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It  is p roposed  to use  the e x e r g y  of a t he rmodynamic  s y s t e m  to analyze re laxat ion  p r o c e s s e s .  
A re la t ion  between the re laxat ion  t ime and the exe rgy  of a t he rmodynamic  s y s t e m  is obtained. 

Sys tems  s u b m e r g e d  in a t h e r m o s t a t  (environment)  and in te rac t ihg  with it  mus t  be cons idered  in solving 
a whole s e r i e s  of applied t h e r m o d y n a m i c s  p r o b l e m s .  The  s y s t e m  and t he rmos t a t  a re  he re  not in equi l ibr ium.  
Na tu ra l ly ,  a t h e r m o d y n a m i c  potent ia l  of m o r e  genera l  type than the f r ee  energy  or  i sobar ic  Gibbs potent ial  is 
n e c e s s a r y  fo r  such s y s t e m s .  Indeed,  Landau and Lifshi ts  [1] used the e x e r g y  to desc r ibe  fluctuations and to 
invest igate  s tabi l i ty  and d i s s ipa t ive  p r o c e s s e s .  

The exe rgy  can be used as  a t he rmodynamic  Lagrangian  in the formula t ion  of var ia t iona l  pr inc ip les  for  
the t he rmodynami cs  of i r r e v e r s i b l e  p r o c e s s e s .  Such an approach  [2, 3] p e r m i t s  bypass ing  a number  of di f -  
f icul t ies  which occur  in the ut i l izat ion of o ther  t he rmodynamic  functions as a Lagrangian .  

The appl icat ion of the re laxa t ional  f o r m a l i s m  of the t he rmodynamics  of i r r e v e r s i b l e  p r o c e s s e s  [4, 5] to 
d i s p e r s e  s y s t e m s  p e r m i t t e d  the descr ip t ion  of a number  of p r o c e s s e s  such as acoust ic  re laxa t ion ,  c o m p r e s -  
sion of a dusty gas in a c o m p r e s s o r ,  and heat  conduction of suspens ions  [6, 7], f r o m  a single viewpoint.  
Exergy  can a lso  be used  to extend the re laxa t ion  f o r m a l i s m  of nonequil ibr ium the rmodynamics  to the case 
of a s y s t e m  in a t he rmos t a t .  The p r e s e n t  p a p e r  is devoted to a c lar i f ica t ion  of this question. 

Let  us cons ider  the exe rgy  of a fixed s y s t e m  

dE = d U - -  7'odS ~ podV (1) 

and the exe rgy  of a s t r e a m  of m a t e r i a l  in a s y s t e m  of the center  of m a s s  of the  ex t rac ted  e lement  

dE s = d H -  TodS. (2) 

F o r  s y s t e m s  in which the re laxa t ion  p r o c e s s  cha r ac t e r i z ed  by the p a r a m e t e r  4 p roceeds ,  the fundamen-  
tal  Gibbs equation is valid [8] 

dU ~ TdS  - -  pdV- -  Ad~., (3) 

dH ~ TdS  ~ Vdp - -  Ad~. (4) 

If s e v e r a l  re laxa t ion  p r o c e s s e s  p roceed  in the s y s t e m ,  then the quanti t ies  A and ~ can be in te rpre ted  as 
v e c t o r s  with the components  A 1 . . . . .  An, 41 . . . . .  ~n. M o r e o v e r ,  s ince a t he rmodynamic  analys is  of a ch emi -  
cal  reac t ion  is analogous to the descr ip t ion  of re laxa t ion  p r o c e s s e s ,  (1)-(4) and all the subsequent  r e su l t s  can 
be used for  s y s t e m s  in which chemica l  reac t ions  proceed .  El iminat ing  dU in (1) by using (3) and dH in (2) by 
us ing  (4), we have 

dE = ( T - -  To) dS - (p - -  Po) d V - -  Ad~, (5) 

dE 1 = ( T - -  To) dS + Yap - Ad~. (6) 

Taking  into account  that  the d i f ferent ia l s  dE(S, V,  0 and dEf(S, p,  4) a r e  to ta l ,  we obtain 

v.~ \ os 1,.~ --OC,s.~ 

ap ]s .~ - - ~  s.v \ a~ )s ,p  

T r a n s l a t e d  f r o m  Inzhene rno -F iz i chesk i i  Zhurnal ,  Vol. 37, No. 3, pp. 513-517, Sep tember ,  1979. 
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If we select  IL V, } as independent var iables  defining E, and H, p, ~ for Ef, then there  follows from (1)-(4) 

dE = ~(e)dU+ [Po- (I --~(~)) p] dV--(I --x(")) Ad~, (8) 

dE] = "6e)dH-} - (1 - -  T ( e ) )  Vdp -- (1 --  ~(e)) Ad~, (9) 

where r (e) = 1 - (To /T) .  F rom (8) and (9) we find 

( OE ) =(-OE' ~ _~.c(e); ( OF, ~ = 
v,~ \ 01-I ]p,~ \ OV ]v,~ po--(1--~(~))p; 

OE ( OE t 

Substituting the total differentials  d u f f ,  V, ~) and dH(T, p, ~) in (8) and (9), we obtain 

dE =CvT(e)dT+ x(e) [(T--To) + (Po [~(e, OU Al d~ ' 

OV [ ~)  OH " 

For  the derivat ives (0U/0~) T,V and 0H/0DT,p we can write [8] 

OF OS = ~ IT OA , , 

OG OS 

Taking (13) and (14) into account,  (11) and (12) become 

Op 
dE=x")CvdT§ [(T-- T~ ( ~ T - ) v , ~ +  (P~ ] dV § [(T~ T) f OA OT ]v,~--A]J rig, (15, 

OV ,10, 

f rom which follows 

OEj ( - ~ - i , . ~  = ( r -  To)  - -  A .  

If the differential  of the entropy S = S(E, V, ~) is expressed f rom (5) and (6), then the expression 

A=(T--T0)  ~ e.v - ~ -  el, p 

can be obtained for  the affinity of the process .  The phenomenological law 

d~ _ LA 
dt 

(17) 

(is) 

(19) 
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can be wri t ten  for  the veloci ty of the re laxat ion p r o c e s s ,  where  the affinity A is a function of the state A(x, y ,  
~), and x and y a re  p a r a m e t e r s  of this state.  Expanding A in a s e r i e s  for  unchanged x and y 

0A . . . .  
A =  Aequi+ ( ' - ~  )x, uh~ + O(A~2) (20) 

and taking into account that  Aequi = 0 in an equi l ibr ium state ,  we r ewr i t e  (19) in the form 

Hence 

= (2I) 

O~ ],,,.J" 

I OA \ t -~ 
�9 ~ = - L ~ W ) ~ . ~ t  " (22)  

Giving the values (8, V),  (S, p), (U, V), ( H ,  p) success ive ly  to  x and y ,  we exp res s  the relaxat ion t ime in 
t e r m s  of the exergy  by using (7) and (10) 

[ ( ~ )  1-' [L( 0,~ / 3-' 
�9 sv = t z  k--~-/slvJ ; % = " (23) .L k O~ z ]s,pJ 

Using (18), we obtain the re laxat ion  t ime for  constant E,  V e n d  Ef,p: 

{ o's ~ ]-, 
�9 ~ L ( r - -  T o ) ~  

N 

(24) 
rE: = - -  [L (T-- To) ( b2S 

k W /~, , .J  

The re laxat ion t ime for  constant V, T and p,  T can be found f rom (22) and (17) with (13) and (14) taken into 
account :  

02S - ,  

= I L l (  O'E, "] 02S - '  

The par t ia l  der iva t ives  in all the express ions  fo r  the re laxat ion t ime are  evaluated in the equil ibr ium state [8]. 
Using di f ferent  re la t ionships  between the thermodynamic  der iva t ives ,  we can set  up a relat ionship between 
dif ferent  re laxat ion t imes.  

The ve ry  same fo rma l i sm can be used for  complex thermodynamic  sys tems .  However ,  in this case the 
general ized enthalpy [9] 

. + ~ . ~  
H*= H + [:.~ ~ (26) 

H -k Mgz ] 

must  be used in place of H. By us ing (8), (9) and the equations of the f i r s t  law of thermodynamics  in the fo rm 

dQ = dU + pdV, (27) 

dQ --= dH-- Vdp, (28) 

an express ion  can be obtained for  the useful  work  p e r fo rm ed  by the sys tem and the flux of ma te r i a l  in which 
the re laxat ion p r o c e s s e s  p roceed :  

A 
dLv=(p - -  Po) dV= dE r176 - -  dE --  To ~ d~, (29) 

A 
dL'--- - -  Vdp = dE (q) - -  dE/ - -  To --~T- dg, (30) 
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where  dE(Q) = T(e)dQ is the t h e r m a l  exergy .  The las t  t e r m s  in the r ight -hand s ides  of (29) and (30) exp res s  
the exe rge t i c  l o s ses  caused by i r r e v e r s i b i l i t y  of the p r o c e s s e s .  

Relaxat ion p r o c e s s e s  can be taken into account  in the local exergy  balance equations [10] for  a continuous 
nonequi l ibr ium sys t em.  If the s y s t e m  is c losed or in equi l ibr ium with the medium for  constant  p r e s s u r e  and 
t e m p e r a t u r e ,  then the re la t ionships  obtained yield the wel l -known c las s i ca l  r e su l t s  [4, 5, 8]. 

And f inal ly,  we note that re la t ions  (29) and (30) can be used for  an exerge t i c  analys is  of nonsta t ionary 
p r o c e s s e s .  These  p rob l ems  a re  of p rac t i ca l  in te res t  but the methods of thei r  solution have not been de-  
veloped at this t ime ,  and we can only r e f e r  to Ya. Shargut and R. Pete la  who indicated the possibi l i ty  of using 
the t he rmodynamics  of i r r e v e r s i b l e  p r o c e s s e s  here .  
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NOTATION 

is the physica l  exergy;  
is the s t r e a m  phys ica l  exergy;  
is the in ternal  energy;  
is the enthalpy;  
Is  the ent ropy;  
~s the t e m p e r a t u r e ;  
is the p r e s s u r e ;  
,s the volume;  
is the affinity of the re laxat ion  p r o c e s s ;  
~s the re laxat ion  p a r a m e t e r ;  
~s the exe rge t i c  t e m p e r a t u r e ;  
~s the phenomenological  coefficient;  
is the re laxat ion  t ime  under  the condition that the p a r a m e t e r s  x and y = const;  
ts the t h e r m a l  exergy;  
a re  the useful  work;  
a re  the magnet ic  field induction and magnet ic  moment ;  
a r e  the e l ec t r i c  field intensi ty and polar iza t ion;  
is the m a s s ;  
is the cen te r  of gravi ty  coordinate ;  
is the f r e e - f a l l  acce le ra t ion ;  
the subsc r ip t  0 r e f e r s  to the p a r a m e t e r s  of the medium.  
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