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An examination is made of two methods of determining the value of 
mass flow exergy upon variation of the parameters of the surrounding 
medium. The first method consists in using an exergetic diagram in 
dimensionless quantities, and the second in constructing correction 
scales on the existing diagram. 

The ques t ion  of a l lowing for  v a r i a t i o n  of the p a -  
r a m e t e r s  of the s u r r o u n d i n g  m e d i u m  a r i s e s  r e p e a t -  
ed ly  in the  n u m e r o u s  R u s s i a n  and fo re ign  p a p e r s  in 
the  f i e ld  of t h e r m o d y n a m i c  a n a l y s i s  us ing  the e x e r -  
ge t ic  method.  G r a p h i c a l  and ana ly t i ca l  m e a n s  ex i s t  
fo r  d e t e r m i n i n g  the e r r o r  in ca l cu la t ing  the m a s s  
flow e x e r g y  when the t e m p e r a t u r e  of the s u r r o u n d -  
ing m e d i u m  v a r i e s  [1-10] .  

In s o m e  f i e lds  of technology,  however ,  t h e r e  is  
c o n s i d e r a b l e  v a r i a t i o n  not  only of the t e m p e r a t u r e ,  
but  a l so  of the  p r e s s u r e  of the s u r r o u n d i n g  me d ium,  
e. g . ,  f l ight  a t  d i f f e r en t  a l t i t udes ,  the  ope ra t i on  of 
v a r i o u s  equ ipment  deep  unde rg round ,  etc .  I t  is  suf f i -  
c ien t  to say  tha t  wi th  a change  in f l ight  a l t i t ude  f r o m  
H = 0 to H = 12 km, the t e m p e r a t u r e  of the s u r r o u n d -  
ing m e d i u m  v a r i e s  f rom TH=0 = 293 ~ K to TH=t2 = 
=217 ~ K,  and the p r e s s u r e  f r o m  Ptt=~ =1 b a r  to 

PI-I=i2 = 0.21 b a r .  
V a r i a t i o n  of the p a r a m e t e r s  of the s u r r o u n d i n g  

m e d i u m  is  e s p e c i a l l y  i m p o r t a n t  in eva lua t ing  the 
e f f i c i ency  of s i m i l a r  equ ipmen t  and t h e i r  e l e m e n t s  
in v a r i o u s  r e g i m e s  [11, 12]. 

It fo l lows ,  f r o m  e x a m i n a t i o n  of the e x e r g e t i c  d i a -  
g r a m ,  that  the  inf luence  of the  p a r a m e t e r s  To and P0 
on the va lue  of the  flow e x e r g y  is d i f fe ren t .  It was  
shown in [1, 2, 4, 5, 8] that  du r ing  dev ia t ion  of t e m -  
p e r a t u r e  To f r o m  the s t a n d a r d  va lue ,  the magni tude  
and s ign  of the  c o r r e c t i o n  a r e  d e t e r m i n e d  both by the 
va lue  of the  dev ia t ion  i t se l f ,  and by the p a r a m e t e r s  
of the s t a t e  of the m a t e r i a l  fo r  which the e x e r g y  v a l -  
ues  a r e  ca l cu l a t ed .  The c o r r e c t i o n  is i n t roduced  
with  the  a id  of s p e e i a t l y  c o n s t r u c t e d  a u x i l i a r y  l ines .  
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Fig .  1. E x e r g e t i c  d i a g r a m  in d i m e n -  
s i o n l e s s  p a r a m e t e r s ,  f r o m  Eq. (5). 

In c o n t r a s t  to th i s ,  when t h e r e  is  v a r i a t i o n  of P0, 
the  magni tude  and s ign  of the  c o r r e c t i o n  a r e  uniquely  
d e t e r m i n e d  by the dev ia t ion  of the  p r e s s u r e  of the 
s u r r o u n d i n g  m e d i u m  f r o m  the s t a n d a r d  va lues ;  then 
the e x e r g y  va lue s  d i f fe r  by some  add i t ive  cons tan t .  
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Fig. 2. Net of scales for  correct ions to the e, i 

d i a g r a m  for  a i r  (T in ~ p in b a r s ,  s in k J / k g "  
�9 ~ Ae in k J /kg ) .  

If t h e r e  a r e  no en t ropy  d i a g r a m s  of s t a t e  of the  
work ing  subs t a nc e ,  then,  fo r  an a p p r o x i m a t e  d e t e r -  
m ina t ion  of the m a s s  flow e x e r g y  f r o m  the idea l  gas  
equat ion,  a d i a g r a m  is c o n s t r u c t e d  in d i m e n s i o n l e s s  
c o o r d i n a t e s ,  th i s  d i a g r a m  being  independen t  of the  
p a r a m e t e r s  of the  s u r r o u n d i n g  m e d i u m  [13]. 

F r o m  the to ta l  d i f f e r e n t i a l  exerg2z equat ion  

de = di - -  To ds, (1) 

r e p l a c i n g  the quant i ty  ds f rom the equat ions  fo r  an 

idea l  gas ,  we obta in  

d r  R dp ~ (2) 
d e = d i - - T o  c p ~ - - -  P ) .  

I n t e g r a t i n g  (2) o v e r  the r ange  of v a r i a t i o n  of s t a t e  
f r o m  s o m e  point  to the p a r a m e t e r s  of the s u r r o u n d -  

ing me d ium,  we w r i t e  

T - R l n  p \ e = c p ( T - - T o ) - - T o  c,  In T--~- -~-0)" (3) 

Div id ing  the le f t  and r igh t  s i d e s  of (3) by the quant i ty  
To, we obta in  an equat ion  in d i m e n s i o n l e s s  q u a n t i t i e s ,  

e/To = c o (T/To -- 1) - - c p  In(T/To) § R In (P/Po). (4) 

F o r  conven i ence  of c a l c u l a t i o n  and c o n s t r u c t i o n  
of the d i a g r a m  in d i m e n s i o n l e s s  quan t i t i e s ,  Eq. (4) 
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should  be w r i t t e n  in the f o r m  

lnp = e - -  ~ -  (7 ' - -  l)  + - - ~ -  

w h e r e  T = T/T0,  p = P/P0, e = e /RTo a r e ,  r e s p e c -  
t i ve ly ,  d i m e n s i o n l e s s  t e m p e r a t u r e ,  p r e s s u r e ,  and 
m a s s  exe rgy .  

F r o m  (5), a s s i g n i n g  d i f f e ren t  va lue s  to the quan-  
t i t i e s  T and e, the d i m e n s i o n l e s s  p r e s s u r e  p is  de -  
t e r m i n e d .  

The s c a l e  of the  p ax i s  in Fig .  1 is  l o g a r i t h m i c ,  
which is  an add i t iona l  conven ience  of the d i a g r a m ,  
s i n c e  the  l ines  of equal  va lue s  of the d i m e n s i o n l e s s  
quan t i t i e s  of e x e r g y  e a r e  l oca t ed  u n i f o r m l y  o v e r  the 
f i e ld  of the d i a g r a m .  This  p e r m i t s  one to ob ta in  v a l -  
ues  of  the  quant i ty  ~ on the d i a g r a m  by d i v i d i n g  in-  
t e g r a l s  ove r  the a b s c i s s a  ax i s  by any equal  n u m b e r  
of i n t e r c e p t s .  

If the  work ing  s u b s t a n c e  u s e d  is  a m a t e r i a l  f o r  
which t h e r e  a r e  en t ropy  d i a g r a m s  of s t a t e ,  t h e r e  is  
an exped ien t  me thod  of Cons t ruc t ing  the c o r r e c t i o n  
s c a l e s .  

The s t r a i g h t  l i ne s  of F ig .  1, w h i c h t a k e  into a c -  
count  v a r i a t i o n  of t e m p e r a t u r e  of the  s u r r o u n d i n g  
m e d i u m  in the  r a n g e  323-253  ~ K, w e r e  c o n s t r u c t e d  
a c c o r d i n g  to the  we l l - known  me thod  [1, 5, 8]. 

In o r d e r  to d e t e r m i n e  the c o r r e c t i o n s  at  v a r i o u s  
p r e s s u r e s  of the  s u r r o u n d i n g  m e d i u m ,  a u x i l i a r y  
p r e s s u r e  c o r r e c t i o n  s c a l e s  w e r e  c o n s t r u c t e d ,  the  
va lue  of the c o r r e c t i o n  A e p  b e i n g  found a c c o r d i n g  to  
the  f o r m u l a  

A ep = R To In (P'o/Po). (6) 

F o r  g r e a t e r  conven ience  of c a l c u l a t i o n  of the c o r -  
r e c t i o n s ,  the  ne t  of s c a l e s  is  d iv ided  i n to  sec t ions ;  
the  u p p e r  and le f t  s e c t i o n s  r e f e r  to va lue s  of en t ropy  
l e s s  than 4.2 k a / k g  �9 ~ and to p r e s s u r e s  of the s u r -  
round ing  m e d i u m  P0 < 1 b a r ,  whi le  the l o w e r  and 
r igh t  s e c t i o n s  r e f e r  to s > 3.6 k J / k g .  ~ and P0 < I b a r .  

Thus ,  the to ta l  c o r r e c t i o n  upon v a r i a t i o n  of the  
p a r a m e t e r s  of the  s u r r o u n d i n g  m e d i u m  f r o m  To, P0 
to T~, p~ is  found by adding the  two componen t s :  

A e~ ~ A er q- A ep. (7) 

The quant i ty  Aep  is  found f r o m  the  a p p r o p r i a t e  
v a l u e  of the  e n t r o p y  of the  s u b s t a n c e  at  the point  of 
d e t e r m i n a t i o n  of the  e x e r g y  and of the  l ine  T[ = cons t  
[1; 5, 81. The q u a n t i t y A e p  i s  d e t e r m i n e d  by the i n t e r -  
cep t  be tween  the a u x i l i a r y  l i n e s  P0 and p[ a t  the  t e m -  
p e r a t u r e  T[ of the  s u r r o u n d i n g  med ium.  

We sha l l  g ive  an example  of d e t e r m i n i n g  the c o r -  
r e c t i on  f r o m  Fig,  2 fo r  v a r i a t i o n  of the p a r a m e t e r s  
of the  su r round ing  m e d i u m  f r o m  To = 293 ~ K and P0 = 
=1 b a r  to T~ =323~ K and p~ ---0.8 b a r ,  with s =4 .4  
k J / k g .  ~ The quant i ty  A e T =  - 1 9  k J / k g ,  A e p  = 20.7 
k J / k g .  The to ta l  c o r r e c t i o n  is  eXe Z = - 1 9  + 20.7 = 
- -  .1.7 ka/kg. 

NOTATION 

e--masS flow exergy; i-enthalpy of substance; T-temperature; 
p-pressure;s--entropy; Cp-isobaric specific heat; R--gas constant; 
H~akitude; Aep--Cotrection in determining exetgy upon variation 
of pressure of surrounding medium; AeT-eorrection in determining 
exetgy upon variation of temperature of surrounding medium; Aez-- 
total correction in determining exergy upon variation of parameters 
of s~rounding medium. 8ubsclipts: O ~efers to the pressure and tem- 
perature of the m~rounding medium, the primes refer to new values 
of the parameters of the surrounding medium, and the overscore 
refers to dimensionless parameters. 
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