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Abstract

This study addresses the issue of reduced gas measurement accuracy in ultrasonic flowmeters
caused by elbow disturbances through theoretical flow field analysis and CFD simulation. Based on
the time-of-flight measurement principle, a mathematical model for velocity distribution and flow
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correction factors was established to reveal the mechanism by which secondary flow in elbows in-
fluences velocity distribution asymmetry. Flow field simulations of a DN50 elbow were conducted
using ANSYS software to analyze velocity distribution and relative error patterns at different down-
stream positions (1D-12D). Results indicate: relative velocity error reaches 24.91% at 1D down-
stream of the bend, stabilizes at 5D (0.71% relative error), but rebounds to 9.26% beyond 10D due
to insufficient flow field recovery capacity. This confirms elbow disturbances directly impact ultra-
sonic flowmeter measurement accuracy. This study provides theoretical support for enhancing the
accuracy of ultrasonic flowmeters in gas metering applications.
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Figure 1. Schematic of time-of-flight ultrasonic flowmeter measurement principle
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Figure 2. Velocity contour map of the curved pipe
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Figure 3. Velocity distribution contour maps at different downstream locations. (a) Downstream 1D; (b) Downstream 3D; (¢) Down-
stream 5D; (d) Downstream 7D; (¢) Downstream 10D; (f) Downstream 12D
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Table 1. Velocity and relative error at different positions of elbow
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