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INTERFERENCE OF WING AND FUSELAGE FROM TESTS OF 209 COMBINATIONS
IN THE N. A. C. A. VARIABLE-DENSITY TUNNEL

By EASTMANN. JACOBSand Kmmmm E. WARD

SUMMARY

T&s oj W9 eimple wing+uwlu.ge combinations were
made in thaN. A. 0. A. cariable-dermitywind tunnel to
proviok injormdon regarding tlu e~tm%of aerodynamic
Merjerena betweenwings andj~elug~ a4 a large value
oj the Reynoki%Number. Thi8 inm-stigaibn is part oj
a 13ti inoeetigaiion oj aerodynamic interference now
in progress al the t%mmittee’8 bbordo~ and e0m@r8

theinterferencea a$ected by themore importantwmiubla
oj a eambinedwing andjwwlage.

Most oj the td were male with a rouno?fwwla.ge in
combin.aiion with a rectangular wi~ oj eymmetrieu.1
section. Variuiti of the vertical po6-ition, bngi-
tudind poei$ion, and anqular poeiibn were covered.
A 8w&.eni number of tats of other oizria.bik?,w..ehas
the wi~ andjuaeluge 8hupe,were made to @e a general
understandingoj the e$@% of th88eoariubh. “For 8omi?
oj the combinaiti in which the wing andfmelage we
not connected, the air fore-es on the wing and jmelage
were determined 8eparaiely in order to inwtigate the
mutual inierfenence.

The principal results are given in tubularform and
mLmmarizz41by presenting the important characteristics
for ml?tlu eombinalti by means of parameter8 in a
single table 80 thd the relu$we merii8 of the cati
combinutwnamay be readily compared. The redts are
diacwwd in relabn to the character,cume, and 8igniJi-
cance of thainterference eJe4%3encounteredunder vati
conditi.OIW

INTRODUC’ITON

The continual improvement in the aerodynamic
efficiency of airplanes may be ‘ascribed to a gradually
increasing knowledge of the flow about single bodies
and the interference between them. As the units
making up a combination have been improved, the
residual drag arising from the intmference has become
an increasingly important factor in relation to the
total drag. Many experimental data have now been
secured on which to base the design of eflicient oom-
ponent parts but adequate data concerning the inter-
ference between them are still laoking. Although the
need for reliable information concerning aerodynamic
interference has been appreciated for several years,
the Committee eonsidera that only recently the design

of component parts has reached a point of refiement
such that further improvements of airplanes demand
more know-ledge concerning the aerod-ynamic inter-
ference.

For several yeara the Committee has had in progress
a basic investigation of aerodynamic interference in the
variable-density tunnel. Suoh an inwxliigation is
necessarily based upon existing information about sim-
ple combinations and a knowledge of the flow about
the simple bodies forming the combinations. Two
bodies are considered as being of primary importance:
the airfoil and an elongated strewnline body repre-
senting the fuselage. The results of numerous inveAi-
gationa of the flow about airfoils and airship hulls,
the potential-flow theory, and the various boundaq=
layer theories furnish a reasonably oomplete picture
of the flow about the two simple basic forms. The
first phaae of the current interference investigation
dealt with the flow about suoh bodies as affected by
slight disturbances such as those produced by diilerent
types of small protuberance variously looated on air-
foils and streamline bodies. (See references 1, 2, and
3.) The second phase of the problem, the interference
of wing-fuselage combinations, is reportad herein.

PREVJOUSWING-FUSELAGEINTHWERENCElNVESTIQA~ONS

One of the earliest wing-fuselage interference i.n-
ved.gations was made by Prandtl, the results of which
have been available in an English translation since
1921. (See referenee 4.) Five wing-fuselage com-
binations were tested to determine the influenee of the
relative vertioal position of wing and fuselage on the
eflitiency of the wing. Prandtl concluded that with a
normal fuselage shape the drag differences are small
for various vertical positions of the wing exeept for the
combination having the wing a little below the fuse-
lage, which showed an aerodyntic change for the
worse in comparison with the other combinations.
He also pointed out that the drag of the mid-wing com-
bination noticeably inoreased at an angle of attaok of
about 12°.

The simplest wing-fuselage combination may be
considered to be a wing having a thin flat plate inserted
in the plane of the midspan cross section.
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In an investigation of wing-fuselage interference,
Muttray (reference 5) tested a wing-plate combina-
tion to show- that the wing polar is unfavorably afYected
even by this “ideal fuselage.” He tested a large num-
ber of low-wing combinations having dMerent fuselage
shapes and different wing shapes. Several of ‘the
combinations were also tested with flets. From the
results of this investigation Muttray found that the
relative fore-and-aft position of the wing and fuselage
greatly affected the magnitude of the additional
(induced) drag, a result that he attributed to changea
of the span load distribution resulting from the dii7erent
positions of the canter of pressure for wing and fuse-
lage. For’ some positions separation occurred at mod-
emtely high valuea of the lift as indicated by the ab-
normal drag increase. Muttray attributed this sepa-
ration to the sharp nose of the fusel~me. A study of
the effects of variation of the angle between the wing
and the side of the fuselage showed that the smaller
the angle the greater the additional induced drag,
indicating an early separation of the air flow at the
wing roots. Muttmy devised the tnpered, or expand-
ing, fillets to improve the characteristics of the poor
combinations. His investigations of the effects of
wings having the trailing edge cut away at the root
indicated that the separation at the root was not
prevented by cutting away the trailing edge and
that increasing the size of the cutnway portion in-
creased the drag in the usual lift range but decreased
the severity of the break in the polar curve.

Parkin and Klein (reference 6) tested combinations
of 3 wings, varying in thickmss, with 3 fuselsges:
streamline, cabin, and open coch~it. A number of
typical monoplane and biplane combinations were
tested, a few with fillets. The authors concluded that
the interference effects were dependent on the shape
of the fusel~~e, the airfoil section, and the relative
position of the fuselage and the airfoil. The better
the aerodynamic form of the I%selage and the thicker
the airfoil section, the greater were shown to be the
interference effects and the more marked the influtice
of the vertical wing position on the interference. The
interference tended to lower the &gle of attack corre-
sponding to maximum lift and to increase the dr~~
compared with those of the individual components.
From aerodynamic considerations, the best position
for the wing was found to be at the top of the fusel&ge
and the worst at the bottom. Fillets and fairings
improved combinations having poor characteristics
but had little effect on arrangements already fairly
satisfactory. Many other tests have been made using
small models, and the general conclusions agree in most
respects with those of the investigations mentioned.

In a comprehensive report on interference (reference
7), Ower describes an investigation in which large
models with stub wine% were used to obtain results for
much kuger values of the Reynolds Number than

had been previously obtained. These Reynolds Num-
bers, however, were still well below those correspond-
ing to f@ht and the fact that stub wings were used
makes the application of the results somewhat ques-
tionable.

Among the investigations of wing-fuselage inter-
ference made at high values of the Reynolds Number
was an investigation made in the N. A. C. A. variable-
density tunnel in 1930 (unpublished) to compare high-
wing> mid-wing> and low-wing monoplanes. The
effech of expanding Mets were also studied. Al-
though some conclusions were reached that conflrnmd
previous results from @ts at low values of the
Reynolds Number, the results suggested a need for a
more complete investigation at high Reynolds Num-
bers. A series of investigations were therefore startadj
the first of which considered a wing having a thin
flat plate inserted in the midspan cross section (ref-
erence 8) to study the interference effects on this
basic combination.

Other interference investigations have been made
at relatively large values of the Reynolds Number.
Short investigations, each of one particular type of
low-wing monoplane, have been made at the Cali-
fornia Institute of Technolo5~ (reference 9) and in the
N. A. C. A. full-scale tunnel (reference 10) to study
interference and btieting. Both investigations con-
iirmed Muttiay’s conclusions that expanding iillets
improve the aerodynamic characteristics of low-wing
monoplanes

TRE BASIC wING-FUSELAGE INTERFERENCE PROGRAM

Because the previous wing-fuselage interference
invwkigations were incomplete in many respecti, it

was desired to consider in formulating this program
all of the important variables. Once the important
variables were listed, it became opparent that a com-
plei% investigation of all the possible combinations
would be impracticable. This difficulty WM partly

overcome by classi.frying the possible variables M
“major” and CCminor”, so that the program could be

formulated to include complete investigations of the
major variables and to include only incidental investi-
gations of the effects of the minor variables. Tho
followirug tabulation presents the classitlcation adopted:
wig:

IVIajorvariables:
Plan form.
Airfoil 6ection.

Minor variables
Fillets.
Plan-form variation near fucelage, e. g., plan-form

iilleta or -&g cut.-outa.
Bends near fuselage, e. g., gull-wing types.
Incidence changes near fuselage.
High-lift and air-brake device-c.
Size.
Aspect ratio.
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Fuselage:
Mojor variable:

Cross-seotional shape.
Mfnor vrmfables: ‘

Longitudinal form.
Size.
Air-cooled engine in nose, cowled or uncowled.
Unusurd form changw to accommodate wing and

windshield.
Combinations:

Major variable:
Vertical position of the wing with respect to the

fuselage.
Minor varfnblee:

Jxx@udinal position of the wing with respect to the
fuselage.

Angular rehztion of the wing and fuselsge.
Fillets and strut attachments.

It will be noted that the major variables of the wing
me taken as the airfoil plan form and section. Airfoil
plan-form variations are probobly covered sufficiently
by the inclusion, in the program, of two plan forms:
rectrmgulm and 2:1 taper. The variatiom in airfofl
section are likewise covered by the inclusion of two
airfoil sections, a symmetrical N. A.. C. A. 0012 rep-
resenting s~ohtly cambered sections and an N. A. C. A.
4.112 representing moderately highly cnmbered sections.
An incidental variation in sectiou thiclmeas is also
obtained by considering the thick section at the root
of the tapered wing as n vmiotion of the N. A. C. A.
0012.

The major variable of the fuselage is the crom-
sectional shape, the variation of which is included in
the program by means of two fuselages, one having
round and the other rectrm@r sections.

The major variable of the combination is the ver-
tical position of the wing with respect to the fuselage.
It appears to be necessmy to include as many as 21
vertical positions to make the investigation reasonably
complete in this re9pect.

The complete program is intended iimdly to include
all possible combinations of major variables and all
such combinations of minor vmiables as mny appear
to be of particular importance.

THE INVESTIGATION COVEREDBY TH19REPORT

This report is not intended to present the results
of the complete wi.ngf uselage interference invest&ation
but mainly to consider the variations of a round
fuselage in combination with rLrectangular wing of
symmetrical section. These combinations were tested
for various vertical, longitudinal, and mggar posi-
tions in order to determine which of the possible vari-
ables were of sufficient importance to include in the
remainder of the program. Some of the tier v~-
ables, such ns fillets and cut-outs, were also investigated,
pmt.icularly with reference to the low-wing combi-
nations, because of the present demand for data on

;uch arrrmgements. Other minor fuselage vari-
Lbles, such as an air-cooled engine at the nose of
;he fuselnge, were also included for the same reason and
o determine the importance of these minor fuselage
mriables in respect to the remainder of the progrnm.
4 sufficient number of combinations of the major
miiables to give some understanding of the effects of
~ach were included to complete the mti. body of the
nvestigation covered by this report. The scope of the
resent investigation is clearly indicated by reference
n table V, the diagrams of which represent all the
mmbinations tested.

MODELS

The wing mod& used for this investigation are a
rectangular N. A. C. A. 0012, a rectangular N. A. C. A.
4412 (reference 11), a wctangular N. A. C. A. 0012
having a cut-out center section (reference 12), and a
tapered wing having a rootAo-tip chord ratio of 2 and
sections tapering from the N. A. C. A. 0018 to the
N. A. C. A.. 0009 (fig. 18 and reference 11). Each
rectangular wing has a chord of 5 inches and a span
of 30 inches and wns constructed of duralumin in the
muer dwcribed in reference 13. The tapered fig
is also of duralnmin with an area of 150 square inches
and a span of 30 inches.

Two fuselage models were used, one having circular
and one rectangular cross sections. Both models are
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of duraluroin with carefully polished surfaces and have
lengths of 20.156 inches and maximum cross-sectiomd.
areas of 9.29 square inches. The circular-section
fuselage was derived from a source-sink distribution
to give a form approximating that of an airship of
finencsa ratio 5.86. The rectangukw-section fuselage
was derived from the circular one to obtain a relaf.ed
form having the same cross-sectional area. The
fuselages were constructed to the dimensions on page
573.

The fuselage shape was further altered by the
addition in the nose of a model engine with an N. A.
C. A. cowling. The engine, 3.42 inches in diameter,
was carefully modeled to scale to represent a 9-oylinder
radial air-cooled engge. The cowling, 3.47 inches
outside diameter, was constructed of a single thiclmess
of metal arranged to slip over the engine. For @sts
with the rectangular fuselage the shape of the rear
portion of the cowling was altered somewhat to provide

~ an approximai%ly constam%nm slot permitting the
free flow of air through the cowling around the edges
of the fusehi.ge. (&e &. 36.)

The juncture of the wing and fuselage of several of
the combinations was altered by means of fillets.
Most of the iillets were molded from plaster of paris
and carefully finished to a smooth surface.

Other combinations of the -wing and fuselage em-
ployed Connecting struts. One connecting strut con-
sisted of a thin steel plate, j’(0 inch thick by 2 inch=
long, stremnlined and polished. Other connecting
struts were formed by building up this plate with wood
and plaster of paris to form the desired sections.

The wings and fuselages were combined in different
ways to give variations of vertical position, fore-and-aft
position, and wing setting. A diagram of the various
vertical and fore-and-aft positions of the rectangular
wing of symmetrical section in combination with the
round fuselage is shown in figure 1. Diagr~ repr+
senting all the combinations are shown in t+ble V and
photographs of some typical wing-fuselage combina-
tions, particularly those having fillets and attach-
ments, are shown in figures 24 to 36.

TESTS

All the tests were made in the variabledensity
tunnel at a Reynolds Number of approximately
3,100,000. In addition, the maximum lift of most of
the ccmbinntions was determined at a reduced speed
corresponding to a Reynolds Number of approxi-
mately 1,400,000. A description of the tunnel and
of the method of testing is given in reference 13.

‘J’he tests were of two distinct types, one type in
which the forces on the wing and fuselage as a unit
were determined, and the other type in which the
forces on the wing and on the fuselage were each
determined separately in the presence of the other.

The firsttests were those in which the fuselage was
attached to the wing and the combinations were
mounted on the model supports in the usual manner
(fig. 2). The method of testing and the nccurrtcy of

t
~~&LQLm ~__

$$$ .64 2’50725 -.75
j ~ Displucemenf of oidoil quorfer- chord Qxis fnm fuse-

lage quorter-chod point in ferms of wing chord d/c

FImmE L–A d@am of the vfufons wiw! IAtione with -t to the fosoh+~

FIOUBE2—Awfnd-tmmel act-upof a mmwted wfng-fusekge mmblnotion.

the tests were the same as those of the usual airfoil
tests (references 11 and 13). The characteristics
of both n high-wing and a low-wing combination hav-
ing a symmetrical-section wing were detmnined with
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one set-up by testing the combination through the
complete range of positive md negative angles of
attack.

The disconnected combinations were ‘tested in such
a manner that the forces on one body while in the
presence of the other were independently determined.’
Only those combinations in which the wing was
entirely outside the fuselage were tested in this way.
For these tests the wing was fit mounted on the
balance in the usual manner and the fuselage was
supported from the roof of the tunnel on a single
strut and independent of the balance (~. 3 (a)).

betweau tho wing and fuselage was varied by varying
the position of the fu9elage. Variations of the fore-
and-aft position of the wing with respect to the fuselage
were effected by varying the position of the fuselage
support. As the gap and the fore-and-aft position
changed slightly with the angle of attack, most of
the tEMtsrequired a small change in the set-up at high
angles of attack. Consequently, the position was
corrected at angles of attack of 16° and — 16° to give
the correct gap and fore-and-aft position and the
angle-of-attack and wing-setting range for each sehup
suitably chosen to give the least position error. The

(a) The wing on the Wanca (b) The frIWW on the Imlanc%

Fmmm 8.-E-4QIM In the tunnel for two tgplcnl dkom.wled mmbbmtloru

The forces on the fuselage in the presence of the
wing were similml y determined by supporting the
fuselage on the balance and the wing independently
from the tunnel structure (@g. 3 (b)). The angles of
attack of the wing and of the fuselage could be varied
separately.

The characteristic of high-wing and low--wing com-
binations having wings of symmetrical section were
obtained by testing the combinations through positive
and negative angles of attack. The wing always
remained in the center of the tunnel and the gap

71W3-8~s

gap for each set-up was checked while the tunnel was
under pressure by varying the @e of wing setting
until the models were in contact (as shown by an
electric foaling signal) and reading the angles of
attack of each model. As the relative positions of
the models at contact were known, the actual distamce
between the pivot points of the wing and the fuselage
supports could be determined.

The teat redts of the disconnected combinations
are relatively inaccurate as compared with the test
results of the connected combinations. Because of
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the many dMerent set-ups necessary, the iinal results
for a combination are subject to accumulative errors.
Also, because of the limitations of the set-up, correc-
tions for position errors were necesswy, which intro-
duced errors into the il.nal results. The net interference
was determined from the small difference between
relatively lmge interacting forces with resulting limi-
tations of the accuracy. The titerference of the
supports on the modpls also introduced a small source
of error. A compnxison between the test results of n
connected combination having n moderate gap and
having the fuselage attached to the wing by means of a
small thin plate and those of a similar disconnected
combination indicates that, at minimum drag, the
disconnected combination gives a vnlue of the drng
coefficient about 6.7 percent low and, at a moderately
high lift, gives a value of the lift coefficient about
1.7 percent low.

Tests of the wings alone were made in the standard
manner. In addition, the wings were tested alone
with double stings placed directly behind the support
struts for use with the results horn tests of the dis-
connected combinations. The fuselages were tested
nlone with severrd ditlerent mountings. The accu-
racy of these test results is believed to be the same as
that of the stnndmd wing tests (reference 11).

RESULTS

METHODS OF ANALYSIS AND PRF!SENTATION “

Some discussion of the presentation and nmdysis of
the data is ridtible owing to the somewhat unusual
methods employed. Entirely satisfactory methods
are very diflicult, if not impossible, for such extensive
test results involving so many nspect.s of the data to
be considered. In the discussion, a part of the data
is presented graphically in order to bring out the
effects of some of the factors that i.ntluence the inter-
ference but a more compact tabular form has been
adopted for the bulk of the data. Such data are
presented in tables IIC and IV for all the combinations
investi@ed.

Table V summmizes the principal characteristics of
all the combinations and together with table 11,
which gives the characteristics of the fuselnges alone,
includes the most important results and all the data
necessary to supplement those presented graphically
with the discussion. Unless detailed applications of
some of the data are contemplated, the reader may
disregard the following paragraphs ,explain@ the
presentation of the tabular data and continue with
the later section: Principal Characteristics of. Com-
binations.

Various methods of presentation for the bulk of
the tabulnr data were considered using either the lift
or the rmgle of attack as the independent variable.
Several methods of tabulating the interference wdues

were also considered. The method finally adoptad
does not indicate the interference directly but rather
the amonnti by which the clmracteristics of the wing
are altered by the presence of the fuselnge in the
combination.

Unless comparisons are made in such a mmmer
that the total lifts of the combinations are equal,
drag differences may be misleading owing to th~
inclusion of unequal components of unavoidable
induced drag. For example, two combinations might
be compared at equal an@s of attack but the inter-
ference n@ht incrense the lift of one combination and
decres.m that of the other. As the result of a finite
span, a larger unn.voidnble induceddrng component
is included in the total drag of the combination huving
the higher lift so that it may show the higher drag
even though the actual drag nssocinted with the
interference may be less than thwt of the other
combination.

In order to avoid misleading comparisons owing to
the inclusion of diilerent unavoidable components of
induced drag, drag values for comparison me given
by means of an effective profile-drag coefficient CD,,

The effective proiiledrag coefEcient is the difference
between the total drag coefficient and the minimum
induced-drng coefficient associated with the lift nnd
span of the airfoil, i. e., the .induced-drng coefficient
CL2/rA corresponding to the elliptical load distri-
bution. IIWective protiledrng coefficients thus elimin-
ate, for purposes of compmison, any necessary
induced-drag differences but include drng components
due to changes in induced drag ns the result of inter-
ference.

The use of the effective profile-drng coefficient thus
permits the use of the angle of attack ns theindopendent
variable.

The character of the interference is then indicated
most clearly by considering changes in the lift, drag,
and pitching moment while the attitude remains un-
changed. Characteristic of tlm wings alone, the fuse-
lww done, ~d he comb~atiou (or d~tu from ,v~ch

the characteristics of the combirmtions can be obtained)
are consequently presented at certnin tanglesof ottack,
Interference values for the combinations nre, in genernl,
not directly tabulated but may be readily obtained
from the data given. Considering, for example, only
the single characteristic, drng, the bulk of the datn for
the combinations is presented by giving the “drag
rmd interference” of the fuselage. The vmlues thus
give directly any incrense in the drag over that of the
wing alone due to the presence of the fuselage in the
combination. From these values the interference drng
is found by deducting the drag of the fuselage nlone,
or the drag of the combinutiou is found by adding the
irag of the wing alone.
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TABULAR PRESENTATION

Experimental Data.—Table I gives the lift and drag
coe5cients and the pitching-moment coefficient mess:
ured about the quarter-chord ti for the four airfoils
used in this investigation. The characteristics of the
symmetrical airfoils are given at anglca of attack of
0°, 4°, and 12° and those of the cambered airfoil,
which has an angle of zero lift of approximately —4°,
are given at –4°, 0°, and 8°. The fit two angles of
attack represent the high-speed range and the third
represents a high-angle-of-attack condition. The coef-
ficients are based on a W@ area of 150 square inches
for rdl the wings, including those for the cut-out airfoil.

Table H gives the aerodynamic characteristics of
the fuselage models. The coefficients are all based on
the original wing area and chord; the pitching moment
coefficient Cm~ is taken about a point on the fuselage

axis onequarter of the distance from the zero stxkion
to the tail; i. e., the quarter-chord point of the fuselage.
The characteristics are given for anglea of attack from
0° to 16° at intervals of 4°. h the fuselage models
are symmetrical, the rwult.s for the negative-angle
range may be obtained by changing the signs of the
lift and pitching-moment coefficients.

Table III gives the “lift and interference” ACL,
“drag and interference” AC~,, and “pitching moment

and interference” AC~Cldof the fuselage in the wing-

fuselage combinations; that is, the differences betwean
the characteristics of the combination and the char-
acteristic of the wing alone. These results are given
for two anglea of attack representing the high-speed
range rmd for one representing a high-angle-of-attack
cendition. This table includes the data from the
tests of the disconnected combinations, which are
discussed and presented in a more complete form in
the following paragraphs.

Table IV gives the results of tests of the disconnected
combinations in which the forces on the wing and on
the fuselage were each measured. In order to eliminate
tam tests and to obtain more consistent results than
was believed possible otherwise, a unique method of
deriving the iinal results was employed. From the
teat results of the wing in the presence of the inde-
pendently supported fuselage were deducted the test
results of the wing alone for the same set-up without
the fuselage in place. (See section describing tests.)
These differences of the lift, pitching moment, and
total drag were then added, after correction for the
change of the relative position with angle of attack,

to the standard characteristics of the wing. The
results obtained in this manner represent the charac-

teristic of the wing in the presence of the fuselage.

In order to obtain the desired drag values, the induced
drag was deducted from the drag of the wing in the
presence of the fuselage. The valuea thus obtained

@e polar curves, which in figures 11 and 12 are
~esignated “wing in presence of fuselage.” The values
$ven in table IV for the interference on the wing in
presence of the fUSOhIgO (t@L, ?icD,, and 13CmC,i)were

obtained as the differences between the characteristics
Df the wing in the presence of the fusehtge and the
characteristic of the wiug alone after the induced
drag had been deducted. These values are reprewuted
for the lift and the drag by the dashed lines of figures
11 and 12 joining test points at equal angles of attack of
the “wing alone” curves and the “wing in presence
of fuselage” curves

The characteristics of the fuselage in the presence
of the wing were obtained by adding tc the standard
fuselage characteristic the differences between the
characteristics of tho fuselage measured with and
without the wing in place after correcting for position
errors. The characteristics so obtained were added to
the lift,” moment, and the total drag of the wing in
the presence of the fuselage. The total drag was
then reduced by deducting the induced drag corre-
sponding to the sum of the lift values. The resulting
values are the chamctoristics of the win@uselage
combination. These values are represented for typical
combinations in tlgures 11 and 12 as the curves desig-
nated “wing-fuselage combination .“ The values given
in table TV for the characteristics of the fuselage in
presence of the wing (CL, CD@and CmOl,)were obtained

as the differences between the characteristics of the
wing-fuselage combination and the characteristics of
the wing in the presence of the fuselage after deducting
the induced drag from the corresponding total drags.”
These values are represented for the lift and drag by
the dashed lines of figures 11 and 12 joining test points
at equal angles of attack of the “wing-fuselage combi-
nation” curves and the “wing in presence of fuselage”
curve9.

Prinuipal Characteristics of Combinations.-Table V
gives the principal aerodynamic characteristics of all
the combinations tested. The characteristics of the

* done are @so included. The geometric &m-
acteristica are given in diagg that, together with
the tabular data and the photographs of certain
combinations (figs. 24 to 36, following the table), give
all the information usually required. Those com-
binations diflering only in respect to the a@e of wing
setting are represented by a single diaggwn in which
the wing positions for the m-um incidence range
are indicated by dashed lines. The first three col-
umns of the table give the diagrruns representing the
combinations, the combination numbers, and perti-
nent remarks. The next three celumns give the
geometric relations of the wing and fuselage. The
values d/c and k/c represent the longitudinal and
vertical displacements, respectively, of the wing
quarter-chord axis measured positive ahead of and
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above the quarter+hord point of the fuselage, and i=
is the angle of wing setting.

The following important characteristics are pre-
sented by the last nine columns employing stmdard
nondimensional coefiicienta based on the original wing
mess of 150 square inches:

Lift-curve slope, a.
&plane efficiency factor, e.
JMinimum effective profile-drag coefficient,

cDe=im.

optimum lift~efficient, cLo,t.

Aerodynamic-center position, %.
Pitching-moment coefficient at zero lift, Cm,.

Lift coefficient at the interference’ burble, C.io.

Masimum lift coefficient, C~ma for an effective

R. N. of 7,500,000.
Maximum lift coefficient, CL== for an effective

R. N. of 3,400,000.
The lift-curve slope u was determined in the high-

speed, or low-lift+cefficient, range. The values repre-
sent change in lift coefficient per degree for an airplane
having a wing of aspect ratio 6.86. This value of the
aspect ratio diilers from the actual value for the models
used because the lift results are not otherwise corrected
for tunnel-wall interference.

~ The airplane, or span, diciency factor e is an
empirical factor introduced by Oswald (reference 14).
The reciprocal of the number represents a factor by
d.ich the minimum induceddrag coefficient CL2/ZA
is increased to leave a reasonably constant residual
drag cmflicient over the normal working range of the
lift coefficient. The factor was determined horn the
portion of the drag curve between CL=O.2 and CL= 1.0
unless the interference burble occurred in this lif&
coefficient range, in which case only the portion of the
curve below the intmferenw burble was considered.
The method should therefore be used only for the
approximate determination of drag coefficients cor-
responding to lift coefficients below the interference
burble unless the interference burble is of the type
designated “type C“ in the CL* cclimm of table V.

The minimum value of the eifective protiedrag
Coefficient CD. repr~~ti the &~ rem-g tibr

deducting the minimum induced drag, that is, the
minimum induced drag that may be associated with
the given lift and span. The effective profile drag
therefore provides an ideal means of comparison as it
includes with the actual profile ~W and parasite
drag any unnecessary induced dmg associated with
interference or a departure frcm the ideal span load
distribution but, at the same time, eliminates from
the comparison the unavoidable effects of the lift on
the drag.

The optimum lift coefficient Czop, is the lift coef-

ficient corrwponding to the minimum effective proiile-
drag coefficient.

The aerodynamic-center position is represented by
values no indicating approximately its fore-and-aft
position expressed as a fraction of the wing chord
forward of the quarter-chord b of the wiug. Eaoh
value is actually the slope of the curve of pitching-
moment coefficient against lift coefficient at zero lift.

The pitching-moment coefficient at zero lift Cm, is

memured about the quarter-ohord axis of the wing and
is based on the original wing area and chord.

The lift coefficient at the interference burble Cfii~ is

the value of the lift coeftlcient beyond which the air
flow has a tandency to break down as indic~ted by on
abnormal increase in the drag.

The mr&nmm lift coefficient CL~u is given for two

dMerent values of the effective Reynolds Number.
The effective Reynolds Number is obtained from the
actual test Reynolds Number by the application of a
factor to allow for the effects of turbulence present
in the tunnel. Comparative tests indicate thot at
the effective Reynolds Number, maximum-lift results
from the tunnel tend to a.gee with those in flight.
(See references 15 and 16.) The value of the turbu-
lence factor used throughout this report was taken
from reference 15 as 2.4.

DISCUSSION

For many applications of these results, rL direct
examination of the tabular data will undoubtedly
yield more useful information than the following
general discussion. The data presented in table V are
particularly valuable in this connection because sig-
nificant parametem representing the important char-
acteristics as single values are tabulated for all the
combinations investigated, thus aflording a means of
comparing various combinations. In the following
discussion, however, the general vmiations are con-
sidered and discussed in relation to the cause of the
‘interference and the significance of the results. Some
of the data are presented graphically to supplement
the discussion.

The interference is tit considered in relation to rdl
the characteristics of certain typical wing-fuselage
combinations in order to point out in a general wrLy
the nature of the various interference effects that may
be present in all the combinations. The discussion
that follows is then subdivided considering: First, the
drag as affected by the interference when the various
geometric characteristics of the combinations nre
changed; second, the moment as affected by the inter-
ference; and iimdly, the maximum-lift characteristics
as aflected by the interference.
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GENE13AL CHARACTER OF ~TERFEJtENCE FOR TYPICAL
COMBINATIONS

Mid Wq.—The simplest combination investigated,
the symmetrical-section wing combined at zero inci-
dence in the midposition with the round-section fuse-

lage, will be first considered. The characteristics of
this combination are presented in fi=me 4 as coe3i-
cienta plotted against the angle of attack. The lift
and pitohing moment of the combination are, of
course, zero at zero angle of attack because the whole

combination is symmetrical about the plane of the
airfoil chords. The difference between the drag
curves indicates the ‘~drag and interference’
fuselage.

-.
Angle of a%ck, d, degre=

F’Iaum4.—Aerodgn8mlocharockistks of a typical mid-wing mmbkat.lom

Expressed w a coefficient the drag and interference
of the fuselnge under these conditions may be taken
directly from figure 4 ns being 0.0035. The drag of
tho fuselage when tested alone is found horn table 11
to be 0.0041. A comparison of this value with the
drng and interference indicates that the interference is
favorable and is represented by the coefficient 0.0006.
The favorable interference in this case is the result of
eliminating the drag of that portion of the wing en-
closed within the fuselage which, expressed as a coeffi-
cient, would amount to approximately 0.0009. After
allowing for this interference effect, a small (O.0003)
residual adverse interference remains that may be

~ttributed to ‘fboundary interference.” Boundary
nterference appliw to that part of. the interference
ssociated with the combination of the wing and
uselage boundq layers near the wing-fuselage
unctures. The boundag- interference for the type
~f juncture here considered is of the same nature w
hat for a perpendicular flat plate at the midspan
~ection as investigated earlier (reference S), the wing
n both cases projecting perpendicularly from a Surface
along which only small pressure gradients exist when
ihe wing is absent. As might be expected, the
]oundary-interference drag eoef6cient is about the
xune in either cnse.

la regard to the favorable interference drng cooffi-
>ient shown as resulting from the enclosure of a part
]f the wing in the fuselnge, it might be argued that
the favorable drag increment results from the use of
too large a wing area in deriving the drag coefficient
of the combination rather than from any real favor-
~ble interference and that no favorable interference
drag wo@d have been indicated if the actual exposed
wing area had been employed. The wing area con-

&tently employed throughout this report is, however,
the N. A. C. A. standard wing area which includes,
and properly so, the area of the pad of the wing
that should be considered ns enelosed by the fuselage.
The favorable interference drag that results, although
ensily explained, is none the less real. As indicated
by the subsequent discussion, a consideration of the
interfermce on the basis of exposed wing area leads
to difficulties in relation to the lift and induced drag
sad may lead to an analysis, such ns that of refer-
ence 7, charging the mid-wing position with adverse ~
interference.

Consider now the characteristics of the combination
as the angle of attack is inoreased, remembering that
the coefficients are based on an area including the area
of iihat part of the wing inside the fuselage. If this
portion of the wing were considered as ineffective in
producing lift as it is in producing drag, a lift co-
efficient from the wing, at 12° for example, of only
0.816 or less would be ~ected. This lift coefficient
added to the value of 0.011, the lift coefficient of the
fuselage at 12°, givw 0.827 as the sum of the wing
and fuselage lift coefficients; w-hems the lift coeffi-
cient of the combination is actually 0.960. A com-
parison of the I.iftrourve Aope of the combination
with that of the wing alone indicates that the portion
of the wing replaced by the fuselage may be even more
effective than the origimd portion of the wing in pro-
ducing lift. A comp&on of the corresponding effec-
tive profih+drag curves shows, moreover, that the
drag of the combination varies with angle of attack
in much the same way ns that of the wing alone except
that the results indioate the presence of n small
boundary-interference drag increasing with angle of
attack, as would be expeoted from the results of
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reference 8. Thus, with respect to the lift snd induced
drag, the combination behaves as though the entire
mung were exposed to the air stream with the addition
of lift and drag components due to the presence of
the fuselage. This behavior continues until the
conditions of the ‘{interference burble” me reached.

For the combination under consideration, the inter-
ference burble occurs at an angle of attack of just
above 12°, as indicati by an abrupt reduction in lifb
curve slope and an increase of the effective profle-
drag coefficient. These conditions must correspond
to an incomplete flow breakdown occurring before
the more complete breakdown that determines the
maximum lift. The nature of the flow breakdown
associated with the interference burble is not well
understood and the subject deserves further investi-
gation. It must, however, correspond to the failure
of the lift distribution to be maintied aoross the
central-span portion occupied by the fuselage as it w-as
maintained, substantially the same as for the normal
wing, before the onset of the flow breakdown.

Although, as previously stated, the mechanism of
the flow breakdown is not well understood, some light
is shed on the subject by studying the behavior. of
the aerodynamic characteristics for various combi-
nations with different wings in different positions with
and without juncture fillets and with other fuselage
shapw. For example, the occurrence of the present
type of interference burble is abrupt; the lift continues
to increase beyond the burble point but with a reduced
slope; the burble point is not markedly tiected by
filkting this juncture, or by chary+ng the incidence,
but is aflected by changing the wing section, the fuse-
lage shape, or the fore-and-aft position of the wing on
the fuselage. From these and other considerations, a
reasonably satisfactory picture of the mechanism of
the flow breakdown may be inferred.

For the combination here considered, the initial
flow breakdown probably originates near the leading
e&oe of the wing on either side of the fuselage. With
the type of airfoil section used with this combination,
typical of slightly cambered sections showing an
abrupt cha~~e of flow at maximum lift, the flow bre&-
down is associated with a separation of the flow near
the leading edge as the result of an accumulation of
dead air just behind the separation point. Where
the wing entcm the fuselage this accumulation of
reduced-energy air in the low-pressure region on the
wing surface is undoubtedly augmented by the prox-
imity of the fuselage surface. Reduced-energy air
horn the fuselage boundary layer is drawn in by the
low pressures prevail@ on the upper surface of the
wing in this region. These conditions obviously
tend to produce a premature stall of the sections
adjacent to the fuselage but such a stall of so limited
n portion of the wing is not sufficient, in i kelf, to
Iroduco the abrupt and drastic cha~~es in the net

aerodynamic characteristics actually observed in
iigure 4. The flow breakdown once started, however,
tends to aggravate itself and’ probably is further

_vatid by the presence of the fuselage so that it
rapidly incresma in extent until it covers the entire
oentral portion of the wing. In order to form an
adequate picture of this subsequent spreading of the
initial flow breakdown, it is necessmy to consider the
lift distribution across the span.

Consider the spanwise lift distribution as affected
by a discontinuity in the plan form of the wing as,
for example, a sudden increase in the chord. Such
a discontinuity occurring in the plan form does not
produce a corresponding discontinuity in the load-

grs@ cu.me, although the lift does increase over
the portion of the wing having the increased chord.
The intderence between the various sections of the
wing acts so to modify the angle of attack of the
sections that abrupt changes in the lift grading do
not occur, the short-chord portions building up angle
of attack and lift toward the discontinuity and tho
long-chord portions losing angle of attack and lift
toward the discontinuity. These effects may be
considered as the result of the vortices that are shed
betmeen sections when the lift changes between the
sections. (See referencw 2 and 12.)

For the present purpose it is sufficient to note that
the interference between sections acts so to nffect the
angle+f-attack distribution that variations in the
spanwise lift distribution tend to be equalized. Hence,
when a wing is combined with a fuselage as in the
mid-wing combination under consideration, the lift
grading across the portion of the span occupied by the
fuselnge will tend to be maintained. Although the
fuselage when tested alone is found to be incapable of
maintaining much lift, owing to its very low aspect
ratio, when combined with the wing it is able to do
so. The general regions of low and high pressures
above and below the wing carry across above nnd
below the fuselnge. Although these pressures acting
on the fuselage are less than thoEe 8cting on tho wing
surface, the increased chord of the fuselage as com-
pared-with that of the wing allows a lift to be de-
veloped over the portion of the span occupied by the
fuselage. In fact, the high lift-curve slope of the
combination indicatea that the fuselage is carrying
an excess of lift as compared with tho portion of
the wing which it replaces. The interference conse-
qucmtly acts to increase the angle of attnck of ad-
joining sections of the wing in order to equalize the
loud grading, thus tending further to overload the
airfoil sections adjacent to the fuselage. Their pre-
mature stall owing to boundary interference is thus
hastened and, when it occurs, the resulting loss of
lift tends further to increase the angle of attnck. IrI
this way the condition aggravates itself and spreads
until the low-pressure region no longer exists over the

.
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fuseluge. The fuselage and the adjoining sections of
the wing have then lost most of their lift and the rest
of the wing behaves much like two wings of reduced
aspect rntio with a gap between.

The masinmm lift of tie combination is, of comae,
lower than that of the wing alone as the result of the
interference burble and the resulting loss of lift over
the centrrd portion of the wing. The maximum-Mt
burble, however, occurs independently of the interfer-
ence burble and at a higher rmgle of attack corre-
sponding ~pproximately to the angle of maximum lift
for the wing alone.

FIQCEE&—Affcdyn8MIo &am@3dstk9 of a typlealhlgb-wJrigWmblnatlom

In regard to the pitcl@ moment, the curves of
Cm,,, in figure 4 indicate that the aerodynamic center
of the combination tends to be farther forward than
that of the wing alone. The fore-and-aft position of
the wing in this instance is such that the quarter-

chord points of the wing and fusel~me coincide. A
streamline body of revolution, such as the round fuse-
lage, does not have an approximately constant aero-
dynamic center position as does a wing. The effect
of combining such a body with a wing, aside from any

interference effect, is to cause the pitohing-moment
curve to become sloped. Even though the combi-
nation cannot strictly be regarded as having an aero-
dynamic center, the position indicated by the moment-
curve slope at zero lift is about 3 percent of the chord

farther forward than for the wing alone. At lift
coefficients below that of the interference burble the
pitching-moment interference is usually small so that
effects like those jmt discussed maybe approximately
predicted by adding the fuselage and wing moments.
The changes of the pitching-moment coefficient that
acbmpany the occurrence of the interference burble
are of the same nature as those that accompany the
maximum-lift burble of the plain airfoil but are more
or less marked depending on the character
interference burble.

Angle of affack, d, degrees

FIQUEE&-Aemdynamic oharactdstks of a typical dkcmmwtc+lhigh-wing
(W’FI.SO1)mmbbmtkm.

High Wing.-The high-wing combination, the char-
acteristics of which are shown in figure 5, will next be
considered. It will be noted that the values of the
lift and pitching-moment coefficients me still nearly
zero at zero angle of attack and that the lift-curve
slope, while remaining higher than that of the *O
alone, is lower than that of the mid-wing combination.
The minimum coeflioient representing the drag and
interference of the fuselage is 0.0050, indicating an
adverse interference drag that is smallest at a small
positive angle of attack. The interference drag in-
creases slowly as the angle of attack is increased but
none of the characteristic curves show indication of
an interference burble. The maximum lift is approxi-
mately the same as that of the wing alone. At very
low -and at negative angles of attack the drag and

.
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interference increases so rapidly toward larger negative
angles that the condition might be referred to as a
~tnegative interference burble.” For certain high-wing
combinations having very unsatisfactory forms of the

*-~e~e juncture this drag increase, or negative
interference burble, may begin well to the right on the
plot. In such cases the drag coefficient may’ be
advemely affected within the high-speed range of the
lift coefficient.

Disconnected High W~,—The results for a discon-
nected high-wing, or parasol, combination are pre-
sented in figure 6. The characteristics of this combin-
ation are much like those of the conneciwd high-mung

—

FIaOEE 7.—Aerodynamic chamcterktfm of a typical dkconnwted Iow-wfag
mrnbbatlon.

combinations, except that the drag and interference of
the fuselage is 10s3. In figure 6 it has been possible,
however, to indicate the characteristics of the wing in
the presence of the fuselage because t@s of the wing
and fuselage were each made separately in the presence
of the other for the separated positions. The wing in
the presence of the fuselage is shown to have much
lower effective proflklrag coeilicients than the wing
alone. This result has an important bearing on in-
vestigations of airfoil characterktica in flight by means
of force-measuring devices in the fuselage, in which case
such interference effects are so large that the measured
drags are of little value. An examination of the test
results for the disconnected combinations indicates

that, in general, such mutual interference effects+ al-
though large, are of the nature of an interacting force
between the wing and fuselage such as would result
from a reduced pressure region between them. As
the increments on the wing and fuselage therefore tend
to be equal and opposite, the net interference is little
aflected. Such mutual interference is of importance
in regard to the structural design of the components
and their connecting members, however, beoause it
affects the air loads and their distribution on each
part.

Disconnected Low W~.—The effects just considered
are further brought out by the charncteristica of the

~j
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FIGURE&—Aemxl-u cbmaotaistim of a tyP[cd unsatkfwtory low-wing
combbmtba.

disconnected low-wing combination presented in figure
7. The effects of the low-pressure region between the
wing and fuselage are evidenced by the increased lift
of the wing in the presence of the fuselage as com-
pared with the lift of the combination and the increased
drag of the wing in the pre9ence of the fuselage. In
this instance, however, the net drag and interference
is excemive, indicating the presence of some adverse
interference drag, although there are no evidences of
an interference burble.

Unsatisfactory Low Wing.-The characteristics of a
very unsatisfactory type of low-wing combination are
represented in figure 8. Here the interference burble
occurs before zero lift although it is not of the abrupt
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type ocourring with the mid-wing combination. This
type of interference burble is pmticukrly objection-
able because the drag is increased in the high-speed
range of the lift coefficient. The drag contii.nuea to
increase at higher lift coefficients as represented by
the low value of the airplane, or span, efficiency factor
for this combination (e=O.50 from table V). The low
value of e indioates a reduced effective span and an
increased ind&ed drag associated with a loss of lift
over the central portion in the neighborhood of the
fuselage.

The character of this type of flow breakdown,
having been discussed elsewhere (reference 5), will not
be considered in detail. It is associated with the poor

%
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Angle of affack, d, degrees <G

FIauaE9.—Aeimdynnxniacharack+stks of a typhal low-wing mmblnatlom

form of the air spaces at the wing-fuselage juncture
and can be avoided by improving the juncture by
fillets, or by other means. A separation or a thicken-
ing of the turbulent boundary layer occurs as the air
spaces at the juncture expand toward the trailing
edge of the wing. The maximum lift coefficient is
little affected, probably because the maximum lift
for this type of airfoil section is determined largely
by the air-flow conditions near the leading rather than
the trailing edge.

!l’ypioal Low Wmg,—A more nearly representative
low-wing combination than the one just considered is
represented by combination 67 (fig. 9) in which the
wing is internally tangent to the fuselage. As might

be expected, the characteristic are intermediate be-
hveen those of combination 72 (fig. 8) and those of
the mid-wing combination. The drag at very low
ift coefficient is not excessive. The interference
burble is less abrupt than that of the mid-wing com-
bination but occurs at a much lower lift coefficient.
The maximum lift is adversaly dhoted. The extent
to which this type of interference burble is objectionable
iepends on how- it affects the maximum lift, how
mrly the interference burble occurs, and sometimes
m secondm-y considerations, such as any tail buffeting
m stability difficulties attributable to it.

DRAG AND INTERFERENCE

The results of tests of a large number of combina-
tions having the rectangular wing of symmetrical
Jection and the round fuselage are discussed with
respect to the effeots of the position variables, particu-
larly the vertical position of the wing and the effects
of iillets and strut attachments. The results of a
few tests of other combinations having different
variables, such as wing and fuselage shape, indicate
the effects of these variables on the characteristics
of combinations having the wing in a limited number
of positions.

Rectangular Wing of Symmetrical Section with Round
Fuselage-Vertical position.-The variation of the ver-
tical position of the wing with respect to the fuselage is
the most important of the position variables. It aifects
the wing-fuselage juncture md gap and also the shield-
ing of the central portion of the wing by the fuselage.
A cross plot of the effective Trofile-drag coefficient of
the combination against the vertical position of the
wing is shown in figure 10. The results are given for
three values of the lift coefficient, two representing the
high-speed range and the third a high-angle-of-attaolc
condition. Reference to the figure shows that for the
high-wing disconnected combinations the drag and
interference of the fuselage is approximately equnl to
the drag of the fuselage alone. If the wing is lowered
the drag and interference increasw greatly and then,
as the wing approaches the midposition, deoreases to
values that may be lws than the drag of the fuselage
alone. In the low-wing positions, the drag and inter-
ference becomes very large as the wing approaches the
lower surface of the fuselage then rapidly decreases for
the low-wing separated positions in which the inter-
ference is again small.

The largeat contributing factor to adverse inter-
ference iE probably the form of the whg-fuselage
juncture. Whenever the angle between the wing and
the fuselage surfacm at the juncture is acute, the inter’
ference is large and unfavorable, particularly when the
juncture is on the upper surface of the w@. This
unfavorable interference may be noted in iignre 10,
which shows large increases in” drag when the wing
paeaes the surfaces of the round fuselage. The detri-
mental effect may be attributed to the geometrical



I
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The rcmdts of tests of the high-wing connected
combmtions indicate an increase in the drag and
interference of the fuselage as the wing approaches
the fuselage surface and the angle at the juncture
becomes acute. The highest drags result from the
mmbination in which the lowar surface of the wing is
tangent to the surface of the +elage. At zero lift
the drag and interference of the fuselage for this
combination is 224 percent of the minimum fuselage
drag and at a moderately high lift is slightly l&her.
None of the high-wing combinations t@ed show an
interference burble.

The low-wing connectd combinations have the
largest drags of any of the combinations tested.
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wing of N. A. O. A. IXI12airfoil don and round fmelage.

With the wing in the low-wing positions the angle
between the fuselage and the upper surface of the
wing is acute and the geometrical divergence rapid.
The adveme effects resulting from pkming the wing on
the lower portion of the fuselage are shown more
completely in figure 13 by the graphical presentation
of the results of tests of some typical combinations.
It may be seen that lowering the wing increases the
drag in the high-speed range and results in an earlier
occurrence of the interference burble. As the wing
apprcache9 the externally tangent position the draga
of the combinations become very large, even in the
high-speed range. The most unfavorable position is

with the wing partly contained in the fuselage (figs, 10
and 13). For this combination the drag and inter-
ference of the fuselage at zero lift is the same as that
of the corresponding high-wing combination, but at a
lift coefficient of 1 the drag and interference of the
fuselage is 1,300 percent of the minimum drag of the
fuselage alone. Those combinations having junctures
that result in large drags and adverae interference
effects require Neting to improve the aerodynamic
Ohamcteristics.

Fore-and-aft position,-A complete analysis of tho
eflects of a variation of the wing fore-and-aft poeitio,n
cannot be made tim the available data. The data
for the midposition and two disconnected vertical

Wing alone -v !H
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positions indicate, however, that the variation of the
[ore-snd-aft position of the wing has very little effect
m the drag and interference of the fuselage except
M it dl%cts the occurrence of the interference burble
)f the mid-wing combinations. The effect of the
[ore-and-aft position is illustrated by the results of
ksts of combinations having the rectangular wing of
rymmetricd section in various mid-wing fore-rind-aft
?ositions (fig. 14). The drag tends to increase slightly
~ the wing is moved backward, the drag and inter-
brence of the fuselage at zero lift varying from 76
?ercent of the minimum fuselage drag with the wing
n the most forward position to 93 percent in the



~NCE OF WING AND FUSELAGE 587

rear position. The chief effect of varying the fore-
and-aft position of the wing is on the occurrence of
the interference burble. The interference burble does
not appear when the wing is in the most forward
mid-wing position but is present for the second position
back nnd occurs progressively earlier as the wing is
moved backward from this latter position (fig. 14).
In the region of the msxirnum diameter of the fuselage
large changes in the fore-and-aft position of the wing
apparently have little effect. The interference burble
is probably tiected principally by the amount of the
leading edge of the wing contained within the fuselage.
The most advantageous position mrodynamically is
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well forward. This advantageous position gives the
lowest drags and a small momen%urve slope but is
imprficticable because of the center-f-gravity location.

Tests of the combinations having the wing in thesepa-
rated low-wing and high-wing positions show no deiinih
tendencies with varirdions of the fore-and-aft position.

Wing setting,-The variation of the angle of wing
setting tiects the drsg and interference of the fuselage
chiefly by varying the attitude of the fuselage with
respect to the relative wind for any given angle of
attack of the combination. The angle of wing setting
may also affect the wing-fuselsge juncture, particu-

larly for the combinations having the wing near the
upper or lower surface of the fuselage, with rewltant
interference effecta.

The effect of the variation of the wing setting is
shown for a typical mid-wing position in figure 15.
The chief eilect is on the lift and pitching moment;
the effect on the drag of the combination is small
except as an increase in the wing setting delays the
interference burble.

The variation of the wing setting with other vertical
positions is most important for the high-wing and
low-wing connected combinations where the wing is
near the upper or lower surfaces of the fuselage.
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For such combinations small changes of the wing
setting rtwult in critical *W of the wing-fuselage
junctures The effects of variations of the angle of
wing setting are not, however, large for any of the
positions.

With variation of incidence other fore-and-aft mid-
wing positions generally exhibit the same remdts as
those of the normal mid-wing position. In the ranges
of high speed and moderately high lift the wing setting
has slight effect. Increasing the angle is chiefly effec-
tive in delaying the interference burble.
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Fillets.-The addition of fillets to an unsatisfactory
juncture reduces the drag and adverse interference of
the fuselage by reducing tho divergence and the com-
bined adverse pressure gradients of the two bodies nt
the juncture. Fillets may also reduce the skin fric-
tion by reducing the wetted area at the j uncture. An
exttmsive inveatigntion of variou9 fillets is impracti-
cable because specific applications will usually require
individual designs. The favorable use of fillets,
however, is typically illustrated for an unsatisfactory
combination in figure 16, which shows that even small
fillets give a marked improvement. The importance
of completely filleting the rear portion of the juncture
may be noted by comparing the curves of the combina-
tions having small ii.hts with those having large ones.
The interference burble, which still appears with the
small fillets, is eliminated by increasing the size of the
fillets to the rear. For some combinations small
fillets may be more desirable than large iillets from
considerations of steep glide characteristb because
of the lmge increase in drag at lift coefficients above
the climbing regge with only a small decrease in
Inasimum lift.

For the high-wing combinations the chief effect of
filleting is to reduce the drag and interference of the
fuselage in the high+peed range where a high drag of
the unfilleted combination may igdicati serious
interference.

An attempt was made to delay or eliminate the
occurrence of the interference burble of the mid-wing
combinations by changing the form of the juncture
between the wing and fuselage. This change was
effected by menns of 3 sizes of normal fillets,
which increased the root thickness and chord, and
3 sets of @n-form fillets, which increased the
root chord rmd which varied the effective angle of
attack of the root section when the trailing edge of
the fillet m-is moved downward (washed-in iillets)
and when moved upward (washed-out fillets) from
the tmiling edge of the wing. The results of tests of
the combinations having normal ~ets show that
neither the interference burble nor drag is appreciably
different horn those of the unfilleted combination.
These results agree with the results reported in refer-
ence 5: that for this type of juncture fillets have little
effect on the drag. An increase in the root chord,
obtained by means of a straight plan-form Net,
delays the burble to somewhat higher values of the
lift coefficient and slightiy increases the drag in the
high-speed range. Washed-in and washed-out plan-
form fillets increase the drag and interference but only
slightly delay the occurrence of the interference burble.
The chief effect of these fillets is on the lift and pitching
moment.

Strut attachments.—Several combinations were
tested in which disconnected wings and fuselages were
joined by single struts, representing one means of con-

necting the body ~d the w@. For the high-wing
combinations inve@ated the thicknms or position of
the strut has no large effect on the drag and interfer-
ence. A combination having a moderately thick
strut has characteristics ccmpamble with those of tho
combination having a thin-plate connection or no
connection at all. The thick strut increases the drag
of the combination slightly. Tests of the combina-
tions having a thick strut indicate that the forward
position is slightly more favorable than the rear posi-
tion. The drag difleremms due to the strut connec-
tions, however, are not large.

In the low-wing combinations the thick strut
causes marked interference effects, which are absent
for the combinations having the moderately thick
strut and the thin plate. All three thick-strut com-
binations show an early interference burble. With
the strut in the rear position, a discontinui~ appears
in the polar curve just beyond the interference burble.
When the strut is moved forward, the drag is slightly
improved in the high-speed range and the discon-
tinuity is not so marked. Filleting the junctures
between a thick strut and the wing and fuselage tends
to increase the interference drag of the combination.
The moderately thick strut is comparable with the
thin-plate connection, both combinations having lower
drags than the thick-strut combination md showing a
normal drag increase over the entire range of lift
coefficients.

Wing Shape.-At high values of the lift coefficient
the stability of the air flow over the centrrd portion
of the wing varies for difFerent wings. This stability
may be expected to be critically affected by the
presence of a fuselage and by the character of the root
juncture.

Polar curves giving the results of tests of four mid-
wing combinations having different wing shapes are
compared in figure 17. The critical effect of the wing
shape in the high-lift region is redly apparent from
the curves. The interference burble, which occurs at a
moderately high lift coefficient for the combination
having the redangular wing of symmetrical section,
does not occur for the combinations having the cam-
bered and tapered wings. Also, the drag for the com-
binations having the cambered and the tapered wings
increases less rapidly than for the winga alone in the
l@h-lift region. (See figs. 18 and 19.) In the high-
Speed range and up to moderately high lift coefficieri ts
the effect of the wing shape on the drag and interference
of the fusehige is sm~ except for the combination
having the cut-out wing. For this combination the
drag and interference decrenscs with increasing lift
nearly up to the normal interference burble of the cuh
out wing alone; whereas the drag and interference of
the fuselage for combinations having the other wings
remains reasonably constant. The drag and inter-
ference of the fuselage in the high-speed range for the
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combination having the tapered wing is only 54 percent
of the minimum drag of the fuselage, which is the
lowest of the four combinations considered. The
favorable drag characteristics of the tapered-wing
combination may be attributed to the fact that the
thick, high-drag portion of the wing is largely shielded
within the fuselage. The minimum drag of this com-
bination is equal to that of the combinations with the
rectangular wing of symmetrical section and, aside
from structural considerations, has the advantage of a
high maximum lift and no interference burble.

The shape of the wing makes very little Mlerence in
the drag and interference of the fuselage as ailected by
the wing setting. The greatest differences me shown
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by the combinations having the cut-out @,am the
high-wing and low-wing separated positions for.which
the lowest drags are obtained with relatively$arge
angle9 of wing setting. The cambered-wing combina-
tions tend to have the lowest drags at higher negative
anglea of wing setting than~the combinations with the
rectangular wing of symmetrical section. This r~ult
may be accounted for by the negative angle of zero
lift of the cambered wing.

Other vertical positions affect the combinations hav-
ing the mxioua wing shapes in a manner similar to their
effect on the combinations with the rectmgul ar wing of

symmetrical section, as indicated in &u.res 18 and 19.
They all show n large drag and interference where the
juncture is unsatisfactory. The thick root of the
tapered wing results in a more satisfactory form of
juncture than those resulting from the other W@ roots
as evidenced by the fact that the drag increases less
rapidly for the low-wing combination (fig. 18) than for
the corresponding combination with the rectangular
wing of symmetrical section. The interference burble
is also delayed.

Fuselage Shape.—The variations of the fuselage
shape are the cross-sectional form and the presence of
an uncowled or a cowled engine. Variations of the
cross-sectional form chiefly affect the form of wing-
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fuselage juncture. The addition of an engine intro-
duces an interfering body at the nose of the fuselage,
with resulting turbulence and variation of the air flow
over the fuselage and the wing roots.

Uncowled and cowled engine.-The effects of adding
either an uncmvled or a cowled engine to typical mid-
wing combinations are shown in figure 20. The ad-
dition of an unccrded engine to the round-fuselage
combination increases the drag and interference of the
fuselage at zero lift of the combination to 434 percent
of the minimum drag of the fuselage alone without the
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engine and delays the occurrence of the interferenw
burble. If the difference in drag is baaed on the fuse
lage alone with the uncowled engine, the interference
is slightly favorable. The addition of a cowled engine
increases the drag and interference. of the fuselage at
zero lift of the combination to 149 percent of the
minimum drag of the fuselage alone without the cowled
engine, with favorable interference when based on the
fuselage alone with the cowled engine. The inter-
ference burble is entirely absent for the cowled-engine
combination. The drag and interference of the fuse-
lage, which is substantially constant over a considerable
lift range for the no-engine combination, increases with

n Combinofion 168 , [
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increasing lift when either the uncowled or cowled
engine is added. The addition of the uncmvled or
cowled engine to the Elleted mid-wing combination
has no effects appreciably dMerant from those of the
tieted combination.

Tests of combinations of the rectanguhw wi@ of

me~~ section bving the wing in a wp~ted
low-wing position indicate that the drag and inter-
ference of the fuselage with an unccnvled or a cowled
engine is somewhat higher than for corresponding com-
binations having the wing in the mid-wing position.
Also, the drag and interference increases rapidly with
increasing lift.

With the wing in the parasol or separated high-wing
position, the drag and interference is approximately
the same in the high-speed range as with the wing in
the mid-wing position for corresponding combinations.
An early interference burble occurs, however, for both
the uncmvled and cowled engine combinations at the
approximate attitude at which the wing probably enters
the turbulent wake from the engine. The interference
burble becomes more abrupt with an increaae in the
angle of wing setting and the dry increase beyond
the interference burble is more rapid for the uncowled-
engine combinations than for the cowled-engine com-
binations.
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One mid-wing combination having the cowled
@e and the cambered wing ww tested to obtain
information about the effect of the wing shape on
this type of combination. At zero lift tie drqg
md interference of the fuselage is the same as for the
xmmsponding combination having the rectangular
W@ of symmetrical section but the increme in drag
tith increase in lift is much less and, in the high-speed
ange, k reasonably constant; whereas the drag of
ihe combination having the rectangular wing of
ym.metrical section increases with an increase in lift.

The connected low-wing combination having the
wmbered wing and the round fuselage was chosen as
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reprwenting rL typically unsatisfadmy combination.
Variations of the fuselage shape from this basic com-
bination are shown in figure 21. Neither the un-
covded nor the cowled engines affect the interference
burble or the rapid drag increase that appeam in the
combinations with no engine in the fuselage.

Filleting the junctures of these typicaI low-wing com-
binations eliminates the interference burble and the
rapid drag increase. Flow changes overiihe fuselage and
wingroot.s due to t~e presence of an unco,wled oracowled
engine do not greatly affect the action of the fillets.

Fuselage section.-Typical remdte for variations of
the cross-sectional shape
of the fuselage and the
nose form resulting flom
the presence of an un-
cmvled and cowledengine
are illustrated in @e
20, which compares the
results of tests of the
rectangular fuselage and
the round fuselage in
combinations with the
rectangular wing of sym-
metrical section in the
mid-wing position. The
principal result is the
absence of the interfer-
ence burble for the rec-
tangular fuselage com-
bination with no engine.
Otherwise the rectangu-
Imfuselagecombinations
have genemlly higher
drags over the entire lift
range; the differences in
drag of the no-engine
fuselage combinations
and the combinations
having an uncowled en-
gineapproxiomtely equal
the diflerencea between
the corresponding round
andrectangularfuselages
alone, The results also

those of corresponding round-fuselage combinations
indicatas that, regardless of the wing shape, the
charimteristics of a mid-wing combination are not
appreciably ailected by the crow-sectional shape of
the fuselage. An exception is noted for the combi-
nation with the rectangular wing of symmetrical sec-
tion in which the interference burble is absent when
the rectangulm fuselage is used.

The importance of the combined action of the
fuselage and the wing pressure gradients and air flow
is illustrated by the sudden interference burble of the
mid-wing com-bination of the rectangular wing of
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show that the rectangular- !
fuselage combination having the uncewled e~-e has
an early interference burble; no interference burble
is present for the no-engine fuselage combination.
The cl.iiTerences in drag between the round and the
rectangular fuselage combinations having a cowled
engine are greater than between either the combina-
tions having the no-engine fuselage or the combina-
tions having an uncowled engine, probably because
of the peculiar shape of the ceding on the rec-
tangular fuselage.

A comparison of the results of tests of the rectangu-
lar-fuselage combinations hating different wings with

symmetrical section and
theroundfuselage. With
other wings and with
the rectangular fuselage,
this early breakdown of
the air flow is not
evident. The introduc-
tion of turbulence and
the probable change of
the pressure gradient

due to the addition of an
uncowled engine appar-

ently has no appreciable
effect; whereas the ad-
dition of a cowled engine
dimi.nates the interfer-
ence burble of the mid-
wing combination. This
eilect on the interfer-
ence burble . indicates
that for wings having
sections of the type

similm to that of the
N. A. C. A. 0012, i. e.,
those sections having a ~
critical degree of sta-
bility of the air flow
near maximum lift as
indicated by a sudden
loss of lift at the burble,
the stability of the air

flow over the wing roots is critically affected by the
fuselage shape.

PITCHINCJ MOMBNT OF THE COMBINATIONS

As the interference effects on the pitching moment
are usually small in the lift range below the inter-
ference burble, the approximate pitohing moment of
a wing-fuselage combination may umdly be obtained
by adding the moments of the wing and the fuselage.
The pitching moments of fuselages of the type used in
these tests are not constant about any one point as
indicated by the variation of the pitching moment for
the fuselages alone (see table H.) The slope of the
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pitching-moment curve measured at zero lift ~ shorn
that the aerodynamic center of the fuselage at the
itttitude of zero lift is well forward. When the
moments of the fuselage are added to those of h-e wing,
the resulting moments of the wing-fuselage combina-
tion indicate n position of the aerodtic center (at
zerc lift) well forward of the quarter-chord point of
the w@ for the usual wing positions. The values of
the slopes of the pituhing-mornent curves at zero
lift, which represent the fore-and-aft positions of the
aerod~wnic center as fractions of the chord ahead of
the quarter-chord point of the airfoil, are given for all
the combinations in table V. The variable of most
iniluence on the position of the aerodynamic center is
the fore-and-aft position of the wing. As the wing
moves aft from the most forward (mid-wing) position
(fig. 14), the value of@ increases from 0.012 in the
forward position to 0.067 in the rear position (table V).
This increase represents a change in the fore-and-aft
position of the aerodynamic center from 1.2 to 6.7
percent of the wing chord ahead of the quarter-chord
point.

The effect on the aerodynamic center of adding
iil.lets to a combination may also be of interest. The
relatively large changes in the position of the aero-
dynamic center when fillets are added (table V) indi-
cate that fNeting the junctures of existing airplanes
may aflect the longitudinal stability to a serious extent
unless compensating changes are made. Because the
pitching moments of a combination are not constant
about any one point, no actual aerodynamic center
e.siats for a combination. Nevertheless, the value
given representing the aerod-ynamic centar as deter-
mined at zero lift, together wMh the pitching-momcmt
coefficient at zero lift, provides information about the
moment in the high-peed range of a combination.

The effects of the variables considered in this
invest&ation on the pitching moment of the combi-
nations are best studied by considering only the
moment at zero lift. Values of the pitchingg-moment
coefficient at zero lift C.O are given in table V for all

the combinations testid. The chief effects are thoso
caused by variations of the angle of wing setting (fig.
15) and variations in camber of the wing section (fig.
17). The angle of wing setting aflectw the relative
attitude of the fuselage with respect to the attitude
of the wing and the effect of wing setting on the pitch-
ing moment of the combination may be considered as
being due almost dimly to the displacement of the
pitcl&moment curve of the fuselage alone. Increas-
ing the wing setting 4° (near zero incidence) increases
the diving moment at zero lift in the order of 13 tc
19 percent of the moment of a moderately cambered
wing. Other variablw have small effects on the
moment at zero lift. Figge 22 shows the variation
of Cmd4 with the vertical position of the rectangular
N. A. C. A. 0012 wing set at 0° with respect to the

round fusehqge for values of the lift coefficient of O,
0.3, and 1.

Aftar the appearance of the interference burble the
effect of the interference on the pitching moment in-
creases. Tho effect of the interference burble is similar
tc the effect of the normal burble of an airfoil as the
diving moment increases rapidly with an increaae in
the angle of attack beyond the burble. The largo
pitching-moment variations with variations of the
vertical position of the wing, shown in figure 22 for
lift coefficiem% of 0.3 and 1, are mainly because the
air flow has already broken down at the interference
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mrble for combinations having the wing in the posi-
ions corresponding to the large pitching-moment
Variations.

MAXIMUM~ OFT= COMBINATIONS ,

Considerations of the maximum lift coefficient of
;he wing as affected by the presence of the fuselage
nay be as important as considerations of the drag,
17hemaximum lift is considered separately, hovnm-er,
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bemuse the results show that the flow breakdown
determining the maximum lift coefficient is almost
unrclm%d to and independent of the earlier flow
breakdown (interference burble) that causea marked
drag increases. J?or considerations of maximum lift
coefficients, variations with the Reynolds Number
must be taken into account; whereas for comparisons
of the drag the l@h-scrde results may be compared
without regard to scale effect, any scale effect on the
drag coefficients being smaill at the high Reynolds
Numbem wociated with high-speed flight where
considerations of the drag are of greatest importance.

Data on the scale effect for the maximum lift are
given in table V by giving the maximum lift coefficient
of the combinations at two valuea of the “effective
Reynolds Number.” The effective Reynolds Number
is obtained from the actual test Reynolds Number by
the application of a factor to allow for the effects
of turbulence present in the tunnel. (See references
16 and 16.) Comparative tests indicate that, at this
effective value of the Reynolds Number, maximum
lift coefficients from the tunnel tend to agree with
those in flight. The maximum lift coefficients pre-
sented should therefore be applied to flight at Reyn-
olds Numbm of 3,400,000 and 7,500,000. The values
given for the higher Reynolds Number are approxi-
mately correct for modmn two-engine transport air-
planes (7,600,000 corresponds to an airplane having
m wing with an 1l-foot mean chord and landing at
73 miles per hour) and the mtium lift coefficients
given for 3,400,000 are approximately correct for
popular single+ngi.ne four-place types (having a W@
with a f3-foot mean chord and landing at 60 miles per
hour).

As an aid in extending the maximum Ii.ft results to
other values of the Reynolds Number, the variations
of the coefficients for the wings alone are shown in
figure 23 for a wider range of the Reynolds Number.
For the extension of the results, it will be helpful to
note that the scale effect for the Wiug-fuselage com-
bination is either much like the scale eilect for the
wing alone when the adveme im%rference is small or the
scale effect is small when the combination shows
marked ndveme interference. In other words, the
results may usurdly be either corrected for scale
effect paralleling the curve for the wing aIone in flgnre
23 or used uncorrected, depending on the charactm
of the interfenmce.

Wing Position,-Consider first the effect of varying
the wing position’ of the combinations hav@g the
rectangular wing of symmetrical section and round
fuselage. A variation of the vertical position of the
wing indicates marked reductiom of the maximum
lift coefficient when the wing is in the center and in the
low positions. The greatest reductions occur for
some of the mid-wing combinations. For some of
the combinations, the maximum Iift tends to be

slightly higher than that of the w@ alone. The
interference effects on the maximum lift are apparently
independent of the effects on the drag.

A variation of the fore-and-aft mid-wing positions
shows a steady reduction in the maximum lift coefficient
horn a -rake approaching that of the wing alone at the
most forward position to a value below that for the
normal fore-and-aft position when the wing is well
back aIong the fuselage. For the disconnected combi-
nations a variation of the fore-and-aft position shows
very little effect.

The angular position for n normal range of wing
sett@ does not appreciably fiect the maximum lift
coefficients of the combinations. Although the dif-
ferences over the full ranges of wing setting tested are
sometimes rather large, there do not appear to be any
noticeable gened trends.

The effect on the maximum lift coefficien~ of the
position variables appears to be govermed mainly by
the amount of the leading edge and upper surface of
the wing exposed.

I I I 1 I I I I 1 I I I I I 1 I I
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Effecfive Revnolds Number

~OUEE ~-Sde elktcm the maximumIIft cmflidant of three _

Wing Shape.—The maximum lift coefficients of the
combinations having the cambered wing are appar-
ently much less alfected by the different variables
than are the maximum lift coefficients of the combi-
nations having the rectangulm wing of symmetrical
section. The combinations having the tapered wing
show generally favorable effects, except for the low-
wing connected combinations, in which the eflect is
somewhat unfavorable over a small ra~~e of vertical
positions. The maximum lift coefficients of the cui%
out wing combinations are all low when compared
with the uncut wing combinations but are somewhat
higher than the maximum lift coefficients of the
cut-out wing alone. In general, the conclusion is
that low-cambered moderately thick wing sections like
the N. A. C. A. 0012 having critical flow conditions
at mwdnmm lift are more susceptible than other
sections to adverse interference from the fuselage and,
on the other hand, that tapered wingg hav@ thick
root sections may show favorable interference effects
on the maximum lift coefficient as the result of en-
clos@g the thickest part of the wing in the fuselage.



594 NATIONAL ADWSORY CO~ III FOR AERONA.JITICS

Fuselage Shape.-The rectmguhm fuselsge mid-wing
combination having the rectangular wing of symmetri-
cal section has a more favorable maximum lift coeffi-
cient than the round-fuselage combination. Wh%
other wings there are smaller dMerences between the
maximum lift coefficients of the round and rectangular-
fuselage mid-wing combinations. Addition of the
uncowled engge tends to decrease the msxinmm lift
coeilicient from that of the corresponding no-engine
fuselage combination. Addition of the cowling, how-
ever, tends to eliminate the adverse effect of the
engine and sometimes increases the mtium lift
coefficient above that of the corresponding no-engine
fuselage combination.

~ets and Strut Attachments.-Fillets have a slight
effect on the mmi.nmm lift coefficient except for certain
well-shaped Nets that increase the mminmm lift
slightly -with increase in eize of the fl.llet, probably
owing to an increase in the effective wing area. Differ-
ences appear to be surprisingly small between the
maximum lift coefficients of the fleted and unilllet-
ed combinations having wry high-drag junctures.
Straight plan-form flete improve the muhnum lift
coefficients over the unfilleted mid-wing combination
owing to the incresse in area due to the fillets. The
washed-in and wsehed+ut ii.1.leteaffect the maximum
lift coefficients of the combinations in a manner similar
to that to be e~ected with corresponding changes of
camber of the section.

The combinations having thick and moderately
thick connecting sh-uts show some loss of maximum
lift from that of the wing alone. The maximum lift
coeilicients of the combinations having a thin connect-
ing plate are approximately the same as that of the
wing alone and agree fairly well with the similar
unconnected combinations.

CONCLUSION

As regaxds the general aarodyrmnic efficiency of
the various combinations investigated, the most satis-
factory criterion is probably the ratio CL_/(?Da, where

CD6 is taken at a lift coefikient corresponding to either

high-speed or cruising flight. On the basis of this so-

called “speed-range index” the order of merit of the
combinations may change with the Reynolds Number
x the result of the rather large variation of C!!.m with

Reynolds Number for some of the combinations. A
comparison of the various combinations on the basis
of the speed-range index indicates that some of the
parasol arrangements with the round fuselage and the
N. A. C. A. 4412 airfoil would be among the best if
the drag of the necesmry wing-supporting members
were eliminated as in the tests. If these combinations
are eliminated because’ of the unavoidable drag of a
wing-support system, the most favorable combinations
seem to be those of the tapered wing or the rectangular
N. A. C. A. 4412 wing in positions somewhat above
the mid-wing position. The usual high-wing positions
may be made nearly as favorable ae the high mid-wing
positione by the use of suitable iillets. Forward
positions of the wing with respect to the fuselage
appeax to be favorable. Low-wing positions are
unfavorable, but, by adequatdy fdleting the wing-
f-yselage juncture, the aerodynamic efficiency of the
low-wing combinations can be made to approach that
of the better high-wing combinations.

In general, it may be noted that important favorable
interference effecti are usually the result of drag
saved by enclosing a considerable part of the wing
surface within the fuselage. Marked adverse inter-
ference effects are associated with a breakdown of the
flow near the wing-fuselage juncture. This phenom-
enon, referred to as the “interference burble”, is a
complicated one dependent on the stability of the flow
over the airfoil, the conditions at the wing-fuselage
juncture, and the geometrical form of the air spaces
at the juncture. Efficient airfoils of moderate thick-
ness and low camber are most susceptible to such
adveme interference. The interference burble does
not necessarily fiect the mbum lift coefficient.

LANGLIW MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FORAERONAUTICS,
LANGLEY FIELD, VA., March 8, 198?5.
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.Wo
.OWJ

:%!
.W3
.W77

:%%
.0073
. 018s
.622.2
,0240

-a 006
-: ;?

.012

-: E-.cm
.On
.014

-: E
-.622

.......
,-......
.......
.......
........

;~o

-. W9
-. cm
-.032

.021

.017

-: %%
-.016

.045

.ms

.025

.012

.W1

.027

.015
,cm

-.011
-: ~

.WI

.023

.012

.all
-.010

.a36

:E
-. m
-.024

.032
#m
.019
.012

-; ~

.025
:%

.024

.027
,ml

-. a36
.027
.Cn7

:E
.m
.010
.027
.Mo
.Ozl

:%
.012
.m
.010
.013
.015
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TABLE 111.—LIFT AND INTERFERENCE, DRAG AND INTERFERENCE AND PITCHING MOMENT AND
INTERFERENCE OF FUSELAGE IN WING-FUSELAGE CO~BINATIONS-Continued

q$p’- 42k2 ‘c41AcD*lAcmd4‘CLIACD*IAC”+ACL ACDe AC.44 ACL ACn. AC.efi A CL ACD, AC=J,

c@Dha-
1 ,

I a.-4* I a=@ I a-s+ I a-r I a-4’ I a.m

159... . . . . .
le& . . . . ..-
lm..._...

. . . . . . . .
%........
164. . . . . . . .

. . . . . . . .
:!i.. . . . . . .
lam’. . . . . . . .

;;::::::::
. . . . . . . .

171. . . ..-.
172. . . . . . . .
173. . . . . . . .
174. . . . . . . .
176.-...-.
1~ . . . . . . . .
1,, . . . . . . . .
178. . . . . . . .
170. . . . . . . .
ml....-..

: oo~ o. Ore-7
.m7

.m .W4

.629 .Ku9

.a?a .aN1

.m .Mu6
–. 024 .W3
-. am .U14a
-. m .0046

.Om .Wi8

.015 .W5

.ml .m

.023 .W3
-. ml .mw
-, IB5 .m49

.Ol!m
-: % .Q)72

..@ .W45
–. m .WS
–. 640 . me
-. ma .0192
-. us .m

0.C137
-.012
-.027
-. m4
-. w

-: E–.025
-. am
–. 020
-. C31
-. M.5
-. V39
-.011
-.015
–. 011
-.017
-. 0L8
–. 018
-.01 3
-. co-,
–. 012

-a cm
. Ol!a
.M3
.ml
.(I34

-: %
-. cm
–. m2

;%

–: g

-. am
.Co4

-: %
–. 019
–. 620
-.014

am
.0032
.WE5
. (BM7
.0071
.0?3-5
.m
.W
.@M2
.ml
.CQ54
.0m3
.0m3
.m
.06.M
.0201
.0077
.W13
.0m3
.W
.0191
.0M4

0.014-
-. m
–. Cr21
-. ma
-. m7

.013
-. cm
-.017

–: E
-.623
-. M2
-.085

–: E

–:%!
–. m
–. m
–. 007
–. Qll
–. 664

-: g 0,0043
.m

.013 .W32

.M4 .Mt37

.M4 .m43

.M2 .w43

.(G3 S&
–:~6 .m
-. m .m
-: g .Wa

.m
.011 .m

–: E :%%
–. 0s3 .M97
–: C& .U2m

.QIE@
.aM .@M8
.024 S#
.01E“
.02-, .WQ5

0.027
.018

–. 005
–. 622
–. ma

.Oa

.011
-. m

.014

–: E
–. 010
,–. m

:~

.623

.010

.C137

.ml

:%

lEs------
l&L.. ___
l’a6-------
191______
132______
lw..__.-
194_____
18.5______
lw----
197------
p:::::::

m------
2oL------
!aB.-_...-
m--_.--
!2W.-_..-.
!2M-------
m------
207-.-.-.--

-~~
.014
.021
.m
.012
.010
.Om
.62$

–: E
–. 012
-. WJ

g

–; g

.(W

am
-m
- W41
.ml
.W43
.00i2
.W17
.W4
.0073
.W37
.cW7
.0342
.CQ43
.0@31
.cuW
.W49

:%%
. 01S7
. ml

aw -mm
–. 012 .m
-. m .014
–. m .023

.018 .W
.011

–:% .016
–. MO .0.24
–. m .m

.033 .044

.016 –. 019
–. m –. 018
:. g –. m

–. m :E
.010 .046

–: ~ –: Z

.Wm .U4c:Co&

. ml

.W55

.Om

.W5

:W
.0254
.am
. W-57
.W

: W17
.Ux%
.m55
.m4.9
.ml
.mm
.W

0.W5

–: E
-.013

.037

.mo

.Om

–: 1%
.m
.Cfis
.627

:&%
–. 018

.011

. ml

.034

.016

.M7

I

,, i ,! I ,,

a=-4” a-w U=e

I a-m I a-4”
t

a=lP I ,, 1,,1!,

Illlllllb
2m--.-_.- -oolB ac@47 -am am 6.W41 –awl am O.w

TABLE IV.—INTERFERENCE DATA FOR DISCONNECTED COMBINATIONS

cbmctuisLlcll of fus&ge In pm$ena3of Wing
1

Intkukrmco on tiog In presmcaof Insa19ge

~ombl,
nmion

CL CD,

I c“”” kkk’

CL CD- C.d,

a-o’ Ia-w U.12

am

:%
.6075
.Omo
.W
.W72
.M@l
.0110
. Olai !
.M&5
.Wa
.0371
.WW1
.011.4
-CQ40
.W4
.Cm55
. wl
. ml
.0121
.Olm
.0110
.Olm
.0145
. Olw
.m
.W140

:%
. OIw
. mll
.Wn
-a)12
.Co23

-: go
-. m
-. Wlla
-. olm
-. Olm
-.0101
-. w

-: %
-0109
-. W32
-. W49

U-P
-.

a=4” a=4°

o. ml
. (uml
.Ixwa
.0M6
.Im73

:%H
.m
.Cm3
.0105
.a!m
-ml

:E
.m
.0m9
.c@i3
-WJ4i

:%
.m
.W9
.QKe

:%%
.0111
.m
.W7
.Ws2

:E
. au7
.CM

:E
.UM5
.m17
.m

-: ~

.KQ8

.W7

.U133

.m

.m

.m

.ml

Lml
.6m5
.6053
. m2
.033e
.m9
.m42
.W
.@YI
.W39
.W37
.a!34

:E
.W$3
.Q333
.Coz3
.cm

:%%
.coM
.Co42

:%

:E
.0344
.W
.W
.W5
.OMl
.W
.W44
.0345
.01b9

:W
X&

Jo&

.:%7
.c042
.W
. m49
.W

c1014
–. an

.013
–. Qm
–. m

.015
–. cm
-.019
–. m
–. m

.018

.W1
–. 016
-. ma
–. w

.016
–. all
–. 017
–. 029
–. m

.027

.016

–: R
–. m
-: ~

-. ml
–. 018
–. (L34
–. m2

.013
–. m
–. m
–. am
–. m

–: K
–. m

:%’
–. 013
–. 025
–: R

.WI
–.015
–. 026

a 015

:E
.U)7
.CQ4
.m
.Cm4
.cm

–. QJ3
–. 011

.m
-ml

–. 0)1
–. w
–: g

.00.2

–:%!
–. m

.012

.m7

i%
>. g

.W7

.Ixt6

–:%
–. 012

.Im7

.W

–: $%
–. m
–. m
–. 015
–. m
–. w
–. an
–. 010
–. 017
–. ma
–. 001
–. W4
–. m
–. 012

~g

–:%
–:g
–. 004
–. (04
–. m
~. g:

–. Co5
–. ms
–. cm
–. 012

~::

–. m
–. am

.Om

.Coi
-.002
–. ala
-. w
-.012

–:%
–. cm
–. w
–: g

-. Wc2
–. m
–. m
–. 011
–. m
–. 623
–. 026
–. 010
~. Ol;

–. m
–. 034
–. m
–. 010
–. 015
–. 017

0.622

:%

–. cm
.624
.010

-. m
-. C24
-. m

.Oxl

.012
-. m
–. Cal
-. m

.024

.010
-. cm
-.021
-. m

.mn

.WJ

-: E
-. 02a
-. cm

:%
–. m
–. 025
–. m

.U2a

.014
–. W
–. m
–. m

.018
–. m
–. 011

:%
–. 015
–. 017
–: C&

. Ou
–. m
–. m

O.au
–: g

–. 037
–. o12
–. cm
–. cm
–. 013,
–. 016
–. 017
–. 072
–. cm
–. 013
–. 010
–. 016

–: E
–. cm
–. G12
-.0111

–:%’
-.010
-.013 I
-.015.
–: &u

–, WI
–. 011
–. 017
–. 017

.011

.cm
–. m
–. o12
–. 016
–. m
–. MO
–. m
–. 019
–. m
–. m
–. 046
–. 664
–. 011
-. m
~.

23
27
2%
!i9
~

g

34
24
86
w
as
39
40

:;
43

#
46
47
48
49
H

62
m
m

:
57
&s

1%
m
74
7.5
76

2

E
m
82
E3
64
8a

a 021

-: E-.W5
.010

-.011
.W2
.016

:M
-. m4

.m

:E
.0i6
.Cu6
.011
.021
.031
.042

-.010
.(X3
.018
.M2
.M4

-: E
-. m

.m’i

.017

-: %!
-. MO
-. Ols
-. w

-: g

-; ~o

.018

.M2

-: E
-: g

.62*

-~~
-. fmm

.m

.Cm3

.m

.m

.al12

.mlo

.OWa

.ml

.m

%%?
.UWJ
.W
.M37
.aI12
.0)18
.0314
.Q302
.5)10
. (MI3
.@Ill
.m

-: ~

.m

:E
–. m

.m

:%$
; g;

-. m
–. mlo

.m

-: %
-. (QI3
–: ~

.(OI3

-: M

am

&
.M7
.tm
.M4
.m4
.W4
.Im5
.Cm
.CfJ5
.Om

:%!
.W4

:Z
.003

:%
.W!J
.Co3

%
.033

:1%
.Ixu

:%
.IIM
.mi
.m

%?

–:%
-. W7
-. (I37
-. m
-. w
–. cm
-. au
-. m
-. Im
-. W4
-. m4
-. m4

-0.622
–. 035
–. 016

.ml

.013
-.013
-. WI

.’311

.crz4

-: %
-. ml

.011

.024

-: ~

.lma

.019

-: t
-. ml

.011

.022

.a37

-: E
-.012
-. cm

.018

-: E
-.036
-. cm
-.010

-: E
.620
.027

%J

.W3

-; g

.016

.Oal

-aWi3
-. m
-. mm
-. Qs.z7
-. (ma
-. ma
-.0322
-. m%
-. m
-. ano
-. 0X6
-. cO17
-. ml
-. m
-. m44
–. IXI1O
-. U)15
-. @217
–. W21
-. cmz3
-. ml
-. m%
–. Was
-. m
-. W34
-. w
-. Um4
-. m
-. 5)13
-. m
-. m

.m

.QM4

-: %
-: g:

.m

.m

:E
.W37
. lm17

-: (X&

.m47

.m

. W18

am
.Co7
.MM
.Cm
.Co7

:%!
.W
.035
.m4
.m
.au

ii%
.W3

;%

. m

.am

:E
:%!
.W3

:%?
.m4
.U34

:%
.0)4
.ms

:%

-: %
-. w
-. m
-.012
-. COB
-. w
-. w
–. ma
-. cm
-. Lw7
-. (0a
-. W15

-&Ma
–. 017
–. m
–. m

.010
–. 018
–. m

.m

.a21

-: %
-: (3&

.017

–: E
–. 011
–. au

:E
–. 018
–. a19

:E

. :E
–. 023
–. 016
–. ml

.010

–: E
–. ma
–. m
–. 012

–: E
–. m
–. 134
–: ~

.024

.M3

–: E
.am
N&

a CQll
-: $1#

-. IX118
-. w
-. ml
-. m
-. W4
-. Q337
-. m
-. cm2
-. ml
-. w
-. ml
-. W.4

-: E
-. C912a
-. ano
-. Ok?$
-. COll
-. m
-. m
-. ml
-. MK15
-.0115

.Ixca

.M13
-. m
-. Wia
-. W34

.OWs

.cosl

.W39

.0016
-. m

;%

:%
.0185
.0161
.Olm
.01’W
.0174
.0151~
.0116

am

g’
.033

%%
.an
. all
.m
.m
.012
.W7
.ml
.CQl

:E
S&

.Om

.WG

.m

%
.ml

:%i
. ml
.0)1

:E
.Qs3
.m

:&%

-: E
-. aM
–. 014
–. 014
–. 011
-. Oca
-. cm
-. m
–. 033
–. m
–. m7
–. OM

c1034

:E.ml
.011
.Ua5
.ma
.013

-. m
-. ml

.C39

.C26

.01s

.cm
-.017

.ms

.m

.019

-: c%
.mi
.IrM

%!
-. w
-: $zJ

.02!8

. 01s

-: I%J

.W3

:%?
-. m

.mn

.624

.018

.084

.621

.010

-: E
;%

.011
-. m
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TABLE IV.—INTERFERENCE DATA FOR DISCONNECYCED COMBINATIONS-Contiiued

M=63mnm0nwfWinfm35e0m0ffu9ala2a UfMmckwm of fmfago fn prmmuaof W4W

Comb
natbl aGL I 6’CD. dC_d4 acL 6CD, at-d, c’ I co, IC“d, CL UD, I c- .14 c’ I cod I U“J,

U-4”

a W2
–. ml

.f@12

.m13

:=
.W
.fuo6
.col.5

:E
-. ml
–. WL9
-. mls

:%%

:WJ

:E
.Wa
.0723

:&?&
.W
.Olm

:%
.0a13
.0216
.aMf
.01.54
.0100
.Olnl
. ola9
. 02fb
.mfa
.Mr32

:%%
.0127
.W
.m44
.Q150
. ma
. Olfl

a-m a=4° a-m’ a-w

am
.0332
.W

:%3
.W7a

:%%
.Wa3
.W42

%%

:%
.0042

:%%
.W3
.W144

.:E
:8%
.W49
.mal
. ml
.ola5
. 0Q4
.0187
. of67
.0197
.021a
.0187
.0187
.0194
:~

. lmm

:%%
.W’%3
.0123
.Wm’
.mo6
.m76
.m
. 01.m

-ygf
-. am
–. W’3
-. W40
-. M1O
. . . . . . . .
.- . . . . . .
,- . . . . . .
-. . . . . . .
.- . . . . . .
-.0150
–. 0169
-.0162
-.0132
–. 0105
–. Woa
:. 0K3K

-. W40
-. m

-: w
-: ~

:%
.6226
.0219
.0219
.Oml
.6253
.cmo

:%
.0121
.OIM
.0157
.0112
.W
.Wfl
.0125

-. Kl13
-. c4Ea
-. m

.f@5

.02’49

-o. 01s
.Om

%%
-. W2
-,018

. . . . . . . . .

. . . . . . . . .

. . . . . . ..-

. . . . . . . .

. . . . . . . . .
.019

:2

-: E
-.024

.030

:E
. ml

-.014
.062
.042
.020
.016
.a12

:G
. U14

-. m
-. w

.040

.ml

.019

-: E
.630
.626
.012

–035
-. m

.a36

.027

.of9

-: E

aou
–. 023
–. ma

M
–:E
-.011

.ml

.03

.Ola
–. 043
–. a31
–. 017
–. m

.012

.629

.Wa

.017

:E

:%?

:g

+

. Ola

.m

.041
-.017
-. cm

.011

.019

-: K%
-. cm
.011
.Om
.040

-.015
.Om
.015

:E

*@&

-. w
-. m
-. OJ.5
-. W4
–. m
-. m
–. ma
-. m
-. m
–. @n
-. cm
–. W7
-.037
-. m
–. w
-. 0)7
–. m
–. CQ5
-. m
-. Q33
-. m
-. ma
-. @)$
-. ma
-. m

. ml

. ml

.m

.ma

-: %
-. Oaa
–. ml
-. m4
-, m

.m

.W4

.cm

. cm

-: %
-. m
-. W3
-. @m
-. w

-o. m6
–. ma
–. ma
–. m
–. m
–. on

-a m
. ml

–. 031
–. m
–. m
–. 014

–: E
–. m
–. W
–. 01:

–: E
–. w.!
–. m
-. Ou
–. O?i
-. m
-. cm
–. w
-.014
–. 024
–. CP32
–. m
–. a37
-.012
–. 019

:E
. ml

-. m
-.010
-. ml
-. W4
-. m
-. m
-.015

.011

-: E
-. Ola
-. m

-: E
-.011
-. m
-. a34

-a 631
.01(

-. W
–. 01[
–. on
-. 6%

. Ofi

.ml
–. 011
–. 624
-. ml

:%

–:%
-. m
–. w

.018

.031
–. 014
-.627
–. 6ss

.023

-. %
–. 623
–: ~

-. m
-.024
-.033
-.0$9

.6X

-: %
-.016
-.026

.010
-. m
-.017
-.633
-.044

.017

-:0%
-. ml
-.032

-a 023
.022

–: E-.02f
–: g

.011
-. UM
-.017
–. 629

:E

–: Po
–. 023
-. m

.027

.011
-. m4
–. 019
-. m

:E

-: E
-.024

.012
-. m
–. 014
–. 031
-.044

:E

–: E
-.623

017

-: 1%
-.024
–. m

.025

.012
–. W2
-.016
-. am

-0.02
–. m
–. m
-. m
–. 011
–. 017
–. 001
–. m
-. W7
–. m
–. 013

-: 1%
–. W9
–. 013
-.010
–. 024
–. 0)7
–. 011
–. 016
–. 017
-. m
–. m
-.013
–. 016
–. Ola
–. 023

–: E
–. m
–. w
-.010
–. 0)7
-.011
-.014
–. 016
–. 019

.016

-: E
–. 014
–. cm

.010
–. ml
-.011
–. 019
–. m

-o. m
-. all

-: E
-.021
-.023

.. -----

.. -----

.. . . . . .
------
.. -----

-: %
-.010
-. 0?2
-.629
–. m
-.013
-. m
–. 031
-.636
-.042
-.017
-, ma
–. 634
-. m
-. Ml

:%?
-. w
-,012
–. 016
-.013
-.021
-.027
–. ma
-: @&

.010

–:%
-.013

.017

-: E
-. on
–. m

Sf
m
8!
a

;
w
R
94
9i
‘x
9(
w

Ii
101
16$
m
104
lfu
lot
107
m
m
110
HI
m
113
114
Us
llo
117
119

H
m

E

%
m
123
130
lal
132
133
134

m
1(YI
161
m
la
167

i%
170
In

181
182
W3
134
ma
189
lW
191
192
193

:%
1W3
123

z

2

afm
–. 022
-. ma

.m’f

.015

-: E
–. 011

.m

.&m

.017
–. 044
–. 032
-.018
–. m

.010

-: E
.039
.024

:$Z
.018

:E
.052

-; g

.019

.032

.044
–. 019
-. ma

:E
.018

–: %4

.015

.031

.043
-: g

.014

.027

.041

-a Cw8
.m
.fwn
. ml

–. Ofm4
–. C#9

. CtU2

.fm

–: E%–.m
.axn
. fou
. U113
. lkllo

–: E
.0n15

-: E
–.0311
-. 0)19

.Ca3s

–: %$’
-. Cn18
-. MN
–: ~;

. fu17

.aW7

. w!

. m7

.ml
–. ml
-. 0W7
-: %4

. ml

. mlo

.0327

.63X4

.mlo

.OWf

-: %
-. mu

-am
–m
-. fm
–. ms
–- m4
–. m
–. ma
–. ma
–. m
-. m
–. m
-. ma
–. m
–. a17
-. m
–. w
-.034
–. m
–. @l!
-. cof
–. m
-. ml
-. W.o
–. m
-.W*
–. m
-. m

. aoi

. w!

.als

.635

-: E
-.631
–. 001
–. W
-: g

:E
.m

-: E
-. W15
-.035
-.WI
-.032

‘a ml
.W

:=
. We
.aQs
.W
.Wz8
.m
. W13
.cQ34
.mn
.m
.CQaf
.m

:%
. onf3
.Qrm
. ID)16

-. m
-.6021
.WB
. ml

-. m
-. @123
-. fn47
-. @)L5
-. mm
-. m
-. m
-. m
.ml
.m44
.Wc27
.am

-. m
-. m
-. m
-. W4
-. mm
-. m
. w&7
.0339

:%?
-. m

UOQ
–. am
–. 025
–: $xJ

.019
.--— —
——-
-------
-------
.-. -.—.
–. 6.s9
–. m
–. 019
–: $lJ

.024

.@

.018

:%

:s
.Ofo
.052

:%
-.077
–. 064
-.041
-. 0L2

.013
-. au
-. m

.015

.025

-: E
-.622
–. Cu3

.015

–:%
-: %7

.017

.04f

am
. 01.s
.014
. OIX
.Wm
.W4

.———-
—-—.-.
—.—.
--..-—.
---—.--

:%%
. m4
. ol&
.01.S
. Olm
.0177
. OMI
. Ollf
.m76

:&%

:Z
. fm5

–. W45

:%%
.Qlll

-. m
–. mol

.02a3

.0173

.0143

.0116

:E

–: E
-.0337’
-. W&5

. 01S3

.0101

.olaJ5

.0106

.frK9

-------
------
–. 010
– 010
–. W9
-.010
–. m
–. m
–. Olo
–. m
–. m
–. O-M
–. Cu2
–. 037
–. m
-. m4
–. ma
–. 031

-: E
–. ml
–. 032
-. m
–. WJ
–. m
-. W7
–. @Is
-.604
-. full

–: 1%
–. ml
-. m2
-. m
–. m
–. 1337
-. ala
-. m

(2.P a--4°a-m U=w

auno
.017

-.001
-.018
-. Ku

.024

.014

-: E
-.624

a. ~

.027

.042

.054

.0r4

.016

:E
.M2

a m13
. m13
. mu
.WJs

–: w
–. m14
–. m
–. m
–. w

a ml

-: E
–. CQl

.031
–. 010
–. Mt3
–. m
–. m
–. m

a-l’%a.o@ U-4” a-m a-4”

-o.ma
–. 016
-. m

.011

.m

.016

.Om

:%
.of2
.019
.m

-: E
–. 012
–: $3J

.023

~ C&q

.aafi

:Mi.ml
–. C9J13
–. ml

.mm

.m

.Ka17

.m

.awl

:x

–:%

am7
.010
.011
. Ola

–. 011
–. 010
–. m7
–: g

%?
.UIQ

–: E
–. 663
–. ma
–. m
–. m

‘au
-.043
-. ml

.012

.014

.m

.m

.W1

.W12

.014

.02n

.m

-: l%?
-.011

:E
.fGa

-aW2
-. m
-. W33
-: &o

.Ow

.0a37

. Cmo
-. W17
-. Oola
-.0317
-. Om.4
-. m

.m

.W36

:%%
.Ca37

acm
.fm
.m
.010

–. 012
–. m
–. 007
–: ~

.m

.W1

.ma

–;%+
–. ml
–. m
–. all
–. W

-a 021
–. m

.Wm

.018

.0a3

.021

.034

.048

.W4

.014

%

–: K
–. 016
–: $J

.021

a 014
.Ou
.m
.064

-. m
-.012
-.014
-: ~

-: E
-. @m
–. 014

.m

–:%?
-.007
-.016

am54
.cC37
.0223
.0017
.0az3
.Ca7’
.W.54
.0a32
.W
.@3a7
.W40
. ml
.0072
.W40
.m
. Wo
. mm
.W72

a016

–:%
–. 02a

.015
–. W2
–. 016
–. 025

.016
–. col
–. 019
–. ma
–. W

.019

.ml
–. 016
–. 027
–. 034

aan
.fm

–:%
–. 016
–. 019
–. fr24
–. 027

–: $%
–. W
–. m
–. 010

–: E
–. m
–. W7
–. 014

aofm
.0)70
.0322

–: Ml
–. CD16

. fW4

.W45

.Wo

.0658

. ml

:E
.W18
. fm3
. aafl
.Wis
.0161

am

-: E-:g
-:g
-.020

.024

.011
~.

-.036
.029
.014

-. Wf
-. m
-. m

:: g
-.042
–. 016
–. 026
-. m
-.040
-. 0i6

.O+M

.W
-. m
–. W7
–:g

-. m
–. 011
-.014
-.018

: :;&

.0112

. 01%
–. 0104
-.0162
–. Ofm
–. M170

.0074

. W71

. W15

.fW

-: z
–. ml
–. cb348
-. W’a
–. @Ill
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WINGFUSELAGE COMBINATIONS

Rectm@er N. A. O.A. ~12fdrfoflwfth mnnd fnmfage I

&
:Dcwua

------ . . . . . . . 0.077

0 0 .078

{

–8 .079
0 0 .Om

8 .076

+1-
Whg doll. ..___ ..- -------

1 . . ------------------------ CL64

ass

.85

.85

.85

.a5

2
to
4

f-==

2

}
: --7---------------------- .25

6

1

: . . . . . . . . . . . . . . . . . . . . . . . . . o

Q

.0121 –.02 .019 .(Q5 BL O bL 24 -1.21

.o112 .lll .m .m nL 1 bLZ3 W2%

.0121 09 m9 —.02J BL 2 @L243 .L 83

;-

1
-8
4

0 0
4
8

{

–8
o 0

8

0

3

0

.a9 o

.C@3

:&i
.C@3
.aw

.L+5

.83

.a5

.85

.8.5

.0123 –. M .034 “:fr25 BL O bL21 bL 17

.0116 .01’ BL O bl. m ..-.—

.0115 :& :% BL O bl.21 bL 211
-0116 –. m .OM –: z BL 2 bL20 .-—-
. Olm .(Y, .034 –. 025 B1.!2 bl.n b]. 25

s
to

9

--+_=++ ----, --, ---~ -..
101}U . . . ---------------------- –-~.
12

.0123 –. C4 .04s .rm B. 8 bLm bL 14

.0116 .Ixl .054 BL O

.0123 .Cb3
bL !M bl. 14

.048 –:% BL 1 bL 19 bL21

.0118 .(M .W .W 8.9 bL17 bL 16

.0116 .@) .02$2 .0j3 AL 2 bL 23 bL 24

.0116 .Im .034 .W3 AL S b].S3 bL 33

.0121 –. 03 .085 .fci AL 4 .L 49 bL 36

.O&l

.m

.C@l

.ma

.85

.8s

.M

.a5

++-

13 .-. -... -------, ------------ –. 76

14 . . ------------------------ o .asl

.w

.e)

.W16 ------------------------- o

—

16 . . . . ---------------------- o

7
ls

}

19 . . ----------------------- o
m
21
—

22 . . . . . . . . . . . . . . . . . . . . . . . . . o

.16 0

. —

.24 0 .Cw .’m

-x
.8s
.&i

:&

.——l_
.24
.27 3
.B o
.2J

,. :
— —

.34 0

.Om

.Om

.076

:%

.0123 –. I&l .034 .034 BL 1 ..---.— ———

.0127 –. 02 .037 ;% ..--–-- ..iL-z. ------

.0122 –. Cb5 .Ccg AL 5 OL3S

.0117 AL 5 OLM .L S3

.0122 –: g . :% ~g AL 5 OL55 .L 2J

.0123 .10 .(B3 .Cw AL 5 OL54 IeL 33.078 .85

.- . ..-
1.El)
4. K1
~. a5
~. 8-5

z
}~ -------------------------o

2 }-------------------------0 -L
.40 –4
.: 0

. . 4

.40+{ ~

------
.076
.076
:0737

1~-------------------------o

g I~-------------------o

35 t

{

4
.44 0

4

-4
0

.54 4

A

.076

.075

.075

.076

.076

.075

.075

.076

: Il_23 . . . . . . . . . . . . . . . . . . . . . . . . 0’

$

}
H ---------; ----- . . 0

46

z
47
48
49

1

. . . . . . . . . . . . . . . . . . . . . . . . . .25
5)
61

I
–4

o
.m 4

i

1{

-4
0

LCQ 4

1!

.076

.075

.075

.076

.076

x
.“075
.075
.076
.076

x
.076
.076
.076
.075
.076

-

I

–8
4

.54 0

:
M —:— I

,—:—
l—l—

1Lettem refar to t- of drag mrvm a.ssodatd wfth ths fnterferenm burble. See footnoti 1,P. 84.
~bttam refer to condition at maximum lift as folfmw. Rea8enably steadyat CL ; b@ ]WS Of ]fft bay~d CL ; . @elOSS.CIf lfft hyonti cL

value of C. .
and uncartafn.“

%a%%%%x’%w
:R%RR&%’bfwutrang%drag praodng defmita breakdown.

-.
-, ---- _—..719.to-2&90
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TABLE V.—PRINCIPAL AERODYNAMIC CHARAC131XtISTI~ OF WINGFUSELAGE COMBINATIONS-Continued

CD
●.,. c%

Lift m
OIlldenl
;tlnt~

%
burble
lCL,,

tcz, fcf,

effec- “YOum
the tlvo

IL N.= R.N.=
r.6x1c@3.4)(liP

. —

L2md]
UeJnfo
Canti
Witio
no

. —

: III -a a
.Ct

. Ola .a!

.0134 .11

.0146 .2(

Fkbms’uW N. A, C. A. W2 afrfoil with rennd fuselage

II I

#

Deiir4r

{

o. 07(

O.sf : :K

G :%

-4 .07.9
0 .076

.s4 .07m
: .07e

n .076

... ---- ●LW

. . . . . . . 01.39
●LM 01.36
. . . . . . . QL.M
01.m .L?4

~ ~8 . . . . . . . .
-. . . . . . .

-.014 . . . . . . . .
–. 62S . . . . . . . .
-.037 . . . . . . . .

;~ !Ie4 ------------------------- -0.2

M

aa5
.86
.8s

$.w
t WI

am
.046
.a?a

M-w m ------------------------ –.71

0!4 -------------------------- o

.0132 –. E

. Olz% .C4

. Ous .(X

.0131 . If

.0140 .21

.W

.ms

:E
.040

.W3

.019 . . . . . . . .
. . . . . . . .

–: E ........–.(U1 . . . . . . . .
–. C43 . . . . . . . .
. —

–. m B1. o

.. -----

.......
● L 61
. . . . . . .
oL48

ELM
0LZ3
●1.34
●L2JI
01.26

bLal

IF
—.03 0 . ml

–. 16 0 .ml

.m

;; ; ,~

—.2s o .07Q
—.
,—.3 : :E

‘F.0116 .W

.0116 .@l

.85

.8s

bL26

“~ II
to -------------------------- o –. m BLO.034 bLZ4 bL1.9

==--l:It

64 -------------------------- o

07 ------------------------ o

.o121 .03

t,

-.C04 B.7

.018 B.7
.-- . . . . .

-:E B.6
-.021 OB.6
-. w 4B.6

.8.5 .fm bLW bL2.1

‘t

0L46 .Li?J
.. . . . . . . . . . . . .
.L40 ●LZ6
@L40 .L.lkl
0L24 0L17

%
.93
.76
.&l

.5)
-L
.Olm –.M
.0117 .m
. Om
. Olm :~
.0123 .a5

.019

.m

:E
.Cr34

F
—.34 0 .078

—. 414.076
—.40 .074
—.40 : .M5

{

o .071
—.40 .075

: .076

{

-4 .076
.075

—.44 : .070
.076

i .076

‘“~ II
70 ------------------------- o 0L46 ●LZII.01= –. 10 .WJ

T
.0140 –. 33
.0153 –. n
.0K3 –. 37

.0132 –. 19

.0123 –. 03

.0166 –. 13

. —
.016 0.3

1-

01.62 0L34
0- ●L49 .1,s1

-: % 0-:: 01.36 *L 211:~ 1:II73 ------------------------ o
.CL3!4
.023
.057

1:~ 5 ‘----------------------- 0
. m7
.041
.02+5

.m 0–.2 . . . . . . . . @La
-.62’1 ●1.44 01.20
-.~ c:; -------- ●L?l

==lrr 79 ------------------------- o

I:~ :----------------------o
-

85

+}

{

4 .076
0 .076

—.64 .076
: .076

lz .0i7

{

-4
%

—.70 : .075
.076

J .070

.aa

.6a

.aa

.&
~.85

.Ofz . . . . . . . . . . . . . . . . .1,40
-. w . . . . . ..- . . . . . . . . 01,40
-. m . . . . . . . . 0 L67 eL 40
-. m . . . . . . . . . . . . . . . . 0L39
-. w . . . . . . . . .L65 .L34

87

2 ‘DEL33 ------------------------- o

-

.Ced

.043

.5?3

.Ozd

.014

${
-4 .075

.076
–L W : .076

.075
$ .076

I
–8 .075
-4 .075

0 .076
—.M .076

: .075
13 .070

{

-4 .076
0 .076

—.64 4 .076
.077

$ .077

;~ ~ ‘94 -------------------------- o
9.5

-. m

::~ ~

I

103 ---------------------- .26
*: 101

ml

}

:~ g --------------------- --~
-

107

.0116 –. 18

.0111 –. 11

.0113 –. 0.5

.Olm .a3

. OHJ .lz

.3a

.86

.86

.3s
~.86

.0129 –. a3

. 01% –. 02

.Olz’ .03

.0132 .10

.Olm .ls

.CE5

.640

:&?
.019

1Imttemrefer to ~ of dmEmu’v= &ssociatwlwfth tlm fnterfemnm burble. % fmtnote
1Latwa refer toCmldftfcmat moxfrnulnm 0SfOn~ * RWOnebly stmdy at cd:

valueof C. .
,sxn&&%flfft beyond C=_; clerge Ims Of ]lft IMyODrI.km~ ..WM.
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTIC9 OF WING-FUSELAGE COMBINATIONS-Continued

Aei-wly-

CL.PI %“ C..
pcuftion

no

— — .

-a as CLam a 015
—. .W –. m2

.& ;~ p g;

.10

.18 .654 –: 040

.tm .m4

.16 .031 –: E
.633 –. m

:E .Ozo –. 634
.46 .010 –. 0t4

-1
wL_ *cL_

eUTJT egvy

R. N.= RN.=
7.6xl17 X4X1OJ

Lift-

e.l?a
— —

0.076 aa5
.076 .8s
.076 .W
.076
.077 (%

m m
men
?bLtor
3ronc13
mrble
1C4,

“D,=,m

I Rdangulw N. A. O. A. W2 efrfoif w[tb ronnd fnwloge

I I I Dartt.

..-...— .1.41
-------- .1 .33
.LM ●L32

-— ---- .LS3
. L 47 .L23

0L48 --------
e 1.46 --——.
.1 .42 ..-. -.—
.L41 —------
.L.il -------

bL19 bL1.f

-------- .L25
.- —..-. .L37
.L64 eL3S

-------- ELM
01.66 .1 .32

.L64 --------
0L64 wL37
●L65 ..-. -...
.L&9 .1.$3
0L66 --------

eL47 .LS1

-. —---- EL40
.. --—- - EL%

wL67 .L40
.—. ..— 0L40

oLfd 0L39

bL21 bL14

—— .

-L% ●L18

*1.23 *L22

*L23 ●L18

.LM .L32

*L2S .L24

bL20 bL29

— —

●L3S ~L2d

— —

●L60 0L3d

.L 62 eL44

— .

lm

1

~i

{

–4

;% ------------------------- -0.76 -am
o
4

111
112 i
—
113 Unmwle3engine-_–––

}1

-4
114----do------------------- 0
115-....do-. ._____ . ...._ 0 –.64 4
116 .---. do-------------------
117 .._-do--------.-.-.------ $
—

-------
-------
.-----,
.---.-
------

T
.076 .x!
.076
.075 .._-_l?
.076 ..–-..
.076 .-..-..

——

BCL6
B. 6
B.7
B.7
B.7

.60 .041 .KK1118 Unrnwlrdengine______ O
I

o
I

o .079 .80 .02h9

.Oa?a

.6%0

:%
.0294

BL1

------
------
------
.-.---
. -----If

—.26 .Cm .m-
–. 16 . ml
-. .034 –: E

.ti .azl –. 019

.13 .026 –.027

-. .031 .016
.: IO&
.16 –: R
.B .027 –.m
.43 .022 –am

——

.m .041 .m

— —
.“076 .76
.075 .&l
.075 .W
.076
.078 $%!“skH

l!N ---..do -------------------
121 .__do_...___... ____ O –. 64

123 ..-:do.-.-.-.------------

1’23 .--..do.---.---.-.-------- O
127 .-...do._----.-..-.------ T.077 $.7Q

.077 ~.m

.077 J.&5

.077

.078 J::

------
------
—.-..
------
------

t

.am .W

.077 .76

.677 4.76

.077 .al

.077

.077 l?

129 Cowled engine.__._ .- O
I

o
I

o .0141

.0165

.Olm

. Olin.

.0170

.oval

AL4

IE
–. 16 . ml .01s
—. .ms –. m

.% .ml –. 016

.13 .026 –.om

.n .024 –.mt

.m .m7 .cmII J-
130 cowled orLgfne------

1 {

<
131 .-...do-----------..-...--
132 .-._do-----------......-- O –. 6! 4
1S3 ..._do--.-.--------...---
134 ...--do ------------------- s

— .—

~{’&&&&e&””~ o 00

— .—

12-s{L&$m*’ “dim} o 00

W Tax fillets_ -..–__ O 0 0

------
--.-.-
--.---
---..-
---.—

BLO

BLO

.a31 .66 .0112

.asl .86 .m .034 .mo

— —

.m .m .m
. —

.m .a” .m

.m .Om .Cm

.m .m7 .032

.m .ma .m

.m .m7 –. m

—.02 .633 .m

.m .Om –. m

_ —

136 .0114

.0116
-i-

.ml .&J BLO

BL1

1 l—l--l-l I

] $-/
m(_w=fm%r’“n- }0 0 0 m m m— — — —.
,. ~%=~em cOWId }0 0 0 ml m “O1s
—
140 {“;::$?%$? }0 o 0 .mo .W .o~

141 Stmfgbtplen-formmefx o 0 0 .am .m . Olm

SBhed-inplen-ferm ftf-
‘U (’%9 (2.% radfos). }0 o 0 .ma .fo .0133

——

143 Smell bfmd dlfe~---- -0 .40 0’ .078 $.86 .Olm

— —

144 Ial-ge taP3LWff6fetS---- -0 .40 0 .am .ss ,0131

AL6

BLO

BL2

BL1

AL6

AL6

1IAt@m refer ta types of drag onrvm whttd wfth the fntmferenra burble. Seafeotnote 1, 34.
~IAt8re refer to oondltlon at maximum Ifft w follmv% * R@awnably steady at C._; bdim oflfft beyond CL.”; 0Im’8akm of Rft Myend C---- and nn~r-

trdnvalneof CL .
.-

4 Poor ogrea~~nt over whole rouse.
JP@aragrmment fn high-llft rnrrga.
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WINGFUSELAGE COMBINATIONS-Continued

LUt-

%? ‘~- :? r; ‘k& Aerody- Llft cO- 1(7’ $OL

)lagrams reprmnthg cnmblnatkm =
ellldent *; &&-

~ ~b
- Ofenrg CD*.{. %1 tik~ 09 ;~$:~ &Q ~N,=g q y=g d%) faotar

tive
pmitlon

dlc L6g = e % \$:b” 7.6xl@ 3.4X1O

:
— — — — — — —. . .

R@ar@ar N. A. O. A. m12ah%~ with rermd fmelege

DeFezs

‘“~ ’45 %iw=~~$’ }“ ‘4 0 ‘m ‘w ‘om ‘m am’ -’m “6 “67 ‘Lmr

— — —

‘“~ E ‘memmmbhtin’a 0 ‘“’” 0 “m -m ‘“m -m

— —

.m –. m ~B. Q vL4D .1.31

. —

‘“~
147 Sameasmmbbmtlen144. 0 –. 40 0 .W ..m .0131 –. a3 .Om .ab5 AL6 . L67 .1 .24

‘“~
14s Sameascambtitfon14h o –. 40 0 .mo .s .0M3 –. w .031 .W1 .41.4 81.49 .’31

lq,~. ‘“ r!!kEYywi&~ 1° ‘M 0 m m ‘“’M w m m ‘L’ “47 0’”

‘“~ Im r!5?zF~ }0 ‘M 0 ““’6 “M ‘“lw “w “m “w ‘L’ “’a “La
— — . —

lsl~ ’51 rii5%FxFi% }0 H 0 -“’4 = -o’s “’ “’7 m “s “’4 =

— — .

ls’~ : {’?%i’t%?~f~ }0 ‘M 0 ‘m m 01’” w M m “6 “’a 0’”

— — . —

‘“~ : {s~~~m=~~’ }0 “‘m 0 m ‘m 0’43 ‘a ““ m “3 “w O1m
— — . —

‘“~ z ‘me=mbM0n14- 0 ‘-M 0 ‘m ‘m ‘0]” ‘m ‘m ‘w “b ‘Lm “’”
— — —

“~
165 Sameescornbbmtfon lm. o –. 64 0 .076 ..S6 .013JI –. M .’86 –. ma AL6 0L&5 .L31

‘“~
‘m he asrnrnbbmtfon161. 0 –. M o .074 .06 .0142 –. 07 .047 -. m 6B.9 .1.43 .1.23

‘“~
157 Sameesmrnbfrmuon162 0 –. 64 0 .076 L 70 .0140 -.03 .mo –. m c. o .1.44 OLn

— — — — _ —

“~ z ‘We=mmbti”mla 0 ‘-M 0 ‘m 4“” o’a ‘-& . ‘“” ‘m 00 “144’ 0‘w
— — — — _ — —

R~ N. A. O. A. “1’ airfoil with remrd ‘ma&e

E“ ~ ~

— —

Wfrlg dnr10---------- .------ --.---- -J? .070 .W .fK@4 .22 .Q13 –. am AL6 .L04 * 1.61

.—

:~ :
{

4 .075 $.W .0127 .22 .033 –.m . . . . . . . . . . . . . . . . . L64
.076 4.W

161 -------------------------- o 0.64
. 0U7 .2s .m -.101 . .– . . . . . . . . . . . . . L 64

: .076 .elm .36 .010 –. 116 . . . . . . . . ●Lffl . 1.E-4

153
.076 . .:.:?. .0140 .46 –. Q13 –.123 . . . . . . . . . . . . . . . . * 1.64

i .0i7 . ------- .OleJl .s –. m –. 121 . .-.-... .L07 ● L 64

1s4 M’

} {

-4 .m .W . Olm .21 .mo –. W .41.4 ●L62 . 1.Ki
10s ------------------------- o –. 04 0 .ml .@l .01Z3 .17 .Om -.100 .4L6 bL62 ● L 49
100 4 .f@J1 .@) .0134 .21 .027 –. 112 .4L6 bl,a * L 47

1Uttemn3fer t0typesof~onrvm msmlated wftb the Interfemnca burble. % fdnoti 1 p. 34.
2Lettmn mfertOmndftiOn atmaxfrnnrn uftmfOn~ SE emauobly steed’ at CL ; bsnM&1- of Uft beyond CL

tab value of Cr. .
_; ● lm’gelom of llft beyond CL~, nnd tmmr.“
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERL9TICS OF WINGFIJSELAGE COMBINATIONS&Continued

I w

LUt-
~$ vertf- ~~ z Slmll AmodY. Lfft m- ic’L_ YeL_

lfngroms ropremntimgmmblnation =
: ‘~

~. $;
‘- C1l.mtn c% %?& C..

* d$%) ‘&&?
W&: $% fl-

tion Pm$On ;yb: lLN.- Rtiz.

% q. ~’ A. ‘L. e ,~kb 7.6X16+3.4xla

:
— — . . — — _ .

Rwtaogular N. A. 0. A. 4412eJrfoIlwith round fmelage

t

a: :% -am ------- ------- .L69

:;~ g ------------------------- -‘~ ag f: ag ,g

–. 1Q2 .---.--- .--.-.-- .L57
0 -a 54 .Om –. I’m ------- *L65 *L67

IO&6 :IaJ ..i.Ki- –:C%. ::;
171 ; .0i7 ._ ’lrn. .0177 .40

‘“k

.

~~~ ~w]d en@m_._..--.- 0 –. w o .ml J.@l .0154 .18 . ful –. w .41.7 ~L70 bLS9

—

173 in .. . . . . . . . . . . . . . . . . . . . . . . . . o –. w o “.077 .&l .0145 .@ .aK1 –. 104 0.6 .1.70 ~1.c9

‘“~
174 Ummvled OngfnO----- 0 –. so o .074 -------- .023s .Q3 .m –. ml C.4 bL05 bL62

1“~
176 cowled Ongfno-------- o –. 30 0 .078 -------- .OM.9 .l!a .W3 –. la3 C.3 ~L70 bLS3

,,,&-> 170 ~%mJ%Q%%& }0 -xl o .mo .W .0,37 .24 .041 -.,07 BI.3 ~L&3 .L,,

‘“~ ‘n ?d%%o’%~d%?;- }0 -.30 0 .f@J .W .0134 .’m .W -.,fl, BL~ *,6, *L5f

‘“~
17s ~~&~&; }0 -.3+” : = .W .0143 .!M .m -.101 .L6 *L67 *L67

‘“~ -------------- }0 ‘“w 0 -m a w 14 m ‘w ‘Lo ‘LOO bLm
lm ~=~@”mwM

‘“”~ --------------- }0 ‘m 0 m M -OIM m
1$) ~pK&mlat% .V7kd .alo –. lW .4L7 bL7S bLEO

. —

Tafmmd N. A. O. A. MM+! nfrfoil with round fnse@o

Wing ofone-------- ------- ------- ?.: .077 .W .W3 .Im .Gm .Qm A1.4 .1.48 .1.23

181

1 {

–4 .075 J.m . Ol?a .03 .mo .023 -------- .LM bLW
1= ------------------------- o .64

0 .U7b J.’N
1=

. Olw .15 .Wa .m -------- oLM bL31

Ill 1s4
.076 .93 .0132 .la .Wo –. m ------- .L61 kL30

: .076 .Qo .0134 .la .02a –. 017 -------- ●L64 bL33

1%5. ------------------------- 0 .2.2 0 .079 .fa .0124 .Oa .Wd .Cus ALE 0L62 bL24

‘“~

— —

WA -------------------------- o 0 0 .079 .03 .Olls .m .040 .m LL5 .L52 L26

— —

‘“~ –
1s7 -------------------------- o –. D o .079 .85 . Olz’ –. Oa .am -. m B.9 ●L33 *L14

}
:~ @ -------------------------

{

~ .076 .0132 –. 18 .040 .005 --–—. .L44 bl.Z2

o –. b4 .075 % .0132 –. 16 .042 –. m ------- *L44 ‘1.22

~ 191
.075 .83 .0130 –. w .CL90 –. m .–.--– 01.44 hL22

: .070 .83 .014 .05 .axl –. m .-.----- 0L42 bL19

I L04k!l%refer to tyfMOf drag carves asw.datd wfth the Interferencebnrbla. SW footnote 1 p. 34.
2Lottar9refer to Wmdltlonat maximum IUtas follows: * Reasonablysteadyat C’~_; _ kmofUfttqond c%-; QIorgalossofUftlw’ond c%_ andummtofn

Vrdueof CL.”.
~Poorogreementovorwholerouge.
~Poora

P
entinhigh-llftmngn.

cRapid c?onmfndragprmrdlngdeonft.gbroakdorm
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS-Contln uod

II Tvblgalone-------- -------------- ~% & W 0.75 0.0)74 am am am

1W3
193II I I II

–4 .037 .70 .(UI7 -.01 .W.9
o

.017
.0e8n

.75
.KJA

.OU6 S& .am
%3.s $.w . Ofzl .070 –: E
KS ~.m .0K17 .13 .0-47 -. am:’. LW-I%=WI-=P

194 ------------------------- v “. a

:- g
. I—-——-.-—-—--

I

0 –.s4

11

4 .W1
8— .%

19

7-+ ti-: ;;;T.0117
$:; .0M3 .09

I ‘- 1’ I I 1’ - ‘- ‘m “O1w

R@anmdar f- mmbfrmtfand El–-=

.Om , .Cm

.070 .018

.a?a

.WJ –: E

.0.53 –. Oxl

.040 –. m

+ -}} -

.Cel .&5 .oli?9 .02 .023 .010

.ffll AJ .01Z3 .m .023

.031 .Olm –.0!4 .023 –: E

.m .W .0237 .O1 .am .m)

Lift m- lC’ YCL
tlloknt ~m& oH&
t fnter. ~,vo tlvo
‘~m R. N.- R, N.=
~~:bo 7.bxlfP 3.4+1W

. — .

—l—t-
‘Basl‘L]81’1”10

..-G-i . . . . . . . . . bL16
. . . . . . . . bL16

B:8 ● 1.14 bL 13
B.8 . . . . . . . . bl.11
0.3 ● L 14 b1.10

-t- -
B.7 ●L21 ●1.16

....... ........

L
bl,18

. . . . . . . . . . . . . . . bL 17

. . . . . . . bl.40 bl.16
,-. . . . . . . . . . . . . . ‘ L 13
. . . . . . . .1.25 ‘1,11
. —

— —

.41.3

+}

.1.36 ●1.34

A1.4 .1.44 ●1.37
AL3 .1,35 .1 ,23

BLo .1 .34 ~L27

AL6

t

01,.53 01.38

. —

AL6 ●1.63 ●1.a

AL5
I

.1.51 ‘1.20

Wttem rafer to tyws of du — amxfatd wftb tbe fnt8rfermm burble w Mfowm

i Imttem refer to mndftfon at rnaxbnumllft m fallowx * Re?smmbly steady at CL= bmnaRlassof lift beyond CL_; . large lossof ]Ift beyond CL_ ond unmftnln
valne of CL_.
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FIGURE2L-Cambfnot[on i% (.mmbbmtlon24Inverted) showing freerjunctnrw
at the Wing Km&

L

F1aunE 25.-C%rnblnatlonsabowing round fo.%ekgowItb cowfed end nnmwled
englm=%

Fmcu+. ~-Cmnblnatien MI (mblrmtlon 142Jnvated) .dmvkrg mrvd
plan-form flfIetS.

FrGtmE 27.-Oomblnetfon 146(combinotfon 143fnverted) showfng .srnnUtapered
tlflei?.

Fmcmm‘2%-Comblnetton 147(m&dnatfon 144fnverted) sbowfng Iorge tapered
~e~

Fmm Z9.-Combfrmtfon 14S(mmbhmtion 145fnvertd) showing large t&mad
dlfetqWended to tbe lmding edm of tbe wing.
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~amm M-C%xnblnatbns152md1.$3(rnmblnstions~ andlssInvatedlsbow-
Ingthethickwnn@lns shutfntbeforwardmsMnnwfthandwftboutmea

Raum 3L-Comblnatlon 175nhawlngtbe N. & O.&W akfofl fn a law-wing
Pasftion.

.— --- “

FIuvmi 32-Combbmtton 176~owfng inverted tqmred Mets.

fiaum 23--Comblnatfon 177sbowfng atrdgbt fillets.

2==s

FIQUBS34.-Comblnatlon-l78 ahowlng~taperd Jlllets.

,,’

1

FX?UEE 3&-Cornbiaatlan 197sbowlng W Janctum at the wfng raotaof the
at-out wing.
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F1OUBE?&-Oombhmtlonn 204and 2U7showins the rwtau@w fuselagewith and
wltbout a WW]d W@L

.


