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H

Permissible Deviation for the Average
of the Test Conditions from Design or

Permissible Fluctuations During

Any

Variable Rated Conditions [Note (1)] Test Run [Note (2)]
Initial steam pressure +3.0% of the absolute pressure +0.25% of the absallte pressure ¢r 5.0
psi (34.5 kPa), Whichever is larggr
Initial and rpheat steam temperature +15°F (8K) when superheat is 27°-50°F +4°F (2K)when superheat is 27°—p0°F

Initial steant

Primary flo
Secondary

Pressure dr|
Extraction p
Extraction fl
Temperatur
heater
Exhaust pre

quality

lows

bp through fossil unit reheater
ressures

ows [Note (3)]

P of feed water leaving final

ssure [Note (4)]

(15-30K); +30°F (16K) when super-
heat is in excess of 50°F (30K)

+0.5 percentage points of quality for
turbines with wet throttle steam

Not specified

+5.0% X (primary flow)/(secondary flow)

*+50.0%
*£5.0%
*+5.0%
+10°F (6K)

+0.05 psi (0.34 kPa) or.%2.5% of the ab-
solute pressure, whichever is larger

(15-30K)s7* 7°F (4K) when supe
is/n excess of 50°F (30K)
+0.1-percentage points of quality
turbines with wet throttle steam
Refer to para. 4-10.1
Same as (d) X (primary flow)/(sec
flow)

+0.02 psi (0.14 kPa) or =1.0% of
absolute pressure, whichever is

heat

ndary

he
arger

Load Refer to para. 3-13%5 +0.25%

Voltage *5.0%

Power factgr Not specified +1.0%

Speed +5.0% +0.25%

Aggregate ipentropic enthalpy drop of +10.0%

anyone of the sections of an automatic-
extraction turbine

NOTES:

(1) In any dvent, the manufacturer’s allowablé-Variations in pressure temperature and speed are not to be exceeded, unless specifically
agreed [o before the test.

(2) Fluctuafions would be indicatedby‘seatter in the data (refer to para. 3-9.2).

(3) When sfeam is extracted for féedwater heaters, the extraction pressures (which are fixed by the turbine design and flow conditions) fnay
deviate|from expected values\by a few percent. This normally has a negligible effect upon the overall performance. It shall be ascertdined
that sugh deviations that'de exist are not due to malfunctioning of feedwater heaters. If large deviations persist, agreement must be
reached as to the course-to be followed.

(4) If it is npt practicableto obtain design or rated exhaust pressure, the test may be conducted by agreement at another exhaust pressfire,

and eith

er party may require that the exhaust pressure correction curve be verified by test.
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NOTICE

All Performance Test Codes must adhere to the requirements of ASME PTC 1, General Instruc-
tions. The following information is based on that document and included here for emphasis and
the convenience of the Code user. 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 highest leye
of accuracy consistent with the best engineering knowledge and practice currently available:They
were developed by balanced committees representing all concerned interests and speGify 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 adjustmenf
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‘those results to contrac;
tual guarantees. Therefore, it is recommended that the parties to a cofsitercial test agree before
starting the test and preferably before signing the contract on the-tmethod to be used for com:;
paring the test results to the contractual guarantees. It is beyorid the scope of any Code to de;
termine or interpret how such comparisons shall be made.
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FOREWORD

HISTORICAL BACKGROUND

The Test Code for Steam Turbines was one of the group of ten codes forming the 1915 edition
bf the ASME Performance Test Codes. A revision of these codes was begun in 1918, and the Fest
Code for Steam Turbines was issued in revised form in April, 1928.

In 1932, a decision was reached to undertake a complete revision of the 1928 edition; and the
Committee No. 6 was enlarged at the request of Chairman C. H. Berry. Two developments con-
fributed to the making of this decision: first, the increased use of extraction, mixed-pfessure, and
bther types of turbines favored their inclusion within the scope of the Steam Turbine Test Code;
econd, a broader concept of test codes resulted from international conferences:

The new concept arose in the following manner. In 1925, the U.S. Natignal’ Committee of the
[nternational Electrotechnical Commission (IEC) invited the cooperation:of the American Society
bf Mechanical Engineers in the preparation of an international test gode’for steam turbines. The
nvitation was referred to and accepted by the Performance Test Codes Committee. The IEC Sec-
Fetariat for this project was assigned to the United States, and two/international publications were
ssued, one dealing with specifications and the other covering.rules for acceptance tests. Appen-
Hices to these international rules were agreed upon, and these appendices included the types of
furbines that the ASME Performance Test Codes Commyittée added to the 1941 edition to its Test
Code for Steam Turbines.

The broader concept of the content of test codes;of this kind was gained in the course of this
nternational activity. The new concept was disctissed by the ASME Performance Test Codes
Committee from time to time, and a revisionyof the Committee’s model test code outline was
hdopted for guidance in the preparation of néw codes and the revision of existing codes.

In 1949, a revision of the Code was-undertaken because experience with the 1941 edition dis-
Flosed differences and ambiguities that required correction and clarification. This revision, ap-
proved and adopted by the Council.of ASME, was published in January 1949 and designated as
PTC 6-1949.

As a result of the evolution-of the steam cycle, particularly with the increased application of
reheat, consideration was given to revision of PTC 6-1949. Pressures and temperatures had in-
Freased, thermal cycleshad become complex, and improved measuring techniques became avail-
hble. In November 4956, Performance Test Codes Committee No. 6 was reorganized for the pur-
pose of preparing a fevised code reflecting the status of testing methods, instrumentation, and
the current treénd-of thermal cycle development. A revised Code was published in 1964, and it
Wwas primarily concerned with the determination of the absolute level of performance. Much of
the 1964/Code reflected the trend of thermal cycle development toward increasing throttle pres-
bures.afid’temperatures, the use of reheated steam, and advanced cycle arrangements.

Amadditional assignment was given the PTC 6 Committee as a result of a need that had de-
veloped over the years for simplified procedures for routine or commercial tests, including their

relative accuracies. A thorough study of these problems resulted in two reports prepared by the
Committee, PTC 6S and PTC 6 Report.

With the introduction of steam turbines operating predominantly within the moisture region
in thermal cycles utilizing nuclear steam supply systems, additional techniques and instrumen-
tation were necessary because of the moist steam that is typical in these applications. An interim
Code, PTC 6.1-1 972, was developed and issued for trial use and comment and subsequently
merged into PTC 6-1964, along with several desirable revisions, and reissued as PTC 6-1976.

Concurrent with the development of PTC 6-1976, work was underway by the International
Electrotechnical Commission, Technical Committee No. 5 on Steam Turbines, to revise their Rules
for Acceptance Tests to include procedures for testing turbines operating with dry and saturated
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steam conditions. This effort resulted in the publication, in 1990, of documents IEC 953-1 and IEC
953-2, the former for high-accuracy testing of large condensing steam turbines and the latter for
a wide range of accuracy testing of various types and sizes of turbines.

Several years after PTC 6-1976 was published, it became apparent to the Committee that the
majority of steam turbines was not being tested because of the relatively high cost of a full-scale
test using these procedures. The Committee investigated alternative testing techniques and de-
veloped an alternative procedure for acceptance testing, which meets the criteria of high accu-
racy but has a lower cost because it does not require all the measurements necessary for deter-

mining complete cycle information. These alternative procedures were issued as an Interim Code
PTC 6.1, in 1984 and included only the additional requirements and guidance to meet the ebjec
tives; it had to be used in conjunction with PTC 6-1976.

The 1996 revision of PTC 6 was undertaken to merge the Interim Code of 1984 into RTC 6-1974
and incorporate new high-accuracy instrumentation that has been developed sincé the publica;
tion of the 1976 Code.

This revised Code, designated “Performance Test Code 6 on Steam Turbines, PTC 6-1996” was
approved by the Board on performance Test Codes, further approved as_an American Nationa
Standard by the ANSI Board of Standards, and published by ASME on Jiily~31, 1996.

CURRENT STATUS

Simplified test procedures of good relative accuracy, intefided for periodic checks of turbine
performance, are described in “Procedures for Routine Performance Tests of Steam Turbines,”
PTC 6S Report 1988 (Reaffirmed 1993), a separately published report by Performance Test Codes
Committee No. 6. Such test procedures may be used-throughout the service life of the turbine
They are not intended for acceptance tests and do not fulfill all the requirements of PTC 6-2004

Tests using alternative instrumentation and (procedures are described in “Guidance for Evaluas
tion of Measurement Uncertainty in Performance Tests of Steam Turbines,” PTC 6 Report 1985 (Reaf
firmed 1991), a separately published repeft by Performance Test Codes Committee No. 6. Such test
procedures do not fulfill the requiremetits of PTC 6-2004. They cannot be considered acceptance tests
unless both parties to the test havesmutually agreed, in writing, on all phases of the test that devi;
ate from PTC 6-2004. Any deviation from Code procedure shall be distinctly described in the test
report, along with the correspending uncertainty as evaluated in accordance with PTC 6 Report 1985

PTC 6 is most directly-targeted for application to steam turbines in regenerative feedwatet
heater cycles. PTC 6.2/“Stéam Turbines in Combined Cycles,” a separately published code by
Performance Test Codes Committee No. 6.2, addresses performance testing of steam turbines in
combined cycle and,cogeneration applications.

Many multipressure level combined cycle steam turbine bottoming cycles and cogeneration
cycles present-different challenges to performance testing from those faced in testing steam tur-
bines in regénerative feedwater heater cycles. The different configurations make the testing of
these betteming and cogeneration cycles in accordance with PTC 6 impractical. PTC 6.2 is the
recaininended Code for testing steam turbines in combined cycle and cogeneration applications

Due to the existence of numerous different steam turbine cycle configurations, including hy
brids of combined cycles, regenerative feedwater heater cycles, and cogeneration cycles, it is nof
practical to define every cycle configuration for which PTC 6 is recommended and every cycl

configuration for which PTC 6.2 is recommended. For cycle configurations not explicitly ad-
dressed by either Code, the Code Users are expected to apply the Code that most closely meets
the test objectives. In these cases, the decision about which Code will be applied must be decided
upon very early in test planning.

Since this Code was published, there have been several Technical Inquiries requesting clarifi-
cation of selected Code paragraphs. In response to these Inquiries, the Committee changed Code
language as necessary to clarify the intent of the Code. These changes, in addition to the correc-
tion of undetected errors, formed the basis for this revision.

This revision was approved by the Board on Performance Test Codes on April 22, 2004 and
approved by the American National Standard Institute on December 6, 2004.
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CORRESPONDENCE WITH THE PTC 6 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-
questing interpretations, proposing revisions, and attending Committee meetings. Correspon-

Hence should be addressed to:

Secretary, PTC 6 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 which
hppear necessary or desirable, as demonstrated by the experience gained from theapplication of
the Code. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Code. Such ptoposals 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 daCunentation.
Interpretations. Upon request, the PTC 6 Committee will render)an interpretation of any re-
quirement of the Code. Interpretations can only be rendered in response to a written request sent
bo the Secretary of the PTC 6 Standards Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
fhat the inquirer submit his request in the following formiat:

bubject: Cite the applicable paragraph nitmber(s) and a concise description.

Edition: Cite the applicable edition of\fhe 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 gerteral understanding and use, not as a request for an ap-
proval of a propriétaty design or situation. The inquirer may also include any
plans or drawings, which 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 fmay inadvertently change the intent of the original request.
ASME procedures provide for reconsideration of any interpretation when or if additional in-
formation that might)affect an interpretation is available. Further, persons aggrieved by an in-
ferpretation may appeal to the cognizant ASME Committee. ASME does not “approve,” “certify,”
‘rate,” or “end6rse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The PTC 6 Standards Committee holds meetings or telephone
Fonfererices, which are open to the public. Persons wishing to attend any meeting or telephone
ronference should contact the Secretary of the PTC 6 Standards Committee.

xii
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STEAM TURBINES

Section 1
Object and Scope

1-1 | OBJECT

Thjs Code provides procedures for the accurate test-
ing of steam turbines. It is recommended for use in con-
ducting acceptance tests of steam turbines and any other
situafion in which performance levels must be deter-
mined with minimum uncertainty. It is the intent of this
Codgq that accurate instrumentation and best possible
measgurement techniques be used to determine the per-
formgnce. In planning and running the test, the parties
mustfstrive to follow the Code procedures as closely as
possiple to achieve the lowest level of uncertainty.

1-2 | SCOPE

Thfs Code may be used for testing of steam turbine$
operdting either with a significant amount of superheat
in the initial steam (typically fossil-fueled unifs) or
predpminantly within the moisture region [(typically
nucldar-fueled units).

Thjs Code contains rules and procedures+or the con-
duct Jand reporting of steam turbine testing, including
mandlatory requirements for pretéstyarrangements, in-
struments to be employed, theif application and meth-
ods ¢f measurement, testing(techniques, and methods
of calculation of test resulfs. The performance parame-
ters which may be determmined from a Code test include:

(a)| heat rate

(b)] generator output

(c)|steam flow.

(d)] steam,fate

(e)|feedwater flow

It 4lse contams procedures and techmques requ1red

and modlflcatlons necessary to permit testing within the
restrictions of radiological safety requirements in nu-
clear plants.

1-3 FULL-SCALE AND ALTERNATIVE TESTS

Two steam turbine testing procedures are presented.
For either procedure, primary flow may be measured
either in the condensate or feedwater line downstream
of the final feedwater heater. The parties may agree to

variations between the full-scale and.alternatiye tests as
long as the philosophy of minimuin uncertaipty is fol-
lowed in detail.

1-3.1 Full-Scale Test

The full-scale test’requires extensive therpnal cycle
measurements and-calculations which provide detailed
information dbout the turbine HP, IP, and LI} individ-
ual compohent performance. A full-scale test|will pro-
duce results with a minimum of uncertainty.

1-322

The full-scale test with condensate flow meajsurement
is recommended for conducting acceptance tepts of fos-
sil unit steam turbines. Without prior written agreement
between the parties to an acceptance test, this procedure
shall be used.

1-3.3 Alternative Test

The alternative test relies on fewer measurerhents and
makes greater use of correction curves for cydle adjust-
ments and heater performance with resultant cost
savings over the full-scale test. The test uncqrtainty is
slightly increased compared with the full-scalg test. For
a nuclear unit, the alternative test with feedwater flow
measurement may be preferred depending op the tur-
bine cycle design. Use of this procedure requifes agree-
ment between the parties to an acceptance tegt.

may pro-
duce a slightly hlgher uncertainty in results, particularly
if there is substantial divergence between the test and
specified cycle. The parties to the test must agree on a
course of action if the turbine fails to meet specified per-
formance. The alternative test may not provide the in-
formation necessary to determine individual compo-
nent performance compared to expected, because only
those measurements needed to calculate test heat rate
and permit comparison to specific conditions are re-
quired. It is recommended that all provisions and source
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connections for a full-scale test be included in the de-
sign of the cycle, should such a test be required at a later
time, and to facilitate individual turbine component per-
formance testing.

1-4 CONFORMANCE TO CODE
1-4.1

Other procedures and instrumentation may be used

STEAM TURBINES

heat rate uncertainty and demonstrates examples of un-
certainty calculations in Tables 9-1-9-4.

1-4.5

A post-test uncertainty analysis performed according
to procedures as described in PTC 19.1 is recommended.
However, a post-test uncertainty analysis may be made
optional upon agreement by the parties that a test ad-
hered to all instrumentation requirements and proce-

only if they have demonstrated accuracy equivalent to
that requfred by this Code. Only the relevant portion of
this Codq need apply to any individual case.

1-4.2

The tegts should be conducted with the strictest pos-
sible adh¢rence to the provisions of this Code. However,
equipment limitations may dictate that the parties can-
not comply with one or more Code requirements be-
cause of f conflict with another condition specified by
the Code| In such cases, agreement between the parties
is necessdry. The agreement shall conform to the intent
of the Coﬁe as closely as possible. The agreement should
provide dletails for handling departures from specific
Code reqpirements.

1-4.3

Any departure from Code requirements must be
agreed ujpon in writing and conform to the intent of'the
Code. In the absence of written agreement, the"Cade re-
quiremerfts shall be mandatory.

1-4.4 Ungertainty of Code Test

The regults of a full-scale Code test, expressed as a
heat rate | for a typical fossil.fuel reheat cycle unit have
an uncertpinty of about /4% tompared to an uncertainty
of about|'4% for the alternative test. Test results for
steam turbines operating predominantly within the
moisture [regionyhave uncertainties of about 3/e% and
1%, respectively: Values of uncertainty will be affected
by cycle donfigtiration and equipment type and may be

dures contained in this Code.

1-4.6

Code instrumentation and procedurés’ may n¢t al-
ways be economically feasible or physically possiblle for
specific turbine acceptance tests. Iiythese cases, the Code
user should consider whetherdhe cycle configuratfon is
the primary reason for the infeasibility or impossipility
of complying with PTC 6‘and whether the cycle cgnfig-
uration is one for which'PTC 6.2 is the more applicable
Code. Alternatively, the Code user should consulj PTC
6 Report for guiddnce in designing the test and dalcu-
lating the testuincertainty.

1-5 ADDITIONAL REQUIREMENTS
AND REFERENCES

1-5.1

The provisions of the Code on General Instrucfions,
PTC 1, are a mandatory part of this Code. PTC 1 should
be studied and followed in detail when preparing the
procedure for testing a specific steam turbine.

1-5.2

The Code on Definitions and Values, PTC 2, d¢fines
certain technical terms and numerical constants which
are used throughout this Code. Unless otherwise spec-
ified in this Code, instrumentation should comply|with
the appropriate sections of Supplements on Instrurhents
and Apparatus, PTC 19 series.

1-5.3

An Appendix to this Code, PTC 6A, published fepa-
rately, gives numerical examples of various calculgtions

L£roct 14
OTteSTTeStrtsS

significartty-higher—Seetion9-cisensses-therationalefor
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Section 2

Definitions and Description of Terms

2-1 SYMBOLS

ASME PTC 6-2004

The following symbols are to be used unless otherwise defined in the text.
Units
Symbol Definition U.S Customary Sl

A Area in.2 m?
d Primary element throat diameter in. m
D Pipe internal diameter in. m
F Force Ibf; N
g Local value of acceleration due to gravity ft/sec? m/s?
do Standard value of acceleration due to gravity = ft/sec? m/s?2

32.174 05 ft per sec per sec (9.80665 meters per seg

per sec). This is an internationally agreed upon value

which is close to the mean at 45 deg N latitude at

sea level
h Enthalpy Btu/lbm kl/kg
i Mechanical equivalent heat, (1 Btu = 778\ 7 ft lbf = Btu J

1/3412.14 kWhr)
M Moisture fraction = 1 — (x/100) Ratio Ratio
m Mass lbm kg
N Rotational speed rpm rad/s
P Power kW or hp kw
p Pressure psia kPa
s Entropy Btu/lbm°R k) /(kgK)
t Temperature °F (K) oCt
T Absolute temperature °R K
1% Velocity, ft/sec m/s
v Specific volume ft3/lbm m3/kg
w Rate of flow lbm/hr kg/s
X Quality of steam percent percent
B Beta ratio, d/D Ratio Ratio
n Efficiency percent percent
P Density lbm/ft3 kg/m3
y Specific weight |bf/ft3 N/m3

2-2 | ABBREVIATIONS
Units
Abbreviation Term U.S. Customary Sl
HR Heat rate Btu/kWhr 1/)
Btu/hp-hr kJ/kWh?
SR Steam rate lbm/kWhr kg/k)
lbm/hp-hr kg/kWh?!

NOTE:
(1) Tolerated non-SI Unit.
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2-3 SUBSCRIPTS

g Generator

r Rated condition

c Corrected

s Specified operating condition, if other than rated

t Test operating condition

1 Condition measured at a point directly preceding the turbine stop valves and steam strainers, if furnished under the turbine con-
tract

2 For turbines using-superheated steam:—condition at turbine outlet connection-leadingto the first reheaterEor turbines using pre-
dominantly wet steam: condition at turbine outlet connection leading to external moisture separator.

3 For turbines using superheated steam: condition downstream of the first reheater, measured at a point directly pregeding the re-
heat stop valves, intercept valves, or steam dump valves, whichever are first, if furnished under the turbine contract.*For tdr-
bines using predominantly wet steam: condition at external moisture separator outlet.

4 For turbines using superheated steam: condition at turbine outlet connection leading to the second reheateér. For reheat turpines
using predominantly wet steam: condition downstream of the reheater, measured at a point directly preceding the reheat-sfop
valves, intercept valves, or steam dump valves, whichever are first, if furnished under the turbine contract.!

5 For turbines using superheated steam and two stages of reheat: condition downstream of the seéend’reheater, measured af a
point directly preceding the reheat stop valves, intercept valves, or steam dump valves, whicheverare first, if furnished under the
turbine contract?

6 Condition at turbine exhaust connection

7 Condition at condenser-condensate discharge

8 Condition at condensate pump discharge

9 Condition at feedwater pump or feedwater booster pump inlet

10 Condition at feedwater pump discharge

11 Condition at the discharge of the final feedwater heater

al Superheater desuperheating water

a2 First reheater desuperheating water

a3 Second reheater desuperheating water

cl Condenser circulating water leakage

E Extraction steam
Make-up water admitted to the condensate system

pl Packing leak-off (shaft or valve stems)

iii,...n Sequence

The tefnperature-entropy diagrams/shown in Fig. 2-1(a) through (c) are intended to serve as a key to thp nu-
merical spibscripts employed in-the)foregoing.

11t may be necessary to correct for pressure drop in piping between reheat or low-pressure stop valves, intercept valves, steam dump
valves, and turbine shell if such piping is not furnished under the turbine contract.

4


https://asmenormdoc.com/api2/?name=ASME PTC 6 2004.pdf

STEAM TURBINES

) Reheaters
Economizer,

boiler, and
superheater

ASME PTC 6-2004

Steam

enerator
g 1

(b) Temperature-Entropy Diagram Without Reheat

\
N
N
Y
6 A",
(a) Turbines Operating Predominantly in the
Superheated Steam Region
_—~\\ ,/,—-~\\
\ , \

\ Vi \
\ V4 \

\ / \

\ ’ \

Steam \
generator \ eheaters
11 \
\
2 \3 —
e\
/ \
) \ \
Mmsturet & Moisture

separator \

p N separator \

\ \
\ \
\ \
6 6

(b and c) Turbines Operating Predominantly
in the Wet-Steam Region

Fig. 2-1 Temperature-Entropy Diagrams

(c) Temperature-Entropy Diagram With Reheat



https://asmenormdoc.com/api2/?name=ASME PTC 6 2004.pdf

ASME PTC 6-2004

2-4 DEFINITIONS

This section defines various terms used in this Standard.

STEAM TURBINES

Term Definition

Units

U.S Customary

Sl

Steam rate Steam consumption per hour per unit output in which the turbine is lbm/kWhr

charged with the steam quantity supplied.

lbm/hp-hr

kg/k)
kg/kWh [Note (1)]
kg/kl

Heat rate Heat consumption per hour per unit output. The turbine is charged with Btu/kWhr

required for reliable and continous operation.

the aggregate enthalpy? of the steam supplied plus any chargeable Btu/hp-hr
aggregate enthalpy added by the reheaters. It is credited with the

aggregate enthalpy of feedwater returned from the cycle to the steam

generator. Turbine-generator performance may be defined on the

basis of the gross power output at the generator terminals less the

power used by the minimum electrically driven turbine auxiliaries and

excitation equipment, supplied as part of the turbine-generator unit,

Valve-loop curve The continuous curve of actual heat rate for all values of output over

the operating range of the unit.

Mean of the valve loops A smooth curve that gives the same load-weighted average performance

as the valve-loop curve.

Valves WiHle Open (VWO)  Maximum control valve opening obtainable under normal tugbine

control system operation.

Valve points Those valve positions which correspond to the low points ‘of the valve-

loop curve.
Locus curye The continuous curve connecting the valve points:

Power The useful energy, per unit of time, delivered by the turbine or turbine- hp-hr/hr or

generator unit.

kWhr/hr

Rg7RWITTNDTe (1)]
/)
k) /kWh'fNote (1)]

)/
K}y kWh [Note (1)]

NOTE:

(1) Aggregate enthalpy: Product of enthalpy, Btu/lbm (kJ/kg) and\tate of flow, lbm/hr (kg/h); Btu/hr (k)/h).

2-5 TABLE FOR CONVERSION TO SI UNITS

Quantity Sl Units Conversion Factor
Heat rate I/} 2.9307 X 10~4 X (Btu/kWhr)
k)/kWh? 1.05506 X (Btu/kWhr)
Steam rate kg/k 1.260 X 104 X (Ibm/kWhr)
kg/kWh? 0.4536 X (Ibm/(kWhr))
Mass flow kg/s 1.260 X 104 X (lbm/hr)
Préssure kPa 6.8948 X (psi)
bar! 0.068948 X (psi)
Temperature K (°F + 459.67)/1.8
oct (°F — 32)/1.8
Di“‘tltlllid; whipcraturc i nF[IJ..O
Density kg/m3 16.018 X (lbm/ft3)
Enthalpy k) /kg 2.3260 X (Btu/lbm)
Entropy k)/ (kgK) 4.1868 X (Btu/lbm°R)
Specific heat k) / (kgK) 4.1868 X (Btu/lbm°R)
Length m 0.3048 X (ft)
Area m?2 0.92903 X (ft?)
Volume m3 0.028317 X (ft3)
Velocity m/s 0.3048 X (ft/sec)
NOTE:

(1) For temperature differentials, “K” must be used.
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Section 3
Guiding Principles

3-1 [ PLANNING FOR TEST
3-1.1| Requirements for Agreements

The parties to any test under this Code shall reach
definjite agreement on the specific objective of the test
and method of operation. This agreement shall reflect
the iptent of any applicable contract or specification.
Any ppecified or contract operating conditions or spec-
ified [performance pertinent to the objective of the test
shall[be ascertained. Unless the alternative test proce-
dure$ are specified, full-scale test procedures shall be
used| Omissions or ambiguities about any of the condi-
tions[must be eliminated or their values or intent agreed
upon before the test is started. The cycle arrangement,
operating conditions, and testing procedures shall be es-
tablighed during the agreement on test methods.

3-2 | ITEMS ON WHICH AGREEMENT SHALL
BE REACHED

3-2.1| Agreement During Engineering Phase

The following is a list of typical items upon-which
agredment shall be reached during the-‘engineering
phas¢ of a new unit or modification of an‘existing unit.

(a)| objective of test and methods ofioperation.

(b)| the intent of any contract or-specifications as to
use of the alternative test procedtre, which must include
a review of specified heat cycle and final expected val-
ues (fefer to para. 3-4.1).

(c)|the intent of any,€ontract or specifications as to
timing of test, operatifigiconditions, and guarantees, in-
cludihg definitions\6f heat rate, method of comparing
test fesults with\gdarantee, and responsibility for the
preparation gf/test report(s).

(d)| locatient of, and piping arrangement around, pri-
mary| flow/measuring device(s) on which test calcula-
tionslare to be based (see paras 4-91 fhrnngh 4-97)

(¢) method of handling leakage tlows, orifife contin-
uous drain flows, continuous blowdowns,“et¢] to avoid
complications in testing or the introduction of errors.

(h) method of complying with the ¢fiterial and rec-
ommendation of ASME Standard No. TDP-], Parts 1
and 2, “Recommended Practices for the Prevlention of
Water Damage to Steam, Turbines Used fof Electric
Power Generation,” as zelated to handling pf, or ac-
counting for, drain flows:

(i) means of measuring pump-shaft seal anf leakage
flows.

(j) numbersand location of temperature yvells and
pressure cofinections.

(k) nufaber and location of duplicate instrunent con-
nectionsirequired to ensure correct measur¢ments at
critical“points.

@) calibration and connection of instrumgnt trans-
formers to be used for measuring electrical ofitput.

(m) where a plant computer is used for datp acquisi-
tion, provisions for total-system, in-place calibration of
station instrumentation and computer (Chlibration
should include comparison of known inputs tp the out-
put of the computer).

(n) method of determining the differentiall pressure
across control valve(s) to satisfy the provisiong of paras.
3-13.2 and 3-13.4 (Pressure tap should be proyided im-
mediately upstream and downstream of the lgst control
valve(s) to open).

(0) method of determining steam quality, [ncluding
sampling technique as required (The recompmended
methods are tracer, heater-drain flow measjirements,
and calorimeter method).

(p) responsibility for obtaining a license fof radioac-
tive tracer and method of shipping, receiving, handling,
storing, and using both the tracer and its gssociated
equipment.

(9) level of undue deterioration at which the accept-

(e) location and type of secondary flow measuring de-
vices and provisions for calibration, including tempo-
rary piping for in-place calibration, if required.

(f) number and location of valves or other means re-
quired to ensure that no unaccounted-for flow enters or
leaves the test cycle or bypasses any cycle component
(In a nuclear plant, particular note must be taken of
make-up lines and emergency valving that may not be
blocked off and for which accounting must be made.
(see para. 3-5.8).

ance test will be postponed until after the first internal
inspection.

(r) method of establishing the efficiency of the feed-
water pump turbine, if required.

(s) criteria for instrument recalibration after the test.

3-2.2 Agreement Prior to Test

The following is a list of typical items upon which
agreement shall be reached prior to conducting the
test.
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(a) procedure for determining the condition of the
turbine prior to the test (see paras. 3-3.1, 3-3.2, and 3-4.5)

(b) location, type, and calibration of instruments (see
para. 3-10.1)

(c) methods of measurement not established in (b)

(d) isolation of cycle during test (see Subsection 3.5)

(e) method of detecting excessive feedwater-heater
leakage (see para. 4-16.6)

(f) means for maintaining constant test conditions
(see paras. 3-8.1 and 3-8.2)

STEAM TURBINES

3-3 TIMING OF ACCEPTANCE TEST
3-3.1 Scheduling of Acceptance Test

The acceptance test should be scheduled as soon as
practicable, preferably within eight weeks, after the tur-
bine is first loaded. This allows for detailed planning,
material procurement, instrument acquisition, prepara-
tion, shipment, controls adjustment, preliminary tests,
and detection and correction of problems with the unit.

(g) method of isolating or arresting control valve ac-
tion, suclf as those caused by variations in combustion-
control systems signal, electrical system, etc.

(h) opgrating conditions at which tests are to be con-
ducted, ihcluding, but not limited to, the loads, valve
settings, pr valve points to be used for each run (see
paras. 3-§.3 and 3-13)

(i) posftion of manually and automatically operated
valves (s¢e para. 3-8.9)

(j) frequency of observations (see para. 3-9.2)

(k) nurpber of test runs at the same test point (see
paras. 3-41 and 3-7.2) (I, duration of test runs) (see para.
3-9.2)

(I) durption of operation at test load before readings
are comnpenced (see para. 3-8.1)

(m) computer or data acquisition system to be used
for test dpta acquisition and analysis

(n) arrgngements for data acquisition and analysis,
including calibration of data acquisition system

(0) progedures and format for recording data

(p) orgpnization and training of test personnel and
identificaftion of the responsibility for the test (see palas.
3-4.2, 3-483, and 3-4.5)

(q) procedures for calculating test results

(r) curfes to correct for measured generator output
for deviafions from specified power factor and hydro-
gen presqure

(s) corfections for deviation of/test steam conditions
from thoge specified (see para.(3-12)

(t) curyes to correct test Keat rate to specified cycle
conditions (alternative test:only)

(1) mefhod of conductifig test runs to determine the
value of [any correctionl factors (see paras. 3-4.5 and
3-12)

(v) method efhandling deviations beyond the stated
permissiljle leyels as a result of a mismatch between test
timing arld Seasonal effects on operating conditions

The tests should be conducted if no serious operating
difficulty has been experienced and there is reasohable
assurance the unit is free of deposits and undamaged.

It is the intent during this period to mihimizd per-
formance deterioration and risk of damage to th¢ tur-
bine. Enthalpy drop tests or preliminary tests shoyld be
made during this period to monitor the performaijce of
turbine sections operating entitely in the superheft re-
gion. However, enthalpy drop.tésts do not provid¢ per-
formance for turbine sectibns'with a wet exhaust. There-
fore, it is imperative to'conduct the acceptance t¢st as
soon as possible.

In any event, ifthe enthalpy drop tests show undue
deterioration,-0r if plant conditions delay the tesfs for
more than fotr months after initial operation, the ac-
ceptance, test should be postponed until immed{ately
following"the first internal inspection, provided that
any.deficiencies in the turbine generator affecting per-
fatmance have been corrected during the inspgction
period. Except with written agreement to the confrary,
the acceptance test shall take place within the[war-
ranty period specified in the contract. Adjusting of
heat rate test results to start-up enthalpy drop| effi-
ciencies or for the effects of aging is not permitt¢d by
this Code.

In lieu of an internal inspection, the following ineth-
ods may be used prior to the acceptance test to ¢stab-
lish the approximate condition of the turbine.

(a) For turbines using superheated steam, a cothpar-
ison between enthalpy-drop efficiency tests condficted
immediately after the start-up and again immedjately
before the test (see para. 3-3.2).

(b) By Running Preliminary Tests. For turbines operat-
ing predominantly in the moisture region, this may be
the only applicable method.

(c) By a Combination of These Methods. If the turbjne is

shut down prior to the test, an inspection of all acfessi-
ble qul—c isdesirable The pnr{-ioc to the tost must gree

(w) where a nuclear unit is involved, all test plans
must reflect compliance with the technical specification
for that unit

(x) load limitations caused by licensing considera-
tions (nuclear steam-supply limitations or otherwise)
which prevent attainment of full power within a prac-
tical time period

(y) deviations from test arrangements and proce-
dures that may be required due to a radioactive envi-
ronment in the testing area

as to the action to be taken on evidence of deterioration.

3-3.2 Performance Benchmark Determinations

It is desirable that a performance benchmark be es-
tablished immediately after the turbine is first placed in
service, so that, should the Code test be delayed past
eight weeks, there can be reasonable assurance that the
turbine has not been damaged or become fouled with
deposits during the intervening period of operation (see
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para. 3-3.1). For turbines operating in the superheated
steam region, the internal efficiency (actual enthalpy
drop divided by the isentropic drop) of each turbine el-
ement should be determined by measurement of the
pressure and temperature of the steam entering and
leaving the section. These measurements should be
made with all control valves fully open. The instru-
mentation to be used for the benchmark testing shall
meet the same accuracy and calibration requirements
specified for Code test measurements.

Unllike the intermediate-pressure turbine section, for
which efficiency is substantially constant over a wide
rang¢ of steam flow, the efficiency of the high pressure
sectign is affected by the position of the control valves.
If it i not possible to bring the turbine up to full load
immediately after initial start-up, the internal efficiency
test should be made by reducing the throttle steam
presqure sufficiently to permit operation with fully
open| control valves without exceeding limitations on
outpfit. The internal efficiencies of all turbine sections
meagured under these conditions will then be com-
paredl with tests run with design steam pressures and
fully|open control valves. Steam pressure and temper-

inary heat rate test can be performed,/ this would
excellent method to establishybenchmark per-
hnce. If this is not practical, however, it is recom-
ed that a “capacity” test be,conducted at the li-
gd thermal output of the nuclear steam supply
. In a capacity test; ¢ycle conditions are stabi-

propfiate eorréction factor curves. It is also corrected
for ahy difference between measured and licensed re-
actorlthermal output, assuming electrical output is pro-

ASME PTC 6-2004

3-4 GENERAL TEST REQUIREMENTS
3-4.1

Various methods are presented in the Code for con-
ducting certain details of the test and computing the
results. The test report shall state which alternatives
have been employed (see Section 6). Since the alterna-
tive method requires fewer measurements, it is im-
portant that cycle components operate close to speci-

i iti iate ions must be
developed reflecting test conditions to minjmize the
uncertainty.

3-4.2

The parties to the test may designate a perfon to di-
rect the test and serve as shediator in event of disputes
as to the accuracy of observations, conditionsf or meth-
ods of operation.

3-43

Designated representatives of the parties tp the test
shall bé\present to verify that the test is conflucted in
accordance with this Code and the arrangemgnts made
prior to the test.

3-4.4

Provisions shall be made for all precautions|specified
in Section 4 for respective measurements.
Provisions for cycle isolation shall be made| in accor-
dance with para. 3-5.

3-4.5

Preliminary tests may be run for the purpope of

(a) determining whether the turbine and plant are in
a suitable condition for the conduct of the test (pee paras.
3-3.1 and 3-3.2)

(b) checking all instruments

(c) training personnel

(d) establishing valve points

(e) determining corrections for deviation jof condi-
tions from specified

(f) confirming cycle isolation

portional to reactor thermal output. This corrected elec-
trical can then be used as a benchmark, since it can be
compared to an electrical output derived in exactly the
same way at the time of the test. The accuracy of this
procedure depends upon the repeatability of electrical
and reactor thermal output. Since this capacity test is
performed with a measured heat input, it is analogous
to a simplified heat rate test; therefore, it is necessary
to isolate the cycle to achieve an accurate determina-
tion of any deterioration.

3-4.6 Test Data

Unless an agreement is reached to the contrary,
records shall be kept of all test data before the appli-
cation of any calibration factors, corrections, conver-
sions, or statistical analysis. A copy of the original
records shall become the property of each of the prin-
cipal parties to the test. No original data may be erased
or deleted.


https://asmenormdoc.com/api2/?name=ASME PTC 6 2004.pdf

ASME PTC 6-2004

3-5 [ISOLATION OF THE CYCLE
3-5.1 General

The accuracy of the test results depends on the isola-
tion of the system. Cycle isolation is equally important
to both the full-scale and alternative procedures. Extra-
neous flows should be isolated, if possible, to eliminate
errors. Extraneous flows for equipment that is included
in the contract cycle should be isolated only with mu-

STEAM TURBINES

(d) bypass lines for primary flow measuring devices.

(e) turbine sprays.

(f) drain lines on stop, intercept, and control valves.

(¢) drain lines on main steam, cold reheat, hot reheat,
and extraction steam piping.

(h) interconnecting lines to other units.

(i) demineralizing equipment. Isolation of deminer-
alizing equipment does not necessarily mean removing
the equipment from the cycle (It does, however, mean

tual agree that all ties with other units must be isolated and such
the ability to isolate extraneous flows during the test, components as recirculating lines that affect the primary

preparatipns shall be made prior to the test to measure
the flows

3-5.2 Eqyipment and Flows

The eqpiipment and flows to be isolated and method
to accomplish this should be outlined well ahead of the
initial opgration date of the turbine.

3-5.3 Extprnal Isolation

Externgl isolation deals with flows which enter or
leave the[turbine cycle, such as condensate make-up or
boiler blowdown flow. This system isolation shall be ef-
fected so|that the difference between the sums of the
measured storage changes and entering and leaving
flows (th¢ unaccounted-for leakage) is minimized. The
unaccourfted-for leakage shall not exceed 0.1% of the
test throtfle flow at full load. Excessive unaccounted-for
leakages phall be eliminated before continuing the test-
Water st¢rage in the condenser, deaerating and other
extraction) feedwater heaters, steam generator drudin(s),
moisture| separators, and any other storage ,points
within the cycle are to be taken into account.

3-5.4 Internal Isolation

Internafl isolation deals with flows which do not en-
ter or leape the turbine cycle but)may bypass the com-
ponent tHey were designedste go through. Examples of
such flows are steam line drain flows to the condenser
or feedwater heater bypass flows. Internal isolation can-
not be vefified by theinventory summation method dis-
cussed alpove. The isolation procedure given in paras.
3-5.6 and|3-5,8"must be followed to verify internal iso-
lation.

flow measurement must be isolated or the flows [mea-
sured).

(j) chemical feed equipment using condensate.

(k) steam generator fill lines.

(I) steam generator vents.

(m) steam-operated soot blowets.

(n) condensate and feedwaterflow bypassing hepters.

(0) heater drain bypasses,

(p) heater shell drains;

(g9) heater water-bpxvents.

(r) hogging jets!

(s) condensef water-box priming vents.

(t) steam, or{water lines for station heating.

(u) steamor water lines installed for water waghing
the turbine.

3:5.6 Flows That Shall be Isolated or Measured

Extraneous flows which enter or leave the cycle ¢r by-
pass a component in such a manner that if ignoredl will
cause an error in the flows through the turbine shgll be
isolated or measured. Typical of such flows are

(a) boiler-fire-door cooling and boiler-slag-tap |cool-
ing-coil flows.

(b) sealing and gland cooling flow on the follgwing
(both supply and return):

(1) condensate pumps

(2) feedwater pumps

(3) boiler or reactor-water circulating pumps
(4) heater drain pumps when not self sealed
(5) turbines for turbine-driven pumps

(6) reactor control-rod drive flows

(c) desuperheating water flow.

(d) feedwater pump minimum-flow lines and baflance
drum flow when the piping is arranged to allow fecir-
culation of the flow through the primary flow eleinent.

3-5.5 Flows That Shall be Isolated

The following list includes items of equipment and
extraneous flows that shall be isolated:

(a) large-volume storage tanks not directly in the
cycle.

(b) evaporators and allied equipment, such as evap-
orator condenser and preheaters.

(c) bypass systems and auxiliary steam lines for start-

ing.

(e) steam for fuel oil atomization and heating.

(f) steam generator blowdowns.

(¢) turbine water-seal flows.

(h) desuperheating water for turbine cooling steam.

(i) emergency blowdown valve or turbine-packing
leakage and sealing steam.

(j) turbine water-seal overflows.

(k) steam, other than packing leakage steam, to the
steam-seal regulating valve.

(I) make-up water, if necessary.
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(m) pegging or sparging steam (such as higher stage
extraction at low loads) for low-pressure operation of
deaerator.

(n) heater shell vents are to be closed, if possible, and
if not possible, shall be throttled to a minimum.

(0) deaerator overflow line.

(p) deaerator vents shall be throttled to a minimum.

(q) water leakage into any water-sealed flanges, such
as water-sealed vacuum breakers.

(r) pump-seal leakage leaving the system.

ASME PTC 6-2004

3-6 LOCATION OF TURBINE VALVE POINTS
3-6.1

The method used to establish turbine valve points de-
pends on valve point definition. A valve point may be
established in terms of high-pressure turbine efficiency,
certain measured turbine pressures, or valve-stem posi-
tions. The turbine is then tested accordingly.

(s)]automatic extraction steam for industrial use.

(t) |continuous drains from wet-steam turbine casings
and ¢onnection lines.

(u)| subcooled moisture used for moisture separator
rehedter coil-drain cooling.

(v)| reactor core spray.

(w] heater-blanketing steam lines.

(x)| water and steam sampling equipment. If it is im-
possiple to isolate water and steam sampling equipment
and if the sampling flow is significant, it shall be mea-
sured.

(y)] steam to air preheaters.

3-5.7

Fot the full-scale test, when it is impossible to mea-
sure phaft packing leakage, valve-stem leakage, internal
turbihe leakage, and turbine drain flows, it will be nec-
essary to use calculated values. For the alternative pro-
cedute, calculated values may be used in lieu of mea-
sured values.

3-5.8| Methods of Isolating

The following methods are suggested-fot“isolating or
verifying isolation of miscellaneousequipment and ex-
tranepous flows from the primary feedwater cycle:

3-0.2

For units with a high-pressure section\opefating en-
tirely in the superheat region, a valve(point npay be lo-
cated by finding a point of local maximum high-pressure
section efficiency. To do this, thejflow to the unit is
changed in small increments throughout a range, which
includes the valve point. At éach flow increment, pres-
sure and temperature measufements are taken gt both in-
let and exhaust so thatshigh-pressure section |efficiency
can be derived. A lodal maximum efficiency wjill be evi-
dent, provided suitable instruments and test pfocedures
have been uséd. During testing, a parameter that varies
with flow.{suich as control valve position(s) or pres-
sure ratioacross either the first stage or compllete high-
pressure ‘section) should also be recorded so [the valve
point'can be readily set during the test series.

3-6.3

ssures is
l for each

A valve point established in terms of pr¢
found by measuring pressure at a tap provide
steam admission zone served by a valve. Whilg the valve
remains closed, the pressure in this zone will pe nearly
the same as the first stage pressure of the turbine. As
the valve opens, the difference between these fwo pres-
sures will gradually change, and the zone prepsure will
rise above the first stage pressure.

stem po-

f the test

(a)] use of double valves and telltales
(b)| use of blank flanges
(c)| use of blank between.two flanges 3-6.4
(d) rgmov.al of SP_OOI Nete for v1suz';11 mspection A valve point established in terms of valve
(e)| visual inspection for steam blowing to atmosphere gt i found by taking the appropriate meagurements
from such sources ay safety valves and valve-stem pack- . 5 g operation.
ings
(f)| use of alosed valve that is known to be leak proof
(test witnessed by both parties) and not operated prior 3-6.5
to or during.te?t i L If valve points are located prior to the start
(¢)tracer ditator of preserce of teakage series, time and labor can be saved during the tests.

(h) for steam lines terminating at the condenser, pipe
surface temperature indication

(i) for bypass lines around feedwater heaters, tem-
perature measurement of condensate/feedwater before
and after the bypass lines tee into the condensate/feed-
water lines

(j) temperature measurement for situations other
than described in (h) and (i) (acceptable only under cer-
tain conditions with mutual agreement necessary)

(k) acoustic techniques, with mutual agreement

11

3-6.6

Valve points are numbered consecutively from the
minimum arc of admission. For example, consider a ma-
chine with four control valves designed such that the
first two valves open together. The first valve point oc-
curs where the third valve is about to open, and the sec-
ond valve point occurs where the fourth valve is about
to open.
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3-7 NUMBER OF TEST RUNS
3-7.1 Recommended Test

As a minimum, duplicate test runs should be per-
formed at valves-wide open and two part load points.
Duplicate test runs at the same operating condition re-
duce the random error component of uncertainty. The
part load tests should be performed at valve points to en-
sure that duplicate test runs are at the same conditions.
The test series should hpgin and end with the same valve

STEAM TURBINES

(c) 3 test runs agree with third test run between other
two
8015
7985 > 0.25% from first one
8000
use average from third test (8000) in a pair that
best fits locus curve
(d) 3 test runs with third test run between other two,
followed by a fourth test run
8011 > 0.25% from nearest one

point test{ run, preferably the valves-wide-open test run.

Consequtive tests should not be performed at the
same loadl without changing valve positions and break-
ing isolatfion. It may be necessary to break isolation to
maintain [hotwell level during the load change. Load
change should be at least to the next higher, or lower,
valve point, or, for full-arc admission turbines, at least
15% of load.

The criferia of para. 3-7.2 are to verify that operating
conditionfs during duplicate test runs are correct, pro-
vided thdt changes in load and isolation are made be-
tween th¢se duplicate runs. If the criteria are not met,
according to PTC 1-2004, para. 3-10.2, the parties to the
test may [eliminate the test runs by mutual agreement.
The critefia are to verify correct operating conditions
and not tp determine statistical outliers.

The hept rate differences used are based on experi-
ence and [do not relate directly to uncertainties in Tables
9-1 through 9-4.

3-7.2 Duplicate Test Runs

The requirements of this Code for agreement between
the resulfs of duplicate test runs are illustrated by sev-
eral hypdthetical sequences of test resulis\in examples
(a) through (g) below. When two test runsare conducted
at the sarhe test point, the corrected test heat rates shall
agree within 0.25%. Thus, neither_test differs from the
average by more than one-half\this amount or 0.125%.
Units for [the heat rates in_the\following are Btu/kWhr.

(a) 2 tgst runs within25%

800p
7991
use|average & 8000

If the tpvo testruns differ by more than 0.25%, addi-

tional tes} rfns are required at the same test point until

7979
7988
7983
use average of last three = 7983
If no two corrected heat rates fall within 0.25% of each
other after three test runs have been.made at the same
test point, the test procedure and ‘instrumentation jmust
be carefully reviewed to detefniirie and correct the fause
before proceeding to runnore test runs.
(e) 3 test runs with ngypair within 0.25%
8021
8000
7979
find catise before proceeding
At any_ene test point, all corrected test heat [rates
falling within 0.125% of their average shall be accepted.
(fhcA%ests with close grouping
8010
8005
8012
8000
use average of all four = 8007, since each is within
0.125% of their average.

3-8 TESTING CONDITIONS
3-8.1 Constancy of Test Conditions

Preparatory to any test run, the turbine and all apsoci-
ated equipment shall be operated for a sufficient tifne to
attain steady-state condition. Steady-state conditiong shall
have been attained when the criteria of para. 3-8.3 ar¢ met.

When a tracer is used for determining steam qualitly, the
injection period should commence sulfficiently prior fo the
start of the test run to attain equilibrium. As a guide, if may
be conservatively expected that equilibrium is atthined
when a time period, equal to twice the calculated tfansit

the corrected heat rates of at feast two test TUNS agree
within the 0.25%. If more than one pair of test runs meets
the 0.25% criterion, then the pair that most closely falls
on the locus curve of the corrected test heat rates from
other test points shall be accepted. Alternatively, an-
other test run may be made.
(b) 3 test runs with third outside range of other two

8010 > 0.25% from nearest one

7988

7980

use average of last two = 7984

time through the longest mjection line plus the longest
sample line following the commencement of injection, has
passed. For the purpose of this Code, equilibrium shall
have been attained when the concentration of tracer in two
consecutive samples taken during the test at a 30 minute
interval differ by no more than 3% from one another.

3-8.2

Appropriate means shall be employed for securing
constant load. This may be accomplished by blocking
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the valve-gear or control valve travel in the opening di-
rection at the desired load, leaving the control valves
free to move in the closing direction in the event of up-
sets or emergency situations. While the machine is so
operating, it will be unable to carry more load than that
for which the valve-gear or control valves are blocked
but will regulate the turbine at a slightly higher speed
in the event of loss of load.

ASME PTC 6-2004

prior to the test to minimize deviation of variables. Table
3-1 lists the permissible deviation of variables prescribed
with the exceptions as noted in para. 3-8.11. A slow
change in variables, or “drift,” during the test run will
frequently occur in addition to the fluctuations ad-
dressed in Table 3-1. For some key parameters, “drift”
should be limited to 50% of the permissible deviations
presented in Table 3-1 for the average of the test condi-
tions from design or rated conditions. These key pa-

rameters are initial steam pressure, initial ar

nd reheat

830 tine Conditi
383 steam temperature, exhaust pressure, output, and
Evpry effort shall be made to run the tests under spec- speed. Operating within the limits of Talle/3{l is espe-
ified pperating conditions, or as close to specified oper-  cially important for the alternative tesf)sihce ore cor-
atinglconditions as possible in order to avoid the appli-  rection curves are used than in the ull-scale fest.
cation of corrections to test results, or minimize the
magnitude of the corrections. In addition, variations in 3.8.4
any dondition that may influence the results of the test )
shall|be made as nearly constant as practicable before Hydrogen purity should, be maximized to| decrease
the t¢st begins and so maintained throughout the test. =~ windage loss, and impreve heat transfer for spfety rea-
Stearp generator and turbine controls shall be fine-tuned ~ sons. Operating manwuals specify a minimum hydrogen
Table 3-1 Permissible Deviation of Variables
Permissible Deviation for the.Average
of the Test Conditions froni\Design or Permissible Fluctuations Dfring Any
Variable Rated Conditions [Note (1)] Test Run [Note (2)
Initial pteam pressure +30% of the absolute pressure +0.25% of the absolute prespure or 5.0
psi (34.5 kPa), whichever ig larger
Initial pnd reheat steam temperature +15°F (8K) whén-superheat is 27°-50°F +4°F (2K) when superheat is|27°-50°F
(15-30K);~$-30°F (16K) when super- (15-30K); +7°F (4K) when puperheat
heat is invexcess of 50°F (30K) is in excess of 50°F (30K)
Initial pteam quality +0.5(percentage points of quality for +0.1 percentage points of gyality for
tlrbines with wet throttle steam turbines with wet throttle gteam
Primary flow Neot specified Refer to para. 4-10.1
Seconflary flows *+5.0% X (primary flow)/(secondary flow) Same as (d) X (primary flow)[(secondary
flow)
Pressyre drop through fossil unit reheater +50.0%
Extracfion pressures +5.0%
Extracfion flows [Note (3)] +5.0%
Tempdrature of feed water leaving. fihal +10°F (6K)
heafer
Exhaugt pressure [Note (4)] +0.05 psi (0.34 kPa) or =2.5% of the ab- +0.02 psi (0.14 kPa) or =1.0P% of the
solute pressure, whichever is larger absolute pressure, whiche\er is larger
Load Refer to para. 3-13.5 +0.25%
Voltage *5.0%
Power|factor Not specified +1.0%
Speed *5.0% +0.25%
Aggregatesisentropic enthalpy drop of +10.0%
anybre-ef-the-sections-ofarautomatic

extraction turbine

NOTES:
(1) In any event, the manufacturer’s allowable variations in pressure temperature and speed are not to be exceeded, unless specifically

as

reed to before the test.

(2) Fluctuations would be indicated by scatter in the data (refer to para. 3-9.2).

(3) When steam is extracted for feedwater heaters, the extraction pressures (which are fixed by the turbine design and flow conditions) may
deviate from expected values by a few percent. This normally has a negligible effect upon the overall performance. It shall be ascertained
that such deviations that do exist are not due to malfunctioning of feedwater heaters. If large deviations persist, agreement must be

reached as to the course to be followed.

(4) If it is not practicable to obtain design or rated exhaust pressure, the test may be conducted by agreement at another exhaust pressure,

and either party may require that the exhaust pressure correction curve be verified by test.

13
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purity, with safety as the primary consideration. For in-
stances where hydrogen purity is below the manufac-
turer’s specified value, the test should be postponed un-
til the purity can be brought to the specified value.
Improvement is usually easy to achieve and should not
impose undue hardship on the parties to the test. The
hydrogen purity instrumentation should be checked to
ensure correct indication.

STEAM TURBINES

ponents should be checked for excessive leakage. This
check is particularly important on feedwater heaters
where leakage would affect the determination of pri-
mary or reheater flow.

3-8.11 Deviations

Deviations of variables in excess of the limits pre-
scribed in Table 3-1, or as otherwise agreed upon, may
occur during a test run. If such deviations are observed

3-8.5

The tuljt)ine and its cycle shall be in normal operation
during the test, except for cycle isolation (see para.
3-5). Excgpt as provided in para. 3-8.2, no special ad-
justmentq shall be made to the turbine that are inap-
propriate{ for normal and continuous operation.

3-8.6

The tufbine shaft-sealing system, if controlled, shall
be adjust¢d to normal operating conditions during a test
and arrafigement made to measure any flow outward
or inward that will influence test results.

3-8.7

Duringl any heat rate, steam rate, or capacity deter-
mination|of a constant-speed turbine, the turbine shall
be operatled at specified speed.

3-8.8 Permissible Adjustments

To attajn specified operating conditions, it is perthis-
sible to

(a) Louper Initial Pressure. If this is accomplished by
throttlingl the initial steam supply, it must.be done not
fewer thgn 10 pipe diameters upstream~from the point
at which fhe initial steam pressure anid témperature are
measured.

(b) Adjust Exhaust Pressure. This may possibly be done
by bleeding air into the suctién of the air removal equip-
ment renfoving some air removal equipment from serv-
ice, or redlucing cooling ¢apacity. Hotwell conductivity
should bg closely monitored if these adjustments are
made.

3-8.9 Val'le Positions

during the test run, the cause shall be eliminated and
the test continued, if possible, until all variables are
within the specified limits for the plannedyduratipn of
the test run.

If the cause of the deviations canfigt be elimipated
during the test run, or if deviations'are discovered dur-
ing computation of results from“a completed tes{ run,
that run shall be rejected in wwhole, or in part, an|d re-
peated as necessary after the\cause of the deviatior]s has
been eliminated, exceptin.the case of initial steam [pres-
sure and initial and reheat steam temperature.

If the initial steam pressure, initial steam tempergture,
or reheat steam(temperature exceed the maximunj per-
missible deviation indicated in Table 3-1, the corrdction
factors for these variables must be calculated for th¢ spe-
cific cycle’being considered and used in place df the
standard steam conditions corrections normally| pro-
vided with the turbine.

‘Any rejected portions of the test run shall not be
in computing the overall averages. The results o
rest run will then be deemed acceptable provided

(a) valid periods aggregate to one hour or mor¢,

(b) quantity of readings obtained during the val{d pe-
riod satisfies the criteria of paras. 3-9.1 through B-9.5,
and

(c) selected time periods do not include generation
changes, level changes, or any integrated data from any
part of the invalid periods

used
that

3-9 FREQUENCY OF OBSERVATIONS
AND DURATION OF TEST RUNS

3-9.1 Frequency of Observations

For steam rate or heat rate tests, output observgtions
from indicating meters and differentials on flow mjeters
for primary flow shall be made at intervals no gyeater

Nozzle, bypass, extraction, and secondary tlow valves
to or from the turbine, if provided, shall be in the posi-
tion contemplated by the specified performance. If the
specification is not clear in this respect, or if any of these
valve positions cannot be attained, the parties to the test
shall agree as to the intent.

3-8.10

Measurements of feedwater heater and condenser cir-
culating water leakage are not required, but these com-

14

than one minufe. Other important measurements shall
be made at no greater than five-minute intervals. Inte-
grating meters and water levels shall be read at inter-
vals not exceeding 10 minutes.

3-9.2 Duration of Test Runs

This Code recommends a minimum steady-state test
run of two-hour duration for each load point. Although
high-speed data acquisition systems may permit enough
readings to be taken in fewer than two hours to satisfy
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other requirements, the two-hour minimum is recom-
mended to verify cycle isolation. In any case, the length
of the test period for which readings are averaged shall
be at least as long as the period that corresponds to Ng
from Fig. 3-1. Ny is the required number of readings
whose averaged scatter will affect the test results by an
uncertainty no larger than 0.05%. Table 3-2 contains the
percentage coefficients to be used to calculate Z, the ab-
scissa on Fig. 3-1.
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3-9.5

Only such observations and measurements need be
made as apply and are necessary to attain the objective
of the test. In the case of the alternative test, additional
measurements beyond those required may be desirable
to aid in the analysis of test results.

3-10 CALIBRATION OF INSTRUMENTS

3-9.3| Number of Readings Available

Ddring a test run, after several readings have been
recorded and their scatter established, Fig. 3-1 may be
used[to determine how many readings are needed to
comply with the 0.05% effect of the scatter on the results
or to|determine if improvements are needed in the in-
strunentation or control of test conditions.

3-9.4{ Illustrations and Derivation

Sedtion 7 in this Code presents illustrations for the use
of Fig. 3-1 as well as its derivation. A method is also pre-
sented and illustrated for estimating the uncertainty of
a test based on all the readings of a specific type that
are used to calculate the test results. A comprehensive
treatinent of calculation of uncertainty is presented in
PTC [19.1.

Table 3-2 Definitions and Notes to Fig. 3-1

All measuring instruments shall be accuratg and reli-
able and calibrated as required in compliancg with cri-
teria given in Section 4. Calibration.standardp shall be
traceable to those maintained by, the-Nationa] Institute
of Standards and Technology.

The ratio of the accuracy ¢f the measuring|standard
compared to the instrumefit being calibrated ip referred
to as accuracy ratio. Wherever achievable, anfaccuracy
ratio of 10:1 is desirabl@for calibration work. Extremely
accurate instrument$ approaching the accurdcy of the
measuring standard may have a ratio of 4:1.

Consideration shall be given to the envirgnment in
which thé¢)calibration takes place. Even und¢r labora-
tory conditions, the quantity being measjired and
instfuments obtaining the measured valu¢ can be
influenced by vibration, magnetic fields, amHient tem-
perature, changes in local acceleration due tp gravity,

01, 0, Influence Factors for Calculations Z, the Abscissa.of Fig. 3.1

01 is ekpressed as percent effect per percent of instrument reading.
0, is ekpressed as percent effect per unit of instrument reading.
01', 6] is the slopes of the correction-factot curves.

01" or P, are used to take into account the effect of the instrument-reading range for fluctuation in measurements used to establish any en-
thalpy appearing in the heat rate gquation. For 6," or 6," values, use the applicable Figs. 7-2, 7-3, 7-4, or 7-5 after converting the]ordinate to

perdentage effect per percent of-absolute pressure or absolute temperature for 6,” or percent effect per unit of reading for 6,".

Type df Data 01 0,
Power 1.0

Flow by Volumetric Weigh/Tanks 1.0

Flow Yy Flow-Nozzle Differentials 0.5 .
Steam| Pressure and Temperature 604 + 64" 6, + 6y
Feedwpter Tempgrature L. 6,"
Exhaut Pressure 6, 6,

For C hlnmg Types. of Data

Type of Data

Average of n columns of similar readings, such as 4 exhaust-pressure taps

Total effect of m types of readings with the same time interval between readings,

such as load and flow or pressure and temperature

Combined
Z 2t
= n 1
Zn — T — p 2212

Zm=V>72

GENERAL NOTES:

(@) Zis the percentage effect the instrument readings range (maximum reading — minimum reading) has on the test results.

(b) Subscript i refers to columns of individual measurements.
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GENERAL NOTES:

| = instrument/readings in engineering units

100 X 01(lmax — Imin)
0'5(lmax + Imin)

Z = percentage effect(of instrument reading range on the test results 3
N, = number of readings available whose maximum and minimum values are used to determine Z

61 = factor from, Fable 3-2, effect per percent of reading
0, = factar frem Table 3-2, effect per unit of reading

Fig.3-1 Required Number of Readings (Ng) Corresponding to 0.05% Effect
on the Test Results Due to Scatter

06 08 1.0 15 20 3.0

or Oy(lnax. — Imin) in percent

fluctuation, instability of the voltage source, and other
variables.

A calibration should cover the range for which the in-
strument is used. The increment between calibration
points and method of interpolation between these points
shall be selected so as to attain the lowest possible cal-
ibration uncertainty.

For each calibration point, a deviation may be found
between the value measured by the instrument to be cal-
ibrated and the calibration standard. A plot or table of

16

deviation versus instrument measurement is then used
to determine the amount of correction to be applied to a
test measurement. Calibration results also may take the
form of instrument output at a known value of input as
determined by the calibration standard. From this, a con-
version equation can be developed for the instrument.
The calibration report should include the identification
of the calibration equipment and instruments, a descrip-
tion of the calibration process, a statement of uncertainty
of the measuring standard, and a tabulation of the
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recorded calibration data. The report should be signed by
a responsible representative of the calibration laboratory.
Where appropriate, calibration shall be performed with
test instruments installed in place for the test, and all cal-
ibrations shall be available prior to the test.

In-place calibration of station instrumentation is nec-
essary when secondary flow measurements are made by
a permanently installed flow element for which cali-
bration is required or where station instruments and a
computer are used for test data acquisition.

ASME PTC 6-2004

Correction factors may be in the form of curves or nu-
merical values. The method of applying corrections shall
be carried out as required in Section 5. Thermal losses
associated with unlagged heaters and connecting pip-
ing located in the condenser neck shall be considered
cycle losses, not turbine losses.

3-12.2

The numerical values of corrections shall be agreed

Indtallation of all test instrumentation shall comply
with pll applicable criteria of Section 4. Instruments sub-
ject tp failure or breakage in service should be dupli-
cated by reserve instruments, properly calibrated, and
ready to be placed in service without delay.

STEAM PRESSURE AND TEMPERATURE
MEASUREMENTS

3-11

3-11.

Exfraction pressure and temperature measurements,
wher) required, should be made both at the turbine and
feedWater heater ends of the extraction piping for feed-
watef heaters located outside the condenser neck.
Sourge connections in the intermediate pressure to low-
presgure crossover pipe or in the low-pressure turbine
bowllmay be used as a common point for intermediate
presgure section and low-pressure section efficiency de-
terminations. Paragraphs 4-17.21 and 4-18.3 should bé
constilted for guidance in selecting locations for pres-
sure faps and thermowells.

am enthalpy shall be determined from tempera-
ture and pressure measurements only*when the steam
is superheated at least 27°F (15K).

3-11.8 Thermodynamic Properties

Exgept with written agreements to the contrary, the
latest| edition of the-~ASME Steam Tables, “Thermody-
namik and Transpoit Properties of Steam” and its en-
thalpyy entropy-diagram (Mollier chart), shall be used in
the calculatign/of test results. When computers are used,
they may-link to compiled versions of the source code
as suphed with the steam tables. Otherw1se they shall
be p 3 3
Assoc1at1on for the Propertles of Water and Steam
(IAPWS) Industrial Formulation 1997 (IAPWS-IF97) for
Industrial use. These formulations are based on the In-
ternational Temperature Scale of 1990 (ITS-90).

3-12 CORRECTIONS
3-12.1

Corrections shall be applied to the test results for any
deviations of the test conditions from those specified.

17

upon prior to the test. Auxiliary tests may be rjin for the
purpose of verifying the value of certain ¢ofrdction fac-
tors. Any such special tests shall beyeompletely de-
scribed in the test report, as to theethods ¢gmployed
and the results obtained (see paras. 3-4.5 and 3-8.11 and
Section 5).

3-13 METHODS OF COMPARING TEST RESULTS
3-13.1

The method of.comparing test results to the|specified
performange-shall be agreed upon by both pafties prior
to the test.)THe following are different methody that can
be utilized to make these comparisons.

3-13.2 Valve Point Basis

If the specified performance is based pn valve
points, then a locus curve can be drawn thijough the
specified performance points for comparisor| with an-
other locus curve drawn through the corrgcted test
heat rates conducted at valve points. Test regults may
be compared with the specified performancd by read-
ing the difference between the two locus curyes at the
specified kilowatt load(s). Alternatively, the [compari-
son may be made at the test valve-point loads. In any
case, the provisions and intent of the contfact must
be met.

There may be instances when regulatory r¢strictions
limit operation of a unit to loads below the valyes-wide-
open point. In such cases, it is necessary to apply a cor-
rection for operating on a valve loop, so thdt the test
heat rate at the highest permissible test load

duced steam generator pressure is recommended
where practical, to minimize the loop correction.

The following approach is recommended:

(a) Establish by test the pressure drop across the last
control valve(s) to open in valves-wide-open operation.
Steam generator pressure may be reduced to open the
last valve(s). If this is not possible, use the design pres-
sure drop for the last control valve(s), when fully open.

(b) Measure the pressure drop across the last control
valve(s) to open during the highest load test.
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(c) Apply the following equation to obtain the per-
centage heat rate correction:

STEAM TURBINES

3-13.3 Mean-of-the-Valve-Loop Basis

If the specified performance is based on mean of the

Percent AHR = -~ ( Apio — Apouo ) 100k Val've loops, itmay be conver}ient to convert to .the valve-
Wino v point basis, and the correction curves for this conver-
) o ) sion shall be furnished by the manufacturer. However,
where subscript mo indicates highest load test and if there is any doubt as to their accuracy, enthalpy drop
Dn_ _ the ratio of flow through the final or other efficiency tests can l?e run to establish the dif-
mo yalve(s) to total flow during the ference between the valve-point and mean-of-the-valve-
highest load test (decimal fraction loop curves.
of total flow being subjected to
extra throttling) .
Ao 4 Apoweo ' . 3-13.4 Throttled Valve(s) Basis
——— 4 = the ratio of (1) the difference be- . . . 4
Iy tween pressure drop across the fi- For 'mac.hmes‘ with a single valve or tultiple vialves
nal valve(s) during the highest operating in unison, each test heat rdtejshould be [com-
load test and pressure drop across pa.red to design heat. rate at the saime percent of vglves-
the same valve(s) at valves-wide- wide-open load. Thls can best-bétdone by mch.ldlmg a
open conditions to (2) throttle test at the ValveTs.-W1de—0pen load. Theref(?re, this |s the
pressure (extra pressure drop due preferrecll condition. .However, some units Ca}nr.l bt be
to final valve(s) not being wide tested with VéquS widé epen. In these cases, it ig n.ec-
open) essary to predict jche test \.Ialveg-w1de-open lqad 1sing
k = the percentage effect on heat rate the available test 1pformat10n given below. It is rgcom-
for a 1% change in pressure drop mended that the' highest test load be at !e'ast 95% ¢f the
P, = absolute throttle pressure lo.a'd corresponding to rated ﬂow at spec1f1ed. steanj con-
k = 0.15 for turbines with nuclear dlthlle ar}d cycle arrangement in order to minimize un-
steam supply operating predomi- certainty in the extrapolation method. The followir|g ap-
nantly in the moisture region P roac};: " rei.cokin r}r:endle d.: hi h h
k = 0.10 for turbines operating pre- (a)Estab is the rel ationship between the test throt-
dominantly in the superheat region tle flow vs. first stage inlet (bowl) pressure over as jmuch
of the load range as possible (see Fig. 3-2). Corre¢t the
k values for other types of turbines should be obtained) throttle flow from the test throttle steam conditigns to
from the manufacturer. the specified throttle steam conditions at valves [wide

open as shown in para. 5-4.2. The first stage inlet (powl)

Specified throttle pressure
3¢ === ]
} Design pressure
- drop at VWO
e
x = Test values, corrected to
v specified throttle pressure
2
¢
& .\(\\e’\
_go
.@x‘"’@ ]
<« Predicted
VWO
throttle
flow
Throttle Flow Corrected to Specified Conditions
Fig. 3-2 Corrected First Stage Inlet (Bowl) Pressure vs. Corrected Throttle Flow

for Use in Determining Predicted VWO Throttle Flow

18
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Predicted VWO throttle flow

Throttle Flow

x = Test values, corrected to
specified throttle pressure

Predicted

ASME

PTC 6-2004

(2) Conduct calibration tests, without the reheater in

service, of the first stage pressure versus throttle

flow, and

correct the flow using manufacturer’s data to obtain the
throttle flow during tests with the reheater in the cycle.
If either of these procedures cannot be implemented,

then

(3) Use the design values for the reheater
subtract this value from the total flow to obtain
tle flow for each test point.

flow and
the throt-

/ VWO
load

Corrected Test Load

Fig. 3-3 Corrected Throttle Flow vs. Corrected

press
at va

wher
Pe

Po
Ps
Pt

(b)
rehed
prov
flow
isno
cedu
test:

with

Test Load for Use in Determining
Predicted VWO Load

ure must be corrected to specified throttle pressure
ves wide open as follows:

Ps

e = Po X
Pe=Pp P

[¢’]

= corrected first stage inlet (bowl) absolute press
sure

= test first stage inlet (bowl) absolute préss

= specified throttle absolute pressure

= test throttle absolute pressure

In tests of light water reactor ¢(llWR) cycles with
t, the use of the alternative. procedure may not
de sufficient data to establish the turbine throttle
particularly if the majn'stéam flow to the reheater
measured. In such,tests, one of the following pro-
Fes may be used byragreement of the parties to the

1) Determirle the main steam flow to the reheater
available plant instrumentation or

lL/\ Ubil 15 i.l < Cl‘lJUVI:' lcldll.iul lD‘l lil,l, C)\.llal.l
throttle flow that would exist at the valyes
point, using the design pressure drop ffom’th
inlet to first stage inlet (bowl) at valveswide

(d) Determine the valves-wide-opén load
lishing a curve of corrected thtottle flow vs.
test load (see Fig. 3-3). Extrapdlate to valves-
flow (from item 2) using the slope of the corre
curves derived from desigh heat balances as a

(e) The percent of valves-wide-open load fq
point can be determined using the extrapolate
wide-open load.

3-13.5 Specified Load Basis

During steam rate or heat rate tests at specif
it shall be permissible to adjust the load of t
that when all corrections have been applied
rected load will be within five percent of the I
ified for the test. The test results may be rep
load within this percentage.

The load correction may be applied oy
guarantees are made at specified loads and
point or mean-of-the-valve-loop comparisons
utilized.

3-14 TOLERANCES
3-14.1

Tolerances and allowances are contractu
ments to test results or guarantees and are bg
scope of this Code. The test results shall be re
calculated from test observations with only
rections as are provided for in this Code.

late to a
ride-open
e throttle
open.

by estab-
corrected
ride-open
sponding
Feference.
r any test
d valves-

jed loads,
he test so
the cor-
pad spec-
rted at a

ly when
the valve
Fannot be

1l adjust-
yond the
ported as
such cor-
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Section 4
Instruments and Methods of Measurement

4-1 GENERAL—————————————————————————exdensivelyintheconstructonof variouspuceargteam

4-1.1

In the absence of special agreements to the contrary,
this Codd presents the mandatory requirements for in-
strument$, methods, and precautions which shall be em-
ployed. If emphasizes the use of advanced instrument
systems, puch as those using electronic devices or mass
flow techniques, that are suitable for use with digital
systems. [The Supplements on Instruments and Appa-
ratus, PTLC 19 series, provide general and authoritative
informatipn concerning instruments and their use and
should b¢ consulted if sufficient information is not in-
cluded ir{ this Code.

4-1.2 Duplicate Instrumentation

This (Jode specifies duplicate instrumentation for
measuring certain types of data that are critical to the
test resulfs; such data may include the flow nozzle pres-
sure diffdrentials and steam temperatures. Other data,
such as pxhaust pressures, vary over the region, in-
volved; fhe several measurements required confirm
each othdr by their pattern from test point to t€sipoint.
Beyond these, duplication of many types of instrumen-
tation shpuld be seriously considered 4o\ensure suc-
cessful ude of the instruments or detecttrouble and gain
the signifficant reduction of the uncextdinty of the aver-
age of th¢ duplicating instruments relative to that of a
single instrument [refer to Figs.\4-11(a) through 4-11(e)].

4-1.3 Equivalent Instrumentation

By mutual agreement of the parties to the test, man-
ual instrment systems as described herein may be used
as an alt¢rnative'to the advanced instrument systems
specified [by;this Code.

supply system components that come in contagt|with
feedwater returned from the turbine cycle.
Mercury constitutes a hazard to light-water cpoled
and moderated nuclear steam supply. systems if ntro-
duced into the feedwater stream. If- the' use of mefcury
cannot be avoided in pressure-m@asturing instrunjents,
the following precautions arefecommended:
(a) Keep valves to test instrumhents closed except dur-
ing test runs.
(b) Install quick-closiig’ solenoid valves in te$t in-
strument-sensing linés)to close automatically on sygtems
upsets.
(c) Employ deuble mercury traps.
(d) Locate primary flow element in the low-prepsure
part of the feedwater cycle where it is more remote{from
the nuglear steam supply system (see para. 4-9.1).
Meéreury metal and compounds of mercury|may
cause dangerous environmental problems. The [rela-
tively high vapor pressure of mercury presents a seri-
ous health hazard if spillage occurs. Extreme care is
necessary, and strict adherence must be given to afll ap-
plicable regulations concerning mercury. If the risk of
using mercury-filled manometers is judged unadcept-
able by one or both parties to the test, regardless ¢f the
degree of precaution exercised, the parties may enpploy
advanced instrument systems (such as those er%loy-
ing certain high sensitivity differential-pressure frans-
ducers) in accordance with paras. 4-1.1 and 4-8.1 qf this
Code.

4-1.5 Necessary Instruments

The instruments generally required for a Code tpst of
a steam turbine are listed below and for check purposes
only.
(a) for a mechanical-drive turbine, a dynamometer of

4-1.4 Use of Mercury in Instrumentation

Certain manual instrumentation systems require the
use of indicating fluids to indicate pressure or differen-
tial pressure. Historically, mercury is one of the fluids
commonly used for this purpose. Mercury will alloy
with many other metals, such as copper, lead, tin,
bronze, and Monel, and their alloys. There is evidence
that Inconel alloys, zircaloy, and certain stainless steels
are also sensitive to mercury. These materials are used

d lype buitdblt! 0 I}lt! IU[‘U‘LI[C dIld LifLUIIlbIdIlLEb f the
test (see para. 4-2).

(b) for a turbine-generator, instruments for the mea-
surements of the electrical output and power for exci-
tation, if separately supplied, and for other turbine-
generator auxiliary services, (see Subsections 4-4 through
4-7).

(c) for determining condenser leakage, instruments
required for using tracer techniques, electrolytic or other
measuring means refer to PTC 12.2, Steam Surface Con-
densers.
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(d) for the location and type of test instrumentation
required for full-scale testing of a typical unit, see Fig.
4-11(a) to Fig. 4-11(c) and Subsection 4-8 through para.
4-19.1.8

(e) for the location and type of test instrumentation
required for the alternative test with final feedwater
flow measurement, see Fig. 4-11(d) to Fig. 4-11(e) and
Subsection 4-8 through para. 4-19.1.8

(f) for measurement of speed, see Subsection 4-20

ASME PTC 6-2004

Either surface strain shaft torque meters or angular dis-
placement shaft torque meters, which are compatible for
use in either computerized data recording systems or
with electronic digital indicators, should be used.

For shaft power measurement of a mechanical drive
turbine that can be tested without its connected load, an
absorption dynamometer (reaction torque measurement
system) can be used. Such a test might occur when a
mechanical drive turbine is tested independently of a
turbine-generator acceptance test.

4-1.6]

To[ minimize uncertainty, it is recommended that
measgurement signals could be converted from analog to
digital only once. Therefore, if a measuring device has
a diglital output, this digital signal should be transmit-
ted t¢ a data logger rather than use an analog converter.

Measuring Device With Digital Outputs

4-2
4-2.1

MEASUREMENT OF MECHANICAL OUTPUT
Recommended Measurement Methods

Absorption dynamometers (reaction torque measure-
ment] systems) or transmission dynamometers (shaft
torque meters) shall be used to measure mechanical out-
put of prime movers, which can be an auxiliary turbine,
turbihe generator shaft, or electric motor. These mea-
surethent systems are described in detail in PTC 19.7 on
“Megsurement of Shaft Horsepower.”

The direct method for measuring power, utilizinga
dynamometer or torque meter, involves determination
of th¢ variables in the following equation:

Precautions must be taken in the constructiop and use
of torque meters to ensure accuracy. The\torque meter
shall be accurate within 1% of torque.-Torque meter
readings shall be taken with the frequency inglicated in
para. 3-9 and not exceed the, permissible deviations
shown in Table 3-1. Because~-power is propoytional to
speed, speed shall be accurately determined|in accor-
dance with para. 4-20.

4-2.2 Transmission Dynamometers (Shaft Torque Meter)

Transmission dynamometers shall be calidrated be-
fore and after the test series with the torsiona] member
at approXimdtely the same temperature as expgcted dur-
ing thetest. The calibration shall be conducted with the
torsibiindicating device in place, taking carenot to in-
troduce any bending moments in the torque mgter shaft.
©ne such method of calibration is shown in PTC 19.7.
Recordings of the indicator shall be made with a series
of increasing and then decreasing loads, witly the pre-
caution that during the recording of each serigs of read-
ings, the loads shall not be reversed. The calcplation of

For power expressed in (SI Units) output shall be based on the average of the ihcreasing
P=NT and decreasing readings. If the difference in|readings
between increasing and decreasing loads exc¢eds 0.2%
where of the load, the dynamometer shall be deemel unsatis-
P  power, watts (W) factory.

N = rotational speed, rad/sec The shaft torque meter may be either a sppcial cou-
T | torque, newton-meters pling spacer, installed only during the test, thaf connects
Fot power expressed 0 (U.S. Customary Units) the prime mover shaft to connected load or [a perma-
nently installed part of either the prime movdr shaft or

_ 2aNT connected load shaft.
33000 To minimize potential error, the shaft torque meter
where capacity range should be approximately equal to but
P + power) horsepower (hp) slightly greater than the torque range of the pri'r e mover.
N § xdtational speed (rpm) Temperature compensation in the electroniq circuit is
T £ #rane. foot-nounds (ft-Thf) recommended to minimize errors that could o¢cur if the

Rotational speed measurement is discussed in Sub-
section 4-20.

For shaft power measurement when the prime mover
is driving a connected load, such as required for a feed-
water pump drive turbine in an acceptance test, the
transmission dynamometer (shaft torque meter) is rec-
ommended. Absorption dynamometers (reaction torque
measurement systems) absorb the primer mover power
output and cannot be used while simultaneously driv-
ing a connected load.
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test is conducted at temperatures different from the tem-
perature that existed when the torque meter was cali-
brated.

4-2.3 Absorption Dynamometers
(Reaction Torque System)

Absorption dynamometers are preferably arranged so
that the reaction due to friction of any bearings that are
essentially a part of the dynamometer will be automat-
ically included in the dynamometer readings. Other-
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wise, the parties to the test shall agree upon an al-
lowance for these losses, which shall be stated in the test
report.

4-2.4 Precautionary Measures for
Absorption Dynamometers

In the case of absorption dynamometers, care must be
taken so that no external forces are apphed which may
mtroduce rror Th

the tangential direction. If automatic valves are employed
to regulafe operating fluid flow by means of movement
of the stptionary dynamometer element, these valves
shall hav¢ their resistance to motion equal in both direc-
tions. Daphpots employed to dampen oscillation shall
also have| their resistance to motion equal in both direc-
tions. Other precautions for specific types of absorption
dynamonpeters are detailed in PTC 19.7.

4-2.5

Absorgftion dynamometers shall be carefully exam-
ined befdre and after the test and zero scale readings
taken. The output shall be determined as shown in
PTC 19.7

4-3 MEASUREMENT OF FEEDWATER
PUMP POWER

4-3.1 General

Any tHermal energy that is eithef added to or re-
moved from the turbine cycle by the feedwater pump
or its asdociated auxiliary systemis shall be measured
and propprly accounted for, in the turbine heat rate cal-
culations| (see paras. 5-Zd-and 5-7.2). The following
types of feedwater punip drives can be used: auxiliary
turbine drives, motor; and turbine-generator shaft
drives.

Regardlless of.theé type of feedwater pump drive that
is used, the feedwater pump power can be determined
by either

(a) pump shaft power calculated from measured shaft
torque and speed (see para. 4-2 for torque measurement
and para. 4-20 for speed measurement).

(b) pump power calculated by an energy balance
around the pump using measured fluid flow rates, tem-
perature, and pressure of all fluids that enter and leave
the feedwater pumps (see para. 4-3.5). The energy bal-
ance method is described in this Section.

4-3.1.1 For auxiliary turbine driven feedwater
pumps, it is also necessary to determine the thermal en-
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ergy that is extracted from the turbine cycle. This can be
accomplished by one of the following methods:

(a) measurement of flow rate, pressure, and necessary
measurements to obtain enthalpy of steam that enters and
leaves the auxiliary turbine (see paras. 4-12 and 4-16.3)

(b) shaft power calculated from measured torque and
speed and then divided by the efficiency of the auxil-
iary turbine to obtain the energy removed from the tur-
bine cycle

Method (b) requires the use of the manufacturer’s pre-
dicted turbine efficiency and must be agreed to byralll par-
ties to the test, especially if the auxiliary turbine’is peing
accepted tested concurrently with the turbine:genefator.

4-3.2 Typical Instrumentation for Pump.Power by
Energy Balance Method

Figure 4-1 shows the typicalifistrumentation for fneas-
urement of feedwater pump power and is represenfative
of feedwater pumps thatshave a speed changer anfl hy-
draulic coupling. The pritne mover could be an auxiliary
turbine, motor driye, of turbine generator shaft driv¢. The
hydraulic coupling'and speed changer are not commonly
used with all three types of feedwater pump drives. How-
ever, in somesituations, they may be used. Therefor, the
following text describes thermodynamic property meas-
uremetits and calculations for the most general situgition.

4-3.3 Turbine-Generator Shaft-Driven Pumps

When feedwater pumps are driven from the tyrbine
generator shaft, the measurements described below [must
be made as accurately as possible to determine the fower
supplied by the turbine(s) for driving pump(s) and afy as-
sociated hydraulic coupling(s) and/or speed increaser(s).

4-3.4 Required Measurements

The power transmitting oil for the hydraulic coupling
and lubricating oil for the pump, speed changer} and
hydraulic coupling is cooled in heat exchangers pising
water as a cooling medium (see Fig. 4-1). Changes n in-
strumentation requirements resulting from any yaria-
tion in this arrangement shall be agreed upon prfor to
the test. The illustration on Fig. 4-1 is for one pump, but

the injection water ﬂows to and from each pump. In
such cases, the power for each individual pump cannot
be accurately determined. However, the total power
consumed by the feedwater pumps in service is all that
is needed for an overall test.

The temperature, pressure, and flow measurements
should be of such accuracy that the effect on the over-
all test results shall be less than 0.1%. The measurements
requiring the most care are the temperatures of the feed-
water entering and leaving the pump (tg and 1) if feed-
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Discharge
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Pgi o pump
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vy f9 Discharge
o from rehedt
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il Oil Wgoq | Sucti
cooler _+ cooler tg0 > uction
to other
pump
tOi too . .. . .
gi = Gland-injection-water inlet
Woi go = Gland-injection-water outlet

watef pump power is determined as described in para.
4-3.5] These temperatures may be measured by two or
mor¢g random resistance thermometers and randomi
bridges or a difference resistance bridge (see para. 4-18).
The |ndividual measurements for each locatiori shall
agred within 0.2°F (0.1K). Alternatively, the temiperature
diffefences between pump discharge and-suetion may
be mleasured by multiple junction differential thermo-
couple devices and random millivolt instruments.

4-3.5( Calculations

Th calculations shown below closely follow PTC 8.2
on “Centrifugal Pumps.£

The power taken front the prime mover shaft is the
sum pf the powerequivalent of the enthalpy rise of the
watef flow through’/the pump; the power used in bear-
ing lpsses, g€ar losses, and hydraulic coupling losses;
and the power equivalent of the radiation losses.

The basic equations for pump shaft power are: The
pow . .
(P enthalpy rise) is:

wo(h1o — ho) — Wao(h10 — Mao) +
wgi(hlo B hgi) B wgn(hlo B hgn)
K

Penthalpy rise =

where K is a constant depending on the units of P, w,
and /1 (see Section 2 and Fig. 4-1 for nomenclature).
If P is in kW, w in kg/s, and h in k] /kg, then K =1
If P is in Kw, w in kg/hr, and / in K]J/kg, then K =
3600

Fig. 4-1 Typical Instrumentation for Measurement of Feedwater Pump Power
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oi = Oil-coolér<inlet water

oo = Oil-coglei-outlet water

ao = Intefstage leakoff
for(réeheat spray

If Pis in kw, w in Ibm/hr, and  in Btu/Ibm/Jthen K =
3412.14

The power equivalent of the bearing, gear} and hy-
draulic coupling heat losses (Pheat 10sses) as dgtermined

from the heat absorbed by the oil cooling wafer is:

WoilTtoo — Moi)

K

Pheat losses —

Determination of water flow at the pump
will vary, depending on whether the main f
surement nozzle is located in the pump suctior|
discharge piping. If the nozzle is located in t
piping, the pump discharge flow rate (wy) is

Hischarge
oW mea-
or pump
e suction

Pump discharge flow rate = w1 = w9 + Wi — Who — Wao

The power equivalent of the radiatiqn losses
(Pradiation losses) can be calculated or estimatedl, but the
amount of this loss may be negligible (refer fo PTC 10
on “Compressors and Exhausters” for the metlod of cal-
culating this loss).
€ pump shalt power

1S:

pP= Penthalpy rise T Pheat losses + Pradiation losses

4-3.6 Alternative Calculations

Another method of determining pump shaft power
involves pump efficiency curves. Water horsepower
(Whp) is determined from these measurements and then
divided by expected pump efficiency to obtain pump
shaft power.
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The basic equations for pump shaft power are:

Ly = Whp)0.746
n
~ (QyH)0.746
W= "5 n

where
1 = pump efficiency from curve
Q = volumetric flow rate at pump discharge, ft3/sec

STEAM TURBINES

The necessity for the recommended metering meth-
ods is discussed in the following paragraphs.

4-4.3

Blondel’s Theorem for the measurement of electrical
power or energy states that in an electrical system of N
conductors, N-1 metering elements are required to
measure the true power or energy of the system. It is
evident, then, that the electrical connections of the gen-

(m2Ls)

y = sppcific weight, 1bf/{t3 (N/m?3)

H = pymp total discharge head minus total suction
hepd, ft (m)

Measufements and calculations of water horsepower
are detailed in PTC 8.2.

Other Ipsses, such as hydraulic coupling losses, speed
changer losses, seal flows, radiation, and spray water
takeoffs, must also be accounted for as described in para.
4-3.5 (ref¢r to Fig. 4-1 for these items).

An ordfnary pump characteristic curve supplied with
the pumy has two major limitations. First, the efficiency
versus capacity curve is valid at only one point because
it is plofted at constant speed and many feedwater
pumps rfin at variable speed. One should obtain the
variable dpeed efficiency versus capacity curve prior to
using thi$ method.
if the pump is operating at off-design speed
test, the pump efficiency is usually different

should be within 2% of design speed in ox=
der that pump power can be determined as accurately
as possible.

4-4 MHEHASUREMENT OF ELECTRICAL-POWER
4-4.1 General Requirements for A-C Generators

It is refommended that the poweér output of an A-C
generator| be measured by sufficient instrumentation to
ensure thpt accurate meterifig\(i.e., no uncertainty is in-
troduced [due to the metéting method) will be provided
under all conditions of load power factor and unbalance.

Genergtor loss etitves provided by the manufacturer
may reqyire eithér/the kilovolt-ampere (kVA) output
or kilowgtt output and power factor of the generator
to deternifig-the generator loss at specified hydrogen

eratorto the cycl’nm gnvorn the selection of the meter-
ing system.
Connections for three-phase generating systémb can
be divided into the following two general' dategorjes:
(a) three-wire connections with no_netitral retyrn to
the generating source
(b) four-wire connections with/the*fourth wire dcting
as a neutral current return path to the generator

4-4.4

The following desctibés different types of thres
four-wire generator €onnections that are used.

and

4-4.4.1 Thrée-Wire System. A common threefwire
system is a_w¥e connected generator with a high im-
pedance neuitral grounding device. The generator i§ con-
nected directly to a transformer with a delta primary
winding, and load distribution is made on the se¢ond-
ary, grounded-wye side of the transformer [seq Fig.
4-2(a)]. Load unbalances on the load distribution sjde of
the generator transformer are seen as neutral curr¢nt in
the grounded wye connection. However, on the gener-
ator-side of the transformer, the neutral current fis ef-
fectively filtered out due to the delta winding, 4nd a
neutral conductor is not required.

Another type of three-wire system utilizes a wyg con-
nected generator with a low impedance neutral grqund-
ing resistor. The generator is connected to a threefwire
load distribution bus, and the loads are connectd¢d ei-
ther phase to phase, single phase, or three phase flelta.
The grounding resistor is sized to carry 400-200( am-
peres fault current.

An ungrounded wye generator is less common
the high impedance grounded-wye generator, but
used with a delta-wye grounded transformer, it i
an example of a three-wire generator connectior
Fig. 4-2(a)].

A final example of a three-wire generator conndction

than
Wwhen
also
[see

pressure.

4-4.2 Recommended Metering Connection Methods

The recommended metering methods that achieve ac-
curate metering for three-phase systems are as follows:

(a) four-wire generator connections—three single-
phase meters

(b) three-wire generator connections—two single-
phase meters

Refer to para. 4-5.1, below, for further discussion.
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is the delta-connected generator. The delta-connected
generator has no neutral connection to facilitate a neu-
tral conductor; hence, it can be connected only in a three-
wire connection [see Fig. 4-2(b)].

4-4.4.2 Four-Wire System. Four-wire generator
connections can be made only with a wye-connected
generator with the generator neutral either solidly
grounded or, more typically, grounded through an im-
pedance. Load distribution is made at generator voltage
rather than being separated from the generator by a
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Wye-connected CT
generator ~—e Phase 1
II ] _ o Phase 2
High impedence ] ] ]
round T
¢ ,-,(,:-w o Phase 3
PT PT
I SO 0881
. —— R e —
Two wattmeters or one
two-element, watt-hour
meter connects here.
Fig. 4-2(a) Wye Generator-3-Phase, 3-Wire
CT -
~ o 1
Delta-connected ase
generator ]
° o Phase 2
T
] ] rmc - ] Phase 3
TR T
$bm [
R —_—
Two wattmeters or one
two-element, watt-hour
meter connects here.
Fig. 4-2(b) " Delta Generator—3-Phase, 3-Wire
Wye-connected
y cT Phase 1

generator

Solid or low

impédence

Phase 3

gretnd

] fg\ Phase 2
;
/

>
—
N—e
>

N—T—e
%n
_|

Neutral

PT

36

=
|~

| Neutrdl

N o NV NIPS N
'UZ
—

N /o o N, N

Three wattmeters or one

three-element, watt-hour
meter connects here.

Fig. 4-2(c) Wye Generator—3-Phase, 4-Wire
25
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Instrument CTs
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LLL/

F-f-f-

fGen erator

Instrument PTs

Ph. 1

Ph. 2 ——>

Ph. 3

Transformer secondaries may be
grounded at secondary terminals
or ground connection on table.

=

horting
witch

w

AM

AM

VM
AM

o+
O

O O
WM

Phase 1

OO
WM

Phase 2

O O
WM

Phase 3

D - Fuse

VM - Voltmeter
AM - Ammeter
WM - Wattmeter
CT - Current transformer
PT - Potential transformer
B _ Polarity mark

Fig. 4-p(d)--Typical Connections for Measuring Electric Power Output by the Three-Wattmeter Methiod

delta-wye transformer. This type of connection has a
separate fourth conductor, which directly connects the
generator neutral (or neutral grounding device) with the
neutral of the connected loads [see Fig. 4-2(c)].

For the generating system connections described in
the preceding paragraphs, accurate metering will be
provided under all conditions of load power factor and
load unbalance by application of the recommended me-
tering methods, which were described in para. 4-4.2.

26

A typical instrument connection diagram is shown on
Fig. 4-2(d).

4-4.5 Alternative Metering Connection Methods

Alternative metering methods that may be used by
mutual agreement between all test parties are described
in PTC 6 Report. However, the uncertainty of the power
measurement with the alternative metering methods
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will be greater than that of the recommended metering
methods.

4-4.6 Meter Connections

Connections for voltage and current measuring in-
struments shall be made on the generator side of the step-
up transformer(s) as close to the generator terminals as
possible. Current connections shall be made on the gen-
erator side of any external connections of the power cir-

ASME PTC 6-2004

As an alternative to active and reactive power mea-
surements of each phase, polyphase random watt/
watthour transducers and polyphase random var/
varhour transducers may be used. For four-wire gener-
ator connections, three-element polyphase transducers
are required. For three-wire generator connections, two-
element polyphase transducers may be used. The me-
tering uncertainty with the polyphase transducers must
be equivalent to the combined metering uncertainty of
the single-phase meters and calibrated per para. 4-7.2.

cuit By which power can enter or leave this circuit.

4-4.7| Excitation Power Measurement

If the excitation or auxiliary systems receive power
from|the generator, then either it must be separately me-
tered| or the generator power metered beyond the exci-
tatiop connections but ahead of any auxiliary power
conngctions.

Elgctrical power separately supplied to produce either
excitation or any other service to the turbine generator
unit, [not specifically covered by agreement of the par-
ties tp the test, shall be measured at the point of supply
to thp auxiliary apparatus producing the excitation or
other] service.

4-4.8

Popver output of D-C generators shall be measured by
the ID-C voltmeter-ammeter method. Connections for
voltage and current measuring devices shall be made
on the generator side of any connections to the power
circujt by which power can enter or leave;this circuit
and fs close to the generator terminals(as physically
possiple.

D-C Generator Power Measurement

4-4.9| Guidance for Power Measurement

ANISI/IEEE Std 120, Master.Test Guide for Electrical
Meadurements in Power €ircuits, contains detailed in-
formption on the construction and use of electrical mea-
surethent equipment/and instructions for measurement
of el¢ctrical quantities.

to the test transformers if the resulting total
4-5 | A-CCGENERATOR TEST INSTRUMENTS known and is within the range of calibration
4-5.1) Tést Instruments 4-5.2.1 Precautions for Current Transformeys.

As noted in para. 4-1.6, any power measurihg device
with digital outputs should not use analog gonverters
for signal transmission to data loggers:

The power output measurement instruments shall be
calibrated before and after the tests. The laboratory(ies)
and standard(s) used for the~calibrations shalll be mu-
tually agreed upon by the parties to the tes{. It is re-
quired that the instruménts” have their best pperating
characteristics over thiesrange of values that yvill occur
during the tests.

Extreme care muist be exercised in the trangportation
of calibratedportable instruments. The ingtruments
should be located in an area as free of stray elgctrostatic
and magnétic fields as possible. Where watthour meters
are used, a suitable timing device shall be prpvided to
accurately determine the times for the numbpr of disc
vevolutions or pulse counts recorded during the prede-
termined test time period, to one part in four fhousand.

4-5.2 Instrument Transformers

Correctly rated current and potential transfprmers of
the 0.3% accuracy class (metering type) shall b used for
the tests. Transformers shall be calibrated for[ratio and
phase angle prior to the test over the ranges df voltage,
current, and burden expected to be experienc¢d during
the test. Burdens shall be determined from irjstrument
nameplate data and by measurement of lead resistance,
or by measurement of the volt-amperes or decondary
impedance, and must be constant during the|test. Pro-
tective relay devices or voltage regulators shpll not be
connected to the instrument transformers us¢d for the
test. Normal station instrumentation may be ¢onnected
purden is
data.

Cur-

Active power or energy (kilowatts/kilowatt hours)
shall be measured by random watt/watthour meters
(uncertainty of * 0.10% of reading for power factors =
0.8). The reactive power (kilovars) shall be measured
either by a var transducer (uncertainty of + 0.20% of
range) or calculated from measurements of voltage and
current. The active power, and either voltage and cur-
rent, or the reactive power of each required phase, as
described in paras. 4-4.2 through 4-4.4, shall be mea-
sured.
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rent transformer cores may be permanently magnetized
by inadvertent operation with the secondary circuit
opened, resulting in a change in the ratio and phase-
angle characteristics. If magnetization is suspected, it
should be removed by procedures described in ANSI/
IEEE Std 120, under “Precaution in the Use of Instru-
ment Transformers.”

4-5.2.2 Precautions for Potential Transformers.
Potential transformers may have either one or two sec-
ondary windings; however, one secondary winding is
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the most common arrangement. If potential transform-
ers with two secondary windings are used, the total
burden on the two secondary windings must be less
than or equal to the total allowable burden of the two
windings, and the burden on each winding must be less
than or equal to the allowable burden of each winding.
Failure to observe the above precautions will introduce
increased uncertainty in the measurement of electrical
potential.

STEAM TURBINES

4-6 D-C GENERATOR TEST INSTRUMENTS
4-6.1 Instruments

Portable indicating D-C ammeters (with shunts if re-
quired) and D-C voltmeters of the 0.25% accuracy class
shall be used. Ammeter shunts shall be calibrated prior
to installation.

Typical instrument locations are shown in Figs. 4-2(e)
through 4-2(g) for a direct current series generator, a di-

4-5.3 Insfrument Connections

truments shall be connected into the lines from
htor as near to the generator terminals as prac-
on the generator side of any external connec-
wvhich power can enter or leave the generator
struments should be connected as shown on
n diagrams given in ANSI/IEEE Std 120.

on the use of computer-compatible instru-
provided in PTC 19.22, Digital Systems.
ds to the instruments shall be arranged so that
e or any other similar cause will not influence
hgs. Inductance may be minimized by utiliz-
bd and shielded pairs for instrument leads. It
is desirafjle to check the whole arrangement of instru-
ments foy stray fields.

The witfing influence of the voltage circuit shall not cause

a significgnt error in the measured power output. Wire
gauge shell be chosen considering the length of wiring and
a given Idad of the potential transformers, taking into ac-
count the|resistance of the safety fuses to be used in the
voltage cfrcuit. The errors due to wiring resistance\(in-
cluding fiises) shall always be taken into account:

Test ing
the gener|
tical and
tions by
circuit. In
connectio
Guidancd
ments is

The lea
inductan
the readi
ing twist

4-5.4 Exgitation and Auxiliary Service

Test intruments for measurement of the excitation
and auxiliary power services shall be the same type as
described in para. 4-5.1 above.

rect current shunt generator and a direct current short-
wer
irect

shunt compound generator, respectively. The

output and efficiency of each of the three types.of

current generators are calculated as follows,
D-C Series Generator and D-C Shunt'Generatox

Pg=(Ip X Ep) + (It X En)
P,=1p XEL
Neen = (1 = [(Pe + Pa)APE + Pyt + Po)]) X 100
D-C Short-Shunt Compound Generator:

P = (Ish r1a % Fswria) + (Ia X Ea) + (IL X Eseries rif)
Po = IL P& EL

Ngen =S~ [(PE + Ppm)/(Pe + P + Po)]) X 100

where
Pr = power expended in generator
Py = mechanical power loss = windage 4
bearing loss
P, = power output
Neen = generator efficiency
I} = load current
Isn rig = shunt field current
I4 = armature current
Er = field voltage
E4 = armature voltage
Er = load voltage
Esh rig = shunt field voltage
Eseries F1a = series field voltage

Series field
4
o A
generator Lets
/ \
'V ] E
\\\ ¥ Load Load
Armature 1
//’-\\\
® LA
\ ,/
Fig. 4-2(e) Direct Current Series Generator
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L 2
Armature ILoaN
//’-\\\
Shunt field i« V) Eioad
\
DC At i
generator
/”_\\\
= AT
\ //
Fig. 4-2(f) Direct Current Shunt Generator
Series field
Y YL
Armature ILCR
Shunt field 1 < Bload
’ \\
DC ( % }
generator Yo L,
/”_\\\
® A

4-6.2| Excitation and Auxiliary Service

Tegt instruments for measurement-of the excitation
and quxiliary power services may be’of the switchboard
type fif their contribution to the tést uncertainty will be
fewet than *0.03%. Otherwise; portable instruments of
the 0[25% accuracy class(shall be used.

4-7 | CALIBRATION'OF ELECTRICAL INSTRUMENTS
4-7.1| Standards

The electrical test instruments used for measuring the
grosd eleefrical output of the generator shall be calibrated

Fig. 4-2(g) Direct Current Short-Shunt Compound Generator

cuit of the instruments during calibration shallfcover the
range of expected test values. Switchboard insfruments,
if used by mutual consent of all test parties, shiall be cal-
ibrated in place. Polyphase meters, or meterinf systems
which cannot be verified to be separate single-phase me-
ters, shall not be used unless they can be calibrjited three
phase.

4-8 PRIMARY FLOW MEASUREMENT
4-8.1

The accurate determination of primary flgw to the

against secondary standards fraceable o a recognized na-
tional standards laboratory, such as the National Institute
of Standards and Technology, under laboratory condi-
tions that approximate the expected test site conditions.

4-7.2 Procedures

Electrical test instruments shall be calibrated imme-
diately before and after the turbine generator test series.
Portable instruments shall be calibrated in a laboratory.
The value of the voltage maintained on the potential cir-

TOTbiTe 15 Tecessary to compute turpine neat rate or
steam rate if the results are to be considered as a basis
for turbine acceptance. Recognizing the limitations pre-
sented herein, this Code recommends measurement of
water flow in the feedwater cycle. Extreme care must be
taken to obtain the high order of accuracy necessary in
primary water-flow measurement. Any deviation from
the requirements set forth in the following paragraphs
may result in an increase in uncertainty. All known er-
rors must be reduced so that their individual effect is
less than 0.05% of the primary flow to be measured.
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4-8.2 Measurement of Water Flow

While weighing of water can be the most accurate
method of measuring flow, it is seldom practical or eco-
nomical to employ weigh tanks or volumetric tanks for
testing of the large units installed in modern power
plants. The usual method of determining flow is with a
differential pressure producing device. Two sets of pres-
sure taps and a differential pressure instrument for each
set of taps will be used.

STEAM TURBINES

Table 4-1 Hole Coordinates for Perforated or
Tubed Plate

4-8.3 Re(Iommended Method

Excellefit results have been obtained using low-beta-ra-
tio throatjtap nozzles, and, for this reason, this Code rec-
ommendyg that they be used. The stringent requirements
for the recommended primary flow device contained in
this Cod¢ are based on experience with the low-beta-ra-
tio throatttap nozzles installed in 4 in. to 28 in. flow sec-
tions. Larger flow sections may be used provided they can
be calibrajted in accordance with paras. 4-8.13 and 4-8.14.

4-8.4 Flow Section

Throatjtap nozzles are recommended for measure-
ment of primary flow provided they comply with the
following requirements:

(a) Thq beta-ratio (d/D) is limited to the range of 0.25
to 0.50.

(b) Thd test flow section shall be calibrated (see paras.
4-8.13, 4-3.14, and 4-8.15). The flow section is comprised
of the priiary element, including the diffusing section,
if used, qnd the upstream and downstream pipe ;sec-

Plate-type flow straighterier i

taps

Upstream pressure

—J

No. X-axis Y-axis
1 0 0
2 0 0.142 D
3 0 0.283 D
4 0 0.423 D
5 0.129D 0.078 D
6 0.134 D 0.225D
7 0.156 D 0}381 D
8 0.252D 0
9 0.255D 01146 D
10 0.288 D 01288 D
11 0.396 D 0
12 0.400 D 01151 D

GENERAL NOTE: (D: pipe inside diametef).

tions. The upstream pipg séétion shall be a minimyim of
20 diameters of straight pipe and include a |flow
straightener installef)at least 16 pipe diameter$ up-
stream of the pritrary element.

The preferrédflow straightener utilizes a low{pres-
sure drop perforated or tubed plate with a nonunjform
hole distxibution. The geometry of the design is shown
in Fig.(-5, and hole coordinates are specified in [[able
4-1xThe design and hole coordinates are identicgl for
bath the perforated and tubed plate straightener] The
upstream side of the holes must be beveled in all ¢ases.
The straightener is located between 2 and 4 dianjeters
downstream of the test flow section inlet, as shoyn in

Fig. 4-3(a).
Compressed gasket
thickness not to
exceed 1/4g in. (1.6 mm)

NS

Throat taps —

o

e —

<——— 18 D min.

A \—Throat tap —

nozzle

NN

20 D min.

10 D min, —~\———>

GENERAL NOTE: No obstruction, such as thermocouple wells, backing rings, etc., are permitted.

Fig. 4-3(a) Primary Flow Section With Plate-Type Flow Straightener (Recommended)
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— Tube-type flow straightener Throat taps — Compressed gasket
thickness not to
exceed 1/4 in. (1.6 mm)
. Upstream pressure NN -
taps
|
Z\ 7777 l!_/
(L= Nss 1
—_ - - /1\ D _ d__ -
= M D
) = - I r— Y . /1
7 N2 % A
Flow ﬁ‘
— LS‘A Throat tap — ]
2D 2D D nozzle
. 16D
min.
20D 19D
min. %

GENERAL NOTES:

(@) No obstruction, such as thermocouple wells, backing rings, etc., are permitted,

(b) These figures are diagrammatic and not intended to represent details of actuaconstruction.

Fig. 4-3(b) Primary Flow Section With Tube-Type Flow Straightener

Flange face ——>
for § <0.44

ﬂ

Flange face ——¢
for § >0.44

0.44

Dfor § <0.44
Dfor g

F

Pressure taps—drill and ream

to size /g in. min., 1/, in. max.

Minimum twice

pressure-tap diameter —-

See detail
below

F—Dfor B> 0.444>‘ ‘

True ellipse
tolerance £ 0.001 in.

tolerance + 0.001 in.

B
10°

Y

e

4

Detail

Fig. 4-4 Throat-Tap Flow Nozzle
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An alternative is a perforated-plate flow straightener,
as shown in PTC 19.5, Flow Measurement. However, be-
cause it is likely to have a higher pressure drop, there
is an increased chance of cavitation in the nozzle dur-
ing calibration, which may limit the maximum Reynolds
Number achieved.

Another acceptable design, utilizing a bundle of at
least 50 tubes 2D long (see Fig. 4-3(b)), has been used
extensively.

Other types of flow straighteners may be used if their

STEAM TURBINES

See Detail No. 1

|<—>| 013D

Inspect for no
scores (Typ.)

ability to femove swirl and distortion from the upstream
flow has peen demonstrated.

(c) The primary flow element and its flow section
shall be known to be clean (see para. 4-8.18) and un-
damaged| throughout the test period. This shall be de-
termined|by inspection as soon as possible before and
after the fest. The location of the primary flow section
in the cycle, its physical configuration, and the technique
that is emiployed to obtain the flow measurements are
critical anjd discussed in subsequent paragraphs.

4-8.5

PTC 19.5 contains a description of the low-beta-ratio
throat-tapp nozzle; however, additional information is in-
cluded i\lthe following paragraphs that applies specif-
ically to fhroat-tap nozzles used for steam turbine test-
ing. PTC|[19.5 also contains procedures for calculating
the flow [of water through a throat-tap nozzle using
measured values of pressure differential between an in-
line set of upstream and throat taps.

4-8.6 Degign and Manufacture

Becausg of the high degree of accuracy necessary, the
following requirements are given in regard to the de-
sign and manufacture of throat-tap nezzles for primary
flow measurement. Fig. 4-4 of this Cede and PTC 19.5
show exgmples of long-radius;low-beta-ratio nozzle
shapes wijth throat taps that satisty these requirements.
It is recmmended that this‘hozzle be manufactured
with four throat taps, lacated 90 deg apart.

Great dare must be(taken in the manufacture and in-
spection ¢f throat-tap nozzles, particularly in regard to
the geomfetry of\thé nozzle and downstream pressure
taps; othdrwise; difficulties meeting the calibration crite-
ria may ofctir=This is particularly true when the flow sec-

0:06,in.

Varies

|
B\
§>

0.06 in.

GENERAL NOTE: This figure is diagrammatic and is not intended to
represent details of actual construction.

Fig. 4-5 Perforated or Tubed Plate Flow
Straightener With Nonuniform Hole Distributjon

will be no flow separations. The area in the plane ¢f the
throat taps shall be used in the coefficient calculgtion.
The nozzle shall be made from a corrosion-resistant ma-
terial with known thermal expansion coefficient, apd its
surface shall be free of all burrs, scratches, imperfec-
tions, or ripples. The surface should be either|“hy-
draulically smooth” or 16 u in., whichever is smo¢ther.
For turbulent boundary layers, the surface is|“hy-
draulically smooth” when protuberances are contfined
within the laminar sublayer. Figure 4-6 presents the sur-

tion is welded together, since problems with calibration
will not be evident until after the nozzle has been welded
into the upstream and downstream pipe sections. Any
required rework of the nozzle would obviously be much
more difficult than with a flanged construction.

4-8.7

The entrance provided by the low-beta-ratio profile
gives a favorable pressure gradient so that the bound-
ary layer will be very thin in the throat section and there

face finish necessary to be hydraulically smooth as a
function of throat diameter and the maximum throat
Reynolds number achieved during either test or cali-
bration.

4-8.8

To minimize instrument systematic error, the nozzle
throat diameter should be selected to give the maximum
deflection possible, considering both the available
pumping head and instrument range. The transducer or
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100

10

Throat Diameter in In¢ghes

Surface Finish in Microinches

man
tuati

meter range should be selected to allow for fluc-
ns and maximum flow which may~be encoun-
teredl The nozzle shall not be used.te measure flow
wher} the differential pressure is fewer than 1000 times
the rpading error, or 2.5 psi (172 kPa), whichever is
largef. When it is necessary. to' measure flow over a
largef range than can be-obtained by complying with
this requirement, it is permissible to use additional noz-
zles [with different/throat diameters. These nozzles
should be sized s6 that one of the test points can be run
each nozzle:

will represent a penalty in cycle efficiency, which may
be unacceptable if the nozzle is to be installed for a sig-
nificant period of time. This loss can be reduced by
about 70% by installing a diffuser downstream of the
nozzle as shown in Fig. 4-7a. This figure is for a typical
diffusing cone installation showing flow-path require-
ments and not intended to show details of mechanical
design. A cylindrical section of length d/2 preceding the
diffuser is necessary in order not to change the flow co-
efficient. Care should be taken to see that the cylindri-

Throat Reynolds No. x 107°

33

10 100

Fig. 4-6 Throat-Tap Nozzle Required Surface‘Finish to Produce a Hydraulically Smooth Surface

cal section of the diffusing element does not
into the flow from the throat of the nozzle angl that the
gap between nozzle and cylindrical section is f¢wer than
0.050 in. The calibration must be made with the diffus-
ing section in place. It is recommended that thle diffuser
material have the same expansion characterisfics as the
nozzle.

A secondary benefit of a diffusing cone njay occur
during calibration. With a reduced unrecoverpble pres-
sure loss, the calibration facility may be able fo achieve
a higher Reynolds number.

protrude

4-8.9 Pressure Taps

/4 in. (6 mm) in dlameter and at least two pressure-tap
diameters deep. They shall be machined perpendicular
to the surface, have sharp corners, and be free from
burrs and scratches. The downstream pressure taps shall
be machined in the throat of the nozzle in order to de-
crease the effect of downstream disturbances on this
pressure measurement. They shall be drilled and
reamed previous to the final boring and polishing of the
throat. A plug with a press fit is then inserted in the
hole. The final boring and polishing operation should
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Stainless steel
diffusing cone
(finish with 3/, in.
minimum thickness)

Hyekatieath-
7

’Ismooth surf%

-

be done dfter the insertion of the plug. The\plug should
be made [with provisions for pulling-it_ out of the hole
after the [polishing and machining is-completed. After
removal ¢f this plug, any slight-burr that might be left
on the edlge of the hole may_be-rémoved by using a ta-
pered pigce of hardwood, stch as maple, to roll around

nozzle erftrance.

4-8.10 Pi

« A d
:'0'050 72 _>|\ Smooth

in. transition
d

1.013d|t0 1.017d

Enlarged View of ‘X’

Fig. 4-7(a) Throat-Tap.Nozzle With Optional Diffusing Cone

eter, whichever is greater, with minimum removal of
metal for a length of at least four pipe diameters| and
then tapered at 3.5 deg to the remaining pipe ihside
diameter.

the tap edges. The upstréant taps shall be carefully made
and locat¢d one insidé-pipe diameter upstream from the 7
{ ﬁ' Flow PR SN ﬁ
- - 2 -
e Section S Z AD— /—)
The plpe OIl CIUICT SI1AdC O UIE TIOW TIO0ZZIC SIldll DE
smooth, and free from rust, scale, and blisters. For the / Machine with
upstream pipe section, the inside diameter measured at taper not exceeding —
four points at any cross-section shall not differ by more 31/, deg Machined cylindrical

than 0.2%. The average inside diameter at different
cross-sections shall not differ by more than 1%. The al-
lowable variations in inside diameter for the down-
stream pipe shall be twice those for the upstream pipe
section (see Fig. 4-7(b)).

The upstream pipe must be machined cylindrical
within +0.005 in. or =0.0005 in. per inch of pipe diam-

within £0.005 in. or
40.0005 in. per inch

pipe diameter, whichever
is greater with minimum
removal of metal

Fig. 4-7(b) Boring in Flow Section
Upstream of Nozzle
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4-8.11 Flanged Assemblies

Flanged assemblies are normally used with relatively
low pressures, such as when the flow element is in the
condensate line upstream of the main feed pump. This
arrangement is associated with the recommended proce-
dure for the full-scale test. The flow nozzle shall be cen-
tered in the pipe within /3, in. (0.8 mm) of the pipe axis.

If the flow section is downstream of the main feed
pumps where it is sub]ect to hlgh—pressure levels,

NPS [through NPS 24 Considerations, such as the cost
of the flanges, the cost of moving them into place, and
the added cost of pipe hangers, may make it desirable
to usp a welded assembly (see para. 4-8.12).

Wihen the flow section is assembled with flanged con-
nectipns, the pipe joints at the flow nozzle shall have the
innerl bores square with the faces of the flanges. The gap
betwpen the nozzle and pipe flanges shall not exceed
/16 i}. (1.6 mm). The gaskets shall not extend within the
pipe.

Flag
with
nentsg
in ex
ibrat
nozz
stres
expa
comy
tortig
flang
madsg
pans

To

nges adjacent to the nozzle should be provided
dowels or other means to ensure that all compo-
of the complete flow section are always assembled
wctly the same relative locations as when it was cal-
bd. Some methods of manufacture may subject the
e throat to distortion due to thermally induced
. This could be caused by the difference in linear
hsion coefficients for the different materials of the
onents. To reduce the possibility of thermal-dis-
n of the nozzle, it is desirable that the pipeand
s of the flow section adjacent to the fipzzle be
of a material having the same coefficient of ex-
on as the nozzle.
avoid damage to the nozzle duting flushing that
nornfally precedes the initial startup of the plant, it is
recothmended that the flow seetion be installed after
flushjng.

Plate-type flow straightener

Upstream pressure taps

ASME PTC 6-2004

4-8.12 Welded Assembly

If the flow section is downstream of the main feed
pumps where it is subject to high-pressure levels, it may
be welded together and then be welded in the station
piping after the piping has been flushed. A typical of
such flow section is shown in Fig. 4-8. To meet the re-
quirement of inspecting the nozzle both before and af-
ter a test, a welded flow section shall include a plugged
1nspect10n port 1mmed1ate1y upstream of thenozzle. The
mined by
other de-
hspection
of the in-

to allow

the ease of inspection, ease of cleaning, and
sign considerations. An example of suchyan i
port is shown in Fig. 4-9. The inside-diameter
spection port should be at least 4-in:~(100 mm|
easy access and nozzle cleaning if-required.

The inspection device (typically a fiber opt
shall not damage the sharpredges of the inspe
or the surface of the nozzle; particularly around
The plug must be undamaged, and the contq
plug must be properly aligned to preserve the
file of the water.‘A plug radial clearance of up|
(0.8 mm) willbe acceptable. A recess (i.e., dist
the end @bthe plug to the inside diameter of
of up t0./3; in. (0.8 mm) is acceptable. The {
not protrude into the pipe.

For flow sections welded into the feedwater
flow nozzle must be constructed of a corrosion
material if the pipe is subject to chemical clea)
cleaning of the flow test section can be accomp
the use of very high-pressure water jet devices.
sign of the plant, the design of available cleanir
should be reviewed, and the practicality of p
the cleaning through the inspection port shoulfl be eval-
uated. It may be advisable to install a special pprt down-
stream of the downstream pipe section specificqlly for the
introduction of a high-pressure water leaning flevice.

If, after installation, inspection reveals damgge to the
flow nozzle or its throat taps, such damag¢ may be

¢ device)
btion hole
| the taps.
ur of the
flow pro-
to 1/ 32 in.
ince from
the pipe)
lug must

pipe, the
| resistant
hing. The
lished by
[n the de-
g devices
erforming

|/— Throat taps

FANNNNN N NI N
? \g 8( ////’—: \ Sx@zﬁﬁs
1 - - Y - " L \,N\:'\ ! - -
Flow E 1 D \\\ -
B ¢ 5 e —
N N AN\ N
D —>
«<——2to4 D 16 D min. 10 D min.
20 D min. Inspection port

GENERAL NOTE: This figure is diagrammatic and not intended to represent details of actual construction.

Fig. 4-8 Primary Flow Section for Welded Assembly
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missible to extrapolate the calibration curve as described
in para. 4-8.16. Since the effect of the transition region be-
comes increasingly smaller as Reynolds number rises,
this Code recommends that the value of the coefficient
be established at highest Reynolds number possible so
that this effect is minimal. All four tap sets should be cal-
ibrated. For the test, select the two tap sets that most
closely comply with first, the calibration criteria (see
paras. 4-8.13, 4-8.14, and 4-8.15) and second, the guide-
lines in Fig. 4-13. Each selected tap set shall be instru-

Radial clparance
0in. ]

N\
D\

4 in. min.

GENERAL N
is determin

DTE: The orientation of the access port on the pipe
bd by the designer (see para. 4-8.12).

kig. 4-9 Inspection Port Assembly

remedied through the access provided by the inspection
opening. [This would depend on the type and extent of
the damajge and call for consultation and agreement be-
tween th¢ parties to the test.

Precaution should be taken to avoid nozzle throat dis-
tortion inf service due to use of materials with dissimi=
lar thermpl expansion characteristics.

4-8.13 (Cdlibration

Experignce shows that the coefficient of discharge for
a particulpr flow section cannot be satisfactorily predicted
to meet Jode uncertainty objectives) and, therefore, it is
necessary] to calibrate each flowssection. This calibration
should b undertaken only atreécognized facilities under
conditionp similar to thosé.in the actual installation. Care
must be gxercised in the'selection of the calibration facil-
ity and anpalysis of the'calibration data to ensure that the
single-pojnt accuzdcy necessary to establish the slope of
the calibrptiorr ctirve is attained. The physical construc-
tion of the piping in the calibrating setup should be sim-

mented individually. If the calibration of the flow;sdction
does not comply with para. 4-8.14, the nozzle shoyld be
carefully inspected as described in para. 448.7/ and cor-
rected, if necessary, and the flow sectiofrecalibrated. If
the recalibration still does not comply with para. 4-8.14,
the flow section should again be sécalibrated using dif-
ferent facilities. In the event différent facilities arp not
available, the parties to the testimust agree on the cpurse
of action before the test is(started.

4-8.14

Compliance @vith the requirements of paras. [4-8.4
through 4-8.12/is"determined by the shape of the qoeffi-
cient of discharge, C, versus Reynolds number curye es-
tablished'by calibration. For each set of selected |taps,
the calibration curve (not necessarily each indivjidual
point) shall be within 0.25% of the reference curv¢ (see
reference curve Fig. 4-10 and Table 4-2) and megt the
Criteria of para. 4-8.15. The reference curve shown i Fig.
4-10 was derived from a detailed boundary layer analy-
sis and corroborated later by a study yielding the ex-
pression given in Table 4-2. The equation, discussed in
para. 4-8.15, is a description of the coefficient of dis-
charge, C, of a throat-tap device throughout the ¢ntire
range of Reynolds numbers of interest.

4-8.15 Evaluation of Laboratory Calibration Data

The recommended method for determining if the cal-
ibration data of a throat-tap nozzle is satisfactory, i.e.,
can be extrapolated parallel to the reference curve ps re-
quired in para. 4-8.14, is as follows:

Make multiple solutions of an equation of the
C=C,—0.185R; %2 (1 — 361,239/R,)"*8

This is done by substituting the measured value ¢f the
coefficient of discharge of each calibration point with a

form

ilar to that i the testsetup {Tom the Standpoint of pipe
configuration, immediately upstream and downstream of
the flow-measuring section. Also, the Reynolds number,
water temperature, and other flow conditions should be
as close to test conditions as possible. The calibration
should preferably consist of at least 20 acceptable points
over a wide range of Reynolds numbers. If repeat cali-
bration points at the same Reynolds number differ by
more than 0.1%, an additional calibration point at the
same Reynolds number is recommended. When it is not
possible to calibrate at test Reynolds number, it is per-

36

ReymnotdsTomber—greater—tharone mithion imto  the
above equation as C and evaluating for C,. Three crite-
ria must be satisfied for the nozzle calibration to be ac-
cepted as satisfactory.

4-8.15.1 Average Value. The average value of C,
must equal 1.0054 * 0.0025 (therefore, 1.0079 = C, =
1.0029).

4-8.15.2 Reynolds Number Independence. The val-
ues of C, must show no dependence on R,. This is de-
termined by an unconstrained linear regression of C,
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(leas{ squares fit) represented by the equation C, = a +
DR4. [f the slope of the unconstrained fit, b, is within
+2.7E-10, the values of C, may be considered R; inde-
pendent (or have an acceptable degree of R; depend-
ence). For further information on this issue, refer to
ASN% PTC 6A-2000 Appendix to PTC 6 Test Code for

a

f

Stearh Turbine, section 5.

If fhe flow section is to be used within its calibration
rangg, the curve obtained from the calibration data can
be uged even if its slope does not meet this Reynolds
number independence criterion.

Gyidance on performing regression analysis may be
foundl in PTC 19.1, texts on statistical analysis, and IS0
70661 1989, “Assessment of Uncertainty in the Calibras
tion gnd Use of Flow Measurement Devices—Part 1-Lin-
ear (Jalibration Relationships.”

4-8.15.3 Scatter of Calibration Data. ~The confi-
dence interval of the C, data for 95% confidence level
should not exceed 0.0006 (=0.0003 frem the regression
line df C,). If this is not achieved with'the recommended

Tlable 4-2 Reference Nozzle Coefficients of

Throat Reynolds Number, Ry

Fig. 4-10 Reference Curve for Nozzle Calibration

20 calibration points, it willdbe necessary to dollect ad-
ditional calibration points;

If there is excessive seaftter in the calibration| data, the
nozzle should be inspected, reworked, and recalibrated.
If scatter is still preseént, another nozzle shall b¢ used for
the test.

4-8.16 Extrapolation

Whenr'an extrapolation of calibrated data to higher
Reynolds numbers is required, as permitted| by para.
4-813, that extrapolation shall be made by s¢lving for
C at test Reynolds number in the equation| in para.
4-8.15 with C equal to the average value dgtermined
for the set of calibration data being used. This method
provides a precise and repeatable means for fletermin-
ing a coefficient of discharge beyond the upp¢r limit of
the calibration range.

4-8.17 Transition Region

At low-throat Reynolds numbers, the nozzle bound-
ary layer is laminar; at high-throat Reynolds jnumbers,
it is turbulent. In between these two regionsl|is a zone
called the transition region. Figs. 4-10 and Talple 4-2 in-
dicate that for Reynolds numbers between 1 gnd 4 mil-
lion, nozzle coefficients described in this Code are no-
ticeably affected by the transition of the boundary layer.
However, experience has shown that for any given noz-
zle, coefficients in this region are repeatable within lab-
oratory random. Therefore, the coefficient of Hischarge
in this region is stable and usable for any calibjated noz-

Discharge

Throgt Reynolds Coefficient of
Number in Millions Discharge, C

1.0 0.9972

2.0 0.9967

3.0 0.9969

4Q 0.9972

5.0 0.9974

6.0 0.9976

8.0 0.9980

10.0 0.9982

20.0 0.9991

30.0 0.9995

40.0 0.9999

50.0 1.0001

GENERAL NOTE: Reference nozzle coefficients of discharge are derived
from the expression C = 1.0054 — 0.185 R; %2 [1 — 361,239/R,1°¢,
which reasonably matches the reference curve shown in Fig. 4-10.

zle that meets the evaluation criteria in para. 4-8.15. It
is recommended that nozzles be sized to produce throat
Reynolds numbers beyond this range if possible and ex-
trapolation be performed as described in para. 4-8.16.

4-8.18 Deposits

A slight iron-oxide film on the nozzle surface will
usually collect during the test. If film thickness is fewer
than 0.0002d, and uniformly deposited, its effect on the
uncertainty of the flow measurement will be negligible.
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If the thickness of the deposit exceeds this value, or if
the nature of the deposit is nonuniform and the surface
appears rough, either of two procedures may be fol-
lowed:

(a) the nozzle may be cleaned using commercial
cleaning agents or fine rubbing compounds not harm-
ful to the nozzle and the test repeated; or

(b) the flow measuring section may be recalibrated,
and if the calibration change is judged to be insignifi-
cant by the parties to the test, they should agree on the
action to |pe taken.
ust be taken not to disturb the deposit before
ion. If the calibration is significantly different
from the falibration prior to the test, it is necessary that
another set of runs be made under deposit-free condi-
tions. Thg test results cannot be adjusted, since it is usu-
ally impdssible to determine when the deposit formed
on the n¢zzle. Removable flow sections should be in-
stalled, af a practicable time, to minimize the interval
between |nstallation and test dates.

4-9 TALLATION OF FLOW SECTION

4-9.1 Reqommended Cycle Locations

INS

As stat
a choice
ment. Va

bd in paras. 1-3.1 and 1-3.2, this Code provides
or the location of the primary flow measure-
iations in flow measurement locations may be
used by 3dgreement between the parties to the test pro-
vided prg¢cautions are taken to eliminate heater leakage
and recirulation flows and appropriate instrumenta=
tion is ingtalled.

Figureq 4-11(a) through 4-11(e) show the location of
flow instfumentation in typical cycles. While these dia-
grams shpw only single strings of heaters, two or three
strings afe commonly used with the latger sized tur-
bine-gengrator units. For cycles of large units and par-
ticularly those with nuclear steam.supply systems, two
or more ﬂiow measuring devices\may be used in paral-
lel at each primary flow location:

4-9.2 Corldensate Flow-Séction

(a) For|
supplied
4-11(@a). I
ommend
ured as pr
any heater tube leakage rec1rculat1ng through the flow
measuring device.

If the feedwater cycle has no deaerator but does have
a heater with pumped-ahead drains immediately up-
stream of the feedwater pump, it is recommended that
the condensate flow entering this heater be measured.
Again, there is no possibility of heater tube leakage re-
circulating through the flow measuring device.

If the feedwater cycle has no deaerator nor pumped-
ahead heater drains immediately upstream of the feed-

units with~high-pressure feedwater heaters
with superheated extraction steam, see Fig.
the“feedwater cycle has a deaerator, it is rec-
bl that condensate ﬂow entermg it be meas-
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water pump, it is recommended that condensate flow
be measured downstream of the low-pressure heaters
and upstream of the feedwater pump. If the absence of
high-pressure heater leakage is not verified by use of a
suitable tracer or other technique, it will be necessary to
measure the total drain flow from the high-pressure
heaters for comparison with the sum of the extraction
flows from these heaters as calculated by heat balance.
The difference between these values is the amount of
suspected high-pressure heater leakage.

The preceding primary flow locations were selpcted

tion of the coefficient-of-discharge-ctirve, and (3) afoid-
ing complications created by, possible recirculating
flows through the primary flo#w/section.

(b) For units with highzpressure feedwater hdaters
supplied with wet extraction steam, see Fig. 4-11(bf) and
(c). If the feedwater cycle has a heater with punmpped-
ahead drains upstream of the feedwater pump|(Fig.
4-11(b)), it is_recommended that the condensatd and
heater drain flows both be measured immediately up-
stream of the point where they mix and the sum ¢f the
two flows be used as primary flow, provided th3t the
absenice’of heater leakage is verified by use of a suftable
tracer technique. Otherwise, the feedwater flow [from
the highest pressure heater also must be measurgd for
comparison with the primary flow with adjustment for
feedwater pump injection and leak-off flows. The dif-
ference between these values is the amount of susppcted
high-pressure heater leakage.

If the feedwater cycle has only heaters with drains
cascading to the condenser [Fig. 4-11(c) [Note (1)]], it is
recommended that feedwater pump suction flow be
measured, provided that the absence of heater legkage
is verified by use of a suitable tracer technique. Qther-
wise, feedwater flow from the highest pressure Heater
must be measured for determination of suspected wa-
ter leakage, as in the case of the intermediate punpped-
ahead-heater cycle. When measuring feedwater g
suction flow, use of a metering pressure drop thht in-
fringes on the pump required minimum NPSH s
be avoided.

tion of the cycle should be rechecked calibration curves
of the flow measuring devices investigated, and possi-
bility of error in the final feedwater or heater drain flow
measurements considered.

4-9.3 Feedwater Flow Section

The primary flow measuring device is installed, per-
haps welded, in the feedwater line, downstream of the
highest pressure heater, so that it directly measures
feedwater flow to the steam generator.
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4-9.4

To minimize the difficulty of obtaining steady flow,
the flow measuring device should not be located at a
pump discharge. Advantage should be taken of the

damping

effect of any existing heat exchangers and long

lengths of pipe in the cycle in locating the flow mea-
suring device. The flow measuring device should also

STEAM TUR

Uaton

©)

BINES

h = difference in

be located to eliminate the effects of recirculating and water leg
bypassing flows. If this is not possible, extraneous flows |
shall be greasured withrsufficlentaccracy so tat e | /o T ————— Y-

effecton

4-9.5

The ins
izontal ry
distortior
cient exti
flow noz3
300°F (42
cated doy
ceptable
Code (sed

4-9.6

primary flow uncertainty is fewer than +£0.05%.

tallation of the flow measuring section in a hor-
n is recommended. To minimize the effects of
due to thermal expansion and nozzle-coeffi-
apolation due to higher Reynolds numbers,
le locations having water temperatures below
DK) are preferred. However, flow nozzles lo-
vnstream of the highest pressure heater are ac-
f they are designed in accordance with this
paras. 4-8.6 through 4-8.18).

When the flow measuring device is installed such that

the upstr
ferent el¢
differencg
ference i1
pressure-

4-9.7

If the
apart ing

pam and downstream tap locations are at dif-
vations, it is necessary to correct for water leg
s between the tap elevations caused by the dif-
| density of the water in the flow section and
sensing lines (see Fig. 4-12).

nly two acceptable sets of taps.are 90 deg
tead of the recommended 180‘deg apart in

Recommended:

o <> @

<

For upward flow:
APirye = APmeas. T (Pamb — ppipe)(g%,)h

For downward flow:
APirye = Apmeas. - (pamb - ppipe)(g%)h

Fig. 4-12 (Water Leg Correction
for Flow Measurement

a horizontal pipe, one set should be located 4t the

horizontal axis of the pipe (see Fig. 4-13). If the
set \0f ‘taps has the upstream and down-stream|
cehnected to the pipe at different elevations, s
dttention to insulation must be given to min
any specific weight differences between the
flowing through the pipe and in the pressure tap
(see para. 4-9.6 and Fig. 4-12). If the flow secti
located in a vertical pipe, any tap configurati
acceptable. See para. 4-9.6 for further discussi
necessary water leg correction for taps at diff
elevations.

First preference Second preference

bther
taps
ecial
mize
vater
lines
on is
bn is
n of
perent

Not recommended
(Subject to dirt
pluggage)

O
C

ORe

Fig. 4-13 Flow Element Tap Locations for Horizontal Pipes
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4-10 FLOW CHARACTERISTICS
4-10.1

Flow measurements shall not be undertaken unless the
flow is steady or fluctuates only slightly with time (see
also para. 3-9). The permissible magnitude of mass flow
fluctuation requires that the magnitude of the differen-
tial pressure fluctuation, (max — min)/2, not exceed 1%
of the average for fluctuation frequencies greater than or

equaJ to twice the samp ]ng rate Eﬂr f]]c_t]]at]un fre— ll-iil 2 |nsl’n||nﬁnn

quenties less than twice the sampling rate, the permissi-
ble limit of the fluctuation in differential pressure is 4%.
Fluctfiations in the flow shall be suppressed before the
beginning of a test by very careful adjustment of flow and
level[controls or introducing a combination of conduc-
tance, such as pump recirculation, and resistance, such as
throtfling the pump discharge, in the line between the
pulsgtion sources and flow measuring device. Damping
devides on instruments do not eliminate errors due to pul-
satiofis and, therefore, shall not be used. If the pulsations
exceqgd the above values after every effort has been made
to suppress them, mutual agreement is required before
the t¢st can proceed.

4-10.p

In [passing through the flow measuring device, the
watef shall not flash into steam. The minimum throat
statiq pressure shall be higher than the saturation pres¢
sure |corresponding to the temperature of the flowing
watef by at least 20% of the throat velocity headyas re-
quirdd per para. 4-16.2, to avoid cavitation.

4-11) OTHER FLOW-MEASURING DEVICES

Infprmation relative to the construction, calibration,
and installation of other flow-measuring devices is de-
scrib¢d in PTC 19.5. Although these devices are not rec-
ommiended for the measutement of primary flow, they
may fpe used provided ‘they conform to the general re-
quirgments of paras{4-8.4 and 4-8.14 with the following
exceptions:

(a)|For the fequirement stated in para. 4-8.4(a), the
beta-fatio shall/be limited to the range 0.25 to 0.50 for
wall-fap nozZles and venturis and 0.30 to 0.60 for orifices.

(b)| For-the requirement stated in para. 4-8.14, the ap-

ASME PTC 6-2004

sible. When the cycle configuration requires primary
steam flow measurement, the requirements for accurate
steam flow measurements are the same as for water flow
measurements with the exceptions and additions of
paras. 4-12.2 through 4-12.5. The installation and cali-
bration of flow measuring devices used to measure pri-
mary steam flow to high-pressure, high-temperature
turbines, however, is inherently difficult.

The installation shall be in accordance with' [PTC 19.5.
Valve stems should be in the horizontal positipn to pre-
vent trapping of water.

4-123

The flow section shall Have the same thermfal insula-
tion as the rest of the steam pipe.

4-12.4 Flow Characteristics

In passing‘through the flow measuring de¢vice, the
steam shall'xemain superheated. Measurement shall not
be attempted if the amount of superheat is less|than 27°F
(15K)-in"the throat.

4-12.5 Secondary Measurements

The calculation of steam flow through a rfozzle, an
orifice, or a venturi should be based on upstjeam con-
ditions of pressure, temperature, and viscosityl. In order
to avoid the disturbing influence of a thernfowell lo-
cated upstream of a primary element, doynstream
measurements of pressure and temperature afe used to
determine the enthalpy of the steam, which islassumed
to be constant throughout a well-insulated flow mea-
surement section. Based on this enthalpy angl the up-
stream pressure, the desired upstream propertjes can be
computed from steam tables.

4-13 MEASUREMENT OF WATER
FLOW USING TANKS

4-13.1

Actual weighing of water is the most accurafe method
of measuring flow if the tanks, timing devfices, and

propriate relerence coellicient for the actual device
given in PTC 19.5 shall be used. The parties to a test
should become familiar with the contents of PTC 19.5
regarding these devices.

4-12 MEASUREMENT OF STEAM FLOW
4-12.1

This Code requires that the primary flow be mea-
sured in the feedwater cycle (para. 4-9) whenever pos-

scales are sized and calibrated to eliminate total mea-
surement uncertainty of 1% or greater. It is sometimes
necessary to load and unload large scales many times be-
fore an accurate scale calibration can be obtained.

4-13.2

Volume tanks also give accurate results provided that
they are properly maintained and calibrated. Tempera-
ture corrections should be applied to account for changes
in tank size.
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4-13.3 be determined from a temperature measurement accu-

o
The following precautions shall be observed in the use rate to within =1°F (0.5 K).

of weigh or volume tanks:

(a) There shall be no spilling or loss of water at ad-  4-14 DIFFERENTIAL-PRESSURE MEASUREMENTS
mission whenever two tanks are used. Whatever means

. . 4-14.1

are employed for diverting water from one tank to an-
other shall be quick, positive, and symmetrical. The measurement of the differential pressure neces-

(b) Should the method of measurement require level  sitates particular care. Some precautions are listed be-
indicating means, the arrangement of the tank or tanks  low and 1llustrated in Flg 4- 14(a) and 4- 14(b)
shall be sprctrtt f i

to less thqn 20.1 of the contents of the tank, including er- ~ quired. For prlmary flow measurements,. differential
rors of olpservation incidental to turbulences caused by = pressure transducers of the 0.05% (or better) acciracy
the maxi . Al-

(c) It shall be ascertained that inlet and outlet valves  ternatively, mercury-filled manomieters may be [used
or gates do not leak when closed. provided the precautions of para:441.4 are followed. The

(d) It shall be ascertained that the weighing tank sys-  length of piping between the flow measuring devicp and
tem is frep from any external force and that nothing can manometers shall not exceed\25 ft (7.5 m) and shjll be
affect the[weight reading except the deadweight, or tare, ~ uninsulated. Piping to transducers may be longer] than
of the tapk and the water to be weighed. The dead- 25 ft (7.5 m) and shall:bé uninsulated.

weight, o tare, shall be taken before each filling. (b) For primary flow measurements, differentialfpres-
(e) Volume tanks must cease dripping before the out-  sure transduceps\should not introduce an uncerfainty
let valved are closed. exceeding *0% of the minimum flow to be measjured.

(f) In ¢rder that any inconsistency in the quantity =~ They mustbe calibrated before and after each tesf, and
measurerhents may be immediately discovered, equal  each calibration must be accomplished for both in-

time peripds or equal weight increments should prefer-  creasingand decreasing pressure in order to estdblish
ably be alloted for charging weigh tanks. hysteresis. If one-half the hysteresis error is pmall
(g) Forl weigh tanks, the weight of air displaced by  efiough to allow use of the transducer, the mean ¢urve
water shdll be taken into account. between the two calibration curves shall be used fo cor-
(h) Thq method of accounting for losses in the form. ~ recting the observed pressure. The aging of the frans-
of flash viapor shall be agreed upon. ducer must be carefully recorded. The before and|after

(i) The|density of water in the volume tanks.shiould  calibration curves shall not differ by more than (.05%

I Downstream
section
Flow . Flow nozzle I
straightener
|4 \I T
__g _ A Flow~>] _ N @ b
LT —L Ven

Gate
valve

Plan View End View

J

Upstream
section

Cros—

D>

}—El[

?
}—Ell:l—
/

(Bundled) Transducer

Fig. 4-14(a) Connection Between Calibrated Flow Section and Transducer
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Plan View
Upstream Downstream
section section
Flow Calibrated

straightener flow nozzle
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End View

5 " §~D>]

(@

Vent

36in. |

f Rl
. S~ Gate valve
36in.

Solenoid

actuated valve*
)y LHBundled)

of mass flow. Except by agreement of the parties to a
test, fhe test must be repeated if this\difference is ex-
ceed¢d. It is advisable to use trafisducers which have
stabl¢ characteristics over the spari of the test period.

(c)]In order to achieve and maintain the desired ac-
curady, transducers may xequire shock mounting and a
templerature-controlled‘environment during the test. All
transfducers shall bebench calibrated at line pressure us-
ing o calibration feference that is traceable to a recog-
nized nationalsstandards laboratory, such as the Na-
tional Institute’ of Standards and Technology. After
insta)lationfor the test, a zero reading shall be obtained
at linfe pressure.

*Not to be used with transducers

for manonieters

Floor life

@n
Clearance requifed

GENERAL NOTE: Connecting piping between taps and manometers shall not be less than
3/g in. (10 mm) inside diameter or eqliivalent. Refer to para. 4-14.1(e).

Fig. 4-14(b) Connection Between Calibrated Flow Section and Manometer

measuring device and then slope down confinuously
without loops to the instrument in order to elifninate air
from the lines.

(f) Precaution must be taken when running the in-
strument piping to ensure that the temperatyre differ-
ence of the fluid in the two lines connecting th¢ primary
element and each instrument does not exceed| 4°F (2K).
The piping should be bundled and run to mirjimize the
heat transferred from external sources.

(¢) The instrument piping shall be well fliished be-
fore the instrument is connected. The instrurpent con-
nections shall include valves, tees, bleeders|and dirt
traps as shown in Fig. 4-14(a) and (b), suitabld for shut-

(d)-frrTructear —applications, transducers may — be
mounted in areas of high radioactivity. Pressure lines
run from the transducers to an area of low radioactiv-
ity allow the transducers to be calibrated in place. Ap-
propriate remotely controlled valves with the same flow
resistance in each direction must be used (see Fig. 4-15).

(e) For manometers, connecting piping used between
the pressure taps and the instruments shall not be less
than 3 in. (10 mm) inside diameter tubing or equiva-
lent to avoid resistance damping inside the piping. This
tubing shall run horizontally for 3 ft (1 m) from the flow

ting off IrstromeTTt piping or vernting atamny time dur-
ing the test. Sufficient time should be allowed for the wa-
ter legs in the connecting piping to reach temperature
equilibrium. Connecting piping temperature should be
below saturation for the measured pressure. A minimum
waiting time of one hr is usually sufficient.

(h) Zero-displacement solenoid-operated valves may
be installed with manometer systems, as shown in Fig.
4-14(b), in each tube close to the primary element to
eliminate differential-pressure fluctuations during read-
ing. These valves are to be closed for reading at definite
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1 |
Upstream section Downstream
20 dia. long with section 10 dia. long
straightener M M
| (v5y B
IAI _
- 1 Computer
Radioactive gl 3
barrier —|
e—x __ =11 _ _ __
J [ !
i | 1 1 5

Inplace calibrations

intervals without regard to the value of the differential
pressure.[Other means of obtaining instantaneous read-
ings may| be employed if they do not introduce errors
in the reading. Solenoid valves should not be used with
transducgrs for arresting readings but may be used fof
multipleing instruments.

(i) Dii(rrences in elevation of pressure taps miist be
known wjithin 0.25 in. (6 mm).

(j) The|instruments should be located at a lower ele-
vation thin the primary-flow element.

(k) When it is impossible to locate-the  instrument at
the lowet elevation, special precautions must be taken
to ensure proper venting of the“system. Suitable water
reservoirg must be installed abgve the instruments with
valves fof venting. Also, ademperature seal (loop in pip-
ing) mus{ be installed bétween the primary element and
instruments.

4-14.2

The differéntial-pressure instruments before and after

“A," “B," “C" - remote 10-50 MA or equivalent | Djgital |
operated electric-solenoid output to computer of | volt |
valves for calibration portable data-acquisition l_ meter

system ! _P_' -
rinter
Lo

Fig. 4-15 Connection Between Flow Section and Transducerin/Area of High Radioactivity

-

reader.@r other suitable means to within 0.01 in.[(0.25
mm)\(see paras. 4-17.6 and 4-17.7). If mercury is used as
the measuring fluid, it must be instrument grade| hav-
ing less than one part per million of nonvolatile regidue.
The manometer must be scrupulously cleaned hefore
the mercury is introduced. See para. 4-1.4 for prpcau-
tions on the use of mercury.

4-14.4

The density of water should be determined from an
accurate temperature measurement taken in accordlance
with para. 4-18.2 and a pressure measurment takien in
accordance with para. 4-17.1. The temperature |mea-
surement should be located within 10 pipe diameters
downstream of the primary flow section.

4-15 ENTHALPY-DROP METHOD FOR
STEAM-FLOW DETERMINATION

each test run shall show a change in the zero reading less
than 0.1% of the differential observed during that test
run. At any time during the test run, the corrected in-
stantaneous readings of the two instruments shall agree
with one another within 0.2%, after correction for any
calibration difference between the two tap sets.

4-14.3

Manometers should be 746 in. (11 mm), or larger, bore,
random type, and read with the aid of an antiparallax

Theemtiatpy-drop method Tmay beempioyed for
the determination of steam flow but is applicable on-
lyto noncondensing or backpressure turbines having
a flow at rated output of not less than 50,000 Ibm/hr
(6.03 kg/s), an exhaust temperature corresponding
to at least 27°F (15K) superheat, and an enthalpy drop
of not less than 200 Btu/lbm (465 kJ/kg). Separate
generator tests must be available from which electri-
cal losses can be computed or their value must be
agreed upon. The parties to the test shall assign
and agree upon values for the mechanical losses of
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the turbine, which for the method to be acceptable,
shall not exceed 2% of rated output. The steam
flow is calculated from an energy balance based on
measurements of pressure and temperature of all
steam entering and leaving the turbine, including
consideration of leakoffs, generator output, and the
agreed upon mechanical and electrical losses. Not
fewer than two independent determinations of the
inlet enthalpy and exhaust enthalpy shall be made,
which shall agree with each other within 0.5 Btu/lbm

ASME PTC 6-2004

(12 1/ kg).

4-16/ ADDITIONAL FLOW MEASUREMENTS
4-16.

The type of instrumentation and the technique for
measuring flows other than primary flow shall be de-
termjned by the accuracy requirement based on calcu-
lation of the expected flows and their effect on the over-
all fesults. The combined wuncertainty of these
measurements shall not affect heat rate by more than
*0.1%o.

Arly secondary flow measurement requiring a lower
unceftainty than =5% shall be made with calibrated
flow |measuring devices. An allowable uncertainty of
*+2%|requires flow straighteners which divide the pipe
crossfsection into at least 12 sections of equal areas in-
stallgd upstream of the flow measuring devices. If the
allowable uncertainty is to be less than *1%, a perfo
rated| or tubed plate with a nonuniform hole distribt-
tion js required. For allowable uncertainties of less:than
+0.5¥6, all requirements for accurate flow measurement,
statedl in paras. 4-8.4 through 4-12.6, must be'satisfied.

4-16.p2 Extraction Flows

If the extraction steam is supérheated, the extraction
flow fan be determined by heat,balance calculation. The
unceftainty of the result inafeases as the temperature rise
the heater diminishes. It should be noted that er-
temperature measurement will be translated into
in extraction.flow. For instance, an error of 1°F
in the measured temperature rise of a heater with
rease 0f/30°F (17K) will result in an error in ex-
ipn flow:of approximately 3.3%. In wet-steam cycles,
tion_flows can be determined from heater drain
dasurements using calibrated flow measuring de-

Moisture
separator
Drain
tank
Original piping
Test section

Base‘elevation

Fig. 4-16 Loop-Seal Piping Arrangemelr-:.lt for
Moisture Separator:Drain Flow Measurements

This verification is necessary for any flow wlere a lim-
ited amount of pressure drop is available for flow mea-
surement./The cavitation problem may be reduced by
providing a loop seal, or increasing the height df the loop
seal asin Fig. 4-16, to increase the head on the[meter.

The measurement of the differential pressurg requires
cdre and should follow the precautions outlined in para.
4-14 for primary flow differential pressure |[measure-
ment. Heater drain flows are often unsteady} to mini-
mize errors due to such unsteady flow, reference should
be made to paras. 3-9.1 through 3-9.4 for gujdance on
frequency of readings.

For some secondary flows, such as moisture[separator
and reheater drains, a flow section may be irhpractica-
ble because of cavitation caused by inadequat¢ head. In
these cases, the tracer technique can be used t¢ measure
the flow. The uncertainty for this method is about +1%.

4-16.3 Feedwater Pump Turbine Steam Flow

furbine is
ondenser
ter pump
the main

Steam consumption of a feedwater pump
preferably measured as condensate if a separate
is installed. However, in a cycle having a feedwz
driven by a turbine supplied with steam from|
turbine, and where the condensate cannot be $eparately
measured, the steam supplied must be measurgd.

vices. Nozzles can be used, and for the lowest pressure
heater, a diffusing cone should be installed downstream
of the nozzle because of the small pressure drop avail-
able. In sizing these nozzles, the best compromise be-
tween Reynolds number, pressure loss, beta-ratio, and
deflection should be made without reducing the critical
cavitation coefficient K below 0.55 to avoid cavitation.
_ 144(pthroat B psat)
k= Loy 2
2g throat
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Feedwater pump turbine steam flow should be de-
termined with instruments whose combined uncer-
tainty is not greater than *+2% to limit the effect on heat
rate to not more than +0.5%.

4-16.4 Packing Leak-Off Flow

An uncertainty no greater than +5% is satisfactory for
packing flow measurements. This is attainable with ap-
propriate, commercially available uncalibrated instru-
mentation.
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4-16.5 Turbine Interstage Packing Leakage Flow

Opposed flow HP-IP turbines have shaft packing be-
tween the HP and IP units to restrict steam flow from
the HP first stage exit zone to the IP inlet bowl. It is im-
portant to assign values to this flow and its enthalpy be-
cause it bypasses the reheater, affecting the calculation
of hot reheat steam flow and, thus, the turbine test heat
rate.

Since direct measurement of this leakage rate is not
possible, i i i i
be obtaihed by a special test procedure, involving
enthalpy| drop tests with selected combinations of
throttle and hot reheat temperatures. In applying this
method, [it is assumed that the expansion of steam
through fhe IP turbine takes place at the same effi-
ciency repardless of (1) the starting state point and (2)
the amount of the influence of the leakage from the HP
turbine. Both of these items can be varied in a series
of enthalpy drop tests in which different combinations
of throttle and hot reheat temperatures are selected.
The resulting “apparent” overall IP efficiencies (hot re-
heat stat¢ point to IP exhaust state point) are then an-
alyzed to|determine the most likely amount of leakage
flow. It i helpful to include tests with the largest pos-
sible inflpience of this leakage on “apparent” IP effi-
ciency by selecting combinations involving either high
throttle tpmperature and low hot reheat temperature

STEAM TURBINES

or high hot reheat temperature and low throttle tem-
perature.

In applying this method, each “apparent” IP effi-
ciency must be adjusted to the level to be expected if
two assumed amounts of interstage leakage (1% and 4%)
had not been present when the test was run. Plots of
straight lines through several pairs of these points (IP
efficiency vs. leakage flow in percent of hot reheat bowl
flow) should show a convergence on the actual amount
of leakage present. The adjustment of the “apparent” IP
efficiency can be derived from Fig. 4-17, Effect of P /IP
Leakage on Measured IP Efficiency.

The reader is cautioned that this method Wwill influde
any other leakage (such as leakage adross horigontal
joints of internal parts) in addition t0 that through the
packing. The enthalpy of any other leakage may rfot be
known, but fortunately, the enthalpy of the leakage does
not have a large effect on théesult.

This method should restilpin an uncertainty in |nter-
stage leakage flow of le§s~than 1% of hot reheat flow.

4-16.6 Air-Ejector)Steam Flow

Steam-jet air-ejector steam flow may be determhined
from the‘theasured pressure and temperature of its gteam
supplycand known cross-sectional area of the jets. When
the 'steam supply is wet, it may be preferable to uge the

2.0%

1.5% \

\ 200 Btu/lbm

150 Btu/lbm

1.0%

0.5%

Percent Points Différence Between Apparent and True IP
Efficiendy per LeakagéFlow Equal to 1% of HRH Bowl Flow

\

— |
T~ | 50 Btu/lbm —
]
0.0%
100 125 150 175 200 225 250

Available Energy: HRH Bowl to Crossover (Btu/lbm)

GENERAL NOTES:

(@) Assumes 500 psia/1000°F HRH conditions and 90% true IP section efficiency.
(b) Numbers on curves are the difference between the HRH and HP/IP leakage enthalpies.

Fig. 4-17 Effect of HP-IP Leakage on Measured IP Efficiency
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design flow rates for the nozzle, corrected for supply pres-
sure.

4-16.7 Feedwater Heater Leakage

Feedwater heater leakage can be determined by in-
jecting a tracer in the condensate entering the lowest
pressure heater and measuring the tracer concentration
in the heater drains.

If tracers are not used, such as in a fossil plant, feed-

ASME PTC 6-2004

F, = orifice thermal expansion factor
K = (7/4)(3600/144)(12\/2(32.174) = 1890.07 for
U.S. Customary units

K = V2(mr/4) = 1.11072 for SI units

D = throat diameter, in. (m)

A = orifice area, ft> (m?)

B = ratio of orifice diameter to inside pipe diameter
Ap = differential pressure across the orifice, psi (Pa)

x = inlet mixture quality, decimal fraction

e = specific volume of vapor phase 3 /1bm

watef heater leakage can be determined by closing the
extraftion valve, diverting the entering drain flow, and
checling for a level change.

4-16.B Heater Drain Flow

Exfraction enthalpies can be determined by making
energy balances around individual feedwater heaters,
solvihg directly for enthalpy once the extraction flow
quantities are determined by measurement of heater
drain flows. The difference between the drain flow leav-
ing alheater and drain flow(s) into that heater is the ex-
traction flow from the turbine to that heater. See para.
4-16. for guidance in making the heater drain flow
meagurements (see para. 4-16.8 below).

4-16.p Two-Phase Steam-Water Mixtures

There are instances when it is desirable to measuré
the flow rate of a two-phase mixture. An example is the
use df an orifice plate to measure the flow of wet‘heat-
ing sfeam to the live steam reheater in a nucleéas plant.
When this is done, the installation should bexmade with
all the care recommended in para. 4-16.1.

The calculation of the flow rate through the orifice re-
quirds that the familiar flow equationbe adjusted to ac-
counf for the presence of the water. Although there is
no upiversally accepted adjuStment resulting from the
expefimentation that has béen carried out by several in-
vestigators, the following Jcorrelation is thought to be
the hest available for‘the applications required in this
Codg:

P [ CYF,A }[ 2¢.Ap ]1/2
G& \/(1 ) xlAS(vg —v) +vf

which eanvalso be expressed as

(m*/kg)
vy = specific volume of liquid phase/~ft3/1pm
(m*/kg)
gc = constant of proportionality32.174 Ibin-ft/Ibf-
sec? (only for U.S. Custdmary units)

4-17 MEASUREMENT. OF PRESSURE
4-17.1

The following list includes the instruments fo be used
for pressure meastirement:
(a) Calibrated pressure transducers of the P.10% ac-
curacy class*for all critical pressure measurenents (see
Fig. 4-18). Alternatively.
(1Y for pressures above 35 psia (240 kPa)} use cali-
brated deadweight gages having a piston ratfo of 10:1
or less.
(2) for pressures below 35 psia (240 kPa)} use cali-
brated manometers (see para. 4-17.7). See parg. 4-1.4 on
precaution on use of mercury as the manometer fluid.
(b) Random-type barometers for atmospheric pres-
sure measurement (see paras. 4-17.11 through 4-17.15).
(c) Absolute pressure transducers of the 0.10% accu-
racy class or better for exhaust pressure measurement
of condensing turbines. Alternatively, absolute pres-
sure gages, calibrated manometers (see para. 4-17.7), or
differential pressure tranducers as described in para.
4-17.31 may be used.

4-17.2

Calibrated pressure transducers of the 0.25% accuracy
class may be used to determine pressures whé¢re a high
degree of accuracy is not required as in the cgse of wa-
ter pressure at a test nozzle to determine depsity. Al-
ternatively, calibrated laboratory Bourdon gagps may be

B [ CYd?F, ][ Ap }1/2
G=K \/(1 — ﬁ4) x145(vg — Uf) + Uf

where
G = phase mass flow rate, Ibm/hr (kg/s)
C = orifice discharge coefficient = 0.61
Y = expansion factor

! James, Russell, Metering of Steam-Water Two Phase Flow by
Sharp Edged Orifices, Proc. Ins. Mechanical Engineers, 1965-1966,
Vol. 180, Pt. 1, No. 23, pp 549-566.

1 1 1 .
uscd IIT UlsS dPPllLdllUll.

4-17.3 Transducers

Accurate pressure measurements with transducers re-
quire care in use, proper maintenance, and proper in-
stallation. It should be recognized that a transducer is,
in general, a delicate instrument and must be treated as
such.

4-17.3.1 Accuracy. The required accuracy of a
transducer for turbine testing should be determined by
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For Measuring Pressure
Above 35 psia (240 kPa)

At least 2 ft. of
horizontal level
l«— pipe (level within
1/4 in.)

T

IE
—F

l—
6-12in.

Connection with
no reversal of slope

GENERAL NOTES:

ting down.

calculatin
ment has
plication,
test.

g the effect an error in the ptessure measure-
on heat rate. Regardless of\the transducer ap-
it should be calibrated before and after every

4-17.3.
cated in
where th
ent temp
door. WH
above aty

P Location. The transducer should be lo-
h position thabis free of vibration, dirt, and
bre are notilikely to be large changes in ambi-
braturepsuch as may be caused by an outside
ere possible, transducers measuring pressures

Water

leg \

(@) Gage may be above, below, or level with pressure tap.
(b) Gage must be set on a level support or leveled by means, of teveling screws in base.
() Gage must not be subjected to vacuum. Shut valve immediately if turbine is tripped out or before shut-

(d) Connecting piping shall not be less than 3/g in. (10,mm) inside diameter, and 1/, in. (13 mm) nominal
outside diameter, or equivalent tubing (refer to-para. 4-17.22).

Fig. 4-18 Connection Between Pressure Source and Transducer

[

Blowdown
valve

7

4-17.3.4 Differential-Pressure Transducers. |Spe-
cial precautions should be observed when a transglucer
is used to measure differential pressure. The transglucer
selected for primary flow differential should have gn er-
ror no greater than 0.05% of full scale plus 0.010% of
reading (see para. 4-14).

4-17.4 Deadweight Gages

lized
The

Deadweight gages shall be calibrated or standar
before initial usage and thereafter as needed,

4-17.3.3 Zero Reading. If the transducer is sensi-
tive to changes in environment, such as temperature,
and a controlled capsule surrounds the sensing element,
the system should be given a minimum of 3 hr to sta-
bilize before readings are taken. A zero reading shall be
taken before and after each test run. The zero reading
shall not change more than 0.1% of the reading observed
during the test run.

52

S weights of the National Institute of Standards and
Technology. When taking readings, the weights and
gage piston must be rotating to assure no fouling and
complete freedom of motion.

4-17.5 Bourdon Gages

Bourdon gages should be connected to the pressure
tap by an adequate coil to prevent high-temperature
fluid from reaching the gage.
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4-17.6 Manometers and Barometers

A manometer may be of the U-tube type with scales
so arranged as to make it possible to read the level of
each leg and with the same size of tubing in both legs
or, alternatively, a reservoir-type manometer, which
may have a compensated scale.

4-17.7

ASME PTC 6-2004

of 0.01 in. Hg per 100 ft (2.5 mm Hg per 30 m) of ele-
vation of the device above (below) the barometer.

A laboratory or weather station of recognized stand-
ing may be used to obtain the readings with agreement
of the parties of the test.

4-17.12

Barometers and manometers may require a correction
for capillary depression of the mercury. In some cases,

M3 O—easHrerRent;
such|as primary flow, shall have scales, riders, and
verniers so that they may be read to 0.01 in. (0.25 mm).
For lpss random, scales should be readable to 0.05 in.
(1.25[mm). Before initial usage, U-tubes shall be checked
agairfst standard scales to detect and record corrections
to agply to the scales, riders, and verniers. Reservoir-
type [manometers for random measurement shall be
calibfated to detect and record the effects of capillarity
and the compensated scale; their zero shall be checked
carefplly, with piping isolated, using valving arranged
similpr to that shown on Fig. 4-14(b) with the equaliz-
ing vialves open.

4-17.

The tubes of all manometers should have an inside
bore pf not less than 736 in. (11 mm) for subatmospheric
presdqure or flow nozzle differentials and not less than
1/, in| (6 mm) for other pressures. The larger the bore;
the gmaller will be the correction for capillarity. In-
creaspd sensitivity may be obtained by gently tapping
the mpanometer tubing during each observation:

4-17.p

If fercury is used in manometersy it shall be instru-
ment| grade having less than one-part per million of
nonvplatile residue. For precautions when mercury is
used/ refer to para. 4-1.4.

4-17.10

When a doubt arises as to the purity of the mercury
in th¢ manometer, new instrument grade mercury shall

the scale of mercury-in-glass-type barometers|are set to
correct for this, and no capillary correction| need be
applied.

4-17.13

Random aneroid barometérs or barometfic trans-
ducers with a minimum _6£#0.01 in. (0.25 mm}] mercury
resolution are permissible for measurementq of baro-
metric pressure. Prior_fo usage, these types pf instru-
ments should be calibrated using a large bore|mercury-
in-glass barometer over an extended period ¢f time to
establish calibfation corrections and repeatability of the
instrumerit."\Before and after test calibrationg are also
required., Transducers used for barometric| pressure
meastirements should be of the type with rgised zero
andjclosely compressed range.

4-17.14

The barometer shall be checked by comparidon before
and after the test to a barometer reading at a Ipboratory
or weather bureau station of recognized starjding and
corrected to the same elevation.

4-17.15

Transducers of suitable accuracy, such as fthose de-

scribed in para. 4-17.1(c), may be used for| exhaust-
pressure measurement.
4-17.16

Tightness of piping to transducers or | exhaust-

pressure gages and manometers shall be checlted by in-
haust cas-
Id be so

be sybstityted: stalling a valve immediately adjacent to the ex
ing or conduit. The piping and valve shot
4-17.11 arranged to avoid a pocket, with the valve stuffing box,

Barometric transducers of 0.01 in. (0.25 mm) mercury
resolution or random aneroid barometers may be used
to obtain barometer readings to which manometers are
to be referred. The barometers should be located in the
same room at the same elevation as that of the manome-
ters being used to measure pressures.

Barometer readings are to be corrected for difference
in elevation, if any, between the barometer and any of
the pressure reading devices that are to be referred to
it. This correction shall be subtracted (added) at the rate
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it any, exposed to the pressure in the gage side of the
piping when the valve is closed. At intervals during the
test or between tests, with full vacuum on the piping,
this valve is to be closed. If the reading falls at a rate not
greater than !/4 in. (6 mm) in 5 mins, the gage piping
may be deemed to be satisfactorily tight.

4-17.17

For measurement arrangements utilizing air-filled
sensing lines, the low-pressure connecting piping shall
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be arranged by the most direct route, pitch continuously
downward from the gage to the source of pressure, and
be without loops or pockets of any kind. This is required
to permit condensation in the sensing lines to drain back
to the source of pressure.

For low-pressure measurement systems using water-
filled sensing lines, the connection of the measuring de-
vice should be at the same elevation or below the pres-
sure tap to help prevent partial loss of the water leg in
the sensing lines (refer to Figs. 4-19 and 4-20).

4-17.18

STEAM TURBINES

perature conditions that exist at that location not less than
3 hr before a test is commenced.

4-17.20

For measurement of small differential pressures, such
as for sensors in piping utilizing impact and static taps,
special manometer fluids with a specific gravity ap-
proaching that of water should be used. Precautions
should be taken that the manometer gasketing is com-

; . o : o cuum
location, the fluid, must be suitable for vacuum 'sefvice.
Manometers used for this type of service must havie air-

Precau
subject to
any local
from that
ing and ¢
in atmosy
necessary

ions shall be taken that the manometer leg
atmospheric pressure cannot be influenced by
atmospheric condition that would be different
to which the barometer is subjected. Ventilat-
raft fans can produce measurable differences
heric pressure. There may be cases where it is
to pipe the atmospheric leg of the manome-

zero checking the manometer athree-way valve s
be used in the P1 (high pressur€) and P2 (low pres
connections to the manomeéter.

ter to an prea unaffected by a fan.

4-17.19

Precautions shall be taken to ensure that both legs of a
manometgr are subjected to the same ambient tempera-
ture and that the fluid within a manometer or barometer
is at the shme temperature as the thermometer by which
the fluid femperature is to be measured. Each of these in-
strumenty, together with its corresponding thermome-
ters, shall] be set up in-place and subjected to the tem=

Metered air bleed

Above
atmosphere

Transparent
tubing 1/, in.

Pressure tap

4-17.21 Pressure Tapsyand Connecting Piping

Proper locatigns for all pressure taps must be sellected
to promote aéctirate and reliable measurements of [pres-
sure. Pressute taps at the turbine end of an extractior} pipe
must be ds'elose to the turbine connection as practicgl but
far endugh away to minimize the flow disturbancps on
pressure readings. Therefore, pressure taps should fjot be
installed in the extraction nozzle. If the pressure [mea-
sured at the heater end of the extraction pipe is to beused
for computing heater terminal temperature differende, for

0.030 in. bleeder hole

1

Less than
- atmosphere

/|

1L
1| |E
1—F

GENERAL NOTES:

Precision manometer

(@) Bleeder hole must be uncovered and then covered tightly immediately before reading manometer.
(b) Leave bleeder uncovered when vacuum is decreasing and manometer is not in use.

Fig. 4-19 Connection Between Pressure Source and Manometer Air-Filled Connection
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heater guarantee purposes, the pressure must be mea-
sured at the heater nozzle. Source connections in the IP-
LP turbine crossover pipe or the LP turbine inlet serve as
a common point for IP and LP turbine efficiency deter-
minations. The best location is in a straight section as re-
mote from the IP turbine exhaust as practicable to mini-
mize the effect of stratification. All pressure taps should
be installed in a straight run of pipe as remote as possi-
ble from upstream elbows or obstructions.

ASME PTC 6-2004

4-17.25

Pulsations of pressure shall not be damped by throt-
tling or by the use of commercial dampeners.

4-17.26

Deadweight gages and manometers with water-filled
connections are to be connected in accordance with Figs.
4-19 and 4-20. The water column correction in psi is the

The amount of error caused by the pressure tap is a srochtiet-of-8-03612-and-the-height-of-eohumn-inches or
functiion of fluid velocity, type of fluid (compressible or '

incorhpressible), tap diameter, and configuration of the
tap Hole at the pipe wall. The total amount of error is
genefally small in steam turbine cycles because the ve-
locityf pressure component is small compared to the
statid pressure, and the error is on the order of 1% of
the vlelocity pressure. Holes for measuring such pres-
sureq shall be drilled at right angles to the surface of the
wall hdjacent to the fluid. The hole diameter shall be no
smaller than /4 in. (6 mm) and no larger than !/, in. (13
mm)| The inner rim of the hole shall be free of burrs,
leavihg its edges sharp and square, or with a radius no
greater than 0.06 times the hole diameter. For a length
of at|least twice its diameter, the hole shall be straight
and ¢f uniform bore.

4-17.p2 Connecting Piping

Cohnecting piping shall be not less than 3/ in. (10 mm)
insidg diameter, and '/, in. (13 mm) nominal outside dis
ameter, or equivalent tubing. The connecting piping or
tubinlg shall slope continuously from the level of the-pres-
sure fap to the level of the transducer or gage,;so as to
prevent air or water pockets; however, a water—loop seal
may pe used when the pressure measuring device must
be lofated at a level above that of the.pressure tap.

4-17.p3 Air Bleeds

Fof pressures which are(below atmospheric pressure,
the cgnnecting piping shall contain means for bleeding air
or other gas near the mahometer, through which a very
small rate of air flowdiay be metered for purging. Purg-
ing should be discontinued when readings are being taken
if thg purge flow affects the reading. This can be deter-
minefl by eomparing the readings with and without the
air blped-Siich purging may be used for any higher pres-
sure torinections for which a suitable uniform source of
air or other gas under pressure is available (see Fig. 4-19).

4-17.24

For any pressure instrument operating above atmo-
spheric pressure, whose connecting piping is not
purged, the piping shall include

(a) reservoirs or long level sections of the connection
near the turbine or steam pipe

(b) suitable valves and nipples for flushing and vent-
ing the connections

in kPa, 0.9175 and the height of the columnyjir} millime-
ters, with the appropriate algebraic sigiand ith tem-
perature correction from 32°F (0°C),

4-17.27 Initial Pressure Measufement

Initial steam pressure shall'be measured in|the main
steam line at or near the upstream boundary ¢f the tur-
bine supplier’s scopel

4-17.28

The steam strainer shall be known to be cleah. If there
is a doubt{about its cleanliness on the part of either of
the parties to the test, it shall be examined pifior to the
test and cleaned, if necessary.

For Measuring Pressure Above Atmosphere
and Less Than 35 psia (240 kPa)

i
/%L See Note(1)‘J

CASE 1. Transducer below
pressure tap

Transparent tubing 1/, in.
P p g'h

<— Air ven

Transparent tubing 1/ in.

D

) s

GENERAL NOTE: Caution must be exercised to ensure water fills con-
necting line completely.

NOTE:

(1) Horizontal run must be level within /g in.

Transducer
Blowdown
L

%D:[”
vobvo ]

CASE 2. Transducer above
pressure tap

Fig. 4-20 Connection Between Pressure Source
and Transducer/Water-Filled Connection
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4-17.29 Exhaust Pressure Measurement

The exhaust static pressure of a condensing turbine is
to be measured at, or on either side of and adjacent to,
the exhaust joint. Special locations of demonstrable ac-
curacy may be used when agreed upon by the parties
to the test, but in no case shall there be fewer than two
such location, per exhaust annulus. When the test re-
sults are not available to determine the proper location,
it is recommended that one pressure location be used

STEAM TURBINES

4-17.33

For small exhaust conduits, requiring not more than
four gages, where the walls are straight in the direction
of flow and flow is likely to be uniform, all of the pres-
sure connections may be located in the walls of the con-
duit. Such connections shall be made in conformity
with para. 4-17.21, except that the hole diameter at
the open end shall be 34 in. (10 mm). The other end of
the hole may be of any size suitable for the pipe con-

for each T6 {5 m2yof frecarea at the jomt bt o
case morg¢ than eight for each exhaust annulus. The pres-
sure to bp considered is the average of all of them. A
discreparfcy in excess of 0.1 in. (2.5 mm) Hg between si-
multanedus readings is to be cause for investigation.
Larger exhaust areas are commonly subject to spatial
variation$ exceeding 0.1 in. (2.5 mm) Hg.

4-17.30

The exhaust joint shall be the junction where the tur-
bine exhdust is attached to the flange of an expansion
joint or ajcondenser or welded to the condenser neck.

4-17.31 Absolute Pressure Gages

Differeptial pressure transducers with limited span or
absolute pressure transducers shall be used. If differen-
tial pressfire gages are used for measuring low absolute
pressured, they must be referenced to a vacuum of
30 n of mercury or fewer. Alternatively, manometers of
the type §nown as absolute pressure gages may be used:
Transdugers or absolute pressure gages shall beccom-
pared with a manometer and barometer of kfiown ac-
curacy, af specified in the following paragraph, immedi-
ately befpre and after each test run. Exrors found in
excess of [0.01 in. (0.25 mm) shall require investigation,
and the djscrepancy shall be eliminated. If a discrepancy
in excess pf the above limit is fourid between a manome-
ter-and-bprometer combinatien.and the transducer or
the absolfite pressure gage, ‘it'shall not be assumed that
the error|is in these inStruments; both they and the
baromete}r shall be thé siibject of investigation.

4-17.32 Manometers

Manonpeters’may also be used. The tubing shall be

TIoCtion.

4-17.34

Where the above conditions do not exist, the pressure
connections should be carried inte the interior gf the
conduit and provided with baskép tips or guide pllates.
Basket tips are preferred. If the/exhaust is provided with
ribs or braces traversing the 'stéam space, some qf the
gage piping connections niay pass through them|with
the opening flush and, n¢rmal to the surface of the rib.
The terminals of exhaust-pressure-gage connegtions
shall be distributéd over the entire exhaust-conduif area
and located soythat they will be centered, as closdly as
practicable,yin equal areas. The basket tips should be in-
stalled at:a 45 deg angle, as shown in Fig. 4-21.

Alternatively, guide plates may be used and should
be arranged so that the steam flow is perpendicular to
the pressure tap as shown in Fig. 4-22.

Careful attention must be given to the location of bas-
ket tips and guide plates because pressures at cgrtain
points at the exhaust joint may be influenced by|local
high steam velocities.

4-17.35

Upon agreement by the parties to the test, special
pressure taps of demonstrated accuracy may bq em-

3/, in. extra heavy
(stainless steel)

ipe

not fewertham 7 Tty boreat the poimt where
measurements are made. All the precautions required
for low-pressure measurements shall be employed. The
manometers shall have scales, riders, and verniers so
that they may be read to within 0.01 in. (0.25 mm). The
scales of manometers shall be calibrated so that they
may be correctly read to within 0.01 in. (0.25 mm).

For low—pressure measurements, the manometer
must be scrupulously cleaned before the indicating fluid
is introduced. Tubing may be dried by rinsing with al-
cohol or heating.
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80746 in. holes
1/, in. pitch

No. 7 mesh 0.063 in diam. wire

Alternatives
No. 6 mesh 0.072 in. diam. wire
No. 8 mesh 0.054 in. diam. wire

Fig. 4-21 Basket Tip
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e Connecting plate

Hole shall be made in
accordance with
para. 4.84 except
diam. is 3/g in.

1/4 in.

d provided they are completely described in the
eport.

ployd
test 1

4-17.B6 Absolute Pressure Determination

Mg
ing, 4
(a)
sion
()
tures|
(c)
rectiq
(d)
the Vi
tion
valug
(e)
(f)

COrre)

NOTE: For additional information concerning conversion of pres-
sure ynits, see para. 2-5 of this Code and-PTC 2, Definitions and
Valuep.

asured pressures shall be corrected by the follow-
s applicable:

the instrument reading, using the proper conver-
Factors for the measuring fluid (refer to PTC 19.5)
the negative correction for manometer tempera-
to 32°F (0°C)

the instrument correction, including any scale cor-
n required

the gravity correction, correcting the reading to
plue that would be obtained if gravity at the loca<
pf the instrument had the International Standard
of 32.174 ft/sec? (9.80665 m/s2)

the water-leg correction

the measured barometric pressure, (including the
ction to the elevation of the gage

4-18( MEASUREMENT OF TEMPERATURE

4-18.

Ac
shall
with

1 Acceptable Systems

Feptable  temperature test measurement systems
meet aydesign and calibration criterion consistent
the following. Careful consideration must be given
to the¢ selettion, installation, use, and interpretation of

Fig. 4-22 Guide Plate

in Performance Tests of Steam ‘Itlrbines, doe
several tables which may offer some guidanc|
eral, Code-recommended{ temperature mea
systems have an uncertainty of =1°F (0.5 K).

5 provide
b. In gen-
surement

4-18.2 Recommended Systems

Recommended temperature measurement
which haye ‘Wide acceptance are generally de

(a) suitable platinum resistance-type thermometers,
including proper leads calibrated and used ir] conjunc-
tionw with random-bridge (0.03% accuracy) measuring
instruments.

(b) suitable thermocouples with continuou
couple wires and integral cold junctions calibfated and
used in conjunction with a random high-qualjty digital
voltmeter (=0.03% uncertainty or better). When using
digital voltmeters, proper guarding procedurgs shall be
followed to minimize errors introduced by ndise.

(c) calibrated thermocouples or random thermome-
ters with an uncertainty not exceeding *0.5{F (0.3 K)
for cold junction ambient temperature refergnce mea-
surements.

systems
fined as

5 thermo-

4-18.3 Locations

rs for en-
ticable to
sures are
lvnstream
same lon-

Location of temperature measurement sensq
thalpy determinations shall be as close as pra
the points at which the corresponding pres
measured. Thermowells should be located doy
of the pressure taps or, if upstream, not in the
gitudinal plane. Temperature differences cqused by

the cIperdiule IIlt‘dbLlfiIlg SySLElll. DifELIiUIl ds 10
proper application of various systems can be found in
the Instrument and Apparatus Supplement, Part 3,
“Temperature Measurement,” PTC 19.3. Any system
that can meet the requirement of repeatability in its cal-
ibration and is proved accurate within the limits defined
for the particular temperature measurement shall be
deemed acceptable by the parties conducting the test.
Accuracy is further discussed in para. 4-18.4 and re-
peatability of calibration in para. 4-18.7. PTC 6 Report,
Guidance for Evaluation of Measurement Uncertainty
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fiow stratification statt-beminimmized by tocating the
temperature sensor sufficiently downstream of an el-
bow, or an extraction nozzle, to allow mixing of the
stratified flow before the measurement point.

Thermocouple and lead wires should not be run in
the same cable trays as power lines to avoid sources of
high electric fields. PTC 19.22 provides further guid-
ance. Thermocouple lead wires shall not be subjected to
large temperature gradients. Wire nonhomogeneities in
the region of large temperature gradients can cause un-
acceptable measurement errors.
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4-18.4 Influential Temperatures

Temperatures which have the most influence on test
results shall each be taken at two different points in close
proximity but not in the same thermowell. Thermowells
must be installed within 4 pipe diameters and may be
in line, axially, if installed at least 2 pipe diameters apart.
If installed within 2 pipe diameters, the thermowells
must be at least 45 deg apart measured circumferen-
tially. The mean of the two readings shall be considered

STEAM TURBINES

Each cold junction shall be electrically insulated. When
the isothermal-cold-junction reference method is used,
it shall employ an accurate temperature measurement
of the reference heat sink acceptable to the parties con-
ducting the test.

Appropriate conversions for the isothermal cold junc-
tion temperature shall be used.

When electronically controlled reference junctions are
used, they shall have the ability to control the reference
temperature to within =0.05°F (0.03 K). Particular at-

the tempg¢rature of the fiuidDiscreparcies betweer the
two readjngs must be resolved if these exceed 1°F (0.5
K). The rpcommended locations for these temperature
measurerhents are shown on the test instrumentation di-
agrams df Figs. 4-11(a) through (e). The use of dual
thermocduple elements does not satisfy Code require-
ments of fritical temperature measurements at two dif-
ferent pojnts.

4-18.5 Wells

Thermgwells shall be installed in conformity with the
ASME Bdjiler and Pressure Vessel or Piping Codes. Stan-
dards for|thermowells are given in PTC 19.3. Generally

(a) Tubes and wells shall be as thin as possible, con-
sistent wjth safe stress and other ASME code require-
ments, and the inner diameters of the wells shall be clean
and dry 4nd free from corrosion or oxide.

(b) Thg temperature-sensitive element shall fit closely
in the welll, being held firmly against the bottom.

(c) Thgrmowells, and any extensions, shall be care-
fully covered with an insulating material to reduce air
circulation and conduction of heat away from the tip.

(d) Unless limited by design considerations; the tem-
perature-pensitive element shall be immersed in the
fluid at l¢ast 3 in. (75 mm) but not less than one-quar-
ter of the[pipe diameter. In pipes of less than 4 in. (100
mm) diarpeter, the element must be ‘artanged axially in
the pipe, [by inserting it in an elbow or tee. If such fit-
tings are [not available, the piping shall be modified to
render thfis possible.

(e) In mneasuring the dgemperature of flowing media,
the heat-feceiving patt of the apparatus shall not be in
a dead space.

4-18.6 Cq

The ter
accurately. The accuracy with which the temperature of
the measuring junction is measured can be no greater
than the accuracy with which the temperature of the
cold junction is known. The cold junction temperature
shall be held at the ice-point or stable temperature of an
isothermal reference. When thermocouple cold junc-
tions are immersed in a water-ice bath, the bulb of a ran-
dom thermometer shall be immersed at the same level
as the cold junctions and in contact with them. Any de-
viation from the ice-point shall be promptly corrected.

ld Junictions
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tention must be paid to reference junctions using ter-
minals, since wire mismatching can introduce érrors.
Particular attention must be paid to the termingls of
any referenced junction, since errors cafifbe introduced
by temperature variation, material, properties, efc. By
calibration, the overall reference §ystem shall be|veri-
fied to have an uncertainty of less than *0.2°F (0]1 K).
Isothermal thermocouple refererice blocks furnished as
part of digital systems mag.be used for turbine tesfs run
in accordance with the Code, provided the accuracy is
equivalent to the elegtronic reference junction.

4-18.7 Calibration

Calibration ‘of thermocouples and resistance |ther-
mometetsishall be made before and after the test. [f the
calibrations differ by more than 2°F (1 K), the temjpera-
turédmeasurement shall be in doubt, and resolutipn of
the difference by the parties to the test shall be thade,
taking into consideration the effect on overall test pccu-
racy. During the calibration of any thermocouple, its
cold junction shall be held at the ice-point with anfelec-
tronic reference junction, isothermal reference jungtion,
or in a water-ice bath. The calibration shall be magle by
an acceptable method, with the standard being trageable
to a recognized national standards laboratory, such as
the National Institute of Standards and Technology. Ac-
ceptable calibration methods are to be conducted|over
the temperature range in which the instrument isfto be
used by one of the following procedures:

(a) By comparison with freezing-point baths of wa-
ter, or of certified samples of metals with suitable melt-
ing points, such as tin, lead, and zinc. The tempe

(b) By comparison with condensing-point baths of
i 2 i ftabte—boiling
points, such as water and sulfur. The temperature in the
bath shall be read on a standard platinum resistance
thermometer during the calibration to detect and reject
a contaminated bath or an improper method. The baro-
metric pressure at the bath must be read, since boiling
temperatures vary with atmospheric pressure.

(c) Atintermediate or extreme temperatures, by com-
parison with a standardized platinum resistance ther-
mometer in a controlled-temperature copper block or
other suitable source of uniform temperature.
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4-18.8 Handling of Equipment

Random test equipment, such as thermocouples and
resistance thermometers and their potentiometers, bridges,
galvanometers, or other measuring instruments and
electronic reference junctions, must be carefully han-
dled, maintained, and periodically checked for unifor-
mity and stability. The potentiometers, together with
their standard cells and electronic reference junctions
shall be set up in posmon not less than 3hr before a test

re and stabilizing the standard cells.

METHODS OF DETERMINING
STEAM QUALITY

Stdam quality cannot be measured directly. It can be
determined from pressure and enthalpy. The following
methjods may be used, as applicable, to determine steam

ction of one of these methods for determining
quality must be based on the conditions of the
-supply system under consideration, since each

mixt niy a
The radloactwe techmque utlhzes sodium 24 as the
tracer. The principle of this technique is that the sodium
salt is distributed by a large ratio (on the order of 107:1)
into the liquid phase. Thus, by injecting a known con-
centration of radioactive salt at a known rate, sampling
downstream from the injection point, and measuring the
concentration of sodium in the liquid phase, it is possi-
ble to calculate the flow rate of the liquid phase. The en-
thalpy of the wet steam is determined from this mea-
surement of water phase and extraction steam flows,
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which is calculated from an energy balance around the
feedwater heater.

Since the previous edition of the Code was issued, im-
provements have been made in developing a nonra-
dioactive tracer that would overcome inherent limita-
tions with radioactive tracers and be suitable for use in
nuclear power plants having PWR or BWR nuclear
steam supply systems. These limitations include a 15 hr
half-life for sodium 24, as well as the need for relatively
complex handling and analysis procedures.

Sodium, lithium, and potassium salts hay¢ all been
used as a nonradioactive tracer, depending)on the spe-
cific type of reactor configuration and knewn glemental
chemical background of the feedwater. In|order to
achieve sufficient accuracy utilizing the nonrddioactive
technique, proper selection andcalibration of|the injec-
tion and detection equipment are essential. (Reference
“On-Line Measurement of\Feedwater Flow ahd Steam
Generator Moisture cairy over using Chemical Tracers,”
ANS-ASME topical‘ineeting April 1988).

4-19.1.2 Implementation. Successful usg of the
tracer techniqtie requires the use of highly acfurate in-
strumentapion for measuring mass and concerftration of
tracer used. Also very important is the achieyement of
goodmiixing of tracer injected into flow pathg, so as to
obfain a homogenous sample from a downstream tap.

The use of a spray nozzle or tube to get thp injected
tracer into the interior of the pipe and away|from the
wall will promote more thorough mixing. Gogd mixing
is also a function of distance between injectionfand sam-
ple points. The maximum distance available ghould be
used. In some situations, the available distande may be
inadequate for sufficiently accurate determingtion.

For an extensive description of the tracer tpchnique,
including tracer requirements, design of inspection and
sampling systems, radioactivity measurem¢nts, and
computations, refer to PTC 19.5, which deals yith mea-
surement of water flow rates with tracers.

An outline of various uses for steam quality
nation is included below.

Delay time, the time of transit of the tracer fr
jection device to process tap to sample collectipn device,
must be accounted. Therefore, measure the tinje of sam-
pling, injection, and counting to the nearest mihute.

4- 1913 Condensmg Method An

determi-

m the in-

apjpropriate
edm at con-
centration Cy, will be dlluted by condensation of vapor.
After the steam is totally condensed, the tracer concen-
tration in the condenser will be C.. The concentrations
are related by the balance.

Cpw = Caw,

where
w = amount of water in wet steam
w. = amount of condensate from wet steam

With the tracer concentrations known from test mea-
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surements before and after condensation, steam wetness
fraction (moisture) is represented by the ratio:

M = w/w, = C./Cy

4-19.1.4 Throttle Steam Quality. Throttle steam
quality can be calculated from the quality and pressure
of the steam leaving the steam generator and throttle-
steam pressure, using a constant-enthalpy process, since
thermal radiation losses from the connecting steam
ing are generally negligible. The moisture in the steam
leaving the steam generator is the result of water
carryovel. Thus, a tracer present in the steam generator
water will also be found in the steam leaving the steam
generato1]. In nonreheat cycles, the tracer will finally be
diluted in} the total flow going back to the steam gener-
ator. By [the application of the condensing method,
steam geherator exit moisture can be evaluated using
the second equation from para. 4-19.1.3.

In the dase of reheat cycles, the error in throttle steam
moisture [determination caused by plating out of the
tracer in the reheaters is negligible because the external
moisture{separator effectiveness is essentially 100%.
However} there is always the possibility of measuring
the moisfure carryover of the steam generator during
special tepts with the reheaters out of service.

There 4re two methods of determining C,,, the tracer
concentrdtion at the water-steam interface or in the
carryovell moisture. For steam interface with upper-
shell samjple taps, this concentration may be measured
directly Hased on a sample taken from these taps. For
steam geherators without upper-shell-sample taps,-C,,
is determfined from a blowdown sample, whichis”cor-
rected foi concentrating effects through the tube’bundle
as showr] in Figs. 4-23 and 4-24. Determination of the
concentrdtion in the total flow, C. depends on the
arrangenfent of feedwater heaters. @n,cycles with cas-
cading hdaters, total flow usuallyexists at the discharge

Extraction Enthalpy by Condensing Method.
The condnising method may also be used to determine

larly attractive if a suitable tracer is already present in
the steam path. However, error analysis shows that ac-
curate results can be obtained only on heaters without
cascading drains.

With this method extraction, enthalpy is evaluated
from an energy balance and a tracer balance around the
heaters. For the tracer balance, the concentrations of the
tracer in all flows to and from the shell side of each
heater are needed. Sampling the heater drains for con-
centration measurement of the tracer is fairly easy, as

STEAM TURBINES

this is only single-phase flow. Sampling water out of the
extraction line requires the same precautions as the case
of the injection method.

4-19.1.6 Constant Rate Injection Method. A water
soluble tracer of concentration C;;,; is injected at a con-
stant rate wini into the vapor-water flow where mois-
ture is to be measured. The concentration C, is mea-
sured in the water phase downstream of the injection
pomt after adequate mlxmg has taken place. For this
e WS e wjitten:

Cow + winCinj = (W + Wiy; + Aw)Cyy

or
wirzj(cinj — Cw) — AwCy
w =
Co— G
where
w = mass flow rate of Wwater in vapor-water mix-

ture
C, = initial conceritration in the water phase af the
sampling,points, before injection starts, due
to naturakamounts of tracer (background
concéntration)
Aw = change in water flow (condensation of vdpor
due to injection of the cold-tracer solutiof)

Normjally C,, << Ciyj, C, << Cy, and Aw << wy, thit the
aboveé equation is reduced to

W = Winj (Czn]/cw)

which gives the mass flow rate of water in the vppor-
water mixture at the sampling point.

4-19.1.7 Extraction Enthalpy by Constant Rate [njec-
tion Method. If the flow rate of the water phase in the
extraction line to a feedwater heater is known,|wet-
steam enthalpy can be calculated by energy baflance
around the heater, as shown in “Sample Calculations,
PTC 6A, a separate publication of PTC Committe¢ No.
6. The water flow rate can be measured with the

Y
sentative, the tracer must be homogeneously distributed
in the water phase. The injection point should, there-
fore, be located immediately downstream of the extrac-
tion flange of the turbine, and the sampling point should
be close to the heater. A long run of pipe with several
elbows will promote mixing. Use of a spray nozzle for
injecting assures better mixing and is recommended.

(b) Sampling Points. Since any condensed vapor in the
sample will falsify the result, care must be taken in se-
lecting the location of the sampling tap. At the conditions
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W, = main-stream flow
w; = feedwater flow under

—
w,, C, ‘l |
=K
v | - CW
@)

steady state, wy= W,
w, = recirculated flow
w, = entry flow

l W, = W, + wg
Wy > C, = blowdown-tracer concentration
C,, = tracer concentration at
water-steam interface
4 Wns . . . .
4 1 R = ——=, (inverse of circulatior ratio)
1 ] WE
H
1 1
] 1
1
/7 B
v U —_— Cb
w, w,
W= W= W= % ~ Wy E (T R)ﬁ
C (Wms)
c _GWe PR G
w w, —
Wr Suin 1-R

ms
R

Fig. 4-23 Throttle Steam Quality Calculations for Pressurized Water Reactor

and pelocities normally found in extraction lines, the
watef is not homegeneously distributed over the cross-
sectign but is.€ohcentrated toward the pipe wall. This is
a favprable distribution for water sampling; therefore, a
simplewall tap should prove satisfactory. However, ad-

In such cases, it is recommended that the wjater sam-
ple be taken from the heater drains. Also, in cycles with
pumped-ahead drains, the above method wil] yield ac-
curacy equal to the injection method without pny addi-
tional instrumentation. In cycles with drains fascading

vantage should be taken of gravitational or centritugar
forces by locating the tap on the bottom side of the pipe
or outer radius at the exit of an elbow, care being taken
to avoid deadflow regions. All moisture removal points
or other connections between the injection and sampling
points shall be isolated while taking tracer data. Fig. 4-25
shows a typical installation of injection and sampling
points. In cases where the extraction line is very short,
such as with heaters installed in condenser necks, there
is insufficient length of pipe for good mixing, and this
method should not be attempted.

TO the CoNndenser, the upsiream drains must pe diverted
directly to the condenser so as to accommodate total cas-
cade flow at full load. The diversion method should be
employed prior to the heat rate test.

(c) Sampling Flow Rates. The sampling flow rate must
be adjusted so that entrainment and subsequent con-
densation of vapor is prevented. The maximum allow-
able sampling rate can be determined, for example, by
analyzing the sampling stream for dissolved oxygen.
Oxygen (20 ppm to 30 ppm) is naturally present in the
steam from boiling water reactors as a result of radiol-
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ysis. The sampling flow rate shall be determined prior
to conduct of the heat rate test. The oxygen content shall
be measured for various sampling flow rates and plot-
ted, as shown in Fig. 4-26. The flow rate at which steam
starts to entrain in the sample is evidenced by a sharp
rise in oxygen content. The validity of using oxygen or
other suitable tracer as a means of tracing the vapor frac-
tion is based on the distribution of oxygen between the
liquid and vapor phases.

At pressures fewer than 500 psia (3450 kPa), oxygen

STEAM TURBINES

(b) nonvolatile

(c) stable at the conditions existing in the turbine cycle

(d) not adsorbed on internal surfaces (provided that
the water is not evaporated completely)

(e) mixed completely and homogeneously with all the
water available at any instant

The choice of the tracer is determined by the criteria
mentioned in the foregoing, plus considerations of the
effects of the tracer on materials in the cycle, and pos-
sible hazards to operating personnel. The generation of

is almost|entirely in the vapor-phase.

In prespurized water reactor plants (PWR), a suitable
tracer, such as xenon 133, could be used. However, it
may be nore convenient to add Na 24 and note the sam-
ple rate 4t which the concentration falls off, indicating
entrainment of condensed steam.

4-19.1.
methods
criteria.

(a) solyible in water but essentially insoluble in steam
(fewer thhn 0.1% at the test steam conditions)

B Requirements for Tracers. For these
o give accurate results, tracers shall meet these

c

| ———w;, G

light-water reactors in use when this publicatior] was
prepared was designed for pressure and temperpture
levels that permit a number of tracers t6)imeet these
criteria. At higher pressure levels, it may-be more|diffi-

cult to meet these criteria, and other, tragers may b¢ nec-
essary.
Radioactive tracers are parti¢ularly attractive for

application in nuclear power‘plafits, where licensing re-
quired for possession and”handling of radioactiv¢ ma-
terials presents no particutar problem. Tracer concgntra-
tions of fewer than onepart per billion can be accufately
measured using gamma-counting techniques. For fteam

W = main-stream flow
wy = feedwater flow, under
steady-state, Wy = W,y

w, = recirculated flow

w, = core flow

W, = W, + Wy

C, = reactor recirculation loop-tracer

concentration

C; = feedwater-tracer concentration
C,, = tracer concentration at
water-steam interface

We . . . .
R= W—f, (inverse of circulation ratio)
[

!

| I

C, (measure)

Colw, — wy) + weCr = w,C,

_wel — wiG

CW We— Wr

Since C;<< C; and wy< w,

We CL

:CLWC_sz'I*R

Then C,

Fig. 4-24 Throttle Steam Quality Calculations for Boiling Water Reactor
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cyclep with very low radioactive background, the tfacer
activity concentration required for accurate testihg is
very small; however, the tracer should be a short-lived
isotope to eliminate long-term contamination problems.
Sincg it is not practical to measure the concentration of
the shmples simultaneously, it will-be‘necessary to ap-
ply al correction to the measured-cencentration of each
samp]le to account for isotope-decay. One of the tracers
that mneets these criteria is t5:hr Sodium 24. If the tracer

P500

D000 -

500

GENERAL NOTE: See para. 4-19.1.7(b) for precaution~concerning isolation.

Fig. 4-25 Typical Installation of Injection and Sampling Points

—

Sampling

NI

Heater

technique is used to determine throttle and ¢xtraction
steam quality and heater leakage, there is sonje advan-
tage to using three different radioactive tracefs.

4-19.2 Extraction Enthalpy by Heater Drain Flow
and Heat Balance

The quality of steam in an extraction line dan be de-
termined from a measured pressure and an enthalpy de-
rived from a heat balance around the heaterl This re-
quires the measurement of the drain flows intp and out
of the heater in question (see para. 4-16.7). THese flows
can be measured by use of orifice plates nozfles, ven-
turis, or tracer. Care must be taken to avoid ¢avitation
in low-pressure heater drains (see para. 4-16.2).

4-19.3 Calorimeter Method

1000 a

ppb Oxygen in Sample

500

1
U
4
lod

0 50 100 150 200 250 300 350
Sample Flow Rate ml/min

Fig. 4-26 Oxygen Content of Sample

Observations by means of a properly constructed
calorimeter will provide the means for accurately cal-
culating the percentage moisture present in a given sam-
ple. The difficulty is that there can never be assurance
that the sample is representative of the average condi-
tion of the steam flowing in the pipe. Steam sampling,
with respect to the type of probe, its location, and
method of withdrawing the sample, shall be performed
in accordance with the ASTM “Method of Sampling
Steam,” D-1066. Inherent limitations in the probe-
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sample technique make it extremely difficult to obtain
a representative steam line sample. Techniques for sam-

pling are

described in PTC 19.11, which should be con-

sulted if calorimeters are used.

4-20 M
4-20.1

EASUREMENT OF SPEED

For nonelectrical tests, or any test in which speed is

an impor
the test r¢
of the fol

(a) an
pulses ge
that resp
directly t
or by

(b) an
to some p
chine

4-20.2

The ele

(a) ong
riod, or

(b) ong
act fractid

tant factor in the calculation or correction of
bsult, the speed shall be determined by means
owing;:

electronic-integrating counter that counts
herated by a magnetic or photoelectric pickup
onds to the passing of a device connected
b the rotor of the turbine or driven machine,

echanical-integrating counter directly geared
ortion of the rotor of the turbine or driven ma-

ctronic-integrating counter may be
that counts the revolutions for the entire pe-

that counts for a brief period, such as an ex-
n of a second, then converts this to revolutions

per minufe, which is presented on a digital display un-

til it is re

4-20.3

If the c
period of
from the
The time
end of th
reading
with the
that the i
reading d

blaced by the next second’s conversion

bunter integrates the revolutions for the whole
the test, the average speed shallbe determined
total number of revolutions of-the test period.
bf the counter observatior at the beginning and
b test shall be correct within 1 sec. The counter
t uniform intervals of time shall be recorded
Forresponding speed in order to make certain
nitial and finalvalues are proper and direct-
evice is notin/gross error.
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4-20.4

If the counter integrates the revolutions for short pe-
riods and converts them to a display of revolutions per
minute, the average speed shall be calculated as the av-
erage of readings of the display at uniform intervals

throughout the test period.

employed in order to ascertain that the speedis
tained during the tests within the limits in Table 3-

4-21 MEASUREMENT OF TIME
4-21.1

The time of test periods’and other observationg
be determined by the following;:

(a) signals from a guartz digital clock, which has
sychronized with @ master time signal if the tests re
starting or stopping certain readings simultaneousl

may

been
quire
.

(b) obseryations of watches by the individual ob-

servers.

4-21.2

If signals from quartz watches are employed
signaling means shall be such that the signal m
received within 1/, sec of the desired time. Re
watches or clocks shall be employed having an acc
with one minute per 24 hr period. Watches and d
shall be synchronized with each other at the start
test.

4-22 MEASUREMENT OF WATER LEVELS

Water levels in the condenser hotwells, storage t
and other points of water accumulation necessat
the determination of changes in system storage sh

, the
y be
iable
iracy
locks
f the

hnks,
y for
hll be

measured to the closest /4 in. (6 mm) with approjpriate

linear scales.
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Section 5
Computation of Results

5-1 (PEHAHONSFROM-SPECHHED——————that-deparisfrom-thelocus-ofvalve-pointseunve. A dis-

OPERATING CONDITIONS

Petformance computation for various turbine types is
descifibed in the following paragraphs. Generally, all op-
eratiﬂ\g conditions cannot be maintained at the specified
valugs. It is necessary, therefore, to correct test per-
formpnce for deviations from specified values, using the
methjods outlined in this Section.

Thys will assure comparison of the results of the test
on tHe turbine with the specified performance on the
basis| of an equivalent cycle. However, deviations in
condjtions should be as small as possible to minimize
the ¢ffect of uncertainties due to the required correc-
tions| (see para. 3-8.3). For the development of correc-
tion formulae and numerical examples of their appli-
catioh, see Appendix A to Test Code for Steam
Turbfnes, PTC 6A, a separate publication of PTC Com-
mittge No. 6.

5-2 | TEST RESULTS

Calculations to obtain preliminary test resudts should
be mpde concurrent with the testing. This provides an
opportunity for early examinations of the test data and
discgvery of observer errors, instrument errors or fail-
ures,|and other causes for repeatéd tests; it also deter-
minep whether the tests are consistent and acceptable
and permits test instrument, removal with the confi-
dencg that no further tests\are required. The following
checls are recommendéd:

(1)| a water-balange calculation.

(b)] a plot of ovérall efficiency versus the ratio of first-
stage| to throttle-pressure, or flow, for each major tur-
bine |sectionWhose inlet and outlet steam is super-
heatdd. 7Owerall efficiency” refers to the ratio of the
measufiedto the isentropically available enthalpy dif-

continuity in the locus curve at the primary|valve point
is also possible. For an example of a turbjise pfficiency
calculation, see PTC 6A.

Turbine section efficiencies are easily deternpined and
useful in the early validation of test results. These effi-
ciencies are also importantdndicators of turpine per-
formance and can be used for periodic monitpring and
comparison with expeated- performance.

(c) Where turbine elements, operating entirely in the
superheat region, drive a measureable load,|enthalpy
differences and Calculated blade-path steam flows can
be used to cohtpare the calculated output witH the mea-
sured output. If test data are consistent, tlfe output
shouldagree within 0.25%.

(d).~The ratio of steam flow to the following ptage, wg,
tocV (p/v) at each extraction opening and thle inlet to
€ach major turbine section may be plotted ag an ordi-
nate against that flow as an abscissa. If test datp are con-
sistent, this plot will approximate a horizontdl straight
line.

For turbines using wet steam, the ratio wg,/ M (p/v) in-
creases directly with moisture content, due td the drag
effect of moisture droplets in the steam. Ejperience
shows that this increase is best approximated by divid-
ing wg,/V (p/v) by (1 — M), thus:

Wfs 1

\/f 1—m
v
where

% = following stage
M = the moisture fraction at the inlet to th¢ group
in question

5-3 TEST DATA REDUCTION

ference betweern miet and outiet pressures. FoT Consis-
tent steam temperature measurements, a smooth curve
with all points within 0.25% of the curve will result for
the following cases:

(1) high-pressure turbine tested at valve points

(2) high-pressure turbine tested with constant arc
of admission and variable throttle pressure

(3) intermediate pressure turbine test (this turbine
has constant arc admission)

If the high-pressure turbine is tested at valve and in-

termediate points, the latter will form a valve loop curve

Test data must be averaged and corrected for instru-
ment calibrations, water legs, zero readings, barometric
pressure, and ambient temperature. Following this,
steam and water enthalpies can be determined and flow
rates calculated. Flow rate is proportional to the square
root of the pressure difference across a flow-measuring
device. The reduction of differential pressure data
should, therefore, be based on the average of the square
root of the various readings. Guidance on test data re-
duction is provided in PTC 19.1.
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5-4 THROTTLE-STEAM FLOW
5-4.1 Test Throttle Flow

Test turbine throttle flow is determined by combin-
ing the measured primary flow with the appropriate ex-
traction, leakage, makeup, and gland sealing steam
flows and correcting for the effects of applicable water
level changes in cycle storage vessels.

5-4.2 Corrected Test Throttle Flow

STEAM TURBINES

haust pressure, and speed. Values from appropriate cor-
rection curves should be used.

(d) Correct the steam flow to specified throttle con-
ditions for the test turbine valve setting, as described in
para. 5-4.2.

(e) To evaluate test results, a plot of corrected steam
rate versus corrected load can be compared with speci-
fied performance. This load equals the corrected throt-
tle flow, w, divided by the corrected steam rate.

When 3
following

corrected turbine throttle flow is required, the
equation shall be used:

Ps0t
Pt0s

ws =

This is|the flow that would pass through the throttle
with the fame turbine valve setting but with the speci-
fied throftle conditions.

For thipttles using superheated steam, throttle flow
must be forrected to the specified pressure and tem-
perature.[For turbines using wet steam, throttle-steam
flow mugt be corrected to the specified pressure and
quality.

5-5 CA

When & turbine is tested for capability of maximum
output, if is essential that the valve mechanism be in
proper adljustment to obtain full opening of all steam
admissiof valves. The measured output must be corc
rected forl deviations from the specified operating condi-
tions by means of the methods described in thefolow-
ing parag?aphs. For regenerative turbines, this.includes
correctior}s for deviations from the specified cycle.

PABILITY

5-6 STEAM RATE

Steam fate is the usual meastre of performance for
turbines pperating at only ohe)inlet pressure and tem-
perature pnd discharging*all*flow at another pressure.
Steam rahte is expressedin Ibm/kWhr (kg/kWh) or

Ibm/hp-Ir and numerically equals w;/P.

5-6.1 Corfections to Steam Rate

For a given turbine-valve setting, steam rate is cor-

5-7 HEAT RATE

This is the flow that would pass through/the thfottle
with the same turbine valve setting but'with the gpeci-
fied throttle conditions.

5-7.1

For turbines operating if~a regenerative or rehdating

cycle, steam rate is inappropriate as a measure of per-
formance. The perfornmance shall be expressed as 4 heat
rate. The basic definition for heat rate is:
Net heat to th 1
[t cate — Netheat to the cycle
Output

“Netyhéat to the cycle” is the algebraic sum pf all
incething and outgoing heat flows from the steam| gen-

erator.

5-7.2

In addition to the heat supplied by the steam gener-
ator, additional heat may enter the turbine cycle [from
pumps in the feedwater circuit between the condenser
and final feedwater. This heat is equivalent to the [theo-
retical work of compression plus the internal losges of
the pumps. This additional heat input results [from
power for the pumps supplied from external sotirces,
the main shaft, or separate steam turbines. In dleter-
mining the performance of this turbine, the heat |nput
and power required must be considered.

5-7.3

Some installations use desuperheating water (s
or heat exchangers) to control the throttle steam|tem-
perature. The enthalpy of the desuperheating watef may

brays

rected to Specifiedt operating condition by the following
procedure:

(a) Correct the measured generator output for devia-
tion from specified values of power factor and hydro-
gen pressure. Values from appropriate correction curves
should be used.

(b) Determine the steam rate, which is the test throt-
tle steam flow divided by the corrected generator out-
put of item (a) above.

(c) Correct the steam rate for deviations from speci-
fied values of throttle pressure and temperature, ex-

66

differ from that of the feedwater leaving the highest
pressure heater if the desuperheating water was taken
from the feedwater heating circuit upstream of the final
feedwater heater. This reduction in feedwater flow
through the remaining feedwater heaters must be taken
into account.

5-7.4

When desuperheating water is used to control the re-
heat steam temperature of a reheat turbine, the effect on
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the turbine cycle performance must be taken into ac-
count. Steam resulting from the desuperheating water
injected into the cold reheat steam line will enter the tur-
bine at the pressure in the reheater and generate addi-
tional power, although at a lower level of cycle efficiency
than that for steam entering the throttle. This will lower
the overall performance of the turbine cycle and must
be taken into consideration.

ASME PTC 6-2004

tion of the test cycle to the specified cycle. In this ap-
proach, the test turbine efficiencies and test turbine shaft
and steam leakages are used with the specified cycle
conditions to calculate a “corrected test” cycle that is
comparable with the specified cycle. Examples of this
approach are presented in PTC 6A.

If correction curves or tables are used, it is recom-
mended that, where possible, they should be specific to
the test cycle. The use of correction curves may be re-
quired if the alternative procedure is used, due to the

5-7.5

It is impractical to describe in this Code all the possi-
ble variations in turbine cycles. The calculations for per-
formpance must take into account specific conditions.

CORRECTION OF THE TEST RESULTS TO
SPECIFIED CONDITIONS

5-8

5-8.1

Te$ts shall be conducted with the smallest possible
devidtion from specified conditions, in order to mini-
mize|correction errors (see Table 3-1 for limits of devi-
ationg). Corrections for deviations from the specified
opergting conditions may conveniently be separated

into {wo groups, as follows.

5-8.2

Thjs group includes corrections for variables pri
marily affecting the feed heating system. For conve-
niende, corrections for generator-operating conditions
are also included.

Exgmples of variables included in Group,1 are

(a)| feedwater heater terminal temperature

(b)| differences  feedwater heater~ drain-cooler-
apprpach differences

(c)|extraction line pressure dreps and heat losses

(d)] system water storage.changes

(e)|feedwater enthalpy-tise through condensate and
feedyater pumps

(f)|condenser-condensate temperature depression

(¢)| make-up feedwater flow

(h)| desuperheating water used to control steam tem-
perature

(i) |[powerfactor

(j) |génetator voltage

Group 1 Corrections

lack of sufficient test data for making the required heat
balance calculation. Typical correction ctirves are pre-
sented in Section 8 of this Code.

5-8.3 Group 2 Corrections

This group includes corrections of variables
affecting the turbine pexférmance. Example
ables included in Group:2 are

(a) turbine initialisteam pressure

(b) turbine initial steam temperature

(c) turbine/otreheat steam temperature

(d) turbiiéyinitial steam quality

(e) préssure drop of steam through the
system(s)

(f)\turbine exhaust pressure

&) speed (for mechanical drives)

(h) moisture separator effectiveness!

(i) reheater terminal temperature differencg

Corrections for the effect of Group 2 variabl¢s on heat
rate and output are made by use of appropriate correc-
tion curves or tables.

primarily
of vari-

reheater

—_

5-9 CALCULATION OF TURBINE EXHAUST
STEAM ENTHALPY

5-9.1

Turbine efficiency as obtained from test d
rived from two independent steam propertie
of several logical turbine points. When plotted
lier diagram, these points form the basis of tle turbine
expansion line. For superheated steam, the measured
pressure and temperature at the throttle, cold rpheat, hot
reheat, and cross-over may be plotted directly. Super-
heated extraction steam is hotter than the averjge steam
passing through the turbine due to stean] leakage

hta is de-
for each
on a Mol-

(k) generator hydrogen pressure

(I) speed (effect on generator losses)

Group 1 cycle corrections can be made by heat bal-
ance calculation or application of correction curves or
tables. In the heat balance method, the test cycle may be
corrected to the specified cycle or vice versa. Correcting
the specified cycle to the test cycle requires manufac-
turer’s design data that might be proprietary or un-
available legally. This latter approach is therefore not
recommended.

Paragraphs 5-11.1 through 5-11.4 describe the correc-
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through the ctearances between the stationary and ro-
tating blades. Superheated extraction state points, there-
fore, lie to the right of the expansion line. In most cases,
the turbine exhaust steam, and in some cases, extraction
steam, is not superheated. The enthalpy at these points
is then determined by a turbine energy balance.

(a) For turbines using superheated steam, the fol-
lowing iterative procedure is used:

! Correction applied only if equipment is not provided under
the turbine contract.
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(1) The extraction steam flow to each feedwater
heater is determined by heat balance around the heater.
The steam enthalpy for extraction points in the wet re-
gion is estimated by extrapolation of the test expansion
line which is a smooth curve drawn between the LP in-
let and LP exhaust state points. For the first trial, the LP
exhaust enthalpy must be estimated.

(2) The enthalpy of the turbine exhaust steam is de-
termined by a turbine energy balance. Generally, this is:

STEAM TURBINES

(2) With known extraction flows and enthalpies,
mass and energy are each balanced, thus determining
exhaust flow and associated enthalpy. This enthalpy is
also referred to as the “used energy end point” (UEEP)
or “turbine end point” (TEP). The general expression is:

wihy — wgihgi =+ — Weahen — Welhs — prihpLi -

- prnhan - (wh)reheater drain (wh)moisture-separator drain
= K(P; + Electrical losses, kW + Mechanical losses, kW)

where

wlhl + wslz = WA ijf"l,' =
- Wy, ihpLi - prnhan

= K(P, + Electrical losses, kW + Mechanical losses, kW)

= WEnlEn — Welle

where
K = a donstant depending on the units of P, w, and h.

The w’q include all flows chargeable to the turbine cy-
cle. If P i$ in kW, w in Ibm/hr, and h in Btu/Ibm, then
K = 3412{14.

In the gbove equation, the symbol w, refers only to the
steam flow returned to the reheater and ws; = w, + wpo.
The valug ws can be determined by flow balance. Gener-
ator lossep, determined from appropriate data, must cor-
respond fo the actual generator-operating conditions.
Since all [other items are known, the equation can be
solved fof the enthalpy of the exhaust steam, /15. The value
of wg is inffluenced by the values read from the expansion
line for erfthalpy of steam to any heaters using wet steam.
See para. p-9.3(a) for a description of the iterative process.

(b) For|turbines using wet steam, the enthalpy of the
exhaust gteam is determined using the procedure out-
lined bel¢w.

(1) The extraction steam flow to each feedwater
heater cafh be determined by direct measuremefits-of the
heater drgins, difference of measurements of drains from
adjacent heaters, or applying the tracer techniques and
heat balafice. The steam enthalpy for extraction points in
the wet rdgion is calculated by performing an energy bal-
ance aboyt each heater using the available measured val-
ues of pressure, temperature, moisture, and flow. These
enthalpie$ are the average forvthe flow through the ex-
traction glipe. They are uSed to determine the heat flow
from the furbine to thé heaters in the overall energy bal-
ance whi¢h determines turbine exhaust steam enthalpy.
Each extrpction state’ point in the moisture region repre-
sents a miixture.of wet steam and free water? drawn out
with the $téant. If the extraction steam superheat (mini-

K = a constant depending on the units of P, wyahd h

If P is in kW, w in Ibm/hr, and / in Btui/Ibm,|then
K = 3412.14. The w’s include all flows chargeable {o the
turbine cycle.

The exhaust flow wg is determinéd-from a mas$ bal-
ance. Generator losses, determifiéd from appropriate
data, must correspond to thelactual generator-operat-
ing conditions. As all othersitems are known, the ¢qua-
tion can be solved for /5, “the enthalpy of the tufbine
exhaust steam. Since¢thé calculated value of wg s in-
fluenced by the shape)and slope of the expansior line,
an iterative calculdtion as described in para. 5-9.3(b) is
necessary.

5-9.2 Exhaust Loss

The team “exhaust loss” includes various energy losses
og¢eurring between the last stage of the turbine and con-
denser. It includes the energy loss due to the velocity re-
maining in the steam after leaving the last stage, loss due
to pressure drop through the exhaust hood, and dedrease
in efficiency of the low-pressure end, which occurs gt low
loads when the volume flow becomes too small to fnain-
tain adequate steam velocity. The exhaust loss is Kter—
mined from an appropriate curve, showing this losp as a
function of volumetric flow or exhaust steam velodity at
the exit annulus of the last rotating row.

5-9.3

By subtracting the exhaust loss from the calcilated
enthalpy of the turbine exhaust steam, an enthalpy
known as the expansion line end point (ELEP) cgn be
determined. When plotted on a Mollier diagram 4t the
measured exhaust pressure, it is the terminal pont of
the test expansion line. If the difference between th¢ pre-

mally 27°F, T5K) permits determination of the enthaipy
by measurement of pressure and temperature, a more ac-
curate enthalpy will result than that obtained by the heat-
balance method previously described. The enthalpy of the
high-pressure exhaust steam entering the moisture sepa-
rator is determined by balancing mass and energy about
the reheater and moisture separator in sequence and solv-
ing for the enthalpy by heat-balance calculations.

2 Free water is defined as the water in the turbine through-flow
that leaves with the extraction steam.
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viousty estitmated and Tewly catcatated vatte exceeds
the desired limit (usually 0.1 Btu/lbm), the following
procedures should be followed:

(a) For Turbines Using Superheated Steam. When a pre-
viously estimated enthalpy for an extraction point in the
wet region does not coincide with this expansion line,
a revised value is read from the curve. New values for
the extraction flow and expansion line end point are
then calculated. This is repeated until the extraction en-
thalpy is consistent with the calculated expansion line
end point.
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(b)| For Turbines Using Wet Steam. igure 5-1 shows a
typichl saturated steam turbine (expansion line. The
high-pressure turbine expansion.line is on the left; the
low-pressure turbine expansion line is on the right. The
dotted line connecting them represents the moisture
sepafator reheater. Thetdiscontinuities near the middle
of th¢ high-pressureturbine expansion line and near the
lowet end of the(low-pressure turbine expansion line
each frepresent ‘a-moisture content reduction due to free
watef removal dt heater extraction points. No water re-
movql isishewn at pressures below the lowest pressure
extraftionpoint, since the necessary measurements usu-

ELEP" 7\
N
n QQV. _
.Q'
(')\
\/
1.4 15 17 1.8 1.9

Entropy-Btu/lbm°R

Fig. 5-1 Typical Saturated Steam Turbine Expansion Line

points in the superheated region (superheated at least
27°F, 15K) from measured pressures and temjperatures.

(4) Plot the calculated low-pressure tugbine end
point (UEEP) and expansion line end point {(ELEP) at
the exhaust pressure.

(5) Plot the calculated extraction enthalpy at the
measured extraction pressure for any additioral extrac-
tion points other than noted in (6) below.

(6) The methods for determining the highest pres-
sure extraction and lowest pressure extracfion state
points are the same and involve an iterative pfrocedure.
Calculate the steam enthalpy at the inlet to thd group of

ally are ot Tmade. Hence, the calcutated turbine encd
point ignores the water removal below the lowest pres-
sure heater.
The following procedures are used when plotting the

state points to determine the expansion line for a test load.

(1) Plot the throttle steam state point from a mea-
sured throttle pressure and temperature or calculated
moisture.

(2) Plot the calculated high-pressure turbine ex-
haust enthalpy at its exhaust pressure.

(3) Plot the hot reheat state point and extraction

turbine stages foltowing theextractiormr poirtunder con-
sideration, using an assumed turbine efficiency. Energy
is balanced using the previously calculated flows and
extraction enthalpy and assumed inlet enthalpy to de-
termine extraction state points. The difference between
the assumed and calculated enthalpy is the result of free
water removal and provides the data for determining
water removal effectiveness. Finally, the expansion line
slope above the extraction point must also be reason-
able. If not, a different enthalpy is assumed and the cal-
culation repeated. For the best solution, the most rea-
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sonable expansion is obtained both above and below the
extraction state points. In judging expansion line “rea-
sonableness”, one should refer to the design expansion
lines at, or as close as possible to, the evaluated load. A
close match between the expansion line slope above the
extraction point at the expense of a poor match below
that point, or vice versa, should be avoided.

5-10 TURBINE EFFICIENCY AND EFFECTIVENESS

STEAM TURBINES

an appropriate performance indicator. With the internal
efficiency definition, more effective water removal re-
duces calculated efficiency, which is contradictory. Per-
formance of such turbine sections is therefore better
measured in terms of effectiveness, e where

A
Al + T,As

where

5-10.1

Calculdting exhaust steam enthalpy permits the de-
terminatipn of low-pressure turbine efficiency. This ef-
ficiency mhay be plotted versus exhaust volumetric flow
or annulys velocity, and used for the same purposes as
are efficigncies obtained from turbine sections operating
entirely ilh the superheated region [see para. 5-2(b)]. One
exceptior] is covered in the next paragraph.

5-10.2

For low-pressure turbines with moisture removal
stages, seftion efficiency as defined in para. 5-2.1(b) is not

Ah = 5um of the actual work (in btu/Ibm) of t
individual expansions in the low-pressure
steam path

As = Sum of the entropy changes (inBtd/Ibm
corresponding to the Ah expansions used
above

AT, = Absolute temperature, (°R) corresponding
the low-pressure secfion exhaust pressurg

R)

to

1

bness
plot-
eloc-
bd in

The components of thé definition of effectiv
are illustrated in Fig¢ 5%2. Effectiveness may be
ted versus exhaust volumetric flow or annulus V
ity, in a mannersimilar to efficiency, as describ
para. 5-2(b).

As;

ASZ

&p=

I M

(Ah;+ T,As;)

Fig. 5-2 Components of Effectiveness
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5-11 CALCULATION OF GROUP 1 CORRECTIONS
5-11.1

The specified cycle performance can now be calcu-
lated using the test expansion line (test turbine efficien-
cies), specified cycle conditions, test packing leakages,
and test throttle flow. First, specified cycle extraction
flows must be calculated for the following conditions:

(1) a feedwater flow leaving the highest pressure

ASME PTC 6-2004

thalpy WEEP) is calculated by adding the revised ex-
haust loss to the original expansion line end point
(ELEP), which is not affected by variations in exhaust
flow.

5-11.3

For reheat turbines, changes in desuperheating water
and high-pressure extraction steam flows may cause an
appreciable change in reheat turbine inlet flow, pro-

heater pr}nn] to the test throttle flow P]"Q or minus any
pertinent flows specified in the contract.

(b)| no variation in the amount of water stored in the
condpnser hotwell, deaerator, or other cycle vessel.

(c)|steam pressure in each feedwater heater lower
than [the pressure measured at the turbine extraction
flange by the specified percentage of extraction line
presdqure drop.

(d)| temperature of the feedwater leaving each heater
diffefing from the saturation temperature correspon-
ding [to the heater steam pressure by the specified ter-
minal temperature difference.

(e)|condensate drained from heaters at the saturation
templerature corresponding to the heater steam pressure
unleds a drain cooler section is included in the heater.
If a Hrain cooler section is included, the condensate
drain| temperature equals the heater inlet temperature
plus fhe drain cooler section specified drain cooler ap-
proagh difference.

(f)| feedwater temperature entering the lowest pres¢
sure fheater equal to the saturation temperature cofre-
sponfling to the turbine exhaust pressure, less the spec-
ified [amount of subcooling, plus any temperature rise
due to heat added to the condensate in accerdance with
the specified cycle.

(g)] no flows entering or leaving the tycle except those
inclufed in the specified cycle.

(h)| enthalpy rise across the condensate and feedwa-
ter ppmps as specified.

Fof turbines using wet §team, the moisture removal
effecfiveness as determified in para. 5-10.2 shall be used
in th¢ calculation of the:specified cycle extraction flows.

5-11.p

Sirfce turbine stage pressures vary directly with flow
to the following stage, changes in extraction flow and

ducing a new pressure at the reheat stop yalve. If so,
one of the following methods should be G5¢d|to obtain
the revised reheat inlet enthalpy:

(a) Revised values of reheat temperature| and en-
thalpy can be read from an extrapolation or |nterpola-
tion of the test expansion liné\at the new reheat stop
valve pressure.

(b) A revised reheat entialpy can be read frpm an ex-
pansion line developed-from test turbine efflciency at
the new reheat stopiyalve pressure and test rgheat tem-
perature. In this case, the enthalpy of the exhajust steam
is calculated by adding the revised exhaust lops to a re-
vised ELER determined from the new reheat gtop valve
pressure,test reheat temperature, test exhaust| pressure,
and testturbine efficiency, instead of as described in the
last sentence of para. 5-11.2. The revised gteam en-
thalpies must then be used when calculating penerator
output for operation with the specified cycle cgnditions.

5-11.4

The corresponding generator output can be qalculated
by means of a turbine energy balance similar t¢ that pre-
viously used to calculate turbine exhaust dteam en-
thalpy. The generator losses in this balance mpist be de-
termined for operation with the specified yalues of
power factor, voltage, speed, and hydrogen [pressure.
These losses must be consistent with those uged in de-
termining the turbine exhaust steam enthalpy fHescribed
in para 5-9.1. Turbine heat input for the revjsed final
feedwater temperature and reheat steam flow are now
calculated. If packing leakage steam is suppligd from a
separate source, or if it leaves the cycle, the thethod of
charging or crediting the turbine for this flow must be
consistent with the specified performance. With these
turbine input and generator output values, p turbine
heat rate, corrected to the specified feedwater cycle and

use of Teheat Sprays may Change tese pressures, Wittt
corresponding changes in heater pressures and outlet-
water temperatures. Enthalpy of the extraction steam
also varies with the pressure at the extraction stage and
is determined from the test expansion line. These
changes may necessitate an iterative calculation of the
corrected steam flows until the extraction pressures
check within 1% or 1 psi (6.9 kPa), whichever is smaller.
The exhaust flow with the revised extraction quantities
is then determined and the corresponding exhaust loss
read from the appropriate curve. Exhaust steam en-
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generator operating conditions, can be calculated.

5-12 CALCULATION OF GROUP 2 CORRECTIONS
5-12.1

Correction factors must be obtained by calculation or
test to correct heat rate and output for deviations from
the specific values of throttle pressure, temperature or
quality, hot reheat temperature(s), reheater pressure
drop(s), exhaust pressure, and speed. If the application
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of Group 1 corrections causes a change in the reheat-
stop-valve pressure(s), the correction factors of reheat
temperature(s) and reheater pressure drop(s) must cor-
respond to the revised values, not to the test values
(see para. 5-11.3). The revised reheater pressure drop
is the difference between the test high-pressure turbine
exhaust pressure and the revised reheat stop valve
pressure.

5-12.2

STEAM TURBINES

5-13 AVERAGE PERFORMANCE
5-13.1

The specified performance, and results of tests for a
series of loads, may be expressed as a single value based
on weighted steam or heat consumptions or turbine ef-
ficiencies. For example:

1 2 3 4

Inan alternative approach, intermediate pressure tur-
bine test|inlet pressure and design reheater pressure
drop are fised to calculate high-pressure turbine exhaust
pressure.| High-pressure turbine test efficiency is then
used to dalculate its exhaust enthalpy. This approach
may be njost appropriate for cycles with high-pressure
turbine exhaust steam-powered feedwater pumps, per-
mitting the available energy to the feedwater pump tur-
bines to gpproach design values. These factors must be
applied t¢ the values of heat rate and output previously
calculated for operation with the specified cycle, to de-
termine turbine performance with all operating condi-
tions at specified values. These heat rates and outputs
are then ¢ompared with specified performance.

5-12.3

The cofresponding steam flow is corrected to the spec-
ified throttle pressure and specific volume by the equa-
tion in pdra. 5-4.2.

Steam or Heat
Consumption
Ibm (kg) or Btu/

Percentage of ~ kWhr (kJ/kWh) Product of
Rated Output or Turbine Weight Factor colyimns
(Example) Efficiency (Example) (2) and (3)
100 5
80 4
60 3
40 2 —
Sum = 14 Shm

Sumyof Column 4

Weighted average = Sum of Column 3

5-13.2

If avetage performance is calculated in accordance
with para. 5-13.1, the percentages of rated outpuf and
their \respective weight factors should reflect thefload
duration curve of expected turbine operation. If not
Specified, they should be agreed upon before profeed-
ing with the tests.
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Section 6
Report of Tests

REPORTS
Thpse test reports should include the relevant items
in th¢ following list:

(a) Brief summary of test
(1)] owner
(2)| designation of the unit
(3)] name and location of the plant
(4)| date of commercial operation
(5)| object of test
(6)] date of test
(7)| brief report of test results and conclusions, in-
cludihg post-test uncertainty analysis if performed
(8)| brief history of unit operation since start-up
(9)| pretest agreements
(b) Manufacturer’s guarantee heat balance
diagram(s)
(c) dycle diagram showing test readings (after
application of instrument corrections
\d averaging)
iscussion of test
methods of flow measurements
turbine heat or steam rate
turbine stage pressures
(4)| efficiencies of turbine sectiofis
(5)] overall turbine efficiency {(extraction and mixed-
presdqure turbines)
(6)| gland leakage flows
(7)| feedwater heater performance
(8)] MSR performance
(9)] generator otitput measurements
(1() special tests to determine correction factors
(11) test prdcedure
(12) any other pertinent information

%)

(d) 1
(1)
(2)
(3)

following specified operating conditions
(1) throttle steam flow
(2) generator output
(3) heat or steam rate
(4) overall turbine efficiency (extraction arnjd mixed-

pressure turbines)
(5) specified heat or steam rate
(6) specified overall furbine efficiency
(7) deviation from‘specified performance
(8) any other pertinent data

(f) Graphical présentation (all values corrected to the

following‘specified operation conditions)

(1) heatyrate versus output
(2) steam rate versus output

(3)~stage pressures versus throttle steam flgw
(4) stage pressures versus steam flow to following
Stage
(5) efficiency of turbine sections:
(a) high-pressure turbine efficiency vefsus first
stage pressure ratio or throttle steam flow
(b) intermediate pressure turbine versus flow to the
intermediate pressure turbine
(c) low-pressure turbine efficiency or eff¢ctiveness

versus exhaust annulus velocity volumetric flow
(6) gland leak-off flows versus throttle steam flow
(7) correction factors, if determined by test
(8) flow diagram showing location of flgwmeters,
details of gland-sealing system, and other perfinent de-
tails
(g) Summary of generator conditions for all tests
(h) Tabulation of specified test boundary conditions
(i) Set of all curves used to correct output, st¢am rate,
or heat rate
(j) Sample calculation for one of the test runs
(k) Discussion of results
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Section 7
Required Number of Readings

7-1 INTRODUCTION

rapid fluctuations, the apparent effect from the gradual

Figure B-1 of this Code presents a means for estimat-
ing the njimber of readings of a specific type required
for a turbine performance test. That figure is supple-
mented by paras. 3-9.1 through 3-9.4 and Table 3-2 and
intended [to be especially useful when the testing of a
specific tjrbine performance test point has been par-
tially confpleted. It uses the number of readings that are
then availlable and their maximum and minimum val-
ues. From these, this method furnishes an estimate of
how manfy readings are required in order not to exceed
the 20.05%6 specified uncertainty in the result of the test
as caused by the effect of scatter in the readings. This
does not fake into account the effect of spatial variations
or fixed imstrument errors, which are covered elsewhere
in this C¢de. This Section contains illustrations for the
use of Fig. 3-1 and Table 3-2 and the method used to de-
velop Fig 3-1.

Calculdting the approximate allowable ranges (maxi-
mum insfrument readings minus minimum instrument
readings) of important readings before the test is run is
recommepded. This will enable the test supervisor to
quickly dompare these approximate ranges with;the
recorded [ranges during the test, thus aiding injuidging
whether 4 valid test is being run or if improvements are
needed i the instrumentation or control.of test condi-
tions.

During running of some tests, a gradual change in the
level of spme measurements with_fespect to time may
be experipnced. This may be in\the form of a linear rise
or decay|or may possibly approach a sine wave. The
slow chahges could possibly be caused by such things
as unusugl changes in(weather conditions, ambient tem-
perature $ensitivityoficontrollers, gradual fouling of gas
side of bgiler tubesduring the test, and numerous oth-
ers. Thesg gradual changes generally do not influence
the uncettainty of a test if they are well within the per-

changes may be reduced by breaking down the,sgmple
of available readings into a number of smallef“sathples
of a common size. The allowable range as calculatgd be-
fore test can now be compared with the, ranges being
observed in each of the smaller sample Sizes to deter-
mine if the rapid fluctuations are #ithin limits. This is
particularly applicable to flow, méasurements by flow-
nozzle differential pressures;ahd power by indidating
wattmeter, where the number of readings availaple is
larger than for other types’of data because of th¢ one
minute reading frequency.

7-2 ILLUSTRATIONS

The illistrations presented in this Section represent
heat rdte tests on a nonreheat turbine described as fol-
lows:

Steam conditions of 850 psig, 900°F, 1.5 in. Hg|abs.,
¥41,590 Ibm per hr throttle flow, 16,500 kW gengrator
output at 0.85 power factor, and 351.8°F final feedyvater
temperature, with a specified heat rate of

141,590(1453.1 — 325.0)
16,500
= 9,680 Btu/kWhr (10,213 kj/kWh)

HR =

7-3 EFFECT OF FLOW NOZZLE DIFFERENTIALS

Prior to the test, it is established that the tests gre to
be run with one throat-tap nozzle with two djgital
instruments measuring the differential pressure{in 2
sets of throat taps. As recommended by the Codef 2 hr
of readings at one minute intervals are to be recofded.
The expected differential pressure for the test point
under consideration has been calculated to be 8J3 psi

mitted deviations from desigm or Tated condition per-
mitted by para. 3-8.11. The range in instrument readings
as determined from the maximum and minimum in-
strument readings takes into consideration the gradual
changes as well as the superimposed more rapid fluc-
tuations. Unless the less harmful gradual changes are
factored out of the range, this could cause Fig. 3-1 to in-
dicate a considerably larger number of readings re-
quired than are actually necessary. If, during a test run,
some measurements indicate gradual changes as well as
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(57 ZKTay.

For the test supervisor’s guidance, the allowable
range in differential-pressure readings for the test point
is calculated as follows:

(a) For the 121 one minute interval readings on each
instrument, enter Fig. 3-1, ordinate at 121, and read 1.4%
for Z at the intersection of the Nz = N, curve.

(b) Two differential-pressure instruments are used.
Therefore, Z; for each instrument, with Z,, = 1.4, is cal-
culated by assuming that Z; = Z, = . .. Z,, and rear-
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ranging the equation found in Table 3-2 in the form Zi=
Z,Nn

Z;=14V2 = +1.98%
(c) Table 3-2 shows 61 = 0.5 for flow by flow nozzle
differentials. Now the maximum allowable range for

differential pressure readings can be calculated by solv-
ing for Imax. = Jmin. in the equation

100 91(Imax. B Imin)

ASME PTC 6-2004

curve, becomes +0.03% per °F when the curve is used
to correct from the test temperature to the design tem-
perature. Errors due to scatter in the throttle steam tem-
perature data will also affect the heat rate by causing er-
rors in the throttle steam enthalpy used in the heat rate
formula. The magnitude of this error (6,"), on a percent
per °F basis, can be determined by using Fig. 7-3 and
the enthalpy rise in the heat rate formula as follows:
(a) For the example, the slope of the superheated
steam enthalpy curve at constant pressure is +0.565 Btu

0.5 (Imax. + Imin.)

and gising the expected 8.3 psi value in place of the ap-
proxjmate mean average 0.5 (Imax. + Imin.)-

_ 83x198

= Imin. = 100X 05 0.33 psi (2.3 kPa)

Imax4
Th
two
If,
half
mu
8.10
8.25

psi,

s is the allowable range in readings for each of the
ifferential-pressure instruments.

uring running of the test point for the first one-
our’s 31 readings, one instrument indicates maxi-
and minimum readings of 8.25 psi (56.9 kPa) and
si (55.8 kPa) and the second 8.45 psi (58.3 kPa) and
si (56.9 kPa), the Imax. — Imin. are 0.15 psi and 0.20
espectively, and are well within the 0.33 psi
(2.3 4Pa) allowable range. With the 31 readings and their
scatt¢r available, it is now possible to determine how
many readings on each of the instruments are required
to stqy within the 0.05% effect on the results due to the
scatt¢r in this data. This is done by determining N
on Fig. 3-1 after calculating Z for each instrument-and

comiBining the two values by the formula in Table 3-2
as follows:
~ _ 100X 05(825-810) _
L™ 05(825+810) W
- _ 100X 05045 - 826)
27 05845 +825))
Combining Zl and Zz tolaryive at Z for entry into Fig.
3-1 yjelds:
- V0922 + 1.202
= f = *0.76%

Enfering Fig,3-1 with Z = 0.76 and N, = 31, read Ng
as approximately 55. This is an estimate of the minimum
number;of readings of flow required to be within the

per Ibm/°F as read from Fig. 7-3 at 900°F ahd| 865 psia.

(b) With an enthalpy rise from 325.0. Btyi/Ibm to
1453.1 Btu/Ibm as shown in the heat rate fofmula for
the example, 6," is calculated as follows:

., +0.565 X 100 Y
0y = —(1453‘1 ~325.0) ="4+0.05% per °F
0," and 6," are next added algebraically to arfive at 6,.
6, = +0.03 + 0.05.=20.08% per °F.
Prior to the test, plans are made to use tw¢ thermo-
couples to meaSure throttle steam temperafure. The
maximum alléwable range in temperature fpr a two-
hour test¢with temperatures recorded at five-rhinute in-
tervals.eart be established as follows:
(1)rFor Ny = 25 readings, Z from Fig. 3-1
the’intersection of the N, = N curve.
(2) For two thermoc_ouples Zi= 0.49V2 =

Z; 0.69
(3) (ImaxA - - = 0.08

Imm.) - 02
in temperature during a 2 hr test.

During actual running of the first '/, hr df the test
point, one thermocouple maximum and mininjum read-
ings correspond to 905°F and 900°F, respectively, and
the second thermocouple correspond to 9P3°F and
899°F. Z values for each thermocouple are:

Z1 = 0.08(905 — 900) = 0.40%

is 0.49 at

+0.69%.
K)

8.6°F (4.8

Z> = 0.08(903 — 899) = 0.32%
The combined

V(0.40% + 0.322
. NVOAF032) o
2

With seven readings available after 30 minut¢s of run-
ning and Z = *=0.256, Ng, the minimum numbé¢r of read-

ings required as indicated on Fig. 3-1 is about 15.

o 1 ‘ . 1
CIITCU UIT UIC IT5T ITSUILS.

0.059

7-4 EFFECT OF THROTTLE STEAM TEMPERATURE

For throttle steam temperature, the slope of the man-
ufacturer’s correction curve and the slope of the steam
tables enthalpy curves at constant pressure are required
to calculate 05, defined in Table 3-2. Using the example
in para 7-2 and its heat rate correction curve, Fig. 7-7,
6,', which is the slope of the manufacturer’s correction

75

Figures 7-0 and /-8 are inctuded in this Code to il-
lustrate the slope 6,' for typical manufacturer’s throttle
pressure and exhaust pressure correction curves. Fig-
ures 7-2 through 7-5 were derived from the ASME Steam
Tables and may be used to calculate 6," for steam pres-
sure and temperature and feedwater temperature. Fig-
ures 7-2 through 7-8 are produced in this Code from
“Guidance for Evaluation of Measurement Uncertainty
in Performance Testing of Steam Turbines” PTC 6 Report,
and further reference can be made to that publication.
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7-5 COMBINING READINGS FROM MORE THAN
ONE SENSOR OR INSTRUMENT

Table 3-2 in this Code presents a method for combin-
ing the range of maximum-minus-minimum readings
from different types of data having the same time in-
terval between readings. An example of this would be
a test that yields a combined Z,, of =0.15% for seven
readings on each of the initial pressure instruments and
a combined Z, of =0.05% for seven readings on each

STEAM TURBINES

7-8 STANDARD DEVIATION

The method is based on the fact that a large number
of similar observations tend to cluster around their av-
erage value and that progressively fewer readings oc-
cur in increments of the same size as their distances from
the average value increases. Such a distribution ap-
proaches a normally distributed population having a
standard deviation o. When a random sample is selected
from a population, S is an adjusted root-mean-square

exhaust pressure instrument. These can be combined
with the $£0.26% for initial temperature using the equa-

tion undgr (b)(2) of Table 3-2.
Z} = V[(0.26)% + (0.15) + (0.05)?] = +0.30%
Reading Fig. 3-1 with Z = 0.30% and N, = 7 indicates

about 20
readings.

as an estimate of Ng, the number of required

7-6 ESTIMATED EFFECT OF ALL READINGS FOR
THE ENTIRE TEST PERIOD

For at Jeast some types of readings, most tests have
far more [readings during the period used to calculate
the test fesult than Ng, the number of readings re-
quired for exactly the =0.05% specified uncertainty of
the effec{ on the result of the test. For this increased
number ¢f readings, the test uncertainty can be calcu-

lated as

in which|
the entirg

U; = uncertainty based on the readings for
period used to calculate the test result. Sub-
scripts Rl and t, respectively, refer to-the number of
readings|required for the *0.05%specified uncer-
tainty anfl actual number used for calculating the test
results.

The 12] readings of each flow-nozzle differential for
a 2 hr tes{ period reduce the\timncertainty caused by scat-
ter of floy-nozzle readings to

55
> =+ %
Ug= 0.05 /121 +0.034%

Similatdly, the 25 five minute readings of each instru-
ment for lteperature and pressure and exhaust pres-

value of the deviations of the individual values |from
their average (x) and defined by the equation

_ | xi— ?
5= [(N,l)]

7-1)
where
N = sample size
S = the standard deviation.for the sample and frep-

resents the best estimate of o for the population

7-9 DISCUSSION ON FIG. 7-1

Classical statistical methods show that any rapdom
sample of sizé\N out of a normally distributed popula-
tion of infinite size may show a range in observdtions
(that is-the maximum observation minus the minimum
observation), which can possibly be equal to any yalue
between zero and infinity but actually will be sonpe in-
termediate value. The expected value of this '\j{!nge,
which is defined as the average value of the range shown
by a large number of samples of the same size, cin be
directly calculated.! The results of this calculatioh are
tabulated in many books on statistics and plotted oh Fig.
7-1 as S/Range for sample sizes from 2 to 200.

7-10 STANDARD DEVIATION OF THE AVERAGES

The scatter uncertainty of the result of any test is|mea-
sured by S, the estimated standard deviation of the av-
erages of the readings, not just of the individual readings.
Classical statistics show that the standard deviation pf the
averages of random samples of values taken frpm a
normally distributed population varies inversely ds the
square root of the number of values in the group. Thus,

Si
AN =1

(7-2)

sure reduces their combined uncertainty to

/20
U, =0.05 5 +0.045%

7-7 DEVELOPMENT OF FIG. 3-1

Paragraphs 7-8 through 7-13 contain the method used
to develop Fig. 3-1.
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7-11 UNCERTAINTY LIMIT

In this Code, the standard deviation of the averages
of the readings is used to estimate the required number

1 See pages 288-291 of the 3rd Edition of “Introduction of Math-
ematical Statistics” by P. G. Hoel (1962) John Wiley and Sons, Inc.,
for example.
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Fig. 7-1 Standard Deviation-Range vs. Sample Size

Calculated From Steam Tables
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Fig. 7-2 Slope of Superheated Steam Enthalpy at Constant Temperature
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