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HYDRODYNAMICS OF LIFTING SURFACES.

Page 2.

In collection are represented the materials of scientific
conferenge on the hydrodynamics high speeds, which was taking place
28-30 October 1965 in g. Kiev in the institute of the hydromechanics
of AS UkSSR. In the work of the conference take part the leading
specialists from Moscow, Leningrad, Kiev, Novosibirsk, Gorkiy, Kazan,

Kharkov and other cities.

Are illuminated the urgent tasks of the hydrodynamics of lifting
surfaces and bodies near screen or interface of the liquids of
different densities in the presence of the developed cavitation, and
also some questions of a reduction/descent in the resistance of

sedium to motion of bodies.

Is intended for the wide circle of the scientific and
engineering workers, graduate students, wvho are occupied by the

questions of the hydrodynamics high speeds.
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Page 3.
The preface

28-30 October 1965 in the institute of the hydromechanics of the
Academy of Sciences of Ukrainian SSR (g. Kiev) passes the scientific
conference, dedicated to the problems of the contemporary
hydrodynamics large speeds, which will draw the attention of wide

scientific community.

In the work of the conference take part of 106 representatives
from 45 organizations of the USSR, including leading specialists from
Moscov, Leningrad, Kiev, Novosibirsk, Gorkiy, kazan, Kharkov and

other cities.

From scientific organizations were represented to CSRI [ Jyunim -
Central Scientific Research Institute) im. acad. A. N. Krylov, to
TSAGI [UA/r - Central Institute of Aerohydrodynamics im. N. Ye
Zhukovskiy im. Prof. N. Ye. Joukowski, Institut hydrodynamics WITH
the AS USSR, Leningrad ship-building institute, Leningrad institute
of the engineers of water t:ansport,/EiIIn!. Gorkiy, Novosibirsk and
Odessa institutes of the engineers of water transport, Kazansky and
Kiyevskiy the state universities, institute the mechanics of NGU

[mry - Moscow State University], Kazansky and Khar'kovskiy
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institutes of the engineers of the civil aviation and a series of

others.

At conference read and discussed 41 reports on the urgent
questions of the aerohydrodynamics of high-speed/velocity objects,

representing large theoretical and practical interest.

In the report of I. T. Yegorov (Leningrad) was made
survey/coverage of works on the hydrodynmamics of hydrofoil, in the
reports of A. N. Panchenkova (Kiev) were examined the task of the
unsteady motion of wing with alternating/variable distance fronm
screen, are discussed some questions of the statement of the

boundary-value problem of the hydrodynamics of the cavitating

hydrofoil.

The report of K. K. Fedyaevskiy (Moscow) was dedicated to the
exasination of the approximate nonlinear theory of rectangular
low-aspect-ratio wing, moving near liquid screen with Froude's large
numbers. The motion of the wing near a screen is examined also in the
reports of V. P. Shadrin (Leningrad), P. I. Zinchuk (Kiev), by A. N.

Lukashenko (Kiewv), V. I. Menshikov (Kharkov), E. of A. Paravyan
(Leningrad), A. N. Panchenkova and A. I. Yukhimenko (Kiev).

To the dynamics of takeoff and landing the apparatuses, which
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use effect of screen, was dedicated the report of V. I. Rudomanova
(Kiev) , but of the static stability of their motion - V. I. Koreleva

(Kiev) .

A series of reports was dedicated to the studies of the
hydroaerodynamic wing characteristics and wing systems during
different mode/conditions and the under conditions of their motion -
Ya. of F. Parberova (Leningrad), Yu. M. Polishchuk (Kiev), V. B.
Kurzin (Novosibirsk), S. I. Putilin (Kiev), G. V. Sobolyov
(Leningrad), M. A. Basin (Leningrad), by A. I. Yukhimenko (Kiev), Ye.
N. Grafova (Leningrad), V. G. Savchenko (Kiev), S. F. Orlov (Gorkiy),

L. I. Maltsev (Novosibirsk).

In the reports of V. M. Ivchenko (Kiev) were examined the
unsteady tasks of the hydrodynamics of the supercavitating bodies and
carrier systems vith application/use ETsVM [3D)JyM - digital

computer l.

Page 4.

Large interest will cause the reports of G. A. Riazanov
(Leningrad) about the electrical simulation of the flow about the
finite-span wings and V. V. Kopeyetskiy about the application/use of

a method of magnetic models to account for the effect of blade

A s o T e T e

———
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thickness during the design of screw propeller with the assigned

pressure differential on blade/vanes.

To the boundary-layer calculations and profile wing drag in the
presence of suction was dedicated report L. F. Kozlova (Kiev), the
data on the effect vortex formation on the wing drag and body of
revolution were presented in the report of A. M. Mkhitaryan and V. A.

Fridland (Kiev).

On the experimental model tests of the high-speed/velocity
apparatuses of different systems will impart in his reports E. G.

Pasechnik.

In the report of Ye. P. Udartseva (Kiev) are examined the
methods of the laminarization of the boundary layer of

electro-hydrodynamical flows.

Yu. K. Biktimirov (Leningrad) will make a report about the
special feature/peculiarities of the construction of velocity
potential, caused by the motion of source in liguid, R. B. Nudel'man
(Kharkov) will come forward with report about the motion of body in

multilayer liquid.

The report of A. M. Mkhitaryan, V. S. Maximov and P. S. Laznyuk
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(Kiev) was dedicated to the investigations of the flow of the

semi-bounded slot jets, spreading in slipstrean.

With short report/communications will come forward Ye. G.

Sheshukov (kazan) and Yu.

After the discussion
conference is unanimously
emphasized the importance
hydrodynamics high speeds

videspread investigations

K. Biktimirov (Leningrad).

of reports and rotting on the sums of
accepted the solution, in which was
and the urgency of the tasks of the
and is recommended conducting more

in this field, including the investigation

of the unsteady tasks of aerohydrodynamics.

Conference will note

also certain lag of Soviet science in the

field of the supercavitating wings and it recommends to develop works

on research on the spatial problems of cavitation.

Page 24.
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THE APPROXIMATE NONLINEAR THEORY OF RECTANGULAR LOW-ASPECT-RATIO
WING, WHICH MOVES NEAR LIQUID SCREEN WITH FROUDE'S LARGE NUMBERS

K. K. Fedyayevskiy

(Moscow)

Work represents by itself the development of approximate
nonlinear theory [2] of rectangular low-aspect-ratio wing, which

moves in unbounded medium near liquid screen with Froude's large

numbers.

i
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If vwe from the experimentally determined value of torque/moment
deduct the torque/moment of inertia nature, i.e., the torque/moment,
which corresponds to the noncirculating flow of potential flow about
the body, and difference to divide into normal force, then obtained
thus the coordinate of center of pressure will correspond to purely
circulation (viscous) flow. Let us call/name point with this
coord inate the center of bound vortex. Let us designate the

coordinate of the bound vortex
MZ&KCI’I e M F4 U '
Xp = ———————— |
" T M)
Dimensionless coefficient of the center of the bound vortex

Xn=§g-.

In these formulas y, normal force; b is a root wing chord. As is

known, in the adopted system the coordinates
2
Muy = —(r, — r,)%/- sin 2a,

where k, is a volume of the apparent additional mass of liquid during

the motion of wing in transverse direction; k; - similar volume
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during motion lengthwise. For the fine/thin wings k, = 0.

Page 25.

The experimental values of the center of bound vortex turn out
to be considerably more stable in comparison with the center of
pressure, which of low-aspect-ratio wings intensely moved to trailing
edge with an increase in the angle of attack. The
conclusion/derivation about the stability of the center of bound
vortex finds confirmation, also, during the study of flow beyond
ving. This gives grounds as the first basic hypothesis to consider
that the position of the center of bound vortex for this wing

planform does not depend on angle of attack.

The comparison of load distribution according to the wing chords
of lovw elongation, designed according to linear theory and obtained
experimentally, shows that during the determination of the position
of the center of bound vortex it is possible to utilize values of the
center-of-pressure coefficient and by the derivative of 1lift

coefficient in root cross section, ‘obtained in linear theory.

Then for a wing with symmetrical airfoil/profile, opening
indeterminancy/uncertainty in the second term of expression (1), for

a zero angle of attack we obtain




DOC = 77010784 PAGE |

vhere 2r - the spread/scope of the equivalent tound vortex of

constant intensity.

As the second hypothesis for rectangular and elliptical in

plan/layout wings let us assume that the spread/scope of bound vortex

is equal the mean geometric spread/scope of wing, i.e.,

W=‘s“o é

The experiments, carried out for determining the zome of eddying

s

about the end/faces of wing, and also the spectra, obtained in water

tunnel, confirm this assuaption.

Further let us accept for low-aspect-ratio wings elliptical |

circulation distribution according to spread/scope, i.e., let us
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set/assume

(dCw) _ 4 (dC,\
" "R A d&'n_;)‘

Page 26.

Then we obtain working formula for determining the distance of the

center of bound vortex from the leading edge:

( ﬂ"ﬂ) gk

= da J,._, sb

Xn =Cp,, + 47 dCne Cone + 474 =
n (_Ha_) n (_ii&— )

The calculation methods, developed in S. M. Belotserkovskiy's
book [1], make it possible to determine all values, entering this

formula, for the case of motion near free interface at Froude's large

el et it i . SRS

i
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numbers, i.e., vhen on floating surface the disturbed speeds,
parallel surfaces, will be equal to zero. Figure 1 gives the
dependences of coefficients X, for a rectangular wing with A\ = 0.25
on the value, reciprocal to relative insertion 5=~% (here 7 - the

insertion of leading wing edge, Z - the wingspan).

Figure 1 shows that with a decrease in the insertion of wing the
center of bound vortex first is moved to leading wing edge, and then
it begins to be moved to rear. This is explained by the fact that the
coefficient of the center of pressure in linear theory barely depends
on insertion; the moment derivative coefficient of inertia nature (it
is expressed as the moment coefficient of inertia nature (it is
expressed as the coefficient of the connected mass kp,;) it falls with
a decrease in the insertion, whereupon this incidence/drop at first
very is intense, and subsequently moment coefficient is stabilized;
the coefficient of derived lift falls with a decrease in the
insertion, but this incidence/drop especially is intense of very
interface. However practical value have the mainly descending legs of

a curve xnﬁ%L since with very low values‘; no longer is realized the

nonseparated flow.
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Page 27.

For the satisfaction of boundary condition about equality zero
of caused speeds, parallel to the undisturbed surface, by taking into
account in this case taper B free vortices, it is necessary to
arrange higher than the interface the fictitious eddy/vortex, which
is the representation of lower eddy/vortex relative to the

undisturbed surface, as this is shown in Fig. 2.

The intensity of horse shoe vortex let us determine from the
condition of the execution of chaplygina - Joukowski's postulate
about the descent of jets under the rear point of root wing section.
The caused at this point velocities must be determined not only from

lover horse shoe vortex, but also from fictitious upper eddy/vortex.

In accordance with wvhat has been said, it is above, is arranged
rectangular low-aspect-ratio wing under floating surface so that when
angle of attack is present, a« leading wing edge has insertion %
(Pig. 3). The lower bound vortex is arranged at a distance x, froa
leading edge. Then the coordinates of point A for the coordinate

system, connected with the upper bound vortex, will be
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=C_D (1 — xu) cos a

%, _b—=__cos‘—ﬂ —[sina 4+ 21 + x;sina 4

S e +(1—§.,)cosatgﬁ]sin13;‘ 2
A : - -,

yo=_bg.=_;sxnn+2n+x,.sma+(l—x.)cosatgb]cosﬁ.

In formulas (2) of the line above x and 7 they designate, that

these linear dimensions are referred to wing chord b. Cosine of angle

DAE

if,+-!;f,+(l—:nlff—4(ﬁ+x;,sina)’ g
2V BT —5) g

cosd =

e et 2y e £ T RIS TSI, o ST Yo g AP ST =t
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Fig. 2.

Key: (1). Side view. (2). Front view. (3). Floating surface. (4).
Plan view. (5). Velocities caused by bound vortexes. (6). Velocities
caused by free vortices.

Page 28.

Velocity, caused at point A along the normal to chord by bound

vortex D'D'*,

G P M
B Brn+ (2) -
; where .~ _2[ - the dimensionless coefficient of the intensity of
L tb-

horse shoe vortex.

Velocity, caused at point A along the normal to chord by the

pair of free vortices, exiting/vaste from bound vortex,

e it
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xD
I -k : - = cos (a -+ B) (5)
l/‘xﬂD -+ yf, Gt ('2')
4
) ,[z___zﬂ s S
h&l—-”’—\’ Vi
- 7 \ [
V& / f i
\\ s (d-x,,)m«\__ {{f‘;"nj}(”d't?ﬁ] (/) |
\\\ u \ Xp Sinac
i 7% N
S S N/
e i~~~
%, \ a v =~
L) \ &
b l . ¥
, &
Flg. 35
Key: (1) Floating surface.




rere— T —

DOC = 77010784 PAGE 22‘&7

Page 29.

The velocity, caused at point A along the normal to chord from

bound vortex E'E'' and the pair of free vortices, exiting/vaste from

this bound vortex, will be

i (1 — x,) cos (a — B)
(I — xa)*sin® (@ — B) + %) [ 1/(1—::.,)’ f\—kz—)}

(6)

The dimensionless coefficient of the intensity of horse shoe
vortex let us determine frcm the condition of the execution of
chaplygina - Joukowski's postulate under point A of root wing

section:

@) + (w,), + ®@)g + (@), + sina = 0. @)
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Hence

47sin a

o
|

A2 5 W2 cos (@ —P)
a=x)1/ (1—kn>=+(&)’ (—msinta—pit (5 )
¥ weech 7, |

W=l

M2 —=, C0S 0 -

l’ ,w-t-yp 1/xo+yo+(x

: A2
s e d € K cos (a - B)
y%+(’”) { VE+yB+(—§-)’J .

(8)
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Dov¥nwash at points E' and E'' let us determine from the ratio of
the vertical component of velocity ¢y to the hcrizontal component of

the velcocity v: in points E' or E'‘.

The velocity, induced with bound vortex D'D'*, will be

horizontal:

Cy, A

(Wix)p = — 20— Redoite A% .
8“ 2('q+xn§in“)V4(ﬂ—J‘—xnsinu)2+)‘2

)

Page 30.

two free vortices, exiting/waste from bound vortex D'D'*, will

give horizontal
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(B _ Gy AsinfB % .
WAL = g 4 (N + xq + sin a)?cos?P - A?

X |

l 2(M + Xasina)sind
e e (10)
| Vg (N -+ Xy sin @)? A3 :

and vertical the components of the velocity

- C, A cosfP |
= X ’
(wa)o 87 4 (1 4 x, 5in @)? cos? - A2

[ 2(n + x,sina)sinp ]
X|1l—= St .
V 4 (n + x4 sin a)? A2

(1)
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Free vortex, exiting/waste from bound vortex at point E', will
give the horizontal component of the velocity
= Cy, sin
(Wox)g = — 8—?‘; —A.j (12)

and the vertical component of the velocity

i C 3
(wzy)g == 8—:;! (io:—. (13) {
By stores/adding up vertical (11) and (13) and horizontal
velocities of incident flow v at horizontal speeds (9), (10) and

(12), we will obtain, taking into account smallness of angle B (tg B

= sine B = B and cos B = 1),

Cu,,j A
8 | 4 (1 - xq sin @)® - A?
2 ( 4+ xysina) B ] }
PR 5 i e
V4 (M - xq sin @)? A2
e V_‘= _g_!ls{ A o
87 | 9 (1 + %asin ) V 4 + %o sin 0)* +-A?

> —

X r.1
[ . (14)

CE A X
4(n + xsina)? 42
x[l—-— QL iatnol }+—2—}
V 4 () + Xasin a)?+A2

Caaa
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Page 31,

The determination of the coefficient of the intensity of horse.
shoe vortex is conducted according to formulas (8) and (14) by
i consecutive propositions. For calculating coefficient C,, in the
first approximation, is accepted the angle of the taper of free

vortices B in zero approximation.

After determining C,, in the first approximation, they find,
utilizing dependence (14), the angle of taper £ in the first
approximation,; on this rake angle from formula (8) is calculated the

coefficient C, the second approach/approximaticn etc.

Figure 4 and 5 depicts the results of the indicated calculations
respectively from I to V approach/apprcximations for a wing with
elongation A = 0.25 and relative insertions 'ﬁ-—;’-l,? (n= —2—-71 A=0,425).

Prom figures it is evident that for calculation C, at angles of
attack to 15° of third approachs/approximation it is sufficient. At

angle of attack into 259 it is required five approach/approximations.

o

As zero approximation for the angle of the taper of free

1 vortices for the first calculation it is expedient to take B = 1/4 a,
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and for the subsequent calculations - the values B, obtained for

another (most close) insertion.

Por determining the normal force, which acts on fine/thin wing,
it is necessary to determine the longitudinal components of the
velocities, induced by free vortices E*' and E'*, and also by horse

shoe vortex D'D'' in the central cross section of bound vortex.

a3
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Fig. 4.

Key: (1). deg.

Fig. S.

Key: (1) . deg.

Page 32.

Velocity, induced by free vortices E' and E'' in the central
cross section of bound vortex,
: Cu gin@—p. (15
(Wae)s = 57 si _ . 5 )
Further we compute the longitudinal component of the velocity, caused

by bound vortex D:

Cy, cos ak

(Wix)p = — — . (16)
167 (1 + asin @) |/ 407+ Fasina) + (%) | |

Finally, the longitudinal component of the velocity, caused by free

I E— . M
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vortices D' and D'",

(o = S8 MmN iy
4 (4 xq, sina)%cos*p - (~2->

X

X

an

-1 o 2(M + Xasina) sin B __]
ksl

1/4(ﬁ+7c,sina)*+(—f}

Taking into consideration that on the line of bound vortex E is a
longitudinal component of dimensionless velocity of incident flow,
equal cos a, applying the Joukowski theorum, we obtain this
expression for the coefficient of the normal force of the fine/thin
wing:

Co = Cp, (COs @ + (W2e)e + (Wix)o + (Wax)p) (18)

Por fine/thin vings as a result of flow breakaway on leading
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edge the suction force is not realized, and, design/projecting the
coefficient of normal force for drag axes, we will obtain for the
lift

C,=C, cosa (19)
and for the coefficient of an increase in the resistance, caused by
the presence of angles of attack,

Ci—Cy, =C,,sin a. (20)

Page 33.

The coefficient of the longitudinal moment with respect to

leading edge is equal to the sum of the moment coefficients of
vortex/eddy nature and torque/moment of inertia nature and of the

adopted by Pig. 3 system of coordinates is record/vritten in the form

m.—m,‘+m,;¢=c,l}n——gkb’~ siﬂ2“. (2‘)

Pinally, the dimensionless coordinate of center of pressure
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9

BT W Ly sinde
(':. = b " - Sb CF: . ; (22)

Figure 6-8 gives the results of the calculations of the lift

coefficients, coefficients of an increase in resistance and

I center-of-pressure coefficients of finesthin wing with elongation A = h
f 0.25 with several relative insertions.
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Page 34.

Theoretical curves for very small relative insertion h = 0.284

lie/rest above experimental points, that it is possible to explain by

the presence during this insertion of flow with filled by air by

vortex lines.

The essential nonlinearity of moment coefficient leads to the
fact that the center of pressure sufficiently intensely moved to

trailing wing edge with an increase of angle of attack.

It is interesting to note that a decrease in the relative

insertion in the en. of time, virtually without changing lift

coefficients, noticeably manifests itself the center-of-pressure

location. With a decrease in the relative insertion the center of

pressure is moved to leading edge, which also is confirmed by
experiment.
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WAVE LOAD ON THE VERTICAL WING OF MAXIMALLY LOW ELONGATION.

G. V. Sobolyﬁ'.
(Leningrad).

On the basis of common/general/total theory, presented in
monograph {33, it is possible to manufacture the calculations of the
different of the shape of the lifting surfaces, which work on the
interface of different density. For the case of the vertical wing in
this work is also obtained the integral equation of circulation
distribution in the prerequisite/premises of the supporting line,
which is justified for the wings of the average and great
lengthenings. With the smallness of lengthening it is necessary to
assume the unknown load of variable both chordwise and in
spread/scope. In this case the task becomes mathematically very
complex. In this article is made the attempt to bring the
unpacking/facings of solution to end in the extreme case of the wing

of very lowv lengthening.

We have obtained integrodifferential equation for the
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distribution of the transverse load, appearing during moiion near the
floating surface of vertical fine/thin wing. The case, when the chord
of fine/thin wing coincides with the undisturbed surface of liquid
and its relation to spread/scope Z is great (i.e. wing aspect ratio /=--—0),
is especially interesting for ship-builders. This hypéihetical case
can be used as schematic for the calculation of load on ghip®oard
housing so on its motion with drift angle B. In the general case of
curvilinear motion this angie will be varialble along {he length B
(x).

Integrodifferential equation of the relatively dimensionless
coefficient of pressure u (x, z), obtained with the assumptions,

ccemmon for the linear theory of waves and airfoil theory

0
b P dnE sy bl et 3N
ﬁ(x)'—an‘J T e ]_E:f +z”+‘§-:“‘\(x.s.2.§)}d;d§' (1)
7

where

Kixt 2.0= h/-l __i_cosi(x—i) Vot @0 4

| P
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Page 36.

14
The relative velocity P = V?E and all coordinates are referred in
this expression to the chorad length of wing - b, but the position of

beginning and the direction of axle/axes is shown in Fig. 1.

To first two terams in equation (1) it is lcgical to shape in the
form, similar to the case of the motion of wing near solid screen. In
this case they can be united into one member with the symmetrical

limits of integration on ¢:

.8 x g
OO sy
PO =) ) T S g [ [ Kt 2 x
172 =t




AT

DOC = 77020784 PAGE )Vs (p

This recording, of course, introduces the inaccuracy, which consists
under the assumption of the symmetry of distribution u (z) in real
and mirror reflected relative to floating surface planes. However, if
we restrict the examination by the case of the small numbers Fr, then
the proximity of the unkncwn load distribution to limiting case Fr —

0, by which it elliptical, can be considered obvious.
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Page 37.

Equality (2) is integral equation of Volterra's type relative to
the function, which determines the character of the dependence of
load along the length of chord. The law of span loading depends in

essence on singular term in the first integral. For the
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isolation/liberation of this special feature/peculiarity let us
manufacture the reqularization of equation (2) for Carleman-Wekua's

method [ 3].

Let us transpose regular wave member into the left side and for
the moment that consider this part assigned. Then let us manufacture

the inversion of Cauchy integral in right side relative to functiom

" du(E)
‘5 %
/2

Solution let us search for in the broadest class of the

functions, unconfined at the ends of the interval/gap of integration

cn €3

- '3

AR ! o
[kt e
/2 e

¢ 0

O B d E‘ l/[Z_—-—2 - - )4
N H u‘(i-c_O_ t__;K(x.s,T.s)dstdT-Ff(x)J- @

-t 172 =

The entering the inversion formula arbitrary constant, in the case in

question which is the function of the longitudinal coordinate f (x),
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subsequently must be determined from the condition of the
satisfaction of solution Chaplygin-to Jcukcwski's postulate. For the
calculation of integrals in terms of auxiliary variable r let us

introduce the trigonometric coordinates

= —/lcosl; { =—1/cos® u T=—/cosq,

we will obtain

du L) e 9p(x)1 Y singdg__

Cosp — cos
n xn/?d ( '} 2ok »
! u (3, 0) sin?k (x, E, (p,»l‘}) e F
s J j‘ j COs ¢ — cos 6 i @
0 120

The being obtained here integrals take the form




g
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B o sin® @ exp — b cos @
x3 cosp — cos §

de, ®)

where b = 0 for first integral in right side and b = for the

=

will ™

ﬂ_
)
second integral.

Page 38.

Let us note that on the strength of the evenness of integrand in
{5) value B can be calculated as half of integral with the
symmetrical limits:—w»-». Now let us introduce new
alternating/variable =z=¢° transforming B into contour integral of

complex variable z:

A @ rep— @ )
B=Re| -V — = dz
l4i 2% (2* — 2zcosb + 1) ;

pgince coefficient b it is always positive value, singular point
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from member ,; it is not obtained and for calculation B necessary to

obtain the deductions of the function

(*—1) exp— 2% (2 + n

2 (¥ —2zcos6 L 1)

[@) =

in the twofold pole z = 0 and at the points
2;=cosb £ ising (i =1,2),
being the roots of the equation

22— 2zc0s6 1 = 0.

The first special feature/peculiarity it gives zero deduction
because of member e-—;'}(z-+u vhich in the case of conjugate roots z it

takes form exp - b cos 6.

Therefore

. 2
B =Re 2xi 417 Resf (2) ’ == -2— et pe (2 —1)° ’

- 223—3cosezf+z‘f
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After the substitution of values 2z and of separation on real

and imaginary part we obtain

B = — mcos 8 exp— bcosh. ©)

Taking into account value (6) equation (4) assumes the form

q "2 x
.2 r
du;% g dg = —2p (x)lcose— s Cos GJ ) du (g' ﬂ')
Fi
72 : 4 ,

x j l/- j~ : ""E’ L F’Z (cos®--cost)dtdEdd -+ f (x).
i ik ™

Page 39.

Let us take in parts integral of 3, taking into account that u (&, 3)
must be equal to zero as at the butt end of the wing, that and on

floating surface. By making, furthermore, integration for 9, let us

return in equation (7) to primitive function u:
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b X n/2 .
J‘u(§,6)d§=—2ﬁ(x)lsme+——j‘j‘cosmju(b.ﬂ)&nﬂx
By, 2% b

@)
Jth’ —Feos E=S V¢ C) 43 ———exp ‘";tz‘ (cos & + cos @) dtdddg + f(x).
e

For determining the character of load distribution chordvise of

wving let us pass from specific pressure to load per unit of length y
(x):

e e

0 a2

¥®) .-:5«;(&. Besw i af u &, ) sin 6 do.

Then equation (8) is written as follows:
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n/2
y@ dE=—28 (x)[’ S sm26d3+

2

\g\j‘smescoscpyu(g 0)sxn05Vt’ —feos =8V E “)Vt

X exp — 137 (cos ¥ -+ cos @) dtdddpdbdE <+ [, (x). 9)
{4

e

Let us assume now that the unknown function of load distribution u

(x, 6) can be represented in the form of the product
u(x, 8) =vy(x)z (). . (10)

Physically this it means that the law of span loading is assumed
to be one and the same in all cross sections of ving chord. Recall
that the load on the ving of maximally low lengthening in infinite

liquid is sharply localized on the spout of ving. Examine/considered
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by us the case of the moderate velocities cf motion on interface must

be close to this maximum.

Page 40.

Therefore relationship/ratio (10) is completely justified. Taking

into account it in (9), we have

YOG =—JB@e+ | YO LE YA+ ),
i i

where

n/2 ] n/2 o
”

i

(1)

41 5 r By i s 2
k(x, &) ==;1_:,~j‘ sin ej cos @ S z2(0) sin \‘}") ViE=tcosE =Y 2L/Lx
I

0 0 0

!
X exp — P2 (cos ¢ -+ cos ¢) dtdddepds.
{

(12)
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Differentiating (11) with respect to x, we obtain

v(x)-—d-;[-—ﬁ(x)zt] Y0 k(x, x)+§y(§)‘”“"ﬁ) .

172

easy to see, that the first member in right side coincides with

that which was obtained by us by solution [4) for case Fr = 0:

.
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W@ =—2 L 6wew. (13

Value

Al a’/_z ] n/2 Cd
k(x, x) =:TI'?J sinej‘cosq)j‘z(ﬂ)smﬂj Vﬁ-—texp—
(1] 1

0 0

t
— g2 (€050 -+ cos ¢) dtdddgds
{

is the solidity ratio of the diagram/curve of the distribution of

wvave load according to spread/scope (sinking)
— k(x,x) = a=f(F).

Designating kernel of integral equation F (x, &) = dk (x, &) yzdx, we

have
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VO U+ =v%@+ [ yOF®HE+hHE. (19

172

Let us note that the entering the expression a integral

s 3 VEB—T exp— dtdt,
]

where

d = (cos ¥ 4 cos ¢) Ji
Fi

4 is tébular (see [2] 3.383 (3)):
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k(d)exp 4
1| g —
D=

(k, (d/2) - the function of Macdonald) .

Page 41,

Taking into account this value in a, we have

n/2 [ n/2
PR
u=-—n—j sxn&fcoscpfz(f))sinﬂx
0

V)

kl(pp_sg;i-coscp)exp_(cosﬂ—,‘—cos«p

« 2F} 2F3

cos & + cos ¢ dddeds.

(15)
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Since F‘2=gb!;;/1 =fl_z with ; _ , very greatly, let us replace the

value of the function of the Macdonald and exponential for
asymptotic. For this is expressed ky (d/2) through the degenerate

hypergeometric function ¥ (a,c,x), the character of behavior of which

with low x is known.

Since

&, (x) = Ve (2x)"‘l’(—;— v 14 2v; 2x),

& \/ _g_) = VR d¥ (3/2; 3, d). (16)

With low 4 we have

with an accuracy down to the terms with /X/. This it gives
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ur(.3-- 3 d) -2 (i17)

Taking into account (16) and (17), we obtain

av

6. (
(cos & +cosp)? Wi 08

A A
sian coswj 2(9) sin 9
0 0

Page 42.

After changing in this expression the order of the integration:

n‘: n/2

]
a=-—-4£‘ 2 (%) sin® smeﬂ
n) j( \‘}+coscp)'dedo
0
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let us compute integrals in terms of ¢ and 6, bty reject/throwing

terms with the low values:

4P F 2(0) cos 0
__.f 20)cosd, s (19

n sind,
0

Accepting as first approximation z (3) = sine 3, we obtain
n/2
4F2
a=~3;5dmmﬁMmeﬁ=

D
Q

ol ()

(see [2] 4.387 (1)) . Taking into account the value of f-function B

2

(1/2; 1) and difference vy - Euler fnnctionsqrcg)._ny(l)_vo have the

final value of solidity ratio of wave load diaqgram on the wing of the

—

¥
\ e
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raximally low lengthening:
2F? ;
a= —n—-. (20)

I investigate now the character of load distribution chordwise,

described by equation (14). Investigating the integral

C=Ve—texp—tdcosaVt d, @21
I

wvhere

X —
o

are

we will obtain expression F (x, £) in an explicit fora.

Expanding cos 4/

in power series, we have
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i 2 4
C= J‘Vt’—texp-td(l _gl't +£— t’—...) dt.
; )

Page 43.

Assuming, that termvise integration it does not disturb the

convergence of this series, we obtain

c=-kF e“”Z(— D d T W,
n=0

a)
2n! T -—’1','12(

(see [2) 3.383 (4)). Expressing Whittaker functionw_n’_ a+2 (%) thr ough

the degenerate hypergeometric function W(a;q %)

o




A S o g g g

DOC

77020784

we obtain

Replacing, as earlier, expression v by its asymptotic value with d —
0, in which it makes sense to leave the terams not higher than second

crder of smallness, we have

2n
We~2(_ 1)";‘;1.\;'(-3-,n+3.d>. (22)

PAGE 25 5 4

Wi (x) = ™2 ¥ (a; ¢; x);
1
a = Lt b o

c=2u+1,

n=0
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'“ﬂZ( n~—m~

Z( awu%m f%@. @3)

vhere J, (a) - the Bessel function of zero-order.

Taking into account these conversions equation (14) will be

written as follows:

V() = [y () — ,‘(Ha)fy@m( E)di-f-f.(x) ey

As is known from the theory of integral equations of Volterra's type,

T——
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solution (24) can be written in the form of the series

V) = 2( ) (1 ::f;)"+‘ . (25)

wvhere

v = (4 @ (26)
/2

—

Page 44,

We will be restricted to the search of the first term of this series,

vhich will correspond to the solution, cbtained with an accuracy down

to the terms with F».,

Taking into account value y, (x), according to formula (13), we

obtain




- & =
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|

|

we==5 (0[5 ros@ia - en,

i72 :

o

For right-angled wing

During the forward motion of wing B (£) = const = Bo and dp (&)

/d& = 0 everyvwhere, besides forepart/nose edge (x = 0.5), where dp

(§) /d& =-Bo. Then

y“’(x)=—’_‘2.[f.l,(&§i_.-:—_-f-). Do 'ee)

It is easy to see, that solution (28) in the general case it does not
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satisfy Chaplygin-Joukowski's hypothesis about the even flow of tail
edge. In order that this hypothesis is fulfilled, it is necessary
that load with x = -0.5 is absent. Determining until now the

arbitrary function f, (x), that entered in equation (24), finally we

obtain

ar [, (05—
¥ =75 ["(“‘Fa‘x)"lG?\I‘ @

Curve/graph of the distribution of this wave load for a series

of the values of relative velocity is shown in Fig. 2.

By analyzing curves, it is possible to note that to Fr =
0.6-0.65 transverse loads from waves gives positive additions to the
hoisting (lateral) force of the wing of maximally low lengthening.
The maximum of this increase is reached when on wing chord is
accomodated one half wave (Fr & 0.5). At such relative velocities
one should expect the maximum effect of floating surface. With an
increase of velocity together with a decrease in the number of waves,
vhich are placed on chord, proceeds the shift/shear of the first

(most considerable) peak of pressures from spout toward tail edge.
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Page 45.
This fact makes it rossible to state/establish an increase dream the
weathercock stability of wings, which is reallysactually observed in

experiments.

Unfortunately, the calculation of the lift coefficients of the

ving

)

2 ~ .
Cy 2 ‘1- J Y (x) dx g (30)
~0.5

and of the torque/moment

e
in

me="-\ ywxdx @)

é.

in expressions (25), (13) and (29) cannot be made in quadratures.
however the measuring with planimeter of the curves of Fig. 2 and the

calculations they show that an increase in the coefficient C, is




"
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observed to Fr = 0.6. Subsequently value of C, becomes virtually

independent variable of velocity and is equal to the value, designed

by the formulas of infinite liquid without taking into account of the

screening effect of floating surface.

That which was opened thus far remains the guestion concerning

2
convergence of series (25), coefficients (——

& I
~————— which t
n) e vhic hey

decrease sufficiently slowly.

RSRp—— e - M"—‘-—-‘_—‘
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rig. 2.
Page 46.
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CAVITATION FLOW ABOUT THE WEDGE NEAR THE FLCATING SURFACE OF

WEIGHTLESS LIQUID.

L. I. Maltsev.

(Novosibirsk).

Page 56.

It is known that during the motion of tody in nonseparable and
cavitation mode/conditions the large value for a reduction/descent in
the resistance has pressure recovery in its feed part. Howvever, in
the works, dedicated to the cavitating hydrofoils, as a rule,
floating surfaces, being brcken away from edges, are linked somewhere
beyond the limits of body or depart to infinity. The quality of such
vings turns out to be low. Is examined below the simplest diagram of

the cavitating hydrofoil, which ensures the pressure recovery aft.

The solution of this problem for a unrestricted flow is obtained
in work [5 ). The advisability of the examinatiom of the partially

cavitating wings was expressed by B. G. Novikov.

b TN i

-—
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Let us examine the task of the cavitation flow about the wedge

near the floating surface of weightless liquid.

By Yoo Yo, Lye Lae vy p let us designate respectively velocity
of incident flow, rate on the boundary/interface of cavern, the
length of plates 0B and 0C, angle between them and the angle of the

slocpe of plate to direction, the opposite direction of the incident

flow (Fige 1)

The flow line, which approaches the craitical point A, is located
from floating surface far from wedge at a distance H. It is assumed

that the point O is the point of the descent of jets, i.e., that is

satisfied chaplygina - Joukowski's condition.

In the physical plane let us conduct the cut/section through

point O and certain point on tloating surfacea

Page 57.

The obtained thus simply connected region is resolvable to the
interior of rectangle with sides 2wy, w, the auxiliary plane u, so as
to the shores of cut/section will pass to the ver*ical sides of

rectangle (Fig. 2) . The appropriate points let us designate by

identical letters.

R e
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Let us introduce the function

It is known that the solution of problem can be reduced to the

determination of the dependences

W) u F(u).

Let us determine function %Z E2]). Puncticn dw/du is
u

holomorphic within rectangle, is real on its hcrizontal sides, and
its values on the vertical sides of rectangle at the corresponding
points coincide. The continued through the sides of rectangle
function dW/du will be bioperiodic. Furthermore, at points u = a and
u = 0 dW/du it must have zeros, but at point 6 ¢ w, - the pole of the

second order.

Hence it follows that dW/du there is an elliptical function. On

the basis of the common/general/total theory of the elliptical

functions
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%=A[ya(u—b—m‘)—r(a—6—-ﬂgl. )

vhere A is real constant.

The requirement for reduction to zero rate at point 0 (u = 0)

gives the condition

a = 20, (2)

By set/assuming complex potential equal to zero at point A, for

W (u) we will obtain the expression
Vi) =—ARu—0—0) — L0 — 0y + P 0 — ) w— 2)l. (3

Page 58.

Circulation on the closed duct, which covers wing,

['=W(Q2w)—W(0)=—24[(0) + ’)ﬂ (8 — wy) ). “)

Utilizing the fact that

W(u, + m’) o—— W(ul) - HU“,




g A8 c 0,

Irw;

i u,
0’
[
§ 2w
A 8
A
a
2

Frg,;).
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we will obtain

A — (w,[
——5—?3—- . (5)
(ORI

Let us pass to the determination of function P (u) « Function F

(u) on the horizontal sides of rectangle satisfies the boundary

condition

gt '(O<a1<“);
g - (@ <<uy <B);
iy (Y < w < 2ay);

0

U,
p=ln£,: (ﬁ<u1<Y)._,,g‘u=ul;

=0 Lo U=u + w,

P
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The solution to the obtained mixed boundary-value problea for

the rectangle, limited near all ends, we will obttain from L. I.

Sedov's method [3):

8

b 4 a
l g it Ly
F(4)=;‘—[lnﬁj gb)dt +ip | gud)dt — i (n—p) gx
p .

)
0

2w,
X (uyt) dt + iv } g (wt) dt} :
¥

= emit—) (U =140 (t—0—a,) 0 (4 — wy)
g =e S U—h U= —ao f—w) X

o l/ e O )
o(t—Bolt—y)

vhere ¢ (u) - Weierstrass function;

©)

-l
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C="’1"‘a+‘:;’!—“’z; ﬂ1=C(‘°1)-

Page 59.

In order that the solution becomes zero at the point 6§ + w,,

corresponding to point at infinity of the physical plane,

to require satisfaction of the conditions

X a 4
O * %
;miJ&mw+pJ&mw-u—Mj&mw+
B 0 a
2(’:. \S
=g ) gdt=0 (k=1,227), @
v

w }'m_fe.

necessary

.

|
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e
A

&, &) =

& (t) o

SA+No(—t+0FTwoy

ot—o)Volt—polt—ry)

em,[a A—fo(—t+d+w)—c(A—H0o' (—t+d +m,ﬂ
oit—o)Voit—poit—y) VA J

g, () =e™

| A —00(—t 4 +0) —a(B—1)0" (—t4b+ay
: o(t—w)Vo(t—y)olt—p)

P L e B f ey s e D 20
X(—=t+06 4+ oy]o’ (_t“‘a‘f‘“’z)
S(—t+o+o)olt—ay) ) oi—polt—y)

+ B

A=ml_6+_2‘—.
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Let us extract expression for function z (u):

du. (8)

For the uniqueness of function z (u) let us require satisfaction
of periodicity condition z (u ¢ 2w,) = z (u), which can be presented

in the form

C —Fw dW
F fowns )

b
LY

Page 60.
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Into the solution of problem entered the parameters a, B, v, 6,

| wi/w2e Ay 7o u, % H, 1,, L,, for determining which we utilize
. U

oo

equations (2), (5, (7)., (8) and two equations, which correspond to

the lengths of the plates:

Thus, we obtain four-parameter family of sclutions. Let us assign, e

for example,
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The complex pressure of flow on the wing
R=X—¢Y=—E§prids,

where n is an external standard to streamline. By utilizing
Bernoulli's integral and by transfer/converting into plane

alternating/variable u, we will obtain

o e "
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MOTION OF LOW-ASPECT-RATIO WING NEAR THE INTERFACE OF THE LIQUIDS OF

CIFFERENT DENSITIES.

Se I+ Putilin.

(Kiev) .

The task of the motion of low-aspect-ratioc wing under free
surface of liquid is investigated in A. N. Panchenkova's work [7]). By
similar method in work [8)] is obtained the integral equation of
low-aspect-ratio wing, which moves above the interface of the liquids
of different densities. In these works found the load distribution
chordwise of wing. Is given below <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>