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ON A DISCRETE VORTEX SCHEME FOR A FINITE SPAN WING
N. F. Vorob'yev

This article examines the task of the flow around the 1lifting
surface of a wing by a nonviscous, incompressible flow. The wing
surface 1itself 1s replaced by a vortical surface S, and the vell
of the vortices which descend from the rear and, in the general
case, also from the side and leading edges of the wing is a vortical
surface I which consists of vortices whose axes with steady motion
are directed along the lines of current. The vortical densities p
on the surfaces S and I are determined from the condition of non-
passage. Furthermore, the conditions of descent should be satis-
fied on the edges of the wing. The presence of a vortical veil
descending from the wing edges provides the opportunity to ensure
the condition of limitedness of velocity on the edges from which
the vortical veil descends [1-3]. In the case of a linear scheme
where the vortical vell descends only from the tralling edge, on
the leading and lateral edges of the wing, as 1s known, the rate
of inflow which is determined within the framework of an ideal
fluid is infinitely great. In a nonlinear case, where the shape
of the surface 1is unknown, the solution of integral equations for
wings of complex form in a plane 1is difficult [1, 2].

There is a method for calculating the aerodynamic character-
istics of a flat wing of arbitrary shape in a plane where the

TN .




N

B

vortical layer which simulates the wing surface 1is replaced by a
system of discrete vortices whose iIntenslity 1s determined from the
nonpassage condition [4]. The vortical vell outslide the wing is
also simulated by discrete vortical lines which are a contilnuation
of the vortices on the surface of the wing itself. Each of the
vortical lines outslide the wing 1s presented as consisting of

stralght segments which receive the direction of the velocity in i

the corresponding point in space. The position of the vortical

lines outside the wling 1s determined by the method of successive i j
approximations in the course of calculation. Solution of the ‘
1

problem of flow around a wing of finite span in accordance with the

scheme of discrete vortices is reduced to the solution of a system

e s,

of algabralc equatlions; this method 1s convenient for realilzation :
on a computer for wlngs of arbiltrary shape in a plane. The wing ; 4
can be represented by a system of discrete vortlices and, in this 3
case, when it 1s nonplaner. In the discrete scheme, a finlte span i :
wing remalns an open question concerning convergence with an i

increase in the number of discrete vortices which replace the wing
and concerning the satisfactlion of conditions for descent on the

wing edges.

In this work it 1is shown that with the appropriate selection
of discrete vortices which replace the wing surface and of points »
in which the nonpassage conditlions are satlsfied, with an increase
in the number of vortices the algabralc sums through which the
velocities induced on the wing surface by the discrete vortices are
presented are transformed to lntegrals whose convergence 1is proven
and the introduction of additional vortices close to the edges

ensures the satlsfaction of the descent condition.

A wing of arbitrary form in a plane in the general case 1is
some smooth surface S which can be covered by an orthogonal grid
of curvilinear coordinates connected with the wing surface. The
coordinate system ls selected In such a way that the line { = const
connects the leading and tralling edges of the wing (Fig. 1). A

dlscrete coordinate grid § = const, ¢ const, which divides the

no
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wing into rectangles with sides Agl, JACJ is plotted on the surface.
One of the coordinat lines passes through the point N(Ei, ;J)

and is the coordina 1 ne f the grid ¢ = Li. Two other coordinate
lines of the grid w osest to the point N(Ci, r,J) and
orthogonal t the 11 = {, are selected in such a manner that

the point N(§,, ) 18 the middle of the side of the coordinate

grid: this line € » ¢, ~ AC L ® . # Ac',1.

.

T
- Fig

The selection of direction of the vortical lines which
replace the wilng can be arbitrary. These vortices do not follow
the laws of behavior of a vortical line in the flow of an ideal

liquid. It 1is assumed that the segment of a coordinate line whose

middle is point N(Ei, c ) is a segment of a vortical line of
constant intensity. Points N(gi, cj) through which II-shaped
vortices pass can be numbered by lines and columns: each point

is assigned a number (m, n). At points (Ei, CJ - ch), (gi, T, +

3
+ A;J) a vortical line undergoes a fracture and continues along

coordinate lines ¢ = CJ -AEJ, g = CJ + A§1 to the tralling edge of

the wing.

The next vortical line of constant intensity Arm+1 n is
]
located behind the Ill-shaped vortex of intensity Arij on the wing

on the segment of the coordlnate line § = gi +YAEi = m+l’ the
middle of which is point £y * Mgy, ;1 At points (&i + Aii,

g’ - ALJ), (gi + Agi, 51 + Agj) this vortical line also experiences

a fracture and continues along the coordinate lines ¢ =
S &y 12 AL] to the tralling edge of the wing.

CJ = A‘;J)
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Thus, the entire wing S 1s covered by a system of rectangular
discrete ll-shaped vortices connected with the wing. The Ill-shaped
vortices which are located on the wing S as well as some additional
number of dlscrete vortices which will be introduced later to
satlsfy the conditlions of descent on the edges of the wing descend
from the wing and contlnue outside the wing to infinity, simulating
the vortical vell ¥. The vortical lines which represent the
vortical vell & conslst of finite straight segments which are
aligned in accordance with the direction of the velocity in the
corresponding points outside the wing [4]. The intensity of the
vortices 1s determined from the condition of non-passage on the
wing surface and the condlitions of descent on the edges of the
wing. A special feature which is connected with the sections of
Jolned vortices appears with a decrease in the size of the cells
in the expression of the velocity induced in the points of the
wing surface. The regular part of the expression of velocity
which is induced in the polnts of the wing surface S is connected
with sections of free vortices which are the vortical veil L. The
selectlion of position of points on the surface of the wing in which
the non-passage conditlon 1s satisfled 1s significant for proof
of the convergence of the process with a decrease in the sizes of
the coordinate grid cells. Selected as such points are points
M(x, 2) with coordinates x = !.+$, 2em, Which lle In the geometric

centers of the coordinate cells (see Fig. 1).

Subsequently, discussions connected with the limiting tran-
sition with a decrease in coordinate cell '\‘:‘l’ .‘.\:.1 wlithout loss
of generallty are conducted for a flat wing of :n'b‘itx':n'_\' form in
a plane. Everything which has been stated 1s correct for arbitrary
smooth surfaces without lines of discontinuity of curvature. In
the case of a flat wing, the orthogonal coordinate system on the
wings Is rectilinear and, accordingly, each N-shaped vortex con-

nected with the wing consists of three rectilinear segments.

U
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The velocity induced by the elementary vortex df of intensity
[ at some point which ls at a dlstance r from the middle of the

elementary vortex 1s determined from the Biot-Savart formula

‘v=i;' Ux?l

In accordance with this formula for points of a flat wing the
velocities induced by the vortical lines lying in the same wing
plane are directed along the normals to thls plane. In this regard,
the value of the veloclity induced 1n point M(x, z) on a wing by a
lI-shaped vortex of intensity AF11 which passes through point N(gi,
1 finite length JA;J,

5’) and conslsting of rectilinear segments of

v

: - X Ty = A € i R + AL \-Vil‘l“f:' be - 3 @ at
1 N ’J) . 3(” \"J' where § xs(,) the equation

of the wing's trailing edge, can be presented in the form

AT
AViy = — 3 (F(x, 2, 8. 8 + AL) — F(x, 2, &, & — AL

v aam (R4 % 2), o)
where
AV = — -‘;"-ll-‘(x. 2,824 ¢)—F(x, 2 8. 2—¢)l,
1% (b Ly=2), S |
AT =AT (8 2), Alym=e

Point M(x, z) 1s selected at the center of a coordinate cell 5
so that always 1n the case of a finite number of discrete vortices ?
E[ # x, and LJ = z only for one column of coordinate cells. The | 4
velocity 1lnduced at point M(x, =) by all discrete Ill-shaped vortices
connected with the wing S 1s the sum of the veloclities induced by '
each of the Ill-shaped vortices. If we conduct a summation in a

fixed line, dliscarding here the terms which correspond to the




value ¢ = z, and then the summation for all the lines, the velocity

at point (x, z) can be presented in the form

ve—ar (S e ottt BT e by 22

X 26"‘“*‘ gp(gh I)IF(‘. 2, ‘lo ‘+.’)—’(" 2, ‘h I-O))'A&}. (3)

where the intensity AFiJ
point §&,, Lj(im, Ln) presented in the form Arij = p(&y, CJ) A5y,

of a Ill-shaped vortex which passes through

in which regard A&i - the distance along the axlis & from point
£ L. CE z_ ) of this vortex the polnt &E. + AE 3 Z

Sqo 5‘1(51“, x,“, O his ex to 8 \,1 Sqe C’J(k’m'*‘l, n“)
through which the next N-shaped vortex passes. In formula (3),
summation for a column where ;n = z 1s excluded in the double sum;
the summation for this column is segregated separately.

With an infinite increase in the number of discrete vortices,

j

where first 247, + 0, and then A;J + 0, the veloclty induced in
point (x, z) by all the joined vortices can be presented in the

form
l . . 5(‘
V=—W{H PO Fe(x 2,8 0dldE+ | o 2)F(x,2, 8,2+ 9)—
s—=n zg ()
‘-’(xv‘v‘o‘—.)"! v (u)
where S - 2¢ - the area of a wing with an excluded flat wildth Z2e

%3 szs(g), g = xn(;) - the equation respectively

near point ¢
of the trailing and leading edges of the wing, and the derivative
of the function F(x, 2z, &, ¢) has the form

Q | R -
Fe(x, 2. 8, 0-‘-‘(;‘:‘5\‘7‘5‘_‘“‘1‘”"
fx—x, (OP+2 (s~ mr(a—n--x;(m-—:r}
B ==, (3F"+ =1 :




—— e —

The function P'(x, 2, &, t) exists in the region 8 = 2, In
the region S - 2¢ in the internal integral of a double integral
of formula (4) integration by parts can be conducted. Assuming

without loss of generality z > 0, we obtain

; "
V= —-;’;—{—.ﬂ_m&w(z.a.wm- |

xy (..) xp (2—0) ;
¥ Flraba @R+ [ oROFEALOME: [ plE 2 ®) <
x, (0)

<CFlez. 8 zap ®IdE - | PR 2y B F 2,8, 20y Bl —

Ny le—-e

pld 2, ®) x

Ny ta—i) x’.(m
= PROFx 2L 0d — lJ ‘)p(ﬁ.O)F(x. 280 a8
: X, (2=1) Xy (2he)
= [ pRa—OFx st z—edi—~ | pEO0)F(x 2L 0)dE-
xg (1—0) xg (2-40)
X, (249) Xy (st0)
+ [ PRz @IFlrtba®Id— [ p@Rz:o)F(xabz+o)
2g (240) 2g (149)
=g (2)

*I-’ I("P(&t)lf(x.t.l.t+c)—F(x.:.t.:—.)m }

» v 3 - ~ 3 . v v . ] L
For proof of the existence of a veloclity on the wing which is
3 ) } N TR i ~ T + may e ¢ oo s
determined by formula >) it 1s necessary to make an assumption
. b} .

N ' ~ 1 - IRy 3 1
concerning the shape of the wing contour and concerning the nature

|
<

of the vortical density on the wing. The continulty of equations

" -\ - - ad w e y « w 3 s % N
E=x (%), & = x_(t) of the leading and trailing edges of the con-

tour at interval a < ¢ < b (they may be lateral edges parallel t

I § GO

the axis & with ¢ = a, ¢ = b) is assumed for contour L. It 1s also

assumed that on a wing, including the wing edge, the value of

<

vortical density p(&, %) and the derivative p (§, ¢), through the
value of which the limiting value of density of discrete vortical
lines on wing S which colncide with the direction of the axis § 1is

s

determined, satisfy the Helder condition.

We will demonstrate the exlstence of velocity on a wing, which
is determined by formula (5), for the internal points of the wing.

The double integral in formula (5) can be presented in the form

R e
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pe= '

where expression

oma&n-ﬂﬂ&%m W*ﬁﬂ'—u—m--—sm

- N ? v 1o » ~ y - -
s the contlnuous function for points of the wing (x, z)

1 % » v . y Wt e o )
lie on the trailing edge of the wing. This integral is

value of the repeated interval of

noints sy 4 t P ” 3

points which do not lay on the wing contour and, because

ire internal poilnts of eact Y the renegated Ind re ) | )|

are Lniernal polnts 0l each of the repeated intervals LD
\f'ter the additlon of simple integrals in whic }

AR Y B . > : 1) i ) ks 3 ha TRrac X oo

PLe, U2 PLX; &y O & ay stana unaer tne integral sign,

ponents remain which, on the basis of the mean value

ha nresente v +ha for

S LICOCIILC( ¢ < s

sgla+0) 2 (3t)
~‘L,p¢o)r“'v‘°)“+“‘L) P(‘.O)F(x.t,&.O)‘=

= p lxq (2), 0} F Ix, 2, x4 (2), 0) 28 + px, (2),0) F %, 3, x, (3), 0} 2s,

where

: L@ TR sl
Fus‘c3l~.(’)'°|lﬂ '{ x‘:?;.“, b7 X = x, ) }

- a function which is limited for points which do not lle on the

wing edges (value z > 0). With the assumptions made above con-
1 3 N1 oo % 3 . Tvaoaa 5 . 1 <) g . oYy v 1 Y
cerning the finliteness of the values of vortical density on the

+ ~ rey 1y o “ . 3 ~ v o 5 3 -
wing edges, the value of each of these components with € - 0

disappears.

) . ) ~ | ala y < N 3 Y
The sum of the simple 1integrals which contailn under the

integral sign the function

Fx,z.b2t 0'(:":)[@"%}-
= Meatezy,

(6]




where

limH (x,2,8 2+ 9 =0,
o8
also disappears with € + 0. We will show this using as an example
the function Plx, 2z, &; 2z + &)
z, (s} =, (s-+0) '
[ p&IF(x2.bz+e)d— (( pRz+e)Fxabzte)fl=
29 (3) xzg (49) '
=, (s44) ' g (s+4)
=— [ pRz+—pRNFEzie+d+ [ p@R X
xg t+0) =g (s)

xg () + ex_(2)
voeLlanbird gL p@aHEmabz+eod—
3 @ @

N ’
—_— j' p€ 2DH(x 282+ e)ds. |

@
x, (2) + u.(x)

In the first term the integrand expression, because of the property
of the function H, disappears with € - 0 and the two following
terms are presented in the form

—p|xa(z) - -;—x;(z)-l]H[x. 2,xq(2) + -;-x. (@),z2+ l]x,'.(z) %

—p[x, @+5x (z).z]H[x. 2,50 +5 5@ 2+ e]xl @

on the basis of the mean value theorem and, on the strength of the

property of function H,; also disappear with e = 0.

With € = 0, the remaining simple integrals in the right side
of formula (5) are a contour interval

fpll.f(t)lrlx.z.w(!)m.

where ¢ = f(g) - the equation of the contour L, integration in terms |
of which is conducted in a counter clockwise direction. The con-
tour integral can be written in the form

O
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where the function ¢ is determined by the relation (6). For
4 points (x, z) which do not lie on loop L, two situations can be
: encountered with the condition of continuity of equations of the
leading and trailing edges in the contour integral: 1) x = &,

. i." -

z # F(E), 2) x # £, z = f(go . The case where simultaneously
‘ x =&, z = £(£), cannot exist for the interior points (x, z) of
E the wing.

] |
} | In the first case the integral ?ﬁ;@—?—' where F,(®) =p& @ 1
' R... "':"f“ - the continuous function, in which regard Fl(x) = 7
= p[x, f(x)] is an integral of the Cauchy type and exists in the l 3

sense of the main value.

In the second case f;{-‘_%‘g. where Fa(ﬁ)=P[€.f(§)l-°__rLL(":'_5"“

the continuous function, in which regard F2(£O) = 0 for IN-shaped
vortices which end on the trailing edge, leads by the replacement
of the variables f(£) = t to a form of integral of the Cauchy type
- ? F! [% ftn dt
L (DN
where with & -» EO B > iz, This integral exists in the sense of the
,{ principal value with f'(go) # 0. For loop L with the condition
of continuity of equations ol the leading and trailing edges the
E.. value f'(£) = 0 may occur only for the end points of the contour
| ¢z = a, ¢ = b which cannot be points § = EO for points (x, z) which
do not belong to the contour L. If lateral edges occur which are
parallel to the axis & with ¢ = a, ¢ = b, where f'(£) = 0, then
the points of the lateral edges cannot be points £ = 50 for points

X proam

(x, z) which do not belong to the wing contour either. This means

that the contour integralexistsin the sense of the princlipal value
in the second case, too.
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Thus, the veloclty lnduced by the ll=shaped vortices located
on the wing 8 with the limiting tranaition from the dlsorete acheme
to the scheme of a vortlceal surface ta determined for internal

polnts of the wing by the formula

Vet R DFELDRAL G RIQIF L IO, (7

The Inteprals which determined the velocity are integrals of
the Cauchy type and, for iInternal wing polnta, exlst In the sense
of the principal value., Essentlal for the concept of veloolty
in the sense of the main value of Cauchy type: integrals (in-
cluding repeated Intergrals) la the subdivision of the integratlion
interval lnto parts In the vicinity of & speclal polnt: 0“‘!-—0.
Ol x(0) and Qi —u 2teQigh. The selecttion of

0

the position of point M(x, 2) at the center of the coordinate grid
whlch was done in the work for a dluscrete c¢ase insureg the con-
vergente of the integrals In the sense of the princlpal value with

the limiting translition.

Minlte (nongero) valueg of the denalty of vortical Ines on
gectionsg of the wlng contour where the vortical veil does not
deacend provide Infinlte values of velooclty wlthin the ramework of
an ldeal fluld. On the wlng contour L the conditions ror the
existence of Integralg through whioch the vortex=induced veloelty
la expressed will be satlsfled In the case where the contour |
repregsents a llne which lles completely withln the vortical aurface
3 + 88, In other words, the vortleal surface of the wing should

.
\

continue continuously beyond the wing 8. Then the contour L will
become a line whose polnts are Internal polntsg of the vortioal
surface 8 + §8 which lle withlin the contour L + §L. The existence
of veloclty In the senae of the principal value has been proven
for Internal polnta of the surface, in whiloh regard the velocltles
at polnta of the contour L are determined by formula (7) where
Iintegration la conducted Iin terma of the area & + 88 and in terma

1

off the contour L+ dL¢ The vortieal vell which lles outalde the

Ld
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gontour L + 8L, the form of which in the nonlinear case is not
known ahead of time, as has already been noted wlll provide a
regular veloclty component for the points of wing S and its edges
L.

In the case under constderatlion, when the wing is a lifting
surface without thickness, tfor the existence of finite velocitles
on the edges 1s 1t necessary to pose the condition of the smooth
Joining of the surface of the wing S and the vortical veil X
decending from it and the condition of contlnuous transition of
the vortical density of these surfaces on their boundary - the
contour L. On cgontour L, satlsfactlion of the condition of velocity
finlteness In the general case does not require the disappearance
of the vortical density on the edge of the wing 1rf the vortical
vell does not descend from it. The disappearance of the density
of vortlecal lines whlch colnelde with the directlon of the axls
£ on the tralllng edge of the wing in the case of a linear schenme
1s caused by the type of vortical vell beyond the edge and follows
from the condlitlonsg of descent from the wing edge formulated abvove.
[In a linear scheme, when the vortical lines beyond the edge have
the dlrection of veloclty at infinity, on the surface ¥ there are
no components of the vortlcal lines perpendicular to the axis §
(the axls & on the wing ls directed along the velocity at infinity)
and from the condltlon of continuity of transition of the vortical

surface S to the surface I it follows that on the tralllng edge of

i

the wing S the intenslty of vortlcal density of the latter from the
-shaped vortices should equal zZero. For a vortical line (wing

of Infinlte span) from the conditlion of finlteness of veloclty we
also obtaln values of gero vortlcal density on the tralling edge of
the vortlcal segment. In the case of an end point of a vortical
line the condition of finiteness of veloclty which 1s determined

by an 1ntegral of the Cauchy type can be satlisfled only with Ui
disappearance of the vortical density at the end of the line [5].
In the case of descent of the vortices from the edge of a finlte
span wing the wing edges are not the end polnts of vortical llnes

and the vortical density on the line of descent
equal zZero.

In general does not

12

4
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The dlscrete scheme should incorporate that distribution of
vortical lines which, with the limiting transition from a discrete
scheme to a scheme of vortical surface, would ensure the continuity

.

of transition of vortical density on the contour of the wing L.
This will be ensured if the point which, in the discrete scheme,
ls consldered the polnt of the wing edge willl be limited from the
direction of the vortical vell by a vortical line of the same
intensity as from the interior side of the wing (Fig. 2). Since
there are two dlirections of vortical lines on the wing S which are
parallel to the axls ¢ and axls &, here for the selected system of
rectangular [l-shaped vortices the limiting value of the denslty of
dlscrete vortices on the wing in the direction of the axls{ equals
(E = const, t) and the limitling value of the density of discrete

p

vortices on the wing in the directlon of the axlis & equals

.}m"':({'c" const) d§, then for each polnt of the edge In which the
condltions of nonpassage are satlsfied two additlional vortices are
drawn in the general case. From the directlon of the vortical
vell one vortex 1s drawn parallel to the axis £ and the other -
parallel to the axis ¢.

The wing 1is dlvided by a discrete grid of coordinate lines
into coordinate squares in the center of each of which, at polnt
(my, n), the condlition of nonpassage 1s satisfled. 1In thls regard,
on the sectlions of the contour which do not colncide with the
direction of the coordinate lines the contour 1ls replaced by a
broken lline located outslde the wing (the area of the wing 1s taken
with a surplus). The rectangular ll-shaped vortical lines connected
with the wing whose Intenslty 1s determined from the condltlons
of nonpassage are plotted on the left side of Fig. 2 by solid lines.
The arrows indicate the selected positlive direction. Only a

&

portion of these llnes which lle in one small square are plotted 1n
the figure. 1In thls regard, each of the connected vortical lines

begins and ends on the tralling edge of the wing. The contlinuation
off these vortical llnes outslde the wing, beginning with the trall-

ing edge, colncldes for direction with the veloclty of the flow.
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On the left side of the figure thelr continuation, now as free, is
portrayed by solid lines which begin at the corresponding points

of the tralling edge. The boundary polnts in which the conditlons
of nonpassage are satisfied and which, for a discrete scheme, are
polints of the contour are marked by small crosses. At these points,
the condlitions of descent must be satisfied, 1.e., the conditlons
are lIncorporated which ensure the continuous transitlion of the
vortical surface of the wing S to the vortical surface of the veil

\

For a tralling edge whlch i1s not parallel to the coordinate

axis ¢, the boundary

point is point (m, 1) which lies at the

center of the rectangle B I C D s in which regard the
Myl gl mg L Mgl
sides B D and D > serve as the boundary of the wing S

(@
Vg1 o Vg Ry dl T gl
and the vortlcal vell I. To ensure continuity of the wvortilcal

surface in the direction of the axls & (vortical lines which coin-

clde with the direction of axis ¢) along the side I t he

) C
m,x m,1?

vortical line of intensity Al'm \ 1s introduced, where .\I‘“l y = the
) iy

Intensity of the Il-shaped vortical line connected with the square
C he vortical

Nsd T, » g -

line undergoes a fracture and behaves like a free vortical line.

whose center 1s polnt (m, 1). At points D]

To ensure the continuity of the vortical surface in the direction
of the axls ¢ along slide B D

“fhy L My
‘nsi ATl - B : a B ) ‘he vor ¥
with intensity Alm,l A[m,: At point lm,l’ lm.l, the vortical ‘

lIne which is introduced undergoes a fracture and subsequently

a vortical line 1ls 1Introduced

behaves as a free vortical line. In Fig. 2 the vortices which are
Introduced are plotted by the broken lines while their selected

positive direction is marked by arrows.

For a tralling edge which 1s parallel to the axis g, the

boundary polnt 1s the point (m, n) which lies at the center of the
rectangle B I D ¢ in which regar > slde B >
bl myn myn myn-"m,n?® in which regard the side 1m,n‘ m,n
serves as the boundary of the wing S and the vortical veil §. A
vortical line of 1lntensity /\I"m " Is Introduced to ensure the con=-
A

tinuity of the vortical surface along the side B () « At polnts
m,n m,n

the lline which ls Introduced undergoes a fracture and

13 ¢
myn m,n
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o
subsequently behaves as a free vortical llne.
b For lateral edges parallel to the axls §, the boundary point
1s the point (m, 1) which lies at the center of rectangle HH |
o
3 D In which regard side B s serves as the boundary
1) T 1 VR R A ) 0 TG e 4 o ‘

of the wing S and vortical vell I. Along the side B #
o I (o |

o - '\lm..‘ Is Introduced which con-

tinues to the end of the lateral edge where it descends as a free

vortical line of intensity 2AT

vortlcal line together with all the Jjolned vortlcal llnes which
colncide with the lateral edge. At point k%m | the vortical line

b
behaves 1llke a free vortical llne. The selected positlive dlrectlon

of the Jjolned and Introduced vort fcal lines 1s marked by the arrows.

T PR N S T P V0 27 vt Vm———

e —

-Alm,0 0 Lgmo Bmy

Aime o ) 18 ) v
/fﬁmm AT L 885!
Dlmett 2m [L S0 0 =

‘m(l 44
F’"‘T‘I‘W =i~ HE
,MfFAMJl o {,” ,' 1ifi*“g
g l‘Jy Dpm,1 ;JH, - H
- x . ‘ 0' s ' TTITx
}/; KA A8 K T
/4 m, ! U mn m, N.
Y- :
// a4 < Com, 1 :’*’; w \

For a leading edge which 1s not parallel to the axls ¢, the
boundary point is point (m, 0) whlich lies at the center of 1~cc1;mg1v
) H 0 y M ‘oar 3 ) ‘
Im,() m, 0 lm,U (m,o’ in whlch regard sides Dm,OBm,O and Dm O m,0
serve as the boundary of the wing S and the vortical vell L A

vortical line of Intensity Al'myay— Almo(Al'migi~—=Almg - Al'mo)y 15

bl

b i,




Introduced along the side Dm,OBm,U (Dm,ocm,o) and, from point Dm,O’
behaves as a free vortlcal line and, from point Bm,U (Cm,o) con-
tinues along the wing parallel to the axls § to the trailing edge
where 1t descends as a free vortilcal line together with the cor-
responding joined vortices. The positive direction of the vortical
lines which are 1introduced and Jolned 1is marked by arrows. The
different signs with the value of intensity with coinciding arrows
as well as the same slgns wlth oppositely directed arrows signifies
the mutual destruction of the action of vortical lines. As 1is
evident from Flg. 2, the intensity of the vortical lines which are
Introduced and which ensure the continuity of transition of vortica
surface S to surface ¥ 1n the direction of the axis & and axis ¢
for point (m, 0) are such that they mutually destroy the action

of the Jolned vortex which 1s connected with point (m, 0) and the
action of the components of the Introduced vortices with intensity

AT .
m,0
Introduce for consideration lmmediately the jolned vortex with

In the discrete scheme of the wing it is not necessary to

intensity AFm which corresponds to point (m, 0) but to take the

0
3
Intensitles of the introduced vortices as equal respectively to
. : - x4
A1m+l,l and Alm+l,l Al m,1°

Thus, the 1intenslty of all vortices newly introduced on the
edges of a wing and wihilch ensure the finlteness of veloclty at
points of wing edges ls expressed through the intensity of the
previously constructed Jolned ll-form vortices whose intensity is
determlned from the conditlon of nonpassage on the surface of the

wing.
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