Kovine. zlitine. tehnologije / letnik 28 / Stevilka 6 / strani 539 do 541 / 1994

General Solution of Heating and/or Cooling of
Metallurgical Furnace Wall by Means of Jacobi 1,
Function

Generalno rjesenje zagrijavanja i/ili hladenja zida metalurskih
peci pomocu Jacobijeve 1, funkcije

Grozdanic¢ Vladimir, Metalurski fakultet, Zagreb

General solution of heating and/or cooling of metallurgical furnace wall has been
developed in the paper. Boundary conditions are time-dependent and solution Is
especially favourable for metallurgical furnaces which operate discontinuously.

Key words: heating, cooling, metallurgical furnace, Jacobi 9 ; function

U radu je izvedeno generalno rjesenje zagrijavanja i/ili hladenja zida metalurskih peci
s time da su granic¢ni uvjeti uzeti kao funkcija vremena pa je posebno pogodno za
metalurske agregate koji rade diskontinuirano

Kljuéne rijeci: zagrijavanje, hladenje, metalurske peci, Jacobijeva ¥ ; funkcija

Introduction bl =

Heating and/or cooling of metallurgical furnace wall has
been an interesting thermotechnical problem particularly regard
ing the choice of wall furnace material, optimal conirol of
process in the fumace, and adequate financial savings if this two
aspects are harmonized. At heating and/or cooling furnace walls
have been submitted to different thermal changes which are a P (f) — (V) — P ({')
priori time-dependent. That is especially important at periodical 1 2
heating and/or cooling of the wall, So general solution of the
problem has been derived with particular case when the furnace
walls have been submitted to periodical changes of temperature,

Definition of the problem of heating and/or cooling of
furnace wall

At heating and/or cooling of furnace wall Fourier’s differen- X
tial equation of heat conduction’ is necessary to solve, which in
case of homogenous isotropic material has the form: e —
dulx.t)  &ulx.t) I x=0 X=
= Q —m (1) -
3 o' Figure 1: Fumace wall with imtial and boundary conditions

Shika 1: Zid pedi s podetnim | granicnim uvjetina
Equation (1) is going to be solved for the domam which is il-
lustrated on figure 1

Initial and boundary conditions are as follows: [ ul PR
oulx.tr=Ufxt :jc ufx.rydi ( S
1=0 u(x.0) = ul (2) 1 ( )} ( ) ( ) (3)
1>0 W) =@ (1) (3) ‘
; ] Bux.1 ,
ul( 1.t) = ¢.it) (4) ol — )":‘l.(‘-‘)'l'h»“)
I ot I \ (6)
Solution of the problem
Partial differential equation of heat conduction (1) with ade- _ | 5:U(NJ) | d'l‘(\-\]
quate initial and boundary conditions (2—4) has been solved by - | 8 | T (7)
means of Laplace transform” which has been defined as: :
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u{u(().t)}=¢,(s) (8) « '{F:'x__\)}.ﬂ_‘.s_n‘[l—_‘,ﬂ]:

a{u(l.l)}=¢';(S) Cl S Z{ 1) nexp(-n‘m'at/1 )~|n

(32)
where where is 9 (v, x) Jacobi &, function"”
¢‘(s'=j¢ “o,(t)dr. k=12 (10-11) 0,(v.x)= T exp(2kriv—k'mx) =
" o= :
After applying Laplace transform to ( 1), the equation adopts = ZZexp(-n:x:\’cus Inmy (23}
the tollowing form: - !
d U(x \) By means of Borel theorem (theorem about image of func-
J{x \) = ——u(v& 0) (12) tions composition) and theorem about integration of the onginal
final solution of equation (18) in the real arca has been obtumed,
Solution of equation (12) has the form: which represents temperature distribution in furmnace wall:
u(x.ﬂ) e X @ \
Sy B 4 W e | o ; 3 uix,tjs=-=| —o,| —,—lt-1 T|dt+
U(x.x)-c,(s)txp(.\w/a)+(,(s)..xp[ x\.\/J]+ —La3) [x.1) l,[ w [21 = )}‘M |
Constants C(s) have been defined by means of boundary AN : I=x i ,-r) 9.(t)dr+
conditions: | L r 4 Ji
S 1
Uf0s)=C, +C. 20 d)() (14) ﬂ,“lhi S a|lx 8t
[
: : ap & [l— xoly I
ll[l,s)-C,cxp(lys/u )+C:cxp(—lys/a) .—_—di(\)(lﬁ) = ‘[.gﬂ'L 31 'Ft]‘h‘ (24)

and the result is In the case when furnace wall has been submitted 1o period-
! ical temperature changes, for example
(b,(s)cxp[ “Iys/a = fs)4 Do ll - cxp{ ~lys/a ]]]
5

cxp(—l\“s/n )—cxp[l\'l\/a]

(',(s):

(16) (1) =sin bt (25)

9.(1)=coser
cb‘,(s)-d),(s}cxp[ Iys/a l]+ l'E' [CKP('\‘"*I“ ]_'] a7n

cxp(-l\"sla ]—exp[l\".s/a ]

C.s)=

The temperature distribution has the form:

. mkX
’ y ' : u(x. l)-—-—-z sin—=
Constants C, and C, have been substituted in equation (13)
and the solution in terms of Laplace transforms is Pk W
Us) =@ (JF )+ (S () 2 F () Essl] (18 exp(-rk w5 b el
' k'a s nka
f 213 S |
\h(l-x)\:s/a K—I; % 5in bt —b cos bt ; s EJCO\CI*C\"\CI
F, (x8) = ——p— (19 LT +(-1) =& +
shlys/a o'k'at n'k'a’
! l (27
shx :“‘/a 2 | ' 3e Al 2Kk\]
LT b1 +u.,{l-;z 1 [1-explmin )]s 22
shlys/a -l

Functions F(x.s) and F.(xs) are transforms of Jacobi i, § .
function'; Conclusion

In real conditions of heating and/or cooling of metallurgical

& '{F.(x--\)} = _Einl el o furnace walls boundary conditions have been time-dependent.

S UL R So general solution of heating and/or cooling has been relativel-

2n ly comphlicated thermotechnical problem which has been solved

in the paper by means of classical methods with Jucobi . func-
tion.

= ?'lﬂzn cxp(—nln’al / I")sin —
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List of simbols

i - thermal difusivity

b - constant

¢ - constant

1= maginary unit

K - integer number

| - thickness of furnace wall
n - natural number

1 - time

u - lemperature

x - coordinate

B, B2 - functions of time
T-time

it, - Jacobi’s function
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