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AN INVESTIGATION OF WING-BODY JUNCTURE INTERFERENCE

EFFECTS AT TRANSONIC SPEEDS FOR SEVERAL

SWEPT-WING AND BODY COMBINATIONS

By John B. McDevltt and Robert,A. Taylor

suMMARY

This report presents the results of an investigation of wing-body
juncture interference effects at high subsonic and transonic speeds.
Force characteristics and pressure measurements for various bodies in
combination with sweptback wings of aspect ratios 3 and 6 were obtained
through a Mach nuuiberrange frcm 0.8 to 1.2. The bodies used consisted.
of basic Sears-Haack bodies of revolution, the basic bodies indented by
area-rule concepts at design Mach numbers of 1.0 and 1.2, and the latter
area-rule bodies reshaped without-change in cross-sectional areas (by the
superposition of slender-body multiples) so that the flow along the wing-
body juncture chords at high subsonic speeds more closely resembled that
for the infinite oblfque wing.

h The various area-rule applications resulted in large reductions in
the transonic wave drag. The reshaping of the M = 1 area-rule bodies
by application of multipole theory did not result in further drag reduc-

4 tions. This result is believed to be due to the fact (as indicatedby
both theoretical and measured pressures) that the M = 1 area-rule appli-
cations for these particular wing-body combinations result in juncture
pressure distributions at transonic speeds w~ch are quite similar to the
pressure distribution of the oblique wing in subcritical flow. However,
the M = 1.2 supersonic area-rule application was found to give unfavor-
able juncture-chord pressure distributions. The desired corrections to
the flow were large and could not be fully achievedby a realistic appli-
cation of multipole theory. A partial adjustment of pressures was
attempted which resulted in a slight reduction of wave drag near M=l.
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INTRODUCTION b

The possibility of employing sweepback for reducing transonic effects
*

followed from the early investigationsby Gathert and R. T. Jones (refs. 1
to 3) of the linearized flow about swept wings (see also the work of
Neumark, ref. 4). However, the full benefit indicated by simple-sweep
theory at high subsonic speeds could not be_..obtainedin practice, princi- —

pally because the streamwise pressure distribution near the root of the
swept wing differs frcm that for the infinite oblique wing in subsonic
flow. (The full benefit of sweep is achieved if the wing isobars are
everywhere parallel to the local sweep of the wing.)

The unfavorable pressure distribution near the root of the sweptback
wing csm be corrected either by altering the wing gecmetry near the root
or by contouring the body in the vicinity of the wing-body junction. The
possibility of obtaining favorable junction pressure distributions by
shaping the sides of the body to conform to the general shape of a stream-
line on the yawed, infinite wing has been reported on in references 5
to 7. The design of wing-body junctions by the use of a quasi-cylindrical
theory involving ring vortices in linearized subsonic flow was developed
by Ki.ichemann,references 8 and 9. (In the Ktichemannmethod the pressure
distribution at the wing-body juncture is assumed to be equal to that for
the center line of the sweptbackwing.) A more exact theory for deter-
mining the linearized, subsonic flow about wing-body combinations has been
developed recently (ref. 10).

—

Although Most of the early investigations of the swept-wing problem
(refs. 5 to 9 and 11 to 14) suffered from the limited Mach number range
made available by the conventional wind tunnel, significant reductions in
drag were obtained at high subsonic speeds by the use of body contouring.
Using rocket-powered models,

4
pepper (ref. 7) was able to conduct an inws-. ___ __

tigation throughout the transonic speed range and found that large drag
reductions could be obtained by indenting the body so as to approximate
the streamline flow over the yawed, infinite wing.

Soon after the completion of the first transonic wind tunnel at the
Langley Aeronautical Laboratory, the transonic area-rule concept for
slender-wing-body combinations was discovered and verified by the experi-
ments of Whitcmnb (ref. 15). The extension of this concept to include
supersonic design Mach numbers was made by R. T. Jones, reference 16 (see
also ref. 17). Following the discovery of the area rule a re-examination
of the swept-wing problem appeared desirable. An experimental investiga-
tion (ref. 18) indicated that both the area-rule concept and Kiichemannts
design method result in large drag reductions at transonic speeds for
swept-wing and body combinations. Furthermore, it was found that the
area-rule indentation for this particular swept wing resulted in junction
pressuressimilar to those for the oblique wing in subsonic flow. Actually
the body shapes were quite similar, the major difference being in the body
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contouring downstream of the junction chord. Thus it appears that for
swept wings, scmewhat simfilarbody contours result frcxnapplications of
the area rule and from the method of KUchemann.

The possibility of ccmbining KUchemann1s concept of adjusting juncture
pressure distributions and area-rule concepts motivated the investigation
of the present report. The two concepts csm be considered simultaneously
by first prescribing the sxial distribution of cross-sectional areas
according to the area rule and then using slender-body multiples (which
alter the body shape without change in cross-sectional area) to adjust
the pressure distribution at the wing-body juncture to conform to those
for an infinite yawed wing. Several investigations somewhat similar to
the investigation of the present report have been conducted recently. In
references 19 to 21 the possibility of shaping the body of sweptback wing
and body combinations so as to canbine the curvature of the streamline
over the oblique wing with the longitudinal area CMstribution obtained by
area-rule concepts has been investigated for
cases.

NOTATION

The primary symbols used in this report

A wing aspect ratio

~(x) strength of axial sources

both nonlifting and lifting

are defined as follows:

~(x) ,

}

strength of axial mul.tipoledistributions
● bn(x) body theory
.—

i b wing span

according to slender-

hag coefficient,
hag
qs

CL lift
lift coefficient, —

qs

% pitching-moment coefficient, pitchi~ moment about ~/4
qs~

CP pressure coefficient, local pressure minus free-stream static

. pressure ditidedby q
L

c local wing chord
4
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wing-body junction (chord
basic or area-rule bodies

line
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u

through the point
and wing leading

body length (distance from nose to theoretical point of closure)

free-stream Mach number

critical Mach number

design Mach number

free-stresm dynsmic pressure, ;pum2

body radius

polar coordinate in y,z plane

area of wing plan form”

wing thickness-to-chord

free-stream velocity

perturbation velocities
velocity

ratio

normalized by division by

radial component of perturbation velocity in yz
by division by the free-stream velocity

Cartesian coordinates

—

-.

●

�

the free-stream

plane normalized

Cartesian coordinates normalized by division by the juncture
chord c

J

Cartesian coordinate with origin at the leading edge of the
reference chord c.

J
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angle of attack

polar angle in y,z plane

CTwing plsn form taper ratio, ~
R

.

free-stream density

perturbation velocity potential

angle of sweep, positive’when swept back

variable of integration

first derivative with respect to the free-stream direction

second derivative with respect to

Subscripts

reference or starting point

condition along wing-lxxly$nction

wing leading edge

order of multipole

wing

sxial quadripole

the free-stream direction

APPARATUS AND MODELS

Appaxatus

The tests were conducted in the Ames n-foot transonic wind tunnel,-
which is equipped with a perforated test section pemnitting continuous
operation frmu subsonic to low supersonic speeds.

i
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The models were mounted on a sting support as shown in figures 1 u

and 2. The normal and chord forces and the pitching moment were measured
by a strain-gage balance enclosed within the model. Multiple-tube mercury
manometers, connected to pressure orifices in the model by flexible tubing, b-

were photographed to provide records of the.pressure distributions on the _____
models;

Models

Plan-form details of the various models are presented in figure 3.
For all the wing-body combinations the center lines of the bodies were
located in the chord plane of the wing and all bodies were truncated to
permit mounting on the sting. The body contour details in the vicinity
of the wing are presented in figures 4 to 6.

The wing used for model series I (fig. 3(a)) had an aspect ratio
of 6, a taper ratio of 0.4, and NACA 64ACD8 sections in the stresm.wise
direction with the lto-percent-chordline swept back 40°. The wing used
for model series II and III had an aspect ratio of 3, a taper ratio of 0.4,
and NACA 61tAO06sections perpendicular to the 25-percent-chord line. The
wing leading edge was swept back 45°.

Models I-A and II-A.- The
bodies of revolution shaped in

r—=
‘Max

bodies used for models I-A and II-A were
accordance with the Sears-Haack formula

[’-(’-+r”r” d

The fineness ratiQ (based on the theoretical length of the body to closure r
and the maximum body dismeter) was 11 for body I-A and 12.5 for body II-A.

Models I-B, II-B, and III-B.- The bodies of revolution used for models
I-B and II-B were indented according to the M = 1.0 area rule such that
the wing-body combinations had axial distributions of cross-sectional areas
equivalent to the basic Sears-Haack bodies of models I-A and II-A, respec-
tively. (A convenient method for calculating the indented bdy radii is
presented in Appendix A of this report.)

The body of revolution used for model III-B was indented according
to the supersonic slender-body area rule for a design Mach number of 1.2
with the area distribution of the Sears-Haack body of model II-A used as .
the desired optimum. (See ref. 16 or 22 for a
slender-body area rule.)

~.~

discussion of the supersonic

r
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Models I-C, II-C, and III-C.- The body shapes for models I-C, II-C,
and III-C were obtained by altering, without change in cross-sectional
areas, the shapes of bodies I-B, II-B, and III-B, respectively, by appli-
cations of slender-body quadripole theory so as to adjust the flow along
the junction chords to agree more closely with that for the oblique wings
in subsonic flow (design Mach number of 0.9). The theoretical method used
for obtaining the body shapes of models I-C, II-C, and III-C is described
in detail in Appendix B of this report.

The calculated pressure distributions (using the wing-body theory
of ref. 10) along the junction chords of models I-B, II-B, and III-B are
compared with those of the oblique wing in part (a) of figures 7 to 9.
The desired adjustment of juncture pressures and the actual corrections
considered in the design of bodies I-C, II-C, and III-C are presented”
in part (b) of figures 7 to 9. The computed radii for model II-C near
e = 90° and 270° (top snd bottom of fuselage) for body stations 54 to 68
(see fig. 5(b)) were arbitrarily increased amoderate amount to the values
shown in figure 5(b), @ = 90°, so as to permit installation of the balance
mechanism. Because of the large Mferences in pressures indicated in fig-
ure 9(a), the full correction of the junction flow by the use of quadripole
theory was not possible for mcdel III-C. However, a partial correction was
arbitrarily chosen as shown in figure 9.

In the design of these bodies it was found that the starting, or
reference, point for the front and rear superposition of the axial quad-
ripoles must be chosen with care in order.to keep the resulting body dis-
tortions of a realistic magnitude. The various starting points are indi-
cated in part (b) of figures 7 to 9. Arbitrary fairings consistent with
slender-bcdy concepts were used to terminate the quadripole distortions
of the body shapes fore and aft of the junction chord.

TESTS AND PFO.XDURE

The models were ”testedthrough a Mach number range from 0.8 to 1.2.
The Reynolds number (based on the wing mean aerodynamic chord and the aver-
age temperature of the air) was approximately 4xl& for model series 1“and
approximately 7x10s for model series II and III (fig. 10).

Tunnel-boundary-interferencecorrections were not applied to the
data. These effects at subsonic speeds are considered to be negligible
due to the perforated test section. For models of the size employed in
the present investigation, the influence of the reflected waves on model
characteristics is Wown to be small and confined to the Mach number range
from 1.00 to about 1.15.

The drag data have been corrected for an interaction in the balance
mechanism of normal force on chord force and have been adjusted to

ressme at the model base.represent free-stresm stat
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FORCE STUDY RESULTS @

The aerodynamic characteristics of the Various wing-body combinations
2

of model series I (swept wing of aspect ratio 6) and model series II and
III (swept wing of aspect ratio 3) are, for convenience, presented sepa-
rately. Same results of body-alone tests conclude the presentation of
force data.

Model Series I

The drag, lift, and pitching-moment data are shown in figure 11 for
the three configurationsutilizing the swept wing of aspect ratio 6. (See
figs. 3(a) and 4 for design details of the various models.) Cross plots,
which summarize the more important force characteristics, are presented in
figures 12 to 14.

Drag.- The variation of drag coefficient with Mach number at zero
lift and at CL = 0.2 is shown in figure 12.. The tramsonic drag charac-
teristics of t%e two models having smooth axial distributions of cross-
sectional areas in accordance with the M = 1 area rule (models I-B and
I-C) demonstrate the fundamental importance ?f the area-rule concept.
Near M = 1 the area-rule applications resulted in reductions of wave
drag, when compared with the basic model I-A, of approximately 70 percent.
With increasing supersonic Mach numbers, however, the favorable interfer-
ence effects of the area-rule indentations decrease and eventually
disappear near M = 1.2.

The application of multipole theory in the design of mmlel I-C (which e
altered the body cross-sectional shapes without change in the axial distri-
bution of cross-sectional areas required by the area rule) to improve the
flow near the wing-body juncture at high subsonic speeds did not appreci- W’-
ably affect the wave drag at transonic speeds. This result is believed to
be due to the fact that the M = 1 area-rule application in this particular
case results in wing-body-juncture pressures at transonic speeds which are
quite similar to the pressure distribution of the oblique wing in subsonic
flow.

The variation of maximum lift-drag ratio with Mach number is shown
in figure 13. Considerably higher values of maximum lift-drag ratios were
obtained at high subsonic and transonic speeds as a result of the
application of the area-rule concept.

Lift.- The variation of lift-curve slope (evaluated at zero lift)
.

with Mach number is shown in figure 14. The two area-rule configurations
(models I-B and I-C) had, within the accuracy of the experimental data, r“
essentially the same values of lift-curve slope throughout the Mach number
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4

range. In general, the application of the area-rule concept resulted in
higher values of Uft-curve slope and in a somewhat smoother variation of

‘d lift-curve slope with Mach number at transonic speeds. This result is a
direct consequence of the reduced shock losses that invariably accompany
area-rule modifications for improving the axial distribution of cross-
sectional areas.

Model Series 11.and III

The drag, lift, and pitching-moment data are shown in figures 15
and 16 for the five configurations employing the swept wing of aspect
ratio 3. (Gee figs. 3(b), 5, and 6 for design details.) cross plots,
which summarize the more important force characteristics of these models,
are presented in figures 17 to 19.

Drag.- The variation with Mach number of drag coefficient at zero
lift and at CL = 0.2 is shown in figure 17(a) for the basic configura-
tion, model II-A, and for the two configurations, models II-B and IT-C,
having cross-sectional area distributions in accordance with the M = 1
area rule. The use of the area rule resulted in large reductions of drag
throughout the transonic speed range.

The application of a suftable axial distribution of multiples in
conjunction with the M = 1 area rule so as to improve the flow along
the wing-body juncture did not appreciably affect the drag of model II-C.
As in the previous case for model I-C, this result is believed to be due
to the fact that the application of the M = 1 area rule for this partic-
ular wing-body combination results in favorable juncture pressures which

. are difficult to improve.

t In figure 17(b) measured dxag characteristics of model II-A are
repeated with the results for models III-B -d III-C, which had area dis-
tributions according to the supersonic slender-body area rule for a design
Mach number of M = 1.2. When compared with the previous drsg results for
the M = 1 area-rule designs of model series 11, the M = 1.2 area rule is
found to provide the expected greater wave-drag reductions near the design
Mach number but is, approxhately, only one half as effective near sonic
Mach number. Theoretical calculations at M = 0.9, as welJ as measured
juncture pressures, indicate that the M = 1.2 area-rule model (model
III-B) has undesirable flow conditions along the junction chord at tran-
sonic speeds. The desired correction of the juncture flow was too large
to be achieved by.a realistic application of multipole theory. However,

. a partial adjustment of juncture pressures was attempted by the design of
model III-C which resulted in a slight reduction of drag near M=l. The
variations of maximum lift-drag ratios with Mach number are shown in

d figure 18.
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Lift.- The variations of lift-curve slope (evaluated at zero lift) b

with = number are shown in figure 19. In general, the various area-
rule modifications resulted in higher values of lift-curve s>ope through-
out the transonic speed rwge.” By inspection of the drag and lift vati-a-

*,

tions shown in figures 17 and 19, it is apparent that increases in lift-
curve-slope are directly connected tith the relative effectiveness of the
various area-tie modifications in reducing-the transonlc wave drag. .—

Body-Alone Tests .’

The variations of zero-lift hag coefficient with Mach number are
presented in.figure 20 for the various bodies used in this experimental
investigation. The drag coefficients for body series I and IT.are based
on the respective wing areas of model se”rieJsI and 11. -

Bodies I-A and II-A are Sears-Haack bodies of revolution having
fineness ratios of Xl and X2.5, respectively. Boi13.esI-B and I-C have
identical cross-sectional areas with body I-C distortedby an application
of quadripoles. Bodies II-B and II-C have identical cross-sectional areas
with body II-C distorted by multiples; bo~es III-B smd III-C can be

.—

described similarly. With the above description of the bodies in mind it
is apparent that the drag variations shown ,+nfigure 20 indicate that the ““ —
wave drag depenti-primarilyon the axial.distribution of cross-sectional

—

areas. It can also be shown by theoretical considerations, using slender-
body concepts, that the superposition of axial ?ntitipolesdoes not con-
tribute to the wave drag (ref. 23), provided that the d3.stributionfunction
for the multipole strength, ~(x), terminates with zero first and second
derivatives.

—

#

PRJ3SSURESTUDY REH..LTS
t

Surface pressure distributions for the various wing-body combinations
were measured at zero ldft. The experimental results are, for convenimce, -
presented separately for model series I (swept wing of aspect ratio 6) and
model series II and II (swept wing of aspect ratio 3).

MQdel Series I

The measured flow over the wing surfaqe at yarious Mach numbers Is
illustratedby the isobar pa$terns presented in figure 21. The locations ‘- ‘;”+
of the isobars were determined from the faired chordwise pressure data

-.

!PEtiti
●
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obtained at nine lateral stations along the wing semispan. The measured
pressure distributions along the_body surfaces are presented in figure 22
for two body azmuthal locations,L 8 = 0° and e = 90°.

Wing isobars.- The isobars shown in figure 21 demonstrate that the
pressure field of the wing is decisively influenced at near-sonic speeds
by the ad~acent body shape. The unfavorable distortion of the wing pres-
sure field near the basic body of model I-A is evident throughout the
Mach number range. The M = 1 area-rule modification of model I-B cor-
rected the unfavorable pressure field near the wing-body juncture in a
very satisfactory manner (that is, the flow is in close agreement with
that for the oblique wing). In particular, it shoul.dbe noted that the
streamwise location of the point of minimum pressure (indicated by the
dashed lines of fig. 21) was shifted to a forward location at the root
chord. The quadripole distortion used in the.design of model I-C!did
not si~ficantly alter the isobar patterns.

Body pressure distributions.- The importance of the body shape is
again evident from the pressure distributions presented in figure 22. It
is apparent that the favorable pressure distributions resulting from the
area-rule modification of model I-B would be Ufficult to improve in order
to achieve a further reduction in wave drag near M = 1.

Comparison of calculated and measured juncture pressures.- The
theoretical and experimental pressure distributions near the wing-bdy
junctions of model series I at zero lift are shown in figure 23 for Mach
numbers of 0.85 and 0.90. The theoretical results were obtained by the
use of the linearized flow theory for wing-body combinations described
in reference 10.

The measured pressures at the innermost row of wing orifices
(Y = 0.139 b/2) are also included in figure 23 since it was felt that a
comparison of theory and experiment at the wing-body junction would suffer
somewhat frcxnboundary-layer effects in the corners of the wing-body
juncture. In general, the theory and expertient are in reasonable
agreement.

Model Series 11 and III
.

The measured pressure distributions at various Mach numbers for the
models of series II ~d III at zero lift are presented in figures 24 to 29.

lAt the wing-body juncture the pressure orifices along the sides of
the bodies were located as close as possible to the upper surface of the
wing. The designation e = 0° for the side,row of orifices is used here
for convenience, although, at the wing-body juncture, the orifice loca-
tions differed slightly from e = 0° because of the finite thickness of
the wing.
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Wing isobars for models II-A, II-B, and II-C.- The wing pressure
distributions for models II-A, II-B, and II-C are indicated by the isobar
patterns shown in figure 24. The unfavorable pressure field near the
wing-body juncture of model II-A is evident throughout the Mach number
range. The M = 1 area-rule modification of model II-B reduced the gen-
eral level of the disturbance field over the entire wing for Mach numbers
up to 1.10 and improved the flow near the juncture throughout the Mach
number range.

Body pressure distributions for models II-A, II-B, and II-C.- The
measured body pressure distributions for models II-A, II-B, and II-C are
presented in figure 25. The M = 1 area-rule modification resulted in
large changes in the body pressures which would be, as for the previous
case of model I-B, difficult to h.uproveupon in order to achieve further
drag reductions near M = 1.

Canparison of calculated and measured juncture pressures for models
II-A, II-R, and II-C.- The theoretical and experimental.pressure distri-
butions near the wing-body junctions of models II-A, II-B, and II-C at
zero lift are presented in figure 26 for Mach numbe$s of 0.85 and 0.90.
In general, the agreement between theory and experiment is good for
models II-A smd II-B.

Wing isobars for models.111-B and III-C.- Wing isobars for models
III-B and III-C are presented in figure 27. For the M = 1.2 area-rule-
indented model III-B a local region of positive pressure coefficients
occurs near the mid-chord of the wing-body juncture where the indented
body radius is a minimum (see fig. 6(a)). As stated previously, the body
used in model III-C was the result of an attempt to correct partially the
junction flow at M = 0.90 by an application of quadripole theory.

Body pressure distributions for models III-B and III-C.- The measured
body pressure distributions for models III-B and III-C at zero lift are
presented in figure 28. Whereas the previous applications of the M = 1
area rule resulted in very satisfactory pressure distributions at the
junction chords, it is evident from the pressure distributions for model
III-B shown in figure 28 that the M = 1.2 area rule is unsatisfactory in
this respect. The partial application of quadripole theory used in the
design of model III-C improved considerably the pressure distribution
along the junction chord. However, the flow along the top ‘portionof the
bcdy surface was adversely affected by the quadripole distortion.

Comparison of calculated sad measured $.mcti”onpressures for models
III-B and III-C.- The theoretical and experimental pressure distributions
near the wing-b~ junctions of models III-B and III-C at zero lift are.
presented in figure 29 for Mach numbers of 0.85 and 0.90. The agreement
between theory and experiment is good for model III-B but not so good for
model III-C where the theoretical pressure coefficient contained large
contributions from the quadripole distortions of this particular body

.
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Body-Alone Tests

The measured surface pressures for the basic bodies (Sears-Haack
bcdies of revolution having fineness ratios of l.1and 12.5) tested alone
(wings removed) are presented in figures 30and 31. The pressure distri-
butions for the two bodies indentedby applications of the M = 1 area
rule are presented in figures 32 and 33. The pressure distributions for
the body fndented by the M = 1.2 slender-bcdy area rule are presented
in figure 34.

It is interesting to note that, for a given indentedbdy shape, the
stresnndse pressure distribution does not change much throughout the Mach
number range tested.

CONCLUDINGREMARKS

The theoretical calculations at high subsonic Mach number$ as well
as the ~erimental measurements at transonic speeds indicate that the
M= 1 area-rule designs for sweptback wi~s result in wing-body-juncture
pressures quite similar to the stresmwi.sepressure distribution of the
oblique wing in subcritical flow. As a result it can be expected that,
for the particular case of the sweptback ting, the area rule will give
results similar to those obtained by Ktichemannlsmethod and hence iricrease
the critical Mach nwber as wdl as provide reductions in transonic wave
drag.

In the present experimental investigation it was found that the
quadripole distortions of the body shapes had comparatively little effect
on the transonic wave drag when compared with the large effects resulting
from changes in body cross-sectional areas (which is equivalent to speci-
fying changes in the sxial.distribution of sources according to linearized
or slender-body theory). It also appears from this investigation that
significant improvements in M = 1 area-rule applications for transonic
speeds are improbable for swept wings having at least a moderate amount
of sweep but that further work is needed to tiprove juncture pressures
for wing-body ccxnbinationsdesigned by applications of supersonic area
rules. In recent work by Lcma.x(ref. 24) it was shown that the supersonic
+%ension of Whitcombts area rule is an approximation for the correct rule
of linearized theory which requires knowledge of model surface pressure
distributions. Smne indication of the success of a particular supersonic
area-rule application at transonic speeds may be obtained by an inspection
of the $ncture press~ distribution at high subsonic speeds. .

It is probable that a more exact understsmding of the sonic and
supersonic flows about wing-body combinations must be achieved before
methods for obtaining optimum body shapes can be fully developed.
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Attention should also be directed toward the more general problem of
determining wing geometry such that the wave-drag reductions to be
obtained shall be “ascomplete as

Ames Aeronautical Laboratory
National Advisory Ccmmd.ttee

Moffett Field, Calif.,

possible.

for Aeronautics
Jan. 2, 1957

.

-#--

.

i’
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B(DY COMBINATIONS INl)ENTEDACCOIIllING

TO THE M=l-RUIE

Formulas for obtaining the body shape of configurations indented
according to the M = 1 area rule are easily obtained in the case of the
swept wing if the wing has straight leading and trailing edges and tip
chords parallel to the body axis. The area-rule concept suggests that
the axial distribution of cross-sectional area for the wing-body ccmbina-
tionbe optimized, that is, made equivalent to that f’ora smooth body
having low wave drag. The usual procedure is to remove from the smooth
body volume the exposed volume of both wing panels such that the cross-
sectional areas in planes normal to the body axis for the indented con-
figuration axe eqwl to the cros8-sectional areas of the smooth body. A
convenient methal for determining the indented radii follows.

WINGs OF Comm ‘I!mcKNEssTo CHORDRATIO

Consider the wing-body T Noto:AlldlstancosdlmtnslMIosswlthrOSmGttO q.

combination shown in sketch (a) L

where, for convenience, all dimen- G-—-”?--”?--l

sions have been normalized by diti-
sion by the junction chord Cj. If

the integral representation for the
wing cross-sectional area in the
plsme normal to the body axis is
replaced by an equivalent integra-
tion performed in the streamwise
direction, then the indented body
radii, RI) can be obtaimed by use +q~

Ra *of’the following equation: C].1

I x Sody axis

Sketch(o)

‘a-%

J~j+cot A=
‘12(~j) = R2(~$ -; cot A=C122Zld~I

o
(Al)
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where 2Z= is the wing thickness measured along
local chord c1 is given by

For all practical
following relationship

c1 =

K=

cases,

~ (R2-R12)

where

NACA RM A57ACX?

.
the junction chord and the

f

l-K(Ej-g=)cot Al

acl l-CT

1

(A2)
—.
a,v (b/2)-~

equation (Al) can be approximated by the

= F(~j)+
%-RI
~otA F’(~j) (A3)

3

(A4)

F’(EJ) = fl’(Ej) (A5)

and the f functions and corresponding first derivatives are given by

fl’(~=) = 2Zzcot A=

f2’(E1) = 2Z1cot2Al

f3’(El) = 2Zlcot3Al

fA’(E1) = 2Z=~1cot2Al

&(E=) = 2Z1~lcot3Al

fe’(~1) = 2Z=~12cot3Al
1

$,~m-

(A6)

.—
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J
EJ

1

.

fJEj) = flfd~=
o

● ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎

✼

(A7)

The evaluation of the integrals of equation (A7) usually requires
numerical or graphical techniques. A convenient formula for obtaining
the variation of A= with El is

(A8)

The f. andf’i functions for the wing used inmciiel series II of this
repor~are shown in figure 35.

Solving equation (A3) for RI gives the desired body-indentation
formula

The tip effect can be accounted for be defining the f functions to
be

(Ale)

‘i = (fi,)~j==-(fi.) ~J= ~j-~T ; 1
CT

m~

(All)
.

<ET=Ej (AM)
.



and noting that ,inall cases . -.

WINGS OF VARYING THICKl%FSSTO CHORD RATIO

NACA RM A57A02

— —h ---

If the wing thickness to.chord ratio varies U.nearly from root to
tip, the preceding method for finding the i@ented body radii can he used
by first replacing ZI in equation (Al) by the following

where Xc is the ratio of tip chord to Jrmction chord and At is the
ratio of tip thickness to chord ratio to junction thickness to chord
ratio. The corresponding f’ and f functions are then evaluated and
used in conjunction with eqy.ations(A9) to (A13).

—
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THE CAICUIATION OF THE BODY SHAPES

FOR MOllELSI-C, II-C, AND III-C
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The plan form and body-contouring details of models I-C, II-C, and
III-C are presented in figures 3, 4(b), 5(b), and 6(b). The bodies used
for these models were obtained by altering, without change in cross-
sectional areas, the body shapes of models I-B, II-B, and III-B, respec-
tively, by the application of axial multiples qo as to adjust the flow
along the Junction chord to agree identically with the flow over similar
oblique wing sections for a design Mach nmnber of 0.90.

A coordinate system.made dimensionless with respect to the,junction
chord will be used, see sketch (b). The notation of reference 10 till be
employed and the reader is referred to reference 10 for further details
concerning the use of planar sources and
axial multiples to describe the sub-

AL
c

sonic flow about wing-body combinations.

The first step toward a solution
of the inverse problem described here
is the calculation of the juncture
pressure distribution due to the wing-
alone sources and body sxial sources
(6 =0°, M= O.90),

()
Cp
s n=o ‘ -2’~@-F’~v(%12

. (Bl)
where ~ is the stresmwise perturba-
tion velocity induced by the whg-alone

% sources, ~ is the stresmwise pertur-
bation velocity induced by the axial
sources, E’ is the slope of the area-
rule body, and the incremental radial

J
1‘\ 12L-“ \/-E

R ‘,
u. ?

. =7 .- (0,%,0)
~?

+q

Sketch ~b)

velocity induced by the wing is defined”
as

[1‘V(r)w = ‘(r)w- ‘(r)w ~v .

.

where ‘(r)w [1
is the radial velocity induced.by the wing and v(r)

is the average radial-induced velocity (see ref. 10). The strengt~a~f
the axial sources to be used in the calculation of ~ are given by

“ Ao(Ej) “@R{*-[v%lav}
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The next step involves the placement along the body axis of a suitable -
axial distribution of multiples such that the juncture pressure distribu-
tion will be identical with that for the infinite oblique wing. The incre-
mental ad~ustment of juncture pressures to be accomplished by the sxial ‘r

multiples is therefore

Acp = Cp
J ()

- Cp (B2)
oblique wing j n=o

Since the influence on the pressure field decreases rapidly with the
order of the multipole (ref. 10), it appears reasonable to consider only
the multipole of order n = 2. The desired adjustment of the pressure
coefficient is then (e = 0°)

Acp
3= ‘2%-[R’2-Gv(rJj7 (B3)

where R! is the slope of the desired bdy radius.

In the inverse problem described here, the axial quadripoles are used
to adjust locally the pressure field but are.not used to cancel any part
of the wing-body interference velocities; consequently, the desired shape
of the body is given by

R(Ej)d = R*(5j,e)++(Ej,e) (B4)

where — .=

(B5) t

(The lower limit of the above i~tegral is arbitrarily taken at ~ = -0.5
since the influence of the wing is negligible forward of this point.)
The parsmeter ARa in equation (B4) denotes the incremental chsmge in
body radius due to the mzial multipole. ..4..

If use is made of the definitions of equations (@l) and (B5),
equation (B3) can be written as (f3= 0°)

.

(B6)
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where
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~~ =Rf.R++’ (B7)

The desired body shape is to be obtained by solution of equation (B6).
First, however, it is necessary to relate the streamwise perturbation ~
to the paremeter ~. This is easily achieved if the following slender- ‘
body approxtition for multipole theory (ref. 25) is used:

~(x)cos ne bn(x)sin nO
qn(x,r,e) = # +

$
(B8)

The streamwise and radial perturbation velocities

u=(x,r,e) =
~r(x)cos 2e

‘+

for the q.uadripoleare

(B9)

-2~(x)cos 2e

‘(r)z
(x,r,e) = r~ (B1O)

.

body
The exial strength distribution for the quadripole can be related to
geometry at e = 0° as follows:

-2a2(x)

‘(r)a = Rs
= Rt-R*~

‘%s2’

-$- ‘
a2(x) =

2

!+ ‘ (X) -m=” -3R’&2 ‘
—= —

IF 2 2

(Bll)

(B12)

.
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.

It is now possible to express equation. as

‘P
= R*+’’*#2’’+Rm1+2(+?)2)2

. J

which can be approximated by

Acp R* ‘% t
----J =A.RJ+
R* R*

NAC!ARMA57A02

.
—

(B13)
t

—

(B14)
.

(Eq. (B14) indicates that the pressure adjustment due to an sxial
distribution of quadripoles for bodies having small E’ is directly
proportional to the second derivative of the radial modification.)

For the application described here (the design of models I-C, II-C,
and III-C) equation (B14) was solved by an iteration procedure starting
with the approximation —

(B15)

+ ‘[kJ~,td~ (B%) “-

ka “
“i’-

where Ej = ~a is the starting (or reference) point and

ARJEa) =mz’(Es) =0 .

The starting points (see figs. 7 to 9) were found to be somewhat critical
if the body shapes were to remain practical. Solutions of equation (B14)
were obtained along the wing-body junctures and arbitrary fairings were
used to terminate the body modifications fore and aft of the junction
chords.

—
*-

The solution for L& at O = O is equiv~ent to finding the strength
distribution for the quatiipoles. At finite 6 values, ARz can be r-
obtained by an iteration of the following:
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.

xa~ .:.
-2EL2C06 2e

‘(r)2= #

J
5J

R = R*+
‘(r)=dZ

ka

An alternate iteration procedure ~or obtaining the desired bcdy shape

23

(B17)

(318)

is obtained if equation (B17) is written in the
,

or

*R’ =&R*’-2a2cos 29

and finally

form

(B19)

●

As a first
can.be replaced

approximation, R in the right-hand side of equation (B20)
by

(B21)
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Wing geometry 4 11.681 k–
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q
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Figure 7.- Theoretical calculations (Md*S = 0.90) considered in the body
design of model I-C, 8
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design of model II-C.



. ,: .-

36 NACA FM A5’7A02

-.4

-.2

0

.2

c?

%- .4

Ii
-.2

0

.2

.4

Wing-body juncture, Model IU-B
—.— Desired for portiol correction
–—–—— Oblique wing

—

.- -. ,-
/-

‘\
/ -

~— -- -

9 \ f
I

\

\

-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4
Junction-chord station, ~j

(a) Calculated pressure distributions at the wing-body juncture
of model III-B and for the oblique wing.

Full corection 11111111 Ill

— - — Partiol correction Reference point for the superposition of

––—–— Model IU-C oxioi quadripoles ot Cj mO.

/

/
/

f
/ -

/ -’ +-
\~ ~/ ~ n

- .
~ %= A — ‘

‘-

-.4 -.2 0 .2 .4 .6 .8 1.0 L2 /.4
Junction -chord station, ~j

(b) Incremental adjus~mentof junction pressure required
by the axial quadripoles of body III-C.

Figure 9.- Theoretical calculations (Mdc*’ 0.90) considered in the body
design of model III-C. b



,.=,

NACA RM A57A02 37

8

7

6

E
z
tn4
u
z

2

I

o

x 106

— — -
— — — — — —

Model series -IIand IU

— — Y
Model series - I

—

.8 .9 1.0 1.1 1.2
Mach number, M

Figure IO.- The variation of average test Reynolds number with Mach number.



.8

.6

t“
c

.-

:.2.-
0
v

;0.-

-.2

-.4

a

-–~-– Model I-C

o .02 .04 .06 .08 .10 .12 Drag coefficient, CD

CD af
+ + + 1 +

for M of 0.80 .85 .90 .94 .98

(a) Drag.
~

Figure II.- Drag, lift, and pitching-moment characteristics of the models of series I.
G

z

. &

1



, 1

.8

.6

-.2

-.4

~
~

z
~
-4

El

E

1,.-
0 .02 .04 .06 .08 .10 .12 Drag coefficient, CD

CD af
+ + 4 + +

for M of 1.02 1.06 1.10 1.15 L20

(a) Drag – Concluded.

Figure Il.- Continued.



.,

.8

.6

c5J .4

.i--
C
0

.-

:.2.-

-.2

-.4

a of
+ +

for M of 0.80 .85
4

.90

(b) Lift.

+
.94

+
.98

Figure Il.- Continued,

, .)



(55
.

c
a

.8

.6

.4

.2

0

-.2

-.4

, , t ,

/
A

/ Ap A

/

/‘
) i

{

J
v

/ / u

v —-‘@-- Model I-C
J

-4 0 4 8 12 Angle of attack, a ,deg

a of 4
for M of 1.02

4 4 4 4
1.06 1.10 1.15 1.20

(b) Lift - Concluded.

Figure Il.- Continued.



.8

.6

-.2

-.4

$=
n)

I

(
( ~

n Model I-A

—El— Model I-B

–-~–– Model I-C

.1 0 -.1 Pitching-moment coefficient, Cm

Cm Of 4 + 4 + 4
for M of 0.80 .85 .90 .94 .98

(c) Moment,

Figure 11,- Continued.

,



, -1 ,
r

.8

.6

-.2

-.4

?3

i

,

11 I II I // I

&
I

- —n— Model I-8

u- m I I I I
d.b 23

61 , f

.1 0 -.1 Pitching-moment coefficient, Cm

cm of
+

for M of 1.02
+ + + +

1.06 1.10 1.15 1.20

(c) Moment - Concluded.

Figure Il.- Concluded.



44

.08

.06

.04

.02

iv
o
G .08

:
n

.06

.04

.02

0

ITAcAm A57A02

—— Model I-B
——— — Model I-C

nttl

.8 .9 1.0 1.1
Mach number, M

Figure 12.- The variation of drag coefficient with Mach number
and CL=0.2 for the models of series I.

1.2

at zero I ift

.

.

1

.



, f

.8

Model I-A

——Model I-B

--–– Model 1-C

\
\

\ \

\ \

—

.9 1.0 1.1 1.2
Mach number, M

Figure 13.- The variation of maximum lift-drag ratio with Mach number for the models

of series I.

Ii



.12

.10

.

.02

0

Model I-A

.8 .9 1.0 1.1 1.2
Mach number, M

Figure 14.- The variation of lift-curve slope with Mach number for the models of series 1.



I I

1 ,

,8

.6

cj .4
.

.1-
C
a)
.-

: .2
.-
14-,
al

-.2

-.4

w

0 .02 .04 .06 .08 ,10 .12 Drag coefficient, CD

CD of 4 + + 4
for M of 0.80 0.90 0.95 1,00

(a) Drag.

Figure 15.- Drag, lift, and pitching-moment characteristics of the models of series IL

E!



.8

.6

V5 .4
.

c
.-

: ‘2
.-

.2.-

-.4

~/

! /

El

n
Model U-A

v —n— Model ~-13

o .02 .04 .06 .08 .10 .12 Drag coefficient, CD

CD of
+

M of 1.05 I.io [.i5 1.20

(a) Drag – Concluded,

Figure 15.- Continued.

# ,



,

.8

.6

.2

.

-.2

-.4

/

v
2

CY
~ Model It-A

—El— Model II-B
--

0-- Model 11-C

-4 0 .++ -8 12 Angle of attack, a,deg

a of
$ + +

for M of 0.80 0.90 0.95

(b) Lift.

Figure 15.- Continued.



.8

.6

-,2

-.4

17FFFH
Ill_

1 I I I b“J I I W.T

-4 0 4 8 12 Angle of attack, a,deg

(1 of
+ 4 + $

for M of 1.05 1.10 1,15 1.20

(b) Lift — Concluded.

Figure 15.- Continued.

s!



.8

.6

(jii’ ,4
.

t

:.-

“2c.
a)

:

-.2

-.4

L ,

I

~ b

,

~ Model ~-A
.
w —13— Model It-B

-.
0-- Model U-C

.1 0 -.1 Pitching-moment coefficient, Cm

Cm Of
4 4

for M of 0.80 . 0.90 0,95

(c) Moment.

Loo

Figure 15.- Continued. U
P



.8

.6

& .4

+-
C
u.-

: .2.-

W
0
0

:0

-.2

.1 0 -.1 Pitching-moment coefficient, Cm

Cm Of 4
for M of 1.05

+
1.10

4
1.15

+
1.20

(c) Moment – Concluded.

Figure 15,- Concluded.

Model II-A

—El— Model ~-B

-.
0-- Model U-C



, , t ,

,8

.6

-.2

-.4
o .02 ,04 .06 Drag coefficient, CD

cD of+” l) A +

for M of 0.80 O,bo o.&5’ 1.00

(a) Drag.

Figure16,- Drag, lift, and pitching-moment characteristics of the models of series III.

ul
w



.8

.6

-.2

-.4

.-
EI

/

i

!2

—El— Model llI-B

----- Model III-C

o .02 .04 .06 .08 Drag coefficient, Co

CD of +

for M of 1.05

A A
1.!5 “ 1.!!0

(a) Dreg - Concluded.

Figure 16.- Continued.

.
1. ,, ‘t I

—

5’

t ●

,,!, !,, 1

.-



.8

.6

(.jj.4
.

-.2

-.4

—El— Model III-B

-4 0 4 8 Angle of attack, ct, deg

aof+ A + +

for M of 0.80 O,ho 0.95 Loo

(b) Lift.

Figure 16.- Continued.



g?

[

i

.8

.6

.

c
a.-

2 .2
.-

+

-.2

–.4

,

-4

CY of

for M of

o 4 8 Angle of attack, ci, deg

(b)-Lift — Concluded.

Figure 16.- Continued.

‘

I
I ,



, *

.8

.6

“J .4
“

+

c
a)
.-

: .2.-

W
0
0

-.2

-.4

I t
, ,

—13— Model IU-B

.1 0 -.1 Pitching-moment coefficient, Cm

Cm Of $ + + {

for M of 0.80 0.90 0.95 1.00

(c) Moment,

Figure 16.- Continued.



.8

.6

.
+
c
a)

v

-.2

-.4

FJ

E

I

* v

I I

El ~ { p 43 “ — Model llI-B

‘~-– Model III-Co

.1 0 -.1 Pitching-moment coefficient, Cm

Cm Of ~ 6 A +

for M of 1.05 1.1’o 1.;5 1,20

(c) Moment - Concluded.

Figure 16.- Concluded.

.
1

I .



NACA RM A37A02 ti~ ..- . . . , 59

.04

.03

.02

0.04
:
n

.03

.02

.01

0

—— Model II-B

–—— –- Model ~-C

.8 .9 1.0 1.1 1.2
Mach number, M

(a) Models II-A, II-B, and II-C.

Figure 17.- The variation of drag coefficient with Mach number at zero lift
and CL=0.2 for the models of series ~ and series ~.



60 NACA RM A57A02

.04

.03

.02

.0 I

ont-
.! o
0

.-
w-

W
a

.03

.02

.0 I

o

Model II-A
— — Model III-B
—--— - Model III-C

// -— — — — — — — ~

CL = 0.2

// = ~ — — — — “

Model ~-A
—— Model llI-B
.--— — Model lit-C

.8 .9 1.0 1.1 L2
Mach number, M

(b) Models II-A, III-B, and IfI-C.

Figure 17.- Concluded.

.

.

.

.

.

.



.

a.’ ~
NACA BM A57A02 Am& 61...... - ..,.. . . .

20

16

8

s
_E

q4
-1

0-.-
=0

+ 20.-

E

12

8

4

0

Model IX-A

— — Model U-B
———— — Model ~-C

Model X-A
- — — Model 111-B

-–— -- Model IE-C

~ .=— ~—- —
-

;\ -

\ \’ ~\
\ . -— —I I 1 I I

I I I I I I I Y=cl-l-l-l —l—l----l----1

t ,

.8 .9 1.0 1.1 1.2
Mach number, M

Figure 18.- The variation of maximum lift-drag ratio with Mach number
for the models of series II and series III.

.



62 Sk??’ NACA l?MA57A02

.10

.08

.06

.04

.-
-i

.06

.04

.02

0

/ ~
/ —

~ ~

Model It-A
—— Model II-B
-.-— - Model ~-C

Model It-A

.8 .9 Lo 1.1 1.2
Mach number, M

Figure 19.- The variation of lift-curve slope with Mach number for the models
of series It and series III.

.

.

.

.

.



NACA RM A57A02 63

.

.

.03

.02

.0 I

o

.03

.02

.01

0

Body I-A
—— Body I-B

–-—–- Body I-C

Body ~-A
—— Body ~-B
-–—–— Body =-G

/ /—— ‘—. ——— -. ~ .—. =

tl I 1A” ~ 1 1 I I I

—— Body ~-B
--—- - Body EC-C

. . —— .
/ — . —

// / ~
—— —— —— —— —— >

.8 .9 1.0
Mach number M

Figure 20.- The variation of zero-lift drag coeff
respective wing areas) with Mach number for ‘

L2

cieni ( based on the
he various bodies.



64

P Elii. “

I’\.
I “\

I
I‘k

I-c

(a)M=o.90
\

Figure 21.- Experimental wing isobars for model series I at

zero lift.

NACA RM A57A02

.

— —

-.
T

—

.

.

.

.
.

. . .

.-

..

.-



.

.

IW.CA RM A5~A02

, .-
h

Model I-c

(b) M=O.94
w

Figure 21.- Continued.

65



66 Iw!l.@@.?E5%u!?- NACA RM A57A02

h
, \\

lx
I
I
I

I
I

I

I
1
\

\

b
[ ‘\
lx

I
I
L

\

h
l\
I N,

;
I
I

(C) M=0.98

Figure 21.- Continued.

.

.- —

●

.



NACA RM A57A02

b
I‘\
II
I L

. .
67

I-A

(d) M= I.02 ‘“4

Figure 21. - Continued.

3wml?3fQJzJg@



68 NACA RM A57A02

r\
l\
I II

.

.

.-.

—.-

.

.
Figure 21. - Continued.



.

.

NACA RM A77A02

f’,
l\
I ~,
I

1
I
I
h

Uiaia ●.*-
----- . ... . 69

.

.

.

(f) M= I.10 \

Figure 21.- Concluded.



NACA FM A57A02

-.3

%2

-. I

o

.1

.2

.3

t“ -.2

s.-~ -.1.-
u-

e, g9

————— 90 / o \

Model I-A

-.3 >

-.2 / \
/

\ /
~ -0

.1

.2
Model I-C

.3
-1 I 2

Ju~ction-chord station, (j

(a) M=O.90

Figure 22.- Experimental body pressure distributions for model
series I at zero lift.

.

.

.

.

.



IUVJARM A’57A02 ~,qv~,. -

-.3 8,doeg

-.2 ————— 90 / ~ 0 7

/

-.I / / \
/ \

o \ ~

.1

.2 1/

Model I-A
.3

?3

72 .-+
I \

-. I / / f 1
\
\

o
.

, ,/

.1 \ \/’
\- 0

.2
u Model I-C

.3
-1 I 2

Ju~ction-chord station, &j

71

(b) M=O.94

Figure 22.- Continued.



72
.,. . . . . .

&l”
* NACA RM A57A02

73 8, pg ~

:2 “————— 90 \
{

/ -
/ A

\
/ I \

-.1 /
+ .

/

o \ . / / \
‘ \

,1

.2 1/

\ I/ Model I-A
.3

-3L.
c)

w-

$0
v

Model I-B

:3

-.2 4fl\ / T
/ 1

/
-. I \ \ ,

k

o
\,\ \

.1
\ /

.2 \ ‘

.3 I I I I
I I I Model I-C I

.-
-1 0 I 2

Junction-chord station, &’j

(C) M= O.98

,

.

.

.

.

.
Figure 22.- Continued.



Oc

.

.

.

.

.

.

NACA RM A57A02

-.3

-.2

-.1

0

.1

.2

.3

73

8, pg

————— 90 / ~

~

\ /
Model I-A

r

?3

-.2

-. I

o

.1

.2

.3

r
\

\

\

-1 i 2
Ju~ction-chord station, ~j

(d) M= 1.02

Figure 22.- Continued.



74 xilw#BaEma NACA RM A57A02

-.3 8,99

-.2
————— 90

- - \

-.I

I
/

L —

o ~ ~
- — *.

/ /

.1 \_

.2 / 7

Model I-A
.3

/

I \
I .

I

I Model 1-B

-1 0 I 2
Junction-chord station, &j

(e) M = 1.06

Figure 22. - Continued.

.

.

.

.



N4CA RM A57A02 “- 75

:3 8,99

-.2 ————— 90

-. I

o

.1

.2 /

Model I-A
.3

1/

\ \ 1. ,

/
/

/ \

\

/

I
/

Model I-B

-.3 ‘

-.2 +, / ~ \
t \

-. I / \ / \ / Y

o

.1

.2 I /

Model I-C
.3

-1 0 I 2
Junction-chord station, ~j

(f) M=l.10

- Concluded.



76 NACA RM A57A02

Theory
Wing-body junction

Experiment
— — Wing-body junction
——— —Wing(y/b/~= .139)

-.4

-.2
/

/
/

o

.2

\ Model I-A
.4

-,4

on

.4

.

\’
I

Model I-B

-.4

—--

\ “ ,

\ 1

.2 / 1

Model I-C
.4

-.4

Figure 23.-
the

-.2 0 .2 .4 .6 .8 1.0 1.2 1.4
Junction-chord station, ~j

(a) M=O.85
Theoretical and experimental pressure distributions near
wing-body junctions of model series I at zero lift.

,

.



NACA RM A57A02 k~- ““ 77

-.4

-.2

0

.2

.4

-.4

-.2

0

.2

.4

Theory.
Wing-body junction

Experiment
— —Wing-body junction

——— —Wing(Y/blz’.l39)

Model I-B

I I I

I

I , I I I I I I

Model I-C

-.4 -.2 0 .2 .4 .6 .8 [.0 1.2 1.4
Junction-chordstation,&j

(b) M=0.90
Figure~2~. - Concluded.



78

I
I R

Model E-A

I

#&
Cp =-

1
I \
I

-.[

I
I
I -.2

<—-=
I

‘= -2’%

. -.25.

%

(a) M=O.90

Figure 24. - Experimental wing isobars for
model sII-A,lI-B, oncfIi-C at zero lift,

HACA RM A57A02

*

.

.



NACA RM A57A02

.

.

*

.

*

.

r,
l\
I
I
I
I

}
I

/
I
[
I

P\
I \\
I
I
I
[ Cp=
I

I

/
I
I
I
I
L-.

F,
I
I
I

i
I -\

;
I
I
I
I
I

i. .

(b) M=O.95

Figure 24.- Continued.

q!w~

79



80

h,
l\
I L
i
I

/
I
I ~-.l
I
I
1
I
I
L

-.

P\
l\
I
I
I
I
I
I

I
I
I
I
I
I
L.

P\
I
I
1

I
I
I
I
I

i
I
I
I
L \

(c) M= I.00

NACA RM A57A02

.

.

●

✎

Figure 24.- Continued.



i lC NACA RM A57A02 81

●

✎

●

.

.
Figure 24.- Continued.

-—



82

h

i ‘L, ,
i

!
1
I
I ~o

/

I ~= I

I
I
L

‘.

r,
; ~,

I
I
I
I
I \
I
I
I
I
1
I
I
1

=.

t’\
1’

!
I

!
I
I \
I \

I
I
I
I
I
L

= .

(e) M= 1.10

Figure 24.- Continued,

~;k-~

NACA RM A’57A02

.

.



NACA RM A57A02 83

Figure 24.- Concluded.



84 NACA RM A57A02

-.3

-.2

-. I

o

.1

.2

.3

8,dOeg

————— 90

-— —. __ _

Model II-A

Model II-B

-,3
#-

-.2 / \
T“ -

-, I

o / L.0

.1

9
““111111111~1
.-

-1 “o I 2
Junction-chord stotion, ~j

(a) M=O.90

Figure 25.- Experimental body pressure distributions for models EA,
II-B, and II-C at zero lift.

.

*

.



NACA RM A57A02

-.3 8,dOeg

-.2
————— 90 / \

/
1

-, r
/ \

L. .— - .— .-

0

.1

.2

I
Model II-A

.3

+--.2
:.-
0 -.1.-+
go
0

-.3 .

// “\fl ~’ \
-.2 [

-.1

0

.[ \_ P
.2 /

Model II-C
.3

-1 0 I 2
Junction-chord station, ~j

(b] M=0.95

Figure 25.- Continued.



a6
● ✎✎✎✍✎✎☛

NACA RM A~~A02

-.3 9,$s9

-.2 ————— 90 / T
/

>

/’ \

-, I l_- 4 )
/

0 ~ ~ .
/ (7 %~

/
,1

.2 \l/

Model II-A
.3

—.

-.3“ Cj
1‘
/

\
-.2 ,

/‘
4
\
\

/
I

-.I P k /
r

\

/
\\ {

o \ \\ i\d~ \~
.1 \.

\: #
.2

I
Model II-C

.3
-t o I 2

Junction-chord station, &j

(c) M= 1.00

.

.Figure 25.- Continued.



——.. —

.

.

*

.

.

.

NACA RM

-.3

-.2

-.1

0
.1

.2

.3

-.3
0$
;--.2
a.-
0 -.1

o

.1

.2

.3

-.3

-.2

-.1

0

.1

.2

.3

A5mu2

8,99

————— 90

/

Model It-A

/ -— —

I
~

/

I
\\\\

Model II-B

0 I
Junction-chord station, ~j

(d) M= 1.05

Figure 25.- Continued.

WRXNFIa~

2



., 88 NACA RM A57A02

-,3 e,~g

-.2 ————— 90

— -
-. I <

/ /“
/ —

o -

.1

.2 , / Model II-A
.3

-3n.
o
+--?2

. f
Model II-B

-,3
P

-.2 :
/ / -

-. I n

/o
\. /

.1

.2 !
Model It-C

.3
-1 0 I 2

Junction-chord station, cj

(e) M= I.10

Figure 25.- Continued.

,

.

.

.



.

12C

.

.

*

.

8

.

NACA RM A57A02
x,~

-.3 t?,yg

-.2 ————— 90

-.I / - ./- ~.

0

.1

.2
Model II-A

.3

-.3

=2

-. I

o

.1
.2

.3

89

Model II-B

1 I 1 I/ 1

1!
\
)

I I I I I I I I I I I I Model II-C I
-1 I 2

Ju~ction-chord station, ~j “

(f) M= I.20

Figure 25.- Concluded.

.



NACA RM A57A02

Theory
Wing-body junction

Experiment
— — Wing-body junction
—–— —Wing(Y/b/z= .179)

-.4

-.2
g ~

/’

o = = =

I{
.2

\
Model II-A

.4

-.4

on
.

.4

/ — \

Model II-B

H
1

I

-.4

-,2 -

0 \

.2

Model II-C
.4

-.4 -.2 0 .2 .4 .6 .8 1.0 1.2 1.4
Junction-chord station, &j

(a) M=O.85

Figure 26.- Theoretical and experimental pressure distributions near the

wing-body junctions of models U-A, II-B, and II-C at zero lift.

.

.



NACA RM A57A02 91

-.4

-.2

0

.2

.4

-.4

.4

Theory
Wing-body junction

Experiment
— — Wing-body junction

——— —Wing(y\b/z’ .179)

/-~
\

\
/

— —
— L

\\
f
// \ 7’‘

-

\‘
Model II-A

-.4

-.2

0

\

.2

Model It-C
4.,

-.4 -.2 0 .2 .4 .6 .8 LO 1.2 1.4
Junction -chord station, ~j

(b) M=O.90
Figure 26.- Concluded.



Figure 27.- Wing isobars for models
III-B and ~-C at zero lift.

NACA RM A57A02

.

●

.

.



93

●

s.

.

●

.*

~AcA @ A57~02
P.
\’
\
\
\
\
\
\
\
\
\
\
\
\
\
L.



94 w’?
●

P
l’\l
I
I
I
I
I
I
I
I

!

NACA RM A57A02

.

.

odel III-B

1

P\
l\

[
I
I
I
I
I

.
J

\

(c) M= 1.05

Figure 27. - Continued.

x~



NACA RM A57A02

P\
I L,
I
I
I
I
I
I
I
I
I \
I .1

I
I
I

L \

F
I ‘L
I
I
I
I
I
I
I
1
I
I .05
I
I
I
L.

(d) M= I.15

95

Figure 27. - Concluded.



96 &-= NACA m A57A02

:3

?2

-.1

0

.1

.-
U

.-
w-

-, I

o

.1

.2

.3

8,&J
————— 90

/_- -.
#Y\

y
\ -

Model III-B

-1

Figure 28.-

I I I I I Model llI-Cl

Junction-chord station, ~j

(a) M= O.90

Experimental body pressure distributions for

and III-C at zero lift.

2

models BI-B

.

.

.

.

.

.



.

.

NACA RM A57A02

-.3

?2

-.1

0

.1

“

+

L 72

-. I

o

.1

.2

.3

97

O,gg I
————— 90 I1A.

/\In\.-. \

/
I I I

Model II-B

r.

/ ‘\,
\

/q’,
! \

\ I fl \–

Illl+lnhllfv

YTki

Model III-C

-1 0 1 2
Junction-chord station, ~j

(b) M=O.95

Figure 28.- Continued.

.

?-mmID-



NACA RM A57A02

-,1

0

.1

.2
&

3

-. I

o

.1

.2

.3

e,$Bg

————— 90

Model IE-B

Model JII-C

-1 0 I 2
Junction-chord station, &j

(c) M = 1.05

Figure 28.- Continued.

.

.

.

.

.

.



NACA RM A57A02 99

.

.

.

73

72

-. I

o

.1

-. I

o

.1

.2

.3

8, gg

—————90

I I I I I I Model III-B I

Model IU-C

-1 0 I
Junction-chord station, ~j

(d) M= I.15

Figure 28.- Concluded.



tit~’ NACA RM A57A02

Theory
Wing-body junction

Experiment
— —Wing-body junction

—–— —Wing(Y\b\2= .179)

Model IU-B
I

-.2

o
\

.2

Model lit-C
.4

.

.

.

.

. .
-.4 -.2 0 .2 .4 .6 .8 LO 1.2 1.4

Junction-chord station, &j

(a) M=O.85
Figure 29.- Theoretical and experimental pressure distributions near the .

wing-body junctions of models III-B and IU-C at zero lift.

.

SKi -



NACA RM A57A02 101

-.4

-.2

0

.2

-.2

0

.2

.4

Theory
Wing-body junction

Experiment
— — Wing-body junction
—— –—Wing(Yib\2=.179)

zY/

-–

\\[l

Model III-B

,

Model III-C

-.4 -.2 0 .2 .4 .6 .8 LO 1.2 L4
Junction-chord station, ~j

(b) M=O.90

Figure 29.- Concluded.



102 NACA RM A57A@{

01 I r
I

11X71 I I I 1 I I I I I
/,,, .

.1
0.80

/’ — — .90”
———— .94

&
.

.-
V

0

.1

-. I

I I

O.~8
— — 1.02
.—— — 1.06

0

A

/

./
//

—— 1.15
———— !.20

o

Figure

.1 .2 .3 .4 .5 .6 .7 .8

Body station, xll

30.- Experimental pressures for body I-A (Sears-Haack body of
fineness rotioll )at zero lift.

.

+

.

.

.



RM A57A02 103

-. I

.

0

on
“

-. I

.1

-- —- .- _

<
/

—0}1
— — .94
——— — .97

{ y

—— 1.02
——–— 1.05
—.— 1.07

-. I

A ~

M

.1 1.09
—— [.15
———— [.18

o .1 .2 .3 .4 .5

Body station, XJt

Figure 31.- Experimental pressures for body II-A
fineness ratio 12.5) at zero

.6 .7 .8

( Sears-Haack body of
lift.

B‘CONFFk
. .



104

-.4

-,3

-.2

-.1

0

,1

.2

.3

.3

0.!!0 /y
\

I
—— .90

.94————

0.;8 -
—— 1.02
——— — 1.06

~ >.

I
\\. ~) {

-.4

-.3 I.70
—— 1.15
———— 1.20

-.2

-. I

o
~ ~

,1

.3 1 I , , I m 1 I 1 1 1 1 1 I 1 I
-1 0 I 2

Junction-chord station, ~j

Figure 32.-Experimental pressures for body I- Batzeroiift.

.

●

*

.



.4C

●

NACA RM

-.4

-.3

:2

-.1

0

.f

,2

.3

-4a,
C)
6--.3

.3
.

-.4

.

-.3

-, I

o

,1

.2

.3

A57A02
7

0.!!0 /\
—— .90
———— .95 / 7

/ \

1.10
———— 1.20 t

-i 0 I 2
Junction-chord station, ~j

Figure 33.- Experimental pressures for body 11-B at zero lift.



106

-.4

-.3

-.2

-.1

0

.1

.2

.3

-4L.
o

+--.3
z.-
0-.2.-

w-

~ -.1
v

.3

M.i. n, A-- ,

., NACA RM A37A02

o.~o /%
—— .90
———— .95 )/ \

Lgo
—— 1.05
———— 1.10

1

-.3 ‘
M

72 1.15
—— 1.20

-.I A‘

o

.1

.2

.3
-1 0 I 2

Junction-chord station, ~j

—
.

Figure 34.- Experimental pressures for body ID-B at zero lift,



NACA RM A57A02 107

.02

f{

.01

0

. .01

.
fi

o

.

/ -

0 .2 .4 .6 .8 1.0
Junction-chord station, ~j

. Figure 35.-The fit and fi functions (eqs. A6and A71 for the

wing of model series II.

“W!&@2!2!xEx&!#

NACA - Langley Field, VA.


