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

By Easrman N. Jacoss and Kesyern E. Warp

SUMMARY

Tests of 209 simple wing-fuselage combinations were
made in the N. A. C. A. variable-density wind tunnel to
provide information regarding the effects of aerodynamic
interference between wings and fuselages at a large value
of the Reynolds Number. This investigation is part of
a basic investigation of aerodynamic interference now
in progress at the Committee’s laboratory and considers
the interference us affected by the more important variables
of a combined wing and fuselage.

Most of the tests were made with a round fuselage in
combination with a rectangular wing of symmetrical
section.  Variations of the wvertical position, longi-
tudinal position, and angular position were covered.
A sufficient number of tests of other variables, such as
the wing and fuselage shape, were made to give a general
understanding of the effects of these variables. For some
of the combinations in which the wing and fuselage were
not connected, the air forces on the wing and fuselage
were determined separately in order to investigate the
mautual interference.

The prinecipal results are given in tabular form and
swinmarized by presenting the important characteristics
Jor all the combinations by means of parameters in a
single table so that the relative merits of the various
combinations may be readily compared. The results are
discussed in relation to the character, cause, and signifi-
cance of the interference effects encountered under various
conditions.

INTRODUCTION

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 interference has become
an increasingly important factor in relation to the
total drag. Many experimental data have now been
secured on which fo base the design of efficient com-
ponent parts but adequate data concerning the inter-
ference between them are still lacking. Although the
need for reliable information concerning aerodynamic
interference has been appreciated for several years,
the Committee considers that only recently the design

of component parts has reached a point of refinement
such that further improvements of airplanes demand
more knowledge concerning the aerodynamic inter-
ference.

For several years the Committee has had in progress
a basic investigation of aerodynamic interference in the
variable-density tunnel. Such an investigation is
necessarily based upon existing informafion 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 streamline body repre-
senting the fuselage. The results of numerous investi-
gations of the flow about airfeils and airship hulls,
the potential-low theory, and the various boundary-
layer theories furnish a reasonably complete picture
of the flow about the two simple basic forms. The
first phase of the current interference investigation
dealt with the flow about such bodies as affected by
slight disturbances such as those produced by different
types of small protuberances variously located 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 reported herein.

PREVIOUS WING-FUSELAGE INTERFERENCE INVESTIGATIONS

One of the earliest wing-fuselage interference in-
vestigations was made by Prandtl, the results of which
have been available in an English translation since
1921. (See reference 4.) Five wing-fuselage com-
binations were tested to determine the influence of the
relative vertical position of wing and fuselage on the
efficiency of the wing. Prandtl concluded that with a
normal fuselage shape the drag differences are small
for various vertical positions of the winyr except for the
combination having the wing a little helow the fuse-
lage, which showed an aerodynamic change for the
worse in comparison with the other combinations.
He also pointed out that the drag of the mid-wing com-
bination noticeably increased at an angle of attack 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 affected
even by this “‘ideal fuselage.” He tested a large num-
ber of low-wing combinations having different fuselage
shapes and different wing shapes. Several of the
combinations were also tested with fillets. 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 changes
of the span load distribution resulting from the different
positions of the center of pressure for wing and fuse-
lage. For some positions separation occurred at mod-
erately high values of the lift as indicated by the ab-
normal drag increase. Muttray attributed this sepa-
ration to the sharp nose of the fuselage. 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. Muttray devised the tapered, 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 inereasing the size of the cutaway portion in-
creased the drag in the usual lift range but decreased
the seyerity of the break in the polar curve.

Parkin and Klein (reference 6) tested combinations
of 3 wings, varying in thickness, with 3 fuselages:
streamline, cabin, and open cockpit. 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 fuselage, the airfoil section, and the relative
position of the fuselage and the airfoil. The better
the anerodynamie form of the fuselage and the thicker
the airfoil section, the greater were shown to be the
interference effects and the more marked the influence
of the vertical wing position on the interference. The
interference tended to lower the angle of attack corre-
sponding to maximum lift and to increase the drag
compared with those of the individual components.
From acrodynamic considerations, the best position
for the wing was found to be at the top of the fuselage
and the worst at the bottom. Fillets and fairings
improved combinations having poor characteristics
hut 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 wings were used to obtain results for
much larger values of the Reynolds Number than
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had been previously obtained. These Reynolds Num-
bers, however, were still well below those correspond-
ing to flight 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
effects of expanding fillets were also studied. Al-

though some conclusions were reached that confirmed
previous results from tests 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 started,
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
basie 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 Technology (reference 9) and in the
N. A. €. A. full-scale tunnel (reference 10) to study
interference and buffeting.  Both investigations con-
firmed Muttray’s conelusions (hat expanding fillets
improve the serodynamic characteristics of low-wing
monoplanes.

THE BASIC WING-FUSELAGE INTERFERENCE PROGRAM

Because the previous wing-fuselage interference
investigations were incomplete in many respects, if
was desired to consider in formulating this program
Once the important
variables were listed, it became apparent that a com-
plete investigation of all the possible combinations
would be impracticable. This difficulty was partly
overcome by classifiying the possible variables as
“major’” and “minor”, 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. The
following tabulation presents the classification adopted:
Wing:

Major variables:
Plan form.
Airfoil section.
Minor variables:
Fillets.
Plan-form variations near fusclage, e. g., plan-form
fillets or wing cut-outs.
Bends near fuselage, e. g., gull-wing types.
Incidence changes near fuselage.
High-lift and air-brake devilces.
Size.
Aspect ratio.

all of the important variables.
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uselage: such arrangements. Other minor fuselage vari-

Major variable:
Cross-sectional shape.
Minor variables:
Longitudinal form.
Size.
Air-cooled engine in nose, cowled or uncowled.
Unusual form changes to accommodate wing and
windshield.
Combinations:
Major variable:
Vertieal position of the wing with respect to the
fuselage.
Minor variables:
Longitudinal position of the wing with respect to the
fuselage.
Angular relation of the wing and fuselage.
Fillets and strut attachments.

It will be noted that the major variables of the wing
ure taken as the airfoil plan form and section. Airfoil
plan-form variations are probably covered sufficiently
by the inclusion, in the program, of two plan forms:
rectangular and 2:1 taper. The variations in airfoil
section are likewise covered by the inclusion of two
airfoil sections, a symmetrical N. A. C. A. 0012 rep-
resenting slightly cambered sections and an N. A. C. A.
4412 representing moderately highly cambered sections.
An incidental variation in section thickness is also
obtained by considering the thick seetion at the root
of the tapered wing as a variation of the N. A. C. A.
0012.

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

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

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

THE INVESTIGATION COVERED BY THIS REPORT

This report is not intended to present the results
of the complete wing-fuselage interference investigation
but mainly to consider the variations of a round
fuselage in combination with a rectangular wing of
symmetrical section, These combinations were tested
for various vertical, longitudinal, and angular 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 minor vari-
ables, such as fillets and cut-outs, were also investigated,
particularly with reference to the low-wing combi-
nations, because of the present demand for data on

ables, such as an air-cooled engine at the nose of
the fuselage, were also included for the same reason and
to determine the importance of these minor fuselage
variables in respeet to the remainder of the program.
A sufficient number of combinations of the major
variables to give some understanding of the effects of
each were included to complete the main body of the
investiga tion covered by this report. The scope of the
present investigation is clearly indieated by reference
to table V, the diagrams of which represent all the
combinalions tested.
MODELS

The wing models used for this investigation are a
rectangular N. A. €. A. 0012, a rectangular N. A. C. A.
4412 (reference 11), a rectangular N. A. C. A, 0012
having a cut-out center section (reference 12), and a
tapered wing having a root-to-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 was constructed of duralumin in the
manner deseribed in reference 13. The tapered wing
is also of duralumin with an area of 150 square inches
and a span of 30 inches.

Two fuselage models were used, one having circular
and one rectangular eross sections. Both models are

FUSELAGE DIMENSIONS (INCHES)

| Round

fnselage Rectangular fuselnze
Station = — - == _]
| Diameter Height | Width' |
— — — |
— 0. 156 | . O 0000 dinmeter.
000 JyTe 572 dinmeter.
230 1,242 1. 242 dianeter.
. B0 | LEi2 1572 dismeter.
L7190 e e 1795 dismeter.
1. 500 2 350 2.240
2. 000 enine L S
2.312 2, 790 | 2470
3. 406 4. O 2.470
4, 000 259 2,543
0. (00 2,078
8. (00 a7
10, 000 2075
12 000 2, 567
14. 000 2048
16.000 1. 978
| 17, 000 1. 704
18, D00 . 1. 334
| 19,000 ] LT85
| 19.500 430
| 20. OO 000 |

£0.060" ul
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of duralumin with carefully polished surfaces and have
lengths of 20.156 inches and maximum eross-sectional
of 9.29 square inches. The eircular-section
fuselage was derived from a source-sink distribution
to give a form approximating that of an airship of
fineness ratio 5.86. The rectangular-section fuselage
was derived from the circular one to obtain a related
form having the same cross-sectional area. The
fuselages were constructed to the dimensions on page 3.

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-cylinder
radial air-cooled engine. The cowling, 3.47 inches
outside diameter, was constructed of a single thickness
of metal arranged to slip over the engine. For tests
with the rectangular fuselage the shape of the rear
portion of the cowling was altered somewhat to provide
an approximately constant-area slot permitting the
free flow of air through the cowling around the edges
of the fuselage. (See fig. 36.)

The juncture of the wing and fuselage of several of
the combinations was altered by means of fillets.
Most of the fillets 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, X inch thick by 2 inches
long, streamlined 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

areas

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. Diagrams repre-
senting all the combinations are shown in table V and
photographs of some typical wing-fuselage combina-
tions, particularly those having fillets and attach-
ments, are shown in ficures 24 to 36.

TESTS

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

The tests were of two distinet 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.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

The first tests 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 accuracy of
| r e e
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‘ FiGURE 1.—A disgram of the various wing positions with respect to the fuselage,

"

FiourE 2—A wind-tunnel set-up of a connected wing-fuselage combination,

the tests were the same as those of the usual airfoil
tests (references 11 and 13). The characteristics
of both a high-wing and a low-wing combination hav-
ing a symmetrical-section wing were determined with
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one sef-up by testing the combination through the
complete range of positive and 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 first 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 (fig. 3 (a)).

WING

AND FUSELAGE H
between the wing and fuselage was varied by varying
the position of the fuselage. Variations of the fore-
and-aft position of the wing with respeet 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 tests required 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 set-up
suitably chosen to give the least position error. The

(a) The wing on the balance

’
FIGURE 3.

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

The characteristics 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

Set-ups in the tunnel for two typical digeonnected combinations.

| results of the connected combinations,

(b)

The fuselage on the talance

NOT REPRODUCIBLE

gap for each set-up was checked while the tunnel was

under pressure by varying the angle of wing setting
until the models were in contact (as shown by an
electric fouling signal) and reading the angles of
attack of each model. As the relative positions of
the models at contact were known, the actual distance
between the pivot points of the wing and the fuselage
supports could be determined.

The test results of the disconnected combinations
are relatively inaccurate as compared with the test
Because of
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the many different set-ups necessary, the final results
for & combination are subject to accumulative errors.
Also, because of the limitations of the set-up, correc-
tions for position errors were necessary, which intro-
duced errorsinto the final results.  The net interference
was determined from the small difference between
relatively large interacting forees with resulting limi-
tations ol the accuracy. The interference of the
supports on the models also introduced a small source
of error. A comparison between the test results of a
connected combination having a 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 value of the drag
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 from tests of the dis-
connected combinations. The fuselages were tested
alone with several different mountings. The accu-
racy of these test results is believed to be the same as
that of the standard wing tests (reference 11).

RESULTS
METHODS OF ANALYSIS AND PRESENTATION

Some discussion of the presentation and analysis of
the data is advisable owing to the somewhat unusual
methods employed. Entirely satisfactory methods
are very difficult, if not impossible, for such extensive
test results involving so many aspects 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 influence the inter-
ference but a more compact tabular form has been
adopted for the bulk of the data. Such data are
presented in tables IIT and IV for all the combinations
investigated.

Table V summarizes the principal characteristics of
all the combinations and together with table IL,
which gives the characteristics of the fuselages 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 explaining 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 tabular data were considered using either the lift
or the angle of attack as the independent variable.
Several methods of tabulating the interference values

FOR AERONAUTICS

were also considered. The method finally adopted
does not indicate the interference directly but rather
the amounts by which the characteristics of the wing
are altered by the presence of the fuselage in the
combination.

Unless comparisons are made in such a manner
that the total lifts of the combinations are equal,
drag differences may be misleading owing to the
inclusion of unequal components of unavoidable
induced drag. For example, two combinations might
be compared at equal angles of attack but the inter-
ference might inerease the lift of one combination and
deerense that of the other. As the result of a finite
span, a larger unavoidable induced-drag component
is included in the fotal drag of the combination having
the higher lift so that it may show the higher drag
even though the actual drag associated with the
interference may be than that of the other
combination,

less

In order to avoid misleading comparisons owing to
the ineclusion of different unavoidable components of
induced drag, drag values for comparison are given
by means of an effective profile-drag coefficient Ch,.
The effective profile-drag coeflicient is the difference
between the total drag coefficient and the minimum
induced-drag coeflicient associated with the lift and
span of the airfoil, i. ¢., the induced-drag coefficient
C*/wA corresponding to the elliptical load distri-
bution. Effective profile-drag coefficients thus elimi-
nate, for purposes of comparison, any necessary
induced-drag differences but include drag components
due to changes in induced drag as the result of inter-
ference.

The use of the effective profile-drag coefficient thus
permits the nse of the angleof attack as theindependent
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. Characteristics of the wings alone, the fuse-
lages alone, and the combinations (or data from which
the characteristies of the combinations ean be obtained)
are consequently presented at eertaiy angles of attack.
Interference values for the combinations are, in general,
not directly tabulated but may be readily obtained
from the data given. Considering, for example, only
the single characteristie, drag, the bulk of the data for
the combinations is presented by giving the “drag
and interference’ of the fuselage. The values thus
give directly any increase in the drag over that of the
wing alone due to the presence of the fuselage in the
combination. Trom these values the interference drag
is found by deducting the drag of the fuselage alone,
or the drag of the combination is found by adding the
drag of the wing alone.
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TABULAR PRESENTATION

Experimental Data.—Table I gives the lift and drag
coefficients and the pitching-moment coefficient meas-
ured about the quarter-chord axis for the four airfoils
used in this investigation. The characteristics of the
symmetrical airfoils are given at angles 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 first 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 wing area of 150 square inches
for all the wings, including those for the cut-out airfoil.

Table II gives the aerodynamic characteristics of
the fuselage models. The coefficients are all based on
the original wing area and chord; the pitching moment
coefficient €, is taken about a point on the fuselage
axis one-quarter of the distance from the zero station
to the tail;i. e., the quarter-chord point of the fuselage.
The characteristics are given for angles of attack from
0° to 16° at intervals of 4°. As the fuselage models
are symmetrical, the results for the negative-angle
range may be obtained by changing the signs of the
lift and pitching-moment coefficients.

Table IIT gives the “lift and interference’ ACy,
“drag and interference” AC, , and “pitching moment
and interference” AC, . of the fuselage in the wing-

fuselage combinations; that is, the differences between
the characteristics of the combination and the char-
acteristics of the wing alone. These results are given
for two angles of attack representing the high-speed
range and for one representing a high-angle-of-attack
condition. 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
tare tests and to obtain more consistent results than
was believed possible otherwise, a unique method of
deriving the final results was employed. From the
test 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-
teristics 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 values thus obtained

1481—-36——2

give polar curves, which in figures 11 and 12 are
designated " wing in presence of fuselage.” The values
given in table IV for the interference on the wing in
presence of the fuselage (8¢, éCp , and 50, ) were
obtained as the differences between the characteristics
of the wing in the presence of the fuselage and the
characteristics of the wing alone after the induced
drag had been deducted. These valiies are represented
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 fuselagee in the presence
of the wing were obtained by adding to the standard
fuselage characteristics the differences between the
characteristics of the 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 characteristics of the wing-fuselage
combination, These values are represented for typical
combinations in figures 11 and 12 as the curves desig-
nated “wing-fuselage combination.” The values given
in table IV for the characteristics of the fuselage in
presence of the wing (€, Cop,; and C‘,,,q ) 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”
curves.

Principal Characteristics of Combinations.—Table V
gives the principal aerodynamic churacteristics of all
the combinations tested. The characteristics of the
wings alone are also included. The geometric char-
acteristics are given in diagrams 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 differing only in respect to the angle of wing
setting are represented by a single diagram in which
the wing positions for the maximunn incidence range
are indicated by dashed lines. The first three col-
umns of the table give the diagrams representing the
combinations, the combination nurobers, and perti-
nent remarks. The next three eolumns give the
geometric relations of the wing and fuselage. The
values d/¢ and I/e 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-chord 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 standard
nondimensional coefficients based on the original wing
areas of 150 square inches:

Lift-curve slope, «.

Airplane efficiency factor, e.

Minimum effective profile-drag coefficient,
(‘b’:m 4t

Optimum lift coefficient, €7,

Aerocdlynamie center position, .

Pitching-moment coefficient at zero lift, (',

Lift coefficient at the interference burble, €,

Maximum lift coefficient, (_'Lm” for an effective
R. N. of 7,500,000,

Maximum lift coefficient, ¢, for an effective
R. N. of 3,400,000.

The lift-curve slope a was determined in the high-
speed, or low-lift-coefficient, range. The values repre-
sent change in lift coeflicient per degree for an airplane
having a wing of aspect ratio 6.86. This value of the
aspeet ratio differs from the actual value for the models
used becanse the lift results are not otherwise corrected
for tunnel-wall interference.

The airplane, or span, efficiency factor e is an
empirical factor introduced by Oswald (reference 14).
The reciprocal of the number represents a factor by
which the minimum induced-drag coeflicient €'°/7A
is inereased to leave a reasonably constant residual
drag coeflicient over the normal working range of the
lift coefficient. The factor was determined from the
portion of the drag curve between €, =0.2 and €, =1.0
unless the interference burble occurred in this lift-
coefficient, range, in which case only the portion of the
curve below the interference 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 C,  column of table V.

The minimum value of the effective profile-drag
coefficient, €, represents the drag remaining after
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 drag and parasite
drag any unnecessary induced drag associated with
interference or a departure from the ideal span load
distribution but, at the same time, eliminates from
the comparison the unavoidable effects of the lift on
the drag.

£
ficient corresponding to the minimum effective profile-
drag coefficient.

The aerodynamic-center position is represented by
values 7, indicating approximately its fore-and-aft
position expressed as a fraction of the wing chord
forward of the quarter-chord axis of the wing. Each
value is actually the slope of the curve of pitching-
moment coefficient against lift cocflicient at zero lift.

The pitching-moment coefficient at zero lift €, 1is

The optimum lift coefficient 7, is the lift coef-

measured about the quarter-chord axis of the wing and
is based on the original wing ares, and chord.

The lift cofficient at the interference burble (7’ = is
the value of the lift coefficient beyond which the air
flow has a tendency to break down as indicated by an
abnormal increase in the drag.

The maximum lift coefficient 1s given for two
different 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 that at
the effective Reynolds Number, maximum-lift results
from the tunnel fend to agree 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, a direct
examination of the tabular data will undoubtedly
vield more useful information than the following
general discussion.  The data presented in table V are
particularly valuable in this connection because sig-
nificant parameters representing the important char-
acteristics as single values are tabulated for all the
combinations investigated, thus affording a means of
comparing various combinations. In the following
discussion, however, the general variations 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 snpplement
the discussion.

The interference is first considered in relation to all
the characteristics of certain typical wing-fuselage
combinations in order to point out in a general way
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
ceometric characteristies of the combinations are
changed; second, the moment as affected by the inter-
ference; and finally, the maximum-lift characteristies
as affected by the interference.

sl
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GENERAL CHARACTER OF INTERFERENCE FOR TYPICAL
COMBINATIONS

Mid Wing.—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 figure 4 as coeffi-
cients plotted against the angle of attack. The lift
and pitching 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’ of the
fuselage.
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Fiaune 4.—Aerodynamic characteristies of a typical mid-wing eombination.

Expressed as a coefficient the drag and interference
of the fuselage under these conditions may be taken
directly from figure 4 as being 0.0035. The drag of
the fuselage when tested alone is found from table 11
to be 0.0041. A comparison of this value with the
drag 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 (0.0003)
residual adverse interference remains that may be

attributed to “boundary interference.”” Boundary
interferemee applies to that part of the interference
associated with the combination of fthe wing and
fuselage boundary layers near the wing-fuselage
junctures. The boundary interference for the type
of juneture here considered is of the same nature as
that for a perpendicular flat plate at the midspan
section ns investigated earlier (reference 8), the wing
in both cases projecting perpendicularly from a surface
along which only small pressure gradients exist when
the wing is absent. As might be expected, the
boundary-interference drag coefficient is about the
same in either case,

In regard to the favorable interference drag coeffi-
cient shown as resulting from the enclosure of a part
of the wing in the fuselage, it micht be argued that
the favorable drag increment results from the use of
too large a wing area in deriving the drag coeflicient
of the eombination rather than from any real favor-
able interference and that no favorable interference
drag would have been indicated if the actual exposed
wing area had been employed. The wing area con-
sistently employed throughout this report is, however,
the N. A. (. A, standard wing area which includes,
and properly so, the area of the part of the wing
that should be considered as enclosed by the fuselage.
The favarable interference drag that results, although
easily explained, is none the less real. As indicated
by the subsequent discussion, a consideration of the
interference on the basis of exposed wing area leads
to difficulties in relation to the lift and induced drag
and may lead to an analysis, such as that of refer-
ence 7, charging the mid-wing position with adverse
interference.

Consider now the characteristies of the combination
as the angle of attack is increased, remembering that
the coeflicients are based on an area including the area
of that part of the wing inside the fuselage. 1f this
portion of the wing were considered as ineffective in
producing lift as it is in producing drag, a Lft co-
efficient from the wing, at 129 for example, of only
0.816 or less would be expected. This lift coefficient
added to the value of 0.011, the lift coefficient of the
fuselage at 12°, gives 0.827 as the sum of the wing

| and fuselage lift coefficients; whereas the lift coeffi-

cient of the combination is actually 0.960. A com-
parison of the lift-curve slope 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 original portion of the wing in pro-
ducing lift. A comparison of the corresponding effec-
tive profile-drag curves shows, moreover, that the
drag of the combination varies with angle of attack
in much the same way as that of the wing alone except
that the results indicate the presence of a small
boundary-interference drag increasing with angle of
attack, as would be expected from the results of
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reference 8. Thus, with respect to the lift and induced
drag, the combination behaves as though the entire
wing 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’ are reached.

For the combination under consideration, the inter-
ference burble occurs at an angle of attack of just
above 12°; as indicated by an abrupt reduction in lift-
curve slope and an increase of the effective profile-
drag coeflicient. 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. 1t must, however, correspond to the failure
of the lift distribution to be maintained across the
central-span portion occupied by the fuselage as it was
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 characteristies for various combi-
nations with different wings in different positions with
and without juncture fillets and with other fuselage
shapes. 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 affected by
filleting this juncture, or by changing the incidence,
but is affected 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
edge 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 change of flow at maximum lift, the flow break-
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 enters 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
from the fuselage boundary layer is drawn in by the
low pressures prevailing 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
a portion ol the wing is not sufficient, in itself, to
produce the abrupt and drastic changes in the net

aerodynamic characteristics actually observed in
ficure 4. The flow breakdown once started, however,

| tends to aggravate itself and probably is further

aggravated by the presence of the fuselage so that it
rapidly increases in extent until it covers the entire
central portion of the wing. In order to form an
adequate picture of this subsequent spreading of the
initial flow breakdown, it is necessary 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 oceurring in the plan form does not
produce a corresponding discontinuity in the load-
grading curve, although the lift does increase over
the portion of the wing having the increased chord.
The interference between the various sections of the
wing aets 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 the
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
between sections when the lift changes between the
sections,  (See references 2 and 12,)

For the present purpose it is sufficient to note that
the interference between sections nets so to affect the
angle-of-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
fuselage 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 and
below the fuselage. Although these pressures acting
on the fuselage are less than those acting on the wing
surface, the inereased 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 indicates that the fuselage is carrying
an excess of lift as compared with the portion of
the wing which it replaces. The interference conse-
quently acts to increase the angle of attack of ad-
joining sections of the wing in order to equalize the
load 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 attack. In
this way the condition aggravates itself and spreads
until the low-pressure region no longer exists over the
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fuselage. 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 ratio with a gap between.

The maximum lift of the combination is, of course,
lower than that of the wing alone as the result of the
interference burble and the resulting loss of lift over
the central portion of the wing. The maximum-lift
burble, however, occurs independently of the interfer-
ence burble and at a higher angle of attack corre-
sponding approximately to the angle of maximum lift
for the wing alone.
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Figure 5.—Aerodynamie charscteristics of a typiecal high-wing combination.

In regard to the pitching moment, the curves of
(.., 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 fuselage 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 ecombining such a body with a wing, aside from any
interference effect, is to cause the pitching-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 lilke those just discussed may be approximately
predicted by adding the fuselage and wing moments.
The changes of the pitching-moment coefficient that
accompany the oceurrence 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 of the
interference burble.
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Figure 6. —Aerodynsmic characteristics of n typical (Hsconnected high-wing
fpurasol) comhination.

High Wing.—The high-wing combination, the char-
acteristics of which are shown in fizure 5, will next be
considered. Tt will be noted that the values of the
lift and pitching-moment coefficients are still nearly
zero at zero angle of attack and that the lift-curve
slope, while remaining higher than that of the wing
alone, is llower than that of the mid-wing combination.
The minimum coefficient 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 eurves show indications 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
“negative interference burble.””  For certain high-wing
combinations having very unsatisfactory forms of the
wing-fuselage juncture this drag inerease, or negative
interference burble, may begin well to the right on the
plot. In such cases the drag coefficient may be
adversely affected within the high-speed range of the
lift coefficient.

Disconnected High Wing.— The results for a discon-
nected high-wing, or parasol, combination are pre-
sented in figure 6. The characteristics of this combi-
nation are much like those of the connected high-wing
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Fiivne 7.—Aerodynamie eharaeteristics of a typical disconnected low-wing

eombination.

combinations, except that the drag and interference of
the fuselage is less. 1In figure 6 it has been possible,
however, to indicate the characteristies of the wing in
the presence of the fuselage because tests 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 profile-drag coefficients than the wing
alone. This result has an important bearing on in-
vestigations of airfoil characteristics in flight by means
of force-measuring devicesin the fuselage, in which case
such interference effects are =0 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
affected. Such mutual interference is of importance
in regard to the structural design of the components
and their connecting members, however, because it
affects the air loads and their distribution on each
part.

Disconnected Low Wing.—The effects just considered
are further brought out by the characteristics of the

==
I il IR /1 U
j — — Wingalore: | | | L
———— Combination )
1.8 ——1- l_ s e Al (S {l_ ] L _09@
161 . --—-7[—--———— 085
-1 ]
Tzl = T =
14— +—— I AAA G 075
. : / : ﬁ 9
Cre h / 062
3 / AT
“'\-f‘o ] = = R o ‘?
I B/ AEEEERE
8 .8 P / .04 §
: q
0 /4 5 ST
S e 7 - 033
~J
| i A S
q _,__‘,.1‘/ / A 02|.u
A =
g __D:__F?({ = l 14.0/
| / 2 Ji ] ‘E >
a T = = 0% %
L% m // L 3 C"‘|r:f¢ étf-
— L I - B
| .9
I al I
= TR T TN R Y T T R T Bl
Angle of attack, of ,degrees LWL

Ficure S.—Aerodynamic charaeteristics of a Lypieal ansatisfactory low-wing
eombination.

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 presence of the fuselage. In
this instance, however, the net drag and interference
is excessive, 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 hefore zero lift although it is not of the abrupt
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type oceurring with the mid-wing combination. This
type of interference burble is particularly objection-
able because the drag is increased in the high-speed
range of the lift coefficient. The drag continues to
increase at higher lift coefficients as represented by
the low value of the airplane, or span, efficiency factor
for this combination (e=0.50 from table V). The low
value of ¢ indicates a reduced effective span and an
inereased induced 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

-
e

Combination 67

2.0 e ) e A0
__LLI—— Wing afoinel____ ]
18 Sembname it 09
I ) __/ L <
fet———————HHF- +—+—.08%
e g =i S = 3 4 = 1= 4 __74{}_ el L
P 1
1/ o
Y2 3 £ | los®
T /l/ P P
bl T T T s
:g - =l SRE ‘/ - I::S-
.
v.8 / AL Loag
4] sl v
i 6 = : )' 4 // ] 03'3
SR T 03
e
4111 T /«k — 1021
21— 1 L i ’L'." | |l 1.0/
pme — —t s — | ] a
o »— _—— aé Eu
LA I i £ 8@
- A 1 1 . S L/ ?‘:u-c"""“ )%E
- o8
LE —=  £9
4 - ~23s
-8 -4 (4] 4 8 2 a8 20 217280 Ee

Angle of attach, e ,degrees

Frovre 9. —Aewodynamic characteristics of a typieal low-wing combination.

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.

Typical Low Wing.—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 characteristics ave intermediate be-
tween those of combination 72 (fig. 8) and those of
the mid-wing combination. The drag at very low
lift coeflicients 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 adversely affected. The extent
to which this type of interference burble is objectionable
depends on how it affects the maximum lift, how
early the interference burble ocenrs, and sometimes
on secondary considerations, such as any tail buffeting
or stability diffieulties attributable to it.

DRAG AND INTERFERENCE

The results of tests of a large number of combina-
tions having the rectangular wing of symmetrical
section and the round fuselage are discussed with

" respect to the effects of the position variables, particu-

larly the vertical position of the wing and the effects
of fillets 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 affects
the wing-fuselage juncture and gap and also the shield-
ing of the ecentral portion of the wing by the fuselage.
A eross plot of the effective profile-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-spead range and the third a high-angle-of-attack
condition. Reference to the fizure shows that for the
high-wing disconnected combinations the drag and
interference of the fuselage is approximately equal to
the drag of the fuselage alone. If the wing is lowered
the drag and interference increases greatly and then,
as the wing approaches the midposition, decreases to
values that may be less 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 largest contributing factor to adverse inter-
ference is probably the form of the wing-fuselage
juncture. Whenever the angle between the wing and
the fuselage surfaces at the juncture is acute, the inter-
ference is large and unfavorable, particularly when the
juncture is on the upper surface of the wing. This
unfavorable interference may be noted in figure 10,
which shows large increases in drag when the wing
passes the surfaces of the round fuselage. The detri-
mental effect may be attributed to the geometrical
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divergence between the bodies, which may exceed the
critical divergence for the air flow.

For the wing positions through the central portion of
the fuselage, the wing-fuselage combinations of the
type under consideration have the lowest drags. The
position giving the least drag appears to be with the
wing slightly above the center line of the fuselage.
In the high-speed range the drag and interference of
the fuselage for this combination is approximately 88
percent of the minimum fuselage drag and is still
less at moderately high lift coefficients. For the mid-
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interference becomes large. The disconnected low-
wing combinations have generally higher drags than
the disconnected high-wing combinations, but no
evidence of an interference burble is apparent for any
of the disconnected combinations except those low-
wing combinations having the wing very close to the
fuselage. An important result shown by the inter-
ference tests of arrangements with wing and fuselage
disconnected is the large interference on each body
due to the presence of the other. The results of tests
of typical high-wing and low-wing combinations with
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wing position and for positions immediately below, the
combinations show an abrupt interference burble.
The interference burble is absent for the high-wing
combinations (table V),

The separated positions represent other regions in
which the drag and interference is small. Reference
to figure 10 shows that, with the exception of the dis-
connected high-wing positions at the high value of
the lift, the wing may almost touch the fuselage (a
clearance of approximately 0.02¢) before the drag and

moderate clearances between wing and fuselage are
shown in figures 11 and 12. In these figures the
magnitude of the interference on both the lift and the
drag is indicated by dotted lines connecting test
points at the same angles of attack. Table IV gives
the numerical values at representative angles of attack
for all the disconnected combinations. Tt will be
noted that, although the mutual interference is large,
the net interference of a combination is relatively
small.
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The results of tests of the high-wing connected
combinations 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
combination in which the lower surface of the wing is
tangent to the surface of the fuselage. 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 higher.
None of the high-wing combinations tested show an
interference burble.

The low-wing connected combinations have the
largest drags of any of the combinations tested.
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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 adverse effects resulting from placing 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 inecreases the
drag in the high-speed range and results in an earlier
occeurrence of the interference burble. As the wing
approaches the externally tangent position the drags
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 lilt is the same as that
of the corresponding high-wing combination, but at a
lift coeflicient 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 adverse interference
effects require filleting to improve the aerodynamic
characteristies.

Fore-and-aft position.—A comiplete analysis of the
effects of a variation of the wing fore-and-aft position
cannot be made from the available data. The data
for the midposition and two disconnected vertical
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FiGUuRE 14.—Characteristics for various fore-and-aft wing positions.
Rectangular wing of N. A. C. A, 0012 airfoil section and round fuselage.

Pifehing-moment

3

positions indicate, however, that the variation of the
fore-and-aft position of the wing has very little effect
on the drag and interference of the fuselage except
as it affects the oceurrence of the interference burble
of the mid-wing combinations. The effect of the
fore-and-aft position is illustrated by the results of
tests of combinations having the rectangular wing of
symmetrical section in various mid-wing fore-and-aft
positions (fig. 14). The drag tends to increase slightly
as the wing is moved backward, the drag and inter-
ference of the fuselage at zero lift varying from 76
percent of the minimum fuselage drag with the wing
in the most forward position to 93 percent in the

coefficient, Cn.,
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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 and occurs progressively earlier as the wing is
moved backward from this latter position (fig, 14).
In the region of the maximum diameter of the fuselage
large changes in the fore-and-aft position of the wing
apparently have little effect. The interference burble
is probably affected principally by the amount of the
leading edge of the wing contained within the fuselage.
The most advantageous position aerodynamically is
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Figune 15— haracteristics for various angles of wing setting. Rectan-
gular wing of N. A, C. A. 0012 airfoil seetion and round fuselage.

well forward. This advantageous position gives the
lowest drags and a small moment-curve slope but is
impracticable because of the center-of-gravity location.

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

Wing setting.—The variation of the angle of wing
setting affects the drag 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-fuselage juncture, particu-

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

The effect of the variation of the wing setting is
shown for a typical mid-wing position in figure 15.
The chief effect is on the lift and pitching moment;
the effeet on the drag of the cornbination 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.

i *“ombmc tion 72

|
C;D J*r.
Combmahon 46 — —X :
| = = | . (| I
T | Combination /47————+ |
=i -t I J_l

C‘ombmm‘ran 48 _'—A i

ng m‘One —

(o)
Pitching-moment coef.Cu,,. Effective profile-drag coefficient. Cp,

L | LR L lla | T
=l (o} 2 4 & 8 T A A= ¢ AR -
Lift coeffic/ent, C;

FiueE 16—Characteristics for various fillets on an unsatisfactory low-wing
combination. Rectangular wing of N. A, €. A. 0012 airfoil section and round
fuselage.

For such combinations small changes of the wing
setting result in eritical changes 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 results 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 redueing the divergence and the com-
bined adverse pressure gradients of the two bodies at
the juncture. Fillets may also reduce the skin frie-
tion by reducing the wetted area at the juncture. An
extensive investigation of various fillets is impracti-
cable because specifie 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 rvear portion of the juncture
may be noted by comparing the curves of the combina-
tions having small fillets 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 fillets from
considerations of steep glide characteristics because
of the larce inerease in drag at lift coefficients above
the elimbing regime with only a small decrease in
maximum lift.

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

An attempt was made to delay or eliminate the
oceurrence 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 means of 3 sizes of normal fillets,
which increased the root thickness and chord, and
3 sets of plan-form fillets, which increased the
root. chord and which varied the effective angle of
attack of the root section when the trailing edge of
the fillet was moved downward (washed-in fillets)
and when moved upward (washed-out fillets) from
the trailing edge of the wing. The results of tests of
the combinations having normal fillets show that
neither the interference burble nor drag is appreciably
different from 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 fhe drag. An increase in the root chord,
obtained by means of a straight plan-form fillet,
delays the burble to somewhat higher values of the
lift. coefficient and slhightly 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 oceurrence 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 and the wing. For the high-wing
combinations investigated the thickness or position of
the strut has no large effect on the drag and interfer-
ence. A combination having a moderately thick
strut has characteristics comparable with those of the
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 differences due to the strut connee-
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 discontinuity 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 inerease 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 and showing a
normal drag increase over the entire range of lift
coeflicients.

Wing Shape.—At high values of the lift coefficient
the stability of the air flow over the central 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 readily apparent from
the curves. The interference burble, which occurs at a
moderately high lift coeflicient for the combination
having the rectangular 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 wings alone in the
high-lift region. (See figs. 18 and 19.) In the high-
speed range and up to moderately high lift coeflicients
the effect of the wing shape on the drag and interference
of the fuselage is small except for the combination
having the cut-out wing. For this combination the
drag and interference decreases with increasing lift
nearly up to the normal interference burble of the cut-
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 difference in
the drag and interference of the fuselage as affected by
the wing sefting. The greatest differences are shown
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FiGuRE 17.—Characteristics for various wing shapes. Ronnd fuselage,
mid-wing position.

by the combinations having the cut-out wing in the
high-wing and low-wing separated positions for which
the lowest drags are obtained with relatively large
angles of wing setting. The cambered-wing combina-
tions tend to have the lowest drags at higher negative
angles of wing setting than the combinations with the
rectangular wing of symmetrical section. This result
may be accounted for by the negative angle of zero
lift of the cambered wing.

Other vertical positions affect the combinations hav-

ing the various wing shapes in a manner similar to their
effect on the combinations with the rectangular wing of |

symmetrical section, as indicated in figures 18 and 19.
They all show a 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 wing roots
as evidenced by the fact that the drag inecreases 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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FIGURE 18 —Characteristics for various vertical wing positions. Tapered
N. A, €A 001808 sirfoil and round (uselage,

fuselage juncture. The addition of an engine intro-
duces an interfering hody at the nose of the fuselage,
with resulting turbulence and variation of the air flow
over the [uselage and the wing roots.

Uncowled and cowled engine— Theeffects of adding
either an uncowled or a cowled engine to typical mid-
wing combinations are shown in figure 20. The ad-
dition of an uncowled 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 interference
burble. If the difference in drag is based on the fuse-
lage alone with the uncowled engine, the interference
1s slightly favorable. The addition of a cowled engine
inereases 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
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F1GURE 10.—Characteristics for various vertical wing positions. Cambered wing

of N. A. C. A, 4412 airfoil seetion and round fuselage.

increasing lift when either the uncowled or cowled
engine is added. The addition of the uncowled or
cowled engine to the filleted mid-wing combination
has no effects appreciably different from those of the
unfilleted combination.

Tests of combinations of the rectangular wing of
symmetrical section having the wing in a separated
low-wing position indicate that the drag and inter-
ference of the fuselage with an uncowled 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 sarne in the high-speed range as with the wing in
the mid-wing position for corresponding combinations,
An early interference burble oceurs, however, for both
the uncowled 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 increase in the
angle of wing setting and the drag inerease beyvond
the interference burble is more rapid for the uncowled-
engine combinations than for the cowled-engine
combinations.
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FiunE 20, —Characteristics for various fuselage shapes. Mid-wing combinations
with rectangular wing of N. A. C. A, 0012 airfoil section.

One mid-wing combination having the cowled
engine and the cambered wing was tested to obtain
information about the effect of the wing shape on
this type of combination. At zero lift the drag
and interference of the fuselage is the same as for the
corresponding combination having the rectangular
wing of symmetrical section but the increase in drag
with inecrease in lift is much less and, in the high-speed
range, is reasonably constant; whereas the drag of
the combination having the rectangular wing of
symmetrical section increases with an increase in lift.

The connected low-wing combination having the

| cambered wing and the round fuselage was chosen as
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representing a typically unsatisfactory combination.
Variations of the fuselage shape from this basic com-
bination are shown in figure 21. Neither the un-
cowled nor the cowled engines affect the interference
burble or the rapid drag increase that appears in the
combinations with no engine in the fuselage.

Filleting the junctures of these typical low-wing com-
binations eliminates the interference burble and the
rapid drag increase. Flow changes over the fuselage and
wingroots due to the presence of an uncowled ora cowled
engine do not greatly affect the action of the fillets.

Fuselage section.—Typical results for variations of
the cross-sectional shape

those of corresponding round-fuselage combinations
indicates that, regardless of the wing shape, the
characteristics of a mid-wing combination are not
appreciably affected by the cross-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 rectungular fuselage is used.

The importance of the eombined action of the
fuselage and the wing pressure gradients and air flow
is illustrated by the sudden interference burble of the
mid-wing combination of the rectangular wing of
13 svmmetrical section and

of the fuselage and the

[l { theround fuselage. With
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£ffective profile-drag coefficient, Cy,

Otherwise the rectangu-
larfuselage combinations
have generally higher
drags over the entire lift
range; the differences in

drag of the no-engine
fuselage combinations

and the combinations
having an uncowled en-

s effect. on the interfer-

02 ence burble indicates

that for wings having

e .0/ sections of the type
_'I j _' T 5;@ similar to that of the
Fer e ] 9585 N.A.C. A 0012, i. e,
st %E - E“g those sections having a

MIE i AP & Eg critical degree of sta-

g - Cmen -28%¢ bility of the air flow

L1 T ear maximum lift as

gine approximately equal
the differences between
the corresponding round
and rectangular fuselages
alone. The results also show that the rectangular-
fuselage combination having the uncowled engine has
an early interference burble; no interference burble
is present for the no-engine fuselage combination.
The differences 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 cowling on the ree-
tangular fuselage.

A comparison of the results of tests of the rectangu-
lar-fuselage combinations having different wings with
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Characteristics for various fuselage shapas.
low-wing combinations, N. A. C. A. 4412 airfoil section with round fuseluge.
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indicated by a sudden
loss of lift at the burble,
the stability of the air
flow over the wing roots is eritically affected by the
fuselage shape.

Typical unsatisfactory

PITCHING MOMENT OF THE COMBINATIONS

As the interference effects on the pitching moment
are usuially small in the lift range below the inter-
ference burble, the approximate pitching moment of
a wing-fuselage combination may vsually 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 II.) The slope of the
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pitching-moment curve measured at zero lift n, shows
that the aerodynamic center of the fuselage at the
attitude of zero lift is well forward. When the
moments of the fuselage are added to those of the wing,
the resulting moments of the wing-fuselage combina-
tion indicate a position of the aerodynamie center (at
zero lift) well forward of the quarter-chord point of
the wing for the usual wing positions. The values of
the slopes of the pitching-moment curves at zero
lift, which represent the fore-and-aft positions of the
acrodynamic 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
influence 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 n, 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 ol adding
fillets 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 filleting the junctures of existing airplanes
may affect the longitudinal stability to a serious extent
unless compensating changes are made. Because the
pitching moments of a combination are not constant
about anv one point, no actual aerodynamic center
exists for a combination. Nevertheless, the value
given representing the aerodynamic center as deter-
mined at zero lift, together with the pitching-moment
coeflicient at zero lift, provides information about the
moment in the hich-speed range of a combination.

The effects of the wvariables considered in this
investigation on the piteching moment of the combi-
nations are best studied by considering only the
moment at zero lift.  Values of the pitching-moment
coefficient at zero fift €, arve given in table V for all
the combinations tested. The chief effects are those
caused by variations of the angle of wing setting (fig.
15) and variations in camber of the wing seetion (fig.
17). The angle of wing setting affects the relative
attitude of the fuselage with respeet 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 entirely to the displacement of the
pitching-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 to
19 percent of the moment of a moderately cambered
wing. Other variables have small effects on the
moment at zero lift. TFigure 22 shows the variation
of (', with the vertical position of the rectangular
N. A. C. A, 0012 wing set at 0° with respect to the

round [uselage for values of the lift coefficient of 0,
0.3, and 1.

After the appearance of the interference burble the
effect of the interference on the pitehing moment in-
creases.  The effect of the interference burble is similar
to the effect of the normal burble of an airfoil as the
diving moment increases rapidly with an increase in
the angle of attack beyond the burble. The large
pitehing-moment variations with variations of the
vertical position of the wing, shown in figure 22 for
lift coefficients of 0.3 and 1, are mainly because the
air flow has already broken down at the interference
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Fa=07.

burble for combinations having the wing in the posi-
tions wcorresponding to the large pitching-moment
variations.

MAXIMUM LIFT OF THE COMBINATIONS

Considerations of the maximum lift coefficient of
the wing as affected by the presence of the fuselage
may be as important as considerations of the drag.
The maximum lift is considered separately, however,

£n
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because the results show that the flow breakdown
determining the maximum lift coefficient is almost
unrelated to and independent of the earlier flow
breakdown (interference burble) that causes marked
drag inereases. Ior considerations of maximum lift
coeflicients, variations with the Reynolds Number
must be taken into account; whereas for comparisons
of the drag the high-scale results may be compared
without regard to scale effect, any scale effect on the
drag coefficients being small at the high Reynolds
Numbers associated 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 coeflicients
of the combinations at two 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. (See references
15 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 Numbers of 3,400,000 and 7,500,000. The values
given for the higher Reynolds Number are approxi-
mately correct for modern two-engine transport air-
planes (7,500,000 corresponds to an airplane having
a4 wing with an 11-foot mean chord and landing at
73 miles per hour) and the maximum lift coefficients
given for 3,400,000 are approximately correct for
popular single-engine four-place types (having a wing
with a 6-foot mean chord and landing at 60 miles per
hour),

As an aid in extending the maximum lift results to
other values of the Reynolds Number, the variations
of the coeflicients for the wings alone are shown in
figure 23 for a wider range of the Reynolds Number.
Tor the extension of the results, it will be helpful to
note that the scale effect for the wing-fuselage com-
bination is either much like the scale effect for the
wing alone when the adverse interference is small or the
scale effect is small when the combination shows
marked adverse interference. In other words, the
results may usually be either corrected for scale
effect paralleling the curve for the wing alone in figure
23 or used uncorrected, depending on the character
of the interference.

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

slightly higher than that of the wing alone. The
interference effects on the maximuny lift are apparently
independent of the effects on the drag.

A variation of the fore-and-aft mid-wing positions
shows a steady reduetion in the maximum lift coefficient
from a value 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 along the fuselage. For the disconnected combi-
nations a variation of the fore-and-aft position shows
very little effect.

The angular position for a normal range of wing
setting does not appreciably affect; 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 zeneral trends.

The effect on the maximum lift coefficients of the
position variables appears fo be governed mainly by
the amount of the leading edge and npper surface of
the wing exposed.
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Wing Shape.—The maximum lift coefficients of the
combinations having the cambered wing are appar-
ently much less affected by the different variables
than are the maximum lift coefficients of the combi-
nations having the rectangular wing of symmetrical
section. The combinations having the tapered wing
show generally favorable effects, except for the low-
wing connected combinations, in which the effect is
somewhat unfavorable over a small range of vertical
positions. The maximum lift coeflicients of the cut-
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 conelusion is
that low-cambered moderately thick wing sections like
the N. A. C. A. 0012 having eritical flow conditions
at maximum lift are more susceptible than other
sections to adverse interference from the fuselage and,
on the other hand, that tapered wings having thick
root sections may show favorable interference effects
on the maximum lift coefficient as the result of en-
closing the thickest part of the wing in the fuselage.
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Fuselage Shape.—The rectangular fuselage mid-wing
combination having the rectangular wing of symmetri-
al section has a more favorable maximum lift coeffi-
cient than the round-fuselage combination. With
other wings there are smaller differences between the
maximun lift coefficients of the round and rectangular-
fuselage mid-wing combinations. Addition of the
uncowled engine tends to deerease the maximum lift
coefficient. 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 maximum lift
coefficient. above that of the corresponding no-engine
fuselage combination.

Fillets and Strut Attachments,—Fillets have a slight
effect on the maximum lift coefficient except for certain
well-shaped fillets that increase the maximum lift
slightly with increase in size of the fillet, probably
owing to an increase in the effective wing area.  Differ-
ences appear to be surprisingly small between the
maximum lift coefficients of the filleted and unfillet-
ed combinations having very high-drag junctures.
Straicht plan-form fillets improve the maximum lift
coefficients over the unfilleted mid-wing combination
owing to the increase in area due to the fillets. The
washed-in and washed-out fillets affect the maximum
lift coefficients of the combinations in & manner similar
to that to be expected with corresponding changes of
camber of the section.

The combinations having thick and moderately
thick connecting struts show some loss of maximum
lift from that of the wing alone. The maximum lift
coefficients 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 regards the general aerodynamic efficiency of
the various combinations investigated, the most satis-
factory criterion is probably the ratio € /€, where
(75, is taken at a lift coefficient corresponding to either
high-speed or eruising flight. On the basis of this so-

called “‘speed-range index™ the order of merit of the
combinations may change with the Reynolds Number

as the result of the rather large variation of ¢, 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, €. A. 4412 girfoil would be among the best if
the drag of the necessary 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 as the high mid-wing
positions by the use of suitable fillets. Forward
positions of the wing with respect to the fuselage
appear to be favorable. Low-wing positions are
unfavorable, but, by adequately filleting the wing-
fuselage 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 effects 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
adverse interference. The interference burble does
not necessarily affect the maximum lift coefficient.

LavcrLey MEMORIAL AERONAUTICAL LLABORATORY,
NarTroNan Apvisory COMMITTEE FOR AERONAUTICS,
Lavarey Fievp, Va., March 8, 1935.



) e —

e e e e e e e e D Sy et o

L

5.

INTERFERENCE OF WING AND FUSELAGE 25
REFERENCES 10. White, James A., and Hood, Manley J.: Wing-Fuselage
r ; e Interference, Tail Buffeting, and Air Flow about the Tail
. Jacobs, Bastman N.: Airfoil Section Characteristics as Af- W ] D N
fected by Protuberances. T. R. No. 446, N. A, C. A, ;};;4[40\»? WinE BleaSREHE Rl Har 282, B4 C. A,
1932, . . 11. Jacobs, Eastman N., Ward, Kennetli E., and Pinkerton,
Jacobs, BEastman N., and Sherman, Albert: Wing Charae- Billert AT - THe Charapleneticior 78 Related. Airfoil
teristics as Affected by Protuberances of Short Span. Sections from Tests in the Variable-Density Wind Tunnel.
T.R. No. 449, N. A. C. A, 1933. T. R. No. 460, N. A. C. A., 1933. i
- Abbott, Ira H.: The Drag of Two Streamline Bodies | o Sherman, Albert: The Aerodynamic BEffects of Wing Cut-
a8 Affecled by Protuberances and Appendages. T. R. Outs. T.R. No. 480, N, A. C. A., 1934,
No. 451, N. A. C. A., 1932. g L . 13. Jacobs, Eastman N., and Abbott, Ira H.: The N. A. C. A.
. Prandfl, 1.: Effects of Varying the Relative Vertical Variable-Density Wind Tunnel. T. R. No. 416, N. A
Position of Wing and Fuselage. T. N. No. 75, N. A, C. A 1932. S 5T T
C. {X., 1921. A 1 14. Oswald, W. Bailey.: General Formulas and Charts for the
Muttray, H.: Investigation of the Effect of the Fuselage Caleulation of Airplane Performance. T. R. No. 408
on the Wing of a Low-Wing Monoplane. T. M. No. 517, N. A C.A 193;3 S B !
N'_A' G: A, 1929. . 15. Jacobs, Eastman N.. Recent Progress Concerning the
. Parkin, J. H., and Klein, G. J.: The Interference between Aerodynamics of Wing Sections. Paper presented before
the Body and Wings of Aireraft. Roy. Aero. Soc. Jour,, A S. M. B Barkeles Cﬂif. .Ivtme 19, 1934. (Ailpru.\'i-:
January 1930, pp. 1-91. mately the same material is more readily available in
. Ower, B.: Some Aspects of the Mutual Interference rotercasa 16
Ket’“'ee“ Plagr;; of Aircraft. R. & M. No. 1480, British | 16 Jacobs, Bastman N.,, and Clay, William C.: Character-
- R. C., : : isties of the N. A. C. A. 23012 Airfoil from Tests in the
. Ward, Kenneth E.: The Inferference Effects on an Airfoil N. A. C. A. Full-Seale and Variable-Density Tunnels.
of a Flat Plate at Midspan Position. T. N. No. 403, T R. No. 530. 1935 |
N. A. C. A, 1931. o b
. Kiein, A. L.: Effect of Fillets on Wing-Fuselage Inter-
ference. A. 8. M. E. Trans., vol. 56, no. 1, January
1934, pp. 1-10.

TABLE IL—AIRFOIL CHARACTERISTICS

Cr ‘ ("Do ‘ C"e " Cu ] C""q \ t.”t)’i C1 ‘ r“na ‘ C"'r;'l
Airfoil L ===
a=0° a=4" a=12°
Rectangular N. A. C.A. 0012 ________. 0. 000 0. 0080 0. 000 0. 307 0, 0087 | 0,003 0. 920 0. 0150 (M4
Papered N. A. Q. A . 0018-00___________ L 000 . 0093 L 000 305 L 0009 008 810 L0146 013 |
Cut-out N; A. C.A 0012 ..o ... 000 L0074 . 000 . 2066 D085 007 . 788 156 018 |
a=—4" a=(" a=5°
Rectangular N. A, C. A 402 .| —0.006 ‘ 0. 0007 = —0. 089 0. 208 : . 0085 ‘ —() 087 0. 864 1 0, (136 ‘ —1). 084
TABLE IL.—FUSELAGE CHARACTERISTICS
(43 | Cu ‘ LGy (5} ‘ Cp ‘ 1 Cmy €y | Co ‘ 1 Oy Cy ! Cn ‘ Vi, (o i Co | Iy
Fuselage Engine ——— ————==— lie= =
| a=0? a=4° =8 a=12° a=16°
Round .. | 0.000 | 0.0041 | 0,000 ‘ 0.001 | 0.0042 | 0.016 | 0.005 | 0.0040 | o.08 | 0.0t | o.0082 | 0.085 | 0.019 | 0.0085 | 0038
11T | 000 D188 | . 000 L 001 L0191 L0156 004 | L0200 02T L 008 L0216 087 o) ] L0244 041
Do__ —o| L0000 . D069 000 08 L0073 013 .m7 LSS .25 028 015 a5 L TH0 .As .4
Rectangular 00 R L 000 . (05 L 0054 ML L014 . OGS . 015 L 26 L7 .8 L0 L0151 . 016

1 Pitching-moment cceflicient about the quarter-chord point of the fuselage.
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TABLE ITT.—LIFT AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT AND
INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS

|
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tion
=0 a=4" a=12°
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Boceriaama! 000 L0032 L0000 L008) L0037 L0050 026/ . 0046
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 § e e L0lo
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b e 000
L e L 00g
Ip st 000
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1

—. 013

—. 013

Combina-
tion

ACL | ACp,y [4Cm, | ACL |ACH, |ACs | ACL | AC, | ACn,,
a=0" a=47 a=12°
=0.023 —0.013 0.0107| —0. 008
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—~/0821 160
015 .021
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0073
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(U032
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1 TABLE III.—-—LIE‘T AND INTERFERENCE, DRAG AND INTERFERENCE, AND PITCHING MOMENT AND
I INTERFERENCE OF FUSELAGE IN WING-FUSELAGE COMBINATIONS—Continued
J'
i ACL | ACD, | ACm,, | ACL |ACn, | ACwm, | ACL | ACH, I ACw, ACL | ACp, [AC0m | ACL | ACH, | ACw | ACL | ACps | ACw
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‘lr tlon tion
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| 39| .027) .00%3] —.085 .011| .0078| —.027 — 008 (o013l — 018 — 005 .0048| —i006 — 015 .0060[ 020
Il —o11| — o004 .oool  .oo0| .ose| .o0ss| .02 “004| 0051 —.030] o006 .O0T| —.021| — 006 0054 .006
i —2015] .001) 0086 —.005| — 0d9| .0231| 006 o0s| .o065| —.03s| 012] [0088| —.031 004 0053 —.013
r —.011| —.006( 0201 004 —. 053] .0307|  .014 co21f Cooe|  .ow| .ow| .ooss|  io12) .o077| .o0se| o1l
i —.017| oo .0077| —.002| — 037 .02260 028 000| L0042|  .000| .018| L0048]  L006 .083) .0o061] Lol
—‘mis| o025 Coods| —oo7| odz| CoDss|  L010 —021| (0048 —.010] —003| .Dos1| —l005| 025 [0056 004
—-013) 00 0063 —. 004|085 0| 007 o) .01z 000|009} 201 L006| .087| L0258 016
Zo007| — oen| Co191] —.o01) Cois| L0217 007 f H 2 F e R B
- —.m2| — o1s| .ooss| —ood| Co2r| Lo0os| .oi3
a=—1° a=0° a=8°
a=4° a=12°
- 208, ... |—0u01g (I.IIH]" =) 00 D,DIBE D.IIH-II —L 061 0089 0.005-1‘ 0. 013
] u.trag ~o.317 0.0045|  0,026(—0.023] 0.0055  0.034 !
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TABLE IV—INTERFERENCE DATA FOR DISCONNECTED COMBINATIONS

r Interference on wing in presence of fuselage Characteristics of luselage in presence of wing
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i a7 hog . 0004 L0056 | —.001 | —. 0017 L0DY | — 002 | —. 003 002 L0031 | 0034 001 | —. 005 « D051 L2 —. 000 L D060 029
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| 42 Lo . 0007 003 001 [ —. 0015 L001 | —. 011 | —.0013 002 L002 | 0028 | — 001 | —. 002 . 0043 010 | —, 006 L0044 . 0an
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i 80 L0382 | —. 0013 | —. 004 L 043 L0017 | —. 008 043 0181 | —. 008 | — 017 | Z0078| —.026 | —. 025 | 0047 [ — 017 | — (046 | — 0054 | .000
81 L0486 | — 0027 | —. 003 L0685 | —. 0004 | —. 005 040 0131 | —. 0068 | — 026 |—.0107 | —. 027 | —.034 L0088 | —, 027 | —. 064 0005 | —. 008
82 | —. 016 L0012 | — 004 | —. 012 L0067 | =007 | —. 016 0188 | — 008 | — 001 | 0042 L019 | —. 006 < D000 025 | —. 011 | —. 0128 029
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TABLE IV.—~INTERFERENCE DATA FOR DISCONNECTED COMBINATIONS—-Continued

} Interference on wing in presence of fuselage Characteristics of fuselage in presencs of wing

niy |
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f TABLE V~—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS
Long e Lift
ONgi-| yrarti- curve | o Aerody- LCy, . |08,
£ kadc cal | Wing | slope e | ¢ & e belont] ertec- | effec:
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1 Letters refer to typ2s of drag curves associated with the interference burble. See footnote 1, p. 34,
) 1 L‘o}tt_gts refer to condition at maximum lift as follows: » Reasonably steady at €, ; bsmall loss of Tifi beyond L'L“i: « large loss of ift heyond €' :and uncertain i
valueof ¢y . e e
i Poor _amemew. in high-speed range.
+ Poor agreemsnt over whole range.
 Poor agreement in high-lift range.
4 Rapid increase in drag preceding definite breakdown,
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS—Continued
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! Letters refer to types of drag curves associated with the interference burble, See footnote 1, lp
! Letters refer to condition at maximum 1ift as follows: » R

valueof €, .
Ll

1 Poor agreemment in high-speed rangs.
{ Poor agreernent over whole range,
¢ Poor agreement in high-lift range.

¢ Rapid inerease in drag preceding definite breakdown.

easonably steady at €', ; bsmall
“mazr

34,

oss of lift beyond €, : <large loss of lift heyond € and uneertain
Lmasx Lz

S - .
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OI"

31

WING-FUSELAGE COMBINATIONS—Continued
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1 refer to types of drag curves associated with the interference burble. Seulootnotal .
: ﬁ:ﬁgmg to Oglﬂdltiot(l ntgma;:mum lift as follows: * Reasonably steady at T ik san]plnss of 1ift beyond €z ;< large loss of Hift beyond €7 and unecer-
maz mar

tain valoe of 6‘;

+ Poor mmmnmt over whole range.
4 Poor agreement in high-lift range.
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS—Continued
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1 Letters rofer to types of drag eurves associated with the interference burble. See footnote 1, p. 34, .
¢ Lelters refer to condition at maximum lift as follows: = Reasonably steady at C;.m: » small Toss of 1ift beyond (.’,-‘”u: v large loss of 1ift beyond C'L'“ and uncer-

tain valueof C'y .

! Poor agreer'a“a'nt in high-lift range.
¢ Rapid increase in drag preceeding definite breakdown.
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS—Continued
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i Letters refer o types of drag corves associated with the interference burble. See footnote 1, p. 34

# Letters refer to condition at maximum lift as follows: » Keasonably steady at Oy,

value of 'y,

4 Poor agreement over whole range.

3 Poor
* Rapid

memnt in high-lift ran

ge.

crease in drag preceding definite breakdown.

bsmal

1 loss of lift beyond Cy_, . ¢ large loss of lift Beyond Cy_ . and uncertain
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS—Continued
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1Letters refer to types of drag curves associated with the interference burble as follows:
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Type A Type B

? Letters refer to condition at maximum lift as follows: * Reasonably steady at Cp_ . * small loss of Hff beyond € . © large loss of 1ift beyond €y, and uneertain
value of Cy,

i Poor a?fzemant over whole range.
5 Poor agresment in high-1ift range.
¢ Rapid increase in drag preceding definite hreakdown.
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Combination 16 (combination 143 nverted) showing small tapered
fillets

Frovere 24, —Combination 72 (combination 24 inverted) showing poor junetures
ut the wing roots,

Figung 25 —Combinations showing round fuselage with cowled and uneowled Fiaune 28— Combiintion 147 (o dination [nverted) showing lurge tapered

Fraoune 26.—Combination 140 (combination 142 inverted) showing curved Frauvre 20, —Combination 48 (combination 145 inverted) showing large tapered
plan-form fillets. fillets extended to the leading edge of the wing,
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Figure 30.—Combinations 152 and 153 (combinations 157 and 158 inverted) show-
ing the thick ccnnecting strut in the forward position with and without fillets,
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Fiourk 31,—Combination 175 showing the N. A, C, A, 4412 airfoil in a low-wing
position.

FiGUre 32,—Combination 176 showing inverted tapered fillets.
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FiaurE 33.—Combination 177 showing straight fillets.
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FiGURE 34.—Combination 178 showing tapered fillets.
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Fi6URrE 35.—Combination 197 showing the junctures at the wing roots of the
cut-out wing.
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FiguRE 36,—Combinations 204 and 207 showing the rectangulir fuselage with and
without a cowled engine.
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities
Force i
5 g’%&;:lilsl 5 - 5 & (Liﬂeu.r
e i - : + Jgisl ositive esigna- | Bym- | (compo-
[Designation gol symbol | Designation | "po}" | girection tion bol |nent nﬂ)ng Angular
axis)
Longitudinal___| X X Rolling..--.| L ¥—Z Bolllo Cx ] % »
Lateral________ Y Pitching._..| M F—X PitghlJol @ ¢ q
Normal._______ Z Z Yawing..._.| N X—Y Naws ues ¥ (17 r
I
Absolute coefficients of moment Angle of set of control surface (relative to neutral
Cim L e M O.= N position), 8. (Indicate surface by proper subscript.)
bl ™ yeS " gbS
(rolling) (pitching) (yawing)
4. PROPELLER SYMBOLS
D, Dianneter

2, Geormetric piteh

p/D, Pitch ratio
V*, Inflow velocity
V,  Slipstream velocity

T,  Thrust, absolute coefficient C'r=

T
pnfD*

Q, Torque, absolute coefficient Ca=;§-ﬁ

ay

My
Ty

®,

'y _® P
Power, absolute coefficient CP:W

. . 5/ V3
Speed-power coefficient =.\ P
Efficiency

Revolutions per second, r.p.s.

)
27T

Effective helix angle =tan™ |

5. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/s =550 ft-1b./sec.
1 metric horsepower =1.0132 hp.

1 m.p.h.=0.4470 m.p.s.

1 m.p.s.=2.2369 m.p.h
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11b.=0.4536 kg.

1 ke =2.2046 1b.

1 m=3.2808 {t.





