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A O.UO AIRFOIL-CHORD COMTROL SURFACE ABD 

A 0.20 COKTEOL-SURFACE-CHORD TAB 

By Albert L. Braslow 

SUMMARY . 

An investigation was made of a ID-7-percent-thick symmetrical 
tail section equipped with a flat-side 0.^0 airfoil-chord flap 
having a 0,333 flap-chord overhang and a plain 0.20 flap-chord tab- 
Airfoil lift, dreg, pitching-moment, and flap and tab hinge -moment 
characteristics were determined at various flap and tab deflections 
with the control-surface nose gaps sealed and unsealed. 

The results of the tests indicated that sealing the tab nose 
gap generally increased the flap lift effectiveness and the tat 
hinge-moment effectiveness. Sealing the flap nose gap increased the 
rate of change of section "lift coefficient with 'both section angle 
of attack OGQ and flap deflection 8f,    negatively increased the 
rate of change of flap section hinge-moment coefficient cj^ with 
"both OQ and of at a 0° angle of attack and flap deflection, 
eliminated sharp irregularities in the variation of c^ with do, 

and greatly reduced all but the minimum values of section drag 
coefficient at all flap deflections tested. "When the flap was 
deflected beyond the angle at which the flap leading edge imported 
from the airfoil contour, sudden decreases of lift and large increases 
of flap and tab hinge moments occiirred through a limited range of 
angle of attack. The effectiveness of the tab in reducing the flap 
hinge moments was large up to a tab deflection of 10° but decreased 
appreciably at larger deflections of the tab. 
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INTRODUCTION 

Flight tests of conventional symmetrical tall surfaces made by 
the Douglas Aircraft Company, Inc., indicated that flat-side 
elevators and rudders were less subject to air~flov conditions 
causing undesirable control—surface oscillations then were control 
surfaces of true-airfoil contour (reference 1). In order to 
determine other aerodynamic characteristics of a tail section 
equipped with a flat-side control surfaccr, an investigation was made 
of a two-dimensional model in the Laogley two-dimensional low— 
turbulence pressure tunnel. 

The model was equipped with a Uo-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 airfoil 
section lift, drag, and pitching moments, and flap and tab hinge 
moments for configurations with the flap and tab nose gaps both 
sealed and unsealed. 

COEFFICIENTS AND SYMBOIS 

Oj section lift coefficient (z/qc) 

&ci increment of c^ due to flap deflection 

ca . section drag coefficient (d/qc) 

Cmc/k section pitching-moment coefficient about quarter-chord 
'     point (m/qc2) 

chf flap section hinge-moment coefficient (hf/qcf2) 

chf ^al°  section hinge-moment coefficient (h-t/qc^.2) 

where 

I lift per unit span 

d drag per unit span 
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m      quarter-chord pitching moment per unit span. 

hf     flap hinge moment per unit spanj positive when trailing 
edge of flap tends to deflect downward 

h^     tab hinge moment per unit spanj positive when trailing 
edge of tab tends to deflect downward '  '  ~ - 

c      chord of airfoil with "both control .surfaces neutral 

c      chord of flap "behind flap hinge axis 

c^     chord of tab behind -ta"b hinge axis 

q.      free-stream dynamio pressure I—pV^\ 

V free-stream velocity 

p free-stream density 

and 

aQ section angle of attack 

5f     flap deflection with respect to airfoil; positive when 
trailing edge is deflected downward 

B.     tab deflection with respect to flapj positive when 
trailing edge is deflected downward 

Ok     chord of overhang balance from flap hinge axis to balance 
leading edge 

Reynolds number 

?0°/ Bf*  8t 

- t*S5L\ 

f   X X/   <V Bt 

°Sf    _T ,    . 
°l>  st 
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/öchf\ 
Chf, 

°hf&f" few        R 

5-      a f-r-^J measured at    <L*0°    and    cv     - 0 

chf> «o 

.._^i ciu       V^ lt a_ 

\ö6f / 

C
BR    ^ \~i—1~1") measured at    Cj = 0,    Sf = 0,    and    &^ = Qr 

CZ>  St 

X; - (^7 
Sf,  Bt 

The subscripts following the partial derivatives denote the 
variables held constant when the partial derivatives are taken. 
The derivatives are obtained at aQ  - 0°,    &g  « 0°, and 8t <» 0° 

except as noted. 
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MODEL 

The profile of th& airfoil tested was formed by modifying an 
NACA 0012 airfoil in such a manner as to provide flat-side control 
surfaces behind the hinge axes» A sketch and photograph of the model 
are presented as figures 1 and 2. The modification to the NACA 0012 
profile consisted of extending the airfoil chord 12 percent and 
drawing straight lines from the extended trailing edge tangent to 
the airfoil surfaces. Extension of the airfoil chord effectively 
reduced the maximum thickness of the airfoil to 0.107c and moved the 
position of maximum thickness forward to approximately 0.27c behind 
the airfoil leading edge. Ordinates for the airfoil are given in 
table I. The flap of 0.40c had an overhang type of aerodynamic balance 
of 0.333Cf and was equipped with a plain 0.20cf tab. The ordinates 

for the flap nose shape are given in table II, 

The model had a 2k—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. ^00 carborundum 
paper to aerodynamic smoothness. Thin rubber "curtains" and modeling 
clay were used to seal the flap gap and the tab gap, respectively. 

APPARATUS AND TESTS 

The model was mounted horizontally 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 ceiling of the tunnel test section, was used 
to measure lift, and the wake survey method was used to measure drag. 
Airfoil pitching moments were measured,with a torque—tube balance, 
and control—surface hinge moments were measured with electrioal 
resistance strain gages. 

Tests of the model were made at a Reynolds number of 6 X 10° 
and a Mach number of not greater than 0.11. Airfoil lift, 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 and tab gaps sealed and unsealed in the following combinations: 
(l) flap gap and tab gap unsealed; (2) flap gap unsealed, tab gap 
sealed; (3) flap gap sealed, tab gap unsealed. Tab hinge moments 
were not obtained with the tab gap sealed because of the large friction 
of a tab seal. Airfoil lift and control—surface hinge moments were 
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measured at a Reynolds number of 2.5 X 10 as well as 6 x 10D for 
the neutral position of the flap and tab with both gaps unsealed. 

The Mach number at Reynolds numbers of 2.5 X 10b and 6 X 10° was 
essentially the same. 

CORRECTIONS Aim ACCURACY •OJ MffiUOTHHMEHEB' 

The following factors were used to correct the tunnel data to 
free-air conditions: 

cz  =» 0.978cz' 

cd = 0.993cd« 

V0,99V   ' 
°hf - °-993chf- 

Oht =0.993cht« 

c^ = 1.015ao' 

where the primed quantities represent the values measured in the 
tunnel (reference 2)'. An additional correction to the moment 
coefficients duo to &  distortion of the pressure distribution over 
the airfoil caused by the tunnel boundaries was not applied inasmuch 
as the exact shapo of the additional loading due to this distortion 
is not known. Approximate Calculations, howovor, indicate "that the 
additional correction to the values of the moment coefficients are 
probably in the order of COO^cj', 0.005cy, aftd 0.002c2r for'the 
values of-1 cm .', c^ , and c^ , respectively. 

Prom a consideration of the tost oquipment~7and the scattor of 
chock runs, the precision of .the data is' estimated" tö~bö~ae follows: 
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• At moderate values of c^ 
and low flap deflections 

At values of o\    near stall 

<*o ±0.05° ±0.05°   '; 

°l ±.005 ±.015 • 

Od. ±.0001 ±„0005 

°*c/k ±.001 ±.005 

oh* and °H ±.001 ±..005 

RESULTS AND DISCUSSION 

Lift 

Ä summary of the lift parameters oi , oj , and ctg  is 

presented in table III for each of the nose gap conditions"tested. 
The "basic section lift data for various deflections of the flap and 
tab and for the control—surface gaps sealed and unsealed are presented 
in figure 3, 

Sealing the tab gap increased the rate of change of section 
lift coefficient cz    with flap deflection 8f from 0.066 to 0.070 

and had no effect on the rate of change of section lift coefficient 
with section angle of attack. As a result, the flap effectiveness 
parameter- Og- increased from O.70 to 0.7^. With the tab gap open, 

sealing the flap gap increased Ci  from 0.066 to 0.072 but a 
Bf  - 

corresponding increase in c7  from 0*095 to 0.10^ prevented any 

appreciable change in the ' effectiveness ..parameter. The principal 
benefit resulting from sealing the flap gap, "therefore, is an increase • 
in the control—fixed stability caused by the increase in C7 » 

a. 

In order to show the effect on lift effectiveness of ilap 
deflection and flap gap at high flap deflections, the incresent of 
section lift coefficient Zscj due to flap defleotion is plotted 
against 8f in figure h at section angles of•attack of 0 , ±2°, 
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±6°, and ^10°, The flap effeotivenese deoreases as a result of 
air—flow separation over the flap at section angles of attack 
greater than approximately 2° when the flap deflection is equal to 
or greater than 20°, the angle at whioh the flap leading edge unports. 
Such a flight condition in which the angle of attack and control- 
surface deflection may he of like sign might occur, for example, 
for a vertical tail section during flight with asymmetric power 
Less serious losses of lift due to importing of the flap leading edge 
occur when the section angle of attack is increased in opposition to 
the flap deflection. This combination of control-surface deflection 
in opposition to the angle of attack would perhaps occur for an 
elevator during landing or for a rudder during sideslip. 

A comparison of figures 4(a) and 4(b) shows that sealing the 
flap gap reduces the values of As^ at positive section angles of 

attaok throughout the complete range of flap deflection tested. At 
negative section angles of attack the values of £c^ 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 Acj 

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

A normal scale effect on the lift characteristics of the airfoil 
with "both control surfaces neutral and unsealed results from a change 
in Reynolds number from 6 x 10° to 2.5 x 10° as shown in figure 5. 

Hinge Moments 

Flap and tab section hinge-moment coefficients are plotted 
against airfoil section angle of attack OQ for various defleotions 

of the flap and tab in figures 6 and 7, respectively. Large increases 
of flap and tab hinge moment occurred through a limited range of angle 
of attack when the flap was deflected heyond the angle at which 
the flap leading edge imported from the airfoil contour» A summary of 
values of important hinge^moaient parameters is given in table III. 

Sharp irregularities in the variation of cjj  with OQ occurred 

at a zero flap deflection with the flap gap open (figs. 6(a), 6(h), 
and 6(e)). Subsequent tuft observations showed that the irregu- 
larities were caused by a rapid thickening of the boundary layer 
over one surface of the flap when a flow of air is induoed through 
the flap gap as the angle of attack is changed» With both control 
surfaces neutral the asymmetry in the angle of attack at whioh these 
irregularities occur is probably caused by the air flow through the 
flap gap at low angles of attack. Sealing the flap gap eliminates the 
irregularities in the hinge-moment characteristics as shown in 
figure 6(g)» 
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Sealing the flap gap or the tab gap negatively inoreases the 
values of ofcf , cfcft , c^ f    and Ofc^g , (See table III and 

figs. 6 and 7.) The values of c^  given in table III for the flap 

gap unsealed were measured at a section angle of attack of 0° and 
may be questionable because of the Jogs in the hinge-moment ourvee. 
The results of previous investigations of conventional airfoils, 
however, have also indicated a tendency for the values of the hinge- 
moment parameters cj^ and oh$ to beoome more negative as the 

control-surface gap is deoreased (reference 3), The data of 
figures 6(a) and 6(g) show that at moderate angles of attack, however, 
the rate of change of a^f   with OCQ is less negative for the flap 

gap sealed' than for the flap gap unsealed» 

A measure of the effectiveness of the tab in reducing flap hinge 
moments is the rate of change of flap deflection with the tab 
deflection required to balance the increment of flap hinge moment 
caused by the flap deflection at a oonstant angle of attack. This 
parameter - 6fR  indicates that the smaller the tab-deflection required 

°t 
to "balance the increment of cnf. due to a given flap deflection, the 
greater is the tab hinge-moment effectiveness. Curves of the flap 
deflection, against the tab deflection required to maintain a flap 
section hinge-moment coefficient of 0 are plotted in figure 8 at 
angles of attack ranging from -8° to 8° for the flap and tab gaps 
unsealed. In addition, the variations of Sf with St through a 
range of angle of attack from 0° to 8° are plotted for the tab-gap - 
sealed condition. The curves of figure 8 were obtained by interpolation 
and extrapolation of the basic flap hinge-moment data presented in 
figure 6« 

The value-ofL 6^-  at -a section angle- of attack of 0° for both 

-oontrol-surface gaps unsealed is equal to.JL.83 for tab deflections 
"between 0° and—10°. The tab hinge-moment effectiveness at positive 
flap deflections, is greater for negative than for positive angles of 
attack -as shown in figure 8- and is caused by a greater tendency for 
the air flow to separate over the upper surface of the flap at positive 
angles of attack» The tab hinge-moment effectiveness decreases 
appreciably at tab deflections greater than--^10° for all angles.of 
attack for which data are available. Sealing the tab gap increases 
the rate of ohange of &*• with 6. an average of.Ik percent at 
angles of attack from 0^*to 8°. The effect of the flap gap on the tab 
hinge-aoment effectiveness was not determined. 

The effect of a change in Reynolds number from 6*0 X 10" to 
2,5 x loo on the flap and tab hinge-aoment characteristics is shown . 
in figure 9 for "both control surfaces neutral and unsealed. 
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Pitching Moments 

Section pitching-moment coefficients are plotted against 
section lift coefficients in figure 10 for "both control gaps 
unsealed and for the flap gap sealed with the tab gap -unsealed. 
Sealing the flap gap had no appreciable effect on the value of c^ 

(table"III) or on the value of c    as can be seen from a comparison 
it 

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

' Drag .       . 

Drag characteristics of the airfoil ..with the control-surface 
gaps sealed and unsealed are .presented in figure 11 for various 
deflections of the flap and tab. When a flow of air through the flap 
gap waB induced at small angles of attack, a large increase in section 
drag coefficient occurred (fig.- 11(a)). With both control surfaces 
neutral, the.sudden increases in drag were asymmetrical about zero 
lift but corresponded to the ang3.es of attack at which the irregularities 
in the flap section hinge-moment coefficients occurred. When the. flar 
of air, through the flap gap was eliminated with a seal, the section 
drag coefficients wore symmetrical about zero lift for the neutral 
position of both control surfaces and a large docreaso in all but the 
minimum values of c* was obtainod at all the flap dcfloctions-tostcd. 

The value of the minimum section drag coefficient for both control 
surfacos neutral was 0.0071 for tho flap gap unsoalcd and remained the 
same for tho'flap gap sealed. Sealing the tab gap generally decreased 
the section drag coefficients slightly, although a largo incroaso in 
drag was still caused by tho air flow through tho flap gap. 

SUMMAEY OF KESULTS 

The following results were obtained from the two-dimensional 
wind-tunnel investigation of a 10.7-percent-thick symmetrical tail 
section equipped with a OAOc flap having a 0.333Cf overhang and 
a 0.20cf tab. 

1. Sealing the tab nose gap generally increased the flap lift 
effectiveness and tab hinge-moment effectiveness. 

2. Sealing the flap gap 

(a) increased the rate of change of section 
lift coefficient with both section angle of attack OQ 

and flap deflection 0- 
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(b) negatively increased the rate of change of flap 
section hinge-moment coefficient o-^f   with "both OQ   and 5j 

at a 0° angle of attack and flap deflection 

(c) eliminated sharp irregularities in the variation 
of chf with OQ 

(d) greatly reduced all hut the minimum values of section 
drag ooeffioient at' all flap deflections tested. 

3. Sudden decreases of lift and large increases of flap and tab 
hinge moment occurred through a limited range of angle,of attaok when 
the flap was defleoted beyond the angle at which the flap leading 
edge imported from the airfoil contour. 

k.  The effectiveness of the tab in reducing flap hinge moments 
was large up to a tab deflection of 10° but decreased appreciably at 
larger deflections of the tab. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

langley Field, Va., December 20, 19k6 
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TABLE I TABLE II 
o 
> 

ORDINATES FOR IO.7-PERCENT-THICE: TAIL SECTION 

[Stations and ordlnates given in 
percent of airfoil chord] 

ORDINATES FOR FLAP NOSE SHAPE 

Symmetrical section 

Station Ordinate 

1.116 1.691 
2.252 2.555 

5.174 A 7nn 3; 7t;n 

8.95O t.iöi 
K'$° 4.772 
17.000 

5.3O4 22.520 
26.780 5.359 

l&'.bko 
5.IÖI 
4.726 

53.570 4.07U 
Straight taper 

100.000 0 

JL.E. radius :   1.1(10 

[Stations and ordlnates given 
in percent of movable 
surface length measured 
from overhang L.E.  to 

Symmetrical shape 

Station Ordinate 

I.25 
2.56 
5.00 

<-?   en 

10.00 
15.00 
20.00 
100.00 

3.6k 
4.94 
6.57 
(• ?;> 
7.^2 
7.42 
7.04 
0 

L.E» radius"  5.5 
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TABLE III 

SECTION PARAMETERS MEASURED AT a0 = 0°,  Bf = 0°,  AND 6t = 0° 

fExcept as noted] 

Control-surface 
nose gap °V a°f Chf Cb*o 

Qt 
(1) 

Cht *°t 5f (2) 

Flap unsealed 
Tab unsealed O.O95 0.066 0.70 -O.OO5O -Q.OOltf 1.83 -0.0001 -0,0009 -O.QOO9 -0.0091 

Flap unsealed 
Tab sealed .095 .070 • Ik -.OOiiO -.001)3 2.09 

Flap sealed 
Tab unsealed .101; .07a -69 -.001^5 -.0050   -*00l8   -.0019 -.0091 

*• Mnasured at a_ = 0° and Cv.. =0. 

2 Measured at cj =0, öf = 0°, and ot =0°. 
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Figure 1.-    Sketch of 2lj.-inch-ahord 10.7-peroent-thick symmetrical tail section. 
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Airfoil chord line i 

-Cb =0.333<5f- ,Cf = 0.1|0c, 

ot = 0.20cf. 

Hinge points • ^ 

Flap gap = 0.003c 
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Figure 2.- Photograph of 10.7-percent-thick symmetrical tail section with a 
0.40c flap having a 0.333cj overhang and a 0.20cf tab.  8f = 20°, 8t = -20°. 
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Fig. 3g NACA TN No.  1228 

Section angle of attack, OQ,    deg 

(g) Flap gap sealed, tab gap unsealed) ot = 0 

Figure 3 •- Concluded. 



NACA TN No.  1228 Fig. 4 
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Ca)    Flap and tab  gaps unsealed. 
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2k 32 

"f > deg 

Co)    Flap gap sealed,  tab  gap unsealed. 
Figure !;•-    Variation of    Aoj    with    Of    at constant    a0    for the 10.7-percent-thick symmetrical 

tail section with a O.I4.OC flap having a O.JJJCf overhang and a 0.20c; tab.      R = 6 x 10^ 
(approx.). 



Fig. 5 NACA TN No. 1228 

Section angle  of attack,     a0,     deg 

Figure  5.-    Soale effect on lift characteristics of» the 10.7-parcent- 
thick symmetrical tail seotion with a O.4O0 flap having a 
0.3?3°£ overhang and 0.20of tab.      Flap and tab gaps unsealed; 
Of = 0°;     öt = 0°;     test,   TDT 761. 
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Figure 6.-    Hinge-moment characteristics of a 0.1;0o flap having a O.JJ3Cf overhang and 
a 0.20of tab on the 10.7-percent-thick ayrametrloal tall section.      R = 6 x 10^ 
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Fig. 6b NACA TN No.  1228 

Section angle of attack,  aOJ  deg 

(b) Flap and tab gaps unsealed;  6t = -10°. 

Figure 6 .- Continued. 



NACA TN No.  1228 Fig. 6c 

Section angle of attack,  o0)  aeg 

(o)  Flap and tab gaps unsealed;  6t = -15 

Figure 6 .- Continued. 



Fig. 6d NACA TN No.  1228 

Section angle oi' attack, a0,    deg 

o      o 
(d) Flap and tab gaps unsealed; 8t = -20 and 10 

Figure 6  . - Continued. 



NAGA TN No. 1228 Fig. 6e 
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Section angle of attack,    o0,     dog 

(o)    Flap gap unsealed,   tab gap sealed;    6t = 0    and 10°. 

Figure 6   .- Continued. 



Fig. 6f NACA TN No. 1228 

Section angle or attack,     a0,     deg 

(f)    Flap gap unsealed,   tab  gap sealed;    6fc = -10°,   -15 ,   and -20 

Figure 6   .-    Continued, 
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Figure 6 •- Concluded. 



Fig. 7a NACA TN No. 1228 

Section angle of attack, 

(a}    Flap and tab gaps unsealed)    St = 0°. 

Figure 7.-    Hinge-moment oharacteristlos of a 0.200f tab on a O.IfOo flap baring a 
0>555°f overhang on the 10.7-peroent-thlolc symmetrical tall section. 
R = 6 x 106   (approx.);  tests,   TOT 761 and 765. 
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Eig. 7d NACA TN No.  1228 

Section angle of attack,     OQ,    dog 

(d)    Flap and tab gaps unsealed;    0t = -20° and 10° 

Figure 7 .- Continued. 



NACA TN No.  1228 Fig. 7e 
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Section angle of attack,  a0>  dag 
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)) Flap gap sealed, tab gap unsealed; 6t = 0 

Flgire 7 •- Concluded. 



Fig. 8 NACA TN No.  1228 
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Tab deflection,     6t,    deg 
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Figure 8.- Variation of flap deflection with" the tab deflection 
required to maintain a constant flap section hinge-moment 
coefficient of 0.  R = 6 x io^ (appro*.)• 
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