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MDC A4318

SUMMARY

An investigation was conducted in the NASA Ames 40-fcot by 80-foot Wind Tunnel
and Outside Static Test Facility to determine the aerodynamic/propulsion character-
istics of 2 Large Scale Powered Model of a Lift/Cruise Fan V/STOL Aircraft. The
model, designed by McDonnell Aircraft Company under Contracts NAS2-5499 and NAS2-
8655 for Ames Research Center, was equipped with three 36-inch diameter turbotip
X376B fans powered by three T58 gas generators furnished by NASA. The lift fan was
located forward of the cockpit area and the two lift/cruise fans were located on
top of the wing adjacent to the fuselage. The three fans with associated thrust
vectoring systems were used to provide vertical, and short, takeoff and landing
capability. For conventional cruise mode operation, only the lift/cruise fans
were utilized.

The data that were obtained include lift, drag, longitudinal and lateral-
directional stability characteristics, and control effectiveness. Data were
obtained up to speeds of 120 knots at one model height of 20 feet for the con-
ventional aerodynamic lift configuration and at several thrust vector angles for
the powered 1ift configuration. Outside static tests to investigate ground
proximity effects were conducted at three model-above-ground heights (H/D = 1.02,
2.55, 6.45).

Significant test results include:

o Induced lift up to 10% of gross thrust and negative induced drag for

operational powered lift configurations of the complete three-fan model,

o Large induced 1lift values (up to 170% of gross thrust) with the nose lift
unit inoperative and the 1lift/cruise units operating at 90° vectoring
angles,

o0 Less than 17 total 1ift loss due to ground proximitv, and

o Strong effects on inlet hot gas reingestion levels by varying thrust
vector and splay angles and inlet shield configuration, thue indicating
availability of positive ways to eliminate any operational probdlems.

The results presented in this report show qualitative effects and trends

which are applicable to higher pressure ratio fan systems,

MCDONNELL AIRCRAFT COMPANY
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1. INTRODUCTION

1.1 BACKGROUND

McDonnell Aircraft Company (MCAIR), a division of McDonnell Douglas Corpora-
tion, over the past several years has conducted a comprehensive analysis of V/STOL
aircraft designs. One of the configurations analyzed, a lift/cruise fan multi-
mission aircraft with interconnected propulsion units, provides significant
advancements in V/STOL aircraft performance and operational capabilities. Large
improvements are provided in payload/range, speed, altitude, safety, reliability
and maintainability which are not presently achievable in either rotary wing or
other proposed V/STOL vehicles. This intexconnected 1lift/cruise fan concept can
satisfy the military needs for V/STOL multimission aircraft as well as many civil
needs for utility aircraft for support of construction, lumbering, oil exploratiom
or development sites located in areas difficult to reach rapidly by other modes of
transportation.

The MCAIR 1lift/cruise fan aircraft is a fixed wing vehicle powered by three
identical turbotip driven fans that are pneumatically interconnected to each other
and to two (or three) gas generators (depending on the specific aircraft design)
during the powered lift flight mode. During cruise mode operation the gas gen-~
erators power only the two over-the-wing lift/cruise fans. This unique applica-
tion of flight proven 1lift fans provides a variable bypass ratio propulsion system
which maximizes 1ift and control during VIO, provides excellent short takeoff
characteristics, allows efficient engine matching for cruise and loiter, and
provides for retention of symmetrical thrust, good control margins and vertical
landing capability during one-engine-out operation.

Recognizing the need for development of technology for such V/STOL multi-
mission aircraft for Naval purposes that also may serve many future civil-utility
aircraft requirements, the NASA Ames Research Center, with Navy support, contracted
with MCAIR to design a large scale powered model for test in the NASA Ames 40 foot
by 80 foot wind tunnel. The initial design work was performed under Amendment
No. 19 to Contract NAS2-5499. The remainder of the effort was done under
Contract NAS2-8655. The model was to be approximately 0.7 scale of a potential
Navy multimission aircraft and was to utilize fans and gas generators already
existing in the NASA test hardware inventory. In addition, the contract covered
engineering liaison support during fabrication of the model in the NASA Ames ghonps,
engineering and technical support during the active test phases, data reduction

MODONNELL AIRCRAFT COMPANY
1-1



MDC A4318

and analysis, and reporting of the results. This document is the final report of
these activities. 1In addition, a NASA data report (Reference 1) was published
shortly after completion of the tests.
1.2 40' X 80' WIND TUNNEL TESTS

The main objectives of the tests in the 40' x 80' wind tunnel included

assessment of:

o Powered flight characteristics,

o Aerodynamic flight characteristics, power on and off, tail on and off,

and

0 Propulsion air induction system characteristics.

The powered 1lift test data, from zero speed through transition, were used to
evaluate flight procedures and vectoring schedules during transition and to estab-
lish aerodynamic-propulsion induced effects and flow fields with varying fan thrust,
thrust vector angles, jet velocity ratios, and combined powered and aerodynamic
control inputs. Longitudinal and lateral-directional characteristics in the
loiter and cruise flight modes were established from the aerodynamic test data.
The propulsion system test data were used to establish distortion profiles and
inlet performance throughout the test operating range. Test variables included
angle of attack, sideslip angle, fan thrust, thrust vector angles, tunnel airflow
velocity, aerodynamic control deflections, and simulated powered 1lift control
inputs.

1.3 OUTSIDE STATIC TESTS

The outside static test program included ground effects testing and propulsion

system calibration tests. The ground effects test program included tests at 21.0,
8.3, and 3.3 foot heights and measured the total installed lift loss and inlet
re!..gestion characteristics of the model. The calibration tests included the

¢ ner- ‘on of a fan performance map and tests of each 1lift unit for comparison
with the static calibrations done in the 40' x 80' tunnel. Flow field visualiza-
tion tests were also conducted utilizing smoke. Force and moment data, fan and
gas generator performance data, and inlet performance data were recorded during

the te..t program.

MCDONNELL AIRCRAFT COMPANY
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2. MODEL DESCRIPTION

The aircraft model tested in this program was a large scale (approximately 70%)
powered model of a subsonic fixed wing lift/cruise fan V/STOL aircraft concept
configured originally for the Navy ASW mission. This configuration was the result
of saveral design compromises required to provide multimission adaptability for
operational usage aboard the Navy's VSS, LHP, LHA, and DD 963. Aerodynamic refine-
ments of this design were based on small scale model low speed and high speed wind
tunnel taest data. These data ware incorporated into a mathematically accurate
definition of the complete aircraft mold line surface through use of the MCAIR
Computer Aided Design Drafting (CADD) interactive graphics system. While the
standard comstruction functions were used to initiate this effort, it was refined
through extensive use of the Parametric Cubic (PC) curve and PC patch routines to
arrive at PC surface definition.

For the model design the full scale mold line definition was reduced to 70%
of full scale. Model construction of a tubular truss type struct. .e with local
rings supporting the combination metal and fiber glass mold line skins was selected
in order to reduce costs by allowing relatively loose tolerances of the structure
with reasonably accurate control of the external mold line shapes. Cuts were made
at appropriate stations as determined by the model layout drawings for headers,
ribs, longerons, etc.; details and reference line information were added, and
drawings were hard-copied on stable Mylar. Part number callouts, hole sizes, and
parts list were added manually along with small detail cuts to obtain the level of
information required for hardware wmanufacture and model assembly at NASA Ames.

The main features of the model included three gas generator driven turbotip fams,
and variable geometry for all control surfaces and vectoring system components.

A photo of the model is shown in Figure 2-1. The size and detail design of the
model were based on utilizing existing propulsion system components, including the
gas generators, turbotip fans, and vectoring system components supplied by

NASA Ames. The physical size and performance characteristics of the T58-GE~8B

gas generator and low pressure ratio (1.08) GE-X376B turbotip fan were the
predominant considerations in sizing the model. Based on performance estimates of
this system, a model scale was selected to provide inlet velocity ratios (Vo/VTy)
typical of full scale higher pressure ratio fan systems during jet velocity ratio
(Vo/V3) excursions. A schematic of the model illustrating the major propulsion
gystem components is shown in Figure 2-2, The model had an overall length of

10. 26 meters (33.7 ft), a span of 8.68 meters (28.5 ft) and a height of 2.76 meters

MODONNELL AIRCRAFT COMPANY
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FIGURE 2-2
LARGE SCALE POWERED MODEL PROPULSION SYSTEM

Lift/Cruise Fan Inlet

Forward Engine

Bifurcated Inlet
Forward X3768 Forward F\ .

T658-88 Forward Engine

Intet Ducting/Plenum

\ Lift/Cruise Nozzles

Lift/Cruise Engine Inlet

T58-8B Lift/Cruise Engine

X3768 Lift/Cruise Fans

GP768-0822-1
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(11.9 ft). The basic geometry and overall dimensions of the model configuration
are shown in Figure 2-3. Descriptions of the airframe and propulsion system com=-
ponents are presented below.

2.1 FUSELAGE

The basic fuselage shape of the aircraft accommodates side-by-side seating in
the forward fuselage, and provides the necessary volume in the center fuselage for
satisfying the needs of the multimission role. This wide bodied design allows for
the installation of the 1ift fan unit in the forward fuselage section of the
aircraft.

The fuselage section of the test model contained the main support truss, which
in turn supported the wings, tuil section, and turbotip fan units. The three gas
generators, interconmnect ducting, fuel distribution lines, lubrication system,
instrumentation, fire extinguisher system and forced air cooling lines were all
housed within the fuselage. Vent louvers were installed on the lower and upper

surfaces of the fuselage to provide internal cooling air for the test model.

2.2 WING

The design concept incorporated a low wing with the lower surface flush with
the bottom of the center fuselage. The basic wing had an aspect ratio of 4.5, a
taper ratio of 0.30, and a quarter chord line sweep of 25°. Total wing planform
area was 16.75 m? (180.3 £t2), FPurther details of the wing geometry are given in
Figure 2-3. The basic wing had-Eifferent airfoil sectESEE“IEESArd and outboard of
the 1lift/cruise fan nacelle/wing intersection. The inboard wing panel had an
NACA 4416 airfoil section at B.L. 37.8, and the outboard wing panel used modified
supercritical airfoil sections at root and tip. The transitions between these
three specified stations were straight line elements. Coordinates of the wing
airfoil sections are presented in Figure 2-4.

The control surraces consisted of plain flaps and ailerons both hinged at
the 75% chord line. The flaps had specific deflection angles of 0°, 15°, 30°
and 45° and were manually positioned. The ailerons had a deflection range of
+ 25° and were remotely operated.
2.3 EMPENNAGE

The aircraft empennage consisted of a "T" tail configuration with a movable

horizontal staubilator and fixed vertical stabilizer. The geometry of the vertical
and horizontal tail is presented in Figure 2-3, Both the vertical and horizoutal
tail components wera detachable from the model for tail-off testing.

MCDONNELL AIRCRAPT COMPANY
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FIGURE 24

LARGE SCALE LIFT/CRUISE FAN AIRCRAFT MODEL
i __V_Ving Aiffoil Qrdinate;s“ o

Semtion Exposed Root (0.221 %, Wing Station ‘(3.442-:;) Theorstical Tip (0.941 %)
NACA 4416 Supercritical, t = 14%c Supercritical, t = §%¢
X, % Chord . Yy. %e Y. %e Yy, %e Y. %e Yy. %e Y. %e
_o .0 .0 0 .0 0 .0
125 3.276 -1.909 247 -.487 1.422 -1.436
25 4.448 -2.645 3.233 -3.218 1.836 -1.840
5.0 6.123 -3.488 4128 -4.069 2.307 -2.334
X 7.371 -3.957 4.729 -4.663 2.641 -2.678
10.0 8.363 -4,248 5.208 ~5.089 2.902 -2.944
16.0 9.888 —4.459 5.045 ~5.756 3.293 -3.336
200 10.933 -4.427 8.481 ~-6.177 3.569 -3.508
250 11.848 -4.245 6.878 -6.433 3.768 -3.768
30.0 12.000 ~4.000 7.165 ~6.560 3.904 -3,682
40.0 12.000 -3.467 7.478 ~6. 5 4.029 -3.837
50.0 11.232 -2.801 7.404 -5.753 3.088 -3.531
60.0 9.920 -21283 7.229 -4.503 3.788 -2.766
70.0 8.139 -1.853 6.662 ~2.786 3.420 -1.465
80.0 5.920 -1.009 5.685 -1.001 2.829 -0.084
0.0 3.285 -0.608 3.980 -0.194 1.843 +0.496
96.0 1.781 -0.384 2.616 -0.210 1.090 £ .342
100.0 0.171 ~0.171 0.498 -0447 0.108 0.214
LE Radius, %c 2.822 3.041 1.154
Chord Length, m 2.409 2.049 0.891
ft (8.231) (6.723) (2.922)
Incidence, deg 3.23 249 =2.77
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) The vertical tail utilized a basic NACA 65A010 airfoil section and was
equipped with a moveable rudder. The rudder had nominal deflection angles of 0°,
+10°, +20°, and +30°, and was manually positionmed.

The horizontal tail utilized a symmetrical NACA 64A0XX airfoil section with
a thickness ratio of 0.10 at the root and 0.08 at the tip. The horizoantal tail
was a one-piece unit that was remotely operated, and had a deflection range of
+20°.
2.4 AIR INDUCTION SYSTEM

The model air ind =tion system ccasisted of the lift/cruise fam inlets, the
nose fan inlet, and gas generator inlets for each type fan installation as shown
in Figure 2-3. A description of each inlet is presented below.
Lift/Cruise Fan Inlets

The lift/cruise fan inlets were located over the wing and adjacent to the fuse-
lage in a fully integrated design concept. They were fixed geometry inlets with an
internal contraction ratio (Agy/Arg) of 1.25. They had a 2:1 elliptical lip pro—
file and cubic duct contours internally. A low drag modified elliptical cowl con-
tour was used externally. The detailed geometry of the lift/cruise inlets is
presented in Figure 2-5.
Lift/Cruise G: Generator Inlet

The lift/cruise engine inlets were side mounted with fixed geometry. They
also had an inlet contraction ratio of 1.25, a 2:1 elliptical lip shape intermally,
and low drag, modified elliptical cowl contours externally. For ease in fabrica-
tion, a straight-line-element conical duct was utilized internally. Parabolic

boundary layer diverters were incorporated between the inlets and the fuselage.
Details of the gas gemerator inlet geometry are presented in Figure 2-6. Details
of.the shields added as a means of reducing hot gas reingestion during operation
at low ground heights are presented in Figure 2-7.
Nose Lift Fan Inlet

The nose fan inlet was located in the nose of the aircraft just downstream of

———

the radome and forward of the cancpy. It was a flush mounted inlet with an overall
resultant contraction ratio (Ayy /Appy) of 2.09. The forward sectionm of the inlet
had a 1ip thickness ratio (Y/Ryy) of 0.30. ° s decreased to a minimum thickness
ratio of 0.20 at the sides, and remained a constant over **~ 2fz -ection of the

inlet. Inlet turning vanes w:re not incorpor:sted 5-° '.¢ design. It had
a 1l.4:1 elliptical 1lip profile at the leading - ig- - :ased to a 2:1 ellip-
tical profile at the side. The 2:1 profilewas . .- . over the aft section of

the inlet. Inlet closure doors were not included on this test model. For cruise
MOCDONWNELL ACRAFT COMPANY
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mode testing (nose fan off), an inlet closure panel was installed on the inlet.
Details of the.nose lift fan inlet geometry are presented in Figure 2-8.
Nose Fan Gas Generator Inlet

The nose fan gas generator inlet design consisted of two flush mounted inlets,
each ducted into a common plenum located upstream of the aft facing gas generator.
The inlets were located on the upper surface of the lift/cruise gas generator
nacelles at the approximate wing leading edge station. Each inlet had a contrac-
tion ratio (Agy/Aty) of 4.0 and a diffusion ratio (L pNym/Arm) into the plenum of
1.5. All inlet lip shaping consisted of 2:1 elliptical profiles with varving lip
thickness around the periphery. For cruise mode testing, inlet clogure panels were
installed on each inlet. Details of the nose fan gas generator inlet geometry are
presented in Figure 2-9.
2.5 GAS GENERATOR AND TURBOTIP FAN SYSTEM

Three identical 36" diameter GE-X376B turbotip fans were installed in the
model, each one driven by a modified T58-GE-8B gas generator. The engine and fan
for each lift unit were interconnected with steel ducts and bellows arranged as

shown in Figure 2-2. The gas generators, turbotip fans, intercommnect ducting and
bellows were existing hardware items supplied by the Large Scale Aerodynamics
Branch (LSAB) of NASA/Ames. The design characteristics of the gas generator and
fan are presented in Figure 2-10. The performance values given are GE engine
specification values, and are presented for reference only.
2.6 THRUST VECTORING SYSTEM

The exhaust nozzle thrust vectoring systems utilized on the nose lift unit and

the two lift/cruise units were existing hardware components previously used and
supplied by the LSAB of NASA/imes. Descriptions of the 1lift/cruise vectored nozzles
and the nose vectoring louvers are given in Figures 2-11 and 2-12, respectively,

and are discussed below.

Lift/Cruise Vectored Nozzle

The lift/cruise vectored nozzle consisted of a fan exit diffuser, thrust vec-~

tcring hood segments, and a nozzle exit conme, as shown in Figure 2-11. The fan
exit diffuser had a diffusion ratio (Aggop/Aran ExIT) of 1.50 and was used for both
the vectored and nonvectored (cruise mode) test arrangements. Thrust vectoring was
achieved with the fixed diameter detachable angular hood segments, so arranged as
to provide geometric deflection angles (8y¢) of 23°, 38°, 56°, 71° and 90°. The
initial 23° hood segment was equipped with detachable cover pamels on the upper

surface, providing exhaust ports for simulating thrust reduction modulation. The

MCDONNELL AIRCRAFT COMPANY
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FIGURE 29
FORWARD ENGINE INLET DESIGN GEOMETRY
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FIGURE 2-10
GAS GENERATOR AND TURBOTIP FAN DESIGN CHARACTERIST ics

T68-GE-88 Gas Generator

10.7 in. Engine b.-
Face Dia’ ("—.——

5.07 in. Hub Dia~

Design Point Performance (Intermediate Power)

AP FIOW ... e iiiiitiiiies teetctecscnenanaannns 12.4 Ib/sec
Compressor Pressure Ratio ..........cccaveienanens 8.0:1
Turbine infet Temperature .............cc.conen.n. 1710°F
Exhaust Gas Temperature . . ...........coceuuenenn. 1260°F
EngineSpeed ........... ... ... iiiiiiiennn 19,500 rpm
GE-X3768B Turbotip Fan.
38.0 in. Fan Dia
16.2 in. Hub Dia
Front Frame i
/[ ~ e
7 e
. Aieat "‘ ,'_"1* —_ ." et
| i 4 o ,._ﬂ 7
A ~]

i ) ~
/ "
Exit Stators 16.0 in. Exit Hub Dia — 2in. Turbine

42 in. Exit Dia

|
Design Point Performance (100% Speed)
ArFlow ....covvviniiiennneaes Ceeresvsaesranens 163 Ib/sec
Specific Flow .. .. ciiiiiniirainrisnnenensnanans 27 tb/sec-ft2
Fan Pressure Ratio ............ Cheerrerarecaanonn 1.08
ADMMISSION AFC. . oo v v evennvneerenansnaesronnsosnns 180°
FanSpeed (100%) ... ...coiviirniiriiennencennns 4074 rpm 0P78-0822-27
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FIGURE 2-11

LIFT/CRUISE UNIT VECTORING SYSTEM GEOMETRY
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FIGURE 2-12 .
NOSE LIFT UNIT VECTORING SYSTEM GEOMETRY

-
/ ’
Louver MR l_\
Drive Strut
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thrust vectoring hood segments had constant area turning with a turning radius of
6156 R/D. The 'nozzle exit cone was also detachable, and was equipped with two 102
thick, manually positioned, articulated yaw vanes. These vanes provided lateral
vectoring of 0°, +6° and +12° to produce yawing moments. The nozzle come had a
fixed nozzle exit area of 0.7677 m2 (1190 in.2) with an exit contraction ratio
(Agoop/Anoz) of 1.16.

Por cruise mode testing (6;c = 0°), a 17 inch long constant area nozzle duct
extension was installed downstream of the diffuser section. The cruise nozzle exit
cone, which was attached to this extemsion, did not include exit yaw vanes. The
cruise nozzle exit area was .6935 m? (1075 in.2). An alternate cruise nozzle exit
area of 0.6 m? (930 in.z) was provided by a nozzle ring which attached to the exit
cone. The cruise and vectored lift/cruise nozzles are shown in Figure 2-11.

Nose Lift Unit Vectored Nozzle

The nose lift unit thrust vectoring nozzle system utilized an existing,
remotely activated louver and drive system. Fourteen low camber louvers, each with
a thickness ratio of 10%, provided thrust vectoring over a range from 105° to 30°.
Two 10Z thick, manually positioned, articulated yaw vanes located beneath the lou-
vers provided yaw vectoring of 0°, +6° and +12°., The yaw vanes were of the same
design as those on the lift/cruise units, and were detachable from the model. For
cruise mode testing, the complete louver and yaw vane vectoring system was removed
and a lower surface nozzle unit cover panel was installed on the model. Details

of the nose lift unit vectoring system are presented in Figure 2-12.

MODONNELL AIRCRAFT COMPANY
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3. MODEL INSTRUMENTATION

The largefscale powered model was fully instrumented with pressure and tem~-
perature pickups located at various positions on the airframe and propulsion system
components. The quantity, type, and location of the instrumentation for each model
component are described in the sections that follow.

3.1 AIRFRAME INSTRUMENTATION
A total of 105 static pressu:e ports were installed on the external surfaces

of the wing and fuselage sections of the airframe. The locations of the pressure.
ports on each component are described below. No data from this instrumentation are

included in this report due to problems encountered in the reduction process.

Wing

A total of 78 static pressure ports were installed on the left wing, ailerom,
and flap surfaces, distributed along butt lines located at four spanwise positions.
Both the upper and lower left wing surfaces were instrumented. The locations of
all wing pressure ports are presented in Figure 3-1.
Forward Fuselage

A total of 27 static pressure ports were installed on the forward fuselage
of the model. This total included 16 ports or the left side of the nose section
and 11 on the lower fuselage surface just downstream of the forward fan exhaust.
The detailed locations are showm in Figure 3-2.
Lapennage Flow Survey Rake

Dynamic pressure and flow direction were measured at the pivot axis of the
horizontal tail plame by directional pitot static probes at the following six
butt lines: 29.0, 42.1, 55.3, 68.4, 81.5, and 94.6.

3.2 PROPULSION SYSTEM INSTRUMENTATION

The propulsion system instrumentatiown. included static pressure, total pressure,

and total temperature measurements at various locations on the components of the
three lift units. The components of the propulsion system that were instrumented
included the following: ’

Left 1ift/cruise fan and gas generator inlets

Nose fan and gas generator inlets

Left and nose gas generator exits

Left, right, and nose fan and tip turbine exits

Left and nose fan nozzle exits.

o O O o o

MODONNELL AIRCRAFT COMPANY
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FIGURE 3-1

LOCATION OF WING SURFACE STATIC PRESSURE PORTS

(Left Wing Only)

BL 51.24.

BL 106.0

BL 161.0 ——~~

Distance from Leading Edge (in.)
% BL 61.24 BL 81.20' BL 106.0 BL 161.0
Chordi Upper | Lower | Upper | Lower | Upper | Lower | Upper | Lower
Surface | Surface | Surface ) Surface | Surface | Surface | Surface | Surface
0 0.0 - 0.0 - 0.0 - 0.0 -
25 | 2.3 - 196 | - 166 | - 1.11 -
50 | 462 | - 300{ 390 | 331 | 331 | 223 | 223
100 | 923 | - 780 | - 8.61 - 4.48 -
150 | - - - 11.70 - 9.92 - 6.69
200 | 1847 | - 1560 | - 1323 | - 8.92 -
300 | 2770 | - 2340 | 2340 | 1054 | 19.84 | 1338 | 13.38
200 | - - 3120 | - 2645 | - 17.34 -
46.0 | - - 35.10 - - - - -
50.0 - - 39.00 | 30.00 | 33.07 | 33.07 | 2230 | 22.30
56.0 - - 42.90 - - - - -
60.0: - - 48.80 - 3968 | - 26.75 -
65.0! - - 50.70 - - - - -
700 | - - 54.60 | 54.60 | 46.20 | 48.20 | 31.23 | 31.23
80.0: - - 62.40 - 5290 | - 35.87 -
85.0 - - - £66.30 - | s6.21 - 37.90
50.0 - - 70.20 - 50.62 | - 40.13 -
96.0 - - 7410 | 74.10 | 62.82 | 62.82 | 42.36 | 42.38
90.0 - - 77.22 | 77.22 | 66.47 | 65.47 | 44.14 | 44.14
100.0 - - 78.00 - 6613 | - 44.59 -
GP76.0822-284
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FIGURE 32
LOCATION OF FORWARD FUSELAGE STAVIC PRESSURE PORTS

Left Hand Side

Note: All dimensions are mode scale in inches.

Gp 8-0822-288
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A total of 108 static pressure ports, 247 total pressure probes, and 79 total
Lemperature probes were installed in the propulsion system of tke model. A table
summarizing the propulsion gystem instrumentation and the specific purpose for each
instgllation is presented in Figure 3-3. A description of the quantity, type, and
location of the instrumertation for each propulsion system component is piresented
below.

Fan Inlets

The left lift/cruise and nose lift fan inlets were each instrumented with
inlet surface static pressure ports, located at various positions on the internal
and external surfaces. The left lift/cruise nacelle included a total of 22 static
pressure ports located on the upper and side inlet lip. the lower internal duct
surface, and on the external upper nacelle surface. In additiom, six static
pressure ports were alsc installed on the upper wing surface ahead of the inlet.
The locations of these and the inlet ports are shown in Figure 3-4. The locatioas
of the nose 1lift fan inlet static pressure ports are shown in Figure 3-5. A
total of 10 static pressure ports were installed on the nose and side inlet
lips.
Engine Inlets

The left lift/cruise and nose fan engiie inlets were also instrumented with
static pressure poits on the surfaces of the inlets. A total of 10 inlet lip
static pressure ports were installed on the intermal surface of the left lift/cruise
engine inlet side and lower lips. The locations are shown in Figure 3-6. Five
inboard lip static pressure ports were installed on the left nose fan engine inlet,
as shown in Figure 3-7. This left irl:t also included an eight-probe total tem—
perature rake to measure reingestion temperature levels at the inlet throat statiom.
The locations of the thermocouples are also presented in Figure 3-7.
Fan Face

The left lift/cruise :an face and nose lift fan face were both instrumented
with identical inlet performance rakes. An 8 leg, 48 total pressure probe rake to
measure inlet performance, along with a 4 leg, 8 total temperature probe rake to
measure reingestion temperatures, was installed at the fan face, just upstream of
the X376B forward support frame on each lift unit. Both the pressure and tempera-
ture rakes were equal-area-weighted rakes. Four wall static pressure ports were
also located at the rake station of each inlet. The instrumentation locations for

the fan face rakes are presented in Figure 3-8.

MCDONNELL AMRCRAFT COMPANY
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FIGURE 36
LIFT/CRUISE ENGINE INLET INSTRUMENTATION
Left Side Only

Highlight

S Side Lip Statics
/atWL 80.0

—

Front View

5 Lower Lip Statics
at BL 335

Highlight Plane X Internal
\ \/ vca"rna Static Pressure Locations
. Port No. X {in.)
4 5
\\ ‘3r 0.00

1
; 12 Throat g g.g:
4 098
5 2.05
Highlight
GP76.0822.8
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FIGURE 3-7
FORWARD ENGINE INLET INSTRUMENTATION
Left Side Only

5 Inboard Lip Statics
at FS 240.6

8 Total Temperature

FS 240.6
1.50in.
0 a
+
] Q
Port No. X (in.)
1 000
2 0.13
Thermocouple Locations 3 062
inlet Throat 4 1.31
-1 254
Inboard Lip
\ Leading Edge

lnlet;’thm@:: \ \

Parallel
to Throat

GP78-0822-7

Cut at FS 240.6
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FIGURE 3-8
FAN FACE INSTRUMENTATION

25° "_\
4s°
ot
1002

o3

\<,

8 Leg/48 Probe
Total Pressure Rake

Rupup = 81in.
Rean = 18.0in.

Frant View
Left Side

Thermocouple Locations

T/C No. JRedius (in.)

18.11
2 11.43

-

Inlet Rake Locations

MCDONNELL ANRCRAFT COMPANY

3-19

8 Total Tem

4 Wall Statics
at 90° Spacing

rature

Probes at 90" Spacing

Prussure Tube Locations
JProbe NoJRadius (in.)
1 12.39
2 16.11
3 14.72
4 13.7
5 11.43
6 9.38
aPre-0822-3



MDC A4318

. All total pressure and total temperature rake probes installed in the model
were made of 1/8" 0.D. x .032" wall thickness stainless teel tubing. The pressure
probe inlets were chamfered at 15°. All thermocouples installed in the model were
made of 30 gauge iron/constantan wire. A teflon liner was utilized within the steel
tubing for insulation.

Engine Face

The left 1lift/cruise engine face and the nose fan engine face were both instru-
mented with inlet performance rakes. A 4 leg, 16 total pressure probe rake to
measure inlet performance, along with a 4 leg, 8 total temperature probe rake to
measure reingestion temperature levels, was installed just upstream of the engine
face on each unit. Two wall static ports were also located at the rake station
of each engine. The instrumentation locations for these engine face rakes are
presented in Figure 3-9.
Fan and Tip Turbine Exit

All three turbotip fan vnits on the model were instrumented in like manner at

the fan and tip turbine stator exits. The fan exit instrumentation consisted of a
6 leg 30 probe total pressure rake, a 3 leg 9 probe total temperature rake, and 12
exit static pressure ports, 6 each on the hub and outer wall. The tip turbine exit
instrumentation consisted of 4 equal-area-weighted total pressure probes, 4 total
temperature probes, and 5 outer wall static pressure ports. The purpose of the fan
and tip turbine exit instrumentation was to measure the basic performance of the
turbotip fans including the airflow, thrusts, and jet velocities. The detailed
location of the fan and tip turbine exit instrumentation is presented in Figure
3-10. A cross-sectional drawing of the turbotip fan illustrating the positioning
of both the inlet and fan exit rakes is presented in Figure 3-11. Details of the
total pressure and temperature probes are also shown.
Engine Exit

The left lift/cruise and nose fan engine exhaust ducts were each instrumented
with three wall static pressure ports, located approximately one duct diameter
downstream of the engine exit. The pressure port locations are shown in Figure
3-12. 1In addition to these static pressure measurements, the eight-probe engine
EGT harness was utilized on all three engines to measure the engine exhaust gas

total temperatures.

MCDONNELL AIRCRAFT COMPANY
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FIGURE 3-9
ENGINE FACE INSTRUMENTATION

2 Wall Statics at 180° Spacing
— L/H Inlet (Top/Bottom)
— Forward |-tet (Sides)

4 1eg/16 Probe
Total Pressure Rake

8 Total Temperature
Probes at 90° Spacing

Thermocouple Locations Pressure Tube Locations
Radus (in.) ! Radius (in.)
T/C No. Probe No.
L/c Fwd L/C | Fwd
1 480 | 462 ! 5.20 | 499
2 337 | 3.35 2 4.40 | 4.32
3 3.69 | 3.62
4 3.14 | 3.04
Rpup = 2.54 .

Reng = 5.35n,

Iniet Rake Locations

GP76 0622 10
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FIGURE 3-10
FAN AND TIP TURBINE EXIT INSTRUMENTATION

~45°
9 Total Temperature 30°
Probes at 120° Spacing

5 Turbine Exit
Wall Statics

6 Leg/30 Probe at 45° Spacing

Total Pressure Rake

4 Turbine Exit
Total Pressure
Probes

Tip Turbine
Arc (180°)

6 Wall Statics
at 60° Spacing

4 Turbine Exit

Total Temperature

Probes at 45° Spacing
6 Hub Statics

at 60° Spacing

Rhyp =800 Inactive Arc
Rian = 18.0in.

(o]
turd = 21.0in. l-‘—‘zzs

Rear View
Left Side _
) Pressure Tube Locations
Thermocouple Locations Rodvms )
Radius (in.) Tube No. L/C Fwd
T/C No.
L/c Fwd 1 1717 | 17.64
1 16.00 | 16.43 2 14.78 | 1524
2 13.02 | 13.43 3 12.76 | 13.36
3 1070 | 11.15 4 11.07 [ 1181
S 9 56 10.10
Exit Rake Locations
Forward
Lift/Cruise
GP76 0622 2
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" FIGURE 3-11
FAN INLET AND EXIT INSTRUMENTATION INSTALLATION
Left Lift/Cruise and Nose Fan Units

Turbine Exit Statics

Wall Statics Rake Station

Rake Station —\

Nose Fan Inlet Lip i - s
-—\ ' —::.—-. -—‘ .
~ = \
. ~ !

Turbine Exit Probes

Outer Wall Statics

— _ Arh
Lift/Cruise ;'"i ‘ i, ‘
Fan Duct __;3! i 4 R Inactive Arc
il . o Fairing
L : , : _i, (180° Only)
h 1 ' :
| ,I , ' !
—f .- - L — Rator
Fan Face Rake—-""'—’,’ﬂ: | Ly i_ Co \—
"__j / o : — Fan Exit Rake
Front Frame——""1 | : : L
ront Frame i i : o ,4\ Exit Stators

’ Exit Hub

Lift/Cruise Fan Hub —\ " ! ;
e ;.":‘-v‘*'*
/ —_ . -w‘ ~

-
~

Lis)
/ ‘/ i
Nose Fan Hub ' ;/ \ Hub Statics
X3768 Huo—/ | _Z_ 0
:L‘ '_—.:-E".g_@ :- !
| S PESiE L
- = '
Q —rs T ' :L!
: —— 5
: ““;‘.’.‘;’_.1 Tt
K 02-9 /"
B. -
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OF POOR QUALITY
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FIGURE 3-12
ENGINE EXIT INSTRUMENTATION

3 Wall Statics
at 120° Spacing

R = 4,50 in.

Bottom

Exit Locations

GP?6 0822 9
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Nozzle Exits

The left lift/cruise and nose fan 1lift units were each instrumented at the
nozzle exit for the purpose of assessing the nozzle exit flow profiles. The left
lift/cruise nozzle exit included 10 *otal pressure probes attached to the leading
edge of the two fixed yaw vane struts, and 4 external nozzle exit base pressure
static ports. The nose fan nozzle exit included 7 total pressure probes attached
to the leading edge of the louver centerline drive strut, and canted 15° to align
with the fan exit. The details of the nozzle exit instrumentation are presented

for both units in Figure 3-13.

MCDONNELL AIRCRAFT COMPANY
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FIGURE 3-13
NOZZLE EXIT INSTRUMENTATION

® Nose Lift Unit /l
7~
/ ”

7 Total Pressure Probes

\ \
Prot—— e \ AN 1
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15 -. ‘—-.\A
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-y ‘—— .-

____,..-——

Y wVane—/
2 \ — ~— 8.En. (Typ)
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4. WIND TUNNEL TEST FACILITY

The model was tested in the NASA/Ames Research Center 40' x 80' wind tunnel.
The tunnel is a low speed closed circuit continuous flow tunnel with a speed range
from 0 to 180 knots which operates at a near constant tunnel total pressure of one
atmosphere and provides Reynolds numbers up to 2 x 106 per foot. The test section
is 40 feet high, 80 feet wide at the tunnel centerline, and 80 feet long. The
ceiling ¢f the tunnel test section opens to provide for model ins*allation. The
wind tunnel model bala.c _.s a six-component scale type balance, located directly
below the test section. The wind turnel control room is located adjacent to the
test section. A cross section drawing of the tunnel test section and adjacent
areas is shown in Figure 4-1. Further de:ails of the 40' x 80' wind tunnel are

contained in the user's guide of Reference (2).

4.1 TEST ARRANGEMENT

The model was supported on the tunnel balance with three support struts, two
attached to the main wing spar and one attached to the aft fuselage. All model
leads were attached to the two main support struts which were fixed in height.

The tail strut was remotely varied in height to change angle of attack. The mcdel
was positioned at the centerline of the tunnel, 20 feet above the tunnel floor.
Photos of the model installed in the test section are presented in Figures 4-2
through 4-6.

The model was equipped with several monitoring and control systems. Leads
from these systc: s were attached to the main support struts and routed down through
the balance room and up to the main tunnel control room. The model subsystems with
external leads included tne following:

v Fuel system

o Engine and fan control and monitoring system

o Fire warning and CO; extinguishing syctem

. Remote controlled model variable systems

o Model pressure and temperature instrumentation system.

A schematic layout of the main tunnel control room is presented in Figure 4-7. The
arrangement of the major equipment is shown, including the tunnel control panel,
the engine and fan control console, the on-line computer, prcssure and temperature

1 rcording system, data card punches, computer printout, and TV monitors.

MCDONNCILL NIRCRAFT COMPANY
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FIGURE 4-1
40 x 80 WIND TUNNEL TEST FACILITY
Test Section Elevation View
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FIGURE 4 2
LARGE SCALE POWERED MODEL INSTALLED INQOFT x 80 FT WIND TUNNEL
Front Quarter View of Powered Lift Mode Centfiguration
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FIGURE 4-3
LARGE SCALE POWERED MODEL INSTALLED INQOFT x 80 FT WIND TUNNEL
Rear Quarter View of Powered Litt Mode Configuration
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FIGURE 44
LARGE SCALE POWERED MODEL INSTALLED IN4OFT x B0 FT WIND TUNNEL
Front Quarter View of Aerodynamic Lift Mode Configuration
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FIGURE 45
LARGE SCALE POWERED MODEL INSTALLED IN 43 FT x BO F1 WIND TUNNEL
Top Front Quarter View of Powered Lift Mode Configuration
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FIGURE 46
LARGE SCALE POWERED MODEL INSTALLED IN 40 FT x 80 FT WIND TUNNEL
Ton Front Quarter View of Aerodynamic Lift Mode Configuration
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FIGURE 4.7

40 x 80 CONTROL ROOM LAYOUT
Data Systems Arrangement
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4.2 DATA ACQUISITION SYSTEM

Two separate Datex Corporation data acquisition systems are utilized in the
40' x 80' tunnel for recording the balance force and moment data and the model
pressure and temperature data.

The Datex 1 system records the balance force data, tunnel test conditioms,
and the fan speeds. The individual balance scale readings are measured utilizing
optical scanners and the three fan speeds are measured using rpm counters. These
raw data are punched out on an IBM Card Punch located in the on-line computer room
adjacent to the tunnel control room. Five readings are taken at each test point
for both the balance scale data and fan speed data. Approximately 10 seconds are
required to record a given test point on the Datex I system. The Datex I raw
data cards are then processed on the SEL-840 on-line computer, and the results
printed out on the tunnel control room printer.

The Datex II system was used to record the pressure and temperature data.
All model pressures were measured using two Statham Corp. differential pressure
transducers mounted in 48 port, "D" sized scanivalve modules. The scanivalve units
were installed in the left and right wing sections of the model. The left unit
contained five ganged modules and the right unit contained six ganged modules. A
total of 460 model pressures were measured by the scanivalve systems.

All model temperature measurements were made using iron/constantan thermc-
couples. The leads of each thermocouple were routed from the model through the
reference junction box located in the balance room to a 48 pickup temperature
scanner mounted in the Datex II recording console. The Datex II recording system
recorded all preseure and temperature signals on an IBM Card Punch unit. A
scanning rate of .3 3eurrnd per measurand was used for both the pressure and
temperature data i1Jtlsd-on, resulting in a recording tiwe per test point of
approximately 40 secouds. The Datex I and Datex II data were recorded separately
for each test point, the Datex I being recorded first, The Datex II raw data

cards were processed on the SEL-84C on-line computer.

MCOONNELL AIRCRAFT COMPANY
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5. OQUTSIDE STATIC TEST FACILITY

The large scale powered model ground effects test program was conducted at the
NASA-Ames Research Cernter Outside Static Test Facility, designated as test site
number N-249. The outdoor facility is located at a remote site approximately 1.6 km
(1 mile) from the 40' x 80' wind tunnel.

The facility is equipped with adjustable height model support struts and
provides a smooth ground plane below the test model. The strut arrangement is
similar to that of the 40' x 80' wind tunnel. Height adjr-tment is achieved with
interchangeable main strut sections of various lengths. The tail strut is a
remotely driven telescoping unit that provides angle of pitch variation. A
below-ground structure supports the three model struts and tail strut drive unit.
The facility includes an enclosed trailer that serves as the control room and
houses the data acquisition systems. Auxiliary equipment located at the test
site includes the engine starter unit, 400 cycle A/C power supply, fuel tanker,
and an air compressor. A plan view sketch of the static test facility layout is
shown in Figure 5-1.

5.1 TEST ARRANGEMENT
Model Support

The model was supported with three struts arranged in the same lccitien as
previously used for the 40' x 80' tunnel test setup. All model and instrumentaticn
leads were attached to the two main support struts and insulated with asbestos
cloth wrapping for protection. Strut fairings were also installed at the two
lowest heights tested to further protect the model leads from the flow field
environment. The model was tested at three heights above the ground plane - 21.0,
8.3, and 3.3 feet. Schematic illustrations of the three ground height arrangements
indicating the major components are shown in Figure 5-2. Photos of the test model
setups are presented in Figures 5-3, 5-4, and 5-5.

Load Cells

Three load cells, one mounted on each of the support struts, were used to
measure the forces on the model. Each load cell was a 3-component strain gauge
balance, with a 6000 1b normal force, 4000 1b axial force, and 3000 1> side force
capability. The load cells were installed directlv below the test model between
the support struts and model mounting pads. Metal shrouds were installed around
each load cell, and cooling air was supplied to maintain near constant load cell
temperatures. The load cell and cooling shrouds can be seen in the photo of

Figure 5-3.

MCDONNELL AIRCRAFT COMPANY
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FIGURE 5-1
QUTSIDE STATIC TEST FACILITY PLAN VIEW
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FIGURE 5-2

MODEL GROUND HEIGHT VARIATIONS

Outside Static Test Program
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FIGURE 5-3
LARGE SCALE POWERED MODEL INSTALLED IN OUTSIDE STATIC TEST FAC! 'TY
21.0 Ft Ground Height
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FIGURE 54
LARGE SCALE POWERED MODEL INSTALLED IN OUTSIDE STATIC TEST FACILITY
8.3 Ft Ground Height
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Msde . .trumentation

The model instrumentation utilized during the static ground effects test
..»ogran was identical to that used during the 40' x 80' wind tunnel test. The
quantity, type, and location cf all model instrumentation were previously described
in Section 3 of this report. The model monitoring and control svstems, described
in Section 4.2, were also the same.

5.2 DATA ACQUISITION SYSTEM

The measurements made during the static ground effects test program consistad
of model pressures, temperatures, fan speeds, and balance forces. Both digital and
analog data acquisition systems were utilized to record the data. The parameters
measured and the recording svstems utilized are discussed below. A detailed sche-
matic flow diagram of the complete data acquisition syvstem utilized during the
static test program is presented in Figure 5-6.

Digital Data Acquisition

All model pressures, temperatures, fan speeds, and load cell com onent forces
were .2asured and recorded utilizing a Vidar Corporation digital data acquisition
system. The model pressures were measured in the same manner as during the in-
tunnel tests utilizing differential pressure transducers installed in two separate
scanivalve syscems. Tempe.ature measurements were made with iron-constantan
thermocouples. Forty-eight of the 79 temperature measurements were connecied to
a scanning device for sirgle channel multiplex recording, with the other 31 being
recorded on individual temperature channels. The fan speeds were measured rith
rpm counters and recorded 43 times per test point on Vidar using three scanning
channels. Each component of the three load cells *as also reccrded 48 times ner
test point using . total of nine scanning channels. The Vidar system digital raw
data were recorded on a paper tape punch machine located ia the on-site trailer.

A schematic layout of the data acquisition system arrangements within the trailer
unit is presented in Figure 5-7.

Analoz Data Acquisition

All inlet temperatvre measurezents and selected fan and tip turbine exit
temperatures were analog recorded on magnetic tape. In addition, fan speed and
selected pressures from the inlets and fan tip turbine exits were recorded on the
tape. These analog measurements were made in order to determine toth the time
variant inlet reingestion characteristics and the subsequent variation of the
propulsion system characteristics during reingestion. These measurements were

recorded on two Ampex Corporation I/M tape recorders. Inlet temperatures were

MCDORNELL AIRCRAFT COMPANY
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FIGURE 5-7

OUTSIDE STATIC TEST FACILITY CONTROL TRAILER LAYOUT
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recorded on a 32-track Model PR2200 Ampex tape recorder, and the pressures and fan
exit temperatures were recorded on a l4-track Model 1400 Ampex recorder. Tempera-
ture and pressure measurements were recorded simultaneously on both the digital
Vidar system and the analog tape recorder systems. Separate high response pressure
transducers were used for the analog pressure measurements. These were connected
in parallel with the scanivalve transducers. Time code and voice tracks were
included on each recorder.

Monitoring Svstems

Two Honeywell Type 1858 CRT Visicorder oscillographs were utilized to monitor
and display selected analog data. One oscillograph unit was used to monitor
directly the on-line variations in selected temperatures, pressures, and fan speed.
The other unit was used for displaying playback information recorded on the tape
recorders.

Two 7-bank oscilloscope units were used to visually monitor selected time
variant signals being recorded on the two tape recorder units. Each bank had the
capability to display two signals, providing a total signal display capability of
28 channels.

Ambient atmospheric conditions were measured some distznce away from the model
and displayed on digital readout panels located in the trailer control room. aAmbient
temperature, wind velocity, wind direction, and barometric pressure were visually
monitored and hand recorded.

The gas generator operating conditions were visually monitored and recorded
by hand including the engine speed, exhaust gas temperature, cil pressure and
temperature, fuel pressure, and engine vibration. The turbotip fan bearing tem-
peratures and fan vibration levels, together with fan rpm (as a backup), were
monitored and hand recorded. The above i.strumentation was all included on the
engine and fan control console in the control room. The same control unit was
used for propulsion system operation in both the 40' x 80' tunnel and outside

static test facilities.

MCDONNELL AIRCRAFT COMPANY
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6. WIND TUNNEL TEST PROGRAM

The test program conducted in the wind tunnel is described in the following

sections.

6.1 TEST CONDITIONS

Powered lift configuration testing was conducted at several values of tunnel
dynamic pressure at constant fan speed to obtain the desired variation of jet
velocity ratio. Aerodynamic lift configuration testing was conducted at a constant
value of dynamic pressure over a range of fan speeds to obtain a variation in inlet
mass flow ratio. Test dynamic pressure values, Reynolds number per unit length

and nominal jet exit velocity ratios and mass flow ratios are summarized below.

Preliminarv Testing

Dynamic Pressura Reynolds Number per Urnit Nominal Jet
ssu Length at Standard Atmos- Exit Velocity Ratio
(PSF) (N/22) pheric Conditions (NFAVBT, = 3600 RPM)
Per Foot Per Mater
1.35 65 0.22 x 106 0.72 x 109 0.12
5.5 260 0.43 x 105 1.41 x 106 0.25
12.3 590 0.65 x 10% 2.13 x 106 0.4
21.9 1050 0.87 x 106 2.85 x 108 0.5
34.2 1640 1.08 x 106 3.54 x 106 0.6
49.2 2360 1.30 x 109 4.27 x 106 0.7
Powered Li“ - Configuration Testing
Dynamic Pressure Reynoids Number per Unit Nominal Jet
Y - Length at Standard Atmos- Exit Velocity Ratio
(PSF) (N/m?) pheric Conditions (NENTTg = 3600 ROM)
Per Foot Per Meter
1.35 65 0.22 x 106 0.72 x 106 0.12
3.3 160 0.34 x 106 1.12 x 109 0.20
7.0 335 0.49 x 100 1.61 x 106 0.29
12.3 590 0.65 x 106 2.13 x 10% 0.39
19.2 920 0.81 % 106 2.66 x 100 0.48

Aerodvnamic Lift Configuraticn Testiag

. Reynolds lumber per Unit
Dynamic Pressure

. Length at Standard Atmos- ¥ass Flow Ratio,

(PSF) (N, ) pheric Conditions Ag/Aur 2 NeNIT,
Per Foot Per Meter

34.2 1640 1 78 x 106 3.34 x 10° 0.60 I 1600 RPY

0.82 I 2150 RPY

1.00 2 2700 RpM

MCDONNELL AIRCRAFT COMPANY
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Model Variables

Model variables included twelve configuration variables, fan speeds, angle of

attack and sideslip.

Preliminary Testing - Initial testing (Runs 1 through 28) was conducted to

identify basic model characteristics (flap effectiveness, svmmetrical aileron
effectiveness and lift variation with angle of attack), the induced lift charac-
terisvics of the lift cruise unit alone, the incremental effects of the nose lift
unit 2nd the flow field characteristics at the horizontal tail location. A summary
of variables tested is shown below. All testing was conducted with the flow survev

rake on and the horizontal tail off.

Variable Range
ay -4° ro 32°
3 0°
SLC 0¥ to 90°
SNL 0° to 90°
3f 0° to 30°
84 0° to 15°
Sy 0ff, Flow Survey Rake On
SR 0° )
q 0 to 2360 (0 to 49.2) N/m* (PSF)
Ng/ 3 1600 to 3600 rpm
Nose Gear Off
Nose Lift Unit
Inlet Covers Open and Covered

Powered Lift Configuration Testing - Powered lift configuration force and

moment data were nbtained with the horizontal tail on and off for selected
combinations of lift cruise unit geometric deflection (iLC) and nose lift unit
geometric deflection (3yp) for jet velocity ratios (Vgy/V]) representative of the
resultant vector angle (33). The effect of sideslip angle was investigated at
angles of attack of 0° for 3rc/3yp of 90°/90°, 56°/43° and 23°/43° and 8° for

SLc/3xL of 56°/43°., Horizontal tail effectiveness was determined for all

configurations tested, Effects .f yaw vane deflections were tested at Ipc/:iyp

-~y (-]
0"/50

A¥3]

; effects of aileron deflection and nose gzear extension were tested at
dLg/3yL = 56°/43°; and the effects of rudder deflection were tested at Ijs/iyy =
38°/43°, A summary of powered lift configuration testing is shown belcw. Flaps

and ailerons were set at 15° and 10°, respectivelvy, for all these tests.
% )

MCDONNELL AIRCRAFT COMPANY
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SLC S\L Nominal VO/VJ
(DEG) (DEG) Range Comments
90 90 0.12 to 0.29 Hor. Tail off; 3 variation at
a = 0°; yaw vane effectiveress
71 55 0.12 to 0.29 Very limited testing
56 43 0.20 to 0.39 Hor. tail off; 28 variation at
a = 0°, 8°; aileron cont:rol
power; nose gear effect; thrust
modulation ports open
38 43 0.29 to 0.48 Limited testing; rudder
Effectiveness
23 43 0.29 to 0.48 Hor. tail off, 3 variatio. at
a =0°

Aerodvnamic Lift Configuration - Aerodynamic lift configuration data were

obtained at a tunnel dynamic ~ressure of 1640 N/22 (34.2 PSF). Corrected fan
speeds were varied from 1600 R>M to 2700 RPM to obtain desired mass flow ratio
variation. Testing conducted included horizontal tail control power, aileron
control power and rudder control power in addition to variations in angle of

attack and sideslip.

MCDONNELL AIRCRAFT COMPANY
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6.2 TEST PROCEDURES
Static Calibration

The propulsion system was calibrated at zero tunnel airspeed with the over-
head tunnel doors open. Each lift/cruise unit geometric deflection was tested
separately. Static force and moment data were obtained at corrected fan speeds of
2000, 2900, 3600 and 4100 RPM. In addition, static calibrations were repeated for
Spc = 0° at corrected fan speeds of 1600, 2130 and 2700 RPM. The nose lift unit
was calibrated for nose lift unit geometric deflection from 30° to 104° at
approximately 10° increments at zorrected fan speeds of 2000, 2900 and 3600 RPM.

Preliminary Testing

In order to provide insight into the sources of power induced force and moment
increments identified during testing of the powered 1lift configuration, the initial
testing examined the individual effects of the lift/cruise unit and nose lift
units. The lift/cruise units were tested over a larye jet velocity ratio range

]

with the nose lift unit inlet covered and 3NL = 0° to obtain the effect of the
lift/cruise units alone. The nose lift unit was tested at a corrected fan speced
of 3600 RPM for 3yp, = 33° to 90° with the lift/cruise unit at 3y ¢ = 0° and
corrected fan speed of 3600 RPM and with the lift/cruise units windmilling (power
off). Also, the nose lift unit was tested at Iyp = 50° with the lift/cruise unit
at 3Lc = 56°. For these tests the horizontal tail was off and the flow survey
rake was installed.

Powered Lift Configuration

The major test parameters for the powered lift configuration were jet velocity
ratio and resultant thrust vector angle. Testing was restricted to the jet
velocity ratios which are likelv to be experienced in flight at a resultant thrust
vector angle. In order to provide realistic results the combinations of lift/cruise
unit and nose lift unit geometric deflection were selacted to provide an approximate
pitching moment balance at applicable jet velocity ratios. The table below

summarizes the combinations selected:

‘e v
90 90
71 55
56 43
33 43
23 43

The objectives of the powered lift configuration testing were to determine induced

ift and drag characteristics, and to evaluate longitudinal and lateral-directicnal

MCDONNELL AIRCRAFT COMPANY
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stability and control characteristics,

Aerodynamic Lift Configuration

The primary test parameter for the aerodynamic lift configuration was the mass
flow ratio (Ap/Ayr) for the lift/cruise unit fan inlets. Data were obtained at
three values of mass flow ratio.

The objectives of the aerodynamic lift configuration testing were to establish
the base line with which to compare the 1lift and drag characteristics of the powered
lift characteristics, and to evaluate overall longitudinal and lateral-directional

stability and control characteristics.

MCDONNELL AIRCRAFT COMPANY
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6.3 DATA REDUCTION

. Force and moment data were obtained using tne stindard data procedures of the
40' x 80' wind tunnel. The measured data (balance data corrected for appropriate
weight tares) were not corrected for wall interference effects, exposed tips of the
model support struts, or strut interference effects. Therefore, the measured data
includes all aerodynamic, propulsion, and interference forces acting on the model.

A major objective of the test was to determine the aerodynamic characteristics
of the configuration at various tunnel and propulsion syvstem operating conditions.
In order to identify these aerodynamic characteristics, the measured forces (moments)
were separated into a propulsion sys-em component and an aerodynamic component. The
direct propulsion system component is the vector sum of the gross thrust and inlet
ram drag with propulsion units operating. The total aerodynamic component is the
difference between the measured data and the direct propulsion svstem component. The
aerodynamic component is divided into two components - an aerodynamic component at a
reference condition and a propulsion system induced aerodynamic component.

Method of Determining Gross Thrust and Mass Flow Rates

The primarv propulsion system periormance parameters that were calculated
during the 40" x 80' test program included the gross thrust (Fg), ram drag (FraMm),
jet velocity ratio (Vo/V3), and inlet mass flow ratio (iy/Ayp) for all three propul-
sion units. T 70 basic quantities were determined from measurements taken on the fan
and tip turbine exit rakes, namely the mass flow rates (%) and ideal exit velocities
(V1) for each component of each 1lift unit. The fan exit and turbine exit mass flows
and ideal velocities were cal:ulated vsing a mass-weighting technique for each indi-
vidual rake probe. The equations for calculating thie propulsion performance param-
eters are as follows:

+ (w x V1)

Gross Thrust (Fg) = F1 x Cp [(w x VI)TURB ]CF
(wryrB + wrFaX) VO
Fg/(Wryrg + wran)

inlet Mass Flow (wy) = Wruyre T WFAN

FAN

"

Ram Drag (FraM)

Jet Velccity (V3)

The mass flow rate (W) of each flow stream was calculated frem the continuity egua-
tion using the static pressures, total pressures, and total temperatures to compute
the flow proper:ies. The ideal exit velocity (Vy), which is the isentropic or maxi-
mum velocitv that can be obtained expanding the exit Ilow through a zero loss nczzle,
was also calculaced from the static pressure, total pressure, and total temper:tures
measurements used to compute flow properties. The thrust calibration coefficzient

(Cp) in the above equations wus determined for each vector position for each unit

MCDONNELL AIRCRAFT COMPANY
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from the static calibrations. This parameter was shown to be essentially

constant with fan speed and was assumed to be non-varying with forward speed for
the analyses performed in this test program. The thrust calibration coefficient
equals the ratio of the balan-e-measured static a.d gross thrust (Fg) to the rake-
measured static iaecal thrust (Fy). The resultant thrust vector angles determined
from the static calibrations were also shown to be essentially constant with fan
speed.

Method of Removing Direct Propulsion Svstem Component

The propulsion system direct effects were modeled by three terms, i.e., thrust
vector angle, gross thrust and mass flow rate. The equations and constants that
were used are presented in Tigure 6-1. In order to use the in-tunnel static cali-
bration obtained with the propulsion unit installed in the model as the basic
propulsion unit performance, the following assumptions were required.

0 The induced loads on the model when operating one prcoulsion unit at a time

are negligible.

o The fan-rake-measured mass flow rate is measured at an acceptable level of

accuracy.

o The resultant thrust angle is a function of geometric deflection angle

and is unaffected by tunnel freestream velocity.

Aerodvnamic Reference Configuration

The reference configuration has a significant effect on determining the magni-
tude of the induced characteristics. The reference coniiguration selected for this
test is the aerodynamic lift configuration (iyc = 0°, nose fan inlet covered) at
unit mass flow ratio (Ag/Ay = 1.0) with all aerodynamic controls deilected the
same as for the powered lift configuration. It should be noted that this definition
of reference configuration implies that the incremental induced 1ift and drag
include the effects of the external wetted surface of the lift/cruise nozzles, and
the nose 1lift fan inlets and exits as well as the induced effects of the capctured
stream tubes on the aerodvnamic forces and on the other propulsion units.

All powered 1ift configu.ation data were obtained with flaps deflected 15° and
ailerons deflected 10°. Due to test limitations, the aerodvnamic lift configuration
was tested with these flap and aileron deflections onlv during the preliminarv test-
ing. Consequently, clean configuration (flap and aileron at 0° deflection) data was
used to establish the incremental effects of horizontal tail, landing gear, and flow
survey rake. A dis:repancy occurred in the drag data with the addition of the

horizontal tail at low angles of attack in that drag was reduced instead of increased

MCDONNELL AIRCRAFT COMPANY
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as expected (see Section 8.6). In establishing the drag of the reference configura-
tion, the following test results and assumptions were used:

Incremental Diag Coefficient at Cy = 0.25

Item (Based on Wing Area)
Nose Gear 0.0100
Flow Survey Rake 0.0070
Horizontal Tail (5y = 0°) 0.0000
Flap (5p = 15°) and
Aileron (35 = 10°/10°) 0.0165

Below is the summarv tabulation of the aerodvnamic coefficients of the
reference configuration at selected conditionms:

o Nose Gear On, dy = 0°, 3p = 15°, 3, = 10°/10°

a
Angle of
Attack (deg) CL Cp
0 0.325 0.0705
0.869 0.1033
16 1.36 0.246
o Nose Gear On, Horizontal Tail 0ff, 3z = 15°, 3, = 10°/10°
Angle of
Attack (deg) ?_I: E_D_
0 0.355 0.0710
8 0.843 0.1009
16 1.28 0.232
o Nose Gear 0ff, Flow Su: ey Rake On, ‘g = 15°, %, = 10°
Angle of
Attack (deg) L EQ
0 0.355 0.0630
8 0.843 0.0979
16 1.28 0.229

MCDONNELL AIRCRAFT COMPANY
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FIGURE ©-1
EQUATIONS FOR MODELING DIRECT PROPULSION SYSTEM COMPONENTS

Force Data
Direct Thrust {No Yaw Vane Deflection)
L=Fgsin (§ +a)
D=Fgecos i +a
Y=0

Effect of Inlet Mass Flow Rate
L=0
D=V, W cos (3)/g
Y = =V, W sin (3)/g

Moment Data

m = D { WL~ (WL)gg] [cos (a)] ~ [FS - (FSIpcl Isi
~ L {{FS = (FS)pc] [cos {a)) + (WL — (WL)gg] [sin ta,
¢ = ¥ { (WL~ (WLigc) [cos (@] ~ [FS = (FSIp~i [sin ‘m} }
- L [BL -~ (BL)pc!]
n = —Y{IFS—(FSigc} lcos (@] - WL — (Wlige. "=~ la)i;

+D (BL - (BL)gg]

GP76-0622 279

CONSTANTS FOR MODELING DIRECT PROPULSION SYSTEM COMPONENTS

FS WL ! BL

Mode! Reference Center 276.29 |« 80.22 0.00

Nose Fan Iniet 114.40 I 90.80 0.00

Gas Generator Infet for Nose Fan 238.10 | 104.50 0.00

{Avg Both

Sides)

Lef: Lift Cruise Fan Inlet 282.00 89.60 -5124

Gas Generator Infet for Left Lift Cruise Fan 203.90 8C.00 | -33.00

Right L.ft Cruise Fan Inlet 282.00 g9 C. 5124

Gas Generator Inlet for Right Lift Cruise Fan | 203.90 80.00 33.00

Nose Fan Thrust Center 117.05 E 54.80 0.00
Lift Cruise Fan Thrust Center ’ l

Left SLc=9° 35450 | 86..0 5124

Right SLC =0° 35450 | 828 512

Wote: All dimensions are model scale in inches GP76 822 280

MCDONNELL AIRCRAFT COMPANY
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7. OUTSIDE STATIC TEST PROGRAM

A descripticn of the outside static test program, including the test conditions,
test procedures, and dats reduction employed, is presented in the sections that

follow.

7.1 TEST CONDITIONS

The purpose of the outside static test program was to evaluate the ground
effects on the three fan /STOL aircraft concept. Spe .fic objective. of the test
progran were to measure the effects of ground height on total installed lift and
on inle: reingesiion. The model was tested at threce grouvnd heights of 21.0, 8.3,
and 3.3 feet, corresponding to H,D's of 6.45, 2.55, and 1.02, respectively.
Landing gear height for this configu+ration corresponds to an H/D of approximately

1.02 the height being measured fron the 1/C nozzle exits as shown in Figure 5-2.

Initial testing was conducted at the 21.0 foot reference height, followed by tests
at the lowest h ight of 3.3 Zeet, and chen finishing up at the intermediate height
of 8.3 feet. The effects of tan speed variations, thrust vector argle, exhaust

jet splaving, and inlect shielding were also evaluated. The specific test conditicus
and model variztle evaluated in the ground eifects test program are summarized in

the below tadle:

o Model Height, H {ff) 21.0, 8.5, 3.3
o Fan Speeds, Np/ :To (RPM) 2600, 2900, 3630. 4100

0 Nose Uni: Geom. Deflection Angle, INL (deg) 80, 93, 102
o YNozzle Yaw Vane Deflection Angle, iy (deg) 0, +12
O Gas Generator Inlet Shield Si:zes Large, Small

o Inlet Shield angle, Ig (deg) 0, 45, 90

All remaining model test variables were held at constant values as given below:

o Lift/Cruice Geometric D-flection Angle, f1¢c 90°

~ Aileron Deflection Angle, 1, 10°
o Flap Deflection aAngle .- 15°
O Rudder Deflection, :gy 0°
o .loricontal Stapilatar Deflection :y 0°

MCDONNELL AIRCRAFT COMPANY
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In addition to the ground effects testing, calibration runs were made on the
lift/cruise and nose lift units for commarison with the data obtained in the
40' x 80' wind tunnel tests. Also, a fan performance map was generated for the
T53-8B/X376B propulsion system ror reference purposes. It was generated varying

the following parameters using the L/H lift/cruise unit:

o Percent Correcte”? Fan Speed, % Ng/ Y 2Tq (RPM) 40 to 100
o Nozzle Exit Area, Ay (in2) 930, 1075, 1385
o Nozzle Deflection angle, Ipc (deg) 0

The model instrumentation utilized was identical to that of the 40" x 80
wind tunnel tests. The primary quaatities measured during the static test were the

same as those considered primary in the tunnel tests and included the following:

o Balance-measured Forces and Moments
o Rake-measured Fan Performance iancluding:
- Ideal Thrusts, Fip,y anrd Fitygrs.
- Airflow Rates, Wgjy and WI{RB.
- Nozzle Total Pressure Ratio, NPR
~ Jet Velocity, V3
- Jet Total Temperature, Tj
o Rake-measured Inlet Performance including:
- lnlet Recovery and Distortiom, PT2/Pp, and (P, . - PTyow) /PT2

- Inlet Total Temperature Level, Tj

In addition to the above measurements, flow visualization runs were also performed
at selected test conditions. The test procedures utilized in conducting the static

resgt program are discussed in the section that follows.

MCDONNELL AIRCRAFT COMPANY
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7.2 TEST PROCEDURES

The tests conducted during this program included the following:

0 Individual Unit Calibration Runs

o T58/X376B Fan Performance Map Generation

0 Three Unit Operation Ground Effects Testing

o0 Individual Unit Operaticr sround Effects Testing

o Flow Visualization Tests

The specific tests at the 21-foot height included the following:

o Reference Height Ground Effect Tests, all units in operation

o Calibration Runs on each unit individually

o Fan Map Performance Run, left unit only
At the two lower heights tested, individual unit performance runs were conducted
on each unit separately, the three-unit operation ground efiects performance runs,
were accomplished and flow visualization runs made. At each ground height, all
model test variables listed in Section 7.1 were varied in a systematic manner to
provide parametric data. The test sequence and approach emploved for each specific
test conducted are described below.

Fan Performance Map

A TS8/X376B fan map was generated at the start of the test program utilizirg
the left lift/cruise unit. The test was conducted at 2 height of 21.0 fee. wi‘h a
vecter angle of 0°. Three specific nozzle areas were installed on the model in
the cruise rode and fan speeds were varied from 1900 to 3100 rpm (40% to 100%) in
10% increments. Force and mouzent and steady state pressure and temperdture data
were recorded.

Calibration Ruas

The individual unit calibration runs were periormed at a height of 21.0 iecer
(H/'D = 6.43) following the fan mapping test. The lift/cruise units were vectorad
90° nd fan speeds were varied from 2000 to 4100 rpm om each. The nose lift unit
sa3 vested at manually pesitioned vector angles of 40, 60, 30, 35 and 102 degr=zes
whilz: varying tne fan speed for each vector angle from 2000 to 4lu0 rpm. Splay
angles of 0° and 12° ware alsm “ested for each unit utilizing the yaw vanes. TForce
and moment balance data alom, ..1 digital steady state pressure and temperature

data were recorded.

MCDONNELS. AIRCRAFT COMPANY
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Three Unit Ground Effects Testing

The ground effects test sequence with all three units in operation was

conducted at all three ground heights. Force and moment data along with inlet

reingestion data were recorded for each test point simultaneously, utilizing the

digital Vidar and analog tape recorder systems. The test sequence went as follows:

o

Beginning zero's were taken, ambient conditions recorded, the tape recorders
and monitcring Visicorders were turned on, and the three engines were
started and brought to idle. The two L/C units were breought up to their
desired speeds simultaneously, and then the forward unit was broughc up to
speed.

When steady state conditions were reached, the Vidar data system was
actuated. Ambient conditions were recorded by hand three times throughout
the test point at 30 second intervals. Appruximately 90 seconds were
required for acquisition of the Vidar data. A time sequence log was
recorded by hand for the tape reccrder units to serve as backup to the
automatic time code generator.

The tape recorders and nmonitoring Visicorder were left on during a

complete run, including the excursicns between each test point and during
the engine shutdown sequence. A given rsun lasted anywhere from 5 minutes
to 45 nminutes, depending on the number of test points.

At the end of a run, the engines were brought to idle conditions and the
tape recorders and monitoring Visicorder turned ofi. After allowing tiuae
for engine cooling, thev were shut off and :nd zercs were taxe: and ambient

conditions recorded.

The only model test variable that was remotely controlled was fan speed. A given

run therefore included only rpm variations. The louver angles, vaw vane splay

angles, and shield angles were set manually hetween each run.

Individual Unit Ground Effects Testing

The ground effects tests on the individual uni.; were conducted in similar

fashion as described above. Each unit was run individually over an rpm ranze

frem 20C0 to 4100 rpm, while varying the louver and/or splay angles. In addition

to the individual uilt runs, combinatisn runs were perforaed on the two lift’/cruise

units.

The purpose of these tasts was to evaluate the differences betwee.. tne

individual and combined effects of unit operation on the force and mozent cata.

Tnlet reingestion data were also ameasured during these individual tests.
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Flow Visualization Tests

The test model was equipped with Corvus o0il injection nozzles located down-
stream of the engine in the hot gas interconnect ducting on all three units. At
selected intervals during the test program, flow visualization runs were perfo- .ed.
The Corvus 0il generated dense smoke in the hot stream of each unit, and both
normal spead (24 frames/sec) and high speed (250-500 frames/sec.) color movies were
taken. Still color photos were also taken during selected runs. The engines were
throttled to fan speeds of 2000 rpm on all three units, and then the Corvus oil
line valve was opened to supply oil to all three units simultaneously. Run
duration was approximately 10 seconds each. Both the normal and high speed cameras
were activated simultaneously prior to oil injection, and were run through the
duration of the transient to steady state development of the visualized flow field.
Camera angles from the front and side of the model were used, but not simultanecusly.
Both the Vidar and analog data systems were operated just before the flow visuali-

zacion tests.

MCDONNELL AIRCRAFT COMPANY
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7.3 DATA REDUCTION

Four separate data reduction packages were generated during the outside static
test program. These data reduction packagsas included the following sets of reduced
data:

o Load Cell and Fan Speed Nata

0 Pressure and Temperature Data

o Propulsion System Performance Data

0 Analog Temperature and Pressure Data
a description of each data package is presented in the following sections.

¢ ¢ 11 and Fan Speed Data Package

Fo. each test point, the load cell forces and fan speeds were recorded
times on the Vidar system at a rate of 0.8 second per measurement. The arith-

wti._. average of cthe 48 recordings was determined for each component force and fan
speed and printed out on a summary page that included the following reduced data
calculations:

o Normal, Axial, and Side Forces

0 Lefc, Righ=, and Nose Fan Speeds

o Pitching, Yawing, and Rolling Moments

o Resultnt Flow Vector Angles
These 4ata were processed on an IBM 360 computer at NASA/Ames utilizing the Vidar
recorded punched paper raw data tapes.

Pressure and Temperature Data Package

For each test point, all mcdel pressures and tempera.. es were each reccrded
one time on the Vidar digital system using a scan ra:e of 0.8 second per port.
The pressure and temperature data package consisted ¢f a listing of all gquantities
measured including the following:

o All Model Pressures in Ratio Form (P/Pasv:)

o All Temperatures in °F

o Left, Right, and Nose Fan Speeds {18 readings)

Other than the raticing of the pressure measurements, and the conversion of the
temperature 2and fa- speeds to their respective units, no further data reduction
was done. TIhis data package was als» processed on the IBM 360 ccmputer using the
Vidar recorded punched paper raw data tapes.

Propulsion Svstem Perfurmance Data Package

The propulsion system periormince data package used in the outside stati. test

program was identical to that utilized in the 40' <« 80' tunnei test crogram. The

MCDONNELL AIRCRAFT COMPANY
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performance program utilized the Vidar digital output from the pressure and
temperature data package described in the previous section, and calculated all
steady state propulsion system performance parameters required for analysis. The
primary performance parameters that we-e calculated and printed out for each lift
unit included the following:
o Fan and Tip Turbine Performance Data

- Total Corrected Airflows

- Nozzle Total Pressure Ratio

- ldeal Gross Thrust

~ Corrected Fan Speeds

- Ideal Fan Horsepowers

- Nozzle Jet Velocities

- Nozzle Exhaust Jet Temperatures

o Inlet Pe-‘ormance Data

- Total ‘ressure Recovery and Distortion

- Average Inlet Total Temperatures and Distortion
Several additiornal quantities were also calculated and printed for each component
of each propulsion system unit, mainly the basic flow properties calculated
for determining the above parameters. The propulsion svstem data package was
also processed oa the NASA/Ames IBM 360 computer.

Analog Pressure and Temperature Data

The time variant pressure and temperature data recorded on the two tape
recorders was reduced simply by plaving back the tapes for specific runs and
recording the analog output on oscillograph paper. All inlet temperatures and
selected fan and turbine exit pressure and temperatures were recorded. The reduc-
tion of selected data from specific runs was acccmplished at certain intervals
througihout the test program to ins-'ire proper operation of the data acquisition

process.

MCDONNELL AIRCRAFT COMPANY
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8. WIND TUNNEL TEST RESULTS

The results of the 40' x 80' Wind Tunnel Test program are presented in this
sectior  The basic aerodynamic characteristics of the model, along with the
propulsion system performance characteristics, are presented for both the powered
1ift and aerodynamic life configurations. The model was primarily tested at
constant corrected fan speeds, while varying tunnel speed to achieve variations
in jet velocity ratio. No airframe static pressure data are presented in this

report because of problems encountered in the reduction process.
8.1 PROPULSION SYSTEM STATIC CALIBRATIONS

The results of the propulsion system static calibrations are presented in
Figures 8.1-1 through 8.1-18, for the left and right lift/cruise and ncse lift
units. The balance-measured static gross thrusts, the rake-measured ideal gross
thrusts, and the resultant thrust vector angles for each snit are preser :d, alcng
with the resultant thrust calibration coefficients that were determined and uti-
lized throughout the forward speed tunnel tests., The static calibdbrations on the
individual units were performed in the 40' x 80' tunnel, with the units installed
in th- model.

The balance-measured static gross thrusts for the left, right, and nose lift
units are presented in Figures 8.1-1 through 8.1-4, respectively. The resultant
static thrust is plotted versus the square of the fan speed (to linearize the
variation) for each vector angle where a fan speed range was tasted.

The rake-measured ideal gross thrusts for the three units are presented in
Figures 8.1-5 through 8.1-8. These data are presented in the same manner as the
force data, for the same identical test points and vector angles. The rake
determined ideal gross thrusts for both the fan and tip turbine exit flows were
calculated using an individual probe mass-weigihting technique uvtilizing the fan
and turbine pressure and temperature measurements made at the stator exitcs of
each.

The thrust calibration coefficieut, defined here as the ratio cf the actual
balance-measured static thrust to the rake-measured ideal thrust (Fs/F1), was
determined for each geometric vector angle for all three propulsicn units., A
representative plot of balance thrust and ideal thrust versus fan speed squared
is presented ia Tigure 3.1-2 for the left 1lift/cruise unit at a nozzle deflection
angle of 90°. The thrust calibraticn coefficient (Cp) was determined by ratioing
the slcpes of the two linearly faired curves, as :llustrated in the Iigure. The

nozzle thrust coefficient determined in this manner renmains constant with corrected
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fan speed. Comparison of the measured data points with their linearized fairings
for all units at each vector angle over the fan speed range of interest showed a
tolerance band of +2% on the thrust calibration coefficients.

The thrust calibration coefficients for the left and right lift/cruise units
are presented in Figure 8.1-10. As shown in the figure, beth units have simiiar
performance characteristics with vector angle, with the right unit exhibiting
approximately 1% greater nozzle thrust calibration coefficients across the vectored
range. The nose lift unit thrust calibration results are shown in Figure 8.1-11.
The nozzle vectoring performance is a maximum at the 70° vector angle, as expected.
This is due to the installation of the nose fan at a forward tilt angle of 15°
with respect to a waterline.

The resultant thrust vector angles plotted against corrected fan speed for
the left, right, and :.cse fan units are presented in Figures 8.1-12, 8.1-13, and
8.1-14, respectively. As shown in these figures, the resultant thrust vector
angles for each lift unit vary only slightly with fan speed, and were thereforas
assumed to be constant. These resultant thrust vector angles were calculated
using the normal, axial, and side force components of the balance data.

The resultant thrust vector angles used in the analysis of the data in this
report are summarized and presented in Figures 8.1-15 and 8.1-16, for the 1ift/
cruise units and nose fan units, respectivelv. As stated asbove, the flow vector
angles were assumed to be constant versus fan speed for each unit. The right znd
left lift/cruise vector angles were almost identical, and therefore the same values
were used for both units. The nose unit values used in the data analyvsis are
shown in Figure 8.1-16.

The static pitching moment variaticn for both the lift/cruise and nose lift
units as a function of their respective nozzle deflection angles is presented in

Figures 8.1-17 and 8.1-18.

MCDONNELL AIRCRAFT COMPANY

3~2



MDCA4318

FIGURE 8.11
LEFT LIFT/CRUISE UNIT STATIC THRUST

Propulsion System Calibration Data
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FIGURE 8.1-2
RIGHT LIFT/CRUISE UNIT STATIC THRUST

Propulsion System Calibration Data
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FIGURE 8.1-3
NOSE LIFT UNIT STATIC THRUST

Propulsion System Calibration Data
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FIGURE 8.14

NOSE LIFT UNIT STATIC THRUST
Propulsion System Calibration Data
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FIGURE 8.1-5
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MDCA4318
LEFT LIFT/CRUISE UNIT iDEAL THRUST

Propulsion System C-~libration Data
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FIGURE 8.16
RIGHT LIFT/CRUISE UNIT IDEAL THRUST

Dropulsion System Calibration Data
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FIGURL 8.1.7
NOSE LIFT UNIT IDEAL THRUST
Propulsion System Calibration Data
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FIGURE 8.18

NOSE LIFT UNIT IDEAL THRUST
Propulsion System Calibration Data
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FIGURE 8.1-9
THRUST CALIBRATION COEFFICIENT DETERMINATION
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FIGURE 8.1-10

LIFT/CRUISE UNIT THRUST COEFFICIENTS
Propulsion System Calibration Results
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FIGURE 8.1-11

NOSE LIFT UNIT THRUST COEFFICIENTS
Propulsion System Calibration Results
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FIGURE 8.1-12
LEFT LIFT/CRUISE UNIT THRUST VECTOR ANGLES
Propulsion System Calibration Data
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FIGURE 8.1-13

RIGHT LIFT/CRUISE UNIT THRUST VECTOR ANGLES

Propulsion System Calibration Data
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FIGURE 8.1-12

NOSE LIFT UNIT THRUST VECTOR ANGLES

Propulsion System Calibration Data
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FIGURE 8.1-15

LIFT/CRUISE UNIT THRUST VECTOR ANGLES
Propulsion Systzm Calibration Results h
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FIGURE 8.1-16

Vo=0
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Propulsion System Calibration Results
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FIGURE 8.1-17

STATIC PITCHING MOMENT VARIATION WITH LIFT/CRUISE UNIT
GEOMETRIC DEFLECTION ANGLE
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FIGURE 8.1-18

STATIC PITCHING MOMENT VARIATION WITH NOSE LIFT UNIT

GEOMETRIC DEFLECTION ANGLE
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QfZ PROPULSION SYSTEM PERFORMANCE

The primarv performance parameters measured on all three lift units for all
test points consisted of the gross thrust, ram drag, jet velocity, and mass flow
ratio. The typical variation of these parameters with fcrward speeu 's shown in
Figures 8.2-1 and 8.2-2 for the Ieft lift/cruise and nose lift units, resvectively.
The data are presented for a constant corrected fan speed at an angle of attack
of zero for a fixed nozzle deflection angle.

The effects of angle of attack on the variation of the propulsion system
performance parameters are presented in Figures 8.2-3 through 8.2-5. The
powered lift mode angle of attack range tested varied from -4° to +20°. Per-
formance data variation for this o range is presented in Figures 8.2-3 and 8.2-4
for the lift/cruise and nose fan units, respectively, at two differenc tunmel
velocities. As is shown in the figures, the primary performance parameters were
constant over the range of pcwered 1lift angle of attack tested. Cruise mode
testing was conducted over a largev angle of attack range up to and including
32.5°. Figure 8.2-3 shows the variation in performance at the higher angle of
attack for the left lift/cruise unit, operating at a constant tumnel velocity at
the three fan speeds tested in this mode. dAs shown in the figure, all parameters
were maintained at constant values up to an a of 16°. The data at the higher
angles of attack begins to deteriorate rapidly due to the flow separation in the
inboard w_ng panel ahead of the lift/cruise inlet.

The effects of forward speed on the lift/cruise and nose lift unit gross
thrust and jet velocity ratios at alternate thrust vector angles are shown in
Figures 8.2-6 and 8.2-7. As shown in both figures, the forward speed tended to
improve the thrust ratio variation of the larger deflecticn angle configuratioms
(those with the lewest static thrusts) at a higher rate. Comparisons of the
lift/cruise and nose unit thrust variation with forward speed are shown in Figure
8.2-8 for nozzle deflections of 90°. Only a slight difference in nose unit
thrust variation was experienced with this propulision system.

A summary cof the inlet mass flow ratio data as a function of tunnel and fan
speeds is presented in Figures 8.2-9, 8.2-10, and 8.2-11 for the left and right
lift/cruise and nose lift units, respectively. A summary correlation of the jet
velocity ratio data is also presented in like manner for the three propulsion

units in Figures 3.2-12 8.2-13 aad 8.2-14.
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FIGURE 8.21

LIFT/CRUISE UNIT TYPICAL PERFORMANCE CHARACTERISTICS
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FIGURE 8.2-2
NOSE LIFT UNIT TYPICAL PERFORMANCE CHARACTERISTICS
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FIGURE 8.2-3

ANGLE OF ATTACK EFFECT ON LIFT/CRUISE UNIT PERFORMANCE

Left Lift/Cruise Unit
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FIGURE 8.2-4
ANGLE OF ATTACK EFFECT ON NOSE LIFT UNIT PERFORMANCE
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FIGURE 8.2.5

EFFECT OF HIGH ANGULLES OF ATTACK ON PROPULSION

SYSTEM PERFORMANCE
Left Lift Cruise Unit
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FIGURE 8.2-6
FORWARD SPEED EFFECT ON LIFT/CRUISE UNIT PERFORMANCE
_Left Lift/Cruise Unit
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FIGURE 8.2.7

FORWARD SPEED EFFECTS ON VARIOUS NOSE UNIT VECTOR ANGLES
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FIGURE 8.2-8

COMPARISON OF FORWARD SPEED EFFECTS ON THE
LIFT/CRUISE vs NOSE LIFT UNITS
a=0°  NpABT, = 3600 RPM
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Inlet Mass Flow Ratio, Ag/ARL
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FIGURE 8.2-9

MASS FLOW VARIATIONS WITH FORWARD SPEED

Left Lift/Cruise Unit
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Inlet Mass Flow Ratio, Ag/AHL
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FIGURE 8.2-10

MASS FLOW VARIATIONS WITH FORWARD SPEED

Right Lift/Cruise Unit
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Infet Mass Flow Ratio, Ag/AHp
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FIGURE 8.2-11

MASS FLOW VARIATIONS WITH FORWARD SPEED

Nose Lift Unit
«=0° NgAOT, = 3600 RPM

3

3 . sym | 5L ,
3 O |92 |
3 Q |so°® |
3 O | a3°

F1

3

E

E

3 \ i

E

E O

E )

-l \

Y

F -

3 ¢ \{

E \Q\

s

3 T—=

0 10 20 30 40 50 60 70

Tunnel Dynamic Pressure, g - psf

MCDONNELL AIRCRAFT COMPANY

8-32

GP76 0822 236
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FIGURE 8.2-12

EFFECT OF FORWARD SPEED ON JET VELOCITY RATIO

Left Lift/Cruise Unit
Ng/v/8T, = 3600 RPM
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FIGURE 8.2-13
EFFECT OF FORWARD SPEED ON JET VELOCITY RATIO
Right Lift/Cruise Unit
Ng/ V8T, = 3600 PPM
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FIGURE 8.2-14
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8.3 POWERED LIFT ONFIGURATION - INDUCED LIFT AND DRAG CHARACTERISTICS

A primary objecrive of the large scale powered model test program was to
evaluate the power induced lift and drag characteristics of the powerad lift
configuration with the horizontal tail on and off. Data with the horizontal

tail on were obtained for five combinations of nose 1lift and lift/cruisa unit
vector angles: dpc/éyp = 23°/43°, 38°/43°, 56°/43°, 71°/55°, and 90°/90°. Data

with the horizoatal tail off were obtained for Syc/dnp = 23°/43°, 56°/43°, and

90°/90°. Additional data were obtained for selected combinatious of nose lift

and lift/cruise unit operation to evaluate the effect of nose unit operation on
induced characteristics. The results of these tests are discussed in the following
paragraphs.

Induced Lift and Drag - Horizontal Tail On

Figures 8.3-1 through 8.3-30 present the measured lift and drag data and the
calculated propulsion and aerodynamic contributions for the five powered lift con-
figurations with horizontal tail onm at 0°. It will be noted that the aerodvnamic
contribution is the difference between two large values. Thus any error in the
measured forces or calculated propulsion system force will result in significant
errer in the aerodynamic contribution.

The reference levels of 1lift ana drag are noted on each figure. The dif-
ference between the reference lift or drag and the total aerodynamic lift or drag
is the aerodynamic component induced by the propulsion system. The induced 1lift
and drag characteristics for each configuration with horizoatal tail on are sum-
aarized in Figures 8.3-31 through 8.3-35. The induced characteristics at 0° angle
of attack for the five configurations are summarized in Figure 8.3-36. These data
illustrate that, in general,positive induced 1ift 2ad negative induced drag are
indicated for all five configurations. However, it should be noted that both
increments depend strongly on the accuracy to which total forces are measured and
direct thrust effects are calculated.

Induced Lift end Drag - Horizontal Tail Off

Figures 8.3-37 through 8.3-54 present measured and calculated data for the
three powered lift configurations with horizontal tail off. The comments for the
tail on configuraticns are also applicable to these data. The induced lift and
drag characteristics for each configuration are surmarized in Figures 8.3-535
through 8.3-37. The induced characteristics at 0° angle of attack for the three

configurutions are summarized in Figure 8.3-58. Comparison of these data with

MECDONNELL AIRCRAFT COMPANY
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tail on data, Figure 8.3-36, demonstrates that removing the horizontal tail increases
the induced lift, i.e., that induced lift values are more positive. This increase

in lift due to removing the tail can be attributed to a propulsion induced downwash
field enveloping the horizontal tail. During powered lift operation, this lift
decrement could be minimized by changing the tail iacidence.

Power Induced Effects - Nose Unit Contribution

During the preliminary testing, selected combination. of lift/cruise unit and
nose lift unit deflection angles were tested to evaluate the effect of the nose 1lift
unit on induced 1lift and drag characteristics. Test data were obtained for lift/
cruise deflection angles of 0°, 56°, and 90° with the nose lift unit inlet and exit
covered and for nose lift unit deflection angles of 50°, 70°, 90° with the lift/
cruise unit at 0°.

Figures 8.3-59 through 8.3-64 present the measured 1ift and drag data and the
calculated propulsion and asrodynamic contributions for the nose lift unit closed
configurations. The induced 1lift and drag characteristics obtained from these data
are summarized in Figures 8.3-65 ancd 8.3-66. These two lift/cruise unit induced
characteristics are substantiallv larger than three fan characteristics obtained
with comparable lift/cruise unit nozzle settings. This result is illustrated in
Figures 8.3-67 through 8.3-70 which compare the total aerodynamic lift and drag of
two fan and three fan configurations. The adverse effect of nose 1lift unit opera-
tion on aerodynamic 1lift is readily appareat.

Figures 3.3-71 through 8.3-76 present the measured lift and drag data and the
calcula*ed propulsion and aerodynamic contributions obtained for nose lift unit
deflections of 50°, 70°, and 90°, with the lift/cruise unit at 0°. The aerodynamic
lift and drag data obtained from these results are summarized in Figures 8.3-77
and 8.3-78. The adverse effect of nose unit operation on induced lift is evident.

The effect of nose lift unit operation c¢n induced lift characteristics is sum-
marized in Figure 8.3-79 which shows the nose unit induced lift, AL/FQNL, versus
jet velocity ratio. In this figure the jet velocity of the ose unit is used in
computing the ratio, V/Vj. When Ip¢c = O, the lift decrement due to forward fan
operation is reduced relative to that obtained when Sp¢ = 56° or 20° since the

induced 1lift for ipc = 0 is much smaller.

MCDONNELL AIRCRAFT COM}ANY
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FIGURE £.3-1
LIFT vs DYNAMIC PRESSURE
5y = 0° o=0° dpc=23° &nL =43° 9;=20.1°
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.3-2
DRAG vs DYNAMIC PRESSURE
5H=0° o= oo 8LC=23° 6NL=430 gJ=20_10
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.3-3
LIFT vs DYNAMIC PRESSURE
5y = 0° a=go SLc=23° SNL =43° 93=20.1°
Graphical Summary of Measured and Calculated Force Data
5¢ = 15° 8,=10°10°  Nose Gear On
NeA/Br, = 3600 RPM
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DRAG vs DYNAMIC PRESSURE

dy=0° a=8° SLc=23° SnL=43°  oy=

Graphicat Summary of Measured and Calculated Force Data
5¢=15° 542=102/10°  Nose Gear On

Ng/ 9T° = 3600 RPM

20.1°

© Ram Drag

/F.—

S

i

|

| [

,___—-r-——.‘

— st

P i N
i
L -—'j‘/}otal Aerodynamic Drag_"

T .
Reference Drag

l '

_

—

Measured Drag

JI0 S,

'

I
Totai Propuision Drag
! !

|
|

.\// '

!
l
t
—
|
i

| S S

NN N NN e S AN R S N RN RS R RSN RN R AR N AR AN A NS R RS NN N AN SR AR A RS N A S LA RN Y]

TTTvrrrerYy

¢
FG cos iaNL «a) +F

T
! i
| !
X .
1 1
. |

1

J
N

Gy oo B -0

o

Dynamic Pressure, g - psf

MCOONNELL AIRCRAFT COMPANY

8-41

20 24

GP76 2822 72



MDC A4318

FIGURE 8.3-5
LIFT vs DYNAMIC PRESSURE
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FIGURE 8.37
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FIGURE 8.3-10
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FIGURE 8.3-12
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FIGURE 8.3-14
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FIGURE 8.3-16
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FIGURE 8.3-17
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FIGURE 8.3-18
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FIGURE 8.3-19
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FIGURE 8.3-20
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FIGURE %.3-21
LIFT vs DYNAMIC PRESSURE
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FIGURE 8.3-24
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FIGURE 8.3-25
LIFT vs DYNAMIC FRESSURE
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FIGURE 8.3-26
DRAG vs DYNAMIC PRESSURE
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FIGURE 8.3-27
LIFT vs DYNAMIC PRESSURE
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FIGURE 8.3-28
DRAG vs DYNAMIC PRESSURE
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FIGURE 8.3-29
LIFT vs DYNAMIC PRESSURE
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FIGURE 8.3-30
DRAG vs DYMNAMIZ PRESSIIR
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FIGURE 8.3-31
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FIGURE 8.3-32
INDUCED LiFT AND DRAG PARAMETERS vs JET YYELOCITY RATIO
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FIGURE 8.3-33
INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO
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FIGURE 8.3-34

PARAMETERS vs JET VELOCITY RATIO
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FIGURE 8.3-35
INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO
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FIGURE 8.3-36
SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK
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FIGURE 8.3-37

LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
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FIGURE 8.3-28
DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
Ck=.oo 6LC=230 5NL=430 UJ=20.10
Graphical Summary of Measurad and Calculated Force Data
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FIGURE 8.3.39
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TA O
a=8° SLc =23° Sy =43% uy=20.,
Graphical Summary of Measured and Calculated Force Data
5¢=15° 54 = 10%/10° Nose Gear On
NF/V’B}_O = 3600 RPM
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FIGURE 8.3-40

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF

a=8° SLe= 23°

SNL=43° -’)J=20.1°

Graphical Summary of Measured and Caiculated Force Datz
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FIGURE 8.341
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
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FIGURE 8.342

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF

a=16° § ¢c=23° 5NL=43° A5=20.1°
Graphical Summary of Measured and Cziculated Force Data
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Ng/v &To = 3600 RPM

F . s ‘ | a | ! E
; | e
] ! : ; ! 3 . 3
F ! | | A
s i | ! i 3
E | | | , | E
3 i i ] ]
u v H i ~ M —
s ‘ a : ; ; | ! E
3 ! { : t Ram Drag : 3
3 s ./r f i ! l 3
5 | Bl T
g ; ! — : i : 4 . Reference Drag __:._—E
: : i i | : B
- : | o= 3
N { I A e
: ! | ! = O ! ]
E ' r ! _ ,‘, ——t ‘o’___.-/‘/ i Totat Ae}cdynam-é Drag E
F J T ’/‘>.—-‘»-—-"“ — E : | i l 3
F - O ! | ! ! ] ! 3

| | | oo

‘ l | i \Measured Drag ;

i 4 " It

PON |

| o

| | : f !

O/'r i i I
| o L
/ ,‘/,E—/r:;;. Propuision Drag

1
}
!
!

!
’
1
|
1
+
t

|
o

| i

l | | |

FGap ©os (‘GNL o) - FGLC cos e +al

>

(]

|
|

et

1

It
! —
!
|
|
|
i

L Loetagaadattaad b o te i da gl bl b LU LU L Ll

|
l
i
|
;
i

8 12 16 20

~N
»

Dynamic Pressur2, g - psf

GPTH 0622 80

MCDONMNIELL RAIRCIAFT COMPANY

373



Lift - 1000 Ib

o
[=]
E

MDCA4318

FIGURE 8.343
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=0° SLc=56° SN =43° 9;=445°
Graphical Summary of Measured and Calculated Force Data
bg=15° 54 = 10°/10° Nose Gear On
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FIGURE 8.3-44
DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=0° 5|_c=56° 6NL=43° HJ=44.5°
Graphical Summary of Measured and Calculated Force Data
bg= 15° 8= 10°9/10° Nose Gear On
Nplx/a-ro = 3600 RPM
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FIGURE 8.345
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=8° 5c =56° Sy =43°  9;=445°
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.346
DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
o =80 5L c=56° 5N =43° 69;=445°
Graphical Summary of Measured and Calculated Force Data
b5¢=15° 83 =10°/10°  Nose Gear On
NFI\/’O_T: = 3600 RPM
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FIGURE 8.347
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF

a=16° SLc=56° 5y =43 9;=445°
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.348
DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
o = 169 5|_c=56° GNL=43° 0J=44.5°
Graphical Summary of Measured and Calculated Force Data
5¢=15° 55=10°/10°  Nose Gear On
NF/\/E = 3600 RPM
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FIGURE 8.349
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a= 0° GLC = 900 GNL = 900 6,] = 84.70
Graphical Summary of Measured and Calculated Force Data
8g=15° 5_=10%/10° Nose Gear On

NgA/By = 3600 RPM
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FIGURE 8.3-50

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=0° SLC = 900 8NL=90° 0J=84.7°
Graphical Summary of Measured and Calculated Force Data
og= 15° 15n = 10°/10° Nose Gear On

Dynamic Pressure, q - psf

MCDONNELL AIRCRAFT COMPANY
8~-87

Ng/v 01'0 = 3600 RPM

3
é ™ Ram Drag
E f Measured Drag
E /D/ / -y Toral Propuision Drag
F :3/ t\ﬁ /
g /ﬁ /@ Total Aerodynamic Drag
£ L 1 1
: @::‘;Q::-_———-——R_eferencaD_rag

= - = FGyy ©os (ONL+a)+FGLC cos (OLc+w
E
EXA Lddld d Ll 1 VU Y n e e
0 4 8 12 16 20

24

GP78-0822-84



Lift - 1000 ib

MDCA4318

FIGURE 8.3-51

LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=go SLc=90° SNL=90° 0,=84.7°
Graphical Summary of Measuied and Calculated Force Data
b¢=15° 54 =10°110° Nose Gear On
NF/\/’?T: = 3600 RPM
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FIGURE 8.3-52

DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
=80 dLc=90° SN = 90° 6= 84.7°
Graphical Summary of Measured and Calculated Force Data

8¢ =15° 54 = 10°/10° Nose Gear On
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FIGURE 8.3-63
LIFT vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a =169 Spc=90° 5NL=90° 9y=84.7°
Graphical Summary of Measured and Calculated Force Data
6¢=15° 54 = 10°/10° Nose Gear On
NeA/O = 3600 RPM
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‘'FIGURE 8.3-64
DRAG vs DYNAMIC PRESSURE, HORIZONTAL TAIL OFF
a=16° SLc=90° 5y =90° 0;=847°
Grapbhical Summary of Measured and Calculated Force Data
5¢=15° 55 =10°/10°  Nose Gear On
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FIGURE 8.355

INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO
HORIZONTAL TAILOFF 5, c=23° 5y =43° 0
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FIGURE 8.3-56
INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO
HORIZONTAL TAILOFF 5 c=56° &8y =43° 0;=445°
5¢=15° 54 = 16°110° Nose Gear On
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FIGURE 8.3-67

INDUCED LIFT AND DRAG PARAMETERS vs JET VELOCITY RATIO
HORIZONTAL TAILOFF 5, c=90° &y, =90° 0,=84.70

5¢=15° 5, = 10°/10° Nose Gear On
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FIGURE 8.3-58

SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK
_ THREE FAN OPERATION, HORIZONTAL TAIL OFF

5¢=15° 5,=102/10° Nose Gear On
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FIGURE 8.3.59
LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON

"@=0° 8,c=0° G5y =0°InletsCovered 0,=1°
Graphical Summary of Measured and Calculated Force Data
5¢=18% 5,=10°10°  Nose Gear Off

NgA/By_ = 3600 RPM
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FIGURE 8.3-60

DRAG vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON

a=0° §c=0° Sy =0InletsCovered  0,=1°

Graphical Summary of Measured and Calculated Force Data
6¢=15° §,=10%10° Nose Gear Off

N/ 01‘0 = 3600 RPM
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FIGURE 8.3-61
LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
a=02 35 c=562 &y =0°InletsCovered 0 =47°
Graphical Summary of Measured and Calculated Force Data
5¢=18° 5, = 10°/10° Nose Gear Off

Nplvgfo = 3600 RPM
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FIGURE 8.3-62
DRAG vs DYNAMIC PRESSURE , FLOW SURVEY RAKE ON
a=0° 5, =56 Sy =0°Inlets Covered 0= 47°
~ Graphical Summary of Measured and Calculated Force Data
8¢= 16 5_,=10°/10°  Nose Gear Off

NeA/ 51'0 = 3600 RPM
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FIGURE 8.3-63
LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON

@=0°" 5, c=90° 5y =00 Inlets Covered 0, =84°
“Graphical Summary of Measured and Calculated Force Data
8¢=18° 5,=10°10° Nose Gear Off

NpA/O7 = 3600 RPM
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FIGURE 8.3-64

DRAG vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON .

a=0° 5§ c=90° 5y =0%!InletsCovered 0 ;=84
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.3-66
SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK
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' FIGURE 8.3:66

SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK
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FIGURE 8.3-67
EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC LIFT
_ S1c=56° a=0°

5¢=18° 5,=10°/10° Horizontal Tail Off
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FIGURE 8.3-68
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Total Aerodynamic Lift - 1000 ib
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FIGURE 8.3-62
EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC LIFT
Sic=90° «=0°
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FIGURE 8.3-70
EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC DRAG
SLc=90° a=0°
5¢=18° 5,=10°10° Horizontal Tail Off
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Lift - 1000 Ib

MDC A4318

FIGURE 8.3-71
LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
a=0° sy c=0° SnL=50°  04=1438°
“Graphical Summary of Measured and Calculated Force Data
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Drag - 1000 Ib
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FIGURE 8.3-72 .
DRAG vs DYNAMIC PRESSURE, Fi.OW SURVEY RAKE ON
a=0° S c=0° S = 50° 0y=1438°
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.3-73

LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
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Drag - 1000 Ib
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FIGURE 8.3-74

DRAG vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
a=0° SLc=0° SnL=70° 04=20.3°
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Lift - 1000 Ib

MDC A4318

FIGURE 8.3-756
LIFT vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
a=0° 6|_c=0° BNL=90° 0J=23.8°
Graphical Summay of Measured and Calculated Force Data
5¢=18° 5 4 =10°10° Nose Gear Off
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FIGURE 8.3-76
DRAG vs DYNAMIC PRESSURE, FLOW SURVEY RAKE ON
a=09 S c=0° SN =
Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.3-77
EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC LIFT
Sc=0° «a=0°
85¢=16° 5,=10°/10° Horizontal Tail Off
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FIGURE 8.3-78
EFFECT OF NOSE LIFT UNIT ON TOTAL AERODYNAMIC DRAG
SLc=0° a=0°
5¢=16% 5,=10°/10° Horizontal Tail Off
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_FIGURE 8.3-79
SUMMARY OF PROPULSION INDUCED EFFECTS AT 0° ANGLE OF ATTACK
~ EFFECT OF NOSE UNIT , HORIZONTAL TAIL OFF
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8.4 POWERED LIFT CONFIGURATION - PITCHING MOMENT CH-KR:CTERISTICS
Total aircraft pitching moments for V/STOL aircraft must be balanced for all
flight conditions from vertical takeoff through aerodynamic lift flight. The

configuration tested was configured to provide moment balance at zero speed with
the lift/cruise and nose lift units deflected at 90° (vertical takeoff), at all
speeds and appropriate thrust deflections in powered lift flight and in aerodymamic
1ift flight.

There are two primary vitching moment trimming devices in powered 1lift flight -
the horizontal tail and nose lift unit. Testing was conducted to obtain sufficient
data to evaluate the proper distribution of trim moments from these two devices.
During the preliminary and powered lift testing, the variation in total pitching
moment with nose unit geometric deflection was evaluated. These tests, with the
horizontal tail off and the flaps deflected 15° and the ailerons 10°, were
conducted over a range of dynamic pressures for lift/cruise unit deflections of
0°, 56°, and 90°. The results of these tests, Figures 8.4-1 through 8.4-3,
demonstrate the capability of nose lift unit to balance pitching moments due to
the lift/cruise units ard aerodynamic characteristics. These results were utilized
to select the nose lift geometric deflections for the powered lift configuration
testing. It should be noted tha’ the nose lift geometric deflections are not
necessar.ly optimum but are consider:l representative.

During the powered lift config.  .tion testing, the five powered lift configura-
tions were tested o ~ a range of dynamic pressure with the horizontal tail on
and, for three configurations, with the horizontal tail off. The results of ihese
tests, Figures 8.4~4 through 8.4-8, illustrate the capability of the horizomtal
tail to trim any residual moments due to the 1ift/cruise and nose lift units.
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FIGURE 84-1

PITCHING MOMENT vs NOSE LIFT UNIT GEOMETRIC DEFLECTION,
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Pitching Moment - 1000 ft-ib
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FIGURE 8.4-2
PITCHING MOMENT vs NOSE LIFT UNIT GEOMETRIC DEFLECTION,
’ HORIZONTAL TAIL OFF
a=0° 61 ¢ =56°
Measured Data
8=18° §,=10°710° Nose Gear On
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FIGURE 8.44
PITCHING MOMENT vs DYNAMIC PRESSURE
a=0° SLc=23° 5L =43° 0,=20.1°
" Measured Data
8¢ =15° 55 =10%/10°  Nose Gear On
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FIGURE 845
__PITCHING MOMENT vs DYNAMIC PRESSURE
a=0° 5Lc=33° 5NL=43° 0J=29.2°
Measured Data
b5¢=15° 54 = 10°/10° Nose Gear On
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FIGURE 8.46
PITCHING MOMENT vs DYNAMIC PRESSURE
a=00 5Lc =56° S =43° 04=445°
Measured Data
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FIGURE 84-7
) PITCHING MOMENT vs DYNAMIC PRESSURE
a =09 5Lc=71° 5NL=55° 0J=59.8°
Measured Data
g =18° 53=10°/10°  Nose Gear On
Nen/B T, = 3600 RPM
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FIGURE 8.4-8
____PITCHING MOMENT vs DYNAMIC PRESSURE
a=0° 5 ¢ =90° 5 =90° 0y=284.7°
Measured Data
5¢=15° 55 =10°/10°  Nose Gear On
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8.5 POWERED LIFT CONFIGURATION - LATERAL-DIRECTIONAL CHARACTERISTICS
i Three powered lift configurations were tested at 0° angle of attack with
variations in angle of sideslip from -4° to 12° or 20°. The detailed results of
thegse tests are shown in Figures 8.5-1 through 8.5-16 for resultant thrust vector
angles of 20.1°, 44.5° and 84.7°., These data show asymmetries at 0° angle of
sideslip (for example, Figure 8.5-4) and non-uniform variation with angle of
sideslip (Figure 8.5-12). The probable cause of these discrepancies is the
difficulty of precisely setting equal 1lift/cruise unit thrusts and maintaining
these equal values for the 10 to 20 minutes required to complete a given angle
of sideslip test run. The net resulting rolling and yawing moments at 0° side-
slip are the result of adding two large and balancing components from the left
and right lift/cruise units.

Figures 8.5-17 and 8.5-~18 present the directional stability derivatives
for the powered 1ift configuration in dimensional and coefficient form.
These data show the dominant effects of the propulsion system . d the resulting
directional instability at low jet velocity ratios. The primary source of yaw-
ing moment due to the propulsion system at low jet velocity ratios is due to the
nose fan inlet mass flow during sideslip. At higher jet velocity ratios, the
aerodynamic contribution becomes the dominant term. Figures 8.5-19 through
8.5-20 and 8.5-21 through 8.5-22 present the lateral stability and side force
derivatives, respectively. These data show less propulsion system effects than
the directional data. The configuration is laterally stable at all but one
condition tested. For this conditfon, shown in Figure 8.5-6, the abrupt stable
change in rolling moment between 4 and 8 degrees angle of sideslip demomstrates
the difficulty of objectively determining representative slopes at 0° angle of
sideslip.

Lateral-Directional Control Effectiveness

Aileron control effectiveness data are presented in Figure 8.5-23 ana 8.5-24
for one powered lift configuration with 83 = 44.5 (Spc = 56°, Syp = 43°) at 0° angle
of attack. The data show the effect of varying the left aileron from +25° (TED) to
-25° (TEv) with the right aileron at +10° (TED). Also shown are data for equal
differential aileron deflections of +25° on Figure 8.5-23 only.

Rudder control effectiveness is shown in Figure 8.5.25 for ome powered lift
configuration with 87 = 29.2° (& = 38°, Sy = 43°, &p = 23°) for two dynamic

pressure values over a large angle of attack range.
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8-126



3000

2000

1000

Yawing Moment - ft-lb
o

=1000

-2000

-3000

dpe=23% 5L =43° 6;=20.1°

MDC A4318

FIGURE 8.5-1
YAWING MOMENT vs ANGLE OF SIDESLIP
d4=0° a=0°

Graphical Summary of Measured and Calculated Force and Moment Data
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Rolling Moment - ft-tb

Side Force - Ib

MDC A4318

FIGURE 8.5-2
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
dy=0° a=0° § c=23° S = 43° 0J=2°.1° q= 124 PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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.FIGURE 8.63
YAWING MOMENT vs ANGLE OF SIDESLIP
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Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.54

ROL' ING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
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FIGURE 8.56

YAWING MOMENT vs ANGLE OF SIDESLI¥
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_ -FIGURE 8.5-6
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
54=0° =0 5y c=56° &y =437 0)=445° q=32PSF
Graphical Summary of Measured and Calculated Force and Moment Data
3¢=18° §,=10°10° Nose Gear On
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FIGURE 85-7

YAWING MOMENT vs ANGLE OF SIDESLIP
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Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.58
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
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FIGURE 859
YAWING MOMENT vs ANGLE OF SIDESLIP
5u=20® a=0° SLc=56° SnL=43° 0;=445° q= 122PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 85-10

ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
54=0° a=0° 5, c=56° OopL=43° 0;=445° q= 12.2PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-11

YAWING MOMENT vs ANGLE OF SIDESLIP
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Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-12
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
84=0% a=02 5 c=90° &y =90° 0Oy=847° q= 1.4PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-13
: YAWING MOMENT vs ANGLE OF SIDESLIP
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Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-14 _
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
8H=0° a=0° 6|_c=90° 8N|_=90° 0y=84.7° q=3.3PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-15
YAWING MOMENT vs ANGLE OF SIDESLIP
SnL = 90°
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-16
ROLLING MOMENT AND SIDE FORCE vs ANGLE OF SIDESLIP
dy=0° oa=0° 5Lc=90° SN = 90° 0y=847° q= 7.2PSF
Graphical Summary of Measured and Calculated Force and Moment Data
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FIGURE 8.5-17
THREE FAN CONFIGURATION DIRECTIONAL CHARACTERISTICS
dy=0° a=0°
Summary of Measured and Calculated Moment Data
8¢=16% §,=10°10° Nose Gear On
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FIGURE 8.5-18
THREE FAN CONFIGURATION DIRECTIONAL CHARACTER!®TICS
by=0° a=0°
Summary of Measured and Calculated Moment Coefficient Data
54=18°  §5,=10%10°  Nose Gear On
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FIGURE 8.5-19
THREE FAN CONFIGURATION LATERAL CHARACTERISTICS
Sy= 0° a=00
Summary of Measured and Calculated Moment Data
5¢=16° 5,=10910° Nose Gear On
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FIGURE 8.5-20
THREE FAN CONFIGURATION LATERAL CHARACTERISTICS
oy= a° a=0°
Summary of Measured and Calculated Moment Coefficient Data
5¢=15° 5,=10°10° Nose Gear On
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FIGURE 8.5-21
THREE FAN CONFIGURATION SIDE FORCE CHARACTERISTICS
y=0° a=0°
Summary of Measured and Calculated Moment Data
5¢=152 5,=10°10° Nose Gear On
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FIGURE 8.5-22

THREE FAN CONFIGURATION SIDE FORCE CHARACTERISTICS
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FIGURE 8.5-23

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL

CHARACTERISTICS, q = 7,1 PSF
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F'GURE 8.5-24

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL
CHARACTERISTICS, q = 12.3 PSF
S=0° a=0° 5,c=56° 5y =43° g, =445°
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FIGURE 8.5-25
EFFECT OF RUDDER DEFLECTION ON LATERAL-DIRECTIONAL CHARACTERISTICS
5H=0° 6Lc'38° 5NL=43° 0J=29.2°
Measured Data
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8.6 AERODYNAMIC LIFT CONFIGURATION - LONGITUDINAL CHARACTERISTICS
The aerodynamic lift configuration is defined as any configuration with a

lift/cruise unit geometric deflection, Sy c, of 0°, the nose fan shut off, and the
nose fan inlet covered. This configuration is used as the reference in determining
the level of the power induced effects. In order to establish this level, the
aerodynamic lift configuration data must correspond to a standardized inlet mass
flow ratio. This condition was selected prior to the test as an inlet mass flow
ratio, Ag/AHL, of 1.0. For this test a lift cruise fan speed of 2700 rpm at a
tunnel dynamic pressure of 34.2 psf resulted in a unity inlet mass flow ratio.
The data presented in this section were used to establish the reference levels
presented in Section 8.3. It should be noted that this definition of reference
configuration implies that the incremental induced lift and drag include the
effects of the external wetted surface of the lift/cruise nozzles, and the nose
lift fan inlets and exits as well as the induced effects of the captured stream
tubes on the aerodynamic forces and on the cther propulsion units.

Basic Data Used to Establish Referemce Configuration Characteristics

The basic data used to establish the reference levels for the powered lift
configuration are presented in this section in both dimensional and coefficient
form. The dimensional form has been included in order to emphasize the magnitude
of the propulsion system contribution to the balance measured forces and moments.

Data are presented for the three configurations described in the following table.

Configuration Sa Sf SH Rake
1 0 0 On Ooff
2 0 0 Off off
3 10 15 off On

Dimensional Data - The dimensional data are presented in Figures 8.6-1 through

8.6~9. The lift contribution of the propulsion system is simply the component of
gross thrust vector normal to the relative wind, FGyc sin(Syc + a). The propulsion
contribution to the lift results in an increase in both lift curve slope and maxi-
mum lift, It is a maximum of 630 lb at an angle of attack of 22°. This maximum

is a result of a reduction in calculated fan thrust at angles of attack above

wing stall.
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_ The propulsion system drag component includes the gross thrust component
parallel to the relative wind and ram drag. The variation of the total ram drag
and the gross thrust drag component with angle of attack are presented with the
measured drag data. The data illustrate the reduction in ram drag and thrust at
angles of attack above wing stall discussed in the previous paragraph.

The propulsion system contribution to the pitching moment consists of the
same components as the drag: gross thrust and ram drag. The thrust coantributes
a considerable nose down pitching moment due to the thrust line being located
above the moment reference center. The ram drag, which is the result of airflow
into both the gas generator and fan inlets, contributes a nose up pitching moment.
The resulting total propulsion system pitching moment is nose down.

Coefficient Data - The coefficient form of the total aerodynamic forces and

moments is presented in Figures 8.6-10 through 8.6-15. These data are the coeffi-
cient form of the aerodynamic forces and moments remaining after subtracting the
propulsion system components. Two irregularicics are present in these data:

o An apparent incorrect 2° and 6° angle of attack setting

o A higher than anticipated lift coefficient at 0° angle of attack
The former can be explained if, for some reason, the angle of attack settings of
2° and 6° were actually closer to 2.5° and 6.5°. The latter is more difficult to
resolve since the current data are self-consistent. The lift coefficient at zero
angle of attack, Cr,, is 0.230 for the clean wing configuration with horizontal
tail on at 0° deflection. Previous MCAIR small scale (4.1%) wind tunnel testing
of a comparable configuration (Reference (3)) indicated a Cp, of 0.100. The dif-
ference of 0.130 in the CL, could be caused by the following:

0 Reynolds number differences and scale effects

0 Model support system interference effects

o Fabrication accuracy and flexibility differences effects
The MCAIR small scale testing of this configuration had been performed at a
Reynolds number of 0.6 x 108 based on wing MAC as compared to the present testing
performed at a Reynolds number of 7.5 x 106 based on wing MAC. However, the
literature does not suggest that Cp, is affected significantly by Reynolds number.
As mentioned in Section 6.3, the data reduction performed for this test did not
include any model support system interference effects. To ascertain the magnitude
of this interference effect, additional small scale wind tunnel testing was
performed by MCAIR. These tests utilized a scale model of the Ames 40' x 80'
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qodel support system and the small scale model of the aircraft configuration. The
results of these tests indicated the model support system interference on lift
coefficient to be only 0.025. The one remaining possibility, that of fabrication
differences and flexibility effects between the tests, cannot be quantitatively
evaluated at this time.

In addition to the high CL,, the clean wing configuration has a Cpy,y of 1.280
at the stall angle of attack of 15°. A comparison of lift data from Configurations
2 and 3 (see page 8-152) indicates that deflecting the flaps to 15° and drooping
the ailerons to 10° results in ACp, and ACLysx of 0.100 while maintaining the 15°
stall angle of attack. Figure 8.6-1l presents the effect of the horizontal tail on
drag. The data indicate that installation of the horizontal tail reduces the aero-
dynamic drag. This result is probably not valid. The discrepancy may be an indica-
tion of the accuracy associated with the separation of the propulsion and aerodynamic
contributions to the measured drag.

The tail on pitching moment data indicate the configuration to have static
longitudinal stability (prestall) with the neutral point located at 427% MAC.
Deflecting the flaps to 15° and drooping the ailerons 10° on the tail off con-
figuration resulted in a nose down pitching moment of ACp = ~-.04, with a slight
loss in static longitudinal stability. No data were obtained for the tail on
aerodynamic lift configuration with flaps and ailerons deflected and the horizontal
tail installed.

Horizontal Tail Control Effectiveness

The effect of horizontal tail deflection on the longitudinal characteristics
is presented in Figures 8.6-16 through 8.6-18. It is shown that the configuration
has static longitudinal stability (prestall) and that negative (TEU) stabilator
deflections would be utilized for trimming. Data for the positive deflections
indicate a stalled horizontal tail.
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Lift - 1000 Ib

MDC A4318

FIGURE 8.6-1-
LIFT vs ANGLE OF ATTACK
=02 q=342PSF §6;c=0° o5 =SEALED ¢;=1°
Graphical Summary of Measured and Calculated Force Data
Run116 85=0° 5,=0%0° Nose Gear Off

NgA/Br_ = 2700 RPM
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Drag - 1000 Ib
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FIGURE 8.6-2
DRAG vs ANGLE OF ATTACK
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Pitching Moment - 1000 ft-lb

MDCA4318

FIGURE 8.6-3
PITCHING MOMENT vs ANGLE OF ATTACK
4=0° q=342PSF 5 c=0° &y =SEALED 4;=1°
Graphical Summary of Measured and Calculated Moment Data
Run 116 54=0° 5,=0°0° Nose Gear Off
NeA/Bt, = 2700 RPM
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FIGURE 8.64"

LIFT vs ANGLE OF ATTACK, HORIZONTAL TAIL OFF
q=342PSF 5 c=0° &y =SEALED 6 =1°
Graphical Summary of Measured and Calculated Force Data
Run 140 54=0° ©5,=0°0° Nose Gear Off

NeA/Br = 2700 RPM
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FIGURE 8.65
DRAG vs ANGLE OF ATTACK, HORIZONTAL TAIL OFF
q=342PSF d ¢c= 0° ¢NpL =SEALED 63=1°
Graphical Summary of Measured and Calculated Force Data
Run140 5¢=0° 5,=0°0° Nose Gear Off

NEA/BT, = 2700 RPM
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Pitching Moment - 1000 ft:1b
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Lift

q=34.2PSF 5 ¢ =0°

MDCA4318

FIGURE 8.6-7
LIFT vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON
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Drag - 1000 Ib

MDC A4318

FIGURE 8.6-8

DRAG vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON
q=342PSF 5. ¢c=0° &y =0°InletsCovered 6j=1°

Graphical Summary of Measured and Calculated Force Data
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Pitching Moment - 1000 ft-Ib

q=34.2PSF 5 ¢ =0°

MDCA4318

FIGURE 8.69
PITCHING MOMENT vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON
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Graphical Summary of Measured and Calculated Moment Data
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MDCA4318
FIGURE 8.6-10

EFFECT OF HORIZONTAL TAIL ON LIFT COEFFICIENT vs ANGLE OF ATTACK
q=342PSF § c=0° O5NL=SEALED 8;=1°

Direct Thrust Effects Removed
5§=0° 5,=0°0° Nose Gear Off

NF/\/OTO = 2700 RPM
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FIGURE 8.6-12

EFFECT OF HORIZONTAL TAIL ON PITCHING MOMENT COEFFICIENT
vs ANGLE OF ATTACK

=0 q=342PSF § =00 &N =SEALED

Direct Thrust Effects Removed
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LIFT COEFFICIENT vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON

MDCA4318
FIGURE 8.6-13
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FIGURE 8.6-14
LIFT COEFFICIENT vs DRAG CCEFFICIENT, FLOW SURVEY RAKE ON

q=342PSF {1 ¢c= 0° SnL= 0'(“ !nle_ts govered 0= 10
Direct Thrust Effects Removed
Run26 §;=15° §,=10%/10° Nose Gear Off

NEA/BT, = 2700 RPM
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FIGURE 8.6-15
PITCHING MOMENT COEFFICIENT vs ANGLE OF ATTACK, FLOW SURVEY RAKE ON

q=342PSF 5, c=0° &y =0 Inlets Covered 6 = 1°

Direct Thrust Effects Removed
Run26  B¢=15° §,=10%10° Nose Gear On

NgA/BT, = 2700 RPM
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FIGURE 8.6-16
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FIGURE 8.6-18

EFFECT OF HORIZONTAL TAIL ON PITCHING MOMENT COEFFICIENT
vs ANGLE OF ATTACK
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R.7 AERODYNAMIC LIFT CONFIGURATION - LATERAL-DIRECTIONAL CHAR TER,STICS

This section presents the lateral-directional stability and .ontrol charac-

teristics of the aerodynamic lift configuration. Stability data are presented for
angles of attack of 0°, 8°, and 16°. Lateral snd directional control effective-
ness data are presented for angles of attack up to 24°, The stability data are
presented in both dimensional and coefficient form. The dimensional form has been
included in nrder to emphasize the magnitude of the propulsion system contribution
to the balance-ueasured forces and moments. All data are presented for stability
axes.

Dimensi~nal Data

The lateral-directional dimensional data are presented in Figures 8.7-1
through 8.7-9. The direct propulsion system contribution to the measured side
force is the result of the ram dra: :ontributions of the gas generators and lifu/
cruise units. Since the ram drag is essentially constant through an angle of
attack of 16°, the propulsion system contribution to the side force remains constant
through this angle. The propulsion system cor- :ibutions to the measured yawing
moment and rolling moments are the result of both the differential thrust betwveen
the two lift/cruise units and the ram drag contributions from the gas generators
and lift/cruise units. The data indicate that the propulsion system contribution
was negligible except for the yawing moment at 16° angle of attack.

Coefficient Data

The coefficient form of the aerodynamic force and moment data is presented
in Figures 8.7-10 through 8.7-12. These data are the coefficient form of the
total aerodynamic force and moments presented in Figures 8.7-1 through 8.7-9.

The characteristics are essentially linear with sideslip angle fo. angles
of attack of 0° and 8°. At 16° angle of attack, the characteristics vary in a
nonlinear manner typical ¢f post-stall operation. The configuration does exhibit
positive directional stability, CnB’ through 16° angle of attack. The dihedral
effect, CQB, is stable for angles of attack of 8° and 1%, and neutrally stable
for 0°.

Lateral-Directional Control Effectiveness

The lateral-directional control effectiveness is presented in Figures 8.7-12
through 8.7-16. Aileron control power is presented for a single aileron deflection
from =25° to +25° at 0° angle of attack. Dua’ aileron deflection, =-25°/+25°, data
are presented as a function of angle of attack. The variation of rudder effective-

ness with angle of attack is presenr:d for a rudder deflection of 23°,

MCDONNELL AIRCRAFT COMPANY
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. Aileron Effectiveness - The aileron eflectiveness for a single aileron deflec-
tion from -25° to +25° and dual aileron, -25°/+25°, deflection is presented in
Figure 8.7-13 at 0° angle of attack. The single aileron deflection data exhibit

the trends associated with wings having a supercritical airfoil section in that
the roll effectiveness is higher for the TEU deflections. The data for the dual
aileron, -25°/+25° as a f.nction of angle of attack, are presented in Figure 8.7-14.
Aileron effectiveness is maintained at a high level below 12° angle of attack. At
higher angles the roll effectiveness is reduced but the ailerons remain effective
through 28° angle of attack.

Rudder Effectiveness - The variation in rudder effectiveness with angle of

attack is presented in Figures 8.7-15 through 8.7-16 for a ruddar deflection of

23° TEL. Rudder effec:tiveness is essentially constant below 24° angle of attack.

MCDONNELL AIRCRAFY COMPANY
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FIGURE 8.7-1

SIDE FORCE vs ANGLE OF SIDESLIP, a = 0°

q=342PSF & c=0°

5nL = SEALED

0J=1°

Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.7-2
YAWING MOMENT vs ANGLE OF SIDESLIP, « = 0°
5y=0° q=342PSF 5 c=0° 5y =SEALED 40y=1°
Graphical Summary of Measured and Calculated Moment Data
Run129 554=0% §5,=0°0° Nase Gear Off

NeA/BT_ = 2700 RPM

r'n Iy
9

084000080 812N neNas tahainne s taat RRats INealNIat) (ASaRaNI]aRRaAtans I1RR00LTaaadaauls 1 aiinsiidithdatansastasasersss

Ll LaddAAdA)

6

Stability Axes

14822 AAAAAAS

(3]

»

Total Aerodynamic Yawing Moment ~ /

W

=

Measured Yawing Moment

N

4
[TETTEVETIOUTEITRTTI FUTUTRTTRI FTTITVTUN I URUNTRNTCIUETRTUTTTITUETTOURVITUTUTRTIVI SUTRORTUVI SYIOTVOIN. |

-

h N\

I T Y v

\—Total Propulsion Yawing Moment

|
-

|
~

PV FUTTUTUNTE ITUTTITTTL [YTTTUTETI (TPVITATY) [UVIUTUTRI FUTUTURTNIauveies

PIrrTr P rrTTIr e YT T T YT TIv Y OTTrr e Y """"T'"""" A a2 A0 Al A aaa Al A dd g a s Al A A a A A A AR A AR A RARAARAN A AARRARAALZ NARALARAR I RAMAAS
9

NTTTTTTOTEIVUTUTUTT Ty FUTUTUL IFVRTSRUT! [PTTURVITI TUPUTUTITE FEVTUTUTTL TVRUTUTIRY PR VRTa v PO

Ly

)
-
N

-8 -4 0 4 8 12

Angle of Sideslip, 3 - deg

MCDONNELL AIRCRAFT COMPANY

8-176

GP768-0822-193



Rolling Moment - 1000 f1-ib
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FIGURE 8.7-3

54=0° q=342PSF S5 c=0° 5NL=SEALED 9;=1°
Grapkical Summary of Measured and Calculatec Moment Data
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Side Force - 100 Ib

5y =0°

q=34.2PSF

MDCA4318

FIGURE 8.74
SIDE FORCE vs ANGLE OF SIDESLIP, o = 8°

e = Q°

5L = SEALED

9J=1°

Graphical Summary of Measured and Calculated Force Data
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FIGURE 8.75
YAWING MOMENT vs ANGLE OF SIDESLIP, o = 8°
54=0° q=34.2PSF Sc= 0° &y =SEALED 8y=1°
Graphical Summary of Measured and Calculated Moment Data
Run130 5¢=0% 5,=0°0° Nose Gear Off
NgA/BT, = 2700 RPM
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Rolling Moment - 1000 ft-ib
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FIGURE 8.76

ROLLING MOMENT vs ANGLE OF SIDESLIP, « = 8°
54=0° q=342PSF SLc= 0° dnL =SEALED 0= 10
Graphical Summary of Measured and Calculated Moment Data

Run130 5¢=0 5,=0°0° Nose Gear Off
Ng/A/0T, = 2700 RPM
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Swde Force - 100 Ib

MDC A4318

FIGURE 8.7-7
SIDE FORCE vs ANGLE OF SIDESLIP, o = 16°
84=0° q=342PSF 5, c=0° &y =SEALED 6,=1°
Graphical Summary of Measured and Calculated Force Data
Run 131 65=0° 5,=0%0° Nose Gear Off

NgA/BT = 2700 RPM
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Yawing Moment -
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FIGURE 8.7-8
YAWING MOMENT vs ANGLE OF SIDESLIP, « = 16°
54=0° q=342PSF 5 c=0° &y =SEALED 9y=1°
Graphical Summary of Measured and Calculated Moment Data
Run131 5;=0° 5,=0%0° Nose Gear Off

Ng//By_ = 2700 RPM
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FIGURE 8.7-9

ROLLING MOMENT vs ANGLE OF SIDESLIP, o = 16°
q=342PSF 5§ c=0%° &y =SEALED
Graphical Summary of Measured and Calculated Moment Data
5¢=0% 5,=0°0° Nose Gear Off
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FIGURE 8.7-10
EFFECT OF ANGLE OF ATTACK ON SIDE FORCE COEFFICIENT
vs ANGLE OF SIDESLIP
54=0° q=342PSF 5 c=0° O&pL=SCALED 4;=1°
Direct Thrust Effects Removed
5¢=0° 5,=0°0° Nose Gear Off
Np/AV/BT, = 2700 RPM
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FIGURE 8.7-11
EFFECT OF ANGLE OF ATTACK ON YAWING MOMENT COEFFICIENT
vs ANGLE OF SIDESLIP
54=0° q=342PSF 5 c=0° OSNL=SEALED 6;=1°
Direct Thrust Effects Removed
3§=0° 5,=0°0° Nose Gear Off
NgA/BT, = 2700 RPM
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FIGURE 8.7-12

EFFECT OF ANGLE OF ATTACK ON ROLLING MOMENT COEFFICIENT vs

ANGLE OF SIDESLIP

Sy = 0° q=34.2PSF SLe = 0° SNL =SEALED 6y = 10
Direct Thrust Effects Removed
5¢=00 5,=0°0° Nose Gear Off

NE/VBT_ = 2700 RPM
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FIGURE 8.7-13

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL

CHARACTERISTICS, « = 9°
q=342PSF 5 ¢ =0°
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FIGURE 8.7-14

EFFECT OF AILERON DEFLECTION ON LATERAL-DIRECTIONAL

5H=0° q=342PSF

CHARACTERISTICS, 5 =0
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FIGURE 8.7-15

EFFECT OF RUDDER DEFLECTION ON SIDE FORCE

oH = 0° q=34.2PSF SLe= o° dnL =SEALED
Direct Thrust Effects Removed
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FIGURE 8.7-16

EFFECT OF RUDDER DEFLECTION ON YAWING AND ROLLING MOMENTS
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8.8 AIR INDUCTION SYSTEM PERFORMANCE

The air induction system perf-rmance characteristics were measured at selected
test conditions throughout the wind tunnel test program on the left lift/cruise fan
inlet, the nose lift fanm inlet, the left 1ift/cruise gas generator inlet, and
the nose fan engine inlet/duct. The inlet performance rake geomet—-ies utilized to
measure the inlet data were presented and discussed in Section 3. The total
pressure recovery and steady state distortion were measured to show the effects
of mass flow ratio, angle of attack, angle of sideslip, and forward speed on the
performance of each inlet. The results of those inlet performance tests are
discussed for each inlet in the sections that follow.

Left Lift/Cruise Fan Inlet

The effects of angle of attack and fan speed on the performance of the over-
the-wing mounted lift/cruise fan inlet are presented in Figure 8.8-1l. The average
total pressure recovery (PT2/PT,) and the inlet distortion factor (PThigh - PTyow/
PTavg) are presented along with the inlet mass flow ratioc (Ag/AHL) as a function of
corrected fan speed at the highest tunnel speed (V45 = 103 knots) tested. The mass
flow ratio data shown was calculated using the fan exit rake, as previously des-
cribed. The data presented in the figure were measured with the model in the cruise
mode configuration, nose unit off.

At a mass flow ratio of 1.0, the ialet performance is shown to maintain a very
high level up to an angle of attack of 20°. Above this up to argles of 32° it con-
tinually deteriorates. This falloff in performance at the higher « is due to the
unsteadiness and the subsequent separaticn of the flcw on the inboari panel as x is
increased. Ncte that at the lower mass flew ratios, i.e., reduced power levels,
the performance deteriorates at lower angles of attack. This is altu due to inboard
win, panel separation, which is occurring at lower 2 due to a lesser amount of ialet
induced flow over the inboard wing. Thrcughout the test, the tufts on the wing were
observed to indicate flow separation at angles of attack of approximately 8° higher
on the inboard wing ahead of the ianlet than on :i: ocutboard wing, at mass flow
ratios greater than 1.0. The lift/cruise inlet rale data shown hereina substantiate
these observations.

It should be noted here that throughout the test program at lower angles of
attack (0°-20°) and higner mass flow ratios (Ag/AgL > 1.0) the inlet re-a.2ry ranged
Yetween 0.999 and 1.00. The reascn for these very high levels of periormance is
the low specific flow *FAN/A) of the low fan pressure ratio X376B8 turbotip far.

and the resulting low inlet throat Mach aumbers {0.35 and below). The intent of

MCDONNELL AIRCRAFT COMPANY
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the inlet performance data presented herein for all inlet systems is to show treris
and the specific effects of angle of attack, sideslip, and mass flow ratio, and no:
necessarily the absolute levels of performance, for example, of higher pressure
ratic fan systems.

fhe effect of sideslip angle on inlet performance at various angles of attack
is shown in Figures 8.8-2 and 8.8-3 for the range of test conditions where inlet
data were measured. Sideslip angles of up to +12° (left inlet on leeward side of
fuselage) shcw no effect on lift/cruise inlet performance at angles of attack of
12° and lower. The deterioration in performance at higher angles of attack and
sideslip is apparent in the figures. Inlet distortion levels were found to be
less than 10Z throughout all test conditions during this program.

The effects ot forward speed on inlet performance variation are shown in
Figure 8.8-4. Ounly the distortion was found to show any variation, and this
occurred only at the higher angles of attac’ .

A summary of the lift/cruise fan inlet performarce is presented in Figure 8.8-5.
The data are presented in terms of the nondimensional inlet loss coefficient
(APT/qTH) for correlation purposes. High speed (Mg = 0.5 to 0.9) performance data
for this inelt are contained in Reference (3).

Left Lift/Cruise Gas Generator Inlet

The effects of angle of attack and engine speed on the performance of the
fuselage side mounted gas generator inlet are shown in Figure 8.8-6. The inlet
data are presented in the same manner as the farn inlet data described above. The
effects of both angle of attack and sideslip are shown in Figures 8.8-3 and 8.8-7.
In general, the inlet exhibited verv good performance throughout the test range of
variables. Total pressure recovery was found to deteriorate less than 1%, and
distyrtion was measured to be less than 5% throughout the angle of attack and
sideslip angles tested.

Nose Lift Fan Inlet

The efiects of angle of attack and fan speed on the performance of the nose
fan inlet for three tunnel velocities are presented in Figures 8.3-3, 8.8-9, and
3.8-10. The data are shown for a's ranging from -4° to +20° which covered the
powered lift test range of this program. As shown in the figures, the effects of
angle of attack up to 20° for all forward speeds had very little effect cn either
the tctal pressure recovery or distortion of the inlet. The data presented also
cover the fan speed ranges =ested in the powered lift mode. The operating mass
flow of the inlet is presented in terms of the mass flow ratio (Ao/AjL) rather

than the more typical inlet velocity ratio (Vo/VTH) for reasons of comparison and
MCDONNELL AIRCRAFT COMFFANY
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consistency with the lift/cruise inlet performance data previously discussed. A
ploc of the inlet velocity ratio (V,/Vpy) expressed in terms of the mass flow ratio
(A,/Ay;) for the nose fan inlet is shown in Figure 8.8-11.

The effects of sideslip also had very little if no effects on inlet recovery
and distortion, as shown in Figure 8.8-12. The data presented also encompass the
ranze of test variables examined in the powered lift mode.

A summa.y of the nose fan inlet performance is presented in Figure 8.8-13.

The recovery data here are presented in terms of the nondimensional inlet loss
csafficient (iPp/qry) versus the inlet velocity ratio for correlation purposes.

' :ata presentec in this figure encompass the complete range of tunnel and fan
- :ds tested on this inlet. For the nominal operating range of the nose fan
alet for a V/STOL aircraft of this type, the performance of this inlet exhibited

excellent characteristics, as shown in the figure.
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FIGURE 8.8-1
EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON

LIFT/CRUISE FAN INLET PERFORMANCE

L/H Inlet
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FIGURE 8.8-2
EFFECTS OF ANGLE OF ATTACK AND SIDESLIP ON

LIFT/CRUISE FAN INLET PERFORMANCE
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FIGURE 8.8-3
EFFECTS OF SIDESLIP ANGLE AND ANGLE OF ATTACK ON
LIFT/CRUISE FAN AND GAS GENERATOR INLET PERFORMANCE
L/H Inlets
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FIGURE 8.8-4
EFFECTS OF FORWARD SPEED AND ANGLE OF ATTACK ON
LIFT/CRUISE FAN INLET PERFORMANCE
L/H Inlet
Ng/A/BT, = 3600 RPM
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FIGURE 8.8-5

LIFT/CRUISE FAN INLET PERFORMANCE SUMMARY

Nondimensionalized Total Pressure Loss Data
Vg = 103 Knots
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FIGURE 8.8-6

EFFECTS OF ANGLE OF ATTACK AND ENGINE SPEED ON
LIFT/CRUISE GAS GENERATOR INLET PERFORMANCE
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FIGURE 8.8-7
EFFECTS OF ANGLE OF ATTACK AND SIDESLIP ON
LIFT/CRUISE GAS GENERATOR INLET PERFORMANCE
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FIGURE 8.8-8
EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON

NOSE FAN INLET PERFORMANCE
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FIGURE 8.8-9
EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON
NOSE FAN INLET PERFORMANCE
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Total Pressure Recovery, PT2/P1'0

Distortion, DF1

Massflow Ratio, A /AL
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FIGURE 8.8-1C

EFFECTS OF ANGLE OF ATTACK AND FAN SPEED ON
NOSE FAN INLET PERFORMANCE
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tnlet Mass Flow Ratio, Ag/AHL
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FIGURE 8.8-11
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FIGURE 8.8-12

EFFECTS OF SIDESLIP ANGLE ON NOSE FAN INLET PERFORMANCE

a=0% V4=103Kts

E
1.00E & > - & - & &
E - e S e s 4
099F
E y
0.98 3 Sym. [Np‘\/ﬁ' Run
> O |3e00 |78
004F Alwm |7
0.03E
002
. E 45 X -:.l* p—
00iE == o
3 N
0 3 N P8 AfL N C, ¢t———q
&£
3
2
3 7 & b oy < ==} v
if
E \ -
4 A /A L~ —h
OEI priaal gy INENURRONNY llAAJIIAAIALLll TURWINER AN FNUA B VRN taada 2 a gty g i ada g sl gt bl bt a L) IFSVEVRES LALd2 Ll L
-4 0 4 8 12 16 20 24

Sides!ip Angle, 3 - deg

MCDONNELL AIRCRAFT COMPANY
8-205

GP76-0822-293



8.0

70

6.0

'8‘\—
Q

Inlet Loss Coefficient - (Pt — Py )/aTH
I.w h
o o

20

1.0

MDCA4318

FIGURE 8.8-13
NOSE FAN INLET PERFORMANCE SUMMARY
Nondimensionalized Total Pressure Loss Data
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9. OUTSIDE STATIC TEST RESULTS

The results of the outside static test program conducted on the large scale
powered model are presented in this section. The discussinns cover the propulsion
system calibrations, the ground effects on total installed 1lift, the ground effects
on inlet reingestion, and the flow visualization tests.

9.1 PROPULSION SYSTEM CALIBRATIONS
Individual Unit Calibrations

The balance-measured static gross thrust and the rake-measured ideal gross
thrusts are presented as a function of fan speed squared for the left and right
lift/cruise units in Figures 9-1 and 9-2, respectively. The results are shown for
the 90° vector position only, as this was the only vector position tested on the
lift/cruise units. For comparison purposes, results of the 40' x 80' wind tunnel
static calibrations for each unit are also shown in the figures. Fairly good
agreement exists between the two test programs, particularly on the right unit. A
rear view of the model showing the lift/cruise vectoring units is given in Fig-
ure 9-3. Figure 9-4 presents the balance- and rake-measured thrusts for the for-
ward 1lift unit at a geometric vector angle of 95°.

Comparisons between the tunnel measured and static test measured nozzle thrust
calibration coefficients (Cp) for the left, right and nose lift units are presented
in Figures 9-5 and 9-6. As shown in the fig res, good agreement exists between the
two lift/cruise unit calibrations; however, a shift of approximately 5% was measured
on the nose unit. Comparisons of the resultant thrust vector angles for each unit
are presented in Figure 9-7 and 9-8, showing good agreement with the 40' x 80'
tunnel static calibrations. The absolute level of accuracy of the outside static
balance and rake calibration data is of lesser importance to the validity of these
test results than the variation in level measured for each height and model con-
figuration tested. Th2se comparisons with the 40' x 80' data are presented herein
for reference purposes and as a check on the outside test setup.

Fan Performance Map

The X376B turbotip fan performance map is presented in corrected form in
Figures 9-9 and 9-10. The nozzle total pressure ratio in Figure 9-9 and the ideal
gross thrust in Figure 9-10 are shown versus the total fan-plus-tip-turbine airflow
as a function of various fan speeds for the three alternate nozzle exhaust areas

tested. The values in the performance map were calculated using the fan and tip

MCODONNELL AIRCRAFT COMPANY
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turbine exit rake data and are presented directly as measured. The fan performance
maps are used in evaluating the individual behavior of the three 1lift units during
operation in ground effects. The effects of both nozzle back pressure and inlet

hot gas reingestion on fan thrust and airflow rate can be assessed utilizing these

fan waps.
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Corrected Thrust, F/6p - 1b
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FIGURE 9-1

LEFT LIFT/CRUISE UNIT CALIBRATION RESULTS

Static Test Calibrations
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Corrected Thrust, F/8 5 - 1b
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FIGURE 9-2
RIGHT LIFT/CRUISE UNIT CALIBRATION RESULTS
Static Test Calibrations
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Corrected Thrust, F/8A - Ib
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FIGURE 94
NOSE LIFT UNIT CALIBRATION RESULTS
Static Test Calibrations
SN = 95°
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Thrust Calibration Coefficient, Cg

MDCA4318

FIGURE 9-5
LIFT/CRUISE UNIT THRUST COEFFICIENT COMPARISON

Propulsion System Calibration Results

Vy=0
Fg/6
o83 f Cp = -2
3 Fifba
084 E
t::\\ //—Rigrln Lnit
3 ~a ;\Z
: Q Measured (40 x 80)
0.80 F g ~Z
E Q_
E Left Unit—/ D\
0.76 AN
8
e [}
§ Measured (Stauc Test) —/
0.72f
0 20 40 60 80 100

Geometric Deflection Angle, § ¢ - deg
GP76-0622-308

MCDONNELL AIRCRAFT COMPANY
-7



Thrust Calibration Coefficient, Ce
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FIGURE 9-6
NOSE LIFT UNIT THRUST COEFFICIENT COMPARISON
Propulsion System Calibration Results
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FIGURE 9-7

LIFT/CRUISE UNIT THRUST VECTOR ANGLE COMPARISON
Propulsion System: Calibration Results

Resultant Thrust Vector Angle, @ ¢ - deg

100

8

8

&

3

Vy=0
Left and Right Units
3 i ! |
§ Measured (Stauc Test)
/
b= 4 e
/ / !
v,
/__F
E Tto1l Refererlweﬁk /
3 |
3 0 LN
/ !
Vs \kMeasured (40 x 80)
/ /d g
/ 4
P
Py
0 20 40 60 80 100

Ceometric Deflection Angle, 5| ¢ - deg

MCDONNELL AIRCRAFT COMPANY

9-9

GP76-0822.303



Resultant Thrust Vector Angle, 0NL - deg

MDCA4318

FIGURE 98
NOSE LIFT UNIT THRUST VECTOR ANGLE COMPARISON
Propulsion System Calibration Results
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9.2 GROUND EFFECTS ON AIRCRAFT LIFT LOSS

The effects of alternate ground heights and selected model variables on the

total installed 1ift during three unit operation, along with the individual unit
ground effs .ts test results are given in this section. All data presented are
based on : .eady state measurements obtained with the Vidar data acquisition system.

Three Urit Operation

The bslance-measured total lift at the three ground heights tested in this
progranm are presented as a function of fan speed in Figure 9-11. These 1lift data
are plottec versus the average ambient corrected fan speeds (rather than inlet
corrected :an speeds) in order to compare at each altitude the combined ground
effacts including inlet reingestion. The data as presented in the figure incluae
the e:ifects of suckdown plus fountain, fan back pressure, and inlet reingestion
as affected by aircraft ground height. As shown by the results in this figure,
essentially no net lift loss in ground effects was measured with this aircraft
test model, particularly at the higher fan speeds.

Th. rake-measured ideal thrusts are presented for each 1lift unit for altitudes
of 21.0, 8.3, and 3.3 feet in Figures 9-12, 9-13 and 9-14, respectively, for the
same test points as Figure 9~11. The rake-measured ideal thrusts are used to
evaluate thke thrust variation of the individual units separately from the total
net installed 1ift. " ne ideal thrust variations shown include the effects of
inlet reing:stion and back pressure, thereby allowing a comparison with the force
data to yield the net propulsion induced ground effects occurring on the aircraft
model.

The results of the rake determined individual thrust measurements with all
three units op2rating ar~ presented in Figure 9-15. The relative change in
thrust (AF/EEF versas tue model height ratio (H/D) are presented for each unit
at a selected co. acted fan speed of 3600 rpm. The model height ratio (H/D) for
this and all - irves presented herein is based on the average exit flow area
diameter (™) of all three lift units (DAVG = 39.1"). The reference thrust used
in the ° gure and throughout the report was the value measured at the 21.0 foot
mode.. height. The exp-cted deterioration of thrust at the reduced model heights
is apparent ir the figure as the effects of both inlet temperature reingestion
and back pres:u:2 are encountered. The sharp rise in the thrust of the nose lift
unit as tr: lower ground heights are reached was found to be the net result of
bEoth reduced inlet reingestion and favorable fan back pressure at the lowest

ground height. Inspection of the nose fan and gas generator inlet temperature

MCDONNELL AIRCRAFT COMPANY
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Balance Measured Total Lift, L/6p - Ib
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: FIGURE 9-11
EFFECT OF GROUND HE'GHT ON TOTAL MEASURED LIFT
All Units Operating
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Rake Measured Ideal Thrust, F/8 ol 1b
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FIGURE 9-12
INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS
All Units Operating
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Rake Measured Ideal thrust, /8 5 - 1b
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FIGURE 9-13
INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS
All Units Operating
Model Height = 8.3 Ft
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Rake Measured Ideal Thrust, F)/5 5 - Ib
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FIGURE 9-14
INDIVIDUAL UNIT IDEAL THRUST MEASUREMENTS
All Units Operating
Model Height = 3.3 Ft
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Percent « hange in Thrust - AF/F ¢ x 100
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FIGURE 9-15

EFFECT OF GROUND HEIGHT ON THE INDIVIDUAL UNIT THRUST
All Units Operating

Corrected Fan Speed (NF/\/GT_O) = 3600 RPM
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MDC A4318

reingestion data in Section 9.3 of this report explains the more favorable rein-
gestion effects. The increased back pressure at the lower ground height caused

a reduction in effective nozzle area. The nose fan geometric nozzle area was
oversize to start with, therefore the nozzle area match was actually improved at
the lower ground height. This moved the fan operating point to a more favorable
location on the fan map of Figure 9-10 and thus increased the thrust output. The
relative variation of the combined total thrust with height changes is shown by
the dashed line in Figure 9-15.

The comp-vison of the combined total rake-measured thrust variation with the
total balance-measured 1lift variation at a fixed ambient corrected fan speed of
3600 rpm is presanted in Figure 9-16. The net balance-measured lift change with
ground height (lift loss) was found to decrease less than 17 over the three heights
tested. The thrust variation (thrust loss), however, was found to decrease as much
as 7% at the intermediate height tested. It is apparent from these data that a net
positive induced force is occurring on this model probably due to favorable fountain
effects., As was stated previously, both the rake-measured thrust and balance-
measured total lift have the effects of reingestion and pack pressure in the values
presented, therefore indicating that the differences between the two measurements
with ground height are due to induced rather than direct thrust forces.

The effects of gas generator inlet shields on the reduction of the gas
generator inlet reingestion were found to be favorable and are discussed in
Section 9.3. However, as shown in the Figures of 9-17 through 9-19, the effects
of inlet shielding on the balance-measured total lift were found to be very small.
Figure 9-17 shows essentially no effect for the large shield at a model height
of 21.0 ft. A small but apparent positive effect due to the addition of the small
shield at the intermediate 8.3 ft altitude is shown in Figure 9-18., A comparison
of the large and small inlet shields and their effect on total installed lift loss
is shown in Figure 9-19 at the lowest height of 3.3 feet. As shown in the figurve,
essentially no difference existed betweer the large and small shields, although a
small but negative effect on 1ift was measured by both shields as compared w.th
the shield off configuration. This negative effect indicates that, although the
inlet reingestion is reduced and thrust increased (see Section 9.3), there is a
slightly greater 1lift loss due to an apparent increase in suckdown. Figure 9-20
presents the effect of shield deflection angle (6g) on the balance-measured total
lift at a corrected fan speed of 2500 rpm at the 3.3 foot model height. This

data indicates that an optimum deflection angle exists at approximately 45°,

MCDONNELL AIRCRAFT COMPANY
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Percent Change in Lift - AL/L,of x 100
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FIGURE 9-16
EFFECT OF GROUND HEIGHT ON TOTAL LIFT AND THRUST
All Units Operating
Corrected Fan Speed (NE/v/O ) = 3600 RPM
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Balance Measured Tota! Lift, L/5p - 1b

MDCA4318

FIGURE 9-17

All Units Operating
Mode! Height = 21,0 Ft

EFFELT OF INLET SHIELDING ON TOTAL MEASURED LIFT
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Balance Measured Total Lift, L/6 p - Ib
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FIGURE 9-18

EFFECT OF INLET SHIELDING ON TOTAL MEASURED LIFT
All Units Operating

Model Height = 8.3 Ft
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FIGURE 9-19

EFFECT OF INLET SHIELDING ON TOTAL MEASURED LIFT
All Units Operating
Model Height = 3.3 Ft
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Balance Measured Total Lift, L/5 5 -Ib

MDC A4318

FIGURE 9-2¢

EFFECT OF SHIELD DEFLECTION ANGLE ON TOTAL MEASURED LIFT

All Units Operating

Model Height = 3.3 Ft NFI\/OTo = 2500 RPM
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apparently providing a compromise between the opposing inlet reingestion and suck-
down effects at this intermediate angle.
Individual Unit Operation

The balance-measured lift of the individual units at three values of ground
height are presented in Figures 9-21, 9-22, and 9-23 for the left, right, and nose
units, respectively. The data are plotted as a function of ambient corrected far
speed, erfg;; . The lift loss (or gain) in ground effect is much more apparent
for these individual unit rumns than for the previously discussed three unit com—
bined runs. The lift/cruise units showed an increasing lift loss as ground height
was reduced. The nose lift unit showed the same loss trend as ground heights was
reduced until the 8.3 ft level wis reached below which the lift began increasing.
Inlet reingestion on the individual test runs was minimal, as no fountain or local
upwash flow was generated. The lift loss (or gain) as measured by the balance data
was therefore due to either increasing fan back pressure, suckdown, or both.

The rake-measured ideal gross thrust for the left, right, and nose units are
presented in Figures 9-24, 9-25, and 9-26, respectively, for each ground height
tested. These data also are presented versus corrected fan speed and are from
the same run as the three balance-measured data figures. All three units exhibited
a relatively small change in the rake-measured thrust when altitude was decreased,
as shown in the figures. The left and right unit thrust decayed as ground height
decreased. However, the nose unit thrust increased with reduced ground heights.
Once again, inlet reingestion played an insignificant role in the variation of
those -ake-measured thrust data, with the thrust variation effects, whether positive
or negative, being attributad here to effective nozzle area changing, i.e., back
pressure effects.

Comparisons of the balance-measured lift loss data with the rake-measured
thrust loss data are presented in Figures 9-27, 9-28, and 9-29 for the left, right,
and nose 1ift units, respectively. The data arc presented as a function of model
height ratio (H/D) for a fixed corrected fan speed of 3600 pm. The 21.0 foot
model height is used as the reference altitude from which the percentage changes
are computed. Note that both lift/cruise units show a thrust decay maximizing at
between 3 and 4%, attributable to back pressure. The negative difference between
the balance-measured lift and rake-measured thrust data as shown in the figures
for the two lift/cruise uaits is attributed solely to model suckdown. As shown
in the two figures, approximately 15% and 20% suckdown force was measured for

the two respective units at the gear height of 3.3 feet (H/D = 1.02). The nose
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FIGURE 9-21
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT
Left Lift/Cruise Unit Only
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Balance Measured Lift, L/5 5 - Ib

MDC A4318

FIGURE 9-22
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT
Right Lift/Cruise Unit Only
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Balance Measured Lift, L/6p - tb

MDC A4318

FIGURE 9-23

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT MEASURED LIFT

Nose Lift Unit Only
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Rake Measured Ideal Thrust, F /o 5 - Ib

MDC A4318

FIGURE 9-24
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST
Left Lift/Cruise Unit Only
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Rake Measured ldeal Thruse, F;/b - b

MDCA4318

FIGURE 9-25

EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST

Right Lift/Cruise Unit Only
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Rake Measured Ideal Thrust, Fy/ 5 - b

MDCA4318

FIGURE 9-26
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT IDEAL THRUST
Nose Lift Unit Only
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FIGURE 9-27
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST
Left Lift/Cruise Unit Only
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Percent Change in Lift, AL/L g4 x 100

MDCA4318

FIGURE 9-28
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST
Right Lift/Cruise Unit Only
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Percent Change in Lift - AL/L o¢ x 100

MDCA4318

FIGURE 9-29
EFFECT OF GROUND HEIGHT ON INDIVIDUAL UNIT LIFT AND THRUST
Nose Lift Unit Only
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unit data of Figure 9-29 shows an entirely different picture. The r.ke-measured
thrust variation is shown to increase steadily as the ground is approached. This
increase is caused by movement to a more favorable operating point on the fan map

due to positive back pressure effects. The negative differences between the balance
lift and thrust data at the intermediate H/D, like the lift/cruise units, are attrib-
uted to suckd .. The positive difference between the 1lift and thrust data at the
lowest H/D 1 similar to that experienced in small scale model fan tests (Reference 4)
at low H/D. The explanation for this phenomenon was that as the horizomtally

mounted lift fan approach the ground, a highe. than ambient base pressure was

induced on the exit hub of the lift fan, and a net positive 1ift was achieveu.

This same e ‘ect is believed to be occurring on the nose unit on this particular
model configuration.

Lift Losgs Summary

A summary of the balance-measured 1ift data (AL/L) shown on the previous
summary plots is pres:znted in Figure 9-30 for both the three unit operation data
and the single unit left lift/crvise unit cata. The data from this test are
plotted on an existing comparison plot of previous multiple-jet model tests as
obtained from Reference (6). As shown in the “igure, the data trends seen in this
test are similar to those shown for the previous tests. It should be noted, however,
tuat the comparison data from this test are shown on this existing summary plot for
illustration purposes only, and do not necessarily reflect test data acquired in

like manner.
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FIGURE 9-30
LIFT LOSS IN GROUND EFFECT COMPARISONS
Figure Reproduced from Reference (6)
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9.3 GROUND EFFECTS ON INLET REINGESTION

The effects of ground height and selected mcdel test variables on inlet
temperature reirgestion characteristics are present.d in this section for the four
inlets in operation on this test model as shown in Figure 9-31. The test variables
include the wmodel ground height, fan speeds, nose unit vector angle, yaw vune splay
angle, inlet shield size and shield deflectiom angle. Most of the data presented
was measured utilizing the Vidar digital data acauisition system and is assumed
to be steady state. Selected analog data traces are presented for the more
unsteady test runs and comparisons between the digital and analog data for these
selected test rumns are discussed.

Ground Height Effects

The effects of ground height on inlet tc.perature reingesticn are presented
throughout this section in order to provide a basis for comparing the effects
of the other test variables. A specific comparison of the inlet temperature rise
for each of the four inlets evaluated in the test program is presented as 2
function of model ground height ratio (H/D) in Figure 9-32. The data shown are
presented for a constant ambient corrected fan speed of 3600 rpm. The inlet temp-
erature rise index, &Ti/ATj, is utilizec on this and on every figure presented
herein in order to ncn-dimensionalize the reingestion data for direct comparison
purposes between uns. The temperature rise inde. removes from consideration the
strong effects of changes in the exhaust jet temperature, which was continually
changing over the course of this test program, due both to ambient temperature
variations and to the large jet temperature rise associated with large inlet
temperature rises. The ATi equals t. : inlet total temperature rise above ambient
(TT2 - Iamb.)’ and the ATJ equals the three unit mass averaged jet temperature
rise above ambient (TTj - Tamb.)' As shown in Figure 9-32, the peak inlet tempera-~
ture rise occurred at the intermediate 8.3 foot height tested for z11 inlets except
the left lift/cruise fan inlet. The reascn for the lower inlet temperatures at
the 3.2 versus the 8.3 foot height is believed to be the stronger upwash dynamic
pressure and hence a stronger lateral deflection of the flow field by the aircraft.
Also shown in the figure is the inlet which sustains the highest reingestiom
temperature rise, that of the left gas generator inlet. The approximate location
of the lateral fountain (see Figure 9-31) occurs, as expected, in the vicinity
of :his inlet which is also the only inlet without any form of airframe shielding.
The mass averap2 jet temperatures along with the ambiernt temperatures for each data

print azre presented in all figures in this section. In general, the ;Tj value

MCDONNELL AIRCRAFT COMPANY
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FIGURE 3-31
POWERED MODEL TEMPERATURE INSTRUMENTED INLETS
Inlet Reingestion Tests
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FIGURE 9-32
EFFE.™ OF GROUND HEIGHT ON INLET REINGESTION
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measured in most of the tests was approximately 100 Fahrenheit degrees.

Louver Deflection Effects

The effects of varying nose unit louver deflection angles on inle: reinges-
tion is presented for each imlet in Figures 9-33, 9-34, and 9-35 for ground
heights of 3.3, 8.3, and 21.0 feet, respectively. All data are presented for
a constant corrected fan speed of 3600 rpm. In general for all inlets at all
altitudes, with the exception of the nose fan inlet at the 8.3 foot height,
deflecting the louvers from 80° to 102° caused a steadily increasing and signifi-
cant rise in the inlet temperature levels measured. These characteristics were
due to the direct movement of the lateral fountain. Moving it rearward under
the wing increased shielding whereas moving i+ forward away from che wing reduced
shielding effects. The sensitivity of inlet temperature rise to louver deflection
for the more critical gas generator inlets was shown to be much less as altitude
was increased.

Differential Fan Speed E -3

The effect of nose :ad variations on reingestion by :he four inlets
is presented in Figures © .. 9-37, and 9-38 for ground heights of 21.0, 8.3 and
3.5 feet, respectively. The ose fan speed was varied below and above a nominal
fan speed of 3600 rpm. The effects were found to be most pronounced at the 3.3
foot ground height. Decreasing the nose fan speed and hence its jet dynamic
pressure caused the lateral fountain to shift forward from beneath the shielding
wing area and therefore increase the reingestion levels of all four inlets.
Increasing the nose fan speed moved the fountain rearward and decreased reinges-
tion. Similar characteristics were observed at tt= 8.3 foot groumd height,
except that a decrease in fan speed below the nominal 3600 rpm value showed
very little effect. Both the nose and lift/cruise fan speed variation effects
at the 21.0 foot height, Figure 9-36, showed only minor effects on inlet reinges-
tion.

Nozzle Exhaust Splaying Effects

The effects of splaying the nozzle jet exhausts on inlet reingestion temperature
are presented in Figures 9-39 through 9-42 for the four inlets tested. The data
are presented versus the ground height ratio (H/D) for a constant corrected fan
speed of 3600 rpm.

Splaying was achieved using the manually positioned yaw vanes on each lift
unit. The two yaw vanes on each lift cruise unit and the two on the nose unit

splayed outboard 12°,

MCDONNELL AIRCRAFT COMPANY
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FIGURE 9-33

EFFECT OF MOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION
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NENBT, = 3600 RPM
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FIGURE 9-34
EFFECT OF NOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION
Model Height = 8.3 ft
NEA/BT, = 3600 RPM

Infet Temperature Rise Index, AT/AT;
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FIGURE 9-35

EFFECT OF NOSE UNIT DEFLECTION ANGLE ON INLET REINGESTION
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NF/VGTO = 3600 RPM
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FIGURE 9-36
EFFECT OF FAN SPEED ON INLET REINGESTION
Model Height = 21.0 ft
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FIGURE 9-37

EFFECT OF NOSE FAN SPEED ON INLET REINGESTION
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FIGURE 9-38

EFFECT OF NUSE FAN SPEED ON I"ILFT REINGESTION
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FIGURE 9-39

EFFECT OF NOZZLE EXHAUST SPLAYING CN INLET REINGESTION
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Forward Gas Generator Inlet
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FIGURE 940
EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION
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FIGURE 941

EFFECT OF NOZZLE EXHAUST SPLAYING ON INLET REINGESTION

L/H Lift/Cruise Fan Inlet
NgA 7 = 3600 RPM

Maodel Height Patio, H D

MCODCNNEILL AIRCRAFT COMPAILY

9-49

—r= T 1) T

N N N R T T T
3 Yaw Vane Deflections MO | S5y | Tamp| Tier | Run
: View Looking Forward - {9F) | (Og) | No 7 1
E Left Lift/  Nose Lift  Right Lift '
E Cruise Unit Uit Cruise Unit _ 1.02 ) 12° 54 164 24 l
3 255 61 | 155 | 30
E L J L ]
E // / \ \\ 6.45 | 56 | 152 | 12
; Sec Figure 9 32 for B, = 0% Temp Dat-a
3 §,=+12° §, =%12° 5, =-12° Y
=y '
S | L0
§ Model Geometry i
3 i 8¢ = 90° ]
E S = 95° |
§ Shields Off
- '
E
g \ i
3 , i
3 ; : ‘
3 \ ! i o]
5 o , o
é Nv Splay ' J ! {
; ; et — S E U
< | ) ! ‘
] i o | e

] ! . 4
é RN | b |
E | i
-
E 'L | s . t ’ 'r v‘
: ! [ | I |
E o i ~ i
o 127 Sp! | { .
: \b———‘-p”ag"i' J R | % ] ]
3 -\T"\"*~~.;_‘j_ : v
: I | E I\\!\ yT '("‘ - =} I
g T | ! | | [ l |
E | | A LT |
E | } | . | |
o £ [ -1 ! i . s
g H ‘ \ ‘ 7 j ! | oA
= o A
E oo b b
0 1 2 3 4 5 6 7

GP78 U822 245



MDC A4313

FIGURE 0-42
NOZZLE EXHAUST SPLAYING ON INLET REINGESTION
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As shown in the figures for each inlet, the effect of splaying was very
beneficial in reducing reingestion at the two lower ground heights for all inlets.
At the 21.0 foot height, however, splaying was shown to have a negative effect in
that the temperature rise on each inlet was increased. This is believed to be due
to inducing a stronger far field recirculation flowfield around the model at the
higher >1titudes.

Effects of Inlet Shie. .3

The effects of the small gas generator inlet shield on reingestion temperature
for tests at the 8.3 foot ground height are presented for the two gas generator
inle*s in Figure 9-43 and for the two f-n inlets in Figure 9-44.

The effects of bc.n large and small gas generator inlet shielding on inlet
reingestion temperature for tests at the 3.3 foot ground height are pre nted for
the two gas generators inlets in Figure 9-45 and for the two fan inlets in
Figure 9-46. Both shields were found o be very effective in reducing the left
gas generator inlet reingestion at the 3.3 foot ground height, as shown in the
figure. Tn Figure 9-~46 the gas generator inlet shields were found to have essen-
tially nc effect on the reingestion characteristics of buth the lift/cruise and
nose fan inlets. A photo of the large shield installed on the powered model at
the 3.3 foot height is shown in Figure 5-5.

The effects of shield deflection angle (3g) om inlet reingestion are precanted
an Figure 9-47 at a fan speed of 2500 rpm at a zround height of 3.3 feet. Shield
deflection ang'e tests were conducted with the large shield only at this lower
ground height. As shown in the figure, a shield deflection angle of 0° was found
to provide the best shielding for both gas generator inlets. The effects of shield
deflection angle on bei’' fan inlets werce found to be minor.

Analog Temperature Data

A representative selection of the continuously recorded analog temperature
data measured during the static test program is presented in this sectfion. Indivi-
dual temperature traces are presented for selected thermocouples located in each of
the four inlets in the reingestion tests. Figure 9~48 shows the inlet tharmocouple
numbering used for ident{fying the analog traces presented herein.

The purpose of presenting the selected analog data " aces is to illustrate
the inlet temperature variation during an individual test point, and also to show
the deviatior from the single scan Vidar system measured inlet temperatures. For
all znalog data presented, the variations are shown duriug the complete 90 second
time duration of the Vidar digical data acquisition process. During each test

point, the model pressures, selected temperatures, fan speeds, and load cell data
MCOONNELL AIRCRAFT COMPANY

9-51



MDC A4318

are all measured during the initial 85 seconds of the test point. The last 5 seconds
arz used to measure tne inlet temperatures digitally. The inlet reingestion data
presented in the previous figures of this report are all based on these digital
measurements.

Analog data traces for some thermocouple from each of the four inlets tested
are presewnted in Figures 9-49, 9-50, and 9-51 for the three model ground heights
tested of 21.0, 8.3, and 3.3 feet. The temperature variations are shown relative
to tha digitally measured reference temperature (Tgpgp) for eac* thermocouple. The
time at which the digital TRpp is measured is also indicated in each figure for
each thermocouple. The particular temperatures selected and shown here are the
"worst case' variations for each inlet at these test conditions. As shown, the
temperature variations during the three runs and also the deviations from the
digitally measured temperature levels were both found to be within i_lO“F.

The analog temperature data for all :hermocouples installed in the xore
critical left hand gas generator inlet are presented in Figures 9-52, 9-53, and
9-54 for the three model ground heights of 21.0, 8.3, and 3.3 feet. Thermocouple
No. 6 on the L/H gas generator inlet was intermittantly inoperative during the
static tests, and therefore is not shown. =For the seven thermocouple measurexments
shown in these three figures, the temperature variations during a given run were
found to be reasonably stable, and the digitally measured Vidar inlet temperatures
are also shown to be very representative measurements of the level of reingestion
occurring with this test model.

9.4 FLOW VISUALIZATION TESTS

Flow visualization tests were conducted at the 21.0 and 3.3 foot model heights,
utilizing Corvus oil for smoke generation. Flowfield patterns were recorded with
high speed (250 to 500 frames/sec) and normal speed (24 frames/sec) movie cameras.
Still photos were also taken at selected conditions. Figure 9-48 shows typical
still photo comparisons of the flowfield in the vicinity of the L/H gas generator
inlet with and without inlet shields installed. Observations made during those
tests clearly show when and where inlet reingestion is occurring and likewise

support the inlet reingestion trends presented in this report.
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FIGURE 943
EFFECT OF SHIELDING ON INLET REINGESTION
! Mode! Height = 8.3 ft
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FIGURE 9-44
EFFECT OF SHIELDING ON INLET REINGESTION

Model Height = 8.3 ft
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FIGURE 9-45

EFFECT OF SHIELDING ON INLET REINGESTION
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FIGURE 9-46
EFFECT OF SHIELDING ON INLET REINGESTION
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FIGURE 9-47

EFFECTS OF SHIELD DEFLECTION ANGLE ON INLET REINGESTION
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FIGURE 9-48
INLET REINGESTION THERMOCOUPLE IDENTIFICATIONS
Thermocouple (T/C) Numbering Sequence
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FIGURE 9-55
REPRESENTATIVE FLOW VISUALIZATION TEST RESULTS
Model Height = 3.3 Ft
NEA/0T,, = 2000 RPM
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10. CONCLUSIONS

The complete three-fan powered lift configuration exhibits positive induced
lift (AL/Fg from O to 0.1) for operationcl combinations of thrust vector angle
and jet velocity ratio (V,/Vj). The correspoanding induced drag is generally
negative.

The two-fan powered lift configuration with the horizontal tail off and the
nose lift unit sealed exhibits large positive induced 1lift values. With the
lift/cruise unit at 90°, AL/Fg varies from a nominal 0.1 to 1.7 at jet
velocity ratios of 0.1 to 0.7.

Operation of the nose lift unit results in a significant adverse effect on
induced lift.

A comparison of lift and drag data from static tests of three-fan combined
operation and three individual fan operations indicates differences in
induced aerodynamic forces that may result from a mutual interzaction between

the propulsion units., Differences in lift range from -5% to +2% of total

thrust and differences in drag range from -6% to -3% of total thrust.

The three-~fan powered lift configuration has unstable directional stability

-at very low V,/Vj ratios due to the destabilizing effect of the nose lift

unit ram drag. At higher jet velocity ratios, the configuration is stable
both directicnally and laterally.

The aerodynamic lift configuration with horizontal tail on has static
longitudinal stabilicy at angles of attack up to wing-stall angle of attack.
Horizontal tail control effectiveness is retained through the highest angle
of attack tested.

The aerodynamic 1ift configuration has neutral lateral stability and stable
directional stability at 0° angle of attack. Above 0° angle of attack the
configuration is stable both directionally and laterally through the highest
angle of attack tested.

The effect of ground height on total 1lift loss for the model tested was less
than 17 while operating at constant fan speeds.

Inlet reingestion 1 vsels were strongly affezted by the model variables testad
in this program, including model height, nose vector angle, differential fan
speeds, splaying, and inlet shielding.

Gas generator inlet shields appear to be effective devices for reducing

inlet reingestion levels at low ground heignts.

MCDONNELL AIRCRAFT COMPANY
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The lift/cruise fan, nose fan, and gas generator inlets were all found to
exhibit high levels of inlet recovery coupled with low distortiom throughout

the range of tests performed on this model, particularly at angles of attack
less than 20°.
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WIND TUNNEL AND GROUND STATIC INVESTIGATION
OF A LARGE SCALE-MODEL OF A LIFT/CRUISE FAN V/STOL AIRCRAFT

APPENDIX A

40’ X 80' WIND TUNNEL
TEST SCHEDULE AND BALANCE DATA
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A-1



MDC A4318

EXPLANATION OF SYMBOLS FOR RUN SCHEDULE

—— nam—

Symbo! Explanation Renge Other
RUN Run Number
PT- Point Number
ALPHA | Angle of Attack, -4° 10 32°
BETA Sideslip Angle, 8 —49% 10 20°
DLC Lift/Cruise Unit Geometric . !
) Deflection, 8 Lc 0° to 90° . R
fonu ‘Nose Litt Unit Geometric DNL = 99. Indicates the louver system
Deflection, 5y 0%t0 104% | removed and lower fuselage falring °
installed
DF Flap Deflection, 6¢ 0° to 30°
DAL Left Aileron Deflection, 5, ~25° 1o 25°
DAR Right Aileron Deflection, 5, —25° 10 25°
OH Horizontal Tail Deflection, 5y | —20° t020° | DH = —89. Indicates that the horizontal
tail is removed and the flow survey rake
installed
DH = 99. Indicates that the horizontal
tail is removed and the flow survey rake
. is also removed
DR | Rudder Deflection, 8 g ~20° 10 30°
{Nominal}
QC Corrected Test Section
Dynamic Pressure, g, 0 to 49.2 psf
FAN 1 Nose Lift Unit Corrected
Fan Speed, Ng/,/ 61.0 0 to 3600 rpm
FAN 2 Left Lift/Cruise Unit
Corrected Fan Speed, Ng/ ,/6.‘. 0 to 4100 rpm
— o
FAN3 Right Lift/Cruise Unit
Corrected Far Speed, Ng/ \/'_0.—'. 0to 4100 rpm
o
DYLC Blf;'/Cﬂ:Ilse ;Jmt Yaw Vane 120 0 DYLC = 99. Indicates lift cruise unit yaw
etlection, Oy, ¢ =127t 1 vanes removed
DYNL g::': ;:ﬂug't Yaw Vane 129 10 12° DYNL = 89, Indicates nose lift unit yaw
*7YNL —létto vanes removed.
NOSE Code for Nose Gear -
GEAR 1 -~ Nose Gear Off
2 — Nose Gear On
NOSE UNIT| Code for Nose Unit inlet Covers
INLET 1 - Nose Unit Inlets Cover=d
COVERS 2 ~ Nose Unit Inlets Open

GP76-0622.210

MCDONNELL AIRCRAFT COMPANY

A-2



MDCA4316

T W PT ALPMA SETA I b e DM ~0AR 94 MM aC Fanl
- %en PR U6 ué% =® DER 6 DEG DEG PSF aen
0.9 =8, %0, G W, Se Se =YY, 9, 0,00 [ 1Y
1} 3:3 2:8 wor 8 3o 130 R 3N5 6l osee 0.
3 o0 =80,0 Y4, 8. 0. Se Qe =99, 9. 0.0 .
& - -, 0 Y3, P I, Se S =vid, Qs 0,00 16.
g 0. :8.3 88. g. §§. Se e ‘:3. 3- g.oo ol
. 'y L] . ) * o “YYe [ - .
0.0 =9.0 Yo, [ 1S - Se e WY, 8, 0.00 12«
& :.o 0,0 Y8, Qe A6 o e '_). 9, 0. 8.00 [ 1Y
1 o8 =0,0 46, 0. 1%, Se e =99, 8. 0.09 Oe

e ..8 =8,0 %90, B M, 9. Se =Y, e 0,08 Ue

3 3 - Q.8 2, G 36, Se Se =9d, s 0.00 14,
[N 0 -0.0 e Q. 1‘. 2. He =V, a, ;039 3
4 L 0.0 +8,9 o, G 9, Do .23 -y, [ 2 P T 12
& 3 8.0 -0, 0 a Oe 6. Se S¢ =99, Q. 2435 [
[} & 0.9 ~0,0 99, [ 1Y ba [ 0o =9, Qe 36 %
[ z 8.0 -, 0 YO, Qe m, 0, 0. =Wy, Qe 12,29 le
[Y 9 0,0 . G 39, & 5e =¥V, Yo 3 le
3 b 1Y [ - - [ s ™ - e [y .

& T 0.0 9.0 99 3% ['] v 0, 1/.32 1
& / Q.0 -2.0 z‘. 2. 3;. 30 :. °::. :. I?.zg ‘go
. - Ve . - - o 99, . . .
E g §.§ ‘3:: Y, g. ‘:. go g- ’33. :o %022 %5-
- -, Ve - - - a =3V, . . .
S a 0.9 =~0,90 99, Qe 1me Qe Ve =Y. 9. 12.30 3.
S S Q.0 ~0.0 %0, Do 15, S De =V, . S.Jq 19,
S 6 6.0 -0.0 9o, Qe i2e 15 e =99, [ 19 32 . 3Y.
s 7 0.0 -0.0 Yo Ne e Qe D =99, @, 21.89 EL Y
L A 0.0 =0.,0 w9, Qe e Ye Ny =93, e 36,20 4.
Y B Bt e 3-SR L T RO - N A H B (R
- had LIPS . 3 - - - = [ - - .

S 11 0.0 0,0 wle e e 0. Do =¥, e ?.2% 3.
S 12 0.0 -0, YU, %e e [’ Ny ~9¥J, 0. 12,25 I
S {‘ N =W,0 Y9, [ 1S “e Se Sy "9V, de 1225 Ple
5 4 9.0 -9,0 32U, N Ye Se e =Y, 9. 12.27 29
& 0.0 =0,9 56, [ 1Y e [ 19 0o =99, 0., 0,00 15
[ 0.9 =N Yhe 0. - [ 1Y Oy =9 Q. 9.00 aY.
R j Qa0 =0.,9, 26, N Se Qe “g -39, s 0.00 Y
® & 0.0 =9.,0 44, - “e 0o *104 =99, 9, 0.00 Ze
L4 1 0.0 =0,0 %0, Ne Se be Ne =9, f. 0.00 & o
T 0% Qi Ied 3an or 130 1% 18y -k M R
'Y -0, he . - . - = o . ‘e °

; & Q.0 =0,0 50, N e e Do =wi, 9, 0,00 19«
L] Be0 =0,0 6, Ne “e [ 78 Do =99, 0, 36 il.
L 2.8 -g.: gﬁ- Ge Se go go '33. go 0. g » .

- [ - . .

o 120 94 200 8 i3 e fdr vy o 1M iE
9 s Rel =0,0 Sn, Ne Se 0, Ve =99, a, lo" .
- ] 18t =0, Do, [ IS e Ge Qe =¥9, Qe 3% e
Q & 0.8 afl,n %6, [ 18 e N Oe =99, 0s %Hab} e
12 1.8%e =a:p 28s o 13 jou o 33 8 @ e
o - 1. 13 . De . o TV, . .

10 3 0.0 .0:0 50, Oe e Oe O =¥, 8. 12.084 .

?
IGINAL PAGB I8
OR UALITY! AICDORNELL ASTORAFY COMPANY
n# POOR Q

A~3

YOLDOUT FRAME |

82
©

OO0 VO DI OOOOOODODOORLOOPOOIDOIOIDODOOIDPOIDOIOIDDOD

|



 —— -—- -

B BALANCE FUMCE AnD MOMENT DATA==STAHIL ivknxss
"E 1 TUNNMEL AMRIENT

WNL  NOS NO! UNLT RUN PT LIFT oraG ¢ (] N YAawln 'I’ TAL PR SSUR
DEG GEAR INCET COveRs OTHER e ROSFATC FONCE  WBIENT  NOMERT ° ESSURE
{1} (La)  (FT=L8) La) ?-Ld) (FT=L) (oEa Ff C(IN nG)
9940 1 1 . -48, =222% 4 1A30, 126, 70, 29.90
N 760. -y). = . 2 307. 70, q,90
£3 O (S T (O | 10
. L X3 - o =10RAR 24, LRSS LY L™ . "
99,9 2 1 3ry. =55, =243, ~3. =1312. =27}, 70, 29.90
"99,0 g ; 768, =101, =5270, 54 =34l. =396 T70s €990
99,0 ? 118s, <147, -aj3d, =l4, =4B837, 5%, 70. 29.90
9.8 2 4 1820, <164, ~10118, «2]le =60h2. =6S524 70.  29.90
Q4,9 3 1 63, -3 =462%, l6. -he wfe 70. £29.90
Q9,0 g 2 la6a, <177, -10SA7, ™= -34, =153, T4, 9,90
Q9.0 3 2212. =244, ~159v0, Re =288, ~2)1. 70 29.90
‘99,0 & 1 503, 1202. ~21126, 58, =237, =53h, 72, 29.90
99,0 4 2 4948,  11n0, ~204A9, 65« =366, - S0bh, T8, 29,90
99, ¢ 4 3 ayda, « ~20399, 60. =234, -‘%}. 76,  29.99
Q9,9 4 L an0, 7o, ~20177, 6l, ='72 -5617. T4, 29.90
99,9 4 § 1483, YHSl, =4Rss, -6, . 49, 72 29,30

- 990 4 6 { 46, Yo%, =4YT1I, -10. 3 -5, 13, 29,90
99.0 4 7 o0, S6le ~5])4]. -3, -19, 713, ¢9.90
QG0 & 8 1n2n, STe, =530, o -89, 7. 29.90

~ Q9,0 * S 1 J]e 100, ~15A85, . . b ] -~ ‘e 6S. 30.903
Q0,0 s 2 123, 363, ~17306, b, -, -4 o 6%, 0.03
29,90 S 3 «96h, 1113, =20242, T ' o 67 30.03
99,0 S 4 alhs. 1127, ~20019, B . B, a7, 30.03
QQ,0 S S 4900, 11¢l. =29170, “we -t [ 30,03
99,90 5 6 5003, 1}«1. -20%8), ! 94, AR, 30.03
Q0,0 S 7 S22, j1f6f. ~¢ajal, . . 176, KR, 30.93
99,0 S A  B%0T. 248l. ~2A70R, ~-71, R la ~9, 30.03
9.0 S 9 14723, 30l, =3%247, b, -3t SH,. A9, 30.63
99,0 5 }o 61le, 2110, «20h5A, 20, -63, «340, mn, 39,93
9,0 511 1991« Y% ~4h33e “U. Zle -2h, 71. 30.0
99,0 5 12 les, Slhe =835, -5, Yla 10. Tle 3040
99,0 S 13 1evl w22, =467, -2 lel, -12. 71, 30.0

v 9%.0 . S 14 163". a4, ~S0)k,. -0, Toe . Tile 30.0
a9,0 LD 8, -?77e¢ =1hR&, ~lu, =170l. <~115h. 6h. 4N,
99,9 6 2 Shk -shl, =3A10, ~§5, =2303. =2337 26, 30«

« 99%.0 6 3 91A, =hln, =GuT8, 26, eIH4T, =36F ‘e In.

"~ R9.4 . 6 .4 1lon, . =1u9d. ~64lA, =30, =496 -2 Ay 5. 30.
x50 7 1 2hS, LY. 19 -Th9a, "_2- 1110, g IS8 30. A
du.0 7 2 533,  =5hu. AN, be 2643, 2364 A9, 30.
99,4 7 3 920, =nfT. 5593, . 3576, 3410 AR, 30.11
99,0 7T & 1167, «=10339. -6.73, 3. al7l. a271). aD, 30,

, 99,0 8 1 1897, <1he3, ~]04RS, b, =lis, 92, 0,  30.
99,0 8 Fd 2ltls -1 361 s «10746. "15. «-208, ~nt. Tle 301
Q9.0 ! 3 2?"1. =068, «10452, '—(. ‘7". =% e 1‘- 3“0
99,9 9 1 207". 1904, =10767, -l;. =55 746, 30.
Q4,0 9 2 2551 wllbne =1074A, e 121, a5, T4, 3Q.
99,0 9 3 2874, =139. ~1049%, ~12, =243, 10, The  30.
99,9 9 A 2020, <1005, ~114%30, “le =163, -4il, 77. 30.
N 8 FEICIRS Y St 1 11 POJRY L - (R + S« HE 1 14 14

. . - P Y ° -, . - [ ] L4
990 e 3; he =b2Y. =l&264. -41 -97, 823, 68, 74 9

roLpoUL FRAME 2



MDCA4318

-

; e pe FAN3 NYLC NYNL NOSE WO
N BT ALPHE uFTa 1 um, I DAL AR oM R OC Fanl 532? apn3 & GEAR INL

Nk NFRE WEG PFT oK BFt ned NEG NFG PSF ROM DEG  NEG

0 & 0 <0,0 Y, 0, 5. 1ve N, =99, 0, 12,44 ¥le 637. 2304k, 0.0 99,0
8 & 1620 =00 S6.  Ne 380 J0. 10e =99, 0. 12436 1. 362h. 3676, 0,0 Q3.0
1] 6 0.0 =-Ge0 H0. Ne Se Je Ny =¥9, O 2173 Ve 659, Ih66. 0.0 90,0
[} 7 A.0 =0,0 55, Ne “e Oe Oy =99, Ny 2)enS Al Ah3e 3IBP3e 0.9 99,0
9 8 16.6 -0,0 7. o, ~e 10e 18, =99, 0, 22.02 33. 3n19. 3616, 0.0 9u.d
0 9 0.0 <0,8 “», a, Se Ga 10, =w3, 0, 36.7s 20 3637, 3636. 0,0 99,0
9 10 8.9 «0,0 56, 9. Y Ue. 104 =99, 0, 36.23 ale 3629, 3IH6H. 0.0 99.0
9 }‘ 16,0 -0.08 “0, N, Se (LY Oy =Wy, e 36,32 . 3822, A6es, 0.0 99,0
G 12 8,0 0,8 bHa, ¢, e Ue 11ty =49, d, 89,10 31 3635, 3626. 0.0 99,0
f 13 R0 0,0 9o, Qe “e Je 10 =99, O, 49,]1% 28, 3K37, 3IK17. 0.0 99.0
8 1& 146.0 0,0 Na, g, Ye 1% 10, =99, U, 4Y.)% Abe 3603, 3620, 0.8 Q9,9
1 1 0,0 =0,0 %0, n, e Ue Ny =90, U, 69, )% a4, ?la, FALYS N,0 Q9.0
1 2 A, e 0 th, n, e e e =wd, Do 694 1% b, 202, 206, 0.0 99,0
1 1 18N «0,0 "n, 'S “, 10, Ny =44, N, 48,)A ?Y. HaN 1231, 0.0 99,0
1 4 0,0 «=0,06 nn, Ve Y Ua e =99, e 17.% ?2Je K21, 679, . 0,0 99,0 l
l & RN =0,0 nn, [ IS e (L 0N, =i, Ve J7.33 k)] 99, 650, 0,0 99,0

A 1n.0 ot 0 9% N. “e G e =N, LLIPY 2473 P9 370. [.TX Y 0.9 99.0
? 1 N0 -0,0 "n, lus, . tha e =43, Ue V00 19Rn, 16, 3. N.9 0.0
2 2 0,0 =0,9% =6, w8, %e Ue Ny =Y, Ny, 0,00 201Y. . N, 0.0 0.9
Fd T 0.0 =0,8 nn, [0 Se ([N He =N9, 0. 0,00 ]va3, Do 7)e 0,0 N0
2 4 B.u -1 N 1. 19 h LI Ye N e =vd, Ue 0,00 196, [ 1S 20 0.0 N,0
? § N,8 =0,0 =6, 34, e Oo Uy =99, e N 00 20619 LY TR, 2,0 0.0
P A 0.9 -l 0 B, LG, I, (UM Ve =99, Oe NeNY r9al. Qe 14, 0.0 Qo0
Fd 7 N0 -, BWh, jun, [ e 1y =9y, e .00 Phab, N. 26, 8.0 Neh
2 A 0.0 =G.n dh. =u, 1w, Yo H, =99, Ve U,00 runs, 0. 24, 0 0.0
2 9 (] -0,0 el 1Y nh, l“. [L XS Ve =99, Ye .00 2915, . il. 0.0 0,0
2 8 0,0 -0,0 24, 19, Ye 0. Ny =ud, 0, 0,00 2934, 0. 17. 0.0 0.0
? 1 Vo) =0, &“u, on, Se n, Ye =99, deo N N0 2925, . 12, N0 9.9
2 12 0,0 -0.n on, 20,0 I=. 10, 10, =9, 0, 0,00 29°b. 29. fle 0.0 0.0
? 3 N0 =9,9 9Hh, w0, S O e =93, e 0,00 2944, 36, A5, 0.0 N.0
2 ¢« 0,3 -6, uh, I0, e N, e =v3, 9. 0,00 295y, 76, 95, 0.0 0.0
2 8§ 0.0 «0,0 Yo, Jub, Se [T N, =13, Ne U,00 sbng, Q. . 0.0 0,0
? [ 0.0 =)0 LD Qe e Ve 1e =99, (1 29 0,00 3576, 0. 11l. 0.0 0.0
2 T 0.0 -0,0 “Me %), e Yo Ne =Y, Ve 0,00 359]1. Ne . 0.0 (i
? ] G0 =0,0 94, 4H, Se 0, e =Y, e 0,00 3K}V, 12, 11, 0.0 0.8
Fd q 0.0 =0,0 »nn, Do Ty L e =wd, Ve 0G0 35964 16, a9, 0.0 N0
? rd] N.0 -0,0 5% LT IPS Se Oe Ny =99, De N, 00 IRl 2R, 42 09 0.0
2 21 0,0 «0.0 %S0, 90. Se l0e 10, =v9, Ne 0,00 3IHND, 51, 77, [ Y] 0,0
e 2 0.0 -N,0 2% “wiry ©e 1n, in, =vw3, 0. [\ 1] 4607, s R4, 0.0 Q.0
2 23 N.,0 =0,0 Sh, 30, S 10. e =99, O, D00 3I”N9, 10K, t10. 4.0 .0
3 i N.0 (.0 Dhe 39 Se 10. e =99 0. G.00 Q3. 69, 87, 0.0 G0
3 2 0.0 0,0 50, ISe Se Ve Ne =9, . 0,00 3h1 3, G4, 104. 0.0 0.0
3 3 0.0 =0,0 >“Hon, S0, ol 0. 0. =99, N, %9  3ANZ. 879, IZUG, 0.0 NeD
k) & R.l) =0,0 =a, 51, S, O Ny =49, g, «H7 36N0, IS990, 13IKAKT, 0.0 N0
3 S 16.0 =0, 9o, 50, Se [\ B, =Y, Ve «57 3593, 587« IH6l. G0 0.0
3 6 0.0 =0,0 %4, 50, 'y L Do =99, e %,h8 3510, 3R, 36274 0.0 0,0
3 T 9.0 «0,0 %4, S0e “e 0. Qo =99, 0. S.44 360D, 3030. 621 2.0 Q.0
3 A 16,0 =0,0 26, 50, “e [ Ny, =wy, 0, ©,53 3671, gb 0. 3619, 0.0 0
3 9 0.0 =0:0 =260 20. lsa 100 100 =990 0 12032 3e240 36230 3ei6s 0.8 o8
1 10 8.0 =0,0 5uv, 90, ° 0. 0o =v9, Ne 12,42 JIH)be 36206, 3611 0.0 0.0
3 1) 16,0 ~=0,0 56, 50, Se 0, 0 =99, Oe 12.,25% 3643, 3617, 3627, 0.0 0e0

§

UT FRAM |
FOLDO py (;nsﬁﬂh‘P}63ﬁztS

o%‘l POOR QUALITY



HALANCF FOMCE ARD MOMENT UATA-=STAHILITY AXES TUNNEL AMATENT

5 PRESSURE
nYhL  NOS RUN PT  LIFT 0P2G6  lTCAING Smt‘ ﬂOkL!N? YAYING Tonl.
HOMFNT MENE  MOMEN TEMP
nee S m"é covens OTHER {IC) (L) n(t’-in) () (FT-LR) (FTLA) (DEG F} (IN HG)
99,90 0 & 519, =170, -13613R, 51, 56. 287, 6%,  30.16
aasg 0 S 225 725 =132l -56. -72. 358, &9+ 30.16
99.0 0 6 5_0"". -lh’l 'l"““o ‘59. -13‘8‘ 20_'0 Tﬂ. 30 b4
29,0 0 7 349, 432. ~16466, &4, 70. 467. 8. 3018
99.0 0 8 ¥9%4, 1RO, =15779, ~10. =394, 201. 18, 30.16
99,0 0 9 65HY, 178, =22672+ -8H. 6.'74. l_‘zm. 79,  30.18
99.0 0 10 10081, 1i2u. =20915,. -3, 167, 195, 1. 30.ds
99.0 0 11 12287, 2nad. -1A231. 40, =329 mnz. 12 3016
990 Q)2 3073, 1, =2u679. -12. =34y, s72. 12, 30.1e
99.0 0 33 3296  InhY, =é53A0. S 167, 1. 73, 3018
99,9 0 14 159100  433es =¢3077: =15 -23i. . 74 30.15
99,0 . 1 1 Siua,  jali, =1R120, 2d. 137. 133, 13 S0.0b
99,0 2 S35, YTle =lannn, -iw. 4234 213 7. 0elh
2a.9 i ¢ Wl Aine SahARe Mo =g <15, 79¢ 0.16
. - o - .. P -3 e
:::8 1 5 ?‘0": Y9, -}‘ﬁhn Ge “’gzc 5530 2:: gg- 2
W0 1 [ 30131, Plie =20175. ely, 1 7 . . %9 30: 3
0e0 ' 53 3o1: ens  o493: 3 3e8 ' 29:  30.52
0.9 > 2 2 Ing, ~dh, 4974, k 18 'o -‘;0. .59 :’0 ??.
0.0 4 2 3 345, =lab, 492R, -h, g'o at 5'9. 30:5’
.0 1 2 s 2hhe  =P&Be 41174 -3, 131 k2 a9 30.22
0 0.0 ? 2 5 19, -232, 1791, :{. “2. ﬂ?. e.ﬂ. 30.??_
0.0 0.0 2 3 & 6970 1740 8795 . #2. _Be. 28 30.22
o [ IY)] 2 p-d 1 794, [ 319 QYKY o ‘]l. loﬂ. _3- oa. 30255
W aen g T LS T L he 3‘1' -9%s  6a. 303
020 0 5640 =316, : =< e -82s sd. 0.
. «0 2 210 756, =316, 10598, =3. . - 13- ;
Hs : S L | I
I 2 ${2 Mg, chuse  suns. i -10% 320 ees 0023
e B0 2 2 146 Sle -Sud, s “o .9‘ -13 -aen cn. 30.55
0 0.0 2 1218 1337 bar fagse: 0. kN ~Tas 58, 3022
. . TN . -4 -6H. -39, 59, .72
0 0.0 2 217 1191, -7l, JA120, 4. - =30, o 38.22
4o .3 LI Frelies 1 (O L R L+
X . R LY . 2 id o, .
V.0 0.0 2 2 20 089, ~neY, 14R49. ) 35, 13, 30.22
I : IR R O e T O O
. . > : . -? ] ‘5. ‘i L] 0-?'
o0 N9 ; P4 2? 9>, 763 4)19]). 16, P 2. ae en 30.0
0 0.0 3 6lhe  -w93. 10194. Be . . s g
IS : QI R L T L
;: . : : - 53, -Ge -2&‘- .Y 19 6T .
9.0 .0 2 3 & 301k, =)88l, 298 - -2el P 6l 9.9
0.0 0.0 e 3 5 41, =l631, 945 o . p . - 1: 3 go.o
3o 2 I O R VR R
% 33 g 3 ¢ o&y cilgg:  sieas 32. =37, ~A7. 76, 30.0
] 58 g 3 § Sd9i: -laev. Zigas ~36e =222 349, 78.  30.0
IR R 2 3 g0s. -se2. 162 3. =2%. - csoc el Ja.g
:0 3:8 2 3 l? 253 . 516, oThe r =501, 264 ¢ . .
-1




MDCA4318

< BUN PT ALPHA WETA DLC .UM (QF, DAL nNA} DM R 0Q FAN1  FaN FANI DYLC DYNL NOS .
EEG AL 3 0%“ Uﬁh "26 Dﬁk NG VEG NEG PSE HeM 'RPMZ * RPM Dtk NFG OEAE N
112 0.0 =00 oh, 0, 1% 10, Jh, =99, 0, 12,56 3Apu. 3662. 236T1. 0.0 0.0
3 13 0.0 -0,0 56, a8, 1S5, 10 10, =¥, 0, /.37 3n13. 3Izl. 3613. 0.0 0.0
3 J& 0.0 -0.0 54, 9% 'S, 10. 10, =¥, 4, 12.37 3snl. 3522, 361l. 0.0 0.0
3 S 0.0 =0.0 =956, of, ‘e Ve 0, =99, v, 12,32 ANY, 620s W07 9.0 0.3
3 s 0.0 0,0 %o, >0, Se l0e 10, =9, v, 12.4¢ 3306, 3InZ2. 3I607. 0.0 Q.
4 1 0,0 =0,0 %Ha, 30, ~, 198 0, =99, 1y 2le®9 3Ra{, In21, 3IA0R, 0,0 0.0
[ 3 2 3.0 =00 ob, 90, Se Ye Do =99, . ?lo93 3607 3630, 3IRT8H. 0.9 0.0
S 1 16,0 =0,0 %wh, 950, e e Ny, =i, e 2191 SQY, 3n40, 3JI6A]. 0.0 0.0
§ 2 0.0 =0,0 So. 5% Ih¢ 10e 10, =93, 9, J6.)7 3799, 3J63e, 2640. 0,0 0.0
S A A0 ~-0,0 o9n, S0, Se . N, =vi, e 36,30 3R, 3IA3IR, AR, 0,0 0,0
S & 1he0 =0,0 YHn, YHn, S¢ 10a 10, =w3d, 0, 34.19 3I628. 3I66A, 3636. 0.0 0.0
S S =6.) 0,0 %9n, 50, Se  10. e =99, 0, 12,77 3435. 3s19, 307, 0,0 0.0
S 6 040 -N.9 2, =11 18 e 0, g =uv, Ve 12.78 3AnYy, Inp5, 3607, 0.9 0.9
S ? 6.0 0,0 L LTS She Se [ 1Y « =99, - 227 Jﬁ]l. IT6. 717, 0.0 0.0
5 A H,0 =0,0 So, 20, 1S, Ve Hy =99, Ua 12639 36)12. 3671, 3009, 0.0 0.0
) Q9 10,0 <0, 56, >0, Ny - e =99, vy, 172439 JRde, 3679, 3I621. 0.0 0.0
S 10 12.0 «0,0 9%, bHO, Ye Ve Me =99, Ve 12426 3T4ce 3IhY2. IOY5, 0.0 0.0
S 1) 16.9 =6,0 55, 99, S Ne 10, evy, Ve 12,47 3A20, 3704, 3632, 0.0 0.0
S 12 16,0 =0, 0, 59, S o lue =29, 0, 172,25 3hlae, 37233, 3I762. 0.0 0.0
S 13 ;R.ﬂ -0,0 “be 2. e Oe Ne =99, Ue Penl 3h1l. arl3. 3640, 0.0 0,0
5 14 D.0 -0 N Qe osh, “o 0. We =99, . 7e 05 3621, nll. 3601. 0.0 0.0 ‘
S is 0.0 i) O Sh, 90, Ye (LIPS D, =vy, Ue Ped? 1974, 1970, 1918, 0,0 n,0
s 15 0.0 =0,0 She -1 De Ve 10, =99, Oe 2e07 eRnY, 2960, 2933. 0.0 n.9
5 ]1 e =0,0 94, 20, Se e 10, =vy, Ny 303! Jan, 61313, 6TR, 0,0 0.0
9 R H.0 -n.o 0. 20, Se e 10, =99, 0. 2439 192, 998 , 646, 060 0.0
S 19 1640 =0,0 99, oS0, e e 19, =u4, Ns 12729 QY. 411, 644, 0.0 [Tyl
L3 ; 0.0 -0.0 Ve v, Se . Le =99, [\ 0.0 B 1983, ele 99,0 0.0
) 0.9 ~0,0 0, YN, S Qe Ny =99, Ne Q.00 hee 2R9Q, Te 99,0 0.0
: 3 0.0 -0,9 Je ) S Ve Ne =99, U, 0,00 73 35Rl. He 99,0 0.0
& N0 =0,0 0., wn, Se e e =99, he 4400 Tee H046, Q7 99,0 0.0
1 0.0 =0,0 de Y0, Se 0. Yo =4, Je 0400 K. In. 1982, 99,0 0,0
‘' 2 0.0 =0,0 [ S "N, Ye Ue Ny =9y, Ve e 10 50, 15, 2Akv,e 99,0 0.0
7 3 0,0 =9.0 e e Y L1 g =9, Ve Vo0V Y2 56, W]2. 99,0 0.0
7 4, 0,0 =n,0 We 20, o lue e =43, he 0400 71 T3, 40i%:. 99,0 0,0
a ; 0.0 =0,0 » L1 “e e N, =99, Ve .} QN, Anen, KLY L T 3940 - 0.0
A 0.0 -l 0 [ Y Yi)e e e e =99, Ve ¥ 320, KLYl N 361k, JQ,0 0.0
" 3 0,0 =000 e IN, Se Ue e =4, Ve s 3ANL. 302, 36]1e 49,0 0.0
] & 0.0 -0 0 Ue 0, e e T, =3, e o9y 190k, 3Inlt. VA0S, 949, 0 0.0
q S 0.0 - N Ve KL YN Ye LS 16, =y, Ue ohé 62, I6lA, IG0T. 99,0 0.0
9 ; 0.0 =n,0 Jeo e 9, D H, =49, D lewl A6ile 3Inlle IRl6s 99,0 0.0
9 4 0.0 0,0 Oe e 15. Ve 10, =v9, Ve 1.63 KLU 3617, 3409, 99,0 [ %)
9 3 0.0 -0, 0 Be 1 Se de Vo, =949, N, l.87 3890, 1“0‘. 36509, 99,0 0.0
Q 4 0.0 <=0,0 Ve w0 “e ('8 Vo =99, O %e%8  3H9Y, 3Al2, 3Al%. 99,0 0.0
9 § (d.0 =~0,0 V. 1IN, . o N, =99, Ny He.88 3IN7, gsl%. hlbhe Y90 0,0
9 6 0.0 o) 0 Oe »0e Y Ve Je =V, Ue “ebl 36079, 600G, 60he 99,0 0.0
Q 7 0.0 o0 Ue KLY ~e [ 2 10, =v9, Qe b43R 3%ay, Jﬂo‘. 3606, 99,0 0.0
9 3 Nel -0.8 o ‘0o % e YNy =99, D¢ 730 3644, 3609, 30}]3. 99, 0.0
9 3.0 i\, e 10, Ye o Vu, =99, 8. 7431 Jhlg. gﬁlq, 'S ;. 99, .
9 10 0.0 =020 4de S0. 15¢ i0e 10e =e9e o 1eoa- 3aa3: 3olar Ri1%c 9928 98
4 L 0.0 «0,0 0 90. g. O Ve =YY, 0o 21772 3H1Ue 3713, 3750, 99,0 [ 1
0 000 =000 vs /0. 13: 10s 1. =¥s. os 22005 3597. 361is 3e33c 9920  o°8
aP29-0022-213

ORIGINAL PAGE IS
OF POOR QUALITY

shupovt TRAYE / ~




o . TTBALANCE FUMCE AND MOMENT UATA==STARILITY AXES
TUNNEL AMARTENT

vj C NYNL NOS NO UNIT RUN 3 SI1DE
LC Y- B2ak mNUEY cOVERs. oruen . VNPT LIFT  DRaG plicaine SIDE AoLLING  asING TOTAL PRESSURE
(way (LK) (FT=LA)  (LR) [FT~LM) (FT-LA) (DEG FI- CIN HG) °
0.0 2 3 3853 1200 S0 ¢
- . =5021 15 341 4h 9 30.0
9.0 2 3 ls 39950 =]loe. =2443. be =536. 18s  a0. 300
e 3 g :{3{. -1u04, 300, -29. =152, 282, ad. 30,01
0.0 3 }6 ‘OJR. :\‘“3' AGQ, «-30, ‘e.“‘_‘. 21Rn, Ale 30.01
S T
4 4 & 2 TT09, #9290 -3467. -190  <3fes  ct720 8le 30005
000 s 1 91vwa, 1617, =3490, -2 =351, 116¢ 1S, 30.13
o-o 2 S 5 6960, P44 =R4964, -80, 227 «215. 77 0o
I8 . 2 S }““h - ‘()790 =76a0, - "). 334, l?‘o 78, §0';g
D0 O.g S 4 23517, Kab, =5u456, =21, -38Y%. 573. ane 0.13
0 [ S s 3310, -lZHOQ =5RA%, ~33,. -245, R4, Ale 30.13
3 g.g g 2 g 223;. -1(7)5,5. -25:- -13. -565. 236, 8le 3n.13
[} . - . - Ve - . .
¢ at : 3 8 gseal el aml 3al -23;: -e?%. al: 3:43
. . 290, ~18,. X =435, - .
0 0.0 2 . S 10 6157, -110. 13 59. iR CAS A i3
0 00 2 s l; 6397. 262, FLLIS 2)e 172, &R0, Ale .13
0,0 0.0 2 9 6591, 539, 192, 2l. -52Y, 112, alo 30,13
o0 0.0 4 5 13 6A94 , -1 3% -279, =1 =265, 210. 87, 30.13
o0 0.0 2 5 14 7085, 1162, =R40, -18, =43, 430, R2e 30,13
o0 0,0 F 4 2 }5 g"qq. lo4, -3153. =1, -hh, =]ah, A2, [ 9%
0 [ 23] e 6 244, -354, =-1RQ7, b, 1de. =524 al. 30. g
0 0.0 ? ) {7 1369, all, =a2724, . 39, Ao K0, 30,13
.0 9.0 b d S 18 2394, 91d. =3214, 13. -Ybe =-1113. #0,. 30,13
W0 0.0 H 5 19 3064, rod, =28a0, -15, 1024, 300, 13.  30.13
4 i : A T L (R ( (O
0 000 g 6 3 130 =1329, =244 e 103, 3894 7ae 39:02
.3 g.g Z ? ? '\a 'l"ugo -‘\6’. PQ. de 69130 7’.. g".o‘i
.0 “to g 7 ?no ':z . 607 =13, 115, =158V, 17 °o05
W 0.0 5 73 8 Thess T A “3ar S LA 1R 1
e AT 1L H s I ) SO L T S L 11
0s0 0.0 > A 2 113 =F5id. laMes,  =bbe =87, =AY, 7. 30.05
o0 0.0 4 B 3 llo‘. =249, 16HAS '27. =123, 2R, T4, 30-05
o 0.0 > a & B4, =33¢b, 137247, =13 =139, K6, 75, 30.0%
o0 N0 > R S 300, «lab i, Y7he 3- -10'- 269, 75 30.05
o0 goo 9 1 1412, =2336, &217. 34, =104, 109, 9. 30.0%
o0 o 3 2 1314, «2793,. 8571, =34, =594 =223, A0, 30.0%
o0 0,0 Q z 1063, <=3197. 3323. -39, ah30, =267, 3 0.09
o0 0,0 4 9 1661, =1493, 4hT1e 11, . 46hHhe #83e 30-05
ol 0.0 9 5 1999, =231d, 14479, =44, al2h, ~?233. ne, 30.0%
T HEE R T L
0.0 s & 19%ar cfiea: anes 2 20, sas b1, 3008
l§ 803 9 9 196%, «=1436, 3NN, =70 136, =347, fle gn.O‘b
y -0 “o 9 lg ég~2. '?;520 léSi! ':,‘0 .5230 ‘560 220 8032
- * ® - . -
T 2 9 s260 -1261. | S 3t S} § O I+ H -




MDCA4318

- .
- s . .

QYN BT aLPmA ETAa OLEC ML OF paL heR DM AR 9 FAN]  Fan2  FANY DYLC DYNL  NOSE N

DEG SFR uch DER NFR DEG MR DER DRG PSF HPM HPY wbM OFG DFG  GEAR INL
29 3 0,0 <0, de DY E T Ve Jhy =, Ny 21,94 3A07. 3613, 3h22. 99.0 0.0
20 & 040 =Non O, N, Ji. 10. 10, =v9. 0B, 38,19 3425, 3Ir43, 363e. 99.0 0.0
20 S 0.0 ~0,0 ye {0, Ye Ve 10y =v3, de Y620 3IH23. 1669, 362l 99.0 0.0
Sﬂ 4 N0 =0,0 Ve 50, Se O 10, =99, 0, 36.3% 353)s 3R30, 3IA20. ©9.0 0.0
1 1 d.0 -0,0 0. o, e [ 18 10, =Yy, Ve 1237 3601. 3613, 36l0. 99.0 0.0
21 ? 9.0 -0.,% 0, 70, n, 0, 10, =9y, O, 12.24 35687, 3602, 3999, 99,0 0.0
21 3 9.0 «0.0 Ve 90 Se O0e 10, =79, 0. 12,27 36)1. 3650, 3633 99.0 0.0
a{ & AN «0.0 0, b, e 10¢ 10, =99, 0. 1.35 "36)11. 3624, 3IR24, 99.0 0.0
? q 6.0 —0.0 ". 'n. 50 ". loo -"‘". “. l.:’o -?6‘ L] 3622. 36l9. 9900 o.o
21 A& R0 <=p,0 U, HI, “e 0. In, =99, 0, 150 3A13. 313, 36lH. 99.0 0.0
2? 1 0,0 =p,0 Ve D, e Ue 1Ue =4Y, Ue JPein 3606, 6495, 692 99,0 0.0
7?2 2 .0 =-0H,0 U, o, e 0, 10, =93, e Peln %‘,020 652, hHB, 99,0 0.0
22 3 0.0 =23 u. 90, e He 10, =93, de 1225 361¢. 659, 69d., Y9.0 0.0
e? & N,0 =0, Vs 90, Je Ne 10, =99, e Se%7 J6R4, 437, 47)e 99.0 0.0
2? 5 N0 =0, Je In, Yo AMe V10, =43, e he9H JR06, 435, 4h3. 99,0 0.0
22 6 0.0 =0,0 e a0, “e 10, 1o, =vi, e LY R kLY LN 43h, Rl 99,0 0.0
?? 7 0.0 =N, 1 Ue L 21 e 1b, Ve =99, 0, l.67 K 1111 P23, 297 99,0 0.0
2?7 A Q.0 =nn Ve 9, LY Ye Ya, =93, Ve le29% IR0, 196, 220, 99,0 0.9
22 9 0,7 =N,9 Je 90, S, e 1, =49, He _ledn 3ANY, 215, 233, 99.0 0.0
213 1 0.0 =0,0 Ve 2N, De e YTy, =493, Ue JuelP% w38 }onl. }l?n. 99,0 0.0
23 ? 0.0 LI LN ] Ve 0. “e Ve Vg =vv, Ve V4,32 LLY-TY A1k, 121. 99,0 0.0
23 3 0.0 =0.,0 Ve S0, N, G, N, =49, 0, 36,0k 652, 1077, 1121« 99.0 0.0
293 6 N.9 N0 Yo 35, Se . Ny =4, Ve 34,15 G4, 107y, 1125, 99,0 0.0
21 § A.N =0.0 Ve 36, L9 O, N, =39, N, ,1) 275, 1049, 1139, 99,0 0.0
23 [ 0.0 =Y e ), e U Co =3, Oe 17624 7. 651}, AMY, 99,0 0.0
23 7T 0.0 =-0,0 (LY n, e 0o e =99, Ue 17030 LUl 658, AQ2, 99,0 Ne0
23 A 0.0 =0(,0 U, 9)e Soe Ue Ny =u3, Ye 2N 397, 626, 090, 99,0 0.0
23 9 Do) =-0,N Ve I S, (LN Ve =99, . 7611 JaG. hS5, HHH,. 9Q,0 Nl
26 1 0.0 0,0 Ue 36, Ve e Ny =94, Ge 17000 KLY XS 3InlA, 3674, 99,0 0.0
26 2 ALY =0, 0 Ve Jb, ~y Ue 10, =99, Ds 172.27 35Q%8e 3592, 3597, 99,0 0.0
24 1 16,0 =-0,0 Ue 36, e Co 1IN, =49, Ve 17433 J61le 330, 3410, 99,0 0.0
?4 'Y Nef 0,0 Jeo RIS Ne e ey =V, e P?.16 LI IAlA, kLY-4. 18 Q9,0 0.0
24 S R0 ~=0,0 Ue 34, “e e .« =Nd, Ue 2lady JADT, 340R, 3669, 99,0 0,0
26 A DN i n Ue 36, Se 0, e =99, e 36,30 3606, 3R], 3621, 99,0 0.0
?4 7 L -t 0 Je Jo, ":. 1U. 1ihe =99, e Jdu,lb 3605, Inl7. 3616, 99,0 0.0
25 1 oo‘.‘ «hi 0 e (LIS Ne U Ve =V, 0, 1o3% . 3500, A P6, Y9,0 QU0
i td Ne) - (1 | 29 “e Ne 1, =w9, Oe o Ue 3807, 3IR26, 99,0 Qu,0
s I 1Rl =n,Nn U, N, “e ", 0, =9Iy, 0, Le?n O 3n21, Y06, 99.0 99,0
25 6 N =0,n e Ne e Ve 1, =43, 0. Seh L (Y 3&lR, KLY 1S 99.0 99,0
75 § Helh =0 0 e L h 0y VU, =vI, Ue N6k Ue 3A37, 3IA19. 96,0 99.0
2% 6 16,0 =9,0 Ve 0o e Ve 104 =99, Do HeuM Ve 3IA23, 3612, 9Y9.0 99,0
2S T 0.0 =0,) . .23 . Oe The =vwl, e 1243% Ve 360S, 36lle. 99,0 09,0
75 A A =).0 Ve Ne Se 0o e =YY, Vo 174729 0, 3604, 16021 99,0 99,0
& Q 1Ah0 =0,0 U, Ve Se Ue ey =vi, N, 239 [ 3ﬂfﬂ. L) ™ 99,0 99,0
S 19 0.9 =0,0 0. [ 1S Se . 10e =99, Q. 1eM3 14« 3J6l7, 610, 99.0 99,0
bl }l HeO =0,0 Ye 0o ) ' 10, =49, Dy 2)e9S 14. 360A, 3605, 99,0 Q9,0
22 ; 18.0 -g.g 3. 3. Me 3- lgo ‘Vzo Oe gloga 2?9 gﬁlo. 36]6, 39.0 Q:.O
. =0, . . Te . o TYY9, o 80 . . 9
6 l‘ 608 =N Ve o “e Ue ‘u. -y9, go 3‘0‘6 ;g. ngs: ggig 9 :8 09:8
25 1S 16.0 e~0,0 O 9. S, 0s 10, =99, Ne J&,13 17¢ 3665, 3b6se 99,0 99.0
2% 1 =4,0 =0,0 Oe [ 1Y Se 0, 16, =¥9, o 34,11 A5, 2698, 2708, 99,0 99,0
OPN-0802-294
! AMODONNELL ANRORAFT COMPANY
ORIGINAL PAGE IS
OF POOR QUALITY A-6

EOLDOUT FRAME /



TY AXES
BALANCE FORCE aip MOMENT DATA==STadiLl

ova SrelSUe
65 YAWIMG !Q s
RUN PT LIFY NBAL  PITCHING ‘3‘1‘25 ROLLING -

UNIT

3:2" ggf% l:‘lgg COVERS OTHER

. Po
HENT  MOMFNT  TF ) (IN NG?
HOMENT (:?.‘tn) (FT=L3) (DEG
Tel 1) iwe) 30.05
(L (o) (FTef 16, =&lde  A3. 30,
AT S 4 1 LR 3 L DR 1 ke 30:03
1 20 3 2‘22' -170, ARLA, :32' 9u, 'Hég‘ Ak, 30405
2 2 ¢ 3gan. «AT0,  9nAG. & 264, <450, the 30409
9.0 04l H 20 S 3. <l1%e  T167. “a0s =310, . <324, ATa 0.
8 0 : 31 Renochi il ern T & ol
o0 . 2 21 1‘7. 1632, 2099, -4, - s Ry .05
D, 0 0, 2 ’} % 3?01‘ -P000, 2526, -7 12. _50' 9 30.
9.0 fe 2 2 ‘;. 2186, SAls. 01“: =25, ]Q". . 30.02
o0 0, 2 21 & l:%' -?n17, 1%Ra7. 1o, 257 ~1at. aTe Jg.os
9.0 0¢ 2 g1 2 1836 cgnll. 1039, a0, DS PO + £33
9.0 0, 2 23 ¢ lsnl. T¢2e 13182, “s. ' ' A 35:02
9.0 0. 2 Fed 1 16"“‘. 90, 657, 12. 33 . . Rl Jo'or,
.0 0. 2 35§ 1%enr .13 26404 He ve: s Hl. ¢.05
: 0 22 3 . 5 SO ALY L | 4 Ale 30,
20 8: g 8 & 153 <l 341 SO Zos 18- ter 3092
9.0 0 2 1116, =630, |7 ] oo AU, 113 < 30.0%
5.0 0. 2 2?2 6 1254+ lole sn?n. i =ye. 450 79. 32072
8,0 0, ? 22 71 11960 =3930 62‘?_"’- -11: nobe 320 1R, 3 3
o0 0. 2 2?2 A 945 b i, ? '6. M, hbl, I, TR. 30,05
9,0 O 2 22 9 2],(’: Qav, -72;-" -3, llls. =9l 164 JO:OS
.0 0.0 $ 5 % &AL shR2a- S1 69d.  -less  Tas 30.05
0.0 0.0 23 2 51800 MYa, -“ttﬂ. 9. e).,,- The 6. 30.08
0 0.0 2 53 3 A7 Sl Be  =k0. 1437, -6, el +13 4
0 0o0 5 23 & Il ash. 3. 12, 39 SR -3 Joo 33:03
o0 0.0 2 23 5 774, 3% 4, -zg‘,}“' M, e.le' 82, T4, 30,05
0 5.0 s 21 6 7%0 341, <> S an 232, ol J4. 39002
0.0 23 7 n° M =?26?, 2. 3ne, e: 75. ,v.o:’
0.0 2 23 A 4 7. Jcve  =2377, -67, ~181, 185, 7. 32'05
0.8 2 23 Y aIsTe Loggue T2z “30. =2d, 338 18« 3n.09
0 24 1 112, 357214 5367, ~10. -lha, : 78, 30,
o : I R T L
L] -
00 ; 203 reil Dl s SRS L HS (SR 1 39:03
o) s I R £
050 g g 7o chiv e ST G I 30:83
0.0 5 25 1 250 «2661, =212, =]R, oan ~-29, 77, 3 109
2.0 : 33 2 Sans —3461: TB12e -Z . The. -17, Jay 39:93
9900 FI lb : w21lvl, -‘;??: oll. -l? . -~yg8, 14, 30,09
Qa0 25 4 1676, =2092. a0, -1, P 6o 15° 30,09
Qg-g ;2 2 009, -};517: “2331. -3;' lﬁt‘: 6;3. 7°: 30:8;
Qq, 01%, = - TEle Yo i, . ad 30.
99,0 ?s 7 2576, ~1hYl. 24k -160, 2 h -66. . 30.09
25 8 T -1382, . -22 351, Hle H
o] 220 daaal -};53- Y '33: 26038 "32: Al 30:09
- . - -
39:0 g2 10 as3ar Ciza joare  <3h. folas v M 38:83
9 .0 % 12 8062, «966s =T0AT. =42, 352 &o A, . 9
9e 25 13 2%99. 7¢5. =400). ] 2981, 3 8% 30ev
99,0 2% 14 573n, -l . o433, - : 705, - *
99,0 2 i3 3133 1320 -asike
308 g0 't %
L)
99.0
99.0
2214

roloUT FRAME



MDCA4318

OVYNL  NO“
@ ] vt R DFR el ARG R ek bSF [ "2 ups wpn DEG DEG  GEAR 2
26 2 8,0 % L S Re e Gy Iy, =i, 3a 09 2%e 2695, 2710. 99.0 99,9
26 N 6.0 =003 w. 8. lh, 19. 18, v, - 17 3%, 2498 2711 99.0 99.0
;: 6 8, -l L. 8, Ye Ge 0, =99, g, 34,12 368, 271G, 2716e 99.0 99,0
§ }3.0 «0,0 Ye 8, e Ve 1B, =vd, A, 34,60 2. 2705, 2707. 99.8 99.0
2% [ 2.9 ".” Je Qe e b, ‘U. L2 L S 4, 34,10 6le 21050 2798, 99.9 99.9
. 7 14,8 =G.0 de ., S B, o, =i, B, 8,04 3. 27132, 2712. 99.9 99,9
(Y ! 15,9 - . h da [ 28 e 1Y Go 19, =29, 4, Zeal? 2% 2731, 274%, 99,8 99,8
s: Q jAh -3.0 8. 0, “te e o, =93, e 26413 20, 2717. 2723« 99,8 04,0
1a oL =B, .8 Yo L IS “e Ve 19 =9, Ve 3a,}0 Ve 2109, 2726 Y9.,0 99,0
28 11 2a.0 ~ .8 Q- &y e o, 18, =i, Qe 30.78 Ge 2707, 2712 99.0 9s,.0
24 12 2.0 -0.8 da foa Se [ 29 19g =, A, 34,\a 1b. 211R, 2123, 9.8 99,¢
" ;1 32,0 £ .3 9, L P L [ S }c. -39, A, 3,04 Qn, illo. ehiTe 99.0 99,0
« 14 6,9 a0 9. 3. I- Ce  I%e -vd. 0. .17 Ace 1075, Tlé8. 99.0 99,0
24 l% R ~G 0 g9, 2a L . N, 9, =93, Q. 8,22 4%. 1051. 1105%. 39.0 qq.0
P4 6 12.0 -0, 9 Oe N, n, 6, 10e =27, 0, Ja,in al. 1032, 1697, 99,8 94,0
26 l’ 4,8 0,9 Yo a, T jue 10, =9, 0, 38,17 10e Yl0, 1694, 99.8 0Q.6
2% A 16.9 - .0 Vs Ve 1h, 10, =1, %« 36,17 Al AcH, 108%. 99,2 99,0
a% 10 14,9 - 9 . s, [ 108 1N, =we, 0, 34,24 Sl. 129, 1112, $9,0 €43
21 1 -4 .0 -0, 0 Ce [ 29 - Be . =, f, 3‘.1‘ 5. 2715. ?’e?l 99.% .0
27 2 N.t -0,0 Yo A, 0, 0, N,y =99, 0, “.eﬂ A, 2lis, 271k, 99.0 49,0
27 3 .0 .0.n '® Ve Dy te 1. =vde 4, ¥e,3} I3 2714, 2719, 99.0 99.0
27 & M,J -A_0 LS - . 6, 0, =39, Vo Ma,0Yy e 2711e 2726, 99,0 Q0.0
27 % 12.5 -"'.6 [ 19 Co - [ 29 Je =td, de 8,17 i, ?.'ll. 2121 . 9.8 Q9,90
»7 Hh 1he9 ~0.9 Je 1S (LTS Q. Ne =V, ey 36,1V ale 2%, 216). 49,0 Qu.B
F44 7 2,0 0,0 Je Ve [\ . =9, B, 36,19 Pre 2122, 272% 99.0 99.0
27 & 20,0 0.8 0, ", a, N, Ve =i, ", .22 Ge 21728, 2724, 99,0 Q0,0
27 9 e, -h 0 e L 1S - U, . "W, N, la,lv L 2"5. 2707, 9,0 Q6.0
27 lu 22,0 0,0 de 8. L e fy =<dw, e a6 3. 2722, 2708, 99,0 99,0
2T 11 32.7 ~-0.6 Ve Ne e O, N, =49, Ve 38,723 2R&4. 2721, 27%7. 99.0 99.0
27 12 =4 .0 -0 & [ Y LIS Uy G g =%y, Ny 36,27 1Ye 21S2. 2167, 99,0 M :
27 13 0.9 «iuN 9. XS U. 0. i1g =99, 1y Q& 1K 3. 2laa, 2165. 99,4
2t 14 s, -0,0 ve e o, O, e =9, fe V6,16 e 2les, 2188, G900 .,
27 15 4.9 -}, " e e L S 0, Ny =~ Do 6,720 29 2157, 21%3. 99,0 95,0
F44 16 * 2.6 -ti 9 Jeo . . Ge N, =, e 36,20 W 2157. Pi62. 99,0 9gu,
2T 317 16,0 =-4y.0 Ve . 9. (LIS 0o =49, ve 36,24 3. 2.52, 2156. 99.0 Qq,g
7 Yh ]n.0 0.0 e e . e 9, =49, .« 8,32 ale 2201, 2170 99,0 Q9.7
27 9 2%.7 - n Je Ne 0. Ve Qe ==, Ve 6,03 Ce 2198, 2232. 99.0 QQ.@
28 1 =60 =f_ 0 [T Q. a, U S, =3, Ne X1 &le 6l72e 669, 99,0 <o,0
2% 2 00 =n,u Ue 2, u, [' 28 Iy =V, e 36,16 e 60T, 622 99,0 90,9
’n V 4,0 «u,0 de N, n, 0. by =49, N, 16,77 I ~)r, oll. 99,0 Q9.0
22 . «d =0,4 L N 9, N, 0, Ne =vv, N, 38,15 e S99, 6lHhe 99,0 99,0
2% 8 JP.0 < u Ve Ay G, L B, =i, Do 38,022 1LY 999, 64Ce 99,0 04,9
PR 5 ]1A.0 «0,0 Qe 0. 0. "o 0, =19, Ve Ja.21 I3 '99e, 623 99.0 99,0
o0 7T the® 0,0 U, n, 0, Ve 0, =9, G, Ye.}0 10z, KSR, 625. 99.0 99,0
22 b 40 =~u,8 Ve e [ ire 0o =V, Ve 36,20 4. [ TS 643 99,0 93,0
2R Q 20.0 =9.0 [ %% [ Ue Ry =99, 9. 36,290 3. 123e 74l 99.0 Q9,0
2R 0 =4,0 ~0,0 Ve Ge . Je Uy =99, 0o 38,17 43. 0As, 28. 99,0 a9.0
9 ; 0.8 =0,0 Yo . 0. L3 0 =99, 0, 35,34 ale 07]. 119« 99,0 99,0
29 Qe Q. Q. [ XS v 0. Ve =49 Ve 30,23 3% 054, 118. 99,0 99.0
a8 13 8.0 <0.,0 Q. O 0, [ U =¥V, U 36,27 ale 064, Q 99.9 99,0
2% 14 12.0 ~0,0 [ 29 Oe 0o . 0 =V, Ve 34,0% Roe 1031, 1133, . Qe 0
GP7-0822-218

R if\’;ﬂGINAL PAGE I3
., (VF PR (I[LAIQRPEQ
MODONNMERLSL. ANSC TAFT JOMIMANY

é‘m{n\ﬂ' vRAME J =




ssre0es o s e e W
DOPLOOOOP®OODO® (2]

- we
LN
t-1-4

T T Peewaiosdoed
e o e e 0

R EEEEEEEEE LN

XX EREX]

OPOICCOPIODIDODOOOOIDDOIIOOOOIR®

(41

o st st B et o et G it s

St D Gl Pt Gt Pt bt gt Bt

[ ]

PO O® NP S WA O DNPNS W= O DD NI NE WO DNIN S WN=DOBNIN SN

BALANCE FONCE ahn MONENT DATA-—=STASILITY axES

LIFT
i)

OnaG
we)
-66.

PITCHING SIDE
FNT  FONCE

nge ¥

(FT~LR) we)
-70]19. Se
'56;1- =15%.
=3949. =4be
-3509, -9,
-?335. -2;.
-941. - gs-
oTa, 13,
anT. -25.
1404, 3.
Tah, -2le
2106, -3.
~T442, Je
=5144, =12.
3993, .. _. =Y,
=PnhN, 105,
1770, 114,
=140 59,
601k, 16.
5142, Je
=3749, =12.
-254A4, =42
-1120, -19.
N, -t ,
1590, 2.
218&, -l6,
084, 25,
enhhy =l
3959, S,
A&7, 3&,
=5000, 20,
4087, -2
=2heh, =N,
-i508, =22,
-A2?2, -3
-2hT. =4,
?219. -15.
=672 S0
=51 7n, 5,
=INAA, 37.
3077, 10,
=1A04, 0,

=1122, 2l
ahhTe -hb,
HSa, 24,
1998, -s70
“AloeR, 7?.
=S8R%, Sl
*.gi?o 22.
- Y -.
’30{?0 15.

TUNNEL AMRIENT
ROLLING YAYING  TOTAL PHESSURE

WOHENT Nl TEw
FoES) (FYoE3) (DEC FI (In HG)

S511. -231. RS, 36.09
LTI -£%e hb, 30.99
¥IS. 2T. As, 30.09
STZe 111e 84e 30.99
L I 157. (o) 30.89
270 Tae fbe 9.09
315%3. Ten. Réo 0,09
. 299, a8, 0.09

23le 172. hé, Qe
290, =211, [ LTS 30.9y
290, 22ne [ L) 30.09
-3 n23. Ll 30.09
1112. 1he Ré o 38.99
Se 70. [ L) 30.99

-l'“lo ‘23. Al. 3°s°°
605, 319, 70, 30.09
nel, -ln3, Tl. 30.99
o0u. =ltl. 7le 30.09
TITn, .29, 77« 30.09
264 e 72 .99

1v70. T8, 77 J0.09
adhiin, 334. 73, 30.0v
327, =37, 73, 30.90v
-1l6, =37, 1418 30,09
19/7. PAY . 1% 34,09
5854 ahl. 73. 30.09
vy, =134, 7. 306.09
$09. =260, 73¢ 30.09
Shte -3 73 30.“9
LN =27 13. 30.09
olic 4 &40  73.  30.09
33l. 121. 73. 3o.09
13vl. “9l. 7. 30.00
17. 17. 73 30.09
IV, -30n, 73. 3N.09
in7,. =319, 73. 30.09
. -7, 73. 36.99
200, =111. 73, 30.09
a5/, =hh, 73, 30.09

FOLDOUL FRAMMR_



MDCA4318

Wyn PT aLPmi «FTa [T S il o nNal .
Lor . - 3 w1l 94 e u€ Fanl  Fanz  Fa e ov
g8 NFE ue% w6 PES DBEw wF5 G 056 MSF RuK npuz up=3 3:% 2;2‘ :225
an . -
2n 13160 -8.0 e 3. 0. 0. 0. -3, 0. Je.lz al. 922, 1086, 99.0 w.e 1
q 14160 -0ln 0. 8. wo 8. wl =i 4. JeadT 2e0.  dOl. [las 99l0 00,0 |
Q ln 20.9 --'“ .. S. o, 0, U =¥, [ 19 Soln '3 '3‘. IHM. w.c ".D
2¢ 1 8.0 <0.0 %u Qe 8, 0, 0, =¥y, U, 4,76 eds  _An2.  Ja97. 99i0 eq,
29 928 8.0 vhe wee Qne Q4. 20, 8. 1. 9.00 I072. P A S | -12:0
23 3 8:2 g3 v Do1as Nns tes 00 e 1S3 3nage 3amo. da7ns 1204 =200
729 & 0.9 =08 %u. :g: :: :- e 3. g. 3e2% 3597, 3%w9, 3607, }2.0 = . 5
33 1 0.8 -ala wi. yas 1al ac loo 9 ar Gtaa Ner ogr B 5: 2z 2
S o St L LR O RO - L D LR 4 J500¢ © IN0AL 3626, 20 om0 g
3 450 -6ln aul wns la doC Bel nl el 1Tan Jsalc delel Joaes 0.0 a0 2
N g 28 zBed ude 3. Moe 10. da. 0. Al Me13d hole Jele. Jooe- 00 90 2
1 I S S T o« wne lng Soamr 9 ar idd Poar 30k 3eua: o0 99 5
TS 13- S LI SH LB RO L P LS L 24 Joaus asr Pdk: 820 e
3} e dee T30 ule Zar 1o I8 lae e Tohidh 3adar %07 Rl o 4
3} 6 Jala -uly wal wal ol qel pal 40 4l 1242 ssarl 3007. 3o9e. 2.0 8% 3
31 1 38:0 C3:a vor Tar 15t jus AT oarooon i3 $ones 93 e 9% 2 8
3 F2a:0 238 var Zan e fer ier on v b f5es $oses o 80 od 3
3> 2 0.0 -00" . Je e 0. - Je Ve Telb 36“. (33 : 3% .8 8.0 2
3 2 0.9 -8ce oo sao oo le. Joo w0 6s Todn Joes  Shss alas 020 00 3
2 & 4, -0°0 Yo, ea. ot "o . . e« Tel7T 219 356 399 0.0 i
3> $12:0 08 e oo 1so Yoo 1% o 8 7ols M Jea: a2 a0 e :
3> & 1ec8 Z8:0 I8 % 2 M e e 0. T.ls 76.  317. 384. 0.0 0 4
PO o4 St S IR SO PO - F LY DO SO A3 B i%a; mes 00 0n 5
PR 2 I T R4 SRS PO A S R S A R e 30 aes 8t 8 3
- ® - Je - . - ° ° ° 8.0 2
3301 9:3 q:8 o8 A g 1os jeo 0 es 3ihe adder aerdr J8350 Qi a0 2
R O U
-4o0 =0oD wae »h.  In.  10. : ° s A- 351, 3641, 22 0.0 0.
3 2 0.0 -0:" YJ. '17)‘ 1 . o lb, 0, By 3% IhPpe IN]n ,“l. 0“ 0 rd
3¢ 3 920 Z8th U0T Zar i der Yar o 0 3 3 ke M0as nrhs 0.0 9.0 5
TSR T R - S PO O 1L M L 1 LA P4 360+ . 2 T Y S
- - - v . e 3003 0.0 -
O BT I HR M T L PO O Y O YT 1 S R
¢ -2 -0, . 27 . 10, 10 0. . o 220 e M2 9 0.6 2
¢ Tl -aln wal wel el 0l el ol Al 330 Feers Java: el 3:3 3:8 H
- . . .0. - *, % g . 3 -
R i R i i
G 4 . - - - De P - J e 2. 2¢ e . - L) G.0 2
§ o1l ol oo b o i s s R
? 0.0 =0.0 0. wa, 13. 10 b . * 3 627. 36320 230260 0.0 4.
3 3 20 280 % 24 b e 1%, 0. B 7.01 3605, 3~34. 3600, . 9 4
33 s oelp was was dso dee ol 00 Al a92 35ae 332 3008 39 80 2
36 5 12:90 -0:0 "\’: ’00 “. - LIS 9, e Te26 3643, 3;,“. 06, 0.0 9.0
3 512:9 celo vl vel ST Mul Hal Wl 90 7l22 dedes  369Al 3538 89 20 2
3% 7 15.0 -o:o o : ’oo 1. g- . [ IS 9, Te07 3596, 363]. 3 33 0.0 0.0
3 820 -8l sl wnl sl el NI 0l 4 7.09 3Sai. 3mo4s 3995, 020 o8 5
7 820 Z0:3 S8: aves B3 %: 18 %o & pods 35d a2 aor.  o9:5 9.0
3 % 329 2.8 uue 109. 1. l¥e 18. 3. T 7i18 3i%8. 363a; 3eibs 80 88
3 0.0 2030 Yoo 70 13 dos 18 9 8 Py 3k 3 Jeg &8 b
. e« 10 ) 0o . 1.0 592 ']
o0 8 FiR3 38qd: .. 3233 3-8 88 3

AE

- ———— A e e - we s ww

ORIGINAL PACE o ?
R QU '

OF POO

FoLDOUT FRAME / A8

[y



 oviC OYNL  NOSE
DE6 REG BEAR |

"o 9.0 9.0 1l
LB et |
-2 . .

< owe @ |
. llc. =1?2. 0

e 2.0 =}2.0 2
. lE.O o}?. 0 2
e 2.8 *17.0 Fd
8. 0.0 0.9 2
e 0 0.0 2
i o 4. 3
. 0.8 0, 5
A, 8.0 8.0 2
Je 0.0 0.0 2
e 0.0 0.0 2
. 0.9 8.0 2
Ze 0.0 0.0 2
« 0.0 0.0 2
= 0.0 0.0 2
o 0,80 9.0 2
B2, 8.0 0.0 2
o - G.G 8.0 2
.- .'. ..e 2
re 0.0 Q.0 2
e 0.0 6. 2
s 00 6.0 2
ge no. [ 19 2
. 0.0 0.0 e
le 0.0 ¢.0 e
s 0.0 0.0 2
3. °o° ..0 2
- e 8.0 §.0 4
Lo
2o 0.0 8.9 s
. :.: 0.0

e . 8.9 2
i 0% 40 3
se L] ) 4
HE
_e . .

= ot“ 8.0 2
e 0.0 4.0 S
we 0.9 0.0

e 8,0 6.0 2
. :08 6.0 g
. [ °
Do
L (] *

-9 8.8 8.0 5
arn-oe22-318

NOSE
NLET

NN AN AN NN A AN N NN VN AN N AN NN AN NN NI NN AN NN N Nt st st %i

VNN
LSDDBD

N
&8 W VNN ot 1o g it b vt et v D 3 O

34

HUN PT

0 Jue i put

NS ~JOM U B0 Lo (L) N0t (B ) MUY 8 () NI L) 1\ b 30 o OF U1 80 W) 2= D o O U 3 LI NI e feee B L) N0 3D md ST

BALANCF FORCE AND NOMENT DATAz=STABILITY axes
LIFT  prag NG SIOE ROLLING  YawinG
PADGPAYS £DREE  "RBuENT wom

MOMF T

({8 }) (LH)  (FT-LR) L) (FT=LA) (FT=LR)
66A2, 1235, =}18)R, 84, =2067, =294,
6sla, k2l =%Te - 133. =3303. (4.0
626). vitl. 1124, 67. =]1440, 264,
613, 2214, ]ass, o =b4H, 205,
J39s,  ehHil. 114, uM, 910, <3917,
3103, &0, A5, 93, [As =I8TH
4000, ?!9. R399, Abo Ll 4 1.0 o3,
4509, 1“6. ;‘tl . b;o -“ao .3.’0;1
. Ve =l4b, - =le
396'- =he 3, 155, iq- "fs‘. L3 LY
ELLLN -3HY, 748, Je oI al,
3738,  =lay, 411, =l1s  =ifih, =10%.
KLY iol. 707, -ls, =107, =77,
3978, 419, 432, -4, l62. =bth,
42131, Iin, 54R, (TS =72, 573,
4P2%, 934, ANy, =17, lu, 177,
4lma, 1100, 383, -23. . 2ls.
‘Il" 1432, 3a, =0 -Zl". -]l
5?4, Ilve =19613, ~172. 23y, inl,
A6n, 32Y. =237R, -t 197, 153.
lZ?%. oo, -2557. -lO. 250. 130.
1545, 386, =2987, 5. 145, 17,
1877, 402, =3136. 4, 12. 700
1852, S17, =28R9, -Te 633, 391.
‘9‘"70 Y92, =2A%9, -12. [ LE 339.
.07 hbe, =2221. =6 212, L]
37hn, 495, =]1125. =36, 320, 190.
3"61- Oe 1075, -bHe LUE™ 63,
3763, 269, 616, -3 -Ta, 104,
396173, z4%9, 444, =34, 224, &17,
6lla, Su7t,. S65. =23, 117, Qh0.
43y, udl, San, -33. 227. 497,
4505, 1116, &4A, =38, 463, LLLE
4615, 1510, =3S]. -4%, “Aa, s13.
46913, 1~04, 450, =32 380, 329.
47105, 1153, A5, =32, 265, EELYS
‘5"6. ??0“. ll. -ty -}39, 145,
4139, Tv2. =7009. =54, =122, 291.
4117, alt. BRO, -33. =9d, 113.
4124, 134, 563, =27, 427, =73,
4274, 751. 9. 6le 390, A60.
46545, l"“. Qhe al. (L. 18 785,
4922, 346, -49R ¢ 4S, Séi. 693,
$3ns, 1730, - S?. S8, las, H1S.
5514, 2119, 23N, =3. 67. 454,
S09, 5259. 669, -33, Syle %6!.
555‘. ;}%o 9;2. oYe 3:;' dgao
357 e * - -4 [ - .
QQ%’: f;;g. -!&‘;. gs. -53. Z:z.
4693, e . L . .
4615, 589, 8a: li. 188, T0.

TUNNEL AMRIENT
T07AL PHESSURE

(2 N
(DEG F) (IN MG)

7]. 36.99
Tle 36.09
1. 30.09
Tl 30.0¢9

71e 30.05
72. 30.05
Tle 20,09
T 30,905
73. 30.0%
12 30.09
77 30,05
T3, 3n.05
73. 30.0%
73. 30.95
713, 0.05

. 0.05
T4, 30.0%
T8e 3€.05
T4e 30. K]
T4, 0+05

FOLDOUT FRAME



MDC A4318

.nR "9 Fanl FAN2 FAN3 gg%c NYNL NOSS ﬂ
'y

R ALPHA 4FTA - a a
lwptsm £ T ULE Lk DF 4L nau DEG GEA

DY
NEG EG U+ DEG DER NEG NDER DEG  PSF RPN HPM QUL

38 ] 2.0 ~4.0 Y0, ¥i. 15, 10, }0. 6, 0. .62 3580, 3584, 3I5A0. 0.0 0.0 2
38 2 8.0 -B,0 WU, Wn. 15, e 10, T 0, 0. 1l.80 3577, 3A05, 3ISA0. 0.0 0.0 2
3= 3 0.0 4,0 Y. s S. 0. 1V, de Ue 121 3R06, hele 3709 .0 0.0 2
3R & 0.0 4.0 Y0, Ya. 16, 10, 10  d,  B. ]85 3ARA, 3630, 3604, 0.0 0.0 2
33 S 0.0 12.0 vo. 8. 150 Q0. Yoo 0. 0. .33 3Ry, 3626, 36lve 0.0 0.0 2
@ 1 0.0 -0,.0 wi. A, 1&, 10, 1d. =20, 0. 7T.11 3834, 3I66R, 3650, 0.0 8.0 2
39 2 0.0 -Q,.0 YYeo a4 1S, . 10, =19, Ve 721 3069, 36617, 3IR56h. 0.0 0.8 2
39 3 0.0 -0,68 v0. Yd. )% Qv !u. 0. 0. 7.21 3606, 37. 23n07. 0.0 0.0 S
39 & 0.0 0,0 Yu, e, 15, 10, jo. lu. 0. 7.16 3600, 3530, 23008. 0.0 0.0
39 § Q.0 -0,0 Sy, 0. Qe €, 10, 2d. N, T.A% 3r2). 361K, I®l3. 0.0 0.0 s
R B I3 B ERA S PO O £t NI 13 O 4 R 4 R S 1 A T
. bl 2 . - Y - - R Rl Y ~ L] [ ]
& 5 9:3 Z9:0 v vfr Mo s 10 TMr o 9r 133 dejRr 3e221 jelas olo 0l0 5
40 .4 0.0 -=0,9 Yo, Yn. b ¢, V0, 19, 0 1a33% 3A16. J3621. 13K12. 0.0 0.9 Fe
a0 S %20 -9.0 vu, 9N, Se 0., 119, 20, Va. . 1a67 3R12. 3IKIR, 3504, 0.0 9.0 2
40 & A.0 -0,0 Y0, Yo, e 0. 10, =24, e le”8 3Ale,. 361k, 3Inll. 0.0 0.0 2
[ Y] 1 0.0 -4,0 Su,e e TS 0, . 0N, XS Y29 3d6tu, 3610, 30V, 0.0 0.0 e
[ 3] 2 0.0 =-0,0 9i. 9. ) Ve Ne (1S 0 .31 3h11l. 3IH0T7. 13R03. 9.9 0.0 2
sl 3 0.0 4,0 i, 9d. 1%, 10, v, Ue  be 3.31 Se)8. 3645, 3635, 0.0 0.0 2
&1 & 0.0 A0 Yue L LIS - 0. e Y Je .31 3h\a, 36131, 3635 0.0 0.0 r e
41 S 0.0 12,0 vuv, 0. “e 0. Ve Ve e 331 JIR13. 3622, 3InlAK, 0.0 0.0 2
&2 1 0,0 «&,0 %Sy. 96, Se de 10, Ne Ne T.1F 3612, IH)l. 23612. 0.0 0.0 2
&2 2 0.0 =-0.0 9v0. w3, 19, 0, 10, Ve Ve 7ol 3633, 362A., 3IR?21. 0.0 0.0 2
&7 k) 0,0 &, N W A IS 1h, Q. LY . e TelV 3h1H. 3621, 36213, 0.0 0.0 rd
> & 0.0 4,0 Yd, YO, b G. Ve do O 716 3629, JI720. 3I750. 0.0 0.0 2
42 5 0.9 12.0 9, 9., . e 0, - . Ne T7.09 FIS LN 3ne9. 34625, 0.0 0.0 2
&3 1 2.0 -n,0 v, 0 . 0, v, 10, Ve o9  Injl. 3604, 3IN]0. 0.0 0.0 2
%3 2 RAR,0 -0,0 W, i e S ¢, 0, 0, Ve 1«19 3In10, nlq, Inl7. 0.0 0.0 2
a3 3 15.0 0,0 We vhe Y, 0, e 19, [ ]S 1.10 Jsny. 3613, 36017, 0.0 0.0 2
L X & 16,0 =-0,0 U, YO, “e 0, 10, “0, 0, 1.03 3A15, 3611, 3I6)1. 0.0 0,0 2
LX) S 0.0 =0.,0 vy, 99n, 15, 18, n, =ly, Ue .26 1H1U. 3C1R, 613, 0.0 0.0 2
43 & 0.0 <0.,0 Yv, 9n, 1%, 10. 0, Vs D¢ 375 AANT., JR]lo. 3R], 0.0 N.0 2
[} ) T 0,0 0,0 %wu, 9, e lu. a, . Ve A,78 1608, 3612, 3610, 0.0 0.0 2
&3 A H,0 -0,0 e Yy Y 4. N, =lv, Ne A.19 shDho. ELI LN 3605, Gel 0.0 2
[ %} 9 4.0 «-0.,0 Vie 4o “e Q. LU 1d. ('S 3.71 KLl 9 3s11. 3627 0.0 0.0 2
6F 10 %, 0 =0,0 wId, Hn, S. Ve Ju, 29, 0. 3,19 346ne, w12, 3611, 0.9 0.0 2
LX) 1l 16.0 -f) 0 YU. Yo S e 10, =10, Ve 3.20 ENT, Inll. 362l. 0.0 0.0 2
[ %] 12 16.0 =0,0 Yu,. e . 0. v 10, Ge .21 3600, Inl2. 3615, 0.0 0.0 2
43 13 18,0 ~0,0 Iy, vh, Se 10. 10, <v. Oe 1,21 360v. 3610, 3813, 0.0 f,0 2
43 14 A0 =0,0 YwI, 90, ne l8e 10, =2u, Ny K97 3609, 3570, 321 0.0 .0 F4
43 15 Q.0 «0.0 vu. <@, S¢ Ue 10, =19. 0 7403 360y, 3618, 3620, 2.0 0.0 2
&3 16 4,0 =0,0 99, e - [/ 29 10, 19, Go He9? I615, 3633, 3I6l6. 0.0 0.0 ¢
&3 17 Y90 =0,0 Yd. Y0. Ye 2. 10, Ve 0 6% 3I7TH2, 3635, 13673, 0.0 0.0 2
&3 [ {6.0 -n N Yoo hd S N LS 10es =20, 0, Ao 3Ihl Y. 3620, 3621. 0.0 0.9 2
&3 9 LYY} «0.0 Ve vl S Ve 10, =l¢, Ue [ P31 IheYH, n2 . 3619, 0.0 0.0 2
(%) 0 Jhed <0,0 w0, 2”0, Se 0, 10, 1, 0. 698 3739, 360‘. 3649, 0,0 0.0 2
4% 21 15%.0 <~0,0 Y9, Y90. D e 10, &0. 0 5293 3645, IB17. 3I617, 0.0 0.0 2
[ X l Ge) =2, 90, Y9, e [ 1S Yo, Ve e 0O PRu, 418, 612, 0.0 0.0
o 2 0.0 =0,0 wu, 70, Se e 19, [0 o 0,97 299, 400, 427, 0.9 0.0 S
7S 3 0.0 4,0 Y0, Y0, 1>, 9, 10, 0. O 7.08 31 3. 391. 436, 0
1) & 0,0 8,0 Y. Y0, 15 0 10, O 0« 6HoBB 316. 96, 548, 8.0 8:8 s
. Gr70-0022-297
' B I8
Lh&ﬂiﬂﬂfxl‘l?%ATTTﬁ[
AF POOR QUaS:

A~9

LDOUT Frayg




TALANCF FONCE anp MOMENT DATA==STABILITY AXES TUNMEL lﬂﬁlENfE

' L) (L) (¥ "-Lﬂ, (Ls) (FT=Lo) (F TeL 3} (oEG F)} (IN n6)

- 406, 291, Tl.  30.14
0 00 2 2 B3 3Bs 33 o eS¢+ S -7 WL j0. 48
-5 38 2 2 3 3 31ﬁ1' 207, <703.  ~-lol. 82. =}20. 1. %18
-0 8.0 = I} 4 3A11L 238,  -pht. =159, =655, =2Ad. LIS 4 1
8 5.8 . hO -223 -406, =623, TA, .
. 38 S5 3847 203, INZ. 223, s ao oo ia
A ) 2 39 606, VB2, 57R. ea, 374, l}g- 80. aoia
@ e ¢ shaes !3}3' R sas  27c aan A 3014
- % 33 amer I0asr -alv: TSR 4 S + -SR-S 113 by
- 2 33 0% 8040 Ml wrl AL ses SUHS (OO 1
-l n 6. P . - - Y ﬁ °.
! 2 a2 3 f el D =3 AN v 1
o Cee e 3 69 3 3729, sbso :;g' _;g: If’: l‘.: 78, .g;
Wt g : I R T N
1 . Q. nos, . Tl b * Iy
B : 2 RN T LR YR (R + £ R
Py i H 2 0§ A s18e Ale  -—len. 261, 3a0. To. 30503
0 0.h 2 2 Al 3 a1t FEN 3.  -283. ~=le2. 187, A 193
oh  Bew 2 H I SRS 11 SO F A S+ 1 L 1 S 1. A3.  30.03
W 0.0 2 P S PC ¥ SRS T | P11 4 17280. 1002, A3 3003
0 0.0 2 Z 42 2 45230 eell  <7jse 4.  Aom,  4si, PO Pt
o0 QR 2 2 .71_‘0 1029 37 -2)a, -h86 . ~31. AL, 30003
Ted 049 2 2 o2 3 gl 10120 -7090  =4na.  =15AC. 353 R 30003
0 0.0 e 2 62 % 6“7‘1. Bty g P =138, =lu99, 221, lln. 3ﬂ.°3
00 0.0 g 83 4001, 157, -20dh. - PLL 2h3, an, 83
538 B oy m o T B o g
. . 43 3 N30, s Tha. -3 -5z, 191. al. .
e 0.0 . .« =11AN Je G2 .
000 B0 2 2 4] & a2, .3:?. 15?3: 2 3. 23 B3 003
°.° 0- ’. - . - - - - L4 - . .o
3.3 3.3 g g :; § :éﬁq. 1?33' -132:. :%%. §§g: gg;: 32. §§'3§
° . & 3h%, - . . &45h. -7 -
o} 0.0 2 2 :% g 6517, 11%0. ~101iR, 20, 333. 4 A& 30,03
1e0 0.0 e 2 p 4537, 1183, =1773. 29, 092, 403, : °03
$ %8 2 : R INEC S S T 14 Rl 30083
: 0o 6 hd . N * & - . .
H I HE O loapE s e iR A b
00 a5 g IR R ET I it N 2o dte.  aas.  RR. 30,03
ARSI : SR T L H O
. . 43 S8R, J¢ = . 5. c02 1860 asS. .
$:0 $0 2 o3 IS 3332:  3%uer  $3%ac I3 S IR Asr 3893
80 0.0 ¢ § s 18 833 s i ks gu2. 0 320 38:03
0.0 0.0 43 20 667, 2475, =1630, ‘}2. -60' 200 A%, 30003
0.0 0.0 s 43 ‘bx g6§q. 2543. -jUlb, - 2‘~0 585, Ale 30,03
0.0 0.0 a4 459, 320, =2469, 118, dﬂv. 169 Al 30.83
.0 0.0 @b RN s S ol 290.  ase.  Ad. 38003
8.9 8.9 a 23, =271A7, py 26, . 80 30.0
8:3 3:8 % % oSN SR { FRNE 1§ M 142 A T S 3 ¢ LAY 1 .
L] [ ]

022-217

EULDUUT FH ~aanpd¥ {



MDCA4318

. . , . v YNL NOSE  NOSE
M9 PT &LFRA aFTe  ULE  utl FUBL AR W uN ¢ Fasl  Fanz  FAN3 OTLC ng GEAR INLET

VEG NFR WEG vuvES WG NER ofb6 uUfFiR NG PSF ReM HPM RPM DES
LYY s 0. 12.9 Y90, 90, L&, 10, (' 28 [ 29 Ye 699 3na, 362. 449, 0.0 0.0 2
as & 0.0 =0.0 YU, 9. 1=, 1u. 10, =28, O, 63T 295, 401, 426 0.0 0.0 2
46 T 0.0 =0.0 0. ¥0. 1%, 10, 10, =§0. U. 6.99 296. 404, 026, 0.0 0.0 2
[ 3 A . -0.,0 Yu, vA, G, Ve 0, 149, Ve Te00 2aol. 199, 428, 8.0 0.0 2
4 9 0.9 ~0,0 vY), 9o, e 0. 0., 20, 9 .99 LT 399, 430. 0.0 0.0 e
&S ] -4.0 -0.0 90, 0. . e 18, 3. 0., 1.7 3610. 3815, 2616, 0.0 0.0 2
a8 2 0.9 =0, Y9, 9h, De - 0, Y. Y. 27 3Inpb. 36)S, 361). 0.0 0.0 2
65 T A0 «0,.8 v, 90, ~, a, v, Wi, «51 340U, 604, hib. 0.0 0.0 s
[ 3] & L 15 -G, b2 un,. S 0. Oe i, G «?3 359, Jhl2. ANlhe 0.0 0.9
&5 S 12.0 =0,0 Y9, wo, ~, U, u, 99, 0, o?n 3607 w00, 2594, 0.0 0.0 2
AS 6 14,0 =00 Yo, w0, €. LAY I, 2 (LY 84 3Ihjle 605, kLI XN 0.0 0.0 e
48 7 16,0 -0,0 Yi)e 0. “e G Ve 99 (L8 81 kLY hi) ), I60]. 0.0 0.0 2
a5 AR 20,y =0, Yue YN, ~e ity L[S “y, Oe «”0  In10. kY.L N 3615, 0.0 0.9 rd
4% 9 32,0 -0.,0 YU, 90, 1=, 10, Qu. w3, 0, «11 3600, 36?26, 3606, 0.0 0,0 2
a5 16 0.0 -0,0 e 0G0, i%e ib. 19. 19, Ve & L3 E-T8 3623, 3622, 9.0 0.0 2
4% J1 0.0 =0.0 Yu, a0, l=. 10, 1D, 99, 0. el 351)e 3Inl9, 3IK)7. 0.0 0,0 2
4G ]2 0.0 <9.0 wi, 0. i~. J, 10, w3, 0, 1,81l 3I~0d. 3641, I22. 0.0 0.0 2
ak 1 =4.9 <3, Sy, »n, 1=, 0, N, V. Be 3I¢PW 3ADT, 3In27, 3INiT. 0.0 0.0 2
&K 2 0. 0,0 Y, Y0, I~ Ve O, ", Va 3720 3JA0hH, IR2T, 3IR34, 0.0 0.0 2
ah 3 &, 0,0 wu, 90, 1-, n, Ny WY, Os F.4K ANy, "N2Ah, 3RJ6, n,0 [ Y] 2
ey & H i 0.0 wy, 90e 16 Ve 1y e He 3% 3h00. 620, 36148, 0.0 0.0 F4
&8 5 '?.0 0,0 Y, WO, 1o, . Ny =39, e 3,38 3Ihud, IK]S, 2IAls. 0,0 0.0 2
ah 6 L Y] -l 0 Yio v, 1=, 0, e ¥ O .37 ERL X Inlo, 308, 0.0 N.0 2
ok 7 14.0 «0,0 9o, 9o, IS, . 0, 9. Oe Y4862 3571 3In0l, 3IR03. 0.0 0.0 2
'Y A 20.0 =0.,0 Yy, Y., 1, T e 1Y, Ve V2% I9AD, K03, 3594, 0.0 0.0 2
&7 1 0.9 -0, N vid, lvo. . (LN 0y e, (LY AP0 RLT X 1Y Iwnm, IvnT,. 0.0 0.0 2
(34 b d 0.0 -0, 0 0. ol. 12 Ue ", Ve e I 35 I5ah. 3514, 1830, 0.0 0.0 s
'Y 4 3 6.0 of) 0 Yo o, 15, [ n, ", e 34087 NG9, INA0, AYNK, 0.0 0.0
7 & "0 =0,0 YU, 1U0. %, . Ne ¥, Ve F4PBR  I5T/, 3SYA, 3IhKAB, 0.0 D0 F
(Y4 W ) =0.0 W, an, I-, vy ta, w3, e Teol®s 3970, 3In79, 3IRCB, 0.0 N,0 2
67 6 Jef) =0,0 vy, 0, }~, o 1N. 9, e Te2% 3IS5. 379, II4}. 0.0 0.0 F]
(Y] ] ~64% =0,0 wit, w0, I, e i0, w3, 0, 710 3% 6. 76, 1I5R7, 9.0 0.0 <
'Y 2 0,0 =0,0 vy, v, ~e Vo o, =<4, e To?3 IS5¢ls I570, 39n2. 0.0 0.0 5
'Y A 4,0 =f,0 “Yu, 0, I=. o« Vhe vi, N 7.11 35%3v. 3549, 39561, 0.0 G0 e
(1] § My) =L,0 Wiy 9N, I~ [N e Y9, Ny Toih 39TV 3In35, 2AR6T, N0 0.0 2
'Y h 12,0 «01,0 v, wn, 14, e Dy i, 0s 7.26 396, 3620, 1070, 0.0 0.0 2
aq h Ja.u -0, 0 N1 *de 1o 1, [[1PS ¢, Ve lTa16 By, ~n. 3St?,. 9.0 0.0 ¥4
&R 7 A0 =0 0 vy, una, ~. U, n, v, e Tell I800, I™HE, Inu9, 0.0 0.0 2
e 8 20,0 -0,0 vJeo "M, e Ve . AT Ve Taly 3574. 399k, 3. 0,0 0.0 2
o9 ; b =N.N ViH, w0, S, 0, 0, “9. e f.09 b, [ 467, 0.0 0.0 2
49 0.0 -3,0 YUe yhe Se 0. (LIS Ve Ue Tel7 [/ 40]). 423, 0.0 0.0 2
9 3 4.0 0,0 WU, Y0, ~e . N N Be Tol® Ve 357, 4026 0.0 0.0 2
.9 & Y0 =0,0 Y9, v0. G, ", e Y. e 7421 Ue 153, IRTe 0,0 0.0 2
49 5 12.0 =0n,0 e who S 0. 0, hE O Je T71 O 294 4 395, 0.0 0.0 2
'S ] h 16,0 0.0 Y)e O, e Ve e “de 0. TelQ 0. 97. 390, 0.0 0.0 2
&9 7 16.0 0.0 LD IS i, ?o 0, a, A DS e 7146 [+ 19 63, 378, 0.0 0.0 2
49 R 20,0 <-0,0 wuv. %0, D Ge de Y. 0. Telb 0. Qe 236, 0.0 0.0 2
50 1 0.0 =0,0 %o, a3, Se 0. Na Y9, Qe 0.00 3584, 40 64 0.0 0.0
50 2 040 =0,0 HG&, o3, Se 0. Ue 4y, 0, «5T 3M17. 3691, 3620. 0.0 0.0 5
$1 1 =6,0 =0,0 58, o3, Se . 10, Y9, 0e 3e31 3599, 669, 62] 0.0 0.0
51 2 0.0 <=0.0 H6. 43, 15, 0. 1In, 99, O 329 3598, 6576 6li. 0.0 0.0 s
. o P TG PP o W Tt - S IPis A VP ¥ > - ——
Qr78.0022-119
P 13
* [ .X



DYNL
OFG

b AR e T - - L P E - - - F Y T 7T 1. ¥ v T ¥ ¥ )
@ 0 68 00600000000 0008 0SSO 08D BSOS OO OB OO OO S OEOSOEDOOROS
OO OO OO0 OO P OO I IO OO PPOO OOV DD ONODODIODODODD

NOSE

NN NP NNV VN A3 AU A NN I AN A NI AN N A NV I IR RN NN N O

NOSE

NN NN NN N N VAN AN AN A N NN AN NN NN AN NN RN AN AN NNV

UNIT
GEAR INLET COVERS

OTHER

*

LT

A== D P U £ DN DI S W= PN S W N D S PNS W N e OO DN PN PN OD PN

BALANCE FORCE

4040,

o Dl D XN
O8O X e ot =g
ses0s 0000

R,

$330:

DVAG
(Ls)

288,
3o:

=

ot & e WO b L i X

N\ b Pt gt
w =T PE=ENIVNI S
CENICWS SLm N

-y
.

AND MOMENT DATA=«STABILITY AXES

PLTICHING SIDE QO0LLING
MOQMENT  FORCE MOMENT
(FI=-L8) we) (Fr-Le)
=-2544K, =363, 255.
=392, . 59,
270, ~Ue -40,
~4221. ~4, - 29,
-52R87. -84 65,
=365, 6o Sle
257 -20, 264,
=hQ7T. -8, 393.
«TA9, =-33. 301.
=1059. =25, 2718,
=163, -4h, 826,
=-1777. -84, 349
«)1404, -25. 229,
<rh,
=18R3, -Te 169,
151 =T 120.
~594, -9, 29.
-§76. la. lon.
-539, 3. 100,
=400, -1¢. 175,
=11%2, 2 235,
=013, -31. 623,
=l1lnQ, -87, 699,
=-12139. =13, 329,
=HR4&, 10, =10,
-?239, -12. %4,
=357, Se -101,
=hak, -l4, =306,
=40n0, a7, -313,
=1222. 2l. -117.
-1787, 20, -177,
=1900. 72, =220,
—27914, 43, ~151,
-27207, S7. agsb,
=2144, 47, llv.
-12)19. -13. 221.
=} IR, =31. I3k,
=Glh, -0, T,
=la%b, 2l =Hle .
-2h91., =1k, K0,
=315%, =12, 391,
-34130, -10,. 346,
=33a5, =11. 68,
2920, 3. 143,
=276k, -27. 10672,
-2735. =ls, 10481,
-208?' =23, ST7.
10644, [ =33,
5;*. ;s. ‘7}-
- . - [ - .
=395, 8o -559o

’Wﬂtﬂl

YAMING
HOMENT
(FT=-L8)

TUNNEL AMARIENT
TOTAL PRESSURE

TEYP .
(DEG F) (IN HG)

go. 33.0%
L] - .
ae.  32:33
a0. 30.03
s i
L] L&
o 3003
Ale 3u.03
6le 30,03
A2, 30.0)
h2e 30.013
63. 32.03
hb, 30.03
S
hTle 30.63
69, 30.03
69, 30.03
an, 30.05
6le 30.05
62 30,05
aé, 30.0%
ﬁq. 30005
67 «0%
0. 30.05
T0e 30.05
72. 0.09
73, 30,08
T4, 30.0%
75 30.05
74, 30.05
77. 30-03
77. 30.05
TR 30,05
79, 30,05
19, 30,05
79. .’0-05
AN, 30,09
uhe 30.0%
uo, 30,05
719, 30.05
77. 30,05
17 30.08
7. 30.0%
1he 30,09
15 30,09
7% 30,09
75. 30.05
6S. 29.92
70 29.92
A0, 29,96
Ale. 29.96

FOLDOUT FRAME @



MDCA4318

QN PT ALMMY METa LG UNL  oF  DEL haw  am ‘he o 0C  FANL  FANZ  FANI DYLC AYNL HOSE  NO

BEG DBG ey bR EA DR NP6 YXs DEG  PSF HPM HPM KPM  DEG  DEG
S1 3 4.0 =0.,0 Yo, 43. IS, 10. 19, 99, 0. 3.29 360u. 3666, 3610, 0.0 O-g g
51 & R0 «0,0 0. #3, iv, 10, e ¥, Do 3,32 3595, 3hde, 3605. 0.0 0-0 H
2[ S lg.o -Q.n 5:. LR T8 k:. g. 9, :3. 3. g.eg 32=6o J:z7. g:gg- g.o 3'0 ;
(.3 . - N -1 L) . Ny . - K [\ . K Je . °

o  §18:8 =0 38 o LS P KA R R Y PO 1 3 S Tl 3058 8:8 0 4
S) A 200 =D,0 bn, «3, LH, . 0y W9, 0, .01 3HR}3. 3In¥a, 3R], 0.0 0.0 2
§? } 0.0 =0,0 Sa, >0, kS, 1, e 79. Oe 3oPh 381d. 3673, 3635. 0.0 0.0 2
52 0.0 <=0.0 So, o8, 1%, 0, hy I, 0, 1,29 3nhAU. 3627, In2l. 0.0 0.0 2
92 3 0.0 =N,0 9a, o0, I[S. Ge . Y9 Ve 3Je3l 3IRN8. 3n64, 02T 0.0 0.0 2
©2 & 0.0 =0,0 w5, 45, A5, 0. Ve 9. Oe 109 3n26. 3InhRP, 2A6ces 0.0 0.0 2
52 S 0.0 <=9,9 56 3. ISH, 10, Ve Y. Ve 1e90 - 361Be 3663, 3515. 0.0 0.0 2
672 & 0.0 =Nl ohe Bde Ihe 0. JUe 3. e Te)b 3hloe 3IhHs. 23E2le 0.0 0.0 2
52 7T Ve =d,0 48n, «&, %5, [ N, 99, Ve lalY  IR16. 155, 3736, 0.0 0.0 2
52 R Qe <=0, Sa, aO, i~, . iy 3, e Tolh 3657, InT73, 3Ihé4. 0.0 0.0 2
&? 9 0.0 - @ S ISa % . ) IS Sty LLI'S 1.1“ “\lt". -’6650 3nlhe 0.0 N0 2
513 1 «8.0 <=h.6 H4, a3, Is, . fy, “9, e 7.]9 3606, 3ATH, 3619 0.0 N0 e
21 2 0.0 =00 9n, 43}, 15, Ve n, w9, iy 1430 3605, 3A70. 3H12. 0.0 0.0 2
|3 F 40 =0, "0, &3, ~y 0. e Y9, iy, 7.6 Jd5846, 3A65, IA0H. N.0 Ge0 2
91 & N0 =g,0 9%, &3, S. 0, o “d Ne Tell d950. 36K8i. 3609, 0.0 0.0 2
53 § 12.0 =0,0 %6, o3, ~. [N e YY. Ve 7.0)1 9hNT., 348hA, 3In]3. 0,0 0.0 4
53 [ 4,0 -0, 0 -1 Y 03, bve ite U, ~J, e T3} KLY 29 AqT19,. 362le. 0.0 0.0 e
S T 160 =0,0 96. &3, J4. [\ IS e W9, e Tel9 3560, 3073, 3InlA. 0.0 0.0 2
493 9 20.9 EN U Dhe 43, Lo 10, (1 “J, e 7«73 351 3. 3hTh, kLT4 ) 0.0 0.0 2
54 1 =440 -N,0 - 1: 7Y 6, “e e (vgy e De 17.32 123, Jahn, IRl N.0 0.0 2
S& ? 0.0 =0,0 S0, +3. . (U e “9. Ve 12469 3500, 3552, 138l17. 0.0 0.0 F4
S& 3 4,0 «0,0 -0, &3, L%, U, Ve 19, be 1236 3S575h, 3853, 3615, 0.0 0.0 2
54 & R.0 -N N 2% “3, ‘?o Ue 10, Ny Do 72451 3599, 3Inen, 3620, 0.0 0.0 2
5& 8 2.0 =i n hn, ®3, Se (18 . v, Do ]2430 3IANDU. 3IRGS, 3613, 0.0 0.0 2
aé € 16,0 =0,0 »h, a3, e [ S e Y9I, Ue 1P2.11 3In23. 3644, 3620, 0.0 0.0 2
S& T A0 =0, 0 She 83, S Yo 0. Ny, N, 72460 3A0nd, 3"'37. 3J60R, N0 00 2
Se¢ R 20,0 =0, Sn, 613, 5. 0. e vwd, Ne 17.27 3h0l. 3449, 36i7. 0.0 0.0 2
58 1 0.0 =g,0 54, 20, 15, 0o B, “9, He 172449 JIARPY,. 2IARS?, 3IH30, 0.0 0.0 2
5% rd Qe0 =N, > 1o I S, I, e e 9, e el 3574, 3650, 3622 0.0 0.0 2
58 3 0.0 -Nel “h, LS e LIPS Tu, e Ye 2,37 360y, 3nS1, 3620, 0.0 0s0 2
G 6 0.0 =00 3n, 3%, L9 Ve 194 =y, Ne 1213 3SR0. 3n%0, 362°2. 0.0 0.0 2
S4 1 =6,0 =u,f 5Sn, Ne S, e e 49, e 19417 Sl 798, HPP, 0.0 0.9 2
54 2 N0 =00 25, e “. 0., 10, v, Oe 19420 ?le 758, ReTe 0.0 0.0 2
LYY 3 6e) ', 0 Gn, 0, Se e VY0, Y9I, Ve JU LA Oe 733, A01. 0.0- 0,0 2
SA @ RN =h, 0 nSng [ 28 e e 19, AE S Ve KT Y4 Ve 131. 97. 0.0 00 2
5A S 120 =N,0 oo Ne Se Ve U, 99, Ne Ju,0A 0. 725, 779. nN,0 N,D 2
SK n la.0 -f 0 3o 1Y (LIPS e (1 1. vy, 0N, e,25% Ve A9T7, Thee 0.0 0.0 2
Q4 7 16.0 T UGN 2Ne [1 S Se 10, 19e e Ve 19,11 0. 504, 793, 0,0 Ne0 Fd
54 a2 20.0 -h,n “o. Do “Se lu,e 10, “Ja ne 9,3 Ve 403, 773. 0.0 N0 2
57 ; Qe =00 23, IS, 1% l0s Jue 99, Ne U0 195, 2000, 4R, 0.0 [Y] 2
57 ? Qe =0 cde I8, 15, Ve 1n, 79, e 0400 Abe 2090, 229. 0.0 0.0 2
57 3 0.0 =0,0 23, 35, 1%, 0 D0, w9, Ny HeNN) 200s 36025, 147 0.0 Ne0 2
57 & 0.9 0,0 3. 35, 19, [/ IS 10, vIe [} S 0.00 306, 3036. 12C. 0.0 0.0 2
53 5 0.0 =N 0 3 35, 9 0. 10, 19, . 0,00 0. 226, FLLL TS 0.0 a0 2
89 00 =0,0 Z3e IS, “e 0. LX /% ¥y, Qe 0.90 71 102. 3569, 0.0 .0 2
5 3 0.0 =0,0 24, -’5. Se 10, 10, M Ve 0,00 Tle 91 4010, 0.0 0,0 2
8 & D0 =N,0 23, 35, S 1Ve 10, 9YY. Ve 0,00 138, 3585. 3602 0.0 0.0 2

A ’
! ORIGINAL PAGE 15
(n? I“)cut (}EU&EITW( MODOANELL ANRNCRAFRYT OORMPANY

FOLDOUT Fie ] e



- T W ' v e w

BALANCF‘ i‘once AND MOMENT DATA==STARILITY AXES

- TUNNEL AMARTENT
€ NYNL WNOSE YEL A
Copr BORE INOEE VX oren RUNPT  LIFT  ouac PLICHING szpc WOLLING  YAWING  TOTAL PuFSSURE
. {Lu) we  (FFR) LH)  (FT=Un) (FT=L4} (DEG F) (In HG)
o 0.0 2 2 S1 3 3208, <1766, =286 - -a5, 121, Ale  29.96
79 0.0 2 2 8] & 33 - 9¢3e t2h i § SO 113. #¥e  29.96
g o8 2 s I 14 T LSO LR C VSO + A B4
b - - . Ale - - De . .
b SR R
. - - - . - . 3 Y
2 4R 2 £ 301 fean ot AL A ThE gk B GRR
a . - . ] - - . . .
2 2 % g &2 3 7R, -200A, <1785,  ~lbl  =33el 1840 AT.  2£9.9%
SR B4 ofmoohw e 58 on el @t G
4 nb o 2 B¢ P kv e ga clie osa wn o
0 0. 2 2 S5 A 339ar -jice. =430 B5le  =hbne fuse K?e  £9.94
n .0 2 2 82 9 3127, ~lwlu, =%0}a, -4  =21i. «89, AU,  2Q9.9A
a o, 4 4 83 1 2429, elnls, =267, i, =121, 245, Ql.  ¢9.96
9 & 2 . 31 3 343, -MH. 31470 ?le =20l ale 9le  29.94
> 0,0 2 2 53 Rh4. =1371. =20s4]. 31, =303, 7he 9ls ¢3.94
9 0.0 2 2 53 & A3, 146, =17a7, by =t It 9. 29,94
0 0.0 2 2 83 S  47a&. <764, <3696, 1. 422, 507, 1.  29.9¢
¢ 00 2 2 53 & 495), -ab5. =2saq. a5, =254 329, 9l £9.9%
4 om : 34 8 NGt gomS e o4l
‘0 0 2 2 §4 '} 3300, =leds. =435S, -35 -9]. 704, G6e  SGL9R
2 0.0 2 ? 54 2 413", =l2Uh., =64DAT. -29. =bl. 727 o €9.95
0 0.0 2 2 56 3 4RT7a, 504, =37|R, 1A, =376, 496, uS, 29494
A 0.0 2 ? 5S¢ & 569|, =né2, =39A5, 23, -302. 210, 95,  29.9h
25 I S O T L (O (S (O 33
- A . L] -4 P - . . . r'd o
0 0.0 2 2 86 7 6637, 3y =akh3n, Ti. =573, 316, 4%.  Z9.9A
P g : 09 s oogE e oot mioun e
T 0.0 2 2 §5 2 6130, <=llus. ~2716. -27%  <lo03. A95. o5 ¢9.98
. 0.0 2 2 5% 3 4051, =245, 4471 &, =Ihv, “9 13, 95, Z9.96
P00 2 H 55 & 3899, ~l76h, =71377. 15. =376, ~18, 9%, 29,94
A Y 2 66 1 127, “wil, =79n7, ~lo. 34,. P75, RO, 9,36
Donp 2 2 56 2 2169, 860, =776, -1, 336, 306. R3,  ¢9.96
- 00 2 2 SA 3 2991, Hehe =AHTY. -?9, 379, 241, “Tle 29,96
v 0.0 2 2 656 4 3R?4, Tan, =5937, -18, 233, 2827 rG, 29.96
g-g g S 54§ ‘glg. 13%1' -gg;}. -1:. 1_;2.. 532. fe. ;3.3;
L4 < » - - . . - . . . .
n.0 Fd s 22 ‘1’ &8 . 1253. -6345, 40, -hlt, LY. LYY “i,. 29,96
1.0 2 65 B 4437, 1692, =255]. 32, =vo0. 479, B3, 29.96
N.0 2 % 57 1 As, 387, «RAL . -lo 5610 ihSH. T1l. 30.07
R 2 27§ 435 s Clegar ’é‘ PHESENE ¢S SES LA 1 4 14
0.6 2 2 57 & o1 (412 SR+l s 1593 el 71 30.07
1.0 g S 58 1 181, ~A23. ~-11R3, -n. ~InT, =337, 74,  30.06
g-g e 5 26a, -im. 1198, ; -Hza. 3128. I8e  30.08
- - - » - » » *

R ! -

78.0022-219



MDCA4318

*

RUN BT BLPMA wFTA uLE Bl UF DL NAR dm @ uC Fa~i  FA42  FAN3 DYLC DYNL NOSE -
DEG nER ULt UFG DEG uEB DFG  DEG  DPEG  BSF oM RPM RPM DEG  NEG  GFAR INLe

sq_ 5 ‘Dol -ﬂoo ‘Jo JS. )&. Ve 9. e, “o ¢3? 36?10 361]0 36020 0.0 oOo 2
SA; [ 0.0 =N, 0 €3 3, “e Ue Qe Y. [\ N kPR L KLY 2 WS nlb, 3602, 0.0 0e0 2
59 1 0.9 - 23 *h, 5. LU LIS Hd, Ge 0.00 KLY Oe 0. 0.0 Ne.0 2
69 7 0.0 =0.u 23, o1, 15, lve 10, 99, G4, 0,00 3607. 1e0, 107. 0.0 0.0 2
99 3 0.0 =Non 23, 40, 15, 1Ue 10. v, 06, 0,00 36pLe  I7R.  _10a. 0.0 0.0 2
A0 ] ~4.0 0.0 23. a3, e 10 10, v9. 0. 7.09 3516. 3604, 3610, 0.0 0.0 2
60 2 0.0 <=0, 23, o1, Se Jle Ju. 9v. . 7.06 3616e 3505, 3599, 0,0 0.0 2
A0 3 A0 =D,0 ), <}, S JUe 10. 99, 0, T.14 Jh]le 2504, 3A01. 0.0 0.0 2
60 & 4.0 =0.0 ¢3. @3. % 10e 10. . 0, 7,09 3s1de 3601, I5%4. 0,0 0.0 2
80 5 12,0 =0.0 Z4. o3, 1a, 18, Jue Y9, 0, 711 36TV, In06, Jbsd, 0.0 0.0 2
&0 A 1) =00 (3, &3, Ye 0. Ue Y. Ue 7o)l 3512 3603, 23591 0.0 0.0 2
o0 T YAha0 =0,0 23, a3, by 128 N, Y9, O, Tell 1A13. 3IAlA. 3503, 0.0 0.0 2
60 8 20,0 =N,.0 3. 63, “e Vo e MY, 0o Tell 3F1¢e 3618, 36ls. 0.0 0,0 2
51 ] =60 =0,0 {-‘- e, i85, e N, Y9, e 12,406 Jh0u, nln, 30 0.0 0.0 2
[} e B =0,0 c3. 13, sV Ve N ", 0e 17423 3h10. Inla, 30zl 0.0 0.0 2
) 3 4,0 «N,0 ¢33, o3, 5y e e W, O 1225 3R23, 3629, 3h]9,. 0.0 0.0 2
6] & 4.9 -V fJ- a3, “e U the N, Qo 12.2% 3AY, 3h61, 3602, 0.0 0.0 2
61 S l?.o -n.n e‘. ., l“. 0. ". 9, nl ‘?-‘0 36,5- 3630. \"16. 0.0 ‘,Qo 2
()] A 160 0.0 ¢3, o3, !5. 10, 10 4, Oa 12,27 4626, 3IK19, 3617, 0.0 0.0 2
ﬁ‘ T ;6.0 =-0,9 P 83, iﬁu 10. ) L LS 43, Ne 1724149 KLY-Z 79 3hba, 3644, 0.0 0.0 2
6 8 20,0 =0,0 c3. o1, S. 10e 19, ¥, O 17.27 3633, 3naA, 359, 0.0 0.0 2
6? 1 =6.0 =n,0 ¢3. o3, 1=, 1Ue 19, w9, e 19e23 360y, 3”16, 3005, n,0 Ned 2
62 2 0.0 G0 23 *+3e 1N, 10, 1% b e 19,21 Ir3T. An0s, 360K 0,0 0.0 2
“o J Lo 0,0 23, &, v, 10, Ne Y9, O, Ju,?21 3nV7. AR36, IA26, =0 0.0
67 & Re0 -1 ,0 _". i, iDe 10, LIS LA S Ne Ve 3 SV 3n33, 3610, g.o Je0 S
Kh? G 172.0 =D, ¢33, &7, ) 1o, e Y3, e 1924 3R4V,. 3ndle JAUL. 0.0 N.0 2
A2 K 18,0 .0 23, #7, 5, I0. 0, 9, 0, 19,33 3h15, 3617, In02. 0.0 0.0 2
L34 7 ys.q «N,0 23, . 1h, lU. 10, vI, e 19475 X KM 619, 3KNA, G40 o0 4
62 ] 0.9 -0.N 3. n A, ive 1te Ve 99, - vell ANY a0k, Ivvi, 0.0 0.0 2
%3 1 =4.0 =~=-n_.n (23, 6?3, “e N, 18, w9, n, 19,27 Sqb. AKD, Y2R, 0.0 0.0 2
(%) 2 [\ R} -0 23 e, e hy U, 99, Y Y,27 LY, A4“S, 92T 0.0 N0 2
LX) 3 G0 -f, 0 3 “d, e N, o, ", . 9,14 R L RaK, Yi5, 0.0 0.9 2
63 e M) =N g L2l . Se 0, Ue Y4, e 19.2) 7232 H26, MUY, 0,0 0.0 rd
o3 G 2.0 0,0 P23, @i, i, O, e w9, Ve 1914 96, LT RYG, 0.0 0.0 2
63 & 16,0 =0 213, 3, 1w, Ue Ye i, Ue Yelh SY. Ho7, Hul, 0.0 0.0 rd
AT 7 YT - 0 TS “, 19 [OFY e Yo e w22 Tl Rk, HY3, 0,0 0.0 2
% L] Ne0 =) . 0 ?’- “Y, 1-e Ge 1ue W, 0o Ye3e lyé. nS]. YhZe 6.0 0.0 2
Y3 ; N -y, 23 e, e (11 N, Ve 0, ,]19 3620, kLYY JheY, 0.0 0.0 2
(1) 2 Doty =N.0 -0 a3, Ye e e 10, Yo 3.73 36} 1. 635, 3620, 0,0 0.0 2
"5 } ciefl =00 73, 43, . 0, e Ve Ny 74725 3h19. 3IA19, IA0H, 0,0 0.0 2
AS )et) 1,0 3 “. be Ue Ve Je Ue Tell h1d,. dhlG, 6027, 0.0 N.0 2
AS J S0 =D 4 23, &), e O, 0, Qe 0, 7«12 3A10. 320, I6NS 0,0 0.0 2
6Y 4 Rel) =0 €3, 3. Se 0. (139 Je 0 7416 3hY6, 3631, 3h2R, 0.0 0.0 2
AS S 120 CL ) €3, @3, Ye 1V, » Ve Yo Telh KLYS T8 AOR, 36N2e. 0.0 00 2
65 6 16sb -usn £3. «3. d9s 10 Q6. 0. 0. 7:23 36)8. 3615. 3n0hs 0.0 0.0 5
[L,5) T 16.0 -?.0 ‘e @, e Ve 0, Ue [/ 1Y Te20 AhYY, 361]. 3600, 0.0 0.0 2
05 L ?0-“ ~'.0 ¢S .30 so Ve Ve . 0. 7"‘ 30]1' 615. 36‘30 0.0 0 0 2
K& ] =ped =nid cd. ¥ b Ue 10. 8o e 1237 Sh14e 30Ja, 36el. 000 00
6A 2 0e0 0,0 I “3 Se Uo 1 0. O0s 12+2% JhH)ée 3639' 3h34, 0.0 040 5
A% R 400 o000 c3. wic 8. 10. 16e Ue 00 12028 36200 3812 3603, 0.0 0.0 2
: 65 4 o) 20,0 <23, ¢ Se Oe O 0. Ne 1239 3615 612, 3611, 0.0 040 e

+  ORIGINAL PAGE IS
i OF POOR QUALITY AMODONVELL ANRCRAFY COMPANY

[FOLDOUT FRAME ) a2




"YNL NOSE
€6

DOD VOODID DO VIDIOIODODOIOOODDIODODOIOOD VD

e men ey
® ® 8 0 0P P OGO DL OOSOOE SV OO N GE DO GG LS LOOEEELENEOONGSEES

SOOI ODOOOO DO OISO OIOOIDIDOADODIDO

=]

GEAR

VNN AIN VA AIN PSNINORAINN NN AN NN DN NN IV “UNINVN AN RN NN NS U N Y

NOS!
INLE

g

FONUANY NN AN NNV FINIAINVAIN NI VNI NN NN NN A NN NN AN IR R I NN NIV NN N ©

[~
Mee
K)ot

P2PIPIPIFPIIO2OGIIOINNNAN
NN VO ODX

1N st bt St gt pase et et 3 D D DD D OO

RUN PT

LN 0 J T U 8 3 Nt Dot D~ TS £ L) ) O o T8 (b = D = T 8% C) e D L N 8 ()0 () s ON Y

-

BALANCE FONCE AND wOMENT DATA==STASILITY AXES

LIFT DuAG  HITCHING s%oz PO%L[NG YACING
. MOMFNT  FURCE MOMENT  MOMENT
w= IwH)  (FTe @) (LY) (FT=-L*) (FT-LA)

748, =326/,  3N9S, 1. -21. 309.
1094, -2760. 7603, He 36", 348,
llﬁ - =99, 157219, *2e ~464 “Se
65‘. 59, 10522, 3. =107 29,
S6hhe  =nb9,  9T0a. 8e =la, 7.
1234, -2540,  asay, -23. ~wh, 33n.
1773, =-2add, 5081, «37. )28, >n,
2324, =213°2, 5589 -13, -T2 28T,
2r0n, <2169, §o47, 3l. =309, 362,
3)92' =19NG, 57174, LI XY =220, InA,
3355, =1r2d9, 6328, -a0, 13%4, 747.
36‘7. -l“7‘,- aln2, Yae Shl, 465,
TS It O FR (M L

) - . . - e '3 .
2278, =2llv. 3974, -36, 63, 431,
3003, -1977, 4650, -4R, 133, 37i.
3702, 1795, 499h, *e . [
4339, ~]1544, 43h4. 20, -j2e 265,
4542, =}eul, LYLY "5, | Ll S 10604
47723, =214, w026, =94, 21y, ar71.
wIhY, =762.  &Ha0, 16, -90, 543,
1702, =}nll, 1779, %l 0, 862,
2742, =11llo. 2590, =26, 146, 350,
3721. -155Y, 3inn, -62, 251- 87,
4R0?2, =]14060, 31nR, =39, 419, Slle.
S061, -1‘0‘_. G444, -67, esh, 534,
63~a, =945, 4506, =¢le hl. "2 3.
626n, -hU 3, 4649, -.2, 167, 609,
6541, =0 5427, =44, 109, R4,

bva, 496, =hHjwh, 1k, 23l 133,
l14h7, Gy,  =4n7%, 16, To, i,
2217, Sca, =3R4l 15, Al Ra,
J0one, S9h, =326, -5, 30l. 197.
39A%, Tlh, =249, -17, 391, ?R4,

a4, T¥ge =P?5H, e 123. 234,
4%m>, QuYy, =2PR6, -13. s/, AT,
?gﬁl. }A?z. .‘51;. -3. -i?d. 359.

YA, -n . 6ARN, “le =bhn, .

16 . 2802, HYYhA, =39, =320, 33&.
}lu. ~2%el, ARIPS, =972, =264, 174,

HUun, ~2401 . h2Ihe -7, 270, 2944
2276 ~2132.  Af1le “b4, =2uT, is).
2“?’. '?l,lo 54870, =30, =336, 293
33en, ~}vis, 5129, 3. =Ha4, 202.
648, ~1n3i3, SAuS, ~6M, 1320, T4R,
3514, winli, AN, -1k, . 1548,
38R, -, 3Y4, A298 =0, - . 261,
121y, =?l4l, 5901, =61, =11ll. 435,
leg. "?“1)20 26;30 '35‘ °§530 %”ao

[ ] - . . - . - . K 3
57‘“: -l?a.. 4945, 8, - . 3300

TUNNEL AMARIENT
T0TAL PRESSURE

YFHP,
(DEG F) tin HG)

29.97

Lted ' W W W ' o W . A NN

T

R EEEEREEEEREEEEEEEE
VOOOOVODOCOCTOOVWEVL Y

OROOOOOODIDOIODOLCLOL

-5~

SouT FRANE 2



MDCA4318

PUN PT ALPHE «STA  LE Lok (F DAL aAd M e 3 Fanl FAN2 FAN3 YLC NYNL  NOS NO
htb Nt wes ufF- & utG ueh el DeR PSE koM PM KPM 85& e GEAS. INLe
4 . . .

L) § 120 LD ] i, 9%, e e 109, 0, N, 7e37 3815, 3534, kLYd- N 0.0 0.0 ?
Hhéb L LYY 00 23 [ 3 P G, 10 1V, Je (LS T4l ELYEES 47, 3644, .0 0.0 2
AR 7 16490 0,9 €3, 83, “e [ (19 10, Ve N, .2-3‘ ISl 3614, 3603. 0.0 0.0 2
RA a4 20,0 =-0.0 e L X 8 he Ve 10, Je [ 1Y 2020 3h])V,. 3A33, 36135, 0.0 0.0 2
67 ] =4,0 =0,0 P3. @3, 1=, Qe 10, Vs 0. 19,24 605, AH1, 950. 0.0 0.0 2
(34 2 0.9 =0_n 231, a}, “, Ne YU, o Ne 14,21 50, K3, YO, 0,0 N.0 2
(34 3 ., =), 0 23e 3, b e 100, Ve Ve 1%e29 ' 384, aln, 903, 0.0 0.0 2
(34 A R, =N, 0 24, e}, e We Vb, N Ny 19,77 ?3¢. Hiz, NUle 0.0 0,0 2
67 6§ 12.,0 ah, N FETS 4, Qe Do | KLY (LN 0, 9, )4 103, HOA, B3, 0.0 0.0 2
Y4 [ }‘.0 ah N ¢ L3 Y ‘!. O 10, Ue Ne Ve lh 1n7e 197, 417, 0.0 0.0 2
(.34 7 he.0 -, N 23, “ie Ye Ne to, Ve e Ye? 4 121, Y7,e RIT, 0.0 0.0 2
AT A 20,0 -, N 23, ., S e 10, e Wy Ueld? 1ns4, LY A IS QrT. N0 0.0 2
HR 1 =6,.0 0.0 213, “ i, Y he e O Ue Dely AR]b. An2(, kLIETS 0.0 0.0 2
(L) 2 0.0 =0,0 ¢33, w1, S e Va, (U N 19,17 JR1Y, In2o, 3nl0, 0.0 0.0 2
AR 3 4.0 =N, 23, w7, S e 1he (1Y Ne J9.249 Jh.1e I6720, 3IN0H. 0.0 0.0 2
ha & L) -l 0 21 @, Sy e 10, e Ue Y, 1k I8, Inls, Aha7, 008 0.0 2
AQ & 12.0 =0,0 23, “?d, Ye Do 1u, U e Y, 264 10, I6G09, W9/, 0, 0.0 2
AR L LYY =f 0 7?3 ., LY L1 1Y | KLY the [P P ) 3600, 3hay, anr/n, 0.0 0.0 2
hu 7 ;h.x =N,0 ¢y «]i, Y, Ne 1IN0, Ve He 14e01  3nDHe  ARGN,  JA12, 0.0 0.0 2
68 A 20, “lhyfl r4, w1, S Ve lu, 0, Do 19velb  Xhule 1407, WYY, n,o Ne0 ?
63 1 0s0 =0,1 ~FZ3, a1, Y e 10, =29, Ve Jue23 JR24, bbb, MR, 0.0 Ne0 2
9 ? 0.0 N, 0 [ “l, “e [t 10e =ju, 0, Yebl) Ihb, Inhp, LLXTYSS 0.0 00 rd
&3 3 0.0 .".“ % I o, , [UFS 114, Jde e we’l A1 0. Jh?’. kLY 0,0 nN,0 2
”9 6 Ne =D, ¢34, o7, D e 10, Ivhe by Jueldd ihjc, KLEIS )9, Ne0 Ne0 2
69 & 040 <,0 €3, @i, Yy 0, 1% 79 Ge JWal $h2Y, A6, AhlSH, 0.0 [y 2
hQ f N0 =i Y, e, ) Ve Jig =10, e 19,14 Int0e  J3nil, An] A, n,0 0,0 s
A9 T 4,0 =0,0 ¢33, &3, “e Oe 1y, Ne e 19ed¥a  JI670. Ine3, 3630, 0.0 Q.0 2
~Q L] A.h e}, 0 (3. “d, Se hhe Yibe st e 0, Vo" FLENES K29, kl.Ya} 0.0 0.0 I'e
Y] 9 AN =N.0 c3. <12, XS Oe Jo. =10, Ve Ju,lm 3K21, Ineh, k16, 0.0 0.0 2
A 10 At =N, 0 23, w3, S, Ne 180, 1}, De lwell 3M11e 3617, IA09, 0,0 00 2
71 1 0.0 4.0 3. »w, ‘e frg Vi, Ue e o 817 .J')"'\“u FLULS InZH4, oD 0.0 2
70 2 0.0 b h €l “, S be Vhe N, Je VeI 1643, anrg, ANOK, N, 0.0 2
70 T 0.0 =),N rl. Wi, Se Ve 11, e e lUetn NG, Il 3, 3543, 0.0 0,0 ’2
N0 4 D0 b, 24, 62, ) 1y 1h, [ Ny 14, t1 BRI KT Inlw, Ik, 0.0 N0 2
10 S 0.t} L LAY .4, e e 1, e Je Wy in dhNY, 99721 Ini0. 0,0 Ne0 Fa
760 [ 0.2 17,0 Fse G4, “e U, 1N, Ve e l@yr6 160k, inls, 46, 050 0.0 2
13} 1 0. =Ny 24, wi, e e hy =7u, Ve 12429 Jhi1Ye 88K, 3662, 0.0 0.0 ?
7 ? el =N N 298, Hhi, Y, G e =100, N, 246l R L) a1y, A G99, 0.0 040 2
7 FI Nt =, 3¢ =1, “e [T N, Ve Ny 17a2% 1hoee Inlin, Ay, 0,0 0.0 2
7 & 0.0 =20 ~rid, i, “e the iy 0. e 12,727 16H16, Inrs, 3600, Ge0 0.0 2
7 8 0.0 =0,n0 23, w3, S e e £V e 124271 ahJ¢. JAAN, 1hU0. 0.0 0.0 2
7 A Ryl =D 1 (d3s =3, e Ue ity =1, e 172,90 38108, AT, Ing e, 0.0 0.0 2
7 7 "o -, D e 3, Se . Je Ve O 220 JhnYy, Inla, IGNNR, 0.0 0.0 2
7 ) “-0 -0.0 (.)o ‘10 De no “)0 l“o "o ?.?H ”\17' ;’h?-’- 3597- 0.0 0.0 ?
7 9 AN =D,0 73, o3, b e e €U e l7er3 shlb. 3624, 1615, 0.0 0.0 2
4 10 16.0 =0,0 23, 613, . Ne Ny =10, Ny 17.]10 3h12. 3Nn3l, 2520, 0.0 0.0 2
7 1 16,0 -, S" ey, De 0. (e 19, 0. 2.1% K21 363’. 161_10 008 0.0 S
72 8.0 ahof) 230 #i, Se 0. O, . O. 12.40 3643, ﬁ"go 3653- 0 0.0

72 o0 0,0 23 & “e 1S s Ve O, 12.3% 361b. 3623, 613, 0.0 0.0 r4
72 3 0.0 4,0 23, o3, Se 0, N [ 1Y o 12,83 3609, 3617, IR02, 0.0 0.0 e
T2 & 0.0 B0 230 3, Ye Qe (LIPS Oe 0o 12627 3606, 36l2,. 3599, 0.0 0.0 2

ar7e-0622.2219

—— e e e e e e e - —_——

ORIGINAL PAGE IS
OF POOR QUALITY

fN)LJND[RP FTLANUB ' A-13



m=<
a2
3

AR E EE R E R R R EE R R E R R R E R EE R EE R EXX)
VOOV OQOOO IO IDDIIQCOOIODIIIVIVODVDOIIOIIOOCOOODODOIDIOOOI2OD

DOOOOVCLDODOITIDIIIDOTIOIIIDIOICIOIOIIIODOOOODOIDaIOIOIOIOD

BALANCE FOHRCE AND MOMENT QATA==STARTLITY aAXES
TUNNFL AMRIENT

Egzs lzgé; cgeé;s OTHER RN PT LIFY MAG P#;Sg&#G rasgg ua%blz? asaéz? ;?:QL PHESSURE
k. [ 3 . -tk [

° ) - ([ H (LK) (Fi=R) {Lk) (FT=LA) (FT=LY) (VEG F) (IN HG)
2 2 5 5 4559, <1569, 6«60, lo, -lHH, 307 78. 30.01
2 F4 [ 1) [ 4642, °‘3““_o 69TR, -81, 2048, 1610. TR, 30,0)
2 2 A6 7 46495, =]1¢5, H04aG, =1, =121, 46he T, 30.01
2 2 A% 8 Sles, ~Ta0, 42495, P9, ~17h, 496, ) e 30.01
2 2 AT 1 390, wle, =15723., ’0., 6u, hé, 17, 30.01
2 F AT g 1338, Sub, =2677. 17. 1156, v, The 30401
2 Fd &7 2313, -3y, =370R, Te 223, LD 76, 30.0}
g 2 AT & 3?2 ls, KUde =449, =le énl, 190. £ 30,0}

2 61 S 4210, T67, =%6137, =14, Ple, ERLE 7. oha0}
2 2 87 & 4h3a Huu, =6NG7, =lu, 19, 7. 7%, 30.01
2 2 &7 7 4RIA, 1nlvde  =R16%. -Ji, 10572, w5l 73 30,11
2 2 A7 R 434y, Iaele =873, -l¢, 100, al?. T2 30,01
2 F 4 AR ] 1322, =)1413, LS ~b¢e, 202, 49l anl, 30.00
2 2 ~A 2 2492 -indl, 868, =35, 327, Qbn, A9 30,90
2 ra 3 36h2, elhin, 196, -PM, Ml AB3, a9, 30,00
AR & 87646, 13313, LTS -4, 37, 2r7e. L) 30.00
6«8 5 sQu, =10%2, 1228, =54, apn, 540, b, 30,00
2 2 AR K A, PPN Y a-ln, 1797, 136, &7, AN 00
5 g N AD T A3AT, anliv, NPk ~tJd, MHU, 64 ~nTe 10.70
> A4 A ARV, 11, FLINLS -hl, wlu, T4, nf, 30.00
2 2 Ay} e04an,  aladN, K4, -5, InG, Pnle 10, 30,00
2 g 63 2 A1 -inin. 1l1a0. o =nl. She  Bens 700 3009
5 3 av 3 daiar Ziriar Tenssl -3 . PEEN 7le 30400
2 ? AQ & 2HNT,  e)nod, -}lnﬂ. N/, 9s, 3972, 71, 30.00
2 2 Hhy & 2210, =lhSa, =Gll4. -k, asl, e, Tie o, no
P ? A9 K 42449, =)asAa,  JOnAU, -y, thu, ni)h, 172, 30,00
2 2 a9 7 4784, =]16), AunA =33, dis, agl, 17, 30,09
5 ? A9 A %7256, =1270, =2371%. =40, Jan, A4n, 12, 30,00
2 & 9 5148, ~nlN, 9341, -6, Jle. 7574 713, 3u.01
2 2 A9 19 AAS), ~en, =454, 50, 264, HoN, 7. 3n.00
2 4 70 ] 27286, =~ilui, 640, =491, -1l 665, The 3N 00
2 ¥ 2 2hha, =lnY, 1047, 375, 99/, 179, 78 30,06
? 2 70 3 2021. ~laYls  4lra. 4/, 152v. 269, TA.  dn.u0
; ; n & 231, ejriv, 6262, 4N, LT XN 36, T4, S6.00
4 0 5 24n, =17h], 419, =unl, els0l, A, ke 40
2 - 70 A 2121, ~=1nli, AT, =lahj, =24la, S3m, Th, 3n,np
2 2 L1 IR1te  =1el3e  Alnbke Y. 194, PR 79, 30,00
2 2 7{ ? £7n5. [ AT G174 -1, -eih, Wik, P, $0.00
2 2 7 3 BRY, =2juv, Hlule -1, 9, A7 Ty, 30.09
2 2 71 6 2391, «2uYh, 1237, =34, Ak, 4R, TG, an.an
2 2 7] S 2554, =200/, -GSl =’ 1n0, (S5 749, A0 .00
2 2 71 6 3683, =1nll, Mk, ~13, 241, ’he, TYe 36400
2 2 71 7 37“. )il 4THA~, LY 13, 276, IARS an.00
g 2 71 A 3499,, =) /39, ~9] . . Ing, AIPVe A 30,00
2 71 9 39‘.1. ejh3d, SNbe 2b, /84, 09, 79, d0,un
2 2 7 ln 4359, «i’/1v. ARNN, -, hP2a I6N, RN, 30400
71 1 A%, =10%0, 11727. lo 166, S a0, 30.00
7; é 5117. =?2111. 4474, 7345, -391, 479, “le 3600
: 3 B3 ogmn e gmn G Gl mn Ao
M - [-X3 0he - . - . Bhe ~n?e .
2 2 - ;5 . S}So. «2153. 4493, ~b4l, =117/, 313. 83, 30.00
«
EJLDOUTER

r\j{& éL.



w3, Ll ve3d -

72 S 9,0 (2.0
" 1 0.0 <-3.,0
| &) 2 0.0 =0.n
73 3 9.0 -0,C
13 & 0.0 -9 ,n
. 73 & 0.€¢ -0,0n
N .3 .0 -1,.9
13 T RO 0,0
73 8 R,y ~y,)
73 3 B0 =~0,0
73 10 16.0 0.0
73 1} lo0.0 ~N,0
78 1 %0 -9.,0
Ta rd 0.0 -N 0
T4 3 0.0 -0,0
76 4 0.0 =n,p
T4 5 0.0 =u,0
7a & BR.D =n_0
T4 T B.D -05,.0
T4 R lh.‘ 00.0
74 9 6.0 -0,.0
7% 1 0.9 =6,9
75 s 0.0 =N.1
75 0.0 4,0
15 L3 0.9 RO
75 S 0.0 2.9
1% 1 0.0 =-a_n
78 2 0.9 -2,0
LG 3 0.0 &.0
Tk & 0.0 “,n
7% 5 0.9 12.9
T6 6 0.0 1s8,.0
% 7 0.6 29,.%
77 1 0.0 <=s,n
" 2 0.9 =n,o0
7 ?T 0.9 e
It o J.0 L
77 5 0.9 2.0
17 & 00 1R
17 7 0.9 20,0
79 1 9.0 <=&,C
TR 2 0.0 =0,n
78 3 0.0 s,Nn
L) 6 0.0 4,0
L L) S 0.0 17.0
0 7 0.0 26,0
19 5 N0 =4,0
79 0.0 =0.0
79 3 0.0 .,
79 &4 0.0 RB,0

S
ORIGINAL PAGE IS .
OF POOR QUALITY

soronE ERAME ]

MDCAA38

ne el
ST Det urh
-, | 518 10.
L ' L 10,
a3, 1IN, 10,
eie I8, Q.
-, 15, 1v.
e, 1%5. Ju.
-3, 18, 1Ve
a4, 1%, 16,
a3, I8, 1lu,
-, | S 10a
-, In, iu.
LI O L U ¥
L 1Y | S8 10,
-3, iIs, 10,
3. IsN, 19,
«3, 1% 1n,
*»3e 1oa 1%
-3, Ia, )b,
-1, ih, 10,
-, “e l“.
-4, e 10a
.5, e 10,
~ 4, e 0.
.3, Se in.
.3, Y, ive
a3, e [0S
.3, “. 10,
-3, “e J1U.
., e 10a
LT3 Se Ve
-, 5. 10.
al, “, (L
L Se Ve
-2, . 10.
-, ‘e RIS
., e 19,
., by lua
-, ~, Ne
LR TS “e O
-, . D,
“d, e e
), e 10.
3, “e .
«3, “e 0.
«q, e Ua
a3, 190 10,
3, Ye .
e, e Q.
%3 Se 0.
a3, Se 9,
83, e O

A
L 20

19,

' SLESSICT OE

eTedTLCE T

- ot vt s . D S et bt ) o S sont wd bt ik ot t 9 P
-3

- —— s\ —— . —

A-14

ajod
WEGL

Sond
[ LA

ue
¥SF

17.36
(I8 24
7.03
Tels
T.11
T 06

HaN]
ps

Fan2
RPw

FAN3 DYLC DYWL
RYM DEG  DES

® 8 0000 0004 0090 995006 20 800 G000 6 IS as PP OEO I CEPNODPOLEDDOOS
OO0 OO0 OQOOOOCOODOOIDIADIOOIOCQOROOCONNOVOLOODOOODOTD
QOO0 POOIOO0ODIOIOIDIOIONIOLIAODIIAOOOODODIAOIDVIODIVOOIOD
® 0 G P00 G P O8O0 ¢ 00O O 8 DSOS EBODO NS ECE OO 0SSO0 OOIDENED
OO ROOCOIOIODOIIDIOVTOIIDOIDODDOADOOIOIODIIO0OIOIDOBO

1
>
o
>
.
[ - d-X-T-f -7 1-J-F_I-J-1_-K-F 7 J-JCL T-JY-P-1-F R-¥- 1 Y- ¥ T Y-Y Y Y T F Y- T.T- T WY ¥ ¥ V)

'§

NOSE  NOSE
GEAR IWLEF C

FOMIANININ PSR PO AN AN NN N AU U NN AN NI A NN A A A A N A A VU NI A R VNN Y

PO RN NEOA A NN NN YN



.C DYNL
» DEG
0 0.0
0 g.0
[] 0.0
0 0.9
0 0.9
] 2.0
0 5.0
N 0.0
0 0.9
Io D.n
0 0.0
0 0.0
0 0.0
0 (%)
0 0.0
0 0.9
.0 0.0
.0 0.0
.0 0.0
.0 0.0
.° u'o
!o 000
.o n.n
. 0.0
. 0 0.0
.0 0.0
. 0 0.0
0.0
N n.n
» 0 0.0
»C 0.0
. 0 0.0
» 0 N0
0 0,0
.o 0."
.0 0.0
0 6.0
0 0,0
.o o'o
0 Nl
» 0 0.0
0 0.0
.o o.o
0 0.0
0 0.0
1 0.0
0 0.0
1] 0.0
0 0.0
0 0.0
0 0.0
222

NOSE NOSE unNIT
GEAR" INLET COVERS

NNV NN AN AN NN U NN NN RN AN NN NN N A NN A N RN NN NN NN

MNP NN AN NN I VAN N NN N AN N NV N NN NN NN NN

RUN PT
OTHER -

72 S
73 1
73 2
73 3
7Y &
7y S
73 &
™ 7
73 A
I 9
73 10
73 11
4 1
T4 2
7¢ 3
76 &
78 5§
76 6
76 7
Te 8
74 9
% 1
79 2
% 3
78 4
s S
I
Th 2
5 3
LGRS
76 8
7% 6
T

1

2

3

4

q

6

7

1

?

3

4

5

[}

7

1

2

3

[

BALANCF FONCE
LIFT DAL
e nn)

2257, =219V,
1979, <2167,
1968, =2iv),
1672, =24133,
IRIR,  22a27,
196, =23%0,
2ban, =2lhi4,
2754, =2}41,
29lu, =257,
2951, -guuﬁ,

=171n,

LRSS 745
132, w89
1247, -u7,
17am, S2H,
201n, IS
cT67, UG,
36772, 710,
L33, 10¢6.
5054, 17286,
130, ay2,
127%, 505,
12R3, S5,
1369, alr,.
1Qe | . -
2713?, =2ui2,

ot tod b £~ B0 B ad W) 0 Ll Lt L L (W L
WO T NDX NNy
!} Qe X D eGP G
VINES « PRDN~NONNODEILT
LN
] ]
ot o
X r
TV W
~
L *

R RN ERENK
L]
o
N
£
x
.

NN
T

At MOENT DATA=«STAKILITY AXES

PLICHING

SIOE- ROLLING

MOMERT  FUNCF MO 1ENT

(FT=-L8)

b LY

[{91}] (FT=L=)

=9ln, =21u2,
-21,. -6
-3a, -4yt
-3, =ilan,
-4, =ylo,
-l -iﬂgl.

-rh, Q70,
=-9. =-T3h,
-8, -)n,
=J. -nlv,

~14, 1nv,

~-19, 108,
Ive =l

Te -
le. 161.
iR, 1017,
10, 197,

2 110.

~lhe 3.

~63, 1116,

~34. bb4 .

2hy, 379
16, 3Sl.

=rTs, 212.
“Uhle 2¢%

=102, -2972.
202, 3.
=], 121,
LED 61,
“41%, 190,

YasING
MOMEMNT
(FTeL)

lt.
825
oS0
ane,
wll.
LIS
504,
Avh,
197,
‘?‘.
37>
ELTES
A,
287,
le).
Gle
lln.
1672,
37217,
un,
124 .

TUWNEL AMRIENT

TNTAL PhESSURE

TEMe, ;
(DEG ¥1 tIN nG)

¢?e
#i,
nl.
al,
»y,
ne .
LYY
ra .
hé,
T
"4‘.
na,
KR,
R,
A,
s,
a3y
~3,
69,
9,
e,
A9,
6%,

FOLDOUT FRAME 4

30.00
3n.00
3N, U0
30.00
Jn.oo
30,00
30,00
J40.9%
317.09
20,00
37.00
3G.06



MDC A48

Wil PT ALEFwE (TR 0" usy [N Y WY Y9 DY Al i) P any ¥ Ane Fan3d DYLC DNYNL NOSE NOSE
0EG R e yen OEGR 0€G el wFlh DEG PN QA nPn RPM DEG nFG GEAR INLET
79 5 Q.0 17,0 90, &Y, 15, 1lu. Ju, 0, N, 12437 416, 616. 107, 0,0 0.0 2
19 A 0,0 )&, 0 he a3, 1S, 10. Ju, [ 0, 12,32 4na, 617, 725 0.0 0.0 2
79 7T 0.0 25,0 56a «3s I5, 1C. 1In, . 0. 12.15 a)1d, 603, TuYde. 0.0 0.0 2
a9 1 A.0 =6,4 S0, a2, 5%, l0. 10, Qa O0a 318 3639 3040, 3IRI2. 8.0 0.0 4
un 2 Be0 <=0.,0 >0. o1, 14, 10, (0, [ 9 Ve 3el® 3621 36539, 3I6l%e 0.0 0.0 2
Ko 3 8.0 A0 o, &7, 15, 10, 19, 0, Ny 3,19 JhPh. 3Ihie, Ihlle 0.0 0.0 4
o 4 8,0 R, Ho. &1, 15, e 10, Ve LIS 1.20 35264, 3JR2u, 3Ih]6, 0.0 0.0 2
a0 S A0 12,8 B4, w3, -, 1lU. 1Ju, 0. e 426 JhAN,  In24, InDA, 0.0 0.0 2
Ll A 3.0 —-4,0 5. e, 15. I9. 10, . Ue T.02 3In>3. 3InS51, 3633, 0.0 0.0 2
an T R0 =a,0 9H, a3, I8, 0, 10, a, Ve Tey? 3IA0. 3”23, 360U 0,0 0.0 2
L1 AR R.p 4, l 98, a3, 14, 0. 10, [ e To0& 3h2Te 3n26, 3R24. 0.0 0.0 2
an Q A 0 N mA, e, is, v, ju, Ve e Tallh  3Ih22, J4A2u, IAAjH,. 0.0 0.0 72
AN 18 A0 12,4 Dhe =, T . Y1 0, e To0% JAl3e 3Innl, 3ban, 0.0 0.0 2
no 11 ],0 -4,.0 Dhe «3, 5e Ve 1L e N, 17.1% In2 T, 3APS, 3A00. 0.0 0.0 rd
B0 12 8.0 =-0.1 Yo. &3, e 0. 1lu, Ve e 17.23 3506, 3824, 3612, 0,0 8,0 4
A0 33 A.p &, D Ha, a3, Se D 10, L2 e leed0 3423, 3IRZR,  3AR0T. n,0 0.0 2
80 & #.C A0 SNh, 423, %, Ve Mu, N, Ne 12437 3%12. 3In22, 34}, 0.0 0N 2
an 15 A0 12,8 Sn, a3, “e 0, 1o, Ve G, 172.3% 3R}I. Jhes, 3K30. 0.0 N, 0 4
[} 1 B0 =6,0 SNty <1, “e 10. 110, LIS e 12,23 1ne, Aba, LY &S 0.0 0.0 2
Al e R.0O -0,.0 Y9 e ., Q. Ge "y v, Dy 1230 162, AL, R4, 0.0 0.0 2
81 3 9.9 4,3 94, a1, Ye 0. U V1N 0. 12,37 710, ADO, hbb, 0.0 0.0 2
A & A0 RN MK, ai, “a e v, L3S e 12437 246, Y4, 676, 0.0 NeD 2
-3 5 8.0 12,8 5a, &}, “e Ve Ve v, Ye 17,37 3143, 437, T15. 0.0 0.0 2
h2 T D) =N, 0 =ne &7, Y e 10, =1, de 3a iy N1 Y. ELTAN 3nl2. Ned 0.9 2
n2 2 0,0 <~0,0 25, 412, Se e JU, v, De ld6  3R22, 3IN1P2, 3584, 0.0 N0 2
A2 3 0.0 ~0,a0 Sn, 47, b [ 0, 1o, De 21 849, In?]|, 3k04, 0.0 0,9 F4
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Mo SEAG INCET COVERs  oTMER AQIFNT® FUNCE  MBUENT  MOWFnT T
LRy we) (17— =) (Ln) (FT-Ly) (FT=L+} (DEG FD {IN nG)
0.0 2 2 v 5 131>, 353, =3529. =579, =23, 353, 6Te  30.0
0.0 2 2 79 6 1321, 340, -gqsa. -73u,. ’l. 492, fTe 30.¢0
0.0 2 2 9 7 132, 3¢5, ~3Iuxsa, -nSa, 44, 1423, 6%, 30.02
[ ) 2 e Ay ) 33R9, «jbhla, 1042, Uy IS, -5 w5, 30.02
0.0 2 2 Ry 2 3392, -iAul. Rsd . -10. ~-177a 40. 65 30.02
0.0 2 2 A 3 3829, =}avy, Kih, -112. ~052, I, hh, 30.02
0.0 2 2 90 4§ Jass, =19v2. 502 =277, -H19, 23n, 67 30.02
0.0 2 s © an 5 IS17,  =lnvrb. Alle =-311. -945, =11l wTe. 30.02
0.0 2 RG 6 4201, <1153, -17. 20K, 36,  =2)0. 63e  30.02
Ne? 2 2 Ry 7 42R2, =]lwl, 217 Sh, ~?G4, -201. 10. 30,02
0e0 2 2 AN 8 423s, =-1l3iv, TR, =132, =975, 12, 10, 30,02
0.0 2 2 81 9 4292, <llss, =2r2, =367, =1677. 4Tl 7. 30.02
el 2 2 an 10 L3346, =)167T, Y 568, =2118. RAT. 71 30.02
0.0 2 2 8n 11 56400 -hhS, =~]AN2, 34s, all. ~1RH, Tie 30,02
0.0 2 e an 12 945, ~foev, =13%0, 9n, -392, ~4b 1?7 30.02
0ef) 2 2 A0 13 56137, -6el, =27207%, =209, =1/6h6. 75%. T2 3n. 02
Ge e ? AD 14 S405, -nln, =~1751. -S4/, =1813, 127, 7%, . g2
n,n 2 2 RD 15 Y44, =03, =p72n, 90y, =290n, 1407, 12. 31.02
el 2 2 Al ) 246, 43,  =a50n. 161, 33a, B L IUS LTS 39402
0,0 2 2 8l 2 2665, ad, =459G, ~0e 53, 131, ~Q, 31.0°7
Neh 2 ? a1 3 26517, wdl. =635, -19S, 436, RERS h3e 3n.02
e 2 2 Al & 7631, al}, =47214, =339, -2hH, IoA, AR 0,02
0.0 2 2 A} 5 23K, Lubh, =khhn, —4uy, =39n, R31., 67 30.02
00 2 2 R2 ] 2152, <1%a, 1628, 17. =354, =33, I 30.04
Ne0 2 2 a7 2 277n, =ivld, 1263, 15. -3inla -Sre ~S . 39,04
Ned 2 2 K2 3 CHRTZ, ~]3n4, 124, Se 21n, S0, (32 30,08
Je0 2 2 A2 4 2931, ~1%417, -la7. lee ~28r, 27. 3 30,04
N0 2 Fd LR | 3102, =1562, 2038, Al ST S, &S, 30,04
0.0 2 2 83 2 314le  =1hUb, 1001« 67, -336, 2. €94 30.0R
Gl 2 ra 43 3 3384, -isvyl, =}1l19. 17, -5, -5, 70, 30 .08
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el 2 2 Rs 1 IelT,  ~1999, LN S LY ~3433, =57, PP 30,04
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040 2 2 S 4 3272, <1625, ~1Hho —HMio, 63, L L 77, 30.08
0.0 2 2 Ra 1} 3794, ~11v2, =321, 27 323, R4, 74, 30,08
0.0 2 2 L4 ITHa, =1711l. -Pbb, 26, 159, WPk, 74, 30,08
el e 2 A6 3+ A6dAN, =1/1h, «“?7 sl -H4o, $ln. THe 31,08
0.0 2 2 A6 & IvHe, =1cud, 465, 3. =113, 230, 17, 30.0AR
0.0 2 Hd An § g“o‘. 'l“’\)n S5h5 34, -2581 4 97, TR 300 A
0.0 2 Z [ [ b"’. - l". R?TO Jho ‘30]’. l‘)lo 7°. .’0. 4
0.0 S s 87 é R74a, 407, 170 3. e 12‘3- lade 7R, 30,908
0.0 [ 4 1177, a03, «2571. . 125, Ry, 77, 30.09
') 2 2 AT 3 l;tn. all, =AS]R, 8e és. 12 3. 77, 30,08
0.0 2 2 BT 4 30, 505, =8924. -8, 12e. 151. 77, 30.08
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Hn 1 0.0 =0,0 %n. @3, .%. [0, 10, =¢0, e 12,09 3ADZe V6”9, 3IFbl. 0.0 0.0 2 2
AR 2 0.0 =0.0 Yo, 3, 15, 10« 10, =15, U, 12,37 3h3U, 3In2d, 3IH1Y. 0.0 0.0 2 2
KR 3 0.0 =0.D YSo. 3, L9, Ve 10, =}y, e 1P2.85% 2Rale 3IA37, 3620, 0,0 0.0 2 2
AR & 0.0 <=C.n « &3, -, Ge V10, =S, N, 12,37 3k1h, 382, 1Ini9. N.0 0.0 2 2
“e S 0.0 =0 3 “b, =3, Lo O 10, Ue 0, Y2.67 J3Rhlm, 3IKP2T7, I62l. 0.0 0.0 2 4
8R 6 Na0 =00 Ha, 3, ine 1N0e 0, Se 0o 12,47 3615, 3835, 3In2S. 0.9 2.0 2 2
ua 7 0.9 -fi.0 Y6, 6, i 0, 1V, 0. e« 17,47 Ihja,. 35217, Inl3. 0.0 Je0 2 el
Y R 0,0 =00 S8, 63, .49, Ue 10. 19 ey 12437 3Ah1e. In3I7, 3611, 0.0 0.0 2 s
LT 9 040 =0.n0 55, «3, .4, Ue 10, Pu, 6, 12,48 35)6, 3626, 3I609. 0.0 6.0 4
nQ 1 00 =0, wa, ol, 16, 0. 10, 0, e 19,26 3hab, JRak, ARG, 0.0 0.0 2 2
[chd 2 D.0 =9,0 Ba, 63, .=, Ny Yu, e Te I%elh PY10e  IALT, )0, 0.0 0.0 2 2
"9 N =0,0 Yo, 43, (5. ity In, Ve he T A3 20an,  3K56. N6, NN el 2 2
90 ? Rl =0,0 Sh, @3, -, 0s 10, =10, Ne 3e6) 3811e 3INP?2. 3617 0.0 el l 2
9 2 BR.O =D,.0 S, w1, =, n, 18, Ve Ny 34,672 1ri5. In3In, 2R3N, 0.0 0.0 2 ?
90 I del =00 Hh, e}, L&, e lu, 10, Vs  3.61 3409, 3818, 2Kle. 0.0 "0 2 2
an A4 RN «3,0 neo, ), }&, Ve Tie ¢V e 1426 JAnR, 3610, 3IB)lG,. 0.0 el 2 2
vl 1 A, 0,0 9She 1, .=, Ne 13, =i, He TerB 3n)he 38727, IR0, 0.0 Na0 Z 2
93 2 A0 =00 hkhn, 63, 1=, e 10, ) Ne Toll 3Innle JIR0K, 3R01. 0.0 0.0 e 2
Y] 3 A0 =0,0 HH, @3, iP5 U 10, 10, 0o TaNld  3Rhlbe 3IBDA, INeh, 0.0 0.0 2 2
9 4 R0 =0,0 5Sbe, 3, }5,. 0, 10, <7, e T4 3FARIBe  IAZ1l.  INDA, 0.0 [ %] 2 2
Yo 1 A.0 =0,0 “Hh, 673, 1, O 10, =10. Be 12407 3629, 36721, 3515 0.0 0.0 2 2
Ul 2 R0 =D,0 bn, 83, Ime 10, 10, e v, 12,372 3619e 3IH34, IK1D. 0.0 0.0 2 ?
9?2 3 4,0 0,0 o596, 43, iS5, lU. 10, 10. e 12,725 3r3¢e 3IK15,. 3606, 0.0 0.0 e 2
92 4 A,0 =D,0 hHa, a3, M PO I Ns 17225 3/1%« 3A1A, 1IKNA4, 0.0 0.0 2 2
Q13 I R0 =0,0 5% 43, i%e Vs 10, ~1ds le Jrot2 1rU, s11, HAH, 0.0 n.n 2 2
v3 2 A0 =00 5n, a3l, | R R S VI 10, [ Ve 17a31 1ace 6l3, AS2e 0.0 0.0 2 7
“3 I 3.0 =0,0 5S6, 13, In, 10, 1Vlu, 1. Ve 172,37 1734 h)r7e 656, 0.0 0.0 ' 2
943 6 A0 «0,0 Sk, w1, 1te U, T, U, e 17s30 156, S5, 69, 0.0 0.0 2 2
Uk} § A,0 ="_.0 Hhe i, t, 10, lu, Ue he 19,10 196, Tas, nCo.e 0.0 0.0 e ~ 2
94 1 JA.0 «0,N So, «i, [l O, Py =10, U, KX 0T, AR,  InGA, 0.0 0.0 2 2
e 2 1hel =0,0 >k, a3, e iy [ S Je e /Y 354l 3821, 511 0.0 0.0 2 2
UTY 3 1A.0 =0,0 Sn, @i, s, e Yu, ta, Ve 29 3afne  Ania, 2A6N9, 0.0 040 2 2
94 & 15,0 =D, Do, 63, v, 10, o, r9, N, Jedd  Jha6. 31 1. A0S, 0.0 0,0 2 2
y5 1 180 =0,0 Sn, a3, 5De e 19, =10 Js Teuvy 3In;9e 3831 N[99, 6.0 0.0 2 ?
98 2 14.0 =0 ,N 94, 4}, 16, Oy 10, 0 Qs Tl 3A29, 3825, 3RS, 0.0 0.0 2 2 .
95 A 1k =0,0 5Ha, &3, iYe 23 14, e Ve Tol™ 3hJle JInSH,  3bab, 0.0 0.0 2 2
5 & lhe) =0,N 5Sn, 63, 1D U, 1%« ¢4, Ue TelS 36ale 354), 3”20 G.0 046 F4 2
Q4 1 1A.0 =0,0 5Hs, &3, 15, b 10e =iv, N, 172.728 J3kh5, 3R, 1619, 0.0 0.0 2 ?
94 2 1A.0 =N_,0 5Hb, 3, i5, LIS e (LS e 12,39 3A30, 3n%A, 3IHe?, 0.0 0.0 2 2
9% 2 }5,0 =N,) Sk, 63, 1w, [/ Ve 1ue Ne 17e?S  3bob, hShe 3IR3T. 0.0 040 2
96 & 15,0 <0,0 %Soe. 93, IY9. [ N, rFu. Ne 17418 3A2us 36289, 3Inl2. 0,0 0.0 4 5
97 1 1he0 =0,0 9o, 3, 19, 0, Ne =lu, Ue 1725 vy 4H5, ASTa 0.0 0.0 2 2
97 2 16,0 =0,0 56, 43, 1v. . n Ve 0, 172.37 Gh, L1108 6564 0.0 0.0 2 2
Q7 3 14,0 =0, N ohe L 3 S 15, . LIPS 1V De 17.73 Ak, 443, 662 0.0 0.0 2 Fd
97 4 16.0 =0,0 Y&, o3, 15, 0. Ve Ve 0e 124723 A3, 431, 651, 0.0 0ol 2 2
Qq 1 =6,0 =0,n 56, a3, 149, Ue n, Ne Ne 3,72 3605, I6'A, 1594, 0.0 G0 2 2
9a 2 =6.0 =0_,0 Sn. 43, 15, 0, Ne 0. Ne Tele 3IheSe 3625, 3608, 0.0 0,0 2
QR ? ab0 «0,0 6o a3, 15, 0. N, LS 0 17,30 6PN, 36487, 36 9 0.0 0.0 g
99 12.0 =0.,90 56, 63, 15. 0. e Oe ' 3.2% 3675, 3640, 634, 0.0 0.0
99 g ls.o 0,0 ELYS 3, 1%, 0, Ve O 0. 7ell 3IhaS, 36’.". gol‘. 0.0 0.0 2
99 0 =0,0 Sb, &3, 1%, 0. 0. [ 2 De 12431 3h17. 3632, 618, 0.0 0.0 2
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[{RC)] (L) (F¥-| 4 r)  (FT=La) (FT-La) (DEG F) (1IN #G)
0.0 2 2 38 1 In?
Te =1053 164R7 25 -31n 251 Th
"'o - .\ - - L4 - Jo.oe
ol g 2 A% ¢ 3087, -lyma.  llad, 26, =3an, 5] 7. 30.43
8o0 S AR 4 3 2 =j106, 2436, 12. 421, 427, 77. N.08
2.0 5 an o Y44, =114, 2507, o6, -46d, 399, IR, 30,04
0.0 2 2 AR 3261. ',1"“- 501 390 "18. ‘?7. The 30.0AR
5.0 5 $ o 9 gqlg. :||7h. =153, . -l40, 3k, 7, 30.0R
2.9 5 sl Feoels 1173, =3541, [ -"3, 342, T8, 30.04
9.2 S S an 8 4117"' =1151., =S47s, 2. =2lA, 194. 7%, 30.08
n.n 2 2 e 2. =lilu,  -=7148, 9, =29, 390, 9.  38.08
0.0 H H 83 L atae IIfde Claus. 13, p2v, 7. AG.  30.04
oen 2 5 ay S ol . ~513, -L0n1. . PV -il. Ko, 30,04
Na0 F] 2 3 1 33nas -I':l:' it i =17 3%4% e Tes 3204
3 - . . =1l - - Y . 30,
S O e A S O O O 53
oen 5 on 2 3561. Indn. e, -4, el D 17. .08
9.8 4 g 20 & el i T L -13, _ =/4h, -19. TR, 30.08
olo 5 5 N Ra. =jubl. 300Km, te, ehlite -1l Rl 3N.0R
013 5 5 q{ g :lq;. =11l6, Jusn, 79, 5949, -0, Al 3n.0n8
a0 5 5 2 357, «luns, <~linl. T4, -464, =210, A2, 30.0R
N3 5 5 q} ? ggzn. =1023, =?519. 6n, =5ai, «27R, Az, 30.04
orh s S 2 ?\. -h(n, 26N, 24, -459, 257, 3. IG.0R
0o g 2 22 g EZaA' -h?Q. -1n92, Gry -avn, -}A7, a3, In, 08
o 2 5 9> . ->Ilve =%1133, 60 -—24, =L, RIS 30.08
0l 5 5 33 : 3?;}. “wils, =AYA]l. 63, =gHa, 3. A, 30.04
0.0 5 H 33 1 ?‘*:. ::a. 1A3, -4, EDL A, 213, 30,08
800 5 z~ a1 3 ?7“‘0 bl. :3””. -3, 1834, 93, n2, 31,04
5.8 S S a0 ! p 554, TI74e -ls, 3nd. 187, Hle 30,998
g0 2 2 SR 21149, ~oa, =T413A, -, 245, inr, “l, 39,04
0.0 2 ? W i Jnlee 197, —EnA0. 3% 175. 196, o 30,0A
2t S g qs 3"M. -9&2. 1 PP 21, =169, Y6, le 300"
0.0 2 ] 9 3 3aw a1 s i IS SRR 34
-3 . . . - . =le i, .
3:8 g g g: ? 2;3‘. —no(. —20«. 3z, ~4l6, 6 4. 30.0A
AR Y 2 5 od 5 a3 I 1A, I3- 5L 33 nes o 30c0n
oa 5 . - . © 30 5 ° . é ;§ . 4., -hi-, 33l A5 30,04
\ 80 5 3 3 1k, =l24cl, =P34A, 9o, ~aHa, ~?2R% ¢ Ak, 30,08
. 50 5 5 q 5211, ~lols =334, %3, ~4?1a 297 AL an,0A
T 240 2 4 02 ; hl;:. 290, 213u. 34, “s0h, Ak, AT, 30,09
I by b; . 3o9, 271%. b4, ~4h9, =13, “Te 30,04
2.9 S s : 3 L] 0:. 39, =H5HLO, 1tv, ~53, 17. 87, J0.0R
_ %0 5 < 0? 4 bg%;. Sine =T7341. 52. ~56H, =11l AT, 40,08
0.0 2 2 97 % 5?“\‘)- "‘Jza '-‘Z)?. -%30 657, 30"0 RA, J0.0n
R 2.9 § ¢ 7 3 e acle -k: ;. -3s, 1317, S60. A&, 30.08
a 0'0 5 s 97 3“79 ";"o -7 1P, ‘]ho 12l7o 369, RS, 40.08
= 0-0 5 S o ? 335 . ;0 é- h::"o ~H, 9950. 3R0. AS, 30,03
N 000 5 29 2 2‘”}’. : Il;e. .790 ;?- -213l. AR, 63. 29.96
. 0.0 an 250)7. 1 b . %- le 4TS, -125. 64, 29494
R o.o S 3 o . =1a0l, ?:. . 1% Q6. 102 (Y8 29,96h
" b2 99 ; 369y «13V6. 1337, ~16. 171 222 (30 29,96
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“N PT aLkra wFTta ULC by nE DAL nan . R uC FAN) FAND FAN3 DYLC NYNL NOSE NOSE UN
%EG NFEG LEG usk WG uehG NEG NEG  AFG  BSF ROM RO HPM DF6 NEG GEAR [NLET cOV
00 1 12.0 -0,0 N, 3, ADe 10, 10. [ 29 N, 12.37 Hlie HY54&4, f6S. 0.0 0.0 2 2
0l 1 0.0 0.0 he 413, A=e 10, 10, e W, 209 3aon, kLY &N 629, 0.0 0.0 1 el
0} 2 0.0 «0,0 S6. 44, iS5, 0, ", U, Ge 3.33 342v. 3633, 3Al2. 0.0 0.0 1 2
0] 3 0.0 =0,0 9o, 4«3, Se O 0 [ 38 Ve 1724723 360%, 3&20, 36113, 0.0 0.0 1 2
0] 4 0.0 =0,0 HSo. 63, Se 10, Ve [ 1 Qe 1921 368, 3IR2%, 3607. 6.0 0.0 1 2
02 1 0.0 <0.0 %6, a3, I, 0. Ve e N, 3.3 3A24, 3Inla, 3621. 0.0 G0 2 2
g2 2 0.0 =0,9 S8, 43, 15, ve 10, 0. Ve Teidbh 34926, 13nl6, 3IN22. 0.0 0.0 2 2
0> 3 0.0 =D.np H6. o3, IS5, e 10, 0, Ny 12,35 3R26, nkn, 3I6ST. 0.0 (3] 2 2
07 & 0.0 <-0,0 %“6. &3, 15, v, Ve '™ e 1N 0l 365¢. 3mnll. 3J61T7. 0,0 0.0 2 2
103 ] =4.0 =0,0 34, &3, 15, LS n, 0. e 12.P% 3610, 3”19, 1I6]1S. 0.0 0.0 2 2
03 2 0.0 =0,0 J3d. a3, 16, 0. N 0. e 127.30 3R I3, 3I%0R. 0.0 Nef} 2 2
03 J 4,0 =-0,0 3d. a4, 19, ty e U, ve 12,31 3n27. IRIP?, 3607, 0.9 0.0 2 e
03 & A0 0,0 3d. @i, 15, Ve v, V. Ua 1230 3K26. 3ha3, 3J64h, 0.0 0.0 2 2
013 S 2.0 =0,0 38, 4i, .h, [ 0, de e 1737 353]s 3571l 3A10. N0 0.0 4 2
03 6 16,0 =0,n 33, @3, 1%, &y Ju, 0. Ue 12486 3A30, 3837, 23RZé. 0.0 0.0 2 2
03 7 55.0 0,0 3n. 93, In, 0. 0, 0. e 12,372  3R2n, Jhen, 2627 0.0 0.0 2 2
03 g 20,0 =00 34, 43, 15, (LI 0. O, Ve 1237 3I5AU. 3589, 3K32. 0.0 0.0 2 2
1 N6 1 9.0 =0,n0 34, 43, 15, U, 0, ~10, Ne 1237 3R14, 3IK2Y, AR06. 0.0 0.0 '4 2
06 2 0,0 <«0,0 3%, «3. 15, U o - Nae 17235 3618. 3650R, I9594, 0.0 0.0 2 2
LS 3 0.0 =0,0 34, a3, 15, 0, 0e 10, 0. 17.64 3526, 3I8la, 13IA08, 0.0 0.0 2 2
ne 6 0,0 =«=0,0 34, &3, 1o, U, ne 20, Ve 12637 3A3. 3616, 3606, 0.0 0.0 2 2
05 1 =4.,0 =0,n0 34, 83, 15, Y9 10, 0. Ne 19,19 36726, 3INK9, 3IAG59, 0.0 0.0 2 2
ns 2 0.0 =0,0 30. a3, Se 0, Ve . Qe 1IYelY 364Ue 3833, IARG. 0.0 0.0 2 Fd
05 3 4,0 =D,0 34, a3, “e [ n, 1 e 19.724 133y, 3I83], 2IA]A,. 0.0 0.9 2 2
0s & R0 =0,0 3+, w7, - by [ 2 Ve Ve 19,21 3526, 3, 3b}Y, ;0.0 0.0 4 2
05 5 12.0 =N_Dp 34. o3, ., e Ju, 0, He 19422 3619, 3429, 1h29, 0.0 N 2 2
a8 6 16,0 =N,9n 33, =3, e Ve v . 0s 19,32 36735, 3829, 3620, 0.0 0.0 2 2
05 7 }‘l.“ -0,0 31, 43, Se iy N, . e “elA 3A 0. InHA, In30. 0.0 0.0 2 s
05 R 20,0 =n,0 Jn., o, 15, Uue 10 0. 0. 19,21 3600, 3IK1I5, 3633, 0.0 0.0 2
108 1 0,0 =0,0 33, 63, Se [\ 8 . =10, e 19.3% 3hlGs 32K, 3A]1T. 0.0 0.0 4 2
04 2 0.0 =0,n0 34, a4, Se i1y 0o . e J9.39 4hj6. 1552, I65A8, 0.0 N.0 2
06 B 0D =00 34, @3, Se U, e 10, e 1923 3JAR2T, 3677, 60k, 0.0 0.0 2
0% 4 0,0 0,0 sn, o3, Y U Ne PV, 0. 1,26 3h26, 366,, 3IA19. 0.0 0.0 2 4
07 1 =6.0 =0,0 134, 417, 192, 0, Ju. . (LS Telbh 3AT9e  INGS, TAP2. 0.0 0.0 2 2
a7 2 0.0 =0,0 34, o1, e Us 10, . Ge 7al6 3IA27, 3569, 23t349, 0.0 .0 2 2
%4 3 a,N =D, 34e B, S, Ve 10, 0, N, 7,16 36240 3A36, 13N, 0.0 Na0 4 2
07 6 R0 =0N,0 39, a3, S, 0, 19, Ve Ne Te0OT JI625, 3Indl. 2I609. 0.0 0.0 4 2
07 S 12.0 -0,0 3d. “3, Y O, 19, 0, W Tall LIS XS I6rh, 3IKhN2. 0.0 0.0 rd 2
07 6 16,0 0,0 ELEY 3, 1. V. 10, 0, Ve T.14 3615, 3n31, 6]l 0,90 0.0 rd 2
07 T 16,0 =0,0 J3n, e, . 0, 10, Ve D¢ Te04 3IA1ve NI, 3A]R, 0,0 0.0 4 2
107 A 200 =0,0 Jn, a1, Ye 0, 10, 0, Qs 7421 J6lbe 366K, 3638, 9.0 0.0 e 2
na ] 0,0 -f 0 34, “3, e Uo 11, =-i0. [ Telh 36130, 364A, kLEKEN [ %1} 00 b4 -4
oa 2 0,0 ~0,0 34, 63, Le e« 10, 0, Ue Te”23 JIhP23, J6b2, 3630, 0,0 060 2 2
0a 3 0.0 =0,0 e ©73, b Uy 0, 1o, Ne Telh 3622 3626, 3H]15. 0.0 0.0 2 2
043 & N =U,0 34. w3, 9 ve 10, 20, Oe Tols J36l0. 362R, 3h]1T7,. 0.2 0.0 2 2
09 1 =6,0 =0,0 38, 3, Ye 0, 10, 0. Oe 19.78 5 . LIY WS 920, 0,0 0e0 2 e
L) 2 0e® =0 0 KL ¥ «3, - 79 Je 10, 1 1 Ve 19e25 527, 336, 90S. 0,0 0.0 2 2
09 3 6,0 0,0 38, «3, “e 0. 10, 0. O0e 1924 3a7. LY RS, 0.0 0.0 2
gq ; ‘gng ‘3.2 LS ‘g. 12' 13. %go go 8. I:.Z: l:{l gégo g's- g.o 0.0 Fd s
9 » -0, M, 3, . . . . . . . . . - 0.0
09 6 16,0 =0,0 3". 83, e 10, 10, 0. . {9.55 93. 669, e?l' 0.8 0.0 s s
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HALANCE FunCE AND MOMENT NATA-~«STAMILITY ALFS

) TUNNEL AMEIENT
. DYNL NOSE NOSE UNIT ] HUN PY LIFT vaG  PLTIEHING SIOF  ROLLING  Yaw[uG  ToVAlL PMFSSUM

- DEG GEAR INLE; COVERS OTHER 0 ngurnt ¢0£CF uhwtwr MOMFNT TFnPE €
- (Lny (Ln) (FT=LWK) () (FT=Le) (FT=L4) (DESG F) (IN HA)
0.0 2 2 00 1 Jgome, 07, =624 fe 103, 13t. Tl.  29.94
0.0 1 2 0l 1 2hPL, =P|n3, ~39, 9, =441, ony 3 Z9.94
0.0 1 2 0l 2 2742, =206, SAle -1, =16/, -29, 69, 29.94
g-g } g ?,{ 2 222:. “lr32, 196, H. —:32. ;»;:. ;?. gg.gb
. s . -84, ~1474, “l3e Je . . « 95
8.3 s 2 LIET (RNSE THRYUST 3; % 53}.}' -l[\q\;_ l;l’;- -33. -?:A. ‘l‘;\-{. (..g, zg,gﬁ
. ~ Ve -11i03, 2l - 'y - b . LYY 29.96
0.0 2 $ MOBULATION POATS OPEN 105 3 58251  =wli.  =3774 25  =l9he 2R3, 6. €9.96
0.0 2 rd . . 02 & 42134, -Hu%, =]YKA. -3h, 5317, 6. (LB 29,96
0.0 2 2 03 1 17191. =20us. 3799, 56, =133, -102. 7. €9.86
Bel rd rd n3 2 2h24, =] nZ, 3531 L3 1% =80, 1723 TR,  £9.45%
1] 2 g 293 3 3921, =1sbl. 2un2, 29 -117. -6 o 79, €316
0,0 2 n3 4 Lalhn, eltba, 2hPN, 22, 4b, -113. 79. 29.84
0.0 e 2 n3y s 5¢73, ~-lloe, PL?Ts 29 -l%u, -H2, A, 29.4n
0.0 2 2 n3 6 56 3u, -, 171R73, .54, 191v. LI Ale 29.84
0.0 2 e ny 7 Saba, A4 13, 1816, 37. ~hh, b, Ale 29,46
0.0 2 2 . 03 B8  SY3l. ~-léa., 1252, 32, ~l2n, 125, R2,  ¢9.9¢
0.0 2 2 ns ] 2437, «~11in, h1AT. 5 =29, 158, 84, 29.86
0.0 2 2 04 2 26hah, =~]1490, 3633, 41, 29, ole A&, ¢9.86
0.0 2 2 06 3 ¢Y944, =]asH, -a27. 1%, 173, . R4, 2946
C.0 F4 2 N6 4  32A1, =]1T72. =~364S, 26, 190, 116e 85, £9.86
0.0 2 2 n§ 1 ¢na, -lhba, 131k, 3. 6ule 1313, a&k, 29.464
0.0 2 2 05 2 37291, -jevd. 2965, -3, blo, 210, BT, ¢9.86
0.0 2 2 ny 3 “b,:- -}126/, 1e3). -eb. 750. 179, “7. 29,84
0.0 2 2 15 4 o727, -"3e 1072, -6, 627, =10 87, 2.3
Ned 2 2 0‘} 5 (LR -r34, -]aQs, le 1k, e 103 R7, 29,48
0,0 2 2 NS & 7321, -390, =-3n?, -57, 1794, K0 W7, £9%.8h
0.0 2 s ns 7 Tie1, ‘l. -1n2, 15, =127, i1, AR €Y, 56
0.0 e 0y o 711, AL =481, 1l. =35k, ra0, ne, ¢9.86
0,0 rd 2 o~ 1 291, =149 R119. ~-17. 154 a9s, ‘RO, 29 .RA
N.0 e 9% 2 323-. =14l 2uti,. . STH, 3. A9, 2%.86
0.0 g 106 3 234, =lewty, =353n, -l4, R3’, 156, 9, CO4RA
0.0 2 N8 4 4/n7, =113132. =E0&&, 13. 373, 92, Qn, Z9.R4
0.0 e 2 a7 1 1nhg, =2ra, 4nAkQ, Ae -l U, -%Y, Y8 PEIECYS
.0 2 2 nr 2 21?24, =2-vn. 4jnl. a, =35, =212 91. 29.74
De0 2 2 a7 3 273 - Tusl, 4117, ell. 171 29, Ql. 9. 86
0.0 2 2 07 & 33713, , ol, [ LY. S l. 7. <2, 294K
0.0 2 2 nr 5 3944, =i SuU 4135, 50. «337. =17k, 93, ¢9.R4%
0.0 2 2 ny [} 4072, IR 4]1al. -1l. 112¢. 93, a3, 298N
0.0 2 % ny 7 4l6n, el762, 6] v, bbb, -lbd, -8 o 913, CALHA
0.0 2 0T 3 a5, ~HlI, 3627, Y5, -h33. =174, 94, 29 M4
0.0 el 2 0N/ 1 2094, =213, F4QS, 94, =P o 140, 96, FE LY
0,0 2 2 g 2 2197, =273%. 4157, T4, -2l =35, 94, 9486
0s0 s 2 nR 3 233‘\. '?)Jt‘- 219R, 95_. -?7,. -Lh, 9‘. 2. 8%
0.0 2 0R & 255¢, =21Yh. 470, [} 19 =214, 6l T 29.064
0.0 2 2 ne 1 a9v%, S¢ e =19%82. Te w09, 160, 913, 2YeR%
0.0 2 2 ne 2 1494, 514 *3112e Ye 375 93, 93, £29.8n
0.0 4 ; 09 3 2532, 8§97, =427, -0e 46} o 1bbd, Sl. 2946
0.0 2 N9 & e, 51, 50465, bt - T anl. 115 9. 2986
0.0 s s ng 2 4429, dlle =6046, -5¢ 222, 50, 9}. 29.86
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wYN PT ALPHG AV Tr G el OF DAL maw L] 0N e Fan} tAN2 FAN3 DYLC NYNL NOSE NOSE

Y NER DRSS 0EG RGN OEG DEG  NDEG PSF RPM RP RPM DE6 NEG GEAR INLET

109 7 20,0 -p, 34, w3, 9, 10. 10, 0. 0, 19,16 200, 506, RR9, 0,0 0.0 2
0 1 0.0 =0,0 34, @3, §na, lGs 10, Ue 23e 0,00 The 117, 1362e, 9.0 N.0 2
0 2 0.0 -0.0 KL “ 3. 1-’0 00 1v. O 23. o2h 121. 3635‘\. 3(’(9- 0.0 0.8 2
0 I 0.0 =0,0 34, w3, 14, 0, 10, 0. 23, « 37 336Gz, 3h1p, 1A6H2, Q.0 N.0 2

111 1 0.0 =d,n0 34, w3, 1=, ue 1u, e« 24 Te?23 3611, ALT, 3622, 0.0 3.0 e
1 2 Red «0,0 I, 43, Jnu, 10. 10, Ve 214s 7ell 3Kh21e 36272, 2I6lA. 0.0 0.0 2
1 3 12.0 =0,0 Jdu. a3, . .« lu. e 23. 7.11 3kny, 3617, 3606 0.0 0.0 2
1 & 16,0 .0 IH, a3, 5 0, . e 2% T.072 34A13, 3hen, 3IK1A, 0.0 0.0 2
1 § 2%.0 =0.u 3. a3, Se 0o 0, e 24 To0A 38]ve 3Ina0, 2IA6IH, 0.0 n.0 F4
1 A 0,0 -0, M, 3, S, G, 0. 0. 234, 17.3h 3AL6. 3InSN, 36724, 0.0 060 4
1 T K0 =D,9 39, &3, e T3 [N 0 2%e 172.33 3Rr13. 36?2). 23IR0T7. 0.0 0.0 2
1 R 12,0 =0,0 34, 3, 2. U, . Ue 24, 1724372 4nare. 3IR23, 3617, N,0 0.0 2
1 Q9 6,0 =0,0 J~e 3, S o 10, e 234 17,37 35%0. 38727. 13619, 0.0 Qo0 2
1 10 20,0 -N,9 L 129 e, Se e 0, Ue P2ie 174248 a2 B-X3 362A, 3608, 0.0 0.0 2
2 1 0o =u,h s, a3, ~, L, iry 0, 23. 36,17 36]2. 1l113. 1e02. 0,0 0e¢0 2
2 2 0,0 =n,n0 34, &21, S, Ve 0, e 2% 6,76 QRagy, 1107. 1194, 0.0 N0 2
2 3 0.0 =0,un I8, 3, Se Ne [ o« 23¢ 36,19 19ad. 10Ymr, 118h, 0.0 0.0 2
2 4 16,0 =0_0 39, 3, ~, 9 10, 0 23, 36,22 3R2¢. 109, 1188, 0.0 0.0 rd
> § 14,0 =2,n 34, o6}, N, 0o U, e 24, 36,36 2937, 10172, 1186, 0.0 0.0 2
2 6 AN <l 0 AM, a8, =, Ve Oy Qo 244 36,16 2Ny, YMG, ]lHhk, N.0 0.0 2
2 T Inet «9,0 an, @3, 14, |y, . 0. 24. 36,07 9l, 96, 1187, 0.0 0.0 l

112> Ho0,0 =00 4, aid, I~, 1. 10, fia 21e Y641y hhee 1124, 121K, NeN 09 2
13 1 0.0 =0,5 {le 9, 8, L. 10, e e 0400 Y, H] 624, 0.0 Ne0 2
13 2 0.0 =N,0 Il %, 1w, h, 10, 1, Ny UG.0n Jan, 3IhS1.  I%19, 0.0 N0 4
:3 3 Nh,n - Iie DN, (SN Ve 1o, . (U 2 KLY 2 Ivia, 3610. 0.0 0.0 re
6 1 0.0 =0_n Tle ™%, -, e 10, 0o O JeSS 33, 3In37, 3515, 0.0 0.0 2
[ 2 A.,0 =0,n fle 95, N, Ve 11V, 0, (LS le36 JA0n. JIA34, 3596, 0.0 0+0 2
6 3 R0 0,0 Tl, »>%, -, N, 10, . U o35 3k I, Ina0, 3IA00. Q.0 0.0 2
[3 & 0.0 =06,0 [lla 5S¢ 1%, Ve 1%g =10, Ne 3¢?21 3H3%¢. 3BT, 3037, 0.0 0.0 2
'y 6 Nl =0,0 Tle She b, Ve V0o 10, e 433 3AR1e, 3I8la, INLT, 0.0 N ?
“ A QN =000 Tly Mg v, e lu, 20, De  Femd 3h28, s0ln, ARG, 0.0 0.0 ?
- ] o6t el i Tle ™4, by e 1, 0, e de b inol, WA, NS, N0 0.0 Fd
N 2 .0 =n,6 [lle 2%, 4, lU, 10, e e 1,7 4h7 4, ihen, hit, 040 DeN ?
[ I R0 =i The N, N, e N4, N, Ne 3,26 JRD3, 4rH, A gH, a0 0.0 ?
S & 12,0 =u,0 (l. 58, 4w, e M1, e e 3e4h 3654, a3y, 3611, 0.0 0.0 2
S 5 l&.n a0 Tle Y&, “, 0, lﬂ. Ve N, 429 J6abd, 2~?7. J6Nh, N0 N0 g
L3 6 14,0 9,0 [tle o4, Se (7 0, Ve 0 321 3m03, 63], 23817, 0.0 Neb

11% T 20,0 =9,0 Tl. =5, 15, 10, 10, Ve Be 51 3A1D.  IR36,  $6121, 0.0 Nel 2
s ¥ 0.0 =0,0 Tle 2%, 15, 10 10, 0, e Tall 3615, 362], 1601, 0.0 0.0 ?
A 1 ®4,0) =0, He Wi, 0, e "y 0. 0, 36,20 93. 2711, 2719, 99,0 90,0 }
L) 2 0.0 =0,0 e Y, (L8 e (128 . N, 34,33 1729, 27uR, 2722. 99.0 99,0
L 3 2.0 =u, 0 Ve Yy, 0, 0. . 0, 0, 36,27 RY, 2702, ?7iA. 99,0 94,0 1
A & 4,0 =D_H Ve 99, . Ve [ Ja 0e 36,27 9y, 2710, ?7lke 99,0 Q9.0 1
A S 6h.0 =0,0 Je¢ Y9, N, Oe 0, . Ne 8,720 QL. P713, 2707, 99.0 Q9,0 1
LS A KN ad,» Ve YO, 0, e n, Ve Ve 36,12 Qhe 27115, 2702 99.0 99,0 1
L) T 10,0 0,0 O W, Ny . 0, . 0, 4,16 Rtd, 57‘5. 2751, 99,0 QQ .0 !
& A 12.0 =0,0 Oa VY, Ve O Ve Ve Ve I0e)? Qb 132, 2739, Y9,0 99,0 N
[ 9 }t.ﬂ -0,0 0. Y9, 0,y O 0, Qe Ny A4,1N an, 271722, ?75?. ¥9,0 QQ,0 1
& 10 J&,0 3,0 0. e Ve 0. e Ve 0e F6,.15H 121, 27133, 2! . 98,0 Q9,0 3
& 11 18,0 w0 Ue ve, Ny O, (L ' N, V4,21 Inl, 2739, 142, 99,0 99,0 N
6 12 20,0 =0,0 Ve Y9, 0, 0. Qe [} Ne 814 ATe 275, 2756, 99.0 99,0 i
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BALANCE FOKCE AND MOMENT DATA==STARILTTY axES
‘ TUNNEL AMARIENT

NYNL NOSE  NOSE UNIT RUN PT  LIF
T NDrAL PLTCHI NG SIofF R N Y ¢
NEG GEAR INLET COVERS  OTHER i Aliuins SIOE  ROLLING  Taning  JOLAL PHFSSURE
L) (L) {FT=-i Q) fLr} (FI-Le) tFT=L4) (DFG F) (IN HG)

0.0 2 2 no 7 434
9 1nua, =4laen 7 -0 F
00 5 o . . cnu, 2h5. H9, ¢Y.86
a3 g g 3 ; 132;. =lrus, =2HN9, =22. =~P03l. =ab?24. 19,  729.90
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