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RESEARCH MEMORANDIM

EFFECTS OF A FUSELAGE AND VARIOUS HIGH-LIFT AND STALL-
CONTROL FLAPS ON AERODYNAMIC CHARACTERISTICS IN PITCH
OF AN NACA 6L-SERIES L0° SVEPT-BACK “ING
“ By D. Villiem Cormer and Robert H. Nesly

STMMARY

Wind -tunne). teuta were made to determine the 1ov--'poed 11!‘%, .
drag, and pitching-moment charecteristics of a 40° ewept-back wing
teated with high-1ift and stall-control flaps and tested with a -
fuselage having a fineness ratio of 10.2 to 1. The wing hed an
aspect ratio of k4, taper ratio of 0.625, and NACA 64y -112 esctions
perpendioular to the quarter-chord line. Righ-1ift and stall-
control flaps tested on the wing without the fuselage at Reynolds
nubers of 3,000,000 and 6,600,000 included semisprn normal eplit
flapa, semispan split fle.ps hmqe'l at the wing trailing edge,
constant-chord le~ndinn-edge flaps, and uvner-surface flava. Lov—
middle-, and hizh-wing-fuselaje combinations were teasted at Reynol.ds
numbers’ of 3,000,000 and B, 100 000,

At a Reynolds number of 6,800,000, the maximum 1ift coefficients
of the wing with no flaps, with semispan normal split flaps and with
semispan split flrps hinged at the trailing edge of the wing were
1.1, 1.32, and 1.40, resvectively. The corresponding values obtained
by the addition of 0.725-span outboard leading-edge flape were 1.29,
1.55, and 1.73. Tho leadin"-edge flavs tested eliminated both the
tip stalling and lonritudinal instability that were obtained at
maximm 1ift vith the nlain wing. The outboard upper-surfaco flaps,
ag tested, cauvsed a larne rearwa:vl shift in aerodynamic-center
location but were unsatisfuctory decause of larce reductiona in
1ift. large changes in trim, large inoressss in drag, and no
improvemen® of the wing-tivp stalling characteristica.

At both low and hish Reynolds mumbers the fuselase in the low-,
middle-, and hish-wing vositicns had 1little effect on 1ift and stnlllng,
and at lov angles of atiack, moved the asrodynamic center ahead as much
as 3 percent of the mean aerod.ymmic ohorl. Near maximum 1ift end
at a Reynolds number of 8,100,000, the forward shift of the
asrodynamic center with flaps off varied from about 3 percent for
the low-wing poeition to 11 percent for the high-wing position.
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eh-11rt range, the increase in dreg coefficient cavsed by
fuselage in any position to the unflapped wing amounted
to only 0.0050.

INTRODUCTTON

The low-speed asrodynamic characteristics of a 40° swept-back
wing of aspect ratio &, taper ratio 0.625, and NACA 6k4;-112 sections
were veported In reference l. This wing, like many swept-back wings,
was lengitudinally unstable at the stall becaumse of wing-tip stalling
and had relatively low values of maximm 11ift coefficient even with
semispan split flaps. In an attemvt to alleviete tip stalling andfor
increase the maximum 1ift, tests have been made of the wing eguipped
with leeding-edge flaps, outboard upper-surface flaps, and split
flaps hinged at the winco trailing edge. These tests wers made at
Reynolds number velues of 3,040,000 and 6,840,000,

In order to Investigate the effect of a fuselage on the aero-
dynamic characteristics of the wing, tests have also been made of
this wing with a fuselage in low, middle, and high woeitions. The

tests were made to determine the characteristics in pitch at Reynolds
awber values of 3,040,000 and 8,090,000.

COEFFICIENTS AND SYMBOLS

All data are referred to the wind axes. The dimensions used
in computing all coefficients are thoss for the basic wing.
11ft coefficient (L/qS)

increment in maximm 11ift coefficient

drag cosfficient (D/gS)
pitching-moment cosfficient (M/qS8)
rolling-moment coefficient (L'/qSb)

Raynolds number (pVe/u)
Mach number (V/a)
angle of attack of wing chord line
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vhere

re |

" drag

pitchiﬁg)mt {about gquarter chord of mesn umo'
chord, . . :

rolling moment

wing area

wing span . . .
mean serodynamic chord measured parallel to the plane

of eymetry (gj:le c? dy) |

distance from the leading edge of the root chord (at the
plans of symmetry) to the quarter-chord point of the

mean asrcdynamic chord (§ f o/ cz_'d:)
' 0

lénsitudiml diatance from the leading edge of root
ohord to quarter-chord point of each section parallsl
to _plane of symmetry

Jocal chord measured parallel to the plane of symmetry

" spenwise coordinate

free-gtream dynamic pressure (%pve)
freo-stream velocity

mass density of air, siugs per cubic foot
coefficient of viascosity '

velocity of sounmd
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The plan and side views of the wing and fuselage are shown in
figure 1. The angle of sweep of the quarter-chord line of the wing
1s 40° and the wing sections perpendicular to the quarter-chord
lins are WACA 6iy-112 gectionse. The quarter-chord line of each
wing pansl 1s herein defined as the quarter-chord line of a straight
panel vhich has been rotated LO® about the guarter-chord point of
its root chord. The amapect ratio is 4.0l and the taper ratio is
0.625. The wing has no geometric dihedral or twist.

The instellation of the various high-1ift and stall-control
flaps on the wing are shown in figures 2. The normel gplit flape
{fimr. 2(n)) extend ~var 4he int~rrd ©C percent o2 the wing apan.
Por the fuselage-on tests a section of the flap (12.3 percent of
ths wing span) was removed at the wing center. The flap chord is
20 percent of the wing chord normal to the quarter-chord line, and
the flap deflection with respect to the 80-percent wing-chord
{hinge} line 1s 60°, memoured between the wing lower surface and
the flap. The same flaps were tested {n an extended arrangement
shown in figure 2{b) where the hinge line wza moved to the wing
trailing edge. The deflection duplicated that of the normal eplit
flape. The flaps were fabricated of sheet metal.

The dimensions of the leading-odge flap are given in figure 2(c).
Sheet metal was curved, welded to a }-inch-diameter steel tube at

the leading edge, then faired to give the desired contour. The
radius of the tube 18, on the averags, oqual to the leading-edge
radius of the airfoil. The flap has a constant chord and wae faired
smoothly intoc the upper winy; surface by means of modeling clay.
(See fiz. 3.) As measured in a plane perpendicular to the wing
quarter-chord line, a line connecting the leading edge of the wing
with the leadin edge of the flap has a 50° incidence with the wing
chord. The length of the line 1s 3.19 inches, which in terms of
the local wing chord, correeponds to 10 percent at the inboard end
of the flap and 14.3 percent at the outboard end. The complete
flap span 18 72.5 vercont of the wing semispan., The inboard end

18 located at 25 percent of the wing eemispan and the flap extends
0 97.5 percent wing semispan (vhere the wing tlp starts to round
off). Some tests wore made with an inboard eection of the flap
removed to give a flap epan of 57.5 percent of the wing eemiapan.
Figure 3 shows the flap mounted on the wing.

The 20-percent-chord sheet-metal upper-surface flap shown in
figure 2(4), deflects up and back from the wing trailing edge and
was teated only in conjunction with the extended split flaps. The
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flap deflection measured in a plane perpendicular to the wing
quarter-chord line is 60° with respect to a plane tangent to the
wing-upper-curface 70 percent-chord statiom.

The fuselage has a fineness ratio of 10.2 to 1 and a circular
oross section, tho maximum diemeter being 4O percent of the root
chord (fig. 1). Ths ssction of the fuselage intersected by the wing
has a constant dismeter. Percentages of this dlameter are usei to
fix the thres vertical locations of the wing root guarter-chord
voint with respect to the fusslare centsr line. They ars: 37.5 per-
cent telaow, zero percent, and 37.5 percent abovs. In sach of these
three positions tested, the win~ chord vlene has a positive incidence

~of 2° with respect to the fuselage center line. No fillets were
used at the winp-fuselase juncture. The hich-wing fuselage combina-
tion mounted for testing 1s shown in figure 4. Both wing ani
fuselage were constmictsd of laminated mahocany, then lacquered and
panded to obtain aercirnamically smocth surfaces.

TESTS

Tosts were male in the Lansly 19-foot wpressurs tunnel with
the ving mounted on a two-support eyotem as ehown in figure b,
Lift, drag, pitching moment, end rolling moment were measured for
values of Reynolds number and Mach number as follows:

R M
3,0L0,000 0.069
6,840,000 0.156
8,090,000 0.190

The values of Reynolds number were maintained to within
440,000 .

Tests of the various high-1ift and stall-control flaps were
made with the wing alcne at Reymolds number veluse of 3,040,00 and
6,840,000. All fuselage-on teets wers made with and without split
flaps at Reynolds number valuee of 3,040,000 end 5,090,000. Only one
fuselage-off, flaps-on test was male which compared directly with
the fuselage-on, flaps-on condition (1inboard section of flans
removed). Thue Reynolds number value of that test was 6,840,000 and
the asrcdynamic reeults are believed to have practically the same
characteristica as those for a higher value of Reynolde number.
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(Bee reference 1.) 8tall characteristics vere stulied by means of
tufts attached to the wing uoper surface bezimning at 20 percent
of the wing chord. )

RESULTS AND DISCUSSTION

The correcticne applied to the data of refsrencs 1, and
discussed therein, have been applied to 21l data included in this
report. .

" The 1ift, drag, and pitching-moment charactsristics of the
wing equipped with various high-1ift and etall-control flaps are
presented in figuree 5 through 9. In a few instancss ths rolling-
moment cheractsristics nsar maximm 1ift are included. The
locations of the aercAynamic casnters for some of thass configuratione
ere given in figure 10. Some of the more important charactsristics
at a Reynolds number of 6,840,000 are given in tabla I for comparing
the sffects of ths various flaps. Flow condltions over thse plain
wing and the wing squipned with ths various flaps are shown Iin
figures 11 and 12, The 1ift, drag, and pitching-moment charac-
terlstica for the various wing-fuselage combinations are prssented
in fipgures 13 through 16. The pitching-moment coefficients are
vresented not only as a function of 1ift coefficients but aleo,
at hich anglasz of attack, as 2 function of angle of attack. The
location of ths aercdynamic centers for thess fusclare combinations
at R = 8,090,000 are given in firurs 17. TFlow conditions ovar
the wing with fuselape are shown in figvrs 18.

High-Lift{ and Stell-Control Flaws

Tha discussion given in the following paragravhs on the sffects
of the various flavs is dased unon Aata odbtained at R = 6,840,000
unless otherwise notad,

Split flang.~ The addition of semispan normal svlit flaps
increased Cp from 1,11 to 1.32 and the pitching-moment curve

was shifted nepatively ranging from 0.025 tc 0.040, with no change

in the wnstabls bresak at the stall. (See fig. S5.) As in ths case

of ths plain wing an abrupt stall occurred on the outsr portirn of
the wing (fig. 11) and, as can be sesn from the stall diagrams and
rolling-moment data of figure 5, the right-wing panel stalled first.
This asymmetry was attributsd to emall differances in the wing-surface
contours. Extending the split flane until ths hinge line was on

the treiling edge increased the untrimmed valus of Cr from
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1,32 to 1.40. The value of Cp wss shifted negmtively about 0.05

but an wnstable change still ocourred at the stall. Decreasing
the Reynolds number from 6,840,000 to 3,040,000 caused a stable
negative break in pitching moment at the etall. (See figs. 5

and 8(a).) Flow studies chowed that the initial stall extended

inboard from the wing tip about 0.25122 at R = 6,840,000 and
o.5olé at R = 3,040,000.

Lepdinz-edne flaps.- The addition of leadinsi-edge flaps
extended the 1lift curve sc that maximm 1ift occurred at a much
higher annle of attack than was observed for the plain wing.

(See fi7, 6.) The 0.57532!-m_m end 0.7258-span leeding-edge flaps
gave increases in O equal to 0,12 and 0.18, rmgvectively,
but the lersest gains resulted when the o.'_resg-span flaps were
tested in conjunction with the split flaps. Vith normal split flape
Clmay increased to 1.55, equal to a Acxm of 0.4k above wing-

alone test resulte or 0.23 above normal-split-flan test results.
With extended split flaps Cy increased to 1.73 equal to a

of 0.62 sbove wing-alone test results or 0.33 above
extended-esplit-flap test results. In tests with extended split
flaps, vhere the leading-edge-~flap span was reduced from 0.725§ to
05795, cl?x docrensed from 1,73 to 1.52. The value of

wvag only 0.4l above wing-alone test results. This value was exactly
the sum of the Cp _ -increments obtained when each flap was

tested meparately. In oomnection with this reduction in 1if¢ with
flap span it is interesting to note that both the angle of attack
at chx and the amount of wing area stalled at Oy . were

cm;eid.ara‘bly less for the shorter-span flap configuration than
for the longer-span flap configuration. (See figs. 12(b) and 12{e).)

The addition of leading-edge flaps caused no large displacements
in pitching momant at sll velues of Cy, uo to within 0.1 of Cy .

In this seame range, & slight destabilizing effect was obtained. As
oan be seen from figure 10, large rearvard shifts in the asrolvnamic
center occurred juest delow maximm 1ift and, at the stall, the pitch
characteristics were connidered satismfactory. These characteristice,
differing radically from the results of the wing tested without
leading-edge flaps, can be explained by the stall progressions shown
in figures 1l and 12. Vithout leading-edge flaps, a sudden stall
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occurred over the outer half of the wing (fig. 1) causing a
forward, unstable change in asrodynamic center, With leeding-
edge flaps, the first rough flow was noticed at moderate values
of 1ift coefficient immediatsly behind the inboard ends of the
leading-edge flape. As the angle of attack was incresased, these
areas of rough flow gradually fanned out rearward and became
stalled until at maximum 1lift the central eections of the wing
wvere almoet completely etalled with only the wing tipe remaining
unetalled. This type of stall progression shifted the asrodynamic
centor rearvard (figs. 12(a) and 12(b)) and would also be considered
favorable in retaining laterazl control.

The ratio of drag to the 1lift is a measure of the glide-path
angle and sinking epeed. Vith leading-edge flaps on, thie ratio
at maximum 1ift was from 40 to 90 vercent higher than the ratio
for the wing with eplit flaps. (See table I.)

Decreasing the Reynolds number value from 6,840,000 to 3,040,000
caused only small changes in the aeroiynemic characteristics when
the leading-edge flaps were on, in contrast to the large changes
obtained with leading-edge fleps off. Unpresented eercdynamic data
were obtained at R = 6,810,000 with leading-ede and solit flaps
on to determine the effect of a emall discontinuity at the leading-
edge flap-wing juncture. This discontinuity was effected by
removing the modeling clay fairing the juncture but leaving the
gap se=led. There were no aerodynemic changes measured.

In general, the leading-ed«e flaps eliminated both the tip
stalling and longitudinal inetability that were obtained at maximwm
1ift with the plain wing anil, in combination with split flape,
gave subgtantial increaees in the value of maximum 1ift coefficient.
The larger dras coefficients, obtained nesr meximum lift, however,
might 1imit the 1ift coefficient that could bo eatisfactorily ueed.

Upver-surface flaps.- Upper-surfece flaps, which were tested in
conjunction with extended flapa, reduced Cr, by 0.3 and displaced

Cp bY 0.70 at low angles of attack. (See fig. 9.) Ae the angle of
attack increased there was a decrease in both the 1lift decrement
and the pitching-moment increment due to the flaps. As a reeult, the
pitching-moment variation vas stable. At R = 6,840,000, the
sudden stall was of a eevere enough nature to endenger the model
structure thus prohibiting the taking of force measurements beyond
waximum 1ift. The stall vattern was observed and is shown in

figure 12(4). The stalled regions bdlanketed the wing tips but not
the wing center sections. The upper-surface flaps caused large
increases in drag. Becavee of the large aercdynamic changes these
particular uppsr-surface flaps are not considered satiefactory. It
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18 possible that upper-surface flape of a different design might
_effect satisfactory pitch characteristics at the stall vithout
too larpge sacrifices in 1lift and drag.

Ving-Fuselage Combinations

The presence of the furelage on the wing with and without
normal split flaps had 1little effect on the 1ift characteristics
regardless of position, dCp/de was increased up to .003 end

and C were within 0.03 of the wing-alone valués
(figs. 13 and 1k). In the basic fusslaga-off testa, vith normal

split flaps on, the inboard section of the flaps were removed
-causing a decrease in Cp o of 0,10 and ¢ of 0.0k,
' Lrax

At low 1ifts the pitching-moment curves were displaced by
increments in Cp of -0.008 to -0.015 with flaps off and -0,018
to «0,024 with flaps on. Also 1t is seen from figure 17 that the
asrodynamic centor moved forward 1.8 percent and 2.8 percent of the
mean asrcdynamic chord, flaps off and fleps on, rerpectively.

The most significant influence on any of the characteristics was
the effect of fuselage position on the forward movement of the
asrodynamic center near maximum lift. Yith flaps off at Cp = 1.05,
this shift varied from 3 percent of the mean aerodynamic chord for
the low-wing position to 11 percent for the high-wing position,
With flaps cn st Cp = 1.2, this chift with fuselage position wae
from 1.5 to 4 percent, low-wing to high-wing position.

As can be seen from figures 11 and 18, the stall progression
was not altered to any great desree. A small region of rough flow
developed at high 1ifts on the wing near the fusslage juncture for
the low-wing flans-off combination.

At zero 11ft, flaps off, Cp increased dv smounts ranging
from 0.0030 (midwing) to 0.0045 ?hi_"h wing). At Cp = 1, the
increase in Cp equaled 0.0050 for all fuselasse positions, With
flaps on, the additional drag contributed by the flap cut-out
varied with fuselare position and disguised any fusslage Arag
increasss.

The large forward movement of the aerodynamic center obtained
Just btelow the moment-curve dbreak with the high-win~: configuration
at R = 8,090,000 was not obtained at R = 3,040,000, but a somewhat
pimiler shift was obtained at a lower 1lift coefficient. FExcept for
this Aifference ths effects of the fuselage were sbout the same at
R = 3,040,000 and 8,090,000,
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In gensral, the fuselage in low-, middle-, and high-wing
positions had no large adveree effscts on maximum 1ift, ¢ W drag
1like those resulting from an interference burble as reported in
refersnce 2. Also in reference 2, it 1s pointed out that "in the
region of the maximum diemeter of the fueelage, large chengee in
ths fore-and-aft position of the wing apparently have little
effect.” Because of the geometry of thie fuselage, modsrate
shifts, fore and aft, of the wing location should caues no large
aercdynamic changee {provided account is taken of the changed
relative location of the fueelage serodynamic center).

CONCLUSIONS

The mein reeults for the investigation were as follows:

1. At a Raynolde nuber of 6,840,000, the maximm 11ft
ocoefficients of the wing with no flape, with semispen normal split
flaps and semispan split flape hinged at ths trailing edge of the
wing vere 1.11, 1.32 and 1.40, reapectively. The corresponding

. valuse obtained by the addition of 0.725-#pan outboard leading-~
edge flaps were 1.29, 1.55, eand 1.73.

2. The leading-edge flaps tested sliminated both the tip
stalling and longitudinal instability that were chtained at maximm
11ft with the plain wing. )

3. The outboard upper-surface flape, as tested, caused a
large rearvard shift in aerodynamic-center location but were
wmsatiefactory because of larpe reductions in 1ift, large changes
in trim, large increases in drag, and no improvement of the wing-
tip stelling characteristics.

4. At Reynolde mumbers of 3,040,000 and 8,090,000 the fuaelags
in the low-, middle-, and high-wing positione had 1little effect on
1ift and stalling, and at low anglee of attack, moved the aerodynemio
centor ahead as much ae 3 percent of the mean aercdynamic chord.
Neer maximmm 1ift and at a Reymolds number of 8,090,000, the forward
shift of the aerodynamic center with flape off varied from about
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3 percent for the low-wing positicn to 11 percemt for the high-
wing position. In the high-lift renge, the inorease in drag
coefficient caused by adding the fuselage in any positiom to the
unflapped wing amounted to only 0.0050. )

Langley Momoria) Aeronautical Laboratery
National Advigory Committes for Aeronautics
Langley Field, Va. :
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0.25 chord ——

NACA 64112
airfoil sections

SN D TR

[+ 26.25 +

Intersecton of Q25 chord
line with fuselage ¢ —

{ | 6.8 (Max. d iameter)

—04.05

Fuaslage Ordinatee

[CTetanca tehlnd] Pueelage | Dlatance LehInd |
fuaelege noaa diameter | fueslage nose

0.20 112.00
9.8, 122.00 .32
11.80 132,00 1.90 MATIONAL ADVISORY
13.80 2.00 o5 COMMITTEE FOR AENONAUTICS
15,60 151.20

16.60 162.00
16.80

170.95
Figure |.-Geometry of 40° sweptback wing and fuseiage.

Aspect ratio= 4.0i ; wing areo = 4643 sqin. ;M.A.C. =34 7lin.

(Ali dimensions In inches.)
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(b) Support details,

Figure 4, - Concluded,
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Flgure 10.- Aerodynamic-center location for various leading

edge and trailing-edge flap combinatlions on a 40° swept-
back wing. R = 6,840,000.
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(a) Flaps off.

77777 \ntermitientiy
W stalled

(b) Narmal split ﬂaps on.

Figure I1.- Stalling charocteristics of 40" sweptback
wing. R = 6,840,000.

HATIOMAL AbvieaY
COMTTIE M sty




{a) /2 span leading
edge flaps

on,

Figure 12- Stallj
wing with stall ¢,

ng
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(c}0575b span leading

edge flaps ong extended
split flops on,

Figure 12 - Concluded.
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(d) Upper surface flaps qng
extended split flaps on.
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;‘ Conner, D, W, DIVISION: Asrodynamice (2) 3 NUMBER
Neely, Robert H. |SECTION: Wings and Alrfoils (6) RM-16127 -

CROSS REFERENCES: Wings - Asrodymamics (99150); Comtrol

surfaces - ferodynamice (25600); Flape (37450); Wings " FvEioN

W [Pitching moment characteristics (99173.8)
’ Effects of a fuselage and various high-lift and stall-control flaps cm soro
roroN, tmEheracteristios in pitch of an NACA 64 seriss LO degree swept-beck wing

ORIGINATING AGENCY: National Adviscry Committee for Aeromautics, Washingtom, D. C.
TRANSLATION:
C A 'N. . D"Elu A]gts WLUS. FEATURES
U.8. Xng. May'h7 37_| photos, tebles, diagrs, graphs
ABSTRACT
Wind-tunnel tests were carried out to determine lov-speed 1lift, drag, and pitching
moment of ths wing tested alone, with various flaps, and in various combinations with the
fuselage having 10.2:1 fineness ratio, The results are given in graphs. Rolling-moment
characteristios are included in scme instances, The locations of aerodynamic centers
are given for soms configurations and for various wing-fuselage combinations., The table
gives characteristice for Remolds No, 6,880,000 for comparing effects of various flape.
NOTE: Requeste for copiss of this report must be addressed to; N,A.C.A., S
Vashingtom, D. C. =)
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