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NOTICE

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

emphasis and for the convenience of the user of the Code. It is expected that the Code user is
fully cognizant of Sections 1 and 3 of ASME PTC 1 and has read them prior to applying this
Code.

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

When tests are run in accordance with a Code, the test results themselves; without adjustment
for uncertainty, yield the best available indication of the actual performance of the tested equip-
ment. ASME Performance Test Codes do not specify means to comparethose results to contractual
guarantees. Therefore, it is recommended that the parties to a commer¢ial test agree before starting
the test and preferably before signing the contract on the method)to be used for comparing the
test results to the contractual guarantees. It is beyond the scope of any Code to determine or
interpret how such comparisons shall be made.
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FOREWORD

The history of this performance test code started in 1960 when the Board on Performance Test
Codes organized PTC 30 on Atmospheric Cooling Equipment. It was the first attempt by ASME

to provide procedures for testing air-cooled heat exchangers. Except for a preliminary draft, the
Code was not completed at that time due to the death of the Chair and he was its only Committee
Member. In 1977 the Board decided to resume the effort to produce a performance test for aif3
cooled heat exchangers. Subsequently a committee was formed and developed an appropriate
Code after several years. The title of the new Code was revised to “Air-Cooled Heat Exchangers”
and on February 15, 1991, the Code was approved as an American National Standard.

The 1991 issue of that Code was a credit to those on the Committee. It was very comprehensive,
erudite, and a definite contribution to the art of engineering. But it was infrequéntly used due
to the difficulty of measuring the airflow through the equipment and other aspectsof its application
to the great variety of exchangers that existed and the minimal acceptance:testing that was
traditionally specified in the general heat exchanger industry.

During 2002, the Board on Performance Test Codes had taken noticé that air-cooled steam
condensers (ACCs) were being largely installed on power plants at,ar{increasing rate throughout
the country and the world. At that point in time, there were over 600 ACCs worldwide with
more than fifty large applications of the technology in the United States. These machines are
essentially enormous radiators served by a multiplicity of.fans that, compared to water-cooled
condensers, are relatively expensive and generally exhibita poorer performance. They were being
applied however in order to conserve water resources;to allow a particular plant to be located
in water scarce regions; to reduce the aquatic and airbotne environmental effects often associated
with once-through or wet cooling towers; and tovbring projects to completion quickly without
having to address restrictive regulations related4o any future use of cooling waters. In addition,
because their size could be as big as an acre otr'more, it appeared there was there was no directly
fitting test code that would allow a cost-étfective, practical engineering performance test of the
equipment. Thus, in November 2002, the-Board on Performance Test Codes directed a committee
be formed to update and/or produce a test code applicable to these air-cooled condensers. A
large national Committee was convéned the following year that was comprised of experts from
manufacturing, utility-owners, \test agency, academia, and consultants in the field.

Before the work of revi§ing or drafting up a Code began, a careful review of PTC 30 was
undertaken and some fiéld*test experience with that Code was reported to the Committee. As a
result, the Committee decided not to update the existing Code but rather to create a new Code
expressly for the pérformance testing of the ACCs utilized on power plants. Hence, the existing
Code was retained,and a new Code was designated as PTC 30.1, Air-Cooled Steam Condensers.

The general focus of PTC 30.1 is acceptance testing. Recognizing, however, the importance of
minimal flixbine exhaust pressure on plant generation, the Committee also featured two
Appendices of the Code that address both methods of Performance Monitoring and Routine
Performance Testing. These appendices contain pragmatic techniques that use lesser accuracy
institumentation and procedures that will allow plant personnel to maintain the lowest turbine

baekpressures without the higher costs or engineering efforts associated with acceptance testing.
Tl Jad LDPDTC 20 1 A (O lad Ct ral | dlatlha Dol Tock

TS COTOOTT OT T T T OUTT, 7 i COOICOrotCaT T OO CSCTSTwasS ap pTOov et Dy e Crrorarnc oSt

Code Committee 30.1 on April 30, 2007 and by the Performance Test Codes Standards Committee
on April 30, 2007, and approved and adopted as a Standard practice of the Society by action of
the Board on Standardization and Testing on June 7, 2007. This edition was approved by the
American National Standards Institute on August 17, 2007.

vi
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CORRESPONDENCE WITH THE PTC 30.1 COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus
of concerned interests. As such, users of this Code may interact with the Committee by requesting
interpretations, proposing revisions, and attending Committee meetings. Correspondence should
be addressed to

Secretary, PTC 30.1 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 ingorporate changes that
appear necessary or desirable, as demonstrated by the experience gairied-from the application
of the Code. Approved revisions will be published periodically.

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

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

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

Interpretations. Upon request, the.PTC 30.1 Committee will render an interpretation of any
requirement of the Code. Interpretations can only be rendered in response to a written request
sent to the Secretary of the PTE, 30.1 Standards Committee.

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

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

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

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

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

Requests that are not in this format will be rewritten in this format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.

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

Attending Committee Meetings. The PTC 30.1 Standards Committee regularly holds meetings,
which are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the PTC 30.1 Standards Committee.

viii
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AIR-COOLED STEAM CONDENSERS

Section 1
Object and Scope

OBJECT (f) air-cooled condensers with inlet air condiftioning
in-service

The determination of special data or verificdtion of
guarantees that are outside the scope of this Codle shall
be made only with thie-Written agreement of the[parties
to the test. The agreéd methods of measuremgnt and
computation shall be defined in writing anfl fully
described in the test report.

his Code provides uniform test methods for conduct-
ing and reporting thermal performance characteristics
echanical draft air-cooled steam condensers (ACC)
opgrating under vacuum conditions.

is Code provides explicit test procedures to yield
reqults of the highest levels of accuracy consistent with
th¢ best engineering knowledge taking into account test
cogts and the value of the information obtained from
teqting and practice currently available. This Code pro- ~ 1-3 UNCERTAINTY
vidles rules for conducting acceptance tests. It also pro-
vidles guidelines for monitoring thermal performance
anfl conducting routine tests.

he tests can be used to determine compliance with

Theé explicit measurement methods and progedures
have been developed to provide a test of the highest
level of accuracy consistent with practical limjtations
e . for acceptance testing. Any departure fromp Code
coptractual obligations and the Code can be incoxgg- requirements could introduce additional uncertainty

rafed into commercial agreements. A test shall be comsid- beyond that considered acceptable to meet the objectives
ergd an ASME Code Test only if the test procedures  ¢'w o Code.

comply with those stipulated in this Code and-the post-
tegt uncertainty analysis results are in ac¢ordance with
subsection 1-3.

The application of uncertainties to adjust test|results
is not part of this Code; the test results themselyes pro-
vide the best indication of actual performange. The
uncertainty is used to determine the quality of fhe test
and reflects the accuracy of the test instrumentat{on and
stability of the test conditions. Test tolerance, fnargin,
and allowance are commercial matters that are not
addressed by this Code.

The maximum uncertainties shown below are lim-
its — not targets. A Code precept is to design a [test for
the highest practical level of accuracy based on furrent
engineering knowledge. For a commercial test, this phi-

[
1

P SCOPE

[his Code provides rufes for determining the thermal
pepformance of the referenced equipment with regard
to the steam flow capability while meeting any applica-
blg fan power guarantees. This steam flow capability
m4gy be alterhatively expressed as a deviation from

depign flow capability, a deviation from design turbine O : .
[ losophy is in the best interest of all parties to the test.
bafkpresstire, or as the absolute value of the steam tur- E . )
Deviations from the methods stated in this C¢de are

bine backpressure. This Code also provides procedures .
f0| P I 'E'pi Jissol p i acceptable only if it can be demonstrated to ]he test
parties that the deviations provide equal Oof lJower uncer-

and specified condensate temperature. This Code does o
tainty in the calculated test result.

not address procedures for assessing noise. . .
- . A pretest uncertainty analysis shall be performed to
The Code is not intended for tests of . L
devices f hich th fluid is ab establish the expected level of uncertainties for the test,
ﬁl) devices for which the process fluid 1s above atmo- including an estimate of the random (precision) uncer-
Spheric pressure . tainty based on experience.
(b) devices for process fluids other than steam A post-test uncertainty analysis is similarly required.
(¢) devices for single-phase process fluids The results of a thermal performance test, conducted in
(d) wet surface air cooled condensers full compliance with the procedures and instrumenta-
(e) natural draft or fan-assisted air cooled condensers tion specified in this Code, shall be considered valid if
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the calculated overall uncertainty in the thermal capabil-
ity is less than +4.0%. If the post-test uncertainty is
greater than +4.0%, then the test is not a Code test. In
addition, the uncertainty of Code tests that determine
the condensate temperature shall be less than +0.3°C
and Code tests that measure the dissolved oxygen in
the condensate shall have an uncertainty of less than
+2.6 ppb.

based on ASME PTC 19.1 but specifically applied to
the equipment indicated within this Code. It should be
noted that the collection, reduction, and evaluation of
thermal data are greatly facilitated through the use of
a data acquisition system. The use of a data acquisition
system is preferable to a manual recording system
because a data acquisition system supports increased
sampling frequency, increased number of test measure-

Becapse—of—the—variety—of-methods—and—instruments
used ir} the conduct of performance tests, the test uncer-
tainty must be determined by an uncertainty analysis

L J 1l Talate . £ : L. Lo 1l 3
ments-and-the-abiity—to-seanrmore-instruments—hey in
combination will reduce the random error-in {he
measurements.
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Section 2
Definitions and Descriptions of Terms

2-1 SYMBOLS

he symbols listed in Table 2-1 are to be used unless
otherwise defined in the text. Numerical constants used
in the equations and examples in the Code, unless other-
wipe specified, are based on SI Units.

=+

P DEFINITIONS

N
U

[he following terms are characteristic of air-cooled
stdam condensers and the requirements for testing them.
Fof the definition of all other physical terms, or the
depcription of the instruments used in this Code, refer
to fhe literature and to ASME PTC 19.1, Test Uncertainty;
AYME PTC 19.2, Pressure Measurement; and ASME
PTIC 19.3, Temperature Measurement.

acdeptance test: the evaluating procedure to determine if
a mew or modified piece of equipment satisfactorily
mgets or exceeds its performance criteria, permitting the
pulrchaser to “accept” it from the supplier.

acduracy: the closeness of agreement between a measured
value and the true value.

adfustment:
a) starting equipment, stopping equipment, or
chiinging the set point of equipment during a test run.
b) correction of test parameters to guarantee
copditions.

=,

airtcooled condenser (ACC): a héatexchanger using ambi-
enf air as the heat sink tO absorb heat directly from
stqam at vacuum conditions, condensing the steam and
redqovering the condensate, as would be typically used
in fan electric power generating station.

airtremoval system: a system of steam-jet air ejectors
(SJAEs) and for*liquid-ring vacuum pumps (LRVPs) in
an combinfation, intended to remove the noncondensi-
blgs and-maintain the capability of the ACC and support
oppration of the vacuum deaerator. The air removal sys-

atmospheric pressure: force per unit area exerted|by the
atmosphere at the location of the ACC.

backpressure: see condenser pressure.
bias error: see systematic error.

calibration: the process of comparing the responge of an
instrument to a standard instrument over some measure-
ment range and adjusting‘the instrument to mqtch the
standard, if appropriaté

cogeneration steam léad> the portion of the steam| gener-
ated in the unit that is diverted to a process urrelated
to power generation. The diverted steam is npt con-
densed in the ACC, and the condensate may or thay not
be returiied to the condensate tank.

condenisate pump: a pump that withdraws conglensate
fromvthe condensate tank and discharges it to the boiler
eircuit, HRSG, or other components of the powdr cycle.
Also called condensate forwarding pump. It is typichlly not
supplied nor tested as part of the ACC.

condensate tank: a vessel at roughly the same prressure
(vacuum) as the ACC that collects condensate refurning
from the heat transfer surfaces, plant drains, and make-
up water. Also called condensate receiver. It is typically
supplied and tested as part of the ACC.

condenser pressure: the absolute pressure at the prescribed
location, typically at or near the steam turbine ¢xhaust
flange at which design and guarantee performajnce are
to be achieved.

controlling quarantee case: that combination of fhermal
duty, condensing pressure, and inlet air temperatfire that
dictates the design of the ACC. See para. 3-8.1.

corrected performance: performance parameter afljusted
mathematically to a specified reference conditidn.

data acquisition system: a system by which substantially
all of the test measurements are acquired and rdcorded

tem 15 typically supplied and tested as patt of the ACC.

ambient air temperature: the temperature of the air mea-
sured upwind of the ACC within its air supply stream.

ambient wind velocity: the speed and direction of the wind
measured upwind of the ACC within its air supply
stream.

area: the outside surface area, including tube surface and
fin surface; the area used as the basis for heat-transfer
calculations.

electronically and stored directly in a computer.

deaerator: a device that removes dissolved oxygen from
the makeup water.

design values: performance conditions upon which the
design of the ACC is based and for which the perform-
ance of the ACC may be predicted.

exit air temperature: the temperature of the air leaving
the ACC.
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Table 2-1 Symbols

U.S. Customary

Symbol Definition SI Units Units
A Heat transfer surface area m? ft2
b Systematic uncertainty associated with each
measured variable or parameter
[ Specific heat of air k)/kg-°C Btu/lb-°F
C Condenser capability % %
f Electrical resistance factor for a wire
fo for Correction factors
fio» foc
h Coefficient of convective heat transfer W/m?2-K Btu/hr-ft?-°F
h Specific enthalpy J/kg Btu/lb
hgg Specific latent heat of vaporization J/kg Btu/lb
/ Electric current Amp Amp
ITD Initial temperature difference °C °F
k Tube wall thermal conductivity W/ m-K Btu/hr-°F
LMTD Log mean temperature difference °C °F
Number of measurement stations
Mass flow kg/s lb/hr
Mme Slope of the turbine expansion line
m, my Reynolds number exponent of overall heat trans-
fer coefficient (see Appendix D)
n Reynolds number exponent of friction factor
(see Appendix D)
N Number of test runs
NTU Number of heat transfer-units
p Pressure kPa psia, in. HgA
Q Condenser heat load W Btu/hr
Volumetrie flow rate for air m3/hr ft3/hr
R Electfic resistance Ohm Ohm
Re Reynolds number
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Table 2-1 Symbols (Cont’d)

U.S. Customary

Symbol Definition Sl Units Units
Ry Air-side fouling coefficient m2-K/W hr-ft?-°F/Btu
s Specific entropy k)/kg-K Btu/lbm-°F
S Standard deviation
t Students—t-vatte
Temperature °C °F
u Overall heat transfer coefficient W/m2-K BtU/hr-ft2-°F
Ugs Test uncertainty
v Velocity m/s ft/sec
w Fan power w hp
X Steam quality fractiop fraction
X Value of a test parameter
z Height m ft
B Systematic error
r “Gamma factor,” a convenient function of NTU
o Tube wall thickness m ft
A Differential
€ Random error
n Fan motor efficiency
Sensitivity coefficient
p Density kg/m?> lbm/ft?

Random uncertainty

Summation

of NTU

“Performance coefficient,” a convenient function

farl deck: the horizontal’platform or barrier at or near the
elgvated plane of the fans. It may or may not provide
fo1l personnel access:

far pitch: the.angle of attack to which the fan blades are
sef, typically,measured from the horizontal fan plane
to [the ificlined chord of the fan blade at a designated
m¢asufement location on the fan blade.

induced draft: a mechanical-draft ACC in which j:e fans
are located downstream of the heat transfer surface.

influence coefficient: see sensitivity factor.

initial temperature difference (ITD): the difference between
the saturated steam temperature at the condens¢r pres-
sure and the inlet air temperature.

farrspeertThe Mumber Of Tevolutions ot the fan per
unit time.

forced draft: a mechanical-draft ACC in which the fans
are located upstream of the heat transfer surface.

guarantee location: the physical location at which a guar-
anteed parameter is to be determined.

guarantee values: specified or predicted operating condi-
tions for which the design of the ACC was guaranteed.
Also called guarantee point, case, or conditions.

inlet air temperature: the temperature of the air entering
the ACC, including the effect of any recirculation and/
or interference.

instrument uncertainty: an estimate of the limit of the
error of a measurement; the interval about the measure-
ment that contains the true value for a given confi-
dence level.
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interference: the thermal contamination of ACC inlet air
by a source extraneous to the ACC.

LMTD: log mean temperature difference, as computed
from condenser heat load.

makeup water: water supplied to the deaerator or conden-
sate tank by external systems to replace system losses

manuallrecording system: a system by which substantially
all the easurements are observed and recorded manu-
ally in|a test log, even if they are later entered into a
compufter for data reduction and analysis.

margin| the positive or negative limit surrounding an
desired value, in which an acceptable result may lie.

measurgment error: the true, unknown difference between
the measured value and the true value.

measurgment uncertainty: estimated uncertainty associ-
ated wfith the measurement of a process parameter or
variable.

mechanjcal draft: a type of ACC in which the air flow is
effectedl by fans. In the typical ACC, these are motor-
driven|axial fans.

multipdrty test: performance test for an ACC where the
results|of the test are the substance of a contract. Typi-
cally, the parties are the Vendor and the Owner of the
ACC. The testing agency is not one of the parties.

multiplp-unit complex: a station in which there are several
units, ihtended to be capable of simultaneous opetation.

paramefer: a physical quantity at a location. Thé parame-
ter car] be determined by measurement with a single
instrurhent, by the average of severalmeasurements of
the same physical quantity, or by eomputation from
measufements of other physical quantities.

parties fo the test: those persoris and companies interested
in the [results of the test.\Eor an acceptance test, the
parties| are those individttals designated in writing by
the Owners or the Vendors to make the decisions
requirdd in this, Code.

performance monitoring: trending and evaluation of ACC
performafie¢ during normal operation. See
Nonmgndatory Appendix 1.

random uncertainty: an estimate of the limits of random
error with a defined level of confidence (usually 95%).

recirculation: the flow of ACC exit air that is entrained
into the ACC inlet air flow.

routine performance test: a test to provide the analytical
basis for comparison of the current performance of an
ACC with its design or like-new condition. See

sensitivity factor: the ratio of the change in a restilt'tp a
unit change in a parameter. Also called sensititjity
coefficient.

single-party test: test of an ACC whererthe results of the
test are not the substance of a comtract. However, if a
test agency performs the test oh behalf of the pafty,
the uncertainty of the test maybe the substance of the
contract with the test agency

—

stabilization period: the time period, prior to a test rin,
necessary to establish/thinimally changing operating
conditions that aregequired for a valid performance t¢st.

steam duct: the'dict that conveys the entire flow of stepm
from the stéant turbine to the heat transfer surface. The
duct mayuinclude expansion joints, bypass sparggrs,
drain pots, branch systems, and isolation valves. If is
typically supplied and tested as part of the ACC.

Steam turbine bypass: a condition of the unit operatior} in
which some of the steam generated is discharged
directly to the ACC, without passing through the stepm
turbine.

systematic error: the true systematic or fixed error, which
characterizes every member of any set of measuremepts
from the population. It is the constant component of the
total measurement error (delta). It is sometimes called
bias.

systematic uncertainty: an estimate of the + limits of slys-
tematic error with a defined level of confidence (upu-
ally 95%).

terminal point: a specific location (such as a pipe join{ or
electric terminal block) at which a physical paramgter
(such as flow, pressure, or voltage) is of contractpal
significance.

test: a series of test runs.

preliminary test run: a test run, with records, that serves
to determine if equipment is in suitable condition to
test, to check instruments and methods of measurement,
to check adequacy of organization and procedures, and
to train personnel.

random error: the true random error, which characterizes
a member of a set of measurements. The error varies in
a random, Gaussian (normal) manner, from measure-
ment to measurement. Sometimes called precision error.

fest point: a speciiic location at which an mstrument is
installed.

test run: a complete set of data that permits analysis of
capability per this Code. A test run typically lasts about
1 hr.

test tolerance: a commercial allowance for deviation from
contract performance levels. Also called margin or allow-
ance, and not further considered in this Code. See ASME
PTC 1.
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test uncertainty: the overall uncertainty in results due to
the combined effects of instrument inaccuracy, transient
conditions, and reading and methodological errors.

thermal performance: the capability of the ACC at
operating conditions compared against established
design criteria. Fan power or other ancillary factors may
be included.

tubteeX ST,

bine. It may be a flange or a landing bar for a weld. The
tugbine exhaust is typically not supplied with the ACC
but forms the inlet steam flow boundary of the ACC
tedt. See also condenser pressure.

uncertainty (Ugs): an estimate of the limit of the error of
a test result; the interval about the measurement or result
that contains the true value for a given confidence level.

unit: a system comprising one or more boilers or heat-
recovery steam generators (HRSGs), one steam turbine
and the ACC serving it; may also refer to the ACC alone.

vacuum system: see air-removal system.

sariation—in-ates ear least
square fit of the parameter versus time multipllied by
the time period of the test run.

wind wall: the vertical perimeter walls above the fan
deck.
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Section 3
Guiding Principles

3-1 INTRODUCTION

The pbjective of this Section is to provide guidance
for tesfing of air-cooled steam condensers (ACC) and
to outline the overall considerations, agreements, plans,
limitatjons, requirements and evaluation of a complete
test. The subsections in Section 3, Guiding Principles
specifigally describe the following:

(a) agreements of the parties

(b) tpst facilities to be incorporated during design and
before [test

(c) general arrangement of the test equipment

(d) dtarting and duration of tests

(e) test personnel

(f) operation during test

(¢) preliminary tests

(h) donduct of the test

(i) t¢st limitations

(j) dutline of pretest and post-test uncertainty
analysis

(k) driteria of inconsistent test results

(I) cpmparison of test results

It is fmportant to structure a site-specific test plan for
the testing that is to take place and to have‘designed
the eqliipment with facilities and hardware-needed to
suppoft required test instrumentationiThe test plan
should follow the guidelines and fécommendations
given in Section 3. In this manner, inconsistencies associ-
ated with the test execution, comimunications, procedure
adherehce, and test schedule{can be greatly diminished.
The ACC acceptance test.can be conducted with other
tests, provided the limitations in subsection 3-8 are met.

Befope proceeding to'select, construct, install, calibrate
or operate instruments, relevant sections of
ASME(PTC 19,Series of Supplements on Instruments
and Ajpparatus, should be reviewed for detailed
instrudtions:

The importance of conducting Code tests under staple
operating and weather conditions cannot be overémpha-
sized. Unstable conditions can disqualify-a.test,as
defined in para. 3-8.3.2.

If the ACC to be tested is part of @ multiple-ynit
complex, it is recommended that all the) units be tested
simultaneously. As a minimum, all\of the operable fans
of adjacent ACC units should/be“in operation durjng
the test.

Normal cogeneration steam loads shall be allowed
during the test. However)steam turbine bypass opdra-
tion shall not be allowed.

3-2 AGREEMENT AMONG PARTIES TO THE TEST

For multiparty tests, agreement shall be reached [on
the spegific objectives of the test and on establishing the
method" of operation. The agreement shall reflect the
intent of any applicable contract or specification. Any
specified or contract operating conditions, or any spgci-
fied performance that are pertinent to the objective of
the test shall be ascertained. Any omissions or ambigu-
ities as to any of the conditions are to be eliminated| or
their values or intent agreed upon before the tes{ is
started. The cycle arrangement and operating conditigns
shall be established during the agreement on tpst
methods.

3-2.1 Contractual Agreements

The following is a list of typical issues for whjch
agreement shall be reached in the contractual specifica-
tion with the ACC supplier. These are concepts that
must be addressed prior to the construction of the ACC,
as they will impact the test philosophy and method.

(a) objective of the test (e.g., thermal capability, deyia-
tion from design condenser pressure, deviation frpm
design steam flow)

(b) testboundaries, especially if they differ from scgpe

In COITIrast to llldlly UL}[EI Lyycb Uf CL:luiPIIlCllL, duliug
typical operation, an ACC’s performance is likely dimin-
ished in moderate wind conditions typically due to inter-
ference effects from the nearby structures, fan inlet air
flow separation, recirculation effects, interference, and
maldistribution of the air in the plenum. These effects
on ACC performance may not be captured by a Code
test but should instead be considered in the design or
taken into account as a reduced performance expecta-
tion, as discussed in Nonmandatory Appendix K.

1L)Ulzll lddl iﬂb

(c) the intent of any contract or specification limiting
the timing of the test, operating conditions, and guaran-
tees, including definitions

(d) treatment of anticipated deviations from the
requirements of this Code

(e) means of determining or estimating steam
enthalpy

(f) means for determining condensate flow rate and
associated uncertainty
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Table 3-2.2 Noncondensible Gas Load Limits

S| Units U.S. Customary Units
Noncondensible Noncondensible
Total Exhaust Steam Gas Load Limit Total Exhaust Steam Gas Load Limit,
Flow to ACC, kg/sec Standard, m?/hr Flow to ACC, Ib/hr scfm
Up to 15 4.0 Up to 100,000 2.0
15-30 8.0 100,000-250,000 4.0
30-60 9.0 250,000-500,000 5.0
60-125 10.0 500,000-1,000,000 60
125-250 13.0 1,000,000-2,000,000 75
250-375 16.0 2,000,000-3,000,000 9.0
¢) procedure for determining the condition of the (n) methods for determining thewalidity of r¢peated
A(C’s external surfaces prior to the test per paras. 3-4.1 test runs.
anfl 3-4.2 (0) frequency of observations.
h) action to be taken on evidence that the condition (p) analytical correctign procedures and factors to cor-
of the ACC is unsuitable for testing rect test conditions withifl para. 3-8.3 limits to specified
i) method and data for initial pretest uncertainty conditions.
anplysis and post-test uncertainty analysis calculation (7) method of conducting test runs to deternfine the
j) provisions for temporary installation of test  value of any coftéction factors that cannot be analjtically
indtruments (see also Section 4) determinedy

(r) system limitations caused by external factprs that
prevént attainment of design operation within a| practi-
[he following is a list of typical items upon which 4l time period. This may include a situation where full
agfeement shall be reached prior to conducting the test  glectrical load cannot be attained or a case where h steam

3-2.2 Pretest Agreements

anfl incorporated into the site-specific test plan: host is unavailable to accept process steam.
1) measurements to be used in the calculation of test (s) method of determining corrected test restlts.
vatiables.

(t) specific responsibilities of each party to the test.
(u) test report distribution.

(v) pretest uncertainty analysis.
(w) acceptance criteria for cleanliness of heat fransfer

b) means for maintaining constant or controllable‘test
copditions.

c¢) number, location, type, and calibration of
indtruments.

d) valve lineup defining the position”of applicable surfaces.

mgnual and automatic valves and operation of the air

reoval system. 3-3 UNCERTAINTY ANALYSIS
e) means for verification that allowable noncondensi-

blgs are within limits of Table'3-2.2. Test uncertainty is an estimate of the magnifude of
f) operation of the fans,including means for measur-  the error of the test result. Test uncertainty and test

ing fan power and cotrection methodology forlinelosses ~ tolerance are not interchangeable terms. This Codle does
befween location/pf. measurement and the guarantee not address test tolerance, margin, or allowande since

lodation. these are commercial terms.
¢) methodfor confirming condensate chemistry (e.g., Procedures relating to test uncertainty are bdsed on
plant instetimentation, external lab test). concepts and methods described in ASME PT[C 19.1,

h) prganization and training of test participants, test ~ Test Uncertainty. ASME PTC 19.1 specifies progedures

difection, arrangements for data collection, and data for evaluating measurement uncertainties from both
relntmn—ﬁﬁée*ﬂ—aﬁd—s-}%mﬁle—e%ﬁ—aﬂd—ﬁh&%' - i - f these

(i) operating conditions during test runs including, errors on the uncertainty of a test result. This Code
but not limited to, the electrical output loads, extraction ~ addresses test uncertainty in the following four sections:

levels, and cycle makeup. (a) Section 1 defines the maximum test uncertainties.
(j) allowable deviations from design, test code, or (b) Section 3 defines the requirements for pretest and
test plan. post-test uncertainty analyses, and how they are used
(k) number of test runs. in the test.
(I) duration of each test run. (c) Section 5 and Nonmandatory Appendix C provide
(m) duration of stabilization period prior to begin-  guidance for conducting pretest and post-test uncer-
ning a test run. tainty analyses.
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3-3.1 Pretest Uncertainty Analysis

A pretest uncertainty analysis shall be performed to
determine if the test has been designed to meet Code
requirements. Estimates of systematic and random error
for each of the proposed test measurements shall be
used to help determine the number and quality of test
instruments required for compliance with Code or con-
tract specifications. In addition, a pretest uncertainty

against a reference standard, but may instead be cali-
brated against other calibrated instruments or transfer
standards or can be checked in place with two or more
instruments at the same location measuring the same
variable.

Instruments shall have been calibrated and inspected
in accordance with accepted engineering practice.
Instrument calibration shall be conducted in advance of

analys{s can be used to determine the correction factors,
which fgire significant to the corrected test results. Finally,
a pretept uncertainty analysis shall be used to determine
the levgl of accuracy required for each measurement to
maintafin overall Code objectives for the test.

3-3.2

A post-test uncertainty analysis shall be performed
to detdrmine if the test has met Code requirements.

Post-Test Uncertainty Analysis

3-4 TEST PREPARATIONS
3-4.1

All parties shall have a reasonable opportunity to
inspec{ the ACC and its allied equipment. Prior to the
test thd equipment shall be examined, and the conditions
shall b as follows:

(a) The fans shall be in good working order with fans
rotating in the correct direction at the correct speed and
blade gitch so that the average fan motor power is within
+10% ¢f the design motor power at the design thermal
conditjons.

(b) The external heat transfer surfaces shall be\essen-
tially free of foreign material and debris that’'might
imped¢ airflow or adversely affect the heat-transfer. If
cleaninlg of the surfaces is necessary, it shall be per-
formed by a commercially acceptablexmethod.

(c) In the event that the equipmient is not in satisfac-
tory ogerating condition, no adjustments shall be made
that are not practical for lohgiterm commercial oper-
ation.

(d) 1

Fquipment Inspection

he noncondensibles shall be limited to the values
shown|in Table 3-2:2:

(e) The noise abatement equipment, as applicable,
shall bp in plage’

3-4.2 |nstrument Calibrations

the-test-Specifieatly pressure-temperattre and-conden-
sate flow sensors shall be calibrated within six mionths
prior to the test; electric meters and wind speed gnd
direction devices shall be annually calibrated. Befpre
testing, but after the on-site wiring connections fre
made, there shall be sufficient comparisons of all simflar
temperature sensors to ensure their relative accurady.

At the request and cost of the réquésting party, a pgst-
test calibration may be performed. If an instrument is
found to be out of calibration,then its influence on the
test shall be evaluated.

There shall be a writterl procedure for the calibratjon
of each type of instrtument. Records indicating the mjost
recent calibration of-each instrument shall be made avil-
able upon request. Calibrations should encompass the
expected measurement range and be comprised of at
least two points more than the order of any calibratjon
curve fit”The performance test report shall include the
individual identification and location for each instru-
ment used in the test so that calibration history can|be
traced.

The ASME PTC 19, Series of Supplements on Instfu-
ments and Apparatus can be used as a guide to the
selection use and calibration of the measuremé¢nt
instruments.

3-5 ARRANGEMENT OF TEST APPARATUS

(a) The performance test shall be conducted with|all
components of the ACC configured as specified for njor-
mal operation. Any changes from normal operationf or
configuration shall be agreed prior to the test.

(b) Boundaries of the test shall be defined as encgm-
passing sufficient parameters to determine performapce
of the ACC. See Fig. 3-5 for a typical test set-up or the
boundary of supply of the ACC manufacturer.

(1) steam supply to the ACC at the upstream sjde
of the turbine exhaust expansion joint or terminal pdint
of ACC supplier’s scope of supply

All presstire measuring devices, temperature sensors,
and electric power meter test instrumentation shall be
calibrated against reference standards traceable to
National Institute of Standards and Technology (NIST)
or recognized physical constants. Note that where this
Code refers to NIST standards and calibrations, other
nations” equivalent standards laboratories may be used
as appropriate for the locale of the testing.

Test variables of a secondary nature, such as wind
speed and direction devices, need not be calibrated

10

(Z) power at the fan motor terminals — mutually
agreed to correction can be applied if measurements are
taken at a more convenient location

(3) makeup water at the inlet to the deaerator

3-5.1 Required Measurements

The following parameters need to be determined for
a valid test. Additions or deletions may be necessary
for a specific test arrangement.

(a) inlet air temperature
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Fig. 3-5 Arrangement of Test Apparatus

m Pressure measured at turbine exhaust or
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t ........................
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NOTE:

(1) Air temperature measured at discharge of fan.
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(b) wind speed — measured at an unobstructed
location

(c) fan power

(d) condensate flow — downstream of the condensate
pumps at a location fulfilling the requirements of ASME
PTC 19.5

(e) steam quality — not measured directly

(f) makeup water flow

The controlling gquarantee case is that combination of
thermal duty, condensing pressure, fan operation, and
inlet air temperature, which dictates the design of the
ACC. It is often called the design case, and is usually
the one guarantee case. If, however, there is more than
one guarantee case, the most stringent of these will be
the controlling guarantee case, and the vendor shall
identify it.

(g) pakeup water temperature

(h) dondenser pressure at boundary limit

(i) cpndensate temperature

(j) bprometric pressure

(k) P, concentration at the outlet of the condensate
tank, if there is a dissolved oxygen guarantee

3-6 TEST PERSONNEL

Test [personnel shall be familiar with the Code, their
assigngd role, the test parameters involved, and all the
test bqundary limitations. All test parties shall have
a clear| understanding of the test object, the proposed
procedures, and the results to be obtained. Through
prior discussion or prior agreement, one person or a
team cpnsisting of one person from each test party shall
be resplonsible for the test, operational coordination, cal-
culatiops, and test results. If necessary, the responsible
person(s) shall have the authority to modify aspects of
the tesf and/or the plant operation.

METHOD OF OPERATION DURING THE TEST

ation of the plant during the test shall depend
objective of the test. Only steady-state operation
the limitations of the Code as delineated in sub-
3-8 will be permitted. The operating cycle shall
hited to the maximum extent practical.

3-7

Ope
on the
within
section
be isol

3-8 (ONDUCT OF TEST

This|subsection providesigtiidelines on the actual con-
duct of the performance-test and addresses the follow-
ing argas:

(a) rpcommended test modes (para. 3-8.1)

(b) gtartingand stopping tests and test runs
(para. B-8.2)

(c) testing’ conditions (para. 3-8.3)

Tllc ACC PCL[ULILLC{I[\,C CULves Dllal‘l D}lUW i.}lC L,Ulli. 01'
ling guarantee case and shall indicate the perforinance
required for that case. For any other guaranteg case, the
performance curves are expected to show that.the ALCC
performance is equal to or better than the réequirements
of the case.

The purpose of the performancetest is to show that
the ACC will meet the performance required at the c
trolling guarantee case. It is/inherent in the ACC pler-
formance curves that if the.pérformance at the des
case is met then performance at the less stringent capes
will also be met. Therefére, multiple test cases are
required even if there is more than one guarantee cgse.

3-8.2 Starting)and Stopping Tests and Test Runs

The test, coordinator is responsible for ensuring that
all data.¢ollection begins at the start of the test gnd
continues for the full duration of the test.

3-8.2.1 Starting Criteria. Prior to starting each pler-
formance test, the following conditions must
satisfied:

(a) Operation, configuration, and disposition for t¢
ing have been reached in accordance with test require-
ments, including

(1) equipment operation and method of contro

(2) turbine configuration and extraction conditi

(3) valve line-up and auxiliary equipment staty

(4) ACC operation meets the allowable deviati
of para. 3-8.3.2

(5) freeze protection not in effect

(6) air removal equipment operating at 100%
specified

(b) Stabilization. Prior to starting the test, the plant
must be operated for a sufficient period of time at lest
load to demonstrate and verify stability in accordance
with para. 3-8.3 criteria.

(c) Data Collection. Data acquisition systems are fuhc-

ns

7]

ns

as

(d) adjustrernts priortoard during tests(para. 3=8%)
(e) duration of test runs, number of test runs, and
frequency of readings (para. 3-8.5)

3-8.1 Test Modes

The ACC shall be operated in a manner consistent
with the controlling guarantee case. For example, if the
guarantee case is based on a turbine valves wide-open
(VWO) condition with a prescribed extraction flow, then
testing should take place at that condition.

12

tioning, and test personnel are in place and ready to
collect samples or record data.

3-8.2.2 Stopping Criteria. Tests are normally
stopped when the test coordinator is satisfied that
requirements for a complete test run or series of runs
have been achieved. The test coordinator should verify
that the methods of operation during testing, as speci-
fied in para. 3-8.3, have been met. The test coordinator
may extend or terminate the test if the requirements are
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not met or it is apparent that test requirements will not
be met.

Data logging should be checked to ensure complete-
ness and quality, prior to stopping the test.

3-8.3 Testing Conditions

3-8.3.1 Test Stabilization. Preparatory to any test
run, the steam turbine, ACC, and all associated equip-

(2) condensate mass flow: +10% of the design value

(3) total fan motor input power: +10% of the design
value after air density correction.

(4) the makeup water flow rate shall be stable and
<100% of the design values

3-8.3.3 ACC Operation. The ACC shall be in normal
operation during the test run. No special adjustments
shall be made to the ACC that are inappropriate for

mgmntstratt-beoperated—forasufficient timeto—attaim
stdady-state condition. Steady-state conditions shall be
obfained when the criteria of paras. 3-8.3.2 and 3-8.3.3
haye been met.

3-8.3.2 Operating Conditions. Every effort shall be
mgdde to conduct each test run under specified operating
conditions, or as close to specified operating conditions
as possible in order to minimize the magnitude of correc-
tion factors. This paragraph provides guidelines on the
allpwable deviations in operating conditions from the
reference condition. Operating conditions must be as
cofstant as practical before the test run begins and shall
bejmaintained throughout the test run in order to mini-
milze the associated random uncertainty. Tests may be
copducted in light rain, sleet, or snow, provided that
th¢ variation in test parameters are stable and the test
conditions conform to the following limitations. Under
no|circumstances shall a test be performed in conditions
that jeopardize the safety of personnel. Steam turbine
controls shall be fine-tuned prior to the test run to minis
mize fluctuations.
a) Variationin a test parameter is defined as the slope
of the linear least square fit of the parameter verstis time
multiplied by the time period of the test run:Variation
of the instantaneous test reading about/the'mean is not
a yalid criterion for rejection of a test run. For a valid
tedt run, variations in test conditions'shall be within the
following limits:
(1) Condensate mass flow _shall not vary by more
than 2% during the test run.
(2) Inlet dry-bulb-temperature shall not vary by
mgre than 3.0°C (5.4%F).
(3) The initiah temperature difference (ITD) is the
difference between the saturated steam temperature at
th¢ condenser-pressure and the inlet air temperature.
Thie ITD shall not vary by more than 5% during the test
ruf tosverity stable conditions.
(4)"The wind velocity shall be measured in accor-
dancewith para4=37of thiste
not exceed the following:
(a) Average wind velocity shall be less than or
equal to 5.0 m/s (11.1 mph).
(b) One-minute duration velocity shall be less
than 7.0 m/s (15.6 mph).
(b) The following deviation from design conditions
shall not be exceeded at any time during the test run:
(1) dry-bulb temperature: +10°C from design (18°F)
but greater than 5°C (41°F).

normal and continuous operation.

3-8.4 Adjustments Prior to and During Tests

This paragraph describes the following three tlypes of
adjustments related to the test:

(a) permissible adjustments during stabilizati¢n peri-
ods or between test runs

(b) permissible adjustmeénts during test runs

(c) nonpermissible adjtistments

3-8.4.1 Permissible-Adjustments During Stabilization
Periods or Between Test Runs. Acceptable adjujtments
prior to the test'may be made to the equipmerjt and/
or operating conditions within manufacturer’s frecom-
mended.eperating guidelines. Stability may negd to be
established following any adjustment. Typical [adjust-
mentsprior to tests are those required to correct mjalfunc-
tioning controls or instrumentation or to optimize plant
performance for current operating conditionfs. Sus-
pected instrumentation or measurement loops may be
recalibrated. Adjustments to avoid corrections or|to min-
imize the magnitude of performance corrections are per-
missible (e.g., adjustment of an extraction flow)

3-8.4.2 Permissible Adjustments During Test Runs.

Permissible adjustments during test runs ar¢ those
required to correct malfunctioning controls, mjaintain
equipment in safe operation, or to maintain plant stabil-
ity. Adjustments are only permitted provided Jl:at the
deviation and stability criteria of para. 3-8.3.2 dre met.
Switching from automatic to manual control and
adjusting operating limits or set points of instrjiments
or equipment should be avoided during a test gun.

3-8.4.3 Nonpermissible Adjustments. Any |adjust-
ments that would result in equipment being operated
beyond manufacturer’s operating, design, or saf¢ty lim-
its and/or specified operating limits are not permitted.

3-8.5 Duration of Runs, Number of Test Runs, and
Number of Readings

A test run is a complete set of observations with the
ACC at a stable operating condition. A test is the average
of a series of test runs.

3-8.5.1 Duration of Test Runs. Each run shall con-
tinue for a period sufficiently long to ensure accurate and
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consistent results as determined by uncertainty analysis.
Generally a duration of 1 hr is sufficient to ensure collec-
tion of a valid data set.

3-8.5.2 Number of Test Runs. The minimum number
of test runs is six, conducted over at least 2 days. Several
test runs, however, may be made in sequence. The rec-
ommended number of test runs provides a sufficient
number of test results for a statistically significant evalu-
ation of TMcertainty. 11e duration of 2 days ensures tha
a suffigient variation of uncontrolled conditions, such
as wind speed and direction, within the limits of the
Code gre encountered. This will permit a reasonable
infererice to random and spatial uncertainties.

3-8/5.3 Number of Readings. Variables should be
recorded at the following minimum frequencies:
(a) cpndensate flow measurements: once per minute.
(b) fhn motor power measurements (kW, or volts, amps,
and potver factor): one at the beginning and one at the
end of|the test.

(c) ACC pressure and temperature measurements: 1 min
intervals throughout the period of the test run.

(d) barometric pressure: at the end of each test run.

(e) air inlet temperatures: 1 min intervals throughout
the period of the test run.

3-8.5.4 Preliminary Test Runs. Preliminary test
runs, with records, serve to determine if equipment is
T stitable condition to test, to check instruments gnd
methods of measurement, to check adequacy of org

as necessary. Observations during preliminary test r
should be carried through to the caléulation of resylts
as an overall check of procedure, layout, and organifa-
tion. If such preliminary test rum complies with all the
necessary requirements of the appropriate test codg, it
may be used as an official test run within the meaning
of this Code.

14
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Section 4
Instruments and Methods of Measurement

4-1 INTRODUCTION

his section describes the instruments and the meth-
odp for their application that are required for the per-
fofmance test described in this Code. While reference
may be made to existing standards and procedures,
mdjor requirements and considerations, which are of
pafticular relevance to ACC performance testing, are
sujnmarized where appropriate. Not all instruments or
tedhniques described in this section are applicable to
every ACC test program. Consult the guiding principles,
pafrticularly para. 3-5.1 to determine the required
mgasurements.
IWhere this Code refers to National Institute of
ndards and Technology (NIST) standards and cali-
tions, those of other equivalent national standards
oratories may be used as appropriate for the locale
the testing.
Before proceeding to select, construct, install, cali-
brate, or operate instruments, relevant sections of the
AYME PTC 19 Series of supplements on Instruments
anfl Apparatus, such as ASME PTC 19.3, Temperature
M¢asurement, and ASME PTC 19.5, Flow Measurement,
shpuld be consulted for detailed instructions. The use
of p data acquisition system is recommended: The par-
tiep to the test shall agree to the sampling rates and
conpression settings such that the collected data meet
th¢ requirements of the Code.
Achievement of the required ‘accuracy for each mea-
sufed parameter is the single‘most important criterion
in pelection of an appropriaté method of measurement.
Thiis Code shall not be~eonstrued as preventing the use
of [advanced technglogiés or methods of measurement
not described herein, provided that the uncertainty
requirements of subsection 1-3 are achieved.
t is highly tecommended that provisions for ACC
pefformafncetesting be incorporated into the design of
the facility where the ACC is located. Backfitting an
ex]sting system for the required measurements can be

St4
br
lah
of

affect fan performance shall be investigated.,sMethods
necessary to quantify the effects on test restilts' ghall be
determined by mutual agreement. For additional details,
see Nonmandatory Appendix K.

It is not the intent of the Code to Specify the 1
to determine the effects of unspecified and/or uhantici-
pated conditions, but rather to.make the partieg aware
that test results may be affected by factors that are
beyond the scope of the’Code.

ethods

4-3 LOCATION OF-TEST POINTS
4-3.1 General

Figure 3<5, illustrates the general location of the test
points.cAdditional test points not required by th{s Code
may-be included for reference purposes by mutual
agreement between the parties to the test.

Internal test points, such as basket tips anfl ther-
mowells, should be located to avoid interferenge with
internal steam duct structure, bracing, turning| vanes,
etc. The exact locations, however, shall be detefmined
by mutual agreement, as may be required by equipment
arrangement.

4-3.2 Condenser Pressure

Test points in the steam turbine exhaust djuct are
required to obtain steam pressure data for the ACC.

To provide an overall averaged measuremenf, there
shall be at least four measurement points per furbine
exhaust. These points shall be symmetrically distfibuted
about the perimeter of the steam turbine exhaust|duct as
near the flange of the steam turbine exhaust or pressure
guarantee location as possible. The mutually jagreed
location of these measurement points shall not bp in the
wake of structural members that may result in inakcurate
measurements.

4-3.3 Steam Temperature

very expensive and time-consuming at best, and virtu-
ally impossible at worst.

4-2 MEASUREMENT OF ENVIRONMENTAL EFFECTS

Prior to the test, the parties to the test shall jointly
conduct a survey of the area surrounding the ACC. All
unspecified and/or unanticipated conditions that may
contribute to variations in ACC performance, such as
heat sources, nearby buildings, or structures that may

15

I order to provide contirmation of the saturated
steam condition, steam temperature measurements shall
be taken. A single test point located in the area of the
condenser pressure measurement test points is
sufficient.

4-3.4 Steam Quality

Steam quality and enthalpy are not measured values.
They shall be determined by methods described in
para. 4-4.3.
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4-3.5 Atmospheric Pressure

As atmospheric pressure is generally uniform at a
given elevation, a single atmospheric pressure measure-
ment point near ground level at the test site is sufficient.

4-3.6 Inlet Air Temperature

The inlet air temperature measurement shall consist
of a specified number of dry-bulb temperature sensors.

4-3.8 Condensate Flow

Since the measurement of steam flow is impractical
and inaccurate, measurement of condensate flow and
makeup flow shall be made.

Measurement of the flow shall be taken in the conden-
sate forwarding pump discharge piping in accordance
with ASME PTC 19.5. The measurement location should
be downstream of the condensate pump recirculation

At lgast one inlet dry-bulb temperature measuring
point ger fan shall be selected, with a minimum of 12
total inplet dry-bulb temperature-measuring points per
unit.

The measurement points shall be located downstream
from the fan discharge plane, within the air stream, as
near to|the fan deck elevation as practical. The walkway
or fan pridge is a suggested location.

At lgast one inlet dry-bulb temperature measuring
point per fan shall be selected, with a minimum of 12
total inplet dry-bulb temperature-measuring points per
unit. Measurement points shall be generally in the outer
half offthe fan radius, on the side nearest to the closest
ACC perimeter wall and 1 m from the outer fan
diameizr.

An {lternative arrangement is to locate the tempera-
ture ingtruments around the perimeter of the ACC. These
instruments shall be separated in equal amounts and
positigned equidistantly around the ACC perimeter
with one in the center of the ACC plot. These instruments
shall b¢ hung 1 m below the top of the air inlet opening

If the¢se locations are not accessible, due to the design
of the ACC, then other locations shall be selected*and
agreed|upon.

For {nformational and diagnostic purposes, without
any imjplied bearing or impact to the test and-its results,
ambient air dry-bulb temperature measurements may
be tak¢gn. The involved parties shallmutually agree on
the locption of this measurement {point.

4-3.7

Thermal performance 6fan ACC is affected by ambi-
ent wind velocity. Inefeased wind speed may lead to a
reduction of ACC dirflow and reduced ACC perform-
ance. Furthermore; high wind velocities can lead to
warm fir recirc@lation, causing an additional degrada-
tion of ACC performance. In consideration of these
effects | ambient wind velocity shall be measured.

ind Velocity

piping and upstream of any branches. I not possible,
then condensate pump recirculation flow and(bragch
flows must be isolated or measured.

Measurement of the makeup water flow shall’be taen
by any convenient means in accordanee with ASME
PTC 19.5.

At a minimum, 20 pipe diameters of undisturbgd,
straight pipe length upstream andvfour pipe diameters
downstream of the flow measurement device shall|be
provided. If this is not practical, an alternate locatjon
in accordance with ASME PTC 19.5 shall be selected|by
mutual agreement.

Steam flow to the;ACC shall be calculated by a mpss
balance around(the condensate tank with consideratfon
of any inlet flows (including any makeup flow) upstrepm
of the meastrement point and the change in level of the
tank during test. Design values may be used for thpse
flow streams representing less than 3% of the desjgn
A€C steam flow.

4-3.9 Condensate and Makeup Temperatures

Condensate temperature shall be measured in the c
densate tank. A thermowell should be located to prov
an overall average mixed temperature of the condens3
As internal access is typically impractical after insta
tion of the ACC, an internal test connection should
specified during the ACC design.

Makeup water temperature shall be measured. A ther-
mowell should be suitably located to accurately measpire
this temperature.

4-3.10 Fan Motor Input Power

ACC fan power guarantees refer to the power requifed
at the motor input terminals or other clearly defijed
guarantee locations. For practical and safety reasons,
fan power is typically measured at the output of the
motor control center (MCC). For other power distripu-
tion schemes, best efforts shall be made to select a mpa-
surement location to minimize corrections between the

To gairrretiabteambientwind vetocity; thewind vetoc
ity shall be measured at least 5 m above grade at a
location within the plant without interference from other
equipment, buildings, structures, and topography. The
measured wind velocity at this location shall be extrapo-
lated to the top of the ACC utilizing the following
correlation:

02
Ztop of ACC

Vtop of ACC = Vimeasurement * ( 7 )
measurement
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location of power measurement and the location of
power guarantee. The selected location shall allow for
the quantification of other loads, if any, such that the
input fan motor input power can be obtained. Measure-
ment of multiple fan motor loads on a common bus is
acceptable.

4-3.11 Condensate Oxygen Concentration

Accurate measurements of dissolved oxygen from a
subatmospheric vessel are not obtained easily. If
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Fig. 4-4.1-1 Basket Tip

3/, in. extra heavy pipe
™I (stainless steel)

shall be incorporated to allow for purging of any con-
densate from the piping. Air bleeds, if required, shall
not be continuous, but only intermittent. Each pressure
measurement point shall be provided with a dedicated
pressure measurement device. Manifolds shall not be
used.

Pressure measurements shall be made with instru-
ments having an accuracy of at least +0.035 in. HgA to

20 /g in. holes
3/g in. pitch, single spiral

Fig. 4-4.1-2 Guide Plate

Flow

|T—12 in.—:i
£,

pis
Hole diam is 1/, in.
l 1/4in. 1/4in. 4
1 in.|<+|

e Connecting plate

b |

required, dissolved oxygen shall be measured-in accor-
daphce with Nonmandatory Appendix F

i INSTRUMENTATION AND METHODS OF
MEASUREMENT

4-4.1 Condenser Pressure

£

Basket tips or guide\plates shall be located in the
interior of the steam'duct according to para. 4-3.2. The
bagket tips shall be'constructed as shown in Fig. 4-4.1-1
anfl shall be installed at an angle between 30 deg and
60[deg to théimean flow direction. Alternatively guide
plates shall'be constructed as shown in Fig. 4-4.1-2 and
shall be-oriented so that the steam flow is parallel to
the guide plates. Velocities in the steam duct are

enstire-aconerete-tneertainty—target—thatis-achievable
and at the same time provides a good test.

Absolute pressure transducers are requir€d=-Trgnsduc-
ers shall be calibrated before the test prograny using
NIST-traceable standards in accordance with the general
procedures given in ASME PTC 19.2!

4-4.2 Steam Temperature

ASME PTC 19.3 shall be uised to stipulate instrymenta-
tion, details of construetion of thermowells, and feading
of instruments.

Temperature measturements shall be made withjinstru-
ments having aniaccuracy of at least +0.1°C (+0.2°F). All
temperature measuring devices shall be calibratefl using
NIST-traceable standards following the generall proce-
dures given in ASME PTC 19.3. Four-wire registance
temperature detectors (RTDs) shall be used. A mihimum
of “five calibration points covering the expected range
of temperatures shall be taken.

4-4.3 Steam Quality

Steam quality and enthalpy are not measured [values.
They shall be determined by analytical methodls such
as heat/mass balance around the steam turbing, cycle
modeling, or analytical method (turbine expansipn line)
as in Nonmandatory Appendix E.

4-4.4 Atmospheric Pressure

Atmospheric pressure shall be measured utiliging an
electronic barometer, or other suitable device, With an
accuracy of at least +0.4 kPa (0.1 in. HgA).

4-4.5 Inlet Air Temperature

Temperature measurements shall be made with instru-
ments having an accuracy of at least +0.1°C (+0.2°F). All
temperature measuring devices shall be calibratefl using
NIST-traceable standards following the generall proce-
dures given in ASME PTC 19.3. Four-wire RTIPs shall
be used. A minimum of five calibration points cpvering

extremely high and may be turbulent. It required, the
basket tips shall be sufficiently braced in several
directions.

Pressure-sensing piping for the pressure measurement
shall conform to the general requirements of
ASME PTC 19.2. Particular care shall be taken to ensure
that all piping and connections are leak-free. Piping shall
be routed by the most direct practical manner. It shall be
pitched continuously upward from the primary sensing
element to the pressure measurement device. Air bleeds

the expected range ot temperatures shall be taken.

4-4.6 Wind

Wind speed shall be measured with a meteorological
type rotating cup or propeller type anemometer with
preferably a continuous remote readout and recording
capability and an accuracy of at least + 0.04 m/s
(= 0.1 mi/hr). Wind direction shall be measured by a
vane-type device, which may be integral to the
anemometer.
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4-4.7 Condensate Mass Flow

As measurement of ACC steam flow is impractical,
it shall be derived from a mass balance around the con-
densate tank to determine ACC condensate flow into
the condensate tank. The mass balance should consider
condensate pump discharge flow, ancillary drains,
make-up water, condensate pump recirculation, other
flows, and tank inventory change, as applicable.

may be measured downstream of the condensate pump.
In that case the temperature shall be adjusted for the
pump work. Ideally, makeup water and ancillary flows
into the condensate tank should be isolated. If isolation
isnot possible, then adjustment of the measured temper-
ature utilizing energy balance with either measurement
or estimate of the flow and temperature shall be
required.

To tHe'extent possible, ancillary system drains 1lowing
into th¢ condensate tank or other parts of the ACC dur-
ing the test shall be closed. In the event that drains
cannot|be closed, then the mass flow of the drains shall
be detprmined by ancillary measurement, heat/mass
balanc¢ or by other mutually agreed methods.

The [level of the condensate in the condensate tank
shall bp continuously measured during the test period
in ordpr to determine change of condensate mass.
Change in level may be measured by level gauges or
ansmitters.

The fecommended uncertainty limit of the main con-
densatp flow measurement device is 1% of the total
conderjsate flow through the test measurement device.
Instrurhent selection and details of measurement tech-
niques| shall be in accordance with ASME PTC 19.5.
Satisfaftory instruments include venturi meters, orifice
metersf and flow nozzles.

Altefnatively an ultrasonic flow meter may be uti-
lized. If so it shall be calibrated in a pipe corresponding
to the dliameter and wall thickness of the pipe on which
it will be installed. The calibration range shall cover the
Reynolds number expected for the pipe at the design
flow. Jeadings shall be taken at six positions 80. deg
apart around the circumference of the pipe. These read-
ings sHall be averaged to obtain the condensate flow. If
the high and low readings differ by moze than 2%, the
cause ghall be investigated. Use of an\ultrasonic flow
meter will likely result in a greater uncertainty for the
conderjsate flow measurement as compared to an inline
flow element.

Othdrwise, in rare instarices, flow rates may be deter-
mined|by plant heat balance method, provided the
uncertginty does notlexceed 2%.

4-4.8

The
conderj

Condensate-and Makeup Temperatures

rondensaté temperature shall be measured in the
saté€tank. When this is not possible, temperatures

Lo loodl £l ] L ] 1 L benc
LTUL UULLT UIIC CUTTUCTIOATC d1iiut J.J.I.DII\L\AIJ I.LJ.J.I.tJ\.,l.(AI.M <o,

ASME PTC 19.3 shall be used to stipulate instrurherjta-
tion, details of construction of thermowells andthereqad-
ing of instruments.

Temperature measurements shall be made with instru-
ments having an accuracy of at least +0;1°C (+0.2°F). All
temperature measuring devices shall be calibrated using
NIST-traceable standards following the general proce-
dures given in ASME PTC 19.8; Four-wire RTDs shall
be used. A minimum of five'¢alibration points covering
the expected range of temperatures shall be taken.

4-4.9 Fan Motor Input Power

Fan motor input power shall be determined by digect
measuremenf.of motor kilowatt input or by measjie-
ment of the{voltage, current and power factor as per
ASMERTE 19.6, Electrical Power Measurement. Accept-
able instruments for determining power, in preferfed
order, are

(a) wattmeter

(b) voltage, current, power factor meters

For variable frequency drive (VFD) applications, stiit-
able measuring devices shall be used.

If measurements are not made at the guarantee loca-
tion, corrections to the guarantee power location shall
be made by measurement of voltage drop or by compu-
tation of loss between the two locations. $ee
Nonmandatory Appendix L as an example of line Ipss
calculation. The method and results of this correctjon
shall be mutually agreed between the parties and talen
into account in the fan motor input power measuremgnt.

4-4.10 Condensate Oxygen Concentration

Accurate measurements of dissolved oxygen from a
subatmospheric vessel are not obtained easily| If
required, dissolved oxygen shall be measured in acdor-
dance with Nonmandatory Appendix F.

18
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Section 5
Computation of Results

GENERAL

[his section covers the reduction of the test data, com-

putation of test results, adjustment of results to guaran-

ted

CcO

pr
as

onj

conditions, and interpretation of adjusted results by
mparing them to the guarantee conditions. The basic
cedure for computation of performance capability is
follows:

a) Review the raw test data and select the readings
the basis of the requirements of Sections 3 and 4.
b) Average the selected test data.

c) Compute the design value of the logarithmic mean

tethperature difference (LMTD).

-

a

d) Compute value of number of transfer units (NTU)
the design point.
e) Compute the value of gamma (/") at the design

poijnts.

/) Adjust the steam quality, atmospheric pressure,

fa)) power, condenser pressure, condensate temperature,

an|

(«0)

su

(%,
1

da
foq
thd

H inlet air temperature to guarantee conditions.

g) Compute the capability of the unit at guarantée
hditions.

Details of required computation are included in
bsection 5-5.

P REVIEW OF TEST DATA AND<TEST
CONDITIONS

[he raw test data shall be carefully reviewed to ensure
ba selection will accurately represent the ACC per-
mance. Data review-should start at the beginning of

test, providing an‘epportunity for immediate discov-

ery of possible err6tsin instruments, procedures, or mea-

su

tes

ca

tes

CcO

test

rfement methOds: Guidance for the review of data and
t conditions“is provided in Sections 3 and 4. Signifi-
t deviations shall be corrected during the preliminary
t ruprifpracticable. Any uncorrected or uncontrollable
ditions that violate the provisions of Sections 3 and

period, but prior to the removal of the test instru-

mentation, a final review of the data shall be made to
determine whether or not an immediate repeat test is

ne

cessary. This review will also assist in the establish-

ment of the reliability of the test. The review shall include
a post-test uncertainty analysis for evaluation of devia-
tions from ideal of the following, and the effects of these
deviations on the test results:

(a) comparison of test and design conditions
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(b) test site environment, including atmosg
conditions

(c) air in-leakage

(d) steady-state conditions

(e) measurement uncertainty

5-3 REDUCTION OF TEST/DATA

The purpose of averaging the raw test data is
vide a single set of.datd that is representative
the collected data. Fhis averaged data shall be
calculations to detefmine thermal performance
ple readings taken over time and/or readings
same quanfity by multiple instruments at a given
shall be-arithmetically averaged.

5-3.1\Air-Side Conditions Data Reduction

(@) Inlet Air Temperature. Inlet air temperatu
shall be averaged for each test run. Variations
air temperature are normally small enough t
arithmetical averaging of the temperatures.

(b) Atmospheric Pressure. The readings taken|
beginning and end of the test period shall be ari
cally averaged.

5-3.2 Steam Side Data Reduction

(a) Condenser Pressure. Condenser pressure m
ments will be arithmetically averaged.

(b) Steam Flow Rate. Steam flow rate shall bg
mined by a mass and heat balance around the g
sate tank and shall be arithmetically averaged.

5-4 ACC DESIGN DATA

In order to perform the calculations described
subsection, the following design data must be p1
by the ACC supplier. An example of an acceptal

pheric

to pro-

of all
1sed in
Multi-
of the
station

re data
in inlet
allow

at the
thmeti-

casure-

deter-
onden-

in this
ovided
le data

sheet is in Nonmandatory Appendix G.

(b) inlet air temperature
(c) exit air temperature
(d) volumetric air flow
(e) total fan power (at the motor terminals)
(f) condenser pressure

(g) steam mass flow

(h) steam quality

(i) condensate temperature, with correction curve if

required
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(j) dissolved O, concentration

(k) heat exchange surface (total air-side area)

(1) heat transfer coefficient (based on air-side area)

(m) performance curves, see Nonmandatory
Appendix B

The values of m; = 0.45 and n = 0.33 will be used,
unless other values are provided by the vendor. See
Nonmandatory Appendix D.

5-6 ADJUSTMENT OF TEST DATA TO GUARANTEE
CONDITIONS

5-6.1 General

This subsection develops a method for evaluation of
the performance of an ACC from test data based on
performance curves provided by the manufacturer.

ARTICULAR CALCULATIONS AT THE
UARANTEE POINT

5-5

In ofder to perform the necessary adjustments of the
test ddta to the guarantee conditions, the following
quantifies must be calculated at the design point:

(a) lpgarithmic mean temperature difference, LMTD

(b) qumber of transfer units, NTU

(c) gamma factor, I”

5-5.1 Computation of LMTD at Guarantee Conditions

LMTD = Q/(U x A)

5-6.2 ACC Performance Curves

The manufacturer should submit performance'cur
consisting of ACC pressure as function of, total stehm
flow rate between 80% and 120% of the\design stehm
flow rate for a set of inlet air dry bulb temperatufres
between 5°C and the maximum spedified inlet air dlry
bulb temperature. The performance curves shall depict
operation with all fans running at full speed. The A{CC
performance curves shallpebased on constant fan pifch
and motor speed (constant volumetric air flow rate).

The manufacturer 'should also provide trend Iljne
equations that can(be used in place of reading valfies
off the curves during the performance test. The desjgn
conditions ineluding steam mass flow rate, steam tur-
bine backpréssure, steam quality, fan motor input power,
atmosphetic pressure, and inlet air dry bulb temperatfire
shall-be'printed on the curves.

5-6.3 Adjustment for Steam Quality

The correction factor for steam quality, f,, is calfu-
lated by

Xr
fx = %
where
Xc = steam quality at guarantee conditions, kg kg
(Ibm/lbm)
Xr = steam quality at test conditions, kg/|kg
(Ibm /Ibm)
5-6.4 Adjustment of Atmospheric Pressure
The correction factor for atmospheric pressure, fp, shall
be calculated by the following (see also Nonmandatgry

Appendix D):

where
A = heat exchange surface area, m?
LMID = log mean temperature difference, K
Q = heat duty, W
U = overall heat transfer coefficient, W/m?/K
and
Q=1 XxXhg
where
hg + design value of the latent heat of vaporization,
I/kg
m # design value of the stéamh mass flow rate, kg/s
x F design value of the\steam quality
5-5.2 Computation of Number of Transfer Units
(NTU)
NTU = (T, - T))/LMTD
where
T; = design value of the air inlet temperature
T, = design value of the air outlet temperature

5-5.3 Computation of Gamma Factor

It is convenient to define a constant factor based on
design information for carrying out the adjustment
calculation:

I'= NTU/ (™ - 1)

20

oo

PG Pc
where
mg = 0.45, unless otherwise specified by the
manufacturer
pc = design barometric pressure, kPa (psia)
pr = test barometric pressure, kPa (psia)
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5-6.5 Adjustment of Fan Power

The correction factor for fan power, ffp, can be
calculated by

-1 3 mk—l -1

_ %ﬂ W% 3-n
- (wc) a-r)+ r(WG>

ffp

fx xflﬂ xffp xfpcx 1,1

s = guaranteed mass flow rate of steam, kg/s
(Ibm/hr)
mgr = test mass flow rate of steam, kg/s (Ibm/hr)

5-6.8 Interpretation of Capability in Terms of ACC
Pressure

The predicted ACC pressure can be obtained from

wh nrnn — 033 unless otherwise specified the performance curves by entering the curvd at the
. e . p . design inlet air temperature and corrected™tegt mass
Wt = test fan motor input power corrected for inlet flow of steam (1 ¢ )
air conditions, kW s 17
Vo = guarantee fan motor input power, kW 5-6.9 Condensate Temperature Corrections
[he corrected fan motor power can be calculated by The adjustment of the condensate tempergture is
made using condensate temperature correction|curves

wh

lin
bo

5-¢

PG
T = (E) Wr

lere

7 = observed fan motor input power, kW

b = density of inlet air at guarantee conditions,
kg/m® (Ibm/ft’)

br = density of inlet air at test conditions, kg/m?

(Ibm/ft%)

[he fan motor input power shall be corrected for any
e losses between the measurement point and the
lindary of supply for the condenser manufacturer.

5.6 Adjustment of ACC Pressure and Inlet Air
Temperature

[he adjustment of ACC pressure and inlet'air temper-

atyre is made using the ACC performancecurves. Enter

thd
an

wh

5

performance curve at the measured.ACC pressure
 inlet air temperature to find a steam mass flow rate.
[he correction factor, fpc, can pe calculated by

[lZe
fpc \N m_pc
jere
i = guarantee-mass flow rate
i1, = mass_flow rate at measured turbine
backpressure and inlet air temperature
.7 /Computation of Capability

he”ACC capability will be calculated by

that have to be submitted{by the ACC suppliey if the
condensate temperature is, guaranteed. The coniensate
temperature correction'curves should consist of the con-
densate temperaturéJas function of the ACC pjressure
and total steam flow rate (expressed in percenftage of
design steam {low rate). The steam flow rate |should
vary between 80% and 120% of the design steam flow
rate and ‘the ACC pressure should vary betwgen the
minitnum and maximum value that are shown|on the
AE€Operformance curves.

5-7 CONDENSATE TEMPERATURE

If the condensate temperature was measured|down-
stream of the condensate pump, it must be correcfed to a
location in the condensate tank. This correction requires
either a measurement or estimate of condensatq¢ pump
power.

The condensate temperature should be equal or
greater than the guaranteed value.

If desired the condensate subcooling may bd calcu-
lated from the condensate temperature and the donden-
sate pressure, which must either be measyred or
estimated. Note that the pressure in the condensdte tank
is not the same as the condenser pressure, due fo pres-
sure drop in the steam duct and equalization lihe.

5-8 OXYGEN CONTENT

If the dissolved oxygen content is guarantepd, the
te tank

dissolzed oxsiaen concentration-at-the condens
pAS)

e
ms,T

C =-—x100
LCYe
where
C = steam flow capability, %
gt = test mass flow of steam, kg/s (Ibm/hr) cor-

rected for steam quality, ambient pressure,
fan motor power, inlet air temperature, and
turbine backpressure

21

outlet shall be measured and compared with the speci-
fied value. See Nonmandatory Appendix F.

5-9 TEST UNCERTAINTY

The performance of the equipment is evaluated based
upon the calculated steam quality during the test condi-
tions and measurements of inlet air dry bulb tempera-
ture, atmospheric pressure, motor input power, ACC
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pressure, and condensate flow rate. Each of these vari-
ables is measured with test instrumentation but the mea-
surement of each parameter has an associated
uncertainty. The amount of error within a measured
variable and ultimately the total error in the test result
shall be estimated through the application of a post-test
uncertainty analysis.

This

post-test uncertainty analysis shall be conducted

See ASME PTC 19.5 for complete uncer-
tainty analysis of an orifice. Most instrument
calibrations and tolerances are quoted for a
95% confidence level. If this is the case, the
systematic standard deviation may be found
by dividing the quoted accuracy by 2. The
result will be the total instrument standard
deviation for each parameter, by, inst.

ch

in accoreta & e 6 B-arrred otatt a a-pertarbatio 2
tainty ghall be compared to the criteria given in subsec- parameter. This is the value by which \each
tion 1-p. It should be noted that the purpose of a post- parameter can be changed to create~a-small
test unfertainty analysis is to determine the uncertainty change in the calculated result. The instrument
of the final test results. uncertainty calculated in Step_3 can be uged
as a guideline for definingthe perturbatjon
5-10 |UNCERTAINTY ANALYSIS Increment.
Step 5:  Sequentially increment@ach test parameter|by
The [following stepwise procedure is recommended the increment defineddn Step 4. Calculate fhe
for performing the uncertainty analysis. ACC Capabﬂity usj_ng the data reduction pjro-
Step 1:| Create a data reduction program that will cal- gram in Step l.With the incremented valuqg of
culate the ACC capability from the measured each individual/test parameter and all other
test parameters. This data reduction program parameters set to their base values. The reqult
will be very useful for analyzing the multiple will bea set of values of ACC capability inclfid-
hours of test data required by the Code. ing the‘change caused by each test parametgr’s
Spreadsheet software is a useful calculation pértutbation.
tool for this program. Step 6: «~Sequentially decrement each value of a fest
Step 2:| Estimate the values of the test parameters. For parameter by the increment defined in Stepp 4.
pretest uncertainty analysis, use the design Calculate the ACC capability using the dpta
value for condensate flow, fan power, and reduction program in Step 1 using the dedre-
atmospheric pressure. Estimate the inlet air mented value of each individual test pararhe-
dry-bulb temperature for the tests and use the ter and all other parameters set to their bpse
ACC performance curves to estimate the ACC values. The result will be a set of values| of
pressure. The estimated values of the test ACC capability including the change cauged
parameters form the base case. For. post-test by each test parameter’s decreased pertjir-
uncertainty analysis, use one run of the test bation.
data with the median value of inlét air dry- Step 7:  Calculate the sensitivity coefficient for edch
bulb temperature from that ¢est run data. test parameter by:
Step 3:| Calculate the systematic_standard deviation AC  CF+x _ ox-dx
for each of the test instruments at the base bar = 5737 = " oAx
value of the test parameéters. This will include
the systematic standard deviation of all where .
devices used tdnconvert the parameter mea- XH‘CX = ACC c.a.pabﬂlfcy
d to an‘input value for the calculation C = capability with test paramefer,
sured to P e for the calc o
. par, set to x + Ax
spreadshéet) For instance, a condensate flow . . .
measurement with an orifice would include ¢ = capability with test paramefer,
. . par, set to x — Ax
the fQllowing elements: x = base value for a test parametfer,
(#)" the calibration standard deviation or par P ’
manufacturing tolerance for the orifice plate AC = incremental change in ACC caba-
(07 the calibration standard deviation for bility
the differential pressure transmitter (current Ax = incremental change in a test
loop) . parameter, par
(c) the tolerance of the resistor us.ed to con- fpar = sensitivity coefficient of capability
vert the current output to a voltage signal read to parameter, par
by the data acquisition system i ) .
Step 8:  Calculate spatial systematic standard devia-

(d) the systematic standard deviation of the
data acquisition system for reading the voltage
signal in the measurement range produced by
the resistor in the current loop

22

tion for ACC pressure by

b SPcond, spatial
Pcond, spatial =
Jym
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where

number of measurement

stations

= standard deviation of the
time-averaged ACC pres-
sure readings

m =

S Pcond, spatial

The standard deviation of the ACC pressure

measurements is calcuilated by

bpar = parameter uncertainty, parameter
units

The overall systematic standard deviation
for the test is calculated as the square root
of the sum of the squares of the parameter
uncertainties:

Std

Std

Sté

p 9:

E (pcond, avg — pcond, i)2

i=1,m

SPcond, spatial =

m-—1
where
m = number of measurement
stations
Peond,avg = average ACC pressure for the
test
Peond,i = average ACC pressure at mea-

surement station i

In the case of a pretest uncertainty analysis,
the standard deviation for ACC pressure will
have to be estimated.

Calculate total systematic standard deviation
for ACC pressure by:

— 2 2
chond - \/ chond, spatial + chond, inst

Repeat Steps 8 and 9 for inlet air dry-bulb
temperature.

NOTE: Only ACC pressure and inlet air*dry-bulb
temperature have spatial components.-For all other
parameters the systematic uncertaintynof the instru-
ment is equal to the total systematic’ uncertainty for
the parameter.

Calculate the total systematic standard devia-
tion for the test. Inlterms of ACC capability,
the contributiofi of each of the measured
parameters to the total systematic uncertainty
is calculated \by:

boar = 0

par b

par Upar

where
brar = parameter uncertainty in terms of
ACC capability

Step 12:

Step 13:

b= S (Bo)

Calculate the standard deviation\of llhe test
capability for the test runs, S.

g = [F=n C-Cx
N =1
where
C = average ACC capability for pll test
runs
C; = ACEC capability for test run i
N =\total number of test runs

Calculate the total test uncertainty.

S
UQ5 = tN—l b+ N
where
N = number of test runs
S = standard deviation of thp ACC

capability of the test runs
fty-1 = Student’s t value (two tailpd) for
95% confidence and N-1 degrees of
freedom

This equation is based on the assumption
that random uncertainty term S*/N {s large
compared to the systematic uncertaintly term,
B2, If this assumption is not valid, the ¢legrees
of freedom may be adjusted by the }lethod
presented in ASME PTC 19.1, Nonmarndatory
Appendix B.
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Section 6
Report of Results

At afminimum the test report should include the fol-
lowing| distinctive sections:
(a) Hxecutive Summary containing
(1) brief description of the object, result, and con-
clusiors reached
(2] signature of test director(s)
(3] signature of reviewer(s)
(4] approval signature(s)
(b) IDetailed report of
(1) authorization for the tests, their object, contrac-
tual obfligations and guarantees, stipulated agreements,
by whpm the test is directed, and the representative
parties| to the test
(2] description of the equipment tested and any
other quxiliary apparatus, the operation of which may
influerfce the test result
(3] method of test, giving arrangement of testing

equipment, instruments used and their location,

operat
ods of
code
(4
(5
calculd
(6

ations,

ng conditions, and complete description of meth-
measurement not prescribed by the individual

summary of measurements and observations
methods of calculation from observed data and
tion of probable uncertainty

correction factors to be applied becduse of devi-
if any, of test conditions from those, specified

(7) primary measurement uncertainties, includ
method of application

(8) test performances stated under the-follow
headings:

ng

ng

(a) test results computed on the (basis of the fest

operating conditions, instrument calibzations only h
ing been applied

(D) test results corrected to ‘specified conditi
if test operating conditions(have deviated from th
specified

AV -

ns
DSe

(9) tabular and graphical presentation of the fest

results
(10) discussion’and details of the test results ung
tainties
(11) disoussion of the test, its results, and cong
sions
(c) appendices and illustrations to clarify descript
of theof the circumstances, equipment, and method
ogy-of the test; description of methods of calibrationg
instruments; outline of details of calculations includin

er-

lu-

on
ol-
of

g a

sample set of computations, descriptions, and stdte-

ments depicting special testing apparatus; results of p
liminary inspections and trials; and any support
information required to make the report a compld
self-contained document of the entire undertaking.

re-

ng
te,
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NONMANDATORY APPENDIX A
SAMPLE CALCULATIONS OF PERFORMANCE

he following example demonstrates and verifies the
information provided in subsections 5-3 through 5-6 of
this Code. These sections describe the information
requirements, the computational methods, and the com-
parisons to be made in order to determine ACC perform-
anfe from test data and to compare the test performance
to the guarantee performance for a specified design.

e following material along with the accompanying
charts and tables show a worked example based on
ign information and field test data provided by a
dor for an actual case.

DESIGN DATA

esign and performance guarantee information speci-
in subsection 5-4 is given in Table A-1.

TEST DATA
.1 Test Conditions
ee Table A-2.1.

.2 Test Results

est data were supplied for each minute\gver a test
period of 4 hr and 20 min (2:00 A.M. €016:20 A.M.).
Figures A-2.2-1 through A-2.2-4 show plots of the con-
dehsate flow, the condenser pressure, the inlet air tem-
pefature and the wind speed at-ene-minute intervals
ing the test period.

[he following three points are noteworthy:

a) The wind speedduring the test varied from
1.9 m/s to 5.4 m/s, averaging 3.7 m/s.

b) The condensate flow was quite constant over the
tegt varying from 248 kg/s (892 metric tons/hr) to
25¢ kg/s (923 metric tons/hr), averaging 251.3 kg/s
(904.8 metrie ‘tons/hr).

c) Theinlet air temperature fell from 15.2°C to 13.2°C
ovpr _thé)test period.

[able A-2.2 shows the averaged values for the entire

N
Il

heat exchange area, m
latent heat of vaporization at desigii\bafkpres-
sure, ] /kg

= design steam mass flow ratey kg7s
= ACC heat load, W

= 1 X x X hg

= overall heat transfer éoéfficient, W/m?-K
= design steam quality

=
&
Il

xS O

(b) Number of Transfer\tnits (NTU) (para. 5-5]2). See
Table A-3.1-2.

NTU = (T, - T))/LMTD

(¢) Gammin Factor (Para. 5-5.3)
I =(NTU/(@EN™Y - 1)
=, 0.315

For adjustment of test data, see subsection 5-p.

A-3.2 ACC Performance Curves (Para. 5-6.2)

Performance curves provided by the vendor are
shown as Fig. A-3.2-1. No trend line equatiorls were
provided. Therefore, the values have been read|off the
curves rather than calculated.

Figure A-3.2-2 shows the performance curves,|replot-
ted as Condenser Pressure (kPa) vs. ACC Inlet
Temperature (°C) with Percent of Design Turbine
Exhaust Steam Flow (%) as a parameter. (See N¢nman-
datory Appendix B, Description of Performance
Curves.)

A-4 CORRECTIONS

A-4.1 Correction for Steam Quality (Para. 5-6.3)
See Table A-4.1.

test period and for each one-hour interval. The illustra-
tive example that follows is based on the values averaged
for Hour 4 (5:00 A.M. to 6:00 A.M.).

A-3 CALCULATIONS
A-3.1 Design Point Calculations
(a) LMTD (para. 5-5.1). See Table A-3.1-1.

LMTD = Q/(U X A)

Xr
fe = x_G
X; = steam quality at guarantee conditions, kg/kg
xr = steam quality at test conditions, kg/kg

A-4.2 Correction for Atmospheric Pressure
(Para. 5-6.4)

See Table A-4.2.

m -1
. pr)
b= [ea-neri]


https://asmenormdoc.com/api2/?name=ASME PTC 30.1 2007.pdf

My
[Zel

pr
r

ASME PTC 30.1-2007

0.45 (assumed; see above)
design barometric pressure, kPa
test atmospheric pressure, kPa
0.315 (from para. 5-5.3)

A-4.3 Correction for Fan Power (Para. 5-6.5)
See Table A-4.3.

-

Scaling from the curves for an ACC Inlet Air Dry-Bulb

Temperature of 13.5°C yields the following;:

at 90% of design flow: condenser pressure = 10.7 kPa

at 100% of design flow: condenser pressure = 12.4 kPa

c
T

We

PG

A-4.4

See

The
is foun
curves
tempet
Using
Point g

o\ o\
| &\3"’[(1 s (Wi
SR ]
0.33 (assumed; see above)

¢/ \"Ve)
test fan power corrected for inlet air condi-
tions, kW
guarantee fan power, kW

Wi/ Wr = (pc/ pr)

test fan power

inlet air density at guarantee conditions,
kg/m’

inlet air density at test conditions,kg/m?
pc/pr = (pc/pr) (Tr + 273.15)/ (T + 273.15)

Correction for Condenser Pressure and Inlet Air
Temperature (Para. 5-6.6)

Table A-4.4.

fPC

mguarantee

mguarantee / mperformance curves
guarantee steam mass flow

rate, kg/s
= steam flow rate from per-
formance curves, kg/s

lperformance curves

steam flow rate from the performance curyes
d by entering the vendor-supplied performarnce
(Fig. A-3.2-2) at the test conditions for inlét air
ature and condenser pressure from Fable A-2.2.
he Hour 4 values from Table A-2.2, gives a Test
f the following:

Test inlet air temperature~=_13.5°C

Test condenser pressufe, = 11.4 kPa

Linear interpolation gives that at the test backpress
of 11.4 kPa, the expected steam flow would be-94.
of design or 236.9 kg/s.

A-4.5 Computation of ACC Capability in Terms of
Steam Flow (Para. 5-6.7)

See Table A-4.5. Capabilitydis given as the ratio of
corrected test steam flow and the guarantee steam f1

C= ﬂ’lng/ThS,G X 100%

g r =\ test mass flow of steam, kg/s, (corrected
quality, atmospheric pressure, fan pow
inlet air temperature and turboconden
pressure)

s ¢ = guaranteed steam mass flow rate, kg/s

The corrected test steam flow, 7S 1, is the measu
test steam flow times the correction factors for quall
atmospheric pressure, fan power and
air/condenser pressure from Tables A-4.1, A-4.2, A
and A-4.4, respectively.

The measured test steam flow is obtained fr
Table A-3.1-1. For the “Stable Period” case, the measu
condensate flow = 250.8 kg/s.

ire
1 %

the

ed
ity,

inflet

1.3,

m

ed
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Table A-1 Design and Guarantee Information

Quantity Value Comments
Verldor Provided Design/Guarantee Data:
Atnpospheric pressure, kPa 101.3
Inlgt air temperature, °C 9.5
Ouflet air temperature, °C 37.82 e
Totgl fan power at motor terminals, kW 2,943 If'given at MCC, it must be cdrrected
per Nonmandatory Appendix L
Condenser pressure, kPa 10.57
Turpine exhaust steam flow, kg/s 251.758
ExHaust steam quality 0.932 S
Latpnt heat of vaporization, kJ/kg 2,390.3 From ASME Steam Tables for psoe =
10.57 kPa
Heat exchange surface (total air side), m? 1,1505643
Hedt transfer coefficient, W/m?-°C (based on total air- 34.49
side area at clean conditions)
my|(@assumed) 0.45
n (fssumed) 0.33
Alsp Provided:
Stepm enthalpy, kJ/kg (saturated steam at 10.57 kPa) 2,422.9 From ASME Steam Tables
Wind speed, m/s <5 -
Verldor-generated performance curves See Nonmandatory Appendix|B

Table A-2.1 Test Conditions

Quantity

Value

(Assumed/Measured Data)
Atmospheric pressure, kPa 101.3
Steam quality

> 0.932 [Note (1)]
Fan power, kW 3109

NOTE:

(1) Assumed to be 0.95 in example calculation.

27
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Fig. A-2.2-1 Total Steam Flow
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Inlet Air Temperature
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Table A-2.2 Averaged Test Results

Condensate Flow, kg/s Condenser Pressure, Air Inlet Wind Speed,
Test Period (metric tons/hr) kPa (bara) Temperature, °C m/s
Entire Test 251.3 (904.8) 11.8 (0.118) 14.1 3.7
Hour 1 252.3 (908.3) 12.5 (0.125) 14.9 3.5
Hour 2 251.7 (906.1) 12.0 (0.12) 14.5 4.2
Hour 3 250.7 (902.6) 14.0 (0.14) 13.7 4.2
Hour 4 250.8 (902.8) 11.4 (0.114) 13.5 2.9

Table A-3.1-1 Calculation of LMTD

Heat of vaporization, k)/kg (at 10.57 kPa) 2390.3
Steam mass flow, kg/s 234.6

(= turbine exhaust flow x exhaust quality)
Heat load, kW 560 856.3
LMTD, °C 14.13

Table A-3.1-2 Calculation of NTU

Air inlet temperature, °C 9.5

Air outlet temperature, °C 3762
LMTD, °C 1413
NTU 1.99

Fig. A-3.2-1 Vendor-Supplied\ACC Performance Curves
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< Y AN < N
N N S N |
N N

275 ™ < \\\ AN \\\ N \ S0 kPa
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fa) I~ 10 16 20 28, 20

Inlet Temperature, °C

GENERAL NOTE: Design conditions are as follows:
Turbine exhaust steam flow 251.758 kg/s

Condenser pressure = 10.57 kPa
Inlet air temperature = 9.5°C
Turbine exhaust steam quality = 0.932
ACC fan power = 2,943 kW
Site elevation = Sea level
Atmospheric pressure = 101.3 kPa
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Fig. A-3.2-2 Replotted Performance Curves
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GENERAL NOTE: Design conditions are as follows:
Turbine exhaust steam flow = 251.758 kg/s
Condenser pressure = 10.57 kPa
Inlet air temperature = 9.5°C
Turbine exhaust steam quality = 0.932
ACC fan power = 2,943 kW
Site elevation = Sea level
Atmospheric pressure = 101.3 kPa
Table A-4.1 Correction for Steam Quality Table A-4.4 Condenser Pressure and Inlet Air
Test quality (assumed) 0195 Correction
Guarantee quality 0.932 mperformance curvess K8/ 236.9
Quality correction, f 1.019 Mguarantees K8/S 251.758
f, 1.063
Table A-4.2 Correction for Atmospheric Pressure
Test atmospheric pressure, kPa 101.3 Tabl . AR
e A-4.5 Computation of ACC Capabilit
Guarantee atmospheric pressure, kPa 102.3 a 4.5 puta apa y
Atmospheric pressure correction, f, 1.0 Guarantee steam mass flow, kg/s 251758
Test steam mass flow, kg/s 250.8
Quality correction 14.019
Atmospheric pressure correction 1.0
. Fan power correction q.978
Table A-4.3 Fan Power Correction Inlet air and condenser pressure correction 1.063
GUrarantee fan power, Wg, kW 2,943 Corrected test steam mass flow, kg/s 26575
T P VR RYY] 4 Canability 1059.6%
1Sl 1dit pUVVCI, WaG, RV 2,1U7 g 7
Test atmospheric pressure, kPa 101.3
Guarantee atmospheric pressure, kPa 101.3
Test inlet air temperature, °C 13.49
Guarantee inlet air temperature, °C 9.5
Wi/ Wy 1.014
Wi, kW 3,153
foo 0.979
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NONMANDATORY APPENDIX B
DESCRIPTION OF PERFORMANCE CURVES

B-1 INTRODUCTION

Subsection 5-4 of this Code requires that the ACC
suppli¢r provide, among other items, a set of ACC per-
formarjce curves. The following section describes a set
of performance curves and illustrates how they are to
be inteppreted.

B-1.1 Pescription of Curves

(a) Performance data provide the relationships
among]

(1
(2
(3

condenser pressure
turbine exhaust steam flow
ACC inlet air dry-bulb temperature

for spefified design over a reasonable range of operating
conditions.

(b) The specified design conditions include

The identical set of curves is shown in U.S. custom
units in Fig. B-1.2.1-2 for convenience of reference.

B-1.2.2 Alternative Formats. Alternative and equiv-
alent graphical formats are frequently used*as folloys:
(a) ACC (Turbine Exhaust) Steam Flow vs. Air Irjlet
Temperature with Condenser Pressure as a parameter
(shown in Fig. B-1.2.2-1)
(b) Condenser Pressure v§. ACC (Turbine Exhayst)
Steam Flow with ACC Inlet'Aif Temperature as a param-
eter (shown in Fig. B-12:2-2)

B-1.2.3 Other Representations — Tabular Data. The
data underlying thé'curves in Fig. B-1.2.1-1 may be fre-
sented in Table)B-1.2.3.

B-1.2:4. Other Representations — Equation Format.
The petfermance curves may also be presented in eqpa-
tion form. They are typically given as second to foufrth
otder polynomials. The curves of Fig. B-1.2.1-1 are pre-

(1] condenser pressure sented below as fourth order polynomials with gne
2] turbine exhaust steam flow equation for each of the five curves, each represent|ng
(3| ACC inlet air dry-bulb temperature a different turbine exhaust steam flow (80%, 90%, 100%,
i i . 110% and 120% of the design steam flow).
(4) site elevation (atmospheric pressure) In these equations,
(5] ACC fan power (at motor terminals) P = d KP
N . » = condenser pressure, kPa
(c) The range of conditions would typically be T, = ACC inlet air temperature, °C
(1} for turbine exhaust steam flow%80%, 90%, 100%,
110%, pind 120% of design flow (a) 80% of design flow (for 10°C < T; < 40°C)
(2) for condenser pressurer’5 kPa to 30 kPa
(~1.5 ip. HgA to 9 in. HgA) P, = 0.000008 T# — 0.000581 T? + 0.029106 T?
o 0(;3( ior1 5A01(::E[: i;l(l);to 1zél)ir dry-bulb temperature: —10°C 0166921 T, + 7.159822 #-1)
0 ~ 0
8 ! (b) 90% of design flow (for 5°C < T; < 40°C)
-1.2 Format
Perf¢rmance\data is typically provided graphically P, = 0.000005 T} ~ 0.000257 T} + 0.017538 T
but can alse-be provided as tabular data or in equation +0.065837 T; + 7.035217 (-2)
form a} the option of the purchaser.
(c) 100% of design tlow (for 0°C < T; < 35°C)
B-1.2.1 Primary Format. The primary format for
graphical presentation, which was chosen for use in P, = 0.000004 T — 0.000112 T? + 0.013074 T?
Section 5, Computation of Results, and Nonmandatory + 0183833 T, + 7.706393 (B-3)
Appendix A, Sample Calculations of Performance, is a '
plot of Condenser Pressure vs. ACC Inlet Air Dry-Bulb . . . .
Temperature with Turbine Exhaust Steam Flow as a (d) 110% of design flow (for -5°C < T; < 30°C)
parameter. A typical set of performance curves in this
format expressed in SI units is shown in Fig. B-1.2.1-1. P, = 0.000005 T} ~ 0.000046 T7 + 0.011199 T
Specific design conditions are denoted in the figure. + 0265391 T; + 8.709746 (B-4)
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Fig. B-1.2.1-1 Example ACC Performance Curves, Primary Format (S| Units)

30 — 7
7
e
L~
25 -
A
A L~
© V
o
~ 0.
o 20
]
g = <
o
o
= 15
g —1 L— —
£ = =
w L 120% = e
2 10 +——
= | |_— 1 |_—1
5 = 110%_—— — —
= 100% T ]
I % of Design Steam Flow
0
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Inlet Temperature °C
GENERAL NOTE: Design conditions are as follows:
Turbine exhaust steam flow = 251.758 kg/s
Turbine exhaust pressure = 10.57 kPa
Inlet air temperature = 9.5°C
Turbine exhaust steam quality = 0.932
ACC fan power = 2,943 kW
Site elevation = Sea level (101.3 kPa)
e) 120% of design flow (for —10°C < T; ©30°C) mation is provided in graphical or tabular form, the fange of
applicability is usually visually implicit in the extenft of the
P, = 0.000006 T + 0.000011 T3 + 0009926 T2 curves or the range of values listed in the table. The equations,
. i . ; \ ;
however, might be inadvertently used with values beydnd their
+0.333281 T + 9.933474 (B-5) limits of validity. (For example, temperature and flow cpmbina-
CAUTION: If the performance dafa is provided in equation tions giving operating backpressure below 5 kPa may gjve erro-
folm, caution must be taken ‘that the equations not be neous results.)
extrapolated beyond their rangé of applicability. When the infor-

33


https://asmenormdoc.com/api2/?name=ASME PTC 30.1 2007.pdf

Turbine Exhaust Pressure, in. HgA

GENERA

—

ASME PTC 30.1-2007

Fig. B-1.2.1-2 Example ACC Performance Curves, Primary Format (U.S. Customary Units)

10
9
8
7
6
==
5
4 /
—120% [ —
3
110% __— | | —
__/—— P— /
2 T7100% 90% 80%
i
1 [% of Design Steam Flow |
0
30 35 40 45 50 55 60 65 70 75 80
Inlet Temperature, °F
NOTE: Design conditions are as-follows:

Turbine exhaust steam flow.
Turbine exhaust pressute
Inlet air temperature
rbine exhaust steamyquality
ACC{fan-power

Site elevation
Atmosphéfic pressure

49.1°F
0.932
3,945 hp
Sea level
14.7 psia

1,998,080 lb/hr
3.12 in. HgA
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Fig. B-1.2.2-1 Alternative ACC Performance Curves (Steam Flow vs. Inlet Temperature) — 'S} Unit
00T Y \ N N
™ N \ N
\\ N N N NEIL
N N N N N I
. N N NERLLED "N
2 250 \\ N N AN AN
z
£ N N N N \\20 kPa
£ 225 < AN S \\ A
»n
Z \\\ \\\ \\\ NS AN
@© . a
< ™N N [N
W 200 N RS
£ N N 15kPa | N
£ N AN AN
. N : N 25 kpa [N
175 Turbine exhaust N \\
\\ pressure \ \ \
7.5 kPa N l&a BN
150 AN N
0 5 10 15 20 25 3
Inlet Temperature, °C
GEINERAL NOTE: Design conditions are as follows:
Turbine exhaust steam/flow = 251.758 kg/s
Turbine exhaust\pressure = 10.57 kPa
Inlet airtemperature = 9.5°C
Turbine exhaust’steam quality = 0.932
ACC fan power = 2,943 kW
Site elevation = Sea level
Atmospheric pressure = 101.3 kPa
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Fig. B-1.2.2-2 Alternate ACC Performance Curves (Condenser Pressure vs. Steam Flow) — SI*Units

Turbine exhaust steam flow
Turbine exhaust pressure
Inlet air tempeérature

rbine exhaust steamiguality

ACCar power
Site elevation

AtmoSpheric pressure

251.758 kg/s
10.57 kPa
9.5°C

0.932

2,943 kW
Sea level
101.3 kPa

30 T
|
30°C
25
25°C
- ol
20 - =]
|
— 15°C
15 —
10°C —
L— — | —1
— _— — 5°C —
— |1 —___-—-‘
10 T | _— |t I
— —— — _— 0°C ]
|t |t |t — ]
= ——
0
150 175 200 225 250 275 300
Turbine Exhaust Steam Flow, kg/s
NOTE: Design conditions aré as follows:
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Table B-1.2.3 Performance Data—Tabular Format

Turpine Exhaust

Turbine Exhaust Pressure, kPa for ACC Inlet Temperature, °C

Steéam Flow, %

of Design -10 -5 0 5 10 15 20 25 30 35 40
80 . 7.91 9166 12.11 15.24 19.16 24.09 30.37
90 . 7.77 9.24 11.35 14.11 17.58 21.91 27.31 34.08
100 . . 7.71 8.94 10.78 13.23 16.36 20.29 25.20 31.36
110 . 7.67 8.71 10.31 12.49 15.31 18.93 23.58 29.56
120 7.64 8.52 9.93 11.85 14.33 17.51 21.62 26.98 34.02

GEINERAL NOTE: Design conditions are as follows:

Turbine exhaust steam flow
Turbine exhaust pressure

ACC inlet air temperature
Turbine exhaust steam quality
ACC fan power

Site elevation

Atmospheric pressure

251.758 kg/s

10.57 kPa

9.5°C

0.932

2,943, kW

Sea‘level (101.3 kPa)
101.3 kPa
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NONMANDATORY APPENDIX C
UNCERTAINTY ANALYSIS EXAMPLE

C-1  SENSITIVITY FACTORS

Usirlg the data in the example in Nonmandatory
Appendix A, the sensitivity factors for each of the test
parameters were calculated by incrementally changing
the tesf parameters about average test result.

x+Ax _ ~x-Ax
, _AC _c C

Par T DAx © T 2Ax
where
C = ACC capability
C*1* = capability with test parameter, par, set to x
+ Ax
C*1* = capability with test parameter, par, set to x
- Ax
v = base value for a test parameter, par
AC = incremental change in condenser capability
Ax = incremental change in a test parameter, par
Gohr = sensitivity factor of capability to parame-
ter, par

A d3ta reduction spreadsheet was used to. generate
capability values at the incremented test parameter val-
ues. Taple C-1-1 summarizes the result of the sensitivity
analysfs.

The [instrumental uncertainty for each of the test
param¢ters was calculated by procedures detailed in
subsecfion 5-10. The instrumental uncertainty of each
of the test parameters is sunmarized in Table C-1-2.

Conglenser pressure andinlet air temperature are mea-
sured by an array of instruments that are averaged. The
averagp value for such’ parameters is subject to spatial
bias. The spatial systematic for ACC pressure is calcu-
lated by

The standard deviation of the ACC pressure measure-
ments is calculated by

2
. E (pcor\d, avg pcond, i)
SPcond, spatial = i=1lm

me= 1
where
m = number of measurement stations
Peond, avg = average ACCptessure for the test
Peond,i = average ACC'pressure at measurement

station i

The ACC pressture measurements are illustrated| in
Fig. C-1. For fout ACC pressure measurements, m = 4.
The standafd deviation of the ACC pressure measyre-
ments was,0.123 kPa.

812 _ 062 kpa

chond = \/‘I

The total systematic uncertainty for ACC presspire
was calculated by the square root of the sum of the
squares of the systematic uncertainty of the presspire
transmitter and the spatial systematic uncertainty.

chond = \/blzjcond, inst T bl%cond, spatial = \/(0035)2 + (0062)2
= 0.071 kPa

The spatial systematic uncertainty and the total sys-
tematic uncertainty for inlet air temperature was calfu-
lated in a similar manner. The calculation of the spatial
uncertainty for air temperature is illustrated|in
Table C-1-3.

The systematic uncertainty, in terms of ACC capabil-
ity, is calculated by multiplying the parameter under-
tainty by the sensitivity factor:

bpcond, spatial = Stai spatl
Jm
where
m = number of measurement stations
SPeond, spatial = standard deviation of the time aver-

aged ACC pressure readings

bf)ar = gparbpar
L SPcond, spatial
vrcond, spatlal \/— Where
m
by, = parameter uncertainty in terms of ACC

capability
bpar = parameter uncertainty, parameter units

The overall systematic uncertainty for the test is calcu-
lated the square root of the sum of the squares of the
parameter uncertainties:

b = Epar=l,m (b;ar)z
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The systematic uncertainty calculations are summa-
rized in Table C-1-2.

The total uncertainty for the series of test runs is
calculated by:
SZ

P+ =

U= tyg N

ty-1 = student’s t value (two tailed) for 95% confi-
dence and N — 1 degrees of freedom

A series of six test runs was performed. The ACC
capabilities for the test runs are summarized in
Table C-1-4.

The overall uncertainty in the ACC capability for the
test series is:

where
N = number of test runs 3 » (213172 .
S = the standard deviation of the ACC capability U= 2‘57\/ 079"+ =5 = 302%

of the test runs
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Table C-1-1 Sensitivity Factors for Test Parameters
Capability
Parameter Units Test Value Increment + - Sensitivity
Inlet air temperature °C 13.49 1 108.27 102.35 2.96
Atmospheric pressure kPa 101.3 1 104.72 105.72 -0.5
Fan power at MCC kw 3109 100 104.19 106.29 -0.0105
Exhaust pressure kPa 11.4 0.2 103.93 106.56 -6.575
Turbine exhaust flow kg/sec 250.8 2.5 106.27 104.17 0.42
Steam glality e 0.95 0.01 106.33 104.11 112
Capability % 105.22
Table C-1-2 Instrument Uncertainty of Test Parameters
Instrumental Spatial Systematic Capabitity Capability
Pdrameter Units Uncertainty Uncertainty Uncertainty Sensitivity Uncerta|nty
Inlet air femperature °C 0.05 0.154 0.161 2.96 0.4
AtmospHeric pressure kPa 0.1 0.1 -0.5 -0.0p
Fan powr at MCC kw 23.3 Ce 23.3 -0.0105 -0.2%
Exhaust [pressure kPa 0.035 0.061 0.072 -6.575 -0.4y
Turbine pxhaust flow kg/sec 0.820 0.820 0.42 0.34
Exhaust [steam quality ... 0 111 0.0(
Capabilify % 0.79

Fig. C-1 ACC Pressure.Measurements

Average
Standard
Number
Student’s t value
Spatial

BPcond,spatiaI =

11.4 kPa Pcond
0.12 kPa SPcond,spatial
4 m
3.182 T 95%, m-1
0.195 kPa

tn-1 SPcond, spatial

Jm
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Table C-1-3 Test Summary

Test Run Capability
1 104.66
2 103.20
3 104.77
4 99.73
5 105.25
6 105.22
Average 103.80
S 2.131
N 6
fos,N-1 2.570581835

Table C-1-4 Spatial Variation for Inlet Air Temperature

LA 4B 4C 4D 4E
12 10.60 10.59 10.66 11.18
A 3B 3C 3D 3E
.85 10.50 10.46 10.45 10.88
PA 2B 2C 2D 2E
.24 11.36 11.00 11.02 11.07
| A 1B 1C 1D 1E
.60 11.80 12.41 11.88 1240
Average

Air Inlet Temperatire

Standard Deviation

Number

Student’s t

Spatial Uncertainty

T, .
air, spatial

4F 4G 4H 41 4)
10.68 10.76 10.67 10.70 12.74
3F 3G 3H 31 3)
11.15 10.90 10.82 10.80 11.36
2F 2G 2H 21 2)
11.67 11.30 10.92 10.69 10.84
1F 1G 1H 1l 1)
12.18 12.90 13.07 11.67 15.60
(Tair. inlet) = 11.49°C
St
air, spatial = 0.9770(:
(m) = 40
(to5%, m-1) = 2.023
Br
air, spatial = 0.312°C

tm-1ST

air, spatial

Jm
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NONMANDATORY APPENDIX D
DERIVATION OF EXPONENTS m, AND n

Figufe D-1 defines some basic quantities for an ACC.
Standdrd definitions from heat transfer terminology
give

Q = iitgcy (Too — To) (D-1)
ATy, = Q/UA (D-2)
NTU = (T, = T,)/ATin = UA/ti ¢, (D-3)
where
¢, F specific heat of air

It is gonvenient for future derivations to define a “per-
formarjce coefficient” and a “gamma factor” as

ITD = cond — Ta,i (D_4a)
&= (T,, - T,)/ITD (D-4b)
I'=NTU NV - 1) (D-4¢)

It cah be shown from eq. (D-3) and the definition of

ATln m that

@ =1-NU (D-5)

The forrection factors introduced. in subection 5-6 are
used t@ adjust the performance measured during test to
the pefformance that would havé been obtained if the

a,i

D-2.1 “Exponent my

Exponent 1y is defined by the approximating equatjon
for“overall heat transfer coefficient as a function of ir-
side Reynolds Number (Re) as

U = K(R,)" (Ip-6)

This approximation is justified as follows. Expressing
the overall heat transfer coefficient in terms of the indi-
vidual heat transfer resistances between the condensing
steam and the cooling air yields

-1
Al 6
[z,(z%)*%

test hagl been run at design.eonditions. All the correction U= hud1+ 7 (m-7)
factors|take the form of a‘faetor by which the measured .
steam flow is multiplied*to obtain the steam flow that '
could have been condensed at design conditions.
where
A = air-side heat transfer area, m>

D-2 (ORRECFION FACTORS A; = steam-side heat transfer area, m?) ,

The gotrection factors for atmospheric pressure f, and hzr _ ziz;rlnd-esi}c;za}t\\et;ir’;iifsf(ze({giﬁﬁ; r‘:\t//vr\rll /rrI1<2—K

for fan—Motor power Jg, are defined in terms Of two
exponents, m; and n. These are defined below and then
the equations for f, and f, are derived in terms of mea-
sured quantities and the exponents.

The exponents are defined by their use in simplified
approximations to the variation of

(a) the overall heat transfer coefficient with air flow,

m and

(b) the friction factor for air flow through the finned

tube bundles, n

k = tube wall thermal conductivity, W/m-K
Rf = air-side fouling coefficient (m*~K/W)
8 = tube wall thickness, m

Since the dominant resistance is the air side resistance

Al 6

1

h;

<<1 (D-8)
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implying that

1 1
From standard correlations
By, o Re™ (D-10)

At constant fan speed, ambient temperature and con-
densing temperature, g, T, ;, and T, are constant and
titg o pzx(p (D'ls)

fy = tgc/tigr = lpr/pcl™ [Pr/ D6 ™ (D-19)

Expressing @ in terms of physical quantities, begin-

where m represents a typical exponent. Therefore, it is g withreq(B-5)
redsonable to approximate the overall heat transfer coef-
ficlent similarly by ®=1-¢" (D-20)
U o« Re™ (D-11) 11— N
&/ P = P (D-21)
[aking the derivative of both with respect to Re and
regrranging yields Rearranging and using) the approximatiqn that
1-¢? = egfor £ <1, yields
= m (U hi) (D-12) N
. NTUg
Again from standard data references on extended sur- Or/ Pg=A -~
fades m is frequently in the range of 0.3 to 0.6. Therefore, e -1
anfapproximation of m; = 0.45 is a reasonable one. + NTUg (NTUr / NTUg) (D-22)
NTUG _ 1
D-2.2 Exponent n
Hxponent 7 is defined by the approximating equation From eq. (D-4b),
fof friction factor as a function of air-side Reynolds
Number (Re) as I'= NTUg/(N™¢ - 1) (D-23)
fe Re)™ (D-18)y%  giving
From standard references for extended surface heat P NTUr .
ex¢hangers, n typically falls in a range between 0.25 Pr/ P =1-1'+ NTUg (D-24)
anf 0.45. Therefore, an assumed value (unlessotherwise
specified by the vendor) of 0.33 is reaspnable. From the definition of NTU [eq. (D-3)] and fwith A
.. . . and c, constant,
D-2.3 Derivation of Correction Factor for Atmospheric
pressute f T o U/, /i) | (D29
T 1, o/ X
For this correction factor, ‘only variations in atmo- NTUg e el T
spheric pressure are consideréd. Fan speed inlet air tem-
pefrature and condensing temperature are assumed From the derivation of my in eq. (D-12),
copstant. Fan motori\pewer is handled in a separate
cofrection. U o« (Re)™ = (p, )" (D-26)
[he correction factor for atmospheric pressure is
giyen by and from eq. (D-16)
Jo = it /1 (14 (o /o) = (po,c/ P, D)o /o) | (D27)
evaluated at constant conditions except for atmaospheric . o .
T T AT ConStant fan speed, the vorumetric air fiow, g, is
pressure. constant so
1i1 =1 Tho — Tpi D-15
st x Q ma Cp ( a,0 ﬂ/) ( ) NTuT "
NTU. = [(pn/ T/pa/ G k](pu/ G/pzz/ T) (D-28)
= qp (D-16) ¢
where At constant air temperature, air density is propor-
g = volumetric flow rate of air tional to atmospheric pressure, p, giving
Too=Toi = D (Teona — T, ) (D-17) NTUr/NTUg = (pr/pe)"+" (D-29)
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Substituting in eq. (D-24)

D/ P =1-T+I(pr/pe)™ ] (D-30)
and eq. (D-19) becomes
fp = mst,G/mst,T

-1
= [pr/pal (1 - T+ F[(pr/rﬂc)’”k’l]) (D-31)

Having corrected the test fan power for atmospheric
pressure and temperature, it is now necessary to adjust
the ACC performance to account for the difference
between Wr and Wg. This derivation proceeds along
similar lines to the correction for atmospheric pressure
in para. D-2.3.

ffp = g, /1, WE (D-38)

fo = [pr/pe)1 = T) + L (pr/pc)™]™ (D-32)

as givgn in para. 5-6.4.

D-2.4

The pdjustment to fan motor power is done in two
steps. First, the fan motor power measured under test
conditions, Wy, is corrected for ambient conditions, spe-
cifically atmospheric pressure and air temperature, if
they are different from design conditions. Second, when
the corfected fan power, W is different from the guaran-
tee fam power, W, the effect of this difference is
deternfined.

Correction for Fan Motor Power, f,

Fan motor power is given by
W = dpq/ (D-33)
where pyis the motor fan efficiency and will be assumed

to be cpnstant for operation near the design point.
Fronp

A = foug’ (D-34a)
f o Re™ (D-34b)
Re = p,q (D-34¢)
where [f represents the friction due to.configuration of

the air[path, fan power is given by
W g7/ (D-35)

Thergfore,

Wi/ Wr &g/ pr) " (gr/ )" (D-36)

For donstant fan-speed, q7/qc = 1 and from the perfect
gas la, p « p/d yielding

(D-37)

o = o 2]

The effect of air density has already been corrected
for in Wt so the only remaining effects are changeq in
volumetric air flow and the performance coefficignt.
Therefore, in this case, eq. (D-38) becomes

fr = 45/q90) (D)%) (D139)

Again expressing @in physical quantities and follqw-
ing egs. (D-20) through (D%24), eq. (D-25) becomes

NTU% B
NTU, -

« (Ur/Uc)qc/q7) = (47/96)" (9c/q1) (D

Following-egs. (D-26) and (D-27) with p,c/psc 5 1

NTU% lem ol
NTU. — @e/4r ) (D§D)
From eq. (D-35) with p, = constant
NTU% Loy
W (W /WG) n-3 (D-42)
Substituting into eq. (D-24)
B/ @ = 1 - T+ T(W5/We) 73 (D}3)
1
qr/qc = (We/ Wi (D4)
Combining and rearranging gives
-1
fip = (Wp/We)3n [(1 -1
m-17-1
+ F(WCT/WG)H] (D45)
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NONMANDATORY APPENDIX E
CALCULATION OF THE STEAM QUALITY AT TEST CONDITIONS

n general, steam quality will vary with the steam
tugbine exhaust pressure. Measured performance test
vajues of steam turbine exhaust pressure may be differ-
enf from the design value. As a result the steam quality
mgy deviate from its design value requiring that a correc-
tion be made (see paras. 5-6.3 and A-4.1 for the calcula-
tion of the steam quality correction factor). If the steam
tufbine exhaust pressure at the test conditions is lower
than its design value, the expected steam quality should
be|lower than its design value and vice versa.

e following correction procedure assumes that the

where
Steam
design

= the specific entropy(of
Turbine exhaust steam at
conditions
s, 4 = the specific entropy of saturafed lig-
uid at the Steam Turbine gxhaust
pressure
S, 4 = the spedific entropy of satjurated
vapot,at'the Steam Turbine ¢xhaust
presstire

slgpe of the enthalpy versus entropy line for the steam ~ Step 5:  Calculate-the slope of the “expansion line” by
tufbine is independent of the exhaust pressure, inlet W
tethperature, pressure, and flow. This is equivalent to m, = d” Ted
asguming a constant isentropic efficiency for the steam Sid = Sed
tugbine. Studies using cycle models indicated that the where
erfor associated with calculating the steam quality based b = desion value of the specific ehthal
on| this assumption is less than 1%. nd of t}g1e low ressurz turbirle inli};
Stdp 1:  From the steam turbine heat balance diagram steam P
corresponding to the ACC design conditions, m, = slope of the expansion line
obtain the inlet temperature and pressure for s ¢ desien value of the specific éntro
the low pressure turbine as well as the turbine nd £ t}g1 1 p turbide i lp };
exhaust enthalpy and pressure. Ot a me OW presstie THibie e
Stgp 2:  Using steam tables or equivalent:software st
determine the specific enthalpyand specific NOTE: If a Steam Turbine test on the unit has been
entropy of the low pressure turbine inlet performed, the sloPe qf the expansion line mdy be ?a'l—
steam. culated by substl'tl.ltmg actual valu.es for [specific
Stdp 3:  Calculate the design valtig-of the steam quality fef;;alti}e, :tr::rrslpticrl:i;: rtl;(t)?y at the inlet and outlet
of the Steam Turbine exhaust steam by:
Step 6:  Using steam tables or equivalent software,
x, £ od — 1,4 determine the specific enthalpy and ppecific
ho 4 = hy.a entropy of the low pressure steam furbine
where exhaust steam at the test conditions f¢r satu-
h, {5 the design value for the specific rated liquid and sa.turated steam, respdctively.
‘ enthalpy of the exhaust steam Step 7: Calcglgte the quality of the steam at the test
hi 4 = the specific enthalpy of saturated condition by:
liquid at the exhaust pressure 10,0 — S1.7) + o1 — he
h, 4 = the specific enthalpy of saturated = ettt -t
V(llJUl Cl'l 'l}lC C}\}laubl lJlCDDulC - - - -
x; = thedesign value of the steam quality where
of the turbine exhaust steam h, 4 = designvalue of the specific enthalpy
This value should correspond to the design for th.e low pressure outlet ste.am.
value for the ACC. hy,r = specific enthalpy of saturated liquid
Step 4:  Calculate the design value of the specific for the test value of the exhaust

entropy of the Steam Turbine exhaust steam
at design conditions:

Se,d = XaSpa+ (1 = X4) s, a

45

pressure
specific enthalpy of saturated vapor
for the test value of the exhaust
pressure
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s, 4 = design value of the specific entropy
for the low pressure outlet steam

s, 7 = specific entropy of saturated liquid
for the test value of the exhaust
pressure

s, 7 = specific entropy of saturated vapor
for the test value of the exhaust
pressure

Calculation of the design value of the specific entropy
at the steam turbine exhaust:
s;,a = 0.8321 kJ/kg/K (from steam tables for satu-
rated liquid at 20 000 Pa)

So,d = 7.9094 kJ/kg/K (from steam tables for satu-
rated steam at 20 000 Pa)
x; = 0.956

Tf o design values for the speciiic enthalpy and speciiic
pf the low pressure turbine inlet steam are known, a typical
-1 500 K for the slope of the expansion line can be assumed.
vity analysis has shown that a large variation in the value

of the slppe (-1 000 K to -3 000 K) of the expansion line has only
almost fo impact on estimated value of the steam quality under

test conglitions (error less than 0.5%). Please refer to the example
below ap well.
EXAMPLE:
(1) Desjgn value for the steam turbine exhaust pressure =
20 0p0 Pa
(2) Desjgn value of the steam quality of the turbine exhaust
steapn = 95.6%
(3) Test[value of the steam turbine exhaust pressure = 10 000 Pa
(4) Assyimed value for the slope of the expansion line = -1 500 K
Calcplation of the design value of the specific enthalpy
at the $team turbine exhaust:
hea|= 0.956 x 26099 kJ/kg + (1 — 0.956)
X 251.45 K] /kg = 2506.1 K] /kg
hy, 4 |= 251.45 (from steam tables for saturated liquid
at 20 000 Pa)
hy 4 |= 2609.9 KJ/kg (from steam tables for saturated
steam at 20 000 Pa)
x4 |= 0.956 (steam quality of the steam turbine

exhaust steam at design conditions)

Using the equation S, g = X754 F (I — X3) SL 4, 1} is
determined that:

Seq = 0.956 X 7.9094 kJ/kg/K + (1 — 0.956)
x 0.8321 kJ/kg/K = 7.5980 &J/kg/K

From the steam tables at the stéam turbine exhalst
test pressure of 10,000 Pa:

h,r = 191.83 KJ/kg
hyr = 25848 k] /kg
s, 7 = 0.6493 KJ/kgZ/K
s, 7 = 81511 kJ/Kg/K

Using m, = £1 500 K and the equation above, it ¢an
be found:

MSe,d = S, 1) + i, 7 = hea
- - - — = 0.933
me(So, T = S1,7) + I, 7 = Mo T

Xt =

It can be noticed that the end result for the stepm
quality at test conditions (x7) would not have minimdlly
varied (less than 0.4%) by using any value betwgen
-1000 K and -3 000 K for the slope (m,) of the expgn-
sion line.
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NONMANDATORY APPENDIX F
TEST CALCULATIONS FOR DISSOLVED OXYGEN
DETERMINATION

F-1 INTRODUCTION F-3 SAMPLE LOCATION
i le locati h
f required to meet a dissolved oxygen guarantee, Fi;lli—s; Ived oxygen sample locations are shqwn on

digsolved oxygen will be measured in accordance with

g
A9ME PTC 12.3, Performance Test Code on Deaerators. F-4 SAMPLE METHODS

Sample methods for disselved oxygen are id¢ntified
in ASME PTC 12.3. Alternatively, ASTM I} 5462,
2 SAMPLING FREQUENCY Standard Test Method 'On-Line Measurement pf Low
Level Dissolved Oxygen in Water or ASTM ID 5543,
Dissolved oxygen samples shall be taken once per test ~ Standard Test Method for Low Level Dissolved Oxygen
ruf, as a minimum. in Water may be used.

-
U
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Fig. F-3 Oxygen Sampling Location

Steam
exhaust
Steam
h
:____' \\
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and pump
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>
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Condensate
collection
tank

Condensate flow

Oxygen measured at condensate
pump discharge and/or suction

Oxygen sampling

A
,’“""' point required by 0,
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\‘:____
Optional oxygen ____'\\\
\‘/ sampling points 10, )
> Tdenttied by: SEESY
v

—n
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NONMANDATORY APPENDIX G
DATA SHEETS

See Forms G-1 and G-1M on the following pages.
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Form G-1 Air-Cooled Condenser Data Sheet

Manufacturer / Model

% | *

Type of ACC [Note (1)]

Tag Equipment Number(s)

* %

Location: City / State / Country

*% | *%

Site Elevation (feet above sea level)

* %

Wind Speed (mph) / Direction

*% | *%

Seismic Zone

* %

Turbine Exhaust Direction

* %

Max. fvatt—Space for ACCHTXfr7 Distance fr- Turbime Brag o2t kl [

Tube Pide Performance

Kok
Guaranteed Ambient| Maximum Ambient Minimum Amly{

Turpine Exhaust Steam Flow (Ib/hr) [Note (3)]

Turpine Exhaust Enthalpy (Btu/lb) [Note (4)]

ignt
N
Q>

Condenser Inlet Pressure (in. HgA) [Note (5)]

NGV

Turpine Back Pressure (in. HgA) [Note (6)]

.

ACC Inlet Enthalpy (Btu/Ib) [Note (7)]

())\J

Dugt Pressure Drop (in. HgA)

)

Nohcondensable Exhaust Flow (acfm)

7

ACC Inlet Temperature (°F)

Ouflet Temperature (°F)

ok | % | * |k
EN
P

ACC Inlet Steam Flow (Ib/hr)

Ouflet Condensate Flow (lb/hr)

Stepm-side Pressure Drop (in. HgA)

»7

Conpdensate Storage Tank Pressure (in. HgA)

Of

Condensate Temperature Leaving Tank (°F)

Condensate Tank Flow (Ib/hr)

Tenpip A: Turbine Exhaust — Condensate Return (°F)

k| sk [k |k |k |k |k [k |k |k [k
é:

Drdin Pot Tank Flow (Ib/hr)

2

ACE Makeup Flow (Ib/hr)

Tothl Heat Duty Exchanged (MMBtu/hr)

/|
Dh
v
AEIEIEIEIEIEIES

EAEIEIERESEIESERENERESENENES

Air Sifle Performance

Inlgt Dry Bulb Temperature (°F)

Ouflet Temperature (°F)

Terpperature Rise (°F)

Totdl Air Mass Flow (Ib/hr)

Totgl Air Flow per Fan (acfm)

Sta}ic Pressure (in. H20)

s

Facle Velocity (ft/min)

NN

Inldt Air Velocity (ft/min)

Redirculation Air — Temperature A (°F)

@

.

1
s |k |k [ |k |k |k | %
|k |k % |k || %%

ERENERENENENESES

.
Desigh N

Nugnber of Cells: Primary / Secondary,-U )

Number of Cells per Street / Number &ﬂreets per Block

Number of Sides Open per Block /Q\ll)rﬁber of Blocks On-site

Cel| Size: Primary/Secondaw(ﬂ)ﬁ)

Prepsure: Design / Test (psi )

s [k | % % | %
* [k | % |*%

AC( Dimensions: Leng dth / Height (ft)

Effdctive Surface Ar, D (ft2) / (°F)

H

[}

4t Exchanged /Jransfer Rate (MMBtu/hr) / (Btu/hr—ft2—°F)

Nugnber of Tubeﬁ'&vs: Primary / Secondary

Majn Steamm‘ Outside Diameter / Length (ft)

EAESEES
LA E S E RS

oD BraMtreet/Equalizing Line / Condensate Header (in.Xin.Xin.) * *

Stepn@.ﬁ@ Corrosion Allowance (in.)

Tude ﬂall Thickness / Pitch / Length (in.) /°/ (ft)

Primary Tube Bundle Size: Length / Width / Height (ftxftxft) * *

AIR-COOLED CONDENSER MR No:
PROJECT NAME Attachment

Job No:

SHEET 1 OF

NOTES: * Seller to fill in all empty boxes. If not applicable, Seller to indicate by marking “N/A” in appropriate box.

** Buyer to fill in empty boxes.
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Form G-1 Air-Cooled Condenser Data Sheet (Cont’d)

Secondary Tube Bundle Size: Length / Width / Height (ftxftxft) * | * |

Fin: Type / Pitch (in)/° *

Fin Sizes: Height/Length / Thickness (in.Xin.Xin.) * | * |

Tube Material / Fin Material *

ERE N ENENES

Number of Tubes per Bundle: Primary / Secondary *

Steam Duct Material *

*
*

Number of Air Removal Nozzles: Primary / Secondary

*
*

Structure Surface Preparation

Fans

Manufacturer / Model

Diameter / RPM (in.) / (rpm)

Material: Blade/Hub

* % [ [%
.
e

Blade Pitch/Number of Blades per Fan (°/)

Driver o\

*
K
*

Manufacturer / Model

E3

Type: Single Speed / Two Speed / No. of Windings / VFD * * (' )

Voltage / Phase / Hertz ~

HP / RPM *

*

Total Power Required (kW): Target / Guarantee Case (kW)

*
N
*

Gear Reducer \\M

Manufacturer / Model * - (O\

Type

4
Ratio Fa\
Service Factor l

Vibration Switches: Manufacturer / Model ON*

Deaerator (if required) O A4

Deaerator: Type / Model N * | *

Deaerator: Maximum Make-up Flow QQ\ *

Deaerator: Steam Source . N *

Hugging and Holding Ne

Hugger: Pump or Ejector / Manufacturer / Model [Note (8)] RN ~ *

Pressure: Time Req. / Min. Steam Flow (in HgA / min / Ib/hr) [Note@)\‘

Holding: Pump or Ejector / Manufacturer / Model [Note (19\}\" *

Design Flow / Steam Pressure / Min. Steam Flow (acfm / psig / Ib/hr) ,{-b{ot?(ﬂ)] * *

EEIERENES

Hogger / Holding: Aux Load Req. (included in guarantee) (kW/kWWte (12)] *

NOTES: * Seller to fill in all empty boxes. If not{@l}gable, Seller to indicate by marking “N/A” in appropriate box.
** Buyer to fill in empty boxes. C)

.

1) By seller. 4 X 5 down exhaust, 5 X 4%@x’haust, etc.
u

2) By buyer. Distance is from the tur ilding where the exhaust duct exits and the closest ACC header flange. This distance sho
also include the distance from the ine exhaust and the outer turbine building wall.

3) By buyer. Exhaust Flow sh correspond with each case.
4) By buyer. Exhaust Entha@ ould correspond with each case.

5) Condenser Inlet Pres: by seller. Condenser inlet pressure is the pressure the ACC can accept from the turbine, this may be
different from the@ sign pressure because this is at the turbine/ACC interface.
e

6) Turbine Back P

is by the buyer. Turbine Back Pressure should correspond to one or two guarantee cases.
7) ACC Inlet Egy is by seller. ACC inlet enthalpy is the enthalpy the ACC can accept from the turbine, this may be different from

the ACC n pressure. If so, extra equipment will be needed.

8) Pump ector is specified by buyer, Manufacturer and Model is by seller.
9) H Pressure and Time Requirement by buyer. If Pump then pump horsepower should replace minimum steam flow by seller.

1 p or Ejector is specified by buyer. Manufacturer and Model is by seller.

(12) By seller. kW should already be included in the total aux load guarantee.

d

eller.

Job No:
AIR-COOLED CONDENSER MR No:
PROJECT NAME Attachment
SHEET 2 OF 2
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Form G-1M Air-Cooled Condenser Data Sheet

Manufacturer Model

* | *

Type of ACC [Note (1)]

Tag Equipment Number(s)

* %

Location: City / State / Country

*% | *%

Site Elevation (meters above sea level)

* %

Wind Speed (m/s) / Direction

*% | *%

Seismic Zone

* %

Turbine Exhaust Direction

* %

Max. Avatt—Spate for ACC =<7 Distance fr-Turbime Btogtm ot 2 kd I

Tube Pide Performance

kS
Guaranteed Ambient| Maximum Ambient Minim

um Amly{

Turbine Exhaust Steam Flow (kg/h) [Note (3)]

Turbine Exhaust Enthalpy (kJ/kg) [Note (4)]

ignt
N
Q>

Cor{denser Inlet Pressure (bara) [Note (5)]

NGV

Turbine Back Pressure (bara) [Note (6)]

.

AC( Inlet Enthalpy (kJ/kg) [Note (7)]

())\J

Dudt Pressure Drop (bara)

)

Nornjcondensable Exhaust Flow (I/s)

7

AC( Inlet Temperature (°C)

Outjet Temperature (°C)

ok [ % [k [k
\b
AD
)

AC( Inlet Steam Flow (kg/h)

K

Outjet Condensate Flow (kg/h)

Stegm-side Pressure Drop (bara)

»7

Cor|densate Storage Tank Pressure (bara)

Of

Corldensate Temperature Leaving Tank (°C)

Corldensate Tank Flow (kg/h)

Ten}p A: Turbine Exhaust — Condensate Return (°C)

k| sk [k |k |k |k |k [k |k |k [k
é:

Dra|n Pot Tank Flow (kg/h)

2

AC(E Makeup Flow (kg/h)

Tot4l Heat Duty Exchanged (MW)

/|
Dh
v
AEIEIEIEIEIEIES

EAEIEIERESEIESERENERESENENES

Air Sifle Performance

Inlef Dry Bulb Temperature (°C)

Outjet Temperature (°C)

Tenjperature Rise (°C)

Totgl Air Mass Flow (kg/h)

Totgl Air Flow per Fan (I/s)

Stafic Pressure (bara)

Facg Velocity (m/s) p\\\'l

Inlef Air Velocity (m/s)

1
s |k |k [ |k |k |k | %
|k |k % |k || %%

ERENERENENENESES

Recjrculation Air — Temperature A (°C) \ T
)

Desigh

2N
Number of Cells: Primary / Secondary,-U

Nurhber of Cells per Street / Number éﬂﬂreets per Block

Nurpber of Sides Open per BIock_/@u)ﬁber of Blocks On-site

CellSize: Primary/SecondarxG’n}Fﬂ

s [k | % % | %
* [k | % |*%

Pregsure: Design / Test (b )
AC( Dimensions: Leng th / Height (mXmXm)

Effdctive Surface Aream?) / LMTD (°C)

Hedt Exchanged / Tfansfer Rate (MW)/ (kJ/h—mZ2—°C)

Nurmhber of Tubeﬁvs: Primary / Secondary

Main SteamM‘Outside Diameter / Length (m)

EAESEES
LA E S E RS

0OD: Bran;h&é(\reet/Equalizing Line / Condensate Header (mmXmmXxmm) * *

Ste. n@Q‘QCorrosion Allowance (mm)

Tubk Wall Thickness / Pitch / Length (mm) /°/(m)

Primary Tube Bundle Size: Length / Width / Height (mXmXxm) * *

AIR-COOLED CONDENSER MR No:
PROJECT NAME Attachment

Job No:

SHEET 1 OF

NOTES: * Seller to fill in all empty boxes. If not applicable, Seller to indicate by marking “N/A” in appropriate box.

** Buyer to fill in empty boxes.

52



https://asmenormdoc.com/api2/?name=ASME PTC 30.1 2007.pdf

ASME PTC 30.1-2007

Form G-1M Air-Cooled Condenser Data Sheet (Cont’d)

Secondary Tube Bundle Size: Length / Width / Height (mXmXm) * | * |

Fin: Type /Pitch (mm)/° *

Fin Sizes: Height/Length / Thickness (mmXmmXmm) * | * |

Tube Material / Fin Material *

EAE N ENEES

Number of Tubes per Bundle: Primary / Secondary *

Steam Duct Material *

*
*

Number of Air Removal Nozzles: Primary / Secondary

*
*

Structure Surface Preparation

Fans

Manufacturer / Model

Diameter / RPM (mm) / (rpm)

Material: Blade/Hub

* % [ [%
.
e

Blade Pitch/Number of Blades per Fan (%)

Driver o\

*
K
*

Manufacturer / Model

E3

Type: Single Speed / Two Speed / No. of Windings / VFD * * (' )

Voltage / Phase / Hertz ~

kW / RPM (kW / rpm) *

*

Total Power Required (kW): Target / Guarantee Case (kW/(kW)

*
N
*

Gear Reducer \\M

Manufacturer / Model * - (O\

Type

4
Ratio Fa\
Service Factor & -

Vibration Switches: Manufacturer / Model ON*

Deaerator (if required) O A4

Deaerator: Type / Model N\ N * | *

Deaerator: Maximum Make-up Flow QQ\ *

Deaerator: Steam Source . N *

Hugging and Holding s?(\‘l

Hugger: Pump or Ejector / Manufacturer / Model [Note (8)] RN ~ *

Pressure: Time Req. / Min. Steam Flow (bara / min / kg/h) [Note (Q)b*‘

Holding: Pump or Ejector / Manufacturer / Model [Note (10\]\0 *

Design Flow / Steam Pressure / Min. Steam Flow (acfm / psig / Ib/hr) ,{-Npte (11)] * *

EEIERENES

Hugger / Holding: Aux Load Req. (included in guarantee) (kW/kWﬁ@b’te (12)] *

NOTES: * Seller to fill in all empty boxes. If nor{@ﬁgable, Seller to indicate by marking “N/A” in appropriate box.
** Buyer to fill in empty boxes. C)

.

1) By seller. 4 X 5 down exhaust, 5 X 4%@x’haust, etc.
u

2) By buyer. Distance is from the tur ilding where the exhaust duct exits and the closest ACC header flange. This distance sho
also include the distance from the ine exhaust and the outer turbine building wall.

3) By buyer. Exhaust Flow sh correspond with each case.
4) By buyer. Exhaust Entha@ ould correspond with each case.

5) Condenser Inlet Pres: by seller. Condenser inlet pressure is the pressure the ACC can accept from the turbine, this may be
different from the@ sign pressure because this is at the turbine/ACC interface.
e

6) Turbine Back P

is by the buyer. Turbine Back Pressure should correspond to one or two guarantee cases.
7) ACC Inlet Egy is by seller. ACC inlet enthalpy is the enthalpy the ACC can accept from the turbine, this may be different from

the ACC n pressure. If so, extra equipment will be needed.

8) Pump ector is specified by buyer, Manufacturer and Model is by seller.
9) H Pressure and Time Requirement by buyer. If Pump then pump horsepower should replace minimum steam flow by seller.

1 p or Ejector is specified by buyer. Manufacturer and Model is by seller.

(12) By seller. kW should already be included in the total aux load guarantee.

d

eller.

Job No:
AIR-COOLED CONDENSER MR No:
PROJECT NAME Attachment
SHEET 2 OF 2
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NONMANDATORY APPENDIX H
REPORTING FORM OF RESULTS OF ACC PERFORMANCE TEST

H-1 EENERAL INFORMATION (NUMBER OF

(a) N
(b) 1
(c) N
(d)

EADINGS)

lame and Location of Plant

ate etc.

lumber of test runs (min. 6 over 2 days)
Duration of test runs (min. 1 hour)
hr min

(e) A
(1
(2

) V
(1
2

() V

(h)

H-2 ¢
¢

(a) S
(1
(2

(b) S
(1
(2

(c) S
(1
(2

(d)

D

L tmospheric pressure (start/end)
/ kPa

/ (in. HgA)
Vind speed/Gusts (every minute)
/ m/s

/ (mph)
Vind direction (every minute)
Veather (start/end) /

STEAM AND WATER CONDITIONS (NUMBER
DF READINGS)

team flow (every minute)

kg/s
(Ib/hr)
team temperature (every minute)
°C
B
team pressure (every minute)
/ kPa
/ (in. HgA)

[londensate flow (every minute)

(1) kg/s
2) (Ib/hr)
(e) Condensate temperature (every minute)
(1) °C
(2) (°F)
(f) Makeup flow (every minute)
(1) kg/s
(2) (Ib/hr)
(¢) Makeup temperature {eyery minute)
(1) °C
(2) (°F)
(h) Dissolved ‘oxygen (see Nonmandatd
Appendix F)
(1) pg/L
(2) (pPb)

H-3 POWER AND AIR (NUMBER OF READINGS)

(a) Fan motor input power (once every t
run) kW
(b) Inlet air dry bulb temperature (every minute)
(1) °C
(2) (°F)
(c) Plant output, kW
(1 gross
(2) net
(d) Heat rate
(1) kJ/kWh
(2) (Btu/kWh)
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NONMANDATORY APPENDIX |
PERFORMANCE MONITORING

-1 INTRODUCTION

[he main body of this Code is written for the purpose
of [acceptance testing and describes requirements for
acgeptance test measurements. This Appendix however
addresses techniques that permit trending and ACC
eqpipment performance evaluations during operation.
Safisfactory performance monitoring can be achieved
without the stringent instrument accuracy required for
acgeptance testing. That lack of necessity of an absolute
numerical level of test results is what distinguishes the
mlrr:itoring test plan focus, setup, and data from accept-
anfe testing. Relative measurements and repeatability
arg critical. If the data prove to be repeatable during
basically the same operating conditions, correction fac-
toxls to absolute performance levels can always be devel-
oped from an analysis of those data sets.

Historical trending can be handled differently than
ac¢eptance testing because less emphasis is placed on
th¢ actual measurement accuracy. Although exact values
ar¢ important, the differences that exist between them
ar¢ of greater interest. Using the ACC pressure as‘an
exqmple, a 0.2 kPa (0.06 in. HgA) inaccuracy for @single
mgasurement, although important for acceptance test-
ing, makes little difference for multiple measurements
sirfce generally all values are biased in‘the same direc-
tion. Hence, ordinary operational sensors can be success-
fully used for trending purposes-as.long as their biases
ar¢ considered and quantified. ;Accounting for differ-
enfes in measurements can be accomplished by the
indtallation of test quality sehsors and comparing them
to[those permanently installed. Once the biases are
defermined, they can'be used to correct the operational
values. After theXcorrections have been incorporated,
anfl the incremental changes in the pressure, for exam-
plé, correspond to operational changes in the pressure
of |the ACGC, the retrieved information can be used to
stqrt.an‘historical file on the ACC performance parame-
te . . . . .
tions of the performance monitoring tests of air-cooled
steam condensers.

=

—-

I-2 PERFORMANCE MONITORING TEST
STRUCTURE

Performance monitoring can range from periodic to
real time on-line testing. Implementation of a perform-
ance monitoring program will vary significantly

between plants and will be based on local neeii: eco-
nomics, and resources including the ACC péerfomance,
instrumentation methods, and methodscef.datal collec-
tion and interpretation.

A decision that significantly characterizes ah ACC
monitoring program is whether to‘observe perigdically,
continuously, or both. The major benefits of confinuous
performance monitoring are

(a) the knowledge of/when changes occur and what
the related circumstances’were in order to develop the
earliest operational-or ‘maintenance response

(b) the ability to@nticipate if there will be morg severe
changes from the initial indications

(c) the continuous assessment of how the ACC influ-
ences generation or the costs

Nonetheless, a compromise may be considerpd that
balances the one time high capital costs and mainﬁance
cost of the continuous system’s permanent instrymenta-
tion against the repetitive setup costs and data collection
of the periodic test. It should also be recognizpd that
more complex and reliable levels of performanc¢ moni-
toring require increased quantities of instrumerjtation.

I-3 PARAMETERS TO MONITOR

The following parameters are recommended fof moni-
toring, though the actual list is always dictated| by the
overall program’s objectives:

(a) ambient local dry bulb temperature

(b) air inlet temperature

(c) ACC initial temperature difference

(d) turbine backpressure

(e) wind direction and approximate speed

(f) estimated recirculation

(g) fan power

(h) heat load

(i) air in-leakage

(k) condensate flow
(I) generation

I-4 MONITORING MEASUREMENTS

The Code requirements can be relaxed and adapted
for performance monitoring as long as the sensors in
question are still sufficiently precise to reliably reflect
the same relative test value as conditions change. If a
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modern plant data collection system (DCS) is not avail-
able, a recorder with a computer interface is recom-
mended. Computers with data logging capability can
also be used. Manual readings using local instrumenta-
tion, although not recommended, are an alternative. A
formal data sheet should be constructed so no readings
are overlooked. Data sheets should be filled out on a
periodic basis as recommended below to establish the
necessgry-historiea Hre-

The [performance monitoring variables are listed in
Table I}4. With regard to steam exhaust pressure and air
inlet temperature measurements, refer to sections of this
Code gr the supporting PTC 19 Series Codes for instru-
mentatfion choices. For example, air temperatures should
be megsured at the discharge of fan with instrument
position governed by para. 4-3.6.

Somg new instrumentation is likely a requirement for
a succgssful monitoring program.

I-5 CALCULATIONS

Refef to Section 5 for the details of the computations
of the parameters for trending. Depending on the scope

and extent of the performance-monitoring program, the
variables shown in the listing of section I-3 are recom-
mended to be plotted with respect to time. This would
include, e.g., condenser pressure, initial temperature dif-
ferences (ITD), inlet air temperature, the apparent recir-
culation, wind speed, fan power, the condenser
capability, gamma factor, condensate temperature, air
inleakage, dissolved oxygen, and generation. Normalize
e At e asmen irm-copabilityHapplicable.
Benchmark milestone operating and maintenance tondi-
tions such as washing the outside of the tube(btind
adjusting the fan blade pitch or finding major|air ledks.
Data validity can be assured by examining-the statigti-
cal data variation. The data should be precise, consistgnt,
and dependable. Suitable approximations can also
made depending on the experience of the personnel gnd
program goals.

56


https://asmenormdoc.com/api2/?name=ASME PTC 30.1 2007.pdf

ASME PTC 30.1-2007

Tabte 1-4—Performance Monitoring vartabtes

Measurement

Code Requirement

Performance Monitoring
Method

Potential Caveats and Inaccuracieq

Tur

(n

Cop

>

Corl
i

—

Am

p
h

Inlg

G

Wi

h

Far

Al

S =

Di

2

bine exhaust pressure
easure hourly)

densate (steam) flow
easure hourly)

eration (measure
urly)

densate temperature
easure daily)

bient air (dry bulb) tem-
rature (measure
urly)

t air temperatures
easure hourly)

d speed (measure
urly)

power (measure daily)

inleakage (measute
bekly)

Eolved oxygen (mea-
re~weekly)

Four measurements
per exhaust duct

Venturi meter, ori-
fice meters, flow
nozzles and time-
of-travel ultrasonic
meter

Not necessary

Per ASME PTC 19.3

Meteorological sta-
tion at plant

Twelve per unit with
one at each fan
walkway

Remote reading
meteorolegical
anentemeter at
plant

Local wattmeters or
motor voltage and
amperage

Orifice or rotometer
0, analyzers

(Appendix F of
Code)

Two basket tip or guide plate
measurements total or use of
exhaust hood temperature

Pitot tube centerpoint, annu-
bar, pump total dynamic
head (TDH) and curve, heat
balance method

Use control room data-wattshr
meter; net or gross

Use thermowell of at Teast
one-third the pipésdiameter
and insulate from pipe con-
duction effects

Same as\Code if possible or
locakairport

Walkway temperature measure-
ments at three to five key,
representative fans

Same as Code if possible or
local airport

Same as Code but remotely
recorded

Orifice or rotometer or manu-
ally (like Bag method)

0, analyzers per Code

High steam velocity and water droplets ma
inaccuracy. Hood temperatures can be inf
by local temperatures-and conduction eff
water in lines, vaetum’leaks, long sensin
use of wall taps rather than basket tips;
calibration of poor initial calibration.

Nonrepresentative velocity profile or large
at location of meter due to short straight
out of round pipe diameter; ongoing con
pump deterioration; inaccurate gauge or
tion to pump C/L; out of calibration trans

Usually accurate.

Pipe conduction effects, no fluid in thermo)
emergent stem if thermometer, poor calib

Distance between measurement and steam|
denser itself. Local plant influences.

Influenced by changing recirculation, widel
wind speeds and directions and size of u

Local influence of terrain, power complex H
and ground; poor instrument quality; effe]
weather and time on basic meter correlat

Poor inherent instrument quality; changing
efficiencies; poor calibration.

Transducer out of calibration; blockage.

cause
uenced
bCts;
B lines,
ut of

orticity
runs;
ensate
orrec-
ducers.

Wwell,
rations.

con-

varying

hit.

uildings
ct of
on.

motor
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J-1 OBJECTIVE J-3 INSTRUMENTS AND METHODS |

The

ASME PTC 30.1-2007

NONMANDATORY APPENDIX )
ROUTINE PERFORMANCE TEST

Routine Performance Test is intended to provide

an analytical basis for comparison of the current per-

forma
conditij

hce of an ACC with its design or like-new
on.

J-2 GUIDING PRINCIPLES

The
requir
followd

(a) 1
a mult

(b)
system
racy re

(c)
mum o
if cony|

(d) 1

Routine Performance Test should follow the
bments of the Acceptance Test, except for the
ng:

will normally be a single-party test, rather than
party test.

lant permanent instruments and data-recording
may be used, even if they do not meet the accu-
quirements for the Acceptance Test.

nly one test run is required, rather than a mini-
f six. (However, additional test runs may be made
enient.)

Incertainty analysis is not required.

J-3.1 Inlet Air Temperature

This parameter has the greatest effect on uncertainty
of the test results (see Nonmandatory~Appendix [B).
Every effort should be made to determire the most acfu-
rate average temperature that the AGC is experiencing
throughout its intake area. Therefore, the requiremepts
of para. 4-3.6 shall be observed if practical. All tempera-
ture sensors should be in_operation and have been chli-
brated within one year:

Temperatures shall be recorded at one-minute infer-
vals as required in-para. 3-8.5.3. If this is not practical
for the instruments used, temperatures shall be recorded
at intervals of one hour or less.

J-3.2 ACC.Pressure

This parameter also has a great effect on uncertaipty
oftest results. All basket tips or guide plates should|be
in place and all pressure sensors should be in operatipn,
within calibration, and clear of accumulated condensgte.
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NONMANDATORY APPENDIX K
ENVIRONMENTAL EFFECTS

K

OBJECTIVES

[his Appendix provides a level of guidance on the
wdy the environment influences the performance of the
aif-cooled condenser (ACC). These environmental
effects are many and can often be significant including
a) a varying recirculation at different wind speeds
b) fan stall or unloading

¢) nonrepresentative inlet or ambient temperatures
d) poor inherent performance in local wind due to
spged or direction compared to the Code wind speed
linpits

e) Code test results that would not be representative
of [daily operation

All these impacts on the performance can be estimated
byla computational fluid dynamic (CFD) simulation
stydy of the ACC. The simulation would be better con-
ducted during the design phase of the power plant but
may also be accomplished later. In particular, it should
be|appreciated that the results of such a study would
provide an estimate of the relationship of test results
acgording to this Code and the expected daily operation
at [the site with its local topography and the existing
enyvironmental conditions. When conducted.at the
depign stage, the study would provide a reasonable engi-
nepring perspective on the expected results:and can pro-
vide insights as to how the design arrangement can
be|improved to be more accommadating of the local
enyironmental impacts. When€FD studies are con-
ducted before the plant operates but after the ACC
depign arrangement is established, the simulation can
defermine the minimal ptunber of temperature sensors
that can be utilized in a performance-monitoring pro-
gram. The CFD study:can also aid the Code acceptance
tedt plan itself anddndicate what measurement inaccura-
cigs may be encountered or the modified wind condi-
tions or instrument locations that could enhance the
ovprall test.dccuracy.

"FIl.modeling involves the solution of the fundamen-
tal eqtrations of fluid motion using numerical, compu-

implemented in two stages, the first beingja|coarse
division of the domain into smaller regions] These
regions are then individually meshed using gr{d lines
that subdivide the regions into grid cells. The indjividual
regions are then “glued” together by -the computer to
form the whole geometry. Partial ditferential eqyations,
governing fluid flow, heat transfér, etc., are then|solved
for each grid cell. The resulting'sets of partial differential
equations are solved for each parameter of interest,
namely the velocities\in the coordinate dirgctions
(u, vy, w), pressure (p); temperature (T), turbulencelkinetic
energy (k) and dts\dissipation rate (&), and othef scalar
variables.

A typicahCFD model study follows. This CF[J model
was devgeloped for a particular ACC unit’s geometry
and design conditions but serves as an example df quan-
tifying the wind effects by applying both a zerp wind
and wind speeds up to 5 m/s. The unit modeled has
35 cells in a 5 X 7 array. Figure K-1-1 gives an |overall
view and shows the wind walls, the steam ducts |eading
from the turbine, and some external structure.

Each fan is represented. The casing is defingd as a
surface, as shown in the lower part of Fig. K-1}2, and
the grid above the fans is structured to enable a represen-
tation of the geometry of the heat-exchanger tulpes and
steam pipes. Figure K-1-2 shows a geometrical represen-
tation of these features. Above the fans, the grid slopes
up to the steam pipes, following the geometry of the
tubed region. Surfaces above the fans and conpecting
the bottom of the tubed regions have been insefted, so
that air can only flow through the tube banks.

The energy supplied by the fan is represent¢d as a
momentum source incorporated within each fpn vol-
ume. In the calculations performed, these monpentum
sources are equal in each fan and are based on thg manu-
facturer’s data on design flow rate. The frictior] across
the tube bank and heat transfer from steam to aif is also
included.

terized techniques. Using a computer, the region of
interest is divided into numerous small volumes, or cells,
and equations for each of the chosen variables are solved
for each cell. As a result, an assessment of velocity and
scalar variables, such as temperature within the calcula-
tion domain, are obtained. Powerful graphics permit
the basis or computed variables to be comprehensively
displayed.

The general approach is to incorporate the dimensions
of the required geometry into the CFD model. This is
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The calculations performed with the model are pre-
sented to give a general appreciation of the effects of
wind. The overall flow behavior is affected by the partic-
ular geometry considered, hence, for example, the influ-
ence of porous baffles that are use to offset the effects
of wind are not considered. The results are presented
in the form of flow visualization plots and graphs of
velocity and pressure effects. The effect on the fan per-
formance is also tabled, and an estimate of the decrease
in performance due to wind is presented.
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Fig. K-1-1 Perspective View of Model

0 24.289

48.58

72.87 /().

K-2 IND EFFECTS

Restlts are presented for two types of cases, a
“no-wind” case, where all the atmospheric boundaries
are taken as constant pressure boundaries and the only
source$ of momentum are the fans. In the wind;cases,
a 5.0 m/s wind is established from the weét, jthe same
momentum sources are used in the fans,‘and pressure
boundgries are specified elsewhere.

Figufes K-2-1, K-2-2, and K-2-3 shew plots of velocity
vectord, pressure and temperature‘centours for the zero
wind dase. The velocity distribution though each fan is
broadly similar.

Figupe K-2-2 illustrates\the pressure distribution in
this arda—a low pressite'below the fan inlet, and higher
pressufe due to the resistance of the tube bundle.

Figupe K-2-3 illustrates the temperature field, heat
being fransferréd to the air via the tubes.

Figufe K=2-4 shows a larger view of the velocity field,
indicatfingthe effect that the wind wall has in modifying

I 1 |

Figure K-2-7 compares the velocity distributions just
below the fan inlets for zero and 5 m/s wind. The pgak
velocities in the graphs correspond to the centers| of
the fan casings. It can be seen that with no wind the
distributions are fairly similar, but that wind has the
effect of reducing the velocities in the fans at the edges
of the unit.

Figure K-2-8 shows similar plots of pressure variatfon
below the fan inlets. With no wind, a lower pressur¢ is
observed in the fans adjacent to the wind walls, but
uniform in the three center fans. With a 5 m/s wind the
pressure is lower below the windward fan, increasing
toward downwind side.

Tables K-2-1 and K-2-2 show normalized mass flpw
rates through each fan for the no-wind and a wind| of
5m/s. The wind case shows a significantly larger vatia-
tion of flow, the lowest values occurring on the wihd-
ward side. In addition, the overall mass flow throygh
the unit is reduced by 22% as a result of a 5 m/s wifd.

Based on the decreased mass flow through the uhit,

the fanTnlet IfTow distribution.

Figure K-2-5, illustrations (a) and (b) show the plane
just below the fan inlet and compares the no-wind and
wind cases, the wind direction is from the left in illustra-
tion (b). It can be seen that the velocity fields below the
fan inlets are dissimilar.

Temperature fields with and without wind are com-
pared in Fig. K-2-6, illustrations (a) and (b). A high
temperature region on the fan at the windward end of
the condenser is noticeable.
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the increase in condenser backpressure could increase
from about 10 kPa to 15 kPa.

In this case, the loss in performance would vary with
the particular ACC geometry, wind speed, and direction.
It could have been mitigated to some extent by changes
in the design, wind-wall baffling or arrangement of the
ACC. The location of building close to the unit can
also have a marked influence on the flow behavior and
subsequent performance.


https://asmenormdoc.com/api2/?name=ASME PTC 30.1 2007.pdf

	CONTENTS 
	NOTICE 
	FOREWORD 
	COMMITTEE ROSTER 
	CORRESPONDENCE WITH THE PTC 30.1 COMMITTEE 
	Section 1 Object and Scope
	1-1 OBJECT
	1-2 SCOPE
	1-3 UNCERTAINTY

	Section 2 Definitions and Descriptions of Terms
	2-1 SYMBOLS
	2-2 DEFINITIONS

	Section 3 Guiding Principles
	3-1 INTRODUCTION
	3-2 AGREEMENT AMONG PARTIES TO THE TEST
	3-2.1 Contractual Agreements
	3-2.2 Pretest Agreements

	3-3 UNCERTAINTY ANALYSIS
	3-3.1 Pretest Uncertainty Analysis
	3-3.2 Post-Test Uncertainty Analysis

	3-4 TEST PREPARATIONS
	3-4.1 Equipment Inspection
	3-4.2 Instrument Calibrations

	3-5 ARRANGEMENT OF TEST APPARATUS
	3-5.1 Required Measurements

	3-6 TEST PERSONNEL
	3-7 METHOD OF OPERATION DURING THE TEST
	3-8 CONDUCT OF TEST
	3-8.1 Test Modes
	3-8.2 Starting and Stopping Tests and Test Runs
	3-8.2.1 Starting Criteria.
	3-8.2.2 Stopping Criteria.

	3-8.3 Testing Conditions
	3-8.3.1 Test Stabilization.
	3-8.3.2 Operating Conditions.
	3-8.3.3 ACC Operation.

	3-8.4 Adjustments Prior to and During Tests
	3-8.4.1 Permissible Adjustments During Stabilization Periods or Between Test Runs.
	3-8.4.2 Permissible Adjustments During Test Runs.
	3-8.4.3 Nonpermissible Adjustments.

	3-8.5 Duration of Runs, Number of Test Runs, and Number of Readings
	3-8.5.1 Duration of Test Runs.
	3-8.5.2 Number of Test Runs.
	3-8.5.3 Number of Readings.
	3-8.5.4 Preliminary Test Runs.



	Section 4 Instruments and Methods of Measurement
	4-1 INTRODUCTION
	4-2 MEASUREMENT OF ENVIRONMENTAL EFFECTS
	4-3 LOCATION OF TEST POINTS
	4-3.1 General
	4-3.2 Condenser Pressure
	4-3.3 Steam Temperature
	4-3.4 Steam Quality
	4-3.5 Atmospheric Pressure
	4-3.6 Inlet Air Temperature
	4-3.7 Wind Velocity
	4-3.8 Condensate Flow
	4-3.9 Condensate and Makeup Temperatures
	4-3.10 Fan Motor Input Power
	4-3.11 Condensate Oxygen Concentration

	4-4 INSTRUMENTATION AND METHODS OF MEASUREMENT
	4-4.1 Condenser Pressure
	4-4.2 Steam Temperature
	4-4.3 Steam Quality
	4-4.4 Atmospheric Pressure
	4-4.5 Inlet Air Temperature
	4-4.6 Wind
	4-4.7 Condensate Mass Flow
	4-4.8 Condensate and Makeup Temperatures
	4-4.9 Fan Motor Input Power
	4-4.10 Condensate Oxygen Concentration


	Section 5 Computation of Results
	5-1 GENERAL
	5-2 REVIEW OF TEST DATA AND TEST CONDITIONS
	5-3 REDUCTION OF TEST DATA
	5-3.1 Air-Side Conditions Data Reduction
	5-3.2 Steam Side Data Reduction

	5-4 ACC DESIGN DATA
	5-5 PARTICULAR CALCULATIONS AT THE GUARANTEE POINT
	5-5.1 Computation of LMTD at Guarantee Conditions
	5-5.2 Computation of Number of Transfer Units NTU
	5-5.3 Computation of Gamma Factor

	5-6 ADJUSTMENT OF TEST DATA TO GUARANTEE CONDITIONS
	5-6.1 General
	5-6.2 ACC Performance Curves
	5-6.3 Adjustment for Steam Quality
	5-6.4 Adjustment of Atmospheric Pressure
	5-6.5 Adjustment of Fan Power
	5-6.6 Adjustment of ACC Pressure and Inlet Air Temperature
	5-6.7 Computation of Capability
	5-6.8 Interpretation of Capability in Terms of ACC Pressure
	5-6.9 Condensate Temperature Corrections

	5-7 CONDENSATE TEMPERATURE
	5-8 OXYGEN CONTENT
	5-9 TEST UNCERTAINTY
	5-10 UNCERTAINTY ANALYSIS

	Section 6 Report of Results
	FIGURES
	3-5 Arrangement of Test Apparatus
	4-4.1-1 Basket Tip
	4-4.1-2 Guide Plate

	TABLES
	2-1 Symbols
	3-2.2 Noncondensible Gas Load Limits

	NONMANDATORY APPENDICES
	 A SAMPLE CALCULATIONS OF PERFORMANCE
	A-1 DESIGN DATA
	A-2 TEST DATA
	A-2.1 Test Conditions
	A-2.2 Test Results

	A-3 CALCULATIONS
	A-3.1 Design Point Calculations
	A-3.2 ACC Performance Curves Para. 5-6.2

	A-4 CORRECTIONS
	A-4.1 Correction for Steam Quality Para. 5-6.3
	A-4.2 Correction for Atmospheric Pressure Para. 5Ã6.4
	A-4.3 Correction for Fan Power Para. 5-6.5
	A-4.4 Correction for Condenser Pressure and Inlet Air Temperature Para. 5-6.6
	A-4.5 Computation of ACC Capability in Terms of Steam Flow Para. 5-6.7


	B DESCRIPTION OF PERFORMANCE CURVES
	B-1 INTRODUCTION
	B-1.1 Description of Curves
	B-1.2 Format
	B-1.2.1 Primary Format.
	B-1.2.2 Alternative Formats.
	B-1.2.3 Other Representations -- Tabular Data.
	B-1.2.4 Other Representations -- Equation Format.



	C UNCERTAINTY ANALYSIS EXAMPLE
	C-1 SENSITIVITY FACTORS

	D DERIVATION OF EXPONENTS mk AND n
	D-1 INTRODUCTION OF TERMINOLOGY AND DEFINITIONS
	D-2 CORRECTION FACTORS
	D-2.1 Exponent mk
	D-2.2 Exponent n
	D-2.3 Derivation of Correction Factor for Atmospheric Pressure, fp
	D-2.4 Correction for Fan Motor Power, ffp


	E CALCULATION OF THE STEAM QUALITY AT TEST CONDITIONS
	F TEST CALCULATIONS FOR DISSOLVED OXYGEN DETERMINATION
	F-1 INTRODUCTION
	F-2 SAMPLING FREQUENCY
	F-3 SAMPLE LOCATION
	F-4 SAMPLE METHODS

	G DATA SHEETS
	H REPORTING FORM OF RESULTS OF ACC PERFORMANCE TEST
	H-1 GENERAL INFORMATION NUMBER OF READINGS
	H-2 STEAM AND WATER CONDITIONS NUMBER OF READINGS
	H-3 POWER AND AIR NUMBER OF READINGS

	I PERFORMANCE MONITORING
	I-1 INTRODUCTION
	I-2 PERFORMANCE MONITORING TEST STRUCTURE
	I-3 PARAMETERS TO MONITOR
	I-4 MONITORING MEASUREMENTS
	I-5 CALCULATIONS

	J ROUTINE PERFORMANCE TEST
	J-1 OBJECTIVE
	J-2 GUIDING PRINCIPLES
	J-3 INSTRUMENTS AND METHODS
	J-3.1 Inlet Air Temperature
	J-3.2 ACC Pressure


	K ENVIRONMENTAL EFFECTS
	K-1 OBJECTIVES
	K-2 WIND EFFECTS

	L ELECTRIC POWER LINE LOSSES
	L-1 FAN MOTOR POWER
	L-2 LINE LOSS CORRECTION
	L-3 EXAMPLE CALCULATION TO DETERMINE LINE LOSS
	 How can you reach us? ItŒs easier than ever!



	Reaffirm: 


