL FORCE PERPEN-
DICULAR TO A STRAIGHT LINE
JOINING TOP OF STICK GRIP AND
PIVOT POINT,
CRANK. WHEEL | 50 LB | cmcuMFERENCE OF ANY ANGLE WITHIN 20° OF PLANE
OR LEVER bm?' WHEEL OR GRIP OF OF CONTROL,
CRANK OR LEVER
¢ &0
> 150
SMALL WHEEL | 133 IN, LB, IF OPERATED ONLY BY TWISTING
OR KNOB 100 1.8, IF OPERATED ON1.Y BY PUSH OR PULL
REACTIONS TO LOADS SH.ALL BE PROVIDED AS FOLIOWS:

1. BY THE CONTROL SYSTEM STOPS ONLY.

2, BY THE CONTROL SYSTEM 1OCKS ONLY,

3. BY ANY IRREVERSIBLE MECHANISM ONLY, WITH THE IRREVERSIBLE MECHANISM
LOCKED WITH "HE CONTROL SURFACE IN ANY POSITION WITHIN ITS LIMIT OF
MOTION,

4, BY THE ATTACHMENT OF THE CONTROL SYSTEM O THE SURFACE CONTROL HORY,
WITH THE CONTROL IN ANY POSITION WITHIN ITS LIMIT OF MOTION,

Notes = Table XX

. Conteal Toade anplied sanarately unless speoified.

Where the boost unit i8 so designed that the pilot offort may bacome additive to the boost
output, then the combined loads must be considered,

3, Where duai control syslems nre provided such that two pilots muy exert forces at the same
time, the loads specified in above tuble shall apply for a single pilot operation,

4, Where dual control systems ure provided such that the pllot and co-pilot can operats the dual
controls simultuncously, that portiun of the systom which wfll be subject to the combined
action shall be designad to withetand the sum of the loads resulting when each pilot is exerting
simultaneously a H{mit control load oqual 10 75 percent of the system normal deaign load,

5. All componente of the primary flight control systems shall be designed for 2600 hour service

1ife ulx:der the steady and oscillatory loads resulting from the basic fatigue loading schedule
of Tuble VIII.

™ e
.
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TECHNICAL PROGRAM (PHASE III)

NETTRENATQ | QTRIIOTIIMA T NRSINN CRITERTA

1.

=

(1]

N

[o2]

©

Specification MTL-S-8698 (ASG) Amendment-1, 28 February 1958, Structural
Design Requirements ~ Helicopters

. ANC 2, October 1952, Ground Loads.

. Specification MIL-A-8860 (ASG), 18 May 1960, Airplane Strength and Rigid-

ity - General.

. Specification MIL-A-8861 (ASG), 18 May 1960, Airplane Strengthand Rigidity

Flight Loads.

. Specification MIL-A-8862 (ASG), 18 May 1960, Airplane Strength and Rigidity,

Landplane Landing and Ground Handling Loads.

. Specification MIL-A-8863 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Additional Loads For Carrier Based Landplanes.

. Specification MIL-A-8864 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Water Handling Loads For Scaplanes.

. Specification MIL-A~8865 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Miscellaneous Loads.

. Specification MIL-A-8866 (ASG), 18 May 1960, Airplane Strength and Rigidity,

Reliability Requirements, Repeated Loads And Fatigue.

10, Specification MIL-A-8867 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Ground Tests.

11, Specification MIL-A-8869 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Special Weapons Effects.

12, Specification MIL-A-8870 (ASG), 18 May 1960, Airplane Strengthand Rigidity,

Vibration, Flutter and Divergence.

13.Specification MIL-F-9490B (USAF) Amendment 1, 18 July 1958, Design,

Installation and Test Of Flight Control Systems - General.
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TECHNICAL PROGRAM (PHASE III)

Weight and Balance Analysis

TABLE XXI
DETAILED WEIGHT SUMMARY

GETOL UTILITY AIRCRAFT

The weights of the Flight Research Vehicle (FRV) were determined from a
practical combination of statistical trend curve wcights for airplancs and
preliminary layout analysis (see Table XXI), These airplanedata are based upon
Vertol Division design and manufacturing experience as well as the Transport
Division fixed wing experience. The fan, tail, ground handling gear and drive
system weights have been obtained from comparison of statistical trends ad-

justed for unusual features with the weight analysis of the inboard profile shown
in Figure 91,

©amim s e s s T A ol R

Wing Group 790
Tail Group 167
Body Group 635
Alighting Gear 125
Flight Controls 532
Engine Section 80
Propulsion Group 2,533

Engine(s) 572

Air Induction 18

Exhaust System 26

Lubricating System 10

Fuel System 228

Engine Controls 30

Starting System 38

Propeller Inst, 536

Drive System 615

Prop. Duct 460
Instr. and Nav, 40
Electrical CGroup 60
Electronics Group 140
Furn. & Equip, Group 85
Weaight Empty 0,107
I"ixed Useful Load 433

Crew 400

Trapped Liquids 18

Engine Oil 15
Fuel 2,000
Cargo 400
Groas Welight 8,000
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TECHNICAL PROGRAM (PHASE III)

R L L A .

o wamitvad fahava tha Canter af Preasanre 2t the Center
of Gravity to obtain the required nover CONirol 1NRrougill CALTIUL RIUL usRigs
and layout studies this compatibility of the Center of Pressure (33.4% inuc)
and the Center of Gravity (32.37 mac) was obtained.

Boeing-Vertol Recommended GETOL Program
Program Schedule

In the development of the Flight Kesearch Vehicle submilled in this report,
certain areas of investigation are required to verify the estimation of per-
formance and control improvement. These improvements are divided into two

specific tests that raust be accomplished before construction of the aircraft
ig initiated and are described as follows:

Distribution Tests: It has been shown from the testing at the University of
Toronto that the slot flow distribution of the GETOL model is poor. This dis-
tribution has significant effect on the performance. It is therefore necessary
to determine the effect of slot flow distribution on GETOL performance. To best
determine this effect, an additional model having the same planform as the wind
tunnel model is required. The basic difference between the models is the thick-
ness of the spanwisc flow area and slot entry. This additional model would have
internal screens and/or baffles to provide a uniform distribution and slot flow.
This type model should resuilt in the best attainable performance of a GETOL
configuration. A change in the baffles and screens can effect a chunge in dis-
tribution, The use of an additional model wiil permit the determination of this
variation of performance with distribution and indicate what amount of improve-
ment can be achieved in an actual aircraft.

Center of Pressure Tests: From the results of the tests conducted at NASA,
it was evident that the stability was neutial and there were large nose down
Pitching Moments. The solution to this problem was indicated by the cruciform
tests conducted at Princeton University. To overcome the Pitching Moment
problem, it was concluded that a ‘‘T’' shaped peripheral jet as incorporaied in
the Flight Rescarch Vehicle (FRV) is required. Test of thig peripheral slot
configuration is required to determine the amount of trim moment attainable
and the effect of this slot shape on the stability.

Development of this F.ight Research Vehicle requires the maximum utilization
of the state-of-thc-art in {ixed wing and GETOL aircraft. The development plan
proposed by the Vertol Division of The Boeing Co. takes full cognizance of this
situation hy providing design spans for careful layouts and by allowing adequate
aserodynamic, dynamic and structural substantiation through analysis and tests
of all advanced features at the enrliestpossible stage in the program. The flight
test program is arranged to investigate the hover and transition regimes early
so a3 fo permit the earliest evaluation of these specialized flight conditions.
Only by such a program is it possible to avoid serious setbacks and delays in

the latter phases of the program resulting {rom failure to explore fully potential
problem areas.

To accomplish the overall program, a period of 27 months is required to fully
evaluate this aircraft as shown by Figure 98, GETOL Program Schedule.
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TECHNICAL PROGRAM (PHASE III)

GETOL for a 40,000 Pound Gross Weight Transport

It can he expected that in analogy to the GEM’s hovering and the general per-
formance of GETOL. both vehicles should improve with their size and gross
weight. Expected size increase in the GETOL configuration should improve
the ground clearance and result in an aircraft more competitive with other
STOL aircraft of the same gross weight class.

From the requirements of height in hovering and a power match in hover and
forward flight, it was indicated that a GETOL in the 40,000 pound gross weight
transport class would probably have some interesting possibilities. A preliminary
study was conducted by Vertol for different GETOL configurations (60° delta, 3.3
and 5.0 aspect ratlo wings) of this category to obtain comparative general trends
with existing aircraft of the same class, Figure 99 shows the planview of the con~
figurations studied, The basic data used in hover and transition performance
predictions were obtained from the Boeing~Vertol wind tunnel model tests con-
ducted at Langley Field, Virginia.

Since this study is of a general nature, parameters such as lift/drag ratio,
relative produetivity and ton-miles per pound of fuel consumed were chosen. The

drag of the GETOL configurations was determined based upon constant values
of

AF _ Equivalent Flat Plate Area
GW ~ Gross Weight

Expressing the relative productivity in terms of cruise speed, it becomes

rRp . [Payload x Cruise Speed
¢ Weight Empty '

The following ratio is an important factor in determining the overall economy of
a transport:

Ton-Miles _ Payload Rggg_e;[.
Fuel Used ~ Weight of Fue

This latter ratio assumes a great importance for military operations because of
its logisiic buplications. The prosentation of relative productivity and ton-miles
per pound of fuel versus range for various aircraft indicates the economic ad-
vantage of one over the other and also the range for which this advantage exists.

From the initial calculations, it became evident that configurations 3, 4 and 7
were most promising (see Figures 100 and 101) on the basis of lift/drag ratio
and relative productivity. More detailed studies were then conducted on these
configurations and the results were compared with conventional and STOL trans-~
port aircraft as well as helicopters. These comparisons, although preliminary

186




TECHNEICA.L PROGRAM (PHASE ITI)

0B HR COML IEEY TRR AT 1 o 1y

(Figures 102 and 103), inc3icate that the GETOL transport of the 40,009 pound
gross weight class may be ecompetitive at medium ranges in relative productivity
. with 3T0OL aircraft, helicipeters and also conventional aircraft. Furthermore, the
. GETOL concept assures mwuth greater freedom of transport operation than con-
ventional and STOL aircra=f{l This comparison leads to the conclusion that the
CETOL concept is sufficiiotly promising performancewise to deserve both
further theoretical and o=xpeximental analysis as well as flight testing using
suitable flight research velalles.
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