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AUTOMATED SYSTEM FOR CORRECTING MEASUREMENT ERRORS IN LIQUID 

FLOW METERS 

 

Abstract. The aim of this work is to develop an automated system for correcting measurement 

errors of liquid flow meters, particularly those using orifice plate type restriction devices. The 

relevance of the work stems from the need to improve the accuracy of commercial and technological 

accounting of liquid flow, especially in the context of energy saving, and to account for operational 

factors affecting the metrological characteristics of flow meters. The research focuses on analyzing 

the impact of inlet edge dulling of the orifice plate on flow measurement results. Using hydrodynamic 

modeling in the SolidWorks Flow Simulation environment, a quantitative relationship between the 

edge rounding radius and the measurement error was established. Based on these studies, the 

structure of an information-measuring system (IMS) is proposed, capable of automatically correcting 

the flow meter readings considering the identified dependency and measured flow parameters 

(temperature, pressure). 

Key words: automated system, error correction, liquid flow meter, orifice plate, restriction 

device, edge dulling, measurement error, SolidWorks Flow Simulation, information-measuring 

system (IMS). 

Introduction. Accurate measurement of liquid flow is a critical task for effective process 

control and rational use of energy resources. Variable pressure drop flow meters with standard orifice 

plates are widely used due to their simplicity and reliability. However, their accuracy depends on the 

stability of geometric parameters, particularly the sharpness of the orifice plate's inlet edge. During 

operation, this edge inevitably dulls due to fluid friction, leading to a change in the discharge 

coefficient and, consequently, an additional systematic measurement error. Existing calibration 

methods and standards do not always fully account for this dynamic wear process. Therefore, the 

development of automated systems capable of correcting measurement errors caused by operational 

changes in flow meter parameters is a relevant task. The aim of this work is to develop such a system 

based on investigating the impact of orifice plate edge dulling. 

Methods and Materials. An analysis of existing methods for measuring and calibrating liquid 
flow meters, as well as methods for improving measurement accuracy, including automatic error 

correction techniques, was conducted. The design parameters of standard orifice plates according to 

DSTU standards were examined in detail, and the influence of inlet edge dulling on flow 

hydrodynamics and the discharge coefficient was investigated. 

To quantitatively assess the impact of edge dulling on flow measurement, computer modeling 

was used. A 3D model of the flow meter's flow path with an orifice plate was created in the 

SolidWorks environment. Using the Flow Simulation module, a series of hydrodynamic calculations 

of water flow were performed at a fixed pressure drop for various values of the inlet edge rounding 

radius (rk). A computational mesh was generated using the finite volume method with refinement near 

the orifice plate (Fig. 1).  
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The dependence of the volumetric flow rate on the radius $r_k$ and the corresponding relative 

measurement error were calculated. It was found that the error significantly increases with an 

increasing rounding radius. 

 
Fig. 1. Adaptive mesh of the model under study 

Based on the analysis and modeling results, the structure of an automated error correction 

system integrated into an information-measuring system (IMS) for flow was proposed (Fig. 2).  

 
Fig. 2. Functional diagram of the IMS with correction capability 

The IMS includes primary transducers for flow (e.g., electromagnetic), temperature (resistance 

thermometer), and pressure (pressure sensor). The system's microprocessor unit collects data from 

the sensors, performs ADC conversion, and calculates the flow rate, taking into account the 

temperature dependence of the fluid density. To correct the error associated with edge dulling (in the 

case of using an orifice plate flow meter), the introduction of a correction factor into the calculation 

algorithm is envisaged. This factor can be determined based on the error-$r_k$ relationship obtained 

from modeling and data on the orifice plate's operating time (using empirical wear models) or from 

periodic measurements of the actual rounding radius. 

Conclusions. The problem of the influence of operational wear (inlet edge dulling) of standard 

orifice plates on the accuracy of liquid flow measurement was investigated. Using hydrodynamic 

modeling in SolidWorks Flow Simulation, a quantitative relationship between the edge rounding 
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radius and measurement error was obtained, confirming the significance of this factor. The structure 

of an information-measuring system was developed, which measures the main flow parameters (flow 

rate, temperature, pressure) and allows for automatic correction of errors in variable pressure drop 

flow meters based on a model of the edge dulling effect. The proposed approach allows for increased 

accuracy in accounting for liquid flow over the long-term operation of flow meters. 
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