ITERATIVE APPROXIMATION METHOD FOR
SOLVING HEAT CONDUCTION EQUATIONS

G. P. Kobranov UDC 536.24

Convergence analysis is given for solving equations of heat conduction in the three-
dimensional space on an electronic computer under involved boundary conditions; an
iterative approximation method is used in which the sought function is determined by

successive approximations with a subsequent approximation by Chebyshev polynomial
of the same degree.

The use of electronic computers (EC) for numerical solution of a number of problems opens up
new possibilities for developing methods thought not suitable for manual calculations, The iterative ap-
proximation method [1] belongs to this class, If we decide that to solve the equations of heat conduction
the analysis of the advantages and disadvantages of this method compared with other numerical methods

employed at present is beyond the scope of this article we shall consider the feasibility of solving the
equation
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Equation (1) is now represented in the form
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and its solution is sought by iterative approximation if the initial values of q, r, s, t are given by
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. ., m is the ordinal number of the approximation; ny, Ny, Ny denotes the number of steps in
X, Vv, z respectively. For givenq, r, 8, t successive approximations are terminated when
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Increasing the degree of q, r, s,t by unity we now repeat the operations until the inequality
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at the typical points of x, v, 2z, T.
the iterative approximation procedure until the condition
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Aq+'§,r+n,8+1‘3,1+x <.
has been reached.

(7)
The solution procedure is now analyzed in more detail
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Now v()(x, y, 2, 7) is approximated in the region {0 =x =1, 0 =y=1, 0=<z=1 0=7 = 1} by the poly-

nomial P{ )q r, s, t» for example, in the following order.
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one has
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The functions a§1) (y,0,0), i=0,1,2,...,q are approximated on the computer by the polynomials
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Having concluded these computations at the T nodes one obtains
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An assumption is now made that the function v(x, y, z, 0) is bounded and that the derivative d{Av)/dr
exists in the entire region in which the function v is determined.

One can obtain
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Increasing now by unity the degree of the polynomials in g, r, s, t which approximate the function
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Finally, when the degree of the polynomials becomes infinite the errors and the operator of the
form as in (21) approach zero and the expression (4} is the exact solution of (1),

The convergence analysis of the solution is now carried out when the boundary conditions are given
by (5). To this end with m — « it is necessary to find the limits of the operators
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Then together with (30) one also obtains

lim UC(I‘?;?S'I 0y 2 1) = Ug‘,,s,{(o’ [ A

oo

. {m o .
tim o (1, ¥ 2, 7) =v, Ly

Hil-r 00

hm vq ry Sf(xy s 2y T) Z:Ut},r,s,t(x’ O’ 25 T);

Hi-roo

im o (x, 1, 2, 7) =v, 61z

m-rco

lim zqrst(x 4 0, )y=v, . (04 7 1)

00

tim ol (%, 4, 1, =0,y 1, 1

m—o0

Consequently,

. {m} . .
lim Lq,r,s.i =0 == Lq,r,s,?,x:()’ lim }iq 8 dx=1

§,0. 8,8, x=17

o0 Hi—oo
WmLyPerymo=1L . _oi HOLEDo pmy =L ;
P LY gorystiy=0t 0 TS LY g,r,5,0,y=1"

{im Lq,r 5, f,2=0 == L

m>oe

— 31
T, rys,1, 2-0’ 3!]‘{1;{44,, 5,8zl 5 Lq,r,s,i,z:i' { )

The procedure is convergent,

In the limit for infinitely high degree of the polynomials the operators {31} tend to the functions on
the right of (2).
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