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Phase Detector of Sound Waves as an Analyser of Gas Concentration 
in Thermodiffusion Process

Detektor fazy fali dźwiękowej jako analizator składu gazu 
w procesie termodyfuzji

Фазовый детектор звуковой волны как анализатор состава газовой смеси 
в процессе термодиффузии

Experimental studies of the thermodiffusion process require an 
exact determination of the concentration difference of two diffusing 
gases in the cold and hot parts of the apparatus. This difference is 
usually small and does not exceed 10% [1]. Thus the accuracy of instru
ments used for measuring gas concentration ought not to be lower 
than 0.1%.

There are several methods of determining the concentration of a gas 
mixture in the thermodiffusion process which are based on the varia
tions of heat conductivity, viscosity, optical refractivity or sound velocity. 
Contrary to the first methods frequently reported in thermodiffusion, 
measurements of gas concentration based on the variations of sound 
velocity in the mixture are rarely described in the literature.

Studies of thermodiffusion separation with ultrasonics were described 
by Itterbeek and N i h o u 1 [2, 3, 4]. For thermodiffusion measure
ments they used an apparatus with two bulbs with an acoustic inter
ferometer to measure the difference of concentrations. A simplified 
scheme of this apparatus is presented in Fig. 1. Piezoelectric properties 
of quartz were utilized to produce ultrasonic waves in the mixture 
examined and to detect them. Each time when the distance between 
the quartz and the reflector equals the total of half-waves, the intensity 
of the standing sound wave reaches its maximum (resonance) and the
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quartz, as an emitter, releases its maximum energy. The positions of 
the reflector corresponding to the resonance can be registered in various 
ways [5], e.g. by the power input with a generator feeding the quartz, 
by measuring the voltage on the electrodes of the quartz or a high 
frequency current flowing through the quartz. In this way the length 
of a sound wave and the sound velocity in the gas, or in the mixture 
of gases, can be determined, provided the quartz vibration is known. 
Sound velocity for the mixture of two gases is determined by the 
equation [1]:

va _ RT cCp + (1 - c) Cp’
cM + (1~ c) M' cCv + (1~ c)Cv’

where: M, M’, — molecular masses of both components, Cp, Cv and C’p, 
C’v — specific heat at constant pressure and volume of both kinds of 
gases, c — concentration of one component. As results from the above 
formula, gas concentration can be determined if sound velocity in the

Fig. 1. Simplified scheme of the appara
tus designed by A. van Itterbeek 

and J. Nihoul

mixture is known. In Fig. 2 the relation between v and c (based on 
formula 1) is given for mixture H2—CO2 with c from 40% to 60% of CO2.

We modified the sound velocity method of analysis of small differ
ences in gas mixture. The blocking scheme of the apparatus is shown 
in Fig. 3. The sample gas was introduced into a tube container inside of 
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which a piezo-crystal (Seignette salt), which served as an emitter of 
sound waves, was placed at one end, and at the other end a piezoelectric 
microphone. The tube was about 30 cm in length, its diameter was 7 mm.

Impulses with phase shift oft=—— where 1 is the tube length and v 

is the sound velocity — were received by the microphone and then trans

Fig. 2. Sound velocity as a function of das concentration. Theoretical curve 
calculated according to formula 1 for the H2 — CO2 mixture

ferred into the phase detector. The scheme of the phase detector to
gether with the forming system is presented in Fig. 4. A sinusoidal signal 
from the generator is transformed into rectangular impulses in the tube 
system Vt and V2. Tube V2 does the work of a phase invertor. Impulses, 
shifted by 180° in the phase, pass on to the input of the phase detector 
with tubes V4 and V5, where they are mixed with an emplified signal 
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a voltmeter of high inner resistance which shows the phase shift of the 
impulses after they passed through the gas. This phase shift can be 
changed by a phase regulator shown in Fig. 5. Phase regulation is

Fig. 3. Blocking scheme of the apparatus

Fig. 4. Forming system and phase detector

necessary for nulling the apparatus for a chosen gas concentration. Our 
apparatus was nulled for mixture H2 — CO2 at a concentration of 
50%/50%. The deflection of the voltmeter caused by the change of gas 
concentration will show the phase shift in comparison with the signal 
in the mixture for which the apparatus was nulled. The calibration 
curve of the detector for H2 — CO2 is given in Fig. 6.



Phase detector of sound waves as an analyser- 227

The work of the above apparatus is adapted especially for thermo
diffusion if initial gas concentration is known and only small separation 
effects are measured, e.g. in the examination of the relationship between 
the thermodiffusion coefficient and pressure [6, 7].
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STRESZCZENIE

Praca zawiera opis zmodyfikowanej metody pomiaru niewielkich 
różnic składu gazu, występujących w procesie termodyfuzji. Zasada 
pomiaru oparta jest na zmianie prędkości dźwięku w mieszaninie dwóch 
gazów wraz ze zmianą koncentracji jednego ze składników. Skład mie
szaniny określano z przesunięcia fazowego sygnału w mieszaninie przy 
pomocy detektora fazy. Podano schemat aparatury oraz krzywą cecho
wania dla mieszaniny H2 — CO2.

РЕЗЮМЕ

Описан модифицированный метод определения небольших разно
стей в составе газовой смеси в процессе термодиффузии. Принцип 
измерения основан на изменении скорости звука в бинарной смеси 
газов вместе с изменением концентрации одного из компонентов. Со
став смеси определяется из фазового передвижения звуковой волны 
в смеси при помощи фазового детектора. Приведена схема устройства 
и кривая калибрования для смеси Н2—СО2.
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