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WIND -TUNNEL INVESTIGATION OF A LARGE-SCALE SEMISPAN MODEL WITH
AN UNSWEPT WING AND AN UPPER-SURFACE BLOWN JET FLAP

By Charles C. Smith, Jr., Arthur E. Phelps III,* and W. Latham Copeland
Langley Research Center

SUMMARY

An investigation of the static longitudinal aerodynamic characteristics of a large-
scale semispan model with an unswept wing and an upper-surface blown jet flap for 1ift
augmentation was conducted in the Langley full-scale tunnel. The wing had an aspect
ratio of 7.8 (3.9 for the semispan) and a simulated turbofan engine mounted ahead of and
above the wing in a nacelle with a rectangular-exit nozzle. The flap system had three
spanwise flap segments: an inboard plain flap located behind the engine and having a
large radius of curvature to provide a smooth upper surface to enhance the turning of the
jet sheet; a double-slotted midspan flap; and a drooped aileron equipped with blowing
boundary-layer control (BLC). The wing was also equipped with a full-span leading-edge
Krueger flap with blowing BLC. In addition to the aerodynamic measurements, noise
measurements were also included in the investigation for positions above and below the
wing.

The results of the investigation showed that the upper-surface blown jet-flap concept
is effective for producing the high lift necessary for powered-lift operation and the per-
formance is generally comparable with that of other externally blown powered-lift concepts.
Maximum lift coefficients of about 9.5 were obtained for thrust coefficients of 4 when
partial-span trailing-edge flaps were used with no BLC. The effects of Reynolds number
were generally small for powered-lift conditions. Varying the engine nozzle geometry did
not significantly alter the aerodynamic characteristics of the model. Full-span trailing-
edge flaps were much more effective for achieving good high-lift performance than partial-
span flaps alone. The use of leading-edge BLC markedly increased the lift at high angles
of attack and generally improved the overall aerodynamic performance of the model.

The shielding effects of the wing resulfed in significantly lower overall noise levels
being observed below the wing than above the wing. An observer located beneath the air-
plane would detect little effect on the overall noise levels due to fan-nozzle geometry.
The effects of forward airspeed on the noise were beneficial but relatively small.

*Langley Directorate, U.S., Army Air Mobility R&D Laboratory.



INTRODUCTION

Considerable interest is being shown in the upper-surface blown (USB) jet-flap
concept as a means of achieving the high lift necessary for efficient powered-lift opera-
tion and for reducing the noise associated with powered-lift systems. This interest comes
about mainly from recent aerodynamic and noise studies in which the concept showed
promising results in both these areas. (See refs. 1 to 4.) The USB jet flap produces
high lift by exhausting all the jet-engine efflux above the wing in such a manner that it
becomes attached to the wing and turns downward over a trailing-edge flap. Although the
results of preliminary work with the USB jet flap have been very encouraging, all this
work has been conducted at very low scale and the possibility exists that there might be
large Reynolds number effects which could significantly alter conclusions based on the
preliminary small-scale tests. The present investigation was undertaken, therefore, to
provide fundamental information an the effects of Reynolds number on the overall per-
formance of the USB jet-flap concept. The investigation also included tests to determine
the effects of engine nozzle geometry, trailing-edge flap span, and blowing boundary-layer
control (BLC) on the aerodynamic characteristics of the model.

Prior investigations have indicated that location of the nozzle above the wing resulted
in a reduction in the noise below the wing. (See refs. 3 and 4.) In order to determine the
effects of wing shielding, engine nozzle geometry, and free-stream velocity on the noise
characteristics of the model, the present investigation also included noise measurements
from positions above and below the wing.

The model had a full-span leading-edge Krueger flap equipped with BLC, and three
spanwise trailing-edge flap segments: an inboard plain ﬂé,p located behind the engine
and having a large radius of curvature, a double-slotted midspan flap, and a drooped
aileron equipped with blowing BLLC. The model was equipped with a simulated engine
which consisted of four small-diameter fans mounted in a common nacelle. Each fan had
its own inlet but exhausted into a common duct which could be fitted with a rectangular
nozzle having an aspect ratio of either 2, 4, or 6. The internal contour of the nozzle exit
was designed so that the exhaust flow was deflected slightly downward toward the top of the
wing to insure that the jet sheet was attached to the upper surface of the wing. In the pres-
ent investigation, the aerodynamic tests were conducted for four different trailing-edge
flap deflections (00, 209, 400, and 60°) and for several different engine thrust coefficients
over an angle-of-attack range through the stall. In addition, noise tests were made for
several wind-tunnel speeds, two nozzle aspect ratios (An = 2 and 6), a flap deflection of
60°, and an angle of attack of 0°,



SYMBOLS

The data are referred to the wind-axis system. (See fig. 1.) The origin of the axes
was located to correspond to a center-of-gravity position of 0.40 mean aerodynamic chord
on the fuselage horizontal reference line.

In order to facilitate international usage of data, dimensional quantities are pre-

sented both in the International System of Units (SI) and the U.S. Customary Units.
measurements and calculations were made in the U.S. Customary Units,

The
Equivalent

dimensions were determined by using the conversion factors given in reference 5.

Ap

Nozzle width

engine nozzle aspect ratio, Nozzle height

local wing chord, m (ft)

wing mean aerodynamic chord, m (ft)

a ficient, D
rag coefficient, &

lift coefficient,

F
lift coefficient for zero thrust, —dé"—

Fuor

jet-induced circulation lift coefficient,

My

pitching-moment coefficient, oS5

gross-thrust coefficient of engines, s

thrust coefficient of boundary-layer control system for drooped aileron
thrust coefficient of boundary-layer control system for wing leading edge

equivalent diameter of engine exhaust nozzle (diameter of a circle which has
same area as engine nozzle), m (ft)

axial force, N (lb)



Fp drag force, N (Ib)

Fy, lift force, N (Ib)

FL,I‘ jet circulation lift, N (1b)

Fy normal force, N (1b)

My pitching moment, m-N (ft-Ib)

a free-stream dynamic pressure, N/m2 (lb/ft2)

R Reynolds number based on ¢

S area of semispan wing, m2 (£t2)

T static thrust force, N (lb)

X,z body reference axes

XW’ZW wind reference axes

a angle of attack, deg (see fig. 1)

b, aileron droop angle, deg

b¢ double -slotted flap deflection, deg (see fig. 3(c))

Gj . static-thrust jet deflection angle, tan-1 %

5, vane deflection, deg (see fig. 3(c))

n static-thrust recovery efficiency, —Eﬁ—%—F—‘I\I—Z
ABBREVIATIONS

BLC boundary-layer control

USB upper-surface blown



MODEL AND APPARATUS

Tests were conducted on the semispan, high-wing, USB model shown in figure 2.
The model was assembled largely from components of an existing light airplane to provide
some early information on the effects of Reynolds number for this type of powered-lift
system.

Dimensional data for the model are given in table I, and details of the high-lift -
devices are shown in figure 3. A full-span Krueger flap with chord equal to 20 percent
of the wing chord and a slot for BLC blowing (see fig. 3(a)) was fitted to the leading edge
of the wing and was set at a deflection of 70° for all but the clean-wing tests. The coor-
dinates of the Krueger flap are given in table II. For the high-lift tests, the trailing
edge of the wing consisted of three spanwise elements: an inboard plain flap located
behind the engine and having a large radius of curvature, a midspan double-~slotted flap,
and an aileron used as an outboard flap at the wing tip. The inboard flap was formed
from a single sheet of metal curved so that, in most cases, it conformed to the envelope
of the upper surface of the double-slotted flap and provided a smooth, large-radius, con-
tinuously curved upper surface to enhance the turning of the engine exhaust jet. (See
figs. 2 and 3(b).) The flap extended from the side of the fuselage to a station 0.65 nozzle
width outboard of the nozzle centerline. In some tests, however, the outboard end of this
flap segment was extended to 0.75 nozzle width. For some special tests, the radius of the
flap for the 60° flap deflection was increased, as shown at the top of figure 3(b). The
coordinates of the double-slotted flap are given in table III, the gaps and overlaps are
given in table IV, and the system used for indicating the flap deflections is shown in fig-
ure 3(c). The aileron was equipped with BLC, as indicated in figure 3(a).

The general arrangement of the engine simulator package and exhaust nozzles is
shown in figure 4(a). Power was supplied by four 20.3-cm-diameter (8.0-in.) fans
mounted in a common nacelle and driven by compressed nitrogen. Each fan had its own
inlet, but exhausted into a common duct to which various exhaust nozzles could be attached.
The nozzles were rectangular and had nozzle aspect ratios (exit width-to-height ratios) of
2, 4, and 6; and each nozzle had an exit area of 0.155 m? (1.67 ftz). The nozzles were
contoured to deflect the flow downward toward the top of the wing. Internal coordinates
for the nozzles used in the investigation are presented in figure 4(b). The upper-surface
deflection angle was not the same for the three nozzles. The aspect-ratio-2 nozzle was
tested both with and without deflectors, which are shown in figure 4(c).

The instrumentation used in the noise measurements consisted of four 1/4-inch
condenser-type microphones which had frequency response flat to within +2 dB from 5 Hz
to 70 kHz, preamplifiers, and a multichannel magnetic tape recorder. The overall system



response from 20 Hz to 40 kHz was flat within +2 dB. Windscreens were also used on the
microphones. The microphone orientation and locations with respect to the test model
are indicated in figure 5. The microphones were located approximately 3.05 m (10 ft)
above and below the model surfaces and about 1.22 m (4 ft) above the floor in a plane
which contained the centerline of the engine nozzle. The outputs of all the microphones
were recorded simultaneously on a multichannel magnetic tape recorder for each test.
The sound measurement system was calibrated by means of a discrete-frequency cali-
brator before and after the tests. The data tapes were processed to provide overall
sound-pressure levels and frequency spectra.

TESTS AND PROCEDURES

Tests at Zero Forward Speed

In preparation for testing, calibration of the simulated-engine static thrust over the
thrust range was made for each nozzle (An =2, 4, and 6) and for the aspect-ratio-2 noz-
zle with two deflectors. (See fig. 4(c).) The thrust calibrations of the simulated engine
were obtained as a function of fan rotational speed with the nacelle mounted on the wing
and the trailing-edge flaps removed. The static-thrust calibrations were made by bring-
ing all four fans in the nacelle to the same speed, and computing the thrust as the result-

ant of the measured normal and axial forces <T =|{FN2+ F A2>'

Static-thrust jet deflection angles and recovery efficiencies were determined from
measurements of normal and axial forces made at two values of thrust and for flap settings
of 200, 400, and 60°. Tests to determine the effects of nozzle geometry and inboard-flap
span and radius were made for a flap deflection of 60° only. In addition, the aspect-
ratio-2 nozzle was tested with and without deflectors. The static thrust used in comput-
ing recovery efficiency was taken directly from the engine calibrations at the appropriate
fan speed.

Aerodynamic Tests

Wind-on tests with power were run by setting the engine rotational speed to give the
desired thrust and holding this speed constant over the angle-of-attack range. Previous
investigations have indicated that forward speeds of the magnitude used in the present
tests had a negligible effect on the gross thrust of these fans,

Unless otherwise noted in the text and/or figures, the wind-on tests were made with
the following conditions: the aileron not drooped and no aileron BLC, no wing leading-
edge BLC, a nozzle aspect ratio of 4, an inboard-flap Span of 0.65 nozzle width outboard
of the nozzle centerline, an inboard-flap radius of curvature of 38.1 cm (15 in.), the



trailing-edge flap deflected 600, and the leading-edge Krueger flap deflected 70°, The
tests were made over an angle-of-attack range from -4° to 410 and a gross-thrust-
coefficient range from 0 to 5. All the wind-on tests except the tests to study the effects
of Reynolds number were made by setting a nominal dynamic pressure of 79 N/m2

(1.65 1b/ft2), which corresponds to a velocity of 11.3 m/sec (37 ft/sec) and a Reynolds
number, based on the wing mean aerodynamic chord, of 1.2 X 106, Jet-boundary inter-
ference corrections caused moderate adjustments to these nominal values, and the cor-
rected values were used in reducing the data. The parameters varied in the wind-on
tests are given in the following sections.

Reynolds number.- For the Reynolds number study, the model was tested at free-
stream dynamic pressures ranging from 11.9 to 575 N/m2 (0.25 to 12 lb/ftz), which
correspond to airspeeds of 4.6 to 31 m/sec (15 to 100 ft/sec), respectively. The range
of Réynolds number, based on the mean aerodynamic chord of the wing, for the test was
from 0.45 x 106 t0 3.1 x 106,

Boundary-layer control.- Tests to determine the effect of BL.C were made by vary-
ing the leading-edge blowing only. The BLC for the aileron was used only when the aile-
ron was drooped, and the blowing was the lowest possible level required to achieve flow
attachment over the deflected aileron (C p,a= 0.04). The thrust coefficients of the
BLC systems were determined by measuring the static thrust force produced by the
BLC slots for each system in the wind-off condition.

Nozzle geometry.- The effect of varying nozzle geometry was determined for the

flap deflection of 600 only and was accomplished by replacing the aspect-ratio-4 nozzle
with nozzles having aspect ratios of 2 and 6. The aspect-ratio-2 nozzle was tested with
two different deflectors. (See fig. 4(c).)

Flaps.- Tests to determine the effect of wing trailing-edge flaps on the longitudinal
aerodynamic characteristics of the model were made for flap deflections of 0°, 200, 40°,
and 60° over the angle-of-attack and thrust-coefficient ranges with a leading-edge Krueger
flap deflected 700, Included in the investigation were tests to determine the effect of the
drooped blown aileron in combination with the trailing-edge flap. The effects of the span
of the inboard plain flap on the longitudinal characteristics of the model were determined
by testing flaps with spans of 0.65 and 0.75 nozzle width outboard of the engine centerline,
A few tests were made with the Krueger flap removed to provide fundamental data for
determining the effects of the Krueger flap.

Noise Tests

In all the noise-measuring tests the engine rotationai speed was held constant at
15 000 rpm, which provided an average thrust of 1290 N (290 Ib). The wing trailing-edge
flaps were deflected 60°,



Effect of free-stream velocity.- In order to determine the effect of free-stream
velocity on the noise characteristics of the model, noise measurements were made for an
angle of attack of 0° and free-stream velocities of 7.72 m/sec (25.32 ft/sec) and
15.43 m/sec (50.63 ft/sec).

Wing shielding.- Tests were made to determine the effect of the wing in shielding
the noise by positioning microphones above and below the wing, as illustrated in figure 5.
The microphone shown positioned below and behind the wing (microphone 3) turned out to
be directly in the jet exhaust flow, and no means were taken to shield the microphone from

such high-velocity flow. The data measured with this microphone, therefore, are not
suitable for presentation.

Nozzle geometry.- Tests to determine the effect of nozzle geometry on the noise
characteristics of the model were made with the nozzles having aspect ratios of 2 and 6;
however, the aspect-ratio-2 nozzle was tested with deflector 2 on.

CORRECTIONS

The tests were performed in the 9.1~ by 18.3-m (30- by 60-ft) open throat test sec-
tion of the Langley full-scale tunnel. The semispan model is shown installed in the tunnel
in the photograph of figure 6. A large vertical wall mounted along one edge of the existing
tunnel floor 5.9 m (19.29 ft) from the lower surfaces of the wing provided a fixed tunnel
boundary '"below' the semispan model to permit the use of references 6 and 7 in correct-
ing the data for interference induced by the wind-tunnel jet boundary. In making the
interference-factor calculations, elliptic spanwise loading, with the lift of the entire system
distributed over the wing, was assumed. The point at which the model pivoted as angle of
attack was changed was such that the wing location relative to the vertical wall varied
slightly with angle of attack; this movement has been accounted for in the correction cal-
culations. The correction to angle of attack (Ac) was found to be small and negative
(approximately -1°, or less); however, the dynamic-pressure correction was fairly large
(as much as a 10-percent reduction in the measured dynamic pressure).

The wall-interference theory also predicted a large spanwise gradient of boundary-
induced angle of attack (washout). Flow surveys with the model removed revealed an
upwash gradient in the region where the wing would normally be located. This upwash
tended to minimize the theoretically predicted boundary-induced washout. Therefore,
correction of the data for these two factors was not required.

The model had no horizontal tail; therefore, no corrections were applied to the
pitching-moment data other than the overall changes in angle ‘of attack and dynamic



pressure. The values of C u Wwere significantly affected by the variation in dynamic
pressure, and data for constant values of C " have been obtained by interpolation of the
basic corrected data. v

PRESENTATION OF DATA

The data obtained in the investigation are presented in the following figures:

Figure
Staticturning . . . ... ... ... ... . [ 7
Wind-on basic data (as a function of C):
b = 600, A, =4:
No BLC . . . o e e e e e e e e e e e e e e e e e e e e e e e e e e 8
Leading-edge BLC . . . . . . . . . . . . . i i i i i i e e e e e e 9
Drooped blown aileron . . . . . . . . & @ i i i i i e e e e e e e e e e e 10
Leading-edge BLC and drooped blown aileron . . . . . . ... ... .. ... 11
Reynolds number variation,no BLC . . . .. ... .. ... ... ... 12
Increased inboard-flap span . . . . . . . . . . . it .t e e e e e e e e 13
O = 60°, A, = 6:
NoBLC . . . . o i e e e e e e e e e e e e e e e e e e e e e e 14
Leading-edge BLC and drooped blown aileron ., . . .. ... ... .. ... 15
b = 600, A, =2:
Deflector 1, no BLC . . . . . . . o 4 i i i it e e e e e e e e e e e e e 16
Leading-edge BLC and drooped blown aileron, deflector 1 . . .. ...... 17
Deflector 2, no BLC . . . . . . . . . 0 i i e e e e e e e e 18
Leading-edge BLC and drooped blown aileron, deflector 2 . . . . . . . . .. 19
0f = 400, A, =4:
NOBLC . . . . o it e e e e e e e e e e e e e e e e e e e e e 20
Drooped blown aileron . . . . . . . . . . . . e e e e e e e e e e e 21
Leading-edge BLC and drooped blown aileron . . . . . . .. .. ... ... 22
Reynolds number variation, no BLC . . . . . . . . . .. .0 00000 23
Increased inboard-flap span, no BLC . . . .. ... ... ... ...... 24
Leading-edge Krueger flapoff, n o BLC . . .. .. .. ... ... .. .... 25
0f = 200, A, =4:
NoBLC . . . . e e e e e e e e e e e e e 26
Leading-edge BLC . . . . . . . . . . . . . e e e e e e e 27
Drooped blown aileron . . . . ... .. ...... e e e 28
Leading-edge BLC and drooped blown aileron ., . . . . . . e T e e e e e e 29
Reynolds number variation,no BLC . . . . . .. .. .. ... .. .. ..., 30
Increased inboard-flap span,no BLC . . . . . .. . ... ... ... ... 31



Oe =00, A =4 . .. e 32
Wind-on summary data:

Bg=600 L 33

6 =400 . L e e 34

68 =200 L e e e e e 35

6¢ = 00, leading-edge flap off . . . . .. .. ... .. ... .. ..., 36

Wind-on data (as a function of @ and Cr):
Effectof O . . . . . . e 37

Lift components . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e 38
Effect of Reynolds number:
B =600 L L e 39
5 =400 L 40
Bp =200 L L e e 41
Effect of leading-edge blowing at low Reynolds number . .. .. . ... ... 42
Effect of geometry, 6, =600 . . . . . . ... ... o 43
Effect of leading-edge BLC and drooped blown aileron:
Bp =600 . L e 44, 45
S =400 e 46, 47
=200 L. 48, 49
Effect of leading-edge Krueger flap:
B =400 L L e 50
Effect of increased inboard-flap span:
Op=600 L L e 51
68 =400 L 52
B =200 . o L e 53
Noise data:
Effect of microphone position . . . . . . . . . ... ... ..o L., 54
Effect of free-stream velocity . . . . . . . . . . . . .. . 55
Effect of nozzle geometry . . . . . . . . .. ... e e 56

RESULTS AND DISCUSSION

Static Turning

Static turning tests were made of all the configurations included in the present
investigation, since the effectiveness of a jet-flap system is dependent to a large extent
upon the capability of the system for turning and spreading the jet exhaust efficiently for

10



the static case, and the results are presented in figure 7. The data of figure 7(a) show
that the aspect-ratio-4 nozzle gave jet turning angles which were generally about equal to
the angle of flap upper-surface deflection (see fig. 3(b)) except for the 60° flap setting,
where the turning angle was lower. The efficiency was relatively high for the model,
values of 7 of about 0.95 and 0.87 being achieved for flap deflections of 40° and 60°,
respectively. The data of figure 7(b) show that the aspect-ratio-6 nozzle gave better
turning performance than the aspect-ratio-4 nozzle, whereas the aspect-ratio-2 nozzle
without deflectors gave very poor turning. This difference in turning performance for the
three nozzles is not solely a result of the difference in nozzle aspect ratio but is due in
part to the differences in internal contour of the nozzles, as shown in figure 4.

In an attempt to improve the static turning performance for the aspect-ratio-2 noz-
zle, two types of configuration changes were tested: increased radius of the curved
inboard flap and jet exhaust deflectors. The results of these tests, which are presented in
figure 7(c), show that the increased flap radius had the opposite effect from that expected
in that it caused a reduction in furning angle. Use of the jet deflectors, however, made
the turning performance of the aspect-ratio-2 nozzle comparable with that of the aspect-
ratio-4 nozzle.

Figure 7(d) shows that increasing the span of the inboard flap gave better static
turning efficiency than that for the basic inboard flap and caused a slight increase in the
turning angle. It should be pointed out that the efficiencies shown in figure 7 are based on
the static thrust of the engine and nacelle installed on the wing and do not account for any
installation losses. If, instead, the static thrust of the basic engine in free air with a
round nozzle had been used, the efficiencies would no doubt be lower than those shown in
figure 7.

Aerodynamic Characteristics

Presentation of basic data.- The basic data of the investigation are presented in fig-
ures 8 to 32 as plots of the aerodynamic forces and moments against C p- ‘The data are
presented in this manner for convenience in interpolating for constant values of C I
since C mn varied with angle of attack during each test. Various summary plots have
been made to show the effects of Reynolds number, engine nozzle geometry, leading-edge
BLC, trailing-edge flap span, inboard-flap span, and the leading-edge Krueger flap. The
closed symbols plotted in figures 12, 23, and 30 are high Reynolds number data which were
measured at one thrust setting only, so that the values of C,, varied slightly from the
nominal value with change in o« The baseline data (R =1.2X 106) shown in these figures
served as a guideline for extrapolating the high Reynolds number data to the nominal or
selected value of C u for subsequent comparisons at constant ’valdés of Cy.

11



Effect of flap deflection.- The longitudinal characteristics of the basic model for
flap deflections of 600, 40°, 20°, and 0° are presented in figures 33 to 36 as pitching-
moment, lift, and drag coefficients plotted against angle of attack for several values of
gross-thrust coefficient. These data show the usual increases in stall angle of attack,
maximum lift coefficient, and effects of power at the higher flap settings associated with

the use of jet-augmented flaps. (See ref. 8.) Maximum lift coefficients of about 9.5
(untrimmed) were produced for a gross-thrust coefficient of 4.0. Nose-down pitching
moments were very large at high lift because of the rearward location of the flap loads.

One interesting point noted for the 0° flap configuration (fig. 36) is that considera-
ble lift augmentation was produced and that the stall angle of attack was increased appreci-
ably with increasing power even though the flap was undeflected. These effects are also
brought out by figure 37, which is a plot of the lift generated for C u= 4 at several dif-
ferent flap deflections. Figure 38 presents an analysis of the lift components which make
up the total lift and shows that the lift for the clean configuration can be attributed primar-
ily to the vertical component of the jet reaction 7C, sin §;. Smoke-flow and tuft studies
indicated that the engine thrust was deflected downward, even though the flaps were unde-
flected, because of the downward contour (12°) of the airfoil upper surface at the rear of
the wing.

Effect of Reynolds number,- Presented in figures 39 to 41 are data over a Reynolds

number range from 0,45 X 106 to 3.1 x 10° for constant values of Cu and for flap set-
tings of 600, 40°, and 20°. The data of figure 39(a) show that the effects of Reynolds num-
ber were large for the 60° flap setting with power off. Increasing the Reynolds number
from 0.45 x 106 to 1.2 x 108 brought the data into good agreement with the data for a
Reynolds number of 3.1 X 108, As the thrust was increased to Cy = 1.0 (fig. 39(b)), the
effects of Reynolds number were still large, but the differences in lift were not as pro-
nounced as those for C; =0. At values of thrust coefficient C n of 2.0 (fig. 39(c)) and
3.0 (fig. 39(d)), the effects of Reynolds number within the range tested were rather small.

At the flap settings of 400 and 200, the effects of Reynolds number over the test
angle-of-attack range up to the stall were much less noticeable than those for the flap set-
ting of 60°. One interesting point noted for both the 40° and 20° flap settings with power-
off (figs. 40(a) and 41(a)) is that the lift for the higher Raynolds number decreased rapidly
above the stall, whereas the lift for the lower Reynolds number tended to remain at about
a constant level through the stall.

An interesting point in connection with the discussion on Reynolds number effects is
illustrated in figure 42, which shows the effect of adding leading-edge BLC to the 60° flap
configuration for tests at a Reynolds number of 0.45 x 106, These data show that leading -
edge blowing was effective for increasing the lift coefficient and stall angle of attack at
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the low Reynolds number, particularly for Cp =0. A comparison of the data of fig-
ures 39 and 42 indicates that leading-edge blowing brought the low Reynolds number data
into generally good agreement with the high Reynolds number data, except that leading-
edge blowing extended the stall angle of attack beyond that of the wing with no blowing.

Effect of engine nozzle geometry.- One of the objectives of this investigation was to
determine the effect of engine nozzle geometry. Tests were made with nozzles having

aspect ratios of 2, 4, and 6 and various internal contours, and the results are presented in
figure 43. These data show in general that the effects of engine nozzle geometry were
relatively small for the range of-test conditions. These small effects were not entirely
unexpected, since in these tests each nozzle exit was tilted downward toward the top of the
wing so that the exhaust flow impinged on top of the wing in front of the flap and was there-
fore forced to spread out into a thin sheet. Spreading and thinning of the jet was achieved
with the aspect-ratio-2 nozzle through the use of the deflectors. Spreading the jet exhaust
in this manner tended to minimize the effects of nozzle aspect ratio, since in each case the
jet was forced to spread much wider than the nozzle. Much more spreading was required
for the aspect-ratio-2 nozzle without deflectors than for the other nozzles to achieve the
thin jet necessary for good turning over the flaps, but when this spreading was accom-
plished, the turning efficiency for all three nozzles was probably about the same. (See
figs. 7(b) and (c).)

Effects of leading-edge BLC and drooped blown aileron.- The results of tests to

determine the effects of leading-edge BLC and the drooped blown aileron are presented in
figures 44 to 49. The data of figure 44 show that the addition of leading-edge BLC to the
60° flap configuration generally provided an increase in maximum lift coefficient and stall
angle of attack for all thrust coefficients. The use of a drooped blown aileron in combina-
tion with leading-edge BLC provided further improvement in lift throughout most of the
angle-of-attack range. The data also show that the benefits of leading-edge BLC and the
drooped aileron were generally additive when they were used in combination. The data of
figure 45 show that the performance benefits tend to increase with an increase in leading-
edge blowing for the range of leading-edge blowing coefficients Cy e of the investigation.

The data of figures 46 to 49 show that the beneficial effects of leading-edge BLC
noted for the 600 flap deflection also generally occurred for the lower flap deflections.
It is significant to note that the lift increases achieved through use of leading-edge BLC
and the drooped blown aileron were obtained without markedly changing the drag or
increasing the negative diving moments of the wing.

Tuft studies made in connection with the tests on boundary-layer control indicated
that the flow on top of the wing tended to move inboard from the wing tip toward the engines
as the thrust coefficient was increased. This resulf is opposite to that observed from
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previous work with externally blown jet flaps in which the wing flow tended to follow the
exhaust flow outward along the flaps after the exhaust flow impinged on the flaps. This
inward flow suggests that one reason for the effectiveness of boundary-layer control with
the USB configuration is that BLC forced the spanwise flow on top of the wing to turn in a
more chordwise direction and thereby increased the circulation lift induced by the engine
thrust.

Effect of leading-edge Krueger flap.- One question that continues to be raised in
work with high-lift systems is what type of leading-edge high-lift device is needed to
insure good aerodynamic performance. A few tests were made with the Krueger flap off
for 6&f = 400, and a comparison of data showing the effectiveness of the Krueger flap is
presented in figure 50. The Krueger flap significantly increased the lift at high angle of.
attack and delayed the stall angle of attack in a manner generally similar to that found in
other high-lift studies. (See, e.g., ref. 8.) For C, =0, the data of figure 50(a) show that
the Krueger flap reduced the lift at low angles of attack, as expected.

Effect of inboard-flap span.- The inboard flap extended to a point 0.65 nozzle width A
outboard of the engine centerline at the start of the tests, and this flap span was used
throughout most of the test program. At the higher thrust coefficients, tuft studies showed
that some of the exhaust was actually spreading beyond the outboard edge of the inboard
flap. This spreading suggested that some additional benefits could be achieved with a
larger inboard-flap span; therefore, a few tests were performed with the span> extended to
0.75 nozzle width beyond the engine centerline. The results of these tests are presented
in figures 51 to 53 and show in general that extending the span of the inboard flap had
little effect on the data except at the higher power setting for flap deflections of 60°
and 40°, where some improvement in lift could be achieved with the larger flap span.

Noise Characteristics

The noise data obtained in the investigation are presented in figures 54 to 56 and
are in the form of frequency spectra and overall sound pressure levels (indicated in each
figure by solid symbols).

The shielding effects of the wing on the noise of the USB jet-flap system are illus-
trated in figure 54. The data presented in this figure are for the aspect-ratio-2 nozzle
with microphones located above and below the wing (microphones 1 and 4, respectiVely).
The spectra were predominated by fan discharge tones, as shown by the high-frequency
peaks, which are associated with blade -passage frequency. Figure 54(a) shows that for
zero wind velocity the overall noise level observed below the wing was substantially lower
(18 dB) than that observed above the wing. Also, the noise below the wing was substan-
tially lower throughout the frequency range from 2 kHz to 25 kHz. Similar noise
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reductions were observed below the wing for forward-speed conditions in figures 54(b)
amd 54(c). These results are as expected (see ref. 9) in that the wing was more effective
in shielding the high-frequency noise than the low-frequency noise.

The effect of forward speed is shown more directly in figure 55, where the data are
replotted, with the data for the various airspeeds shown on the same plot. These data
show that the wind effects on the noise measurements were most noticeable directly above
and below the wing, and generally forward velocity provided a slight decrease in noise
levels.

The noise measurements obtained at microphone 1 (directly above the wing) for the
nozzles with aspect ratios of 2 and 6 and presented in figure 56(a) show little difference
in the overall noise levels of the two nozzles; however, the aspect-ratio-6 nozzle had
higher noise levels for the frequency range up to about 5 kHz., These higher noise levels
are attributed to the increased scrubbing area provided by the aspect-ratio-6 nozzle. The
high-frequency peaks in the spectra, which are associated with the blade-passage fre-
quency, show evidence of modulations, as is characteristic of fan noise, as well as the
effects of the four nonsynchronous fans. Noise measurements at microphone 4 (directly
below the wing) presented in figure 56(b) show a substantial reduction in the overall noise
levels for both nozzles compared with the overall noise levels for the position above the
wing (fig. 56(a)). However, an observer located beneath the airplane would detect little
effect on the overall noise levels due to fan-nozzle geometry, for the range of aspect
ratios tested.

SUMMARY OF RESULTS |,

From a wind-tunnel investigation of a large-scale semispan model with an unswept
wing and an upper-surface blown jet flap, the following results were obtained:

1. The upper-surface blown jet-flap concept is effective for producing the high lift
necessary for powered-lift operation and the performance is generally comparable with
that of other externally blown powered-lift concepts. Maximum lift coefficient of
about 9.5 for thrust coefficients of 4 were obtained with partial-span trailing-edge flaps
and no boundary-layer control,

2. The effects of Reynolds number were generally small for moderate to high
powered-lift conditions.

3. Varying the engine nozzle geometry did not significantly alter the aerodynamic
characteristics of the model; however, it should be noted that a jet deflector was used on
the nozzle with an aspect ratio of 2, but not on the nozzles with higher aspect ratios.
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4, Full-span trailing-edge flaps were much more effective for achieving good high-
lift performance than partial-span trailing-edge flaps.

5. The use of leading-edge boundary-layer control greatly increased the stall angle
and the liftf at high angles of attack, and generally improved the overall aerodynamic per-
formance of the model.

6. The shielding effects of the wing resulied in significantly lower overall noise
levels being observed below the wing than above the wing.

7. The effects of forward airspeed on noise were beneficial but relatively small.

8. An observer located beneath the airplane would detect little effect on the overall
noise levels due to fan-nozzle geometry.

Langley Research Center,

National Aeronautics and Space Administration,
Hampton, Va., November 29, 1973.
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TABLE I.- PRIMARY DIMENSIONAL CHARACTERISTICS OF MODEL

Wing:

Area (semispan), m2 (££2) . . . . . .o i e e e 8.13 (87.50)
Semispan, m (ft) . . . . . . . .. .. e e 5.64 (18.50)
Length of mean aerodynamic chord, ¢, m (ft) .. .. ... ... ... 1.50 (4.92)
Incidence:

Root,deg . . . . . . v o i o e e e e e e e e e e e e e e . +1.5

Tip, deg . . . . . e e e e e e e e e e e e e e e e e -1.5
Sweep:

Leading edge, deg . . . . . . .« « . 0 it i e e e e e e e e e e e e 0

Trailing edge,deg . . . . . . . . . e e e e e e e e -5 (forward)
Taper ratio . . . . . . . o e e e e e e e e e e e e e e e e e e e e e e e e 0.73
Aspect ratio, semispan . . . . . . L L L L L L L L e e e e e e e e e e e e 3.9
Airfoils:

ROOt . . v v v e e e e e e e s e e e e e e e e e NACA 649A215 (a = 0.5)

' NACA 641A412 (a = 0.5)
Dihedral, deg . . . . . . . . 0 . e e e e e e e e e e e e e e e 1.5
Root chord, m (ft) . . . . . v v v v i e e e e e 1.68 (5.50)
Tipchord, m (ft) . . . . . . . . . . . . . e e e 1.22 (4.00)
Aileron chord, percent local wingchord . . . . .. ... ... ... ... ... 25

Engine nozzle:

18

Exitarea, m2 (£t2) . . . . . ... e e 0.155 (1.67)
Equivalent nozzle diameter (Dg), m (ft) . . . . . . . . .. . ... ... 0.445 (1.46)
Aspectratio . . . . . . . L L L e e e e e e e e e e e e e e e e e e e 2,4,6
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TABLE II.- AIRFOIL COORDINATES FOR LEADING-EDGE KRUEGER FLAP

L.E. fla
0 /x_\ P

N reference plane

X Zupper> Zlower’

percent c percent c percent c
0 L
.5 1.118 -1.450
1.0 1.723 ~-1.825
2.0 2.415 -1.980
3.0 2.910 ~1.695
4.0 3.320 7 eee--
6.0 38256 | 0 ae-e-
8.0 3995  }  eee--
10.0 4005 | a-ee-
12.0 37130 | e
14.0 3.250 | eeee-
16.0 2,630 | eee--
18.0 1.472 | e
20.0 L
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(a) Flap coordinates

TABLE III. - AIRFOIL COORDINATES FOR DOUBLE-SLOTTED FLAPS

4
+ |
0 X Wing 4
————_ reference plane
X Zupper, “lower’
percent c¢ percent c percent c
0 -1.336 -1.336
.5 -.232 -2.224
1.0 278 -2.456
1.5 692 -2.618
2.0 1.066 -2.718
2.5 1.375 -2.788
3.0 1,653 -2.811
4.0 2.100 -2.803
5.0 2.270 -2.703
6.0 2.672 -2.610
7.0 2.845 -2.502
8.0 2.978 -2.394
9.0 3.050 -2.301
10.0 3.073 ~2.201
12.0 2.981 -1.993
14.0 2.718 -1.792
16.0 2.394 -1.583
18.0 2.039 -1.375
20.0 1.714 -1.158
22.0 1.390 -.958
26.0 734 -.525
30.0 .06 -.06




TABLE IIL.- AIRFOIL COORDINATES FOR DOUBLE -SLOTTED FLAPS — Concluded

Z
Y s i
e
|

(b) Vane coordinates

reference plane

X, Zypper> Zlower’
percent c¢ percent c percent c
0 -0.46 -0.46
.25 40 -.95
.50 12 -1.14
.15 .98 -1.25
1.00 1.17 -1.30
1.25 1.32 -1.30
1.50 1.50 -1.29
1.75 1.62 -1.25
2.00 1.73 -1.21
3.00 2.04 -.90
4.00 2.11 -.52
5.00 2.07 -.20
6.00 1.90 .06
7.00 1.58 .20
8.00 1.16 23
9.00 .61 .14
10,00 0 -.10
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TABLE IV.- DEFLECTION DETAILS FOR DOUBLE-SLOTTED FLAP

Oy, ¢, Vane gap, Vane overlap, Flap gap, Flap overlap,
deg deg percent c¢ percent c percent c percent c
20 60 1.45 1.52 1.50 1.50
10 40 1,45 1.52 1.50 1.50

5 20 19 4.90 1.50 1.50
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‘Figure 1.~ Axis system used in presentation of data. Arrows indicate positive direction of forces and moments.
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Nozzle exit plane
" intersects 0.20¢
at G of nacelle

¢ .6(18.5)
T An =
1.9 pun
63 L 0.79 1 _] ) (Olo
ariable (2.581) f \O[0
3 | N 1.5 ]
(2.2) o * —&
Refléction T Z
plane L——z 8(9.3)——n]f L1
: Gap sealed all around -017 , . .
’ (3.5)

with rubber skirt

-

8.2(26.8)

Root chord line

Figure 2.- General arrangement of model used in tests. Dimensions are given in meters (feet).
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BLC slot 0.025 (0. 01) full span BLC slot 0.025 (0.01) along aileron span

Hinge line, 0.75¢

o

30°
Wing reference plane

0.15 (0.06) diam holes spaced
1. 27 (0.50) along span

Silicon rubber seal -
both sides
3.81(1.5) diam

BLC tube

0.15 {(0.06) diam holes spaced

1.27 {0.50) along span

3.81(1.5) diam BLC tube
Full - span leading -edge BLC installation Drooped-aileron BLC installation

(2) Leading-edge and aileron-blowing BLC installations. Dimensions are given in centimeters (inches).

Figure 3.- Details of high-lift system.



60°Flap (increased radius)

\' ;_/A/,L_,fc,ﬂ%

N

. : \
0.34c 61.0(24.0)Radius\ :

(constant along span ) \\
_y _4/ 72°
- 0.75¢ e

60° Flap
40° Flap

This contour fairs upper surfaces .

of wing and flap with smooth curve >52°
20° Flap

This contour fairs upper surfaces }32‘)
of wing and flap with smooth curve
(b) Details of inboard flap. Dimensions are given in centimeters (inches).

Figure 3.- Continued.
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Outboard flap
(drooped aileron)

| 0.80c

- Vane overlap
Vane ga
Wing reference plane | K dap

‘\7 N—’//[ X Oy Midspan
70° ' \£ flap
Flap overlap Flap gap :

A Krueger flap | : f

(c) Leading- and trailing-edge flap deflections.
Figure 3.- Concluded.
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3.7
(29.0)

+ 20.3(8.0) diam fan inlet(4)

27.9(1L.0)

21.9¢1L..0)

Figure 4.- Engine nacelle and exit nozzles used in tests. Dimensions are given in centimeters (inches).

Fan jet simulator (4)

e i

Ap =2

(a) General arrangement.
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(22.0)

M

A

96.5
(38.0)
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Vertical distance from centerline,
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(b) Nondimensional nozzle contours.

Figure 4.- Continued.

29



0€

f
9 J < ! 1
|
| .
56.0 i ) | 56.0
(22.0) | (22.0)
[
} |
T .l 7
Top view
20.3(8.0)
R fong—————
= 20°

Wing reference plane

Deflector 2

Deflecior 1 Side view

(c) Deflectors used with aspect-ratio-2 nozzle.

Figure 4.- Concluded.



Microphone 1 (above wing)
__,_O*

Microphone 2 (above wing)

gl
—
LSO /
o ™

WIND DIRECTION

© Microphone 3 (below wing)

Microphone 4 (below wing)

Figure 5.- Schematic of microphone locations and orientation with respect to test model. Dimensions are
given in meters (feet). '
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Figure 6.- Photograph of model in

Langley full-scale tunnel.
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n quoted,

For the values of C

(

a free-stream dynamic pressure of 79 N/m2 (1.65 lb/ftz) was aSSumed.)

Figure 7.- Summary of static turning characteristics.
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(b) Effect of nozzle geometry. & = 60°.
Figure 7.- Continued.
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Span of inboard flap
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4
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(d) FBffect of inboard-flap span.

Figure '7.- Concluded.
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Figure 8.- Longitudinal characteristics of model. 51" = 600,

AN
LYol L i
SO A :
A ) ;
LAY W
N B W
§ T
X H v [
! L W A
T T Y
! 1y |
1 X T
T 1§ |
! ST da,
' (9 T
1 [ -
i M Mﬂ% i | T
LN AT : AT W ¥
S, \ 1} 1
LY . VI . .
T AN 54 N | -
o N 1 —FP#_
ANIAY 1
S5 X rad }
2 e |
= -] AN ~ B
i ) A VAN i
=1 NN AN T, 0L i
; AN
, S
N— B 1
4ao<q = —\H
X T
o~
. v
: -\
7 ; AWa\Y
pvi -
-
; - -
A ‘.
— S I —
y - it LA i
- o — o~ o < o~ o
1 ] 1 1 -y ~—
=
(]
— P g— T TT
Z X -
1 Z, X AN
(] r'd o4 LA
: A7 L
1Py X
1z =
i 748 T
V&4 Ay
7 24 00) X
2L ZA LY -
rawa s .Y "
Va8 Hn :
T AA 7L ) Y T
X772y AN ; 1
n = A 4 A - T
T i ;
I T T = <A
1 — 1O N I {
1 vs AT A Y i !
YIS ? ) ;
P4 AT AV r j A LA A
e + 1 ¢ B
A F brr [N 200 W B &
i N7 i T B T
N T A7 .7 A 1 H
e T 5 1914 i
7, L] : T O g : S74u AT
g —t - + 1l ]
. Vi) = T 1 -
2 = =
ot VIXiv/a i e
e e s A ooo<d4 :
- - = e o
) -+ t H +Ht T,
| T T o r =
T Tt ——tr H T T 1 0
I : 1 T : 1
T " T I I
T 117, T T i H
: T . T T
- " : 10 : i i !
1 o + -t N :
e ! R P : o= -
T : : M T -
1 T i BN B! - T
T , N Y
e - “s i i T I
— — o0 < = s
] 1] 1 —

Cp



T T TT T
ey B ! L 1
B M I r s >Nt
‘‘‘‘‘ o Pl I N = |
i
= = H—f
- =
I 7 1
N S—— T T T "
T Hl}
i i
- T
T
) ;
== = T 7
-
T | T
; ;
: T
T
" - T
y: T 5
YA /2 T 7
7 T T L |
v/ &4 " L il -
vs ) WA Y
77 T i e X, i LV
v/ T f X, A -
vy /A - o AN T L W .
7 AR — Y = LV
vir/ 4 7 ’ ; O g AW 1AW |
A~ e : : O LW A WY
y o/ 04 ; I X; )
/4 i 1 AN L VAR W
77 i = \VRAW WY
7 P N v
! T [ T
T 4 S oD e ] T T AWMLY
2L T NN o< RS ; LMY
715 : < RR
7 5 T Y
. T g 4ao<d : ,
T i 1
<r o © - ~ = <t o~
e i ™ ™ ; =
o
—
S 3 [$)
(&
T - Y T " T
: I ' , W . T " i
T T : (R, ¥ o I )
, | ~
+ /= i * 5T I S A
: T T ; i\ LA . .y
i 7 dw i . i I
t : 77 X LY I 1
T 7 - Aty : =
; I ! —— . . ! i ol
= i 5 } — . -
/a7 o ; - i
p/ir) iy i e T n
VA /i =i i T /
V7 804 AY ma ' " T T 1
18 WA AT/ A ' j s .
T LN .73 7 & A .l i o
19 /44 1 X T
FAAV IV A L LY ~.
T : Y/ ; i 1
i T 1 TN R 70 5 AV, T T + ; i ]
N = T A T ! " = 1
b — T S 7 A7 7, O S : i ~
: ; ./ o — 1.
T 7 /s 1 s 1 n —— i o A
P | 7 . IR T 1 t T T . 1 )
L T 7 : ; = ! : - e —5 y 2irvn
— i s T A t t L L
| i T V.aumum o ? — T i )
: | : 0 O = RS i N -
T T T [ 7 T + ) T A BAY i | N i 8
: 4 : NN, T : I 1
. —— : Z * - -1 5 N TR rn— m e
N S — - % S RS o T N N I S . ! !
i ] ] " T i T i -
S B B Wiy /4 ; Tt SR ; LY - I EENE
N 1N 'Y I [ H
i I 78 ai 7 O O ! NN o : T T N B
- R g T — : o
I I R m ] i T —t— : " . W T ] : i 4]
1 et : e ; = + = N - "A;, o - | N
! — 4 - — : AN N ! . T
” " T t u - i - i i i N T W R i
S G W /4 S WA A, T GODAVAB ; T i T NN NN NN R
i : i - o f i 5 . : T ! ]
- T N T™ 5 =) ) © o o~ o
£ =
) —
%) (&)

0.04.

(@) C ,le

Figure 9,- Longitudinal characteristics of the model with leading-edge BLC., &¢ = 60°,

38



N

-

]
I
I
|
a, deg

D2
Q 2

QO 31
O 3%
A 4

T T LT oY
%ﬂ\;n | i | s " A
y//NRi Il bl | 1 i Fi
T /NN T I | r i
parE Al T 1 I
by 7 1 ¢ T = a 1 1 J
L i <) ] J f i
v/ VA It ITiA f |
e 4 T | N L2 I
A0, Ty 1 -
/WA T i ] s W
77 TS I Y
2Ll 1 1 | .Y
yIy s v 1 1 1
77 I ] I
VI A T I 1 I
. s 4 I Y |
NIgAV A { B 4
\“\\\\\ w —— --
77 i 1 y Sy ) Rl
L L F S .
A 1 I Y
L7 1 |
b I o
e T FA N
T T I
T . 111
R ; : AL |
H A= g9 o~
+ ¥ ol
I
: 1 —
T 1 I
| ' ] ]
i I i
" T
e —
= -
— D o~
[ == -
- 11
)
s ooo <4 Y
Q_J o o~ (=] n_/.
= . o
3 &)

39

Figure 9.- Concluded.
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Figure 10.- Longitudinal characteristics of the model with drooped blown ai»leron.
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Figure 12.- Continued.
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(d) Data for R=1.4x 105 compared with baselirie data of R = 1.2 x 105,
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2.4 x 109 compared with baseline data of R = 1.2 x 105,
Figure 12.- Continued.
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3.1x 105 compared with baseline data of R =1.2x 106.
Figure 12.- Concluded.

(g) Data for R
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Figure 13.- Longitudinal characteristics of the model with span of inboard flap

6¢ = 600,

increased.
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Figure 15.- Longitudinal characteristics of the model with A,
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B¢ = 209,

Figure 26.- Longitudinal characteristics of the model.
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Figure 27.- Longitudinal characteristics of the model with leading-edge BLC. 6; = 20°,
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Figure 28.- Longitudinal characteristics of the model with drooped blown aileren.
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Figure 31.- Longitudinal characteristics of the model with span of inboard flap

8¢ = 200,

increased,

79



¢ = 00,

Figure 32.- Longitudinal characteristics of the model.
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5¢ = 40°,

Figure 34.- Summary of longitudinal characteristics of the model.
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Figure 35.- Summary of longitudinal characteristics of the model.
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Figure 47.- Effect of increased leading-edge blowing on longitudinal characteristics of the model. 6¢ = 40°,
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Figure 47.- Continued.
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Figure 48.- Effect of leading-edge BLC and drooped blown aileron on longitudinal characteristics of the model.
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Figure 48.- Continued.
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(c) Cu= 4.0.

Figure 48.- Concluded.
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(C) Cu = 4.0.
Figure 49.- Concluded.
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Figure 54.- Comparison of noise measured above and below the wing. 6 = 60°;
Ap = 2; deflector 2; thrust, 1290 N (290 Ib). (Solid symbols denote overall
sound pressure levels.)
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(b) Wind velocity, 7.72 m/sec (25.32 ft/sec).
Figure 54.- Continued.
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Figure 54.- Concluded.
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(a) Microphone 1 (above wing).

Figure 55.- Effect of forward speed on noise measured above and below the wing.
of = 609; Ap = 2; deflector 2; thrust, 1290 N (290 Ib). (Solid symbols
denote overall sound pressure levels.)
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(b) Microphone 2 (above and behind wing).
Figure 55.- Continued.
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(c) Microphone 4 (below wing).
Figure 55.- Concluded.
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Figure 56.- Effect of nozzle geometry on noise measured above and below the wing.

8¢ = 60°; wind off; thrust, 1290 N (290 1b). (Solid symbols denote overall

>

sound pressure levels.)
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(b) Microphone 4 (below wing).
Figure 56.- Concluded.
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