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Defeat a Double Whammy

Select the proper pump to handle low suction head and cavitation

By Andrew Sloley, Contributing Editor

AS SOON as I looked at the knockout drum, a sinking
feeling took over. The plant was mystified by level trips
from a compressor interstage knockout drum on a compres-
sor system and complained the liquid pump on the drum
“never seemed to work right.” An inspection quickly led to
identifying one problem with the system. The liquid drum
was so close to the ground the clearance gave barely enough
room for the isolation valve and an elbow to squeeze in
under the vessel. The liquid height in the vessel was about 2
ft above the pump inlet nozzle.

The system originally was designed for a steady-state
operation where the interstage pressure could force the liquids
out with no pump. To save money, the interstage drums were
placed a minimum height above grade. The bottom flanges
were barely 18 in. above the concrete slab.

Intermittent loads in the compressor system caused fluc-
tuating drum pressures. Some times the pressure in the drum
dropped below the pressure of the liquid collection system for
the interstage liquids. So, the plant decided to add a pump to
ensure liquid could get out of the system. However, the net
positive suction head available for the pump was extremely low
— less than 18 in.

The plant was most familiar and comfortable with cen-
trifugal pumps and installed one to remove the liquids. The
pump suffered continual problems and often stopped working.
On some occasions no liquid at all seemed to get to the pump.
The pump had lost prime.

The changing system loads on the compressor were one
reason for this. When the compressor gas load decreased, the
interstage pressure dropped. Liquid in the drum started to
vaporize when the pressure fell, causing the feed to the pump
to contain vapor bubbles.

So, the pump had to contend with two issues. First, very
little head was available to get liquid into the pump. Second,
vapor intermittently formed in the liquid.

The final analysis was that the pump must meet three
requirements: operate at low suction head available; tolerate
some vapor in the feed; and be robust enough to survive (with
reasonable reliability) some amount of damage due to vapor
bubble collapse.

This led us to investigate four types of positive-
displacement pumps: reciprocating; regenerative turbine;
vane; and gear.

We quickly vetoed reciprocating pumps for two reasons.
First, acceleration effects on the net positive inlet pressure
(NPIP) would be large. Second, vapor in the pump would
cause problems with pistons and valves.

Regenerative turbine, vane and gear pumps had a huge
advantage for this service. They all could provide smooth flow
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Figure 1. A gear pump’s capacity falls sharply when vaporization starts
in the feed.

characteristics, and allowed flow control by using variable
frequency motors to regulate capacity.

We opted for a gear pump. One key reason was that a
physically robust unit could be found for a reasonable price.
(For details on such pumps, see: “Get Up to Speed on Gear
Pumps,” http://goo.gl/pucWme.)

Gear pumps also are self-priming. They can pull all
the way down into a vacuum if required. They can tolerate
bubbles in the feed. These benefits come with some costs,
though. Figure 1 shows the typical shape of a gear pump’s
capacity/suction-pressure curve. As vaporization starts in the
feed (suction pressure drops below NPIP), capacity drops.
So, coping with varying system pressure requires chang-
ing operating speed to maintain the same capacity. A flow
controller based on pump speed may need some tuning to
handle unstable feed conditions.

In addition, pumping vapor remains a severe service.
‘The most difficult operation is when the vapor bubbles in
the feed collapse completely. The cavitation shock wave can
create severe damage. Even though a gear pump is more
damage resistant than a centrifugal unit, damage will oc-
cur. Fortunately, the much slower speed of the gear pump
decreases the damage.

No pump can fully avoid problems at low suction heads.
However, if you can’t change the process, pick a pump that
can reduce problems to a tolerable level. ®

ANDREW SLOLEY, Contributing Editor
ASloley@putman.net
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s the optimal choice

FLOW MEASUREMENT is a critical aspect of chemi-
cal processing. The effectiveness of operations depends
upon accurate data on flow measurement, as does
maintaining compliance with regulations. In addition,
a greater emphasis on sustainability is driving more
manufacturers to closely monitor the consumption of
precious resources and the byproducts generated in the
process. At some sites, another crucial concern is custody
transfer, with increasing energy costs spurring the need
for improved fiscal metering of high-value products.

So, in this article, we’ll look at the key criteria in flow
meter selection and go over some pointers for picking the
most appropriate device.

COMMON CHOICES
Let’s start by reviewing the most frequently used mea-
surement technologies and their advantages and disad-
vantages:

Coriolis. These meters contain a vibrating tube in

CORIOLIS METER

Figure 1. Such meters can directly measure mass flow with very high accuracy over a wide range
of temperatures.
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which a fluid flow causes changes in frequency, phase
shift or amplitude. Circuitry in the devices then converts
this signal into an output that’s strictly proportional to
the actual mass flow rate — in contrast to thermal mass
flow meters, which depend upon the physical properties
of the fluid.

One of the most important features of a Coriolis
flow meter (Figure 1) is its ability to directly measure
fluid mass with a very high degree of accuracy over a
wide range of temperatures. Its unobstructed open-flow
design is suitable for viscous non-conductive fluids that
are difficult to measure with other technologies. With
no internal moving parts, a Coriolis meter requires a
minimum amount of attention once installed. However,
such devices sometimes are considered too sophisticated,
expensive or unwieldy for certain applications.

Differential pressure (DP). These meters measure the
pressure differential across the meter and extract the
square root. They have a primary element that causes a
change in kinetic energy, creating DP
in the pipe, and a secondary element
that measures the DP and provides
a signal or read-out converted to the
actual flow value.

DP meters are versatile instru-
ments that employ a proven well-
understood measuring technology
not requiring moving parts in the
flow stream. Viscosity changes don’t
affect the devices greatly. However,

they have a history of limited accura-
cy and turndown, as well as complex
installation requirements.
Electromagnetic. Such meters em-
ploy Faraday’s law of electromagnetic
induction, whereby a conductor mov-
ing through a magnetic field induces
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ELECTROMAGNETIC METER

Figure 2. These devices can monitor virtually
any conductive fluid or slurry found at a plant.

voltage. The liquid acts as the con-
ductor, with energized coils outside
the flow tube creating the magnetic
field. The produced voltage is directly
proportional to the flow rate.

An electromagnetic meter (Figure
2) will measure virtually any conduc-
tive fluid or slurry, including process
water and wastewater. The devices
provide low pressure drop, high ac-
curacy, large turndown ratio and ex-
cellent repeatability. The meters have
no moving parts or flow obstruc-
tions, and are relatively unaffected by
viscosity, temperature and pressure
when correctly specified. The meters
tend to be heavy in larger sizes and
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may be prohibitively expensive for
some purposes.

Thermal mass. These meters utilize
a heated sensing element isolated
from the fluid flow path. The flow
stream conducts heat away from the
sensing element, with the rate di-
rectly proportional to the mass flow
rate. The meter’s electronics pack-
age provides a linear output directly
proportional to mass flow.

Thermal mass meters have a rela-
tively low purchase price. They are
designed to work with clean gases of
known heat capacity, as well as some
low-pressure gases not dense enough
for Coriolis meters to measure. The
main disadvantage of thermal tech-
nology is low-to-medium accuracy,
although suppliers have improved
the capabilities of these meters in
recent years.

Turbine. Such meters contain
a freely suspended rotor whose
vanes rotate at a rate proportional
to flow velocity. A sensor/transmit-
ter detects the rotational rate of the
rotor; the faster the fluid moves, the
more pulses that are generated. The
transmitter processes the pulse signal
to determine the flow of the fluid in
either forward or reverse direction.

Turbine meters incorporate a
time-tested measuring principle, and
are known for high accuracy, wide
turndown and repeatable measure-

ments. They produce a high-resolu-
tion pulse-rate output signal propor-
tional to fluid velocity and, hence, to
volumetric flow rate. Turbine meters
are limited to clean fluids only. Use
of ceramic journal bearings largely
has addressed bearing wear — a
common concern with this type of
device. As a mechanical meter, tur-
bines require periodic recalibration
and service.

Impeller. Often used in large-
diameter water distribution systems,
these devices insert a paddle wheel
perpendicularly into a process
stream. The number of rotations of
the paddle wheel is directly propor-
tional to the velocity of the process.

The advantages of impeller
meters include direct volumetric
flow measurement (often with visual
indication), universal mounting, fast
response with good repeatability, and
relatively low cost. However, their
performance suffers in applications
with low fluid velocity; the meters
also are sensitive to flow profile. They
suit clean, low-viscosity media.

Ultrasonic. There are two types
of ultrasonic meters: transit time and
Doppler. Both will detect and mea-
sure bidirectional flow rates without
invading the flow stream. They can
handle all types of corrosive liquids
as well as gases, and are insensitive
to changes in temperature, viscosity,
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Figure 3. Clamp-on version can prove valuable for troubleshooting a wide range of flow issues.

density or pressure. A clamp-on unit
(Figure 3) is ideal for troubleshoot-
ing, diagnostics and leak detection.

Ultrasonic meters have no moving
or wetted parts, suffer no pressure
loss, offer a large turndown ratio, and
provide maintenance-free operation
— important advantages over con-
ventional mechanical meters. How-
ever, the precision of these meters
becomes much less dependable at low
flow rates. Unknown internal piping
variables can shift the flow signal and
create inaccuracies.

Variable area. These meters are
inferential measurement devices
consisting of two main components:
a tapered metering tube and a float
that rides within the tube. The float
position — a balance of upward flow
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and float weight — is a linear func-
tion of flow rate. Operators can take
direct readings based on the float
position within transparent glass and
plastic tubes.

Simple, inexpensive and reliable,
variable area meters are appropriate
for many applications. However, they
must be calibrated for viscous liquids
and compressed gases. Furthermore,
they offer limited turndown and
relatively low accuracy.

Vortex. Such meters make use of
a principle called the von Kdrmdn
effect, whereby flow will alternately
generate vortices when passing by a
bluff body (a piece of material with a
broad flat front that extends vertical-
ly into the flow stream). Flow velocity
is proportional to the frequency of
the vortices. Flow rate is calculated
by multiplying the area of the pipe by
the velocity of the flow.

Vortex meters have no moving
parts that are subject to wear and,
thus, don’t require regular mainte-
nance. However, they only can mea-
sure clean liquids. The devices are
particularly well suited for measuring
gas emissions produced by waste-
water. Vortex meters may introduce
pressure drop due to their obstruc-
tions in the flow path.

Oval gear. These meters utilize a
positive displacement (PD) design,
whereby fluid enters the inlet port
and then passes through the meter-
ing chamber before exiting through
the outlet port. Inside the chamber,
the fluid forces the internal gears to
rotate. Each rotation of the gears dis-
places a specific volume of fluid. As

RELATED CONTENT ON CHEMICALPROCESSING.COM
“Match the Flow Meter to the Service,” http://goo.gl/CEp9b5
“Save Money on Flow Monitoring,” http://goo.gl/7Yw7Mn

“Look Beyond Orifice Plates,” http://goo.gl/9jUjwa
“Remember the Old Reliable Orifice Plate,” http://goo.gl/pJIXYo
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the gears rotate, a magnet on each end of the gear passes
a reed switch, which sends pulses that a microprocessor
translates into a flow rate shown on an LED display.

The latest breed of oval gear meters directly measures
actual volume. It features a wide flow range, minimal
pressure drop and extended viscosity range. This design
offers easy installation and high accuracy, and measures
high-temperature, viscous and caustic liquids with simple
calibration.

Nutating disc. Most commonly used in water meter-
ing applications, these devices have a disc attached to
a sphere mounted inside a spherical chamber. As fluid
flows through the chamber, the disc and sphere unit
wobble or “nutate.” This effect causes a pin, mounted
on the sphere perpendicular to the disc, to rock. Each
revolution of the pin indicates a fixed volume of liquid
has passed. Meters with aluminum or bronze discs can
monitor hot oil and chemicals.

Nutating disc meters have a reputation for high ac-
curacy and repeatability. However, viscosities below their
designated threshold adversely affect performance.

KEY SELECTION FACTORS

In a typical plant, fluid characteristics (number of
phases, viscosity, turbidity, etc.), flow profile (laminar,
transitional or turbulent), flow range and accuracy
requirements all are important considerations in deter-
mining the right flow meter for a particular measure-
ment task. Additional considerations such as mechanical
restrictions and output-connectivity options may impact
the choice.

For process operations, the key factors in meter selec-
tion include:

Process media. Whether the fluid is liquid, gas or mul-
tiphase influences the suitability of a particular device for
the service. Different flow meters are designed to operate
best with certain fluids and under specific operating con-
ditions. That’s why understanding the limitations of each
style of instrument is important.

Med:urement type Do you need a mass or VOlumet-
ric flow measurement? While volumetric readings are
convertible into mass measurements given an accurate
density, volumetric measuring devices like variable-area
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and turbine meters can’t distinguish density-altering

temperature or pressure changes. So, mass flow mea-
surement would require additional sensors for these
parameters and a flow computer to compensate for the
variations in these process conditions. Thermal mass
flow meters are virtually insensitive to variations in
temperature or pressure.

Flow rate information. A crucial aspect of selection is
determining if continuous or totalized flow rate data are
needed. A typical continuous flow measurement system
consists of a primary flow device, flow sensor, transmit-
ter, flow recorder and totalizer.

Desired accuracy. The difference between on- and
off-specification product often depends upon flow meter
accuracy. This is specified in percentage of actual read-
ing, calibrated span or full scale. It normally is stated at
minimum, normal and maximum flow rates. You must
clearly understand these requirements to get a meter with
acceptable performance over its full range.

Application environment. A meter can face widely vary-
ing conditions in a plant. So, you must decide whether the
low or high flow range is most important for a metering
application; this information will help in sizing the correct
instrument for the job. Pressure and temperature condi-
tions are equally important process parameters. You also
should consider pressure drop in flow measurement devices,
especially with high-viscosity fluids. In addition, viscosity
and density may fluctuate due to a physical or temperature
change in the process fluid.

Fluid characteristics. You must pick a meter compat-
ible with the fluid and operating conditions. Many plants
handle abrasive or corrosive fluids that may move under
aerated, pulsating, swirling or reverse-flow conditions.
Thick and coarse materials can clog or damage internal
meter components — hindering accuracy and resulting
in frequent downtime and repair.

Installation requirements. Planning a flow meter
installation starts with knowing the line size, pipe direc-
tion, material of construction and flange-pressure rating.
You also must identify possible complications due to
equipment accessibility, valves, regulators and available
straight-pipe-run lengths. Nearly all flow meters require
a run of straight pipe before and after their mounting
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location. Where this isn’t possible, you can use a flow
conditioner to isolate liquid flow disturbances from the
flow meter while minimizing the pressure drop across the
conditioner.

Power availability. Pneumatic instrumentation once
was used in most applications in hazardous areas to
obviate bringing in a power source that might cause an
explosion. Today’s installations normally call for intrinsi-
cally safe instruments; these rely on safety barriers that
limit current to eliminate any potential spark. Another
option is to employ fiber optics. Turbine flow meters of-
fer an advantage in environments where a power source
isn’t available because they don’t require external power
to provide a local rate/total indicator display for a field
application; the devices instead rely on a battery-powered
indicator. Solar-powered systems also may make sense in
remote areas without power.

Necessary approvals. Plants must comply with relevant
standards and regulations for the use of flow measure-
ment equipment in hazardous locations. These include:
FM Class 1 Division 1, Groups A, B, C and D; and FM
Class 1, Zone 1 AEx d (ia) ia/IIC/T3-T6. Standards
such as the Measuring Instruments Directive in the
European Union apply to fiscal- and custody-transfer
metering for liquids and gases. In terms of environ-
mental emissions, industrial flow meters must meet the
Electromagnetic Compatibility Standards EN55011:1992
and EN61326-1:1997.

Output/Indication. You must decide whether measure-
ment data are needed locally or remotely. For sending
data for remote indication, the transmission can be ana-
log, digital or shared. The choice of a digital communica-
tions protocol such as HART, Foundation Fieldbus or
Modbus also figures into this decision. In a large plant,
flow readings typically go to an automation system for
use for process control and optimization.

OTHER IMPORTANT ISSUES
Higher accuracies and broader capabilities in flow
meters cost more. So, determine what you actually
need. Evaluate process conditions, including flow rates,
pressure and temperature, and operating ranges to find
a meter suited to the specific application. Sacrificing
features for cost savings or opting for a lower-priced al-
ternative that would be applied outside of its capabilities
are false economies.

All meters are affected to some extent by the medium
they are monitoring and the way they are installed. Con-
sequently, their performance in real-world conditions of-
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ten will differ from that in the reference conditions under

which they were calibrated. For the lowest uncertainty of
measurement, PD meters generally are the best option.
Electromagnetic meters provide for the widest flow range
while turbine meters usually are the best choice for the
highest short-term repeatability. Despite their high initial
cost, Coriolis meters are ideal for measuring particularly
viscous substances and wherever readings of mass rather
than volume are required.

You always should examine long-term ownership
costs. A flow meter with a low purchase price may be
very expensive to maintain. Alternatively, a meter with a
high purchase price may need very little service. Lower
purchase price doesn’t always represent better value.

Generally speaking, flow meters with few or no
moving parts require less attention than more-complex
instruments. Meters incorporating multiple moving parts
can malfunction due to dirt, grit or grime present in
the process fluid. In addition, impulse lines needed with
some meters can plug or corrode, and units with flow
dividers and pipe bends sometimes suffer from abrasive-
media wear and blockages. Changes in temperature also
affect the internal dimensions of the meter and require
compensation.

The need to recalibrate a flow meter depends upon
how well the instrument fits a particular application.

If the application is critical, check meter accuracy at
frequent intervals. Otherwise, recalibration may not be
necessary for years for non-critical applications and ones
where conditions don’t vary.

No matter the chosen flow-meter technology, overall
system accuracy won't exceed that of the equipment used
to perform the meter calibration. The most-precise flow
calibration systems on the market employ a PD design.
This type of calibrator, directly traceable to the U.S.
National Institute of Standards and Technology via water
draw validation, provides total accuracy of at least 0.05%.

CHOOSE CORRECTLY

Selecting the right flow meter can significantly impact
operational and business performance. So, educate your-
self about basic flow-measurement techniques and avail-
able meter options, and don’t hesitate to consult with

a knowledgeable instrumentation supplier in the early
stages of a project. That will help you ensure a successful
application once the equipment is installed. ®

BRIAN KETTNER is a product manager for Badger Meter, Milwau-

kee, Wis. E-mail him at bkettner@badgermeter.com.
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Choose Rupture Discs Wi

Selecting the correct pressure relief metk

By Paul Yanisko, Rembe Inc., and Dr-Ing: Ste

depends on a variety of factors

IN THE process industries, many operations are conducted at
pressures above, or well-above, ambient. Applying appropriate
design, engineering, fabricating, operating and maintenance
methods helps to ensure system integrity and safety, reduce the
potential for overpressure incidents and minimize the risk of
asset damage and personal injury. Key considerations in achiev-
ing these objectives include determining a pressure control

and pressure relief strategy and propetly selecting, applying
and implementing instrumentation, pressure relief devices or
combinations of each.

Pressure control approaches typically use safety instrument-
ed systems (SISs) that operate primarily to prevent a process-
related overpressure scenario from developing. Such systems
may be based on feed-forward or feedback control and usually
require knowing about the potential overpressure scenarios and
the somewhat well-characterized and well-established relation-
ships between the overpressure cause and the resulting pressure
rise. Successful implementation requires confidence in these
relationships and trust that the pressure rise, once initiated,
may be controlled within the overall system’s design pressure.
ThCSC are PrOaCtiVC prSSurC COnthl SyStCmS.

RD APPROACHES AND RELATED CONSIDERATIONS

Pressure relief systems typically use safety relief valves
(SRVs), rupture discs (RDs) or combinations of each. These
devices operate primarily by opening to relieve an overpres-
sure situation that has developed in the process system. Their
implementation requires knowledge of the process conditions
at which the device must open to relieve the pressure that
develops within the system, thereby preventing pressure-related
asset damage and other potential consequences.

The key design parameters needed for proper device
specification include the system’s design pressure (or MAWP),
the device’s required set pressure and set temperature, the back
pressure on the device’s exhaust side and the required flow
capacity. These devices offer a reactive means of pressure relief.

PRESSURE RELIEF METHODS
Pressure control and pressure relief methods each have their
respective operating situations for which they tend to be
preferred. Several methods are available to implement process
RD:s for pressure relief, and certain operations benefit from
particular approaches (see Table 1).

When pressure relief systems are being considered for

CONSIDER FOR THESE POTENTIAL
RD APPROACH OVERPRESSURE SCENARIOS MAIN DRIVER INSTEAD OF

Single RD

Well-controlled, noncorrosive process, vent to

Cost Single SRV

atmosphere, low frequency of overpressure

Need for very fast response (e.g., runaway Performance Single SRV

reaction, heat exchanger tube rupture)

Corrosive or other substance that otherwise Cost

would require single SRV of high-alloy material

RD = SRV Single high-alloy SRV

When emissions (fugitive or otherwise) must be Performance and cost
minimized (e.g., processing toxics or strict emissions

permits)

Single SRV

Adhesive or other process substance that otherwise Performance and cost

may inhibit operation of a single SRV

Single SRV

RD - RD Discharge to a system or header with variable back Performance
pressure that otherwise may inhibit proper operation

of a single RD or single SRV.

Single RD or single SRV

When emissions (fugitive or otherwise) must be Performance RD/SRV
minimized to a greater degree than the RD/SRV

approach will allow.

SRV = RD For overpressure of a noncorrosive-containing Performance and cost
process into a header that also serves corrosive-

containing processes

Single-alloy SRV

RD = SRV When sizing one device for all overpressure scenarios  Cost

would result in much larger size and much higher cost

Single SRV

RD = RD For redundancy when relief case requires high Performance and Cost RD = SRV

reliability and potential frequency is very low

Table 1. Pressure control and pressure relief methods each have their respective operating situations for which they tend to be preferred.
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overpressure protection, questions arise regarding which type
of device to use and what its appropriate arrangement should
be. They include whether an RD or SRV is the most appropri-
ate device for the service, whether it is worthwhile to consider
using both, and, if so, determining how they are arranged.

The answers will set the design approach. After the basic
pressure relief approach has been established, the device can be
selected and sized. Pressure relief system approaches and sizing
methods are defined by ASME (ASME Boiler and Pressure
Vessel Code, Section VIII) and API (API RP 520, Sizing,
Selection, and Installation of Pressure-relieving Devices: Part
[—Sizing and Selection and Part II—Installation). A good,
practical summary of pressure relief system sizing recently was
published entitled “Sizing Pressure-Relief Devices,” by Daniel
A. Crowl and Scott A. Tipler, https://goo.gl/CQ9Ve.

Rupture discs may be installed in several configurations
that typically include:

* one rupture disc alone;

* a rupture disc upstream of, and in series with, a pressure

relief valve;
® two rupture discs in series;
* a rupture disc downstream of, and in series with, a pres-
sure relief valve;
* a rupture disc in parallel with a pressure relief valve; or
* two rupture discs in parallel.

CONFIGURATION CONSIDERATIONS

Choosing which configuration is appropriate depends on
such factors as ease of the process’ control, the process
pressure’s relative variability or stability, the existence and
variability in back pressure on the relief discharge piping,
the process substance’s corrosiveness and toxicity, emissions
requirements, the extent to which the process substance
may plug a relief valve (or otherwise affect its reliable opera-
tion) and capital cost expectation.

As with most process equipment decisions, the appropriate
configuration typically achieves the performance requirements
and offers benefits at an acceptable cost. To determine appro-
priateness, consider each configuration, identify the key factors
that favor it and look at some example processes or operations
for which the approach may be applied.

One rupture disc alone. Using the RD alone (Figure 1)
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REVERSE-ACTING RUPTURE DISC
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Figure 1. The use of an RD alone is a viable approach when the process
pressure is relatively well-controlled or when it may rise rapidly (and
therefore must be relieved rapidly).

is a viable approach when the process pressure is relatively
well-controlled or when it may rise rapidly (and therefore must
be relieved rapidly). The installation requires the disc to be
installed either between standard ANSI/ASME flanges (typical
for very low-pressure applications) or in an assembly compris-
ing the RD installed between vendor-supplied disc holders.
This assembly then is installed between flanges. Disc holder
use is typical for moderate-pressure applications and higher.

This configuration may be desirable to protect a liquid wa-
ter holding tank operating at low and relatively well-controlled
pressure. In such a case the pressure is unlikely to rise to the
disc burst pressure, special disc construction materials are not
required, and the RD cost will be lower than the SRV cost.
The low cost of the RD relative to an SRV likely will be the
key factor driving its selection.

A single RD also may be considered for protection of
runaway reactions such as those in the phenol-formaldehyde
reaction system. Regardless of whether this system is acid-cat-
alyzed (novolacs) or base-catalyzed (resoles), the potential for
rapid runaway reaction, rapid pressure rise and overpressure is
high. In the event of runaway for these reactions, the pressure
rise may occur more rapidly than the time required for a SRV
to open fully. Generally, SRVs open in hundreds (-300) of mil-
liseconds (ms), while RDs open in a few (-5) ms. In this case
the RD’s fast response performance likely will be the critical
factor driving its selection.

Rupture disc upstream of, and in series with, a pressure-
relief valve. Using an RD upstream of, and in series with,
an SRV can be considered for various scenarios, including
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concern about the possibility of plugging the SRV (and sub-
sequent negative effects on its operation); when the process-
ing environment requires pressure relief devices constructed
of exotic, relatively expensive materials; or when leaks to the
environment must be minimized as much as possible.

This approach requires the RD to be installed either
between standard ASME/ANSI flanges (typically for low
burst pressures) or between disc holders, which then are
installed between flanges (typical for moderate burst pres-
sure and higher). The SRV is installed downstream (on the
discharge side) of the RD.

The connecting pipe between the RD and the SRV
must be vented or monitored for pressure rise. These items
ensure that pressure does not build up over time in the pipe
space between the two devices. A telltale pressure gauge will
indicate whether pressure is rising or has risen in the pipe
space. The vent simply will prevent pressure rise in the space.
Project-specific requirements will determine whether to use
the telltale gauge or the vent.

The combined RD and SRV approach may be beneficial
in corrosive acid service. In such cases, instrumentation and
equipment fabricated from high-nickel-content alloys such as
Inconel, Incolloy or Hastelloy typically are used because of
their anti-corrosive properties. These alloys tend to be expen-
sive relative to carbon or even stainless steels. One option is to
use a single SRV constructed of a relatively expensive nickel
alloy. An alternative to the single SRV approach is to use a SRV
constructed of carbon or stainless steel and to install upstream
of the valve a RD constructed of the high-nickel alloy.

When an exotic alloy is required as the construction
material when the device is exposed directly to the corrosive
process environment, using a high-alloy SRV alone typical-
ly is more expensive than using a high-alloy RD upstream
of a SRV constructed of more conventional materials. In
this case, the decision to use the high-alloy RD in combina-
tion with the SRV constructed of conventional materials is
driven by its lower cost relative to the use of the single SRV
constructed of high-alloy material.

This approach also may be beneficial for operations that
process toxic substances or in any instance for which emis-
sions (fugitive or otherwise) must be minimized. For such
an operation it is likely that pressure control and monitor-
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COMBINATION DEVICE WITH RUPTURE DISC

)

A
t /
Figure 2. This device allows plant personnel to conduct in-situ pressure
tests without having to remove and reinstall the SRV.

ing will be maximized to minimize the possibility of an
overpressure incident.

One possibility for pressure relief is a single SRV. However,
using an SRV always offers the risk that a leak, however small,
will develop either over time because of relaxation of the spring
mechanism or valve assembly or after first SRV response from
incomplete reseating. A better alternative to improve leak
tightness and reduce the possibility of emissions is to provide
pressure relief via a RD on the upstream side of the SRV. The
key factors driving this approach include the ability to mini-
mize emissions while maintaining operability at minimal cost.

This type of installation requires that the RD be a non-
fragmenting design. This prevents material release from the
disc during bursting, which may affect the downstream SRV’s
operation negatively. Also, for this approach, RDs now are
commercially available that allow in-situ SRV pressure testing
(Figure 2). This enables plant maintenance teams to satisfy the
SRV periodic pressure test requirement without the need to
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remove and reinstall the SRV for testing. The associated test
cost savings potentially are significant.

Two rupture discs in series. Using two RDs in series (one
downstream of the other) is a consideration when there may be
high pressure variability on the first RD’s exhaust side (variable
back pressure) that may affect proper operation negatively
or when preventing leaks to the downstream side is critically

DOUBLE-DISC INSTALLATION

&
&3

Figure 3. Using two rupture discs in series is suitable for installations
with variable back pressure.

important. Three configuration methods are available. They
include installing each disc in its own flanges (for low-pressure
applications), installing each disc in its own disc holder assem-
bly (each assembly then is installed between its own flanges) or
installing each disc in one “double-disc” holder (which then is
installed between flanges) (Figure 3).

Two RDs in series may be a viable option to protect
a system that is connected to an extensive header (a flare
header, for example) on the disc assembly’s exhaust side.
Such cases offer the potential for high variability in the
header pressure depending on, at a particular moment,
which other lines are exhausting to it or the state of the
flare’s operation. Variable back pressure may affect nega-
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tively, or even prevent, the proper opening (bursting) of a

single disc installation.

An RD operates on the basis of not only pressure on the
upstream side, but, more specifically, pressure differential
between the upstream and downstream side of the disc. There-
fore, if an RD’s burst pressure is “X” (let’s say 100 psig) and it
is protecting a system with a design pressure of the same “X”
(100 psig) and if the back pressure may vary from 50 to 100
psig, it may be difficult to propetly design or supply a disc that
will open when it really must.

A double disc (in series) configuration allows the
downstream disc to isolate the upstream disc from variable
back pressure. This, in turn, allows the upstream disc to be
designed and supplied for the required burst pressure at a
single defined back pressure (typically atmospheric pressure
achieved by venting the space between the discs to atmo-
sphere by means of a small hole).

The downstream disc is rated for a forward burst pressure
that is lower than the upstream disc (so that the downstream
disc bursts when the upstream disc bursts), and for a back-
ward pressure that is higher than the maximum possible back
pressure (so that it does not burst in the reverse direction). In
this situation, performance (the certainty of opening at the
required burst pressure by decoupling from exposure to the
variable back pressure) is the key factor driving the use of the
in-series, dual-disc assembly.

The double disc in series also may be used when emissions
to the downstream side are not desired. Such is the case for
substances that are particulatly toxic or have stringent emis-
sions requirements. Examples include silane compounds or
VOCs, which are regulated by the U.S. Environmental Protec-
tion Agency (EPA) or other state environmental agencies.

Using an SRV for operations processing such materials
may be undesirable because of the probability that the SRV
valve seat/opening may lose integrity over time (from spring
relaxation) and allow leaks to the downstream side. In these
circumstances, a double-disc in-series configuration may
satisfy the process’ leak and emission prevention needs. Given
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this situation, it is the better leak-tight performance aspect of
rupture discs, relative to safety relief valves, and even better
leak tightness of double discs in series that drive the preference
for this configuration.

Rupture disc downstream of; and in series with, a pressure
relief valve. This arrangement is similar to the case of an RD
upstream of, and in series with, an SRV Installing an RD
downstream of a pressure relief valve is beneficial when the
SRV must be protected or isolated from the downstream pro-
cess fluids. This may be the case when the SRV discharge from
a noncorrosive process is directed to a common header, which
also serves corrosive processes. For noncorrosive process pres-
sure relief, installing an RD fabricated from corrosion-resistant
materials downstream of an SRV fabricated from common
noncorrosion-resistant materials likely will allow cost savings
overall and preserve the SRV’s proper operating functionality.

Rupture disc in parallel with a pressure relief valve. Using
an RD in parallel with an SRV may be considered when the
combined cost of using both devices is less than the cost of us-
ing only one for all the possible overpressure scenarios or when
the additional cost of redundant pressure relief is worth the
reduced risk of asset damage and personal injury.

Each device may be installed on separate equipment
nozzles or on branches from the same nozzle. In the first
approach, one device can be sized for a particular set of
relief scenarios and related relief capacity (and device diam-
eter); the other device can be sized for another set of relief
scenarios and related relief capacity (and device diameter).
This arrangement may be desirable when, for example, the
pressure relief device sized for the most probable pressure
relief scenarios is smaller (and lower cost) than the pressure
relief device sized for all of the possible scenarios.

A specific example is overpressure protection of shop-
fabricated, high-pressure, cryogenic liquid storage tanks.
These tanks typically are vacuum-jacketed to achieve low
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heat transfer to the environment. The potential overpres-

sure scenarios include loss of control of the pressure build
circuit (which drives the discharge of liquid from the tank)
and vacuum loss in the insulating space. The required relief
capacity of the former generally is lower than the required
relief capacity of the latter.

It may be economical and operationally preferable to size
an SRV for the loss of control of the pressure build circuit
scenario and to size an RD for the vacuum loss scenario,
rather than sizing a single pressure relief valve for both sce-
narios. The performance and cost of the combined devices
in parallel are the factors that drive its preference versus the
use of the single SRV.

Two rupture discs in parallel. This arrangement may be
worthwhile to consider when overpressure relief requires high
reliability and when the likely frequency of overpressure is low,
or simply when high pressure relief area is required. Either
arrangement may cost less than an installation consisting of an

RD and SRV in parallel.

EVALUATE NEEDS AND BENEFITS

Pressure control methods and overpressure protection are

key considerations in the process industries. Their successful
implementation minimizes risk of asset damage and personal
injury. RDs are non-reclosing pressure relief devices and are an
important option to consider as a means of overpressure relief.
They may be installed in several different arrangements either
alone, in combination with another RD or in combination
with a SRV. Each arrangement option offers desirable perfor-
mance or cost for certain operating scenarios.

PAUL J. YANISKO is USA business development manager for REMBE
Inc. He can be reached at paul.yanisko@rembe.us. DR.-ING. STEFAN H.
RUSENBERG is team leader, technical sales, process safety for REMBE

GmbH. He can be reached at stefan.ruesenberg@rembe.de.
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eHandbooks You +
Check out our vast library of past eHandbooks that offer a wealth of Tube
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information on a single topic, aimed at providing best practices, key

trends, developments and successful applications to help make your
facilities as efficient, safe, environmentally friendly and economically
competitive as possible.

Upcoming and
On Demand Webinars

Tap into expert knowledge. Chemical Processing editors and industry ex-
perts delve into hot topics challenging the chemical processing industry
today while providing insights and practical guidance. Each of these
free webinars feature a live Q&A session and lasts 60 minutes.

White Papers

Check out our library of white papers covering myriad topics and offer-
ing valuable insight into products and solutions important to chemical
processing professionals. From automation to fluid handling, separa-
tions technologies and utilities, this white paper library has it all.

Minute Clinic

Chemical Processing’s Minute Clinic podcast series is designed to tackle K WANT TO WRITE
one critical issue at a time — giving you hard-hitting information in - A CAPTION?
just minutes. CLICK HERE!

ASk the Experts Visit the lighter side, featuring drawings

Have a question on a technical issue that needs to be addressed? Visit by award-winning cartoonist Jerry King.
our Ask the Experts forum. Covering topics from combustion to steam Click on an image and you will arrive at
systems, our roster of leading subject matter experts, as well as other a page with the winning caption and all
forum members, can help you tackle plant issues. submissions for that particular cartoon.
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