
Industrial Process Variable

• Pressure 
• Flow
• Level
• Temperature

A Pressure loop

Pressure control loops

• Pressure control loops vary in speed—that is, 
they can respond to changes in load or to 
control action slowly or quickly. 

Th d i d i t l l• The speed required in a pressure control loop 
may be dictated by the volume of
the process fluid. 

• High-volume systems (e.g., large natural gas 
storage facilities) tend to change more slowly 
than low-volume systems

• Most liquid and all gaseous materials in the 
process industries are contained within closed 
vessels.

• For the safety of plant personnel and protection 
of the vessel pressure in the vessel isof the vessel, pressure in the vessel is 
controlled. 

• In addition, pressured is controlled because it 
influences key process operations like vapor-
liquid equilibrium, chemical reaction rate, and 
fluid flow. 

• The following pressure sensors are 
based on mechanical principles, i.e., 
deformation based on force.

• Bourdon : A bourbon tube is a curved, 
hollow tube with the process pressure 
applied to the fluid in the tube. The 
pressure in the tube causes the tube topressure in the tube causes the tube to 
deform or uncoil. The pressure can be 
determined from the mechanical 
displacement of the pointer connected to 
the Bourdon tube. Typical shapes for the 
tube are “C” (normally for local display), 
spiral and helical.
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• Bellows : A bellows is a closed vessel 
with sides that can expand and contract, 
like an accordion. The position of the 
bellows without pressure can bebellows without pressure can be 
determined by the bellows itself or a 
spring. The pressure is applied to the face 
of the bellows, and its deformation and its 
position depend upon the pressure

• Diaphragm : A diaphragm is typically 
constructed of two flexible disks, and when 
a pressure is applied to one face of the 
diaphragm the position of the disk facediaphragm, the position of the disk face 
changes due to deformation. The position 
can be related to pressure.

• The following pressure sensors are based 
on electrical principles; some convert a 
deformation to a change in electrical 
property others a force to an electricalproperty, others a force to an electrical 
property.

• Capacitive or inductance : The 
movement associated with one of the 
mechanical sensors already described can 
be used to influence an electrical propertybe used to influence an electrical property 
such as capacitance affecting a measured 
signal. For example, under changing 
pressure a diaphragm causes a change in 
capacitance or inductance. 

• Resistive, strain gauge : The electrical 
resistance of a metal wire depends on the 
strain applied to the wire. Deflection of the 
diaphragm due to the applied pressurediaphragm due to the applied pressure 
causes strain in the wire, and the electrical 
resistance can be measured and related to 
pressure 

• Piezoelectric : A piezoelectric material, 
such as quartz, generates a voltage output 
when pressure is applied on it. Force can 
be applied by the diaphragm to a quartzbe applied by the diaphragm to a quartz 
crystal disk that is deflected by process 
pressure.
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Gas Pressure

• Easy to control
• Self regulating
• The pipeline allows more feed if the pressure 

is low and reduce intakes when the pressure 
is highis high.

• PI controller is normally used with a small 
amount of I action.

• Pipeline value will effect the residence time 
and time constant.

• D action is not needed because it is already a 
fast process.

A Flow loop

Flow control loops

• Generally, flow control loops are regarded as fast loops that respond
to changes quickly. 

• Therefore, flow control equipment must have fast sampling and 
response times. 

• Because flow transmitters tend to be rather sensitive devices, they 
can produce rapid fluctuations or noise in the control signal.

• To compensate for noise many flow transmitters have a damping• To compensate for noise, many flow transmitters have a damping 
function that filters out noise. 

• Sometimes, filters are added between the transmitter and the control 
system. 

• Because the temperature of the process fluid affects its density, 
temperature measurements are often taken with flow measurements 
and compensation for temperature is accounted for in the flow 
calculation. 

• Typically, a flow sensor, a transmitter, a controller, and a valve or 
pump are used in flow control loops

• Flow measurement is critical to determine the amount of 
material purchased and sold, and in these applications, 
very accurate flow measurement is required.

• In addition, flows throughout the process should the 
regulated near their desired values with small variability; 
i th li ti d d ibilit i llin these applications, good reproducibility is usually 
sufficient.

• Flowing systems require energy, typically provided by 
pumps and compressors, to produce a pressure 
difference as the driving force, and flow sensors should 
introduce a small flow resistance, increasing the process 
energy consumption as little as possible.

• Most flow sensors require straight sections of 
piping before and after the sensor; this 
requirement places restrictions on acceptable 
process designs, which can be partially 
compensated by straightening vanes placed incompensated by straightening vanes placed in 
the piping.

• The sensors discussed in this subsection are for 
clean fluids flowing in a pipe; special 
considerations are required for concentrated 
slurries, flow in an open conduit, and other 
process situations 

Flow Liquid Control

• Are characterized by fast response.
• No time delay
• Process dynamics due to compressibility (gas) and 

inertial (liquid)
• A significant dynamics lag occurs in the signal 

transmission if pneumatic instrument is used.
• Frequent but small disturbances
• Disturbance due to stream turbulence, valve changes 

and pump vibration.
• PI controller with intermediate gain, Kc is generally 

used.
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A Level Loop LEVEL CONTROL LOOPS

• The speed of changes in a level control loop largely depends on the
size and shape of the process vessel (e.g., larger vessels take 
longer to fill than smaller ones) and the flow rate of the input and 
outflow pipes. 

• Manufacturers may use one of many different measurementManufacturers may use one of many different measurement 
technologies to determine level, including radar, ultrasonic, float
gauge, and pressure measurement. 

• The final control element in a level control loop is usually a valve on 
the input and/or outflow connections to the tank.

• Because it is often critical to avoid tank overflow, redundant level 
control systems are sometimes employed

• Level of liquid in a vessel should be maintained above the exit pipe 
because if the vessel empties the exit flow will become zero, a 
situation that would upset downstream processes and could damage 
pumping equipment that requires liquid.

• Also, the level should not overflow an open vessel nor should it exit 
through a vapor line of a closed vessel, which could disturb a 
process designed for vapor.

• In addition, level can influence the performance of a process; the 
most common example is a liquid phase chemical reactor. Level is 
usually reported as percent of span, rather than in length (e.g., m).

• Level sensors can be located in the vessel holding the liquid or in an 
external “leg” which acts as a manometer. When in the vessel, float 
and displacement sensors are usually placed in a “stilling chamber” 
which reduces the effects of flows in the vessel 

• Float : The float of material that is lighter than the fluid 
follows the movement of the liquid level. The position of 
the float, perhaps attached to a rod, can be determined 
to measure the level.

• Displacement: By Archimedes principle, a body 
i d i li id i b d b f l t thimmersed in a liquid is buoyed by a force equal to the 
weight of the liquid displaced by the body. Thus, a body 
that is more dense than the liquid can be placed in the 
vessel, and the amount of liquid displaced by the body, 
measured by the weight of the body when in the liquid, 
can be used to determine the level

• Differential pressure: The difference in pressures between to 
points in a vessel depends on the fluids between these two 
points. If the difference in densities between the fluids is significant, 
which is certainly true for a vapor and liquid and can be true for two 
different liquids, the difference in pressure can be used to determine 
the interface level between the fluids. Usually, a seal liquid is used 
in the two connecting pipes (legs) to prevent plugging at the sensing 
pointspoints.

• Capacitance : A capacitance probe can be immersed in the liquid of 
the tank, and the capacitance between the probe and the vessel wall 
depends on the level. By measuring the capacitance of the liquid, 
the level of the tank can be determined. 

Liquid Level

• Instability is no a major concern due to 
integrating nature.

• High gain controller can be employed• High gain controller can be employed.
• I control action is normally used if the offset 

value is important.
• D action is not suitable due to splashing and 

turbulence of the liquid entering the tank.
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A Temperature Loop TEMPERATURE CONTROL LOOPS

• Because of the time required to change the temperature 
of a process fluid, temperature loops tend to be relatively 
slow. 

• Feed forward control strategies are often used to 
increase the speed of the temperature loop response. 

• RTDs or thermocouples are typical temperature sensors. 
• Temperature transmitters and controllers are used, 

although it is not uncommon to see temperature sensors 
wired directly to the input interface of a controller. 

• The final control element for a temperature loop is 
usually the fuel valve to a burner or a valve to some kind 
of heat exchanger. 

• Sometimes, cool process fluid is added to the mix to 
maintain temperature 

• Temperature control is important for 
separation and reaction processes, and 
temperature must be maintained within 
limits to ensure safe and reliable operationlimits to ensure safe and reliable operation 
of process equipment. 

• Temperature can be measured by many 
methods; several of the more common are 
described in this subsection.

Resistance Temperature 
Detectors (RTD):

The electrical resistance of many metals changes with temperature; metals 
for which resistance increases with temperature are used in RTDs. 

Temperature can therefore be determined from the change in the electrical 
resistance of the metal wire according to

with RT the resistance, RT0 the resistance at base temperature of 0 °C, T 
the temperature of the sensor (to be determined from RT) and a the 
temperature coefficient of the metal. This linear relationship sometimes 
provides sufficient accuracy, but nonlinear correlations are available for 
higher accuracy (Omega, 1995). RTDs are commonly used for applications 
in which higher accuracy than provided by thermocouples is required.

Thermistor

This sensor is similar to an RTD, but 
applies metals for which the resistance 
decreases with increasing 
temperature The relationship is oftentemperature. The relationship is often 
very nonlinear, but thermistors can provide 
very accurate temperature measurements 
for small spans and low temperatures.

Thermocouples:

When the junctions of two dissimilar metals are at different 
temperatures, an electromotive force (emf) is developed. 

The cold junction, referred to as the reference, is maintained at a 
known temperature, and the measuring junction is located where 
the temperature is to be determined.t e te pe atu e s to be dete ed

The temperature difference can be determined from the measured 
emf. The relationship between temperature difference and emf has 
been determined for several commonly used combinations of 
metals; the mildly nonlinear relationships are available in tabular 
form along with polynomial equations relating emf to temperature 
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Temperature

• Involved a wide variety of process and 
equipment.

E i ti d l• Experience time delay

• PID controller is commonly employed.

IPV

• 4 process control variables:

• Temperature-temperature control in reactor 
• Flow control of steam flow going into a heat• Flow-control of steam flow going into a heat 

exchanger
• Level- sugar refining process (controlling level)
• Pressure

IPV: Typical flow sensor-orifice meter IPV
• As fluid flows through the pipe, it has a certain velocity

and a certain pressure. When the fluid reaches the 
orifice plate, with the hole in the middle, the fluid is 
forced to converge to go through the small hole; the 
point of maximum convergence actually occurs shortly 
downstream of the physical orifice at the so called venadownstream of the physical orifice, at the so-called vena 
contracta point (see drawing above). As it does so, the 
velocity and the pressure changes. Beyond the vena 
contracta, the fluid expands and the velocity and 
pressure change once again. By measuring the 
difference in fluid pressure between the normal pipe 
section and at the vena contracta, the volumetric and 
mass flow rates can be obtained
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