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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 ig
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 Performance Test Code Committee 12.1 was assembled to review, edit, and update the
1978 Code edition. The Code was extensively revised to comply with the requirements in

ASME PTC 1-1991, General Instructions, including the required uncertainty analysis. The 2000
edition of this Code incorporated a revised calculation procedure including examples. The calcula-
tion method requires iterations and may be performed manually but is best done by computef
The Code incorporated an alternative for using ultrasonic flow measurement techniques to/test
individual or split-string feedwater heaters when flow nozzles are not available.

The PTC 12.1 Committee was once again assembled to review, edit, and update the 2000 edition.
This Code has been extensively revised to make it more intuitive including more ‘descriptive
subscripts, variable names, modified figures, test forms, and notes, an expanded {Jonmandatory
Appendix A, and a general emphasis on educating the engineer on heater testingland performance.
The uncertainty calculations have been updated to reflect the latest ASME PTC 9.1 terminology.

The 2015 edition of the Code provides a relatively simple but accurate*miethod of calculating
the performance of a feedwater heater utilizing the Code procedure with'a minimum knowledge
of the design characteristics of the feedwater heater.

The PTC 12.1 Committee would like to acknowledge the contributions from Mr. George Osolsobe
to this Performance Test Code. This revision was approved by‘the Board on Performance Test
Codes on June 25, 2015 and as an American National Standard on October 26, 2015.

vi
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus

nearad-iat fo A 13 PEP-p-en £abic Cod M}‘L ozt tl o (C 1kE 1\}..\1.. L'b
of-coneerned-interesis—As-sueh-users-of-this-Code-may-interactwith-the Committee byrequestn
interpretations, proposing revisions or a Case, and attending Committee meetings. Correspon-
dence should be addressed to:

Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

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

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

The Committee welcomes proposals for revisions to this Code. Such 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 décumentation.

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

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

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

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

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

Edition: Gite’ the applicable edition of the Code for which the interpretation is being
réquested.

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 may be rewritten in the appropriate format by the Committee

priorto being answered, wiicit Ty iadverterntly change the intent-of the originat Tequest:

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

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

"o
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CLOSED FEEDWATER HEATERS

Section 1

-
]

| GENERAL

a) For the purpose of this Code, a closed feedwater
hepter is a power plant heat exchanger designed to heat
a given quantity of feedwater through a specified tem-
pefature range. The heating medium is steam or conden-
safe at a specified temperature and pressure. In
feqdwater heaters, the feedwater and heating medium
typically are routed through the tubes and shell, respec-
tiviely. Feedwater heaters are typically designed to be
coffigured in one of the following ways:

(1) horizontal

(2) vertical channel down

(3) vertical channel up

(4) duplex (two separate tube bundles in a single
diyided shell)

b) In some cases, more than one feedwater heater is
required for a given feedwater flow and extraction steam
sofirce. In such instances, the feedwater heater is divided
info two or three parallel heaters, which'constitute a
miultiple string arrangement.

[he shell side of the heater may be constructed with
ong, two, or three independent zenes and arranged in
vafious combinations:

(1) desuperheating Zone

(2) condensing zéne

(3) drain cooling'zone

Hach zone isreonsidered to be an independent heat
transfer entitycontained within the same shell.
xtractielr steam from the turbine is the heating
mgdium'in the desuperheating zone. Depending on the
hepter-design, extraction steam from the turbine

incoming drains are the heating medium in the condens-
ing zone. Condensate is the heating medium in the drain
cooling zone.

(c) This Code is written in accordance with the
ASME PTC 1, General Instructions. ASME PTC 2,
Definitions and Values, defines certain technical terms
and numerical constants which are used in this Code
with the significance and value therein established. The
PTC 19 Series, Supplements on Instruments and

Object and Scope

Apparatus, which covers the instruments presctibed in
this Code, should be used fot reference.

1-2 OBJECT

The object of thisTode is to provide the progedures,
direction, and guidance for determining the thermo-
hydraulic performance of a closed feedwater heater. It
can be utiliZed to verify contractual performange for a
new heater or to calculate performance of an ¢xisting
heater, in comparison to the design point. The |overall
pérformance parameters utilized to accomplish this are
the following;:

(a) terminal temperature difference (TTD), which is
the difference between the saturation temperatire cor-
responding to the steam inlet pressure and the fegdwater
outlet temperature

(b) drain cooler approach (DCA), which is thq differ-
ence between drain outlet temperature and feddwater
inlet temperature

(c) tube-side (feedwater) pressure loss throygh the
heater

(d) shell-side pressure loss through the desuperheat-
ing zone

(e) shell-side pressure loss through the draih cool-
ing zone

The Code methodology adjusts the manufagturer’s
guaranteed performance parameters to the actfyial test
conditions, for a comparison to as-tested perfogmance.

1-3 SCOPE

This Code applies to all horizontal and vertical heaters
partial pass full-length draim cooling
zones. The heater design is based on a specific operating
condition that includes flow, temperature, and pressure.
This specific condition constitutes the design point that
is found on the manufacturer’s feedwater heater specifi-
cation sheet.

Generally, it is not possible to conduct the test at the
exact design point. Therefore, it is necessary to predict
the heater performance by adjusting the design parame-
ters for the actual test conditions. Methods of calculating
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the predicted heater performance are presented in this
Code. These predicted values shall then be compared
to corresponding measured test values.

Horizontal heaters with partial pass submerged drain
cooling zones and vertical channel-up heaters with par-
tial pass drain cooling zones are not applicable to this
Code. In those designs, only a portion of the feedwater
passes through the drain cooling zones, therefore there

provided in Nonmandatory Appendix C, which is based
on the recommended instrumentation accuracies
described in Section 4 of this Code and the method of
calculation described in Section 5.

The uncertainties in Nonmandatory Appendix C are
provided as typical values using the instrumentation
accuracies, locations, and techniques recommended by
this Code. The uncertainties may be reduced through

are twqflow-streams-withrdifferenttemperattre-profies:

Duplex heaters are applicable as long as the feedwater
tempefatures, including the temperature between
stages,|are measurable, and the shell sides are isolated
from each other and verified to be at different stage
pressufes.

This|Code is applicable for multitube pass heaters of
single Fone design. Multizone partial pass heaters can-
not be|tested under this Code, unless the entire first
pass is|contained in a single zone. This Code also does
not apply to header type heaters.

1-4 UYNCERTAINTY

This|Code provides recommendations on instrumen-
tation, [procedures, and accuracies required for data col-
lection. An example of an uncertainty analysis is

catrefti—placement—of—alternative—or—redundant—instu-
mentation. The total uncertainties were calculated using
the procedure described in subsection 5-3. The systgm-
atic uncertainties were determined by the judgmen{ of
this committee for a test adhering to the procedureq of
this Code.

A post-test uncertainty analysis is recommendgd.
However, a post-test uncertainty anhalysis is optiohal
if parties to the test agree thatthe test adhered to(all
instrumentation requirements and procedures in this
Code.
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Section 2
Definitions and Descriptions of Terms

2-1 SYMBOLS ftc tube-side fouling in condensing zone

bymbols and definitions are listed in Table 2-1-1. ﬁzg E;EE:ESE ﬁgsﬁgg ig j:?p:}?éﬁn?xn I

mc metal resistance in condensing\zone

2-2  NOMENCLATURE mdc  metal resistance in drain cooling zone

Nomenclature is listed in Table 2-2-1. ZZZS ;I:;itrifftame in desypcrheating zone

sc shell-side condensing zZone

2-B  SUBSCRIPTS sdc shell-side drain ¢ooling zone

bubscripts used in this Code denote the following;: ZZS z}}iﬁ_zji idnelsél;p efheating zone
c Condensing zone S0 shell-side otitlet
<t condens%ng zone inlet The following subscripts are generally extendions of
© condensing zone outlet the abové subscripts and are utilized to diffefentiate
dc drain cooling zone val . b P

. . . ues‘given by the manufacturer from calculgited or

dc drain cooling zone inlet assuled.
dcd drain cooling zone outlet
di drain inlet G given: represents either design data or
ds desuperheating zone design values computed solely ysing
ds desuperheating zone inlet data from the heater manufactuier
ds( desuperheating zone outlet X represents computed values assdciated
FW  feedwater with the predicted performance
FWi  feedwater inlet (no subscript) represents test data or data computed
FWo feedwater outlet from test results or obtained frop
fsc shell-side fouling in condensing-zonhe ASME Steam Tables
fsdr  hell-side fouling in drain cooling-Zzone _a assumed value to begin calculating
fsds  shell-side fouling in desuperheating zone iterations
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Table 2-1-1 Symbols

Given by
Symbol Definition Manufacturer Computed Measured
A Condensing zone area based on outside diameter of Acs
tubes (effective surface only)
Adc Drain cooling zone area based on outside diameter of Adc 6
tubes (effective surface only)
Ads Desuperheating zone area based on outside diameter of Ads 6
TUDES (elfective surface onty)
Corwe Specific heat of feedwater in condensing zone Corwe_6 . Chenke
CpAwde Specific heat of feedwater in drain cooling zone Cprwdc_G - Cornge
Cpds Specific heat of steam in desuperheating zone Cpds_G - Cpd
Cac Shell-side hourly heat capacity flow rate in drain cooling - - Cad
zone
Cys Shell-side hourly heat capacity flow rate in - - Cyd
desuperheating zone
Crwdc Feedwater hourly heat capacity flow rate in drain cooling S N\ Cande
zone
Crwds Feedwater hourly heat capacity flow rate in S - Crnds
desuperheating zone
DCA Drain cooler approach temperature, Tyeo — Tavdci DCA ¢ DCA x DCA
hgi Heater drain inlet enthalpy computed from ASME Steam hai 6 - hgi
Tables
hs; Heater shell-side steam inlet enthalpy computed from hsive . hs;j
ASME Steam Tables
hso Heater drain or shell-side outlet enthalpy computed from hso 6 hso x hsq
ASME Steam Tables
hewi Heater feedwater inlet enthalpy computed from ASME hawi 6 - hedf
Steam Tables
hewo Heater feedwater outlet enthalpy computed from ASME hawo_ 6 hawo_x hend
Steam Tables
ID Inside tube diameter D ¢ ..
K Tube metal thermal conductivity ... ki
Kewe Feedwater thermal conductivity in condensingczone Kewe 6 - Kew
Kewac Feedwater thermal conductivity in drain coplihg zone Kewde 6 . kewde
Kewas Feedwater thermal conductivity in desuperheating zone Kewas_6 - Kewds
(NTU), Number of transfer units in condensing.zone . (NTU). x
(NTU) 4 Number of transfer units in drain coeling zone ... (NTU) 4 x
(NTU) 45 Number of transfer units in desuperheating zone - (NTU) gs_x
oD Outside tube diameter 0D ¢ . ..
APy, Condensate pressure drep‘in/drain cooler or drain APy 6 APy x AP}
cooling zone
APy Steam pressure drop. i desuperheating zone APy APys x APL
APpy Feedwater pressure_ drop through heater APry ¢ APry x APH
P, Steam pressure, in condensing zone Pcs P P.
P Steam inlef\pressure to condensing zone Pic Peix P
P Condensate outlet pressure from condensing zone Peo. Peo x P4
Pyci Condensate inlet pressure to drain cooling zone Paci 6 - ..
Pysi Steam inlet pressure to desuperheating zone Pasi 6 ce Py
Pico Condensate outlet pressure from drain cooling zone Paco - Pic
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Table 2-1-1 Symbols (Cont’d)

Given by

Symbol Definition Manufacturer Computed Measured
Paso Steam outlet pressure from the desuperheating zone ce Paso x e
P Drain inlet pressure to heater Pai 6 Pgi
Pryi Feedwater inlet pressure to heater Prwi 6 Pri
Peyo Feedwater outlet pressure from heater Pawo_c Pawo
Ps; Steam or condensate inlet pressure to heater Psi 6 Ps;
Pso Steam or condensate outlet pressure rrom neater Pso G . Pso
Q Total heat transferred Qs Q x
Q4d Heat transferred in drain cooling zone Quc s Qqc x -
Qi Drain inlet heat transfer to shell side e Qqi x Qi
Q. Heat transferred in condensing zone Q.6 Q. x
Q44 Heat transferred in desuperheating zone Qus 6 Qud x
Ryc Heat capacity ratio in drain cooling zone or drain cooler Racw
Ras Heat capacity ratio in desuperheating zone e Ras x
Ifsc Shell-side fouling resistance in condensing zone I'tsc 6
Iesd Shell-side fouling resistance in drain cooling zone Ifsde 6
Itsdl Shell-side fouling resistance in desuperheating zone I'fsds_G
T Tube-side fouling resistance in drain cooling zone Iide 6
Fhe Tube-side fouling resistance in condensing zone It 6
Idd Tube-side fouling resistance in desuperheating zone Tigs_6
[ Tube-side metal resistance in condensing zone MG
I'md Tube-side metal resistance in drain cooling zone I'mdec_G
Imd Tube-side metal resistance in desuperheating zone I'mds G
I'sdd Shell-side film resistance in drain cooling zone (corrected Isdc G Isde x

for reheat)
Isc Shell-side film resistance in condensing zone sc 6 Tsc x
rsdd Shell-side film resistance in desuperheating zone Isds G Fsds X
I'tde Tube-side film resistance in drain cooling zone Idc 6 Ttde x
I Tube-side film resistance in condensing zone e 6 Te x
I'tds Tube-side film resistance in desuperheating zone Ttds_ G Ttds x
t Tube wall thickness te .
T Steam or condensate temperature in condensing zone Te s Te x
T.i Steam or condensate inlet temperature te condensing Tic Tei x

zone
Teo Condensate outlet temperature-fram condensing zone Teo Teo.,
Tyci Condensate inlet temperature te-drain cooling zone Tdci 6 Tdci x -
Tdc Condensate outlet tempefature from drain cooling zone .. Tdco x Taco
Tai Drain inlet temperature-te-heater Tdi 6 .. Tai
Tao Condensate outlet temperature from heater e Tdo x Tao
Tys Steam inlet temperature to desuperheating zone Tasi 6 . Tasi
Tus Steam outlet.temperature from desuperheating zone Tdso G Tdso x
Tanti Feedwater.inlet' temperature to condensing zone Tewei 6
Truko Feedwateroutlet temperature from condensing zone Teweo_ 6 Teweo x e
Trkici Feedwater inlet temperature to drain cooling zone Tewdci x Trwdci
Truico Feedivater outlet temperature from drain cooling zone Tewdco_G Tewdco x
Trdssi Feedwater inlet temperature to desuperheating zone Tewdsi 6 Tewdsi x
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Table 2-1-1 Symbols (Cont’d)

Given by

Symbol Definition Manufacturer Computed Measured
Trwdso Feedwater outlet temperature from desuperheating zone Trwdso_6 Trwdso x .
Trwi Feedwater inlet temperature to heater Tewi 6 .. Trwi
Trawo Feedwater outlet temperature from heater Tewo_ 6 Tewo_x Trwo
Tewo_a Feedwater outlet temperature from heater — assumed to

begin iterations
Tsat Saturated steam temperature corresponding to steam Teat G . Tea

inlet pressure from ASME Steam Tables
Ti Steam or condensate inlet temperature to heater TsiG . Tsi
Tso Steam or condensate outlet temperature from heater Tso 6 Tso x Tsol
Tso a Steam or condensate outlet temperature from heater —

assumed to begin iterations
TTD Terminal temperature difference TTD ¢ TID x 170
U, Overall heat transfer coefficient in condensing zone Ucs Udx
Uyge Overall heat transfer coefficient in drain cooler or drain Ugc s U, x

cooling zone

Uys Overall heat transfer coefficient in desuperheating zone Uds ¢ Uds x ..
7% Average feedwater velocity (at average temperature) Vw6 Vaw x Vel
Wi Drains inlet flow to heater Wai ¢ Wai x Wy
Wysi Steam inlet flow rate entering desuperheating zone Wasi 6 Wasi x ..
Wey Feedwater flow to heater Wy 6 ... Wefp
Wi Steam or condensate inlet flow rate to heater Wsjrg Wei x
Wi, Condensate or shell outlet side flow rate exiting heater Wyo' 6 Wso x
€4c Effectiveness in drain cooler or drain cooling zone .. €dc X
€ Effectiveness in condensing zone ... € x
€4s Effectiveness in desuperheating zone . €ds X

Table 2-2-1 Nomenclature

Unit of Measure

Symbol Term U.S. Customary Sl
A Heat transfer-sutface area ft? m?
C Hourly heat ‘eapacity flow rate Btu/hr-°F W/K
Cp Specific‘heat Btu/lbm-°F k)/kg-
DCA Drain‘\cooler approach °F °C
h Enthalpy Btu/lbm k)/kg
k Thermal conductivity Btu/hr-ft-°F W/m-K
ID Tube inside diameter in. mm
NTU Number of transfer units - e
oD Tube outside diameter in. mm
P Pressure psi(a) Pa
Q Heat transferred Btu/hr w
R Heat capacity ratio .. e
r Heat trancfar racictanca heaft2 oF /Bty m2 KW
t Tube wall thickness in. mm
T Temperature °F °CorK
TTD Terminal temperature difference °F °C
1] Overall heat transfer coefficient Btu/hr-ft?-°F W/m?2-K
v Feedwater velocity ft/sec m/s
w Flow rate lbm/hr kg/s
p Density lbm/ft? kg/m?>
o Dynamic viscosity lbm/hr-ft Pa-s
A Difference in parameter
€ Effectiveness
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Section 3
Guiding Principles

3-1 ITEMS FOR AGREEMENT

he parties to the test shall reach definitive agreement
regarding the specific test objectives in Section 1. This
agfeement may be included in the form of a test proce-
dulre, protocol, or other written document. At a mini-
myim, the following items shall be agreed upon prior
to [the test:
a) unit operating conditions during the test; specifi-
cally on the means to secure consistent inlet steam condi-
tions and feedwater flow and the method of determining
drain flow
b) data to be recorded, method and frequency of
re¢ording/archiving data, duration and number of
tedt runs
c¢) full review of the allied system schematics to
esfablish the total test boundaries, and the location of
allfmeasurement parameters
d) instrumentation to be utilized (temporary and/or
indtalled) and any permitted alternatives
e) instrumentation accuracy and methods and. fre-
quency of calibration
f) determination of parameters not ‘directly
mgeasured
g) fouling resistance to be used in compuiting design-
adjusted TTD and DCA
h) method of testing and deterrhining performance
multiple-string feedwater heatets
i) identification of any known damage or deficiency,
e.d., plugged tubes
j) status of continuotis vent operation during test
k) method of determihing extraction steam enthalpy
fo1l cases where steam quality is less than 100% (see
supsection 5-2)
1) shell liquid-level set point

=~

(@)

P PARAMETERS AFFECTING FEEDWATER HEATER
PERFORMANCE

w
1

duty. The principal items affecting the heater’s| ability
to transfer heat are

(1) feedwater inlet temperature, pressure, and flow

(2) steam inlet pressure and temperature

(3) drains inlet enthalpy and flow

(b) Operation at conditions.other than the |[design
point will result in changes in' performance. Thi§ means
that heater performance cdnnot be determined |simply
by comparison of meastired TTD and DCA with their
guaranteed values. Thetefore, it is necessary to [predict
the heater performarnae by adjusting the design parame-
ters for the testconditions. These predicted valups shall
then be compared to the corresponding measufed test
values.
The following may affect thermal performang

(1) ‘tube cleanliness

(2) noncondensable gases in the steam of water
spaces of the heater

(3) shell liquid level

(4) unbalanced feedwater flow with multiplp string
arrangements

(5) available heat-transfer area

(6) undesirable leakage across external boundary
isolation points (i.e., bypass valves, etc.)

®

3-3 METHODS OF OPERATION DURING THE [TEST
3-3.1 General

The feedwater heater and other componentq in the
turbine cycle shall be operated in steady state 3s close
to design parameters as possible during the tesf unless
specified otherwise by this Code. The heater ghall be
properly operated to ensure optimum performarjce. The
test runs should be conducted as close to the|design
conditions as possible. The limits of deviation for test
conditions from design points for each test pajameter
have been established and are given in Table 3-¢-1. If a
test run average exceeds these limits, the run ghall be

(a) In a feedwater heater, the TTD and the DCA are
indicators of the ability of the heater to transfer heat
under a given set of conditions, i.e., the design point.
This ability is represented by the overall heat transfer
coefficient for each zone, the log mean temperature dif-
ference (LMTD), and the available heat transfer surface
area. The total amount of heat transferred to the
feedwater is equal to the amount given up by the steam/
condensate. This is expressed in terms of overall heater

rejected. If unacceptable deviations are discovered dur-
ing computation of results from a completed test run,
that run shall be rejected.

3-3.2 Heater Operation

It is recommended that any external sources of non-
condensable gases such as vents from another apparatus
be diverted from the tested heaters during the run. All
heater bypass valves or emergency drain valves immedi-
ately upstream or downstream of the tested heaters
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should be checked to ensure that no leakage exists. This
applies to separate emergency drain connections from
the heater shell or an emergency drain branch down-
stream of the single drain outlet nozzle. The intent is to
ensure that the full drain flow exiting the heater is routed
through the normal path for the duration of the test.
Temporary modifications such as the installation of vari-
ous required instruments are subject to agreement
betwegmparties; providedthemrmstattats

and fr¢e of obstruction may be performed as follows.
With the heater venting normally, and the cycle at
steadyistate conditions, conduct a preliminary test run.
When fthis is complete, open the heater vent flow orifice
bypass| valve to ensure increased vent flow. This mode
should| be maintained for approximately  hr to suffi-
ciently|purge the heater of noncondensables. Once this
purging is complete, repeat the run. Comparison of the
feedwdter outlet temperatures of these two runs'should
yield close agreement. If there is a significant-ditference,
an impjroperly sized or obstructed orifice should be sus-
pectedjand corrective actions taken. If theheater is being

level af the drain cooling zone inlet is maintained as
close a$ possible to the'optimum set point. Keep in mind
that the location of liquid level taps shall reflect the level
at the pone inletssince the heater liquid level, front to
back, ip not flat_ I the water level is higher than opti-
mum, gome additional heat transfer surface area in the
conderfsing-zone may be flooded; this may reduce the

heaters. The intent of this process is to establish the
threshold of two-phase flashing flow from which the
optimum liquid level set point may be determined. Start-
ing with the normal water level maintained close to the
manufacturer’s recommended set point and assuming
that DCA is operating close to the design, this manual
level control test will yield values for DCA for each
incremental height of the water level.
he liguid-level controller setpoint-shall be lowered
in step increments of approximately 1 in. until thetdrhin
outlet temperature increases noticeably. Each stepindre-
ment shall be held for 5 min or until the drain)tempera-
ture is stabilized prior to recording the 'heater drpin
outlet temperature. The DCA is then' ¢alculated gnd
plotted as a function of the internal liquid level. This
procedure is repeated until the<DEA shows a sharp
upward break with a rapid inrease in drain ouflet
temperature.
Conversely, if the DCA-is noticeably high prior| to
starting the test, the opposite approach is taken. The
water level is increased in 1-in. increments, drain ouflet
temperature is alléwed to stabilize, and the “DCA |vs.
internal heaterliquid level” curve is once again plottpd.
The overall\plot of “DCA vs. heater internal liqyiid
level” should resemble the shape of the curve depicfed
in Fig3:3:2-1 (Linley, 1983). The optimum liquid lejel
is determined by finding the “knee break” of the cufve
and adding an appropriate safety factor. For horizontal
heaters, this is typically a minimum of 2.0 in. of lighid
level to establish a safe normal operating level set pdint
to prevent steam entering the drain cooling zone. If the
optimum level plus the safety factor (2.0 in.) is lower
than the manufacturer’s level mark, further evaluatjon
of the level to be set during the test should be mafle,
including discussing the discrepancy with the manufac-
turer’s representative. This margin above the minimyim
level controller set point provides an internal liquid lejvel
that may withstand some fluctuations while fot
exposing the entrance to the drain cooling zone. This
final liquid level controller set point shall be consthpnt
throughout the duration of the test.
The methodology in the above paragraph may aflso
be used for vertical channel down heaters. In this config-
uration, the optimum set point is more closely related
to the height of the drain cooling zone. Since vertical
heaters typically have a smaller amount of liquid capdci-
tance for level control, they are more sensitive to lejel
swings. Consequently a larger safety factor, typically a

heat trarmsfer Laya'uﬂii._y, et TITay, T torT cause the T D
to be adversely affected. The DCA will decrease slightly
when water level in the heater is higher than optimum.
If the water level in the heater is such that it allows
steam to enter the drain cooling zone, the DCA will
significantly increase, and may cause drain cooling zone
damage. The TTD will decrease slightly when water
level in the heater is lower than optimum.

The following method may be used to establish the
optimum normal liquid level set point for horizontal

minimum of 5.0 in. is added above the height of the
drain cooling zone as the optimim level set point.

In any case, for either horizontal or vertical installa-
tion, the final level set point shall be agreed upon by
the parties to the test.

3-4 PREPARATION FOR THE TEST
3-4.1 General

The test preparation shall include examination and
familiarization with the apparatus by all involved
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parties. If the physical state of the equipment and
operating conditions depart from prior agreement, a
new agreement shall be reached.

poses of

Table 3-6-1 Deviation Limits of Parameters

Limit of Deviation for

liquid |evel

the Test Conditions Steady
.. Parameter from Design Points State Limit
3-4.2 Preliminary Runs
.. Feedwater flow +10.0% +3%
A preliminary run should be conducted for the pur Feedwater inlet +10°F 20F
. i temperature [Note (1)]
(a) checking all instruments Feedwater inlet £10.0% of absolute
(b) training persontiet pressure Pressure
(c) checking heater for adequate venting and proper ~ Extraction pressure £10.0% of absolute 1%
pressure
. . . Extraction temperature +20°F +4°F
(d) making necessary instrument and equipment Drains flow in +10.0%

adjustrpents
(e) verifying the computational procedure
(f) epsuring proper valve position and isolation

3-5 DURATION OF RUNS AND FREQUENCY OF
EADINGS

The [test shall consist of a minimum of three runs.
During each run, all data shall be recorded at least once
per mihute over a minimum time period of 30 min at
steadygstate conditions.

Datd shall be taken by automatic data collecting
equipment or by a sufficient number of competent
observers. Automatic data logging and advanced instru-
ment slystems shall be calibrated to the required accu-
racy. No observer shall be required to take so many
readings that lack of time may result in insufficient care
and prcision.

3-6 STEADY-STATE LIMITS

The feedwater heater shall be brought to‘the steady-
state cpndition prior to initiating a tuh,, and shall be
maintafined throughout the run. The steady-state limits
are defined in Table 3-6-1. If any(measurement during
the tesf run exceeds these limits when compared to the
test rup average, the run shall be rejected.

Any| condition whosevariation may affect the test
results|shall be made~as;stable as possible before the
test rup begins and-thiroughout the run. It is desirable
to obs¢rve and xecord all readings for a brief period
after the unit hes attained steady state conditions but
before [the f6rmal readings are taken.

If ingonsistencies are observed for a test run, the run
shall

NOTE:

(1) Large temperature variations may occur at the inlet to the lqw-
est pressure heater due to condenserbackpressure change
caused by seasonal differences, in*Cooling water temperaturg.
Inlet temperature changes fram{20°F to 30°F are common o
some units for winter versds~summer performance. Testing
under these conditions.is7Tby mutual agreement.

judgment is depéndent on how well the measurements
represent reality. Measurements that have a large under-
tainty (see ASME PTC 19.1-2013, Ref. 5 for details) njay
lead to faulty decisions that may result in a large effort
to resolve problems that may not in fact exist or, cpn-
versely, the data may mask problems that should|be
taken into consideration.

Errors associated with measured data may generglly
be described by the following two primary components:

(a) Random Error. The ability to repeat a measurempnt
given similar test conditions.

(b) Systematic Error. An error that remains consthnt
throughout a test process, resulting primarily from the
test setup and calibration of instrumentation.

3-7.2 Random Error

Random error may be reduced by taking many
repeated measurements over a period of time or by using
redundant instrumentation. For example, the tempgpra-
ture of a static fluid is more accurately determined|by
using four thermocouples instead of one. If only ¢ne
thermocouple is available, the average of four separpte
readings taken at different times would be more repre-
sentative of the true temperature than a single readipg.
In fact, in some processes where steady state is repre-

eteicctedinwhole orinvart (b acreement
J \=J o

among parties to the test), and shall be repeated if neces-
sary to meet the objective of the test.

3-7 MEASUREMENT UNCERTAINTY
3-7.1 Introduction

Measurements collected during a test are only repre-
sentations of a physical process that allow judgments
regarding the given process. The value of the resulting

Sented by a cyclic oscitation of a measured parameter,
it is essential to take many readings at various times
to get a true representation of the process. In general,
random error is inversely proportional to the square root
of the number of measurements or readings taken.

3-7.3 Systematic Error

Systematic error is more difficult to control. This type
of error will show up consistently regardless of the num-
ber of readings. It may result, for example, from the
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placement of a thermocouple into a fluid stream in which
temperature is highly stratified. The thermocouple will
read only the local temperature, which may or may not
be representative of the average fluid temperature. This
is true for pressure, flow, and any other type of measure-
ment. Placement of instrumentation makes the system-
atic error unique for each installation.

Systematic error is reduced primarily by good judg-

3-8 LOCATION OF TEST POINTS

Figures 3-8-1 through 3-8-10 list the applicable calcu-
lated and measured parameters for the various heater
configurations while showing their interrelationships
for clarity. The measured test points (specifically noted
in each figure) consist of temperature, pressure, and
flow measurements. The temperature and pressure test
locations are necessary for testing, and the flow points

ment-and-experience-regarding-the—test-equipment-and
t-and-experieneeregarding-the—testequipment-and
th¢ scope of the test. Since most instruments make local
m¢asurements, systematic error may sometimes be
reduced by making many measurements over the geom-
etrly of the test equipment. For example, a traverse over
a gross section or an array of instruments provides more
information from which good judgment may be made.
Cafreful calibration of instrumentation is another exam-
pl¢ of reducing systematic error.
n general, accurate test results are obtained through
cafeful placement of reliable instrumentation and by
takking many repeated measurements from a steady state
copdition. A more thorough discussion of measurement
unfertainty is provided in ASME PTC 19.1-2013.

3-7.4 Combination of Random and Systematic

Uncertainties (Total Uncertainty)

bubsection 5-3 of this Code describes the methodology
fof combining random and systematic uncertainties
baged on ASME PTC 19.1.

are used when heater flow streams are directlym¢asured
instead of calculated by heat balance techniques| Use of
these test points is mandatory to obtain‘the r¢quired
data to calculate heater performance.

The manufacturer of the heater normally pfovides
taps for the temperature and pressure measufement
points in the nozzle connections. Therefore, the pptential
test point locations are limited'to these areas ex¢ept for
the drains inlet pressuré,measurement, which {s mea-
sured before the control valve for the purposes of drains
inlet enthalpy detetmination. All other test points indi-
cated in Figs. 3-8-X through 3-8-10 are generally fonsid-
ered to be adequate for measurement of thermal
performance parameters. However, it is the resppnsibil-
ity of the'parties to the test to adequately locate|proper
performance test measurement points.

11
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GENERAL NOTES:
(@) Meapured parameters are: Wey, Tawis Pewis Tewos Pewos Tsia Psis“Tsos Psos Wais Tais and Pg;.
(b) Tubq Side

©

“FWk™.
“FWdisi”).
Shell Side

“dsif).
(@ The desuperheafing zone outlet parameters (subscript “dso”) are equal to the condensing zone inlet parameters (subscript “d’

resuftant-inputs in both the applicable vapor and liquid states based on their respective input parameters.

ASME PTC 12.1-2015

Fig. 3-8-1 Three-Zone Heater Test Points: Desuperheating, Condensing, and Drain Cooling Zones

Drains infet
0 Steam inlet Feedwater outlet
Pdsi= Psi PFWo
2 i Tasi= Tsi Trwo = Triso
O Wsi = Wi 7
A O
- Pe T -1, Flao | O L
|| || m] dso < 'ci \ | |
~_ AY A}
/ Pdso=Pci=Pco=Pdci \\\ ” -
> -1 Desuperheating Zone
Condensing Zone Teweo = | Trwdsi
Tco = Tdci
Tewei =1 T
- e Fvdeo Drain Cooling Zone
t — [
T
1 <O | I
Y| I O |
. LA
Drains outlet
Pdca = Pso \
Tdeo = Je6 Feedwater inlet
Wdco N Wso Pewi
Trwi= Trwdci
Wew

(1) The feedwater inlet parameters (subscript {FWi»") are equal to the drain cooling zone inlet parameters (subscript “fWdci).
(2 The drain cooling zone outlet parameters (stbscript “FWdco”) are equal to the condensing zone inlet parameters (subscript

(3) The condensing zone outlet parameters (subscript “FWco”) are equal to the desuperheating zone inlet parameters (subscript
(4) The desuperheating zone outlet.parameters (subscript “FWdso”) are equal to the feedwater outlet parameters (subscript “Fg

(1) The extraction steam ghell“inlet parameters (subscript “si”) are equal to the desuperheating zone inlet parameters (subscript

(3) The condensing)zone outlet parameters (subscript “co”) are equal to the drain cooling zone inlet parameters (subscript “dci™)

(4) The drain<oeeling zone outlet parameters (subscript “dco”) are equal to the drain (shell) outlet parameters (subscript “so™).

(5) Multiplerdrains inputs — This figure depicts a single drain inlet. However, based on unit specific configurations there may be
ore drainiinlets from one or more energy sources. These multiple streams shall be thermodynamically weighted and converted

=

~

one
nto

(6) Términal temperature difference (TTD) may either be positive or negative for a three-zone heater with a desuperheating zone.

(7) The saturation temperature, Ty, and the temperature at which the steam condenses, T, will differ due to the pressure drop

across the desuperheating zone.

(8) The DCA will be significantly affected by the liquid level. Refer to para. 3-3.2(b).

12
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Fig. 3-8-2 Thermal Profile: Desuperheating, Condensing, and Drain‘Cooling Zones
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Fig. 3-8-3 Two-Zone Heater Test Points: Desuperheating and Condensing Zones

Drains inlet
P Toin S Wi Steam inlet Feedwater(outtet
Pasi= Psi Prwo
PR Tasi= Tsi Trwe = Trwdso
!O! Wasi = Wi I ¢ 'I
Py ! 1 O
|| || Fe Taso= T % I b I I I
L l | : ! | |
R 3 |
Paso = Pei= Pco = Pso AN ;
> ~-1 Desuperheating Zone
Condensing Zone Trweo = | Trwasi
Tco = Tso
et -
| O |
O T T
|21 I O |
_ LS
Drains outlet \
Pdso=Pci=Pco=Pso ?
co= Iso Feedwater inlet
W,o = Wy, Pewi
Trwi = Trwei
Wew
NOTES:
bured parameters are: Waw Tawis Pewis Trwos Pwos) Tsis Psis Tsos Psos Wais Tai, and Pa.
Side
The feedwater inlet parameters (subscript “FWi”) are equal to the condensing zone inlet parameters (subscript “FWci”).
The condensing zone outlet parareters (subscript “FWco”) are equal to the desuperheating zone inlet parameters (subscript
R

The desuperheating zone ofitlet- parameters (subscript “FWdso”) are equal to the feedwater outlet parameters (subscript “FiWg
Side
The extraction steamhell inlet parameters (subscript “si”) are equal to the desuperheating zone inlet parameters (subscript

)

The condensing zone outlet parameters (subscript “co”) are equal to the drain (shell) outlet parameters (subscript “so”).

or

resuftant inputs in both the applicable vapor and liquid states based on their respective input parameters.
(5) Terminal temperature difference (TTD) may either be positive or negative for a two-zone heater with a desuperheating zone.
(6) The saturation temperature, T, and the temperature at which the steam condenses, T, will differ due to the pressure drop

Multiple Drains Inputs. This figure depicts a single drain inlet. However, based on unit specific configurations there may be o
ore drain idlets from one or more energy sources. These multiple streams shall be thermodynamically weighted and converted

The desuperhedting zone outlet parameters (subscript “dso”) are equal to the condensing zone inlet parameters (subscript “d’

=

he
nto

acro

ss the desuperheating zone.
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Fig. 3-8-4 Thermal Profile: Desuperheating and Condensing Zones
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Fig. 3-8-5 Two-Zone Heater Test Points: Condensing and Drain Cooling Zones

Drains inlet

P T ZWdi Steam inlet F(Ie;edwater outlet
Psi= Pej FWo
T.

¥ . Trwo =Meweo
Wi = Wi I d I
[
3 L
|

O
[
|
J

I
|!\_/ —
Condensing Zone
Pei= Peo = Pyci
Tei=Teo= Taci Tewei = | Trwdco Drain Cooling Zone
-~}
< g I
I

@) [
| IO |
. L
Drains outlet
Pdco &% Pso ? \
Taco="Tso Feedwater inlet
Wdco = Wso PFWi
Tewi= Trwdei
Wew

GENERAL NOTES:

(@) Meapured parameters are: Wey, Trawis Pewis Tewos Pewos. Usis’ Psis Tsos Psos Wais Tais and Pg;.

(b) Tubq Side

(1) The feedwater inlet parameters (subscript “FWi”) are equal to the drain cooling zone inlet parameters (subscript “fWdci).

(2 The drain cooling zone outlet parameters (subscript “FWdco”) are equal to the condensing zone inlet parameters (subscript
“FWGI”).

(3) The condensing zone outlet patameters (subscript “FWco”) are equal to the feedwater outlet parameters (subscript “FiVo”).
(c) Shell Side

(1) The extraction steam shéll inlet pressure (subscript “si”) is equal to the condensing zone inlet pressure (subscript “ci”).

(3 The condensing zongoutlet parameters (subscript “co”) are equal to the drain cooling zone inlet parameters (subscript “dci”)
(3) The drain cooling zene outlet parameters (subscript “dco”) are equal to the drain (shell) outlet parameters (subscript “so”).
(4) Multiple Drains‘Ipputs. This figure depicts a single drain inlet. However, based on unit specific configurations there may be ohe
or mjore drain inlets from one or more energy sources. These multiple streams shall be thermodynamically weighted and converted fnto
resuftant inputs ip-both the applicable vapor and liquid states based on their respective input parameters.

(9) Multiplé.Steam Inlets. This figure depicts a single steam inlet. However, based on unit specific configurations there may be ope
or more steamninlets. Refer to subsection 4-6 for a discussion on this case.

(6) Thiessteam temperature entering the heater may be superheated. Therefore it may not necessarily be equal to the condensing
temperature, 7.

(7) The DCA will be significantly affected by the Tiquid Tevel. Refer to para. 3-3.2(b).
(8) TID for this type of heater configuration will be positive.

16
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Taco=T.
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Fig. 3-8-6 Thermal Profile: Condensing and Drain Cooling Zones
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Fig. 3-8-7 Single-Zone Heater Test Points: Condensing Zone Only

Drains inlet
P Ton S Wy Steam inlet Feedwater oltlet
Psi= Pci PFWD
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Drains outlet
Pco = Pso ? \
Tco= Tso
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Feedwater inlet
Pewi
Tewi = Trwei
Wew
GENERAL NOTES:
(@) Meapured parameters are: Wey Tawis Pewis Tewos Pewos Tsis Psis Tsos Psos Wais Tais and Pg;.
(b) Tubq Side
(1) The feedwater inlet parameters (stbscript “FWi”) are equal to the condensing zone inlet parameters (subscript “FWci”).
(@ The condensing zone outlet patameters (subscript “FWco”) are equal to the feedwater outlet parameters (subscript “FWo”).
(c) Shell Side
(1) The extraction steam shéll'inlet parameters (subscript “si”) are equal to the condensing zone inlet parameters (subscript “ci”}.
(@ The condensing zonedutlet parameters (subscript “co”) are equal to the drain (shell) outlet parameters (subscript “so”).
(3) Multiple Drains Inputs> This figure depicts a single drain inlet. However, based on unit specific configurations there may be ofe
or more drain inlets from=one or more energy sources. These multiple streams shall be thermodynamically weighted and converted into
resuftant inputs in_both the applicable vapor and liquid states based on their respective input parameters.
(4) Multiple Steam Inlets. This figure depicts a single steam inlet. However, based on unit specific configurations there may be ope
or mlore steamhihléts. Refer to subsection 4-6 for a discussion on this case.
(5) The Steam temperature entering the heater may be superheated. Therefore it may not necessarily be equal to the condensing
temperatute, 7.
(6) TID for this type of heater will be positive.

18
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Tco = Tso
Tewi = Trwei

Fig. 3-8-8 Thermal Profile: Condensing Zone

Latent heat transfer

Tsat (@":’si= Tei=Te

si

Condensing zone

T~ TTD (+ only)

Tk Weo = Th Wo
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Feedwater outlet

Prwg

Tewd = Trwdco

GENERA

Fig. 3-8-9 Single-Zone Heater Test Points: External Drain Cooler

Drains inlet
PSI = Pdci
Tsi= Tqci
/1 Wi = Wi
| O
| |
L
| |
i}
i}

NOTES:

Drains outlet

P. so = P, dco
so= Tdco
Wso = Wdco

(@) Meapured parameters are: Way, Tawi, Rewd Trwos Prwos Tsi Psis Tso, and Pso.

(b) Tubd
(1
(2
(©) She
(1
(2
(3

shel

Side

Side

The feedwater inlet parameters (subscript “FWi”) are equal to the drain cooling zone inlet parameters (subscript “FWdci”).
The drain cooling zorle outlet parameters (subscript “FWdco”) are equal to the feedwater outlet parameters (subscript “FWo”),

The condensatetifilet shell parameters (subscript “si”) are equal to the drain cooling zone inlet parameters (subscript “dci™).

The drain cooling zone outlet parameters (subscript “dco”) are equal to the drain (shell) outlet parameters (subscript “so0”).

This figure“is shown as a single pass but it may have other configurations (i.e., multiple passes).

(4) Since thevshell-side inlet flow (subscript “si”) is equal to the shell side outlet flow (subscript “so”), either the inlet or outlet
side“flow may be measured, utilizing whichever location is more accessible.

Feedwater inlg
Pewi
Trwi= Trwdci
Wew

—
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Fig. 3-8-10 Thermal Profile: External Drain Cooler

Sensible
heat
transfer
Tsi = Tdci
Tso = Tdco
DCA—— ————— Trwo= Trwdeo
Trwi = Tewdei
Drain
coolet
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Section 4
Instruments and Methods of Measurement

4-1 GENERAL

This
and m

Code presents the requirements for instruments
bthods that shall be used. It emphasizes the use
of “stafe of the art” instrumentation. General guidance
on the[selection and use of temperature, pressure, and
flow instrumentation may be found in the PTC 19 series,
Supplgments on Instruments and Apparatus.

The nstruments described in this Section are required
for performance tests on feedwater heaters. Temperature
and prpssure measurements around a feedwater heater
may b¢ straightforward. Flow measurement, however,
may b¢ quite complex. In some configurations, it may
be nec¢ssary to perform a heat balance or to collect data
from s¢veral heaters in order to resolve feedwater, shell,
and drpin flows to the tested heater.

4-2 RPRESSURE MEASUREMENT

ure measurements shall be taken at the locations
in Figures 3-8-1 through 3-8-10. These pressures
nge from the highest pressure in the cycle to
below atmospheric pressure. This wide range of pressure
measurements makes instrument selection heater-
dependlent. Absolute pressures are needed for steam
calculaftions. If gage transmitters are used, it{45 hecessary
to conylert the pressures to absolute values prior to using
the tesf data in calculations. Outlet pressure measure-
ments [indicated in Figures 3-8-1 through 3-8-10 are
needed to determine pressure loss.through the feedwa-
ter sidg or shell side of the heatet. The feedwater pressure
loss is nost accurately measured with a differential pres-
sure dgvice connected between feedwater inlet and out-
let. Sinfilarly, the desuperheating and drain cooling zone
pressute drops could also be measured with a differen-
tial prgssure device:

WARNING: If\the pressure taps are at unequal elevations, a

differenjtial Water leg correction is required to account for the
static hdad:;THe water legs associated with the elevations of the

Pres
shown
may 14

: d 4
revrewea—to

and the instrument. The line connecting the pressire-
sensing instrument is usually filled with fluid, ¢ausing
the instrument to read high or low depending)on the
relative location of the instrument to the séurce|In

able for purging theyline. The opposite is true for va
filled lines witha vent located near the top of the li
just before the ihstrument. Some vapor legs will col
condensate and may require low-volume flow, contifu-
ous venting to stay dry. If the venting method is utilizpd,
the flow rate shall be kept low [approximately 0.5 ft* { hr
(0:014 m>/h)] enough to have an undetectable effect
pressure measurement. All pressure measuring devifes
shall be calibrated before and after the test to verify that
the instruments meet the requirements of subsection 4-7.
If the instrumentation does not satisfy these require-
ments, the test shall be rejected.

4-3 TEMPERATURE MEASUREMENT

Temperature measurement shall be taken at the loca-
tions shown in Figures 3-8-1 through 3-8-10. See subdec-
tion 3-8 where precautions on locations of feedwater
and drain outlet measurements are discussed. Test grgde
temperature measuring devices shall be used (§ee
ASME PTC 19.3).

The location of these devices is important. Tempdra-
ture measuring devices shall be located at a point whire
the most uniform temperatures are found. They shall
not be installed where there may be an air pocketfor
where they may be near a cold water manifold. When
they are located near a large, uninsulated heat soujce,

h‘ h 1 4 A, . £aall
igh andJew—pressure—taps—need—to—be—carefully

ensure the water leg correction is properly applied.

Other means of pressure testing of similar or higher
accuracy and reliability may also be used, if the specific
instruments are agreed upon prior to the test. See
ASME PTC 19.2.

Regardless of the pressure measurement instrument
selected, attention shall be given to how the instrument
is installed and operated. Particular attention shall be
paid to elevation differences in the source of the pressure

22

they shall be shielded from radiation. kElements that are
too long for the thermowell or exposed thermowells
should be insulated (see ASME PTC 19.3).

All temperature measuring instruments shall be cali-
brated before and after the test. Calibrations should be
performed around the range of expected use and should
include hysteresis checks.

At least five calibration temperatures should be used.
Midspan temperature should be replicated in both heat-
ing and cooling runs. The total uncertainty, including
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the standard error of estimate (SEE), shall be less than
or equal to the requirements of subsection 4-7. If this
level of accuracy cannot be demonstrated, an agreement
among the parties to the test is required prior to the
test in order to use the instrumentation. If the post-
test calibration does not meet the requirements of
subsection 4-7, the test results shall be rejected.

WATER

DW MEASUREMEN

4-

a) Laboratory-calibrated flowmeters, which may
indlude ultrasonic transit-time flowmeters, shall be used
fo1 feedwater. For drain flow measurements calibrated
flowmeters may be used or drain flow rates may be
calculated by a heat balance. This Code does not recom-
mdnd utilizing differential pressure (DP) type flow mea-
sufement devices for drain flow due to the possibility
of inducing two-phase flow in the drain line, resulting
frgm the pressure drop across the DP device. For proper
us¢ of nozzles, orifice meters, and venturi meters, see
AYME PTC 19.5. This Section includes guidance for the
us¢ of ultrasonic transit-time flowmeters.

he accurate determination of flow is one of the most
difficult field measurements. Flow measurements are
affected by irregularities in the pipe wall, calibration of
indtrumentation, and the location of suitable runs of
piping in which to install fluid meters.

ere are two acceptable methods of testing feedwater
hepters. The first method uses the existing plant flow:
nofzle that satisfies ASME PTC 19.5, Section 5 and ufti-
lies temperature and pressure instrumentation
required by this Code on the entire string of feedwater
hefters. Use of a known feedwater flow and hieat balance
tedhniques allows the calculation of drain flows that
th¢n may be cascaded throughout the system. However,
th¢ following restrictions apply.

(1) Due to unknown flowAdistribution resulting
frgm differences in piping, valves, and percentage of
tulpes plugged, this method éannot be utilized where a
split-string feedwater, heater setup exists unless each
string has its own flowshozzle that meets the appropriate
requirements.

(2) When (using this method of calculating drain
flows that cascade to the last feedwater heater, the uncer-
tainty incteases. The uncertainty calculation procedures
specifiedin subsection 5-3 shall be performed to deter-
mine if-this method meets the requirements of this Code.

€ second method Incorporates direct Jlow measure-
ments utilizing ultrasonic technology. These devices are
generally nonintrusive with respect to the piping sys-
tems and have the potential to be moved from one loca-
tion to another with relative ease. Calibrated meters
using the transit-time principle and transducers
designed for high temperature have demonstrated
Code-required accuracies consistent with other plant
flow nozzles. A typical nonintrusive transducer installa-
tion on a pipe is illustrated in Figure 4-4-1.
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In order to achieve the best possible accuracy using
ultrasonic flow measuring equipment, several parame-
ters shall be considered and some operational precau-
tions shall be observed.

The most critical steps when installing the transducer
array are proper alignment and selection of the couplant
that bonds the transducers to the piping. Multiple
couplant compounds are available and should be
seexpeqted for
the process fluid. Templates or precise measturements
shall be utilized to ensure good alignment of th¢ trans-
ducers with respect to the piping.

Separate flow calibrations should be used f¢r each
different pipe size, and the flow tate should cover the
range expected for the process fluid in the field.

With the proper use of ailtrasonic flow-medsuring
equipment, it is possible to measure the actual fegdwater
and drain flows in reahtime. The feedwater anfl drain
flows shall be monitored simultaneously at all times
during the test,

Periodic equipment maintenance and recalibr:
the flow trdmsducer pairs may be necessary. Us
have to.éstablish their own calibration cycles bz
the temperatures, equipment usage, and brand.

(b)yProperly trained operators are required and site
selection for the transducer location is critical. There are
several known factors that may influence flow measure-
ment under field conditions using ultrasonic equipment.
The major factors are as follows:

(1) Piping configuration is critical when megsuring
flows. Most equipment vendors recommend thalt trans-
ducers be located in a straight length of pipe of jat least
15 pipe diameters with at least 10 pipe diameters
upstream and 5 pipe diameters downstream fr¢m any
bends, elbows, valves, joint weld seams, points ¢f aera-
tion, and other items that could distort the flow [profile.
Field measurements should duplicate or exceed this pip-
ing criteria for maximum accuracy.

Flow measurement using ultrasonics is possille with
less than an ideal number of pipe diameters, put the
accuracy has the potential to be reduced by an urfknown
factor. One technique that has proven useful in cgmpen-
sating for nonsymmetrical flow profiles, when ldss than
an ideal number of pipe diameters is available, ip trans-
ducer rotation. Using this technique, the transdugers are
installed in one location and a flow reading is otained.
ircumfer-
ence of the pipe, and additional flow measurements are
made.

The final location of the transducers is determined by
averaging the indicated flows and selecting the location
closest to the calculated average flow value. A typical
rotation is 120 deg, but accuracy has the potential to be
increased with a smaller angle of rotation. This proce-
dure is somewhat cumbersome but it may improve the
accuracy of flow measurement if the required straight

tion of
brs will
sed on
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Fig. 4-4-1 Typical Transducer Installation

¢Mounting
3 =1 track
Flow
— 3
I\Ilnnnﬁng track IN
restraining strap Transducer 3
length pf unobstructed piping is not available. Multiple- =~ where
path flow measurement is more accurate than single- dy = actual pipe internal didmeter
path njeasurement under this condition. dy = nominal pipe internal\diameter
(2] It is necessary both to stop the flow and main- .
tain a [full pipe in the section under consideration in (8) Sour.ces of EVTOY‘ With(regard to sources of erfor,
order {fo set an appropriate zero-offset compensation e four main contribufors:to error when using ulfra-
factor. [Without this ability, flow will be offset by some ~ Sonic flow meters are uncertainty of the pipe dimpn-

constant amount. Bypasses and emergency drain lines
may ugually be utilized to stop the flow.

(3] The zeroing of the flow measuring equipment
shall bg done as close to normal operating temperature
as posgible. Otherwise, this procedure will not produce
an appropriate zero offset.

4
that fI
ultraso
functig
only u

(5
liners
to be 4

(6
imity o
cause g

If pressure regimes within the piping are such
ishing occurs or excessive aeration is present,
nic equipment will receive a signal too weak to
n. This may be a continuous process, occurring
hder certain conditions, or intermittently.

Internal/external pipe scale and unbonded-pipe
nay cause ultrasonic flow-detection-equipment
nusable or to give false flow indications.

Operation of ultrasonic equipment in the prox-
f other ultrasonic flow measuring' equipment may
ross talk and inaccurate readihgs. Likewise, both
electridal and radio interferences ‘may invalidate flow
readinlgs. These problems\are generally solved by
shieldihg the electrical components and routing flow
meter fransducer cablessaway from high-voltage lines
and other instrumeftation cables.

(7) Most ultrasenic flow-measuring devices require
that thie pipetaterial, outside dimensions, and exact
wall thjckness.be known in order to correct the indicated
flows fo‘aettial ones. Digital thickness gages based on

sions, coupling of‘the transducers, uneven velod
profiles of the flow;-and “drift” of the electronics dur
the period of/the test.

To reduce’the uncertainty due to pipe dimensio
careful measurements of the pipe dimensions includ
wall thickness at the point of flow measurement sh
be made.

o reduce the uncertainty due to transducer coupli
trained, experienced technicians should install the tra
ducers securely on the pipe according to the manufact
er’s instructions. If the coupling is complet
inadequate, a loss of signal will occur. Many ultraso
meters have warning signals incorporated into th
design to alert the operators to a loss of signal.

The effect of uneven velocity profiles, which may|
expected downstream from convoluted piping typicd
found in feedwater heaters, may best be reduced
measuring flow across several axial planes dissect
the pipe. Therefore, it is recommended to record fl
measurements after transducers are rotated about
pipe axis, to as many positions as practical or necess.
depending on the variation of flow indications. A cg
parison of the flow indications at these different plat
will provide a practical indication of the effect of nonu
formity of the velocity profile. The difference betwy¢
the indications at different planes should be treated|
a systematic uncertainty.
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ultrasonic technology are generally used to provide wail
thickness information. Other information is usually
obtained from drawings and piping specifications. The
following equation may be used to correct mathemati-
cally for different pipe wall thicknesses if the appropriate
data from the flow meter calibration runs is available.

To correct for different thicknesses, multiply measured
flow rate by the following:

(da/dn)?
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4-5 SPLIT STREAM FEEDWATER HEATER TESTING

Due to economic considerations, most plants have
only one final feedwater flow nozzle measuring the com-
bined flow from all heaters that are operating in parallel.
This causes uncertainty in the actual flow distribution
through each heater. Uncertainty in the feedwater flow
also directly affects the calculation of the drain flow for
that particular feedwater heater.
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Table 4-7-1 Maximim Uncertainty Values

Flow Rate Pressure Temperature
Feedwater at heater: +1% Desuperheater pressure loss: 1% Steam inlet: +1.00°F
Drains: +1% Steam inlet: +0.25% Drains inlet: +0.25°F

Feedwater inlet: +2% Drain outlet: +0.25°F

Feedwater pressure loss: +1%
Drain cooler pressure loss: +1%

Feedwater outlet:

Feedwater inlet: +0.25°F

+0.25°F

GERERAT NOTE: _Uncertainties exp €55ed I terms o percentage are based on measured values.

in
o
he
at

=~

fed
an
thg
tio

bince flow inequalities may exist due to differences
valve coefficients, piping configuration, and number
tubes plugged in each heater, split-stream feedwater
hters cannot be tested according to this Code unless
[east one of the following conditions exists:

a) Each heater has its own flow element to measure
dwater flow that meets the requirements of this Code,
H the calculated values for the cascaded drains using
heat balance method meet the uncertainty limita-
ns imposed by subsection 4-7.

b) Flow instrumentation may be installed to measure

difectly both the feedwater and drain flow(s) simultane-

oyl
un
sh
thd

4

—

z14g

sly for each feedwater heater to be tested. Overall
certainty calculations referenced in subsection 3-7
] be made to ensure that the final results are within
required limitations.

5  MULTIPLE INLET STEAM NOZZLES

bome designs incorporate multiple steam inlet-noz-
s. Typically these designs are found in low*préssure

heaters. The potential differences ini threrm
hydraulic conditions from each nozzle'may maj
rate heater extraction steam pressure and erf
determination challenging. For-these cases it is
mended that TTD calculations be based on a shg
sure gauge measurementinstead of measur
extraction steam pressufe’at the individual nozz
extraction steam enthalpy utilized in the calct

al and
e accu-
thalpy
recom-
1l pres-
ng the
es. The
lations

should be based onagreement by the parties to the test.

Uncertainty cal¢ulations may help determine the
quality of the test under these conditions.

4-7 INSTRUMENT UNCERTAINTIES

Primary instruments selected for the test shg
total uncertainties equal to or less than the valueg
in Table 4-7-1. The use of instrumentation pr

overall

11 have
shown
viding

total uncertainties exceeding the limits indicated jn Table

4-7-1 shall be subject to mutual agreement by the
to the test.

parties

25
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Section 5
Computation of Results

5-1 INTRODUCTION

The feedwater heater performance test is to be con-
ducted| under the conditions specified in section 3. The
following points are important to the accuracy and docu-
mentaffion of the test:

ompressed water enthalpies shall be used in the
ions for feedwater.

resistances to heat transfer being corrected to the outside
diametfer of the tube.

(e) The calculation procedure shall be based on the
reheat [factor being applied by the manufacturer to the
conderjsate film resistance of the drain cooling zone 7.

Test [Report Form 6-1 provides a convenient means
for recprding the design and the test data. The heater
manufgcturer shall supply the design data for the heater.
Test Rgport Form 6-1 provides a form for recording data
during|the test if using manual readings. Similar forms
may b used or, preferentially, the data may be recorded
with a|data acquisition system.

Sinc¢ steam surrounds the drain cooler shrouds, drain
coolerq are subject to reheat (horizofital' heaters with
short type drain coolers or vertical-channel up heaters).
Therefpre, steam condenses on-the‘lower temperature
drain cpoler shrouds injecting-heat back into the conden-
sate infide the drain cooler~In‘order to compensate for
this condition, the heater mdnufacturer applies a reheat
factor {o either the shéll-side heat transfer coefficient or
to the [log mean témperature difference (LMTD). See
NonmgndatorysAppendix A for a definition of LMTD.
Since the majdrity of heater manufacturers use the true
LMTD] this‘Code uses the method of a modified shell-
side heattransfer coefficient based on a “corrected”

The results of these calculations are the basis for the
evaluations of the performance of the heatei\being
tested.

5-2 PERFORMANCE CALCULATION PROCEDURE

This subsection contains five paragraphs covering
performance calculation procedutes for feedwater hdat-
ers with various configurations. Calculations shall|be
performed for each of the test runs. Paragraph 5{.1
covers a three-zone feedwater heater with integyal
desuperheating zone,condensing zone, and drain cdol-
ing zone. Paragraplt5-2.2 covers a two-zone feedwdqter
heater with desuperheating zone and condensing zope.
Paragraph 5¢2:3covers a two-zone feedwater heajter
with condénsing zone and drain cooling zone. Para-
graph 5-2:4 covers a feedwater heater with condensing
zone only. Paragraph 5-2.5 covers an external drpin
cooler!

It is not feasible to expect that the test will be ¢
ducted exactly at the design point. In addition, it is fiot
possible to measure the internal shell-side or tube-sjde
temperatures at the transitions between zones (drhin
cooling zone to condensing zone and/or condensing
zone to desuperheating zone) because there is insulffi-
cient test data to adjust the test results to design condi-
tions. Therefore, performance comparisons are made|by
predicting the heater performance by adjusting the
design parameters (including the internal transit
temperatures) to the test conditions. The predicted val-
ues for TTD, DCA, tube-side AP, drain cooling zone
and desuperheating zone AP, shall be compared to
measured test values.

The calculation determines the feedwater outlet tgm-
perature and the drain cooling zone outlet temperatfire
by iteration. These iterations should continue until fhe
old and new computed values of feedwater outlet tgm-
perature differ by no more than 0.1°F.

The resistance summation and effectiveness/N[[U

n-

shell-side film resistance. The user of this Code should
make certain that the shell-side film resistance, 5., pro-
vided by the manufacturer includes the reheat factor. A
separate reheat factor is not required. When the shell-
side film resistance is back-calculated from the overall
drain-cooling zone heat-transfer coefficient, the reheat
factor is included.

The terms and symbols shown in the following Tables
and data sheets are defined in Section 2. The perform-
ance calculation procedures are given in subsection 5-2.
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methods are used in the calculation procedures. Individ-
ual resistance for each zone may be obtained from the
heater manufacturer, or calculated based on the manu-
facturer’s design specification data sheet. The basic heat
transfer equations and examples on how to use the calcu-
lation procedures are included in the Nonmandatory
Appendices.

In cases where the incoming steam is less than 100%
quality, the saturated steam enthalpy at the tested extrac-
tion pressure should ideally be taken from the turbine
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Table 5-2.1-1 Manufacturer Design Data

Performance Data

Shell Side Tube Side

Parameter Steam Drains Feedwater
Fluid circulated Steam Drains Feedwater
Total fluid entering Wsi 6 Wai 6 Way 6
Inlet enthalpy hsi ¢ hai 6 hewi_e
Ouftet cnthu:py "'5076 ‘L‘FWD,G
Inlgt temperature Tsic Trwi 6
Ouflet temperature - Tso 6 Tawo_6
Opegrating pressure Psi 6 Prwi 6
Nufnber of passes 3 zones 2 passes
Velpcity (at average temperature) ... ... Ve
Pregsure drop (at operating APys 6 APy 6 APry 6

tgmperature)
Referpnce
Heat Effective Heat Transfer Tempefature

Parameter Exchanged Area Rate Differ¢nces
Deguperheating zone Qus 6 Ads 6 Uss 6 TTD ¢
Condensing zone Q.6 Acc Ucg DCA ¢
Drdin Cooling zone Qdc 6 Adc 6 Udc 6 .
Tule material Tube OD ¢ Average tlibe wall

thickness| t ¢

expansion line that satisfies a cycle energy balance at _.&ppendix A. Nonmandatory Appendix B uses an exanpple that

thd
the
co
pr
en

he
5-]

dr
Z0
ZO
co
Z0
3-§

frg
cal

time of the test. However, subject to agreement by
parties to the test, the steam quality at the design
hdition, along with the measured steam temperatire/
pssure, may be utilized to obtain the extraction-steam
halpy. This condition could apply to any feedwater
hter referenced in paras. 5-2.3 and 5-2.4.

p.1 Three-Zone Heater (Integral Desuperheating
Zone, Condensing Zone, and'Drain Cooling
Zone)

n this heater, the feedwater-enters the heater in the
hin cooling zone and exits.through the desuperheating
he. The steam enters-the’heater in the desuperheating
he and passes through the condensing zone where it
hdenses, and then flows through the drain cooling
he and exits(as condensate. Refer to Figs 3-8-1 and
--2.

[able 5:2.1-1 contains the minimum required data
m thevheater manufacturer to utilize this Code to
culate performance. Note that the data assumes a

converts all results to SI units, and all unit conversion faftors are

listed in Nonmandatory Appendix B.

Step 1:

Calculate the assumed feedwater outl

et tem-

perature based on the given terminal femper-

ature difference, TTD ¢, and saty
temperature, T, corresponding to tH
sured shell-side inlet steam pressure
Trwoa = Tsar ¢ — TID ¢
Calculate the assumed drain coolir]
outlet temperature based on the give

cooler approach, DCA ;, and the mg
feedwater inlet temperature, Try;.

Too.a = Trwi + DCA ¢

These temperatures serve as a startir]
for the calculations. During the reit

ration
e mea-

psi).

g zone
h drain
asured

g point
bration

1 follotzing o

three-Zone design but 1n reality the data would be pre-
sented specific to the actual heater design mentioned
above. This Table may be utilized with paras. 5-2.1 to
5-2.5 to represent the data supplied by the manufacturer.
Typically the data in Table 5-2.1-1 is a subset of what
the manufacturer actually provides since it only lists the
heat transfer data for clarity.

NOTE: For clarity and brevity, the units used are U.S. Customary.
The SI constants will be different. U.S. Customary and SI equiva-
lents on heat transfer resistances are provided in Nonmandatory

Step 2:

27

PTrotes5— st oOToOwWwit g €O e

criteria.

gence

If| Tewo o = Trwo x| > 0.1, then let Tpy, , =
Trwo x using Trw, x as calculated in Step 28.
Calculate the total heat transferred, Q x, based
on the measured feedwater flow, Wry, the
feedwater outlet enthalpy, /ipp, x determined
using Trw, , in Step 1 and the measured feed-
water pressure, Pry,, and the feedwater
inlet enthalpy, hrw;, determined using the
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Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

Step 8:
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measured feedwater inlet temperature, Try;,
and pressure, Pry;.

Q x = Wrw (hrwo_x — Hrwi)

Calculate the drain inlet energy, Qg x, as
follows:

(a) Obtain the sum of the drain inlet flows,
Wi, if necessary. See Nonmandatory

drain cooling zone resistances. These will be
needed for the overall heat transfer coefficient
calculation in Step 9. See Nonmandatory
Appendix A for more information.

If the tube-side fouling and shell-side foul-
ing resistances are not available from the
manufacturer, Heat Exchange Institute (HEI)
recommends utilizing the following:

Appendix A.

(b) Obtain the drain inlet enthalpy, hg;,
based on P and T; for a single-drain stream
or by the flow weighted average of enthalpies
for multiple drain streams. Note that the pres-
sure(s) and temperature(s) are measured
upstream of the drain control valve(s).

(c) Obtain the drain cooling zone shell-side
outlet enthalpy, &, x, based on the assumed
shell-side outlet temperature, Ty, ,, and mea-
sured pressure, P;,, and calculate the total
energy from the inlet drains.

Quix = Wy (hai — hso_x)

Calculate the steam flow to the heater by
energy balance (see Nonmandatory
Appendix A). The shell-side steam inlet
enthalpy, h;, is based on the measured tem-
perature, T;;, and pressure, Py

Q. x - Quix

WSi_X = h —
si

hso_X
Calculate the total shell-side outlet flow:
Weo x = Wiix + Wy

Calculate the desuperheating zone, drain
cooling zone, and feedwater pressure losses
based on flow proportionalities as shown in
Nonmandatory Appendix A.

Thds G = The G = Tuacc = 0.0002 (IDfG

Ttds G =
04
Me OD G 1
rG=0.0378[ }( —)(_
fe ke X prwe® X oy \ID 08 |08
04
Mdc ODgg\ /[ 1
Ttac.c = 0.0378 [ 0 05 04] ( 0.8) (_5)
kewae” X prwac® X cprwae 1 \ID_ g7/ \v

Yimds G = Vme G = TVmdc_G

hr—ft2-°F]

rfsdst = rfsdciG = 00003[ Btu

Tfc G = 0

OD"6\ hr-ft?>-°F
Btu

If the metal and, tube-side film resistanfes
are not availablefrom the manufactuier,
calculate eachias per the formulas|i
Nonmandatery” Appendix A.

0.4
OD
0.0378 [ 06 . 08 04] ( BGS) (_15)
Kewas ~ X Prwas X Cprwas 1 \ID ¢/ \v

Metal resistance is calculated at avergge
temperature and the same values are used [for

the entire heater.
OD [ [OD g
= ———|ln|——
24k, ID ¢

Calculate the shell-side film resistance
the difference between the inverse of the ovler-
all design heat transfer coefficient and the spm
of the other resistances as follows:

Wsi < 1.8
Apds_x = Apds_G (W '7G 1
si_
Ysds G = (ud G) - (rfsdst + Tmas G + rftds?G + rtds?G)
S_{
qu X 1.8
APdcfX = APdch (W = 1
s0_G Tse G = u c - (rfsch + Tme g + Tfie G + rrch)
c_|
WFW 1.8
APpy x = APpy g (—m 1 /
VVEW_G Tsde_G — Ufsde_G 7 Tmde_G 7 Tftde_G T Ttdc_G)
\ / c \U 4 G ) fi fj c

Calculate the shell-side pressure, P, x, inside
the condensing zone, and determine the satu-
ration temperature, T, x, corresponding to this
pressure.

PL‘_X = Psi - APtz‘s_X

If not available from the heat exchanger manu-
facturer, calculate the desuperheating and

28

Step 9:

Calculate the desuperheating, condensing
and drain cooling zone overall heat transfer
coefficients based on the inverse of the sum
of the individual resistances. All resistances
are calculated as shown in Nonmandatory
Appendix A. Note that the shell- and tube-
side film resistances are adjusted based on
flow proportionalities. The fouling resistances
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utilized are not adjusted and remain as  Step 14: Calculate the drain cooling zone number of
reported by the manufacturer or assumed. transfer units.
The tube-side metal resistance is referenced
. Uge x X A
to the outer tube diameter. (NTU)4 x = —dC&X deG
FWdc_X
Uss x = . . s
1 Step 15:  Calculate the drain cooling zone effectiveness.
. [Wyi 6\ [ WFW,G\O‘B] 1 — exp[(NTU)ge x (Rge x = 1)]
sds_G \Wsi_X) T Tfsds G 7 Tmds_G T Tftds_ G 7 Ttds_G \ WFW / J Cde_X — 1= RdC_X exp[(NTU)dc_X (Rdc_X _ 1)]
U v = 1 Step 16: Calculate the feedwater temperature Jeaving
X 08 the drain cooling zone.
Wew 6\™
Tse G+ Ve G + VYme G + Ve G + Tte G W—
Fw Trwdcox = €1ex (Tex = Trwi) + Trwi
where the shell-side heat transfer coefficient is where T, y is cale(ilated in Step 7.
not adjusted for steam flow in the condensing Step 17:  Using Trywueo_grattd Pr; g, obtain the fpedwa-
zone. The tube-side film resistances are ter Speciﬁc hedt; CpFWer and the manufatturer’s
adjusted based on flow proportionalities as feedwater temperature leaving the cqndens-
shown in Nonmandatory Appendix A. lng zore” as shown in Nonmandatory
Appendix A under effectivenesd/NTU
U x = method.
1
Q
. W c\** .y ey P Wrw 6\*® Trweoc = Trwdcoc + m
sdc_G Wsan fsde_G mde_G ftde_G tdc_G WFW _ pEWce
Step 18: Considering that the shell-side heat chpacity
] ) flow rate in the condensing zone is z¢ro (see
Stqp 10:  Using Trw; ¢ and Pry; g, obtain the feedwater Nonmandatory Appendix A), calculpte the
specific heat, CpFwdcs and the feec.lwater tem- feedwater hourly heat capacity flow [rate in
perature leaving the drain cooling zone as the condensing zone.
shown in Nonmandatory Appendix*A-under
effectiveness/NTU method. c Wew X Q. ¢
VX ™ Wrw 6 (Teweo 6 — Trwei 6)
T - T + QdC‘G
FWdco_.G — LFWi_G ™ A7 S » . . . 1 -
- W WX Gprwie Step 19: Considering that the heat capacity ratip in the
condensing zone is zero (see Nonmandatory
Stqp 11:  Calculate the drain{cqoling zone condensate Appendix A), calculate the number of fransfer
(shell-side) hounly heat capacity flow rate. units in the condensing zone (NTU) Jx.
Wi x X Qucc U, X A
C & = — _ HYeX c_G
de g WsofG (TQG - TsofG) (NTU)C*X - CFWC?X
where Step 20: Calculate the condensing zone effectifeness.
T. ¢ = saturation temperature at P,
P.c = Psic— APy ¢ & x = 1 - exp[-(NTU) x]
Stgp 12:  Calculate the drain cooling zone feedwater Step 21: Calculate the feedwater temperature |eaving
(tube-side) hourly heat capacity flow rate. the condensing zone.
c _ Wrw X Qac 6 Trweox = € x(Te_x —Trwacox) + Trwaco_x
FVIX™ Wi ¢ (Trwico 6 — Tewi )
Step 22:  If not provided by the manufacturer, calculate
Step 13:  Calculate the drain cooling zone heat capac- the steam temperature leaving the desuper-

ity ratio.

CF Wdc_X

Rdc?X = Cd <
C_.

29

heating zone.

Qisc
Tasoc = Tsic — ( —

Wsi ¢ X cpis_c
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Step 23: Calculate the desuperheating zone steam  Step 31: Calculate the predicted terminal temperature
(shell-side) hourly heat capacity flow rate. difference (TTD ).
c _ Wsi_X X st_G TTD_X = Tot — TFWD_X
X WSLG X (TSLG - TdsofG) ) .
Step 32: Calculate the predicted drain cooler approach
where (DCA ).
Ty ¢ = extraction steam inlet temperature
oG ' P DCA x = Ty x = Trwi
24 Iculate th heati f
Step Calculate the desu.per eating zone feedwater Step 33: Calculate the terminal temperature differeche
hourly heat capacity flow rate. .
at the test point.
Wrw X Qas 6
Crmie x = - TTD = Tot - Trwo
Fwvis X WPW?G (TFstoiG - TFstLG) ' o
Step 34:  Calculate the drain cooler approach at the test
where .
point.
Trwasic = Trweo G
Trwaso ¢ = Trwo G DCA = Ty, —Trw;

Step 25 Calculate the desuperheating zone heat where

capacity ratio. T = Ti
Re o = Crwis_x Step 35: If directly measured differential pressurq is
X T TChx not-available, calculate the drain cooling gnd
desuperheating zone pressure loss at the fest

Step 2¢:  Calculate the desuperheating zone number of point.
transfer units.

APje = Pe = Py
udst X AdsﬁG
(NTU)gs x = T Cowax APy = P, — Py
Step 271 Calculate the desuperheating zone where
effectiveness. Paso = P
1 - expl(NTU)gs x(Ras x — 1)] Step 36: If directly measured differential pressurq is
€is X = 72 Rax x expl(NTU)s xRes x L1)I not available, Calcglate the feedwater presspire
loss at the test point.
Step 24 Calculate the final feedwater* temperature _
. . APrw = Prwi = Prwo
leaving the desuperheating zone.

: Step 37: Compare TTD x, DCA x, AP, x, APy{ x,
Trwasox = € x (T - Trwlo x) + Trweo x APpy x with the measured values TTD, DA,
where Apdcr APdsr APl—"W

Trwaso_x & Trwo_x 5-2.2 Two-Zone Heater (Desuperheating and
Trweo & 5 Trwasi x Condensing Heater)

Step 29 Checle this temperature against the initially In this. heater, the feec.lwater enters the heater in the
assumed temperature in Step 1. Repeat the condensing zone and exits through the desuperheating
calculation starting at Step 2 using the new  ZONe- The steam enters the heater in the desuperheating

- zone and passes through the condensing zone wherg it
e condenses and exits as saturated condensate. There is
| Trwo x = Trwoal> 0.1 no drain cooling zone, and therefore, no drain cooler
approach is calculated. Refer to Figs. 3-8-3 and 3-8-4.
Step 30: Calculate the drain outlet temperature. Step 1: ~ Calculate the assumed feedwater outlet tem-

Toox = Tex = (Riex X € x)(Tex = Trmi)

where
Trwai = Trwi
Tdca_X = Tso_X

perature based on the given terminal temper-
ature difference, TTD s, and Ty
corresponding to the cooling zone measured
shell-side inlet steam pressure (Py;).

TFWofa = dsat — TTD,G
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This temperature serves as a starting point
for the calculations. During the reiteration
process, use the following convergence
criteria.

If ‘TFWU_H - TFWU_X‘ > 0.1, then let TFWo_a =
Trwo_x using Trp,_x as calculated in Step 20.

WFW :| 18

APFW7X = APFW7G |:WFW c

Step 7: Calculate the shell-side pressure, P, x, inside

the condensing zone, and determine the satu-
ration temperature, T, x, corresponding to

Step 2: Calculate the total heat transferred, Q x, this pressure.
based on the measured feedwater flow, Wry,
tbha £ | £ £l ilbal L dat D D A
the-reeawatret-ottrer entnmpP Y, rirm,_x, aetet L T
mined using Trw, , in Step 1 and the mea-
sured feedwater pressure, Pry,, and the Step 8: If not available from the heat exchang¢r man-
feedwater inlet enthalpy, hiry;, determined ufacturer, calculate the desuperheatirlg zone
using the measured feedwater inlet tempera- resistance. This will be needed for the|overall
ture, Try; and pressure, Pry;. heat transfer coefficient.calculation in|Step 9.

See Nonmandatory-Appendix A for more
Q x = Wrw (hrwo_x — hrwi) information.
.. a) If the tubesside fouling and shgll-side

Stdp 3: Calculate the drain inlet energy, Qg ;, as ( ) . ! e |

fouling resistafices are not available fjom the
follows: .
. L. manufacturer, HEI recommends utiliging the
(a) Obtain the sum of the drain inlet flows, . &
. following:
Wyi, if necessary. See Nonmandatory
Appendix A o hr-f2-°F
(b) Obtain the drain inlet enthalpy, hy;, tas_c = |0.0003 Bta
based on P,; and T; for a single-drain stream
or by the. flow wg1ghted average of enthalpies Faeg =0
for multiple drain streams. Note that the pres-
sure(s) and tempeljature(s) are measured hr-f2-°F\| (OD ¢
upstream of the drain control valve(s). Taas c = Trec = |0.0002 B || Do
(c) Obtain the condensing zone shell-side -
outlet enthalpy, f, based on the measuted (b) Tf the metal and tube-side filn resist-
shell-side outlet temperature, T, and Mea- ances are not available from the mhnufac-
sured pressure, Py, In the event the‘conden- turer, calculate each as per the formulas in
sate outlet is determined to be saturated, A, Nonmandatory Appendix A.
may be calculated based onthe measured
pressure, Py,. The total energy“from the inlet P oD 1T 1
.. . T = 0.0378 ~ 08
drains is then calculated‘as follows: tds_G {kFst% % prngd® X CpFstoJ [ID,GO‘E] |:vo‘g:|
Qai = Wai (Mai 77hs0) .
For condensing zone:

Stdp 4: Calculate the steam flow to the heater by the .
energy balarice (see Nonmandatory 00378 [ ul* } [ODfG [L}
AppendixX). The shell-side steam inlet e == kene?® % ppn® % e t] LD 08 f [0
enthalpy;-h;, is based on the measured tem-
perature, T;, and pressure, Py (c) Metalresistance is calculated at gverage

temperature and the same values age used
W, x = Qx - Qa) for the entire heater.
N (hsi - hso)
Stdn 5: Calculate the total shell-side outlet flowr Tmds G = Tme G
" OD ¢ [l OD ¢ ]
= — | In|—
Weox = Wsix + Wy 24 k,, ID ¢
Step 6: Calculate the desuperheating zone and feed- (d) Calculate the shell-side film resistance

water pressure losses based on flow propor-
tionalities as shown in Nonmandatory
Appendix A.

Wsi_X:| 1.8

APdst = APdst |:W G
si_

as the difference between the inverse of the
overall design heat transfer coefficient and
the sum of the other resistances as follows:

1
Vsds G = (Ud - - (rfsds_G + Tds G + Tods G + rtds_G)
S_|
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_ (1 Step 13:  Calculate the condensing zone effectiveness.
Tse G = U_G - (rjsc_G + Yme g + Tfie G + 7/tc_G)
€ X = 1- eXP[—(NTU)QX]
Step 9:  Calculate the desuperheating and condens-

ing zone overall heat transfer coefficients ~ Step 14:  Calculate th? feedwater temperature leaving
based on the inverse of the sum of the individ- the condensing zone.
ual resistances. All resistances are calculated T _ T T T
as shown in Nonmandatory Appendix A. peox = € x(Tex = Trwaix) + Trwei x
Note that the shell-side and tube-side film P o : .

. ) Step 15— Catculate the desuperheating Zone Stepm
resistances are adjusted based on flow pro- (shell-side) hourly heat capacity flow; rat¢.
portionalities. The fouling resistances uti-
lized are not adjusted and remain as reported Wi x X Qs
by the manufacturer or assumed. The tube- Casx = Wei 6 (Tsi 6 — Tiso.G)
side metal resistance is referenced to the outer
tube diameter. where

T, ¢ = extraction steam inflet
Uss x = temperatlre
1
Step 16:  Calculate the desuperheating zone feedwdter
Voi 6\ Wew c\*® hourlv h itv fl
Tsds G | - '_ + Tfsds_G + Tymds G + Tfids_G + s G N ourly eat CapaCIty ow rate.
NSLX WFW
c C Wrew X Qas 6
U, x = ! P2 = Wrw 6 (Trwdsoc — Trwisi )
WFW?G 0.8 h
Tse g + Tfsc_G + Tme g + Tfie_G + e G WFW where
Trwasic = Trweo G
where the shell-side heat transfer coefficient Trwisoc = Trwo G
is not adjusted for steam flow in the condens- Step17:  Calculate the desuperheating zone heat
ing zone. The tube-side film resistances are capacity ratio, which is the ratio of the fegd-
adjusted based on flow proportionalities as water side to shell-side hourly heat capadity
shown in Nonmandatory Appendix A. flow rates.
Step 10t Using Trw; g and Pry; g, obtain the feedwater
specific heat, c,rw., and calculate the tempera- Ro o = Crwis_x
ture of the feedwater leaving the\condens- X = TCh x
ing zone as shown in Nonmandatory
Appendix A. The heat transférred in the con- ~ Step 18:  Calculate the desuperheating zone numbper
densing zone, Q. ¢, is either'supplied by the of transfer units.
manufacturer or calculdted using the formu- U X A
lations in Nonmandatory Appendix A. (NTU)y, x = —X 2 2 G
- Crwas_x
QC?G .
Teweo 6 = Trledvt 5 oo Step 19: Calculate the desuperheating zdne
FW_G X CpFwe .
effectiveness.
Step 11t Calculate the condensing zone feedwater . NTU R 1
hourlyheat capacity flow rate. € x = — expl( Jas x (Ras x — 1]
= 1= Ry x exp[(NTU)gs_x (Ras x — 1)]
& _ Wrw X Qc .
e X = e (Trwe ¢ — Trwi0) Step 20: Calc‘:ulate the final feed.water temperatfire
leaving the desuperheating zone and chéck
where this temperature against the initially
Teweic = Trwic assumed temperature in Step 1. Repeat the
calculation starting at Step 2 using the new
Step 12:  Considering that the heat capacity ratio in the Trwo x-

condensing zone is zero (see Nonmandatory
Appendix A), calculate the number of trans-
fer units in the condensing zone (NTU), x.

uc_X X AC_G

NTU). x =
( ) X CFWC?X

32

Trwasox = €15 x(Tsi = Trweo.x) + Trweo x

where
Trwasox = Trwo x
Trweo x = Trwasi_x
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Step 21:  Check this temperature against the initially =~ Step 2:  Calculate the total heat transferred, Q x,
assumed temperature in Step 1. Repeat the based on the measured feedwater flow, Wry,
calculation starting at Step 2 using the new the feedwater outlet enthalpy, hirw, x, deter-
Trwo_x- mined using Tryw, , in Step 1 and the mea-

Tewox - T 501 sured feedwater pressure, Pry,, and the
o-X T “FWoal = feedwater inlet enthalpy, hry; determined

Step 22:  Calculate the predicted terminal temperature using the measured feedwater inlet tempera-

difference (TTD ). ture Trw; and pressure Pry;.
TTD x = Tat — Trwo.x Q x = Wrw (frwo x = hrwi)

Stgp 23:  Calculate the terminal temperature differ- Step 3: Calculate the drain inlet energy, Qi x, as

ence at the test point. follows: -
TID = Tur - Trmo (a) Obtain the sum of the drain inlef flows,
Wy, if necessary.. See Nonmanfdatory

Stdp 24:  If the desuperheating zone differential pres- Appendix A.
sure is not directly measured, calculate the (b) Obtain the drain inlet enthallpy, hy;,
pressure loss at the test point. based on P,; dnd T; for a single-drain|stream

APy, = Py — Py, or by the flow-weighted average of enthalpies

for multiple drain streams. Note that tle pres-

where sure(s){and temperature(s) are mepsured
Py, = P. upstream of the drain control valve(q).

Stdp 25:  If the feedwater differential pressure is not (c) Obtain the drain cooling zone shell-side
directly measured, calculate the pressure loss outlet enthalpy, h;, x, based on the agsumed
at the test point. shell-side outlet temperature, T, ,, aryd mea-

sured pressure, Py, and calculate the total
APpy = Prw; = Prwo energy from the inlet drains.

Stqp 26:  Compare TTD x, APys x, APpyw x with the Qui x = War (hai = oo )
measured values TTD, AP, APpy.

5-2.3 Two-Zone Heater (Condensing and Drain Step 4: Calculate the steam flow to the hepter by

Cooling) energy balance (see Nonmanfatory

n this heater, the feedwater enters the heater in the Appendix A.)' The shell-side steam inlet

drain cooling zone and exits through (the*condensin enthalpy, i is based on the measurqd tem-
5 & g ture, T,;, and pressure, Py

zohe. The steam enters the heater in the condensing peratire, Lsi P T

zohe where it condenses, and then flows through the (Q x - Quix)

drqin cooling zone and exits as(subcooled condensate. Wiix = Thy - hy x

Refer to Figs. 3-8-5 and 3-8-6!

Stdp 1: Calculate the assumied feedwater outlet tem-  Step 5: Calculate the total shell-side outlet flow.
perature based on the given terminal temper-
ature difference, TTD ¢, and saturation Wiox = Wsix + Wy
tempe%‘atu're, Toar, corresponding to measured Step 6: Calculate the drain cooling zone and fpedwa-
shell:side inlet steam pressure, Py; ter pressure losses based on flow progortion-

Trwo « = Towt — TID ¢ alities as shown in Nonmanfdatory
) o . Appendix A.
Calculate the assumed drain cooling zone
outlet temperature based on the} given drain o o (Wex)®
COOIeT approach, DCA G, and the measured X T Weo )
feedwater inlet temperature, Try;.
1.
T o = Trwi + DCA ¢ APrie x = APr e ( I/\I;\/FW ) 8
FW_G
These temperatures serve as a starting
point for the calculations. During the reitera- ~ Step 7:  Determine the saturation temperature, Ty,
tion process, use the following convergence corresponding to shell-side pressure, P,
criteria: inside the condensing zone, where P, = P
If ‘TFWa_a — Trwo x > 0.1, = thenlet Try, , = Step 8: If not available from the heat exchanger man-

Trwo_x using Trw, x as calculated in Step 21.

33

ufacturer, calculate the drain cooling zone
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resistance. This will be needed for the overall
heat transfer coefficient calculation in Step 9.
See Nonmandatory Appendix A for more
information.

(a) If the tube-side fouling and shell-side
fouling resistances are not available from the
manufacturer, HEI recommends utilizing the

shell-side heat transfer coefficient is not
adjusted for steam flow in the condensing
zone. The fouling resistances utilized are not
adjusted and remain as reported by the man-
ufacturer or assumed. The tube-side metal
resistance is referenced to the outer tube
diameter.

following;:
\1/\ Dlltf}.l'bib‘lc ltfbiblldllLC fUl LUllL‘lcllDi115 uCﬁX = 1
zone: Wrw g\
Tsc G + rfsc?G + TYme G + rftcﬁG + Te G W—FW
Tfc G = 0
(2) shell-side resistance for drain cool- Hiex =
ing zone !
hr-f2-°F r (WSG‘G)O-é + Tade G+ T + e + T (WFW‘G>O-8
e c = 00003 ( r-ft>- ) G \ W, 5 e G+ Tmide G *+ e 6 + Thie G | 7~
- Btu
oD ) Step 10:  Using Trw; ¢ and\Pry;i ¢, obtain the feedwdter
The G = ThicG = [0.0002 (ID ‘G) (hr'é:u' Fﬂ specific heat, Cprwide and t.he feec.lwater tgm-
-G peraturedeaving the drain cooling zone|as
—_— . h in A ix A ffecti ]
(b) If the metal and tube-side film resist- shown i Appendix A under effectiveneys/
. NTW<method.
ances are not available from the manufac-
turer, calculate each as per the formulas in Que ¢
Nonmandatory Appendix A. Trwico.c = Trwic + Wewc X Corwie
L 0.0378 [ p ] [ OD ¢ ] [L} StepH:  Calculate the drain cooling zone condenspte
kewe™® X pewe™® X cprw* ] LID %) 1078 (shell-side) hourly heat-capacity flow rat¢.
00378 [ ™ ] [ oD ¢ ] [ 1 ] Cox = WWsa_xT x Qd;:G
. kewac™® X prwac® % CpPWdc0'4 ID **] b%® 0.6 (Te6 = To.0)
(c) Metal resistance is calculated ataverage where .
T, ¢ = saturation temperature at P, ¢
temperature and the same values’are used P —p -
for the entire heater. G = TG
oD ¢ ob ¢ Step 12:  Calculate the drain cooling zone feed wdter
Tme G = Tmie G = [m} [ln (ﬁ)] (tube-side) hourly heat capacity flow ratq.
. . . Wew X Qqe
(d) Calculate the_shell-side film resistance Crwide x = W (,[F,W Qd_‘GT )
as the differerice.between the inverse of the FW-G AT FWideo G 7 TFWELG
overall design heat transfer coefficient and gt 13 Calculate the drain cooling zone heat capc-
the sum(ofjthe other resistances as follows: ity ratio.
r } (Fee G + Tme G + The G + Tie G) Crwac_x
= N —_ s, C_.
sc_G uc?G fsc_G mc_G fte_G tc_G. RdcfX — CdQX
e ( \ ¢ i R T o R ;WHWQ%M%%HWWL T F t i of
Ui o] transfer units.
Calculate the overall heat transfer coefficients A
. . . . Uge X Agc
in the drain cooling and condensing zones (NTU)ge x = Comix
based on the inverse of the sum of the individ- -
ual resistances. All resistances are calculated gty 15:  Calculate the drain cooling  zone
as shown in Nonmandatory Appendix A. effectiveness.

Note that the shell-side and tube-side film
resistances are adjusted based on flow pro-
portionalities in the drain cooling zone. The

34

€ic X =

1 - exp [NTU)ge_x (Rae_x — 1)]
1 = Rae_x exp[(NTU)ge_x (Rac_x — 1)]
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Step 16:  Calculate the feedwater temperature leaving
the drain cooling zone.

Trwdcox = €ie_x (Te_x = Trwi) + Trwi

where
Trwaci = Trwi
TdcofX = TsofX

Step 24:  Calculate the predicted terminal temperature
Step 17:  Using Trwaco, g and Pry; ¢, obtain the feedwa- difference (TTD ).
ter specific heat, ¢,rw,, and the feedwater tem-
perature leaving the condensing zone as TTD x = Tar = Trwo_x
shown in Nonmandatory Appendix A under
effectiveness/NTU method. Step 25: Calculate the predicted draif [cooler
approach (DCA ).
Trweoc = Trwa G+L
- " Wrw g X Corwe DCA x = Toox - Trwi
Stgp 18:  Considering that the shell-side heat capacity =~ Step 26:  Calculate the terminal temperature|differ-
flow rate in the condensing zone is zero (see ence at the test point.
Nonmandatory Appendix A), calculate the
feedwater hourly heat capacity flow rate in TTD/& Taat — Trwo
the condensing zone.
Step 27:  Calculatéthe drain cooler approachf at the
Crne x = Wg X Q. ¢ test point.
“ [(Wew_c (Teweo_c = Trwei_c)]
DCA = Ty - Trwi
Stqp 19:  Considering that the heat capacity ratio in the
condensing zone is zero (see Nonmandatory where
Appendix A), calculate the number of trans- T = Tyeo
fer units in the condensing zone (NTU), x.
Step 28:  If directly measured differential pregsure is
U x X A g not available, calculate the drain coolijg zone
(NTO).x = —¢ loss at the test point.
FWe X pressure loss at the test po
where APy = Pc = Pye,
Trwei ¢ = Trwdco G
Step 29:  If directly measured differential pregsure is
Stqp 20:  Calculate the condensing zone effectiveness. not available, calculate the feedwatdr pres-
sure loss at the test point.
€& X = 1- eXP[—(NTU)QX]
APFW = PFWi_PPWu
Stdp 21:  Calculate the final feedwater temperature
leaving the condensing zone and check this Step 30:  Compare TTD y, DCA x, AP;. x, APpyf x with

temperature (against the initially assumed
temperatuge ih Step 1. Repeat the calculation
startingyat"Step 2 using the new Try, x.

Triveox= €_x (Te_x — Trwidco_x) + Trwico_x

where
TFWCD?X = TFWo?X

5-2.4 One-Zone Heater (Condensing Only)

the measured values TTD, DCA, AR, and
APrp.

This is a one-zone heater with condensing ¢nly. In
this heater, the feedwater and steam enters arjd exits
the heater in the condensing zone. There is n¢ drain
cooling zone and therefore, no drain cooler appjoach is

Step 22:  Check this temperature against the initially
assumed temperature in Step 1. Repeat the
calculation starting at Step 2 using the new

Trwo_x-

| Tewo x = Trwo.al > 0.1
Step 23:  Calculate the drain outlet temperature.
Too x = Te x = (Rac_x)(€aex) (Te_x = Trwi)

35

calculated. Keter to Figs. 5-0-7 and 5-0-6.

Step 1:

Calculate the total heat transferred, Q, based
on the measured feedwater flow, Wgy, the
feedwater outlet enthalpy, hiry,, determined
using Trp, and the measured feedwater pres-
sure, Pry,, and the feedwater inlet enthalpy,
hrwi, determined using the measured feedwa-
ter inlet temperature, Try; and pressure, Pry;.

Q = WFW (hFWo - hFWi)
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Step 7:

ASME PTC 12.1-2015

Calculate the drain inlet energy, Qg;, as
follows:

(a) Obtain the sum of the drain inlet flows,
Wy, if necessary. See Nonmandatory
Appendix A.

(b) Obtain the drain inlet enthalpy, hy;,
based on P,; and T; for a single-drain stream
or by the flow weighted average of enthalpies

0.4
e oD:1[ 1
Fe g = 0.0378 [ } [ = } [—]
kFWCO.é X pFWCO'S X CpFWCOA ID_GO.B vO.S

If the metal resistance is not available from
the manufacturer, calculate it per the formula
in Nonmandatory Appendix A.

[1n (22€)]

_ oD

Tme G = o ey
. = = L \1u7(} /J
sure(s) and temperature(s) are measured
upstream of the drain control valve(s). Calculate the shell-side film resiStarice| as
(¢) Obtain the condensing zone shell-side the difference between the inverse of the
outlet enthalpy, &, based on the measured overall design heat transfer, coefficient gnd
shell-side outlet temperature, T, and pres- the sum of the other resistances as shopn
sure, Py, In the event the condensate outlet below.
is determined to be saturated, then h,, may .
be calculated based on the measured pres- e G = (U_> — (rp.c A TmeG + .G + T )
sure, P,,. The total energy from the inlet e
drains is then calculated as follows: .
Step 8:  Calculate theZdondensing zone overall heat
Qui = Wy (hgi — hay) transfer coefficients based on the inversq of
the sum of the individual resistances. The
Calculate the steam flow to the heater by tube>gide metal resistance, 7, g, is referended
energy balance (see Nonmandatory toythe outer tube diameter. The tube-side f{lm
Appendix A). The shell-side steam inlet resistances are adjusted based on flow pro-
enthalpy, h;, is based on the measured tem- portionalities as shown in Nonmandatgry
perature, Tj;, and pressure, P;. Appendix A.
(Q - Qa)
Wy = 5— = U x = !
St S0 - 0.8
Tseg+7T + e g+ T Wew e
Calculate the total shell-side outlet flow. se.G T e G Ifte G T e G\ Ty
Wio = Wei + Wi Step 9: Using Trwi ¢ and Pry; g, obtain the feedwdter
Calculate the feedwater pressure.loss based specific helat, Cpr WC—Giland th; feefiwater tam-
on flow proportionalitiesyas shown in pﬁerature 1\?avmg:1 N COX ensgl.g 2oneias
Nonmandatory Appendix-A: shown in Nonman atory Appendix A ungler
effectiveness/NTU method.
WFW 1.8
AP x = APpy ¢ W o T — T ot Qe
_ FWco_G FWi_G WFW?G X CpFchG
NOTE: Steps 1 through 4 are not necessary for calcu-
lation of adjusted guaranteed parameters but are  Gtep 70:  Calculate the condensing zone feedwaler
included for eOmpleteness. hourly heat capacity flow rate.
Determine the saturation temperature, Ty,
corresponding to shell-side pressure, P, I - Wew X Qe
FWe X = W Trwe o — Trma o)
where P, = P, w_G (Trweo_c = Trweic
Ifthe tube-side fouling resistance is not avail-
Lla £ i Lfock dao £o11 : ; where
able—fromthe-manttacturer—thefoHowing-is T T
recommended: FWei G FWi_G
TFWCOfG = TFWa?G
reG =0 L e
Step 11:  Considering that the heat capacity ratio in the

hr-f>-°F\| (OD ¢
oo = [0.0002( it ﬂ (1116 )}

If the tube-side film resistance is not avail-
able from the manufacturer, calculate per the
formulas in Nonmandatory Appendix A.

36

condensing zone is zero (see Nonmandatory
Appendix A), calculate the number of trans-
fer units in the condensing zone (NTU), x.

uc_X X AC_G

NTU). x =
( ) X CFWL;X
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Step 12:  Calculate the condensing zone effectiveness. Step 2: Calculate the feedwater side pressure loss
based on flow proportionalities as shown in
€ x = 1 - exp[-(NTU). x] Nonmandatory Appendix A.
1.8
Step 13:  Calculate the final feedwater temperature - Wiw
. . APpw x = APrw g |y
leaving the condensing zone. FW_G
Step 3: Calculate the overall heat transfer coefficient.
T = Tt — Trwi) + Trwi
Fiveo X X ( sot FWI) W If the tube-side an]ing and shell-side ouling
where resistances are not available frgm the
T -7 manufacturer, the following-valyes are
Fieo X = 1FWo X recommended:
Stdp 14:  The drain outlet temperature is the tempera- B (hr-f2PF)
ture exiting the condensing zone. Ticc = |0.0003 —p
Too = Too = Tou (hl‘—ftz—oF) OD ¢
rfde_G = |:00002 —B tu _ID_G
Stdp 15:  Calculate the predicted terminal temperature
difference (TTD ). If the mretal and tube-side film resistances
N are not’'available from the manufdcturer,
TTD x = T — Trwe x calculate each as per the formdylas in
- B Nonmandatory Appendix A.
Stdp 16:  Calculate the terrr-linal temperature differ- oD ¢ oD ¢
ence at the test point. Tmde G = op In Do
TID = sat — TFWo i chA OD7G 1
Fae ¢ = 0.0378 —
. . . . B kewa™® % prwac™® X cppwac*) LID MY L0
Stdp 17:  If directly measured differential pressure-is ’ -
not available, calculate. the feedwater pres- Calculate the drain cooler resistances if
sure loss at the test point. they are not available from the manufhcturer.
These will be needed for the overdll heat
APpy = P i ~ Do transfer coefficient calculation below.,|Calcu-
late the shell-side film resistance by| differ-
Stqp 18:  Compare TTD y, APy, \with the measured ence between the inverse of the overall design
values TTD and APy heat transfer coefficient and the sum of the
other resistances as follows:
5-2.5 Drain Cooler Only 1
Tede G = — (Ffageg + 7 +r + T &
n this heater, the feedwater enters the heater in one e (Udc_G> (e 6 + Tnde G + Thae G + Tide ¢)
enfl and exits at either'the same end or the other end. )
Thie drains enter<the shell-side in one end and exit at wh(?re "1dc_c Will be calculated per the fformu-
the other end: There are no zones inside the shell and las in Nonmandatory Appendix A.
th¢ shell is totally filled with condensate. Terminal Step 4:  Calculate overall heat transfter coeffifient in
tethperature“difference (TTD) is not calculated. Refer to drain cooler.
Fig;. 3-89 and 3-8-10.
udc,X =

Stap 1:

Calculate the shell-side pressure loss based

on flow proportionalities as shown in
Nonmandatory Appendix A.

W 1.8
S0
APy x = APy ¢ (Wsa_c)
where
Wso = Wy
Weo o = Wsig

4
T

Wso_
Vsde G W.
so

Step 5:

G

0.6 0.8
+ 7 + 7 + 7 + 7 WFW_G
fsde_G mdc_G tde_G tde_G
i 1 Wew

Calculate the (shell-side) of the drain cooling
zone condensate hourly heat capacity flow
rate.

Wso X Qdc_G

C = —
de X WsofG (TsLG - TSD,G)
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Step 6: Calculate the hourly heat capacity flow rate ~ Step 1:  Calculate the sensitivity of the final results to
of the drain cooling zone feedwater. uncertainties of the measured variables.
Step 2:  Use the calculated sensitivities to determine
Crmwie x = Wew X Qac.c the effects of random uncertainties of the mea-
Wenw_c(Trwo_c — Trwi_c) sured variables on the results.
Step 7:  Calculate the drain cooling zone heat capac- Step 3 Use the calculated sen.sitivities to c.letermine
ity ratio. the effects of systematic uncertainties of the
measured variables on the results.
Crvi Step-—DPetermine—the—combined-effectsofrandpm
Riex =-"" and systematic uncertainties.
) Measurement uncertainties include randofi under-
Step 8:|  Calculate the number of transfer units. tainties and systematic uncertainties as discussed| in
subsection 3-7.
(NTUY;. x = Uge x X Aacc
e X Crwie 5-3.1 Calculation of Sensitivity Factors
Step 9:|  Calculate the effectiveness. The sensitivity of a result from@measurement pargm-
eter i, 6, is the ratio of the, change in the result, AR,
1- exp[(NTU)dLX (Rae x - 1)} caused by a unit change in the value of the sample m¢an
€1 x = AX;. In equation form:
1= Ry x exp[(NTU)ge_x (Raex = 1]
Step 10  Calculate the drain outlet temperature. b = 2_1%
T x = T = [(Ric x€ie x)(Tii = Trwi)] Calculationof the sensitivity factors uses the progce-
Step 1} Calculate the predicted drain cooler dures described in subsection 5-2. For each measufed
variable ‘the calculation procedure is repeated twice,
approach (DCA ). ) .. .
onceswith the measured parameter i increased by a ynit
DCA x = Ty x — Trwi value and once with the measured value i decreased|by
a unit value. (For temperature measurements, the ynit
Step 11  Calculate the drain cooler approach at the () is typically 1.0°F. For flows, pressures, and pressfire
test point. losses, the unit change is typically 1.0%.) More rigorgus
analytical methods may be used, if desired, to mpre
DCA = Too = Trwi accurately determine the sensitivity factors using
Step 13  If directly measured differential( pressure is smaller incremental incre'fls.es./decreas.e s for each mpa-
not available, calculate the drairi cooling zone sured parameter. The sensitivity facfcor is then calculafed
pressure loss at the test pofnt by taking the average of the change in the result (e.g., fhe
difference between the calculated and measured TTD)
AP, = P, - Pf, resulting from the unit increase and the unit decrepse
in the measured value.
Step 14 If directly measufed differential pressure is )
not available, (Calculate the feedwater pres- 5-3.2 Calculat]on of the Random Standard
sure loss at-the test point. Uncertainty of the Result
The first step is to calculate the random standqrd
APfw = Prwi = Prwo uncertainty of the sample mean, i.e., sg;, for each mpa-
Step 19 Complre DCA y, APy x, APy x with the surement parameter 7, as follows:
measured values DCA, AP;., APry. Sxi
5% = o
5-3 UNCERTAINTY CALCULATION PROCEDURES where
This subsection discusses the procedures for calculat- N = number of observations available for a single
ing the effects of measurement uncertainties on the test measurement parameter (i.e., sample size)
results. A numerical example is provided in sx; = the standard deviation of a data sample for

Nonmandatory Appendix C. Refer to ASME PTC 19.1
for a more complete description of the required
calculations.

The effects of measurement uncertainty on the results
may be analyzed using the following four steps.

38

measurement parameter i

N 1/2
k; X - X)?
N-1

Sxi =
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where
N -1 = degrees of freedom
X¢ = k™ value of the variable
X = an individual observation in a data sample
Z = the sample mean; the average of a set of N
individual observations as follows:
- 1 X
Xi=% 2 X

<~

0, and systematic standard uncertainties of the measure-
ments, bx;, for all the measurements that impact the

result. In equation form:

, 172
.21 (6%

br

5-3.4 Calculation of the Combined Effect of Ra

thd
thd
an

+

[he random standard uncertainty of the result, sg, is
n calculated by taking the square root of the sum of
squares of the products of the sensitivity factors (6;)
H random standard uncertainties of the sample means

(ss) for all measurements that impact the result. In equa-

tio

un
mg

n form:
1/2

I 2
E (01'5)_(1')
i=1

SR =

3.3 Calculation of the Systematic Standard

Uncertainty of the Result

[he first step is to determine the systematic standard
certainty for each measurement, denoted by bx;. A
asurement may contain several elemental systematic

erfor sources k; the systematic standard uncertainty of

thd

5q
tie)

tail

CO

measurement is the square root of the sum of the
hares of the elemental systematic standard uncertains
5 by for all sources:

K 1/2

> (=)

k=1

Note that the elemental systematic standard uncer-

nty by for error source k is equal*to the following:
. B
%Sy

[he variable By, ifnthe equation represents the 95%
hfidence-levelestimate of the symmetric limits of

ertor associated with the k™ elemental error source.

is
of

[he systematic standard uncertainty of the result, bg,
hen calcdlated by taking the square root of the sum
the squares of the products of the sensitivity factors,

and Systematic Standard Uncertainties

The combined standard uncertainty of the res
is determined as the square root of the sum|of the

ndom

ult, ug,
quares

of the random and systematic standard uncerffainties,

as follows:
ug = [(b)*A (5012
where
sg = the random standard uncertainty as cal

in para. 5-322
the systematic standard uncertainty as
lated in para. 5-3.3

bg

The expanded uncertainty in the result at a
mately95% confidence, i.e. Uy, 95, is determ
followrs:

Ug, 95 = tos5 UR

rulated

calcu-

bproxi-
ned as

The term tg; is the Student ¢ for the 95% corﬁidence

interval, which is equal to 2 if the value for the
of freedom (N - 1) is 30 or higher. ASME P]
may be consulted for finding Student ¢ values 3
confidence intervals and smaller degrees of f1]
The calculated result of interest is determined
within +Upg ¢5 of the true value, with 95% confi
Note that this methodology for determin
expanded uncertainty of the result may also be
for each individual measurement, as follows:

ux = [0 + (971"

Uggs = tostix

The expanded uncertainty for each measuy
Uz 95, should not exceed the maximum uncertai
ues prescribed in this Code (Table 4-7-1).

egrees
'C 19.1
t other
pedom.
| to be
Hence.

ng the
npplied

ement,
ity val-
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Section 6
Report of Results

The
relevar
The rey
be sigr]

(a) H

(1
(2
(3
(4
tificati
©
(6
(7
(8
(9
their aj
(1
(11
sions (
to shot

(b) I

(1
2

following outlines the report of test results. Only
titems need to be reported in any particular case.
ort should be complete in all respects and should
ed by the lead test engineer.
rief Summary of Test

owner

name and location of plant

designation of unit and heater(s)

feedwater heater manufacturer and heater iden-
n number

feedwater heater description

brief history of the feedwater heater(s)

object of test

date and time of test

key test personnel and relevant observers and
filiations

) stipulated agreements

) executive summary of test results and conclu-
h tabular or graphical presentation may be used
v essential findings)

iscussion of Test

test procedure

data acquisition and instrumentation suimmary,

including method of measurement, calibrationjand loca-

tion of
(3
(c) F

test points
all other pertinent information
Jeater Data

(1) tabulation of operating conditions, feedwater
heater design data, and test data (after applicdtion| of
all calibration corrections).

(2) therequired data shall be entered on tables sifni-
lar to Test Report Form 6-1 as applicable, for each rpn.
Test Report Form 6-1 is provided in the.case of manpial
data acquisition during FWH testing]

(3) the format for automated* data acquisition| of
test parameters and reporting should be decided piior
to starting the test.

(d) Feedwater Heater Performance Computations

(1) computed data format for each test run report
shall be decided pfior to starting the test.

(2) supporting calculations for reference.

(3) electronic data transfer (CD, DVD, memdry
stick, external hard drive, etc.) is also acceptable, gnd
desired data transfer formats shall be determined piior
to completion of the test report.

(e)* Overall Uncertainty of Test Results

(1) specified instrument and measurement under-
tainties, and relevant sensitivities

(2) calculation of overall uncertainty of final fest
results, similar to the example in Nonmandatqry
Appendix C

(f) Conclusion. Statement of the conclusions.
(g) Appendices and Illustrations. Any appendices gnd
illustrations necessary to clarify description of the equiip-
ment or method and circumstances of the test.

40


https://asmenormdoc.com/api2/?name=ASME PTC 12.1 2015.pdf

ASME PTC 12.1-2015

auoz Buneayo|

insaQ

(Do) 4o alL
paiejnaje)
04 vod
B ainssaid
(Bcpt) tsd d ollaydsowy
(ww) ur HM4 ul
19A87 pinbiq
(20) 4o
(ed>) Bisd l1eus
(s/6) 4y/wiq) (olqeondde 1)
(20) 4o : :
oqn) Bisd Zi9|ut suteiq
(s/63) 1y/wiq)
a|qeoldde
0o 4o el g
(ed) Bisd
(s/63) 1y/wiqy
(D) 4o 19[ino suteig
(ed) Bisd
(s/63) 1y/wiq)
[BES 18|ul weals
(eq>l) Bisd
(s/63) 1y/wiqy Jono
(Do) 4o
191EMPaD.
(ed) Bisd 1empasd
(s/63) 1y/wiqy ol
(20) 4o 191eMpPoaY
(eq>l) Bisd
M indino Al Jueld
ejeq ubisag suun ejeq
awi] /aleq
oL 8 L 9 [ g v € [2 L
Jaquinpy Buipeay
ejeq uny 1sa)
/] ' ' . '
O =) "6-8-£ Pue ‘£-8-€ ‘G-8-€ ‘€-8-€ ‘L-8-€ SaInbi4 0] 18j9f Bsea|d
s_:_asgﬁmu m HMMN_M "19)1e9Y J91eMpad) Aem-9a.4ljeluoziioy e syuasaldal AjjealjoquAs yoidys siyl 310N TvHINID
oy _oon
1ppno sutelq
umop |auuey)d
O dn jauuey)
s_sﬁ o R R (uonejuaio ajgestjdde yo9yD) Butjooo uresg[] Buisuepuo) [[]  Bunesyladnseq[] Sauoz 1a1eay
ouoz 6000 i - (uonejuario sjqedyjdde 32ay9) |edian [] |e3u0Z1IOH [] uopeuaLIo 19)eay
opy =00 lainjoejnuew isleay
_ X M U0z Buisuapuo) uoneuBisap Jaieay

N
\ Pd=%d

OSPM | = oM )
omiy
18110 JBlEMpoS]

oy L=

a0 =P

5 = p)
15y 1 e
101Ul Wealg

PPy
L 19|ul sutelq

z3e

suieig

youd agn.
SSOWOIYI [[EM
saqn} Jo JequinN
|elislew agn |
ejeq aqny

1591 JO 81eQg

J99ulbug 1sa]

(MIA) utod 1s83 31un
(MIN) tutod aajuesenb nun
aqwinu jiun pue jue|d jo awep

uonew.oyu| JajesH

sia)eal Jajempaad paso|) jo Bullsa] asuewlopad L-9 wio4 poday 3sa)

41


https://asmenormdoc.com/api2/?name=ASME PTC 12.1 2015.pdf

ASME PTC 12.1-2015

Section 7
References

Clemnfer, A. B., and S. Lemezis, “Selection and Design Publisher: Heat Exchange Institute (HEI), 1300
of (losed Feedwater Heaters,” ASME Paper Sumner Avenue, Cleveland, OH _h~44]15
No. p5-WA /PTC-S. (www.heatexchange.org)

Johnsop, S. C., W. A. Thomas, Jr., and J. V. Hoobler, Holman J. P, “Heat Transfer,” McGraw-Hill Book {o.,
“Review of Closed Feedwater Heater Design,” ASME New York, NY, 1963.

P . 88-]P PWR-24.
apqr l)lo 88JPGC/ .. Karac, S., A. E. Bergles, and K Mayinger, “Heat

Tsou, ]., “Feedwater Heater Performance Prediction .

. p Exchanger — Thermal-Hydrafilic Fundamentals gnd
Calcplation Procedure,” ASME PWR-Vol. 6, 1989. Desion ” . . ) .
) ) esign,” Hemisphere Publishing Corp., Washingtpn,

ASME |MFC-3M-1989, Measurement of Fluid Flow in D.C. 1981
Pipep Using Orifice, Nozzle, and Venturi o ) B

ASME[PTC 19.1-2013, Test Uncertainty K%Ysrhw M., and ‘3- I&' -L"“ﬁfrg C(I’{nf‘lllf’g“lfl(fat

ASME|PTC 19.2-2010, Pressure Measurement NXC a;lngN;eiggS edition, McGraw-Hill Book Go.,

ASME|PTC 19.3-1974, Temperature Measurement oW Jork, N '

ASME|PTC 19.5-2004, Flow Measurement Linley, F., “Fe¢dwater Heater Operation,” Annfial

ASME |Steam Tables, 6th edition. 1993 ConferericevEngineering and Operation Divisipn,

New Orledns, LA; April 1983.

Publigher: The American Society of Mechanical Y e .

Engineers (ASME), Two Park Avenue, New York McAdanis, W. H., “Heat Transmission,” third editipn,
5 ' ' ' MEGraw-Hill Book Co., New York, N'Y, 1954.
NY 10016 (www.asme.org)

Standalrds for Closed Feedwater Heaters, 8th edition

(200

)

Thompson, N., “Heat Exchanger Testing Using

Ultrasonic Flow Meters,” Joint JSME-AS}
International Conference on Power Engineering, 19

VE
03.

42


https://asmenormdoc.com/api2/?name=ASME PTC 12.1 2015.pdf

ASME PTC 12.1-2015

NONMANDATORY APPENDIX A
BASIC HEAT TRANSFER EQUATIONS

>

INTRODUCTION

[his Appendix consists of basic heat transfer equa-
tions. Examples of how to use the performance calcula-
tiqn procedures are provided in Nonmandatory
Appendix B.

[he basic heat transfer equations include commonly
used heat transfer equations and the effectiveness/NTU
mg¢thod. The subscript z stands for the respective zone,
where dc represents the drain cooling zone, c the con-
dehsing zone, and ds the desuperheating zone. The sub-
scfipt FW refers to the feedwater or tube side, and s refers
to [the steam/condensate or shell-side. The subscript i
stands for inlet, o for outlet, and d for drain.

he nomenclature listed in Table A-1-1 is used in
Ngnmandatory Appendices A and B in addition to the
nomenclature shown in subsection 2-1.

A-2 BASIC THERMODYNAMIC HEAT BALANCE FOR
THE ENTIRE HEATER

a) The total heat transfer from the shell sidé,"Q;
eqpals the total heat transfer to the feedwater side, Q.
Qrw = Qs (A-1)

Qs = 2Qsz = Qsdc + Qsc + Qsds (A_Z)

which is dependent on shell-side zones

Qs = Qsi + Qdi (A—3)

b) Balance of Mass Flow Rates. Cascading drains from
higher energy heafer:stages may be directed into the
condensing zone,<affecting steam demand for a given
hepter duty, Extraction steam from the turbine and
indoming, drains, if applicable, is the heating medium
of [the feedwater in the condensing zone and desuper-
hepting’zone. The heating sources in the drain cooling
zoneare the condensed steam and the incoming drains

Table A-1-1 Nomenclature

Units
Symbol Term U.S. Customary S|
Cp Specific heat Btu? (Ibm-°F) I/ (kg-K)
k Thermal conductivity Btuy(hr-ft-°F) W/ (m-K)
" Dynamic viscosity lbm/ (hr-ft) Pa-s
p Density lbm/ft? kg/m?>
v Velocity ft/sec m/s
oD Tube outside diameter in. mm
ID Tube inside diameter in. mm

A-3 HEATBALANCE FOR EACH ZONE

Heat balance for each zone is calculated as fqllows:

Qrw: = Qs (A-6)
(a) Governing Heat Transfer Equations
Qrw: = Wrw CpFWz (Trwzo = Trwzi) = Wrw (hF 20
- hpwz) = WA, (LMTD), (A-7)
Qs = Wscpsz (Tezi — Tezo) = Wi (B
- hszo) = WA, (LMTD)Z (A'S)

Where the log mean temperature difference (LMTD)
parameter represents a proportionality of the tepera-
ture differences in the counterflow streams on the shell-

The total shell-side flow leaving the heater e({uals the
sum of the steam inlet and drain inlet flows. Note that
there could be multiple drain inlet flows.

Wgo = Wsi + Wy (A'4)

(c) Weighted Enthalpy for Multiple Inlet Drain Flows

2(Wai_x hai_x)

2 WdiiX (A_S)

hgi x =

43

side and tube-side and serves as a natural log myltiplier

to the heat transfer coefficient and the area availyble for
heat transfer per zone.

(Tszi - TFWZO) - (Tsza - TFWZi)
LMTD, = A9
I |:(Tszi - TFWzo):| ( )
(Tszo - TFWzi)
(b) Owverall Heat Transfer Coefficient per Zone:
= ! (A-10)

Tz + Tfsz + Tz + TfEwz + Trwz

A-4 RESISTANCES

If not provided by the heat exchanger manufacturer,
the desuperheating and drain-cooling zone resistances
will need to be calculated. These are needed for the
overall heat transfer coefficient calculation shown above.
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Tube-side fouling and shell-side fouling resistances
may not be available from the manufacturer. HEI recom-
mends a tube-side fouling resistance (7445 c, 74 c, and
Taac_c) be applied to the tube surface and corrected from
the inside surface to the outside surface for all zones.
These values may be found in Nonmandatory
Appendix B. Additionally, shell-side fouling resistance
should be applied to surfaces in the desuperheating and

(3) Tube-Side Film Resistance

(U.S. Customary Units)

04 2
B @4 (0D [ 1] (hr-fE-F
rewz = 0.0378 [(ko.é 0'802'4 (IDO.S) (ﬁﬂ ( Btu

P
(A-14)

drains sttbeeeling—zones—{irr oottt o) The—shel

side fotiling resistance for the condensing section should
be conpidered to have no resistance value (g ). The
value for these resistances may be found below.

If th¢ metal and tube-side film resistances (¥4 G, "t g,
and 744 ) are not available from the manufacturer, calcu-
late eafh as per the formulas below. The metal resist-
ances ([mds G, 'me 6, and ry4. ) should be calculated using
the av¢rage temperature. These values may be deter-
mined [for all zones.

The [shell-side film resistances (rys ¢ and ry. ) are
calculgted by the difference between the inverse of
the ovgrall design heat transfer coefficient and the sum
of the|other resistances. Examples are shown in
Nonmgndatory Appendix B.

(a) Nletal Resistance

(U.S. ustomary Units)

(SI Units)
2
Fewe = [0.023 (Re)*S(Pr)%41 (m—K)
\
where
Re = Reynolds number

Pr

Prandtl number

For the first iteration, the properties of the feedwe]Zer
(in particular, the value for spécific heat) should be deter-
mined using the inlet feedwater temperature for fhe
drain cooling zone. Usé-the average of inlet and ouflet
feedwater temperatures for the condensing zone, gnd
the feedwater outlettemperature for the desuperheating
zone. For subséquent iteration steps adjust the proper-
ties at theaverage temperature for that zone for
exactness.

(4)Shell-Side Film Resistance

NOTE:) Design DSH zone and DC zone shell-side film resistarjces

OD [, OD] (hr-ft*-°F ate typically obtai
el R _ pically obtained from the OEM or calculated as follows
"mz = 24k {m ID} ( Btu ) (A1
1
(SI Units) Tz = (U) - (rfsz + TEwz + Tz + TEWz) (A{15)
. ___OD [an—D] m*-K In the condensing zone, the shell-side film resistafce
" 136 x 10% | 1D w may be determined using the following formula:
(b) Houling Resistances as per HEI Standards (U.S. Customary Units)
(1)} Shell Side 2.0
re = 0.06834 (T) 0512 (I%) Afi6)
(U.S. Qustomary Units)
fi2.0 (SI Units)
e = 00008 T (A-12)
Btu mZ—K
e = 0.01204 (1.8T + 32)70812 (T)
(SI Units)
MK where T is the condensate film temperature defined] as
Iz = 0.00005 (_) follows:
NOTE: | Coridensing zone fouling = 0. T = Ty — 0.2 x LMTD (A{17)
(2)"Tube Side If T > 320°F, then use
(U.S. Customary Units) (U.S. Customary Units)
B OD| (hr-ft>-°F hr-ft*-°F
rws = 0.0002 [ﬁ} (W) (A-13) Foo = 0.0004( e ) (A-18)

(SI Units)

OD] (m*K

(SI Units)

m2K
Yse = 0.00007 (T)
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A-5 BASIC PERFORMANCE ACCEPTANCE
EQUATIONS

Basic performance acceptance equations are as
follows:

In order to calculate the desuperheating zone steam
outlet temperature at the design condition (T4, ¢) as
referenced in subsection 5-2, use the following equation:

Qusc
Tioc=Tic— |mr— A-26
dso-G < [(Wsi_G) (des_G)] ( )
TTD = Tt — Trwo (A-19)
DCA = T, - Try: (A-20) A-8 EFFECTIVENESS/NTU METHOD
(a) Hourly heat capacity flow rate for feedwgter
A-6 PRESSURE DROP RATIOS Cour = (Wrw) (Q: o) (A-27)
T Wew 6 (Trwzoc — Trwi &)
W, |8 . .
AP. x = AP. ¢ W, (A-21) (b) Hourly heat capacity flow rate for shell-side flows
W4)(Qz )
18 Cop =75 5—— (A-28)
APFW_X - APFW_ G (Zi x—z) ( A-ZZ) Wz?G (TzLG - TzoﬁG)

. (c) Hourly heat capacity ratio for desuperheating and
NQTE: Vejlocity ratios may be alternately used to compensate for drain cooling zone§-(hourly heat capacity ratio|for the

tubje plugging. condensing zone i zero):

Cl—‘Wz
A-Y RESISTANCE RATIOS R, = C.. (A-29)
n order to adjust shell-side and tube-side resistances (d)“Number of transfer units (NTU)
baped on new flow rates use the following rules of
: LA,

thyimb NTU, = UC (A-30)

stG 06
Yz x = Tz G W (A'ZS)
s
SR
TRWeX = TRW G |7 (A-24)

NQTE: Velocity ratios may be alternately used to compensate for
tule plugging.

n order to calculate the drain eeoling zone feedwater
ouflet temperature at the design condition (Trw4c ) as
reflerenced in subsection 5=2;-tise the following equation:
Qucc } (A-25)

Trwdco @ =NTrwiic + | Gr——~ .
FWdco_@ FWi_G [(WFW_G) (cprwc)

(e) Effectiveness in terms of NTU for the desuperheat-
ing and drain cooling zones

1 - exp [(NTU,)(R.- 1)]

“ T T-RepNiUy® -1 | 4O
Since the heat capacity ratio in the condensirlg zone
is zero, the effectiveness for this zone is
e = 1-exp [-(NTU,)] (A-32)
(f) Feedwater outlet temperature in teyms of
effectiveness
Trwzo = € (Toi — Tewzi) + Trwzi (A-33)
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NONMANDATORY APPENDIX B
HEATER PERFORMANCE CALCULATION EXAMPLES

B-1 INTRODUCTION

This
Hypotl
instrur
follow

For t

For this example, a test differential pressure transmitter was installed to measure the desuperheating zone, dr|
zone and feedwater pressure drops directly. Measuring these values directly significantly reduces the pressyire
drop rieasurement uncertainty.

cooling

For
the zo
the avy
desups

iteratid

B-2
Step 1:

Step 2:

example gives a step-by-step calculation using the procedure described in para. 5-2.1 for a three-zone)hea

hentation test points for a three-zone heater. This example is calculated in U.S. Customary units, and SI uz
in parentheses. See Nonmandatory Appendix D for a reference on conversion factors.
his example, typical minimum performance data supplied by the heater manufacturer are $hewn in Table B-]

brage inlet and outlet temperatures in the condensing zone, and the feedwater outlet temperature in
rheating zone. For each subsequent iteration, use the average température for that zone from the previ
n.

STEP-BY-STEP CALCULATION

TTD g, and saturation temperature, Ty, corresponding to the measured shell-side inlet steam pressy
Pg. Using P,; = 396.0 psia, the ASME Steam Tables yields T, of 443.6°F.

TFWo,a = "Tot - TTD,C
< 4436 - (-39)
= 4475°F
= (230.8°C)

DCA ¢, and the measured-feedwater inlet temperature.

Tso_a = TFWi + DCA_G
375.4 + 10 = 385.4°F
— (196.3°C)

the followving convergence criteria:
If | Trwo o — TFWO_X| > 0.1, then let Trw, » = Trwo x using Trw, x as calculated in Step 28.

outlet enthalpy, hipw, x, determined using Try, , in Step 1 and the measured feedwater pressure, Py

and PIessure, Pr.

Q. x = Wrw (hrwo_x — hrwi)

er.

hetical design data and test data are given in Tables B-1-1 and B-1-2. See Figures 3-8-1 and 3-8:2 for the

its

-1

hin

etermining the thermal properties of the water such as specific heats, the average water temperature within
e should be used. For the first interation, use the feedwater inlet temperature for the drain cooling zope,
the

us

Calculate the assumed feedwater outlet temperature-based on the given terminal temperature differerjce,

Calculate the assumed drain cooling zone outlet temperature based on the given drain cooler approakch,

These tefiperatures serve as a starting point for the calculations. During the reiteration process, fise

Calgculdte the total heat transferred, Q x, based on the measured feedwater flow, Wry, the feedwdter

Wor

and the feedwater inlet enthalpy, hiry;, determined using the measured feedwater inlet temperature, Tjpy;

Using 1,786.5 psia and 447.5°F, the ASME Steam Tables yields Iy, x = 428.3 Btu/Ibm (996.2 k] /kg).

Using 1,790 psia and 375.4°F, the ASME Steam Tables yields hry; = 350.9 Btu/Ibm (816.2 k] /kg).

Q x = Wrw (rrwo_x — Nrwi)
— (621,000) (4283 — 350.9)
= 48,065,400 Btu/hr
= (14087 W)
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Table B-1-1 Manufacturer Design Data

Performance Data

Parameter Shell Side Tube Side
Fluid circulated Steam Drains Feedwater
Total fluid entering, lb/hr 52,270 25,000 689,777
Inlet enthalpy, Btu/lb 1362.2 450.8 361.4
Outlet enthalpy, Btu/lb - 370.4 439.8
Inlet temperature, °F 701.9 - 385.4
Ouflet temperature, °F R 395.4 457.9
Opegrating pressure, psia 440.1 1748.7
Nupber of passes 3 zones 2 passes
Velpcity, ft/sec (at aver- 5.529
agd temperature)
Prepsure drop, psi DS: 1.6 DC: 1.8 4.8
Heat Refgrence
Exchanged, Heat Transfer'Rate, Temgerature
Parameter Btu/hr Effective Area, ft2 LMTD, °F Btu/hrft?-°F Differ¢nces, °F
Deguperheating zone 5,268,816 353 143.2 104.2 TD & -3.9
Condensing zone 43,861,331 3,185 18.8 7326 DCA|= 10
Drgin cooling zone 4,948,370 464 28.4 37572
TuHe material Monel 0D ¢ (in) = 0.625 Avg wall thickness

t 5 (in) = 0.049

Table B-1-2 Test*Run Data

Average of Data for One Test Run

Location Parameter Symbol U.S. Customary Sl
Fegdwater inlet Pressure Pryi 1,790 psia 12,B42 kPa
Temperature Tewi 375.4°F 19Q.8°C
Flow rate Wry 621,000 Ibm/hr 78.R kg/s
Fegdwater outlet Pressure Pewo 1,786.5 psia 12,18 kPa
Pressure loss APry 3.5 psi 241 kPa
Temperature Tewo 448.6°F 231.4°C
Drgins inlet Pressufé Pgi 697.3 psia 4,8p7.7 kPa
Temperature Tai 476.1°F 244.7°C
Ftow Tate Wi 25,000 lbm/hr 3.1p kg/s
Drdins outlet Pressure Pdo 393.4 psia 2,712.4 kPa
Temperature Tdo 384.1°F 194.6°C
Extfaction steam Pressure Psi 396.0 psia 2,7B0 kPa
Temperature Tsi 700.0°F 371.1°C
Hegter shell Pressure P 394.9 psia 2,7p2.7 kPa
DS zone pressure loss APy 1.1 psi 7.6|kPa
DC zone pressure loss APy, 1.5 psi 10.B kPa
Step 3: Calculate the drain inlet energy, Q, x as follows:

(a) Obtain the sum of the drain inlet flows, Wy;.

Wy = 25,000 Ibm/hr
= (3.15 kg/sec)

(b) Obtain the drain inlet enthalpy, hy;, based on Py and T, for a single drain stream or by the flow
weighted average of enthalpies for multiple drain streams. Note that the pressure(s) and temperature(s)
are measured upstream of the drain control valve(s).
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I’ld,' = 460.0 Btu/lb
= (1070.0 kJ/kg)

(c) Obtain the drain cooling zone shell-side outlet enthalpy, h;, x, based on the assumed shell-side
outlet temperature, T;, ,, and measured pressure, P, and calculate the total energy from the inlet drains.

he x = 359.6 Btu/Ib
(836.4 kJ /kg)

Quix = Wy (hai — hso_x)
(25,000) (460 — 359.6)
2,510,000 Btu/hr

= (735 606 W)

Step 4. Calculate the steam flow to the heater by energy balance (see Nonmandatory Appendix”A). The shell-
side steam inlet enthalpy, h;, is based on the measured temperature, T,;, and pressuré, Ps;.

(Qr — Quix)

(hsi - hsu_X)
(48,065,400 — 2,510,000)
- (1,363.1 - 359.6)

= 45,374 Ibm/hr

= (5.72 kg/s)

Ws i X =

Step 5: Calculate the total shell-side outlet flow.

Weo x = Wsix + Wa;
45,374 + 25,000
70,374 Tbm /hr
(8.87Kkg/s)

Step 6:|  Calculate the desuperheating zone, drain. cooling zone, and feedwater pressure losses based on flpw
proportionalities as shown in Nonmandatory Appendix A.

APy = APy g (Wei x/ Wy o)"®
= 1.6 (45,374/52,270)8
= 1.24 psi
= (8.56 kPa)

APdc_X = APdc_G (WSD_X/WSD_G)‘I.B

= 1.8 (70,374/77,270)*8
1.52 psi
= (10.50 kPa)

APrw_x = APrw ¢ (Wrw/ WFW_G)1'8

= 4.8 (621,000/689,777)'8
3.97 psi
= (27.39 KPa)

Step 7: Calculate the shell-side pressure, P, x, inside the condensing zone, and determine the saturation tempera-
ture, T, x, corresponding to this pressure.

Pc?X = Psi - APd:LX
396 — 1.24 = 394.76 psia
(2721.8 kPa)

T, x = 4433°F
= (228.5°C)
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If not available from the heat exchanger manufacturer, calculate the desuperheating and drain cooling
zone resistances. These will be needed for the overall heat transfer coefficient calculation in Step 9. See

Nonmandatory Appendix A for more information.

If the tube-side fouling and shell-side fouling resistances are not available from the manufacturer, HEI

recommends utilizing the following:

hr
Tfsds G = Tfsde G = [0.0003(

-ft2-°F)}

Btu

T ]

Tfc G = 0

Tfe G = Tfde G
(hr-ft>-°F)
Btu

Tfds G =

= |0.0002

I m%-K
= 70.000035 (Tﬂ

0.0002 (@)

0.527

= 10.000237 (

Btu
[ m%-K
= 70.000042 (_W }

W

o]

oD ¢
D ¢

Q

hr-ft2-°F)J

If the metal and tube-side film resistances are not available from the manufacturer, calculate

per the formulas in Nonmandatory Appendix A.

bach as

04
Mas OD¢l 1
oo = 0,0378[ }[ g }H
) kewas® % prwas’® X cppwas”ILID GO ILo"8
G e T
' 0.373%0 x 51.6%8 x 1.11%4][0.527°8]| 5.529%8
\ (hr—ft?~°F)
= [0.000445 e
— [0.000078 (MK
= lo. W
r 0.4
Me OD ¢ 1
e = [os [E=SEN
¢ | kFWc 6 % ,DFWcO‘SO 4>< Cpch0'4 ID?GO‘B UOAS
0.305% 0.625 }[ 1 }
= 0.0378
[0.3830'6 x 53.3%8 x 1.0560'4][0.5270'8 5.529%8
l (hr-ft>-°F)
= 70.000448 T
- KT
= 70.000079( = )J
0.4
Mdc OD G 1
e = 0.0378[ } [ g ]H
e e kewa™® X prwac® X CpFWdc0'4 D 8Lo%8
0.338%4 }[ 0.625 ][ 1 ]
= 0.0378[
0.390%° x 54.7°8 x 1.056%4]10.527°8 ]| 5.529%8
B (hr-ft-°F)
= [0.000456 B
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e

Metal resistance is calculated at average temperature, and the same values are used for the entire

heater.

Tmds G = VYme G = Tmdc_G
OD; [ [OD )]

x|

_ _(0625) [, [0:625
= 24 x16) | " 0527

(hr-ft>-°F)
Btu

o 5]

= [0.000278

W

where
k, = 16 Btu-ft/hr-ft>°F for monel tubing [obtained from the heatermanufacturer or Standards
Closed Feedwater Heaters (HEI)]

Calculate the shell-side film resistance as the difference betweeh the inverse of the overall design h
transfer coefficient and the sum of the other resistances as follows:

1
Tsis G = —\"fsds_G + Tmds G + Thds.G T Ttds G
Uis_c

104 2) (0 000300 + 0.000278 + 0.000237 + 0. 000445>

(hr ft>-°F)
Btu

(
[

0.001468 —}

1
Vse G.= (U G) - (rfsc_G + Vme G + Tae G + Tie G
C.
) — (0.0 + 0.000278 + 0.000237 + 0.000448)

(hr-ft>-°F)
Btu

s
[O 000402
|

for

(]

|
[0 001396 Bta

m--K
[0 000246 T]

(hr-ft2-°F)}

at

Calculate the desuperheating, condensing, and drain cooling zones overall heat transfer coefficients based
on the inverse of the sum of the individual resistances. Note that in the following equations, the shell

and tube film coefficients have been adjusted for the actual versus design flow proportionalities.
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