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FORCE AND PRESSURE-DISTRIBUTION INVESTIGATION TO HIGH
ANGIES OF ATTACK ON ALL-MOVABLE TRIANGUIAR AND
RECTANGULAR WINGS IN COMBINATION WITH A
BODY AT SUPERSONIC SPEEDS

By William A. Hill, Jr., and George E. Kaattari
SUMMARY

In order to provide high-incidence data for all-movable triangular
and rectangular wings and a body in combination, forces, moments, and load
distributions were measured to combined body angles of attack and wing
deflection of ih5° at a Mach number of 3.36. The ranges of aspect ratios
were, for the triangular wings, 3/8 to 4, and, for the rectangular wings,
1 to 3. Additional measurements giving over-all combination aerodynamic
coefficients were made on two smaller scale wing-body combinations at Mach
numbers of 3.36, 2.44, and 1.98.

The investigation showed that the mutual interference effects of body
and wing could be satisfactorily calculated in the body angle-of-attack
range from at least 0° to 6° and in the wing deflection range from 0° to
10°. Nonlinear effects precluded the satisfactory application of theoreti-
cal methods of predicting force and moment coefficients at higher inci-
dences. These effects were due to a decrease in the effect of body upwash
on wing lift with an increase in angle of attack above 10°, and to an
increasingly nonplanar geometrical relationship of the wing and body with
increasing wing deflection angle, thus departing from the simplified
planar model on which the theory was based.

INTRODUCTION

Adequate maneuverability at ever-increasing altitudes requires mis-
siles and interceptor aircraft to operate through large ranges of angles
of attack and control deflection. Since supersonic aircraft at high angles
of attack can encounter highly nonlinear aerodynamic forces, experimental
investigation of body-wing configurations at high incidence and at super-
sonic speeds is needed in order to provide useful design data and to aid
in the development of applicable high-angle theories. Some high-incidence
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data on body-wing combinations at supersonic speeds are available (e.g.,
refs. 1 to 4), however, detailed data in the form of forces, moments, and

load distributions are limited.

A program was undertaken at the Ames 1- by 3-foot wind tunnels to
provide some experimental data on the aerodynamic characteristics of wings
and of all-movable wing-body combinations at high angles of attack. Ref-
erences 5, 6, and 7 report results of force and pressure-distribution
measurements on semispan wings of triangular and rectangular plan form,
tested to high angles of attack in the Mach number range 1.45 to 3.36.
The investigation reported herein gives the results of tests at a Mach
number of 3.36 of configurations using a selection of these wings as
all-movable controls in combination with a body. The tests extended over
the combined angle-of-attack and wing-deflection range of 0° to ih5°.

The data obtained consisted of forces and moments on the body and on all
of the wings. Load distributions were obtained on the body and on the
wings previously employed in the investigation of reference 7. ©Smaller
scale full-span models of two of the semispan configurations were tested
to high incidences at Mach numbers of 1.98, 2.44 ) and 3.36 in order to
indicate the effects of Mach number.

Limited comparisons of experimental force and moment coefficients
with calculated values based on linear theory were made to establish the
range of angles of attack and wing deflection wherein theoretical values
are in satisfactory agreement with those of experiment. Factors contrib-
uting to nonlinear force and moment coefficients at higher incidences are
indicated.

SYMBOLS
A aspect ratio of the exposed wing panels joined together
c local chord, in.
.
=2

an(w) D “!\ Prcos 6 de

Cn local normal-force coefficient,
1

an(B) = [ (P'L - Py)d(x/c)
Cr root chord at wing-body juncture, in.
¢ mean aerodynamic chord of exposed wing panels, in.
CCn

o

span loading coefficient
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Cb

Ch

Cm

kp(w)
ky(B)
KB(W)

Kw(B)

bending-moment coefficient about wing root chord,
bending moment

q Swiw

hinge moment
q . Swe

hinge-moment coefficient,

pitching-moment coefficient about wing hinge line,
pitching moment
9, Swe

drag coefficient, %ig%

component of normal-force coefficient normal to free-stream
direction, Cycos(ag + By)

normal force

95w
chord; ACNB(W)’ CNBW’ and CNB normal to body axis

normal-force coefficient, s CNW(B) normal to wing
body diameter, in,

ratio of interference 1lift of body in presence of wing to that
of wing alone, &y variable, ag = O°

ratio of 1ift of wing in presence of body to that of wing alone,
&y variable, op = o°

ratio of interference 1lift of body in presence of wing to that
of wing alone, ag variable, &y = 0°

ratio of 1lift of wing in presence of body to that of wing alone,
ap Vvariable, &y = o°

Mach number
orifice pressure

free-stream static pressure

P - Dy
%

free-stream dynamic pressure

pressure coefficient,

body radius, in,

-
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Reynolds number

combination semispgn, measurgd from axis of body, in.
wing semispan measured from wing-body juncture, in.
body frontal area, sq in.

area of exposed wing panel, sq in.

local thickness of wing section

chordwise distance from leading edge of wing at spanwise
distance y or distance along body from nose tip, in.

linear-theory distance to center of pressure from leading
edge of wing-body Jjuncture, root chords

spanwise distance from wing-body juncture, in.
M -1
angle of attack of body with respect to free stream, deg

angle of attack of wing with respect to free stream,
oy = op + By, deg
deflection angle of wing with respect to body, deg

azimuthal location of body pressure orifices measured from
meridional plane, deg

body interference coefficient, ( )B(W) - ( )B

Subscripts

hinge line

lower surface

upper surface

body alone

body in the presence of a wing

body-wing combination, B(W) + W(B)
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W wing alone
W(B) wing in the presence of the body
APPARATUS
Tunnel

The investigation was conducted in the Ames 1- by 3-foot supersonic
wind tunnel No. 2. This nonreturn, intermittent-operation, variable-
pressure wind tunnel has a Mach number range of 1.4 to 3.8. The Mach
number can be changed by varying the contour of flexible steel plates
which form the upper and lower walls of the nozzle.

Models

Semispan wings.- The semispan wings of the present investigation were
selected from models previously employed in the wing-alone tests of ref-
erences 5, 6, and 7. The geometry of these wings is summarized in fig-
ure 1(a). Three of the wings of this figure were fitted with pressure
orifices. The wings, in vertical streamwise planes, had modified biconvex
sections with trailing edges blunted to a height one-half the maximum
thickness, The wings fitted with pressure orifices had maximum thickness
ratios of 5 percent at the 50-percent-chord line and the remaining wings
had maximum thickness ratios of 4 percent at the 59-percent-chord line.

At the root, the wings were provided with an integral shaft, the axis of
which was the hinge line. All of the wings, with the exception of the
triangular wing of aspect ratio 3/8, had filleted root sections (see sketch
in fig. 1(a)). The pressure orifices were made by drilling holes in one
surface of the wings at the locations listed in table I. Tubing was sol-
dered into milled grooves in the wing surface opposite the orifice holes,
and led from each orifice out through a hole in the hinge shaft.

Half bodies.- Two half bodies of revolution identical in profile were
employed. The bodies consisted of a pointed nose 6 inches long on a 2-inch-
diameter cylindrical afterportion 20 inches long. The nose profile is
defined by the Haack equation

r = O.56h/cos'1< - 3(3-> - sin-]é‘- [cos’l( - 33‘->:I

The first body, designated model I, was tested in combination with the
pressure-distribution wings, and the other body, designated model II, was
tested in combination with the remaining wings. The pressure orifices were

SO
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made by sweating steel tubing in drilled holes and grinding the ends of
the tubes flush with the body surface. The coordinate system by which the
orifices are located is presented in the sketch accompanying table II(a).
Pressure tubes from the orifices were led out around the wing hinge shaft.

Full-span models.- The full-span models consisted of a body to which
was attached an aspect-ratio-1 rectangular wing or an aspect-ratio-2 tri-
angular wing. These models were geometrically the same as two semispan
model combinations having r/s=0.2, as denoted in figure 1(a), but were
reduced in size by the ratio of 7/16. The wing panels of the full-span
models were integral to a common hinge shaft which, when set in place in
the body, could be rotated to the desired wing deflection angle and then
secured by a friction clamp.,

Balance and Supports

The semispan wings were tested in the presence of a half body of
revolution which was mounted on a boundary-layer plate. The boundary-
layer plate served as a flow reflection plane and as a means of elimi-
nating the effect of tunnel wall boundary layer in much the same way as
the boundary-layer plate of reference 5; however, in the present tests
the plate extended 11-1/2 inches farther upstream to accommodate the long
body (see fig. 1(b)). Since the plate could not be rotated, angle of
attack was varied by attaching the body to the plate at the desired angles.
For pressure-distribution tests the hinge shafts of the wings were sup-
ported by bearings in the body and at the tunnel wall. For balance tests
of the wings, the shaft passed through a hole in the body and was supported
entirely by a strain-gage balance (see ref. 8). A fairing extended between
the wall of the tunnel and the back side of the boundary-layer plate to
shield the support shaft from air loads. A 0.005- to 0.010-inch gap was
provided between the wing and body in order to prevent mechanical inter-
ference. In addition, the operation of the balance in the force tests
required an annular gap of 0.10 inch around the wing hinge shaft.

The full-span models were supported from the rear by a 13° bent sting.
This bent sting was used to increase the range of positive angles of
attack. Lift and drag forces acting on these models were measured by a
strain-gage balance which supported the sting. Pitching moment was meas-
ured by strain gages mounted on the sting between the model and the bal-
ance. The sting was shielded from aerodynamic forces by a shroud that
extended to within 0.015 inch of the base of the model. The base pres-
sure of the models was measured by static-pressure orifices in the sting
adjacent to the base.

g
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PROCEDURE

Test Conditions

Tests of the semispan models were conducted at a Mach number of 3.36
and a Reynolds number per inch of 0.85 million. The body was set at fixed
angles of attack and the wing deflection angle was varied such that the
maximum wing deflection angle or the sum of the body angle of attack and
wing deflection did not exceed 1450. The body angle of attack was varied
from 0° to 25°. Tests of the aspect ratio 2/3 and 3/8 triangular wings
were limited to the cases of zero body angle of attack with varying wing
deflection angle, and zero wing deflection angle with varying body angle
of attack.

The full-span models were tested at Mach numbers of 1.98, 2.4k, and
3.36 and at a Reynolds number per inch of 0.85 million. The body angle
of attack was varied through a nominal range of -4° to +30° with the wing
set at fixed deflection angles ranging from -35° to +40°.

Reduction of Data

Semispan models.- Comparisons of tunnel stream surveys for the
conditions of tummel empty and with the boundary-layer plate present
indicated a plate-induced spanwise Mach number variation in the region
occupied by the semispan models, Therefore average Mach numbers were
determined according to the spanwise extent of each model:

Model Average Mach number, M
Body 3.36 +0.02
A1l models having r/s = 0.4 3.40 +0.02
A1l models having r/s = 0.2 3.43 #0.02

As it was desirable to compare the data for the wing in the presence of
the body with the corresponding data for the wing alone, it was necessary
to correct the data from the average Mach number, M, to the Mach number
of the wing-alone data, M = 3.36. The following approximation was used:

W -1
(Coefficient at M = 3.36) = (Coefficient at M)

" JG36Z -1

For the pressure-distribution wings tabular integration of the cor-
rected values of measured pressure distribution along the wing chord
provided local span loading coefficients and chordwise centers of pressure.
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The spanwise load distributions were in turn integrated to obtain normal-
force, hinge-moment, and root bending-moment coefficients. For the other
wings, normal-force, hinge-moment, bending-moment, and drag coefficients
were determined from balance measurements. The normal-force coefficient
is presented for these wings in order to be consistent with the pressure-
distribution-wing data since in the latter case the distribution of ori-
fices and their limited number precluded an accurate measurement of chord
force.

Pressure distributions around the circumference of the body were
integrated to give local longitudinal loading coefficients. The difference
between the local loading for the body in the presence of a wing and the
body alone yielded the interference loading on the body which was then
integrated to give interference normal-force and pitching-moment coeffi-
cients about the wing hinge-line reference. Reasons for presenting only
interference loading on the body are discussed in more detail in a later
section.

Full-span models.- Variations of Mach number from free-stream condi-
tions were negligible at the full-span-model locations and required no
corrections to the measured data. Normal-force and total drag coefficients
were determined from balance measurements. The drag coefficients were
corrected to a condition of free-stream pressure on the base of the body.
Pitching-moment coefficients, determined from measured pitching moments,
were referred to the wing hinge axis. The actual angles of attack of the
body were determined by photographs because of small deflections of the
sting due to aerodynamic loads on the model.

RELIABILITY OF DATA

Limits of Uncertainty

The uncertainty in the data was assessed on the basis of repeatability,
estimated effects of tunnel stream asymmetry, and uncertainty in the aver-
age Mach number in the wind tunnel at the model location. The limits of
uncertainty for the wings in the presence of the body were:

. .
CNW(B) $0.015 for all wings
c {i0.0lO for rectangular wings of A=3 and A =1, r/s =0.k4;
Ty

W(B) £0.005 for all other wings
o +0.040 for rectangular wing of A =1, r/s = O.b4;

w(B) +0.020 for all other wings
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CDW(B) #0.010 for all wings

+0.01
PW(B) for pressure-distribution wings
an(B) +0.010

The limits of uncertainty for the body in the presence of the wings, which
apply up to ag = 20° as discussed later, are given as follows:

AC +0.1 (These quantities are inversely proportional to
NB(W) v 3/Sw the wing reference area and chord and are approxi-
- mately equal to two of the smallest grid-line
ACmB(W) $0.34/esy divisions on the graphs.)
PB(w) +0.010
Aan(w) +0.010

The limits of uncertainty for the full-span models were:

CNBW +0.015
+

Cmb +0.030

CDBW +0.010

S

—Sj’:—é CNB +0.08

(-:Sw

—_— +0.50

Sw

o +0.0

Sp Dp >

The uncertainty in Reynolds number per inch was *0.05 million.
Effects of Wing-Body Gap on Semispan Data

The effect of the annular clearance gap around the supporting shaft
of the force test wings was evaluated through limited measurements on the
pressure-distribution wings with and without a gap. A comparison of the
data showed that the effects of the gap were insignificant. The effect
of the gap between the body and the undeflected wing was assumed to be
negligible for the gap-span ratios and angles of attack of the present
test on the basis of the findings of references 9 and 10.
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Effects of Boundary-Layer Plate on Half-Body Data

Evidence of boundary-layer effects on the half-body data was revealed
by rreliminary comparisons of pressure-test results of the half body alone
witn those of force tests on the full body alone. This comparison is pre-
sented in figure 2(a) in the form of normal-force coefficients plotted
against angle of attack. Figure 2(a) shows that good agreement between
the test methods occurs up to ap = 15°. Beyond 15° an increasing loss of
the normal-force coefficient of the half model is evident with increasing
angle of attack. The poor agreement above 15° appears to be coincident
with the fact that above ag = 17.30 the crossflow Mach number exceeds
unity and interaction effects of the resulting crossflow shock with the
plate boundary layer might be expected. In figure 2(b), which presents
longitudinal loading along the cylindrical portion of the half-body model,
an additional effect is shown which might be attributed to the boundary-
layer plate. This is observed as a high loading near the base of the body
which increases with angle of attack.

It is believed that the foregoing effects of boundary-layer inter-
ference are, to a large extent, eliminated in the interference data pre-
sented herein for the body in the presence of a wing. The procedure for
determining interference, as mentioned in the data-reduction section,
consisted of subtracting from the load distribution on the body in the
presence of a wing, the loading distribution of the body alone at the same
angle of attack. The boundary-layer plate effects, being presumably little
affected by the presence of a wing, were thus minimized in the resulting
interference loading.

In view of the foregoing discussion, the limits of uncertainty pre-
sented earlier for the interference force and moment coefficients on the
body in the presence of a wing should apply up to ap = 20°. Because of
the large boundary-layer effects encountered at higher angles of attack,
the reliability limits at ap = 250 are uncertain but are not expected
to be in excess of *10 percent of the interference force and moment
coefficients presented in the basic data.

Comparison of Full-Span and Semispan Data

An additional means of assessing the reliability of measurements was
provided by a comparison of the results from the two independent methods
employed in the investigation for the A = 1 rectangular wing and body
combination. The data from both test methods were compared on a basis
common to both; that is, the sum of the 1ift of the wing in the presence
of the body and the interference 1ift on the body due to the wing, obtained
from the semispan model tests, was compared with the equivalent total
combination 1ift minus the 1lift of the body alone, obtained from the

-
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full-span-model tests. A similar comparison of moment about the wing
hinge line was also made. These comparisons are presented in figures 3(a)
and 3(b), respectively. Figure 3(a) shows that the maximum differences
between the two test methods occur at high positive and negative values
of the 1lift component where the deviation is generally no greater than
about *0.02 from a mean curve. This scatter substantially verifies the
individual estimations of data reliability for the two test methods. As
previously indicated, the degree of precision in measuring moments on the
semispan models was considerably greater than that for full-span models.
Therefore, the curves of figure 3(b) were drawn to favor the semispan
data. The comparison thus reflects primarily the limited reliasbility of
the full-span-model moment measurements. Errors in this quantity are
inherently large for the full-span model, due to the remote location of
the moment gage from the wing hinge-line reference axis.

RESULTS

All pressure data presented are in tabular form. Because of the large
number of individual pressure measurements obtained, it was impractical to
present a complete tabulation of all the data obtained. Tabulation of
pressure coefficients was therefore restricted to cases of ap variable,

&y = 0°, and &y variable, apg = 0°. However, complete loading results in
terms of wing span loading and loading induced on the body by the wing are
tabulated for all conditions investigated. The following index indicates
the specific pressure and loading data presented in each table.

Model Table number
Plan form | A |r/s Pressure Span loading
Wing in presence of body|coefficients : coefficients
Triangular ¥ Jo.2 I(a) ITI(a)
Triangular 2 .2 I(b) ITI(Db)
Rectangular | 2 .2 I(c) I1T(c)
s . Pressure Longitudinal interference
Body in presence of wing coefficients loading coefficients
Triangular L .2 I11(a) Iv(a)
2 .2 I1(Db) V(D)
1 .2 II(c) Iv(c)
1 A II(4) Iv(4)
2/3 1 .4 II(e) a1v(e)
v 3/8 1 .k 1I(f) aTv(r)
Rectangular | 3 .2 II(g) Iv(g)
2 .2 II(h) Iv(h)
1 .2 TI(i) V(i)
v 1 R TI(5) Iv(J5)
Body alone v -

80nly for cases of ap variable, &y =09, and &, variable, ap =0°.
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Force and moment data obtained from the pressure measurements and
from the balance measurements are presented in graphical form. A plan
view of the combination tested is shown on each basic data figure, and
the shaded area indicates the component of the combination for which the
data applies. The following index indicates the specific data presented
in each figure.

Mach Model Figure number
number | Plan form | A |r/s|Ny(B)|Chi(s) |Cou(s) | “Ou(n) |ANs (w) | ACmp (W)
3.36 |Triangular | 4 |0.2]| 4(a) | 5(a) | 6(a) (1) 8(a) 9(a)
2 | .2] 4(v) | 5(b) | 6(Db) (1) 8(b) 9(Db)
1| .2| %(e) | 5(e) | 6(c) | T(a) 8(c) 9(c)
1] .4y (a) | 5(a) | é(a) | T(b) 8(d) 9(a)
2/3| 4| k(e) [ 5(e) [ 6(e) | T(e) 8(e) 9(e)
/ 3/8| M| u(e) | 5(£) | 6(£) | 7(a) | 8(£) | 9(f)
Rectangular| 3 | .2| 4(g) | 5(g) (1) | 7(e) 8(g) 9(g)
2 | .2} 4(n) { 5(h) | 6(g) (1) 8(h) 9(h)
, 1 2] W(1) | 5(1) | 6(h) | 7(F) 8(1i) 9(1)
) 1L () | 50) L 6(d) | T(e) | 83 | 9(3)
&
ngzgzr Plan form | A |r/s CNBW Cmb CDBw gg CNB ng CmB g% CDB
1.98 |Triangular | 2 | .2{10(a) [11(a) |12(a)
1.98 [Rectangular| 1 | .2110(b) |11(b) }12(b)
244 Irriangular | 2 | .2{10(c) [11(c) j12(c)
2.44 |Rectangular| 1 | .2(10(d) {11(d) [12(4d)
3.36 [Triangular | 2 | .2{10(e) {11(e) {12(e)
3.36 [Rectangular| 1 | .2{10(f) [11(f) {12(f)
1.98 [Body alone 13 13 13
2,44 [Body alone 13 13 13
3.36 [Body alone 13 13 13
o data
DISCUSSION

In addition to the basic data figures, summary figures are presented
to facilitate discussion of the principal effects of high angles of attack
and wing deflection on force and moment coefficients. 1In order to sepa-
rate the effects of angle of attack and wing deflection, plots were made
of experimental data for the cases of variable angle of attack with zero
wing deflection angle and variable wing deflection with zero angle of
attack (hereinafter designated ag variable and By variable, respectively).
These experimental data are also compared with corresponding values from
available theory. The theoretical values were obtained by modifying the
experimental wing-alone characteristics by the methods of references 11-1k
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which involve the use of interference factors to account for the effects
of body-wing interaction. The manner in which these interference factors
were used in calculating 1ift and moment in the present report are devel-
oped in the appendix. Published experimental results for the wings alone
can be found in references 5, 6, and 7. Small corrections to anp and
were applied, whenever necessary, to the experimental results presented
in the summary figures to provide zero values of the force and moment
coefficients at zero agp and dy.

Component Characteristics at M = 3.36

In the wing-body interference theory utilized herein consideration
is not given to the chordwise forces arising either from pressures or
viscosity. Accordingly, calculations could only be made of the normal
force or the lift component of normal force acting on the model components.
Comparisons of theory with experiment for the wings and the body were more
conveniently made on the basis of the 1ift component of normal force.
These quantities are defined as follows:

CLV?(B) = CNW(B)COS ap; ACL%(W) = ACNB(W)cos ap ag variable

CLﬁ(B) = CNw(B)COS ow; ACLﬁ(W) = ACNB(W) By variable

Lift of the wings in presence of the body.- Comparisons of theoreti-
cal with experimental 1lift are given in figure 1lli(a) for triangular wings
and in figure 14(b) for rectangular wings. The theoretical values were
computed by the following relationships:

CL&(B) = KW(B)Clﬁ aB. variable
CIﬁ(B) = ky(B)Cry By variable

For triangular wings in the presence of the body, the theory is in
good agreement with experiment in the range ap = o° to 6° for the variable
ag case at all aspect ratios. For angles of attack greater than about
109, a decrease of lift below the theoretical curve is indicated, particu-
larly for the models having an r/s of O.4t.” A similar result was found in
references 3 and 4 for a rectangular wing tested in combination with a
body at M = 1.89 and 2.93. These decreases in 1ift result from a decrease
in the effect of body upwash on the 1lift of the wing. The decreased effec-
tiveness of body upwash above 10° angle of attack is believed to be due to
the presence of body vortices since it is known that body vortices tend to
reduce body upwash in the plane of the wing. An investigation at M=2.,00
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of a body similar to that of the present tests, reported in reference 15,
shows that such body vortices appear at about a body angle of attack of
10°. An approximate estimate was made of the effect of body vortices on
the 1ift of the A = 1 triangular wing in presence of the body for an

r/s = 0.4. The strengths and positions of the body vortices were assumed
to be the same as those reported in reference 15 for the similar body alone
at M = 2.00. The effective induced downwash field of the body vortices
in the plane of the wing was evaluated by strip theory. As indicated in
figure 14(a) the inclusion of the effects of vortex-induced downwash on
the wing accounts for a large portion of the discrepancy between theory
and experiment. It is evident that a method of defining the vortex field
for a supersonic wing-body combination is needed for inclusion in a theory
applicable at large angles of attack. Furthermore, such a method should
consider possible effects of crossflow shock waves on the body flow field
when the critical crossflow Mach number is exceeded.

In the variable &, case of figure 1lk(a), the theoretical values of
lift are in good agreement with experimental in the range of 8y from o°
to 20° for all aspect ratios except A = 3/8. At deflection angles above
20° the A = 3/8 wing provided greater 1lift than that of the wing alone at
the same angles. This greater 1ift can be accounted for to a large extent
by the following reasoning: For moderate wing deflections, the resulting
breach between the deflected wing and the body is large compared to the
wing semispan, due to large ratio of-wing root chord to body radius. Under
these conditions the wing panel behaves to some extent as an independent
wing of reduced aspect ratio (for this case, A = 3/16). Wings of such
slenderness partake of the characteristics of bodies and experience signif-
icant contributions of 1ift due to crossflow drag. This is apparent by the
parabolic shape of the experimental 1lift curve (see ref. 16) indicated in
figure 1h4(a) for the A = 3/8 wing in the presence of the body.

The rectangular wings in the presence of the body show about the same
degree of agreement between theory and experiment over substantially the
same range of ap and &y as for the triangular wings.

Figure 4 shows that both plan forms exhibit no important adverse
effects of combined angles of attack and deflection, and retain their
normal-force effectiveness up to at least the maximum angle of the tests
(approximately 45°).

Hinge moments of the wings in presence of the body.- Comparisons
of theoretical with experimental hinge moments are given in figure 15(a)
for triangular wings and in figure 15(b) for rectangular wings. The
theoretical values were computed by the following relationships which
are developed in the appendix:

-
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- _3(% .
ChW(B) = Ky (B)Chy 5 <pr:L(B)aCNé} ag variable
= C Pl 3( > Tc iabl
RO I R Y/ ) LU
Rectangular wings
ChW(B) = KW(B)ChW agp variable
C =k Ch,, + ng{> - <;é> ]C 5y variable
Br(p) = BN T Gy T oy gy I W

For the triangular wings in the presence of the body, r/s = 0.2, the
theoretical hinge moments are w1th1n +20 percent of the experimental in
the range of ap from 0° to 6° in the variable ag case. This
20-percent hinge-moment margin represents an accuracy in prediction of
the chordwise center-of-pressure positions to within #0,01 ¢. The shaded
areas in figure 15 represent the contribution to ChW(B) by a 0.01 ¢

shift in wing center-of-pressure position. For the models having

r/s = 0.4 in the range ap from 0° to 60 the agreement between theoret-
ical and experimental wing hinge moments is not as good as for the models
having r/s = 0.2. Above ap = 6°, and for both values of r/s, a large
discrepancy between theory and experiment occurs emphasizing the need for
an accurate definition of the vortex field for wing-body combinations at
high angles of attack. As in the case of 1lift, the effects of body vor-
tices were approximately estimated for the A = 1 triangular wing,

r/s = 0.4, and are indicated in figure 15(a).

In the variable &y case, the theoretical hinge moments are, in
general, within #20 percent of the experimental, representing a maximum
of #0.01 ¢ error in the chordwise center-of-pressure position in the
deflection-angle range of &y from 0° to 250.

For the rectangular wings the theoretical hinge moments are within
+10 percent of the experimental throughout the angle-of-attack range for
the A =2 and 3 wings in the variable ap case. The agreement between
the theoretical and experimental hinge moments of the A = 1 wings, how-
ever, is poor. The experimental values indicate at least an 0.0l ¢ shift
in the center-of-pressure position forward of that of the wing alone.

In the variable &y case, the agreement between theory and experiment
for the rectangular plan forms of A = 2 and 3 over the wing deflection
range of Sy from 0° to 25° was the same as in the case of the triangular

’
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wings. The wings of A =1 ga&e similar agreement but over the more
restricted range of &y from 0° to 15°.

The primary effects of wing plan form at large combined angles of
&y and ap can be seen by a comparison of hinge moments of triangular wings

(figs. 5(a) to 5(f)) with those of the rectangular wings (figs. 5(g) to
5(j)). This comparison shows that the rectangular wing hinge moments in
presence of the body are more linear with &y than those of the triangular
wings in the higher range of ap tested. At these high angles, an
inboard loading loss occurs in the wing-body juncture due to the combined
effects of body vortices and the wing-body breach resulting from wing
deflection, The result is an outboard shift in wing loading approximately
along the midchord line causing, in the case of triangular wings of swept-
back midchord line, a corresponding rearward shift in center of pressure,
as pointed out in reference 17. This rearward shift in center of loading
on wings with sweptback midchord lines gives a more nonlinear hinge moment
than that exhibited by wings with unswept midchord lines.

Bending moments of the wings in presence of the body.- Comparisons
of theoretical with experimental bending moments are given in figure 16(a)
for triangular wings and figure 16(b) for rectangular wings. The theoreti-
cal values were calculated on the assumption that the spanwise center of
pressure of a wing in the presence of a body is the same as that of the
wing alone. Therefore, the theoretical bending moments are given by:

CbW(B) = KW(B)wa ag variable

CbW(B) = kw(B)wa SW variable

In general, the wing alone bending moments are in as good agreement
with experiment as the theoretical for both plan forms. For the triangular
wings, the agreement between theory and experiment is poor for the A =1
wing, r/s = 0.2, and for the A = 3/8 wing, r/s = 0.4. The agreement for
the latter is especially poor for low body and wing incidences, The poor
agreement for both wings must be the result of an inboard movement of the
spanwise center of pressure, inasmuch as the corresponding theoretical and
experimental lifts (fig. 14(a)) are in good agreement for ag from 0° to
about 10° and for &y from 0° to 20°, The reasons for this inboard move-
ment, however, are not clear. Nevertheless, for the A = 3/8 wing a part
of the disagreement is probably due to the effect of wing-root geometry,
since this wing had a nonfilleted root section and theoretical calculations
were based on experimental data for a wing-alone model which had a filleted
root section. For both plan forms the A = 1 wings, r/s = 0.4, show higher
bending moments than could be accounted for by theory, particularly in the
variable By case. The reasons are not clear for the apparent large out-
ward shift in spanwise center of loading (the outward shift is again
obvious since the corresponding theoretical and experimental 1ifts are
in good agreement). 8
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Span load distributions of three wings in the presence of the body
are presented in figure 17 and are compared with the corresponding wing-
alone span load distributions. For the variable ag case the expected
increased inboard loading due to body upwash is demonstrated, particularly
at apg = 6°. For the variable By case the effect of the wing-body breach
is noticeable as a loss of inboard loading, particularly at &y = 20° as
compared to the wing-alone values.,

Drag of the wings in the presence of the body.- In the low-incidence
range the predicted drag rise (Cp - CDmin)W(B)is given by:

(Cp - Cppiplw(s) = Kw(B)Cwsin og  op variable
(Cp - CDmin)W(B) = kW(B)CNWSin By B,y Vvariable

It was found that, for wings of both plan forms, the theoretical and
experimental drag rise coefficients were in good agreement in the identi-
cal angle range of ap from O° to €°, and &; from 0° to 20°, in which
the corresponding 1ift coefficients were also in good agreement. There-
fore, no summary figures for the drag rise coefficients are presented.

At large combined angles a small decrease of drag was effected by
increasing r/s from 0.2 to 0.4 for both triangular and rectangular wings
of A =1 (figs. 7(a), (b), (£f), and (g)). The minimum drag for all wings
on which drag was measured showed little change with ap in the range
0° to 10°; above 10°, there was a slight increase in minimum drag with
increasing ap. This increased drag is not significant for a wing-body
combination but it might be an indication that the nature of the boundary
layer over the wing was affected by the body at angles greater than about
Q.B = lOo.

Interference 1lift on the body due to the wings.- Comparisons of
theory and experiment are given in figure 18(a) for the body in the pres-
ence of the triangular wings and in figure 18(b) for the body in the
presence of the rectangular wings. The theoretical interference lifts
are given by the following expressions:

ACLE(W) = KB(W)CLﬁ g variable

ACL:"B('(W) kB(w)CL;; Sw variable

The theoretical values of interference 1ift on the body in the pres-
ence of the triangular wings in the variable ap case are in fair accord
with the experimental over the range of ap from O° to 25° when r/s=0.2,
For r/s = 0.4, theory is in good accord with experiment in the range of
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ag from 0° to 109; beyond this angle range the interference lifts given
by theory are too large. This discrepancy is believed to be a result of
body vortices and crossflow shock waves as was pointed out in the discus-
sion of 1ift on the wings. It should be noted that the lack of agreement
between theoretical and experimental wing 1ift in the presence of the body
above ap = 10° was, in general, also more pronounced for the configura-
tions having an r/s = 0.4 than for those with an r/s = 0.2,

In the variable &y case for triangular wings, the theoretical
interference 1lifts on the body are generally in fair accord with experi-
mental in the range of wing deflection angles from O° to 10°, The oy
range wherein theory is in satisfactory agreement with experiment tends
to increase with aspect ratio for both values of r/s. At larger wing
deflections, the existence of a relatively large wing-body breach violates
the geometrical considerations upon which the interference factor kB(W)

is based and hence departure of theory from experiment is to be expected.
Such a departure is indicated in figure 18(a) where, at large deflection
angles, a decrease in interference 1lift occurs, resulting in negative
values for some cases,

In the case of variable ap for the body in the presence of the
rectangular wings, good agreement results over the angle range between
the theoretical and experimental interference lifts on the body for all
aspect ratios and r/s investigated.

The comparison of the theoretical and experimental interference 1lift
on the body due to the rectangular wings in the variable &y case gave
essentially the same results as found for the case of the triangular
wings. As indicated in figure 18, theoretical values based on a modified
theory (see eq. (Al) in appendix) are generally in better agreement with
experiment and the range of agreement is extended to higher deflection
angles, particularly for the rectangular wings. This modified theory in
effect extends slender-body interference factors to the case of a non-
slender configuration.

Distributions of interference normal force on the body due to the
presence of the wings are presented in figure 19. Three wing-body models
are considered, among which are included combinations having the largest
and smallest values of the ratio cr/r. The theoretical loading distri-
bution on the body computed for ag = 6° demonstrates a fair agreement
of total loading and its distribution along the body for all three models,
At ap = 20° the total loading was increased approximately in proportion
to the angle-of-attack increase in each case; however, some change in the
load distribution.is indicated, particularly for the models having small
cy/r values (2.67 and 4).

For &y = 6° the theoretical body load distribution for the long
chord triangular wing model (cy/r = 16) is uniformly higher than the
experimental: This disagreement is due to the effect of the wing-body
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breach evidenced by the small region of negative loading developed on the
body near the wing leading edge. For the short chord wings the theoreti-
cal loading is in good agreement with the experimental for the triangular
wing but is in poor agreement for the rectangular wing. It is notable
that the use of the modified theory materially improves the agreement
with the experimental load distribution for the rectangular wing case but
does not alter the good agreement of slender-body theory with experiment
for the triangular wing case, At &y = 30° the distribution of load on
the body for models of small cp/r is not materially altered by the
inerease in wing deflection. For the model with large ecp/r, however,
the large wing-body breach apparently allows a large negative loading to
develop on the body forward of the wing hinge axis due to the bleeding of
positive pressures on the bottom of the wing to the top of the body.

The effects of high combined angles on normal force are apparent
from an examination of figure 8. The general nonlinearity of ACNB(W)

with variation in &y 1is evident, and is only slightly affected by body
angle of attack up to 25°.

Interference moment on the body due to the wings.- Comparisons of
theory and experiment are given in figure 20(a) for the body in the pres-
ence of the triangular wings and in figure 20(b) for the body in the pres-
ence of the rectangular wings. The theoretical interference moments are
given by the following expressions:

Triangular wings

fio3(z) .
ACmB(W) - _l > <;r B(W)_KB(W)CNW ag variable
A'CmB(W) - _l 2 (;r B(w)JkB(W)CLW By Vvariable
Rectangular wings
A = il - (;i TKB(W)C ap variable
"B(W) " 12 7 \er/p(w)- Ny OB
NENE: ] _
ACmB(w) T2 (?; B(w);kB(w)CLa By Vvariable

In the variable ap case, good agreement between theoretical and
experimental interference moments on the body due to wings of both plan
forms is found over the entire range of ap, except for combinations
having wings with the smallest ratio of root chord to body radius.
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For both plan forms in the variable &y case, interference moments
on the body given by theory are in good agreement with those of experiment
in the range of wing deflection angles from 0° to 10°. Except for the two
models having the smallest cy/r, the modified theory again provided some-
what better agreement with experiment than did the slender-body theory.

At large deflection angles, except for the models having large cy/r, 2
decrease in the magnitude of interference moment on the body occurred due
to a decrease of body loading. For the models having the largest cr/r,
however, a stabilizing couple, resulting from the large negative loading
developed on the body ahead of the wing hinge line (see fig. 19(f)),
compensated for the effect of the load loss on the moment. Thus, in the
case of the two models of largest cr/r, the agreement at large deflection
angles between experiment and theory is good, though fortuitous.

Complete Configuration at M = 1.98, 2.4k4k, and 3.36

Combined lifts of the wing-body configurations.- The configuration
1lift component of normal force less that of the body alone, CLEW - CLE’

is compared with theory in figure 21. The equivalent theoretical values
are given by the quantity CL&(B) + ACLE(W)' The theoretical combined

lifts are in good agreement with the experimental in the angle-of-attack
range 0° to 6° with zero wing deflection for both plan forms.

In the case of variable wing deflection with zero body incidence,
theory and experiment are in satisfactory agreement in the wing deflection
range O° to 10° for both plan forms at all test Mach numbers for which
experimental data were available, At large deflection angles the effect
of the resulting breach between the wing and body is to reduce the 1lift
of the wing-body combination (excluding the body nose) to values below
that of the wing alone,

No comparisons of experimental Cmb - C with theoretical were

m
B
made since it was found that the resulting small quantities would be of
the same order as the accuracy of the experimental values.

Effects of Mach number.- The full-span models tested at the Mach
numbers 1.98, 2.44, and 3.36 were not instrumented to give the division
of force and moments on the body and wing. Therefore, direct comparisons
of Mach number could not be made on the ranges of agreement of theoretical
and experimental 1ifts of the wings in the presence of the body and the
body in the presence of the wings. However, an examination of figure 21
shows that for the combined lifts, CL&(B) + ACL%(W)’ or the equivalent

value, CI%W - CLE’ there is no significant effect of Mach number on the

ranges of angles of attack and wing deflection wherein theory and
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experiment are in good agreement. Some effects of Mach number might be
expected due to the fact that with decreasing Mach number, critical cross-
flow Mach numbers with their attendant effects on crossflow occur at
increasing angles of attack. No direct information is available in regard
to the effect of Mach number on the angles of attack at which body vor-
tices become important, Figure 13 shows, however, that the normal-force
curves for the body alone are approximately linear to about ap = 6° at
the test Mach numbers. At higher angles, the normal-force curves become
approximately parabolic in shape due to the contribution of crossflow

drag (see ref. 16), implying the presence of body vortices.

CONCLUSIONS

The following conclusions are based on data from semispan triangular
and rectangular wing and body combinations tested at a Mach number of 3.36.

1. The mutual interference effects of wing and body in combination
can be estimated with good accuracy by means of theoretical interference
factors applied to experimental wing-alone characteristics. The good
agreement, however, was limited to ranges of body angles of attack ap
and wing deflections &y that varied with wing geometry. The minimum
ranges of agreement are given as follows:

Coefficient laB variable, dy = Ol&w variable, ag = O

Wings in the presence of the body

Lift coefficient 0° to 6° 0° to 20°
Hinge-moment coefficient

Triangular plan form 0° to 6° o° to 25°
Rectangular plan form 0° to 6° o° to 15°

Body in the presence of the wings
Interference 1lift coefficient 0° to 10° 0° to 10°
Interference moment coefficient 0° to 15° 0° to 15°

2. A decrease of 1lift below the theoretical for the undeflected
wings in the presence of the body occurred at body angles of attack greater
than about 10°. This decrease of 1lift, particularly affecting the inboard
wing sections, resulted from a decrease in the effect of body upwash which
is believed to be due to the combined effects of body-nose vortices and
transonic crossflow.

3. In combination with a body, the triangular wings of aspect
ratios 2/3 and 3/8, which have large root chords compared to the body
radius, showed approximately parabolic curves of 1ift as a function of
wing deflection angle. This parabolic shape indicates significant con-
tributions of 1lift due to crossflow drag of the wing at large deflection

angles. "
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4, At large body angles of attack, the variation of hinge moments
of the triangular wings in the presence of the body were more nonlinear
with wing deflection than those for the rectangular wings. This was a
consequence of a rearward movement of the center of pressure for the
triangular wings which accompanied an outward shift occurring at high
wing deflections,

5. For the triangular wing and body combinations having a large
ratio of wing root chord to body radius, the opening of a relatively large
wing-body gap due to wing deflection produced a large negative interfer-
ence load distribution on the body forward of the wing hinge axis., This
resulted in highly nonlinear interference force and moment coefficients.

On the basis of data measured at Mach numbers 1.98, 2.4k, and 3.36
on two smaller scale full-span models of two of the semispan configura-
tions, the following conclusion was evident:

1. The ranges of angles of attack and wing deflection wherein the
theoretical and experimental values of the 1lift component of normal force
of the configuration less that of the body alone were in good agreement,
were insignificantly affected by Mach number.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Mar. 12, 1956
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INTERFERENCE FACTORS
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The interference factors used to compute the theoretical curves of

force and moment coefficients presented in the summary figures were

obtained either from slender-body theory or linear-theory solutions.

In

| cases where both solutions were available, linear-theory factors were

| generally used, when applicable.

The following table summarizes the par-

ticular references from which the interference factors were determined.

(The superscripts

and linear theory.)

S and I. refer, respectively, to slender-body theory

Wing in the presence of the body [ Body in the presence of the wing
ap variable, &y = 0°
Ku(B) KB(w)
Triangular Rectangular Triangular Rectangular
Slender- Slender- Slender- Slender-
Linear body Linear body Linear body Linear body
=== |Ref. 1k4,| --- Ref. 14%,|Ref. 11, |Ref. 1k, Ref. 11, Ref. 1k ]
R fig. 2 fig. 2 | fig. 4 | fig. 2 fig. & fig. 2
or or
Ref. 12, Ref. 12,
fig. &4 fig. kb
Ref. 13, Ref. 13,
fig. 2 fig., 2
Ref, 1k, Ref. 14,
fig. 5(a) fig. 5(a)
for
BA > 2
and
[KB(w)]S> [KB(w) I
by variable, apg = o°
ky(B) kp(w)
--- |Ref. 1k, |Ref. 13,|Ref. 1k, Ref. 1k, Ref. 14|
fig, 2 | fig. 3 | fig. 2 fig. 2 fig. 2
for
BA > 2 Eq.(A1) Eq.(A1)
present present
report report
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An estimate for a linear-theory value of kB(W) for both triangular
and rectangular wings was made by the following:

L _ [KB(w)]L

[kB(W) (A1)

In figures which involved the use of k both the slender-body value
s B(W)
and the above modification were used.

HINGE MOMENTS OF THE WINGS IN THE PRESENCE OF THE BODY

The following general equations were used to calculate wing hinge

moments:
Chy [/ = X ]
W Cr X X .
Ch = Kjy(B)io— + = <—> - <—> }CN ag variable
W(B) ( ) CNw c [ Cr W Cr W(B)-‘ W
(A2)
Ch /- = ]
W c X X .
W(B) ( Cny € [\°rjy Cr W(B)- W )
A3

The term in the braces represents the center of pressure of the wing in
the presence of the body obtained, as suggested in reference 13, by adding

Ch
to the experimental wing-alone center of pressure, C_NE , the theoretical
W

e - -
shift in center of pressure, = li(—g—) - <EX— :] For triangular wings,
c r W iy W(B)

—é( =2 and { = for both variable ap and & are determined from
T 3 Cr B W
W W(B)

figure 4 of reference 13. For rectangular wings, linear-theory values of

<T§‘(;> are given in figure 6 of reference 12; for variable ag,
W

X

X = <i> (see ref. 13), and for variable values of <———
<"r w(B) N\ ’ o °r/u(B)

based on linear theory for wings with PBA > 2 are given in figure 6 of
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reference 13.

Rewriting equations (A2) and (A3) for

Triangular wings

Chyw(s) = KW(B) {Chw

Chyy(p) = kW(B){ChW +

Rectangular wings

Chy(B)

Chy(B)

= Ky(B)Chy

-3
2 Cr W(B)

3 (:‘c
1 -=21=
N 2 \Cr W(B)d

ap variable

-

25

specific cases:

ag variable

INTERFERENCE MOMENT ON BODY DUE TO WING

(Ak)

CNw}' &y variable (A5)

(A6)

=kW(B){Chw Kc1~> ( >W(B)] Nw} &y variable (AT)

The body interference moment coefficients were calculated by the
following equations:

ACmB(w)

ACmB(W) =

where for both variable ap and &y, values of (

olg

Cr
c

c

K > < >B(w)]KB(W)CNW ap variable
[( > < >B(w)]kB(W)CLW 8y variable

(A8)

(A9)

based on linear

T/B(W)

theory are given in figure 7 of reference 12 or figure 20 of reference 1h.
For specific cases equations (A8) and (A9) become:

Triangular wings

gy = |

-3

3(1
C

T/B(W)

]KB(W)CNW apg variable

(A10)
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ACmB(W) = [l

Rectangular wings

Al () =

Almg () ~

DISTRIBUTION OF INTERFERENCE

¢ w RN NACA RM AS6C12 -
- g <%%:L(Q)}kB(W)CLw 8y variable (A11)
- <§% » )]KB(W)CNW ap variable (A12)

NORMAL FORCE
ON THE BCDY DUE TO THE WINGS

The theoretical body interference loading coefficient as a function
of x, the distance along the body from the juncture of the body and

the wing leading edge, calculated for variable agp
integrals from reference 11,

in the accompanying sketch.

by the following
The variables of integration are defined
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Supersonic-leading-edge wing

Sma, N2 -
ACn = ___é_ COS-l X_/B.___Bni’]_ dn
B(W) ~ .m [pZme-1 N N + mx

[ X 2 ] LR ] 27

8 N
—B [—725 n- (n+mx)sin” ( /B+an> J32m2- l X sin™? /B] ®

#DJpeme-1 N + mx
(Alh)
Subsonic-leading-edge wing
Aen - _16(5“‘)3/2"13 N2 JX/ B- 1 dTl
B(W) aDB(Bm + 1) L ./
16(pm)3/ 24 X 1 - N2
-—— B [KX/B- 1) (mx + 1) +£E2__+_) tan™t ;&/B{—ﬂ]
DB (fm + 1) M-
(A15)
The loading for variable &y was then obtained by:
St 2o ]
N ] = — [—— Ac (AL6)
[ B(W) &y variable B KB(w) "B(W) ap variable

wherein both the slender-body value of kB(W) and the linear-theory

approximation (modified theory) given by equation (Al) were used.



28

10.

P

NACA RM A56C12 -

REFERENCES

Krenkel, A. R.: Generalized Missile Study. First Annual Report
covering period Mar. 1, 1952 through Feb. 28, 1953. McDonnell
Aircraft Corp., St. Louis, May 29, 1953.

Wong, Thomas J., and Gloria, Hermilo R.: Aerodynamic Characteristics
of Two Rectangular Plan-Form All-Movable Controls in Combination
With a Slender Body of Revolution at Mach Number 3.00 to 6.25.

NACA RM A55J07, 1955.

Winter, K. G., and Brown, C. S.: Supersonic Wind Tunnel Tests on
Guided Weapon Control Surfaces Mounted on a Body. 1. Tests at
M=2 of Rectangular Controls of Aspect Ratio 1.89. British R.A.E.
TN No. Aero. 2175, July 1952.

Winter, K. G., and Brown, C. S.: Supersonic Wind Tunnel Tests on
Guided Weapon Control Surfaces mounted on a Body. 2. Tests of a
Rectangular Control of Aspect Ratio 2.93 and a Tapered Raked Con-
trol of Aspect Ratio 2.82, British R.A.E. TN No. Aero. 2284,

Dec. 1953.

Kaattari, George E.: Pressure Distributions on Triangular and Rec-
tangular Wings to High Angles of Attack - Mach Numbers 1.45 and
1.97. NACA RM A54D19, 195k,

Pitts, William C.: Force, Moment, and Pressure-Distribution Char-
acteristics of Rectangular Wings at High Angles of Attack and
Supersonic Speeds, NACA RM A55K09, 1956.

Kaattari, George E.: Pressure Distributions on Triangular and Rec-
tangular Wings to High Angles of Attack - Mach Numbers 2.46 and
3.36. NACA RM A54LJ12, 1955,

Katzen, Elliott D., Kuehn, Donald M., and Hill, William A., Jr.:
Investigation of the Effects of Profile Shape on the Aerodynamic
and Structural Characteristics of Thin, Two-Dimensional Airfoils
at Supersonic Speeds. NACA RM AS4BO8a, 1954,

Drake, William C.: Lift, Drag, and Hinge Moments at Supersonic
Speeds of an All-Movable Triangular Wing and Body Combination.
NACA RM A53F22, 1953.

Dugan, Duane W.: Experimental Investigation of Some Aerodynamic

Effects of a Gap Between Wing and Body of Moderately Slender Wing-
Body Combinations at a Mach Number of 1.4. NACA RM A55D08, 1955.

-




A L I R THE ME Ir
NACA RM AS6C12 o o oo o . o .atbii opel .:-E:.'EE" ' 29

11.

13.

1k,

15.

16.

17.

Nielsen, Jack N., and Kaattari, George E.: Method for Estimating
Lift Interference of Wing-Body Combinations at Supersonic Speeds.
NACA RM A51J04, 1951.

Keattari, George E., Nielsen, Jack N., and Pitts, William C.:
Method for Estimating Pitching-Moment Interference of Wing-Body
Combinations at Supersonic Speed. NACA RM A52B06, 1952.

Nielsen, Jack N., Kaattari, George E., and Drake, William C.:
Comparison Between Prediction and Experiment for All-Movable Wing
and Body Combinations at Supersonic Speeds - Lift, Pitching Moment,
and Hinge Moment, NACA RM A52D29, 1952.

Nielsen, Jack N., Kaattari, George E., and Anastasio, Robert F.:
A Method for Calculating the Lift and Center of Pressure of Wing-
Body-Tail Combinations at Subsonic, Transonic, and Supersonic
Speeds. NACA RM A53G08, 1953.

Jorgensen, lLeland H., and Perkins, Edward W.: Investigation of Some
Wake Vortex Characteristics of an Inclined Ogive-Cylinder Body at
Mach Number 1.98. NACA RM A55E31, 1955.

Allen, H. Julian, and Perkins, Edward W.: Characteristics of Flow
Over Inclined Bodies of Revolution. NACA RM A50I07, 1951.

Kaattari, George E., Bill, William A., Jr., and Nielsen, Jack N.:
Controls for Supersonic Missiles. NACA RM A55D12, 1955.



30

CONFIDENTTAL

CONFIDENTIAL

NACA RM A56C12



L

NACA RM A56C12

TABLE I.- PRESSURE COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE BODY

(a) A = 4 triangular wing, r/s = 0.2
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0.2

TARLE T.- PRESSURE COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE BODY - Continued
(b) A = 2 triangular wing, r/s

00

ag, Sw
10° | 15° |

3°

10° | 6° 3°

8w,da=o°
20° [ 15°

40° | 35° | 30° | 25°

45° |

XQ

W;

e ER e
N e L

Frar sy
NN VONO W

Ot
Qee98qQqQ

[=RoIaNo R g aTh Kol
T VNS

HAO T QLN
o0 D

MoOCeNOT
VITTNOnT

OTAOMO NN
OrHOHOMN A

L I I B B B I |

N~~~ RNO
MeAdOORHO
Q9332919

oM ONLL
HoQoOOMHA

29333339
" [ ]

TOVN-TONNO
Owrvrvridnm
qagaqqqe

TOMEHMN AT
nMMeETOoNn v
QQaqaqQaq

OO TD
T TN O
QQQQqQQeQ

aTnNInONTO
vovororw
eqeqaaaq

DHAODDHWD
OOt~ oob~
QQQQQQqaQq

[ R R RS}

oOCWVWON VY
O~ -0t O -0~
Q@QQQQQQQ

[ B A

HO N0 HNON
OADDOONDD

MDD AD TN
OOOOOON0
aqqaqaaq

O HMOQANN
AR DIO

LI T T B B I |
MM T

OMWVDO< -
TaNTRnQo

20’

TN
DO DDOD D

HAMNAEHM QNN
0@ 0D DOV

- 9
R R

OAT O ®M™
OO @mD
QaqeQqqee

PR

OO O~
QN YWYINYW
QoQoQQoQ

oV HBLX
RO OOO® O

MNE-DONN A
YOOVOONnOY

L T T T I I

(SRR =R ol o of
OOoHMMANNN

HANS AOHWD
VMRE A AN
QlQagqeQ

HHOWV OO O
-OoOoMmMNuMNN
QqagqqqQq

VOM~ OO
waaNMEn e
Qaageqaq

LI T I I I B I

NV RHIDN O
W VOV WN
QeQQQaqQq

T D000
[
Q@QQoaaqQ

LI T I A |

MOV ORI
OO~ AODO®
Q@aaqqQaqQ

HNO TM@ON
AR ANDODN

FODMTRAD
DO NANDOND
aQaqgaca

et
NN OBANW
RO ONDAD
QaQnQQQe
[ S R I B I
NOWHHOMY
DA~ OO
QooaQQQQ
Lt
TMNDOQOD D
O DODO
QoQQQonQq
[ B A R
CTOTONOM R

QNVOMWED
AQNNQn AR

0ge’
°90jns

FORHOOVOO
CODDOOOD
QaQQaqqae

OO~
NVWINWLOY

QUON oo T
DOODDDO -
[ A R
FRNODANS O
N0 0 W™ 0N

eI T Y
COoHHNMOMm

SOCOVNHO WY
WM NAHOHO
QagqaqQQe

VMM AN~ND W
QCQOrMANMOM

QaqqaqQqQ
LI T I T O |

OCOONM -
annM T Ty

LI I T I I I )

VA=A AR
NVVOr0VY
Qagaaaqq

VRN G T
OO DO-®

DOAOHNN©D
DODRARARRO®
QeQQQqQqQ

[ A ]

HAMMAOOLNGO
OO D®

arnOOoONNO
DDA DO

et OO0
QAR RRORND D

LI N A

ocnO~TC-MY
AT OO

AR O N AN O
DWOEO OO
QQOoQooOCco

NOoNOoWmown
NV~ OoONWE®

00¢°
19ddn

LI NN
-ttt
QQeaqQq
LI I I B B |

DEORHO
o~ 0o
QgaqQqeq
LI I I I B )

nuwoaoor-
neeswnwne

we-wwn~n
L N

DRI Y
HOOHANQ

MY HQON
nNTnNnuoo

oMM

W ONM
FOOOO®m
QagaQqaQ

LI R B S |
A OO

OANDOH®
QQaoaqQo

no TN NO
OO

VOoONOOn
W ~-ONY
TRMNe

oSy

oo
Q@
0Q

°7X: )



. NACA RM AS6C12 33

NOAFTORMO NMONKRACATYT wHINTOVDVHNEC OOINNERAN O

NOOVMOE- HHORAS e DR HNNRAN VONHTON OO
NROATHINO FTOMNPNVOO VDDV HODOY BOTNOD VO
sReRNmeY YV TND YYYYYNWY RE&EQEY KK

EMUTONRY NOEFEQRHOH VHOETOORY Y vDO O
M VHODY BMMADOOCR MACOURO®D® MODRO ©nN
QYN QYRTEN QROANOVYRY TAQDQENTY VORODS 0Q

35° | 30° | 25° |

0 94617747705077485587330137552596
% 55554.2A4.5.5554.4.4.35555.55.5555.555555
w 47133593938‘91531194396‘05932501
u O 95953593938‘110695107513438736‘0
n m_4.4...3312...4.4.3333;2A4.4.4.JJJJ.§4.A4.355
-1
._u ..I
n 0 1901739981‘5669‘91‘07349 43079943
O 0.18489755384087744174817808417384
C ..w5 3223404132324444533223414._.33323.3
. 8
vlL
I- 9‘751820542239245924631546712399
Y a° 05421291 33520909 50863230073174 53
w mzi..,z..wpo.a34411,0.10.22441.14132224422
89339417599.}15592533320284014559
m d . 303750‘5518654435319754419639774
Te 6410.00,30.0.41ono.o.o.o.444n~o.o.obz411_no1..._
F _.m .
O l -}7256006861656119593590739330513
c 0 85432212 17421111 29642110420852 08
En 30.0.00.000.0apo.o.o.o.onaoo.nc.obo..ﬁn_o.obao.
CO
-
m C .
S — 27377230197101577563105674133350
E 0 31100210 53111811 53210101543200 21
RD_lOoobo.o.o.o.no.oo.no.o.ooo.o.obobo.o.obo.o.o.o.no.
.
P - _-._ _ _
O [
90259037 ‘4478711 08937775517116 90
—.— 0 5‘321201 95410000 17542110218743 anl
T B 300.0.0.0.00.9Do.o.o.o.o.oo.._o,o.o.mnop;..moo.o.o.oo.
m/ .. _
r 5356‘03.6 4587‘797 43253717 969885 34
0 97543212 40741}211 62086432953186 53
% R.w 60.0.0.0.0.00.0.440.0.00.0.0441..0.00.00.4414001.....
mn __
i .'il
W w 35093741337001963965936598197318
°0 53076001063976443153096664074249
m r ...1_1...30.900z¢10.no.n~o.3444130033244124
a .
Tl ll.
@ 419591194331302‘51030951516767‘1
F u53393163264045333985298797318373
O m .wzzzaao.ob333244443322244433332253
°
S..mOI
.fu : 20614712931945569180098931717139
u!MU 05532341379173134097309609650494
Inc 24.33.3341_14.35333224.4..35332254.4.4.4,34.4.
»
C W
T.___ 8
59115895318656133537707006691664
A 4955426‘815304347340641043094637
54.4.55222554.4.453355554.4.4.4.55.5554.55
O\l/
Cb
(
S
m
1 I

- ° TECOMNATAD OO RTVY MAETVYEOVH ONONRON ow

= Ol o¥Muero TDVOMEOVN RO NE SHETNNDY OO

g eNNORAC QOARNARRN ANRRRON RSAQNY OO

m Lok, el Ll - Rl Rk kLl

m VeNOoOOOoOYE CRUOoONnNoOomw N ONNEHOD "MPOT~Y O

“v MOANMOATOY COMNNMMIMN QTHOVNOW tNVLVOO amn

B Q| 8+aqnaa avodae99 9990aHHO QHHna -

W w He rHeide wee ArdsdeH el dddmdldl S

MAOSMINRE YTOTONOMO NOoOMOoWNOoNNn Conmooon O

g OMVNDOYNE ONNOMREY IMOXRWVND ONFOWLT Ow
R [ Hunvonoa danoenee canuenR SaMane VY
> §20° ose’ 006" (o1 -7 AN PR -

304in8  Jemo




34 NACA RM A56C12 *

CNVHON TODITMNOANMDOO HOTONMNAHO MNMAVCO @ VEBNAN NANAODND AANOVATON EADOVORTYO

W VOO DNOON~t ¢DINVOMOWY VHOANO MOMNOVAYTRIN MOVOKTINMY ARVATHOR

Q29QQ9Q 9Q9999Q9Q YAQQ]QQq 9A3YYIQQE  VARYYN AAQYNYQVY AORENHEYR QAGQRATIY
-

25°

20° |

MMM ARV UOHY ETTRATNOR VADVNHN - VAQND VUMBOANNGE QVOROMNNR ©HO®OWAHNO
DENtY VWNOS-SE VOO0 MYCNO0D WNAOVDO MONTHONRE WORMORYY OMArnAN-Y
QQQ]Q2292 QQQQQQQ] QQ]QR’QQQ]Y A9]7QQQqQqe AAALELER AL LLELE RS LLLTE DR S GILE R ks

0°

|.=;° [

[ B | [ R B A [ B I I [ A R I

Gsosw

10° |

It 33271."338 oMo wownt-ngny QNN AMAFNOME AMINMOHIND NN OWVONHIN
VNN VVDVOENN0Y CTENVOROr WRNTVVON FROAMNHN ARYTRNRONO DUVUMONENY MOV R
Q229929 QQQQeQQQ QOAQQQQQ QQQAQAQRCQ MMNNCHA YYNRNRAA VIWRrAdA] MINYd4QQ

[

VONYTHO ANHMOOOM Ot dHrl-V0 RNARINHNO COANVNON DNTONNEM WHRWMOMNY ONYOAWV O™
NAIYIAR MAYTTNNOHN RANOVIVA ONNRNMeey OMOONO OFVMNAROW +VMNOEDS-Y HOWONdad
QQQQ9Q QQQQQQQQY QRQQQQQQ 9QQQQQQQ MNVNAQH HrH1rY]Q HWAA1AQAR’ Q41422QQ

[ A | [ A | L BN [ B !

6°

QOMOARD VWrHOwNHONING OHOAVOANYT MNNOWHWINY WO« ONYABEWMN MOAOMVNEM AVMANVYYTO
HHEHOEeH QO oQOoOMMMNMe Moo MM ATHNON MOPOVMYEH ODE-DMRHEA MEHOANNKOwR
QQQ999 23Q4QQQQ AQAAALAYQ AQQA]QAQ HHrQAQ 19QQQqQQ YaQQeQqlQ Y1AA]QAQQ

AT HMNE AN OOON HAYNDODRE VR CTOT RO ATETHRNMA HANMEVODNR NHOVMOOR: VOTTOTNOR
O-OEVR VUMHANNRY BYAHAMNYTY DOTHNTON ORVENE VOMHARRY VIANRAMNIT COY AN TOD
1Q99QQ Q3229943 QQQQQAQ] 9QQQqqqeqa 7AqAq] QAQQAQQQ Q’AYA]4QA] AQYQA’]QQ

0° 14439

[

[=To R g1 X N7:] NEM DO CDOMNARD DO TN NN HTNNTOWN MOOMAMING ODART-WMND MOWNOM I~
° M0 NN tDWn HEHNEOWVONY TRAMYTINOO VEihinN Y HOADLVEYTMNH ODOVOYMNAHN TN HNMN
| @@@aqa eaaenqaaq @qaqaceaq @qQaeeae 41QQQQ 1QQQAQQQ +$QAQQQQQ H411Qaqeaqq
oMWV OoOWn NMWOYOrANG TOMONROD wAHRDMNMOW OO ®D MOLVErHMAD® wHEMNOHOOW NN N O DD
T A0 AN T NOOVL WYV AN~ oMM VINNOADOMN OMNAAN~DWVY ATV NAN

Q@QeQQQ 99932233 QQAQQAYQQY 2QAARQQAQ {AHQQQ dHHHQQQQ HHHQQQQY HAHAAQQQ

1 O TN Ve HMNO- VENOVAEHVVN MYV OO~ o~ DO ON Y TODOHOVOMN RYWOD O TWNO
o QAMMNADY VVVNOODPO WVNDOVEDIOON CTVOVOO® NETOAFEHR NMNAOMOVONO YROMSTM N or-moN o
Ol aqeaqa 92QaQQa] Q22QQQQQ QQ3A22Q2Q  MNNAQQQ WNRHA4] NNRAdd-d MNRYA1QQ

[

MPYSNO NMOMODMMVEY MOOWVMVLOMNM OHHOCHMNN VYR OAMBDONON OYTORDNMNM HOT0HMN-Y

[ ~OVOoOWNn DOOARNOOQRO AROOOCQOO MOAROOOOO OWVANWVY OrCHODNNE DOVANETMe ~RVORGMNA
N eQd1q Qe QQerrirrr QQQrirrir mMMaQe TMMMNMNAN] MMARRRY TN F I
-]
Q
" HRORAMN N0 NETETNMNMOR OND®MVNNINGD TNOARN HOwnwoanHon MO@®OTONN FONAHOT OO
|0 DOOOOr AROOOOOQ OO0O0OFFOO0 DAROOOCO FRNAMTO CTODONMNY NNOTODOVWN WOrMOAMND ¢ v
o m QAN Q QQririvrivr wTirrrradn QQQAid QU add NUUYILITMNN QUITTNMNn QRN Y
&
1‘1522551 CTEYAMNANAN OAHETIIOD OCCricivrdw MOANOR DOV HOOM MNOATROM me et~ non
o OAREAD [-X-N-X-F R R ] OQCrrrMrdr [ X-X-E R o] WONMNON MY OONOWVN WMDY MO cCoOVNUVIMOY
% QA wrrivivirivid wriririrreq Qe QRN SRNNQYEN NNYYUVRY QYR
1222956 MONWNVLNNMO MMV HA AN O A OAETAR~O RO ATN-TO CTRMNAMNTOY NP CHO
o [-1-X-3-¥-14] [-X-N-R-R R R K] Orlerirrt il LR E-E ] PreonNa Vi MINA M OE ¢~ DOMNOAMNtvMm
w A dddQ Ay dAredeandry g QN{MEM QQOORANYY QQRRR™N QYN ARG QY
el e el -
]666533 ArA M ODOOMN MO0 D~ HOWVD0-0 RN VoA HOOSEO VORISR AT OVYVWD
—Ohv [-X-X-R R 1 4 HrrHrH e A mr A nNouROD MRRTOAOMN AVMEHtN e CTONYOHTOO
1% A A1 Q v dAerirdaridr AAavrreeie NARNYE CMAQANYY TRAQARRY CNQORRL QR
- e ‘e el
Tr@rnmn TN m v tNMm TSR e-0mM TrHRM~NM DY Yk 1 i tlal TN -OM AR NN
[Ty R & R N=-1"] NMEYTOAFOW NECTORAHON NETCTOVRFHOW NDeerHOW YT OOAHOW Ve TOAHOWM NEETORHOW
= |91189qa QHRMYIRO IIRIYIRA QURICRYRG QRQR AHANCRRN QYN TYR QHRIN QYO

x* €20’ 0ose” £96° Sie’ $20° ose’ €96’ Si8°
ed0jins  ieddpy 0%0}ins aemon

TABLE I.- PRESSURE COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE BODY - Concluded
(¢) A = 2 rectangular wing, r/s = 0.2
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS
(a) A = b triangular wing, r/s = 0.2

0°

“Bssw

—

o°

35° | 30° [ 25° [ 20° |

8w, ag

6r

——— X

10° | 15° [ 20° [ 25°

6°

o°

[

6° i443°

15° [ 10° |

DM N dAN TN
B DO N0 O
eQoogoaeaelQ

[ ' 1 L

AooN@MVaYN®Y
OONtORE0G TSN
ageogaeaaaecl

RN

OHNORAHM HM ORI
VOBV 0NN HO

[ S R A R A S B R

DMAOCNFRMINMONOWw
HeENUMMMETROO
aregaqaqaeQq

CTNOC-MNE-OMNNROY
HHOO OO -ANMNOO
aaaqaeqaqaqaq

nEO~OVYOrM YLD
HHO0OONANRCO
*Q92999993q9

L A I A ]

4061‘029‘879
HHOOOOOOHHOO
QQegaqqqanaq

MOAVHTONG YOO
HOO0TO0VOHNQO

YOOOITOTOvwN
HHOODOOHNN MO

WODNEHID OO ®
AMOOOAHNAN MO

TArANNNOAAOO Y
HHOOOHNNMNN RO

T A A A
TOonNDBDMEEOVONON
ArQOMHnNMMNN O

NOOMBHM OO
A HOCAT Y YO
QaQQqaaaaagqg

VRO AOHI - OM

MAHOOVOVINWLMNOW
QaqqQeaaqcaqae
UL | 11

CTODNANOODAOM
AR OO AN ING

40° |
0
.0
KeJ
0
a
0
0
0
0
(o]
(]
0

XA

TAYTOATOTNTOAe O
mng Mg onNg g
Al Eal el oK Ne X Ko T )T
A A AN NN

°
7]

VAR ARNDMNAAMNON
ODOON O DOO--
22999999Q9aq

WMIFTN AT N O
D DO VBT

[ B B R T A S I}

NOI-NICRTOORN
EVVVNVODOYNO

L R A A A A}

VN-OHAQEND N® W
TENNETETTNMNNROO
2qeaqqaagqqa

L S T I T A Y B

EOTVOYTWVOMOIN
HRAHANHAHN NSO O

CTTROUBMOORM T
AAOANCOAINNOO
Q299299993399

DOV OWMN O v\ D
HHO OO0 0OHHNOO
@qQQqqaqaqqe

LR A A A I

NOVAT-ONNDHO®
HHAOO OO A—NOO
eQaQreaaaqeQ

VA SO HDNO D0
HHOO0O0O0HHANHO

[ S B A R

CH- MO TOON0
HHOO0OoOHHNNMN O

T A OO T HBMTD
HHOOOHMNMMMANO

A

VAV HOVOMN O Y
HHOQ0QONMYMMNO
@qaegqqeaaqeq
L
CNRAD - OO
OO AHNNTEAC
29]39qqqagaq
LN | LI I I B B

FOVUINMW NN O
HAQCOMNOWOVWVMO W
@qQaqeqeqqaQ

L
SN ADE DARNO N
AHO0O0OvYoenno

SOYTATOTATRTO
nIRNVG N Q
ANMNVEBOOMNNW
LaRa ke kb TR NN

°
[T2d

DOOVNROOAHOINO
ME-COOADO D0
QeaqaqqaagQaa

WOASUINHO A T E N
MEC-OR-TRND

[ R SRS A |
VRO NAMOOVO
MYV OO0 VINNO

[ I R B T N B |
HDOVOAANTNDN Y

MYNNHO-NRAN A
QaaQeaqaaaqe

NHONTNNTQRNO -
RN TOHRAEOO

AMOANNDVOD ANIN
OHHHNOOAMH OO
QQQR]]LAQA]’

TN

VNONOYT T OO
AHOFADOHMINOO
QQaegQaqaaqq

LI B I BB B
VWNONOTTN AW
HHDHDOrNNNCO

P B B B B R |

VN AT R HR M@ OO
HHAOHOHMRNMNMNHO

[ A A B AR

CRVUHAROCH OO R Y
OHOHONNMe RO

tRUArEFCBIMMNN
OHOFHONYTTTNO

oNE-HOoORR V0O
OorOorAddNYTVTMNO

AN HNON DO
OCrHOA MO OYOOC
2aQaeqQeeqqQ

VHONOWOTWOE~GOOM
OO HNVOO A0
QaqaqegaeaQ
[ ] Ve

VNV RV NS
OHOF WA~V NO ™

T OYTATORTO
MNQQNNQ oY Q
ANV DOHE MO
Arr RN

L)

O

L

NACA RM A56C12 -

AWV T O
OO DDODATN
eqaqaeQgaaqQ

[ I O B B i

FARQUARRANVOT
DDA DRRO

DOADO AN RN
\0\0 D~ @D [~ 0B

[ A B R RS A
BT AR e XL
R A A TUl oA 2R Lk i)
aqaqaaeeq]lqe

HNNOODMVAMNYM
MONENNY AN

LI I O R I I O B I )
LRS- D0l

RHAAOrHiMEACOOO
Q2329392Q2QQ]Q

WAMNRNIDIVD WY
HOrMOOMNETNHOOQO
Qaaqaqaqgaqq

DO OO O R i
HOHOOM TN HDOO

DD NE-OTRSTAmM
HOHOrUVUTNH OO

DO ONE- - =0
AOFHY - OYTNOO

FONANNOHD T O T
HOHVWVDOOVIN OO

L
COM AW TNV oA
HARMWANDDYROO
Q@reaaaaeqaqaaQ

tea

CONPE HIMOD MDY
NANOROARIE OO

[ I I A ]
CONMNDAOTONT
HOHH VOO MNAHO
aagaedqaeqqq

v [ B R

NVRADITRAON
HOH-OOOWY NHO

[

TR RACOTRATOAe On
nNE QMRRAMNR Q
HERMOVOVEDO HNM
At A NN NN

o

o

©



NACA RM A56C12

IN THE PRESENCE OF THE WINGS - Continued

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY

r/s = 0.2 - Concluded

(a) A = 4 triangular wing,
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- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

TABLE II.

(b) A = 2 triangular wing, r/s = 0.2
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NACA RM A56C12

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS -~ Continued

(b) A = 2 triangular wing, r/s = 0.2 - Concluded
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(e¢) A = 1 triangular wing, r/s = 0.2 - Concluded
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TABRLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
(d) A = 1 triangular wing, r/s
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Contlnued

(d) A = 1 triangular wing, r/s = 0.4 - Concluded
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inued

ng, r/s = 0.4

i

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Cont
(e) A = 2/3 triangular w
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20° | 25°

ay, 3y =0°
15 |

0° |

aw,d‘=°°
10° |

(e) A = 2/3 triangular wing, r/s = O.4 - Concluded
40° | 38° | 30° [ 25° | 20° |
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
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3/8 triangular wing, r/s = 0.k

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
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TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(f) A = 3/8 triangular wing, r/s = 0.4 - Concluded
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- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS -~ Continued

TABLE IT.

(g) A = 3 rectangular wing, r/s = 0.2
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TARLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(g) A = 3 rectangular wing, r/s = 0,2 - Concluded
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NACA RM AS56C12

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

(h) A = 2 rectangular wing, r/s = 0.2 - Concluded
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TABLE IT.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued

/s = 0.2
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NACA RM A56C12

1 rectangular wing, r/s = 0.2 - Concluded

A =

(1)

TABLE II.- PRESSURE COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Continued
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PRESSURE "7EFFICTENTS OF THE BODY TN THE PRESENCE NF THE WINMGS - ContinueAd
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(3) A = 1 rectangular wing, r/s = 0.4 - Concluded

PRESSUKE CUEPFICIENTS OF THE BODY IN THE PRESENCE OF THE WINGS - Concluded
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ng, r/s = 0.2

i

LOWER SURFACE, AND TOTAL

(a) A = 4 triangular w

TABIE III.- SPAN LOADING COEFFICIENTS OF THE WINGS IN THE PRESENCE OF THE
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TABLE III.- SPAN LOADING COEFFICEIENTS OFeTHE WINGS IN THE PRESENCE OF THE
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TABIE III.- SPAN LOADING COEFFICIENTS CF THE WINGS IN THE PRESENCE OF THE
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BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued

(c) A = 2 rectangular wing, r/s = 0.2 - Continued
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TABLE III.- SPAN LOADING COEFFICIENTS OF THE WINGS IN THE PRESENCE QF THE
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(b) A = 2 triangular wing, r/s = 0.2
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THE PRESENCE OF THE WINGS - Continued
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(v) A = 2 triangular wing, r/s = 0.2 - Concluded
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(¢) A = 1 triangular wing, r/s

0.2 - Concluded
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(d) A = 1 triangular wing, r/s = 0.k
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TABLE IV.- LONGITUDINAL INTERFEREJCE LOADING COEFFICIENTS OF THE BODY IN
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THE PRESENCE OF THE WINGS - Continued
/s = 0.4 - Concluded

(d) A = 1 triangular
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE

WINGS - Continued

(e) A = 2/3 triangular wing, r/s = O.k
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN THE PRESENCE OF THE

WINGS - Continued
3/8 triangular wing, r/s = 0.k
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- Continued

THE PRESENCE OF THE WINGS
3 rectangular wing, r/s = 0.2
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

-

inued

THE PRESENCE OF THE WINGS - Cont

= 3 rectangular wing, r/s = 0.2 - Concluded
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THE PRESENCE OF THE WINGS - Continued

(n) A = 2 rectangular wing, r/s = 0.2 - Concluded

TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

1 rectangular wing, r/s = 0.2

THE PRESENCE OF THE WINGS - Continued
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TABLE IV.- LONGITUDINAIL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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THE PRESENCE OF THE WINGS - Continued
) A = 1 rectangular wing, r/s = 0.2 - Concluded
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1 rectangular wing, r/s = 0.k

THE PRESENCE OF THE WINGS - Continued
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Concluded

1 rectangular wing, r/s = 0.4 - Concluded
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TABLE V.- PRESSURE COEFFICIENTS OF THE BODY ALONE
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TABLE V.- PRESSURE COEFFICIENTS OF THE BODY ALONE - Concluded
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Trianqular plan forms
Model A r/'s sin | Cin | Sin® |¥/Cmax [X/C@Imax|Wing test
<—__‘é]: 4 .2 5 4 8 05 50 press.
*
c—é]: 2 | 2 | 5 | 8 6 | 05 | 50 |press.
<é]: |2 5 | 6 | 32 | 04 | 59 | force
 — | 4 | 25 6 a5 | 04 | 59 | force
— 2/ 4 25 9 675 | 04 | 59 | force
—— | % | 4 | 25| 1 | 12 | 04 | 59 | force
Rectdnaulur plan forms
<:—_.EJ: 3 2 5 |2667 |10667| 04 .59 force
CS: 2 2 5 4 16 05 .50 press.
*
C%:l | 2 5 8 32 04 59 force
S — | 4 25 | 3 45 | 04 | 59 | force

» Plan form for 7g scale full-span models.

(a) Summary of model geometry and dimensions.

Figure 1l.- Models and semispan supports.




(b) Semispan model installation.

Figure 1.~ Concluded.
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T2 Full-span model
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(a) Comparison of the variation of normal-force coefficient with angle of attack for the half body
and full body,

Figure 2,=- Body alone characteristics,
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(b) Variation with wing deflection angle of the pitching-moment coefficient

for the A = 1 rectangular wing and body combination minus that for the
body alone.

Figure 3.- Concluded.
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(a) A = 4 triangular wing, r/s = 0.2.

L.~ Variation with deflection angle of normal-force coefficient
for the wings in the presence of the body.
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Figure 4.- Continued.

(c) A = 1 triangular wing, r/s =
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Figure 4.- Continued.
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Figure U4.- Continued.
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Figure 4.- Continued.

99



»

NACA RM A56C12

[ 4
L L]
o0

100

40

30

10

-0

-20

-30

L
i ! T .J,? [ To R H T : : T B :
o 1 OJLT , . : : ” : i
e < I I i i T T ; ;
' f OL/WWWMY - W i e bt —— :
: ) SN i i : 00 TN O A o L ii - :
. D e _M m NN NN m L m
L =N TN TN N iR HEERNEEN i N i
o , R T T ” N Dl NN W
o ™ N m LI RN M
I : - Rk ; ; v i1 jo
: i : - : : H i i T i [sY
N P ; /7! ha <N | L i i | : ‘ !
Pty N~ i /J[ - xS N : :
[ e N - T H
bt _B // M N . H H
X //4/ t/lJ/ N N LN N Py !
o ] TR TN = T i
~g T TN T B PN : : : :
= <N B XA — T 7]
S = < SN T T
: R R N Aa Vi N T T j
i TN NP T gyl ;
o L NN WL O\ k
L ! 3 { : /I.. /(Ma/vr. L H w m :
b L il RN, TN N " i
S [ T N A I S P TSOIND W : : E
: N RO R 4 ‘
o b b | i | NG SR o Y . N -
. b B i t E e R / < ~} .
M]x w m : ﬁ ! .M N R ]
! : i : : i o TN TN Vﬂ\/ HE
L I : 1 P “
u‘ﬂ.&. : ./Jvfj.lv ; < P // w
ke — b
Lo o : AN Fo ]

/$// il
/}1(

717

=40

7 ‘

14 -

1.2

10

£
o LA

-1.2

g Lot

Bw

Figure 4.~ Continued.

(g) A = 3 rectangular wing, r/s = 0.2.
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(i) A = 1 rectangular wing, r/s = 0.2.

Figure 4.- Continued.
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(3) A = 1 rectangular wing, r/s = 0.h.

Figure 4.- Concluded.
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(b) A = 2 triangular wing, r/s = 0.2.

Figure 5.- Variation with deflection angle of hinge-moment coefficient
for the wings in the presence of the body.




4V

“

NACA RM A56C12

e eee L] L L (L] o8 & 00¢ © 000 o
® & O * L] e @ 9 & LaRJ
e o © ® L e o0 ® o * o
* & & - o e e e ® o *» @
o0 L2 X ] e o0¢ & ¢ oo *® ® o ® S0 oo

(c) A = 1 triangular wing, r/s = 0.2.
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(d) A = 1 triangular wing, r/s = O.L.

Figure 5.- Continued.
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(f) A = 3/8 triangular wing, r/s = O.k.

Figure 5.- Continued.
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(g) A = 3 rectangular wing, r/s = 0.2.

Figure 5.~ Continued.
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Figure 8.- Continued.
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body combination, r/s = 0.2.
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body combination, r/s

Fipure 10.- Variation with angle of attack of normal-force coelticient

combinations.
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(c) A = 2 triangular wing and (d) A = 1 rectangular wing and
body combination, r/s =0.2. body combination, r/s=0.2.

Figure 10.- Continued.
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Figure 10,- Concluded.
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(a) A = 2 triangular wing and (b) A = 1 rectangular wing and
body combination, r/s =0.2. body combination, r/s=0.2.

Figure 11.- Variation with angle of attack of pitching-moment coefficient
for body-wing combinations.
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Figure 11.-~ Concluded.
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(a) A = 2 triangular wing and (b) A = 1 rectangular wing and
body combination, r/s = 0.2, body combination, r/s = 0.2.

Figure 12.- Variation with angle of attack of drag coefficient for the
body-wing combinations.
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(¢) A = 2 triangular wing and (d) A = 1 rectangular wing and
body combination, r/s = 0.2. body combination, r/s = 0.2.

Figure 12.- Continued.
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(f) A = 1 rectangular wing and
body combination, r/s = 0.2.
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(v) Pitching moment. (c) Normal force.

Figure 13.~ Variation with angle of attack of drag coefficient, pitching-
moment coefficient and normal-force coefficient for the body alone.
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