ISSN 1392-2114 ULTRAGARSAS, Nr.1(42). 2002.

Investigation of ultrasonic system for measurement of slow gas flow velocity
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Introduction

In modern technology it is very important to measure
velocity of movement of natural gas, air, oil products and
other chemical materials and to ensure high accuracy of
measurements [1,2]. One of the most actual problems,
when measuring flow velocity, is the slow gas flow
velocity measurement (v< 0.1...0.2m/s) [3]. It is due to
wide use of such gas flows when creating the systems of
maintenance of microclimate, ventilation and air heating
[4].

Technology of measurements was rapidly developing
in last years, and new standards for gas flow velocity
measurement were proposed [5]. That enables one to
increase accuracy of gas flow velocity measurements and
to ensure reliability of the measuring results [5,6]. Besides
this, the beginning of Internet enabled to compare the
measurement results of flow velocity and other parameters,
which were obtained in different laboratories [6-10].
Ultrasound multichannel meters and measuring systems,
which were used like secondary standards of gas flow
velocity and flow rate measurements have especially good
perspectives in this field [11]. For example, when
increasing the number of ultrasonic measuring channels
from 8 to.11, the expanded uncertainty of the gas flow
velocity measurement may be decreased to the value +
0.2% [11]. It indicates the perspectiveness of multichannel
ultrasonic measuring methods, their using possibilities and
their ability to respond to up-to-date demands. But the
possibilities of ultrasonic methods in the field of slow gas
flows are investigated insufficiently [8-11]. Besides that,
when measuring slow rate gas flow velocity, one of the
most actual problems remains the zero drift of ultrasonic
meters [12-14]. Therefore, the aim of this investigation
was to minimize the influence of zero drift of the
ultrasonic measuring system when measuring low gas flow
velocity.

Measurement equipment, results and discussion

When stability of an ultrasonic measuring system was
investigated in laboratory conditions it appeared that the
main factor influencing zero drift of the measuring system
is thermal instability of ultrasonic measuring channel and
electronic equipment [13,14]. For better investigation of
zero drift of the system, when the temperature and the
other parameters of environment are changing, the
measuring spoolpiece (which was mounted at the
Lithuanian Energy institute) was replaced by the new one.
The new measuring section consists of the metal pipe and
ultrasonic transducers mounted at the ends of it (Fig.1).
The diameter of the spoolpiece d=0.11m. The distance
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Fig.1. Model of ultrasonic measuring system for zero drift investigation

between ultrasonic transducers was left the same as the one
at the Energy Institute 1=0.59215m [14]. In such a way, the
volume of the measuring section was decreased extremely
when compared with that of the Energy Institute, where the
diameter of spoolpiece was 0.4m. The motion of air in the
measuring area caused by its natural convection and its
influence on the zero drift of ultrasonic system decreased
too. Our investigations showed that the fluctuations of the
zero drift of ultrasonic measuring system in the round
clock period were often similar [13,14]. Besides that, there
were the cases when zero drift of the ultrasonic system
changed extremely differently in different days (Fig.2).
When comparing the fluctuations of zero drift of the
ultrasonic system obtained in different days at the same
ultrasound velocity (temperature) one can notice the
similarity of their alteration. It is evidently seen from
Fig.3, where the zero drift of the ultrasonic system for a
gas flow velocity measurement is shown. The presented
results were obtained when the temperature (sound
velocity in hermetically closed measuring spoolpiece)
changed at a few day periods. Like one can see from Fig.3,
the dependence of zero drift of ultrasonic system on the
measured sound velocity (temperature) in the measuring
section is very complicated. Therefore the influence of the
spoolpiece temperature change on the zero drift of
ultrasonic system was investigated.

For this purpose the whole length of the measuring
section was uniformly covered with the heating elements
(Fig.4). The temperature of these elements was measured
by the platinum resistor thermometer Pt-500. In order to
decrease the influence of the ambient temperature the
measuring spoolpiece was covered with mineral cotton.
The thickness of covering was 30mm. The temperature of
the measuring electronic unit was stabilized by the 1-st
thermostabilizer and the temperature of the measuring
section by the 2-nd one. The temperature of the measuring
electronic unit was stabilized at the level of 30°+0.05C or
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Fig.2. Variations of ultrasound velocity and zero drift of ultrasonic system at different days

uniformly changed in the range of 30°...40°C. The
temperature of the measuring spoolpiece was maintained
constant with the accuracy +0.05°C in all n=11 discrete
points of its alteration range. Number n is a freely chosen
discrete temperature level between 20°C and 30°C. At the
end points of this range the temperature was measured
additionally by the mercury thermometers OMEGA
ASTM-44C and ASTM-118C. The ASTM-116C
thermometer measured the temperature in the middle of
this region too. The scale value of all thermometers
mentioned above was 0.05°C.

When keeping the temperature of the measuring
spoolpiece constant with the accuracy of +0.05°C it was
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noticed that the zero drift of ultrasonic measuring system
frequently fit in £1mm/s (Fig5) within the 24 hour period.
However when repeating the tests a few days one after
another and changing discretely the spoolpiece temperature
by 1°C it was noticed that the change of zero drift in some
experiments were quite different. Then the temperature of
the measuring section was increased discretely by 1°C per
day ten days in a row and after that decreased by analogy
(Fig.6). How one can see from Fig.6, when discretely
raising or lowering the temperature of the measuring
section, the zero drift of ultrasonic system changed mainly
only when there were the jumps of temperature. It showed
that the zero drift of the ultrasonic measuring system is
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Fig.3. The change of zero drift when the temperature in the laboratory
(sound velocity) was changing in 10 days period

mostly dependent on the possible gradients of temperature
in the measuring channel. However when the temperature
of the measuring section was stabile enough (the
magnitude of the sound velocity fluctuations was only
3cm/s per day, what corresponds to the temperature
fluctuation only of 0.05°C) the magnitude of the zero drift
was about 0.5-3.5mm/s (Fig.7) in some cases. Such a big
zero drift, when the temperature changes of the measuring
spoolpiece were insignificant, force us to look for the
reason of such slow variations of the zero drift of the
system.

With the purpose to minimize the influence of the
possible temperature gradients, the temperature of the
spoolpiece was raised very slowly by 0.01°C per minute. In
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Fig.4. Block diagram of the system for temperature control and
stabilisation

order to change the temperature of the measuring section
as uniformly as possible the digital unit for control of the
spoolpiece temperature was developed. By using this unit
the temperature of the measuring channel may be increased
or decreased uniformly in the whole temperature range
mentioned above. Except that, the whole 10°C temperature
region may be discretely shifted from 20°C to 30°C step by
step. This enables to extend the boundaries of investigation
of the ultrasonic measuring system in a wider temperature
range.

v, 103m/s

-2.1

-2.2

R

-2.4 1

-2.5
0 5 10 15 20 th

Fig.5. The fluctuations of sound velocity (a) and zero drift of ultrasonic system (b) within the 24 hour period
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Fig.6. The variations of zero drift-a) and sound velocity-b) in 10 days period, when the temperature of the spoolpiece was decreased step by step
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Fig.7. The change of sound velocity-a) and zero drift of the system-b) when the temperature of the spoolpiece was stabilized
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Fig.8. The alteration of sound velocity-a) and zero drift-b) when the temperature of measuring channel was slowly decreased

When raising and lowering the temperature of the
measuring spoolpiece, the change of the sound velocity in
the air filling the measuring section reflected the changes
of temperature extremely well. So in all experiments the
sound velocity in air filling the spoolpiece was registered
instead of temperature. The results of measurements are
shown in Fig.8. With the purpose to eliminate the influence
of temperature on the zero drift of the system, the
alteration of zero drift depending on the sound velocity
(temperature) in the spoolpiece was measured. When
repeating the experiments several times, it was noticed that
the change of the zero drift of the ultrasonic system was
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Fig.9. The reference curve of dependence of the zero drift of the ultrasonic
system on the sound velocity in the measuring channel
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very similar when the temperature of the measuring section
was changed slowly. After the averaging of the test results
of the few days it was obtained a reference dependence
curve of the zero drift of ultrasonic system on the sound
velocity (temperature) in air inside the measuring section
(Fig.9). Then appeared the possibility to eliminate the
influence of spoolpiece temperature on the zero drift of
ultrasonic system. For that purpose the reference values of
zero drift obtained at the same sound velocity
(temperature) (Fig.9) may be subtracted from the values of
zero drift obtained by the measuring process (Fig.10). Thus
the zero drift of ultrasonic system may be decreased to the
level £1...1.5mm/s (Fig.11) when the temperature of the
spoolpiece is being changed in the range between 23°C and
33°C. In a similar manner the zero drift of the ultrasonic
system for gas flow velocity measurement may be
eliminated in a different temperature range.

Conclusions

From the obtained results it can be concluded that the
main factor determining the zero drift of an ultrasonic
system for gas flow velocity measurement is the instability
of temperature in the measuring spoolpiece. It appeared
that the zero drift of the ultrasonic system is strongly
dependent on the possible gradients of temperature in the
measuring channel. Therefore when measuring the gas
flow velocity it is necessary to evaluate and to minimize
the influence of these factors. The method for
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Fig.10. The change of zero drift of the ultrasonic system in two days period when the sound velocity (temperature) in the spoolpiece is changed
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Fig.11. The alteration of zero drift of ultrasonic system after the
evaluation of influence of temperature change in measuring
channel

minimization of zero flow instability is proposed. This
enables one to diminish the zero drift of the ultrasonic
system for gas flow velocity measurements to the level of
+1...1.5mm/s.
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Reziumé

Parodoma, kad maziems dujy srauty greiciams (v<0,2-0,3m/s)
matuoti, vienos perspektyviausiy yra daugiakanalés ultragarsinés
matavimo sistemos. Eksperimentiskai nustatyta, kad ypac¢ svarbus
veiksnys, ribojantis matavimo tiksluma mazy grei¢iy ruoze, yra sistemos
nulio dreifas. Nustatyta, kad daugiausia jtakos nulio dreifo kitimui turi
matavimy ruozo temperatiiros nestabilumas ir galimi temperatiiros
gradientai matavimo kanale. Nulio dreifo jtakai sumazinti pradzioje
sitiloma istirti jo temperatiiring priklausomybeg visame matavimy sekcijos
galimy temperatliry ruoze.Temperatiirai nustatyti sitiloma pasinaudoti
matavimo metu gautomis garso grei¢io tiriamose dujose vertémis.
Matuojant dujy srauto greitj, i§ matavimo metu gauty verciy, siiloma
atimti nulio dreifo vertes, esant atitinkamam garso grei¢iui.Taip
koreguojant matavimo rezultatus, ultragarsinés matavimo sistemos nulio
dreifo jtaka srauto grei¢io matavimo rezultatams gali buti sumazinama iki
1-2 mm/s lygio.
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