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! Abstract:

! fressurereliefvolyesore importonteleftents intheoverallsofety systems of mony industries. Whileon stondby,tfiese

I ,olr* moysufferunreveoledfailuresduetodvorietyofcausesondso, requireperiodic tests and overhauls. Butthe m.aintenonce

I noticyosofnow,isnotbosedononyocceptedcodeofproctice,noristhere onypteciseorsophisticotedtechniquetotestthese

I n.lr.r. This poperinyestigdtes thefoilure chorocteristics of pressu re relief volves, evoluotes the effectiveness of bubble tests

I *or.on, ofvolvetesting ondthenpresents onewtechniqueforon-lineconditionmonltoringofthesevolves.

l
I tntroduction : - ln most circumstances, the workshop testing of pressure

J er.rrure relief valves are often used to protect process relief valves is carried out with air from compressed air

[ ,ursel, from over pressure, which can cause yield or bottles. ThesetPressureofavalveisdeterminedbyslowly

I ..t.rtrophic failure. Relief valves are safety equipment increasing the pressure until the valve just'pops' oPen;

I which can suffer unrevealed failure due to a variety of ie. it iust lifts but no more. The onset of lift is detected

I orr.r. The failure needs to be detected before there is eit'her by listening or by immersing the outlet nozzle in

I a high pressure excursion, requiring the valve to open and soaP water and recordingthe pressure which produces about
I

, lirit the pressure rise in the vessel. The maintenance twobubbles per minute. Sometimes, the outlet nozzle ls

i

i srraregy for pressure relief-valves is one of periodic tests immersed in plain water and the pressure is recorded at

I and overhauls. But it seems, there is no accepted code aboutsixty bubbles Per minute. This subjective criterion
$

I of practicetodetermineatestand overhaul interval,which of set pressure is necessary because most valves leak near

i is foundtovaryfromsixmonthstotwoyeafs. Furthermore, the set Pressure. lf the valve is found to be in the 'seized

the testing procedure is imprecise in many companies. open, or the 'seized closed' conditi on, it is overhauled
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eompleteiy and the necessary maintenanie actions are taken
before re-setting and re-testing (l).

However, workshop testing does not answerthe problem

of determining the freguency of tests and overhauls of the

valves. lt can be determined only by statistical analysis

of the failure times of the valves with due considerati on

of the environmental factors. But it has often been said

that condition monitori ng under appropriate ci rcumstances

and as part of a total maintenance strategy is preferable to
periodic preventive tests and overhauls (2). The basic

principle of all the monitori ng techniques involves a

systematic applicati on of conventional methods of fault
diagnosis. The choice of a monitoring technique and the
frequency of its application should depend upon the plant

operating experience, historical data, analysis of the equip-

ment and process conditions to judge how an item mightfail
and the time relationship offailure (3). lt should be noted

here that there are very few on-line surveillance methods
for relief valves, at Present.

2. Pressure Relief Valve Problerns :

Regarding maintenance, pressure relief valve problems

(a) fall inro two categories-(i) plant problems and (ii;
workshop problems. Generally, plant problems occur in

three ways :

(.) fail to lift on demand, thus causing over pressuring
of equipment.

(b) lift spuriously, chatter, fail to reseat, thus causing

production loss.

(.) leak so that, process material is lost.

The firsttype of problem creates very significant potential
hazard. The second and third types of problems, although

Potentially less hazardous, cause economic loss and potential
environmental pollution.

The principal causes of a pressure relief-valve lifring light
are either incorrect set pressure orthe relaxation orfailure
of the valve spri ng. The latter may arise from using the
wrong type of spri ng or spring material, or from thermal
damage to the spring by hot. fluids being released through
rfe valve.
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Failure to reseat, after reiieving upst,ream pressure may

be caused also by spring overhedting. The other causes

include deposition of solid residue on the seat or plug,
grooves in the seat, etc. lf the valve is used to perform
dirty duty, depsltion of residue is likely. Failure of the
valve to lift at the expected pressure may be caused either
by sticking ofthe spindle, valve b!ockage or by toostrong a -
spring.

ln the workshop, some relief valve problems arise in
the following ways :

( l) inadequate spri ng data-this causes incorrect
selection of the proper spring or spring material
for a particular dury.

(2) impreclse determination of lift pressure.

(3) problems in determiningthe correcr set pressure.

Figure I summarizes the major operati ng and workshop
problems associated with pressure relief valves.

3. Checking the Effectiyeness of Bubble Tests to
Determine 

. 
Set Pressure :

A simple laboratory experimenr was performed to
determine the effectiveness of bubble observation for
determining relief valve set pressure. For comparison, a

hot wi re anemometer was used to detect the fl ow of ai r
from the valve.

Figure 2. shows the experimental arrangement. A
branch line oF about 6 feet length was taken from the
compressed air main. At the end of the branch, a relief
valve was ficted. The other instruments were : a strai ner

(/) Stroiner (2) Contol volve
(3) Pressure gouge (4) Pressure reducing valve
(5) Pressure gcuge (6) Relief valve

Fig. 2. Diagram Showing the Experimental Arrongementfor
Determining Set Pressure of o Pressure Re/ief volve.

for intercepting large dirt particles, a control valve for
controlling airflow and t,hereby the Iine pressure, a pressure
gauge for measuring t,he mai n pressure, a pressure reduci ng

valve ior controlling the pressure upst,ream of the relief
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Fig. 3' PIot of .Number of Bubbleslmin vs. operoting Line pressure. The graph

shows the overoge number of bubbles that oipeored at o particulai li'ne
pressure. (Determinction of set pressure of o pressure relief votve).
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nt l prullnc geuge 3 feet upstream of the relief
llnrsrc droP between this gauge and the relief

',m ry$glble. When the anemometer was used to
lfilcr,tbc relief valve discharged to the atmos.

'10 2a 30 40 s0 60

, L,NE PRESSURE psig.

Fig. 4. PIot of Hot, wire Anemometer Reoding ys. Line Pressure. The groph s6ows the
oir flow teoding of anemometer at a particular line pressure . (Determinotion
of set pressure of a pressure relief volve\.

phere: otherwlse, the relief valve discharged vla a short
plastic hose lmmersed to a depth of I inch under water.

Figures 3 and 4 show the variatlons in the number of
bubbles appearing and the hotwlre anemometer reading
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infeet per mlnute (fpm), respect,ively, with the variation in
line pressure. For both cases, readings were taken, first
increasing the pressure and then decreasing the pressure.

It was found that flowrate was somewhat higher while
decreasing the pressure than when the pressure was being

increased. This 'hysteresis' behaviour is to be expected

for compression and relaxati on of the spring. However,

the average fl owrate at each line pressure is shown on

Figures 3 and 4, because the mai n objective of this exPeri-

ment, was to show the effectiveness of the bubble test.

From the figures, it can be seen that the detection of air
flow by the anemometer is more sensitive than counti ng

the number of bubbles ; because, in the former case, the
curve is much steeper.

4. Design of a Gauge for Monitoring the Condition
of a Relief Valve Sprlng and for Determining Set
Pressure :

ln the previous section, determination of set Pressure
of a relief valve by hotwire anemometer has been described.

The method can be applied in workshop tests and also for

4

l. BodY

2. Valve Holder
3. Valve

4. Ball

5. Spindle

6. Spring p,6tes

7. Spring

8. Adjusting screw

9. Locknut,

10. C.ap

on-line condition monitoring if the gas or vapour released
is not hazardous. Otherwise, the relief valve will be piped
int.o a vent header system and flow from the valve cannot
be measured easily. To overcome this problem, a gauge

has been designed to determine t,he set pressure and the
spring condition, both on-line and off-line. The main

consideration in the design was that the gauge would not
disturb the setting of the relief valve, nor would it oPen

the valve under test.

The gauge has been designed for a particular type .of

pressure relief valve, the schematic diagram of which is

given in Figure 5. lt was thought that fitting the gauge

between the lower spring plate and the valve would serve

the purpose well. Figure 6 shows the schematic diagrams

of the gauge with relevant dimensions on the drawi ngs.

(o) UPPer Channel :

- Steel Plate; x 7/8" x 1/B"
in dia 1/16"
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(b) Lower plote :

-Steel P|ate : Dirnensions-3" x23132" x3lI6'
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(c) Joined view of the gauge

Fig. 5. Schemotic diagrom af o pressure relief volve for Fig. 6. Design Drawings of the Gauge for Meosuring the

uhich set pressure measuring gouge hos been set Pressure of a Relief volve (Drawings not to the

designed. scole)'
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Spring

The working principle of the gauge ls simllar to that
si a leyer as explalned by Figure 7, Fr is the force exerted

T2\
Va lve

Fig. 7" lllustotion of the working principle of relief
valve gauge,

by the spring on the spring piate, F, is the upward thrust
by the fluid on the valve plate and PT ls the weight to be

suspended. To determine the set pressure, only forces

Fr and P7 are relevant; neglecting the self.weight of

the gauge. The counter force f, * is required only to-d2
keep the lower plate of the gauge in a horizontal Position
(Fig.6). From Figure 7, itcan beseen that Fr is given by

the following relationship I

rr:'*P, (l)

Denotlng by P. the set pressure and by A, the cross*sec-

sional area ofthe valver Fr c?11 be given as :

Fl: P, x A, (2)

From equations I and 2, P, can be determine as :

*:(* .*) Pr-R Pr (3)

R is the factor by which the suspended weight should be

multiplied to calculate the set pressure. For the valve
of this study, R ls equal to 8.324"

The procedure to determine set pressure of the relief
valve is tosuspend that amount of weight which just lowers
the upper plate ofthe gauge (Figure 6) from the horizontal
line and then multiply this weight by the factor R. The
method can be applicable to relief valves, in general, lf the
valves discharge tothe atmosphere orif the outlet nozzles
can be isolated in order to insert the gauge. Since the
valves of different makes were not available, the method
could not be tested generally. However, it is assumed
that the basic principle will be valid for allmakes of relief
valve.

5. Conclusions :

From the study ofthis paper, thefollowing concfusions

are in order;

(i) From the failure characteristics of pressure relief
valves (section 2), the maj or cause of the valve faiiure is

variations in the force provided by the valve spring. So,

any steP to determine correctly the set pressrrre rnd the
spring condition of the valve can be eonsidered as an

lmportant technical development.

(ii) Section 3 shows that the bubble rest ro derermine

theset, Pressure is notvery effective. Hotwire anemomete.r

is rather more effective for this purpose, and the method
can be employed successfully for workshop test anci also for
on-line conition monit,ori ng if the gas or vapour released

does not pose any potential hazard.

(iii) From sect,ion 4, it is apparent that the gauge can

be moreuniversally applied t.han the hotwire anemometer,

since it not onlygivesset pressure but also an indication oi

the spring condition'

(i") Following a study of different types of valves,

industrial applications of the gauge can be undertaken,

On the proofofits effectiveness, the gauge can be developed

as a cheap, handy instrument, and so, the feasibility oi
periodic condition monitoring of relief valves in sit,u wili
be greatly enhanced.
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