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Abstract 

Gas-solid two-phase flow widely exists in industrial 

production. A simulation model is made by the finite element 

software, and is used to study the ultrasonic signals from 

multiple measurement points in the radial pipe. Through the 

research we found different voltage signals from the receiving 

end are obtained, when the measurement point is in different 

locations. The research provides some recommendations and 

technical proposals for the design of the ultrasonic sensor. 

1 Introduction 

The gas-solid two phase flow application is very popular with 

industrial production in the fields of medicine, chemistry, 

electricity, metallurgy, food, and so on. So it is studied by 

many experts and scholars. 

Ultrasonic is a mechanical wave and its spread velocity is 

determined by medium largely. On account of the fact that 

ultrasonic is non-contacted measurement, it has become a 

research focus in fluid and some achievements have been 

made in recent years. Some ultrasonic measurement devices 

are mature in the United States, Germany, the Netherlands and 

so on. At home, some universities and research institutions 

have done some study in ultrasonic measuring instruments 

[4,5], and achieved a lot, such as in the measurement for 

velocity and attenuation of ultrasound in ultrafine particle 

suspensions[6,7]. As well, it is used in the measurement of the 

concentration of gas-solid two phase flow in recent years [8-9]. 

In this paper, a simulation model with finite element 

software COMSOL, is built to measure the signals from 

multiple measurement points in pipe. With building the 

simulation, the characteristics of signals from the different 

ultrasonic receiver are studied as to provide the reference for 

the placement of ultrasonic receiving devices. As a result, 

some advice and theory are suggested for designing the sensor 

to measure the gas-solid two phase flow. 

2.The simulation model of ultrasonic 

propagation in pipe 

Ultrasonic signals are spread in the actual fluid measurement. 

Simulation model is built with ultrasonic receiver distributing 

in a certain rule, in order to obtain the strength of the ultrasonic 

signals of different position in pipe. The results of the research 

will provide references for the installation site of the receiver.  

2.1. Introduction of the simulation model  

The simulation model of receivers in different locations is 

shown in Figure 1. In sub Figure (a), the pipe diameter is set to 

R (it is set to 300 mm under the actual working condition), and 

the section diameter of ultrasonic sensors is set to 0.05R 

(d=0.05R). Sensors are composited by flexible compound 

piezoelectric materials T and H, where the left upper is the 

transmitter (the end of T is shown in the figure), which is 

placed on arc ABH. The receiver (it is H as shown in the figure) 

is on the other side. The sub Figure (b) is the simulation model 

meshed, where free partition is adopted here. 
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Figure 1. the COMSOL simulation model with three receivers 

in the pipe 
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2.2 .The coupling equation of electricity - structure - 

acoustic system 

In this paper, finite element calculation mainly involve the 

electricity - structure - acoustic three physical field coupling, 

and the acoustic wave equation can be represented as: 
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where


 represents the density of material, c stands for the 

speed of sound, and ∇  is Laplace operator, p is the sound 

pressure. Structural mechanics equation can be expressed as: 
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where


 is the density of piezoelectric material,  t is the time, 

u represents displacement, FV is the volume force, and s is 

stress. Maxwell's equations of the Electric can be represented 

as: 

                                 (3) 

where V  represents the volume charge density, and D is the 

electric displacement. 

 In the simulation experiment, the inside boundary of 

compound piezoelectric material (PZT) T is set for the 

transmitter, and electrical boundary condition is as 

follows:  instantaneous excitation voltage is 223.72 V, whose 

equivalent circuit diagram is shown in Figure 2. The inside 

boundary condition on the compound piezoelectric of 

acoustic transmitting terminal T and receiver H is 

structure-acoustic coupling, and the electrical boundary 

condition on the outside for the piezoelectric material is 

grounded, its structural boundary condition is roller. Other 

boundary settings on the pipe wall are open. 

    

Fig 2 Equivalent circuit diagram of excitation voltage 

2.3  The experimental simulation 

In simulation experiment, in interior of the pipe is filled with 

air, Ultrasonic generator frequency is set to 30 KHZ. Record 

relevant experiment data,when the location of the ultrasonic 

receiver is changed. 

In the arc AHB of the pipe, there is one receiver every time to 

analyze the voltage of the ultrasonic wave at different location 

of the receiver. The location of the receiver is set from the A to 

H finally to B, with a measurement point (the ultrasonic 

receiver) every 15 degrees. There are 13 receiving points, 

which are point -6, point -5, point -4, point -3, point -2, point 

-1, point 0, point 1, point 2, point 3, point 4, point 5, point 6 

(point 0 is H shown in Figure 1). 

 

 （a）                      (b)   

Fig 3 The simulation of sound pressure distribution in the pipe 

As is shown in Figure 3, it is the sound pressure distribution in 

the pipe when frequency is 30 KHZ, time is 5e-4s. Sub Figure 

(a) and sub Figure (b) are the stereo distribution map of 

pressure level and the equipotential map respectively. In the 

experiments, the maximum of voltage amplitude from receiver 

is gotten and saved, for collecting data at the receiving end 

respectively. Finally the analysis is been done that voltage 

amplitude is different at different receiving point. 

3.The results of simulation analysis 

It can be seen from the figure above that ultrasonic signals 

from different receiving point are different. Because the 

specific situation of the influence of ultrasonic on different 

point isn’t still clear, then voltage amplitude at different 

receiving point is been analyzed. 
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Fig 4 The receiver signal figure 

As is shown in Figure 4, the receiver signals from different 

points are got in the experiment, but these figures are not on 

display here, in order to save the space. Signals received are 

symmetric disposition around the point H, so that the average 

of the two symmetric points is seen as the final value. Figure 5 

describes the signals received from different points, in which 

abscissa is the distance to the point H (such as the average of 

point -3 and point 3), ordinate represents the maximum 

amplitude of voltage signal (the unit for volt). It is seen from 

the figure that the received signal is the biggest of all with the 

ultrasonic receiver and transmitter in one direction, the 

received signal began to decay rapidly with the direction 

deviating from the transmitter and the impact of the distance 

between the transmitter and receiver to signals received is very 

little. When transmitter and receiver deviate in a certain extent, 

the change of attenuation will be slow (such as point 4, point 5 

and point 6). The simulation experiment shows that the sensor 

should be placed on the emission direction or close to the 

emission direction in the actual sensors design of multiple 

detecting points. 

 

Fig 5 the signals from different points 

4 Conclusion 

In the paper, the impact of different points to signals received 

is been analyzed with building a simulation about ultrasonic 

propagation on the cross section of the pipe. The relationship 

between receiver points and the signals received gotten from 

the simulation provides some recommendations and 

technical proposals for the design of the ultrasonic sensor. 
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