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Abstract: Accurate online measurements of ultralow water fraction during crude oil transport are crucial for determin-
ing oil quality and protecting the interests of parties involved in crude oil trading. Amplitude attenuation and phase
shift occur when electromagnetic waves propagate in water-containing oil media. As a basic structure for receiving and
transmitting electromagnetic waves, antennas are extensively employed in microwave measurement systems. Because
of the resonant characteristics of the antenna, a microwave sensor based on the dual-antenna method was constructed
to determine the ultralow water fraction. The water fraction in the oil-water two-phase flow can be sensed by measur-
ing the changes in the S21 amplitude and S21 phase. Additionally, COMSOL Multiphysics software was employed to
optimize the sensor structure. By analyzing the relation between the S21 response of the sensor and the water fraction
changes, the feasibility of measuring ultralow water fraction using the sensor was determined, and the optimal fre-
quency range applicable for the sensor operation was determined. The simulation results were verified by an oil-water

static mixing emulsification experiment and a oil-water flow experiment. At 4.64 GHz, the amplitude and phase of
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S21 changed linearly with water fraction, and the S21 phase value presented higher measurement sensitivity,

making it applicable for water fraction measurements in the range of 0—3.00%. Moreover, based on the phase results

of the experiment, static oil-water emulsification and dynamic experiment models were developed to predict the 0—

3.00% ultralow water fraction. Both absolute errors were below 0.1% with a 95% confidence level. Based on the mi-

crowave sensor given by this study, it is concluded that the oil-water emulsification experiment can replace the dy-

namic experiment to a certain extent.

Keywords: two-phase flow; numerical simulation; optimal design; microwave sensor; antenna; water fraction;

S21 amplitude; S21 phase
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