=A082 179

JNCLASSIFIED

{or |

DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE==ETC F/8 1/3
A CASE FOR VATOL FLIGHY DEMONSTRATION:(U)

JAN B0 C J MARTIN

DTNSRDC/AERO=126% DTNSROC=80/018




e, " e

.-t

t
F VRPN

C e
JORTRIN 7P AN

IS VT W N

“

6LEG80OV MY




A AR RS e v s e e o e TR -

UNCLASSIFIED
SECURITY CURGSIFICATION OF THIS PAGE (When Dats Entered) .,
A READ INSTRUCTIONS
i .’ 'REPORT DOCUMENTATION PAGE pEr EAD INSTRUCTIONS
o ‘\1 REPORT nu\aen . 2. GOVT ACCESSION NO.J 2. RECIPIENT'S CATALOG NUMBER
L DTNSRD‘ﬂSO/UIS v
b 4. TITLE (end Subtitle) S. TYPE OF REPORT & PERIOD COVERED
/r jA CASE FOR VATOL FLIGHT DEMONSTRATION i
R N oo ot )2 6. PERFORMING ORG. REPORYT NUMBER
Aero Report 1264
7. AUTHOR(a) ®. CONTRACT OR GRANT NUMBER(®)
/ § €. Joseph/Martin \ L{Z/FZ&‘//Q
9. PERFORMING ORGANIZATION NAME AND ADDAESS 0. PROGRAM ELEMENT. PR RoJECT. TASK
David W. Taylor Naval Ship Research e ARGs S WORK UNIT NUMBERS
and Development Center a ZFi 6412001 '
Bethesda, Maryland 20084 -t =500
17, CONTROLLING OFFICE NAME AND ADDRESS ’_‘,!2‘ REPORT DATE )
Technical Director - David W. Taylor Naval Sb}p Jan 984 | o
Rasearch and Development Center /] ""NUMBER OF PAGES —— /
Bethesda, Maryland 20084 N 30 S , -
14. MONITORING AGENCY NAME & ADDRESS(if different from Controlling Otlice) 15. SECURITY CLASS. ?o’ this report)
UNCLASSIFIED
15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)
¢ !

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

S e

18. SUPPLEMENTARY NOTES

Presented at V/STOL Aircraft Aerodynamics Meeting, Naval Postgraduate
School, Monterey, California (16-18 May 1979).

19. KEY WORDS (Continue on reverse elde il necessary and identify by block number)
VSTOL Post Stall Aerodynamics
Vertical Attitude Takeoff and Landing
Flight Test
ix Degree of Freedom Simulation

‘ 20 A CT (Continue on reverae side if necessary and identify by dblock number)

This paper reviews the ongoing work on the Vertical Attitude Takeoff
and Landing (VATOL) technology development. Studies of vertical and short
takeoff and landing aircraft have shown a significant advantage in payload
or performance for the vertical attitude concept. The additional payoff
from the incorporation of Post-Stall Combat Maneuvering is identified.

(Continued on reverse side_)

DD ,S"™ 1473  EOITION OF 1 NOV 88 1S OBSOLETE
AN T S/N N102-014-6601 UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Bntered)




UNCLASSIFIED

cewLRITY CLASSIFICATION OF THiS PAGE(When Data Fntered)

Block 20 continued)

The VATOL post-stall control system that requires control at high angle-
of-attack, provides a decisive combat advantage over a conventional
fighter. The planning for post-stall aerodynamic studies at DINSRDC and
NASA Ames is presented. This includes a large powered model to be tested
in the NASA 40- x 80-foot wind tunnel. Progress toward a moving base
simulation of the vertical attitude landing is reviewed. Results of
desizn studies indicating the feasibility of a VATOL research aircraft,
using an existing propulsion system are outlined along with a possible
configuration for an advanced VATOL fighter that incorporates a novel

control system.

AN

AccessiOﬂF°r

.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Datas Entered:




TABLE OF CONTENTS

LIST OF FIGURES. . . . & v ¢ ¢ ¢ ¢ v v v o o o o o o &

ABSTRACT . «v ¢ ¢ ¢ ¢ ¢ o o v o « o o s o o o o s o o

INTRODUCTION . & ¢ v v v ¢ & o o o o o o o o o s o o

VATOL THE BEST V/STOL. &« + v + v + o« « & « &

A PENALTY IS AN ASSET. . . . . . &« ¢ ¢ v v v o o o o &
POST-STALL AERODYNAMICS. . . . . .+« « « « + &
OPERATING CONCEPT. . . + . + ¢« ¢ « « + o«

MANNED SIMULATIONS . . . ¢ « o v ¢« o v v o o o 4 &

RESEARCH AIRCRAFT . . ¢« . & & & v v o s o o« o o &
CONCLUDING REMARKS . . « ¢« « & + ¢« ¢ o «
REFERENCES . . ¢ v ¢ ¢ ¢ ¢ v ¢ o ¢ o o o« o o o o =

10

Pros

LIST OF FIGURES
Thrust to Weight Trends of Fighter Aircraft .
VATOL Aircraft on SWATH Ship. . . « . . « . . .

Weight Breakdown of VTOL CONFIGURATIONS . . . .

Time Advantage Ratio for Vectored Thrust Fighters .

DTNSRDC Post-Stall Aerodynamics Wind Tunnel Model .

Vought VATOL Concept. . . . . .
Northrop VATOL Concept. .

Installation Sketch of VATOL 0.38 Scale Model in
NASA Ames 40~ x 80-Foot Wind Tunnel . . .

VATOL Landing Sequence. . . . . « + « ¢« + « « &

VATOL Vertical Launch and Recovery System .

Page

iii

10
11
12
12
13
14

15

16
17

18

et GG et e VR




Page

11 - NASA Six Degree of Freedom Simulator . . . . . . . + ¢ « + &« . 19
12 - Ryan X-13 VATOL in Hover. . . . + « « o + & ¢ & o o o o o o o & 20
13 - VATOL Research Aircraft Conceptual Arrangement

Tratt and Whitney 401 Engine. . . ¢ 4+ ¢ ¢ 4 ¢« o o o o o o o « & 21
14 - VATOL Research Aircraft Conceptual Arrangement

General k.oectric TF=34., . . . ¢ ¢ ¢ ¢ ¢« ¢« v ¢ o o o 6 o o o o 4 22
15 - VATOL Fighter - New Eredne. . . . ¢« & ¢ ¢ ¢« o ¢ ¢ ¢ o ¢ o o o & 23
16 - VATOL Fighter Cutaway of Engine Installation. . . . . . . . . . 24

iv




A CASE FOR
VATOL FLIGHT DEMONSTRATION

by
C. Joseph Martin

David W. Taylor Naval Ship Resesrch and Development Center

ABSTRACT

This paper reviews the ongoing work on the Vertical Attitude Takeoff and
Landing (VATOL) technology development. Studies of vertical and short takeoff
and landing aircraft have shown a significant advantage in payload or performance
for the vertical attitude concept. The additional payoff from the incorporation
of Post-Stall Combat Maneuvering is identified. The VATOL post-stall control
system that requires control at high angle-of-attack, provides a decisive combat
advantage over a conventional fighter. The planning for post-stall aerodynamic
studies at DTNSRDC and NASA Ames is presented. This includes a large powered
model to be tested in the NASA 40- x 80-foot wind tunnel. Progress toward a
moving base simulation of the vertical attitude landing is reviewed. Results of
design studies indicating the feasibility of a VATOL research aircraft, using an
existing propulsion system are outlined along with a possible configuration for
an advanced VATOL fighter that incorporates a novel control system.
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INTRODUCTION

Vertical and short takeoft and landing (V/STOL) aircraft have existed for years. The air
museums of the world have many examples of the different concepts but very few of these
vehicles have actually been in use in the armed forces. However, there is now a resurgence of
V/STOL interest and this. coupled with advances in propulsion and avionics technology. are
providing the impetus to further development of operational V/STOL aircraft,

Navy interest in V/STOL for use at sea is accelerating as more nations introduce V/STOL
capable ships to their naval fleets. The U.S. Marines adapted the AV-8A Harrier to helicopter-
capable carriers; the first AV-8A was delivered to the U.S. in 1971. Three USMC combat
squadrons are currently equipped with the AV-8. The Spanish Navy also flies Harriers. These
aircraft, delivered in 1976, compose one squadron of the Spanish Navy and are now deployed on
the DEDALO. The British are modifying the basic Harrier for fleet use. Known as the Sea
Harrier, this aircraft will begin deployment on the INVINCIBLE Class through-deck cruisers in
1979 (Reference 2).
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The Soviets have deployed a V/STOL air-capable ship, the KIEV, equipped with the YAK-36
Forger, the first non-Harrier vertical takeoff aircraft to become operational. Russia’s second
KIEV Class aircraft carrier, the MINSK, has deployed from the Black Sea and is in the
Mediterranean. MINSK has been seen operating with her sister ship in what has been described
i as the largest collection of Soviet naval fire power ever. A third KIEV Class carrier, the
KHARKOV, is undergoing sea trials in the Baltic. This V/STOL combination is a formidable
opponent for it has demonstrated a capability to harass and interdict the reconnaissance and
patrol capability of NATO Air Forces and to attack and, thereby, eliminate NATO surface

shipping.

The U.S. Navy has plans to convert its air arm to V/STOL aircraft by the year 2000. The
vertical approach will allow for an effective dispersal of air assets over a broad geographic range.
This dispersal will reduce the present reliance on a few large ships. In doing this, the survivability
of the dispersed elements may be enhanced. The Navy’s commitment to V/STOL will have a
major impact on virtually every facet of naval operations. In fulfilling the major military needs
of the Navy, V/STOL must present itself as not only effective but also economical.

Today, the high thrust required during air combat maneuvering has resulted in some fighter
aircraft with thrust-to-weight ratios greater than one at takeoff (Figure 1). This would seem to
make vertical takeoff and landing easy to achieve, having only to direct the thrust down and lift
off. However, there are many compromises to make and losses to overcome in configuring a
supersonic fighter aircraft to provide adequate control and thrust margin for horizontal attitude
hovering and vertical takeoff and landing. Most of these compromises disappear if the vertical
attitude approach is considered. Studies indicate that vertical attitude provides. by far, the most
efficient aircraft in terms of payload for a given size aircraft.

Vertical attitude takeoff and landing (VATOL) aircraft (Figure 2) have many potential
advantages over horizontal attitude aircraft. The advantages include much simpler and cheaper
design. development, and maintenance: lighter weight: higher performance: reduction of hot gas
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reingestion and other in-ground-effect problems: and improved stability in hover. On the other
hand, vertical attitude takeoft and landing requires ship modifications and an unusual pilot
attitude during landing. This unusual pilot attitude, coupled with the lack of conventional visual
cues on landing must be reviewed.

In the past, there has always been a penalty associated with vertical flight operations. While
vertical attitude minimizes this penalty, it is nonetheless still there. Now, a new German concept
called Post-Stall Combat Maneuvering appea to offer highly synergistic advantages in combination
with VATOL. This is very significant since the VATOL’s requirement for a high angle control
system, formerly regarded as its only design *““penalty” relative to conventional fighters, now
becomes an asset rather than a penalty. The David W, Taylor Naval Ship Research and Develop-
ment Center (DTNSRDC) has undertaken a technology study to evaluate and demonstrate
successful VATOL as a means of reducing the risk for vertical attitude to provide the Navy with
a very cost effective overall system option.

VATOL THE BEST V/STOL

The VATOL concept is a superior approach to V/STOL. The VATOL aircraft concept
consistently shows the highest payload to empty weight fraction of all the various supersonic
V/STOL concepts. A study of five jet vertical takeoff and landing fighter concepts was made
considering height and attitude control, ground effect, ingestion losses, control bleed effects,
installation losses, component weights, and short takeoff performance (Reference 1). A fixed
gross weight of 35,000 pounds (15,750 kilograms) was assumed for each of the following concepts
studied:

Lift plus Lift/Cruise — L + L/C

Lift/Cruise plus Remote Burner — L/C + Burner
Lift/Cruise (bleed air for control) — L/C

Vertical Attitude Takeoff and Landing — VATOL
Tilt Wing — TW

Assuming a baseline aerodynamic design of the so-called “‘supercruiser,” the baseline was
perturbated to establish a family of V/STOL concepts. The results of the study indicate the
VATOL has a greater payload to empty weight fraction than the others (Figure 3): a 25 percent
greater payload weight fraction than the L + L/C. and twice the payload to weight fraction of
the L/C (Harrier type) aircraft. Similar studies have been conducted by many of the major air-
frame manufacturers. VATOL consistently comes out as the smallest airplane or highest payload
per empty weight. Since cost is always a function of operating weight, this translates into greater
performance aircraft for the least cost. VATOL is the best concept for V/STOL when one
considers the aircraft system. This has been confirmed by both in-house studies and industry
studies. The following is a conclusion quoted from a Vought Corporation paper, “Sensitivity
Studies for Several High Performance V/STOL Concepts,” presented at the Society of Automotive
Engineers Aerospace Meeting in 1977: *“‘The highest performance in every category was achieved
by the vertical attitude takeoff and landing (VATOL) concepts.” (Reference 3).
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A PENALTY IS AN ASSET

There has always been a penalty associated with vertical flight. The gross weight of an air-
craft is increased to accommodate the extra systems for lift and control. It must still be accounted
for, although the vertical attitude concept minimizes this increase in weight. It has been postulated
that there are portions of the flight regime where the additional weight and equipment installed
for vertical attitude flight would provide a significant advantage in combat over conventional
aircraft.

A new German concept called Post-Stall Combat Maneuvering appears to offer highly
synergistic advantages in combination with VATOL (Reference 2). It postulates that a fighter
with thrust vectoring and a reaction control system capable of maintaining precise attitude control
at very high angles of attack would enjoy a decisive combat advantage over a conventional fighter.
Air-to-air combat simulations in Germany have shown the exchange ratio to be as high as 4 for a
post-stall aircraft over an advanced conventional stall-limited aircraft. Joint American German
combat simulations have provided dramatic confirmation of this hypothesis. McDonnell-Douglas
and Messerschmidt-Bolkow Blohm have conducted manned air combat simulations. further
demonstrating an enhancement in air combat Kkills for aircraft capable of post-stall flight.

Earlier studies by the Vought Corporation have shown that there is an advantage to thrust
vectoring in air combat (Reference 4). The advantage of thrust vectoring in air combat was
evaluated in a manned simulator - a baseline conventional fighter was flown against a vectored
thrust version of the baseline. The engagements were scored by relative time in advantageous
position. Figure 4 shows results in terms of time advantage ration (the conventional baseline at
). With the forward hemisphere the vectored thrust time advantage ratio is near 5. Similar
trends are noted for 10,000-feet (3,050-meters) and 3.000-feet (915-meters) range cases.

In March of 1979 actual air-to-air combat simulations were conducted in the NASA
Langley Differential Mancuvering Simulator under the sponsorship of the Office of Naval Research.
The simulations flown by fleet naval aviators from the Oceana Naval Air Station and the Pax
River Naval Air Test Station demonstrated a significant advantage for an aircraft equipped with
the post-stall capability. The study consisted of each pilot flving a total of twenty-four neutral
flights. Twelve engagements were flown with an aircraft simulating the flight characteristics of a
conventional high performance aircraft. Twelve engagements were flown with an aircraft
simulating the flight characteristics of the conventional aircraft with additonal post-stall control
forces provided by reaction control.

The initial conditions for these engagements were neutral. that is, a head-to-head pass with
an initial separation of 15.000 feet (4,575 meters) at an altitude of 25.000 feet (7,625 meters)
and Mach number of 0.7. In addition to the above neutral tlights. [} disadvantageous engage-
ments were also conducted. Eight of these engagements gave the conventional aircraft an
advantage and four flights gave the reaction control aircraft the advantage. These flights were
conducted at altitudes from 15.000 to 30.000 feet (4.575 to 9.150 meters) and initial Mach
numbers of 0.6. These simulations were initiated with the advantage aircraft in trail formation
with a §.000-foot (1.525-meter) separation.
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i The scoring criteria presented in a preliminary summary is time on advantage (TOA). Time
] on advantage is defined as having the opposition in your forward hemisphere while you are in his
{ aft hemisphere.

| The post-stall fighter experienced a 4-to-1 time advantage ratio over a conventional stall-

‘; limited aircraft in neutral engagements. When at a disadvantege, it has a TOA ratio of 1.66 -to-1

: and when at an advantage the post-stall airplane TOA ratio jumped to 28-to-1. This is very

! significant since the VATOL’s requitgment for thrust vectoring and reaction control were formerly

fi regarded as its only design “penalty’ relative to conventional fighters. This has now become an
¥ asset rather than a penalty. On a VATOL, two separate control systems may not be needed as

on the V/STOL. The facts that VATOL aerodynamic requirements are congruent with those for
| good post-stall maneuvering and that the VATOL approach makes all installed thrust available for
1 combat maneuvering are further evidence of synergism.

POST-STALL AERODYNAMICS

L, This is an area of emerging importance for highly maneuvering aircraft as well as for VATOL
aircraft and. while little systematic research has been done, much has been learned in exploring

and improving the characteristics of aircraft developed in recent years. Maximum lift can be
increased and stall delayed by the use of leading edge extensions and canards to control vortex
lift. Lateral and directional characteristics can be improved by proper shaping of the fusclage
forebody and by proper sizing and positioning of vertical tails with respect to the flow field. The
general flow phenomena are beginning to be understood, but good characteristics can only be
obtained as the end result of an extensive wind tunnel program, guided by concurrent aircraft
design studies.

In an attempt to gain maximum benefits from the post-stall combat and realize a smooth
vertical attitude transition, high angle of attack acrodynamic programs have been initiated at both
DTNSRDC and NASA Ames Research Center.

The DTNSRDC program will look at many different variations of proven and “‘far-out™
aerodynamic components to determine the effects on post-stall aerodynamics. The goal is to
identify those components suitable for an aircraft that exhibit minimum trim requirements in the
high angle of attack regime (30 to 75 degrees). Figure S is one example of the configurations
under study. Initial experiments began in August 1979,

A joint Navy and NASA project was initiated at NASA Ames in 1977 to study the aerody-
namics of advanced high performance fighter attack aircraft.  During Phase | of this program
two VATOL aircraft were designed and analytically evaluated (References 6 and 7) by Vought
and Northrop. These aircraft are depicted in Figures 6 and 7. An extensive high speed experi-
mental program is ongoing at NASA utilizing the Northrop design (see Reference 5 for details).
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NASA Ames has also undertaken to generate low speed acrodyvnamics for both contigurations.

The eaperiments will be conducted in the 40 x 80-Toot wind tunnel using one-third scule powered
models. The models will be capable of going to an angle of attuck of 110 degrees (Figure 8).
Fach of the two configurations will be cquipped for a systematic configuration evaluation. The
models will be equipped with various leading edge and trailing edge devices and canard or lex
plantorms.  The top or side inlets will be installed and 12-inch fans will simulate the engines.
The experiments are scheduled to take place in the April May 1980 timetrame, )

OPERATING CONCEPT

The operating concept envisioned for tleet operations is shown in Figure 2. After a constant
altitude transition trom wingborne horizontal tlight to jetborne vertical attitude. the aircraft
would then approach the landing platform which has been raised to the vertical position (Figure
9). A harpoon like hook on the nose wheel would engage a grid or wire on the landing platform
to secure the aircraft (Figure 10). Takeoft could be either a reverse of the landing sequence or.
at higher gross weights. a short horizontal takeoff using a ski-jump ramp. Although Figure 2
shows a stern mounting on a small waterplane arca, twin-hull (SWATH) ship. there is nothing to
restrict the VATOL to this position or ship type. Both stern and side mounting of the platforms
on conventional monohulls is acceptable. On land bases. the aircraft could land conventionally
or. in restricted space. a landing platform might be mounted on a truck so that it can be moved

and dispersed casily.
MANNED SIMULATIONS

Demonstrating an acceptable level of tlight control during transition and landing and quanti-
fving pilot performance during this task are being accomplished using 4 futl-scale. moving base
simulation at NASA Ames. In this way the total representation of the landing can be duplicated
and analyzed. One of the primary problems tacing the VATOL concept is the combined physio-
logical and psychological problem of “the pilot layving on his back.”™ One reason for the manned
simulation is to dispose of these problems by developing technigues and demonstrating that the
VATOL concept is operationally functional.

Another purpose of the manned simulation is to investigate flying qualities ind control. The
flving qualitics requirements for verticat takeoff and landing (VTOL) aircraft have been derived
largely from cxperience with horizontal attitude types. The moments of inertia and the pilot are
oriented difterently in a VATOL and there may be significant ditference in the control power
requirements: particularly for roll and vaw. Also ship motions should be included as they may
make a sizable difference in the requirements. The NASA Ames six degree of freedom manned
simulator will be used for piloted simulations of VATOL in hover and transition to lunding
(Figure 11). The aerodynamic characteristics for the aireraft described in Reference 6 will be

used initially.  Acrodynamic and propulsion computer models along with the control laws are
being established under contract with Vought Corporation. Ship motions will eventually be
included in the simulation. The first phase to be conducted in the spring of 1980 will be moving
based with a fixed cockpit. The second phase. in the tall of 1980, will include provisions for
pilot tilting and incorporate some advanced displays
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RESEARCH AIRCRAFT

It has been recommended that the best approach to assuring proper development of the
VATOL technique is to build a research aireratt (Reference 3.)

The vertical attitude takeoft and landing (VATOL) concept is not a new approach to
V/STOL. This concept was explored in the late 1950’ with turboprop and turbojet demonstra-
tors having been flight tested (Convair/Navy XFY-1, Lockheed/Navy XFV-1, and Ryan/USAF
X-13). These tests showed that, in a demonstration flight test environment, the pilots could
adapt to this somewhat unorthodox mode of operation. The X-13 jet VATOL has already
demonstrated numerous vertical attitude takeoff’s and landings (Figure 12) and transitions to and
from conventional flight: including a demonstration from the parking lot in front of the Pentagon.
This testing, however, has not resolved the questions of feasibility of VATOL for day-to-day
operations in a fleet operating environment. Fleet operations are often performed in adverse
weather with a minimum of ground handling personnel and a demand for rapid launch and
recovery of many aircraft,

Although these earlier flight programs were completed (over 20 years ago) without serious
incident, they were not followed up because of the weight and performance penalties due to the
then available technology. Modern engine. structures and avionics technology has largely
eliminated these penalties. There remains, however, concern about the operational feasibility of
the concept in the hands of service pilots operating in field conditions in all kinds of weather.

A flight research program is needed to explore the operational problems, to develop and
demonstrate solutions and operating techniques, and to determine the operational feasibility and
limitations of the VATOL concept. Because the areas of concern relate only to the low speed
rezion of performance. it should not be necessary that the research aircraft demonstrate the full
supersonic fighter envelope. It should be possible to build such a research aircraft using available
engines.

Conceptual designs of suitable research aircraft have been identified in Reference 8 and are
presented in Figures 13 and 14. A research aircraft to study the VATOL operations would not
need an afterburning engine and considerable development cost and time can be saved by using
an available engine. The aircraft in Figure 13 is based on a Pratt and Whitney YF-401 engine
and in Figure 14 on a General Electric TF-34 engine.

In hovering and transition flight, a VTOL aircraft must derive its control from the engine
cither from bleed air reaction control and/or by thrust vectoring. Bleed air is very expensive in
terms of thrust penalty resulting cither in significant oversizing the engine to provide the bleed
air or limited overheating the engine during the brief intervals when bleed air is being used. In
Retference 9. a small scale remotely piloted VATOL vehicle was flown in hovering using only jet
vance thrust vectoring for control about all three axes. A direct scale up of the concept to fighter
size aircraft showed that vanes in the exhaust of a conventional round nozzle could not provide
cnough moment for roll control. A modification of the concept was adopted.




The new control system ducts the fan air to two two-dimensional nozzles, one on cither
side of the core nozzle. These two-dimensional nozzles are deftlected differentially for roll
control and together for pitch control.

With the YF-401 engine operating dry (afterburner removed). the fan air could be taken off
at the beginning of the bumer section and ducted to two-dimensional nozzles. These nozzles
would provide pitch and roll control with a maximum deflection of +31 degrees.

The TF-34 powered research aircraft would duct fan air to the two-dimensional nozzles and
uses only a 10-degree deflection for pitch and roll control, since 80 percent of the thrust is from
the fan.

The YF-401 powered rescarch aircraft would be close to an actual fighter. A conceptual
fighter is shown in Figure 15. This airplane would require an engine development program. The
fan flow would be taken off downstream of the fan section, through two duct burners. to the
two-dimensional nozzles. These nozzles would have to be convergent-divergent nozzles as well as
provide thrust deflection. This is shown in a cutaway drawing in Figure 16. The engine character-
istics are based on a Pratt and Whitney STF 527-529 class with a BPR of 1.0. With the engine
bypass ratio of about 1.0, each nozzle would provide about 1/4 of the thrust and only about
+20 degrees deflection is needed for control. The remainder of the deflection would be available
for high lift (along with the all-moving canard) in STO operation. Yaw control would be pro-
vided by lateral deflection of the core nozzle.

The conceptual designs were sized by standard methods to ensure that performance, weights,
stability, and control were realistic. They are not the result of detailed design and should be
considered only as a conceptual arrangement intended to illustrate potential VATOL concepts.

CONCLUDING REMARKS

A VATOL flight demonstration is aimed at developing the technology to inircduce a
superior fighter aircraft with VTOL capability into the fleet. Numerous studies have shown that,
of the various approaches to VTOL capability, the vertical attitude requires the least change from
a good fighter configuration and has the least weight penalty. Coupled with the post-stall capa-
bility and common control in all flight modes, the VATOL penalty is reduced further and the
air combat capability is enhanced significantly.

The VATOL concept involves an unusual operating mode resulting in a transition from wing-
borne to jetborne flight that may present a unique operation for the pilot. The previous VATOL
test beds have demonstrated, on numerous research flights, that it can be done. The VATOL
manned simulation and research aircraft are needed to explore, develop, and demonstrate the full
operational feasibility of the VATOL concept for routine fleet use.

Vertical attitude may well prove to be, by far, the most efficient and cost effective solution
to the problem of equipping the Navy’s air arm with a V/STOL capable fighter. A course of
technology development which will make this option fully available and viable is being pursued.
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Figure 6b — Artist Rendering of the Vought VATOL Concept in a STOVL Configuration

Figure 6 — Vought VATOL Concept
(Figure from Reference 5)
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Figure 7b - Artist Rendering of the Northrop VATOL Concept

Figure 7 — Northrop VATOL Concept
{Figure from Reference §)

15

.-

ey - T R R S S T




llllllllr ,‘ 11

. 2
v ciﬁ. .
>
¥

|auunj, puim 100.4-08 X -0p sawWy VYSVN Ul [2PO S 8€°0 TOLVA JO YIS uoneqejsuy — g ain3ig

— |-
~
\ W_J 08 X oY
NOILD3S
1S3l
v .
\ m._mﬁ_zm:h § \\\ ] .
1402 o) ) \\d
-
J \ Lg‘
WV - \F\'f
7 (o;
—_— ] \ 7 - A.\




i A

ENGAGE
PLATFORM
CABLES

LA
IRNIIINIS
(/A 1A

"’II"’I."'-

3ONVHIIOL
HOHY3I LHOIIH

STABILIZE
AT 5-10 FT/SEC

CLOSING RATE

ESTABLISH
GLIDE
SLOPE

17

-

Figure 9 — VATOL Landing Sequence




WId)SAS A12A003y put ydpuneg [E3NI3A JOLVA — 0] 2n8ig

Q3IMNO0H 't

g39VON3 T

HOVOUddV L

TJOLVA




OIS WOPIILG JO QRN MG VSN | gl

o

hig !

PY S, APV

an L2

W PR




Figure 12 Rvan X-13 VATOL in Hover.

20

e hathitn- -

TN v iaRRTY T

ey e =

oo -




" £ 42 RN ST ke /g SIS Bt T o A Y- ERIPENIR L V0 oy T R S e S

—— ——
-
-

- . r
uiug 1op Asunym pue jeig Judwasuensy [en)daduo) Jjeony Yoreasay JOLVA — €1 2ndly e

(34) NOILV IS !

[ ov o€ ze 4 (% [ aL z 8 v [ '

HV3IO ONITONVH GNNOHD
ONV IXV1 ‘04S

—
NMOQ Bep OF a — 13
4N 89p LE NOILDIT430 TVLOL o~
37ZZON INIDUIANGD 0SL'ZL  LHOIIM SSOUD OLA
- X-X NOI1D3S ==
3Q1S HOV3 1 GL oV/r v qans
JOMLINOD HOLId N 2539
anv 1108 o/ < 00Z INIIND3I HOUVIS:
P LE+ e oov MIHD
k < \ 6EL8 AHDIIM Alow3
) —y O~ 7981 ININGIND3Z @3Xid
S69¢ NOISINJOUd
zeve JUNLINULS
N N.eIPr 19) SIHOIIM
Gep iy
rﬂ 0s 09 09 Sep ‘ITONY ¢33IMS "3 ¢
TOHINGD MYA X 90°0 900 900 O11VH SSINNIIHL .
4+ [ 3 Ollvy 10345V m
z 9L s 3 ‘QYOHD diL v
8 9L zve 4 "GUOHD 100¥ 3
»9 v sz 3 ‘NVYdS
= e 1> >4 Y auv
3 06 "1°S A1 005°vL = L (HOV3) (HOVv3) J—
‘a1s *1'S WO00L'9l = 1 sVl {A3S04X3) ONIM :
AHO-10¥ JA MBd IVOILHIA  SOHYNYD r
INIONI SNOISN3IWIO JISVE w

oWy




E-AL A93[] (eiauan Judwdiuenry jenjdadouo) ety Yoiaessay JOLVA — 1 ndiy

34) NOlLY1S

YV3IO ONITONVH
QNNOYD ONY ‘IXVL ‘O1s — §~

- oz ~
49T e
19na
DIVININ
4 090L LHOIIM SSOHD OLA
B3 REDT
ALIOVAVD #8-0SL 00Z  IN3WIND3 HOHVISAY
MNVL 1303 UYINNNY ooy MIud
TVHOILNI ONY IHNLINHLS wys IHOIZM ALIWD
HONOUHLAHYYD 3DVI3SNJ ONIM e ANINAND3 QIXI4
T NOISTNGONd
161 WNLINYLS
(A SIHDIIM
[ [ o9 S ‘JTONY 433MS 311
900 00 00 O1LVY SSINNIINL
" 011vY 10348V
0z L7 07 3 “OHOMD ¢iL
09 oy st Y ‘GUOMD 1008
o9 "z oz 4 ‘NVas
08 s .1 21 4] siz oM vauv
3 9 esze =
; : (HOV3) [z —
Q1S 'S Y Sez8 ~ L sTvL (G3SOdX3)  ONIM
€41 39 IVILUEIA  SAUYNVD
INION3

SNOISNINIa JISVE

22




-audug MIN soyB13 TOLVA ~ S1 a3

() NOILVSS

uvay ONITONYH ONNOYD

no1108 QNV 401
137N >¢(.J_X3(

AONANGD HO1M
aNY 1108 bep ozr
1OMANCD NV A
190 o.r
oop 5F J
|M - - —
A "
900
009'5% LIEL $SOHD OM ot
—
e ol ANINVWYY 5 13N3 0%
00T MWD (3
SUSYE JULIEL S AsAN3 oc
—
N 1567 ANINGINO3 a3axid ﬂu\ﬁml.\
' - 88 ciovY NOISTNIOUd pATMY
ssw1D 825428 215 M99 gvol JUNLINMLS RUCITLE S

ANION2 ) SIHM3IM

QNY 'IX¥101S

» @ ., O 304

aa)s HOVv3 190

ue

4

NMOQ BeP

o
an dep O NO11231430

1wviol

INZZON k!ﬂOCu).QFZNOlw\'!S

X-X NOILD3S
08 09
900 900
-,
(x4 L x4
oL (24
. "
ek ne
PR g
[RAEl —
(03SOIX ONIM
SOUYNYD
e ————
SNOSNIWID FLT4)

sop "IIONY 433M8 37

1LV SSINNDINIL
oy 1038V

M 'GUOMD 4t

14 ‘GUOND LO0d
Uy ‘WS

Nc. IRV

23




uoneqeisu] awmsuzy jo Kemein) 1AQYS Y TOLVA — 91 andij




Copies

INITIAL DISTRIBUTION

DDR&E/R. Siewert

DARPA
COL N. Krone

ONR
1 R. Whitehead (Code 211)
1 Code 461

ASSTSECNAV/Res, Engr & Sys
R.E. Reichenbach

USNA/Library
NAVPGSCOL/Library

NAVAIRSYSCOM

AIR 3PA (H. Andrews)

AIR 320D (D. Kirkpatrick)
AIR 530B

AIR 5301

AIR 53013

AIR 53012

PMA-269 (CAPT J. MCHugh)
PMA-269 (R. Perkins)

H o b e e

NAVAIRPROPCEN
L. Palcza (PEV)

NAVAIRDEVCEN

Tech Library
Mazza (3015)
Johns

. Miller (1IV3)
Brennen

W
HEmO

NASA Langley Res Cen
Culpepper (246A)
Paulson
Campbell (287/J)

La
R.
J.
J.
J. Chambers (355/3)

=

NASA Dryden Res Cen
1 LCDR Nosco
1 G. Matranga

25

Copies
5

12

NASA Ames Res Cen

W. Deckert (FV)

D. Hickey (247 FSA/D)
P. Nelms (227-2/P)

G. Hill (211-216)

D. Koenig (247-1/D)

e el

DTIC

AFFDL
1 R. Osborne (FXM)
1 R. Dyer (FXM)

Kuhn Consultants
R. Kuhn
Newport News, VA

General Dynamics/Ft. Worth
1 B. Foley
1 R. Patroski
1 K. Hinman

General Electric Corp.,
Aircraft Engine Corp.
Lynn, Mass.

Grumman
1 N.
1 R.
1 G.

Aerospace Corp.
Dannenhoffer
Waldt

Spacht

McDonnell Douglas Corp./
St. Louis
1 J. Sinnett
1 S. LaFavor
1 H. Ostroff

North American Rockwell/
Los Angeles
M. Robinson

Northrop Corp/Aircraft Div
1 0. Levi
1 P. Woolar




Copies

2 Teledyne Ryan Aeronautics
1 H. James
1 P. Girard

2 Vought Corporation
1 H. Driggers
1 J. James
1 Pratt & Whitney Corp
R. Valentine (Adv Sys & Prog)

CENTER DISTRIBUTION

Copies Code Name
10 5211.1 Reports Distribution
1 522.1 Library (C)
1 522.2 Library (A)

2 522.3 Aeronautics Library




