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BOUNDARY INVERSE PROBLEMS IN THFE CASE OF INCOMPRESSIRIF
FLUID JETS

MIRCEA LU

Abstract: The paper doals wivh the “apaosterion ™ desigh of a svimmeleie givfodl fin o
prendiem fmvadving @ fwo-dfmensional frcamipresyihle fwicl jer, hy preserihine Vo "the
velocity along the cartener This iv the inverse hertiridary velue probiom and o wiTErand " e veerd
egiation v derived  fir the velo feoongle. For presceihed velocity aiseribariors. e
seomeirical equalions of the airfinlare exiabliched mumeric ey etnd the elvever coeificicar v i
etlsn) comted.

. Basic Faquations

Let comsider the plane. potential sieady flow of g perfeet. mcompressible luid, withoo
external bods Torees (Hypo Te i osval feremelation. L 13 there are comsidersd in tle

physical plane 13z — v <iv, the complex potential — fiz) Pl vy e, vl oand the
complex velocity  wiz)  mivo v) < dvinov). where o prv vy i the visfoe ity
podential and o Yriv. v)  the stresm function: w and v oare the velocine componems
[ h'l'."l'j.' #ois i :III!_'lm." 1] 18 1.-'|._‘||'|-;_"a'1'_i. with the E NI Fpesim
il - .h
- = w oo amnd w e ™ we have the relation. |1, [3];

(N

dp o = (i Q) (dr s idv).

I thes framework, et consider two-dimensional low berween the paralle] plates 409

1 ! [ Lo 4 oo &

AU where the upstrean unperturbed velocity (in (A4, A7) is |-I oo A symmelric
curvilinear obstacle (8028} is placed in the flow field.

The free stremmlines (et Hnes) B0 aml B°C separe trom the points i and B of the

obstacle.  On  these lines the values of the velocily, pressure  and density are

F5 p5 p7 respectively: at the inlinily downstream, in the poines (€5 77 and 077 720 1he

velocity is B =177, where the svimmelry axis Apfh of the figure is 'Oy, Becanse of the

svmetry we choose the physical plan 2. y=, limited by the contour {00200 1y and
. - £ : : :

conseguent|y .rJf the steip g =00 (4, C and —-—jf_-"l.l'_;l},-'.ﬂs < =, where O is the {low

rote and in the point €4 we have 17 F{0), p=p . p p, const. The Tnkovski function

m ={ i is considered: it i analvtic with respect o fop i roand oo conlormal
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mEppIng ler Hl,f-- e H___.

Wi, webe sl ey 0 f 6,

i, gl we

Asswming that hypothesis (fy) is fullilled. in the domain 13, £

have following important theorems, [2]:

Thenrem 1.

I there s a conformal map £ (). F -0 from Doto D othen exises 1o

r=x(Q). amalvlic -0 which maps conformally 1) on [Y 0 foothic cose, feome 173

N
passing  F=f{E.x), z=2(E.) onidhe streamline =0, -1 amd ."_i"“lIFI | oI Hhere
it

are the eeometeical reforfons which, by fntepration, pive e equations of e ofaiocle
(AN

I
Ir' cosd 0, dE; ¥(E) Ir :-:3|er g (1

-

(£}

Waorking this formmlae requires the der valion of W u.'|llf,'}|. e, e =wm{).

Theorem 2.

i o conformal, function F={C)y, exisis, then alse w=w((), W nhich miegps

confirmahly 1) to L

2, The inverse problem

In view to the derivation of the analytic function  f-f{J) ¢ i, the Dirichlet prablem

for i (£, 7) in £}, 5=0 mustbe solved, For this prablem. the coirditions are: w =1

CH i.fi:lvlf.'},EE{—m_ i) and {{ on (frd), Ees(a, +m=),  As a resall we have:

i S ot e g 1 dy _ (|
Jrl::i.:l e ][1[."'- i __:," |;|£ |r.- n ?r E-q x e !'_' il i, !

where the parameter a will be determined helow so that F(E = |
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| 1
*

= . K,
T | +8fr “"-r Iy U where r I‘:" and the angles ol the velocilies  are

0y - aw. O(B) - B, 0<B<asi.

Fhe derivation of the analytic functions  w - @ (£) in 17, Yeasds o the solving of the
mixed problem knowing that on (A CNH=0; (B =0(8); (BCy - (A =11,
(A (L - ), D& =-1). B(E=1), C=D(E=a>1), A (£ =+e0)). We wrile the solution

of the prablem, [2]:

AEDED | b
T N =) a s)ys-0) |

L)

and then its from for  EE€(-1, 1), using Sohotski-Plemelj formudac, [1]. |41

R
agEy) = YU_8E@8) promn M g (5)
L Trvlox) (e -s) U—E}

in this case of the inverse problem, i on (028 is prescribed 1 M EY), fe.with
(2), t=1(8), then from (5), solving the singular integral equation iin Cauchi meaning), o
ohtains @ =), then @ =(E) and 1=1(E). Finally, from  the  relations (31 taking

g, 1. one derives the prometrical equations of the airfoil. Next, we shall consider towo

P
o s N
u ; al=ie & 5 C )
cazes, l-st case, With the choice: - ""l e wie B where for £ 1, b= b
: il - = . : : i . i
it results = _'H-"'-— In !r-rrrﬂ vy oamel € s determined from (2] with (-1} In—-.
mie- ) 1S g

in this situation. the imegral equation becomes linear and is solved directly, [4]. |2]

or numerically, 2-nd case. With semiinverse method, we prescribe on (). EE5] -1 I]:



EE|-1, 1}

E)=m(B-m) ML e = V(E)
i
* | a1} vatl !

VT E) e a D (1-E) )

with 1) =0, the constant C=0 end with {5) one obains ¢ NEy and 1 1(E) the velocin

distribution along the airloil. The formulae {31, normed, X(E) --I-{FE}: YiE) -!":III-'E-J-, wlnre

|
e e ; , : : . ;
= |r I * dE s the lenpth of the (07 are, give the parametric equations ol the aiyfsil |7

ME)

I he resultant of pressures acting on (60821 and the drag coefliciem are:

A { LY E w3 ] .'=. 4
r||-| (S}Y| _SndE)
I ko

i ot | I:' " p _| i 1 [‘I;”,. f_:'|
e I|I Fl‘-l :!_ [ | [ 4 | ey { .t' = ..._‘r - R S T
ii E i [ I-,J.-'-'. i 1 e
— = || # L
&

4, FlEJa-§)

All these results can be worked numerically for the desien of the airloil and for the

computation of g and . preseribing ) <17 (subsonic) and U= =w=—_ [2]. For

|u||

| Vi
g .H R ==
f =2
These inverse problem results can be subjeet to further research in order 1o archive the
aptimal control of the minimal drag or they can be used as a gross spproximation Tor axially
symmedrical spatial problems in the case of compressible flow [2].

example, in the case o= it resalts O =04 14K

P | —
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