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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General
Instructions. The following information is based on that document and included here for emphasis

anct-theconvernience of the userof theCode Tt isexpected thattheCodeuser s futty cogrmizart
of Sections 1 and 3 of ASME PTC 1 and has read them prior to applying this Code.

ASME Performance Test Codes provide test procedures that yield results of the highest leyél
of accuracy consistent with the best engineering knowledge and practice currently available:
They were developed by balanced committees representing all concerned interests and Specify
procedures, instrumentation, equipment-operating requirements, calculation methods, and uncer-
tainty analysis.

When tests are run in accordance with a code, the test results themselves, withott adjustment
for uncertainty, yield the best available indication of the actual performance of\the tested equip-
ment. ASME Performance Test Codes do not specify means to compare thoseresults with contrac-
tual guarantees. Therefore, it is recommended that the parties to a commiexrcial test agree before
starting the test and preferably before signing the contract on the method:to be used for comparing
the test results with the contractual guarantees. It is beyond the scope™of any code to determine
or interpret how such comparisons shall be made.

vi
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FOREWORD

In December 1948, the ASME Boiler and Pressure Vessel Committee recommended to the ASME
Performance (then Power) Test Codes Committee that a code be prepared on the testing of safety

ard Tetief vatves This Tequest Tesuited i the publication of the origirattesttode for safety armct
relief valves (PTC 25-1958) and was applicable only to tests with atmospheric discharge; In
June 1964, the ASME Performance (then Power) Test Code Committee authorized PTC Committee
Number 25 on Safety and Relief Valves to prepare a single test code (PTC 25.2-1966) to cover testing
of valves discharging to atmosphere, superimposed, or built-up back pressure. In March 1971, the
ASME Performance Test Codes Committee authorized PTC Committee Number 25(6n Safety and
Relief Valves to prepare a general revision to the test code, the result of which wds\PTC 25.3-1976,
approved as an American National Standard on August 19, 1976.

In 1978, the ASME Board on Performance Test Codes once again authorizedthe PTC Committee
Number 25 to prepare a general revision of the test code. This revision,PTC 25.3-1988, approved
by the ASME Board on Performance Test Codes on March 14, 1988, differéd from its predecessors
primarily by the omission of the section concerning theoretical reli€¢ving capacity and coefficient
of discharge.

In 1991, the ASME Board on Performance Test Codes reyised the name of PTC Committee
Number 25 to “Pressure Relief Devices” and authorized the’Committee to prepare a revised test
code of the same name with a scope that was extended.to include a broader range of closing
and nonreclosing pressure relief devices and to broaden the discussion of in-service and bench
testing.

The 2001 edition of this Code was approved andradopted by the American National Standards
Institute as meeting the criteria as an Americ¢an National Standard on May 25, 2001.

The 2008 edition of this Code was broken down into three parts. Each Part’s title, and Sections
included within it, are as follows:

(a) Part I, “General,” includes Sections 1 and 2.

(b) Part II, “Flow Capacity Testing,” includes the preceding Sections 1 and 2, along with
Sections 3 through 6 and appendices.

(c) Part III, “In-Service and -Bench Testing,” includes the preceding Sections 1 and 2, along
with Sections 7 through-10and appendices.

The 2008 edition of PFC 25 was approved by the American National Standards Institute on
September 16, 2008:

This 2014 edition-of PTC 25 was approved by the American National Standards Institute on
May 5, 2014.

This Commiittee invites comments that will be considered for incorporation in future revisions.
These shoudld be addressed to Secretary, PTC 25 Committee, ASME, Two Park Avenue, New York,
NY 10016-5990.

vii

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC COMMITTEE
Performance Test Codes

(The following is the roster of the Committee at the time of approval of this Code.)

STANDARDS COMMITTEE OFFICERS

P. G. Albert, Chair
J. W. Milton, Vice Chair
). H. Karian, Secretary

STANDARDS COMMITTEE PERSONNEL

P. G. Albeft, General Electric Co. S. J. Korellis, Electric Power Reseate¢h. stitute

R. P. Aller], Consultant F. H. Light, Honorary Member

R. L. Bantister, Honorary Member M. P. McHale, McHale & Asseciates, Inc.

J. M. Burnls, Burns Engineering P. M. McHale, Honorary Member, McHale & Associates, Inc.
W. C. Canpbell, True North Consulting, LLC J. W. Milton, Chevron, Global Power Co.

. Dooley, Alstom Power S. P. Nuspl, Babcock& Wilcox Co.
R. R. Priestley, General Electric Co.
S. A. Scavuzzo,'Babcock & Wilcox Co.
Honorary Member T. C. Heil, Alternate, Babcock & Wilcox Co.
, Sargent & Lundy J. A. Silvaggio, Jr., Siemens Demag Delaval Turbomachinery, Irjc.
rgengen, Honorary Member, Consultant R. E. Sommerlad, Honorary Member, Consultant
T. Lx Toburen, T2E3, Inc.
G:\E.
W. C.

zz.:'a,rﬂog'.——
T
5]
=

Karign, The American Society of Mechanical Engineers
. Keyder, Survice Engineering Weber, Midwest Generation EME, LLC
. Kirkgatrick, McHale & Associates, Inc. Wood, Duke Energy Corp.
PTC 25 COMMITTEE — PRESSURE RELIEF DEVICES
W. F. Hart| Chair, Furmanite America, Inc. J. E. Britt, Fike Corp.
A. Wilson| Vice Chair, Oseco, Inc. J. A. Conley, Pentair
C. E. O’Br|en, Secretary, The American Society of Mechanical J. A. Cox, JAC Consulting, Inc.
Enginedrs D. R. Keyser, Survice Engineering
J. F. Ball, The National Board of Boiler and Préssure Vessel B. K. Nutter, E. |. du Pont de Nemours and Co., Inc
Inspectprs T. Patel, Curtiss-Wright Flow Control
T. Beirne, [The National Board of Boiler @and Pressure Vessel Z. Wang, BS&B Safety Systems
Inspectprs
viii

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus
of concerned interests. As such, users of this Code may interact with the Committee by requesting

INterpretations, proposing revisions, and attending Cominittee meetings. Correspondence should
be addressed to

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Code tojneorporate changes that
appear necessary or desirable, as demonstrated by the experience gained from the application
of the Code. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Cdde. Such proposals should be as
specific as possible, citing the paragraph number(s), the propgsed wording, and a detailed descrip-
tion of the reasons for the proposal, including any pertinent documentation.

Proposing a Case. Cases may be issued for the purpese of providing alternative rules when
justified, to permit early implementation of an approved revision when the need is urgent, or to
provide rules not covered by existing provisions.(€ases are effective immediately upon ASME
approval and shall be posted on the ASME Committee Web page.

Requests for Cases shall provide a Statement,0f Need and Background Information. The request
should identify the Code and the paragraph, figure, or table number(s), and be written as a
Question and Reply in the same formatas existing Cases. Requests for Cases should also indicate
the applicable edition(s) of the Codelto which the proposed Case applies.

Interpretations. Upon request,the’PTC Standards Committee will render an interpretation of
any requirement of the Code. Interpretations can only be rendered in response to a written request
sent to the Secretary of thetPTC Standards Committee at go.asme.org/Inquiry.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submiit his/her request in the following format:

Subject: Jite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite the applicable edition of the Code for which the interpretation is being
requested.

Questiony Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings that are necessary to explain the question; however, they should
not contain proprietary names or information.

Requests that are not in this format will be rewritten in this format by the Committee prior

to being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The PTC Standards Committee regularly holds meetings
and/or telephone conferences that are open to the public. Persons wishing to attend any meeting
and/or telephone conference should contact the Secretary of the PTC Standards Committee.
Future Committee meeting dates and locations can be found on the Committee Page at
go.asme.org/PTCcommittee.

s
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INTRODUCTION

This Code provides standards for conducting and reporting tests on reclosing and nonreclosing
pressure relief devices normally used to terminate an abnormal internal or external rise in pressure

above @ predeteried desigT vattue T DOITers, PIessure VESSELS, ald Tetated piping equipTent:
This Code covers the methods and procedures to determine relieving capacity and additional
operating characteristics that may be required for certification or other purposes by other codes.
This is accomplished by dividing the Code into three parts: Part I, “General”; Part II, “Flow
Capacity Testing”; and Part III, “In-Service and Bench Testing.”

This Code does not necessarily cover the methods and procedures to satisfy operating and
other conditions as may be required by other codes. Establishment of pressure relief dévice ratings
and rules of safe construction do not fall within the province of this Code.

X
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ASME PTC 25-2014

PRESSURE RELIEF DEVICES

PART |

GENERAL

1-1( OBJECT

The object of the test is to determine the performance
of pressure relief devices. These tests determine one or
morte of the following;:

(4) dimensional, operational, and mechanical
chafacteristics

(@ relieving pressure

(@ relieving flow capacity at test pressure

(d) individual flow resistance

Procedures for conducting the tests, calculating the
resylts, and making corrections are defined.

1-2| SCOPE

(@ This Code provides instructiohs\in Part II for flow
capjcity testing and in Part III for.in-service and bench
testng. Testing of reclosing and“nonreclosing pressure
reli¢f devices is conductedunder various inlet and outlet
conglitions using steamy,“gases, and liquids for which
valifl physical properties’are known.

() The validity ‘oftests shall be determined in accor-
danfe to the requirements of subsection 1-3.

1-3| MEASUREMENT UNCERTAINTY

IrLotder to qualify as a valid code test, the total uncer-

Section 1
Object and Scope

1-4 GENERAL

(a) Ttis assGmed that the testing facility has 4dequate
capacityCand sufficient pressure to conduct the tests.
However, the users of this Code are cautioned|that the
capagity and pressure limitations of the testing facility
may restrict the determination of satisfactory operating
conditions and other operational features of the pressure
relief device.

(b) In addition, field installation and/or apnormal
operating conditions may adversely affect the ffunction
of the pressure relief device. It is not the intent of this
Code to attempt to assess the suitability or religbility of
the pressure relief device under such conditions. It
should also be noted that if the temperatuie of the
medium used to test the pressure relief devide differs
substantially from the temperature to which the pressure
relief device is subjected while in service, the fynctional
characteristics will be different from the test pfessures,
i.e., opening, closing, blowdown, and bursting pressure.
In this case, it is necessary to develop appropriate correc-
tions for the pressure relief device under test tq account
for these differences, which is outside the scope of this
Code.

(c) This Code provides recommended test procedures
and instrumentation for testing devices. Other [test pro-
cedures or instrumentation may be used provi¢led they

tainties of the test, as calculated by the procedures of
ASME PTC 19.1, must be equal to or less than the values
of maximum acceptable uncertainty. The maximum
acceptable uncertainty of the final flow measurement
shall not exceed +2.0% of the measured value. For results
other than flow measurements, the maximum acceptable
uncertainty shall not exceed +0.5% of the measured
value as determined in accordance with Part I or +1.0%
of the measured value as determined in accordance with
Part III.

can be demonstrated as having accuracy and reliability
at least equal to the requirements of this Code. If another
procedure or instrumentation will be used, it is subject
to written agreement by the parties to the test prior to
the test.

(d) The test results shall be reported as measured and
calculated. Only tests that comply fully with the manda-
tory requirements of this Code may be designated as
tests conducted in accordance with ASME PTC 25. Refer-
ences to other codes, unless otherwise indicated, refer

Copyright © 2014 by the American Society of Mechanical Engineers.
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ASME PTC 25-2014

to ASME Performance Test Codes. Should any specific
direction in this Code, or any particular measurement,
differ from those given in other ASME Performance Test
Codes for similar measurements, the instructions of this
Code shall prevail.

(e) The requirements of ASME PTC 1, General
Instructions, shall be met.

(f) In some cases, the testing of pressure relief devices
may involve the use of high-pressure and

unless adequate precautionary measures are taken. Spe-
cial consideration should be given to adequate design
and overpressure protection to the piping system and
components, safe discharge from the pressure relief
devices undergoing testing, and the high noise level
usually associated with the discharge of pressure relief
devices. The users of this Code should consult the
authority having jurisdiction over these safety matters
to ensure the testing facility meets the mandatory

high-tethperature fluid. Hazards to personnel will exist

requirements.

2

(
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Section 2
Definitions and Description of Terms

() L 1 T 0 DD

2-1—PURPOSE

The purpose of this Section is to define pressure relief
devjces and their functional and operational characteris-
tics|and standardize the terminology covering such
devjces, their characteristics, and testing methods. It
alsq includes a description of terms and symbols used
in this Code. These definitions and terms shall take
preqedence should there be any discrepancy with the
refefenced material.

2-2| GENERAL

bendh testing: testing of a pressure relief device on a test
starld using an external pressure source with or without
an Juxiliary lift device to determine some or all of its
opetating characteristics.

field] testing: testing of a pressure relief device installed
on & system to determine some or all of its operating
chafacteristics. It may be either of the following
methods:

@) in-place testing: testing of a pressure relief device
instplled on but not protecting a system, using an(exter-
nal [pressure source, with or without an auxiliary lift
devlice to determine some or all of its\eperating
chafacteristics.

(W) in-service testing: testing of a pressure relief device
instplled on and protecting a systemi;using system pres-
sur¢ or an external pressure source, with or without
an Juxiliary lift device to determine some or all of its
opefating characteristics.

=~

flow capacity testing: testing of a pressure relief device to
det¢rmine its operatinng characteristics, including mea-
surdd relieving capacity.

prespure relief, device: a device designed to prevent pres-
surg¢ or vacutm from exceeding a predetermined value
in afpresstire vessel by the transfer of fluid during emer-
gentyier-abnormal conditions.

—Frr-HAPRY —a—pressure—rekefvalve—inwshich the

actual discharge area is the bore area.

(c) reduced bore PRV: a pressure relief §alve fn which
the flow path area below the seat is less/than fthe flow
area at the inlet to the valve.

(d) full-bore PRV: a pressure relief'valve in which the
bore area is equal to the flowsafea at the inl¢t to the
valve, and there are no protrusions in the borg.

(e) direct spring-loaded PRYV: a pressure relief[valve in
which the disk is held ¢losed by a spring.

(f) pilot-operated PRV: a pressure relief valve in which
the disk is held cloesed by system pressure, and lhe hold-
ing pressure/is controlled by a pilot valve actfiated by
system préssure.

(g) comventional direct spring-loaded PRV: [a direct
spring-leaded pressure relief valve whose op¢rational
characteristics are directly affected by changgs in the
bacek pressure.

(h) balanced direct spring-loaded PRV: a direc} spring-
loaded pressure relief valve that incorporates neans of
minimizing the effect of back pressure on the op¢rational
characteristics (opening pressure, closing presgure, and
relieving capacity).

(i) internal spring PRV: a direct spring-loaded pres-
sure relief valve whose spring and all or paft of the
operating mechanism is exposed to the system pressure
when the valve is in the closed position.

(j) temperature and pressure relief valve: a pressfire relief
valve that may be actuated by pressure at the vglve inlet
or by temperature at the valve inlet.

(k) power-actuated PRV: a pressure relief valve actu-
ated by an externally powered control device.

relief valve: a pressure relief valve characterized py grad-
ual opening that is generally proportional to thelincrease
in pressure. It is normally used for incompressibjle fluids.

safety relief valve: a pressure relief valve charactdrized by
rapid opening or by gradual opening that is generally

2-3 TYPES OF DEVICES
2-3.1 Reclosing Pressure-Relieving Devices

pressure relief valve (PRV): a pressure relief device
designed to actuate on inlet static pressure and reclose
after normal conditions have been restored. It may be
one of the following types and have one or more of the
following design features:

(a) low-lift PRV: a pressure relief valve in which the
actual discharge area is the curtain area.

proportional to the Increase In pressure. It can be used
for compressible or incompressible fluids.

safety valve: a pressure relief valve characterized by rapid
opening and normally used to relieve compressible
fluids.

2-3.2 Nonreclosing Pressure Relief Device

A pressure relief device designed to actuate and
remain open after operation. A manual resetting means

may be provided.
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design features: nonreclosing pressure relief devices may
include one or more of the following design features:

(a) low-lift device: a device in which the actual dis-
charge area is dependent on the lift of the disk.

(b) full-lift device: a device in which the actual dis-
charge area is independent of the lift of the disk.

(c) reduced bore device: a device in which the flow path
area below the seat is less than the flow path area of

adjustment screw: a screw used to adjust the set pressure
or the reseat pressure of a reclosing pressure relief
device.

backflow preventer: a part or feature of a pilot-operated
pressure relief valve used to prevent the valve from
opening and flowing backwards when the pressure at
the valve outlet is greater than the pressure at the
valve inlet.

of a

the inlet to the device

(d) full-bore device: a device in which the flow path  bellows: a flexible, pressure-containing component
area belpw the seat is equal to the flow path area of the ~ balance direct spring valve used to prevent changgs in
inlet to the device. set pressure when the valve is subjected td & supefim-

design tifpes:

(a) rupture disk device: a device containing a disk that
ruptureg when the static differential pressure between
the upsfream and downstream side of the disk reaches
a predefermined value. A rupture disk device includes
a ruptuge disk and may include a rupture disk holder.

(2) puckling pin device: a device designed to fune-
tion by fthe buckling of an axially loaded compressive
pin that|supports a pressure-containing member.

(3) shear pin device: a device designed. to-function
by the shearing of a load-carrying member that supports
a pressyre-containing member.

(c) fugible plug device: a device designed to function

by the yjelding or melting of a plug, at a predetermined
temperdture, that supports a.pressure-containing mem-
ber or cpntains pressure by itself.

(d) frqngible disk device: see rupture disk device.

(e) bupsting disk device: see rupture disk device.

(f) difect spring=londed device: a device actuated by
static d}fferential’pressure or static inlet pressure in
which the disk+is held closed by a spring. Upon actua-
tion, thg disk'is held open by a latching mechanism.

posed back pressure or to prevent corresion between
the disk holder and guide.

blowdown ring: see adjusting ring

body: a pressure-retaining or, pfessure-containing nfem-
ber of a pressure relief device that supports the parts of
the valve assembly and-has provision(s) for connedting
to the primary and/ér secondary pressure source(s).

bonnet: a component of a direct spring valve or of a pilot
in a pilot-operated valve that supports the spring. It
may or may not be pressure containing.

breaking"pin: the load-carrying element of a breaking
nonreclosing pressure relief device.

pin

breaking pin housing: a pressure-retaining componentfthat
supports the breaking pin in a nonreclosing prespure
relief device.

buckling pin: the load-carrying element of a bucHling
device.

cap: a component used to restrict access and/or prgtect
the adjustment screw in a reclosing pressure r¢lief
device. It may or may not be a pressure-containing part.

diaphragm: a flexible metallic, plastic, or elastomer fjres-
sure-containing member of a reclosing pressure relief
device used to sense pressure or provide openinf or
closing force.

disk: a movable component of a pressure relief dgvice
that contains the primary pressure when it rests agginst
the nozzle.

disk holder: a movable component in a pressure elief
1

L3 ot dodoc o J1
creviee—thatrcoRtaRS—thRe—eSic

(g) pilot-operated device: a device in which the disk 1s
held closed by system pressure and the holding pressure
is controlled by a pilot actuated by system pressure. The
pilot may consist of one of the devices listed above.

2-4 PARTS OF PRESSURE RELIEF DEVICES

adjusting ring: a ring assembled to the nozzle or guide
of a direct spring valve used to control the opening
characteristics and/or the reseat pressure.

4

dome: the volume on the side of the unbalanced moving
member opposite the nozzle in the main relieving valve
of a pilot-operated pressure relief device.

field test: a device for in-service or bench testing of a
pilot-operated pressure relief device to measure the set
pressure.

gag: a device used on reclosing pressure relief devices
to prevent the device from opening.
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guide: a component in a direct spring or pilot-operated
pressure relief device used to control the lateral move-
ment of the disk or disk holder.

huddling chamber: the annular pressure chamber between
the nozzle exit and the disk or disk holder that produces
the lifting force to obtain a pop action.

knife blade: a component with multiple blades used with
reverse-acting rupture disks to cut the disk when it

(b) guide disk travel
(c) transfer of internal or external forces to the seats

spring: the element in a pressure relief valve that provides
the force to keep the disk on the nozzle.

spring button: see spring step.

spring step: a load-transferring component in a pressure
relief valve that supports the spring.

revegrses.

lift lever: a device to apply an external force to the stem
of a|pressure relief valve to manually operate the valve
at spme pressure below the set pressure.

maif relieving valve: that part of a pilot-operated pressure
religf device through which the rated flow occurs dur-
ing [relief.

nozgle: a primary pressure-containing component in a
pregsure relief valve that forms a part or all of the inlet
flow passage.

pilof: the pressure- or vacuum-sensing component of a
pildt-operated pressure relief valve that controls the
opehing and closing of the main relieving valve.

pist¢n: the moving element in the main relieving valve
of ajpilot-operated, piston-type pressure relief valve that
confains the seat that forms the primary pressure con-
tainment zone when in contact with the nozzle.

prespure-containing member: a component that is exposed
to and contains pressure.

presbure-retaining member: a component that holds.pres-
surg-containing members together but is not éxposed to
the [pressure.

rupture disk: the pressure-containing element in a rupture
disl4 device that is designed to burst.atits rated pressure
at alspecified temperature.

rupture disk holder: the structure-that clamps a rupture
disl in position.

seat
ing
shea

shell: an assembly of pressure-containing members that
isolpte prirhary or secondary pressure from atmosphere.

the pressure-sealing surfaces of the fixed and mov-
[pressure-containing*components.

pin: the load-carrying element of a shear pin device.

ited|

. saclioy 4 Lo
SPrIHETEAsHer—See-SPHEStE:
stem: see spindle.

vacuum support: a component of a rupture|disk tq prevent
flexing due to upstream vacuum or‘downstrepm back
pressure.

yoke: a pressure-retaining compornent in a presspire relief
device that supports the sprirg in a pressure relief valve
or pin in a nonreclosing<device but does nof enclose
them from the surrounding ambient environment.

2-5 DIMENSIONAL CHARACTERISTICS —
PRESSURE RELIEF VALVES

actual discharge area: the measured minimum
that determines the flow through a valve.

net area

bore nrea: the minimum cross-sectional flow drea of a
nozzle (see Fig. 2-5-1).

bore diameter: the minimum diameter of a nozgle.

curtain area: the area of the cylindrical or corfical dis-
charge opening between the seating surfaces crpated by
the lift of the disk above the seat (see Fig. 2-5{1).

developed lift: the actual travel of the disk froth closed
position to the position reached when the vallve is at
flow-rating pressure.

discharge area: see actual discharge area.

effective discharge area: a nominal or computed area of
flow through a pressure relief valve, differing from the
actual discharge area, for use in recognized flow formu-
las to determine the capacity of a pressure relief valve.

effective seat area: a computed area for use in calculating
the set pressure of a given pressure relief valye when
tested using an auxiliary lift-assist device.

Examples,of these members include, but are not lim-  flow path: the three-dimensional and geometri¢ charac-
tQ teristics of a device that affects the measured felieving
(a) Tor a direct spring-lToaded PRV utilizing a pressur- capacity. It is defined from the cross section of the inlet

ized bonnet, the body, nozzle, bonnet, and cap

(b) for a direct spring-loaded PRV utilizing a yoke or
open bonnet, the nozzle and disk

(c) for a pilot-operated PRV, the body and cap of the
main valve and the body of the pilot

spindle: a part whose axial orientation is parallel to the
travel of the disk. It may be used in one or more of the
following functions:

(a) assist in alignment

5

to the cross section of the outlet, including all streamlines
in the flow.

inlet size: the nominal pipe size of the inlet of a pressure
relief valve, unless otherwise designated.

lift: the actual travel of the disk away from closed posi-
tion when a valve is relieving.

nozzle area, nozzle throat area: see bore area.

nozzle diameter: see bore diameter.
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Fig. 2-5-1 Typical Curtain Areas of Pressure Relief Valves
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Radial-Seated Valve D+Dg Radial-Seated Valve D+Dg
Curtain area = surface of frustum of cone = nB 2 Curtain area = surface of frustum of cone = nB 21
B = slant height of frustum of cone
D = seat diameter = smallest diameter at which seat touches disk
Dg = other diameter of frustum of cone
L = lift
R = radius
© = seat angle = angle of seating surface with axis of valve

GENERAL NOTE: Curtain area is the discharge area unless the disk attains sufficient lift for the valve bore to become the controlling area.
See subsection 2-5, actual discharge area, bore area, and curtain area.

6
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orifice area: see effective discharge area.

outlet size: the nominal pipe size of the outlet of a pres-
sure relief valve, unless otherwise designated.

rated lift: the design lift at which a valve attains its rated
relieving capacity.

seat angle: the angle between the axis of a valve and the
seating surface. A flat-seated valve has a seat angle of

been subjected to a pressure equal to or above the pop-
ping pressure.

breaking pressure: the value of inlet static pressure at
which a breaking pin or shear pin device functions.

built-up back pressure: pressure existing at the outlet of
a pressure relief device caused by the flow through that
particular device into a discharge system.

90 deg. burst pressure: the value of inlet static pressure at which
seat|area: the area determined by the seat diameter. a rupture disk device functions.

seat|diameter: the smallest diameter of contact between chatter: abnormal rapid reciprocating motion of the mov-
the|fixed and moving portions of the pressure- able parts of a pressure relief valve in which [the disk

confaining elements of a valve.
seat|flow area: see curtain area.
throfit area: see bore area.

throjt diameter: see bore diameter.

2-6| DIMENSIONAL CHARACTERISTICS —
NONRECLOSING PRESSURE RELIEF DEVICES
flow| path: the three-dimensional and geometric charac-

terigtics of a device that affects the measured relieving
capacity. It is defined from the cross section of the inlet
to the cross section of the outlet, including all streamlines
in the flow.

area: the cross-sectional flow area at the inlet open-

inle
ing Jof a pressure relief device.

ing
inle] size: the nominal pipe size of the inlet of a pressure
religf device, unless otherwise designated.

flow area: the area that determines the\flow after a
nonfeclosing pressure relief device has‘operated. The
(mifimum) net flow area of a rupture disk is the calcu-
latefl net area after a complete busst of the disk, with
apppopriate allowance for any @tructural members that
may reduce the net flow area through the rupture disk
devjce.

—~

ne

outlpt size: the nominal pipe size of the outlet passage
from a pressuresrelief device, unless otherwise
designated.

OPERATIONAL CHARACTERISTICS OF
PRESSURE RELIEF DEVICES

2-7

contacts the seat.

closing pressure: the value of decteasing inlet stdtic pres-
sure at which the valve diskreestablishes confact with
the seat or at which lift becomes zero.

coefficient of discharge: the'ratio of the measured
capacity to the theorétical relieving capacity.

elieving

cold differential test pressure: the inlet static pr¢ssure at
which a pressure’relief valve is adjusted to opgn on the
test stand( This test pressure includes correcfions for
service cenditions of superimposed back pressiire and /
or temiperature.

coustant back pressure: a superimposed back prespure that
is'constant with time.

cracking pressure: see opening pressure.

dynamic blowdown: the difference between the pet pres-
sure and closing pressure of a pressure relief valve when
it is overpressured to the flow-rating pressure

flow capacity: see measured relieving capacity.

flow-rating pressure: the inlet stagnation pressure at
which the relieving capacity of a pressure reli¢f device
is measured.

flow resistance: a dimensionless term (such as|used in
para. 5-5.7) that expresses the number of velocity heads
lost due to flow through a rupture disk devic¢ (where
velocity head is one-half the velocity squared|divided
by the acceleration of gravity).

he mov-
the disk

flutter: abnormal, rapid reciprocating motion of
able parts of a pressure relief valve in which
does not contact the seat.

leak pressure: see start-to-leak pressure.

bﬂC}\ IJICDDMIL- ‘L}lC Di.a;.i\. lJlCDDulC C)\iD‘Lillé CI'L 'L}lC Uu;.}C;. UI
a pressure relief device due to pressure in the discharge
system.

blowdown: the difference between actual popping pres-
sure of a pressure relief valve and actual reseating pres-
sure expressed as a percentage of set pressure or in
pressure units.

blowdown pressure: the value of decreasing inlet static
pressure at which no further discharge is detected at
the outlet of a pressure relief valve after the valve has

7

leak test pressure: the specified inlet static pressure at
which a quantitative seat leakage test is performed in
accordance with a standard procedure.

lot of rupture disks: those disks manufactured of a material
at the same time and of the same size, thickness, type,
heat, and manufacturing process, including heat
treatment.

marked breaking pressure: the value of pressure marked
on a breaking pin or a shear pin device or its nameplate.
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marked burst pressure: the value of pressure marked on
the rupture disk device or its nameplate or on the tag
of the rupture disk, indicating the burst pressure at the
coincident disk temperature.

marked relieving capacity: see rated relieving capacity.

marked set pressure: the value or values of pressure
marked on a pressure relief device.

measured relieving capacity: the relieving capacity of a

operational characteristics as defined under opening
pressure, popping pressure, start-to-leak pressure, burst
pressure, or breaking pressure. (The applicable
operating characteristic for a specific device design is
specified by the device manufacturer.)

simmer: the audible or visible escape of fluid between
the seat and disk at an inlet static pressure below the
popping pressure and at no measurable capacity. It

pressurd relief device measured at the flow-rating pres-
sure, expressed in gravimetric or volumetric units.

opening pressure: the value of increasing inlet static pres-
sure of g pressure relief valve at which there is a measur-
able liftjor at which the discharge becomes continuous
as determined by seeing, feeling, or hearing.

overpresqure: a pressure increase over the set pressure of
a pressufe relief valve, usually expressed as a percentage
of set ptessure.

popping pressure: the value of increasing inlet static pres-
sure at which the disk moves in the opening direction
at a fastpr rate as compared with corresponding move-
ment atfhigher or lower pressures.

primary ppressure: the pressure at the inlet in a pressure
relief dgvice.

rated relieving capacity: that portion of the measured
relieving capacity permitted by the applicable code or
regulatipn to be used as a basis for the application of a
pressurq relief device.

reference| conditions: those conditions of a test mediuim
that are ppecified by either an applicable standard\ér an
agreemgdnt between the parties to the test, whick/ may
be used| for uniform reporting of measured. flow test
results.

relieving| conditions: the inlet pressure/and temperature
on a pregsure relief device during anloverpressure condi-
tion. The relieving pressure is (equal to the valve set
pressurg or burst (or the rupture disk burst pressure)
plus thel overpressure. (Thetemperature of the flowing
fluid at gelieving conditiens'may be higher or lower than
the opeffating temperattire.)

relieving| pressure;, Set“pressure plus overpressure.

resealing|pressurexthe value of decreasing inlet static pres-
sure at whichmo further leakage is detected after closing.

applies to safetyv or safetv relief valves on compressible-
T I

fluid service.

specified burst pressure (of a rupture disk device): the vplue
of increasing inlet static pressure, at a specified templera-
ture, at which a rupture disk is designed o functipn.

start-to-discharge pressure: see openinug, pressure.

start-to-leak pressure: the value of increasing inlet sfatic
pressure at which the first bubble occurs when a prespure
relief valve is tested by means of air under a specified
water seal on the outlet.

static blowdown: the difference between the set prespure
and the closing pressure of a pressure relief valve when
it is not overpressured to the flow-rating pressure.

superimposed-back pressure: the static pressure existir|g at
the outlet of a pressure relief device at the time| the
device is\required to operate. It is the result of prespure
in theddischarge system from other sources.

test pressure: see relieving pressure.

theoretical relieving capacity: the computed capacity
expressed in gravimetric or volumetric units of a thegret-
ically perfect nozzle having a minumum cross-sectipnal
flow area equal to the actual discharge area of a prespure
relief valve or net flow area of a nonreclosing prespure
relief device.

vapor-tight pressure: see resealing pressure.

variable back pressure: a superimposed back pressure|that
will vary with time.

warn: see simmer.
yield (melt) temperature: the temperature at which| the
fusible material of a fusible plug device becomes spuffi-

ciently soft to extrude from its holder and reljeve
pressure.

2-8 DESCRIPTION OF TERMS

application.

The method of detection may be a specified water seal 4 — minimum net flow area in 2
on the outlet or other means appropriate for this a; = actual discharge area, in.2
a, = meter-bore area, in.?

reseating pressure: see closing pressure. C = valve inlet temperature correction
seal-off pressure: see resealing pressure. = dlsc.harge cpeff1c1er1t, dimensionless

o Cp = sonic velocity at pressure tap, ft/sec
secondary pressure: the pressure existing in the passage D = test rig inside diameter, ft
between the actual (i.lscharge area and the valve outlet = internal diameter of meter run pipe, in.
in a safety, safety relief, or relief valve. d = meter-bore diameter. in.
set pressure: the value of increasing inlet static pressure d, = minimum holder bore diameter, in.

at which a pressure relief device displays one of the

8

bore diameter, in.
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bsolute,

d, = diameter of orifice plate, in. P, = pressure at pipe entrance
d; = seat diameter, in. Q = relieving capacity in gpm of water at ref-
E = pipe roughness, in. erence condition, U.S. gallons (gpm)
f = fanning friction factor, dimensionless gy = volumetric rate at base condition at the
F, = area factor for thermal expansion, meter, cfm
dimensionless g, = valve capacity at reference inlet tempera-
G = mass velocity, Ibm/ ft?-sec ture, cfm
= specific gravity with respect to dry air, R = gas constant, 1,545.4/M, ft-Ibf/Ibm-°R
M/M, Rp = Reynolds number referred to internal
h, = differential pressure at the meter, in. water diameter of meter run pipe, I
K = flow coefficient K = ¢ R; = throat Reynolds number
[1-p S, = specific gravity (ideal)
k = ratio of specific heats T = temperature, °R
Ka.p = resistance factor between pressure taps A = fluid temperature,.°F
and B t = length of test, min
Kp.c = resistance factor between pressure taps B Tg = base temperature, °F
and C T, = base tempé€rature, absolute, °R
Kgp = resistance factor between pressure taps B Tea = fluid temperature at the calorimgter, °F
and D Teal’ drum = fluid.témperature at the test drfim calo-
Kcp = resistance factor between pressure taps C rimeter, °F
and D Teal, meter =, fluid temperature at the meter dalorime-
K, = trial flow coefficient ter, °F
tipe BC = pipe resistance factor between pressure T, =< fluid temperature at the meter, {F
taps B and C without the rupture disk = temperature upstream of the mqter, °F
device T, = base temperature, °R
fipe BD = pipe resistance factor between pressure T, = reference temperature at the valve inlet,
taps B and D without the rupture disk absolute, °R
device T; = meter inlet stagnation temperatufre, abso-
Kg; = individual flow resistance lute, °R
Ki.p = total resistance factor to pressure tap Twp = temperature at pressure tap, °R
L = ratio of location of pressure taps to D T, = fluid temperature, °F
I = valve-disk lift, in. = temperature at the valve inlet, :
Las = length between taps A and B;ft °R
Lpc = length between taps B and C, ft T, = temperature at pipe entrance
Lgp = length between tapsBland D, ft v = specific volume, ft*/Ibm
Lep = length between taps C and D, ft Vaet = specific volume at inlet confitions,
M = molecular weight-of gas ft°/1bm
m = mass flow rate, bm/hr Vaet' drum = specific volume at inlet conflitions,
M, = molecularweight of air 2 /1bm
Mi.p = Mach number at pressure tap Vact, meter = specific volume at flowing conditions at
M, = moléeular weight the meter, ft2/1bm
M; = Mach number at pipe entrance Viet = specific volume at reference condition,
Nge F,Reynolds number ft*/1bm
R _‘=Vstatic pressure, psia Vief, arum = specific volume at reference condition,
Pp)*= base pressure, psia ft>/Ibm
P, = barometric pressure, psia Viet. meter = specific volume at reference conditions at
Py = flow-rating pressure, psia the meter, ft/lbm
P, = static pressure at the meter calorimeter, Vip = specific volume at pressure tap, ft®/Ibm
psia W = measured relieving capacity, Ibm/sec
P, = back pressure, psig w = mass of water or condensate, Ibm
P; = meter inlet stagnation pressure, psia W. = measured relieving capacity adjusted to
P = set pressure, psig the reference condition, Ibm/hr
Prpa = pressure at tap A, psia Weal, drum = test-drum calorimeter flow adjusted to
Pupp = pressure at tap B, psia the reference condition, Ibm/hr
Prpc = pressure at tap C, psia Weal, meter = meter calorimeter flow adjusted to the ref-
Pupp = pressure at tap D, psia erence condition, Ibm/hr

9
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wy = condenser leakage, Ibm/hr pg = density at base temperature and pressure
W, = test-drum calc?rimeter flow, Ibm /hr pm = fluid density at meter inlet, Ibm /6
wy = test-drum drainage, Ibm/hr Pref = density of water at reference condition,
W, = flow rate, Ilbm/hr Ibm /£
T heasired relleving capanity Adjusted to p. = density of dry air at 14.696 psia and at
. ’ the base temperature, Ibm/ @t
Wye = meter calorimeter flow, lbm/hr = density of dry air at 14.696 psia and refer-
W, = relieving capacity adjusted to water at ref- Pod = 24 y ’ 3p
erence condition, Ibm/hr ence temperature, lbm/ft
, e — viscositu lbm /ft-cac
; = trial Ilow rate, Ibm/hr L ) .F’ 7 N ¢ .
@y = valve-steam leakage, Ibm/hr = viscosity of air at T and T}, centipojse
Y = expansion factor AP = differential pressure head acrossmetey, in.
Y, = expansion factor at pressure tap water
Z = compressibility factor as defined in the APrp = d1ffer.ent1al pressure between taps Afand
equation of state, Pv = ZRT B, psia
¥, = base compressibility factor APpc = differential pressure‘between taps Bland
B = beta ratio (8 = d/D) C, psia
p = fluid density, Ibm/ ft3 APcp = differential préssure between taps Cland
ol = densitgf of water at inlet conditions, D, psia
Ibm /ft ¢ = ideal gassonic-flow functions
10
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PART Il
FLOW CAPACITY TESTING

Section 3

ITEMS ON WHICH AGREEMENT SHALL BE
REACHED

3-1

The parties to the test shall reach agreement on the
follpwing items prior to conducting the test:

object of the test

parties to the test

test site

(q) testing fluid reference condition at flow-rating
pregsure

4 methods of measurement, instrumentation, and
equjpment to be used (calibration of instruments shall
be ih accordance with subsection 3-7)

number, size, type, condition, source, set pressure,
and| expected relieving capacity of the device(s) to;be
testpd

(g) person who shall supervise the test

(H) the written test procedure, which shall include the
obs¢rvations and readings to be taken and recorded to
conply with the object or objectives of the test

=~
=

(b

-~

3-2| QUALIFICATION OF PERSON SUPERVISING
THE TEST
Al person who superyises’the test shall have a formal

edufation in thermodynamics and fluid mechanics. In
addjtion, the persén-shall have practical experience in
fluid flow measurement and have had experience in test
supgrvision,

3-3| ‘RESPONSIBILITY OF PERSON SUPERVISING

Guiding Principles

the test shall sign and date the(test report, ther
fying to the best of his kriowledge that the
correct and that the testwas conducted in ac
with the written test procedures.

The person supervising the test shall be responsible
for the calibration of instruments as reqyired by
subsection 3-7.

by veri-
Feport is
ordance

3-4 TEST APPARATUS

Pregedures and arrangement of the test af
shiall be in accordance with Section 4.

paratus

3-5 PRELIMINARY TESTS

Sufficient preliminary tests shall be condficted to
ensure that test conditions can be attained gnd that
operating personnel are completely familiar ith the
test equipment and their respective assignmentd. Prelim-
inary tests shall include the recording of all dafa neces-
sary to the completeness of an actual test.

3-6 SPARE INSTRUMENTS

If intended for use as replacements during |the test,
spare instruments shall be calibrated in accordaince with
subsection 3-7.

3-7 CALIBRATION OF INSTRUMENTS

Each instrument used during the test shall Qe serial-
ized or otherwise positively identified. Each insfrument,
depending on the type, shall be calibrated in acdordance

—THETEST

The person supervising the test shall be present at all
times during the test and shall be solely responsible
to ensure that all persons who are involved in taking
readings, making pressure and temperature adjust-
ments, or any other function that will affect the test
results are fully informed as to the correct method of
performing such functions. The person supervising the
test shall also be responsible to ensure that the written
test procedures are followed. The person supervising

11

with the following schedule outlined in this subsection.
Records of pertinent instrument calibrations shall be
available for review by the interested parties.

3-7.1 Pressure

Pressure-measuring instruments shall be calibrated in
accordance with ASME PTC 19.2, DPressure
Measurement, before and after any test or series of tests.
Calibration of other means of indicating or recording
pressure shall be agreed upon by the interested parties.

(
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3-7.2 Temperature

Temperature-measuring instruments shall be cali-
brated in accordance with ASME PTC 19.3, Temperature
Measurement. Instruments of the types listed in para.
4-2.2(a), except bimetallic thermometers, shall be cali-
brated against at least one temperature within a 90-day
period preceding the test or series of tests. Bimetallic

thermometers shall be calibrated before and after each
test or sories of testg

Calibration—-of other-means—of

installation shall be recalibrated as above at least once
within each 5-yr period. These recalibrations shall
include runs with at least two sizes of adapters. Records
of calibrations shall be maintained and available for
review by the interested parties. Modifications to the
equipment shall be evaluated for the effect they may
have on the system calibration, and new calibrations
shall be performed if deemed necessary.

indicati[lg or recording temperature shall be agreed
upon byf the interested parties.

3-7.3 L|ft Indicators and Recorders

Since these instruments are usually subjected to some
shock inl the course of tests under this Code, their accu-
racy shalll be checked before and after each test or series
of tests.

3-7.4

Scaled used in test procedures for weighted conden-
sate or gravimetric methods shall have a minimum value
of the irjdicating element equal to or less than 0.25% of
the exp¢cted load. Weighing scales used in tests con-
ducted yinder this Code shall be calibrated at sufficient
points tp ensure their accuracy within their range of
intendedl usage at least once within a 90-day period
preceding a test or series of tests.

eighing Scales

3-7.5 Steam Calorimeters

Meth
in ASM
Conditi
calorimg
at the ti
not exce
carried
reading;

ds of calibrating steam calorimeters are givén
E PTC 19.11, Steam and Water Sampling,
ning, and Analysis in the Power Cycle! The
ters shall be calibrated separately with steam
me of their installation and at regular intervals
eding 6 months. Further calibrations shall be
ut if results indicate an obViots error in their
or if their installation is-altered.

3-8 METERING SECTIONS

The ¢
para. 4-2
both up
ASME [
and ves
be by m
device with a known coefficient of discharge upon com-
pletion of the initial installation or construction and
prior to the performance of any formal test. Agreement
with the coefficient of the test object shall be within +2%.

The initial calibration shall include runs at the small-
est, intermediate, and highest flow rates compatible with
the comparison installation. Adapter fittings for test
devices having different types of inlet connections shall
be calibrated by laboratory personnel at the time of
their manufacture or purchase. In addition, the meter

alibration epfiany type of flow meter (see
.2) shall include the actual piping and all fittings
stream{and downstream of the meter (see
TC 19:5); including control valves, test vessels,
el-to-test device adapters. Such calibration shall
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3-9 FLOW RESISTANCE TEST RIGS

The calibration of any type of test rig (see-para. 4{9.1)
shall include the actual piping and all {ittifigs dqwn-
stream of the test vessel (Fig. 3-9-1). Calibration ghall
be conducted upon completion of the initial installgtion
or construction and prior to the, performance of [any
formal test and be repeated at least once every § yr.
Records of calibration shall be'maintained and available
for review by the intereSted parties. Modificatiorfs to
the equipment shall be evaluated for the effect they lhave
on the test rig, and new calibrations shall be perforpned
if deemed necessary. The calibration shall be condufted
per paras. 3-94 and 3-9.2.

3-9.1 Measured Flow Resistance

With no test device installed, conduct three flow resist-
ancetests at the smallest, intermediate, and highes{ test
pressures compatible with the test rig. The measfired
flow resistance, Kg;, for each test shall be 0 + 0.073.

3-9.2 Pressure Tap Profile Comparison

With no test device installed, conduct a flow tept at
an intermediate test pressure.
(a) With the data from the flow test, calculate| the
average friction factor for the length of pipe between
taps A-B and C-D.
(b) Using the Lapple and Levenspiel model off the
adiabatic ideal-gas integration of the mechanical enprgy
(or momentum) balance for adiabatic flow from an ideal
nozzle on a large reservoir, through an equivalent length
of pipe, to a second large reservoir (or to the afmo-
sphere), calculate the equivalent pipe length to tap A
using the measured flow rate, the average friction fgctor
from step (a), and the measured pressure at tap A
(c) Subtract the actual pipe length from the tes
entrance to tap A from the equivalent pipe length
b) to determine a nozzle equivalent length.

(d) Repeat steps (b) and (c) for taps B through D.

(e) Calculate the average nozzle equivalent length
using the four values determined above. This average
nozzle equivalent length is used to compensate for the
actual pressure loss up to the test rig entrance.

(f) Using again the adiabatic ideal-gas integration
model of step (b), calculate the pressure at tap A using
the measured flow rate, average friction factor, and aver-
age nozzle equivalent length from step (e) and actual
pipe length for tap A.

(
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Fig. 3-9-1 Recommended Arrangements for Testing Nonreclosing Pressure Relief Device Flow Resistance
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(see Fig 4-2.3-1)
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(g) Repeat step (f) for taps B through D.

(h) Calculate the difference between the measured
pressure and the calculated pressure from step (g) at
each of the four pressure taps. The difference at each
tap shall be within +6.0% of the calculated pressure.

3-10 ADJUSTMENTS DURING TESTS

No adjustment to the pressure relief device shall be
made while readings are being taken. Following any
change pr deviation of the test conditions, a sufficient
period ¢f time shall be allowed to permit the rate of
flow, temperature, and pressure to reach stable condi-
tions before readings are taken.

3-11 RECORDS AND TEST RESULTS

The t4
suremer
tion rec

st records shall include all observations, mea-
ts, instrument readings, and instrument calibra-
rds (if required) used in the test. Original test

records shall remain in the custody of the facility that
conducted the test for a period not fewer than 5 yr.
Copies of all test records shall be furnished to each of
the parties to the test. Corrections and corrected values
shall be entered separately in the test record. The test
shall be reported in accordance with Section 6, Test
Summary Report Form.

A post-test uncertainty analysis shall be performed
to determine that the limits of uncertainty”of-the final
flow measurement specified in Section. l~were mdt. A
pretest determination may be performed to deterthine
that the limits of uncertainty of the final flow meagure-
ment specified in Section 1 can H¢ met by the specified
instrument and procedures. A(guide for such deternfina-
tion is given in ASME PT€.19.1. These determinatiions
shall be documented by the laboratory and availablg for
review.

14
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Section 4
Instruments and Methods of Measurements

4-1 —GENERAL

(2) That
\x=

This Section describes the instruments, methods, pro-
cedyires, and precautions that shall be used in testing
pregsure relief devices under this Code. The Performance
Test Code Supplements on Instruments and Apparatus
proyide authoritative general information concerning
instruments and their use and may be consulted for such
information.

4-2| FLUID CONDITIONS, TEST CONDITIONS, AND
INSTRUMENTATION

4-2{1 Atmospheric Pressure

Bhrometric pressure shall be measured with a barome-
ter {see ASME PTC 19.2). In calculations involving the
capqcity of pressure relief devices having a flow-rating
pregsure of 20 psig or higher, the use of the mean baro-
metric pressure at the test site satisfies the accuracy
requiirements of this Code. In such cases, the recorded
pregsure may be the mean barometric pressure.

4-212 Temperature

Injstructions on thermometers or thermeeouples and
assqciated instruments are given in ASME PTC 19.3,
except that commercial, metal-encased-thermometers
shall not be used in tests conducted*under this Code.
Othpr means of temperature measurement and indica-
tion| may be used, provided they are of the same or
gredter degree of accuracyas for those described therein.
(4) Depending on operating conditions, or conve-
nierce, the temperature'may be measured with certified
or dalibrated liquid-in-glass thermometers, bimetallic
theimometers, ‘resistance-type thermometers, or ther-
modouples. All of the above may be inserted directly
into|the pipeor wells except for liquid-in-glass thermom-
eterp, which must be inserted into wells. The installation
of the\témperature-measuring device directly into the

& PR H | : 1 1 d
The-temperattre-freasurinedevieeshall exten

across the centerline in pipes of small diametey or shall
be inserted at least 6 in. into the fluid stteam [in pipes
over 12 in. in diameter.
(4) Temperature-measuring devices insfalled in
pipes carrying compressible fluids shall, wherevler possi-
ble, be installed at locations where the maximyim fluid
velocity during any flow medsurement does ndt exceed
100 ft/sec. Where such an{installation is not pdssible, it
may be necessary to-correct the temperature feadings
to the appropriate,.static or total temperatjire (see
ASME PTC 19.5)s
(5) Thesemperature-measuring devices|shall be
inserted inTocations so as to measure temperatjires that
are repregerntative of the flowing medium as described
undex test arrangements.
(A)"When measuring temperatures with a mefcury-in-
glass thermometer, the instrument shall have ah etched
stem. When the measured temperature differs from the
ambient by more than 10°F, and the mercury is ¢xposed,
an emergent stem correction shall be mdde (see
ASME PTC 19.3) or an appropriate emergent-stem ther-
mometer used.
(d) Thermometer wells, when used, shall He of the
type shown in ASME PTC 19.3. They shall be|as thin-
walled and of as small a diameter as practicalple; their
outer surfaces shall be substantially free from i

this purpose, suitable precautions must be talgen.

(e) Thermocouples, if used, shall have a welded hot
junction and must be calibrated together wijth their
extension wires over the anticipated operating range.
They shall be constructed of materials suitablg for the
temperature and fluid being measured. The el¢ctromo-
tive force of a thermocouple shall be measuged by a

pipe, without the addition of a well, is desirable for
temperatures below 300°F.

(b) The following precautions shall be taken when
making any temperature measurements:

(1) No significant quantity of heat shall be trans-
ferred by radiation or conduction to or from the temper-
ature-measuring device other than by the temperature
of the medium being observed (see ASME PTC 19.3).

(2) The immediate vicinity of the point of insertion
and the external projecting parts shall be insulated.

potentiometer instrument or millivoltmeter of such pre-
cision that the accuracy of the overall system is within
the limit specified in subsection 1-3. The cold junction
shall be established by an ice bath, reference standard,
or by a compensating circuit built into the potentiometer.

4-2.3 Pressure Measurements

Instructions on pressure gages, differential gages, and
manometers are given in ASME PTC 19.2. Other means
of pressure measurements and indication may be used
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Fig. 4-2.3-1 Recommended Arrangements for Testing Devices With Atmospheric Back Pressure — Flowmeter
Test Arrangement

Lift indicator \

Test device

>
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Control \ —{1Dto 5D |=— \.»\
valve\ \ %Pressure Temlperature
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D
Flowmeter / - Bat /Gage glass
affle
Bypags Temperature X . . Drain
Bypass Optional location S

Flow
straighteners

providedl they are of the same or lesser degree of uncer-
tainty a$ those described therein.

(a) Prpssure-measuring stations shall be located in the
region where the flow is essentially parallel to the pipe or
vessel wjall. For the measurement of static gage-pressure
differentials below 15 psi, liquid manometers may be
used.

(b) The test vessel pressure shall be the static pressure
as measpired with a pressure tap positioned, as shown
in Fig. 4-2.3-1.

(c) Bdck pressure shall be the static pressure measured
with a pfessure tap positioned, five pipe diameters/from
the valve outlet.

(d) Poper corrections to the pressure geadings shall
be made if there is a height of water.6r other liquid
betweer| the point at which the pressure is to be mea-
sured aTd the pressure instrument.

4-2.4 F

(a) THis paragraph prevides for the measurement of
pressurq relief device gapacity by use of the following
methods:

(1) [subsonic;inferential meters, including orifice
plate, flopw nezzle, and venturi

(2) |sonic-inferential meters, including choked
nozzles

ow Measurement

Steam
calorimeter

for control valve

(4) gas or air flow, with back pressure above afmo-
spheric method (a)(1) above
(5) liquid flow, with atmospheric back presfure
method (a)(1) or (3) above
(6) liquid flow, with back pressure above amo-
spherie’method (a)(1) above

NOTE: It is not the intent of the Section to exclude prespure-
telief-device testing at back pressures above atmospheric wherein
capacity is measured by means of a sonic inferential meter. JHow-
ever, due to the high degree of pressure drop through this type of
meter, such testing would probably be impractical.

(c) Instruction on Primary Elements. Instructions on pri-
mary elements are given in ASME PTC 19.5. Other
means of capacity determinations may be used [see gara.
4-3.1(c)], provided they are of the same or greater degree
of accuracy as for those outlined therein.

(1) The primary element shall be located upstream
of the test pressure relief device inlet. A recommerjded
installation arrangement is shown in Fig. 4-2.3-1.|The
ratio of orifice plates to internal pipe diameter ghall
be between 0.2 and 0.7. The primary element shall be
inspected and known to be clean and free of danpage
prior to the test period.

(2) The differential pressure across the primary]ele-
ment and temperature of the fluid shall be measyred.

(3) direct volumetric or gravimetric measurement

of collected condensate or discharge
(b) To measure pressure relief device capacity, the fol-

lowing methods shall be used:

(1) steam flow, with atmospheric back pressure
method (a)(1) or (3) above

(2) steam flow, with back pressure above atmo-
spheric method (a)(1) above

(3) gas or air flow, with atmospheric back pressure
method (a)(1) or (2) above

The precautions of para. 4-2.2 shall apply to the measure-
ment of temperature and those of para. 4-2.3 to the
measurement of pressure.

(3) There shall be sufficient length of straight pipe
ahead of the primary element to secure a fairly uniform
velocity profile in the approaching stream (see
ASME PTC 19.5). To ensure reliable pressure measure-
ment, there shall also be a sufficient length of straight
pipe of the same nominal size as the inlet on the outlet
side of the primary element.
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(4) The flow during capacity measurements shall
be steady state, and differential pressure devices shall
not show total pulsations (double amplitude) greater
than 2% of the differential pressure being measured.
Any greater pulsation in the flow shall be corrected at
its source; attempts to reduce pulsations at the instru-
ment are not permissible.

(5) Precautions shall be taken to avoid the use of
excessively wet steam, which usually results in unstable

These equations are valid for uncalibrated nozzles
constructed in strict accordance with ASME PTC 19.5.
Calibrated nozzles may be used to give additional accu-
racy. These equations include corrections to exponent
signs, which will be updated in ASME PTC 19.5 errata.

4-2.5 Valve-Lift Measurements

(a) The lift of the valve disk, under flowing condi-
Lalllbhadat Al i1 v,hatever

conglitions. When testing with steam, throttling calorim-
eterp shall be used (see para. 4-2.6).
(6) ASME PTC 19.5 provides detailed information
relafive to most of the flow techniques and flow elements
recqmmended for this Code. The equations for the calcu-
latign of discharge coefficients for orifices, flow nozzles,
and|venturi meters contained in that document shall be
useql as noted below.

(a) Orifices: Flange taps (beta ratios between 0.20
0.55), pipe Reynolds numbers (Rp between 10*
10°)

and|
and

C = 0.5957 + [0.03371 — 0.0239(L)]5*

-
_ 184 1/z
+0.14968" + 0.2232 (17078)2 (1)
RDl/Z
1
+[-0.3343 + 0.2241(L)] ( 1- % )

D = pipe diameter
[. = ratio of location of pressure'taps to D
Rp = pipe Reynolds numbér

(b) Flow Nozzles: Wall-taps (beta ratios between
ind 0.7), throat Reyfiolds numbers (R, from 1 X 10*
higher)

0.2
and|

R, < 500,000
C =1-688/(RY? )

500,000 < R4 < 700,000

fioa 115 2 31 PEwal S
tionsshattbe determined-bysuitable meansto
degree of accuracy is imposed by the procedufe under
which the valve is being tested.
(b) In open- or vented-bonnet designs/wher the top
of the spindle may be exposed during the tes{s, a dial
indicator of appropriate range may be attachqd to the
top of the valve to indicate the’'movement of thelspindle.
In closed-bonnet valves where the top of the spindle
cannot be exposed, arrangements shall be madg to per-
mit indicating, readipg,0r recording spindle mpvement
outside the valve bonnét or cap. In either case, chre must
be exercised that‘the arrangement does not injpose an
additional load on the valve spindle or interfere with
the operation*of the valve.
Possiblé misreading of lift indicators may occfir under
conditions of testing valves with steam with fuperim-
posed back pressure (see subsection 4-6). When intro-
dticing steam into the back-pressure portion of the valve,
the temperature of the steam may cause thermdl expan-
sion of the valve parts, producing an erroneots initial
reading on the lift indicator. When extreme acquracy in
results is desired, measures shall be taken to digtinguish
between this thermal expansion and actual valve lift.

4-2.6 Steam Quality

Quality of steam flowing shall be measured Hy means
of throttling calorimeters, installed in the te$t vessel
nozzle, with the tube extending to the test devide center-
line. Alternatively, the steam-sampling tubel may be
installed directly on the vessel, provided that the tube
extends into the flow path directly below the cénterline
of the device inlet nozzle and not lower than the hori-
zontal centerline of the test vessel. Instructions|for their
use are given in ASME PTC 19.11.

4-2.7 Reference Conditions for Which Correct
May Be Applied

ons

C =1-688[R'Y)/Ry ®3)

R, > 700,000
C =1-0.185(1 - 361,200/R)*> (R7') (4)

where

throat Reynolds number
transition Reynolds number; use 500,000

R;
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(a) Steam. The reference condition shall be dry satu-
rated steam, and the condition of the steam during test
at the device inlet shall be within limits of 98% minimum
quality and 20°F maximum superheat.

(b) Water. The reference condition of water shall be
between 65°F and 75°F, and the temperature limit of
water during test at the device inlet shall be between
40°F and 125°F.

(c) Air and Other Gases. The reference condition of air
or other gases shall be between 55°F and 75°F, and the

(
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temperature limit of air or other gases during test at the
device inlet shall be between 0°F and 200°F.

(d) If reference conditions are not within the above
stated limits, then no corrections from actual test condi-
tions may be applied. Furthermore, no corrections shall
be made from actual test pressure.

4-2.8 Specific Gravity

The specific gravity of the fluid, other than air or water,

(b) For testing with superimposed back pressure
before discharging, the test arrangement shall provide
a means for introducing and maintaining back pressure
on the test pressure relief device outlet (see Fig. 4-2.10-4).
The discharge pipe shall have at least the same nominal
size as the pressure relief device outlet and shall dis-
charge into a system of sufficient size to allow satisfac-
tory back-pressure control. A control pressure relief
device shall be provided to regulate the building up

used for] the test shall be determined in accordance with
“Tests [for Specific Gravity of Gaseous Fuels”
(ASTM D1070) or with “Density, Specific Gravity or API
Gravity| of Crude Petroleum and Liquid Petroleum
Product$ by Hydrometer Method” (ASTM D1298).

NOTE: In some special cases, it may be a requirement that tests

be condugted on liquids outside the range of these specifications.
In these cgses, agreement shall be reached on the method of specific
gravity (density — specific volume) determination.

4-2.9 Chemical Composition

If the physical properties of the fluid are in doubt (see
para. 1-2.1), they shall be determined by physical tests
or from|chemical analysis.

4-2.10

The proper number and size of pressure relief devices
to be tested shall be provided at the test site. There shall
be assurpnce that the pressure relief devices are properly
assemblpd with components that meet the design speci-
fication [requirements. The pressure relief device shall
be clean| and ready for test.

The ptessure relief device to be tested shall be ingtalled
with adppter fittings (flanged, screwed, welded; etc.)
directly jon a test vessel (see Fig. 4-2.10-1 for acceptable
contourg). Other adapter fittings may be used provided
the accyracy of the test is not affected~The diameter
and volfime of the test vessel should be large enough
to obtaif an accurate static pressure measurement and
an accurpte determination of thie operational characteris-
tics of the pressure relief device to be tested. Operating
conditions shall be mairtained in accordance with the
requirements of the procedure used (see subsections 4-3
through 4-9). The duration of the test shall be that
required to obtaifythe necessary performance and capac-
ity datajunder-stable conditions.

(a) Fqr testlng with atmospherlc back pressure before
dischargi ) ]
charge from the pressure relief device directly to the
atmosphere or condenser (see Figs. 4-2.3-1, 4-2.10-2, and
4-2.10-3). If discharge piping is used, it shall be at least
the same size as the pressure relief device outlet. This
pipe shall be supported independently of the pressure
relief device and in such a way as to not affect the
operation of the pressure relief device. Precautions must
be taken to ensure that the pressure relief device and
discharge piping are adequately secured to resist the
resultant forces generated by the discharge.

General Features of Tests

18

and maintaining of any desired back pressure whil¢ the
pressure relief device is discharging.

The remainder of this Section is divided)into s¢
parts according to the back pressure, fluid used, [and
type of device tested. The first three parts for tests yvith
atmospheric back pressure before disecharging are: steam
(see subsection 4-3); gases, including air (see subsedtion
4-4); and liquids (see subsection 4-5). The second three
parts for test with superimposed back pressure bdfore
discharging are: steam(See subsection 4-6); gdses,
including air (see subsettion 4-7); and liquids (see pub-
section 4-8). The last part (see subsection 4-9) concerns
testing rupture-disks to determine resistance factots.

(c) Tests @bnonreclosing pressure relief devicgs in
combination with pressure relief valves shall be fon-
ducted ifraccordance with subsections 4-3 through 4-8
(see FHig. 4-2.10-5).

ven

4-3 TESTING WITH STEAM, PRESSURE RELIEF
DEVICE DISCHARGING TO ATMOSPHERIC
PRESSURE

4-3.1 Test Arrangements

(a) Flowmeter Method. Figure4-2.3-1illustrates thg use
of a flowmeter together with its associated instrumgnta-
tion. The use of calorimeters at the pressure relief deyices
inlet and primary element is mandatory; however| the
thermometers at the primary element and test vg¢ssel

may be omitted. Provisions shall be made for colledting
and measuring the condensate accumulating in the
vessel during a test run.

(b) Weighed Condensate. Figure 4-2.10-2 illustrate
weighed-condensate method of test, including the
denser and associated instrumentation. The use
calorimeter at the device inlet is mandatory.

test

the
Fon-
bf a

bormet design, this test arrangement w1ll not measure all the steam
passing through the pressure relief device. A loss may occur due
to steam leakage around the spindle and through drains. Therefore,
the capacity results obtained by test will be less than the actual
device capacity. When considered necessary by the interested par-
ties, agreement shall be reached as to the method used for determin-
ing the rate of this steam leakage.

(c) Other test arrangements may be used if agreed to
by all interested parties, provided the uncertainty of the
final results is within +2.0% (see subsection 1-1).

(
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NOTH

6y

@
€©)
)

-—— DB—>|

/—R

%

~<~— Dg—>

DA >

(a) [Note (1)]

T

|
\
R
it
l

S:
fDB > 0.75 DA, then RA > 0.25 DA-
f Dg < 0.75 Dy, then R > 0.25 Dg.

Da ‘!

(c) [Note (3)]

f o < 30 'deg and Dz < 0.75 Dy, break all edges.
f o $.30"deg and Dg < 0.75 Dy, then R > 0.25 Dpg.
f <30 deg and Dg > 0.75 Dy, then Ry = 0.25 D,.

RN

1g. 4-2.10-1 Recommended Internal Contours of Nozzles, Fittings, Adapter, and Reducers Between
Vessel and Test Device

Da

(b) [Note (2)]

- DB—>
|

—— Dp—>

(d) [Note (4)]

RAL NOTE: In no.case shall the size of the fitting exceed the size of the connection on the test vessel.
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Fig. 4-2.10-2 Recommended Arrangements for Testing Devices With Atmospheric Back Pressure — Weighed-
Condensate Test Arrangement

Lift indicator
25D, Pressure
et Outlet piping should be level or slope

- downward;, withrprovisiom for expansion
device \ * Qi) /

r( Vent
Tempe:ratu re \ 11

\ Condenser
Steam

calorimeter
Gagedglass /ﬂ:

Weighing tank—/
O
Scale —/

Fig-4-2.10-3 Recommended Arrangements for
Testing Devices With Atmospheric Back Pressure —
Weighed-Water Test Arrangement

/— Lift indicator

Test

device \

)

N
L]

See Fig. 4-2.3-1 for inlet
arrangement
Weighing tank—/
—
O O
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Fig. 4-2.10-4 Recommended Discharge Arrangements for Testing Devices With Superimposed Back Pressure
Pressure
Lift / Back pressure supply line
indicator ~ 5D

/Ouick-closing valve
‘ Pressure
Test device
~ ¢
=

T_ 3 PTESsure
D

relief
device
See Fig. 4-2.3-1 for

inlet arrangement

: E | Toatmosphere,
! 1

receiver, or draih

B. 4-2.10-5 Recommended Arrangement for Tésting Nonreclosing Pressure Relief Devices in Combihation
With, Pressure Relief Valves

Test deyice

Nonreclosing L

—9
test device

\ Optional

| pressure
tap

\/

Vessel
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4-3.2 Preliminary Tests

Preliminary tests may be permitted for testing and
adjusting operation of the test apparatus and/or device
being tested (see subsection 3-5). Such tests may be nec-
essary to ensure the absence of leaks in the test apparatus
and that primary element reservoirs are filled, properly
cooled, and initially vented.

4-3.3 B

Recotd the barometric pressure (see para. 4-2.1).

4-3.4 Details of Procedure for Flow Measurement of
vices Using the Flowmeter Method

(a) Infrease the pressure at the device inlet. During
the inteval starting at 90% of the expected set pressure,
the rate of pressure increase shall not exceed 2.0 psi/sec
or whatpver lesser rate of increase is necessary for the
accuratq reading of the pressure. Observe and record
the set gressure of the device and any other desired or
pertiner|t characteristics.

(b) Fgr reclosing pressure relief devices, continue
increasifng the pressure at the device inlet until the device
remains|open. Observe the action of the device. Gradu-
ally decfease the inlet pressure and observe the action
of the dpvice.

(c) Fdrreclosing pressure relief devices, repeat (a) and
(b) aboye, recording set and reseating pressures until
both ar¢ established and stabilized. These values are
establislied by computing the average of at least the last
three me¢asured values. Set pressure and blowdown’are
consideted stable when the measured values shew no
consistent upward or downward trend and allatewithin
+1% or [+0.5 psi, whichever is greater, of .the”average
value. If|the parties to the test agree, an alternative crite-
ria of stpbility may be used.

(d) Egtablish and maintain the flow-rating pressure

starting condensate.Jevel in gage glass.

(f) Record the following:
(1) |device-inlet pressure
(2) |device-inlet-calorimeter discharge temperature
(3) [deviceidisk lift, as applicable

lowmeter static pressure
lowmeter differential pressure

4-3.5 Details of Procedure for Flow Measurement of
Devices Using the Weighed-Condensate
Method

(a) Increase the pressure at the device inlet. During
the pressure interval starting at 90% of the expected set
pressure, the rate of pressure increase shall not exceed
2.0 psi/sec or whatever lesser rate of increase is neces-
sary for the accurate reading of the pressure. Observe
f ther
desired or pertinent characteristics.

(b) For reclosing pressure relief devicesf continue
increasing the pressure at the device inlet untilthe dgvice
remains open. Observe the action of thé€\device. Gradu-
ally decrease the inlet pressure until the valve clgses.
Record the reseating pressure of the valve. Observ¢ the
action of the valve.

(c) For reclosing pressure feli€f devices, repeat (a)land
(b) above, recording set(and reseating pressures fintil
both are established, and- stabilized. These valueq are
established by computing the average of at least the last
three measured values. Set pressure and blowdowr} are
considered stdble when the measured values show no
consistent upward or downward trend and all are within
+1% or.£0.5 psi, whichever is greater, of the avefage
value If the parties to the test agree, an alternative qrite-
ria,6f stability may be used.

(d) Establish and maintain flow-rating pressure fintil
flow instruments indicate stable condition.

(e) Establish condenser hot-well level.

(f) Record the following:

(1) device-inlet pressure
(2) device-inlet calorimeter discharge temperature
(3) device-disk lift, as applicable

(¢) Maintain conditions stable, and read and re
data in same sequence for period of run as agreed upon.

(h) Record length of run and times of recording flata
as measured by stopwatch, electric synchronous dlock
with second hand, or other appropriate means.

(i) Reestablish condenser hot-well level, and afcu-
rately determine and record amount (volume or weight)
of condensate formed in condensers during run.

(j) Decrease inlet pressure slowly, and again re
reseating pressure of a reclosing pressure relief de

Pord

rord
ice.

(6) flowmeter calorimeter discharge temperature

(g) Maintain conditions stable, and read and record
data in same sequence for period of run as agreed upon.

(h) Record length of run and times of recording data
as measured by stopwatch, electric synchronous clock
with second hand, or other appropriate means.

(i) Determine test vessel condensate by weight or vol-
ume measure, and record.

(j) Decrease inlet pressure slowly and again record
reseating pressure of a reclosing pressure relief device.

22

#=3:6—Observationof-the Device - Mechanicat——
Characteristics

During the flowmeter and weighed-condensate meth-
ods of test, the mechanical characteristics shall be
observed by hearing, feeling, or seeing and recorded
during the flow test. If the valve chatters, flutters, or
does not reseat (as designed) satisfactorily, such action
shall be recorded. Upon agreement of all interested par-
ties, the device may be readjusted or repaired and
retested.

(
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4-3.7 Recording Additional Data

During the flowmeter or weighed-condensate meth-
ods of test, it may be desirable or a requirement to record
pressure other than, or in addition to, those listed in
para. 4-3.4 or 4-3.5. Where possible, such recorded pres-
sures shall be identified in accordance with Mandatory
AppendixI. With closed discharge systems, such as para.
4-3.1(b), it is not possible to observe or record some

Cha racteristic pressures
r

remains open. Observe the action of the device. Gradu-
ally decrease the inlet pressure until the device closes.
Record the reseating pressure of the device. Observe the
action of the device.

(c) For reclosing pressure relief devices, repeat (a) and
(b) above, recording set and reseating pressure until
both are established and stabilized. These values are
established by computing the average of at least the last
three measured values. Set pressure and blowdown are

4-4)| TESTING WITH GAS OR AIR, PRESSURE RELIEF
DEVICE DISCHARGING TO ATMOSPHERIC

PRESSURE

4-4]1 Test Arrangement

Al recommended test arrangement is shown in the
flowmeter test arrangement, Fig. 4-2.3-1. The primary
elethent shall be either a subsonic-inferential meter
[pafa. 4-2.4(a)(1)] or a sonic-inferential meter
[pata. 4-2.4(a)(2)].

Irjstrumentation for each type of meter is listed in the
follpwing subparagraphs. The test pressure relief device
disdharge may be provided as shown in Fig. 4-2.3-1.
Refé¢r to para. 4-2.10(a) for long discharge connections.
@) Subsonic-Inferential Meters. Measurements associ-
ated with subsonic-inferential meters are
(1) inlet static pressure
(2) inlet temperature
(3) differential pressure
(W Sonic-Inferential Meters. Measurements associated
witlh sonic-inferential meters are
(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperatare

=~

4-4
Pteliminary tests may be permitted for testing and
adjysting operation of the test apparatus and/or device
beir|g tested (see subsection.3-5). Such tests may be nec-
essary to ensure thesabsence of leaks in the test
apppratus.

2 Preliminary Device Tests

4-4/3 Barometric Pressure

Record thé barometric pressure (see para. 4-2.1).

4 Details of Procedure for Flow Measurement of
Devices Using Subsonic-Inferential-Meter

4-4

considered stable when the measured values $how no
consistent upward or downward trend and all'aje within
+1% or +0.5 psi, whichever is greater,of’ the|average
value. If the parties to the test agfee, "an alfernative
criteria of stability may be used,
(d) Establish and maintain flow’rating pressjire until
flow instruments indicate a(Steady-state condifion.
(e) Record the following:
(1) device-inlet pressure
(2) device-inlet témperature
(3) device-diskilift, as applicable
(4) flowmeéter-inlet static pressure
(5) flowimeter-inlet temperature
(6) {lowmeter differential pressure
(f) Decrease inlet pressure slowly, and agaih record
reseating pressure of the device.

4-4.5 Details of Procedure for Flow Measurenent of
Devices Using Sonic-Inferential-Meter Method

(a) Increase the pressure at the device inlet| During
the pressure interval starting at 90% of the expgcted set
pressure, the rate of pressure increase shall ndt exceed
2.0 psi/sec or whatever lesser rate of increase s neces-
sary for the accurate reading of the pressure. [Observe
and record the set pressure of the device and any other
desired or pertinent characteristics.

(b) For reclosing pressure relief devices, dontinue
increasing the pressure at the device inlet until the device
remains open. Observe the action of the devicd Gradu-
ally decrease the inlet pressure until the devide closes.
Record the reseating pressure of the device. Obgerve the
action of the device.

(c) Forreclosing pressure relief devices, repedt (a) and
(b) above, recording set and reseating pressufes until
both are established and stabilized. These vqlues are
established by computing the average of at least the last
three measured values. Set pressure and blowdown are

Method

(a) Increase the pressure at the device inlet. During
the pressure interval starting at 90% of the expected set
pressure, the rate of pressure increase shall not exceed
2.0 psi/sec or whatever lesser rate of increase is neces-
sary for the accurate reading of the pressure. Observe
and record the set pressure of the device and any other
desired or pertinent characteristics.

(b) For reclosing pressure relief devices, continue
increasing the pressure at the device inlet until the device

23

considered stable when the measured values show no
consistent upward or downward trend and all are within
+1% or +0.5 psi, whichever is greater, of the average
value. If the parties to the test agree, an alternative crite-
ria of stability may be used.
(d) Establish and maintain flow-rating pressure until
flow instruments indicate a steady-state condition.
(e) Record the following;:
(1) device-inlet pressure
(2) device-inlet temperature

(
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(3) device-disk lift, as applicable
(4) flowmeter-inlet total pressure
(56) flowmeter-inlet total temperature
(f) Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

4-4.6 Observation of the Mechanical Characteristics

During the subsonic or sonic-inferential-meter
method of test, the mechanical characteristics shall be

4-5.2 Preliminary Tests

Preliminary tests may be permitted for testing and
adjusting operation of the test apparatus and/or device
being tested (see subsection 3-5). Such tests may be nec-
essary to ensure the absence of leaks in the test apparatus
and ensure that all gas or air has been vented from the
component parts of the system, except those referred to
in para. 4-5.1.

observeql by hearing, feeling, or seeing and recorded
during the flow test. If the valve chatters, flutters, or
does nqt reseat satisfactorily, such action shall be

During the subsonic- or sonic-inferential-meter
method |of test, it may be desirable or a requirement to
record pfressures other than, or in addition to, those listed
in para.|4-4.4 or 4-4.5. Where possible, such recorded
pressutges shall be identified in accordance with
Mandatpry Appendix I.

4-5 TESTING WITH LIQUIDS, PRESSURE RELIEF
DEVICES DISCHARGING TO ATMOSPHERIC
PRESSURE

4-5.1 Test Arrangements

The pfessure source may be a pump or an accumuiator

(a) If f flowmeter [para. 4¢2:4(a)(1)] is used, the associ-
ated mepsurements shalliinelude, as a minimum, flow-
meter dfifferential presstire, device-inlet pressure, and
liquid t¢mperaturesIn'this case, the use of a means of
determihing the/volume or weight of the discharge is
not a refuirement:

NOTE: hen_conducting flowmeter tests involving a pressure
relief dev]ce having high inlet pressure and low flow rates, it may

4-5.3 Details of Procedure for Flow Measurement|of

Devices Using the Flowmeter Method

(a) Increase the pressure at the device inlet. Dufring
the pressure interval starting at 90% of the expect;I set
pressure, the rate of pressure increase shall not ex¢eed
2.0 psi/sec or whatever lesser rate‘of-increase is ngces-
sary for the accurate reading ofithe pressure. Obsprve
and record the set pressure ofithe device and any dther
desired or pertinent characteristics.
(b) For reclosing pressure relief devices, continue
increasing the pressufe at the device inlet until the dgvice
remains open. Observe the action of the device. Gradu-
ally decrease the ‘inlet pressure until the device clgses.
Record the réseating pressure of the device. Observ¢ the
action of the device.
(c) Foxreclosing pressure relief devices, repeat (a)land
(b) .above, recording set and reseating pressures fintil
bothrare established and stabilized. These valueq are
established by computing the average of at least the last
three measured values. Set pressure and blowdowr} are
considered stable when the measured values shoW no
consistent upward or downward trend and all are within
*1% or +0.5 psi, whichever is greater, of the avefage
value. If the parties to the test agree, an alternative drite-
ria of stability may be used.
(d) Establish and maintain flow-rating pressure fintil
instruments indicate a steady-state condition.
(e) Record the following;:
(1) device-inlet pressure
(2) device-disk lift, as applicable
(3) liquid temperature
(4) flowmeter differential pressure
(f) Decrease inlet pressure slowly, and again re
reseating pressure of a reclosing pressure relief de

rord
ice.

4-5.4 Details of Procedure for Flow Measurement|of
Devices Using the Volumetric or Gravimetrif

be desirable to install the flowmeter downstream of the pressure
relief device. Such installations are acceptable provided the instal-
lation has been calibrated in accordance with subsection 3-8.

(b) If a flowmeter is not used, volumetric or gravimet-
ric determination of the pressure relief device discharge
over a period of time shall be made. Readings of the
device-inlet pressure and liquid temperature shall be
made and recorded. Means shall be provided for direct-
ing the discharge into and diverting it from the tank
used for measuring purposes.

24

Method

NOTE: The period of the test is determined by the measured
time the discharge of the device is directed into the tank used for
measuring purposes. Care shall be taken that the pressure at the
device inlet remains stable during this period.

(a) Increase the pressure at the device inlet. During
the pressure interval starting at 90% of the expected set
pressure, the rate of pressure increase shall not exceed
2.0 psi/sec or whatever lesser rate of increase is neces-
sary for the accurate reading of the pressure. Observe

(
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and record the set pressure of the device and any other
desired or pertinent characteristics.

(b) For reclosing pressure relief devices, continue
increasing the pressure at the device inlet until the device
remains open. Observe the action of the device. Gradu-
ally decrease the inlet pressure until the device closes.
Record the reseating pressure of the device. Observe the
action of the device.

(c)_For reclosing pressure relief devices, repeat (a) and

shall be made by means of a flowmeter [see
para. 4-2.4(a)(1)] installed at the upstream side of the
valve. Figure 4-2.3-1 shows a recommended test arrange-
ment, up to and including the test valve. Figures 4-2.10-4
and 4-6-1 show discharge arrangements.

(a) Figure 4-2.10-4 illustrates a recommended test
arrangement for testing with superimposed back pres-
sure. Means are provided for applying back pressure to
the valve prior to the valve reaching its set pressure [see

(b) pbove, recording set and reseating pressures until
botl are established and stabilized. These values are
estaplished by computing the average of at least the last
three measured values. Set pressure and blowdown are
congidered stable when the measured values show no
congistent upward or downward trend and all are within
*+1% or 0.5 psi, whichever is greater, of the average
valye. If the parties to the test agree, an alternative crite-
ria ¢f stability may be used.
a) Establish and maintain flow-rating pressure until
insttuments indicate a steady-state condition.
(@ Record the following:
(1) device-inlet pressure
(2) device-disk lift, as applicable
(3) liquid temperature

Direct valve discharge into measuring tank.
(g) Repeat (e) above at specified intervals.
(H) Divert device discharge from measuring tank.
(i) Record length of runs and times of recording data
as theasured by stopwatch, electric synchronous cleck
witlh second hand, or other appropriate means,
7} Decrease inlet pressure slowly, and again record
reseating pressure of a reclosing pressure relief device.

~

=

~

4-5/5 Observation of Mechanical Characteristics
During the flowmeter or volumétric method of test,
the mechanical characteristics shall be observed by hear-
ing, feeling, or seeing and recerded during the flow
test| If the valve chatters,~flutters, or does not reseat
satisfactorily, such agtiont shall be recorded. Upon
agrdement of all interested parties, the valve may be
readjusted or repaired and retested.

4-5)6 Recording Additional Data

During_the/flowmeter or volumetric method test, it
may be(desirable, or a requirement, to record pressures
othgr ‘than, or in addition to, those listed in paras. 4-5.3

para. 4-5.5(b)]. A control valve shall be provided for
controlling the back pressure prior to, during, dnd after
the opening of the test valve. The piping shall be so
arranged that condensate will not céllect in the piping
and a drain shall be provided on|the back pressure
vessel.

(b) Figure 4-6-1 illustrabes a recommendled test
arrangement for testing¢with built-up back pressure.
Required equipment incltides a means of contrdlling the
degree of back pressute built up on the test vallve after
opening and for measuring the static pressufe in the
test-valve dischange.

4-6.2 Preliminary Tests

Preliminary tests may be permitted for tes
adjusting operation of the test apparatus and /or valve
being tested (see subsection 3-5). Such tests may be nec-
@ssary to ensure the absence of leaks in the test apparatus
and that flowmeter reservoirs (meterpots) afe filled,
properly cooled, and initially vented.

ing and

4-6.3 Barometric Pressure

Record the barometric pressure (see para. 4-2.1).

4-6.4 Details of Procedure for Flow Measurement

(a) Atmospheric Back-Pressure Test. Tests may| be con-
ducted to determine the performance of the valyve when
discharging at atmospheric back pressure. The valve
shall be equipped with an atmospheric discharge, as
shown in Fig. 4-2.3-1. Test procedure shall be In accor-
dance with paras. 4-3.4(a) through (j), performjng such
portions of the procedure and recording suchl data as
has been agreed upon.
NOTE: The objectives of this portion of the test may pe only to
determine and record the set pressure and closing presqure of the
valve, and the lift of the valve at the flow-rating pressjire, when
the valve is discharging to atmosphere. In this case, the portions
of paras. 4-3.4(a) through (j) relating to capacity detgrmination
may be eliminated.

and 4-5.4. Where possible, such recorded pressures shall
be identified in accordance with Mandatory Appendix I.
With closed discharge systems, it is not possible to
observe or record some characteristic pressures.

4-6 TESTING WITH STEAM, WITH BACK PRESSURE
ABOVE ATMOSPHERIC

4-6.1 Test Arrangements

Recommended test arrangements are illustrated in
Figs. 4-2.3-1,4-2.10-4, and 4-6-1. Capacity determination

25

(b) Back-Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrangement required by Fig. 4-2.10-4 or Fig. 4-6-1
depending on the type of back pressure desired.

4-6.5 Testing With Superimposed Back Pressure
[See Para. 4-6.1(a)]
(a) Adjust the back pressure on the valve and the

discharge piping to the required value. Increase the pres-
sure at the valve inlet. During the pressure interval,

(
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Fig. 4-6-1 Recommended Discharge Arrangements for Testing Devices With Built-Up Back Pressure

Lift
indicator
a <~—— 50— s Pressure Control valve
Test device ~ * ﬁ) :’/I
4 | [ s,
I

)

See Fig. 4-2.3-1 for inlet
arrangement

at 90% of the expected set pressure, the rate of
increase shall not exceed 2.0 psi/sec or what-
er rate of increase is necessary for the accurate
pf the set pressure. Observe and record the pres-
the valve, the back pressure, and any other
pr pertinent characteristics.

ntinue increasing the pressure at the valve inlet
specified overpressure is reached. Observe the
action of the valve. Gradually decrease the inlet pressure
until th¢ valve closes. Record the reseating pressure of
the valve and the back pressure.

NOTE: DPuring (a) and (b) above, care shall be exercised to main-
tain the bjack pressure at as uniform a value as possible.

starting
pressurg
ever les
reading
sure of
desired

(b) C
until thq

(c) Repeat (a) and (b) above, recording set and reseat-
ing prespures and back pressure until all are established
and staljilized. These values are established by compurt-
ing the gverage of at least the last three measured talues.
Set presgure and blowdown are considered stable when
the medsured values show no consistent' upward or
downward trend and all are within #1%"or +0.5 psi,
whicheyer is greater, of the average value. If the parties
to the tdst agree, an alternative criteria of stability may
be used

(d) Egtablish and maintain-flew-rating pressure until
flow ingtruments and back‘pressure gage indicate a
steady-dtate conditions

(e) Clpse test-drum drain, and establish and record
or marld startingscondensate level in a gage glass.

(f) Record the. following:

(1) [valte=inlet pressure
(2) valve-inlet calorimeter discharge temperature

(1) In most instances, it is desirdble, or a requirenjent,
that the valve be tested over a‘given range of back
pressure. In such cases, it is\¢ofivenient if the valye of
back pressure chosen in(a)-above be either the lojvest
or highest of this range-Back pressure may then be
increased or decreased in increments, repeating (a)
through (h) above at each incremental value.

4-6.6 Testing With Built-Up Back Pressure [See
Para. 4-6.1(b)]

(a) dncrease the pressure at the valve inlet. During
pressure interval starting at 90% of the expected
pressure, the rate of pressure increase shall not ex¢
2.0 psi/sec or whatever lesser rate of increase is ng
sary for the accurate reading of the pressure. Obsprve
and record the set pressure of the valve and any dther
desired or pertinent characteristics.

(b) Continue increasing the pressure at the valve
until the specified overpressure is reached. Adjust bjuilt-
up back pressure to desired value. Observe the adtion
of the valve. Gradually decrease the inlet pressure

Set pressure and blowdown are considered stable

(3) valve-disk lift
(4) flowmeter static pressure
(56) flowmeter differential pressure
(6) flowmeter calorimeter discharge temperature
(7) back pressure
(g) Reestablish original gage-glass level or new level
at end of run, determine condensate by weight or vol-
ume measurement, and record.
(h) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

26

the measured values show no consistent upward or
downward trend and all are within +1% or +0.5 psi,
whichever is greater, of the average value. If the parties
to the test agree, an alternative criteria of stability may
be used.

(d) Establish and maintain flow-rating pressure until
flow instruments and back pressure gage indicate a
steady-state condition.

(e) Close test-drum drain, and establish and record
or mark starting condensate level in a gage glass.

(

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

(f) Record the following:
(1) valve-inlet pressure
(2) valve-inlet calorimeter discharge temperature
(3) valve-disk lift
(4) flowmeter static pressure
(56) flowmeter differential pressure
(6) flowmeter calorimeter discharge temperature
(7) back pressure

(a) Figure 4-2.10-4 illustrates a recommended test
arrangement for testing with superimposed back pres-
sure to the valve prior to the valve reaching its set pres-
sure [see para. 4-2.5(b)]. A control valve shall be
provided for controlling the back pressure prior to, dur-
ing, and after the opening of the test valve. The piping
shall be so arranged that condensate will not collect in
the piping and a drain shall be provided on the back-
pressure vessel.

() Reestablish original gage-glass level or new level
at end of run, determine condensate by weight or vol-
umg¢ measurement, and record.

(H) Decrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

(i) In most instances, it is desirable, or a requirement,
thafl the valve be tested over a given range of back
pregsure. In such cases, it is convenient if the value of
back pressure chosen in (b) above be either the lowest
or highest of this range. Back pressure may then be
incjeased or decreased in increments, repeating (a)
thrqugh (h) above at each incremental value.

4-6]7 Observation of Mechanical Characteristics

During the tests with superimposed or built-up back
pregsure, mechanical characteristics shall be observed
by learing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not reseat
satisfactorily, such action shall be recorded. Upon
agrgement of all interested parties, the valve may\be
readjusted or repaired and retested. When testing ¥alves
agajnst back pressure, any range in which the valve does
not [reach rated lift at the flow-rating pressuré shall be
recqrded.

4-6

Diuring tests with superimposed or built-up back pres-
surg, it may be desirable, 0r a' requirement, to record
pregsures other than, orin addition to, those listed in
para. 4-6.5 or 4-6.6. Where possible, such recorded pres-
surgs shall be identified in accordance with Mandatory
Appendix I. With)yclosed discharge systems, such as
para. 4-6.1(a), it1s not possible to observe or record some
chafacteristi¢,pressures.

8 Recording Additional Data

4-7 | TESTING WITH GAS OR AIR, WITH BACK

(b) Figure 4-6-1 illustrates a recommendled test
arrangement for testing with built-up back pressure.
Required equipment includes a means of, contrdlling the
degree of back pressure built up on the test vallve after
opening and for measuring the_static pressufe in the
test-valve discharge.

4-7.2 Preliminary Tests

Preliminary tests may\be permitted for tes
adjusting operation ofjthe test apparatus and
being tested (see;subsection 3-5). Such tests ma
essary to ensure the absence of leaks in
apparatus.

ing and
or valve
I be nec-
the test

4-7.3 Barometric Pressure

Record the barometric pressure (see para. 4.1).

4<7.4 Details of Procedure for Flow Measurement

(a) Atmospheric Back-Pressure Test. Tests may| be con-
ducted to determine the performance of the valve when
discharging at atmospheric back pressure. The valve
shall be equipped with an atmospheric discharge, as
shown in Fig. 4-2.3-1. Test procedure shall be |n accor-
dance with paras. 4-4.4(a) through (f) performjng such
portions of the procedure and recording suchl data as
has been agreed upon.

NOTE: The objectives of this portion of the test may pe only to
determine and record the set pressure and closing presdure of the
valve, and the lift of the valve at the flow-rating pressjire, when
the valve is discharging to atmosphere. In this case, the portions
of paras. 4-4.4(a) through (f) relating to capacity detgrmination
may be eliminated.

(b) Back-Pressure Test. Following the atm¢spheric
back-pressure test, if performed, install the discharge
arrangement required by Fig. 4-2.10-4 or Fig. 4-6-1,
depending on the type of back pressure desirdd.

4-7.5 Testing With Superimposed Back Pressure

PRESSURE ABOVE AITMUSFHERIC

4-7.1 Test Arrangements

Recommended test arrangements are illustrated in
Figs. 4-2.3-1,4-2.10-4, and 4-6-1. Capacity determination
shall be made by means of a flowmeter [see
para. 4-2.4(a)(1)] installed at the upstream side of the
valve. Figure 4-2.3-1 shows a recommended test arrange-
ment, up to and including the test valve. Figures 4-2.10-4
and 4-6-1 show discharge arrangements.

27

[See Para. 4-7.1(a)]

(a) Adjust the back pressure on the valve and the
discharge piping to the required value. Increase the pres-
sure at the valve inlet. During the pressure interval start-
ing at 90% of the expected set pressure, the rate of
pressure increase shall not exceed 2.0 psi/sec or what-
ever lesser rate of increase is necessary for the accurate
reading of the set pressure. Observe and record the set
pressure of the valve, the back pressure, and any other
desired or pertinent characteristics.

(
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(b) Continue increasing the pressure at the valve inlet
until the specified overpressure is reached. Observe the
action of the valve. Gradually decrease the inlet pressure
until the valve closes. Record the reseating pressure of
the valve and the back pressure. Observe the action of
the valve.

NOTE: During (a) and (b) above, care shall be exercised to main-
tain the back pressure at as uniform a value as possible.

Remove any flow restriction in the tailpipe assembled
to test valve outlet. If this is not done, the valve may
not achieve the same lift it did during the initial test.

(c) Repeat (a) and (b) above, recording set and reseat-
ing pressures, and back pressure, until all are established
and stabilized. These values are established by comput-
ing the average of at least the last three measured values.
Set pressure and blowdown are considered stable when
the measured valuies show no consistent npwar'] or

(c) Repeat (a) and (b) above, recording set and reseat-
ing presgures, and back pressure, until all are established
and staljilized. These values are established by comput-
ing the gverage of at least the last three measured values.
Set presgure and blowdown are considered stable when
the megsured values show no consistent upward or
downward trend and all are within +1% or +0.5 psi,
whicheyer is greater, of the average value. If the parties
to the tdst agree, an alternative criteria of stability may
be used

(d) Edtablish and maintain flow-rating pressure until
flow ingtruments and back pressure gage indicate a
steady-dtate condition.

(e) Record the following;:

(1) [valve-inlet pressure

(2) fvalve-inlet temperature

(3) [valve-disk lift

(4) fflowmeter-inlet static pressure
(5) fflowmeter-inlet temperature
(6) fflowmeter differential pressure
(7) pack pressure

(f) Dgcrease inlet pressure slowly, and again record
reseating pressure of valve and back pressure.

(¢) Infmost instances, it is desirable or a requirement
that thel valve be tested over a given.range of back
pressurg. In such cases, it is conveniént if the value of
back pressure chosen in para. 4.7.5(a) be either the lowest
or highest of this range. Back (pressure may then be
increas¢d or decreased in increments, repeating (a)
through| (f) above at each ineremental value.

4-7.6 IT:'Esting With Built-Up Back Pressure [See
ra. 4-7.1(b)]

(1) Infrease.thepressure at the valve inlet. During the
pressurq intetval starting at 90% of the expected set
pressurq, the rate of pressure increase shall not exceed

downward trend and all are within *1% or +0:5[psi,
whichever is greater, of the average value. If the pafties
to the test agree, an alternative criteria of stability ay
be used.

(d) Establish and maintain flow-rating pressure|and
back pressure until flow instrumerits and back presgure
gage indicate a steady-state condition.

(e) Record the following:

(1) valve-inlet pressure

(2) valve-inlet temperature

(3) valve-disk lift

(4) flowmeter-inlet static pressure
(56) flowmeter-inlet temperature
(6) flowmeter differential pressure
(7) “back pressure

(f)-Decrease inlet pressure slowly, and again re
reseating pressure and back pressure.

(¢) In most instances, it is desirable, or a requirenjent,
that the valve be tested over a given range or back
pressure. In such cases, it is convenient if the valye of
back pressure chosen in para. 4-7.5(a) be either the lojvest
or highest of this range. Back pressure may then be
increased or decreased in increments, repeating (a)
through (f) above at each incremental value.

Pord

4-7.7 Observation of Mechanical Characteristics

During the tests with superimposed or built-up back
pressure, mechanical characteristics shall be obsefved
by hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not rdseat
satisfactorily, such action shall be recorded. Upon
agreement of all interested parties, the valve may be
readjusted or repaired and retested. When testing vdlves

against back pressure, any range in which the valve ¢loes
3£ o Ll

2.0 psi/sec or whatever lesser rate of increase is neces-
sary for the accurate reading of the pressure. Observe
and record the set pressure of the valve and any other
desired or pertinent characteristics.

(b) Continue increasing the pressure at the valve inlet
until the specified overpressure is reached. Adjust built-
up back pressure to desired value. Observe the action
of the valve. Gradually decrease the inlet pressure until
the valve closes. Record the reseating pressure of the
valve and back pressure. Observe the action of the valve.

28

' L tad ] £] ' 1 lb
Aot-reach—ratedtift-at-theHow—rating—pressure—shall be

recorded.

4-7.8 Recording Additional Data

It may be desirable or a requirement to record pres-
sures other than, or in addition to, those listed in para.
4-3.4. Where possible, such recorded pressures shall be
identified in accordance with Mandatory Appendix I.
With closed discharge systems, it is not possible to
observe or record some characteristic pressures.

(
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4-8 TESTING WITH LIQUIDS, WITH BACK PRESSURE
ABOVE ATMOSPHERIC

4-8.1 Test Arrangements

Pressure sources can be a pump or an accumulator of
liquid, in combination with high-pressure compressed
gas. Precautions shall be taken to ensure that pressure
pulsations are reduced to a minimum. Figure 4-2.3-1
shows a recommended test arrangement, up to and

reading of the pressure. Observe and record the set pres-
sure of the valve, the back pressure, and any other
desired or pertinent characteristics.

(b) Continue increasing the pressure at the valve inlet
until the specified overpressure is reached. Observe the
action of the valve. Gradually decrease the inlet pressure
until the valve closes. Record the reseating pressure of
the valve and the back pressure. Observe the action of

the szalse

inclfiding the test valve. Figures 4-2.10-4 and 4-6-1 show
disgharge arrangements for testing with superimposed
and| built-up back pressure, respectively. A flowmeter
[see|para. 4-2.4(b)(1)] shall be used in either case. Instru-
merjtation shall be suitably installed to indicate or record
the following;:

a) liquid temperature

(B flowmeter differential pressure

(g valve-inlet pressure

(d) back pressure

=~

4-8
Pteliminary tests may be permitted for testing and
adjysting operation of the test apparatus and/or valve
beir)g tested (see subsection 3-5). Such tests may be nec-
essdry to ensure the absence of leaks in the test apparatus
and|ensure that all gas or air has been vented from the
conjponent parts of the system.

2 Preliminary Tests

4-8)3 Details of Procedure for Flow Measurement

(@) Atmospheric Back-Pressure Test. Tests may be\con-
ducfed to determine the performance of the valve-when
disdharging at atmospheric back pressure,(The valve
shall be equipped with an atmospheri¢ discharge, as
shovn in Fig. 4-2.3-1. Test procedure shall be in accor-
danfe with paras. 4-5.3(a) through«(f) performing such
portfions of the procedure and recording such data as
has|been agreed upon.

NOTE: The objectives of this'portion of the test may be only to
detefmine and record the sét pressure and closing pressure of the
valvg, and the lift of thevalve at the flow-rating pressure, when
the yalve is dischargifigito atmosphere. In this case, the portions
of ppras. 4-5.3(a) through (f) relating to capacity determination
may|be eliminated:

(4) Bagk=Pressure Test. Following the atmospheric
back-pressure test, if performed, install the discharge
arrgngement required by Fig. 4-2.10-4 or Fig. 4-6-1,

NOTE: During (a) and (b) above, care shall bé exercisefl to main-
tain the back pressure at as uniform a value-as possiblg.

(c) Repeat (a) and (b) abovesrecording set anf reseat-
ing pressures, and back pressure, until all are esffablished
and stabilized. These valtes are established by comput-
ing the average of at leastithe last three measurel values.
Set pressure and blowdown are considered stalple when
the measured values show no consistent upward or
downward trend’ and all are within +1% or 0.5 psi,
whicheveris, greater, of the average value. If the parties
to the test agree, an alternative criteria of stab{lity may
be used.

(d). Establish and maintain flow-rating pressjire until
flow instruments and back pressure gage inldicate a
steady-state condition.

(e) Record the following:

(1) valve-inlet pressure

(2) valve-disk lift

(3) liquid-inlet temperature

(4) flowmeter differential pressure
(5) back pressure

(f) Decrease inlet pressure slowly, and agaih record
reseating pressure of valve and back pressure.

(¢) In most instances, it is desirable, or a requirement,
that the valve be tested over a given range|of back
pressure. In such cases, it is convenient if the [value of
back pressure chosen in (a) above be either the lowest
or highest of this range. Back pressure may [then be
increased or decreased in increments, repedting (a)
through (f) above at each incremental value.

depending on the type of back pressure desired.

4-8.4 Testing With Superimposed Back Pressure
(See Fig. 4-2.10-4)

(a) Adjust the back pressure on the valve and dis-
charge piping to the required value. Increase the pres-
sure at the valve inlet. During the pressure interval
starting at 90% of the expected set pressure, the rate of
pressure increase shall not exceed 2.0 psi/sec or what-
ever lesser rate of increase is necessary for the accurate

29

4-8.5 Testing With Built-Up Back Pressure (See
Fig. 4-6-1)

(a) Increase the pressure at the valve inlet. During the
pressure interval starting at 90% of the expected set
pressure, the rate of pressure increase shall not exceed
2.0 psi/sec or whatever lesser rate of increase is neces-
sary for the accurate reading of the pressure. Observe
and record the set pressure of the valve and any other
desired or pertinent characteristics.

(
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(b) Continue increasing the pressure at the valve inlet
until the specified overpressure is reached. Adjust built-
up back pressure to the desired value. Observe the action
of the valve. Gradually decrease the inlet pressure until
the valve closes. Record the reseating pressure of the
valve and back pressure. Observe the action of the valve.

Remove any flow restriction in the tailpipe assembled
to test valve outlet. If this is not done, the valve may
not achieve the same lift it did during the initial test.

against back pressure, any range in which the valve does
not reach rated lift at the flow-rating pressure shall be
recorded.

4-8.8 Recording Additional Data

During the tests with superimposed or built-up back
pressure, it may be desirable, or a requirement, to record
pressures other than, or in addition to, those listed in
para. 4-8.4 or 4-8.5. Where possible, such recorded pres-

(c) Repeat (a) and (b) above, recording set and reseat-
ing presgures, and back pressure, until all are established
and stabilized. These values are established by comput-
ing the gverage of at least the last three measured values.
Set pres$ure and blowdown are considered stable when
the medsured values show no consistent upward or
downwdrd trend and all are within +1% or +0.5 psi,
whicheyer is greater, of the average value. If the parties
to the tdst agree, an alternative criteria of stability may
be used

(d) Egtablish and maintain flow-rating pressure and
back prgssure until flow instruments and back-pressure
gage indicate a steady-state condition.

(e) Record the following;:

(1) [valve-inlet pressure

(2) |valve-disk lift

(3) liquid-inlet temperature

(4) flowmeter differential pressure
(5) Jpack pressure

(f) Ddcrease inlet pressure slowly and again record
reseating pressure of valve and back pressure.

(g) Infmost instances, it is desirable, or a requirement,
that thel valve be tested over a given range"“of back
pressurd. In such cases, it is convenient if the“value of
back pressure chosen in para. 4.8.4(a) be either the lowest
or highest of this range. Back pressure' may then be
increas¢d or decreased in increments, repeating (a)
through| (f) above at each increrhental value.

4-8.6 Tests With Built-Up-Back Pressure With
easuring Tank

The use of volumetric or gravimetric determination
of valvel|dischargewhen testing with built-up back pres-
sure is germissible. In such cases, the interested parties
shall agrée~on a test procedure prior to conducting

sure shall be identified in accordance with Mandaltory
Appendix 1. With closed discharge systems,. 1, 1s| not
possible to observe or record some charaéterfstic
pressures.

4-9 TESTING WITH GAS OR AIR, NONRECLOSING
PRESSURE RELIEF DEVICE FLOW RESISTANCE
METHOD

4-9.1 Test Arrangement

A recommended test,arrangement is shown inf the
flow resistance test rig ‘arrangement, Fig. 3-9-1, which
represents the test vessel and test device of Fig. 4-213-1.
The device shall have the same nominal pipe size dithen-
sion as the test'rig. Differential pressure measurerpent
instruments\or transducers shall be used between gres-
sure taps.A-B, B-C, and C-D. The primary element ghall
be either a subsonic-inferential meter or sonic-infereftial
meter as shown in Fig. 4-2.3-1 and describegl in
para. 4-2.4(a).

Instrumentation for each type of meter is listed ir
following;:

(a) Subsonic-Inferential Meters. Measurements as
ated with subsonic-inferential meters are

(1) inlet static pressure
(2) inlet temperature
(3) differential pressure

(b) Sonic-Inferential Meters. Measurements associpted

with sonic-inferential meters are
(1) inlet total (stagnation) pressure
(2) inlet total (stagnation) temperature

the

oCi-

4-9.2 Preliminary Tests

test
the

Preliminary tests may be permitted for testing the
apparatus. Such tests may be necessary to ensure
absence of leaks in the test apparatus and that all differ-
ential pressure measurement devices are functii{:ing
properly and within their pressure measurement rahge.

the tests:

4-8.7 Observation of Mechanical Characteristics

During the tests with superimposed or built-up back
pressure, mechanical characteristics shall be observed
by hearing, feeling, or seeing and recorded during the
flow test. If the valve chatters, flutters, or does not reseat
satisfactorily, such action shall be recorded. Upon
agreement of all interested parties, the valve may be
readjusted, repaired, and retested. When testing valves

30

4-9.3 Barometric Pressure

Record the barometric pressure (see para. 4-2.1).

4-9.4 Details of Procedure for Flow Resistance
Measurement Using Subsonic-Inferential-Meter
Method

(a) Install the device into the flow resistance test rig.
(b) Increase the pressure at pressure tap B. During
the interval starting at 90% of the expected set pressure,

(
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the rate of pressure increase shall not exceed 2.0 psi/sec
or whatever lesser rate of increase is necessary for the
accurate reading of the pressure. Observe and record
the set pressure of the device and any other desired or
pertinent characteristics.

(c) Establish and maintain flow-rating pressure until
flow instruments indicate a steady-state condition.

(d) Simultaneously record the following measure-
ments (it is Prpfprah]p to 11se a data nr‘r}niqifinﬂ system

4-9.7 Resistance Testing on Nonreclosing Pressure
Relief Devices With Connections Not
Compatible With Fig. 3-9-1

The use of adapters for devices with inlet/outlet con-
nections that are not compatible with the test rigs of
Fig. 3-9-1 are allowed provided the device is the same
nominal size as the test rig and the adapter’s resistance
to flow, if the adapter constitutes part of a flow path, is

properbiaccountedfor-asfollows-
r J

for fhese measurements):

(1) test rig inlet pressure

(2) test rig inlet temperature

(3) flowmeter-inlet static pressure
(4) flowmeter-inlet total temperature
(5) flowmeter differential pressure
(6) tap B pressure

(7) differential pressure tap A-B

(8) differential pressure tap B-C

(9) differential pressure tap C-D

4-915 Details of Procedure for Flow Resistance
Measurement Using Sonic-Inferential-Meter
Method

=~

a) Install the device into the flow resistance test rig.

B Increase the pressure at pressure tap B. During
the |nterval starting at 90% of the expected set pressure;
the fate of pressure increase shall not exceed 2.0 psi/sec
or Whatever lesser rate of increase is necessary_for the
accyrate reading of the pressure. Observe and record
the pet pressure of the device and any other(desired or
perfinent characteristics.

g Establish and maintain flow-rating pressure until
flow instruments indicate a steady-state condition.

(q) Simultaneously record the-following measure-
menpts (it is preferable to use-a data acquisition system
for these measurements):

(1) test rig inlet pfessure

(2) test rig inlet temperature

(3) flowmeter)inlet total pressure

(4) flowstieter inlet total temperature
(5) tap:B/pressure

(6)Cdifferential pressure tap A-B

(7 differential pressure tap B-C

~

-~

r

(a) Install the adapter into the test rig of{Flg. 3-9-1,
and conduct three baseline flow tests to(deterfnine the
average flow resistance of the adapter.

(b) Proceed with determining the'flow resijtance of
the combined assembly, the test deyice, and adajpter, per
para. 4-9.4 or 4-9.5.

(c) Calculate the test device individual flow resist-
ance, Kg;, by subtracting the average flow resigtance of
the adapter. The use pf;and specification of, thg adapter
shall be included in,the test report.

4-10 TESTING NONRECLOSING PRESSURE RELIEF
DEVICES TO DETERMINE A SET PRESSURE FOR
INCOMPRESSIBLE FLUIDS

4-10.1, Test Arrangement

A recommended test arrangement for condulting set
pressure tests on incompressible fluids is shown in
Fig. 4-10-1. The test arrangement shall have the|same or
larger nominal pipe size dimensions as the| device.
Unless no portion of the device extends into the outlet
connection arrangement, the outlet connection shall
match the internal bore of the flow resistajnce test
arrangement of subsection 4-9. The test mediim shall
be water or other suitable incompressible fluid|The test
shall be conducted in such a way as to prevgnt com-
pressed gas from passing through the device at gny time.
After set pressure tests have been conducted, tHe device
shall be removed from this test arrangemlent and
installed within the resistance factor test arrapgement
shown in Fig. 3-9-1. The device flow resistange factor
shall be tested per subsection 4-9 using gas ¢r air as
the fluid.

4-10.2 Preliminary Test

Preliminary tests may be permitted for tesfing and
adjusting operation of the test apparatus and/q¢r device

(8) differential pressure tap C-D

4-9.6 Recording Additional Data

During the subsonic or sonic-inferential-meter
method of test, it may be desirable, or a requirement,
to record pressures other than, or in addition to, those
listed in para. 4-9.4 or 4-9.5. Where possible, such
recorded pressures shall be identified in accordance with
Mandatory Appendix I.

being tested (see subsection 3-5). Such tests may be nec-
essary to ensure the absence of leaks in the test
apparatus.

4-10.3 Details of Procedure for Determining a
Nonreclosing Pressure Relief Device Flow
Resistance Factor Applicable for
Incompressible Fluids

(a) Install the device between the flanges of the test
apparatus.
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Fig. 4-10-1 Recommended Arrangements for Conducting Opening Test on Nonreclosing Pressure Relief
Devices With Incompressible Fluids

Opti
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accurate static pressure measurement.

32

No reproduction may be made of this material without written consent of ASME.

( Copyright © 2014 by the American Society of Mechanical Engineers. )



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

(b) Position valves to fill the test apparatus with lig-
uid, and vent any trapped gas immediately upstream
to the device.

(c) Reposition valves to pressurize the system.
Increase the pressure at the pressure tap. During the
interval starting at 90% of the expected set pressure, the
rate of pressure increase shall not exceed 2.0 psi/sec
or whatever lesser rate of increase is necessary for the

accurate reading of the pressure. Observe and record
the set pressure of the device and any other desired or
pertinent characteristics.

(d) Remove the device from the test apparatus. Care
shall be taken not to disturb the opening pattern of the
device.

(e) Complete the device flow resistance testing per
para. 4-9.4 using gas or air as the test medium.

33
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Section 5
Computation of Results

’
3
o

The vplues of measured variables shall be corrected
ance with instrument calibrations. No other
correctigns to the data are permitted.

5-2 REVIEW OF INSTRUMENT READINGS

Befor¢ calculations are undertaken, the instrument
readingg, as recorded in the log, shall be reviewed for
inconsistency and large fluctuation in accordance with
ASME [{TC 19.1.

5-3 USE OF EQUATION SYMBOLS

The symbols used in this Code are ones that are
already fin common use in the particular fields of engi-
neering |linvolved. In a few cases, the same letter has
different meanings in different parts of the Code
according to its application. In order to avoid confusion,
each eqpation has been provided with its own list of
definitions of symbols. Users are cautioned not to
assume fhat a symbol has the same meaning in another
equation.

5-4 DENSITY

Compjutation of density shall be made ftem measured
values df pressure, temperature, and (specific gravity.

(a) Fdr steam and other condensible fluids, the den-
sity p shpll be taken as 1/v wheré¢ v, the specific volume,
in ft3/1pm, is obtained from)the latest edition of
ASME Steam Tables for steam,or other established tables
for othler fluids at jthe*measured pressure and
temperature.

(b) The followingsélations shall be used for comput-
ing the Hensity, of gases where the physical properties
are accyratelysknown:

For any|dry gas

d
H
4

= specific gravity with respect to dry air, M|/ M,
molecular weight of gas

molecular weight of air

static pressure, psia

gas constant, 1,545.4/M, ft-bf/Ibm-°R
temperature, °R

compressibility factor as defined in the efjua-
tion of state, Pv =4RT. If more detailg are
desired, see ASME-PTC 19.5.

ND®T=Z0
Il

5-5 CAPACITY CALCULATIONS

The followingis presented to assist in the use of the
calculation Sheets and aid in carrying out the seyeral
methods eficomputing capacity. Flow equations, cofrec-
tion factors, and procedures for calculations are in adcor-
daneewith ASME PTC 19.5.

5-5.1 Volumetric or Weighed-Water Method

This technique requires the collection of the dischprge
from the valve under test either as a mass or a volime
over a known period of time. Care must be takeh to
ensure that the valve-inlet conditions are maintajned
throughout the test and that neither extraneous water
is measured nor that any valve discharge is lost.

Form 5-5.1 should be used for recording the datajand
computing the results. The first eight items on this form
are primarily for identification purposes. Iterhs 9
through 12 record the amount of water collected pver
the given time interval. Item 11 is any leakage aftef the
valve throat that might be at the valve stem, drain hole
in the valve, or in the discharge piping. The mannér in
which this leakage is to be evaluated shall be agfeed
upon by the parties to the test, and the amount shall be
added to the total accumulated (see Items 20 and/or
27).Item 12 is to account for any leakage of the condepser
circulating water into the condensate. This is determined

_144P
~ ZRT
For dry air, this reduces to
_ 2.699P
P=TzT
For air and other gases
_ 2.699GP
P=ZT

by a condenser leakage test, and the amount is to be
subtracted from the total accumulated (see Item 20).
Items 13 through 20 record more data and show the
calculation of the steam flow through the valve per hour,
corrected to dry and saturated conditions at the valve
inlet. In the equation for Item 20, the weight of water
accumulated is divided by the time interval and
multiplied by 60 to obtain the accumulated flow rate in
pounds per hour. This is multiplied by the ratio of the
square root of the specific volume of the flowing steam
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at the valve inlet to the specific volume of dry and
saturated steam at the inlet pressure. To this quantity is
added the valve-stem leakage. The condenser leakage
is subtracted for the test using water.

Items 21 through 25 record additional data. Item 27
determines the measured relieving capacity for a water
test with no correction being made for either specific
volume or condenser leakage (it being assumed that a
condenser was required). Item 28 provides a capacity

it is specified by the test. The evaluation assumes no
change in fluid temperature between the meter and
valve inlet.

5-5.4 Air or Gas — Flowmeter Method

This technique meters the gas flow upstream of the
valve under test. Care must be taken that all the metered
gas passes through the valve or is accounted for in the

calculations

corgection to whatever reference condition has been
spegified for the test. Item 29 changes the unit to gallons
per [minute at the reference condition.

5-5
This technique meters the steam flow upstream of the
valye under test. Care must be taken that all the metered
steam passes through the valve or is accounted for in
the falculations. In addition to leakage, metered steam
that| does not reach the valve can occur by condensation
of the steam in connecting piping and particularly in
the ftest vessel.

e flow equations, correction factors, and procedures
for ¢alculations incorporated in Form 5-5.2 are in accor-
dange with ASME PTC 19.5.

Form 5-5.2 should be used for recording the data and
confputing the results. The first eight items on this form
are primarily for identification purposes. Form 5-5.2 pro-
ceedls through the trial-flow calculation in order to evalu-
ate fthe proper factors and goes on to Item 28, which
proyides the flow rate of steam at the reference condition
in founds per hour.

Itpms 29 through 38 transfer and adjust the meter flow
to the flow through the valve. Item 35 anhd-its use in
calqulating the valve-relieving capacity-assumes the
meter calorimeter’s sampling tube is downstream of the
meter. If this is not the case, the stibtraction should not
be made, since the correction §hown is to account for
metered steam not reachingthe valve. All values used
are porrected to the referénce condition.

2 Steam — Flowmeter Method

5-5
This technique-méters the liquid flow upstream of the
valye under test.€are must be taken that all the metered

liquiid passes-through the valve or is accounted for in
the

3 Liquids — Flowmeter Method

for

cedures
n accor-

The flow equations, correction factors, and pr
for calculations incorporated in Form 5-5:4 are
dance with ASME PTC 19.5.

Form 5-5.4 should be used for recording the ¢lata and
computing the results. The first-12 litems on this form
are primarily for identificationfourposes. Form §-5.4 pro-
ceeds through the trial flow/calculation to bg able to
evaluate the proper factors for refinement, thrgugh the
measured capacity inpotinds per hour (Item [25), and
on to the flow rate.through the meter in cubid feet per
minute at some prespecified base condition.

Items 35 through 40 then provide for the ca
of the flow~through the valve in cubic feet pe
at a refefenee inlet condition.

culation
minute

5-5.5)Air or Gas — Sonic-Flow Method

This technique meters the gas flow upstreajn of the
valve under test. Care must be taken that all thejmetered
gas passes through the valve or is accounted fpr in the
calculations.

The flow equations, flow functions, correction factors,
and procedures for calculation incorpomated in
Form 5-5.5 are in accordance with ASME PTC|19.5.

The use of Form 5-5.5 is recommended for dither air
or gas, and, with the addition of basic data aphd valve
identification, the form follows the procgdure of
ASME PTC 19.5.

This calculation follows through to evaluate [the flow
through the meter (Item 23) in pounds per hofur.

Items 24 through 30 are then used to deterfnine the
flow through the valve in cubic feet per mirfute at a
reference condition.

5-5.6 Fuel-Gas Flow — Flowmeter Method

calculations. This technique meters the gas flow upstreajn of the
The flow equations, correction factors, and procedures valve under test. Care must be taken that a]l of the
alculations incorporated in Form 5-5.3 are in accor- metered gas passes through the valve or is adcounted

dance with ASME PTC 19.5.

Form 5-5.3 should be used for recording data and
computing the results. The first eight items on this form
are primarily for identification purposes. The form pro-
ceeds through the trial flow calculation in order to evalu-
ate the proper factors and goes on to Item 26, the
measured relieving capacity through the meter at the
meter conditions.

Items 27 through 33 provide the data and equation to
calculate the relieving capacity at a reference condition if

35

for in the calculations.

The flow equations, correction factors, and procedures
for calculation incorporated in Form 5-5.6 are in accor-
dance with ASME PTC 19.5.

Form 5-5.6 should be used for recording the data and
computing the results. The first 12 items on this form
are primarily for identification purposes.

Form 5-5.6 proceeds through the trial-flow calculation
to be able to evaluate the proper factors for refinement,
through the measured capacity in cubic feet per hour

(
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at some prespecified base condition converted from the
required pounds per hour (Item 32).

Items 35 through 40 provide for the calculation of the
flow through the valve in cubic feet per minute at a
reference inlet condition.

5-5.7 Air or Gas — Nonreclosing Pressure Relief
Device Flow Resistance Method

The remaining items on Form 5-5.7 are used to deter-
mine the resistance factor between each of the estab-
lished pressure taps. An individual flow resistance
associated with the nonreclosing pressure relief device
is then calculated from these results.

Two test checks must be done to verify the test results.

First, verify that the value Kcp is within 3% of the
value Kap. If not, verify that the test arrangement is
properly set up. Next, run a calibration test with no

This teehnigre—measures—the—resistance—dre—to—the
presenc¢ of a nonreclosing pressure relief device in a
piping dystem. It is used in conjunction with either the
flowmgdter or sonic-flow methods described in
para. 5-$.4 or 5-5.5, respectively.

Form p-5.7 should be used for recording the data and
computing the results. The first 17 items on this form are
for identification purposes and listing of the measured
variables. Item 6, Measured relieving capacity, is
obtained from either Form 5-5.4 or 5-5.5. Care must be
taken that all of the metered gas passes through the test
arrangenent (see Fig. 4-6-1) or is accounted for in the
calculatjons.

nonreclosing pressure relief device installed to V&rify
that the value Kc_p is within 3% of the value Kj.p/ If so,
calculate the resistance factor Kg.p = Kp —-Kp)and the
pipe length Lgp = Lp — Lg. Complete the nonreclosing
pressure relief device individual flow résistance calqula-
tion, replacing Kp.c, Kpipe B-c, arld j)Lg.c with Kp_p,
Kpipe B0, and Lp.p, respectively, insegs. 34 and 35. THjis is
done since the air turbulence caused by the nonrecloging
pressure relief device is affecting the true pressure rpad-
ing of tap C.

Second, verify that thesealculated pipe roughness from
eq. 33 is within the range 0.0018 to 0.00006. This ig the
range for schedule 40 clean commercial pipe.

36

(

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

TEST REPORT FORM 5-5.1 PRESSURE RELIEF DEVICE TESTED WITH STEAM AND WATER

Observed Data and Computed Results — Weighed-Water Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

\alia Nonraclosing Davicas.
S

(4) Bore diameter, in. (dp) (4) Minimum holder bore diameter, in. (dp)
(5) Seat diameter, in. (ds) (5) Minimum net flow area, in.? (a)

(6) Seat angle, deg

(7) Valve-disk lift, in. (/)

(8) Actual discharge area, in.? (ag)

Observed Data

(9) Length of test, min (f)

0) Mass of water or condensate, lbm (W)
1) Valve-steam leakage, lbm/hr (w)

2) Condenser leakage, lbm/hr (w)

—~

STEAM
Observed Data and Computed Results at thé\Device Inlet

(13) Set pressure, psig (Pset)
(14) Flow rating pressure, psia (Py
(15) Back pressure, psig (P,)
(16) Fluid temperature at the calorimeter, °F (T.a)
(17) Percent quality or deg superheat
(18) Specific volume at reference condition, f3/lbm (Viep)
(19) Specific volume at inlet conditions, ft3/lbm (Vae)
(PO) Measured relieving capacity adjusted to the reference condition, lbm/hr
V.
Wy~= 60;(W %:;"’Wvl_wcl
WATER

Observed Data and Computed Results at the Device Inlet

(1) Set pressure, psig (Pset)
(P2) Flow rating pressure, psia (Py)
(P3) Back pressure, psig (P,)
(P4) Fluid temperature, °E(F)
(25) Density of water atnnlet conditions, lbm/ft> (pac)
(p6) Density of water at-reference condition, lbm/ft> (pp)
(P7) Measured relieving capacity, lbm/hr
W, = 60 ;( W+ Wy
(P8) Retieving capacity adjusted to water at reference condition, lbm/hr
— [ et
= X
’ § \/Pact

(29) Relieving capacity in gpm of water at reference condition (U.S. gallons), Q (gpm)

W,
Q = 0.1247 —

Pref
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TEST REPORT FORM 5-5.2 PRESSURE RELIEF DEVICE TESTED WITH STEAM
Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Nonreclosing Devices
(4) Bpre diameter, in. (dp) (4) Minimum holder bore diameter, in. (dp)
(5) Spat diameter, in. (ds) (5) Minimum net flow area, in.? (@)

(6) Spat angle, deg
(7) Vhlve-disk lift, in. ()
(8) Aktual discharge area, in.? (ay)

Flowmeter Calculations

(9) Infternal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.? (d?)
(12) Bpta ratio (8 = d/D)
(13) THial flow coefficient (K,)
(14) Dffferential pressure at the meter, inches of water (h,)
(15) Bprometric pressure, psia (Py)
(16) Sfatic pressure at the meter calorimeter, psia (P,)
(17) Fluid temperature at the meter calorimeter, °F (Tca|, meter)
(18) Pgrcent quality or deg superheat
(19) Afea factor for thermal expansion (F)
(20) Expansion factor (¥)
(21) Specific volume at flowing conditions at the meter, ft>/lbm (Vact, meted
(22) Shpecific volume at reference conditions at the meter, f3/lbm (Vief eter)
(23) THial flow rate, lbm/hr

hy,

Vact, meter

W, = 358.93 Xld? X K, x F, X Y X

(24) V|scosity, lbm/ft-sec (w)
(25) Reynolds number

o _ 0:00424 X W,
b= (D) (w)
(26) Oifice plate discharge coefficient/(C)
(27) Fllow coefficient
C
K=—T—
Vi-68

(28) Flow rate (lbm/hr)

W, = We X K Vact, meter
h Ko Vref, meter

Observed Data and Computed Results at the Device Inlet

(29) Set pressure, psig (Psep (burst pressure for nonreclosing device)
(30) Flow-rating pressure, psia (Pp)

(31) Fluid temperature at the test drum calorimeter, °F (Ta, drum)
(32) Percent quality or deg superheat

38
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TEST REPORT FORM 5-5.2 PRESSURE RELIEF DEVICE TESTED WITH STEAM (CONT’D)

Observed Data and Computed Results — Flowmeter Method

(33) Specific volume at reference condition, ft3/lbm (Vief, drum)

(34) Specific volume at inlet conditions, f3/lbm (Vact, drum)

(35) Meter calorimeter flow, lbm/hr (W,,)

(36) Meter calorimeter flow adjusted to the reference condition, lbm/hr

Va ct, meter

W, = W,
cal, meter mc
AV Vraf meter

(B7) Test-drum calorimeter flow, lbm/hr (W,
(B8) Test-drum calorimeter flow adjusted to the reference condition, lbm/hr

Vact drum
Wcal, drum = Wac V.
ref, drum

(B9) Test-drum drainage, lbm/hr (Wy,)
(#0) Measured relieving capacity adjusted to the reference condition, lbm/hr

Vact, drum
Wc = Wh V. - Wcal, meter — VVcal, drum — Wdr
ref, drum

39
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TEST REPORT FORM 5-5.3 PRESSURE RELIEF DEVICE TESTED WITH LIQUIDS
Observed Data and Computed Results — Flowmeter Method

(1) Test number
(2) Test date
(3) Manufacturer’s name

Measured Device Dimensions

Valve Nonreclosing Devices
(4) Bpre diameter, in. (dp) (4) Minimum holder bore diameter, in. (dp)
(5) Spat diameter, in. (ds) (5) Minimum net flow area, in.? (@)

(6) Spat angle, deg
(7) Vhlve-disk lift, in. ()
(8) Aktual discharge area, in.? (ay)

Flowmeter Calculations

(9) Infternal diameter of meter run pipe, in. (D)
(10) Meter-bore diameter, in. (d)
(11) Meter-bore diameter squared, in.? (d?)
(12) Bpta ratio (8 = d/D)
(13) Témperature upstream of the meter, °F (7,)
(14) Dffferential pressure at the meter, inches of water (h,)
(15) Bprometric pressure, psia (Py)
(16) Static pressure at the meter, psia (Py)
(17) Fluid temperature at the meter, °F (T;,)
(18) Afea factor for thermal expansion (Fp)
(19) Tfial flow coefficient (K,)
(20) Fluid density at meter inlet, lbm/ft (p,,)
(21) Tyial flow rate, lbm/hr (W)

2 N w
W; = 358.93 X d\x F, X K, \/hw X pm

(22) V|scosity, lbm/ft-sec (w)
(23) Rpynolds number

o _ 0:00424 x W,
b= (D) (w)
(24) Oifice plate discharge coefficient (C)
(25) Flow coefficient
A
\/1 -B
(26) Measured relieving capacity, lbm/hr
W, = W, x K/Ko

Observed Data and Computed Results at the Device Inlet

(27) Sptpressure, psig (Psep) (burst pressure for nonreclosing device)
(28) Flowsrating pressure _psig (DI\

(29) Back pressure, psig (P,)

(30) Fluid temperature, °F (T,)

(31) Density of liquid at inlet conditions, bm/ft> (p.c)

(32) Density of liquid at reference condition, lbm/ft® (o)

(33) Relieving capacity adjusted to liquid at reference condition, lbm/hr

W, = Wy V“ﬂref/Pact
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TEST REPORT FORM 5-5.4 PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS

Observed Data and Computed Results — Flowmeter Method

—~

N N N N N N N N S S N N

—~

—~

—

(1) Test number
(2) Test date

(3) Manufacturer’s name

(4) Test fluid

(5) Specific gravity (ideal) (Sg)
(6) Ratio of specific heats (k)

A } P aa
(/) ViUtELuldr WeETglhit Uvly,)

Measured Device Dimensions

Valves Nonreclosing Devices
(8) Bore diameter, in. (8) Minimum holder bore diameter, in. (dp)
(9) Seat diameter, in. (9) Minimum net flow area, in.? (a)

0) Seat angle, deg
1) Valve-disk lift, in. (/)
2) Actual discharge area, in.? (ag)

Flowmeter Calculations

3) Internal diameter of meter run pipe, in. (D)

4) Meter-bore diameter, in. (d)

5) Meter-bore diameter squared, in.% (d?)

6) Beta ratio (8 = d/D)

7) Trial flow coefficient (K,)

8) Differential pressure at the meter, inches of water (h,,)

9) Barometric p

p8) Orifice plate

ressure, psia (Pp)

P0) Static pressure at the meter, psia (P,)
P1) Fluid temperature at the meter, °F (7,,)
p2) Expansion fa
b3) Area factor for thermal expansion (F,)
p4) Fluid density
p5) Trial flow rate (W), lbm/hr

ctor (Y)

at meter inlet, lbm/ft® (o)

Wy=\358.93 x d’ X K, X Y X Fy [h, X pp

P6) Viscosity, lbm/ft-sec (w)
P7) Reynolds number

P9) Flow coefficient

0) Measured relieving capacity, lbm/hr

o _ 0:00424 x Wi
o D) (w)
discharge\coeefficient (C)
C
K =

—
J1-8
w) (K
w, = W ®

0

(

1) Base pressure, psia (Pg)

(32) Base temperature, °F (Tp)

(33) Density of dry air at 14.696 psia and at the base temperature, lbm/ft®> (o5)
(34) Density at base condition, lbm/ft?

Po = Sg X Pgps[14.696

41
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TEST REPORT FORM 5-5.4 PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS (CONT’D)
Observed Data and Computed Results — Flowmeter Method

Observed Data and Computed Results at the Device Inlet

(35) Volumetric rate at base condition at the meter, cfm

9 = 160) (Ps)

(36) Spt pressure, psig (Psep) (burst pressure for nonreclosing device)
(37) Flow-rating pressure, psig (Pp)
(38) T¢mperature at the valve inlet, absolute °R (T,)
(39) Reference temperature at the valve inlet, absolute °R (7))
(40) Vhlve inlet temperature correction
—
€= LI
(41) Vplve capacity at reference inlet temperature, cfm
G =qy % C
42
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TEST REPORT FORM 5-5.5 PRESSURE RELIEF DEVICE TESTED WITH AIR OR GAS

Observed Data and Computed Results — Sonic-Flow Method

—~

NN N N S S S S S S

NS S S S

—

(1) Test number
(2) Test date

(3) Manufacturer’s name

(4) Test fluid

(5) Specific gravity (ideal) (Sq)
(6) Ratio of specific heats (k)

A } P a4
(/) ViUtEtuldar WeETgltit Uvly,)

Measured Device Dimensions

Valves Nonreclosing Devices
(8) Bore diameter, in. (8) Minimum holder bore diameter, in. (dp)
(9) Seat diameter, in. (9) Minimum net flow area, in.? (a)

0) Seat angle, deg
1) Valve-disk lift (/)
2) Actual discharge area, in.? (ag)

Flowmeter Calculations

3) Internal diameter of meter run pipe, in. (D)

4) Meter-bore d

iameter, in. (d)

5) Beta ratio (8 = d/D)
6) Meter discharge coefficient at sonic-flow conditions (C)

7) Meter-bore a

rea, in.2 (a,,)

8) Ideal gas sonic-flow functions (%)

9) Ratio of real

P0) Barometric p
P1) Meter inlet stagnation pressure, psia (Ps)

P2) Meter inlet stagnation temperature, absolute °R (Ty)
P3) Measured relieving capacity, lbm/hr

gas to ideal gas sonic-flow functions (¢'/¢")
ressure, psia (Pp)

« o o P
W,,=3,600xCxamx¢fx¢/¢;x/—T

s
Vis

Observed Data and Computed Results at the Device Inlet

b4) Set pressure, psig (Pse) (burst pressure for nonreclosing device)
b5) Flow-rating p
P6) Temperature
b7) Reference temperature at the ‘valve inlet, absolute °R (7))

p8) Density of dry air at 14.696 psia and reference temperature, lbm/ft® (pq)
P9) Density of fluid at refefenge condition, lbm/ft3

ressure, psig (Pp
at the valve inlet,-absolute °R (T,)

Pstd
Pret = Sq X Pr X 157606
0) Valve capacity at reference condition, cfm
%
T

9= 80X par V'
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TEST REPORT 5-5.6 PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS

Observed Data and Computed Results — Flowmeter Method

(1) Test number

(2) Test date

(3) Manufacturer’s name

(4) Test fluid

(5) Specific gravity (ideal) (Sy)
(6) Ratio of specific heats (k)

7 N

(8) B
9 s
(10 S
(11) Vv
(12) A

(13) In
(14 M
15 M
(16) B
anT
(18) D
(19) B
20) S
Q1 F
(22) E
23) A
24) C
(25) D

(26) T

. \ sy g
orecutar wergmt viy,)

Measured Device Dimensions

Valve Nonreclosing Devices
bre diameter, in. (8) Minimum holder bore diameter, in. (dp)
bat diameter, in. (9) Minimum net flow area, in.? (a)

bat angle, deg
hlve-disk lift ()
Ftual discharge area, in.? (ag)

Flowmeter Calculations

ternal diameter of meter run pipe, in. (D)
eter-bore diameter, in. (d)

eter-bore diameter squared, in.2 (d?)

bta ratio (8 = d/D)

ial flow coefficient (K,)

fferential pressure at the meter, inches of water (h,)
hrometric pressure, psia (P)

atic pressure at the meter, psia (P,,)

uid temperature at the meter, absolute °R (7;,)
pansion factor (¥)

ea factor for thermal expansion, absolute °R (Fp)
bmpressibility at meter (2)

Ensity, lbm/ft3

)" (2.69991) (Sg) (Pm)
" = T @

ial flow rate, lbm/hr

W, = 358.93 X d> X ky X ¥ X Fy \[hy X iy

(27) V|scosity, lbm/ft-sec (w)
(28) Rpynolds number
o 0.00424 x W,
b= ) (W
(29) Oifice platé.discharge coefficient (C)
(30) Flow coefficient
K = ¢

yi-8
(31) Base pressure, psia (Pp)
(32) Base temperature, absolute °R (75)
(33) Base compressibility factor (Z,)

44

( Copyright © 2014 by the American Society of Mechanical Engineers.

No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

TEST REPORT 5-5.6 PRESSURE RELIEF DEVICE TESTED WITH FUEL GAS (CONT’D)

Observed Data and Computed Results — Flowmeter Method

(34) Density at base temperature and pressure

2.6991 X S5 X Py
Po= " x 2,

(35) Relieving capacity at base condition, cfh

W) (K)

T = &) (os)

Observed Data and Computed Results at the Device Inlet

(B6) Set pressure, psig (Psep (burst pressure for nonreclosing device)
(B7) Flow-rating pressure, psig (P
(B8) Temperature at the valve inlet, absolute °R (T,)
(B9) Reference temperature at the valve inlet, absolute °R (7))
(£0) Valve inlet temperature correction
= LI
(#1) Valve capacity at reference inlet temperature, cfm
_ (g @
aqr = (60)
45
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TEST REPORT FORM 5-5.7 NONRECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR
Observed Data and Computed Results — Flow Resistance

(1) Test number
(2) Test date
(3) Manufacturer’s name

(@) R

atio of specific heats (k)

(5) Molecular weight (M,,)
(6) Measured relieving capacity, lbm/hr (W) (from Form 5-5.4 or 5-5.5)

7) B

® B

9 T
(10) L
(11) L
(12) L
(13) P
(14) D
(15) D
(16) D

17) M

(o)

18 M

19) P

20) T

Calcul
QDT

(22) S

23) S

ST PTessure, pbid \FB;

hse temperature, absolute °R (7,)

st rig inside diameter, ft (D)

ngth between taps A and B, ft (Lag)

ngth between taps B and C, ft (Lg.0

ngth between taps C and D, ft (Lc.p)

essure at tap B, psia (Piapg)

fferential pressure between taps A and B, psia (APag)
fferential pressure between taps B and C, psia (APg.0)
fferential pressure between taps C and D, psia (APc.p)

Flow Resistance Factor Calculation

ass velocity, Ib/ft?-sec (G)
= W,/(3,600 x 7 x D*/4)
ach number at pipe entrance

Yl D76
My, = G/144 Pg

32.2 X M, X k/(1,544 X T,)

Solve by iteration

k- x M?
AR\ S

Y, = 1 >

essure at pipe entrance

P, =/ Ps (;)(k_kl)

2+ (k-1) x M?

mperature at pipe entrance

To= T x (Pi/Pg) " D 1K

te total resistance factor at each pressure tap A, B, C, and D. Repeat steps (21) through (26) for each tap.
mperature at pressure tapsabsolute °R

—1+ 142 % (k= 1) X M3 X (P/Pap)® X [1+ (k- 1) xM%/z]}

8- 1
e (k= 1) X M2 X (Py/Pyp)?

bnic velocity at'préssure tap, ft/sec

Cap = /32.2 X k X 1,544 X Tgp/M,

becific-yolume at pressure tap, ft>/lbm

Vtap = (1v544 X Ttap)/(Mw X 144Ptap)

(24) Mach number at pressure tap

Mtap =GX Vtap/ctap

(25) Expansion factor at pressure tap

(k= 1) x Myp)®

Yip = 1+ 5
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TEST REPORT FORM 5-5.7 NONRECLOSING PRESSURE RELIEF DEVICE TESTED WITH AIR (CONT’D)
Observed Data and Computed Results — Flow Resistance

(26) Total resistance factor to pressure tap

_ I/M% - 1/(Mtap)2 - [(k + 1)/2] X In [(Mtzap X Yl)/(M% X Ytap)]
tap = k

(27) Resistance factor between pressure taps A and B

Kip= Ke — Kn
(p8) Resistance factor between pressure taps B and C

Ks.c = Kc - Kz
(P9) Resistance factor between pressure taps C and D

Keo = Ko = Ke

(BO) Friction factor
f= Kag X D/(4 X Lpg)

(B1) Obtain the viscosity of air at Tz and Pg, u (centipoise)
(B2) Reynolds number

Nee = D X G/(1/1488)

(B3) Pipe roughness, in.

E= 444 x D x [10°YE XD _ 1 266 ) x /)]
(B4) Pipe resistance factor between pressure taps B and C

4ftg.c
Kpipe B-C F D

(B5) Test object individual flow resistance
Kii7s " Ks.c — Kpipe B-c

JENERAL NOTE: Equations for calculations are in accordance with Levenspiel paper, Lapple paper, Perry Handbook,

and Colebrook equation.

Colebrook. “Perry’s Chemical Engineers’ Handbook;*6th ed. New York: McGraw-Hill Book Co. 1984.

Lapple, C. E. “Isothermal and Adiabatic Flow.ef\Compressible Fluids.” Trans. AIChE, 39, pp. 385-432. 1943.
Levenspiel, O. “The Discharge of Gases from_a/ Reservoir Through a Pipe.” AIChE Journal 23:3, pp. 402-403. May 1977.
Perry, R. H., and Green, D. W. (eds.) “Pefry’s.Chemical Engineers’ Handbook,” 6th ed. New York: McGraw-Hill Book Co. 1984,
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Section 6
Test Summary Report Form

Toct O

eonditons—heJestSummaryRepertFormforthepar-
(a) The Report of Test shall be prepared for the pur- Eiﬁlsagﬁicezgiilef;&hfequ? ngt}es, characterisfic; and
. quired for the report.

pose of formally recording observed data and computed
results. It shall contaip sqfficient supporting informatign 6-4 PART Ill: DESCRIPTION OF DEVICE'UNDER
to prove that all objectives of any tests conducted in TEST
accordafce with this Code have been attained.

(b) The procedures described in Section 5 are recom- This Part may include assembly drawings, manyfac-
mended| for use in computing the test results. turing drawings, and measured dimensions. Manyfac-

(c) THe Report of Test shall include Parts I to IV as  turing drawings for. these RANS may.be submitted fvith
listed bdlow. It may also be appropriate to include any ~ the assembly drawing. 'The 'dlmen.smns of these parts
of the temaining sections, depending on the circum-  Shall 1nclud§ the follgwmg, if applicable:
stances pr by agreement of multiple parties of the test. (a) bore diameter;in.

(b) seat diameter, in.
I {eneral Information (c) seat angle, deg
I Spimmary of Results (d) inlet.opening diameter, in.
III Description of Device Under Test (e) ratiovof throat diameter to the diameter of the |nlet
v (bserved Data and Computed Results opening
\% Tpst Conditions and Corrections Agreements (fl actual discharge area, in.2
VI Tpst Methods and Procedures Forms 6-5.1 through 6-5.4 are to be used to record)this
VII  Sppporting Data information for steam, liquids and water, or air, gap, or
VIII  {raphical Presentation of Back-Pressure Test fuel gas.
Results
. . . . . 6-5 PART IV: OBSERVED DATA AND COMPUTED
The fgllowing outline gives a discussion of ea¢h part RESULTS

of the Test Report.

6-2 PART I: GENERAL INFORMATION

This Rart shall include the following items:

(a) ddte of test

(b) logation of test facilities

(c) dgvice manufacturet’s name

(d) mhnufacturer’sSerial number and complete iden-
tificatiof of device

(e) inlet and eutlet connections (stating size, pressure
ratings, [and-type, such as screwed, flanged, etc.)

(f) tegt conducted by

This Part shall include a record of data and calqula-
tions required for the results of the tests. Comptpited
results shall include final flow measurement uncertafinty.
The data shall have been corrected for instrument fali-
brations and conditions prevailing for each test rup.

The calculations for measured relieving capacity ay
be made in accordance with the procedures in Sectipn 5
and reported in the recommended Report of Test using
Forms 6-5.1 through 6-5.4 as applicable. These fqrms
follow this Section. Calculation forms are provided in
Section 5 for the following listed fluids:

(a) steam

(b) air or gas

(g) representatives ol interested parties

(h) object of test

(i) fluid through device (wherever applicable, give
name, molecular weight, specific gravity, and ratio of
specific heats)

6-3 PART Il: SUMMARY OF RESULTS

This Part shall include those quantities and character-
istics that describe the performance of the device at test

48

(c) tuel gas
(d) liquids
(e) water

6-6 PART V: TEST CONDITIONS AND
CORRECTIONS AGREEMENTS

Operating conditions, such as the following, that have
been agreed upon prior to the test shall be reported for
each test:

(a) device-maximum-inlet pressure

(

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME.

®)



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

(b) device-inlet temperature
(c) setting of device
(d) back pressure (built-up and/or superimposed)

6-7
T

inst

PART VI: TEST METHODS AND PROCEDURES

his Part shall include a detailed description of the
ruments and apparatus used to measure the various

quantities and procedures for observing the mechanical

cha

6-8
T

6-9 PART VIIl: GRAPHICAL PRESENTATION
BACK-PRESSURE TEST RESULTS

OF

Where a series of tests have been made with several

back pressures for a given opening pressure,

the test

results can be presented by plotting curves, such as the

following;:
(a) Abscissa: back pressures in percent of the

opening

acteristics of the device under test.

PART Vil: SUPPORTING DATA

his Part shall include pertinent material supple-

menting data presented elsewhere in the test report,

wh

breby an independent verification of the report

resylts can be made. This material may include, but not
nec¢ssarily be limited to, the following;:

(@) instrument calibration records
(@ detailed log sheets
(@ sample calculations

PpIEssuIc dt dl[[lUbP}lUIiL bd(.k pressulc
Ordinate: percent variation of opening'p
from the opening pressure at atmospheric.back
(b) Abscissa: back pressures in percent of the
pressure at atmospheric back pressure
Ordinate: relieving capacities-in percent of
capacity at atmospheric baclk/pressure
(c) Abscissa: back pressares in percent of the
pressure at atmosphericback pressure

Fessures
pressure
elieving

elieving

opening

Ordinate: percentvariation of closing pressyres from
the closing pressure at atmospheric back presqure
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TEST SUMMARY REPORT FORM 6-5.1
Pressure and Relief Valve Performance Test Report
STEAM

General Information

(1) Test number
(2) Test date
(3) Location

(4) Manufacturer’s name and address
(5a) Valve type or model number
(5b) Vhlve serial or identification number
(5¢) Inflet connection (size, pressure rating, and type)
(5d) Outlet connection (size, pressure rating, and type)
(5e) Sfamped pressure and tolerance, psig

(6) Test objective

Summary of Test Results

(7) S|mmer, psig (factory setting)

(8) S|mmer, psig (reset)

(9) Skt pressure, psig (factory setting)
(10) Skt pressure, psig (reset)
(11) Rpseating pressure, psig (factory setting)
(12) Rpseating pressure, psig (reset)
(13) Blowdown, psi (factory setting)
(14) Blowdown, psi (reset)
(15) Bpck pressure, psig, superimposed and/or built-up
(16) Flow-rating pressure (valve inlet), psig
(17) Valve-disk lift, in.
(18) Measured relieving capacity, lbm/hr
(19) Fipal flow measurement uncertainty

Measured(Valve Dimensions

(20) Bpre diameter, in.

(21) Sgat diameter, in.

(22) Spat angle, deg

(23) Vhlve-inlet-opening diameter, in.

(24) Rptio of valve disk lift to bore diameter

(25) Rptio of bore diameter to the diameter of the valve-inlet opening

(26) Aftual discharge area, in.?

(27) R¢gmarks and conclusions concerning the objective of the test and applicable items, such as chatter, flutter, vibration, etc.

Test Slipervisor (Signed) Date

50

Copyright © 2014 by the American Society of Mechanical Engineers.
No reproduction may be made of this material without written consent of ASME. @



https://asmenormdoc.com/api2/?name=ASME PTC 25 2014.pdf

ASME PTC 25-2014

NN N S S S S

NN S S S S

TEST SUMMARY REPORT FORM 6-5.2
Pressure and Relief Valve Performance Test Report
LIQUIDS AND WATER

General Information

(1) Test number

(2) Test date

(3) Location

(4) Manufacturer’s name and address

a) Valve type or model number

b) Valve serial or identification number

c) Inlet connection (size, pressure rating, and type)
d) Outlet connection (size, pressure rating, and type)
e) Stamped pressure, psig

(6) Test objective

(7) Test fluid

(8) Specific gravity (ideal)

A~ SN S

Summary of Test Results

(9) Set pressure, psig (factory setting)

0) Set pressure, psig (reset)

1) Reseating pressure, psig (factory setting)

2) Reseating pressure, psig (reset)

3) Back pressure, psig, superimposed and/or built-up
4) Flow-rating pressure (valve inlet), psig

5) Valve-disk lift, in.

6) Measured relieving capacity, lbm/hr

7) Final flow measurement uncertainty

Measured Valve Dimensions

8) Bore diameter, in.

9) Seat diameter, in.

P0) Seat angle, deg

P1) Valve-inlet-opening diameter, in.

p2) Ratio of valve disk lift to bore diameter

b3) Ratio of bore diameter to the diameter ‘of the valve-inlet opening
p4) Actual discharge area, in.2

P5) Remarks and conclusions concetning the objective of the test and applicable items, such as chatter, flutter, vibration, etg

Test Supervisor (Signed) Date
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TEST SUMMARY REPORT FORM 6-5.3
Pressure and Relief Valve Performance Test Report
AIR, GAS, OR FUEL GAS

General Information

(1) Test number
(2) Test date

(3 L

cation

4 M
(5a) Vi

anufacturer’s name and address
lve type or model number

(5b) Vhlve serial or identification number

(5¢) In

et connection (size, pressure rating, and type)

(5d) Outlet connection (size, pressure rating, and type)

(5e) S
(6) T
(7) T

amped pressure and tolerance, psig
st objective
st fluid

(8) Specific gravity (ideal)
(9) Rptio of specific heats

10 M

1) s
(12) S
13) S
14) S
15) S
(16) S
17) R
(18 R
(19 R
200 R
(21) B
(22) B

olecular weight

Summary of Test Results

art to discharge, psig (factory setting)
art to discharge pressure, psig (reset)
mmer, psig (factory setting)

mmer, psig (reset)

bt pressure, psig (factory setting)

bt pressure, psig (reset)

bseating pressure, psig (factory setting)
bseating pressure, psig (reset)

bsealing pressure, psig (factory setting)
bsealing pressure, psig (reset)
owdown, psig (factory setting)
owdown, psig (reset)

(23) Bpck pressure, psig, superimposed and/or built-up

(24) H
(25 Vv
(26) M
(27) F

28) B
29 S
(30) V.
B1R
(32) R
(33) A
(34) R

ow-rating pressure (valve inlet), psig
hlve-disk lift, in.

easured relieving capacity, lbm/hr
hal flow measurement uncertainty

Measured Valve Dimensions

bre diameter, in.

bat diameter, in.

hlve-inlet-opening diameter, in.

htio of valve disk dift<to bore diameter

htio of bore diameter to the diameter of the valve-inlet opening

Ftual dischargesarea, in.?

bmarks and conclusions concerning the objective of the test and applicable items, such as chatter, flutter, vibration, etc.

Test S

tpervisor(Sigmed) Date
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TEST SUMMARY REPORT FORM 6-5.4
Nonreclosing Pressure Relief Device Performance Test Report
AIR, GAS, OR FUEL GAS

General Information

(1) Test number
(2) Test date
(3) Location

(4) Manufacturer’s name and address

(ba) Device type or model number

(bb) Device lot or identification number

(bc) Connection (size, pressure rating, and type)
(bd) Marked set pressure and tolerance, psig
(be) Minimum net flow area, in.2 (manufacturer specified)
(6) Test objective

(Fa) Test fluid for set pressure

(Fb) Test fluid for flow test

(8) Specific gravity (ideal)

(9) Ratio of specific heats

(10) Molecular weight

Summary of Test Results

1) Set pressure, psig
2) Flow-rating pressure at device inlet, psig
3) Resistance factor (Kg)

Measured Device Dimensions

(14) Minimum device bore diameter, in.
(15) Remarks and conclusions concerning the objective of the test*and applicable items, such as vibrations, etc.
Test Supervisor (Signed) Date
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PART Il
IN-SERVICE AND BENCH TESTING

Section 7

7-1 ITEMS ON WHICH AGREEMENT SHALL BE
REACHED

The parties to the test shall reach agreement on the
following items prior to conducting the test:

(a) object of the test

(b) pdrties to the test

(c) tegt site

(d) tepting fluid

(e) methods of measurement, instrumentation, and
equipmént to be used (calibration of instruments shall
be in acfordance with subsection 3-7)

(f) number, size, type, condition, source, and set pres-
sure of the device(s) to be tested

(g) mpthod of determining seat tightness

(h) pgrson(s) who shall conduct the test

(i) the written test procedure that shall include the
observation and readings to be taken and recorded to
comply with the object or objectives of the test

7-2  QUALIFICATION OF PERSON CONDUCTING THE
THST

A perpon who conducts the test-shall have a working
knowledge of pressure reliefdevice operating character-
istics. The person shall have practical experience in the
safe and accurate operation of the testing equipment.

7-3 RESPONSIBILITY OF PERSON CONDUCTING
THE TEST

A penson who meets the qualifications of subsec-

Guiding Principles

that the test was conducted in accofdance with the Writ-
ten test procedures. This person’ shall verify thaf the
instruments have been calibrated as required by
subsection 7-7.

7-4 TEST APPARATUS

Procedures and arrangement of the test apparptus
shall be in ac¢ordance with Section 8.

7-5 [PRELIMINARY TRAINING

Sufficient training shall be conducted to ensure |that
operating personnel are completely familiar with| the
test equipment and their respective assignments.

7-6 SPARE INSTRUMENTS

If intended for use as replacements during the ftest,
spare instruments shall be calibrated in accordance ith
subsection 7-7.

7-7 CALIBRATION OF INSTRUMENTS

Each instrument used during the test shall be sefrial-
ized or otherwise positively identified and shall be [cali-
brated against certified equipment having known valid
relationships to nationally recognized standards. Fach
instrument, depending on the type, shall be calibrpted
in accordance with this Section. Records of instrurpent
calibrations shall be available for review by the inter-
ested parties. T

tion 7-2 shall be present at all times during the test and
shall be solely responsible to ensure that all persons who
are involved in taking readings, making pressure and
temperature adjustments, or any other function that will
affect the test results are fully informed as to the correct
method of performing such functions. This person con-
ducting the test shall also be responsible to ensure that
the written test procedures are followed. This person
shall sign and date the test report, thereby verifying to
the best of his knowledge that the report is correct and

7-7.1 Pressure

Pressure-measuring instruments shall be calibrated in
accordance with ASME PTC 19.2, Pressure
Measurement, within 30 days prior to the tests. Portable
pressure-measuring instruments shall be calibrated at a
frequency to ensure that measurements are within the
uncertainty limits. Calibration of other means of indicat-
ing or recording pressure shall be agreed upon by the
interested parties.
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7-7.2 Temperature

Temperature-measuring instruments shall be cali-
brated in accordance with ASME PTC 19.3, Temperature
Measurement. Instruments of the types listed in
para. 4-2.1(a), except bimetallic thermometers, shall be
calibrated to at least one temperature within a 90-day
period preceding the test or series of tests. Bimetallic
thermometers shall be calibrated before and after each
test

or-—series of tests Calibration of other means of

7-9 RECORDS AND TEST RESULTS

The test records shall include all observations, mea-
surements, instrument readings, and instrument identi-
fication (if required) for the objective(s) of the test. The
parties of the test shall agree upon the responsibility of
record retention and distribution. Corrections to data
and corrected values shall be entered separately in the
test record. The test shall be reported in accordance with

indjcating or recording temperature shall be agreed
upon by the interested parties.

7-7{3 Force

Force-measuring instruments shall be calibrated at a
tim¢ interval to ensure the desired accuracy using sec-
ondary force-measuring standards. Secondary force-
megsuring standards, such as higher accuracy force
tranysducers or force proving rings, shall be calibrated
at Idast once per year against a standard that is traceable
to a| nationally recognized standard.

7-8| ADJUSTMENTS DURING TEST

Iff adjustments are found to be necessary during in-
serylice or bench testing, a sufficient number of tests
sha]l be performed to determine final operating
chafacteristics.

Section 10, Test Summary Report Form.

7-10 MEASUREMENT UNCERTAINTY

A pretest determination shall‘be performed to deter-
mine that the limits of uncettainty of the final fneasure-
ment specified in Section(* can be met by the $pecified
instrumentation and precedures. A post-test ungertainty
analysis shall also be_performed unless the pprties to
the test agree and verify that the specified instqumenta-
tion and progedures, including data scatter, were used
and carried-ofit in accordance with the test specification,
thereby €onfirming the post-test validity of the pretest
uncertainty determination. A guide for such defermina-
tionxis'given in ASME PTC 19.1. These deternjinations
shall be documented by the facility and available for
review.
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Section 8
Instruments and Methods of Measurements

A 100 £+ /

8-1 GENERAL

This Section describes the instruments, methods, pro-
cedures) and precautions that shall be used in testing
pressurd relief devices under this Code. The Performance
Test Codle Supplements on Instruments and Apparatus
provide|authoritative general information concerning
instruments and their use and may be consulted for such
information.

8-2 INSTRUMENTATION

Wher¢ measurements of temperature, pressure, or lift
are required in this Section, the instrumentation used
shall comply with the following specifications.

8-2.1 Temperature

Instrujctions on thermometers or thermocouples and
associated instruments are given in ASME PTC 19.3,

except that commercial, metal-encased thermometers
shall not be used in tests conducted under this Code.
Other mjeans of temperature measurement and indica-

tion may be used, provided they are of the same, Ob
greater degree of accuracy as for those described therein.
(a) Depending on operating conditions, ot cenve-
nience, the temperature may be measured with tertified
or calibfated, liquid-in-glass thermometers, bimetallic
thermorheters, resistance-type thermemeters, or ther-
mocouples. All of the above may beriniserted directly
into the pipe or wells except for liquid-in-glass thermom-
eters, which must be inserted into-wells. The installation
of the t¢gmperature-measuring device directly into the
pipe, wjthout the additien“~of a well, is desirable for
temperdtures below 30Q°F.
(b) The following ptecautions shall be taken when
making [any temperature measurements:
(1) [No significant quantity of heat shall be trans-
ferred by radiation or conduction to or from the temper-
ature-measuring device other than by the temperature

1 L | £ JALL. h n
veloeit-does-not-exceedH00-f/see—Wheresueh a

installation is not possible, it may be necessary to ¢efrect
the temperature readings to the appropriate static or
total temperature (see ASME Fluid Meters, para. 1-3t17).
(5) The temperature-measuring devices shall be
inserted in locations so as to measurgtemperatures|that
are representative of the flowing fnedium as descrjbed
under test arrangements.
(c¢) Thermometer wells, when used, shall be of the
type shown in ASME PFC:19.3. They shall be as [thin
walled and of as small,diameter as practicable;
outer surfaces shall be substantially free from corr

hazard to personnel.
(d) Thermocouples, if used, shall have a welde

tive force of a thermocouple shall be measured by a
potentiometric instrument or millivoltmeter of such pre-
cision that the accuracy of the overall system is within
the limit specified in subsection 1-3. The cold jundtion
shall be established by an ice bath, reference standard,
or compensating circuit built into the potentiomet¢r.

8-2.2 Pressure Measurements

Instructions on pressure gages, water U-tubes, differ-
ential gages, and manometers are given| in
ASME PTC 19.2. Other means of pressure measuremlents
and indication may be used provided they are of the
same or greater degree of accuracy as those descrjbed
therein.

(a) Pressure-measuring stations shall be located i;L the

region where the flow is essentially parallel to the pipe or
vessel wall. For the measurement of static gage-prespure

of the medium being observed (see ASME PTC 19.3).

(2) The immediate vicinity of the point of insertion
and external projecting parts shall be insulated.

(3) The temperature-measuring device shall extend
across the centerline in pipes of small diameter or shall
be inserted at least 6 in. into the fluid stream in pipes
over 12 in. in diameter.

(4) Temperature-measuring devices installed in
pipes carrying compressible fluids shall, wherever possi-
ble, be installed at locations where the maximum fluid

differentials below 15 psi, liquid manometers may be
used.

(b) Pressure relief device-inlet pressure shall be the
static pressure as measured with a pressure tap posi-
tioned, as shown in Figs. 8-2.2-1 and 8-2.2-2.

(c) Back pressure shall be the static pressure measured
with a pressure tap positioned, as shown in
Figs. 4-2.10-2, 4-2.10-4, and 4-6-1.

(d) Proper corrections to the pressure readings shall
be made if there is a height of water or other liquid
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Fig. 8-2.2-1 Recommended Arrangement for Testing Valves With Compressible Fluids
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Fig. 8-2.2-2 Recommended Arrangement for Testing Valves With Incompressible Fluids
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