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UNSTEADY-STATE CONJUGATED HEAT TRANSFER
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Abstract— The analytical solution of the conjugated unsteady heat transfer problem in a semi-ipfinite 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 obtained which allows
consideration of the problem as the unsteady or quasi-stationary one depending on the “body-liquid” pair.

8. SOLUTION OF RECURRENT RELATIONS

Due to the linearity, further consider the case
R; = R,$,. We shall search for ", oV, y¥,

e

3L, 72, @2, Y2, o in the form respectively

k—n—1
&R,
.v;c“ = k, s, n d‘['s’ (89)
s=0
k-n—1
d°R,
y;cl) = lk,s,n d‘cs ? (90)
s=0
k—n—3
&R,
= ) Buswgs O
s=0
k—n—-3
d°R,
(p}cl) = vk, s,n dT.'s s (92)
s=0
k+1 ds-(_Z)l
= Z S (63)
s=0

k—1
_ d52)
@ = &L 94
() Zﬂk,s d‘Cs > ( )
s=0
k+1 @)
a5y
y§‘2) = Z lk, s Es—l, (95)
N 5
PP = Z Yk, s d—r‘l (96)

s=0

The recurrent relations for successive calculation
of the coefficients entering into formulae (89)-
(96) are obtained. Having substituted (89)+92)
into (72)«75) upon some transformations we
arrive at:

ﬁk,s,n = ZO(—'B)J ,Vk—j,s—-j,n’(j(k“(ox (97)
j=

_ M
I'lp +2m+ 3

y2m, sn =

X Z r(p + 2l - %) a2i—2,s+i—m,n (98)

i=i1
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wheret

. m—s ats <m — fy;
i = .
! s+n+3—-matm—i, +1<s

- n+3 n+3
n, = 3 + 5

m

_.M— E I'p + 2i
Lp +2m+ )=

y2m—1,s,n =

(99)

3
3) 03, s4immm
where

i m-—s ats <m — iiy;
i, = -
2 s+n+4—matm-—i, +1<s5,

N n+4 n+4
fi, (e

Z( By

X ak bhs—i, n‘pjllc)(()) (100)
Using (69) we find:

Honn = ‘“(0)(

l —_ lk-2,s—1 n Mﬂk 1,s,n 503 51: 1,n
fosn (p+k(p+k+1)

(101)

Similarly, having substituted (93)+96) into (80),
(82)—(85) we have the following relations:

Z( B)J'yk J.s—J 1(2’(0) (102)

m

M .
Vams = — mz TRi— 3002 srimm

= (103)
where
. _jm=—s ats < m — 1,
7 )s+1—matm<s
M
s = — Irei -3
Yam-1,s r2m +% (2i —3)
X 03, 5+i—mo (104)

t {a} denotes the fractional part of a.
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where
. m-—s ats < m — 1,
I, =
s+2—matm<s,
S
o= 1 )
o (e ) B

i=1

x Y50 ) (105)

- Mﬁk—‘l,s)’k = 1,2,...

lk,s - k(k + 1) (lk—Z,S‘l
(106)

From (93) at k = — 1 it follows: oy o = L. To
fulfil the condition y{’ =0 it is necessary:
ly,s = 0. (Note that from (105) it follows:
l—l,O = l//gz,)— 1(0))

Using these conditions together with recurrent
relations (97)-(106), it is possible to calculate
successively all the coefficients, entering into
formulae (89)-(96). For the quasistationary case
relations (97), (100), (102) and (105) become
essentially simpler and assume the following
form:

ﬂk, s, n = yk,s nxglk)(o) (97’)
U son = b s, /WE64O), (100)
Bk = Yk, s%S?}c)(O) (1029

o5 = b SUEHO). (105')

9. SOLUTION OF INTECRAL RELATION

To study integral relation (88), apply the
Laplace transform to it [1]. If it is taken into
account, that

2

~trodeynd 0 L 2 —pt
e p{ 4){"’ exp { —ptz},

fAdéfbff.e”‘"dr,

then from (88) we have:
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1_,,0¥%(p) = j[\/ @(“’ 96¢.0.p) R(z,p)]

- Jpz

\/p

After taking into account (79) and that

5 Rz

(107)

Rz, p) =

oj?z"p"*e”"%z dz = p~@*22r(q + 1),
(4

a>—1
expression {107) assumes the form:

11,0y %(p)

- I'p+k+3)
=M{Z (”(P)W
-(1) Fp+1+1)
¢ — G
(k+z)

+ Zyk p) ’ z @{(p)

(k+4)/2
k=-1 =1

Iri+1n I'p+n+1
(1+z)/2} Zﬁn(l’) pp+n+2);2 )

Pass to the Laplace transform in (89), (91), (93)
and (94)

(108)

WO = RO 3w (109
H0) = R 5 Braas (110
W0 =500 Y w1
S0 =3O Y p (112)

Having substituted (109)«112) into (108) we
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obtain:
2. (p) = 2, (). R,(p). (113)

Passing in (113) to the inverted transform and
takmg into account that R (r)e K. We have
F21(1) = QD) * R,(1) = (Q,(t), Rt — 1) e C®
(114)
(see [I])
Since Q,(7) is the regular generalized function,

then after substitution of (114) into (93)+(96) we
have:

7 _Z j YL PERE
= Eﬂj o~ 24 (116)
(4]
k+1 4 s
m——Zzhf o - 0T ar,
(pf) zzyk,sg Q"(f - 'L") dsg:r(srr) dr'. (118)

s=0 [}

Thus, 3%, 0, 72, ${¥ and, consequently, @ @
are found (see (43}-(54").

10. APPROXIMATE CALCULATION OF £ ()

Approximation will be carried out by the
number of the terms in the series ©'" and ©®,
Assuming that y'?) (t)is unknown, choose for 2
the N successive terms, starting from the first
non-vanishing term (k= 1,2,...,N;{= 1,2,

., N). With regard for (111) and (112) we have:

N
_(2) F(k + 2) (—Z)l(p)
( ) (H%)/z = p}

k==1

N+2

(119)
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where T
(N +m)/2]
Om = A5 msr(zs_m+ )
5=81

Oatm < 1,
S =
! m-1latm > 1.

ri+1
(l+2)/2

(2)
(p Z 5 p m/2

Y @ (p) >
=1 m=oN (120)

where
{(N+m)/2

8, = Z Brs—msT(2s —m+ 1);

S$=352

m+latm= — 1,
Sq =
2 0 atm < — 1.

For ©Y choose k=n+1,..., n+ N;
I=n+3,...,n+ N + 2. Using (109) and (110),
we arrive at

n+N - r(p +k+ )
Z (1)(p) (p+k+—1)/2

k=n+1 P
N-2

z Om,n pm/Z’

m=—N

R,(p)

(ptn+3)/2

(121)

where

[(N+m)/2}

c’-m,n = aZs—m+n,s,n

§=82

I'2s—m+n+p+3).

n+N+2 Fp+1+1) R (p)

—(1)
Z (p) p+l+2)/2 (pt+n+4d)/2
l=n+3 P

N-2 2
Z 5m,nPM/ >

m=—N

(122)

where
(N +m)/2]

5m,n = BZs—m+n+2.s,n

§=352

I'2s —m+n+ 3+ p)

Replacing in (108) the infinite sums by the finite
sums (119)-122) we obtain approximately

T,(p)

Q,(p) = T [ (123)

1 [a] denotes the integral part of the number a.
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where

Tw= ¥

. 2 (m+Ny+3

NI|

+ZM5

m=—N

2(m+N) + F(p+n+ 1)u2N+4’
(124)
N+2

Z Mém uZ(m+N)

m=—-N

Hw)=1_,

0u2N+5 _

N—-2
Z MS. y2m+N+1
m .

m=—N

(125)

Pass to the inverted transform in (123). In
calculations use twice the formula from ([2],

Chapter V):
1 x
- —(x%/87)
AVARER 21 J ©
[o]

x
D,, 4 <\/(—21)> g(x) dx

(D,(x) is the function of the parabolic cylinder).
Let

Pt =

Hu) =1, olu —r)™, ..., —r1)"™
T(P) A n,k,l(rk)
op) - Z Zl(mk D — 1!
e il g ), (126)
where
d1—1 T(p) Jii
nkl(p) l I[H(Z:I Hk(p)=(p_r(.kp)2nk’
Tn(P%)# 1 e~ 80 p. X
opY = /2nc V2T
0
gn(x) dx & G,(7) (127)
Qn(r) = g 3 20tn+t/2 Lptnt )2
J‘e—(xz/az)p_(p“ﬂ) <\/(2 )> (X) dx. (128)

In Appendix III it is shown that Q,() is repre-
sented by the power series converging at any t
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Qn(r) — r(p+n)/2 ui A‘n s .L.s/4’
s=o0

a
where 4, = k; A e 5+

11. ANALYSIS OF RESULTS
So, to the N-th approximation the plate

temperature and the heat flux through it has the
form:

Iz, 1) = Tw[

n+N

Z ys‘l)(T)Zp+k+l

k=n+1
n+N+2 N

+ Z (pil)(r)zp+l+} + Z y£2)(r)zk+l

1=n+3 k=-1

N
+ Y oty N(O)] . a9
=1

n+N

T E3
4z, 7) = ,100_°°<CRe) [ TP ()t
L 2 k=n+1

n+N+2
+ Y @@+

i=n+3

N
Y W@

+ )N: PP (r)z':l. (130)
=1

It is easy to calculate the Nusselt number

L qdz,7)
(T;(Z, t) - Tuo)j'oc )

For small z from (129) and (130) with the use of
formula (I1. 24) we have

qs(z, T) \/Z ~ 1100 <CR€>* 1

70,70 — T,NO) L\ 2 ) I%{F}

Consider in detail the behaviour of Tz, 7) and
44z, 7) at t > T where T is the moment of the
end of operation of a quick-response source.
By a quick-response source is understood such
a source, whose coefficients R,(r) satisfy the
following condition: at any L(z) = (k) and L,(z)

Nu(z, 1) = —

K’

(ER;‘(—I)*LI,L) — (L ,(v), L(r))‘ <e€

k
. ~ T .
where ¢ is some small number. R, = [Ry(t)dt is
(s}

the impulse of the source coefficient. Then,
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from (115)+118), (129) and (130) we have:
k+1 dsQ
P2 x S 131
Vi ﬁn sgo ak,s de s ( )
_ kol @,
6)5‘2) = Rn z ﬂk,s?i_s—s (132)
s=0
- k+1 dsQ
yk ~ Rn sgo lk,s d‘!'s s (133)
L kSl o,
(p§c2) = Rn z Yk,sﬁr_s9 (134)
s=0
N
Iz, 1) = Tw[ Y W@+
k=~1
N
+ Z o2 ()2t + N(O):|, (135)
=1

T, (CRe\}*[ X
ae =1 2(5) | £ 20

+ NX@}Z’ (r)z’]. (136)
=1

From (133), (135) and (I1.24) we find T(0, 1) =
T (N(©) — R I?, {F} Q,(7)) i.e. 2,(t) has simple
physical meaning, It determines the dependence
of a temperature at the leading edge upon time
after switching off a quick-response source.

At last, note that using the asymptotic
expressions for ¥ (), %) () at small and large
n it is not difficult to obtain simple asymptotic
expressions for a temperature field near and far
from a plate

Y=Y ¢, at

n=0

W& D)= {z [*z (~BY

n—-0,

m=0 ( k |Li=0
i )
% djyk'—j rﬁ"km C(Rk,n—m éz(p(f>+k+ 1)
di m!(n—m)

1+1

.dj(p(il , s mc(i) nm
+Z[Z (_B)J dr; J2ilm52,Ln-
1 j=0

m!(n — m)!

F2OHI+D)
}, (137)
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where

&,

>

d" Pr .
- fol o]

;) def i n def
whens = k EP? S F® and whens =1 E? = P{?
k k 1 !

Pr
ool -
00 = AYEm ——5

n=0

at n — oo, (138)

‘ " 1+1 Bp?\
oeno=3 a5 (-20)
( ;l ,}::O 2Pr

1 djq—;(i) f 200 +1+%)
e G)

n
—%c&“["f(-

BV 15t
o 2Pr) j1 dv/

é 2o +k+ 1)
<'1> |

AD, CY are determined when matching series
(137) and (138).
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APPENDIX I
The solution of equation (44) where for small n [3]
an o’n® 11y 375a*p't 278970%p'*
Sy = - + o
21 5! 11! 11! 14!
is sought in the form o = 0, 4696. . .,
+ a0
g9 = Zz BL ", L.y
=

Upon substitution of (I.1) into (44) we have
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. /{::;’d . R R /L(’:"az
Bffx)‘z - ”2—,35:-).3 = O’Bf:uio, = O‘B:'ll),5 = - 1“26
2 ()2
+Proc(1 AL )B“’ —0.BY, =0,
40
go o WA Prad(d) - D+ 3PrAy)
™% 40320 1920
AD el 4 2,0, (I.2)
Further, we need the expansion
" . . .
B(u ,73 B(li ,76 B(t) ”9
(t) @(n) dpy = m, 2 + m, 5 + m, 8 .
ot L G (1) dny 3 < 5
(1.3)

Study the behaviour of g¥(y) at large 5. It is known [3] that
at large n

1
fmy=n—"h +0(n—2exp{—’7(n —b)2}>, b= 12168...,

1.4

It may be proved that equation (44) has the solutions which
are of infinite continuation to the right. These solutions are
stable and represented by the asymptotic series

awm =n + Z 1 > o). (13)
Having substituted (1.4) and (I.5) into (44) we have r"’ = — b,
r® = 2u9/Pr. Calculate the remainder of the coefﬁcnems
we have the recurrent formulae
n—1 a(i)
r e = — W = n=123,..., (L6
m, n+ 1 Pr n—1 2 n (L.6)
where
g i)
- 3p — )y an, atn > 1,
a = nr,‘,:{opgl( p=n mnr
rd2 atn =0,
Note that for large 5
2 ] +
: n 2t -
Q) = 5 — bn + 5ty + Zol.‘.ifnrl . (@7
where 9 = — (@ /A)(n=12,.. )andl¥, is deter-

mined by matching series (1.3) and (1.7).
Using the method of quasilinearization, the solution of
(44) may be reduced to the solution of the following problem:

%) = min ” exp (2 ( u(x) dx> [P—zr w¥n’) — fﬂnﬁ} dn’

ql o
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where
TOm = (1 + 2691 'tm) + f ).

This problem may be solved by successive approximations
on the computer. Here are the recurrent relations
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Substituting (I1.6) and expansion g®(n), Q¥(n) (see formulae
(L.1), (1.3) from Appendix I} into (IL5) we find?t

- 50;)
- 50,‘)
— 3Pri0z; m 2 — (1 — o)

Zimaz=—{l— 50,‘)2;—1,»:—1,0;2;‘,:»3 = -1
— Priaz; » ; — {1

X Zi i m—1,13%ma ™

X Zj—t,m-1,2>%ims =

G s = 392 = 20 40 e 4T, Y = "’(n) ¥ it = 2P0 ook (LD
b (1) Now find the five terms in the expansion
where g, is the convenient initial approximation. These 2y gy @D @m 4O Z B " (IL8)
successive approximations possess two important properties
which are rather powerful from the computational and B .=z B .= Zj—1,m-1,1 B, _Zimim-12
analytical viewpoint: (1) quadratic convergence, (2) uniform  »"™0  J LmTROTAmd 1t hm2 =T
monotonic convergence at any section [0,4'].
B _ Z-i,m-1,3 L, 30
gom,3 T 3t +zjlm 1,0 3’!
APPENDIX II Bima=21-1m18 " Zi—tm-1.10m, 3%
41 ! ’
{a) Approximate caiculation of Y (0), #70). Upon solving 3
the system (53), (54) by the constant vanatxon method we B Zpgme1,s | Zmtm=1,20m 3% 119)
have hms =T FTRETI at
P 0) = ~ & TC""‘" ™ dy + (1= 8,) f (I (AN C(P'”"f(_i)u"”“‘”dﬂ')e_""“’"" dn, Ly
]
wn . .
gy < (1= 30 J(T %32y D ORI dy e P dn — 5
it 0.0 (12)

o Pib
j‘e-Pr ) d']
o

From (IL1) and (I1.2) it is seen that the problem of calculating
Y040), 3'H{0) is reduced to calculating the integral form:

ki

. ©
=1 42

0

1) PR -+ o) dnye ProiRon dn,

(IL3)
1210} = [ e7PoWe dy, (L4
[
where the functions Z¥,(r) satisfy the system
a*4?, dazb,, .
L
a(Pr/2) QW 1(m ~ QI (m). (IL5)

We shall search for the first five terms expanding into series
for z5%m(m)

AN N
#30n) = Z LR = avs)

n=0

where
tms = 3PrA, + Ay ).

Hence it is easy to find the first terms of the expansion

L] ]
(pj. m(’]) = {zj— Lm- l(") e(P'lz)(Qm- 140m) d" = Zl bi.m.n"u>

(IL10)
It is obvious that
Bjmn= %E..,.,- " (IL11)
Pass to the approximate calculation of the integral
= }: @;, mim) &~ 72" dy. (112

1 Later on the subscript i is omitted (except the final results).
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Let us use the ideas of one of the variants of the steepest
descend method [3]. Let us make the replacement in (I1.12)

t= 0} = 1XCpo + Cr s + Cpen®), (ILI)
1
Cpp=——
moa "+ SBm,eﬂz'
(1L.14)
For rather small t the expansions are valid [3]
A
= I pHrt IL1
g Zr-H L)
=0
dn_ - .
Ppmg, =7 £ d; 0 (IL16)
=0
A, , is the coefficient at #” in the expression
(Cmo + Com3n* + C,,,,,;q6 4oL (I.17)

d
(Cro + Cpstt® + C® + ...

is equal to 4 of the coefficient at " in the expression

fomr

)—ﬁrH)

By 1+ B ot + B +..)  (IL18)
Expanding expressions (IL17) and (I1.18) into series gives:
Ap o= C;.g, A =0, Ap =04, 3=~ %C;‘i;)cm. 35
Ao =04, =0,
Aps = c,;‘j{—g Cme 3 (g: :ﬂ (IL19)

» O k4

di.m,ﬁ = Osdj.m,1 = %C %B o ima = ic.. oB; m, 2

o

dj.m. 3= 3C»~u.08j,m. 35 d/ m4 %C;,

5 Cp, -
% <Bj,m‘4'“ 3 ‘C‘“‘%Bj. mvl)’dj.m.s =4Co %
X ( -2 Cm.
Cm,o

(I1.20)

Thus, upon substitution of (I1.16) into (I1.12) with regard for
(I1.9), (I1.11), (I1.14) and (IL.20), we have

+ 0
r41 s
I_i.m = Zdj,m,rr( 3 )Pr (’+')/3~dj.m.0 =0,

r=¢

Zit e 6\ Zi g mm
dj,m,xz 4 I.; 1,0()_;>’dj'm2= § 1)1:“ 1.1,
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d: - zj“l.m—l,2<_§_)i
3 a \Aa)’

6\t 1 Ziel me | Pr
d. {2 j=1,m~1,3 Lo
iom 4 (A ac) 12,1,,,{ . 373

3.4.,,, -2 L
[ - im«))] Zj Lm—lvo}’di""s = 1013,“

Hm

% m-, 542 — 3
x {L-‘—vo(—‘i+[1 +Pr(-—ﬂ1m——+ 2/1,,,1>]

6\ 1 {z,o, .-

7 1242 -1
+ ['3“ + Pr (—11"'1— + 5,1,“_,)} Zjyme L,}. (IL.2n

Similarly, substituting {IL.15) into (114} with regard for
(11.14) and (11.19), gives

+ o 1
L{gt =% dm,,F(r: )Pr“'*"“, (11.22)

r=Q
where

176\
dm,ﬂ =§<§";) ’dm.l = dm,l =0,
1/ 6\ 1 Priaz — 1y

dos=-l—] ] —— - -
3 3(1’"‘1) [151’" + 513‘ ]’dm,4 dm,s Os
i = 1(6)*{ 1 +’/Pr(/l,%,-l) TPr3(A% —1)
¢ 60\ 922" 122 4

Apply the general formulae obtained for calculating ¢, {0).
Let

; to il amp
() _— R ;) . 5k
Pihin = ngo__nf n, .= e (1L.23)

Substituting (IL.21) into (II.1} and using (IL7) with regard
for y$f, (0) = 6, ; give

+ oo

"(]i‘)k,o = - 60.]’1;(“{}7} + (1 =&} Z dfylkr
1
r(' "3*' )Pr-ffﬂm (11.24)

{3y
T TWETRY (LI A T W
TS A ) > IR Ay

(1= 80,;- )3 -2,0 (i)*

3102 pro

&, = (..ﬁ)i_‘.{ _ o4z
sk AP ) 12201 «

1 P3P -2 .
+ [5 + 7(—/@‘“ + A2 ﬂ ’ﬁ‘il,k‘;.o}.

&y =~

S
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1 {rf,“_ Lk-1,4 l: SA* -3
1040 o + o A

+ 2/15:"_1)] 60_,_1},
Ploikera=—aPrafl 8, ., +(1~ 8o, j—1 — 00,j-2)

. 6 )i 1 M e-us
» Ma) 604 a

7 1247 7 .
_[3 + Pr(—#)— + 51(;’_1)] x (1 =80,_1)
-~ k

x "5"12,&—2.0}~

AL ke s =aPr(l — 60, )2+ 34" )

~
d5,’n, s =

®
X rlk-3,0

®
X 12 k=20 + 0o, -3

"f.)k,l = 50.1’ ’?.)k.z =-—(1- 50.;)"5'.’- 1L,k 1,00

rf,l)kS == 60,,‘— 1
Poa= —aPri?é, . +(1—64,,— 6 yrid
Jka4 = 4 Oo,j 0.j 0,j-1)7j=2,k-2,00

Whs =aPr(l — & )2+ 34N 10+ 80 -2
AW =14+40"+k+1). (1124)

Similarly apply the general formulae for calculating %'(0).
Let

; © s, drai)
% () = ZO;;"*' Y S .= dn{"k (11.25)
n= N =0

Substituting (I1.21) into (IL.2) and using (IL.7) with regard
for 30, (0) = &, ; give

1 T r+1i
B, = W[—éw + (1 =6, g dj,,‘,r< 3 )

r=1 Pr-G+003,

) 5 R 6 4 s[_i)

e _ %0,j-1( © @ _ SimL1-1,1
i =73 (1;%:)’ B ="y

O ; 6\

L0 1Y L 1 [
dj,l.3 = m(l}”&) s
av, = (i)i ! {_(1 =00~ 5 21-2.
P4\ 1220 x

1 Pri3®-2
waomy o3 (g w ) )b wasy
. 1 ST io1,4 SK” -3 i
P =@;u—aa{”’T_ o R G +2M‘)}

(i)
Sj-1, l—l.l}v
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s e =—aPrafl s, 1+ 605
" 6\ 1 s
dy)IG =<—’) Zn )2 {J L
" A/ 604D o
7 1249 -7 .
[§+P7<A(I—“+ 5}»:11 51»_2 s
55"11,1—1,5 = (1= 6g ;-1 — b0,j-2)
s‘j’_3',_3'1 + 0p,j—20 Pr2 + 3}.1'21),
sPo="00p SPha= =01
S&":a =~ (1 =& 35'“—1.1—1.1,
s o= —aPraPs, + 6, 1 (126

S‘ji,)t,s =(1~do,;— 5o,j—1)sfii)—z,x—2.1
+ 05— 2 Pr(2 + 34,

A =1+4p9 +1+19).

With the aid of the recurrent formulae (I11.24) and (11.26) it is
possible successively to caiculate the desired values i, , =
P 0), s, =Y (0) and from (I1.24) and (I1.26) to de-
termine the first five terms in the expansions ¥ (n) and
%, () for small 7.

When calculating sums (I1.24) and (I1.26) approximately
in the case of slow series convergence it is necessary to use
the Euler transformation.

(b) Asymptotic behaviour of Y5, (n) and *} () at large 5. The
solution of system (I1.5) is sought in the form

2 (n) = ¥, () exp (~ Pr Q3 (). (1.27)
Substituting (11.27) into (I1.5) gives
Wy — Prqu, — Prq@ uf),
= — (1= 6o, Jih e, €PPER-QD D (11.28)

Let us search for the main term in the asymptotic expansion
i at large  in the form
Ul ~ P {2} 7. (11.29)

Substituting (I1.29) into (II.28) and taking into account
(L.5), (1.7) (see Appendix I) give

0 sy = Shines ()

) L, =0+ 2,
K Prog; + 1) 7 !
y=12,... and a,= — L (I1.30)
With the help of (I1.30) it is easy to show that
) 2j~-1
AL Rl {27 o, (IL31)

(2 Prij!

Determine ¢, {¢/} and ¢@,, {x} for systems (53) and (54),
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respectively. From (53) and (54) it follows that
+ a
Vi) = — [e e d,

7
+ x

j e PrPlm gy,

n

1

%G () = P

Obviously the conditions
+x
— [ e gy
m el = 1,
o B (§] € 7R

n

+ o

1 )

. e—PrPL‘.) o g
19(P} f "
lim
N~ Cg?m {} o Pre g
7

=1

should be satisfied. Eliminating these uncertainties accord-
ing to the L'Hospital rule we find
1

. 1 .
Cgfm {'l/} = T T C(Ol.)m {k} = ;(-’_{F}?;_

Pr
Thus, we have

@ n*~ 1 exp {— Pr F ()}
gom [~ by Pr“"”j!

>

o M lexp{= PrPO ()
s @ Py PPt

(11.32)

APPENDIX IIT

The Expansion of Q{t} into Series
In calculating we use that

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

7 T
23t (y + v 1)
ri! o

.
J‘e""z"“ B_ {x)x*"idx =
o

5

Rep > 0 (I11L.1)
(see [4], Chapters 8 and 9).
Replacing x = (21)* x’ in (127) and substituting the series
expansion g,(t) into (127) we arrive at
g my © Cs rﬁ
G,.(f) - Z Z Z cn.k.! (rk) My 5k

k=1i=15=0 (¢ — 1 I"(mé*_ l;» N +_I)

r(mr(*‘l“ﬁ' l)/“Z‘

(11L2)

Replacing x = (2r)*x in (128) and substituting formula
(111.2) into (128) upon simple transformations give:

Qn(:) . r(atN‘-r:)/Z Z (Z An,k.s) rsld»,

s=0 k=1

(1IL3)

where

my

= Ci r) C7< I
nks = (I~ D' I{(s + 20 + n + 2))/4]
1=

«

A

" {1 ats = my — 1,
h m —sats <my — L
In the case of the simple polynomial roots IT{()

. _ Tran
ks T Trol[is + 2(p + n + 2)}/4)

Using the d’Alambert sign, it is easy to show that series
(I11.3) converges at any .

Numerical calculations for the present work will be pub-
lished in the Journal of Engineering Physics (U.S.S.R.)

TRANSFERT THERMIQUE CONJUGUE NON PERMANENT ENTRE UNE SURFACE
SEMI-INFINIE ET UN ECOULEMENT INCIDENT DE FLUIDE COMPRESSIBLE- 1.
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 '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”.



UNSTEADY-STATE CONJUGATED HEAT TRANSFER

INSTATIONARE KONJUGIERTE WARMEUBERTRAGUNG ZWISCHEN EINER
HALBUNENDLICHEN OBERFLACHE UND EINEM ANSTROMENDEN KOMPRESSIBLEN
FLUID
I1. BESTIMMUNG EINES TEMPERATURFELDS UND ANALYSE VON ERGEBNISSEN

‘Cusammenfassung—Die analytische Losung des konjugierten instationaren Warmeiibertragungsproblems

wurde in Form verallgemeinerter Potenzreihen aus dem Raum verallgemeinerter Funktionen (im Sobolew—

Schwartz’schen Sinne) erhalten. Es wurde ein dimensionsloser Parameter B = [1/Re.a/Ca] mit physikal-

ischer Bedeutung gefunden, der eine Betrachtung des instationdren und -quasistationdren Problems
ermdglicht und nur von der Paarung “K6rper—Fliissigkeit” abhingt.

HECTAIMOHAPHBIN CONMPAXEHHDBIN TEIIJIOOBMEH
MNOJYBECKOHEYHON INOBEPXHOCTU C HATEKAIOIIMM IOTOKOM
CHUMAEMOU HUIKOCTH 1I. ONIPEAEJIEHUE TEMIIEPATYPHOTO

IIOJIA N AHAJIN3 PE3YJBTATOB

Anmnoranmua—B npocrpancrse 0606meHHbx GyHKIM B cMuicae CoGonesa-IlIBapua nosnyyeno
AHAJMTHYECKOE DellleHue 3afaUn CONpPSKEeHHOT0 HeCTALMOHAPHOrO TemIooGMeHa nony6ecKo-
HEeYHO IIACTMHBI C MCTOYHMKAMHU B BHJe 0GOGIIEHHOTO CTENEHOTO PAMA.

Brigenen o6magaomuit usndeckuM cMbiciioM Ge3pasMepHHI mapamMerp

B = 1l
Re Caw ’
KOTOpHﬂ N03BOJACT PACCMATPUBATL 3334y KaK HECTALUMOHAPDHYIO UK KBa3UCTAINOHAPHYIO
B 3aBHCUMOCTH OT MAPH «TEJI0~HULKOCTE »,
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