Originally appeared in:
November 2011, pgs 59-66.
Used with permission.

HYDROCARBON
PROCESSING

SPECIALREPORT

ood engineering practices (API STD 520 and ASME

B&PV Code Section VIII) have long specified/required

that inlet piping pressure drop from the vessel to the
safety relief device should be limited to no greater than 3%
of the safety relief valve’s set pressure. Many companies have
taken a more lenient approach to the inlet pressure loss limits;
consequently, many installations do not meet the 3% design
guideline, as the prevailing company logic assumed that existing
installations were “safe” as long as the inlet losses were less than
the safety relief device’s blowdown with some built-in safety

margin. Up until recent fines by OSHA, there have been no%

hard and clear industry requirements or penalties for comp

to adhere to the 3% inlet pressure loss rule. However, ©$
recently rejected this argument and has now begun leyyi es
against companies violating this 3% rule. In an Ap etter
to the API STD 520 Committee, OSHA stated t‘hs'%her inlet
losses may be considered acceptable if safety r@e stability
could be assured with an engineering analysis:

This monumental shift has added s financial conse-
quences for violations of this rule, ma pliance no longer
an academic argument. This articlﬁ:ﬁ‘7 il'a procedure to assist
facilities to ensure that existi evices with inlet losses
greater than 3% are properly ed and will not chatter. It is
not the goal of this article to corfirm the criteria for an instal-
lation to chatter, but instead to give engineering guidance as to
which installations are acceptable as they are not expected to
chatter. To ensure that this methodology actually solves prob-
lems associated with real installations, an entire refinery was
subjected to the methodology, and it was found that over half of
the installations that have inlet pressure losses greater than 3%
are acceptable as is and are not expected to chatter.

Based on a review of literature, the design requirement of
“limit the inlet losses to 3%” has been taken as a rule to design
safety relief device inlet piping for two primary reasons:!> 1°

1. Ensure that the pressure in the vessel will not increase
beyond what is allowed by pressure vessel codes

2. Ensure that the valve will operate stably and will not
chatter or flutter.

The first concern associated with high inlet pressure losses
is elevated vessel pressures beyond the allowable limit, which is
110% for ASME Section VIII vessels with a single relief device.!®
This concern is not expected to result in loss of containment
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from relief device fal@% in most cases, is simple to solve
by setting the relief valve"opening pressure low enough such
that any accu in pressure due to excessive inlet line
losses does no:@ in the vessel pressure increasing above the
largest pressure allowed by the applicable vessel construction
code. Hdw the second concern is related to the opening of
a reljefldevieé from a closed position transitioning into a stable
operaticte without the system damaging itself from chatter. The
s¢ concern is the more complicated to solve and critical to
e overall facility safety.

The inlet piping for safety relief devices has been required to
be designed to limit inlet losses to less than 3% per API STD
520 and ASME B&PV Code Section VIII. Many engineers in
operating companies that use safety relief devices have taken a
more liberal approach to the inlet pressure loss limits for exist-
ing facilities. Some companies allow for as much as 5% to 7%
inlet losses prior to requiring facility changes based on the argu-
ment that the valves will perform as designed without chatter
with inlet losses less than the relief device blowdown.!® Up
until recent fines by OSHA, there have been no hard and clear
industry requirements or regulatory nudges to adhere to the 3%
inlet pressure loss rule. So, logic went that existing installations
were safe as the inlet losses were less than the safety relief devices’
blowdown. However, OSHA rejected this argument and levied
a ~$7 million fine against BP.!? In this fine, OSHA rejected
the argument that the valve would operate safely if the instal-
lation has inlet losses greater than 3% without a corresponding
engineering analysis that shows the installation will not chatter.
It should be noted that according to the BP press release, this
citation is being fought in the US courts (outcome unknown at
press time).!®

Thus, the determination of “if inlet piping pressure losses
that are greater than 3% are acceptable” is no longer an academic
argument, but one that has caught the attention of engineers
and plant management. Industry needs a cost effective way to
confirm that existing installations that have inlet pressure losses
in excess 3% are acceptable. This article is meant to detail a pro-
cedure to assist facilities in ensuring that existing relief devices
with inlet losses greater than 3% are acceptable. It was not the
goal of this article to confirm the criteria for an installation to
chatter, but to give guidance as to which installations are accept-
able and will not chatter. High inlet pressure losses may also
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result in relief device capacity reduction, which is also outside
the scope of this article.

Cost to industry. Based on industry statistics, between 5% and
10% of existing relief device installations have piping configura-
tions such that the inlet line pressure losses are greater than 3%.
To ensure that the methods presented are not just academic, but
actually can reduce the costs associated with changes to inlet pip-
ing, an entire mid-sized US-based refinery was reviewed using the
presented methodology. The value of these methods to industry is
that this analysis allows a facility to focus modifications on installa-
tions that may chatter, not just those with high inlet pressure losses.

Fig. 1 shows the inlet pressure loss percentages for relief devices
for a refinery located in Texas. The calculations for determining if
chattering is possible based on the listed methodology were per-
formed in software developed by the authors for this refinery.

At the facility, there were approximately 550 relief devices
installed in the process units, of which 64 relief devices were iden-
tified as having inlet line losses greater than 3% (-12% of the
total). Of these relief devices, 34 were not expected to chatter,
based on known mechanisms that cause chatter. This methodology
eliminates the need to review (or modify) ~50% of the relief devices
with inlet pressure losses greater than 3% and allows the manage-
ment team to focus its efforts on the remaining valves as potential
concerns which may chatter.

Since the use of the presented methodology reduced the number
of installations that needed further review or piping modifications
from 64 to 30 (representing a reduction in potentially unaccept-
able relief devices from 12% to 6%), this allows an owner/operator

pressure at the inlet of the relief device drops below its blowdown
pressure (which may be changed based on backpressure), the valve
closes. Thus, if a relief device that has been sized and installed
properly is needed, it will “pop” open at its set pressure, allow fluid
to leave the system, and either depressure the system or keep the
pressure from rising above the design limits. It will close when the
overpressure event is finished. If the required capacity is nominally
more than 60% of the relief device rated capacity (see discussion
on h/h,,, below), the pressure will increase as the PSV slowly
opens to the specified pressure. If the required relief rate to prevent
overpressure is less than ~-25% of the valve’s rated capacity, the
equipment protected by the safety valve will depressure the system
until it closes, at which point the system will begin to pressure up
again, and the cycle will be repeated (this is examined more closely
later in the article).

While the previous discussion does not introduce any new con-
cepts to industry, the basic operﬂon of the safety relief device is the

basis for this discussion on d@?ive chattering. High frequency
(destructive) chatter can best beldefined as the rapid cycling (> 1
hz) of a relief device open osed which may lead to the loss of
containment of a sysfem through a mechanical failure in the relief
valve or inlet/ou %ﬁyng or by the friction welding of the relief
device (either o closed).

Two rel phenomena are flutter, the cycling of a valve open

and clo &ut the seat contacting the disk, and short cycling,
the ctive opening and closing of a relief device (at a fre-
queney <7 hz), both of which may result in damage to the safety
re ve internals but not expected to result in a loss of contain-

ent. Thus, flutter and short cycling are not considered significant

A
to focus time and capital on high risk relief devices. Assuming ar@&ety hazards, and facility modifications should be focused on
£

average cost of $20,000 to re-pipe the inlet lines for these
devices, this analysis could save this refinery nearly $700,0
review and application of this methodology to this reﬁ&
that sorting relief devices into ‘those that will not chatyer”
that may chatter” and focusing time and effort on
that may chatter is a strategy that presents a r savings for
operating facilities that use safety relief devices ave inlet pres-

sure losses greater than 3% of the set prf%T e alternative of

S
those
devices

doing nothing is even more costly.!?

Spring operated relief d
vessel is below the set pressure elief device, the spring holds
the valve closed. When the pressufe in the vessel approaches the
set pressure of the relief device, the relief valve opens. When the

hen the pressure in the

Example refinery summary of PSV
inlet pressure loss

Vapor valves with
inlet losses > 3%
11%

Valves with
inlet losses < 3%
88%

Liquid valves with
inlet losses > 3%
1%

PSV inlet pressure loss summary for the example refinery
in Texas.

mitigating the risk associated with high frequency chatter. Based on
discussions with various valve manufacturers, when the frequency of
the relief device chatter exceeds ~1 hz, the potential for destructive
chatter is greatly increased.

Known causes of chatter. Chatter is caused by the rapid
fluctuation of pressure beneath the relief device disk. Thus, with the
absence of all the known causes of high frequency chatter, destruc-
tive valve operation is not expected and the inlet piping does not
need to be modified. Some examples:

* Excessively long inlet lines

* Excessive inlet pressure losses

¢ Frequency matching/harmonics

* Oversized relief devices

* Improper installation.

Once an engineer analyzes and eliminates each of these poten-
tial issues for a safety relief device installation, the system can be
designated as one that is not expected to chatter and does not need
further modifications to the installation to improve the facility’s
safety. For most of these system characteristics, there are differences
between the analysis for liquid filled systems and for vapor filled
systems. Therefore, most sections on known causes of chatter have
a sub-section for each fluid type that specifies details of how to
analyze each criterion for that fluid case. The term vapor is used to
describe systems that contain either vapors or gases.

In 1983, research was published31 that listed the minimum
blowdown pressure required for stable valve operation with vari-
ous inlet piping configurations. The required blowdown for stable
operation ranged from 3.5% to 8.4% of the safety valve set pressure.
The methodology in this article was used to analyze these instal-
lations and in each case predicted the potential for chatter. Since
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the blowdown for these valves was experimentally determined to
be the minimum possible for which chattering would not occur,
any simplified method to rule out the possibility of chatter, that is
conservative, would be expected to predict that these valves could
chatter. In addition, the analysis has predicted chatter could occur
in five other installations known to have chattered.

Two phase fluid. The primary cause of chatter is based on the
flow of pressure waves through the fluid on the inlet of the piping
and the subsequent interaction on the relief device.® % 3132 Based
on fluid dynamic work in two-phase flow, systems that are mostly
liquid that contain dispersed bubbles have pressure wave flow pat-
terns similar to pure liquids (albeit the vapor significantly reduces
the speed of sound in the liquid). Similarly, vapors that contain
dispersed liquid droplets have pressure wave flow patterns similar
to the vapors. The inability to predict how pressure waves move
through a two-phase fluid occurs when the phases slip to the point
that the dispersed bubbles or droplets merge and combine.?! Thus,
for the analysis of PRV chattering, any installation that could result
in the formation of slug flow cannot be designated as stable and
chatter free.

Flow in horizontal piping that is “dispersed,” “bubble” or “froth”
should remain mostly homogeneous and not result in slugging or
other transients. Eq. 1 below is derived from Mr. Baker’s?® flow
pattern regimes figure and corresponding equations to ensure stable
two-phase flow:

d'zo-lpl (1)

Stable flow in vertical piping falls into the “bubble flow” regime
for mostly liquid cases with 1nterspersed vapors. For primarily vapor

Qggr
flow with entrained liquid, the “heavy phase dispersed” reglm@

in vertical piping sections is stable flow. Therefore, the follo
criteria should be satisfied:?°
Mostly liquid (bubble), vertical piping section(s) 4&@
Vi o067 g2
o P4 J§Q§>v
P 57x Q:;D
Mostly vapor (heavy phase dispersed) %afp?iping section(s)
Vi o067 e %
At &@ ¥
P, 3.5x S

Any two-phase flow that may%evelop unstable flow regimes
(slug flow or plug flow) or is unstable (like transitioning from
supercritical dense phase to liquid) is inherently unstable. The insta-
bility of the flow regime makes it difficult to predict with certainty
the stability of the relief device, and such installations should be
subject to additional engineering analysis or piping modifications.

9,

Excessively long inlet lines. When a valve opens, a vacuum
forms: in the physical space beneath the disk. If the pressure wave
does not travel from the seat of the disk to the pressure source and
is reflected back to the disk inlet prior to the relief valve beginning
to close, the disk may not be supported by the returning pressure
wave and close. Once closed, the pressure will cause the safety relief
device disc to open creating a cycle that has been shown to cause
high frequency and destructive chatter.®
2L

0> 2L (4)

If Eq. 4 is satisfied, the time it takes to open the relief device is

greater than the time it takes for the pressure wave to travel to the
source of pressure, get reflected and return. Once the disk starts to
close, the returning pressure wave may not provide enough force on
the disk to change direction and lift it again. Therefore, the open-
ing time was used for the relief device and not the cycle frequency.
According to Dresser, steam valves open between 35 milliseconds
and 55 milliseconds.” When the UK Health and Safety Executive
(HSE) tested relief devices, they found that in the case of a very high
overpressure, 2H3 and 3K4 relief devices could open in as little as
5 milliseconds.* > Kruisbrink found that relief devices open in an
average of 25 milliseconds.® The following correlation, Eq. 5, was
developed based on the 1982 ERPI test data and was verified to
2 sy,

satisfactorily predict the opening times.’
0.7
[ A ] 5)
( / ATM )2/3 (1 - R‘]’I‘M /P; )2 })max

The term h/h,,, represents the fraction of total travel when
relief devices open. Several researchers have indicated that the initial
valve lift varies greatly and can ra@ge from between 40% and 100%
of their full life.4 % ° Wh rehef devices are not suddenly
subjected to severe overp su §in the HSE testmg, %), the use
of 60% to 70% 1n1t1a]¢£a; the purposes of calculatmg Copens 18
reasonable and in line with the API guidelines.?8

apen

~[0015+002

Compressml@ds (vapors). A critical design criterion in
determlnln@hat a relief device will not chatter is the time it takes
for the ave to travel to the pressure source and back to
the s fdev1ce 69 Due to the nature of compressible fluids,
%?Ecovery of pressure due to the expansion of the gas in the
hus, an initial estimate of the maximum acceptable length

the inlet piping can be determined as follows (for a perfect gas):

=223 / kT 6)
MW

Eq. 6 was obtained from API STD 52127 to calculate the speed
of sound in a perfect gas. Thus, if the pressure disturbance can travel
to the pressure source and back prior to the disk starting to close,
then chattering from this phenomenon is not expected. This equa-
tion was obtained by substituting Eq. 6 into Eq. 4 for the speed of
sound and solving for length.

kT

PN MW

Additionally, Fromman has suggested a pressure surge criterion
that establishes a maximum inlet line length based on the magni-
tude of the expansion wave, taking into account the decay in the
wave as it travels from the disk to the vessel and is then reflected
back to the disk.® The allowable pressure change in the expansion
wave is specified as follows:

P—-Pr t
s rc P—P 4 (8)
P ]( 5 B>2t

L<111.5¢ 7)

APy <

s w

Eq. 9 is obtained using the Joukowski equation (Eq. 8) for the
expansion wave (APjx), substituting L/c for t,, and solving for the
maximum allowable inlet line length.

2

1, < 45,390 % [MJ(R )1, o)
Woo0 s

For cases where the inlet piping is the same diameter as the

inlet relief device nozzle, the results of the correlation proposed by

Frommann (Eq. 8 and Eq. 9) are very similar to the straight wave
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correlation (Eq. 4 and Eq. 7), and it is suggested that both criteria
be satisfied. For installations where the diameter of the inlet pip-
ing is greater than the diameter of the relief device, the Frommann
equation. indicates that longer inlet lines may be acceptable than
the limitations presented in Eq. 7. However, reviewing the instal-
lation based on the criteria represented in both Eq. 7 and Eq. 9
captures the concerns about the correlation presented by Fromman.

Incompressible fluids (liquids). For liquids, the criterion is
more straightforward, as the fluid does not expand to fill the vessel.
Thus, as soon as sufficient material is discharged to create a void
space, the pressure that is the driving force to keep the relief valve
open is removed. If there is no liquid to support the disk when the
valve starts to close, then chatter will occur due to the oscillations
in pressure. Since the speed of sound in liquids is generally quite
high, cases that do not meet these criteria can result in very high
frequency and destructive chatter. For liquids, the speed of sound
is calculated as:

C=1.09 (Ks/p)"” (10)

Thus, if the length of the inlet line meets the criteria in Eq.
11, then chattering from this phenomenon is not expected. The
following equation was obtained by substituting Eq. 10 into Eq. 4
and solving for length.

Li<0.55 t, (Ks/p)™ (11)

The speed of sound in two phase mixtures is lower than that of
a pure liquid.?! As Eq. 4 shows, the maximum length of the inlet
line decreases with a decrease in sonic velocity. Thus, for two phase

flow the designer must determine what phase behavior is the bes%&

indicator of performance and evaluate accordingly.

Excessive inlet pressure losses. In the curren @ds
(both ASME and API) the direction for relief device i tion is
to the inlet frictional pressure losses to no greater/tham3% of the
set pressure. 1> The implication is if inlet losse %fety factor
are less than the blowdown, the valve will ope tably and not
chatter. The results of research done by the Electric Power
Research Institute (ERPI) and Oak R ational Laboratory
(ORNL), indicate that frictional préss sses alone are insuffi-
cient to predict valve stability ani% lief system designer must
allow include the affects of pres aves.

Compressible fluids (vapors). Based on experimental data,
EPRI published correlations that show if the sum of the acoustic
and frictional inlet pressure losses is greater than the blowdown of

the relief device, the system may chatter.?? Eq. 12 presents a method
to estimate the acoustic pressure losses. >2

2
_ Lwpgy + 1 [wPSVL (12)

Acoustic — 12.6di2t0 IOSP fdi tO

And,

13
]?5 — D RC > AL Total — AL, Frictional +AP Accustic ( )

Eq. 13 is taken from the work by Singh?®? but simplified based on
the assumption that the initial pressure at which the valve stem lift
is reduced (prior to stable flow being established) is lower than the
reclosing pressure of the relief device. To ensure valve stability under
all modes of operation, Egs. 12 and 13 should be verified for the
initial opening conditions, at full capacity, and at closing conditions.

Incompressible fluids (liquids). ORNL published work that
shows for liquid filled systems, the sum of the wave pressure and
frictional inlet pressure losses should be less than the blowdown of

the relief device. If not, the system may chatter.??
P
AR we — ;o s o V; -V 14
e = 7 g36a 0 " VF) (14)
And,
PS - PRC > APTotzzl = APFrim'omzl + APWaue (15)

As with compressible fluids, Eq. 14 and Eq. 15 should be veri-
fied for opening, full flow and closing conditions. Based on the
analysis for an entire refinery, the inlet line length limits (Eq. 9 and
Eq. 11) and inlet pressure loss limits (when acoustical and wave
pressure losses are included, Eq. 13 and Eq. 15) tend to predict
similar maximum inlet line lengths.

Frequency matchinglhﬂ%nics. Based on a review of the
literature, there are two prim enomena that cause vibrations
in relief device inlets asso 9gglwith harmonics:

* Standing wavés—resSnance caused by the combination of
waves such that %ﬂscted waves interfere constructively with
the incident wander these conditions, the medium appears
to vibrate anbthe fact that these vibrations are made up of traveling
waves is

@Q@

rent. This phenomenon is caused by a high veloc-

Concerns resolved Concerns remaining
by methodology 47%
53%

PSV installation concerns are resolved.

ity fluid passing over the inlet to the relief device.

* Matching relief device natural frequency—A cavity tends
to exhibit a single resonant frequency. This is caused if a pressure
wave pushes fluid into the volume and then is released; the excess
pressure will drive the fluid out. The momentum of the fluid flow
out of the vessel will result in excess fluid being pushed out and
produce a slight decrease of pressure in the cavity. Fluid will tend
to fill the vessel; the cycle will repeat and oscillate at the natural
frequency of the container.?

Standing waves. Flow induced vibration becomes a problem
when the fluid velocity passing by a relief device inlet nozzle is high
enough to create standing waves caused by vortex shedding. Based
on research done in the power plant industry'? the following cor-
relation has been used to predict failures in steam service:

d;c

L <—— 16
24U (16
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Thus, to avoid relief device chattering problems associated with
standing waves from vortex shedding, the length of the inlet line
should be limited to meet the criteria in Eq. 16.!° Note that these
equations are valid for other vapor systems, as well as steam.

Helmholtz resonators and cavity resonance. Sallet has
implied that chatter due to harmonics caused by the release from
a pressure relief device is caused by cavity resonance.>* For this
phenomenon to occur, the natural frequency of a piping system
would have to match the natural frequency of a relief device, and a
constant flow would have to occur as the pressure oscillations in the
system build. Per the Consolidated catalog, matching the natural
frequency of the piping system and relief device would result in
the premature opening of the relief device and not in destructive
chatter.?® For destructive chatter to occur due to cavity resonance,
the relief device would need to cycle at a frequency almost exactly
equal to the resonance frequency of the system and stabilize at that
cyclic frequency.?® Since the cyclic rate of the relief device is a func-
tion of the valve lift (required relief rate) and the system frequency
is a function of the material being relieved and the system piping,
the authors have concluded that the phenomenon of destructive
resonance is unlikely to occur and difficult to predict in advance
for systems with varying materials and flows.

Oversized relief valves. Safety relief devices close at approxi-
mately 25% of their rated capacity.?? 2 Therefore, if a relief device
is oversized, the system will be more prone to chattering. This is
because there is not enough fluid flowing through the relief device,
and the combination of the momentum and pressure forces are
insufficient to hold the valve disc open. Once the valve closes, the
pressure can build quickly (depending on the system) and re-open

And,

WPSV > 4\X/Required (1 8)

A further conservatism built into Eq. 17 is that a safety relief
valve typically only “pops” open to ~60% of the full lift. Therefore,
the safety relief device’s capacity at the valve’s set pressure is signifi-
cantly lower than the rated capacity which will tend to increase the
time it takes to depressure a system. After reviewing the industrial
relief systems that are known to have chattered and the installations
used in the literature, the most prevalent instances of chatter caused
by oversized safety relief valves in compressible service seem to be
in academia and not industry.

Incompressible fluids (liquids). For liquids, this criterion
is more critical than for vapor systems as the incompressible fluid
does not expand to fill the vessel. Thus, if there is not enough liquid
flow to keep the safety relief valve open, it will close. Based on the
published limits in API STD 521, the safety relief valve is expected
to close with a flow rate of 25% or less. While these phenomena
usually results in short cyclingZnd not chatter, to eliminate the
possibility of chattering, E hould be satisfied for a liquid
safety relief valves.

Relief valves with ligu s or safety relief valves with very
small relief loads araﬁ% wn to chatter. Liquid trim relief valves
are designed to %oportionally to the flow rate and operate
more stably in li ervice.?> Per conversations with relief device
manufactuzég§a ety relief valves with very small loads (2-5% of
the cap not fully lift the relief device, and thus short cycle,

and r@ﬂ}?b pected to chatter.
<L

per installation. If the valve is improperly installed,

|
the valve. Thus oversized relief devices create a cyclic opening/clos- éggg:re is no way to confirm that the relief device will not chatter.

ing chatter prone cycle.

Compressible fluids (vapors). Once a valve is open

ing an installation in line with good engineering practiceg\)ﬁ ¢ flow
through the relief valve is dependent only on the reliefvalve disc
position (which generally determines the orifice aréd.and, capacity)
and the inlet and outlet pressures (the driving e amount

the relief valve is open is determined by the inlet utlet pressure
for the valve. Although the required relie %etermines whether
the vessel pressure will increase or de nce the relief valve
opens, the flow through the relief valv ased only on the inlet
and outlet pressures and not th % relief rate nor the rated
capacity of the valve. If the req{%% relief rate is greater than the
actual flow rate through the valvé] for the given inlet and outlet
pressures, the vessel pressure will increase. If the required relief rate
is less than the actual flow rate, for the given inlet and outlet pres-
sures, the vessel pressure will decrease. However, the rate at which
the inlet pressure will increase or decrease is based on a mass bal-
ance that takes into consideration the accumulation of mass in the
system along with the volume of the inlet system. All other variables
being equal, a larger inlet system will pressure or depressure more
slowly than a smaller system. Therefore, the only way that a vapor
relief valve can have high frequency chatter from being oversized,
is for the system to de-inventory and depressure to the valve’s clos-
ing pressure and then re-pressure to the valve’s opening pressure in
the specified high frequency cycle time, 1 second or less. Thus, the
following two conditions are required for high frequency chatter
to be a potential for a vapor filled system assuming a safety factor
0f 500% (specifying the system cycling time as five seconds instead
of one second):

Wpsy < 0.20- VSy:tem (pSet ~ PShur ) + wrequired (17)

e following installation guidelines are based on experience and

; code requirements. This section does not separate vapor from
sy

liquid installations, as improper installations are not dependent
on valve service.

Inlet restriction—if the minimal inlet line flow area is less
than the sum of the area of the inlet nozzles, the installation
may chatter. This is also a violation of UG-135(b)(1) in ASME
B&PVC Sec. VIII.

Outlet restriction(s)—if the minimal outlet line area is less than
the area of the sum of the outlet nozzles of the valves, the installa-
tion may chatter. In addition to this not being generally considered
acceptable per industry recognized and generally accepted good
engineering practices, the cases listed above under excessive back-
pressure document instances where restrictions in the outlet lines
near the discharge flange result in relief device instability.

Backpressure—installations that result in backpressure
greater than the limits specified by the valve manufacturers may
result in chatter. For cases where the backpressure exceeds the
valve manufacturer’s limits, the increased backpressure has been
shown to either increase the likelihood of chatter or the vessel
pressure.> % 12:23:25 The installation of bellows relief devices was
explicitly shown to increase the stability of the installation for
the given backpressure.!? 23

Plugged bellows vent(s)—Based on the information in the
methodology section of the DIERS Safety Valve Stability and Test
Results, > tests were performed to assess the capacity and stability of a
relief device with and without balanced bellows installed. The safety
valve tests that were performed with bellows installed had the bon-
net plugged. The DIERS study found that bellows valves, with the
bonnet plugged, have a higher likelihood of chatter when compared
to conventional relief valves. Furthermore, the DIERS study found
that when the valve disc vibrations occurred (with a bellows valve
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with a plugged bonnet vent), the vibrations were more severe, having
a higher peak-to-peak amplitude than a conventional relief device.

The authors of the DIERS study stated that they re-ran a few
tests without the bellows plugged, and it did not affect the test
results. Since the authors of the DIERS study are not clear as to
what tests or how many were rerun or what results that were not
affected are, and other authors have indicated that bellows relief
devices increase the stability of relief devices, > 12325 it is believed
that the incorrect use of the relief valves, e.g. plugging the bel-
lows vent, is what led to the increased instability. It is summarized
that the DIERS finding of a decrease in relief device stability and
increase amplitude of vibrations is due to plugging the bonnet vent,
not on the installation of the bellows. A recent incident of loss
of containment due to relief device chatter that involved topped
crude with a liquid trimmed relief device that had the bellows vent
plugged further supports this conclusions.

Pocketed/liquid filled discharge piping—If the discharge of a
safety relief device is pocketed or is normally filled with liquid, such
that the outlet bowl of the device is filled with liquid, the potential
for chatter increases. A specific relief device must be used to provide
overpressure protection or the installation may chatter (or disinte-
grate) when the valve opens and tries to accelerate a stagnant liquid.

Safety valves designed to operate with liquid in the outlet cham-
ber (e.g. on a pump discharge) have been documented to chatter
destructively when the fluid heats to near the vapor pressure of the
pumped fluid.

Waterhammer style chatter—Waterhammer arises from the
pressure waves generated from velocity changes in liquid flow in

NOTATIONS
c = speed of sound (ft/s)

d = diameter (in)

h = valve lift (in)

k = isentropic expansion factor (GC,/C, for an ideal gas, dimensionless)
k, = the isentropic bulk modulus of elasticity (psi)

k. = spring constant (Ib/s)

L = length (ft)

m = mass (Ib)

MW = relative molecular weight of the fluid (dimensionless)
t = time (s)

T = temperature (°R)

U = Process fluid velocity as it passes the PSV nozzle (ft/s)

x = mass vapor fractions (dimensionless)

w = mass flow rate (Ib/s)

GREEK LETTERS

p = fluid density (Ib/ft)
p = fluid viscosity (cP)
o = surface tension (dynes/cm) 4&

s-ﬁ@zm
ATM = atmospheric »
b = backpressure on re?f'@
i=inlet
jk = Joukowski p, %ses
| = liquid
max = ma)%um
0 = ope &%
flange

PSV'@%
I eclosing pressure

="rolicFdevice set pressure
por

response to valve closure. The impact of waterhammer on chatter 4& %0 = Flow rate at the valves percent open

due to inlet piping configuration is addressed in the section orf

excessive inlet pressure losses. All other instances of waterhanz%

are outside the scope of this article.

Multi device installations—It has been shown dl&t@:é} a
system has multiple relief devices installed that staggering,the set
pressure of the relief devices reduces the tendency@%ter.25

While no listed source could be found to }i rizontally
mounted relief device to chatter, it is a poor pr and any sec-
tion on proper relief device installation be remiss without

this warning.

Orientation. With careful ¢ ion of inlet line lengths,
harmonics, relief device sizing a specifics of each installation,
an engineer can be certain that an ifiStallation will not chatter. Based
on the large number of relief device installations existing in industry
that have inlet pressure losses greater than 3%, this methodology
can help responsible engineers focus corporate resources appropri-
ately. In the sample refinery reviewed, half of the installations with
inlet pressure losses greater than 3% were found to not chatter and
are acceptable as-is. This methodology does not predict that valves
will chatter, so installations that fail to meet all the listed criteria
could either further studied or physically modified. When the
methodology was checked against instances that were known to
chatter, it always predicted chatter was possible. HP
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