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.   • 
WIHE-IUNNEL IHVTSTIGATIOH OF SPLIT TRAILlK&J2xa: 

LIFT MUD TRIM FLAPS OJI A TAPEE3D '1EO 

WITH 23° SWEEPBACS: 

By Williaa Letko end David Felsenbein 

swwanr 

Resultn of foi.ro toBts and pressure—diiitribution aeaouremente 
are preeentod from a wind-tunnel investigation to determine the 
effects ox" size and hinge location of lift and tria flaps on the 
lift and pitching-moment cii^iacler'ijticu of a cemlspan tapered.wing 
with 23° eweepback of the quarter-chord line.    The flepu tested 
were nplit flaw; vith chorda of 10, fK>, 30, and kO percent of the 
wing chord.   The apanc of the lift flapa wore 20, kO, 60, iX>, and 
100 percent of U.i wing «pan; the spurs cf the trim flapa were 
10, 20, ho, pjid 60 percent of the wine span.    The flaps wo^e tea tad 
with the hlnco oxen at several different choriwice locations. 

The static longitudinal B'.a.bility of the ewept-beck wing, as 
indicated by th* slope of the curves of pitehins-eicBont coefficient 
against lift coefficient, was increased vh.v. tho lift fJapr were 
deflected, especially for the larger flaps. 

Inorcmente in ma;:iim.m lift coefficient of the order of O.h 
were produced in some configurations by eelf-triaraing lift flaps,- 
that la, lift fleps thet produced ro increment in pitching moment 
about the aerodynamic center.    By the use of triia flaps to counter- 
act tho pitching mraients produced by tho lift -laps, increments in 
maxlmun lift coeificiont of tho order of 0.3 mich" bo attained. 
Th9 chord of tho trim flap used had a »flUclM» effect on the net 
lift coefficients uttulnablo, although use of a lorco-chord trim 
flap meant that e smaller sprn was required.    Trsirg a trim flap with 
the hinge axle moved basic to tho tiailins edge, however, allowed 
sllghb.iy greater lift incvements to be attained.    Tho lncroments in 
trimmed lift coefficiont ;.r-di-ed by the lift flap increased with 
flap chord and reached a MOdMi value for all flap chords at a 
flap span of about fO percent of the win«? span.    Moving the hinge 
axis of the lift firp.; forward increased too liffr-coofficient 
increment attainable at a 10° angle of attack with eilf -triiuning 
flapa.    The greatest increment in Maximum lift coofficlont attainable 
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with self-trimming flaps ocourred, however, when the flap hinge 
axis was on the 70-percent~chord line. A comparison of the renults 
with analytical results shoved, in general, reasonably good agree- 
ment. 

INTRODUCTION 

In order to apply high-lift flaps to "all-wing" airplanes, a 
flap arrangement that produces small pitching moments about the 
center of gravity is necessary, since the longitudinal-control 
device generally used Is not well adapted to trimming out large 
pitching moments. The analysis of reference 1 indicates that 
trim flaps (upward deflected flaps) near the wing tip3 of a swopt- 
hack wing may he used to trim-out the pitching moment of the lift 
flap or that lift flaps might be designed to be self trimming if 
the wing has enough sveepbac!:. A means of reducing the pitching 
moment of the lift flap la to move the center of pressure of the 
flap forward by moving the flap hinge lino forward of its normal 
position. In order to obtain experimental data for checking and 
comparing these means of obtaining high lift coefficients on all- 
wing airplanes and for chocking tho analysis of reference 1, 
tests were conducted in the Langley stability tunnel on a semlspan, 
swept-back wing equipped with various sizes and configurations of 
split flaps. 
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SYMBOIS 

lift coefficient fi"\ 

increment of lift coefficient produced by flap 

increment of section normal—force coefficient produced 
by flap 

drag coefficient 
(*) 

pitching-moment coefficient   ( J 
\qScv 

Increment of pitching-moment coefficient produced by flap 

lift 

section normal force 
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Subscripts 

L 

T 

drag 

pitching moment about quarter chord of wan geometric 
wing chord 

increment of reaultant pressure coefficient 

wing area 

model span nomal to plane of symmetry (seoispan of wing} 

flap span 

local wing chord parallel to plane of symmetry 

mean geometric wing chord 

local flap chord 

dynamic nreseure 

angle of attach measured at root section 

unccrrected engle of attack 

flap deflection measured with respect to airfoil surface 
in plane normal to hinge axis (lift-flap deflection 
positive downward; trim-flap deflection positive upward) 

Reynolds number 

aspect ratio Ü*) 
taper^ratio; ratio of tip chor* Cf win, to root cho* of 

angl* cf eweenback of 1Uarter-chord line 

lift 

trla 

maximum 
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The eemispan «aTjered-wing model used for those tests had the 
qu«rtfiw«ho.rd lin9 swept back «."3°.    The geometric constants of the 
moiel aro a- follows: 

Area of fu.Tl-ppan wing, square feet 13-55 
Wing spen (fall r:pan), feot 10.10 
Mean geometric chord,   fee'» l«5l 
Aupoct ratio 7*51 
Taper i-atlo 0.fcl»3 
Cweepback of ouarte>-chcrd lt»ie, degrees         £3 
Geometric twlr.t (washout), dei^rees -1» 
Root airfoil section MCA lt'il3 
Tip tirfoil suction Utt khlB 

The medej wa3 constricted of laminated mahogany and had 
25 pronsure orifices npaotd at constant per-encagos of the local 
rhord for each of nine aponwise stations.    (See fig. 1.)    The wins 
is the sar.se wina which was used in the tocta reported in referonco 2 
except that tho row of offices one Inch from the  Lunnel wall was 
not utilized in t.ho present teats. 

The nodol was mounted horizon-tally (with zero dihedral) in the 
Langley stability tunnel on the side supporo of the tunnel balnnco 
frame,  free frca the tunnel wall except for a t'lexiblo soal usod 
to proient flew th.-ough the £ap botweon the tunnel wall and the 
wing-root bloclc.    9M wine-root section was langer than the diameter 
of the opening in the tunnel wall through which the inodol wac 
mounted and, consequently, forward of the 17--percert-chord point of 
+he root cectic:i thero waa an unsealod gap of about l/8 inch between 
the tmxnel wall and the root section (fig. 2). 

The lift and trim flaps were made of 3- inch plywcod in sections 
o 

covering «.'0 percent of the wing span and were supported by wooden 
blocks fastened to the back of the flaps.    The blocks were made with 
an angle of approximately 60° no that, when the flopa were mounted, 
each section was shlreied separately to obtain 60° deflection.    Flaps 
with chords 0.10, 0.20, O.30. and O.JfO wing chord were tostod.    The 
locations of thoco flaps aro shown in figure 3. 

TESTS 

In this inve3tigation, force, moment, and pressure-distribution 
tests were rim at a dynamic prejeu.^e of 3S'-7 povnda per squire foot; 

- 
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FSKFKTATIOii OF tiATA 

The recite of the teBts ore presented in figures k to 21.    In 
riijv.rec It to 7 are presented the force data. In the form of plots of 
pitchlng-moment coefficient, drag coefficient, and angle o" attack 
against lift coefficient for lift flaps of different chorda and CTT.US 
at variouB hinge locations.   Figures 6 to 11 3ive the c'.iBractorijtic:: 
of various trim flaps.   In figure 12, the force and pitching-moment 
data for one flap configuration with its hinge axis on a constant 
percental chord line is compared wi oh that of tho    ma flap with 
ito hinge axi3 skewed to be perpendicular to the plane of aynmetry. 
FlguroB 13 to 16 give the ehordwiso distribution of the increment 
of resultant pressure coefficient   33?^   caused by tho flap. at 
Beveral spanwise stations, and figures 17 to 1? give tho apanwise 
distribution of the incremental loadins £cUfc cr-used by the flaps 

for tho 20- and UO-percentr-chord flaps.    Figures '!0 and Cl compare 
the results obtained by superpoBi olon of the lift-i'lap data and the 
trim-flap data with tho data obtained by testing several configura- 
tions of lift and trim flaps together. 

D1SCUCSI01I OF BFnULT!: 

Lift Flapa 

Lift.- Characteristic a of the 23° avept-back wing with various 
lift riajs can be seen in fi^vreo U to 7 and 13 to lö.    The lift of 
the wing increacea with i'lap chord and span in a manner similar to 
that of an uuswept wing with comparable taper.    The lift decreases 
as the flap hinge is jaoved forwerd, since the flaps produced no 
increment in ehordwiso load beyond their trailing edges.    (See fig. 
Although the maximum lift coefficient increased with flap span, the 
angle of attack for maximum lift decreased with flap span up to spans 
of 0.80b and then increased for the full-span flap; the increase was 
probably caused by tho reduction in the discontinuity of the flow near 
the tip.   Both the maximum lift coefficient and angli of attack for 
maximum lift decrease as th« hinge line of the flap is moved forwerd. 
The Blopo of the lift curve is usually greater for the wing with the 
flaps deflected than for tho plain wing, but the slope decreases an 
the hinge line is moved forward and is the same for 'he plain wine; as 
for the wing with the flap at the moat forward location teotod. 

Pltchlnn moment.— With small-span flaps in the center section of 
a swept—back wing the center of pressure of the wins with the flap 
is ahead of the center of pressure of the plain wing and causes a 
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positive Increment of pitching moment. As the flap apan ie lncreasod, 
hcwever, the Bweep of the wing moves the flap back and the resulting 
Bhlft In center of pressure nakes the pitching-moment Increment net-a- 
tlvo. (See fig. 22.) At seme interned Ute flap span, the increment 
of pitching moment produced by the flap will be zero, and this flap 
will thus be self trimming. Moving the hinge line of the flap forward 
Increases the flap pitching moment in a positive sense and tends 
to mate the self-trimming flaps have larger spans. Fcr a given 
flap span and chord, hcwever, moving the hinge line forward causes 
the lift Increment to decrease (fig. 23). Stewing the hinge axis of 
a 0.20c, O.UOb flap caused a slight decrease in the pitching moment 
and a decrease In lift at high lift coefficients. (See fig. 12.) 

The slope of the curves of pitching-moment coefficient against 
lift coefficient Is more nogatlve for the wing with the flaps teflected 
than for the plain wing  This 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 pltching-moment 
coefficient against lift coefficient indicates an Increase of stability 
with the flaps deflected. 

Trim Flaps 

Lift.- The trim flaps cause a decrement in lift, the magnitude 
of which increases with flap span and chord. The magnitude of the 
decrement In lift for a given Increment in span increases as the 
span increases since the aerodynamic load ordinarily increases 
toward the center of the wing, and this effect Is magnified by the 
wing taper. (See fig. 22.) At low values of lift coefficient, the 
lift Is about the same for all hinge locations, but the slope of the 
lift curve increases as the hinge line moves farther back, which 
decreases the decrement In lift at high angles of attack for the 
flaps with the more rearward hinge locations. This effect is mainly 
due to the Increase in chord of the wing as the hinge line moves back 
and the flap projects beyond the trailing edgo. 

No decrease in maximum lift coefficient Is noted with the trim 
flaps deflected (figs. 8 to 11). At angles of attack near —I— 
lift the flow starts separating from the wing and, with the flow 
separated near the trailing edge, the flaps on the upper surface of 
the wing have no effect. Although the tests were not run up to 
maximum lift coefficient, it is probable that the maximum lift coef- 
ficients for the largo-chord flaps at the more rearward hinge location» 
are higher than those for the plain wing. This increase in maximum 
lift coefficient 1B shown In figures 8 and 9* Such an Increase in 
maximum lift coefficient may be attributed, again, to the effective 

" 
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lncroaae In the wing chord. 

Pitching moment.- The Increment In pitching-moment coefficient 
caused by the trim flape Increases almost rectilinoarly with flap . 
span (figs. 22 and 23). Although the lift decrement produced by 
a given Increment in flap span increases as the flap span increases, 
the pltchlng-mcnent Increment does not Increase since, because of 
the wing sweep,the center of pressure of the flap mores closer to 
the quarter-chord point of the mean getane trie chord. Near —J— 
lift the pitching moments for the wing with any of the trim flapB 
are nearly the same and are about equal to the pitching moment of 
the plain wing, slnco the flaps on the upper surface of the wing lose 
their effectiveness at high angles of attack. The largor-span flaps, 
which give a more positive incremsnt In pitching moment at low lift 
coefficients, therefore, will have to give a more negative slope to 
the pitchlng-mcmont curve. This increase in negative slope makes the 
wing moro stable. As the chord increases and as the hingt) 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 all-wing airplane, the 
wing must always be in trim since those airplanes have no tail to 
trim out any unbalanced pitching moments on the wing. Unless the lift 
flap used is self trimming, therefore, a trim flap will have to be 
UB6d in conjunction with the lift flap to bring the pitching moment 
down to the value for which the plain wing is trimmed. Tests were 
made with several configurations of lift and trim flaps combined, 
and the results woro compared with those obtained frcm superposition 
of the data from the tests already discussed. Figures 20 and 21 
show the comparison between the results of the tests of the combi- 
nations and the results obtained by superposition. This comparison 
shows good agreement. 

' 

Trimmed Lift-Coefficient Increments 

Figures 22 and 23 wero prepared to show the increments in lift 
coefficient and pltchlng-mcnent coefficient for various configurations 
of lift or trim flaps. In theso figures seme of the variations in 
lift and pitching moments already discussed can be seen. From these 
plots, the trim flap roquired to trim out the pitching moment caused 
by the lift flap, the net increment in lift coefficient, and the 
maximum trimmed lift coefficients may be obtained. 

Lift increment at a • 10°.- The Increment In trimmed lift 
coefficient at a constant angle of attack is an Indication of the 

" 
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relative effectiveness of the various flaps In Increasing the lift 
coefficient of a wing If stalling does not occur. The lift Increments 
at an angle cf attack of 10° are shown graphically In figures 2^ and 25- 
With the lift flaps hinged at the normal locations, the greatest lift 
Increment occurs for flap spans between 0.U0 and 0.6C of the wing span. 
An tho hinge line Is moved forward, the flap span at which this greatest 
Increment occurs Is generally Incroased; whereas, at a constant hinge 
location this span decreases with lncroaslng flap chord. Tho lift 
Increment increases with Increasing chord and seems to he a maximum 
when the hinge axis of the lift flap Is located at ahout the 0.70 chord 
line. AB the hinge line Is moved forward or hackward of this hinge 
location, the lift increment decreases. With all the lift flaps 
except the 0.10c flap at the normal hinge location, there Is arme 
flap Bpan at which the lift flap prcduceB no Increment in pitching 
moment and thus is self trimming. In figures 2U and 25 this condition 
Is Indicated where the trim-flap span required goes to zero. The 
self -trimming lift-flap configurations and the lift increment produced 
thereby are listed in table I. The data in this table show that the 
Increments in lift produced by self-trimming flaps Increase with flap 
chord and with forward movement of tho hinge axis. 

The effect of trim-flap chord en the lift-coefficient increments 
is small. In figure 26 is plotted the variation of pitching-mement- 
coefflclent increment with lift-ccefficlent increment produced by 
various trim-flap configurations. This figure indicates that, In 
order to trim out e. given pitching moment) almost the same decrease 
In lift coefficient Is encountered regardless of the chord of the trim 
flap uBed, except when the pitching moment is cf euch magnitude as 
to reouire a trim-flap Bpan of more than about 0.50 wing Bjan, 
in which case n. larger-chord flap is advantage CUB . Using a larger- 
chord trim flap reduces scmowhat the flap Bpan requirod; hewever, 
no Increase in trimmed lift results." Uolng a trim flap hinged at 
the wing trailing edge, however, results in some slight increaso 
in trimmed-lift coefficient. In the best caee, UBlng a trim flap 
hinged at the trailing edge reBults in an increase in lift coefficient 
of about 0.1 over the lift coefficient obtained by using a normally 
hinged trim flap at an angle of attack of lO'*. 

Maximum lift ccefflclont. In figure 17 is ahown the maximum lift 
coefficients attainable with the different lift-flap configurations 
and the flap span required for trim. With the lift flaps hinged at 
their normal locations, the maximum lift coefficient occurs for flap 
spanB of O.50 winy ejan. Also, the incremente in maximum lift 
coefficient of the wing may be increased by about 0.5 as indicated 
in figure 27. As the flap hinge axis is moved forward, the span at 
whloh the greatest maximum lift coefficient occurs is Increased, and 
at a constant hinge lecatirn, this span decreasoo with increasing chord. 
The maximum lift coefficient increaBeB with increaeing chord and is 
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greatest with the flaps hinged at their nonaal locations.   With all 
the lift flaps excopt the 0.10c flap at the normal hinge location, 
thore la BOB» flap span at which the lift flap 1B self trimming. 
The aeir-trlinnlng lift-flap configurations and the maylitnm lift 
coefficients attained thereby are listed In table I.   In this table, 
it can he seen that the mnxliwim lift coefficient increases with flap 
chord and seems to be a —I—I when the hinge axis is located at 
about the 70-percent-chord line.   The table also shows that self- 
trimming flaps may increase the lift coefficient cf the wing by 
about O.U. 

The most convenient way of obtaining high maximum lift coef- 
ficients would probably be to use a large-chord self-trimming flap. 
The maximum lift coefficient obtained with a self-trimming O.ltOc flap 
Is only about 0.0d less than the greatest mnrlimnn lift coefficient 
attainable with the same-chord flap in combination with a trim flap. 
With a self-trimming flap, no trim flap is required and, therefore, 
the ontire cuter part of the wing is left free for control surfaces. 

Comparison of Experimental Results with Results 

Based on Analytical Methods 

The results of the present tests are similar to the results 
obtained by analytical methods in reference 1.   The data of reference 
are presented for a wing similar to the wing used in the present 
tests; the physical characteristics are crwpared as follows: 

Sweepback, 
A 

(deg) 

Aspect ratio, 
A 

Taper ratio, °f 
(deg) 

Present tests 23 7.51 0.2^3 60 

Reference 1 20 7.35 •25 6o 

A comparison of the analytical results with the experimental 
results sh.-va 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 
shows a comparison between tho experimental and analytical predictions 
(reference 1) of net lift increments and trim-flap spans required for 
0.30c flaps, with 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 a negligible effect en 
the net lift Increments. 

The adoption of 0.9 In reference 1 aa the ratio between the 
Increment In Ct    and the Increment In C,    at a • 10° produced. 

»x 
by the lift flaps Is based on data for unwept wings or for wings 
with very little sweepback. The results of the present tests (fig. 29) 
Indicate that the aforementioned ratio 1B considerably less than 0.9 
for the wing of 23° Bweephack, the ratio Indicated horeln being about 
0.75 for normally hinged flaps and averaging about 0.70 for all the 
flaps tested. 

CONCLUSIONS 

From the results of the force end pressure distribution tests 
of the £3° swept-back tapered wing having lift and trim flaps of 
various size and hinge location, the following conclusions were drawn: 

1. The maximum lift coefficient of the wing may be Increased 
by about 0.5 without changing the pitching moment about the aerody- 
namic center by the use of split tralllng-edge lift and trim flaps. 

2. Certain lift-flap configurations were self trimming (that is, 
lift i".n,.; that produced no increment in pitching moment about 
the aerodynamic center), end with some of these configurations the 
maximum lift coefficient of the wing might be increased by about O.U, 
Also, Increments in maximum lift coefficient of the order of Ci 
might be attained by use of trim flaps. ... 

3. The wing; had greater static longitudinal stability with the 
llaps deflected (especially for larger flaps) as indicated by the 
slope of the curves of pltchlng-moment coefficient against lift 
coefficient. 

k. The chord of the trim flap used had a negligible uffect on 
the not lift coefficients attainable, although use of a large-chord 
trim flap meant that a smaller span was required. Using a trim flap 
with the hinge axis moved back to the trailing edge, however, allowed 
slightly greater lift increments to be attained. 

5« The Increment in trimmed lift coefficient produced by the lift 
flap Increased with flap chord and reached a maximum value for all flap 
chords at a flap span of about 50 percent of the wing span. 

• 
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6. Moving the hinge axis of the lift flaps foniart Increased 
the llft-eoefflclent lncremont attainable at a 10° angle of attack 
with self-trlomlng flaps; however, the greatest Increment In maximum 
lift coefficient attainable with self-trltmlng lift flaps occurred 
vhen the flaps vere hinged at about the 70-percont-chord line. 

7. In general the experimental results agreed reasonably well with those predicted by analysis, 
• 

langley Memorial Aeronautical laboratory 
National Advisory Committee for Aeronautics 

Iangley Field, Va., February 2k,  1947 
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TABLE I.- SELF-TRIMMING LIFT-FLAP CONFIGURATIONS 

6Jk 
c 

Kings 
location 

At   a - 10° At 
Tax 

Wi s 
Ljnax 

CIO 0.9Cc 0 0 0 1.29 

.10 •70c •32 .29 •35 1.47 

.10 •50c .61 .33 .68 1.36 

.20 .8Cc .10 .19 .21 1.53 

.80 .70c .27 .33 •36 I.63 

.20 •50c .52 .52 .52 1.53 

.30 .70c .18 •33 .27 1.62 

•30 •50c .44 •58 .43 I.60 

.40 .60c •25 .48 .34 1.70 

.4c .50c .35 .58 .42 1.68 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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Fig. 2a 

(a)   Top view of swept-back wing. 
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Fig. 2b 
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Fig. 4b 
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