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Algorithms are considered for monitoring and control of thermal processes in specialized 
instrumentation. 

Variable temperature  regimes in an object containing multielement heat liberation and heat sink 
s t ructures  of various construction may be monitored by the indications of a ser ies  of temperature  sensors .  
Analysis of the object 's temperature  regime allows accurate determination of temperature  values, whose 
range might have been known beforehand only approximately. 

With high technical requirements as to temperature  drops needed to satisfy normal operating condi- 
tions, an organized control over the information proceeding from the temperature  sensors  makes it pos- 
sible to prevent the development of malfunctions. Regulation must be accomplished on a real  t ime scale, 
and decision-makingand delay periods in the regulation process must not exceed the minimum interval 
for  development of malfunctions. Thus, the f i rs t  stage of data processing should include decoding of the 
incoming information, printout in graphic form, analysis and processing of control effects on auxiliary 
system temperature  regulators (if such are  included in the object), or making decisions on switch-on or 
switch- off of the heat-generating devices.  

The following stages of the data processing are  connected with analysis of instrument function and 
deviations occurring in the thermal  processes  and prediction of temperature  regimes.  

The temperature  regime of complex objects may be described with sufficiently high accuracy by a 
system of thermal balance equations which are  a particular case of the thermal-conductivity equations, 
The number of equations in the system corresponds to the number of segments into which the system is 
divided. Each segment is character ized by the condition that the temperatures  of elements included the re -  
in may be taken as equal at any moment. The division process is governed by peculiarities of element 
function and structure,  technical temperature-maintenance requirements,  the character  of thermosensor  
devicesused,  etc,  The thermal-balance equation for any segment is written in the following form: 
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-d r  = (ciGi) q~ ext + q~ int + F~ (T~,-- T,) q-- 
i 

N P 

It develops in pract ice that in the case of a complex object it is impossible to experimentally deter-  
mine the coefficients of the thermophysical character is t ics  of the segments and the external thermal  flux 
values appearing in the equation. Studies performed with test  stands and temperature  chambers do not 
allow complete modeling of the character  of real  thermal  processes  occurring in the object's functioning. 
Thus, some solution to this problem must be determined. It proves to be the case that it is possible to 
use temperature  sensor indications to determine actual values of the thermophysieal character is t ics  and 
the incident external heat fluxes of the segments.  
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We wr i t e  the  t h e r m a l - b a l a n c e  r e l a t i onsh ip  for  cont rac t ing  bodies  or media  in s impl i f i ed  fo rm as  
follows : 

Q = WI~ 1 = W ~ .  (2) 

Methodological  computa t ion  of t h e r m a l  p r o c e s s e s  can be divided into two types  - -  t he rmo techn i ca l  
ca lcu la t ions  of the f i r s t  t y p e  and of the second type .  In computat ions  of the f i r s t  type  in i t i a l  and f inal  t e m -  
p e r a t u r e s  of both bodies  a r e  known and the p r o b l e m  reduces  to de t e r m i na t i on  of h e a t - t r a n s f e r  power .  In 
ca lcu la t ions  of the second type,  va lues  of t h e r m a l  power Q and in i t ia l  t e m p e r a t u r e s  a r e  used  to de t e rmine  
final body t e m p e r a t u r e s .  

In the case  where  we have ava i l ab le  t e m p e r a t u r e - s e n s o r  in format ion ,  the d iv i s ion  of the body into 
segments  is  known, and i t  is  known beforehand which of the t h e r m a l - b a l a n c e  equations a r e  undefined; it 
is  poss ib l e  to  solve  the conve r se  p rob lem,  i . e . ,  to  ca lcu la te  the unknown p a r a m e t e r s  on the b a s i s  of 
t h e r m o t e c h n i c a l  computat ions  of the f i r s t  type .  In the s y s t e m  of t h e r m a l - b a l a n c e  equations t e m p e r a t u r e  
curves  obtained by p r o c e s s i n g  of s e n s o r  indica t ions  al low the segment  t e m p e r a t u r e s  to  be cons ide red  as  
known, while the t h e r m o p h y s i c a l  p a r a m e t e r  va lues  can then  be found by c o n v e r s e - p r o b l e m  methods .  

One of the most  r e l i a b l e  methods ,  giving good r e s u l t s  with a s m a l l  number  of v a r i a b l e  p a r a m e t e r s ,  
i s  the method of l ea s t  squa re s  [1]. F o r  example ,  if for  the object  s tudied i t  develops  that  the coeff ic ients  
en te r ing  the i - t h  equation a r e  unknown, the t e m p e r a t u r e  curve  of that  segment  can be r e c o r d e d  at a number  
of s u c c e s s i v e  moments ,  with the condit ion that  the number  of these  equations exceed the number  of p a r a m -  
e t e r s  s tudied .  This  s y s t e m  of equations is  then t aken  as  a s y s t e m  of condi t ional  equations of the method 
of l eas t  s q u a r e s ,  

r .  X =• .  (3) 

Min imiza t ion  of squa re s  of the condi t ional  equations t r a n s f o r m s  them into a s y s t e m  of no rma l  equa-  
t ions :  

F' �9 r �9 X = r '~ ,  (4) 

where  F '  �9 F = B is  a squa re  m a t r i x  of d imens ions  n x n, and 

X = B- ~ �9 F' �9 ~. (5) 

Actua l  ca lcu la t ion  of a number  of objects  has r e v e a l e d  that  v a r i a t i o n  of more  than t h r e e  p a r a m e t e r s  
g ives  un re l i ab l e  r e s u l t s  independent  of the number  of condi t ional  equations [2]. The p rob lem l ies  in the 
fact that  the  abso lu te  value of the de t e rminan t  of the i n v e r s e  m a t r i x  B -1 p roves  to be ve ry  l a rge ,  and thus 
ins ign i f ican t  e r r o r s  in  ~2 or  r '  p roduce  s igni f icant  d i s to r t i ons  in the value X. In o r d e r  to r educe  e r r o r  in 
:,2 and F '  to  a min imum,  it is  a l so  n e c e s s a r y  that  the  t h e r m o s e n s o r  in fo rmat ion  be r e c e i v e d  without noise .  

Depending on the c h a r a c t e r  of the connecting c i r c u i t r y  and the condit ions under  which the object func- 
t ions ,  in  many c a s e s  i t  is  i m p o s s i b l e  to  avoid the a p p e a r a n c e  of r andom noise in the s e n s o r  indica t ions .  
T h e r e  ex i s t  s e v e r a l  methods for  smoothing d i s c r e t e  in format ion  and e l iminat ing  noise .  The most  conven- 
ient  and most  s imply  explained is  smoothing by expansion in  a F o u r i e r  s e r i e s .  Com pa r i s on  of th is  method 
with o thers  r e v e a l e d  no spec i a l  advan tages .  

This  method r e p r e s e n t s  the r andom noise 5-funct ion as  a d ivergen t  F o u r i e r  s e r i e s ,  and so the co -  
ef f ic ients  of th is  F o u r i e r  expans ion  of the noise  a r e  a l l  of the same  value .  Simple recep t ion  of d i s c r e t e  
in fo rma t ion  c h a r a c t e r i z i n g  a smooth function can be ident i f ied  with an odd function whose F o u r i e r  coeff i -  
c ients  bn d e c r e a s e  as  1 /n  3. Such a function can be wr i t t en  as  a F o u r i e r  s e r i e s  in s i ne s :  

2~ 
g (x) = b I s i n - -  x + b~ sin - -  x q - . . .  + (6) 

C/ a 

The coeff ic ients  b K a re  de t e rmined  f rom the condit ion that  at the moment  of a r r i v a l  of in fo rmat ion  f rom 
the t h e r m a l  s e n s o r s  the function g(x) must  co r r e spond  to that  informat ion .  

The F o u r i e r  coeff ic ients  of the t e m p e r a t u r e  function must  decay  as  1 /n  3 and, a f te r  some value b m 
can be taken  equal  to ze ro .  On the other  hand, the coeff ic ients  of the 5-funct ion F o u r i e r  s e r i e s  r e m a i n  
unchanged in value .  Consequently,  a f t e r  a number  m the coeff ic ients  of the expansion of the function con- 
s t ruc t ed  f rom the t h e r m a l - s e n s o r  in fo rmat ion  wil l  be p r a c t i c a l l y  constant .  It is  obvious that  they may be 
d i s c a r d e d .  A m a j o r  complexi ty  of th is  method is  the s e a r c h  for  a boundary f requency.  Good r e s u l t s  in 
t h e r m a l - s e n s o r  in fo rma t ion  p r o c e s s i n g  were  given by the following a l go r i t hm :  
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Pt Pl-}-5 Ps=P2-} -I P~+5 

X b 2 > 1 0  X b~; X b : > l O  ~ b:; 
n=l n=Pt+l n=2 n=P,+l 

P~:Pj-}-I P2+5 P4=P~4-[ P4+ 5 

o: > 5 b , b '. > 5 b :  
n=l  n~Pz+l n=2 n=Pa+l 

(7) 

Use of the informat ion-smoothing method aids in determining re l iab le  values of the thermophys ica l  pa ram-  
e t e r s .  Conve r se -p rob lem methods a r e  especia l ly  convenient in cases  where during use of the apparatus 
thermodynamic  pa r ame te r s  of its component par ts  change (basically due to chemical  reac t ions  and inci-  
dence of foreign objects) and combust ion and contamination (due to oxidation and format ion  of scale)  of the 
contacting sur faces  occur .  

After  the values of the unknown thermophys ica l  pa rame te r s  a re  es tabl ished,  the t he rma l  reg imes  of 
complex objects can then be predic ted  by thermotechnica l  computations of the second type.  

These  p rocedures  for  t h e r m a l - s e n s o r  data p rocess ing  permi t  monitoring of an objec t ' s  thermal  
r eg ime ,  de te rmina t ion  of thermophys ica l  p a r a m e t e r s  of its e lements ,  and analysis  of fac tors  concerned 
with the surrounding medium in the functioning of se r i a l  objects .  

N O T A T I O N  

Ti,  t e m p e r a t u r e  of i - th  segment;  Tj ,  t e m p e r a t u r e  of j - th  segment,  with which the i- th segment is 
i n t h e r m a l  contact;  r ,  t ime;  ci, specif ic  heat of i - th  segment;  Gi, weight; qiext '  qiint '  ex terna l  and in- 
t e rna l  t he rma l  fluxes; hij , coefficient  of t he rma l  conductivity of joint between i - th  and j - th  segments ;  
l i j , jo int  length; F i j ,  the rmal  in terac t ion  a rea  between-segments  i and j. C 0, S t e f an -Bo l t zmann  equation 
constant;  geor i i ,  co r rec t ed  mutual radia t ion coefficient;  a i j ,  coeff icient  of heat t r a n s f e r  between i- th 
segment and liqdid; M, N, P,  number  of segments  with which i - th  segment  is in one or another  form of 
the rma l  contact;  Q = kH| quantity of heat t r a n s f e r r e d  f rom cooling body to warming body; W i = CplG1; 
W 2 = ep2G 2, water  equivalents;  | = t l - t 2 ;  At i ,  At 2, t empera tu re  changes in f i r s t  and second bodies;  r ,  
n by m mat r ix ,  m > n; X, column of unknown p a r a m e t e r s ;  ~, column of f ree  t e r m s ;  F ' ,  t ransposed  
ma t r ix  F, a,  t ime interval  for  data accumulat ion f rom i - th  sensor ;  h, in terval  between success ive  data 
t r ansmiss ions ,  x = 0, h, 2h . . .  nh = a. 
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