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Thermal Flow Switches For
Water Treatment In Oil Refineries

Cooling Units
An important refinery process that uses water involves
the removal of heat from machinery and heated
process material. This equipment and material produces
a tremendous amount of heat that must be reduced
with heat exchangers and cooling towers. The cooling
towers are evaporative units that are used for cooling
the circulating water throughout the plant. All the
cooling water running through these processes results in
wastewater that must be treated to avoid
environmental damage.

Desalter Units
Hydrocarbon liquids such as Benzene, Toluene and
Xylene contain salts and aromatics. The salts in the
hydrocarbon liquids are corrosive and foul process
equipment, which means they must be removed early
in the process. In order to remove the salts and
aromatics, a hot water flush is applied to the
hydrocarbon liquids in a refinery desalter unit.  This
process generates wastewater with volatile organic
carbons (VOC’s). 

Water Treatment
The water used in the cooling units, the desalter units,
and other water from throughout the plant creates a
large amount of wastewater with VOC’s that must be
treated before it is recycled or discharged.   There are
many different types and choices of systems, chemicals,
filters, membranes, screens, etc., that can be used in
refinery wastewater treatment. They all, however, have
one thing in common: liquid flow switches are necessary
to monitor and control the flow of water and chemical
additives throughout the wastewater treatment system.

Liquid Flow Monitoring
Flow switches are used at multiple points in water
applications that range from pump protection to valve
leak detection. In selecting a flow switch for refinery
water applications, the first step is choosing the
appropriate flow switch technology.  

There are numerous flow switch sensing technologies
available from multiple manufacturers. They all have
their advantages and disadvantages, including the

required accuracy, reliability, process media (clean
liquids, dirty liquids, slurries) and your application’s flow
rate requirements. 

Thermal Flow Technology
Thermal flow switches, for example, are a popular
choice in refinery water applications because they offer
exceptional reliability with no moving parts and a mean
time between failure (MTBF) rating of 190 years.  The
typical thermal flow switch sensing element contains
two thermowell-protected platinum resistance
temperature detectors (Figure 2). One RTD is heated
and the other RTD senses the process temperature. The
temperature difference between the two RTD’s is
related to the process flow, level or interface medium.
Higher flow rates or denser media cause increased
cooling of the heated RTD and a reduction in the RTD
temperature difference. In addition to measuring 
flow rate, thermal type switches also can measure
temperature and level.

Thermal dispersion technology provides a flow
switching solution that is accurate, highly responsive to
changing flow conditions, easy to install and virtually
maintenance-free, which results in a low lifecycle cost
over a long instrument life. It features a no-moving 
parts design with no parts to break and no orifices to
plug or foul. 

Beyond flow switch reliability, there are several other
factors to consider:
• Accuracy and repeatability
• Plant and process environment
• Installation and maintenance

Accuracy and Repeatability 
You’ll need to know the accuracy, repeatability and
flow range of the flow switch that you plan to use.  
For example a typical thermal flow switch, such as FCI’s
Flow/Level/Temperature FLT93 Switch operates over a
liquid flow range from 0.01 to 3.0 FPS (0.003 to 0.9 MPS),
with accuracy of +2.0 percent of the set-point 
velocity over a +50ºF (+28ºC) temperature range and
repeatability of +0.5 percent of reading (Figure 3). FCI
also has an optional high velocity liquid flow switch to
10.0 FPS (3 MPS).

The FLT flow switch is a dual-function instrument that
indicates both flow and temperature, and/or level
sensing in a single device. It can be specified in either
insertion or in-line styles for pipe or tube installation. With
the FLT, a single switch monitors both key variables
necessary to protect pumps, measuring liquid flow and
temperature simultaneously with excellent accuracy
and reliability. Dual 6A relay outputs are standard and
are assignable to flow, level or temperature. 

Temperature Compensation
Thermal flow switches are precision temperature
compensated to ensure the accuracy of factory pre-
set and field set alarms when installed in dynamic
process applications, such as those found in oil/gas
refineries.  The addition of temperature compensation
circuitry helps prevent false alarms or alarm failure,
maximises operator and process safety, and provides
an option to set alarms within a narrow set-point range.
The flow curves provided in Figure 4 illustrate how
temperature compensated flow switches will not
experience signal drift during temperature changes
caused by changing process conditions or seasonal
environmental swings in temperature. This prevents false
alarms due to signal drift as shown with the red arrow in
Figure 4.

Reliable monitoring and treatment of water in oil refineries is essential for the production of petroleum-based products, including gasoline,

diesel, kerosene, heating oil, and byproducts for plastics and a variety of lubricants (Figure 1). There are three process areas within refineries

that require large amounts of water: cooling units, desalter units and wastewater treatment. 
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Figure 1.  Typical Oil Refinery Operation

Figure 2.  Thermal Dispersion Theory of Operation

Figure 3. FCI Thermal Flow Switch
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Plant and Process Environment
By considering your plant’s environmental factors, such
as climate, process temperatures, humidity levels,
process pressure, etc., you’ll find that some flow
monitoring technologies are better in extreme
environments. Look for a flow switch with a metal
enclosure that is NEMA/IP rated for rugged outdoor
applications.  Thermal flow switches, for example, are
rated NEMA4X and EExd.

Installation and Maintenance
Some flow switches are easier to install. Ask if the flow
switch can be inserted directly into the process pipe
(larger diameter pipes above 1.5 inches) or if it requires
an inline configuration (smaller diameter pipes 1 inch
and below) that will require you to cut and splice your
pipes in multiple places.  The thermal flow switch is
inserted (or with spool piece for smaller line sizes) into the
line using a threaded or flanged process connection.
Check the maintenance schedules too: they will differ
depending on the flow technology. 

Calibration
Flow switches must be calibrated and tested for
accuracy and repeatability. Depending on the
manufacturer, the calibration process may be limited to
water or air and then rely on un-validated theoretical
equivalencies for other fluids. The use of ‘equivalencies’
may result in calibration errors that can be detrimental
to measurement accuracy after flow switch installation
in your process. It also can be important to be sure that
the flow switch is calibrated under the actual
temperature and other process conditions of your
application. FCI, for example, maintains its own
Calibration Laboratory with NIST traceable equipment
that meets stringent global standards. 

Conclusion
When you’re upgrading or expanding systems that
require water in a refinery, petrochemical plant, or any
industrial plant, think ahead about the type of flow
switches that you’ll need.  Consider the switch’s
reliability, accuracy, installation and maintenance

requirements, and service life when analysing switch
total lifecycle costs to determine the lowest cost of
ownership. 

Figure 4.  Temperature Compensation Flow Curves

Bronkhorst Cori-Tech (The Netherlands) achieved a
technological breakthrough in Coriolis mass flow
measurement and control, by realising the mini Cori-
Flow® series, compact and cost-effective Coriolis Mass
Flow Meters/Controllers for accurate measurement and
control of (very) low flow rates; from 100 mg/h up to 30
kg/h. The unique design of the miniature Coriolis sensor
features superior response time and high accuracy,
irrespective of changing operating conditions with
regard to pressure, temperature, density, conductivity
and viscosity. The effective turndown is no less than
2000:1, with easy, on-site possibility for the user to 
re-range the instrument to his requirements, thus
guaranteeing highest process flexibility.

Suitable for both liquid and gas flow applications
and capable of bi-directional measurement, the
instruments are equipped with robust IP65 weatherproof
housing and available with approval for use in
hazardous areas (ATEX Cat.3 Zone 2). Mini Cori-Flow®

offers integrated PID control and close-coupled control
valves or pumps, thus constituting very compact Coriolis
mass flow control loops.

Mini Cori-Flow® features state-of-the-art digital
technology, offering standard analogue and RS-232
communication, optional fieldbus interfaces and
additional functions such as alarms, totaliser (to
measure fluid consumption) and batch dosing. 
The instruments feature fluid temperature and density
as secondary digital outputs.

Typical applications include research laboratories,
pilot plant, semiconductor and fuel cell processing,
food and pharmaceutical industries, analytical
installations, micro-reactors, surface technology and
anywhere requiring direct mass flow measurement,
independent of fluid properties.

Compact Coriolis Mass Flow
Meter/Controller

A new series of modular panels designed for use with ultra
high-purity instrumentation or process gas control systems
has been introduced by Concoa (USA).

The versatile Series 53 and Series 54 panel systems, well
suited for pressure and flow control at point of use in
specialty gas applications, are designed to provide final
pressure control in gas distribution systems. Applications
include laboratory, bulk gas distribution, gas/liquid
chromatography, EPA protocol standards; high- purity
carrier gas; zero, span, and calibration gases; and high-
purity chamber pressurization, liquefied hydrocarbon and
cryogenic gas control.

The panel systems can be configured with one through
four regulators mounted on modular 308 stainless steel
panels. The 54 Series features Concoa’s 445 stainless steel
or 435 brass barstock regulators, while the 53 Series features
Concoa’s 327 stainless steel or 307 chrome-plated brass
barstock regulators. Each regulator comes with a diffusion-
resistant diaphragm shutoff valve on the outlet of the regulator that ensures positive gas supply shutoff and maintains
the purity of instrumentation or process gases. 

Attractive, convenient additions to any integrated gas distribution system, the panels can be surface- or rack-
mounted using four mounting holes. Measuring from 6” to 21” wide and 12” high, these panels provide compact
footprints that optimize valuable space. Users can select from five different delivery pressures for each regulator station
from 0-15 psig up to 0-500 psig. Delivery pressure gauges are available in psig/kPa or bar/psig increments.

New Point-Of-Use Panels Provide Final Pressure Control 
in Specialty Gas Distribution Systems 

A range of ceramic and stainless steel pressure sensors for viscous and gaseous media
is now available, which not only withstand frequent wash downs and temperatures of
up to 300°C, but are also certified for use in explosive atmosphere (ATEX, Zone 0)
environments.

The DMK 331P is a ceramic pressure sensor with a flush stainless steel diaphragm,
ideal for viscous and gaseous media. Supplied by Impress Sensors & Systems  (UK) the

sensor is targeted at any process environment where viscous fluids are present, including
food & dairy manufacturing, paper & pulp, water & waste treatment, chemicals and

pharmaceuticals.
Due to its ceramic housing, the DMK 331P shows excellent thermal

characteristics and therefore withstands frequent wash downs with chemicals
and water. Special versions of the sensor are also available with a cooling
element that enables the sensor to be used in temperatures up to 300°C. 

Nominal pressure ranges are from 0…1 bar up to 0… 400 bar. Accuracy is ± 0.5% FSO
(IEC 60770). A variety of electrical and mechanical connections are available.  
The DMP 331P is a piezoresistive stainless steel pressure sensor that has a flush pressure

port made with inch, clamp and dairy pipe connections. The sensor also benefits from small
thermal effects and excellent linearity. For higher process temperatures, an optional integrated

cooling element can be added that enables temperatures up to 300°C. The sensor is suitable for
use in ATEX Zone 0 environments. Nominal pressure ranges are from 0…100mbar up to 0…40 bar. Accuracy is
0.35%/0.25% FSO (IEC 60770).

Both sensors come with silicon oil as standard, but other filling oils are available, including food-compatible oils and
Halocarbon. Other types of pressure port and chemical seals are also available. 

Pressure Sensors Ideal for Viscous Fluids and Withstand Wash Downs
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