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WIND-TUNNEL INVESTIGATION OF THE EFFECT OF TAB BALANCE ON
TAB AND CONTROL-SURFACE CHARACTERISTICS

By Jack D. Brewer and M. J. Queijo-
SUMMARY

An investigation was conducted to furnish data on the effect
of tab balance on tab and control-gurface characteristics. The
airfoil tested had a modified NACA 65;-012 contour with a plain
flap having a chord equal to 25 percent of the wing chord and with
a tab having a chord squal to 25 percent of the flap chord and
having several nose shapes and overhang lengths.

The results of the investigatjon indicated that, in general,
tab balance alffected tab hinge-moment characteristics in much the
same manner that flap balance aifects flap hinge-moment. character—
istics. A moderate amount of tab balance did not seem to have any
adverse effect on flap hinge-moment characteristics. Transition
gtrips placed near the leading edge of an airfoil yeduced the effec—
tiveness of either plain or balanced tabs. Opening the tab gap
reduced the tadb effectiveness, but the reduction became less as the
tab balance was increased.

Application (by an approximate method) of the results to two
typical airplanec indicated that the addition of overhang halance
to spring tabs was an effective means of reducing the control forces
of spring-tab ailerons, Tabs with sealed internal balances were
generally less effective in reducing aileron control forces than
tabs with round-nose overhangs of the same balance length.

INTRODUCTION

Scme means of balancing the excessive aerodynamic forces on the
control surfaces have been found necessary in the designs of large
airplanes and high~speed airplanes, Results of tests reported in
references 1 to 3 show spring tabs to be one of the most effective
means of obtaining aerodynamic balance. In some cases, however, the
control forces become quite large even with & spring-tab arrangement.
A spring-tab analysis presented by Gates of Great Britain indicates
that a large part of the control forces for spring—tab ailerons may
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result from tab hinge moments. Some data (references L and 5) are
available on plain-tab hinge moments but little, on balanced-tab
hinge moments. The present tests were conducted in the 2%- by 6-foot

test section of the Langley stability tunnel to provide such tab data
in order to investigate the practicability of using tab balance to
reduce control forces. The effects of trensition strips and tab gap
on hinge-moment characteristics were also investigated.

SYMBOLS
cy airfoil section 1lift coefficient
Ch flap (or aileron) section hinge-moment coefficient
5 )
Cy tab secticn hinge-moment coefficient
t
Px resultant flap (or aileron) balance-—pressure ]
£ coefficient | P - Py
. Lower Upper
PR ; resultant tab balance-pressure coefficient ?t =l .
% ! Lower Upper
Py  pressure coefficient ebove or below flap (or aileron) seal y
Py pressure coefficlent above or below tab seal
c chord of basic airfoil with flep and tab neutral, feet
cp flap (or aileron) chord from flap (or aileron) hinge line
to trailing edge with tab neutrel, feet
Ct tab chord from tab hinge line to trailing edge, feet
b, flap (or aileron) balance chord, distance from hinge line to
‘ a point midway between points of attachment of flexible
seal of sealed internal balance, feet
y teb belance chord; distance from teb hinge line to leading
t edge of exposed overhang balence or to a point midway
between points of attachment of flexible seal of sealed
ternal balance, feet
¥y distance from plane of symmetry to inboard end of aileron, '

feet
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i distance from plane of symmetry to outboard end of aileron,
feet

Bf flap (or aileron) deflection with respect to airfoii, degrees

Adgp total deflection of right and left flaps (or ailerons), degrees

Oy, tab deflection with respect to flap, degrees

@ " angle of attack, degrees

@ trailing-edge angle, degrees (See fig. 1.)

F control force, pounds

ky ratio between angular deflection of control (stick or wheel)
and aileron deflection with spring tab fixed

ks ratio between angular deflection of control (stick or wheel)

I and tab deflection with aileron fixed

k3 spring constant, ratio of control (stick or wheel) force to

spring-tab deflection when aileron is held fixed and

airspeed is zero, pounds per degree

F1,Fo' correlation factors defined on page 41 of reference 9

v indicated airspeed, miles per hour
Ay Cny s
= %Balanced tab %Plain tab
Ach = Cp = Chy.
bay, tatBalanced tab “tplain tab
RSN
cl
(] = (
b _zaf)af,st
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The subscripts outside the parentheses of the foregoing partial
derivatives indicate factors held constant during measurement of
the derivatives.,

APPARATUS AND TESTS

The tests of the present investigation were conducted in the
2L by 6-foot test section of the Langley stability tunnel. The

model had an airfoil chord of 2 feet and spanned the throet of the
tunnel. Photographs of the model in the tunnel are presented in
flgure 2. The part of the model forward of the 75-percent—chord
station was made of laminated mahogany and had an NACA 65 -012
contour, but from the 75-percent-chord station to the traillng edge
the wing had flat sides forming a trailing-edge angle of 13.5°.

The ordinates of the modified airfoil are given in table I.

The model had a plain flap constructed of laminated mahogany
with a steel central web to which a steel tab was attached; the flap
chord was 25 percent of the airfoil chord. The tab had a chord equal
to 25 percent of the flap chord and was equipped with several brass
nose pileces of various shapes and overhang lengths. The dimensions
of the flap and tab are shown in figure 1. The ordinates of the tab
nese shapes are given in table II.

The part of the model forward of the T75-percent—chord station
was attached rigidly to disks that were mounted flush with the tunnel
walls, Clearance gaps of approximately 1/16 inch were left between
the disks and the ends of the control surfaces.

The 1ift on the model was measured with an integrating mancmeter;
flap hinge moments were measured with a calibrated spring balance; tab
hinge moments were measured by calibrated electric strain gages; and
the pressure differences (resultant balance pressures) were measured
by U-tube mancmeters.

All of the tests were made at a dynamic pressure of 155.5 pounds
per square fogt The corresponding Reynolds number and Mach number
are 4.59 x 10° and 0.34, respectively.

The greater part of the tests were made with transition strips
attached to the upper and lower surfaces of the model. The transition
strips were made by cementing No. 60 carborundum grains to Scotch
cellulose tape in a strip % inch wide. The tape was attached to the

model so that the leading edges of the carborundum strips were at the
1.0-percent—chord station.
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Tests were made with the tab gap sealed and open for the
round tab nose shapes (gep = 0.004c). The tab gap was open for
all other tests. The flap gap was sealed for all tests.

CCRRECTIONS

Corrections applied to the test data for the effect of Jet

boundaries ars based on the equations of reference 6. The methods

of reference 6 were extended in order to obtain the corrections to
flap hinge-moment coefficient and resultant balance-pressure coef—

ficient. The equations used in making the correcticns were:
o 5 !
Gy = 0.90301

= 1 O.I —%w
O »a 4 a“ch(ﬁf:O°,5t=Oo>

c%,zc%ﬂ4~moﬁﬁq’ = .
PR, = P,' — 0-042c;' y

Primed values refer to the uncorrected value.

The corrzsctions do not take inte account the tunnel-wall
boundary—layer effects or the effects of the gaps between the ends
of the control surfaces and the end disks. The angle-of--attack
correction does not take into account the small effect of 1ift
resulting from tab and flap deflections. The correctiocns for
Oh, and fof‘”PRt vere found to be very small and were ncglected.

RESULTS AND DISCUSSION

Presentation of Daie

The data are presented as plots of airfoil section 1lift
coefficient, flap section hinge-moment coefficient, tab section
hinge-moment cceificient, and the resultant flan balance-pressure :
coefficient ag funhctions of flap deflection, for all model confi- "
gurations tested, in figures 3 to 19. The resultant teb balance—
pressure coefficient is presented for the plain tab only in fig—
ure 3(d). The same coefficients are plotted against angle of attack
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in figures 20 to 27 (for ®p = 0° and B = 0°). Parameter values
obtained from these figures are presented in table III. The effects
of tab nose shape and tab overhang length on the tab hinge--moment
parameters are shown in figures 28 and 29. Figure 30 shows the

. effect of tab balance on flap section hinge-moment coefficient.

The effects of fixing transition and of sealing the tab gap on tab
hinge-moment parameters are indicated in figure 31.

Effects of Tab Nose Shape and Overhang
In figure 28 the parameters c c and ¢
& P htCL’ htaf, htﬁ

become more positive as the nose shape is changed from sharp to blunt
or as the tab overhang is increased. In general, the parameters are
affected by tab balance in the manner that shouid be expected on the
basis of previously obtained test results for the effects of flap '
balance on flap hinge-moment characteristice (references 4, 7, and 8).
Neither tab overhang nor tab nose shape generally has any appreciable.
effect on the parameters 'chfa» or Chf . The tab hinge-maoment

1 a :
effectiveness increases as the tab nose shape is changed from sharp
to blunt. Increasing the tab overhang length causes the tab to
become more effective with the blunt and round nose shapes but causes
irregular results for the tab with the elliptical and sharp nose
shapes.

A correlation of the effects of overhang balances for ailerons
is expressed (equations (23) and (24) of referénce 9) in terms of a
factor Fi .related to overhang length and a factor Fy' related
to balance nose shape. The relations of these factors to the geometry
of the balance are given in reference 9. The correlation has been
applied to the tab balances of the present investigation and the
results are compared with the experimental values of the parameters
cht and Cht5 . The comparison given in figure 29 shows that

e t

application of the correlation, in its present form, to tabs results
in overestimating the effects of the balances on tab hinge moments.
The poor agreement between the present experimental results and the
correlation probably is caused by the large difference between the
tab—chord ratio (cy = 0.06c) of the present tests and the aileron—
chord-ratio range ?cf = 0.155¢ to 0.30c¢) used in developing the
correlation. Symbols representing different nose shapes for constant
overhang lengths and symbols represeuting different overhang lengths
for constant nose shapes fall close, however, to the same line. This
agreement indicates that the relative importance of nose shape and
overhang length is given accurately by the present correlation. There—
fore, the correlation given in reference 9 can possibly be made to
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apply to almost any control surface or tab if factors related to
the chord ratio were used in addition to the factore F, and F2'.

Figure 30, a plot of flap section hinge-moment coefficient
against flap deflection for various ratios of tab deflection to flap
deflection shows that the presence of a round-tab balance of 0.50cy
length does not greatly alter the effect of the tab on the flap
hinge moments. Because a rather extreme tab balance was used for
this comparison, tab balance, apparently, is not likely to have any
. serious adverse effects on flap hinge-moment characteristics for
. practical installations.

Effects of Transition Strips and Tab Gap

The effects of fixing transition and of sealing the tab gap on
hinge-moment parameters are shown in figure 31. Placing transition
strips at the 0.0lc station causes all the hinge-moment parameters
except Chy to become less negative than they were for the condition

Q
of transition strips off; cht becomeg less positive.
: : . o

Opening the tab gap causes he and to become less
o

Chf@f

negative but generally has little effect on Chy s and
i (07

Ch. «+ The tab-effectiveness parameter becomes less negative
h
Eg

Ch
when the tab gap is unsealed, but the change is much less for a
balanced tab than for a plain tab.

" Application of Data to Two
Typical Airplanes

- In order to illustrate the effects of tab nose shape and tab
overhang length on ajileron control forces, the hinge-moment data
. obtained in the present investigation were appliesd to two typical
airplanes having the characteristics listed in table IV. Airplane 1
is a typical fighter—type airplane and airplane 2 is a typical large
(transport or heavy bomber) airplane, The ailerons were assumed to
be equipped with spring tabs having various gpring strengths.

The control force per degree aileron deflection was estimated
for each of the tab-nose configurations and for several assumed
aileron balances at an assumed indicated airspeed of 300 miles
per hour.

S R R S
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The procedure used for estimating the aileron control forces
is necessarily approximate since the calculations are based on two—
dimensional data. Reliable aspect-ratio corrections for the hinge—
moment parsmeters of partial-span control surfaces or for tabs have
not been developed. A qualitetive indication of the effects of tab
nose shapc and tab overhang length on control forces is believed,
however, to be obtainable by neglecting all aspect-ratio corrections
to the hinge-moment parsmeters. A correction must be applied to the
airfoil section tab-effectiveness pesrameter c, , however, when

Iat

the tab span ig less than the aileron span, The teb correlation
given in reference O was used to evaluate this correction. On the
basis of this assumption, calculations of the control force per
degres aileron deflection have besn made by means of equation (L0)
of rveference 9. Because of the limitations of the method that have
been pointed out, the absolute values of the contrcl force per
degres aileron deflection are not considered to be of much significance,
but the trends indicated by variation in the tab configuration are
beliéved to be relicble. The hinge-moment parameters of ailerons
or tabs with se2led internsl balences were celculated by methods
described in reference 10 by use of the hinge-moment parsmeters of
plain sealed ailerons and tabs and the resultant balance—pressure
parameters. The results of the calculations ave presented in
figures 32 and 33 as plots of control force per degree aileron
deflection against tab overhang length for the nose shapes tested
and for severel assumed values of aileron balance and spring strength.
Figure 32 presents the results obtained for airplane 1l and figure 33
presents the results obtained for airplane 2. :

In general, increasing the tab overhang length or the bluntness
of the tab nose shape decreases the control force. The results
presented in figures 32 and 33 have been summarized in figure 3.4,
which shows the ratio of control force with a balanced tab to control
force with a plain tab plotted against spring constant for various
velues of cileron belance. Figure 34 shows that the effectiveness
of the tab balance in reducing control force is practically inde-.
pendent of aileron balance and that the effectiveness decreases as the
value of k3 increases., The greatest percent of reduction occurs

for the ssi1votsb (k3 = 0).

Calculations were made of the control forces for several assumed
sealed internal balances on the tab by using the plain tab data and the
tab balance pressures., The results are plotted in figure 35. Control—
force curves obteined from figures 32 and 33 for the tabs with round-
noge overhangs ave included in Tigure 35 for comparison. In general,
the control forces for a sealed internally belanced tab with a plain
nese are greater than for a tab with a round nose overhang of the same

~ balance length.,
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Figure 36 shows the variation of control force per degree
alleron deflection with airspeed for various aileron and spring—
tab balance conditions and indicates the great reduction in control
force possible with balanced spring tabs throughout the speed range.

All of the foregoing control-force results were calculated by the
comparatively simple method given in reference 9, which assumes
linear variations of aileron and tab hinge-moment coefficients with
aileron deflection, spring-tab deflection, and angle of attack. A
more difficult, but more accurate, method considering the actual
nonlinear aileron and tab curves is given in reference 1l. In order
to check the validity of the control-force results obtained by the
linear method, a plot showing the effect of tab balance on the
variation of control force with aileron deflection is presented in
figure 37, as determined by references 9 and 11l. Although differences
in the two sets of results exist, especially at large aileron deflec—
tions, figure 37 shows that the trends indicated by the results
obtained from the linear method are reliable.

CONCLUSIONS

An investigation was conducted in the 2%- by E~foot test section

of the Langley stability tunnel of a two-dimensional wing model
having a modified NACA 65;~012 contour with a plain flap having a
chord equal to 25 percent of the wing chord and with a tab having
several nose shapes and overhang lengths and having a chord equal to
25 percent of the flap chord. The results of the investigation and
the application (by an approximate method) of the resulte to aileron
contreol forces indicated the following conclusions:

1. In general, tab hinge-moment characteristics were affected
by tab balance in much the same way that flep hinge-moment charac-—
teristics are affscted by flap balance.

2. A moderate amount of tab balance would have no adverse
effect on flap hinge-moment characteristics. '

3. The tab effectiveness decreased when transition strips were
placed near the leading edge of the airfoil. Opening the tab gap
reduced the tab effectiveness, but the reduction decreased as the
tab balance increased.

4. The addition of overhang balance to spring tabs was an
effective means of reducing the control forces of spring-tab ailerons.
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5. Tabs with sealed internal balances were generally less
effective in reducing aileron control forces than tabs with round—
nose overhangs of the same balance length.

Langley Memorial Aeronautical Laboratory _
Naticnal Advisory Committee for Aeronautics
Langley Field, Va., June 10, 1947
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TABLE I
ORDINATES FOR MODIFIED NACA 651—012 ATRFOIL

[Station and crdinates in percent airfoil chord]

Station Ordinate
0 0
1.25 1.39
2.50 1.58
5.00 2.61
7.50 317

10.00 3.65
15 4.40
20 4.97
25 & .44
30 5.7
Lo 6.00
50 BLTo
60 .ok
T0 3. 74
5 3.06
&0 2.46
85 1.87
S0 1heis
25 0.69
100 0.10
I B adiusg: 1.00

NATIONAL ADVISORY
COMMITTER FOR AERONAUTICS
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TABLE II

NACA TN No.

ORDINATES OF TAB NOSE SHAPES

1403

'Statjon and ordinates in percent airfoil chord; stations
measured from forward end of overhanq]

Ordinates
0.35cy overhang 0.50cy overhang
Station :
Blunt | Round | BElliptical | Sharp ! Round | Elliptical | Sharp
nose nose nose 1ose nose nose nose
1

0 0 0 0 0.063 0 0 0.063

.063 519 | .34k 227 0861|361 391 .078

% Do R F A5 .322 w3101 LE02 275 .09k

.208 875 § .60k .Lob L T e355 .116

333 58 8 TL3 489 Aol BT 31 142

A58 | 1.020| .825 579 2361 .915 515 .179
685 ' 3.020 §  .9C8 .653 2991 975 .591 222 .

«792 | 1.003 987 -TiB 23621 1,845 .652 264

.938 985 f .974 -T59 418 | 1..053 .697 :30%

1.146 L961L § .961 07 L4971 1.072 YTo0 5 sl

1.354 9361 .936 .838 e Lok .792 408

1.563 912 § ".910 .856 655 1 1,022 .82 43k

b LT T 08T .862 .T33 | .998 .849 51k

1.979 862 | .862 .856 B131 973 .866 567

2.188 .8381 .838 .838 .83u c4B 871 .620

2.396 L9204 879 673

=, 813 216 .865 779

3.125 | EB,C‘ .338 .838

l .J \. ]LL.;_ J\-:“ V.V ""1_{'-‘.
COMMLTTEE FOR 4FRONAUTICS




PARAMETER VALUES FOR MODIFIED NACA 651—012 AIRFOIL WITH 0.25c FLAP AND VARIOUS 0.25c¢ TABS

TABLE III

[Values measured at a = 0°, 5f = O°, and 8¢ = OOJ

1
cy,.fcy | Balance Tab Transi— c c c c c c c c c P P P, P P P
bt‘/ E nose nose | tion la e 1oy o hff’f hf5r, "t htbf htBt Rtq Rf5f Rf&t Rig Rig Rt5t,
shape gap strips
0.134 Plain Sealed On 0.105 | 0.054 | 0.020 | —0.0025 | —0.0088 | —0.0115 | 0.0001 | -0.0012 | —0.0073 | 0.024 | 0.079 | 0.014 | 0.00k 0.013 | 0.04k4
Plain Sealed off .108 | .062 | .021| -.0032 | —.0l112 | —.0138| .0003 | —.0026 | —-.0085| .030| .090 | .013 | .007|@.018]|2.051
Plain Open On .105| .053| .014| —.0022 | —.0084% | —.0098 |0 -.0015 | -.0072 | .026| .07€| .011
Plain Open off .107 | .060 | .016| —.0027 | =—.0100 | —.0120 | .0006| —.0026 | —.0086| .030| .089 | .010
5 Blunt Open On .106 | .053| .04 | —.0022 | -.0082 | —.0108 | .0006 | —.0008 | —.0039 .02k | .076| .o012
‘Round Sealea On .105 | .056 | 019 | —.0026 | —.0092 | —.0115| .0006 | —.0006 | —.00kg | .025| .08 | .o10
Round Sealed off 112 | 060 | .020 | —.0032 | —.0109 | —.0lkk | .0007 | —.0014 | —.0059 | .03L| .087| .013
Round Open On 104 | .053 | .014 | -.0022 | —.0079 | —.0106 | .0004 | —.0010 | —.0050 | .026| .076| .01l
Round Open ore .108 | .057 | .016 | -.0028 | —.009% | —.0130 | .0011 | —.001% | —.0063 | .030 | . 093 | .009
Flliptical | Open on .106 | .051 .010 | —.0022 | —.0080 | —.0092 | .0004 | —.0012 | —.0056 | .025| .076| .006
Sharp Open On .107 | .050 ( .011 | —.0022 | —.0080 | --.0089 |0 —.0015 | —=.0065 | .026| .078 | .006
.50 Round Sealed On .109 | .055 | .018 | —.0029 | —.0094 | —.0120 | .0016 .0005 | —-.0008 | .028 | .076 | .012
Round Sealed off .109 | .061 | .021 | -.0033 | =.0111 | —.0150 | .0020 .0007 | —.0008 | .030 | .086 | .012
Round Open On .10k | .050 | .04 | —,0022 | —.0078 | —.0116 | .0013 .0006 | —.001% | .024 | .074 | .011
Round Open off .109 | .054 | .019 | —.0031| —.0093 [ —.0143 | .0019 .0005 | -.0012 [ ,031| .084 [ .010
Ellipticel | Open On <104 | .051| .010 [ —.0022 [ —.0078 | —.0093 | .0015 .0008 | —-.0037 | .024 | .07% | .005
Sharp Open On .10k | 048 | .008 | —.0021 | =.0078 | —.0091 | .0006 | —.0002 | —.0054 [ .024% | .07k | .005

8Data not presented.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV

GEOMETRIC CHARACTERISITCS OF TYPICAL AIRPLANES

Control—-stick length or control-wheel radius, r, FEOLE o or ot 5 b S e

Ratio of control (stick or wheel) deflection to
Ratio of control (stick or wheel) deflection to
Aileron span, by, feet . . . . . . . . .

Root-mean—square aileron chord, C,, feet . . .

Wing span, b, feet . . « . . ¢« « ¢« o o o .
Wing area, S, square foot . . . . « . . . . .
Tab span, by, feet . . . . . « ¢ o o 00w

Root-mean—square tab chord, Cp, feet
Wing aspect ratio, Ay « « « « « « o o o o . .

y
Locaticn of inboard end of aileron, ;%5 R

Location of outboard end of aileron, %§E .
Wing teper ratio, A 5 9 0 4a 000000000
Weight, pounds . . « « « ¢ &« o ¢ &« ¢ o o & o ©

aileron deflection, k; .

tab deflection, k2 5 e

NATICNAL ADVISORY

Airplane 1
A
c 1.00
. =0.333
. 9.85
o Lot2
. k9.0
- LTele)
. 238
0.354
6.0
. 0.564
. 0.966
s @.25
. 13,000

COMMITTEE FOR AERONAUTICS

Airplane 2
0.75

10.00
3330
24 .40
4.25
130
2816
8.0
1.06

6.0
0.600

0.975
0.45

80,000

91

g0%T 'ON N.IL VOVN
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Blunt W
V2514
20%c!

N \\1—//@ /3.5°
/=035Q“— ¢ -0.25¢, ——
035 ¢, overhong H ﬁL_l-;Zo’cf

=, 7050 (y~— G =0.25 Cp —~
0.50 ¢, overhang i /‘\
.\
/?0 e, O/ [ e 0 = /‘P ourn d o *//
J105E 1 17058

e e b
Ellptrea/ gc*_// Ellprieal - :
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Frgure /.- Dimensions of F1ap and #ab with varous nose shapes tested os
moaified NVACA 650/2 oo COMMITTEE FoB AEROWAUTICS

g0%T 'ON NI VOVN

T 314



'.!| J;":llh".

n -

= | i SR
B SRS

& A




/8
NACA TN No. 1403 Fig. 2a

= 15°; 5, = 20°.

(a) Rear view. a = 109 &

Figure 2.- View of balanced tab model in 2-;—- by 6-foot section of Langley

stability tunnel,
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(b) Front view.

Gi= w0 8, = -15

Figure 2.- Concluded.

Fig. 2b
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Fig. 3a
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Fig. 3d NACA TN No. 1403
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NACA TN No. 1403 Fig. 5b
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NACA TN No. 1403 Fig. 8a
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Fig. 8b NACA TN No. 1403
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NACA TN No. 1403 Fig. 10a
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Fig. 19a NACA TN No. 1403
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NACA TN No. 1403 Fig. 19b
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Fig. 19c NACA TN No. 1403
\ \w \v Mv P Aldly ) ﬂ Pielalal ¢ N
aAviEaTiriesan 0 T8 T A

Vsl & AP Shlldy |
DR AV AV 3
w P 1P 1 PL5 EEZEN
v 7 [T
_x,:w\mn , %%*m& 8§
W IPTA A A ISEE M
\ \A_N\v g [ 17 m gl §
. S
I rra A ml 4M
il [/ !
7 77 st &
KAL) W [ ALAL ®
. 1/ i
il ] [ ¢ "
| N :
e T A S R L M R §
. &
Yo uaroyyo02 quswou-abiny woly 238 do) ) o juaizyyp00 puowow-abury woiyoss gy ,.W m
&QQ\ JU3131/)20 24NSS2UT-22UDIDG T JULLINSFY M;M
; N % Y o Y %N ¥ 3
SN S EESEEEEEEE &
/ N
TR i TS Reeponeer|s
// // / ,/VDVOODAqk_Z
i i /
AN g
WA g .
1 5=
&R
L .3
& ,m, A el 2], | i /w/
s & N\ \ o
1 AR \
R "
P 3¢ RN N AEEE
| | % _ _ 1 d/w” Etﬁ Q
e N v Y N s ¥

02 ¢ JU212114202 111 Ul 295 [10) 1Y




NACA TN No. 1403 Fig. 20
/
B & .
Ha—
6 -
| Flam 7ob VA
4> 4 d
= g
i .
%x‘ 2 d
g9 g
4 Q)QS:
§q§ 0 > AL
£% 4l IR
7 o=t QS
& : o8 2 N
N
N
|§ 4 - 0 ‘4\8
S %o o7 Transiton stps [ §§
8 ) I o Atose 2 s
NI . o O SN
38 2 -6 et g AT
8% ;|
1 o~
8% 010 OBt
E") Io 5 \&\
S ¥ ¥
%&\‘Z .08 Al
: R
§\ R 02 XK
N 0 B
N 04 ﬁ.\k Q &
3& "4 XS
RPN _\R g
3y 0 ;
Qg =08
R -04

v - B £ 0 4 8 /2
Angle of arfock , a, deg

Fgune 20- Secrion aeroghmanie characlersrics of modiied VACA
65-02 arton/ witty 0.25¢ flap and 0.25¢ /b, b nose

NATIONAL ADVISORY

Jﬁoﬂe Y ,0/0//7 ;706 X0, seaved; 0;} o a,d‘/, . COMMITTEE FOR AERONAUTICS

éo




¢/

Pig. 21

NACA TN No. 1403
8 g 1
PR = [ S
] : )
3 # Flain tab % B gi
S 4 : 2 §§
5 3
Rl d 7 Ry
& R b
I 0 2 83
N Ta S8
Q IR
X -.2 f -4 &8
S Wil ®
9
~ 4
1S
< . .
S i
' Jransition sinps ||
o AFf o o/ -
o O -
5 &
8
L}
AN N
5 N
, 9 I e o %
o S s S ]
ISITN e
SR S X
*Q§ o4 04 °>§
§x ‘ g‘“
Sy o ~86e00e000—0— 08 S
9 S -
B
SR -0

e & vl 0 4 a8 /2
Angle of aftack , o , deg

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Flginre 21.-Secrion oeloayronne charac1ermsies of imoalfied
MACA &3-012 auton with O.25¢ /1o and O.25 ¢ 724,
Jab nose sthape, ploin ; 7ab gap, gpen; &,0% 40"




NACA TN No. 1403

Fig. 22

"y
o = 4 $Q
| Aound nose shape ;_,) 3 o
-, N
LA %
= 2 Lok g R
= L d X Q
Sng AT | of 2 R §
i .
33 ‘ & 38
=8 -2 e
S %
N
S
lensiint? SHps
. o A7 0.0/c
o Off
=8 e
: A2
q
‘8\ N
08
: N
: 7L e
& » g ot
o 2 S ~
TN LS
s L0 A 83
T g ' 04 QN
S - :
3 S iV ' 3%
% N 0 n zP —05 g\ 8
IR q i
\% § NATIONAL ADVISORY
'\ S -04 COHD‘"TTEE. FOR IAERONIAUTICIS

2 8 T4

0 4 & 2

Angle of atlack , @, deg

flgure 22.- Section aerodynamic characteristics of moaitied
NACA 62,012 airtorl with O.25¢ 7/qp and O.25¢cy 1ab.
/06 110se sHhave , rounds ¢, , O35 ¢y ; 106 gop, ST, GO 07

EX,




Fig. 23 NACA TN No. 1403
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Fig. 29 NACA TN No. 1403
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Fig. 31 NACA TN No. 1403
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Fig. 33a,b
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Fig. 33c,d
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Fig. 34

NACA TN No. 1403

oy 154 s3/it 00
V00 STUe Loyl 24000 A0 gL 42050 2 SN0 QO 3 SOLUNICN/
YBLRYS L0 D 2790 LI Yl QYL 22CYSOUYLIOT 6 LIOYOUGY - 36 20701/
1109 Lo & s OuLiap
g o7 Of 2 £L 0 F O
SOILNVNOY3V 404 IILLIWWOD Q Q
AHYOSIAQY TVNOILVN

3

o

>4 %R\Q\Qv\%\ 7

\\\\,
.\\\\

NN

R
“

N
_
QL 4//&/@’ /GO pAeOq,
S~
\\.\
goy wd, /g g,

L‘\
\
e

b

%,

S
|
|
:
NN
\

N




/.l

NACA TN No. 1403

Fig, 3b
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