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M I N I M I Z A T I O N  O F  M I S M A T C H  I N  M E T A L  

H O L D I N G  I N  R E V E R B A T O R Y  F U R N A C E S  

V. B. Kovalevskii and S.M. Kozlov UDC 669.012.9 

A solution of the problem of minimization of  the deviation of an actual thermal process f rom the desired 

one in metal holding in a reverbatory furnace  is suggested. 

We consider the problem of heat t reatment  of a thermally thin body in a reverbatory furnace. The dynamics  

of tempera ture  variation of the metal ingot and hea t ing  medium is described by the equations [1 ]: 

dT h 
dt = A l v  - A2Th - A3 (Th - T ) ,  (1) 

with the initial conditions 

d T  
~ -  = /2  (T h - T) (2) 

const. 

T h (0) = Th0,  T ( 0 )  = T O . (3) 

Let for  the given thermal  process the des i red  operating conditions of the heating device be given at v =. 

We determine Th(t) and T(t) 

T h (t) = Th.inho m (t) + Zh.ho m ( t ) ,  T (t) = Tinhom (t) + Thom ( t ) ,  

whence it follows that 

A 1 
Th.inho m (t) = Tinhom (t) = ~ V, Zho m (t) = C t exp (kit) + C 2 exp (k2t) , 

1 
Th.ho m (t) = C 1 exp (kit) + C 2 exp (k2t) + ~- (Cik I exp (kit)  + C2k 2 exp (k2t)),  

(Th0 -- TO)/2 -- Tok 2 Tokl - (Th0 -- TO)P 
Cl = kl - k 2  ' C 2 =  /r - k 2  ' 

1 
kl ___ ~ ( _  (A 2 + A 3  + /2 )  + ~/ (A 2 + A 3  + p ) 2 _  4A 2 / 2 ) ,  

1 
k2 = ~ ( _  (A 2 + A3 + /2)  _ ~/ (A 2 + A3 + p ) 2 _  4A 2 /2 ) .  

But a real thermal process with tempera tures  T h and T* differs, as a rule, from the desired one 

Belarusian State Polytechnical Academy, Minsk, Belarus. Translated from Inzhenerno-Fizicheskii  Zhurnal ,  

Vol. 72, No. 5, pp. 980-982, September-October,  1999. Original article submit ted January  21, 1999. 

1062-0125/99/7205-0947522.00 �9  Kluwer Academic /Plenum Publishers 947 



ALl 

0 

-10 

-20 

-30! 

-40 

a 

b 

0.2 0.4 0,6 0.8 t 0 0.2 0.4 0.6 0.8 

Fig. 1. Deviat ion of  the actual  f lue flow rate f rom the  des i red  one.  Au, m3/h ;  

t, h .  

Fig.  2. Plots  of t ime var iat ion of t empera tures  of meta l  ingot  (a) and  heat ing 

m e d i u m  (b). T, ~ 
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d T ;  . . dT* 
at  - A l v  -- A2Th -- A3 ( T - h -  T*) ,  dt  =/~ (Th - T*) 

with the initial c o n d i t i o n s  not  coinciding with (3): 

* * T *  * T h (0) = Th0,  (0) = T O . 

T h e r e f o r e ,  we f a c e  t h e  p rob l e m  of  m i n i m i z a t i o n  of  the  m i s m a t c h  o b t a i n e d  for  the  gas ATh, a n d  me ta l  A T  

tempera tu res  a n d  fo r  the  fuel flow ra te  Av: 

d A T  h d A T  
d t  - A 1 A v  - A2ATh - A3 (ATh -- A T ) ,  dt  - # (ATh -- A T ) ,  

A T  h (0) = ATh0 ,  A T ( 0 )  = A T 0 ,  

tf 
f ( a A T  h (0  2 + f l A T  (t) 2 + 7Av  (0  2) dt --) m i n ,  
0 

where  AT h = T h -- T*; A T  = T - T*, Av = v - v*; ATh0 = Th0 -- Th0, AT0 = TO - T 0. 

Having  r e p l a c e d  the  variables a nd  deno t ing  

(:11 

we pass to a p r o b l e m  of  the  form 

o) 
x f :  P :  ' 

d x  
- -  A x  + B u ,  (4) 

dt  

x (tf) = xf ,  (5) 

If 
l (u) = f ( x T p x  + uTQu) a t  ~ min  . 

0 uER 
(6) 
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T.hus, in holding of a metal ingot in a furnace with a fixed temperature it is necessary to solve the problem 
of constructing a regulator of heating to the holding temperature if the temperatures of the ingot and of the heating 

medium deviate from the prescribed ones. 
A method of solving the problem of analytical design of optimum regulators (4)-(6) is considered in [2 ]. 

The software in the system Matlab 5.1 was developed for implementation of such a procedure. 

Calculation was made at the following initial data: the initial deviations of the furnace and metal ingot 

temperatures were, respectively. ATh0 = 30~ AT0 = 60~ the holding temperature was 800~ A I = 6.11 h -1, A2 

=0.638~ Aa=3.45h -I, • = 0.69 h -1, a=/3=7= 1 , tf = 1 h. 

The deviation of the actual flow rate of fuel in an optimum heating process from the desired one at the 

prescribed holding temperature of the metal ingot and a graph of the optimum operating conditions of the furnace 

are depicted in Figs. 1 and 2, respectively. 

N O T A T I O N  

Th(t), temperature of heating medium, ~ T(t), temperature of metal ingot, ~ v, gas flow rate, m3/h; 

if, finite holding time, h; A1, A2, A3, ~, constants characterizing the dynamics of metal ingot heating; a,/3, 7, weight 
coefficients larger than zero. Subscripts: f, finite; hom, homogeneous; inhom, inhomogeneous; T, transposing. 
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