UNCLASSIFIED

AD NUMBER

ADB185633

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; MAY 1947. O her
requests shall be referred to Nati onal
Aeronuatics and Space Adm ni stration, Code AQ
300 "E" Street, SW Washington, DC 20546- 0001.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




LOMNI218 .  dee

RA. asz T L ea o

NATIONAL ADVISORY COMMITTEE

g = NS -

176 00102 8615 B . ° v eaemeEs ool 0
i T T TUECHNICAL NoTE T T T T T =
‘ . No, 1272

INTERFERENCE OF WING AND FUSELAGE FROM TESTS
OF 30 COMBIl\TA:TIONS WITH TRIANGULAR AND
ELLIPTICAL FUSELAGES IN THE NACA
VARIABLE-DENSITY TUNNEL
By Albert Sherman

A

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

~UE

Washingtoh _
May 1947 e

N A CA LIBRARY

LANGLEY MEMORIAL AERONAUTICA:  _

LABORATORY
Langley Field, Va.



NATTONAL ADVISORY COMMITTER FOR AERONAUTICS
TECENICAL FOTE NO. 1272

TNTFRFERENCE OF WING AND FUSELAGE FROM TESTS
OF 30 COMBINATIONS WITH TRIANGULAR AND
ELLIPTICAT FUSELAGES TN THE NACA
VARTABLE-DEWSTTY TUNNEL*

By Albert Sherman
SUMMARY

Tests of 12 wing-fuselage combinations employing triangulsr and
18 employing elliptical fusslages wers made in the NACA variable-density
tunnel as a part of a program to inveastigate at large valuses of Reynolds
number the- asrodynamic effects of wing-fuselage interference. This
program is outlined in NACA Report No. 540, which contains the test
results for 209 combinations, 202 with round and T with rectangular
fuselages, comprising the basic part of the wing~-fuselage interference
investigation. . o

The pearameters of combinetion for the itrianguler and elliptical
fuselages covered in the investigation were: vertical position of the
wing with respect to the fuselage axis; wing ehape, and wing-fuselage
Juncture shape. The results bear out the general conclusions advanced
in the dlscussion in NACA Report No. 540 and provide data concerning
the wing-fuselage interference of fueelages of triangular and ellip~
tlcal cross sections. ) ) )

INTRODUCTION

An extensilve program of Investigatlion of the Interference between
wing ahd fuselage was underteken at the Langley Memorial Aeronautical
Laboratory as part of a general Investigabtion designed to cover the
problem of asrodynamlc interference. This program i1s outlined in ref-
erence 1, which presents the initial and basic part of the wing-fuselage
interference investigation and contains test results for 209 combina-
tions, 202 with round and 7 with rectanguler fuselages. The discussion
therein ls fundemental 1n nature and may be used in the genersl inter-
pretation of the Interference effects of wing-fuselage combinations.

‘This report 1s a revised version of a paper that was originally lssued
in confidential form in June 1937.
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A continuation of the investigation is treated in reference 2
comprising combinations numbered.210 to 237, of which 20 have
rectengular fuseleges and 8 have round. The tests of reference 2
practically completed the study of cambinations with & rectangular
fuselage and continued the study of combinations with a round fuselage.

The principel object of this report is to present the test
results for combinations numbered 238 to 267t 12 combinations with
triangular Puselages and 18 with elliptical. The various combinations

e chosen to cover generally the interference between wing and
_fuselage for triangular and ellipticel fumelages as affected by the
more importent of the paremeters of combination.

MODELS AND TESTS

The modsls were formed of the trianguler and elliptical fuselages
showvn in figure 'l and the wing models described in reference 1,
namely, the rectangular 5- by 30-inch NACA 0012 end 4412 airfoils and
the NACA 0018-09 airfoil of 2:1 taper ratio. The two fuselages had
the same nose shape, length, maximum cross-sectional area, and longi-
tudinal dlstribution of cross-sectional area as the round fuselage
of reference 1.

The models were of duralumin, except for the bress cowled engine
(described in reference 1) and for the Jjunctures and fillets, which
were carefully formed of plaster of paris es required. They differed
from the combination models described in references 1l and 2 in that
the fuselages, Junctures, and fillets wers in each instance finished
with a rubbed and polished vernished surface. Comparison tests of
combinations both with the old smooth plaster surfaces and sub-
Bequently with the new polished varnished surfaces indicated that the
effects upon the measured aerodynamic characteristics are well within
the experimental accuracy except when flow conditions are critical.
That is to say, the early flow breakdown at the Junctures associated
with critical conbinetions could be somewhat delayed by the improved
finish. Comparisons, therefore, between combinations in this report
and those in references 1 and 2 (such as shown in figs. 7 to 9)
should be mede with this fact in mind.

The tests comprised the following: 12 combinations of the
triangular fuselege with the rectangular NACA 0012 airfoil, both without
and with fillets, in various vertical positions for both the fuselage
erect (apex up) and inverted conditions, and 18 combinations of the
elliptical fuselage with different wings, both without and with fillets, .
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Tor the major axis of the ssctlon both erect and horizontal, for
various vertical positions of the wing, and with a cowled engins at

the fuselage nose. (See teable IIT and figs. 11 to 16.) The only wing
fors~and-aft pos%tion co%sidered was with the wing quarter-chord point
at the fuselags quarter point. Zero wing incidsnce only was employed.

Thess t3gts were performed in the NACA variable-density tunnel

greferonce 3) at a test Reynolds number of approximately 3,100,000 %
effective R = 8,200,000). (See reference 1.) In addition, values of
meximum 1ift were obtalned at a tset Reynolds nimbery of approximately
1,400,000 (effective R = 3,700,000). The testing procedurs and test
precision, which are very much the same as for an alrfoll, are fully
described in reference 1. &s mentioned in refsrence 2, however, since
the tesbts of refsrence 1 were mads, a small additlonal corrsction of
less than -1 vercent has been appliecd to the mesasuremsnt of ths dynamic
pressurs q to improve the precision of the results.

RESULTS ' -

The test date are given in the same manner as those of reference 1,
in which the methods of analysis and of presentation of the results are
fully discussed. As in the preceding reports of this serises, the test
results are given in tables swpplemented by Figures. Tabls I, teken
from reference 1, contains the charactsristics of the wings alons.
Table IT, which is a continvation of table III in reference 2, presents
the ounms of the fuselages characteristics and the Interferencss at
various angles of attack for each of ths cambinatlions tested. The
characteristics of the combinatlions can be determined by adding corre=
gponding items In tables T and IT.

Teble IT of reference 1, vhich prssents the asrodynamic cherac-
teristics of the fuselages alone, is not continwed herein bscause
such data for the triangular and elliptical fuselages were not obtalned.
Table IV of reference 1, which presents deta for dlscomnsctied combl-
nations, is likewiss not comtimmed since no additional combinations
of this type were investigated.

Teble III, which is a cantinuation of table V in reference 2,
contains the profils djagrams, the combinatlion descriptlons, and the
principal esrodynamic chearacteristics of the combinations. The values
d/c and k/c represent the longitudinal and vertical displacements,
regpectively, of the wing quarter-chord axls measursd (in meen wing-
chord lengths) positive ahead of and above the quarter-chord point of
the fusslage. The last nine colimms of table IITI present lmportant
characteristics as standard nondlmensional coefficlents based on the
original wing ereas of 150 sgquars inches. Symbols ussd in the
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are defined as follows:
agpect ratio

lift-curve Slope (in degree measure) as determined in low-
coefficient range for an effoctive aspect ratio of 6.86
(This value of the aspect ratio differs from the actual
vaelue of the models bscause the 1lift results aro not
otherwise corrected for tunnel-well interference.)

Osweld's airplane or span efficlency factor (see reference 1)

mintmum effective profile-drag coefficient

o
Cp " A
min

optimum 1ift coeiffilcient, that is, 1ift coefficlent

corresponding to Cp
®min

aerodynamic-center position indicating approximate loceation
of aerodynamic center shead of wing quarter-chord axis
as fraction of mean wing chord (Wmerically, n, equals

ac. > i
mc/h/dCL at zero 1ift)

pitching~moment coefficient at zero 1ift about wing guerter-
chord axis

1ift coefficlent at interference burble, that is, value

of 1ift coefficlent beyond which air.flow has a tendoncy
to break down as indicated by abnormal increase in drag

maximm 1ift coefficient given for two differsnt values of
effective Reynolds number (see relerovnce 1)

angle of attack, degrees

The turbulence factor employed in this report to obtain the
effective Reynolds numbsr fram the test Reynolds number is 2.64. As
in reference 2, the values of the effective Reynolds number differ
somewhat from those glven in reference 1 because of a more accurate
determination of the turbulence rfactor for the tunnel. The valuce of
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the effective Reynolds numbers given in reference 1 are, therefore,
subJect to correction by a factor of 1l.l.

Figures 2 to 10 present the poler characterlstlcs of practically
all of the combinations investigated. In some instances, those of
several combinations taken from references 1l and 2 ere also shown
for comparison. These figures show the effects of the various
parameters of combinatlon: verticel wing poslitlon, fillets, wing

shape, and fuselage shape.

Many of thé cambinations tested showed more than one 1ift?cur#é
peak. Although the CDe polars cennot show these interesting

portions because of the very high values of the assoclated drags,
the character of these 1lift pesks cen be interpreted from the
pitching-moment curves.

DISCUSSION

The mechahism of the interference of a fuselage when in combi-
nation with a wing 1s discussed in reference 1, and all the test
results of the present investigation are in accord with the general-
izatlions given therein.

Combinations wilth erect trianeular fuselage.- The trianguler
fuselege was combined only with the rectangular NACA 0012 airfoll, a
wing ‘whose gensitivity to flow conditions renders it eminently
sulteble to indicate aerodynemic Interference. In figure 2 are
ghown the polars for the erect triangular-fuselege comblnations,
with the wing in different typical vertical positions, both without
end with ordinary tapered fillets. Changing the vertical position
has a marked effect, both the minimum dreg and the maximum 1ift in-
creasing as the wing is moved upward with respect to the fuselags.
(See table ITL.) Adding fillets causes a small decrease in the
ninimum drag of only the midwing combinetion and has also a small
effect on the maximum 1ift, decreasingly beneficial as the wing
position is raised.

- Combinastions with inverted triangular fuselage.- When the
fuselage is inverted (fig. 3), the minimm drag end “maximm 1ift both
increase as the wing is moved d.ownward. with respect to the fuselage.
(See teble ITT.) The effect on the meximum 1ift of adding fillets
is of the same neture as for the comblnatlons with the erect fuse-
lage but, with respect to the maximum 1lift, is greater in magnitude.
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In all these Inatances, for either the erect or inverted
triengvlar fuselages, 1t apnears that the maximm 1ift is affected
more by the amount of wing leading edge exposed then by whether the
combination is high wing or low wing. This conclusion 1s not to
be coneidered general. Were the tapered NACA 0018-09 wing used instead,
it is quite possiblc that the effect of vertical position upon the
maximm 1ift would be opposite to that for the rectangular NACA 0012 air-
foil. (See reference 1.)

Combinations with erect elliptical fuselage.- The effects of
changing ing the vertical position of the wing relative to the clliptical

fuselege axls as shown in figure U arc easily predictable from tho

results of reference 1. The interference burble occura earlier as

the wing position is moved downward. The midwing combination (with
the rectanguler NACA 0012 airfoil) has the lowest drag and meaximum

1ift. The high-wing cambination has the highest maximum 1lift.

Resultas obtalned in connection with the program of inveastigation
of wing-fuselage interference have proved that the use of special
fillets may entirely eliminate the Iinterference burble. Hence, any
discussion of this flow breakdown i1s to be considered only for what
light 1t sheds upon the mechanism of serodynamic interference. In
the ovaluation, therefore, of the relative deslraebllity of the verlous
combinations, toc much consideration should not be given to the
Interference burble end 1ts effect on the maximum 1if+t.

Ordinaxy tepered fillets on the midwing combination ars known
to be ineffective from the results of reference 1 and hence wore not
investigated. When added to the high-wing combination, the fillets
have wvery little effect but, for the low-wing cambination, they o
delay the onset of the lnterference hurble to meximmm 1ift and
considerably increase the meximum 1ift {fig. 5, table III), The same
conbinations with the tapered NACA 0018-09 wing sulstituted for the
roctangular NACA 0012 airfoil dilsplay interference effects (table III)
ldenticel with those for the corresponding combinations with the round
fuselaege (combinations 185, 186, 187, 230, 231, 23k of references
1 and 2): Fillets have little efPect on the midwing or high-wing
combinations for which values of maximun Lift are high and nearly
equal, but for the low-wing combination they delay the early inter-
ference burble and railse the maximm 11ft to the nelghborhood of the
others.

Different wing shapes combined with the elliptical fusslage
in the midwing positlon show the interfersnce effects that would
be predicted (fig. 6). The cambered section and the thick symmetrical ‘
soections of the tapered wing are less sensitlve to the presence of

the fuselage than the moderately thick symmetrical NACA 0012 airfoil
gection.
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A cowled radial engine at the nose hes similar effects on the
aerodynamic characteristics of both the elliptical-fuselage combi-
nation and the corresponding round-fuselage combination (fige 7).
The drag increment due to the cowled engine is, however, decldedly
groater for the elliptical-fuselage combination, the added drag
probably being caused by the poorer cowling shape produced by the
elliptical fuselage. :

Results also are given in table ITI, as & matter of interest,
for a midwing ellipticel~fuselage combination with the tepered wing
having added a 0.20c split flap deflected 60° {combination 259).

Combinations with horizontal elliptical fuselage.~ In very large
ailrplanes the required fuselege depth may become a small dimenslon as
compered with the other dimensions. The elliptical fuselage with 1ts
sectional major axis horizontal serves to simulate such a condition.
When combined .with the rectangular NACA 0012 airfoil in the midwing
position, the horizontally disposed elliptical fuselege exhibits
approximately the seme effects as the round fuselage (table III, ref=-
erence 1). The additlon of fillets has a beneficial effect upon the
accurrence of the interference burble and the value of maximum 1lift.
(See fig. 10.) 'The substitution of the tepered NACA 0018-09 wing
results in a combination having improved cheracterilstics. Enlarging
the fillets to very large sizes slightly increases both the 1ift and
drag, as would be expected.

Effect of fuselaze shepe.~ Tn figures 8 and 9 ars summerized the
effects of fuselege sghape for the six different fuselages investlgated
combined with thie sensitlve rectangular WACA 0012 airfoil. The two
types of wing-fuselage combination, midwing end low wing, that show
merkedly the effects of the presence of the fuselage, are used for
11lustration. _

The midwing combinations have approximately the same values of
minimum drag, that for the round-fuselage combination being the lowest
by a slight smount. The combinations with the round and the inverted
trianguler fuselages show the earliest Interierence burbles, and those
with the rectengular and the erect triangular fuselages show the latest.
The values of marimm 1ift, however, are approximately the seame for
the combinations with the round, elliptical, and inverted trianguler
fuselages (teblg IIT) and are lower than for the erect triangular-
fuselage and rectangular-fusslage combinations.

The low-wing combinations (fig. 9) have also approximately the
same values of minimm drag, that for the erect trianguwlar-fuselage
combination being the lowest by a sllight amount. The interference
burbles are not so sharply defined as for the midwing combinations
and are spread, for the different combinations, over a wider range of
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1ift coefficient. The rectangular fuselage still shows the latest
occurrence of the burble.

CONCLUDTIG REMARKS

The maln valud of the subject report 1s in the data it makes
avallable for wing-fuselagst combinations with the trilanguler and
elliptical fuselage shapes. Very little in the way of nsw con-
clusions of a general nature are dsducible. Previovs to this luvesti-
gatlon, the occurrence of more than one 1ift- curve neak was not brought
out but since has besn stvdied in greater detall ‘ohrovgh the use of
improved balances. The multinle peaks occur vwhen only a noriion of the
1ifting system definitely stalls at a normally high 1ift coofficlent,

ne rest of the system stalling somo time later. This characteristio
shows on the figures in the curves of pitchling moment. The drag curves
are usually not extsndad to sufiiclently high valnes to encompass more
than one peek. One fairly importent conclusion reached during the
course of testing in this Investigation, althouzh not illustratsd in
the present results, is tho irportence of unusvally smooth surfaces

at the Junctures of critical combinstions as regards the stalling.

Tals conclusion was to be expected, however, from the results of air-
foll tests alons.

Langley Memorial Aeronauticel Leboratory
Nabtionsl Advisory Committee for Aeronauvtlcs
Langley Field, Va., October 16, 1946
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TABIE .-

ATRFOTL CEARACTRRISTICS

[Takan from reference l]

Arfoil ¢ Cp,_ Cp, s e, cDe O, I c, Cp, Cn_ s
@=0° o = 4O a = 12°
Rectangular WACA 0012 | 0.000 0.0080 | 0.000 { 0.307 | 0.0087 | 0.003 | 0.920 | 0.0150 | 0.00k
Taporod NACA 0018-09 .000 0093 000 305 0099 .006 910 0146 013
a = -4° o= 0° o = 8°
Rectanguler NACA 4412 | -0.006 0.0097 |-0.080 | 0.298 | 0.0095 | -0.087 | 0.8%9 | 0.0136 | -0.08%
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TABLE IT
LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT
AND INTERFERENCE OF FUSELAGE IN WING-FUSEIAGE COMBINATIONS
[Continuation of table III in reference 2]

Cambi- | 20, | &¢ a0 &, | Ao a0 &, | ae - N
nation L De W /4 L Dy Mo /4 L De Acmo/h

a = 0° TR a = 12°
238 0.005 | 0.0047 | O.004 0.019 | 0.0054 | 0.012 0.028 | 0.0075 | 0.02k
239 030 .00k 001 | .053 0048 006 .068 0076 012
2ko 008 -Q0l). .002 .029 0048 .010 067 0065 .018
el 004 .0036 .000 029 0042 .007 Noyal 0053 018
=) 1] .008 0038 | -.002 .029 .00k 008 054 0059 017
243 -.003 «003 .00 .02, 0042 006 .066 .0052 012
ohh -.008 .003 .002 .013 0041, .012 036 .00kT 027
ol5 003 0037 | -.001 021 .00k, .008 056 .0051 .019
246 -.008 0041 | =.002 .009 O0L5 .006 026 .0059 021
2T -.004 0036 000 . .010 0041 007 05 0049 .019
248 -.005 .o0k7 | -.00L -.005 0052 .002 -.042 0129 | .010
249 ~.030 004k | -.001 -.018 .00kg .00k -.009 0064 005
250 -.015 0043 005 -.010 0050 .009 .003 .0060 .018
251, .020 0047 .000 031 0054 000 .055 .0066 002
252 009 .0038 { -.001 .025% 0043 .002 .Obk7 .0048 006
£53 015 0043 | -.005 031 0051 | -.001 -.020 { .0245 | -.
254 -.020 .00LT .000 003 ©O0kg | -.003 023 .0056 | -.008
255 -.028 .0037 .009 -.023 -00k0 011 -.018 .0053 019
256 001 .0038 | -.001 012 0043 | -.001 025 .0070 002
257 0310 0031 | -.002. .023 0032 .000 045 L0047 .005
258 020 .0029 | -.001 .03% 0031 | -.001 062 .ookh .002
259 .973 1264k | -.200 076 A261 | -.211 965 128 | -.220
260 028 .0037 | -.009 .035 0045 | -.007 .022 0079 | ~.00€
261, ~-.001 0038 001 015 .00k2 .003 015 0058 | -.002

o = -ll-o o = 0° o= 8°
262 -0.017 | 0.00k4 |-0.011 0.002 | 0.0041 [-0.002 0.031 [ 0.0042 { 0.000

o = 0° o =, ’4»0 o= l2°
263 0.006 | 0.0071 {-0.001 0.028 | 0.008 | 0.008 0.06% | 0.0155 | 0.015
264 009 .0038 .000 .030 0038 009 067 0051 .023
265 .00k .0038 .000 .031 0039 .006 .083 00k7 015
266 027 0019 | -.003 okt 0019 .005 083 0038 .019
267 .020 .0027 | -.006 051 .0029 .005 .103 0053 020

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS .
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TABLE ITI.- PRINCIPAL AERODYMAMIC CHARACTERISTICS OF WING-SUSELAGE COMATMATIONS
* [Bmtimustion of table Y in reference £]

11

W - I - o L N R P PR
e Te, | Hm | mer| B[RS sl T | ey
&fe /e ting,{ degres), . #en,
(| (1689 "o
naum FACA 0012 airfoll with erest trisngnlsr fusslsgs
e-d Wingeleme == - 4---cJe - vJo--}| 007 {0.85 [0.00%]0.00 0.010 f0.000 My Jams (ap
C) 238 | memmeamenon 0 03 | o 0% | aB | .o125| -05 00 | .00% [ P [C1s6 |k
® 239 | With tapered fallets | O R om | 5.8 o1zk| ok 023 | 000 e |5y [Crm
® 0 | mmmmmeeane 1o o o | o= |58 | .cm| w0 o1 [ oon| B3 |%as [
ekl | With tapered fillets | O o o o2 |58 out{ .o2 .07 | 000 Na Sao | ML
® POVl [ ° -2 | o o8 | 5.8 | .our| -.o0 037 |-.002 Bo [%es |fee
® 243 | With tapered filists | O 22 | 0 0% B | o.onzl w0 03 | .o0L Mg [has [ Naes
' Bactangular ¥ACA 0012 sirfoil with imverted trisngular fuselage
Cj A R R R R o 02 | o jo.08 |e.8 [0.007]0.01 0.0h0 10.002 o Mz |na
@ 243 | With tapered f1llets | O 22 | o .08 . our| .00 030 {-.001 Yo M {Nes
T o feemen e o Jo o | om | & | .om| w0 om [-oor ] 3y [%es Mz
257  [With “tapered £11lets | O ° 0 080 =8 | .7 -ce =9 | 000 Ma {Mas [o1.am
@ k8 |- F i aeaana ° -39 o 017 5.80 o123 .05 QT |-.00k sﬁ.l Q1. |%.a3
@ 2k9 [With tepersd fillets [0 * [-.35 | © 079 5.8 | .02k -0k 23 | 000 ha (e |t
Rectangnlar NACA 0012 airfoil with srect elliptical fuselage
® 20 |se--memeeas 0 038 | o |o.o18 | 3.88 [0.0223(-0.03 0.020 fo.005 My loas [P
® 250 [With tepered fillets | O 38 | o ot | 505 | 0128 w05 | .oc0 6‘1-5 ‘L@ |°LAz
@ PR P ° o o | om |8 [.0usf .o o [-om | e [%re [%e
Q 293 f---ccemmoono o -38 | o o1 |58 | .3 .03 o2 |--005 37 [h.38 Y
@ 2%  |tith tapered fillets | O -.38 o .08 5.89 | -0128¢ -.c@ 000 | 000 3.6 %1.8¢ j°%.5

FATIGNAL ANISORY

COMMITIEE JOR AERONAUTICS
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Tisgrexs Ocm= Langt=| Yerti- Lifg= -

rogresenting ¥in- Fewaris tudina) oml A:gh ocuve :Q- GM‘ ey :;L_g u.. %:.:‘ c‘h.:

candinaticas atin! poei- posi~ | wing | slope clsnay ‘opt | -oenter ot inter-

) ticn, tion, | set~ | (per factor, youi- fereace
4/ xfo | ting, d.ofrn), . Ha, »
Vv | (ang.6) %o iy
(20g) (1)
Tapered NACA 0018-09 airfoll with ereot elliptiosl fuselsge
-- | Vngalme-c - deceda-asio--d 0017 | 080 [oO. 0.00 o.eo|o.000{ Avk %8 | .,
® 299 | m-e-meman o| ozl o o8 | 5.8 [ .on3d -.0e oo6| 009 s 5y | ey
@- 2% | vith mpered fitieid o [ 2] o o8 | 585 | oumf - oa|-on| s | M [
g7 | me e meaenn oj o ) a1y | k8 | .owe3 .00 ooh | ~cca| Sps sy | Pier
= A
@ 28 | watn taperea 210t 0 | © ° ofo | w8 | oxaf - 000 | -.coe] A3 20 | a0
With filists sk
239 | o.20c wp2it o] o ° o1 |~ Tan | -- 3.o07)-am| -~ - N | "2
< ’ > |es0 |-------n-- L o -e| o o8 | w3 | sl e o3| -009] 3 ©as |2
@' 26 | With taperod filletd 0 -x21] o0 019 | BB ol o 018 00| Avs Han | e
Rectangnler NACA M1Q airfoil with erect elliptiosl fuselage
- - | Wing alene cebee oo 0016 | 090 | 0005k 022 0.006 o.0% | 416 2.6 | R
. )

@_ 2@ |-mceeenn- L-0{ o o o | hso | cus{ 2 2| -001] M B fw

Reotangwlar XAGA 0012 sirfoll with ersot ellipticel fuselage

T
| e63 lvmanumm I ol ° l o lo.o& l:.aa lo.o:aolo.ool o.on,-o.oo.\. Ao l ‘:.Ml*:..;

Ractengalsr KACA 0012 sirfoil with horizcntel elliptical fuselage

Com— = j2k | ===~ o| o o oot |8 o.m.l.alo.oo 0.03% 0,00L| 1.2 a6 | ‘126
CEES""rs 265 | Vite teperoatttietd o0 | © ° o | 3o .onll 00 e8] .000| A3 Mot [ e

Tapered NACA 0018-09 sirfoil with hordxomtal ellip\ical fuselsge

5
CIEES > | 266 | wits tapered £12letd O | © ° 0.08 |P0.90 | o.on3| o.ce 0.0k0 {-0.00%| A1.3 5.2, | %
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Figure 2.- Characteristics for various vertical wing positions.

Rectangular NACA 0012 airfoil and erect triangular fuselage,
both without and with fillets,
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Figure 3.- Characteristics for various vertical wing positions.

Rectangular NACA 0012 airfoil and inverted triangular
fuselage, both without and with fillets,
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Characteristics for various fuselage shapes.

Rectangular NACA 0012 airfoil. Midwing position.

Figure 8.-
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Figure 16.- Combination 267.
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