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Abstract

In some situations, the ability to measure gas flows can be very limited due to difficult environmental conditions.
Examples of such conditions identified in real situations include very high temperatures of up to 1200°C, low pressure
gas, high humidity, dust, heavy surface contamination and large dimensions (1-5m pipe diameters).

In this paper, we investigate the performance of the only ultrasound emitter type we expect to be able to handle the men-
tioned conditions. The transmitter has been developed for harsh condition gas flow measurement using the approach of
transit time or sing around technology for flow metering. Tests have been performed in a real environment in the iron ore
process industry. The testing environment includes gas flows with condensing moisture, moderate temperatures and
heavy surface contamination.

The device investigated for the emission of ultrasound uses the principle of electric gap discharge to obtain acoustic
pressure waves. Since all exposed parts of the emitter can be made using high quality metal and ceramics if necessary,
it can be designed for very high temperatures, with a goal of reaching around 1200°C.

The tests performed here are divided into two categories: the effects of long term exposure in a bad environment and
the sonic performance in the same environment.

The first test revealed that both emitters were capable of surviving the contamination problem and could still work after
almost 1.5 months in the environment. The signal amplitude difference before and after the test was less than 5%. In
some cases the signal was stronger after the test than before.

The second test showed that sound signals feasible for flow measurement under high dust content and high humidity
were obtained. This was shown under realistic operation conditions in an iron ore pelletizing plant. The sound path
varied from 1.9 – 3m, and the temperatures were moderate, around 30-80°C.

From the results in these two tests it can be stated that the idea of using a gap discharge emitter in the above men-
tioned conditions is a promising way to generate ultrasonic pulses for flow measurements in difficult and unfriendly
environments.

1 Introduction

Ultrasonic flow measurement is a convenient way to ob-
tain accurate and reliable flow measurements [1]. It is
also easy to integrate into existing process plants and is
therefore suitable for installation at older sites that cur-
rently lack efficient flow measurements. In some places,
however, the lack of installed flow measurement systems
is partially due to the harsh environments presented,
which will put heavy demands on any installed equip-
ment. Ultrasonic transducers may experience trouble if
exposed to contaminating dust, high temperatures and
high moisture [1]. In particular, the transducers ability

to maintain sufficient amplitude on the emitted sound
pulses will be tested, especially if used in gas flows with
low pressure, large geometries and high contamination
exposure.

Piezoelectric transducers are commonly used for ultra-
sonic applications; they are developed in a broad spec-
trum with one focus being on high temperature. There
are reports of piezoelectric ceramic films tested at 800◦C
by Kobayashi et al. [2], although these were not tested
in gas. There are other promising techniques under
development that also deal with high temperature gas
transducers. Schröder et al. [3] have successfully man-
ufactured and tested a capacitive ultrasonic transducer
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(CUT) in temperatures up to 600◦C, and there has also
been work done to improve these [4]. There is also
a method to protect the transducer itself from the hot
medium by using, for example, a buffer rod between the
transducer and the medium, [5]. Active cooling is an-
other approach and can be found in different commercial
products where, for example, air is used as the coolant.
However, when the environment also contains other dif-
ficult conditions such as heavy dirt deposition, as seen
in fig. 4, any transducer that uses a surface to medium
acoustic connection to transfer acoustic energy will be
limited. The need for special protection arrangements
will increase in order to maintain performance.

In this paper, a transducer that specializes in the cre-
ation of ultrasonic pulses in the above mentioned en-
vironments is evaluated according to its ability to with-
stand difficult conditions. The work in this paper is one
step towards the goal of a gas flow meter system that
can withstand conditions such as extreme temperatures,
<1200◦C, low pressure, high humidity, dust, heavy sur-
face contamination and large dimensions (1-5 m pipe
diameters). The transducer uses the principle of elec-
tric gap discharges in air. A spark is generated during a
rapid dielectric breakdown of the air between two elec-
trodes. During the spark generation the air in the vicinity
of the spark column will then heat up very rapidly. This
will cause a sharp and broadband acoustic pulse with
high amplitude. This pulse can then be used to measure
transit times in a transit time or sing around ultrasonic
gas flow meter. Since the exposed part of the trans-
ducer can be made of high quality metals and ceramics
it can be built to withstand high temperatures. The cre-
ation of sound is also made directly in the gas so there
is no dependence on a surface to medium transition of
the acoustic energy and therefore the sensitivity to dirt
deposits is smaller. As long as the spark is able to strike,
sound waves will be created. This also has the potential
of self cleaning since the spark acts to burn away any
deposits on the electrodes.

The objective of this paper is to investigate this type of
device’s durability against rough environments. There-
fore, it was tested in an exhaust chimney at a mining
company. The test environment includes contaminating
dust, moisture and moderate temperatures.

2 Experiments

The tests performed on the gap discharge emitter in this
paper were divided into two parts: the effects of long
term exposure in a harsh environment and the acoustic
performance in the same environment. The long term

Figure 1: Prototype model of gap discharge emitter, be-
fore environmental test

environmental test was conducted to evaluate how the
emitter is affected by mainly heavy dirt deposits. The
acoustic performance test investigated the emitter’s ca-
pability as a sound emitter in harsh environments.

2.1 Long time environmental test

In order to investigate how a gap discharge sonic emitter
performs after a longer period in a demanding environ-
ment two prototypes were constructed, each as seen in
fig. 1, and installed in a process plant at a mining com-
pany. The test environments were exhaust gas chim-
neys containing gas flows consisting of mostly air, dust
and condensing moisture, see table 1. The prototypes
were each mounted in two different chimneys with simi-
lar gas flows, referred to in this paper as chimney 1 and
chimney 2. The gas flow in chimney 1 generally contains
more dust, while chimney 2 has a higher moisture con-
tent. Each prototype also includes excitation electronics
in order to periodically generate sparks with a frequency
of∼3Hz. In fig. 1 it can be seen that the prototype model
consists of two pairs of electrode holders. This means
that it has two available discharge gaps. During the en-
vironmental exposure, only one of the discharge gaps at
each prototype was used to generate sparks. The other
one was kept passive. This was done in order to in-
vestigate how the spark itself affects the contamination
of the electrodes and to see if there is some kind of self
cleaning effect. The electrodes used were made of tung-
sten and of the kind intended for TIG-welding. The proto-
types were named after the chimney they were mounted
on, 1 and 2. The active discharge gap on each proto-
type is called A and the other one B. For example, 2B
is the passive discharge gap on prototype 2. The sound
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Figure 2: Setup used when measuring amplitude and
time jitter in the lab before and after the test.
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Figure 3: Example of the time jitter that occurs from sev-
eral spark discharge acoustic pulses.

emitted from each discharge gap at both prototypes was
measured in the lab before and after the test period. The
amplitude was measured in a 180◦ span with 10◦ incre-
ments in random order on the longitudinal plane. The
angle 0◦ was defined as perpendicular to the discharge
axis, see fig. 2. The distance between the emitter and re-
ceiver was 65cm. At each angle 100 consecutive pulses
were measured, synchronized and averaged.

A spark that repeatedly strikes between two points
shows a variation in the discharge path between the dif-
ferent discharges. This results in a time jitter on the
received acoustic pulses, see fig. 3. In order to calcu-
late the mean value of several pulses they first need to
be synchronized in time. This was performed accord-
ing to the LSE method described in [6]. From the re-
sulting averaged curve the difference between the first
local maximum and the first local minimum was defined
as the amplitude. When the 100 recorded pulses were
synchronized data on the jitter distribution of the time
of flight could also be obtained. This variable was also
compared before and after the environmental test. The
test period lasted for 1.5 months.

Table 1: Gas composition in the test environment.

part proportion (%)

N2 72–76
O2 14–20

CO2 0–3
H2O 5–13

2.2 Acoustic performance in expected us-
age environment

It is not only the transducer itself that needs to be eval-
uated in rough conditions; the acoustic signals it emits
should also be investigated in the same environment.
In this test, the electronics around the gap discharge
emitter were modified and a receiving part was added.
The setup used in section 2.1 only managed to produce
spark discharges on a periodic basis since the trigger
command were created using a timer circuit. In this test,
the electronics used in section 2.1 were integrated with
fluid flow electronics that normally work with piezo elec-
tric transducers. This new setup used the gap discharge
emitter as the sender and a standard 200kHz piezo elec-
tric transducer as the receiving part. With this setup it
is possible to measure transit times from the gap dis-
charge emitter to the piezo receiver and to test the emit-
ted sound pulses in the same environment as in sec-
tion 2.1. The emitted soundpulses were recorded on an
oscilloscope in order to investigate the waveform. The
actual chimneys that were used as the test site had di-
ameters in the range of 1.9–2.9m. The fluid medium in
the chimney is basically air at atmospheric pressure, an
estimate of the air composition is presented in table 1
and the temperature was <80◦C.

3 Results

3.1 Long term environmental test

The visual results from this test can be found in fig.
4. Prototype 2, mounted in chimney 2, was most af-
fected by surface contamination. It was covered with
a several-millimeter and up to a centimeter-thick layer
of deposited dirt. Prototype 1, mounted in chimney 1
with less moisture, is far less affected by deposits but
seems to be more corroded. The electrodes have not
suffered any visible corrosion, though. The outcomes
from this test were slightly changed during the test period
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(a) (b)

Figure 4: Gap discharge emitter prototypes as seen after
environmental tests, (a) chimney 1 (b) chimney 2

due to malfunctioning electronics. The excitation circuit
used proved to be too weak and broke down, and had to
undergo repair. This meant that the periodic spark dis-
charges did not occur for approximately 3 weeks of the
test period. This made it more difficult to estimate any
self cleaning effect of the electrodes due to spark dis-
charges. On prototype 1 there is no visual difference be-
tween 1A and 1B. On prototype 2 there is a visual differ-
ence: the electrodes on 2B are clearly more covered with
dirt than 2A. Most important, however, is the fact that
both discharge gaps on both prototypes worked perfectly
when the electronics were repaired. Fig. 5 presents the
measured amplitudes before and after the test period.
Due to the problem with the excitation electronics, the
measurements on prototype 1 after the test were made
with the electronics belonging to prototype 2. This is
most likely the reason why the amplitude after was larger
than before in figures 5(a) and 5(b). Although both exci-
tation circuits were built identically, there were still some
uncertainties in the electric components and cabling that
was not controlled for in this work. It can be concluded,
however, that the shape of the radiation pattern for pro-
totype 1 is more or less unchanged in the longitudinal
plane. For prototype 2, the identical setup was used be-
fore and after and we can see the results in figures 5(c)
and 5(d). In the range of ±50 degrees the profiles are
very similar in shape and the measured amplitudes are
actually a little bit stronger after than before. Closer to
±90 degrees the profile seems to decrease a few dBs
after the environmental exposure. Taking into account
the heavy deposits on prototype 2, fig. 4(b), this is most
likely explained by the physical obstruction of the sound
by the deposits. The other investigated parameter, the
time jitter distribution, is not as unchanged as the am-

plitude. These measurements show a varying behavior.
Prototype 1, which was less affected by deposits, shows
that the active part, 1A, is not very affected by the test.
The jitter distribution standard deviation σ in both cases
was around 1.5µs at 0◦ going down to <1µs at the sides;
see fig. 6(a). 1B seems to be more influenced by slightly
irregular time stability after the test. σ increases by about
0.5µs at 0◦ and at most approximately 1.5µs at -30◦ as
seen in fig. 6(b). 2A, which was the active discharge
gap on the most polluted prototype, is actually showing
a general improvement in the time stability where σ de-
creases from around 1.5µs to 1µs at 0◦ and is less af-
fected at the sides. 2B seems to be mostly unchanged
in the smaller angles but is clearly affected on the sides,
where σ increases by approximately 0.5µs. Overall, the
jitter distribution standard deviation σ is quite consistent
and remains under 2µs in almost all cases. There seems
to be a tendency towards slightly more irregular data on
the passive electrode gaps, 1B and 2B, after the envi-
ronmental test.

3.2 Acoustic performance in expected us-
age environment

In fig. 7, some examples of signal waveforms can be
seen. These were all received with a ∼200kHz piezo-
electric transducer. The first pulse, 7(a), was recorded
in the lab at 2.9m distance between emitter and receiver.
It serves as a reference of the signal received in the rel-
atively undisturbed air of the lab environment. The pulse
in 7(b) was recorded in a chimney with a diameter of
1.9m, and 7(c) in a chimney with a diameter of 2.9m.
The frequency graphs are FFTs of the received signal,
calculated on the first 100µs of the received signal.

The worst case was seen in the ∅2.9m chimney but the
main reason for this is not, as expected, the longer dis-
tance, but instead the lack of alignment between the gap
discharge emitter and the piezoelectric receiver. The
openings that were available in this chimney turned out
to be somewhat misaligned. A piezoelectric receiver is
generally quite directional, and if not perfectly aimed to-
wards the acoustic source, there will be a reduction in re-
ceived signal amplitude. Misalignment experiments later
conducted in the lab revealed signal quality very simi-
lar to those shown in fig. 7(c), from the ∅2.9m chim-
ney. The frequency spectrum in 7(c) shows that the
major frequency component is around 30kHz, which is
much lower than the transducers’ center frequency of
∼200kHz. It is also apparent on the pulse with the dom-
inant triangular-shaped wave with lower frequency. This
effect is, as discussed above, achieved when the trans-
ducer is not aimed straight towards the source and high
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(a) Discharge gap 1A
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(b) Discharge gap 1B
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(c) Discharge gap 2A
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(d) Discharge gap 2B

Figure 5: Signal strength from gap discharge emitters before and after exposure to test environment

amplification is used in order to compensate for the loss
of signal strength. Since this low frequency seems to be
represented in all three graphs in fig. 7, it indicates that
the pulse must contain significant energies in this spec-
trum. The receiving transducer also had a radial reso-
nance frequency of around 30kHz, so the low frequency
spectra of the gap discharge pulse did excite the radial
mode on the transducer as well.

The commercial flow metering electronics used for pulse
detection and time measurements was able to success-
fully detect over 95% of the transmitted pulses.

4 Conclusions

The results from the environmental test of the transducer
itself indicate that the transducer’s ability to emit sound is
basically unaffected. The amplitude of the sound shows
no signs of reduction on either the passive or active dis-
charge gaps or between different grades of contamina-
tion. The time jitter distribution also seems to remain
consistent throughout the test. The emitter tested in
chimney 2 was almost entirely covered in dirt deposi-
tions, and even though the electrodes were barely visi-
ble, it still managed to function with no significant degra-
dation. This shows that gap discharge emitters shows
great potential for use in harsh environments.

From the acoustic performance tests, it can be con-
cluded that the signals from a gap discharge emitter are
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Figure 7: Waveforms measured in a) lab at a distance
2.9m, b) ∅1.9m chimney and c) ∅2.9m chimney.

not as regular and predictable as when using the con-
ventional piezo to piezo transition technique for ultra-
sonic pulses. This requires more processing from the
onboard electronics in order to accurately detect any in-
coming pulses. Although the detection circuit used in
this test is normally used in a commercial flow meter
system and is in no way adapted for signals from gap
discharges, it still managed to detect at least 95% of the
pulses and correctly calculate transit times. This was
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(a) Discharge gap 1A
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(b) Discharge gap 1B
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(c) Discharge gap 2A

σ [μs]

0° 15°
30°

45°

60°

75°

90°−90°

−75°

−60°

−45°

−30°
−15°

0

0.5

1

1.5

2

2.5

 

 
Before
After

(d) Discharge gap 2B

Figure 6: Time jitter on transit times between gap discharge emitters and piezo receiver before and after exposure to
test environment, and standard deviation σ at different angles.

proven both in the lab and in the test environment.

The temperatures in this test only reached a maximum
of approximately 80◦C so there were no high tempera-
ture parameters included in this paper. Since the emit-
ter can be constructed using high-quality metals and ce-
ramics, it can be stated that the emitter itself can eas-
ily be upgraded to withstand higher temperatures. The
acoustic performance is more likely to be changed with
higher temperatures. If the air between the electrodes
is heated, it will change the conditions for the electric
discharge, and this will have an impact on the created
acoustic waves.

The general conclusion is that dust, contamination and
moisture are conditions that the gap discharge emitter
can tolerate. In these tests, most of the parts used
around the gap discharge emitter were standard com-
mercial parts. Therefore, the emitter has great potential
for improvements such as more careful installation at the
test site and dedicated electronics custom-made for the
purpose.
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