REGULATORS

REGULATORS VERSUS
CONTROL VALVES

For today’s up and coming engineers and plant designers, understanding the

differences between what regulators can do and what control valves can do will be

critical to making the best choices.

To drive efficient work processes with
a younger, less experienced workforce
requires an understanding of regulator
and control valve functionality, an
understanding that will lead to optimal
selection in minimal time. This article is
intended to address these issues.

The Differences

Regulators and control valves are
different in function and the way they
operate in a few ways.

The design of a typical control loop
allows control valves to manipulate a
range of process variables depending

on which variable is measured for
control. Examples of this include valves
with capabilities for control of flow,
level, temperature and pressure. The
process control variable is measured by
a sensor/transmitter and then
communicated to a host control system,
which is typically a distributed control
system (DCS). The DCS interprets how
the valve should respond to a deviation
from the predetermined setpoint value,
then communicates a signal back to the
DCS controller reporting the extent to
which it needs to open or close to return
to the predetermined setpoint. The DCS

controller receives that signal and then
sends a signal to the valve’s positioner,
which then converts the electronic
signal to a pneumatic signal, thereby
physically making the change in the
valve’s throttling position.

The main operational difference
between a control valve and a regulator
is that, contrary to the control loop
design mentioned above, regulators are
process-powered valves without the
need for an external power or instrument
air source to operate. A regulator
typically applies the pressure of the
controlled process fluid against a
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Figure 1. Design of a regulator (left) as opposed to a control valve (right)
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Figure 3. Loading style pilot-operated regulator schematic

diaphragm. This diaphragm then
opposes a compressed spring to
achieve force balance with the
diaphragm at a given set pressure. Any
change in the controlled pressure
causes the diaphragm to move, which
causes the flow area of the regulator to
change, allowing more or less process
fluid through the regulator. A simple
example of a pressure-reducing, direct -
operated regulator design compared to
a control valve in a control loop is
shown in Figure 1.

Because of the use of process fluid
pressure as a means for control,
regulators are functional as pressure
control valves.

As a process-powered device, the
controlled pressure must change to
modify the flow rate through the
regulator. An example is a pressure-

reducing regulator that controls fuel gas
pressure for a compressor engine. Ifthe
rate of fuel gas consumption for the
compressor engine increases, gas
pressure in the line between the
regulator and compressor engine will
decrease. This reduced pressure, acting
on the diaphragm, will cause spring
force to overcome the force generated
by the diaphragm. The diaphragm is
connected to the regulator’s valve plug,
and when spring force moves that
diaphragm, the regulator’s valve plug
opens further, allowing additional fuel
gas through an expanded flow area. As
long as this increased consumption rate
is maintained, the regulator will hold
downstream pressure constant at a
value slightly below the set pressure.
This concept is referred to as droop or
offset. It is the allowable deviation from

set pressure to meet downstream

Regulator Advantages
Self Contained
Fastest Speed of Response
No Volatile Emissions (no packing)
Less Complex
Lower Installed Cost
Ease of Maintenance

Process Powered

Control Valve Advantages
Larger Sizes
ANSI 900+
Severe Service Trim Options
Fluid Versatility
Remote Feedback
Diagnostics Capabilities

Externally Powered
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Figure 4. Plant feed gas supply

consumption.

Another difference is related to the
design pressure rating of the regulator’s
body. While a control valve can handle
the same pressures on the inlet side as
the outlet side of a valve, a regulator
may have a lower pressure rating on the
control pressure side of the regulator.
This is because the process fluid
pressure is applied directly to the
internal components of the diaphragm
casing. It would be similar to applying
process pressure directly to the
actuator portion of a control valve
assembly instead of the controlled
instrument air supply pressure. While a
few exceptions to this rule exist among
highpressure, pilot-operated regulators,
both the inlet and outlet side design
pressures need to be considered in
selecting a regulator.

Another difference is that the speed of
response is faster for regulators
compared to control valves. Regulators
respond instantly to any change in the
controlled pressure. They are also
easier to maintain, and without a
packing box, they have no volatile

emissions.

On the other hand, control valves are
available in much larger sizes and higher
pressure classes than regulators. They
can handle any process fluid by
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Figure 6. Heater/boiler gas control
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example, nitrogen, which is typically 50
psig to 200 psig, is reduced to a pressure
of just inches of water column. This is
done to maintain the gas blanket for
when liquid product is pumped out of
the tank or when environmental
temperature changes cause a pressure
change inside the tank. Similarly, a
pressure control device might be used
torelieve gas from the tank or vessel in
the event pressure rises when loading
liquid product.

Regulators most commonly are used for
both the pressure-reducing valve and
back pressure regulator (which would
be a non-ASME relief valve). This is
because the regulators can monitor the
tank pressure directly and respond more
quickly to changes in blanket gas
pressure, preventing overpressure or

underpressure from occurring on the
tank.

There may be instances for which the
tank design pressure is higher than the
design pressure of the regulator on the
side maintaining lowpressure control.
The regulator design for tank
blanketing applications typically
includes large diaphragms that are very
sensitive to changes in low pressures
and can be damaged by pressures well
above the setpoint. In these cases,
setting a safety relief valve to a
pressure below the design pressure of
the regulator is important. If this action
is not possible, it may be necessary to
use a control valve even for tank
blanketing applications.

Plant Feed Gas Supply

To avoid unplanned outages in plants,
plant feed gas supply is critical for
operation whether that feed goes to the
entire facility or just a single process
unit. Regulators are typically
implemented to control pressure in
these applications so that gas supply
is ensured regardless of control signal
or instrument air disruptions.
Furthermore, to maintain a supply in the
event of an instrument failure, two
regulators are typically used in series.
One regulator is used as a “worker,”
controlling the outlet gas pressure, and
the other is used as a “monitor.” The
monitor will be set at a pressure slightly
higher than the worker pressure.
Should the worker fail open, the monitor

would take control of the pressure at
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the slightly higher setpoint to ensure
continuous gas flow as well as to ensure
the downstream equipment does not
suffer overpressure. An example of this
system is shown in Figure 4, which has
both worker and monitor control lines
measuring pressure downstream of the
system.

Figure 4 is an example of a wide open
monitor, where the pressure between the
two regulators is not controlled. A
working monitor arrangement would
add a second pilot to the monitor, which
would control the intermediate pressure
between the two regulators. This would
provide a means to prove the monitor
regulator is operational and capable of
throttling pressure if the worker ever
failed to open.

Severe Service

The term severe service is typically
applied to valve applications where
excessive noise, cavitation or flashing
occur from excessive pressure drop
across the valve. For gas applications
that predict high noise levels, instead
of adding insulation or another path
treatment noise-masking method,
source treatment can be applied to
attenuate the noise within the valve
itself. A small number of regulators have
trim types capable of noise attenuation,
but attenuating control valve trims are
more widely available. These can be
customized to shift the sound
frequency out of both the audible and
the vibration-inducing range, thus
avoiding damage to the valve, piping
and downstream equipment.

In liquid applications when vena
contracta pressure falls below the fluid

vapor pressure then recovers,
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cavitation occurs (Figure 5). When vena
contracta pressure falls below the fluid
vapor pressure and stays below vapor
pressure, flashing will occur. Regulators
should be avoided in all applications
where cavitation or flashing with even
moderate pressure drops are expected.
Control valves have trim designs
available to stage pressure drops and
eliminate the possibility of damage from
cavitation. For flashing applications,
control valve body type and material
selections also can be made to avoid
damage, whereas a regulator would
quickly be damaged and incapable of
functioning correctly.

Differential Pressure
Control

Differential control

applications in oil and gas production

pressure

are designed to maintain production
pressure from the wellhead outlet at a
point above the pressure of the pipeline
into which the fluid will be loaded for
transmission. Differential pressure
control is needed because wellhead
pressure is constantly varying, and a
positive differential pressure from the
pipeline must be maintained without
overpressuring the line. These wells are
typically in remote areas without access
to instrument air or other actuator power
supplies, which eliminates control
valves from consideration. Regulators
are capable of maintaining differential
pressure between a reference point
such as the pipeline pressure, and
outlet pressure from the regulator.
Direct-operated regulators are
commonly used in these applications
because they provide the fastest speed
of response to pressure fluctuations or
changes.

Heater Or Boiler Fuel Gas
Control

Boiler and heater fuel gas control is an
application that commonly uses a
control valve and regulator in tandem.
This application takes fuel gas from a
header line in the 100-psig to 150-psig
range and reduces pressure to less than
1 psig while keeping up with fuel
demand for the boiler or the heaters.
During normal operation, a large volume
of fuel gas is required, which typically
results in using a high-capacity ball
valve for control. In this system, a very-
low-flow condition occurs when the
heaters/burners are not fired, but the
boiler or heater pilot lines must be
maintained. A pilot-operated regulator
is typically installed parallel to the
control valve for very accurate low flow
and pressure control (Figure 6).

Conclusion

Pressure control valve selection will
always be a critical aspect of facility
design and maintenance. By
understanding the capabilities and
functionalities of both control valves
and regulators, engineers tasked with
selecting control valves or regulators
can start with an optimal solution in
mind or reduce rework for their pressure

control applications.
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