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Abstract 

The measurement of partial pressure in liquids is a critical parameter in various 

industrial and scientific applications, including chemical processing, biomedical 

engineering, and environmental monitoring. This research paper investigated 

electromechanical methods for determining the current partial pressure of liquids, 

focusing on their accuracy, reliability, and practical implementation. The study 

explored the principles of pressure transduction through electromechanical sensors, 

including piezoelectric, capacitive, and strain gauge-based systems.  

Introduction 

The partial pressure of a liquid is a fundamental thermodynamic property that 

influences phase equilibria, dissolution rates, and chemical reaction kinetics. Accurate 

measurement of this parameter is essential in fields such as chemical engineering, 

hydrology, and biomedical sciences. Traditional mechanical methods, such as 

manometers, have been widely used but suffer from limitations in dynamic systems 

due to slow response times and susceptibility to mechanical wear. Electromechanical 

methods have emerged as a viable alternative, offering improved sensitivity, faster 

response, and compatibility with automated data acquisition systems. 

This study focused on evaluating electromechanical techniques for measuring 

the current partial pressure of liquids, with an emphasis on sensor performance under 

varying operational conditions. The primary objectives included assessing the accuracy 

of different sensor types, identifying sources of measurement error, and proposing 
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calibration strategies to enhance reliability. The research was conducted through a 

combination of theoretical analysis and experimental validation, providing a 

comprehensive comparison of electromechanical sensing mechanisms. 

Methods and Methodology 

Selection of Electromechanical Sensors 

Three primary types of electromechanical sensors were selected for evaluation: 

piezoelectric, capacitive, and strain gauge-based pressure transducers. Each sensor 

type operated on distinct physical principles, allowing for a comparative analysis of 

their performance in liquid environments. 

Piezoelectric sensors relied on the generation of an electric charge in response 

to mechanical stress. When exposed to pressure variations in a liquid, the piezoelectric 

material produced a proportional voltage signal, which was amplified and recorded. 

These sensors were advantageous due to their high-frequency response, making them 

suitable for dynamic pressure measurements. 

Capacitive sensors functioned by detecting changes in capacitance caused by the 

deflection of a diaphragm exposed to liquid pressure. The diaphragm acted as one plate 

of a capacitor, with the distance between plates varying under pressure changes. This 

variation was converted into an electrical signal, providing a precise measurement of 

pressure. Capacitive sensors were known for their stability and low hysteresis, making 

them ideal for long-term monitoring applications. 

Strain gauge-based transducers utilized the piezoresistive effect, where the 

electrical resistance of a conductive material changed under mechanical strain. A 

Wheatstone bridge circuit was employed to measure these minute resistance changes, 

translating them into pressure readings. While strain gauge sensors were robust and 

widely used, their accuracy could be affected by temperature variations, necessitating 

compensation techniques. 

Experimental Setup 

A controlled experimental setup was designed to evaluate the performance of 

each sensor type. A sealed pressure chamber was filled with deionized water, and 

known pressure increments were applied using a calibrated pneumatic pump. The 
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chamber was equipped with temperature control to assess the influence of thermal 

fluctuations on sensor accuracy. 

Each sensor was installed at identical positions within the chamber to ensure 

consistent exposure to pressure conditions. Data acquisition was performed using a 

high-resolution analog-to-digital converter (ADC), with sampling rates adjusted to 

capture transient pressure changes accurately. The sensors were subjected to both static 

and dynamic pressure profiles, ranging from 0 to 500 kPa, to evaluate their linearity, 

sensitivity, and response time. 

Calibration and Error Analysis 

Prior to experimentation, all sensors were calibrated against a reference standard 

pressure gauge. Calibration curves were generated to establish the relationship between 

sensor output and applied pressure. Post-experiment, the data were analyzed for 

deviations from expected values, with error sources categorized into mechanical, 

electrical, and environmental factors. 

Temperature-induced errors were mitigated through active thermal 

compensation, where sensor readings were adjusted based on real-time temperature 

data. Mechanical vibrations and liquid turbulence were minimized by isolating the 

pressure chamber from external disturbances. Signal noise was reduced using low-pass 

filtering techniques in the data acquisition system. 

Results and Discussion 

Performance Comparison of Sensor Types 

The experimental results demonstrated distinct performance characteristics for 

each sensor type. Piezoelectric sensors exhibited the fastest response times, with a 

latency of less than 1 millisecond in dynamic pressure applications. However, they 

displayed slight nonlinearity at lower pressure ranges, requiring polynomial calibration 

for precise measurements. 

Capacitive sensors provided the highest accuracy across the tested pressure 

range, with a maximum deviation of ±0.2% from reference values. Their stability was 

attributed to the absence of moving mechanical parts, reducing wear-induced errors. 
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The primary limitation was their sensitivity to electromagnetic interference, 

necessitating shielded cabling in electrically noisy environments. 

Strain gauge sensors showed moderate performance, with an average error 

margin of ±0.5%. Their robustness made them suitable for industrial applications, but 

temperature drift remained a challenge, requiring periodic recalibration in fluctuating 

thermal conditions. 

Impact of Liquid Properties on Measurement Accuracy 

Further experiments investigated the influence of liquid viscosity and density on 

sensor performance. High-viscosity liquids introduced damping effects, slightly 

delaying the response of piezoelectric and strain gauge sensors. Capacitive sensors 

were less affected due to their non-mechanical sensing mechanism. 

Conclusion 

This study systematically evaluated electromechanical methods for measuring 

the current partial pressure of liquids, providing a comparative analysis of 

piezoelectric, capacitive, and strain gauge-based sensors. Capacitive sensors 

demonstrated superior accuracy and stability, making them ideal for precision 

applications, while piezoelectric sensors excelled in high-speed dynamic 

measurements. Strain gauge transducers offered a balance between robustness and 

performance, suitable for industrial environments. 
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