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APPROXIMATE METHOD OF CALCULATING AERODYNAMIC WING CHARACTERISTICS IN

THE PRESENCE OF A CYLINDRICAL BODY

V. A. Grayvoronskiy

The continuous flow of a steady perfect incompressible fluid
about the combination of a wing with a small aspect ratio and a

cylindrical body is considered in the nonlinear formulation.

The wing is considered to be thin, slightly curved, and its

surface is near the plane of the meridian. i

In order to solve the problem, ving cantilevers are simulated by

a system of oblique horseshoe vortices. It is assumed that the bound

lifting vortices are arranged like those of an isolated wing [ 1) The
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free vortices converge with the wing surface [2). The cylindrical
body is replaced by a flat dipole and a system of vortices which are

the reflection of the wing vortex system. The free vortices of the

wing are assumed to be stepped with sufficiently small spacing t
(Pig. 1) when constructing the reflected vortex system. The position

of the reflected points of the vortex system is determined from the

formula

r‘-"_" (l)

vhere r* and r are the distances from the axis of the cylinder to the

reflected point and the point being reflected, respectively; a is the

radius of the cylinder. Here the value and direction of the sections
parallel to the axis of the cylinder do not change during reflection,
vhile the sections perpendicular to the axis of the cylinder are

transformed into peripheral arcs.

We will introduce the dimensionless coordinates
X % 2,
== =3
where

L .
3:—6(1—0).

L is the wingspan; n is the number of elements into which the
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cantilever is broken down in the direction of the span;

2
ow |

L

Using v to desigmate the horseshoe vortex in the direction of
azis R (1 <svsn) and u - in the direction of axis
o (Isp<m), we will have the following geometric relationships

for the vortex systea.

The angle of sweep of the reflected bound vortex -

x;=—arctg(-—g)f*"). i

vhere 8:-9,;.(("'(‘")

Cv $ c‘—l

is the half-span of the reflected horseshoe vortex.

The coordinates of the breaking points of the reflected free

vortices are determined by the formulae:

T ST SN T e

P
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e“ - 5"'(.;
"ok a'st 1g 1. :
T = (st ig 1)t + (@ 1 29 g
3)
a®(a -+ 2v)

“wor™ GRgTY + @+ 2

Here s is the sequence numbe of the stage of an arbitrary stepped

vortex (s = 0, 1, 2, s.«¢ N)§ T= is the angle of inclination of the

free vortex, which is far avay froam the axis of the cylinder. The

angle of inclination of the free vortex, which converges with element

v=1 amd is close to the cylinder's axis, is assumed to be equai to

zZero.

The boundary conditions of the inpenetrability of the wing at

points j, q are:

o H (Vi =0 1</ € 1<qsm), L))

vhere
Ve (Vatlye .
(Ve = .:n:'

(Va))e is the velocity from the vortex system in the direction of

axis on. The aagles of incination of the free vortices to plane &o¢

1
|
|
|
|
1
|
|
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are determined by the direction of the local velocity at point F,
vhose projection on plane &o{ is a certain distance Ab from the
trailing edge of the cantilever cross section (Fig. 1). Here the

formula for determining the direction of a free vortex with numbers

i, p is
G—%i
L4 i 4 (VA
- (C’*"‘:»)’ s 1<i<n 1l<psm (5)
€ Ts ctga +(V1), : : \Paspe
vhere (Vi (Vi jg the velocity at point G up %) from the

vortex systenms.

The velocity operator in direction k can Lbe written as:

(Vi = S 3 I ((Vaee + (W +(V7 )5+ (VL + (hgla ™
=l n=l

+ 3 T Vg — (Va1 H W (V)G (V00 (Ve g™ =
veu?

— VWl ®)

v 5

vhere rm"r,,;'vfri;;‘rw is the intensity of the v, p-th vortex;
(Va'g™ (Wa);" are the velocities from the correspoading free and

bound vortices of identical intensity; - (V3.0 (V3 06" (W is

the velocity from the reflected horizontal, vertical, and bound

vortex segments, respectively.
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Coeff icient f determines the cantilever. Inm view of the

insignificant effect of values (Ve/d* on the solution, they can

be disregarded.

Equations (4) and (S5) are solved by the method of successive
approximations. The numerical calculaticns showed that the nature of
the convergence of the solution due to the iteration process
corresponds to the case of an isolated wing [2). The effect of values

Ab, t on the solution is insignificant.

Using N. Ye. Zhukovskiy's theorem on lift "on a small scale,"
after simple tramsformations wve vill obtain the following for

coefficieats ¢, and ¢, in the j-th cross section:

21:1.(;.:— 4 I) sinfa m

(cn)j'—‘: "I : E r;,lct‘ a - ( Vzl)lp —(V;:),, tg zpli (7)
.n— (l — ;—-)('_’i——l)p--l
(1]
2=, ('l— +1 )sin’a -
(Cu)y=— e ¥ Ty lctge + (Vi) —
u[zn—- (l - —)(2]—1) »=l
T
-(\ :;)lp 'tx.l (» —0,75). (8)

For the wing on the whole
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‘.—MZL [y, letg 2 + (Vi) — (Vi) 18 %,

2=}, sin’x v /a Vi), tgx
m, = — 2 rs Ictga* (Vi — (Vi) tg %] »
n /-lp =1
X(p—0.75 2i—1 tg,’) (10)
m

vhere 4 is the aspect ratio of the cantilever; b, is the root

b
chord; n.==FJ—1Mm- is the tip chord of the cantilever).
KSRy

The numerical calculatioms made by cosputer agree satisfactorily

vith the experimental data. Figure 2 shows the disttlbution of the

coefficient of normal force over the sgan - z=2L 2a for a

straight wing (A, = 2.00, ¢ = 0.185) which is centrally located on

the cylindrical body. Pigure 3 showvs a graph of the dependence ¢, =

f(a) of the combination of a wing and a cylindrical body (), = 0.61,

¢ = 0.39, M1 = 10). The lift coefficient was determined from the
formula
S, *
c’ac”(.!+“.)+c,l.' Tn ¢ (ll)
L3

é is the lift coefficient of isolated wving cantilevers; k. ik

i e il e e

are the coefficients which consider the effect of the cylindrical

body on the cantilever, and vice versa, respectively; Cwr is the
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lift coefficient of the isolated body; S.. 5« are the areas of
the middle of the cylindrical body and the wing cantilever; (A
is the lift coefficient of the cantilever in the presence of the

cylindrical body, determined by this method. Ak, was determined by

the theory of thin bodies.

The lift coefficient of an isolated housing was calculated from

the Allen formula [3)]:

Cyar = 28—y s&‘ﬂ sin? @,

(12)
€. wa3s assumed to be equal to 0.35, which agreed with the
experimental data for an isolated housing; Same  is the area of

the housing in the plane.

Pigure 4 shows the characteristic distribution of the normal
velocities in the cross section of the cylinder calculated for a
vortex system with one free vortex (I'* Sina=1; 6=05) at y = 159

and y = 09,

The value (Va);s was disregarded in the theoretical
calculations.
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b Fig. 1.

KEY: (1) Arbitrary stepped vortex.
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Pig. 2.

KEY: (1) Nonlinear method.
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(2) Linear method. (3) Experiment.
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(1) Nonlinear method.

Linear method.
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KEY: (1) Normal velocity from free vortex (1), with consideration of

reflected (2), complete vortex system (3).
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