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ABSTRACT

A generalized wind tunnel model was tested to investigate new componen%
concepts utilizing spanwise blowing that will provide improved maneuver
characteristics for advanced fighter aircraft with primary emphasis on high
angle-of-attack performance, stability, and control at subsonic speeds. The
investigation was focused on various methods of controlling and delaying the
leading-edge vortex breakdown and of optimizing component interactions. In
particular, spanwise blowing was utilized on a Ly° swept trapezoidal ﬁing tb
determine the effect of leading-edge vortex enhancement on leading- and
trailing-edge flap effectiveness, horizontal and verticel tail loads, and to
assess the concept as a roll control device. In addition, the effect of
spanwise blowing on the canard or wing on close-coupled canard-wing effective-
ness was investigated. Additional studies were conducted with a trapezoidal
wing featuring a unique leading- and trailing-edge flap arrangement which,
when combined with spanwise blowing created a "locked vortex' system for high
1ift at take-off, approach, and during maneuvering flight.

Test data were obtéined in the Langley hizh speed wind tunnel at free-
stream Mach numbers up to 0.50 for a range of model angle-of-attack, jet
momentum coefficient, and leading-~ and trailing-edge flap deflection angle.
Spanwise blowing resulted in significant vortex-induced 1ift increments at
the higher angles-of-attack with consequent improvement in the drag polar,
and the data suggested that blowing was more effective at the higher Mach
number. BSmall deflections of a leading—édge flap delayed thé beneficial
effects on 1lift due to blowing to higher angles~of-attack, but the data

suggested a forward rotation of the vortex-l1ift vector resulted in leading-edge
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‘thrust recovery and, hence, polar improvement. Spanwise blowing in conjunction
with a deflected trailing-edge flap resulted in 1ift and drag benefits that
exceeded the effect of each high-1ift device acting alone. Spanwise blpwing

on the canard in the presence o% the wing was more effective than blowing on
the wing in the presence of the canard. The data suggested that blowing on the
canard enhanced the canard leading-edge vortex and improved the favorable
canard-wing interference at higher angles-of-attack. Horizonfal tail loading
at higher angles-cof-attack was reduced by spanwise blowing on the wing. In
addition, blowing resulted in stabilizing increments in the effective

‘dihedral and directional stability parameters of the wing~vertical tail and
wing-horizontal tail-vertical tail configurations and delayed the unfavorable
Ereék in the directional stability parameter to much higher angles-of-attack.
Spanwise blowing was an effective lateral control device at the higher angles-
of-attack and compared favorably to a theoretical estimate of the effect of
trailing-edge flap ailerons. Spanwise blowing in the channel formed by
extension of upper surface leading- and trailing-edge flaps of the "locked
vortex" wing resulted in large vortex-induced 1ift incremeﬁ£s but the data
suggested that further refinements in the wing flap design and nozzle

location are necessary in order to achieve more favorable 1lift benefits.

The leading-edge suction analogy was used for selected configuratiogs and

provided reasonable estimates for the longitudinal aerodynamic characteris-

tics resulting from spanwise blowing.
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The International System of Units (8I), with the U.S. Customary Units

presented in parentheses, is used for the physical quantities in this paper.

Measurements and calculations were made in the U.S. Customary Units. All

data presented in this report are referred to the stability-~axis system as

indicated in figure 1.

axial force due to nozzle thrust components, N(1lbf)
aspect ratio, b7/S

. 2 ;.. 2
nozzle exit area, cm”~ (in”)
wing span, 54.36 cm (21.L0 in.)

s - Drag
aercdynamlc drag coefficient, =3
drag coefficient due to nozzle thrust components
aerodynamic drag-due-to-1lift coefficient (CD - CD O)

2

total drag force coefficient, includine nozzle thrust components
mininum aerodynanic drag coefficient
aerodynamic 1ift coefficient, —=:
1ift coefficieat due to nozzle thrust components
1ift coefficient at zero angle-of~attack due to jet-induced

camber effect

naximwa 1ift coefficient

~aerodynamic 1lift coefficient without blowing (C )

L,jet off

potential 1ift coefficient
total 1ift force cocfficient, including nozzle thrust components
leading-edze vortex 1ift coefficient

side~edge vortex 1ift coefficient

xvi



m,T

cL,p * CL,Vle " CL,vse

1lift curve slope

. pitching moment
q, S c

pitching moment coefficient due to nozzle thrust components

aerodynamic pitching moment coefficient,

total pitching moment coefficient, including nozzle thrust

components

Rolling moment
q, Sb

rolling moment coefficient due to nozzle thrust components

aerodynamic rolling moment coefficient,

total rolling moment coefficient, including nozzle thrust

components
aC

rolling moment due to sideslip,>—§g, per deg

Yawing moment
q, Sb

yawing moment coefficient due to nozzle thrust components

aerodynamic yawing moment coefficient,

total yawing moment coefficient, including nozzle thrust
components

aC
yvawing moment due to sideslip, "g%, per deg

Side force

aerodynamic side force coefficient, o ©

side force coefficient due to nozzle thrust components
total side force coefficient, including nozzle thrust components

aC
side force due to sideslip, YR per deg
2

jet momentum coefficient, ﬁVj/gqu
average Jjet momentum coefficient
local wing chord, cm (in.)

local flap chord, cm (in.)

xvii



Cin theoretical wing root chord with leading and trailing edges

extended to plane of symmetry, cm (in.)

c wing mean geometric chord, cm (in.)
a nozzle diameter, cm (in.)
L . ) >, 2
g gravitational acceleration, 9.5n/sec” (32.2ft/sec”)
h height of nozzle center-line above 1lifting surface, cm (in.)
iC canard incidence angle, deg
LE leading edge
M free-stream Mach number
NFJ normal force due to nozzle thrust components, N (1pbf)
D, free-stream static pressure, Pa (psi)
P4 plen stagnation pressure in settling chamber, Pa (psi)
Py 4 stagnaticon pressure at nozzle exit, Pa (psi)
2
Pﬂj pitching noment due to nozzle thrust components, Jd-m (in-1bf)
a, free-stream dynamic opressure, Fa (lbf/ftd)
Rn Reynolds number (based on wing mean geometric chord, c)
RMJ rolling moment due to nozzle thrust components, W-m (in-1bf)
S wing reference area with leading ana trailing edges extended
2
to plane of symmetry, cum (in.”)
2 o
SC exposed canard area, cm (in”)
- -
S exposed tail area, cm” (in“;
SF side force due to nozzle thrust componrents, N (1bf)
‘average stagnation temperature in settling chamber, °r
t,plen
TE trailing edge
t local wing thickness, cm (in.)
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Jet velocity reached by isentropic expansion from the
stagnation pressure at the nozzle exit to free-stiream
pressure, m/sec (ft/sec)

nozzle-air weight flow rate, N/sec (1bf/sec)

chordwise distance of nozzle from leading edge of wing root
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aerodynamic 1ift increment due to blowing, C. . -
L,jet on

CL,jet off

trailing-edge flap aileron inboard span station

trailing-edge flap aileron outboard span station
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CHAPTER I

TITRODUCTION

The flow on thin, highly-swept~back wings at mcderate-to-high angles-
of-attack is characterized by a leading-edge separation which forms a
stable vortex over the wing and provides significant vortex-induced 1ift
increments. This characteristic of slender wings, of the supersonic cruise
type, has been understood for many years (refs. 1-5). For moderately-swept
higher aspect ratioc wings suitable for fighter aircraft, however, tﬁese
vortex-induced 1lift increments are not achieved due to vortex bursting, or
breakdown, at low angles-of-attack. If vortex breakdown could be delayed
to higher angles-of-attack, the resulting vortex 1lift would significantly
improve filghter maneuver performance.

A ﬁromising technique for enhancing the leading-edge vortex on
moderately~swept wings and effectively delaying vortex breakdown to higher
angles-of-attack consists of blowing a concentrated jet over the wing's
uppér surface in-a direction essentially parallel to the wing leadingééﬂéé.
The results reported in refs. 6-20 have demonstrated the control of sééarated
flow regions by transverse blowing, applied the spanwise blowing concept
to different types of lifting surfﬁces, and determined the amount of vortek
1lift achievable on wings typical of current fighter aircraft. It is desirable
to extend these studies to evaluate thé effect of spanwise blowing on fighter
performance, stability, and control for a variety of aircraft-component
arrangements.

Accordingly, the present investigation was conducted utiliziné a L4°

swept trapezoidal wing configuration to determine (1) the effects of spanwise




blowing on leading- and trailing-edge flap effectiveness, (2) on horizontal
and vertical tail effectiveness, (3) on close-coupled canard-wing inter-
actions, (4) to assess spanwise blowing on a roll control device, and (5) to
evaluate a unique leading- and trailing-edge flap arrangement which creates a

"locked vortex" system.

The wind tunnel tests were performed in the Langley high speed T- by

10-foot facility at Mach numbers up to 0.50. Six-component force and moment

data were acquired for a range of angle-of-attack and jet momentum coefficient.



CHAPTER IT

BACKGROULID

The contfadictory reqﬁirements for thin, low aspect ratio wings for
efficient supersonic performance and for thicker, higher aspect ratio wings
for subsonic maneuver and take-off and landing performaﬁce have led to
considerable investigation of design concepts that take advantage of vortex-
induced 1lift. GStable, leading-edge vortices are characteristic of the floﬁ
over thin, highly swept-back wings at moderate-to-high angles-of-attack. This
flow situation occurs because the favorable spanwise pressure gradient
causes the separated leading-edge flow to form a stable spiral Vortex,‘as
illustrated in figure 2. fhe take-off and landing performance of the Anglo-
French supersonic transport "Concorde' relies on favorable leédiné—edge |
vortex—-induced effects. In addition, a strong vortex flow generated by a
maneuver strake 1s very important to the high angle-of-attack maneuverabiiity
of the F-16 fighter, which is shown in the vhotograph in figure 3. Many
researchers, for example ref. 1, have investigated sharp—edge‘delta and
delta-related planforms and have shown that a fully-developed leading-edge
vortex induces substantial increases in 11ft beyond that obtainable with
attached flow. These trends are illustrated in figure L, whnich shows the
effect of leading-edge sweep angle on the 1ift of flat-plate delta wings at
o = 200. For moderately-swept, higher aspect ratioxwiﬁgs typical of fighter
aircraft, these vortex-induced effects are not achieved due to vortex
breakdown at low angles-of-attack. It is of interest, therefore, to incor-
porate into‘aircraft design either an active of passive means, or perhaps

a synthesis of both, of augmenting ﬁhe leading-edge vortex flow for such
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wings in order to improve the maneuver performance at moderate-to-high
angles-of-attack.

Spanwise blowing is one active method of enhancing the leading-edge
vortex on moderately-swept wings and delaying vortex bursting to greater
span distances at a given‘angleQOf—attack.‘ This is accomplished by di-
recting a concentrated jet spanwise over the wing's upper surface in a
direction essentially parallel to the wing leading edge. A sketch of the
concept is shown in figure 5 and illustrates how the air is drawn over the
leading-edge vorteﬁ and reattaches to the wing surface behind the jet, much
like the‘reattachment behind a two-dimensional éeparation bubble. Spanwise
blowing induces‘a flow along the vortex axis which delays vortex breakdown
to greaterlspan distances and higher wing angles-of-attack with coﬁsequent
increases in 1ift, and hence enables a stable vortex flow to be ﬁaintained
over a wider range of flight attitudes and Mach numbers. Some originai work
related to this concept was performed ih refs. 6-9 which demonstrated the
control of separated flow regions by transverse bloﬁing. Additional work
performed in refs. lO;lh applied the concept to different types of lifting
surfaces, such as wings, leading- and trailing-edge flaps, horizontal tails,
and vertical tail rudders. More recently, wind tunnel tests and theoretical
studies have been conducted in refs. 15-19 to determine the effects of
spanwise blowing on wings of moderate sweep angles typical of current
fighter aircraft. Reference 20 has also investigated the application of
;panwise blowing on the canard of a large-scale, semi-span cana;d-wing
transport configufation and has indicated that canard blowing may possibly
enable a reduction in canard size required for low-speed flight and permit a

more optimum canard to be used in cruise.



Another concept utilizing spanwise blowing to augment a vértex flow
has been investigated in ref. 21 which consists of "locking" a vortex.
flow over a semi-span, rectangular wing by spanwise blewing in the channel
formed by extension of upper surface leading-and trailing-edge flaps.
This concept is illustrated in the sectional view in figure 6 which shows
how the flow sepgrates from the upper end of the leading-edge flap and
rolls up into two discrete vortices within the channel. Two co-rotating
vortices were found in flow visualizaticn studies conducted in reference
22 using neutrally-buoyant helium--filled bubbles to visualize the flow.
Ref. 21 did not discern the vortex ahead of the jet, which is probably due
to an inherent disadvantage in generating smoke in front of the model as a
flow visualization technique. At sufficient blowing‘rates, the separated
flow reattaches to the trailing-edme flap after passing over the vortex
channel. It is this flow reattachment that results in large increases in
1ift. The vortex flow appears to energize the flow such that attached flow
is provided over an "effective' airfoil éhape possessing a large amount of
camber and thickness. Ref. 23 initially proposed application of spanwise
blowing in cénjunction with the unigue flap arrangement to improve the low
speed flight performance of fighter aircraft. By extending the flaps
and blowing spanwise in the channel during take-off and landing, it may be
possible to generate high 1ift at relatively low angles-of-attack, thereby
improving pilot visibility and possibly decreasing the required runway
length. Such a configuration may also augment maneuvering lift at higher
subsonic speeds by appropriate extension of the flaps and sufficient blowing
rates. Ref. 23 has also suggested that the "locked vortex'" flap system for a
swept-back wing be retracted to form a thin wing for efficient cruising

flight.



Flow visualization tests were conducted in refs. 22 and 24 to determine
qualitative effects of spanwise blowing on flat-plate, semi-span models which
included a wing planform typical of fighter aircraft with leading- and
trailing-edge flaps, and also unswept and swept-bacx wings featuring the
"locked vortex" wing channel. Typical results are shown in figures T(a)and
7(b) which suggest high-1ift conditions when spanwise blowing is present.

Based on the results of the flow visualization tests in references 22
and 24, and in order to supplement the previous research just discussed, the
present wind tunnel force test program was designed to provide experimental
data to quantify the effects of leading-edge vortex enhancement by spanwise
blowing on a hhovswept trapezoidal wing configuration featuring conventional 
leading- and trailing-edge flaps. Blowing was initiated on the "clean" wing
and also in conjunction with a deflected leading-edge flap and/or a deflected
trailing-edge flap in an attempt to conform wing geometry to best utilize the
effectiveness of blewing. Specifically, the tests were designed to determine
if spanwise blowing in conjunction with a deflected leading-edge flap would
result in drag polar improvement as a result of an increase in suction forces
on the cambered wing surface and, in addition, to evaluate spanwise blowing
in combination with a deflected trailing-edge flap as a means of improving
trailing-edge flap effectiveness. Two leading-edge flap deflection angles
and two trailing-edge flap deflection angles were investigated, along with
one configuration having simultaneously-deflected leading- and trailing-edge
flaps. In addition, one case was investigated for a differentially-deflected
leading-edge flap, in an attemnpt to modify the wing leading-edge across the

span to best utilize the highly-effective jet at inbcard wing stations and to



maintain attached flow near the leading-edge farther outboard where jet
spreading and vortex bursting occur. A further application of spanwisé
blowing may be as a roll control device where differential wing blowing alone
or in combination with small deflections of conventional lateral control
devices may prove an effective means of improving laterai control character-
istics. In this regard, spanwise blowing was initiated on the right wing
only. The effects of spanwise blowing on the lateral-directional stability
characteristics of a wing- horizontal tail-vértical tail configuration were
evaluated at two side-slip angles, along with the effect of blowing on the
wing on horizontal tail and vertical tail effectivenésé. The favorable
interaction effects between canard and wing are limited due to leading-edge
vortex breakdown at moderate-to-high angles-of-attack, on either or both

of thé lifting surfaces. Spanwise blowing was therefore investigated in
conjunction #ith a close-coupled canard-wing configuration by blowing .on the
wing in the presence of the canard and blowing on the canard in the presence
of the wing for two canard incidence ahgles. The present study is also
designed to provide an initial evaluation of the "locked vortex" concept for
a moderately-swept-back wing featuring a unique upper surface leading- and
trailing-edge flap arrangement.

The wind tunnel tests were performed in the Langley high speed T- by
lO—foot facility, and data were acquired at a free-stream Mach number of 0.30
for the 44° swept trapezoidal wing configuration (data were acquired at
Mep = 0.50 for selected configurations) and at free-stream Mach numbers of 0.15
and 0.20 for the "locked vortex'" wing configuration. Six-component force and
moment data were obtained for a range of angle-of-attack, leading- and trailing-

edge flap deflection angle, and jet momentum coefficient.



CHAPTER III

EXPERIMENTAL IJVESTIGATION

Model and Apnaratus

A three-view drawing of the general research model showing the canard,
wing, horizontal tail, and vértical tail is presented in figure 8(a), and a
three-view drawing of the "locked vortex' wing presented in figure 8(b).
Photographs of the various modeliconfigurations installed in the wind tunnel-
are shown in figures 9(a) - 9(e). It should be noted that the horizontal
and vertical tails shown in figure 9(e) were not investigated with the
"locked vortex" wings. Téﬁle I contains the pertinent geométric parameters
associated with the model.

The canard had a leading-edge sweep angle of 51.7O and an exposed area

(s of approximately 20 per cent of the wing reference area (S), and was

o)
tested in a position in the wing chordal plane and also at an incidence
angle, iC, of +10°. The canard was untwisted and had uncambered circular
arc airfoil sections. The thickness varied linearly from 6 per cent at the
root to 4 per cent at the tip.

The horizontal and vertical tails had a leading-edge sweep angle of
51.70 and an exposed area (ST) of approximately 25 percent of the wing
reference area. Both tails we?e untwisted and had uncambered circular arc
airfoil sections. The thickness varied linearly from 6 percent at the root
to 4 per cent at the tip. The horizontal tail was tested in a position in

the Wing chordal plane and the vertical tail was located along the

centerline of the model.



The untwisted wing planform shown on the model in figure 3(a) is shown
in more detail in figure 10(a) and had a leading-edge sweep angle, ALE’ of
44° and a 6LAOOE airfoil section at the wing root (the root of the wing is
taken at the intersection of the fuselage and wing) which varied linearly
to a 64AQOL airfoil section at the tip. The full-span leading-edge flap,
which twisted and cambered the wing when deflected, had a constant chord of
15 percent of the wing root chord, and consisted of five spanwise segments
which are shown in detail in fisure 10(a). The trailing-edge flap was
20 percent of the local wing chord and extended from the wing-fuselage
intersection to 7O percent of the wing span. The moment reference center is
taken to be at 25 per cent of the theoretical wing root chord at the fuselage
center line, which is illustrated in figures 8(a) and 8(b).

The untwisted "locked vortex" wing planforw: shown in figure 3(b) is
shown in more detail in figure 10(b). The wing had a leading-edge sweep

angle, A _, of 44° ana flat-plate airfoil section at all span stations (when

LE
the flaps are retracted) with a rounded leading-edge and sharp trailing edge.
The thickness ratio, 4/c, was  per cent for the wing, lhence the thickness
varied linearly from the root to the tip. The leading-edge flap chord was

30 per cent of the wing chord at the root and 36 per cent at the tip. The
leading-edge flap hinge-line was located at 25 per cent of the flap chord

at thé root and 50 percent of the flap chord at the tip. The trailing-edge
flap chord was 35 per cent of the wing chord at the root and 53 per cent

at the tip. The trailing~edge flap hinge-line was located at 65 per cent

of the flap chord at the root and 2€ per cent at the tip.




The continuous-flow air system that was used to provide the desired dry
high-pressure air to each set of convergent nozzles is shown in figure 11.
High pressure air was delivered through 0.953 cm-diameter brass tubing which
was fed through the high speed sting (#5) and coupled to the aft end of a
six-component strain gage balance in the model by means of a flare fitting.
Air flow was routed around the balance and piped into a single cylindrical
plenum chamber located in the forward section of the model.

Details of the convergent nozzle geometry and location are shown in
figure 12. Three pairs of nozzles were used alternately during the testingé
one pair for the 44° swept trapezoidal wings, a second pair for the "locked
vortex'" wings, and a third pair for the canards. Zach wing nozzle was made
of 0.953 cm-diameter stainless steel tubing, whose innér diameter converged
from 0.T75 cm to the diameter d of the circular exit shown in the figure.
The 44° swept trapezoidal wing nozzles, which rested on the wing upper
surface, were extended out through the fuselage and located at approximately
23 per cent of the wing root chord. The "locked vortex™ wing nozzles rested
on the wing surface and were located at approximately 38 per cent of the wing
root chord (flaps retracted). The original sweep angles of the latter
nozzles (An = 44°) were reduced (swept forward) after initial assembly of the
model to the angles shown in figure 8(b), which resulted in the nozzles
being extended out a greater distance from the fuselage. Each canard
nozzle was made of 0.635 cm-diameter stainless steel tubing, whose inner
diameter converged from 0.508 cm to the diameter d of the circular exit
shown in the figure. The exit diameters of the two nozzles in all three
pairs were slightly different. The canard nozzle size was smaller than the

wing nozzle size to reflect lower blowing rates needed on the swaller canard
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surface. In addition; the canard nozzle size was subject td physical
limitations in this area of the fuselage (cover nlates and canard mounting
pin, for example). The canard nozzle was located at the 50 percent root chord
location to enable variation of canard incidence angle, ic, without changing
the nozzle location relative to the canard surface. Due to the canard
mounting pin, each canard nozzle was positioned approximately 2.33 nozzle

exit diameters above the canard surface. UJozzle geometry, location, and

sweep angle are summarized in fizure 12.

Instrumentation and Calibration

Six-component force and moment data were recorded by means of the
‘internally-mounted strain-gage balance, designated T37-3. High-pressure air
was routed around this balance by means of two 0.€35 cm-diameter S-shaped
tubes shown in the photograph in figure 13. This air-balance system is
unique in that the high-pressure air delivery system is combined with the
balance aséembly such that the balance interactions are essentially
independent of air pressure.

The forward end of the air-balance assembly is connected to the cylindri-
cal plenum chamber by means of two 0.318 cm - 0.635 cm swage-lock fittings.
Details of the stainless steel settling chamber, which was hydrostatically
tested to 600 psi (4.13 x 106 Pa) prior to installation in the model, are
shown in figure 14. The stagnation pressure in the plenum chamber was
monitored and recorded by means of a 500 psi (3.L45 x 106 Pa) pressure
transducer located within the model and connected to a Aigital voltmeter
located external to the tunnel. The pressure transducer was calibrated
prior to testing, and plenum chamber total pressure was correlated with the

digital voltmeter reading in millivolts (mV).
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Also shown in figure 1k are the total pressure probe and the iron-
constantine thermocouple (used to monitor plenum total temperature). The
total pressure probe, which was constructed of 0.318 cm-diameter stainless
steel tubing, and the iron-constantine thermocouple were pre-tested prior
to welding of the end cap to the settling chamber in order to ensure proper
measurement of total pressure and temperature, respectively. The pressure
probe was bent 90o such that the tapered mouth of the probe was located along
the centerline of the plenum and facing the two air inlet holes. This was
done to account for any flow through the plenum and ensure measurement of
the total pressure in the plenum.

The two wing-nozzle assemblies and the canard-nozzle assembly were
alternately connected to the plenum chamber by means of 0.635 cm - 0.953 cm
swage-lock fittings and 0.318 cm - 0.635 cm swage-lock fittings, respectively,
with 90O elbows. Allen head pipe-plugs were used to plug up the pair of
tapped holes that were not utilized during a given series of test runs.

Nozzle alr weight flow rate was determined by means of a #8 Flow-Dyme
venturi flow-meter located external to the tunnel. The temperature and
absolute pressure at the flow-meter inlet were monitored as well as the
differential pressure across the throdt, from which an air weight flow
rate was determined.

The jet momentum coefficient, CU’ is defined as

C. = wV./gq S 1
. J/gqm (1)
where w is the measured air weight flow rate and Vj (British units) is the
Jjet velocity reached by isentropic expansion from the stagnation pressure at

the nozzle exit to free-stream pressure, given by



-

- _ 2/T
V, = 109.6 ﬁt,plen(l - (2o/2y p1en) ) (2)

Since the jet momentum coefficient varied slightly with each data point
during a given‘test run, an average jet momentum coefficient was computed
and is designated as Cu,avg'
Each set of nozzles was statically calibrated in the tunnel wifh all
lifting surfaces removed to obtain six-component force and moment data as
a function of plenum total pressure. In addition, the right wing nozzle for
the 4L° swept trapezoidel wing configuration was calibrated in a similar
manner with the left nozzle removed and plenum outlet plugged. ‘The resulting
data are presented in graphical form in Appendix A along with linear fairings
of the calibrations. These linear calibration curves were used witn the
equations presented in the appendix‘to correct wind-on data for thrust effects.
Additional static‘tests were conducted to measure the jet total pressure
at the nozzle exit as a function of plenum total pressure. This calibration
was performed in order to evaluate the assumption used in deriving equation
(2), that the plenum total‘pressure is equal to that at the nozzle exit. A
syringe was used as a total pressure probe and a 300 psi (2.07 X 106 Pa)
pressure transducer (pre-calibrated) to measure the pressures. The resulting
data are presented in graphical form in Appendix A. A separate static test
was conducted for each nozzle and the probé was mounted on the wing or
canard and aligned essentially along the Jet centerline near the nozzle
exit. At the higher plenum total pressures, sevére oscillation of the total
pressure probe occurred due to curved shock waves in the region of the prbbe.
Prior to onset of oscillation, however, agreenent between plenum total

pressure was quite good and the correlations for these ranges of total

pressures were used to compute VJ in equation (2).
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Because of the aerodynamic ;oad, corrections to the model angle-of-
attack and side-slip were made for deflections of.the balance and sting
support system. Wind-off model-weight-tare runs ﬁere made in the wind
tunnel for each significant configuration change, and wind-on data were
éorrected accordingly. Fuselage base-cavity pressures were measured during
the test and the drag coefficients were corrected to a zero-base-drag
condition. Jet boundary and blockage corrections‘were found to be negligible,

and therefore were not applied to the data.
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CHAPTER IV

DISCUSSION OIF RESULTS

Wind tunnel data which include nozzle thrust components are presented
in tabulated form in Appendix B. As discussed in the last section, these
data are corrected for the nozzle thrust components in order to obtain the

aercdynamic coefficients, which are discussed and plotted in the following

figures.

44° Swept Trapezoidal Wing - Flaps Undeflected

The effect of spanwise blowing on the longitudinal aerodynamic
characteristics of the L4® swept trapezoidal wing configuration is presented
in figures 15 - 21 for MOo = 0.30 and 0.50. Due tq the higher free-stream
dynamic pressure at the higher Mach number, the Jet momentum coefficient at
a given plenum total pressure is less than the —Cu,avg at the lower Mach
number.

Spanwise blowing results in an increase in 1lift at 1 = 0.30 and

0.50, particularly at the higher angles-of-attack where the wing without

blowing ( 0) experiences partial or complete stall. The data

“Liavg T
indicate that blowing results in nonlinear 1lift curves which are characteris-
tic of 1ift curves obtained on highly-swept wings having 2 leading-edge
vortex (sée ref. 3 for example). The data suggest that spanwise blowing
‘provides a favorable spanwise pressure gradient that aids in the formation

of a stable leading-edge vortex at the moderate-to-high angles-of-attack.
Fﬁrthermore, these vortex-induced 1ift increments increase with increased Jet
momentum coefficient. At o = OQ, where there is no leading-edge vortex,

even with biowing, the increasé‘in C is due to a jet-induced camber effect,

L

which has been observed in refs. 13 and 17.
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Because of the nonlinear increase in lift produced by spanwise
blowing, the addition of blowing results in large reductions in the high-
lift drag coefficient. In addition, increased jet momentum coefficient
results in further improvement in the drag polar. These résults suggest
that one benefit of the sbanwise blowing approach is that higher lifts
(or load factors) can be prdvided without the weight penalty which would be
associated wifh the lower wing loadings required to accomplish the same
improvement.

Spanwise blowing results in an extension of the linear pitching moment
obtained for the blowing-off case to much higher values of 1ift. This is
accomplished without adversely affecting the stability level.

Another way of evaluating the effects of spanwise blowing is presented

in figures 17 and 18 which show the effects of o and Cu ave on the 1ift
b

augmentation ratio, ACL/Cu,avg’ and 1ift, effectiveness of blowing, CL/CL,O’

for M_ = 0.30 and 0.50, respectively. ACL is defined as CL,jet on =

CL,jet off and cL,o is defined as cL,jet‘off'

The data indicate that increased angle-of--attack increases, in general,
the 1ift augmentation ratio from a minimum value at the lower angles-of-
attack (this value would be zero at o = OO 1f there were no jet-induced
camber effect) to a much higher value at the highest angle-of-attack.
The largest lift augmentation ratios of 4.5 and 7;9 were obtained at
M, = 0.30 and 0.50, respectively, at the lowest jet momentum coefficients,
which means that spanwise blowing generates L.5 and 7.9 times the 1lift
that would be obtained if the jet were vectored downward and perpendicular
to the free-stream which wéuld result in a ratio of cne. The data also suggest

that even higher ratios may be attainable at greater angles-of-attack. At the

16



moderate-to-high angles—of—attack, increasing the jet momentum coefficient
decreases the 1ift augmentation ratio a trend that is typical of most jet
augmentation systems. These data suggest that spanwise blowing exceeds the
effect of thrust vectoring at angles-of-attack above about 12° to 1L°

(depending on Cu ave and Mm). These results are typical of other planform
k4 .

configurations featuring spanwise blowing (see ref. 18 for example),

although the magnitudes may vary somewhat.

The data indicate that for a given , the percentage increase

C
H.avg
in 1ift at the moderate-to-high angles-of-attack that is generated by

spanwise blowing, presented as CL/CL,O’ increases with increase in angle-
of-attack. The largest percentage gains in 1lift of 45 per cent and 35 per
cent were obtained at M_ = 0.30 and 0.50, respectively, at the highest jet
momentum coefficients. The data trends also suggest that larger percentage
gains in 1ift may be attainable at higher angles-of-attack.

The effect of CU ave and M_ on the 1ift augmentation ratio and
2

lift effectiveness of blowing at an angle-cf-attack of approximately 21O is
presented in figure 19. For the limited range of Jjet momentum coefficients
available for comparison, spanwise blowing is more effective in generating 1ift
at a given jet momentum coefficient at the higher Mach number. Similar

results have been obtained for a semi-span, cambered wing-body-horizontal

tail configuration in ref. 16, where blowing at M, = 0.75 was found to

be more effective than at comparable blowing rates at M = 0.30.

Figure 20 illustrates the effect of " C; and on the

C
u,avg

. . . T . -
aerodynamic drag reduction ratio, ACD/Cu,avg’ for I 0.30 ana 0.50,

where ACD is defined as C The data indicate that

D,jet on CD,jet off"

at the higher values of 1ift, spanwise blowing results in a significant
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reduction in aercdynamic drag. In fact, at the highest C_.'s, spanwise

L
blowing becomes more effective than vectoring the thrust-aft and parallel to,
the free-stream which would result in a drag reduction ratio of one. Figure 21
presents the measured drag-due-to-1lift increment due to blowing plotted against
the flat-plate, zero-suction.drag-due~-to-1ift increment (ACL tan a) for

M, = 0.30 and 0.50 and a range of angle-of-attack and jet momentum coefficient.
Spanwise blowing results in drag reductions on the order of 30-40 per cent
(depending on M, and Cu,avg) from the zero-suction increment. Part of the
improvement in induced-drag characteristics is undoubtedly due to improvement

in the 1ift curve. The data seem to indicate, however, that the wing develops a

leading-edge suction force associated with the flow about the round leading-edge.

LL° swept Trapezoidal Wing - Leading and/or Trailing-Edge Flaps Deflected

Leading-Edge Flaps.-

The effect of svanwise blowing on the longitudinal aerodynamic
characteristics of the L4° swept trapezoidal wing configuration is presented

in figures 22-24 for a range of leading-edge flap deflection angle for

M -=.0.30 and 6TE = 0°. The 6LV = 4% Qata are presented in figure 22,

é = 8° in figure 23, and differential deflections of a segmented leading-
LE

edge flap in figure 24. The SLE = 0° data presented in these figures are
shown for reference.

 For all the 6LE values, spanwise blowing induces positive lift

increments throughout the angle-of-attack range, particularly at the higher

angles-of-attack, the ACL's due to blowing increasing with increased CU —
3

Honlinear 1lift curves result when spanwise blowing is present, similar to
the data in figure 15 for GLE = OO, indicating the presence of a léading—

edge vortex augmented by spanwise blowing, either on the leading-edge flap
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of the separated leading-edge flow rather than maintaining attached flow
at the higher angles-of-attack.

Figures 28 and 29 are summary plots for the blowing-off and blowing-on
cases, respectively, showing the effect of leading-edge flap deflection
angle on the longitudinal aerodynamic characteristics for M = 0.30. In
both figures the data indicate a slight decrease in 1ift at the low-to-~
moderate angles-of-attack aue to deflection of the leading-edge flap. At
the higher angles-of-attack, with blowing off, the deflected leading-edge
flap tends to maintain attached flow near the leading edge, as evidenced by.
a delay in wing stall., With blowing on, the reduction in 1ift coefficients
due to the deflected flap becomes negligible at the highest angle-of-attack.

The drag polars obtained for the SLE = 0° case with blowing off and
blowing on are improved by deflecting the leading-edge flap downward. The
best drag polars for blowing off and blowing on correspond tc the GLE = 8°
configuration. The data suggest that the augmented vortex system on the
cambered leading edge results in a polar having reduced drag at a given 1ift
coefficient, which is most important from a sustained méneuver standpoint.

The effects of leading-edge flap deflection on the 1ift and drag
increments due to spanwise blowing are shown in figure 30 for N_ = 0.30.
The data indicate that favorable 1ift increments due to blowing occur for
the 6LE = o° case, but afe reduced at the noderate-to-nigh angles-of-attack
when the leading-edge flap is deflected. This reduction in 1ift is directly
reflected in a reduction in the favorable drai; benefits due to blowing. The
drag results also point ocut that at the lower angles-of-attack there are

small penalties associated with the addition of blowing. These results

are similar to the effects observed in ref. 26 for a maneuver strake on the
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plain and flapped 4L° swept trapezoidal wing. It should be noted that
while the favorable 1ift benefits of spanwise blowing and the maneuver
strake for the plain/and flapped wing cases are quite comparable, blowing
appears to result in more substantial drag improvements at a given value of
1ift.

Tralling-Edge Flaps.-

Figures 31 and 32 illustrate the effect of spanwise blowing on the-wing
which has a partial-span traliling-edge flap with deflection angles of 10°
and 200, respectively. The longitudinal aerodynamic characteristics for
these configurations are presented for M _ = 0.30 and SLE = OO, where the
blowing-off data for the "clean” wing (GLE = 6TE = 0°) are shown for reference.
With blowing on, the data indicate the presence of the jet-induced
camber effect at the low angles-of-attack. At the moderate-to-high
angles-of-attack, nonlinear variation in 1lift is evident which suggests a
strong, leading-edge vortex flow_augmented by spanwise blowing. The data

also indicate that the vortex-induced 1ift increments at a given angle-of-

attack increase with increased CU ave” It is interesting to note that the

G

total 1lift increment due-to-blowing in combination with the deflected

trailing-edge flap is greater than the sum of the increment due to the

deflected trailing-edge flap (CU ave - 0) and the increment due to blowing
3

on the "clean" wing (6. = STE = 0°). This effect, which can be seen in

LE
the figures by comparing the dashed curves with the data represented by

the triangular symbol, becomes more significant with increased 6TE' This
is an example of a s&nergistic effect, which has been discussed in ref. 27

for a canard-wing configuration. The deflected trailing-edge flap increases

the camber at the wing tralling edge, which results in increased circulation




at a given angle—of—aﬁtack. The upwash at the leading-edge resulting from
inecreased circulation may increase the "effective" angle-of-attack at the
leading edge and, as a result, increase the blowing-induced effects at a
given angle-of-attack. In addition, blowing may delay flow separation.
from the trailing-edge flap, hence improving trailing-edge flap effectiveness.
Spanwise blowing in cowmbination with the deflected trailiﬁguedge flap
results in large improvements in the drag polar compared to those obtained
for the blowing-off case, and additional improvements occur wifh increased
The synergistic effect noted previously for the 1lift data'is also

Cu,avg'
evident in the drag polars for GTE = 10° and 20°. That is, thé drag polér
cbtained for the configuration with spanwise blowing in conjunction with a
deflected trailing-edge flap is more favorable than the drag polar that
would result by summing the effects of each high-1ift device acting alone
(dashed curve in figures 31 and 32).

Spanwise blowing for a given STB extends the linear pitching
moment to much higher wvalues of 1lift without éausing an. adverse effect on

the stability level obtained for the blowing-off case. TFurthermore, the

data indicate a slight increase in nose-down pitching moment due to blowing.

o]
]

Figures 33 and 3L illustrate the effect of « and C the 1ift

b,aveg

augmentation ratic and 1lift effectiveness of blowing for ¢, = 107 and

T

200, respectively. The data indicate that spanwise blowing becomes more
effective than thrust vectoring within the range of angle-of-attack from

90 to 12° (depending on CU aver and STF)Q The lowest tlowing rate results
b =1 -~ .

in the highest 1ift augmentation ratios and increased CU ave results in

greater percentage gains in 1ift at a ziven angle-of-attack.

? .
Y,
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Figure 35 shows the effect of Cp,avg and 6TE on CL/cu,avg and

CL/CL o for o approximately 20.60. The data reveal that for a given
3

Cu,avg’ increasing the trailing-edge flap deflection angle increases the
1ift augmentation ratio and the percentage gain in 1ift due to blowing.
These results imply that the effectiveness of spanwise blowing is increased
by combining blowing with a.trailing-edge high-1ift device.

The effect of trailing-edge flan deflection angle on the longitudinal
" aerodynamic characteristics are presented in figures 36 and 37 for the
blowing-off and blowing-on cases, respectively. With blowing off, CL,max

and ACL max CCCUr at approximately 18° and 60, respectively, for both
2

GTE = 10° and 20°. The data also indicate a slight reduction in the 1ift
increment at the higher angles-of-attack. With blowing on, the data indicate
that the flap 1lift increment is essentially constant throughout the angle-
of-attack range. Deflection of the trailing-edge flap shifts fhe drag polar
curves obtained for STE = 0° for both blowing off and blowing on such that
at the higher values of 1ift the aerodynamic drag is reduced. In addition,

a deflected trailing-edge flap shifts the pitching moment curve such that

greater nose-down pitching moment occurs at a given CL

Leading-FEdge and Trailing-Fdge Flaps.-

The data presented in figure 38 show the effect of spanwise blowing on the
longitudinal aerodynamic-characteristics of the L) swept trapezoidal wing with

= 10°).

simultaneously-deflected leading- and trailing-edge flaps (8 = 805 STE

LE

The blowing-off data for the "clean'" wing are shown in the figure for

reference.



The data trends with blowing on are similar to those observed for the
configurations with spanwise blowing in combination with a deflected
‘trailing-edge flap only‘(see figure 31, for example). It should be noted,
however, that the synergistic effect discussed previously for the
configurations featuring spanwise blowing in combination with a deflected
trailing-edge flap, but with 6LE = OO, does not occur when both leading-
and trailing-edge flaps are deflected. The deflected leading-edge flap
delays the more beneficial effects of blowing to higher angles-of-attack,
and this effect is illustrated in figure 38, where the dashed curves
represent the 1lift and drag ccefficients fhat would be obtained by summing‘

' the effect due to blowing on the "clean" wing (SLE = GTE = 0°) and the effect
due to deflected leading- and trailing-edge flaps without blowing (Cu’a;fg = 0).
The longitudinal aerodynamic characteristics obtained for the con-
figuration with spanwise blowing in combination with leading- and trailing-
edge flaps deflected to 8° ana lOO, respectively, are compared in figure-39

to the data obtained by blowing oﬁ the wing with a trailing—edge flap
oy,

deflected to 10° (§ =0 The data indicate that with blowing on, the

LE

configuratien with deflected trailing-edge flap (8§ = OO) results in higher

LE
values of 1lift up to the highest angle-of-attack. A decreasing lift curve

¢

slope is noted, however, at the higher angles-of-attack compared to the

‘increaéing CL obtained for the configuration with both leading- and
‘trailingfedge gevices deflected.

The best drag polar was obtained when both flaps were deflected. The
data suggest in a manner similar to that discussed in figure 29 for the

case with blowing in‘conjunction with a deflected leading-edge flap only



that the augmentéd vortex system on the cambered'leading—edge results in a‘
polar having reduced drag at a given 1lift coefficient. These results are
encouraging in that spanwise blowing on an advanced fighter configuration
employing the variable-camber concept may offer substantial improvement in
the drag polars throughout the maneuver envelope. |
Figure L0 presents the effect of Cu,avg’ SLE‘ and GTE on the 1ift
augmentation ratio and 1ift effectiveness of blowing at o approximately
20.50. AS suggested by the data in figure 38; deflecting the leadingaedge'
flap downward (GTE fixed) tends to reduce ACL/C and CL/CL ~ for

H,avg, )
the range of Cp — A similar effect due to g deflected leading-edge
. ‘s .
device is seen in the data shown in figure 41, which indicate a delay in

the more substantial aerodynamic draglreductions-dué to blowing to higher

1
CL S.

Spanwise quwingfas a Roll-Control Device - Blowiﬁg on Right Wing Only.

In order to evaluate spanwise blowing as a roll-control device,

blowing was initiated‘oq the right wing of the L4° swept trapezoidal wing
| COﬂfiguration and;the resqltiné‘longitudinal”aérodynamic charaqteristics afe
illustrated in figure L2.

?@e data exhibit trends similar to those observed in figu;e 15 for
the”gase with bl§wing on toth wings (6LE = aTE = 0°). It shggld be noted,
however, that atnthe higher‘angles—of—attack,_blowing on both wings
(figure 15) at a combined jet mozﬁentmﬁ coefficient of 0.059 results in
more favorable 1lift and drag characteristics than’those obtained for blowing
on the right*’ﬁng only ‘for’ Cu=ang = o 06"(:, ,Tpis_,may be due ‘t-o the faét -

that blowing on both wings enables the spanwise Jets to act upon more

PR !
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lifting surface area and to dugment the leading-edge vortices on both
wings, particularly at the inboard stations wheré the jet is most effective.
Of most significance is the effect of differential wing blowing on
the rolling moment coefficient. The effect of o and CU’an on rolling
moment coefficient for the L4° swept trapezoidal wing configuration is
shown in figure L4L3. With blowing off, CZ is essentially zero throughout
the angle-of-attack range. Spanwise blowing on the right wing results in
small positive wvalues of C2 at the low angles-of-attack, indicating a
right wing-down moment. Despite the jet-induced camber effect on the right
wing at low angles-of-attack, the data suggesf that‘blowing has altered the
spanwise 1lift distribution on the right wing such that the center of 1lift is
located more inboard than the center of 1ift -on the left wing. At the
moderate-to-high angles-of-attack differential blowing results in large
negative Cg's, indicating right wing-up rolling moment. Cg becomes
increasingly negative with increased angle-of-attack, and inéreased Cu,avg
at a given angle-of-attack results in greater negative values of Cp. These
results occur due to the augmentation of the right wing leading-edge vortex
with consequent large vortex-induced 1ift increments, and, in addition, to
separated flow conditions on the left wing at the higher angles-of-attack.
Simultanecusly~deflected ailerons act in much the same manner by deflecting
the right aileron down to increase lift and deflecting the left aileron up
to‘spoil the flow on the wing u?per surface. The dashed line in figure 43
represents a theoretical estimate of rolling moment coefficient using the

method of ref. 28 that would‘result at a Mach number of 0.30 by deflecting

plain trailing-edge flap ailerons on the LL° swept trapezoidal wing with
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the following aileron characteristics: cf/c = 0.30; n, = 0.75; n_ = 0.95;

0 e . .
= - : = + . ) |
6left 157 Gright 15 The theory predicts a rolling moment

t

coefficient of -0.0105 (independent of angle-of-attack), or right wing-up
rolling'moment. The experimental data indicate that for the case with blowing
on the right wing with C . = 0.034 a comparable rolling moment occurs

H,av
at o = 16° and with CU ave = 0.067 at alpha approximately 13°. At the

b

higher angles-of-attack, differential blowing for roll control exceeds the

theoretical estimate due to trailing-edge flap ailerons. At o approximately

-20.50, the rolling moment coefficients that result with C ave = 0.03k4 and
ydVy

0.067 exceed the theoretical rolling moment due to trailing-edge flap

\

ailerons by factors of nearly two and four, respectively.

44° Swept Trapezoidal Wing with Aft Horizontal Tail

The effect of spanwise blowing on the longitudinal aerodynamic
characteristics of the L4°® swept trapezoidal wing-h&rizontal tail
configuration is presented in figure L4 for M, = 0.30. Data for the wing-~
alone case with blgwing off are shown for reference.

With blowing off, addition of the horizontal tail results in an increase
in 1ift compared with the wing alone case, particularly at the higher
anglés—of-attack, and an improvement in the drag polar. The tail loading
acts well aft of the moment reference center, hence resulting in a large
nose~down pitching moment contribution. At the higher values of 1ift where
the wing alone approaches stall, the data indicate a sizeable change in
stability level.

With horizontal tail on, the effect of spanwise blowing on the aero-
dyﬁaﬁic 1lift and drag characteristics for the total configuration are similar

té‘éhQ§e observed for configurations featuring wing spanwise blowing with

i
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tail off (see figure 15, for example), hence these data will not be
discussed;

Spanwise blowing extends the linear pitching moment obtained for the
blowing-off case to higher wvalues of 1ift. The data suggest that‘at the
higher CL's, with blowing on, the wing downwash tends to reduce the
effectife angle-of-attack of the tail, thereby reducing the nose-down
pitching moment contribution of the horizontal tail. These results imply
that spanwise blowing on the wing may result in more favorable trim
characteristics for the wing-horizontal tail configuration.

The effect of angle-of-attack and the addition of the horiiontal tail
component on the lift augmentation ratio and 1ift effectiveness of blowing
on the wing is presented in figures L5 and L6 for Cu,avg approximately
0.06 and 0.13, respectively, for M, = 0.30. The data indicate that blowing
on the wing in the presence of the horizontal tail is less effective at a
given angle-of-attack than blowing on the wing alone, as evidenced by lower

values of ACL/C and CL/CL o These results suggest that there is

H,avg
an unfavorable interference effect between the wing and horizontal tail,

which delays the favorable effects of spanwise blowing to slightly higher

angles-of-attack.

44 Swept Trapezoidal Wing-Vertical Tail and Wing-Vertical Tail-iHorizontal

Tail Configurations ~

Figures 47 and L8 illustrate the effect of spanwise blowing on- the
longitudinal éerbdynamic chéraéteristics of the wing-vertical tail and
‘ wiﬁg—vgrtibal tail-horizontal tail configurations, respectively. The
discussions pertaining to spanwise blowing on the wing-alone configuration
and the wingehorizéntal tail configuration presented in figures 15 and Lk,
re;pectively, ére‘applicaﬁle‘to the data illustrated in figures 47 and .48,
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respectively, hence further analysis is not presented.

Figure 49 illustrates the effect of spanwise blowing on the lateral-
directional stability derivatives‘of the.wing—vertical tail configﬁration for
M_ = 0.30. With blowing off, the wing-vertical tail configuration exhibits

lateral stability at the low-to-moderate angles-of-attack, as evidenced by

negative values of the effective dihedral parameter, C but an unfavorable

I
break in CQB occurs at o = 10°. The directional stagility parameter Cn
is positive, indicating directional stability, and remains relatively °
constant up to an angle-of-attack of lho, at which point there is an

unfavorable break in Cn . At o= 20.60, Ci and Cn are positive and

negative, respectively, ?ndicating an unstablz conditioi.

Blowing results in significant stabilizing increments in Cl and Cn
at the higher angles-of-attack, with little or no effect on the lSteral— "
directional stability at low angles-of-attack. CY remains essentially
constant throughout the angle-of-attack range, andBindependent of blowing.

The factors resulting in more favorable lateral-directional stability
characteristics with blowing on are not clear at the present time, hence the
following discussion will only attempt to present some possible factors
involved. It is noted that investigation of the lateral-directional
stability data for highly-swept wings with vortex flow may provide some
insight to undersfanding trends, just as they do for the longitudinal data.

With blowing off, at the low angles-of-attack, stabilizing increments
in the directional stability parameter result from the vertical tail and
also from the advancing wing which experiences increased drag. Since the

model center of gravity is located at approximately 50 per cent of the

fuselage length, there may be a de-stabilizing effect due to the fuselage.
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In addition, the vertical tail and advancing wing will probably contribute
stabilizing increments in the -effective dihedral parameter, and the
contribﬁtion due to the fuselage would appear dependent on whether the. side
force acts above or below the model center of gravity. At the higher
angles—-of-attack partial or complete stall occurs on both wings. It would
appear that the separated flow conditions on the wings would tend to reduce
the effectiveness of the center-line vertical tail. A de;stabilizing effect
due to the fuselage may also occur.

With blowing on, factors that may contribute favorable iﬁcreménts in
CQB and Cn at the higher angles—of—;ttack include impréved flow conditioﬁs
in the vibiﬁity of the vertical tail, enhancement of the wing leading-edge
vortices due to spanwise blowing, particularly on the advancing wing, and
wing-induced sidewash effects on the fuselage afterbody. It may be that at
the higher angles-of-attack, the adverse flow in the vicinity of the vertical
tail, which ref. 29 has suggested is probably due to wing wake effects, may
not be as severe with spanwise blowing on the wing, which induces the
separated leading-edge flow to reattach to the wing upper surface. On the
advancing wing, the leading-edge sweep angle is reduced slightly to MOO,
but blowing undoubtedly enables higher 1ift and drag values to be attained,
which will produce favorable increments in CZ and Cn , respectively.
It is not known what effect the vortex emanatigg from thS fuselage forebody
will have on the downwind wing panel, or if the effectiveness of blowing on

the downwind wing is reduced due to partial blockage by the fuselage.

The CY data suggest that blowing helps to maintain a constant level of
B

side force, and perhaps enhance the wing-induced sidewash effects on the

fuselage aftefbody at the higher angles-of-attack.
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The data in figure SO indicate that for blowing off, addition of a
horizontal tail to the wing-vertical tail configuration orevents the
unfavorable stability break in the effective dihedral parameter CQ that
was observed in figure 49 for the configuration with horizontal tais off. .
Due to wing downwash, the horizontal tail is acting at a lower effective

angle-of-attack and the windward tail may be able to generate a more stable

increment in CQ at the higher angles-of-attack. The end-plate effect
B

of the horiiontal tail on the vertical tail may also minimize the loss of the

C contribution of the vertical tail at higher angles-of-attack. Also the

e

horizontal tail reduces the severity of the unfavorable break in Cn
obtained for the wingfvertical tall configuration. This may result Erom the
increased drag on the windward horizontal tail and also a decrease in loss
of vertical tail effectiveness at the higher angles-of-attack due to the
presence of the horizontal tail.

The primary effect to note for the case with blowing on is that blowing
results in a favorable increment in CQ throughout the angle-of-attack
range, and that increased blowing incre§ses, in general, this favorable

increment. Otherwise, the discussion for figure 49 is applicable to the data

presented in figure 50C.

Close-Coupled Canard-Wing Configuration

Blowing on the wing.-

The longitudinal aerodynamic characteristics that result because of
spanwise blowing on the trapezoidal wing of a close-coupled canard-wing

configuration are shown in figures 51 and 52 for M00 = 0.30 and 0.50,
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respectively, and i, = 0 The jet momentum coefficients for M_ = 0.50 are

C
less than the C - for M_ = 0.30 due to the greater dynamic pressure at

U,avg
the higher Mach number. The blowing-off data for the wing-alone configuration
are shown in the figures for reference.

Spanwise blowing on the wing in the presence of a canard in close
proximity to the wing results in an increase in the 1ift coefficient compared
to the blowing-off case, particularly at the higher angles-of-attack.
Furthermore, the 1ift increment due to blowing at a given angle-of-attack
increases with increased Cu,avg" At the low angles-of-attack, the data
indicate a jet-induced camber effect on the wing. At the moderate-to-high
angles-of-attack the data suggest that the wing leading-edge vortex flow is
enhanced by spanwise blowing but that the canard downwash,.which acts to
reduce the effective wing angle-of-attack, may be delaying the more beneficial
effects of blowing to higher angles-of-attack.

In addition to the 1ift results, spanwise blowing improves the drag
polar compared to the blowing-off case, and additional improvement is
attained by increased jet momentum coefficient. Blowing also results in a
slight increase in nose-down pitching moment at a given C and that

L

increased cu,avg results in more negative Cm' Furthermore, the data
indicate that blowing does not appreciably affect the stability level
obtained for‘the blowing-off case.

The effect of spanwise blowing is more pronounced when the canard
incidence angle, iC’ is increased to lOO, as illﬁstrafed injfigure 53 for
14, = 0.30. The favorable 1ift benefits due-to-blowing are larger at the
higher angles-of-attack, but appear to be limited.due to canard stall’at
the higher angiésfofgéttack;,uThe drag polar improvement due-to-blowing 1is

e}

similar to the results discussed in figure 51 for iC = 07, while the
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pitching moment results show a favorable effect on the stability level

compared to the blowing-off case at the higher 1ift values, but pitch up

at the highest CL's.

The effect of o and Cu,avg on the 1ift sugmentation ratio and 1lift
effectiveness of blowing are shown in figures 54 and 55 for iC = Oo
and lOO, respectively. The data indicate that for i, = OO, spanwise

C

blowing is less effective than thrust vectoring up to an angle-of-attack of
approximately 19.50 for both values of Cu,avg' The percentage gain in 1lift
due to blowing at the moderate-to-high angles-of-attack remains essentially
constant at a given Cu,avg’ with a slight increase in 1ift effectiveness
noted at the highest angle-of-attack.

The angle-of-attack at which spanwise blowing exceeds the effect of
thrust vectoring is reduced when the canard incidence angle is increased
to 10° (fig. 55). The maximum ACL/Cu,an for a given Cu,avg occurs at

alpha approximately 18.To,with the lower blowing rate resulting in the largest

. . o)
ACL/cu,avg' An abrupt decrease in ACL/Cu,avg at alpha approximately 21

reflects canard stall. These results suggest as canard incidence angle
increases, the canard downwash decreases at the higher angles-of-attack due
to canard stall. This causes the wing to act at a higher effective angle-of-
attack, hence enabling greater enhancement of the wing leading-edge vortex
by spanwise blowing. The data suggest, however, that the increased upwash
ahead of the wing may cause premature canard stall.

' Another way of evaluating the effect of canard incidence angle is shown
in figure 56, where the aerodynamic drag reduction ratic is presented as a
function of C, and C for M_ = 0.30. For i, = 0°, blowing on the

U,avg ¢

wing is less effective than thrust vectoring for all values of 1ift coefficient.
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For iC = lOO, blaowing exceeds the effect of thrust vectoring at the

higher 1ift values and the lower cu,avg values. This is further

evidence that the canard downwash on the wing limits the’beneficialveffecﬁs
of spanwise blowing. The measured drag-due~to-1lift increment due-to- -
blowing for the canard-wing configuration, ACD,L’ is shown in figure 57
plotted against the flat-plate, zero-suction drag-due-to-lift increment,»
AC, tan &, for I = 0.30 and 0.50 and i, = 0°. Drag reductions on the
order of 27 per cent and 12 per cent were obtained over the zero-suction
increment for M _ = 0.30 and 0.50, respectively. The data suggestvthat in
addition to the beneficial effects on drag resulting from the improvément
in the 1lift curve, a leading-edge suction force is developed on the wing
which results in improved induced-drag characteristics.

The effect of canard incidence angle on the longitudinal aefodynamic
characteristics of the canard-wing configuration with blowing off is shown
in figure 58 for M, = 0.30. Addition of the canard located lonéitudinally
near the leading edge of the wing and in the wing chord plane results in
significant 1ift increments in the moderate-~to-high angle-of-attack range,
which were shown in figures 51-53, but not discussed. Data from refs.

30-33 have indicated for a close-coupled canard-wing configuration that the
canard and wing, when in the presence of each other, generate vortex 1lift.

In the present studies, the nonlinear 1ift curves shown in figure 58 when the
canard is present indicate that vorféx 1ift is generated either on the wing,
the canard, or both lifting surfaces. ‘Réfs. 30-33 have also shown that the
1lift on the wing not in the presence of the canard is greater than the 1ift

on the wing in the presence of the canard up to an angle-of-attack of

approximately 18°. Beyond an angle-of-attack of 180, the wing not in the
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presence of the canard has stalled, and it produces a lower 1ift than the
wing in the presence of the canard which has not stalled. The present data
indicate that at angles-of-attack beyond about 180, the total configuration
has not stalled, whereas the wing-alone has experienced partial or complete
stall. Earlier studies (ref. 34 for example) have indicated that the wing
in the presence of the canard develop a substantial amount of side-edge
vortex lift.

Increasing the canard incidence angle from 0° to 10° results in a slight
lift increment at the low angles-of-attack, and a reduction in total 1ift
at the higher angles-of-attack. The data at the higher a's indicate,
however, that stall for the total configuration has not occurred.

With blowing off, addition of a canard (ic = 0°) results in a slight
increase in aerodynamic drag at the lower values of lift. The drag polar
obtained for the canard-wing configuration, however, is far more favorable
than the drag polar obtained for the wing alone. References 18 and 33 have
indicated that the favorable interference between the canard and wing in
close proximity results in improvement in the drag polar over what would be
obtained if the canard-alone and wing-alone contributions were added
together. This is a further example of the synergistic effect noted in
ref. 18 and discussed previously in figures 31 and 32 for the case with
blowing on the wing in combination with a deflected trailing-edge flap.
Increasing the canard incidence angle to 10° results in a slightly less
favorable drag polar shépe. \

Since the canard loading acts well forward of the moment reference

center, the canard causes a positive pitching moment which counteracts
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the negative pitching moment contribution due to the wing. The total

configuration exhibits slightly positive Cm up to the higher CL values

for iC = 0° and Cm does not vary significantly with C

<. o} . Pk .
the canard incidence to 107 results in more positive moment and Cm remains

L Increasing

positive throughout the CL range. In addition, a stability break occurs

at the moderate values of 1lift coefficient.

Blowing on the Canard.-

The longitudinal aerodynamic characteristics that result because of
spanwise blowing on the canard of the canard-wing configuration are shown
in figures 59 and 60 for iC = 0° and lOo, respectively= for M_ = 0.30.
The reader should note that the jet momentum coefficients obtained for the
canard-blowing case are smaller than the Cu,avg for blowing on the wing
due to the canard's smaller converging nozzle size.

The data suggest that spanwise blowing on the canard in the presence
of the wing increases the 1lift coefficient throughout the range of angle-
of-attack, and that the positive 1lift increment increases with increased
cu,avg' The largest 1ift increments are generated at the highest test
angle-of-attack, such that larger ACL'S may be attained at even higher
angles-of-attack.

The 1ift increments due to blowing at the higher angles-of-attack may
result from a favorable interference between the canard and wing. Similar
results have been obtained in ref. 20 for a large-scale, semi-span canard-
wing transport model featuring blowing on the canard. 'This investigation
demonstrated that canard blowihg results in a net CL increase which may be

a combination of canard 1lift and a beneficial wing-canard interference.
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Smoke studies from ref. 20 have indicated that for a small-scale, canard-wing
model, the canard downwash acts to reduce the "effective" wing angle-of-
attack, causing the wing at high angles-of-attack to reattach or unstall.
This flow phenomenon results in an effective increase in 1lift. The present
data seem to indicate that the canard downwash has a favorable effectron the
wing at the moderate-to-high angles-of-attack when blowing is present on the
canard, but is a limiting factor on wing 1ift when the jet is located on the
wing, as a result of the decrease in "effective" wing angle-of-attack.
Similar results have been obtained in refs. 35 and 36 for a strake-wing
configuration. Ref. 35 has indicated that the downwash off the strake
decreases the lifting pressure on the upper surface of the wing station behind
the strake. In addition, ref. 36 has found that the effectiveness of
spanwise blowing from the wing root is limited at the inbocard stations behind
the strake due to strake downwash.

Spanwise blowing on the canard (figures 59 and 60) improves the drag
polar compared to the blowing-off case, and the data indicate that increased
blowing rate results in additional improvement in drag-polar shape.

Canard spanwise blowing also has a slight destabilizing effect for
the configuration at high 1ift levels, which results because of the increased
canard lift. At the higher values of 1lift, pitching moment at a given Cu,avg
appears relatively constant with CL’ indicating neutréllstability for the
canard-wing configuration. In addition, increased blowing rate results in
more nose-up pitching moment at the moderate-to-high values of 1lift.

The effect of o and CU ave O the 1lift augmentation ratio and 1ift
b o

o

effectiveness of blowing is illustrated in figures 61 and 62 for i, =0

and lOO, respectively, and M, = 0.30. Spanwise blowing becomes more
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effective than thrust vectoring at an angle-of-attack of approximately

8° - 9° (depending on i, and C ). ACL/ increases with

C
C U,avg U,avg

increased o and the lower blowing rate results, in general, in the higher
ACL/Cu aveg values. In addition, the 1ift augmentation ratioc at a given
’

C for i, = 10° is considerably greater at the moderate-to-high
U,aveg C ‘

angles-of-attack than the corresponding ACL/Cu,avg value obtained for

The aerodynamic drag augmentation ratic is shown in figure 63 as a
function of C, and Cu,avé for i, = 0% and 10° and M, = 0.30.
Spanwise blowing on the canard exceeds the effect of vectoring the thrust
aft and parallel to the free-stream at the higher values of 1lift for both
Cu’an values and both canard incidence angles. The‘data suggest that
blowing enhances the canard leading-edge vortex at the moderate-to-high
angles-of-attack, hence favorably affecting the drag characteristics of the
canard. In addition, the improved canard flow may improve the flow about
the wing and thus favorably affect the wing drag characteristics. The
measufed drag-due-to-1ift increment due to spanwise blowing on the canard
is shown in figure 64 plotted against the flat-plate, zero~suction drag-
due-to-lift increment for a range of angle-of-attack, M_ = 0.30 and iC = 0.
Drag reductions on the order of 19 per cent are obtained from the zero-
'suction induced-drag increment. Since the canard has a sharp leading edge,
there is no leading-edge suction force on the canard. The wing, however, has
a leading-~edge radius and the data suggest thgt suction forces are present
that tend to improve the draghchafaétefistics.

One of the problems associated with the design of a close-coupled

canard-wing configuration as a highly-maneuverable aircraft is the provision
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of an optimum method of longitudinal trim control. Ref. 37 has indicated
that if trim is obtained by changing the canard incidence, a more highly-
swept canard seems warranted in order to aileviate canard stall at high
angles-of-attack. Such configurations, however, tend to exhibit highr
induced-drag characteristics and would tend to have high trim drag. Span-
wise blowing on the canard may offer one means of alleviating this problem.
Leading-edge vortex augmentation by spanwise blowing on a moderately-swept
canard would alleviate canard stall at high angles-of-attack and also avoid
the high induced-drag and trim drag that a highly-swept canard would be
expected to exhibit. Ref. 20 has also indicated that a modest amount of
spanwise blowing on a canard at low speed would reduce canard size and
permit a more optimum canard to be used in cruise.

The longitudinal aerodynamic characteristics obtained for the con-
figuration with spanwise blowing on the wing in the presence of the canard
are compared to the longitudinal characteristics obtained by blowing on the
canard in the presence of the wing in figures 65 and 66 for ig = 0° and lO?,
respectively. The canard nozzle exit area is less than the wing nozzle
exit area, hence the air weight flow rate at a given plenum pressure and
consequently the Jet momentum coefficient are reduced. This precluded a
comparison of the longitudinal characteristics at the same blowing rates.

The data in figures‘65‘aﬁa 66 indicate that blowing on the canard
at C = 0.030 results in 1ift and drag characteristics that compare

u,aveg

favorably to those obtained for blowing on the wing at Cu ave = 0.058
b
throughout the angle-of-attack range. These results imply that spanwise

blowing on the canard requires approximately one-~half the engine bleed air
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requifed Dy spanwise blowing on the wing in order to produce comparable
benefits on 1lift and drag for the total configuration. Furthermore, the
configuration with blowing on the wing exhibits unfavorablerlongitudinal
stability trends at the moderate—to—high values of 1ift whereas the
configuration with blowing on the canard exhibits essentially neutral -
stability for the same range of 1ift coefficients. These latter data
suggest that with relaxed static stability, a canard arrangement cﬁn be
made to provide an all-lifting configuration for trim at higher subsonic
maneuvering conditions.

Figure 67 presents the effect of CU » Jet location, and M_ on

28VE
the 1lift augmentation ratio and 1ift effectiveness of blowing at alpha
approximately 210 for iC = °. Considering first the case with the spanwise
jet located on the wing, the data indicate for the rather limited range of
comparable Cu,avg values that spanwise blowing is more effective at the
higher Mach numter (Moo = 0.50), as evidenced by higher 1ift augmentation
ratios and greater percentage gains in 1ift than obtained for M_ = 0.30.
These results suggest that the spanwise blowing concept may be an effective
means of augmenting maneuvering 1ift of fighter aircraft at higher subsonic
Mach numbers. Ref. 16 has noted, however, that a deterrent to utilization

of spanwise blowing at transonic Mach numbers may be the lack of engine

bleed air to supply the momentum‘required for effective vortex augmentation.
Blowing on the canard results in higher 1lift augmentafion ratios and greater
percentage gains in 1ift than those obtained for blowing on the wing for the

narrow band of comparable values shown in figure 67 for M, = 0.30.

C
u,avg

Similar trends are shown in figure 68 fof i = 10°.

c. To summarize, these
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results suggest that spanwise blowing on the canard is favorably influenced
by the upwash generated ahead of the wing, whereas the canard downwash

limits the effectiveness of spanwise blowing on the wing.

Comparison of Experimental and Theoretical Longitudinal Characteristics For

Selected Configurations

Comparisons of the experimental and theoretical longitudinal
characteristics for selected configurations are presented in figures 69-T2.
Theoretical estimates of the 1lift, drag, and pitching momgnt characteristics
were obtained by using the methods outlined in refs. 38, 39, and 40. All
calculations were made for a Mach number of 0.30 and for a moment reference
center location the same as that used for the experimental data.

The first configuration to be examined is the Ly° swept trapezoidal
wing with GLE =g =0° (see figure 69)1 Comparison of the experimental

TE

1lift for the case with blowing off (Cu ave = 0) with the potential-flow
H] >

1lift for the zeroc-leading-edge suction condition (solid line), CL,p’
indicates some degree of nonlinearity, hence, suggesting that the wing
develops some leading-edge vortex 1ift. Vortex breakdown occurs, however,
at relatively low angles-of-attack with subsequent loss in 1ift. Spanwise
blowing results in significant vortex-induced 1ift increments and the data
obtained at the highest jet momentum coefficient are predicted reasonably
well up to the higher angles-of-attack by the zero-leading-edge suction,
full vortex-l1lift estimate (long—short—dash curve) , CL,tot = CL,p f cL,vle +
CL,vse' The theoretical estimate for full vortex-lift was modified to
account for the jet—indﬁced camber effect at o = 0° 'obtained for the
highest blowing rate, and the resulting curve (short-dash curve) results

in more reasonable agreement with experiment at the low-to-moderate angles-

of-attack.
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The leading-edge suction analogy, which was developed in ref. 2, was
applied to obtain estimates of drag-due-to-lift in figure 69. The expression

for the ﬁatential flow case, C tan a, overestimates the experimental

L,p
drag-due-to-1ift obtained for the blowing-off (Cu ave = 0) condition up to
, .
the higher C values. This is due to the theoretical assumption that the

L

leading-edge suction is .zero, but since the experimental wing has a leading-
edge radius, then a leading-edge suction force is developed, hence, obtaining
a lower drag than estimgted. The improvement in drag polar due to spanwise
blowing is estimated reasonably well by the theoretical expression CL,tot‘
tan o, which assumes that the leading-edge suction is zero and that full
vortex-1lift exists. The leading-edge suction associated with the flow about
the round leadiné edge of the wing results in less drag-due-to-1lift,

however, than the theoretical‘estimates. Accounting for the jet-induced
camber effect at o = o° provides a slightly better estimate of the dfag-
polar improvement, but does not accoﬁnt for the leading-edge sucticn.

The next configuration for which theoretical calculations were made is
the 4L° swept trapezoidal wing with the leading-edge flap deflected to 8°
and with GTE = o° (see figure 70). The potential-flow 1ift for the 100
per cent leading-edge suction condition (solid line), obtained from
theory for cambered and twisted wings from ref. 39, generally gives
reasonable estimates of 1ift for the blowing-off (C = 0) case. In

u,avg

addition, the nonlinear CL data indicate there is a weak leading-
o

edge vortex on the wing at the moderate-to-high angles-of-attack.
The blowing-induced effects at the highest jet momentum coefficient are
predicted very well by the theory, which assumes full vortex 1lift and zero

leading-edge suction (long-short-dash curve). One of the theoretical
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assumptions in the method from ref. 39 is that the vortex-lift vector is
rotated suéh that it is normal to the leading-edge flap chord; this
assumption appears to be justified by the agreement with experiment.
Modification of the theoretical estimate to account for the jet-induced
effect at o = 0° for the highest Cu,avg (short-dash curve) results in a more
favorable agreement with experiment at the lower angles-of-attack.

The theory for full vortex-1lift with zero leading-edge suction (long-
short-dash curve) estimates very well the experimental drag-due-to-1ift
values obtainéd at the highest jet momentum coefficient. It should be
noted that the theoretical drag polar is not defined by the simple relation
CD = cL,tot tan o, as is the case in figure 00 for example, since a different
theory was appliéd in figure 70. These resultis sugrest that blowing in
combination with the cambered and twisted leadiny edge results in some amount
of thrust recovery. It should be noted that the experimental induced-drag
polar falls between the zero-suction, full vortex-1ift polar and the full
suction, no vortex-1ift polar given by CE/WAR. This suggests that the
leading-edge radius results in additional leading-edse suction.

The theoretical aerodynamic characteristics for the 44 swept trapezoidal

wing-horizontal tail configuration are presented in figure 71. The nonlinear

CL data exhibited by the blowing-off case indicates that the wing-horizontal
o

tail configuration develops vortex-induced 1lift at the moderate-to-high
angles-of-attack. The vortex-induced 1ift increments obtained at the highest
jet momentum coefficient are estimated reasonably well by the full vortex-
1ift (zero leading-edge suction) theory (long-short-dash curve). Better
agreement is provided by the addition of the maximum jet-induced camber
effect at a = 0° to the full vortex-lift estimate and this is presented

as the short-dash curve in the figure.
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The induced-drag expression for the potential-flow case (solid line),
CL,P tan o, estimates higher drag levels than those obtained experimentally
for the blowing-off case. This may be attributed to the development of -
leading-edge suction and to the vortex-lift experienced by the wing-taill
configuration, which results in improvement in the drag polar. The full

vortex-1ift estimate (long-short-dash curve), C tan o, provides good

L,tot
agreement with experimental\data obtained at the lower blowing rate.

Accounting for the jet-camber effect results in nominal improvement in the
theoretical estimate. The experimental induced-drag polar obtained at the

\

highest CU, falls between the zero-suction vortex-lift polar and the
full suction, no vortex-lift polar given by CE/ﬁAR. The upwash generated
ahead of the aft tail may increase the "effective" angle-of-attack at the
wing leading edge, hence increasing spanwise blowing effectiveness at a
given angle-of-attack. The resulting reduction in angle-of-attack required
for a given 1lift coefficient and the suction force associated with the flow
about the round leading edge result in drag values that are less than the
estimates provided by the full vortex-1lift theory (zero suction).

The comparison between the theoretical and experimental longitudinal
characteristics for the close-coupled canard-wing configuration with
blowing on the wing is presented in figure 72. Comparison of the blowing-

off data with the potential-flow theory (zero leading-edge suction),

represented by the solid line, indicates that the canard-wing configuration

L
(o4

theory which assumes full vortex-lift (zero leading-edge suction), shown

exhibits nonlinear C data and, hencé,'experiences vortex 1lift. The

as the long-short-dash curve, results in reasonable agreement with the

experimental data obtained at the highest CU ve although the experimental

3

L5



lift is slightly less than the theory at the moderate-to-high angles-of-
‘attack. Addition of the Jet-induced effect on the wing at o = 0° to the
full vortex-1lift estimate, shown as the short-dash curve, results in better
agreement with experiment at the low angles-of-attack.

The expression for induced-drag for the full vortex-1ift case (zero

leading-edge suction), C tan o, gives a reasonable estimate of the

L,tot
experimental drag polars obtained for both the blowing-off and blowing-on
cases. Accounting for the jet-induced camber effect improves the theoretical
agreement with the blowing-on data, although the experimental data at the
highest Cu,avg indicate less induced-drag than the theoretical estimate.
Theoretical estimates for pitching moment were made for the basic wing,

leading-edge flap, horizontal tail, and canard configurations presented in
figures 69-72. Comparisons with experiment show that the theory (with and

without vortex flow) predicts the stability levels with and without blowing

reasonably well.

Spanwise Blowing in the Channel of the "Locked Vortex® Wing

The effects of spanwise blowing on the longitudinal aerodynamic charac-
teristics of the "locked vortex" wing configuration are illustrated in
figures 73 and T4 for M, = 0.15 and 0.20, respectively, for 6LE = 6TE = 20
The Reynolds numbers corresponding to M_ = 0.15 and 0.20 based on the wing
mean aerodynamic chord are 0.8L45 x 106 and 1.12 x 106, respectively. Due
to the higher free-stream dynamic pressure at the higher Mach number, the

jet momentum coefficient at a given plenum chamber total pressure is less

than the C at the lower Mach number.
Hsavg

L6



The data indicate that spanwise blowing in the wing channel increases,

in general, the 1ift coefficients obtained for the blowing-off case throughout

Fal

0

0

the angle-of-attack range, and that increased Cu,avg increases the CL at a
given angle-of-attack. At the low angles-of-attack, the data reveal no
consistent trend in 1ift increment with jet momentum coefficient. Similar
results were obtained in reference 21 for a semi-span, rectangular wing
featuring the unique leading- and trailing-edge flap system. At the
moderate-to-high angles-of-attack, large 1lift increments are attained at‘all
values of C . The 1ift increments at the low angles-of-attack aﬁd
s

nonlinearity in the 1ift curves at the moderate—to—high angles-of-attack
suggest the existence of a vortex flow in the channel and possible flow
reattachment to the trailing-edge flap.

Flow visualization tests conducted in refeéerence 22 for a "locked vortex"
wing of similar planform, have indicated that at sufficient blowing rates,
a vortex flow exists within the wing channel at all angles-of-attack and
flow reattachment to the trailing—edgé flap occurs. OSmoke studies conducted
during the present test program, for which tunnel RPM was set at minimum
and Jet blowing was adjusted such that wing upper surface flow could be
visualized, have suggested that blowing induces the separated flow off the
leading-edge flap to roll up into a vortex ahead of the jet. Blowing also
appears to induce flow reattachment to the trailing-edge flap, thus providing
a fldﬁ‘situation similar to the flow about a thick, highly-cambered wing.

The second, co-rotating vortex behind the jet within the channel, observed

for the semi-span rectangular wing in ref. 22, was not observed during the
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limited smoke studies of the present test due to extreme turbulence in this
region of the wing channel.

The drag polar shapg obtained for the blowing—off case is improved. by
spanwise blowing. The data also suggest that increased blowing rate re-
sults in a reduction in aerodynamic drag obtained for the lower Cu,avg at
the moderate-to-high values of 1ift. At the low-to-moderate values of 1lift,
the configuration with blowing on exhibits higher drag values than those
obtained for Cu,avg = 0. With blowing on, the flow situation tends to be
similar to the flow about an effective wing possessing a large amount of
camber and thickness, and higher drag values would be anticipated for such
a wing.

The data also suggest that spanwise blowing does not significantly
affect the stability level obtained for the blowing-off case. Increased
jet momentum coefficient results, in general, in glightly greater nose down .
pitching moment, which seems to suggest that the vortex flow in the channel
and the flow reattachment to the trailing-edge flap induced by blowing
shift the center of 1ift on the wing slightly aft.

The effects of spanwise blowing on the longitudinal aerodynamic
characteristics of the "locked vortex" wing configuration with leading- and
trailing-edge flap deflection angles increased to 300 are illustrated in
figures 75 and 76 for M, = 0.15 and 0.20, respectively. The 1ift increments
induced by spanwise blowing are significantly less at a given C

H,avg

than those obtained for GLE = STE = 20o throughout the angle-of-attack range.
These results seem to indicate that for the given leading- and trailing-edge
flap geometries and nozzle location, increasing the flap deflection angles

necessitates correspondingly higher jet momentum coefficients in order to

induce 1lift increments that are comparable to those obtalned for smaller
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flap deflection angles and to induce flow reattachment to the trailing-edge

flap.
The data also indicate that the drag polar shape obtained for the

CU ave = 0 case is'essentially unaffected by spanwise blowing. The
3

aerodynamic drag at a given 1ift obtained for CU ave = 0 is increased with
k)

onset of blowing, and increased C ave results in a slight reduction in
b

drag obtained for the lower Cu,avg values at the moderate-to-high CL‘s.

Spanwise blowing does not appear to affect the longitudinal stability
level obtained for the blowing-off case. Pitching moment is slightly less
negative with blowing on, indicating a forward shift of the center of lift.
A reverse trend was observed for the configuration with 6LE = GTE = 20°.

The effects of spanwise blowing on the longitudinal aerodynamic
characteristics of the "locked vortex" wing confiéuration with GLE = 45°,
Spg = 30° are shown in figures 77 and T8 for M_ = 0.15 and 0.20,
respectively. At the low angles-of-attack, the data suggest that spanwise
blowing has an adverse effect on 1ift, as evidenced by a reduction in the
CL‘s obtained for the blowing off-case. Due to the sharp decrease in 1lift
obtained for the blowing-off case in the moderate angle-of-attack range,
the 1lift increments due to spanwise blowing appear largest in this range.
There is a slight recovery in 1lift obtained for the Cu,avg = 0 case at
the higher angles-of-attack, and the ACL's due to blowing are
consequently decreased.

The drag polar shape acquired with blowing off is improved slightly by

blowing, although the aerodynamic drag at a given 1ift is greater with

blowing on than for blowing off for all 1ift values. The longitudinal
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stability level obtained for Cu avg:= 0 appears relatively unaffected by
3

spanwise blowing in the wing channel. The discussion concerning the trend

in pitching moment with blowing on for the configuration with GL =6 = 30°

B TE
in figures 75 and 76 is also applicable to the data presented in figures
77 and 78.

The "locked vortex' wings were designed to provide the capability of
retracting the flaps to provide a cruise configuration. It is of interest,
therefore, to evaluate the effect of spanwise blowing on the "clean" wing
for a range of angle-of-attack. The effect of spanwise blowing on the
longitudinal aerodynamic characteristics of the "locked vortex" wing -
configuration with flaps retracted (SLE = dTE = 0°) is shown in figures 79
and 80 for M, = 0.15 and 0.20, respectively. The data indicate that
spanwise blowing on the "clean" wing induces larger 1ift increments at a
given jet mementum coefficient than obtained for any of the configurations
with flaps extended, shown in figures 73-78, at the moderate-to-high
angles-of-attack. This configuration is similar to spanwise blowing on
the L4L° swept trapezoidal wing with conventional leading- and trailing-edge
flaps (fig. 15). At the low angles-of-attack, there is a positive lift
increment due to blowing, which is attributable to the jet-induced cam-
ber effect, and possibly due to flow separation in the vicinity of the
extremely blunt leading-edge, thereby enabling slight beneficial blowing-
induced effects. The nonlinear 1lift curve suggests a leading-edge vortex
flow augmented by spanwise blowing.

Drag polar shape obtained for the blowing-off case is improved by span-

wise blowing and aerodynamic drag at a given value of 1ift obtained for the

ClJ ave = 0 case is reduced with blowing.on. Due to the extremely blunt
) .



leading-edge, it may be reasonable to assume leading-edge suction forces
act to reduce drag at a given lift. Blowing extends the linear pitching
moment obtained for the blowing-off case to much higher values of 1ift
without adversely affecting the stability level.

The effect of o and Cu,avg on the 1lift augmentation ratio and
1ift effectiveness of blowing is shown in figures 81-83 and 84-86 for the
configurations with extended leading- and trailing-edge flaps. The daté

P

presented in figures 81-83 for M = 0.15 and figures 84-86 for M_ = 0.20
indicate that the configuration with GLE = 6TE~= 200 exhibits the highest
1ift augmentation ratios and, in general, the largest percentage gains in
lift due to blowing in the moderate-to-high angle-of-attack range. At the
léw angles-of-attack, large percentage gains in 1ift are attained at the
higher blowing rates.  This occurs because the wing without blowing exhibits
low _CL values at the low angles-of-attack and the CL/CL,o becomes quite
large as a result.. Spanwise blowing in conjunction with leading- and

trailing-édge flaps extended to 20° is the only configuration exhibiting 1lift

augmentation ratios exceeding the effect of vectoring the thrust vertically.

These results seem to indicate that the optimum converging nozzle location

relative to the wing surface 1s dependent on leading- and trailing-edge flap
deflection angles. As the flap deflection angles increase, the data suggest
that for a fixed nozzle location a corresponding increase in jet momentum
coefficient is required to attain 1ift ihcrements that are comparable to
those cbtained for smaller flap deflectlon angles.

It is of 1nterest to compare the effectlveness of blowing on the 'cleanﬁ

Wing‘(GLE = GTE = 0°) with spanwiSe blowing effectiveness in conjunction with-

51



extended leading- and trailing-edge flaps. In this regard, figures 87 and
88 present the effect of o and leading- and trailing-edge flap deflection
angles on the 1lift augmentation ratio and lift effectiveness of blowing for
M, = 0.15 and 0.20, respéctively, for Cu,avg = 0.34. As suggested by )

the data in figures T73-86, spanwise blowing on the "clean" wing results in
higher 1ift augmentation ratics and larger percentage gains in 1ift due to
blowing than were obtained for the configurations with blowing in combination
with extended flaps. It should be noted that two distinct vortex flow
phenomena are being compared; a leading-edge vortex flow on a relatively
thin wing augmented by spanwise blowing, and a vortex flow ”locked" by
spanwise blowing in a wing channel formed by extended upper surface leading-
and trailing-edge flaps.

For completeness, the effect of leading- and trailing-edge flap deflection
angles on the longitudinal aerodynamic characteristics of the "locked vortex"
wing configuration with blowing off is illustrated in figures 89 and 90 for
M, = 0.15 and 0.20, respectively. Similar plots are shown in>figures 91 and

92 with blowing on for Moo = 0.15 and 0.20, respectively. In the latter two

figures, data for the configuration with GLE = 8§ = 0° are not presented,

TE
since it is desired to evaluate blowing in combination with extended flaps
only. With blowing off (figs. 89 and 90), extension of the leading- and
trailing-edge flaps increase the 1ift coefficient obtained for the flaps-
retracted case (GLE = STE = 0°) particulafly in the low angle-of-attack
range (-2° to 6°) and higher angle-of-attack range (18° to 20°). Part of
the 1ift increment is undoubtedly attributable to the deflected portion

of the frailing—edge flap below the wing, but it is difficult at the present
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ﬁime tq igolate the effect of leading- énd trailing-edge flaps on the
aerodynamic 1lift coefficient. Tt should be noted that wing stall did not
occur for the configurations with extended flaps.

As would be expected, extension of upper surface leading- and trailing-

edge flaps increases the aerodynamic drag at a given 1ift compared to the

flaps-retracted case. The data indicated that for GLE = STE = 200, and
6LE = GTE = 300, the drag polar shape obtained for the flaps-retracted case
is improved, but relatively unaffected when SLE = h50, 6TE‘= 30°

Pitching moment, in general becomes more negative with increased
leading- and trailing-edge flap deflection angles. This may be due to the
portion of the extended trailing-edge flap below the wing and also to the
weak vortex system generated in the vicinity of the leading-edge flap, which
may tend to shift the center of 1lift more aft of the moment reference cen-
ter. The data seem to indicate that the longitudinal stability level ob-
tained for 6LE = 6TE = 0° is éSSentially unaffected by extension of the
leéding- and trailing-edge flaps.

With blowing on, the data shown in figures 91 and 92 for Moo = 0.15
and 0.20, respectively, indicate that the configuration with the smallest
flap deflection angles (6LE = GTE = 200) exhibits higher 1ift coefficients
throughout the angle-of-attack range, lower aerodynamic drag at a given
1lift, and more favorable pitching moment characteristics. Pitching moment

is reasonably linear at the low-to-moderate wvalues of 1ift, beyond which

occurs a decrease in stability at the higher CL's. The data indicate that

increased leading- and trailing-edge flap deflection angles (GLE = 6TE =

3003 GLE = MSO; 6TE = 300) decréases the 1ift coefficients compared to the
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of-attack range and lower CL at the higher angles-of-attack. Drag polar
o
shape obtained for the SLE = GTE = 20° configuration is essentially

unchanged by increased flap deflection angles. The data alsc indicate s

8. =8 = 20° case and results in slightly higher C in the low angle

several langitudinal stability breaks for the configurations with largér
flap settings. These resultis seem to indicate that as the wing channel
volume is increased, the spanwise Jjet becomes less effective in inducing a-
stable vortex flow within the channel and flow reattachment‘to the
trailing-edge flap.

Reference 2i has shown that the longitudinal aerodynamic characteristics
of a semi-span rectangular "locked vortex'" wing at angles-of-attack greater
than 20° were highly Reynolds number-dependent for the range of Reynolds

> >

numbers from 0.5 x 10” to 1.5 x 10°. Data from the current "locked-vortex"
wing study are presented in figure 93, which show the variation of 1lift
coefficient with CU, ve for two angles-of-attack and the two Reynolds
numbers tested (0.8L5 x 106 and 1.12 x 106) for the "locked vortex" wing
configurations. The data indicate that for the three configurations with
extended leading- and trailing-edge flaps, there is essentially no effect

of Reynoids_number on the variation in CL with Cu,avg' The results

shown in figure 93 for two angles-of-attack are representative of the results
‘obtained for all angles—of-attack considered in the present tests. These
results aﬁpéar‘to be consistent with the‘data in reference 21, which showed,

that no significant Reynolds number effects occurred at angles-of-attack ‘ : v

less than 20°.
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CHAPTER V

CONCLUSIONS

‘A generalized wind tunnel model has been tested in the Langley highv‘
speed 7- by 10-foot wind tunnel to investigate new component concepts |
utilizing spanwise blowing that will provide improved maneuver characterisj
tics for advanced fighter aircraft with primary emphasis on high angle-of-
attack performance, stability, and control at subsonic speeds. Since
separation-induced vortex flows have been shown under certain conditions
to significantly increase maneuver performance, the investigation was
focused on various methods of controlling and delaying the leading-edge
vortex breakdown and of optimizing ccmponent interactions. In particular,
spanwise blowing was utilized on a ULL° swept trapezoidal wing to determine
the effect of leading-edge vortex enhancement on leading- and trailing-edge
flap effectiveness, horizontal and vertical tail loads, and close-coupled
.canard-wing effectiveness, and to assess the concept as a roll control device.
Additional studies were conducted with a trapezoidal wing featuring a unique
leading- and trailing-~edge flap arrangement which, when combiged with spanwise
blowing creates a "locked vortex'" system for high lift at take-off,
approach, and auring maneuvering flight.

The data obtained in the tests indicate that spanwise blowing results
in substantiai improvement in the high angle-of-attack performance of the
L4° swept trapezoidal wing configuration. In particular, significant
vortex-induced 1ift increments occur at the higher angles—of—attéck with
consequent improveﬁent in the drag polar. In addition, spanwise blowing

extends the iinear’pitching moment to higher angles—of-attaék without adverse
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pitch-up characteristics. Furthermore, the data suggest spanwise blowing
is more effective at higher subsonic Mach numbers and, provided sufficient
engine bleed air is available, represents a powerful means of enhancing the
higher subsonic maneuver performance of fighter aircraft. The resul£s
obtained are similar to the favorable benefits of a highly-swept maneuver
strake. '

Deflecting a leading-edge flap delays the beneficial blowing-induced
effects to higher angles-cof-attack. The data suggest, however, that a
forward rotation of the vortex 1lift vector occurs and the consequent
thrust recovery results in drag-polar improvement. Deflecting a trailing-
edge flap increases the camber, and the data suggest that the resulting
increase in circulation increases spanwise blowing effectiveness at a given
angle~of-attack. These favorable 1ift benefits at a given angle-of-attack
are reduced slightly by simultaneous deflection of leading- and trailing-
edge flaps. The drag polars are improved, however, which is very important
from a sustained maneuver standpoint.

The data indicate that spanwise blowing is an effective lateral
control device at high angles-of-attack and may compare favorably with more
conventional roll'control devices such as trailing-edge flap‘ailerons.

Spanwise blowing on the wing reduces horizontal tail loading at_the
higher angles-of-attack, which may have a favorable effect on trim
characteristics.

The lateral-directional stability characteristics of the wing-vertical
tail and wing-horizontal tail-vertical tail configurations are improved
by spanwise blowing on the wing. In particular, blowing results in

stabilizing increments in the effective dihedral and directional stability
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parameters and delays the unfavorable break in the directional stability
parameter to much higher angles-of-attack.

For the close-coupled canafd—wing configuration, the effectiveness of
spanwise blowing on the wing is limited due to the canard downwash on the
wing. Spanwise blowing on the canard, however, enhances the canard
leading-edge vortex and may improve the favorable canard-wing interference
at the higher angles-of-attack. In addition, the data indicate that the
effect of blowing is more pronounced when the canard incidence is increased.
The results suggest that spanwise blowing on the canard may permit'the
canard size to be reduced, which would enable & more optimum canard to be
used in cruise. Furthermore, blowing on a moderately-swept canard may
provide a more favorable method of longitudinal trim control.

Spanwise blowing in the channel of the "locked vortex" wing results
in large increases in 1lift for the smaller flap deflection angles, but
the data indicate that increased‘flap deflection angles reduce blowing
effectiveness and hence a departure from the desired "effective" wing
possessing a large amount of thickness and camber. The techniqué of
"locking" a vortex flow in the channel by blowing appears promising but
the interdependence of the parameters involved in the tests precluded

additional refinements.

5T



CHAPTER VI

RECOMMENDATIONS

Results of the present studies indicate that furthernevaluation of
the spanwise blowing concept to improve maneuver performance is warranted.
In particular, the present tests require extension to higher angles-of-
attdck since the data indicate in many instances that the maximum blowing
effects occur at angles-of-attack beyond those considered in the studies.
Evaluation of spanwise blowing at higher subsonic and transonic Mach numbers
is necessary to determine if the utiliiation of blowing is deterred by a
lack of engine bleed air to provide momentum required for effective vortex
augmentation. Results obtained by spanwise blowing on a cambered wing
surface appear very promising and suggest that by designing a wing to take
advantage of the enhanced separation-induced vortex flow at high angles-of-
attack, substantial drag polar improvement may be possible. The effects
that are actively induced by spanwise blowing also suggest the rather
exciting possibility of modifying the wing leading edge to passively induce
a spanwise flow and thus enhance the leading-edge vortex without the
requirement of eéngine bleed air or ducting to supply air to the wings.

The applications of spanwise bLowing to‘aircraft components are num-
erous. For éxamplé, blowing‘on a'wing tfailiﬁgfedge flap, on a veftiéal
tail or vertical tail rudder, or on a horizontal tail or elevator may offer
substantial improvement in‘cOmponeﬁt effectiveness.

Locabisn-of a canard above thé wing chord plane may alleviate the
déwnwash effects that appear to limit spanwise blowing effectiveness

on the wing. The data suggest, however, that blowing on the canard exhibits
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more potential to expand flight envelopes, reduce approach speeds and
enhance maneuverability. In this regard, investigation of spanwise blowing
on caﬁards of various sizes and planforms and a range of canard léﬁgitudinal
and vertical locations is warranted. Additional configurations include
blowing on the canard in combination with a deflected canard trailing-edge
flap and canard blowing in the presence of a cambered wing. -

or perhaps‘greatest significance, however, is a direct comparison of
the spanwise blowing concept with alternate devices which are designed to
attain fhe same effects. For example, it would be of benefit to compare
the effects of spanwise blowing and a highly-swept maneuver strakeron
high angle-of-attack performance, to compare spanwise blowing on a canard
with a straked-canard configuration, and tc evaluate spanwise blowing as
a primary means of roll control or in combination with existing lateral
centrol devices.

More efficient design of the "locked vortex" wing flap arrangement
and more effective utilization of the spanwise jet méy provide more
favorable 1lift and drag characteristics. The data suggest that the wing
channel volume may have been excessive and that a nozzle locéted well above
the wing surface may provide substantial improvement in blowing
effectiveness. In addition, the tapered wing channel may have adversely
affected the vortex-jet system, which suggests that perhaps an untapered
channel or some means oflalleviating fhe adverse pressure gradient at the

wing tip may result in more efficient aerodynamic performance.
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TABLE I.- Geometric Characteristics of Model

Body length, cm (in.)
L4 swept trapezoidal wing:
AR
b/2, em (in.)
ALE’ deg
¢, em (in.)
Cipr O (in.)
Longitudinal model station of 1/L Cipe OM (in.)
Airfoil section:
Root
Tip
s, cm2 (ing)
Root chord (at wing-fuselage juncture), cm (in.)
Tip chord, cm (in.)

"Locked Vortex" wing:

101.

27

2k,

35

ol.

1155

29.
77 (2.66)

(A11 geometric characteristics refer to flaps-retracted case)

AR

b/2, ecm (in.)
Apgs des

¢, cn (in.)
Cpp? OO (in.)

Longitudinal model station of 1/L Cips CO (in.)

64

27.

2

35.
.66 (20.3L4)

51

05 (39.78)

2.56

.18 (10.70)

Ly
56 (9.67)

.75 (1k.08)

81 (20.40)

644006
6LA00L

71 (179.14) -

80 (11.73)

2.49
18 (10.70)
LY

6L (9.70)
17 (13.84)



TABLE I.-~ CONTINUED.

Airfoil section

s, cm2 (ing)
Root chord (at wing-fuselage juncture), cm (in.)
Tip chord, cm (in.)
Maximum thickness, percent chord, at
Root

Tip

Canard:

A deg

LE>
Airfoil section

SC’ cm2 (in2)

b/2, em (in.)

Root chord (at canard-fuselage juncture), cm (in)
Tip chord, cm (in.)

Maximum thickness, per cent chord at -

Root

Tip

Horizontal and vertical tails:

Mgy deg

Airfoil section
S cm2 (in2)
b/2, em (in.)

Root chord (at tail-fuselage juncture), cm (in.)

65

Flat plate;,
round LE; sharp
TE

1186.26 (183.87)

29.77 (11.72)
8.48 (3.3%4)

6.0
6.0

51.7
Circular Arc

226.90 (35.17)

17.5 (6.89)
15.88 (6.25)
3.18 (1.25)
6.0

4.0

51.7

Circular Arc

288.39 (Luk.7T)

19.03 (7.49)

17.92 (7.05)



TABLE I.- CONCLUDED.

Tip chord, ecm (in.) 3.59 (1.41)
Maximum thickness, per cent chord at -
Root 6.0

Tip 4.0

66



APPENDIX A

Static Calibration Results

The nozzle thrust components determined from the static calibration
tests with all lifting surfaces remoVed are presented and were used to
accordingly modify the total coefficients presented in Appeﬁdix B and,
hence, to obtain the aerodynamic coefficients. Figures 94 - 97 present the
forces and moments due to nozzle thrust components as a function of plenum
chamber total pressure. The resulting expressions which were used to obtain
the aerodynamic coefficients for each appropriate configuration are also
presented in the following pages.

In addition, figures 98 - 100 present correlations between the
jet total pressure at the nozzle exit and the plenum total pressure and
these results were used to modify the computation of Vj and, hence, Cu.

Expressions for the forces and moments due to nozzle thrust components
as a function of plenum chamber total pressure:

(a) 4L4° Swept Trapezoidal Wing Nozzles.

NF (lbf) = 0.002526 (pt’plen) - 0.647T4
AF, (1b,) = -0.0k3L5 (pt,plen) + 0.1

PM (in-1b) = -0.017067 (pt’plen) + 0.1
RM; (in-1b) = 0.00583 (pt,plen) - 0.15
My (in-1b) = -0.0121k4 (pt’plen) - 0.578

SF; (1bf) = -0.001067 (pt,plen) + o.1y
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(b) &ho Swept Trapezoidal Wing - Right Nozzle Only.

NF; (1b,) = -0.001063 (pt,plen) + 0.07
AF; (1bg) = -0.019386 (pt’plen)

PM; (in-1b) = -0.013502 (pt,Plen)

RM; (in-lb) = -0.00L5606 (pt,plen)

My (in-1b) = -0.10197 (D4 p1en)

SF ; (lbf) = -0.023209 (pt’plen) + 0.1

(e¢) Canard Nozzles.

NF; (1b,) = 0.002333 (pt,plen) - 0.120
AF; (1b,) = -0.017433 (pt,plen)

PM; (in-1b) = 0.015367 (Pt,plen)~

RM; (in-1b) = -0.002967 (pt,plen)

M (in-1b) = -0.007833 (pt,plen)

sF; (1by) = -0.000567 (pt,plen) + 0.08

(d) "Locked vortex" Wing Nozzles.

NF; (1b,) = -0.003617 (pt,Plen) + 0.120
AF; (1b,) = -0.030045 (Pt,plen)
PM; (in-1b) = -0.01k51 (pt’plen)

' RM; (in-1b) = -0.0015 (pt,plen) + 0.19
M (in-1b) = -0.02067 (pt,plen)
SF; (1b,) = -0.005167 (pt,Plen)

Force and moment coefficients due to nozzle thrust components:

NFJ AF
= —= 05 0 - —x sin Q

CL,J-. a5 QS
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AF NFJ

—= c0s o + —= sin «
qu qu

PM

sin o where
n,J,b

sin O where

L,T L,J
D,T cD,J
m,T - cm,J
2,7~ Ca,5
n,T Cn,J
CY,T - CY,J

YM

C = -—J— .
n,J,b q,5p

; ) RMJ
2,J,b 4,Sb
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QINF
ALPHA
BETA
CLT
CDT
CPMT
CRMT
CYMT

CSFT

HPLEN

WTFLO

APPENDIX B

Tabulated Results

The symbols used in the tabulated data are defined as follows:

Free-stream dynamic pressure, psf

Angle-of-attack, deg

Angle-

Total

Total

Total

Total

Total

Total

of-sideslip, deg

lift force coefficient, including nozzle thrust components

drag force coefficient, including nozzle thrust components
pitching moment coefficient, including nozzle thrust components
rolling moment coefficient, including nozzle thrust components
yawing moment coefficient, including nozzle thrust components

side force coefficient, including nozzle thrust components

Jet momentum coefficient

Stagnation pressure in settling chamber, psi

Air weight flow rate, lbf/sec
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TABLE II.- Experimental Configurations

Canard

Table Wing Jet Location GLE’ deg 6TE’ deg ic, deg | Horiz. Tail | Vert. Tail | B, deg
IIT | 44° swept trapezoidal off Wing range range —_—— off off 0

v " Off | Right Wing 0 0 — off off 0

\4 " off Wing 0 0 ——— On off 0

VI " off Wing 0 0 _— Off On range
VII " off Wing 0 0 —_— On. On range
VIIT " On Wing 0 0 range O£f off 0

IX " On Canard d 0 range off Off 0

X "Locked Vortex" ofr Wing range range _— off Off 0
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QINF

PSF
126.0374
12540662
12549050
12642589
126.2655
125.7485
12546296
12543477
12549394
12449336
123.3016
12347521
12444137
126.6979

QINF

PSF
126,0344
125.9049
12644871
12642240
12549875
125.7619
12548914
126.,0103
125.770Q0
125,4121
125,0017
125,6456
125.3170
125.7271

QINF

PSF
127.3139
127.1926
127.1325
126.9802
127.1898
127.0215
126.9613
127,2190
12646515
126.6127
127.0426
126.9224%
126.8703
127,4086

ALPHA

DEG
« 01
-1.84
.04
1.93
3.86
5.85
7.88
9.96
12.08
14.25
16.35
18446
20456
01

ALPHA

DEG
01
=1l.84
«05
1.9¢
3.86
586
T.89
9.97
12.11
14.29
16039
18.52
2061
<01

ALPHA

DEG.
=.00
-1.85

« 04
le9¢
3.86
5485
7.88
9.96
12.07
14,23
16431
18438
20e44

«00

TABLE 111.- SPANWISE BLOWING ON THE 44° SWePT TRAPEZOIDAL WING.

BETA
DEG
-.00
=e0Q2
-, 00
«02
« 04
.07
«09
ol1
13
16
.13
«20
23
-.00

BETA
DEG
« Q0
-.02
. 00
.02
.04
«07
«09
11
.13
16
«18
21
$23
-.00

BETA
DEG

=-.00
=.02

=+ 00.

.02
«04
«06
« 09
o111
I13
«16
»18
W21
23
-« 00

0
a = =0
(@) 8¢ = by
Moo= 0.30; ¢ =0.059: T - 514%R
K, avg t,plen
CLY cor CPHT
«0114% -,0043 -40025
~.0843 -,0043 «0155
20121 -.0043 -.0027
.1113 -.000¢ -.0209
.2158 +0070 -.0425
«31351 .0215 -.0686
$4547 .0454 -.0968
5726 +0769 -.1224
6722 .1214 -.1427
«8056 .1786 -.1838
49430 $2626 -.2206
1.0499 .3092 -.2441
1.1256 03767 -.2607
.0125 -.0034 -.0018
Moo= 0.20; € =0.128;T - 530°R
W, avg t,plen
LT coT CPHT
20424 -, 04613 -,0175%
=-.0557 -e0475 +0015
« 0474 -.0473 -,0185
«1483 -.0427 -,0378
2564 -.0352 -« 0606
03797 -,0198 -,0891
«5080 +Q05% -21200
065449 LYY -4s1518
« 7855 « 0948 -4187%
«9335 21563 -e2270
1.0690 02234 -s2613
lelB1lé «2959 -.285¢4
1.2686 +3678 =-e3041
00627 -4051% -.0162
Mo 0.30; C =0
1, avg
CLT coT CPMT
«0060 - 0244 +0016
- 0906 « 0255 «0201
«0070 « 0248 «0017
«1039 «0278 -.0162
2034 «0345 =-40362
W 3146 «0486 -40602
4291 +07106 -406859
e5482 «1040 -21138
6416 14586 -41327
1264 1957 -,1573
«B8097 2494 -e1856
«8435 +3033 -.2183
8482 03436 -e2324
«0052 + 0264 20021

PRECEDING PAGE BLANK NOT FILMED-

AL PAGE 1S
ORIGIN o ALITY

CHY

+0595
«0600
«0598
0589
0588
+0590
«0590
«0591
«0589
« 05949
0601
0600
0597
«058¢

1271
«1275
1274
«1278
1285
+1288
«1288
.1288
1286
1287
«1289
<1281
«1285
1279

CMY

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000

HPLEN
PS1I
137.4621
137.4945
137.5278
13643677
135.8499
135%.6101
13545082
135.,4278
135.4237
135.3719
135.3837
135.4139
135.4307
135.7039

HPLEN
PS1
295.3766
296.1869
296.9791
297.4610
29641612
298.5843
298.8826
299.1272
298.3965
297.6161
297.0508
29647721
296.5591
296.3762

HPLEN
PS1
~1.4835
~1.3766
=l.4157
=le45066
=1.5097
~1e5757
=1.6627
-1.7138
-1.,7347
-1.7765
~1.7637
=1.7666
=145034
~1.0291

WTFLO
LBF/SEC
« 1777
«1779
21784
« 1764
1762
1761
1760
«1759
«1762
+1760
«1759
o1762
«1761
«1755

WTFLO
LBF/SEC
«3396
«3400
«3406
3408
« 3415
03613
«3415
3414
23401
3392
#3383
3377
v 3376
13364

WIFLO
LBF/SEC
«0659
« 0660
0672
« 0662
0667
«0669
+ 0665
«0670
20656
« 0659
+ 0660
«0658
<0668
« 0665



QINF

PSF
314.9928
315,8643
315.0022
315,9163
315.8909
315.7574
315.6802
316,0139
315,2786
314.8467
314,6210
316,5587
317.4495
315.2974

QINF

pPSF
31543700
31641764
315,.,5332
315.6654
315,5452
316.1563
315.1373
314.3538
316.8004
315.9290
314.1070
315.4237
317.3297
314.9280

QINF

PSF
315.6057
317,4770
31642612
315.8571
315,7099
315.8691
315.5892
315.6578
316.9375
31541503
317.2178
316,8759
320,5601
315.7812

ALPHA
DEG
01
=1.90C
02
2.00
4.00
6.08
8.19
1035
12.54
14.78
16.92
19,07
21.19
201

ALPHA
DEG
«02
-1.92
« 08
2.01
4.02
6.09
8.22
10.37
12458
14.85
17.02
19.17
21.32
01

ALPHA
DEG
~+00
=1l.92
04
2.00
4,01
6.07
8.18
10,35
12.52
14.75
16.85
18.90
20.98
201

BETA
DEG
-0l
=03
=-+01
«02
04
. 06
« 08
11
.13
.16
.18
21
23
=+ 01

BETA
DEG
-.00
~.03
=« 00
.02
0%
«06
«09
ol1
013
«l6
.19
.21
24
-+00

BETA
DEG
=.01
-+03
=+01
«01
.04
«06
.08
W11
#13
#15
17
.20
22
=01

TABLE |11.- Continued.

Mos 0. 50, C#,an

LT

«0052
=40952
0060
«1090
2225
LT
4680

5922

6853
« 7881
+»8804
«9382
9813
«0087

Moo =

0198
-.0873
«0209
«1250
2394
«3625
4962
«6225
«7397
.8588
«9702
1.0349
1.0887
«0221

«0022
-.0998
«0024
«1058
02162
03347
«4573
5793
«6366
«7416
« 7961
« 7976
«0050

(a) Continued.

0
0.023; Ty o ™ SUR
cotv CPNMT CHU
«0148 «0006 «0228
0147 +0200 «0228
«0153 «0003 , «0229
+0190 -,0197 .0228
«0263 -+04139 <0229
+ 0429 -s0712 «0229
«+ 0691 ~+1003 +0228
«1072 -,1283 «0229
«1932 -,1467 « 0230
2098 ~-.1780 «0231
2672 -e2017 20231
«3207 -42137 +02130
«37197 -,2299 00229
«0151 -+000¢ «0232
0.50: C - 0.050; T - 531°R
' M, avg " 't,plen
coT CPAT [, 1]
-+0006 -+ 0063 0502
-.0001 « D144 +0500
-,Q0008 -.0067 «0502
«0035 - -e0269 «0503
+0113 ~.0518 + 0504
+0287 -.0808 «0504
«0568 ~.1119 «0506
«0961 -s1618 + 0508
« 1475 -e1689 «0503
220867 -s1996 + 0504
«2719 -22297 « 0507
«33131 -e2391 +0505
«3967 -.2558 «0502
-,0017 ~.0063 +0506
Moo= 0.50; C =0
“,an
coT CPHT CHY
«0262 . 00041 0,0000
«+028B1 20238 0.0000
«0276 «0036 0,0000
«0308 -.0159 0.0000
+0381 -.0391 0.0000
+0545 -.0655 0.0000
«0812 -+0941 0.0000
1192 =-sl222 9.0000
«163)3 -a1374 0.0000
«2158 -+1669 0,0000
+2659 ~e1953 0.,0000
«3065% -62087 0.0000
«3393 -42074 0.0000
+0288 «0033 0.0000

" HPLEN
PSI
133.5712
L33.5928
133.7378
133.,7874
133.8292
133.,8910
133.9505
134,2059
134,1623
134.3417
134,3561

134.5125 .
13445027

135.0211

HPLEN
PSI
293.7988
293.2435
293.,4420
29443156
294.6892
294.9946
299.2242
293,5269
295.3315
295.1832
295.0395
294.71606
294.7197
294.7321

HPLEN
PSI
-2.6578
=2.2903
=2.4276
-2.5302
=2.6757
=2.9626
=3.1707
=3.3409
-3.3809
=3,4161
~3.3649
=2.9917
=2.6384
=2.1582

WTFLO
LBF/SEC
1715
01714
1719
1713
«1720
01717
21714
«1720
«1721
1723
«1723
«1726
1725
«1723

WTFLO
LBF/SEC
«3358
«3349
«3350
«33586
3357
«3360
»3359
«3362
3353
+3350
03347
«3337
«3334
3329

WIFLO
LBF/SEC
«0621
«0638
«0633
<0626
«0641
+0635
«0633
+ 0635
00637
« 0643
« 0640
«0651
«0655
«0647



QINF

PSF
127,4932
126,7373
126.6184
126,6277
126.6651
12646544
126.5863
126.3926
126,6330

ALPHA

DEG
20,42
20451
20453
20655
20.56
20457
20459
20.59
20.55

BETA

DEG
22
23
l23
$23
.23
«23
23
«23
23

Mo 0.30; @=20.6%; T

cLT

8226
1,0082
1.0830
lel1282
1.1689
1.2050
1.2403
1.2691
1.1257

TABLE I!l.- Continued.

{a) Concluded.

cor

3322
03643
«3743
3763
«3769
23767
3761
«3738
«3745

N
{plen =SV R

CPNT

-.2121
'p2275
-.2489
-e2619
~e2740b
-e2857
=.2970
=3062
=:2603

CHU

» 0070
«0256
20420
0577
«0737
+0913
«1082
e1265
0572

HPLEN
PSI
13,7909
5307492
94.8220

'133.8602

17445925
214.8897
255.,0916
294.8022
133.2772

wIFLO
LBF/SEC
«0721
«0967
el363
«1749
«2143
«2579
«2991
03431
«1733



QINF

PSF
124.8800
125.6694
125,5480
1256347
125,3649
12543434
125.48675
125.2003
12449759
12541535
125.2656
125.,0037
124.9636
124.9289

QINF

PSF
125.2461
124.3924
125.3996
126.4639
125.,5785
12541163
125,0482
12546439
124,8572
124.7289
125.0256
12449707
124.7425
125.,4132

QINF

PSF
125.1701
124464112
125,2102
125.8820
125.9327
125.3864
125.5853
125.1712
125.1391
125.2633
125.2834
125.5371
125.507s
125.6160

ALPHA

DEG
.01
-l.84
lo‘
l.92
3.65
5.85
7.87
9.94
12.06
l4.24
16,35
18e44
20453
-.00

ALPHA

DEG
« 00
=1.84
o 04
1.92
3.87
5.86
7486
9495
12,11
14,28
16,38
18.47
20.58
«01

ALPHA

DEG
=00
-1.85
«02
1.91
3486
5.82
7.86
9.93
12.06
l4.21
16,30
18.38
20444
-.00

BETA
DEG
=« 00
=e02
=~ 00
«02
Io“
« Q7
«09
o1l
'lh
ol6
+18
« 20
22
=« 00

BETA
DEG
«00
=02
«00
.02
«05
W07
« 09
o1l
ol4
16
.18
21
23
«00

BETA
DEG
-+ 00
=.02
-+ 00
02
.04
.ob
«09
o1l
13
.16
18
'20
#23
=00

TABLE I11.- Continued.

0 0
=4, =0
(b)ﬁLE 'BTE
0
Moo= 0.30; C =0.056; T, =521'R
u,avg t,plen
cLT coTv CPHT
« 0099 «0002 -+0076
=.0921 .0024 «0127
.0070 «0003 -,0072
«1081 0023 -.0262
«2090 0093 =e0459
3195 «0187 -0 0694
«4366 0361 -.0969
«5610 « 0645 -e1263
6784 «1037 ~s1543
« 7962 21553 -.1824
«9122 2156 -e2172
1.,031¢4 »2820 -22496
l1.1307 «3525 -42735
<0103 «0003 -,0083
0
Moo= 0, 30; = 0. 124; =
1 avg” 0126 Ty o = 533°R
CLT coT cPHT
+0309 ~-.0432 -,0187
-.0713 =+0430 «0022
«0336 -.0434 -+.0190
«1316 ~.0395 -.0375
22395 =-.03133 -.0587
«3531 ~,0225 -,0839
24787 =-+0035 -.1138
«6054 «0274 ~el1431
«7371 20702 -e1757
+8930 «1276 -.2190
1.0345 1917 -e2564
141567 +2629 -+2879
1,27286 03417 -.3197
.0360 -e0450 -.0205
Moo= 0.30; C =0
4,avg
CLT coT CPHT
=-+0104 «0339 «0025
-e1097 «0365 0222
=-+,0098 «0340 «0026
.0858 «0350 -4 0149
«1823 « 0600 -+0339
«2887 «049@5 -.0962
+4033 «066& -.0822
«5183 «0933 ~.1096
«6304 1309 ~41358
«7292 1771 -¢1590
«8070 02322 -s1B44
«8768 «2912 -.2118
« 8960 ¢3464 -e2395
-+0060 «0340 -,0005

CHU

10568
20548
20562
0558
«0551
« 0564
«0561
«0559
.0559
«0563
«0565
«0562
«0559
0565

(o.1Y)

«1238
«1245
«1236
«1226
+1236
«1242
01243
+1235
1235
«1248
«1240
«1230
o1244
«1233

CMu

0.0000
0.0000

040000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000

HPLEN
PSI
137.1857
135.0340
136.9933
137.2063
135,0785
137.2480
137,8023
13643966
135.90641
136.8327
137,587¢6
136.86476
1356.,2494
137.3576

HPLEN
PST
29648163
29645088
296.5805
296.7616
297.133%
297.4211
297.61382
297,4120
295.7197
297.7795
297.6039
2944,45b%
296.5171
296.5402

HPLEN
PS1
-e6718
=¢5790
~e6733
=.7600
-+8076
=+8588
9764
=1l.0612
~1.1054
=1.1380
-1,1723
=1e2267
=1.1237
-+4039

WIFLO
LBF/SEC
01667
«1623
«1661
1648
01629
01663
«1654
«1647
w1646
« 1657
1662
<1652
e 1643
«1660

N¥TFLO
LBF/SEC
3260
«3255
3255
«3254
«3256
3259
«3260
#3253
«3234
« 3260
03244
#3220
«3246
#3229

WTFLO
LBF/SEC
0.0000
0.0000
0.0000
0,0000
040000
0.0000
040000
0.0000
0,0000
0.0000
0.0000
0,0000
040000
0.0000



QINF

PSF
125.6322
124.6972
12504546
125.0803
12543365
125.2058
12544153
12541436
12545353
12544967

ALPHA

DEG
20647
20450
20.52
20453
20.55
20.55
20457
20.58
20454
20444

BETA
DEG
2 23
«23
23
«23
23
«23
23
'23
022
.23

ORIGINAL PAGE TS
OF POOR QUALITY]

M= 0.30; @=20.5% T

CLT .

«9631
1,0493
1,0933
l1.1321
1.1718
1.2066
l.2419
142753
1.1370

«9017

TABLE 111.~ Continued.

{b) Concluded.

cor

«3502
3562
#3553
3313
+3493
e3462
«3442
«3413
«3510
«3460

_ 0
t plen - 530°R

CPHT

-.2369
~,2508
=e2635
-s2745
-.2858
-e2964
-+3079
-+3201 X
-a2755
-a2412

. 1)

»0032
«02506
«0400
«0564
«0728
«0901
+1058
01240
«0560
040000

HPLEN
PSI
16.4501
5846313
97,4433
136.8454
176.7246
216.8422
25646389
297.0409
137.2285
=1.3273

WTFLD
LBF/SEC
0535
» 0910
«1256
«1653
02049
02457
02824
«3236
01634
»0237



QINF

PSF
124,5860
124,4589
124.9918
124,9184
124477068
124.5028
126447045
124.871%
124.5961
12446442
124.2555
124,6295
124,7056
125.,0876

QINF

PSF
124.8741
12447724
124.6573
12449377
124.6759
124.92638
12444740
124.,6356
124.6489
124.6316
124,8251
124,1226
123.4933
124,8586

QINF

PSF
124,4908
124.4374
124.9768
124,.,4733
125.,0983
12447497
124.4986
124.4479
124.389)
124.7991
124.8579
124.2715
124.5666
124.5321

ALPHA
DEG
+00
=1l.86
02
1.91
3.84
5.83
7.85
?.92
12.05
l4.22
16431
18.42
20452
«00

ALPHA
DEG
.00
=-1.82
«01
1.91
3.85
5.983
7+85
9.94
12.06
la,2¢
16,33
18445
20455
«02

ALPHA
DEG
-+00
~1.86
201
1.90
3.83
5.81
783
9.92
12.04
14.21
16.29
18.38
2046
=s01

BETA
DEG
-« 00
~e02
-« 00
.02
« 04
« 06
« 09
ell
ll‘
«16
.18
«20
022
=+ 00

BETA
DEG
«00
-e 02
«00
«Q2
« 06
«07
09
W11
alé
o 16
.18
«20
.23
«00

BETA
DEG
-+ 00
-+ 03
-. 00
.02
« 04
» 06
«09
s11
«13
.16
.18
20
23
=00

TABLE I11.- Continued.

0

(c) =8 =0,
TR :
0
Moo = 0.30; C =0.057; T = 507°R
o " "I avg Tt plen
CLT coy CPHT [, 1V)
-.0016 «0047 -.0091 20566
~ellb64 «0102 » Q0162 «0565
~+0035 «0046 =«0090 «0564%
«0994 <0059 -.0293 « 0564
«1980 «0110 ~+0684 «0566
3032 «0196 -.0688 0567
«4105 «0323 -00926 0565
e5341 «0536 -«1209 «0565
06591 «0875 =+1520 « 0567
« 7693 el344 =-«1751 «0567
28747 «1896 -+2070 «0569
1.0132 «2596 -.2500 « 0566
1.1161 «3276 ~42744% «0567
-.0004 «0037 -,0086 «0564
0
Moo= 0.30; C = 0. 130; Tt len 532°R
H,avg ,plen
CLT coT CPMT cMU
«0286 ~a0421 -s0232 « 1295
=.0849 -,0382 «0023 1296
«0268 ~.0429 -.0227 «1293
«1338 -+0400 -e0444 «1290
22345 =¢0365 -.00635 «1293
+3435 =+0251 ~.0863 «1296
04613 -.0105 -.1132 «1300
+5940 «0143 -.1438 21298
v 7243 0513 -41750 « 1297
«89559 «1007 =+2084 1298
«9892 .1608 -e2450 . 1297
1.1310 2307 —a2847 «1304
1.2573 +3090 =-.3212 el1312
«0310 =a0473 -.0223 «1295
= (. 30: =
Mao™0.30:C o
cLT coT CPMT CcHU
~-.0132 0330 -.0026 0.0000
-s1219 «0392 00224 0.0000
=+0142 «0335 =+0019 0.0000
«0845 «0340 -+0216 0.0000
+1815 .0381 -.0402 0.0000
22836 « 0862 =.0602 0.,0000
«36898 «0588 -.0825 0.0000
5107 «0796 =«1106 0.0000
«6237 «1118 =a.1301 0+0000
+ 7300 «1587 -.1631 0.0000
8150 «2098 -.1870 0.0000
«8B89¢ « 2704 -.2138 00000
19482 «3325 ~e2386 00000
-+0100 +0340 =+0043 0.0000

HPLEN
PSI

136.6714
136.731%
13647455
136.7676
136,7791
136.8106
136,7939
136.8171
136.8424
136.8510
136.8603
136,8890
136,5090
137,1717

HPLEN
PSI
298,152
298.101¢
297.4718
297.2467
297.2453
298.1812
29843961
297.9417
297.8961
297.9080
298.1667
298.2378
298.4190
297.9213

HPLEN
PSI
-e 5619
~e 4607
=.5490
-e6312
=.6780
-« 7717
-.B8504
=49435
~1.0328
-1.0879
=1.0923
=1.1482
=1s2207
=e4712

WTFLO
LBF/5¢eC
1683
«1679
1682
«1681
16813
1684
10681
21680
«1683
«1682
1683
«1678
«1681
1676

WIFLD
LBF/SEC
23411
« 34006
«3391
+»3388
+3388
«3395
3392
»3389
«3384
3382
«3379
#3375
«3375
3357

WTFLO
LBF/SEC
« 0646
«0653
«065%
«0652
« Q657
«0657
« 0660
«0654
. 06590
.0639
«0639
«0649
« 0647
«0652



QINF

PSF
124.6497
124.6767
124,6393
124,8155
124.7955
124.6726
12446151
124.8248
124.7166
124.5643

AL PHA

DEG
20.417
20.50
20451
2052
20454
20.54
20455
20,56
20.52
28446

BETA

DEG
22
022
22
022
23
«23
23
W23
22
22

TABLE t11.- Continued.

Moo= 0.30; @=20,5%; T

cLTY

«9841
1.,0500
1.0926
le1319
1e1713
1.20131
le2344
le2614
141265

«9481

{c) Concluded.

coT

v3345
»3306
3328
.3288
«3260
3214
»3169
«3115
03239
«3285

t,plen

- 535°R
CPMT CMU
-e2455 «0038
-:2607 .0278
-22702 «0433
-.2816 «9597
-+2938 +0760
=¢3046 «+0951
~.3146 .1113
-.3228 . +1305
-.27681 « 05996
-e2371 0.0000

HPLEN
PSI
1601557
57.0697
96.8097
137.0578
176.9757
217.8874
25845135
298.8617
137.1939
=1.3978

WTFLO
LBF/SEC
0710
. 0987
01345
1734
2120
2568
»2936
«3382
«1718
20638



QINF

PSF
12549689
126.4082
12644323
12646793
126.7526
12605042
12646002
127.0089
126.9342
125,9176
126,3531
12549791
12645041
126.2288

QINF

PSF
12645483
126,3853
12645911
126.,4027
126.4655
126.5334
126.3384
12645759
1264691
12643357
126.2449
12642634
125.9507
126.7068

QINF
PSF
12645613
12643624
12645175
12644359
126.5280
126,2235
126,0951
125.8708
126.6026
12647562
126.4864
12644798
126.2126
12643692

ALPHA

DEG
~a00
-1.85
03
1.92
3485
5¢8%6
7.86
9.94
12.06
14.25
16435
lB8e406
20456
=-.00

ALPHA

DEG
«00
~1.8%
03
1.92
3.86
5.84
7.87
9499
12.07
L4.27
16.37
18447
20458
«01

ALPHA

DEG
=01
=1.86
IOZ
l.91
3.84
583
7.85
9.92
12.05
l4.23
16431
1840
20,44
=.01

BETA
DEG
=.00
-+ 02
~.00
202
» 04
06
« 09
o1l
14
16
«18
21
223
-.00

BETA
DEG
~+00
=a02
« 00
202
« 0%
«07

» 09

11
ol
el6
.18
21
23
=00

BETA
DEG
=+ 01
=~:03
=+ 00
«Q2
«04
«06
209
o11
«13
16
«18
21
022
=00

TABLE tt1.-Continued. ‘
{d) differentialiy-deflected

leading-edge flap; =
ading-edg (OB TE 0

=n+0
Moo= 0.30; C =&0%;Tt Mn=5m R
M, avg P

CcLT coT CPAT
=.009¢ «0034 <0017
-s1159 .0088 «0250
-.0089 «0039 «.0009
<0988 «0045 -.0219
+1995 +0097 -.06420
+3094 «0188 -, 0642
«4168 «0352 -.0866
«5371 +0614 -.1125
06648 40983 -s1415
«7899 e1664 -.1682
«9084 +2034 -.1879
1.0247 «2709 -e2263
1e1247 +3451 -e2531
-.0087 .0039 .0008

Moo= 0.30; C =0.128; T - 533°R

K, avg t,plen

cLT coT CPmT
20227 -.0383 -.0137
=-«0840 =,035p <0102
+0234 =+0396 -.0140
1302 -,0378 ~.0374
«2400 -.0316 -.0596
#3515 -.0210 ~.0828
«h 665 -,0031 -,1063
«593% «0258 -+1338
07258 « 0648 -a164%0
«B8624 «1162 -+1964
<9931 «1769 -.2288
1e1320 +2519 -e2663
1.2578 +3329 ~.2994
«0249 -.0616 ~.0142

Nko= 0.30;C =0
- H,avg

CLY coT CPMT
-+0219 +03463 .0087
-«1286 «040% 20322
-.0218 «0358 0084
+0813¢ +0359 -.0139
«1814 « 0401 -,0331
+2821 «0490 -.0528
«3874 <0640 -.0730
4948 «0880 -s 0947
+ 6099 «1229 -41207
«7203 1674 ~elb43
«8243 ¢2207 -e1705
+9112 22844 -.2034
« 9561 03576 -e264)
-«+0204 «0370 0069

cMy

+0590
0577
+ 0582
«0585
«0593
«0594
« 0585
.0581
.0580
20584
«0582
«0566
0584
«0586

9.1}

1278
1283
1285
1287
«1286
«1286
«1288
1281
»1283
1286
«1289
1289
<1292
"e1279

(4.1V]

040000
0.0000
00000
0.0000
0.0000
040000
0.0000
0.0000
0.0000
0.0000
0.0000
040000
0.0000
0.0000

HPLEN
PS1
138,6436
135.9817
137.9774
13840498
140.1899
140.8168
13844519
137.8430
137.2411
137.0841
137.1436
137.3817
137.4892
137.8060

HPLEN
PS1
299.7120
29948652
300.83506
301.1158
300.7020
301.0976
30141761
300.0660
300.0586
300.2915
30046511
300,9175
300.9051
299,.8101

HPLEN
pSI
=:9092
-+ 7807
-.8772
=~e98657
~-1.0587
=1l.1229
-l.2308
=l.3127
=1le4243
=1.4589
=144450
=145243
=le5671
~«B87906

WTFLO
LBF/SEC
W 1747
«1721
01732
41765
21763
21764
»1738
1732
#1731
$1732
1738
.1738
1738

wTFLO
LBF/SEC
3412
« 3614
e3421
« 3420
23616
«3417
03414
« 3400
« 3400
«3402
«3603
03402
«3399
+3381

WTFLO
L8F/SEC .
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000G
0.0000
0.0000



TABLE 111, - Continued.

(4] Q
-g%.5 -
le) 8¢ = 8% brp = 10
Mo 0.30:C =0.057;T - 507°R .
“, avg t, plen

QINF ALPHA BETA CLT cOoT CPMT C My HPLEN WTFLO

PSF DEG DEG PSS LBF/SEC
12843415 « 02 -+ 00 01699 +0082 -e1149 «0571 139,1252 1746
128,0838 =1.84 -, 02 +0657 .0072 -.0935 «0573 139,0341 +1749
12844417 « 0b -.00 «1697 «0082 -,1147 «0570 139,0494 01745
128,6406 . 1.93 « 02 «2715 «0140 =-s1346 «0569 139,0313 1746
128.4763 3.86 +0¢ 23720 «0229 =-s1942 «0570 139,0210 1746
12080.4348 5.83 207 YLy «0355 -s1746 «0570 136.9737 1744
128.1382 7.88 .09 5946 «0544 -42020 «+0572 138,9933 1747
128.9769 9,94 «11 + 7189 +0834% -.2339 «0%70 138,9984 «1752
128.2224 12.06 olé +8458 «1259 -a2665 +0571 13B.,8863 «1746
127.9804 14.25 «l6 «9541 «1784 -.2912 0572 138,9804 «1745
128,1487 16,33 «18 1.0487 e2433 -.3165 +0571 138.8165 «1743
127.2481 18.43 «20 l.1728 «3164 -.3558 + 0576 138.8725 1746
127.8240 20453 22 1.2792 +3913 -43817 +0573 138,81213 21746
128.7482 .02 -+ 00 «1744 .0088 -oll67 . 0569 139,0961 e 1743

0
M=0.30, C =0.121;T . 57
oo K,avg t,plen ~ 22 R

QINF ALPHA BETA CLT coT CPMT CMU HPLEN wTFLO

PSF DEG DEG PSSt LBF/SEC
128,2205 .02 « 00 <2089 ~.0335 -.1360 1274 30441055 3472
128.188B4 -1,82 -e02 «1004 -o0360 ~s1134 «1275 30444200 «3471
12844529 «05 .00 «2101 -.0337 -e1362 +1270 304,0302 034563
126.3834% 1.94 «02 ¢3141 -.0266 -e15860 «1268 303.,4985 e 3456
128.2136 3.87 «04 +4191 - 0164 -o1770 «1270 30345539 «3455
12843672 5.86 «07 «5277 -e0019 -+1994 1267 303.2542 «3450
128.1789 7.88 « 09 «6520 «0191 ~e2293 «1270 3103,4038 «3452
127.9612 9,97 W11 7824 « 3513 -e2632 2272 303.,3782 « 3450
128.3219 12.09 elé «9131 0971 -e2974 21270 303,.,6079 «3452
128.9789 14,27 " Wlb 1.0512 21566 ~¢3330 1262 303,4635 » 3448
127.8716 16.35 .18 1.1816 22640 -.3685 1275 30346263 «3451
127.9689 18.47 .20 l.3210 «3039 -.4%105 «1273 303,5619 +3447
127.8407 20458 +23 l.4516 +3886 - h479 1276 303,8039 « 3449
128.1279 Q3 -+ 00 «2148 -+0356 -,1369 1276 304,3983 «3451

Mo 0.30:C =0
1, avg

QINF ALPHA BETA cLTY coT CPHMT cMU HPLEN MTFLO

PSF DEG DEG PSI LBF/SEC
128.2663 .03 -e01 1659 «0391 -,1105 0.004Q0 -8127 « 0377
128.3719 ~l.84 | =e03 «0545 +0398 -.0857 0.0000 ' -e6824 +0408
128.8607 « 04 -+01 1586 «0398 -,1072 0,0000 -.7880 204834
128.,3691 1.93 «02 e2545 « 0446 -4,1260 00,0000 -.8894% + 0418
128.,0057 3,87 o 0% +3564 «+0526 -sl4bl 0.0000 -a9271 « 0459
127. 6289 5.84 « 06 46086 « 0646 -.1670 0.0000 -1,0533 e 0424
126.1832 T.87 « 09 5692 + 0822 -+1897 0.0000 =141526 « 0430
12846627 9.93 11 6823 «+1087 -e2155 0.0000 =14¢2541 « Q0420
12B.6626 12.07 «13 « 7963 1479 -e2420 . 0.0000 =143268 20626
12B8.0562 14,23 s 16 «8978 +1958 -e2638 0.0000 =-1+3358 «0435
12746167 16431 «18 «9528 2571 -.2763 0. 6000 -143497 e 0424
128.6706 18.39 «20 1.0143 «3215 -+3013 0.0000 =1s4334 T YY)
128.5851 20445 23 1.04679 +3867 -e3251 0.0000 -1.5211 0419

128.0562 .02 -+01 »1608 «0411 -.1095 0.0000 -7229 0427



QINF

PSF
127.9192
128.1276
128.1343
12842705
128.5270
128.0114
127.9178
128.5323
12845174
128,7524

ALPHA

DEG
20447
20450
20.51
20.53
20455
20.56
20.57
20458
20.53
20445

BETA
DEG
22
22
22
22
« 22
022
22
23
22
$23

TABLE {11.- Continued.

Mos 0.30: @=20.5% T

l1.1128
1l.1864
12366
l.2861
143296
le3761
le4l74
144492
1,2827
1.0685

(e) Concluded.

coT

«3868
«3930
«3929
+3921
#3909
«390%
»36891
+3859
.3883
3846

t, plen

- 521°R

CPHMT cMU
-.3335 .0058
~e3537 .0244
~-.3698 «0602
-¢3848 «0576
-,4007 «0741
-o4170 T «0922
-e%331 «1096
-e4451 ’ 1271
-.3819 «0567
-+3250 0,0000

HPLEN
PSI
18.7844
58.0224
98.6271
140.25597
180.,9391
22149147
262.9865
303.9976
139.55786
=leb31k2

WTFLD
LBF/SEC
«0565
« 0907
1301
«1745
«2159
02595
3011
13441
«1711
«0361



QINF

PSF
127.9874
127.8218

12842331 .

127.9472
127.8924
127.8630
1298.2035
128.5948
128.0086
128.,4039
127.1816
127.3352
127.1415
128.0633

QINF

PSF
127.9805
12745436
128.1074
128.2221
127.7959
127.9269
12843610
127.6785
127.4556
128.0258
127.3873
127.4181
127.6492
128.2530

QINF

PSF
127.8618
12642210
12747843
128.2410
127.9004
127.9256
128.0165
127.2203
127.5862
128.7214%
129.2995
127.7091
127.6827
128,2301

ALPHA

DEG
«04
=1.81
.08
1.96
3.91
589
7.92
10.00
12.12
la.34
16.42
18.54
20.63
«05

ALPHA

DEG
.0“
-l.82
«07
1.96
3.88
587
7.90
9.96
12.07
14425
16433
18.39
20443
«03

ORIGINAL PAGE IS
OF POOR QUALITY|

BETA
DEG
=.00
~.02
=.00
.02

0 04

.07

.09
Ill
W14
!16
.18
+ 20
23
=00

BETA
DEG
« 00
-.02
.00
02
«05
« 07
« 09
o1l
16
16
»18
21
23
~e 00

BETA
DEG
-.01
-.03
=.00
002
«04
« 06
«09
11
«13
-16
18
.ZO
«23
=+0Q0

0 0
f = '8 =
(f15, = 0% b= 10
_ 0
Moo 0.30,C, 0" 0.0 T, - SIS
CLT coT CPHUT o}, 11]
21933 «0101 -,1114 «0588
+ 0958 «0063 -e0943 + 0589
«+1892 +0104 -+1113 +0585
+2894 «0178 -+1300 «.0586
«3981 +0299 =-,153¢% «.0584
29210 «0508 -,1818 0584
6442 «0812 ~e21ll4 + 09584
«Thal «1209 -¢2291 «0581
+8413 21688 -e2523 0584
9765 02340 -e2950 0582
lel1183 +3054 -43337 0588
1+2159 03757 -03536 «+0587
12920 4671 ~e3700 ,'0589
1963 «0106 ~-¢1l132 « 0584
Moo= 0.30; C 0.128; T 527°R
it " u,avg t, plen
CLT co7Y CPHMT CHU
«2285 -.0307 -.1319 +12173
1289 -e0363 -.1131 21277
22617 . =+0313 -+1313 1273
¢3334 -,0228 -s1524 «1273
@533 -.0093 -.1797 «1278
«5740 «Q0128 -42081 «1276
70137 « 0663 -92395 <1272
«8327 «0913 -.2710 +1279
29731 el4?75 -231013 «1283
l.1378 02201 -43567 1276
1.2771 2945 -+3919 «1283
1.3821 3722 -e4147 +12813
le4548 4488 -.4280 21282
+2316 =,0362 -21327 21276
Moo= 0.30; C =
e H,avg
cLT coT CPNT CHU
1762 «0412 -a1027 0,0000
+0825 .0385 -o0840 3«0000
1766 0616 -,1023 0.0000
«2725 «0480 -e1200 0.0000
23766 «0590 =-e1615 0,0000
+4901 «0783 ~s1658 0.0000
«5031 «1069 -+1906 0.0000
«6986 1449 —-42079 00,0000
« 1759 +1896 -,2234 0,0000
+8608 «26430Q -e2460 0.0000
«9350 «3008 -e2722 0.0000
«9802 «3605 ~-,3005 0.,0000
«9589 «3982 -«3037 0.,0000
«1798 «0424 =,1050 0,0000

" TABLE I11.- Continued.

HPLEN
PSI
139,0704
139.5922
139.0994
138.7490
138,6457
138.5241

13844576 .

138.4918
138.4822
138.,4732
13845039
138.5422
13844576
138.7469

HPLEN
PSI
302.0499
301.8614
302.0631
302.3423
302.6719
302.3403
30243458
302.2946
302.3084
302.4188
302.5172
302.6258
302.9308
302,9630

HPLEN
PSI

-1.0296

=+94569%
-1.0323
=1.1400
~1.1919
-1.3020
-1.3852
=-1.4852
~145352
~l.5686
=1.6020
=ls6711
=1.5155

-49790

WIFLD

LBF/SEC
.1781
.1782
«1776
1777
W1771
<1769
1774
$1772
1771
1772
1772
$1772-
1774
.1773

dTFLD
LBF/SEC
«3458
«3653
e 3454
«3455
3455
« 3450
«3449
03447
«3448
ELLYY
«3444
« 3444
« 3445
»3438

WTFLQ
LBF/SEC
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
Q.0000
0.0000
0.0000



QINF

PSF
128.0498
12745449
128.0407
127.8430
126.0073
12749753
127.7068
12844747
127.8978
12747416

ALPHA

DEG
20447
20453
2056
20.57
20459
20.60
20.61
20463
20.58
20.43

BETA

DEG
23
»23
.23
23
23
23
23
223
23
«23

Moo= 0.30; @ = 20.6% T

1.03462
l1.1686
1.2381
1.2914
l.3361
1.3803
1,4198
1.4552
l.2901

9576

TABLE I11,- Continued,

(f) Concluded.

ot

«4108
«4330
e 6418
« 4453
4475
«4489
+44695
«4490
o44l15
«3942

0
= 524

t,plen S24°R

CPnTY CMU
=e3135 « 0025
-+3318 0270
-+3535 « 0425
-a3714 «0588
-«3869 «0763
-e4020 « 0925
~e&150 «1101
=-14281 . «1279
-+3683 «0585
-.3021 0.0000

HPLEN
PSI
1643214
5843553
98.7366
139.,2730
178.7604
220.4381
26142609
303.3574
140.0516
-1l.6187

WTFLD
LBF/SEC
« 0662
« 0994
1369
«1773
2151
02592
«3009
#3450
«1750
20557



QINF

PSF
127.2801
127.1728
127.1622
127.2075
126.9843
127.0337
126.7117
127.4000
12648440
127.0490
12649413
127.,0086
12741179
12741652

QINF

PSF
127,0793
12649657
127.6126
127.2945
127.1686
127,1832
12746648
126.8921
126.9857
127.1206
126.6424
126.6478
127.4520
127.7221

QINF

PSF
127.9229
126,7318
12649254
127.1910
127.5140
127.1466
127.3521
12743936
12745552
126.6895
12743907
127.2358
126.9351
127.3733

ALPHA

DEG
«08
-1le73
o122
2400
3,94
95.93
7.95
100,02
12.14
14,32
16.43
18.53
2062
09

ALPHA

DEG
12
-1.75
ol
2.01
3.95
5694
7.96
10.04
12.17
14,38
16448
18.57
20e 66
« 09

ALPHA

DEG
.08
-1,78
11
200
3.92
5.92
7.93
10.01
12.12
14.27
16,36
18,41
20446
«07

BETA
DEG
=200
=02
-.00
02
«04
« 07
. 097
ol
13
«16
«18
«21
«23
=.00

BETA
DEG
« 00

-e02
«00
«02
« 05
«07
«09
o1l
s13
16
«18
W21
.23
+00

BETA
DEG
-+ 00
=«03
=00
202
« 04
« 06
« 09
o1l
13
al6
18
«20
23
=00

Moo= 0.30; C =0.058; T
1, avg

LY

«3717
2811
3693
4672
«5825
«7T085
«8186
9050
09944
la1285
1.2736
1e3543
144109
«3706

Mg =

CLT

04287
03262
« 4268
«5341
+5601
« 7826
«9082
1.0264
1.1770
1.3430
lea718
le5622
le611l
«4321

CLT

«3587
«2612
ah4a76
5538
«65706
« 7845
«8567
« 9144
«9933
l.0616
1.0984
1.0698
«3614

TABLE 111.- Continued.

= Q
(g) 6LE 0%; &

coT

«0306
0222
«0307
«0424
«0610
«0889
«1245
1692
2234
» 2952
03748
ehbb64
«5166
«0291

0. 30; C”'avg= 0.

-e¢0110
~.0220
-40117
«0025
e 0245
«0548
«0957
+ 1485
«2146
#2957
«3768
«4579
#5343
=«0153

Moo = 0.30;C

cor

+0508
«0515
«3596
«0702
.0868
«1128
«1484
«1895
«2368
« 2949
" +3576
«4197
04567
«0604

_ 0
w2

t,plen

CPMT

-+2193
=e2047
=¢2198
=¢2373
~e2632
=e2936
~«3193
=.3282
=¢3506
~¢3951
—e43b4
=eb501
~a4585
=e21995

127; T
t, plen

CPMT

-s2517
-e2325
-e25113
-+2750
-43059
=+3350
~+3633
-43922
~e%365
-e4860
=+¢5193
=e5245
=e5377
-a2521

=0
4,avg

CPHT

-e2107
-41925
-.2085
~e2252
-. 2471
~e2734
-a2979
=+3035
-+3115
=+3321
~e3562
-e3826
=-.3772
--2125

- 510%R

CHU

«0578
0580
»0580
«0577
»0577
0577
«0579
«0575
«0578
0580
0580
«0580
0561
«0576

- 530°R

CHu

«1271
21274
«1267
01272
01271
«1266
21274
«1273
21270
«1274
e 1274
«1268
« 1264

cny

0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
040000
00000
0,0000
0.0000
0.0000

HPLEN
PSI
138.5010
138.5973
13845942
138.2171
137.9170
137.8845
137.8222
137.8184
137.8561
137.8607
137.8569
13840597
136.1496
137.8778

HPLEN
PSI
299.6087
299.9675
300.2063
300.0058
300.1136
300.0473
299.,7803
299.9799
300.0703
299.7356
299.5727
299.4726
299.9115
300,0280

HPLEN
PS1
=1l.1862
-1.00889
-102094
=143041
-1.3897
~145045
=l.6160
~1.6776
-1.7064
-1.6884
~1,s7316
=1.8249
~1.6591
=1l.,1314

WTFLO
LBF/SEC
«1752
»1756
«1754
w1706
e 176%
21746
«1748
01764
« 1745
«1753
«1751
21751
«1753
«1740

NTFLO
LBF/SEC
3422
03421
«3417
«3412
«3412
«3408
«3404
« 3403
« 3400
«3361
«3386
«338¢
+«3380
3368

WTFLO
LBF/SEC
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000



QINF

PSF
12741163
127.1475
1275002
127.9266
126,7601
127+6537
127.5254
127.2702
127.1858

ALPHA

DEG
20.49
20.55
20.58
20. 60
20461
20463
20464
20465
20,46

8ETA

DEG
'23
w23
23
23
23
«23
23
23
23

TABLE I11.- Concl
{g) Concluded.

Moo= 0.30; @ ~20.6% T

CcLrT

1.1584
l.2876
1.3597
1.4185%
1.4809
15246
l.5686
1.6089
1.0662

coT

4765
«5008
5110
5181
05254
«5289
5320
«5338
«4508

uded,

- 521°R
t,plen
CPMT (o 11]
-e3967 + 0028
-e4181 «0253
-obh4lé «0410
-e4633 0573
-44B65 « 0749
-e5046 «0913
-e5218 .1083
-+95370 1264

~e3747 0.0000

HPLEN
PSI
16.3639
57.3899
97.2719
137.3839
17845465
219.0126
260.1321
299.0018
=1.7500

WTFLO
LBF/SEC
.08607
<0931
1315
$1724
+2137
02542
$2942
3367
0.0000



QINF

PSF
12545621
125,4474
125,1389
125.5716
125.3913
125.4312
125.2522
125.6502
125.6714
125.6567
125,2600
12448591
125,2665
125.6859

QINF
PSF
125.5948
12543570
125,2915
125.7764
12545813
124.8693
125.3995
12546346
125.1484
12545958
125,0481
125.4074
125.6905
12541865

QINEF

PSF
12449611
125.8761
125,6825

125.6304-

125.3553
125,5517
12647074
125.,3993
125.4700
125,1762
12%.1320
125.8692
125.6662
1251961
126.0843

ALPHA
DEG
«00
=1.85
«03
1.91
3.85
5483
7485
9.9¢4
12.0%
14.23
16,31
18.40
20446
«00

ALPHA
CEG
«01
-1.85
«03
1491
3.8>
5.84
7.86
9.94
12.06
l4.24
16.32
18440
20.48
W01

ALPHA
DEG
20440

«00
=1.85
«03
1.91
3.85
5.82
7485
9.93
12.04
14.20
16.29
18.35
20,40
=01

* TABLE IV.~ SPANWISE BLOWING ON THE RIGHT W
WING CONFIGURATION.

BETA

DEG
+01

=«01
201
«03
«05
«07
.10
W12
01‘1
16
17
«18
«19
«01

BETA
DEG
.03
+ 01l
«03
«05
«07
<09
W12
18
ol5
17
«18
.18
.18
203

BETA
DEG
«23
-.00
=402
=+00
.02
06
«06
«09
oll
13
16
»18
W21
023
-+00

=+0012
=-.0958
«0004
«0985
2022
«3162
24375
25494
« 6453
« 7541
«8686
«9437
«9981
0039

CLT

20116
=.0854
. 0150
«l121
«2176
3324
4573
5791
06966
«8173
s 9264
v9949
1.3506
20152

CLT

«8485
=.0030
-+0981
-.0028
-+ 0910

«1963

«3088

«4230

5327

«62813

« 7179

+8010

864l
‘aB465
=«0025

Moo= 0. 30;C = 0.034;
w07 0.30,C, o < 0.036; T

coT ceny CRMT
«0133 «+ 0032 <0024
«0145 «0208 «0019
+0133 #0030 «0020
«0160 =.0150 <0025
0225 =+0361 20020
« 0388 =081 «0022
20611 -.0887 20019
«0951 =«l127 .0006
«1359 =+1355 «0003
<1878 =.1671 -.0034
«2480 =e2032 -.0134
»3083 =e2341 -.0212
23648 =»2555 ~e0239
20138 » G025 «0018

Moo= 0.30;C  =0.067; T

= H,avg T tp

corv CPMT CRMT
~«00862 -.0037 «0018
~.0057 «0l4p «0013
~+0066 ~e0063 0014
~.0035 =e0225 0019
«0035 =.044¢ +0019
0178 -.0708 «0011
10433 -.0989 »0000
«0793 =-»1272 ~a0045
«1238 -el571 ~+0102
«1793 =.1910 -+0197
2393 -.2229 ~.0268
2991 =.2522 =-.0370
=3575 =e2734 -.0421
~+0078 =+0039 »0017
Moo= 0.30; C :

K, avg

coT cPny CRMT
«3474 -.2322 <0028
<0310 «0054 «0007
«0323 «0228 0002
«0310 «0053 «0007
.0329 =.0120 .0010
« 0391 =+0334 «+0009
«0531 ~.0580 «0007
«0767 -+0836 «0013
«1100 =.1071 «0003
21511 =+1306 +0013
+ 1984 =.1557 « 0007
22519 =.1830 20004
«3070 -e2160 +0016
«3464 =¢2303 «0032
«0311 « 0049 «0006

ORIGINAL} PAGE IS
OF POOR QUALITY|

NG ONLY OF THE 44° SWEPT TRAPEZOIDAL

=51

t,plen

len

0

CYNT

-e0012
=s0014
-.0013
=.0012
-.0012
- 0006
=+0004%
0002
«0005
«0028
0078
Q177
«0255
-.0012

- 513%R

CYNT

=.0027
-.0030
-,0026
=.0021
=-.0019
-.0010
~.0003
«0012
«0040C
«0077
«0131
«0248
«0360
=.0024

CYMT

-.001¢9
«0008
«0007
+0009
«0011
«0009
«0011
«0008
«0007
« Q006
«000B
«0007

~.00012

~+00286
»0008

CSFT

-.0075%
-e0074
=.0071
=,0074
-s0075
-.0082
~-sQ090
-eC096
=.0099
-.0113
-+ 0124
=.0210
-e0202
=00 74

CSFT

~.0278
-.D279
-.0281
-.0276
~.0291
-.0301
-«0310
-.0321
-+0337
~e0324
-e0329
-e3405
-«0391
-.0276

CSFTY

«0009
« 0035
«0033
<0031
+ 0029
«0026
+0017
«0013
+ 0016
0015
<0017
«0017
«0005
+0009
+0035

9, ]V]

«0339
«0345
<0340
«Q0340
+0340
«0361
«0341
+0340
«0340
0341
«0342
«0343
«0343
«3342

«0675
0677
20673
0675
0677
0675
0674
0675
« 0677
20670
<0678
06717
«0677
«0676

(o1, 1V]

0.0000
G.0000
0,0000
0.0000
0.,0000
0.,0000
90,0000
0,0000
0.0000
0,0000
0,0000
0,0000

0.0000 -

0.00Q00
0.0000

HPLEN
PS1
136.8865
137.,23924
136.8826
1375594
13648876
13643700
13647894
136,7467
13667135
136,6873
13646247
13645438
136.9126
13744149

. HPLEN
PSI
29843566
298.4375
29745147
2977004
299.3844
297.4548
29645921
297.8960
298+7481
294641899
297.5808
29845735
299.3645
29741476

HPLEN
PSI
=1.2761
=28665
=.7885
~.8528
=+9284
=e 3994
~1l.0718
-1.,1953
~1,2801
=1.3340
=143940
-1s4491
=1l.4722
~142395
-.8657

WTFLO
LBF/SEC
» 1008
21024
«1008
«1012
<1010
«1015
1012
«l01¢
+1014
«101l6
+ 1016
»1014
«1018
« L1017

WTFLO
LBF/SEC
1815
«1816
«1804
<1817
<1818
1802
«1808
.1812
«1808
1797
«1810
«1812
1814
«18046

WTFLOD
LBF/SEC
0,0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0,0000
00000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000



QINF

PSF
124.7715
124.6297
12,0745
124.9128
124.6737

* 124,8085

125.3694
12448139
124.6269
124,7203
12447322
125.4434
12445734
12445255

CINF

PSF
124.5282
124.69%54
124.,9879
125.16338
125.17886
125.3089
12449314
12444144
124.3358
124.6573
124.4638
124.8577
12446747
124.06885

CINF

PSF
124.6645
124.6281
124,3048
125.2533
125.1680
124,.8248
125.2561
124,8488
124.7608
124,5457
125.0415
125.3592
125.3178
125.3384

ALPHA
DEG
~+00

-1.83

204
1,93
3.85
5.43
7,85
9.92

12.03

14,21

16.31

18,39

20448

201

ALPHA
DEG
202
-1.82
W06
1.93
3.86
584
7.87
9.94
12,07

" l4e25

l6.34
18,44
20.52

.02

ALPHA
DEG
.01
~1l.8¢
.03
1491
3.85
5483
T.85
9.91
12.02
l4.18
16,24

18.32

20,36
.01

TABLE V.- SPANWISE BLOWINGONTHEM SWEPTTRAPEZOIDALWING HORIZONTAL TAIL
CONFIGURATION; & _ =&

BETA
DEG
=00
=02
=200
«02
04
.07
.09
#11
W14
16
.18
.20
223
-.00

BETA
DEG
.00
-.02
.00
.02
04
.07
« 09
.11
14
.16
»18
21
«23
«00

BETA
DEG
-.00
-.03
-+ 00
.02
.04
.06
+09
.11
13
.16
.18
.20
.23
=400

cLT

«0085
~. 0959
0122
w1174
.2289
= 3601
<4981
26230
ALY
«8854
1.0483
1.1814
1.2979
«0146

cLT

<0169
-.0949
«0209
«L387
«2555
.3882
#5310
« 6739
<8325
1.0086
l.1722

. 1a3145

1.4304
0243

-.0020
=¢1041
=.0014
«1009
2157
»3398
4726
+5911
«7026
+8159
29205
1.0004
1,0409
+ 0051

Moo= 0.

cov

. 0021
«0031
« 0021
«0058
«0140
«0297
20569
0939
1507
22028
2771
«3551
«4390
«0021

Moo= 0.30;C

cor

-+0398
~.0396
=.0403
=.0369
~+0282
=.0116
20173
«0573
.1108
.1803
+ 2579
e3422
24293
—. 0434

coT

«0327
+0349
+0334
«0362
0439
+0586
<0852
<1208
1667
wo227
«2862
3547
4155
«0342

= O,
LE "TE
- _£120
30; C =0.06; T =513"R
u,avg t,plen

CPMT CRMT CYMT
=-,0040 .0010 »0002

0276 .0008 +0001
-.0051 .0012 » 0001
-+0350 «0013 «0003
-,070¢ .0012 .0007
-ell67 .0014 .0013
-, 1638 200196 «0014
-,2080 .0011 «0015
-a2572 20021 «0012
-+3086 ~,0007 .0020
-.36809 ~a 0014 . 0020
-, 4486 ~.0003 +0015
-.5188 0022 «0007
-«0080 « 0009 «0009

-0.13: T - 520°R

u, avg t, plen

CPMT CRMT CYMT

«0115 .0022 + 0005

0529 <0018 .0003

.0100 «0023 <0004
-.0300 «0023 «0007
-.0702 20026 «00086
-s1146 0028 «0011
-s1591 <0027 « 0009
-s2097 -+0007 0018
~-s2b688 -,0020 +0018
-+3438 ~.0042 + 0020
-e4202 -.0038 ,0021
-,4907 -.0016 .0012
-25566 «0009 + 0005

«0105 .0019 .000%
Moo=0.30: C CE

M,avg

cPMT CRMT CYNT

«0055 «0005 «0011

«0325 «0003 «0010

«0051 +0003 «0011
-,0232 +0005 +0012
-+0604 <0007 © <0013
-.l048 . 0007 +0016
-e1525 «0008 «0015
~-.1958 «0003 +0013
2429 »0011 0010
~+3009 «0007 «0012
-a3640 «0008 +0013
. =d4287 + 0009 +0016
-4+4905 w0017 +0009

«0023 «0002 <0015

CSFT

0026
«0027

0023
.0010
~+0002
-.0028
~+0035
-+0043
=.0040
=.00136
-. 0027
-»0033
=-.0033
=-.0001

CSFT

=.0015
-,0019
-.0020
~.0017
~.0021
=~.0037
~.0065
=.0051
~.0047
~. 0042
~.0039
~«0043
~«0044
~,0008

CSFT

+0038
20037
20038
» 0039
.0032
«0016
«0002
. 0003
« 0005
«0001
-.0001
=.0017
~.0009
0022

(4.1V]

= 0605
<0608
«060%
«0608
<0608
<0608
08605
0608
<0610
«0609
«0609
0605
<0609
«0609

CHY

1299
«1302
1288
1296
<1296
«1296
«1300
«1308
»1309
#1305
.1308
212305
.1308
.1287

- CMy

¢.0000
0.0000
00000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000 -

0.0000
0.0000
0.0009
0.0000
0.0000

HPLEN
PSI

137.4561

138,1303
138,2485
138,2842
138.2927
13843179
138,3083
138.26879
138.2385
138.,2205
138.2074
138,1763
13841292
138.2594

HPLEN
Ps1
297.2741
296845660
296,2380
29744557
297.7556
298.1601
29843234
29B.5163
298.6737
298.6281
298.7739
298.8761
298.9141
295,8321

HPLEN
PSI
~e5903
~e4062
~.5690
-.6660
-a7305
-+8046
-.e9225
~1.0237
=1.0728
-1.108¢6
-1.1498
-1.2488
=1.1657
- 5477

WTFLO
LBF/SEC
\1786
«1793
«1802
V1798
W1796
$1797
.1796
1797
L1799
+1800
.1798
1797
W 1796
w1796

WTFLO
LBF/SEC
3447
.3454
3624
+3639
23642
T
13444
23448
L3446
+ 3444
«3445
L3454
23445
.3389

WTFLO
LBF/SEC
.0702
«0707
0710
20716
.0731
.Q727
»0740
«0740
«0743
«0758
«0754
«0763
0753
#0750



QINF
PSF
125.0477
125.1882
125.3323
125.3229
129.1720
125.2466
12447125
124.3878
124.4706
124.6001
124.9981
12447951
125,6083
124.7419

QINF

¥SF
125.0039
125.,2417
125.1656
125.0652
124.8194
125.0985
124.4374
124.0578
124.9328
12446776
124.9768
12447431
12644290
125,0945

QINF

PSF
124.9312
123.8920
124.9181
125.0302
125.0942
124.6694
125.0728
126,8711
125.0112
124,9165
125.1006
124.5581
12445744
124.9667

ALPHA
DEG
«00
-1.85
06
l.92
3.85
584
7.87
495
12.086
14.25
16.35
18.44
20.54
.00

ALPHA
DEG
<01
=1.83
04
1.93
3,86
5.84
7.88
9.96
12.09
14.29
16.3¢
18,49
20.58
«01

ALPHA
DEG
=.00

=1.85

02
1.92
3.86
5.83
T.85
9.92

12.04

14,21

16.29

18.36

20,42
=+00

TABLE VI.- SPANWISE BLOWING ON THE 44° SWEPT TRAPEZOIDAL WING - VERTICAL TAIL

BETA
DEG

© =00

~.02
« 00
.02
04
07
«09
o1l
el
.16
.18
#21
.23
=.00

BETA
0EG
. <00
-.02
«00
02
.05
«07
.09
ell
ol
« 16
.18
221
.23
«00

BETA
0EG
-.00
-.02
=.00
.02
«04
05
.09
.11
13
216
.18
.20
.23
=.00

CONFIGURATION IN SIDESLIP; 5 - =5._ = 0°.
LE TE
0
{a) B=0
0
Moo=10.30; C =0.059; T = 513°R
o U, avg t,plen

cLy CoT CPHT CRMT CYMT
«0117 + 0026 =.0079 «0023 =-+0040
-.0871 «003% 0101 0022 ~.0038
.0123 «002% =-.0082 .0024 -.0038
<1107 « 0063 ~a0265 «0023 -.0035
«2155 «0139 =-.0679 .0024 -.0032
« 3298 +» 0280 -.07138 0024 -.0026
s4564 20533 -«1029 .0019 -.0025
«5721 0867 -:1280 .0009 -.0025
<6706 « 1276 ~ol514 0017 -+0024
8067 1856 -.1925 =«0017 =.0012
v 9412 W 2496 ~e2288 -.0016 -+0013
1.0434 «3128 -e2512 =-«004Q9 -+0018
1.1331 «3838 -.2722 «0015 -¢0026
.0108 «0046 -e0079 0023 =-.0036
RPN

Moo= 0.30; C ~ =0.729; T . =312'R
H, avg \Ple

cLT cDoT CPMT CRMT CYMT
«0384 -203413 -.0222 +0029 -.0039
-, 0602 ~20345 -.0037 .0030 ‘=4 0040
« 0403 =s0349 -.022¢6 .0029 -,0039
« 14189 =-.0306 -.06418 «0031 -.0036
« 2498 -.0229 =.00641 »0031 -,0035
«3717 -.007% -.0931 0027 -.0032
« 5040 «0191 ~-«1235 .0021 -.0033
26347 «0557 -«1550 -,0016 -.0025
. 7732 +1047 -e1914 ~+0025 -.0022
«9302 «1666 -e2344 ~.0047 -.0012
1.0676 «2334 ~.2687 ~«0032 -.0013
lel?71 +«3026 -e2924 ~.0012 -.0021
le2665 »3754 -e3127 0006 ~o.0023
«0374 -.0408 ~.0209 «0032 -.00389

Moo=0.30; C =0
1, avg

CLT cov CPHMT CRMT CYNT
-.0058 «0347 .0025 «0013 ~+0034
-.1023 20361 +0199 «0015 -.0037
-,0053 00347 «0021 +001¢ -+0036
«0912 «0368 =:0154 +0015 -.0033
«1925 « 0429 -.0362 +0014 -o0032
2986 «0559 =.0600 .0013 -.,0028
+4195 0797 . =«0871 »0012 ~eQ028
5286 «1124 -s1105 +0006 -»,0028
«6231 «1524 -al346 +0010 -, 00268
« 7147 «1995 ~«1596 «0005 =.0021
« 7963 «2517 -+1869 «0002 =-.0019
.8561 «3086 =e2174 «0000 -.0020
«8602 23514 -e2357 +0005 ~«0019
-.0042 «0348 «0008 «0015 -.0033

CSFT

0071
«0069
+0068
«0059
« 0046
20029
»0023
0021
<0022
«0015
0017
<0018
«002¢
«0064

C5FT

0041
« 0045
«0041
«0036
20030
.0016
.0019
»0008
0008
0005
«0004
-« 0002
«0002
«0051

CSFT

« 0095
20098
<0094
«0095
«0095
0076
+ 0072
« 0069
« 0069
«0055
»0054
+0050
»0051
0097

(o, [V]

«0592
«0590
+0593
«0587
.0586
«0590
0585
.0587
»0588
. 0589
«0582
«0583
0585
20591

1284
1286
«1291
«1287
«1286
«1280
1287
«1291
.1282
1286
«1285
21290
»1294
.1289

CHU

0.0000
0.0000
00,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
040000

HPLEN
PSI
1368,2839
138.5265
138.7939
138.3312
13649755
137.60863
13642895
13641214
13641663
13645392
13548343
135.6417
137.0329
137.0556

HPLEN
PSI
297.766%
29847950
299.4471
29848540
29744909
296.9292
296.9293
296.8769
296.9068
297.0049
297.2143
297.4643
297.6828
29844560

HPLEN
Ps1
-+3073
-e2097
-.2878
-+39138
=.4770
-.5402
=e6650
- T447?
-.76818
-.856%9
-.8605
-« ?61&
~«8556
=-.3083

WTFLO
LBF/SEC
1748
217406
« 1754
el1741
«1737
1769
«1730
1732
«1736
1740
«1729
«1728
1743
<1750

WTFLO
LBF/SEC
«3448
23459
3467
034652
03441
3430
»3428
«34206
03424
w3424
.3423
03424
«3623
3416

WTFLO
LBF/SEC
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0,0000



QINF
PSF
126,0709
125.4939
12648042
126.0563
126.3234
126,2205
125.7542
12641297
125,6075
12642033
12643997
125,8348
126,4585
125.8388

QINF

PSF
126.4589
12549754
126.4616
12645577
126.8862
126.3665
126.6668
125.471%
126.2261
12644291
12643316
12643490
127.0260
12646387

QINF

PSF
12643396
12648525
126.2328
126.4345
126464425
12644879
12642594
127.0980
126.1579
126.0872
126.2503
12646895
126.9940
126.7031

ALPHA
DEG
-e04

-1.90
-.02
1.87
3,81
5,81
7.82
9.92

12,04

14,22

16.32

18,44

20.53
-.04

ALPHA
DEG
=.04

=1.90
=.02
1.88
3.81
5.82
7.85
9.93

12.06

14,25

16.36

18447

20.57
=.04

ALPHA
DEG
=s05

=1.90
=.03
1.87
3,81
5479
T7.81
9.90

12.03

14.19

16.26

18.34

2039
=«05

BETA
DEG

4.02
3499
4.02
&a04
4.05
4406
4,07
4007
4.07
4,06
4405
4403
4.0}
4,02

BETA
DEG
4.02
4.00
402
4e04
4405
4e 07
4,07
4408
4.07
4.06
4405
4.03
4,01
4.02

BETA
DEG

4.01
3.99
.01

4,03

4,05
4206
9.07
4.07
4.07
4.07
4.05
4,03
4.03
4002

LT

+ 0094
-, 0869
+0082
«1089
+2132
23342
14566
«5758
6794
«8102
9441
1.0562
1.1413
0127

.0367
-.0632
«0389
el4l?7
«2515
«3779
«5113
6419
«7841
«9376
1.0732
l1.1873
1.2709
06415

CLT

-.0024
-.0980
-.0019
«0956
1964
»3079
4261
«5389
«6349
7336
8152
«8709
8612
« 0061

TABLE V1.~ Continued.
(b) B +4°
Moo= 0.30; C =0.058; T - 512°R
M, avg t, plen
oY CPAT CRMUT CYAT
~,0022 =-e0051 -,0036 °0129
=-e001% +0123 -+0024 «0124
-+0021 ~-+0050 -.0037 «0131
» 0010 -40239 -.0048 +0135
+0080 ~e0&60 -.0045 «0137
« 0225 =.0746 -4 0051 «01l48
«Q0463 =-+1036 -.0053 «0152
«+ 0800 -.1301 -.0061 «0155
v1228 ~elD49 -,0031 0149
«1798 -.1837 ~.00064 «0l56
2437 -s2297 -.0071 +0l49
«3109 =~42555 =-2s0044 20134
«3800 -s2765 -,0008 «0098
-,0025 =-.,0066 -.003% +0131
Moo= 0.30; C 20,127, T - 529°R
H,avg t,plen
coT CPHT CRHT CYNT
~a 0404 ~2018¢ - -.0021 0118
e 0474 20003 -.0011 +0112
- 0476 -,0188 -.0018 <0119
-2 0435 -,0382 -,0027 «0126
=-,0362 —-«0618 -.0033 .0128
-.0210 -.0926 -.,0061 <0135
« 0069 -e1249 -.0047 «0139
« 0436 -.1567 -, 0064 «0148
« 0941 ~e1945 -.00Q89 0149
«1569 -e2366 =-,0103 «0150
02245 -e2699 -,0092 014
«2958 -2957 ~-20054 201206
«3685 =+3150 =-,0015 20097
-.0694 =-.0196 =-+.0020 20118
Moo= 0,30; C .. =0
e 'V, avg
cDT CPNT CRMT CYMT
20279 ,e0022 -e 0040 «0128
«0311 «0201 -¢0031 «0120
+0303 «0028 -,0039 «0128
+03323 ~-.0154 -.0045 «0131
«0397 -+0363 -.0053 0132
«0528 -,0612 ~e 0062 «0138
0762 -.0877 -20053 «0155
«1096 -el138 =.0054 +01l61
1512 ~-.1382 -.0022 - «0157
«2014 -.1673 =-+0018 « 0146
02548 =-e1954 =-+0009 +0132
+3100 -s2227 «0001 20077
»3503 -y 2402 20015 -.,0081
«0330 =-,0016 =,0042 «0130

CSFT

=+0421
-.0411
-.0420
-.0431
-.0429
~20659
=.0476

-.0499

=+0503
-.0501
=-+0499
-+0493
=20473
=e 0424

CSFT

-+0616
~.0408
~.0420
-.0631
-+0437
~a0457
-.0472
-,0501
=-.0500
=.050¢4
-.0495
-.04986
~.0486
~.0419

CSFT

=.0382
-.,0382
-.0389
-.03848
-.0392
—e0411
-.0672
-+ 0492
-+ 0515
-.0508
-.0483
-.0400
-.0273
—.0604

cny

«0584
» 0586
«0582
20583
»0582
+0583
«0586
«0585
.0588
«0585
«0584
+0589
«058%
«0587

CHY

«1273
21278
01272
1272
«1269
«1276
<1272
1284
12706
21274
»1275
1276
«1269
21269

CHU

0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

HPLEN
PSI
137.3796
137,3817
137.4050
137.4073
137.4080

. 137.3887

137.4294
137.4396
137,4863
137.5065
137.5332
137.5982
137.5512
137.8517

HPLEN
PS1
299,3151
299,35659
29848754
299,0821
299.0735
299.5272
299.3103
299.1067
299.1743
299.1459
299.1715
299,3773
299.3873
299.1168

HPLEN
PSI
-.6873
=¢5365
~e5338
~+7094
=e 7745
=+8553
=e 96461
=1.0713
=1.1010
=1.1393
=1le2065
=1.2749
=1ls1157
=e5875

Bl

WTFLO
LBF/SEC
« 1748
o 1748
«1753
+1748
«1748
«1750
«1749
.1753
21756
w1752
«l754
»1758
«1754
1753

ATFLO
LBF/SEC
«3408
»3402
»3395
.3396
«3393
«3395
«339%90
3388
«3387
«3387
«3386
«3386
3386 -
«3368

WTFLO
LBF/SEC
0.0000
0.0000
0.0000
0,0000
0,0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000



QINF

PSF
125.875%
126.0877
125.9461
126.3962
12549608
125.3075
125,461
12548244
12543155
12545560
125.8673
12640222
125.601¢
125,5426

QINF
PSF
126,2157
126,0982
125,8803
126.4279
125,8429
125,9055
"125,8240
126.1152
129.6517
125.,8228
12545196
127.2022
126,0872
126,83%0

QINF

PSF
125,9002
125.8735
125.9590
12644118
126,1914%
12641673
12643796
125.5021
125.6103
12544620
125.0746
126,7308
125,8881
125.5035

ALPHA
OEG
«05
~1,81
08
1.97
3.91
5.89
7.93
10.00
12,12
14431
lo4al
18.52
20461

05

ALPHA
DEG
v 05
~1.78
+ 09
1.98
3.91
5491
7.94
10,33
12,15
l4.34
16,44
18.56
20488
06

ALPHA
DEG
08
~1.9Q
«38
1.97
3.90
5.88
T.82
10.00
12.22
14.29
16.36
18445
20449
«Q35

BETA
DEG
~4,02
~4.04
~4.02
~3.99
~3,96
~3.93
-1.89
-3.85
-3,80
-1,74
-3.68
-3,62
-31,5%
-4,02

BETA
DEG
~4402
=%403
-4.01
~3.,99
=3.9%
=3.93
~3.89
~3.8¢
=3,79
=347
-3.686
=3.61
=~3.59
~4.02

BETA
DEG
=402
4,04
~4.02
~4.00
-3.97
~3.93
-3.89
-3.85
-3.80
=3.74
=349
~3.62
-3457
~4.02

w0115
-.0869
«0132
«1070
W 21247
«3281
4569
#5735
6747
«8061
<9399
1.0687
1.1349
201132

Ly

+0e03
~«0504
20399
elau?
2508
«3770
+5080
26394
.7778
+9288
1.0629
1.1785
1.270¢
«0433

-+ 0027
-+ 0384
-e0027
«D911
1933
+ 3056
04263
5373
«6381
» 7299
8122
«B646
« 86586
«00¢3

ORIGINAL PAGE 1S
OF POOR QUALITY

TABLE VI.~ Concluded,

Moo= 0.30; C = 0.057;

cor

0005

«0011
«0Q013
« 0062

0107
20247

»0504

0847
«1256
+1827

12465
2115

«3800
20004

Moo= 0, 30;

€01

~eDk24
-.06134
~e0%36
-40388
~.0318
-.01861
0119
«0491Y
«0949
«160%
2264
«2989
03715
-s0463

coT

«Q307
«Q0328
«03206
«0353
+0413
+ 0550
0801
1138
21549
2036
« 2566
«3096
«3535
«0352

Moo* 0.30; Cﬂ, =0

CPNT

00137

0220

«Q039
~.0138
~,0351
v, 360¢
~20891
-.1182
~.1395
-.1682
~.195%
-.2196
~e2428

<0002

avg

CRMY

«D0H3
«0069
«0068
20074
«0078
«0080
+0080
+005¢
+0037
#0025
+001%
~.0002
~.0008
«0068

ter B -4°
Q
T =514
H,avg i, plen MR
ComT CRNMY CYNT
-.0042 «+ 0081 -e0212
Q141 «DG?2 -« 0206
-.0048 «008Q -e0212
-40227 «0089 -.0212
-2 06457 0090 -eD213
~e 0734 <0089 - 0211
~.1063 «0088 -.0218
-21309 +00580 -40220
=.1540 «00%8 ~.0209
~+1938 «0039 ~a019%
-,2301 0034 - 0185
~e2548 «002% -2 0184
~s2762 « 0030 -. 0167
~»0045 «0078 -+0210
0
C = 0. 127, Tt =52I°R
u,avg (plen
cent CRAT crat
- 0194 20083 -.020¢4.
-40002 «007¢ -0200
-40193 +0082 -e0202
~:0393 0091 -.Q0207
-, 00628 « 00294 -s0214
~+0933 « 0092 -.0216
~s124) «0091 ~.0222
~a1357 «0040 =.0221
~.193% +0029 -,023)
-e2355 » 0007 -.0192
<2686 «0012 =-,0181
~2295% +Q028 -~q0185
~+3159 <0028 -,0164
-.0162 <0088 -, 0205

CYRT

=.0200
-+ 0200
=,0201
-.0207
-.0207
-« 0203
-, 0208
~.0223
=s D204
-.0192
“,016%9
=.0107

«0055
~s 0202

CSFT

<0565

«0559°

« 0561
«35%0
20543
0535
0545
#0557
0542
03552
0564
8527
#0512
«0561

CSFT

£ 0528
«05%32
«051¢
0522
+0525
«0526
20532
» 0538
«0530
«0528
+0517
«0500
« 0490
«051348

CSFT

«0600
«0599
«0592
0816
« 0603
0562
<3585
«0593
«0600
«0586
«0559
20447
+ 0306
«0601

4.1}

«0571
0575
«0575
«9572
«0573
«0577
2577
«0578
0577
« 0576
0575
0584
«0577
vQ3575

(4, U]

«1269
«1268
1267
1263
0270
«1271
1273
s1271
«1268
12649
»1268
«125%3
1267
23264

CNU

040000
0,0000
0.0%00
06,0000
0.,0000
G+ 0000
0.0000
Q.0000
0.0000
0«0000
§.0000
0.0000
G.0900
9.3000

HPLEN

[ 391
1373140
137.539%
137.3417
13741361
137.0826
137.0312
137.0816
137,06139
137,0533
1376912
137,0528
13941475
137,2893
137,7369

HPLEN
PST
299,3181
298.9512
299,4028
298,3583
29844759
29849458
299,2313
299.5596
29841265
297.0167
296.9601
29744954
29844032
299.3011

HPLEN
PSI
~26565
~. 4869
~+5859
~: 5663
~. 7488
-0 8214
~s3352
-1,0170
~140753
~lel®18
-1.1622
~les2422
~1.0807
=s5764

WTFLL
LBF{SE
. 170Z
«1718
#171°
WA714
«1722
1713
«1711
1718
«1711
1714
«171¢
+1738
1715
21707

wTFLA
LBF/SE
3395
3385
«3375
+3374
23374
<3373
03375
<3375
«335¢6
» 3345
«3347
»3350
33352
3355

MIFLG
LBF /5SE
0.0000
0.0000
0.0000
3.0000
0.0000
0.0000
00000
0.0000
0. 0000
0.0000
Q.0000
0+2000
0440000
0.0000



QINF

PSF
124.6819
125.1239
12448401
125,0123
125.2310
124,8946
125.3380
124.7288
124.5233
124,5845
12603895
1264.4242
1264.6355
12444338

CINF

PSF
125,1377
12448397
1244.6326
125.5179
125.4992
124.7392
124.9127
125.2612
124,6057
12545561
125,2969
12449524
125.0409
12446295

QINF

PSF
126.7473
126.5936
126.8191
12541756
12649420
124.7482
125.2197
12444063
125.4183
12444875
12446145
124.7574
12541595
12447416

ALPHA
DEG
-.00

-1.83
=.01
1.91
3.84
5.83
7.85
9491

12,03

14,21

16.30

18.3¢9

20447
=.01

ALPHA
DEG
»00
-1,.82
04
l1.92
3.86
S5.864
7.87
9.94
12.06
14,25
164,35
18,45
20,53
<01

ALPHA
DEG
=.00

=1l.85

«02
1.91
3.84
5.82
7.84
9.90

12.02

14.18

16.24

18.31

20,36
=.00

TABLE VII.- SPANWISE BLOWING ON THE 44° SWEPT TRAPEZOIDAL WING - HORBZONTAL

BETA
DEG
-.00
-.02
-.00
.02
«04
«07
.09
ol1
slé
«16
18
«21
23
=+00

BETA

DEG
«00

-.02
«00
«02
«05
«07
«09
.11
«l4
.16
»18
21
23
«00

BETA
DEG
-.00
-.03
=,00
«02
204
06
»09
W11
»13
16
.18
2 20
.23
-.00

TAIL - VERTICAL TAIL CONFIGURATION IN SIDESLIP;SLE= )

cLy

«0086
-+0917
« 0064
.1202
«2330
3626
4963
«6269
«7400
+8802
1.04893
1.1775
1.,2960
20148

cLT

20231
=.0916
0228
«1402
#2571
.3888
#5309
«6748
«8288
1.,0066
l.1680
1,3119
1.4285
0243

=.0028
~el044
«0019
= 1019
2144
3369
« 4696
= 5959
«7029
8128
9200
1.0012
1.0425
+0030

@ B 0°
Meo=0.30; C ~ =0.06; T

H,avg t,plen
coT CPMT. CRMT
«0051 =.012% +0019
0070 0187 +0019%
«0062 -.0117 +0018
20102 -.0442 «0018
+0182 - 0797 «0019
«0342 -e1255 0019
«0611 =21714% +0016
0985 -.2170 «0008
1441 -.2626 «0020
2057 ~.3142 -.0006
+2808 -.3881 -40020
«3577 -445306 -+0012
4423 -+5256 «0019
0066 -.0137 «0017

M=o=10.30; C =0.129: T
1, avg

coTv

~.0332
-s0337
-.0352
=.0309
=.0224
=.0066
»0224
«0622
e1143
21840
«2604
3445
«4322
-+0423

cor

20340
20366
20355
«0383
20456
«0601
«0865
1229
«1682
02231
«2872
3561
24173
«0362

t,plen
CPMT CRAT
«0006 «0031
«0423 «0033
+0007 »0033
-,0395 +0030
-,0798 «Q033
-al245 e 0034
-e1692 +002%9
-.2199 -,00013
=-22775 ~40022
-e3527 ~-+0053
-24267 -,0048
-24976 -+0019
-e5637 +0008
+0014% «0033
Moo = 0.30; C =0
H,3vg
CPNT CRMT
-,0023 « 0012
«0239 « 0015
-,0039 «0013
-.0313 «0012
-.0868 +0013
-slll4 +0012
-e1592 «0009
-42055 +0003
-e2699 +0012
-43060 «0005
-+3691 «0006
-p4343 «0004
—-e4951 «0012
-4Q004%6 »0011

= 508°R

CYMT

=«0040
=+ 0042
=+«0039
=+0035
-.0036
-,0031
-+0029
=«0022
=+0023
~.0013
-.0010
-.0012
=.0022
=-.00139

- 516°R

CYNT

=+0044¢
~e 0044
~.0041
=+0040
=+0041
=.0033
~.0033
-+0023
=e0022
=+ 0014
=+0011
-.0016
=.0021
-e0043

CYNT

=+0031
=+0035
-.0034
~+0032
=-.0031
-.0026
=+002¢4
=+0023
-.0023
-+0020
-.0017
=40017
=-+0023
=+0032

CSFT

«0079
« 0082
«0073
20062
«0059
«0047
00461
0023
«0026
.0022
0024
20013
20021
«0071

CSFT

«0063
«0059
«0051
«0054
« 0053
<0032
«0028
0007
«0014
«0015
«0019
=~«0000
. 0003
«0063

CSFT

«0093
»0109
0114
+ 0106
0101
«0080
«0072

0066 -

» 0059
« 0057
» 0049
«0038
«0068
- 0096

TE

=0

CHU

0599
0594
<0595
20597
20597
40597
+0595
0597
0602
0600
0602
0602
. 0602
40600

CHMU

1289
01294
1296
+1284
21284
1292
.1288
1285
«1292
1283
1286
. 1290
01290
«1296

CMU

0.0000
0.0000
040000
040000
040000
0.0000
0.0000
0.0000
0.0000

040000

0.0000
0.0000
0.0000
0.0000

HPLEN
PSI
138.2049
137.5929
137.7207
137.9507
137.9778
137:.9941
138,0510
138.0687
138.0779
138.,0816
138,0015
138,0430
13841074
137.9651

HPLEN
PsSI
297.7795
298,6589
298.6964
297.9493
297.6505
297.6423
297.4533
29743457
297.3051
297.3978
297,.3683
297.4132
297.5021
297.8690

HPLEN
PSI
-.4278
-.2797
~+3787
-.4756
-45660
-¢6319
-.7497
~e 8405
-e9131
9500
-.9731
-1.0835
-1,0108
-.3917

WTFLO
LBF/SEC
«1768
«1765
«1765
1774
1777
1773
W1775
.1773
.1783
1777
.1782
.1783
.1785
1778

WTFLO
LBF/SEC
<3464
23464
3459
03446
e344l
03440
#3431
03427
03424
«3622
«3418
3416
23413
3401

WTFLO
LBF/SEC
0.0000
0.0000
0.0000
0.0000
0.00Q00
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000



QINF

PSF
126.4105
125.8201
126,0780
12645681
126.9500
125.8481
126.8136
126.2180
12641766
12545073
125.6529
124.,8243
12642565
125.6688

GINF
PSF
12643920
12640754
12642142
12645948
12646161
12644437
125.7091
126e4744
125,9082
12647029
126.0298
125.9316
125.5422
12641943

QINF

PSF
12644443
126,1291
12641132
126.5846
12665473
12645486
125.9328
1259048
12641853
12641199
126.6007
127.4685
12648117
126.0999

ALPHA
DEG
=.0¢4

-1l.87
-<04
1.86
3,80
5.80
7.83
9.91

12,05

14,23

16.32

18,42

20.51
=02

ALPHA
DEG
-.03

=1.91
=.03
1.86
3.80
5478
779
.87

11.99

14.15

16,23

18.30

20.32

=.05

BETA
DEG

4.02
3.99
4.02
4.04
4.05
4.06
.07
4.07
4.07
4406
4.05
4,03
4,01
4.02

BETA
DEG

4,02
4.00
4,02
.04
405
4.07
.07
4.08
407
4.06
§.04
4.03
4.01
4.02

BETA
0EG

4,01
3.9%
4.01
4403
4.05
4,06
4,07
4.07
4,07
4086
4405
4,03
4402
4.01

(b) f=+4°
Moo= 0.30; C =0.057; T
M, avg t,plen
cLT cor CPMT CRMT
20059 .0030 -+0114 =-.0030
-.0978 « 0062 .0202 -.0023
»0037 «0037 -.0108 -.0029
1147 L0073 -,0433 -20037
<2311 <0151 -+0805 -+0040
3616 20306 -.1263 -,0051
«4991 20574 -.1742 -, 0046
6243 . 0966 -.2215 -,0059
+ 7450 L1416 -.2690 -.0038
+ 86853 2031 -e3163 -.0087
1.0367 2751 -.3842 -.0087
1.1763 «3538 04556 ~.0067
143000 4416 -.5307 ~.0041
0112 «0034 ~.0135 -.0030
Moo= 0.30; C =0.127; T,
M, avg t,plen
cLT coT CPMT CRMT
. 0196 ~s0372 -.00130 -.,0038
-,0938 -+0365 40371 -,0031
<0167 -.0378 =.0020 -+0035
.1335 -.0334 -.0413 =.0041
22549 -.0254 -.0822 -.0063
.3864 -.0090 -.1270 -.0055
25323 «0197 -s1737 40056
6736 «0602 ~e2209 -.0068
.8327 1142 -.2798 -.0087
1,0032 1828 -s3516 ~.0104
1.1606 . 2576 =.46249 -.0104
1.3084 3428 ~.4590 -.0076
1.4267 «4319 ~.5678 ~.0034
.0204 -. 0412 -.0027 -.0033
Moo= 0.30; =0
M, avg
cLT cot CPHT CRNT
-.0068 .0343 ~. 0014 -.0033
-41092 +0369 0252 -s0021
-.0053 20352 -.0017 -.0032
.0983 ,0380 ~.0301 -.0038 .
.2100 L0651 -.0658 -.0039
#3330 «0596 -+1100 -.0053
14636 20852 =.1567 -40048
25911 1215 =-.2075 ~,0049
6998 1676 -e2535 -,002%
«8195 2255 ~¢3133 -.0033
09242 . 2894 ~.3766 -.0036
1.0066 «3573 ~a4391 -00039
1.0363 4165 ~45040 =.0040
-,0011 .0364 ~.0040 -.0032

ORIGINAL PAGE IS
OF POOR QUALITY]

TABLE ViI.- Continued.

- 511°R

CYNT

0126
0118
0123
«0132
«0139
»0148
«Gl51
20154
0151
10147
«0153
«0131
0102
20124

- 516°R

CYNT

«0110
«0105
0113
0119
0124
0131
.0138
«Q147
<0148
«0153
<0146
0128
. 0098
«0ll%

CYMT

0132
0122
.0133
«0138
0137
«Qlél
«0152
«0155
«0150
0142

«0129

«0089
=+0063
<0131

CSFT

-e0410
=, 0402
-. 0404
-.0416
=2 0434
-e0467
-.0483
=.0494
~e 0505
-.0487
-.0491
-.04677
-»0659
-.0408

CSFT

=«01394
-+ 0394
=+0403
=.0403
~.0423
=e0643
- 0468
~.0495
-.0491
~e0491
=.0478
=.0481
-.06470
-«0600

CSFTY

-e0391
=.0377
~e0393
-.0397
=.0392
- 0409
- 0446
-, 0468
-4 0485
-20483
=+0456
=e0375
-.025}
-.0389

CHU

=0580
20581
20575
0572
«0569
«0575
«0571
« 0568
«0584
0575
20573
«+0590
. 0583
«0581

«1269
«1271
£ 1271
«1266

“el265

21267
«1275
21266
1270
«1263
«1269
21273
1274
.1266

CHU

d.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0,0000
0.,0000
0.0000
0.0000
0,0000
0.,0000

HPLEN
PSI
139.4298
139,134}
137.5929
137.2114
137.0544
137.0427
138,0Q105
13641543
139.21353
137.0510
13642259
139.1005
139,3235
13843140

HPLEN
PSI
299.0801
29941541
29944416
29941948
299.1782
29942146
299.3677
299.1343
29848145
29848033
29B.7728
298.8049
298,8772
298.7996

HPLEN
PSI
-~ 2877
=a1601
-.2361
~e3327
~.»3838
=s4754
=2 5765

-.4700

=e7240
=o 7844
~.8438
=a9402
-.7899
-e2231

WTFLD
LBF/SEC
«1738
.1732
«1721
1721
«1717
«1721
«1720
«1706
« 1747
«l715
1714
« 1748
1745
s1734

WTFLO
LBF/SEC
<3628
3424
«3426
v 3421
J34613
+3418
« 3417
»3413
«3408
«3407
«3403
+3400
+3400
«3384

WTFLD
LBF/SEC
0,0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.00Q00
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000



QINF

PSF
12643517
12643610
126.5478
126.6854%
125.9360
12643314
12546715
125,3870
12645907
12644745
12640058
125.8669
125.7386
12645828

QINF

PSF
126,4893
12649727
12640832
126.6815
12648510
12640910
12645302
126.4182
12643848
125.8626
125.0396
125.3255
12645224
126,2645

QINF
PSE

126.3326
12646331
126,2044
126,3660
12643499
12640627
12543320
12645675
12546055
126,0426
125.9718
125.8195
12544616
12641144

ALPHA
DEG
05
-1.83
.01
1.9
3.86
5+84
7.87
9.923
12.07
14,26
16433
18443
20.51
«01

ALPHA
DEG
#03
-l.82
06
1.94
3.87
5485
7.89
9.97
12409
l4.27
164237
18.46

. 20456

«03

ALPHA
DEG
201
-l.84
201
1.94
3.86
5.85
7.87
994
12.04
14.20
16.28
18.35
20038
201

BETA
DEG
=4.,02
~4.04
-4,02
=3.99
=3.96
~3.93
~3.89
-3.85
=3.80
=3.74
-3.68
=3.62
=3.54
-4,02

BETA
DEG
-4.02
-4.04
=4,02
-3,99
-3.9¢
-3.93
~3,89
=3.84
~-3.80
=3.74
-3.68
=3.61
=3.54
=4,02

BETA
DEG
-4,02
=404
-4,02
-4.,00
=3.97
=3,93
=3.90
=3.85
=3.80
=3,74
=3.69
=3.,62
=3.56
-4.02

« 0095
-.0987
+0074
1164
2295
»3613
«4937
+6203
« 7423
«8836
1.,0425
1.1809
143033
«0112

0254
-+0877
+0235
«1378
«2567
3922
#5331
6784
«8291
« 2993
11706
le3064
le4329
20248

CLT

~.0037
-+1038
=+ 0032
1019
«2115
«3367
«4673
«5945
« 7047
8186
9251
1.0066
1.0483
-+ 0009

(c) B=-4°
_ 0
Moo = 0.30; C =0.058; T =510°R
,avg t,plen
coT CPMT CRMT CYNT
.0035 -.0096 .0073 -.0225
.0045 L0244 +0068 -.0220
.0035 <,0090 .0071 -.0223
.0081 -.0613 ,0078 -.0226
L0149 -,0775 .0078 ~.0224
.0309 ~a1242 .0083 -.0219
.0590 -.1691 £0084 ~e0222
.0956 -,2131 .0081 -40220
«1428 -.2619 <0068 -.0211
+2059 -,3210 «0062 -.,0183
.2779 -.3918 +0055 -.0179
«3563 -.4605 0047 -.0176
e4419 -.5325 <0064 -.0171
40047 -.0107 .0073 -.0220
Moo =0.30; C _ =0.127; T - 515°R
" L, avg t,plen
coT CPMT CRAT CYNY
-.0362 ~.0046 +0093 -.0221
-.0356 .0343 .0089 -.0221
-.0371 -.0044 +0094 -.0221
-.0325 -.0620 .0100 ~.0220
~.0240 -.0827 .0107 -.0219
-.0076 -.1289 <0107 -.0218
.0227 ~e1745 +0106 -.0222
$0628 -.2275 .0061 -.0216
W1161 -.20852 20043 -.0211
.1815 -.31563 0011 -.0193
.2611 ~e4321 .0016 -.0178
03426 -.4995 40040 -.0182
$4346 -.5706 .0052 -.0167
-.0408 -, 0043 «0094 -.0220
Moo = 0.30; C =0
u,avg

cor CPNT CRMT CYNT
20357 -.0020 0057 -.0207
+0375 .0253 .0055 -.0207
«0364 -.0021 «0057 -.0207
.01392 -.0319 «0067 -.0212
«0458 -.0667 0065 -.0210
.0608 ~.1114 +0068 -.020%
40880 -.1591 «0072 -.0211
01249 -.2065 «0049 -.0212
.1898 ~.2544 +0062 -.0199
2271 -e3145 +0046 -.0187
$2907 -e3779 +0049 «.0168
«3572 -e%403 +0043 -.0129
«4195 -.5023 <0080 -,0020
L0172 -.0035 +0059 -.0211

TABLE VI1.- Concluded.

CSFT

«0586
0581
«0577
«0574
«0558
«0540
+0546
0567
«0562
«0520
«0532
«0508
« 0486

«0578

CSFT

«0558
0564
205%6
20544
0536
.0528
+0520
20524
«0533
+0528
0527
«0502
«0474
0561

CSFT

«0610
0614
» 0608
«0616
«0600
«0580
<0592
0598
«0587
«0571
0542
20454
«0313
0619

cny

.0570
«0576
.0572
£0572
20582
«0575
.0572
«0584
+0580
«0572
.0578
0581
0585
+0573

CHY

»1263
1257
1268
«1263
<1262
«1271
1267
1265
«1266
1270
1277
1277
al266
21208

cMu

0,0000
00000
0.0000
040000
0+0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

-
1

HPLEN
PSI
136,5299
137.8017

_137,628%

136.,8398
13844304
137.8284¢
136.3727
13844369
139,1155
136.5147
137.5278
138.2026
138.8280
137.0120

HPLEN
PSI
297.7629
29745773
297.9137
29842453
298.5398
298.8681
298.8815
298.2929
298.0819
298.0288
297.9774
298420645
29843454
299.1124

HPLEN
PS1
=23199
-.2212
-+3100
-+3977
4615
=+5500
=~26340
-2 7486
=+B8167
~+8752
~+9109

-.9911

-.9062

43009

WTFLD
LBF/SEC
<1715
.1729
.1723
$1726
<1740
.1727
.1713
o 1742
«1744
1722
1735
<1740
«1750
1727

dTFLO
LBF/SEC
03423
«3420
«3422
e3423
036425
3426
«3423
«36]15
«3610
» 3408
«3406
«3409
23402
+3398

WTFLO
LBF/SEC
0.0000
0.0000
0.,0000
0.0000
0.0000
00,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000



QINF

PSF
127.1609
124.,4049
127.1288
126.8309
126.3279
127.0190
127.1418
126,8680
12643150
12649467
126.8078
12642414
126,8353
127.1617

QINF

PSF
126,6676
126.6556
127.2233
126.8735
127.3849
126,8908
126.8895
126,4032
126.3138
126.8855
126,8721
127.3246
127,0549
126,3069

QINF

PSF
126.8581
126.9635
12649755
12642756
12646041
127.05¢42
126.1285
12645051
12643047
125.8638
126.7081
126.3823
126.,7709
1267857

TABLE VI1l.- SPANWISE BLOWING ON THE 44° SWEPT TRAPEZOIDAL WING IN THE PRESENCE
OF A CLOSE-COUPLED CANARD; 6LE =6TE = (0,

ALPHA

DEG
« 00

T~1.86.

«04
le94
3.90
5.92
7.97

10.07
12.24
14445
16457
18.71
20.823

201

ALPHA

DEG

«01
~1e85

« 04
1.96
3.92
5.93
7.99
10.08
12.25
14.46
16.58
18.74
20.87

.02

ALPHA

DEG
-.00
-1.86
«04
le94
3.90
593
T7.97
10,07
12423
14445
16.56
18.70
20.81
.00

BETA
DEG
-.00
=02
-« 00
.02
« 04
«07
.09
»11
o l4
16
18
«20
v 22
- 00

BETA
DEG
=00
=, 02
.00
.02
- 04
.07
.08
+11
<14
.16
.18
«21
22
.00

BETA
DEG
-.00
~.03
-.00
.02
« 04
« 06
09
il
13
.16
o118
20
022
-.01

(a)

iC=0°

S0 c 0 = : = 520°
Moo= 0. 30; Cl-l,avg 0.058: Ty len R

CLT CDT CPMT

« 00586 «0071 ~«0027
-e0847 « 0087 -20058
«0069 +Q066 -.Q0018%
01107 «0L04 «0016
02290 «0194 «0063
+3569 «0374 0062
04931 «0647 20030
o6343 «1039 -e0015
7741 21544 -e0043
w9101 «2170 -.0079
10551 « 2906 -.0187
1.1918 3743 -«0269
1.3260 +4730 -.0526
+0083 20077 -4 0017
0

= 0. 30; = (), 126; =519

Mo i€ H,avg 126; Tt, plen R
T cot CPNT
20362 -¢0302 -e¢0159
-.0713 -«029% -40192
«0363 -.0305 -.0l61
21476 -.0267 -«0136
22686 -.0168 -«0107
24028 «0021 ~.0125
+5359% «0301 -«0130
26727 «0692 -+0139
.8171 <1207 -.0187
« 9690 +1878 -+0296
1.,1233 22649 -.0435
l.2728 03551 -e0545
1.,4171 4567 -e0779
0376 -+Q377 -«0145
=0.30; C =0
Moo 1, avg

CLT coT CPMT
-40066 .0327 40031
-21082 «0352 -.0010
-.0036 «0331 «0040
20951 + 03695 «0Q35
22108 « 0646 «0138
23384 «0618 <0159
06649 +0879 0167
«5909 «1245 «Q156
«7357 «17580 20110
+8708 «2367 « 0067
1.0047 »3065 =+0003
1.1298 3859 ~a0054
12239 «4701 -s0234
-40069 «0353 «0062

CHU

« 0575
«0582
«0585
«0579
«0577
«05861
«0582
<0586
e0584
«0576
<0586
<0593
«0580
+«0583

cmuy

«1253
+1251
01249
01257
«1254
«1259
«1259
1265
«1268
«1261
1282
«1259
«1263
1270

[4,1)

0.0000
0.0000
0.,0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000

HPLEN
PS1I
133.5962
133,9135
136,0078
134.5594
133.4256
134,2596
135.0281
135,5913
134.5711
133,4174
135.1637
136,2838
L34.5448
135.4728

HPLEN
PSI
293.8786
293.0511
293.9119
29447337
29542635
29543056
295.4402
295.6810
296.058¢6
295.9230
295.9726
29640260
296415613
29645088

HPLEN
PS1
=,7063
-.68006
=.6865

-.7374°

~aT7865
-.8357
-.8955
=.9500
~=1.0229
=1.0919

=1.1874 .

=142755
-1.2125
-«5918

WTFLO
LBF/SEC
« 1729
e1760
«1757
«1738
«1726
«1748
«1749
1759
«1740
»1733
1759
01771
01744
«1756

WwTFLQ
LBF/SEC
+3399
«3394
» 3401
« 3409
03411
» 3409
» 3407
23407
34006
» 3401
.3398
«3397
« 3395
«3386

¥TFLO
LBF/SEC
0,0000
0.0000
0,0000
0,0000
0,0000
0,0000
0,0000
09,0000
0,0000
0,0000
0,0000
0,0000
0.0000
0.0000



QINF

pPSF
315,0950
315.7025
316.2226
315.7808
315,1810
31447034
314,8503
313,6629
316.5352
314,9911
314,3251
315.4496
319,5236
315.04064

QINF

PSF
31642046
315.3174
314.7397
316,3806
315.9591
316.0650
315.9705
316.6333
3l14.2142
31345913
315.7304
314.5855
314.7673
315.2465

QINF

PSF
315.6335
315.1557
315.4944
317.0240
316.0960
315.2946
314.4465
315.1927
315.1217
315.3207
31545652
314.8509
314.5331
319.6099

ALPHA

DEG
-.00
-1.96
«04
2.05
41l
6427
8443
10.686
12.96
15.30
17.56
19.80
22,08
=.00

ALPHA

DEG
«Q0
=1,96
0%
2,05
4.12
6427
8.44
10.69
12.96
15.32
17.58
19.83
22409
-.00

ALPHA
DEG
<01
=l.96
04
2405
4el2
6,27
8.45
10.69
12.96
15.32
17.56
19.77
22001
.00

BETA
DEG.
=01

~.03

=01
° 01
« 04
+ 06
.08
o1l
°13
Ry
18
- 20
223
=»01

BETA
DEG
~.01
-.03
=.00
«02
204
« 06
+09
»1l1
«13
16
«18
20
23
-+01

BETA
DEG
=01
-«03
-e01
«01
«03
+ 06
« 08
11
+13
15
18
«20
23
=.01

TABLE VIII.- Continued,
(a) Continued,

- £220
Meo = 0. 50: =0.023; T = 533°R
= ' C»u,avg * t,plen
CLY CoT CPMAT
«0030 20189 +00013
-21061 « 0209 ‘=e0033
«0037 «0l86 =-+0001
« 1173 0221 «0029
02430 <0322 « 0064
«38129 20540 + 0064
5216 20863 «0020
6687 «13286 -4,0032
«B8126 «1914 -+0075
«9526 «2613 -e0150
1.0960 MELL) -e0237
1.2182 4368 -e0423
le3366 «9352 -aQ0476
« 0072 +0191 =-¢0007
Moo= 0.50; C, _ =0.05; T - 541°R
M, avg 't plen
cLT coT CPMT
«0181 «003% -4 0069
-40930 «0052 -+0098
0182 «0033 -+0069
«1312 <0077 -+ 0040
« 2577 .,01813 -e0024
«3997 +0406 =-20044%
05448 20739 =+0079
«6903 «1205 -,0103
8321 «1785 =-+0161]
«9857 22526 -.Q0283
lel348 «3386 -+0387
1.2714 4349 -e0812
1,389¢6 «5360 -« 0656
.0171 0032 -+0073
Moo = 0.50; C =
= " M, avg
cLT cov CPHT
-400235 20340 «0045
~-+1135 «0363 ~-.0001
-,0022 «0337 «0044
«1067 «0367 « Q0079
02328 o 0462 «0111
«3671 «0663 00117
«5082 «0980 +Q095
6537 o137 «0061
« 7905 22000 © « 0000
+9375 22715 =-.0092
10715 «3519 ~a0157
lel746 %362 -.0307
1.2809 «5298 -.0323
~,0038 +032¢% 20040

CMu

02135
«023¢
20235
0236
«0236
0236
«0213
20234
0232
0232
20234
«0234
«0232
« 0234

L1V

«0505
0507
«0509
«0505
«0505
«0504
«0504
«0503
«0507
20309
«0506
» 0508
0508
0507

CHy

0.0000
0.0000
0,0000
G.0000
0.0000
¢4.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000

HPLEN
PSI
135.7277
135%.8213
135.8656
135.9590
135,9211
135.9308
133,4946
133,8739
133.5401
133.4642
134.4878
134.4530
135.0583
133.9873

HPLEN
PSI
295,5100
29545357
295.6883
295.2236
294.8053
29445264
294.2801
29441045
294,0829
294,4324
294,08027
294.8929
295.1173
295.5180

HPLEN
PS1

-.7720
-.5858
-eT7804
~+8968
=1.0491
~1.1719
~1.,4029
-1.5804
'=1.8154
-2.0916
~2+3655
~2.3934
=2.5192
«1.2039

¥TFLO
LBF/SEC
1732
«1729
«1735
.1738
«1736
«1732
«1721
<1716
«1718
21710
1714
1725
.1732
1723

WTFLOD
LBF/5EC
¢3343
3344
«3344
233395
«3330
3327
»3325
»3323
«3323
«3325
»3326
«3326
«3330
3325

WIFLD
LBF/SEC
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

' 0.0000

0.0000
Q.0000
040000
0.0000
0.0000
0.0000



GINF

PSF
126.9129
126.7926
127.0317
1256.8299
12741024
12648192
12645335
12649462
1268660

ALPHA BETA
DEG DEG
20,80 w22
20.01 «22
20.82 W22
20.83 22
20484 W22
20.85 22
20,85 +22
20,86 W22
20,84 w22
) ]?}L(;}g ]E;

Meo® 0.30; a=2.8°; T,

CLY

1.2284
1.2651
1.2963
143204
1.3535
143759
1,3992
L+ 4204
143336

TABLE V111, - Continued,
" (a) Concluded.

coT

4690
«4703
«4T00
4696
+4670
_« %033
«4593
4356
4705

,plen

CPAT

=aD243
=.0340
-~ 0439
=-o0515
=504
=40650
=.0718
= 0T84
=-.0525%

- 527°R

[4,11)

+O058
«0280
0828
+0589
0750
0922
« 1094
«12586
+05061

HPLEN
PSI
14,5527
55.7242
P4.8722
134,941 4
L75.4207
21%5.160%
255,7755
294.4387
133,5309

WTFLO
L8F/SEC
0752
21028
21369
«1756
+2L49
«2562
+ 2965
«3356
«1730




QINF

PSF
126.6927
12646192
127.2308
126.8235
126.3266
126.,6605
126.8929
12645215
125.9885
12643758
12844908
127.2478
12646135
12648380

QINF

PSF
126.2197
12643359
127.0892
12643959
12645561
12642528
126.8138
126.6748
126,3970
12647162
1271355
127.0981
126.3876
126.6282

QINF

PSF
12648657
126.8137
126.6307
12644130
129,4552
127.1501
12649378
126.1269
125.9933
127.8670
12645918
127.4157
126.4248
126.6746

ALPHA
DEG
+ 08
=1.79
.11
2402
3.97
5498
8.03
10,14
12,27
14,49
16462
18.75
20.85
«+ 09

ALPHA

DEG
« 09
~1.76
012
2.02
3.99
5.99
8.0¢4
10.15
12.29
14.50
16,62
18.77
20.87
«09

ALPHA
DEG
.08
-1.80
o1l
2401
3.98
5498
8.02
10.12
12.26
14,48
16457
18.67
20.78
«07

« 09
.ll
v 13
w16
18
«20
«23
=.00

BETA
DEG
-.00
-. 02
«00
«02
+ 04
«07
09
o1l
elt
«15
18
«20
«23
-.00

BETA
DEG
=.01
-.03
=01
«02
«04
« 08
»08
11
13
16
18
020
22
=01

TABLE VI11.- Continued, -

. 0
i.=10
(b) C
: 0
Moo= 0.30; C = (. 058; =515"R
" H, avg " 't,plen
cLr cort CPNT chy
«0349 «0214 20814 «0578
~e0632 +0169 «0748 «0578
«0411 «0218 «0815 « 0577
«1396 «0311 « 0864 «0577
+2501 « 04850 «0840 .0582
«3728 +0693 «0720 20578
«5162 «1056 +0556 20577
06622 o1543 « 0416 20