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XVIII - A LINEH) OVEWLANG

By Richard I. Sears .and

SU’KMARY

MMODYNAMIG BAIMVCE

Robert B. Liddell

Wind-tunnel tests have been made in tv-o-dimensional
flow to investigate the aerodynamic characteristics of’a
flap balanced by a large overhang linked to deflect more
slowly than tineflap. Three lengths of blunt-nose over-
hang were tested linked to & 0.30-airfoil-chord straight-
contour flap on an NACA !%-(IQ9 Qix’fbil.

“

The test results indicated that the linked overhang
was capable of producing as highly balanced flap hinge
moments as can be obtained with other types of aerodynamic
balance. At the ssme time, the linked-balance flap pro-
duced slightly higher lift at large deflections than the
corresponding unbalanced or internally balanced flap and
much higher lift than flaps balanced by smaller conventional
type overhangs. Such characteristics can be obtained with
a linked balance because much balance can be obtained with-
out the nose of the overhang protruding sufficiently far
into the air stream to cause severe air-flow separation at
large deflections.

Because the hinge-moment parameters are functions of
the rate of balance deflection, adjustment of the balancing
characteristics of a control surface can be made on each
individual airplane merely by changing the length of a link.

INTRODUCTION

Attempts to produce a highly balanced control surface ‘ .
by providing a flap with a large overhang or internal
balance usually impair the maximum lift that wodd be pro-
duced by the surface without the balance. Flaps with
large overhan~s generally encounter air-flow separation at
large deflections, snd flaps with large internal balances
usually cannot be deflected to large angles because of space
Jimitationd .
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One possible means of obtaining the lift of an un-
balanced plain flap with the hinge momentiof a balanced
surface was suggested in re~erence 1, which proposed that
a control surface overbalanced by a large overhang be
provided with a tab to deflect in the ssme direction and
as some function of the control-surface deflection. By
this means, the control surface might be limited to low
deflections free from air-flow separation yet the lift

.

would be increased by the tab deflection. This arrange-
ment was tested on a finite-span mo-del of a horizontal
tail surface (figs. 127 to 13G of reference 2) in the
LNAL 7- by 10-foot tunnel. -The tab deflection, however,
increased the hinge moments of the control surface so
rapidly that the desired increments of lift caused by tab
deflection could not be achieved without excessively .
large hinge rloments.

The tab characteristics presented in figure 147 of
reference 2 indicate the optimum length of tab to use to
increase the lift of an overbalanced control surface re-
stricted in deflection range. An analysis of these data
and the data of figure 14.1of reference 2’leads to the
conclusion that a tab with a chord equal to the chord of
the control surface should provide a maximum increment in
lift for a minimum increment in hinge moment. Such an
arrangement is the equivalent of deflecting the portion
of the movable surface ahead of the hinge sxis at a slower
rate than the portion behind the hin,ge axis.

The desirability of linking an overhang balance to
deflect at a different rate from that of the control sur-
face to be balanced having been established, the problem
arises of the optimum length overhang and rate of deflec-
tion. Because the unporting angle and the resulting
separation over the nose of the balance vary:.roughly as
the first power of the balance length whereas the bal-
ancing moment varies as some power of the balance length
higher than the square, it should be aerodynamically
advantageous to increase the balance length and to make
the balance dsflect more slowly. Such a procedure must,
however, be limited by structural and practical consider-
ations.

The-current’ series of tests were therefore made to
detemine the extent to which the lift characteristics of
an unbalanced control-surface could be maintained while .
the control surface was provided with as great a degree

..

of aerodynamic balance as is commonly obtained on control
surfaces highly balanced by conventional means. ..
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S’YMEOLS

The coefficients and the symbols
are defined as follows:

used in this paper

c?

Cdo

cm

ch

where

2

do

m

h

c

Cf

q

and

cb

a.

qf

bb

airfoil section lift coefficient (1/qc)

airfoil section profile-drag coefficient (d.o/qc)

airfoil section pitching-moment coefficient (m/qc2)

flap section hinge-moment coefficient (h\qcf2)

airfoil section lift

airfoil section profile drag

airfoil section pitching moment about quarter-chord
point of airfoil

flap section hinge moment

chord of basic airfoil with flap and tab neutral
\

flap chord (measured from hinge axis to trailing
edge )

dynamic pressure

balance chord (measured from Mnge axis to nose of
balance)

angle of attack for airfoil Qf infinite aspect ratio

flap deflection with respect to airfoil

balance deflection with respect to airfoil
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(cmC,)a = (@!!.
The term 1*conven&iona7.overhang, tiused in this paper

for comparison with tha linked overhang, refers to the
inset-hinge type of aexod~amic balance.

APFAIWTtE, MODEL, AND TZSTS

The tests were made in the NAcA 4- by 6-foot verti-
cal tunnel (reference J) lmodified as discussed in refer-
ence 1. The 2-foot-chord by L-foot-span model was made
of laminated mahogamy to the NACA 66-009 airfoil contour
forward of the hinge axis and to a straight-line contour
behind the hinge axis. The model was provided with a
flap having a chord 30 percent of the airfoil chord and
with three interchangeable blunt-nose overhangnbalances
having chords 50, 75, and 100 percent cf the flap chord
(fig. 1). The flap ark!the overhang balance had a com-
mon hinge axis. The overhang balance was deflected as
a function of the flap deflection by means of a linkage
system (fig. 2).

The balance deflection and ths rate of balance de-
flection (mechanical advantage of the balance over the
flap) can be.obtained analytically for any given flap
deflection. If x and y are as indicated in fig-
ure 2,

sin bf
tan ~b = “(1)

; + Cos Uf

,=
.

.
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The departure of balance deflection and rate of balance de-
flection from linearity with flap deflection, as calculated
by equations (1) and (2), was small and is indicated in
figure 3 for each linkage arrahgment tested. The actual
deflections of the balances on the model were measured
within ~O.1° of the calculated values. In order to ob-
tain the values of d6b/d5f that were tested on the model,
x and y were varied with intercharzgeable links”.

The airfoil model when mounted in the tunnel com-
pletely spanned the test section. With this type of in-
stallation, two-dimensional flow is approximated and
section characteristics of’the model can be determined.
The balance arrangements tested and the test conditions
are given in table I. The gap referred to In table I
and throughout this paper is the “gap at the nose of the
balsnce. The ap at the hinge axis (between the flap
and the balance Y was sealed with sheet rubber for all
tests.

The flap with the 0.75cf overhang was tested with
balance neutral (d6b/d6~ = O) in order to simulate a plain
flap. For a few tests of the plain flap, the gap titthe
nose of the neutral 0.75cf overhang was filled with
plasticize to give a smooth airfoil contour except for a
break at the hinge axis,

It is estimated that tie angle of attack of the air-
foil was set within *O.lOO and that the flap deflection
was set within *Oa2.00.

An experimentally lde,terminedt@el correction was
applied to the lift. The -angle of attack and hinge
moments were corrected for the effect of streamline .curva-
tw?e induced by the tunnel walls in accordance with a
theoretically derived analysis similar to that presented
in reference 4 for finite-span models, Values of drag
are subject to an undetermined tunnel and turbulence cor- ,
rection~

. .
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The tunnel-wall corrections
following manner:

c, = (0.965 -0.007

ao = CLo
(

+ oo21c~T
T

were applied in the

I 1)
Ct ‘ c1

TT

)
00334czTf

where

a.
T

CL*

czTf

ch “
T

Ch = chT. + 00070czTF
.-.

tunnel angle of attack

tunnel lift coefficient .

tunnel lift coefficient caused by flap deflection
(taken arbitrarily at aoT = -8° )

tunnel hinge-moment coefficient

. .

and F is a constant which is a function of each balance
arrangement and Is given in the following table:

\

Cb/’Cf

d~b,’d~f

o,~7
.21
.25
●33
.39
●5O
.56

~.;~
8

. . - -- - -- -

-- - - -- -- -
------ ---

0.076
.076
.06 .,
.05 2

0’75

-...-.. --

0.073
----.-. --

.065

.06
3● 04

.-.------

----.--q -

-.002

Lift

1.00

.-.QT~72..

.-.-----.
.059

------ ---

e---------

?-.-----9

------ ---

-.060

1

,,
.

.

.

The lift characteristics of the plain flap (see
. figs. 4 snd 15), simulated by causing the 0.75cf overhang

. ..... .—~ .--- ,-------.,~.,...’,.......-............,,,..-..!,....-,...-.:.,:,>:..-.-~..’.---,.,-,;,:....... .,, -,.~~ ——-—.--.—.’..=...., ~, ....-. ... .. ,,.., .,,,.,}........:.,!?,,-)---------..........
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to remain neutral when the flap was deflected, may be used
as a basis for judging the effect of the various linked
balances on the lift curves. As shown by figure 4, the
lift and hinge-moment characteristics of the simulated
plain flap changed very little when the gap at the nose
of the sealed 0.75cf overhang was filled to form an air-

foil of true contour ahead of the hinge axis. The lift
curves for the plain flap are typical of the lift curves
for low-drag airfoil sections (references ~ and 6 ),

Figures 4 to 22 indioatie,thatthe linked balance
affected the lift and hinge-moment characteristics in the
manner anticipated, Increments of lift caused by flap
deflections less than 10° were n?arly the same for all
lengths of overhang tested regardless of rate of balance
deflection. The l.CNMf overhang with d6b\d6f = 1.00
did, however, give a slightly greater increment of lift
at bf ?$10° than the plain flap. At Pf E 10°,

therefore, little air-flow separation presumably occurred
over the upper surface of the flap or balance for any
arrangement of balance tested.

.

At ~f > 100, the increments of ltft produced by
flap deflection were greatly affected by the length and
rate of deflection of the balance. For each length of
balanoe, the lift characteristics at large deflections
impboved as the rate of balance deflection with flap de-
flection was decreased from d6b\d5f = 1.00. With the
0.75cf and l.OOcf linked balances, for low ’values of

dOb\d6f, the lift obtainable throughout the angle-of-
attack range for flap deflections greater than 1,0°was
equal to and often greater than with the plain’flap.
With the “0.50cf linked balance, however, the.lift obtain-
able fon flap deflections greater than 10° was generally
not quite so great as that produced by the plain flap,

Unsealing the gap at the nose of the balance was
found to have an adverse effect on lift characteristics
of the flaps with large overhangs (figs. 15 to 22 and
table I).

The data presented in figure 23 for the three linked
balances, the conventional 0.50cf overhang balance
(d6b\d6f = 1.00), and the plain flap are for a stralght-
contour flap and were obtained from the present investi-
gation. The data for the conventional 0.35cf overhang
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balance were for a cusped’flwp. lzndwere-obtained from
reference b. These data clearly indicate that a flap
with a litied balance is capable of producing muoh higher ‘
lift than a flap highly balanced by a conventional over- “
hang and slightly higher.lift than an.unbalanced plain
tlap. .-. . . .., . .

q

It,is to be expected that .a 0.30c flap with internal
balance capable of giving h~ge-iuotiqnt characteristics $

0
comparable with those of the linked balancesof figure ~
could not be deflected more than *20° because of space
limitation in the balance chamber. The-lift character-
Istics of such an internally bdan~.d flap would therefore
be expected to be the sameas.f~. the sealed plain flap
limited to *20° deflection. . .

The hinge-moment curves f’orthe plain flap (fig, 4)
are typical of those For low-drag airfoil sections (ref-
erences 5 and 6). The rapid change in hinge-moment .
coefl’ioientwith angle of attack at an@es of attack nead”
the airfoil stall was typical of all balance arrangements

.

.
tested, The plain and balanced tlaps previously testes \

on the NACA 6~-009 airfoil (figs, 97 to 106 of reference 2) o .
had hinge-moment curves similarly affected by air-flow
separation.

In the present tests, w~th gap unseale~mo:t of the
hinge-moment curves with the @.75cf and 1,00cf overhangs
became und.esira~lynonlinear with change in angle of
atta~~. The than.gs‘due to gap in the variation of hinge-
moment with flap deflection was not so great,

With some linked-balance arrangements including that
with the overhang balance rigidly attached to the flap in
order tk.at C6b\dbf = 1.00 and also with the unbalanced
plain flapj”a violent oscillation of the flap occurred at .
certain anghs of attack at large flap deflections, All
ranges in which this oscillation of the flap existed are
noted by dashed lines in the hinge-moment curves of Zig-
ures 4.to 22. The flaps with the linked-balance arrmge-
ments th”at’gave closely balaiicedhinge’moments were .“
entirely free from oscillation, A linked balance thus
provides one means of eliminating these flap oscillations.

It Is believed that oscillations of the flap could
oocur with many conventional blwt-nose overhangs. Theae

..
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oscillations have not been evident on models previously
tested in the NACA 4- by 6-foot vertical tunnel because
the flaps have been restrained in deflection by a stiff

. strain gage; the flap of the present modelwas restrained,
o however, by only a limber torque rod. Similar oscilla-

tions have been noticed.on ailerons tested in the

2 LMAL 7- by 10-foot tunnel (reference 7 ).

The hinge-moment characteristics of flaps with two
of the linked bal~ces tested are compared in figwe 24
on the basis of lift with those of a cusped flap having a
conventional 0.35cf overhang (reference 5). A fhp with
conventional overhang greater than 0.35cf might have. .
given, at low deflections, hinge,moWents more.nearly ~
equivalent to those ~f klw Iinked.balance but the lift .at
large deflections would W 1ss$ thm that for the 0,35cf
overhang. It does not seem probable, therefore, that the
variation of hinge-mbment coefficient with lift coeffi-
cient for the linked-balance flap as shown in figure 24
can be reproduced by conventional types of aerodj@mic
balance on a 0.30c flap. . .

The hinge-moment parameters Cha and ChG for the
various arrangements of linked balance tested were
measured at a. =6f= 0° from the curves of figures 4
to 22 and plotted in figure 25 as functions of rate of
balance deflection d6b\d5f. The large positive incre-
ment in cha with gap is clearly evident @ figure 25.

For the 0.75cf balance~ unsealing the gap did not
change ch .(j . “-

,

Drag .“ -.

At ab,=@#O~~he tinim&’ profi.le-drag coefficient
with the break in airfoil contour at the’nose of the
sealed 0.75cf overhang was found to be 0,0010 greater
than with the break filled with pl~sticlne to form Q air-
foil of smooth oontour. This increment in drag coeffi-
cient, caused by the addition of the O.~~cf overhang on a

0.30c flap, was the same as the increment caused by the”
addition of a 0.35cf blunt-nose overhang to a 0.26s fla~
on the same airfQi.1. The latter increment was measured
on the control-surface arrangement shown in figure-103
of Yeference 2, although the drag results are unpublished.

. .

...-.



The increments of airfoil section prQfile-drag coef-
ficient at a. = 0° caused by deflection of the flap with
various arrangements of limed balance and of the unbal-
anced plain flap are shown in figure 26. The data show
that, for rates of balance deflection which give nearly
similar hinge-moment characteristics, the increment of
drag at a given flap deflection tends to decrease as the
overhang increases.

The drag data indicate that, by increasing the length
of a flap overhang and causing it to deflect at a slower
rate than the flap in order to maintain nearly equivalent
highly balanced hinge moments, the air-flow separation can
be delayed. This phenomenon is especially apparent at
large flap deflections.

The variation in profile-drag coefficient with angle
of’attack is about tliesame for all three bala”nce lengths,
whether the gap at the nose of the balance is sealed or
unsealed, The unsealed balances have somewhat greater
dragz however, than the ‘sealed balances at angles of
attack between 0° and t6° but h“aveabout the same drag at
an angle of attack of 0° and at angles of attack greater
than t6°.’

Pitching Moment

Pitching-moment characteristics, which are considered
of secondary importance, have been presented in figures 4
to 22 only for those arrangements of linked balance for
which the hinge moments were reasonably small. A com-
plete list of values of ~c 7, is given, however, in

table I. These values are indicative of the locations
of the centers of lift caused by angle of attack and by .
flap deflection.

.Practical Considerations

The data presented indicate that the linked balance
is an aerodynamically desirable type of control-surface
balance. The magnitudes of the peak pressures at the
nose of the balance, however, have not “yetbeen investi-
gated. It is expected that the peak pressures would
be smaller than for a flap with a conventional blunt-
nose overhang giving similar hinge-moment characteristics
because the linked overhang moves a relatively small

.

t

$
c

.

.

.

..

. . . . . . . . . . . ., .,,,. ,.. , ..
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distancel and never protrudes far into the air stream.
For any deflections of the’linked balance, the peak pres-
sures at the flap hinge axis should tend to be “smaller
than with a plain flap. ‘

o
m
~ Of the three overhangs tested, the 0.75cf overhang
G1 appears to have an optfmum length from combined aerody-

namic and structural considerations. Although it is
better to have the nose of the overhang sealed, it is be-
lieved that small leaks will less critically affect the
hinge moments than with an internal balance. In order to
minimize twist, the linked balance may be.connected to the
flap at several spanwise stations in order that &e bal-
ancing moment QJill be distributed along the span of the
flap in a manner approximating that of a conventional
rigidly attached overhang. The,mass moment of the linked
overhang will tend to mass-balance the I’lap.

Oneadvant&ge of the linked balance is that the over-
all hinge-moment characteristics can be easily changed
because the parameters %fl, and c% are functions

of dOb~dbf, as shown by +igure 25.- Mechanisms can
be devised that would vary the rate of balance deflection
in one or more of the s~anwise balance sections by
changing the length of “alink or a pivot location; either
on the ground or in flight. Adjustments can thus easily
be made-to correct undesirable hinge-moment character-
istics caused by surface irregularities or-changes-in
contour.

CONCLUSIONS

The results of tests of an NACA 66-009 airfoil with
a 0.30-airfoil-chord straight-contour flap having various
arrangements of overhang balance linked to deflect more
slowly than the flap indicated the following conclusions:

1. A flap with linked balance was capable of pro-
ducing as highly balanced hinge moments as a flap with
other types of aerodynamic balance. At the same time,
the linked-balance flap was capable of producing slightly
higher lift than an unbalanced or internally balanced flap
of equal ohord and much higher lilt than a flap of equal
chord balanced by a conventional overhang.
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2. The lift and drag data indicated that increasing
the length of”the flap overhang and causing it to deflect
more slowly to maintain nearly equivalent highly balanced
hinge moments tended to delay air-flow separation over
tiheflap and balance, especially at large flap deflec-
tions. The increase in minimum drag caused.by a large
linked overhang was,the ssme as that caused by a small
blunt-nose overhang of conventional type.

3* Both the lift and the hinge-moment character-
istics of a control surface with large overhang balance
were adversely affected by the presence of a gap at the
nose of the balance.

4. The hinge-moment characteristics of a control
surface with a linked overhang could easily be adjusted
either in flight or on the ground by. changing the length
of a link or a pivot location in the linkage system of
one or more spanwise sections of the overhang balanc~.

Langley Memorial Aeronautical Laboratory,
National Adtisory Committee for Aeronautics,

Langley Field, Va.

.
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TABLE I

I!JFORMATIONCONCERNING ARRANGEMENTS OF LINKED BALANCES TESTED
.

Cb
—
Cf

O*75
.50
.50
~75
● 75
● 75
● 75

/;

1:00
1.00

● 75
.50
.50
;?;

●75
/;

●

0000
p;

:21
.33
.59

~.g:

:17
.25
1.00
.00
j;

1000
●39

/:

1:00

Gap

Sealed
--do--
--do--
--do--
--do--
--do--
--do--
--do--
--do--
--do--
“-Qo--
0.005C

. 005C
● oo~c
.005C
* 005C
.005C
. 005C
.005C

Reynolds
number

2.4 x 106
a.b
‘2*4
2+4
264
2*4
2.4
2●4
;*4

●

k
::4
2*4
‘2*4
294 .
‘294
2+4
2.
1.k

0.09
.09 i!
.096
● 095
*097
.095”
.096
.098
.097
.095
● 097
.063
.0 9
i ~●o o

.0 2

.0z
●o&

-* 5
5?)

~:63
-955
-.63
-.70
-b 4
-* 12
-.60

.0 0
i

-.72
●O 3 -.7a

cha IIch~‘%):
wx)~~ -0.0100

- ; ::j+c/
.0006

-.0020 k-.00 2
.0000 - .0027
,,000

8
-.0010

.002 .0032

.0062 .0260

.0000 -● 004.4

.0028 ,0000

.0310 ● 0660
-.0048 -.0100
.0002 -.0035
.0022 .0000
.0078 .0040
● 0093 -.0010
.0115 ● oo~o
.028 .02
● 050 ● 05i

0.000
.007
,000
.007
● 007
.009
.000
.000
‘.000
.000
.000

-.008
.QOO
.005
.000

-.010
-● 012
- ● o17
-,030

~mct.)a

-0.168
-,196
-.200
-.185
-.179
-*: 9

8
1:163
-.182
-.189
~:;~$

-.225
-.19
-.19

!-*2O
-.188
.147

~*m5

.

4
~

8
9
10
11
12

d
1

15
16
1
1i
19
20
21
22

.‘. .’



,
8 L-350

‘1
,. -;

:i{
. .,

.J

i

1 I

. ‘- -— —.- —-~ ---E. E@5c-A
C’24*— .——— ..

—
1

.axd
I

-c=#’

tUMMITTEEIWHHuCS
\

1
LG”.

I-J

I

CCA04;. /A2/cL



.i
..’,

.
L-350

!’:
,,::{
‘j,,.
{,,{

4
,, ,

I
.’ ‘,

‘<,“
t

:,)

.’,
“; I

{

A@2M m?ircr(i-foce

A+ ecfe d coAItro/ so..oce

Nn’wwHwtim’
f!mWH&WHfflfINAUTICS

z
D

z

7
G“.

i
I
I

i-v



I
‘.- ,
?.

:
.’
,!1

‘:)
..j

,)
“, I
‘, ,-.,

,’:’
.!>.

.,.,
,1,’,,,~

‘. ~..,,

Figure 3.-

Oalculated
characteristics
of linlmge
Systeqs.

Flap deflection,bf,ldeg



.

.

“



.



.

.

.



,.- -

,



,.



.— —-

0ny
IJl



.

it-i%’ i‘tt_t2°

I 1 1 I I I +&+_.y I I I I

111- 1 I I I I I I I I I t I I
-1 - “-~ fl IORi!E80m’IJllc&+i



d I I I I I I d-q( I I\l I k,i I J 1 I 1. I O-T I I I l\l I
. 1’-.1 1 .* i

I P&l I Ad I I I I I I ii
\ I Iv I i I I I I I I

I I I I I I I I I I [ I I I
.

I [Al 1 Hllm .11

\l

1 r , \ , , !

1

( 9 – –d – – – – – – – – – “ – – – – – – - I I
I \ r -

r
~~ ‘ I 1 , I I 1 , , , , , , , # , , , , , , , , 1



I ,., /,, :,(,,,:; ,,, ,,,

I IVI I 1,,:,}I I/1
P I,, I I I ,1, 1/hf--r-r,, ,.,,

I 1

I I I





L A I I I

I 1 I I I 1 I I 1 I t t I t I
,, ,,

,’, , ‘,, .1 ,,, ,,,

1 I I t I 1 1 I 1 I 1 I 1 I 1

1’I Ii-lb ~al/)Ak#?dLKm//7/tlcklWcl-=! U!AD:I$. ●U qq41&Lvjswqd.jzlz“



+ I I + I 1 I 1 I t 1 , , t ,

.! :, .’,’ I I ! I I I I

—.



,----- --

I-4 I I I I I I I 1 I I I I I I 1 1 I 1 4 1
+

I I I I 1 I I I I I I J I ,),, {,k ;,;,-,-,:, ,., , ,,

I A I I 1 I I ,: .,, ,, :’, .



kiAcA

!!!! !!whl
,, .,”

-,.

. . 1 t t ! I , 1 t- t 1 , I , , I ,

.“; : i,–:,i.:’-f “’ ., ::!, : I ,,Z



o
in
l-o

A

NACA Fig. Ilo

t

I I 1. 1.1 I 1.
r,@’ifq7/Y Iw-p,,

I I I I I I I I ,,, ,,, .:! ,,



l-l
.

I I I I I I I I I I I I I I I 1

I haA?J?&?

1111111 llll\l Mwlll!lllwll IT.. 1. -) -.
L { 1 I / I I t 1 I f

,, 0 ., ,, ,: ,, ,1 : ,.
I \

j

+ I / \
,,, ,,

I 1,, ,: ~ +1’ .’
1 I I t I I I t 1 I 1 I 1 1 1 I I I Iv 1 t I I u t I

4111111111 AII’I,,, :9 P I,...,;’,i: ~ ,: I 4

1 ,,, I II I I I I I I W I I n
... ,,-.,,



NA@ Fig.lZa

I I I I
I I I I I



\

NACA “ Fig.l%b

}

———.



o,
2
A

Id I I I I I I I I

1’k!I’M l!-,,,.,1

,,, ., -., ,,



. .’

0
m

z

.

.
.



..

#



. Iillli
,>:

!,,. .,

,, -,,

.

1, I I I I 4 4<L!.,4 ,

i ,–. ,,—– –c, ,.— J,.-,!,

t,
!,,

!,





. .

0m
m

-,

,,, ,, I:,, ,;,!,+ {

I l\ I l-l ,; 1:,-11’Al::ILL:’

N I 1~ I I l“a I,,;,+(’”--.“,,,: ,,, :,::..l,/‘:+;.,<:;-

II ILzMIIIIII 141:!, , ;’:1,,.,,,

~:- 1 ! 1 1 f mv.f

●



.

. .

.



o’
m
m
I

1=1

.

.-

A+%.’. 1 I I I 1 1 F. I 1 . ,. ,, ,

t \ , u 1 I

u 1’,:., ,: \l ;,
II , ,,,

.—. . . . . -, -y———:-:— - .,,,7.-—— ---- -----~ -y-- --- ,,, -~~ ‘-- . .. ,. .-— -—-— —-—. ....-. . . . .. -., . . .
.2 ,’,., ,...:.

.- ——–—



I
A

.

.



#
—.



1 . I

.
.

.

●

. .

.

t r , t , * . . t-
,. f –, .,”-:,”., ;-,.:7,

IN c:-\-Hm\!!!,-!!!Kl!!!./!!!lz!!.Av!!!!!!!l–’-

1 I I I I I I I I I I I I I ., , .,

>
2

..-..-

. .----- -.. —---, .. ..y, —, ,.--,. y--n ,-——.———— ————. -—-———,., .-., . . . . . .
.-. :;, .,., . . : .,, , +.:. . . .’. .. ,-

..J.

,.



o
m
m

F ICj. I$b
,,

1’ i,,, : -,1,>, II‘—.,,., ‘“.-,;.-:– T: .{:,.

.

-t
A

I—, ——————.

I 1 I I t 1 I

I I I I I ,, I I I
t

1~ 1’” lvl-T-

WTF14T#

B,,..I133Hi,,,_!:,-

. .
,’ .,( ,;$,..

y # 1,,—:,:h:..‘,;
-d‘ I ,“ ;1 ,l!,*, !, *,(*-,*

I
I ‘1 ,: l-l ~ :T : ,.,; ; ;: ,-+ ;;+ :-;:+

+ttt-i-mHmMY

.-. . . . . —.. -. . ,,.—.,.. .. -. ..,- --.-— - :.. ---------- —.-—~—-— -—-—-—— —-—.. ... -. . . ..-. .. -. ,.,,,

i

8

. . . .

..



.

I IN I I I I I I I ,1[ ’11/,)1”

nY I I I 1’1I I I,,
Ita I ,,:,’,’. 1/



I
4

_Ri-Ki’iiii iii

I I I I I hi I I I
!

u

1

.



0

LI I 1. J-- L--L-L- -i- t .1- 1

l..’lllll!~
II I I .&l I I I 1111 I 1)11 i I 1111

L-L-L d~l I I I 1 I I I i I 1 I I I

kH--L
L

I I I I I I I
Illlll!! l!! Hk M IiHI

l-t-—ttilittttnnttl~

v I / I I,,
t. 1/I ,,:, II ,:,-i ,, I t I I I I ,,,,,

● 1 I I II r , 1 4 m 1/ 1 1 1, 1 I /1/ 1

A
,, ,

I
,

,,, A +i-i!

b I I I I I A I 1<

ttHtP-H--l--liH



1
l-l

1 I I I 1 1 I ,
. 11111 k

I I I I I I I q?$
ih{ )1

II
I I I I I I I I t . , \ I

I

d $ A%
●w

e,

,

I I P4 t 1 1 I I I 14i- +

Iiiiiii iiiilllll J-l!l ml”

I

J

l-m I I 1’1’11’’1’1I’1’l’:1’!’”!! I !

Rw&Q+kt4-+

Pd-H-H%--kk?
I I I I I I I I*bl4 k“l~l I I‘1

.

. . .. ..—. ..- -. ./..- .——.—-.. — ~,.—. —--— _:.: —..—:- . - —.-— —----- —-— —.. ~- 7-7-T . . ..-. ....,.. . . . .!. -.,. .,. , ., .-,. . . . . . . . .
‘. -..





I I I 1’I I ., I I I I 1’I,,I I I J,,, l–~I I I 1 i .,. ,, ’:: I ,,, ,

}Fm’lmlllm”’,-.. .:!-!,:

1 t 1 1 I I 1 I

1 ,,, -,

, , I I ,,,,,
I I

I ,! . ...

11, I .1 “,1!, ;- !,,,

1> I 1;,,l.t- 1 t- ]
.,

,, ,:—, ,, m

Ei%H.
-h -

.

——



.

.
.

{ t + I f , , , , ,
, . r , , I t 1

I--H

,; :,,

I I t

hilik?tjI I

.- . .. . . .. -—. .,. ..—.- —,--—-. ,.,.-,-——---~ .—.— .—— ~..,——— —.—— --— --—.-. -— -——.- .,. . ... .,. .,, .’.-, ., ..’.,. -,. . .. . .



o
m
n
I

14

I I I I I I I 1 I I ! I I I 1’1-1
,.

$ i3hJ%l
,.:!I .



.

. . . ---- ------ —...-. . ... . . . .—-. — —. —-.:..-—- --- ., .-z —— ——— --———

. . . . . . .) .-.x... ‘, ..- .- -
.; ’..,-.. .. :..!’ .,. ,.



,.. f

.’

.,.!
.< I
.;!~.



.4
L -350



B

G-4


