
International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0046

 

336 

Gas Flow Measurement System based on Ultrasonic TOF 
Hanyue Sun, Kangjian Ye, Yehan He, and Yi Zhou* 

School of Chengdu Technological University, Chengdu 611730, China 

 

Abstract 
As one of the four major parameters in industrial process measurement, flow has always 
been an important topic in the field of automatic detection, and its measurement is of 
great significance in industrial production and process control. At present, the gas 
flowmeters applied in China's industrialization mainly include turbine flowmeters, hole 
plate flowmeters, vortex flowmeters, etc., which all belong to the traditional flowmeters.. 
However, with the continuous improvement of market demand and the rapid 
development of science and technology, the defects of such traditional flowmeters are 
more and more obvious. In contrast, the measurement accuracy of the ultrasonic 
flowmeter is almost unaffected by the temperature, pressure and even density of the 
liquid under test., and the generalization of this new flowmeter is crucial. 
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1. Development Background of the Flowmeter 

In the contemporary world, where energy issues are increasingly tight, the international oil and gas 
trade is frequent and important, among which natural gas trade is one of the international trade that 
all countries attach great importance to. Gas flow measurement is the core link of natural gas trade, 
and accurate measurement can reduce economic losses and trade disputes among countries. Therefore, 
gas flow measurement has triggered a new round of scientific research and product development 
upsurge in flow detection in process detection parameters in the world. 

For the concept of flowmeter, the American Academy of Instruments (ISA) has made the following 
definition: flowmeter that measures the total amount of flow fluid for a limited time in an open or 
closed pipeline [1]. By measuring fluid flow, we can obtain fluid flow characteristics, and then realize 
automatic control of the production process and implement corresponding energy management 
measures, so as to further ensure production quality, improve operation efficiency, reduce production 
costs, and protect environmental resources [2]. 

Nowadays, there are many kinds of flowmeters on the market. Taking a chemical plant as an example. 
the chemical plant in the actual detection process, the actual pressure loss value of the hole plate 
flowmeter is large, the measuring range is small, and the installation process is relatively strict, which 
is not conducive to the large-scale promotion of industrial production. The waist wheel flowmeter 
can only test related media with flow speed above 5m/s; The electromagnetic flowmeter is highly 
accurate, but it is vulnerable to the electromagnetic wave interference in the external environment, 
and the measured parts are required to have certain conductivity [3]. So, they are not suitable for 
practical application in factory. 

Ultrasonic flowmeter is an instrument that measures flow rate by detecting the effect of fluid flow on 
ultrasonic beam (or ultrasonic pulse), It is a kind of flowmeter suitable for solving the difficult 
problem of flow measurement because there is no obstruction in the flow channel of the instrument. 
It has outstanding advantages especially in the measurement of gulp runoff flow, is the most rapidly 
developed type of flowmeter in recent years. The ultrasonic gas flowmeter has high measurement 
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accuracy, and can be made into a non-contact measuring instruments, which can solve the problems 
of strong corrosive, non-conductivity and even flammable and explosive flow measurement that are 
difficult to be solved by other instruments. It has been widely used in enterprises[4]. 

2. Development Status of Ultrasonic Flowmeter at Home and Abroad 

Ultrasonic flow detection grew out of  R.A.Fessden’s idea of using acoustics to measure flow. In 
1912, he invented the first underwater acoustic transducer, which provided the necessary basis for the 
birth of ultrasonic flowmeter. In September 1928, Rutten proposed the patent of using sound waves 
to measure the flow of fluid in pipes in Berlin, marking the birth of ultrasonic measurement 
technology. After the advent of this technology, scientists have mostly used phase-method ultrasonic 
gas flowmeters to measure the gas flow rate[5]. Until 1945, Gray et al first proposed the use of 
detecting acoustic pulse signal instead of detecting acoustic signal phase, making a critical step in the 
development of ultrasonic gas flowmeters[6]. The design of this new flowmeter has been in the 
research stage, until the 1960s, when it came out of the laboratory and was truly used in industrial 
production practice. In 1964, the first commercial ultrasonic flowmeter was put into use in Japan. 
Ultrasonic flowmeter using the Doppler effect appeared in the late sixties. Next, through the 
continuous efforts of researchers in related fields of various countries and the continuous 
development and improvement of large-scale integrated electronic technology, the key time 
measurement technical problems in ultrasonic flowmeter were solved, and frequency differential 
ultrasonic flowmeter and phase lock frequency differential ultrasonic flowmeter appeared. In 1972 
the first clamheld ultrasonic flowmeter was put into use in the US. In 1997, Siemens introduced 
ultrasonic transit time flow detection instruments for industrial processes. In 2000, EMCO launched 
a clip-held ultrasonic flowmeter. 

In China, the independent research of ultrasonic gas flow detection technology has just started in the 
1960s. In recent years, there are more and more domestic research institutes are involved in ultrasonic 
gas flow detection technology, including the University of Electronic Science and Technology, 
Harbin Institute of Technology, Huazhong University of Science and Technology, Xi'an Jiaotong 
University and Zhejiang University and other well-known universities. The research direction and 
content also involve all aspects of the ultrasonic gas flow detection technology. Under the joint efforts 
of various research units and manufacturers, the development of ultrasonic gas flowmeter in China is 
more and more prosperous, it is worth mentioning that in most of the domestic manufacturers agent 
foreign meter in the domestic market, Shanghai nuclear dimension instrument co., LTD., is one of 
the few domestic that can independently produce multi-channel ultrasonic gas flow instrument. 

3. Comparison of Flow Detection Technology 

As introduced above, the traditional flowmeter used in China's industrial production process mainly 
includes turbine flowmeter, hole plate flowmeter, electromagnetic flowmeter, etc. Turbine flowmeter 
is the most conventional flow metering device. Its principle is to push the turbine rotate through the 
gas medium and convert the flow speed value of the gas into the turbine rotation speed. At this time, 
there is a certain linear relationship between the rotation speed of the turbine and the flow speed of 
the gas medium, and then the flow speed of the measured gas is deduced according to this relationship. 
This excellent natural gas metering instrument has the advantages of high measurement accuracy, 
good repeatability, small pressure loss, and simple installation [7]. However, there are also obvious 
deficiencies in the turbine flowmeter, such as short verification period, relatively clean gas 
requirements, uniform fluid density, and it must be installed to the inside of the pipeline. 

The vortex street flowmeter uses the principle of Carmen vortex street, when the measured gas 
medium passes through the Carmen column will produce a regular vortex, resulting in a certain 
frequency of vibration, the vibration frequency and the flow rate, has a corresponding relationship 
and the measurement of the medium flow rate is realized by measuring the vibration frequency of the 
column. Vortex street flowmeter has also been widely used for its characteristics of small pressure 
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loss, high measurement accuracy, large range, but it is susceptible to the influence of external 
environmental vibration, and vortex street flowmeter has high requirements on Renault coefficient, 
for low flow rate medium cannot be measured, in addition, the installation requirements are relatively 
complex, and long straight section must be required to ensure the accuracy of measurement [8]. 

The working principle of orifice flowmeter is that there will be a certain pressure difference of the 
measured gas medium before and after passing through the orifice plate.  The corresponding model 
relationship between the pressure difference and the flow value is established, and the change of flow 
rate is reflected by measuring the pressure difference. The Orifice flowmeter has solid structure, 
stable and reliable performance, long service life and low price. It is also the most widely used flow 
metering device in the market. It is used in various objects in the flow measurement of closed 
pipelines, accounting for about 1/4~1/3 of the total amount of flowmeter in various industrial 
departments. However, the flowmeter has poor repeatability, large pressure loss, small range ratio, 
and high field installation conditions, so its application occasions are greatly limited[9]. 

In order to expand the application field of gas flowmeter, the gas flowmeter based on ultrasonic 
detection technology has been widely used in recent years. The basic principle of the ultrasonic flow 
detection meter is that when the ultrasonic signal transmitted in the fluid, the changes caused by the 
fluid flow will have a certain impact on the ultrasonic signal, such as the shorter acoustic propagation 
time along the flow velocity and the longer acoustic propagation time In the opposite direction of the 
current. 

The ultrasonic signal affected by flowing fluid can be detected to extract flow-related information, 
and the flow rate can be obtained through processing and calculation of these information, so as to 
achieve flow detection. The time of ultrasonic signal from transmitter to receiver is defined as the 
time of flight (TOF). The TOF contains a lot of information, such as distance measurement and 
distance and flow information in ultrasonic flowmeter. Therefore, the accurate determination of 
ultrasonic TOF is a key technology[10] in the application of ultrasonic detection. 

Flow measurements were made by measuring the time difference between downstream and counter-
current propagation of ultrasonic pulses. The rationale is shown in Fig. 1. 

 

 
Fig. 1 Schematic diagram of ultrasonic flow measurement by differential method 

 

The upstream ultrasonic transducer A emits an ultrasonic signal, The ultrasonic signal and the fluid 
flow direction are at a certain angle θ ( θ has been determined when manufacturing the ultrasonic 
flow meter, The ultrasonic propagation path is simply the sound channel, When ignoring the effect 
of fluid flow on ultrasonic directionality, It may be considered a linear ultrasonic signal propagation 
between the transducers A and B), The downstream ultrasonic transducer B receives the ultrasonic 
signal, The transmission time of the ultrasonic signal from A to B is measured as the trans-current 
transmission time downt ; The downstream transducer B sends an ultrasonic signal, The ultrasonic 
signal travels in the channel direction to transducer A, The transmission time of ultrasonic signal from 
B to A is the incurrent propagation time upt . Then: 
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In formula, v  is the fluid flow velocity; c  is the sound propagation velocity; d  is the pipe 
diameter. Then the fluid flow rate is: 
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sampling bias, The sampled sequence correlation peaks are not necessarily related peaks of the 
original signal, Thus, the interpolation of the )(kcorr yields the interpolated sequences, The 

maximum abscissa ratio of the interpolated sequence is proportional to. And both upt  and downt  

were determined by over zero detection. When the excitation waveform is emitted, the timer starts 
timing, the timer stops when the receiving end receives the signal, and the sign of receiving the signal 
is that the over-zero rate of the envelope of the ADC output signal reaches the threshold value. 

4. Summary and Outlook 

In conclusion, the gas flowmeter system based on ultrasonic time of flight (TOF)  has extremely high 
development value. At the same time, the development of ultrasonic gas metering subsystem and 
integrated ultrasonic sensing solution module can provide ultra-high metering performance, with the 
advantages of low power consumption and high integration. 

In fact, the application of the TOF-based gas flowmeter is far from limited to this, and there is still a 
very wide range of subsequent development space. For example, if the mono channel is changed to 
multi-channel, the measurement accuracy will be greatly improved.In addition, considering adopting 
the low-power design and using the battery for power supply, the application of the TOF-based gas 
flowmeter can also be extended to the application market of natural gas, coalbed methane or biogas. 
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