View metadata, citation and similar papers at core.ac.uk

AR

1829

. i

4

-

Copy
__~¥M A52D29

NACA RM A52D29

GLADRPF GirlD., vl n, oa viAGER)
/ éd This material contains Informal States within the meaning
........ A lx«r.............#.%.r?gwnnh“.ﬂﬁ:hlﬂ. U.SC,; Decs. 703 and 94, the on or revelation of which in any
ALG - o
/

RESEARCH MEMORANDUM

i

Z

>

N,
T

. COMPARISON BETWEEN PREDICTION AND EXPERIMENT FOR
ALL-MOVABLE WING AND BODY COMBINATIONS AT

a SUPERSONIC SPEEDS - LIFT, PITCHING
MOMENT, AND HINGE MOMENT

By Jack N. Nielsen, George E. Kaattari, and
William C. Drake [

DNE 18 prohibited by law.

/" NATIONAL ADVISORY COMMITTEE -
FOR AERONAUTICS |

WASHINGTON

S

WN ‘g3VX AHVHE!T HO3L

TIMHITTRRTI

‘ wATgust 8, 1952
219, 73‘// 3

L=
P

brought to you by .. CORE

provided by NASA Technical Reports Server



https://core.ac.uk/display/42796086?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1F

e oy MR

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

COMPARTSON EETWEEN PREDICTION AND EXPERIMENT FOR
ALI-MOVABIE WING AND BODY COMBINATTONS AT
SUPERSONIC SPEEDS ~ LIFT, PITCHING
MOMENT, AND HINGE MOMENT

By Jack N, Nielsen, George E, Kaattarl, and
Willlam C, Drake

SUMMARY

A simple method is presented for estimating 1ift, pitching-moment,
and hinge-moment characteristics of all-moveble wings in the presence of
a body as well as the characteristics of wing-body combinations employ-
ing such wings. In general, good. agreement between the method and
experiment was obtained for the 1ift and pitching moment of the entire
wing-body combination and for the 1ift of the wing in the presence of
the body. The method is valid for moderate angles of attack, wing
deflection angles, and width of gap between wing and body.

The method of estimating hinge moment was not considered suf-
ficiently accurate for triangular all-movable wings. An alternate pro-
cedure is proposed based on the experimental moment characteristics of
the wing alone. Further theoretical and experimental work is required
to substantiate fully the proposed procedure.

INTRODUCTION

The use of all-moveble wings for controlling missiles has become
important not only for canard missiles but also for conventiornal tall-
aft missiles. Under the limitations of the restricted spans usually
permissible for missiles, the use of all-moveble controls rather than
flap-type controls ensbles the designer to obtain more control areas and
greater effectiveness. While controls of triangular plan form can have
small hinge moments over the restricted Mach number range anticipated in
the tactical use of some air-to-ailr missiles, other plen forms may also
yield small hinge moments.

i
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Although some data are available on the effectiveness of all-movable
controls in supersonic flow, relatively few data are avallable on hinge
moments. In reference 1, Conner has shown that on a wing and body com-
bination the 1ift effectiveness associated with angle of attack is
greater than that associated with wing deflection angle by an amount in
sgreement with that predicted by upwash theory. In reference 2, Stone
has shown that an sll-movable delta control can have small hinge moments
in the Mach nuwber range 0.7 to 1l.4%. The importance of triangular con-
trol surfaces for operation through the transonic range is thus clear.
Concerning the effects of gaps on control characteristics, little is
known, particularly for large control deflections.

While some experimental information on all-movable conirols 1s
available, no comprehensive theory for the aerocdynamic characteristics
of these controls has yet been advanced. It is the purpose of this _
report to present a simple method for determining the aerodynamic char-
acteristics of all-movable controls mounted on circular bodies and of
the wing-body combinations employing these controls and to compare the
predicted results with those from experiment.

This report represents the first of two reports; it treats the
subjects of 1ift, pitching moment, and hinge moment, and the second
report considers drag due to 1ift and lift-drag ratio.

SYMBOLS -
A aspect ratio of exposed wing panels Joined together
c chord of wing at any spanwlse position, lnches
c mean serodynamic chord s inches

dy
Ch hinge-moment coefficient
QSW

Cha rate of change of hinge-moment coefflcient with angle of attack

<—§&h- , per radlan

\J_

L 4
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ChS

kp(w)

k'g(w)

ky(B)

KB (W)

rate of change of hinge-moment coefficient with wing deflection

<§1.> s per radian

11ft coefficient _L—>
Sy
Cr,
1ift-curve slope for angle of attack g-) s Per radian
1ift-curve slope for wing deflection angie (%) , per radian

1lift-curve slope due to angle of attack of wing alone, per
radian

piltching-moment coefficlent about body nose <:;-S-M_—>
W C

pltching-moment—curve slope for angle of attack (%cﬂ ), per
o

radisn

. )
pitching-moment-curve slope for wing deflection angle( __n;) N
per radien 3%

chord at wing-fuselage Juncture, inches
chord at wing tip, Iinches

body diameter, inches

gap between wing and body, lnches

hinge moment, pound-inches

L
-EL‘S-IEL for zero sngle of attack and varying wing deflection

angle
approximate value of kB(W)

L
%(‘W_Bl for zero angle of attack and varylng wing deflection

angle
ﬂlﬁl for zero wing deflection angle and varying angle of

attack
3
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EK§EL for zero wing deflection sngle and varying angle of -
- .

attack . ; -
Ly
Iy
body length, inches

distance from forward end of body to center of pressure of
wing-body combination, inches

length from forward end of body to leading edge of wing-body
Juncture, inches

distance from forward end of body to nose center of pressure,
inches

distence from base of body to trailing edge of wing-body
Juncture, inches

1ift force, pounds :
o
cotangent of leading-edge sweep angle

pitching moment, pound-inches

free-stream Mach number

static pressure difference between top and bottom of wing,
pounds per sguare inch

wing loading due to unit wing defiection angle

free-stream dynamic pressure, pounds per square inch
radiue of eylindrical portion of body, inches

Reynolds number based on mean aerodynsmic chord of exposed ' -
wing panel unless otherwise stated .

semispan of wing-body combination, inches

area of exposed wing penels jolned together, square inches

V.
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XY

<

N /-\o<:
l_?lxl
N N

o[

Q

W(B)

B(W)

Cartesian coordinates

volume of body assuming body cross section uniform behind
position of maximum cross section, cubic inches

free-stream velocity, inches per second

distance from leading edge of wing-body Jjuncture to center
of pressure in fractlon of wing xoot chord

distance from leading edge of wing-body Jjuncture to hinge
line in fraction of wing root chord

angle of attack, radians

Mo™ -1
effective aspect ratio
critical effective aspect ratio
wing deflection angle, radians

leading-edge sweep angle, degrees

St
wing taper ratio =

radlus-semispan ratlo <}£)

Subscripts

body nose

wing alone

wing in presence of body

body in presence of wing exclusive of nose
wing-body combination

o variable, & constant

® varisble, o constant
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Ca wing~body combination and « variable, & constant

Other compound subscripts to be interpreted similarly to the
preceding compound subscript

THECRETICAL. CONSIDERATTIONS

The theory developed here is for wing-body combinations at zero
eangle of bank and for no gap between the wing and body. The use of no-
gep theory is dlctated by the fact that the experimental results for
configurations with geps are in good accord with no~gap theory, as will
gubsequently be shown. The present method 1is a mixture of slender~body
theory and linear theory, and as such is valid only over the ranges of
angle of attack and wing deflection angle for which the characteristics
vary linesrly.

A theoretlcal method 1s presented for determining the values of
CIQ and CL8 for wing-body combinations and for the wing in the presence
the body. Also e method is presented for estimating Cmm and for
the combilnation, or what is equivalent, the centers of pressure Tor
varlations of o and 8. The available theory for the estimation of
hinge moments for triasngular and rectengular wings is summerized. The _
results are given in terms of certain dimensionless 1lift and distance
retios together with the lift-curve slope of the wing alone. For the
purposes of this report the wing alone is defined to be the exposed wing
panels Jjolned together.

Most complete misslile configurations possess two sets of 1lifting
surfaces, wings and tails, elther of which may be all-movable. Inter-
ference between wing and tail influences the effectiveness of an all-
movable control; for this reason the characteristics of the combinations,
Clq» Clss Cmys &8nd Cmy, determined by the method of this report apply
only to combinations having one set of lifting surfaces.

Lift Effectiveness

Angle of attack.- A method that has proven valid for estimating the
value of CLa for a combination with no gap is presented in reference 3.

This method is applied in this report to comblnations having a gap.
Attention 18 restricted for the present to the case for which the dlam-
eter is uniform along the winged part of the body, but the case of
nonuniform diameter will subsequently be discussed. The 1lift acting on
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the nosel of the bedy alone, the 1ift acting on the wing in the presence
of the body, and the 1ift acting on the body due to the addition of the
wing are defined by the paremeters Xy, Ky(B), end Kp(y) as follows:

Ly

= fﬁ (1)

Ky(B) = %l with B (2)

Kp(wW) = %ﬁwﬂ with

I
o

I
o

(3)

where the reference 1ift Iy 1s the 1ift of the wing alone. From these
definitions it follows that

(CIU)C = [KN + Ky(p) + KB(W):} (CL@): (%)

where <?Ibé)W' is the wing-alone lift-curve slope. The value of

CLm from experiment should be used if avallable, otherwise the value

rom” 1inear theory can be used.

According to equation (4) the problem of obtaining CLm C depends

on obtaining values of Ky, Ky(p), and Kp(w). The valueg of” Ky
obtained by slender-body theory,

2
Ky = ST (5)
Swicxuj
are used throughout this report. A chart for obtaining Ky(B), &8 given
by slender-body theory, was presented in reference 3 and is reproduced
as figure 1 of this report. If the aspect ratlo is sufficiently low that
the wing~-tip Mach cones intersect the wing-body juncture in fromt of the
trailing edge, then the slender-body-theory value of Kg(yw) as given by
figure 1 is to be used. The effective aspect ratio (pA) below which
slender-body theory is to be used is glven by

(640" - (1 +2) Zﬁlﬁ + 1)

IThe nose of the body is that part of the body in front of the leading
edge of the wing-body juncture for cases wherein the diameter is uniform
along the winged part of the body. It is further assumed for purpose of
computation that the 1ift of the body alone is confined to the body nose.
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This result wes derived on the assumption thet the wing panel is trape~
zoidal, For values of PBA > (BA)* an alternate method of determining
Kﬁ(W) was given In reference 3. For this case, KB(W) can be determined

from the design chart® of figure 2.

It is clear from the definition of the parameter Ky(p) that the
lift-curve slope of the exposed wing in the presence of the body is

(CL&> w(s) ~ "W(B) CL"‘)W (&

Wing deflection angle.- The method for estimating the values of
CL8 for the combination and for the wing in the presence of the body is
eanslogous to the method for ch’ Two parsmeters are defined in the
following equations:

Ki(p) = 1‘%@- vith a = 0 (1)
kp(w) = %ﬂl with a =0 (8)

From these definitions it follows readily that

<CL5> ¢ [ ky(s) + k13(w)] <Cch,>W (9)

<CL5> a(my = () (Clu,) ] (10)__

According to equatione (9) and (10), the problem of determining
CL& is equilvalent to that of obtalning values of kW(B) and kB(W).

There are several solutions avalleble for determining kW(B)’ slender-
body theory for slender triangular wing and body combinations, and an

2This design chart was originelly intended for use with wings having
triangular, rectangular, or trapezoidal panels. However, the chart
can be used for wing panels having trailing edges that are not straight
by using an equivelent taper for A. This taper is that of the eguiva-~
lent trapezoidal wing panel having the same span, root chord, and area
as the given panel. _
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exact linear theory solution for rectangular wing and body combi-
nations. The slender-body result based on an unpublished solution of
Gaynor J. Adams of the Ames Aeronautical ILaboratory Tor the wing loading
(see appendix) gives the following expression for kW(B) in terms of T,
the radius-semispan ratio.

_lix2 (T s 1) x(t2 4+ 1)2 -T2 -1 2%(T 4+ 1)
kw(B) = 7 [h T2 * T2(T - 1)2 sin 24+ 1 (T - 1) "
-(—rLTZ"'la (sin_l—Tz'Jz—_S——lh T+ 1) gin~t __1'2-1+
T(1-1) 2 T2 4 T (T -1) ™41
2
8 g1 | (11)
(r-1)*% ar

The value of ky B) SO obtained is presented in figure 1 and is strictly
applicable only to slender wing-body combinations. The exact linear-
theory results for rectangular wing and body combinations, taken from
reference 4, are presented in figure 3 where they are compared with the
preceding slender-body results. There is generally a small difference
between the two predictions, never exceeding about 10 percent for values
of BA of 2 or greater. When rectangular wings of effective aspect
ratio 2 or greater are involved, then the linear-theory values of ky(g)
should be used. For the range of BA between O and 2 linear-theory
results for kw(ag are not available. However, as BA approaches zero
the rectangular ng and body combination becomes more slender, until at
BA = O slender-body theory is exact for the combination. On the basis
of these considerations it was decided to use ky(p) &8 glven by slender-
body theory for all rectangular wing and body combinations with BA < 2.

The only general method for determining kp(y) 1s slender-body
theory. It has been shown in reference 5 by use of a reciprocal theorem
that for combinations with cylindrical bodies the following equality is
valid under the assumptions of slender-body theory:

k(W) = Ki(B) - kW(B) (12)

The velues of kB(W) as given by equation (12) are incliuded in figure 1,

and this figure has been used for determining kB(W) throughout this
report.

An interesting spproximation that gives some insight into the
interrelationships between Kg(w), Kw(B),» kp(w), and ky(p) can be made.
Assuming that the wing transmits a certain fraction of its 1ift to the
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body irrespective of whether the 1ift is developed by angle of attack or
wing deflection, an approximate value for kp(y), namely, k'p(y), is

KB(w
k'B W) = kW B __j_l (]_3)
The values of kB(W) end k'B(W) as determined from equations (12)

and (13) do not differ by more then 0.01, a quantity that is practically
indistinguisheble in figure 1. This small difference ig due to the
difference in the forms of the load distribution on the wing for 1lifts
due to angle of attack and wing.deflection angle.

Moment Effectiveness

The moment effectiveness of an all-movable control can be measured
by the quantities Cma and Cm6 for the complete configuration. With the

foregolng results for CLa and CLS’ finding Cma and Cma 1s equivalent
to obtaining (1/ 1)q and (1/1)g, the center-of-pressure positions for the
complete combination.

Angle of attack.- A method for cobtaining the value of Cma for the

complete combination has been presented in reference 6. In this refer-_
ence the basic equation given for Cmm is

Cmg, = [ ¢

In this equation the reference length has been taken as the mean aero-

dynemic chord and the moments are sbout the body nose. The methods for
determining Xy, KW§B): and Kp(y) have already been discussed, and the

methods given in reference 6 for obtaining the moment arms are now con-

sidered. The length TN is found from slender-body theory as

where V 1is the volume of the bedy neglecting boattailing, that is,
agsuming the body to have a constant cross section behind the position
of maximum cross sectlon.

Ky Iy + K 1 K i
N v+ Ki(B) Ui(B) o+ KB(W) B(W)“}G%)W (1b)

%
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The values of EW(B)m can be determined from the following equa-
tion from & knowledge of (i/cr)W(B)m:

iW(B)cc = 1y + cp (¥/cp)y(B)a (16)

No general method for obtaining (i/cr)W(B)a exigsts. In reference 6 it
was pointed out that (i/cr)W was a good epproximation to (i/cr)W(B)a’

end this approximation has heen used throughout this report except for
triangular wing end body combinations. For triangular wing and body
combinations & somewhat better value of (i/cr)W(B)a can be obtained by

using slender-body theory since this theory tekes into account the
interference. These results, taken from reference 6, are presented in
figure 4. It is seen that the maximum deviation between the slender-
body value and the wing-alone velue of 0.667 is about 2 percent of the
root chord. For the purposes of obtaining Cmm for the entire combi-

nation this difference may not be significant. However, the difference
may be significant in determining hinge moments. The value of Ip(y)a

for equation (14) is given in terms of (i/cr)B(W)a by

(e = 2z + ex(®/er)g i, (17)

A speciel chart for estimating the value of (i/cr)B(W)m was given in

reference 6 and is reproduced here ag figure 5. These results are for a
combination with an afterbody. Thus the values of the parameters in
equation (14) can all be estimated and Cp, calculated.

Wing deflection angle.- The determination of the moment effective-
nesgs parameter Cp can be obtained in a manner similer to that

for Cma' The baslc equation for Cm6 is

_[kW(B) iw(B)s + Ep(w) EJa(w)es

Crng, = = J (ch) i} (18)

The determinations of ky(B) and kp(y) have already been considered.

The value of 1W(B)5 is given in terms of (i/cr) as

Ww(B)®

W(B)s = If + Cp (1?/cr-)w(B)8 . (19)

A



12 Fr_-‘ NACA RM A52D29

No general method for estimating (i/cr)W(B)8 exists, but speclalized

results are avallasble for rectanguler wing and body combinations for
wvhich BA 2 2 or for slender triangular wing and body combinations. -
For the recvangular wing and body combinations, values of <x/cr)W(B)8

based on linear theory dbtgined from reference 4 are presented in
figure 6. The values of (x/cr)w(B)5 are lower than the wing-alone

values by a few percent of the root chord. The results for slender
triangular wing and body combinstions as determined from slender-body
theory in the appendix are shown in figure 4., The deviation of
(x/cr)W(B)S from the wing-alone value of two-thirds is only a fractional

percent of the root chord. For the combination to which they apply, the
results of figures 4 and 6 are to be used. _For other combinations,
(x/cr)W provides a good approximation to (x/cr)W(B)5 until more accu-

rate values are availsble.

The value of iB(W)S for equation (18) is given in terms of
(x/cr)B(W)S as

I5(W)s = U + or (¥/cr)B(w)s (20)

A method for estimating (i/cr)B(W)a was advanced in reference 6. If

the assumption is made that the center of pressure of the 1lift trans-

ferred from the wing to the body is not sensitive to whether the 1ift ie
developed by angle of attack or by wing deflection, there is no appreci-
eble difference between (x/cr)B(W)a and (i/cr)B(W)B' Then figure 5 can

be used to estimate (X/cy) Methods have thus been given for esti-

B(W)d*
mating all the quantities in equation (18) for Cg *

Hinge-Moment Coefficients

The methods for estimating Cm,, and Cmg for the complete combina-
tion contain within themselves the methods for obtaining Chm and ChS'

However, it should be pointed out that, in general, greater accuraty is
needed in the value of (i/cr)W(B) for estimating hinge moments than for

estimating the moment characteristies of the complete combination.
Conslider, for instance, & triangular sll-movable control which has a
nearly constant center-of-pressure position through the speed range, and
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the hinge line of which is located close to the center-of-pressure loca-
tion. For such & control, small changes in center-of-pressure position
represent large changes in hinge-moment coefficient so that accurate
values of (i/cr)W(B) are desired.

The values of Cha and Chy are glven very simply by the following
expressions:

Chg, = (cr/C) Ku(m) [(:'c/cr)x,,(];)CL - (.x/cr)H] (cL,,)W (21)

(cr/3) (B) [(i/cr)W(B)a - (x/cr)H] (c@w (22)

wherein the coefficients are based on the mean aerodynemic chord as the
reference length. For trianguler wing and body combinations the values
of (x/cr)W(B)m and (i/cr)W(B)S can be cbtained from figure 4, and for

rectangular wing and body combinations (i/cr)W(B)5 can be cbtained from

Ch;c.J

figure 6. The foregoing methods for estimating hinge-moment coefficients,
while they represent the best knowledge avalleble at the present time, are
not adequate as will be pointed out.

Effects of Gap and Nonuniform Body Dlameter

The effects of gap between wing and body and of nonuniform body
diasmeter need clarification. It 1s possible, on the basis of inviscid
fluid theory, to calculate theoretically the effect of the gap on the
1ift of a wing-body combination. For instance, using the method of
Lomax and Byrd in reference 7, the effect of a uniform gap can be
determined on the assumptions that the wing has no thickness and that
the wing boundary conditions can be specified on the horizontal plane
passing through the body axis. On the basis of these assumptions large
losses of 1ift due to the gap are lndicated when compared to the no-gap
solution of Spreiter in reference 8. However, these large losses are not
found experimentally. While some of the losses predicted theoretically
may be the result of an oversimplification of the inviscid fluid model,
nevertheless 1t appears probable that some of the predicted losses are
overcome by viscosity.

The case of a wing mounted on a body section of uniform diameter has
been considered in the analysis. However, if the wing 1s mounted on &
body section of variable diameter, as may well be the case for a canard
surface, an spproximaete treatment of the problem can be made. First, the
nose of the body is tasken as that part of the body in front of the
position of maximum thickness in determining Xy. In the determination
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of KB(W) and KW(B) from figures 1 and 2, an average radius of the
section of the body on which the wing is mounted should be used.

RESULTS AND DISCUSSION

The experimental 1ift, pitching-moment, and hinge-moment character-
istics for & number of wing-body combinations employing all-moveble _
wings have been analyzed and compared with the predictions of the simple.
method of thils report. The geometrlc charascteristics of the combina=~
tions are summerized in table I, and the experimental and theoretical
velues of the serodynamic parameters for the combinations are also
summarized in the table. The data are taken from references 1 and 9
to 18. Where no values are given for the width of gap between wing and
body, these were not given in the references.

Lift Effectiveness

Angle of attack.~ Before comparing the experimental values of
(CLm)C’ which inelude the effects of gaps, with the theory for noc gep,

it is desirable to ghow that the losses of 1ift due to the gap predicted
on the basis of inviscid fluid theory do not materiselize. For this
purpose the model numbered 10 in table I was tested with & variable gap
end the results of the tests are shown in figure 7. The difference in
lift-curve slope, (CLm)C exhibited between the case for g/~ =0

and g/s = 0.033 amounts only to about 2 percent. The g/s ratio

of 0.033 corresponded to a gap of 3/32 inch on the model. For most of
the angle-of-attack range during the tests of this model the boundary
layer was laminar and, at zero angle of attack, was estimated to be
about 1/32 inch in thickness at the wing leading edge. Thus the gap was

of several boundary-layer thicknesses. While the effects of gap on 1ift B

have been shown to be unimportant, the effects on hinge moments may be
considerable. Further data on this point are required.

The theoretical values of (ch)C have been computed from eguation (%)

for the combinations of the table and the theoretical and experimental
values are listed together in the table. These values are compared in
figure 8(a), wherein the line of perfect agreement indicates exact
correlation, All of the combinatlons, of which there are spproximstely
20, exhibilt good agreement between theory and experiment. It appears,
therefore, that the value of (CLm)C for a model with a gap of moderate

proportions can be satisfactorily estimated from the no-gap theory of



this report. The theory would not be expected to apply for geps which
are very large compared to the boundary-layer thickness or for the
nonlinear range of the 1lift curve.

The 1ift on the exposed wing panels of the wing-body combination
has been measured for a number of combinations, as shown by the table.
Comparison between the theoretical and experimental values of (CLG)W(B)

is made in figure 8(b). It is seen from the figure that the theoretical
and experimental values are in good accord except for s group of four
points which is enclosed by a dashed line. These four points correspond
to configurations utilizing small canard-type fins. While it is con-
sidered probsble that the deviation between experiment and theory is the
result of the very low Reynolds numbers for these fins as shown in

table I, the possibility of erroneous experlmental results cannot be
precluded. Also shown in the figure are three points with flags. These
are the three points for which the experimental values of (CLa)W are
available. If in equation (6) the experimental values of (Cla)w are
used instead of the values given by linear theory in obtaining (CL@)W(B)’
these points move into good correlation as shown by the solid points of
figure 8(b). It appears, therefore, that the experimental values of
(CLG)W(B) are predicted satisfactorily by the no-gap theory of this

report except possibly for very low Reynolds numbers, very high angles
of attack, or very large gaps.

Wing deflection angle.- The effects of wing deflection angle on
1ift have been studied in a menner similar to the effects for angle of
attack. The theoretical values of (CLS)C have been computed from

equation (9) for all combinations of the teble. Comparison 1s made
between the experimental and theoretical values of (CLS)C in figure 8(c).

Careful examination must be glven to the data of this figure before any
conclusions are drawn. First, the data corresponding to the canard fins
at low Reynolds numbers have been enclosed as in figure 8(b). They
show sbout 80 percent of the theoretical values in this case. A group
of three combinations corresponding to flagged symbols for which the
wing-alone experimental values of (CL@) are avallable are also
indicated in figure 8(c). If, for the same combinations, the theo-
retical values of (CLS)C are based on the experimental velues of the

wing-alone lift-curve slope, then the flagged points of figure 8(c)
become the flagged solid points which are in very good correlation with
experiment. Generally the predicted values of (CLB)C tend to be some-

what too large for the data correlated. There are not gufficient data to
determine whether this effect is due to inaccuracies in the theory or to
a tendency of the experimental wing-alone lift-curve slopes to be less
then the theoretlcal slopes.
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A fundemental difference in the wing-body gap occurs between
variations of o and 8. As 8 increases the gep between wing and
circular-cylindrical body increases for points not at the hinge line,
and it might be expected that the increased gap causes an increased
loss of 1ift. However, if on a percentage basis-the loss of 1ift due
to the gap increases as © 1ncreases, then the variation of Cy a8 a
function of & should be nonlinear and of decreased slope. Only at
angles of & of roughly 10° or greater, depending on Mach number and
aspect ratio, were nonlinearities observed in the 1ift curves. Thus the
effect of the gap on CL5 is no greater than on Cr, for the linear
range.

Experimental resulie are asvailable for the 1ift on the wing in the
presence of the body due to varlation in &. These experimental results
are compared with the theoretical results determined from equation (10)
in figure 8(d). The flagged points are those points for which the
theoretical value of (CLm)W wae used in equation (10) but for which

experimental velues of (CLm)W were avallable. Using the experimental
values of (Clm)w in equation (10) yields the solid points of

figure 8(d). The agreement between theory and experiment is considered
good, although the theoreticel polnts are generally slightly high.

Pitching~Moment Effectliveness

The factors affecting pitching moment are menifest either through
their effects on 1ift or center of pressure. The adegquacy of the
present method for determining 1ift has already been discussed, and the
center-of-pressure positions of the complete configuration will now be
congsidered. The center-of-pressure positions of the combination have
been calculated for the complete combinstion as a fraction of the body
Jength behind the body nose by the following equations:

(;k(;)ﬁ%— (23)

C
= - \{(Cmg)
(1) (3= @

The moments are taken sbout the body nose in equations (23) and (24).
These equations were used for obtaining both the experimental and
theoretical values.

| | i
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Angle of attack.- A comparison of the experimental and theoretical
values of (i/Z)Cm is given in figure 9(a) for s number of wing~body

combinations. For the comblinations shown, the experimental centers of
pressure are on the average about 0.02 1 in front of the theoretical
positions. In the correlation of experimentasl and theoreticael values of
center of pressures for complete combinations with fixed wings and no
gap, it was found in reference 6 that the experimental values of the
center of pressure were in front of the theoretical values by varying
smounts for trisngular, rectangular, and trapezoidal wing-body combi-
nations., For triangular combinations the amount was 0.009 1; for rec-
tangular combinations, 0.026 1; and for trapezoidal combinations, 0.0LT 1.
If these corrections are spplied to the theoretical values of (Z/I)Ca

as recommended in reference 6, then the average displacement between
theory and. experiment is reduced as shown by figure 9(b). The present
method, in conjunction with the corrections of reference 6, thus gives a
means of estimating (z/z)Ca to within about *0.01 1.

Wing deflection angle.- A comparison of the experimental values
of (7/1)gs. with the theoretical values 1s presented in figure 9(c).

The experimental resulis are again slightly forward of the theoretical
results by about 0.02 1. The correction mentioned in connection with
angle of attack brings the experimental and theoretical values into even
better accord as shown by figure 9(d). Thus the present method, in con-
Junction with the corrections of reference 6, gives a means of esti-
mating (1/1)gg to within about #0.0L 1.

Hinge-Moment Coefficient

The hinge moments of an all-movable wing depend on the 1ift developed
by the wing in the presence of the body as well as the center-of-pressure
position of the wing. While & given percentage error in determining the
value of (CL)W(B) causes the same percentage error in Cy, the same

cannot be said for center-of-pressure position. Consider an all-movable
wing with the center of pressure displaced 5 percent of the mean aero-
dynamic chord from the hinge line. An error of 1 percent of the mean
serodynemic chord in center-of-pressure position causes an error of

20 percent in hinge-moment coefficient. The necessity of having accurate
estimates of center-of-pressure position to obtain accurate hinge-moment
estimates is thus apparent. Furthermore, any effects such as Reynolds
number, airfoil section, or slight wind-tunnel flow ilrregularities which
would otherwise be inconsequential may well have important effects on
hinge moments. 1In the ensuing comparison between theoreticel and experi-~
mental values of (i/cr)W(B) these facts should be kept in mind.
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Triangular wing and body combinations.~ An analysis of the data of
table I reveals that most of the available hinge-moment data are for
trianguler wing and body combinetions with an r/s ratio of 0.216.

The experimental values of (J'c/cr)w(B)OL are compared with the theoreti-

cal values in figure 10 as a function of BA for constant r/s. _
Considering first the experimental points, these have been marked with
their identifying numbers from table I. Some differences in (i/cr)W(B)a

are shown between data from different tunnels at the same value of BA.
The data all illustrate a rearward shift of center of pressure with B
increase in PBA. For purposes of comparison;” the wing-alone center-of-
pressure locations are shown for three of the experimental points.

The theoretical values of (i/cr)W(B)CQ determined from slendeerod&-

theory (fig. 4) aré shown in figure 10. ‘The line representing the theory
is shown eolid for low values of BA for which it is directly applicsble,
and has been extended dotted to higher valuesg of BA, Also included in
the figure is the wvalue of (i/cr)w as given by linear theory (or
slender-body theory), which is valid for sll values of BA. It is clear
that the experimentel values of (X/cr)y end (X/cr)y(p)q are forward of

their theoretical values. However, they are forward of theilr respective
theoretical values by gbout the same amount for the same value of BA.
This means that the difference between (x/cr)W and <i/cr)W(B)m’ which

represents the interference, is given fairly well by the theory. There-
fgre the most accurate method of obtaining the theoretical value of
(x/cr)W(B)a would be to add to the measured value of (}'{/cr)W the

theoretical diffeerence between (i/cr)W(B)a, and (i/cr)w. Although suf-

ficlent data are not availsble to meke a thorough check on the validity
of this procedure, the deslrability of knowing the experimental wing-
alone characteristics is clear.

A plot of the experimental values of (i/cr)w(B)6 againet BA for ‘

the triangular wing and body combination of r/s = 01?16_ is presented
in figure 11. The experimental data differ by about 0.005 in (x/cr)W(B)S

for r/s = 0.216. Some other data for r/s = 0.200 show centers of
pressure about 2 percent forward of the r/s = 0.216 results for some
unknown rea&sgon. Wing-alone center-of-pressuré positions are shown for
three of the combinations. The differences between the experimental
values of (J'c/cr)W and (i/cr)W(B)S are not very large so that the inter-

ference effecte are small, as indeed theory indicates. However, it is
noted that the experimental center-of-pressure positions for the wing
in the presence of the body are shifted considerably forward of the
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theoretical position. Most of this shift is explained by the difference
between the theoretical and experimental wing-alone results as shown by
the figure. Again, the procedure suggested in connection with
(x/cr)W(B)a’ would give good values of (i/cr)W(B)B also.

Some insight into the relative positions of the wing centers of
pressure due to angle of attack and wing deflection angle is given in
figure 12. The difference between the two quantities as gilven by the
theoretical results of figure 4 is plotted as a function of r/s in
figure 12. The avaeilsble experimental date from the table are included
in the figure. Considering the small differences involved, the agree-~
ment between experiment and theory is considered satisfactory.

Rectangular wing and body combinstions.~ The theoretical and experi-
mental information available for rectanguler wing and body combinations
is much less than that avalleble for triangulsr wing and body combina-
tions as the table shows. No theoretical results for (i/cr)W(B)a are

available, and while the method of reference 4 is adespted to their
determination, the necessary calculations were not carried out.
Reference 4, however, does give the theoretical values of (X/cy)

w(B)S&

and the results have already been given in Pfigure 6. These results have
been plotted as a function of BA for r/s = 0.216 and BA 2.2 in
figure 13. The theoretical curve has also been extrapolated toward

BA = 0. Included in figure 13 are two experimental points for low
values of PBA. They are in good accord with the extrapolation of the
theory. Figure 13 shows that the change in the center of pressure of a
rectangular sll-movable control is large for significant changes in BA.
Since the center~of-pressure travel is large compared to the deviation
between experiment end theory, the theoretical results may be suffi-
ciently accurate for predicting hinge moments. However, before a satis-
factory method for predicting hinge moments of rectangular all-movable
wings is developed that will account for hoth angle of attack and wing
deflection angle, further theoretical and experimental work must be
performed.

CONCLUSIONS

A simple method has been advanced for estimating 1ift, pitching-
moment, and hinge-moment characteristice of all-movable wings in the
presence of the body as well as the characteristics of wing-body combi-
nations employing such wings. By comparing experimental values for the
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ranges of angle of attack and wing deflection angle for which the
characteristics are linear with the theoretical values estimated by the
present method, the following conclusions have been drawn:

l. The theoretical and experimental values of the 1lift quantities
(CLm)c and (CI“)W(B) were in good accord. The theoretical values of

'(CLs)C and (CLS)W(B) exhibited a tendency to be larger than the corre-

sponding experimental values for reasons unknown.

2. _The center=-of-pressure positions for the wing-body combina-
tions, (1/1), and (1/1)s, were given to within -about +0.01 I by the

present methed.

3. For moderate gap sizes and for the ranges of angle of attack
and wing deflection angle for which the characteristics are linear, an
all-movable wing acts aerodynamicelly as 1if no gap exists between the
wing and body.

4. Accurate values of the hinge-moment coefficient are not pre-
dicted by the present method for triangular controls. An accurate.
estimate of hinge-moment coefficient can probably be obtalned by adding
to the experimental center-of-pressure positions of the wing alone the
theoretical shifts due to interference as determined by the present
method. More experimental data are needed to prove this proposed
emplirical procedure conclusively.

5. Although the empirical procedure suggested in the present report
should be adegquate for estimating the hinge moments of rectangular con-
trols, more theoretical and experimentsl work is required before the
hinge moments of rectangular controls can be predlcted with certainty.

Ames Aeronsutical Laborstory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.



NACA RM A52D29 ¥| L .

APPENDIX
WING~-PANEL CENTER OF PRESSURE DUE TO DEFLECTING

WINGS OF WING AND BODY COMBINATIONS

In reference 8 Spreiter has given the loading and center-of-
pressure positions for the wing of a wing and body combination with
zero wing incidence. However, for all-moveble controls the problem of
the center of pressure of the wing in the deflected state with the body
at zero angle of attack 1s of importance. This result is readily
obtained by methods similar to those used by Spreiter. In fact, the
wing loading, availsble from some unpublished work of Gaynor J. Adams
of the Ames Aeronautical Laboratory, is given as

(A1)

(1( + cos™t ___23_)
Ap) _ 2 tan € (n* - r4) 1 + r3h
W®y a3 J(n + r2/4)2 - (3 + 12 y)?

vherein the symbols are defined in figure 1l. If My 1s the moment
developed by both wing panels about the y axis, it is readily shown
that this moment is glven by

My L% phooey o an (22)
ad tan € - ad - Y Tan €
r
One integration yields the result
8 ' 2
My 1 f(n"'-r“) .1 _2rn
= T+ 2 cos™t —m— d A3
a®& =« tan € > ;FE 12 4+ r2 1 (43)

The second integration caused some difficulty since the integrals
could not be expressed in terms of tebulated functions. Instead it was
found necessary to introduce two functions defined by the following
rapidly convergent series:

= 1 (=%, 13 (x5 1:3-5 (X7 N ... (&

x (x) x+2<§2>+2-u 52>+2‘h-6 <72>+ ()
a8

¥ (x) =x - 3;;-+5§f - 3£3-+ .« o a (45)
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In terms of these functions, the moment is given by

4 4
X Z:n & My = 16(8_3: 3r )(tan'l B/I‘)a - }—gﬁ (s2 + r2) tan™t g/r —

ﬁ*";ﬁ.;.i%!i(s-r) +ﬁ5r—8—— 16 xr® log (s8/r) +

32z log 82 + 12 _ 32r® [‘#(r/ﬂ) -‘{f(l):] -

3 or2
_3:.238_-’2?_ [X(l/ ,J—e) - X(r/ N ra)] (A6)

If the moment 1s divided by the 1lift of the exposed wing panels as given
in terms of Xy(B) (equation (11)), the moment arm will be obtained. It

is convenient to express this moment arm in fractions of the root chord
behind the leading edge of the wing-body juncture in the following
equation wherein T 18 the radius-semispan ratio:

1 { 161 + 31*) <.tan-1 %>2 -

(éir>w<3)a ) k(1 - T)2 3
2

3
l?‘-(l + T2) tan“l%_-—h“?a + lgT (1-2) + 8“; + 16n7® log T +

—32“7'(8 log & ;Tf - 327° [’lf(f) - ﬂr(l)} - -]%if I:X(l/ﬁ) -

()} - .

The quantity (;‘/cr)W(B)S has been plotted as a function of r/s in
figure k.



NACA RM A52D29 _ 23

REFERENCES

1. Conner, D. William: Aerodynamic Characteristics of Two All-Movable
Wings Tested in the Presence of a Fuselsge at a Mach Number of 1.9.
NACA RM L8HOL, 1948.

2. BStone, David G.: Comparisons of the Effectiveness and Hinge Moments
of Ali~-Movable Delte and Flap-Type Controls on Various Wings.
NACA RM 151C22, 1951.

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

4, Nielsen, Jack N., and Pitts, William C.: Wing-Body Interference at
Supersonic Speeds With an Application to Combinations With
Rectangular Wings. NACA TN 2677, 1952.

5. Heaslet, Max, A., and Spreiter, John R.: Reciprocity Relationships
in Aerodynamies. NACA TN 2700, 1952.

6. Kaattari, George E., Nielsen, Jack N., and Pitts, William C.:
Method for Estimating Moment Interference of Wing-Body Combi-
nations at Supersonic Speeds. NACA RM A52B06, 1952.

T. Lomax, Harvard, and Byrd, Paul F.: Theoretical Aerodynemic Charasc-
teristics of a Family of Slender Wing-Tall-Bedy Combinations.
NACA TN 2554, 1951.

8. Spreiter, John R.: The Aerodynamic Forces on Slender Plane- aﬁd
Cruciform-Wing and Body Combinations. NACA Rep. 962, 1950.
(Formerly NACA TN's 1662 and 1897)

9. Peters, R. G.: Deata Report for Supersonic Wind Tunnel Tests on
GAPA Model FR-87. Fifth Aberdeen Test Period, M = 1.72. Boeing
Aircraft Co., D-8397, (Tech. Rept. No. 111-T), Aug. 1947.

10. Peters, R. G.: Data Report for Supersonic Wind Tunnel Tests on
GAPA FR-87. Sixth and Seventh Aberdeen Test Periods, M = 1.72
end M = 1.28. Boeing Aircraft Company, D-8788, (Tech. Rept.
No. 111-9), Feb. 1948.

1l. Jevon, R. W.: Data Report for Supersonic Wind Tunnel Tests on
XSSM-N-6 Models #3B and #4A. 2nd - tth Daingerfield Test Periods,
M=2.0, 2.25, 1.73. Grumman Aircreft Engineering Corp.,

Rept. No. P/A 3141.20, Sept. 1949.



24

13.

1k.

15.

16.

17.

18.

w NACA RM A52D29

Jevon, R. W., and Bastedo, W., Jr.: Ddta Report for Supersonic
Wind-Tunnel Tests on XSSM-N-6 Model #3A. First Daingerfield Test
Period, M = 2.0. Grummen Aircraft Engineering Corp., Rept. No.
P/A 3128.20, Apr. 1949.

Jevon, R. W.: Data Report for Supersonic Wind Tunnel Tests on
XSSM-N-6 Models #3C and #6A. Fifth Daingerfield Test Period,
M = 2,0. Grumman Aircreft Engineering Corp., Rept. No. 3147.20,
Mar. 1950. '

Stivers, Louis S., Jr., and Malick, Alexander W.: Wind-Tunnel
Investigation at Mach Numbers from 0.50 to 1.29 of an All-Movable
Triangular Wing of Aspect Ratio 4 Alone and with a Body.

NACA RM AOLOl, 1950. ; '

Delameter, H. D., Stamper, J. C., and Solvason, J. C.:
Model XAAM-N-2, Preliminary Analysis of Force and Moment
Characteristice from Supersonic Wind Tunnel Tests of a
45-Percent~Scale Semi-Span Model. Ballistic Res. Ieb., _ _
Aberdeen Proving Ground, Maryland, Mdéh_Nb. 1.72. Douglas Air-
craft Co., Inc., Rept. No. SM-13469, Oct. 20, 19h9,

Clark, J. M., Jr.: Wind-Tunnel Tests of a Forty-Five-Percent Scale
Semi-Span XAAM-N-2 Model at M = 2.00 and M = 1.50. Consolidated
Vultee Aircraft Corp., OAL Repts. 185 and 185-1, Sept. 1949.

Ellis, Macon C., Jr., and Grigsby, Carl E.: Aerodynamic Investige-
tion &t Mach Number 1.92 of a Rectangular Wing and Tall and Body
Configuration and Its Components. NACA RM L9L28a, 1950.

Wood, H. T., Jr.: Stability and Control Tests of a 1/12-Scale
STV-3 Model at Mach Numbers 1.50 and 2.00 in the 19 X 27.5 Inch
Wind Tunnel for the Johns Hopkins University. Consolidated Vultee
Aireraft Corp., CAL Rept. 99, July 1948.




4F

NACA BM A52D29

25



26

[A

TABLE I.- SUMMARY OF AERODYNAMIC AND GEOMETRIC
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ATL.-MOVABLE WING AND BODY COMBINATIONS
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