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By analyzing the f requency cha rac t e r i s t i c s  of the initial heating of a s t e am turbine cas ing wall  
we show that the appl icat ion of approx imate  express ions  for  the t r ans f e r  function gives a de -  
sc r ip t ion  of the change in the t e m p e r a t u r e  d i f fe rences  at the wall  which is qual i tat ively and 
quanti tat ively incor rec t .  In analyzing the dynamics  of initial heating for  the purposes  of auto-  
mat ic  control ,  we must  take into account the initial t he rma l  s ta te  of the wall .  

In const ruct ing a lgor i thms  for  the automat ic  control  of turbine s t a r t -up  we have to know the dynamic 
c h a r a c t e r i s t i c s  of their  init ial  heating,  the dynamics  of the change in the fac to r s  de te rmin ingwhe the r  changes 
can be made in the s t a r t - u p  p r o c e d u r e s .  One of these fac to r s  is f requent ly  taken to be the r a t e  of initial 
heating of the turbine cas ing wall  which is considered as an index of the level  of the t e m p e r a t u r e  s t r e s s e s  
in the wall .  It is more  c o r r e c t  to take the t e m p e r a t u r e  d i f ferences  in the wall  as such an index. 

To s imula te  and analyze the initial heating dynamics  of s t e a m  turbine cas ings  in connection with p r o b -  
l ems  in the automat ic  contro l  of turbine s t a r t - up  a number  of authors use  the method of t r a n s f e r  functions 
[1-4]. Fo r  a turbine cas ing wall ,  s imula ted  as an unbounded flat  p la te ,  the t r ans f e r  function with p a r a m e t e r  
s has  the f o r m  

Y (s) = ca xVVi-.r~_:__ (1) 
ch V ~ -  + ~ i  s sh 

By expanding the expres s ions  in the n u m e r a t o r  and denominator  in power  s e r i e s  we can rep lace  (1) by a 
ra t iona l  function. In [1-4] the e lements  of the cas ing were  taken as second and f i r s t  o rde r  inert ial  links to 
give a dynamic approximat ion  model 

l + b l s  
Y (s) ~ (2) 

1 + als + a~s ~ 

Equation (2), which is a second approximat ion  to (1), is genera l  for  bodies of s imple  geome t r i ca l  shape when 
there  is heat exchange between the body and the surrounding medium [5, 6]. The coeff icients  at,  as, b i a r e  
functions of the shape of the body, the the rmophys ica l  p r o p e r t i e s ,  and the conditions under  which heat  ex -  
change takes p lace .  Fo r  an unbounded flat  plate  

x 2 R 2 2 + B i  R 4 4 + B i  
b l = ~ - a ;  al = - - - - ;  a s = -  

a 2Bi 6a z 4Bi 

The accuracy  that may be achieved by the approximat ion  can be ver i f ied  by compar ing  the exact  f r e -  
quency c h a r a c t e r i s t i c s  of initial heating with those obtained f r o m  (2). The ampli tude and phase  shift for  
l inear  and l inear ized  s y s t e m s  can be de te rmined  if we know the t r a n s f e r  function of the s y s t e m  by replacing 
the p a r a m e t e r  s in it by iw where  w is the cyclic f requency of the osci l la t ions .  Then the a m p l i t u d e - f r e -  
quency cha rac t e r i s t i c  is defined as A {w) = mod Y(iw) and the p h a s e - f r e q u e n c y  cha rac t e r i s t i c  as r = a rg  
Y(iw). Thus,  f r o m  (2), we obtain: 
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Fig. 1 Fig. 2 

Fig.  1. Phase - f r equency  charac ter i s t ics  for the heated surface 
of the plate: a) the exact solution; b) the approximate solution. 

Fig. 2, Initial heating of an unbounded plate for unit change in the 
s team tempera ture :  a} the exact solution t(x, Fo) = 1 - ~ A n c o s m  n 
�9 (x/R)exp(-m2nFo); b) the solution obtained f rom the second ap- 
proximation for the t ransfer  function (2). 

I 

A(o) = !1 -k- (a~ --}- b~ -  2a~)m s + tb~(a~ --2a=) + a~]~' -[- a~ bf m'}s 

1 + (a~-- 2a,) o~' + ~ co' 

b l - a  1 -asb  lo~'] 
,(o) =arctg  ~ i  ~(a,--b:--a---~)~'--2J" 

(3) 

(4) 

From the exact solution of the Four ier  equation when the temperature  of the medium is subject to 
simple harmonic oscillations [7] we obtained the following expressions for the frequency character is t ics  with 
boundary conditions of the third kind, after various t ransformations:  

= , (5 )  A= [CcM-}--~I (ScM--CsM) ]=-{-[SsL -~i (SeM +CsM) 

cp = are tg { [ Cc M Ss M x'-~- -- Ss M Ce M --~ ] + ~I  [ SS M --~- ( Sc M -- Cs M) -- Cc M X ' ( Sc M + Cs M) ] R 

x CcMCcM---xR +SsMSsM + . SsM XR ( S c M + C s M ) + C e M  XR (ScM--CsM) . (6) 

For  boundary conditions of the f i r s t  kind (Bi--*~), expressions (5), (6) become the famil iar  Greber ex- 
pressions [8]. Equations (5}, (6) also simplify considerably for boundary values of x. 

Comparison of the frequency character is t ics  in (3}-(6} confirms that it is permiss ible  to represent  the 
t ransfer  function as the second approximation (2) in analyzing the temperature  changes at the outer isolated 
surface of the wall.  To analyze the changes at the inner heated surface a higher order  approximation is 
necessary .  Figure 1 shows the phase - f requency  character is t ics  calculated f rom (4), (6} for the heated su r -  
face and limiting values of the Blot cr i ter ion.  By comparing the graphs we see that when we use an approxi- 
mate expression for the t ransfer  function to analyze the thermal  processes  a qualitatively incorrect  picture 
is obtained. Figure 2 shows curves for the changes in the metal temperatures  on the boundary surfaces and 
the temperature difference in the wall for a par t icular  case (discontinuous unit change in the s team tempera-  
ture,  homogeneous initial conditions, Bi -- 4), obtained using (2) and the exact solution [7]. Comparison of the 
curves confirms the conclusion we have reached. 
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In using transfer  functions the initial temperature at the wall is assumed to be uniform and the initial 
heating process is assumed to be regular.  

If we use the time principle to construct algorithms for s tar t-upcontrol  the effect of the initial time in- 
terval to the onset of regular conditions of heating can be ignored because it is small in comparison with 
the total start-up time. In constructing algorithms for control by the control index we have to take into ac-  
count the effect of the initial temperature field to predict its changes [9]. 

X 

R 

T = R2/~  
Bi 
Cez = chz cos z; 
Ssz = shz sin z; 
Csz = chz sinz; 
Scz = shz cos z. 

N O T A T I O N  

is the distance from the isolated surface of the wall; 
is the wall thickness; 
is the thermal conductivity coefficient; 
is the time constant; 
is the Blot criterion; 
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