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Abstract—The analytical solution of the conjugated unsteady heat transfer problem in a semi-infinite
plate with the sources in the form of the generalized power series is obtained in the space of the generalized

functions (in the Sobolev-Schwartz sense).

The dimensionless parameter B = [(1/Re).(a/Ca_)] having physical meaning is found which allows
consideration of the problem as the unsteady or quasi-stationary one depending on the “body-liquid” pair.

NOMENCLATURE

X, ¥, rectangular Cartesian coordinate
system related to body;

u,v, liquid velocity in x, y-directions, re-
spectively;

T, temperature;

4 heat flux from unit surface per unit
time;

A, thermal conductivity;

a, thermal diffusivity;

¢, heat capacity;

C, constant from Chapman—Rubesin’s
law;

P, density;

U, coefficient of dynamic viscosity;

v, coefficient of kinematic viscosity;

Pr, Re, Nu, M, Prandtl, Reynolds, Nusselt,
Mach numbers, respectively;

characteristic dimension and thick-
ness of a body in a flow, respectively.

L H,

Subscripts
®, 5, w, refer to the incoming liquid flow,
body in a flow and its surface. The
symbols without subscripts refer to
the liquid in the boundary layer.

1. INTRODUCTION
THE SOLUTION of the problem on convective
heat transfer between a body and a liquid is
reduced to finding temperature fields in a body
and a liquid. Due to mathematical difficulties
which arise in solving such problems two
approaches are established.

In case of a small temperature drop between
a body and a liquid, only a temperature field
of a body was determined. In this case the heat
flux from a body into a liquid was prescribed
by the Newtonian convective heat transfer law:
q =T, — T ), where o is the known heat
transfer coefficient.

The temperature field was found by solving
the heat conduction equation and the heat
flux, by the above formula.

At considerable temperature drops between
a body and an incoming flow the attention was
concentrated on finding a temperature field of a
liquid. Upon solving the problem the Nusselt
number was calculated by the formula

L oT
B Tw - Too . <E>n=0. (1)

In such problems the body surface temperature

Nu =
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or the heat flux from a body surface was con-
sidered to be beforehand prescribed.

In the first approach the thermophysical
properties of a liquid were not taken into
account. The second approach does not take
into account the thermophysical properties of a
body. For heat transfer when the surface is
essentially non-isothermal this leads to the
results which are not valid from the viewpoint
of physical grounds. Therefore, a temperature
field in a liquid and that in a body should be
calculated simultaneously [1, 2].

In [3] it is shown that for intense steady-
state heat transfer of a thin plate in a parallel
flow of a compressible liquid it is impossible
to predetermine the a priori value of the body
surface temperature 7, in a flow. In [3] T, was
considered to be the unknown function and was
found by simultaneous solution of the equation
for convective heat transfer in a boundary
layer and of the equation of heat conduction
in a body (a conjugated problem). The heat
flux and temperature at the interface were
considered to be continuous, i.e.

T|y=+0 = T;|y=—0’
oT,
* oy

y=-0

2. STATEMENT OF PROBLEM

A parallel flow of a compressible liquid with
a constant velocity U,, flows onto the external
surface of a plate (y = 0). It is assumed that
10 < Re < Re,,. The boundary layer above the
plate then becomes laminar.

The heat sources with a density Q(x, y,t)
distributed in a plate and dependent on the
coordinates are introduced from some moment
t = 0 and given in the form

Qo= 100 T 0, ,0n0x™™ (0 <p<1)

and the heat flux at the lower plate surface
y = —H has the form
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e o)
Folx,t) = 1(t) £ F, ()x*™",
m=0

where 1(¢) is the Heaviside function. We think
that the functions 1(t)Q, ,.(»,1) at a fixed value
of y and functions 1(t)F, () are the infinitely
differentiable functions with a restricted carrier,
ie. from a space K(R: — o <t < +o0). The
solution will be sought in the space K’ of the
generalized functions (distributions) in the Sobo-
lev—-Schwartz sense [4]. Thus, all operations
over t should be understood in the sense of
operations in the space K'. Furthermore, we
shall bear in mind that all time-dependent
functions contain the Heaviside function which
ensures the conditions in the region ¢ < 0 to
be performed. It is omitted to make the writing
more short. Note that the derivatives over ¢, in
the meaning of the generalized functions at
t > 0 and ¢t < 0 coincide with the derivatives in
common sense [4], and the solution at t > 0
with the classical solution. Use the usual
assumptions: ¢, = const, Pr = const, pu =
const. The temperature distribution T(x, y) in
the boundary layer at t <0 is known and
satisfies the conditions of the thermal insulation
of a plate [5].

The conjugated heat transfer problem is
then written thus:

@4_”%4_ a_u __6. ?g (2)
P\ % dx ”ay T oy “ay’

o, dpu)

ot ox + dy
o) (T
ay)  oy\" oy

a 2
S

o, T,  O°T,

o) _ o, 3)

LLIL
P\ T Mo

(5)
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Ulyzg =lyzg “h-o= U
ou
0 =7 =0, (6)
o Wl
oT
i—| =0, T|,_, =T, )
a y= <o}
V1,20
x<0
oT
T|z<0 = Te(X,J’), € = 0, T;|y=co = Too‘
Jy =0 "
(

The boundary and initial conditions in a body
are:

oT,
O0x

o,

2’S s ax

=0, 4

x=0

=0; 9)

SE = Fy(x,1), T|
oy ye—H
(The number N(0) will be defined below.)
The conditions of conjugation are

Ty =Tl

= T_N(0). (10)

t<0

Vi

3. TRANSITION TO TIME-DEPENDENT
COORDINATE SYSTEM

Following Moore [6] introduce the stream
function ¥(x, y,t), and in case of a liquid pass
to new independent variablest

¥

X =x, Y=[p(i’u’—t)du, t* =1t

o]

(12)

Then, using Chapman—Rubesin’s law [9] for the
relation of viscosity versus temperature u/p =
CT/T,, we have

O N B Wy . O
ooy T oY aXovy  axov: e oy
(13)

T Moore-Stewartson’s transformation [6, 7] develops the
idea on the general transformation of the coordinates,
proposed by A. A. Dorodnitsyn [8].
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o W o ¥y a4
OYly_o 0Xly_q 0Yly-w
X>0 X>0

o R

HMloo2¥ o, (15)

0 oY?| _

Yly=g ot
¢T YT _oyoT
ot* 0YoX o6XoY

T Cv, [3*)?

= Co gy —<a—y“) (16

where

T=TX,Y,t* = T(X, y(X, Y, t*), t*),

y(X, Y, t*) is the inverse function for the integral
in (12).

oT
© 37 = 0.

Y=0
X <0

Ci 17

From conditions (7), (8) in the new variables we
have

TX,Y,M,,,~ T, (18)
TX, Y, t4)eo = T(X, V). (19)
The conjugation conditions are
— T 0
T =T ,Clwa— = A % ,(20)
Y=0 =0 0¥y 0y =0
X>0 >0 X>0 >0

Conditions (9), (10) and equation (5) did not vary.

The transition (6), (7), respectively, in (14), (18)
needs to be proved to some extent, ie. it is
necessary to show that

Y = Y(x,5,) > oo at y— 0. (20)

1 Prandtl (13) and energy (16) equations agree with the
appropriate equations for an incompressible liquid involving
kinematic viscosity Cv_ and thermal diffusivity coeflicient
Ca,,.
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Reallyt
lim Y/y =

y— oo

tim 2% _ tim plp, = 1. @1)
yvo 1 yo o
Hence, statement (20') follows.

Note that in the transformation plane X, Y
the hydrodynamic problem (13)~(15) does not
depend upon thermal conjugated problem (5),
9), (10), (16)«20). Therefore, Y(X,Y), being a
solution to the steady-state problem at t* < 0,
will also describe the flow at t* > 0, i.e. a change
in thermal conditions will influence only Y
= Y{(x,y,1).

Thus, thermal effects in the plane X, Y are
eliminated, the hydrodynamic problem is a
steady-state one and the thermal problem is an
unsteady-state one.

4. TRANSITION TO PARABOLIC COORDINATES
In the boundary layer equations the parabolic
coordinates are used

X=8—7%Y =2,1* =1

Pass to the dimensionless “hydrodynamic”
coordinates, let Re - ®© and then pass to
“thermal” coordinates

- _ _ 1 -~ 2U \*_
éarlst_’€=ﬁ€a’1 =(va> n,

- a. _
! wr—»{,n,t:ﬁr.

Pass to the dimensionless variables within a
body

¥ a -
Z=—-(X=X), C=z, T='B'T.
Then, the stated problem (5), (9), (10), (13)H20)

assumes the form:
(a) hydrodynamic problem (13)~(15)

[+ ff ' =0, f0)=70)=0,
J(®) =1,

t Although the behaviour of the function Y(x,y,?) at
y — o is beforehand unknown, the result from [10] allows
the function ratio to be replaced by the ratio of their deriva-
tives.
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where
¥ = QCv LU_)*¢f(n)

(b) thermal conjugated problem (5), (9), (10),
(16)+20)

0°T* oT* oT*
—— + Prf — — E——
oT*
~BES— = — Py — DML(/R, (@)
where
2a Pr 2 a T
= s = = s *
" Cv_Re ReCa’ T T, (23)
oT*
—_ =0, 24
06 =0 ( )
T*¢,n, 1) > 1 at n—>® (25)
T*(§7”7, T)|t<0 = T;(éy ’I)s
oT* ‘
—= =0, T* = 1. (26)
ar’ 1=0 g:oo

Before solving the problem, consider the
physical meaning of the parameter B.

5. PHYSICAL MEANING OF THE
PARAMETER B

The parameter B has the following physical
meaning. Let some amount of heat release at
the point A of the plate. At the point C of the
plate located from the point A at a distance
L the effect of heat impulse at the point will
appear in time ¢, ~ I*/a_. The time ¢, in which
heat impulse at the point A of the plate appears
on the boundary of the boundary layer (at the
point N) has the order ¢~ 6*/a,, where
8 ~L/\/(Re), a, ~ Ca_, a is the thermal
diffusivity of a gas near a plate. Then we have
t/t, ~ a/ReCa_ . Therefore B ~ t/t t. From (23)
it is seen that the parameter B decreases with

t The meaning of B remain the same in case of incom-
pressible fluid flow past a plate either.
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an increase in Re since 2a/Ca_ is fixed for each
body-liquid pair.

At B <1 the term BE(%(9T*/0t) may be
neglected in energy equation (22). At the same
time the heat conduction equation, conjugation
conditions, etc do not change. The energy
equation contains time only as a parameter.

Thus, the conjugated unsteady-state heat
transfer problem (when unsteadiness is caused by
thesourcesinabody)at B < 1 may be considered
as quasi-stationary in the boundary layer and
unsteady in the plate. The case B < 1(t < t)
means physically, that complete heating of a
boundary layer occurs during the period when
heat impulse covers a distance in the plate,
which is much less L.

Thus, conjugated unsteady heat transfer
problems (when unsteadiness is caused by the
sources in the plate) may be divided into two
classes, if the number E = a/Ca_ is introduced
(E = aja_ for incompressible liquid). At Re < E
the problem may be solved as the unsteady one
both in the boundary layer and within the body,
and at Re > E, as the unsteady one within the
body and the quasi-stationary one in the
boundary layer.f The number E depends on the
thermophysical properties of a plate and the
properties of the fluid medium. The values of E for
different body-liquid pairs are given in Table 1.

6. PARTIAL SOLUTION OF ENERCY EQUATION
The solution of a dimensionless heat con-
duction equation is sought in the form:

T* = 0 (z,{,7) + N().

Then we have

00. 920, %0
o=t Tl @)
where Q= Y Q ({,1)z¢*,
k=0 K

t In case of the sources rapidly varying with time
(1o = to/(I?/a,) < 1 is the characteristic time of a change in
the heat source) the derivative T*/ ¢t may be considerable,
since it has the order of ~ T*/7,. Then B 8T*/0t ~ B/, T*
and E = a/Ca_1,. Hence, E in the case under consideration
also depends on the sources.
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00,
P 0, (28)
00,
oz, 0, (29)
Bl —Feo¥ ¥ F@rt (0
aC I =—h k=0
0Lz{7)=0 at <0, (31)
ne 2 F(z,1) = L r LzL2
_IJ’ Z,T_ASTOO 0 ’ast,
? I?
0601 =70, (Lz, Lc,a—r) (32
The conjugated conditions are
T*|y=0 = 8,];2y, + NO) (33)
10T* 00
Mh-— == (34
¢ 6’7 n=0 o ¢=0
z=¢2
where
J©) A (Re\*
M=Y_—x|__|.
hA, 2

The solution of energy equation (22) is sought
in the form:

T*(C’ n, t) = @(é’ n, T) + Tt(é’ n, T)’ (35)

where O(&,n,1) is the general solution of the
appropriate uniform equation, T%(¢, 7, t) is the
partial solution of non-uniform equation (22).
Using the separation-of-variables technique,
the partial solution T% is sought in the form

T* = S(¢) + N(n) + P(v) = C, In¢
+ N@p + C,.

The demand for a temperature to be limited
gives

T%(n,7) = N(n), (36)
where N(n) satisfies the equation
d’N dN
— — = — Pry — DM2(f")~ 37
ar TP e ry = DML B7)



2556 T. L. PERELMAN, R. S. LEVITIN, L. B. GDALEVICH and B. M. KHUSID
Table 1
o Aluminium Iron Silver Copper M
Water E +20 6 x 107 15 102 118 x 10? 7-8 x 107 -
E —50 68 1-7 133 8-8 1
Air E 0 47 g 89 60 1
E +50 34 07 63 44 1
E -~ 50 74 16 139 9-6 2
E 0 51 09 92 65 2
E +30 39 06 65 47 2
E —-50 83 11 142 101 3
E 0 58 06 99 68 3
E +50 44 04 75 51 3
This ordinary differential equation with an conditions

accuracy up to a factor of 1 in the right hand-side
coincides with the equation available in [9].
To satisfy conditions (26), assume

@(€9 1, T)|t<0 = 03 TT(&’ n, t)L<0 = T:(éa r,)'
(38)

Then, taking into account (36) and (38) we obtain
from (26)

d_N
dn i,

The solution to boundary-value problem (37)
and (39) has the form

T*(E 1) S N(n)
=1+w—nM;wIUWﬂWﬂfwn*“
x dfda.  (40)

Thus, solution (40) is the initial temperature
field in the conjugated problem considered.

=0, N, =1 (39)

7. STRUCTURE OF GENERAL SOLUTION
Pass to finding @ = &(,5,7) from the
equation
2’0 5@

@
62+Pf

—be—+BFa 41)

For this purpose, first of all, use the following

%‘?‘ = 0’ @(éa 1, T){n—»x = 0,
> le=p
O¢ 1.7, = 0. 42)
Conjugation conditions (33) and (34) with
regard for (35) and (36), (38) and (39) take the
form

100
@!’?=0 = @s!

Mh-—
& oy

6@
~on

=0 9
§=52 n=0 Ef
The solution of equation (41} is sought in the

2

form@ = ¥ 09,
i=1

i i P( (l) F) i
@()=;Yi>(n,r)exp{T_ £+ D)

Do
+ 3 #0(n, ) exp {ﬂp‘e—zﬂ}

% 52(0“)+l+j—)’ (43)
where
FY = jqf“’(n)dn, PO = Ip“’(n)dn,
F= ff(n)dn, eV = p,p® = 0).

(The limits of summation are given below.)
The functions f¥(n) and p{’(n) are determined
from the equationt

1 Equation (44) is analysed in Appendix 1.
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. Pr
G’ + 54" = Q)+ DS+ ~f2
w0 =0, (49
where if ¢9 & f ©_ then p® L0 + m+ 1),
(45)

and if g% et pY, then p = 2p" +m+ -

Substitution of (43) into equation (41) leads to
the system of equations

82Y§:) + Pr f(:)aym
on* on
aY‘g) (t) (i)
YO, 1)>0 atn—> @7
2 i
i) 452, + Prp (,)645“
on on
0P | Pr . )
=% 9{7 (Pi2y = Pi")}, (48)
Mn,1)>0 atn—> X (49)
From condition (42) it follows that
=~101..., 1=123,... atp=0;
k=012..., I=-101,... atp=13;
k=-101,..., 1=012,...at3 <p<1;
k=012..., 1=012,...at0<p <1 (49)

From (49) it follows that k = —1, [ = —1 for
any pe[0,1). The solution of equations (46)
and (48) is sought in the form

U]

Z (- B)J—wam(n), (50)

(t) ,,, 'C)

ey
k), (51)

@', ) = Z( B)’

where
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. . g oY®w
Waoy=Y,_, T =24
0 n=0
. X od 4
o) = By PO = (52)
N ln=o-

Substitution of (50) and (51) into equations
(46) and (48) and separation of variables reduce
to the system of the equations

dzlﬁ(l) (i)
-a—-2~‘-+Pfl)_1__ -(1=8,)

X eXp (ﬁ(};}fi} 1= Fg’)) lfff,‘l 1,k— 1(’?)3

Y0 =6, , ¥U(®) =
1atj=0,
So,=1 (53)
Oatj=1,2...k+1
20 dr®
‘&;‘“‘*P (z)—dnl-_ = (1 =38 )% oy

X exp (%r Py, - Pf“)),
0

D(0) = 8y, 2P (00) =

J=12...,1+1 {54)
From (50) and (51) it follows that
(i)
i kmln i
¥, n.7) = aﬂ U0
(1)
Pl T =Dl om0 o)
1=0
where k. and [, are initial numbers.

Let us average heat conduction equation (27)
and conditions (28), (29) and (31) over the
dimensionless plate thickness h = H/L

26, 6, 1[d6,
i & | o
00 A
——(f{:_jﬁ-sz,r), (55

+ Systems {53) and {54) are considered in Appendix II.
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where

0

~ 1

@s = _I’; J @S(Zs C’ T) dC’
—h

:.|,_.

0
J 0@z (nydl.  (56)

Since h < 1, it is possible to assume
6,=0]_, (57)

So using conditions (30), (33), (34) and (57),
transform equation (55) and averaged condi-
tions (28), (29) and (31) into the form:

0|,., 0|,_, Moo
=2 = — R(z,7), (58
ot 0z* JZom |, * R@ .68
where
~ 1 d
Rzt)=0—-F=Y R()z" (59
h k=0
is in reality the new known source.
0
( @'77:0) — 0’ (60)
62 z=0
90,
()0 @
© =0 (62)
<0

The solution of ® for thermal problem (41),
(42) was earlier presented as @ = @Y + @,
where @%(i = 1,2) satisfies equation (41) and
conditions (42).

Designate

@|ﬂ=0,z=0 = A7) (63)

(1)

@ |,., corresponds to equation (58), condi-
tions (60) and (62) and the additional condition
(1)
@ |y_o)l.c0 =0 (64)
0|, _, satisfies the equation
0%, _, 62@(2‘|,, 0 8@‘2’
ot oz2 + \/z "o 63)
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conditions (60} and (62) and the additional
condition

(0], o). = = A(0). (66)

The function A(t) will be found later on from
condition (61), which the function should
satisfy

@‘n=0 = @(1)‘n=0 + @(2)\n=0' (67)

Pass to determing ©*). For this purpose it
is left to find 71V, @ (See (43)54).) Because at
n = 0z = &2, then from (43) we have

@(1)'"=0 — ;y;cl)(r) Zp+k+1 + ZI:(Pgl’(T) zp+l-+—<}.

(68)
Substitute (43) and (68) into equation (58) and
equate the expressions at the same powers of z.
Then we arrive at

d (1)
Vi (‘C) =(P + k+ 3)(p + k+ 2)}’;112(1)

dt
F R, (D) + MR @, (69)
d (1)
B otk Do+ k+ Do
+MPY0) (k= —1,0,1,..).  (70)

From (49’), (60) and (64) and relationship (54')
it i seen, thatt

yW(r)=0fork < 1; ¢(r)=0fork < 3.

(71)

Write relations (70) for k = 0,2,4,...,2(m — 1)

‘and sum them up, preliminarily by acting upon

the ith line by the operator I'(p + 2i — %)

dm~{/dr™"" Make the same operations for
= ~1,1,3,...,2m — 3) using the operator
I(p + 2i — 3)d™Y/dr™~". Then we have for
even k
o(7) 2 Ilp+2i—3) d"'
2n Ip + 2m + Hdrm~!

X 9(21(3— 1)(7), (72)

+ Note that from (70) with regard for (71) at k = —1,0
we have ) )(7) = 0, 7(r) = 0.
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Fp+2i—32) 4
O W=-M E 2 ;
@2n-1(0) LyTlp +2m + Hdrmt

xR 0 (m=23,4,..). (73

for odd k. Thus, ¢{)(r) are defined in terms of
$t). Use relation (69). Write down @.'(t)
and y{")(z) from (50) and (51) with regard for (71)

k—1

d/ y{l)

( By —5=1y00), (74

W) =

1) = z( By Lo, 09

From (69), (72){75) 7)(z) are defined in terms
of R,(t}—the coefficients of the sources. Thus,
o{(z), #(r) and consequently O (see (43)-
(54")) are found.

Now determine ©, For this purpose we
need 3¥(r) and @{¥(z). (See (43)-(54)) As in
case of ®|,_., the expression for @?| _,
is obtained from (43) assuming, however, p = 0,
since @2, _, satisfies equation (65) with no
sources

@(2)|" 0= Z y(2)(T)Zk+1+ Z (p(Z)(.L-)pr}

(76)

z=¢%atn=0; k> —1,1> —1from (49)).
When ©®)|,_, obeys condition (60), we have

WO =0, ¢? (0 =0eP()=0 (77
Therefore, ®@| _ assumes the form
0%, =y3@ + 5 ) 2!
+ 3ot ()
(from (66) and (78) it is seen that y?) (1) = A(x)).

Before applying (78) to obtaining the recurrent
relations, similar to (69) and (70), turn to the
expression for the specific heat flux from the
liquid to the plate g = g, + q,,
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M'hA, o _
\/z 617 ln=0
= M‘h/‘{s[ z ﬂ”(r)z"*“*-}- i @1)(T)Zp+f},
k=1 =3
(2) =(2)
_ M'hi 00 _ M'hls[y”l(r)
~ 2o |, vz
Z P+ Z #2(x) Z’] (79)
=1
where
t Ta)
M=-7

It is hence seen that the series for g,(z, 7) should
be continued to the left up to z = 0. At the point
z = 0 the series for g,(z,7) has an integrable
peculiarity

=Mhj® @)zt +0z) at z-0,

jqz(z, 7)dz = fM’thz‘*
o)

00D
on

X dz < w(z, > 0).

n=0

It should be noted that equation (63) in-
corporates the expression

M 06 Lqg,(z,7)
Jz T hi,
Therefore, to obtain the relations similar to

(69) and (70) (written, however, for z > z), use
will be made of (65), (78) and (79)

- o0 at z—=0.

n=0

4y _
L=k + Yk + DT, + ML, 60)
t Re = %‘“—L‘ Re, = —Q—QUV —l—? Re = z,. Re.

L @©

Since at Re, =~ 10 the boundary layer approximation
comes into force, then, z, ~ 10/Re.
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dgi(o)

Cdr

Solution (81) similar to solution (70) allows
"Pf X(7) to be expressed in terms of 5;*,3 X(1)

=k + Dk + e, + MF2. (81)

Oim =~ MZFI;(;;HL

x ;:7; Py (82
e

e @
The functions 3 (k = 0,1,2,...) may be ex-

pressed in terms of the function 7?)(r) (which
is unknown up to this moment) if expressions
{82) and (83) together with those obtained from
{50) and (51)

y B0 = Z( B)l——-ly"“ PO, (84

() = Z( B)J——J"’k' #3(0)  (85)

are included into recurrent relation (80). It is
left to find the functiont % (r), since the
functions 7(1) (k = 0,1,2,...), ¢P(z) and,
consequently, ©* are found (see (43)(54").
Therefore, pass again to equation (58), whose
solution under the initial and boundary con-
ditions (60)62) is

Bl,_, = OY],_, + 0P|, _,. (86)

The solution of one-dimensional boundary-
value problem (58), (60)-(62) assumes the form

1 In this case the temperature of the leading edge of a
plate is to be found since from (84) it follows that

AW = ¥4 @) = i, O 72 ()

T. L. PERELMAN, R. S. LEVITIN, L. B. GDALEVICH and B. M. KHUSID

S

1
oo~ | s
0

2 2
fonl-5) o5

M 86z, n,7)
|2 oy
(* is the convolution.)

From (87) with regard for (63) and the foot-
note we have

¥, -1 72 () —f NG

+ Rz, r)] dz'. (87)

=0

[ M 06(Z,n,1)

T +R(Z’,T)]d2’- (88)

=0
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UNSTEADY-STATE CONJUGATED HEAT TRANSFER

TRANSFERT THERMIQUE CONJUGUE NON PERMANENT ENTRE UNE SURFACE
SEMI-INFINIE ET UN ECOULEMENT INCIDENT DE FLUIDE COMPRESSIBLE—I.
REDUCTION A LA RELATION INTEGRALE

Résumé— La solution analytique du probléme conjugué du transfert thermique non permanent dans une

plaque semi-infinie avec sources sous la forme de séries entiéres généralisées est obtenue dans I’espace

des fonctions généralisées (au sens de Sobolev-Schwartz).

On a trouvé le paramétre adimensionnel B = (1/Re)(a,/Ca,) ayant un sens physique qui permet de

considérer le probléme comme non permanent ou quasi-stationnaire dépendant du couple “obstacle-
liquide™.

INSTATIONARE KONJUGIERTE W.}_iRMEUBERTRAGUNG ZWISCHEN EINER
HALBUNENDLICHEN OBERFLACHE UND EINEM ANSTROMENDEN
KOMPRESSIBLEN FLUID. ZURUCKFUHRUNG AUF DIE INTEGRALGLEICHUNG

Zusammenfassung— Die analytische Losung des konjugierten instationdren Wiarmeibertragungsproblems

an einer halbunendlichen Platte mit Wirmequellen wurde in Form verallgemeinerter Potenzreihen aus

dem Raum verallgemeinerter Funktionen (im Sobolev—Schwartz’schen Sinne) erhalten. Es wurde ein

dimensionsloser Parameter B = [1/Re-a,/Ca,] mit physikalischer Bedeutung gefunden, der eine

Betrachtung des instationdren und quasistationéren Problems ermdéglicht und nur von der Paarung
“Korper-Fliissigkeit” abhingt.

HECTAIIMOHAPHBLIN CONPSKEHHBIN TEINJIOOBMEH
NOJYBECKOHEYHON MMOBEPXHOCTH C HATEKAIOHIMM NOTOKOM
CHHUMAEMON HUIKOCTU I. CBEJEHUE K WHTETPAJIBHOMY
COOTHOMEHUIO

Amsotanua—B npocrpancTBe 0606menHnx GyHKIuH B cMuicae CoGoaesa-lIsapia noaxydyeHo
AHANUTHYECKOE pelleHNe 3aJa4M CONMpPAKEHHOT0 HeCTAIMOHAPHOTO T MiI006MeHa Nodybecko-
HEYHOMN TJIACTHHH C NCTOYHWKAMH B Buje 060611eHHOTO CTENeHOT0 pAaa.

Brigenen o6nagarouuit $usmuecKUM CMBICIOM (e3pasMepHBI napaMeTp

B = 1 e
Re Cam )
KOTOPHVI II03BOJIAECT PACCMATPUBATE 33a7la4y KaK HECTAUUMOHAPHYIO HJIH KBAa3UCTAUMOHAPHY IO
B 3aBHCHUMOCTH OT NAPhl « TEJ0~HUAKOCTD ».
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