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RESEARCH MEMORANDUM

EFFECTS ON CONTROL EFFECTIVENESS OF SYSTEMATICALLY
VARYING THE SIZE AND LOCATION OF TRAILING-EDGE
FLAPS ON A 45° SWEPTBACK WING AT
A MACH NUMBER .OF 1.9

By Carl R. Jacobsen
SUMMARY

The effects on control effectiveness of systematically3varying the

‘size and location of trailing-edge flaps on a U5° sweptback wing has

been'invéstigated at a Mach number of 1.9. The tests were made in the
Langley 9- by 12-inch supersonic blowdown tunnel at a Reynolds number-

of 2.1 X 10°. The wing model had an aspect ratio of 2.5, a taper ratio

"of 0.625, and 6-percent-thick hexagonal airfoil sections.

" The most important finding indicated by the experimental results
and substantiated by the calculations was the loss in flap effectiveness
caused by the effects of the wing tip. The wing tip influenced the
loading due to deflecting the flap sufficiently to cause the flap location
for meximum rolling-moment effectiveness to move from an outboard to a
midsemispan location &s the flap chord was increased from 25 to 45 per-
cent of the wing chord. The values of the calculated effectiveness.
parameters were in qualitative agreement with the experimental values,
although the calculated parameters were somewhat higher. The maximum
deviation between the experimental and calculated results occurred for
those flaps extending inboard to the fuselage.

INTRODUCTION

The characteristics of trailing-edge flaps and spoilers on two
related semispan wings in the Langley 9- by 1l2-inch supersonic blowdown
tunnel are being investigated. .References 1 and 2 repoft the results of
the initial investigation &t & Mach number of 1.9 on an unswept wing.
The present paper gresents a similar study of trailing-edge flaps on a
wing swept back 45°.
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The tapered wing had en aspect ratio of 2.5 and 6-percent-thick
hexagonal airfoll sections. Flaps having chords and spans which were
systematically varied were tested at several spanwise locations.

The investigation wes carried out at a Mach number of 1.9 and a

" Reynolds number of 2.1 X 106. The angle-of-attack range was t6° and the
flaps were deflected from 0O° to 15°.

Five-cdmponent force data are presented and the experimental values
of flap 1ift, rolling-moment, and pltcthing-moment-effectiveness are
compared with that predicted by linearized theory.

COEFFICIENTS AND SYMBOLS

All data sre presented with respect to the wind axes.

cr, 11ft coefficient (%;—t)
Drag
d efflicient
Cp reg co c ( as )
.Cm . pitching-moment coefficlent
<Pitching moment about 0.5C
gSc
Ciy_ gs gross rolling-moment coefficilent
gro Rolling moment of the semispan winé)
2qSb -
Cngross gross yawlng-moment coefficient
&r Yawing moment of the semispan wing)
2agSb
CI rolling-moment coefficient due to control-surface
_ deflection (czgross - ngross(5=00))
&Cp, &Cys - - - - increment in coefficient due to control-surface
deflection
q - free-stream dynamic "pressure
S exposed semispan wing area (10.00 sq in.)

0l

mean aerodynamic chord of exposed wing area (3.;3 ig.)
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c - local wing chord
cp local control-surface chord -
b . wing span, twice distance from wing root to wing tip
' (8.13 1in.)

" be control-surface span .
NE] spanwise location of inboard end of control surface
Yo spanwise location of outboard end of control surface
a : anéle of attack relative to free-stream direction
5. control-surface deflection measured in a plane normal

to hinge line

R . Reynolds number bésed on ¢

oL, ' rate of change of 1lift coefficient with angle of
attack

CL5 - rate of change of 1ift coefficient with contrdl-surface

)
deflection —t
Gel3)

Cm& rate of change of pltching-moment coefficient with
SCp
\ 08

control-surface deflection

rate of change of rolling-momena cefficient with
control-surface deflection 38

MODEL

The semispan wing and the half-fuselage mounted in the test section
are presented in figure 1. The principle dimensions of the wing and
fuselage are presented in figure 2. The wing was swept back U45° at the
midchord line. The aspect ratio of the basic wing was 2.5 and the taper
ratio was 0.625, The airfoil sections parallel to the airstream were
symmetrical 6-percent-chord-thick hexagonal profiles. The profiles
were modifled slightly by rounding the ridges. Both the leading-edge
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wedge and the trailing-edge wedge of the section extended 30 percent of
the chord; The resultant wedge angle wes 11.42°.

The configurations tested included 25-, 35-, and 45-percent-chord

plain flaps. The Tlaps extended from the fuselege intersection at

0. 20b/2 to O. 95b/2 and were divided into three O. 25b/2 segments. Flap
spans equal to 25, 50, and T5 percent of the wing semispan were achieved
by deflecting the segments separately and in combination. The gaps
" between any segments having the same deflections were sealed and faired.
For each flap chord tested, a fine groove along the hinge line was
machined on the upper surface of the wing and thereby allowed deflection
of the flaps about en axis near the lower surface of the wing. Flap
deflections were measured normal to the hinge line.

TESTS

The Langley 9- by 12-inch supersonic blowdown tunnel in which the
present tests were made uses the compressed alr of the 19-foot pressure

tunnel. The air enters at an absolute pressure of sbout 2% atmospheres

and contains about. 0.003 pound of water per pound of air. The free-
stream Mach number has been calibrated at 1.90 + 0.02. This Mach number
was used in determining the dynamic pressure. For the tunnel-clear
condition, the statlc pressure in the test section varied about *1.5 per-
cent. Flow characteristics which might affect the aerodynamic results
are discussed in reference 3.

The average dynsmlc pressure for the tests was 11,0 pounds per
square inch. The average Reynolds number was 2.1 X 10°. The test
Reynolds number decreased about 3.8 percent .during the course of-each
run because of the decreasing pressure of the inlet air.

. The investigation was made through an angle-of-attack range from
-6° to +6° and through a flap-deflection range of 0° to +15°.

Five-component force measurements were obtained for the wing in the
presence of, but not attached to, a half-fuselage. Because of the

belance deflections under load, a gap of about 0.015 inch was maintained
between the wing and fuselage under & no-load condition (reference 1).

TEST TECHNIQUE

The semispan model used In this investigation was cantilevered.
from a strain-gage balance which mounts flush with the tunnel well and
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rotates with the model through the angle-of-dttack range. The half- )
fuselage 1s attached to the housing of the balance, and thereby permits
the wing to’'be tested in the pregence of, but. not attached to, the

- fuselage.

. The development of sn acceptaeble technique for testing semispan
wing models in this facillity was reported in references 2 and 3. It was
found that shimming & half-fuselage away from the tunnel wall minimized

wall-boundary-layer effects over the fuselage. However, the gap between \

the wing end body caused deviations to occur in the wing loading near’
the wing-fuselage Juncture. The deviations were small at angles of .
attack below 4°. 'The indications are that, at higher angles of attack,
the wing loading would be coneiderably altered and, therefore, the
characteristice of flaps located adJacent to the fuselage could well be
in error.

RESULTS

The rdliinéqmément and'yawing—ﬁoment coefficients as presented
herein apply to & full-span wing with the flap deflected on the left
wing panel only. The 1ift, pitching-moment, and drag data, however, are

" reduced for flaps deflected on both wing panels. Varistions of the

serodynamic coefficlents with angle of attack are presented in figures 3
to 7 for the W5-percent-chord flep arrangements. The data for the 1lift,

"-rolling moment and- pitching moment for the L5-percent-chord flaps are

representative of the data for all other control arrsngements in that

.flap effectiveness was almost independent of angle of attack. Conse-

quently; for the 25~ and 35—percent-chord flaps only the variations of
the aserodynamic coefficlents with flap deflection at zero- angle of
attack have been presented in figures 8 to 12 along with similar data
for the W5-percent-chord flaps.

No tare corrections were necesssry since the object of the tests
was to obtain data on flap effectiveness. The zero shift shown by the
date of figure 6 'is probably a result of model asymmetry.  From a general
consideration of balance-calibration accuracy, fluctuations in loads,

" nonuniformity in the flow, and accuracy in the model setup, it is

believed that the data presented are accurate to within about the
following limite:

a, degrees . .. ;-ﬂ I e o)
B, e@Te@8 . . ¢ ¢ ¢ 1 4 ¢ ¢ o 4 ¢ e o o 4 s e s a4 s s s e o « » 20,10
cL e & e ¢ 2 s e« & s e s e e e - .- « ¢ e e o & .8 & a .83 e e € @ -4:0.005

e o s s e « o T0.001
e« ¢« v s « « F0.001
e ¢« o e s s » &« %0.002
qn_. I T S T T T L LR - Yo oo =28

3

Cm -o'n----ocnca_tobcloocouc
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Average experimentel values of 1ift, rolling-moment, and pitching-
moment effectiveness parameters, which were obtained arbitrarlly between
a flap deflection of 0° and 10°, are presented in table I. The dats of
teble I are presented in figures 13 to 15 to illustrate the effects of
flap span, flap chord, and flap spenwlse locatlon on these effectiveness
paremeters. Included in both table I and figures 13 to 15 are the cal-
culated effectiveness values of the flaps corrected for wing thickness
as obtained by the use of the method of reference 4. Because of the
limiting assumptions, the method of reference 4 cannot be used directly
for calculating the effectiveness of flaps which extend outboard to
0.95b/2 or which extend inboard to the fuselage. It was possible, how-
ever, by certain modifications to the method to obtaln appraximate
effectiveness values for these flaps.

: In reference 4, flaps were assumed to be located either at the
wing tip or far enough inboard to prevent the outermost Mach cone from
the flap from crossing the wing tip. TFor elther location, the inner-
most Mach line was assumed to lie completely on the adjacent wing panel.
In the present investigatlon, for those flaps located adjacent to the
fuselage, the method was modified to consider the fuselage as a reflec-
tion plane. For those fleps which extended to 0.95b/2, it was necessary
to calculate the effectiveness values of flaps of the same size and
geometry for all spanwise locations directly covered by the method of
reference 4 (ignoring the effects of the fuselage). From these values

& curve was falred through the reglan not covered by the calculations
aend epproximate values were then obtalned at the flap's true location.
As an illustration, figure 16 shows how this procedure was used to
obtain the approximate values of CLy for the 25-percent-gsemispan flaps

which extend to O.95b/2. The approximate values obtained for the cal-
culated effectiveness parameters in this falred region may differ within
approximately the following iimits, depending upon the fairing used.

C£/c CL5 . Cza Cma

0.5 +0.0001 +0.00002 +0.0001
35 +.0002 .i.00002 £ .0001

o5 +.0002 4.00003 +.0002
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DISCUSSION

Wing Characteristics

' The experimental value of Cr, for the wing with flaps undeflected

. wes.0.041l. 'The center of pressure on the wing at the lower angles of
. attack was located at 48 percent of the exposed semispan out from the body
and at 35 percent of the meen serodynamic chord of the exposed wing.

Flap Characteristics

.The 1ift, rolling moment, and pltching moment varled almost linearly
with flap deflection (figs. 8 9, end 11) and increased with increasing
flap spen and with increa.sing flap chord (within the experimental accu-
racy). The 50- and 25-percent-semispan flaps of 25-percent chord
extending inboard (yi = 0.20b/2) to the body had somewhat lower values
of 1ift than would be expected (possibly a result of wing-fuselage gap
effects). Fxcept for these configurations, the experimental 1ift effec-
tiveness for a flap of given span snd percent chord decreased slightly -
as the flap location was moved outboerd towards the wing tip (fig. 13).
This decredse was in agreement with the calculated effectiveness and
was related to the decrease in flap area caused by wing taper and also
to wing tip effects in cases for which the outer Mach line from the flap
crossed the wing tip. For these cases, the area of the region of carry-
over loading progressively decreased as the flap was moved outboard of
this location and as its outer Mach cone enclosed more of the wing tip.
This Mach cone caused & series of disturbances at its Intersection with
the wing tip and, consequently, affected the loading over a part of the
flap. These effects are possibly caused in part by aerocelastic and ’
viscous effects. Aerocelastic effects would be expected to be small
because the wing was solid steel and essentially rigid. The effects of
‘viscosity are believed to be secondary to the tip effects ‘discussed.

As” the flap chord was increased fram 25 to 45 percent, the effectiveness
of the flaps extending to 0. 95b/2 increased less rapidly with respect
to the effectiveness of flaps located further inboard.

The wing tip effects would be expected to change the rolling moment
more than the 11ft becsuse, in addition to the decrease In 1lift loading,
the rolling moment should alsoc be affected by the inboard shift of the
center of pressure of the loading relative to the flap. There was some
Indication from the results that the flap location for meximum effec-
tiveness, particularly for the 25-percent-semispan flaps, moved from .
the outboard to the. midsemispan location as the flap choird was increased
.from 25 to 45 percent of the wing chord; however, the differences.
involved were small. The mlidsemispan flap location for the maximum

3
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rolling effectiveness of the lerger chord flaps is in agreement with the
findings of qther investigations made at itransonic end supersonic speeds
(references 5 and 6) and at low and high subsonic speeds (reference T).
The data of reference 6 indicate that; when a wing is swept back from

0% to 459, a control surface of given span should be moved inbosrd to
achieve the maximum effectiveness. The same conclusion is reached when
the results reported herein are compared with the results obtained in _
the parallel investigation of reference 1, since sweep angle 1s the only
variable.

It should be pointed out that the calculated flap characteristics
given in reference 1 for outboard flaps are in slight error because the
wing tip effects were arbltrarily neglected to hold the computing time
within reasongble limits (now circumvented by the use of reference Ly,
It has been found that, even with wing tip effects taken into considera-
tion, the trends shown in reference 1 would be unaffected. In order to
better 1llustrate this fact and to show the influence of sweepback on
tip effects, the following table is presented which lists the calculated
values of Cza for the 25-percent-semispan flaps having 45-percent

chord. On the unswept wing, the wing tip effects slightly decreased the
effectiveness of the outhboard flap. For the sweptback wing, however,

the decrease was s8¢ pronounced that the center flap became more effectlve
- than the outboard flap. For wings having approximately the same trailing-
edge sweep angle, these same effects of the wing tip would be expected
to occur at lower Mach numbers for smaller chord flaps.

. Calculated C;a
Flep location, i Wing Wing
_ b/2 unswept swept back 45°
- 0.20 : 0.0004%0 0.00055
5 .000Th .00061
.70 {considering no tip effects) .0009% 00073
.70 (considering tip effects ) .00085 .00052

The calculated and experimental pltching-moment effectiveness
increased with flap chord, flep span, and with increasing flap spanwise
location out from the body (table I{c) and fig. 15). The values of the
calculated parsmeters were, however, somewhat higher than the experi-
mental values (table I(a), (b), and (c), respectively). The maximum
deviation between the experimental and calculated results occurred for
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those flaps extending to the fuselage érohably as & combined result of
the test technique employed and of wing-body interference.

It should be pointed out that although a center or outboard flap
location might be desirable from the standpoint of rolling moment, this
locaticn may have disadvantageous yawing-moment and drag characteristics
as evidenced by figures 10 and 12. -

CONCLUDING REMARKS

An investigetion has been made in the Langley $- by l2-inch super-
sonic blowdown tunnel at & Mach number of 1.9 to determine the effects
of verying the size and location of plain flap-type controls on a low-
aspect-ratio sweptback wing.

The most important finding indicated by the experimental results -
and substantisted by the calculations was the loss in flap effectiveness
caused by the effects of the wing tip.: The wing tip influenced the
loading due to flap deflection sufficiently to cause the flap location
for maximum rolling-moment effectiveness to move from an outboard to a
midsemispan location as the flap chord was increased from 25 to 45 per-
cent of the wing chord. A comparison of these results and the results
of a previous investigation of a related unswept wing shows that sweep- .
back caused a small loss in 11ft and & related loss in rolling effec-
tiveness, but sweepback caused no change in the general trends of flep

.1ift. TIncreasing the sweep, however, tended to move the flap location

for meximum rolling-moment effectliveness from an outboard to a mid-
semispan locatlion.

_ Linearized theory predicted the effects of changing the flap size
and location on the characteristic tremds of the 1ift, rolling-moment,
and pitching-moment effectiveness parameters. ‘The values of the cal-
culated parameters were, however, somewhat higher than the experimental
valuee. The meximum deviation between the experimentsl and calculated
results occurred for those flaps extending to the fuselsage.

" langley Aeronautical Leboratory

Retional Advisory Committee for Aeronautics
Langley Fleld, Va.
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EXPERIMENTAT, AND CALCULATED FTAP CHARACTERTSTICS OF A

WIRG MCDET, AT A MACE NUMEER OF 1.2

(ai "Lift effectiveneds rarametsr, Crg

, ‘g
" Location of inboard chord
Flap spen end of 1l Flap
. 1] ll
(percent b/g) {parcent 1b/2) Parcen o 35
. ' Experimental Caleulated . Experimental, Calculated Prperimental Calculated
i} 20 j 0.0057 0.0057 0.0071 0.0079 0.0095 0.0112
A5 J 0034 ,003% .00k2 0048 ,0093 006k
%0 - .
K- j .0029 .00%g .0ché il .0068 .0087
To i .0015 .0015 .0018 ,0019 0022 .0026
’ \
B L j 0017 - ,0019 ,0023 .0027 .0032 .0038
20 - j .oa10 0023 ,0026 0033 .00 L0050
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TABIE T

EXPERIMENTAY. AND CAICULATED FLAP CHARACTERIDTICS OF A WING

MODET, AT A MACH NTMEER OF 1.9 - Contlnusd

(b) Bolling effectiveneso paremetsr, c:a

N clu
Location of inboard
Flap span " end of fla
(percemt b/2) (percent 1:32) B 5
Experimental Calculated Experimental Calculated Experimental Calculated
™ 2 J 0.0007T 0.0008 0.00106 0.0011% 0.0aLk0 0.00165
N 15 J -00050 -00050 -00076 -00080 ~00096 *.00113
30
1 '
. 20 +000k: 00053 .00063 00078 00086 .00118
T0 J .00033 00031 .00037 00038 00052 00052
- " j 00022 .00029 -00039 000k2 00056 .00061
20 j 00013 .00023 . 00026 00035 00030 00055
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TABLE I
EYPRRIMENTAL AND CATCULATED FLAP CHARACTERTSTICH OF A WING

WODEL AT A MACH NTMSER OF 1.0 - Contcludsd
(c) Pitching-moment paremeter, Cag

Cay
Location of inboard Flap chord
Flap apay end of fla percent
(percent b’,e) (percent h/g) : i -]
>

Experimental Calculatad Experimental Calculated Erperimental Calculated
™ 20 J -0,0020 -0.00¢1 -0,0022 -0.0026 -0.0022 -0.0020
¥ g -.0018 . -.0018 -.0080 -.0022 -.00a3 ~.0025
50 '
20 j ~.0010 -.0013 -,0009 - 0015 ~,0009 =,0019
70 J -.0010 -.000 -.0011 0011 -,0012 -.0012
5 5 j -~,0006 -.0000 -.0009 -,0010 i-.ooog =.0013
20 j ~.0003 ., 000k -.0002 ~2000% -.0002 -.0005
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HOTIVWMOANT XITHNOES |
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Figure 1.- Photograph of semispan wing model.
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