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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 761

PRESSURE~-DISTRIBUTION INVESTIGATION OF AN N.A.C.A. 0009
AIRFOIL WITH AN B80-PERCENT-CHORD PLAIN FPLAP AND THREE TABS

By Milton B. Ames, Jr., and Richard I. Sears
SUMMARY

: Pressure-distribution tests of an WN.A.C.A. 0009 air-
foil with an 80=-percent-chord plain flap and three plailn
tabs, having chords of 10, 20, and 30 percent of the flap

chord, were made in the N.A.C.A. 4~ by 6~foot vertical
tunnel. Sectlon date sultabdble for application to the de~
sign of horizontal and vertical tall surfaces were ob-
talned.

Resultant-pressure diagrams for the airfoill with the
flap .and the 20-percent-chord tab are presented. Plots
are also given of increments of normal-force and hinge~-
‘moment coefficients for the airfoil, the flap, and the
three tabs. A comparison of some characteristic slopes
for the 30-, the 50~, and the 80~percent-chord flaps,
tested in the general investligation of plain flapse for
control surfaces, is included. Section asrodynamic and
load data have been made available for e wide range of
flap and tab chords to be used on an N.A.C. A. 0009 air-
‘foil or on other conventional sections.

INTRODUCTION

The National Advisory Committee for Aeronsutics has
conducted jnvestigations of plain flaps and tralling-edge
tebs on airfoils of different profiles and with finite 7
spans, The results of some of these investigations sare
reported in references 1, 2, and 3. No avallable data ap-
plicable to tall-surface deslgn give the aerodynamic sec~
tion characteristics Qf & thin airfoil as affected Dby
flaps 2arnd tabs of differsnt sizes. In order to provide
this inrormation, en investigation was startsd of an
N.A.C.A. 0009 eairfoll having flaps and tabs of varilous
chords. The results of the tests of a 50-percent-chord
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flap and threce tabs are reported in reference 4 and of a
30~percent~chord flap wlth three tabs, in reference 5.

. The present report gives the results of pressure-distri-
bution tests on the N.A.C.A., 0008 airfoil with an 80~
percent-chord plain flap and three ‘tabs having chords

10, 20, and 30 percent of the flap chord. ZFrom the data
obtained, normal-force and pitching-moment coeffliclents
were calculated for the airfoll section complete with the
flap and the various tabs. In addition, normal-force and
hinge-noment coefficients were calculated for the flap
with the different tabs and for the tabs alons,

APPARATUS

The tests were conducted .in the N.A.C.A, 4~ DYy 6~
foot vertical wind tunnel (reference 6) with modifica-
tlions as shown in figure 1 and described in reference 5.
The 3~ by 4-foot modsl was made of mahogany, shaped to
the N.A.C.A. 0009 profile. It was squipped with a plain
flap having a chord 80 percent of the girfoill c¢chord and
three serially hinged plain tads having chords 10, 20,
and 30 percent of the fleap chord, as shown in figure 2.
The nose radli of the flap and the tabs were approxi-
mately one~half the airfoll thickness at the hinge axcs.,
All gaps at the flap and ths tab hinges were sealed with
plasticine and cellulose tape to prevent air leskage dur-
ing the tests. A single row of pressure orifices was
located at the airfoil midspan, as shown in figure 3.

Becauss the model completely spanned the test sec-
tion, two-dimensional flow waes approximated. The airfoll
was attached to the balance frame by torque tubes, which
were exXxtended through the sldes of the tunnel and were
rotated by a callbrated electric driwve outside the tunnel
in order to set thse angle of attack, Flap and tadb de-
flections were set by varying the position of lever arms
on the model. The pressure orifices were connected by
rubber tubing to a photographically recording multiplo~
tube manometer located outside the tunnel.

TESTS

The tests were made at an effective Reynolds KNumber
of 3,410,000. (Effective Reynolds Number = tunnel Reynolds
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Number X turbulence factor. The turbulence factor for
the 4~ by 6-foot vertical tunnel is 1.93,) The aversdge
dynamic pressure was 10.8 pounds per square foot, corre-
sponding to an alilr speed of about 65 miles per hour at
standard see-~lsvel conditions, The range of angles of.
attack from =14-1/20 to 10-1/2° was investigated at in-
tervals of 50. At each angle of attack, the airfoll was
tested with the flap deflected 0©¢, 5°, 10°, 20°, and 30°
down. Tests woere made throughout the entire angle-of=-
attack range for sach flap dseflection with tab deflections
of 0°, £10 +20°, and *30° for each of the tab sizes.

RESULTS

Presentation of Data - - .-

The results of the distribution of pressures are
given in the form of resultant-pressure and resultant-
pressure-increment dlagrams, which reprasent changes in
resultant-pressure distribution caused by & change in
angle of any one part or any comblination of the component
parts of the airfoil. The resultant normal pressure at
any point along the chord lines of the alrfoll was deter-
mined by taking the algebraic difference of the pressures
"nornal to the surfaces of the airfoll at that point. All
diagrans of resultant pressure or resultant-pressure in-
crements of the airfoil, flap, and tab combinatlon are
plotted as pressure coefficientse P or as AP, where

| _ p = 2" Po , L
. q

and
p statlc pressurse at a point on the airfoil,
Po static pressure in free air strean.

q dynanic pressure of free air stream.

Resultant-pressure diagrams are given'in_figure 4
for the basic section (i.e., with flap and tab neutral).
The resuwltant-pressure diagram for any other.condition
nmay be obtained by adding (to the basic diagram) the
resultant-pressure increment for the particular condi-~
tion., The resultant-pressure-increment diagrams are glven
in figures 5 to 9.



4 N.A.0.A. Technical Note No. 761

"Because the large quantity of data prohibited the
inclusion of all the resultant-pressure-increment dia-
grams for all tab sizes, only the diagrams for tabd deflec-
tions of 0%and £30° for the 0.20cy tab, whith was consid-

ered. to be an average size, are presented. Values of
angle of attack were selected to represent (1) an un-
stalled negetive angle of attack, a = -9-1/29; (2) a low
angle of attack, o = 1/2°; and (3) an unstalled high an-
gle of attack, « = 5-1/2°, These values of angle of at-
tack were also selected to meke the data In this report
comparable with the results pressented in reforences 4 and
5.

Previous tests have indicated that the increments of
pressure distribution and the Iincrements of section aero-
dynamic coefficients due to flap deflectlon are independ~-
ent of the basic section; 1t is therefore believed that,
for ‘gstructural~design purposes, the data hercin presented
may be applied to other basic sections of oonvantional
shape and the same thickness,

The section characteristics of the airfoill, the flap,
"and the tab, as functions of flap and tab deflection, are
also plotted as increments, which were obtained by deduct~
ing the basio section coefficients from those for the sec~-
tion wilth the tab, the flap, or the combinatlion deflected.
The characteristics were obtained in each case by mechani-
cal integration of the original plotted pressure diagrams.

Computations were made to determine the section coef-
ficients, which are defined as follows:

cp = B airfoil section normal-force coefficlent.

qce

mz airfoil section pitching-moment coeffi-
ace cient about the one-fifth~chord point
(0.20¢c point) of the airfoll.

Cme/s ©

Cng = fiap section normal-force coefficient.

'chf = jﬁ;— flap section-hinge-moment coefficient.

qcfa
n T ’
Cny = EgL tab section normal~-force coefficient.
t : o
h . e -
Chy = b tab section hinge-moment coefficlent.
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where the forces and moments per unlt span are:
n normal force of airfoil section.

m pitching moment of airfoil section about the
one-fifth-chord point. of the airfoil.

ne nofmgl-fbrce-of flap ssction.
hy hinge moment of flap section.
ng normal force of tab section,
hy hinge moment of tab section.
and c¢ chord of basic airfoil with flap and tab neutral,
¢y flap chord. L | | ‘
cf_.tab chord.
o ,angle. of attack.
8 deflection of flap or tab.

The subscript £ refars.to the flap with the tab;
and the subscript +, to the tab alone.

The integrated coefficients for the -basic airfoil
ate plotted against angle of attack in figure 10. The .
increments for various tab and flap deflections are pre-
gdented in figuresll to 19«

Preéision

As mentioned in reference -5, no air-flow-alinement

- tests have been mede in this tunnel Dbut all angles of at-
tack have been corrected for a misalinement of 1/20 that
appeared to be present in the alr flow. 'The absolute flap
and tab deflections were correct to within +20, The rela-
tive angles of attack, however, were set to within £0,10,
‘and the relative flap and tab deflections to within £1.00.
Over most of the airfoil, plotted pressures were accurate
to within =2 percent but, at the peaks, the accuracy was
less at high angles of attack. The dynamic-pressure read~-
ings were correct to within il percent.

Inasmuch as two-dimensional flow weas approximqted,
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the integrated results may be considersed as section char-
acteristics. Corrections for tunnel-wall interference
effects were made only to the walues of airfoil normal-
force coefficient c¢p. The corrections for flap and tabdb
coefficients are not definitely known, dbut the uncorrect-
ed values are probably conservative for purposes of
stress analysls.

DISCUSSION

Pressure Distridbution

The effects of the 0.20cy tad and the 0.80c flap de-
. flections on the distribution of resultant-pressurs 1in-
crements over the main airfoill are shown 1n figure 4 to

9., These diagrams should be useful for application to

the structural design of horizontal and vertical tail sur-
faces having plain flaps and tabs with very small or
sealed gaps. As the same baslic section was uscd in these
tests as was used in the tests reported in reforences 4
and 5, the basic distribution (fig. 4) is the same as was
previously obtained. '

Because the distribution curves 1n figures 4 tc 9
were plotted from dota uncorrected for tunnel effectis,
the distributlions represented in these curves will be
hligh or conservative when used for sitructural purposes.
It likewise should be remembered that senled gaps were
used and consequently high peak pressures were obtained
at the flap and the tab hinge axes.

The incremental distributions resulting from the de~-
flection of the 0.20cy tab (fig. 5) show that the highest
peak pressures occur at the tab hinge axis. Similarity,
when the flap is deflected (figs. 6 to 9), the peak values
of the pressure increments en the flap occur at the flap
hinge axis.

When the tab and the flap are simultancously deflect-
e¢d in the same direction, the peak values of the load
increnments occur at both hinge axes, and the resultent
pressures act ln the same direction. If the tad and the

flap are deflected at the same time in opposite directions,

the peak values of the pressure lncrements occur at both
hinge axes but the resultant pressures act in opposlits
directions (figs. 6 to 9).
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Comparison with the resultant-pressure-~increment
diegrams in references 4 and 5 shows that the shapes of
the curves in the.different investigations are similar
although the greatest loads were, of course, obtained
with the largest flap. As shown in reference 5, certain
"irregularities occurred in the curves over the first 3
percent of the chord from the airfoil nose. These irreg-
ular humps may be caused. by laminar separation resulting
from severec adverse pressure gradients.

AerodynamicﬂSectioﬁ.Characteristics_

Airfoill charadteristics.- The basic airfoil section
gave results (fig. 10) that ‘are in agreement with the
data for the basic sections in references 4 and 5.  The
slope of the-normal-force curve 3dc¢p/da is 0.095, which
agrees with the slopes obtained in refecrences 4, 5, and
7. A slight discrepancy is noticeable in the data plot-
‘ted in figure 10, in that the cn and the Cmg,g CUTVES

for the airfoil do not pass through zero at 0° angle of
attack. This shift of the curves was probably caused by
hodel imperfections and "tab misalinement, The airfoil
section increment coefficients of normal force and pitch-
ing moment are plotted in figures 11, 14, and 17. The
maximun value of Acp was 2.40 at o = =14-1/20 with
both the flap and the 0.30cs tab deflected 30° (fig. 17(a)).
Deflecting the tab to ~30° resulted in & value of Ac,

of '1.16. The change in Acy with the tab reversed was
1.24, or about B2 percent of the increment with both- the
flap and the tab deflected in the same direction. Con-
parisons with references 4 and 5 of changes in the maxi-
‘mun values of Ac, caused by reversing the tabd deflec-
tion showed that, for the 0.50c flap, the difference was
‘42 percent and, for the 0.30c¢c flap, 39 percent.

The stall of the flap, as shown by the data, gener-
ally occured at a deflection of about 20° for low angles
of attack and at about 50 for the high angles of attack.
These points are indicated by the breaks, or change in
slope, of the c, and the m, . CUTVes. ‘No test were

nade of the 0.30c, tab deflected 30° with o = 10-1/2°

because of the stalled and very unsteady flow over the
nodel.

The pitching-moment coefficients of the airfoil are
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given about the 0.20c point because it was the location
of the flap hinge axis, The results for the basic alr~.
foil section (fig. 10) gave & linear variation of Acng /g

with angle of attack. The values of- Acmc/E algo

varied lineariy with 8, within the unstalled flap range.
Thq:éffectiveness of tﬁe tabs in reducing Acp,,, de-

creased as the tab deflection was increased positively
or negatively from zero.

Flap and tab characterlstics.~ The fiap section in-
crement coefficlents, Acnf' and Achf, varied nearly

linearly with flap deflectlion throughout the unstalled
range. It was noted that the 0.80¢c flap was rather effec-
tive, in that emall deflections produced large changes

in the flap section coefficient increments. In general,
the tab deflections shifted Acnf and Achf parallel to

themsslves, and the rate of changa of the increments with
the tab deflection decreased as the tab deflections in-
creased positively or negatively from theo neutral position,
The 0.10cy tad deflscted -30° was ineffective in reducing

Achp. This characteristic is in agreement with the re-

sults reported in references 1, 2, and 5. A4s stated in
the discussion of thé airfoll charecteristics, the flap
stalled at a defleoction of adbout 200 for low ‘angles of
attack and between 5° and 10° for high angles of attack.,
At the low angles of attack, the upward deflections of
the tabs showed a tendency to delay the flap stall at
flap deflections of 20° or 300.

: The increments of tad sectlon normal-force and hinge-
moment coefficients tended to0 vary linecarly with teb de-
flection until the tab stalled. (See figs. 13, 16, and
19.) Deflection of the flap caused greater increments of
Acne and Achf whon the tab was deflected in the same

direction as the flap than when the tab was deflected in
the opposite direction. As observed in references 4 and
5, the =30° deflection of the 0,10c, and the 0.20c, tabs

frequently gave unsteady or irregular increment coeffi-
cients, : '

Comparison of the Th}ée Siies of Plain Flap

As a comparison of the general characteristics and
as a summary, some average, slopes obtained from the ex~-
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perimentally determined section characteristics of the
N.A.C.A., 0009 eirfoil with the 0.30c, the 0.50c, and the
0.80¢c flaps having tabs are given in the followling tabls.
(A1l slopes are for infinite aspect ratio.)
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CONCLUDING REMAREKS v

With the presentation of date on an 80-~perceant-chord
flap, the lnvestigatlion of section aerodynamic end load
characteristics of an N.A.C.A, 0009 airfoil with a wide
range of sizes of flaps and tabs ls conpleted., The data
supplied should be applicable to the design of any plein
flap and tab combination that is llkely to be used for
horizontal or vertical tail surfaces. The incremental
data presented are believed to be applicable to other con-
ventional alrfoils of approximately the same shape and
thickness, : .

In the application of the data, it nust be remembered
that the results herein contained are for hinged surfaces
with completely scaled gaps and that only the values of
airfoil normal~force coefficient are corrected for tunnel
effects. Although the other coefficients are uncorrected,
they are believed to be conservative for application in
stress analysis,

Langley Memorial Aeronautical Laboratory,
Natlional Advisory Commititee for Aeronauntics,
Langley Fleld, Va., April 4, 1940,
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Figs. 6,7
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Figs. 8,9
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Fig. 13a,b
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Fig, 16d,s,
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Fig. 18d,e,f
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Fig. 19e,f
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