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RATIONAL AIVISORY CCMMITTEE FOR AERONAUTICS

TECINICAL NOTE X0, 1352

WIND-TUINEL INVESTIGATIOR OF SPLIT TRATILING-EDGE
LIFT AMD TRIM FIAPS ON A TAFEEZD WIIG
WITH 23° SWEEPBACK

By Williem Ietko and David Foigenbom

SUMIRY

Results of foice tests and pressurc-distiibution meecurements
are prossntod {rom a wind-turnol investigation to dotermine the
oeflects of cize and hinge location of 1ift and trim flaps on the °
11ft ard pliching-moment cheracte:istice of a eemispen tapored wing
with 23° eweepback of the quarter-chord line, The {leps tocted
were nplit flape with chords of 10, 20, 30, and "0 persent of the
wing ctord, Ths spans of the 1lift fleps wore 20, 40, 60, 60, and
100 percent of the wing spen; the rpuns ¢f the trim Ilaps wsre
10, 20, 40, snd 60 psrcont of the wing syan. Tho flaps wore tested
with the hingo axes a*t ceveral diffsrent chordwice locationa, .

The ctatic longltvdinal siebility of the ewept—-beck wing, as
indicated by the slcpe of the curves cof pitching-ncuent coefficient
egainat 1ift coefficient, was increased vhen the 1i0% flapn were
delflscted, espscially for tho larger flnps.

Iroremonts in mazimum if%t coefficient of the order of 0.h
were pioduced in scme configurutiors by self-irlmming 1ift flapsy
that is, 1ift fleps thet produced ro incrementi in pltching moment
sbout the aecrodynamic conter. DBy the wse of trim flnops to courter—
ect the pltching mcmsnts produced by the 1ift “laps, increments in
raximm 1ift coeificiont of thn oxder of 0.5 might bo attainsd.

The chord of tho trim flop usod had a negligible effect on the net
11ft coefiicients attainablo, a)though use of & larze-chord tirim
flap meent that e emalls: spen was roquired. Using a trim flap with
the hinge oaxic moved bagk to the tiniling edgs, however, allowed
slightly gxsater lii't incicments to be attained. The increcmsnts in
trirmed 1ift coefficiont prodvisd Ly the 1ilt flap increased with
flap chord and reached a nmaximm value for all flap chords et a

flap spen of abont 50 peicent of the wing spen. Mcving the hings
exis or the 1ift fleps forward increaced tio lift-coefficient
ircrement atteinablo et a 10° angle of attack with sslf-trieming
flaps., The greateat incrvement ir wmaximm 1if% coofficient attainable
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with self-trimming flaps ocourred, however, when the flap hinge
axie was on the 70-percent—chord line. A comparieon of the results
with amalytical results showed, in generasl, reasonably good agree—
ment,

INTRODUCTI O

In order to apply high~lift flaps to "all-wing" airplanee, a
flap arrangement thot produces small pitching moments about the
center of gravity is ncceseary, eince ths longitudinal-control
device generally used is not well adapted to trimming out large
pitching moments. The analysis of reforence 1 indicatea that
trim flaps (upward deflected flaps) near the wing tips of a swopt—
back wing may be used to trim-out the pitching moment of the ift
flap or that lift flaps might be designed to be self trimming if
the wing has enough swcepbacli. A means of reducing the pitching
moment of the lift flap is to move the center of pressure of the
flap forward by moving the flap hinge lino forward of its normal
position. In order to cbtain experimental’'data for checking and
comparing these means of obtaining high lift coefficients on all-
wving airplanes and for checking tho analyeie of reference 1,
tests wore conducted in the langley stability tunnel on a eemispan,
svept~back wing equipped with variocus sizes and configurations of
split flaps.

SYMBOLS

1ift coefficient (-L-)
aS

increment of lift coefficient produced by flap

increment of seoction normal-force coefficient produced
by flap

; 2 (D
drag coefiicient (55)

pitching-moment coefficient -1;:’%

increment of pitching moment coefficient produced by flap
life

section nomal force
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D drag

M pPitching moment abcut quarter chord of mean gecmetric
ving chord

N’R increment of resultant pressure coefficient

S ving arse

medsl spen n.omal to plene of symetry (semispan of wing)

flep span

local wing chora rarallsl to plene of symme try

mean geanetr‘ic‘wing chord

local flap chord

dynemic pressurs

angls of attack measured at root ssction

uncerrectsd engls of attack

flap deflsction measured with respsct to airfoll surface
in plens normal to hings axis (Lift-f1ap deflection
positive dovmward; trim-flap deflacticn positive upward)

Reynolds number

b £
aspect ratio 3

taper ratio; retioc of tip chord cof wing to root chord of
wing

A angls of swesmback of quarter-chord lire
Subscripts:

L ©lift

T trim

max maximun
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MODEL ANT AFPAPATUS

The cemicren lavner=d-wing moiel used for thase tests had the
quarter—choxd lirs swert back 23°. The gecmetiic conetontn of the
model aro as follows:

Area ol full-span wing, square fcet : . 13.55
Wing spen (full span), teot. . 10.10

ispect ratio « o o0 0. ..

Mean geometric chord, fcot . « . . S T [ 5 |

Paper YALIO' . v o iie 6 6 0w 0 . .
Owecpback of onarten-chexd line, degrece o) e A
Geonotric twint (washiout), degrees . . . S sa g
Root 81rfoll £€C5100 « o ¢ ¢ o o ¢ % o o . DACA 4118
Tip eirfoil ecctioD o « o o ¢ « o o & . TACA 4118

The nodel was constivsted of laminated mahogany and had
25 procsure orifices epaced et conustant percentages of the local
chord for each of nine epenwise statiors. (See fig. 1.) The wing
1s the same wing which was used in the tects rerorted in referenco 2
except that the row ol osificos ons inch from the lunnel wall wae
not utilized in the piesent teasts.

The model was mounted horizontally (wiih zero dihedral) in the
langley stabllity tunnel on ths side euppori of the tunnel balonco
frame, free Irca the tunnel wall excent for o lexible socal uscd
to prevent flow through the fap botweon the turnel wall und the
wing-root blocik. Yhe wing-root soction was larger than the diameter
of the opening irn the tumol wall through which tlie modol was
mounted and, consequently, forward of the 17--percent—chord point of
the root cecticn thero was an unssaled gap of about 1/8 inch botwoen
the twmel wall and tho root soction (fig. 2).

The 1ift and tiim flaps wore mado of -%—inch plywecod in sections

covering 20 percont of the wing epan.and were supported by woodon
blocks Ifastened to the back of the flaps. Tho blocks were mode with
an anglo of approximately 60° co that, whon the flops were mounted,
cach scction was shimmed sopuratoly to obtain GC° deflection. Flaps
with chords 0.10, 0.20, 0.30. and 0.%0 wing choid were tostod. The
locations of thece flans are ehown in figurs 3.

TESTS

In this investigaiion, force, moment, and pressuvre-distribution
tests werm run at a dynamic precsuse of 39.7 povnda per squaie foot;




Per houy
T basedq cn the

9 wore
Correction factor
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PRECENTATION OF DATA

In

The results of the %tes*s are presented in figures 4 to 21.
figures 4 to 7 are preoenteld the force data in the fom of plois of
pitching-moment coefficient, drag coefficient, and angle of attack
against 1ift coefficient for lift flaps of different choxds and crens
at various hinge locations. Figures £ to 1l give the characteristics
of various trim flaps. In figure 12, the force and pitching-ucment
data for one flop configuration with its hinge exis on a. constent

percentage cliord 1line ie couparved with that ol the came flap with
its hinge axis skewed to be perpendicular to ths plane of asymetiy.

Figures 13 to 16 give the chordwiee distribution of the increment
of resultant pressure coefficient AP ‘cauced by the flaps at
several epanwise etations, and figures 17 to 10 give the spanwise
distribution of the incremental loading Acp.c crused by the flaps
for the 20—~ end 4O-percent—chord [laps. Figures 20 and 1 compare
the resulte obtained by superposition of the lift~{lap data-and the
trim-flap data with the data obtained by testing ceveral configuve—
tions of 1lift and trinm flaps together.

DISCUSSION OF RESULTE

| Lift Flaps
/ Lif%.— Characteristics of the 23° swept~dbuck wing with varioue
| 117t Tlapo con be eeen in figures.h to 7 and 13 to 13. The 1ift of
{ the wing increaces with Ulzp chord and span in a manner similar to
| that of an unswept wing witih comparable tapeirs, The 1lift decreases
{

as the flap hinge ie moved forwerd, since the flaps produced no
increment in chordwise load teyond their treiling cdges. (See fig. 16.)
cient increcsed with flap span, the

E T

prig ¥

[ Although the maximum 1lift coe
angle of attack for maximm 1ift décreased with flap span up to spans
of 0.80b and then increased for the full-scpan flap; the increase was
probably caused by the reduction in the discontinuity of the flow nowr
the tip. Both the maximum 1lift coefficient end angln of attack fox
moximm 11t decrease as the hinge line of the flap ie moved forweid,

I The slope of the 1lift curve ie ueuwally gireater fo the wing with the

. flape deflected then for the plain wing, but the slope decreases as
the hinge line ie moved forward and ie the same for the plain wing as
for the wing with the flap at the most forward location tescted.

Pitching moment.— With omall-espen flaps in the center eection of
a swept=back wing the center of prescure of the wing with the flap
ie ahead of the center of piescure of the plain wing and cauvses a
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positive incremsnt of pitching mcment. As the flap span ie increased,
however, the sweep of the wing moves the flap back and the resulting
shift in center of pressure makes the pitching-moment increment nega-~
tive. (See fig. 22.) At some intermediate flap span, the increment
of pitching momont produced by the flap will be zero, and thie flap
will thue be self trimming. Moving the hinge line of the flap forwvard
increasee the flap pitching moment in a positive sense and tends

to make the eelf-trimming flaps have larger spans, Fcr a given

flap spen and chord, however, moving the hinge line forward causee
the 1ift increment to decrease (fig. 23). Skewing the hingo axie of
a 0.20c, 0.40b flap caused a slight decrease in tho pitching moment
and a decrease in lift at high 1ift coefficients. (See fig. 12.)

The slope of the curves of pitching-moment ccefficient againet
1ift coefficient ie more negative for the wing with the flaps Adeflected
than for the plain wing. Thie result is probably caused by the fact
that the drag of the flap acts below the chord line and the effect is
accentuated, especially for the large-span flaps, by the sweepback.

The increase in the negative slope of the curve of pitching-moment
coefficient against 1ift coefficient indicates an increase of etability
with the flaps defleccted.

Trinm Flape

Lift.- The trim flaps cause a decrement in 1lift, the magnitude

of which increases with flap span and chord. The magnitude of the
docrement in 1ift for a given increment in span increases as the
span increases since the aesrcdynamic load ordinarily increases
toward the center of the wing, anl this effect is magnified by the
wing taper. (See fig. 22.) At low values of 1ift coofficient, the
lift is about the same for all hinge lncations, but the elope of the
1ift curve increasee ae the hinge line moves farther back, which
decreases the decrement in lift at high angles of atteck for the
flaps with the more rearward hinge locations. Thie effect is mainly
due to the increase in chord of the wing as the hinge line movee back
and the flap projects beyond the trailing edgo.

No decrease in maxirmm 1lift coofficient is noted with the trim
flaps deflected (figs. 8 to 11). At anglos of attack near maximum
1irt the flow starts separating fram the wing and, with the flow
separated near the trailing edge, the flaps on the upper surface of
the wing have no effeet. Although the tests were not run up to
meximm 1ift coefficient,it ie probable that the maximum lift coef-
ficients for the largo-chord flaps at the more rearward hinge locations
are higher than those for the plain wing. This increase in maximum
11ft coefficient 16 shown in figures & and 9. Such an increase in
maximm 1lift coefficient may be attributed, egein, to the effective
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increase in the wing chord.

Pitching moment.- The increment in pitching-moment coefficient
caused by the trim flaps incroases almost rectilinoarly with flap .
span (figs. 22 end 23). Although the 1lift decrement produced by
a given increment in flap span increases as the flap span increases,
the pitching-mement increment does not increase sinoe, bacause of
the wing swoep,the centor of pressure of the flap moves closer to
the quarter-chord point of the meen geametric chord. Near maximm
1lift the pitching maments for the wing with any of the trim flaps
are noarly the same and are about equal to the pitching mcment of
the plain wing, sinco the flaps on the upper surface of the wing lose
their effectiveness at high angles of attack. The largor-span flaps,
vhich give a more positive increment in pitching moment at low 1lift
coofficients, therefore, will have to give a more negative slope to
the pitching-mamont curve. This increase in negative slope makes the
wing moro otable. As tho chord incroases and as the hingo line moves
backward, the increase in stability becomes greater.

Superposition of Lift- and Trim-Flap Data

If the flap data are to bo applied to an asll-wing airplane, the
wing must always be in trim since those airplanes have no tail to
trim out any unbalanced pitching mcments on the wing. Unless the lift
flap used is sslf trimming, therefore, a trim flap will have to be
used in conjunction with the 1ift flap to bring the pitching moment
down to the value for which the plain wing is trimmed. Tosta were
made with several configurations of 1lift and trim flaps combined,
and the results woro compared with those obtained from superposition
of the data from the tests already discussed. Figures 20 and 21
show the comparison betwcen the resulte of the tests of the combi~
nations and the rosults obtainod by superposition. This camparison
shows good agreement.

Trimmed Lift-Coefficient Increments

Figures 22 and 23 wero prepared to show the increments in lift
coefficient and pitching-mcment coefficient for various configurations
of lift or trim flaps. In theso figures scme of the variations in
1lift and pitching moments already discussed cen be seen. From these
plots, the trim flap roguired to.trim out the pitching moment caused
by the 1lift flap, the net incroment in 1ift coofficient, and the
meximn trimmed 1ift coefficlents may be obtained.

Lift increment at o = 10°.- The incroment in trimmed lift
coefficient at a constant angle of attack is an indication of the
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relative offectiveness of the variocus flaps in increaeing the lift
coefficicnt of a wing if stalling does not occur. The lift increments
at an engle of attack of 10° are shown graphically in figures 24 and 25.
With the 1ift flaps hinged at ths normal locations, the greatest 1lift
increment occurs for flap spans between O.40 and 0.6C of the wing span.
As tho hinge line is moved forward, the flap span at which this greatest
increment occurs is generaslly incroased; vhereas, at a constant hinge
location. this span docreaeee with incroasing flap chord. Tho lift
increment increases with increasing chord and seems to be a raximum
when the hinge exis of the 1ift flap is located at about the 0.70 chord
line. Ae the hinge line is moved forward or backward of this hinge
location, the lift incrcment decreeses. With ell the lift flaps

excopt the 0.10c flap at the normal hinge location, there is scme

flap epan at which the 1ift flap produces no increment in pitching
mement and thus is self trirming. In figuree 24 and 25 this cendition
ie indicated where the trim-flap epan reouired goee to zero. The

self -trimming lift-flap configurations end the 1ift incremont produced
thereby are lieted in table I. The data in thie table show that the
increments in 1lift produced by self-trimming flape increaec with flap
chord end with forward movement of tho hinge axie. ’

The effect of trim-flap chord en the lifte-coefficient increments
is small., In figure 26 1s plotted the variation of pitching-mement-
coefficient increment with lift-coefficient incremont produced dby
varioue trim-flap cenfigurations. This figure indicatee that, in
order to trim out & given pitching mcment;°almost the eame decrcaee
in 1lift coefficient ie oncountered roegardless of the cherd of tae trim
flap ueed, excopt when the pitching momont is ¢f such magnitude as
to recuire a trim-flep span of more than about 0.50 .wing erarn,
in which caee o larger-chord flap 18 advantagecue. Using a lerger-
chord trim flep reduces ecmowhat the flap span requirod; however,
no increaee in irimmed 1ift rerulta. Using & trim 'flep hinged at
the wing trailing edge, however, rosults in ecme elight increaseo
in trimmed-lift coefficient. In the best cease, using a trim flap
hinged at the trailing edge rosults in an incremee in lift coefficiont
of about 0.1l over the lift coefficient obtained by using a normally
hinged trim flap at an angle of attack of 107.

Maximum 1ift ccefficiont.-'In figure 27 ie shown the maximum 1ift
coofficiente attainablo with the different lift-flap configuraticne
and the flap epan requirod for trim. With the lift flaps hinged at
their normal locatione, the maximum 1lift coefficient occure for flap
epane of 0.5C ving syan. Also, the increments in maximum 11ft
coefficient of the wing may be increzeed by about 0.5 me indicated
in figure 27. As the flap hinge axie is moved forward, the epan at
vhich the groatest maximum 1ift coefficient occurs ie increaeed, and
at a constant hinge locatien, this span decreasos with increaeing chord.
The meximum 1ift coefficient increaeee with increaeing chord and is
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greatest with the flaps hinged at their normal locations. With all
the 1ift fleps excopt the 0.10¢ flap at the normal hinge location,
thore 18 ecme flap spen at which the 1ift flap is self trimming.

The self -trimming lift-flap configurations and the maximm 1ift
coefficients attained thereby are listed in table I. In this tadle,
it can be seen that the maximum 11ft coefficient increases with flap
chord and soems to be & maximum wvhen the hinge axis ig located at
about the TO-percent-chord line. The table also shows that self-
triminskflape may increese the lift coefficient cf the wing by
about O.h.

The most convenient way of obtaining high maximm 11ft coof -
ficients would probably be to use a large-chord eelf-trimming flap.
The maximum 11ft coefficient obtained with a self-trimming O.kOc flap °
18 cnly about 0.03 lese than the greatest maximum 1ift coefficient
attainable with the same-chord flap in combination with a trim flap.
With a gelf -trimming flap, no trim flep ie required end, therefore,
the ontire cuter pert of the wing is left free for contiol surfaces. -

Compariscn of Experimental Results with Results
. Based on Analytical Methods
The results of the present tests are similar to the resilts
obtained by analytical metheds in refercnce 1. The data of reference 1

are presonted for a wing similer to the wing used in the present
tests; the physical characteristics are compared as follows:

Sweopback, | Aspect ratio, Taper ratio, 8¢
A

p S

(fee) .(d.es) 7

Present tests |. 23 7.51 D Q.zh3 6

Reference 1 20 7.35 .25 €0

A ccmpariscn of the analytical results with the experimental
results shcws good agreement in that the trends are similar, although
the magnitudes of tho net lift-coefficient increments are about 0.1
lower than the increments predicted for a 0.30c flap. Figure 28
ehews a compariscn between tho experimental end snalytical predicticns
(reference 1) of net lift Increments and trim-flep spans required for
0.30c°f1ups » ¥ith the analytical results corrected to an angle of sweep
of 23%. The experimental results (fig. 26) verify the contention in -
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reference 1 that the trim-flap chord has & negligible effect cn
the net 1ift increments.

The adoption of 0.9 in reference 1 as the ratioc between the
increment in Cp and the increment in cL at a = 17° produced

by the 1ifti flape is based on data for unevept wings or for winge

with very little sweepbeck. The resnlts of the preeent tests (fig. 29)
i{ndicate that the afcrementiioned ratio ie considerably lees than 0.9
for the wing of 23° sweepback, the ratio indicated horein being about
0.75 for normally hinged flaps and aversging about 0.70 for all theé
flapo teeted. y

CONCLUSIONS

From the reeults of the force eand preseure distribution tests
of the 23° swept-back tepered wing having lift and trim flaps of
various size and hinge location, the following conclusicne were drawn:

l. Tho meximum 1ift coefficient of the wing may bo increased
by about 0.5 without changing the pitching moment about the aercdy-
namic center by the uee of split trailing-edge 1ift and trim flape.

2. Certain lift-flap configuraticne were self trimming (that ie,
11£t £1laps that prodiced no inorement in pitching moment abast
the aercdynamic center), end with scme of these ‘configuratione the
maxizum 11ft ccefficient of the wing might be increased by about Oub,
Also, incremente in maximum 1ift coefficient of the order of- 0.5
might be attained by vee of trim flapa. : I3 e

3. The wing hed greater static longitudinal stability with the
tlape deflected (eerecially for larger flape) ae indicated by the
elope of the curves of pitching-moment coefficient ageinet 1ift
coefficient.

4. The chord of the trim flap ueed had a negligidble uffect on
the not 1lift coefficients attainable, although uee of a large-chord
trim flap meant that a emaller span wae required. Ueing a trim flap
with the hinge exis moved back to the trailing edge, however, allowed
elightly greater 1ift incremente to be attained.

5. The increment in trimmed 1ift ccefficient produced by the lift
flap increaeed with flap chord and roached a maximum value for all flap
cherds at a flep epan of about 50 percent of the wing span.
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6. Moving the hinge exis of the 1if: flaps forwvard increaseq
the lift-coefficient incremont attainablo at a 100 angle of attack
with self-trixmmg flaps;
11t coefficient attainabl
vhen the flaps were hinged

7. In general the oxperimental results agreed reasonab
with thoce Predicted by analysis, .

langley Memorial Aeronautical Inbora.tory
National Advisory Comnittee for Aeronautics

Langley Fiold, Va., February 24, 1947
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TABLE I.- SELF-TRIMMING LIFT-FLAP CONFIGURATICNS

At a = 10° At Cp

c
¢ Einge ) OC. be C.
—cé locaticn ._fl'. ( I)fL _b_L Lnax

0.90c 0 0
+70¢c 35
S0¢c
£&ec
«70c
SCc

NATIONAL ADVISORY
CCMMITTEE FCR AERONAUTICS
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(a) Top view of swept-back wing,

Figure 2.~ Views of swept-back-wing model in the 6- by 8

-foot section
of the Langley Stability tunnel,
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Fig. 22a,b
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