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SUMMARY

An investlgation was made of the low-speed longltudinal stebllity
and control characteristics of a %— scale model of a preliminary

Bell X-5 sirplane deslgn with various leading—edge slet end trailing—
edge flap arrangements. The model exhlblted a marked Increase In sta—
bility with Increasing sweep amgle at low 1ift coefflcients. The trimmed
maximum 1ift coefficlent wlthout slats or flaps increased with Increasing
sweep engle. 'The Incresses in trimmed meximmm 11t coefflicient produced -
by the slats or flaps decreased rapldly with Increassing sweep angle and

became approximately zerc at 60° sweep. - At large sweep es, the rate
of increase of drag coefficient with 11ft coefficlent was considerably
greater than that predicted by the lifting-1ine induced: equation.
| !_
- INTRODUCTTON : \

A
An investiga.tion of the sta.'bility‘ and control characterisgics at
low speed of & }I_-—sca.le model of a prelliminsry Bell I—5 alrp. o deslgn

hasg 'been conducted in the Iangley 300 MPH 7— by 10-Lcot 'bu:n.nel The
X5 airplesne 1s & proposed research airplane incorporating W:Lngs_for.
which sweepback angle cen be veriled continuously between 20° and 60°.
Provision for longitudinel tremslation of the wing with respect to the
fuselage 1s also mads.
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The present paper contelns the results of the longltudinal stea—
bility and conbrol teste of the model at four sweep angles and with
various leeding-edge slat and tralling~edge flep arrangements. A
1imited enslyeis of the results 1s presented in the present paper.

SYMBOLS

The system of axes employed, together with an indication of the
positive forces, moments, and angles, 1s presented In figure 1. The
gymbols used in this paper are defined as follows:

Cy, 1ift coefficient (ILift/gS)

Cx- longitudinal force coefficilent (X/gS)

=—0g at Cp =0
Cn, X L

2 =2 H M

Cm pltching-moment coefficlent (M/qse-5o)
X longitudinel force along X-axls, pounds
T leteral force along Y-exls, pounds
force along Z-exis (1ift equals —Z), pounds
rolling moment ebout X-exls, foob—pounds
pltching moment about Y-axls, foob-pounds
yawing moment a.bo;.t Z~exls, foot—pounds
q free—stream dynamic pressure , pounds per sgquere
foot (pV2/2)
S wing aresa, square feet
T wing mean aerodynemic chord based on wing plan form
shown In flgure 2, feet '
'650- wing mean aerodynamic chord at 50° sweep, feet
wing ‘span, feot
v free—stream veloclty, feet per second
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A aspect ratic (b2/s) °

| p nmass d.enéity of air, slugs per cublc foot

o engle of sttack of thrust lins, degrees

1y _angle of incldemce of stabilizer with respect to thrust
line, degrees

& control—surface deflection measured in a plane perpendicular
to hinge line, degrees )

A angle of éweepba.ck of querter—chord line of unswept wing
panel, degreoes

Subscripts: |

e elevator

r mdder

a " alleron

£ flap

APPARATUS AND METHODS

Description of Model

The model used in the present investigaticn was & Jlf— scale model

of a prel-iminary Bell X5 design and must, therefore, be consgldered only
qualitetively representative of the Bell X-5 alrplane. '

Thysical charascteristics of the model are presented in figure 2, and
photographs of the model on the support strut are given in figure 3.
Figure 4 includes detalls of the various slets and flaps Investigated.
The model was constructed of wood bonded to steel reinforcing members.

The wing penels were pivoted about an axis normal to the wing-panel
chord plans. Thus, the wing incidence measured in a streamwlse direc—
tion was zero for all sweep angles. At all sweep asngles, the wing was
loceted so that the quarter chord of the mean aerodynemic chord fell &t
a Pixed fuselsge station. The moment reference center was located at
this seme fuselage station. = (See fig. 2.)
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The Jet—engine ducting was similated on the model by the use of an
open, stralght tube having an inside dlameter equel to that of the Jet
exlt and extending from the nose to the Jet exit.

Tests

The tests were conducted in the langley 300 MPH T-— by 10-foot
tunmel at a dynamic pressure of 3%.15 pounds per square foot which
corresponds to a Mach number of 0.152 and a Reynolds number of 2 » 000,000
based on the mean asrodynamic chord of the wing at 50° sweep for average
test conditions. :

During the tests, no control was imposed on the flow guantity
through the Jjet duct. It is probable, therefore, that the inlet velocity
ratio hed values samewhat- less than 1.0.

Corrections

The engle—of-ettack, drag, and pitching-moment results have been
corrected for Jet—boundary effects computed on the basls of unswept wings'
by the methods of reference 1. Independent calculatlons have shown that
the éffects of sweep on the ebove correctlons are negligible. All coef—
flcients have been corrected for blocking by the model and its wake by
the method of reference 2.

Correcticne for the tare forces and moments produced by the support
strut heve not been applied. It 1s probable, however, that the signifi-—
cant tare correctlions would be limited to small increments in pltching
moment and dreg.

Vertical buoyancy on the support strut, tumnel alr—flow miseline—
ment, and longltudinel—pressure gradient have been accounted for in com—
putetion of the test date. )

RESULTS AND DISCUSSION

The serodynamlc coefflclents presented hereln are based on the wing
area of the sweep configuration in question and on the mean aerodynemic
chord of the wing at 50° sweep. Thus, the 11ft and longltudinsl—force
coefficlents are of the usual form; whereas the piitching-mcoment coef—
flclents are based on a reference length which is fixed In the fuselage
and 1s Independent of the wing sweep angle.
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Basic Tongltudinal Characteristics

Results of the pitch tests of the model in the clean configuration
at four sweep angles are presented in figure 5. At 20° sweep, the 1lift
and pitching-moment characterlstics- were essentially lineasr below the
stall, especielly with the horizontel tall removed. As the sweep angle
was increased (and the aspect ratio reduced) the nonlinesrities in the
1ift and pitching-moment characteristics usually assoclated with high
sweep end low aspect ratio were observed. At a1l sweep angles greater
than 202, the relationshlp between sweep angle and aspect ratio was such
that a tendency toward longltudinel ineteblllity at high 11ft coefficients
would be anticipated from the considerations of reference 3. This trend
was apparent at 1ift coefficients above 0.6. As the wing stalled,

* however, the tail contributed a strong stabllizing moment at all sweep

engles, aepparently caused by & loss of downwash at the tail.

_ At 1ift c‘oefficients near zero, the model exhiblted a marked
Increase in stability with increasing sweep. The asrodynemlé center of
the wing—fuselage ccubination moved from 0.22650 or 0.20¢ at 20° sweep

to 0.36C5p or 0.34C at 60° sweep. The theoretical calculations of

reference 4 indicate en aerodynamic—center movemsnt of less then 0.02¢
for the wings alone. Thus, a strong wing—fuselege Interference effect
1s indicated. :

The tail—off maximum 1ift coefficient increased wlth increasing
sweep angle, varying from 0.85 at 20° sweep to 1.1l at 60° sweep.
The trimmed maximm 1ift coeffilcient can be a.pproximated. by extrapo—
lating the Cp velues for the various stabilizer settings to zero

pitching moment essuming that a sufficient range of stabllizer é.ngle
is availeble. The values of trimmed Cj thus obtained varied

from 0.86 at 20° sweep to 1.01 at 60° sweep.

The longltudinal-force results of figure 5 indicate that the mini—
mm drag coefficient of the model was relatively independent of swesep
angle. The drag rise with 1lift coefficlent, however, was conslderably
greater at the high sweep angles than the Induced drag calculated by
the usual lifting-line equation for zero sweep and Indlcated by the
deshed curves. Thus, the profile drag at high sweep angles Increased
appreclably with 1ift coefficient even at low 1ift coefficlents.

Cheracteristics of the model with the wings removed are presented
in figure 6. The coefficients were computed using the wing area &t
60° sweep. TFor comparison with date at other sweep angles, the coef—
ficient velues should be multiplied by the retlo of wing areas.
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Leading-Edge Slats -

"Tlgures T to 10 1llustrate the effect of the leading-edge slat con—
Plgurations tested at each sweep angle. Slat position A was selected
from slat data on unswept wings to glve the optimum Increment—in Cg .

Slat position B ;represents s compromise conflguration Intended to slm—
plify the structural problem of slat lnstallation. Detalls of the two
slat configuretions are shown in figure k.

At 20° sweep, slat A produced an increment in uéeflﬂ. cIf of

~about 0.50 while slat B caused an Increment of about 0.32. The Incre—
ments In Cy produced by the slats were essentlally unchanged by

flap deflectlon. As the sweep angle was increased, the effectiveness
of the slats in increasing Cj decreased rapidly, showing essentially

no effectiveness at 60° sweep. It 1s of interest to note, however, that
gt large sweep angles slats could produce a drag reductlon at moderate
and high 1lift—coeffliclents indlcating their possible use for drag reduc—
tion in accelerated maneuvers.

At all sweep engles, the slats produced & smell decrease 1n longi-—
tudinal stability over most of the lift—coefficlent range. At 60° sweep
the slate served to decrease the variatlon of longltudinal etablility
with 1ift coefficient.

Figures 11 and 12 present the results of stabilizer tests at 20°
and 60° sweep with slat A. The tests of flgure 12(b) were made with
only the outboard helf of the slat extended to position A. The outboard
slat was effective in eliminating the trend toward instability at high
1ift coefficlients but 1t elso increased the pltching-moment coefficient
requlred from the tall to trim at high 11ft coefficlents.

Tralling—-FEdge Flaps

The characteristics of the three different flap configurations
shown in figure L were determined at 20° sweep. Flep A was a slotted
flep whereas flaps B and C were spllt flaps. Flap B was so located that
its Inboerd end wes colncident with the wing-—fuselage Iinbtersectlon at
60° sweep. TFlap C waa identical with flap B except that the inboard end
wes extended to intersect-the fuselags at 20° sweep.

The longitudinal characteristice at 20° sweep presented in figure 13
for verlous deflecticns of flap B indicate that only smell changes _
n Cf were produced by varying the flap deflection between L0OC -

and 60°. A deflection of 50° was chosen for the remsinder of the flap
tegts. :
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The longitudinel cha:racteris‘éics at 20° sweep with the three f£lap
configurations are given in figure 14 for the slats extended to posi-—
tion A. Flaps A and B were sbout equally effectlive in' Increasing the

trimmed CL ; whereas flap C with 1ts greater area, produced a

correspondingly larger increment in Or . Comparison with the data

of figure 11 indicates that each flap produced & small increase In sta—
bility at moderate 11ft coefficients wlth flaps A and B remaining stable
through the stall. With flap C, however, same Ilnstebllity at the stall
is evident. With the horizontal tail off, each flap produced & nose—
down increment in pltching-moment coefficlent, the smallest increment
being produced by £lap B. When the horigzontal tail was added, flap B - .
st1ll showed a smaller nose—down trim change than flap A, but the large
downwesh behind flap C resulted in a nose-up trim chenge. The flap
characteristics at 20° sweep with the slats retracted are presented in

filgure 15.

The characteristics of the model at 50° and 60° sweep wilth flap B
are presented in figures 16 and 17, respectively. Comparison with
Pigures 5(c) and 5(d) indicates thet the increase in trimmed Cr,

caused by flep deflectlion was very small at 500 sweep and wasg essentlially
zero at A0° sweep. At 1ift coefficlents less than the meximum, flep
deflection reduced the angle of attack requlred for a given 1Lift coef—
flclent but camparison of the drag results shows that this reduction in -
angle of attack was not enough to produce eny appreclable drag reduction.

Longltudinal Control

The effect of elevator deflection on the characteristics of the
model at 20° and 60° sweep is shown in figure 18. At both sweep angles
the variation of pitching-moment coefflclent with elevator deflectlon
was smooth although not quite linear. At 20° sweep, the elevator power
was sufflcient for trim over the lift—coefficlent rangs obtalned even
for & center—of—gravity locetlon consldersbly removed from thet used in
the tests. At 60° sweep, the stability of the model was such that the
elevator power was not qulte adequate to trim at Cf wlth the sta—

billizer incldence used.

Camparison of figures 5 and 18 shows some smsll discrepancies
between the two sets of data at zero elevetor deflectlon, the discre—
pancies occurring malnly at high 1ift coefficlenta. The trimmed maximum
1ift coefficients measured for 20° sweep from figures 5 and 18 giffer by
about 0.06. This difference may be contributed to, In a small degree, by
the change in tail center—of-pressure location when using the elevator
rather than the stabllizer as a trim device. The major contribution to
the dlscrepaencles noted, however, 1s believed to arise from small inac—
curacies in setting the slat in its retracted position, thus producing
changes In the wing leading-edge contour.
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CONCIUSIONS i

An investigetion at low speed of the longltudinel stabillty end
control of a %—scale model of e preliminary X—5 alrplane design
indicates the following concluslons:

1. The aerodynamic center of the wing—~fuselage combinetlon st low
11ft coefficients moved from 0.208 at 20° sweep to 0.34G at 60° sweep.
Thig movement 1s considerebly greater than thalt predicted by potentlal
theory indicating the posslbility of-a strong wing—fuselage Interference
effect.

2. The trimmed meximm 1ift coefflclent without slets or flaps
increased with increasing sweep angle.

3. At lerge sweep engles, the rate of lncrease of drag coefficien‘b
with 1ift coefficlent was considerably greater than that predicted by
the lifting-line Induced—drag egquation.

L. The increases in trimmed meximum 11ft coefficlent produced by
leading—edge slats or trelling-edge flaps decreased repldly with
increasing sweep angle and became approximstely zero at 60° sweep.

Langley Aeronautical ILeboratory
Netional Advisory Comittee for Aeronautics -
Lengley Alr Force Bage, Va. :
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Relative wind

Relative wind

View A-A
A

Figure l.- System of axes and control-surface deflectiona. Positive
velues of forces, moments, snd angles are indicated by arrows.



3
3

=

2844

Py
(.'g‘

Q25 chordd of
'ms»m‘paml

——— e ———

__._._i__

J/66s

-

[y Ep—— oy

—

b mm e — ey

e ==t

655
337

Wihg pivel poind
500

inctdence deg

- Dihedrl, deg
Alrfodl section perpenicutor mazsa

Root
Tip

" Kookl foif

Area, sqft
Aspect rafio

Vertbd tail

Area, st
Aspect rolio

a

33 50 &
033 045 D80 133
576 45 298 (92
778 690 567 466 -

A»bmmwjmncdnd,ﬂ 1396 Y579 1985 2535 1

0

(0 GOXET WA YOVN

| g 54103&; e 44“‘0 103

194
289

L33
95

Flgure 2.- General arrangement of test model.




cT

025chord of
unswept panel

Leading eoge of fillet swept
A3° for all wing sweeps

0 0 20 :
_ Scak, inches, |

Filgure 2.- Concluded.

QUIFT ¥WI YOVM,




i ]

NACA RM LOKO8

(v) Slat extended; flap C; A = 20°.

Figure 3.- Views of test model mounted in tummel.
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(d) Slats retracted; Bp = 0; A = 60°.

Figure i.- Cincluded,
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Fuselgge line at A=20° “

Q26¢

Q25 chord of unswept panel
Wing pivor point

Flap A (slotted) - Secfion A4

FlapC
2913

uselage fine of A=20° .
Fuselage line at A=60° _ i

Flop B arid € (spli?) R 2 Section A-A
Scale, inches. :

Figure 4.- Detalls of flaps and slats.
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