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Fig.1 The 3D model of the ultrasonic velocimeter
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Fig.2 The sketch map of the ultrasonic velocimeter
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Table 1  Parameters of the flow field

X/m Y/m Z /m
computation domain 1 0.75 0.6
model size 0.26 0.26 0.37
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(a) Z = 0.003m (b) Z = 0.014m

(¢) Z =0.031m (d) Z =0.048m

(e) Z = 0.065m (f) Z = 0.082m
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Fig.3 The velocity distribution in different cross sections
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Fig.4  The vortice distribution in the cross section
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Fig.5 The average velocity of X-Y plane at different inflow velocities
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Table 2 The errors of average velocity for Z = 0.048 0 m

inflow velocity u /(m/s) 0.5 5 10 15 20 25 30 35 40

average velocity u, /(m/s) 0.5158  5.157 10.2535 15.3483 20.3724 254087 30.5907 35.7796 41.1379
error specific value 8, /% 3.16 3.14 2.54 2.32 1.86 1.63 1.97 2.23 2.84
R3O DA T L R R R 2

Table 3 The errors of average velocity in all cross sections

inflow velocity

0.5 2 5 10 15 20 25 30 35 40
u/(m/s)

average velocity

J(m/s) 0.5190 2.0684 52823 10.5271 157816 20.9646 26.1697 31.5218 36.8537 42.097 1
u, /(m/s

error specific

lue 8. /% 3.8 3.42 5.65 5.27 5.21 4.82 4.68 5.07 5.3 5.24
value 8, /%

10 20 30 40 010 20 30 40
u/(m/s) u/(m/s)
E6 ki Z = 0.048 0m #ifi b B 7 A RO KT i
TR TR E R
Fig.6 The errors of average velocity Fig.7 The errors of average velocity
for Z = 0.048 O m in all cross sections
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Computational Fluid Dynamics Numerical Simulation
of an Ultrasonic Velocimeter
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(Recommended by WU Chui-jie, M. AMM Editorial Board)

Abstract: An ultrasonic velocimeter is a device with ultrasonic transmitter-receiver to detect
the time between transmission and reception of ultrasonic waves and to calculate the velocity of
fluid flow. The current domestic studies mainly focus on how to eliminate the measurement er-
rors, but spare little attention to the influence of the model structure on the measuring wind
field. In order to investigate the accuracy of a model velocimeter, the impact of the model
structure on the wind velocity in the measuring wind field was addressed, the computational
fluid dynamics (CFD) method was used to simulate the flow fields of different incoming flows
from low speed to high, and to calculate the velocity profiles in the central area of the velocim-
eter and the average velocities in different cross sections. Consequently, the interference effect
of the model velocimeter structure on the velocity in the central area of measurement was eval-
uated. The research results show that the velocities measured on the plane at the tops of meas-
uring balls are the most accurate in spite of low or high incoming flow velocities. Therefore, the

CFD method is proved to be a powerful tool for the model design of high-accuracy velocimeters.

Key words: ultrasonic velocimeter; computational fluid dynamics numerical simulation; finite

volume method



