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SUMMARY

This report is the second in a series investigating the effects. of
interference at supersonic speeds on the aerodynamic properties of wing-
body combinations. The first report, NACA RM A51J04, 1951, presented a
method of determining the 1ift of triangular, rectangular, and trape-
zoidal wing-body combinations. The present report extends the same
method to the determination of the pitching moments of these combinations.
Calculated centers of pressure are compared with experimental values for
nearly 100 triangulsr, rectangular, and trapezoidal wing-body combina-
tions. The experimental and estimated locations of centers of pressure o
were found to correlate as follows: The correlation points for the tri-
angular wing-body combinations have an average deviation of 0.008 body
length about the line of best fi1t which is displaced 0.009 body length
from the line of perfect agreement. The correlation points for the rec-
tangular wing-body combinations have an average deviation of 0.015 body
length about the line of best fit which is displaced 0.026 body length
from the line of perfect agreement. The correlation points for the trape-
zoidal wing-body combinations have an average deviation of 0.016 body
length about the line of best fit which is displaced 0.017 body length
from the line of perfect agreement. It is recommended for design pur- -
poses that these displacements of the lines of best fit from the line of
perfect agreement be subtracted from the appropriate theoretical value
for center-of-pressure position. A numerical example illustrating the
method is given.

INTRODUCTION

The first report of this series (reference 1) reviewed the existing
methods of calculating 1ift components of wing-body combinations. These
methods are either laborious or restricted to particular wing-body -
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combinations. In order to fill the need for s simple, general method
applicable to & variety of combinations, a generalization of the method

of Nielsen, Katzen, and Tang (reference 2) which successfully predicts

the 1ift of triasngulsr wing-body combinations is presented in refer-

ence 1. The spplicabllity of the method has been verified by comparison

with experimental results involving a wide variety of supersonic wing- o
body combinstions including nearly 100 triangular, rectangular, and trap-
ezoldal wing-body combinations. The present report extends reference 1
to include a method for calculation of the centers of pressure of the _ .
1ift components of a wing-body combination and thus permits the calcula-
tion of the pitching moment of the combination. '

SYMBOLS - ' : REe

A - -aspect ratio of wing panels joined together - e
Cj_u. lift-curve slope based on exposed wing elone ( —/——>

CMa, - - moment-curve slope based on exposed wing-.alone < d—'%é%i)

Cp chord at wing~body Juncture, inches . o
C --chord.et wing tip, inches

ey wing chord at spanwise distance y from body axis, inches , . _

4. . .body dismeter, inches T - o o L R
KB(W) ratio of lift of body in presence of wing exclusive of. nose to i.j;m

that of wing alone : ) LI

Ky ratio of 1ift of body nose to that of wing alone

KW(B) ratio-of 1ift of wing in presence.of body to 1lift of wing slone

L | ‘1i1ft force, pounds )

1 body length, inches - -

iy body length behind wing trailing edgg, inches

le . body length forward of wing leading edge, inches

T j diizzﬁce from most forward point. of body"to center of pressufg: o

es :

Lo

L.
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B(W)

distence from most forwerd point of body to moment center of
combination, inches

distance from most forwerd point of body to cenber-of-pressure
position of body nose, inches

moment reference length, inches

moment, pound-lnches

free~stream Mach number

cotangent of leading-edge sweep angle

free-stream dynamic pressure, pounds per squere inch
body radius, inches

exposed wing srea, square inches

semlspan of wing-body combinatlon, Inches

volume of body considering the body as cylindrical behind the
position of maximum cross sectlon, cubie inches ’

streamwise, spanwlse, and vertical coordinates, respectively

chordwise distance from leading edge of wing-body Jjuncture to
center of pressure, inches

chordwise distance from leading edge of wing-body Juncture to
local center of pressure at spanwise location ¥y, inches

angle of attack of body

local angle of attack at spanwise distance ¥y from body axis
Mo - 1 |

leading=edge sweep angle

taper ratio <?i§
Cr.
Subscripts

body alone .
body in presence of wing minus body nose

oy .
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c wing~body combination

C-N "” combination minus nose o ) h
N nose of combination . LT : _ . —
W wing alone
w(B) wing in presence of body
Superscripts
8 slender body
u upwash theory 3 - -

ANALYSIS - = - -

Since slender-body results are used in this analysis, the method is
restricted to those wing-body combinations for which slender-body results
are availeble. This means that at the present time swept-forward lead-

ing edges or swept-back trailing edges are gererally precluded. A typi-

cal configurstion is shown in figure 1, which gives the necessary
dimensions required in 1lift and moment calculations. '

The moment of & combination 1s the summation of the moments of all
11t forces acting on the combination. To compute these moments requires
that all 1ift forces and thelr locatlons (centers of pressure) be found.
The methods of determining these forces and of finding their correspond-
ing locatlons are now discussed.

Lift Components

The 1ift components of a combinstion are considered to be the 1ift
of the body nosel LN’ the 1ift of the wing in presence of the body LW(B)’

and the additional 1ift of the body due to the presence of the wing
(exclusive of the nose) Lp(w)e These componente, following reference 1,

1The nose of the body is that part of the body in front of the wing
leading-edge body Juncture, or, in casses where the wing is mounted on
an expanding body section, is that part of the body in front of the
position of maximum cross section. - -

|
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are conveniently evaluated by multiplying the 1lift of the wing alone
(defined as the exposed wing panels joined together) by appropriate fac-

tors Ky, Ky()s and Kp(y). Thus with Ly = Kyly, Iy(B) = Ku(z)ls
and LB(W) = KE(W)LW: the 1ift of the combination is given by

Lo = [Ky + Ky(s) + Kp(w)lly (1)

where . Ly mey be either the theoretical or experimental value. The
value for Ly ecalculated by linear theory is used throughout this
report.

Eveluation of Kpy.- The factor KN is defined as

o | oy

Ly

glving the ratio of nose 1lift to that of the wing alone. The 1ift of
the nose in equation (2) may be evaluated by slender-body theory

L
;}v = 2:{1‘2 (3)

The slender-body value for Ly was used in the present report and in
reference 1. It is natural, however, to expect improved accuracy by
uging linear theory, and linear-theory results for Ly may be used if
desired. :

Evaluation of Kﬁﬁﬁ)’- For 1ift of the wing in the presence of the
body, the factor XKy(p) is defined as follows:

Ly
Ki(p) = Ea - ()

Tt was shown in reference 1 that the ratioc of the 1ift of e wing in com-

bination with an infinite cylindrical body to that of wing alone as glven

by slender-body theory KW(B)(B) is valid even for high aspect-ratio

wings. The value of 'KW(B)(S) is presented in figure 2 as a function
of r/sm and has been used for KW(B) in this report.

Evaluation of - KB(W)" The method of determining the additional

1ift of the body due to the presence of the wing, as given in reference 1,

1s based on the concept of the body supporting lifting disturbances

emansting from the wing. The reiion be_twee:_n, the Mach helices on the
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body originating at the wing leading and trailing edges, as shown in
figure 3(a), represents the region supporting most of the 1lift carried
over to.the body from the wing. Simplification of this nonplanar model

to the equivalent plensr representation shown in figure 3(b) is desirable

for purposes of calculation. The body is then represented by a flat

plate at zero engle of attack (ap = 0) and the Mach helices of figure 3(a.)

become Mach lines in figure 3(b).

The value of 1li1ft carried over onto the body by a half wing with
supersonic leading edge is given by

mmw . cpt+ 1B + B_m'fl
L = ,_______f f cos g ag (5)

with the coordinate system of figure 3(b).  (See reference 1.) This

regult, doubled to account for the lift of two half wings and divided by_

the lift of the wing alone, gives KB(W)
8B8m

X(w) = no/pZn2-1 (141) (&-f:) (isrE ') (BCL“)W

2

o\ | (Pml) ;Li + pm 1+ (1+pm)p =
( B l) — cos™1 g +
P+ pm pm + (Bm+l) ?B:;

2
Bm+l [ 1+2 E— —_—— _cr cosh 1+ —B T

£ cos™ (&) . | | (6)

when mp >1.
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Similarly for subsonic edges there 1s cobtained

£
3/2 .4 ertn S 7 -0
_ Baay(pn)” ™ f P _—at ... (7)

d
BEml) Jo 'y Jmbem
giving

2n2 a/2
(l+[3m)2 Bm + (l+Bm)£%

EICICHIC N LS

ga | ga]
pm + (1+pm)E . (L+pm)E tanh'l/ -
- T T e

(8)
when mp<l.

Tip effects are not considered and the analysis is confined to cases in
which the Mach line from the lesding edge of the wing tip falls behind
the assumed region of 1ift carried over onto the body. This condition -
Imposes the restriction

BA (1)) (% + 1) >4 | (9)

on the wings for which equations (6) and (8) are to apply. Equations (6)
and (8) are represented graphically by plotting the quantity

a6 (2) ()

as a function of Pd/er for constant values of mB in figure 4, which
is to serve as a design chart in detemining KB(W) subJject to the
restriction of equation (9).

In reference 1, the following selection rule was given for choosing

between Kp(y) and KB(W)(S): If BA(1+)) (n—‘;% +l> <k, use the slender-

body value of KB(W)(S) from figure 2. If BA(1I+A) (51%5 +1>2 4, use the
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value of KB(W) given by figure & unless KB(W):>K£(W)(B?- In such
cases use .KB(W)<S).

Center of Pressure Positions

Center of pressure of the body nose.- The location of center of = _
rressure of the body nose as given by slender-body theory is

e (o) -

where V is the volume of the body conslidering the body as cylindriesl
behind the poeition of meximum cross section. Equation (10) is used in
this report, although the linear-theory result for 1y, 1f available,
mey be expected to give lmproved accuracy. '

Center of pressure of wing in presence of body.- Several methods of
determining the center of pressure of a wing in the presence of a body
will now be presented. . . .

The, center of pressure of a triangular wing in the presence of an
infinite cylindrical body as given by slender-body theory (reference 3),
in percent of the exposed wing root chord measured from the leading edge
of the wing-body Juncture, is

( )(B) _ __ E B S
o(Logtt ) ten <— EEn[(2) 2] 1 5 (ea )

o= ()31

An alternate method for evalueting center-of-pressure location of =a
triangular wing~body combination is to suppose that the exposed wings
are operating in the upwash field of the body alone and then to calcu~-
late the resultent center-of-pressure location uging strip theory. Neg-
lecting any effect of the nose, it has been pointed out (reference 4)

T
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that the upflow angle due to the body varies spanwise on the horizontal
plane of symmetry as .

) =

where y is the lateral distance from the body axis. The wing is thus
effectively twisted by the body-alone flow. If now the upwash angle
given by equation (12) is taken into account by using strip theory, an
approximate value of 1ift is given as

Sm :
sy = % er oy ey dy (13)

The moment about the leading edge of the root chord is

4 m
Mw(B)(u) = 'E Q£ ay Xy cy dy (1k4)

on the assumption that the center of pressure of the strip is at the
midchord. Dividing moment by 1ift then gives for the center-of-pressure
location for & triangular wing-body combination .

1l 1 3 r2 11 rS < T ) ra 8m

u)y 000 meo - —_—F == —— l1+— ) —=— In —
<E >( ) _ 1 + 6 2 Sm 2 Sm2 6 Sma B8m Sm2 Ir
Cr T2

w G 6B e (2)]

The results of equations (11) and (15) are presented in figure 5 as a
funetion of r/sy. In addition, the value of center of pressure of the
wing alone as determined by linear theory is indiceted. It 1s signifi-
cant that all three methods give essentislly the same result for the
center-of -pressure location of the wing in presence of the body. It may
be concluded that (E’/cr)W for wing alone (defined as exposed wing
panels Joined together), although independent of r/em, gives a suffi~
ciently accurate representation of (E/cr)W(B) for triangular wings in
presence of the body. :

(15)

If slender-body theory is applied to rectangular wings in combina-
tion, the erronecus result is obtained that all 1lift, and therefore the
center of pressure,is at the wing leading edge. While this result is
valid for vanishing aspect ratio, it is obviously not velid in genersl.
On the other hand, by strip theory, the center of pressure is glven at



o ThGh i 252506

the midchord and'is independent of the aspect ratio. This value is .
exact only in the case of vanishing chord and is approximetely true for
moderate to high aspect ratios. The center-of-pressure location of wing
alone as predicted by linear theory exhibits.a shift toward the leading
edge from the midchord position with decreasing aspect ratio.

3 3pA-2 _ _
ch B (16)

Equation {16) is wvalid for .BA21l. For PBA<1, negative lifting pres~-
sures due to tip effects develop on rearward arecas of the wing, moving
the center of pressure nearer the wing leading edge. Thus, wing-alone
center~of -pressure locstion as predicted by linear theory approaches the
value given by strip theory for wings (in presence of body) of high '
agpect ratios and shows a. location more in accordance with slender-body-
theory results at low aspect ratios. It.1ls therefore concluded that the
center of pressure of the wirg slone for all aspect ratios is more repre-
sentative of the center of pressure of the 1ift on the wing in presence
of a body than the result given by either slender-body theory or strip -
theory. :

For trapezoldal wings of no traillng-edge sweep, slender-body theory

gives all the 1ift, and hence center of pressure, on the portions of the
wing forwerd of the leading edge of the tip chord. In general, howeveF,
1ift is known to exist over the entire wing and the slender-body result
for center-of-pressure locatlon is too far forward at high aspect ratios.
Strip theory, on the other hand, principally by not accounting for tip
effects, generally gives a center-of-pressure location tog fer .aft of
the wing leading edge particularly at low aspect ratios. For large
aspect ratios wing-alone theory is in good accord with strip theory, and
at low aspect ratios, with slender-body theory. Bince strip theory is

reliable only at high aspect ratios, it can be concluded that wing-alone'

theory is best for the entire agpect-ratio range.

On the basis of the foregoing comparison of wing~alone -theory with

slender-body theory and strip theory for triangular, rectangular, end ~

trapezoldal wings in combination with a hody, it is concluded that of
these three theories wing-alone theory is the best for representing the

center of pressure of the exposed wing panels-throughout the aspect-ratio

range: Some simple charts to assist in estimating these center-of-
Pressure positions are now presented.

Figures 6(a), 6(b), and 6(c) give the variation of (E/cr)w with
BA for wings of no trailing-edge sweep, no midchord sweep, and no
leading-edge sweep, respectively, for taper ratios of A = O, 1/2,
and 1. The curves giving (X/cp)y are extrapolated to the limiting

values glven by slénder-body theory at PBA =:-0, for vhich case

\
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slender-body theory is valid. Figures 6(a), 6(b), and 6(c) serve as
design charts, and the value of (Eycr)W(B) for any given wing of this
family may be found by sultable interpolation. If more accurate results
are available for the wing-alone center of pressure, these results may
be used instead of those found from figure 6.

Center of pressure of 1lift on body due to the wing.- The method of
determining center-of-pressure location of the 1ift on the body due to
the wing is based on the same model used to determine the 1ift in refer-
ence 1. (See fig. 3.) The moment of the 1lift (equation (5)) carried
onto the body by a wing with a supersonic leading edge is

£

hge. pm a cr+ = + pmn

Mp(w) = W f dﬂf : E cos™t B & (17)
B3n4/pEn-1Y0 1 n + mé

with the coordinate system of figure 3(b). This result, doubled to
account for the 1ift of two half-wings, gives

Mg (o) = A qaymp orB /1 , 284 ,: 2mp+5 _l_Bd/cr _ (Bd/cr)a:’ +
(W) 3x Cr | 3(mp+1)® 3(mp+1) pm

1+ %ﬁ‘: (mB+l)-]
T

1 [(l L BaY (pa/cr)® .1 ] cos=t

Cy m=p2 (1+mp )2

b+
i ,
mp + (mp+1)

$ - -G
g_:) 1 cosn <1+E£> ) '[2m6+5 J_ ml) | o1 1

i pa 3(zpe)? VaZe1 =

(18)

»

The center-of-pressure location is then found using KB(W) from equa-
tion (6) and the moment from equation (18) as follows:

X _MBw) _ _ Ma(w)
<cr>za(w) Iz(wyer EKm(w)Iwer (9)
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Similarly for wings with subsonic edges there is obtained o T

g . . S
8q@w(m3)3/2fd - fcr.+n WA v

=T e da —— df 20

“B(w) 72 (pm+l) Yo " 1 «/mm (20)
giving . o ; o ; _ R
[/mzﬁzms(mm)é% . L LT
B0 - ) T omp(merL)® [‘3‘“‘3 +2h %% (Lmpe6)mpl2 + o

mB+(mB+l)g-d:] o
~ o

& . 8.5 ) 3
3(mf3-3)(mf3+l)2<€£) :|- (Bp +24 )m 2 - (mg-3) g—d>cosh_1
x OmB (mp+1) 3mp r

o

(m[3+l)g—d ? o
r J .

(21)

The moment of equation (21) with Kg of eguastion (8) is used in.
equation (19) to give the center of Igressure of the lift on an infinite
¢ylindrical body due to the wing. The results for center of pressure
for both supersonic and subsonlc cases are presented as a function . L i
of Bd/cy with mB as the parameter in figure T, which is to serve as =

a design chart. It is noteble that the effect of mp is small.

According to the resulis of slender-body theory, the location of .
the center of pressure of the body in presence of the wing measured aft .7
of the leading edge.of the wing-body juncture is - - -

_ 2
<_) =KW(B)(.S)+KB@)(E) 2, % = -
(s) (s)
KW(B) () (22)
KB(W) W(B)

where KB(W)(B) and KW(B)(B) are functions of r/sp (fig. 2)

and (-—) 18 given by equation. (ll) Equation (22) is also plotted .
W(B)
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against Bd/cr with mB as the parameter in figure T for comparisocn
with the previous analysis. Again, mf is seen to have no la;rge effect

(s)
on the center of pressure. The slender-body value of <_> is seen
B(W)
to begin at a value of 0,5 for Bd/cr = 0 1in agreement with the results
of the previous anaslysis. However, for increasing values of Ppd/c, the

gslender-body results show an asymptotic meximum of <c£> = -2—; whereas
» b
B(W)
by the previous analysis, which accounts for afterbody, the value
of Ex_) continually increases with ﬁ- The latter result is to
r Cr

be anticipa%ed by a consideration of figure 3(a). For a given geometry,
an increase in Mach number causes a primary portion of the pressure dis-
turbance carried onto the body to sweep beyond the wing trailing edge.
Similarly, a decrease in chord with a given Mach number and body diameter
moves the wing trailing edge szhead of the primary portion of the 1ift
disturbance carried onto the body. In view of the foregoing arguments

and since slender-body theory does not properly account for asn afterbody,

the present method of determining <c—f-> is applied to combinations
T
. T B(W)
with afterbodies. Figure T serves as a design chart for all wing-body
combinations with afterbodies.

Center of pressure of the combination.- The center-of-pressure loca-
tion of a complete configuration in terms of body length is given by

(j) _ Knly + K(p) Wu(s) *+ Ko(w)WB(w) | (23)
L UKy + Ky(p) + Kp(w)!

where EN is given by equation (10) and

1p + (—-) e (21)

W(B)

—T:W(B)

TB(W) = 1p + (—)(W) Cy (25)
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NUMERICAL EXAMPLE

To illustrate the use of the method developed in the foregoing sec-
tione, the determination of the center-of-pressure-location of a trape-
zoidel wing-body combination is now presented., Given that cy = 1.500,

I.-3878 T = 0.850, sy = 3.790, Mo = 2.87, 1y = 16.06, 1 = 2k.00,
= 39.96 and no midchord sweep, the basic parameters may be evaluated
as follows

A= 17%;%?%%%%5 = 2.19; aspect;ratiq of the wing alone
B = MMg2-1 = &/ 2.875-1 = 2.69 _
BA = 5.89, effective aspect ratio
r/sp = 0.22% body radius, semispan ratio
v =220 _ 0.387 taper vatio - - o -
3.878 : :
m=—2l2:9%) ooy L
3.878 - 1.5
mpg = 6.64
pd _ (2.69)(1.7) _ 1.18 _
Cr 3.878

The value of B <bluu> from the charts of reference 5 is 3.85.

The value of the perameter’in equation (9) is

BA(1+A) <5}5 + 1) = (5.89)(1.387) <6.161p + 1) >k

The preceding information now enables the 1ift parameters in equa;_ 

tion (23) to be determined as follows:

Ky - given by equations (2) and (3) is

X 2nr2 - : 27(0.85)2
(sm;r)(cr+ct) <ch¢> /,3 " 2.95(1.50 + 3.878)(3.85)/2.69

= 0.200

(AT
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an

-

KW(B)(B) from figure 3, for r/sy = 0.22%, is

KW(B) = 1.18
Kp(w)

from figure 4 in paremetric form is

Kp (W) <Bclu>w_(1 + ) <%{2 - ) = bh1

The value of KB(W) is thus

L.
Kg(w) =

(3.85)(1.387)(3.46)
Now determine Kg(y) (&) from figure 2:

0.24

Since KB(W)<KB(W)(S)’ the value of KB(W) is to be used.
following manner:

The remaining parsmeters TN, -Z—W(B) » and TB(‘W) are obtained in the
TN from equation (10) is

- v
=1 - =24 | 1
N ( :rr22> [

7W(B) from equation (24) is

I X
7(0.85)2(2k) ] 64
Ti(p) = e+ <§
where the value of <%2
figure 6(b). (B)

EB(W) from -eq_ua.tion (25) is

pw) = &t (cz

ey = 16.06 + (0.49)(3.787) = 17.96
W(B) ,

= 0.49 was obtained by interpolation from

NIl

1

15 -
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The distancé.to the center of pressure of the combination from the
most forwerd point of the body is then given by '

<§> _ Xy + Xu(B)W(B) + KB(W)IB(W) | (23)

UKy + Ky() + Ka(w)]

_ (0.200)(6.4) + (1.18)(17.96) + (0.24)(20.25)

= 0.702
24 (0.200 + 1.18 + 0.24)

- - - = EXPERIMENTAL VERIFICATION

The foregoing snalysis has been applied to the calculation of the
centers of pressure of nesrly 100 wing-body éombinations of widely vary-
ing plan form. The results are compsred with the experimental center of
pressure found by putting the experimental values of CLm and CMa into
the expression o

(z) — <CM°°/CI“> i " (26)
Z Z * .
c

where 7} 1s the moment reference length in inches. Tables I, II,

and IIT summarize the experimentel and calculsgted centers of pressure
for the triangular, rectangular, and trapezoidal wing-body combinations
and also give the theoretical centers of pressure for the 1ift of the
body nose, the 1ift of the wing in presence of the body, and of the
additional 1ift on the body due to the presence of the wing. The corre-

lation between the experimental and estimated results for the triangulsr,

rectangular, and trapezoidsl wing-body combinations are shown in fig-
ures 8, 9, and 10, respectively.

The sourcee of the test data are listed in references 6 to 27; some
of the test date are unpublished. Some difficulty was met in trying to _
determine values of 1ift- and moment-curve slopes from published curves

because of irregularities in the data. In such cases the sverage values

of Cpm, &nd Cr, over a small angle-of-attack range about o = 0 were

used. Furthermore, some experimental 1ift and moment-curve slopes were
questionable. In one case, dets on similar configurations from differ-
ent facilities (of different Reynolds numbers) gave a difference of the

order of 10 percent in the lift-curve slopes. In view of the foregoing,;___..

some of the deviation found in the correlations of experimental and cal-
culated. center-of-pressure positions can be ascrlbed to questionable
experimental data.

Yt

nE o
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Since the division of 1ift and moment between wing and body was
not given by experiment, comparison with the method for center of pres-
sure for the 1ift of the body nose, the 1ift of the wing in presence of -
body, and the additional 1lift on the body in presence of the wing could ~ | _ -
not be made directly. The correlation was therefore made on the basis
of center of pressure of the entire combination.

Triasngular Wing-Body Combinations

The correlation of estimsted center-of-pressure positions with those
of experiment for trianguler wing-body combinations is presented in fig-
ure 8. Included in figure 8 is a line of perfect agreement and slso
lines of #0.05 1 deviation from perfect agreement. The correlation of
estimated values with those of experiment is excellent; the line of mesn
correlation is displaced 0.009 body length from the line of perfect agree-
ment and the average deviation from the mean is only 0.008 body length.

Rectangular Wing-Body Combinations

The correlation of estimated center-of-pressure positions with those
of experiment for rectangular wing-body combinetions is presented in
figure 9. The correlation of estlimated values with those of experlment
is not so good as that for triangular wing-body combinstions. The line
of mean correlation is displaced about 0.026 body length from the line
of perfect agreement. The average deviation from the mean is 0.015 body
length. A possible effect that can explain the difference in correla- —
tion between the triangular and rectangular wing-body combinations is
that due to the wing tip. It may be seen that the 1ift carry-over from
a rectangular wing onto the shaded area of the body shown In figure 3(b)
is independent of span, provided that PBA=2, and may be considered that
due to an infinite wing. In order to form a finite wing, a "canceling
wing" must be superposed on the infinite wing to form a wing tip. This
canceling wing generates a negative 1ift which carries over in part onto
the body aft of the trailing edge of the wing at a distance which depends
primarily on the Mach number and wing semispan. While this negative 1ift -
carry-over is probably small, its effect on the over-all moment and ' -
center-of-pressure position of the combination mey be apprecisble due to
the large moment axrm involved. Since no account was taken of this
decreased 1ift on the afterbody, the calculated centers of pressure for
the rectanguler wing-body combinations are too far aft. Triangular wings,
having no tip chord, may be expected to have less wing-tip effects than

rectanguler wings.
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Trapezoidal Winhg-Body Combinations

The correlation of estimated center-of-pressure positions with those
of experiment for trapezoidel wing-body combinations is presented in
figure 10. Correlstion of estimated values with those of -experiment is
generally within the #0.05 1 correlation-limits excluding the combina-

.. tions with no afterbody. The line of mean correlation is displaced

0.017 body length from perfect agreement and the average deviation from
the mean is 0.016 body length. It is notable that the mean displacement
from correlation for trapezoidal wing-body cdmbinations is intermediate
between those of triangular and rectangular wing-body combinations as
might be surmised.

Combinations With No Afterbody

The present equations are appliceble only to those combinations
having an afterbody.  However, as a matter of interest, some combinations
with no afterbody, the centers of pressure of which were computed on the
besis of having an afterbody, are presented in figures 8, 9, and 10 .
(denoted by flagged symbols). A sufficient number is not included for
each type of combination to meke & relisble statistical compasrison. How-
ever, on the whole these combinations show a somewhat grester mean dis-
placement of the line of best fit from the llne of perfect agreement
than do combinations with an afterbody, indicating that an afterbody has
an appreclable effect.

DISCUSSION

The question arises how large an error can be made by neglecting
interference in determining the center of pressure of a combination.
The answer depends on how the components of the combination are added

together neglecting interference. First, the combinatlon may be assumed .

to act as the sum of the body alone plus the exposed wings Joined
together. On the other hand, the combination may be-considered as the
sum of the body alone and the entire wing where the entire wing is formed
by the extension of the wing leading and trailing edges to the body cen-

ter line. TFor the. rectangular wing-body combinations considered, estimat-_

ing the center-of-pressure positions using elther approach gives as good
8 correlation as is given by the present method. For trisngulsr wing-
body combinations the center-of-pressure locations computed on the basis
of' the exposed wing, neglecting interference, do not correlate as well,
as those computed by the present method. The correlation scatters from
near agreement up to values of about 20 percent of the body leungth
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forward of the experimental valuea. The scatter of the correlation o i
points becomes even greater when the center of pressure is computed on =
the basis of the entire wing. For trapezoldal wing-body combinations, -
a better correlation is attained than in the case of triangular wings;

however, the correlation by either approach is not 80 good as with the -

present method showing a greater scatter about the line of best fit, and,

in general, giving center-of-pressure positions too far forward on the
combinations.

It is recommended that the present method be used for calculating
the pitching moment of a combination for the following reasons: Filrst,
the present method is rational and 1s applicable to a variety of wing-
body combinations. Second, both the center-of-pressure position end the
1ift are provided in determining the pltching moment of = combination.
Third, the breakdown of the combination moment into its components is
given.

For purposges of celculation, 1t is recommended that the appropriate
displacement value of the line of best fit from the line of perfect
agreement be applied as a correction in determining the center-of-
pressure position of a combination by subtracting it from the center-of- ) :
pressure position given by theory. When this correctior is applied, an =
average deviation of 0.016 body length or less, depending on the wing : )
plan form, may be expected in.the location of center~of-pressure posi- -
tion. The uncertainty in the center-of-pressure position in terms of
the wing mean aerodynamic chord is, of course, larger and depends on the .
ratio of body length to mean aercdynamic chord.

CONCLUSIONS

On the basls of the correlations between the estimated and experi-
mental center-of-pressure locations presented. for nearly 100 triangular,
rectangular, and trapezoidal wing-body, Mach wave configurations, 1t was
found thet by the methed of this report the following limits of correla-
tion were attained: The correlation pointe for the triasngular wing-body
combinations have an average deviation of 0.008 body length about the
line of best fit which is displaced 0.009 body length from the line of
perfect agreement. The correlatlon points for the rectangular wing-body
comblnations have an average deviation of 0.015 body length sbout the . o
line of best fit which, is displaced 0.026 body length from the line of
perfect agreement. The correlation points for the trapezoidal wing-body
combinations have an average deviation of 0.016 body length sbout the
line of best fit which is displaced 0.017 body length from the line of
perfect agreement. It 1s recommended for design purposes that the dis-
placement of the line of besat £it from the line of perfect agreement be
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subtracted from the appropriate theoretlcal value for center-of-pressure
position.
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TABLE I.- SUMMARY OF AERODYNAMIC AND GEOMETRIC CHARACTERISTICS
AND TEST CONDITIONS FOR TRTANGULAR WING BODY COMBINATIONS

i

Fo. Sketch Mo, R B‘:i:gon < 1-:.) pA _"&;5 = lr‘- = R::::‘ Facility
1 - |15 - loxw® | W |2 0.75 | 80.k .| 0.600-| 4 6.7 2 ]:q"e;t
2 -mgm (2.0 [ Lox0® | aw. | e 1.6 8ok | .600 | & 6.7 2 a5
3 - | 157 1.0x10° a.v. .2 1.5 | TL6 . A28 & 6.7 2 l%ﬂe:t
b i 2.0 | 1.0x10% a.v. 2 2,32 | 72.6 7| k28| & 6.7 2 lf‘qm‘;t
5 - |25 | 2.000° aw. | 2 |2.26 |63.2 | .333 | & 67| 2 e
6 - (20 1,0x10° a.v. 2 3.5 1 63.27 .333 1 & 6.7 2 ch';‘;t
T . o 1.5 - | 1.ox10® aw. | 2 3.01 f-56.0 71 272 | b 6.7 2 ]:Gm:t
8 4— 2.0 ' | 1.0c108 aw. | 2 L667|56.0 | .212 | & 6.7 2 1‘::’?;?,
Iy ; 1.5 | 1.0a0° ax. | 2 3.72 |50:3 | .23 | & 6.7 2 D?:t
1 | e 2.0 |1ox0° aw. | 2 5.77 | 50,37 .23 | & 6.7 2 o,
1 + 1.5 | L.oxw® dw. | 2 B47 | #5.0 | .200 | & 6.7 2 ﬂ-
12 34; 2.0 | Loxa0® aw. | 2 6.93 | 85,0 | .01 | 4 6.7 2 qu;t
13 e | 172 | 2.20020°% | duw, 3 .50 |15 272 | 8.2 |ghk.2 23 Aberdeen
1k —1. 1.25 | .88x10° | Pb.c. 3.51 |'1.73 | 60- 2163 | 6.2 {1 9.2 22 L;"ﬁ?Y
15 . + 1.28 | 1.10a0® a.v. 2.57 | 1.89 | 59.4 215 | 7.7 j 0.l 19 Aberdeen
16 __q_. 172 | 1.11x10°% RS 2.57 | 3.31 | 59.% 25 | 7.7 [w.1 2b | Averdeen
17 ——* 2.87 | 560 | aw. | 2.65 |10.76 |5 a6 | 55 |80 ] a1 i
18 ——4 2.87 | .z&6ad” a.w. 2,65 |10.7%6 | o 176 | 3.9 {19.6 21 J??.n
19 -4 2.87 | .wa0® | aw, | 3.49 |60 {6 | .20 | 5.0 |27 | =2 -
20 ——* 2.87 | .7xa0® | . aw. | 3.9 |62 | o 220 ] 3.0 192 = e
2l | —eesmgflm| 2.87 | 2.110° | aw. | 512 |2.88 | 5 252 | k1152 | 21 b
22 | ——esmmmlliliu) 2.67 | 110408 [ aw. | 5.2 (2.8 o 22 | 10 [1B2| 2 | B4
23 | e | 115 | 2.26x10° | &, | 7.5% [1.31 60 216 | 13.9 | 1.6 Sz
of | —eofffmm]ie, [1.2600% | aw | T.5% 1533 ]|60 .16 | 13.9 | 12.6 Lo
25 | e | 1.3 | 1.26x10° | aw, | 754 |l92 |60 .236 | 13.9 | 11.6 Qe
26 | e |15 | 1.2600° | aw. | TSk |2.26 | 60 216 | 13.9 | 11.6 e,
27 | e | 1.53 | 1.2600° | aw. | 7.5k | 2.68 | 60 216 | 13,9 | 11.6 Jaes
28 | 1.7 |126a0% | aw. | 7.5% |3.18 |60 216 | 13.9 | 11.6 o=
29 | ——f | 1.2 .59x10% a.w 3.5 | 2.66 | &5 254 | o 28.9 6:?;{:
© | ——e—f | 1.5 | 59x10% | &w. | 353 | 3.92 | 45 2k | o | 289 P
31 | ——esmmmmf | 1.7 | Seac® [ aw. | 3.53 | 5.50 | 5 .25k | o o8 Py
32 | ~eomaffmmm—| 1.93°| .20x10% | Shex. .65 |3.81] 60 .382 | 12,1 | 10.1 L;”fify
33 |-~ | 1.62 | .23a0% |  bex. 65 | 2.9k | 60 .38 | 12.1 | 0.1 I-;“ﬁ:l’

13,w, indicates doubla vedge.
2b.c. indicates biconvex.

®hex. indicates hexagonal.
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TABLE I.- CONCLUDED
N Trearatical Experimental
1 (s) Canter of
No. Bk(hl)(a +1) Ky Xy :v Lift Center of pressure Lift pragaure
aler,) | Bery) | 8ergd] x| Tugmy | Tawf Te  [(/0)c[(R/a) e ®ery) | Gyl Glay,
1 [N4 2.33 | 0.9T{1.5%6 1.13 2.63 5.48 [2.09 [ T.00 | 7.%2 %73 | o0.k3] 3.15| 2.56] 6.35 o.hh 3.8
2 5.1 B.uk | k1% 1.67 %.08 8.25 |2.09 | T.00 | T.8|%.73 Jalsas! s.38ho.02 AL 3.03
3 5.5 ) J60(1.38 2.07 1.32 5.1 {2.09 | T.00 | T.h2] 5,50 Sk 8.93} 1.29 5.56 53 3.92
L 63 |t mehs| 288 | 2o | T [200| Too [ T.ma[583 | s3lssf esefsm | . | see
5 6.3 gl walize ! 2.8 88 | 5.69 (209 | T.oo | Tk2|6.33 | 57| keza| -B6]3.TT 5 1 AI3
6 7.5 .36 .3TL.29 3.73 1.36 T.5% [2.09 ( T.00 | 7.82] 6,27 ST %28| .79 8.2k o1 k13
7 7.0 19§ -3211.23 3.h2 66 | 593 |2.09 | T.00 | T.k2]6.53 S9f ka3s] .6k BT ..ﬁ k.25
8 8.7 26 ) .3001.23 %.00 1.02 T7.0% | 2.05 | T.00 | T.82]6.5% 58| k.29t 1.35] 7.76 -58 k.28
g 7.7 Ak | 2601.19 3.86 53 6.13 |2.09| T.00 [ T.k2!|6.6% £0[ k.3 22| 5.69 & 2,36
10 9.8 20 | 26|19 k.00 82 6.62 |2.09 | 7.0 | 7.82] 6.5 59| k.35 1.08] 7.9 £0 %.36
1n 8.5 1| .e3has k.00 R 6.01 |2.09 | T.00 | T.k2}) 6,70 61] kB8 A3 5.69 &0 %37
12 10.9 AT | .23[1.16 k.00 .68 6.2k |2.09| T.00 | 7.82|6.% 0] k.39 .50 | 7.09 .60 k.37
~ 13 5.5 A6 G313 2.08 .33 3.59 |2.73 | 13.89 |13.93[12.88 67pk.30| ——]3.63 .66 | k.07
1k 5.7 -] 20par| 2.3 A | 329 e | e e fm | = [ | —=l3u0s — —
15 5.9 09| 2518 | 2.0 22 | 3.78 1315 | 8.89 | 8.88} 8.5 ST 6.8k | 28 3.62 5 | 6.6
- 16 1.3 s has | za 39 | 5.9 |3.36 889 | 9.25(8mm [ 57l6.83] MTlses o | s
17 1.8 19| .20t.1k | o k.CO TT 6.1k | 6.3%5 | 18.00 [19.60[16.T5 0] 9.83] oL [6.7h .o 9.8%
18 10.8 19| .2sak k.00 T 6.32 | 6.35 | 18.00 |20.93{1T.0% <TL[10.0Tf .5116.5% Kol 9.58
19 10.2 a9 .220.18 [ koo 7 | 6.37 [6.35 | 28.00 119,406 16.80 | 70f 9.8 .gnlé6.9n Jo | 9.88
20. 6.2 A9 1 W3 E..:LB k.00 Bid 6.73 6.35 | 18,00 |21.2127.25 .7?{10.1):- 91 | 6.60 T 9.97
a 6.9 23| .33f.25 3.33 77 6.0h | 6.35 | 18.00 |19.2216.7% 70| 9881 51| B.TT .63 9.77
22 2.9 23| JS3il.es 3.33 T 6.35.16.35 | 17.55 {21.78]37.15 <7 :o.oﬂL 91 ] 9.57 .67 9.5
23 5.3 09 .27[1.18 1.86 35 2.8% M1.80 [ 28,k8 |27.92127.43 &8] T.63f --—[3.01 RYd T.,T
ok 5.5 09 26118 211 .18 3.22 11.80 | 26,46 {28.16|2T.58 48] 1.63] -—--]3.39 .48 -7.:6
2% 5.9 09 .25’1.18 2., .23 3.83 |[11.Bo | £B.%6 |[28.%kk|2T.k6 M8| T63| -—-|3.95 &7 Th5
26 6.3 a0 23{1.18 2.83 .27 .31 [11.80 | 28,46 25-7252735 k8] T.63 ame kM1 RT3 T.k0
27 6.7 30 .28 f..w 3.17 .32 | k8% [1.80 | 28,46 |29.01]27.k5 M8 7.63] -—| .88 RT3 7.39
28 7.2 1) .2k iLa8 3.53 .38 5.38 01.80 [ 28,46 |29.50| 27, kk H8| T.88] -—5.36 .46 7-3%
29 6.7 5| 291 3.10 k8 5.13 [11.80 | 53.29 I"5.70{51.3 .90-'1&.25 = | b1 90 | 1k.26
0 7.9 A8 erp.a 3.96 T 6.59 [11.80 | 55.29 {%6.291%0.76 .8g]ik.09f - |6.21 87 | 13.85
31 9.5 28] 2oph.a k.00 1.00 7.00 J11.80 | 5.89 |56.87{ks.3% .86(13.70 —_— f.as 85 | 13.%0
32 7.8 . 81 .h2h.33 3.92 2.29 9.13 | 1.93 | k19 | k39] .70 Jal| 5.29] 2.48 }8.93 R 5.08
13 6.9 2 A 133 3.39 1.77 79T {195 | wag | w18 '3_73 43 5 34| 1.72 [T.66 L 5.16




= o NACA. R 452506

TABLE II.~ SUMMARY OF AERODYNAMIC AND GEOMETRIC CHARACTERISTICS
AND TEST CONDITIONS FOR RECTANGULAR WING-BODY COMBINATIONS

. Wing | " ¢ 1 1 Refer—

Fo., Sketch M, R Section| (in.) BA E% Ta" ?:F_ once Facility
1 + 1.93 {0.19x10% | 3,0, | 0.59 | 9.b1 |0.172| 12.4| 11.0{ 2k- L;ngiiq
s . . 24 | Lengley

2 + 1.93 | .19x10 b.c. 59 | 7.35 | .210| 12.4] 11,0 angle
- € Langley

3 __!._ 1.93°| .19x10 b.c. .59 | s.24 | .273| 12,4} 12,0{ 2k augle
e . - - ley

L ~enlemm | 1.93 | .19x10 b.o. .59 13,167 382 22,4 11.0] 2k Igngn'
5 + 1.92 | .hoxo® b.c. 1.25 | 5,64 ) ,1k0{ 11,2} 10,2 25 Langg i;ey
6 .——F 1.28 | .56x10% | Znex. | 1.30 | k.27 | .153| 8.8] 13.1] 19 |Aberdeen
7 | -~ | 1.28 {1.12x108 | hex. | 2.60 1.07 | .265| 7.6] 12.2] 19 |Aberdeen
8.| —mmmfem | 1.72 |1.12x10° hex., | 2.60 | 1.87 | .265| 7.6] 12.2| 20 |Aberdeen
9 .—.I_ 1.72 | .56x108 nex. | 1.30 | 7.8 | .153| 8.8[13.1] 20 [Averdeen
10 —l 1.72 | .66x10% hex, 1.5% | 1.87 | .379] 0.0|21.5 20 | Aberdeen
11 a —_— : t leoy

<l | 1.62 | .hox10 1.25 | 1.66 | .350| 6.8] 9.8 _19389 gle

12 * 1.93°} 4ox10® | ~=— | 1,25 | 2,14 | ,350| 6.8] 9.3 I-;nﬁey
. —-—— . Langley

13 * 2.h9 Lox20® 1,25 | 2,8+ 350} 6.8 9.8 9 in.
1k 1.90 | .50x10® | %a.w. | 1.47 | 1.86 { .38%| 0.0 k.5{ 27 |Mich, U,

Ames

15 2,00 | 79108 dor. | 3.00 | 4,76 | .083| L.0|10.9 3 26

: 1. «91x10° d.w, .00 ,08 | ,083! 4,01 10, Ames
16 _l. 50 | .91x10 w 3. 3 3 9 Jmen
17 | | 1.9 | 182 | bio. | 59 | 3.27.] 382|124 210 Tengley
18 * 1.62 | .21x108 b.o. .59 | 2.5 | .382] 12,5 11.0 I;nﬂey
y ——— - - ) 26 | Dainger—

19 ﬁ 2.00 1.32 | 1,737} .333| 0.0] 240 ainge
_—— - 26 Daingex—

,20 ﬁ 2,00 : 1,32 | 3.46 | ,200| 0.0| 2k.0 Pleld

1p.0. indicates biconvex W
2hex, indicates hexagonal . : ¢

Sa.,w. indicates double wedge

v b



NACA RM A52B06 i 27
TABLE II.- CONCLUDED
' Theoretical . Experimental {
Xo. BA(ln.)% +:9 R O PR Lire Canter of gressire Lire Tagter of
o pler,), [BCra), [Blory) | T |W(e) [ TB(w) | e (Thle [(Ta)e [ ler,), [ Bre) | [ (1) | (H/2)e
1 18.8 0.17 | 0.12 | 1.1% 3.79 0.6% s.%0 [2.68] ».12| ».65] 3.87] o | 5. 0.6% s [ o1 | 5.10
2 1h.7 22 | a5 1.7 3.73 82 5.16. 1.68| k22| x.65 | 3.83] .ak | T B2 5.57 Al
3 10.5 .32 22 | 1.23 3.62 1.1% 601 |1.688) k22| k65| 3.7k A3 5.3% 1.1% 6.8 Je | 525
3 63 _[ .56 | .0 1.33 3.37 1.90 T.73 [1.68] k.11] k65| 3.61| .m2 | 5.15 1.90 7.16 36 | ke
5 1.3 06 | a2 in 3.65 23 k71 (1.8 w12 %78 ) wa2a| a7 | 5.87 .23 337 A5 | 5.5
[ 8.3 .06 Jdk | 1.2 3.53 22 k.67.]3.18 | 8.82| 9.37 | 8.61 K1 6.8 .19 5.08 56 6.78
T 2.1 a0 | 8] e 223 | 22 | 363 |38 8me] ok | eus| 6 |66 | | s | . | sar
8 3.7 «13 W38 | 1.22 2.93 .38 5.07, [3.28] 8.78| 9.88 8.60 5T 6.88 ko a,70 Sk | 6.4k
9 1%5.0 a0 | 2| 1.2 3.73 .38 5.00 |3.28( 8.83] 9.69 | 8.48| .36 | 6.78 k0 5.36 6 | 611
10 3.7 37 | 98 1.33 2.93 1.09 | 6.68 |3.18 {1%.23 [15.10 |22.59 | .8 |10.07 1.1k 6.38 a7 | 9.2
1 1.3 21 | e | 230 2.79 .76 5.8 |1.77] %82 | 5.49 | k39| .5k | 5.2% 80 ATL a9 | k.76
12 %.3 32 k| 1230 3.07 58 6.32 [1.77 | .85 5.63 1 h.3h .53 5.18 1.05 5.66 S50 | k9O
13 8.7 .39 | .38 | 1.30 3.30 1.29 6.8% (1.77) BT %82 xx6] .52 | 5.09 1.3k 6.12 S| k92
14 3.7 39 [ 59t 233 2.92 1.13 6.7% |2.06 | 8.30| 9.23 | Tk | B | 7.0 1.58 6.3 5 | 6%
15 9.5 - .08 | 1.06 3.58 .05 A1k | -~ - - - - - - -- - - .11 -- -
16 6.2 - - .09 | 1.06 3.35 Oh 3.89 [ ~=] -~ -a] == - - -- -- k05 -- -
17 6.3 36 | Jho | 1.33 3.37 1.90 7.73 |1.68 o b.Sﬁj 3.61 M| 55 2.0% T.93 37 | k.60
18 k.9 46 1 3| 1.33 3.18 1.7 7.13 {2.68 | k.10] k.55 { 3,69 g2 | .27 1.53 6.97 37 | W68
15 3.5 24 | %0 | 1.28 2.8k .8 573 | .76 [ 8.%8 | g7 | T.7% Bk |11.72 .68 5.%8 S0 juaak
20 6.9 20 | .20} 1,16 3.52 W34 k98 | .76 | 8.8 | 97 | 8.10] .88 |iz.2T 3k k.88 8k 111,69
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TABLE IIT.- SUMMARY OF AERCDYNAMIC AND GEOMETRIC CHARACTERISTICS AND

NACA RM A52B06

TEST CONDITIONS FOR TRAPEZOIDAL WING-BODY COMBINATIONS

rel mea |6 | o aoalae| M| &S| || F | T | rens |
1| cpmem— | 2.5 | 0.2620% | Mow. | 0.391 2.98 | 0,500 [ 26.6 [ 0585 | 18.5 | 3.b [ 1;3“;'.
2 | cfemm— | 2.0 26:20% dur. 4391 .62 .500_ 26,6 | JM86 [ 18.5 1 3.k 1:3-;!
3 .+ 1.5 27020% | Shax, .06 3.30] A& | who| 250 5925 6 11\!;';‘
& * 2.0 T0a0% | Bar. | 065117 & iy 25 | 5.5 k3 3 1’:&
5 q_ 1.5 mo‘ hex. 85} 2981 oo eo.5) k| 6.0 288 6 b‘;;t
§ | el 2.0 | .5640%| mez. B3| b6l .00 208] .uh| 6.0] 1h.8 6 | A
T | jem—— 2.0 A6A0% | dlw 7| b2 | 0| 26.6 | .86 18.51 3.4 8 ”;;-:ﬁ"-
8 | ol | 173 | JS2a0%| au. T} 3T 500 | 6.6 4861283 | 3.h 9 | Dalngr-
9 | of— 225 | S2ac® -T7| 538 | o500 | 26.6 [ 66|18 | 3| 9 | Delaere
104 —+ 172 | ===—=| bax. | 223 3.73) 00} 20.5| .3k} 6,0]148] 30 | Averdecn
n _._ 173 | .92a0%;  hex. 1.70 | 3.77] .s00] 9| .uh| 6.0 248 9 D;i’-:ﬂr-
12 # £.6 | 1.2pa0% | bexr. | 2aa| s ké1| ko[ 250] 2.9]2k5 8 | Dainger—
13 - .0 | 1.00a0% |  bex. 170 | M6 | .500] 20.5] .:s} 60| 2k8 7 ";m“-
;n el | 2,23 | 1,1500% | Dbex. 1,70 {537 500} 205 | .qk{ 6.0 14.8 9 n;mx-
15 d 1.96{ 2.09a0% | dww. | 3.90[2.09]. 3| 60. | 6] o | a2 L;nﬂﬂl
16 ._‘_ 1.28 | 1.0ma0? hex. 2.9 | 01| a3 | 60 8631 99| 6.7 12 Averdoen
17 .—‘. i 1.0%a0° | hex. | 2.h9[ .87 | .30 60 Py TR ETY 13 | Averdeea
18 _‘_ 1.28 | .80x10° |  hex. 10160 o533 % B 1al] 7. 12 Abordaen
19 _‘_ L.72 { 80ac® ez, 290 | 280 | 253 | 208 (2| | 1 Aberdaen
P — e T ) 85 ] 203 |..300] 60 ws | o |11z 1 snele
21 q 2.0 | JA4pac® heze 9| e | 203§ 70 3% 1 0 16.6 13 ";ﬂﬁfl
2 —‘ 1,93 «5Ba0® | nez. | 19| rmm| .203] 70 3% o 166 15 el
23 o= | L72| B0a0® | Bex. | 1.90| 2.% | .e53. %0 | .28 | ki |1b2] 33 | sverdeen
24 | el | 1.62 ] 31a0° | hex. i) 3] 60 | 85| 06 [29.0] 15 I‘;ﬁ:!
25 | eommmeng | 1.93 | .28d0° hex. Lofeo3) 305 60-] u85) 0 19.0 16 5 Xn.’
6 | el | 1.93 | .3300° bex. 1.02 [ L.69 | 323 15 h63 1 7,8 10,6 16 9 1-.,
°7 —‘ 1.03 | «@%00% | hex. TR 36 IRy S 38| o 20.% 16 e
26 —‘ 1.93 | .83d0® Bex. | 2.57/3.03) H0O| 70 . 3%| 0 (k3| 16 . u.:
29 | e | 172 | TBA0° | Q. | 3.86 | 3.73 | 333 | 29.2 | 28| .8 ]19.6] 17 | Averdemm
30 | ool | 1.28 | &0 dow. A6 | 224 | .333 | @9.8 | .228 81196 18 Avortson
31 _.— L.72 | Wshac® |- dow. 1.20 [ 3.8 .333| 29.2 ] .300 ) 16.6| 5.0 17 Avordsen
32 4— 128 | J3wao® | dew. Boj2a5) 333) 292 | 30366 5.0f 13 | Averdoen
33 —‘_ 1.28 | l.2kao® bex. ‘| 2.89 | 1.07 -.asa 60 2651 7.3 {102 19 Aberdesn
3 + 172 | 1.20040° |  hex. 2.89 | 1.67 | 268§ 60 263 | 7.3 101 | 20 Avordeen
35 | el 1.8 | 1a7pac® | bex. | o3| 1.07| S| 30 265 | 6.8 x| 29 | Averdsen
36 _+ 1.72 | 1.1pac® hex. 2.73 [ 1.87 ] .Mb} 30 @65 | 6.8 |11k | 20 Aberdsen
37 .* 2.87 | .60a0® | aw, | 2.87 5.8'9. 387 | e2 . w8 (g e | WM
38 _* 2.87 | .1oa0® | duw 375 | 538 | 0 by @Rt 38119 = :.64’2‘1:.
39 _4 2.87 | 1.00a0% | dor. hod 312 ]0 50 288 | 2.7[26.8| =2 ma‘?u.
30 | ennfumm | 193 | 30 | hex orla2smio 60 | .38 | 108 | 10. Aegie
B ey | 1.62 " .3nac® bex. 9Tl 199]0 60 3% | 10.8. 0.1 I;H’_‘:i

M. v, indicates double vedge.
®hex. indicates hemagtuel.
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TABLE III.- CONCLUDED

\ Theoretical Experimantal
¥o. ml"”(é "‘l} g Kg KH'(-) Lift Center of pressure Life c“t::‘;:

plera), |l [slery) | T {Tamy | Tagw) | T [T/ (T/a)e Bery), [Blory) | (3/1)e| (T/a)e

1 6.5 1.8 [0.56 | 1.kk 3.89 583 | 11.82 {1.03 | 2.0t 2.8% |1.72 | 018 | LT2 k.31 | 11.05 | 0.13 | 1.5
2 8.9 2.00 | .50 | 1. 3.13 T [ 1h.72 [1.03 ) 2,02 2.66 {168 1% | 1.6 7.97 | 16.28 a7 | 1.9
3 5.9 a6 | .29 | L 3.56 K4 5.91 {1.03 | T.89| 8.5 { 7.3 | & ) 7.3 .59 6.10 b2 | 702
% 8.5 24 | 27 |re | o378 8 | 648 (103 12| s il st | Lo | s | ] 7.4
5 6.0 28 | M| et 3.50 .98 6.86 |1.03 | T.97| 8.50 [ T.09 | .&2 | T.09 101 T.15 o9 1681
6 8.k M| 32327 | 372 | 15 | T2 |1.03| 798| 815|669 8| 669 | 286 | 820 | 8] 6.&
7 8.9 2,00 | .50 | 1. 3.73 7.4 | 3h.72 [2.061 k.ol| 5.3 [3.286] an | L& 6§87 | 15.%2 27 ) 193
8 T.7 1.67 | .52 | 1.kh 3.65 6.09 | 13.2% (2,06 k.00] 5.15 {3.38 | .k | 1.67 5.68 | 12.21 a2 [ 1.38
9 10.1 2.29 A8 | 1.kk 3.80 8.7 16.00 |2,06 .L.01 5.62 3-.22 .1k 1.6 T.88 15.93 oIk 1.60
10 T.1 3k )l |1y 3.62 | ‘l.22 7.5 |1.27 [10.65]11.%0 | 9.7 | .60 | 6.8 1.kk 1.19 58 6.66
1 T.2 W3k | .33 | 2.27 3.62 1.23 T.02 |2.06 |18.97 {17.25 h3.TL ] .60 | 6.86 1.30 6.71 .60 | 6.83
12 8.5 b | .26 | 221 3.78 89 6.45 |2.06 |15.89 {17.58 hk.20 | .62 | T.10 K- 6.29 60 | 6.93
13 8.4 M| .32 | rer 3.TR 1.5 T.52 | 2,06 }15.97 [17.33 ph3.38 | .58 | 6.69 1.60 7.60 a1 | 6%
1k 9.6 A7 | . |zeer 3,77 1.76 7.72 12.06 }15.99 |17.75 [13.08 [ .57 | 6.3 1.85 8.08 |. .56 | 6.h2
15 5.5 JE: N - R 2.99 2.%8 8.0 [2.06] 9.38 12,02 [ 798 | .9 | 2.07 3.20 8.67 65 | 2.29
73 3.8 a1 | .39 | 1.22 2.0% 2 | 3.m |2k 530! s | 522 | k3 | S22 .27 3.53 A1 | ko3
17 AT a2 | .33 | 122 3.06 .38 5.12 |2.% | 8.29] 8.95 |[8.00 [ .67 | 8.00 e PR TS .63 | TR
18 5.0 .08 | .26 {1.19 2.6 22 ko5 |25 | 5.3 5.5% | 5.20 [ a3 | 320 -4 %.03 A3 [ 5.2
19 6.5. A0 | .23 | 1a9 3.68 .38 5.61 |20 | 5.36| 5.82 | 5.2% k| s.2k Ak 5.36 &1 | h.B9
20 5.4 T8 | T |1 3.12 2.h2 8.60 J1.50 ] 7.851) 8.81 | 6.27 | Th | T.h2 2.79 8.6 L2 | 6.20
21 5.7 32 | Who f13 3.13 1l.00 6.37 |1.09]| 60| 9.05 [ 786 | .29 | 897 | 1.38 6.16 72 | 8.23
2 5.1 29 | k3 L 2.%8 .76 5.25 [1.09]| 8.50( 8.96 | 7.5 | .19 | 9.0% 52 k.87 T7T | 8.76
23 8.5 J0 | .83 [ 1,19 3.68 38 L5.51. 2sh| 8.0 | 872 | T.95 | 66 | 1.5 o 5.1k & | T
2h k.8 -T2 67 | 101 2.62 1.87 T.32 |1.50 8.62| 9.05 | 6.90 76 8.3 2.15 £.12 .68 T3
) 5. 8 | 7 | 1.m 3.12 2.h2 8.60 [1.50[ 8.63] 9.19 [ 6.73 | .74 | 8.10 2.91 7.78 & | 6.99
26 k.6 .68 .63 | 1.h1 .54 2.0 8.00 |1.50] k.89 | 3.82 | k.25 AT 5.11 2.5 T.Th k1 k.-ls
o7 6.9 S .37 1 3.67 1.99 8.27 f1.09] 9.30] 9.65 | 7.25 | .76 | 8.73 2.39 6.80 65 | T.89
28 3.8 .25 | .5k ] 1.1 1.9k R %08 (1.09} 7.83] 8.58 {7.2% | .76 | 872" 59 3.90 .73 [ 8.29
29 T k| .25 | 1.9 3.73 K- 5.80 |2.86 |1k.68 j15.61 [3.78 | .8% [10.1h o2 5.TL 84 | 9.6
0 k.9 09 | .28 | 139 3.27 .29 5.10 {1.79] 9.18 | 9.3 {8.82 | .86 |10.38 .30 a.k2 .87 | 10.5%0
k3 T.1 .29 | .33 |1.29 3.73 1.08 6.98 [2.86] w35 | 5.2k | ho2T | .26 | 3.15 112 7.38 22 | 2.70
32 b9 a9 | .37 | 1.9 3.27 - .62 5.92 {179 2.72 | 3.08 |2.69 | .26 | 3.6 .65 5.68 22| 2m
33 k3 A1 £33 | 1.22 1.97 22 3.27 |3.17T| 8.70 | 9.00 | 8.38 S5 | 672 .28 3.21 S5 6.5
3k 5.3 .13 .30 | 1.22 .94 .38 k.85 |3a7 8.a 9.3k | 8.47 56 5,78 &6 k.6 5h S5
33 2.6 21 ) .39 | 1.22 2.06 22 3.5 [3.27) 8.23) 9. |8.20 | 5% | 6.5T .28 3.36 23| 6.35
36 3.8 a2 .39 | 1.22 3.08 .38 5.3% |3.17| 8.81] '9.92 | 8.65 .58 | 6.93 A6 2TT Sk | G5
37 9.k 20 .2k | 1a8 3.85 Ry 6.7 |6.h0( 17.96 | 20.27 [16.87 | .70 | 9.93 K- 6.30 T gt
38 T 20 | .33 | 139 3.85 T 6.62 | 6.h0|17.94 |20.33 [17.06 | .71 |z0.0% 52 6.50 .69 | 9.78
% 5.0 -} . | k2| Lok 3.65 T | 6.83 |6.%0)27.79 |20.8k {17.08 | .71 |Zo.08 g | 6 69 | 9.78
%0 5.3 ah |2 | 1033 3.93 1.5% 8.06 (1.50) ®.31| k.86 {3.90 | &5 | 5.57 1.67 T.69 43 | 5.3
AL kT «39 5% | 1.33 3.05 1.19 6.89 1.50[ k.30 | k.7 | 3.92 R 5.60 1.16 6.50 k3 5.2
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