@ https://ntrs.nasa.gov/search.jsp?R=19930088997 2020-06-17T08:24:51+00:00Z

) ¢ ': :
e Copy. . M
- RM L55H04

NACA
"WLCASE FIELE

RESEARCH MEMORANDUM

EFFECTS OF LEADING-EDGE RADIUS ON THE
LONGITUDINAL STABILITY OF TWO 45° SWEPTBACK WINGS
INCORPORATING LEADING-EDGE CAMBER AS INFLUENCED BY

REYNOLDS NUMBERS UP TO 8.00 x 106 A

(19
WHL

MACH NUMBERS UP TO 0.290 a

By Gerald V. Foster

g
STRACT M0, H65

Langley Aeronautical Laboratory ‘g’
Langley Field, Va.

This material contains information affecting the National Defense of the Unned StaLes w
of the espionage laws, Title 18, U.S.C., Secs. 793 and 794, the transmission
manner to an unau !hortzed pers o n is prol hibned by law.

DATE: AUGUST 16, 1957

o

E+

=

CLASSIFIED DOCUMENT a
HE

T

m@rﬁém& RESEAFCH B

‘NATIONAL ADVISORY COMgA
FOR AERONAUTICS

WASHINGTON
October 6, 1955

EFFyIIVE
m
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECTS OF LEADING-EDGE RADIUS ON THE
LONGITUDINAL STABILITY OF TWO 45° SWEPTBACK WINGS

INCORPORATING LEADING-EDGE CAMBER AS INFLUENCED BY

REYNOLDS NUMBERS UP TO 8.00 X 106 AND
MACH NUMBERS UP TO 0.290

By Gerald V. Foster
SUMMARY

- Results of tests conducted in the Langley 19-foot pressure tunnel

to determine the low-speed longitudinal stability characteristics- of two
cambered 45° sweptback wings (aspect ratios of 3 and 5) and the associated
effects of camber, leading-edge radius, Reynolds number, and Mach number
are presented herein. The wing airfoil sections are defined by an NACA
0009 thickness distribution and a 230 mean line modified for a design 1ift
coefficient of 0.4. Tests were conducted at tunnel pressures of 14.7 and
33 pounds per square inch, which permitted ranges of Reynolds number from

1.14 x 108 t0 5.50 x 10° and from 1.80-x 106 to 8.00 x 10° with corre-
sponding ranges of Mach number from O 058 to 0.290 and from O 024 to
0.204, respectively.

In general, an increase in leading-edge radius from 0.25 to 0.89 per-
cent chord, the addition of camber, or an increase in Reynolds number for
a constant Mach number resulted mainly in a delay to a higher 1lift coeffi-
cient of marked destabilizing changes in the pitching-moment characteris-

tics. An increase in Mach number for a Reynolds number of 5.00 X lO6
resulted in a decrease in the 1lift coefficient at which destabilizing
changes of the aspect-ratio-3 wing occurred but had no appreciable effect
on the stability characteristics of the aspect-ratio-5 wing. The Mach

number effects were, on the whole, appreciably less than were found for
uncambered wings.
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2 . CONFIDENTIAL NACA' RM L55HOM
INTRODUCTION

A general investigation of the effects of systematic changes of
wing geometric parameters on the static longitudinal stability and sur-
face flow characteristics of sweptback wings is currently being conducted
in the Langley 19-foot pressure tunnel. The initial tests reported in
reference 1 dealt with the effects of changes in leading-edge radius,
Reynolds number, and Mach number on the longitudinal stability charac-
teristics of 45° sweptback wings of aspect ratios of 3 and 5 and symmetri -
cal 9- percent thick airfoil sections. The present tests were made to
determine the effects of a change of leading-edge radius on the longi-
tudinal stability characteristics of several cambered wings which had
the same plan form as those utilized in the tests of reference 1. Some
data of reference 1, therefore, have been included to show the influence
of camber. Only a brief discussion of the data is contained in the
present report in order to expedite the release of these data.

The results of tests of the cambered wings were obtained through a
range of tunnel air speeds at tunnel stagnation pressures of 1k. 7 and
33 pounds per square inch absolute. This permitted ranges of Reynolds

number from' 1.14 x 10® to 5.50 x 100 and from 1.80 x 10° to 8.00 x 105
with correspondlng ranges of Mach number from 0.058 to 0.290 and from
. 0.024 to 0.204, respectlvely :

SYMBOLS
¢, -  1ift coefficient, Lift/qs
Cli section design 1lift coefficient
' Cn pitching-moment coefficient about 0.25¢, Pitching moment/qSE

s ) Qing-afed, sq ft | )

o ~ T b/2
c mean aerodynamic chord, g(jq cedy, ft

N S Jo '

c " local wiﬁg’cﬁdrd parallel to’piane of symmetry, ft
Yy - spanwise ordinate normal to plane of symetry, ft
b wing span, ft
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NACA RM L55HOL CONFIDENTTAL 3

qQ free-stream dynamic pressure, %pV2, 1b/sq ft
p density of air, slugs/cu ft
\ free-stream velocity, ft/sec
R Reynolds number
M | Mach number
Ac/h ‘sweepback of quarter-chord line .
A aspect ratio, b2/S
MODEL

Four wings, the principal dimensions of which are given in figure 1,
were used in the present tests. The geometric characteristics of these
wings are as follows:

Ac/)s | Aspect | Taper L.E. Basic thickness | Maximum
deg | ratio |ratio [ radius form | camber
L5 5 0.286 |0.0089¢c | NACA 009-63 0.0245¢
45 3 .500 | .0089c | NACA 0009-63 o .0245¢
b5 5 .286 | .0025c¢ | NACA 0009-(3.18)3 | .0245¢
45 3 .500 | .0025c¢ | NACA 0009-(3.18)3| .0245¢

The thickness distribution of a modified NACA four-digit series air-
foil was utilized since a systematic procedure for varying the leading-
edge radius existed (ref. 2). An NACA 230 mean line modified for a design
1lift coefficient of 0.4 was combined with the thickness distribution. The
changes in leading-edge radius of these airfoils resulted in changes of -
the section ordinates forward of the maximum thickness (30 percent chord).
It may be noted from the foregoing table that taper ratio and aspect ratio
change concurrently.
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L CONFIDENTIAL NACA RM L55HO4
TESTS AND CORRECTIONS

The wings were supported in the tunnel by a system of normal sup-
ports which consisted of a pair of main struts and a pair of auxiliary
struts. The tests were conducted through a range of air speeds at
stagnation pressures of 1k, T and 33 pounds per square inch absolute.
These pressure permitted ranges of Reynolds number and Mach number as
follows:

Tunnel pressure, : R M
lb/sq in. A=5 A=3 A=5 A=3
1.14 x 10° to [1.60 x 108 to |0.058 to | 0.078 to
1k 6 6 ,
5.28 x 10 5.50 x 10 0.290 0.240
1.80 x 100 to |2.17 x 106 to |0.02k to |0.048 to
33 8.00 x 10° | 7.90 x 106 | o.204 | o0.185

The pitching-moment coefficients and values of angle of attack have
been corrected for jet-boundary effects by the method of reference 3.
Inasmuch as the variations of 1lift and pitching-moment characteristics
are of primary interest rather than the absolute values, tests to deter-
mine model support tare and interference effects were not conducted. A
correction for the combined effect of model asymmetry, model support tare,
and interference effects assumed for umcambered wing data presented in
reference 1 have been applied to these data. The values of angle of
attack have been corrected for 0.1° misalinement of the air stream based
on results of previous tests in the Langley 19-foot pressure tunnel.

-RESULTS AND DISCUSSION

The 1ift and pitching-moment characteristics obtained for the cam-
bered wings of aspect ratios 3 and 5, having leading-edge radii of 0.89
and 0.25 percent chord are presented in figures 2 to 9. Figures 10 to 17
show the effects of a change in leading-edge radius, the effect of camber,
and the effects of Reynolds number and Mach number on the longitudinal
stability characteristics of these wings.

CONFIDENTIAL



NACA RM L55HO4 CONFIDENTTAL 5

Effect of a Change of lLeading-Edge Radius

The pitching-moment characteristics presented in figures 10 and 11
indicate that decrease in leading-edge radius of the aspect-ratio-3 and
5 wings from 0.89 to 0.25 percent chord resulted mainly in a decrease in
the 1ift coefficients beyond which destabilizing changes associated with
wing-tip stall, occurred. For example, the decrease in leading-edge
radius of the aspect-ratio-3 wing resulted in a decrease of approximately
0.20 in the 1ift coefficient beyond which destabilizing changes occur, as
compared to an incremental change in 1ift coefficient of approximately
0.10 for the aspect-ratio-5 wing. The aspect-ratio-5 wing, having
0.25-percent chord leading-edge radius, and the aspect-ratio-3 wing,
having either 0.25- or 0.89-percent chord leading-edge radius exhibited
stabilizing changes of varying degrees at a 1ift coefficient prior to the
destabilizing changes. Visual studies of the flow appeared to indicate
that flow changes occurred concurrently with these stabilizing changes
along the leading edge of the outboard sections. It may be noted from
figure 10 that variation in the 1ift coefficients for the stabilizing
changes resulting from a change in leading-edge radius of the aspect-
ratio-3 wing were noticeably smaller than the corresponding lift coeffi-
cient variations of the destabilizing changes.

Effect of Camber

The effect of camber as shown by several comparisons of the cambered
and uncambered (ref. 1) wings (figs. 12 and 13) indicates that the addi-
tion of camber to wings of both aspect ratios resulted mainly in an
increase in the 1lift coefficient at which destabilizing changes associ-
ated with tip stall occurred. These changes were somewhat greater at low
Reynolds numbers than at high Reynolds numbers for the aspect-ratio-3 wing
(fig. 12). It may be noted in figure 13 that the effect of camber on the
aspect-ratio-5 wing is appreciably larger for the smaller leading-edge
radius.

Effects of Reynolds Number and Mach Number

The data presented in figures 14 to 17 give some indication as to
the interrelated effects of Reynolds number and Mach number on the longi-
tudinal stability characteristics of the various cambered wings tested.
In general, an increase in Reynolds number at a constant Mach number
delayed the stability changes associated with flow separation for the
wings of both aspect ratios. Similar effects of Reynolds number were
noted in reference 1 for wings having symmetrical airfoil sections.

For a given Reynolds number, an increase in Mach number resulted in
a decrease in the 1lift coefficient at which destabilizing changes in the
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pitching-moment characteristics of the aspect-ratio-3 wing occurred. It

may be noted in figure_l6 that at a Reynolds number of 5.0 X 106, the
"‘1ift coefficient at which destabilizing changes occurred with the aspect-
. ratio-3 wing having 0.89-percent-chord leading-edge radius decreased from
approximately 1.2 to 1.1 with increase in Mach number from approximately
0.10 to 0.2k. Decrease in leadlng-edge radius resulted in an appreciable
decrease in the effects of Mach number on the aspect-ratio-3 wing. The
effects of Mach number on the aspect-ratio-5 wing were negligible. The
Mach number effects found in reference 1 were appreciably larger than
those found for the present cambered wings.

CONCLUDING REMARKS .

In general, an increase in leading edge radius from 0.25 to 0. 89 per-
cent chord, the addition of camber, or an increase in Reynolds number for
a constant Mach number resulted mainly in a delay to a higher 1lift coef-
ficient of marked destabilizing changes in the pitching-moment character-

istics. An increase in Mach number for a Reynolds number of 5.00 X lO6
resulted in a decrease in the 1ift coefficient at which destabilizing
changes of the aspect-ratio-3 wing occurred, but had no appreciable effect
on the stability characteristics of the aspect-ratio-5 wing. The Mach
number effects were, on the whole, appreciably less than were found for

© uncambered wings.

Langley Aeronautical Laboratory,.
National Advisory Committee for Aeronautics,
Langley Field, Va., July 27, 1955.
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unless otherwise noted.

CONFIDENTIAL

All dimensions are in inches



CONFIDENTIAL

NACA RM L55HOL

*06Q00°0 mmsﬂvwh a3pa
1 .
-8utpesT ‘#°0 = "1y ¢¢ fotgea goadsy “Julm Mod@pﬂm?w oG ® JO ¥dB33® JO
aT8ue Y3TM SFJUSTOTIIFS0D quamow-3utyoqTd pue 1FIT JO UOTABTIEA -°g 2an3TJH

caanssaxd otasydsowje o gsulede Ao (&)

o bap‘o o a
9 3¢ 8 v 02 9/ /! 8 r 0 0 0

5 ,
9 2 & 2 oz . 9. 2l & 4 o ¢

\< .1 ‘ - ) N

ofje*
nw.
offt* 00
TtT° g0T x &¢*

R X N 7
,7/ﬂ R 1\\ /m A\ . MW MW o/
IS AP AR
N 4 L.hll&\ «J lAVIlVV\B).'M\ ] 2y 6 D==0mund .
cg/

CONFIDENTIAL



NACA' RM L55HOL

CONFIDENTIAL

10

*PaNUTAUO) -°Z SMITJ
"yout me.ﬂdm‘.Hmm spunod ¢¢ .“m.dsmmm.a el p‘mﬁmmm Ty (a)

Q Q QQ

v
ce 8 v2 o2 9 <2 & ¢ o 4
_ o 9 c£ & ez 02 9 a2l

i < A Vi ]

HED AR AED

mm.d anp Qv o hs .
fr @4 X /) / /
9T1* mm”m \
S B
[l * O \

=
x
N

CONFIDENTIAL

AT DA T A T T
7 m\y« ¥ \q\« 2 7
A L\ 2 @ ' D//B & MK h\
N AVARSEN ARFEEEARP.any,
2 A dete® Lo S Lo [D LofB oo™
.V\\v\ v < AJ D/ 4 - \74 AR B ‘




NACA RM L55HO4 CONFIDENTIAL ' 11

08

R M
Q E.gg x 106 o111
S he .
04 | | g 200
o
. R N o\ ()
LN N
N No)
D -
0 ~08 I S S e = 0 I
Cm n/’D—_E‘\g\'
= <
N\
o &
o >—d0_£L—C*‘Cf—f»~A
X o 1%],
S O O\w\w
JAN C’ 5‘73_"é;“ﬂ;—ég~
04 ' o
. | , : /5/ (<3 AN K\A\\A
-.08

4 -0 4 8 12 6 20 24 28 32 36
@, deg ‘ |

(¢) Cp against a; atmospheric pressure.

Figure 2.- Continued.

CONFIDENTIAL



12

08
04
N
-04
o0 -08.
o0
80
Cm
v O
N O
40
-04
-.08
-12

(a)

CONFIDENTIAL NACA RMAL55HOM
R M
O 3.00 x 105  0.062
gEs
A §.59 116
X 317 128
4 7.87 <176,
ey .
S—to=ta]
A -Q,
\Q\ o] g
37 >
i = rn | '
. . =y il e
N g
N
5 TR
Q\= Ve jg\
Q\\«’ ‘?
A A, O
=]
i\\ﬁ
AN a 3
N a \ﬁ
L v
\ .
7 s
SNA v
s ]
M
M\
R
A ol aN -
o — A\g\* i v :
ZT _‘d\
N »
g Vs
L\\ﬁ/ )

4

CONFIDENTTIAL

Figure 2.- Concluded.

-] 74 16 20 24 28 32 36
a,deg ‘

Cp against a; pressure, 33 pounds per square inch.



NACA RM L55HO4 + CONFIDENTIAL 13

R M
o 235x10° an
3 §ob 18
A k95 0 .
V/Z g, .éf' - ¢Q$pf7> Aé%»;A
/10 1 \O \' 1] &}/ ﬁQK
o/ /g A /1

1

» i

qt.a D ¢ é ' ‘%
L O RN
R
? T i
N A

-2 L
04 0 -04 -08
0 0 0 -04 -08

Cm

(a) Atmospheric pressure.

Figure 3.- Variatioh of pitching—moment coefficient with 1ift coefficient
of a 45° sweptback wing. Aspect ratio, 3; Czi = 0.4; leading-edge

radius, 0.0089c.

CONFIDENTIAL



NACA RM L55HO4

CONFIDENTTIAL

1k

cl-. 80- vO-

QN

*PepNTOUC) -*‘¢ 2anI14g

‘youtr aaenbs aad spunod ¢¢ ‘sanssaxg Apv

Cw,

N A A v4
o .- 0 o

Q¢

—

T

"ot b

q ) i ki
7 4 ) g P
j T T T LA )
N . L | ] o Mo | POk
. ﬂ\\l - O ]m}v 1\\ \ TVO
7 _ A : _ e vod
2 | & . gt | |/ Shegl
‘\“n \%m_ 3 v 7 ol I [
9tT° 666 7
go: Rorg 2
290°0 wo.n % oo.M O
H q

o’
cl/

4

CONFIDENTIAL



15

CONFIDENTIAL

NACA RM L55ﬁ0h

*0G200°0 ‘snTpBI 23p3

-8utpesl ‘%0 = .So,mm ‘forgeax 3o0adsy -Butm yoeqadams o6t B JO Ioel3e JO
oT8ue Y3TM SIUSTOTJIIS00 juswou-3utyolTd pue 3JIT JO UOTIBIIBA -‘4 3IMITJ

caanssaad otasydsoun®s .éo qsurede 1) (®)

- b
a v N a v o o
vz 0z 9 2 & # 0 - 0 o 0 0 o o0 .
9 2 8 2 o2 9 -2l g 4 o ?-
_ 7.
Burd £ - 3 VA | D
B 0t g .. ; I : 18
= i ~ A7 :
w3l i /.
180°0  09°T O x \Q . a "
. AT AT T A i
B 2 7 /- o 9
EANEANr ARV EEr R %
| o A I I L g
B g KR &\ .4& .W.#r e o “KW t—f
= 0 O Ol 4 A L D il D o1
T P Y e PR PO T o PO Ao BB e T o O] .
-

CONFIDENTIAL -



NACA RM L55HOk4

CONFIDENTIAL

16

*PINUTIUOCY -*f SINTTH

‘yout axeunbs aad spunod ¢¢ ‘aanssaad o hmqﬁdwm Ty (a)
Bap‘ .

P a v N VAN

9 e 82 2 02 9 e & ¢ ©0 0 0 0
. 9% 2£ 8 v2 oz 9 2

Qd

@ Q¥

CONFIDENTIAL .

s 987 4 \ 1\ A 1\,
o 2% VT
g &% 4 v
gno*o Lt*z O \ \/\
o A A A 1AV
A A
A A AT e
AT A A A
ol 1wl ol 1o laldl |A 1N |57 A ,«R\%h
i O D N W G S O o B O
R e




NACA RM L55HOM CONFIDENTIAL
R M
8 1.60 0,081
S 3k 9%
S35 an
Si% 2
o 0 D 5.50 2 g
=t = ST e Tox
- 04 %@\38/6/ °1 e,
]la
0 -08 o
D -.
}\G\D“ EH:.HE mB =
o RN
Tt Pa
\m\ L5
O.
o N o
g T T TH el
3
80
H—P—P— o adal
R =
N
AN
v O -
vV N oz 0 ,
AR AV
Cm el =
%\q
=
N QO -
N e ol . N
//IS
BN \R\
S
40 |-
] ﬁ—ﬂ-_é\ﬂﬁ'ﬁﬂ% A TE
Y A
< LS
>
Z1
%4
o VPPt dedo P
g i
-04 N
-08
-4 0 4 & V74 6 20 24 28 32 36
@,deg

(c) C, asgainst a; atmospheric pressure.

Figure 4.- Continued.

CONFIDENTTIAL

17



18 CONFIDENTIAL NACA RM L55HOL

R M
'8 217 o.gg
g be 0k
v 2.60 .128
N 5,02 .uzo
4 7.55 167
o0 N e 0 O (9) bl % 2
o] Cood 2 © %%ﬂ
“gad 157 R
[a) fa)
-04 N
o
Ay
o)
oo -08
. T PP sdid T e nzs W
h L )
IN
0 &
<o
PP —o—tooled S wom T on
1]
b\ﬁ
2
A 0 A__S_Q_ IR . .
Y ZEE
WMA, A\s\
3 N
NA
'm \ N
: ‘v\
] 7
NY7) : ' -
ol P b ST N T
] e
N T
SN
A 0 A
¥ e 2 Y Y e
LN Pt
N
? o ‘ _ 7—%?—¢L—9477—f;99¥
T 5]
-04 - b T T o
04 _ , \D\ﬁy
~08
-4 0 q 8 2 16 20 24 28 32 36
a,deg

(d) Cp against a; pressure, 33 pounds per square inch.

Figure 4.- Concluded.

CONFIDENTIAL



19

CONFIDENTIAL

NACA RM L55HOL

80~

*9G200°0 ‘snTped

83pa-3uTpesaT ‘40 = HNO f¢¢ ‘orgeax gqoadsy ‘Burm oeqidoms G B JO
qUSTOTIFO00 AJTT UFTA QUSTOTIIS00 jusmow-Juiyozrtd JO UOTFBTIBA -°C 2INITJ

raanssaad otasydsouty (®)

)

QA
Q4
Qb
Qd
Qo
Q
[¢]

vo- 0O
g0- vO0- 0 PO

D
\
H

I
N

>
o
N

R~ -
8%
o
-
S
o

4
"
>
ARG
9
r<}'<
g

5{:_1—4']
/5l,0%,

A or

£
% \u
A
%iq
o/
q
P
ZETH
o>
b

5 N ¢ i 4
o, 3 B )

7
oRe* 056 A 4

she: wh 7

LSO AN

mﬁ. mﬁm Y

h60 HM% Anv_

1go*o  09°T O

W a

CONFIDENTIAL



20

=
[+

o/

4

= ‘papnrouc) -+*¢ m,_gmﬂh
W *youl axenbs Jad spunod ¢¢ ‘aanssaag (a)
: “
w0 b 53 5 5 8 5
. 80- $0- 0O 0O
Il | ] I i 1 T
M ! ﬁ H rm ﬁ H ow
- i [ [ [ q [ I !
= i [ i i [ i o
E 9 ¢ i 7 i i ] ]
5 i 7 I 7 y 5 o q |
_V 4 ) It X r of
i v i I 4 17 g
a LA T4 AT L P 2 LA IR
i 2 2l A L LRI TR ol
L] Iy T A RS e

CONFIDENTIAL



21

CONFIDENTTAL

NACA RM L55HO4

*26Q00°0 ‘snIpex 23p?

-3utpesaTl {4°Q n_HNo €¢ ‘orysa 309dsy -Burm yowvqidoms om:.m Jo o®'33e JO
9T8ue Y3TMA SRUSTOTIIS00 juswou-3uTyoltd pue 3JTT JO UOTIBIIBA -°Q 2aIn3Td

caanssaad otasydsomye fo qsurede 1 (®)

bap ‘o
A v o O o
g v Oc 9 . al & 4 0 0 0 0 o
% c& 8 2 o2 9 cl g 4 o p-
c-
/ & b ol o

.0

foe: pm“m AN A ,\\\ 4
Kt &z & 1/ i /] |/ /] .
9g0° oLt 3 — - 2

8%0°0 g0t x MI*T O X v \Q \u \u

4 7 7 :

" : A | A A A e »
« \ﬂ\\ P o] of =
/- / e o7
1% % %
‘ Nz ” » /. &
7 _ il 7 -
7 & < pog o} af o/
LA EaE LN e adl
rS Aﬂ\oY=01ip/AV\mW\. 8.l0 Lq\x%L ot |

=] ' ° 3 B0 © gl
44

CONFIDENTIAL



NACA RM L55HO4

CONFIDENTIAL

22

*panuUTIUO) -*g BINITA

‘yout axenbs xad spunod ¢¢ ‘aanssaad fo qsurede 1) (a)
_bap‘w
v N A v O O
vz o2 9 2 8§ & O 0 7 0 0 0 o
9 o8 2 ¢ o2 9 2/ 24 r 0  p-
I5d w : 0 ol
mSn m%p m _ o \ : \ : \ . “
82 Al AlATIA LA ALY
Al AT A AL A
“ 0. 90T % omz O 7 Vq yu ’ : \\yu \\\u
4 < o - 4 & o Jof
R4 |4 / v )4
. il | /-
AT A T 1A T TA T |
A A T T AT
, < | L] 118 \0\1 \G\\E o
: T T
o T ket | 1o a le G B e o]
7 ) = A7 ¢ H il :

o/

c/

v/

CONFIDENTIAL



NACA RM LS5SHO4 CONFIDENTIAL 23

04 ere
| o7 o
o0 - | |
P~ . .
h \@
'04 &L\ . : o}
6O~y /c/ . Kg——&\m\ _
~08 i 7 0 N N
. M / \
° 0 "/ - N
\D\\n> )f . ]
| %
=N = TN
fa 4 //
/\')
© A
0 Yy 1/
5
R
Cm \ %k\*k g [{,45\Y§
=LA |4
7 e
a0 &\K v ‘ - /}
N /
NN
'\A\\,:M _6// ] —_g
v 0 //V
sy\y\ /}{
| -04 ?\v ~x |
P& ¥ R
-08 N _// e ]i:'l(lé x 108 o..%%&g
Q2. 137
A 3.0 «154
Y, ﬁ.o_'z .20%
-12 ‘ -
-4 0 4 8 12 6 20 249 28 32 36
| @, deg '

(c) Cp against a; atmospheric pressure. .

Figure 6.- Continued.

CONFIDENTIAL



2k CONFIDENTIAL NACA RM L55HO4

.04 /9”*1
vo I AREASN
2 TS
-.04 o /2?' obol s
oo o [ ona
) \ // 14 '
-12 =
o0 Rk 4 £
] 1
R P
et A T HAT
VAN 0 P AN %\7\ /X \'/—\" S
\3\‘ i . /K A
Cm A /g
N ;( P
v o V /Zf
‘7\..,\ hag /A{
: ol
BN )4
N7 ‘ qa‘\q /V LN
M~ N/ N4
\\‘\ /
N P
a0 A\ /M A///A
-.04 B 2 O 1.80 x 106  0.043
&8 AR
N : A L3 101
-08 N 08 i)
A 4 7.1 A7
y NEEN

4 0 4 8 12 16 20 24 28 32 3%
- @,deg o S
(a) Cm against.za;ipressﬁré;'35 pounds per square inch.
. :Figure 6.- Concluded.

CONFIDENTIAL



25

*26Q00°0 ‘snrpex

_ T
a8pa-3utpesT 'O = .No f¢ ‘orzea 3oadsy Burm yoeqideoms G ® JO
AUOTOTIIS02 2JTT UITM QUSTOTIIS00 quaucu-3uryoqTd JO UOT}BIIBA -/ 9aIn3TJd

*aaqussaad orasydsouty (e)

Wy
v &
2/1- 80- v0- O 0 0

Qo

80- v0- -0 vO

CONFIDENTTAL

NACA RM L55HOL

14
Kt
9g0°
850°0

N

e

‘Yk\\b

%\\\3

~—

T~

g

VAT

ol

Wl [ o

o/
4

v/

CONFIDENTIAL



NACA RM L55HO4

CONFIDENTTAL

26

*papuyouo) -°j aanITg

‘yout axenbs gad spunod ¢¢ ‘euanssaag (q)

CONFIDENTIAL

v N JAN R\.Q v &
8O- vO- O o o o o
al- | 8g0- pO-
74 ¥ A A7 o3
A EEET
/
I i F i /9
e omig AT IA (A SEET
moﬁ mm“: @ N 4\ \ 1\ \N :
% &3 8 , 7 s T /
¢hoco 90T » 08°T @] i : s :
N d w : W \ ﬂ
4l Y £ 17 7 !
RN W AN,
AL 1L d 4] R i
R e o A ™~ _Vw >
~e | el | T el o e
N = .ASJV% snad

<4




27

CONFIDENTIAL

NACA RM L5SS5HO4

"9G200°0 ‘snrpea o9pe

-gutpesT {#'0 = g ¢¢ ¢‘orqea qoadsy *Sutm yorqadams om:.d Jo ¥{o®31® JO
9T3ue Y3TM SJUSTOTIIS00 QUSWOW-SUTHoq1TId Pue 3JTT JO UOT}BTIBA -'Q 2anFta

*aanssaad otasydsouje o asursle 1) (e)

bap ‘o .
a v N A v o o
vz 02 9 2l & 4 o o o 0 Y -0 0 o
9 c& 8 2 02 9 2l & 4 o »-
: , _ : 2-
I vd : / o 4] o A
A - V1 o
£ 5l 3 A1 LA 5
o %e ¥ A Wi b A Wi Wai Va A
| 480 69°T 0O 4 4 74 4

€80°0 §OT x 16T O A 4 o A )7 \Q A ol "
' : \\\ 4 - \\\ 4w\‘ A ﬂ«\ \&\\ 7

AENAERYEN sERAED AR AND B

AT v R A%
E LR AR RN ,
s =] AT DY LB O O
N LT x\\ﬂ stolo ot m\\qu\. \E\m\ ] o/
o179 RPN L™ L XE Lo T |
JMIN%VAWWLPlJR\ R % MW\JMAuMLLB\.Q./Iliu\LQ\ 21/
A
o]
z/

CONFIDENTIAL



NACA RM L55HO4

CONFIDENTTAL

28

‘penuTiUO) ~-°Q DANTTI

‘yout aaenbs Jad spunod ¢¢ ‘aanssoad o qsurede Ty (a)

bap‘p
v D a4 7 N A v o o
g 2 02 9/ 2/ & 4 0 0 o 0 0 0 0 0 0 o
. 9% 2 8 2 o0 9 e 8& ¢+ 0
- QA A N A AL X I LA
o \ _.\ hY \\ ¢ :
foe® oo“mo ) : . g
. 21l D _ , : - : :
I A A A A A T
mww mm”u M. A LA LA \N 2 \m a A LA
660; h1e o P A 7 X X b4 be yz e
Zor . 4 _ T VT VTV
20°0 0T x B'T O Y, o Y, 4 S A A : I A
" : KL \I. \\L \x\ A .\\L .I.\\< .\\u\ .\\L 3\\(
0 I I I I A Wl I
O 2 O I VB B VIV I el I
== V- 2 P V) s
_ ol 0 o A%
T et RN R T o e o

o/

g/

v/

CONFIDENTTIAL



NACA RM L55HO4 CONFIDENTIAL 29

.08

9 lffzu x 106 o.r;ga Lo
04 g el [
| § B (N
o0 b AR 2290, | /] °
3“‘3\0\ . el - E,/B"—EL\EL _ QQ i
04 N A 0 I 1 N
o0 ) |3 P@’d m/ (\/’7<‘><* -\\
o | T . Jel s A
.0 q et | |/ \
| ) LT 1N
e LT AT
y NP
Cm A~ {a/ g
DA AN 4/
v O '
‘7\7\\v AA/A /7/ M/h—\b\\g
e /V N A
=y AT X
SN b 4 B
v e N {{%’F/ |
P~ o _/
ﬂ\z’\ Af'
50 _ a4 /7
] L
- /
-.04 i
"o r/
N
-.08 _
-4 0 4 8 12 16 20 24 28 32 36

@,deg
(¢) C, against «; atmospheric pressure.
m

Figure 8.- Continued.

CONFIDENTTAL



30

CONFIDENTIAL NACA RM L55HOL
.08
oo
04 ) 87° \%Y
% AN
O. - .
0 q D f)/z{ . /ﬂ‘,g\\\ \\'3
! L LT el e
~04 ro—ON] ; e N
o0 o AT A
-.08 [Hj\g\ j;( /'O/ -
' N 1A S N\
| | 4 =l | )
IR = = sl A NIRS
~J
A A | N
A Q y - 73\K o /:\/ /‘v-y»-v- V\\
N f' o] \%
B‘w&\’x /ﬁ/
v o = B
P~ ,
Cm 'k\v\\ /f '}{
ISA.
A v /
B Awrd 0
N N N W
\ A4
N ANy M
40 NN ) N
3 R
ﬂ\\% / F//U
PAad /
a b . .
U?\\TJ\\ ;; O 1.8, x 106 0,024
Q‘_ . L3
N o 6 Mt u §> R oo
- = g 1 et
q\\ﬁ1 P % 7:30 32 ||
ol :{ O ¢:5 ﬂi'i
00 i e % S ki 204
-~ <~ Nog | P .
=04 - G A/
oo S T
-4 0 q é 2 6 20 24 28 32 36
@, deg
(a) Cp against o; pressure, 335 pounds per square inch.

Figure 8.- Concluded.

CONFIDENTIAL



21

CONFIDENTTIAL

NACA RM L55HO4

80- v0-

*0G200°0 ‘snrped
98pa-8utpesaT f°0 = ﬁNo ¢ ‘otrgea goadsy -Jutm yoeqidams Gk B JO
QUSTOTII®00 3ITT UITMA JUSTOTIFS00 qusuwow-3ulyolTd JO UOTQBTIBA -6 2INITJ

caanssaad otrasydsouly (®)

Wy

Qo
Q

v
o

Qb
QN
Q4
Q>

—
b
] \r\q
Z}\ﬂ

\>\4>
x—
1T
N

oy
Tl

ey

Fy

<

?

o

©

: : ks
£ i J ./ v Vi i o
R L “Ra Mol [Pl | [pel | [
NUMERNEAE B ] N B N 1,
,JP/B ﬂ/ﬁ KL, . Jﬁwﬂm ,d/f# dﬁybﬁ MWAN
R —pdd N ol G2 9| ooy g1
<
3}
‘ 1 _ &1
o5 % o
gle: g X
M—M—.n No. N
T hlee v
otr* 20z O
80° mm”.n [m|
€80°0 40T % Mo°T o
W Y

CONFIDENTIAL



NACA RM L55HO4 ,

CONFIDENTTAL

32

*PIPNTOUC) -6 SINTTH

*yout axenbs xad spunod ¢¢ ‘sanssarg (a)
o

N A

o o

QO
Qn
Q<
Q<
QO
Qo

g0- ¢t0- O

o

80- 0- O vO 80 .

T~p—0
E\E}\ﬂ

A
p

‘G\Cl\
TA
~p
N~
\ -
ﬁ\‘ﬂ\—a '

P F ? I i £ g P 3
14 { 4 ¥ { 4| ¢ i
/ [ / A1/ /! ARy / ,
g | I/ / AN [ g1 [ ]
F 4 u i NN AN /
AT A A AT EEE;
EARSEE RN ARE ARG N Y
G/n i :Ju/4ﬁr N/m// f/dﬂrl r/JV/I:/IJ> /uN//4r ONm.. iy D
NS ,.IIJAwIJu 7 - 4//114/// i ;WQ//%MJV//A%/SW ™ u(///drxud
< EEE AR NS e L e
¥ m#\ o

o
~
Fgrndaooong
D b OO A O
RN A I
O S UNOND £~OD)
onoIDANDY

¢to*o q0T »

CONFIDENTIAL

o/

I gy



33

CONFIDENTTAL

NACA RM L55HOL

“H'0 = So €¢ ‘otqea q0adsy csnipeI
28pa-3uTpesT UT 98UBUD ® JO S0USNTJUT 9Y3 MOYs 03 sButm yorqidems om:
OM3} JO SOTQSTI930BIBUD AYTTTQEBLS TeUulpn3TUoT JO uosTIedwo) =-°QT 2InITd

‘aamssaad otaxsydsouwyy (®)

Yy
80- vO- o} o v0- 0 %0
o)
220N

QO_ X 26 =y m.V—.o"z .
O X 10€=Y. ¢

| A

! I
t t 14

\_ 968000 \__
! snIpoy “3°7] } 9

T—
Pr——
===

=

L

2’|

CONFIDENTIAL



NACA RM L55HOL

CONFIDENTIAL

3k

*pPIPNTOUO) - QT SJIMITJ

‘yout axenbs Jad spunod ¢¢ ‘aanssagd (49)

80- vO— (o) 1Y) 0- 12 $0- o)
! \
H-
08I0=W | 20I'0=N S900=W \
901 X 882=Y _\ 901X 20G=Y g0l X 20'e=Y \_
| . I
\ I
|
/ /
‘ 1
/ _
96200" —~----- s_
968000 ——
e | \\\
N \ 4 \\ -
'd N / N /
. N \ > \\ \ N\ \
~ L\ ]Vﬁ;l V/ Ml
A < W >
{
)% \\\
= o

CONFIDENTIAL

ol

2l

v



35

CONFIDENTTAL

NACA RM L55HOk

"®°0 = T ¢ ‘oTqea 90adsy -snipex
98pa-JuTpesaT UT 93uByd B JO I2USNTIUT 93z MOUS 03 sIuTm yoeqqadoms oSH
OM] JO SOT3STJI9708IBUD KITTQERLS TBUTIPNATSUOT JO UOoSTJIedwo) -°'TT 3JIn3T4q

caanssaaxd otxsydsoway (®)

)
80-  tvO- o o)
) 80— 0= 0 12¢) 80
L02'0=W \ \ &
001X 80b=Y}y 4
/ . A . /1
/ 6SIo=N | A 1800=W { >
\ | gO1X20€=N | \\ 001 X OL1=d \ !
7 /4 77
/ A/ v

\ \.\ .Ju

\

N~ I

\
~
N

/
K

(%

snippy 31

CONFIDENTIAL



NACA RM L55HO4

CONFIDENTTAL

36

.@_%388 -*TT san3td

.Qoﬂw axeNnbs .Hmm, spunod ¢¢ ‘aanssaxd (q)

80-  tO-
, . 80-  vO- 0 ) 80 o
9910=W \ \
JOI X IL=Y \ 2010 4 \\\ _ / \ N
L0l X I€D =Y i T evoo=w{
\ . \\ | JO1¥e8I=y
\ “\ v
\ \\ e
\ \ \ N\\L.. 9
\ \ “ 7 \« g
‘ \ Alr g A h :
N N L A/ T~ > ™~ o
/// // - //L = 4
™~ T~ ) R~ )) -
o e 4
562000
_snipoy ‘37 b1

CONFIDENTTAL



37

CONFIDENTIAL

NACA RM L5S5HO4

‘¢ ‘orgeax goadsy -Jutm yoeqidams Gh B JO

SOTASTI910BIBYD A3TTTQB3S TBUTPNITSUOT 83U} UO J9qued JO 3O3IFH - NH 2anITg
caanssaxd otasydsowyy (e)
26200°0 qm_s..n@mndm@m..mqﬂ@.mmd 26g00°0 ‘sniped 3Fpa-3UTPBI]
)
80— O~ o] 80-  t0-— o}
80— vO- o 80— YO~ (o} 80
| ] T °
| ] |
| ! _ .
| ! _ ¢
€2 O-W A i 080'Q=W L920:=W | \ | !
g0i X G6'b=Y _ 501 % 19°1=¥ g0l X 96v=4[ | \ _
. | b
i | I [
[ M L | JO
M l r N
! I i _ .
1 VAR T I 9
/ \ \ (1°39Y) \\ /
A s \ ‘Buim  PaIIQUDOUN — — = ~ —— =~ ‘ / \
N A . /.\ \ fum passqup) ———— C \\ g
\ KNG VN AN
N N //Q //\_\\ A T\ |0 X vy
SRR AT N o
‘ JANEAN
A

CONFIDENTIAL



NACA RM L55HOL

CONFIDENTIAL

38

*popnTouo) -°gT 2IMIBTA

‘yout axenbs Jad spunod ¢¢ ‘aanssaad (q)

0G200°0 ‘snTped 98pa-JUTPEI] 060000 ‘snrpeI 98pa-JUuTPBRI]
o)
80— +0— (0] 80— vO- (o)
80— YO— o] 80— Y0— 0 140}
T ~ _ \ I °
} l
I
“ \ ] 2
281'0=N __ NE 990'0:=W SGIo=N | | \ \mwo.ous. )
g0l X 06L=Y _ T pot x poe=y Ol X 80LY | | \ | 10€=¥
_ “ |y
| \ [
{ -l J . 1,
A | [
1 | .
J / (1°384) \\
| / Bum  PAJBQWOIUN --— - ——— ]
T 7 bum  papqwo) —M8— \ /
\~\ A /\ ) “/ m.
\ 1/ .4 \\
N \ N \ \ .. \ /.~
/1Y / A 7 ~
Nz P\ r \ \ . o1
N \ M7 |y ¢
_ </ ~_V
- A \\J N_
XL/
v

CONFIDENTTAL



39

CONFIDENTIAL

NACA RM L55HOL

‘¢ ‘orgex qoadsy -Buta orqidems G ' JO
SOT3STI930BIBYD AQTTTQBGS TRUTPNITSUOT 8yl UO Jaqued JO 1409JJH -°¢T 2Jn3Tg

*aanssaad otgsydsowyy (®)

2G200°0 ‘sntpea o3pa-JFurpesT 26Q00°0 fsnrpel s3pe-3urpes]
ug
80—  $0O- 0 80-  HO— o
80— vO'— o} 80— vO— o] 10 80
T y ©
Jmmy JAR)
)l \ 1/ A7 "
/! / /v

SI20=W A+ /A 6800=W Sico=N 9800=N,

90! X OI'p=y \\\ \ L1 01X 80v=Y \» / [/ Ol X 221=¥4
4 7 7 14

/ /i | /) [,
\\ A (193) / \
& \ N Buim vm..vnEooSull.N T \ o
N S Bum pasqupd / 7
\ N ﬂ ,f/ < \ / .\ g
//Il /LW.“V//JM// Sl \ f/, \\ ) 1

/”//. ~ = IMV/’ /H N~ e =T ﬂ //l: = o'l

AANSAN D Y R NS
/lb "~ ~ //U 21

CONFIDENTIAL



NACA RM i.55HO’+

CONFIDENTTAL

Lo

*papnrouo) -°¢T SINITJ

*yout agenbs Jaod spunod ¢¢ ‘aanssag (q)

W/

26200°0 ‘snipex 98pa-3uTpBI] 26Q00'0 ‘snIpea mw@olmcﬂwmww
Wq |
80— v0— o] 80= $0O— 0}
80—  vO— 0 80—  $O— 0 0
/ .
// [/ /, /.
\\ // \\. \\
\\ A \; \\ \\.
9610 \\ \\ . $900:W £LO=W \ / . \ /
a0l X 662y /7 / lo0I X GL'2=Y4 90l X 112=¥ \\ VI
4 __/ \ 1/ \\
N [V (O N /! N
A koo B
7 - Bum  pasequiod a \ L90'0=W
m\ \\ Y. N / 901X 222y
! 1
RN / /
K ~L ” "N | \\ \ \
~ / U M~
| X /M://lr - // N\ < // A~  —
/ <) A/// L // / ~ I/[
] Y~
g

CONFIDENTIAL



41

CONFIDENTIAL

NACA RM. L55HO4

*f°0 = fo ¢ ‘ot3ex qo0adsy “casqumu sprouksy JO
S0USNTJIUT BY3 MOUS O3 -ISqUNU YIBW FUBISUOD. B 3 SJurm yoeqirdoms m:
oM JO moapmahmpow.ﬁmmo £31TTqRYS. Hdﬂa@ﬁpamﬂo.m .Ho uosTIedwo) - T whswﬂm

*29G6200° o ‘sniped mm@m @HHU@QH (4 v © *96g00°0 - Nmzﬂud.n mm@m mﬁ@mqq (e)

¥
80~ vO— o] 0 Y0 80- YO- 0] v0
] ) \ T o}
_ __ . _ _
GBI'00IX06 L-~—~—- _ \_ §Ol X60b-- - - =~ - 00IXG6G--~~~~ u__ 2
1020401X90 p ———— g0l X 16" ——— 901X00€ ———
W YR N __ ] : Y _
~ . ) . ) | _ »
f v
| | .
_ _ 2
i d
* A
ANV |
77 7 8
h AN \\ N /\ : \\
N . /
/Mm/l 7! / X //\\ o}
AN} N \vw.
R__‘ )
T rAll
260°0=W . N T S I ! ObI0=
_ . _ v

CONFIDENTTAL



NACA RM L55HO4

CONFIDENTIAL

42

‘K°0 = ﬁNO ¢ ‘orqea jqo0adsy -Joqumu spToufsy ..Ho
SOUSNTIUT 33 MOUS 0 SJISqUNU YIBW JUBISUOD 3B sFUTM oeqrdoms oSt
oM JO SOTISTJILOBIBYD A}TTTqRYSs TBUTPN}TSUOT JO uosTIedwo) -°*CT aInTg

"9G200°0 ‘SnTpea 29pe-SUTPEIT (4)  "96Q00°0  ‘surpex °3pa-SUTpPEI] (®)

)
80— vO— 0O _ o .
80—  $0- 0 v0 80' 80—  v0- 0 0

\ \\ \\ \\ o.
ARNK | W

/ / . 2
// 7 - 7
oOX 21 Lm ===~ / \ 901X 1€p-——-— ;0IX0G' G-~~~ \ \\
01X 20 , 7/ 901X 202— e0IXGL2—7 :
o . /. \ | y / \. o
\ \ , \\ \ . T
’ /
m\ &\ \\ / .
I ! |
\ [/ \\ _ \\ N LR A ——
: / LOI130L) — g
5 UL 4 Q Yy
, N \ y )
\ ~ ~ - / /
N - / /.//I r\M/ h A o1
/// //,/ //V//////
N ~~ ~] 3
_ ,jL ~~—1 i //HM => 3
2910=W $OI'0=W SEIO:W  2600=W

CONFIDENTIAL



b3

CONFIDENTTAL

NACA RM L55HO4

H .
70 = "1y ¢¢ ¢oTnea 10adsy Jsqumu YOoBR JO
SDUSNTIUT Y3 MOYS O} Jaqumu sprouksy 3uelsuod 3 sButsa yoeqrdems oGn

oM} JO SOTISTIS30BIBYD A3TTTQE}S TBUTPN3TSUOT Jo uostaedwo) --gT 2an3TJ

*0G6200°0 ‘sutrpsJa 98pa-3urpea] (a) *26Q00'0 ‘surpel .88pe-JuTped] ()

o)
80—  O- o) 80-  $0- 0
80-  vO- o) . 80- v0— 0 %0
I ‘ o
‘ \
| | .
9 =———mm 690 ———-— 1 4
b2 0—— 1510
W W ﬁ
f \ —\ b
1] T °
P f 9
f ] oo < | N
: ove 0 _
/ f /
/ / " / I .
ANV / /200 ===~
TV A / /\ A ovro
\Y : > (< |
] . )\ 1« S
s LN et
: VAL - v 21
$01X00G=Y gOIXOE=Y §01X 0054 90l ¥ 00'€=Y

CONFIDENTIAL



NACA RM L5SHOk

CONFIDENTIATL

Ly

*G ‘oTyea joa8dsy -JaqumuU YOB) JO
sousnTJUT wgp MOys 03 Jequmu spTOoukay JUBlSUCD 38 sBuTm yoeqidoms oSH
OM3 JO SOTSTJI990BIBYD A3TTTAe3}S TRUTPNITIUCT JO uostaedwo) -+, T SaIMBT g

*0G200°0 ‘snipex o3pa-Julpeo] (a) *06Q00°0 ‘snipea s8ps-Jurpes] (e)

2
80—  $0- 0 80—  bo— o
80— v0- o] $0 80— 0= o o
)
mwm%on---.. \ \\ S — \\ \\
AR A — . :
/ \ ViR \

/ / 7 i

. \ A /

/

N
\
‘\\\
I~
O
[+ o]
o
O

/| A | y A .
A ////. C gy / m 7
ﬂW,/V// L N < ol
SRS PN PR
1t R B 0N
R —=
801 % N_.¢...”m‘ ~ wO_x,mN.Num . 3 901 X0I'b=y| - oOIXG L=y
. i4dl

NACA - Langley Field, Va.

CONFIDENTIAL



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46



