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An equation of state has been obtained for nitrogen in the pressure range (1-1,000) + 10° n/m? for temper-
atures up to 1,000°K. This equation shows good agreement with the experimental data. A detailed 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 experimental data
on compressxbmty, and gives detailed tables of thermodynamic properties for pressures in the range (1-1, 000) - . 10°
newton/m? and temperatures up to 1, 000°K.

These tables are of practical interest, since the existing tables of [13], although covering a temperature range o
3, 000°K, are limited in respect of pressure to 100 * 10° newton/m?, while those of [1] for pressures exceeding 1, 000
+ 10° newton/m? are limited in respect of temperature to 600°K. k

The thermal data on gaseous nitrogen in [2-9] cover a range of temperatures t = —150—800°C at pressures up to
3,000 » 10° newton/m?.

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 [3] 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) dg = 80, dp = 200, dy = 280, dp = 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 choice 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.

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:

v . ‘
zfrk = gy o7 4 BY VU B (1

The temperature function ¥ was obtained from data on the second virial coefficient, determined by experiments
on the compressibility of nitrogen, and takes the form:

_—0.515 | _ @

I

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 limit the expansion on the right hand side of (1)
to five terms, and to represent the elementary volume functions oy, o, B, A and & 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; —100; 0;
150; 400) necessary for an analytic representation of the elementary volume functions. The final equation of state has
the form: pv
| =y oyt + B ¥4 + 30,
RT, :

1y = — 10,2920600 4 36,803085(»2 — 35,210254w® — 0,9085270* -+
- 13,3717840° — 1,892588w° — 1,01955040,
oy =1 + 0,7782250 — 1,113880w? —i—' 1,083803w* + 0,194683w* —
— 0,3866450° + 0,1133580° 4 0,094367w",
B = 31,028822w — 121,2291410* 4 120,5950000* — 1,3507 160* —
-~ 45,74156850° -4 11,0753600° -{ 1,7106860",
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y = — 37.5975120 + 14237338302 — 142,9252910% — 1,15278lwt +
'+ 60,56807 10® — 18,8372330° — 0,43943307,

— 14,8067 140 — 55,587 10302 4 54,3730020° + 6,0417630+ —
— 99.859194u° + 10,4901700® — 0,44069607,

!

o/

_—0.515

-

This equation describes the thermal data for nitrogen in the density range w = 0—2.3 at temperatures T = 126.2—
—1000°K. :

On the basis of this equation, using known thermodynamic relations, the thermal quantities for nitrogen were cal-
culated. Comparison of the calculated values of the specific heat p 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°K, when discrepancies rela-
tive to the data of [1] and [8] reach 10%. These discrepancies are attributable to the fact that in [1] and [8] 2 method
of graphical differentiation was used that is known to be inaccurate in a region of inflections of the isobars.

A comparison with respect to compressibility and p gives reason to believe that the above equation of state may
serve as a basis for calculating detailed tables of thermodynamic properties of nitrogen.in the pressure interval (1-1000) -
* 10° newton/m? for temperatures up to 1, 000°K (Tables 1-3).

The equation was used to calculate density, enthalpy, entropy, specific heats cp and cy, coefficient of volume
expansion, speed of sound, and adiabatic coefficient,

The following values of the critical parameters were used: py = 33,94 « 10° newton/m? Ty = 126.2°K; dk =
= 0,311 g/cms.

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 ki/kg, for entropy 0 kj/kgedegree.

All the thermodynamic quantities were calculated on a high-speed electronic computer.

NOTATION

T —reduced temperature (1 = T/T}); w—reduced density (w = d/dy); ¥ —~monotonically decreasing function of
duced temperature T; o, oy, B, y, 8—elementary volume functions, polynomials in the reduced density w.
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