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The transient processes in mixing chambers associated with perturba- 
tions of the inlet temperature of the heat-transfer agent are examined 
considering the heat exchange with the structural elements of the cham- 
ber. 

In invest igat ing the nons ta t ionary  operat ing reg imes  
of equipment  such as mixing chambers  it is n e c e s s a r y  
to cons ider  the heat t r a n s f e r  between the h e a t - t r a n s -  
fer  agent and the s t ruc tu ra l  e lements  of the chamber  
observed in connection with per tu rba t ions  of the inlet  
t empera tu re .  Nuclear  r eac to r  mixing tanks and heat-  
exchanger headers  a re  examples of such chambers .  
In them the flow of hea t - t r an s f e r  agent is such that 
ideal mixing can be assumed,  throughout the chamber .  
It was shown exper imenta l ly  [1] that this assumption,  
widely used in invest igat ing t r ans ien t  p rocesses  in 
equipment  with mixing chambers ,  is quite rea l i s t i c .  
The heat t r ans fe r  with the s t ruc tu ra l  e lements  of the 
chamber  has been neglected,  although in a number  of 
cases  it should definitely be taken into account. 

Accura te ly  enough for prac t ica l  purposes  the s t ruc -  
tural  e lements  exposed to the h e a t - t r a n s f e r  agent 
(chamber  wails ,  var ious  rods and plates) can be rep-  
resen ted  by cyl inders  and plates,  with one d imens ion  
( thickness,  height, radius) s m a l l e r  than the others.  
Accordingly  we confine ourse lves  to a one-d imens iona l  
descr ip t ion  of the t empera tu re  field. Of course ,  it is 
poss ib le  to take the mul t id imens iona l i ty  of the t em-  
pe ra tu r e  field in the s t ruc tu ra l  e lements  into account;  
however,  this leads to cons iderab le  complicat ion of 
the final express ions  and complicates  the prac t ica l  
applicat ion of the solution without much improvement  
in accuracy.  The problem is also complicated if the 
s t ruc tu ra l  e lements  cons is t  of severa l  l ayers  with dif-  
fe rent  thermophysica l  proper t ies .  In this case  an ap-  
proximate  s ing le - l aye r  model can be used by in t ro -  
ducing neffectiven thermophysiea l  constants .  

The hea t - t r an s f e r  p rocess  is desc r ibed  by the fol-  
lowing sys tem,  which includes the heat conduction 
equations for all  the e lements ,  the heat balance equa-  
tion, the ini t ia l  condit ions,  the boundary condit ions of 
the th i rd  kind at the exposed sur faces  ol the e lements ,  
and the condit ions of s y m m e t r y  at the coordinate  or igin 
(this is taken on the insula ted sur face  for e lements  ex- 
posed on one side, and in the cen te r  for e lements  ex- 
posed on both sides):  
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The Laplace t r ans fo rms  are  

L [t i (x, Vo)] = 7"/(x, s), L [0 (Fo)] = U (s), 

L [00 (Vo)] = Uo (s), Vo - a, 

Solving sys tem (1)-(5) in the t r ans fo rms ,  we find 
the t r a n s f e r  function 
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The inve r se  t r a n s f o r m  of the t r ans f e r  function 
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The  t e m p e r a t u r e  of the h e a t - t r a n s f e r  agent  at the 
c h a m b e r  outlet  for  an a r b i t r a r y  pe r tu rba t ion  of the 

,[ 

Sodium t e m p e r a t u r e  at chambe r  outlet  
as  a function of t ime  (~-, sec):  curve  1 
was ca lcu la t ed  without a l lowance for  
heat  exchange with the s t r u c t u r a l  e l e -  
ments ;  and curve  2 was ca lcu la ted  with 

a l lowance  for  heat  exchange.  

inlet  t e m p e r a t u r e  is 
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We will  cons ide r  some typica l  pe r tu rba t ions .  
(1) Exponent ia l  pe r t u rba t i on  0 0 = A0[1 - e x p ( - m  Fo)] 

for  which 
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(2) An ins tantaneous  jump A0 in in le t  t e m p e r a t u r e  
fo r  which 
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(3) A l inea r  va r i a t ion  AOAFo in in le t  t e m p e r a t u r e  in 
t ime  A F o  for  which Fo  -~ A F o  gives  
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and for  which Fo  > A F o  gives  

0 - - 0 o  _ 2exp(--~n2F~ H Ml(~t") X 
~ ~'  (~.) 

n=0 1= l 

X [exp ( ~  A Fo) - - l j .  

(4) F ina l l y ,  the ha rmon ic  p e r t u r b a t i o n  0 0 = A0 x 
x s in(wlFo)  for  which 
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F r o m  the l a t t e r  e xp re s s ion  we find the ampl i tude  
r e s p o n s e  of the s y s t e m  
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and the phase response 
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Obviously, 
i. e., 

the gain of the s y s t e m  is equal to 1, 
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The dimensionless co I and dimensional w frequencies 
are related by 
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Series (16) and (17) converge rapidly, and in ac- 
cordance with these expressions the system can easily 
be approximated by an element with a rational trans- 
fer function. 

Such an approximation is necessary in electrical 
analog simulation of a mixing chamber forming part 
of a chain with other linear elements (for example, 
heat exchange equipment, pipelines, etc.) 

The figure presents the results of a calculation of 
the temperature of liquid sodium at a 0.9 m 3 mixing 
chamber outlet following an instantaneous change of 
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t empera tu re  at the inlet.  The flow ra te  of sodium 
through the chamber  is 0.054 m~/sec; in flowing through 
the chamber  the sodium comes in contact with the walls,  
of 0.068 m thickness and total  a r e a  5.2 m 2, ap la te  0.1 m 
thick and 1.8 m 2 in area ,  and a cy l indr ica l  rod 0.05 m 
in d i ame te r  and 0.08 m 2 in area .  All these e lements  
a re  made of s ta in less  steel .  The calculat ion shows 
that heat t r a n s f e r  exerts  s ignif icant  influence on the 
t r ans i en t  p rocess .  

NOTATION 

t is the t empera tu re  of the s t ruc tu ra l  e lement ;  0 is 
the t empe ra tu r e  of the h e a t - t r a n s f e r  agent; 00 is the 
t empera tu re  of the h e a t - t r a n s f e r  agent at chamber  in-  
let;  ~- is the t ime;  x is a space coordinate;  6 is the 
thickness  of a flat or  the radius  of a cy l indr ica l  e le -  
ment ;  G is the flow ra te  of the h e a t - t r a n s f e r  agent 

through chamber ;  V 0 is the mass  of he a t - t r an s f e r  
agent in chamber ;  F is the h e a t - t r a n s f e r  surface;  and 
w is the frequency. Subscr ipts :  T denotes the heat-  
t r ans f e r  agent; j denotes the j - th  e lement ;  and the 
r ema in ing  notation is s tandard.  
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