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Abstract. Flow measurement is a crucial aspect of various industrial and engineering applications. 
Technological advancements have enabled more accurate and efficient measurement methods, including 
Flow-Induced Birefringence (FIB), neural networks, and Computational Fluid Dynamics (CFD). This 
study reviews different flow measurement techniques, comparing the advantages and challenges of each 
method while exploring the potential integration of Internet of Things (IoT)-based technology to enhance 
real-time flow monitoring. 
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INTRODUCTION  

Flow measurement plays a vital role in industry and engineering. With 

technological advancements, new methods and devices have been developed to improve 

the accuracy and efficiency of flow measurement. This study reviews various approaches 

to flow measurement and their effectiveness in different industrial applications. 

 
Figure 1. Flow Measurement 

 

LITERATURE REVIEW  

Flow measurement techniques have evolved rapidly, ranging from conventional 

methods to advanced technology-based approaches. One notable innovation is the use of 

Flow-Induced Birefringence (FIB), which enables the analysis of complex fluid flow 

more accurately by utilizing optical changes in the flow medium. This technique has 
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proven effective in the pharmaceutical and food industries due to its ability to characterize 

the microstructure of fluids. 

In addition to FIB, neural network-based approaches have been adopted to 

enhance flow prediction. By optimizing algorithms such as Back Propagation Neural 

Network (BP) with methods like Particle Swarm Optimization (PSO), the accuracy of 

flow estimation has significantly improved. This approach has been applied in irrigation 

systems and fluid processing industries to enhance operational efficiency. 

 
Figure 2. Calculation results and relative errors of the PSO-BP model and flow velocity 

layers within the measurement box: (a) flow variation and (b) relative error. 

 

IoT-based sensor technology has also brought significant changes to flow 

measurement. Modern sensors can now collect real-time data and integrate it with cloud-

based control systems, allowing for more accurate and responsive monitoring of 

operational conditions. This implementation has been utilized in water usage monitoring 

and resource distribution optimization. 

Furthermore, Computational Fluid Dynamics (CFD) has become an increasingly 

important tool in understanding velocity and pressure distribution in flow systems. CFD 

allows for the simulation of various flow scenarios without the need for complex and 

costly physical experiments, making it a highly useful approach in pipeline system 

engineering and flow component design. 
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Figure 3. Computational Fluid Dynamics (CFD) 

 

METHODS  

This study analyzes various flow measurement methods, including laboratory 

experiments, numerical modeling, and sensor device testing in industrial environments. 

Data is collected from relevant literature and compared based on accuracy, efficiency, 

and implementation costs. 

 

 RESULTS 

FIB has proven effective in analyzing complex fluids and has been applied in the 

pharmaceutical and food industries to enhance the understanding of fluid microstructures. 

Neural networks optimized with genetic algorithms and Particle Swarm Optimization 

have shown improved accuracy in flow prediction, particularly in irrigation systems and 

fluid processing. 
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Figure 4. A schematic of the basic experimental setup for birefringence measurement. 

This device integrates a flow-induced birefringence (FIB) system with (a) a rheometer 

and (b) a channel. L: light source; PSG: polarization state generator; S: sample; C: 

channel; PSA: polarization state analyzer; D: detector. 

IoT-based flow sensors have demonstrated efficiency in real-time monitoring, 

enabling faster and more accurate decision-making in water resource management. CFD 

plays a crucial role in understanding velocity and pressure distribution patterns in 

pipelines, aiding in the design of more efficient and optimal systems. 

 

DISCUSSION  

Innovations in flow measurement technology have led to significant changes in 

various industrial applications. The integration of IoT-based sensors has enhanced flow 

monitoring capabilities, while optimized neural networks enable more accurate 

predictions without reliance on complex physical parameters. These technologies benefit 

sectors such as agriculture, manufacturing, and energy. 

Additionally, CFD has provided deeper insights into fluid dynamics, particularly 

in pipeline system design and industrial fluid processing. While these technologies offer 

numerous advantages, widespread implementation still faces challenges, such as the need 

for high-quality training data in predictive models and the high costs associated with IoT 

sensor devices. 

CONCLUSION  
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Advancements in flow measurement technology provide innovative solutions to 

improve accuracy, efficiency, and monitoring effectiveness in various industries. The 

integration of advanced methods such as FIB, neural networks, and CFD opens new 

opportunities for enhanced system design and flow control. Further developments are 

expected to address existing challenges and expand the application of these technologies 

to other sectors. 

 

LIMITATION  

This study is limited to literature-based analysis and simulations, without direct 

experiments in industrial settings. Additionally, some of the discussed methods are still 

in the research phase and have not been fully implemented on a large scale. Further 

studies involving practical trials and direct validation in industrial environments are 

necessary to ensure the effectiveness of the developed methods. 
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