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NOTICE

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

phasis and for the convenience of the user of the Code. It is expected that the Code user is fully
cognizant 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 highesf\level
of accuracy consistent with the best engineering knowledge and practice currently availakle? They
were developed by balanced committees representing all concerned interests and specify proce-
dures, instrumentation, equipment-operating requirements, calculation methods,and uncertainty
analysis.

When tests are run in accordance with a Code, the test results themselves; without adjustment
for uncertainty, yield the best available indication of the actual performanceof the tested equip-
ment. ASME Performance Test Codes do not specify means to compare-those results to contrac-
tual guarantees. Therefore, it is recommended that the parties to a commercial test agree before
starting the test, and preferably before signing the contract, on the;method to be used for com-
paring the test results to the contractual guarantees. It is beyénd the scope of any Code to de-
termine or interpret how such comparisons shall be made,
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FOREWORD

The Performance Test Codes Supervisory Committee, at its June 1974 Administrative meeting,
authorized the formation of a Code Technical Committee to explore the possibility of writing a

test code-on-condensate remaoval devices—This committee was oraganized Taﬂnarw 1': 1975 At its
(]

organizational meeting, the committee proposed the writing of two codes, PTC 39 1 on Conden-
sate Removal Devices for Steam Systems and PTC 39.2 on Condensate Removal Devices for Agr
Systems. This proposal was approved by the Performance Test Codes Supervisory Committee,

The Code for Condensate Removal Devices for Steam Systems was approved by theerfor-
mance Test Codes Supervisory Committee on April 1, 1980. It was further approved as-an Amer-
ican National Standard by the ANSI Board of Standard Review on July 3, 1980.

This committee has been operating as PTC 39 Steam Traps.

The original document was a compromise which had three sets of existing,feSt equipment to
be utilized. We therefore satisfied the consensus standard.

The current document is generic and can fit other test platforms too.

The original publication was submitted without an uncertainty analysis. Mr. David Fisher of
Armstrong Machine Works offered a magnificent theoretical treatise which is in our Appendix L.

It is a privilege to acknowledge the efforts of those who are curtently not on the committee:

Thomas Alesson, Datron Systems— Nicholson Division

Warren Brand, Yarway

Thomas W. Carr, Jr., Spirax Sarco Inc.

Robert Collins, Watson Daniel Co.

Walter T. Deacon, Armstrong Machine Works

Keith Foley, Celanese Canada, Inc.

Robert W. Henry, Salt River Project—PoweriGeneration Systems

Milton Hilmer, Sarco

David Kalix, Yarway Corp.

William Mashburn, Virginia Polytechnic Institute and State University —Mechanical Engineering
Department

Elmer S. Monroe, DuPont

James W. Murdock, Mechanieal Engineering of Drexel University

Richard G. Obst, Spencé Engineering Co., Inc./Nicholson Steam Trap

William H. Schilling( Schilling Associates Inc.

William F. Sisson,(Armstrong Machine Works

Horst R. Thiemg, Watson McDaniel Co.

We are awdyre-that the preferred SI unit for time is seconds. However, the overwhelming cus-
tomary unit_in our industry is the capacity dimension of Ib mass/hour. We have chosen to not
includesthe rigorous usage but continue that which is common usage.

ASMEPTC 39-2005 was adopted by the American National Standards Institute as an Ameri-
can-National Standard on May 5, 2005.

Vi
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CORRESPONDENCE WITH THE PTC 39 COMMITTEE

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

auestne interpretations—probosine revdsions—and—attendine Commitiee meetinas  Corresbon
7 r O 4 O O r

1 O r
dence should be addressed to:

Secretary, PTC 39 Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

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

The Committee welcomes proposals for revisions to this Code. Such-proposals should be as
specific as possible, citing the paragraph number(s), the proposed‘wording, and a detailed de-
scription of the reasons for the proposal, including any pertinent documentation.

Interpretations. Upon request, the PTC 39 Committee willtender an interpretation of any re-
quirement of the Code. Interpretations can only be rendered/irtresponse to a written request sent
to the Secretary of the PTC 39 Standards Committee.

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

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

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

Question: Phrase the question’as a request for an interpretation of a specific require-

ment suitable for'general understanding and use, not as a request for an ap-
proval of a proprietary design or situation. The inquirer may also include any
plans or drawings which are necessary to explain the question; however, they
should net 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 in-
formation thatmight affect an interpretation is available. Further, persons aggrieved by an in-
terpretationsmay appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approvefZ“certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The PTC 39 Standards Committee regularly holds meetings,
whith\are open to the public. Persons wishing to attend any meeting should contact the Secre-
tary. of the PTC 39 Standards Committee.

"o

iX
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INTRODUCTION

This Code provides for the testing of steam traps in order to determine performance charac-
teristics. It is based on the use of accurate instrumentation and the best analytical and measure-

ment procedurescurrenths available

r

A study of the Code on General Instructions, PTC 1, is recommended as an introduction to es-
sential procedures necessary for the proper use of this Code. The mandatory requirements con=
tained therein are incorporated in this Code in Section 3.

The Code on Definitions and Values, PTC 2, defines certain technical terms and numerical-Con-
stants, and their use is mandatory when applicable.

Reference is made to Performance Test Code Supplements on Instruments and Apparatus, PTC
19 series (abbreviated 1&A), for general information and instructions on instrunientation. The
specific directions of this Code, however, shall prevail for any instrument, proeédure, or meas-
urement which may differ from that given in another ASME publication.

This Code is recommended for use in conducting acceptance tests of steam traps. If so used,
any deviations from Code procedure must be agreed upon in writing. Ik the absence of any writ-
ten agreement, the code requirements shall be mandatory.
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STEAM TRAPS

However, the steam loss calculations involve the dif-

o Thw Tt

Object and Scope

1-1| SCOPE

This Code covers steam traps which are devices used
for removing condensate and noncondensibles from
stean systems.

1-2( OBJECT

The purpose of this Code is to specify and define the
pradtice of conducting tests of steam traps to determine:
(a) steam loss, under specified conditions. This test
prodedure does not account for convection and radia-
tion|losses. These can be determined separately.

(b) condensate discharge capacity, for specified con-
ditigns of saturated and subcooled condensate and back
prespure.

(c} air and noncondensible gas removal capacity, tin-
der ppecified conditions.

1-3 UNCERTAINTY ANALYSIS

This Code includes the methods-and examples to de-
ternfine the uncertainty of the téstsperformed in accor-
dang¢e with it. This Committée prefers to define the test
instfumentation and limif the allowable data fluctua-
tions. This is equivalent'to)putting an upper limit on the
alloyvable post-test uficertainty and ensures the validity
of the test.

Tlhis Committee’ suggests that the post-test uncer-
tainfy shouldmot exceed the following:

ferences of very large numbers and at low,stpam loss
rates, the post-test uncertainty can become vetly large.

Section 2
Definitions and
Descriptions of Terms

2-1 GENERAL

For termsand definitions not included in thig Section,
reference-should be made to ASME PTC 2, Code on
Definitiofis and Values.

2¢2 STEAM TRAP

A device which permits the removal of copdensate
and air and other noncondensible gases, for stpam sys-
tems at or below saturated steam temperature, jand pre-
vents or limits the discharge of live steam.

2-3 CAPACITY OF A STEAM TRAP

The amount of condensate per unit time which will
be discharged continuously from the steam trgp under
specified conditions of pressure differential gnd inlet
subcooling. Capacity is expressed in units off pounds
mass per hour or kilograms per hour.

2-4 PRESSURE

Pressure is expressed in units of pounds florce per
square inch or pascals.

(a) Absolute pressure is the algebraic sum
mospheric pressure and gage pressure.

f the at-

Quantity Uncertainty (h) Afmnqph eric pressure is the force per unit area ex-
Condensate discharge rate less than 200 Ibm/hr 10% erted by the atmOSPhere~ Standard atmOSPheriC pres-
(91 kg/h) sure is 760 mm of mercury at 0°C. This is equivalent to
Condensate discharge rate 200 Ibm/hr or greater 5% 101.325 kPa and 14.696 psia.
(1 kg/h) (c) Gage pressure is pressure measured with respect
Air discharge rate 10% to the atmospheric pressure.
Steam loss rate greater than 20 Ibm/hr (9.1 kg/h) 10% 4) Inlet is th d at
Steam loss rate 20 Ibm/hr (9.1 kg/h) down to 15% () Inle pres.sure 1s the gage pressure measured a
5 Ibm/hr (2.3 kg/h) the steam trap inlet.
Steam loss rate 5 Ibm/hr (2.3 kg/h) down to 25%, (e) Discharge pressure is the gage pressure measured

1 Ibm/hr (450 g/h)

at steam trap outlet.
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(f) Differential pressure is the difference between the
inlet pressure and the discharge pressure.

2-5 INLET SUBCOOLING

The difference between saturated steam temperature
corresponding to the inlet pressure and the temperature
of the condensate at the steam trap inlet. Inlet subcool-
ing may be expressed as degrees Fahrenheit or kelvin.

STEAM TRAPS

duties properly. He/she shall sign and date the test re-
sults, thereby certifying, to the best of his/her knowl-
edge, their accuracy and that the test was conducted in
accordance with the written test procedures.

3-4 PROCEDURES AND TEST APPARATUS

Procedures and the arrangement of test apparatus
shall be in accordance with Section 4.

2-6 SUBCOOLED CONDENSATE

The wiater whose temperature is below the saturated
steam temperature.

Section 3
Guiding Principles

3-1 ITEMS ON WHICH AGREEMENT SHALL
BE REACHED

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

(a) obfect of the test

(b) pafties to the test

(c) test site and date

(d) condition of steam and condensate

(e) mdthods of measurement, instrumentation, and
equipmgnt to be used

(f) nymber, size, type, condition, source, inlettand
discharge pressures, condensate temperature,~and ca-
pacities pf the steam trap(s) to be tested

(g) person who shall be responsible foithe test

(h) wilitten test procedure, which shall include the
data to lpe taken and recorded to comply with the ob-
jective(s) of the test

(1) maximum allowable test uncertainty and method
of calculpting

3-2 QUALIFICATIONS OF PERSON RESPONSIBLE
FQR THE TEST

The pg¢rson.shall have any or all of the following qual-
ification$:

(g) redistered Professional Engineer

3-5 TESTS

Sufficient preliminary tests shall be conducted t¢ en-
sure that test personnel are completely familiar witl] test
equipment and their respective assighments. Prelimi-
nary test shall include the recording of all data n¢ces-
sary to the completeness of afy-actual Code test.

3-6 CALIBRATION OFINSTRUMENTS

Each instrument used during the test shall be sdrial-
ized or otherwise identified. Each instrument shall be
calibrated it accordance with Section 4. Spare ingtru-
ments, if intended for use during the test, shall algo be
serialized~and calibrated. Records of calibrations $hall
be awvailable for review by the interested parties {t all
times.

3-7 DATA SOURCES

The properties of steam and water used for calqula-
tions shall conform to the latest ASME Steam Tables.

3-8 ADJUSTMENTS DURING TEST

No adjustment to the steam trap shall be made dur-
ing the test. Following any change or deviations of the
test conditions, a sufficient period of time shall bg al-
lowed to permit the rate of flow, pressure, and tenjper-
ature to attain steady conditions before readingd are
taken.

3-9 RECORDS AND TEST RESULTS

The test records shall include the observations, fead-

(b) a degree from an accredited school of engineering
or engineering technology

(c) at least two years of experience in the testing of
steam traps

3-3 DUTIES OF PERSON RESPONSIBLE FOR
THE TEST

The person responsible for the test shall ensure that
all persons who are involved in the testing perform their

ings, recordings, and instrument calibration records re-
quired to attain the test objective(s). Copies of all records
shall be furnished to each of the parties to the test. The
test report shall conform to the requirements of Section 6.

3-10 CALCULATIONS

Calculations may be made using the calculation form
provided or may be performed with an equivalent com-
puter program or spreadsheet.
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Section 4
Instruments and Methods
of Measurement

4-1 GENERAL

If any revisions are made to the methods and guid-

native instrumentation or instrument systems, such
as flpbw metering or mass-flow techniques, may be used,
proyided that such devices or systems have demon-
strafed accuracy equivalent or greater to that required
by this Code.

4-2( CALIBRATION OF INSTRUMENTS
AND APPARATUS

Instruments and apparatus used for determination
undpr this Code shall be calibrated in accordance with
theif respective I&A Supplement.

4-3| TEMPERATURE

T¢mperature measurements shall be caxriéd out in ac-
cordance with accepted practices and procedures as dis-
cussed in the 1&A Supplement on_Teniperature Mea-
surgment, PTC 19.3. Temperature shall be measured to
witlin =0.75°F (0.4 K). To meét fhis accuracy require-
menit, temperature shall be(measured with resistance
thermometers or calibratéd)thermocouples used with
predision reading insfruments. Liquid-in-glass ther-
morheters may be used for such secondary readings as
ambjient temperatufe for manometers and barometers.
If lifuid-in-glassthermometers are used to measure
othgr variables, they must be calibrated, stem correc-
tiony must-be applied, and graduations must be such
thatla precision of 0.2°F (0.1 K) is observable. Stagnation

ASME PTC 39-2005

Pressure transmitters, electronic pressure indicators,
calibrated elastic gages, or manometers shall be used for
reading constant or slowly varying pressures.

(a) Manometers shall be of the vertical U-tube or sin-
gle leg type with a minimum bore of 4 in. (8 mm).
Spacing between scale graduations shall not be more
than Y5 in. (3 mm). In a single leg manometer, means
shall be available for adjusting the scale zero while the
instrument is in use. Manometers shall be selected such
id density
permit a reading accuracy to within *0.5% /of)the mea-
sured pressure or pressure differential.

(b) Deadweight gages shall be selected with| weights
suitable for the pressure range to-be)measur¢d in ac-
cordance with PTC 19.2.

(c) Bourdon gages or other-lastic gages may| be used
for measurements of pressure/provided that they are cal-
ibrated against a deadweiglitgage before and afteyr the test.
The ambient temperatute of the gage during cglibration
shall be within 20°F10K) of the ambient tempergture pre-
vailing during the Code test. The diameter of the scales
and the arrangement of graduations shall permit read-
ability to within +1.0% of the pressure being m¢asured.

(d) Barémetric pressure shall be measured fo an ac-
curacywithin =0.1 in. (2.5 mm) of mercury. The barom-
eter‘shall be located in a stable environment af the test
site and shall sense the same pressure as that of the
gages and manometers used for the Code test. PTC 19.2
should be used for the procedure for care and mainte-
nance, and the application of appropriate corrgctions.

(e) Electronic indicators or transmitters used |for pres-
sure measurement shall be 0.1% accuracy class gnd have
a total uncertainty of 0.3% or better of calibrated span.
These pressure instruments should be temperatjire com-
pensated. If temperature compensation is not gqvailable,
the ambient temperature at the measurement{location
during the test period must be compared to fthe tem-
perature during calibration to determine if the |decrease
in accuracy is acceptable.

4-5 FLOW MEASUREMENTS

Flow measurements shall be made in accordance with
the following paragraphs.

4-5.1 Weigh Tanks

ther hhometer uwells shall be used or nr\mpn{*or‘] vo]r\r‘if}

correction applied when the average steam velocity at
the sensing point exceeds 300 ft/sec (100 m/s).

When the degree of subcooling is 10°F (6 K) or less,
the difference shall be measured by differential tem-
perature sensing devices as prescribed in PTC 19.3.

4-4 PRESSURE

Pressure measurements shall be carried out in accor-
dance with the I&A on Pressure Measurement, PTC 19.2.

Stuitabletanks and scates sttt becatibrated prior to
use and caused to weigh to a measurement accuracy of
within £0.5% in the range of the loads to be weighed.
Design, construction, calibration, and operation of
weighing tanks shall be in accordance with the I&A on
Weighing Scales, PTC 19.5.1.

4-5.2 Volumetric Tanks

Volumetric tanks shall be calibrated prior to use and
caused to measure to an accuracy within +0.5% in the
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range of volumes to be measured. Volumetric tanks shall
be calibrated with weighed increments of water at a con-
stant temperature to within =2°F (1 K). In the use of vol-
umetric tanks, density corrections shall be made for wa-
ter temperature differences between Code test and
calibration. Corrections shall be made for the change in
tank volume due to thermal expansion of the tank metal
and scales used to indicate volume.

STEAM TRAPS

in a minimum test duration of 10 min. The final tem-
perature should be an equal amount above ambient as
the initial temperature was below ambient. The initial
water temperature should be at least 15°F (8 K) below
ambient. It is most important that the steam trap on the
steam supply line be fully capable of maintaining a dry
line to the heat exchanger. The test device should be lo-
cated sufficiently below the heat exchanger to prevent
condensate from backing up into the heat exchanger in

£ szandtha k. aadlaz A1l o2

4-5.3 Flgwmeters

Flownpeters may be used to measure the steady flow
of steam| or water. For steam flow, the flow nozzle and
thin-plate orifice may be used and for condensate flow,
the Venturi tube may be used in addition to the flow
nozzle and orifice. Measuring devices shall be calibrated
prior to|and after the test, and caused to measure to
within an accuracy of =3.0% of the flow being meas-
ured dufing the Code test. The recommendations of the
1&A on Flow Measurement, PTC 19.5 series, shall be fol-
lowed with reference not only to the design, construc-
tion, calipration, and use of flow measuring primary el-
ements, put also to their location in the pipeline and the
installatjon of the connecting piping systems between
the manpmeter and the primary element. All computa-
tions of [flow rates from observed differentials, pres-
sures, apd temperatures shall be made in accordance
with thelprovisions of PTC 19.5 series. Primary elements
shall be dlesigned or selected such that the minimum dif-
ferential[pressure at any Code test output as indicated
by the mfanometer is 10 in. (250 mm) of manometric lig
uid. Diffprential pressure caused by the primary element
shall be|] measured by two independent diffetential
manomgter systems, which shall agree during the Code
test to Within =0.2% of each other. Both manometers
shall be fn accordance with para. 4.4(a):

CAUTIOIN: Some differential pressure flow measuring devices
can cause|flashing of near saturated liquid of the test.

4-5.4 Other Devices

Other [flow-metering devices that are covered in PTC
19.5 and| meet the abeve requirements may be used.

EANTERVALS

or other t1m1ng devices havmg an mterval accuracy
within £0.2% of the time interval.

4-7 STEAM LOSS TESTS
4-7.1 Test Arrangement

The recommended test arrangement for steam loss de-
termination is shown in Fig. 1. The calorimeter tank
must be filled with sufficient amount of water to result

+ davica ool 3
the-evert-the-test-device-eyelesinfrequenty—Adpiping
and equipment shall be insulated to a minimum Ryjalue
of 15 ft>-°F-hr/Btu [(0.75 m?-K-h)/Kk]] to minimiize heat
loss effects.

4-7.2 Code Test Procedure for No-Load Conditions

Start with all valves closed ard tanks empty.

(a) Openvalves 1, 2, and 3 4o permit drain deviceland
test device to operate at test\pressure, Ps.

(b) During warm-up,“Wweigh and record masp of
empty calorimeter tanky W, record steam pressurg, P,
and steam temperature, Ts.

(c) Fill calorjméter tank approximately half full with
water whose témperature, T, is at least 15°F (8°C) be-
low ambiént temperature, T,. Record water tempera-
ture, T1%and mass of water plus tank, W;.

(d) Rapidly close valve 3 and open valve 4. Start|tim-
ingiinterval when valve 4 is open. Use of a threeqway
valve is recommended to facilitate rapid closing|and
opening.

(e) Agitate the water in the tank as necessary tq en-
sure uniform water temperature.

(f) When the temperature of the water in the tafk is
as many degrees above ambient as the initial tempera-
ture was below, rapidly close valve 4 and open valye 3,
simultaneously recording the elapsed time, then| the
final water temperature, T, and mass of water plus
tank, Wh.

(g) When testing steam traps, the average refults
from three consecutive tests must agree within 10fo or
1 Ib/hr, whichever is greater. If this cannot be obtaijned,
check system for integrity and increase condensate|bar-
rel capacity.

4-7.3 Code Test Procedure for Load Conditions

Load testmg shall be carried out at 1% of the

sure w1th a minimum of 11 lbm/ hr (5 kg / h)
Start with all valves closed and both tanks empty.
(a) Openvalves 1,2, and 3 to permit drain device and

test device to operate at test pressure, Ps.

(b) During warm-up, weigh and record mass of
empty calorimeter tank, W;, and record steam pressure,
P;, and steam temperature, Ts.

(c) Open valves 5 and 6 to allow flow of cooling wa-
ter through heat exchanger to create desired condensate
load on test device. After system has come to equilib-
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riuny, this load can be determined by &losing valve 6 and
opeting valve 7 to permit collecting a known amount
of Water in a given time. The 4pproximate condensate
load on the steam trap may then be calculated by the
follqwing formula:

(Tr — Tg) W= W3) X 3600
(time-in sec) (hg)

[Load = Ibm/hr (kg/h)
where

Tl = temperatures of water entering heat exchanger,
OF (OC)

T}, Stemperatures of water leaving heat exchanger,

Fig. 1 Test'Arrangement for Steam Loss Tests

(e) Fill calorimeter tank approximately half full with
water whose temperature, T, is at least 15°F {8°C) be-
low ambient temperature, T,. Weigh and recofd water
temperature, T1, and mass of water plus calorimeter
tank, Wj.

(f) Rapidly close valve 3 and open valve 4. Jtart tim-
ing interval when valve 4 is open. Use of a three-way
valve is recommended to facilitate rapid cloging and
opening.

() Agitate the water in the calorimeter tank as nec-
essary to ensure uniform water temperature.

(h) When the temperature of the water] in the

T

W3 = initial mass of exchanger plus tank, Ibm (kg)

W, = final mass of exchanger plus tank, Ibm (kg)

hg, = enthalpy of evaporation steam at steam pres-
sure, Btu/lbm (J/kg)

time in sec = time of run on the Data Log, Form 1

(d) If load on trap as determined in (c) is as desired,
proceed to (e) below. If not as desired, adjust valve 5 ac-
cordingly and repeat procedure (c) until desired con-
densate load is obtained.

calorimeter tank 1g g mnn}r r‘]ngrnac abave an bient as

the initial temperature was below, rapidly close valve 4
and open valve 3, simultaneously recording the elapsed
time, then the final water temperature, T, and mass of
water plus calorimeter tank, W.

(i) When testing steam traps, average results from
three consecutive tests must agree within 10% or 11b/hr,
whichever is greater. If this cannot be obtained, check
system for integrity and increase condensate tank ca-
pacity.

(j) See steam loss calculation procedure (para. 5-3).
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Safety data
valve Valve acquisition
equipment

i

Pressure- I_ \
reducing Valve Capacity
valve 4 T
Steam M 1
supplv+ i
Circulator |
Qptional |
imsert #1 |
S S ' |
1
i @ S E i @ Valve
! - | I 7 Slope
H | 1 Steam C— Vacuum
'Tenjperature | | - trap S It breaker
! _cdntroller_ | | Flowmeter
D ! X X Valve
! [Note (1)]  [Notéh1 A ]
{>-I'<} Injector line e e % TScaIe
Valve i Optional Totrap i :
3 1 three-way Steam ! O
Inlet i valve P :
nlet —
: ValveLLJ ]Heat i o) en/i-t\\
i 5 exchanger ! p\/p ~
1
b Condepsate™ __ | //
NOTH: Optional
(1) x ot to exceed six pipe diameters. insert #2
Fig. 2 Condensate Capacity Test Arrangement
4-8| CONDENSATE CAPACITY TESTS peratures (minimum of four) to fully define the steam
trap capacity characteristic up to the trap closihg point.
4-8.1 Test Arrangements b eapactly P P &P

The test arrangement with measurément and control
device options is shown in Fig. 2. This arrangement is
a composite of the equipment for three procedures. The
exadt equipment arrangement is’"dependent upon the se-
lectdd procedure. Trap capacity varies with differential
prespure across the steam/trap and condensate temper-
aturp. Condensate temperature (T,) and pressure at the
inlef and outlet of the trap must be referenced when ca-
pacity test data-are presented. See Fig. 3 for configura-
tion|of pressudre taps.

4-8.2 Test Objective

4-8.3 Insulation

All piping and equipment shall be insulated fo a min-
imum R value of 15 ft>-°F-hr/Btu [(0.75 m?-K-h)/K]] to
minimize heat loss effects.

4-8.4 Instrumentation

All instrumentation shall comply with pgras. 4-2
through 4-6.

4-8.5 Device Under Test

The objective of the trap capacity test is to determine
how steam trap capacity varies over a range of inlet
pressure and condensate temperature conditions. This
data may be presented either graphically or in tabular
form. The discharge capacity shall be determined at a
fixed inlet pressure and back pressure over a range of
condensate temperatures as specified by the manufac-
turer or user. Trap capacity shall be determined at a con-
densate temperature of less than 200°F (95°C) and then
at a sufficient number of additional condensate tem-

The steam trap must not be modified in any way from
its commercial form.

4-8.6 Code Test Procedure

Inlet pressure during the test must be maintained
+2% or *1 psi, whichever is larger. Perform this test
using one of the following three procedures, dependent
on the instrumentation selected to measure the conden-
sate capacity (see Fig. 2).
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7
Minimum 2.5%
Z Recommended 53
Y/ \‘“%
d
Nominal Inside Pipe Recommended Max. Diam. of
Diameter, D, in. (mm) Pressure Tap Holes, 8, in. (mm)
Under 2 (50) /4 (6)
2to 3 (50 to 75) ’/s (9)
4 to 8 (100 to 200) 1/, (13)
10 and over (250 and over) 314 (19)
GENERAL NOTE: Any suitable method of making the physical connection is
acceptable if the following are adhered to: fitting shall not protrude’inside
the pipe, and edge of hole must be clean and sharp or slightly, rounded, free
from burrs, wire edges, or other irregularities.
Fig. 3 Recommended Pressure Connection
(a) Acpumulator Level Change. Starting with all valves (7) Repeat steps (1) through (6) at different fcon-
closed: densate temperatures (T) to obtain at least five datd sets

(1) Ppen valves 1 and 2, and fill accumulator tank  that fully define the trap capacity characteristic.
to desirdd level. Close valves 1 and 2. (8) Use Form 3 to compute results.

(2) Ppen valve 4 to pressurize tank to desited pres- (b) Weigh Tank Measurement. Starting with all vglves
sure. Open valve 3 to heat water to desired temperature.  closed:

Close va]ve 3. Operate the circulator or temipetrature con- (1) Open valves 1 and 2, and fill accumulator fank
troller if[so equipped. to desired level. Close valves 1 and 2.

(3) Ppen valves 5 and 6 to Heat the piping and (2) Open valve 4 to pressurize tank to desired pres-
steam trhp. During a test run, T, must be maintained sure. Open valve 3 to heat water to desired temperafure.
*+5°F (2.p K) of the average T{recorded. Close valve 3. Operate circulator or temperature fcon-

(4) When T, has stabilized [when the temperature  troller if so equipped.
deviatiof is within =25E{#K)], start the timing device (3) Fill barrel on scale so that end of discharge pipe
and recqrd T, and the~aecumulator level. is submerged. Measure the start mass, W..

(6) When the.désired lower accumulator level is (4) Open valves 5 and 6 to heat the piping and the
reached | stop tlie’timing device and record the accu-  steam trap. During a test run, T. must be maintajned
mulator |leveland T.. +5°F (2.5 K) of the average T, recorded.

(6) Phserve and record the following on the Data (5) When T, has stabilized [when the temperdture
Log, Form-2: deviation is-within =2°E (1 K)] open valve Z shutslalve

(a) time (h:min:sec) 6, and start the timing device.

b

) ambient temperature, T, [°F (°C)]

c) barometric pressure, P, [psia (kPa)]

e) steam temperature, Ts [°F (°C)]
f) initial and final values of the following:

(
(
(d) steam pressure, P; [psig (kPa gage)]
(
(

(1) accumulator level, F [ft (m)]
(2) condensate temperature, T, [°F (°C)]
(3) inlet and outlet pressures, P; and P, [psig

(kPa gage)]

(6) When sufficient condensate has been collected,
simultaneously stop the timing device, open valve 6,

and close valve 7.

(7) Observe and record the following data on the

Data Log, Form 4:
(a) time (h:min:sec)
(b) ambient temperature, T, [°F (°C)]
(c) barometric pressure, P, [psia (kPa)]
(d) steam pressure, P; [psig (kPa gage)]
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Form 3 Calculation of Condensate Capacity

Accumulator Level Measurement

1. Test no. 2. Test date
3. Manufacturer’s name
4. Type of device/model no.
5. Serial no. 6. Size
7. Tested by 8. Calculation by
9. Capacity of accumulator tank
10. Accumulator tank calibration data (reference)
Test Data
11. Pressure at steam trap inlet, Py, start ... ..o psig (kPa gage)
12. Pressure at steam trap outlet, Py, start .. ...l psig (kPa gage)
13. Saturation temperature at Py, Togp, Start .o oovvev i, °F (°C)
14. Temperature of condensate, T, start ..., °F (°C)
15. Temperature difference, Tsqe — Te, Start ..o v v e i, °F (K)
16. Initial level of water in accumulator, F ........ ... i, ft (m)
17. Pressure at steam trap inlet, Py, finish .......... ... .. ... ... psia (kPa)
18. Pressure at steam trap outlet, P,, finish ........................ psia (kPa)
19. Saturation temperature at Py, Tsqp, finish ... oot °F (°0)
20. Temperature of condensate, T, finish .......................... °F (°C)
21. Temperature difference, Tsqs — T, finish ... ... oot °F (K)
22. Final level of water in accumulator, F ....... ... ft (m)
23. Quantity of water discharged (reference item10) ............... .= lbm (kg)
24, Time interval . ..ot e A sec (s)
Calculations
25. Differential pressure at start oftest ............. .. ..(Zpn.en.n.. psi (kPa)
item 11 — item 12
26. Differential pressure at finish of test ........... .8 . .. oiin.. psi (kPa)
item 17 — item 18
27. Average differential pressure ........ .. .. Ny ool psi (kPa)
(item 25 + item 26)/2
28. Average subcooling . ... ...t e e °F (K)

(item 15 + item 21)/2
Capacity
(item 23 X 3600)/item 24

29.

(e) steam temperature,(I5)[°F (°C)]
(f) mass of conden$ate plus barrel at start and
finish, W, [Ibm (kg)]
(g initial and firtal values of the following:
(1) condensate temperature, T, [°F (°C)]
(2) inlet/and outlet pressure, Py and P, [psig
(kPa gage)]
(8) Repeat (1) through (7) at different condensate

(3) Open valves 5 and 6 to heat the piping|and
steam trap. During a test run, the temperature of the
condensate may be increased at a rate not to exfeed
10°F/min (6 K/min).

(4) When T, meets the criteria above, record the
flowmeter reading and T.. Use Data Log, Form 6. Begin
recording with data acquisition equipment if so equipjped.

(6) Observe and record the following data on Foim 6:

temperatures (') to obtain at least five data sets that
fully define the trap capacity characteristic.

(9) Use Form 5 to compute results.

(c) Flowmeter Measurement. Starting with all valves
closed:

(1) Open valves 1 and 2, and fill accumulator tank
to desired level. Close valves 1 and 2.

(2) Open valve 4 to pressurize tank to desired pres-
sure. Open valve 3 to heat water to desired starting tem-
perature. Close valve 3. Operate circulator or tempera-
ture controller if so equipped.

10

(@) _ambient hﬁmrmrnhwp T, [OF (OF\]
(b) barometric pressure, P, [psia (kPa)]
(c) steam pressure, P; [psig (kpa gage)]
(d) steam temperature, T; [°F (°C)]
(e) flowmeter reading [Ibm/hr (kg/h)]
(f) condensate temperature, T, [°F (°C)]
(¢) inlet and outlet pressure, Py and P; [psig (kPa
gage)]
(6) Repeat (1) through (5) to obtain at least five data
sets that fully define the trap capacity characteristic.
(7) Use Form 7 to compute results.
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Form 5 Calculation of Condensate Capacity: Weigh Tank Measurement

1. Test no. 2. Test date
3. Manufacturer’s name
4. Type of device/model no.
5. Serial no. 6. Size
7. Tested by 8. Calculation by
9. Scales description
Test Data
LU FTESSUTE dl SLEdITT TdP THHEL, F1, SUWAll o v oo oo o e v s e e e e e e oo e et PSIg (KFd g§dg€)
11. Pressure at steam trap outlet, Py, start .. ..o oo psig (kPa gage)
12. Saturation temperature at Py, Toge, Start ..o oo °F (°C)
13. Temperature of condensate, T, start ..., °F (°C)
14. Temperature difference, Toqr — T, start oo, °F (K)
15. Mass of condensate plus barrel, W, start ....................... lbm (kg)
16. Pressure at steam trap inlet, Py, finish ......................... psig (kPa gage)
17. Pressure at steam trap outlet, P,, finish .......... ... ... ...... psig (kPa gage)
18. Saturation temperature at Py, Tsqp, finish ...t °F (°C)
19. Temperature of condensate, T, finish . ...... ... ... ... ... .. °F (°C)
20. Temperature difference, Tsqe — T, finish ... ... oot °F (K)
21. Mass of condensate plus barrel, W,, finish ...................... lbm (kg)
22, Timeinterval .. ..o e sec {s)
Calculations
23. Differential pressure at start of test ............. ... .. .. ... /0 psi (kPa)
item 10 — item 11
24. Differential pressure at finish of test . ......... ... . .t NN psi (kPa)
item 16 — item 17
25. Average differential pressure .......... ... iAo psi (kPa)
(item 23 + item 24)/2
26. Average subcooling .......... .. s °F (K)
(item 14 + item 20)/2
27. Capacity: weigh tank measurement ....... .00, ... ... ... .. ... Ibm/hr (kg/h)

(item 21 — item 15) X 3600/item 22

R AND NONCONDENSIBLE GAS
MOVAL TESTS

t Arrangement/Purpose

4-9 Al
RE

4-9.1 Te

The purpose of this test.is_fo provide a standard
means of testing steam traps fitted with automatic, fixed,
or manufally adjustableair.vents.

The tept arrangement for air and noncondensible gas
removal|capabilitysissshown in Fig. 4. Two different test
procedutes areprovided to determine the air removal
capabilify of-steam traps fitted with air vents. The first
procedutetprovides for testing the air removal capabil-

equipment. Good engineering practice would digtate
the use of an independent air vent for piping and equip-
ment as the primary means to remove air at stagt-up
and/or during operation.

4-9.3 Instrumentation

4-2
not

All instrumentation shall comply with paras.
through 4-6. The steam trap and/or air vent must
be modified in any way from its commercial form

4-9.4 Exceptions to Test

lty in a smrtrated-start up mrode—Thesecornd l}LU\_CduLC
provides for testing in a simulated in-process operating
mode. The test apparatus shown in Fig. 4 is used for
both the start-up and in-process modes of testing, dis-
charging air to atmosphere.

4-9.2 Air Vents

It should be noted that steam traps fitted with air
vents (or means of bypass) should be considered a sec-
ondary means to remove air from piping systems and

12

(a) Air removal test results for mechanical traps will
vary depending on whether the test trap is primed or
unprimed. The data sheet shall report this condition at
the time of test.

(b) Variations to standard steam and air testing pres-
sures shall be agreed in advance by parties to the test.
Any deviations shall be noted on the test data sheet and
included in the reporting of results. The steam pressure
shall be 10 psig (68.9 kPa gage) greater than the air pres-
sure in the air accumulator.
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Form 7 Calculation of Condensate Capacity: Flowmeter Measurement

1. Test no. 2. Test date

3. Manufacturer’s name

4. Type of device/model no.

5. Serial no. 6. Size

7. Tested by 8. Calculation by

9. Flowmeter description
Test Data
10. Pressure at steam trap inlet P, start nsig (kPa gage)
11. Pressure at steam trap outlet, Py, start .. ... i psig (kPa gage)
12. Saturation temperature at Py, Togp, Start ..o oo °F (°0)
13. Temperature of condensate, T, start ........ ... ... ... °F (°C)
14. Temperature difference, Toqr — T, start ..o, °F (K)
15. Pressure at steam trap inlet, Py, finish ........... ... ... ... ... psig (kPa gage)
16. Pressure at steam trap outlet, P,, finish ........................ psig (kPa gage)
17. Saturation temperature at Py, Tsqp, finish ... oot °F (°C)
18. Temperature of condensate, T, finish.......................... °F (°C)
19. Temperature difference, Tsqe — Te, finish ... ..ot °F (K)
20. Flowmeter reading, start .. ..... ...t lbm/hr (kg/h)
21. Flowmeter reading, finish . ...... .. ... .. .. lbm/hr (Kg/)

Calculations

22. Differential pressure at start oftest ................ ... ... ... psi‘tkPa)
item 10 — item 11

23. Differential pressure at finish of test . .......... ... .. ... ... )X psi (kPa)
item 15 — item 16

24. Average differential pressure ... AN psi (kPa)
(item 22 + item 23)/2

25. Average subcooling . ....... .. i NONT °F (K)
(item 14 + item 19)/2

26. CAPACITY « vt vttt e e e Ibm/hr (kg/h)

(item 20 + item 21)/2

4-9.5 Start-Up Test Procedure (See Fig. 4)

(a) Measure and record on Form 8 the volume (V1)
contained in the air accumulator and piping bounded
by valves V3, V4, V5, and V6.
P T, (b) Start with all valves in the closed position|and

Steam 4 @. V3 Air accumulator activate electronic temperature/pressure indicating/
>— < recording devices, if used.

(c) Open the vent valve, V1, and V3 and slowlyf ad-

\Water V6 T just the steam pressure regulator, PRV, such that P; is

——k— :l]—m set at the desired test pressure. Verify temperature [I'; is

at saturation temperature corresponding to the test pres-
sure Py, and record Py and T; on Form 8.

NOTE: The vent valve can be throttled to a minimum flqw to
maintain stable steam pressure and temperature conditions.

va @ Steam (r]\ Close V3 and open valves ‘74, ‘7'7, and wateralve
L._%\E._ (KB e V6 to cool the air accumulator tank to ambient temper-
V7 v _ ature.
Drain (e) Close the water valve, V6, and allow the air accu-
Drain mulator to drain. The air valve, V5, may be opened to
Six nominal pipe facilitate draining and drying the air accumulator.
diameters max. (f) Close valve V5 if used, and valves V4 and V7, and
attach the test device.
Fig. 4 Air and Noncondensible () Open valve V5 and adjust the air accumulator
Gas Handling Capability pressure P3 to approximately 80% of the steam test pres-
Test Arrangement sure Py using the air regulator (AR). Close valve V5.

14
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(h) Record air pressure Ps; and temperature T3 on
Form 8. Open the inlet valve V3, the outlet valve V4,
and start the test timing device simultaneously. Adjust
the pressure regulating valve (PRV), if required, to
maintain P, at the desired steam test pressure.

(i) Stop the test when T is 10°F (6 K) less than the clos-
ing point as defined by the capacity test procedure in para.
4-8, and record the test time interval, Af, on Form 8.

(j) Repeat (b) through (i) as necessary to produce

calais

aale oo a1

STEAM TRAPS

(SCEM). Test results shall include the air accumulator
volume (V47), steam pressure (P,), air pressure (P3), air
temperature (T3), and test time interval (Af).

4-9.8 Flow Rate Calculation

() The air discharge flow rate at test conditions
(ACFM), ft3/min, is given by

ACEM = Var 600

three sets—ef-ebservations—which—+
lated flow rates, none of which vary from the average
by more|than 10%.

v e re sttt e e—carctr

4-9.6 In

(a) Mgasure and record on Form 8 the volume (V47)
containefd in the air accumulator and piping bounded
by valves V3, V4, V5, and V6.

(b) Stqrt with all valves in the closed position and ac-
tivate electronic temperature indicating/recording de-
vices, if psed.

(c) Ogen valves V4, V7, and water valve V6 to cool
the air afcumulator to ambient temperature.

(d) Clpse the water valve, V6, and allow the air ac-
cumulatpr to drain. The air valve, V5, may be opened
to facilithte draining and drying the air tank.

(e) Clgse valve V5 if used, and valves V4 and V7, and
attach tHe test device.

(f) Open the vent valve, V1, and V3, and slowly ad-
just the pteam pressure regulator, PRV, such that P; is
set at th¢ desired test pressure. Verify temperature T; is
at saturafion temperature corresponding to the test pres-
sure, Pq,Jand record P; and T; on Form 8.

NOTE: T}
maintain

(g) Clgse V3, open valve V5, and adjfist the air accu-
mulator pressure P to approximately,80%/of the steam test
pressure|P; using the air regulator(AR). Close valve V5.

(h) Open V2 to allow the steam’ piping and the test
device t¢ warm up, and verify the test device is operat-
ing properly and discharging’condensate.

(i) Regord the air pressure, P3, and temperature, T3,
on Form| 8. Simultaneously close valve V2, open valves
V3 and V4, and start the test timing devices. Adjust the
pressurg regulating valve, PRV, as required to maintain
P, at the| deired steam test pressure.

(j) Stdp ‘the test when T5 is 10°F (6 K) less than the air

Process Test

e vent valve can be throttled to a minimtinnflow to
table steam pressure and temperature conditions.

t \ 7

(b) The air discharge flow rate at standard cendifions
(SCFM), ft3/min, is given by

Pz, \(Tstp
Var|l = || =7~ |60
AT<PSTD)( TMJ

SCFM = A
where
Pstp = pressure at standard conditions
= 14.7 psia
P3 = air accumulator pressure, psig
P, = air accumulator pressure, psia
= P3 +14Y7
Tsrp = teypefature at standard conditions, °R
= BO°F + 460 = 520°R
T3 =air accumulator temperature, °F
T3:= air accumulator temperature, °R
= T3 + 460
Var = air accumulator volume, ft3

At = test time interval, sec

Section 5
Computation of Results

5-1 CORRECTION OF MEASURED VARIABLES

The values of observed variables shall be correctdd in
accordance with instrument calibrations and, as necespary,
converted to the proper units required for calculatiops.

5-2 USE OF FORMULA SYMBOLS

The symbols used in this Code are the ones normally
associated with engineering practice in this field. In g few

closing point as detined by the capacity test procedure in
para. 4-8, and record the test time interval, Af, on Form 8.

(k) Repeat (b) through (j) as necessary to produce
three sets of observations, which result in three calcu-
lated flow rates, none of which vary from the average
by more than 10%.

4-9.7 Air and Noncondensible Gas Handling Capacity

Test results can be reported in actual cubic feet per
minute (ACFM) or standard cubic feet per minute

16

Lastcs, 'L} T 5dIllT Dylll}JU} llab b‘lif{ClCll'L ulcauh lsb ill L}. ffer'
ent parts of the Code, according to its application. In or-
der to avoid confusion, each formula has been provided
with its own list of definitions of symbols and units.

|

5-3 STEAM LOSS CALCULATIONS
(a) For saturated steam supplied,
Wil — hpr) — Welhgs = hya) + ¢, Wi(T2 — Th)
hgs

3600

L= At
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(b) For superheated steam supplied,
W, = AW/At

where
cp = specific heat of barrel calorimeter, Btu/lbm-°R
[1/(kg-K)]
hs1 = initial enthalpy of water in calorimeter,
Btu/Ibm (J/kg)

hg> = final enthalpy of condensate in calorimeter,
Bl-" VA | N4 WA PPN

ASME PTC 39-2005

6-2.1 Part I: General Information

This part shall include the following items:

(a) date of test

(b) location of test facilities

(¢) manufacturer’s name

(d) manufacturer’s serial number and complete iden-
tification of the steam trap

(e) inlet and outlet connections (stating size, pressure
ratings, and type, such as threaded flanges, etc.)

ter o GHe=y
s = enthalpy of evaporation at steam inlet,

Btu/lbm (J/kg)

; = enthalpy of liquid at steam inlet, Btu/lbm (J/kg)

1 = initial water temperature, °F (°C)

» = final water temperature, °F (°C)

(s = final mass of water in calorimeter, Ibm (kg)

[ = steam loss, Ibm/hr (kg/h)

; = initial mass of water in calorimeter, Ibm (kg)

(; = mass of tank calorimeter, Ibm (kg)

1 = mass of calorimeter plus water, start, Ibm (kg)

» = mass of calorimeter plus water, finish, lbm

(kg)

At = time interval, sec (s)

AW = increase in mass of water in calorimeter, Ibm
(kg)

= W2 - W1

=

S3s3S53S< 93>

Sde Form 9.

Section 6
Report of Test

6-1| GENERAL INFORMATION
The report of test shall be"prepared to formally doc-
umgnt the observed data and computed results. It shall

contpin sufficient information to prove that all Code test
objeftives were attaified:

Tlhe procedures-described in Section 5 are to be used
in cgmputing the-test results.

The report of test shall include Parts I to VII as listed
bel

(a) ParPl: General Information

by Part II: Summary of Results

(f) test conducted by

(g) representatives of parties to the test

(h) object of test

(i) fluid at steam trap inlet (saturated steanp, super-
heated steam, wet steam, saturated water, sIIbcooled
water, air, etc.)

6-2.2 Part Il: Summary of Results

This part shall include those quantities and charac-
teristics which describe the performance of the steam
trap at test conditions. The test report form for| the par-
ticular test shall list the quantities, characterigtics, and
units of nfeasurement required for the report.

6-2¢3. Part Ill: Description of Steam Trap Tested

This part may include assembly drawings, thanufac-
turing drawings, and measured dimensions if 4greed to
by the parties to the test. If no agreement is mgde, then
it shall contain such descriptive information ag may be
furnished by the manufacturer or from his/her fatalogs.

6-2.4 Part IV: Observed Data and Computed Regults

This part shall include a record of data and calcula-
tions required to determine the results of the tpsts. The
data shall have been corrected for instrument calibra-
tions and conditions prevailing for each test fun. The
computation forms included in Section 5 shall be used
for computing test results.

6-2.5 Part V: Test Methods and Procedures

This part shall include a detailed descriptign of the
instruments and apparatus used to measure th¢ various
quantities, and procedures for observing the character-
istics of the steam trap during test.

(
(c) Part III: Description of Steam Trap Tested

(d) Part IV: Observed Data and Computed Results
(e) Part V: Test Methods and Procedures

(f) Part VI: Supporting Data

(¢) Part VII: Uncertainty Analysis

6-2 DETAILED INFORMATION

The following is a discussion of each part of the test
report.

17

6-2.6 Part VI: Supporting Data

This part shall include pertinent material supple-
menting data presented elsewhere in the report of test,
whereby an independent verification of the report re-
sults can be made. This material may include, but not
necessarily be limited to, the following:

(a) instrument calibration records

(b) detailed log sheets

(c) sample calculations
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Form 9 Steam Loss Test Calculations

General Information

1. Test no. 2. Test date 3. Location
4. Manufacturer’s name 5. Serial no.
6. Type of trap 7. Size

8. Calorimeter material

Averaged and Corrected Test Data

9. Mass of empty calorimeter, Wy .. .. ... ... lbm (kg)
10. Mass of calorimeter plus water, start, Wy . ................... lbm (kg)
11. Mass of calorimeter plus water, finish, W, ................... lbm (kg)
12. Mass added to scale, AW (AW =W, — W) ..........coo. ... lbm (kg)
13. Timeinterval, At . ..ot e e sec (s)
14. Ambient temperature, Tg oot ettt it it e °F (°0)
15. Steam temperature at trapinlet, Ts . ...... ... ... it °F (°0)
16. Initial water temperature, Ty . .vvve e e °F (°Q)
17. Final temperature of water and condensate, T, ............... °F (°Q)
18. Barometric pressure, Py .o v e vt e e et e psia (kPa)
19. Steam pressure at trapinlet, Ps .. .. oovei i psia (kPa)

Thermodynamic Properties

20. Reference used for specific heat data
21. Reference used for steam/water data

22. Specific heat of calorimeter material, ¢, .. ...l Btd/lbm-°F (J/kg)
(from item 20 for item 8 at average of items 16 and 17)

23. Initial enthalpy of water in calorimeter, hpr ... . oo 0B Btu/lbm (J/kg)
(from item 21 at item 16)

24. Final enthalpy of water in calorimeter, hyy . ........ SCNT ... Btu/lbm (J/kg)
(from item 21 at item 17)

25. Enthalpy of saturated liquid at trap inlet temperaturey hy ... ... Btu/lbm (J/kg)
(from item 21 at item 15)

26. Enthalpy of evaporation at trap inlet temperature, hggs . ......... Btu/lbm (J/kg)

(from item 21 at item 15)

Calculations

27. Initial mass of water in calorimeter; Ws .......... ... ....... lbm (kg)
item 10 — item 9

28. Final mass of water afid condensate in calorimeter, Wy ......... lbm (kg)
item 11 — item 9

29. Term Ws (her=hrD) « oo oo Btu ()
item 27 X (item 25 — item 23)
XN - )
30. Term Wf (hfs - hfz) ..................................... Btu (J)
iten28 X (item 25 — item 24)
X ( - )
3 Term e, We (To = T1) oo oo Btu ()
item 22 X item 9 X (item 17 — item 16)
X X ( - )
32 STEamt05S, Wl oo LUV EUEIAY)]
3600 X (item 29 — item 30 + item 31)/(item 26 X item 13)
3600 X ( - + )/( X )
33. Water discharged with steam, W,, ......................... lbm/hr (kg/h)
item 12 X 3600 | )
item 13 item 3
34. Condensate load ...ttt e lbm/hr (kg/h)
(T TE)(M;[Eh )W3) % 3600 (use values for T;, T¢, W, and W;5 from Form 1)
fgs.

18
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6-2.7 Part VII: Uncertainty Analysis

When desired and agreed, an analysis of the expected
uncertainty in the test data may be made following the
methodology given in Appendix I. Note that the uncer-
tainty values given in the example calculations are as-
sumed values and do not necessarily apply to any ac-
tual test situation.

ASME PTC 39-2005

ASME PTC 19.2, Pressure Measurement

ASME PTC 19.3, Temperature Measurement

ASME PTC 19.5, Flow Measurement

ASME PTC 19.5.1, Weighing Scale

ASME International Steam Tables for Industrial Use

Publisher: The American Society of Mechanical Engi-
neers (ASME), Three Park Avenue, New York, NY
10016-5990; Order Department: 22 Law Drive, Box
2300, Fairfield, NJ 07007-2300

Section 7
References

Tlhe following is a list of publications referenced in
this [Code. The latest editions shall apply.

ASMIE PTC 1, General Instructions
ASMIE PTC 2, Definitions and Values

19


https://asmenormdoc.com/api2/?name=ASME PTC 39 2005.pdf

20



https://asmenormdoc.com/api2/?name=ASME PTC 39 2005.pdf

MANDATORY APPENDIX |
UNCERTAINTY ANALYSIS

ASME PTC 39-2005

I-1 GENERAL

If a flowmeter is used, the equation is further simpli-

A uncertainty analysis is a statistical evaluation
method that calculates a probable error or uncertainty
bas¢d on combinations of probable errors or uncertain-
ties [in individual measurements. The method given in
this|Appendix is intended for use by practical test tech-
nicigns and engineers in the commercial or industrial
steam testing laboratory. It does not give worst-case lim-
its, pnd excludes the effects of blunders or systematic
errors due to faulty instrumentation or test technique.
To 1einforce this point, the term uncertainty will be used
rather than error. It should also be emphasized that this
Appendix outlines a methodology which may use ex-
ampjles specific to certain types of traps; it is expected
that| variations appropriate to other types of traps will
also[be used.

Ifjthe probable uncertainties in individual measure-
merjts are given as n standard deviations, the analy-
sis Will give n standard deviations of total uncertainty.
If the probable uncertainties in individual measure-
merjts are a P percent confidence interval, it will give
a P |percent confidence interval in total uncertainty.
Ifla quantity W is a function of measured quantities
a,b)c, ..., each of which has an associated\tmcertainty
Ug, Yp, Ue, - . ., then the most general expression for the
ovetall uncertainty of W is given by

AW\, (w2 L Jawy
= [[= + (== — + ...
i (5 e (BT R e 0

The partial derivative with respect to any variable
givgs the measure of sénsitivity of the overall result to
smalll changes in thatariable. In the sample worksheets
in this Appendix;-the partial derivative will be referred
to ap the sensitivity factor.

I-2 | UNCERTAINTY IN CAPACITY TESTS

The ‘basic capacity calculation for weigh tank tests is

fied to
W = 3600 11 3)

where
rir = flow reading, Ibm/sec

Using Eq. (2) for weigh-tartk ‘measurement,| the par-
tial derivative with respect't0 AW is

AW’ 3600
dAW At

The partial defivative with respect to At is

AW _ 3600 AW
dAt (A2

If we use Eq. (3) for flowmeter measurementy the par-
tial derivative becomes simply

M = 3600 6)
Jarin

However, the equations above do not include|two very
significant test variables. The effects of inlet pregsure and
condensate subcooling must also be included. For traps
having a well-defined orifice size,! the most us¢ful func-
tion to describe trap capacity as a function of iflet pres-
sure (taken as gauge pressure in this case) is

W = AP}, @)

where A and m are experimentally determingd coeffi-
cients reflecting the orifice size and the internal flow re-
strictions of the trap. Values for m range from|approxi-
mately 0.3 up to 0.5 (the theoretical limit). Both A and
m can be evaluated with a curve-fitting progrgm using
the results of capacity tests at varying pressyres. The
partial derivative with respect to inlet pressurf is

oW
IPy

m APy _ mW
Py Py

= m—1 —
=m AP} =

®)

given by

AW
W = 3600 =~ @)
where
W = trap capacity, Ibm/hr
At = time interval, sec
AW = change in mass of the weigh tank and its con-
tents, Ibm

21

ISA standard S75.01, Flow Equations for Sizing Con-
trol Valves, gives a formula that permits analysis of the

! This applies to most mechanical traps where the orifice is
known to be completely open and free when the trap discharges.
It does not apply to the various types of thermostatic traps that
may only be partly open during a normal discharge. The appro-
priate flow equation for these traps will be determined by their
own design parameters.
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Table I-1  Subcooling
Subcooling Sensitivity, °F~1, at Pressure Shown, psig
Subcooling,
°F, Below Saturation 15 30 60 125 250 500
3 0.0679 0.0630 0.0488 0.0425 0.0329 0.0214
7 0.0441 0.0383 0.0353 0.0320 0.0238 0.0174
12 0.0271 0.0279 0.0263 0.0214 0.0194 0.0150

GENERAL NOTE: The sensitivity to subcooling may also be determined directly by a capacity test with

culation.

effects of subcooling. With conversion for the commonly

used unjts
W = 63.33C, [P1 = Po )
Vi

C, = yvalve flow coefficient

P. = thermodynamic critical pressure, 3206.2 psia
P, = |nlet vapor pressure, psia

Py, = pressure at the vena contracta, psia

Py = (0.96 - 028 /&>Pv (10)
P,

Py =inlet pressure, psia
V= specific volume of condensate at inlet, ft3/Ibm

The irflet vapor pressure and, to a lesser extent, the
specific [volume are functions of the amount:.&f)sub-
cooling.|Since both of these quantities will be' found
from th¢ steam tables, a numerical analysis will yield
the most direct results. Let

Tse = Tsar — T1 (11

where
Tsat =|saturation temperature; °F, at inlet pressure
T, =|amount of subceoling, °F
T =|actual inlet temhperature, °F

Taking any arbitrary‘value of C,, such as C, = 1.0, and
using a fange ofivalues for Py and T, corresponding to
actual of assuimed test points, we can compute W; (ca-
pacity af temperature Ty) and W, (capacity at temper-
ature T,ls)

variable condensate temperatures at a constant inlet pressure. This is commonly done in the testing
of thermostatic traps. When available, such actual test data would be preferred to a theoretical cal-

W _
0T

Whg (13)

Values of relative subcodling sensitivity are calculated
in Table I-1 for a range.ot/inlet pressures and for vari-
ous degrees of subcdoling.

The overall uncertainty equation for weigh tank ftests
now becomes

/3600 , 3600 AW2\2
Uw = <—At> AW+(_7(At)2 ) At

mW\2 5 5 o |05
+<P—1N> 1, + (Wky) utsc] (14)

while for flowmeter tests we have

Uy = [(3600)2 2+ ("IZ—W)Z W+ (Wksc)zu%sc]w (15)
IN

The equation now includes the effects of meagure-
ment uncertainties for mass, time, pressure, and [tem-
perature.? The worksheets for the condensate caphcity
test show calculations for the uncertainty of a pargticu-
lar capacity test. In these examples, the test accyracy
specified in this Standard is assumed to be the upcer-
tainty of the measurement within a 95% confidende in-
terval, so that the overall uncertainty also has a 95%|con-
fidence interval.?

2The uncertainty in subcooling measurement up, is, in geperal,
not simply the uncertainty in temperature measurement. [Since
subcooling depends on temperature, pressure, and steam sjtura-
tion properties, the uncertainty is a function of temperature|mea-
surement uncertainty, pressure measurement uncertainty, arld the
slope of the saturation curve (dP/dT)e,;

The relative subcooling sensitivity, ks, can be defined
as

W =Wy
kse = (12)
‘ w (Tscz - Tscl)

Note that k. is independent of mass units. It provides
us with a means to evaluate the partial derivative of W
with respect to Ty, which gives the overall sensitivity
factor for subcooling

_ dT 2 5 ’ 0.5
O [

The calculation of this combined uncertainty is not necessary if
one uses a sensor that measures subcooling directly instead of by
comparing pressure and temperature measurements.

3 Those desiring a more rigorous treatment of uncertainty analy-
sis are referred to PTC 19.1, Test Uncertainty, which considers the
standard deviation values of multiple test measurements. It also
gives methods for evaluating systematic errors (bias, calibration
errors, etc.) in measurements and incorporating the effects of such
systematic errors in the overall uncertainty calculation.
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I-3 UNCERTAINTY IN STEAM LOSS TESTS

Restating the equation in para. 5-3(a), the steam loss
with saturated steam supplied is given by

ASME PTC 39-2005

2 Tos
2

(o) o (G

e (G

[

[ Wl — hp) — We(hg — hpa) + ,Wi(T2 — T1) } Uw, = ( ) < ) (18)
" hgs "
3600 2
“ar 19 _+(aT1) ) |
where )
» = specific heat of calorimeter tank, Btu/Ibm-°R oW, rerﬁrru}ghback .tob;: q-(17), the partials of Wy, with
[/ (kg-K)] respect to the eight variables are
h} = initial enthalpy of water in calorimeter, _
Btu/Ibm (J/kg) Wy o 0L (hfsh hﬂ) 200 (19)
hf» = final enthalpy of water in calorimeter, S o, P fgjr 1\ 3600
Btu/lbm (J/kg) Wr S = ( f;l L 2) A (20)
h4s = enthalpy of evaporation at steam inlet, f 1o
Btu/lbm (J/kg) T 0l {<wf— Woka $0 T + G Wi(Tz — T
Hs = enthalpy of liquid at steam inlet, Btu/lbm s
(/kg) - wshfﬂksz} P e
11 = initial water temperature, °F (°C)
T = final water temperature, °F (°C) T WL _ (Wf NS Cth) 3600 (22)
Wy = final mass of water in calorimeter, Ibm (kg) Ty Mggs At
Wi, = steam loss, Ibm/hr (kg/h) oy WL NI(T2 — T1) (360()) (23)
W, = initial mass of water in calorimeter, Ibm (kg) 9% s At
W; = mass of calorimeter tank, Ibm (kg) W, W _ (T2~ T) (360()) (24)
W1 = mass of calorimeter plus water, start, Ibm (kg) OW; s At
> = mass of calorimeter plus water, finish, Ibm (kg) T: WL _ (Wskfl + ant) 3600 25)
At = time interval, sec (s) Ty hfgs At
Nting that fig and kg, are functions of steam irlet At: From Eq. (17)
temperature T, /> is a function of Ty, and hy is<afunc-
tion] of T1, we can rearrange this equation tolseparate Wr =[] (M)
the ffunctions of the various temperatures.as’ much as At
posgible as follows: ?2]: =[] <3A6?20

h Wl ¢, W, T>
WL_[(W W)( f5)+—127fh Gt
hfes hfes
_ Wsha + ¢, WgTy | 3600
Iggs At

17)

The partial derivatives’of the various thermodynamic
fungtions are best ‘detérmined by numerical evaluation
in the region of inferest. The four functions to be eval-
uatdd are

(The terms within square brackets are common to both
equations, and are omitted for clarity.)

oW, W,
=L 2
aAt At (26)

At this point it would be possible to insert |Eqs. (19)
through (26) into Eq. (18). However, it is mofe useful
to enter these quantities into a data sheet sq step-by
step calculations can be made. It is even mofe useful
to have a spreadsheet program set up to. do the calcu-

a(l/lfs/l/lfQS)
T

1/hfg‘:)
dTs

ks =
ks> = 6(

The overall uncertainty of the steam loss test can now
be found from the partial derivatives and the uncer-
tainty values related to the eight variables, Wy, Wy, T,
Tz, Cp, Wf, T1, and At

lations—and—ook— operties.
Forms I-1 through I-4 show examples of the computa-
tion using a spreadsheet arranged in the manner of the
usual worksheets. Readers following carefully through
the examples given may discover what appear to be
small numerical discrepancies. Please remember that
the spreadsheets use many significant figures inter-
nally, even though the results may be displayed with
a much lower precision. This is also a warning about
the effects of rounding manually calculated results too
soon.
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Form I-1 Condensate Capacity Test With Uncertainty
Analysis for Weigh Tank Measurement

MANDATORY APPENDIX |

General Data

1. Test no. 2. Test date
3. Manufacturer’s name
4. Type of trap or model no.
5. Serial no. 6. Size
7. Tested by 8. Calculation by
S—Seates—deseripton
Test Data
Observed
Value
10. Pressure at steam trap inlet, Py, start .. ... ..o psig 99.5
11. Pressure at steam trap outlet, Py, start . ... .. ..o i psig 9
12. Saturation temperature at Py, Tgap, Start ..o oo v oo °F 337.6
13. Temperature of condensate, T, start ........ ... ... i, °F 330
14. Temperature difference, Tsqe — T, start ..o oo, °F 7.6
15. Mass of condensate plus barrel, W, start .. ....... ... ... .. ... lbm 245
16. Pressure at steam trap inlet, Py, finish ....... ... ... ... ... . ... psig 99
17. Pressure at steam trap outlet, P, finish .......... ... ... .. .... psig 9.5
18. Saturation temperature at Py, Tgqp, finish ... ool WS °F 337.2
19. Temperature of condensate, T, finish ........ ... . ... ... .4 S °F 331
20. Temperature difference, Teqor — T, finish .. .o e °F 6.2
21. Mass of condensate plus barrel, W,, finish ............;&5 .0 .. ... lbm 345
22. Timeinterval . .. vo et R sec 87
Capacity and General Calculations
25. Average differential pressure = (#10 — #11 +#16 —#17) /2 ....... psig 90.0
26. Average subcooling = #14 +#20) /2 .. %0/ o oo °F 6.9
27. Capacity = (#21 — #15) X 3600 / #22Nee . .. oo i i lbm/hr 4,138
28. Average inlet pressure = #10 + #16)M2 ... psig 99.25
29. Average sat. temp. = #12 +#18) /)2 ... .t °F 337.4
Uncertainty Calculations
Sensitivity, Uncertainty,
S u S2 X y?
30. Mass measurefnent sensitivity = 3600 / #22 41.3793103 e .
31. Mass measdrement uncertainty = 1.475 3,725.2
0.005 (#15%7#21) / 2
32. Timenterval sensitivity = 47.5624257
3600 (#21 — #15) / (#22)2
33, Time interval uncertainty = 0.002 (#22) 0.174 68.5
36¢ Inlet pressure exponent m 0.38
37. Inlet pressure sensitivity = #36 X #27 [ #28 15.8429601 e e
38. Inlet pressure measurement uncertainty 0.9925 247.2
= 0.01 X #28
39. Relative subcooling sensitivity, ks 0.033
40. Subcooling sensitivity = #39 X #27 136.551724 . -
41. Subcooling measurement uncertainty 0.75 10,488.6
42. Sum of S X u? terms 14,529.5
43. Overall uncertainty = (#42)°-> 120.5 lbm/hr
44, Relative overall uncertainty = #43 / #27 2.91%

GENERAL NOTE: In order to maintain parallel item numbering in Forms I-1 and -2, some item numbers have
been skipped in this Form or the other.
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MANDATORY APPENDIX |

Form I-2 Condensate Capacity Test With Uncertainty
Analysis for Flowmeter Measurement

ASME PTC 39-2005

General Data

1. Test no. 2. Test date
3. Manufacturer’s name
4. Type of trap or model no.
5. Serial no. 6. Size
7. Tested by 8. Calculation by
Z. TTIOWITTELET aesCrptior]
Test Data
Observed
Value
10. Pressure at steam trap inlet, Py, start .. ... psig 99.5
11. Pressure at steam trap outlet, Py, start . ... oL psig 9
12. Saturation temperature at Py, Tsge, Start ..o °F 337.6
13. Temperature of condensate, T, start ... °F 330
14. Temperature difference, Tsge — Te, Start .o v v oei i i i °F 7.6
16. Pressure at steam trap inlet, Py, finish ........ ... .. ... .. .... psig 99
17. Pressure at steam trap outlet, P, finish ....... ... ... ... .. ... ¢ psig 9.5
18. Saturation temperature at Py, Toq, finish .. ..o 0 L0 °F 337.2
19. Temperature of condensate, T, finish ........ ... ... ... . %. .. °F 331
20. Temperature difference, Tsq — T¢, finish .. ..o oo o N0 et °F 6.2
23. Flowmeter reading, start .......... ... . SO L lbm/sec 1.150
24. Flowmeter reading, finish ........ ... ... i @y, lbm/sec 1.147
Capacity and General Calculations
25. Average differential pressure = (#10 — #1I1\F#16 —#17) /2 ....... psig 90.0
26. Average subcooling = #14 +#20) [ 2/ oot i e i °F 6.9
27. Capacity = [(#23 + #24)/2] X 3600 .. oottt it it lbm/hr 4,135
28. Average inlet pressure = #10+@#16) /2 ... il psig 99.25
29. Average sat. temp. = H#12 £ #18) /2 ... .. °F 337.4
Uncertainty Calculations
Sensitivity, Uncertainty,
S u S2 X u?
34. Flowmeter measurement sensitivity 3600 R R
35. Flowmetey measurement uncertainty = 0.034 15,385.4
0.03.(#23 + #24) / 2
36._Inlet-pressure exponent m 0.38
37 Inlet pressure sensitivity = #36 X #27 [ #28 15.8302065 R R
38. Inlet pressure measurement uncertainty 0.9925 246.9
= 0.01 X #28
39. Relative subcooling sensitivity, ks 0.033
40. Subcooling sensitivity = #39 X #27 136.4418 ..
#+—Stbeooting-meastrementtncertainty 675 +0;4747

. Sum of $2 X u? terms
. Overall uncertainty = (#42)°->
. Relative overall uncertainty = #43 / #27

26,104.0
161.6 lbm/hr
3.91%

GENERAL NOTE: In order to maintain parallel item numbering in Forms I-1 and I-2, some item numbers have
been skipped in this Form or the other.
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