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HYDRODY NAMI CS OF LIFTING SURFACES.

Page 2.

In collect ion are represen ted the mate rials of scient ific

conference on the h ydrodynamics high speeds , which Was taking place

28—30 Octobe r 1965 in g. Kiev in the institute of the hydromec hanics

of IS UKSSR . In the work of the confer ence take part the leading

specialists from N oscow, Lenin grad , Kiev, Novosib irsk, Gorkiy, ~azan ,

Kharkov and other cities.

1 -
Are illu.inat ed the urgent tasks of the h y dr odynamics  of li ft ing

surfaces and bodies near screen or interface of the liquid s of

different densities in the presence of the developed cavit at ion, and

also some question s of a reduction/descent in the resistance of

medium to motion of bodies.

Is in tended for the Wide circle of the scientific and

engineering workers, gradua te students , who are occupied b y the

questions of the hydrodyna mics high speeds.

L ~~~~~~~~~~~~ - - - - ~~_V ~~~~~~~~~
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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

confer ence, dedicated to the problems of the contemporary

hydrod ynamics large speeds, which will draw the attention of wide

scientific community.

In the wor k of the con ference take part of 106 representa tives

from 45 organizations of the USSR , includ ing lead ing specialists from

Moscow, Leningra d, Kiev , Novosibirsk, Gorkiy, kazan, Kharkov an d

other cities.

From scientific organizations wer e represented to CSR I f L ~,~p w-.

Central Scientific Research Institute ) im. acad. A. N. Kry ]ov , to

TSA GI (~~~U~
1 — Central Institute of Aerohydrodynamics ii. N. Ye

Zh u kovs kiy im. Prof. N. Ye. Joukowski , Institut hydrodynamics WITH

th e As USSR , Leningrad ship— buil ding institute , Leningrad institute

of the engineers of water transp ort , INIIM? , Gork iy , Novosib irs k and

Od essa institutes of the engineers of wa ter transport , Kaz ansk y and

Kiy ev ak iy  the state universities , institute the mechanics of MCD

f mfi — Mosco w State Univers i ty ) ,  Ka z an eky and K ha r ’kovsk iy
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I
institutes of the engineers of the civil aviation and a series of

others.

At conference read and discussed 41 reports on the urgent

question s of the aerobydrodynamics of hig h—speed/velocity object s,

re presenting large theoretical and practical interest .

In the report of I. T. Yegorov (Leningrad) was made

survey/cov erage of works on the hydrodynamics of hydrofoil , in the

reports of A. N. Panchenkova (Kiev) were examined the task of the

unsteady motion of wing wit h alternating/ variable distance fro m

screen, are discussed some questions of the statement of the

boundary—value proble m of the hydrodynamics of the cavitating

hy drofoil.

The report of K. K. Pedyaevskiy ( Moscow) was dedicated to the

examina tio n 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 al so in the

reports of V. P. Shadr in  (Leningrad) , P. I . Zinchuk (K iev)  , by A. N.

Lukas henko (Kiev) , V. I. Me nshi k ov (K ha r ko v) , E. of A. Parav y a n

(Leningra d),  A. N. Panchenko va and A. I . Tukhi.enko (Kiev) .

To the dynamics of takeoff and landing the apparatuses , which

LA - ~~~~~~~~~~~~~~~~~~~~~ ~~~~ 
. VV• .
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use effect of screen, was dedicated the repor t of V. I. Rudomanova

(Kiev), but of the static stability of their motion - V. I. Koreleva

(K iev) .

A series of reports was dedicated to the studies of the

hy droaerodynamic win g characteristics and win g systems during

different mode/conditions and the under conditions of their motion -

Ym . of F. Parberova (Leningrad), Yu. N. Polishchu k (Kiev), V. B.

Kurzin (Novosibirsk), S. I. Put jim (Kiev) , C. V. Sobolyov

(Leningrad), N. A. Basin (Leningrad), by A. I. Yukhimenko (Kie v), Ye.

N. Grafova (Leningrad), V. C. Savchenko (Kiev) , S. F. Orlov (Gorkiy) ,

L. I. Naltsev (Novosibirsk)

In the reports of V. N. Ivchenko (Kiev) were examined the

unsteady tasks of the hy’l rodyna a ics of the superca v ita ting bod ies and

J carrier systems with application/use ETsYM f~~ 4~j M~ — digita l

computer ).

Page 4.

Large interest will cause the reports of G. A. Riazanov

(Leningrad) about the electrical simulation of the flow about the

finite—spa n wings and V. V. Kopeyetskiy about the application/use of

a method of magnet ic models to account for the effect of blade

V -~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______ 
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thic k ness during the design of screw propelle r with the assigned

pressure d i f fe ren t ia l  on blade /vanes .

To the boundary—layer calculations and profile wing dra g in the

presence of suction was dedicated report L. F. Koziov a (Kiev) , the

data on the effect vortex formation on the wing drag and bod y of

revolution were presented in the report of A. N. Mkhitaryan and V. A.

Fridland (Kiev) .

On the experimental model tests of the high—speed/velocit y

apparatuses of different systems will impart in his reports E. C.

Pasechnik.

In the report of Ye. P. Udartseva (Kiev) are examined the

method s of the la u inarization of the boundary lay er of

el ectro—hydrody n am ical flows.

Vu. K .  Bikt imiro v (Leningrad) will make a report abou t the

special feature/peculiarities of the construction of veloc ity
V 

potential, caused by the motion of source in liquid, R. 3. Nud el’man

(Kharkov) will co•e forward with report about the motion of body in

multilayer liquid.

The report of A. N. Nkhitaryan, V. S. Mazimov and P. S. Laznyuk

V V
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(Kiev) was dedicated to the investigations of the flow of the

semi— bounded slot jets, spreading in slipstream.

Vith short report/communications will, come forward Ye. C.

Sheshukov (kazan) and Vu. K. Biktimirov (Leningrad) . 
V

After the discussion of reports and rotting on the sums of

conference is unanimously accepted the solution, in which was

em phasized the importance and the urgency of the tasks ot the

hydrodynam ics high speeds and is recommended conducting more

widespread investigations in this field , including the investigation

V 
of the unsteady tasks of aerohydrodyna m ics.

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 21$.

V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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THE APPROXIMATE NONLINEAR THEORY OF RECTANGULAR LOW-ASPECT-RATIOWING, 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 t s large
numbers.
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V If we from the experimentally determined value of torque/moment

deduct the torque/moment. of inertia natur e, i.e., the torque/moment ,
V 

which corresponds to the noncirculating flow of potential flow about

the body, and difference to divide into norma l force, then obtained

thus the coordinate of center of pressure ‘dill correspond to purely

circulation (viscous) flow. Let us call/name point with this

coordinate the center of bound vortex. Let us designate the

coordinate of the boun d vortex

— ~~~~ — 
M z,R

X fl~~~VV~ . (1)

Dimensionless coefficient of the center of the bound vorte x

x ~gi —

In these for mulas y1 normal force; b is a root wing chord. As is

known , in the adopted system the coordinates

M:NN — — r1)~.~_ sin 2a,

w her e k2 is a volume of the apparent additional mass of liquid during

the motion of win g in transverse direction; k 1 — similar volume

- — V — i_ _V~~~~ - - ~~~~~~~~~~ ~~~‘ 
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during mot ion lengthwise. For the fine/thin wings k1 = 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— rat io wings intensely moved to trailing

edge with an increase in the angle of a t tack.  The

conclusion/derivation about the stability of the center of bound

vortex fin ds confirma tion, also, during the study of flow beyond

wing. This gives grounds as the first t~asic hypothesis to consider

that the position of the center of bound vo r tex  for this wing

planfora does not depend on angle of attack.

The comparison of load distribution according to the wing chords

of low 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 lift

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 obt ain

_  _  _  V - -
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(dm~IH \
~ 

dci 
~~

~~ f dC~ \ 2 r ~~’
dci 

)aO s

wher e 2r - the spread /sco pe of the equivalent bound vortex of

constant intensity.

As the second hypothes is 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.,

The exper iments , carried out for determini ng the zone of eddying

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

tunnel , confirm this assumpt ion.

Further let us accept for low—as pect— ratio wings elli pt ical

circulation distribution according to spread /scop e, i.e., let us

— -V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~~~~~~~~~~~ V _ V ~
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set/assume

V 
- (dCM \  4 (dC,\

dci )
~~~

‘ 
~i

Page 26.

Then we obtain working formula for determining the distance of the

center of bound vo r te x from the leadin g edge:

2’~
Xn = C~~ + CA~1.1 +

The cal culation methods , developed in S. N. Belotserkov skiy ’s

book ( 1 ] ,  make it possible to determine all  value s, entering thi s

formula , for the case of motion near free interface at Fronde ’s large

LÀ -
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numbers, i.e., when on floating surface the disturbed speeds,

parallel sur faces, will be equal to zero. Figure 1 gives the

dependences of coefficients X~ for a rectangular wing with X = 0.25

on the value, reci procal to relat ive inser tion h - ~- (here ‘i — the

insertion of leading w ing 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 barel y depends

on insertion ; the moment derivative coefficient of inertia nat ure (it

is expressed as the moment coefficient of inertia nature (it is

expressed as the coefficient of the connected mass k21) it falls with

a decrease in the insertion, whereupon this incidence/drop at first

very is intense, an d subsequently moment coefficient is stabilized;

the coef ficient of derived lif t falls with a decrease in t he

insertion, but this incidence/d rop especially is intense of very

in terface. Howe ver practical value  have t h e  mainly  descending legs of

a curve xn(+) , since wi th  very low values  h no longer is realized the

nonseparated flow. 

V V V V ~~~~~~~~~~ V~~~ ~~~~~~~~~~~~~ V V V V • _ _ _ _ _ _ _ _ _ _ _ _
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Page 27.

For the satisfaction of boundar y condition about equality zero

of caused speeds, parallel to the undisturbed surface, by taking into

account in this case taper ~ fr ee vor tices, it is necessary to

arrange higher t h a n  t h e  in te r face  the  f i c t i t ious  eddy/vor tex , which

is the rep resentat ion of lower eddy/vorte x relat ive to the

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

The intensi ty of horse shoe vortex let us determine f r o m  the

- 

-

_ condition of the execut ion of c h a ply g i n a  — Joukowski’s postulate

about the descent of jets under the rear point of root w i n g  section.

The caused at this poi nt velocities must  be determined not only from

lower horse shoe vorte x, but also from fictitious upper eddy/vortex.

In acco rdance with  what has been said , it is above , is arranged

rectangular low—aspect—ratio wing under f loa t ing  surface so that  when

angle of attack is present, a leading win g edge has insertion ~

(Fig. 3). The lover bound vortex is arran ged at a distance X~ from

leading edge. Then the coordinates of point A for the coordinate

system, connected with the upper bound vortex, will be

- ~~~~~~~~ --
V - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V
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- CD ( l — x ~) cos a
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~ (2)
= = — ISifl a + 2Q~-f. x~ sina + (1 — x~) cosa tg ~I cos~.

I
In formulas (2) of the line above x and ~~‘ they designate, that

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

DA!

- 

V 

- 2V4+y,(L—;)
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Fig. 2.

Key: (1) . Side v iew.  (2) . Fron t view. (3) . Float ing sur face .  ( 1$) .

Plan view. (5). Velocit ies  caused by boun d vortexes. (6) .  Velocities

caused by free vortices. —

Page 28.

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

vortex D’D’’,

w
~t, — 

C~0 N2cosÔ (4)
‘~‘~~~ V;J ’~ j~ i/ ~ + ~ + ( X ) ~ 

-

where — the dimensionless coefficient of the intensity of

horse shoe vortex.

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

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

_~~~‘— ~~~
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— ~~~~ C,, N 2

x ± 
~~~~~~~~

_

~~

- 

+ (A )2]  
cos(a + ~). (5)

‘~ — —,-- — -
~

—

__ _ _ _

L .  ~~~~~~~~~~ /~‘£. (5-i~,,)c~,~ \ ~‘t [(5-x4cos~ -t 9,~y (i)V C5oöod,~cg noee xwocm~

V X~ Si’7U
— 

~~~~~ ~~~~~~-

V A~~~~ — --. A
x I t I  g .&

l t ~ , -A
Li
a 1 -V •V

H FIg 3

Key : (1) FloatIng surface.

_ _  _ _ _ _ _ _  -- - _ V~ -
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Page 29.

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

bound vortex E’E’’ and the pair of free vortices, exiting/wast e from

this bound vortex, will be

— C~, _______________________

f~~~~~~ )~~~+
(1 — x~) 

v 

(1 — x~)~ ± (-2-)

—-- cos(a—~)2 
1+ 

(l~~~xn) COs (a— I~)
(1 Xgi)2 ~j~~2 (a — 

~
) + (~ ) 

2 [ / (1 — ~~ )2 +
V 

(6)

The dimensionless coefficient of the intensity of horse shoe
vortex let us determine frci the condition of the execution of

chaplygina — Joukowski ’s postulate under point A of root wing

section:

(wI)D + (w2)D ÷ (~;1), + (
~~3)R + san a = 0. (7)

- - _~___ __~:V_. V V V VVVV V~~~~~ 
V~~

V__VV VV
~~ VV

~~~
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Hence

C~. = 
____________ a

-
~~~~~~~ ~./2 cos (a— ~ )

(1 x~) (1 — x ~~ 
(

~~~~
)2 (1~~x~)zsinz(u~~~)+ 

(

~~~~) 2  
x

- 

~ 
(1 —x~)cos(a—~)

L ~

/

P 

(1_ ~~n)2 ± 
(~~
ja

~J2 
~V 

V

H +

y
~~~~~~~~~~~~~/___V~~~~~~~~~~= V

i COSó +

+ 7 [1 +v~ ÷~ + 
(

~~~~ 2] c
0s (a +~~)

(8)

— —~ ~~~~~~~ ~~V~~~~~V V ~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~ V~~ ~~~~~~~~~~ ~~~~~~~~~ ~~~~~~ V ~_V~ V V ~V VV _V~V~~ ~~~~~~ V ~~~~~ V~~ — - V
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D ovnw ash at points  F’ and F’’ let us determine  f rom the  r a tio  of

the vertical componen t of velocity V~, to the hor izon ta l  componen t of

the velocity V~ in  points E ’ or E ’’ .

The ve loc i ty ,  induced wi th  bound vor tex  D ’D ’ , will be

horizontal :

CL, _____________ __________(W LX )D = — 
— — ~~~~_ 

~9)
“
~~ 2(t~-3- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Page 30.

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

give horizontal

V 

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V
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I

A sin~ 
-

(a~ x )D  

~~~ ~ ~ + ~~ + sin a)2 cos2 
~ H- ~ 2 

X

(10)
I V4(~~±

’
~n sin ci)2 +1b~J

a nd vertical, the  componen t s  of the  ve loc i ty

)~cos~ _____( w2y)D 
S
~~4 (~~+~~n Sj n ci)2 cos2+ )~ 

x

< — 
2(~ +~~ sjna)sjn~~ 1 (11)L Y4(~1 +x ~ sin a)2 +X21

V :~~~~~~~~~~~~ V -~~~~~~~~—
’
~ _V V —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~~~~~~ •~~~- - -- -~~~~~~~
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Free vortex, exiting/waste from boun d vor tex at point E ’ , w i l l

give the horizontal component of the velocity

-— C~ sin~ (12)

and the vert ica l c o m p o n e n t  of the  velocit y

(~~ 2M)E = ~~ ~~~~~~~~~~ (13)

By s tore/ adding up ve r t i ca l  ( 1 1)  and (13) and ho r i zon t a l

velocities of incident flow o at horizontal steeds (9), (10) and

(1 2 ) ,  we w i l l  obta in , t a k i n g  into account smallness  of ang le  ~ (tg ~

sin e ~ = ~ and cos 8 = 1) ,

c,,0 1 ______________

~ 4 (n ± x~ si n a)2 + ~ -

I 2 (1+x~~ina)~i 1~

= = 

•
~/ (

~ ± x sin u)~ ~~ . (14)
vx 1 ___________  - -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

4 ( +x si na )2 ~~l~ X

V I 2(11+x fl sin afl3 1 1~I I — 
I + 

_ 
V

L V4 (i’s + X a sin a)2+~
2i V /
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Page 31.

The determination of the coefficient of the intensity of horse

shoe vortex is conducted according to formula s (8) and (14) by

consecutive propositions. For calculating coefficient C~. in the

first appr oximation , is accepted the angle of the taper of free

vortices ~ in zero approximation.

After determining C e,. in the first apFroximation , the y find ,

ut i l i z ing  dependence ( 1 4 ) ,  the angle  of taper  ~ in the  f i r s t

approximation ,; on this rake angle from formula (8) is calcu lated the

coefficient c~ the second approach/approximation etc.

Figure 4 and 5 depicts the results of the indicated calcu lations

respectively from I to V approach/apprcximations for a wing with

elongation X = 0.25 and relative insertions h—-j~— 1 ,7 ~~~~~~~~~~~~~~
Pro. figures it is evident that for calculation CM, at amg lss of

attack to 15° of thir d approach/approximation it is sufficient. At

angle of attack into 25° it is required five approach/appr oximations.

As zero approximation for the angle of the taper of free

vortices for  the f i r s t  ca lcu la t ion  it is expedient  to t ake  8 = 1/14 a ,

a — V
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and for t h e  subsequent calculat ions — the values ~~, obta ined  fo r

another  (mos t close) insert ion.

For determining the normal force, which acts on fine/thin wing,

it is necessary to determin e the longitud inal com ponents of the

velocities, induced by free vortices E’ and E’’, and also by horse

shoe vortex D’D’’ in the ce ntra l  cross section of bound v o r t e x .

c,,___ i
_ _ _ _ _ _  

I

________ ~~~~~~~~ _________ 
I
_______ _____________

_  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0

- - ~~~~~~ V*V VV ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~— V
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Fig. 4.

Key: (1) . deg.

Pig. 5.

Key: (1) . deg.

Page 32.

Velocity, induced by free vortices E’ and F’’ in the centra l

cross section of boun d vortex,

~~~sin (a —~). (15)

Further we compute the longi tudina l  component  of the velocity,  cause d

by bound vortex D:

— C~ cosaX(wix Jo = — 

- 
~~
_ V
, 

(16)
16~t (rI+x~sina) ‘%/4(1~~+x n s i na )2 + (-

~
-) V

Finally,  the longitudina l com ponen t of the velocity, caused by free

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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vortices D ’ and D ’’ ,

sin (a -f-)~~
—4 (11 ± x~ sincz)2cos2~+

2(~
j’+~~sjn a)sin~ 1X — 

__________________ (17)

j
/4 ( i+~~~~sin a)2 + (-

~_ )2 j

Taking into consideration that on the line of bound vor tex  E is a

longi tudinal  component of d imensionless ve loc i t y  of i nc iden t  f l ow ,

equal cos a, a p p l y i n g  the Joukowski theoru. , we obtain th is

expression for the coefficient of the normal force of the fine/thin

win g:

C,, C,, fcOs a + (wt~Ja + (ti~,Jo + ~~~~~~ (18)

For fine/thin wings 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

lif t

C,=C~,cosa (19)

and for the coefficient of an increase in the resistance, caused by

the presen ce of angles  of a t tack ,

F !  C4 — C,., C,, sin a. (20)

Page 33.

The coef f ic ien t  of the l ong i tud ina l  moment  wi t h respect to

leading ed ge is equal to the su. of the  m o m e n t  coeff ic ients  of

vortex/edd y nature and torque/moment of inertia nature and of the

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

(21)

Fina l ly ,  the dimensionless coordinat e of center of pressure
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x~ nz~ — k, sin2 a
= = — -

~~
- —

~~~
-—— . )

II )U ‘-‘ th

Fig ur e 6-8 gives the results of t he  calculat ions of t h e  l i f t

coefficients, coef ficien ts of an increase in resistance and

center—of— pressure coefficients of fine/thin wing with elongation A =

0.25 with several relative insertions.

_ _ _ _ _ _ _  V -V — 
- 

VV 

VV - — SV~~~V _
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Page 34.

Theoretica l curves  for  very  smal l  re la t ive  insert ion h = 0.284

lie/rest above experimental points, that it is possible to exp la in  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 i n t e r e s t i n g  to note that  a decreas e in t h e  re la t ive

insertion in t h e  en. of t ime , v i r t u a l l y  w i t h o u t  changing  l i f t

coefficients, no t i ceab ly  man i fe s t s  itself the  cen te r—of—pressu re

location. Wi th  a decrease in the relat ive insertion the  center of

pressure is moved to leading edge, whi ch also is confirme d by

exper iment .

~~ t~~~LI’~ C~ ~~~~~

I . & e ~i 0 it C p ic 0 n C K K ~ C. M . TOHKaB ~ecyuian noaepxuocrb B ~ O3Bvx0ROM
nO~roKe ra3a. HayKa . , M., 1965. V

2. ~ c a c s c x  x K. K., Co 60 ~ e B 8. I’. ~‘npa ~iiiie~ocr~ Kopa6J~B. CyA-
flpOMTH3, .11., 1963. V 

~~~-- --~~~~ - -- --~~~ 
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W A VE LOA D ON TH F V E R T I C A L  WING OF M A X I M A L L Y  LOW E L O N G A T I O N .

G. V. Sob oly ~ ’v.

(L e n i n g r a d ) .

On the  basis of common/genera l/ to ta l  t heo ry ,  presented in V

monograph (33, it is possible to ma n u f a c t u r e  the ca lcula t ions of the

d i f f e r en t  of the shape of the  l i f t i n g  surfaces, which work on the

in ter face  of d i f f e r e n t  dens i t y .  For the case of the v e r t i c a l  w i n g  in

th is work is also obta ined  the i n t eg ra l  equat ion of c i r cu la t ion

dis t r ibu t ion  in t h e  prerequisi te/premises of the  suppor t ing  l ine ,

V wh ich is j u s t i f i e d  for  the wings of the  ave rage  and great

len qthenings .  W i th  the smallness of l eng then ing  it is nece ssary to

assume the u n k n o w n  loa d of va r iab le  both  chordwis e and in

spread/sco pe . In t h i s  case the tas k becomes mathe mat ica l ly  ver y

co.plex. In this  a r t i c le  is ma de the  a t t empt  to b r i n g  the

unpacking/facings of solution to end in the extreme case of the wing

of very low lengthening.

We ha ve obtained integrodifferential equat ion for the

~~~.~~~V_ ~~V V V _ V ~~~~~~~~~~ V~~~~V~_ V= V V V V ~~~~~_ VV__ _~~_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V_
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distribution of the transverse load , appearing during m~4ion near the

f loa t ing  sur face  of ver t ica l f i n e/ t h i n  wing .  The case , whe n the  chord

of fine/thin wing coincides with the undisturbed surface of l iquid

and its re lation to spread/scope 1 is great (i.e. wing aspect ratio

is especially interesting for ship—builders. This hyp~
’thetical case

can be used as schematic for the calculation of load on ~hipW ard

housing so on its motion with drift angle ~~. In  the  g e n e r al  case of
V (

curv i l inear  motion t h i s  angle  wi l l  be va r i ab l e  along the  l e n g t h  ~
(x) .

Integ rodifferential equation of the relativel y dimensionless

coeff icient  of pressure u (x ,  z ) ,  obtained with the assumptions ,

common for the l inea r  t h e o r y  of waves and a i r f o i l  theo ry

~
(x) = 2~~~~~~~~~~~

i 
~~~~~~~~~~~~~~~~~~~~~~ ~~~ (1)

1F2 1

where

X (x , ~~, 2 , 
~)= 

~F2~ V~ 

_
~~~cos 

~ 
dL

V - ~V VV ~~~_~ — ~V ~~~~~~ ~~~~~~~~~~~~~ — —V
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Page 36.

C)
The relative velocity F = — and all coordinates are referred ini’~ ~~ -‘
this expression to the chord lengt h of wing — t , but the posit ion of

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

To first two terms in equation (1) it is logical to shape in the

form , similar to the ci~ e of the motion of wing near solid screen. In
this case they can be united into one member with the symm etrica l
l imits  of i n t eg ra t i on  on ~:

~ (xj 
~~~~~~~~~~~~~~~~~~~~ 

d d ~~+ 2
’ cs K (x .

~
. z,~) ~ -

/2 —I -

du ( ~,~ ) V

>( j ~~ -d~d;. (2)

-- V - .- -V - _ _ _  V —--V - -.-- -____- - ~~~~~~~~~~~~~~~~~~~~~ 
- -  

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _
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This recording, of course, introduces the inaccuracy , whic h 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 elli ptical , can be considered obvious.

_  __ _ _ _ _ _ _ __ _ _ _  _  V - V  --
_ _  - -. -- V ~~~~~ - •V~ -V -~~~~~
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Page 37.

Equality (2) is integral equation of Volterr a’s type relative to

the function , which determines the character of the dependence of

load along the  l e n g t h  of chord.  The law of span loading depends in

essence on singular term in the first integral. For the

-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V -—-V- V - V - -- ~~~~~~~~~ - 

--~~~~~~~~~~~~~~~~~~ -~~~~~ ——
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isolat ion/ l iberat ion of th i s  special f ea ture/pecu l i a r i ty let us

m a n u f a c t u r e  the  r~ qu lar i z a t i on  of equation (2) for Carleman—Wekua ’s

method [3] .

Let us t ranspose  r egu la r  wave member  int o the  le f t  side and for

the moment t h a t  consider  th i s  part  assigned.  Then let us m a n u f a c t u r e

the inversion of Caucki y i n t egr a l  in r i g h t  side relat ive to function
(% 

~~~~~
1/2
Solution let us search foi’ in the broadest class of the
functions , unconfined at the ends of the interval/gap of integration
cn g:

c~~~~~
d
~

=_
~~~~

L 
[2~(x) 

/~~~~~
2
d +  -

•

+ ~~~~~~ K (x , ~~, t, ~
) dzd~dt + 1(x)] . (3)

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

question which is the funct ion of the longitudinal coordinate f (x) , 

~~~~-.-—-r- -- ~_~~~__ .-.,.-._
~~~~~~~~~~~~

, _ V ~~~
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subsequent ly  mus t  be de t e rmined  f r o m  t h e  c o n d i t i o n of the

sat isfact ion of so lu t ion  C h a p l y g i n— t o  J c u k c w s k i ’ s pos tu la te .  For the

ca lculation of in tegra ls  in terms of a u x i l i a r y  variable i let us

introduce the t r i g o n o m e t r i c  coordinates

z =— / c o s O ;  ~ =— 1cos * H v = — l c o s q,,

we wi l l  obtain

d 2 ~(x) I~~
__ s ± ?~ _~_ + 

V

~1

+
‘l $ $ -

~~~~

--

~~~

- ~~~~~~~~ d*d~dp .  (4)
0 1/20

The being obtained here integrals t ake  the fo rm
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3 ~~sin $ q exp -_ - bcos p dp (5)J0

where b = 0 for first integral in right side and b = - = ~~~~ fo r  the

second int egral.

Page 38.

Let us note t h a t  on the  s t r eng th  of t he  evenness of in teg ra nd in

(5) value B can be ca lcula ted as h a l f  of in tegra l  w i t h  t h e

symmet rica l l i m i t s :—w — v.  Now let us in t roduce  new

alternating/variable z=e~’, t r a n s f o r m i n g  B i n to  contour  integ ral of

complex variable z:

(z’ 1)’ exp — (z’ + 1)
B =R e ~~~~~~~ —~~~(

V~.-_~~~ V dz

S
aince coefficient b it is always positive value, singular poin’- 

~~~~~~~~~~~~~~~~~~~~ :~~~~~~~V =V~-~~~~ _~V_ ____V~
_ - V_ — V
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f rom membe r ,~~~~~ it is not obtained and for calcula tion B necessary to
obtain the deductions of the f u nc t i o n

f (z — 

(z* — 1) exp— 
2 ~ + I)) 3(z

~~~2z cos~ + I)

in the twofold pole z 0 and at the points

= cosO ± i sin o (1 = 1 ,2),

being the roots of the equation

z2 — 2 zcos O -f- 1 =. Q•

The f i r s t  special fea ture/pecu l ia ri t y it giv es zero ded uction

because of member 
e~~~~~~

’
~~
° which in the  case of conj ugat e roots z1 it

takes form exp — b cos 9.

Therefore

- I .t 2 1B Re 2~cj A Rcsf (z) - A e Re ~~~
3
_

~
__

~____VV_~

2z, — 3 cos ~~ + z1

-V __V:_
~:~
_

~V:=_ V _____________

— 
V V -V -VV ~~~~~~~~~ 

V~~~~ ~~ - — 
~~~~~~~~~~~~~~~~~~~
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Af t e r  the substitution of values z and of separa t ion  on real

and i m a g i n a r y  part we ob t a i n

B = — ~t cos6e xp— bc os~ . (6)

Taking in to  account v a l u e  (6) equat ion (4) assumes the  f o r m

S ~~~~~-~~~- d~ = — 2~ (x) i cos — -~~~
. cos ~~~~~ du

/2 V - 
0 0  -

x j ’ ~,1i I ~I cos~~2~~ ~~ exp — 
~~~~

- (cos*+cos8)dtd~dO+f(x).

Page 39.

Let us take in parts integral of • , takin g into account that u (
~~, ~)

must be equal to zero as at the butt end of the wing, that and on

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

return in equation (7) to primitive function U :

-V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- V-V V_~~~~~~V
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V S u (~, 6) d~ = — 2~ (x) I Sm + -3 ,fj
cos ~ S U ( .  ~) s~n ~ x

(8)

x j V~~~~cos ~~~~~~~ exp — (cos~ + cOs p) dtd~d~ + 1( x).

ror det e r m i n i n g  t he  character  of load distribution cliordwise of

wing let us pass f r o m  specific pressure to load per un i t  of le ngth  y
(x):

y(x) u (
~, z) dz I (

~
, 6) sin & d&.

Then equation (8) is written as follows:
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V 

~2 
y (~

) d~ = — 2~ (x) ~‘ ~~~~

+ 355 sin O SV COS p 5 u ( ~. ~
)smn

~~SJ/ 
cos~~T1~

h/tt 
x

X exp — (cos ~ ± cos g) dtd~ dgd ~d~ + f~ (x). (9)

Let us assume now th a t  the  u n k n o w n  f u n c t i o n  of load d i s t r i b u ti o n  u

(x , 9) can be represented in the form of the prod uct

u(x . O) = y ( x) z (6) . (10)

P hysically th i s  it means that the law of span loading is assumed

to be one and the same in all cross sections of wing chord. Recall

that the load on the wing of maximally low lengthening in infinite

liquid is sharply localized on the spout of wing. Examine/considered

V VV VVVV
~V~:_: ~_  ~~i. V_ V~~~~~~~~ :~~ V. ! _ V ~~ ~V 

~:LV x~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- V. - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
4
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by us the case of the moderate velocities of motion on i n t e r f a ce must

be close to th i s  m a x i m u m .

Page 40.

Therefore relation ship/ratio (10) is completely justified. Taking

into account it in (9) , we ha ve

( i i )

I

where

k(x , 
~ ~ ç ~~~~ &~~cosP )

z(Th sin ~ j  ~~~~~~~~~~~~~~

x exp~~
i
~(c +coS,)dgd~d~d& (12) 

-a -V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
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D i f f e r e n t i a t i n g  ( 1 1)  w i t h  respect to x , we ob t a in

y (x)= _~~~{!~;~~(x)I1] + Y (X) k (x . x ) + 5y ( ~~~~~
t’~~ ~~

1/2

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:

_ _  
_ _ _ _  

_ _ _ _  

~ _ V _ ~~ _ _ V _ V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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y 0 (x) = — ~
.
~~— [~~(x)I2 (x)1. (13)

Value

k (x , x)

(cos ~ + cos tp) dIdi~tdgd8

is the so l idi ty  r a t i o  of the  d i a g r a m/ c ur v e of the d is t r ibu t ion  of
wav e load acc ording to spread/scope ( s i n k i n g )

—k ( x~x ) = u =f ( F ) .

Des ignat ing  kernel  of in tegral  equa t ion  F (x , 
~

) = dk (x , 
~

) /dx , we

- 
- have

- ~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ V -V —
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y (x) (1 ± a) = Yo (x) + S ~ (~) F (x, ~) d~ + f~ (x) . (14~1/2

V 
Let us not e tha t  t h e  e n t e r i n g  t h e  expression ~ in tegra l

D = I ’~E~—t exp — didi,

wher e

d= (cos~~+cosq~)~~ V

is tabular (see (2] 3.383 (3)):

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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( d \  d
2 exp— - ---

2d

(k 1 (d/2) — the function of Macdonald ) .

Page 41.

Taking into account this value in a, we have

21
sin e \ cosc~ ~ (O) sin~~~x

k j (~ °~
P -

~~~~~ ) 
exp - 

~~~~~~~ + coscp — uvu~ de.

- -~~ -~~ -~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V~~~~~~~~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Since F~=— 1~~~~ 
with 

~~~~~~~~~ 
very greatly, let us replace the

value of the function of the Macdonald and exponential for
asympt otic. For this is expressed k~ (d/2) through the degenerate
hypergeometrjc function ‘1! (a , c, i) , the character of behavior of which
with low x is known.

Since

k
~ (x) 1/ ~te~~ (2x)’~W ( 

V~~
_ ± v; 1 ± 2v; 2x) .

k1 -

~~

-

~~~) 

= y~~
_ d/2 d~, (3/2; 3; 

~~~~‘ -

With low d we have

~Y( a ,c,x ) x ’~~~~~~~~ )

wi th  an  accuracy dow n to the  t e rms  w i t h  /z/ . This it gives

- ~ - V______________
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- 

~r (3 . 3; d)  =~~3~~~— +~d~. (1 7)

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

n/2 s~f2

u =  —
~~~

-
~~

-- si nO ~cos q z(~) sin O - ~~~~~~~~ ~~~~~ ~ S 1
~t ) J J (Cos U — — C OS (~j

U U

Pa ge 42.

After changing in this expression the order of the integration :

s~/2 I
a =_ V

~~~~~~~~~~ z (O) Sifl O~~~

’ 

S l f l 6
~~~~(

__
~~~~~~~~~~~~ d6d~

_  _ _ _ _ _  _  
A

V

~

-V

~
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let us compute  i n t e g r a l s  in te rms  of 0 and 0, by reject/throwing

t e rms  wi th  t h e  low va lues :

4F2 1’ z (O) cos~~~~a = — 

~~~~~ J -

~~~~~~~

—- In cos i~d~) . 
- 
(19)

Accepting as first approximation z (~ ) = sine 3, we obtain

4F2 ‘
a-= _ __

~~~ z(~)cos~~In cos~ d~-

~~~~~~ a(~~~~; 1){
~~~~~~
)
~~~ 11r

(
~~
)

(see (2] 14.387 (1)) . Taking into account the value of ~--function B

(1/2; 1) and difference ~jr 
— !uler ~~~~~~~~~~~~~~~~~~~~~~~ have the

final va lue of solidity ratio of wave load diagra m on the wing of the
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m axima lly low leng thening :

2F 2
(20)

I investigate now the  character  of loa d d i s t r ib u t i o n  chord vise ,
described by equation (14). Investigating the integral

C= ~~ V 12~~~~exp _ gd cos a yg d1 (21)

where

x—~a

we will obtain expression F (x , ~) in an explicit form. Expanding cos aJ/7
in power ser ies, we h ave

- 
~~~~~~~~~ - V V - V~~~~~~ V~~ ~~~~~~~

- - V V ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - - —~ - - ---



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -V--V ~~~~~~~~~~~~~~ ~~~~~~~~~~~

DOC 77020784 PAGE

C =J Y ~~~~ exP _ td ( 1_ ~~~I +~~~t2 _ ...) dt.

Page 43.

Assuming ,  t ha t  t ermv i se  i n t eg ra t i on  it does not d isturb the

convergence of this series, we obtain

C =—  ~~~~~~ e~~~~
2
~~~~~~ (_ )) fl~~~~~~~ f~~~W 1~~~ ÷2(a)

(see ( 2 )  3.383 ( 4 ) ) .  Expressing Whi t t ake r  func tion W.~ , _~+~2 (a) th rough
the degenerate hypergeometric function ~ (a; c,

~~~V~~~4
V-V - V ~~~VV - -  -— V -V - -V VV 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - --- — -~~ 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~V V -
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W~M (x) = e~~
12 x~

2 ’1’ (a; c; x) ;

c=2~~-~--1 ,

we obtain

C ==~~~
-
~ e~~

’V (— 1)~~— - ~~~~ n + 3 .d) .  (22)

Replacing, as earl ier , ex pression ~i by its asymptot ic va lue w i t h  d —)
0, in whic h it makes  sense to leave the  te rms  not h igher  t h a n  second
order of smallness , we have

-V 
- 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
—‘ 

— --- -~~~~~ -- —~~~~~~~~~~ --c-- ~—-- ~~—~
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V 

C=_ e ~~~~ )_ J y f .n !~~ 
V

— (— 
~~ (2n~l (2n)II = — -~~~~ J ~ (a), (23)

~,~~0

where J 0 (a) — the Bessel func t ion  of zero-order.

Taking in to  accoun t  these conversion s equation  (14)  w i l l  be

wr i t ten as fol lows :

~ (x) 
~ 

)-V 
o (x)

_
2

5v (~~) I (
L

~~
)d

~~~~÷ f ( )  (24)

As is know n from t h e  theory  of in tegra l  equations of Yolte r ra ’s type ,

— - -V~~~V~ _ V V~ - -
~~ .V

~
._:-V_-V - —  -~~~~

V ~ V ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 
V~~~~~~~~~~~~ V V

~~
V_

~
V
~~ 

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

y (x) = 

~~ (~~~~ 

) “ 
~
j ± c

~
j

~~+l
V (25)

where

y~÷~ (x) = J
~ (

~
-
~

—
~) 

y~ (~) d~. (26)

Page ‘s’s.

We wi l l  be restr icted to the search of the f i r s t  te rm of t h i s  series ,

wh ich will correspond to the  solu t ion , obta ined wi th  an accuracy down
to the terms with p4~

Taking into account value ~o (x ) , according to f o r m u l a  (13) , we
obtain

‘

—V -V~-V~ ---
-
.
.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~?~~~~‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ - ~~V- V_._V~V~
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y~ 
(x) = — 

~~~

- 

~~~ 

-

~~~~

-

~~) 

fP (~~ (~)J d~. -
~ (27)

For right—angled wing

y~(x) 
=_

~~~~~

1

~ (~~

-

~~~

-

~~) 
~~~~~~

1/2

During the forward motion of wing 
~~ 

(~~ )  = const = 8~ and d~ (~~ )

/dE = 0 everywhere , besides forepa rt/nose edge (x 0.5), whe re d~
(~~ ) /de = — ~~~~. The n

V 

Y~ (X) _~~~~1i ( O ~~p X ) .

It is easy to see, that solution (28) in the general case it does not

____ — —V  - -- - - - -- V - - V_ _ _ _ _ _ _ _ _-‘ ~ V 

~~~~~~~~~~~~~~~~~~~ ____________________  
- - _____________________
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satisf y C h a p ly g i n — J o u k o w s k i ’ s hypo thes i s  about  the even f l ow  of tail

edge . In order t h a t  t h i s  hypot hesis is f u l f i l l e d , it is necessary

tha t load wi th  x = — 0 . 5  is absent. De t e rmin ing  un t i l  now t he

a r b i t r a r y  f u n c t i o n  f2 (x) , that entered in equation (24 ) , f i n a l l y  we

obta in

— 
~~ 

(~~~~
)i V 

(29)

C urve/graph of the distribution of this wave load for a series

of the val ues of relative velocity is shown in Fig. 2.

By a n a l y z i n g  curves , it is possible to no te  that  to Fr  =

0.6— 0 .6 5 t r ansverse  loads f rom waves give s positive additions to the

hoist ing ( la te ra l )  force of the w i n g  of m a x i m a l l y  low l e n g t h e n i n g .

The maximu m of this increase is reached when on winq chord is

accomod a te d one ha l f  wave (Fr ~ 0.5). At such re lat ive velocities

one should expect the max i m u m  ef f ect of f l o a t i n g  surface .  Wi th  an

increase of ve loc i ty  together  w i t h  a decrease in the  n u m b e r  of waves ,

which are placed on chord , proceeds the shift/shear of the fir st

(most considerable) peak of pressures from spout toward tail edge.

- -V - - - - V --V -~~~~~~~~ -
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Page 45.

This fact makes it possible to state/establis h an increase dream the

weathercoc k stability of wings , which is really/actually obser ved in

experiments.

U n f o r t u n a t e l y ,  t h e  ca lcu la t ion  of the  l i f t  c o e f f i c i e n t s  of the

wing

2 ”  -

~ 
(x) dx 

(30)

and of the torque/moment

(31)

in ex pressions (25) , (13)  and (29) cannot  be made in qu a dr a t u r e s .

however  the  measur ing  w i t h  p lanimeter  of t h e  curv es of Fig . 2 and the

ca lculations they show that  an increase in the  coeff icient  
V
C is 
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observed to Pr = 0.6. Subsequently value of C~, becomes virtually

in dependent var iable of velocity and is equa l  to the v a lu e , designed

by the  f o r m u l a s  of in f i n i t e  l i qu id  w i t h o u t t a k i n g  into account  of the

screening ef fec t  of  f l oat ing  surface .

That which was opened thus far remains the question conce rning

convergence of series (25), coefficients (— i —~-~- w h i c h  the y~~~~~~~~ ( l - — a )
decrease s u f f i c i e n tl y  slowly. 

- - 
~~~~~~~~~~~~~~~~~
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CAVITATION PLOW ABOUT THE WEDG E NEAR THE FLOATING SURFACE OF

WEIGHTLESS LIQUID.

L. I. N al4 se v.

(N ovosibir sk) .

Page 56.

It is k n o w n  t h a t  d u r i n g  t h e  motion of body in nonsepa rable  and

cavitation aode/c~ nditjons the large value tot a reduct ion/descent in

the resist ance has pressure recovery in its feed part. However , 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

wings turns out to be low.. Is examined below t he  simplest diagram of

the c av i t a t i n g  hy d rofoil, which  ensures the  pressure recovery  a f t .

The so lut ion of t h i s  problem for a unrestr ic ted f low is obtained

in w o r k  (5 ) .  The ad v i s a b il i t y  of the examination of the partially

cav i ta t ing  wings  was  expressed by B. G. HO ’v ik ov.

V - - -V VV~ ~~_
V~• V-V -—
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Let us exa mine the task of the cavit ation flow about the wedge

— $ near the floating surface of weightless liquid.

By ~~~~~. ~~ 1~, ,  La, v i h~ 
let us des ignate  respect ively veloci ty

of incident flow, rate on the boundary/interface of cavern , the

leng th  of plates GB and CC, angle between them and the angle of the

slope of p late to d i r ec t ion , the opposite direction of the  incident

fl ow (Fig. 1).

The f l o w  line , which  appr oaches t h e  c r i t ica l  point  A , is located

from f l o a t i n g  su r face  far from wedge at a distance H. It is assumed

tha t  the  point  0 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 thro ugh

point 0 and certain point on tloating ;ur face.

Page 57

The obtained thus simply connected region is resolvable to the

interior of rectangle with sides 2i~i, w2 the auxiliary plane u, so as

to the shores of c ut/section will pass to the ver~- ical sides of

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

identical letters.

- - - V -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ V
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Let us in t roduce  the  f un c t i o n

F = in ~~~~~
— 

d )  = in -~~- — p — iq =

4

It  is known t h a t  the solution of problem can be reduced to  the

determinat ion of the dependences

W (u) ~t F (u).

Let us de te rmine  func t ion  ~~ ~2) .  Fun c t i cn  dV/d u is
ôu

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

func t ion  d W/ du  wi l l  be bioperiodic . F u r t h e tm o r e , at points  u = a and

u 0 dW/d u it mus t have  zeros , but  at point 6 • — the pole of the

second order .

Hence it fo l lows  t h a t  dW/ du the re  is an elliptical f u n c t i o n .  On

the basis of t h e  common/general/ to ta l  theory  of the  el l ipt ical

functions

V-~~~VV ~~~~
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1
V 

~~± = Ar r ( u _ _ o_ c,
~,) __r ( a _ o_ _

~~,JI, (I)

where A is real constant.

The requirement for reduction to zero ra te at point 0 (u 0)

gives the cond ition

a= 2 6 . (2)

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

- 

ft W (U ) we w i l l  o b t a i n  the  expression

W(~) ~~~~~~~~~~~~~~~~~~~~~~ + r(6 —
~~) (4j -_. 26)1. (3)

Page 58.

Circu lation on the  closed duct , whic h covers wing ,
I

r = W (2o 1) — W (0) = — 2A j~ (o k) + 7’~ 
(ô — u~) o~j. (4)

Utili zing the fact that

W(u ~ + coB )— W(u a)

__________________________________________________ ____ - J_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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we will obtain

If = (5)

Let us pass to  the  de t e rmina t ion  of f unct ion  F (U ) . Funct ion F

( U )  Ofl the horizontal sides of rec tangle  sa t i s f ies  the b o u n d a r y

co n d i t i o n

q =— ~~ V(0< UI<~~);
V q= t — R  

(a<u 1<~~~) 
-

,~~~~~ a

p = 0 wZ4~ U U1 + (02.
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The solution to the obtained mixed boundary—val ue problem for
the rectangle, liiited near all ends, we viii. ohtain from L. I.

Sedov’s method (3]:

I

F (a) = I f i n  
~~~

-°- j g (u11) dE + i~ g (u~t) d l— I (~ — 
~

) g x

X (a1!) dl + Itj g (a1!) dl] ;

g (u 11) = e~’ ’~~ ~~~~~~~~~~~~~~~
~~~ 

-~ ~~ (u — 
~
‘) 

6v ~~~~~~~~~~~~~~~~~~~~~~~~~

where ~ (U)  — Weierstrass function ;

--V - - V-V--V 
~~~~~~ V- V. — -V -V —- V--V -V _ -V

~
V-V -V
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C = O 1~~~a+~~~~i_ w 2; 
~il =~~

(ø
~
) .

Page 59.

In order t hat the solution becomes zero at the point 6 •

corresponding to point at infinity of the physica l plane, nece ssary

to require satisfaction of the conditions

U V~

+t~~ g~(t)dt=0 (k= 1,2,3), (7)

V J h e_ ~’e.
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I

(I) — e 11’
~ 

a ( \~ ± “ cr (— t +O ±g1 a (t — 
~~~2)

g (1) = e t[ a
~~~~~~~~

_ ! ± ó + o ( A —  l) a ’ ( — t  ± 6- f -  ~~~- a (t — 
~°2) ~~~~ — p) a~1— v ) 

-

1 4
— ~~ 

0”( ~~—l) a (— l + 6 + u))~~ —a (V /~~ 
1) 0 ” (— t -; ô+ (O z)g3 (f)—e -~~~~~~~~~~ 

—

a ( t — w 2) Va (!— y) a ( t— t i )  V V

+ 6 ± ~ 2 ) — o ~~\ — t ) cc’ X

—2 
X ( ~~~l + ó + c ~2fl ~~~~— t ± ó + w ~L ;

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
)

0

I 

V - . -V -V V -
~~~~~~~~~
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~Z,2V.

— 
Let us ex t r ac t  expression for  f u n c t i o n  z (U):

z (a) du. 
, 
(8)

5

For the uniqueness of function z (U) let us require satisfaction

of per iodic i ty  condition z (U + 2w 1) = z (u ) , which  can be presented

in the for m

I,

du = 0. (9)

Page 60.
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Into the solution of problem entered the parameters ~~, ~~, y, 6 ,
W t/4.12, A , ,‘ , ~, ~ H, i~, L~, for determining wh ich we utilize

equations (2), (5) , (7) , (8) and two equat ions , which cor respond to

the lengths  of the plates:

I
l1S1fl~L .=

I2 si~ (~ + ~
) =

-t

Thus, we obtain tour—parameter family of sciutions. Let us assign,

for exam ple.

- 

- V V- V~ 
-V 

= ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-- -V V -~~~
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jV U1 ~, C1
— , }.A. , IA  

~ 7fl—

The complex pressure of flow on the wing

R _ X — t Y=— ~~ p~ds ,

where n is an external standard to streamline. By utilizing

Bernoulli’s integral and by transfer/converting into plane

alternating/var iable u, we will obtain

1? = — ~~~~~~~ (u~ — U2) du.

I .  ;~ v 3 J c r t o l ~ A. n V — r M T ( :~ . l~~fj3 . 6
2~ K y ~ cu o B A. B.— ~~~ ny3on. 196L 4.
3. C ej l o n  si. H. flJ!OCXHC 3a~a9u ruJjpo~HHaMHKn i a po  RaMKKK, rurrii,
4 Y MT T e K e p 3. T.. B a ~ C O N  J.bi . H. Kypc coBpeKet4uoro aNa ~Haa , I I .

MV — .i!V, 19( 3Vr 5. H a r a y D. E. .— B gn.: Boundary layer and Llow coat.rol, ii. Edited byLachmatrn , 1961.
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Page 61.

I

NOTION OF LOW—ASPECT—RATIO WING NEAR TUE INTERFAC E OF THE LIQUIDS OF

CIFFERENT DENSITIES.

S. 1. Putilin.

(kiev) .

The task of the notion of low—aspect--ratio wing under free

surface of liquid is investigated in A. N.. Lanchenkova ’s work [1). By

similar method in wor k [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 loa d distribution

chordvise ot wing. Is given below the solution of problem , w h i c h

makes it possible to determine load distribution chordwise of wing

for the mode/conditions, which satisfy condition XFr2 -.--~~ 0, where

the Froude number is designed on the wingspan.

1. The velocity potential of the lifting surface, which moves

above the interface of liquids, must satisfy the following boundary

conditions ot section (index I is related to upper, 2 — to lover

- -~~~~ 
~~~~~~~~~~~~:-~~~~- -~~ - - =~- = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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liquid)

Qi((D i.xx~ ~~~~~ ~~~~1z) Q2(~ 2~ ~L~I~~ f- v’D,~) 0;

=

where v g/v Z; v is a rate of wing . In the tur ned flow is directed

to the side negati ve x.

Page 62.

By method of the potential of accelerations with the use of
t representation (5)

I_____ I r (l-~~) Y i~~~~T~~I 0

~/ ~~~~~~~~~~~~~~~~~ 2~ 
e

C

where u = (x — k + (p—r ~) k , obtained f o l l o w i n g  expression for CD1:I 

V_ — ~~_ VVV ~~~~~ V~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - V
—-V-V  -V
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-V 

~D~= — -
~~~~~ \r (~,~-~) - ::[~ +-~~ 

-~~e’~~dMk ]drj ds;

where

V t  

-i L

N = - [v  ~/~:2~~~7~~_ ? 
rn(Y_t~)

; (2)2j  i~- ---i~-

Q = av ~~~~~~~~ ~2 4 ~~ (3)

a =~~ — ---~- .
1
~zm~

The roots of equation Q = 0 lie/rest at lower h a l f — p l a n e , and

during int egration in their final result necessary to go around on

top. By transferring the duct of the integration to lower ha lt—plane ,

we w i l l  obta in  the a s y mp t o t i c  representa tion  ot velocity potentia l at

-V V

- V - V  -V 

- - 

. 

— -~~~~~~~ —--c- ~~~~~~~~~~~~~~ —~~~~~~~~~~~~-
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the large negative values of x —

cc cc
— ;~~HT ( ~. ~

) dt ±

— e~~~~~~~
k
~M~~

) cos ?~0(x — 

~) dki ds,

whe r e

V = a’.? .

By introducing the dimensionless quantities

- -~~~~~~~ V -V~~~~~~~~~ -V — -- - 
V V V  —

~~~~~
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LI

h=~~~; y =~~~~ P = u~b (4)

and by relating x and ~ to half chord, but y, 1~’ , z , ~ — to

a semirange , we will obtain after simple conversions the integra l

eq u at ion

- cc

— 

2~~~~ 
~ 

V1(~) y2(T~ — e~~~~n k ~ — ~~dk±

± ~ (1—a) ~
L±~ c~~~ ’~~ sin ~~~~~~~~~~~~ ~—~)]x

x sm ~ -~~
- (x — 

~
) 17t

__

~T~ dl d~di 1, ~5)

- A

IL - - - - - -
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where acce pted

~y (~. ~i) = Yi(~ ) V f l )  ‘~ y~~ ) d~ cc 2. (6)

Page 63.

For the flat/plane pla te ot low elongation in infinite liquid

solut ion i t  is

y~~ ) — ó ( ~ — 1).

V It is possible to expect that and near the interface of the liquids

Cf different densities basic part ot the load will concentra ted on

lead ing  ed ge , and accept

“~~ ) cos1~ (x — 
~
) J d ~ =2.

x

I

After this sim plification equation (5) assumes the form of the

equat ion of f i n i t e — s p a n wing  w i t h  the  o p t i m u m  load d is t r ibut ion ,

- ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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solved A. N. P anchen k ov  and P. I. Z i n c h u k  [6) .

A p p l y i n g  the obtained in this  work  results, we ha ve

Y2(Y) cc A ]/ 1 y2(A~~~ A2y 2 -r- A3y 4 ± ..

where A~ they dep end on inser tion they are expressed as special

funct ions a~9( !) The e xpressions, which  dete r m i n e  forces, are given

in work [8 ].

Page 64.

2. In monogri ph [6] obtained common/general/total expression of

the velocity potential of the lifting surface, which moves abo ve the

interface of the liquids of different densities. This expression can

be rewritten in the following form :

_  _ _  V~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V V ~~~ 
~~~~~~~V V V~~~~~~~~~~
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I (x— ~)~~x i — 1  —

.i (i/ _p~)2.~. (z +b) 2

Y(x _ ~~aA + ~~~~~~~~)2±(Z±~~~ j  2~ j kcos2~_~

x e
_ 

+
~
_iC)

dkdo — dkd~ —

— 2 (1 _a)~~ j e~~~
05 ,

~ 
~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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-V 
-

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
-V



---
~

--

DOC = 77030784 PAGE

where

a = ~~~~ cos 8 + (y — ii) sin 8. (8)

Are here in t roduced  dimensionless quantities by f o rm u l a s  (It ) .

Duct L~ goes around singular point k= ~~L from below , duct L 1 — on
cos2 8

top.

I investigate the behavior ot derivative p, with k —9 0, x <
~~. The first two members are studied in work (2]. Evaluations for

double int egrals can be obtained by the method of consecutive

integration in parts [9) wh ich leads to this series:

— S ~ f (k) ~~~~~~~ dkd 8 — ~~ ~~~ (0) (z + ± ia)~~~~d8.
.1

2

I

V 

- 

-— - V~~~~: 
-- - 

~Th - - :T
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I

Here positive sign correspond s to duct L1, and sign “minus ” — to duct

- kacos 8
— .kcos’8—(1)

The first nonzero member is obtained with n = 2. He is of the order

U

t 

_________ _______________ 

-s
2 C cos 8d8

Page 65. 
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The evalua tion of the last/ lat ter  te rn  can be obtained f r o m  the
*method of steady state [3], [9). For the integral

1=
.1 [ A jCOS~

the d e t e rm i n i n g  points  are  the points , where H ’  ( 9)  = 0. In our case

4

- r - i,) Sjfl U
(.J) -_-~~~~~ ~~~. - -V

and the stat ionary points are determined by the formula

- V-V  V -— -- V - V  — - -~T~~~~ r~r0r~1 irr fim B~~~r ~~~~ ITT T~IT~I 
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I
~~~~~~~~~~ 

1.— 2d2~~~/ i~~~~d~
2~ i

where

- 4

From four values of sine 8 it is necessary to select those whose
sign is opposite t o  sign  d. Consider ing  x lcw and reject/t hrowing the

terms whose order A 3 is abo ve, we will obtain

s1n281= 1 — 4d2 ; sin ~~~~= —d.

The term of asympt otic expansion, which corresponds to root 9~ , will

contain the factor ezp ~~~~~~ and it can be lowered. To root 9~4d2 
~corresponds term 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V ~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~c- V -V
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L

- 1~~ ~~~+~) ~ -V-
~~~~~~~~~~ + 

~J. (9)

‘3

Reject/throwing into ~~r the terms, the order of smallness of
whic h  is h i g he r  t h a n  A , we will obtain the equat ion

2~~
S Y (

~ ) ] d

± 
~~~~~~~~ 

y (~, 
~

) e~~ 
~~~~~ 

cos
[~~~~~~~ ±

(lOi

— 

3

-V-- -V-V -
~~~
-

~~~~~~
- -V -V -V
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Page 66..

In tegra tion fo r  ~ is spread to cut x < ~ < 1. since with the

taken degree of accuracy cz = 0 wi th  x > ~~.

IWe wi ll be restricted to the case, when angle of attack is not
changed o~ spread/scope; funct ion v (~ . 

~
) l•t us Search for in the tori

of the produc t I
~ ~ TI) ?~

(
~

) 
~ (‘i).

~~~~~~~~~~~~~~ V V ~~~~ V~~~~~~ V V V
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Of three terms of equation (10) only one depends on y, which reduces

to the equation

v~ ~~~~ ~~~~~~~~~~ 
— 

(Y_ ~
4)~~ 1b/L 2 J di cc const . (11)

Expression (11) takes the form of the equa t ion  of f i ni t e — span

wing with the optimum load distribution , which moves above the

screen. The solution to this equation obtained in work (6] in the

fo rm of t he  series

cc

where of the funct ion A4 is expressed as the parameter t=~~~
V

4/L 2 -Vl~ — 2h.

Hence , a f t e r  p lac ing  cons t an t  in equat ion ( 11) equal to 1, we will

obtain

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  ‘4— 
~~~~~~~~~~~~~~~~~~~~~~~ 

_~__~~V-VVV _V -V — - T ~~ T
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Taking into account the aforesaid equa tion (10) is copied in the form

Au ~X) cc L~~) d~ -F -~~~ (1 — a) (Ø2~~ (h)e~~~ ~~~) ~

‘Th e replacement  of variables ~ = A (1 — r), x = A ( 1 — t)  reduces
this equat ion to the form

L - - V ~~~~~~~~~~~~~~ ~
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it
I ç

~~~
V
l(t) dt_ ~~~~~~? (T) K(t — T) dT — a (1), ( 12)

whe r e

-j

I 
— ~~K*(p) y *~~) a’(p) . (13)

I This equation can be solved by the method of the conversion of
lap lasa — Carson [4).

Page 67.

By designa ting the images of functions by asterisks, we will obtainII
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— - 
pa~(p)

V ~,4—

whence

pu (p) — -  a’(l) + a (0) 6 (1).

Introducin g function W (t) = Sy( T) d.t and t a k i n g  into consideration

that

= -~~- (1 — a) i’~~ (h) e~~~;

IC 
~~~~ 

= — ~~ (;,+ ii-),
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- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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we will obtain

I

= a (0) c’ (/) + S a’~~ v (1— r~ dT, ( I4~

where function v (t) it is determined from its image:

= I _~ K ’(p Y (15)

The total wing character istics can be expr essed directly through

D(fl, ther•fore task will be solved , if we determine resolvent v (t).

3. Analogousl y it is possible to study the case of the wing,

which moves under the interface of two liquids. By ut iliz ing results
• ( II ), we will obtai n for a velocity potent~tal the expression, similar

to express ion (7) :
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+ 1 1
1 r r  

_ _ _= — 
~~~~~~ ~ (g—t j - (z~~~J ’ 

X

( x - ~~~~ ~-_ i 1_  z + C

•
L V(x— ~)2~

_2
+~~ .... ~~)2+ (~—~~

a J (y~~~~)2 +(z-t-~~

~~ ~~~~~~~~
— ~1)2+(z C) 8 

— 1 —

(1± a) Je COS O ?
~
(z+

~
+Ia)dkd

x e T ctkd& 2(1 + ~~e~~~’COS [ !~~~~~) - H( e) ] x

X — ~ - d~ ir~. (16)

________ • • •
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Page 68.

The compar ison of formulas (7) and (16) shows that the final equation

for this case di f fers  fr om equation (12) only in terms of value of

value ~z , which must be repl aced with valu e

- L
— ~-( 1 +a)&’~p (h) e~~~ .

‘4. Asy mptotic expression (13) of nucleus ~ (t) wi th  an accuracy

down to the terms of order )~3/2 can be replaced with the expression

I
K (f )  =~tJ 1(t) .

where J1 is a Bessel function. Then for the image of resolvent we

obtain

p ( V  p’+w2—p)1— ~L*
• ~~~~~~~ .

,

_ _ _ _ _ _ _ _ _ _
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I

Bringing this expression to the form

u’(p) = + -/-
~

- 
~~~~

.

where

~~— 2~~p~— p’ ( 1  +~~~~~+2 ~q~~’p — ’; .

ç P~ . ~p’— p’cm~+~~~~p •

____ ~ .=— -~~ ——-. -~ ----.~~-•-- --- 
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we will. obtain

= ~~~~~

I,

wber. P~
- are roots of equation P 1 (p) = 0.

Pa ge 69.
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In the case of i n f i n ite liquid p = 0 , v (t) = 1 we obtain

~D (t)=a(O.

If func tion ~ (t) is coatianous, tbe. D(t) also con t inuous an d

limited wi th t > 0, in particular on trailing win g edge, which

provides satisfaction of zhuk ovsk iy  — Chaply gin ’s condition (9]. It

is easy to see that the equation of nonpassage will not be disturbed,

if we on trailing wing edge place th. eddy/vortex of the final

int•naity I’. If we assume r=— cD (~-) va (r~), then we will ob tain the

case of noncirculating f low.
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3. K O C T  tO K 0 a A. A . TeopHR KOpa6eJibHwx I3OJI H ii aoJiHOaOro COOPOTHBJIC-

1114,1. CyanpoMrn3. .11.. 1959.
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INTE RF E R E N CE OF AIRFOI L)1WuJr[t~ & IN A SUBSONIC UN STEADY FLOW.

V. B. Kurzin.

(Novosibirsk) .

Page 188.

The interference of airfoil/profiles in the compressed unsteady

flow theoretically was investigated for an infinite grid/cascade.

Specifically, for the study of the case of the subsonic of the

unsteady flo w of grid/cascade of the author was used the method of

integral equations (2]. This method can be extended to the more

general case of subsonic unsteady flow of liquid relative to system

from the f in i t e  number of airfoil/profiles. As an example was

examine d the flow abou t the biplane an d was carried out the

calculation of the unsteady aerodynamic forces, acting on its

airfoil/ pr of iles. The obtained results can be used for the analysis

of the for ces, which act on a irfoi l/profi le  near the interface of two

media.

Let us examine system from N of the fine/thin slightly

- -,--.—-- ——,_.—...-.-—-.-.._•--
~~~~

.‘.,--- .—,..-— -—-
~
,—•-. 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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bent/curved airfoil/profiles, which are located at low angle of

attack in the f la t/p lane subsonic flow of gas and which accomplish

arbitrary low harmonic oscillations (Fig. 1)-. The flow of gas in this

case is described by the system of the in tegral equations of the form

4 :
N b~ -

to ‘VI “ IM [ 1k (x1 — x0) 1v,1(x1,y 1) 
~~~~~~~~~~~ ,~

a=l a,1
X’.—Xo 

___________

x exp (
~~

_) -:--
~
-
~ [ H ~2 ( k 

~~~ )] d~dx,,

(I)

wher e

k~~ .?JP_~ M r - v -- ;  ~
2 — 1 — M 2 ; i - ~= 1 , 2 N .

Page 189. 
.

N~~ e Xj , y,~ are coordinates of the points of the j

air foil/pr o f i l ø  i~ Uis coordinate system , connected wit h one of the

airfo il/pr ofiles (see r ig. 1); a,~, bN respectively the coordinate of

• .-.-•-——.-- .- ———-—---  - - --- -
~
---

~~~~~ ~~
_ —=~~

. - •
~~~ ~~- 

~~~~~
-;

- •
~~~~~

•
~
._--— — — ~~~~~~ - .~~~~~~!..

-.- -- ~-~-
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the leading and trailing edges of the n airfoil/profile; b — half

cord of one of airfoil/profiles; p. U — respect ively the d ensity an d

the speed of flow; a — the speed of sound in undisturbed flow; u is

an angular oscillation/vibration frequency; V ,,~ — the ampl itude

vertical of the velocity component of the motion of the points of the

j airfoil/profile; L~ (x0, Yn)  — the amplitude of the distributed

lift on the n airfoil/profile; H 0 (2) (r) is a func t ion  of Hanke l of

the second zero—order kind.

As an example let us examine the unsteady flow of biplane (Fig.

2). Let us assume that the airfoil/profiles of biplane oscillate with

identical forms and amp litudes. Then the system of integra l equations

(1) degenerates into one:

o~(x) 3 ~L ( x 0) K ( x — x0) dx0, (2)

nucleus of which it takes the for.

- - - -
~~ ~~~~~~~~~~~~~~~ .~~~~~~~~~ 1 T .  ~~~~~~~~~~~~~~~ 

-
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(X .C,,

iM ~~~~~~~~~ “ 
(.  k~ \ ô~ r (2) ( k \1ex:y _ ) _

L
H o

~~
-
~
..
,/~ 

d~ ÷

+ e°’ exp (i~ i-~i) 
~~~~_ fl~ V

’
~~~ + ~~2 (y — h) 2

)  d~ , (3)

where  h = H/b ; a is a phase displacement  be tween  the  oscillations of

airfoil/profiles. For the numerical solution of integral equat ion (2)

it is necessary to separate the special feature/peculiarities of

nucleus. They coincide with the special feature/peculiarities of the

kernel of integral equation of Possio and take the form

K ( x_ x o) = ._ _
k (,~

M
x )  +-~ç 1n (x — x o)+k i( x— x o .  (4)
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For simplification in the calculation the regular part of

nu cleus k1 we approximate  wi th  the aid of the t r igonometr ic  series
JO - t O

k1 (x — x0) = Vb1 sin lot (x — x0) + Vc1 cos jj t (x— x0). (5)
L~~I

I

-
~~ _ _

Fig. 1. Fig. 2.

Page 190.

The solution to integral equation , as in the case of grid/cascade

(2 ] ,  we search for by collocation. For this  purp ose the u n k n o w n

function let us present in th. form of the series

L (x) = a Q l /
T! L~~-.- Va sin (x -f- 1) (6)

_____  ___  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____  ~~~~~~~~~ 
---  -.--—--•.-•~ .- — ---
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By substit u t ing  expressions (4) — (6) in equation (2) and by

f u l f i l l i n g  equa l i ty  w i t h  N + 1 different values x, we viii obtain N +

1 algebraic equation for determining the unknown constants g~ In the

ca lculat ion conducted integral  equation was satisfied at nine points,

evenly arrange/located chordwise of airfoil/profile.

For t he  i l l u s t r a t i on  of compressibi li ty  e f f ec t  on the

aerodyna mic in ter te rence  of a i r foi l/prof i les  let us give some results

of calculations. A e rodynamic  forces an d the torque/momen ts, wh ich act

on the airfoil/profiles of biplane, let us present in the form

1; F’,, = QIJ 3b (10 ÷ e~u1j J ;
/I4 QUab~ [in 0 + e’~m1J , (7)

L • • — ~~ •______ . :- . -~~~~~~~~~~ - - -- ~~~ -~~ -~~~- - - - - -~~~~~~~~~~~~~~~~~~~~~~~~ 
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I

where 
~~, , m, — i n f l uence  coeff ic ients  for the  j  a i r fo i l/p ro f i l e  ( j  =

0. 1) durin g the oscil lat ions of the  in i t ia l  a i r fo i l/p ro f i l e  ( j  = 0)

according to t h e  assigned law. They do not de pend on phase

displacement a and wi th  the aid of expressions (7) can be determined

from the solution to equat ion (2) for  two d i f f e r e n t  values of a.

On Pig. 3 for case of h = 2 are represented to the dependence of

the influence coefficients of moment with respect to rotat ional axis

for torsional oscillations about the middle of airfoil/profile on

Ea ch numbe r at the f ixed  values of Strouhal numbe r ki = k/E  = 0.25;

1.0. On the axis of ord inates for a comparison points plotted/applied

correspondin g valu es of in f lue nce coef ficien ts, obtained in work (2]

for the case of the incompressible fluid., Prom curve/graph s it is

evident that at the determined values of Each numbers the aerodynamic

coeffjcients have sharply pronounced axtre.a. It turned out that

these values of Mach numbers , determined from equation 2k/ø ’ ~ my ( u

= 1, 2 , 3, ...), correspond to some special fea t u re /peculia rit ~~es of

the solut ion of problem .

•

~

_

~
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~
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~
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Page 191.

These spec ia l feature/peculiarities make determined physical sense.

At the indicated values of Mach number the oscillatory period is

mult ip le  the t ransi t  t ime  of the plane wave of slight dist urbance

from the leading edge of airfoil/profile along flow to the rear and

vice versa , i.e., occurs aerodynamic  resonance. On the  axis of

abscissas cross plotted/applied the resonance values of Mach number

for k’ 0.25, by points — for k’ = 1.0.

On Fig. 4 for case of h = 1 are represented to the de pendence of

the inf lue nce coeff ic ients  of forces for  the  torsional oscillations

of a i rfoi l/profi les  on Strouhal number k ’ at the fixed values of Mach

number (curve  wit h H = 0 is taken from work (2]).

On Pig. 5 is represented the dependence of the influence

coefficient of for ce for the case of torsiona l oscillations on the

distance between airfoil/profiles h at the fixed values of Mach

num ber and of Strouhal number k’ = 1.

The analysis of the obtained results shows that to the

_ _ _ _ _ _ _ _ _  _ _  _ _ _

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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interference of airfoil/profiles in unsteady f low the compressibility

of liquid exerts a substantial influenc, at high subsonic speeds or

high oscillation/vibration tr.jme~~ies. If the wa velength of

disturba nce/perturbation (1— 2
~~a , is co...asurab le wit h the

characteristic geometric sixes of bi plane , then essential effect on

aerodynami c forces exerts the acoust ic ir~~e ract i on  of the oscillating

airfoil/profiles.

I

________________ 
c~ 
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Page 223.

Calculation of landings of aerodynamic air—cushion vehicle, which
-

~~ starts from water. -
-

- :  V. I. Rudonanov .

(Kiev)

During the st udy of the notion of the apparatuses, whic h use a

proximity effect  of l iquid or solid screen (aerodynamic air—cushion

vehicles) , specia l interest are of transien t condition, wh ich include

the t rajectory phases from start to the set ot certain minimum speed ,

upon achieving which the aerodynamic air—cushion vehicle has

sufficient aerodyn amic controllability,  an d sections, on w hich the
speed of aerodynam ic air—cushion vehicle decreases from the mi nimum

to zero.

In the general case transient condit ion being unsteady are

characterized by effect on the aerodynamic air—cushion vehicle of the

unsteady aerodynam ic forces and thrust of power plant. To the

aerodynamic air—cushion veh icle, which starts from water and which

~ 

~~~~~~~~~~~~~~~~~~ - 
— 
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has hydrofoils. supplementaril y af fect the unstea dy flow forces,

whereupon with the output/yield of aerodynamic air—cushion vehicle

fro. wa ter with an increase in the velocity the  effectiveness of

aerodynami c forces grows, an d bydrodyna.ic — it falls.

Effec t on the aerodynamic air—cushion vehicle of the unsteady

forces produces change in the time of the parameters of motion, which

determine the speed of aerodynamic air—cushion vehicle and its

position in  space.

If we approximately consider the ica gitu dinal unstead y no tion of

aerodynamic air—cushio n vehicle in transient condition as being

quasi—steady, i.e., at the fixed/recorded moments of tine to consider

motion establish/installed, then the longi tudinal  unguided motion of

aerodynamic air—cushio n vehicle wi l l  be determine d by these

parameters: height/alti tu de H, by pitch ang le 8 and by speed v.

Let us examine the unguided axial notion of the aerodynam ic

air—cushion vehicle, w hich has forepart/nose and f eed air  and

hydrofoils.

Page 224.

For simplif ication let us accept the fol lowing assumptions:

—4
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1) the resistance of aerodynamic air—cushion vehicle is balanced

by the thr ust/r od of power plant, and in this case is not created

torque/mom ent, i.e., is examined the quasi—steady motion;

2) at the momen ts of time in question the flight pa th ang le to

the horizon 8 = coast = 0;

3) is a bsent mu tual wing influence ;

1$) we disrega rd the  center—of— pressure t ravel  of hydr of  oils

chordwise during a change in altitude above the screen and of angle

of attack, since this d isplace men t considera b ly less th an the arm of

flow forces relati ve to the center of gravity of aerody namic

air—cushion vehicle.

Taking into accoun t the adopted assumptions of the equa tion of

the equilibrium of the aerodynamic air—cushio n vehicle it is possible

to write in this form:

(I)
— 0. - (2)

_ _  _  —4
________ 

-- - - . - 
-~ ~~~~~

-
.-~~~~~~~~ - ~~~~~~~~~~~ ~~~~~

.. -
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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For the a ppara tus, which has air and bydrofoil s, it is possible

to conditionally consider one wing system of basic (carrier), and

another — auxiliary (unloading). Since for the aerodynamic

air—cushion vehicle, which starts from water, bas ic is the state of
motion on air wings, it is possible to conditionally count that the

basic carr ying win g system is the system of air win gs despite the

fact tha t in the beginning of transient condition with start basic

load receive the hydrofoils.

The determination of landings of aerodynamic air—cush ion

vehicle, i.e., the calculation of dependences H (t) and 8 (t), by the

assigned values of velocity conducts by the method successive

approximation as follows.

From equations (1) and (2) we obtain expressions for the

coefficients hoisting forces of the a i r  wings, required for the

realization of th. quasi—stead y straight f l i gh t  at given speed. In
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the first approximation , is not considered discharging aerodynamic

air—cushion vehicle by hydrofoils and the center—of—press ure travel

of aerodynamic forces. After assigning several values of relative

distance f rom the screen of air feed 
~~~~~~~ 

and air forepart/nose

(h 0 1~)vings, we determine dependence hB. lI (1) and j~~~~ (8) ,. Ut il izing a

g.ometric relationship/ratio between ~ and /z~~ , we convert ha n  ( 8 )

and h,~~ ( 8)  
~~
. The unknow n values /i~~~1, and 1, which correspond to

equilibriu m of forces, which act on aerodynamic air—cushion vehicle,

are located fro. the solutions to the equations, which express

de pendence h~~ K (8) ~ and j~ , (8) 2~~ Prc m those wh ich were foun d ~~
and 8, utilizing obvious geometric relationship/r atios, we determine

the bias of the cent of the pressure aerodynamic forces and a

decrease of the weight of aerodynamic air—cushion vehicle as a result

of discharging by hydrofo i l s .  (
‘
I

Page 225.

We produce the calculation according to the second

approach/approximation taking into accomet a decrease in weigh t and

center—of— pressure tra vel • The vaX ues ~~~~ and ~~,, obtained in the

I approach/approximation, we compare with the values ~~~~~ and .~~,

obtained in (i— i) m approach/approximation , and we conclud e the

ca lculation upon reaching of the r.quir.I accuracy/precision , i.e.,

with h,.~, ~~~~~~~~~~~~ ~~ — 
~~~~~ < i,.

- - - - - —--~ - -- ----- — ~~~
- _ ---

~~~~~~~~~~~~~~~~~~~~~ i~~~~~ ----—— 
— -.
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Since the presence of the system of air and hydro foils predetermines

the lar ge volume of calculating works, it is expedient the

calculation of landings to perform with the application/use of

computer  technology.

On Fig. 1 is given the bl ock diagram of solution by ET 5VM

( - digital  c o m p u t e r )  of the task of the ca lculation of

landings of the aerodynamic air—cushion vehicle, which starts from

water. This block diagram can be used also by manual calcu lations and

the calculation of landings with the aid of siwulators. For the

calculation of landings is utilized th. following formula:

c 2G 
~~..u XB.H

— 
0S N.N — ~~~ — x,~.
QASo a c  LB, I + L,.K X,.,~ -r X a.ic Y~.u

Q2SII.K ~~~ ~~~LDH~~~~XflII

~s,.,, L..H + ~~~~~ 
— XB.H+XB., 

C~0 K ;

c — 
2G Lf l .K + X,,~

— 

~iSa.n U~
’ L~~ ± L..K — X8 ± ~~ 

—

— 
(L?Sfl.1 L 1.1 Lf l .K ± XØ.1~

QiSa i ~ L,.~ + ~~~ — -~ a.u 1 - i  
Cr17 K 

—

~~~~ Lfl.H -~ L~~+x~K cI 
- - Q1S,.~ ~~~ + L..K — Xfl,K ~~~

a ,.’p
c~(~ ) ~i ~~~~~~

P~ ‘P011 —a~p0r(J +0.5~ )J;

1
1 

1 

_—- -“——— —----
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= I ± (0. 5t~ - -  0, 25’r~ ± 0, 0625t~ -- 0. 0469~ +

-t-- 0. 0257t~°± 0. 0188t~).~
where x is the expressed into the portions of the mean aerodynamic

chord center—of—pressure travel of ving;d.0 = const ~~ 5.45.

Page 226.
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~~~~~~~~~~~~~~ 
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Page 227.

In the last/latter expression positive sign before the bracket is

related to hydrofoil, “minus” — to air ;

_ _ _

= V( ~~~~
) 3

~~~
7- 

~~~~~~
.

Functions c~~ (K ) and  a2 (K) t ake  the fo llowing values (K — wing

aspect rat io) :

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -- --~~ --- - - - ~~~~~~~~~~~~~ ---‘—
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o ,0O0~) 0 ,0000
0,25 0 , 9371 0,3538
0,50 ~~~781 0 .5945
1 ,00 ~i , 77 10 0,7710
1 ,5 O , t 740 0 ,84 11 —

2 , 0 0 ,59- 15 0 ,5798
2 ,5 ~,5220 0 ,9C48
4 , 0 0 , 353-I 0,93s0
7 ,5 i~~~ 0,9666

10 0 ,0743 0 ,9743
15 0,0202 0 ,9831
~~ 0 ,0000 1 , 0000

C1, = C’~ (a — &z0 + *);
C T 3

~a,, _ a o -r -~-
--_ ;

2 -l 13 - ..~

Cu-
= ~ OT~3

Cy

-
~-th t’~~!\ 2
P3 ~ ~ 

) c h ( 2 P3I~)
- - _ _ _

=

1 7 I 3P2 1 — - ~- tA ~~~~~~~~~~~~~~~~~~~~~~~

(2P 3 ~ 
— 1— 

~

J A _ _ i  )

21’, 21’,

c h ( ’~~~ ~_ t.±_ +1
-
~
?:• .

2 ’  ‘

H— (&z,~ ~ -H b~~ sin a) K ~~ (L 0, 1, ± b0,, COs a)K tgi~

~~ 

-
~
- b~ 1 sin a) 1, —11 ~ (L0,5 ± b 0,~ cos u)~ tg ~n

Page 228.
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where a is an angle  of a t tack  cf wing ; a0 — zero—lif t  angle ;  Aa 0 are

4 a change in the angle of the zero zero l i f t  of solid a i r f o i l/p r o f i l e

due to the influence of screen.
4

In two last/ lat ter fo rmulas  the  upp e r signs are related to feed

wings , lower — to forepart/nose ;

H hf l , Kbf l. , ,  r- (~h0.5 ± b0.. sin a)..5 —H (L0.~ —1— b0.,~ cos a)5 5 Ig U;

hjLl.KbL K  --
~~ (~~~/i~~~~ H— b0.5 sin a)11,~-H (L o,I , -r b0 1  cos a)5. 1 tgu  

—

— 
(~ h0.5 —r bo.~ s n  a)5.,1 — (L0.5 — b0. cos a), ~

but, ‘

~~ 

(I

urn

‘,v’, ’’,,-’ ’~~’1-’’ 1- ’~~’’’,’’

L

- 
L2g

I

- - - 
- 
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Pa ge 229.

¶fhe formulas, which express geometric relationship/ratios for the

wings and the cent er of gravi t y (Fig. 2 ) ,  considerably will  be

simplif ied , if wings  are not tu rned  dur in g the lotion of aero d ynam ic

air—cushio n vehicle.

t3iecoc~r~r#p H~,
1 B a c i l l i  A M A u  - -

~~~~~~~~~~~ .~ 19 61. 
013 - 1. nJt P oJ13uug ~ M ll I ~a cy~ina . cPeq~ o5 ~~~~~~~~

2. E r o p o n  ft T. C o i < o - i o  B T -

. 9 63  
II - . f’ui.ipOluilIaMutKa ObucTpoxoaulbu x cy~ oa.

3. 1 1 a n q e ~~ < o  n A. I I .  rHJ~p o4uuuin3t3IK u flOiiB oJ3IIo ro u pu,j j i a .  si- layicosa IIYM-
4 f li  u l q e j i j < 0 11 A . “1.— B 3<11 .: ~~~~~~~~ rJLl poMexaniKu cy~1uia . Bli~A ’ o o
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FFFECT OF VORTEX F O R M E R S  ON THE A E R O D Y N ~ N IC W I N G  CHARACTERISTICS  AND

POD! O~ REVOLUTION

A. N. N k h i t a r y a n , S. A. L ukashuk , V. D. T r u b enok , V. Ta. of Pridla nd.

Page 254.

Vorte x formers , which are deepenings ( c a v i t y )  in the st reamlined

with f l u id  f low of r igid surface , a t t rac t  a t ten t ion  already for  20

years.

Acade mician D. I. Blokhintsev [1) will give the analysis of the

f l ow of ideal (by discrepancy) l iquid in vor t ex  former and its

vicin ities. It is shown , tha t  the i n te mE i t y  of the eddy/vo rtex, which

is conceived in c a v i t y ,  builds up and edd y~ vortex periodically will

be carried by external flow downstream. The frequency of the

generation of eddy/vortices can be sonic and ultrasonic. D. I.

Blokhi ntsev invest iga ted the ph eno menon of resonance, when the

natural frequency of liquid within cavity coincides with the

frequency of the generation of eddy/vortices. On the basis of

target/pur poses and tasks of his investigations, D. I. Blokhintsev

will ,  call/name these cavities resonators. This name in essence will

_ _ __ _ __ _ __ _ _ __ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

~
‘-- ~~~~~~ 
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be preserved also in the works of other authors, but their phenomenon

of resonance inter ests already to a lessor degree. In the present

work is uti l ized the  term of “ vortex f o r m e r ” more correctly,  in our

op inion, that reflects the essence of th. phenomenon.

P. N. K u b a n s k i y  ( 2 , 3) ,  ut i l iz ing vortex former for the

intensif icat ion of heat exchange d u r i n g  the  flow of the liquid about

the beans of pipes it reveal/detected that under specifi: conditions

h y d r o d y n a m ic drag of t he  banks of tubes w i t h  smooth su rface  t u r n s  out

to be greater than the  resistance of tubes  with vortex formers which

was in exper iments  the cyl indr ica l  dee penings , drilled in the  wall  of

tube.

Ob” yasnen i ye P. N .  Kuban , datum to this strange at first glance

phenomenon , lies in the tact that the eddy/vortices, generated by

vortex formers form “cyl inders”, on wh ich slips the boundary layer.

Page 255.

This lowers hydrodynamic drag of surface; however, energy

additionally is expend/consumed on vortex formation. The total effect

it cam lead to a reduction/descent in hydrodyna.ic drag.

.5— -- - -.5 
~~~~~~~~ -~~~~~~~~ 

- —
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It is sufficiently in detail the physicist of the phenomena,

connected with flow vortex formers is investigated V. K. Nigae. (4.

5), who will study experimentall y the flow pa ttern within vortex

tormers different size/dimensions, and also within plane diffuser

with vorte x formers  and the f low about th cylindrical su r face ,

placed in flat duc t .  It arrived at the C( ,.5lusion that among the

liquid wit hin vortex former and the external flow occurs the intense

tur bulen t mass exchange , in consequence of which near fair ing is

reconstructed the diagram/curve of rate, becoming more “com plete”.

‘th is it will direc t V. K. Nigaya to thought about use vortex lon ers

for the stabilization of flows in diffusers w i t h hi gh downstream

pressure gradients. For a cylindrical surface, in particular , they

obtained the displacement of separ at ion point f rom 24 to 35—38°.

i

In the labora tory of aerodynamics of the K iev institute of the

engineers of the civil aviation by the authors of this article were

tested the conclusions V. K. Nigaya and after their confirmation

investigated the effect of vortex former on boundary—layer flow under

conditions exterior problem. Experiments will confirm the possibility

of the stabilization of the flow above the wing with high adverse

pressure gradient. Vortex formers will allow to postpone the onset of

the separation mod e/conditicus of flow and thereby substantial to

increase the critical angle of attack of airfoil/profile.

_ _  —_--- - .------ --~~~~~ --- -.-
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In the process of the blasting of finite—spa n wing the

established fact of a reduction/descent in the effectiveness of

vortex formers as a tesult of the tbtee—d i.ensicnal character of

flow. Almost conpl.t~ly it will be possible to restore/reduce effect

by location in cavity of v~ rt•J tornera partiticn/baffle—separatots.

For the practica l tar9et/purposes vortex formers most likely

they can be used on the ‘ainqs , equipped with flaps.

Pig. 1. Nodel of wing profile with fla p for research on effect of

3 vortex for mets on the effectiveness of flap .

Page 256.

In this case in cruise setting the flap with vortex formers is

clamped to wing (Fig. 1), vortex formers  they do not affec t wing

characteristics. I n  t akeoff  and landing node/conditions the f lap  is

ad vanced back/ago, being simultaneously turned down around its

rotational axis, aad vottex former. begin to tic, itself by the flow,

.5 - - .5-- -~~~~~ — — . - —.5-- - - — - - - - ---- -_~~~~~__l_~~~~. 
-

~~~~~
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which penetrates t hrough the slot between the wing and the flap.

3 
For research on effect of vortex farmers cm the effectiveness of

flap was made the two—dimensional experiment with the airfoil/profile
— 

with flap. Profile thickness c 130/0, chord b = 750 mm , the chor d

of flap b~, = 228 mm . On the upper surface of the flap of six sections

they will be interchangeable (Fig. 2). which makes it possible to
S 

establish/install vorte x formers in different places chordvise. Are I

investigated vortex lon ers of two size/dimensicas: I type is 2.5 1 5

vi and II type — 3.5 X 7 mm (first numera l is the width, the second —

the depth of cavit y vortex foraer3).

Experiment is carried out at the constant angle of attack of

wing a = 10°. The models of wing and flap were drained in central

cross sect ion. Drain holes were provided for , als o, in sections with

vortex lon ers (on two holes in each section). They are located on

the bottom of cavity, since the preceding/previous experiments showed

that in this place the pressure is equalized up to a pressure of in

external flow (diagram/curve of pressures it takes the form as

smoot h , mo notonic cur ve witho ut jumps  and explosions) .

Drain holes with the aid of flexible rubber hoses are connected

with the tubes of the battery 70—point panel of piezometers. The rate

in tube i. measured by Pitot tube and is supporte d order 39—40 n/s.

- — 
~~~~~~

_
i~~~~

_ _ - - -~~~- -~~~~ -- —-..~~--
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Pressure and the temperature in working chamber constantly are

record/fixed. The effectiveness of one set or the other of sections

is determined by the comparison of values during the identical

units cf the airfoil/profile of flap for flaps with smooth surface

and system of vortex lon ers. The valuesey are determined by the

measuremen t of the area of the diagram/curves of normal pressure on

the wing surface and flap.
-

~

First of all was blown the model of wing — flap syste m in that

form , in which they there exist without vortex lon ers.

__________________________ 22~5

3 ~. 5 I
I 

-

A

Fig. 2. Flap with  p lug—ins  uni t .

Page 257.

A

It at the f l a p  angle 6 = 30° was obtained the diagram/curv e of

noaseparated flow, then at 6 35 and 40° is already is distinctly

visible the zone of detached f low (according to static pressur e

- - 

~~~~~~~~~~~~~~ .: ~~~_~~_ _ . ,.~~
_ .T~~ — -- - - 

~~~~~~~~~~~~~ ~~~~~~~
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distribution). With 6 = 45° breakaway begins almost from the spout of

flap. In thissame mode/conditions were estatlish/insta.lled two

sect ions of vortex formers (second group of vortex lon ers), w h ich

:-t will lead to the complete l iquidation of breakaway. Let us note that

the nonsepara ble c haracter of flow was recorded both behav ior of the

stuck on the surface of flap silk threads and by the distribution of

1 pressures according to the surface of f lap .  Both methods g ive  the

coinciding results.

As a rule , the  u n i t  of sections of vortex formers it lead s to

the l iquidat ion of b r e a k a w a y  on flap and respectively to an increase

in the evacuation/rarefaction above the wing.

From the  anal ysis ot s u m m a r y  charts (Fig.. 3), where are

represented the curves of dependences ~~~ t (6) for different types

of vortex formers  it fo l lows  that their effec tiveness in many

respects depends on the coordinate of the beginning of the region of

ribbing. Consequently in order to attain the maximum benefit fro. the

setting up of system of vortex fonuers, necessary its coor dina te it

will begin to arra nge/locate somewhat higher than the zone of

probable flow breakaway. Until now, the coordinate is determined by

empiricism (selection). It is clear that it it is located too highly .

i.e., in convergen t par t, this will lead to braking flow , that

shar ply it will lover effec tiveness , but if in the zone of knowingly 

.5- - — ~~~—~~~~~~ -- - -
~~~
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detached flow , then vortex system to conceive itself it will not be

able, since about vortex former flow irregular slack flow with random

return currents.

ir - -
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Fig. 3. Summary charts of dependences.

key: (1). type.

Page 258.

The early beginning of ribbing (from the second section) gives

the greatest effect at angles of deflection 6 = 50—60°, more rear

arrangemen t of the first finned section (for example, 3—1 ) it makes

it possible to obtain effect at 6 = 30—45°. Besid es th is, it is

possible to select the arrangement of the ribbing, wh ich w i l l  be
pall—system ”, i.e., gives lift increment with the simultaneo us

liquidation of separation mode/conditions at all flap angles,

exceeding 300. For the smaller ang les Cf measurement they are not

ma de, since such mode/conditions are usually nonseparable, espec ially

for a slotted flap.

In this case, apparently, will j u s t i f y  itself the

application/use of two series of vortex formers, when the second

H series is arrange/located in the zone of probable breakawa y after the

firs t series , i.e., when between both series there is the section of

smooth surface.

Being based on the results of the ex perimen ts, ma de sarlier, to 

——.5------ -- --- -.5—-



DCC = 77050784 PAGE -1-6- /~~~

that which was given above it is possible to add that the transverse

size/dimensions of vortex tornets substantially do not change during

a change in the geometr ic  scale of model. Size/dimens ions of vor tex

formers depend mainly on the speed of the flow, w hich f lows  aroun d

vortex fonme rs. One should expect that for rates 40—60 n/s the

optimum size/dimensions will turn out to be one order those which

were accepted in experiment. The results of experiment one should
3. consider fas te r  as qua l i t a t i ve, than  q u a n t i t a t i v e  since it it was not

model..~ This is explained themes that the size/dimensions of model for

a working section were cverstated as a result of the need for

obtaining the s u f f i c i e n t l y  large f l a p ,  ca which it would be possible

to place vortex tormers of the necessary sizeJdi.ensions and possibly

mote drain holes. Under  these condi t ions  entire/all  air jet , which

escape/ensues from nozzle , is deflect/diver ted by model.

One should expect that with the observance of the model nature

of evacuat ion/rarefact ion on the suction side of wing and f lap  they

will be mu ch greater than this obtained in experiment; however ,

breakaway, possibly, it will begin somewhat earlier. As a whole it is

possible to assum e a noticea ble increase in the effectiveness of

vortex formers.

Theoretical and experimental data confirm that during the

nonseparable and even flow of bodies of airflow the frictional

-—.5-.-- — — - - --.5---- — . 5—  ~~~~~~~~~~~~~~~ -~~~~ - ‘~ _ - -  -~~ ~~~~~-~~ - -~~~---~~~~~~ 
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resistance will be less, if boundary— layer f l o w  laminar , and vice

versa , if with the sane Reynolds numbers is establish/installe d

tur bulent flow , th en fric tiona l resistance it increases wi th an

increase in the turbulence leve]..

By our experimen ts it is shown , that it is possible to attain a

reduction/descent in the frictional resistance during turbulent

boundary—layer  f low.  A reduction/descent in the  resistance is

ach ieved by the creat ion of the local separat ion zones , in which  the

averaged rate is substantiall y lower than the rate in external flow.

Page 259.

Local separation is created as a result of the flows of vortex

f o r m ers, which are oriented perpendicular to external flow.

Atter vortex former is formed the vortex sheet, and therefore

velocity diagram of surface of the streamlined bod y (h = 15 mm , b =

10 mm , distance 80 mm ) it is transformed in such a way that on very

body surface has characteristic tot the so—called stagnation zone the

section of low speeds with the stall gradient s of tat e (Pig .  4) .

For testin g th e position mentione d above was carried out weig ht

_ _ _ _ _  _ _  
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experimen t in w ind tunnel for the purpose of research on e ffect of

4 vortex for mers on the drag data of bodies, which were being located

in a i r f l ow .

By the  sub ject of investigation selected tody of r evo lu t ion  80

mm in diameter (Fig. 5),  which  wi l l  ensure  the exception/e l imina t ion

of end effects.  The model of body of revo lu t ion  consists of

fotepart/nose , cy l indr i ca l  and end parts. Nose has spherical  f o rm .  3

The length  and the conic i ty  of the tail piece of the bod y of

revolution is selected in such a way that it was possible to avoid

the separation phenomena, especially with small Reynolds numbe rs.

In the cyl indr ica l  par t  of t h e  b ody  of r evclu t ion  was a r ranged

vor tex form er, which it is located from the beginning of model at a

distance 80 mm . The speed of f l o w  in wind  t u n n e l  varies w i t h i n  the

limits 0—35 rn/s.

The d rag  of body of re volution is measured wit h t he  aid of

ae rodynamic  balances. The suspension of t h e  model of body of

revolution to to aerodynamic balances is realize/accomplished with

the aid of string d = 0.2 m m, that eliminated the effect of

suspensions on the drag of bod y of revoluticn .

The agreem ent of the longitudinal axis of the body of revolution
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and direction of the speed of flow is checked by the measure ment of

l i f t  wi th  the aid of aerod ynamic  balances. In this case the lift was

equal to zero.

According to the results of experiment were constructed the

graph/diagra ms of the dependence of the drag coefficient of body of

revolution on Reynolds number for the varied conditions of flow (Fig.

6).

- _ _

Pig. 4. Diagram turve of speed y f  (u) for smooth surface (1).

after vortex forme r (2) .

Page 260.
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the drag is determined for  the model of body of revolut ion wit h

smooth sur face, separate ly  wi th  horse collar d = 0.4 mm and

separately with vortex former with ratio h~ t = 1.5, where h are a

depth and b is w i d t h  of vortex f o r m e r .  We re carried out also

exper im ents  regard ing  drag during the  joint  instal la t ion of horse

collar  and vor tex  f o r m e r .

The compariso n of the drag coeff ic ient  of tody of r evo lu t ion

with the smooth surtace and of drag coefficients with vortex former

and by vor tex generator indicates a noticeable reduct ion/desce nt or

an increase in the  drag coe f f i c i en t  in the l a t te r  case. F igure  6

shows, that during the installation of horse ccllar at a distance 140

ma f r o m  the beg inn ing  of the c y l i n d r i c a l  par t  of t he  body of

revolut ion the drag w i l l  be more t h a n  resistance for a smooth su r face

w ith Reynold s numbers  7. 10S_ 1. 3 . $ O b .

During the sim ultaneous installation of horse collar and vortex

t ormer wi th  Re y nolds numbers L4.10S—106 the resistance sharply

decreases in compa r ison wi th  resistance fo r  a smooth s u r f a c e  and only

wi th  Reyno lds numbers  t r om 10’ to 1.3.10’ the resistance of body of

revolut ion becomes te m porar i ly  more t h a n  for  a smoot h surface.

• - - —— - -- 
~~~

-
~~~~~; ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig. 5. Nodel of t h e  bod y ot r evo lu t ion  w i t h  the cyl indrical  f o r m  of

the nose: 1 — vor tex  genera tor  Np 1; 2 — vortex former NQ 1; 3 —

vortex generator Ng 2; 14 — -vortex former N o 2..

_ _  _ _ _ _

4 7 10 f l~~ - !0~

Pig. 6. Graph/diagram of dependence c~~ t (Re): 1 — smooth surface;

2 — vortex generator Ng 1; 3 — vortex fetmer Mc 1; 14 — vortex

generator $Q 1 and vorte x former  Pa 1.

- 
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The resistance of body of revolutiou with vortex former in all

range of the numbers of Reynoldss (from 4.1CS~~1.3.l0S) remains

smaller in comparison with the resistance of body of revolution with

smooth surface, and is also less t h a n  d u r i n g  joint  ins ta l la t ion

vixr eobra zova te l6— vor tex  generator .

Fi gure  7 gives the results of the experiments , made for the very

adverse conditions , when after the first vcrtex former at a distance

80 m m was ar ranged horse collar d = 0.4 m m .

The presence of th i s  vor tex  generator  not iceably increased the

resistance of body ot revoluticn (curve 1) ; however ,  d ur ing

discovery/opening of vortex former arrange/located directly behind

vortex generator, the drag of body of revolution decreases

approx ima te ly  to t h e  in i t ia l . .

For the study of the effect of the size/dimensions vortex former

on drag was made the model of body of revolution whose length is 710

ma whose diameter is 80 mm with parabolic form of nose. The

construction of vortex former will make it possible to change the

width of the latter within limits b/h 5—0.5, where b are width , h

is a depth of vortex former (h const 5 mm). Vortex former was



_ _ _ _  _ _ _ _ _
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establish/installed at a distance 60 mm from the beginning of the —

cy lindrica l part of the body of revolution. The experimental

proceedure is the same as for the first model.

The results of investigations are given in Fij. 8, where is

shown the dependence of drag coefficient on Reynolds numbe r and

size/dimensions of vortex former.

1

~~~~~~~~~~~~~~
OO25~~~~~~~~~~~~~~~~~~~~~~~~

Q82L L j
~~~~~

j
~~~~~~~~~~~~~~~- 10 fS Rp /03

Fig. 7. Graph/diagram of dependence 4 = f (Re): 1 — vortex former
No 1 and vortex ge nerator No 2; 2 — smoot h sur face ; 3 — vortex former
Mo 1 and N2 2 and vortex generator Np 2.

3
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I

Wit h ratio b/h = 5—3 and Reynolds  number s  4.10~ — 1.2.1 0’, the

resistance of bod y of revolution with vortex former is more than for

a smooth surface.  Wit h r a t io  b/h 2.5—2 and Reynolds’ num bers

14.10S.—8.105, the resistance of body of revolu t ion  wi th  vor tex former

sha r pl y decreases and becomes less t h a n  for a smoot h surtace , and

only with large Reynolds numbers resistance beccmes greate r than for

a smooth  surface.

The resistance of body of revolution wit h vortex foraers,

relative size/dimensions of wh ich b/h = 1.5—0.5, will render/show

smaller than for a smooth surface with all range of Rey nolds numbers.

The smallest resistance of body of r e v o l u t i o n  wi l l  render/ show

with the relative size/dime rsicn of vorte x f o r m e r  b/h = 0. 8. W i t h  the

further decrease b/h~~ pv resistance of bod y of revolution with vortex

former wil l iuc rea se.
’
~~ igure 9 gives the depen dence of the incr ease

of drag ~~efticient from the relative size/dimension b/h for

different Reynolds numbers.

By analyzing the obtained dependences, it is possible to show

that wit h an increase in the relative size/dimension b/h the increase

cf drag  coefficient decreases.

______________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Fig. 8. Gr aph /diagram of dependence ~~ — f (Re, b/h): 1 — the smoot h

body surface of rotation; 2 — vortex former b/h S (h = 5 mm ) ; 3 —
b/h = 4; 14 — b/h 3; 5 — b/h 2.5; 6 — b/h = 2; 7 — b/b = 1.5; 8 —
b/h = 1.0; 9 — b/b = 0.8: 10 — b/b 0.5.

I

Page 263.
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The maximu m gain of drag coefficient is achieved at b/h 0.8 in the

range of Reynolds numbers 4.105—1.2.10S. With small Reynolds numbers

(4.105—8.1 OS) the increas, of the drag coefficient is more intense

than for leynolds numbers from 8. 105 to 1.2.10g.

_ _ _ _ _ _

_ _ _ _ _ _ _ _ _  
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Fig. 9. Grap h/d iagram of dependence L~Cx ../ (R e ,~~-) .  1 — Re = 4.4.10~~; 2 —

6.105; 3 — 8.1O~ ; 4 — 10~~; 5 — 1.2.10’. -
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E L ECTRICAL SIMULAT I ON OF THE FLOW AROUND OF THE WINGS OF I N F IN I T E

SPAN AND MAGNETIC S I M U L A T I O N  OF F I N I T E — S P A N  WIN G S .

C.. A. Rj~azanov.

(Leningrad).

Pa ge 26 14.

The electrica l s imula t ion  of f l a t/p lane  circulatory flows can be

based on straight line and indirect elect rohydrcdynamic analogies. In

the first case of speed corresponds the strength of stationary

electric field in cond ucting medium

— -  E~; Uy ~ E~, (I)

in the second — the vector, to equal vector E in value, but  co m ponent

wi th  it angle 90°:

I
—b V1, 

—
~ 

— E~. (2)

Respectively the airfoil/profile of body they simulate by dielectric

or supplementary electrode [9]. The direct/straight analogy ma kes it

~~~~-

~~~~~~
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possible mcre accurately to determ ine speeds on the airfoil/profile

of body and is preferable.

Since the circulation flow of liquid does not have

direct/straight analog in the electric field, created by electrodes,

usually it they reproduce artificially wi th the aid of sup plemen tary

busbar/tires, which seriously complicates experiment (9, 11 ,, 12].

This it is possible to avoid, if we use the vortex/eddy electric

f ield, which surrounds the toroidal electromagnet w hose winding is

included in alternating current circuit (3, 14). When using the

conduct ing plates electromagnet they insert in the bole, w hich

imitates airfoil/profile, and excited I
~
y it in conducting medium

induction electric field it serves as the natural analog of

circulator y flow. Model turned out to be that w hich was coupled with

alternating/var iable magnetic flux and forms seemingly secondary

winding  of s tep—down t ransformer .

Pa ge 265.

In this case the effective value of circulation integral of the

vector E on any duct, which covers airfcil,’profile, has constant

value. By regulating current strength in the magnetizing magnet

winding, it is possible to satisfy the condition of zhukovskiy —

Chaplygia, as criterion of whom serves the bias of the second

___
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critical point to trailing edge or the equality of the speeds on the

upper and lower sides of wing in infinitely close to it points.

Electroh yd rod ynam ic analogy is spread only to the region,

occup ied wi th cond ucting me d i um , and therefor e the eddy/vortex of

electric field, localized in magne t core, it is not the analog of the

connected vortex flow of liquid. The question is only compiling

circulation integral ot the vector E aroun d airfoil/profile, the

position of electromagnet not having a value. Its

displacement/movement w i t h i n  a i r fo i l/p rof i le  does not change  the

coupled with model magnetic flux and, consequently, also the

structure of electric field. Boundary conditions on airfoil/profile,

circulation integral of the vector E and the strength of undisturbed

field in this case do not change.

The realization of zhukovskiy — Chaplygin ’s con dition w ithout

supplementary  electrodes makes it possibl e to apply as conducting

medium the plates of aluminum foil 1 considerably more u n i f o r m , than

electro—cond uctive paper, and substantial to raise the accuracy of

the measurements of field.

FOOTNOTE 1/ . is ut i l ized the released by industry foil, glued to

paper (“ masked ” on pa per) . ENDFOOT II OTE .

_ _ _ _  _  --_ ~~~~ --~~~~~~~~~~~~~~ --- .5---
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I
In the depar tment  of physics of the LIVTa developed device

(electro—integrator of rotational field), which makes it possible to

investigate on one plate of foil 200 x 50 cm in size/dimension the

circulation f low about  the winged airfcil/profile in unrestr icted

f I cw  a t  angles of a t t ack  0 and 90° . This is achieved by a change in

the direction of the external field , which imitat es the incident

tiow, whereupon the effect of the boundary/ in te r faces  of plate with

airfoil chord into 40—50 cm virtually is eliminated..

Combining data of these two exper iments, it is possible to

obtain the distribution of relative speed for any assigned ang le of

attack

E E - (3)
0~ 0

where E and E L are electric intensities on airfoil/profile during

the longitudinal and transverse feed modes of model, a E01, and E0~~

are the corresponding to them strength of the umdist ur bsd field ,

.5.5
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measured before the f o r m a t i o n  of hole. Ana logous  with this the

dimensionless circ ulation is determined by the relationship/ratio

- 

~
-;r° = —cos~~ —~~~~~--s~n a  - (~Oj ~

where and ~~~~~
- — the  corres ponding e lec t romot ive  forces , wh ich

appear in the duct, coupled with magnet core, lut t’is a chord of the

hole, whic h imitates airfoil/profile.

Page 266. -

Schemat ic diagra m is shown in Fig. 1, where ~ — are switc hes, P
‘I

— joints,J1 — the p la te  of foi l , 
A 

— e lectromagnet , e — electrodes, R

— the resistance of channe l s , and 9-i- is a doutle  probe for the

measurement of the strength of field. Wit h the aid of the pressing

steel frame , on which are fastened the isolated/insulated from it

evenly distributed brass electrodes e, against the plate of a luminum
JI

foil,1~. is pressed framework abcd from the coppex wire whose diameter

is selected depend ing on the thickness of foi l, whereu pon

consecutively w ith electrodes e is included resistance R, by two or

three of order exceeding the specific skin drag of foil. In the

.5— —.5-- — —. 5-—  — — — — —.5 
~~~~~~~~~~~~~~~~~~~ ~~~~~ _=- — “zr a — -r~~ — 

~~~
— — .—
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middle of the cond ucting plate is cut out the bole, which imitates

airfoil/profile so that its chord would be parallel to edges bc and

ad. Af t e r  include/c onnecting model in ci rcui t  wit h t~ e aid of the
e- a—,

electrodes , arrange/ located along secticns ab and C&i they  reproduce

the flo w abo ut the airfoil/profile at angle of attack 0°. In this

case the electrodes, established/installed along sides bc and ad,

disconnect from external c i rcu i t, and are utili2ed these sections of

the f r amework  only fo r  the e l imina tion  of the ef tec t  of t h e

boundary/ in te r faces  of the conduct ing  çlate.

Since the resistance of copper wires has the same order, as the

resistance of the plate of toil, and they consume considerable

cur ren t , t h e m  they conn ect to the  ter mi na l s  of external circuit with

the  aid of the wires of the same cross sect ion whose l e n g t h  is

regulated so that  the  contact  of the  wire f r a m e w o r k  w i t h  the

cond uct ing plate be fo re  the f or m a t i o n  of hole would not .iist ur b the

uniformity of electric field.
,3 - ---- .5---— — — 
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For this  the ratio of the l eng th  of lead wires to the l eng th  of sides

bc and ad must be equal  to the ra t io  of the  total resistance of the

feeding channe l s  9 to the resistance of t h e  conduc t ing  plate.

Then the  electrodes, ar range/ located  a long sections ab  and ~~~~
disconnect f rom t h e  t e r m i n a l s  of e x t e r n a l  c i r c u i t , a nd instead of

t h e m  they connect the electrodes, ar range/ loca ted  along t h e

lon g i t u d i n al sides bc and ad. Since t h e y  a re  included consecut ive ly

w i t h  equal resista nce and cu r r en t s  in the i r  channe l s  are equal , in

the rec tangular  c o n d u c t i n g  plate  a p p e a r s  t h e  u n i f o r m  the electric

field, which corresponds to the incident tiow at the angle of attack

of a i r fo i l/p rof i l e  90° . Wire s bc and ad smoo th  the  d iscrete  character

of feed/ supply .  And in this case the  wire f r a m e w o r k  abcd compensates

for the  e f fec t  of the  b o u n d a r y/ i n t e r f a c e s  of the  foi l :  its transverse

sides are included in ci rcui t  with the aid of the wires of the same

cross sect io n , w h e r e u p o n  the  ra t io  of the i r  l eng th  to the leng th of
d d

sides ab and  .G—B — au st be equal  to the ra t io  of the  total  resistance of

channels  9 to the resistance of model in  t h i s  feed mode.

L --
~ 

— — 
~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ 
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Figur e 2 gives the chord diag rams of re la t ive  speed for

a i r fo i l/pr ofile N A C A  144 12, obta ined  in one of the control

exp er imen t s .
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Key: ~1). Theoretical cur ve. (2). Exper iment. (3). Sucking side. (4) .

Forcing side.

Page 268.

Figure 3 show s the  gr id  of f ie ld  at ang le  cf a t t ack  90°.

The described device makes it possible to s imulate  the  f l o w

about the airfoil/profile near solid vail and free surface of liquid.

The procedure, based on the application/use of a vortex/edd y electric

f ield , makes it possible also to consider t~oun d ar y layer  e f fec t , to

simulate the flow about the annula r wing (guide of nozzle) and the

flow about the airfoil cascade [1).

It  is known tha t  if we in the region , occupied wit h

alternating/variable magnetic flux , arrange the conducting plate,

then in it will arise eddy currents.. Them causes vortex/eddy electric

field-. In the circular and uniform plates, placed in u n i f o r m  magnetic

f ie ld it is normal to its lines of force, the strength of induction

quasi—stationary electric field will satisfy lu~ear law , and this

f ield can imita te  the incident f lo w durin g the rotation of

___________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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a i r fo i l/p ro f i l e  in ideal f l u id.  Cutting out in this plate the hole,

similar to airfoil/profile, so as to the center of plate would

coincide with center of rotation, we will obtain the model of the

turned flow. There is a possibility to separate its potential

component , created by the induced quasi—stationar y charges, an d,

after measuring the caused potentials, to find the connected moment

of the inertia of body [2. 5]. During the study of the flow about the

winged air fo i l/p rof i l e  into hole is inser ted  the  toroidal

electromagnet (E)~ which  has two v ind ings  (m a g n e t i z i n g  and

compensat ing for  e x t e r n a l  magne t i c  f ie ld)  , and w i th  the  aid of its

rotat ional  f ie ld  is sa t i s f ied  z h u k o v s k i y  — C h ap l y g i n ’s condi t ion

(Fig. 4) .  For the elimination of the effect of the external edges of

-~~ model is app lied t w o  c i rcu la r  p la t es , isolate/ i nsu la ted  f r o m  each

ot her by an ent i re  area , tu t  ccnnected by t h e i r  edges. The potential

component of electric field in lower plate will serve as the

conformal  mapping of the  exterior of indused field.

- :: ~~~~~~
F =7c-

~:,  ~ : ~- .5

rig. 3.

Page 269.
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The described method makes it possible to reproduce the turned

f low dur ing  the translational—rot at ional motion of airfoil/profile

( f low abou t the a i r to il/p ro t i l e  of cycloidal propeller) . It suf f ices

to •isalig n the center of rctation of airfoil/profile rela tive to the

center of plate to the distance, which corresponds to the relative

angular velocity, equal to the ratio of airfoil chord to radius of a

circle, described by center of rotation.

However , at the low relative speed of airfoil/profile is

required a decrease in the chord of hole, and then procedure changes.

The center of gravity ot airfoil/profile is coatined with the center

of plate, and on the vortex/eddy electric field, created b y  external

magnetic field , is placed the cophasal with it uniform potential

field, which corresponds to the incident flow during the forward

motion of body. This is reached with the aid of the point electrodes,

placed on the edges of plate and connected through equal resistance,

by 2—3 orders exceeding the specific skin drag of plate. The equality

of the curre nts, entering the model, makes it possible to carry out

on its duct the distribution of the function of flow, which

correspond s to unifor. field. For this the circumference of plate

they divide/mark off into even number cf sectioos with the aid of the

equid i s tan t  s t r a igh t  lines, the parallel to the assigned direction of

field, and at the points of its intersection with odd straight lines

are establish/installed electrodes (Pig. 5). After  determining the

— . 5— — — - —- -—-- .5 
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speed of the turne d f low , it is possible to find corresponding to

them pressure d is t r ibut ion .

1~
In the physical laboratory of LIVTa is installation, in which

the vortex/edd y zone of induction electric field create Helmho ltz’

rings 1.5 a in diameter and are applied the plates of foil 1 m in

diameter. By utilizing a vorte x/eddy zone ot induct ion electric

field, the externa l vortex/edd y electric field of toroidal

electromag nets and the potential electric field, created by

electrodes, it is possible to construct the model of radial

grid/cascade.

3
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Page 270.

Outside the region, streamlined with current , magnetic field has

the single—valued potential ~, which satisfies the equat ion of

Laplace, and it can serve as the mathematical model of the flow of

ideal fluid. By t he  analog of speed is the magnetic ind uction (vector

B) or magnetic field strength (vector H), the analog of velocity

potential, i.e., the corresponding to them magnet ic potent ials.

tu r ing  the s tudy  of t he  f ie ld  of vcrtexjedd y syste . this analogy

makes it possible tc replace cumbersome calculations according to the

law of bio — savart with simple experimen t by the model, which is the

geometrically similar  system of cu r r en t s  (8], the magnet ic field can

be constant or variable.

I
f lagnetostat ic  f ie ld  (or the  a l t e r n a t i n g  magnetic f ie ld  of 4

co.mercial frequency) can be used also for the simulation of the

st reamlined bodies . In this case as the analo g cf the velocity field

serves the field of vector H in the ferromagnet ic plate, which has

large relative magnetic permeability, with the hole, geome trically

si.ilar to the airfoil/profile of body (9). This model makes it

possible to reproduce the circulation flow abou t the airfoil/profile;

however, this experiment is very complex and during the stud y of

incompressible flows cannot compete with electrical simulation , based

on the application/use of a vortex/eddy electric field. The

-l
- . 5  --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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application/use of a ferromagnetic medium for the solution of

three—dime nsional problems encounters even larger difficulties. At

the same time the condition of nonpassage lcgically is realized in

three—dime nsional magnetic field, if we the model of body fulf ill

from the well cond ucting material (copper, aluminum ), and field

frequency to raise to dozens kilohertz [7, 10]. As a result of

surface effect (skin effect) the alternating magnetic field of

supersonic frequency virtually does not penetrate the meta l with high

conductivity and on the surface of model is ma de the boundary

condition

(5)

similar to the condition of nonpassage oi~ solid wall. A good

conduc tor almost  so we nonpenetrat e for  a h i g h — frequency magnetic

field as solid bod y for a f l u i d  f low.

The models of the streamlined bodies can be hollow ; sufficiently

in order t h a t  wall  thickness would reach 1 mm . Them it is possible to

prepare by the method of electrolytic plating, with the aid of

• casting or from copper sheet. During the manufac t ure of the

duplicated/backed up/reinforced model of vessel it is possible to

combine casting from aluminum and the application/use of the latten:

cylindrical insert is made from copper sheet (ccpper it is beaded out

on the wooden template/pattern, which for a strength remains within

- - .5 .5
.5— .5 --—-—.-— ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~$ ‘ L._~ ~~~~~~~~ 
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model) ., and nose and forages — by casting. Aluminum parts are

copperp lated in pla ting bath and are fixed on to copper. The models

of f in i te—span wings are made analogously..

The magnet ic simulation of three—dimensional flows has a series

cf essential ad van tages in comparison w ith experiment in electrolyy ic

Iath.

Page 271.

The point induction sensor of magnetic field with three  coils allows

all three velocity component , and linear (Bogowsk i loop) is its

potentials. On the surface of the model of body it is possible to

construct the  line s, s i m i l a r  to f l o w  lines and to the lines of equal

velocity potential; it is possible to determine fluid flow rate

through the surface, limited by the assigned duct; derivat ive of

speed in the direction; the caused potentials, etc.

Neasurements conduct in air , and their accuracy/precision can be

high.

If the conducting model of finite—span wing is placed in the

external uniform magnetic field of supersonic frequency at the

assigned angle of attack, then the eddy currents, ind uced in its
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sur face layer , wil l be the analog of the bound vortexes, which

replace by them selves wing in fluid flow during its noncircu lating

fl ow. Thei r surface density /~, equal with an accuracy to constant

factor the surface rotor of magnetic field and connected with 
- 

-

magnetic induct ion on the surface of model B~ by the

relationship/ratio

-
~ 

1 - ~ _ 
1 - ~ 

- -

= -
~~~ Rot B1 — —- ( 6)

where ~ — magnetic permeability of medium , n — external standard,

will serve as the analog of the intensity of th€ bound vor texes

— Rot~~ — \7)

where Y g — speed on wing surface during its noncirculating flow.

Subsequently wit h the  explanation Cf the proposed procedure of

si .ulation let us call these surface eddy/vortices — first—order

—S ..5-~~~~~ - - .  -—— —- -•--~~~~~~~~~~~~~~~~~~~~~~~~~ 
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~~~~
bound vortexes.

Pros (1) it follows that if we on wing surface  Conduct a rbi t r a ry
curve, then at any point of it the projection of vector on the
direction of stand ard to this curve (N), that lies at the plane of
tangent to W ing surface, is equal to the projection of speed on the
direction of curve (~~) :

- 
(8)

if-

whereupon uni t  vectors t and N form w i t h  vector r i g h t — h ~~n~ e~
system . Si mi la r re la t ionship/ra t io  iS f ul f i l l e d  w i t h  t he  magnetic
model of the wing:

— — B~,. 

~~ 
(9)

Th is mea ns tha t, after Constructing into the surfaces of the model of
the wing of the line of equal magnetic potential, which differ by
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constant interval ~~~, we will break it into the strips, whic h

correspond to equa l to the circulation M’, each of which can be

identified wit h the concentrated vortex line of constant intensity.

Page 272.

The speed on wing surface and the magnetic induction on the

surface of its mag netic model are determined by the

relationship/ratios

- 

- - - - - . 5

= — ~~ 

- 1

The eddy cur ren t s , which appear in t he  sur f ace  layer  at model,

are distributed so that their field compensates for external uniform

field in the region , occupied by the model, in the same way as the

f ield f i rs t—order  of bound vortexes compensates for  the  inc ident  f low

within body. Just as f i r s t—order  bound vortexes, these cu r r en t s  are

closed on the surface of the model of wing,  and in magnetic field

there is not no one duct, for which the circulation integral of the

vector B would be different ftom zero. In the space, which  surrounds

model, the field of these currents it has single—valued potential and

L ___ _ _ _ _ _ _ _ _ _ _ _ _  - -  

-
~~~ T ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



.5 

DCC = 77060784 P A G E

serves as the  analog of the caused f low.

If the magnet ic  model of the  nonc ir cula to ry  f low abou t a wing of

the fin al  spread/scope directly retlects the main features of na tu re ,

th en dur ing the simulation of t h ree-d imens iona l  c i r cu la to ry  f l o w  the

s i tua t ion  is otherwise. In magnet ic  f ie ld there  are no factors , which

lead to satisfaction of the condit ion J c u k o w s k i— o t  Chaplygin  and

emergence -of the f i l m  of free vortices. In order  to achieve here the

mathemat ica l  analogy of the phenomena , it is necessary a r t i f ic ia l ly

to create the  vor tex/ eddy  system ot magnet ic  f ie ld , s i m i l a r  to vortex

sheet and its closing bound  vortexes (let us call them sec ond— order

b oun d vortexes) , h a v i n g  fo rcedly  subord ina ted  to its laws , w h i ch

logically appear in f l u i d  f l o w .  In t h i s  cas e the  f i l m  of f ree

vortices mentally replaced by discrete vortex lines.

Since by the magne t i c  analog of free vor tex  f low of l i q ui d

conducts wi t h cu r r en t , to the coming  out  edge of the model of wing

they connect w i r i n g  sys tem , hav ing  in pairs connected t h e m  to  the

external (independent variable) voltage sources. The resista nc e of

the  mc-ie l  of wi ny v a n i s h i n gly  l i t t le in comparison w i t h  t h e

resistance of any pair  of these wire/conductors and , by r e g u l a t i n g

external voltages (on value and phase) , it is possible to reproduce

in space a n y  d i s t r i b u t i o n  of f ree vortices ~~a- In  this case the

externa l  cucrent , whic h flows  in the mode l of wing (in its thin

- - - - - - -- - -_ - ~~ - -- - -.5 -~ •-
• —--- —-- -- —- —.5--
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sur face  l ayer ) , w i l l  serve as the  anal cg  of bou n d  vortexes.

Let u s assume wh i c h  is required to reproduce flow around of the

wing with the rounded end/taces (Fig. 6) on the assumption tha t free

vortices converge only frcm its trailing edge and are directed along

the incident flow.

Page 273.

In this case thE wire/conductots, which imitate vortex sheet, line

along the lines of force of external uniform magnetic field, an d as

the criterion of the realization of zhukovskiy — Chaplygin ’s

condition serves t he  e q ua l i ty  of the  n o r m a l  (to trailing edge)

components of vector B at t w o  i n f i n i t e l y  close points  on the upper

and lower sides of the model of wing. In order to fulfill this

requiremen t , on the  upper  and lower sides of the model of wing in

im m e dj a t e  p r o x i m i t y  of its t r a i l i n g  edge and of each ot her

establ ish/ instal l  two ident ica l induc ticn  sensors , the planes of

coils cf which are para l le l  to t ra i ling  edge. tur ing  t h e i r  connection

consecutively so that appearing in them m i f  w o u l d  be direc ted

oppos i te ly ,  they f o r m  the d i f f e r e n t i a l  t r a n s m i t t e r  ~ttose readings  on

symmetrical model at zero angle of attack must he equa l to zero. With

an increase in the angle of attack the output ~ctential of this

sensor will grow/rise, having the greatest value in maximum cross

- --
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section of model. Sensor is establish/installed against the points,

which lie accurately in the middle between wire/conductors and by

successive approximation are selected in them such currents, by which

its readings are e verywhere eq ual to zero~ The values of these

currents make it possible to judge the distribution of dimensionless

circulation according to spread/scope. Figure 7 gives the results,

cbtained for the winy, shown in Fig. 6.

/

_  /

~~~~~~~~~~~~
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Page 274.

Vector B on the surface of model measure wit h the aid of the

induction sensor, which contains tuc mutua lly perpendicular coils and

relate its values to the induction of the undisturbed unifor m

magnet ic field. The obtained on them pressures are close to the

results of blasting in wind tunnel. Agreement Lecones even mor e

complete , if we imitat e tree vortices, which descend from the

end/faces of wing , after selecting the appropriate currents from the

condition of the equality of zero compcnent of vector 8, norma l to

the line of the descent of these eddy/vortices. During the simulation

of flat—topped wing thEir ettect becomes essential.

For transfer to the nonlinear formulation cf the proble m , it is

— necessary to chang e the form of vire/conductors in order tha t at the

indicated above points, besides the equality of zero components of

vector B, normal to trailing edge, and the corresponding condition on

end/faces, would occur the equality of vectcrs F on module /modulus.

Furthermore, it is necessary to carry out equalit y zero of normal

—.5 .5-- —
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component of vector B on an entire surface, which imitates vortex

0 sheet,

By utilizing flat/plane latten , it is possible to simulate flow

around of the wing near screen.

By the department of physics of LIVT is developed the dev ice, in

which the range of uniform of magnetic field has a volume of

approximately 5 m 3, and vortex sheet they imitate 20 wire/conductors

(their numbe r can be increased).
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