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An equation of state has been obtained for nitrogen in the pressure range (1-1,000) �9 10 s n / m  z for temper-  

atures up to 1,000"K. This equation shows good agreement with the experimental data. A �9 table 
of thermodynamic properties of nitrogen, based on the new equation, is presented. 

Nitrogen is now being used more and more in the power, refrigeration, and chemical industries as a heat-transfer 
agent or working fluid ~, both in the pure state and as a component of gas mixtures. 

There is accordingly an urgent need for data on the thermodynamic properties of nitrogen over a wide range of 

temperatures and pressures. This paper presents an equation of state for molecular nitrogen, based on experimenta-1 data 

on compressibility, and gives detailed tables of thermodynamic properties for pressures in the range (1-1,000) �9 105 

newton/m 2 and temperatures up to 1,000~149 

These tables are of practical interest, s ince  the existing tables of [13], although covering a temperature range to 
3,000~ are limited in respect of pressure t o 100 . 105 newton/m 2, while those of [1] for pressures exceeding 1,000 �9 

�9 105 newton/m 2 are limited in respect of temperature to 600~ 

The thermal data on gaseous nitrogen in [2-9] cover a range of temperatures t = - 1 5 0 - 8 0 0 ~  at pressures up to 
3,000 �9 10 s newton/m 2. 

Analysis of the data cited indicates that, for the most part, they are in mutual agreement correct to 0.3%, ex- 

cept for the data of [8] which diverge from the data of the other authors by 0.5% on the average. The data on the com- 

pressibility of nitrogen [4] at the isochores (Amagat units) d A = 80, d A = 200, d A = 280, dA = 319.86 show poor agree- 
ment with [8] (discrepancy of the order of 1%). Therefore the data of [3] and [4] cannot be considered reliable.  The 

foregoing analysis and the measure of agreement between the data allow'a ehoice of the most reliable data to be made 

and a table of reference points to be constructed on which an equation of state for nitrogen can be  based�9 

A method of formulating an equation of state in terms of elementary functions has been developed in detail in 

[10]. The form of the equation of state used in the present paper is that obtained theoretically in [11], namely:  

Pv = , , ~  J_ ~t~3 + . . .  (1) ~o + ~ + ~,+ + - ,  
RTk 

The temperature function ~ was obtained from data on the second virial coefficient, determined by experiments 

on the compressibiIity of nitrogen, and takes the form: 

,) --_-- . - 0 .n5  (2) 

An analysis carried out by the authors has shown that to achieve a reliable description of the thermal properties of 

nitrogen in the range of parameters under examination it is sufficient to l imit the expansion on the right hand side of (1) 

to five terms, and to represent the elementary volume functions c~ 0, c~ 1, B, X and 6 by polynomials of the seventh de- 

gree in the reduced density w. 

Following the general method, polynomials were constructed for the five base isotherms (t = -146.96"C;  - 1 0 0 ;  0; 

150; 400) necessary for an analytic representation of the elementary volume functions�9 The final equation of state has 

the form: pv 
= % + ~1~ + ~ 4 -  v+ ~ " 

RT~ 

% = - -  10,292060o~ -4- 36,803085 o~2 - -  35 ,210254~ ~ - -  0,908527o~ 4 -l- 

r" 7 �9 q-  13,371784~ ~ -  1,892588o~ ~ -  1,0195o04m , 

~-1 = 1 -?  0 ,778225~ - -  1,113880~o z + 1,08'3803~o '~ -t- O, 194683o~ ~ 

- -  0,3866450~ a -+- O, 113358m" @ 0,0943671o:, 

= 31 ,028822~ - -  121,229141.~ 2 + 120,595000u~ 3 - -  1,350716o~ ~ - -  

- -  45,741585~d'-[  11,075360o06 -~ 1,710686uF, 
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"I' -- 37,597512~)  + 142,373383~ ~" - -  142,925291~ a -  1.152781~ ~ n t- 

+ 60,56807 l o) ' ~ -  18,837233.) 6 - -  0,439433o) 7, 

;~ = 1 4 , 8 0 6 7 1 4 ~ -  55,5871030) 2 -I- 54,373002m 3 -~- 6 .041763 ~ - -  

29,859194u) 5 + 10.490170~ 6 0,440696~fi, 

~ ~ .  ~7 -0"515 

This equation describes the thermal  data for nitrogen in the density range ~o - 0 - 2 . 3  at temperatures T = 1 2 6 . 2 -  
- 1000~ 

On the basis of this equation, using known thermodynamic relations, the thermal  quantities for nitrogen were ca l -  
cula ted.  Comparison of the calcula ted values of the specific heat Cp with the experimental  data of [12] and with the 
data of [1] and [8] shows good agreement,  except in the low-temperature  region up to 300~ when discrepancies re la-  
t ive to the data of [1] and [8] reach 10%. These discrepancies are at t r ibutable to the fact that in [1] and [8] a method 
of graphical  differentiat ion was used that is known to be inaccurate  tn a region of inflections of the isobars. 

A comparison with respect to compressibi l i ty and Cp gives reason to be l ieve  that the above equation of state may 
serve as a basis for calculat ing detai led tables of thermodynamic properties of nitrogen in the pressure interval (1-1000)  �9 
�9 10 a newton/m 2 for temperatures up to 1,000*K (Tables 1 - 3 ) .  

The equation was used to ca lcula te  density, enthalpy, entropy, specific heats Cp and c v, coefficient of volume 

expansion, speed of sound, and adiabat ic  coeff ic ient .  

The following values of the cr i t ica l  parameters were used: Pk = 33.94 * 10 ~ newton/m2; T k = 126.2~ dk = 
= 0�9 g / c m  3. 

Values of the enthalpy and entropy in the ideal-gas  state were obtained from [13], the zero reference readings 

being taken as: for enthalpy 244.93 kj /kg,  for entropy 0 k j / k g . d e g r e e .  

Al l  the thermodynamic  quantities were ca lcula ted  on a high-speed electronic computer .  

NOTATION 

r - r e d u c e d  temperature  (r = T/Tk) ;  ~o-reduced density (w = d/dk);  , I t -monotonica l ly  decreasing function of 

duced temperature  1-; a0, c~, g, ~,, 6 - e l e m e n t a r y  volume functions, polynomials in the reduced density w�9 
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