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SUMMARY

An investigation was made in the ILangley high-speed T- by 10-foot
tunnel to determine the effectiveness of a given deflector arrangement
as a gust alleviator on a 0.09-scale model of the Bell X-5 airplsne with
various wing sweep angles from 20° to 60° at Mach numbers from 0.L40
to O.gO over & maximum engle-of-attack range from approximastely -5°
to 21~.

Deflectors were effective as gust alleviators (reduction of the
lift-curve slope measured through O° angle of attack) at all wing sweep
angles; however, the magnitude of lift-curve-slope reduction varied with
Mach number and wing sweep angle. For this particular deflector instal-
lation (projection of 15 percent average chord and span of 0.25 wing
semispan located along the 35-percent-chord line of the unswept wing),
the configuration with 50° swept wings had the meximum reduction in
lift-curve slope and the minimum veriation with Mach number (from approx-
imately 29 percent at a Mach number of 0.40 to approximately 21 percent
at a Mach number of 0.90). The deflectors caused an increase in drag at
all Mach numbers and wing sweep angles of this Investigation and, con-
sequently, would be effective as aserodynsmic brakes.

At the lower angles of attack (linear portion of the lift curve),
the longitudinal stability of the wing configurations for angles of
sweep from 20° to 50° was increased by the addition of the deflectors.

At higher angles of attack as the Mach number was increassed, pltch-up
was evident for both the basic model and the model with deflectors. The
severity of the pltch-up and the angle of attack when the pitch-up occurs
are closely assoclated with the nonlinearity of the 1ift curve. Over the
angle-of-attack range of the present investigation the deflectors caused
no merked effect on the longitudinel stebllity of the 60° swept-wing
model, It appears that, generally, if the basic model had no pitech-up
problem, the deflectors d4id not cause pitch-up; however, if the basic
model hed pitch-up, the deflectors tended to increase pitch-up.
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INTRODUCTION

A previous investigetion msde in the ILangliey 300~-MPH T- by 10-foot
tunnel and in the Langley gust tumnnel has shown that spollers and deflec-
tors (deflectors defined as lower-surface sgpoilers), when mounted near
the leading edge of the unswept wing of a transport-airplane model, were
effective in reducing the normsl acceleration due to gusts. (See ref. 1.)
As was pointed out in reference 1, this reduction in normal acceleration
is proportional to the reduction in lift-curve slope due to addition of
the spollers or deflectors. It was anticlpated that this type of control
would be extended when rough alr was encountered and remain extended as
long as the alrcraft was flylng in rough alr. The investigation was
extended to include spoilers and deflectors on a 1/h-scale model of the
Bell X-5 research airplane with 35° swept wings end on a high-aspect-ratio
350 gwept-wing—fuselage model in the Langley 300-MPH 7- by 10-foot tumnel
(ref. 2) and, also, on a 35° swept wing on the transonic bump in the
Langley high-speed 7- by 1l0-foot tunnel (ref. 3). In each of these inves-
tigations the results indicated that these controls were effective in
reducing the lift-curve slope; however, the data 4id not show the effect
of varying wing sweep on the lift-curve-slope-reduction capebilities of
spollers or deflectors at the higher Mach numbers.

The purpose of the present investigation is to determine the effects
of wing sweep and Mach number on the gust-slleviation capasbilities of &
glven deflector arrangement on & 0.09-scale model of the Bell X-5 sirplene.
The deflector investigated hed a projection of 15 percent of the average
wing chord and a span of 25 percent of the wing semispan along the
35-percent-chord line of the unswept wing. The resulis are presented and
discussed in terms of the reduction in lift-curve slope achleved through
use of the defiector and the assoclated effects on the longltudinel sta-
bility and drag cheracteristics of the model.

SYMBOLS

All datse are presented with respect to the wind axes. The piltching-
moment coefficients are referred to a point 0.421 inch below the gquarter
chord of the mean aerodynamic chord. (This vertical position corresponds
to the vertical position of the center of gravity of the airplane.)

b wing span, ft
bt span of horlzontal tail, ft
Cp drag coefficient, Drag

qS
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11ft coefficient, l‘f{is'—t-

slope of 1ift curve of besic model (measured at o = O°),
per deg

slope of 1ift curve of model with deflector (measured at
a = 0°), per deg

Pitching moment
gsSc

pitching-moment coefficient,

local wing chord, ft

b/2
f cdy, £t
0

wing mean serodynemic chord,

wiro

average stresmwise wing chord spanned by control, ft
wing root chord, ft

wing chord measured perpendiculer to 38.02-percent-chord line
of unswept wing, ft

Mach number

dynemic pressure, 2%3, 1b/sq Tt

Reynolds number, based on @
wing ares, sq ft
free-strean veiocity, ft/sec
longitudinal distance, ft
lateral distance, £t

angle of attack, deg

angle of sweep of wing, deg

mass density of air, slugs/cu ft
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MODEL AND APPARATUS

The model used for the present lnvestigation was a 0.09-scale steel
model of the Bell X-5 research alrplane and was supplied to the National
Advisory Committee for Aeronsutics by the Bell Aircraft Corporation. The
wing angle of sweep of the X-5 alrplene 1s varleble in flight from 20°
to 60°, and longitudinal translation of the wing with respect to the
fuselage occurs as the angle of sweep varles.

In this investigation the angle of sweep of the model wing was varied
from 20° to 60°. The wing was equipped with deflectors mounted along the
35-percent-chord line of the unswept wing. The deflector had a projec-
tion of 15 percent of the average wing chord and s span of O.25b/2 with
the inboard end the same distance from the plane of symmetry as the tip
of the horizontal tell. A three-view drawing of the model, the physlcal
characteristics of the model, eand the deflector installastion are shown
in figure 1.

The model was supported in the Langley high-speed T7- by 10-foot
tunnel by means of a sting-support system and was atbtached to the sting
support through a six-component internal strain-gage balence. The model
was rotated in pitch so that it was kept reasonebly close to the tunnel
center line. Because the sting support was used, modlifications to the
model at the rear end of the fuselage were necessary. The horizontal-
tall and vertical-tail surfaces on the model, therefore, are slightly
different from those on the full-scele sirplane. A comparison of the
modified fuselsge and empennage of the model with the fuselsge and
empennage of the full-scale airplane is presented in figure 1(a).

TESTS

The sting-supported model was tested 1n the Langley high-speed
7- by 10-foot tunnel at Mach numbers ranging from 0.40 to 0.90 and at
angles of attack ranging from about -5° to 21C except when the load
limit of the strain-gage balance would have been exceeded. The Reynolds
number, baged on the wing mean aerodymemic chord, varied with Mach num-

ber and wing sweep from sbout 1.3 X 106 to 3.8 X 106 ag 1s shown in fig-
ure 2. Tests were made with and without the deflector installed at wing
angles of sweep of 20°, 35°, 45°, 50°, and 60°. The angle of incidence

of the horizontal tail was -1.7° for all tests.
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CORRECTIONS

Blockage corrections were applied to the results by the method of
reference 4. Jet-boundary correctlons to the angle of attack, drag, and
pltching moment were applled in accordance with reference 5.

Model support teres have not been applied except for & fuselage base
pressure to the drag. The corrected drag deta represent a condition of
free-stream statle pressure at the fuselasge base. From past experience,
1t 1s expected that the influence of the sting support on the model
characteristlics is negligible with regard to the 1ift and pitching moment.

The angle of attack has been corrected for deflection of the balance
and sting support.

RESULTS AND DISCUSSION

The 1lift, drag, and pitching-moment coefficients for both the basic
model and the model equipped with deflectors are presented as a function
of angle of attack in figures 3, 4, and 5, respectively. (In order to
facilitate presentation of the data, staggered scales have been used in
these figures and care should be taken 1n ldentifying the zero sxis for
each curve.) A sumary plot of the lift-curve slopes CI&,O and CI@ D

pJ

(measured at a = 0°) as a function of Mach number is presented in fig-
ure 6. The variation of percent lift-curve-slope reduction’ due to the
deflector as & functlon of sweep angle and of Mach number 1s presented
in figure 7.

The deflector arrengement used on the test model (projection of
15 percent of averege chord and span of 0.25b/2 located elong the
35-percent-chord line of the umswept wing) effected a reduction in the
lift-curve slope; however, the magnitude of reduction veried with Mach
number and wing sweep angle. (See figs. 6 and 7.) An increase in
effectiveness %reduction in lift-curve slope due to deflector) was
observed as the wing sweep angle was increased up to sbout 50°, and
above an angle of sweep of 50° the effectiveness decreased. A decrease
in effectiveness was noted with lncreased Mach number for all angles
of sweep of this investigation with the exception of the 60° swept wing
which showed the reverse trend up to & Mach mumber of sbout 0.80. At
an angle of sweep of 50° the reduction in lift-curve slope was at & maxi-
mum and the variation of lift-curve-slope reduction with Mach number was
at a minimmm (from approximstely 29 percent at M = 0.4O to approximately
21 percent at M = 0.90). Even though no attempt was made to install the
deflectore at the optimum chordwise position, 1t is indiceted from these
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results that a deflector can be used as a gust-alleviation device on
swept wings. It should be noted, however, that, when deflectors were
installed on the wings, the 1lift curves tended to become more nonlinear
except for the 60° swept wing (fig. 3), and in some cases the deflector
caused & relstively sharp break in the 1ift_curve which could result in
unwanted roll-off characteristics. Over the linear lift-curve range,
when the deflectors were extended, the meximum change in attitude
(chigge in angle of attack) at a given 1ift coefficient was of the order
of .

The drag of the model was Increased by the addition of the deflectors
at all angles of sweep and Mach numbers. This increase 1ln drag indicates
that deflectors would be effective as aserodynamic brekes and would aid
in slowing down the airplane to "rough air" speed. (See fig. L.)

At the lower angles of attack (linear portion of the lift curve),
the longltudinal stability of the wing configurations for A = 20° to
A = 50° was increased by the addition of the deflectors, and it is
possible that there would be large trim changes (fig. 5). However,
at higher angles of attack as the Mach number was increased, pitch-up
was evident for both the basic model and the deflector model. The mever-
ity of the pitch-up and the angle of attack when the pltch-up occurs are
closely assoclated with the nonlinearity of the 1lift curve. Although
the deflector had no merked effect on the longitudinel stabllity of the
60° swept-wing model and no pitch-up was evident, it should be pointed
out that a previous investigation which extended to higher angles of
attack did show pitch-up tendencies (ref. 6) and it is likely that, had
the present investigation extended to higher angles of attack, pitch-up
tendencies would have been evident for both the basic model and the
deflector model.

From results of the present investigation and the investigations of
references 1 to 3, 1t appears that, generally, for basic models that hed
no pltch-up problems the deflectors did not cause pitch-up; however, if
the basic model had pitch-up, the deflectors tended to increase pitch-up
and, in some cases, caused pltch-up at a lower angle of attack.

CONCLUDING REMARKS

Results have been presented of an investigation in the ILangley
high-speed T- by 10-foot tunnel to determine the effectiveness of deflec-
tors as gust alleviators on a 0,09-scale model of the Bell X-5 airplane
at various wing sweep angles.
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Deflectors were effective as gust alleviators (reduction of the
1lift-curve slope measured through 0° angle of attack) at all wing sweep
engles; however, the magnitude of lift-curve-slope reductlion varied with
Mach number and wing sweep angle. For the test installation the configu-
ration with the 50° swept wing gave the meximum reduction in lift-curve
slope and the minimum vearistion with Mach number (from aspproximately
29 percent at a Mach number of 0.40 to approximstely 21 percent at =
Mach number of 0.90).

The deflectors caused an Ilncrease in dreg at all Mach numbers and
wing sweep angles of the tests and, therefore, would be effective as

serodynamic brakes.

At the lower angles of attack (1inear portion of the 1lift curve),
the longitudinal stability of the wing configurations for angles of
sweep from 20° to 50° was increased by the addition of the deflectors.
However, at higher angles of attack as the Mach number was lncressed,
pitch-up was evident for both the basic model end the deflector model.
The severity of the pltch-up and the angle of attack when the pitch-up
occurs are closely assoclated with the nonlinearity of the 1ift curve.
Over the angle-of-attack range of the present investligation the deflec-
tor caused no marked effect on the longitudinal stability of the 60°
swept-wing model. It appears that, generally, if the basic model had
no pitech-up problem, the deflectors dld not cause pitch-up; however, if
the basic model had pltch-up, the deflectors tended to increase pitch-up.

Langley Aeronautical Lgborstory,
Nationel Advisory Commlttee for Aeronautics,
langley Field, Va., September 9, 195T7.
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Figure 2.- Variation with Mach nuwber of test Reynolde number based on
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O Basic model

0 peflector mode!

Figure 3.- Variation of 1lift coefficlent with angle of attack at

quipped

several Mach nunbers for the baslc model and the model e

with deflectors.
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(b) A = 35°.

Figure 35.- Continued.
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Figure 3.- Continued.
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o Basic mode/

Deflector model

(d) A =50°,

Figure 3.- Continued.
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O Basic mode/

o Deflector model/

Figure 3.- Concluded.
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- O Basic mode/
o Deflector mode/
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(a) A = 20°.

Figure U4.- Variation of drag coefficient with angle of attack at
several Mach nurbers for the basic model and the model equipped
with deflectors.
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Figure 4%.- Continued.
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o Basic model
o Deflector mode/
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Figure k.- Continued.

19

HHlii;

el i R

== .90

.85

Hif N
1HRA

== 40
2 16 20 24


http://www.abbottaerospace.com/technical-library

40

6 20 24

NACA TN L4175

/2 :

8
deg

sl __==_=E_=uﬁ_

a Deflector mode/
al

O PBasic model/

20

- Continued.

Figure 4


http://www.abbottaerospace.com/technical-library

NACA TN 4175

O Basic model

a pDeflector mode/

o Q
T3 Q % 3 %
e R T AT R TRTIm N
e TR R
) e e A
R AL Ty O
L A LR S R
T A e e R e
E_____,__,____=_________=_=__________=___=_=____=___E__~_=___________ S e
N e ____r_=;_~__==__._____r____"_____________...__".________z________ HIHAHAAN ____*__w_________*______________ i ©

_______EE_____:________m________s_____E_______E___.____________.____*__________m______
R R H ___: TR
IR L

T e HNHRIN
(AR e T _._________a__*_". il _m_____u_=_=__=___ ;LI ______________._ IR i =_____A_=r.d___=_==_=
A oA OO R R E__E_E__E_____;_ ST O R AT S S
M G e S ___E_.__:E_m:_ TR u__=____________E__,,_____z________E__5___=_==__=__‘_=___r=mm=
O T s o
_E__E______z___*___E:________..__E_EJ_EE_ Hi _____=__E_,E=___r£_,=____=_==_E____=___.,_____________: RN AT
Rt s o A Hitatl
_=_==__=E=_LE_===__====Ed=¢___a=_=________“___EE__=_§__3_m_=E_______“___________E_E___E__ A A TR ol n
e B S e ___
R _=_~=_==E==_=__=_=_=_=___=_==E_=E_“_m _ e
NN ! e T _=__E===_===m

il s _m__”__a__a___s__m_ iy Ll

A _ =_===___________E___:_:_am
==_==__ =====__===_=_L“__m“wmm__“mm ~=E=_=_=_m=_==_“ (kA m_=____u_ CAIYARHEE T e _g
¥l

ﬁ§§§1 _
! g%

gt "__m_________________a__ N
B AN
R et __=__=_E__m_______“*_mﬂ_*_“mﬁ_

o THHHAH AR MO

==

(e) A = 60°.

Figure 4.~ Concluded.
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(a) A = 20°,

Figure 5.~ Variation of pltching-moment coefficient with angle of sttack
at seversl Mach numbers for the basic model and the model equipped
with deflectors.
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o Basic model
o Deflector mode!/
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(b) A =35°.

Flgure 5.~ Continued.
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Figure 5.~ Continued.
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O Basic model/

Deflector model

(a) A = 50°.

Figure 5.- Continued.
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(e) A = 60°.

Figure 5.- Conecluded.
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Figure 6.- Variation of lift-curve slope with Mach number for the basilc
model and the model eguipped with deflectors (slopes measured at
a = 09).
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