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WIND-TUNNEL TESTS OF THE STATIC LONGTTUDINAL
CHARACTERTSTICS AT LOW SFEED OF A SWEPT-
WING ATRPLANE WITH BLOWING FLAPS
AND IEADING-EDGE SLATS

By Harry A. James and Ralph L. Mski

STMMARY

A wind-tunnel investigation of a high-wing airplane having an aspect
ratio 6.75 wing with approximately 36° of sweepback was conducted o
determine the 1ift effectiveness obtalnable with trailing-edge blowing
flesps in combinetion wlith leading-edge slats.

Close to theoretical f£lap effectiveness was obtalned with blowing
flaps deflected L45°, 55°, and 65° st low angles of attack. Flap effec-
tiveness and stability were maintained to high angles of attack by conbtrol
of leading-edge flow separation with slats. Maximum 1ift was s function
of leading-edge configuration, trailing-edge flap d.eflection angle, and
amount of boundsry-layer control applied. With a 55 trailing-edge flsp,
and with a full-span simuleted 24° slat, maximm 1ift coefficient was
increased from 2.20 boundsry-lasyer control off to 2.54 with a momentum
coefficient of 0.012 and further increased “to 2.69 with a momentum
coefficient of 0.032.

An evaluastion of the results obtained in terms of estimated take-off
and landing performance indicated reductlons in distance over a 50-foot
obstacle emounting to 35 percent on landing and 13 to 18 percent on
teke-off.

INTRODUCTION

The study at Ames Aeronautical lLaborstory of the use of boundary-
layer control for increasing 1ift has included investigetions with both
area-suction and blowing flaps on a wide range of wing plan forms. It
was shown in the tests of reference 1 on an aspect ratio 6.75 wing with
approximately 36° of sweepback that flap effectiveness and stability
could be maintsined to high angles of attack by Incorporation of sultable
leading-edge devices in combination with highly deflected ares-suction
flaps. Since questions with regard to the effectlveness of blowing flaps
on a swept wing of high aspect ratio remained unanswered, a study was

.
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made to determine the effectiveness of blowing flaps in combination with
various lesdlng-edge slats on the same airplane tested in reference 1l.
Since this airplane incorporstes pylon-mounted engine nscelles below and
forward of the flapped portion of the wing, a secondary obJective was to
ascertaln the effect of such nacelles on the 1lift obtained with blowing

flaps. '

Three-component force and moment data asre presented for the airplane
equipped with various combinations of leading-edge slats in combination
with trailing~edge flaps. Boundary=lsyer-control flow requirements of
the blowing flaps are included for several deflections. All tests were
conducted in the 40- by 80-foot wind tunnel of the Ames Aeronasutical
Laboratory at a Reynolds nunber of 8.2x10® based on the wing mean
aerodynamic choxrd.

An evalustion of some of the resulis is inciuded in terms of esti=-
mated take~off and landing performance for the subject alrplene. This
evaluation entalled considerations of boundary-layer-control flow require-
ments, thrust losses, and matchlng of blowing-flap nozzle size to engine
bleed conditions. The methods snd assumptions used are outlined in
Appendixes A and B,

NOTATION
a acceleration, ft/sec®
b wing span, £t
Aqp crosg~sectional area of engine tall-plpe exit, sq £t
c wing chord, £t

£t

o™

b/z2
f Czdy
mean aerodynamic chord, 2 »
dy

b/2
L
(e}

a perpendicular distance from the plane of the engine thrust axis
to the &/k, £t

F engine thrust, 1b

g acceleration of gravity, 32.2 £t/sec®
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B height from ground, £t

X constant

1 length, £t

M4 inboard nose glove

Mo inboard slat

Ms outboard slat glove

D static pressure, 1b/sq £t
Pg total pressure, 1b/sq £t
Pt

_5: pressure ratio

dynamic pressure, lb/sq £t

R gas constant for air, 1716 sq ft/sec2 °R
8 horizontel distance, £t

S . wing area, sq £t

Sp wing area subtended by flaps, sq ft

time, sec

temperature, °r

< H o

velocity, ft/sec

Vsta.ll veloclity at CI

5 D Pt
V; blowing flap Jet velocity,j;_Ll RT{l - <7——!;> /4 :l » £t/sec

specific weight of air, 1lb/cu f£t

airplane weight or weight rate of flow, 1b or 1lb/sec

y spanwise distance measured normal to plane of symmetry, £t

CONEEREN
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drag
QoS

1ift
QoS

pitching-moment coefficlent referred to axes joining the quarter-
chord points of the mean serodynamic chords of the wing panels,

pitching moment

drag coefficlent,

1ift coefficient,

Qes3C
flow coefficient, —i—
7 WS
wVv
et momentum coefficient LARE
J ) 23S
P - P Pp = P
duct pressure coefficient, —EQE;—JE for blowing, = T td for

suction

airplane angle of attack, measured with respect to the fuselage
center line, deg

ratio of specific heats

trailing~edge flap deflection angle messured in a plane normal
Yo hinge line, deg

inboard slet deflectlon angle messured in a plane normel to
hinge line, deg

increment

engine thrust axis inclination, deg

angle of flight path with respect to horizontel, radians
angle of sweepback of the flap hinge line, deg

rolling or braking coefflcient of friction
Subscripts

engine bleed alr
boundary-layer control

flap duct

AUPRA
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E engine intake air

G gross

m flow measuring station
maex maxinum

N net

free stream

8

TP tall pipe

TO teke~-off

u uncorrected

v vertical

A initial

2 final

2D two-dimensional
3D three~dimensional

MODEL AND APPARATUS

Airplane

The test airplane had & high wing of aspect ratio 6.75, 35.92° of
sweepback of the quarter-chord line, and an incidence of 4°, Engine
nacelles were below and forward of the wing panels at 0.39 semispan.
Pertinent geometric details are llsted in table I and & sketch of the
airplane 1s presented as figure 1. The angle of attack is referred to
the fuselage center line.

Figure 2 is a photograph of the model mounted in the test section.
The strut support mounts were atiached &t the maln wheel axles and
arrestor~hook pivot point. The bomb-bay doors, nose-wheel door, speed
brakes, and the bumper wheel were closed for all tests. The vertlcal fin
was removed at the fold line to provide safe vertical clearance. For the
duration of the test, the wing slats were locked in the open position,
the horizontel tail was set at an incidence of -4°, and the elevators
were locked at 0°., The aillerons were set at 1.5° trim sebtting (trailing

edge up).
~«SUNSE
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Wing leeding=-edge modifications.~ For the portion of the wing inboard
of the pylons, & cambered leading-edge glove designated M; (more com-
pletely described in ref. 1)} and a demountable slat designated My as
shown in figure 3(a) were made available for these tests. The inboard
slat, modification Ma, could be deflected 7.5°, 15°, and 24°. The nor-
mel slat for this airplene (outboard of the nacelle pyloms) could be
modified with a removeble glove to simulate a 24° slat deflection, hence-
forth designated Ms, illustrated in figure 3(a). A photograph of the
wing with both slat modifications installed is presented in figure L.

Trailing~edge flaps.~ The single-slotted flaps normally used on this
alrplane were replaced by the 23-percent-chord plain flaps used 1in refer-
ence 1. However, for this series of tests a blowing boundary-layer con-
trol nozzle was Ilncorporated rather than the previously used area-suction
s8creens. A slmpllified drewing of the nozzle cross section 1s shown 1In
figure 3(b). The nozzle opening was set at a nominsl value of 0.030 inch
for these tests.

Engines and ducting.- The J-40 turbojet engines normel for this
particular airplane (X model) were replaced by modified J-34 engines as
a source of compressed ailr for the blowlng flaps. Alr from the last
compressor stage of the J-34 turbojet engines was piped to each Fflap
duct via & plpe located Just behind the pylons as shown in figure 5. The
amount of air delivered to the flaps was controlled by dbutterfly valves
located in this plipe Jjust ahead of the tee connected to the flap ducts.

Engine thrust was determined from statlc thrust calibrations by means
of the wind-tumnel balance system and a single total-pressure probe at
the exit of the tall-pipe nozzle of each engine.

TESTS

Range of Varlables

The investigation covered a range of angles of attack from -3° to 18°
at & constant dynamic pressure of 15 pounds per square foot, This corre-
sponds to a Reynolds number of about 8.2x10€ based on the mean serodynamic
chord of the wing. The range of flap deflections invesiigated was from
450 %o 65°. The pressure ratio furnished to the nozzles was varied from
zero to spproximately 2.9. The welght rate of flow was determined from
pressure and tempersture measurements in the pylon pipes which had been
calibrated by means of a standard thin-plate orifice (fig. 5). Total
pressure and temperature used for celculation of the Jjet momentum were
measured at the middle and ends of the flap ducts.
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Method of Testing

The effects of blowing on the static longltudinsal characteristics
were determined by pliching the model through the stall with verious con-
stant values of momentum coefficient. To ascertain the boundary-layer-
control flow requirements, the momentum flow coefficlent was varied from
zero to a maximum at oy = O° for trailing-edge flap deflections of 450,
55°, and 65°; at ap = 8° and 10° the boundary-layer-control flow
requirements were determined only for a flap deflection of 55°.

CORRECTIONS

Engine Thrust

Since turbojet englines mounted in nacelles were used as & source of
high-pressure alr for control of the boundery layer over the flaps, it
was necessary to correct the measured force and moment data for the effects
of engine thrust. The gross thrust based on static-thrust cslibrstion,
shown in figure 6, was in good agreement with that computed by the fol-

lovwing equetion:
r-1
2y P\ 7
Fg = KAgppge 777 [(p)TP - 1]

where K is & calibration constent and was found to be approximately
equal to 1.0. With the use of values of total engine air flow, Wg, from
unpublished date, the net thrust was defined as

Fy = Fg - WgV/g

The measured coefficlients were corrected for the effects of engine thrust
by the use of the measured data of figure 6 ss Ffollows:

Cr = Cr, - % sin(a + €)

Fy
Cp = Cp, + &8 cos(a + €)
om = Omy T g ST
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The force due to turning of the engine inlet alr has been omitted since
computations Indicated that it was negligible.

Tunnel-Wall Corrections

The test airplane was unusually large relative to the tunnel test-
sectlon dimensions. The wing-span to tunnel-width ratio was 0.91l. Theo-
retically determined interference effects of the wind-tunnel walls are
therefore of doubtiul accuracy, but were nevertheless applied to the data.
The wall-interference corrections added were as follows:

@ = oy + 1.40 Cr,
Cp = Cp, + ©.0107 cLu2
Cp = Cn}u + 0.039 CLU.

The data heve been corrected for stream-angle inclinstions. The effects
of the tumnel support struts, of removing the verticel fin above the
fold line, and of the strut mounting blocks on the main wheel axles are
unknown. : : :

RESULTS

The results of force and moment measurements with varying angle of
attack for the airplane equipped with various combinations of leading-
edge slats and flap deflections are presented in figures T through 12,
Veriations of l1lift, at constent angle of attack, with momentum, flow, and
duct pressure coefficlents are shown in figure 13 for constant angles of
attack and flap deflection. Data from reference 1 obtalned with an area-
suction flap are slso shown in figures 12, 13(b), and 13(c) for purposes
of comparison. Correlatlions of equivalent two-dimensional momentum coef-
ficient for atteched flow with results from reference 2 are shown in
figure 14. An evaluation has been made, using the data of figure 15, in
terms of estimated performance on teke-off and landing and is presented
in figures 16 through 19.

DISCUSSION

In general, the effects of changes of leading-edge conflguration on
the longitudinal characteristics of the airplane with blowing flaps were

RN
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found to be similar to those discussed 1n reference 1 for the airplane
equipped with area-suction flaps. The discussion herein, therefore,
emphsesizes effects peculiar to the blowing-flap installation.

Wind~-Tunnel Results

Flep lift.- Tnceremental 1ift coefficients due to the flaps were
determined from the data of figures T, 10, and l3(a) at low angles of
attack and at Cp's required for flow attachment on the fleps. These
experimentally determined values of 1ift coefficient are compared in the
following table with theoretical values computed by the method presented
in reference 3.

ACL due to flaps
B¢, Measured
deg | Theory
BIC on | BIC off
k5 0.89 0.93 0.60
55 l1.11 1.13 .63
65 1.35 1.26 .66

The above correlation with theory indicates that the pylon-mounted engine
nacelles probably exerted a negligible effect on the 1lift effectiveness

of the blowing flaps. In the discussion that follows, the maintenance of
Flap effectiveness to high angles of atiack will be shown to be dependent
on control of wing lesding-~edge flow separation. The longitudinal charac-
teristics of the basic configuration (i.e., normel outboard slats extended)
with flaps deflected 0° and 55° are presented in figure 7. Close to theo-
retical flsp effectiveness was malntained to an angle of attack of 6°

with Cy = 0.012.% At higher angles of attack the losses in 1ift and
marked Incresses in stablility were possibly due to inboard flow separation
comparable to that disclosed by tufts during the tests of reference J.

The effect of increasing the momentum from Cj = 0.012 to 0.032 was to
cause & slight increase in 1ift curve slope and an increase of Cp

from 1.78 to 1.94. It was reasoned that further increases of C

and maeintenance of flap effectliveness to angles of attack greater

than 6° could be obtained by elimination of inboard flow separation
through the use of an inboard slat.

Effects of leading-edge modifications.- The results shown in figure 8
determined for the airplane with an inboard slat indicate that inboard

Examination of static pressure measurements made on the surface of
the flasps indicated that Cu = 0.012 was slightly greater than that
required for attached Flow on the flaps (see fig. 13(a)).
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Tlow separation was delayed to higher angles of attack with increases of
inboerd slat deflection angle. A 24° deflection of the inboard slat main-
tained the flep effectiveness to o = 10° and increassed the Cr from

1.78 to 2.32. The adverse variations of stability close to Cy with

increases of inboard slet deflection were interpreted as an alleviation
of inboard flow separation along with a predominance of outboard (tip)
flow separation. The data of reference 4 would indicate that a higher
slat deflection then the 17 normelly used on this airplane could be
expected to provide more effective control of flow separation on the
outboard portions of the wing.

The characteristics of the alrplane with trailing-edge flaps deflected
55° in combinstion with a simulated full-span slet deflected 24° are shown
in figure 9. A Cp of 2.20 was measured with BLC off which was

increased to values of 2.54 at Cp = 0.012 and to 2.69 with Cp = 0.032.
The flap effectiveness and stability were also maintained up to about

14° angle of attack. No further attempt to find a more effective leading-
edge configuration was made since it was indicated in reference & that
240 was close to an optimum slat deflection.

The characteristics of the alrplane with a simulated 24° slat out-
board of the pylons in combination with the normal inboard wing leading
edge (no slat) shown in figure 10 are close to those of the basic config-
uration with normal slat extended. Thilis tends to substantiate the assump-
tion made previously that flow separation occurring inboard of the pylons
limited meximum 1ift.

Effects of flap deflection angle.~ The longltudinal characteristics
of the alrplane are shown 1n flgure 11 at several flsp deflections
(C, = 0.012) with a simulated 24° full-spen slat. It can be seen that
the 1ift increases obtalned with increases of flap deflectlon angle up
to Bp = 65° remained essentially constant throughout most of the 1ift
range. Maximum 1ift coefficlent was increased from 2.43 to 2.54 with
increase of flap deflection from 450 to 55° however, no further increase
was obtained with a 65° flap deflection. It may be conjectured that
further increases in (i could be obtalned with flap deflectlions

greater than 55° 1f leading-edge flow separation could have been prevented.

Comparisons with area-suction flasps.- A comparison is made in fig-
ure 12 of the characteristics of the alrplane equipped with either area
suction on the flaps (data from ref. 1) or blowing over the flaps. The
leading~edge configuratlions for this comparison consisited of a simulated
240 glet deflection outboard of the pylons (Ms) and a simulated nose flap
(glove modification M,) inboard of the pylons. The most significant
difference is reflected at CLmax where a value of 2.16 was obtalned with
area suctlion and 2.43 with blowing flaps. In each case, the amount of
boundary-layer-control air supplied was slightly in excess of that required
for attached flow over the flap at a 55C deflection.,

SRR
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LES

Boundary-layer-control flow requirements.- The variation of 11ft
coefficient with blowling momentum, flow, and duct pressure coefficient
is shown in figures 13(a), (b), and (c), respectively. These data were
obtained with a similated 24° full-span slat. Minimm values of momentum
coefficient for attached flow based on visuasl exsmination of flap surface
static-pressure measurements are indicsted in figure 13 (a). Conversion
of these values of Cj for attached flow to toaquivalent” two-dimensional
values by the. expression s

= () () o)

based on simple sweep theory gives values in good sgreement with those
from reference 2 as shown in figure 1k.

A comparison of flow requirements and duct pressure coefficients for
area~suction and blowing flaps can be made in figures 13(b) and (c). This
particular comparison pertains only to the specific blowing nozzle with
an 0.030-inch opening used in this test, that is, lower or higher flow
coefficlents would have been cobtalned with smeller or larger nozzle
openings, respectively. Although the flow coefficients for both types
of boundary-layer control were similar for the subject comparison, the
mch higher pressures associated with the blowing flap shown in fig-
ure 13(c) are an indlcation of higher power requirements for blowing
flaps. The same conclusion wes reached in reference 2 in a simiiar
comparison,

PERFORMANCE ANATYSTS

An evaluation of the wind-tunnel results in terms of take=off and
landing performance is made for the subJect alrplane equlpped with two
Pratt and Whitney J-5T7, 10,000-pound=-thrust engines. Data from figure 9
were adjusted for trim by use of tail effectiveness data from reference 1,
and are shown in figure 15. Comparlsons of the airplane performance,
computed from the date of figure 15, are made for boundary-lsyer control
on and off, 8p = 55°, and with the simulated 24° full-span slat.

The procedure used to estimate bleed flow rates at landing and take-
off speeds from varlous nozzle openings and engine conditions is outlined

in Appendix A. The methods and assumptions used for estimating the take-
off and landing performance of the alrplane are glven in Appendix B.

Take-0ff Performance

Shown in figure 16 i1s the variation of take-off distance over a
50-foot obstacle for a wing loading of 90 pounds per square foot. The
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speed range, as Indicated by the limits of the curves shown in figure 16,
corresponds to 1g flight speeds at o = 2.5° %o 70.2 In the subject
performsnce computetions it will be assumed that take=-off performed

at o = 2,59 is equivalent to "normal"™ teke-off whereas one performed
with rotation at take-off up 0 a = T° i1s equivalent to a "short field"
take~off. The computed results shown in fligure 16 indicate that the
blowing flape could reduce ground roll distence by about 23 percent and
could give reductions of 13 to 18 percent on total distance over a 50-foot
obstacle.

A summary of take-off performance for & range of wing loadings is
shown in figure 17. The results of performance calculations are shown
only for 55° flap deflection since calculations for 450 fleps indilcated
similar performance, whereas those for 65° flaps indicated longer take-
off distances than with 55° flaps (boundary-layer control on).

Landing Performance

Shown in figure 18 is the variation of landing distence over a 50-foot
obstacle for a wing loading of 64.1 pounds per square foot. The lowest
speed shown corresponds to lg flight at the maximum allowable ground
attitude. The results shown in figure 18 indlcate a 13-percent reduction
in alr distance along with a 42-percent reduction of ground roll distance
resulting in a net improvement due to blowing flaps of about 35 percent
in landing distance over a 50~-foot obstacle.

A summery of computed minimum landing distances over a 50-foot
obstacle for a range of wing loadings is shown in figure 19. As on teke-
off, the improvements due to boundary-lasyer control on were maintained
to an almost constant percentage at sll the wing loadings shown.

Comparisons With Flight Data

As an indication of the validity of the computation procedures used
in the subject performance calculations, & comparison of flight test
(ref. 5) and calculated results are shown in figure 20. These calculations
involved the use of data from reference 1 for the hasic airplane equipped
with normal 36° slotted flaps and partlal~spsn slatse. The correlation of
measured and calculated results is considered to be good since pilot
technique, exact flight program, etc., cannot be exactly accounted for
in such computetions. ILandlng performance computed by use of an initial
sinking velocity of 8.33 feet per second rather than 15.0 feet per second
resulted in excellent correletions with the flight data of reference 5.

w = 7ﬁNorma.l attitude in ground roll, a = 2.5°; maximum safe ground angle,
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CONCLUSIONS

A low-speed wind-tunnel Investigatlon was conducted on an sirplane
having an aspect ratio 6.75 wing with 36° of sweepback. It was equipped
with trailiing-edge blowing flaps and leading-edge slat modificetions.
Anslysis of the dats indicates the following conclusions:

1. Close to theoretical flap l1lift effectiveness was obtained with
blowing flaps deflected 45°, 55°, and 65° at low angles of attack.

2. Flap effectiveness and longitudinel stability were mainteined
to high angles of attack by control of leading-edge flow separation with
slats.

3. Maximum 1ift of the moderately swept high-aspect-ratio wing was
a function of leading-edge configwration, trailing-edge flap deflection
angle, snd smount of boundary-layer-control spplication. With 55° of
tralling-edge flap deflection, and with & full-span simulated 24° slatk,
meximum 1ift coefficient was increased from 2.20 with boundary-lsyer con-
trol off to 2.54 with s momentum coefficlent of 0.012 and further increased
to 2.69 with a momentum coefficient of 0.032.

k. Equivalent two-dimensional values of momentum coefficient for
attached flow were in good agreement with values computed by simple sweep
theory from results of a previous blowing-flap study.

An evalustion of the results in terms of calculated take-off and
lending performance of the subject asirplene equipped with a blowing-flap
system lead to the following concluslions:

1. Appreclable reductions of both speed and distance required to
take-off and land over a 50-foot obstacle should be possible for airplanes
with moderately sweptback wings using engine bleed air for blowing flsps.

2. For the subject alrplane, calculated reductions in distance over
a 50-foot obstacle due to boundary-layer control amownted to 13 to 18 per-
cent on teke-off and sbout 35 percent on landing.

Ames Aeronautical Laboratory
Nationel Advisory Committee for Aeronasutics
Moffett Field, Calif., Apr. 11, 1957.
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APFPERDIX A
DETERMINATION OF ENGINE BLEED RATE AND NOZZIE SIZE

The design of a blowlng-flap nozzle involves considerations of
allowable flow rates, compressed alr source conditions, line losses, etc.,
to obtain & specified Jjet momentum coefficilent for a range of operational
speeds. Like most engineering computations, this wlll involve compromises
in order to obtain a practical design. An example for the subject airplane
with a 55° blowing flap using bleed air from J-57 turbojet engines will
be used to i1llustrate a suggested design procedure. The engine thrust and
bleed characteristics at standsard sea-level conditions from references 6
and 7 will be used In the example computations.

Choice of Design Cy

A design momentum ccefflcient close to that reguired for attached
flow should be adequate for preliminary design purposes. This can be
estimgted by the method of reference 2, When engine bleed alr is used,
as will be assumed in the subject example, it 1s desirable to use a
minimum amount of bleed so as to minimize thrust losses. This is espe-
cially important at take-off., For the subject example, a Cp = 0.01L
weas selected for df = 55° directly from data shown in figure l3(a)

Choice of Design Speeds

Use of the 1.2 Vgigoy7 criterion for both landing and take~off
speeds based on Cjp = 2,42 from figure 15 for a range of wing loadings

of T7 to 102.6 pounds per square foot at teke-off and 55 to 77 pounds per

square foot at landing indicated a design speed range of 97 to 131 knots.

As & compromlse the followlng aversge speeds were selected for the subject
example: landing, 102 knots; and take-off, 120 knots.

Ajir-Flow Computatlons

Once values of Cp and design speeds have been ascertained, use of
isentropic relations for air and the fundamental equation

WV
Cp = —=
958
can be used to determine the weight rate of flow (see ref. 2).
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Choice of Nozzle Size

The flow through the nozzle can be treated as an isentropic process,
reference 8, to determine a nozzle size which will supply the required
Jet momentum for a given set of compressor or source conditions of temper-
ature and pressure. A graph such as is illustrated in Ffigure 21 will be
found useful in the selection of a fixed nozzle size as g compromise for
& range of speeds and compressor source conditions. The development of
such & chart is more completely described in reference 2.

For the subject example, a teke-~off speed of 120 knots with & pressure
ratio of 10 would require a 0.005-inch nozzle to obtain a deslgn Cp
of 0,011. However, use of this nozzle slze at landing conditions of
102 knots and pressure ratio of 3.7 would not supply the required jet
momentum. As noted In figure 21, a 0.012-inch nozzle is required at the
design landing conditions. Conversely, if the larger nozzle (0.012-inch)
were used at take-off, 2 bleed rate of 1k.9 pounds per second with an
li-percent thrust loss would resuvlt. Engine thrust losses were compubed
by the method of reference 6. One of the most obvicus solutlons of this
problem is to incorporate & controlisble line restriction, such as a
‘two-position valve, elong with the larger nozzle size so as to resbtrict
the flow to the flaps to give a design momentum for teke-off. For the
subject exsmple, the thrust loss was reduced to 5 percent at take-~off by
assuming that the bleed rate was restricted to 7.0 pounds per second at
2 pressure ratio of 4.7 with the 0.012-inch nozzle.

In the subject performance calculations, constant bleed rates of
T.0 pounds per second at teke-off and 5.4 pounds per second at lending
were assumed. This naturally resulted in variations of Cp and hence Oy
et speeds other than 102 kmots for landing and 120 knots for take~off.
However, even at the highest speeds associated with the highest wing
loading (102.6 1b/sq £t) considered herein, the reduction of Cy from
0.011 to 0.008 resulted in an almost negligible change in Cy, as can be
seen in figure 13(a).
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APPENDIX B

METHODS AND ASSUMPTIONS USED IN PERFORMANCE CALCULATIONS
Take-0Off
Ground roll.- The equation used for the computation of ground vroll

wag almost identical to that given in reference 9 with inclusion
of CLG/CI in place of L/W and i1s as follows:

_ _13.1(%/s) m[ (FM - p) ]
Or, (/L - w) ~ LFAT = 1) = (Cpy/Cpp ) (B/L - 1)

The following assumptions have been made:
1. Constent ground-roll attitude, o = 2.5°.

2. Adirplane rotated at the end of ground roll to any angle
between o = 2.5° and 7°.

3. Average thrust through the ground-roll speed range.

4, Effects of engine thrust axis inclination Included in 1ift
sumation. T

5. Kk = 0003.

Alr distance.- The method of reference 10 wae used to calculate the
air distance (transition) to atitain an altitude of 50 feet.

¢ Vo
ay = g E—L_ Vy = (F - GDQS)'ET"
Lo
A = Y il };(ﬁvl-+vwﬁ)am
—avl-l-avz = 2 « o @

The following assumptions were made:

l, Flight path restricted to small angle of climb so that
ten 6 = siln & and cos 6 = 1.

)
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2.

Constant airspeed.
Constant thrust.

Flight programmed at one half of the meximum vertical scceleration.

Tanding

Ground roll.- The computations for landing ground roll involved the
use of the same equation as used for teke-off with the addition of the
following assumptions:-

Thrust reduced to idle rpm value at touchdown.

Braking coefficilent’ taken from curve shown in figure 22 (see
Boundary-leyer control was assumed to be shut off during ground

distance (flare).- The variable load factor case from reference 11

1.
-
ref. 9).
3.
roll,
Alr
was used:

For the flare computations the following assumptions were made:

1.
and cos

2.

3.

Flight path angle small enough so that 6 = sin 8 = W /V
e =1.

F/W and D/I. assumed to remesin constent.

Maximum attitude at touchdown restricted to o = 79, maximum

safe ground angle.

h,

An initial sinking velocity of 15 feet per second was used.
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TABLE I.- GEOMETRIC DATA OF UNMODIFIED TEST ATRPIANE

Wing
Area, S £t ¢ & v ¢ 4« 4 o ¢ o s o o 8 6 o o e o e e s s s 4 4 780
Span, Tt & & v 4 4 i 6 i e e e e s e e s e e e e s e e e s ae T2.5
Aspect Tatio . . . v i 4 .t e e e e e e e e 4 s e e w e e e 6.75
Taper ratio . . . . N B
Mean aerodynamic chord ft . . . e e e e o o o s e e o« . 11.68
Sweepback of the quarter-chord line, deg .. e e s s s+ « & 35.92
Incidence, A8 . . v o o o« o s o o o o o o o = o o 4 o o o o o .0
Dihedral, dAeZ . . v o o ¢ o « s o o o o o s o 2 s o o « o o « 0
Twist, deg e e o e o« e . e o s o s e . 0
A:eroil section at root (streamwise) e e« « +» « « NACA 63-009.95(mod)
Airfoil section at tip (streamwise) . . . . . . . NACA 63-008.25(mod)

Flap

Span of one flap, £t . . . . . . P [ 1
Inboard end of flap from center line

of fuselage, ft . . . . e o e e e s e s e e e . koo
Flap chord, percent chord (slotted flap) e e e e e e s e e s 25
Flep chord, percent chord (plain flap). G« e e o e 4 e s e e s 23

Slat

Span of one slat, £t ., . . . . . =1 4]
Inboard end of slat feet from fuselage

center lime , . . e e e e . S 2. 1

Slat chord at inboard end, percent chord .

Slat chord at wing tip, percent chord . . .

Slat deflection, deg . . & ¢ ¢« 4 ¢ &« o o &
Horizontel teil

n
=
W

Area, 8 Tt . v ¢ v o 4« 4 o o o o s s o o s o s e s e e s s . 166,6
SPaN, Tt 4 v v i 4 e 4 et s s e e e e e e e s e e s s e e s s 25.83
Aspect ratio . . . 4 . i s e 4t e 6 s o o s s o s s a s s s o s k.o
Taper ratio . . . . e« ¢ o o 5 o o a4 e ® s & o s e o s = 0.50
Mean aerodynamic chor& ft . . . N - T 5

Sweepback of the quarter-chord line, deg e o o o o o o = s e @
Volume, tail length/& x tail area/S . . « . v &« « « « « » + « « 0.531
Dihedral deg . . . e e o e o o o o & e o' 4 & o o @
Height of tail above wing plane, ft e o o o a e o o e o o o o o
Fuselage :
Iength, £t . . . . . . e o & o o & o s o s e« o . TLIQ
Frontal area (excluding canopy), sq ft e s s e e e s e e e e 50.4
Meximum width, £t . . . . ¢ & ¢ o 4 ¢ ¢ ¢ o o o ¢ o o o e o o & T.17
Engine nacelles (J;ho)
Perpendicular distance from engine thrust
axes to exis joining the @&/4 points of
the wing panels (d), £t . . . . e e e e e e o o o o o o hhh
Engine thrust axis inclination (e), deg e e e e e s e e e . 2
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A1l dimensions in inches

/ unless otherwise noted

)
-

]

&
\»

L 85%.3 .

Figure l.- Three-vlew sketch of the test alrplane.
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A-20872

Figure 2.~ View of the airi:la.ne mounted on th; wind-tunnel struts;
front view, flaps undeflected.

.
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Inboard nose glove, My

Inboard slat ahead of normal wing, Mp

I

17°
2l

Outboard simulated 2° slabt, M3

(a2) Leading-edge modifications.

Figure 3.- Cross-sectlon sketches of the leading-edge slat modifications
and blowing £lap.
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(b) Biowing flap.

Figlu'e 3.~ Concluded.
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Figure 4.~ View from above and behind the right wing showing the test airplane with slat modifi-
cetlons installed over the entire expoped wing leading edges.
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Butterfly valve
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Tn

Eleed air duct
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Figure 5.~ Diagram of the engine bleed flow and thrust-messuring syste'm.
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Figure 6.~ Engine thrust calibration curve.
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Figure 7.~ Longitudinal characteristics of the bagic configuration with end without blowing; normal
airplane slat extended.
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Figure 8.~ Longltudinal characteristics of the airplane with en inboerd, glat, Mg, in combination

with the pormal airplane slat; Be = 55°, Cu = 0.012.
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Flgure 9.~ Longitudinal characteristics of the airplane with full-span simulated 24° glat

Mg + Mag; Bp = 55°.
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Figure 10.- Tongitudinal charscteristics of the alrplane with and without a simulated 24° slat out-
board of the nacelle pylons in combination with normal wing inboard; Bp = 550, Cp = 0.012.
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Figure 11.- Effects of flap deflection angle with full-span simlated 240 slat modifications,
Mz + Mz, on the longitudinal characteristics of the airplane; Cy = 0.012.
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Flgure 12.- A comparison of the characterlstics of the alrplane wlth area-suctlon and blowing flaps
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Attached flow
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(=) Cr, vs. Cpy

Flgure 13.- Variation of 1ift coefficient with momentum, flow, and duct
pressure coefficients at several flgp deflections with full-span
similated 24° slat modificetions Mo + Ms.
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Figure 13.~ Continued.
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Plgure 13.- Concluded.
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Figure 1.~ Comparison of equivalent two-dimensional values of momentum
coefficient for attached flow with values from reference 2,
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Figare 15.- Variation of trimmed 11ft coefficient with angle of atteck and drag coefficient as

uged. for performence calculations; full-span simuisted 24° glat Mo + Mg, Bp = 55°.
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T000
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/ Total over 50-
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92 100 108 136 12h 132 o 148 156 16y 172
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Figure 16.~ Estimated take-off distances at various speeds with and with-
out blowing; W/S = 90 1b/sq £t, full-span simulated 24° slat My + Ma,
8p = 557, :
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Figure 17.- Calculated total take-off distance over a 50~foot obstacle
at various wing losdings; full-span simulated 24° slat Mz + Mg,
&g = 55°.
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Figure 18.- Calculated landing distances at various approach speeds with
and without blowing; W/S = 64.1 1b/sq £t, full-span similated 24°
slat Mg + Ma, 8¢ = 55°, Vy, = -15 ft/sec.
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Figure 19.- Calculated minimum total landing dlstance over a 50-foot
obstacle at various wing loadings; full-span simulated 24° slat
Mz + Ma, &f = 559, Vv, = -15 ft/sec.
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{b) Landing. -
Figure 20.- Comparison of calculated landing and take-off dlstances at
various wing loadings for the airplane equipped with 36° slotted

flaps and partial-span slats with flight-test results (ref. 5) of
a similsr sirplane.
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Figure 21.- Calculeted bleed-air requirements for the subject ai
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Flgure 22,~ Varietlion of braking coefficient with speed, reference 9.
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