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TIP EPFECT OF SUPERSONIC PLCW EAST DIHELDRAL ANGIE

B F. Vorob?yev

Examnined here im lirear fcraulaticm is a supersonic flow of gas
about a dihedral amgle fcrsed by iptersecting vings. In the case
vhere the leading edges are entirely sugerscnic, the flows in the
interior angle y and extericr angle <» - y cam be studied
ipdividuvally. Por this case we solve a model ptchblem on the flow
inside a dihedral angle at any value cf y [1]. Pcr vings consisting
of angles y = s/n (n = 1, 2, 3, «ceo), Where the value of the
jctential inside the angle is writtenm in exjlicit form, the solution
tc the problem of the tip effect reduces tc sclving the Abel equation
{2])e In the case of a flov fast a ditedral angle, vhere one of the
angles - either exterior cr intericr - sust ke greater than », we
sust find the solution in this angle with diffraction on the angle
considered. In the fresent study we find th¢ sclution for a flow in

dibhedral angle y = [a/n)s. ¢n the tasis of sclving this model problen

ve solve the problea of the effect cf tips ¢n a dibhedral angle im the
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case shere the dihedral angle is y = s/n. 1ke problem is reduced to

solviang generalized Abel egquations.

FLCR XIRSIDE DIHEDRAL ANCLE 3 = [m/D]»

%he flow of a superscnic stream past sligktly curved
intersecting vings is studied .ip linear forsulation. The conditions
cs the wing surfaces are tra2nsferred to plapes which are parallel to
the onrccaing flow. The dihedral angle is ficimed by the intersection

cf these planes. As our ccordinate system ue use a left-hand

—

u rectangular system. Axis ox takes the directicr of the velocity of

| the cacoming flow. Plane xc2 ccincides with plape 3, to which the
besndary conditiops of cne c¢f the wings have been tramsferred. Plane
23, to vhich the boundary ccnditions of the seccnd ving have been

t txansferred, constitutes with plane 302 the angle g. Here the edge of
the didedral angle coincides with axis cx (Fig. 1). The potential of
the djisturbances satisfies the wave equatice, which, by
transformation of the ccordinates, can ke re¢duced to a form which is

indegendent of the numker n:

Coxr = gy — Ppu = 0. ‘1,

®he sclution to equaticm (1) in the Vclterra fora gives us the

exgression for the velccity fotential inm tegns ¢f the value of
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ccncrmal derivatives and the pctential cn tle wing surface. In limear
forsulation on the wing surface the ccncrmel derivatives ccincide
with the norsal apd represert kncwp functicos. In the case of
dihedral angles y = »/n, terms containing unkpcun values of the
velocity potential on the wing surface must be excluded from the
Volterra forsula. The velccity pctemtial in this case is selected in

quadratures through the norsal comjcnents ¢z the sides of the angle

(1. 23.

Dihedral angle y = [m/p]w ca be brcocken down into 7Z< m dihedral
angles, each of which equals 1, = %n wkere k is a certain whole
puskter k £ n. The method is illustrated by the case where 7= 2, y =
7a * 92- In examining tle tip effect later, the case 7 = 3 will be
used. When Z= 2 in the case of y > », where y = v + »/k, vwe can
assume k = 3 without limiting generality. Tle case k = 2 leads to a
Farticular fora of the c¢eneralized Akel equeticp and sisplifies
soluticn to the problem. As angle j, we select angle X,0X; where the
half-plane »; represents a ccntinuaticy of talf-plane . The side of
balf-plane X; which is turned toward the edce cf X, is designated as
Ly, . ®he side of half-plame I;, which is turned toward the edge of
is designated as I,_.

%0 reduce the probles cf the flow past a dihedral angle y =
(s/n}s to the problem of a flow past dibedral engle y = v/k, which

4
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has its solution in guadratures, we sust fird tkte value of the norsal
derivative 03 in plane Z; To find the valse of 63, we write the
expression for the velocity potemtial at gcint By, vwhich lies om onme
side of plame I, in teras cf the values of the ncrmal derivatives cn
planes I, and ZI,,. As values of norsal derijivatives on planes I, and
L, we write the expressicp for the velccity pctential at this point

ot the other side cf plane 2,

Py =

”T‘-U V(x:e»‘-rz. +“°l7—7_7_———:::=’__}

,._:..-_;[U V_%T— +25.j VTT-;:TJ 9

(x

P 2”,-_,-__-14_*;._

- \ 5' B _-"‘:!‘gf.:.'..' W '})
W Ve-o-d 5 Ve-w-d (2)

+ o
S

vhere S, 9, are the aress cn plame Y, (i=1,2, 3) cut off by the
charatteristic cone, vhcse tip is at jeint M, (the area oa planme },
is designated as 5, vhere tlie value cf the rcrasal derivative , is
hnown and as ¢, vhere tite value of the porsal 6, is uaknown).
Cuantity 7, represents the distances fros jciat M, to the points of
integratioa located on plene :, when x = &; B, - the point

syssetszical to point Hy relative tc plane 3I;; B, - the point

it co & oo ¥ 0 o Lowid A

Sl A

ate
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syssetrical to point B, in relatica tc plase Z:

Prom equation (2), considering the fact that on plane X; the
velocity poteatial and ncrssl derivatives are¢ ccntinuwous functions
P3+ = 92—, O, = —0,_ ,ve get an integral egeaticr fcr determining normal

decrivative 0;=06,, .

“s .)" et ‘s‘ S‘-, -...__.l!.d_‘_..::- “+
V(x—()‘—-r., o, v (x — € —r},

| e d i i FER T TS
Uyt Uveses i
1 BRNSECEN. |
X j;). V-(x ’ 0~ ry ¥

The first term of equaticn (3) represents irtegral Abel operator

0§63): the second term - integral cgerator E(€3) of the Volterra type
with integrable feature r-%; the last three terss - integral operator
Pley, a3) from known fupcticns ag, ez. Eguaticr (3) is written inm the

fcra of

A(03) +B(8s) + F (a1, az) =0. (4)

Bquaticn (4) is a generalized Abel equaticr and can be solved by the

sethod of successive apgrcxisaticns cf [3].

TIF BRPECT




LOC = (0888 PAGE 6

The tip effect is examined for the case¢ vhere the interior
dihedral angle is 7 = eynf(p = 1, 2, 3 i..)s lhen, exterior angle 2» -
7 ={2n - 1/n])y represents the angle 29 - 3 = [a/n)s, in which the
description of the flow is reduced tc sclving gemeralized Abel
eguatjcn (U4). Without limiting gemerality we¢ exasine the case where
inpterior angle y = »/3. The case n = 2 leads tc a particular foram of
the iategral equation and sisplifies scluticn tc the problem. When n
= 3 the exterior angle can le represented ir the form of 2 - y = w ¢
873 ¢+ »/3. This breakdown is shown in Fig. 2, which represents a
section of the dihedral angle with plame &€ = x. Periphery I' (section
cf come of disturbances with tip at jcint cf intersection of the
leading edge of the wings X, amd ;) is the recicn vhere the mutual
effect of both wings is realized. ’Tiyxet the effect of the flowus
betveen the interior and exterior ditedral ergles occur through the
tifp of the wing wvhich lies in rlame Z,. In the fpart of plane X, which
lies cutside of the wing itself (¢,) tke value cf horizontal
derivative 0, is an unknown quintity. The ficblem of the flow past
the dibedral angle will be solved if tte values of 6, on planes
24, 23 2i(0)) are found. Then the potential at any poiat inside the
regica of disturbances cf tle dihedral amgle¢ cas be represemted in
guadratures through ncrsal éerivatives in planes X, 2y X5, Z¢. To find
geantjities 0, , ve write the expressicns for the velocity poteantial at
the same point on the pcsitive and negative sides of plames I, I, o

For the point which lies im plane e¢,, the value of the potential is
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eritter in angle 2:02, (¢+) and in angle 2,03,(¢q_); for the point
lying im plane X, - in angle 2Z,0Z,(q+) and iz angle Z,0Z,(q«-); for the
foint in plame 2Zs - in angle 2:0Zs(pa+) amd in argle X,0Z3(gs-)- rrbl the
condition of continuity of the velccity potential and norsmal
derivatives in planes o5, 3, Iy we get the irtegral equations for

deteraining guantities 0,

The value of 6, degends or the positico cf the point in the
leading cone of disturbances (Fig. 3). To determine the value of 0,4
in zome ¢33, wherre the seccnd edge has nc influence, we solve the
prcbles of the tip effect of anm isclated ving. Here we get the

igtegral Abel equation

A (08,0) + F (@14, a1-) = 0. (5)

70 deteramine the value cf 0,; in 2Cne e43, vbere the wing tip of I,
bas no influence, we solve the diffraction frotlem on angle 2 - y in
the case vhere angle [a/n)s is broken down intc three angles

T« (/=3). Here wve get a systes of gemeralized Alel equations

A(B41) + By (801) +C1(83)) + Fy (a1-) =0,

A (03)) +B3(03)) +C3(Qa) + Fa(as-) =0, (6)

Cuantity 0,;, is the value cf 6; in plane 2, where the wing tip of X;;

bas no effect; operators Ey, By, Cy, C, are¢ integral operators of the
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Volterra type with integrakble feature r-2.

%0 determine the value of 65, ir zcne ¢,;;, wvhere we have the tip
effect of ving X and diffraction cn angle 2# - 7 without the wing

tip effect, we again get an Abel integral ¢guaticn

A(0) +F(ai--, a4, G24, By, 04) =0. (7)

The value of 0;,;, is determined through the known values of a, and a,

and the values of 6,4 ard 6,4 found cn the freceding zones.

To determine the value of 64, ir 2cne ¢42, vhere diffraction cn
the angle 2s - y depends cn the ilcvw in the interior angle y over the
edge of the win X, whichb lies in zcre e¢,90¢ ve get the system of

generalized Abel equaticns

A (042) + B (0i3) +Cy(032) + Fi(a, -, 00, 031, 041) =0,

8
A (033) +B32(0a2) + Ca(042) + F2{as-, €31, 84) =0, 8

where 63, is the value c¢f 63 in the part of plame X; which
corresgonds to zone ey, Cf flane X, ?The values of 0, and 03, are
detersined from system (8) tbrough the values cf 059, 0330 941
detersined on the preceding z2cnes. Henceforth the values of the
normal derivatives in subseguent zcmes thrcugh the values in the

freceding are detersined in plane ¢, frcm tie Alel egquation and in
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planes 2, Z: from a system cf generalized Akel equatioms.

We are familiar with tike generalizaticr of the Abel equation
(4] The system of generalized Abel eguaticns can be solved by the

method of successive apprcximaticns in [3].s

Note. In writing expressiocn -%%L in fcrsula (3) of [3] an error

was made. It should be

v s

Exgressions gﬁL' in formula (3) are writter iptc formulas (19) and
(20), which should not Le dcne, sirce tke values themselves 31} are
assigned values (formula 2). We might cet tle ispression that l
eguatjons (19) and (20) regresent integro-differential eguations with
unkncuns ¢ %. ¢, %, while in fact the unkncuns are only ¢ and . It

shculd also be considered that ds|, = dEdl, dsiy =/ T+ 8 dtdl.

Moreover, on page 8, in the first lipe after formula (19), ¥,

shculd te read in place cf L.

Institute of Theoretical and Applied Mechapics Siberiam Branch AS
USSR, Novositirsk

feceived 13 October 1969
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Pig. 2.

Fige. 3.
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Block Italic Transliteration Block Italie Transliteration
A a A a A, a BSp P p R, P

b 6 5 ¢ B e ¢ S, S

B B B ¢ Vs v T T m T, &

T F G2 Yy Y y U, u

4 A a o B d D ¢ ® ¢ B

E e E ¢ Ye, ye; E, e¥ X x X x Kh, kh

How X x ke bl U u U y s ES

3 3 3 3 Lt Yy Y oy €h, ch

27 H u I | W w W w Sh, sh

2] A u Ny Wy W Shch, shech
H K K «x Kl b b 5 % "

Jin T x el H & A w Yo ¥

i M « M, m b b b !

H H H « NS 3 3 9 E, e

0o 0O o D, 1) kK wo 0 » Yo, yu
T 7 n PESND A A A 2 Ya, ya

*¥ye initially, affer vowels, and after v, b; € elsewhere,
When written as € in Russian, transliterate as yé& or €.

RUSSIAN AND EZNGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English
sin sin sh sinh arc sh sinh:i
cos cos ch cosh arc ch cosh_l
tg tan th tanh arec th tanh_l
ctg cot (ia coth are cth ; coth_l
sec sec sch sech are sch sech_l
cosec csc csch ¢sen arc eseh ésch

Russian English

rot curd
1g log

i A RIS o o 4

O L WA e ey

A A APt < ST
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