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SUPERSCNIC FLOW PAST TWC INTERSECTING AND TwC FARALLEL WINGS

Ne F. Vecrol'yev

Here we investigate a superscnic gés tlcw in a dihedral angle
fcrmed by the intersecting surtaces ¢t wings ard a4 flow between
farallel wingse The surtace of the wirgs is slightly campbered, and at
€act gcint the tangent plares fcrn a spall anygle with the velocity of
the cnccming tlowe LCisturtances which are irtrccuced into the flcw ()

these surfaces are small, ard it is assumed that the tlow is

pctential and that the pctential cf the velccities of tne disturbarnce

satisty the wave eguaticn. The tlcwm past the surfaces is studied
withip the framework ot tte thecity ¢t a thir wirg, where the
cerditicns on the surface cf the wings ere trersferred tc planes
which are parallel to tle velccity ct the ciccming flow. For each ot
the winys this plane is selected such tlat tle distances between 1t
are small. The Volterra methcd cf integrating the wave eguation 1is

used tc solve the problena
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Fcr intersecting wings we exaline the case wnere tane leadiny
€dges cf both wings are superscuic ard where the tips ot the wings ao
rct i1ntluence the regicn ct mutual effect. tci parallel wings we also
cktein a scluticn tcr tle case where cne ¢t the wing tips does

intluence the zone ct mitual e€ftecta
IMIEERSECTING WINGS

Mction 1s examined in & lett-hand system cf rectangular
Cartesian coordinates which move with tte winge The direction ¢t axis
cx ccincides with the directicr ct the velccity cf the oncoming flow.
The direction ol the otlter exes is selectec such that the plane X,
cntc which the boundary ccpcitions cf ¢re wing tave been transferred
ccircides with the plane xc2. The aralcgous plane of the other winyg
¥; in this case constitites with plane xoz the anyle y. The origin ot
the ccoruinates 1s selected at the pcirt cf iptersection ot the
leacing e€dgyes of the wirgs. lere axis cx ccincides with the line
shich intersects the plénes cntc wlich the tcurcary conditions have

teen extended (Fig. 1).

The velocity pctential is represented in tlte form of
M(x, y. 2) = Uxtq(x, y 2).

The jpctential of velocitties ¢ cf disturbec acticn satisfy wave

p——
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€equaticu

(M- 2L &y *
ox? oy a2

(1)

The ccnditicn ¢! nonpenetraticn ¢t the tlcw cntc the surface ot the

sirgs

:‘.i = - ("“'S |”‘ "',
dn

with accuracy to within ssall values ot the seccud order can be

writter i1n the torm of

ch’

7 Sk Ucos (n,x),

shere the coperator

o

[ 2]
COs (7, ¥ Socos (i, D)
N = (o, v) = \n,

1S a ccnoermal derivative.

’
‘e X
el (n, x)

The conormal derivatives on the wing EL(Iz 1,2) with an

tc within swall values ¢n tle seccrd crder take the form ot

oy, __ 09| a9l R

ONI, v iy ' aN, -

shete kK = ty e

l'i
T

(2)

accuracy

(3)
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€n the Chatactelristilc surtface whkich pesses through the leaainy

edces ct the winy

¢=(x, y.2)=0 (4)

it 15 ccuvenlent tge intrcaouce varietles

X=X ""{ "' y - V. ? MY

and, An place ot eguaticn (1) tor the velccity pctential, cbtain the

fcllcwing eguation

N -
l. (‘9) . '. = Uli‘r E4 _(n_!_ = 0. (5)
aay c)yi’ N
whcse characteristic ccres tave a right angle at the tip and whose

ccncrwals ccincide in directicn with tle suitaces tangent tc thena

The form in which the ktoundary ccnciticns ere writtea 1in the new
variatles is preserved. Herceftcrth irdex 1 ir the variables is

drcpped.

Velocity potential ¢ at pcint M(x, y, 2), which lies within the

re€egico c¢f the disturbarce, is deternired by the Volterra formula [1,
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P(x,y2)= ;}.‘ :') .\.)’(:’ ':‘z, - :;",') ds. (v)
cdes,

Functicn v 1s the fundawenteél Volterre tuncticp of point M(x, y, 2):

e e ——

v = dogf - e e ] r V-0t a=-2. (7)

The Vcelterta tormula 1s oltélned Ly mears ¢1 the sreen tormula tcerv

tte transfcrmation ct tle vcluame irtegral 11tc the surtace integral

tcr a jcint which doos not lie on the surtece carrying the Cauchy |
data [ 1]:

‘((l dy v i .0") ds ”. (H)

\‘ ‘. \.l""‘\vl ?/A'\"”(/V \. ON '\"- ‘
v ¥ : ¢

whelte F 15 the operatobt ¢t the wave equaticr.

The value Of the potential at pcint M watkin the regicn ot
disturtances trem both wirgs will e, accorcing to tormula (o),
determined it the values ¢ and Jp/0N ¢n the surtace of the wings S ale

known,. Cn the surtace ot the wing crly the value dg/oN 1s assigned.

In the case where the éngle between the plane Y, and X;y = w/n (R0

= 1, 3, 3 ese )o terms whichk contaip turcticn ¢ [1-3) can be excluded
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frca thte right side of tcroula (6). In the ceperal case (y ¥ »/n)
terns ccntaining ¢ are nct e€xcluded, and the prcblem reduces to

sclviry an integyro differential egqraticn ¢t the second types

1. The process ot e€liminating functicn ¢ from the right side ct
fcrnula (o) when y = nza(n = 1, 2, 3 eae ) 3s illustrated usiug an
e€xauple where tne angle between plares X, and Y, to which the
ccndlticns Cn intersectiny wings haes teen €atended is y = n/2. hwe

select planes xoz and Xxcy as the planes X, &né X,, respectively.

The characteristic ccre '\ with 1ts ti; at point Mg (x, -y, 2).,
gysmetrical to point M{x, Yy, 2) telative tc plene X, will have total
volume v; with studied regicn r» within theé cihedral angles Vclune 7,
is bocunded by the surfaces ¢t the wings, tle surtace of the
characteristic cone ' ard part ci the leading characteristic ot
suUItace o. wthin veclume vy, into which the exis c¢f the characteristic
ccpe with 1ts tip at point F; dces nct entei, the use of sauss' (8)
tcraula yives us the defrendence

\' e :: ¢ 2 s = 0, (9)
MING . aN
wherte vy is the fundamental functico cf pcirt My (x, =y, 2). AL€a S,;,

ccincides with area S;, which 1s cut cut ty ccne I' on plane xoz,

shile S,;, Iepresents patt ct the plane xoy cut cut by cone I (Fig.

&
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Analogously tcr pcant P (X, y, =2), which is symmetiical tc
fcint M(x, y, 2) relative tc plane Y, chareécteristic cone Iy will

bave tctal velume v, with vcluse v, and the tellcwing dependence can

Le ciltained:
C e OF . e I
N3 oy — L =R (10)

wvhere v, 1s the fundamental turcticp cf pcirt Ma(x, y, -2) - Area S,,

ccanclides with area 5,, shich is cut cut by ccre I' on plane xoy,

shile S,;, 1epresents part ct the plare x0z, cut cut by cone [

Fcr peint My(x, -y, —-2), which is symmetrical to point ¥, (x, -y,

2) in telaticn to plane Y, &nd peirt M (x, ), ~-2) relative to flane

I, Characteristic cone ', will have & toteél vclume with vclume v,

and the follcwing dependence can te¢ cltainec:

'\'.\'lr'. MR e T
Bhaw S

(1

shere v, 1s the tundamentel functicn ot Mz (2, =y, =2)e Area S,

ccincides with area §,,, which 1s cut cut ty cone I: on plane Y,

while arva S,3 coincides with area S,;,, cut cut bty conme I' on plane

\.
-
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Ccncrmal derivatives oo/dV on planes ZLti;.l,QL parallel to axis

¢cx, have the tollowing fcra:

0.0 - (\

! ) oy k ) ‘ :
ON | e s , N (12) 3
[ Vovew iy - e -0 G- [(v R 4 (20
sheére k; = 0, aud 1n the case wnere ) = w/i, 3/inw,
o [ (x- Sz
N, . - - A 1
N (e R T e (R

Eica formulas (7) anc¢ (14) it is appatent that when pcint ¥ lies

cn flane );. theun tre cencraal derivative ¢t tecction v on this plane

LeverLts tOo zeloOw

Fcu point Al (X, v, 2], which is sysmetrical tc pcint d(x, y, 2)

Lelative to plane V'. cr plane :L itself, ecccrding to (7) and (12)

we€ have the relaticnshig

¥, aN y, : O N ]l" ( 13 )

whére v, is the fundamental Vclterra turcticn, corresponding tc peiunt

M; (X,. ’l' Z,).

On surface 2L()L when 3 = »/2), where nw = 0, (¢ = 0). acccrding ]
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tc tocrsulas (3) 8/oN =0/dy, (9/dN =d[dT)

jrcperties ct (13) ct

v,

do
dy

or’

Tc the right side

FACE 9

and, on the strengyth ct the

the fundamental fen~ticn, will have
U=, U =aly, (UsUp, ©)=Uy)
du, __ _ dv, Guy  Wv duy du,
T T (d: TR o:)' (14)
’ 1 o g
¢f fcroula (6) we€ acc cgerators ol of the
" i g

left siaes of equatiocns ($), (1C), amnc {11) ard, considering
telaticnship (14), we get
w LA L 2y -+ 1 e 2
vigy. 2= ||| ML drd '\'\ [v ;}:.‘“did";'f-
8, S,
i Y{Pu:f} ded Yj%uj“] °dEdv‘}. {15)
ot g A DA i i |-

Atter differentiating with respect tc x cver the righ* side cf

€quaticn (15) (ternms

variabtle integration

tcr the potential at pcint P, which Jies witkir the dihedral angle §

ccrtalring derivatives

sith respect to x from

lisits, all revert tc zerc), we get the value

1o )
1 Tl ':—;:‘( (lEd~
, =8
13 jc‘ 4 ?. S 4 “_‘.V.~'—;+
S0 V(v =y +(2 -0
8 oy
dédn i i dat d
" dn iy
1|‘ \‘ e 57 ‘
{y-~n)® 4 2t 8, by L)~y (2 )
e |
e Y dtay ] i
. jt=0

Vv — |ty {ﬂ:.QJ'

(16)
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2., The anygle between planes Y, and X, tc which the conditicns on

are extended, is ) f ¥/Ne

It point M(x, y, z) lies cn plane Y . therp the axis of the
characteristic cone, where tuncticr v kreaks, lies entirely within
the plane lL. Formula (€) can be uvsed if we eliminate the axis ot tonc

ccne [1] from region r. In place of a vclume kcunded by surfaces

us examine a vclume kcunced Lty surfeces :s-bc FIY 4 C,,, where
surtace c¢t half ct a cylinder of radius whose axis
with the axis of characteristic ccne I IY - surface cf

with apex at pcint F, clcse tc suiface of characteristic

into consideraticn the tact titat <n the leading pcrtico ct

the characteristic surface o functicrs ¢ ard Aep/dN, are egual to zero
and c¢n surface:S where the éexis of tle characteristic cone has been

€liminated, according tc (1), the ccncrmal derivative .o 8 is equal

ONly,

tc zerc. Then, in tle case c¢f passace tc thle limit with subsequent
ditferentiaticn with respect to x, frcm equeticr (8) we derive the

foraula for the velccity pctential at pcint ¥, which lies on plane
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¢ly, 1 o(',? {“.\'v :E«ls |\“v ::, -9 -::,)‘IS}. (17)
s‘ 3

shere §, (5, is the part ct plane }_:,(‘\_‘"). whict i1s cut cut by the
characteristic cone |' whkcse apex is at joant M. Formula (17)
€expresses the function ¢ cp plene ); ip terns ct kncwn functicas
d¢/ON cn planes }:‘ and x and in terss ct tle unkncwn tuncticn f c¢n
plane :L. In the gereral case cr 3 4 m/0p we mBuUst simultaneously study
a system of two integrodifferential equaticrs cf the seccnd type ot

(17).

In the case ot 0 < 3 < a, tcrmula (17) car Le converted 1ntce a
tors in which the right side will ccrtain tte value ot the potential
¢ cr plane _\_“.. while the term which ccntairs furction ¢ cn plane ‘\_‘
i1s elimiuated. For this we select pcint M, which is syametrical tc
pcint M, in relaticn tc jplane ‘\_“,- Fci pcirt M, our plots are
analcgcus to those cbtained abeve in tle case c¢f y = w/2 tov the
elimination of tunction ¢ c¢rn correspending plares, and, consideriny

the jrcperties of (13) c¢f the characteristic fupctions trom formula

(17), we yet the fcrmula

| o

Vo s 2t (o ? os ¢
Yiwis ))

o

S e

M WSRO " ol A 1 < 18
',\,\".w'{ \\'chd‘\;"‘ e

Nii

shere &5, is that part of the wing flane }: which is cut out by the

!

i
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chatacteristic cone |',, whecse apex is at pcint M, while «, 1s the
chatacteristic Volterra furctice ¢f pcint M.

In the tirst three terss c¢i the braces 1in formula (19)
diftercntiaticn with respect tec x cén le pertcrmed directly. Here
terms trom the ditterentieticn with respect to the toundaries ¢t the
tegicn, which depend or x, revert tc zeto. In the last term of the
lraces woe must first intecrete in parts witl respects to variable &
and then pertorm the operaticn ot ditterentiaticn with Lespect tc x.

Fcu point M, which lies on surtace I, ftcrmula (18) takes t he
tcrm ¢t

Q
I e ;'V‘} dgd?l
? (X0, 2) = \ 5 P ko 1., S —
VSUON N - ) (g~
Y dy .
.‘1“ k\ \ o I ¥ (l;(l-
e \ : S
Y ¥ (=0 - 40
LU
v " diag
i ettt
¥y V (x €0~ f1 (2,0
BN v %) Bl
o 242 m B Pt 0 Ddtdl 19)
Y \ \ et "“/ s 1Y (
0 R) 1 (a, -\l’ (x - ) - If(l.i)
where E=w (i) is the cquaticr ot the leading edge of the wing X¢

24(x) 1s the coordinate ct the pcirt ¢t intersectior ot

edye ot the wing X, with hypertole x = €) = 4z, §) = U,

the leadiny

whetre

i

- ~- e
B TIPS N

|

¥

|

|
{
]
|
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(x—B)—fi(z 0 ~0. where f (20 - l/(

¥ ';)k »”——-. = -l :"T‘”"’\'
I v A ') '(l o hadt B

Fc: pocint M which lies cn surface Y, fcrasula (18) takes the

tcim ct
( dy
. v - ‘e‘c
| l s } l(l -
¢(x, kz,2) = - y l*"k ‘3 e e el
SV (r—=&) (1 M)(a )
)
> LIoL
T ‘ } ———— - -
e (vo—E) ke (2 0)Y)
)
A » ‘ « r
Pt T T T il
k . . & i B - »
O VT o | L P
(V) v fyt2, ?) ¥ .
\‘ \ §: (& & L0 ) d S, l
2h2 i . 2 ot
0 ,l'\, ")I(:.-' ) (v ¢)? /5(1._) l (ZU)

whare £~ y2({) 1s the cguaticn fcr the prcjecticn of the leading edge
€t the wing Yy cntc plare xcz, and 2,(x) - the ccordinate ot the
intersecticn point ct the leading €dge ¢f the wing Y with hyperbole

(x - &) - t,(zy, §) = 0, where
fz(:vﬁ) l"-k“\: + ) .| (& - Q.

Eguations (19 and {«C) represent irtecrodifferential equations
cf the same type and car L€ sclved bty the methcd of successive
appLoximaticns. Here, when ¢, is tcund trca the precediny
approximation, we must intecrate ir parts with respect to the

variatle ccntained in the irtegrand with x letcre going cn tc the
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cperaticn cr differentiatine with respect tc xa

Fcrmula {18), cobtained for a pcint lyitg cr surface :ﬂ, can alsc
te ccnveniently used when 3 = wm/n. kel e€xaple, in the case cf 7y = w/l
fcr pcint My, symmetrical to pcint M, in relaticn to plane :S" and
tcr fciut My, symmetrical to pcint My, releétive to plane :S, (pcint
M;; 1lies in plane )L)v cur plots ére anmacgcus tc these described
for the case of y = m/2 focr a point within the c¢ihedral angle. Taking

intc acccunt the properties of (13) cf the characteristic functions

d('n/

ard th¢ cyquality te zerc cp plane :S/ cf ccrcrmel derivative aN Iy *
'8

shich ewerges frow toramvla (1<), where vy, 1s the characteristic

Vclterta function ct pcint My, torasula (1€) cap be transformed 1nto

v N (’, ds * N d d'
?l = "'{ S T —. e L
o \.s N (v ‘\ ) " . 5

.\'/

. (v - £y — ¥
‘
X" ds Al ds
¥ 3 p R e ro (2 o ‘
j S oN l// "" e 9 ¥ \ ‘ dN ; ) “1g -3 '
S,l/ (=8 -0 -.\’;‘ l e = Q) =ty
{ j‘J f'v.__ d.\'__” l
oN o
1 (x &~
'\‘lll V s ]

where S, S, S, are determined in fcruulas §17) and (18); Sy (Syy) - the
area ¢t plane :SA:SJ. cut cut by characteristic cone I (I'y,) wvhcse ti1;
tc the index of points M, M, My, My, »,C L€pLesent the current
ccordinates c¢n the corresgcrding plare cn skich the integration is

dcree.

OPY RE NTSRURE .

il o o
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EABALLEFL WNGS

Hele we exalne twe slichtly castered wings at swall angles ct
attack to the velocity ct tle caccwing flcwe Tle conditicnse con the

suriface ol thke wings, as 1s standaxd practice 1g the thin-wny theory,

|

. 3

are extended to the planes Y, and Y, which are selected such that ,
!

the velccity ot the oncenirc flcw lies within these planes and the ]
distances between the peints cn the surtace c¢f €ach of the wings and 1

5 Al
the ccirtesponding plane Eﬂ are swnalla
The distance Lbetween planes Y, and Y, equals h. The leadiny
edges ¢t bcth wings are superscuic, ané ome€ win¢ 1s only slightly
stagyered 1n relaticn tc the other, £c that the caaracteristic
suttace which emerges trecm the leading e€edge ¢f cne wing 1ntersects

the cuitace of the cther wiry.

As plane xo0z we use the plane Y, ¢nto whichk the conditicns on
the ugppel wing are exterdeda AXxls ¢x is ditected alongy the tlcw, oy -
upwaird, while ¢z is directed to the rigtt, it cre is tacing the
ditecticn cpposite axis cXa The study is dcre ir a detormed system of
cccrdirates, where the velccity pctentiel setisties equation (5) and

tte chartacteristic cnes héeve a tight acgle ¢t tle apex.

The velccity potential in the recicn letween the wings,
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determined by the Vclterre tcruwula, can be r€presented in the fcrm ct

e

e K | o AP
P L5 B) v Je .ﬂl- \ \ "
S.' o‘.\.

¢ ""]dw:, (21)
(LN Jq
WE€re€ S, (5,) 1s the area cr the wing Y (Y;), which 1s cut out by cone

I' with the apex at pciot M(x, y, 2)e

In the studied case cf parallel wing arranceament it i1s possible
Ly selecting points symmetrical tc pcint M in relaticn to planes ¥,

and Y, and a corresyponding selecticy cf the turndamental functicrs, to

€liminate from the right sice ot equaticn {.1) values of functicn ¢
which ate not assiguned ¢n surtaces :i « The prccedure of elimirating
¢ values trow the right side ct equaticn («1) ce€pends on the number
ct reflecticns ct the leadirg characteristic ¢t the surface from the

surtace of the wings.

Fcr point M(x, y, 2) ct regicr Vgge lccatedé downstream trcm the
leading characteristic surfaces ot Lcth wirng¢s ard in front of the
surtaces ol their first retlecticrn (area (3#,CF, - section ot reygion
Voo with plane ¢ = 2z, Fige ), we s€lect pcints M,y and Mp,, which
are sysmetrical to point ¥ ct planes X, and X,, respectively.
Characteristic cone I'(I:) , whose tip is at jcimot M,,(M,,), cuts cut
cn the wing surface regicn $;(S,), whkich ccincides with regicn

£a152), which is cut out ty cone I', whcse épex is at point M c¢n the ’

e e e ne e s T e
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wing Y,(Y¥y). The tundawmental Vcelterra tuncticns tor points M and
Maal¥z,y) ccincide cn witg Xi(Z). while the ccrcrmal derivatives ot
the turvamental tuncticrs are ditterent 1n :1gr (tormula (13)). Aftor
Fe€rtorming ojeraticns analcgous te these descrited above 1n the cas.
ctf Intarsecting wings, se cttain ter pcant b, shich lies an the

Legicl Vgge @ eXpressicr ter the velccity pctential in the torm cf

rienn - L{fff St x

. L J
,\-dtd‘;l\_\[(."v

r

s ..d!d'.}. (22)

Fcu poant M 0of rvegicr Vygye which lies tehigd the caaracteristic
surtace tvetlected trom wing ¥, anc ltetcre tle cltaracteristiac suttace
teflected trom wing Y, (area A,C,0 - sectict of region Vg wth jlanc
¢ = 2), the procedure of selecting the symwetrical points should be
centinued, since 1n this case coae I trom jcint My, alsc interscote
wing Y, here, 1n tormula («1) we acd a term which cantains ¢ in the
integral with respect tc atea S;,, cut cut ty ccne 1, on wing X ln
the next stage we select jcint N,,, which i: syametrical to point M,

in relation to wing Yy Cn wing Xy thke cone which emerges trom M,,

Cuts cut an area egual tc area S,,, cut out Lty ccne P which ererges

e

frce cint Myye On plane Y, the tundameptal Veclterra functicns ¢
Fcants M,, and M,,; coincice, while the si1gr ¢t their concrmal
derivatives 1s difterents It we use tcrmulé (8)e then trce the right

side ¢f formula (21) we can eliminate terms which contain the valuc

aliad.

P O

L




¢t tunction ¢ and write the jotential at pcint M, which lies withir
the zcne ot the tirst retlecticn ot the leacing characteristic

fsultace trom the winy ¥, 1n the tore ot

8 1 o

oy P .
cLov, 2 T d 4
¥ LD "o l,\,\“ Ay |y w0 AR

A

S ; l"' . \. "" oy '\
l.\\l‘ ‘L hdid. 0“’.2‘(,, dv.j',‘-..‘“d'l' (23)

we€re v,,; 15 the ftundamertal Vcolterra fupcticn fcr point My ,.

The process ot elialrating furcticr £ tice the right side of the
Volterra formula for recicns lying within tle zcne ¢t single
tetlection of the leading characteristics ¢t tle surtace 1s
analcgcusa

Calculaton of the velccity pctential bty tcrmulas (£2) and (<3),
sher the value d¢//y 15 kncwi e€veiywlere, cét b€ aone for wirgs <t

intinite span or fcor wings whose leading edees are entirely

SUFELSCNLCa

Let us examine the case where in tlte regicn of mutual wing

irflueérce the tip eftect ¢t cne ct the sings - ¥, let us say -

15

nocticeable. Here, tc shitt the scluticn ot the problea to the case Gt

entirely supersonic edges we must kpcw the velccity component /iy

everywhere cu plane wn=0. In Fige 4 the dasked line A'BODYC?
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desiynates that portion ct the plane y»n-0, wiick includes wing X
itselt and the zone of intluence ot the tifs cf this winge Line A A,
is the lipne ¢t 1untersecticn ot plare n=0 wth the leadiny
characterastic of tre suvrtace c¢i tle lcwer sing Y; On the part of
plave w=0, which lies 1ip trant cf lime AgA; (1t we are lcoking 1in tie
directicn of the flcw), the value ¢t dg/dy 1§ krcedn: In region
A*CEKA,; (ey) it eguals 2€rc, while ir regicr EKHE (o) for the value
ct oyldy=t, we are tawliliar with thte irversicn formula of (4], trom
which 6, 1s determined cutside ct the wing an the case ot an isolated
wirqg (t1ge 5)a In taat jpart ot plare n=0, wkick lies beycnd line A,A,
outside the zcune ot tif irfluence ct wirg Y, region AZKTC*' (o,).
valuve dy/ohyy 18 a kncwn turncticn, calculeéetec Lty the known field ct
isclated wing X, In the remaining pcrtion cf plane 1y 0, which lies
tehind line AjgA,, regicr KHRT (o), valve Jy/h;- 0 1is subject to
detiniticn. 710 determine 6 1n Legilch o we Llecdn by writing the values
cf the potential in the Vclterta fcra tcr pcint M, which lies 1in
regicn ¢ of gplane -0 In the Velterra forasula tne inteyral frcm
tern 7 r& with respect tc tle area cut cut bty the characteristic
ccrpe, shese apex 1s at gcint M on pléne 10, wlere point M itselt
lies, teverts tc zero accciding to fcrmsula (1<)« In the formula tor
the velccity jotential tle imteyral fcr the area lying in plane y=0,
alcne tewains from teram t“:?. The velocity jctertial at point N,

which lies in the reyice e ¢n the vpper sice ¢t plane n—=0, car,

according tc formula (17) ard (1), ke represented in the toim ot

£ ot e - S 0 (¥ Te d

SHBPP - ST
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g (X, 0. 2) = : _‘-‘l‘ i‘\.‘\“"::: R did?l 1
8,
il 3 o . W N - . 2
} j}‘t' ":i“o‘did. { \\ 00l .6, Js(l.}. (<4)

shete 5,, o,, o0, and o ate the parts ct wiry Y, regions e,e,, and o,
respectively, aescribed atove andé talliong withie the characteristic
ccre, whose apeX is at peint Mgx, (, 2). 1he pcteéntial at the sanme
pcirt ¥, which lies on the lcwer side c¢f plane y=0 ,according to

tcruwulas (17) and (1), can le represented in the form of

r T L I ¥ d
2 : . ) i ‘ Ed
vix0,2) ST 1.\ .\‘ @y e \ . anle *-".d ; ;
S, AN
LI 4 w2l dy l’l') [v‘l" Y
. .\'\ VUi v dgd? | .\\'\(‘ t"..; P.'-] L ."‘ e (25)
o Mo

shére S, 1s the region cn wing Y, cut cut t, claracteristic cone I,
whese apex 1s at point M. Ccne ', frce pcitt PM,(x, =-2h, 2), which 1s
syssetiical to point M(x, C, z) relaetive tc the plare ot wing

S:n= —h,), cuts out region £,, which ccincices with the tegicn cut
cut by ccne |, on wing XN; < Mow let us lcok ¢t the case waele point ™
¢r wsing X, is found in the interval ct AyA ¢t & single retlecticn of
the leadinyg characteristics (Filye 3) ard ccre Iy does not intetrsect
wiry X, By usiny relaticaskip (8) tcr voluse vy, which is commcu tc¢
Cchatacgteristic cones I' end Ty, we transtorm, as above, tormula (.5)

intc the fcrm of

i At o St
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-k artr . o tdt i\ e Y91 .
v(%,0,2) = S{y)egt|  didti|felt| dudi+
S5, 9t e,

\'u "y did:). (26)
3 Ay - h, )

+ \.\‘-vo,,....._d‘;d'. P2

\

Ccnsidering the fact tlat in regice °9 {x, 0,2 =% (x,0, ) and

4 . ) | '
(©0]¢. o.=-[v b],.y,,while in regions 35, % ,:'tfj J !(';Tl . free
equaticns (<4) and (26), after uifterentiating with respect to x, we

get eguraticn

\ \ = F(x,2),
JJdV (= f) - (2 VF -
] ( ((27)
)2 ] ) ] *
y L »(', '{'\’ dgd.
_ - | O o, % lu o
Flogp==.] ) Sl b Gihee)
Sy V (v —&'— (2 -0
) i
s 09 déd: o - did:
\ \ [ " i & D e n
ik " S B :
P R ) (& ) s Vov—-gp (2 - {p

wheére F(x, 2z) 1s a known furction.

Eguaticn (27) represents an irtegral Vclterza €guation ¢t the

first tyjed

Stat It point M lies within thke regcn ct KEt (Fig. 5), then region o
sill be a right-angyled iscsceles triancle with the apex at pcint (x,
z) and the base on line KH, l.€., equation l«7) 15 the Atel equaticu,

whcse inversicn is kncwr [SI. Atter the valie € is determined in
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regicn APH, cquation («7) fcr joant F withir the regions of KPAT and
HEDM also veccames an Abel egquation [4). 2tter the values cr 6 ate
celculated 1o regyicers KEN1T erd HPR, the seeich for the value of o 1in

re€gicn FNR 15 again reduced te sclving the lbel eguation.
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