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Table 1. Sound speeds and absorption coefficients for CO2-No and CH4-No mixtures at the two selected frequencies of
f1 =40 kHz and f3 = 125 kHz around room temperature (P = 1 atm).

UGy T/K c(f1)/ms! a(fy)/m™! c(f2)/ms! af2)/m~!
20%CO02-80%N2 292.6 329.8 2.574 330.2 2.975
40%CO2-60%N2 293.7 313.8 6.051 314.9 7.607
20%CH4-80%N2 293.2 362.5 0.9203 362.8 1.470
40%CH4-60%N2 293.0 377.9 1.623 378.8 3.469
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#2 ER T ARSI Na-COp M No-CHy R AR T EE SN 1 ELE B EE/RE RSB S AE, Sl AHEE . LHEE

I RIS (P = 1 atm)

Table 2. Reconstructed external DOF isochoric molar heats, coupled vibrational isochoric molar heats, isothermal relaxation

times, adiabatic constant pressure relaxation times, adiabatic constant volume relaxation times and relaxation frequencies

for CO2-Ng and CH4-No mixtures around room temperature(P = 1 atm).

AR T/K Cg/Jmol~1.K~1 Cr, /Jmol~L.K-1  Hgr/s Hitrps/s HEiHiTys/s BEE froax/Hz
20%C02-80%N2 292.6 20.78 1.452 9.982 x 1076 9.508 x 1075 9.330 x 10~°  1.690 x 10*
40%C02-60%Ny  293.7 20.78 2.921 8.133 x 10~% 7.391 x 10~% 7.130 x 10~5 2.192 x 10*
20%CH4-80%No 293.2 21.61 0.4259 4.788 x 1076 4.720 x 10~% 4.695 x 106  3.381 x 10*
40%CH4-60%No  293.0 22.44 0.8518 3.401 x 1076 3.309 x 106 3.276 x 10~ 6  4.834 x 10*
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B (MTIRE) 5 m e (922, P = 1 atm) fl Ejakov 28 24 U7 GR) st bt BN

f1 = 40 kHz B I REmNHE IR S 228 fo = 125 kHz B FITCEN A RILR EL

Fig. 1. (color online) Comparison of calculated sound relaxational absorption spectra (solid, P = 1 atm)

with experimental data from Ejakov et al. (17] (points) for CO2-Ng and CH4-N2 mixtures around room

temperature. circles, values at f1 = 40 kHz; diamonds, values at fo = 125 kHz.
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Table 3. Sound speeds and absorption coefficients for the relaxations of gases with different compositions at the two selected

frequencies of f1 = 40 kHz and f2 = 125 kHz around room temperature (P = 1 atm); theoretical reconstructed relaxation

times; comparisons of theoretical reconstructed relaxation frequencies and experiment data for those gases.

SRS T/K c(fi)/ms™" o(f2)/ms™ a(fi)/m™! a(fe)/m™"  FEE7/s  FERE freax/Hz M fretax/Hz

Clay 296.2 217.6 219.9 15.03 27.09 4.689 x 1076 4.021 x 10*  ~ 4.0 x 104 [19]

CH4 293.9 446.5 448.4 1.694 8800  1.422x 1076 1.204 x 105 ~ 0.96 x 105 [17]

COy 296.15 274.1 278.7 17.83 33.79  4.830 x 1076  4.297 x 10¢  ~ 3.8 x 104 [20]
20%C02-80%02 300 318.2 318.5 2.347 2585  1.245 x 107° 1.358 x 104  ~ 1.2 x 104 [21]
30%C02-70%02 300 312.5 313.0 3.904 4433 1.103x 10% 1577 x 104  ~ 1.8 x 104 [21]
60%C02-40%Ny  293.5 329.8 330.2 2.574 2,975  9.982x 1076 1.690 x 104  ~ 1.7 x 104117
80%C02-20%N2  294.0 313.8 314.9 6.051 7.607  8.133x 1076 2192 x 10* ~ 2.4 x 10417
60%CH4-40%Ny  293.4 396.5 397.9 1.946 5.669 2519 x 107%  6.622 x 104 ~ 6.7 x 104 17]
80%CH4-20%N2  295.0 419.7 421.5 1.908 7.848  1.723x 1076 9316 x 10*  ~ 9.3 x 104 [17]
98%C02-2%air 298 276.0 280.6 17.58 32.85  4.899 x 1076  4.226 x 104  ~ 4.0 x 10%[22]
98%CH4-2%air 298 446.1 448.0 1.742 9.235  1.393x 107% 1.233x 105 ~ 1.3 x 10522l
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Abstract

Vibrational relaxation time is a parameter describing the macroscopic behavior of vibrational energy transition
rate between molecular internal degrees of freedom (DOF) and external DOF in excitable gas, which determines the
relaxation frequency of the maximum point in acoustic absorption spectrum. To measure the vibrational relaxation
time, the traditional methods are used to obtain the acoustic absorption spectra by changing the ambient pressure at
several operating frequencies. However, these traditional methods are not suitable for real-time measurement due to the
complexity of equipment implementation and the non-ideality of test gas under high pressure. In order to solve those
problems, we have developed an algorithm [2013 Meas. Sci. Technol. 24 055002] to capture the primary vibrational
relaxation processes only based on the measurements of sound absorption and sound speed at two operating frequencies
and a single pressure. But the algorithm only can reconstruct the absorption maximum and it cannot capture the
relaxation time with high precision. To measure the frequency dependence of the complex effective specific heat of the
relaxing gas, an algorithm synthesizing relaxation processes is given by Petculescu and Lueptow [2005 Phys. Rev. Lett.
94 238301]. In its derivation process, relaxational angular frequency was set to be the inverse ratio to relaxation time.
However, the relaxational angular frequency was measured in the adiabatic process of transmission thermodynamic,
while the relaxation time was obtained in the thermodynamic isothermal process, the derivation confused the two
thermodynamic processes, making the algorithm unable to capture the relaxation frequency with high precision. In
order to estimate the relaxation time with higher accuracy, in this paper we first obtain the theoretical relationship
among the relaxation times under the three types of thermodynamics conditions, i.e., isothermal, adiabatic constant
pressure and adiabatic constant volume. Then we correct the relaxation time derivation and propose our corrected
algorithm to reconstruct the relaxation frequencies and relaxation times under the conditions of isothermal, adiabatic
constant pressure and adiabatic constant volume. In experiments and simulations, the relaxation times and relaxation
frequencies reconstructed by our corrected algorithm for various gas compositions including carbon dioxide, methane,

chlorine, nitrogen, and oxygen around room temperature are consistent with the experimental data.

Keywords: relaxation time, sound relaxational absorption, relaxation process, relaxation frequency
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