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The thermodynamic proper t ies  of nitrogen and other industrial ly important  gases  have been adequately 
investigated in the range of pa r ame te r s  f rom the saturation line up to tempera tures  of 1300~ and p re s su re s  
of 1000 bar [1] and, also, at t empera tu res  up to 3000~ and p re s su re s  up to 100 bar [2]. These data were 
der ived from the resu l t s  of a considerable  number of experimental  investigations by various authors and 
a re  highly accurate~ Resul ts  of sys temat ic  experimental  r e sea rch  into the thermodynamic proper t ies  of 
gases  at p r e s s u r e s  of 10-12 kbar and comparat ively  low tempera tu res  have been published by a number of 
authors.  One of these is the monograph by Din [3] covering a range of p r e s su re s  up to 10 kbar and t e m p e r -  
a tures  up to 400~ as well as the latest  investigation by Tsiklis at p r e s su re s  up to 12 kbar and tempera tures  
up to 700~ 

Systematic,  if only approximate,  data on the thermodynamic proper t ies  of industrial ly important  gases  
at p r e s s u r e s  of 10-15 kbar and t empera tu res  up to 3000~ are  needed in technological applications. Hence the 
necess i ty  to improve the methods of calculation of thermodynamic functions of real  gases in this range of 
parameters~  

The most  general  equation of state of gases  of modera te  density is of the vir ial  form, which is an 
expansion of the compress ib i l i ty  factor  z = pv/RT into power ser ies  of density: 

z :  I + B  (T)9 + C(T) p 2+D (T) p3 + . . .  (1) 

where p is the gas density and B(T), C(T), D(T), etc., are,  respect ively,  the second, third, fourth, and so 
forth v i r ia i  coefficients.  

Equation (1) cannot, however, be used for determining the thermodynamic proper t ies  of gases  at ve ry  
high densities,  The domain of applicability of Eq. (1) with this or that number of t e rms  of the virial  expan- 
sion has not been so far exactly determined.  The condition of smallness  of the volume of a molecule r e l a -  
tive to the volume of gas per molecule,  used in the derivation of Eq. (1), is only a sufficient condition for the 
convergence of the ser ies  into which the binary function of molecule distribution in the gas is expanded, 
This condition defines the domain of applicability of Eqo (1) only approximately and does not take into 
account the number of t e rms  used in the vir ia t  expansion. 

An empir ical  or semiempir ica l  function represent ing the dependence of in termolecular  action on the 
distance (r) between molecules  is used in the calculation of the dependence of vir ial  coefficients on t e m p e r -  
ature~ One of the mos t  perfect  forms of this function is the Lennard-Jones  potential 

(2) 

P a r a m e t e r s  ~ and ~ appearing in (2) have the dimensions of energy and length, respect ively,  and 
define the chemical individuality of gas. 

Actual calculation of vir ial  coefficients of Eq. (1) with the use of potential (2) is very  complicated and 
the amount of calculation considerably  increases  with the use of vir ial  coefficients of higher order .  Results  
published so far  re la te  to the calculation of the second vir ial  coefficient B(T) in the interval of relat ive 
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t e m p e r a t u r e  k T / e  = 0.3-400 (here k is Bo l t zmann ' s  constant) and, also,  of the th i rd  v i r i a l  coefficient  C(T) 
in the in te rva l  k T / e  = 0.7-400. These  calculat ions were  made  by Hi r sch fe lde r  [5]. 

The recen t ly  published paper  by B a r k e r  et al. [6] g ives  the r e su l t s  of calculat ion of the fourth and 
fifth v i r i a l  coeff icients  D(T) and E(T) in the in terval  k T / e  = 0.625-20 der ived with the use of the mo lecu l a r  
in teract ion potential  (2). The th i rd  and fourth v i r i a l  coeff icients  have now been calcula ted by Savel 'ev  for 
a wider  r ange  of k T / e  = 0.3-400, also,  with the use of potential  (2). These  calculat ions a r e  in good a g r e e -  
ment  with the data provided by Hi r sch fe lde r  and Ba rke r .  

Another fo rm of the equation of s ta te  of r ea l  gases ,  a lso recen t ly  published, is that of the Rawl inson ' s  
equation [7] der ived by summing v i r i a l  s e r i e s  (1). This  is poss ib le  on ce r t a in  assumpt ions  which are ,  how-  
ever ,  val id  only on condition that 

which for ni t rogen co r r e sponds  to T -> 1200~ 

Rawl inson ' s  equation is of the fo rm 

T ~ t2elk (3) 

i § + ~,~ (4) z--  (t--~)~ 

in which ~, if used with the molecu la r  in teract ion potential  (2), is defined by 

~ = (__~Tv ) i ~ ,,, ,i, r ~ , 3 

H e r e  b 0 is the second v i r ia l  coeff icient  for  models  of ha rd  spheres ,  v is the specif ic  volume,  and F(5 /kT)  is 
a ce r t a in  function whose numer i ca l  values  a r e  given in [7] for a wide r ange  of the a rgument .  

It is a lso shown in [7] that  the r e s u l t s  of calculat ions by Eq. (4) a r e  in good co r re l a t ion  with the data 
on the p r e s s u r e  of dense gases  calcula ted by the Monte Carlo method on a computer ,  as  well  as with 
m e a s u r e m e n t s  of com pre s s i b i l i t y  of gases  at high normal ized  t e m p e r a t u r e s  and with the r e su l t s  of ce r t a in  
m e a s u r e m e n t s  of the densi ty of a rgon c o m p r e s s e d  by shock waves  to a p r e s s u r e  of 200 kbar .  

Thus in the r ange  of p r e s s u r e s  cons idered  and t e m p e r a t u r e s  T - 700~ exper imenta l  data on the 
the rmodynamic  p r o p e r t i e s  of ni t rogen a re  avai lable ,  while m o r e  or  l e s s  r e l i ab le  methods  of calculat ion of 
these  exis t  for  t e m p e r a t u r e s  T - 1200~ There  a re  at p resen t  no methods wha t soever  for  de termining  the 
the rmodynamic  p a r a m e t e r s  of ni t rogen in the in terval  between the i so the rms  of 700 and 1200~ in which 
only empi r i ca l  or  s e m i e m p i r i c a l  in terpola t ion methods can be used. 

The compress ib i l i t y  factor ,  the specif ic  volume,  the enthalpy and ent ropy of ni t rogen calcula ted  in the 
cons ide red  interval  by Eq. (1) with five v i r i a l  coeff icients  a r e  in good co r re l a t ion  with data der ived f rom 
Eq. (4) for t e m p e r a t u r e s  f rom 1200 to 30000K. However ,  for  t e m p e r a t u r e s  T < 700~ the re  is a d i sc repancy  
of 10-15% between these  r e s u l t s  and the exper imenta l  data ci ted in [4]. In the calcula t ions  with Eq. (1), 
e / k  = 91.50K and a = 3.681 A were  taken as p a r a m e t e r s  of the m o l e c u l a r  in teract ion potential .  

It should be noted that the numer ica l  values  of p a r a m e t e r s  e and a, exper imenta l ly  de te rmined  by 
va r ious  r e s e a r c h e r s  using different  physica l  methods,  va ry  cons iderably  (see [5]), with the m a x i m u m  and 
min imum values  of e / k  for ni t rogen being 95.9 and 79.8~ and of ~ 3.749 and 3.681 A, respec t ive ly .  

Numerous  calculat ions of the the rmodynamic  p r o p e r t i e s  of ni trogen using va r ious  va lues  of ~ and 
within the above range  had shown that the effect  of ~ on the r e su l t s  of calcula t ions  is cons iderab le  for  

' I 5_., . . . .  v z "  t f.15 2800 i ~.25 
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imental data from [4] and those calculated 
the calculations by Eq. (1)o The general ly  accepted value of 91.5~ was taken for e /k ,  and the value of cr was 
selected so as to obtain the smal les t  possible discrepancy between calculated and experimental ly de te r -  
mined values of pa ramete r s  at 700"tC It is seen from Figs.  1 and 2 that these discrepancies  do not exceed 
0.3% and are,  consequmitly, within the l imits  of e r r o r s  of re la ted measurements  (see [4]). The grea tes t  
divergence between calculated values of pa rame te r s  and those derived by Eq~ (4) for t empera tures  
T -- 1200~ is in the specific volume of gas at T = 1200"K and is equal to 0~ The selected value of 
was 3.656 Ao 

The calculated thermal  and calorif ic  proper t ies  of ni t rogen at p r e s s u r e s  up to 15 kbar and t e m p e r a -  
tures  up to 3000~ are  given in Tables 1 and 2, where, as well as in the figures, the following units are  used: 
bar for p r e s s u r e  p; dm3/kg for the specific volume v; kJ /kg  for the enthalpy I; k J /kg ,  deg for the entropy S; 
m / s e c  for the speed of sound a; k J /kg ,  deg for the specific heat at constant p r e s su re  Cp. The calculations 
by Eq. (1) with five virial  coefficients and the indicated above value of o- were made on a MINSK-22 c o m -  
puter.  The express ions  of calorif ic  functions for ni trogen in t e rms  of vir ial  coefficients used in these ca l -  
culations were obtained, unlike those in [5], by expressing these functions direct ly  in t e rms  of the free 
energy of gas 

F = Fo + B T  [B (T) p + 1/2C (T) p 2 + I/3D (T) ps -T- 1/4E (r) p 4] (6) 

where F 0 is the free energy  of perfec t  gas,  

The fifth vir ial  coefficient E(T) was used in the calculations in a range of normalized tempera tures  
kT/g up to 30. 

Values of this coefficient were derived by extrapolating the data given in [6] by means of formula 

t empera tures  around 700~ while being vir tual ly nil for t e m p e r -  
a tures  T >- 1200~ This is explained by the diminishing influ- 
ence of the effective dimensions of molecules  on the behavior of 
gas at reduced densities,  when the proper t ies  of a real  gas 
approach those of a perfect  gas. 

The reasoning and deductions presented above show the 
feasibil i ty of devising a semiempir ica l  method for calculating 
thermodynamic proper t ies  of gases  in the considered range of 
p r e s s u r e s  and at t empera tures  f rom 700 to 1200~ If, in ca l -  
culations via Eq. (1) with four or  five vir ial  coefficients,  a c e r -  
tain fictitious value of (r, chosen so as to obtain matching of ca l -  
culated resul ts  with experimental  data at 700~ is used instead of 
of the effective diameter  of molecules,  the derived resul ts  will 
be in good agreement  with those calculated with (4) for thewhole 
range of t empera tures  f rom 1200 to 3000OK. 

As an example, the compress ibi l i ty  factor,  the specific 
volume, and the enthalpy and entropy of nitrogen in the t e m p e r -  
ature interval 700-1200~ at p re s su re  of 12 kbar, calculated by 
this method, are  shown in Figs. i and 2 (curves  denoted by the 
numerical  3). Numerals  1 and 2 denote, respect ively,  the exper -  
by the Rawlinson Eqo (4). Five vir ial  coefficients were used in 

Eb•)=A+ B ( 7 )  

Constants A and B were determined f rom the data given in [6] for kT /e  equal 10 and 20. 

The resul t s  of calculations of the thermodynamic proper t ies  of nitrogen in the range of t empera tures  
of 1300-3000~ and of p r e s s u r e s  of 100-1000 bar are  given in Table 1, while Table 2 contains the same 
p a r a m e t e r s  for t empera tu res  between 700 and 3000~ and p r e s s u r e s  of 1-15 kbar. At the l imits of these 
ranges  these data a re  in good agreement  with those of [1, 2, 4]. The tabulated data are, also, in good 
agreement  with the values of specific volume, enthalpy, and entropy calculated by Eq. (4) throughout the 
range  of p r e s s u r e s  and for t empera tu res  ranging f rom 1200 to 3000~ 
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T A B L E  1 ( c o n t i n u e d )  

T, ~ v I S a Cp cp/% 

1300 
1400 
t500 
t600 
t700 
t800 
1900 
2000 
2t00 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 

t300 
t400 
t500 
t600 
1700 
t800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 

1300 
1400 
1500 
t600 
t700 
1800 
1900 
2000 
2t00 
2200 
2300 
2400 
2500 
2600 
2YO0 
2800 
2900 
3000 

10.78 
t t .56 
12.28 
t3.04 
13.80 
14.49 
15.23 
15.96 
16.76 
t7.48 
t8.20 
t8.99 
19.70 
20.40 
21.19 
2t.88 
22.67 
23.35 

8.858 
9.454 

10.04 
10.66 
t l .23 
t i .84 
12.44 
t3.04 
13.64 
t4.22 
t4.81 
15.39 
t5.96 
t6.60 
17.t7 
17.73 
t8.36 
18.9t 

7.551 
8.05S 
8.555 
9.065 
9.567 

to.o4 
10.55 
11.06 
t t .56 
t2.01 
12.55 
t3.04 
t3.53 
t4.01 
14.49 
15.02 
15.49 
t5,96 

1486 
1610 
1736 
1862 
1988 
2t14 
2242 
2372 
2501 
2631 
2762 
2892 
3023 
3t54 
3285 
34t7 
3549 
3682 

1496 
162t 
1747 
t873 
1999 
2125 
2254 
2383 
25t3 
2653 
2773 
2904 
3045 
3166 
3297 
3429 
3561 
3694 

p = 4 0 0  

t475 6.680 
1600 6.772 
1725 6.858 
1851 6.939 
t977 7.016 
2t03 7.089 
2231 7.t58 
2360 7.224 
2490 7.287 
2620 7,347 
2750 7.405 
2880 7.46t 
30tt 7.5t4 
3t42 7.566 
3273 7.6t5 
3405 7.663 
3537 7.710 
3670 7.754 

p = 5 0 0  bar 

6.6t3 
6.705 
6.792 
6.873 
6.950 
7.022 
7.09t 
7.t58 
7.22t 
7.29t 
7.339 
7.395 
7.448 
7.500 
7.549 
7.597 
7.643 
7.688 

p = 6 0 0  bar 

6.558 
6.651 
6.737 
6.8t9 
6.895 
6.968 
7.037 
7.t03 
7.167 
7.227 
7.285 
7.341 
7.394 
7,446 
7.495 
7.543 
7.589 
7.634 

bar 

80t.0 
823.3 
845.4 
866.6 
887.t 
907.4 
927.4 
947.2 
966.4 
985.5 
1004 
1022 
1040 
t058 
t075 
t093 
1t09 
1126 

822.2 
844.0 
865.2 
885.5 
905.7 
924.9 
944.3 
963.7 
982.6 
t00t 
1020 
t038 
t055 
t072 
t089 
tt06 
t122 
1t39 

853.6 
864.3 
884.8 
904.2 
923.7 
942.6 
961.4 
9~0.2 
993.7 
10t7 
t035 
t052 
t070 
t087 
1tt3 
t120 
1136 
1152 

t .218 
1. 230 
t .  241 
t .  251 
1.260 
t.268 
t .  275 
1.280 
1.286 
t .  291 
t .295 
1.299 
t.303 
1.307 
t .3t0 
1.3t3 
t .3t6 
1.3t8 

i .2t7 
t .  229 
t.240 
1.249 
1. 258 
1. 267 
t .  273 
1. 279 
1. 235 
t .  289 
1. 294 
1. 293 
t .30t 
t.305 
t.309 
t ,312 
t .3t5 
1.317 

1.2t6 
1.227 
t .  238 
t .  248 
t .  257 
t .  265 
1. 272 
1. 278 
1. 263 
t .  288 
t .  293 
1. 297 
t .  302 
1.304 
1.308 
1 . 3 t l  
1.3t3 
t .316 

t .331 
t.324 
1.3t8 
1.314 
1.310 
t.306 
!- 305 
t.302 
t.300 
1. 298 
1.296 
t.295 
1.293 
1.292 
1.29t 
1.290 
t.289 
t.288 

t .  332 
t.325 
t .3t9 
t .3t5 
1 . 3 t l  
t.308 
t.305 
1.302 
1.300 
1. 298 
t .  296 
1.2% 
t.293 
1. 292 
t .291 
1.290 
1.2~9 
1. 288 

1.334 
t.326 
!.320 
1.315 
1.311 
I.  309 
I .  306 
1.304 
1.301 
1.298 
1. 296 
t .294 
1.293 
1. 292 
i .  29t 
1.290 
t .  289 
t .  288 
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TABLE 1 ( c o n t i n u e d )  

T,  ~  v r Cp cp/c r 

1300 
1400 
t500 
1600 
1700 
t800 
t900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 

1300 
t400 
1500 
t600 
t700 
t800 
t900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 

1300 
1400 
1500 
t600 
1700 
t800 
t900 
2000 

2100  
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 

6.655 
7.063 
7.502 
7.929 
8.349 
8.76t 
9.206 
9.605 
10.04 
t0.47 
10.90 
t l .32 
11.74 
t2.16 
t2.58 
t2.99 
13.45 
13.85 

5.964 
6.331 
6.7t9 
7.084 
7.440 
7.805 
8.202 
8.555 
8.943 
9.327 
9.665 

t0.04 
10.41 
10.78 
t1.1t 
t t .51 
11.87 
t2.28 

5.406 
5.765 
6.088 
6.432 
6.737 
7.067 
7.39t 
7.744 
8.058 
8.403 
8.746 
9.044 
9.379 
9.7tl  

10.04 
t0.37 
10.69 
tt .01 

t507 
1632 
1758 
18~4 
2010 
2137 
2253 
2395 
2524 
2655 
2785 
29t6 
3047 
3t78 
3309 
3441 
3573 
3705 

p=7OObar  

6.5t2 
6.604 
6.69t 
6.772 
6.849 
6.922 
6.99t 
7.058 
7.t2t 
7.t82 
7.239 
7.295 
7.349 
7.400 
7.450 
7.497 
7.544 
7.589 

p = 8 0 0  bar 

15t7 6.472 
t643 6.564 
1769 6.65t 
t895 6.733 
2022 6.809 
2t48 6.882 
2276 6.952 
2406 7.018 
2536 7.08t 
2666 7.t42 
2797 7.200 
2928 7.256 
3059 7.309 
3t90 7.360 
3320 7.4t0 
3452 7.458 
3585 7.504 
37t7 7.549 

p = 9 0 0  bar 

1528 6.436 
t653 6.529 
1780 6.616 
1906 6.698 
2033 6.774 
2t59 6.847 
2287 6.9t6 
2417 6.983 
2547 7.046 
2678 7.t07 
2808 7.t65 
2940 7.22t 
3070 7.274 
3201 7.326 
3332 7.375 
3464 7.425 
3596 7.570 
3729 7.515 

863.8 
884.4 
903.9 
923.t 
941.8 
960.0 
978.2 
997.0 
t0t5 
1033 
1050 
t067 
t084 
110t 
11t7 
t133 
1t49 
1t65 

884.3 
903.9 
922.5 
94t.3 
959.7 
977.3 
994.7 
t013 
1030 
t048 
t065 
t082 
1099 
1t t l  
1t31 
1t47 
t163 
1178 

905.4 
923.0 
94t.6 
959. I 
977.3 
994.2 
10t2 
t029 
1046 
1063 
1080 
1106 
I113 
1129 
1t44 
t160 
tt76 
119t 

1.214 
t.226 
t .  237 
1.2.t6 
t.255 
1. 264 
t .272 
t .277 
1.282 
t.287 
1.29t 
1. 295 
1.299 
t.303 
1.306 
1.309 
t .3t2 
t .3t5 

t.212 
t.224 
1. 235 
t .  245 
t .25t 
1.263 
1. 270 
1. 275 
t.280 
1.285 
t .  290 
t .  294 
1. 298 
t.302 
1.305 
t .  308 
1.3t.1 
1.314 

1.210 
1. 222 
t .  233 
t. 243 
t.252 
t .  261 
1. 268 
t .  274 
t.279 
t .  284 
1.289 
t.293 
t .  297 
1.300 
t .  304 
t .307 
1.3t0 
1.313 

t .  335 
1.327 
t.320 
t .3t6 
1.312 
t.309 
1.306 
t.304 
1.30t 
t.298 
t.296 
t.294 
I .  293 
t .  292 
t .29t 
1.290 
t .  289 
t.288 

t.336 
1.327 
1.32t 
1.3t6 
1.3t2  
1.309 
1.306 
t .303 
t.300 
t.293 
t .  296 
1.294 
1.293 
t.292 
t .29t 
1. 290 
1.289 
t .2~8 

1.336 
t .328 
1.32t 
1.316 
1.312 
1.309 
t .  306 
1.303 
1.300 
t.298 
1.296 
1.294 
t.293 
t .292 
t .290 
t.289 
1.2~8 
1.287 
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T A B L E  2 ( c o n t i n u e d )  

T ,  ~  v f S a C p Cp/Cv 

700 
800 

1000 
t200 
1400 
t600 
t800 
2000 
2200 
2400 
2600 
2800 
3000 

700 
800 

t000 
t200 
t400 
t600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 

700 
800 

t000 
t200 
t400 
t600 
t800 
2000 
2200 
2400 
2600 
2800 
3000 

700 
800 

1000 
t200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 

2.08t 
2.243 
2.558 
2.876 
3.t84 
3.483 
3.778 
4.074 
4.375 
4.675 
4.963 
5.265 
5.559 

1.866 
1.993 
2.25t 
2,506 
2.754 
2.992 
3,227 
3. 463 
3. 704 
3.942 
4.181 
4,408 
4.651 

1.7t3 
1,821 
2.035 
2.251 
2.462 
2.666 
2.858 
3.060 
3.258 
3.453 
3.658 
3.843 
4.041 

t.601 
t.693 
1.883 
2.067 
2.251 
2.420 
2.588 
2.765 
2.930 
3.t01 
3.272 
3.434 
3.608 

898.7 
t0t9 
t264 
t517 
1773 
2028 
2279 
2540 
2803 
3065 
3328 
3590 
3856 

945.8 
1067 
t314 
t5t7 
1826 
2082 
2334 
2595 
2859 
3122 
3384 
3647 
3912 

993.8 
tt16 
1363 
t620 
t879 
21t5 
2387 
2648 
29t3 
3t77 
3438 
3702 
396~ 

1040 
t162 
t4t2 
t670 
t930 
2t89 
2441 
2702 
2968 
3232 
3494 
3757 
4023 

p=2000  bar 

5.43t 
5.592 
5.865 
6.093 
6.289 
6.459 
6.609 
6.746 
6.87t 
6.984 
7.090 
7.188 
7.279 

p ~ 2 5 0 0  bar 

5.359 
5.520 
5.795 
6.025 
6.222 
6.392 
6.542 
6.679 
6.807 
6.9t0 
7.024 
7.122 
7.2t4 

p~-3000 bar 

5.299 
5.461 
5.737 
5.969 
6.t66 
6.338 
6.488 
6.625 
6.75t 
6.862 
6.970 
7.068 
7.160 

p~3500  bar 

5.248 
5.4tt  
5.638 
5.92t 
6.t20 
6.29t 
6.442 
6.579 
6.705 
6.820 
6.925 
7.023 
7.1t5 

1086 
1080 
1088 
1t02 
1t22 
t146 
t169 
tt95 
122t 
1248 
t274 
t300 
1326 

1193 
1183 
1182 
1190 
1204 
1223 
t243 
1266 
t289 
13t2 
1336 
1360 
1384 

t292 
1276 
127t 
1274 
t28t 
t295 
13t3 
133t 
t352 
t374 
1395 
t4t8 
1440 

t383 
t360 
1353 
1352 
1353 
1366 
t380 
1395 
1415 
1434 
t453 
1474 
t49,1 

1.078 
1. t t6 
t .  t50 
1.174 
I .  199 
t.223 
1.244 
t.258 
t .269 
1.279 
t .287 
t .  295 
1.300 

1.064 
1 . t l l  
1.144 
1. t63 
t .  188 
t .2i3 
1.236 
1.25t 
t.262 
1,272 
t.282 
1.290 
t.296 

t .  052 
1,110 
1.140 
t ,  153 
i .t77 
1.204 
t.228 
2.244 
1,256 
1.266 
1.276 
1.284 
1.29t 

1. 043 
t .112 
t .t38 
t .  143 
1. t66 
1.196 
1.221 
1.237 
t .250 
t.261 
t .27t 
1.280 
t .286 

t ,458 
1.422 
t.383 
t.352 
1.329 
t .3t6 
1.309 
1.302 
1.296 
t .292 
1. 289 
1.287 
t.285 

t.458 
t .42t 
1.384 
1.354 
1.329 
t .3t6 
t,309 
1.30t 
1.295 
t,291 
t ,288 
t.286 
1.284 

t.460 
1.4t8 
1. 384 
1.356 
1.330 
1.3t5 
1.308 
1.300 
t .  294 
t .  290 
i .287 
1.285 
1.283 

1.462 
1.416 
1.385 
i .358 
1.330 
t .315 
1.307 
t .  300 
t .293 
t ,289 
1.2~6 
1.284 
t .282 
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T A B L E  2 ( c o n t i n u e d )  

T, ~ v 

700 
800 

1000 
1200 
1400 
t600 
t800 
2000 
2200 
2400 
2600 
2800 
3000 

700 
800 

t000 
t200 
1400 
1600 
t800 
2000 
2200 
2410 
2600 
2800 
3000 

700 
800 

1000 
t200 
1400 
t600 
t800 
2000 
2200 
2400 
2600 
2800 
3000 

c~ 

t.049 
1.087 
1.t58 
t.228 
t.291 
1.353 
1.413 
t.473 
1.531 
t.590 
t.644 
t.700 
t.756 

0.995 
1.029 
1.092 
i.152 
1.208 
1.261 
1.3i5 
1.365 
t.417 
t.465 
t.5t6 
t.562 
1.603 

0.952 
0.932 
t.039 
1.093 
t.t44 
t.t92 
1.238 
t.252 
t.326 
t.370 
t.4t6 
t.458 
1.500 

t676 
1802 
2066 
2344 
2633 
2902 
3t60 
3427 
3761 
3969 
4239 
4502 
4773 

183t 
t956 
222t 
2507 
2~08 
3076 
3332 
3605 
3877 
4t51 
4445 
4683 
4958 

t982 
2t08 
2376 
2666 
2965 
3240 
3501 
3778 
4054 
4328 
4590 
4857 
5130 

p = t t  000 bar 
4.~25 
4.993 
5.2~5 
5.539 
5.756 
5.935 
6.039 
6.231 
6.359 
6.~76 
6.583 
6.68t 
6.775 

p ~ t 3 0 0 0  bar 

4.753 
4.923 
5.2t7 
5.476 
5.699 
5.%0 
6.035 
6.177 
6.307 
6.424 
6.531 
6.630 
6.723 

p ~ t 5  000 bar 

4.69t 
4.860 
5.t57 
5.420 
5.649 
5.83t 
5.937 
6.13t 
6.261 
6.379 
6.486 
6.585 
6.679 

2307 
2260 
2229 
222t 
2174 
2149 
2t40 
2127 
2126 
2126 
2136 
2144 
2150 

2587 
2553 
2470 
2404 
2346 
2314 
2292 
2281 
2273 
2275 
2278 
2288 
2292 

2749 
2691 
2620 
2578 
2505 
2~64 
2438 
2~23 
24t4 
24t3 
2413 
2421 
2422 

O.977 
0.937 
t .019 
1.0~t 
t.066 
t .075 
t.  139 
t.167 
t.  IS6 
1.202 
t .2t6 
1.229 
t.237 

0.97t 
0.999 
1.007 
t.020 
1. 031 
t.046 
t.  123 
1.154 
1.t74 
1 .t9t 
t.207 
1.220 
t.228 

0.967 
O. 980 
0.999 
1.000 
t.  059 
t.079 
1. t08 
t.  t42 
1 .t63 
t . t8t  
1 .t93 
i .212 
t.221 

Cp/C v 

1.492 
t .467 
1.3S8 
1.380 
1.363 
t.332 
1.309 
1.295 
I. 288 
1.283 
1.28t 
1.28O 
t .276 

t .498 
t .354 
t .356 
t.441 
t.  378 
t.34t 
1.3t2 
t .30I~ 
1.289 
t.284 
t .%t 
i .28(~ 
t .277 

t.503 
1.440 
t .42o 
t.  380 
t.364 
i .35o 
1.3t6 
1.300 
1.290 
t .285 
t .2~2 
t .281 
t .277 

T h e  I - S  d i a g r a m  f o r  n i t r o g e n  i s  s h o w n  in F i g .  3 i n  a w i d e  r a n g e  o f  p a r a m e t e r s  f r o m  the  s a t u r a t i o n  

l i n e  to  a p r e s s u r e  of  15 k b a r  a n d  t e m p e r a t u r e  up to  3000~ T h e  d i a g r a m  w a s  d r a w n  up f r o m  d a t a  i n  [1-4]  

a n d  in  T a b l e s  1 a n d  2. One  of  t h e  m o s t  d i s t i n c t i v e  f e a t u r e s  of  t h e  b e h a v i o r  of  g a s  a t  h i g h  p r e s s u r e s  i s  

c l e a r l y  s e e n  in  t h e  d i a g r a m .  T h i s  i s  t h e  s h a r p  r i s e  o f  i s o t h e r m s  wi th  i n c r e a s i n g  p r e s s u r e ,  w h i c h  f o r  

n i t r o g e n  b e g i n s  a t  1000 b a r .  I t  i s  e x p l a i n e d  by  t h e  f a c t  t h a t  t h e  e n t h a l p y  of  a r e a l  g a s ,  u n l i k e  t h a t  o f  a p e r -  

f e c t  one ,  d e p e n d s  no t  o n l y  on  t e m p e r a t u r e  but ,  a l s o  on  p r e s s u r e .  

1~ 

2.  

3~ 

4. 

5.  

6 .  

7. 
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