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HACA RM No. A7J02

RATTORAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCE MEMORARDUM

THE HIGHE~SPEED AERODYNAMIC EFFECTS OF MODIFICATIORS TO THE
WING AND WING-FUSELAGE INTERSECTION OF AN ATRPLARE
MOTEL WITH THE WING SWEPT BACK 35°

By Iee E. Boddy and Charles P. Morrill, Jr,.

SUMMARY

Wind—tunnel tests at high subsonic Mach numbers were conducted
on a model of a pursult alrplane having a 35° swept-back wing.
Tests were made to determine the effect of (1) the wing tralling—
edge angle, (2) the fuselage contour at the wing-fuselage inter—
section, and (3) an extension at the lsading edge of the wing root.

The results indicate that decreasing the wing trailing-edge
angle eliminated (at least up to 0.90 Mach number) the reversal of
piltching—-moment and aileron hinge-moment characteristics noted at
high Mach numbers for small angles of attack and aileron deflec—
tions with the true—contour wing. Contouring the fuselage side to
the estlimated shape of the undisturbed streamlines over the swept—
back wing reduced the Interference at the wing—fuselage inter—
gsection and improved the high—speed characteristlics of the model.
Ro benefits were derived from the wlng leading—edge extension.

IRTRODUCTION

Comparatively large angles of swrepback of wings and control
surfaces are ingorporated 1n the dealgn of many current airplanes
in order to delay the onset of compressibility effects. Since
experimental date for hlghly swept 1ifting surfaces are rather
incomplete, a serles of wind—tummel tests were comducted with a
sezgispan model of a pursuit alrplane having the wing swept back
35%.

w8 CONF IDENTTAL _
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During the teats several modifications were made to the wing
and wing-fuselage 1ntersection of the model, primarily to eliminate
the reversal of pltchling-moment and aileron hinge-moment charac—
terlistics noted for small angles of attack and alleron deflections
at high Mach numbers, and to Increase the divergence Mech number of
the model to a value more closely approximating that predicted by
simple theory. This report presents the results of that portion of
the tests deallng with the modificatlions to the model. Subsequent
reports will present theremsinder of the data.

COEFFICIENTS AND SYMBOLS

The symbols used in this report are deflned as follows:

v free—stream veloclty, feet per second
q free—stream dynamic pressure (%pv?), pounds per square
foot
M Y
¥ach number (velocity of sound

S twice wing area of semlspen model, square feet

M.A.C. wing mean aerocdynamic chord, feet

b twice wing span of semlspan model, feet
by alleron hinge—line length, feet
-3 mean-squared chord aft of aileron hinge line measured
8 normal to the hinge line, square feet
Cr, 1ift coefficient
twi 1ift gsemis 1
qs
CD drag coefflclent
( twice drag of semispan model
as
Cp piltching-moment coefficlent

(twice pltohing moment of semispen model
qS M. A. C.
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Cmy, pitching-moment coefficient due to horizontal tail
cla_ rolling-moment coefficient due to alleron

<rolling moment due to aileron

gSb

Chg, aileron hinge-moment coefficient

<a.ileron hinge moment)

qbaca®

a angle of attack of fuselage reference llne, degrees
Sg, aileron deflectlon about the hinge lline, degrees
P pressure coeffliclient

[ (Locel static pressure)—(free—stream static pressure) ]
T .

critical pressure coefficient (P at which the local veloclty

cr
equals the local velocity of sound)

MODEL: AND APPARATUS

All of the tests were conducted In the Ames 16—Poot high—speed
wind tunnel. To avold the lasrge Interference and choklng effects
assoclated with strut-support systems at high Mach numbers, the
reflection—plane method of mounting a semispan model was used. (See
figs. 1 and 2.) A seperation plate and falring mounted on & turn—
table flush with the wilnd—tunmel wall served as the reflection plane
end es a shleld between the model and the tunnel boundary layer.
Strips of metal fastened to the model maintairied a 3/16~inch gap
between the model and the separstion plate. These strips were so
attached that any leakage air would be directed In a vertlcal plane
rather than horlzontally across the wing or tail.

The model was of a low—wing pursuit alrplane having the quarten—
chord line of both the wing and the horizontal tail swept back
approximately 35°. Tests were made with a trus—contour wing and with
an extended—chord wing (fig. 3), with a basic fuselage and with a
modified fuselage contoured as shown in figure k, and with & wing
leading-edge extension as shown in figure 5.

 ——
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Pertinent dimensions of the whole model (lateral dimensions twice
those of semlspan model) are as follows:

True—contour Extendsed—chord

wing wing

Wing area, sq £t 10.980 11.516
Wing span, £t T.423 7.423
Wing mean aerodynamic chord, fi 1.546 1.617
Wing root section (normal to -

quarter~chord linse) FACA 0012-64 NACA 001264 Modified
Wing tip section (normal to B

quarter-chord line) NACA 0011-6h4 NACA 001164 Modified
Wing aspect ratio 5.02 4,785
Wing taper ratio - 0.4o5 0.513
Sweepback of wing querter—chord

line, deg 35.2 35.k
Wing dihedral, deg 7 3.0 3.0
Incldence of wing root section,
" deg 1.00 1.00
Incldence of wing tip section,
Aileron hinge~line length, ft 2.008 2.008
Alleron mean-—squared chord aft

of hinge line (normal to hinge _

lins), 8q £t 0.1047 0.1545
Horizontal—tail area, sq ft 1.400 1.400
Sweepback of tail quArter—chord

line, deg 34.59 34.59
Horlzontal-tail dihedral, deg 10.0 10.0

RESULTS

Since no part of the support system was exposed to the maln air
stream, no corrections for tares have been applied to the data.
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The effects of the wind—tunnel walls on the angle of attack, drag,
and plitching moment have not been accounted for since they are small
for a model of thils size and In general have the opposite effect

of the leakage. Also, no correctlon has been applied to the
alleron effectiveness to account for the end—plate effect of the
reflection plene. The aileron effectivensss of the half model
agreed well wilth that obtalned from preliminary tests of the whole
model mounted in the center of the wilnd tumnel. However, constric—
tlon effects of the model and support system have been taken into
account. As the model was small relative to the test section, the
constriction correction to the Mach number was less than 2 percent
at 0.90 Mach number.

Measurementa of the boundery layer on the separation plate
with the model removed indlcated thicknesmes of the order of one—
fourth Inch and one-half inch in the region of the wing and tall,
respectively. Also, tuft studles with the model In place showed
that the flow over the separation plate was smooth and steady at
all Mach numbers and angles of attack used in the tests, although
doviations of the flow directlion in a vertical plane were noted
near the gap between the model and the separation plate. The
results shown in figure 6 are from pressure measuremsnts taken with
the model imstelled in order to determine the quality of the flow
about the support system and model, It is evident thet the gap
between the tummnel wall and the separatlion plate was large encugh
to allow the tumnel boundary layer to pass through thls space
without spilling over the face of the separation plate. Further—
more, the gep wes small enocugh to allow most of the fairing to be
in the tunmel boundary layer, thus forestalling choking due tc the
fairing itself. Figure 6(b) indicates that no choking of the wind
tunnel was encountered due either to the support system or the model.

The test Reynolds number varied from 3.35 X 10°% at a Mach mumber
of 0.30 to 6.20 X 10° at & Mach number of 0.90, based on & mean asro—
dynemic chord of 1.617 feet (fig. .

A1l moments are referred to a point 2.68 inches above the
25-~percent point of the wing mean asrodymamic chord. Thls point
corresponds to fuselage station 37.41 for the trus—contour wing
or station 37.70 for the extended~chord wing.

A summary of the 1lift and drag characteristice of the model
with the true—contour wing 1s given in figure 8, and the sero—
dynamic characteristica of the model with the true~conbtour wing and
with the extended-chord wing are compared in figures 9 to 1lhk. The
characteristics with the baslc fuselage conbtour and with the

i
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modified contour are shown in figures 15 to 20, and the effect of
the wing leading-edge extension is shown in figures 21 to 23. For
the tests of the fuselage shapes, a band of pressure orifices was
installed along ths fuselage slds approximately ocne-half inch from
the upper surface of the wing.

Because of the relatively small size of the model, the data
for low Mach numbers are incomslstent. Also, the drag coefficlents
ghown are too large, due In part to the leakage alr passing over
the supporting structure 1nside the Ffalring. However, the varia—
tlon with Mach number 1s bellieved to be rellable. :

DISCUSSION
General Characteristics of the Original Model

The original model with the true—contour wing (NACA 0012-64
root section end NACA 0011-6h4 tip sectlon measured normal to the
quarter—chord line)} had an average divergence Mach number of 0.87
for low 1lift coefficients. (See fig. 8.) Although no comparable
date sre avallable, this 1s 12 percent higher than is estimated
for a similar unswept wing. Conslderation of only the component
of flow normal to the quarter—chord line would indicate a dlver—
gonce Mach number 22 percent higher for a wing swept back 35° than
for an unswept wing. It 1s indicated, then, that sweepback
increased the divergence Mach number by a factor omnly slightly
greater than helf the secant of the sweepback angle.

At low Mach numbers the tall—off pitching-moment coefficient
varied nonlinearly with 1ift cocefficient in such & manner that the
atatic longitudinal stability was less at the higher than at the
lower 1lift coefficients. (See fig. 13.) As the Mach number was
increased, the longitudinal gtability decreased for low 1lift
coefficients and increased for high 1lift coefficients. A general
positive ghift of the tail—off pltching moment was noted as the
Mach nunber wag lncreased. ’

Wing Tralling-Edge Contour

Measurenents of the alleron hinge momente on the txrue—contour
wing at the higher Mach numbers (fig. 9(a) ) revealed a reversal of
the variation of hinge moment with alleron deflection for small
deflections. Since the allerons had no nose balance, thls undesir—
able reversal was atiributed to the large tralling-edge angle,
particularly when the same tendency, to a smaller degree, was noted
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in the pitching-moment characteristics of the wing. (See fig. 13.)
Consequently the trailing edge of the model wing was extended 0.80
inch In & direction normal to the wing quarter—chord line and
faired with flat sldes to the points of bangency with the origlnal
contour, as shown In figure 3. Thils extension was approximately

4 percent of the root chord of the wing and 8 percent of the tip
chord, and the trailing-edge angle measured normal to the quarter—
chord line wes reduced from 21.L4° to 15.9° at the root and from
19.3° to 12.6° at the tip. The average trailing-edge angle of the
aileron measured in a streamwise directlon was reduced from 16.4°
to 11.2°, As a result of this modification to the wing tralling
edge, the overbalance of the alleron a2t high Mach numbers was com—
pletely eliminated (£ig. 9(b)) and the tendency for the wing to
becoms longltudinally unstable for low 1ift coefflcients at 0.90
Mech number was overcome (fig. 13). Furthermore, the alleron
effectiveness dld not deteriorate as much at high Mach numbers,
belng two to three times as great at 0.90 Mach number for the
modified wing as for the original wing. (See fig. 10.) The small
Improvement of alleron effectiveness at low speed 1s attributed +to
the comparatively larger size of the extended-chord alleron.

The 11ft and drag characteristics of the wing (figs. 11 and
12) were essentially unaffected by the trailing—edge extension
except Tor an Increase of lift—-curve slope at the highest Mach
nunber and possibly a small decrease of drag. The relatively large
improvement of the drsg characteristice at low speeds should be
discounted because of the previocusly mentloned difficulty of measur—
ing the forces at low speed with such & small model.

Figure li(a) indicates no importent chenges of the taill char—
acteristics due to the wing tralling-edge extension. A slight
decrease of longltudinal stabllity due to the tall was noted where
the wing lift—curve slope was lincreased, and the pltching-moment
coefficlent due to the tall was generally more negative with the
modified wing. Consequently, the only majJor changes observed in tle
tall-on pltching—moment characteristics were the same as the improve—
ments of the wing pltching-moment characteristics. (See fig. 1h(b).)

No quantitative general conclusions concerning the tralling—
edge contour can be made from the results previously dlscussed. It
can be said only that, for the model consldered here, reducing the
trailing-edge angle eliminated the reversal of characterlstics
gsuffered by the true—contour wing. Perhaps a smaller modiflication
would have been sufficlent. It should be mentloned that the rever—
sal 1s usually assoclated with changes of separation or boundary—
layer growth near the tralling edge, or at supercritical Mach
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numbers with ths chordwise movement of the shock waves. It followe,
then, that airfoll sectloa and angle of sweepback would be impor—
tant factors in determining & suiteble trailing—edge comtour.

Wing-Fuselage Intersection

It has been polnted out that the lncrease of the dilvergence
Mach number due to sweepback was not as great for this modsl as
predicted by the simple cosine theory. Scme deficlency mey be
expected, however, due in part to the restrictions on the air flow
at the plene of gymmetry. The streamlines in plan view tend to he
S-shaped over a swept—back wing of finlte thickness, but must be
ptraight at the plane of symmetry, or conform to the shape of the
fuselege at the wing-fuselage intersectlion. This restriction
results 1n a spreading epart of the streamlines nesr the leading
odge of the wing root and a crowding together of the streamlines
near the trailing edge, as 1s indicated in figure 15 by the minimum-—
preasure peaks near 80 percent of the wing chord for the model with
the baslc fuselage.

The consequences of the restrictions on the alr flow at the
plane of symetry of a swept-back wing are not clearly established.
The generel effect ls an Increase of the static pressure over the
forward part of the wing root and a decrease of static pressure
over the aft portion of the wing root. It follows then, that sir—
foll sectlons normally having their minimim-pressure point near or.
aft of the midchord would suffer additional reductions of minimum
pressure near the plane of symmetry. Furthermore, the chordwlse
location of the minimum-pressure point probably would be forced
resrward. Three detrimental effects would follow: (1) the local
Mach number would be increased, (2) the tendency for separ.tion of
the air flow would be increased, and (3) in plan view the line of
minimim pressure near the plane of symmetry would approach the
normel to the stresmlines thus enhencing the development of a
gshock front. It should be noted that these effects apply primarily
to airfoll sections normaelly having thelr minimum—pressure point
near or aft of the mldchord. Negatlive pressure peaks near the
leading edge would be reduced by the flow restrictions, and less
dotrimental effects would be expected.

An attempt was made to relleve this interference at the wing
root by shaping the fuselage side to the estlmated shape of the
streamlines over the portion of a swept—back wing far distant from
the root or tip. The streamline shape was estimated by ascuming
that only the component of the free—stream veloclty normal to the
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wing quarter—chord line was affected by the pressure field of the
wing, while the component parallel to the gquarter—chord line
remained unchanged. Thls assumptlion permitted calculation of the
direction of the resultant velocity vector at sach point along the
chord of the wing. In order to avold reduction of the fuselage
cross—sectlonal area, the first modification consisted of enlarg-—
ing the fuselage near the leading and traliling edges of the wing
in such a manner that the dlrectlon of the streamlines along the
wing-fuselage Iintersection corresponded to the calculated direction
of the resultant veloclty vector. Prelimlnary tests indicated no
Improvement of the hligh-speed characterlstics of the model and
revealed a seriocus minlmm-pressure peak near the wlng leadling
edge. Consequently, the fuselage contour was further modified so
that the calculated lateral dieplacement of the streemlines due to
the sweepback wag about equally distributed on either side of the
baslc fuselage line. Hence the average preasure due to the modi--
filed fuselege should be approximately the same as that due to the
basic fuselage. Also, the curvature of the forwerd part of the
modification was reduced in order to eliminate the minimum-—pressure
peak obtalned with the first modification. The £inal fuselage
contour is compared wlth the basic contour in figure 4.

It should be noted that the verticel extent of the modifica—
tion wae limited by the depth of the fuselege, and that the flow
over only the upper surface of the wing was affected due to the
low position of the wing. Furthermore, the modifiled shape 1s
Probebly¥ not the optlmim because 1t was desligned to have approxi-—
mately the same average effect on the statlic pressure over the wing
as the baslc fuselage. Both fuselages undoubtedly reduce the
average pressure over the wing root.

In spite of the limitatlons, a more favorable pressure—
recovery gradient and a smaller peak pressure was cbtalned at 0.90
Mach number with the modified wing—fuselage intersection (fig. 15).
The high~speed 1ift and dreg characterlstilcs were considerably’
improved (figs. 16 and 17), the average divergence Mach number
being increased approximately 0.02 (fig. 18). Although the modifi-—
cation was designed using the estimated pressure distrlibution over
the wing upper surface for a lift coefficlent near zero, the cher—
acteristics were improved far lift coefficients as high as 0.L0.

Figures 19 and 20 indicate no importent changes In the longi—
tudinal stebility characteristics of the wing due to the fuselage
modification, but reveal a poslitive shift of the tall—off pltching
moment at the higher Mach numbers and a slight decrease of the
atability from the horizomtal tall where the wilng lift—curve slope
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wes increased. Because of the improvement of the taill-off charac—
teristics, the variation of the tall-on plitching-moment coefficlent
with Mech number wae more satlsfactory with the modifled fuselage.
An increase of Mach number always caused a cllimbing mament below a
Mach number of 0.90 and a 1ift coefficlent of 0.10. With the basic
fuselage, & small diving moment was noted for all positive 1ift
coefficients above a Mach number of 0.85.

In view of the appreclaeble galne made under the limited condi-—
tiona of the tests, 1t 1ls recommsnded that a more extensive investi-
gation be carrled out, including not only the effects of shaplng
the fuselage sides to the streamlines, but also the effects of
other means of reducing the interference at the plane of symmetry.
One method which should be studled 1s the modlfication of the
alrfoll section at the wing root, since thls would be entirely
Indspendent of the fudelage position and would be applicable even
to all-wilng airplanes. Ancther method which might reduce the wing—
fuselage Interference 1s the Judlcious locatlion and design of air
inlets in the wing leading edge or the sides of the fuselage.

Wing Ieading—Edge Extension

It bhas been shown thet considerable dlsturbance of the air
flow may occur &t the plane of symmetry of a swept—back wing, so
that the full adventage of sweepback i1s not realized. It seems
probable, then, that modification of the critical center sectlon
so that 1ts crlitical Maech number 1s higher relatlive to the out—
board sections of the wing might lmprove the high—speed character—
lgtics. The moet stralghtforward way of doing this ls to decrease
the thickness—to-chord ratio at the root. For reasons of strength
however, it 1s not practicael to decrease the absolute thickness of
the wing root. Consequently, the thickness—to—chord ratlo of the
root section was decreased by extending the leading edge forward
at the root, as shown in filgure 5. The extension was conbtoured so
that the 1line of maximmm thickness of the wing remained unchanged.

The results shown in figures 21 to 23 indicate no improvement
of the 1ift, drag, or plitching-moment characterlstics due to the
leading-edge extension. TUnfortunately, the extenslon Interfered
with many of the pressure orifices along the wing—fuselage lnter—
sectlon, so no satisfactory pressure data were obtained. However,
there appeared to be a general reduction of the magnitude of the
negative pressures over the wlng root section. A more camplete
investigation is required to elther overcome or explain the fallure
of the extension to lmprove the high-speed characterilstics.
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CONCLUSIONS

The results of the tests may be summarized as follows:
1. The wing with the truse—contour sections exhlblted serlous

reversal of plichlng-moment and alleron hinge—moment character—
istics for small angles of attack and alleron deflections at high
Mach numbers. Extending the wing trailing édge to decrease the
trailing-edge angle eliminated the reversals up to 0.90 Mach number.

2. The increase of dlvergence Mach number due to sweepback of
the wings was only about half as great as predlcted from simple
theory. Since about ome—fourth of the deficiency was overcams
under limited condltions by contouring the fuselage side to the
estimated shape of the undisturbed streamlines, further investiga—
tion should be directed toward the ellminmatlion of Interference

near the plene of symmetry of a swept—back wing.

3. Reduction of ths thickness—to—chord ratlio of the root
sectlion of the wing by extending the leading edge forward dld
not improve the high—speed characteristics.

Ames Aeronautical Iaboratory,
Fational Advlisory Committee for Aeromautics,

Moffett Fleld, Callf.,
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Fig.9a, B NACA RM No. A7]J02
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NACA RM No. ATJ02 Fig.10a, b
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Fig. 11 _ NACA RM No. A7j02
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NACA RM No. AT7]J02 Fig. 12
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Fig. 13 NACA RM No. A7]02
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NACA RM No. A7J02 Fig.l4a, b
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Fig. 15 NACA RM No. AT7J02
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Fig. 17 NACA RM No. A7J02
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NACA RM No. ATJ02 . Fig. 18
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Fig. 19 NACA RM No.
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NACA RM No. AT7J02 Fig.20a, b
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Fig. 21 NACA RM No. A7J02
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NACA RM No. A7]02 Fig. 22
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Fig. 23 o NACA RM No. A7j0z
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