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Abstract. This article analyzes the use of ultrasonic and electromagnetic sensors 

in monitoring and analyzing water consumption at pumping stations. The analysis 

involves real-time detection of water flow, analysis of measurement results, and 

assessment of the efficiency of pumping units. In the process, the principle of 

operation and practical application of the TUF-2000M ultrasonic flow meter, 

electromagnetic flow meter, and XMSJ type ultrasonic sensors were considered. 

Based on the data obtained from the sensors, the relationship between water flow 

rate and water consumption was determined. The results showed that the measured 

values obtained using ultrasonic and electromagnetic sensors are close to each 

other and that these methods are reliable for the monitoring system. It was also 

observed that water consumption increases proportionally with increasing flow 

rate. At the end of the study, the feasibility of using these sensor technologies 

for automated control of water consumption at pumping stations, stable monitoring 

of hydraulic processes, and increasing energy efficiency was substantiated.  

Keywords: pumping station, water consumption, flow meter, ultrasonic sensor, 

electromagnetic sensor, water flow monitoring, industrial sensors, hydraulic 

system monitoring. 

 

 

 

Introduction 

Today, monitoring and analysis of the operation of pumping 

stations in the field of irrigation and water management is 

one of the most relevant issues. These systems play an 

important role in the transmission and distribution of large 

volumes of water flow. In this case, the stable and efficient 
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operation of pumping units is facilitated by hydraulic 

parameters, including water level, pressure, flow rate, and 

water consumption. Therefore, accurate measurement and 

constant control of water consumption at pumping stations is 

important for increasing the efficiency of the system[1-2]. 

During practical operation, changes in water flow rates 

affect the operating mode of pumping units, energy 

consumption, and the efficiency of the entire hydraulic 

system. If water consumption is not accurately controlled, 

the system may operate in a suboptimal mode. As a result, 

hydraulic losses increase, the load on pumping equipment 

increases, and energy efficiency decreases. Therefore, real-

time monitoring of water flow in modern pumping stations is 

one of the important technological tasks [2-4, 8-9]. 

In recent years, as a result of the development of 

industrial measurement technologies, various flow meter 

sensors have been developed to determine water consumption. 

Among them, ultrasonic and electromagnetic flow meters are 

distinguished by their high accuracy, reliability, and the 

possibility of using them in large-diameter pipelines. 

Ultrasonic sensors determine the water flow rate by measuring 

the propagation time of ultrasonic waves in a liquid stream. 

The electromagnetic flow meter operates on the basis of 

Faraday's law of electromagnetic induction and calculates 

water consumption by determining the flow rate of a conductive 

liquid [5-8]. 

This article analyzes the principle of operation of 

ultrasonic and electromagnetic sensors used to monitor water 

consumption at pumping stations and the possibilities of their 

application in monitoring systems. The study analyzed the 

technical characteristics and practical applications of the 

TUF-2000M ultrasonic flow meter, electromagnetic flow meter, 

and XMSJ ultrasonic sensor devices. 

Methodology 

This study analyzed modern industrial flow meters used to 

measure water flow in large-diameter pipelines. Determining 

water consumption in pumping stations is important for 

ensuring the efficient operation of hydraulic systems and 

controlling the optimal operating mode of pumping units [3]. 

The research analyzed the operating principle and 

technical characteristics of the TUF-2000M clamp-on 

ultrasonic flowmeter, electromagnetic flowmeter, and XMSJ 

ultrasonic flowmeter for water flow measurement. 

Ultrasonic flowmeters operate on the principle of 
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measuring the propagation time of ultrasonic waves in a liquid 

flow. Sensors are installed on the outside of the pipe and 

transmit ultrasonic signals in the direction of flow and in 

the opposite direction. When there is a flow, the propagation 

time of the signals changes, and the fluid flow rate is 

determined based on this difference. This method is effective 

for measuring water flow in large-diameter pipelines [4]. 

 

 
Figure 1 

TUF-2000M ultrasonic flowmeter 

 

Electromagnetic flowmeters operate on the principle of 

measuring the electromagnetic induction voltage generated 

when a conductive fluid passes through a magnetic field. This 

voltage is proportional to the fluid flow rate, and its value 

determines the water consumption [4]. Electromagnetic sensors 

have the ability to measure with high accuracy and are widely 

used in water supply and irrigation systems. 

 

 
Figure 2 

Electromagnetic flowmeter 
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In this case, the data obtained from the sensors is 

collected by the monitoring system and transmitted to the 

next stages of analysis. Based on the obtained measurement 

data, the water flow rate and water consumption values are 

determined and applied to the pumping station. With the help 

of the monitoring system, it is possible to monitor water 

consumption parameters in real time and assess the efficiency 

of the pumping units [5]. 

 

 
Figure 3 

TUF-2000M ultrasonic flowmeter 

 

The presented images represent a general algorithm for 

monitoring and analyzing water consumption at a pumping 

station. In the system, water flow data is collected in real 

time using ultrasonic and electromagnetic sensors and 

processed by a central control module. The obtained data is 

filtered in a software environment and analyzed using 

statistical and analytical methods. Also, data filtering and 

averaging algorithms are used to ensure the stability of the 

signal flow coming from the sensors. This approach allows for 

an accurate assessment of water consumption during the 

operation of a pumping station, monitoring hydraulic 

conditions in the system, and increasing energy efficiency 

[5]. 

This methodology allows for automated monitoring of water 

consumption at pumping stations and allows for real-time data 

to be used to assess the system status [6]. 

Mathematical model 

In the process of determining water consumption at pumping 

stations, a mathematical model is created based on the main 
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hydraulic parameters of the flow: flow rate, pipe cross-

sectional area, and volume flow over time. Water consumption 

is usually determined by the following general equation. 

 

Q A = 
, (1) 

 

where 
Q
 is the water consumption, A is the cross-sectional 

area of the pipe, and   is the flow velocity. 
 

In ultrasonic sensors, the water flow velocity is 

determined by the difference in propagation times of the 

signal in the upstream and downstream directions. This is 

determined based on the following mathematical expression. 

 

1 2

1 1

2

L

t t


 
= − 

 , (2) 

 

where L is the distance between the sensors, 1t  is the 

propagation time of the signal in the direction of the 

current, and 2t  is the propagation time of the signal in the 
direction opposite to the current. 

 

Electromagnetic sensors use a measuring principle based 

on Faraday's law of electromagnetic induction. The flow 

velocity is determined by the voltage value generated by the 

magnetic field as follows. 

 

E B L =   , (3) 

 

where E  is the induction voltage, B  is the magnetic field 

induction, L is the distance between the electrodes, and   
is the fluid flow velocity. 

 

To reduce measurement errors when analyzing data from 

sensors, the averaging method was used. 
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This model allows real-time water consumption at the 

pumping station and analysis of system performance based on 

sensor data. 

Results 

During the research, data from ultrasonic and 

electromagnetic sensors were analyzed to monitor water 

consumption at the pumping station. Measurements were 

calculated in relation to changes in pipe diameter and flow 

rate. The results obtained from both types of sensors 

determine water consumption values in real time. 

Experimental results show that ultrasonic sensors have 

high sensitivity in determining the water flow rate, detecting 

even small changes in flow. Electromagnetic sensors work with 

high stability and accuracy. The data obtained from them allow 

assessing the efficiency of the pumping station and optimizing 

the water flow. The results obtained from these sensors are 

presented in the table below. 

 

Table 1 
Results obtained through ultrasonic and electromagnetic sensors 

№  Flow velocity (m/s) 
Ultrasonic sensor 

(m³/s) 

Electromagnetic sensor 

(m³/s) 

1 0.8 0.40 0.39 

2 1.0 0.50 0.49 

3 1.2 0.60 0.58 

4 1.5 0.75 0.73 

5 1.8 0.90 0.88 

 

 
Figure 4 

Results of monitoring water consumption through sensors 

 

The results show that the water consumption values 

measured by both sensors are very close to each other, which 
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indicates the accuracy of the monitoring system. It was also 

observed that the water consumption value increases 

proportionally with increasing flow rate. 

These figures visually represent the change in water 

consumption values as the flow rate increases. The graph shows 

that the difference between the measurement results of the 

ultrasonic and electromagnetic sensors is very small, which 

indicates the reliability of the monitoring system. 

Conclusion 

This study investigated the potential of using ultrasonic 

and electromagnetic sensors to monitor and analyze water 

consumption at pumping stations. The sensors in the study can 

detect and monitor water flow in real time. Based on the data 

obtained from the sensors, the relationship between flow rate 

and water consumption was analyzed, and the efficiency of the 

pumping system was assessed. 

Ultrasonic sensors have high sensitivity in detecting 

small changes in flow rate and are suitable for monitoring 

low and medium-range flows. Electromagnetic sensors, on the 

other hand, operate with high accuracy in large-diameter pipes 

and in stable flow conditions. The combined use of both 

technologies allows monitoring water consumption at pumping 

stations and optimizing system performance. Also, a method 

for monitoring hydraulic processes at a pumping station, 

controlling water consumption, and increasing energy 

efficiency by analyzing sensor data was analyzed. This 

approach can be considered important in implementing 

automated monitoring systems at pumping stations and 

effectively managing technological processes. 
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