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The aim of the article is the measurement of media flow on a geothermal plant at a temperature of 160 °C, before and
after gas separator during real conditions. The ultrasonic flow monitoring method for the measurement was used. Because
of very high amount of gas in the line and high temperature of the media the F601 portable ultrasonic flow meter with
extended temperature sensors was chosen. Measurement was done at three points, two of them before and one after the
gas separator. The results are useful for projecting of new plants, improvements, designing the flow monitoring
instrumentations of mentioned technological points or other purposes. The goal of this study is to implement the
progressive non-invasive measurement method instead of inductive sensors standardly used.

1. Introduction
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In context of the current socio-economic activities of society, the solution of issues and problems related to
environmental pollution is becoming more and more popular. Environmental degradation not only affects densely
populated areas, heavy industrial pollution etc., but often affects areas that do not directly attack environmentally
unsuitable activities. One of the important pro-environmental oriented activities is the use of geothermal energy, which
has considerable potential to help reduce the negative impacts of current anthropogenic activities.
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The technical aspects of the use of geothermal energy have their specifics. The aim of the article is the flow
measurement of a medium in a geothermal power plant at a temperature of 160 °C, before and after a gas separator in real
conditions.

W

or

Flow is one of the most measured parameters nearby temperature and pressure in technological processes. Such
process can include several flow meters or many of them, depending on the character and size of technology. There is a
wide variety of flow monitors on market based on different measuring methods. In case of high amount of measuring
points, is the main factor for choosing a type of flow meter the price, as if the precision is lower or lifetime of the flow
meter is shorter. Many times, there are applications with higher requirements for high precision and reliability of the flow
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monitors, on a market. In such cases, there are flow meters with more complicated technology and algorithm in behind to
fulfil this criteria. In this study is described flow measurement on geothermal plant using the ultrasonic flow meter F601
on existing pipelines at the outlet of the well, before and after the gas-separator.
2. Theory
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Heat is a form of energy [1] and geothermal energy provides continuous base-load power with minimal visual and
other environmental impacts. Geothermal systems have a small footprint and virtually no emissions, including no carbon
dioxide. Geothermal energy has significant base-load potential, requires no storage, and, thus, it complements other
renewables – solar (CSP and PV), wind, hydropower – in a lower-carbon energy future [2],[26]. Geothermal steam
frequently contains small amounts of entrained liquid water, non-condensable gases such as CO2, and other constituents
such as silica [3]. Some impurities, such as NaCl, may be present as dissolved species in the liquid or as solid particulate
[4]. Diagram of a geothermal power plant is shown in Figure 1. Geothermal power does not require the burning of any
fossil fuels. The hot water or steam used is returned to the ground after it is used where it can be used again, which makes
it a renewable energy source as well [5].

3. Materials and Methods
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Fig. 1. Geothermal power plant [6]

er

3.1 General and special requirements
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Diagnostics of technological processes is one of the primary management tools in the organization [7]. The monitoring
and control system requires that the information coming from the measurement instruments to be highly reliable, as plant
production depends upon it [27]. For that reason, all the measurement instruments from the separation stations and
producing wells (the same for the rest of the plant) require special features which have to be specified during the
purchasing processes. These special requirements must be according to the special conditions in the geothermal field and
to the high quality standards that guarantee the reliability needed [8].
3.2 Instruments and equipment
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The power generation industry largely depends on feed water and hydrocarbon fuels to generate electricity. The flow
of such liquids, gases, or a mixture of both must be monitored accurately to keep the entire system operating in an efficient
manner. To achieve precise flow monitoring, power plants require reliable and responsive flow measurement systems to
measure and verify liquid/gas flow [9]. Among the many different measurement techniques available, the orifice plate
stands out for its simplicity, low cost, and the ability to provide real time measurements [10]. The ultrasonic flow meter
provides numerous advantages over other types of flow measuring meters. The main advantage provided is ultrasonic
measurements are non-invasive. The flow of fluid is measured by clamping a set of transducers on a pipe. Because in
most cases the transducers are placed on the outside, they do not get in contact with the fluid [11].

Following equipment was used for the flow measurement:
 FLEXIM F601 with 1 MHz sensor – extended temperature version up to 200 °C,
 FLEXIM wall thickness probe.
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Ultrasonic clamp-on flow meters are widely used in many areas of industry. One of their key advantages is that the
flow measurement takes place contactless [12]. A pair of ultrasonic measuring heads is placed onto the outside of a tubing.
By means of a measuring transducer, an ultrasonic pulse is generated alternately in both measuring heads and, after having
passed through the tube wall and the medium in the tube, is received by the respectively other measuring head [13]. With
clamp-on flow meter devices using the transit time difference method, the difference between two sound signals traveling
with or against the direction of flow is measured, and the volume flow is calculated from this difference [14].
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FLUXUS™ instruments feature an exceptionally robust dual-μP technology core together with the latest digital signal
processing. They produce stable and reliable results even under the most difficult application conditions. FLUXUS™
measurement algorithm automatically adapts to the varying application conditions. Its very high measurement rate of
1000 measurements per second allows a real time statistical analysis [15].
4. Practice

The measurements were done on two points. The first one was directly at the piping of the well (Figure 3) and the
second measurement was located at the outlet of the separator (Fig. 4).
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At first the measurement point must be prepared and cleaned for the sensor mounting. There are several possibilities
of the mounting using special brackets designed for fast and simple sensor positioning on the pipe (Fig. 2).
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Fig. 2. Mounting of the FLEXIM sensors on the pipe surface using fastening shoes [16]
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Fig. 3. Measurement point at the well outlet pipe
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Fig. 4. Measurement point at the separator outlet pipe
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Geothermal fluids and scale deposits vary considerably in composition [17]. The gaseous portions of the geothermal
fluids that may contain gaseous primary fluid [18] are mixtures of steam and brine at much higher pressures [19]. Heat
from the geothermal fluid is transferred to the closed cycle power plant; and heat depleted geothermal fluid is injected
into a rejection well [20]. Ultrasonic flow meters have many advantages; however, there are technical limitations that
make steam flow more difficult for ultrasonic flow meters [21]. A non-invasive measuring clamp-on ultrasonic [22] flow
monitor F/G601 has an accuracy of ±0.5 %. Its repeatability is 0.15 % and the measuring velocity starts from 0.01 m/s
[23]. Such type of flow monitor was direct applied at the well outlet. Since the steam flow measurement using ultrasonic
method is difficult, there were no results.
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The second measurement was done at the outlet of the separator, where the gaseous phases are separated from the
water. At this point we got useful signals as shown on the Fig. 5.

Pipe wall material
Roughness
Fluid
Fluid sound speed
Fluid temp.
Fluid pressure

mm
m/s
°C

Transducer s/n
Sound paths
Transducer distance
Volume units
Damping
Logging enabled

mm

A
410,8
7,5
Grey cast iron
0,3
Water
1438,64
160
n/a

CDM1EZ778779
2
255,8
m/s
10
yes
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Storage mode
Storage rate
Ringbuffer
Add. Diagnostic
Cut-off flow +
Cut-off flow -
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Field calibration

Unit
mm
mm
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Physical quantity
Outer diameter
Pipe wall thickness

last value
10
no
yes
0,025 m/s (default)
0,025 m/s (default)
Default
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Table 1. Set up of the flow meter unit
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Fig. 5. Signal shape and signal quality qualification
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Fig. 6. Trends of media flow, sound speed of the media and the diagnostic parameters
5. Discussion

31

System of flow measurement in technological process control requires high precision equipment to ensure reliable
results [24].New generation of these flow meters will have integrated mathematical algorithms to calculate the
temperature of the water inside the pipe.
Water temperature monitoring, resp. changing of the temperature over the sound speed brings the advantage of the
response rate to the change in the process [25]. This function provides reliable and fast values of the temperature and can
eliminate or compare the temperature with another in-situ sensor as well.
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In-situ flow monitors like i.e. electromagnetic ones standardly used for such application have a very complicated
installation because of big dimensions a weight. Moreover, there are impurities in the medium causing problems with
disturbing of internal surface or layers of solid particles. Clamp-on technology is the ideal one for such or similar
applications.
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6. Future research plans
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There are still problematic process conditions for ultrasonic flow measurements directly at the outlet of the wells. The
water consist of big amount of gas and the flow is very turbulent. Turbulences are not a big problem for such flow monitors
because of very sophisticated mathematical algorithms implicitly integrated in the software of the flow measurement
devices. Problematic is the gas which makes a very high barrier for sound going through the media. The research and
development office by the producer works on solving each problem either directly or taking other way to make the
measurement possible with the same device for all applications in the specific area.
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There is still an invention on the field of applying ultrasound in technological processes solving such difficult
applications is always a challenge for the technicians and scientists.
7.

Conclusion
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Flow monitoring using non-invasive principle is a kind of progressive measurement method for such difficult process
conditions because there is no need to go into the system. Ultrasonic method is practically isolated from the process and
only one important thing to be considered is the temperature of the process media. According these parameters, the sensor
design must fulfil a proper temperature range. One of the advantages of this method is that clamp-on system can be used
as portable and stationary version. In case of stationary versions, the location of the measurement point can be changed
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without mechanical modification of the pipe. Moreover, all modifications of the measurement are independent from the
technology process.
This kind of measurement is an ideal solution for water flow monitoring on the geothermal water lines. There are
several producers of such flow meters but such application with huge flow and pressure fluctuations and turbulent streams
require quite sophisticated mathematical algorithms, signal filters, compensations and sophisticated electronics to ensure
a stable and reliable result of measurement.
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Implementing this kind of flow measurement systems brings several advantages for technological processes,
controlling systems and safety procedures as well. As mentioned above, the ultrasonic method is non-invasive
measurement one and allows to perform flow monitoring without disturbing or interrupting technological process.
Moreover, allows very easy positioning or changing the measurement point without almost any restrictions.

Of course, there are some limitations in the type of process media there. Gas content more than 10 % in liquid, solid
content higher than 10 %. Temperature limitation is on 230 °C, using special transducer design up to 600 °C. New
generation of ultrasonic flow meters allow to measure steam up to 180 °C very precisely.
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