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FOREWORD

This pregram was performed by The University of Tennessee Space Institute for the Naval
Alr Systems Command Advanced Aireraft Development and Systems Objectives Office (AIR-03PA)
under Naval Air Systems Command Contract N00019-81-C-0508, dated 30 September 1981. Active
testing began on 30 October 1981 and was completed on 30 A\xgust 1982,

A total of 37.2 hours of flying time were flown in the performance of this task along with eleven
months of analytical effort.

The following key personnel were primarily responsible for the conduct of this test, the snalytical
effort and/or the preparation of this report.

UTSI .
Principal Investigator and Project Teat Pllot Ralph D. Kimberlin, Associate Professor
Research Assistants Uwe P. Solles
Atin K, Sinha
Instrumentation Engineer Robert Jones
Alreraft Maintenance Donald Freeman
Support Groups UTSI Aeroacoustics Division
NAVAL AIR SYSTEMS COMMAND
Contract Monltor Mr. W. T, Sparrow
AIR-03PA3
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EXECUTIVE SUMMARY

The Ball-Bartoe “Jetwing” is a single engine upper surface blowing (USB) concept which achieves
supercirculation lift, thrust, and a reduction in induced drag by ducting all engine air through the
leading edge of the wing and ejecting It over the top surface through a slot nozzle. This nozzle is
located at approximately 30 percent of the chord and extends along about 70 percent of the wing
span. A Counda flap of 55 degrees extension capability is mounted at the trailing edge of the blown
porilon of the wing. In addition to the main wing, n smaller wing panel is mounted above the slot
nowile, The alr passage between the main wing and the smaller upper wing acts as un ejector to
increase exhaust mass flow. The concept may be used with or without the upper wing. A thrust
reversing method is also Incorporated into the concept. The thrust is reversed by rotating the top
of the slot nozzle so as to close the nozzle and open n reverse flow path,

The "Jetwing" concept hns been incorporated into a research airplane. The Jetwing aircratt is a
single seat, jet aircraft of conventional design powered by a Pratt and Whitney of Canada JT15D-1
turbofan engine of 2200 pounds static thrust. The sireraft has a wing span of 21.75 feet, a wing
aren of 105.6 square feet, and » maximum gross weight of 3750 pounds.

'T'his roport covers the results of a flight test program with the upper wing removed, a measure.
ment of flyover noise with and without the upper wing, aud the results of an analytical study into
methods for predicting the Jetwing aerodynamic coefficients. A comprehensive flight test program
with the upper wing installed was previously conducted under a separate effort. Both programs
were conducted for Naval Alr Systems Command by the University of Tennescoe Space Institute,
The purpose of these efforts was to validate the NASA Ames Research Center full scale wind tunnel
data on the aireraft by flight test, develop methods for predicting aerodynamic coefliclents for such
8 ooncept, and to obtain performsance, stability, control, and nolse data sufficient to evaluate the
Jetwing concept for future application to other flight vehicles,

Test results show an excellent agreement between the flight test and wind tunnel in all items
except Il coefficlent versus angle of uttack, The disagreement between wind tunnel and flight test
on this ltem was most likely due to measurement inaccuracies in the fiight, test, and the round about
data reduction method required to extract flight tost data for comparison,

The test results also show significant differences between the performance and handling qualities
of the aireraft with and without the upper wing. The configuration without the upper wing s superior
from both the performance and handling qualities standpoint. The reason for these differences is not
fully understood, but it Is felt to be a function of both the zero lift drag Increase and the increase in
thickness of the USB jet with the upper wing installed. The question concerning USB jet thickness
also has implications for USB conflgurations other than the Jetwing.

'I'he flyover noise levels of the Jotwing alrplane are very low with the aircraft noise disappearing
into Lhe background noise In a light wind. Aireraft conflguration did not sppear to have significant
effact. upon these levels. Such low noise levels has important significance for military airplanes,
particularly those involved in ground attack,

Results of the analytical study showed that lift and excess thrust (or drag) cooficients could be
predicted with reasonable accuracles using relatively simple mothods. Plitching moment coeflicient
was more dificult to prediet using simple methods, and will probably require use of the more complex,
panel or vortex lattice, methods,
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INTRODUCTION

N

' \ This report covers the results of a two part research effort on the Ball-Bartoe “Jetwing"

propulsive lift concept. This effort was conducted by the University of ‘Tennessee Space Institute,
Tullahoma, Tennessee for the Advanced Alreraft Development and Systems Objectives Office (AIR-
O8PA) of Naval Air Systema Command under Contract, Number N00019-81-C-0506,

The first part of the effort, which is covered in Part I of this report, was a follow on to a
previous effort conducted under Naval Alr Systemns Command Contract Number N00019-80-C-0126
and reported in UTSI Report 81-1 [1). The effort reported herein consisted of o performance flight
test with the upper wing (ejector wing) removed, and flyover nolse measurements with and without
the upper win,. "srformance, Stabllity and Control flight test with the upper wing Installed were a
part of the j.cevin..y effort,

The second part of the effort counsisted of an analytical study to develop a mothod, or mothods,
to predict the nerodynamic coefliclents of u “Jetwing” conflgurod airernft. Thoese coofficients would

be of sufficient aceuracy for use in preliminary design studles. The results of this analytical offort
are reported in Part 11 of this report,

Results of both the flight text and analytical effort are compared to tull scale test results of
the resenrch aircraft in the NASA Ames Research Center 40 x 80’ wind tunnel with the aim of
evalunting the Jetwing concept for applloations to future flight vehicles, <——




PART 1

FLIGHT TEST REPORT
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SECTION I
INTRODUCTION

This section of the report covers the flight testing of the Ball-Bartoe “Jetwing” Research Alrcraft
with the upper wing removed. The purpose of these tests was to evaluate the Jetwing powered lift
concept for future application to other flight vehicles by:

1. Obtaining performance and C;, vs. a data with the upper wing removed sufflclent to validate
the NASA Ames Research Center 40’ x 80’ wind tunnel data for this configuration,

2. Obtaining fiyover nolse data in several configurations of gear, flaps and power setting with
and without the upper wing lnstalled,

["light tests wore started on October 30, 1981 and completed on August 30, 1982, A total of
52 Nights were flown for 37.2 {lying hours to accomplish thoe test objoctivey, All Lost objectives wero
met und the results are given in Section V of this part of the report,

Ilight testing of the airoraft with the upper wing installed was conducted under Naval Air
Systums Command Contract N0O0019-80-C-0126 and reported in (1).
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SECTION II
DESCRIPTION OF THE TEST ARTICLE
DESCRIPTION

The Jetwing STOL research alrcraft is a single engine, single seat, upper surface blowing (USB)
powered lift, jet aircraft with conventional landing gear (Figures 1 and 2), Figure 3 s a three
view drawing of the aircraft showing Its general arrangement. Table (1] lists other pertinent design
festures and dimensions.

'The powared lift concept used on the Jetwing sircraft allows upper surface blowing (USB) from a
single Jet engine. Upper surface blowing has previously been limited to multi-engine conilgurations
such as Boelng YC-14 and NASA Quiet Shorthaul Research Alrcraft (QSRA). In the “Jetwing"
concept USB |s schieved from a single engine by ducting all engine alr (both from by-pass and core
exhnust) to a slot nozsle on the upper surface of the wing. The nozzle Is located at spproximately
30-40 percent of the wing chord nnd extends along approximately 70 percent of the wing span. The
fan by-pass air is ducted to the outbosrd portion of the wing while the core exhaust {8 ducted to
the inboard portion of the wing as Is shown in Figure 4. Looated sbove the nozzle is & separate, and
much smaller wing surface. The purpose of this surface is to act as an ejector or thrust augumentor.
A Connda type, single element flap Is located at the tralling edge of the wing along the portion of
the wing span covered by the nozzle. A. two-dimenslonal sketch of the arrangement s shown in
Figure §.

''he concept may be used with, or without, the smaller upper wing surface which wind tunnel
test: have shown to have negligible offeot on powered lift eapabllitios (Soo Figuros 6 and 7). All
testing reported heroln was conducted with tho upper wiug removed us shown in Figure 1.

Iucorporated Into the fan by-pass alr nozzle 1s n thrust reverser which ls oporatod as is shown
In Flygure 8,

Since the USB covers such a large portion of the wing span, a separate bleed alr system for the
allerons is not required.
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FIGURE 1
SIDE VIEW JETWING RESEARCH AIRCRAFT
(WITH UPPER WING REMOVED)
'}

FIGURE 2

THREE QUARTER FRONT VIEW JETWING RESEARCH AIRCRAFT
(WITH UPPER WING REMOVED)




Powerplant

Rated Takeoff Thrust
Rated Maximum
Continuous Thrust
Maximum Continuous
Thrust as Installed in
Jetwing Aircraft

Fuel Capacity

Maximum Takeoff
Gross Weight

Empty Weight

Ballast

Center of Gravity Locat
with Ballast, Pilot and
Full Fuel

Wing Airfoil Section

Wing Span

Wing Area

Aspect Ratio

Mean Aerodynamic Chord
Taper Ratio

Wing Incidence

TABLE I
JETWING PHYSICAL DESCRIPTION
Pratt & Whitney JT15D-1
Turbofan

2200 LB. Static Thrust @ Sea Level
Standard Conditions (Uninstalled)

2050 LB, Static Thrust @ Sea Level
Standard Conditions (Uninstalled)

1750 LB, Static Thrust @ Sea Level
Standard Conditions

106 Gal.

3750 LB.

2330 LB. Without Ballast
41218,
ion 35.5% M.A.C.

NACA 23020 Modified at Root
NACA 23015 at Tip

21.75 FT
105.6 FT
4.48
5.08 FT
0.46

2

08 Root
0~ Tip




Upper Wing Airfoil Section
Upper Wing Span
Upper Wing Area
*Upper Wing Vertical Position
Relative to Main Wing
Measured at Trailing
Edge of Upper Wing at
the Inboard Support Fairing
**position #1
Position #2
Position #3

Incidence Angle With
Lower Wing Chord

Aileron Type
Aileron Span
Aileron Area

Aileron Deflection

Clark Y-12% Thickness
15.1 FT

23.16 FT2

5.437 IN
7.625 IN
6.531 IN
Approximately §°

Setback Hinge
35.75 IN Each
3.44 FT? Eech

+ 28°

Flap Type Coanda Single Element
;’ Flap Span 69 IN Each
Flap Area 10.6 FT? Each
Fiap Deflection 0° to 55°
Horizontal Tail 8% Thick Symmetrical
Airfoil Section
Horizontal Tail Span 9.33 FT
) *See Reference [1] for Internal Dimension of Ejector and Area Ratios
**position Used for the Flight Tests Reported in Reference [1]



Horizontal Tail Area
Horizontal Tail Aspect Ratio
Horizontal Tail Volume (VH)
Elevator Area

Elevator Deflection

Horizontal Stabilizer
Trim Deflection

Vertical Tail
Alrfoil Section

Vertical Tail Span
Vertical Tail Area

Vertical Tail
Aspect Ratio

Vertical Tail Volume (Vv)
Rudder Area
Rudder Deflection

Engine Exhaust Nozzle Area
(at top surface of wing)

Fan Duct Total

Gas Generator Duct Total
Aircraft Length
Aircraft Height
Construction

Fuselage

Wing
Tail

27.5 FT2

3.16

0.74

13.25 FT2
+29° to -25°
+20° to -2°

8% Thick Symmetrical

5.67 FT
18.33 FT
1.75

2

0.115
8.06 FT
+ 20°

2

156.2 IN°
96.3 IN°
28.6 FT
6.1 FT

Welded Steel Tube Truss
Covered With Titanium and
Aluminum

Built up Aluminum and Titanium

Built up Aluminum

ted




Landing Gear
Egress System

Longitudinal Control System
Longitudinal Trim
Directional Control System
Lateral Control System

Moments of Inertia and
Component Weights

VY S U S S SO g

Conventional, Retractable
None

Reversible With Pushrod Linkage
to Elevator

Electrically Actuated Trimmable
Stabilizer

Reversible With Cable Linkage
to Rudder

Reversible With Pushrod Linkage
to Afilerons

See Reference [1]
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FIGURE 4 JETWING DUCTING ARRANGEMENT
(FROM REFERENCE 2)

—— .

~ = C— Slot Nozzle
Coanda Flap

Ejector

Internal Ducts <\
(Jet exhaust on inboard ' \~\\\
portion of wing. Fan . \\x

bypass‘air outboard
portion of wing.)

FIGURE 5 TWO-DIMENSIONAL VIEW OF JETWING CONCEPT
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Thrust Reverser
Coanda Flap

Internal Ducts Y

FIGURE 8 TWO-DIMENSIONAL VIEW OF JETWING CONCEPT
WITH THRUST REVERSER DEPLOYED
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SECTION I
TEST PROCEDURES

The test procedure used to accomplish this effort followed standard flight test practice oxcept
as roquired to account for flight safety and tost vehicle limitation.

The alrcraft's acrodynamic configuration during theso tosts was the sume as that tested In the
wind tunnel at Ames Research Center (upper wing removed) except for changes necessary to install
flight test instrumentation,

Prior to collecting flight test dats the alreraft configuration was deflned In detall, During testing
a configuration log was maintalned which recorded all changes made to the aireraft configuration
Ineluding instrumentation and fiight trim adjustments, This log was cross-referenced with alroraft
flight number 5o that it was possible to determine the exact configuration during any test flight,

For performance testing the alroraft loading was 3801 lby, gross welght with the center of

gravity at 35,17 percent M.A.C. This loading Is equidistant between the two ¢.g.'s tested in the wind
tunnel,

Prior to the start of testing the actual aircraft welght and c.g. was determined by weighing
the nircratt with pilot, fuel lond and ballast on board. This weight and ¢.g. was usod as a basis for
calculation of test weight and c.g. position for data reduction.

'ERL A ! . The test procedures used for measuring the performance
of the Jotwing with the upper wing romoved were essentinlly the snme as those usod during testing
under contract N00019-81-C«0126 and reported in [1), 'This procedure was to perform sawtooth
climbs, and doscents, at varlous airspeeds and power sottings in order to dovelop u map of Right
path angle (4) and equivalont airspeod (Vi) which defined the aircrafts porformance onvelope for
given conliguration, Sawtooth climbs or dosconts wero porformaed In 10 to 15 knobs fneremoents in
the following speed range and configuration,

SPEED RANGE CONFIGURATION
1. 80-170 knots Gear and Ilaps up
2. 70-120 knots Goar down ,Flaps 15°

3. 50-120 knots Gear down, Flaps 30°
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Each speed range was repeated at four power settings, when practical, which approximated the
following values of gross thrust:

1. Maximum Avnilable thrust
2. 1000 Ibs,

3. 500 Ibs,

4, Idle Thrust

Test altitude was varied depending upon the thrust level required, Maximum availnble thrust testing
begrn at approximately 2000 ft. pressure nltitude. Since the data reduction method redured sll data
to a sea level standard conditlon, test altitude was not critical except for obtaining maximum thrust.

Two climbs, or power Idle descents, were done crosswind In opposite directions for each data
point. An average of the two alimbs was used in determining the data point to reduce wind created
errors, During each climb the following data were recorded at 30 second Intervals:

1, Fuel Remaining, for determination of test weight (W)
2, Indicated Alrspeed (V;)

3. Gross Thrust indication (Ny, Pis/ Py, Na, ITT),

4. Angle of attack (a)

5. Pitch angle (9)

6. Pressure altitude (H))

7. Time (t)

8. Outside air temperature (T})

9. Alreraft configuration

These data were plotted and values of rate of climb or descent determined for use in determining
flight path ungle. These duts were reduced to standard values of flight path angle (7), equivalent
airspeed (Vi), and gross thrust (Fgs), and plotted in the V - 4 map as described in [1], Further
reduction to values of lift coefliclent (C;,), and excess thrust coefficient (Cp,), or drag coefliclent
(Cp), wax also performed as outlined in [1), Geometric angle of attack was determinod by recording
the pitch angle at the same time that fight path angle data were belng taken. Geometric angle of
attack was then calculated by subtracting flight path angle from pitoh angle.




FLYOVER NOISE TESTING. The fiyover noise tests wore condusted on the Tullahoma Muniei-
pal Alrport in an area of flat terrain having no excessive sound absorption characteristics, The
noise measuring microphone was located 8o that there were no obstructions, which might influence
the sound fleld from the airplane, within n conloul apnce above the microphones. This conical
spaco was defined by an axis normal to the ground plane, and by a half angle 75 degrees from this axis,

The testing was carrled out under the followlng conditions:

1, Clear Alr

2. Rolaltive Humidity between 90 and 30 percent,

4. Amblent temperature between 86 and 41° F nt 33 feot above the ground.
4, Wind not In excess of 10 knots at 33 feet nbove the ground.

5. There were no temperature inversions or wind conditions which would signifieantly alter the
noise level of the alrplane when the noise level was recorded,,

The flyovers insludoed at lanst six level tlights over the mensuring station for anch conflguration
testod, These flyovers were | a height of 1000 feet 4= 30 foot nbove the station, and were within 4-
10 degrees of the zenith when passing overhead,

The conflgurations tested included:

UPPER WING  FLAPS GEAR AIRSPEED POWER
(1 ON up up 165 KCAS  FOR LVL FLT
(2) ON 15° up 110 KCAS  TFOR LVL FLT
(3) ON 3o0° up 756 KCAS FOR LVL FLT
(4) OFF up up 165 KCAS  FOR LVL FLT
(8) OFF 16° up 110 KCAS  FOR LVL FLT
(6) OFF 300 up 75 KCAS FOR LVL FLT

The noise measuring mierophone was mounted upon u tripod approximatoly four (4) feet nbove
the ground so ns to minimize interferonce with the sound belng measured. The nolse measured by
that mlcrophone way recorded on a strlp recordor. 'T'his systam for measuriug wod recording the
sound complied with the recommended charactoristics In Internatiounl Flectrotechulcal Commission
Publientlon No. 179, ontitled “Proaision Sound Lovel Motors" (3] and with Fodernl Alr Regulation 86
Appendix A paragraph A36.2 [4], These publieations wlso cover the eallbration of sueh equipment.
Immodiately prior to and sttor onch test u rocorded acoustic callbration of the system wos mande
with an acoustic callbeator for the purposes of chocking system seusitivity nnd providing an scoustie
roferenco lavel for nnalysls of the sound level data. In additlon, prior to cach serlox of tostr thoe
amblont nolse, Including both neoustien] background nnd electrienl nolso of tho monsurecinent systems,
was recorced in the tost aron with the systom gains sel at levols usod for alrernft nolse monsuremoents,
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The following data were recorded for oach test run:

1. Amblent alr temperature and humlidity at 33 feet above the surface.

2. Maximum, minimum, and average wind velocities at 33 foct above the surface,
3, Alreraft nolso lovel.

4, Test alreraft nirspeed in knots.

5. 'Tost afveraft engine power setting.

6. Alrornft holght In feet,

I"light dnta parnmoters were corrected to standard conditions, Nolse dats wore not corrected if
the nmblent tomperature was within a rango of 68°F 4= 9°F, and the relntivo humidity was shove
40 pateont but pot oxcooding 00 percont. Whoen conditious did not fall within the specified range,
the duta wore corrocled to TT°F and T0 porcent relative humldity using an approved method.




SECTION IV
INSTRUMENTATION

The on board instrumentation used in these tests was the same instrumentation as used on the
previous test reported in [1]. It war functionnlly checked out and recalibrated prior to the start of
testing.

The types of Instrumentation required for this program may he placed in groups which relate
to the typd of data being collected. These groups of instrumentation are:

1. Alr Data Instrumentation

2, Engine Thrust Instrumentation

3. Piteh and Angle of Attuck Instrumentation
4, Nolse Measurement Instrumentation

' ENT . The i{nstrumentation installed on the test nireraft which
collected nlr data Included:

1. Sensitive Alrspoed Indicator ealibrated In knots,
2. Senaltive Altimotor enlibrated tn feet,
3. Amblent Alr Tompoerature Gauge callbrated in degrees Centrigrade.

'T'he alrspeod indicator and altimeter were panel mountoed as shown In FPigure 0 and connected to
n wingtlp mounted, swivel pitot statiec boom shown in Figure 10, ‘These instruments were ealibrated
through the nirspeed and altitude ranges of Interest using water and mercury mnnometers with
tracenbility to the Natlonal Bureau of Standards (NBS),

'The amblent alr tempernture gauge was callbrated from 0 — 40°C In a water bath using n
Inboratory thermometer which was nlso traceable to NBS,

Shmilnr ealibeated instrumontation was Installed on the Cessnn 310 and DHC-3 Ottaer which
were usad as pace alreraft during the Alrspeed Calibration portion of the prior flight test program,

ENGINE THRUST INSTRUMENTATION, Tustrumentation installed in the test nireraft which

gave an indiention of engine thrust ineluded,
1. Main Rotor Speed 'Tnehometer (N)) ealibrated tn percent RPM,
2, Gias Generator Spoed ‘Tachometor (Ny) enlibented in poreont. RPM,
3, Interstnage Turbine Temperature gnuge (I'1T) enlibeated in °c',
4. Progsure Goaugoe calibrated in inehes of woaler which mensured the differential pressure between

Lhe totnl pressure In the hot or cold duet and the outside nmblent statie pressure, 'This was n single
gange which operated through n pressure switeh by order 1o read hot or cold duet. differentinl pressure,
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FIGURE 9

PICTURE OF PILOT'S INSTRUMENT PANEL SHOWING
AIR DATA AND ENGINE THRUST INSTRUMENTATION

FIGURE 10 FULL SWIVEL PITOT~STATIC BOOM MOUNTED
ON LEFT WINGTIP, 32 INCHES FORWARD OF WING LEADING EDGE
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5. SDI Heskins Fuel Flow and Fuel Quantity Instrumentation which consists of two panel
mounted instruments which contain an integral computer. Fuel flow calibration is in either gallons
or pounds per hour.

All of the engine instrumentation and air data instrumentation was panel mounted for visual
readout by the pilot as is shown in Figure 9. ‘

All of the engine instrumentation listed above except for the fuel flow instrumentation was
calibrated using standards traceable to NBS, The fuel flow instrumentation was calibrated at the
manufacturer and guaranteed to maintain two percent accuracy in normal use. Perlodic spot checks
during the test program confirmed this level of accuracy.

In addition to the engine related thrust instrumentation one other piece of instrumentation was
required during the thrust calibration, This instrument, a Dillon Dynamc-neter {s shown inFigure
11 as it was installed in the thrust measuring apparatus, This instrument was readout in pounds of
force and had received a traceable calibration by its manufacturer.

PITCH AND ANGLE OF ATTACK. The instrumentation required to measure pitch and angle
of attack consisted of:

1. Angle of Attack Sensors
2. Vertical Gyro for Pitch Angle

Angle of attack Information was obtained from the sensors shown in Figure 12. The angle
of attack vane drives a rotary potentiometer which Is connected electrically through a 12 position
rotary switch to the milliammeter of Figure 13. Calibration was accomplished by measuring vane

deflection angles and obtaining corresponding milliammeter readings. Zero reference was the alreraft
waterline.

A vertical gyro mounted near the center of gravity and above the exhaust ducting, as shown in
Figure 14, was used to determine pitch angles. Prior to installation, this device was calibrated with

the instrumentation package on a calibration bench. This device was also wired to provide a visual
readout through the milliammeter.

All instrument readings which could be displayed on the milllammeter could also be recorded,
three at & time versus a time basis, on a cassette magnetic tape recorder. These data could then be

played back on an osciliograph or strip recorder aftcr the flight. The cassette recorder was located
Just aft of the pilot's seat.

Before being displayed on the milliammeter or recorded on the cassette recorder all data signals
were amplified and conditioned in an instrumentation amplifler and signal conditioner Jocated near
the vertical gyro as is shown in Figure 15. Power for the electrical instrumentation was connected
through an instrumentation master switch located next to the rotary selector switch,




FIGURE 11

PICTURE OF DILLON DYNAMOMETER AS INSTALLED
IN THRUST MEASURING APPARATUS
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FIGURE 12

WINGTIP BOOM WITH ANGLE OF ATTACK AND SIDESLIP SENSORS
MOUNTED ON RIGHT WING TIP, 52 INCHES FORWARD OF THE
WING LEADING EDGE
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FIGURE 13

MILLIAMMETER USED FOR READOUT OF STABILITY
AND CONTROL PARAMETERS (CENTER)
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FIGURE 14
MOUNTING ARRANGEMENT OF VERTICAL GYRO
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FIGURE 15
INSTRUMENTATION AMPLIFIER AND SIGNAL CONDITIONER (ARROW)
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NOISE MEASUREMENT INSTRUMENTATION, For the measurement of the flyover noise
level a Bruel & Kjaer type 4133 one half inch condenser microphone was used (Figure 16). This
microphone was orlented at an svgle of 90 degrees (grazing Incidence) with respect to the aircratt
flight path. This orientation corresponds to the optimum frequency response for this microphone.

The output from the microphopa was input into a Bruel & Kjaer type 2112 Audlo Frequency
Spectrometer (Figure 17) which provided three recording modes - Octave, 1/3 Octave, and Linear,
For these measurements the 1/3 Octave filters ranging from 25HZ to 40 KHZ were employed for the
on-ground frequency distribution analysis of the aircraft while the Linear setting was used to record
the instantaneous overall sound pressure level during the 1000 ft. flyover noise measurements,

The output of the Audio Frequency Spectrometer was fed into a Bruel & Kjaer type 2305
Graphic Level Recorder ("igure 17). This instrument supplied an amplitude (dB) versus frequency
graph when utilizing the Audio Frequency Spectrometer as & 1/3 Octave analyzer, and an umplitude
versus time plot when the Linear mode of the Audio Frequency Spectrometer was used.

Relative humidity during the tests was determined by use of a Sling Psychrometer and
Psychrometric Charts, while wind direction and velocity were determined with the simple instru.
ments shown in Figure 18,
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FIGURE 16
! NOISE MEASUREMENT MICROPHONE
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FIGURE 17
AUDIO FREQUENCY SPECTROMETER (LEFT)
AND GRAPHIC SOUND LEVEL RECORDER
1]
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FIGURE 18
WIND INSTRUMENTS
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SECTION V
RESULTS AND DISCUSSION
INFLIGHT PERFORMANCE

As desoribed In the test procedures, inflight performance was determined withk the upper wing
removed in three configurations of landing gear and flap setting:

1. Gear and Flaps Up
2. Gear Down and 15° Flap Deflection
3. Goear Down and 30° Flap Deflection

Results of performance tests in these configurations are shown in Figures 19, 20 and 21 ay welght
and alr density corrected plots of Bight path angle (v,) and equivalent airspeed (Vyw) for various
thrust settings, As may be scon from these figures the extreme low speed end of the performance
etivelope was not investiguted. The reason for not continuing the investigation into this reglon was
the reduced longitudinal stabllity level and tall stall potential discussed in [1]. The aireraft was flown

to spoeds as low as 58 knots callbrated airspeed in level flight, or a slight elimb, but perfornance
duta were not recorded,

Sufficlent performannce data were obtalned to make comparisons with the NASA Ames Research
Center 40' x 80/ wind tunnel data at two sepurate valuos of blowing coefliclent (Cy). Thene
cor.parisons are cuown in Figures 22 through 27 as plots of it coeflolent (CL) versus exoess
th-ust coefficlent ('pe). The agreement between the flight test and wind tunnel data for these
¢.ufigurations |s excellent and exceeds the good agreement obtained for the suwme configurations
with the upper wind installed us reported In (1), This dats agrecment also speaks well for the simple
shd inexpensive flight test method used to obtain the flight test data,

LIFX COEFFICIENT VERSUS ANGLE OF ATTACK

At the sume time that the flight path angle versus airspeed dats of Figures 19 thru 21 was belng
obtalned, the aireraft pltoh ungle was recorded. By subtracting the flight path anglo (4) from the
pltoh anglo (¢) the geometrlo angle of attack (@) eun be obtalned. However, one problem arises when
trying to compare these dats with that obtalned in o wind tunnel,

The problem s that for s powered lift alrplane like the Jetwing the lift coefficlont ix a function
of both angle of attack and blowing coefticlent.

Cr = f(a,Cy) (t—1)

In » wind tunnel the augle of attack and blow!ing coefilclent can be varled ndependently. This

Ix secomplished by holding tunuel alrspeed and airpinne gross thrust constant (€4 constant) whilo
varying anglo of attack.

{n freo flight, alrspeed, gross thrust, blowing coofllclont, and angle of attack are all interrelnted,
and ¢an not be varled Independently. As a result, tho clussle €', versus av plots at o constant: blowing
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coefficient cannot be obtained dircetly by flight test.

To attempt to overcome this problem, and sompare the flight test and wind tunnel results, the
flight test data must be crossplotted on a plot of Cr, versus C; for various a such as is shown in
Figures 28 through 30, Since the lines of constant angle of attack must he estimated from the anglo
of attack of individual data points, considerable error may be introduced by this plot. This error Is
compounded by the error involved in measuring aireraft pitoh angle.

‘The results of such a comparison for the Jetwing with the upper wing removed nre shown In
Figures 31 through 368, These results do not compare as well ay the excess thrust data shown in
Figures 22 through 27. In light of the past discusslon this descrepancy might be expected. Most of
the difference Is probably due to the measurement and crossplotting errors just discussed, However,
there may be some error in the tunnel data due to wall effects which has not been accounted for.
Such an error might help to explain the consistent difference in lift curve slope shown between the
flight test and wind tunnel duta.

COMPARISON WITH UPPER WING INSTALLED DATA

Figures 37, 38 and 39 show the results of performance tests reduced to sea level standard
conditions with and without the mini-wing installed, These results show two interesting features.

First, for all configurations the alrspeed at which best angle of climb ocours decreases with an
Inorease in gross thrust or blowing coefficient, This change indicates a reduction iu induced drag with
thrust (or blowing coeflicient) increasc as is indioated by the theory [1]. Such u drag reduction has
interesting applications for air-combat maneuvering, and menns that in order to fly steep approaches
at low alrspeeds additional zero lift drag is needed.

The second lutercsting feature of these fgures is that at every thrust setting and flap
conflguration the alrplane with the upper wing installed is out perforined by the airplane without
the upper wing. This difference in performance gonerally Increases with an Incrense in thrust setting,
particularly in the case with 30 degrees flap deflection. Although, most of this difference in perfor-
mance may be oxplained by the fuct that with the upper wing installed the airplane has more zero
lift drag, it may not be the complete story. 1f the increase In Cp, were totally responsible for the
performance difference, there should be an increase in the performanoce difference with an increase
in airspeed. However, this does not appear to be true In all cases, In fact, the difference appears to
decrease at higher alrspeeds when the flaps are deflected. In addition, static thrust callbrations (1)
showed a slight increase in static thrust with the upper wing installed. This thrust difference should
tend to reduce the performance difference at the lower speeds. It then appears that the performanco
difference may be a funotion of induced drag in addition to the difference in Cp,.

One item which may affect induced drag Is the thickness of the USB Jot. With the upper
wing installed the Jot is greator than twice ns thick as with the upper wing removed. Recent wind
tunnel studies [5] have shown that high aspect ratlo nozzles (thin blowing jot) provide better USB
poerformance thun those with low aspoct ratio (thick blowing jet). An unalysix of wind tunnel results
of Jetwing configurations showed that the supercirculation portion of the total litt was from 5 to 7
pereent higher when the upper wing was off. These results are shown in Flgure 40. It is diffieult to
determine it USB jot thickness Is a significnny factor in the performance difference shown in Figures
37, 38 and 39 but it does appear to beg further investigation,
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HANDLING QUALITIES

A complete quantitative hundling qualities evaluation of the alrcraft was previously conducted
with the upper wing installed and reported on in [1]. WIith the upper wing removed, handling
qualities were qualitatively evalunted and compared with the upper wing installed configuration,
This was done because changes in handling qualities due to the configuration change were thought
to be small. In addition, tho same test pllot would fly both series of tests,

Differences in handling qualities beiween the two alreraft configurations were confined to the
longitudinal motions. One of the most notlecenble changes was in longitudinal static siability. With
the upper wing instalied the aircraft had static margins of from 0 to --3% depending upon flap
position and power settings, With the upper wing removed the aireraft's static margins became less
noegative and for some cases becnme slightly positive, The reason for this phenomonon has not been
determined and further investigation appears warranted.

Another difference in longltudina! handling qualities occurrad at low power setting, With the
upper wing removed a light to moderate alrframe butfet ocourred anytime the power setting was
reduced to values below 50%N,;. The power setting where the onsst of this buffet occurred appeared
to be s funetion of nirspeed und fiap position with the highost power setting for buffet onset oocurring
at airspeeds above 150 knots with the flaps up. Although the source of this buffet was not positively
dctermined, the most likely source is o turbulent shear layer which develops between the blowing
Jet and the free stream flow whenever the speed of the Jet drops Lelow that of the free stream. Thiy
buffet was not observed with the upper wing Installed.

NOISE MEASUREMENT

The Graphie Level Recorder provided two kinds of data: 1, Sound pressure level (S£PL)
(nmplitude) vorsus time () plots from the 1000 ft {lyover mensurements and; 2. Sound pressure
level (SPL) versus frequency (F') from the statlc ground measuremonts.

The flyover data were crossplotted as sound pressure level (S/PL) versus relative distance (RD),
Relative distance was determined by corrclating tho airspeed from the flight data with the time
Intervals on the amplitude versus time graph. At the point where the noise of the approaching
rirernft startod to rise above the background nolse level, the relative distance was sot to zero.

Narks were put on the graph when the JETWING crossed overhead the microphone. From this
mark the approximate position of the microphone on the SPL vs. RD plot could be determined.

K spresentative plots for a take-nff and three flyovers with different configurations are shown in figures
41 nnd 42,
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The data and results of the flyover noise measurements are listed in Table 2. From these data, the
following average values for the peak nolse pressure levels can be calculated:

a) Upper wing Installed:
Clean configuration 71.6 dB
Gear down, flaps 30° 71.5 dB
b) Upper wing removed:
Clean configuration 71.2 dB
Gear down, flaps 15° 71.2 dB
Gear down, flaps 30° 71.7dB

These values show, that nelther the upper wing, nor fiap or gear position, have uny significant effect

on the fiyover nolse level. The overall pank noise of 71.7 dB proves the JETWING to be » very quiet
Jot alrcraft,

Figure 43 shows the frequensy spectrum of the JETWING whils stationary on the ground, at
Idle power, The spectra were taken from three different positions relative to the aireraft ( front, side,
and rear), each from a distance of 60 feet,

Ay expected, In the rear spectrum the low frequency noise (100 — 5004 2) dominates, coming from

the exhaust nozzles and the turbulent intersotion of the Jet sheet with ambient air and aircraft
struature,

The front seotrum is clearly dominated by the higher frequency noise (2,000 — 10,000H 2) of the
J'T-15 engine compressor, while in the side spectrum both nolse sources have similar amplitudes,

The upper wing panels show some effect in reducing the nolse level, particularly in the side and
tear spectra. For the lower frequencies, this can be explained by the fact that the upper wing panols
aot as ejectors, thereby thickening and slowing down the jet sheet, The turbulent break-up of this

slower and thicker jet sheet is less noisy than the break up of the thinner jet sheot with higher
velocity of the plain wing without winglet.

The reduction of high frequency noise may be due to shielding effects.

% [PV o e am. m M 1 I : PP T UV ESVRIE SRS PUS IR Sy P S DR
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o Table 2: JETWING FLYOVER NOISE DATA
A) UPPER WING REMOVED
l
Run Description Power Altitude Alrspeed Elapsed Max, Background
‘ Sotting (% Ny) (1) (kts) Time (sec) Noise (dB) Noino (dB)
{-1 Take-off 01.5 200 90.0 20,83 85.0 63.0/63.0
n [-2 Cionr down, flaps 15° 82,5 1020 1220 25.40 T71.0 63,0/063.0
. 1.3 Cloar down, finps 15° 82.5 1020 122,0 23,62 705 61.5/61.5
-4 Gear down, flaps 159 83.5 00 120.0 24,90 72,0 61.0/61.0
1-8 Clenn configuration 81.9 1000 168.0 13.90 1.5 63.0/063.0
19 Cloun configuration’ 82,0 1000 1670 17.75 70.6 63,0/01.0
1-10 Clenn configuration 82,0 1000 168.0 14,60 74.0 61.6/03.5
241 Take-off* 2.0 240 050 23,30 84,0 62,0/02.0
; 22 Clean conflgurntion 82.0 1000 167.0 14,60 60.5 61.0/61.0
- 2ad Cloan configuration . 1000 165.0 13,00 70.5 63.0/61.5
&7 Gear down, flaps 30° B2.5 1000 76.0 32,00 1.6 64.5/04.5
28 Gonr down, Hiaps 30Y . 1010 1.0 29,26 760 62.56/62.5
- 2.10 Gear down, flaps 30°* 81.8 1020 70.0 81,00 T1.5 62.5/64.5
‘1 {
1
Lo B) UPPER WING INSTALLED
: Hun Doscription Power Altitude Alrspeed Elapsed Max, Background
' Setting (% Ny)  (ft) (kts) Timo (se¢) Noise (dB) Nolso (dB)
v, 30 "Take-off 91.5 200 92,0 20.80 86.0 60.0/62.5
"." 31 Clean conflguration 82,0 1020 165,0 18.30 710 60,0/60.0
32 Cloan conflguration 83.0 940 164.5 19.00 72.0 60,0/60.0
, 313 Cloan coufiguration 8.0 1010 166.5 22,50 71.0 00.0/60.5
. 84 Cloon configuration 83.0 1000 1675 2110 72,0 40.0/60.5
3-7 Gonr down, flaps 30° 82,2 1030 82,0 37.30 73.0 00.0/60,0
3-8 Genr down, flaps 30° R3.5 1000 75.0 37.80 70.0 41.0/60.0
3-10 Gear down, flaps 30" B2.7 1020 77.0 35.90 T1.6 01.5/60.5

* These runs nre shown in igures 41 nnel 42,
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PART I

ANALYTICAL STUDY
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SECTION I
INTRODUCTION

Analytical methods to prediet forces of lift and drag as well as pitch, yaw and rolling moments
on wings are essential for design purposes and have been developed for unblown wings to a high
degree of accuracy and sophistication (e.g. fiuite element or panel methods). Some of these have
been modifled to include the effects of * powered lift", considering specific concepts ke extornally
blown flaps, jet flaps, upper surface blowing ete. [6,7). At this time, the consideration of such
methods would be beyond the scope of this report and must be left to later investigations. Instead,
the focus was on some less sophisticated methods that Include simplifying assumptions snd are
itkely to lead to results of lesser accuracy. However, these are valuable tools for the englneer who s
concerned with preliminary design,

The basic theoretlcal properties of a thin two-dimensional jot in Inviscld How were formulated by
Maskell and Gutes [8], together with the overall mormentum relations satisfled by the two-dimensional
Jet flapped aerofoil. Subsequently, jet flap theories were developed for the case of the thin wing and
Jet in inviseld incompressible flow, exoluding mixing between the mainstream and the jot., The two-
dimonstonal problem was solved by Spence using a troatment akin to classical “meusn line " theory,
both for ejection from the tralling edge [0) and over a plain hinged flap [10], This treatment was
extonded to the case of a finite aspect rutio wing with a full span jet flap by Maskell and Spence {11],
following the ciassioal Prandt] lifting line theory; the equations being made tractable by preseribing
sn elliptic spanwise distribution of both wing chord and jet momentum with constant jet angle over
the span. Yet In another approach, it was suggested to replace the Jot by sn equivalent mechanical
flap extension in the plane of the flap [12) and treating the resulting wing just as any other wing .

The methods used by Williams [13], Wertz (14], and Jacobs [15] are based on this background,
empirical methods [16), und experimenta! results, These three methods have been Investigated and
slightly modifled for JETWING specifies and are presented in the following poges,
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SECTION I
PREDICTION METHOD 1 (WILLIAMS)

This method closely follows & paper that was published by Williams, Butler and Wood [13] in
1963, which allows computation of not only the lift coeficient C't, as function of a, 6 and C;, but
also the drag coefficient Cp vs, €.

In their paper,“The Aerodynamics of Jet Flaps", they discussed historical, theoretical and
experimental aspects of jet flaps in general and honored Spence's, Gate's and Maskell's work,
Without further derivaiion the following formulas are then presented. The lift coeflicient for a
two-dimensional thin flat plate at angle of attack o, with blowiug over a hinged flap to provide a
Jjet deflection 6, is given by

Cr = Cr6 + Crqcx r—1

with
Cu = %‘ = [A7C;(1 4 0.151C}/2 4 0.129C;)) /2 1= 2)

nnel
Crw = 2Ct o 2n(1 + 0.151CY/2 4 0,219¢7;) (11— 3)

Do J I
where

=01k (1] — 4)

is the moan sectional (2-D) blowing coefficient and S’ is the wing reference area of the blown portion;
(" being the overall (3-D) blowing coeflicient (see also Appendix 1),

To obtain the three-dimensional lifi coefficents for a finite nspeet ratio wing, the two-dimensional
values can he multiplied by the correction factor

(A C)) == e T (2C5/T) (11 = 5)

A2/ )0 — 21 - a)




6l

with
(1~ g')(Cj/ﬂA)
B I1—8
¢ — (1 —¢)C;/mA) ( )
where
= 2Ce/(8 + ) _
R B T T (11 —T)
For small C; or large A
G(A,Cy) » A+ (2¢5/m) U —8)

A+ 2+ 0.604C; 1/2 4 0.876C;

The simultaneous equations (/7 — 6) and (/7 — 7) in the two unknowns o and ¢ are transformed
into u transcendental equation in ¢ alone as

(11 —9)

‘(”A'f' 2Ceq — 2|1 + (1= sXC5/r4) ) _ 20

¢—(1=¢)Cy/rA)|)  b6+a

Allowance for part-spau flapy and fuselage cut-out is included by introducing spanwise extent factors
A and v, where

A= 2 (11 — 10)

and

_ 5'Cla+(5 = 5)Cla,

g 5Cea

Cta = Ctar [cymo (I = 11)

The effect of thickness to chord ratio f/c is taken into account by increasing the sectional pressure
lift in the proportion (1 < ¢t/c), roughly corresponding to the ratio of the sectionnl C'p v8. « curve
slope without blowing to the value 2r for a thin flat plate.

With these semi-empirical arguments, the lift on a jet-flap wing finally may be written as

Cpo= QU1 4 t/edNCg0 + v Craa)) — (/)T 16 + ) (11— 12)
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THRUST AND DRAG COFFFICIENTS

The excess thrust coefficient given by linenrized inviscid flow theory for full-span jet flap wings
becomes

ct

Cre =Cr= sxT50,

(11 — 13)

where the last term on the right represents the “trailing vortex™ drag associated with an elliptie
spanwise distribution of loading. 'To examine the actual thrust defleiency in viscous flow, a more
general form of equation (I7 — 13) can usefully be consldered:

ci
Cpes =1Cy— Cpp ~ km (I~ 14)

Here the “sectional thrust" is for convenience expressed as a proportion + of the theoretical value
Cs, while the drag associated with finite aspect ratio effect is expressed as a proportion & of the
theoretical value C% /(TA 4 2C;). The terin Cpo represents the drag at zero lift, without flap
deflection and blowing, as usual.

With a part-span jet flap, additional lift-dependent drag ACpp can arise because of the departure
from the normal spanwise distributlon of litt, so equation (/7 — 14) may be rewritten as

c? ,
Creg =rCp = Cpg — km ~ ACpp (11 — 15)
As a crude estimate the loss can be written
kAC?
ACpp = — (1T ~ 186)

However, there it yet no sound theoretical basis for its prediction. Hence for estimation of excess
thrust coefilicient Cryr , ACpp has been neglected and the factors » and & have been asstumed to
be unity in equation (/7 — 15),

RESULTS

A FORTRAN program was developed using equation (I/ — 12) for computation of C, v8. a
employing JE'T WING parameters. For our calculation of correction factor G'{A, C;) equation (17— 8)
was used for values of C;< 1. For values of C; > 1, equation (/] — 5) was used with o obtained from
equation (/7 — 6) after solving equation (/1 — 9) for ¢ by o multivariate search program [17] for error
minimization. For he computation of excess thrust coeflicient Cr., equation (I/ — 15) was used.
The zero lift drag coefficient Cpp was taken from wind tunnel data, The resulting Cy, vs. « and ¢,
vs. Cpq, curves were plotted and are shown in figure 44 thru figure 51. For comparison, the NASA

full scale wind tunnel data for the JETWING with upper wing removed were also plotted on these
figures.
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SECTION Il
PREDICTION METHOD 2 (WERT?7)

This method follows an approach done by R. D, Wertz {14) in 1976, where he used the then
known design parameters of the JETWING to predict the lift coeflicient as functions of blowing
coeflicient, flap deflection and angle of attack. Since this work way done, some of the design features
have changed. These were incorporated into Wertz's method and equations were inodifled accordingly
to account for actual JETWING data.

SUMMARY

In his paper “Application of Spence's Methods and Duta to Prediction of Lift Coelllcients of the
JETWING," Wertz started out with Spence's formula for two dimensional blown jet fap lift [10]
and separated the total lift into threo contributions:

- acrodynamic 'ift of nirfoll due to angle of attack and flap deflection
- supercirculation lift due to blowing
- divect jet lift due to the vertical component of jet momentum

In going to three dimensions, Wertz used Maskell and Spence's techniques [11] and the Rockwell
method described in Woodlard's paper [16]. At several points Wertz departed from these procedures

and used empirical curves [18] or JETWING specific data [19). His final equation then is of the
following form:

Cr, = [CLaa + CLra sin(a — ag) + [Cr.as + Crrs)siné 4 C; sin(a 4+ 6)

To nccount for the actual differonce between flap and jet doeflection angles, Wertz's approach was
modifled and the following equation derived:

CL = [CLAa + CLra)tin(a ~ ag) + Cras sinép -+ Crrs sind; + C sin(a 4+ 8;)

DERIVATION

1, _Breaking up Two-Dimensional Lift into Components.

The starting point is equation (35) in Spence's paper [10).

Co=2n(1 4 20p)ax 4 2(x + sinx 4 27096 (I --1)

Thix nssumes potential flow over o flat plate with flap, therofore the geomotric and acrodynamic
angle of nttack coincide as well a8 tho jet and flap dellection angle.
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In this equation the conventional serodynamie lift coeflicients for the baslc airfoil are contained in

Cra = 2 ~ 2(x + sinx)s (11— 2)

where the x terms are defined in Spence [10] as:

x == 28in~! /e, /e

The jet terms including the direct jet lift are contained in

Cyj == 4n(Bya + Dob) (1] = 3)
L}

where the By and Dy terms are leading Fourler coefficients developed in Spence [9,10),

In order to separate direct jeu lift from supercirculation lift, equation (/17 — 8) is rewritten

Cyy == Cop 4 C,'sln(a-}-&) (111 — 4)

where Cor I8 the section supercireulation lift coefficient. For small angles we can write

Cey = Cyrr 4 Cy(a + §) (I~ §)

Now from equation (//] — 3)

Cyp = 4n(Boa + Dyb) — Cjla + 6)

or

Cur = (478y — C;)a -+ (4nDy — C;)6 (111 - G)

and the total lift coeflicient is then

Ct = Cia + Cor -+ Cj(a + §) (1711 - 1)




—d

76

2._Airfoil Pressure Lift Correction for Three Rimensions
Equation (/71 — 2) gives:

Cla = 2ma 4 2(x + sin x)d

or in general:

Cta = Craalm -~ ag) 4 Ceasb (1] — B)

and for three dimensions:

CrLa == CLaa(a = ag) -+ CLasb (11 - 9)

From Perkins and Hage [18), pp. 84 we get:

ClAa = [ (11 - 10)

UL R
1+ 57.3ae/mA
whora ap I8 o representative section lift curve slope per degree, For a NACA 23015 alrfoll ap == 0,104
per degree or Cpay == 5,958 rather than Cyqy == 21 ng given in equation (/71 — 2). The factor f ls n

function of the taper ratlo ¢¢/c, which Iy 0.46 for the JE'TWING. Figure 2-55 In Perkins nnd Hage
[18] glves an f of upproximately 1, With the JETWING aspect ratlo A == 4,48 we get

aw = C 40 ™= 0.0781 (- 1)
The flnp torm can be written as:
! SI
Cras = .o m =20y 4 sin ) (111 = 12)
S ay S o

With the JETWING data, flapped wing aren §' = 77/t%, wing arca S == 105.8/¢.2, x = 1.22/rad,

Cras = 2.23/rad = 0388 /degy (11 —13)

This ylelds

Cra = 0.0731(cx = o) 4 0.0388(5p) (1] — 14)
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Wertz mentioned that because the airfoll was altered from the NACA 23015 to accomodate the

jet slot, Bartoe had used for aw an estimate of 0.085. Adjusting equation (/// - 14) by that factor
results in

Cra = 0.085(a — ag) + 0.0345(67) (11— 15)
with angles in degrees and
Cra = 3.7(a — ag) + 2.0(5r) (I11 = 18)

with angles in radians,

Wertz thought that the flap term still appeared too large, so using the elevator effectiveness curve
of Perkins and Hage [18] p. 2560, he determined that the Cr4s should not be more than 0.5C 4q.
Therefore using this assumption:

CLa = 8.7(a — ag) + 1.4(6p) (T - 17)

3. Supercirenlation Lift Correctlon for Three Dimensjons

Lquation (71 — 8) gives:

Cer == (47By ~ Cj)a + (4mDp — C;)é

or in general

Cir = Cira(a — ag) + Cers(6) (I1T - 18)

and for three dimensions;
Crr = Crrala — ag) + Crrs(6) (111 = 19)
Equation (14) of Woodlard's paper (Rockwell’s method) [16] writes:

Crr = (14 t/c)F[vCirat + NCers sin d) (11 = 20

Instoad of using the thickness correction (1 - t/c), Wertz used (ap/27), with a, belng the speeifle
wing section characteristic,

: : . UPous AP - DR Lt 2 ot e emid Al tial AN st m R
PP U LN UL LI T WY CUTE LA VI SUr VeI S Sy S a T
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For calculation of the derivatives and 3-D correction factors, the overall three-dimensional
blowing coefficient C; is moditied, using Rockwell's method [16] (see also Appendix I):

¢y =Crgy (111 = 21)
where
S = § %(.S' ~ 5" (11 = 22)
For the JETWING this ylelds
Cj = 1.19Cy (11 —23)

Rockwell nlso modifles the section lift coeflicients by coeflicients A and v, to correct for partial span
flaps and blowlng.

N g
= (11T — 24)
For the JETWING

A\ == 0,84 (711 - 25)

‘T'he coefficlent v is a function of N\, C'y, Cypo Bnd Wertz, assumed it to he

voe=] (111 — 286)

From Woolard's paper [18] we have

2G2%g ym
where 7 is the jet turning effielency. It is assumed to be 1, Spence has used in [11]
A 0.637C;
G At G (111 — 28)

= A2 F0.604C; 72 0.870C;
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Also
(1—=¢)(Cy/mA)
a Ir—-29
= A= NGy /TA) ( )
where
(2/m)Ce/ (2 + 6)
w= I -~ 30
= A+ (2/Cua~ 2 ( )
To get an estimate for ¢, Wertz assumed the following:
a) Let c c ac
¢ b e 2L
Gt~ = Fa - Camim
then
- (2/m)2n
¢ AT @/mir—32 == 0,62 (111 - 31)
b) Let
Ce - Cta + Ceus - ar(l 4+ 0.5) - 1.51,
(a4 46) 2 2
then 0 /1115
¢ GINLET g (1T — 42)

A+ (2/r)lbr—2
Arguing that the ¢ term Is small compared to the other terms for the 3D correction, Wertz felt
Justified to use an average value of

A =06 (111 — 33)
‘This ylelds

O.ICJ'

0=m (1[1—34)

Now the function F' can be computed for parametric blowing coefficients. The dsrivatives in equation
(/11 — 20) can be expressed through equation (/77 — 6):

Cira = 418y — C; (11— 35)

and

Cirs = 47Dy — Cy (111 — 36)




80

The Fonrler coeflicient terms By are evaluated for & number of blowing coeflicients in Spence
(9], Table 1 ,p.58 From equation (/// — 1) we know that

Cus == 2(x + sinx + 27Dp)

and the terms Do can be determined by

D0= C¢J*2(X+BIUX) (1[1_37)
4

where values of Cy¢s are contalned in Spence [10], Table 1 ,p.294, It is a function of the flap chord
to wing chord ratio ¢;/c and the blowlng coeficlent C;, and has to be interpolated for JETWING
valuos (¢s/c == 0.33), Knowing the coeflicients By and Dy for a number of C';, the derivatives Cira
and Cyrs can be computed also,

The three-dimensional derivatives C'rr, 8nd Cpps can then be caleulated as

CLra = -FCira (I1I ~ 38)
and
a S"
Crry= g:;-é-F Cere (111 = 39)

These can be substituted into equation (/17 — 19)

CLr = Crra(a — ao) + Crrs(6).

4. Final Equation

Starting out from two-dimensional lift components, equation (17— T), Wertz arrived at the equation
for the three-dimensional lift coeficient:

CL == Cra + Crr + Cy sin(a 4 4) (111 - 40)

For the total lift, he then let the basic aerodynamic and supercirculation lift terms also vary
with the sine of the angle. He gave no explanation, but for justification it may ba argued, that for
highor angles of attack and higher flap angles the lift generation becomes noulincar due to partinl
sepnration and non perfect turuing of the jot. Therefore, the idew of linear terms variation wilh the
sine of the angles, may be a reasonable approximation that accounts for these offects.
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‘We have then

CL = [CLAa =+ CLra]sin{a — aq) + [CLas + CLre]siné + Cysin(a + §) (111 -- 41)

This assumes, that the thrust line is parallel to the flap chord. Actually, the upper surface of the
flap is inclined 9° to the Alap chord (d; = 8%). This can be corrected in the et lift terms by setting

by = bp + 6 (111 — 42)

This, together with the zero lift angle of attack ap == —10 from NACA 23015 airfoll data makes
the final equation write:

CL e [3.7 + CLro]sin(a 4 1)+ 148inép 4 Cpps sind; 4 Cy sin(ar 4 6). (11T — 438)

RESULTS

A Fortran program was written, using Table 1 from [0] and Table 1 from [10] for interpolation,
and oquation (II7 — 43) for saleulating the lift coefflcient Cr, vs, a and parsmetric values of flap
deflection §p and blowing coefficient Cy. Wertz method also permit the total lift coeficient to
be broken up into contributions from basie aerodynamie 1ift, supercirculstion lift and lift from jet
reaction. The corresponding components of the wind tunnel data were determined as follows:

- CL(AE), the baslc nerodynamic lift of the wing was taken from a no blowing data run.
= Cr(J), the it from Jet reaction was determined from

C1(J) == Cyin(a + &)
- C1(TOT), the total lift was taken derectly from wind tunnel data.
« Cr(8), the supercirculation lift was determined from

CL(S) = CL(TOT) — CL(AE) — C1.(])

Data from the NASA full scale wind tunnel tests with upper wing removed are plotted together
with the theoretical results in figures 52 thru 55. Some of these wind tunnel data are broken up into
components and compared to similar components derivad by Wertz method. These comparisons are
shown In figures 56 thru 59
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SECTION IV
PREDICTION METHOD 3 (JACOBS)
EQUIVALENT FLAP THEORY

SUMMARY

An approximate method wss presented by Jacobs [12,15] for calculating the lift and pitching
moment of an airfoll with & mechanical flap und a jet issuing at the trailing edge of the flap into
the muin stream. The jet may form any sngle with respect to the flap or the free stream. In the
case of a two dimensional airfoil the effect of the jet on the lift forces was related to that of an
equivalent mechanical flap extension in the plane of the existing flap with the litt on the equivalent
flap being equal to the vertical component of jet reaction. In the case of a three-dimenslonal wing,
the effect of induced downwash fleld was considered in the form of a decrease in effective angle of
attack distribution, Hence, jet reaction lift would decrease, which in turn would reduce the length
of the equivalent mechanical flap, as both the jet reaction litt and the lift on the equivalent flap have
to be the same, The method described here employs the equivalent flap theory of Jacobs to calculate
the cquivalent mechanical flap extension of every spanwise section knowing the corresponding jet
blowing velocity and then uses the well known Multhopp's lifting line theory to predlet the spanwise
load and induvced angle of attack distribution. The approach adopted here calls for an lteration on
indneed angle of attack distribution, starting with zoro throughout the span. The equivaleni wing
shapo is determined by golng through lifting line theory to predict the load and new induced nngle
of atiack distribution, The equivalent wing shape is then recalculatod along with corresponding
load, and induced wngle of attack distribution, until the procoss converges. Once the circulntion
distributton is known, pltehiug moment is easily obtained as the integrated (spanwise and chordwise)
result. of the product of density, velocity, circulation and distance from the moment contor. Pliching
momont of the fuselage is also enleulated from an empirical formula, The method has the capability
of hnudling leading edge flap along with the more conventional trailing edge flap.
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n From geometric consideration, the following relations can be derived.
z = 22’-(1 - cos )
, ¢!
¢pjme —ec=c — =(14-cosy;) = —(1 — cos¢;)
" 2 2
L ) d ¢
‘ c=¢ ——c;_,-=c’-§-(1—coaw1)=-5(1+cos1/)1)
: N &5 _ 1 —cosyy
¢ 14 cosy
- Agsin ,

_ c’—-c’-—gi(1+cos¢ =-c-'-(1—008¢)
- =73 Y ’
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¢ o= c’,— ey = %(1 — co8Y,) — %(1 — COBYy) wm -;:(cosqbl — cos o)

°f  cosyy — cO8 Y,

c 1+ cos ¢y
¢y
-c—(l -+ cos ¢, ) = cos y; — cos i),
ey
co8 Y, ™= CO8 Yy ~— T(l + cosyy) v-=1

The circulation dlstribution -y (1) over & thin airfoil with leading edge flap deflection dn, tralling
edge flap deflection 5 and overall angle of attuck a, is given by Glauert as,

2Vp Y sin
q(¢)- T[_J"{(ﬂm'p")tmi_lnlsln |}
p . sinige
+6r{¢. tan o + |nlml}

+a{mn 4 +1n|-—% }] (v =2

As per Jacobs equivalent flap theory, the length of the equivalent flap extension enn be calculated
by equating the integrated lift over lts length with the vertical component of jet reaction lift.

Lyj = pVT/; z)dz = I\.J,'Vj sin(Sp + §; 4 @) (Iv-23)

Substituting 4(2) from equation (/V — 2) into equation (/V — 3) and setting leading edge flap
deflection 6, to be zero, we get,

1)
M;V,
}7,'133;'9167 sin(6p + 6; + a) = % 0/ [op{w,tan - +1n]51._!_:‘-i£‘_ }

+a{1rtan +1n|°'n LT‘ }] sin ydy IV ~ 4)

The integral on the right hand side of equation (/V' — 4) has been evaluated separately,
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Defining the blowing coefficient with respect to the equivalent chord ¢ as,

C == 1".{.1'"3
J ;pVT 2t

we can rewrite equation (/V — 4) as;

C sin(fp + 85 + ) = 72r' (6r4o + ar)(yy — sinyy) -} 6p {% siny,

—+(cos ¢y — costl,): ln-—i.'ﬁi !—! ”

Knowing the relation between ¢ and ¢/, we can write

¢ e l 14-cosyy
2

where C'; Is obtalned by the procedure given in Appendix II
Hence, equation (/V — 5) transforms to:

1 1t cosyy cos 2! ———2sin(bp + by a) == -[(Gﬂbo + ar)(y; — siny;)

H’”{w‘ sin Yo -+ (co8 g1 — cos y)ln :‘E‘%}]
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(v —35)

IV —6)

(V-7

Equation (JV — T) is valid for a 2-D airfoil. The three-dimensional effects express themselves only

in changes of angle of attack, For a 3-D wing, Equation (/V — 7) should be modified as:

C’,'l -+ 0205 2]

1

+6F{w1 siny, < (cos ¢, — cos ) In sln 2‘-2-&1 }]

) {lln(Gp + a6y — ai)—sin a;} = %[(Gml), + ar)(y1 — siny)

(v —8

Equations (/V — 1) and (/V — 8) must be solved simultancously for the two unknowns ¢, and ¥;.
This problem is transformed into finding one unknown in one equation as described below,

Let
cosyYy =y

sinyy = 1 — 32



From equations (/V — 1),

er
OB t), e y — -c-(1+v)

and
¢ 2
sin%-\/l—(v-%(l'l‘ﬂ))
Also ,
nln(-'%!—-’-l;—’)-sln-%-cos-?-l—-cosf-‘;osln‘b1
l-cosw 1< cos gy 1-4-cosy 1 — cost)y
- e Ao
and

lln( ) \/l-oos\b, \/1+cos¢;+\[+oosw, ‘[I—coswl

Substituting these In Equation (/V — 8) we get,
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C,(I—;L!){ sin(6p +8;-+a—ay)~sin ag} - ;2'_-[{5]3"00!_1 (y - Ec{(l + u))+a1r}-(uon’l y—1 =49

F)
+bp {cos"l y \/1 - (II - c—:—(l + ﬂ))

vty i - y ity \/11}]
VEERTED. [ [ fi

+ (1+v) e

(V-9

This is a transcendental equation In one variable y. Initially we sssume Induced angle of attack
a¢ to be zero throughout the span, Then knowing Cy, 6x, 65, a,¢,¢s for each and every spanwise
section, equation (/V —9) is solved for y by a multivariute search program [17] for error minimization,
Once y has been obtalned, ¥y, ¥s, and ¢’ can be determined from the relations developed esrlisr. That
means , we can replace our jet lapped wing by the actual hard wing and a hypothetical extension
of the mechanical flap in the same plane as the actual flap. Now, the spanwise lif distribution, lift
curve slope and overall C, can be calculated by the well known Multhopp's Lifting Line Theory.
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The input for Lifting Line Theory will need the local chord and effective angle of attack (aq) for
each spanwise section. The last term, according to Glauert, can easily be obtalned as

da
Qe = o -+ 3-676’
where
P 2 - ’ ¢
.GTc:: = -1-':[ Ap(l = Ap) 4 sin lﬁpj, Ap = -c—{-

The output of Multhopp's program will contain spanwise variation of induced angles of attack which
then can be fed in squation (/V — 9) to obtaln a new set of y, le,, a new equivalent wing, which will
produce another set of induced angles of attack. This procass is continued untll the induced nngles
of attack in two succemive lterations matches within the dosired accurucy.




CALCULATION QF PITCHING MOMENT

Pitching moment of an sirfoll with jot augumented flap oan be written as;

o o

M w —pVr f A=)z + 2)dz + pVr / Yz)(z + 2)dz — 5 sin(6p + )¢ + 4)

[ ¢

M = -er/'v(tb){g-(l -+ cos w)+pc'}%slnwdw
¥,

+ovr [ w(w){-‘,iu +eo-¢)+pc'}§-ln vdy

[

—J sin(6p + 65){ %-(l - cos ¢)y) 4- pe }

r
2

M o= -—prr-‘:— /'r(qb)(l + cos Y = 2p) sin Ydy

[ ]
vi
cﬂ
+oveZe [ 9K+ cory + 2p)ain gty
—jsnlbp =+ 65)5(1 + corgy -+ 2p)

In non-dimensional form equation (/V — 11) can be written as:

O = potrgs ™= = = | AN+ cory + 2p)ainyay

¥
+'Bl7; / HY)(1 + cos ¥ + 2p)sin Ydy
0

—C' sin(ép + 61)(———'1 + c052¢1_1 ux 2p)

The integrals In equations (/V — 12) have been evaluated separately.

M oo M Mool - 'Y PO SRR SO P St SR S R

96

(rv —10)

v - 11)

(v - 12)
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The pitching moment coefficient based on the actual airfoll chord Is then

- ! 2 :
Cr c,,‘(-----«---—1 e wl) IV = 13)

Rewriting equation (/V — 11) we obtaln:

M Ve 2012 _ '
- == o 4p) 6ty 4 am) + O 8in o { 2(1 4 2p) + cO8 Y,
r 242
+£!-7f"hr_d_[(6”/"’ 1 “'”){Wl — sinyy cos 1) 4 4p(¥y — sin V)l)}

»l
b s »{: %@_ {2(1 + 2p)(cos g, — coxihy ) + -;‘(cos 24, - tos 21/)1)}

+2(1 + 2p)0r ¥y ¥in o

- 6_;‘..{ o8 2¢/(2 8in i, sln yy + é‘ siu2¢; sin 2y, )

~— sln 2\(1,(101 + 2sin ) cosy, 4 (cos 24, — sin 29, )+ (cos 2404 4 sin 29 — l))}]

— M,V sla(Sp + 6,-)52'-(1 + 0o ¥y + 2p) (IV — 14)

Fiquation (/V — 14) [ the expression for pitching moment for unlt spanwise longth, First two terms of
Lhe right hand side have to be multiplied by unit length |n order 1.0 get consistancy In units, whorens
M; in the |ast term denotes mass flow rate per unit span, All the terms In right hand side have to be
divided by g.(1,0,82.174 Ibin-ft/Ibf-sec?) if the Anal rosult is desired In English Engineering Unit,l.o.,
ft-Ibf. The contribution of the fuselage to the pitehing moment can be estimuted as follows, As per
Munx Munk, for a very slender body of revolution, the varintion of the pitehing moment with angle
of attack in degrees Is a function of the fuselage volume and dynamle pressure,

dM  Volume .

T = @ (V= 14)
‘This oxpression s correeted by a factor (Ky — K'(), which is n function of fuselage fineness ratio ns
given by Perkins and Hage (18], tiguro 5-13, p. 226.

dM _ Volume . )
m‘=——:m—'q-(hn—f(1) (1V — 16)
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For the JETWING alreraft the flneness ratio is 10, Correspondingly, Kz — K; == 0,95, Hence,
equation (/V — 18) can be written aa:

%%l- = 0.033101 « Volume « ¢ (v =17

Therefore, the pitching moment contribution of the fuselage is

Mpy = 0,0383101 . Volume g a (v — 18)

The overall pitching moment coeffilcient can be caloulated by summing up individual moments for
all the spanwise sections of the wing along with the fuselage pitching moment, and then dividing by
the product of the dynamic pressure, actual gross wing area and mean aerodynr "o chord.

BESULTS

The method described here has been coded in FORTRAN, The cods comprises of around 700
instruotious and ocouples a core memory of about 40 blocks (1 blook=512 hytes), The computer time
required In & VAX-11/780 system for each combination of Cy, 6k aud o (with a varylng betwoen 0°
and 30° In steps of 5°) does not oxceed 5 minutes for the cases for which results have been Included,
Figure 61 thru figure 66 show the comparinon of predicted values of Gy, vs. o and Cp, vo. Cpy with
that of full scale wind tunnel experiments for the JETWING alrcraft with the upper wing removed,
Flgure 67 turu figure 71 show the predicted spanwlise distribution of local C¢ and loonl Cyy.
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SECTION V
DISCUSSION OF RESULTS

METHOD 1 (Williams). As figures 44 thru 47 show, this method matches the experimental
duata reasonably well, the errors being less than 10 per cent for all conditions except low blowing
coefficlents and high angles of attack (a > 15°),

In these cases the losses of lift shown by nonlinearities In the wind tunnel data, are obviously
due to flow separation, which cannot be predicted by this method, Separation effects and incomplete
turning of the jot sheet also account for the lower values of experimental data versus the theoretical
curves in the case of high flap deflection (§p == 452), figure 47,

An inherent flaw of the method is, that for blowlng coeficients C; = 0, it is insensitive to flap
deflection, leading to large errors for no blowing, fiaps down configurations,

The slopes of the theoretical curves are throughout slightly steeper than the experimental curves.
Therefore, the method tends to underpredict at low angles of attack and overpredict In the high
a-range. A better slope matching can obviously be achieved by improving the G(vCy,) term in
equation (/7 ~ 13). This improvement is currently being investigated.

Figures (48.51) show the lift coefficient plotted against excess thrust coefficient. Again the
theory tends to overprediot the experimental dats, particularly for higher fiap defleations and blowing
ooefficlents. This ¢can largely be explained by the fact that the ram drag In the theoretlcal prediction
method has not been accounted for. For low speed and small Cy, (result of small o and/or small &),
ram drag ean be approximated as the product of density, inlet aren, and square of trus airspeed.
This result, when divided by ¢5, can be considered as u first approximation of ACp, for ram drag,
It may be further simplified to twice the Inlet area divided by 8, a constant for all C'y, o and 6p.
Addition of the ram drag (ACp,) to the theoretical C'r, vs, Crez curves would bring them closer
to the experimental curves. However, in the wind tunnel, high C'; was obtained by reducing ¢ (lLe.,
sowing down the tunnel) while keeping the engine RPM constant. This procedure increases ACp,
for ram drag with increase of C'; as Is reflected In the comparison plots (tigures 48 thru 51).

Further simplifying assumptions in equation (/7 — 15) negleoting losses due to jet turning and
non elliptic lift distribution also can partislly account for the difference between theoretical results
and wind tunnel data.

METHOD 2 (Woertz). As figures 52 thru 59 show, this method generally matches the oxperimen-
tal data even better than method 1, the arrors being less than § per cont for most conditions, Again,
where separation or nonideal turning of the jet sheet oceurs, the errors become large aince the method
cantiot predict these effects,

At zero flap doflection this method undorpredicts slightly for all blowing coefliclonts (figure
52). The Lreak up Into components of basic acrodynamic pressure lify, supercirculation litt and jet
reaction lift (figure 56) shows, that tho error stems mainly from an undorprediction of suporelreulation
lift. A possibie explanation may be the unaccounting for of some additionul circulation lift due to
the jet sheet blowing over the top surface of the sirfoil. ‘T'his will be presented in more detall under
the discussion of method 3.
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As figures 57 thru 59 show, for flaps down and high blowing coefiicients, the supercirculation
1ift s somewhat ovorpredicted. Again, this may be partly due to separation effects and insufficient
turning of the jet sheet. Another cause can be seen in the tail down load, which reduces the lift
coofficients of the wind tunnel data, The slopes of all the theoretical curves also compare very well
with the wind tunnel data, glving confidence for the C},o terms In equation (777 — 43).

METHOD 3 (Jacobs). Aa figures 61 thru 64 show, the differences between the theoretieal curves
generated by this method and experimental results are greater than in the previous methods.

It Is quite obvious that for C; == 0 cases, C;, I8 being overpredicted for all but when §p w= 0,
A possible cause for this is the pozzle on the uppor wing surface, causing the flow to scparate,
substantinlly reducing the lift generated. For ép- = 0, the fow may reattach itselt on the upper
surface somewhere downstream of a “separstion bubble”, In this case there would be practically
no loss of lift. Again, for C; > 0 cases, C;, Is consistently being underpredicted for all §p. Also,
this shortfall in Cy, increnses with increasing a and increasing C';. This can be explained by the
fact that Jacob's Equivalent Flap Theory assumes the jot being issued at the tralling edge of the
mechanical flap, whereas in reality the nozzle exit is situsted somewhore around 33% of the chord
back from the wing leading edge,

This leads to two opposing effects: First, the sctual lIft is lower than the theoretioal lift due to
scrubbing losses of the jet sheet on the upper surface, Hence, equivalent flap length and resulting
theoretical litt should have been smaller if the Jet veloeity at the trailing edge was used lnstead
of nctual norzle exit veloclty., Second, tho actual lift Is higher thun the theoretical value, This is
due to the increase In velocity on the upper surface of the wing, induced by the jet, which also
causes circulation to inerease. This additionnl circulation Is direotly proportional to the veloeity
difference between the upper and lower wing surface, and should more than offsot the loss due to
sorubbing. Again, it Is easy to see that with increasing C, this additional lift will also incremse.
This ndditional supercireulation it Is produced In the rear portion of the wing which generates an
additional nugative pitehing momenti. Hence, if this lift Is accounted for, the predicted Cp should
be more positive and Ca more negative than the present values. This change would bring the
theoretical Cp, vs, Cpr plots closer to the experimental plots.

One pomible disadvantage of the method iy that the jot blowing velocity distribution as a
function of thrust or engine RPM Is needed as an input, For the JETWING this wus moeasured by
menns of the laser velocimeter ax reported In 1), Together with thrust measured by dynamometer,
it provided the required input data. But,for the design team ut the conceptual design stage, this
information would not be avallable, So this method would be more sultable to unalyze the existing
aireraft based on the USB concept.

Another problem for the Equivalent Flap Theory Method is that for high C,, particularly if
coupled with high dy, computer convergence on the Induced angle of attack may be unreasonably
time consuming. However, as for as computor time |s concerned, it has been found to be satisfactory

up to approximately Cy =a 1 and §p == 30°, For lower é#, higher values of C'; can be used In order
to achieve comparable run time,

Multhop's Lifting Line Theory is used here beeause of its simplicity. Another method can be
used in its place if better accuracy is desired.

Work Is presently underway to predict the unaccounted for jet induced supercirculation lift.
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COMPARISON OF THE METHODS.

Method 1 (Williams) is conceptually the simplest and requires the least computer time. It
permits computation of Cyr, vs. a as well as C, v8. Cpea.

Method 2 (Wertz) requires only a little more calculation and programming thun method 1
and permits the total lift to be broken down into components of basic serodynamic pressure lift,

suporcirculation lift and vectored thrust lift. It shows the overall best nceuracy for the JETWING
C|, vs.a plots,

Mothod 3 (Jucobs) requires the highest computational effort of the thros. However, it can
still bo considered simplo conceptually and from an analytical standpolnt when compared to other
sophisticated methods [8,7], which require much more computer storage space and time. The
predicted €, values do not match the JETWING wind tunnel datu as well as the two other methods
do, lHowever, this method does give pitching moments and their slopes (figuros 65 und 66),
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CONCLUSIONS
Part 1

With exception of lift coeficlont versus angle of attack data, thore is excellent agreement
between the wind tunnel and flight test performance results for this configuration.

The agreement between wind tunnel and flight test results for lift coefficient versus angle of
attack is probably as good as can be expectad considering the measurement accuracies
and data reduction technique required.

The NASA Ames Research Center wind tunnel data, as verified by this and the previous flight
tost, (1] is of sufficient validity to use for extrapolation to other flight vehicles employing the
Jetwing conoept.

The performance difference between the upper wing installed and upper wing removed
configurations pose some interesting questions concerning the thickness of the blowing jet.

Longitudinal handling qualities, particularly longitudinal stabillty are improved by removal of
the upper wing. Other handling qualities are essentially unchanged.

Flyover nolse levels for the Jetwing alreraft are very low and disappear into the background
nolge levels In light wind conditions.

Part II

Simple analytioal methods to reasonably predict lift and excess thrust coeficlents for other
alroraft employing the Jetwing concept have been demonstrated in this report.

Accurate prediction of pitching moment coefficient for Jetwing configuration {s more difflcult,
However, a method Is shown In this report which will give reasonable estimates of the
longltudinal stability parameter dCy¢/dCy,.

Aocurate prediction of pitching moment coefficlent for Jetwing configurations appears to require
the use of the more complex vortex lattice methods which were beyond the scope of this effort.
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RECOMMENDATIONS
Part 1

On future programs using the Jetwing aircraft » more accurate method for measuring angle of
attack should be devised.

'The NASA Ames Research Center wind tunnel data on the Jetwing Aireraft should be used for
extrapolation to other sircraft designs employing the Jotwing concept.

The ransons for performance and handling qualities diffi onces of the Jetwing airplane with and
without the upper wing require further Investigatlon since they may have implications for all
Upper Surface Blowing configurations.

Part I

Since lift and excess thrust coefliclents can be reasonably predicted for Jetwing configuratlons
(using the simple methods described in this report) future effort should be concentrated upon
predicting stablility and control parameters such us pitching wmomont coeflicient and downwash.,
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APPENDIX I

SOME REMARKS ON BLOWING COEFFICIENT

A key parameter jn the theoretical and experimental treatment of powered lift is the blowing
coeflicient

_ MV,
Cy= 75

where A:fJV; = J is the jet momentum, which can be measured experimentally and represents
the product of actual values of mass flow M, and Jet velocity V. For design purposes these two
quantitigs are usually determined vheoretically by assuming nonviscous isentropic flow. The ideal
values M, and V,, can be used for the definition of the blowing coeffleient

MV,
Cy= ~5

This theoretical blowing coefficient Cy is usually higher than the corresponding actual blowing
coeflicient C, since viscous effects reduce nozzle exit areas, result In scrubbing losses, ete. Therefore,
tor accurate predictions, appropriate corrections have to be made.

Another problem occurs through the use of the wing reference area S for partially blown wings.
Basic theoretical prediction methods Jike Spence [0] are based on a lifting surface with full span
blowing and do not consider fuselage cut-out or part-span blowing. The overall three.dimensional
blowing coefficient Cs of a part-span blown wing does not represent the same blowing per unit span
as the blowing coeficient C; of the full-span blown wing.

It we compare, for example, two wings with the same reference areas, one full-span blown and the
other haif-span blown, then for the same blowing coeficient C'; the sectional blowing lutensity per
unit span J/b would be twice as high for the half-spun blown wing.

In using the theoretical formulae that were derived from full-span blown wings, it Is important to
use similar blowing intensities for calculation of derivatives ete. Therefore the blowing coeficient
has to be modified for part-span blown wings by deflning a "mean sectional blowing cocfiicient”

MV,

,j=-~—--

oSt

where S’ is the wing reference area corresponding to the spanwise extent of blowing,




In our example

and
C,=2C;

Then the blowing intensity M sV1/b s the same for both wings. This correction is used by Williams
by in Method 1.

Others also cornsider the “carry over effect” that the blown portion of a part--pan blown wing has
on the unblown areas, by defining

§"=8+ 150  ScomS—
Then the modified sectional blowing coefficient becomes

A.IJVJ S
‘;’ﬁ 1 Cy== —q—S’T == 3,7;0.1
. IR This correction is used by Wertz in Method 2. He uses as symbols C; and C'l, which he calls the
' three-dimensional conflguration factor.

. To avold confusion we have used only overall three-dimensional blowing coeflicients C'; and
[ corrected two-dimensional “sectional” blowing coefiicients Cj in this report. It Is understood that C'y
refors to experimentally measured values of the jet momentum J or properly corrected theoretical
values. The sectioual coeficients C; are defined by means of reforence arcas S’ or 8" under the

particular methods,
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APPENDIX I

COEFFICIENT IN METHOD &

In equivalent flap theory, the following procedure has been adopted for the evaluation of spanwise
variation of two-dimensional “sectional” blowing coefficient C; from the input data of jet velocity
and nozzle ares distribution :

From the definition of three-dimensional blowing coeflicient Cy = %‘g, true airspeed can be
written as :

Fg
Vp = (] ———
T 4pCyS

As laser velocimeter data of Jet velocity distribution for 5% Ny were thought to be most retiable,
these data were used as input, Correspondingly, Fg was obtained as a function of Vir at that
purticular RPM (i.e.,, 55%N;) from the thrust calibration plot (Aigure 40 [1]). Finally, Fc and Vr
were obtalned, for the desired value of C;, as the result of an iteration between the expression of
Vr and the data from the thrust calibration plot. Since the laser velocimeter data were obtained at
static condition, it was felt neccssary to translate thot data to any airspeed which was determined
as o result of aforesaid iteration. Then C; for unit spanwise distance at any spanwise section was

obtained as ; N

ByVide  pVife
boVic §pV3e
where Fgo == static thrust at 559N,
and a; = area of the nozzle.

J=
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