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We can conclude the following based on the reasoning presented in this paper 

 Chatter is most likely in vapor service - Damage will most likely be due to large 
mechanical forces caused by the rapid valve closure and/or by PRV reduced flow 
capacity due to PRV damage. This is especially true for large valves and/or for 
valves in high pressure service 

 Chatter is least likely in flashing two-phase* flow service and/or in liquid service 

 Flutter will almost always occur in liquid service with fast opening or pop action 
valves 

 Cycling is most likely to occur in flashing two-phase flow service 

 Piping damage is most likely in liquid service due to the large magnitude of the water 
hammer pressure waves propagated upstream during rapid valve closure (full or 
partial), i.e. during chatter or during flutter 

 The 3 % inlet pressure is not sufficient to guarantee PRV stability. Stability may need 
to be assessed and confirmed for all credible scenarios and not necessarily just the 
one with the highest required flow rate 
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All models have limitations, 
some models are more useful 

than others 
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The design and evaluation of relief systems is highly constrained 

 The relief system should prevent the failure of the vessel due to overpressure or 
underpressure 

 Damage to vessel, piping, and valve can be prevented by design 

 Fluid reaction forces, steady and dynamic loading 

 Vibration risk, especially to discharge piping 

 Fatigue failure caused by PRV chatter to valve, piping, and piping components 

 Large pressure fluctuations caused by acoustic resonance 

 Vortex shedding (singing relief valve problem) for some specific installations 

 If we can address all the above requirements, we also need to properly handle and  
treat the effluent 

 Finally we need to properly document the design and keep the documentation up to 
date and easily accessible 
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Typical causes of chatter include 

 Excessive inlet pressure loss 

 Excessive backpressure 

 Oversized valve 

 Bad installation 
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To determine if a “relief system” will operate in a stable manner (chatter and flutter 
free) we need to consider important system time constants and how they interact 

 Valve time constant 

How fast does a pressure relief device close and open? 

 Vessel or pressure source time constant 

How fast does a vessel de-pressure and re-pressure after a pressure relief 
device opens and re-seats? 

 Inlet line time constant 

How long does it take for a pressure wave to propagate upstream from a 
pressure relief device to the pressure source and back? 

 Outlet line time constant 

 Acoustic barriers may be established due to “body bowl choking” 

Note that acoustic barriers, such as the presence of control valves, change in 
diameter, etc. can cause standing waves that can lead to acoustic coupling or 
resonance with relief systems components 
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How can we simply establish if PRV stability is an issue for a specific installation? 

 It has been shown that very long inlet lines will result in stable PRV operation 

 It has been shown that a PRV will go through a short period of instability during 
closing and by inference during opening as the valve gets to full lift 

 During valve closing, if the inlet line is short enough, the returning compression wave 
can keep the valve open 

 It is expected that the coefficient of restitution and sticktion force can change the 
calculated valve response 

 A slower valve may be better 

 Low flow rates cause less damping for the relief system and are more problematic 

 Resonance amplification factors can be very large, 50 to 100 times 

 Stable PRV installations are required/implied by ASME and API 
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The 3 % inlet pressure loss rule is not sufficient to guarantee PRV stability 

More is needed to confirm a stable installation… 

 The inlet line/fluid fundamental frequency should be sufficiently decoupled from 
the valve frequency to prevent resonance/harmonics 

 The total pressure drop, wave and frictional, should be less than the valve 
blowdown 

 The valve blowdown should be carefully established and verified 

 Reduced flow rates due to excessive pressure drop must still provide sufficient relief 
capacity 

 The impact of longer relief durations on dispersion, fire, and explosion risk needs to 
be evaluated 

 The analysis in this presentation is restricted to inlet pressure loss at constant 
conditions. Dynamics need to be considered as source pressure increases from Pset 
to full open pressure (see earlier presentations on dynamics). 
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First, some key assumptions… 

 Fast opening and/or pop action valve 

 PRV opening time can be different from closing time 

Mass flow rate is at stable open position – 10 % overpressure for example 

Mass flow rate varies linearly with time 

Mass flow rate during PRV closing is 80 % of mass flow rate during opening 

 Largest upstream pressure fluctuations occur during valve opening or closure 

 Rigid piping supports, i.e. piping supports do not influence speed of sound 

 Backpressure is within normal limits, i.e. does not influence stability 

 Valve blowdown is known or can be verified 
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How does one estimate the valve opening and closing times? 

 Typically ranges from 25 to 50 milliseconds 

 Get it from the manufacturer 

 Get total valve weight from manufacturer catalogue and then estimate the disk and 
spring mass in motion using simple equations 

 Calculate valve ideal opening / closing time 

 Use computational PRV test bench to simulate opening and closing of PRV 

 SuperChems 

 API/PERF model 

 ? 

 Literature correlations 
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Estimate the weight in motion of PRV spring/disk system 
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[ ]
disk mass + spring mass / 3
1.8 0.022

 yields m in lbs
100

W = PRV body weight with 150 psi flange in lbs

m
W W

=

+ × ×
≈

Source: M. A. Grolmes, “DIERS Odds and Ends – PRV Stability”, Parts 1 through 5, Multiple DIERS Users Group Meetings 
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Establish the PRV spring constant 
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max max

2
set API

1.1  yields k in force/length

One can also use the equation proposed by Grolmes

5.15   yields k in lbf/in, P  in psig, A  in in

opend set n set d

n set

set API

PA P A P Ak
A P X X

k P A

   
≈ ≈   

   

≈

Note: 
 
Spring constant varies linearly with axial distance and does not change with 
temperature. Gravity force ignored. 
  
Ad  =  Disk area 
An  =  Nozzle area 
Popen  =  PRV full open pressure, 1.1xPset 
Xmax = Maximum lift 

Source: M. A. Grolmes, “DIERS Odds and Ends – PRV Stability”, Parts 1 through 5, Multiple DIERS Users Group Meetings 
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Approximate the valve opening and closing times based on the spring  constant and 
the spring/disk mass in motion 
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Source: M. A. Grolmes, “DIERS Odds and Ends – PRV Stability”, Parts 1 through 5, Multiple DIERS Users Group Meetings 



Slide 15 

The spring constant can also be calculated for a helical spring using a more detailed 
equation 
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Free Length
Lo

Mean Diameter
D

d

Wire
Diameter

Pitch

Coil
Angle
   α

38 a

G dk
C N

=

Na is the number of active coils 

G is the modulus of torsion or rigidity 

C is the diameter modulus; C = D/d 

D is the mean diameter 

d is the coil diameter 

Source: M. A. Grolmes, “DIERS Odds and Ends – PRV Stability”, Parts 1 through 5, Multiple DIERS Users Group Meetings 
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Typical properties of materials from the literature can be used 
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Note that the valve materials properties change with temperature 
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An example – spring from Farris 26 FA 10 – 120. Pset = 180 psig 
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9

9

8

5.288

205 10  GPa
0.31
78.2 10  GPa

Spring Weight = 360 g
Other Parts in Motion Weight = 435 g
Total Weight in Motion = 435 + 360 / 3 = 555 g
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E

G
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=

= =

= ×
=

= ×
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4P6 Farris data reported by Grolmes and later analyzed by Melhem 
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Source: SuperChems v7 

4P6 Farris data reported by Grolmes and later analyzed by Melhem 
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Calculate the 4P6 spring/mass data using the simple equations outlined earlier 
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[ ]
W = 190 lb from catalogue

1.8 0.022 190 190
 =11.36 lb or 5.15 kg

100
m

+ × ×
=

2
max n

5

max

1.30,X = 0.90 in and A =7.087 in from Red Book

1.1 1.1 4.46 10 1.3 0.004572 = 127,556 N/m or 728 lbf/in
0.9 0.0254

5.15   5.15 50 6.48 655 lbf/in

d

n

set d
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A
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Calculate the 4P6 frequency using the simple spring/mass equations outlined earlier 
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The SuperChems PRV object includes two useful tools 
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Use the PRV test bench in SuperChems to calculate the opening and closing  times 
starting at a pressure of 1.1xPset 

© 2013 ioMosaic Corporation. All rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation. 

Source: SuperChems v7 



Slide 25 

Use the PRV test bench in SuperChems to calculate the opening and closing  times  
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We calculate an opening 
time of 27 milliseconds 

Source: SuperChems v7 
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Use the PRV test bench in SuperChems to calculate the opening and closing  times  
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We calculate a closing 
time of  38 milliseconds 

Source: SuperChems v7 
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Use the PRV test bench in SuperChems to confirm the valve blowdown 
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Note: 
 
Our PRV model predicts a blowdown 
of 7 % 

Source: SuperChems v7 
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When a PRV opens or closes, we need to approximate the pressure drop caused by 
the expansion / compression wave in addition to any irrecoverable pressure drop 

© 2013 ioMosaic Corporation. All rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation. 

0

2
20

2
0

2
,

2

min ,1 where  is the opening or closing time

 where 0 1
2

 where 0 1

p
wave

wave
valve

valve

wave
p P

f wave f

L
t

c

t t
t

c M MP
A A

P P

τ

τ τ τ
ρ

τ τ

=

 
=  

 

∆ = + ≤ ≤

∆ = ∆ ≤ ≤

 

Source: Singh, ASME, 1983 



Slide 29 

Use the 4P6 PRV we considered earlier in a simple relief line arrangement 

 4 inch inlet line, 1 meter long, ½ velocity head loss for entrance 

 6 inch discharge line, 5 meters long, 1 velocity head loss for exit 

 Vapor flow 

 P = 1.1xPset, T= 25 C, Methane 

 Liquid Flow 

 P = 1.1xPset, T=25 C, Water 

 Two Phase Flow 

 P = 1.1xPset, T=Saturation, Quality = 0.001, Water 
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All Vapor Flow Solution, L = 1 m 
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Source: SuperChems v7 
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All Liquid Flow Solution, L = 1 m 
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Source: SuperChems v7 



Slide 32 

Two-Phase Flow Solution, L = 1 m 
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Source: SuperChems v7 
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Let’s make the valve chatter! 

 Increase inlet line length to 5 m 
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Vapor Flow Solution, L = 5 m 
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Source: SuperChems v7 
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Liquid Flow Solution, L = 5 m 
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Source: SuperChems v7 
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Two-Phase Flow Solution, L = 5 m 
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Source: SuperChems v7 
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Let’s make the valve chatter even when we meet the 3 % rule 

 Inlet line is 5 m long 

 Increase inlet line diameter to 5 inches 
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All Vapor Solution, L = 5 m, Enlarged Inlet Pipe Diameter to 5 inches 
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Source: SuperChems v7 
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All Vapor Solution, L = 5 m, Enlarged Inlet Pipe Diameter to 6 inches 
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Source: SuperChems v7 
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The acoustic velocity estimates can be subject to uncertainties 

 This is most significant for liquids 

 Pipe flexibility can lower the value of the acoustic velocity 

 The presence of minute amounts of entrained gas in liquids can reduce the acoustic 
velocity 

 Adding a small amount of air, say 0.1 % by volume can reduce the value of the 
acoustic velocity for a liquid-air system by a factor of 1/2 
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The acoustic velocity of a traveling wave can be calculated based on the fluid 
properties and the flexibility of the piping supports 
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Let’s consider the impact of piping flexibility on acoustic velocity reduction  

© 2013, ioMosaic Corporation; all rights reserved. Do not copy or distribute without the express written permission of ioMosaic Corporation  

Material Piping Schedule K = 1/κ d/δ η 
  US GPa     
Liquid Water 5 2.19 52.2 0.799 
Liquid Water 10 2.19 35.5 0.850 
Liquid Water 40 2.19 13.4 0.934 
Liquid Water 80 2.19 11.3 0.944 
Liquid Water 160 2.19 6.47 0.967 
          
Liquid Propane 5 0.11 52.2 0.986 
Liquid Propane 10 0.11 35.5 0.991 
Liquid Propane 40 0.11 13.4 0.996 
Liquid Propane 80 0.11 11.3 0.997 
Liquid Propane 160 0.11 6.47 0.998 
          
Vapor Propane 5 6.80E-04 52.2 1.000 
Vapor Propane 10 6.80E-04 35.5 1.000 
Vapor Propane 40 6.80E-04 13.4 1.000 
Vapor Propane 80 6.80E-04 11.3 1.000 
Vapor Propane 160 6.80E-04 6.47 1.000 

Propane data at 293 K and 8.35 bara 

Piping flexibility is most 
important for liquids that are 
highly incompressible where 
thin wall piping is used 
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It is well established that small amounts of vapor can reduce the two-phase mixture 
speed of sound  
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We can conclude the following based on the reasoning presented in this paper 

 Chatter is most likely in vapor service - Damage will most likely be due to large 
mechanical forces caused by the rapid valve closure and/or by PRV reduced flow 
capacity due to PRV damage. This is especially true for large valves and/or for 
valves in high pressure service 

 Chatter is least likely in flashing two-phase* flow service and/or in liquid service 

 Flutter will almost always occur in liquid service with fast opening or pop action 
valves 

 Cycling is most likely to occur in flashing two-phase flow service 

 Piping damage is most likely in liquid service due to the large magnitude of the water 
hammer pressure waves propagated upstream during rapid valve closure (full or 
partial), i.e. during chatter or during flutter 

 The 3 % inlet pressure is not sufficient to guarantee PRV stability. Stability may need 
to be assessed and confirmed for all credible scenarios and not necessarily just the 
one with the highest required flow rate 
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It is common to install relief devices on column overhead and process lines 
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Resonance occurs when the vortex shedding frequency coincides with the acoustic 
frequency of the standpipe 
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Natural frequency of standpipe / valve combination 

02 1
4a

e

cnf
L L

− =   + 
n = 1 for 1st mode, 2 for 3rd mode, 
etc., c0 = fluid speed of sound, and 
r = radius of inlet chamfer 
Le = End correction corresponding 
to Rayleigh’s upper limit = 0.425 d 

Frequency of pressure oscillations (sound) created by vortex shedding 

( )s
St

fN d r
U

= + NSt = Strouhal Number where 0.63 >= NSt >= 0.3    

Vortex shedding creates pressure oscillations – the energy source for standing waves 
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Resonance can cause fatigue failure from cyclic loads and can cause leaking and 
chatter of the valve 
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For n = 1 
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NSt = Strouhal Number where 0.63 ≥ NSt ≥ 0.3 
Peak oscillations occur around NSt = 0.4 
RMS is the ratio of pressure oscillations divided by dynamic pressure = ½ ρ u2 

RMS begins increasing at a specific onset Strouhal Number and flow velocity 
depending on acoustic speed, pipe diameter, and pipe length, reaches a peak 
value and then decreases 

( ) ( )( )/ 0.33 0.25 /s Stf N U D n U D= ≈ −
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