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S0ME PROBLEMS OF ATRCRAFT CONTROL SURFACES AERODYNAMICS

V.G, Mikeladze
Chief, Aerodynamic Laboratory Central Aerodynamic Institute
Radio str. 17 Moscow USSR

Aerodynamic characteristics of low-
aspect-ratio wing elevons with variable-
sweep leading edge as longitudinel and
lateral controls are considered.

An estimation method of elevon aero-
dynamic characteristics with the use of
the reversibility theorem at subsonics
and the linear theorem at supersonics is
presented; a physical pattern of flow
vast a low-aspect-ratio wing with elevons
extended to high angles by means of pres-
sure distribution at subsonic, transonic
and supersonic speeds is shown.

The results of systimatic analitical
and experimental investigations of par-
ticular elevon parameters effect on their
aerodynamic characteristics are glven,

I. A Method of Estimati
Tlevon Effectiveness for Argifi
Plan-Form Wings at subsonlic §p§e§g

A method of estimating elevcuns effec—
tiveness for arbitrery plan-form wings
et subsonic speeds is based on the use
of the reversibility theorem, which
relates aerodynamic characteristics of a
wing in direct and reverse flow when the
velocity direction of free flow \/,, is
reversed.

The values of the derivatives of the

1lift coefficient CLde , pitching
moment coefficient Cmge and rolling
moment coefficient C¢ge  with respect to

the elevon deflection angle Je can be

written as

ggpa. ds (1)

e
Crnge= gg (2)
Se

C[iSe SS wa_dS (3)

where Crn163 and Cl153 are the pitching
moment coefficient and rolling moment
coefficient for which the wing root chord

is taken as a characteristic linear
dimension

P°< — onk- pressure differential coef-
3 9 ficient between the lower
and upper surfaces of the
wing in reverse flow when
the wing at the angle of
attack moves without rota-
_ tion
sz_zap_w- pressure differential coef-~
Cv ficient in reverse flow

when the wing rotates
about 0Z axis

p prx - pressure differential co-
u»e--—‘z?—‘ efficient in reverse flow

when the wing rotates
2
c} - JB\@
2

about X axis
- dynamic pressure
The expressions 1 to 3 show that i-

is sufficient to define the values of

Po- s Puwzand Pwx- for a wing in
reverse flow, then the coefficientsCLge,

Cmése ClSe may be found by simple
1ntegratlon. The problem of flow past a
wing in reverse flow is solved by a
@wethod in which the wing is substituted
by a vortex surface. The 1lifting vortex
surface is simulated by a number of
bound vortex cords. Each vortex cord is
substituted by several skew horseshoe
vortices, Each skew horseshoe vortex
consists of a bound vortex of constant
strength along the span 'L and free
vortices. The design scheme of the wing
is shown in fig. 1.
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FIGURE I.

For the given case of elevon effective-
ness estimation the wing with a cranked
leading edge was substituted by four
vortex cords along the chord and each

1 of the latter was substituted by twelve



skew horseshoe vortices along the half-
wing span.

Thus on the starboard wing there are
forty-eight bound vortices and on the
port wing the same number of bound vor-
tices. In each mesh of the net obtained
a bound vortex coincides with a quarter-
chord line of the mesh and the distance
between free vortex cords is equal to
the mesih span. Constrsint boundary con-
ditions are satisfied for each mesh at
the mid-point of a three-quarter~cnord
line.

In estimating elevon effectiveneas it
is necessary to know the values of a
vortex dimensionless circulation: for a
wing at the angle of attack mov1ng
without rotation [}’ , for a wing
rotating about the axis 02 [Jwzi and
for a wing rotating about the axis X

wxi .

When boundary conditions were satis-
fied three independent sets of equatbi-
ons were obtained which allowed three
previously mentioned dimensionless cir-
culations to be determined

;(Wg'\.(}“'Ang.})E&L:—

m ) o | g=h2m
Y (Wy LjraWyl *mvzl =25|T2(6g— Ld
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i(WgLJ‘AWgLJ)(WXL—‘zﬂZM %)
where w':](' =W';‘ gog Z‘,DLJ, are

dlmen51onless velociti due to a skew
horseshoe vortex at the point J H

AWI:}L = WH(EO ﬂ(g- AZOLJ’ cX) are

addltional dimensionless velocities
which arise at the point due to

a vortex on the port wing d a symmet—
rical vortex { . The calculation of
all dimensionless velocities was made
according to the following formulae

Wy= ng(éoéo ) (5

where

Wg (E O,ZO,(X)"' UQ(EBZ GTX)A\/LJ LE_.O, Zu :X) (6)

o = r - dimensionless circu-
K’ Vb[g lation of a vortex

E -~ distance between

c free vortices (see
fig.l)

- dimensionless coordi

netes at the point M o

f{_- bound vortex sweep angle

Uy(EoGoX) = yolocity due to 2
Vy(Eo ZeX)

arbitrary point

= velocity due to free ‘
vortices at an arbit-
rary point

1
ug(go,ZO:X) = &0 cosX+ Zo S'U‘(X_ .

go Stn X~ ZOCDSCX.f 99437(
§o+t% +(1- 2o

N
CoSX - 60 sinX +go. LOSX

W 0 (7)
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After solving the set of equations_ (4)
and egtimating the values Py , Pwz-
and Pyx-we find total charscteristics
of the wing with deflected elevons
according to the following formulae:

Vy(£0,80X) =

201

z

Cuge =AY ¥ dZ )
Z

(10)

(11)

where 7\:—3;- is wing aspect ratio
1 X
Fra =13 57,35 o LK (12)
X=Ce



gijz = 2é7,35pw2—d>_< (13)
X*—Ce
)2*
i = —_
X

-~ coordinate of the
wing section leading
edge in reverse flow

Ee -~ elevoa chord ratio

Pgrametric computations of elevon effec-
tiveness were made by using high-speed
electronic computers. As an example the
results of elevon effectiveness calcula-~
tions for the wing with a cranked
leading edge sre shown in figs 2 to 4.
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The effect on elevon effectiveness of
elevon geometric paremeters - aspect
ratio and chord ratio - is shown. The
correlation of theoretical results and
experimental data in terms of the deri-
vatives CLge , Cmde and Clge
shows that the predicted values of the
coefficients CLe » Cmge and Cfge
exceed the test data. One of the reasons
of such discrepancy is the presence of
gaps (which are not taken into accont

in the theory) occuring between the
fixed psrt of the wing and the deflected
elevon, The effect of the gap on elevc..
effectiveness is shown in fig. 5.
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The inclusion of empirical coefficients
into the predicted values of the deriva-

tives CLe , Cmde and Cfde
ensbles to obtain these derivatives
with an accuracy * 5%.

II. A Method for Estimatigﬁ
Elevon ectiveness an nge-~Noments

at_Supersonlc Speeds

a, The effectiveness of elevons.

The estimation method of the effecti-
veness of the elevons for low-aspect-
ratio wings at supersonic speeds is
based on the linearized theory for super-
sonic flow, When estimating the elevon
effectiveness it is assumed that the
elevon hinge line is supersonic, the
Mach lines do not intersect the wing
and elevon chords. The elevon witu adja~
cent parts of the wing is divided into
regions (fig. 6):
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FIGURE 6

Region I is bounded by the Mach lines
from the point of intersection of the

hinge line with the elevon root chord

and trailing edge.

Region II is bounded by the Mach lines
From the point of intersection of the
hinge line with the elevon root and tip

chords, the elevons hinge line and
trailing edge.

Region IITI 1s bounded by the Mach

Tines from the point of intersection of
the hinge line with the elevon tip chord
and trailing edge.

In these regions the pressure diffe-
rential coefficlent is

_ 4 a-p9x

pISeM‘JTVﬂLt%Z e atccos 1-Gf3y/x
(15)

P =3 (16)
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In this formulae:

pL -~ is the pressure coefficient
5 difference between the
upper and lower elevon sur-
faces in the ji-th region
when the elevon deflected

by 1 radian K = j%£X£i>

where q(e is the elevon
hinge line sweep

j3==V/K;5:TI

de ~ is the elevon deflection
determined at a streamwise
section

For the low-aspect-ratio wings
including the wing with the variable-
sweep leading edge and the trailing edge
normal to an axis of symmetry, the
expressions for the derivatives CLge 0"6
and C{Se . which characterize the > V€
effectiveness of elevons as the longitu-~
dinal and lateral stability controls,
will be

¢ —_4Satgl CosCrdW1-0F-1)
86 SRR tgke

G €,y

Co o = ?_SA?)AJCQE\:#_‘ Vi-az-1 ,
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(18)

1
Conge =~ 573 [CmISeJ' Cmpge *

A _7 \ba
+Cmﬂ(se+CLlT_l'56(C°e C’ie) A2 (20)
where
C =8 CoaSatg? &(a-1+/i-2)Cae

Mide 3 CA StngevﬁQ'tazxe

(21)
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8 cmsAtg g(a-1+V1-a)C;,
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(23)
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In these formulae:

Cpc, — lift coefficient due to both

de elevons deflection in the same
direction by 1 deg

a

\,Ed — rolling-moment coefficient due
€ to both elevons deflection in
opposite directions by * 1 deg

CA. - pitching-moment coefficient

OB about 2 - axls, passing the
intersection of the elevon
root chord with the elevon
hinge line (.ig. 7) when both
elevons deflected in the same
direction by 1 deg

- area, root chord
SA COA E)A an and sem:’Lapex angle 6f the
b331c delta wing respectively
(fig. 7)
C (;D—— C -Cie .5 =Loe_ chord
oe™ %A/ 1 6o’ Toe bap

ratio, span and the root chord
coordinate based to the basic-
delta wing half-span
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Recalculation of the pitching-moment
coefficient to any center-of-gravity
positions is made from the formula

:‘56 = Cmse - CL&, CI (25)

where CLGe
formule (18)

is determi. . from the

CL o - relative distance between
Ca  exes, positive when Z* axis is
ahead of Z -~ gxis

In the case of the elevon constant
atsolute chord ( =0)_the expression
for the derivatives Lsey ClSe and

Cinﬁge“dll be significantly simplified:

SSACeget%E

57353

(26)

Clge =

2Sa 6ACQJtL 2209"' ge>

Ctse=""573585

(27)

4SACOAtq 85 CZ
5735 Capg

(28)

C”‘Se

The calculated characteristics of ele -
vons effectiveness are higher than the
experimental ones,

The experimental data reduction and
comparison with the calculated results
show that for the elevon effectiveness
estimation at moderate sugersonlc speeds
the values of the derivatives CL§

CtSe mﬁi which were determlned
from the ' formilae (18), (19), (20), must
be multiplied by the empirical coeffici-
ent Kg =0,85 &~ 0,9.

b, The elevon hinge-moments.

The elevon hinge-moments are calcula-
ted with using the same limitations as
in the elevon effectiveness calculation.
The hinge-moment coefficient about the
hinge-line of the elevon, deflected by
1l deg, equals

Che=- 573 (Che1+ Che T+Ch6ﬂ) (29)

57,

where
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Here O8 = CAe ﬁA/a are the

elsvon area ratlo and mean aerodynsamic
chord ratio up to the hinge line, respec-
tively.

In the case of an elevon constant
gbsolute chord the hinge-line coeffici-~
ent will be equal

-1 4tg€le ;5 4.
Che="573 T8 Byl @

The comparison of calculated and experi-
mental characteristics of the hinge-mo-
ments showed that the design values of
the hinze-moment were somewhat overesti-
mated, Therefore, when estimating the
elevou hinge-moments at moderate super-
sonie spredg the design value of the
coeffic1ent Cheg which has been found
from the formula (29) must be multlplled
by the empirical coefficient K= 0,85.

IITI. An Investifation of a
Physic C e O ow Past the
Low-Aspect-Ratlio Wing wi eflected
Elevons by Ghe Pressure Distribution
Method
An investigation of a ghysical pictu-~
re of fiow pest the wing with the elevon
deflected was conducted on the model of
the low-aspect-ratio wir> with the
veriable~sweep leasing edge (£ig.8). The
analysis of the effect of free-streanm
Mach number on the flow about the wing
with the elevon deflected has been
illustrated by the example of consider-
ing the pressure diagram at the wing sec-
tion approximately at the elevon midspan.

_ _~_15ection

FIGURE 8

The disgram of the pressure distribution
along the chord of the wing with the
deflected elevon at M=0,6 is given in
fig., 9.
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FIGURE 9

Here it is seen that the elevon deflec-
tion produces the change of the pressure
distribution along the whole chord of
the wing over both the upper and lower
surfaces. At ¥=0,83 (fig. 10) the elevon
negative deflectlon produces no longer
the change of the pressure distribution
along the whole chord over the wing
lower surface.
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When passing to low supersonic speeds
(M=1,05) the elevon negative deflection
produces the change of the pressure dis-
tribution over the lowe. surface ¢f the
wing only along the elevon chord{fig.ll),
but over the upper wing surface the
elevon deflection effect on the change
of the pressure distribution spreads
forward the further the more elevon def-
lection.
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A similar situation occurs at high
free-stream Mach numbers but the higher
Mach number the less the elevon influen-
ce spreads forward from tae elevon on
the pressure surface (fig. 12).
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When passing from subsonic speeds to
supersonic ones the pressure diagram
changes its shape on the elevon itself.
If at subsonic speeds the pressure diag-
ram shape is similar to triangular one,
at supersonic speeds the shape of the
diggram of pressure distribution along
the elevon chord is similar to rectan-
gular one,
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FIGURE 13

The sforementioned features of changes
in behaviour of flow past the wing with
deflected elevons account for reasons
of elevon effectiveness loss and elevous
hinge moments growth while passing from
subsonic speeds to supersonic ones

(fig. 13).
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