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Finite Element Method.
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1. Introduction

Ultrasonic propagation is affected by flow
field in a medium such as air or water etc.
Especially, the propagation time, path and
frequency are changed by the flow field. A flow
meter makes use of these effects to measure flow
velocity or volume. Sonar also uses these effects to
measure not only location but also velocity of a
movable body. In these ways, many measurement
manufactures are developed by using these effects
of flow field.

In this paper, we focus on the following three
points. The first one is the method we adopt to
introduce the flow effect into our FEM simulator,
the second one is to show some 2D analyses, which
are compared with theoretical solutions and finally
we show 3D analyses of flow meter with and
without flow field.

2. Theory

FEM is being adopted in an ultrasonic
simulator, ComWAVE program package to perform
time domain three-dimensional simulations for
ultrasonic propagation. This software has been
developing at ITOCHU  Techno-solutions
Corporation.

The ComWAVE is based on the following
governing equation [1].
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Here, pis mass density, u; is displacement
vector, o j is stress tensor, and b; is body force
vector.

In order to incorporate the flow field function
with ComWAVE, we have adopted semi-Lagrange
method which has two coordinates. The one is
Euler-coordinates for physical quantities and the
other is Lagrange-coordinates for solving the
differential equation [2].

3. Application

Our test models applying the new function of
flow field are shown in below.
In these test models, we have adopted the

unrealistically high flow velocities in order to
emphasize these effects.

1) Simulation for 2D ultrasonic Doppler effects in
air.

The ultrasonic propagation in air is affected by
the direction, strength and distribution of wind. We
show these effects using 45kHz ultrasonic
propagation in air as shown in Fig.1. The main
results are summarized as following items:

1. The propagation time, path and frequency are
changed by the wind.

2. The results of arrival time and center frequency
for uniform flow are good agreement with
theoretical solutions as shown in Fig.2(b). In
addition, we see the waveform amplitude at
upstream side is larger than downstream side in
order to satisfy the energy conservation law.

3. The direction of propagation is bended by
distribution wind.
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Fig. 1 2D ultrasonic simulation model with air flow.
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(b) with uniform flow
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(c) with distribution flow
Fig. 2 2D ultrasonic simulation results with air flow.

2) Simulation for 3D ultrasonic flow meter
We apply the method to 3D flow meter model

as shown in Fig.3. The main results are
summarized as following items:
1. The echo arrival time at upstream side is
delayed due to existing flow.
2. The echo amplitude at upstream side is detected
with amplifying than without flow model.
3. The angle of the wave front in the pipe differs
from without flow model.
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Fig.3 3D ultrasonic flow meter model with
water flow

Flow velocity:800km/h

5250005

(a) Snap shots of ultrasonic propagations with

and without flow field.
—— Flow vel.: Okm/h (center freq.: 100kHz)

Flow vel.:800km/h (center freq.: 110kHz)

o001

Received
waveform at (1)

0.0005
)

-0.0005

0001
Q000 200605 400605 6OOECS BOOE0S LOOEO4 L120E-04

(b) detected waveform at (D
3D ultrasonic flow meter simulation
results with water flow.
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4. Summary

In order to incorporate flow field function
with ComWAVE, we have adopted semi-Lagrange
method which has two kind of coordinates. The
one is Euler-coordinates for physical quantities and
the other is Lagrange-coordinates for solving the
differential equation [2].

We have shown these effects using 45kHz
ultrasonic propagation in air and the results are
good agreement with theoretical solutions. In
addition, in order to see applicability to 3Danalysis,
we have shown these effects using the 3D analysis
of flow meter with flow field.
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