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SUMMARY

An electromagnetic-analogy modsl of the vortex load, esti-
mated from lifting-line theory with an arbiirary fairing near the
elevator tip, on'a thin elliptic horizontal tail surface of aspect
ratio 3 with a 0.5-chord 0.85-gpan plain elevator was constructed
and tested. The aspect-ratio corrections to the 1lift and hinge
moments were calculated from the measured results.

A comparison of the aspect-ratio corrections for the partial-
gpan elevators wes made with those previously prosented for full-
span elevators. The comparison indicates that the incremental
difference in the 1ift parameters between the full-gpan and the
partial-gpen elevators may be estimated satisfactorily Ly lifting-
line theory. The incremental difference for the curve of hinge-
moment coefficient egainst angle of attack is usually small, Only
about 10 percent of tiie incremental diff'erence for the slope of the
curve of hinge-moment coefficient sgainst elevator deflection is
given by lifting-line theory; the total lifting-surface-theory
increment i1s -0.000C per degres for the confisuration considered.

Wind-twmel results for a tail surface of the game plan form
are presented. The differences in estimated lifting-surface aspect-
retio correctiong for the full-span and the partial-span cases were
checked satisfactorily by the experimental data. A few teste with
a2 cut-out for the rudder were also presented. Tho effects of the
cut~out on the hinge-moment characteristics were large.

INTRODUCTION

A method was presented in reference 1 for estimating the finite-
span valuves of the 1ift and hinge-moment parametsrs of full-span
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elevators from the section data. The present investigation was
undertaken in order to provide some date from which the 1ift and
hinge-moment parameters for partial-span elevators could be esti-
mated. Tho case prosented is that of a thin elliptic horizontal
tail surface of aspect ratio 3 with a 0.5-chord 0.85-span plain
elevator.

References 1 and 2 showed that it is necessary to use 1lifting-
gurface-theory aspect-ratio corrections to estimate satisfactorily
the finite-span hinge-mcoment perameters. Lifting-swrface-theory
solutions are usually determined by a rapidly converging process
of successive approximations, of which the first epproximation is
the lifting-line-theory solution. For partial-span elevators or
flaps, however, the contour lines of constant circulation gtrength
(see references 3 and 4) calculated by means of lifting-line theory
have abrupt discontinuities near the elevator tip,as shown by the

contour lines of the circulation function in figure 1. Since

© max
such sharp bends in the contouwr lines are smoothcd out by aerodynamic
induction, a more satisfactory loading mey be obtained for the next
approximation by arbitrarily fairing the contour lines so that they
arec smooth in the region Jjust upstreaw of the clevator tip. The
contour lines on the elevator itself sre amocothh and thereforo noed
not be altered. In order to obtain some idea of the best means of
accomplishing this fairing, the three-dimensional prossure-distribution
data of reference 5 for a rectangular wing with partial-span split
flaps were integrated to obtain contour lincs of constant circulation
strength. For comparison, the contour lines for the experimental

- gpan loading, divided into flap-type and angle-of-atback-type

loadings (reference 6) by use of the principles of lifting-line
theory, were algo constructed. Both sets of contowr lines are given
in figure 2. In figure 3 are presented the contour lines of figure 1
refaired similarly to the contour lines of tho -experimental data
presented in figure 2.

An electromagnetic-analogy model having the contour lines of
filgure 3 was then constructed and tested. The incremental lifting-
swrface-theory aspect-ratio corrections werc determined by calculating
the increments of chordwisc and spanwise loading That would result
for a lifting surface shaped to correspond to the difference betwecn
the mezsured downwash and the downwash detormined from tho two-
dimensional theories for the same contour pattern (fig. 3). In the
calculation of the incremcnte of the lift and hinge-moment parameters
(additional agpect-ratio corrections), the differcnce between the
downwash measured for the faired contour pattcrn of figure 3 and the
downwagh calculated from the 2 two-dimensionsl theories for the same
contour pattern ere assumed to be nearly equal to the corresponding
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difference in the measured and calculated downwach for the contour
pattern of figure 1.

In order to provide an experimental check of the aspect-ratio
corrections, some wind-tunnel tests were madc of e model of the same
plan form and of NACA 0009 eirfoil section, with both full-span and
partial-span elevators. The results, together with some additional
data showing the effect of elevator cut-ouls, are vresented in
appendix A.

The hinge-moment corrections for "feeler ailerons” (small-span
wlde-chord ailerone at the wing tips) designed to provide the stick
feel for thin-plate, rectractable-type, lateral-control devices are
of current interest. In order to provide some data for these arrange-
ments, the hinge-moment aspect-ratio corrections for a 0.5-chord
0.15-span feeler ailleron on a wing of aspect ratic 3 are briefly
sumarized in appendix B.

SYMBOLS
P circulation strength
Cy, 1lift coefficient
Cy gection 1lift ccefficient
Cy, gection hings-moment coefficient
Cy hinge-moment coefficient
a, gsection slope of 1lift curve, per radian
o angle of attack
" Cy\
&, effective angle of attack, radians (7—-,
\Z0/
%y two-dimensional angle of attack

te} elevator defleoction
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tab deflection

vertical component of induced velocity
Jones edge-velocity correction factor for 1ift (reference T)

effective edge-velocity correction for 1lift of elliptic wing
with partial-span flep (sce references 1 and 7

free-gtream velocity
chordwigse distance from wing leading edge

chordwise distence from wing leading edge to point at which
dovnwash is desired

spanwige digtance from plane of symmetry
chord
center-section chord

root-mean-square chord of elevabtor

gpan of tail

trailing-edge angle, degrees
dynamic pressure

grea of tail

span of elevator

aspect ratio (bﬁfs)

hinge-moment factor for theoretical load caused by streamline-
curvature correction (reference 1)

experimentally determined reduction factor for F +to include
the effects of viscosity (reference 1)

increment

increment of parameter; velue for elevator with full-span
flap minus value for elevator with partial-span flap
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minus value for elevator with cut-out

|
|
|
|
| Parameters:
| )
i °1, (bcz/Bab s © fo
‘ Clg (501/85 .
| .
| ( ' /(‘CL Z fﬁ&)
%)C'L (301 /f\ﬂ.)
| € /aa’)'
(QB)CL (68 (ow / ot ), Js
‘ Chﬁ ( aChe /, (Jﬁ)a, 3
T ,'

Ch, (ache}og)

|
! The subscript outside the parenthesis indicates the factor held
| congtant in determining the parameter.

| : Subscriptas

| L 1ifting-line theory

k LIM modified lifting-line theory
| 1s lifting-surface theory

strip strip

mex me X Imum
e clevator or effective
T flap

|
|
\
|
| TE trailing edge
|
|
|
|
|

>
Attt increment of paremeter; value for elevator with no cut-out i
|
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o) elevator-deflection-type load
o angle-of -attack-type load

Do, incremental induced angle-of~attack-type load

Y induced
SC streamline curvature

Angular measures are in radians in the text and in degrees in
appendixes A and B and table I unless specified otherwise.

ELECTROMAGNETTC-ANAT.OGY MODEL

Lifting-line~theory vortex pattern.- The vortex pattern for an
elliptic tail surface of aspect ratio 3 at zero angle of attack with
a 0.5-chord O.85-span slevator deflected is desired. In order to
determine the vortex rattern, it is necessary to know the span load
distribution as estimated from lifting-line theory and the chord load
distribution as estimated from thin-airfoil theory.

The span locad distribution for an elliptic wing having an aspect
ratio of 3 and a section slope of the lift curve of 2a per radian
and with 0.85-span elevator was determined quite accurately. from
unpublished influence lines similar to thoge of reference 8, but
calculated for elliptic wings. The span load distribution, in terms

CO,
of the parameter e is glven in Ffigure L.
8

o

The chordwise circulation function must be known for both

ceqV
a flat plate at an angle of attack and a flat plate at zero angle of
attack with a O0.5-chard elevator deflscted. The mathematical
expressions for these functions are given in refercnces 3 and 9, and
curves of the functions as estimated from thin-airfoil theory are
presented in figure 5.

In order to construct the vortex pattern,it ig necessary to

\ Ca

elevator-type loading and how much is angle—of—dttack-typo loading.
According to the assumptions of lifting-line theory, the amount of
elevator-type loading is that given by strip theory; that is, this

: ; Cg
determine how much of the load { ~— of fige 4 ) at each section is
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loading is equal to the two-dimensional loading with aerodynamic
induction neglected. The induced loading is entirely angle-of-
attack-type loading and is equal to the loading obtained by strip
theory minus the actual resultant loading given in figure L.

The strip-theory loading over the elevator span in terms of

co,
the parameter -———3 is equal to %— (see figs 4) since a, = @ Dy
Cq 8 ;

definition. The circulation strength of elevator-type loading there-
fore is equal to < ("P) S_.. The circulation strength of angle-of-

cczV Cq

CCZV Coy CSCL

(S}

T\ (o _ %
attack-type loading is then equal to ) 2 = e—), If all
\ c

values of circulation strength are divided by the meximum value at
the wing center section, the values of P/I‘max at any spanwise

station b—i—: end at any chordwise station =x/c can be determined
“
from figures 4 and 5 by the formulas that follow. ZFor values of ——:;-
b/2
from 0 to 0,85,
(21"\ e = Clle
\CCZV CS CCZV i ..ccv CSUJ
i ’ o
e i \ i
max ( __‘_%,I;
G 10N
\'8 1 o
For values of —z— from 0.85 to 1.0,
b/
ar <C°°e\
F ‘\CC?’V 5 ‘Csd’
1‘1 & ~ 1‘I \ (lb)
max (el
KCSC'LV/
: ‘max

Contour lines of

- determined from equations (1) for this con-
max
figuration are given in figure 1.
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Modified lifting-line-~theory vortex pattern.- As stated in the

"Introduction," it is desirable to fair the contour lines arbitrarily
in the region just ahead of the elevator tip in order to simplify

the construction of the model and to account approximately for the
known smoothing effects of aerodynamic induction. The fairing over
the region occupisd by the elevator was not altered. The contour
lines of figure 3 were obtained by fairing the curves of figure 1
similarly to the contour lines of figure 2. The contour lines of
figure 3 werc then used as the first approximation to the clrculation
strength (called modified lifting-line-theory loading).

Construction of Model

An electromagnetic-analogy model (fig. 6) of the loading
represented by the contour lines of figure 3 was constructed and
tested. The model was constructed of 100 wires representing the
incremental vortices. The wires used werc B. & S. No. 15 gage
(0.057 in. diam.) copper. The span of the model was 100 inches, and
the wake extended 2.4 semigpans from the leadince edec of the root
section. The test setup, measuring equipment, and methods wore
gimilar to those described in reference k4.

LIFTING-SURFACE-TTECRY CALCULATIONS FOR DOWNWASH

Bocause the additional lifting-surface-theory plan-form cor-
rections are determined from the differonce bebtween the actual
downwash moasurements and the values estimated by 1lifting-line and
thin~airfoil theorics, it is necessary 4o calculate the downwash
from these two-dimensional theories, as well as to measurs the
downwash for the electromagnetic-analogy model.

Downwash Calculated by Two-Dimensional Theories

Lifting-line-theory loading.- The downwash given by the £ two-
dimensional theories corresponding to the lifting-line-theory loading
is, of courss, equal to the gcometric slope of the surface timos the
frec-stream velocity. This valuc of downwash iz everywvhore zero
except over the elevator itself. Over tho clevitor the downwash is
equal to BV whore
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and

2I}atr:tp
cV

cV g
and therefore

'Wa = &V
(\%)c-,’ Cq %oC

The dovmwesh in terms of a nondimensional parameter is thus

<wb " =' 2 ()
EIanyé _E_.(EEE\ (aa) cy

b/2 \Cg%/ - el
since
Ipax = I'mw
and
i Nl
cglt @
where
Cg = C
ccz.e.
From figure 4, e = 0.59; for a thin airfoil, Clg = 2n;
S /max
Ce : 2
for conih 0.5, (qﬁ) PO T ;3 and for an elliptic wing of
IC 2)1
Cg 8 -
A= 3, :.75 = 3; The increment of downwash over the flap there-

Wb
f i \ = O . 8 .
ore is <2I‘ 17
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The downwash corresponding to the gpanwise distribution of PTE

is Just neutralized by the downwash corresponding to the bound
vorticity of the induced load (of angle-of-attack type). This down-
wash must be calculated, however, in order to determine the modified
lifting~-line-theory downwash.

'The downwasgh reoulting from aerodynamic induction is equal
to asV or (o = o )V. Over the sections of the model within the

elevator span, a = 8(@5) ; and over the section outboard of the
elevator, @ = 0. For all sections

=

clom
cy ¢V
zda

5 =
e

since
ccyV Gy %eCV
maTT =

“=

The induced dowvnwash over the span of the elsvetor ig thus

e
wb \ _ [ Cg®
(2 Pmax /}. Epmax <a6) IO | e / ( 3 )
“LL S b /2 \
. max

and over the sections outboard at the elevator is

e
/' wb R ! Cgt
fﬂgax : . gy )(qu\
g
ca,
A Ca™
W c cat,. (%)
8(—-) i
\’s, g%
max

Thess downwash parameters are plotted in figure 7.
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Modified lifting-line-theory loading.~- The additional aspect-
ratio corrections are determined from the difference between the
measured lifting-surface-theory downwash and the downwash calculated
from the two-dimensional theories for the modified 1ifting-line-
theory loading. The downwash corresponding to the arbitrary fairing
of the contour lines (fig. 3) must therefore be calculated by the
two-dimensional theories. Because the span lcading was not changed
by the arbitrary fairing, the component of downwash corresponding to
the spanwise distribution of Iy (equations (3) and (4)) 1s

unchanged. The chordwise distribution between the gtations g%;:=o.7o
and ~Zf = 0.95 was altered.

p/2

The procedure used in calculating the chordwise distribution of
the downwash was to plot the magnitude of the altered contour lines
against the chordwise position in a form similar to figure 5. The
curve of P/:max thus obtained can be integrated by means of the

Biot-Savart law to obtain the downwash at any point X, as follows:

)—-C—-
b/2 ;

A CThy oM
L 1 < / max ) X (5)

: o o/ e
=3 B .. % § = b/2
o bfe - bie b/

The curve of P/P wase integrated by assuming that each small

max
segment of the curve could be approximated satisfactorily by a
parabola, a procedure similar to that prescnted in reference 3.

The sum of the downwash due to the bound vorticity IYI&QX

given by equation (5) and the downwash induced by the spanwise dis-
tribution of Tiy (equations (3) and (4)) gives the incremental

downwash caused by modifying the contour lines of figure 1. The
incremental valueg with the geometric downwash give the total
modified lifting-line-theory dowawash.

Values of nondimonsional downwash for the first-approximation
or modified lifting-line-theory loading arc prescnted in figure 8.
The downwash curves are rather irregular, as might be expected,
since the falring of the curve of ‘P/Pmax was done entirely
arbitrarily and any slight errors in this curve show up to a very
magnified scale in the downwash curves.



e NACA TN No. 1275

Dowmwash Measurements from Electromagnetic-Analogy Model

The magnetic-field strength of the electromagnetic-analogy
model was measured at four or five vertical heights, 25 spanwise
stationg, and from 25 to 60 chordwiegs stations. A number of repeat
tests wers made to chock the accuracy of the measurements, and
satisfactory checks were obtained. : :

The measured data were faired, extrapolated to zero vertical
height, and converted to the nondimensional downwash function

( L \‘ ag discussed in reference 4. Corrections for the finite
b : : -
WIS
length of the trailing vortex sheet were calculatod and applied as
FPe _ . \ ;
indicated in reference 4. The final curves of <ﬁﬁg~~\ for the
el
max,-LS

Two semispans were then averaged and are preésented in figure 9.

Incremental Values of Downwash

In figure 10 are presented thc incremental values of the

nondimensional downwash *A(‘Wb

\\ mx/m

difference between the lifting-surface-theory values of figure 9
and the values obtainod by the two-dimensionnl thoories for the
modified lifting-linc-theory loading of figurc S

[»)

as determined by taking the

DEVELOPMENT OF ASPECT-RATTO CORRECTION FCRMULA

General Proccdure

The incremental lifting-surface-theory aspoct-ratio corrections
are determined by calculating the increments of chordwise and span-
wise loadings that would result from a 1ifting surface sheped to
correspond to the differences bebween the,lifting-surfaco-thcory
dovnwash and the downwash detormined from the two~dimensional
theories, that is, the loadings of a lifting surface with shape
given by letting the slope of the surface equal the downwash

distribution of figure 10.

Because the incremental agpect-ratioc corroctions are reagsonably
small, approximate formulas are usually uscd to cvaluate them. The
methods and formulas usually used are given in reforence 1 and include
first-order compressglbllity corrections (referénco 10). Some pro-
liminary computations wore made by more exact mothods for the present
case, in which the downwash near the elevabor tip ie so irregular.
These preliminary computations indicated that the corrections would
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not be given with satigfactory accuracy mnless the actual chordwise
variation in downwash was used. The following formulas are there-
fore developed by use of thin-airfoil-theory methods (references 11
and 12),

The following development of the aspect-ratio corrections was
made by means of incompressible-flow relations, First-order com-
presgibility corrections may be estimated by use of the linear
perturbation theory of reference 10 as was done in reference 1,

Lift

The incremental correction to the 1lift of an elliptic tail
surface is

- AL )
_& A 2‘"111-':1)‘: Acy oy E (6)
L™ % +2 w > A max Cg  \b/2/
WV
ACZ
where values of the parameber -———- are obbained from the data

Thax
L)'

presented in Tfigure 10 throuvgh the use of the relationship

ACZ Fl .0 Wb
T—{‘ = LL A\ d o]
< mex L,io <2Pm3 X>Ls\ E

9.6
1 - -
BV c

derived from thin-airfoil theory. (See equation (25) of chapter IV
of refercnce 11.)

. . ’ s . 3 ol
Evaluation of (ACLa) requires an estimation of the relation
X

between Pmax and the elevator deflection ©®, In accordance with

/ca N
lifting-line theory, K..;) = 0,59. (See fig. L for this
C
8
max

particular wing-flap combination,)
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}‘ Thus,
CCe = 0.590'.
0y = [0],5) d
| (),
J 0g = o.59<”2: ‘\) 8
| ok
‘ and
c CzV CSV 4
G cabdte sl Ral e ol (8)
| {%)Cl
‘ In reference 1 are given values of the ratio
] (%>Cz
| for full-span elevators. If the assumption is mesde thet this
\‘ correction is approximately proportionsl to the elevator span and
1 if the Jones edge-velocity correction is epplied, a more nearly
! correct relation between I'n,x and & cen be cbtained from the
( following epproximation:
J ﬂ ?(%“
Ymex T lmexgy TR L 1 -l':D"+3 (9)
( . or
\‘
2n / ' L 7
‘ 2 X L JOAT O A 4 2 ( (%/CL‘ 3 “e e (10)
S i
bV Am 2+ 2 (@5} b
Siedie
ol
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and

h‘f:) .P-l-c_

rfl /CI -] b .0 Ac cy
i (<) X c C
(ACLQ. = e s ‘ g TR B ot ln C )(11)
OJr ’2 o b 2 ax%
ot IRGIR \1&\ )Cz j Jo Dhex

[

Therefore

1.0 ADc T
(ACLB\) = 0,855 — b o P
1s o Pipay ¢ \p/2

For the present case of a horizontal taill of aspect ratio 3, with a
0.5-chord 0.85-span plein ¢ .evator

A = 0.855 x 0.4

= 085 (12)

The lifting-line-theory value of CLg for an elliptic wing
with a partial-span constent-percentage-chord elevator is given by

: ibe('b za
s G Ml o /~>

(C1p). . = 4 (13)
sLL A+ 2
for a lift-curve slope of 2.
! . . Rt
For the wing under discussion with a wvalue of (aﬁ)cz of e
Y284
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If it is assumed that the concept of an effective edge-velocity
correction (see reference 1) can be used in the partial-span-flap
case, then

N

sl
S e A
(62) N el ol o .
U - o R T e
S/1.3 AEef + 2 JLEef + 2

ef
the 1ift curve not egqual to 2x, +he following asswmption may be
mades:

O 9301@(@8)01
<CL8)LS § ng e

™

Dop +

|

|

|

|

|

|

|

which gives for E a value of 1.23. Thus, for section slopes of r
|

|

|

|

- |

Hinge Moment

Doetermination of (C}.:.@)LS-— The lifting-surface~-theory hinge-

moment paremeter (C"l&) is given by the expression |
B s 1

(ChS)LS i (Cha)LL % <1£i15 - {5y

Because the contouvr lines over the elevetor were not altered from
those computed for the lifting-lins-theory load, the lifting-line-
theory valvue of the hinge-moment coefficient for the modified load
is identical with that for the wnmodified load, This value is

LA
Wb T
s g ( e
Co e ) L e/ e ¥
(Cag).. = o - °n ) ——*-fzu*Lj =], (1E)
% S b s e LRSeRIE ey Noe) N/
Celcs) Yy
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From the wing geometry

From the downwash cuvrves of figure 7 the integral may be evaluated
as 0.2215. This evaluation assumes the gpan-load cwrve to be
unchanged by small changes in the slope of the 1ift curve. Equa-
tion (15) may be written as

(Ch5>LS = Cpg ~ O-3hhcha + <Ach5)Ls (17)

The lifting-surface-theory correction to the slope of the

hinge moment against elevator deflection K[Ch5>L is equal to the

S
hinge mement of a 50-percent-cherd elevator on a surface, which is
given by the difference in the measurcd downwash and the lifting-
lino-theory downwash (fig. 10). Over most of the wing, the difference
in downwash is equivalent to a parabolic-arc-camber airfoil at an
angle of attack.

The hinge-moment cor::ctions ere computed by thin-airfoil-
theory formula in tvo pa- t8 (see reference 1) as follows:

AC ) = (A2 + (AC > 18
( he/)rs ( hS)mi \" B8 g (299
The increment (Achaj ig obtained from the inducecd downwash at the
TGRS
1
0.5-chcrd point. The increment (ACh5> is not a streamline-curvature

)
correction in the sense used in reference 1, since the downwash curves
near the outboard end of the flap de=fine a somewhat irregular surface,
not a parabolic-arc surface. The hinge-moment corrections egtimated by
the two methods, although appreciable, are not too great; therefore,
for the purpose of simplifying the system of notation and in order that
the viscosity efficiency facter n for parabolic-arc airfolls can
be used for the present case, the symbol Qaché) is used to

sC




identify the part of the correction not given by ( AChp) . The mumerical wvalues of [ AGN I
\""85 Ja,. \ 25 ®
are computed, however, for the actusl distorted surface,
The induced-angle-of -attack correction is
| ibe/D
% \2 & : Z
| (2ons), = TR ) o d(j—- (19)
'1‘)/[\&’1 ..la, AE + 2 bo /“_ o }(_ 3] CS) b/?_'
| (% fea)”
/ If the value of Ay is given in terms of the increment of downwash parameter at the
7Bl e B
| . A WO max g ' N : .
c/2 stations :( ) and the value of & ig obbained from equation (10), the
o i 1
‘max £/2 bV
following equation is obtained:
b,/b
s )2 ) (&5)1‘1 _l T ] '
{oe fC As2 ] "o wh =
(ACba) = -0p s /———-3.86 e =~ 1h=+ 1o (20)3
ST e e o ol g
- (Cc/cs)~ 1 : o /d =
=
O
By the use of the data of figure 10 the integral was evaluated; hence o
N
\J

(&ha) = '0;017611@ (21)
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The value of (ACh ) may be determined from
6,530

| : &
QAChG)sc sy > = A \C> : (.b/ ?‘) (22)

where values of the parameter -———--— are obtained from the data

meaX l ja%

presented in figure 9 by means of the relation

Ac 30 \ wb 1
h h ala k3 wh (23)
=1 2 ‘mE'c
max i O-5Cj

ach\
Numerical values of the prrameter { —— are presented in
| 38,

a.,0

figure 11 for a 0.5-chord plain elevator as calculated from the
thin-airfoil-theory formilas of reference 12. For flaps with
overhang or internal balances, the changes in the parabolic-arc

P . X
factoy - of refelrence 1 with the amount of balance can be

e ta¥
of°)
used as a fair measure of the changes with overhang of the value
of (ACh8> determined from wu;tmns (22) and (23).

S .

For a horizontal tail surface of aspect ratio 3, with 0.5-chord
0.85-span plain elevator having an assumed value of ¢y = 2n
o

T+ 2

o ! oL
and \a5>cz g
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(Ach5>sc = 0.2005 per radian (2k)

- . . = . ;4
The lifting-surface-theory value of the parameter kChS)Lﬂ is
e}

obtained by substitution of values from equations (18), (21),
and (24) in equation (17) =28 follows:

. .
Ut
( J“‘E})T,

.S = C}la - O.361C}1G -+ 0.2005

In order to estimate (Ché) for the plan-form corrections
s : .
from the section data with arbitrary values of ¢y , ( ) 2
a J va 7’C(/ 853 ¢y’ hey?

and Chg the following expression mey be useds

1.1(os) (e), o1
. ) T Cy @
(ChS) = 33’16 - T Ch& - (,‘.014-87 i (25)
15 ) N [ e e
L 4 = \Ce /C> o8
Cy 1+ o
D1
) F
vhere A =3, n=1-0.0005¢>, 2nd values of st apg
kce/c\g
presented in reference 1. 4
Determination of (Chc>L .~ The lifting-surface-theory hinge-
LS

monent parameter (Cha) for an ellipbic teil surface with a
g

partial-span constant-percentage-ciiord elevator mey be estimatsed
from the relation

[/ A
di\ [ﬁdbhm)gclyartial-syﬁn /N, ')
]

LY

(Ch N = % L = +
ahg e « /1, [6&% ; N e
o S Ay J
G)SC o ‘

Full-span
11.-gpan
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' g
Valves of [r_ACh“)scl

oy
and (—-} are presented in
Full-gpan IS

&

Ekﬂhﬁ}SC]Partial-span

N e
Full-span
from the curves used in estimating the corrections presented in

referesnce 2, are given in figure 12,
2

reference 1 and values of the ratio derived

COMPARTSON OF LIFTING-SURFACE-THIORY RESULTS

WITT WID-TUNNEL DATA

The difference between the aspect-ratio corrections for full-
span elevators and partial-span elevators can be determined from
the wind-tunnel data presented in appendix A for a condition
directly comparable to the case congidered in the present paper

Cqo T '
(A =3, eolliptic plan form, — = 0.5, and g- = 0,85)« In

(¢
reference 1, some difficulty was encountered in checking the
accuracy of the theoretical aspect-ratio corrections against
experimental wind-tunnel data hecause of the scarcity of comparable
gectlion and finite-gpsn data. Iven the slight surface irregu-
larities obtained in construction of two diff'erent models caused
large enough changes in the measured hinge moments so that the
accuracy of the theoretical aspect-ratio corrections was difficult
to evaluate. The accuracy of checking the difference in the
corrections for the full-span elevator and the partial-span ele-
vator, however, should be relatively good since the same model
was used for both tests, the tip of the elevator being fastened
to the elevator in one case gnd to the stabllizer in the other
case.

o

In teble I is pregented a swmary of the 1ift and hinge-
nmoment paramebers measured from the wind-tunnel data of figure 13
and estimated by means of lifting-line and lifting-surface theories.
No values were estimated for the elevator with cut-out., In
table II the incremental differences in the parameters for the
full-span and the partial-epan elevator arc given, and in table III
the 1ift and hinge-moment paremeters caused by cut-out are given,
For the 1ift parameters both theories predicted approximately the
correct increwment; however, the slope of the hinge-moment coeffi-
cient against elevator deflection estimated by lifting-surface
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theory is in much better agreement with the experimental values
than the slopes estimated by lifting-line theory.

Only about 10 percent of the incremental difference for the
slope of the curve of hinge-moment coefficlent against elevator
deflection is given by lifting-line theory; the total lifting-
surface-theory increment is -0.0009 per degree for the configura-

ion considered herein.

The effects of the cut-out, especially upon the hinge-mcment
characteristics, were extremsly large (see table I) and no adequate
theory is available to estimate the effects of the cut-out. In
addition, very little experimental section data are available for
airfoil sections similar to those at the cut-out. The large effect
of the cut-out indicates that lifting-suwface-theory solutions such
as are given in the present peper and in refcrence 1 are definitely
limited to tail surfaces without cut-outs as well as to small angles
of attack and swall clevator deflections.

CONCLUDING REMARKS

An electromagnctic-analogy model of the vortex load, esti-
mated from lifting-line theory with an arbitrery fairing near the
elevator tip, on a thin elliptic horizontal tail surface of aspoct
ratio 3 with a 0.5-chord 0.85-gpan plain clevator weg constructed
and tested. The aspect-ratio corrections to the lift and hinge
moments were calculated from the measured results.

A comparison of the aspect-ratio corrections for the partial-
gpan elovators was made with those previously presented for full-
span elecvators. Thoe comparison indicates that the incremental
difference in the 1lift parameters between the full-span and the
partial-span elevators may be estimated satisfactorily by lifting-
line theory. The incremevtal difference for the curve of hinge-~
mement coefficient againut angle of attack is usually small.

Only about 10 percent of the incremental difforcnce for the glope
of the curve of hinge-moment coofficient against elecvator deflec-
tion 1s given by lifting-line thoory; the total lifting-surface-

theory increment is ~0.0009 per degree for the configuration con-
sldered herein.

Wind-tumnel results for a tail surface of the same plan form
wore presented. The differences in the estimated lifting-swrface
agpect~ratic corrections for the full-span and partial-span ele-
vators were checked satisfactorily by the experimental data. A
few tests with a cub-out for the rudder were also vrescnted. The




NACA TN No. 1275 23

¢ffects of the cut-out, especially upon the hinge-moment character-
istics, wers extremely large and no adequate theory is available

to estimate the effects of the cut-out. The large effect of the
cut-out indicates that lifting-surface-theory solutions such as

are given in the present paper and previously are definitely limited
to tail surfaces without cut-outs as well as tc small angles of
attack and suall elevator deflscticns.

Langley Memorial Aeronauticel Laboratory
National Advieory Committee for Aeronautics
Langley Field, Va., August 20, 1946
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APPENDIX A

WIND-TUNNEL TESTS

By E. Page Hoggard, Jr.

The test results pressnted herein were obtained to check the
theoretical changes in the aspect-ratio corrections resulting from
the use of pertial-span elevators. The effect of a rudder cut-out
in the elecvator was also tested to find out the ordsr of magnitude
of such a modification of the elevator.

Apparatus, Model, Corrections, and Tests

All tests were made in the Langley L- by 6-foot vertical
tunnel modified as described in reference 13. The elliptic semispan
tail swrface (fig. 1%) was constructed of laminated mahogany and
conformed to the NACA 0009 profile. In the progent investigation
one elevator with a chord 50 percent of the tail chord was tested.
Thie elevator had & plain radius nose with a gap of 0.5 percent of
the alrfoil chord. The model was equipped with a removable cub-out
block and an elevator tip block so that the four model configurations
shown in figure 1L could be obtained. The elevator tip block could
be fastened to the elevato~ or to the main part of the tail surface.
The trailing-edge anile o. the modsl measures 11,19, vhercas the
theoretical trailing-edge angle (from the published ordinates)
measures 11.6° for the NACA 0009 airfoil.

The tail surfaco was installed as a reflection-plane model
by mounting the model with the root section adjacent to one of the
tunnel walls., This system is therefore analogous to mownting a
6-Loot-span model in an 8- by 6-foot tunnel. The modol was
supported by the balance frame so that the 1ift acting on the
model couvld be measured. The gap betwoen the twmnel wall and the
root section was asbout 1/32 inch.

The greater part of the elsvator hinge moment (trensmitted
through a torgue tube) was measured by epplying weights at a knowm
lever axm outside the tunnel; the additional incremcnt was measured
with a calibrated dial attached %o a long flexible torquc rod,

Elevator deflections wore set with an electric control-surface
vogition indicator.
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Fach model configuration was tested with the gop open and with
the gep cealed. The seel was made of impregnated febrig. The model
was tested through an angle-of-attack range of +20° with elevator
neutral, and at zero angle of attack through an elevator-deflection
range from -5° to 30°.

A dynamic pressure of 13 pounds per square foot, which corre-
gponde to an airspeed of 71 miles per hour at standard soa-levsl
conditions, was maintained for all tests. The test Reynolds number
was 1,43 x 10° based on & mean aerodynamic chord of 25,81 inches.
The offective Reymnolds number (for maximum 1ift coefficlents) was
approximately 2.76 X 106 baged on a turbulence factor of 1.93 for
this tumnel.

No correction was made for leakage around the model support.
The following tumnel-wall corrections werc added to the data:

\

A, = 2,184 CLy (for &ll four model configurations)

ACy

0.013% Clp (full-span elevator without cut-out)
ACy = 0,0135 Opp (full-span elevator with cut-out)
Ay = 0,0159 Crp (partial-span elevator without cut-out)

ACy, = 0.0163 Crp (partial-span elevator with cut-out)

there Crp  is the total vncorrected 1ift coefficient. For methods

of calculating corrections for reflection.plane models, see refer-
ence 14,

. Although the elevator defloction tests were run with the
geometric angle of attack at zero, the Jet-boundary correction Ax
given in the foregoing corrections indicates that part of the total
1ift and elevator hinge moment results from a jet-boundary induced
angle of attack., The plots against elevator deflecticn therefore
wore made and the slopes weroe read by using the test data as cor-
rected in the following equations:

A, ~

= A
Lcorrected vL = CLa

uncorrected

Doorpocted T Puncorrectod T T ba

.
v

T o)
Csorrected

(C{“} e = C e
¥ *
Zcorrocted “
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are presented in table I.

Data

NACA TN No. 1275

The 1ift and elevator hinge-moment characteristics of the
motel tested are presented in figure 13, The various parameters

Theo slopes were determined for the small

angle-of-attack and deflection range,
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APPENDIX B

ESTIMATION OF Cha ATD Ch8 FOR FENTER AILERONS

Becavse the aspect-ratio corrections given in the present
Paper and in reference 1l arc obtained from a lincar lifting-surface
thecry, 1t is possible to superimpose the Lifting-surface-theory
solutions and thus obtain the solution for 0.-chord 0.15=gpan
feeler ailerons on a wing of aspect ratio 3. Of course, the
arrangement obtained hy th: use of superposition simulates two
ailerons, one on eacl win; tip, deflected in the same way. A few
calculations indicate that the mubual influence of the allerons
upon the hinge-moment cheracteristics may, however, be safely
neglected..

Detailed calculations of the aspect-ratio corrections for
this arrangement are not prosented bocause the procedure is similar
to that used for the partial-span elevators as given in the main
part of the paper.

Because the data are for a rather low aspect ratio for a
wing (A = 3), the results for the feeler aileron are mainly of

comparative value. The incremental difference botween the estimated

finite-span values and the section values of the hinge~moment
parameters (por degroe) for the full-span elovator, the 0.85~gpan
elevator, and the 0.15-span foeler aileron are as follows:

Configuration Aﬂha ACh8
Full-span elecvator 0,0060 0.,0053
0.85~-span elevator <0059 .0062
0.15-span feeler aileron »0104 .0090

where the sectlon values are

=0) nOl)+

i}

Chs
and

= ~0.010h

Q
B‘ -
1
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The aspect-ratio corrections for the case of the feeler aileron
are about TO-percent larger than for the case of the full-span ele-
vator., The rather large valves of the aspect-ratio corrections are
shown especially for the easpect-ratio correction to Cha’ which is

equal to the section value, so that the net value of Cha equals O,



NACA TN No. 1275 ' 29

;R

28

3

it

’

i

(@)

10

4,

REFERENCES

Swenson, Robert 8., and Crandall, Stewart M,: Lifting-Suwrface-
Theory Aspect-Retio Corrections to the Lift and Hinge-Moment
Paremeters for Full-Span Elevators on Horizontal Tail Surfaces.
NACA TN No. 1175, 1946.

Swangon, Robert S., and Gillis, Clerence L,: ILimitations of
Lifting-Line Theory for Est 1mat10n of Aileron Hinge-Momont
Characteristice. NACA CB No., 2102, 1943,

Cohen, Doris: A Method for Determining the Cambor and Twist of a
Surface to Support a Given Distribution of Lift. NACA TN
No. 855, 19h2,

Swanson, Rovert S., and Crundall, Stewart M.t An Electromagnetic-
Analogy Method of Solvn.nb Lifting-Surface-Theory Problems.,
NACA ARR No. 15D23, 1945,

Wenzinger, Carl J., and Harrie, Thomas A.: Pressure Digtribution
over & Rectangular Airfoil with & Partial-Span Split Flap.
NACA Rep. No. 571, 1936.

. Allen, H. Julian: Calculation of the Chordwise Load Distribution

over Airfoll Sections with Plain, Split, or Serially Hinged
Trailing-Edse Flaps, NACA Rep. No. 634, 1938,

. Jones, Robert T.: Theorstical Correction for the Lift of Elliptic

Wings. Jour., Aero. ici., vol. 9, no. 1, Nov. 1941, pp. 8-10.

. Peargon, Henry A.., and Jones, Robert T.: Theorctical Stability

and Control Characteris uicJ of Wings with Various Amounts of
Taper and Twist., NACA Rep. No. 635, 1938,

. Crandal), Stewart M.: Lifting-Surface-Thecry Results for Thin

Elliptic Wings of hspeci, Ratio 3 with C"wvuwx so Loadings
Correcsponding to 0.5-Chord Plein Flap and to Parabolic-Arc
Camber. NACA TN Fo. 106k, 1946,

Goldstein, 8., and Young, A. D.: The Linear Perturbation Theory
of Compressible Flow, with Applicetions to Wind-Tunnel Inter--
Teremce, R,M, No, 1909, British A.R.C., 1943.

Munk, Max M.: Fundamentals of Fluid Dynemice for Aircraft

Designers. The Ronald Press Co., 13529,




30

12,

L5

NACA TN No. 1275

Theodorsen, Theodore, and Garrick, I. E.: Nonstationary Flow
about a Wing-Aileron-Tab Combination Including Aerodynamic
Balance. NACA Rep. No. 736, 1942.

Ames, Milton B., Jr., and Sears, Richaxd I.t! Pressure-Distributiorn
Investigation of an N.A,C.A. 0009 Airfoil with a 30-Percent-
Chord Plain Flep and Three Tabs, NACA TN No. 759, 1940,

. Swanson, Robert S., and Toll, Thomas A,: Jet-Boundary Correc-

Ttiong for Reflection-Plane Models in Rectangular Wind Tunnels,
NACA ARR No. 3E22, 1943,




TABLE I

PARAMETERS MEASURED FROM WIND-TUNNEL DATA AND CALCULATED FROM THEORETICAL DATA

[Ca.‘l.cula.tions were not made for the arrangements with cut-out because of a]

lack of comparable section data and theoretical results.

GLZT 'ON NI VOVN

8Ccmputed by 1ifting-line theory.
chmtod by lifting-surface theory.

i 1ift
OLq, Org
= fla) - <
- oo Full-span flap Partial-span D Full-span flap Partial-span flap
Calculated Calculated Calculated Calculated
| Measured Measured Measured Measured
i (a) (v) {a) (v) (2) (b) (a) (v)
i
| Sealed | Without 0.052 0,062 0,053 0.052 0.062 0.053 0.041 0,048 0.042 0.038 0.0L45 0.040
‘L 0.005¢c | Without .050 ,060 052 | cococeas .060 .052 .038 .046 .0ko .036 043 .038
| Sealed | With o R R ol | e el e e sausses o) woasi o JiEmseast i
= I \
| 0.005¢ L‘vfith I [ R Tl B N el 026 | mmmmmee | emmeeem- 023 | cmmcmen | comacae ‘
Hinge-moment ‘
[
| g Gy |
asp S Full-span flap Partial-span flap Full-spen flap Partial-span flap ‘
Calculated Calculated Celculated Calculated ‘
Measured Measured Measured Measured
(a) (v) (=) (v) (a) (v) (a) (v) ‘
Sealed | Without | -0.0037 -0,0065 | -0.0044 | -0.0037 -0.0065 | -0.0046 | -0.0082 -0,0109 | -0.0087 | -0.0073 -0,0108 | -0,0078 ‘
0.005¢ | Without -.0043 -.0066 -.00L5 -.0042 -.0066 -.0047 -.0078 -.0111 | -.0090 | -,0068 -,0109 -.0080
Sealed | With 20015 | cccmcac | ccameea -.0013 cemcnce | cecmaaa -.00k1 —rmmenr. | ewecsmw S b e S S . \
0.005¢ | With 0019 | ccommce | cmoeeas -.0015 FURLE [Rea— -.0056 cmmccen | comaas =00052 | cmcccaa cssnurn |

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IT

INCREMENTS IN PARAMETERS CAUSED BY PARTIAL SPAN

1 1 L ¥
atcr, At0r A chm N
Gap Cut-out Calculated Calculated Calculated Celculated
Measured Measured Measured Measured S
(=) (v) (a) (v) (a) (v) (a) (v)
Sealed | Without 0 0 0 0.003 0.003 | 0.002 0 0 0.0002 -0.0009 | -0.0001 | -0.0009
0.005¢ | Without 0 0 0 .003 .003 .003 | -0.0001 0 .0002 -.0010 -.0002 -.0010
Sealed With 0.002 -—— -—- 003 | eemae | asmee- -.0002 T (W= e =.0003 | ecmcome | ccsace-
0.005¢ With 0 e || o .003 e b S -.000k I RS ~ ool | eommems || et
8Camputed by 1ifting-line theory.
PComputed by lifting-surface theory.
TABLE ITI
INCREMENTS IN PARAMETERS CAUSED BY CUT-OUT
" " " "
Gap Flap span N (}Lo. AN CL8 AN Chc N Ch5
Sealed Full 0.003 0.010 -0.0022 -0.0041
0.005¢ Full .002 012 -.0025 -.0022
Sealed Partial .005 .010 -.0021 -.0035
0.005¢ Partial ——— .012 -.0026 -.0016

NATIONAL ADVISCRY
COMMITTEE FOR AERONAUTICS

A
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Fig. 13a conc. NACA TN No. 1275
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Fig. 13b cont. NACA TN No. 1275
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Fig. 13b conc. NACA TN No. 1275
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