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AN ULTRASONIC MESH SENSOR FOR TWO-PHASE FLOW
VISUALISATION

V. V. Kontelev, V. I. Melnikov

Technical State University of Nishny Novgorod, Russian Federation

1. Introduction

This paper presents an ultrasonic mesh sensor for two-phase flow visualisation.
Working principle of the ultrasonic mesh sensor is described. Special emphasis is
given to the sensor design and operating conditions of the device. The results of ex-
perimental test of the ultrasound system are shown. Advantages and disadvantages
of the ultrasonic device are outlined.

2. Working principle of ultrasonic mesh sensor

Working principle of ultrasonic mesh sensor is based on the measurement of the
acoustic conductivity of the two-phase mixture in local points, which are equally di-
stributed over the cross section of the flow [1,2]. The simplified scheme of the ul-
trasonic mesh sensor is shown in Fig. 1. The sensor consists of two groups of ul-
trasound wave-guides. The wave-guides of the first group are used to irradiate acou-
stic waves into the two-phase mixture. The wave-guides of the second group are
used to receive the acoustic waves transmitted through the measuring fluid in the
control volumes. If there is liquid (e.g. water) in the measuring volume, the attenuati-
on of the ultrasound propa-
gating through the measuring
volume, is insignificant, and
the ultrasonic waves reach
the receiver wave-guides.
After transformation into the
electric signals by a piezo-
crystal, the amplitude of the
received waves is registered
by the electronic block. If the
control volume is filled with
gas or vapour the ultrasound
is not irradiated, and the si-
gnal does not appear at the
receiver wave-guides. Sche-
matic view of the ultrasonic
wave-guide system is shown
in Fig. 2.
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Fig. 1. Simplified scheme of an ultrasonic mesh
sensor with six wave-guides
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The ultrasonic mesh sensor
is connected to an electronic
block. The operating of the
device is controlled out by
means of a personal com-
puter, which is connected to
the electronic block.

3. Sensor design

Basic element of the ultraso-
nic wave-guide system is the
ultrasonic mesh sensor. Two
types of sensors have been
developed (Fig. 3.). The first
sensor consists of a metallic
frame where transmitter and receiver wave-guides are fixed. Design and layout of the
wave-guides are such, that 48 sensitive points are formed, which are equally distri-
buted over the cross section of the pipeline with nominal diameter of 50 mm. The se-
cond sensor consists of two planes of wire grids with 7 wires in each. This results 37
sensitive points over the cross section. In the first sensor the control volumes are
formed between cylindrical transmit-
ter wave-guides and perpendicularly
located receivers. The main advanta-
ge of this prototype is a high sensiti-
vity of the sensor. The control volu-
mes in the second sensor are formed
between transmitter and receiver wa-
ve-guides, which have special conca-
vities to increase the sensitivity of the
sensor. The main advantage of this
prototype compared to the first one is
the simplicity of the construction.

Both types of sensor are manufactu-
red from corrosion proof steel. It al-
lows to use the sensors for two-
phase flow measurements even un-
der hostile condition, which are met in
industrial facilities.

4. The peculiarities of the
electronic hardware

The electronic block contains an elec-
tronic circuit for the control of the de-
vice. The basic control and measu-
ring signals are shown in Fig. 4.

 Fig. 3. Two types of ultrasonic mesch
sensors

       a) Prototype-1 (48 sensitive points)
       b) Prototype-2 (37 sensitive points)
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Fig. 2. Schematic view of the ultrasonic wave-
guide system
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5. Experimental tests in an air-
water flow

Both types of ultrasonic mesh sensors we-
re tested at the two-phase flow loop of Re-
search Centre Rossendorf. First experi-
ments were carried out under carefully
controlled conditions, at atmospheric pres-
sure and room temperature. The measu-
rements were carried out in a wide range
of water and air velocities.

Fig. 5 shows the qualitative comparison of
sequences of individual frames and virtual sectional views recorded in a vertical plug
flow with the ultrasonic mesh sensor and electrical wire-mesh sensor [3].

Fig. 6 shows the qualitative comparison of the virtual sectional views for bubble, plug
and annular flows. The pictures obtained by the electrical wire mesh and the ultraso-
nic mesh sensor are slightly different. It is visible, that the ultrasonic device often in-
dicates too much water in the cross section.

The main reason of the disagreement between the results is the lower spatial and
time resolution of the ultrasonic device. To increase the quality of the imaging, a line-
ar interpolation within the cross-sectional images for ultrasonic mesh sensor was
applied.
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Fig. 4. Diagram of the control signals and
the signal acquisition

Fig. 5. Comparison of sequences of
frames and virtual sectional
views originating from a verti-
cal plug flow

 left:  electrical wire-mesh sensor
 rihgt: ultrasonic mesh sensor
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For the quantitative compa-
rison between wire mesh
sensor and ultrasound wave-
guide sensor, the average
volumetric gas fractions of
time and diameter were
used. The measured average
volumetric gas fraction for the
superficial velocities of 1 m/s
for water and 0-12 m/s for air
is shown on Fig. 7. The ul-
trasound wave-guide sensor
produced a negative syste-
matic error in the range of big
bubble and plug flows and a
positive systematic error in
the range of small bubble
and annular flows. The basic
systematic errors are due to
low spatial and time resoluti-
on of the wave-guide sen-
sors. Except for these errors,
there are errors due to influ-
ence of the sensor on the
flow. At a low superficial ve-
locity of air, droplets accom-
modate between transmitter
and receiver wave-guides.
They have a significant effect
on the reading of the ultraso-
und device. At a high superfi-
cial velocity of air artefacts
are observed, because acou-
stic emission takes place in
the ultrasound wave-guides.

The effect of acoustic emis-
sion on the readings of the
ultrasonic sensors was esti-
mated. The results are
shown in Fig. 8. In order to
minimised the effect of acou-
stic emission a protecting
grid of metallic rods can be
mounted just in front of wave-
guides.

Fig. 6. Virtual sectional views for different flow
regims
left column:  electrical wire-mesh sensor
rihgt column: ultrasonic mesh sensor
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Fig. 7. Comparison of average volumetric gas fractions measured by the electrical
wire-mesh sensor and the ultrasonic mesh sensor

Diameter of the pipe: 51.2 mm; superficial velocity, water: 1m/s; sensors:
electrical wire-mesh (256 sensitive points) ultrasonic mesh (37 sensitive
points)

Acoustic emission in two-phase flow
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Fig. 8. Effect of acoustic emission on the readings of the ultrasonic device

5. Experimental tests in a steam-water flow

The ultrasonic mesh sensor was also tested in a steam-water flow. Measuring points
were recorded in the range from 6 to 25 bar. A quantitative comparison of the measu-
rement results obtained by the ultrasonic mesh sensor was carried out with the rea-
dings of the needle shaped conductivity probes. The results of comparison are
shown in Fig. 9.
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Fig. 9. Comparison between average void fractions measured by needle-shaped
conductivity probes and the ultrasonic mesh sebsor in a steam-water flow

6. Conclusions

The inexpensive device for high-speed two-phase flows visualisation is developed
and tested. The spatial and time resolution of the ultrasonic mesh sensor is adequate
for qualitative diagnostic of the different two-phase flows. The device can be used in
experimental equipment under hostile conditions. The ultrasonic mesh sensor can be
used in electrically non-conductivity fluids. The ultrasonic mesh sensor is also em-
ployed in investigations of the high pressure and high temperature flows. The test
results show that additional work is needed to improve the precision of the ultrasonic
wave-guide device.
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