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State fo recas t ing  is cons idered  for  complex  hea t -eng ineer ing  s y s t e m s ,  espec ia l ly  in r e l a t ion  
to on-l ine moni tor ing  and control .  

A la rge  volume of data p roces s ing  is involved in moni tor ing the working p a r a m e t e r s  of a complex 
hea t -eng inee r ing  s y s t e m ,  which inevi tably tends to  d i s t r ac t  the opera to r  and affect  his dec is ions .  This  is 
c l e a r e s t  during the s tage  of commiss ion ing  and tes t ing,  where  it i s  difficult to es tab l i sh  how far  any de-  
via t ion of s y s t e m  p a r a m e t e r s  f r o m  the nominal  values  may  be c r i t i ca l .  This  r equ i r e s  means of reducing 
the volume of data reach ing  the opera to r  and a l so  of predic t ing the s y s t e m  behav ior  under changing condi- 
t ions ;  it is a l so  n e c e s s a r y  to  predic t  the consequences  of any poss ib le  fa i lu res .  

These  pu rposes  can be achieved by inser t ing  computing faci l i t ies  be tween the object and the opera tor ,  
with mos t  of the s ignals  f r o m  the t r a n s d u c e r s  p r o c e s s e d  by the compute r ,  which controls  the p roce s s  and 
provides  the ope ra to r  with r easonab ly  c l ea r  in format ion  as  t o  s y s t e m  operat ion,  while a l so  fo recas t ing  
the s y s t e m  s ta te  and indicating the consequences  of any fa i lu res .  Inclusion of a computer  in the control  
loop r equ i r e s  a ma thema t i ca l  model  for  the sys t em,  in which the input data a r e  p r o c e s s e d  and compared  
with the fo recas t ,  which provides  for  ea r ly  detect ion of any fa i lure  or indicat ion of the remain ing  working 
t i m e .  Also,  one can speci fy  an accep tab le  r i s k  of not complet ing the m e a s u r e m e n t  p r o g r a m  and define a 
se t  of m e a s u r e s  to  offset any d isadvantages  f r o m  fa i lure .  

Of course ,  fo recas t ing  is only one of numerous  p rob l ems  that  can be handled by the mathemat ica l  
model ;  o thers  a r e  r e s e a r c h  on s y s t e m  functioning at a va r i e ty  of s t ages ,  r e s e a r c h  on dif ferent  s ty les  of 
s y s t e m  opera t ion  and control  techniques ,  and s y s t e m  opt imizat ion  by p a r a m e t e r  adjus tment .  

Then a ma thema t i ca l  model  for  the s y s t e m  is  a ma jo r  r equ i r emen t  in r e s e a r c h  and optimization,  as 
welt  as in on-l ine moni tor ing  and control .  The s imula t ion  e r r o r  and the r e s p o n s e  r a t e  l a rge ly  de te rmine  
the  p e r f o r m a n c e  in handling such topics .  

When such a model  is  being drawn up, the f i r s t  r equ i r emen t  is to  have models  for the individual 
e lements ,  namely ,  the control led object p rope r ,  the t h e r m a l  protect ion,  the heat  exchangers ,  and the 
control  c i rcu i t s .  

T h e r e  a r e  many pape r s  in the sc ient i f ic  l i t e r a tu re  on ma themat i ca l  s imula t ion  of hea t -engineer ing  
e lements ;  r e s e a r c h  has been  d i rec ted  in the main  to  means  of l inear iz ing  the init ial  s y s t e m s  of d i f fe ren-  
t ia l  equations.  Various methods have been used to  approx ima te  the t r a n s f e r  function [1]. On the other 
hand, t he re  a r e  only a few pape r s  dealing d i rec t ly  with the init ial  nonlinear equation s y s t e m s ,  although 
this  is of cons iderab le  s ignif icance in r e s e a r c h  on the c h a r a c t e r i s t i c s  of s y s t e m s  that  have to work over  
a wide range  in the ex te rna l  and in ternal  p a r a m e t e r .  

T h e r e f o r e ,  in the f i r s t  s tage we devised p r e c i s e  ma themat i ca l  models  for  each of the e lements ,  i . e . ,  
wro te  ALGOL-60 p r o c e d u r e s  for solving the nonlinear  d i f ferent ia l  equations in par t i a l  de r iva t ives .  This  
se t  of ca lcula t ion  s c h e m e s  provided a s imple  bas i s  for  choosing s y s t e m  designs  and making de ta i led  
s tudies .  The s y s t e m  s t r u c t u r e  was speci f ied  by matching the boundary conditions for the cor responding  
s y s t e m s  of equations.  
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Fig. 1. System with input coo lan t - tempera ture  feed- 
back; GLHE and LLHE g a s -  liquid and l iquid-- l iquid  
heat exchangers ;  B, blower;  P, pump; AT, ampl i fy-  
lag t r ansduce r .  
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Fig. 2. Simulation of ob jec t - t empera -  
tu re  t r ansducer  failure (T, ~ r, min). 

Thermal  protection, 

As an example we considered forecast ing for the sys -  
t em  shown in Fig. 1, in par t icu lar ,  for the case  where the 
t empera tu re  t r ansducer  SEI fails.  Here failure consis ted 
in a jump in the sys temat ic  e r r o r  by --5 ~ with simultaneous 
inc rease  in the internal  heat production.  

The mathematical  model for this sys tem was wri t ten 
as follows: 

Control object:  
N 

(cm)i dTi = %F i (r - -  Ti) ' ~2 T , ~  a l j  F i j  (Tj - -  T i) + 

N K 

+ Z e,,,:~oF,m (~" --  ~)  + ~ (cpG)h (Tin ~ - -  Tout a) + Q, (v); (1) 
rn~i  k=l 

i = 1 ,  2, 3 . . . .  , N; k = l ,  2, 3 . . . .  , K: 

GLHE (LLHE) 

Pipeline section, 

Sensing element,  
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Effector  mechanism,  
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Ini t ia l  conditions, 

Per turba t ion ,  

Boundary conditions,  

F igure  2 shows the r e s u l t s .  

co = Kat (Karn(Tse i + A~ + 6 ~ ) -  (Tse~ q- 52 q- 6~) q- ~om); 

"c 

§ 
0 

"~ = 0, r i = T = T w = T (I) T~ 1~ Tc (1) -w = T h =  = T  c =  = T I =  

=Ttz  = T s e l = T s e 2 = T o ;  co=0; k i = 6  l = A ~ = 6 ~ = 0 .  

~ =  1800 min , A l = - - 5  ~ 

x =  0, - - ~  d__T_T = a ( T - - T )  + ere%(r'--T4| 
dx 

x = 6,  - -  )~ d_T_T : % ( T  l _ _  T)  -+  ere  , % ( T ~ / - -  T ' ) ;  
clx 

x~l) = o, T~" - m  y~) = ; = o ,  r c ' "  = 

= O, Tzl  = T ~ z r  

I t  is c l ea r  f r o m  the r e s u l t s  that  fa i lure  in the t e m p e r a t u r e  sens ing e lement  has  a fa i r ly  marked  
effect  on the gene ra l  s y s t e m  functioning pa t t e rn .  For  ins tance ,  the changes in the t e m p e r a t u r e  at the 
object a r e  accompanied  by an i nc r ea s e  in the ampli tude of the t e m p e r a t u r e  fluctuations in the coolants ,  
which r e su l t  in  a per iod ic  fall  in the t e m p e r a t u r e  in the liquid loop below 0~ even under  conditions of 
e levated  in te rna l  heat  r e l e a s e .  The t ime  avai lab le  before  the t e m p e r a t u r e  in a sec t ion  deviated f r o m  the 
nominal  t e m p e r a t u r e  by :L5 ~ was about 130 min, while the t e m p e r a t u r e  in the liquid loop fell  below 0~ 
within 220 min. 
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State fo recas t ing  can s i m i l a r l y  be p e r f o r m e d  for  other types  of fa i lure;  an examinat ion  of the fo re -  
cas t  provides  a bas i s  for  on-l ine moni tor ing and control ,  which is ve ry  impor tan t  in improving  re l iabi l i ty .  

NOTATION 

T,  t e m p e r a t u r e ;  r ,  t ime ;  cm,  heat  capaci ty;  F, h e a t - t r a n s f e r  a r ea ;  e re  , reduced emiss iv i ty ;  
%, S t e f a n ' - B o l t z m a n n  constant;  Cp, specif ic  heat  at constant  p r e s s u r e ;  G, coolant flow rate;  Q, in ternal  heat  r e -  
l ea se ;  h, t h e r m a l  conductivity;  ~ ,  h e a t - t r a n s f e r  coefficient;  v, veloci ty;  l ,  coolant flow length; Kat, 
Kam, KG, ampl i f i ca t ion  fac to r s  of con t ro l - loop  e lements ;  "J, ga t e -va lve  speed;  A, 5, s y s t e m a t i c  and 
r andom e r r o r s  of m e a s u r e m e n t ;  i, m, j, numbers  of control led e lements ;  k, coolant flow number .  
Subscr ip t s :  w r e f e r s  to hea t - exchange r  wal ls ;  h, c r e f e r  to hot and cold l ines;  (1) r e f e r s  to l iqu id- - l iqu id  
heat  exchanger ;  l r e f e r s  to  number  of pipeline sect ion.  
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