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NACA RM L53H24 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF A FENCE AND
A LEADING-EDGE NOTCH ON THE AERODYNAMIC LOADING
CHARACTERISTICS IN PITCH OF A 45° SWEPTBACK
WING AT HIGH SUBSONIC SPEEDS

By Richard E. Kuhn, James W. Wiggins,
and Andrew L. Byrnes, Jr.

SUMMARY

An investigation has been conducted in the Langley high-speed T-
by 10-foot tunnel to determine the aerodynamic loading characteristics
of a 45° sweptback wing of aspect ratio 4, taper ratio 0.6, and an NACA
65A006 airfoil section. The investigation included the effects of fences
and leading-edge notches over a Mach number range from 0.50 to 0.95 and
an angle-of-attack range from 0° to about 25°.

The results indicate that, at Mach numbers below 0.93, the fences
were effective in improving the lifting ability of the portion of the
wing outboard of the fence in the angle-of-attack range from about 8°
to about 17°. Above 20° at Mach numbers of 0.50 and 0.70, the fences
were ineffective. The fences delayed the inward movement of the lateral
center of pressure to a higher angle of attack but did not show any tend-
ency to move the lateral center of pressure farther outboard than the
most outward position shown for the clean wing. A limited investigation
(at Mach numbers of 0.70 and 0.91) of the effect of a small leading-edge
notch indicated that the effects were similar to, but smaller than, the
effects shown by the fence.

INTRODUCTION

The aerodynamic loading characteristics of a L swept-wing—body
combination in pitch, sideslip, and steady roll have been investigated
in the Langley high-speed 7- by 10-foot tunnel. The general investigation
included the effects of a full-chord wing fence located 65 percent of the
semispan from the fuselage center line and covered a Mach number range
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from 0.50 to 0.95 which corresponds to a Reynolds number range from
2.1 x 100 to 3.0 x 100.

This paper presents only the load distributions in pitch for the
clean wing and the fence-on condition. Some results on the effect of a
notch in the leading edge of the wing are also presented. The 1ift,
drag, and pitching-moment data for this wing-fuselage combination are
presented in reference 1. The aerodynamic loading characteristics of
this configuration, without the fence, at transonic speeds are presented
in reference 2. Additional information concerning the effects of a simi-
lar fence on the force data of this configuration is presented in
reference 3.

In order to expedite the publication of these results, they are
presented here with only a brief discussion.

COEFFICIENTS AND SYMBOLS

The symbols used in the present paper are defined as follows:

M Mach number
R Reynolds number
P - P -

P pressure coefficient, ! 5 °© or Zu o Po
P local static pressure, 1b/sq ft
pO free-stream static pressure, lb/sq ft

: il o
q dynamic pressure, EpV , 1b/sq ft
P air density, slugs/cu ft
v free-stream velocity, ft/sec
e local wing chord, ft
Cay average wing chord, S/b, ft
b wing span, ft
S wing area, sq ft
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X/c

7).

Subscripts:
S

u

chordwise distance from leading edge of local chord, ft

spanwise distance from fuselage center line, ft

increment of local chord over which the pressure at a
particular orifice is assumed to act

3l

section normal-force coefficient, E (PZ —:Egtﬁ(g)
X
£ =0

[
section pitching-moment coefficient about 0.25 local chord,

S (o -7 (E - 02 50

=0

(el

exposed-wing normal-force coefficient,

150
fo (cn C—:;‘;) d(ﬁél

exposed-wing bending-moment coefficient,

[y (@2, &),

angle of attack, deg

é
local longitudinal center of pressure, EE - 0.25
n

lateral center of pressure measured from fuselage surface,

s,

exposed wing
upper surface

lower surface
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MODEL AND APPARATUS

A drawing of the wing-fuselage configuration tested is shown in fig-
ure 1. A tabulation of the fuselage ordinates is presented in reference 1.
The wing had a quarter-chord sweep of 450, aspect ratio of 4, taper ratio
of 0.6, and an NACA 65A006 airfoil section and was of composite construc-
tion, consisting of a steel core with a bismuth-tin covering to give the
desired contour. One hundred and fifteen static-pressure orifices were
located in the upper and lower surfaces of the wing and were distributed
along five spanwise stations parallel to the plane of symmetry (20, 60,
and 95 percent semispan on the right wing and 40 and 80 percent semispan
on the left wing). The wing was mounted to the fuselage in a midwing
position with zero dihedral and zero incidence.

The model was tested on the sting-type support system shown in fig-
ure 2. With this support system the model can be remotely operated
through a 28° angle range.

The details of the fences used in the investigation are shown in
figure 1. The brass fences were mounted on the wing at the 65-percent-
semispan station such that the mounting clips did not protrude above the
wing surface.

The leading-edge notches were installed in the wing at the 65-percent-
semispan station after the pressure tubes had been installed. It was not
possible, therefore, to make them as deep (chordwise) as desired. The
details of the notches tested are shown in figure 1. The location of the
notch was determined from a study of unpublished low-speed data on a
similar wing.

TESTS AND CORRECTIONS

The tests were conducted in the Langley high-speed T- by 10-foot
tunnel through a Mach number range from approximately 0.50 to 0.95 cor-
responding to a Reynolds number range from 2.1 X 106 to 3.0 X 1006. The
size of the model caused the tunnel to choke at a Mach number of 0.96 at
zero angle of attack. The blocking corrections which were applied to the
Mach number were determined by the method of reference k.

The angle of attack, which was varied from 0° to about 250, has been
corrected for the deflection of the sting support system.

The aeroelastic deflection characteristics of this wing (as deter-
mined from static loadings) are presented in reference 1. No aeroelastic
corrections have been applied to these data. The variation of Reynolds
number with Mach number is presented in figure 3.
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PRESENTATION OF RESULTS

All the detailed pressure coefficients are presented in tables I,
IT, and IIT and selected results from this investigation are presented
in the following figures:

Figure
L a R ay b o Ro 5 Y- TR LT |
Local chordwise center of pressure . . . o Linp o wlh loReralicSLrAt SRR 3]
Effect of Mach number on local chordwise center
iR SEIre at o =40 . . . . i b e e e e e e e e e e el e el TS
HoegilEseehion Normal-force CUXVEE « o o o o o o o o o o o »lns s T
BRI L =FOTCe CUTVEE - « o o o » o o o o o & o o o'# w lalve ailier e WSS
REOEMOSREINON MOMENTS o o o o o s o o o o o o ol s o & ‘o ‘o ool NgNNIEEE 9
iribemeenber Of DPrESBUTEl o o o o o s s o s o o e sl s et ieiiie rREERERRIIG)
pomeirepresentative chordwise loadings « « o o o o & « o o o o o« A%

A few of the chordwise load distributions have been plotted and are
presented in figure 11l. In the process of plotting and analyzing these -
data, it was found that less than 2 percent of the individual pressure
coefficients were in error. Therefore, in order to expedite the publica-
tion of the data, it was decided that it would be unnecessary to plot all
the chordwise load distributions, and the pressure coefficients (tables I,
II, and III) have been presented in the form obtained from the tabulating
machine. Tests at Mach numbers of 0.91 and 0.95 were repeated on the
clean-wing configuration as an indication of the repeatability of the
data.

At Mach numbers below 0.93, the fences were effective in improving
the 1lifting characteristics of the outer portion of the wing in the angle-
of-attack range from about 8° to about 170, however, in general the fence
reduced the load over the section inboard of the fence at these angles of
attack. Above an angle of attack of about 200, at Mach numbers of 0.50
and 0.70, the fences were ineffective (figs. 4 and 10).

The results in figure 10 show that the lateral center of pressure
moved inward at angles of attack above 8° for the clean-wing configuration
because of the partial stalling of the tip sections of the wing. The
fence delayed this inward movement to a higher angle of attack but did
not exhibit any definite tendency to move the lateral center of pressure
farther outboard than the most outward position shown for the clean wing.

The effects of the leading-edge notch were similar to the effects of
the fence but of somewhat smaller magnitude and the effectiveness of the
notch was lost at lower angles of attack (figs. 4, 5, and 10). However,
as mentioned previously, the notch was rather small. Unpublished data
on the effect of notches and fences on the lift and pitching-moment
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characteristics of similar wings indicate that deeper (chordwise) notches
produce results more nearly approaching those for fences.

CONCLUSIONS

The results of the investigation of the aerodynamic loading charac-
teristics, including the effects of wing fences and leading-edge notches,
on a 45° sweptback wing of aspect ratio 4, taper ratio 0.6, and a NACA
65A006 airfoil section indicate the following conclusions:

1. The wing fences, at Mach numbers below 0.93, were effective in
improving the lift-carrying ability of the outer portion of the wing in
the angle-of-attack range from about 8° to 17°. Above 200, at Mach num-
bers of 0.50 and 0.70 the fences were ineffective.

2. The fences delayed the inward movement of the lateral center of
pressure to a higher angle of attack but did not show any tendency to
move the lateral center of pressure farther outboard than the most out-
ward position shown for the clean wing.

3. A limited investigation (at Mach numbers of 0.70 and 0.91) of the
effects of a small leading-edge notch indicated that the effects were
similar to, but smaller than, the effects shown by the fence.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 17, 1953.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

JTABLE T.=

CLEAN WING
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TABULATION OF PRESSURE COEFFICIENTS FOR THE
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CLEAN WING - Continued

Concluded.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE T~

CLEAN WING - Continued

= 0.70.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE
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CLEAN WING - Continued
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TABULATION OF PRESSURE COEFFICIENTS FOR THE
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CLEAN WING - Continued

Concluded.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE
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CLEAN WING - Continued
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

EEABTE- T -

CLEAN WING - Continued

Concluded.

(e) M= 0.93 and 0.95.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Continued

(9)

M = 0.91 (repeat tests).
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Continued

Concluded.

0.91 (repeat tests).
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Continued

()

M = 0.95 (repeat tests).

a=6.5°
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE I.-

CLEAN WING - Concluded

Concluded.

0.95 (repeat tests).
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II-

FENCE-ON CONDITION

M = 0.50.

(a)

a=246°

~OMNOHTWVON
HeQ@MM~HOOMN DO
000000 NOCOD
4 0 8 0 08 000 e

Herdedrdd e

TOO~OON>TNONO
VOO MN®N
HOrWHAMYT VOO

MeOoOOoOoOr~OoNmMAN
VNI NTRHO T O\
goCcO000O0NO®

e

MrOHOMONWLHN
VO~V HO YT
nNHoOOHNMYT T

v s v eliel e iy v (e e

orOHHONMOAMOO
HOOTODOTOAN T
OEOOO~NN~000

UL O T it K R R e )

TAMOHNWOOANY
CODHMN-VW NN
MHooOor@MTOM

oleieinl 6l e w e 0 wia

a=206°

A DONAMMNNO N
OOoO0oO0O0OOMVONHO
Ardddd+H000O DN
vl [0 [0 e] wie) e /eiiel o s

Hrerd e Ao

RERRtAU LN NI ER L

NMONNOVOOVTO W
SMOVN®OOT TR0
HOOHHENM TV

HHOOVVOOTTWNO T
cOoOAOMMAOr-HN®
HOOOOOOONMADN

e r e

oMUY~V TAOL
M~-TNO O~ NOY
MHOOHHAaMTN Y

MY TOOAOO~QRON
©OVOVVRHOO O™ T
(S S S S S SRRV RV XS

VOHANMOROOR
oooMNMTHrHHOH®
NHHOO M TN ®

@=165°

TN HIOR~ONDOON
oYY rinmMONOY
WTOAMDODOON TN A
D

aea M-

HOAMTMNOAMNOMN
TN HOARO N
ocoorHAMMTON

OUDACHO 020 GRCHD Of

YIS HA T
VrHOADOAAOONNO
HHOOOMNMR®N VY

QIO O IG I OIGHG DTONO

Ao

TMRowt~ovMN~neT
OWOWNOVNMNNHOO
NooocOoHAMTY

OADOUROVRNANDTM
NOODTNRDOMOMAN
OOVOVOVOVOVN T TN

WA THQOQAQ O
OOV HOVON®
HHoOoOrMHAMNHN

aleivite Taialiet e Lo Kuile

a=125°

AHDOAOOANONHO
co~rO~NOCODHN
MOAOTT TN
0 ONONT TG OO0

aamn

TODTEVDAAAO
ONTVDTHODDAWN
[eXeNoNoRo R o NORCE R 20 )

sl a0 e e @ Gileisile

DM HSTN T T T
TMOMAVONMNOO
DANNQHADOW T M
QIO IO DRI i
e

aATMOoOOMAHNMNM
NEHNMVOVENTO
00000 MTY

eM~-YOoOTRMDOM
NANOVHNHOR DR
~0VVVOW YT TN

Q000 0 R0

OrHVOHNONHNO
TATANROMNOO N0
HHOOOOrNNN®

CRO OGO O

a=83°

DOMWVOVNNN~00
Qowr~-M~OAnNON>
ST TIMMMNNAHO O

N

WO OMORMMO M
OCOrrHOoOOWTO®
ooococoOoOoOHaMNY

VO AHTRNOHNN
TOVOoOVNODAOM>H
NoO~VITMNMANHOO
e &0 bisie v 0 is e

Ll

(AT JANT TR SO0 W0 SRR T )

wHoOLMOMNITOT
ocoodoOMMHHMN
ooooQCOoOdNMY

OTHONMOMYT N
MAOAOVHOWLDNO NN
TOVOVOVHWLITMMUN A

nYA~rNvYoONO®
neRHOoOHOAH AR
OO0 O0O0O0OoOrHAaMM

Wi e elitsi foi e (oiEuillolie

a=42°

OVATOHODMAMN N
OMMITMHN-DOTANO
CUVEMNMMANNHHO

N TONDNO -
N~ DOVMONMO
OooO0OrHMOOOOH®N

N GO OO RS

NMOVOVANHTONDMMNO
OMMAROVMOVO TN
NOLwETMMMQENHOO

allel o0, 86 s 0.8 0.

T HMMNDNOMO
HAeT>~ODOTOOVND
OO000O0O00O0OwH®

LIRS i A T 8T )

ND>-DOOAMNO T T
anmoroNVANHNO
orVETMMANHHOO

CIRLISE G BT I I B

VTOMOVVODAOANO
OWeTVOONOM~ O™
000000000

s e s sis e e

(RIS )

a=0°

METTRANVNODOND D
noMOUN~OONNN
T A" A {HOO

S SRRSO

MeEHTOdMMNAHNWN
TOMNS-ODWOUNNHD
COrMrANHHHAHO

AMOONANON O
VETDO>DDO>=TAOANO
CrHAAArdA " H0ON0O

9. el st e lniwie bile o

tMNHOVOMN~NO~
NMOOTS~O0NTO
OO0

OHANSONTOAMO
MTTOTOTHOMNO
THddddAd=H000

s oke v s s e e

O~V TH
HO>HONOOW TN
OO

Gl GO a0 D)

x|o

ONNOO0OVOO00000
oMLV LVNVWY
00O HAMTONDN

OO I I O Sl 1

OCO000O00000OWnn
nwUuLWVWLWLWLWLWONSN
AO>VNTMRHOO

P OO S I AR

48dan

48M07]

ONNOOOO0O0000
CQNMNNV Y NG
O0O0oHMMTWON DN

P aLesele s b6 08 04

O0O00000O00nN
nwuouunnLLnVON~N
AO™>ONITMAHOO

o v e s o ei0 8i0rm

ONNOOOO00OO00O
oM~V W WY
00O HAMTWLONDON

000000000 INN
VLWL NSN
AD>-VNTMNAHOO

36,00 ols e o acee

48ddn

19MOT

48ddp)

18M07

N

Q

?

"
AN

=60

|

CONFIDENTTIAL




5]

CONFIDENTTAL

NACA RM L53H2k4

TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION - Continued

Concluded.

0.50.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABIR, -

FENCE-ON CONDITION - Continued

M = 0.70.

(b)
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABIE II.-

FENCE-ON CONDITION - Continued

Concluded.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION - Continued

M = 0.85.
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TABLE II.- TABULATION OF PRESSURE COEFFICIENTS FOR THE

FENCE-ON CONDITION - Continued
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II.-

FENCE-ON CONDITION - Continued.

= 0.93 and 0.95.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE II. -

FENCE-ON CONDITION - Concluded

Concluded.

(e) M= 0.93 and 0.95.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IIT. -

LEADING-EDGE-NOTCH CONDITION

(a) M= 0.70.

a=248°

MUAATITNQROWL LN
NMNNMNTOOLMNE A
OODODODODDDO®DOD

YO~ VUYHTYTNY
orOTNHODOWN
HOordAMTWONONO

OHATHNMNOADO T
MINTTTMNRON~ TN

loooaoonannooo

S0 D00 QrOIORD OO

O N~-OOAH-
COMHOANOVOTRO
W HOHANM T W0

GO0 O 00

NOAMONNOTODON
AOVOOHONOOODM
DOO NV -0VO0
D I

-

corMUWMNSVHNN
YT TQOOO~I
NHOOWOUMME T T

00 O GO O 00 0 G

a=208°

MeTT>-O~N0 N0
NOOOOOONTOW
DA DDODD DD

et s e e e s e s e

OVHMOOTODONO
TNHODTNRNO OO0
HOFHHAM YT TOHOO

TROONNNMH AT
QOO MOMNSVNT HO A
AN DD®®®mD

e OND T
OMANANHADD0D N
NHOOHRMT W

v e e e e e

DOV
QOO NN~VONSN~OVOMO
O~OOOOOVOOVO0

I P S R

QAT
orOOoOVMYEMO YT
NHOOOHAMNYT T T

a=167°

~ENTOVNHHOTQ O~
VODHATWVLMHHO
~cOnNMTRO®N VL T

OAMEHMNO HTMDOW O
mwMnoae~nmNooo N
OCoOrHNMTOOY

HOASCMNOD AV AN
MMV TAANHNO
QOO D®D®N~
8 sialls o 's i o0 elele

el

VTN OnME
DEHAMAOTAN
NHoOoOHAMT W

a6 s oiei e elisie

ATV ITEMOHA T
NTDOONDON T T
O~ 00VVVVnY

D A

O RS (Y T LTS i |

VrHONVOVN DD T
ooV HO
NrHOoOOHAMYT T

a=126°

TOHOOVDODNO O
NWTAONOTN OO
nu~~0TTTRQH
GG IO D RO

Q-

{ B U0 L ol e O A S

oawro®~MAWL
WNNTOVOOLNANOO D
0000 OrFinMTWNN

SOOI RGOS L

MM t~oOoOMDOMO
neHONANTONNO
NHHOONNNDN~VO T
OO NG RO R ONORE

M

ooV~ Ta~
MTOrMMOOVT T T !
HOoOoO0OoOwHaAMTWV

VOA™OLADANOVD
OOV THDOARAT OV
VOOVVOVOVWTTM

OF N0 OGS 0 D GGG

QWO OONONO
OANOMNHTMNOR
HAHo00O0OrRAM YT

a=84°

NMOHITT~MMNO
ONOMOO W O™
V~-OMUUNTITMNAHO
siielia e elicialistle N oita s

-

ooHWWOHNMOVO®N
000O0HOVHNMVWYVO
000000 HMAMNW

NTHOHOOTO~OM
TOMNONONOO N~
DITNAADONITMNAHO

e

SOVMNHD AW YWY
OCOHOFMTOUVMNMWN
0000000 HAMYT

~MNTOMOVOOMN e
anNWoHoHoN~HO
M~ VOVT TN

oMM ODONW
onMHON©EM™O
HO0O0OO0OO0OOHAMN W

a=42°

COTODOMON ONW
OTTVDITMA® AN
HOTMMMMUAHO

MMMV ODHW
NI OHNDOO A
O0O000CO0OO0OOMMO

$ve, sl sl & e o Nh el e

QM ONMANT®
NDODONONDH T
ooanmTMMMNANHOO

S et e e

HOHOOMN® W
HenM~aAOTOoO~OO
OO0oo00O0OO0OO0ONM

AN is e e ele e e

oM vneTToNoN
ANTMOVOT-MNOHO
~OVETMMAHEHAHOO00

DR I

TNV OON W
QTOV~-VHRONMWY
cooo0OoOHOH®M

silelis o ianeve e RajieNe

a=0°

OV N 0020 DO O ©
noM-EOOOTO Y
et~ HO
o s 0ve e a0 e sy e

R L S T e

QO OMNAG v~
OO HOWMNOOM
0OHOMNTHHMHOO

U ROV o OO
YOS DOOOTATO
YHAAHAQHAHO0O

dd e sie e aleiany

U PO Bt 0 T

oMY HOOIWOOM
ST OD QO no
00O HOHHHMHO

RUETF  LE

LOrFHrMOT~OHT
MO0 @OW AN
TrHrdH P 000

E I I IR S )

T-VOANHD M
HHEHT ANV N A D
COO0OMMHAHAAO

OO OCO0OO0OO00O
oMWY WY VNG
OCOO0OHAMTNYN~DR

ALg ap_slg igig g igriglle

000000000 nn
NOOLLVWL D~ N
AD~OODTMA-HOO

Se gy g len e

QOO0 O0O0O0O00O
NV I VWY
QOO0 HNMTOM~DRN

PGSV Vo Tl S D T T )

000000000
HWHWVLWLVOLWOLN N
AD~O0ODTMUSOO

PURCI RE ST IRE St T Y S W )

ONNOO0OO0O0O00O00O
oMWV LBWY
OO0 HAUMTONODO

Ados aisile ace 8 s g

000000000V
VOOV WVWVWLS N
AU~ ONTMNNHOO

Sle s s 90 s eie o 8

a8ddf)

43MO]

J8dadn

16M07

J8dan

49M07

b 20

CONFIDENTIAL




33

CONFIDENTTAL

NACA RM L53H2k4

TABLE II.- TABULATION OF PRESSURE COEFFICIENTS FOR THE

LEADING-EDGE-NOTCH CONDITION - Continued

Concluded.

M = 0.70.
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

TABLE IIT.-

LEADING-EDGE -NOTCH CONDITION - Continued

0.91.

(b) M

a=128°
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TABULATION OF PRESSURE COEFFICIENTS FOR THE

MRABTGR T~

LEADING-EDGE -NOTCH CONDITION - Concluded

= 0.91. Concluded.

(b)

a=128°
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Aspect rafio 4

Taper ratio .6

Area 225sq ft
NACA 654006 Airfoil
parallel to fuseloge &

i f 10

4/0

Scale feet 250 }- b
.05¢ —‘f_— /’r\\ i
%,"—50 —'_"i 050 agj.j/// \\
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Figure 1.- Drawing of the model tested. All dimensions in feet.
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Figure 2.- Photograph of the model installed on the variable-angle-of-
attack support system.
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Mach number, M

Figure 3.- Variation of mean test Reynolds number with Mach number based
on the mean aerodynamic chord of the wing.
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(a) M= 0.50.

Figure L.- Effect of the fence and notch on the spanwise load distribution.
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(b) M= 0.70.

Figure L4.- Continued.
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Figure 9.- Variation of the root bending-moment coefficient of the exposed
wing with angle of attack.
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