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ANALYTICAL PERTURBANCES IN AN UNSTEADY TRANSONIC FLOW

Ye. V. Mamontov

Small perturbances in an unsteady transonic gas flow are

described by the equation [1), [ 2)

-.’ -2...I° (1)

lll?.

v

Here #(x, y, t) (dimensionless) is the pertubance velocity potential.

The variables x, y, t are also dimensionless.
The folloviny boundary problem was foramulated in [3), [(4]. In

the region D = ((x, y, t); t > 0, x > 0, == < y < =} it is necessary

to find the solution to #(x, y, t) of equation (1), if we know
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@(x,7,0) = 0o (x7)s #(0,748) =4 4(7:8) and 0,.(0,7:t)= ¢, (7.t10

In other words, potential ¢ is known at the initial point in time
throughout the flow, wvhile the values cf both components of the

velocity vector are known on straight line x = 0 at t > 0. Inequality

¢, > 0 means that this straight line is in the supersonic part of the
flov. The uniquena2ss of the solution to this problem and its validity

for the linear model of equation (1) were shown in these reports.

From the physical standpoint, it is logical to anticipate that a

solution will exist at small values of time t. This report studies

the problem of the existence of analytical solutionms.

This is based on the theorem proven by L. V. Ovsyannikov [5])
about the solvability of differential equations in the scale of
Banach spaces. We will vwrite the necessary equation, we will select
the scale of Banach spaces, and ve will check the solvability of the

conditions of L. V. Ovsyannikov'’s theoream.

1. We will consider equation (1) in region D = {(x, y, t) T > 0,

X >0, -» ¢y < =} and ve vill assume that the values of solution

#(x, vy, t) are assigned in planes t = 0 and x = 0. Bquation (1) can

be replaced by the systenm

e il e e o




u.--iuu_oivy

u-v.-o ’

(@)

vhere UsgeYEe, are the perturbation velocities on axes x and

Y, respectively. The values u(x, y, 0) = ug(x, y) and v(0, y, t)

h(y, t) are found from the assigned values of the potential. Then
v(x,¥,t) = h(y,t) ’a—?i J' u(g,y,t)dg,
]

Substituting this expression in the first equation of the system, we

vill obtain the equation for function u
R LR I l u(gyit)ag + 3 38 (,)
vith the initial condition
u(xyy,0) = u (x,¥). (8)

If function u(x, y, t) is found, the potential can obviously be

reconstructed. Using the substitutioa
wsu-=-u,

ve will give the initial condition for zero and ve will consider the
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problen

v.--in--iu.w.olv-%u"'

"
¢ lu - ; UglUg, + gg-;.

(x>0, t>0, -w<cy<wm),

w(x,y,0) = 0, (~')

vkere operator 1 acts as follows

?
1w = QB.? J w(E,y,t)ag .

2. The solvability of this problem will be provem im the

analytical scale of the Bamach spaces 8= v ap - Space 3, coasists of
0 <p<p,

of function w(x, y, t), for wvhich ¢the nors

I'l,-.f. T 1*wle® (5)

is finite at

1w -os-:‘l . = (0,0,¢) |.

N
woaal .0 st;n |°x$y""

These noras have the necessary properties [S5). We will also point out

i e i i s i e o
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that the folloving inequalities are valid:

el S anb vl 1 el s Ruwn, (o)

3. Problem (37), (4°') can be considered to be the problem of

searching for the solution to equation

g = f(w,t) (7
with the initial condition

w(0) = 0 (8)

The nonlinear operator acts in the scale of Banach spaces if we

require that functions Qp, Ugx, lu, and g; (at 0 <t ¢ 1) belong to

space 5 . Sauppose there is a coastaant C such that
1 3u,, <o EXPEXE )

If values |"h| gpe continuous with respect tot at 0 <t < 71,

operator f is continuous with respect to t. Now wve will prove that
operator f is quasidifferential, i.e., the folloving inequality is H

satisfied at "' ™: €3, p<p,
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PECw,) = 20, S (1 o 550 [PAwY, ¢ Ul hw, = w,1,)
x ’ (10)

vith function P(y) of the substantial variable Y 2 0 such that P > 0,
F* >0, P* >, 0. We will have

2(w,) = £(w,) = (- %'!'1- Y i WA > - i'“o'n .

by %‘o‘u) * (Awy = 1w,) > C= 2 Yox™y ¢ %“o-‘n)'

Using (6) and (9), ve vwill estimate the norms of the terms on the

right:

[} iu,.w, -%u"-,l‘,SOIw‘ - Wy lp ’

-]
i %“O'II -iuo'illp Sca?l', " lP .

further, ve will have

A A AL PR LA R AT FRg LA SR A S I

d
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and

LA "l p s"'lp#"' a1 PR LAES A 'p*B":'p

1dwe, -3 " "1allp S *;o' QUSRS LA R LS N P i

We will show that ?
|1v‘ - 1':'9 < i%lv‘ =" |9.
Actually, if

- a
¥ = % =w, =% b n-(‘,n’-r';..... x.’l°l.

then
~ i - el ~ Rel_n"k~2
W s .I T2 L TR ety i
3
Whence 1
1 ~ ~
o e tene N ds 110 7y
and
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15,3 5, 40 e,

1 ) 1 Aty ~ ~
< - P f- .
z-fo n" . ..i pl'lp

The estimates obtained show that in our case, inequality (10) is

valid with the function

Ky)=C+ % - * y.

All the conditions of L. V. Ovsyannikov's theorem are satisfied,
and it guarantees that problem (7), (8), and that means also problen

(3), (4), have a single solution from space B for any p < po and

P
sufficiently small t > 0. More precisely, there exists a k > 0, so
that the solution belongs to B, for the values of p, t from the

region

8= (pst): p +kt<p,y £20,0 <p<p, }

In conclusion, the author is indebted to L. V. Ovsyannikov for

his helpful advice.
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