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Means of calculating the final temperature of an isoentropic process, 
and also the temperature drops, are discussed. It is shown that in cal- 
culations of adiabatic processes it is advisable in some cases to use the 
proposed adiabatic exponent m. 

In ca lcula t ions  of adiabat ic  p roce s se s  it  is  f i r s t  
n e c e s s a r y ,  f rom the in i t ia l  s tate  and final  p r e s s u r e  
of the gas ,  to de t e rmine  the f inal  t e m p e r a t u r e  of the 
i soen t rop ic  p rocess .  

If it  is a ssumed  that the p a r a m e t e r s  of a r ea l  gas 
obey the equation of a r e v e r s i b l e  adiabat ic  curve  in i ts  
usual  form 

pv k = const, (1) 

then [ 1] 

P s" (2) 

Using the equation of s tate  of a r ea l  gas in the fo rm 

pv/RT = z, (3) 

we obtain the following express ion  for  the adiabat ic  
exponent,  

in which 

k=: cp b, (4) 
6v 

The adiabat ic  exponent  k can be calculated for  argon,  
a i r ,  ca rbon  monoxide and dioxide, hydrogen,  n i t rogen ,  
and oxygen us ing  tabulated data  [2]. The quanti ty (Oz/ 
/ap) T is found e i ther  f rom the equation of s ta te  with z = 
=f(p,  T), or  by n u m e r i c a l  d i f ferent ia t ion  f rom tables  of 
compre s s ib i l i t y  fac tors .  

For  a l i n e a r  dependence of z on p r e s s u r e ,  with T = 
= const ,  b = z. 

The adiabat ic  exponent k can be de t e rmined  f rom the 
veloci ty  of sound in the gas [1]. 

By s imul taneous  solut ion of Eqs.  (1) and (3) an ex-  
p r e s s ion  is obtained for  the f inal  t e m p e r a t u r e  of an 
i soent ropic  p rocess ,  

T , =  T1 zl ( P~ ] (~-~)/k , 
z2 \ Px / 

(5) 

where  (k - 1) /k  i s  the a r i thme t i c  m e a n  of the analogous 
exponents  for  the in i t ia l  and final  points .  

The use  of Eq. (5) has defini te  d i sadvantages ,  s ince  

it  is  n e c e s s a r y  dur ing  the ca lcula t ions  to make use  of 
two tab les ,  name ly  c o m p r e s s i b i l i t y  fac tor  and ad iaba-  
t ic  exponent  table.  

As i s  well known [1], 

ds= cpdT (Or) dp. 
T - - - ~ .  (6) 

F r o m  Eq. (3) and the cons tancy  of the entropy in a 
r e v e r s i b l e  adiabat ic  p rocess ,  

a T _  R [-[ Oz ~ ] dp 

Fur the r ,  by  in t roduc ing  the notat ion 

] m = T + z  
Gp p 

is) 

and taking the quant i ty  ~ in the in te rva l  unde r  consid-  
e ra t ion  f rom Pl, Tl to P2, T2 to be constant  and equal 
to (ml + m2)/21 we obtain,  a f ter  in tegra t ion  of Eq. (7), 

~ /  . ( 9 )  

For  z = 1 Eqs.  (5) and (9) t r a n s f o r m  into the co r -  
r e spond ing  equat ions for an ideal  gas.  �9 

The value of the par t ia l  de r iva t ive  of the c o m p r e s -  
s ib i l i ty  fac tor  with r e spe c t  to t e m p e r a t u r e  is eas i ly  
de te rmined  by n u m e r i c a l  d i f fe rent ia t ion  for equid is -  
tant points us ing  va lues  of the funct ions a t  these  points 
[3]. 

F o r  th ree  in te rpo la t ion  points 

Ozo ~ 1 
" ~ ] ,  .... 2A T :  (zl - -  z-z). (10) 

For  five in te rpola t ion  points 

( Ozo~ = 1 [8 (z 1 - -  z_i) - -  (z 2 --  z-~)]. (11) 
OT]p 12AT 

For  a l a rge  n u m b e r  of ca lcu la t ions  even the ac-  
curacy  of Eq. (10) is  suff ic ient .  On d i f fe ren t ia t ing  at  
the beg inn ing  or at  the end of a table i t  is n e c e s s a r y  
to use  the appropr ia te  fo rmulae  [3]. Numer ica l  d i f f e r -  
en t ia t ion  is p re fe rab le  to graphica l  both in the accuracy  
achievable  and in the convenience  of the calcula t ion.  

The heat  capaci ty  at  cons tant  p r e s s u r e  is  usual ly  
tabulated.  If not Cp can be found by n u m e r i c a l  d i f fe ren-  
t ia t ion of the enthalpy us ing  equat ions  analogous to 
(10) and (11). 

The f igure  shows the r e su l t s  of ca lcu la t ions  of the 
adiabat ic  exponent.  
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The v a r i a t i o n  of the ad i aba t i c  exponents  k(a) and m(b) fo r  n i t r o -  
gen with t e m p e r a t u r e  and p r e s s u r e :  1) fo r  10 Mn/m2; 2) 7; 3) 

4; 4) 1; 5) idea l  gas  s t a t e .  

The e r r o r  in d e t e r m i n i n g  the f inal  t e m p e r a t u r e  of 
an i s o e n t r o p i c  p r o c e s s  f r o m  Eqs .  (5) and (9) depends  
on the e r r o r s  in m and k t h e m s e l v e s ,  the e r r o r  in 
a v e r a g i n g  them,  and in Eq. (5) on the add i t iona l  e r r o r s  
in zl and z 2. 

An eva lua t ion  of the a c c u r a c y  of the ad i aba t i c  ex -  
ponents  given in [2] showed that  if  use  i s  made  of the 
s a m e  in i t i a l  da ta ,  i . e . ,  p - v - T  da t a  and the t h e r m o -  
dynamic  p r o p e r t i e s  of an idea l  gas ,  then the e r r o r s  in 
k and m a r e  of the  s a m e  o r d e r .  However ,  the  r e l a t i v e  
e r r o r  in the exponent  in Eq. (5) is  2 to 4 t i m e s  g r e a t e r  
than the  r e l a t i v e  e r r o r  in the ad iaba t i c  exponent  k: 

A ( ~-~-'~ ) / k - k --1 Ak (12) 

Us ing  the t h e r m o d y n a m i c  e x p r e s s i o n  fo r  Cp - c v [4] 
we obtain the r e l a t i o n s h i p  be tween  m and k: 

cv 
(13) 

En t ropy  t ab les  can a l so  be  used to d e t e r m i n e  the 
f inal  t e m p e r a t u r e  of a r e v e r s i b l e  ad i aba t i c  p r o c e s s .  

E n t r o p i e s  depend s ign i f i can t ly  on the p r e s s u r e ;  one 
of the t e r m s  in i t s  ana ly t i ca l  f o r m u l a  is  In p, so  that  
v e r y  ex t ens ive  t ab l e s  a r e  n e c e s s a r y  so that  a l i n e a r  
in t e rpo la t ion  can be  made  fo r  i n t e r m e d i a t e  va lues  of 
the p r e s s u r e .  In t e rpo la t ion  of a much h ighe r  o r d e r  
r e q u i r e s  a g r e a t e r  n u m b e r  of ca l cu la t ions .  F o r  ex -  
ample ,  f r om 1 to 4 M n / m  2 on the 400 ~ K i s o t h e r m  for  
n i t rogen  the i n t e r v a l  be tween  the en t ropy  va lues  should 
be  not  l e s s  than 0.2 Mn/m2; fo r  the ad i aba t i c  exponent  
m two va lues  a r e  suf f ic ien t  in this  i n t e rva l .  In add i -  
t ion,  a long the i s o b a r  the t e m p e r a t u r e  i n t e r v a l  be tween  
the en t ropy  va lues  should be  l e s s .  As  a consequence  of 
the s m a l l e r  p r e s s u r e  dependence ,  i n t e rpo la t i on  fo r  
va lues  of m can be c a r r i e d  out fo r  rounded off va lues  
of the p r e s s u r e ,  which i s  i m p o s s i b l e  to do with the  
en t ropy .  

I t  is  n e c e s s a r y  to s t r e s s  the g r e a t  s i m p l i c i t y  of 
f inding the ad i aba t i c  exponent  f rom tabula ted  da ta  [2]. 

Since fo r  many  g a s e s  r e l a t i v e l y  s m a l l  t e m p e r a t u r e  
d r o p s  a r e  obse rved ,  then i - s  o r  T - s  d i a g r a m s  can-  
not  in fac t  g ive  the n e c e s s a r y  computa t iona l  a c c u r a c y  
p rov ided  by  the da ta  in [2]. 

I t  is  p o s s i b l e  to i l l u s t r a t e  the t h r e e  methods  con-  
s i d e r e d  fo r  d e t e r m i n i n g  the f inal  t e m p e r a t u r e  of an 

i s o e n t r o p i c  p r o c e s s  by  the fol lowing e x a m p l e s .  F o r  
Pl = 4 M n / m  2, T1 = 300 ~ K and Pz = 10 M n / m  z the va lue  
of T2 fo r  N2, found f r o m  en t ropy  t a b l e s ,  i s  392.2 ~ K, 
f rom the ad i aba t i c  exponent  m i t  i s  392.1 ~ K, and f r o m  
the ad i aba t i c  exponent  k i t  is  393.2 ~ K. 

The a c c u r a c y  of Eq. (9) l i e s  within the l i m i t s  of 
a c c u r a c y  of the en t ropy  t ab le s  [2] fo r  p r e s s u r e  r a t i o s  
_<4. At  h ighe r  p r e s s u r e  r a t i o s  an e r r o r  beg ins  to 
a p p e a r  owing to the a v e r a g i n g  of the exponent  in (9). 

To a t ta in  a c c u r a t e  ca l cu l a t i ons  in this  c a s e  a c o r -  
r e c t i on  to T2 can be  in t roduced ,  equal  to the d i f f e r ence  
be tween  the t e m p e r a t u r e  d e t e r m i n e d  f r o m  Eq. (9) and 
the t e m p e r a t u r e  d e t e r m i n e d  f rom the en t ropy  sU fo r  
the idea l  gas  s t a t e .  F o r  example ,  with Pl = 1 M n / m  2, 
TI = 300 ~ K and P2 = I0 M n / m  2, T 2 fo r  n i t rogen ,  found 
f r o m  the en t ropy  t ab les  is  579.4 ~ K, f rom the ad i aba -  
t i c  exponent  m a f t e r  c o r r e c t i o n  i t  is  579.4 ~ K, and f rom 
the ad i aba t i c  exponent  k i t  i s  583.6 ~ K .  

The i s o e n t r o p i c  t e m p e r a t u r e  d r o p  i s  found us ing  
the ad iaba t i c  exponent  k f rom the e x p r e s s i o n  

p~ )(k--~)/k 1 

Although i t  may  a p p e a r  to be  adv i sab l e  to use  this  equa-  
t ion under  some  condi t ions  [5], i t s  a c c u r a c y  i s  gen-  
e r a l l y  i n f e r i o r  to the a c c u r a c y  of d e t e r m i n i n g  the tern-  
p e r a t u r e  d rop  f rom the enthalpy.  The use  of mean  
hea t  c a p a c i t i e s  and J o u l e - T h o m p s o n  ef fec t  da t a  to 
ca l cu l a t e  the t e m p e r a t u r e  d r o p  [6] i s  l a b o r i o u s  and 
cannot  p rov ide  the a c c u r a c y  obtained us ing  enthalpy 
t a b l e s .  

Thus fo r  s o m e  i m p o r t a n t  app l i ca t ions ,  such as  the 
t h e r m o d y n a m i c  ca l cu l a t i on  of a gas  tu rb ine  a s s e m b l y  
c losed  c i r c u i t ,  i t  i s  a d v i s a b l e  to u se  the  ad i aba t i c  e x -  
ponent  m for  f inding the f inal  t e m p e r a t u r e  "of an i s o -  
en t rop i c  p r o c e s s  in a r e a l  gas ,  and to d e t e r m i n e  the 
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t e m p e r a t u r e  d r o p  f rom the given in i t i a l  s t a t e  and the 
found f ina l  s t a t e  us ing  the enthalpy in the usua l  way. 

NOTA TION 

p i s  the p r e s s u r e ;  v i s  the spec i f i c  volume;  k i s  an 
ad i aba t i c  exponent;  R is  the gas  constant ;  T i s  the ab -  
so lu te  t e m p e r a t u r e ;  z i s  the c o m p r e s s i b i l i t y  fac to r ;  
Cp is  the hea t  c apac i ty  a t  cons tan t  p r e s s u r e ;  c v i s  the 
hea t  c a p a c i t y  at  cons tan t  volume;  AT i s  the i n t e r v a l  
be tween  va lues  of the funct ions  z-2, z - l ,  z0, zl ,  z2; m 
is  an ad i aba t i c  exponent;  s i s  the spec i f i c  en t ropy;  Ai  
i s  the t e m p e r a t u r e  drop;  s o i s  the spec i f i c  en t ropy  in 
the idea l  gas  s t a t e .  The ind ices  1 and 2 r e f e r  to the 
s t a r t  and f in ish  of the i s o e n t r o p i c  p r o c e s s ,  r e s p e c -  
t i ve ly .  
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