‘ 1
UNLIMITED @ 0

AD-A273 184 Trans 2202
AT

— Y [ oerence |
¥ | RESEARCH
4 d I AGENCY

Library Translation 2202

February 1993

Sub-Sonic Flow about a Slender Profile

in a Tunnel having Perforated Walls

S. A. Glagkov

| m z,(;

25 it vo 93—28942
WTLEL EL L




DEFENCE RESEARCH AGENCY
Library Translaton 2202
Received for printing 8 February 1993

SUB-SONIC FLOW ABOUT A SLENDER PROFILE IN A TUNNEL
HAVING PERFORATED WALLS

{DOZVUKOVOE OBTEKANIE TONKOGO PROFILYA V KANALE
S PERFORIROVANNYMI STENKAMI]

by
S. A. Glaskov

UCHENYE ZAPISKI TSAGI, XXI1, 2, pp 3-12 (1991)

Translated by Translation Editor
J.W. Palmer P.R. Ashill

AUTHORS’ SUMMARY

A solution has been found for the problem of flow about a profile by an ideal
incompressible liquid in a tunnel, the upper and lower walls of which may have varying
porosity, depending on whether gas flows in or out of the tunnel. Calculations have been
made of the distributions of pressure on the walls of the tunnel and on the profile located at

an angle of attack on the axis of symmetry of the nnel. Accesion tor
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INTRODUCTION

1 It is assumed that in the working section of the tunnel the flow is incompressible and
irrotational or potential, and that the upper and lower perforated walls represent a tunnel of
infinite length. The porosity coefficients of the upper and lower wall are f+ and f-
respectively, outside the tunnel is surrounded by a cavity, in which the pressure is constant
(Fig 1). The profile is situated on the mean line of the tunnel, the angle of inclination of the
contour of the profile to the axis of the abscissa h¥(x) are considered to be small: (h*(x) -
for the upper part of the profile, and h—(x) — for the lower part).

The region D in which a solution of the problem is sought, represents the interior
of a two-dimensional tunnel having a width H , with a slit along the interval [0, 1], where a
slender lifting profile is located.

In 2 linear formulation, by transferring the boun?ary conditions to the axis x , wc
obtain

V(x, + 0) = h+(X), V(X, - O) = h—(X) ’ (1)
where V is the perturbed vertical component of velocity, referred to the velocity of the

incident flow. The conditions on the walls

H + *+r1.
E-.xc—:(—oo,x), V= R1U’ X€E (xl,oo), V= —RZU,

-«
|

0

<
[}

H - -
—?.XE(—«*, X5)s V= RZU; XE(Xy; ), V = RIU ,

where U is the perturbed horizontal component of the component of velocity, referred to
the velocity of the incident flow, x1 and x2 are the coordinates of the points at which the
porosity is equal to 0. R;, R; , R; , R; are the parameters of porosity dependent upon
the coefficient of porosity f+ and f-, and also on whether the gas flows into or out of the
tunnel. Fig 2 gives the results of the investigation of the porosity of porous panels in Ref 4.

The solution of the problem posed is reduced to finding the analytical function
¢(z) = U-iV of the complex variable z = x + iy in the region D which satisfies the
boundary conditions (1) and (2).

2 Let us break down the procedure for obtaining a solution into several stages:

(a) Finding in the region D an analytical function L(2) =L —iL| which satisfies the
boundary condition (2) solely on the lines yt =41 L;— while being continuous across the
section xe[0, 1}, y=0.
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Let us transfer the strip in the plane 2, bounded by the lines y* =% -121 , by the
conformal transformation w =i exp (ﬁ- z) , into the upper half-plane w = £ + in (Fig 3a).
For L(w(z)) the conditions (2) on the true axis in the plane w assume the form

[ te(e Eax), Lt = R'Lg;
Ee(E1(x1),0), L; = -R]Lg;
e (0, &2(x2)), Lj = R{Lg;
| ge@a(), ), Lj = RjLR.

=3
]
(=]

Let us write the analytical function L(w) in a general form:

(3.1
3.2)
(3.3)
3.4)
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Lw) = w-§ )3 W2 (w-§ )1 351"-)-

where a is a conuplex constant, P(w) and Q(w) are arbitrary polynomials with real
coefficier-s which are independent of conditions (3.1 to 3.4), and ¥, Y2, Y3 are real

constants,
Let us determine
Y Y. Y, P
Lw) = L-il, = le-g 1P lgl?le- gzl‘(;é)) :
from the condition (3.4)

a = exp(-i arcig R;); for &e (0, 52) , M=

M P®)

L) = Ly-iLy = (&g " le[?le-g )| °XP("W1+‘“‘3R2)

from the condition (3.3)
Y, = -}c-(arcth;—arcth;) +n,, where n, = 1,0; for £e(§,.0) ,

n=20

M PE)

L(w) = Lp -iL, = |§~-§1|Y3|§|72|§-§2| ! o6 exp(iwyl+i1ryz+

+iarctg R;) ,
From the condition (3.2)
Yy = %(amthI+arcth;) +n, , where n, = -1,0; for §e(—°°,§l) ,

n=0

Lw) =-L, -iL, =le- §1|73 §3 "2 le- §2| ! P(i)) cxp(ut‘yl +iny, +iny, +

+iarctg R;) .
From the condition (3.1)

Y, = -}t—(arcth;--arcth':)-t-n3 ., where n, = -1,0;

LT 2022




n) =Ny, =Ny = 0 from the condition of smoothness of the solution in the case of non-
perforated walls (R = 0).

On the section E'e(l,d], ny=0, d=exp (-ZT_l’-E in the plane { =& +in’ (see
Fig 3b) the function L({(w (z))) in the general case has a complex value

L(E(w(2))) = ILlexp(ig,) , 4

where <pL=(p,_0+<p,,

9, = ARG[GVE - & #] + ARG[GVED"?] + ARG[GVE - )] |
0

(b) Let us find an analytical function F({) such, that in the plane
(= cxp(% Z) =-w2={'+in', having two cuts along the real axis E'e (—eo,0) and

Ee [1, d= exp(zﬁ“-)] , it satisfies the fcllowing

§e(—,0)n = +0,ImF = 0 ,

(&)
Eell,d] ' = 10,ImF = —@ .
In general form the function F({) which satisfies condition (5), assumes the form:
p k, -V k,-V ky-V
Y2~k V2] Vo tl_zt—l —2d—t o
FQO = L0 0o 2@-0" ool D " @07 4.,
X L t-L
1
+Pppth 4 s

where k) =0,1; k;=0,1; k3=0,1; py=const, p; =const.

From this it will be seen that for no values of k; can the condition of boundedness
at all the points indicated be satisfied, as a minimum at one point of the four indicated
is not limited, unless an additional condition is imposed on @ for

k;+ky+ky = {7, py=p,=0.
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- w(0——“‘——=f¢ (1) ©)
O J RO T

1 1

Taking this into account we demonstrate that with the condition (6) for the integer
positive values k,, k5, ky, such that kl + k2 + k3 = {(1’, Py=P, = 0, the following

equation is satisfied
d
VEiE-1 HJ(¢L0+¢‘) \l?\ld_-tj;l‘l t-90 i
d
Sy et J (o, .) T t—d‘—c NG
) _

It is sufficient to prove the correctness of equation (7) for the case k; =k, =0,
} k3 =1, since the remaining ones are similar.

Let us examine the difference of the left-hand and right-hand parts in expression (7):

© sen mmmrettiAn e s i A

d
d
VT ““Cj(‘ﬁo“‘")ﬁmv‘fm«_o‘
1

1 ; (q>L0+ ¢,)Vd-tdt ;
-  TNTTI
e R ot lj(¢L0+¢-)x
1

d
% d—c_ d-t dt =“]-‘\FT 1 I y
jd_t ‘/d-c s T o (9 +9.)
1

dt 1
x =V{V{-1——.0=0,
Vivt-1Vd-t Va-T
which in fact had to be demonstrated. Thus, on the condition (6), the required analyticr!
function assumes the form
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e a1

d
F© = VL1 Vd‘CJ‘(“’LJ“") Tiviol j(:i_:—t(t—C) ;
1

(c)  Let us examine the analytical function T({) = L({) exp (F({)) . The function
T({) has discontinuities along the line £'e (-=,0), n' = 0 and on the section
E'e(l,d), n'=0. Itis easy to see: T({) = Tg — iT, satisfies conditions on the line
E'e(—,0), ' =0 which are analogous to the boundary condition (3) for L({) , while
on the section E'e[1,d], n' =0 the function T({) is real.

Let us introduce a further subsidiary function @' = ®/T ; then taking into account
stages (a) and (b) for @' the boundary conditions in the plane { assume the form:

' T _ -
M =20, &el(=,0, Imd =0; } @)

=10, Fe(l,d], Imd* = ETE) ,

where the sign «+» corresponds to the upper edge of the slit, and the sign «—»
corresponds to the lower one.

Let us represent the analytical function @' as the sum of the symmetrical and anti-
symmetrical analytical functions: @' = d>'s + d>:k such, that

®,¢E.M) = U, -iV,, U,E) =-U,E -1,

V&) = V€, -1)

¢S (g" n') US °ivs ’ vs(é'a T\') = —vs (g" - T") )

Ug €, m)

Ug &\ -1 .
Thus for Q, and Q's condition (8) will give

N
10, E'e(—e,0), Im®, =0;

n'

V3t +
=10, Eell,d, mo, = (L+L)n;

3,
I

T T
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N = 10, &e(~=0), Imd>lst =0:

: h' b
nl = io. g'sll’d]’ Im¢st = (—:+—T) 1//2 .
T T

Taking into account the Zhukovskii condition on the trailing edge of the profile and
the boundedness of the function to infinity, in accordance with {7], we obtain

;-——ff—j( ) [E

e
!

¢

]

d
' __I_J‘(.h:._i).i‘_...m ©
S . 21‘ 1 T+ T— I-C n

The general form of the solution for & assumes the form

¢=T¢'=;2-11;T(§) ‘f_‘/_t_—J’(L —)f?_l”_

J-(L——) —d—t-+M () 3

where M, ({) is a polynomial with real coefficients. It is easy to see that the limit solution
(® 5 0, x = 1) may be obtained solely on condition that I' w)/Q(w) = (Ai *IE + 1)
and M;(§) = cy = const . The magnitude of the constant ¢, is determined from the
condition of absence of a pole at the point {=—VA .

The associated complex velocity may be written in the following form:
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exp(1 arctg R )

&(@2) = 1V——(1\/——§ (ulg)z(x T - g,)

1+w§A
_.‘_J’JE?‘J——_IJ = "
xexp |-~ g GG ((pL0+(P.) Vivd—tVi-10-0
1

d
§ J’ h*Jexp(F") - h /exp(F )
) 1LO texp (i, +9.)) -0

+ - —
+\J‘ ( j h/cxp(F ) + h Jexp(F )}\It-l dt+co
IL lexp (i (q>L 4+ ¢,))Vi fiNa-1(t-0)

where { = cxp(%—t—z v &= —cxp(-ﬁ- xl) &= —-cxp(-;;-xz) ,

dr +

= 1 ((PL "'(Po) ds
F = 22 Viit-1vd - —i(p,+9.) =
T VsVs—1Vd-s(s-1) 0
= £Fy-i(o, +9.). el dl .
for the following conditions:
j((pl. +Q‘) & =0, P, = —arctg (A\j;), 9.1)
0 Vivd-tVt-1
1
d
jh"/cxp(— Fo - hlexp®y
—— t + sign (A) x
IL(t)l(t+*f|Al‘l)

A | 8% Jiart (h Jexp(F~F )b fexp(F)Vt-1
T dtec, =0, (92
A +1Y IO NVt @+ VIATT)
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d
J‘ h+/cxp(—F0) - h_/cxp(FO)

ILo (1 +83)

dt +

d
2 P+ -
d+§ h /exp(-F,) + h /fexp(F )
+§‘ ;J 0 0 H—ldt+C0=O, (93)
Vg LoV ()
d
J' h*/cxp(—FO) - h—/exp(FO)

1L I(E2)

dt—

]

d
2 fyt -
d+ h /exp(-F,) + h /exp(F
+ %j P 0) P 0) \/l—ld[+C0 0. (94)
1+ 1L IVEVd—t (t+E2)

Initial Solution Solution
approximation —>- eq-A(9.1) =1 eq-A(9.2)
0 0
xg ), "(2) A(ﬂ) an)

Y

Joint solution of two
equations (9,3 - 9.4)

(n) (n+1)
X4 } X

(M [ == _(ne1)
X, X5
M e
No l!xgm)- x;n)" <t

* Yes

-—

(n+1)
I x4

X1 N XZ, A, CO

K|

Calculation of pressure
on profile and walls
of tunnel

Fig 4
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Conditions (9.3) and (9.4) for the determination of x, and X, automatically follow
from the circumstance that during passage along the wall through the points x, and x, the
pressure coefficient and the vertical component of velocity change their sign.

In essence, solution of the problem is reduced to determining the four constants A,
co, Xy Xp . Adiagram of the solution of the system of equations (9.1) to (9.4) is given
by Fig 4.

The pressure coefficient on the porous boundary is equal to

¢, = 2U=-Gl (C(x+1—))

(<pL+q>.)dt
Vivd— V- 1¢- )

X exp +\/I—C_\/—‘/|_E_1J‘

d
h*/exp(—F.) —h '/
§ j exp(-F) — h /exp(Fy) s
1L -0

1
d . :
. h' fexp(-F,) - h jexp(F,)
T [ CJ' al il P O
1g-11J 1L@IVeVd-t(t-)
1

where [ cos (- arcg R})

cos (-arctg RS+ n'yl)

cos (-arctg R + x(y, +7,))

| cos (-arctgR; + "y, +Y,+ 73))

(= C( —1—):::2 Lower wall

= C(x +1—): :: Upper wall

The pressure coefficient on the profile is equal to

LT 2022
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¢ = -aut =% L(L(x + i0))] x
A, d (o *9.) a
3 Ja—¢VC-1 X
xexp | EVENA-LNG J‘\ﬁ\fé—n/t—l(t-o
1
d

dt

J‘ h*/exp(-F) - h/exp(F,)
ILOIViNd -t (t-0)

d
—t [ h¥/exp(~F.) - h /exp(F,)
iC/dCJ 0 O ViTTdec, |
;-11 IL@IVIVd—t (-0
where the sign «+» denotes the upper surface of the profile, and «—» the lower.

3 Calculations of the pressure on the profile, which were performed for comparison in
the simplest case (symmetrical problem of boundary conditions on the upper and lower
walls, or H — o¢), gave a good agreement with the results of the calculation made in
Refs 1,2 and S.

Figs 5 and 6 show calculations of flow about a plate at an angle of attack of 3° in a
tunnel (H = 6) dependent upon boundary conditions in porous walls.

As follows from Refs 3 and 4, symmetrical assigning on the upper and lower walls
of the tunnel of the parameter of porosity R corresponds to a differing coefficient of
porosity of these walls.

As arule, in wind tunnels, the coefficient of porosity is identical for the upper and
lower wall. As will be seen from the calculations performed, tie non-symmetrical assigning
of the boundary conditions on the porous surface perceptibly changes the flow picture. A
change over the length of the tunnel of the parameter of porosity on the upper wall has a
slight effect on the distribution of pressure on the boundary, while it is practically absent in
the region of location of the plate.

Therefore, in the case of an identical coefficient of porosity of the walls it is
necessary to take into account the difference in the parameter of porosity dependent upon the
direction of flow of the gas, that is, into the tunnel or out of it.

The author wishes to thank V.M. Neiland and O.K. Semenov for useful
discussions.
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@ Ry=R3=R=R,= 0l (@ Flow without boundaries
c [ @ Rj=R3=R;=R3:02 @ R}=R3=R}=Ry= 0.1
P ® R} R}=02; Rj=R3=0. ® Ri=R2=Rj=Ry= 0.2
0.2 @® R}=01,R3=0.2;R;=R3=0.1 @ R} =R3=R;=R3=05
\ Cp/2 Ry =R2:=Rj=R2=1.0
008t P ® Ri =R2:=Rj:=R2

® R} =R3=0.2; Ry=R5=0.1
@ Rj=R3=0.1; Ry=R3=05

-0.2

I

-0.04 Upper wall

(®) R} =R}=Rj=R32 05

@ R;:R;:R; =R3:= 1.0

@ R;: R;: 1.0; Rj=R3=05
R} =05,R3=1.0; Rj= R2=05

Fig § Fig 6
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