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Development and testing of an underground ultrasonic flow
meter with sound velocity compensation

Zuo Kai
(Engineering Technology Company, CNOOC Energy Technology &. Services Co. » Ltd. » Key Laboratory of
Marine Completion, Tianjin 300450, China)

Abstract: This paper addresses the issue of oil-water two-phase flow measurement under complex downhole conditions
by developing an ultrasonic Doppler flow meter with sound velocity compensation. By establishing a one-dimensional
velocity profile measurement model based on the Doppler effect and a sound velocity measurement model based on pulse
echo intensity, and combining these with the principle of layered integration, a sound velocity compensated flow
measurement model is constructed to achieve adaptive reconstruction of the velocity profile and high-precision flow
measurement. On this basis, ultrasonic transducers and high-speed excitation and reception control boards suitable for
high-temperature and high-pressure downhole environments are designed, and digital signal processing technology is
used to achieve online demodulation of flow. Additionally, to ensure reliable operation under downhole high-
temperature and high-pressure conditions, the measuring pipe section has been structurally and sealingly designed. A
downhole flow test prototype has ultimately been developed. Experimental results indicate that the flow measurement
module has a measurement error of less than 1% in the laboratory environment, can rapidly respond to fluid
fluctuations, and can operate stably under extreme downhole conditions of 125°C and 60 MPa. This technology can be
widely applied to downhole measurement and adjustment scenarios and can be integrated into intelligent measurement
and control systems, providing technical support for the construction of smart oil fields.

Keywords: pulse wave ultrasonic Doppler; pulse echo intensity; velocity profile; sound velocity compensation; flow

metering ; smart oilfield
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Fig. 1 The principle of velocity profile measurement

based on pulsed wave ultrasonic Doppler
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Fig. 2 The principle of sound velocity measurement

based on pulse-echo intensity
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Fig. 3 Average flow velocity calculation based on the

pulsed wave ultrasonic Doppler method
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Fig. 4 The flow measurement process of sound velocity compensation
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Fig. 11 Schematic diagram and physical diagram of the

oil-water two-phase {low test device
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Fig. 12 Calibration interface of the underground

ultrasonic Doppler flow measurement module
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Table 1 Calibration error record sheet
i BREWF.SH/% % REWF.SH/%
01 +0.59 08 +0. 56
02 +0.55 09 +0. 50
03 +0. 40 10 +0. 38
04 +0. 31 11 +0. 54
05 +0. 34 12 +0. 37
06 +0.37 13 +0. 39
07 +0. 41 14 +0. 37
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Fig. 13 Comparison of test results between underground

ultrasonic Doppler flowmeters and reference flowmeters

under dynamic fluctuations
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Table 2 The comparison results of the test mean values of
the downhole ultrasonic Doppler flowmeter and the reference

flowmeter under dynamic fluctuations
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