Conclusions. A numerical method is offered for solving the system of nonlinear equa-
tions arising from the algebraic approximation of equations of radiation and convection
energy transport. The classic Newton—Raphson scheme is proposed as a foundation of the
method. The use of the method of conjugate gradients with preliminary conditioning and
symmetrization of the matrix of the linearized system results in considerable improvement
in the computer memory and computational time as compared with the Newton—Raphson scheme
in systems with the number of variables exceeding 100.

An application of preconditioning on the basis of the substitution of variables (12)
allows one to solve effectively the problems of complicated heat exchange in systems with
pairs of "strongly interacting" zones, such as thin screens.

NOTATION

T, temperature vector; S, vector of external sources in the zones; R, matrix of co-
efficients of radiation heat exchange; A, convective matrix, B, matrix of linearized sys-
tem; o, Stefan—Boltzmann constant; A, coefficient of thermal conductivity; h, plate thick-
ness or thickness of the pipe wall; o, coefficient of absorption of heat carrier; W, water
equivalent of radiating gas; T'g, temperature of heat carrier at the input of the unit.
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SOLITARY STRESS WAVES IN A NONLINEAR THERMOELASTIC MEDIUM

M. D. Martynenko and Nguyen Dang Bik UbDC 539.3

The propagation process of solitary stress waves in a medium with five thermo-
elastic characteristics is investigated within the one-dimensional statement.
Existence conditions and geometric characteristics of solitary waves are ob-
tained, and restrictions are found for the elastic and thermal constants.

1. Statement of the Problem. Propagation of one-dimensional waves in a thermoelastic
medium in the absence of heat sources and sinks is described within five-constant nonlinear
thermoelastic theory by the system of equations [1-3]:

(1)

1
e=2e — ¢2,
+-2

0 =ce+cer—T, (2)
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Based on Eqs. (1)-(4), we consider the following problem: Find the shape of nonlinear de-

pendences 8 = 8(¢), v = v(o) for which the stress waves have the nature of solitons. With

this purpose in mind, we supplement the system (1)-(4) by equations characterizing solitary
waves [4, 5]. As a result we reach the following system of differential equations [6]:

20+c—4k2=<}”—3+ﬂ)g, (5)
g do]
B g = (200 a4 do 4 0117, (6)
do
h:—cg7 (7)
de 1 m
do oc? g’ (8)
ag
AOf@_%_a&G ::.———i—[fed6—+-£Le2+~fie3_.ecJ, (9)
do g g s 2 3

where g(o) = 30/38x; h(c) = d0/8t; Az, b, ¢, d, m, n are constants.

2. The Case v. = const, m = n = 0. We introduce the new variable

c
v=2y— —.
e (10)
Substituting (10) into (5), (6), we obtain:
’ ¢ 2 Ay dy
4(y+———k :(_+2_-_)g, (11)
6 g do
dy
2 & (49° — g2y — g5)1/2, (12)
where
_ & 4 _ed b
S TR T T
It is assumed that e;, e,, e; are real roots of the equation
4y — goy — gy = 0,
Equation (12) can then be rewritten as:
dy
— €=2ly —e)y — ey — ez, (13)

where e, + e, + e5 = 0.

If v = 2e4 - (c/6), i =T, 3, it then follows from (11), (13) that
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Based on (7), (14) we have
o=Pexp(—Ai(x —ct), 0LoP for x—ct>0,
where B is a constant of integration.

Integrating Eq. (8) with account of (14), we obtain

1 m
e=—0-4+ —Ino.
foc? + A
If m # 0, then e = —= when ¢ = 0. We therefore choose m = 0, and then

i
£ = ——0.
pc?

By (17) it follows from (1), (2), (9) that:
1

g=—0 2
pc? + 2p%¢ >
pc? 2ck

cc, [ A,
B8 = ;07" -} 0,02 - q40°,

where o
Gy 1 pc2
Qg == T Q= ; ;
39306 ( 3}\/;\/0 —c, ) 2ch 2}\.7\40 — ¢, )
c o C

and a, is a constant of integration.

For T and 6 to be positive quantities for all ¢ it is required that:

Mo
c

— 2 I 2
= g, — >C2.

Since T = v8, the heat conduction coefficient v is determined as follows:

C 4
2 g 1

p3ck oc?
a40% 4+ a,6 + o,

2
alz._l__p(;2<_cl__ ),

2¢5C, pc%

V=

If

then v is a monotonically decreasing function of o. Consequently,
Gf o
p3ct pc? < 2¢,C,

3B 4+ a.p + a, SO €y — PC?

Let the source, creating a solitary wave, be located at the origin of coordinates.

It follows from (7), (14), (15) that
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for x =0, t =0.
99 Ap— hy
ot (25)
For known ¢,, h, we have by means of (21), (24)
hohts
CZ:_-.
.0 (26)
The quantities a,, B, c? in inequality (24) are determined by Egs. (23), (25), (26).
3. The Case e; = e,. Eliminating g from (11), (13), we obtain
dy + }L3dy _[éi
{ 5 [ \ iy I
2 y+“~k2) 8(y+——k2)(y~ez)(y—es)“~ (27)
\ 6 | 6
For y + c¢/6 — k? < O the solution of Eq. (27) is
c
where R? is a constant of integration, and
1 dy
13:‘—‘5 .
c , (29)
B R A [T IR
We put
Zzzy—€3,
c (30)
pPr=Fkt— ——ey %= e, —e;.
6 (31)
We then have
1 g Mg
- i | 2 — 4\ 8a@—pH [ 2+ p\ Bele"—ph
0= — (p2— z2)1/2
g2 (\2+q) (2~p> ' (32)
Passing in the right hand side of Eq. (32) to the limit p > g, we obtain
1 - gz
== — 3 f —
o= g O e (I e s, <g. (33)
For p > q it follows from (32) that
1 g+ 2%
T= =2 )7 h = (), <. (34)
g—z
By means of (13) we have
Z=—qthgt E=x—ct. (35)
Substituting (35) into (33), (34), we obtain
41— thggexp [—— sh2qgj
R ( 2 !l (36)
1 I —thet \
i 1 —1thgt \20
o=—(p+ thgk‘_—_‘_) .
AR AAA gy (37)

Equations (36), (37) provide finite-amplitude solitons when £ = x — ¢t 2 0. These solitons,
however, cannot exist in the medium under consideration, since the condition of finite wave
energy is violated (e = 4+~ when o = 0). We turn attention to the case
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I3
1 2+ g\
o=t (O s
R :—q) 7 (38)
In that case Eq. (13) provides the solution
=qcthg (g —¥). (39)

For ¢ to be larger than zero, on the basis of (38), (39), &, and £ must satisfy the condi-
tions

0LCE =0 — <G, thhQ(glqu):P'

(40)
Passing in the right hand sides of Egs. (38), (39) to the limit q + 0, we obtain
14
0-««1—( —2 e:r
. 1 { <z 1
-t B B (42)
Taking (41) into account, the initial data at the source are
1 Iy ]
0=—(p_~)ehp(p§1):do, i
R \ §1 ' |
tfor x=0,t=0.
dc ¢ (1 p 2)
— == — L 2 ex =h (43)
"R (1 e P P (pE1) o!
Besides, form (41) we have
. 1
g————E(zz—pzw{—pz)exp(p/z). (44)
Substituting (44) into (8) and integrating over z, we obtain
ex 2y :
e:(p_.dz)(__.p_(_p_/l.l__rl)’ e =0 for o=0. (45)
Rpc? pz
As an example of determining the temperature consider the case m = n = 0. Then
e Lo 1 (p——z)exp(—p—). (46)
pc? Roc? 2
On the basis of (2), (9), (46) we have
T (=)o —aen (L) + 2 p—apen (2 (47)
R \ pc? oz Rzp2ch z )’
do CCy c 1 [ ¢q c,
usl = — —— | —— [ 1) o2 5 g3,
do | g hog [Qpﬁ ( oc? ) t e ] (48)
—1 7 e 1 c c ]
6: | _1__1 o2 2 0’3 ,
% 0) Aog [Qpcz (pc2 ) +3p306 | (49)
where cc 1
*=exp(—p), pr=—2; w=—
Aoy z (50)
With account of (44) we hence find that if c,/p > c2, then
0
T>0, 60, -30—>o vo. (51)

When ccc/A, = p, by means of (41), (44), Eq. (49) can be specified to the form:
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c 1 ¢ 1
o— S __(—1_,_1 ( L 2pw) — p e
» { SRepet \ por )[ p w) exp (2pw) — pexp (pw) X

¢ exp (pw) } ¢ [/ 1 4p
X |\ ——d — I R 3
IS/,, e Ry “p o )éXp( pw) +

5

1/p

2000 (2 4 pu) + 2presp () | 2RO g, J | 52)

8 =0 for w= 1/p or ¢ = Q.

Knowing o¢,, h,, the constants c, p, £,, £, are determined by Egs. (40), (43), and (50).
It follows from (47) and (52) that the heat conduction coefficient is v = T/@.

Similar calculations can be performed for the case m # 0.

NOTATION

Here u, K denote second order elastic constants; u is the shift modulus, K is the bulk
modulus; A, B, C are the Landau third order elastic constants; Ag, ce are thermal constants;
b is temperature; v is the heat conduction coefficient; € is the deformation; ¢ is the
stress; u is the displacement; and p is the density of the medium.
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