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Velocity of Sound in Nitrogen and Argon at High Pressures 
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Measurements of the velocity of sound in N, and Ar are reported at the ice point and 294.26°K (70°F) 
and at pressures between 1 and 70 atm. The ratio of the specific hea ts as a function of pressure and tem
perature was calculated from the experimental results. 

INTRODUCTION 

PRECISE measurements of the sound velocity in 
real gases at di fTerent temperatures and pressures 

offer a useful tool for studying the equation of state. 
Recently, Gyorog1 developed a generalized equation 
of state derived from experimental measurements of 
compressibility factor and enthalpy and internal en
ergy deviations. To gain insight into the validity of 
this equation of state for N2 and Ar, velocity measure
ments were made in these gases at the ice point and 

TABLE I. Sound veiocity and ra tio of specific 
heats in nitrogen. 

Tempera
ture 
(OK) 

273 . 15 

294 .26 

Pressure 
(atm) 

1.00 
10.00 
30.00 
50 .00 
70.00 

1.00 
5 .00 

10.00 
30 .00 
50.00 
70.00 

Vo (exptl. ) 
(m/ sec) 

337 .04 
338. 17 
3·H .37 
3.t5. 88 
351.55 

349 . 72 
350 .44 
351.22 
355.11 
359.98 
366.06 

Vo (Gyorog) 
(m/ sec) 

336.95 
338 .01 
3·11.25 
3,*5 . 76 
351. 58 

349 .76 
350 .37 
351.20 
355 . 12 
360.09 
366 . 10 

1.4029 
1.4229 
1.4660 
1.5089 
1. 5483 

1..!014 
1.4097 
1.41 85 
1.4552 
1.4900 
I.S246 

294.26°K and at pressures from 1 to 70 atm. Also, 
knowledge of the molecular weight and the specific 
heat, along with the Gyorog equation, enabled velocity 
values to be calculated. The e).-perimental data are 
compared with these calculated values, as well as with 
the data of van Itterbeek.2

•
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METHOD 

The experimental method is based on the apparatus 
developed by the author and described in a previous 
paper.4 The X 2 and Ar had purity of 99.9570 or better. 

Temperature stability was achieved by running the 
tests in an air-conditioned room, the temperature of 
which did not change from 29-1.26°K by more than 
±2 Co in a 2-1-h period. The entire sound tube was 
immersed in a water bath to ensure that no drastic 
changes in temperature (not more than ±0.1 CO) oc
curred during the test period. The ice-point tempera
ture was controlled by immersing the sound tube in a 
bath of pure ice and dis t illed water. 

Pressures of 1 and 5 atm were measured on a 130-in. 
manometer, while calibrated Heise absolute-pressure 
gauges measured the 10- to 70-atm points. 

Extensive ini tial tests4 showed that the apparatus 
was compatible with the Helmholtz-Kirchoff (II-K) 
equation. Thus the H- K constant for the tube (f3T ) 
was equal, within experimental accuracy, to the the
oretical value (f3) and, therefore, could be calculated. 
The velocity of sound in the tube was then measured 
at one or more frequencies and corrected with the cal
culated f3 to yield the Laplacian free-gas velocity Yo. 

The sOllnd velocities were also calculated with the 
aid of Eq. (1) , using the generalized virial coefficients 
of Gyorogt (or the generalized vi rial coefficients de
rived from the Lennard-Jones potential)5 .6: 

where 

[ ( 
dB*) ( dC*) >¥= 1+ B*+T*-- p*+ C*+T*-- p*~ 
dT* dT* 

( 
dD*)]2 + D*+ T* dT* p*3 , 

[( 
dB* cPB*) x=1-(-y°-1 ) 2T*-+T*2_- p* 
dT* dT*2 

T *- - - T*2_- *2 - T*-- _ *2__ *3 ( 
dC* 1 CPC*) (2 dD* 1 cPD*) ] 

+ dT*+2 dT*~ p + 3 dT*+3 T dT*2 p , 
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