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SMODMMC POTIZ$ OF NITWGO3N FIM 2000°K TO 8000°E

I C. . Treanor and J. 0. Logan, Jr.

I
ABSTRACT

io .... pr j._-ent-. tables of thermodynamic properties of nitrogen

at high nperatvres, inoluding effects of dissociation and ionisation*

The partition functions, first and second temperature derivatives of par-

tition funotions, equilibrium constants and temperature derivatives of

equilibrium constants are tabulated at intervals of 00Ci(between 20006

and 8000K. The mole fraction composition, temperature and density

derivatives of ole fraction oomposition, pressure, entropy, enthalpy,

specific heats and speed O9 r are bulated at the temperatures given

above and at densities of.1O' 1 # ' *" , 1 and 10 stime standard

atmospheric density. All quantities were calculated directly from the form-

ulas of statistical mechanics, using digital computers and employing the

most recent spectroscopio date. Iffects of the second virial coefficient

are not inoluded.
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LIST OF SYMBOLS

a Speed of sound

Specific heat at constant pressure

C. Specific heat at constant volume

f, Partition function, including translations dissociation and

ionization for species i

H Enthalpy

-1#K2 Ix3  Equilibrium constants (see "Contents of Tables", Table IV)

H Molecular weight of gas

M, ~ Molecular wight of i th species

[N~s [N]ette, Number of moles of N2,s N,, etc, originating from one mole of

N 2 at standard conditions

P Pressure

Si Internal partition functions for species ±

8 Entropy

T Thmperature (00)

X, Mole fraction of species I, i.e., number of moles of specie.

i per mole of ga

3 Total number of moles of gas originating from orA mole of

N 2 at standard conditions

V Specific heat ratio

7 Density

Subscript sero refers to MACA standard conditions (see page 2)
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INTRODUCTION

In the course of calculating the thermodynamic properties of air at
i,

high temperatures the partition functions for the atomic and molecular

constituents of air were calculated from spectroscopic data and were

available on punched cards. A relatively easy program could then be pre-

pared for the IBM card programmed calculator to obtain the thermodynamic

properties of pure oxygen and pure nitrogen. Tables of these properties

are of value in various aerodynamic calculations, and are not available at

present in a form that includes the effects of dissociation and ionization.

Accordingly, the calculations were performed for oxygen over the temperature

range from 20000K to 50000 K at 1000 intervals and for 15 densities between
2

10 - 3 and about 15 times standard atmospheric density . The present report

is the result of a similar calculation for nitrogen covering the temperature

range from 20000 K to 80000 K at 5000 intervals and for five densities from

10 - 3 to 10 times atmospheric density.

NUMERICAL CALCUA TIONS

The thermodynamic properties of nitrogen that are tabulated herein
3

were calculated from spectroscopic data as given in Herzberg and Moore ,

with the exception that the dissociation energ of N2 was taken as 9,756 e.v.

instead of the value given in Herzberg. The formulas and calculation pro-

cedures that were used are exactly parallel to those used for oxygen in

Ref. 2, and so are not repeated here. Al calculations were performed on

the IBM card-programed calculator at Cornell Aeronautical Laboratory.

Reference conditions (subscript zero) were taken at the pressure and

1



temperature of NACA standard reference conditions in order to make the

tables most useful for aerodynamic calculations. These conditions are
l013xlO 6 d s 14.7 bs. T = 288.100K - 518.6R

0 =  cm 2 in.

Thus, with the molecular weitht of N2 a 28.014 and a 1.4,

4f. cm 
ft. ft

a 3 .460xi0
4cL. 1135 f1 .o sec. sec,

It should be pointed out that these reference conditions are different from
5

those used by Woolley. in his calculations for undissociated nitrogen. Also

the present calculations do not include the real gas effects of the higher

virial coefficients, which are included in Woolley's work.

LIST AND DESCRIPTION OF TABLES

The temperature range covered in the tables is 20000 K to 8OK at

intervals of 5000 K. The functions which are density dependent were cal-

culated at density values of ? 10- 3 , 10-2, 10-1, 1 and 10. Tables I

through IX contain functions which are not density dependent. These ares

Table I Internal partition functions

Table II Temperature derivatives of partition functions , AL

Table III Second temperature derivatives of partition functions

Table IV ._ times the equilibrium constants

N K • K5  [N]

2



I

Table V Temperature derivatives of the in of the equilibrium

constant from Table IV

I Table VI f times the partition functions including tranlation,

dissociation and ionization

Table VII in of partition functions from Table VI

Table VIII Temperature derivatives of in of the partition functions

from Table VI

I Table IX Temperature derivatives of the product of T and temperature

derivatives from Table VIII

The remaining tables list functions which are density dependent8

Table I Mole fractions, the fractional number of particles of each

species at a given temperature and density

I Table II Temperature derivatives of mole fractions from Table X(density const.)

Table XmI Density derivatives of mole fractions from Table X (tUp. oconst.)

I Table IllI Entropy in non-dimensional form and in cal/g°KI

enthalpy in non-dimensional form and in al/gli

I compressibility factor Z, equal to the ratio of the molecuar

i weight at standard conditions to the molecular weight

Table XIV Pressure P/Pc0; density derivatives of P/P 0 at constant to-

l perature; gram molecular weight; and derivatives of the

molecular weight with respect to temperature and density.

I Table XV Specific heat at constant volume specific heat at constant

pressure) specific heat ratio o o/oI and speed of

sound a/a o.

I

I
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