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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 k45O at a Mach number of 3.36. The ranges of aspect ratios 
were, for the triangular wings, 318 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. 

C 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 frm 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 lo0, 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 

il 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. J 

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 +45O. 
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 qeflection 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 

aspect ratio of the exposed wing panels joined together 

local chord, in. 

P r cos 6 de 

local normal-force coefficient, 
1 

- .,)d(x/c) 

root chord at wing-body juncture, in. 

mean aerodynamic chord of exposed wing panels, in. 

span loading coefficient 

0 



cb bending-moment coefficient about wing root chord, 

d bending moment 
s,-w 

ch hinge-mament coefficient, 
hinge moment 

%* 

cm pitching-moment coefficient about wing hinge line, 
pitchina moment 

%- 

dzag coefficient, 
Qw 

component of normal-force coefficient normal to free-stream 
direction, cNcos(% + &) 

normal force normal-force coefficient, 'NW(B) normal to wing 
%osw 

chord; aC~g(~), CNBW, and CNB nonnal to body axis 

D body diameter, in. 

k~(w) ratio of interference lift of body in presence of wing to that 
of wing alone, 6~ variable, aB = O0 

kw(~> ratio of lift of wing in presence of body to that of wing alone, 
6w variable, uB = 0' 

K~(w) ratio of interference lift of body in presence of wing to that 
of wing alone, aB variable, = 0' 

Kw(~) ratio of lift of wing in presence of body to that of wing alone, 
aB variable, Q = o0 

M Mach number 

P orifice pressure 

p, free-stream static pressure 

P - P, 
P pressure coefficient, s, 

s, free-stream dynamic pressure 

r body radius, in. 
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R Reynolds number 

s combination semi~g$n,~meas~c$ from axis of body, in. 

sw wing semispan measured from wing-body juncture, in. 

B body frontal area, sq in. 

sw area of exposed wing panel, sq in. 

t local thickness of wing section 

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

- 
X - linear-theory distance to center of pressure from leading 
c r edge of wing-body juncture, root chords 

Y spanwise distance from wing-body juncture, in. 

aB angle of attack of body with respect to free stream, deg 

aw angle of attack of wing with respect to free stream, 
% = % + %, deg 

6~ deflection angle of wing with respect to body, deg 

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

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

B(W) - ( ) B  

Subscripts 

hinge line 

lower surface 

upper surf ace 

body alone 

body in the presence of a wing 

body-wing combination, B(W) + W(B) 
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W wing alone 

J 
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 cha.nged 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 l(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. l(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 

(1 - 3 - sin + [coS-l(~ - $)I 
The first body, designated model I, was tested in combination with the 
pressure-distribution wings, and the other body, designated model 11, was 
tested in combination with the remaining wings. The pressure orifices were 
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made by sweating s t e e l  tubing i n  d r i l l e d  holes and grinding t he  ends of 
the tubes f l u s h  with t he  body surface.  The coordinate system by which the  
o r i f i c e s  a r e  located i s  presented i n  the  sketch accompanying t ab l e  11(a). 

J 

Pressure tubes from the o r i f i c e s  were l e d  out around the  wing hinge shaf t .  

Full-span models.- The ful l -span models consisted of a body t o  which 
was attached an aspect- ra t io-1  rectangular wing o r  an aspect- ra t io-2  tri- 
angular wing. These models were geometrically the  same a s  two semispan 
model combinations having r/s = 0.2, as denoted i n  f i gu re  l ( a )  , but  were 
reduced i n  s i z e  by the  r a t i o  of 7/16. The wing panels of t he  fu l l - span  
models were i n t e g r a l  t o  a common hinge shaf t  which, when s e t  i n  place i n  
the  body, could be ro ta ted  t o  the  desi red wing def lec t ion  angle and then 
secured by a f r i c t i o n  clamp. 

Balance and Supports 

The semispan wings were t e s t ed  i n  the  presence of a half  body of 
revolution which w a s  mounted on a boundary-layer p l a t e .  The boundary- 
layer  p la te  served a s  a flow r e f l ec t i on  plane and a s  a means of elimi- 
nating the e f f e c t  of tunnel  w a l l  boundary l aye r  i n  much the  same way as 
the  boundary-layer p l a t e  of reference 5; however, i n  the  present t e s t s  
the p la te  extended 11-1/2 inches f a r t h e r  upstream t o  accommodate the  long 
body (see f i g .  l ( b ) ) .  Since the  p l a t e  could not be ro ta ted ,  angle of 
a t t ack  was var ied by a t taching the  body t o  the  p l a t e  a t  the  desi red angles. 
For pressure-dis t r ibut ion t e s t s  the  hinge sha f t s  of the  wings were sup- 
ported by bearings i n  the  body and a t  the  tunnel w a l l .  For balance t e s t s  
of the  wings, the  shaf t  passed through a hole i n  the  body and was supported 
e n t i r e l y  by a strain-gage balance (see r e f .  8) .  A f a i r i n g  extended between 
the w a l l  of the tunnel and the  back s ide  of the  boundary-layer p l a t e  t o  
sh ie ld  the support sha f t  from a i r  loads.  A 0.005- t o  0.010-inch gap was 
provided between the  wing and body i n  order t o  prevent mechanical i n t e r -  
ference. In  addi t ion,  the operation of the  balance i n  the  fo rce  t e s t s  
required an annular gap of 0.10 inch around the  wing hinge shaf t .  

The ful l -span models were supported from the  r e a r  by a 13O bent s t i ng .  
This bent s t i n g  was used t o  increase t he  range of pos i t ive  angles of 
a t tack.  L i f t  and drag forces  act ing on these  models were measured by a 
strain-gage balance which supported t he  s t ing .  Pi tching moment w a s  meas- 
ured by s t r a i n  gages mounted on the  s t i n g  between the  model and the  bal-  
ance. The s t i ng  w a s  shielded from aerodynamic forces  by a shroud t h a t  
extended t o  within 0.015 inch of the  base of the  model. The base pres- 
sure of the models was measured by s ta t i c -pressure  o r i f i c e s  i n  the  s t i n g  
adjacent t o  the base. 
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PROCEDURE 

e Test Conditions 

Tests of the semispan models were conducted a t  a Mach number of 3.36 
and a Reynolds number per inch of 0.85 million. The body w a s  s e t  at  fixed 
angles of a t tack and the wing deflection angle w a s  varied such tha t  the 
maximum wing deflection angle or  the sum of the body angle of a t tack and 
wing deflection d id  not exceed +45O. The body angle of a t tack w a s  varied 
from 0' t o  25'. Tests of the aspect r a t i o  213 and 318 triangular wings 
were limited t o  the cases of zero body angle of a t tack with varying wing 
deflection angle, and zero wing deflection angle with varying body angle 
of attack. 

The full-span models were tested a t  Mach numbers of 1.98, 2.44, and 
3.36 and a t  a Reynolds number per inch of 0.85 million. The body angle 
of a t tack w a s  varied through a nominal range of -4' t o  +30° with the wing 
s e t  a t  f ixed deflection angles ranging from -35O t o  +40°. 

Reduction of Data 

Semispan models.- Comparisons of tunnel stream surveys f o r  the 
conditions of tunnel empty and with the bound--layer p la te  present 
indicated a plate-induced spanwise Mach number var iat ion i n  the region 
occupied by the semispan models. Therefore average Mach numbers were 
determined according t o  the spanwise extent of each model: 

- 
Model Average Mach number, M 

BoaY 3.36 50.02 
A l l  models having r/s = 0.4 3.40 k0.02 
A l l  models having r/s = 0.2 3.43 k0.02 

As  it was desirable t o  compare the data f o r  the wing i n  the presence of 
the body with the corresponding data f o r  the wing alone, it was necessary - 
t o  correct the data from the average Mach number, M, t o  the Mach number 
of the wing-alone data, M = 3.36. The following approximation was used: 

(coefficient at  M = 3.36) =: 
n 

( ~ o e f f  i c i en t  a t  R) 
J m  

For the pressure-distribution wings tabular integration of the cor- 
rected values of measured pressure dis t r ibut ion along the wing chord 
provided loca l  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 4 

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 lorigitudinal 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. 

FJXUBILITY 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: 

+O.Ol5 for all wings 

.f0.010 for rectangular wings of A = 3  and A=1, r/s =0.4; 
C h~(~) C +0.005 for all other wings 

for rectangular wing of A = 1, r/s = 0.4; 
C b ~ ( ~ )  for all other wings 



v a. am. . . . ............ 
..a a * .  0 . .  a. a. .. . . . . . . . . l . . . . . . . 

NACA FiM A56c12 
..a .a a. 0 .  
.a .a. . . . . ..a m e  

- 6 

c~(B) 
fO.O1O for all wings 

d rto.01 
for pressure-distribution wings 

Cn~(~) 

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

=NB(W) f0.131~~ 1 ('These quantities are inversely proportional to the wing reference area and chord and are approxi- 

to. g4/asw j mately equal to two of the smallest grid-line a%(~) divisions on the graphs. ) 

p~(w> rto. 010 

A',,(,) 20. 010 

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

'NBW rto. 015 

c m ~ ~  
20. 030 

'DBW *O.O~O 

to. 05 

The uncertainty in Reynolds number per inch was +O.O5 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 
witil 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 aB = 15'. Beyond lrO an increasing 105's 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 = 17.3' 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 here.in 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 ag = 20°. Because of 
the large boundary-layer effects encountered at higher angles of attack, 
the reliability limits at a~ = 25' are uncertain but are not expected 
to be in excess of f10 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 lift of the wing in the presence 
of the body and the interference lift on the body due to the wing, obtained 
from the semispan model tests, was compared with the equivalent total 
combination lift minus the lift of the body alone, obtained from the 



full-span-model tests. A similar comparison of moment about the wing 
ninge line was also made. These comparisons are presented in figures 3(a) 

I 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 lift component where the deviation is generally no greater than 
about 50.02 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 reliability 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 a~ variable, 
6~ = oO, and + variable, aB = 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 
Plan form I A Ir/s 

ding in presence of body' 

' a ~ y  for cases of aB variable, 6~ = oO, and 6~ variable, a~ = 0'. 

Pressure 
coefficients 

1 (a) 
I(b) 
~(c) 

Pressure 
coefficients 

m a )  
11 (b 
1I(c) 
11(d> 

11(e> 1I(f 
11(g) 
1104 
II(~) 
II(j> 

V 

Triangular 
Triangular 
Rectangular 

Table number 
Span loading 
coefficients 

111 (a) 
111 (b) 
III(C) 

Longitudinal interference 
loading coefficients 

~v(a> 
W b )  
IV(C) 
Iv(d> 
"IV(~) ( f ) 

n(g) 
IV(~) 
IV(~) 
1v(j) 
--- 

4 
2 
2 

0.2 
.2 
.2 

Body in presence of wing 

Triangular 

I 1  
Rectangular 

I 
Body alone 

4 
2 
1 

213 
318 
3 
2 
1 
1 

.2 

.2 

.2 

.4 
-4  
.4 
.2 
.2 
.2 
.4 
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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, =d 6 

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. 

 NO data 

DISCUSSION 

Mach 
number 

3.36 

, I  
Mach 
number 

1.98 
1.98 
2.44 
2.44 
3.36 
3.36 
1.98 
2.44 
3.36 

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. In 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 aB variable and tjW 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 11-14 

ACmB(~) 

9(a) 
9(b) 
9(c) 
9(d) 
9(e) 
9(f) 
9(g) 
9(h) 
9(i) 
9(j) 

C h  5 - 

13 
13 
13 

Model 

Plan f o m  

Triangular 

Rectangula 1 
Plan form 

Triangular 
Rectangular 
Triangular 
Rectangular 
Triangular 
Rectangular 
Body alone 
~ o d y  alone 
~ o d y  alone 

aC~B(W) 

8(a) 
8(b) 
8(c) 
8(d) 
8(e) 
8(f) 
8(g) 
8(h) 
8(i) 
8(j) 

%I 
KB hB 

13 
13 
13 

'NW(B) 

4(a) 
4(b) 
4(c) 
4(d) 
4(e) 
4(f) 
4(g) 
4(h) 
4(i) 
4(j) 

'NBW 

10(a) 
10(b) 
10(c) 
10(d) 
10(e) 

.210(f) 

A 

4 
2 
1 
1 
2/3 
3/8 
3 
2 
1 
1 

A 

2 
1 
2 
1 
2 
1 

Figure 

CbW(B) 

6(a) 
6(b) 
6(c) 
6(d) 
6(e) 
6(f) 
(1) 

6(g) 
6(h) 
6(i) 

'DBW 

12(a) 
l2(b) 
12(c) 
12(d) 
12(e) 
12(f) 

C h ~ ( ~ )  

>(a) 
5(b) 
5(c) 
5(d) 

5(f) 
5(g) 
5(h) 
5(i) 
5(j) 

'~BW 

ll(a) 
ll(b) 
ll(c) 
ll(d) 
U(e) 
ll(f) 

r/s 

0.2 
- 2  
- 2  
-4 
-4 
-4 
2 
-2 
-2 
-4 

r/s 

.2 

.2 

.2 

.2 

.2 

number 

'~J(B) 

(1) 

(1) 

7(a) 
7(b) 
7 ( c )  
7(d) 
7(e) 
(1) 

7(f) 
7 ( g )  

%I 
CNB 

13 
13 
13 
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which involve the use of interference fac tors  t o  account f o r  the e f f ec t s  
of body-wing interaction. The manner i n  which these interference fac tors  

s were used i n  calculating l i f t  and moment i n  the present report  are devel- 
oped i n  the appendix. Published experimental r e su l t s  f o r  the wings alone 
can be found i n  references 5 ,  6, and 7. Small corrections t o  aB and % 
were applied, whenever necessary, t o  the exp'erimental r e su l t s  presented 
i n  the summary f igures  t o  provide zero values of the force and moment 
coefficients a t  zero ag and b. 

Component Characteristics a t  M = 3.36 

I n  the wing-body interference theory u t i l i zed  herein consideration 
i s  not given t o  the chordwise forces a r i s ing  e i the r  from pressures or  
viscosity.  Accordingly, calculations could only be made of the normal 
force o r  the l i f t  component of normal force acting on the model components. 
Comparisons of theory with experiment f o r  the wings and the body were more 
conveniently made on the basis of the l i f t  component of normal force. 
These quant i t ies  are  defined as follows: 

- 
C ~ ( B )  - c~w(B)cOs a ~ ;  A C L ~ ( ~ )  = a C N g ( W ) c ~ ~ a g  ag variable 

L i f t  of the wings i n  presence of the body.- Comparisons of theoreti-  
c a l  with experimental l i f t  a re  given i n  f igure 14(a) f o r  triangular wings 
and i n  f igure 14(b) f o r  rectangular wings. The theoret ical  values were 
computed by the following relationships: 

C%(,) =Q(B)CG ag variable 

Cq+j(B) = kw(g)C% + variable 

For triangular wings i n  the presence of the body, the theory i s  i n  
good agreement with experiment i n  the range % = 0' t o  6' f o r  the variable 

ag case a t  all aspect ra t ios .  For angles of a t tack greater than about 
lo0, a decrease of l i f t  below the theoret ical  curve i s  indicated, particu- 
l a r l y  f o r  the models having an r / s  of 0.4 .. A similar r e su l t  was found i n  
references 3 and 4 f o r  a rectangular wing tested i n  combination with a 
body a t  M = 1.89 and 2.93. These decreases i n  l i f t  r e su l t  from a decrease 
i n  the e f f e c t  of body upwash on the l i f t  of the wing. The decreased effec- 
t iveness of body upwash above 10' angle of a t tack i s  believed t o  be due t o  
the presence of body vort ices  since it is known t h a t  body vortices tend t o  
reduce body upwash i n  the plane of the wing. An investigation a t  M=2.00 
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of a body s imilar  t o  t h a t  of the  present t e s t s ,  reported i n  reference 15, 
shows t ha t  such body vor t i ces  appear a t  about a body angle of a t t ack  of 
lo0. An approximate estimate was made of the  e f f e c t  of body vor t i ces  on C 

the  l i f t  of the A = 1 tr iangula r  wing i n  presence of the  body f o r  an 
r / s  = 0.4. The s t rengths  and posi t ions  of the  body vor t i ces  were assumed 
t o  be the same as those reported i n  reference 15 f o r  the  s imi la r  body alone 
a t  M = 2.00. The e f fec t ive  induced downwash f i e l d  of the  body vor t i ces  
i n  the  plane of the  wing was evaluated by s t r i p  theory. A s  indicated i n  
f i gu re  14(a) the  inclus ion of the  e f f ec t s  of vortex-induced downwash on 
the  wing accounts f o r  a l a rge  port ion of the  discrepancy between theory 
and experiment. It i s  evident t h a t  a method of defining the  vortex f i e l d  
f o r  a supersonic wing-body combination is  needed f o r  inclus ion i n  a theory 
applicable at l a rge  angles of a t t ack .  Furthermore, such a method should 
consider possible e f f ec t s  of crossflow shock waves on the  body flow f i e l d  
when the  c r i t i c a l  crossflow Mach number i s  exceeded. 

I n  the variable case of f igure  1 4 ( a ) ,  the  t heo re t i c a l  values of 
l i f t  a r e  i n  good agreement with experimental i n  the range of 6~ from 0' 
t o  20' fo r  a l l  aspect r a t i o s  except A = 318. A t  def lect ion angles above 
20' the  A = 318 wing provided grea te r  l i f t  than t ha t  of the  wing alone a t  
the  same angles. This g rea te r  l i f t  can be accounted f o r  t o  a large  extent  
by the  following reasoning: For moderate wing def lec t ions ,  the  r e su l t i ng  
breach between the def lected wing and the  body i s  l a rge  compared t o  the  
wing semispan, due t o  large  r a t i o  ofcwing roo t  chord t o  body radius .  Under 
these conditions the wing panel behaves t o  some extent  a s  an independent 
wing of reduced aspect r a t i o  ( f o r  t h i s  case, A = 3/16). Wings of such 
slenderness partake of the  cha rac t e r i s t i c s  of bodies and experience s ign i f -  
i can t  contributions of l i f t  due t o  crossflow drag. This i s  apparent by the  
parabolic shape of the  experimental l i f t  curve (see  r e f .  16) indicated i n  
f igure  14(a) f o r  the A = 3/8 wing i n  the  presence of the  body. 

The rectangular wings i n  the  presence of the  body show about t he  same 
degree of agreement between theory and experiment over subs t an t i a l l y  the  
same range of ag and 6w a s  f o r  the  t r i angula r  wings. 

Figure 4 shows t h a t  both plan forms exh ib i t  no important adverse 
e f f e c t s  of combined angles of a t t a ck  and def lec t ion ,  and r e t a i n  t h e i r  
normal-force effectiveness up t o  a t  l e a s t  the  maximum angle of the  t e s t s  
(approximately 45') . 

Hinge momenks of the  wings i n  presence of the  body.- Comparisons 
of theore t ica l  with experimental hinge moments a r e  given i n  f igure  15(a )  
f o r  t r iangular  wings and i n  f i gu re  15(b)  f o r  rectangular  wings. The 
theore t ica l  values were computed by the  following re la t ionsh ips  which 
a re  developed i n  the  appendix: 



.. e. . m a *  . m a .  .. 
6 NACA RM ~56C12 

3 .- - *  * 
Triangular wings r 

6 
chW(B) = KW(Bl(chw + [I - 1 (x) ]INW} 'mi"" 

Cr W(B) 

ch~(~) = %@I (. h + [l - 2 * (2) Cr W(B) 11%) 6~ variable 

Rectangular wings 

For the triangular wings in the presence of the body, r/s = 0.2, the 
theoretical hinge moments are within 520 percent of the experimental in 
the range of aB from o0 to 6' in the variable aB case. This 
20-percent hinge-moment margin represents an accuracy in prediction of 
the chordwise center-of-pressure positions to within 20.01 E .  The shaded 
areas in figure 15 represent the contribution to c h ~  (B) 

by a 0.01 E 

shift in wing center-of-pressure position. For the models having 
r/s = 0.4 in the range aB from o0 to 6O, the agreement between theoret- 
ical and experimental wing hinge moments is not as good as for the models 
having r/s = 0.2. Above aB = 6O, 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 lift, the effects of body vor- 
tices were approximately estimated for the A = 1 triangular wing, 
r/s = 0.4, and are indicated in figure l?(a). 

In the variable 6~ case, the theoretical hinge moments are, in 
general, within Ilr20 percent of the experimental, representing a maximum 
of k0.01 T: error in the chordwise center-of-pressure position in the 
deflection-angle range of from 0' to 25'. 

For the rectangular wings the theoretical hinge moments are within 
210 percent of the experimental throughout the angle-of-attack range for 
the A = 2 and 3 wings in the variable aB 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 0.01 E shift 
in the center-of-pressure position forward of that of the wing alone. 

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

# 



. -.. . *  . . 
wings. The wings of A = 1 g&e similar agreement but over the more 

* 

res t r ic ted  range of t $ ~  from 0' t o  15'. 

The primary ef fec ts  of wing plan form a t  large combined angles of 
6~ and a* can be seen by a comparison of hinge moments of t r iangular  wings 

( f igs .  5(a) t o  5 ( f ) )  with those of the rectangular wings ( f igs .  5(g) t o  
5( j) ) . This comparison shows tha t  the rectangular wing hinge moments i n  
presence of the body are more l inea r  with 6~ than those of the t r iangular  
wings i n  the higher range of ag tested. A t  these high angles, an 
inboard loading loss  occurs i n  the wing-body juncture due t o  the combined 
ef fec ts  of body vortices and the wing-body breach resul t ing from wing 
deflection. The r e su l t  i s  an outboard s h i f t  i n  wing loading approximately 
along the midchord l ine  causing, i n  the case of tr iangular wings of swept- 
back midchord l i n e ,  a corresponding rearward s h i f t  i n  center of pressure, 
as pointed out i n  reference 17. This rearward s h i f t  i n  center of loading 
on wings with sweptback midchord l ines  gives a more nonlinear hinge moment 
than tha t  exhibited by wings with unswept midchord l ines .  

Bending moments of the wings i n  presence of the body.- Comparisons 
of theoretical with experimental bending moments a re  given i n  f igure 16(a) 
f o r  tr iangular wings and f igure 16(b) f o r  rectangular wings. The theoreti-  
c a l  values were calculated on the assumption tha t  the spanwise center of 
pressure of a wing i n  the presence of a body i s  the same as tha t  of the 
wing alone. Therefore, the theoret ical  bending moments are  given by: 

variable 

variable 

I n  general, the wing alone bending moments a re  i n  as  good agreement 
with experiment as the theoret ical  f o r  both plan forms. For the t r iangular  
wings, the agreement between theory and experiment i s  poor f o r  the A = 1 
wing, r / s  = 0.2, and f o r  the A = 318 wing, r/s = 0.4. The agreement f o r  
the l a t t e r  is  especially poor f o r  low body and wing incidences. The poor 
agreement f o r  both wings must be the r e su l t  of an inboard movement of the 
spanwise center of pressure, inasmuch as  the corresponding theore t ica l  and 
experimental l i f t s  ( f ig .  14(a) ) are i n  good agreement f o r  ag from 0' t o  
about 10' and f o r  6W from 0' t o  20°. The reasons f o r  t h i s  inboard move- 
ment, however, are  not clear.  Nevertheless, f o r  the A = 318 wing a pa r t  
of the disagreement i s  probably due t o  the e f f ec t  of wing-root geometry, 
since t h i s  wing had a nonfil leted root section and theore t ica l  calculations 
were based on experimental data  f o r  a wing-alone model which had a f i l l e t e d  
root section. For both plan forms the A = 1 wings, r/s = 0.4, show higher 
bending moments than could be accounted fo r  by theory, par t icu lar ly  i n  the 
variable 6~ case. The reasons are  not c lear  f o r  the apparent large out- 
ward s h i f t  i n  spanwise center of loading (the outward s h i f t  i s  again 
obvious since the corresponding theore t ica l  and experimental l i f t s  are  
i n  good agreement) . 9 
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Span load dis t r ibut ions of three wings i n  the presence of the body 
are  presented i n  f igure 17 and are compared with the corresponding wing- 

* alone span load distributions.  For the variable % case the expected 
increased inboard loading due t o  body upwash is demonstrated, par t icu lar ly  
a t  ag = 6'. For the variable % case the e f f ec t  of the wing-body breach 
i s  noticeable as a loss  of inboard loading, par t icu lar ly  a t  6~ = 20' as 
compared t o  the wing-alone values. 

D r a g  of the wings i n  the presence of the body.- I n  the low-incidence 
range the predicted d r a g  r i s e  (cD - CD,in)W(B)is given by: 

variable 

variable 

It was found tha t ,  f o r  wings of both plan forms, the theoret ical  and 
experimental drag r i s e  coefficients were i n  good agreement i n  the ident i -  
c a l  angle range of ag from o0 t o  6', and % from o0 t o  20°, i n  which 
the corresponding l i f t  coefficients were a l so  i n  good agreement. There- 
fore,  no summary f igures  f o r  the drag r i s e  coeff ic ients  are  presented. 

A t  large combined angles a small decrease of drag was effected by 
increasing r/s from 0.2 t o  0.4 f o r  both t r iangular  and rectangular wings 
of A = 1 (figs .  7(a)  , (b) , (f ) , and (g) ) . The minimum drag f o r  a l l  wings 
on which drag w a s  measured showed l i t t l e  change with ag i n  the range 
o0 t o  lo0; above lo0, there w a s  a s l ight  increase i n  minimum drag with 
increasing ag . This increased drag i s  not s igni f icant  f o r  a wing-body 
combination but it might be an indication tha t  the nature of the boundary 
layer  over t,he wing w a s  affected by the body at  angles greater  than about 
ag = lo0. 

Interference lift on the body due t o  the wings.- Comparisons of 
theory and experiment are  given i n  figure 18(a)  f o r  the body i n  the pres- 
ence of the t r iangular  wings and i n  figure 18(b) f o r  the body i n  the 
presence of the rectangular wings. The theore t ica l  interference l i f t s  
are  given by the following expressions: 

ACG(w) = K B ( ~ ) C G  % variable 

variable 

The theore t ica l  values of interference l i f t  on the body i n  the pres- 
ence of the triangular wings i n  the variable ag case a re  i n  f a i r  accord 
with the  experimental over the range of ag from 0' t o  25O when r/s = 0.2. 
For .r/s = 0.4, theory is i n  good accord with experiment i n  the range of 
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a~ from o0 t o  lo0; beyond t h i s  angle range the interference l i f t s  given 
by theory are  too large.  This discrepancy i s  believed t o  be a r e su l t  of 
body vortices and crossflow shock waves as was pointed out i n  the discus- s. 

sion of l i f t  on the wings. It should be noted tha t  the lack of agreement 
between theoret ical  and experimental wing lift i n  the presence of the body 
above ag = lo0 was, i n  general, a l so  more pronounced f o r  the configura- 
t ions having an r/s = 0.4 than f o r  those with an r/s = 0.2. 

In  the variable 6~ case f o r  tr iangular wings, the theoret ical  
interference l i f t s  on the body are generally i n  f a i r  accord with experi- 
mental in the range of wing deflection angles from O0 t o  lo0. The 6w 
range wherein theory i s  i n  sat isfactory agreement with experiment tends 
t o  increase with aspect r a t i o  f o r  both values of r/s. A t  larger  wing 
deflections, the existence of a re la t ive ly  large wing-body breach violates  
the geometrical considerations upon which the interference fac tor  kg(W) 
i s  based and hence departure of theory from experiment i s  t o  be expected. 
Such a departure i s  indicated i n  f igure 18(a)  where, a t  large deflection 
angles, a decrease i n  interference l i f t  occurs, resul t ing i n  negative 
values for some cases. 

I n  the case of variable ag f o r  the body i n  the presence of the 
rectangular wings, good agreement r e su l t s  over the angle range between 
the theoret ical  and experimental interference l i f t s  on the body f o r  a l l  
aspect ra t ios  and r/s investigated. .. 

The comparison of the theoret ical  and experimental interference l i f t  
on the body due t o  the rectangular wings i n  the variable 6~ case gave 
essent ial ly  the same re su l t s  as found f o r  the case of the t r iangular  
wings. As indicated i n  figure 18, theore t ica l  values based on a modified 
theory (see eq. (Al) i n  appendix) are generally i n  be t t e r  agreement with 
experiment and the range of agreement is  extended to  higher deflection 
angles, par t icular ly f o r  the rectangular wings. This modified theory i n  
e f f ec t  extends slender-body interference fac tors  t o  the case of a non- 
slender configuration. 

Distributions of interference normal force on the body due t o  the 
presence of the wings are  presented i n  f igure 19. Three wing-body models 
are considered, among which are  included combinations having the l a rges t  
and smallest values of the r a t i o  c .  The theore t ica l  loading d i s t r i -  
bution on the body computed f o r  a g  = 6' demonstrates a f a i r  agreement 
of t o t a l  loading and i t s  d is t r ibut ion  along the body f o r  a l l  three models. 
A t  a g  = 20° the t o t a l  loading was increased approximately i n  proportion 
t o  the angle-of-attack increase i n  each case; however, some change i n  the 
load d i s t r i b u t i 0 n . i ~  indicated, par t icu lar ly  f o r  the models having s m a l l  
cr/r  values (2.67-and 4 ) .  

For = 6' the theoret ical  body load d is t r ibut ion  f o r  the long 
chord triangular wing model (c r / r  = 16) i s  uniformly higher than the 
experimental"; This disagreement is due t o  the effect  of the wing-body 
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breach evidenced by the s m a l l  region of negative loading developed on the  
body near the wing leading edge. For the short chord wings the theoreti-  
ca l  loading i s  i n  good agreement with the experimental f o r  the triangular 
wing but i s  i n  poor agreement f o r  the rectangular wing. It is  notable 
tha t  the use of the modified theory materially improves the agreement 
with the experimental load distribution f o r  the rectangular wing case but 
does not a l t e r  the good agreement of slender-body theory with experiment 
f o r  the triangular wing case. A t  % = 30° the dis tr ibut ion of load on 
the body f o r  models of small cr/r i s  not materially a l te red  by the 
increase i n  wing deflection. For the model with large cr/r, however, 
the large wing-body breach apparently allows a large negative loading t o  
develop on the body forward of the wing hinge axis due t o  the bleeding of 
positive pressures on the bottom of the wing t o  the top of the body. 

The ef fec ts  of high combined angles on normal force are  apparent 
from an examination of figure 8. The general nonlinearity of aCN 

B(W) 
with variation i n  i s  evident, and i s  only s l igh t ly  affected by body 
angle of attack up t o  25'. 

Interference moment on the body due t o  the wings.- Comparisons of 
theory and experiment are  given i n  figure 20(a) f o r  the body i n  the pres- 
ence of the triangular wings and i n  figure 20(b) f o r  the body i n  the pres- 
ence of the rectangular wings. The theoret ical  interference moments a re  
given by the following expressions: 

Triangular wings 

E%(w) 
= 1 - ( )  ]KB(?) CRW ag variable 

B(W) 

ac%(w) 
= [I - 3 (z) ]kB(w) c4 6, variable 

Cr B(W) 

Rectangular wings 

( [ (  B(W) I k B ( W ) ~ ~  
6~ variable 

I n  the variable aB case, good agreement between theoret ical  and 
experimental interference moments on the body due t o  wings of both plan 
forms i s  found over the ent i re  range of ag, except f o r  combinations 
having wings with the smallest r a t i o  of root chord t o  body radius. 
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For both plan forms i n  the variable % case, interference moments 

on the body given by theory are  i n  good agreement with those of experiment 
i n  the range of wing deflection angles from o0 t o  lo0. Except for  the two s 

models having the smallest cr / r ,  the modified theory again provided some- 
what be t te r  agreement with experiment than did the slender-body theory. 
A t  large deflection angles, except f o r  the models having large cr/r ,  a 
decrease i n  the magnitude of interference moment on the body occurred due 
t o  a decrease of body loading. For the models having the largest  
however, a s tabi l iz ing couple, resul t ing from the large negative loading 
developed on the body ahead of the wing hinge l i n e  (see f i g .  l g ( f ) ) ,  
compensated f o r  the e f fec t  of the load loss  on the moment. Thus, i n  the 
case of the two models of la rges t  cr/r ,  the agreement a t  large deflection 
angles between experiment and theory i s  good, though for tui tous.  

Complete Configuration a t  M = 1.98, 2.44, and 3.36 

Combined l i f t s  of the wing-body configurations.- The configuration 
l i f t  component of normal force l e s s  tha t  of the body alone, CGw - Cg, 
i s  compared with theory i n  f igure 21. The equivalent theoret ical  values 
are given by the quantity CG(B) + acl;;(w) The theoret ical  combined 

l i f t s  are i n  good agreement with the experimental i n  the angle-of-attack - 
range 0' t o  6' with zero wing deflection f o r  both plan forms. 

I n  the case of variable wing deflection with zero body incidence, 
theory and experiment are i n  sat isfactory agreement i n  the wing deflection 
range o0 t o  lo0 f o r  both plan forms a t  a l l  t e s t  Mach numbers f o r  which 
experimental data  were available. A t  large deflection angles the e f fec t  
of the resul t ing breach between the wing and body i s  t o  reduce the l i f t  
of the wing-body combination (excluding the body nose) t o  values below 
tha t  of the wing alone. 

No comparisons of experimental CmBw - cmB with theoret ical  were 

made since it was found tha t  the resul t ing small quant i t ies  would be of 
the same order as the accuracy of the experimental values. 

Effects of Mach number.- The full-span models tes ted  a t  the Mach 
numbers 1.98, 2.44, and 3.36 were not instrumented t o  give the division 
of force and moments on the body and wing. Therefore, d i r ec t  comparisons 
of Mach number could not be made on the ranges of agreement of theore t ica l  
and experimental l i f t s  of the wings i n  the presence of the body and the 
body i n  the presence of the wings. However, an examination of f igure 21 
shows that  f o r  the combined l i f t s ,  CI*;(B) + L J C , - & ~ ~ ,  o r  the equivalent 

value, C& - CLg, there i s  no s igni f icant  e f fec t  bf Mach number on the 

ranges of angles of a t tack and wing deflect ion 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 9 = 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 a~ 
and wing deflections % that varied with wing geometry. The minimum . ranges of agreement are given as follows: 

2. A decrease of lift below the theoretical for the undeflected 
wings in the presence of the body occurred at body angles of attack greater 
than about lo0. This decrease of lift, 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. 

Coefficient laB variable, = 0 1% variable, ag = C) 
Wings in the presence of the body 

3.  In combination with a body, the triangular wings of aspect 
* 

ratios 213 and 318, which have l q e  root chords compared to the body 
radius, showed approximately parabolic curves of lift as a function of 
wing deflection angle. This parabolic shape indicates significant con- e 

tributions of lift due to crossflow drag of the wing at large deflection 
angles . 

o0 to 20° 

0' to 25O 
o0 to l5O 

Lift coefficient 
Hinge-moment coefficient 
Triangular plan form 
Rectangular plan form 

o0 to 6O 

o0 to 6O 
0' to 6O 

Body in the presence of the wings 

o0 to lo0 
o0 to l'jO 

Interference lift coefficient 

Interference moment coefficient 

o0 to lo0 
o0 to l5O 
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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, 2.44, 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 lift 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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APETXDIX A 

INTERFESZNCE FACTORS 

The interference factors  used t o  compute the theoret ical  curves of 
force and moment coefficients presented i n  the summary f igures  were 
obtained e i the r  f r m  slender-body theory o r  linear-theory solutions. In 
cases where both solutions were available, linear-theory fac tors  were 
generally used, when applicable. The following table  summarizes the par- 
t i c u l a r  references from which the interference fac tors  were determined. 
(The superscripts S and L refer ,  respectively, t o  slender-body theory 
and l inea r  theory.) 

king in  the presence of the body I Body i n  the presence of the wing 
ag variable, % = 00 

Q(B) K ~ ( ~ )  
=angular 

variable, ag = 0' 

Linear 

-- - 

Triangular Rectangular 

--- %(B) 
Ref. 14, Ref. 13, Ref. 14, 
f i g . 2  f ig.  3 f i g . 2  

for 
B A 2  

Slender- 
body 

Ref. 14, 
fig. 2 

Linear 

Ref. ll, 
fig. 4 

or 
Ref. 12, 
fig. 4 

Ref. 13, 
fig. 2 

Ref. 14, 
fig. 5(4 

Linear 

--- 

Rectangular 
Slender- 

body 
Ref. 14, 
fig. 2 

Slender- 
body 

Ref. 14, 
fig. 2 

Linear 

Ref. 11, 
fig. 4 
or 

Ref. 12, 
fig. 4 

Ref. 13, 
fig. 2 

Ref. 14, 
fig. 5(a) 

for 
BA/2  

and 

[KB(W) ls> [KB(W) l L  

k~(w) 

Slender- 
body , 

Ref. 14, 
fig. 2 

Eq. (A11 
present 
report 

Ref. 14, 
fig. 2 

Eq. (A11 
present 
report 

Ref. 14, 
fig. 2 

b 



An estimate f o r  a linear-theory value of f o r  both triangular 
and rectangular wings was made by the following: 

In  figures which involved the use of both the slender-body value 
and the above modification were used. 

HINGE MOMENTS OF THE WINGS I N  THE PmSENCE OF TIB BODY 

The following general equations were used t o  calculate wing hinge 
moments : 

Chw(B) = K w ( ~ ) { ~  + 7 [($), - (6) I} CNw 
a~ variable 

C~~ W(B) 

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

Chw, the theore t ica l  t o  the experimental wing-alone center of pressure - ' CNW 

s h i f t  i n  center of pressure, T cr [ (  - ( )  1. For t r iangular  wings, 
C w(B) 

(5) = m d  (2) f o r  both variable aB and 6W are  determined from 
C' W ( B )  

f igure 4 of reference 13. For rectangular wings, l inear-theory values of 

(&)W are given i n  f igure 6 of reference 12; f o r  vuiabble ag, 

(2) =(x) ( s e e r e f .  13) ,  a n d f o r v a r i a b l e  6 ~ , v a l u e s o f  
Cr W(B) Cr w 

based on l inear  theory fo r  wings with f j ~  _> 2 are  given i n  f igure 6 of 



LV 
. . 0.0 . ... 0. 

0 .  0 .  0 .  . 0. . 0.  . . 
NACA RM A 5 6 C l 2  0 . .  . 0 . 0  0 .  0 .  

0 .  0.. . . . ... 0. 

* 

reference 13. Rewriting equations ( ~ 2 )  and ( ~ 3 )  f o r  specif ic  cases: 

a Triangular wings 

%w(B) = G ( B )  {Chw + [l - (-) cr W(B) ]Cw} aB v i e  (&) 

%(B) = {Chw + [l - 1 (x) W(B) 1-1 variable ( ~ 5 )  

Rectangulaz wings 

C h W ( ~ )  = Q(B)% % vwiable 

INTERFERENCE MOMENT ON BODY DUE TO WING 

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

where fo r  both variable aB and Q, values of based on l inea r  

theory are  given i n  f igure 7 of reference 12 or  f igure 20 of reference 14. 
For specif ic  cases equations ( ~ 8 )  and (Ag) become: 

n c m ~  ( w ) = [1 - 9 (z) cr B(W) ]KB(wl CNw 
aB variable 
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n c m ~  (w) = [I - ( )  ]kB(wicL; 
va r iab le  

0) 

Rectangular wings 

nc aB var iable  
"B(w) 

D I S T R I B U T I O N  OF INrT3-SFERETJCE NORMAL FORCE 
ON THE BODY DUE T O  THE WINGS 

The t heo re t i c a l  body in terference loading coe f f i c i en t  as a funct ion 
of x, the dis tance  along the  body from the  juncture of the  body and 
the  wing leading edge, ca lcula ted f o r  va r iab le  ag by the  following 
i n t eg ra l s  from reference 11. The var iab les  of in tegra t ion  a r e  defined 
i n  the  accompanying sketch. 



- 
Supersonic-leading-edge wing 

& - - l:' cos- XI$ - Bmrl 
"B(w) ,q/- 11 + m x  d11 

Subsonic-leading-edge wing 

The loading for variable 6~ was then obtained by: 

wherein both the slender-body value of and the lineax-theory 

approximation (modified theory) given by equation (Al) were used. 
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TABLE 11.- PRESSURE C O E F F I C I E N T S  OF THE BODY I N  THE PRESENCE OF THE WINGS - Continued 
( f )  A = 318 triangular wing, r/s = 0.4 - Concluded 

8 W ,  a1)=O0 I a ~ ,  B W  -0" 
45" 1 40" 1 35" 1 30" 1 25" 1 20" 1 15' 1 10' 1 6' 1 3' 1 0 "  1 3" 1 6' 1 10" 1 15" 1 20" 1 25' 

- , 0 3 2  - . 0 3 3  - 0 6 0  - .029  - . 0 2 9  - .029  - D ~ I  - o 3 a  - , 0 3 1  - . 0 2 9  - . 0 2 7  - , 0 2 7  - a 2 3  I . 0 0 7  . 0 4 6  - . 0 2 8  - D 3 O  - . 0 5 7  - D 2 5  - .027  .Old - . 0 2 7  - - 0 3 0  - , 0 2 9  - . 0 2 7  - . 0 2 2  - , 0 2 0  - , 0 2 0  I , 0 0 5  . 0 4 4  . 0 9 8  - . 0 3 0  - . 0 3 0  - 0 5 9  - D d 7  - D a 7  - . 0 3 7  - D a n  - 0 2 9  - , 0 2 8  - , 0 2 1  - , 0 1 8  - , 0 1 2  . 0 0 l  . 0 2 9  , 0 6 2  , 1 0 6  .143  - , 0 2 4  - . 0 2 5  - .osa - . oao  - n z o  - . o a o  - .oaz  - a a i  - , 0 1 3  - . O 1 0  - a 1 4  - , 0 0 7  .ole . 0 4 5  . 0 9 5  .176 , 2 8 0  - , 0 1 5  - . 0 1 9  - . 0 4 5  - . 0 1 3  - , 0 1 4  - , 0 1 6  - , 0 1 5  . 0 0 6  . 0 0 3  - . o o 5  - . 0 0 6  , 0 0 0  , 0 2 0  . 0 5 6  . I 1 4  , 3 0 0  3 0 9  - . 0 1 4  - . 0 1 6  - , 0 4 4  - . 0 1 2  , 0 1 1  . 0 3 6  , 0 2 6  , 0 0 9  , 0 0 1  - , 0 0 5  - . 0 0 8  - . 0 0 1  . 0 2 2  . 0 5 8  , 1 1 6  , 2 0 6  , 3 2 9  
. I 1 0  .O87 , 0 4 0  . 0 4 9  .02O - . 0 0 9  - . 0 0 8  D o 0  - , 0 0 1  - a 0 4  - 0 0 6  - . O o i  , 0 2 0  . 0 5 2  , 1 1 3  , 2 0 4  , 3 3 1  
. 0 1 9  . 0 0 6  - . 0 4 2  - . O l a  - . 0 3 0  - , 0 4 3  - . 0 3 4  - . 0 0 4  0 0 3  - , 0 0 2  - D o 5  , 0 0 0  , 0 2 1  , 0 5 8  d l 9  s l n  3 4 0  - . 0 8 6  - , 0 8 5  - . I 2 1  - , 0 9 3  - . 0 8 6  - , 0 8 4  - . 0 6 a  - .Ola , 0 0 5  - . n o 3  - .007  - , 0 0 2  , 0 2 2  , 0 6 3  1 2 5  . 2 z 2  , 3 4 5  - . o o 5  - , 0 9 1  - . l i e  - .084  - , 0 8 7  - , 0 8 2  - .043  - . 0 3 a  . O O I  - . o o 3  - . o o 4  - . 0 0 1  . 0 1 9  0 b 9  1 1 8  a10 j a s  - , 0 4 9  - , 0 5 5  - , 0 9 0  - , 0 4 9  - .054  - . 0 5 4  - , 0 4 9  - . 0 4 1  - 0 0 5  - . O O a  - . 0 0 5  - , 0 0 2  , 0 1 6  . 0 5 5  A 1 2  2 0 4  3 1 4  - , 0 3 0  - . 0 3 7  - . 0 6 6  - .016  - , 0 2 9  - , 0 2 7  - .030  - . 0 3 4  - : 0 5 4  - , 0 3 0  - . o 0 8  - , 0 0 5  , 0 1 2  , 0 5 2  , 1 1 3  , 2 0 5  , 3 1 4  - . 0 4 a  - 0 3 4  - , 0 5 3  - . 0 1 9  - . 0 2 2  - :::: - $ 2  : , 0 0 4  - DO5 - , 0 2 3  , 0 2 2  , 0 1 3  , 0 6 1  . I 9 2  . 3 6 1  - D 2 5  - . 0 3 6  - . 0 5 6  - 0 1 7  - , 0 1 9  .O 2  1 .0 2  1 .O 1 0 - .O 1 5  .0 3 6  .I 2  3  .2 0  3  .3 1 0  

- , 0 3 3  - - D 2 4  - - . 0 2 1 -  - n a o  - 
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TABLE 11.- PRESSURE COEFFICIENTS OF THE BODY I N  THE PRESENCE OF THE WINGS - Continued 
(i) A = 1 rectangular wing, r / s  = 0.2 

.- - - - 0 8 5  - :oa#... .  
- .084* : . .Oaf  - D 8 z m  
- a 8 5  .a. 
- .0 8  5. *.* . 
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- . 0 9 5  - Da9....ammmm:* 
- .084*  . . a. - D l 8 .  ..a*.. - . 0 7 8  - a e 6 m : m m 2 t : ~ : m  

- 84.. . .  - , 0 8 6  
- 8 5  *)Oh::  
- D 8 6 m m m  _ D 6 7  a:..: 
- 0 7 9 .  • • 
- D 8 5 m  

9  [;;. - . 0 9 6  
- 0 9 2 . .  - , 0 8 7  - . 0 7 7 . .  *** - D8O 
- D 6 9  

- D e e . .  
'....*. 

- D 8 7  
- . 0 8  5  :' . 
- a 8 0  ..a - , 0 8 0 .  ...a 

- a 9 1  

- 1 0 5  ma. 
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T A B m  111.- SPAN LOADING C O E F F I C I E N T S  OF TIE WINGS I N  THE P I E S E N C E  ol' THE . - 
BODY - UPPER S W A C E ,  LOWER SURFACE, AM) TOTAL 

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



TABLE 111.- SPAN LOADING COEFFICIENTS CF THE WINGS TN TBE PKESENCE OF THE 
BODY - UPPER SURFACE,  LO^ SURFACE, AND TOTAL - Continued 

(a) A = 4 tria.ngular wing, r/s = 0.2 - Continued 



TABLE 111.- SPAN LOADING C O E F F ' I C E 3 ~  ~-4lTRZ WINGS I N  THE PFBSENCE OF 
BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued 

(a) A = 4 t r i angula r  wing, r / s  = 0.2 - Continued 



- TABLE 111.- SPAN LQADING COEF'FICIENTS OF THE WINGS IN THE PRESENCE OF THE 
BODY - UPPER SURFACE, LOWER SURFACE, AM) TOTAL - Continued 

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

D 2 5  2 9 5  2 0 5  DO0 -031 - D 6 1  - a 9 0  - D 6 0  - -122 - -107 
1 2 5 0  3 3 0  2 4 6  DO0 .055  - D 6 3  - 0 7 8  - 3 0 0  - 2 0 3  - -089  

5 0 0  2 5 5  1 8 9  BOO .038 - . 0 3 4  - D5O - . 0 6 2  - - 0 6 5  - - 0 5 9  
1 5 0  1 2 9  .090  DO0 -015  - . 0 1 7  - . 023  - . 029  - . 0 3 3  - . 0 2 7  



NACA RM ~ 5 6 ~ 1 2  ' 

TABLE 111.- SPAN LOADING COEFFICIENTS OF THE WINGS I N  THE PHESENCE OF THE 
BODY - UPPER SURFACE, LOWER SUHFACE, AM) TOTAL - Continued 

(b) A = 2 triangular w i n g ,  r/s = 0.2 



TABIE 111.- SPAN LQADING COEFFIClENTS CIF THE WINGS I N  THE PRESENCE C F  THE 
BODY - - UPPER SURFACE, L W R  SURFACE, AND TOTAL - C o n t i n u e d  

(b) A = 2 triangulaz wing, r/s = 0.2 - C o n t i n u e d  



NACA RM ~ 5 6 ~ 1 2  , 

TABLE 111.- SPAN LOADING COEFFICIENTS OF THE WINGS I N  TRF: PRESENCE OF TRE 
BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued 

(b) A = 2  t r i angu l a r  wing, r/s = 0.2 - Continued 



0 0  l 0.0 l 0.. 0 0  
NACA RM ~ 5 6 ~ 1 2  : o o : o o ~ o  l l o o  

l o o  l o o  o o  l o o  o o  l l 

0 . 0  0 0  0 0  
0 0  0.0 0 0  0.0 l l 0 0  og.to :.:, l 0 0 0  0 0  

1 - . TABLF: 111.- SPAN LOADING COEFFICIENTS CIF THE WINGS -& THE PRESENCE OF THE 
BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued 

(b) A = 2 t r iangulas  wing, r/s = 0.2 - Concluded 



.......... 64 . . . .  **... . ........ NACA RM ~ 5 6 ~ 1 2  . ... 
TABLE 111. - SP% Z ~ A ~ A N ~  c?oE~?~?J%TB bG & $.:& 1IV TIIE PI(ESENCE OF THE 

BODY - UPPER SURFACE, LOWER SURF'ACE; AND TOTAL - Continued 
( c )  A = 2 rectangular wing, r/s = 0.2 



. NACA RM ~ 5 6 ~ 1 2  :*o O O . . . .  to?- o o  . .. . 0 0  0 

.. . ... . ... .. 
0 .  0 .  0 .  

0 . 0  ..a . 0 . .  0 .  0 .  
0. 0.. 0 .  0.. . a 0. 0. . . . 0.. 0.  

TABU 111.- SPAN LOADING COEFFICIENTS OF THE WINGS I N  THE PRESENCE C F  THE 
BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued 

(c )  A = 2 rectangular wing, r/s = 0.2 - Continued 



............ 6 6 0 .  0 .  0 .  ......... NACA RM ~ 5 6 ~ 1 2  . . . . . . . . . . . . . . . .  ........................ 
TABLE 111. - SPAN LOADING COEFFICIXNTS OF TRE WINGS I N  THE PRESENCE OF THE 

BODY - UPPER SURFACE, LOWER SURFACE, AND TOTAL - Continued 
( c )  A = 2 rectangular  wing, r/s = 0.2 - Continued 



. . .a* . ..a a. 

NACA RM ~ 5 6 ~ 1 2  a. a. a. . a. . m . . . . .  a. . . . . . . . . . . . . . . . . 67 
a. ..a a. ..a . 0. .a . . . ..a a. 

TABIE 111.- SPAN LOADING COEFFICIENTS C?F' THE: WINGS IN TBE PREEXNCE CIF THE 
BODY - UPPER SURFACE, LOMER SURFACE, AND TOTAL - Concluded 

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



NACA RM ~ 5 6 ~ 1 2  . 
. . . . ~ - - - - - 

* a  . m e  a am am m m m j  a m -  am. em 

T A B L E  I V . -  LONGITUDINAL INTERFERENCE LOADING C O E F F I C I E N T S  O F  THE BODY I N  
THE PRESENCE 08 T I E  WINGS 

m * 
(a) A = 4 triangula'r wing, r/s = 0.2 

8, 
20" ] 15" 1 

a 0 1  DO1 
,001  .001 
,000 DO0 
a 5 9  a o o  
D60  D44  
1 0 0  0 8 4  
.086 ,068 
.087 D 6 8  
.069 D60 
,049 .046 
a 3 3  ,033 
.012 ,016 

- , 001  .000 - , 001  - DO1 . 0 0 1 -  - ,002 - D O Z  a01 - a o a  D O O  - 
,002 D O I  .oo3 ,002 a o a  - ,028 ,048  ,089 ,008 DO8 
1 3 0  111 a 9 5  a 7 4  D s a  
1 8 0  1 8 8  1 6 6  1 3 9  111 
1 6 5  1 7 1  ,136 1 2 5  1 1 8  
1 5 6  1 6 0  1 3 6  1 0 1  0 6 8  
1 1 6  1 2 1  . I 0 7  0 9 5  0 7 1  
,057 D 6 8  D 6 5  0 5 8  9 4 9  
DO7 0 1 5  0 2 5  ,025 D 9 4  - .014 - D l 3  - ,010 DO1 DO6 

- a 0 9  - . o i l  - n o 9  - ,009 - a l a  - a i a  - . O O ~  - , 0 1 5  - ,009 
,000 - D O Z  .oo2 .ooa ,000 - a o a  o o o  .ooo ,000  - -040 - n ~ n  .no0 - a n 1  - 0 0 3  - .oo4 - 0 0 7  - .on2 - , 002  

. I 3 5  - ,033 
u o z  U O O  
0 0 2  ) O l  
1301 - J 0 1  
120 !.I15 
1 7 0  . ~ 1 7 2  



MACA ?&I ~ 3 6 ~ 1 2  

TABLE 1 V . -  LONGITUDINAL INTEEFERENCE LOADING C O E F F I C I E N T S  OF THE BODY IN 
THE PRESENCE OF THE WINGS - Continued 

(a) A = 4 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

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

1134 _01 _01 _01 _01 - _01 _01 D01 .001 .001 - .003 - .072

12.59 .001 .001 D01 .001 .001 .001 .001 - _06 - .002 .000 .000
13.84 - .005 .000 .000 MOO mOO - .038 - 389 316 .005 .002 .000

15.09 .019 - .018 - _17 - .574 - 182 _21 .040 _32 .019 .009 ,000

16.34 - .100 - .059 _04 .071 _83 .088 .079 .056 .027 .013 - .001

0o17.56 .126 101 .007 .074 .089 .088 .082 .057 .042 .023 .001
18.84 ,077 .099 .011 124 .126 103 .079 .061 .052 .026 - .002

20.09 .057 .088 .009 117 .124 111 .077 .047 .056 .026 - .001
_1.34 .067 .048 .006 .057 .099 .098 .057 _59 .040 .018 .000

22.59 .047 .035 D04 .051 .071 .061 .054 .049 .030 .015 .003

23_4 .019 D04 .003 .015 .027 .035 .050 .040 .023 .010 .000
25.09 .007 - .011 - .005 - .020 .005 .021 _28 .021 .012 .001 - .004

11.34 - .014 .001 .000 _01 _00 .001 _01 .001 .000 .000 .005

12.59 .003 - _03 _00 .001 .001 _01 .001 - .018 .005 .001 .003
13_4 - .002 - .092 - .091 - .043 - .036 .086 - .122 .029 .024 .015 .009

15_9 .008 - .08_ 182 - .368 - .183 .042 _72 _62 040 .026 .020

16.54 .020 _98 108 .147 .121 118 105 _81 .057 .058 .024

_0 17.56 .013
18.84 .006

20.09 .009
21.34 .007

22.5_ .000
23.84 - .010

25.09 .037

11.34

12-59

13.84
18.09

I 6.34

6 ° 17.56
18.84
20.09

21.34

22.59
23.84

25.09

I 1.34
I 2.59

12.84
15.09

16.34

I0 o 17.56
18.84
20.09

21.54

25.84
3.84

25.09

11.34

12.59

13.84
15.09

16.34

15° _ "r.s 68.84

20.09

21.34
22.59

23.84

;85.09

11.34

I 2.59
15.84

15.09

16.34

20" 1 7.5618.84

20.09
1.34

22.59

23.84
25.09

11.54
12.59

13.84

15.09
I 6.34

7.56_=c-_° 18.84
20.09

21.34
22.59

23.84
_,_5.09

.149 .119 154 .130

142 147 .189 .164
.083 103 .162 157

.082 .069 .113 .135

.059 .047 .099 .I09

.026 .017 .072 .061

.001 .013 .057 .025

-- _56 -- .003 -- .001 -- .001

.071 -- .064 -- .014 -- .004

.015 -- .042 -- 1072 l _71

_12 - 388 - 325 - &25
.239 _93 182 151

272 _14 .178 .150

.172 .165 .173 .169

.086 .090 118 15_

.114 .095 .086 .135

i01 1078 .079 110
.056 .0_9 .046 _57

- .008 .002 .022 ,028

.129 104 _99 .076 .060 .041

.146 .121 .081 .097 .068 .042

152 114 _85 .075 .065 .043

147 104 1099 ,063 .040 .024
100 .0_5 .057 .044 .029 .010

.045 .056 _47 .028 .012 .000

.014 .049 _33 .015 .006 .000

•002 - _07 - .002 - .004 - _01 - .001
_04 - _04 - .027 .005 - .001 .000

_88 - 159 #28 .045 030 .022
_31 .088 .074 .084 .046 _37

.134 101 .079 .061 .051 .042

140 253 130 .099 .000 .064

.084 133 .i08 .129 .098 .072
176 _35 _i0 .I07 .I00 .073

.179 138 114 .075 .066 .055

.119 .121 .092 .065 .041 .034

.058 .064 1046 ,020 .015 .009

.012 .0_6 .019 .008 #02 - .002

- .066 - .041 - .013 - 1005 I .00_ [ -002 - 1003 - .002 - I003 [ "00_

.089 - .067 - .048 - .022 - .008 .008 - .042 .005 - .005 - .004

.025 - .064 - .085 - .iii - .157 .196 .055 .047 .039 .0_4

- 180 - .320 - .266 - .057 1082 .090 ,070 .058 .359 .045

.442 .288 .2_9 184 165 .125 .098 .085 .075 .058

360 .299 .245 .184 .144 129 141 ,155 .I15 .091
159 189 _8 189 165 I_3 113 .165 .119 .09_

.0_6 _58 107 119 167 158 127 .137 .129 .097

_57 _73 _79 _85 I_4 158 134 .i00 .095 .078
_43 _53 _57 _7_ _90 124 .087 .063 .059 .055

.026 _24 .013 .019 .019 _40 .044 .024 .021 .019

.017 - .009 - .006 .004 .005 .019 _34 .026 .026 ,027

- .040 - .004 - .003 - _01 - .002 - .003 - .003 - .005
- .090 - .041 - .007 - .007 .004 - .005 - .002 .010

- 101 - .134 145 - _41 .025 ,050 .047 .044

- .110 .025 .i05 .096 .091 .078 .073 .058
.544 .256 .20_ .169 .148 .128 .084 .061

_98 _44 .158 146 162 .151 137 .I04

.241 _82 .222 .185 .154 .220 151 120

.045 122 178 _00 156 .186 .167 .121

.057 .080 150 .173 147 .I_4 121 .I05

.038 .048 .072 ,079 .079 .081 .094 .088

.040 .025 .000 .002 .014 .039 .048 .038
- .012 - .002 .004 .011 .025 .049 .054 .049

- .051 - .006 .000 _00 _ .002 - .001 - .001
- .090 .059 .028 - ,048 .002 ,000 - .001

.162 - .195 187 .014 .059 .062 .062
.060 128 .093 .093 .094 .090 .074

.339 .289 233 185 .156 .093 .077

_56 _03 .153 _86 .186 165 .128
_98 296 234 190 .273 197 _63

.096 177 _34 207 .232 .220 .182

.088 141 192 .199 .171 .163 .155

.106 i04 .129 .147 .151 .159 .127

.071 .094 .084 .103 .123 119 .111

/061 .092 i00 .I09 .129 128 .121

-- .043 -- .017 -- .006 -- .004 - .005 - 1104

-- 1078 -- .072 -- ,060 -- .003 -- ,001 -- .005
-- llg_ -- .201 .007 ,064 .078 .080

146 136 131 .126 115 .097

.330 262 .187 .124 .i02 .104

.200 172 _42 .247 .198 .155

.330 _47 _30 .Z35 _53 _08

.244 279 .293 .295 279 .142

237 .308 _80 .243 221 .202

_29 _44 _54 .230 _0(1 .171
_06 217 236 .2_4 _32 .;r14

189 .213 _19 .21f_ .208 .197



. NACA RV ~ 5 6 ~ 1 2  
TABLE 1V.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN 

THE PRESENCE OF THE WINGS - Continued 
(b) A = 2 triangular wing, r/s = 0.2 - Concluded 

.- - - - - - .- 
s o . 0 9  3 0 1  1 2 7  B e 6  ,034  1050 - sol - . ~ i s  - . o z s  - . o i o  - , 0 6 0  
21 .34  1 6 5  1 1 5  D 6 3  , 0 2 1  . 0 0 6  - , 0 1 1  - . 0 2 2  - a 2 4  - .019  - D 3 7  
22 .59  . I 3 2  D 9 3  . 0 4 5  , 0 2 0  . 0 0 8  - , 0 0 7  - D l 6  - 0 1 4  DO4 , 0 2 2  
23.54 .l67 . I 1 4  0 6 5  . 0 2 6  , 0 1 6  , 0 0 4  - DO4 - DO4 - D O 3  - D l 4  
25 .09  1 5 7  1 0 4  . 0 6 0  .036  . 0 2 2  . 0 0 8  - . 0 0 5  - DO6 - , 0 0 5  .004  



TABLE IV.- LONGITUDINAL INTERFEBEN@_ L0hDING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(c) A = 1 triangular wing, r/s = 0.2

6_4 _00 _01 .001 .001 .000 .000 .001 .001 _00 - _02 .001

8J7 _01 _03 .003 .002 _02 .002 .002 .002 - .O08 _. O0 .002

,.01 _oo _oo _oo _oo - .oo_ .ooo ....... o,_- _ _o5 .ooo11_5 - _09 - .003 - . 03 - .003 .00 - .003 .077 .05 _1 06 .GO0

12_9 .00_ - 312 - .079 - .083 - _26 - 222 - .148 - .005 _32 _14 .001

1412 - .038 .061 132 .359 .431 .224 .013 .064 /)39 /317 .001

0 o 15"56 - .052 - 2 07 - M83 - 2 35 mOO ,062 .115 .091 _41 _. 18 .001

17.00 171 136 106 .045 ,053 .072 .i09 .075 _37 /)20 - .001

18.44 _78 104 112 106 102 112 .099 ,069 .044 _26 - _02

19,57 .050 .053 ,070 ,075 .085 104 101 .074 .048 _25 - .004

_1 _18 .0_4 _36 _47 _5_ .045 @046 %05_ m0_8 _18 -- ,010

22.75 _o5 /)oB /314 _2 /32_ _o3 /321 /329 .Oli .oo4 .ooo
2419 - .014 - .014 - .029 - .0_6 - .025 - I325 - .017 - .002 _17 /)ll - _04

25_2 .020 .022 .020 .011 .034 .023 ,021 .001 ,013 /)O7 .002

6.94

837

9.81

1125

12.69

4.125,56
3o 17.00

18.44

19.87

213"
22.75

2419

25.152

6.94

8..37

9.81

11.25

12.69

14.12

6 ° 15.56

17.00

18.44

19.07

2131

2.75

2419

25,62

6-94

8.37

9.01

1125

12_59

1412

I0 ° 15.56
17,00
18.44

19.87

2131

22.75

2419

25.62

6-94

8-37

9.01

1252_59

15 ° _4125"56

17/30

18.44

19.87

21J1

22.75

24_19
25_52

6.94

8.37

9.81

1125

12.69

14./2

_0 ° 15.56

17.00

18._4

19.87

1.31

22.75

24.19

25_52

6.94

8.37

9-81

1125

12.69

14./2

25 ° 15.s_
17.00

18.44

19.87

21._I

22.75

_419

25.62

_Ol OOl oo2 0o2 oo_ ......... _ oo3 ooo _o2
_02 0 01 .002 .002 .00Z .002 .002 - .007 .008 .009

_04 _03 .003 .003 .004 .00B - .035 .032 .023 .016

_00 - .001 .000 .000 - .002 - ,090 - .083 .021 _29 ,022

- .030 - 110 - 114 - .125 - .199 - .179 - .0_4 _61 .040 .030

- .o3_ - lO5 - .3o3 - _37 - 2e7 - o16 o7_ o72 o_ o3o
_52 .480 .232 .021 .070 .129 127 _78 .048 .030

- .093 - .076 - ,018 .07_ .094 .119 .1_0 _72 _46 ,027

_,2 15_ 160 a,, _ _2 _:_ 026 _59 0_6
.085 .089 103 .111 ,133 147 .12 6 .087 .061 .035

_62 ,057 .065 .077 ,090 ,081 ,102 .081 _61 ,033

.0_ .0_9 .052 .0_8 ,039 .067 .059 .041 _53 .028

- .024 - .015 - .0_I - .018 .000 .021 .023 .037 .O25 .007

- _49 - _34 - _30 - _3_ .018 .014 .003 _12 .011 .000

.000 - .001 .000 .000 - .001 .O00 .000 - .003 - .001

- .001 .001 - /)01 - .001 .0Ol .000 - .015 .003 .01o

- _43 D00 .000 .000 - .001 - _57- _62 _26 .021

- 072 _00 .001 - ,00_ - .104 - .I15 ,026 _47 _]7

.0_I - .051 - .068 - ,189 - 2_7 - ,038 .068 .059 ,047

- 293 - .369 - .528 - .337 - .050 .094 .074 ,058 .049

- ,320 - 196 .040 ,095 .138 .136 _99 .075 .054

.026 .047 130 .130 155 .I_9 104 _76 .051

_o, _. 1_3 16_ 16o _o 12o /)_2 063
119 ,I17 .13_ ,161 ,177 .i 52 118 _93 .06_

.092 .080 ,090 .I05 .125 .138 114 _94 .063

.047 .042 .043 .05_ ,081 ,094 .070 .066 ,061

- o.... o_o o1_ ...... _o o_2 o,_ _, o_,
.045 .014 .004 ,011 .034 .0_ .028 .021 .010

- .049 .00_ .000 .000 .001 - .001 .000 - .004 .001

_63 .052 - .020 .001 .001 .000- .031 _04 .013

- .080 .065 - ,052 .000 .000 - ,0_4- .I06 .015 .033

.076 .0"1_ _66 - .0_3 - 14_ 143 ,005 .045 .053

- .040 104 - .161 - 260 - 259 - .079 .058 .072 ,066

.463 .495 ,445 .361 ,050 115 .i05 .088 .069

246 .050 117 125 .163 157 .107 .084 .073

105 147 .189 .181 .185 .165 140 IIi .082

,353 291 243 217 191 ,148 151 J25 .083

,155 .163 .162 .183 .195 .166 150 127 ,091

.083 .096 .I07 ,I08 146 .156 149 134 .100

.032 .0_3 .050 .061 ,097 .I_2 ii0 103 ,i03

- .031 - .013 - .011 007 .043 1070 _63 _56 ,056

.044 1030 .000 027 ,0Rl .057 .034 _ 33 .052

.000 .001 .004 .009 .009 - _01 .012

.002 .001 .001 .000 - .029 _04 .014

-- .044 - 1014 .000 - .076 152 .004 .04R

J02 .099 - .156 .131 _02 .060 .070

- .313 _ 265 - .202 - .076 .075 _94 ,093

- .589 _ .347 - .052 .i_3 124 114 .098

.186 ,170 .174 m_89 145 121 .104

242 _18 205 .194 171 .153 109

.30R 247 2. 07 .178 192 180 .I16

.166 .209 1_ °17 204 182 168 119

.050 ,llU ,158 196 174 175 .12d

.003 .03_ 103 .I,_ 12_ i,O .I_9,052 ~ ,02 .009 .03 .06 66 .068

.063 .036 - .009 .018 _72 .085 .093

- .020 .000 .004 .002 - .001 .001

,047 - .004 .000- _51 .013 .016

- .093 -- .010 - .090 - 181 _07 .066

239 .161 .159 D05 _76 .092

.224 .030 125 14 56 29

246 .209 .212 169 _53 [151

.303 25_ 210 _6 245 .76

.211 286 _42 _45 _33 183

.068 .196 252 _52 259 190

- .001 .096 .204 185 197 .191

,09_ 008 ,I07 145 .i_8 .138

.029 .022 .075 142 154 .150

- .057 - .007 .000 - _09 - .002

.070 .004- .061 .017 .01_

,I_8 .127 216 _00 _85

- .277 - .164- .054 _90 .i16

- ,264 - .I07 114 136 .147
Q87 .140 .175 166 179

232 237 212 189 .ig8

281 ,27_ 329 271 .244

.260 230 _75 _06 255

.335 .511 _49 J16 260

,249 .3e 9 362 _43 ,Z75

.114 .25_ 247 264 _59

,030 210 267 280 _69

.160 .239 270 285 268
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TABLE IV.- LONGITUDINAL I_TERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(e) A = I triangular wing, r/s = 0.2 - Concluded

Sw

l =" X/r I 5. , 6. I -,0. I -15. I -20. , 25- I -500 t -55" t -40" I -45" !

6_4 _02 _01 .001

837 _02 .017 .00}

9_1 - _03 .011 .044

1125 D10 - .022 .037

12_9 - _12 - _31 .027

0 o 15_6 - _15 - .037- O?R
17_0 _16 _}5 _065

18A4 - _8 - _49- 064

19_7 - D31 - D59 - .086

2131 - _35 - _60- _75

8225 - _15 - _21- ,034

25_2 - _01 - _07 _OC

6_4 _04 _02 005 _02

837 _00 _11 .005 _02

9_1 _11 _15 .045 _04

11_5 _11 _04 024 _01

12_9 _16 _05 - .008 _92

14_8 _14 - _01 - .025 - _38

_o 15_6 012 - _05 - .037 - _77
1_0 .011 - .00B - 0_7 - _88

18_4 _2 - .010 - .0_3 - _76

81_1 _08 .014 .030 _8

_8_5 _16 ,007 - .010 - _06

24A9 D03 _00 _0_ _12

85_8 * .005 - _07 .004 _00

6_4 D02 _01 - 001 _00 _00

837 _11 ,005 .000 _00 _00

9_1 _22 _12 .031 _00 _00

125 _3 E1e 017 _05 _00
• _9 _58 ,0_9 .016 _68 244

141_ _37 _30 .005 - _8 A24

D40 .023 ,004 _32 - _6 _ 153_
17_0 _31 .015 - 001 - _4_ - _76

18A4 .041 .016 000 _36 _7 1

19_7 ,041 _18 _00 - _52 - _50

81_1 .0_9 .014 .000 -- _14 -- _12

8225 ,047 .021 .009 _10 _15

84_9 _IH .008 .01_ _22 _}5 _16 _08

85_8 .010 .004 .004 _16 D}8 _40 _1_

6_4 .000 - .001 _00 _00 _00 .001
837 .005 .001 _00 _00 _00 _00

9_1 .016 .027 _00 _00 - _01 - _01

11_5 D42 .021 _e9 _04 _02 _04

12_9 _61 .052 _46 200 _00 - _01

14_2 _62 .042 _09 100 .483 204

044 .045 - _05 - _27 151 _0310 ° 15_6
I_DO .027 .030 - DO1 - _67 - D21 11_

18A4 .035 010 _10 _79 - _74 - _72

19_? .039 .01] _14 _20 - D75 - _90

_131 ,055 .01_ - _06 - DO3 - _62 - _74

8825 .047 .00_ - D06 - _0_ - _04 - _28
_4_9 017 005 _0_ DI4 _41 _18

25_2 .030 .0_0 D22 _12 _32 D45

6_4 005 - .002 - 001 .001 DO0 .002 _01 .000 _00

8_7 .047 .004 .000 .001 DO0 _0_ _02 _00 _ 01

9_1 ,064 .026 .024 000 D00 _01 _01 _00 .000

1125 074 _68 .025 .05_ D01 D02 _03 _01 _01

18_9 081 I00 .530 .042 104 _02 _02 _00 .001

141_ .079 .089 .085 .045 _84 241 395 119 _06

150 15_6 .076 .06_ .077 .044 _1 _]_ 1_ _8 _78
17_0 ,059 .039 .045 .01o - _48 - _69 - .039 159 190

1_A4 ,080 ,045 .0_4 - .004 _6} 126 122 - .079 - .058

19_7 .088 .049 015 .021 _)6 _73 _02 .098 - 106

8131 094 _57 .017 - 008 - El7 - _06 - .055 - 111 - 112

28.75 .i01 .058 .011 - .306 - _19 - _08 _10 _57 _70

_4A9 04_ .013 .004 .00_ D08 _04 _42 - _09 - .059

_5_8 .079 .057 .03_ tl_ _16 _21 - _1_ - _38 - .099

6_4 002 005 - 002 00_ _00 D05 _00 005 004
837 .060 .015 OO3 005 DO0 DO3 - _01 _04 .003

9_I ,097 .051 .025 005 _00 _O_ _00 _04 .00_

11_5 I05 112 .03_ .024 _09 _0_ _01 _02 _02

1_9 .I15 .144 .084 .D59 _6_ _ 36 _00 - _07 002
14_2 .127 152 .144 088 _89 _46 279 .161 _46

20 ° 15_6 .129 .101 123 115 _83 _68 .097 .483 .781
17_0 128 .091 .087 .070 DOB - E51 _67 _49 279

18A4 132 .096 .058 .019 - _7 1 08 146 - 1_6 - .085

19_7 136 .098 .049 011 - _21 - _4_ 106 - 14] 1_5

21_1 147 .:02 '.0L_ .009 - _19 - _26 _27 - _68 - 135

82.?5 _50 .i07 .032 .009 _17 _27 _10 - _05 - .045

8419 127 .082 ,0_9 .015 - _10 - _22 _45 - _I0 ~ .061

25_8 .154 .102 ,055 .055 _07 _13 _13 _45 - .048

6_4 - .002 .000 .002 - .001
837 .09_ .008 006 .003 _00 _00 D04 - _02 .003

9_1 123 _75 .021 - .002 _00 _00 .002 _05 .00_

1125 .1_8 !77 .051 0Jc _01 - _01 _03 _03 _02

18_9 168 _08 .155 .948 _35 _40 .002 - _02 .000

_412 _97 ,199 250 .16_ _94 _83 171 19_ .003
25 ° 538 _04 .166 195 _42 A66 145 .077 37_ _15

17_0 215 .16(_ .155 .ISq _8_ _2_ -- .071 .040 .15]

18A4 215 164 134 .074 .016 - _18 .103 - .151 - .127

19_7 _15 157 109 .357 D14 - _12 - .028 - .082 - .151

_1_1 _24 .157 .079 027 _07 - _19 - _25 - .0_4 - .031

22.75 _00 157 .034 .019 _09 _11 .021 ,003 024

2419 2_4 168 .08_ .046 _21 _0_ - _05 - _6 - .007

_5_2 230 162 .096 .080 _49 _10 - _01 _02 001

DOl _01 E01 _01 _01

_01 E01 .002 _02 D03

_00 E00 _00 - E01 D00

_4 - _03 - _08 - D05 - D02

150 ii_ D88 /1S

15_ M12 .404 135 _59

- A05 _26 _86 A52 _05

101 - _1 -- D12 119 116

106 114 118 - 119 - &16

102 _93 _91 .073 .063

- _25 - _28 - _19 - _23 - _22

_11 _14 _14 _31 _21

_24 _5 _2d _24 _27

_08 _02

_01 _08

_0_ D03

- _01 DO0

100 _38

386 .436

D38 149

- _74 - _69

-- _57 - _48

_00 - _13

_17 _05

_27 _14

_00 _00

_00 _00

_01 _01

_01 _01

.004 _04

.485 245

155 455

- _I0 i07

- _80 - _75

- D72 - _66
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(d) A = i triangular wing, r/s = 0.4

6,94

8_7

9.81

1125

12_59

14.12
15.56

5 ° 17/90

18.44

19,87

2131

2235

24.19

25J52

6.94

8.37

9-51

1125

12_59

14.12

6 ° 15.56

17/90

IB,44

19,87

2131

2_.75

24.19

25_2

5.94

8-37

9.81

1125

1_.69

14,12

i0o 15_6,
17/90

118,449.B7

1.31
2.75

34.19

25.62

6.94

8.5 ?

9.81

1125

1_.69

14.12

15o 15_6,
17-00

18.44

19-57

21.51

2_.75

24.19

25J52

6.94

837

9.81

1.352.69

2o° ,14a_5.56

17-00

8.449.87

2131

22.75

24.12.9

25J52

6.94

8-37

9.81

11.25

12-69
14.12

250 1 s.56,
17.00

18.44

1947

22.75

34.19

25-62

6.94 _000 -000 .000 /900 .ooz /901 /900 /900- /901 _01 - .ooJ,
8.57 - .005 /)00 .000 - /905 .000 .000 .000 .000 /900 - /9 02 /901

9-51 J)Ol _00 - -O01 .002 _00 .000 .000 .000 .000 _00 - .001

1125 -002 - -001 .OO2 .O02 - .001 - -501 - .002 - .O01 .002 -001 .003

12-69 -DO0 - .001 - .002 - /902 /900 /900 .000 .000 .000 /900 - .001

1412 - /902 -000 .000 .002 .001 /900 .000 - .004 -000 - /9 01 .001

0 o 15.56 - .015 - /979 - .091 - .177 - 168 -500 .035 /920 /911 -004 .000
17-00 .038 -043 .041 .006 .00 lO 59 1062 .Ogl .02 /907 /900

18.44 /987 /996, ,097 .089 .065 .05_ .064 .044 .02_ /9 09 .000

19-57 /951 -054 ,050 .056 /970 .066 .059 .038 .015 -007 - .001

21J1 /956, /933 /954 .036 .029 ,02s .02,3 ,02_ /9_5 .0_00 .006

22.75 .015 -010 .012 /910 .014 .019 .022 1020 /)16 _ 03 -000
2419 /911 .011 /)07 /911 .011 - .004 lO01 1003 _0_ 02 _0_

85_52 .018 ,019 .018 /924 .00Z .016 -- lO 07 ,001 ,005 _ 0 _ .001

/)02 .005 .001 -- .001 .00_ .0O2 .002 .003 -- .001 - .OOl

_)oo .OOl - .001 .005 .001 .o01 ,o01 .001 .oo5 .ooi

- -001 ,001 - /901 - .005 - .001 .008 .000 /900 - /904 - /902

- -001 /900- oo.... o, ooo 009 ooo 000 -005 - -501
/906 .006 .005 ,005 .007 -514 .006 .007 .005 .006

• 000 .000 .00 _ .00 _ -- .00 _ -- .00 _ " . 00 _ .001 .00 ' .000

,042 - ,086 .183 .179 .01_! .050 .040 ,024 .015 .011

116 .094 .054 /917 .082 ,078 .05_ ,045 .0_2 ,016

.141 145 125 .084 .06_ 075 .069 .049 1029 .019

.06,6 .082 ,088 .084 .003 .070 ,056 /946 .050 .02_

.04_ /946 ,049 .0_4 .041 .047 .0_5 /915 -519 .01

-0Ol ooo oo5 oo_ OOl o1_ o18 /91_ /9o6 ....
- /929 - /955 - .029 - .027 ,019 - .01_ - ,005 .000 - /9 04 - ,004

- .058 - .044 - .044 - .0_9 - .0 ) _ - 1024 - /916 - .009 - .011 - ,008

ooo - oo_ - OOl ooo - OOl - oo_- ooi - oo_ - oo_
• 000 -502 .001 /900 .001 1001 _02 _ 02 *003

- /901 - /901 - .003 - .001 - .002 - .001 - .OO2 - .002 - .002

ooo oo_ - 8o_ oo_ oo_ - o8_-/9o5--0o_- oo_
.006 .005 .005 .005 .005 .0505 .00 .0. 05 .006

-- .0 i 8 l .005 -- .00 _ -- .000 _ .02_ -- .008 .002 lO 01 .000

- .115 " 24_ - .17_ .030 -0_b -051 .039 .0_2 ,0_6

121 -030 -055 .105 118 -087 /953 ,039 .027

.I'_I 147 1_4 .095 .186 .095 .058 .044 /956

.075 .079 .091 .090 .070 .079 .06,5 .049 .059

.054 /958 .04_ .057 .052 .046 .0_7 .0_0 .028

.04 .044 - .027 - . ,20 - .019 - .01 _ - .006, O0 .000

- .043 - -545 - .033 -- "0 2 5 1 .0 2 6 - .022 - .010 - .006 - .002

.OOl .000 - .001 - .002 .001 - m06 - .001

.000 .000 /9O0 -001 .000 - /902 - -005

l .001 "000 "000 -- .001 I000 I .004 I .003

.000 .000 002 - .001 .001 - _01 - .002

- .016 .000 - /901 /900 ,000 - 001 - .002

.016 - .001 .004 - .041 - .016 .007 .000

- _2_ - .144 ,04_ .054 .05_ .038 .034

.185 .I] .89 .157 `102 .066 .053

.07_ .101 .081 .099 ,ln_ .061 .061

.037 .049 .046 .04) ,058 .048 .04_

/904 .017 - /931 - .014 /925 - .006 .028

- .035 ~ .024 - .016 - .015 - .008 /901 .007

.041 - _51 - .016 ,004 .008 /919 ,020

802 _01 00. o01 002_ /9_ _00 /900
.001 .000 .002 - .001 .002 .002 ,000 - .002

- ,005 .000 /902 - .004 .OOJ- /901 - .001 - /901

.O00 ,000 .000 ,003 .001 /900 .001 .0 O0

.001-.00_-.00_-.053 ,000-/901-_02-._o_
I .028 @00 .012 .010 * .02_ /90 .004 . O0

- 208 - 110 ,041 .060 .052 /945 040 .056

,079 .069 ,i06 .146 ,084 .059 .052 04)

.168 .140 .125 .188 .I_8 /983 0_i .058

,053 _87 .107 .099 .125 .095 074 .066

_12 .026 _55 .044 .060 /960 .050 .047

" _07 _02 _1_ ,023 _31 _43 0]5 ,054

- .021 - .020 - .014 - ,017 - .004 ,007 008 015

.037 .016 .002 .024 .022 /922 .0_5 027

,001 .005 .004 .002 1) 02 ,004

- .004 .003 .002 .002 dO0 ,001

- .002 .002 .OOl /901 o00 .002

lO 03 "002 .001 .000 300 0 O0

.005 -- ,001 -- ,002 -- .001 -- DO5 - lO{)4

- .045 - ,02_ - .027 - .033 003 O0_

- -505 .058 .070 .062 .057 052

.078 .120 .176 .096 .0o9 055

- .145 .137 .253 .120 U84 068

- .103 ,II_ .120 .126 084 085

- .006 .082 .088 .088 {)7_ OTO

,047 .056 .068 .071 061 .054

,028 ,045 ,045 .054 051 047

_17 _2 _50 ,050 04_ _48

1) 06 .002- ,001 000 ~ ,004

.006 ,004 .001 OOl tO1

.000 - .002- -005 - 004 - 007

.000 - 1001-- _04 -- .004 -- 0{)_

.002 .001 /900 001 - .u02

.041 - .047 -006, 1106 ,)08

.066 ,049 .064 065 _59

.186 .I04 .082 0_ .0?i

.225 106 O- -014 );?4 004

._4: ,_8 .lO8 ...4 .o8_

.11 101 .085 L/? 56

095 /986 .078 u',_ 160

.iOl .100 ,088 0,_0 Oto
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Iv.- co Fici soF Bow IN
TEE PRESENCE OF TItN WINGS - Continued

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

QB X/r o o @ = _W @ o o ' o o-3 I -6 I -10 I -15 I -20°I -25 I -30 t -35 1-40 I -45
6_4 .002 .000 .000 .001 _00 _01 _02 _01 O01 .001

@J7 - 003 - O01 - D01 _00 000 D00 -- _01 - _01 000 - .00_

9_i _00 - DO1 D00 _00 _00 _00 _01 000 _00 _00

11_5 - _02 O01 - .001 .000 000 000 O01 000 D00 _00

12_9 D00 D00 - .001 .000 _00 _00 _00 000 _00 O01

1412 _00 .000 - .001 O04 _01 000 _00 000 .000 ,000

0 @ 1535 - 003 - .012 - .020 - .035 -- _05 _72 _90 097 _78 000

17_0 .016 .027 ,044 .074 D66 - 009 - O17 - 092 - O53 - 060

18_4 O15 .052 ,050 D74 m54 067 _94 .097 _97 102

19_7 _12 .026 .041 .045 060 _75 053 .053 048 .042

_I_i -- "0 16 -- .0_8 - 10_8 l 1040- _40 - _4S - O53 - 049 - _46 - 046

2225 _0_ O15 O20 _3 020 _13 O1_ 013 O1_ .016

2419 D01 - _05 - _04 _02 _02 _1_ _06 .008 008 O15

25Z2 .003 003 .006 .014 017 O27 _27 O_7 _26 .022

6_4 000 .00_ .001 000 000 _01 000 002 .001

8_7 .000 - ,_01 .000 _00 _00 _00 - 001 _00 .000
9_I .001 .002 - .001- _01 000 000 .00) - O01 000

1125 - .001 .002 .001 D01 _00 _00 002 001 D00

12Z9 .005 .005 .006 D05 000 .006 004 006 .006

1412 .001 O01 D01 002 _00 - _01 .003 000 - .001

1000 lO06 .007 D05 _00 157 D66 .042 .0501536

- .002 - .019 - .051- _36 _00 - 003 - 026 .116 .008

18.44 .005 .024 ,C42 D41 D00 _61 .077 141 - _70

1937 .002 _ .02_ - ,C27- D42 000 l 054 - 038 D65 .040

_131 .0 O2 .017 £2O 030 D00 .030 039 .O42 .O42

22.75 - .005 - 017 - 025- D_8 D00 - Oll - _20 _01 - .016

_419 D0? .010 :$I_ _14 D00 _0_ 009 - _29 .000

25_2 .005 006 .00_ _02 D00 _12 .003 .038 .006

6 _ 4 .000 .000 1 . [) 0 I l _ t ) 0 l _ 01 _ 00 _ O 0 _ 00 .000 .000

837 " -O 01 l -002 I _ 02 -__ t) 2 _01 - O01 - D02 - D01 - D01 - O01

..1 - .oo_ - .o.... o_ ._,_- _o, -.o_ - Do1 - OOl - _o2 - .oo_
1125 .00_ .002 .D01 .:_ 1 _02 _00 _ 02 _00 _01 .001

12_9 .006 .005 .006 .006 _04 D04 _06 _05 006 006

1412 .001 .004 ,006 .000 .001 _00 000 E00 _01 - .001

.017 .015 .007 .007 _0B iI_ 140 034 O01 .0206 ° 1536
1700 .024 ,016 .000 - D08- _15 O17 _14 l .022 - O19 .00B

18.44 .0_0 .017 .000 .014 _21 - D25 - _0 O52 O55 - .0B_

19.87 .030 O17 002 .0(_5 _18 D24 .023 0_6 .0_7 .030

.022 O12 .002 .C04 _12 009 _06 _13 O18 .025

_25 .00 H .003 1000 - £08- Dll - D06 l _i 0 1 O10 - .013 - .014

2419 000 - .003 - .005 .012 _09 002 005 _08 009 .006

_5_2 _00 .000 - .00_ - .005 _02 009 - O01 - .002 .000 .003

6_4 .000 .00o .000 .000 _00 E00 - _02 _00 .000

8_7 _00 .000 -- .001 .000 _00 l _25 _03 _00 _00

9_1 .000 .000 - .00] .000 _00 000 - _02 - O01 - _01

I125 ,000 .001 .000 .000 E0_ 000 - _01 _01 .001

12_9 .000 .000 .000 DO0 _00 _00 .001 _00 000

1412 .000 .004 007 .000 D00 - _01 .002 _00 - .001

[0 ° 1536 .023 .025 1015 DI4 _11 _ 94 _46 _ _6 - O01

17_0 .037 .02_ .011 D06- _02 O15 Oli - _4 .025

18.44 .046 .029 .010 .002 _07 - _18 - .027 O51 - D74

1937 .046 .025 009 .006 _16 000 .004 D09 - .033

_I_1 .033 .020 O05 .OO7 _08 01} _I0 004 - .011

2225 .012 013 002 .002 D07 _13 _10 _11 - _02

_419 - DOS ,003 - .004 - .003 _01 _0 ] _01 004 - .004

_532 .021 .012 .©02 .00! _06 _07 - O01 O01 - .002

6_4 .001 ._00 _00 _01 .001 .00_ D00 .00_

837 000 - .90_ - O01 O01 .000 .001 .000 .000

9_I ~ 001 .001 901 - _01 000 000 - O01 O01

1125 .00o .001 D01 _00 O01 _01 O01 .001

12_9 l 002 -- .005 -- _03 -- _02 .000 _00 -- D02 ,001

1412 ._I0 .001 _04 003 - .00_ - 002 004 - .002

022 .015 DI7 DSI 176 _27 004 .00415 ° 15_6
17_0

.01S .004 - DO7 D07 _14 - D51 - .04] - .001

18_4 016 DO1 _09 l _17 l "024 _]6 "087 107

1937 019 .006 002 D0) .002 O07 .021 ,026

2131 .010 .004 _06 008 .009 .008 D00 .009

2235 .006 .O0? O01 002 004 .008 .009 .013

241, - :_ ..... Do5 000 oo_ .oo,1 oo_ .oo4
25_2 00= .015 - _17 - .014 - .01 - _19 - .015

6_4 - .001 002 .005 _06 - 002 002 004 .000 .000

837 .006 - 001 .O02 _03 $03 000 .001 - .001 .001

931 .C0_ 000 .D05 D03 005 .002 _04 .002 .004

1125 .O05 .001 .002 _02 002 D01 .007 _00 .006

1_9 .007 ,002 .3OO O01 004 - .002 - 002 .002 - .002

1412 .003 .02_ .01_ 005 001 _02 003 _01 .002

20 ° 15_6 .C41 .042 .033 0_7 O74 _98 006 .001 .003

17D0 .04_ .054 O22 017 _20 _46 - .070 - .066 - .059

18_4 .039 .031 017 D04 - _20 - °028 DSB 040 .074

1937 057 .0_6 .016 _05 000 .002 .004 .015 .022

2131 057 .018 .012 009 005 .004 004 .006 -- .004

22.75 .027 014 .006 _05 - _07 - .003 - _01 002 .021

2419 .023 ,008 .007 ,004 _0_ _04 .006 - 005 .002

25_2 .020 01_ .31! _i0 _04 003 D02 O01 D00

6_ _ l .001 .001 .005 .005 003 _00 .006 _00 .001 .00_

8_7 .000 .004 .006 .005 003 00_ .007 001 D02 .003

9_1 .004 - .001 .000 .000- _01 000 DO0 - 005 - .004 - ,002

1125 .004 .002 ,000 ,0()C _02 - _01 002 002 _02 .001

1239 .000 "IS'0R .004 -_03 _02 _04 _05 .000 _02 .004

1412 - .002 ,020 .034 .01s _04 - D21 D07 _04 .004 .006

25 ° 15.56 .062 .063 .057 .045 045 _76 .159 ,019 - .001 .000

17.00 .064 .0D7 049 .034 _2_ 028 .046 - .043 062 - .064

10_4 .047 .046 - 045 - .0[,%- _2 _88 - .084 ._26 109 .101

1937 .090 .063 ,337 02_ DI5 _08 D01 007 009 .021

21._i .076 .053 J2S :©1i_ 008 004 .001 D01 .005 .006

22,75 .054 .044 D25 .015 D10 Dll .008 006 .01_ .018

2419 .049 .034 .012 .005 _04 _0_ DO1 .004 .010 .011

25_ .058 .042 025 016 O12 000 1001 O00 004 .003



TABLE 1V. -  LONGITUDINAL INTERFERENCE LOADING C O E F F I C I E N T S  OF T H E  BODY I N  THE PRESENCE OF TKF: 
WINGS - C o n t i n u e d  

( e )  A = 2/3  t r iangular  w i n g ,  r/s = 0.4 

TABLE 1 V . -  LONGITUDINAL INTERFERENCE LOADING C O E F F I C I E N T S  OF THE BODY I N  THE PRESENCE OF TKE 
WINGS - C o n t i n u e d  

( f )  A = 3/8 t r iangular  w i n g ,  r/s = 0.4 

8w,  ae =0° a ~ ,  SW =0° 
45' 1 40° 1 35O 1 30" ( 25O ( 20° 1 15O 1 lo0 1 6O 1 3O 1 0° 1 3' 1 6O 1 lo0 1 15' 1 20° 1 25O ' 

0 0 4  0 0 2  - ,015 ,001 ,001 ,000 .001 ,001 .ooo D O 0  - ,002 ,002 n o 0  .OOO ,000 ,000 - ,003 
~ 0 1  D o 1  - ,016 - ,001 - ,001 ,012 ,000 - ,001 - D o 8  - a 0 2  - ,002 ,005 D O 1  .oOl ,003 ,001 ,000 

- 0 0 1  - a 0 2  - .020 - .004 - ,003 - ,005 - ,003 - .Oil - D l 2  - D O 1  - .002 0 0 5  D O 9  .019 ,031 .028 ,014 
n n n  - n n l  - n 1 8  - n o 1  - .On1 - .002 .000 - ,022 D o 6  0 0 2  - .002 ,009 D l 7  .037 .046 .060 ,068 
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

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

_W o o o

45° 46; 35° 3o"1 25° V2o ° 15 ,o
6-94
8J7

931

112.5

12.69

14.12

0 o 15-56
17.00

18.44

19.87
21.31

_2.75

_4,19

_5.62

6.94

8.37

9.81

112.5

12.69

1412

15,.56
3° 17_0

18.44

!19.87

81.31

22.75

24,19

_5.62

6-94

8.37

9.81

112,5

12.159

6 ° _4.125.56

17.0o

18.44

19.87

2131

2_.75

24.19

_5.62

6-94

8J7

9.81

12.69

14.12

I0 ° 15.56

17.00

18,44

19.87

21.31

22.75

24.19

25.62

6-94

8-37

9.81

1125

12.69

14.12

15 o 15.5_

18,44

19.87

_1.11

22.75

_4.19

25.62

6.94

8.37

9.81

112.5

12_9

14.12

pO o is.s5
17.00

18.44

19.87

21.31

22.75

24.19

25.62

6-94

8.37

9.81

112.5

12.69

14.12

25 ° 15.56
1 ?.00

16.44

19.67

21J1

_2.75

_4J-9

_5.62

.002 .001 .001 .001 .000 .O00 .001 .000 .001 DO2 - ._03

.001 _02 .000 .0 O0 .000 1000 .000 .000 .000 _00 o 1
_00 .001 .000 .000 - .001 .000 .000 .000 _00 _00 :OOO

_00 _00 .000 - .001 - .001 .- .001 .000 .000 .000 .001 .000

_01 m01 .000 .001 .000 ,000

.119 .005 .000 .004 .000 .001

_90 .065 .095 .006 .001 .002

.182 All ,090 .073 .073 074

.082 149 174 .110 .079 .096

,075 _64 .068 .124 ,I11 .067

.057 .052 .050 .065 .058 .050

_30 E24 .019 .042 .051 048

.003 - _06 _00 ,012 .030 .033

.018 - _02 - .003 .000 .021 .026

.001 .000 .000 .001 ,003

.002 .001 _00 _01 .002

.001 .002 .000 _02 .0oI

.052 .024 _09 .004 ,000

.OS4 .050 .023 .009 .000

.06_ .045 .026 .010 - 0 03

.04 • .053 .017 .004 :009

.042 .032 .019 _OH .005

.031 .023 .01_ _06 .030

.028 .021 .015 _10 .005

.002 .003 .003 .004 .00_ .004 .003 .003 .002 .004

_01 .001 .003 .002 .001 .003 .001 _02 _02 .002

_00 .001 .002 .002 .001 .001 .000 .000 _00 .001

._01 ,001 .001 .001 ,0000 Ol .000 .000 _00 .00o
•u 06 .006 ,006 .007 .005 :006 .006 _07 _06 .007

- nOl .ooo .ooo .oo0 .ooo .ooo .ooo .0o0 - .OOl .o00

08 .103 - .013 .000 .000 .000 - .001 .001 .000 .OOO

_14 _IB .067 ,083 .II0 .075 .034 .O16 .OOH .005

195 2.12 .194 .I19 .156 ,137 ,079 .O53 .05_ .023
.i09 133 .151 ,137 .114 .084 .06_ .O53 .O3 ,022

_71 .084 .099 ,i06 .092 .076 .057 .043 .051 .016

.01_ o_s _5. .060 .0_ ._,5_ .o_e .o_2 .o2o .oo9.0Ol .o_2 7_1_ .o3o ._0; .o_4 .o2_ .o,_ .OlO .oo5
- _04 - ,007 - .012 .003 .014 .022 .013 .008 _06 .001

oo, oo, 0..... o ooo ooo _oo .ooo....
.000 .000 - .001 .000 .000 - .001 - _01 - _01 .003

.000 - .001 ,002 - .00_ - .001 .001 _02 .O02 .004

.000 .000 .001 .000 .001 .001 .001 .001 .002

.006 .006 .006 .005 .005 .000 .005 _05 .005

- _02 .001 .000 .000 .O00 .000 .000 - .001 .000

.000 .001 _00 .000.061 .067 - .019 - .005 - .O01

.172 .124 .094 .12_ .102 .055 .019 .010 .009

2.56 244 .182 206 .189 .I 21 _68 .047 .037

.172 181 .168 .144 .lO0 .086 .080 .064 .()42

,089 120 1125 .116 .098 .076 .059 .051 .035

.044 .058 ,072 .079 .068 .OR3 .042 ,037 .026

011 011 0.... ,_ 0,5 .....025 _22 01_
- .005 - ,004 .000 .018 .027 .023 ,017 , 15 .01

.000 - .001 - .001 - .002 - .001 .002 _0_ - _03 - .005

.000 .001 .000 .000 .001 .00_ .00 . 02 .005

- .001 - .003 - .0,02 - .o01 - .0(_I 1004- _02 - _02 _ .OOh
.000 .000 .000 .00 I ' 0 ( ) I 100 _ _ 0 1 .002 .0 ( ) 5

.000 -- 100 ] -- .002 .000 .000 .002 -- _ 0 _ -- _ 02 -- .() () 4

-- .039 .008 .00 ] 100 O -- () ( ) 2 "003 _ 03 _ 02 "0 ( ) 4

.062 ,006 .007 - .018 .002 .002 _01 .002 .002

226 175 .105 .127 .t35 .066 .021 #25 .014

.217 220 _33 .259 °34 .134 .070 .O70 .047

.180 179 :_'70 .174 _24 .114 i0_ ,071 .056

.082 .090 .I00 .lll .099 .076 .O7_ .060 .047

.052 .057 .064 .075 .07_ ,062 ,056 .048 1039

.027 .026 .026 .032_ 1) 42 .040 .035 _3_ .O26
- .001 .000 .012 .026 .040 .041 .044 .03 "040

- .001 .00_ .0o0 .OOC .001 - .O02 - .00_

.000 .O0_ .000 .001 .000

.001 .OOt - .001 .oGo _01 .O03 .0Ol

- ,002 .000 .000 .002 .000 _00 .002

- .002 .003 .000 .001 .000 .000 .OOO

.022 .nOt - 1004 - .003- _03 - _04 - .002

.009 .02e - .020 - .007- .007 - .0O7 - .00_

.201 .13I .111 .069 .030 .053 .020

.199 ....... 73 ._42 .090 _ .... 5_,177 .169 .13436 .i04 . 82 .07

.110 .1_8 .I5f) .107 ,098 .OS2 .069

.063 .095 .I(37 .092 .090 ,078 .060

.059 071 .0_7 ,076 .069 .Oh4 .Ob5

- .005 042 .067 .085 .086 .076 .068

.00o .001 ,0o5 .003 .000 - .004 .001

- .003 .ooo .oo0 .005- .002 _04 .00o

.0 o o - .002 .o o ;' 0 o 1 .000 _ 0 i - .001

.001 .003 .0o1 :003 .000 _01 .0oi

.001 .004 1000 .00_- .O01 _03 .002

- .000 .o00 .OOl .0o3- .002 - .O03 - .0o1
.008 - .018 - ('12 .0 09- .002 .003 .001

.148 .158 114_ .OBO .044 #41 .039

.220 .317 .31_ .1_4 116 109 .080

_55 _51 .200 .1 57 132 101 .097

.182 .19_ .205 .172 .143 .116 .I00

,117 .141 ASS .i¢i_ 151 133 .i11

.126 .13_ .151 1 72 179 ASH .137

.064 .097 .111 :132 .145 135 .11o

- .001 - o12 .0Ol- .006 - .00_ - OOH

.001 ()11 1000 .008 .OOS .0()7

.o01 .O{_ .000 .OO_ _05 .00_

-- 1002 .{}12 - .001 .011 _09 .012

.005 X) 13 .007 .007 .006 .008

.001 n04 .002 .OOb .003 .005

.020 - .(>l;t - .0o4- .006 - .005 - .005

.179 ,]79 .118 .060 .051 .034

._72 :_I _ .215 .17 7 ,129

._I_ ._(I0 088 _16 J6L .131

27O .76_ 291 242 _01 .14t,

.dOt, .2_'? .261 2.47 199 12_4

1e(, :'1_ .01n .216 .16_ .b:,l



• NACA RM A56C12

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

THE PRESENCE OF THE WINGS - Continued

(g) A = 3 rectangular wing, r/s = 0.2 - Concluded

8waB x/
' -3" I -0° l-io° I -'5"1-_0_I-25 ° I -30°i :35°1-40°I-45°]

6@4 .00! .002 .000 .?01 D02 D02 003 D02 _01 D01

837 ,000 000 000 .000 D00 _01 .001 _01 D00 ,001

9_1 .000 .001 - .001 .000 D00 D03 D01 O01 _00 000

1125 .003 .000 .000 ~ .001 D00 _00 D00 000 D00 .000

12_9 _03 .002 .003 .000 D00 D00 D02 D01 D01 002

1412 002 .002 1000 D00 DDI _01 D02 001 - _01 - 112

0015_6 D03 .002 .001 .001 D00 _ 03 D03 - _89 080 093

1700 - _02 - .010 - .027 - .056 - 080 - 071 - 072 - 077 - _46 - 19_
1814 D12 _27 .056 .096 102 077 128 188 142 .05

19_7 .014 .03_ .049 .068 _91 116 125 095 068 .08_
21_I .01H n3] .049 .062 _75 _78 082 _65 069 07

2225 O10 ,020 03_ _044 050 _51 046 O27 025 .039

2419 - ,00H - .015 - .024 - .032 - _34 -- D30 - _16 - 004 001 - D14

25_2 .001 D0_ ,009 .01_ O16 010 006 D04 D04 .016

6@4 .002 .00_ .002 .00_- D0_ D02 .002 002 D0_ .002
8_7 .O00 ,003 .002 .C01 D02 D02 D02 DO3 _0 _02

9.81 .001 .001 .001 .000 D01 _01 D01 .001 D00 D02

1125 .000 .002 .001 ,000 _02 D02 _01 - 001 DO0 .001

12_9 _06 .007 .006 D05 006 DO6 _06 D04 .005 .006

laA2 D00 _0o .000 .000 D00 _00 D00 - D01 .000 - 109

_, 15_6 D00 .002 .COO .000 000 D00 D00 .005 - 096 .068
17_0 D02 - .001 - .010 - 1,29 - _45 - 055 - .061 062 .093 139

18.44 .012 - .001 - .023 - .057 - 059 - 044 - 078 - 141 - 114 - .064

19_7 .007 .010 .024 .043 061 _73 _86 074 O3_ .045

8131 .003 .00B .023 .052 _44 046 _49 031 _32 .052

22.75 .002 .009 018 m52 03_ 029 019 D14 .0_5

_419 - .002 - .009 - 017 _21 017 _3 _05 _0_ _21

_5_2 100_ D0B C15 - O18 - _16 - 013 " D04 - D01 - .019

6_4 .000 .000 _00 _00 D01

837 - .001 .000 D00 .000 D00

9_I .002 .C_01 000 D00 - .002

• 125 - .oo_ coo - DOl boo oo_
12_9 005 .005 D 05 .006 005

1412 DO0 .000 D00 D00 - .068

6 ° 15_6 _00 .000 _00 D00 - 063

17D0 .004 .00_ - 014 - _66 - .087

ibm4 .039 - .t1_ 055 103 - .088

- D33 - 021 - .01619_7 .011 - .01_

_1_1 008 .009 - _15 - 016 .023

2g.75 .005 - .005 - D03 - _19 - .018

_419 .000 - .008 - D08 - 012 - O21

25_2 - 002 010 - 010 - D04 - .024

6@4 - .00"I .000 - .004 .00_ - 306 - D0_ D00 D00 D00 - .001

8_? D00 .000 .004 .002 004 D0_ D01 D00 D00 _00

9_1 - .001 .000 - .003 - .001 - 004 - 001 D00 .000 D00 D00

1125 .000 .000 .002 .001 005 D02 D00 D00 D00 .000

1_9 000 .000 .00_ .50_ _0_ 00_ D00 000 D00 000

1_12 .00_ - D02 .003 002 D03 _02 D00 - D01 - 001 D00

I0015_6 ooi .ooo 0o2 oom 003 Doi _oo boo boo - .o2e
1_0 .010 .013 004 .00_ D00 - O01 - .011 - 059 - _60 - O81

10_4 .04_ .032 .C14 .00_ - _06 017 022 .042 048 .059

19_7 .04 _ 022 .008 ,007 _01 D07 005 015 .021 024

_131 .037 024 009 .008 002 - D03 .002 - .003 - Oll - .02_

2_5 .0_2 .024 .OOL 005 008 D11 _12 003 D03 .015

2119 .0_ .017 002 .304 D0_ D09 _12 005 _02 005

25_2 O53 0_6 .OO3 '_06 008 007 .014 .004 _01 ,002

6@4 D01 .001 0_ ._o0 001 D@O _02 DO2

037 .001 D00 .00O .002 802 301 D0_ D00

9_1 .002 .000 .000 .001 E00 - D01 D00 D00

1125 _00 .000 - .001 .000 _00 - D01 D00 D00

12_9 .000 .000 .000 .001 _00 D00 000 001

I_12 - .00_ - .005 - .005 - .C03 - D03 - D04 - .002 - D02

_o 15_6 - .006 - .006 - .007 - .005 - D05 - D07 D05 D06

1700 015 012 .007 .0OO - D01 - D06 - 050 - .061

18.44 _40 051 022 Oo_ 003 D 05 _ .030 - 051

19_7 057 0_ 6 017 007 D04 - 003 .001 - .002

21_1 .057 042 02d .011 D0@ D07 .007 D00

2_35 .05_ Cr41 022 _06 005 008 .006 _05

2M19 .048 036 .017 005 O06 011 .004 .005

85_2 .058 D59 .317 C02 - D09 - 011 - _14 - 021

5@4 D03 D03 .O0_ 005 - D02 D02 - _04 000 D04

8_7 _01 .002 .000 _01 004 _00 D06 - D02 _02

9_I 004 .003 .001 004 _00 D02 D01 D01 .003

1125 .00_ 003 .000 000 Doe 002 000 002 O01

12_9 .002 .002 303 _02 ~ D01 D02 - O01 D01 .003

14J2 .000 001 .o00 .001 D01 D01 - D02 O01 .001

_0 ° 15_6 - .003 000 .o01 - O01 - D02 _00 002 D00 .000

1_0 .0_4 _23 .006 - D02 - 005 - _07 - O21 - 026 - _40

18A4 .064 .051 .02_ 015 D00 - D03 - 018 - O12 - D10

19_7 .079 048 .018 009 D00 000 - D02 _07 _00

21_1 084 063 .020 010 _05 011 005 _06 .001

2225 990 068 ,023 Dll 000 007 D00 D06 - 004

2419 104 .076 'L ]27 _09 G01 004 " _05 -- $01 -- "010

25_2 .OBH 068 [21 mo_ - _02 D00 - .0OB - _OB - .015

6_4 .005 .000 - 006 .002 - _03 - D05 - 004 .J0_ - 009 - 005

837 007 - 001 007 .O00 DO3 D02 D05 009 n08 D06

9_1 005 - ,001 - 006 001 - 002 - D02 - 005 008 - _i0 - .006

1125 Do_ _O3 .006 - .001 DO5 D06 D06 D09 D10 .009

12_9 0O_ _0_ _09 .uo_ D07 _06 D07 D12 _14 .009

_0_ O00 .O01 .JC_ D00 _00 D01 D04 D06 .00214_2

25 ° 1556 • 05 - 301 - .004 .00_ - DO2 _02 - D03 D08 - _07 - D04

17D0 i'26 ,32_ DII D06 _02 - _09 _13 026 D50 .054

18.44 .071 .065 _40 ._ _ _13 D04 - D04 D13 - _11 - D23

_1Jl .J07 085 .045 .O22 D12 D01 D02 .001 D02 .003

22.75 if0 087 044 025 D14 D07 _00 _01 .000 _00

2419 .i_e .394 .040 o2e 011 D01 D00 D04 _04 - Dll

_5_2 1_2 088 043 022 011 D04 _02 .003 D01 - .003
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80 . . . . . . . *  . a .  NACA RM ~ 5 6 ~ 1 2  . . . . . . . . . . . . . . . . . . . . . . . .  
TABLE 1V.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN 

THE PRESENCE OF THE WINGS - Continued 
(h) A = 2 rectangular wing, r/s = 0.2 

.o 0  1 

.o 0  1 
a 0  1 
a o i  
.o 2 5 
.O 5 8 
0 6 8  
.O h 3 
.o 5 1 
.o 4  2 
.o 2  7 
.o 2 1 

.OO 3 . 0 0 9  - , 0 1 0  - .O 1 3  - , 0 1 4  .O 1 0  . 0 0 8  
, 0 0 5  , 0 0 6  . 0 0 6  , 0 0 5  . 0 0 5  , 0 0 4  , 0 0 3  
, 0 4 8  - , 0 0 6  , 0 0 2  , 0 0 1  0 0 1  . o o l  , 0 0 0  
. 0 1 1  - , 0 3 2  - , 0 1 5  - . 0 0 7 -  ' n n o  n n i  - . 0 0 3  



* NACA RM ~ 5 6 ~ 1 2  

TABLE IT.- LONGITUDINAL INTERFEXENCE LOADING COEFFICIENTS OF THE BODY IN 
TBE PRESENCE OF THE WINGS - Continued 

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

. 0 0 4  - D l 0  . 0 0 1  - . 0 0 1  - .012  , 0 0 0  D O 0  
D O 3  DO2 0 0 0  D O 0  DO0 0 0 2  D O 1  
D O 3  D O 3  , 0 0 1  D O 0  D O 2  DO4 D O 2  
D O 6  DO5 DO4 D O 2  . 0 0 5  , 0 0 7  D O 5  
031 .o le  . o i o  , 0 0 3  .o35  - . 0 3 z  a o i  
D 2 l  - D O l -  . O l e  - . 0 2 2  - . 0 4 1  - 0 5 6  - D 6 5  
D 2 0  - DO3 - . 0 1 7  - . 0 2 4  - .034  - . 0 4 8  - D 6 5  
D l 7  0 0 7 -  , 0 1 0  - . O l l  - D 2 2  - .024  - . 0 3 8  
a 1 5  4 0 5  a o o  - a 0 4  - 0 0 6  - a 0 7  - . 0 z 4  
011 0 0 7  0 0 4  D O 1  a 0 5  D O 2  - ~ o 8  
. 0 0 4  - 0 0 5  - . 0 0 2  . o o o  .ooo - , 0 0 2  - D O 7  
D l 0  0 0 8  . O l 2  D l 2  .012  D l 0  , 0 1 4  

1 1 . 3 4  - , 0 2 8  010 D o 8  a o a  . o o 7  0 0 9  a o e  a10 . o o g  
1 2 5 9  0 0 5  0 0 6  D O 4  DO5 . 0 0 4  D O 5  0 0 5  . 0 0 8  0 0 6  
1 3 8 4  , 0 0 2  , 0 0 3  a01 D O *  0  , 0 0 3  .002  D O S  . 0 0 5  
1 5 . 0 9  0 0 2  D o 4  .OOZ DO3 , 0 0 4  . 0 0 2  .002  . 0 0 3  0 0 5  
1 6 . 3 4  D 6 1  0 5 7  0 4 7  D 2 7  0 2 1  D 4 0  .060  - D l 2  DO4 
1 7 5 6  DO9 - DO4 - D l 6  - ,030 - . 0 4 6  - . 0 5 3  - .057  - , 0 8 5  - . 0 7 4  

15" 1 8 8 4  . 0 6 3  0 4 7  D 2 6  D 0 3 -  . O l e  - . 0 2 3  - , 0 3 1  - . 0 2 3  - , 0 3 7  
20.09 0 8 7  0 6 1  D 3 2  D l 0  - D O 1  - D O 3  - 0 0 4  - , 0 0 3  - D 2 4  
2 1 3 4  .094  D 6 9  . 0 3 2  D l 8  . 0 1 1  .OO9 .009 , 0 0 5  - DO6 
2 2 5 9  a 8 8  0 6 6  . 0 3 0  .Ox6 . 0 1 3  , 0 0 8  DO6 D O 5  D O 0  
23.84  , 0 5 7  0 3 6  0 0 0  - .020 - . 0 2 1  - D l 9  - . 0 2 1  - , 0 2 5  - . 0 2 2  
2  5.09 0 8 5  . 0 6 7  0 3 3  D l 0  . a 0 6  D l 0  .007  . 0 0 3  - .OOl 



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

THE PRESENCE OF THE WINGS - Continued

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

a' x _w ---

_4 1)Ol _oo .OOl .000 /)OOO.oo_ /).... 00 1)oo .OOl .ooo
837 /)01 00 /)00 J) 00 .00 /101 .000 /)0 /)00 .000 /)00

9.81 11Ol _o3 11oo 11oo /)oo .ooo .ooo .ooo 11oo /)o1 /)oo
1125 .010 03 /)01 1101 .002 .001 .001 .00 /)00 /)00 .000

12-69 /101 _06 /)00 /)00 .000 ,001 .000 .000 .000 /)01 /)0114.12 - .02 - 53 - /)04 - .121 - _00 .002 -- .063 .00 _00 .DO .000

0o15-56 - ,659 - ._52 - .564 - .302 - .066 .057 .053 .045 .025 .011 .001
17110 /112 17 /)06 /)04 1116 /)92 .069 .067 /141 /115 /)07

1_,,4 _,_ _1 _ l]O_ .1_ .1_1 .o_ .oo_ /)55 /)_o /)o_19-87 /)5 08 .i07 . 07 .119 .117 .i19 .08 /)62 /131 .010

_1__1 .0_ _5_ /)_ .0_ .07_ .076 /)_ .0_ /)_6 /)_ ....
22.75 - /)00 13 113 .039 .053 .057 .050 .06 /)49 /)2 .009

24.19 /)29 _00 /)02 .014 .031 .033 .028 .037 /)29 /114 /)05
25-62 .109 00 - .007 .007 .014 /)19 .030 .030 .027 /)i /)02

6-94

8.37

9.81

1125

12-69

14/2

15.56

50 17110

18.44

19.87

21.]1

22.75

_4.19

45-62

6-94

837

1125

12-69

1412

6 ° 1536

17110

18.44

19.87

21.31

22.75

24.19

25-62

6-94

837

1125

12-69

14.12

I0 ° 1S.56

1'71) 0

18.44
19.87

21.51

22.75

24"19

25,52

6-94

8.37
9.81

1122.5

12,69

14"12

15o 15.56
11'7.00

10.44

19.87

21.31
22.75

24"19

25-62

6.94

8.37

9.81

112,5

12-69

14.12

20 ° 15.5 6
17110

12.44

19.87

21.31

22.75

_4.19

25-62

5-94

837

9.81

1122.5

12-69

14.12

25 ° 15..5 6
17.00

18.44

19.87

21.31

22.75

_4.19

25-62

01 .004 /)04 .00_00 /)03 1100 .00

1101 .005 .003 1102

- A01 .000 .000 - .00 1

/).22 - /)76 - .017 /)05

E66 .064 .034 - .104

- .590 - _32 - 373 /)93

/)72 .032 .016 /)45

248 281 _64 _52

.003 .003 D02 /)03
.002 .001 D02 .002

/)03 .002 /)02 /101
.000 .000 /)00 1100

.004 .004 /)06 _06

- .090 - /)12 1) 14 ,012

.074 /)66 /)31 D20

.104 .101 /)53 .023

.15q .131 /)74 /)45

/)99 .112 J42 .170 184 .143 /)83 /)50

/)42 .090 .122 _03 .142 .119 .0 87 .049

/116 /)48 .060 .062 .079 .09'f .051 /)26

/)44 /114 .025 _26 .042 .025 /)38 /)Ii

1128 - .007 - .009 1106 .017 .024 /117 .0O3

/)00 - /)01 _00 - .001 .000 - /)01 /)00 /)00 .000

_00 .002 .000 .002 - .012 /)03 /)00 - /). 14 - .013

- /102 .001 - /)01 /)01 /)00 /)01 1100 _01 .000

E01- /)56 - .073 - _02 .000 .002 /)00 1102 /)00

/). 08 /)47 /)57 .002 .004 /)03 1104 /)04 /)06

/)25 /)52 /)39 - .081 - .110 - /118 _18 /121 /)26

- 295 - _90 /)20 .100 /)87 /)68 1)54 /)45 /)39

170 /)68 - .163 162 .132 .12] "100 _8_ _62

324 .303 _87 _81 218 .175 "129 .112 /181

318 .129 - .190 255 _47 .197 163 .123 /)93

/)79 .097 .129 .157 .187 166 147 .138 .100

/121 .057 - _77 .092 .fir .130 "116 _98 1177

/)84 .035 - .056 .055 .063 /)69 1)65 1156 1145
/)35 1107 _07 _14 1) 23 1123 /)30 /)31 /)25

_00 "000 .000 -- .004 .0001 _0_ I _01 1 .00_

- .02 _ 1)00 /)00 .040 .000- 1)02 .002 /)01

- _s4 - no7 .ooo - .oo6 -.ooz- 11Ol - 11o3 - _o2
.065 D54 .002 .003 .001 _01 1101 _00

- .057 _77 .067 - .019 .00_ .000- /101 _03 /)01

.060 /151 .174 .140 .164 .035 /113 _25 /13_

.107 .152 .048 .158 .106 +008 /)70 /)70 .061

_57 .195 230 215 .174 .154 A29 .114 /)90

_81 _61 .346 .32_ _50 _3g .187 _55 .120
/)95 .137 _34 30 _90 25 209 59 .126

/)55 .100 .141 .168 207 213 189 .179 .138

/)49 .046 .077 /)85 .120 .154 "152 .1 36 .118

/)76 ,072 .017 /)34 .048 ,061 /)79 1184 1180

/)07 - /)02 - /)32 .012 /)23 /)52 _56 _ 68 /)74

/)03 - .005 .004 .001 .002- 1101 /)01 .000

/)07 .003 .004 /)02 /)02 D00 _-- 02 /)00
.052 .031 .001 /)00 .001 /)00 _00 _00

- /)01 /)00 /) 01 /1011188 /)60 - /119 .002

.123 .i01 .083 - .025 .002 _00 /101 /)00

AI6 _11 .146 _59 - .0 13 /)24 _38 .044

182 .081 267 .193 .116 /)99 .095 /)76

_25 251 .3_6 _64 _15 .181 157 .120

_59 .363 .37_ .310 .318 244 204 156

.115 247 .357 .362 .322 274 _17 173

/)69 .121 205 _58 _6_ 250 241 .183

- /)02 /)23 /)43 108 180 .191 189 166

/)09 - _19 - /113 /)23 /161 .110 A20 .120

- /)62 /)46 1129 .010 .06_ /)87 112 J 28

/)02 .005 +000 .004 1101 /)03 .002

.022 .001 .001 .003 1)02 .002 _08

/)46 - .015 .000 /)01 D00 /)00 /)00

.071 .064 - .011 1101 /)01 1101 _00

- 159 - _74 - .062 - .012 1103 _05 /)04

262 .146 _75 .066 _23 .051 .059

/)89 288 248 _09 145 .123 .I05

270 .352 .327 327 248 .191 152

.453 .453 .360 .400 .316 265 211

_94 .411 ,421 .4_0 _90 _20 _46

.106 208 264 .311 _46 _53 204

- .005 .040 .I06 .179 232 259 250

.051 .030 /)54 .I07 .154 186 206

.035 .014 .055 /)93 .142 165 177

- .046 .002 - .001 1)00 - /)05 .000

.04B .000 .001 - 1101 /)02 .000

/)59 /)02 .002 .001 E05 /)01

- .058 - /)36 - .004 _01 - 1103 - .001

/)62 .067 .045- /)00 1102 .004

.433 268 .082 /121 1190 .085

.326 _91 228 .198 A. 59 142

.315 .349 .599 _15 _76 212
,464 .452 .535 .447 _ 54 _84

.4`75 .537 .563 338 .476 391

265 .345 .377 .427 .470 .40H
.050 153 _14 280 325 342

1) 49 .136 206 _71 _99 357

.118 ,168 .197 242 _58 .300
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TABLE IV.- LONGITUDINAL INTERFERENCE LO_G COEFFICIENTS OF T_ BODY

PRESENCE OF THE WINGS - Continued

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

-3- I -6- I -,o- I -_" I -zo- I -z_- I -30- I -3_" i -4o'1 -4s .1
6#4 900 901 900 _00 901 _00 D02

8J? D00 D00 D01 900 D00 _00 _00

9_1 90_ D01 D00 D00 _01 _00 D00

1125 D00 _00 _00 D00 _00 _01 D00
18_9 D00 901 D00 300 900 _00 300

1412 - D03 900 901 969 904 _00 075

0o15_6 - 915 - 928 - _48 -- .05_- 964 _62 365
17_0 3_1 048 _71 _75_ _71 - _22 _31

18A4 -- D43 -- D69 -- 983 - _08- J46 - 203 - 215

19_7 -- 947 -- _79 -- _06 - _3_-- 141 -- 113 -- 117

a131 - 94_ -- _56 -- 979 - 991- 974 -- _75 -- 991

22_5 - 935 -- _59 -- 974 - .059- 959 - _61 -- _47

25_2 -- D02 -- _16 -- D14 -- .021-- 916 -- _06 _8_

6_4 38_ E01 902 902 D00 D02 382 _01

B_T D01 D01 D01 _01 300 _81 _00 - 90%
9_1 D02 D02 903 903 D01 _0_ 902 D02

1125 D00 - D01 - 901 900 9e0 _88 D00 _00

1_9 D04 90_ 90_ D04 904 384 _04 904

14_ 30_ _07 _09 042 D08 _01 D00 - 997

15_6 D09 - D04 - _18 - .012_ _ 060 _81 _86

_e 1790 - D01 913 .038 _50 D66 - 31_ 969 960

18A4 014 - 017 - D_9 - 070- 388 - 115 - _56 - _60

19_7 915 - 922 - 950 - .075- 376 - 978 - 988 - 990

_1_1 D14 - _I0 - _38 - 352- D46 - 959 - 97_ - 982

• 2_5 D02 - _24 - .041 - 339- 046 - D37 - D_6 - 944

_419 - D05 920 .032 .041 D_ 919 909 _17

_5_2 - _06 - D14 - .024 - .029_ 3_6 - D19 - DI0 - _16

6_4 900 900 900 - 901 300 D00 900 300

B_7 _00 .000 .000 902_ _01 - D01 - 901 - D01

9_1 900 _01 901 - _02 300 D00 DO0 D00

1125 D00 _02 D02 900 _01 D00 301 D08

1_9 D03 D05 .004 302 303 383 _8_ D03

1412 91_ _15 .011 925_ D01 - 901 - 301 - 947

6o15_6 036 _28 _10 _0b _00 A85 J44 _05
1730 937 D14 - .010 - .039_ _66 - D_I 941 982

18A4 953 _23 ,005 .025- _47 D?0 - iI_ ° 139

19_7 963 929 - .007 - 931- _7 - 941 - _74 - 993

a1_1 965 931 .080 _21- 318 345 _56 _75

_5 348 _17 ~ _84 - 3_- 3_4 - 924 - 924 - _30

2419 D27 _04 91_ 327- 3_0 287 D0a _01

_5_2 D_6 _01 - DI0 - 3_0- D17 - DIO - 90_ - 911

6_4 - D02 _00 - 901 .000 _00 080 - DO1 _01 - _81

8_7 - 901 900 - _01 ,000 300 D00 - D01 _01 - 301

991 - _01 D00 - _01 _00- 081 D00 - DO1 D00 - D01

1125 901 _02 982 .003 30_ D83 D02 _06 30_

12_9 - D01 - D01 900 .000 _00 _00 D00 _01 300

14A2 9_2 .018 915 922- 904 - D04 - 304 - _02 - 912

]0o15_6 947 _51 928 .01_ 31_ 997 _58 _76 _19

1730 966 _54 916 - 334- D49 - 044 930 _94 _00

18A4 980 950 914 - .01_- 33_ - _56 - D67 - 1_2 - _39

19_7 992 _60 _19 - .001- 911 - 935 - 978 - 999 - A08

_1_1 A0_ _70 .024 _03- 911 - D18 l 939 - _63 - 986

g2_5 DS_ Db5 01_ l _0_- 301 - 007 - _lB - D_0 - 028

_4_9 D67 D_3 901 D08 303 D00 - 902 D00 082

_5_ 969 _41 _08 - _Ol- 905 - 984 - 910 - _08 l 922

694 _02 _00 _01 - .003 D00 D01 902 _03 988 D0_

8_7 902 .002 905 - D02 302 D02 38_ _03 D00 D02

9_1 - _03 .001 .001 - _02 308 301 303 _02 D01 901

1125 D04 _01 .002 _01 D01 D02 - 921 _02 D01 D00

12_9 - D06 901 .001 - _01 301 D02 303 D03 D81 - 961

1412 _2 .031 922 .030- D04 - D04 - D02 - D02 - 905 .089

.042 968 .057 .040 _59 990 _75 _16 313 90415o lsae
1790 982 _76 947 .O03- D18 - _35 919 992 d50 200

18A4 _13 _72 .03_ - .010 941 962 - 978 - 990 - 302 - _05

19D7 _30 D91 940 .00R D00 926 950 _58 A15 _11

31Jl 137 .096 .046 .001- D07 - 919 - 936 - ,061 - 993 - .i01

S235 A37 992 .047 .000 D08 209 924 92 I 929 .057

_4A9 A0_ 970 .026 - .008 307 902 D04 911 D11 .0_8

_5_2 _3 _95 950 .006- _5 936 935 940 949 .087

6_4 .00_ D03 .002 .003 D84 901 303 905 _04

8_7 .001 _03 .003 .C0_ D03 _01 D02 _05 D03

991 _00 .000 _01 - ,001 D01 - D0_ D01 .882 901

1125 D01 .002 903 D01 301 - D01 D03 D05 _03

1_9 D03 .005 906 .005 D06 D02 905 D08 .00S

141_ 95_ .052 .045 .042 903 ~ D02 981 D03 D02

20o15_6 .07_ .1_4 .I04 .068 _70 _75 _56 _14 _43

1730 313 .107 980 .03 v _16 .- 921 D27 D84 _04

18_4 _51 _18 .07_ .015- _18 - 950 - 980 - 097 - _11

19_ _87 J47 990 927 D01 926 943 968 112

21_1 202 _5_ _77 .0_6 _02 _6 _31 _42 966

_5 _0_ _56 .100 .027- _00 - D26 - _30 - _26 - 920

_4A9 204 370 .075 .030 _84 928 332 _29 .050

25_2 £b_ d72 .048 ,038 D01 929 923 930 D37

6_4 D00 .001 .000 D01 - D01 E04 900 D02 D00 .004

8_7 _00 .001 900 ,000 - _01 D02 - 301 301 - 901 .003

9_1 D00 .001 .000 .000 DO_ D02 DOg _20 903 .001

1125 E00 D01 _ D02 .001- D02 _01 - _02 _29 - .08_ - .019
1_9 - .003 - 982 .005 - .002 D05 - D01 D06 D06 D0 _48
14_2 O81 .087 .057 .03_ 981 904 D00 D02 - DOS - 953

_4 .14_ .139 .099 986 D72 284 .454 .380 2_1
25" 15_6

1730 A77 .158 .136 .068 _29 - D19 944 977 .0_6 _08

18_4 236 .184 .125 .063 D09 - DIS - 941 - _67 - 996 - _14

1997 298 230 .134 057 _08 _13 034 947 _72 _03

_1_1 _47 _55 .104 .043 307 - 918 - 929 - 927 - _37 - .06_

_5 _12 244 ,109 .051 D13 902 D11 903 904 .007

S419 _46 286 .147 ,06_ _15 - 904 - D06 _06 - _02 - _1 _

_5_2 298 _69 .163 ,083 935 980 - D05 905 - 901 - .002
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Continued

(j) A = 1 rectangular wing, r/s = 0.4

_W

6.94

8J7

9.81

11.,9,5

12.69

14.12

15';.6
0°17.00

18o44

19.87

_ 1..31

82.75

24_9

25.52

6_4

8.37

9.81

11._5

1B_9

14.12
15.56

_o 17.00

18.44

19,87

g131
22.75

24.19

25,62

6.94

8.37

9.81

11.25

12.59

1412

6 ° 15.56
1?,00
18.44

19.87

32.75
84.19

_5_2

6.94

8.37

9.81

1125

12.69

14.12

10o15.56
17.90

16.44

19.87

_1.31
_2.75

24.3.9

85.5_

6-94

8J7

9.81

11.25

12.59

14.12

15 o 15.56
17.oo

18.44

19.87

81.31

a a.7._
24.19

25.52

6-94

8.37
9.81

11.25

12.59

14.12

20 ° 15.56
17.00

18.44

19.87

2131

22.75
g4.19

g5.58

6-94

8.37

9.81

11.25
12.59

14./2

25 ° is.s6
17.00

18.44

19.87

2131

22.75

34./9

35_52

D01

DO2

.001

D01

.006

D00

D37

117

./50

D81

D55

_oo- 27

- .030

01 D01 .001 .001 .001 D00 .001 D00
- 01 D00 - .001 D00 D00 - .001 D00 D00
~ D01 .000 - .001 D00 D00 .003 .000 D00

DO1 .001 .001 ,001 .001 .000 DO2 D01

.005 .006 .006 ,004 .005 D05 .005 _05

D00 D00 - D01 - .001 .000 .000 D00 .000

D84 D2B .029 ,017 - .005 D00 .000 D00

a,8 ./39 Des ./02 o89 D57 D27 D15
1 84 .166 ./ 36 .168 172 .141 D85 .054

113 ./22 ./25 .119 .098 D78 .082 D74

D53 .068 .078 .082 .078 .065 D52 D52

- D05 ,003 .026 .031 .042 ,043 _29 D36

.041 - .035 - .021 - .011 - 001 .003 D06 E08

- .033 - .036 - .036 - D29 - .03_ - DiS~ .007 - D03

_04 .023 D00 - D01 D02- D04 - DOS - D0?

- _01 - D03 .000 ,00_ .003- D04 _03 .006

- OOl -004 000 OOl DOl- .002- _o, - Do6
D01 _O0 .000 - .001 D01- .002 .001 .004

boo - .oo3 .000 - .002 .ool .800 _oo - .oo2
- .028 .011 - .001 .002 .00 2 - D02 - .801 D02

- D02 - .009 .000 .008 .00_- D02 - .002 - .002

185 133 D89 .127 D71 D28 D24 .019

./66 .186 .169 .197 ,155 .093 D66 .054

.105 .105 .118 .129 .107 ./07 D85 D61

D29 .026 .040 .060 .061 .058 .053 D43

- D04 - D06 ,003 .019 ,034 _36 .035 .027

- D41 " D47 - .038 - .030 - .007 .003 D08 D08

- .046 - .048 - .039 - .031 .813- .002 D08 _13

D02 - .003 - .003 - .010 D00 D01 - _03 - .002

.000 D02 .001 DO4 D00 .000 .003 .002

D01 D01 .001 .005 - .001- D01 E03 D02

.002 .001 .002 .003 .003 .000 _04 .003

.003 D02 .001 .003 D01- _01 _03 _02

- .017 - .003 D00 - .005 - .003- .002 - .005 - D03

.006 .042 - .033 .020 DI0- _06 D08 .007

162 .D99 .126 .106 .078 _24 .022 D25

./99 163 .245 _24 ./70 .097 .072 .063

.067 .102 .103 125 ./25 125 _93 .071

.034 .047 D56 DSI .067 D?9 D77 _65

- .007 .012 .032 .029 .045 D59 .053 _49

D30 - D28 - .018 - .814 .003 DIS _21 D26

.026 DI7 D01 .007 ,010 319 .020 D28

D04 DOS .003 .006 .005 .003 .006

.000 .002 .000 .003 _02 D01 D02

D00 D02 D00 .004 D03 D08 D00

.000 .002 ,000 .003 _02 _00 .000

.003 DOS ,003 D06 _05 D04 _04

- D01 .002 D01 .003 .003 D02 .002

_42 - .034 - .003 " .004 .000 .000 - D04
.083 .150 .155 .095 .042 D39 .043

160 _94 284 191 120 ./OV ./03

128 ./55 ./27 ./37 145 ./22 ./04

.083 .10S .119 ./13 116 ./08 D94

_42 .056 .069 .089 .090 .087 D85

.023 D33 D45 ,057 .064 .069 _70

.032 D38 .043 D51 _52 .55_ D49

.005 .000 - .005 - _07

DO6 .001 .004 .003

.000 - D04 _06 D06

- .001 - D04 - D10 - D06

.002 - .002 - DO6 - .004

D04 .002- _02 - _02

- .005 - D02- _08 - _04

./67 101 .066 D42

.357 248 171 135

,187 ./55 152 ./47

.711 .174 158 ./35

31 126 ./20 ./14.04 .091 D84 _83

.109 ./02 D97 D92
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TABLE IV.- LONGITUDINAL INTERFERENCE LOADING COEFFICIENTS OF THE BODY IN

THE PRESENCE OF THE WINGS - Concluded

(j) A = 1 rectangular wing, r/s = 0.4 - Concluded

x/r . ° . 3Wo . ....-3o t -6 1-10 I -15 I -20 1-25 I -30 [ -35 1-40 I -45

6_4 D01 .001 900 .001 _02 300 _00 D01 300 000

BJ7 _00 D00 .000 900 _00 _00 _00 _00 _00 _00

9_1 901 _01 _00 .001 _01 _00 _00 _00 _00 _00

1125 900 900 .000 900 _00 900 - 901 - 301 - 901 - 902

12_9 900 900 900 .000 901 900 300 900 900 901

1412 900 .000 .000 .000 301 901 900 _00 900 903

0olS_6 900 901 900 .000 _01 _01 902 - 925 - 372 - 368
17_0 - 906 - 312 - 925 - .046 - _60 - 973 - 985 _90 382 _18

12A4 - 913 - 334 - .065 - 997 - 385 - 368 - A04 - I]2 - 116 - 307

1987 - 913 - 333 - .053 - .071 - 380 - 104 - _93 - _61 - 340 - 350

21_1 - 316 - 331 - 947 - 961 - _59 - _51 - _46 - 346 - _42 - 953

2225 - 905 - 914 - 930 - .032 - _27 - _28 - _14 - _17 - _12 - 320
24_9 - 902 - 904 - .010 - .010 - _08 _00 _08 306 _05 908

25_2 905 907 .006 .014 315 _19 _24 _23 _15 _16

6_4 302 _01 .002 ,001 _02 300 _04 - 901 302 302

8_7 902 ,000 .002 .002 302 301 905 300 _01 903

9_1 902 - 901 901 .000 _01 300 302 300 300 300

1125 300 900 301 901 300 - 901 304 900 300 301

12_9 906 905 _06 .007 306 305 910 _05 305 906

14_2 900 - _02 900 .000 _00 - _01 902 - 304 300 - _01

15_6 _00 901 900 _00 300 _01 903 317 - 996 382
_o 17_0 _03 - _04 - .009 - 922 - 3_7 - _50 - 959 - 351 - 957 - 979

18A4 311 - _09 - 928 - _5_ - _50 - 35_ - 959 - 398 - 985 - 963

1927 310 910 _24 940 352 365 944 _41 312 312

_1_1 906 - 906 - .022 - .03_ - 9_4 - _28 - 902 - _10 - 312 - 322

2225 901 909 _18 _25 321 312 30_ 910 309 321

24A9 - 904 - 90? - .009 - 909 - 303 - 301 312 _00 - 90_ - 312

35_2 - .00H - 908 - .007 - .005 _0_ _07 316 _16 301 - 910

6_4 900 _00 1001 _02 _00 _01 _00 _01 _00
8_7 - 902 - _02 900 900 - _01 - 901 - 301 - 301 - 90_

9_1 900 900 - .001 _00 _00 900 - _01 300 - 901

1125 900 .000 901 _02 301 900 900 901 900

12_9 905 _04 .005 905 _05 906 _06 305 904

1412 - 901 - _01 300 _01 300 900 900 900 - 901

6o15_6 _01 - 901 _00 _01 _00 _00 _00 - 919 - 386
17_0 915 905 900 - 303 - _09 - 341 - 970 - 381 - 953

18A4 _35 _12 901 - 329 - 346 - 351 - 354 - 378 - 378

19_7 _36 916 904 - 921 - 320 - 315 - _07 900 - 903

2131 3_8 916 306 - 304 - 302 300 - 302 - 913 - 310

22_5 . _12 906 _04 _01 30_ 300 304 _11 307

24_9 _01 - _01 - 904 _00 _09 _0_ 909 - 907 - 905

25_2 - 905 - 907 - .005 _06 _06 90_ 910 301 90_

6_4 - 303 - 30_ - .001 .000 - 901 - _02 _00 300 - 304 300

6_T - 303 - 902 - 902 _00 - D01 - _0_ - 301 - 901 - _05 - 902

9_1 - 901 - 901 - 901 900 - 301 - _02 300 - 301 - 303 - 301

1125 _00 300 301 302 301 _00 302 _01 - 301 902

12_9 - 301 - 901 - 301 900 _00 - _02 300 - 301 - _03 - 301

14_2 - 302 - 302 - 904 - 302 - 303 - 30_ - _01 - _02 - 303 - 904

10°11_6 _00 300 - D01 900 _01 _OO _01 _00 - 901 - 910
-- 1720 _22 _16 908 905 _04 301 - _08 - _60 - 360 - 958

16A4 351 936 .016 3 03 - 306 - _lT 933 939 92_ _28

19_7 354 935 916 _04 - _03 - _09 - 908 - 304 - 905 - 906

21_1 937 313 918 911 _07 _07 912 309 303 - 909

22_5 925 323 914 912 313 316 _20 _13 903 - 306

24_9 911 312 _07 _06 _06 308 310 305 - 902 - _08

25_2 910 312 _06 _00 - _03 - _06 900 - 178 - _08 - 913

6_4 - 905 - 90_ 900 - .004 802 904 - 902 901 904 - 301

8_7 - 902 _01 902 - .00_ 304 - 30_ 904

9_1 304 - 902 - 901 .003 901 800 - 905 300 301 - 901

11_5 - 901 901 904 - _02 903 903 - 902 302 _03 901

12_9 300 _02 _03 .000 905 304 _01 305 905 903

14_2 - _04 - 903 _01 - .005 _02 800 - 302 800 900 - 901

15 ° 15_6 909 306 - .006 .008 - 904 - _01 906 - 304 - 30_ 905
17_0 920 _17 306 .004 902 304 919 345 959 943

1BA4 954 942 .024 .003 301 _05 920 9_2 921 908

1937 962 949 .026 902 902 - _02 - 907 301 902 - 901

21_1 356 947 929 906 _10 310 _06 313 911 903

22_5 344 941 1025 .004 _10 914 308 312 _11 _0_

2419 923 921 .014 .008 900 308 _01 903 - 30_ - 906

25_2 926 921 .008 - 907 - _07 - 309 - 919 - 321 - 924 - 329

6_4 901 908 904 907 904 905

8_7 - 902 305 900 302 302 902

9_1 - 302 300 - 901 900 - 901 - 302

1125 - 303 900 300 901 901 - 901

12_9 304 908 902 _06 906 905

14&2 900 902 300 _02 900 900

20 ° 15_6 - 905 901 - .00_ 901 900 - 301
17_0 935 327 317 _03 - 907 - 949

1_A4 377 361 938 _09 - _15 - _14

1987 985 365 938 _11 901 300
21.31 378 _65 939 _11 906 904

2_5 _5 359 3_7 915 906 902

24_9 360 _56 _34 910 900 913

2$_2 340 339 .026 _05 - _04 315

6_4 - 314 908 - _01 - _04 -- 902 300 900 300 900

2_7 309 - 306 .000 - _04 - E01 903 901 - 901 300

931 - 910 908 - 903 908 _05 - 901 - 902 90 3 - 903

1185 910 - .005 - DO1 - _07 - 904 _00 - 901 900 - 901

12_ - 909 90] .000 304 301 902 901 90 I 300

1412 - 906 - _01 902 - _03 _00 301 301 301 901

_5 o 1556 - 311 - 906 - 903 - _07 - 905 - 904 - 905 - 901 - 905
1730 932 _13 906 - 903 - 907 - 305 - 319 - 3_7 - 946
18A4 392 .044 .029 909 _00 804 907 907 917

19_T 999 1050 _24 _07 300 902 902 900 902

3131 991 .050 .028 904 _00 902 #01 305 904

_2_5 376 941 _25 902 902 902 904 310 _08

2419 968 332 .019 902 901 904 905 913 307

25_2 968 928 .014 _03 901 905 _05 904 900
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+c- L - - - - c r - 4  
Section A-A 

Trionqular plan forms 

* Plan form for '/is scale full-span models. 

(a) Summary of model geometry and dimensions. 

Figure 1.- Models and semispan supports. 

r= I  
I 

Modified biconvex 

Rectangular plan forms 

I I 1 
17" 

2 6" 

I '5'-C $-a .  
A t - - -  - - - 

Wing test 

press. 

press. 

force 

force 

force 

force 

x/c@trnax 

.50 

.50 

.59 

.59 

.59 

.59 

force 

press. 

force 

t/cmax 

.05 

.05 

.04 

.04 
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(a) Variation with wing deflection angle of normal-f orce coefficient for 
the A = 1 rectangular wing and body combination minus that for body 
alone. 

Figure 3.- Comparison of semispan and full-span model data. 



(b) Variation with wing deflection angle of the pitching-moment coefficient 
for the A = 1 rectangular wing and body combination minus thet for the 
body alone. 



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

Figure 4. - Variation with deflection angle of normal-f orce coefficient 
for the wings in the presence of the body. 
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(b) A = 2 triangular wing, r/s = 0.2. 

Figure 4.- Continued. 
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( c )  A = 1 triangular wing, r/s = 0.2. 

Figure 4.- Continued. 



(d) A = 1 t r i angu la r  wing, r/s = 0.4. 

Figure 4.- Continued. 



( e )  A = 213 triangular wing, r/s = 0.4. 

Figure 4.- Continued. 



(f ) A = 318 triangular wing, r/s = 0.4. 

Figure 4.- Continued. 
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( g )  A = 3 rectangular wing, r /s ,  = 0.2. 

Figure 4. - Continued. 
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(h) A = 2 rectangular wing, r/s = 0.2.

Figure 4.- Continued.
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(i) A = 1 rectangular wing, r /s  = 0.2. 

Figure 4.- Continued. 
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(j) A = 1 rectangular wing, r/s = 0.4. 

Figure 4.- Concluded. 



NACA RM ~ 5 6 ~ 1 2  

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

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

8, 

( d )  A = 1 triangular wing, r/s = 0.4. 

Figure 5.- Continued. 
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NACA RM ~ 3 6 ~ 1 2  

( e )  A = 213 tr iangular wing, r / s  = 0.4. 

(f) A = 318 tr iangular wing, r / s  = 0.4. 

Figure 5.- Continued. 



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

Figure 5.- Continued. 
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(h) A = 2 rectangular wing, r/s = 0.2. 

Figure 5.- Continued. 
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(i) A = 1 rectangular inng, r/s = 0.2. 

Figure 7. - Zon~~inued. 



(j) A = 1 rectangular wing, r/s = 0.4. 

Figure 3 . -  Concluded. 
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0. ..a *a a*. . . a. *a . . . .*a a. 

(a) A = 4 trizngxla- -~!ng, r/s (3.2. 

Figure 6.- Variation with deflection angle of Sending-moment coefficient 
for the vings in the presence of the body. 
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(b) A = 2 t r i angu l a r  wing, r/s = 0.2. 

Figure 6.- Continued. 
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( c )  A = 1 tr iangular  wing, r/s = 0.2. 

Figure 6.- Continued. 
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(d) A = 1 triangular wing, r/s = 0.4. 

Figure 6.- Continued. 
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(e) A = 2/3 triangulaz wing, r/s = 0.4. 

Figure 6.- Continued. 
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I (f ) A = 318 triangular wing, r/s = 0.4. 

Figure 6.- Continued. 
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Bw 

(g) A = 2 rectangular wing, r/s = 0.2. 

Figure 6.- Continued. 
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(h) A = 1 rectangular wing, r/s = 0.2. 

Figure 6.- Continued. 
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( i )  A = 1 rectangular wing, r/s = 0.4. 

Figure 6.- Concluded. 



NACA RV ~ 5 6 ~ 1 2  

(a) A = 1 triangular wing, r/s = 0.2. 

Figure 7.- Variation with deflection mgle of drag coefficient for the 
wings in the presence of the body. 



(b) A = 1 triangular wing, r/s = 0.4. 

Figure 7.- Continued. 



( c )  A = 213 t r iangular  wing, r / s  = 0.4. 

( d )  A = 318 t r iangular  wing, r /s  = 0.4. 

Figure 7.- Continued. 
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( e )  A = 3 rectangulas wing, r/s = 0.2. 

Figure 7.- Continued. 
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(f) A = 1 rectangular wing, r/s  = 0.2. 

Figure 7.  - Continued. 
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Sw 

( g )  A = l r ec t angu la r  wing, r / s  = 0.4. 

Figure 7.- Concluded. 



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

Figure 8.- Variation with deflection angle of interference normal-force 
coefficient for the body in the presence of the wings. 



(b) A = 2 triangular wing, r/s = 0.2. 

Figure 8. - Continued. 



NACA RM ~ 5 6 ~ 1 2  

( c )  A = 1 triangul~r wing, r /s  = 0.2. 

Figure 3. - Continued. 
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a w  

(d) A = 1 tr iangular  wing, r/s = 0.4. 

Figure 2. - Continued. 



( e )  A = 213 t r i angula r  wing, r / s  = 0.4. 

(f) A = 318 t r i m g u l a r  wing, r / s  = 0.4. 

Figure 8.- Continued. 
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(g) A = 3 rectangular wing, r/s = 0.2. 

Figure 8.- Continued. 



(h) A = 2 rectangular wing, r/s = 0.2. 

Figure 8.- Continued. 
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(i) A = 1 rectangular wing, r/s = 0.2. 

Figure 8.- Continued. 
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(j) A = 1 rectangular wing, r/s = 0.4. 

Figure 8. - Concluded. 



(a) A = 4 t r imgu la r  wing, r / s  = 0.2. 

Figure 9.- Variation with deflection angle of interference pitching-mom 
coeff ic ient  f o r  the  body i n  the  presence of the wings. 



NACA RM ~ 5 6 ~ 1 2  , 

8, 

(b) A = :' triangular wing, r / s  = 0.2. 

Figure  9. - Continued. 
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( c )  A = 1 trimgular wing, r/s = 0.2. 

Figure 9. - Continued. 
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( e )  A = 2/3 tr iangular wing, r/s = 0.4. 

(f ) A = 318 tr iangular wing, r / s  = 0.4. 

Figure 9.- Continued. 
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( g )  A = 3 rectangular wing, r/s = 0.2. 

Figure 9.- Continued. 
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(h) A = 2 rectangular wing, r/s = 0.2. 

Figure 9.- Continued. 
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(i) A = 1 rectangular wing, r/s = 0.2. 

Figure 9.- Continued. 



( j )  A = 1 rectangular wing, r/s = 0.4. 

Figure 9.- Concluded. 
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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. 



( e )  A = 2 triangular wing and (f) A = 1 rectangular wing and 
body combination, r/s = 0.2. body combination, r/s = 0.2. 

Figure 10.- Concluded. 



. NACA RY ~56~12 

(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. 



( c ) A = 2 t r i a n g u l a r w i n g a n d  ( d ) A = l r e c t a n g u l a s w i n g a n d  
body combination, r/s =0.2. body combination, r / s  = 0.2. 

Figure 11.- Continued. 
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(e)  A = 2 t r i angula r  wing and ( f )  A = 1 rectangular wing and 
body combination, r/s = 0.2. body combination, r/s = 0.2. 

Figure 11. - Concluded. 



( a )  A = 2 t r i a n g u l a r  wing and ( b )  A = 1 r e c t a n g u l a r  wing and 
body combination, r/s = 0.2. body combination, r / s  = 0.2. 

F igure  12. - Varia t ion  wi th  angle  of a t t a c k  of  d rag  c o e f f i c i e n t  f o r  t h e  
body-wing combinations. 
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(c )  A = 2 t r i angula r  wing and (d)  A = 1 rectangular wing 
body combination, r/s = 0.2. body combination, r/s 

and 
= 0.2. 

Figure 12. - Continued. 
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NACA RM ~56~12 . 

(e)  A = 2 t r i a n g u l a r  wing and (f) A = 1 rec tangu la r  wing and 
body combination, r/s = 0.2. body combination, r / s  = 0.2. 

Figure 12.- Concluded. 
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(b ) 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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o Exp. 

Angle of attack, a a  Angle of wing deflection, 8w 

(a) Triangular. 

Figure 14.- Comparison of theoretical and experimental lift coefficients 
for the wings in the presence of the body. 
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C; wrs 

Angle of attack, aB Angle of wing deflection, 8, 

(b) Rectangular. 

Figure 14. - Concluded. 



NACA RM ~ 5 6 ~ 1 2  . 

Angle of attack, aB Angle ot wing deflection, S w  

(a) Triangular. 

Figure 15.- Comparison of theoretical and experimental hinge-moment coef- 
ficients for the wings in the presence of the body. 
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Angle of attack, a, Angle of wing deflection, Sw 

(b) Rectangular. 

Figure 15. - Concluded. 
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Angle of attack, a ,  

(a) Triangular. 

Figure 16. - Comparison of theoretical and experimental bending-moment 
coefficients for the wings in the presence of the body. 
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0 Exp. 

Angle of o t tock ,  a~ Angle of wing def lect ion,  bw 

(b) Rectangular. 

Figure 16. - Concluded. 



(a) A = 2 triangular wing, r/s = 0.2. 
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(b) A = 4 triangular wing, r/s = 0.2. 

(c) A = 2 rectangular wing, r/s = 0.2. 

Figure 17.- Cornperison of span-loading coefficients for the wings in the 
Presence of the body and for the wings alone. 
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Angle of attack, aB Angle of wing deflection, Sw 

(a) Triangular 

Figure 18.- Comparison of theoretical and experimental interference lift 
coefficients for the body in the presence of the wings. 
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Angle of attack, a, Angle of wing deflection , B w  

(b ) Rectangular. 

Figure 18.- Concluded. 
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(a) A = 3 rectangular wing, (d )  A = 3 rectangular wing, 
r/s = 0.2, 6~ = 0. r/s = 0.2, ag = 0. 

(b)  A = 4 triangular wing, ( e )  A = 4 triangular wing, 
r/s = 0.2, 6~ = 0. r/s = 0.2, ag = 0. 
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( c )  A = 1 triangular wing, ( f )  A = 1 triangulax wing, 
r/s = 0.2, 6~ = 0. r/s = 0.2, ag = 0. 

Figure 19.- Comparison of t h e o r e t i c d  and experimental longitudinal inter-  
ference loading coefficients of the body i n  the presence of the wings. 



NACA RM ~56~12 . 

Angle of attack, o, Angle of wing deflection, 8, 

(a) Triangular. 

Figure 20.- Comparison of theoretical a d  experimental interference 
pitching-moment coefficients for the body in the presence of the wings. 
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...... --- Modif led theory ) . . = O H  H-l-"-"" 

Angle of attack , a Angle of wing deflection , 8, 

(b ) Rectangular. 

Figure 20. - Concluded. 
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(a )  A = 2 triangular wing and body combination, r/s = 0.2. 

'= B 8w 

(b) A = 1 rectangular wing and body combination, r/s = 0.2. 

Figure 21.- Comparison of theoretical and experimental combined lift 
coefficients of two body-wing combinations. 
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