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TECHNICAL NOTE NO. 1228

TWO-DIMENSIONAL WIND-1UNNEL INVESTIGATION
OF A 10,7-PERCENT-THICK SYMMETRICAL TAIL SECTION WITH
A 0.40 ATRFOIL-CHORD CONTROL SURFACE AND
A 0,20 CONTROL~-SURFACE-CHORD TAB -

By Albert L. Braslow
SUMMARY

An investigation was made of g 10. 7-percent—thicL svmtrical
tall section equipped with a flat-side 0.40 eilrfoil-chord flep
having a 0.333 flap~chord overhang and a plain 0.20 flap-chord teb.
Adrioil 1ift, dreg, pitching-moment, and flap and tab hinge-moment
characteristics wers determined at verious flap end tab deflections
with the control-surface noss gaps sealed and unsealed.

The results of the teats indicated that sealing the tab nose
¢ap generally increased the flap 1lift effectiveness and the tab
hinge-moment efifectivensss. Sealing the flap nose gap increased the
rate of chenge of sectlon Llift coefficient with both section angle
of atteci oy and flap deflection By, negatively increased the
rate of changs of flap section hinge-moment coefficlent Che with
both o and B at a 0° angle of attack and flap d.eflection ’
eliminated gharp irrvegulerities in the varia:blon oi‘ Che with o, T

and greatly reduced all dbut the minimwm valusas of section drag
coefficient at all flap deflectlions tested. When the flap was
deflected beyond the angle at which tle flap leading edge unported
from the airfoil contour, sudden decreases of 1lift and large increases
of flap and tabd hinge moments occurred throuch a limited range of
angle of atteck. The effectivensesa of the te&b in reducing the flap
hinge moments was larges up to & tab deflection of 10° but decreased
appreciably at largsr dsflections of the tab. B =
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INTROTUCTION

Flight tests of conventional symmetrical tail surfaces made by
the Douglas Alrcreit Company, Inc., indicated that flat-slde
elevators and rudders were less subJect to alx-flow conditions
causing undesirable control-surface osclllations thea were control
gurfaces of true—sirfoil contour (reference 1). In order to
determine other aerodynemic characteristics of a tall section
equipped with a flat-side control surface, an investligation was made
of a two-dimensionsal model in the langley two—dimensional low-
turbulenocs pressure tunnel.

The model was equlpped with a 4O-percent-airfoil—chord flap
designed for use as a rudder or an elovator and having a 20-percent
flap-chord tab. The tests included the determination of alrfoil
section 1ift, drag, and pitchlng moments, and flap and teb hinge
monents for configurations with the flap and tab nose gaps both
sealed and unsesaled.

COEFFICIENTS AND SYMBOIS

oy section 1ift coefficient (1/qc)

fA%1 increment of ¢; due to flap deflection

€3 . . 8ection drag coefficient (d/qc)

cmc/h sectlion piltching-moment coefficient about quarter-chord
point (m/qc?)

Che flap section hinge-moment coefficient (hr/qce?)

Ch, tab section hinge-moment coefficieﬁt (hy/qe4°)

where

1 1ift per unit span

a drag per unit span
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n quarter-chord pitching moment per unit span

he flap hinge moment per unit span; positive when trailing
edge of flap tends to deflect downward

ht tab hinge moment per unit span; positive when 'trailing
edges of tab tends to deflect downward
c chord of airfoll with hoth control surfaces neutrel
Ce chord of flap behind flap hinge axls
oy chord of teb behind .teb hinge axis |
a free-stream dynamic pressure (%p\ﬁ)
v free-atream veloclity
o} fres-stream density
and
ay, ssction angle of attack
Sf flap deflection with respect to airfoil; positive when
trailing edge 1ls deflected downward
Bt tab deflsction with respect to flap; ﬁosi’o_ive vhen
. trailing edge is deflected downward
¢y chord of overhang balance from flap hinge axie to balance
leading edge
R Reynolds numbsr
Gz = ‘%i%‘)
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C =

he, =\ Sog Be, By

chffif (: )

() = Oo =
fst <§8;> measured at_ %y and ohf
th, ' "
- (acht
Gh Eaf”
ba ©/8p, By

ChE)
[+ =\
htst 35t

GO, Sf
¢
hts G )
d&o, s-t
<? ;) measured at cy = 0, B =0, and 6t = 0°

mcz Bcz

The subscripts following the partial derivatives denoto the
variables held constant when the partial derivatives are taken.
The derivatives sre obtained at a, = 0°, &, = end 8y = 0°

except as noted.

Bgs By
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MODEL

The profile of the airfoil tested was fommed by modifying an
NACA 0012 airfoil in such a mammer as to provide flat—side control
surfaces behind the hinge axes. A sketch and photograph of the model
are presented as figures 1 ard 2. The mcdification to the NACA 0012
profile consisted of extendirg the airfoil chord i2 percent and
drawing straight lines from the extended trelling edge tangent to
the alrfoil surfaces. ZExtension of the airfoll chord effectively
reduced the maximm thickness of the airfoil to 0.107¢c and moved the
position of maximum thickness forward to approximately 0.27¢ behind
the airfoil leading edge. Ordinates for the alrfoll are given in
teble I. The flap of 0.40c had an overhang type of aerodynsmic balance
of 0.333cy and was equipped with & plain 0.20cy tab. The ordinates

for the flap nose shape are given in teble II.

The model had e 24—inch chord and was constructed of laminated
mahogany with the exception of the tab, which was constructed of
dural. The model surfaces were sanded with No. 400 carborundum
paper to asrodynemic smoothness. Thin rubber "curtains" and modeling
clay were used to seal the flap gap and the teb gap, respectively.

APPARATUS AND TESTS

The model was mounted horizomtally in the 3~foot by 7%-foot

test section of the Langley two—-dimensional low—turbulence pressure
tunnel. A mancmeter arrangement, which integrated the pressures
along the floor and cellling of the tunnel test sectlon, was used

to measure 1ift, and the wake survey method was used to measure drag.
Atrfoil pitching moments were measured with a torque—tube balance,
and control-surface hinge moments were measured with electrical
resistence strain gages..

Tests of the model were mede at & Reynolds mumber of 6 x 100
and & Mach number of not greater than 0.1l. Alrfoll 1ift, drag, and
pitching moments and flap and tab hinge moments were measured through
a range of flap and tab deflection. The model was tested with the
flap end teb gaps sealed snd unsealed in the following combingtlons:
(1) flap gap and tab gap unsealed; (2) flap gap unsealed, tabd gap
sealed; (3) flap gap sealed, tab gap unsealed, Tab hinge moments
Were not obtalned with the tab gap sealed because of the large friction -
of a tab seal. Airfoil 1ift and control-surface hinge moments were
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measured at & Reynolds number of 2.5 X 106 as well as 6 X 106 for
the neutral positlion of the flan and tab with both gaps unsealed.

The Mech nuwber at Reynolds numbers of 2.5 X 106 and 6 X 10% wes
esgsentially the same.

GQRRECTIONS AND ACCUBACY-OF MEASUREHEMRS

The followling foctors were used to correct the twnmel data to
frees-air conditions: .

¢y = 0.978¢,"
°a = 0-993¢q’

NPT |
ong = 0:9930y

cht = 0.993cht'

de = 1.015aq,’

where the primed quantities repregent Lhe values measured in the
tunnsl (reference 2)}. An additional correction to the moment
coefficients duo to & distortion of the prossure distribution over
the airfoil caused by the tunnel boundaries wus not epplicd inasmmch
as the exact shape of the additional loading due to this dlstortion
is not known. Approximate calculations, howover, indicate thet the
additional cerrection to the values of the moment coofficlonte are _
probably in the order of 0.00kc;', 0.005¢c3', and 0.002¢; " for the

values of' ¢, . : tively.
' o mc/h’ chf, and\ cht’ respgctivoly

From a consideration of the test oquipment and the scatbtor of
chock runs, the precision of the data 18 ocstimatod to bo as Follows!
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At moderate values of cy At values of ¢; near stell
and low flap deflections .

dW £0,05° : +0,05°
ey . +.005 | +.015
oq. +.0001 +.,0005
°my /h +.001 £.005
Che and oht +.001 +.005

RESULTS AND DISCUSSION

Iift

& summary of the 1lift parameters ¢y , czaf, and “Sf is
&

presente& in table IIT for each of the nose gap conditions tested.
The basic section 1ift date for various deflections of the flap and
teb and for the control-surface gaps sealied and unsealed are presented

iIn figure 3.

Sealing the tab gap increased the rate of change of section
11ft coefficient c; with flap deflection &p from 0.066 to 0.070

and had no effect on the rate of change of section 1ift coefficient
wlth section angle of attack. As a result, the flap effectiveness
paremeter ag. increased from 0.70 to O.Thk. With the tab gap open,

sealing the flap gap increased cza from 0.066 to 0.072 but a
- . .
corresponding increass in Gy from 0.095 to 0.1l04 prevented any
o .

appreciahlé chenge in the ‘effectiveness.parameter. The principal
benefit resulting from sealing the flap gap, therefore, is an increase -’
in the control-fixed stabllity caused by the lncrease in ¢3 .

- a

In order to show the effect on 1ift effectiveness of :ilap .
deflectlion and flap gap at high flsp deflections, the increment of
section 1ift coefficient Ac; due fo flap deflection 1s glotted
against 5f in Figure 4 at section angles of attack of 09, 29,
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+60, end 410°, The flap effectiveness deoreases as a result of
alr-flow separation over the flep at section angles of attack

greater than approximately 2° when the flap deflection is egual to

or greater then 20°, the angle at which the flap leading edge unports.
Such a flight condition in which the engle of attack and control-
surface deflection may be of like slgn might occur, for example,

for a vertical tall section during flight with asymmetric power

Less serious losses of 1ift due to unporting of the flap leadling edge
occur when the section angle of attack is increased in opposition to
the flap deflectlion. This combination of control-surface deflectlion
in opposition to the angle of attack would perhaps cccur for an
elevator during landing or for a rudder during sideslip,

A comparison of figures U4(a) and 4(b) shows that sealing the
flap gap reduces the values of Lcy  at positive sectlion angles of

atteck throughout the complete range of flap deflectlion tested. At
negative seotlon angles of attack the values of £cy  Were

generally greater with the flap sealed than with the flap unsealed
except at a flap deflection of 30° in which case the values of 4cy

were greater for the flap unsealed a2t section angles of attack of
-6° and -10°.

A normal scale effect on the lift characterlstics of the airfoll
with both control surfaces neugral and unsegled results from a change
in Reynolds nuiber from 6 X 10° to 2,5 X 10° as shown in figure 5.

Hinge Moments

Flap and teb section hinge-moment coefflcients are plotted
ageinst alrfoll sectlon angle of attack a, for various defleotions

of the flap and teb in figures 6 and 7, respectively. Large increases
of flap and tab hinge moment occurred through a limited range of angls
of atteck when the flap was deflected beyond the engle at which

theé flap leading edge unported fraom the airfoll contour. A summary o
values of importent hingewmoment parameters is given in table- III.

Sharp irregularities in the variation of chf with «, occurred

at a zero flap deflection with the flap gap open (figs. 6(a), 6(b),
and 6(e)). Subsequent tuft observations showed thet the irregu-—
laritles were caused by & rapld thickening of the boundary layer

over one surfage of the flap when a flow of air is induced through
the flap gap as the angle of attack 1s changed. With both control
surfaces neutral the édsymmetry in the engle of attuck at which these
irregularities occur is probadbly caused by the alr flow through the
flep gap at low angles of atteck. Sealing the flap gap eliminates the
irregularities in the hinge-moment characteristice as shown in

Tigure 6(g).
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Sealing the flap gap or the tab gap negatively inoreases the
values of Ohg, s °hf5 s ht‘cn’ and °ht5f' (See table III and

figs. 6 and 7.) The values of ch, given in table III for the flap
1

gsp unsealed were measured at & section angle of attack of 0° and
may be questionable bepguse of the Jogs in the hinge-moment ocurves.,
The results of previous investlgations of conventlional airfoils,
however, have also indicated a tendency for the velues of the hinge-
mment parameters Ch, &nd ony to beoome more negative as the

control-surfece gap is 4decreased (reference 3)., The data of
Tigures 6(a) and 6(g) show that at moderate angles of attack, however,
the rate of change of ohp With oo 1s less negative for the flap

88p sealed. than for the flap gap unsee.led.

A meesure of the effectiveness of the tab in reducing flap hinge
monsnts is the rate of change of flap deflection with the tab
deflection required to balance the imcrement of flap hinge moment
ceused by the flap deflection at a constant angle of ettack. This
paraneter ‘5f5 indicates that the amaller the teb-dseflection regquired

to balance the inorement of 6np due to a given flep deflection, the
8reateor is the tab hinge-moment effectivensss. Curves of the flmp
feflection against the tab deflection required to maintain a flap
Bectlon hinge-moment coefficient of O are plotted in figure 8 at
angles of attack ranging from ~8° to 8° for the flap and tab gaps
unsealed. In addition, the variatioms of 8p with O through a

range of angls of attack frem 0° to 8° are plotted for the tab-gap-
Sealed condition. The curves of figure 8 were obtained by interpolation
and ext.:gapolaticn of the basic flap hinge-moment date presented in

*

The value-oZ. Bp, at-a section angle of attack of 0° for both

- -oomtrol-surface gaps ugsee.led is equal to.1l.83 for tab deflections
between 0° and —10°, The tab hinge-moment offectiveness at positive
flap deflsctions 1s greater for negative than for positive angles of
atback as shown in figure 8 and 1s caused by a greater tendency for
the air flow to separate over the upper surface of the flap at positive
angles of attack. The teb hinge-moment effectiveness decreases
appreciably at tab deflections greater than--10° for all angles.of
attack for which date are avallable. ‘Sealing the tsb gap increases
the rate of change of B, with ©_ an average of.lhk percent at
angles of attack from 0° to 8°. The effect of the flap gap on the teb
hinge~moment effectivencss was not determined.

The effect of a changd in Reynolds number fram 6.0 X 106 to
2.5 X 106 on the flap end teb hinge-mement charecteristics is shown .
in figure 9 for both control surfaces neutral and unsealed,
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Pitching Moments

Section pltching-moment coefficlents are plotted asgelnst
section 1ift coefficlients In figure 10 for both control gaps
unsealed and for the flep gap sealed with the tab gap unsesgled.
Sealing the flap gap had no appreciable effect on the value of cme

(table III) or on the value of c es cai be seén from & comparison

Ty
of figures 10(a) and 10(c).

 Drag .

Drag characteristics of the airfoll wilith the control-surface
geps sealed and unsealed aro rresented in figure 11 for varlous
deflections of the-flap and tab. When a flow of air through the f£lap
gep was induced at small engles of attack,a lerge increase ln section
drag coefficlent occurred (fig. 1l{a)). With both control surfaces
neutral, the sudden Increases ln drag were asymmetrical about zero
1ift but corresponded to the angles of atitack at which the irregularities
in the flap section hinge-moment coefficicnts occurred. When the flcow
of alr through the flap gep was eliminatod with & soal, the section
Grag coefficlents were symmetrical about zero 1lift for the neutral
position of both control surfaces and a leryge docreaso in all but the
minimum values of c3 was obtainod at all the flap defloctions- tosted.

The value of tho minimm séction drag cocfficiont for both control
surfacos neutral was 0.0071 for tho flap gap unsealed and remained tho
same for tho Tlap gep sealed. Soealing the tab gap genorally decreascd
the section drag coefficients slightly, although e large increase in
drag was gtill caused by tho alr flow through tho flap gap.

SUMMARY OF RESULTS

The following results were obtalned from the two-dimensional
wind-tunnel investigetion of a 10.7-percent-thick syrmetrical tall
section equipped with & 0.%0c flap having a 0.333cy overhang and
a 0. 200f tab.

1. Sealing the tab nose gap venerally increased the flap 1ift
effectiveness and teb hinge-moment effectliveness.

2. Sealing the flap zap
(a) increessed the rate of change of section

1ift coofficient with both scction angle of ettack gy
and flap deofloction 6f
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(b) negatively increased the rate of changs of flap
sectlon hinge-mcment coefficlent One with both oo and B¢

at a 0° angle of attack and Tlep deflection

{¢) eliminated sharp irregularities in the variation
of cnp Wwith ap

(d4) greatly reduced all but the minimum values of section
drag coefficient at all flap deflectlions tested.

3. Sudden decreases of lift and large Inoreases of flap and teb
hinge moment occuryed through a limited range of angle of attack when
the flap was deflectsd beyond the angle at which the flap leading
edge unported from the airfoll contour,

4k, The effectiveness of the tab in Yreducing flap hinge moments
was large up to a teb deflestlion of 10° but decreased apprecisdbly at

larger deflections of the tab.

Langley Memorial Asronautical Ieboratory
Netional Advisory Commlttee for Aeronautics
Langley Fleld, Va., December 20, 1946
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TABIE I

ORDINATES FOR 10.7-PERCENT-THICK TAIL SECTLON

(Stations and ordinates
percent of alrfoll

Lo L9

'éymmetrical aectibn
Station Ordinate
1.116 %.6%1
2.232 %)
g.h&; 3.17
6.700 2,750
8.930 [.181
12290 L172
Ll{.00U Dele
22,320 5.5oﬁ
26.780 5.599
.ZlO 181
EE- 4o 3.726
53.570 L.07h
straight teper
}  100.000 0
'L.E. radius:  1.410

TABIE IT
ORDINATES FOR FLAP NOSE SHAPE

(Stations and ordinates given
In percent of movable
surface length measured
from overhang L.E. to

g S N | mo™m 0
S1I'L0L1) Lelsa ]

Symmetrical shape

Station Ordinate
1.25 3.6l
2.50 %.9&
200 | 631
‘o V) [c.l._')

10.00 742
15.00 742
20.00 T.04
100.00 0

L.E., radius: 5.3

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

ON N VOVN

8eal

€T
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TABLE I11I

SECTION PARAETEKS MEASURED AT o, = 0°, 8¢ = 0°, AND 84 =0
{Except as noted]
B 0.

Contrel-surface | o ey ag Ch ¢ fﬁt ey e en s

ncss gap ¢ op f fq hfﬁf (1) ta %, b6, (2)
Flap unsealed - - - _ - -
R ity 0.095 | 0.066 {0.70 [-0.0030 | -0.0043 | 1.83 0.0001 | -0.0089 o.o_qog 0.0091
Plap unsealed
Tab sealed -095 0070 -7h "‘-OOI-{O --00‘4.8 2-09 ----------------------------
Flap sealed
Pab unsesled 104 | 072 ) .69 } -.0045 | -.0050 | ~==m-e-- -40018 | ~ommuem ~.0019 | -.0091

L Measured at a, = 0° and cp. = 0. _ NATIONAL ADVISORY

i COMMITTEE FOR AERONAUTICS
2 geasured et ¢ = 0, 8p = 0°, and &p = 0°.

¥l

8227 "ON N.IL VOVN
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b =0.333ce+ ep = 0.k40e

e ¥ Hinge points ——m
/ Airfoll chord line ~

K

Tab gap = 0.004¢

Flap gap = 0.003¢

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS

Figure 1.~ Sketch of 2lj-Inch-chord 10.7-percent-thick symmetrical tall seatlon.

A

T 31




T
W

" Fﬁi'ﬂ ~_'.£'&;hﬁllnf_mm h

Figure 2.- Photograph of 10.7-percent-thick symmetrical tail section with a
0.40c flap having a 0.333cy overhang and a 0.20cy tab, &5 = 200, 8y = -200.

8681 "ON NI VOVN
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