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1. INTRODUCTION

PRESTO is a computer code developed at the Qak Ridge National Labo-
ratory (ORNL) to analyze the performance of regenerative steam—turbine
cycles using superheated sfeam such as that normally available from large
fossil~fugled steam generators. Throttle pressures may be either sub- or
supercritical. The turbine arrangement may be tandem— or cross—compound
and have zero, one, or two reheaters. Cycles modeled for study may thus
range from a simple one—section nonextraction cycle to a three—section
cycle with multiple reheat. The computer code is alsoc designed to ana-
lyze the performance of steam—turbine cycles containing such additional
features as steam induction, extraction, and feedwater heating by an ex—
ternal heat source. These features allow the user to combine the steam—
turbine cycle with a high-temperature topping cycle or to integrate it
with an advanced—-concept heat source.

The General Electric heat balance shown in Fig. 21 of the Environ-
mental Protection Agency report No. EPA-600/7-77-126 was modeled using
the PRESTO code. The net heat rates matched within 9 Btu/kWhr or ap-
proximately 0.1%.

For the user's convenience, this manual has been divided intoc three
major sections. Section 2 is a general description of the code's meth-
odology. Section 2 will give the user a basic understanding of the code
and is a starting point for any programmer who wishes to alter the com—
puter program.

Section 3, entitled Options, describes the options built into the
code to handle cogeneration cycles, peaking units, etc. If the user's
model is relatively straightforward, that ig, similar to a modern, con-—
ventional power plant cycle, the user may wish to skip or lightly skim
this portion of the manual. i

Section 4, entitled Data Input Instructioms, gives the user instruc-
tions for the data input preparation. A namelist feature is used for
specifying the data, and a synopsis is given with each variable's name
and description.

The minimum-input data required to run PRESTC are listed in Sect. 4.
The code output provides all the information normally shown on a heat

balance diagram.



Section 5, entitled Example Cases, contains three example cases.

The first example shows a conventional power plant ecycle, and the second
demonstrates the use of those special features described in Sect. 3. The
third example is a ﬁractical case that explains how to delete a feedwater
heater in response to an error message.

Appended, the user will fiﬁd the example cases' computer output, a
list of subroutines, and a conmon map. An index of terms and variable
names is also included.

PRESTO is the third compuﬁer code released by the Oak Ridge National
Laboratory to analyze the performance of large steam turbine—-generator
units. The original ORCENT codel was designed.to perform heat—rate
calculations at maximum guaranteed turbine loading for steam conditions
commonly associated with light-water reactors. It could accommodate one-—
to three~section machines with one external reheater and a one~ or two-
stage steam reheater. ORCENT used the Keenan and Keyes2 steam proper-—
ties and could handle from 0 to 200°F superheat., The efficiency calcula-
tions assumed the low-pressure turbines were designed for wet steam con—
ditions. ORCENT was based on a General Electric (G.E.) report (GER-
24547),3

ORCENT II% altered the original code to perform calculations at
valves—wide~open and part load as well as at maximum guaranteed condi-
tions. This code was still designed for typical light-water reactor
steam conditions but used the 1967 ASME steam propertiess’s instead of the
Keenan and Keys? steam properties. ORCENT II was based on report GET-60207
and eliminated the intermediate-pressure turbine from the cycle models.

The PRESTO computer code is written in standard FORTRAN IV for the
IBM 360/370 series of digital computers. Turbine performance calcula-
tions are based on a G.E. report (GERr-ZOO?C),8 with the flow logic
similar to that of the original ORCENT che.1 The PRESTO code-.uses the

1967 ASME formulations and iterative procedures for the calculation of
the properties of steam adapted for use at the QOak Ridge Natiomal Labora—
tory by D. W. Altom.5>® Any single computer run will execute in less

than 3 sec on the 360/91 and use approximately 222K (bytes) of core. The
PRESTO code will be available from COSMIC, 112 Barrow Hall, the Uni-

versity of Georgia, Athens, Georgia 30602, telephone (404) 542-3265.



2, DESCRIPTION OF THE PRESTQO CODE

2.1 Code Background

The PRESTO code uses a General Electric (G.E.) report (GER.—ZOO?C)8
as the basis for its logic and functional relationships. This G.E. re-
port is referenced throughout this manual and will prove an invaluable
aid to the user.

In summary, G.E. report GER-2007¢° methodology is to (1) calculate
the expansion line efficiency as a function of volume flow, pressure
ratio, initial pressure and temperature, and the governing stage design;
and (2) use this expansion line efficiency and the exhaust loss, packing
and valve stem leakages, mechanical losses, and generator losses to cal-—
culate the heat rate and generator output.

General Electric report GER-2007¢® contains many figures and func-
tions that were used during the iterative calculations, and they have all

been provided, in a mathematical format, within the code.

2.2 Flow Diagram

Figures 2.1-2.9 are general flow diagrams that describe the
PRESTO program logic. The user may find them to be a helpful reference
during the following description of the code. Turbine expansion effi-
ciencies calculated by PRESTO follow the procedure outlined in Table I of
G.E. report GER-2007C.% The program's logic path varies according to the
number of turbine sections and reheaters in order to follow these General

Electric expansion line definitions.

2,3 Code Initiation

The PRESTO code begins (Fig. 2.1) with the default data set and ac-
cepts user—specified input data. Before iterations begin, the throttle
steam thermodynamic properties are calculated, and preliminary conditions
are defined for the governing stage bowl. These preliminary conditions

include the steam flow, pressure, and enthalpy.



START

INPUT DATA VARIABLES
Calculate throtile properties.

Define preliminery governing
stage conditions.

Define: system pressure relations;
feed pump turbine, reheater pressure
drops, crossover connections.

: condenser conditions and
steam jet air ejector conditions.

Calculate FW pump enthalpy rise.
Assign FW heater parameters
action pressures
Shell pressures
Drain temperatures
FW temperatures.

Calculate steam seal packing
exhauster flows and steam seal
regulator pressure.

v

Make generator and mechanical
loss cal9u1ations.

Calculate steam generator flow,
“throtile + make—up + bypass.

Fig. 2.1. Program initiation.
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O
v

Calculate governing stage parameters,
bowl and exhaust.

Assign high pressure bowl
parameters and calculate high
ressure exhausl conditions,
el.nc the HP expansion line.

TEST — Are there feed heaters In the
HFP saction

Perform FW Heater Heat Balance —
Calculate all flows and enthalpies

y

The HP exhaust flow is sst
equal to the.bowl flow
nus the extraction flows.

Y

This flow adjusted for: leakages,
feedwater heater extractions, and process steam flows.

¥
®

Fig. 2.2. High-pressure turbine balance.
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NO
TEST — Is there a reheater

Assign flow and enthelpy

going TO the reheater. Calculate
enthelpies FROM one or beth
reheater(s).

TEST — Is boiler feadpump steam
extracted here

Caleulate the extxﬁcl.ion steamn flow.
I

TEST — Is this a two section YES go to D

machine.

Set the IP bowl conditions.

T — Are there two

reheaters.

Fig. 2.3. Reheaters and steam routing.
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THE EXPANSION LINE IS IN THREE PARTS.
Set the IP bowl flow.
Leakage calculations

Define the IP eﬁansion line and
efficiency. Caleulate exhaust conditions

NO
TEST — Are there feed heaters in the

P section.

¥

Perform FW Hesater Heat Belance —
Calculate all flows and enthalpies.

TEST — Are the FW Hester Heat Balence
calculations regressive.

YES go to B

NO

X

Caleulate IP exhaust flow.
Lealtage calculations
Steam flow adjusted for feedwater heater extractions,

process steam flows, and
any feed pump turbine extraction.

¥
®

Fig. 2.4. Intermediate-pressure turbine balance..
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Set the LP bowl conditions
Leakeage calculations

Define the LP expansion line and
efficiency. Calculate exhaust conditions.

TEST — Are there FW Heaters NO go to G

in the LP section

Perform FW Heater Heat Balance —
Calculate all flows end enthalples.

TEST — Are the FW Heater Heat Balance NO go to G
calculations regressive .
ST — Is this a two section machine YES go to B
— Do_the heater heat balands NO go to B

calculations regress into
the IP section -

go to €

Fig. 2.5. Low-pressure turbine balance.
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THE EXPANSION LINE IS IN TWO PARTS.
Leakage calculations

Define expansion line for RH section,
Including IP & LP in one expansion
line. Calculate expansion line endpoint.

!

Calculate conditions -
at the IP Bowl and IP exhaust.
Assume s continuous line, ie no
pressure drop in the crossover.

NO
TEST -~ Are there FW heaters in

the RH section

Perform FW Heatér Heat Belatice —
Calculate all flows and enthalpies.

TEST — Are the FW Heater Heat Balancs

YES go ta €
calculations regressive,

NO

Y

Celculate flow at the IP bowl & exhaust.

Steam flow adjusied for fécdwaier heater exiractions,
process steam flows, and .

any feed pump turbine extraction.

v

g to G

Fig. 2.6, Reheat turbine balance.
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Calculate FW pump characteristics,
Leakage calculations

Calculate governing stage parameters,
bowl and exhaust.

¥

Define expansion line and efficiencles.
Calculate exhaust conditions.

NO
TEST — Are there FW heaters

Perform FW Heater Heat Balance --
Calculate all flows and enthalpies.

Y

®

Fig. 2.7. Nonreheat turbine balance.
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v

Calculate exhaust loss and the UEEP.

Calculate the generator output.

TEST — Is the steam flow No

specified

]

YES
TEST — Does the steam generator . &° to B

flow converge

Calculate new génerator output
and assign new throttle flow.

Go to A

YES go to H
TEST — Does the slectriecal generation > &
converge.

Calculate new thréttle flow based
on desired ouiput/calculated output.

Go to A

Fig. 2.8. Convergence calculations,
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TEST — Are there FW Heaters

Calculate condenser hotwell flow
and enthalpy.

) e

F

Calculate FW flow, temperature, and
enthalpy as a function of the
feed pump position.

- is there external reheat

Calculate reheater heat additions
to the cycle.

Y

Caleculate FP work as a function of
the driving mode — turbine or motor.

Calculate cycle heat rates and
efficiencies.

¥Write out all results
Return to the beginning for a new case. |

" Go to START

Fig. 2.9. Final calculations.
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The system pressure relationships are defined including the feed-
water pump turbine inlet and outlet pressures and the reheatér pressure
drop(s). The condenser and steam—jet air-ejector conditions are deter—
mined by the input data.

The feedwater pump enthalpy rise is calculated as a function of the
throttle pressure, pump inlet pressure, and pump efficiency. Subroutine
FWHPAR is called to assign the feedwater heater parameters using the in~
put éata for extraction pressures, terminal temperature differences, and
drain cooler approach temperature differences. Subroutine FWHPAR then
calls the appropriate steam property subroutines to assign the feed-
water temperatures and enthalpies and the heater shell temperatures and
enthalpies.

The steam seal packing exhauster flows and the steam seal regulator
pressure are assigned values dependent upon the unit rating and the tur—

bine rotational speed.

2.4 Main Loop Iteration Point

This description is now at point A in Fig. 2.1. This is the start-
ing point for the main program iteration loop. All iterations begin at
the high-pressure end of the cycle and progress toward the condenser, A
common cycle will uvsually converge in less than ten major iterations.

The generator and mechanical losses depend on the generator loading
as well as the generator capability and are calculated for later use.

The steam generator flow is set equal to the sum of the throttle
flow, makeup flow, and any condensate bypassed from the condenser to the
steam generator.

If the cycle under study is a one-section machine, the logic line

goes to Fig. 2,7. For a multisection cycle, proceed to Fig. 2.2,

2,5 High-Pregsure Turbine Balance

Governing stage parameters are calculated using the governing stage
pitch diameter, number of blade rows, and the steam volume flow. J. Ken-

neth Salisbury's discussions on turbine stage design and efficiency are
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followed during these calculations in the following manner:
wheel speed = constant x pitch diameter x rpm;

theoretical steam velocity = wheel speed + 0.5;

available energy = (theoretical steam velocity)? = (2 x gx J);
ideal shell enthalpy = bowl enthalpy — available energy
actual shell enthalpy = bowl enthalpy — efficiency X available
energy;
using bowl entropy and ideal {isentropic) shell enthalpy, calculate
shell pressure.
The HP bowl conditions are determined by the governing stage exit.

The HP section efficiency is calculated as a function of volume
flow, governing staée design, and the pressure ratioc (exhaust to throt-
tle). This expanéion line efficiency and exhaust pressure determine the
HP exhaust conditions.

If there are any feedwater heaters fed from the HP section, they are

balanced and all flows and enthalpies are calculated.

2.5 Regressive Feedwater Heater Calculations

Point B in Fig. 2.2 is a reentry point if downline feedwater cal-
culations are found to be regressive, Feedwater heater heat balances are
made in a cascading order from highest shell pressure to lowest. Certain
conditions (pumped drains or external heat additions) will cause the cal—
culations to regress to the next highest pressure feedwater héater. If
this heater receives extraction steam from a turbine section other than
the one being balanced, the program returns to rebalance the previous

turbine section.

2.7 HP Exhaust

The HP exhaust flow is set equal to the bowl flow minus the inter-
nal extraction flows from the HP section.

The continuing steam flow is then adjusted for any leakage flows,
any feedwater heater extraction taken from the exhaust line, and for any
process steam added to or removed from the line. The calculation con—

tinues in Fig. 2.3.
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2.8 Reheaters and Steam Routing

This steam flow illustrated in Fig. 2.3 is checked for several op-
tions before belng passed to the next turbine section.

If the cycle includes a reheater, the flow and enthalpy of the cold
reheat flow are assigned, and the enthalpy of the discharge flow from the
reheater(s) is calculated. If the boiler feedwater pump is turbine
driven, and if the extraction point follows this reheater, the extraction
steam flow is calculated and subtracted from the hot reheat steam flow.

If the cycle has only two turbine sections, the low-pressure bowl
conditions are set, and the logic transfers to point D in Pig. 2.5.
Otherwise the intermediate—pressure bowl conditions are defined, and the
number of reheaters is checked. Because of G.E.'s definition of a "re-
heat section,” which includes all turbine sections downstream of a soli-
tary reheater, a three-section machine with only one reheater is treated
thermodynamically as a two—section machine (only two expansion lines).
For this case, follow point E in Fig, 2,6. For a double reheat cycle,

refer to Fig. 2.4,

2.9 Intermediate-Pressure (IP) Turbine Balance

The TP turbine balance begins by setting the bowl flow and by ad-
justing this flow to account for the various leakage flows. The expan-—
sion line efficiency is calculated as a function of bowl initial volume
flow and the pressure ratio (bowl to exhaust). Given this efficiency,
the expansion line end point (ELEP) is fixed and the expansion line
defined. )

If there are feedwater heaters fed from the IP turbine, they are
balanced and the calculations checked for regression as previously dig-
cussed. If the calculations are regressive, the HP turbine and feedwater
heaters are rebalanced, and the steam flows are adjusted accordingly
(follow the diagram to point B in Fig. 2.2).

Otherwise, the IP exhaust flow is set equal to the bowl flow minus

the extraction flows. The steam flow to the second reheater is adjusted
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for leakage flows and for any feedwater heater extraction steam taken
from the exhaust steam line. Process steam may be added or removed,
and boiler feed pump turbine steam may be extracted before the second

reheater.

The bowl conditions of the low-pressure turbine are set equal to

the exit conditions of the second reheater.

2.10 Low-Pressure (LP) Turbine Balance

Point D in Fig. 2.5, is the next step in our logic diagram. Low~
pressure leakage flows, if any, are calculated and subtracted from the
bowl flow. The expansion line efficiency is calculated as a function of
volume flow and initial pressure and temperature. Further corrections
are included for a cross—compound 1800-rpm LP turbine. With this effi-
ciency, the expansion line and its end psint (ELEP) are defined.

If there are feedwater heaters receiving extraction steam from the
LP section, they are balanced and checked for regression. Regressive
calculations return to eithef point B (Fig. 2.2) in the HP section or
point C (Fig. 2.4) in the IP section. Otherwise, the logic passes to

point G in Fig. 2.8.

2.11 Reheat Turbine Balance

Fig. 2.6, reheat turbine balance, is arranged much like the turbine
balances already discussed. The IP and LP turbine sections are treated
as one turbine for expansion line and feedwater heater calculations and
are then separated for steam flow calculations.

Between the IP exhaust and the LP bowl, corrections are made for
possible leakages and extractions, including an exhaust line feedwater
heater and the feedwater pump turbine. WNotice that process steam may be
removed at this pdint in the logic diagram but not added., If procéss
steam is added in the crossover of a reheat section, the code treats it
as a case with three expansion lines to allow the induction of steam at a
condition different from that of the crossover steam (follow Fig. 2.4).

After these corrections, control logic passes to point G in Fig.
2.8,
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2,12 Nonreheat Turbine Balance

Fig. 2.7, nonreheat turbine balance, is used for a one—-section tur-—
bine cycle. The feedwater pump characteristics are defined and the leak-
ages calculated. The governing stage parameters are computed as they
were for the high-pressure section in Figure 2.2, The code follows the
procedureé listed for a nonreheat, two-row governing stage turbine in
Table T of G.E. report GER-2007C.% The expansion line efficiency is a
function of volume flow, governing stage design, and initial pressure and
temperature.

Any feedwater heaters present are balanced. WNote that regressive

calculations are impossible in a one-section cycle.

2,13 Convergence Tests

Point G of Fig. 2.8 is the next step. The exhaust loss and the used
energy end point (UEEP) are determined by the exhaust volume flow, tur~
bine rotational speed, and exhaust annulus area. Given the UEEP, it is
possible to calculate the generator output.

The user has a choice, through his input data, of twe convergence
tests — electrical generation or steam—generator outlet flow. If a
user has specified the electrical generatiomn, the calculated generator
output for an estimated steam flow will be checked against the required
power output. If these two are approximately equal, the code passes to
its final calculations in Fig. 2.9. If they are not, a new throttle flow
is estimated and control %asses to point A on Fig. 2.1.

If steam—generator outlet flow was the chosen eritieria, it is
checked in a like manner. If the steam—generator outlet flow has not
converged, a new tﬁrottle flow and a new estimated electrical output are
assigned, and control again passes to point A in Fig. 2.1.

These convergence criteria choices are further discussed in Sects.
44,6, 4,4,43, and 4.4.44,

If the code has convérged (or the iteration limit is reached), the

final cleanup calculations are made.
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2.14 Final Calculations

If there are no regenerative feedwater heaters in the turbine cycle,
the condenser hot-well flow and eanthalpy are set. The feedwater flow,
temperature, and enthalpy are calculated as a function of the feedwater
pump position. Correction factors are computed for any external heat ef-
fects such as reheaters, process steam, or external feedwater heating.

After the feedwater pumping power has been calculated, the net and
gross heat rates and efficiencies are computed. .The heat rate definition

employed by PRESTO is
(2 heat added —-X heat removed)/electrical generation,

where "heat added” terms include steam generator, reheater, and induction
heat additions. "Heat removed” terms represent steam extractions or heat
removed from the feedwater string. When working with cycles containing
external steaonr heat flows, this may give an exaggerated cycle effi-
ciency, and other heat—rate definitions may have more value. The user
should check for this situation and if necessary recalculate the heat
rate treating external flows as desired to accurately portray a specific
cycle efficiency. One definition commonly used for this purpose sets the
heat rate equal to 2 heat added/electrical generation.

The results are then written out, and the code returns to "start”
in Fig. 2.1 to read data for a new case.

The PRESTO code uses many subroutines during these calculations.

Appendix B lists these subroutines with a brief description of each one.
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3. OPTIONS

Options have been included in the PRESTO code to allow the user to
extend turbine cycle models to the limits of and beyond those cyecles

found in commercial use.

3.1 Peaking or Two—Shift Turbines

Peaking, or two-shift, units are designed for quick starts and
minimal use. Their stage group efficiencies are therefore lower, and
they have a higher exhaust loss than a baseload unit. The flag vari-
able TPEAK will cause the stage group efficiencies to be corrected as de-
scribed in G.E. report GER-2007C.8 The user must ad just the last stage
blade length (BLS) and the pitch diameter of the last stage (PDLS) to
conform to a high exhaust loss. Figures 16, 17, and 18 in G.E. report
GER-2007C8 give exhaust loss as a function of blade length, pitch diam—
eter, and volume flow rate. Page 5 of the G.E. report GET-2050C10 gives
last stage loading limits. The variables IPEAK, BLS, and PDLS are de-
scribed in Sects. 4.4.12, 4.4,1, and 4,4.35 respectively.

3.2 High Back-Pressure Turbines

The user may model a high back-pressure (5 to 15 in. Hga) unit for
use with dry cooling towers by setting the exhaust pressure, PXLP (psia)
or PXLPI (in. Hga), equal to the desired pressure. The last stage blade
length and pitch diameter should be chosen from Fig. 18 in G.E. report
GER-2007C.8 The code will make the necessary expansion efficiency and

exhaust loss corrections.

3.3 External Heat

Several features have been added to the PRESTO code to allow the
user to model extermal steam or heat flows. These features include the
extraction of process steam, the induction of steam at a turbine exhaust
or feedwater heater extraction line, and feedwater heating by low-quality

external heat. These options allow design flexibility and are often
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desired to improve the overall efficiency of an energy conversion system.
Such systems may combine the steam—turbine cycle with a high—~temperature

topping cycle or integrate it with an advanced heat source. Cogeneration
cyples may be modeled using the steam extractions available.

As discussed in Sects. 3,3.1 and 3.3.4, Steam may be inducted to or
extracted from the feedwater heater extraction lines and at the HP and IP
turbine exhausts. The condensate of any extracted steam may be returned
to any feedwater heater shell (Sect. 3.3.3) or to the condenser (Sect.
3.3.6). An induction steam flow may be balanced by removing condensate
from any feedwater heater shell or the condenser. External feedwater
flow paths are discussed in Sect. 3.3.5, which allow the addition of ex-—
ternal heat in parallel with one or more regenerative feedwater heaters.
\

The second examﬁle case in Sect. 5 demonstrates most of these PRESTO

options.

3,.3.1 Extraction lines

Steam may be added to or removed from any feedwater heater extrac-—
tion line, If steam is added, its enthalpy must be specified. If the
steam is removed, the code will set the enthalpy equal to that of the
extraction steam. Variables QEXT and HEXT represent the flow in pounds

per hour and the enthalpy in British thermal units per pound.

3.3.2 Parallel or series heat input

External heat may be directly added to or removed from the feed-
water heating string. Heat may be added between any two feedwater
heaters apd after the highest pressure heater or in parallel with any
feedwater heater. Variables EXTSER (series) and EXTPAR (parallel) are

specified in British thermal units per hour.

3.3.3 Feedwater heater shells

Condensate or steam may be returned 'to any feedwater heater shell,
and the enthalpy must be given for each of these flows. If two or more
flows are input to the same shell, the user must calculate the total flow

and mixed enthalpy. Condensate may also be removed from any feedwater
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heater shell, in which case the enthalpy is set equal to the feedwater
heater shell drain enthalpy by the code. QECOND is in pounds per hour

and HECOND is defined as British thermal units per pound.

3.3.4 Turbine exhaust

Process steam may be drawn from the HP or IP exhéust, and it is not
necessary to define the enthalpy for these steam extractions. If, how-—
ever, you wish to induct steam at these points, both the flow and the
corresponding enthalpy must be specified. Inducting steam between the TP
and LP sections when there is not a second reheater will introduce a 2
to 3% errpr‘ih the overall heat rate. This is due to the use of two ex-
pansion lines rather than the single IP-LP reheat line required in G.E.
report GER.—2007C8 and the resulting use of improper turbine efficiency
calculations. Variables QPROSS (pounds per hour) and HPROSS (British
thermal units per pound) define both process and induction steam flows

and enthalpies.

3.3.5 External feedwater flows .

Feedwater may be drawn from or added to the feedwater heating string
between any two feedwater heaters and after the highest pressure feed-
water heater., If feedwater is taken from the line, its enthalpy is set
equal to the feedwater enthalpy leaving the previocus heater. If feed—
water is added, the user must specify its enthalpy. The condensate re-
turn from an extracted steam flow may be added to the feedwater in this
manner. The variables QFWEXT (pounds. per hour) and HFWEXT (British

thermal units per pound)} specify these flows.

3.3.6 Unbalanced flows

Any flows left unbalanced by the user will be automatically balanced
in the condenser. Excess flow (from a steam or water induction source)
is removed at the condensate enthalpy. Makeup flow will be added to the

condenser and also at the condensate enthalpy.
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3.3.7 Results and error checks

When the results are printed out, the user is given each external
flow énd its enthalpy as well as the total external heat applied to the
system,.

It is possible that an external heat input would be inappropriate
for the turbine cycle model being studied. Since the feedwater enthalpy
leaving-each feedwater heater is fixed by the extraction pressure and
terminal temperature difference, any external heat applied must be of a
reasonable magnitude. Problems will occur any time an external source
attempts to add an amount of heat equal to the original feedwater heater
duty. An external source, improperly sized or misapplied, could cause a
negative steam flow through an extraction line (actually inducting steam
directly into the turbine), or it could force feedwater to flow backwards
through the feedwater heatef string.

The code will check for these conditions and either make propor-—
tional corrections or disallow the external sourte. In such a case, the
user will receive a warning message to let him know the results printed
do not reflect the input data he specified. The user should then review
the model and make the necessary alteratiomns. In cases where a negative

extraction flow was flagged, the user may wish to replace the feedwater

heater involved with an external heater in series, using the variable

EXTSER. See Sect. 5 for an example of this situation.
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4, DATA INPUT INSTRUCTIONS

4.1 1Input Data Format

Data is read into the program through two namelists, NAME and NAME2.
The first namelist contains all the basic cycle configuration information
as well as thermodynamic parameters. The second namelist contains exter-
nal feedwater heating options discussed in Sect. 3, All variable names
follow the standard convention for integers and real numbers. I, J, K,
L, M, and N are integer indicators if they are the first letter in a
variable name. Real variables should be entered with a double—precision
format.

Each data input set representing a turbine cycle model must consist
of at least two data cards. The first card image is read as a comment
card. The contents of this comment card will be printed as the case
title on each page of the computer output., The second, and more as re-
quired, card image(s) will be read as the data namelist, NAMFE, following
standard Fortran Namelist conventions. IF the optional namelist, NAME2Z,
is included, its card image(s) must immediately follow those of the first
namelist.

Multiple-case runs are possible i1f the title comment card is in—
serted between each set of namelists. Any variable not reset by the user
will retain its last value from the previous case. This is a useful fea-
ture for parametric studies where the user may wish to change only a few

variables each time.

4.2 Minimum Required Data

Several major cycle parameters have no default value. If these
variables (listed in Table 4.1) are not defined by the user, the case
will most likely fail. For a cross—compound case, the user must add
NLPZ, GC2Z, and/WRATEZ.
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Table.4.1., Variable definitions
for minimum required data

GC Generator capability, MVA

Ge2% Second shaft generator capability, MVA

ND Feedwater heater drain types

NDC Drain cooler flags

NF Total number of feedwater heaters

NFH Number of extractions from HP turbine

NEI Number of extractions from IP turbine

NFL Number of extractions from LP turbine

NLP2%* Number of turbine sections on second shaft

PE Extraction stage pressures, psia

PT b Throttle steam pressure, psia

PXLP 5 Condenser pressure, psia

PXLPL Condenser pressure, in. Hga

QGEN Specified steam generator outlet steam flow,
1b/hr

QT " Estimated throttle steam flow, 1b/hr

QTD Design throttle steam flow, 1b/hr

TT Throttle steam temperature, °F

WRATE Electrical output (MWe) required or estimated

WRATE2®* - Electrical output (MWe) from second shaft

@Crogs—compound cases only.
PXLP or PXLPI, but not both, must be input.

4,3 Custom—Made Default Cycle

If a user pléns to make extensive parametric studies with a single
turbine cycle, it may prove desirable to develop a new BLOCK DATA sub—
routine containing default values for every inmput variable. HNone of the
variables presently in BLOCK DATA may be eliminated, but their values may
be changed to represent another cycle. The variables listed in Table 4.1
as having no default values may easily be added since they are already

represented in the appropriate commons.

4.4 Variable Definitions

The following is a list of the variable names in namelist NAME with
a short description of each variable's function. Table 4.2 is a concise

summary of all the variable names, default values, and short definitions.
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Table 4.2, Variable definitions and default values

for all input parameters

Variable  Default e

Definition
name value

BLS 30.1 Length of last stage blades LP section, in.

CP1 171.7 Pressure at the feedwater pump inlet, psia

CP2 1.30 Ratio of feedwater pump discharge pressure to HP
turbine throttle pressure

EFM 0.90 Feedwater pump motor-drive efficiency

EFP 0.84 Feedwater pump isentropic efficiency

EFT 0.81 Feedwater pump turbine efficiency

EXTPAR 12%0.0 External heat supplied parallel to a feedwater
heater, Btu/hr

EXTSER 12%0.0 External heat supplied downstream of heater
No. N, Btu/hr

GC None Generator capability, MVA

GC2 None Second shaft generator capability, MVA

HECOND 13%0,0 Enthalpy of external flow to a feedwater heater
shell, Btu/l1b

HEXT 12%0,0 Enthalpy of steam added to a feedwater heater
extraction steam line, Btu/lb

HFWEXT 12#0.0 Enthalpy of external feedwater flow, Btu/lb

HPROSS 2*%0.0 Enthalpy of steam inducted at a turbine exhaust,
Btu/1b

ICC 0 Generator cocling method
= 0, conductor cooled
= 1, conventionally cooled

IFPT 1 Feedwater pump drive

= 0, motor driven
= 1, turbine driven
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Table 4.2 (continued)

Variable Default

Definition
name value

IMETER 0 Output format cheice
= 0, English units
= 1, metric units

INAME2 0 Flag to read second namelist
= 0, NAME2Z is not read
= 1, NAME2 is read

ip 2 Feedwater pump location indicator
0, after feedwater heater No.l
= N, before feedwater heater No. N

IPEAK 0 Flag for peaking unit
= 0, normal operation
= 1, peaking unit

IPLACE 2 Feedwater pump turbine extraction position
1, before IP turbine bowl
2, before LP turbine bowl

IRHP 3600 Rotational speed of HP turbine, rpm
IRIP 3600 Rotational speed of IP turbine, rpm
IRLP 3600 Rotational speed of LP turbine, rpm

LK 1 = 0, leakages will not be calculated
1, leakages will be calculated

NCASE 0 Turbine casing flag

= (}, no shared casings
1, HP-IP casings shared
2, HP-LP casings shared
3, IP-LP casings shared

A

Il

ND None Feedwater heater drain types
= 0, flashed drain
1, pumped drain

NDC None 0, no drain cooler section on feedwater heater

i, drain cooler section

/]
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Table 4,2 {(continued)

Variable Default

name value Definition

NF None Total number of feedwater heaters

NFH None Number of feedwater heaters receiving extraction
steam from the HP section

NFL None Number of feedwater heaters receiving extraction
steam from the IP gection

NFL None Number of feedwater heaters receiving extraction
steam from the LP section

NHP i Number of parallel HP sections

NIP 1 Number of parallel IP sections

NLP 4 Number of parallel LP sections

NLP2 0 Number of parallel LP turbine sections on a
second, cross—compound, shaft

NOSPE i = 0, no steam packing exhauster

= 1, steam packing exhauster included

NRGS 1 Number of governing stage blade rows

NRH 1 Number of external reheat stages

NSHAFT 3 Number of turbine sections in series, 1, 2, or 3

PBIP 633, Bowl pressure at the IP section, psia

PBLP 177, Bowl pressure at the LP section, psia

PCMU 0.0 Feedwater makeup rate, 7

PDGS 40, Pitch diameter of governing stage, in.

PDLS 85 Pitch diameter of last stage LP section, in.

PE None Extraction stage pressures, psia

PF 0.90 Generator power factor

PT None Throttle steam pressure, psia
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Table 4.2 (continued)

Variable Default Definition
name value

PXDROP 3., 6. Extraction line pressure drop, %

PXLP Dummy Main condenser pressure, psia

PXLPL Dummy Main condenser pressure, in. Hga

QAR 0.0 Steam flow to steawm-jet air ejector

QCR 0.0 Condensate flow bypassed to the steam generator

QECOND 13%0,0 Steam or condensate returned to a feedwater
heater shell, Ib/hr

QEXT 12%0.0 Steam added to a feedwater heater extraction
line, 1b/hr

QFWEXT 12%0,0 External feedwater flow added after feedwater
heater No. N, 1b/hr

QGEN None Specified steam generator outlet flow, 1b/hr

QPROSS 2%0.0 Process or induction steam at a turbine exhaust,
1b/hr
{1) HP turbine exhaust
(2) IP turbine exhaust

qQr None Estimated throttle steam flow, 1b/hr

QTD None Design throttle steam flow, 1b/hr

TDCA 2%310,, 0., Drain cooler approach temperature difference, °F

3#10., 6%*0, '

TRHI 1000, Exit temperature of first stage reheater, °F

TRH2 0.0 Exit temperature of second stage reheater, °F

T None Throttle steam temperature, °F

TTD 3%0,, 4%5, Feedwater heater terminal temperature

5%0, difference, °F
WRATE None Electrical output (MWe) required or estimated
WRATE2 None Electrical output (MWe) from second shaft
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4.4.1 BLS

BLS is the last stage blade (or bucket) length in inches with a de-
fault value of 30.DO. Turbines of 3600 rpm will have blade lengths rang-
ing from 20 to 33.5 in., while 1800-rpm units vary from 38 to 52 in.
Table 4.3 shows the corresponding last stage pitch diameter (PDLS) for
each last stage blade length. The longer blade lengths give a lower ex-—
haust loss and heat rate at full load but have a higher capital cost.

The shorter blade léngths require less capital investment but cause a
relatively higher exhaust loss at full load. These shorter blades are
better suited for low load conditions. The exhaust loss curves of Fig.
16, 17, and 18 in G.E. report GER-2007C® show that the exhaust loss
reaches a minimum at an annulus veloecity that is a function of the last
stage design. Below this velocity, the exhaust losses increase rapidly
so that the blade length must be properly matched to the anticipated
loading conditions., Page 5 of G.E. report GET-2050C1? shows the maximum
allowable exhaust flow (1b/hr per row of last stage blades) at valves-
wide—open (VWO) design flow, 5% over pressure, and an exhaust pressure of

3.5 in. Hga.

Table 4.3. BLS and PDLS

3600 rpm
Last stage 20 23 26 30 33.5 208
bucket length, in. ,
Pitch diameter, in. 60 65.5 72,125 85 90.5 75
1800 rpm
Last 'stage - 38 38 43 52
bucket length, in.
Pitch diameter, in. 115 127.5 132 152

aHigh back-pressure units only.
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Typical exhaust losses [the difference between the expansion line
end point (ELEP) and the used energy end point (UEEP)] will be 20 to 30
Btu/lb at normal exhaust pressures and will be lower for elevated back

pressures.

4.4.2 CPl, CpP2

CP1 and CP2 define the feedwater pump operating conditions. CPl is
the pressure at the feedwater pump inlet with a default value of 171.7
psia., This value should be set equal to the shell pressure of the de—
aerating heater in most cases. Pumping power is calculated only for this
main feedwater pump; therefore, the user should adjust the net output for
other auxiliaries which may include condensate pumps, circulating water
pumps, booster pumps, and drain pumps.

CP2 is the ratio of feedwater pump discharge pressure to HF turbine
throttle pressure., The default value for CP2 is 1.30 (dimensionless). A
change in CP2 from 1.30 to 1.25 decreased the net heat rate of the first
example case by 8 Btu/kWhr.

Other input parameters which influence the feedwater pump model are
EFM{ EFP, and EFT, ‘the drive motor efficiency, pump efficiency, and tur—
bine efficiency respectively. Other variables involved are IFPT, the
drive mode selection; IP, the pump position; and IPLACE, which chooses

the steam extraction point for a turbine—driven feedwater pump.

4.4.3 EFM

EFM is the motor—drive efficiency for motor-driven feedwater pumps.
The default value is 0.90D0. Other feedwater pump parameters are listed
in Sect. 4.4.2.

4.4.4 EFP

EFP is the feedwater pump isentropic efficiency with a default value
of 0.84. A decrease in pump efficiency of 10% raises the heat rate of
the first example case by 21 Btu/kWhr (approximately 0.3%) as an indica-
tion of the code's sensitivity to this variable. Other feedwater pump

parameters are listed in Sect. 4.4.2,
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4.4.5 EFT

EFT is the turbine efficiency for a turbine-driven feedwater pump.
If the default value of 0.81 is increased by 10%, the net heat rate of
the first example case will only decrease by approximately 0.3%. Other

feedwater pump parameters are listed in Sect. 4.4.2.

4,4.6 GC, GC2

GC is the generator capability in megavolt—amperes and has no de-
fault value. For a cross~compound configuration, GC is the sum capabil-
ity of both generators, and GC2 is the generator capability in megavolt-
amperes of the second, or LP generator. A lower-limit estimate of the
generator capability is the electrical output, at valves—-wide—open (VWOQ)
design flow (i.e., QT = QTD), divided by the generator power factor.

In cases where the steam generator outlet flow, QGEN, is provided as
input data, there is no direct method of selecting generator capability
without making two rums. Until the electrical output is knowm, ‘it canmot
be divided by the power factor to obtain the generator capability. Until
the generator capability is known, the electrical output cannot be pre-
cisely determined. One should make a VWO run (by setting QT = QTD and
QGEN = QT + QAE in the input data), determine electrical output with the
assumed generator capability, and then rerun the case with a corrected
capability.-

For cross—compound turbines, the problem becomes more severe because
it is difficult to estimate the power gplit between the two generators.
It is desirable to have nearly equal electrical output for each genera—
tor; this can only be achieved by a second run adjusting GC and GC2 and
also by increasing ‘ot decreasing the LP turbine bowl pressure and/or the

IP turbine bowl pressure.

4.4,7 ICC

ICC is used to flag the generator cooling method. ICC = 0 (default)
calls for a conductor-cooled generator, while ICC = 1 defines a conven—

tionally cooled one.
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Figures 20 and 23 in G.E. report GER 2007-C 8 show conventionally
cooled generators used for genmerator ratings up to 300 MVA for 3600 rpm
and 400 MVA for 1800 rpm. Conductor cooling is shown for generﬁtors with
ratings above 200 MVA. If the user chooses a generator combination
outside these limits, the code will extrapolate the curve and print a

warning message before continuing to completion.

4.4,8 TFPT

The user has the option of specifying motor-driven (IFPT = 0) or
turbine—driven (IFPT = 1) feedwater pumps. The default value is 1, a
turbine-~driven feedwater pump. In the absence of other information, it _
is suggested that motor~driven feedwater pumps be used for eycles with an
electrical output below 150 to 200 MWe (at throttle pressures of 1800 to
2400 psia), turbine-driven feedwater pumps be used above 400 or 500 MWe
(at throttle pressures of 2400 or 3500 psia), and either drive may be se—
lected in the intermediate range. It should be noted that turbine drive
shows a significant improvement in heat rate over motor drive. When the
example case was changed to motor drive, the heat rate increased by 37
Btu/kWhr or 0.5%. Provisions for shaft—driven pumps are not included.

Other parameters describiqg the feedwater pump are listed in Sect.
bob.2,

4,4,9 TIMETER

IMETER is a flag which will, if set equal to one, cause the case re-
sults to be printed out in metric units. The default value of IMETER is

ZeTro.

4.4,10 INAME2

INAMEZ? is a flag which, if set equal to ome, will cause the namelist
NAME2 to be read. The default value of INAME2Z is zero, that is, NAME2
will not be read unless the flag is set equal to one. Read Sect. 3.3 as
well as the data input descriptions in Sects. 4.54.6 for instruc-

tions on using this optional feature.
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4.4.11 IP

1P indicates the feedwater pump location. IP = 0 places the pump
after feedwater heater No. 1 {the highest pressure feedwater heater).
IP = N places the pump before feedwater heater No. N. Reference to
typical heat—balance diagrams or flow schematics for similar cycles may
provide the best guide for normal practice in locating the feedwater
pump. If a deaerating heater is used as a means of boiling condensate to
eliminate entrained gases, the feedwater pump suction might best be taken
from this heater. The default value of IP is 2, Other variables related

to the feedwater pump are listed in Sect. 4.4.2.

4.,4.12 TIPEAK 7

IPEAK is a flag set equal to one to signal a peaking unit. The de-
fault value of IPEAK is zero. For a further discussion of peaking units,

refer to Sect. 3.1.

4.4.13 TPLACE

IPLACE enables the user to position the feedwater pump turbine steam
extraction point. If IPLACE = 1, the extraction is just before the IP
turbine bowl; if IPLACE = 2 (the default value), the steam is taken from
the crossover just before the LP turbine bowl. For a motor—driven feed
pump (IFPT = 0), IPLACE need not be set. Other variables related to the

feedwater pump are listed in Sect. 4.4.2.

4.4.14 TRHP, IRIP, IRLP

IRHP, IRIP, and IRLP are the rotational speeds (3600 or 1800 rpm) of
the HP, IP, and LP turbine sections with default values of 3600. IRHP
and IRIP should be 3600 rpm for the range of cycles covered by this code.
In the case of split LP sections (in a2 cross—compound configuration),

give the speed of the second shaft for IRLFP.

4.4.15 1K

LK is a flag. The default value of 1 will cause leakage calcula-

tions to be performed. If the user wishes to suppress this optiomn, a
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value of zero should be entered; this will cause the- heat rate to improve
by approximately 0.5%.

The leakage flows are modeled after Table II in G.E. report GER-
2007C 8 and are arranged in an array of 21 possible combinations. Their
pressures and destinations vary with the turbine configurations. Table
4.4 identifies the leakage numbers with their locations. The lowest num~—
ber in each groﬁp corresponds to the first leakage flow, this is the one

closest to the turbine and having the highest pressure.

Table 4.4. Steam leakage locations

Leakage number Location
1-4 HP Bowl {governing stage shell)
5—7 HP Shell
811 IP Bowl
1214 IP Shell
1517 LP Rowl
18 LP Shell
1921 Throttle valve stem

4.4.16 NCASE

NCASE is a flag used by the leakage subroutines to describe the
physical arrangement of the turbine sections. If each section stands
alone (as in the default case), there are separate casings and NCASE = O.
NCASE equals one if the HP-IP turbines are housed together in a single
casing, two for an HP-LP single casing, and three if the IP-LP turbines
share a single casing. If leakage calculations are not made (LK is set

equal to zero), NCASE need not be set.

4.4,17 ND

ND is an array of twelve flags used to define the feedwater heater
arrangements and has no default value. If ND(L) is set equal to zero,

the feedwater heater No. L will have a flashed drain configuration. If
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ND(L) equals one, the feedwater heater drain will be pumped forward.
Generally, flashed drains should be selected for all but the deaerating
feedwater heater and perhaps the lowest pressure feedwater heater.
Flashing these last drains to the condenser rather than pumping them for-
ward makes a difference of only 2 Btu/kWhr to the net heat rate in the
first example case. The increased operating problems with pumped drains
are likely to more than offset this slight improvement in heat rate. A
deaerating heater is specified by setting ND equal to one and TTD equal

to zero. A list of related feedwater heater parameters is included in
Sect. 4.4.19.

4.4.18 NDC

NDC is an array of 12 flags indicating a drain cooler section (NDC =
1) or no drain cooler section (NDC = 0) for each possible feedwater
heater. There are no default values for this array; the user is required
to define NDC for each feedwater heater.

A feedwater heater with a pumped drain should not have a drain
cooler section. Drain coolers are recommended for all desuperheating-
type feedwater heaters. The drain cocoler approach temperature differ-—
ence, TDCA, should be specified for each drain cooler. Other related

feedwater heater parameters are listed in Sect. 4.4.19.

4.4.19 NF

NF (no default value) is the total number of feedwater heaters and
must be. specified. To define the arangement of the feedwater heater
train, the following variables must be given: ND (drain type); NDC
(drain cooler flag); NF; NFH (the number of feedwater heaters fed from
the HP turbine section); NFI (the number of feedwater heaters from the IP
section); NFL (the number of feedwater heaters from the LP section); PE
(extraction stage pressures); TDCA (drain cooler approach temperature
difference); and TTD (terminal temperature difference). The feedwater

heaters are numbered from the highest pressure (1) to the lowest pressure
(NF)-
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4.4.20 NFH

NFH identifies the number of feedwater heaters receiving extrac-
tion steam from the HP turbine section. NFH has no default value and
must be specified by the user. The sum of WFH, NFI, and NFL should equal

NF. See Sect. 4.4.19 for a list of related feedwater heater parameters.

4.4.21 NEI

NFI is the number of feedwater heaters receiving extraction steam
from the IP turbine section, NFI has no default value and must be speci-
fied by the user. The sum of NFH, NFI, and NFL should equal NF. Refer

to Sect. 4.4.19 for a list of related feedwater heater parameters.

4,4,22 NFL

NFL represents the number of feedwater heaters receiving extrac—
tion steam from the LP turbine section. NFL has no default value and
must be specified by the usexr. The sum of NFH, NFI, and NFL should equal
NF. Refer to Sect. 4.4.19 for a list of related feedwater heater param-

eters.

4.4.23 NHP

NHP is the number of parallel HP turbine sections with a default

value of one.

4.4.24 NIP

NIP represents the number of parallel IP turbinme sections and has a
default value of one. Double-flow (NIP = 2} turbines are not common but

are used occasionally.

4.4,25 NLP

_NLP is the number of parallel LP turbine sections and will normally
be an even number. The default value of NLP is 4, TC4F is a standard
manner of denoting a four-flow LP turbine section-on a tandem—compound
machine. - For such a case, NLP should be set équal to four. If a cross-

compound turbine cycle is being modeled, NLP is the total of the parallel
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flow LP turbines on both shafts, while NLP2 represents only those on the

second shaft.

4.4.26 NIJPz

NLP2Z is the major flag for a cross—compound configuration and
equals the number of LP turbine secticns on the second shaft, If NLP2 is
equal to zero (default value), all cross—compound calculatiogs are
skipped, and a tandem configuration is assumed. Generator capability is
the major factor in selection of cross—compound turbines. Above approxi-
mately 950 MWe, single 3600-rpm generators are not commercially available
in the United States, and consideration must be given to cross—compound
turbines. Cross—compound turbine generators may be 3600/1800 rpm or
3600/3600 rpm. The weight of an 1800-rpm generator may be 2.5 times that
of a 3600-rpm generator. A cross—compouﬁd unit does have the advantage
of a simpler control system than the duplicate controls required for two
tandem~compound turbine generators. A tandem—compound turbine generator
is much more economical, easier to operate, and cheaper to install than a
cross—compound unit of equivalent rating. A cross—compound unit should
place approximately 50% of the electrical load on each generator when

operated at design conditions.

4,4,27 NOSPE

NOSPE is a flag which, if set equal to one, places a steam packing
exhauster between the condenser and the last feedwater ﬂeater. If this
is not desired, NOSPE should be set equal to zero.

The default value of NOSPE is one. Dropping the steam packing ex~
hauster from the first example case caused the gross heat rate to in-

crease by only 0.017%,

4.4,28 NRGS

NRGS represents the number of blade rows in the governing stage.
One-row governing stages (as in the default case) are most often used.
/
Although two-row machines (NRGS = 2) are not common, their efficiency

does not drop off as fast with load as a turbine with a one-row governing
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stage. For this reason, a baseload unit is sometimes equipped with a
two-row wheel to ensure high efficiency over a broad range of operating

conditions.

4.4,29 NRH

NRH represents the number of reheaters inm the turbine cycle. NRH
has a default value of one and can be set equal to a zero or two. A dou-
ble reheat (NRH = 2) is normally applied only to a supercritical cycle
with an output greater than 600 MWe.

4.4,30 NSHAFT

NSHAFT indicates the number of turbine sections in series. A
turbine cycle with HP, IP, and LP turbines is a three-section machine
(NSHAFT = 3). Except at low throttle pressures below 1000 psia, an
NSHAFT value of three (default value) is mormal. An HP-LP turbine cycle
would have NSHAFT = 2, and a turbine cycle with only an LP section would
have NSHAFT = 1. The user must be careful to follow these conventions
when naming the corresponding feedwater heaters, that is, a one-section

turbine cycle must have NFH and NFI equal to zero.

4.4,31 PBIP

PBIF is the pressure {(psia) at the bowl of the IP turbine section.
Generally, the ratio of HP exhaust pressure to throttle pressure for
single reheat turbine cycles ranges from 22 to 27% at throttle pressures
between 1800 and 2500 psig. That, coupled with the assumed 10% reheater
and 2% intercept value pressure drops, gives a PBIP:PT ratio of approxi-
mately 22%.

The default value of PBIP is 633.D0 psia, which corresponds to the

first example case in Appendix A.

4,4.32 PBLP

PBLP is the pressure (psia) at the bowl of the LP turbine section.
Single reheater, three—section, turbine cycles will have a PBLP:PT ratio

of roughly 5%. For a double reheater, 3500-psig throttle pressure
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turbine cycle, the ratio will be approximately 10%. For a one—section
machine, PBLP should be identified as PT by the user.
The default value of PBLP is 177,D0 psia, which corresponds to the

first example case in Appendix A.

4.4.33 PCMU

PCMU is the feedwater makeup rate as a percentage of throttle flow.
PCMU has a default value of zero.

4.4,34 PDGS

PDGS is the pitch diameter (in inches) of the governing stage.
Figure 7 of G.E. report GER-2007C% shows these diameters ranging from
30 to 46 in. Increasing the diameter of the governing stage decreases
the full-lcad efficiency but is of some benefit at. light loads. Since
the code is relatively insensitive to changes in PDGS, the default value
(40.D0) will be satisfactory for most work. Unless the cycle being eval-
uated has a turbine of known governing stage pitch diameter, no change is

necessary.

4.4.35 PDLS

PDLS is the pitch diamter of the LP turbine's last stage with a
default value of 85.D0. A 3600~rpm turbine will have a PDLS ranging from
60 to 90.5 in., while an 1800-rpm turbine will go from 115 to 152 in.
These values are related to the last stage blade Iength (BLS) in Table

4.3. See the discussion of last stage design in Sect. 4.4.1.

4.4.36 PE

PE is an array of 12 extraction pressures (psia), one for each pos—
sible feedwater heater, and has no default value. If an extraction point
is ISZated at a turbine exhaust, an extraction pressufe of zero should be
given. It is desirable to select extraction pressures that will result‘
in approximately equal rises in condensate enthalpy across each feedwater
heater. The temperature rise across a feedwater heater is typically in
the range of 45 to 85°F although exceptions are common. In multisection

turbines, it is desirable (because of a lower pressure drop) to make use
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of the turbine section exhaust for feedwater heating (by setting PE =

0.D0) as opposed to an additional turbine shell penetration. The highest
pressure feedwater heater will -usually receive its extraction steam from
Fhe cold reheat line, or HP turbine exhaust. There is a list of related

feedwater heater variables in Sect. 4.4.19,

4.4.37 PF

PF is the generator(s) power factor. The default value of 0.90D0 is

a commonly used value. .

4.4.38 PT

PT is the throttle steam pressure (psia) and has no default value.
PT will normally be in the range of 850 to 2400 psia for nonreheat cycles
and 1450 to 2400 psia or 3200 to 3500 psia for reheat cycles., Pressures
closer to the critical pressure.tend to produce vapor/ligquid separation
problems in the steam generator, The PRESTQ code will run. over a contin—
uous spectrum from very low to very high pressures.

Other related throttle variables are TT (temperature}, dT (flow),
and QID (design flow).

4,4,39 PXDROP

PXDROP is an array of two extraction line pressure drops in per—
cent. The first corresponds to the pressure drop from a turbine exhaust
to a feedwater heater and has a default value of 3.D0%; the second rep—
resents the pressure drop from a turbine shell opening to a feedwater
heater and has a default value of 6.D0%. An increase of 2% in each of
these variables will cause a rise of 9 Btu/kWhr (0.l%) in the example

case heat rate.

4.4.40 PXLP, PXLPI

PXLP represents the low-pressure turbine exhaust, or condenser,
pressure in psia. PXLPI is the same pressure expressed in inches of
mercury. The user must specify either or both of these values, If both

are specified, PXLPI should equal PXLP multiplied by 2.03602234D0.
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The default values for PXLP and PXLPI are dummy values used in com—
parison logic. If the user elects to replace the BLOCK DATA subroutine
as mentioned before, PXLP and PXLPI must bear the correct relationship,
and PXLPIO should be set equal to PXLPI. PXLPIO is an internal variable
and is never input through namelist.

If PXLPI is greater than 5.D0, the cycle is considered a high back-
pressure cycle. In this case, the user should refer to Sect. 3.2 for a
brief discussion of high back-pressure units.

Recommended values of PXLPI range from 1.5 to 2.5 in.. Hga for once-
through cooling, 2.5 to 4.5 in. Hga for cooling ponds oxr wet cooling

towers, and 8.0 to 15.0 in. Hga for dry cooling tower cycles.

4.4.41 QAE’

QAE is a steam flow (1lb/hr) extracted between the steam generator
outlet and the turbine throttle for the steam—jet air ejector. QAE has a
default value of ¢ 1b/hr.

4.4.42 QCR

QCR is a condensate flow (1b/hr) which bypasses the feedwater heat-—

ing train and enters the steam generator. QCR has a default value of

ZeTr0.

4.4.43 QGEN

QGEN is the required steam—generator outlet flow in pounds per hour.
As pointed out in Sect. 2.13, the user may specify either a desired elec-—
trical output or the steam—generator outlet flow, QGEN. If QGEN is
specified, the code will treat the electrical output, WRATE, as an esti-
mzte and use the appropriate convergence test in Fig. 2.8. QGEN has no
default value and, if not specified, must be set equal to zero. QGEN
differs from the throttle flow by only one term. The steam flow to the
air ejectors, QAE, is extracted before the throttle. If this flow is
zero, QGENW will equal -QT.

For best control of the throttle flow ratio [QT/QTD = 1 for”valves
wide open (VWO), QT/QTD = 1/1.05 for maximum guaranteed], the user should
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set QGEN equal to QT plus QAE., The code will then calculate the elec—
trical output, WRATE., The user should check this calculated electri-
cal output against the estimated generator capability, GC. If they are
not properly related (as discussed in Sect. 4.4.6), GC should be
corrected and the case rerun. Note that an estimated value of WRATE must
still be supplied by the user. For a good first estimate of WRATE, the
user may divide QT by 7000, *50%.

In the first example case in Sect. 5, at a constant low-pressﬁre
turbine exhaust pressure, the increase in electrical output from maximum

guaranteed to VW0 is about 3.2%.

4.4.44 QT, QID

QT is the user-supplied estimated throttle flow (1b/hr), and there
is no default value. If QT is set equal to the design throttle flow, QTD
(1b/hr), the heat balance will be a VﬁO heat balance. For a maximum guar-—
anteed case, QT should equal QTD/1.05. If a run has converged to the re—
quired electrical output, WRATE (i.e., QGEN is equal to zero), there is
no assurance that the calculated QT will still bear the correct relation—
ship to QID for the correct percentage of valves—wide—open generation.

It may then be necessary to reset QT and QTD and rerun the case. The
user may, however, elect to fix QT by setting the variable QGEN, as
discussed in Sect. 4.4.43.

It is possible to estimate QT for a first run by multiplying the re-
quired electrical output in megawatts, WRATE, by 7000. Given this esti-~
mate *50%, the code will converge toward the proper figure.

Other related throttle variables are PT, throttle pressure, and TT,
the throttle temperature.

4.4,45 TDCA

IDCA is an array of 12 drain cooler approach temperature (°F) dif-
ferences corresponding to the 12 possible feedwater heaters. The default
value set is 2%10.D0, 0,D0 3%10.D0, and 6%0.D0. TDCA is the difference
between the feedwater heater drain and the feedwater inlet temperatures
and must be specified for each feedwater heater having a drain cooler

section.
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Changing all drain cooler approach temperature differences in the
first example case from 10 to 15°F made a difference of only 2 Btu/kWhr

in the net heat rate.

Other related feedwater heater parameters are listed in Sect. %4.4.19.

b4,4.46 TRHI, TRH2

TRH1 and TRH2 are the exit temperatures (°F) of reheaters follow-
ing the HP and IP turbine sections respectively. TRHI has a default
value of 1000.D6, and TRH2 is preset to zero. When TT and TRHI1, in the
example case, were each raised 50°F, the net heat rate decreased by 2%.

NRH is a related variable.

bok 47 TT

IT is the throttle steam temperature (°F) and has no default value.
IT will normally be in the range of 900 to 1050°F for large steam—
turbine-generator units classed as fossil types. While the code will run
to completion well outside this range, lower temperatures may indicate
that ORCENT II" (the heat balance code for nuclear-type cycles) might be
a more appropriate code to use. A 50°F reduction in throttle and reheat

temperatures caused a 2% increase in the example case heat rate.

Related throttle variables are PT (pressure), QT (flow), and QTD
(design flow).

4,4.48 TTD

ITD is an array of 12 feedwater heater terminal temperature dif-
ferences in degrees Fahrenheit and has a default value set of 3#0,D0,
4*5,D0, and 5%0.DO. The code will accept feedwater heater terminal tem-
perature differences which are positive, zero, or negatiﬁe. With a nega—
tive terminal temperature difference, that is, a feedwater outlet tem~
perature greater than saturation temperature at the feedwater heater
shell pressure, the user must be sure there is no pinch between the steam

and feedwater temperature profiles.
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A direct contact or deaerating feedwater heater is specified by
letting TTD equal zero and ND equal one. For a list of related feed-

water heater parameters, see Sect. 4.4.19,

4.4.49 WRATE, WRATE2

WRATE is the net electriecal output {(MWe) required from the turbine
cycle under study. The net electrical output for a cycle with a turbine—
driven boiler feed pump is equal to the total shaft work minus the elec-
trical and mechanical losses. If the boiler feed pump has a ﬁ;tor drive,
this pumping power is also subtracted from the shaft work. TFor a cross—
compound configuration, WRATE is the total output, and WRATE2 is the gen—
eration (MWe) of the second (or LP) generator. These variables have no
default values. WRATE must always be specified by the user. WRATEZ must
be specified any time NLP2 is greater than zero.

If the steam—generator outlet flow, QGEN, is specified, WRATE bhe-
comes an estimate rather than a fixed value but must still be input by

the user.

4.5 Introduction to the NAMEZ Variables

The namelist NAME2 is used only for cycles with external steam,
feedwater, or heat flows. These features are discussed in Sect. 3.3.
To access this second namelist, the flag variable, INAMEZ, must be set
equal to one in the namelist, NAME. Refer to Sect. 3.3 and its

subsections before attempting to use namelist, NAME2,

4.6 NAME2 Variable Definitions

Following is a list of the variable names in namelist NAME2 with a

shott description of each variable's function.

EXTPAR is used to add or remove heat (Btu/hr) in parallel with any
feedwater heater. If EXTPAR has a negative value, heat will be removed

from the feedwater heater. For example, if there were 15,000 Btu/hr
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available for feedwater heating at a proper temperature for the third
feedwater heater, the input data would be EXTPAR(3) = 15.DP3. In a
similar manner, if it is desirable to. remove heat for an external pro—
cess or storage, the data input could be EXTPAR(3) = —15.D3, The

array EXTPAR has a default value set of 12 zeros.

4.6.2 EXTSER

EXTSER is 1ike EXTPAR but is applied in series, or between two
feedwater heaters, rather than in parallel. EXTSER(1) acts between the-
highest pressure feedwater heater and the 'steam generator. EXTSER(4)
acts between feedwater heaters 3 anq 4., EXTSER is also specified in

British thermal units per hour and has the default value set of 12%0.D0.

4.6.3 HECOND

HECOND is the enthalpy (Btu/lb) of steam or condensate added to or
removed from a feedwater heater shell or the condenser. HECOND(L) must
be specified for each positive QECOND(L). The user is not required to
define HECOND(L) if flow is being removed from the shell, that is, if
QECOND(L) is mnegative. In these cases, the code will automatically set
the enthalpy equal to the shell drain enthalpy. HECOND has the default
value set of 13%0,D0,

4. 6.4 HEXT

HEXT is the enthalpy (Btu/lb) of steam added to or removed trom a
feedwater heater extraction steam line. If steam is removed [QEXT(L) is
less than zero], HEXT(L) will automatically be set equal to-the extrac—
tion.steam enthalpy. If steam is added [a positive QEXT(L)], the en—

thalpy HEXT(L) must be given by the user. The default values of HEXT are
12#0.D0.

4.6.5 HFWEXT

HFWEXT is the enthalpy (Btu/1b) of water added to or removed from
the feedwater stream using variable QFWEXT. If water is removed from the

system, the code will set its enthalpy equal to the feedwater enthalpy
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leaving the previous feedwater heater. If water is added, QFWEXT(L), the
user must specify the corresponding enthalpy, HFWEXT(L). The array,
HFWEXT, has a default value set of 12%0.DO.

4,6.6 HPROSS

HPROSS is the enthalpy (Btu/1b) of steam added to or removed from a
turbine exhaust line using variable QPROSS for the flow rate. The code
will set HPROSS equal to the in—line enthalpy if steam is removed. The
user must specify HPROSS(L) for any positi@e QPROSS(L). The default
values for the array HPROSS are 0.DO0.

4.6.7 QECOND

QECOND is the flow (1b/hr) of condensate or steam added teo or re-
moved from a feedwater heater shell. If QECOND is negative, flow is re—
moved from the shell, and if it is positive, flow is added. The enthalpy
of each positive flow, QECOND(L), must be specified by HECOND(L). QECOND
can be used to return steam extractions to the feedwater cycle and is
often used to dump steam or condensate into the deaerating feedwater
heater shell., The default value set of this array of 13 (12 feedwater

heaters and the condenser) is 13 zeros.

4.6.8 QEXT

QEXT is the steam flow (1b/hr) added to (a positive value) or re-
moved from (a negative value) a feedwater heater extraction steam line.
The 12 values of the array, QEXT, will default to zero unless given as
input data. The enthalpy, HEXT(L), must be given for each positive flow,
‘QEXT(L)- The enthalpy of a negative flow will be set equal to the ex-
traction steamténthalpy by the code. If the user attempts to add more
steam to the line than the feedwater heater can handle, the code will

give an error message and adjust the input data.

4.6.9 QFWEXT

QFWEXT is used to add to (positive) or remove from (negative)
feedwater (1b/hr) between two feedwater heaters or after the first

feedwater heater. For example, QFWEXT(3) = —500.D0 would remove 500
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1b/hr from the feedwater stream between feedwater heaters 2 and 3.
QFWEXT(1) = 500.D0 would add 500 1b/hr to the feedwater entering the
steam generator. When water is added, its enthalpy must be specified
using the variable HFWEXT. The default value set of the array QFWEXT is
12%0.D0.

4.6.10 QPROSS

QPROSS is a steam flow (1b/hr) removed from or inducted at a tur-
bine exhaust. QPROSS(1) is located at the HP exhaust, and QPROSS(2) is
at the IP exhaust. 1If QPROSS is greater than zero, steam is inducted,
and its enthalpy must be specified with the corresponding HPROSS. A
negative QPROSS represents an extraction flow, and its enthalpy is set by
the code equal to the steam line mixed enthalpy (usually identical to the

turbine exhaust enthalpy). The default values of QPROSS are both zero.
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5. EXAMPLE CASES

5.1 Example Case No. 1 Description

The example case depicted in Fig. 5.1 is a supercritical, single-
reheat power cycle typical of a modern baseload power plant. The turbine
arrangement is tandem compound, that is, a‘single turbine-generator
shaft, and the feedwater pump is turbine driven. Leakage flows are not
shown in Fig. 5.1 but are calculated and described in Table VII of the
examﬁie output in Appendix A. The case was run at valves—wide—open (VWO)
design conditions.

The input data required to run the example case is illustrated by
Fig. 5.2. Note the use of free form in the namelist, the variables may
appear in any random order. The variables listed in this example are
thosé identified as rthe "minimum required” in Sect. 4.2.

The first example is shown in two ways. The first entry calls for a
given electrical output and lets the code calculate the steam-generator
outlet flow. WNote that the calculated throttle flow was very close to
the specified design flow. If it had\been significantly different, the
user would have had to reset QID and rerun the case. The next entry
gpecifies the steam flow by setting QGEN, and the generator electrical

output is calculated.

5.2 Example Case No. 2 Description

This second example case uses the first as its basis and demon-—
strates the external heating options described in Sect. 3.3. Figure 5.3
shows the cycle with the external flows symbolized by the capital let-
ters A through G. Figure 5.4 contains the input data mecessary to run
this example. Note that the flag variable INAME2 was set equal to one,
and the namelist, NAME2, followed immediately behind the first,

The symbols of Fig. 5.3 have the following corxresponding entries in
Fig, 5.4.
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A QPROSS(2) = 6000,D0

HPROSS(2) = 1400.D0
B QEXT(2) = -5000.D0
C EXTSER(1) = 15000.D0
D QFWEXT(2) = 7000.D0

HFWEXT(2) = 430,D0
E QECOND(3) = 5000.DO

HECOND(3) =  1000.DO.
F QFWEXT(5) = —7000,b0
G EXTPAR(5) = —10000.D0

Entry A represents 6000 1b/hr of steam with an enthalpy of 1400
Btu/1b inducted at the crossover before the LP bowl. The flow was left
unbalanced by the user, and the code automatically removed 6000 1b/hr of
condensate from the condensef hotwell.

Entries B and E show 5000 1b/hr steam removed. from the second ex-
traction line and returned at an enthalpy of 1000 Btu/1b to the shell of
the third heater, which was also the deaerating heater in this example.

Entry C is an external heat input of 15,000 Btu/hr between the first-
feedwater heater and the steam generator.

Entries D and F represent 7000 lb/hrlof condensate removed between
heaters 4 and 5, heated externally, and returne& between heaters 1 and 2
at an enthalpy of 430. Btu/lb.

Entry G shows the removal of 10,000 Btu/hr from the fifth feedwater
heater. This amount is not included in the heater duty listed in Table

IV of the example output in Appendix A.°

5.3 Deleting a Feedwater Heater

If an error message, such as discussed in Sect. 3.3.7, is received
when external heat is added, the user may wish to delete a feedwater
heater. ) )

This would involve renumbering the feedwater heaters and altering

the following variables: ND, NDC, NF, NFH, NFI, NFL, PE, TDCA, and TTD
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to eliminate the data describing the replaced feedwater heater. The new
series external heat input should bear the same subscript as the feed-
water heater being deleted.

Figure 5.5 is an example case where external heat is added in paral-
lel with the No. 4 regenerative feedwater heater. Given the following

original input .data:

¥ = 0,0,1,0,0,0,0
NDC = 1,1,0,1,1,1,1

NF = 7

NFH = 1
NFT = 2
NFL = 4

PE = 0.,387.,0.,66.7,42,6,12.4,5.5
TDCA = 10.,10.,0.,4*10,

TTD = 3%0,,4%5,

EXTPAR(4) = 150.D6

Assume the user receives a warning message indicating that EXTPAR(4) was
too large and was reduced to 53.D6. The heater duty listed for the
fourth feedwater heater was 48.D6 Btu/hr. The user should then recognize
that all of the available external heat cannot be applied to this ﬁosi—
tion in the feedwater heating cycle. If the fourth feedwater heater is
replaced by a series external heat input, the user may be able to add the
total of 10L.D6 Btu/hr between the two regenerative feedwater heaters.

The altered input data would be:

ND = 0,0,1,0,0,0
¥C = 1,1,0,1,1,1

NF = 6

NFL = 3

PE(4) = 42,6, 12.4, 5.5

TDCA = 10., 10., 0., 3 * 10.

TID = 3 % 0., 3 * 5,

EXTSER(4) = 101.D6 (=53.D6 + 48.D6)

There are still 49.D6 Btu/hr of external heat available. Depending upon
the temperature profile, the user may try to apply this heat to any of
the remaining feedwater heaters. Refer to Fig. 5.5 for a pictorial rep-
resentation of the before and after cases. Tables 5.1-5.4 are Tables

IV and IV-A from the computer output for this example case.



BEFORE

ORNL-DWG 79-5771 ETD

FW Heater Nu.l Neo. 2@ No. 3@ Na. 4@ No. 5 No. 3@ No. ‘?@

ey
-~

A

1508 BT&/HR

/

+#+IMPORTANT CAUTION—-WARNING+*+ A NEGATIVE EXTRACTION FLOW WAS CAUSED BY
AN EXTERNAL HEAT INPUT. THE ORIGINAL VALUE, EXTPAR(1}=150D6 WAS CHANGED TO A
NEW VALUE OF 53D6 PLEASE ADJUST YOUR INPUT DATA ACCORDINGLY.

AFTER

FW Heater No.i No. 2@ Na. 3(;;) No. 4@ No. 5 No. 6@

_—
-}

'10LD6 BTU/HR

Fig. 5.5.

Excess external heat example.

cq


http:EXTPAR(1)=150.D6

EXAMPLE OF BAD EXTERNAL
STEAS TURBINE CYCLE HEAT BALANCE
PRESTC, VERSION 02710779

CALCOLATED RESYLTS, PAGE_ 3

TAELE IV FW HEATERS

FW HEATER *0O.

F¥% FLCW, LB/HR

F¥ TEMBERATURE QUT, F

PR FHTHALPY CUT, BTU/LB

FW¥ TEMPERATHRE IN, 7

F¥ ENTHALPY IN, BTO/LB
FEXTRACTICH STAGE PRESSURE, PSIA
EXCTICY® STEAM FLOW 2 HTR, LB/HR
JEXTTICN STEA™ FLOW 2 TURB, LD/HR
EXCTION ST™ ENTHALPY 2 HTR, 8/LR
EXTTION STH ENTHALPY & TNRB, B/LB
SHELL FRESSORE, PSIA

SHFLL TEMPFRATURE, ¥

SHELT DRAIN FLCW, LB/HR

SHELI DRAIN TEMBERATUYE, F

SHEEL BBAIN ENTHALPY, BIU/LB
HEATES DUTY, BIU/HR

PR HEATER 40.

FTH FLCW, LB/HR

FP¥ TEMPERATURE OUT, F

P ENTHALPY CUT, BTO/LB

F4¥ TEXFERATURE IN, F

FH ENTHALPY I, BTU/LR
ZXTRACTEOH STAGE PRESSURE, PSIA
TXCTICN STEAN PLOW & HTR, LB/UR
EXTTICN STEA® PLOK 2 TURE, LB/HR
EXCTICH STK ENTHALPY & HTR, B/LB
EXTTION STH ENTHAL?Y 3 TURB, B/LB
SHETL FRESSURE, PSIA

SHELL TENMPERATURE, P

SHELL DRIIX FLOW, LB/HR

SHELL DRAIN TEMEERATURE, P

SHELL DRAIN ENTHALPY, BTC/1B
HEATER DUTY, BIU/HR

56

EXAHMPLE OF BAD EXTEREAL
STEAM TURPIWE CYCLE HEAT DALAMNCE

PRESTC,

VERSIOY 02/10/79

CALCULATED RESULTS, PAGE 4

TABIE IV-A EXTERNAL HEAT ADDITION (REMOVAL)

TOTAL EXTERNAL HEAT ADDED TO THE TORBINE CYCLE -ES

EXTERNAL HEAT ADDITION PARALLEL TO FW EEATER HO

Table 5.1
1 2" 3
4357000. 4357000, 3502668,
502.5 435.4 36%.2
5907 417.9 3421
y3s_u 379.9 290_6
617.9 159.7 260.0
7.7 387.0 177.0
167361, 210286. 268390,
367361, 210286. 268390,
1269. 6 1453, 7 1364.5
1269.6 1453.7 1164.5
696.2 363.8 1711
502.5 43s.u 369.2
374388, 585943, 854332,
455, 4 389.9 169.2
425.1 64,2 342.1
3172u8763.7  251200688.3  287158312.0
7
3502668,
158.7
126.6
109.7
116
5.5
1039545,
133954,
1091.6
1091.6
5.2
1637
532562,
1197
87.6
171521868.0
Table 5.2
4 EYTPAR=

g

A502668.
290.6
260.0
262.3
23121

3
§830411%.8

52962482,
52962482,

5
31502668.
262.3
231.1
< 195.5
163.6
u2.4
220980,
320980.
1230.9
1230.9
u0.9
267.1
262928,
205.5
<1737

73.
236470996.1

BIO/HR

BTU/HR

6
31592668,
195.5
163.6
158.7
126. 6
12.4
1192538,
119258.
41,5
1Mut, s
1.7
220.5
32186,
168.7
136.6
129583280.5



57

Table 5.3

===SANE CASE ADJUSTED TO REPLACE YTH HEATER W,/ SERIES EXTFRNAL INPUT==
STEAM TORBINE CYCLE HEAT BALANCE
PRESTC, VERSIOR 092/10/79

CALCULATED RESYLTS, PAGEZ 3

TABLE IV FA HEATERS

¥¥ HEATER HO. 1 2 3

F¥ FLCW, LB/HR 4357000. 4357000, 3502335

F¥ TEMPERATURE GUT, F 302.5 435.4 369.2
FR EINTHALPY CUT, BTU/LE a490.7 417.9 352.1%
FW TEMPERATURE IN, ¥ 435.4 379.9 290.5
FY¥ EHNTHALPY IN, BTU/L3 417.9 359.7 259.9
EXTRACTICN STAGE PRESSHIZ, PSIA T17.7 3g7.0 177.0
FYCTICN S5TEA# PLOW 3 HTR, LBJUR 367169, 210286, 268723,

TXTTICN 3TEAY FLO¥ 3 TBRS, LB/HR 367360, 21028€. 268723,

EXCTICN STM¥ EKTHALPY & HTR, B/LD 1269.6 14537 1154, 5
EXTTICY STM FNTHALPY 3 TURB, B/LB 1269.6 1453.7 11645
SHELL ERISS5UPE, BSIA 696.2 J61.8 171.7
SHELL TEMPERATURE, ¥ 502.5 u3s. . 169.2
SHETL LRAIR FLOW, LB/HP 314388, 585903, B854 665.

SHELL DRAIN TEAPERATURE, P 445.4 389.9 369.2
SHELL DRAIY ENTHALPY, BTU/LB 825.1 364.2 auz_1
JEATER DNTIY, BTU/HR 317283763.7 2532u0683.3 287699064.9

Table 5.4

4
3502335,
262.

2311

173.7
236548535.2

===SAMF CASF ADJUSTED TO REPLACE UTd HEATER %/ SERIZS EXTERNAL INPUT==

STEAY TUSBINE CYCLE HEAT BALANWCE .
PRES1C, VERSION 02/10/79

CATCIUEATFD RESNULTS, PAGE o

TABLF IV-A EXTERNAT HEAT ADDITICY ([REMOVLL)
TOTAL FXTERNAL KESAT ADDED TO THE TURJINE CYCLE IS

EXTERHAL HEAT AEDLTIOF AFTER FW HEATER N3 4 EXTSER=

5
25062335,
195.5
163.6
56,7
126.8
12.4
120938,
120938,
1181.%
1181.5
1.7
200.5
337969.
168.7
136.6
129570771.5

101006000, BTU/HR

1271000800, BTU/HR

6
3502335,
158.7
126.8
109.7
7.7
5.5

149041,

149041,
1091.6
1091.6

87.7
17134R788.5



7.

10.
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Appendix A
EXAMPLE CASE QUTPUT
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SHAE
3C=  T17.0000800000090 fIP= 2,1K= 1,HD= 0, G, 1, 0, o, [
0, o, . 0, 0, [ 7,PE= 9.0 .
387, 0000020600000 0.0 . 56.700000200G313) +» %2.60000000000000 , 12.8000000000C000 »
5.500009900000000 » 0.0 . 0.0 ;s 0.0 « 0.0 .
0.2 (PF= 0.9%G00000000000990 LPT=  3575.000020203003% »2T=  835700C. 000000000 LIT=  1000.000000000000 .
315= 30.00000000000000 LCP1= 171, 7000000000000 fC22= 1.30000000003C000 (EPH= 0.900C0Q0000GOCGOCO o EFE=
0.8400400000003020 2P2= 0.810000009G0G0000 £6C2=  9213044.5020517110 LLCC= 0, ¥DC= 1, 1.
o, 1, 1, 1, 1, 0, 0, o, 0, 6,H47H=
1,8FI= 2, HP1= u, KHp= 1,NIp= L HLP= & ,NRH= 1, QAE=
e.0 (QCR= 0.0 LTD= 4357000, uoooooooo LS1D= 0.0 s 0.0 .
0.0 + 5.00L000000000000 s 5.000000900000000 ¢ 5.000000000000000 + 5.000000000000000 .
o.n . 0. . 0.0 . 0.0 . o.p LJIFPT=
1,13HP= 3600, TRIP= 3600, JRLE= 3500,HLP2= 0,NRGS= 1,PBEE=  633.0000000000000 +PBLR=
177, 00000G200000C (BCHO= 6,0 LPDGS=  00.00200006000200 - ,PBLS=  85.00000000000000 +PALP=
~5.000000000000000 JQGER= 0.0 ,TDCA= 10.00090000000000 10.00000000000300 . 00 M
10.G0000D0Q0IGR00D ¢ 10.6000000G000000 . 10,00000000040200 . 10, uounnoooaououo s 0.0 .
0.0 . 0.0 . 9.0 e 00 LTRH1= 1000,006060006300 «ITER2=
0.0 +IPBAK= 0, BCASE= 0,R0SPE= 1,PYLPI= 2.5300000000000000 ,WEATE=
505, 90000GO000000 +INSTER= 0,IHRANE2= 0, TPLACE= 2, NSHAFT= 3,PXDROP=  3.000000000000000 .
6. 000000GCE000000 (MBATE2=  7.000007872702586
EEZKD

==EXAMPLE CASE NN 1. WITH GENERATOR CUTPUT SPELIFIED==z=
3TeAM TURBENz CYCLE HEAT BALANCE
PRESTOy VERSTAN D2/10/779

IHPOT DATA
THROTTLE STEAN TENPERATURE 1e0.0 F
THROTTLE STEAM PRBSSURE 3515.0 PSIA
ESTINATED THROTTLE STEAM FLOW E357C00. LB/HR
DESIGN THROTTLE FLOW 8357000, LB/ER
F¥ MARE-UP RATE (70 CONDERSER HOTKELL) 0.0 PER CEHT
COKDENSATE BY-PASSED TO STEAN GENERATOR 0. LB/HE
GENERATOSR RATED CAPABILITY 717.0C0 HVA
GEHEFATOR PONWER FACTOR .90
TOTAL REQIIRED ELECIRICAL QUTRUT 645.600 HWE
CO¥PUCTOR-COOLED GEHERATOR, ICC= O
ROTATIONAL SPEED OF TOfBIRE-GENZRATOR 36CC Rbn
1-RO% GOVERNING STAGE
PITCH DIANETER OF SOQVERKNLYG STAGE 40.0G0 IN.
H0. OF TURBINE SECTIOKS XN SERIES 3
XGYBER OF PARALLEL HP SECIIGHS 1
RUYBER OF PARALLEL IP SECIIQGHS 1
WUMBER QF PARALLEL L2 SECTIQNS g
BOWL PRESSURE IP SZCTION 633.0 PSIA
ROWL PRESSORE LP SECTION 177.6 PSIA
EXHADST PRESSHRE LP SECTION 1.22788 PSIA = 2.50 IK. HGA
PITCH DIAMETER OF LAST STAGE LP SECTICH 85.C0 In.
LERGTH OF LAST STAGE BWCKETS LP SECTION 30.00 IN.
F22DAATER PUNP ISENTROPIC EFPICLENCY 0.84500
PEEDWATER PONP TURBINE EFFICIENCY 0.8100
PRESSURE AT FHP IRLET 171.70 PSIA
RATIJ OF PwP DISCHARGE PRESSURZS TO AP THROTTLE PRESSOURE 1. 30

PHP TURBINE EXTRACTION PEFORE LP BOWL
P¥ PONP IS LOCATED BEFORZ FW HEATER NO. 2, IPB= 2
#¥ POKP IS TURBINE DRIVEN, IFPT= 1

NU1BER OF STAGES COF REHEAI 1
PIRST KEHEAT TENPERATORE 1300.2 F

TOTAL WO. OF ¥# HEATERS 7
HJ. 2F P¥ HEATERS HP SECTION 1
K0. OF B4 HEATERS IP SECTION 2
4). OF F¥ HEATERS LP SECTION 4
3
6

EXTRACTION LIHE PRESSURE CROP AR TUBBIHE‘EXHIUST
EXTRACTION LINE PRISSURE DPPOP ALL OTHEES

0 DPER CENT
o PER CENT

F¥ HEATER %0. 1

EXTRACTION STEAM FRON TUREINE EXHAUST

TERMINAL TENDPERATURE DIFFERENCE 0.0 13
DRAIR IS PLASHED, HO{ M= 0

THERE IS A DRAIW COOLER SECTION, NOC( 1)= 1

DRAIY COOLEN APEROACHK TENPERATUPE DIFFEREKCE 10.0 4

Pd HEATER 0. 2

CXTRACTION STAGEZ PHESSURE 387.0 PSIA
TERMIHAL TEMPERATURE DIFFERENCE G.0 3 .
DRAIN IS PLASHED, ¥o{ 2)= 0

THERE ES A DRAIN CODLER SBCTIOH, ®DC( 2)= 1

DRAIN COGLER APPROACH TEMEEFATURE DIFFERENCE 10.0 P

AT B PAGE BLANR NOT Flitac::

" exGeEDING PAGE’ BLANK wor punaa. (0



FR HEATER O, 3

EXTRACTION STEAN FROM TURBINE EXHAUSI
TERNIMAL TEMPERATOURE DEFFEREHCE

DRAIN IS PUAPED, ND( 33= 1

THERE IS HO DRAIN CCOLEE SECTION, WDC( 31= 0

PH HEATER KO. 4

EXITRACTION STAGE PRESSORE

TERNIRAL TENPERATURE DIFPFERENCE

DRAIN IS5 PLASHED, BO( 4)= 0

THERE IS A DEAIN COOLER SECTIOH, HDC[ #)= 1
DREAIN COOLER APEROACH TEMPERBATURE DIPFERENCE

PH HEATER BO. 5

EXTRACTION STAGE PRESSURE

TERMINAL TEMPERATIORE DIFFERENCE

DRAIN IS PLASHED, HD{ 5)= 0

THERE IS A DEAIR COOLER SECTION, HDC( S)= 1
DRAIN COOLER APFROACH TENPEFATURE DIFFERENCE

¥¥ HEATER HO. 6

EXTRACTION STAGE PRESSURE

TERMINAL TEXPERATURE DIFFEREHCE

*DRAIN IS FLASHED, KD{ &)= 0
_ THERE XIS A DRAIN COOLER® SECTION, HDC{ 6)= 1
DRAIR COOLEE APFEQACH TEnPERATURE DIFFERENCE

F¥ HEATER KO. 7

EXTRACTION STAGE PRESSDEE

TERMIMAYL TEMPERATURE DIEFFERENCE

DRAXY IS PLASHED, HD([ 7}= 0

THERE IS A DRAIR COOLER SECTIOE, ¥DC{ 7)}= 1
DRAIN COOLER APFROACH TEMPERATURE DIFFERENCE

TEERE IS N0 STEAN JET AIR BJECTOR, QAE =

YALVE STEN AND PACKING LEAKAGES WILL BE CALCOLATED,

THERE IS A STEAM PAUKING EXHAUSTER, NOSPE= 1

62

LE= 1

==EXAMPLE CASE NO 1. WITH oENERATOR OUTPUT SPECIFIED===

STEAM TURBINE CYCLE HEAT BALANCE
PRESTOy VERSION 02/10/79

CALCULATED RESULTS, PAGE 1

TABLE I OVERALL PZREOENANCE

WET TURBINE CYCLE HEAT RATE, BIO/XKW-HR
WET TURBINE CYCLE EFFICIENCY, PER CENT

GROSS TURBIKE CICLE HEAT RATE, ETU/K¥-ER
GROSS TURBINE CYCLE EFPICIBHCY, PER CENT

GEHERATOR OUTPUT, HVE
SHAET WORK, uUW

POWEER REQUIRERP BY TURBINE-DRIVIN PW 20MP, MW
GEHBEATO(B GUTPUT PLUS FW PUNF FOWER, HW

HECEANICAL LOSSES, KW
GEHEBRATOR LOSSES, KW

7791.
43.80

7528.
45,33

645,000
656.712

22.585
£67.546

2930.
8732,

0.0

PSIA

PSIA

BSIA
F

P5IA
F



S=EXAMPLE CASE ND L. WITH CENERATOR QUTPUF SPECIF[EO=an

STeAM TUABINE CYCLE HEAT BALANCK
PRESTO, VERSIUN 02/10/79

CALCULATED RESULTS, PAGE 2

TABLE IT TURBINE EXPANSION LINE

STEAN FLOW

LB/ER
TURPINE THROTTLE 4357052,
GOVERNING STAGE BOVL 4347898,
GOYERHING STAGE ELEP AND UERD 4347898,
HP SECTION BOWL 5294850,
HP SECTION ELEP 42949350,
1ST STAGE AEHEATER INLET 3949031.
1ST STAGE REHEATER OUTLET 3949031.
IP SECTION BOWNL 3931944.
TP SECTION ELEP 3721655
1D SECTION BOWL 3196006,
LP SECTIOH ELEP 2668022,

LP SECTIDE UEEP

TABLE TII  THERE IS NO STEAd JET AIR EJECIOR

S=EXAMPLE CASE NO l. WITH GENERATOR OUTPUT SPECIFIED===

STgar TURBINE CYCLE HEAT BALANCE
PR=STO, VERSION 02/10/79

CALCULATED REBSULTS, PAGS 3

TABLE IV FW HEATERS

F¥ HEATER NO. 1
FW PLOW, LE/HR 4357052,
PR TENPERATURE OOT, £ BQ2.5
P¥ EBNTHALPY OUT, BIU/LB 490.7
FW TEMPERATORE IN, F n3is.4
PW TWTHALPY IN, BIJ/LB u17.9
EXTRACTIOX STAGE PRESSURE, PSIa 7.7
EXTRACTION STEAN FLOW, LB/HR 167365,
EXTRACTION STEAH ENPHALPY, BTO/LE 1269.6
SHELL PRESSUZE, PSIA £96.2
SHELL TEMPERATURE, P 502.5
SHBLL DRAEH PLOW, LB/HR 174393,
SHELL DRAIH TEMPERATORE, F Qus . 4
SHELL DRATN EWTHALPY, BTD/LB 425,1
HEAZER DUTY, BTU/HR 317252548.5
FW HEATER HO. 7
FPW PLOR, LB/HR 3502709.
P4 TEWPERATORE QUT, ¥ 158,7
PW ENTHALPY OGT, BTU/LB 126. 6
FW TEMPERATORE IN, F 109.7
FH ENTHALPY IN, BTU/LB 77.56
EXTHACTION STAGE PRESSIRE, PSIA 5.5
«EXTRACTION STEARM ¥LOW, LB/HR 1491689,
EXTPACTION STEAM ENTHALPY, BTU/LB 1091.6
SHELL PRESSURE, PSIA . 5.2
SHELL TENPERATURE, F i 163.7
SHELL DRAIR FLOW, LB/HE s~ ¥, 576753,
SHELL DPAIN TENPERATURE, P EECE N 119.7

SHEZLL DRAIN EWTHALPY, BPO/LB &

3 - 87.6
HEATER DUTY, BTU/HR .-

< r171526678.4

63

DRESSURE I ZnPERATURE
PSIM F
3515.0 14000.0
3409,6 995. &
2675.9 921.1
2675.0 9211

T17.7 586.6
T17.7
645.9 1000.90
633.0 99%. 3
117.0 5678.5
177.0 678.5
1. 22768 108.7
1.22788
2 3
4357052. 35627909,
535,14 389.2
417.9 Juz.a1
379.% 280.6
359.7 260.0
367.0 177.0
210289. 2668393,
1453.7 1364.35
363.8 171.7
435,4 369.2
585950. 858343,
389.9% 369.2
364.,2 342.1
25325370%.4 287362236.9

MOISTURE
FRACTION

4

35027 09.
290.6
260.0
262.3
2311
66.7

51527,
1269.2
62.7
295.6

93470,
272.3
247.3
101307729.6

2364738145

ENTHALRY ENTROPY
BTU/LB BTG/ LE-F
1621.7
21,7 1. 4729
1390.9 1.4763
1394.9 1.4763
1269.6 1.4957
1270.7
15160
1516.0 1.7088
1365. 5 1.7206
1360L. 5§ 1.7286
1010.4 1.7877
1023.89
S H
3502709. 3502709.
262.3 195.5
231.1 163.6
195.5 158.7
163 .6 125,86
42.6 12.4
2176B6. 117982,
1230.9 1141.5
40.0 1.7
267.3 203.5
311161, 428643 .
205.5 166.7
173.7 13546

0
129588625.9



==EXAMPLE CASE NO 1. WITH GENERATOR QUTPUT SPECIFIEDa==

STEAM TURBINE CYCLE HEAT BALANCE
PRESTO, VERSION Q2719579

CALCULATED RESULES, PAGE 4

TABLE ¥ CORDERSER

CONDEESER PRESSURE, PSIA 1.22788
CONDENSATE PLO¥, LB/HE 3502709.
CONPENSATE TEMPERATURE, P 108.7
COYDEASATE ERTHALPY, BIN/LB 7647
CORDENSER DUTY, BTOU/HR 2749444398,

TABLE YI <COKDENSATE ARD FEEDWATER

F¥ FLOW T2 P¥ POUMP, LB/HR

PW TEMPERATUEE TO PW POHP, P

FW¥ EHTHALPY TO PW PUNP, BTU/LB

P¥ EHTHALPY RISE ACEOSS FW PUNE, BTU/LEB
FY PRESSURE INCREASE ACBOSS PW PUOAP, PST

PN PLOW TO STEAK GENERATOR, LB/HE
FW TEMPERATURE TQ STEAN GENEEATOR, F
PW ENTHALPY TO STEAN GENERATOR, ETU/LB

KAKE«OF TO COHDENSER HOTWELL, LB/8ER

STEAM PLOW FROM STEAN GENEBATOE, LB/HR
STEAKE ENTHALPY FRoM STEAM GEHEFATOR, BIU/LB

THROTTLE STEAE PLOW FW PUKP TOEBIHE, LB/HR
THROTTLE PRESSURE F¥ FUNP T# BRINE, PSIA
TRROTTLE ENTRALPY PW PUNP TOURBINE, BID/LD
EIHADST PRESSURE F¥ PDNP TOREIKE, BSIA
EXHAUST ENTHALPY P¥ POUNP TURBIRXE, ITUI/LB

64

2.50 I¥. HGA

43570 52,
389.2
3u2.3

17.7
4298.

3357052.
502,5
490.7

0.

5357052,
1421.7

252734,

1.47346 3.00

IR. HGA
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==LXAMPLE CASE RO l. WITH GENZRATOR QUTPUT SPECEFIED===
STEAM TURBINE CYCLE HEAT BALANCE
PRESTOs VERSIGN 92/10/79

CALCUTLATED RESULTS, PAGE 5

TABLE VII VALVE STEM AND SHAFT LZAXAGES

STEAM SEAL BEGULATOR

FLOW TD SSR, LB/HR 11622,
FHTHALPY AT SSR, BTU/LB 1375.1
ELC¥ FROH SS5R TO EALH COHDEWSER, LB/HR 2W00.
FLOW FRIY SSR TO STEAH PACKIRKG EXHAUSTER, LB/HR 2800,
FLOW FROM SSR TO PW HEATER HO- 7, LB/HR 5422,
KAKZ-UP FROM THROTTLE STEAM, LB/HR 0.
ENTHALPY OF MAKE+UP STZAN, BIU/LE 0.0

THROTTLE VALVYE STEN

LEAK HO. 19 {DRAINS TO P¥ HEATER HO. 1}, LB/ HR 7028,
EXTHALPY LEARK NHO. 19, BTU/LB 1821.7
LEAK NHO. 20({DRAINS TO F¥ AEAIER RD. 2}, LB/ HR 1268.
ENTHALPY LEAK WQ. 20, BIU/LE 14821.7
LEAK NO. 21(DRAINS TO 55F) , LB/HR 858,
ENTHALPY LEAK HO. 21, BTO/LE 121.7

HP? TURBINE SECTIOW, BOWL

LEAK 8D. 1{DRAINS TO SHELL CP THIS TURBINE SECTION.) 33407.

BHTHALPY LEAK NO. 1, BTU/LE 1394.9
LEAX HO. 3 ({DRAINS TO PV HEATER WO. U4), LB/ HB 11589.
ENTHALPY LEAK NHO. 3, BTU/LB 13%0.9
LEAX RO. 4 (DRAINS 10 S5B), LB/HR 2013,
ENTHALPY LEAK NOG. L, SI0/1E 1394.9

HP? TUIBIRE SECTION, SHELL

LEAE HO. 6 (DRAIRS TO PW HEAIBR ¥0. 4), LB/ HR 15105.
ENTHALEY LEAK RO. 6, BTU/LB 1269.6
LEAK ¥0. T7(DRAIES TO S5R), L8/HR 2795,
EWTHEALPY LEAX HO- 7, BTO/LB 1269.6

IP TORBIHE SECTION, BOWL

LEAK HO. 8 {DRAIRS TO P¥ HEATER NO. %), LB/ RR 15254 .
BNTHALPY LEAK X0. 8, BTG/LB 1516.0
LEAK NJ. 9(DRAINS TO SSR), LB/HR 1433, .
EXTHALPY LEAK WO. 9, BRR/LB 1516.0

IP? TUORBIHE SECTION, SHELIL

LEAK WO. 12 {DRAIKS TO $S5%), LB/ER 4122,
ENTHALPY LEAKR NO. 12, BTO/LB 1364.5
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SHANE
GC= 717.0000000000000 (IB= 2,LE= 1,8D= [ 0, 1, 0, 0, o,
0, o, o, 0, 0, 0,4F= 7,PE= 717.687074829931% .
387, 0000000000000 »  177.0000600000000 . 66.70000000003339 . B2, 60000000000000 « 12.80000000000000 .
5.500000000000000 s 0.0 . 0.0 , 0. , 0.0 .
0.9 +BF= 0.900000000000000 LPI=  3515.000000000000 L85  4357000.000000000 LTT= 1000, 000600020600 .
B8LS= 30.00000000000000 SCPIE 171, 7000000000000 LCB2= 1.3920000000030000 +EPX= 0.9600000000000000 LEPP=
0. 8400000000000000 (BFT= 0.8100000000000000 ,GC2=  921384.5020517%10 ,[Lcc= 0, HDC= 1, 1,
o, 1, . ¢, 0, 9, 0,NPH=
1,MPI= 2,KP1= 4, XEP= 1,H1P= 1,HLP= [ 1, QAE=
0.0 LOCE= 0.0 £QTD=  4357000. 000000000 »,TTD= 0.0 . 0.0 B
0.0 +  5.000000000000060 . 5.000000000000300 s 5.000060000000060 . 5.000000000000000 .
0.0 . 0.0 , 0.0 . 0. . 0.0 ,IFRT=
1, IREP= 3600,IRIP= 3600 ,IRLP= 3600, HLP2= 0,HRES= 1,PBIP=  633.0000000000000 +PBLE=
177.0000000000000 ,PCNU= 0.0 L2DGS=  40.00000000000000 LPDLS=  85,00000000000000 JPILP=
1,22 7385365914529 JQGBE=  §357000.000000000 ,TECA= 10.00000000000000 , 10.00000006000000 . 0.0 .
10,00000000000000 ¢ 106.00000000000000 » 10.00000000000900 , 10.00000000000000 . 0.0 .
0.0 s Ou Y, 0. . 0.0 +TRHT= 1000.020000000000 JTRH2=
0.0 (IPEAK= 0, HCASE= 0, HOSPE= 1,PILRPTI= 2.500000000000000 JTBATE=
£85. 0000000000000 +IMETER= 0,IHANE2= 0, IPLACE= 2, HSHAPT= 3,PXDROP= 3.00000000000360) .
6. 000000000000000 +JHEATE2=  7.000007872702586
EERD
==x=SAME EXAMPLE CASE NO L. WITH STEAM FLOW SPECIFIED=x=
STEAM TURBINE CYCLE HEAT BALANCE
PRESTO, VERSIUN 02/10/79
INPUT DATA
THROTTLE STEAM TEMPERATURE 1900.0 F
THROTTLE STEAM PRESSOURE 3515.0 PSIA
BSTIMATED TEROTTLE STEAN FLOW 5357000. LB/HR
DESIGH THROTTLE FLOW 4357000, LB/HR
P4 MAKE~UP RATE {70 CONDENSER HOTWELL) 6.0 PER CEHT
CONDENSATE BY-PASSED TO STEAM GENERATOR 0. LB/HR
GENERATOR RATED CAPABILITY 717.000 HYA
GENEZRATOR POWER FACTOR 6.90
TOTAL ESTINATED ELECTRICAL OOTPOT 645,000 HeE
REQUIRED STEAM GEKERATOR FLOW 4357000. Lo/HR
COHDUCTOR-COOLED GENERATOR, ICC= O
EOTATIONAL SPEED OF TUREINE-GEREEATOR 3600 RPK
1-BOW GOVERWING STAGE
PYTCH DIAKZTEE OF GOVERHING STAGE 40,00 1H.
HO. OF TURBIFE SECTIONS IR SBRIES 3
HUXBER OF PARALLEL HP §ECTIONS 1
NUMBER OF PARALLEL IP SECTIONS 1
NUNBER OF PARALLEL LP SECTIONS 4
BOWL PRESSURE IP SECTION 633.0 PSEA
BOVWL PRESSURE LP SZCTION 177.0 PSIA
EXHADST PRESSURE LP SECTICN 1,22788 PSIA = 2.50 IN. HGA
PYTCE DIANETER OF LAST STAGE LP SECTION 85.00 IN.
LENGTH OF LAST STAGE BUCKETS LP SECTEON 30.00 N,
FEEDWATER PUN? ISENTRDPIC EPPICIENCY 0, 8400
PEEDWATER PUNP TOUBBINE EFFICIENCY 0.8100
PRESSURE AT PWP INLET 171.70 PSIA
RATIO OF FWP DISCHARGE PRESSURE TO HP THROTTLE PRESSURE 1.30
FWP TORBINE EXTRACTION BEFOEE 1P BOWE
P¥ POMP IS LOCATED BEFORE PW HEATER WO. 2, Ip= 2
W PUMP IS TURBINE DRIYEN, IFPT= 1 .
NGMBER OF STAGES CF REHEAT 1
PIRST REHEAT TEXPERATURE 10008 F
TOTAL HO. OP F¥ HEATERS kw7
H0. OF PW HEATERS HP SECTION s 1
¥3. 9P PR HEATERS IP SECTION SR 2
¥O, OP FR HBATERS LP SECTION . ]
EXTRACTION LIWE PRESSURE DROP AT TURBINE EXHAUST 3.0 PER CENT
EXTBACTION LIYE PRESSURE GBOP ALL OTHERS , 6.0 PER CENT
F¥ HEATER ®O. 1 A
BXTRACTION STAGE PRESSUEE 717.7 PSIA
TERNINAL TENPERATURE DIFFERENCE 0.0 F
DRAXIN IS PLASHED, Np{ 1)= 0
THERE, IS A DRAIN COOLER SECTION, HDC( 1)= 1
DEAIN COOLER APPROACH TENPERATURE DIFPEREHCE 10.0 F



PR HEATER MO, 2

EXTEACTION STAGE PRESSORE

TERMINAL TEMPERATURE DIFFERENCE

DRAIN IS PLASHED, MD{ 2)= 0

THERE IS A DRAIN COOLER SECTION, HDC{ 2)= 1
DRAIN COOLER APPROACH TERPERATUEE DIFFEREHCE

PW BEATER HO. 3

EXTEACTION STAGE PRESSURE

TERAINAL TENPEBATURE DIFFERENCE

BRAIN IS PUNPED, ND{ 3}= 1

THERE IS WO DRAXH COOLER SECTIOH, HIC{ 3)=0

P¥ HEATER N0. &

EXTREACTIOH STAGE PRESSUEE

TERAINAL TESPEZRATORE DIFFPERENCE

DPRAIR IS FTLASHED, HB{ W)= D -

THERE IS A DRAIN CTODLER SECTIION, RDC{ 4)= 1
DEAIX COOLER APPROACH TEMPERATURE DIFPERENCE

FW HEATER NO. 5

BXTRACTION STAGE PIESSURE

TERHINAL TEMPERATURE DIFFEREXCE

DRAIN XS5 FLASBED, ND{ 5)= 0

THERE IS A DRAIN CAQOLER SECTION, NDC( 5}= 1
DEAIN CODLER APFADACH TENPERATURE DEFFERENCE

¥W¥ HEATER HOD. 6

EXTRACTION STAGE PRESSURE

TERSINAL TEMPEBATURE DIFFPERENCE

DEAIN ES PLASHED, WD{ 6}= 0

THERE IS5 A DRAIN COOLER SECTEQH, NDC{ 6)= 1
DRATH COCLER APPROACH TEMPERATORE DIFFERENCE

FW HEATER No. 7

2XTRACTION STAGE PRESSURE

TERAINAL TEMPERATORE DYIFFERENCE

DEATH I5 ZFLASHED, ND( 7)= 0

THERE ES A DEAIN COOLER SECTION, KDC{ 7)= 1
DRAIE COOLER APPROACH TEAPERATURE DIEPEREHCE

THERE IS HO STEAd JET AIE EJECIOR, QAE =

YALYE STEM AHD PACKING LEAXAGES #ILL BE CALCOLATED, LE= 1

THERE IS A STEAN PACKING EXHAUSTER, WOSPE= 1

==35AME EXAMPLE CASE NO 1. WITH STEAM FLUKW SPECIFIED===

STEAM TURBINE CYCLE HEAT BALANRCE
PRESTO, VERSIUN 02/10/79

CALCULATED RESDLTS, PAGE 1

TABLE E OVERALL PERFOENANCE

HET IURBIKE CYCLE HEAT RATE, BIU/KW-BR
HET THRATHR CYCLE EPPICTBNCY, PER CENT

GROSS TURBINE CICLE HEAT RAT“B, BIU/KR=HR
GROSS TURBINE CYCLE EFPICIENCY, PER CEXNT

GENERATOR OUIPUT, mRZ
SHAFT RORK, MW

PGYER REQUIRED BY TUIBIRE~DREVEN FW PUNP, AW

GEHERATOR OQUTEUT PLUS FW PUMF POWER, MW *

M ECHANICAL LOSSES, KY
GENERATOR LOSSES, KW
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387.0
0.9
10.0
177.0
2.0
66,7
5.0
10.0
82.6
5.0
10.0
12.4
5.
- 10.0
5.5
5.0
10.0
0.
7191,
&3. 80
7528.
U5, 33
640,998
656.706
** 22,505
T 6670539
© 7 2080,
8732,

PSIA

PSIA

PSTA

P5SIA
F



axaSAME EXAHPLE CASE ND L. WITH STEAM FLOW SPECIFIED===

STEAM TURBINE CYCLE HEAT BALANCE
PRESIQ, VERSION 02/10/79

CALCULATED RESOLTS, PAGE 2

TABLE IT TURBINE EXPANSIOR LIMNE

TURBINE TEROTZLE
GOVEZRHING S5TAGE BOVL
GOVEENING STAGE ELEP AND UEEP
HP SECTION BOWL

HP SECTION ELEP

15% STAGE REHEATER INLET
1ST STAGE BEHEATER OUTLET
IP SECTIOR BOYL

IP SECTIOR ELEP

LP SECTION BOWL

LP SECIION ELEP

LP SECTION OEEP

TABLE III

=a=S5AME EXAMPLE CASE ND 1., WITH STEaM

STEAM TURBINE CYCLE HEAT BALANCE
PRESTO, VERSION 02/10/79

CALCULATED RESULTS, PAGE 3

TARLE IV F¥ HEATERS

FW HEATER NQ.

E¥ FLOW, LB/HR

PR TEMPERATIDRE OUI, P

PW ENTHALPY OUT, BTUO/LE

PY TENPERATURE IH, F

PV EETHALPY IE, BIU/LB
EXTRACTION STAGE PRESSURE, PSIA
EXTRACTION STEAN FLOW, LB/HR
EXTRACTIOW STEAS ENTHALPY, BTO/LB
SHELL PRESSURE, PSIA

SHELL TERPERATORE, ¥

SBELL DRAIE FLOW, LB/HR

SHELL DBAIN TEMPERATURE, F
SHELL DRALM ENTHALPY, BTU/LB
REATER DUTY, BTO/HR

PW HEATER NO.

PW FLOW, LB/HR

P¥ TEAPERATURE QUT, P

PW BATHALPY 00T, BID/LE

PP TEMPERATURE IR, P

PV BENTHALPY IN, BTG/LB
EITRACTION STAGE PRESSURE, PSIA
ETTRACETON STEAN PLOY, LB/HE
BXTRACTION STEAN ENTEALPY, BTU/LH
SAELL PRESSURE, PSIA

SHELL TEMPERATURE, F

SHELL DRAIX PLOY¥, LB/HR

SHELL DRAIM TEMPERATURE, P
SRELL DEAIN ENTHALPY, HT0/LP
HEATER DUTY, BTU/HR

STEAN FLOW
LB/HR

4357000,
4347886,
434784 6.,
8294798,
4294798,
3946983,
3949933,
3931896.
3721610,
31956367,
2568121,

THEREZ IS NO STEAM JET AIR EJECTOR

FLOW SPECIFIED===

1
%357000.
502.5
4¥90.7
435.8

425.1
3172487637

7
3502668.
158.7
126. 6
109.7
T7.7
5.5
141556.
1091.6
5.2
163,7
S76615.
119.7
87.7
171365066.1

68

PEESSURE TEMPE BATURE
PSIA F
3515.0 1000.0
3509. 6 995.0
2675.0 927.1
2675.0 921, 1

T17.7 S86.6
717.7
645.9 1000.0
633.0 992.3
177.0 678,5
177.0 678.5
1.22788  10B.7
+ 1,22788
2 3
4357000. 3502668.
35,4 9.2
517.9 3421
379.9 290.6
359.7 260.0
387.0 177.0
210286, 268390,
1453.7 1364.5
353.8 171.7
435.4 369.2
585983, B50332.
389.9 369.2
364,2 352.1
25324 0688.3  2B73I58812.0

KOISTORE
FRACTION

d.0
0.0
0.0
[ %]
0.0

a
I

1
3502668,
290.6

ENTHALPY E
BTU/LE B

1m21.7
1821.7

5

3502668,
262.3
231.1
195.5
163.6
42.6

217684,
1230.9
40.0

HEROPY
IF/LB-F

1.7286
1.7877

]
3502668.




STEAM TURBINE CYCLE HEAT UBALANCE
PRESTO: VERSIUN J2/10/79

CALCULATED RESULTS. PAGE &

TABELE V COEDEBYSER
CONDENSER PRESSURE, PSIL 1.22788
CONDEHSATE FLOW, LB/HR 3502668,

CONDENSATE TEXPERATUBRE, P 108.7
COXDENSATE ENTHALPY, BIG/LB

76.7
COMDENSER DUTY. BTU/HR 2749800935,

TABLE VI CONDENSATE AND FEEDRATER

P& FLOW TO FY PONP, LB/HR

FW TEKPERATURE TO F¥ PUNP, F

F¥% EHTHALPY TO FW PUMP, BTW/LB

PW EHTHALPY RISE ACEOSS F¥ PUME, BTIO/LD
Y PRESSURE INCREASE ACROSS FW POMP, 25T .

FW FLOR TJ STEAK GERERATOR, LB/R
PW TEMPERATURE TO STEAM GENZEAIOR, P
PW EBNTHALPY TO STEAN GEHERATOR, FIU/LB

MAKE=-UP TO CONDENSER HOTWSILL, LB/HR

STEAH PLOW PBOM STEAM GERERATOE, LB/HR
STEAM ENTHALEPY FROM STEAK GEWEHBATOR, BIU/LB

THPOTTILE STEAN FLOW F¥ PUXP TUSFBINE, LE/ER
THROTTLE PRESSURE PV EBUMP TUHBINE, BSIA
THROTTLE ENTHALPY P¥ PUNP TURBINE, STU/LE
EXHAUST PRESSURE ¥W PUMP TURBINE, PFSIA
EXHAUST ENTHALPY ¥V PUMP TURBERE, BIU/LBE

SAME EXAFPLE CASE NO 1. WITH STEAM FLOW SPECIFIED===
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2.59 IN. HGA

433700 0.
369.2

4357000
502.5
490.7

0.

4357000,
1m21.7

252731.
1711.7
13664.5
1. 57346 = 3.00
1060.1

IN.

HGA



EXANPLE CASE WP 1. WITH SPEAM FLOM SPECIRIED===

aas AT
STEAN TOARIRE CYCLE REAY BALANCE
PESIU, YERZION O2/14/7%

CALCULATED RESULTS, PAGE 5

TABLE ¥YII YALYE STEN A¥P SHAPT LEAKAGES

STEAY SEAL EEGGLATOR

FLOW TO SSR, LB/BR

ENTHALPY AT SSR, Bru/LR

FLOW FROX SSER To MAIX COEDENSER, LB/RR

PLOW PROA SS5R TO STEAM PACKING BXHADSTER, LB/HE
FLOW FEOX SSR TD PW HEATER NQ. 7, L3/HAR
MAKE-UP FROM THROTTLE STEAM, LEB/HR

ENTHALPY OF MAKE-UP STEAN, BID/LB

TBROTTLE VALVE STENM

LEAK Ho. 19(DRAXNS To PW HEPATER Ho. 1), LB/ HR
EKTHALEY LEAK ¥0. 19, BIGH/LE

LEAK WO, 20 (DRAINS TO P¥ HEATER #0. 2}, LB/ 8B
BHTAALPY LEAK NO. 20, BTU/LB

LEAK HO. 21(DRAINS T0O S5H), LB/HR
ENTHALPY LEAK HO. 271, 3TU/LB

HP TORBINE SECTION, BONL

LEAK ¥0, 1(DBRAINS TO SHELL OF THIS TURBINE SECTION.}
ENTHALPY LBAK ¥0.. 1, BTU/LB

LEAY HO, 3({DRAIYS TO FW HEAIEE HO. 4}, IB/ HR
ENTHALPY LEAK NO. 3, BTO/LB

LEAX HO. 4(DBAINS TO SSE), LB/HR
EXTHALPY LEAK NO. 4, BTO/LD

HP TURBINE SECTIOH, SHELL

LEAK KO, &{DBAINS TO PW HEATER HO. 4), 1B/ HR
ERTEALPY LEAX HO. 6, BTU/LE

LEAK HO. 7 (DRAINS TO SSE), LB/HRE
ENTHALPY LEAK HO. 7, BTG/LB

IP TURBINE SECTION, BONL

LEAX KO. &(DRAINS To PW HEATER Be. 4), LB/ HR
EXTHALPY LEAK ¥0. 3, BTU/LB

LEAK HO, 9 (DRAIXS TO SSE), LB/HR
ENTHAL®Y LELK ¥0. 9, BIU/LB

IP TURBINE SECTIONK, SHELL

LBAK HO, 12(DRATINS TO SSB}, LB/HR
ENTHALPY LEAK RO, 12, BTU/LE

11622,
1375.1
2800.
2800.
6422,

0.0

7028,
421.7

1268.
1821.7

858.
Ww21.7

39446,
13958.9

11589,
13958.9

2013,
1394.9

1510 5.
1269.6

2795.
1269.6

15254,
1516.0¢

1813.
1516.0

4122,
1364.5

70
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CEANE
G6C=  717. 0000000006000 IRz 2,LX= 1,8b= 0, 0. o, 0,
0, . o, o, . 7,PE= 0.0 ’
387. 0000000600000 s 0.0 r  66.70000000000000 . u.soaaouaaunnnao . 12-!10000000000000 ’
5.500000000000000 . 0.0 , 0.0 . O o) .
0.0 +EF= 0.9000000000000000 (BT=  3515.0000000000900 £QTe aasvooo.uoooouooo (TT=  1000.000000000000 B
BIS=  30.00G0¢C00000000° ,CP1=  171. 7000000000000 ,CP2=  1.300000000000000 +EEN= 0.90006000000000000 JEFP=
0.8300000000000000 fEPT= 0.8100000000000000 LBC2= U0 £00O060CODGD0 L1ICCs 0,¥DC= 1. 1,
a, . 1, 1, - 0, o, o, 9, 0,HFH=
1, NFI= 2,HFL= 4, H4P= 1, LHLP= 4, ¥RE= 1,01E=
0.0 ,OCR= 0.0 +QID= 5357000 000000000 TED= 0.0 . 0.0 .
0.0 + 5.000000000000000 , 5.000000000000000 . 5.000000000000000 + 5.000000000000000 .
0.0 , 0. . 0.0 . : 0.0 =
1, I18HE= 3600, IRIP= 3600, IRLEP= 3600,8LP2= D, RRGS= PRIP= 533.0000000000000 #PBLE=
177. 0000000000000 +BCHO= 0.0 (PDG5=  40.06006000000000 #PDLS= 85.00000000000000 +PYLP=
—5.00000000G0G0000 #,QOEH=  §357000.000000000 (TOGA=  10.00000000000000 10.G0000Q00000000 , 0.0 .
10.00060000006000 » 10-00000000000000 , 10.000000000G0000 . 10.00000000000000 - 0.0 ‘
0.0 . 0.0 r 0.0 . 0.0 Hi= 1000.000000000000 ,TRA2=
9.0 +IPEARK= 0,NCASE=> 0,NOSPE= 1,PXLPI= 2.sauuoonoonnonuo +WEATE=
645. 0000000300000 +IKETER= 0,IHANE2= 1, IBLACE= 2,NSHAPT= 3.PIDROE= 3.0000000000060000 .
6.000000000G00000 SREATE2=  250.0000 000000000
SEND
& HAME2 -
EYTRAR= 0,0 . 0.0 . 0.0 r 0.0 ¢ =10000.00000009000 P
0.0 . 0.0 . 0.0 . 0.0 s 0.0 .
0.0 « 0.0 +EXTSER= 15000.00000000000 » 0.0 s 0.0 .
0.0 . 0.0 . 0a0 . 0.0 . 0.0 P
0.0 s 0.0 . 0.0 . 0.0 +OPROSS= 0.0 .
6000. 000000000000 LRPROSS= 0.0 . 1400. GO0000000000 +QECORD= 0.0 .
. « 5000.000800000000 ¢ 0.0 . 0.0 s 0.0 .
0.0 . 0. . 0.0 , 0.0 ¢ 0.0 .
0.0 . 0.0 +HECOND= 0.0 s 0.0 . 1000.000000000000 '
0.0 . 0D , 0.0 , 0.0 r 0.0 .
0.0 . 0.0 . 0.0 , 0.0 s 0.0 SQBXT=
0.0 + —5000.000000000000 . 0.0 . 0.0 + 0.0 .
0.0 s 0. . 0.0 . 0.0 s 0.0 .
0.0 . 0.0 FHEXIT= 0.0 . 0.0 s 0.0 .
0.0 . 0u0 X . 0.0 ;s 0. .
0.0 s 0.0 . 0.0 . 0.0 +»QEIEXT= 6.0 P
F000.000000000000 . 0.0 . 0.0 » ~T000.000000000000 . 0.0 ,
0.0 . 0.0 . 0.0 - . 0.0 , 0.0 '
0.0 (HEWEXT= 0.0 » 430.0050000000000 , 0-0 ; . 0.0 ’
0.0 . 0.0 . 0.0 , O + 0.0 '
0.0 . 0.0’ s Da0
EERD
==EXAMELE CASE NO 2, ===
STEAM TURBINEZ CYZLE HEAT BALANCE
PRESTO, VERSION 02/10/79 .
INPUT DATA
THROTTLS STEAM TENPERATURE 10006.0 4
THROTTLE STEAN PREISURE 3515.0 PSIA
ESTIMATED THROTTLE STEA N PLCW 43570G0. LB/HR
DESIGE THROTTLE PLOW 4357000, LE/HE
PW BAKE-UP BATE {70 CONDERSER HOTWEIL) 0.0 PER CENT
COHDENSATE BY-PASSED T STEM GEHMERATOR 0. LB/H3
GENERATOR HATED CAPABILITY 717.000 KVA
GENERATOR PONER FACTOR 0.90
TOTAL ESTINATED BLECTRICAL OUTPUT 545,000 HVE
REQUIRED STEAM GEHERATOR PLCH 4357000, LB/HR
CIKDUSTOR-TO0LED GEHERAIOB, IGC= 0
ROTATIONAL SP2ED OF TUEEINE-GEY ZRATOR 3600 RPN
1-RO¥ GOVEENING STAGE
PITCH DIAMETER OF IOVERNIMG STAGE 40,00 IH.
§O. OF TURBINE SECTIONS IN SERIES 3
HUMBER OF PARALLEL HP SECIICHS 1
NUHBER OF PARALLEL IPf SECTICHS 1
NENDBER OF PARALLEL LP SECTIORS L]
BOWL PRESSURE IP SECTION 633.0 BSIA
BOWL PRESSURE LP SECTI0H 177.0 PSIA
EXHANIST PRESSURE LP SECTICH 1.22788 PSEA = .50 IN, HGA
DITCH DIAMEPER OF LAST STAGE LP SECTION 85.00 .
LEHGTH OF LAST STAGE BUCKETS LP SECTION 30,00 I,
PEEDWATER PUAP ISENTROPIC EPPLCIENCY . 0.08400
FEEDNATER MNP 'RUSBINE EFFICIENCY . 0.8 100
PRESSIRE AT F9P IHLET . 171.70 PSIA
BATIO OF PWP DISCHARGE PRISSURE-TO 'up ‘ruxér TLF PRESSURE 1.30

PWP TURBIMNE EXT HACTIOK EFEORE ip Bawl
PW PUMP IS LOCATED ‘BEFORE P% HSATER KC.
F¥ PIMP IS TURBIRE DIIVEN, IPPT= 1

2, IF= 2«

N



YUASER OF STAGES (¢ REHEAT
PIBRST REHEAT ZENPERATURE

EXIERNAL RERT ADDITIOR APTIES FH BEATER KO 1

EXTERHAL FEEDIATER FLOW ADDED AFTER EW HEATER NQ. 2
AT AR ENTHALFY OF

STEAN RENOVED FROM THE X0 2 PW HEATEE EXTRACTION LINE

EXTER¥AE COND RETUREED TO THE HO 3 PR HEATER SHELL
AT AW EXTHALPY OP

EXTERMAL HEAT ADDITIOM PABALLEL TO FR EEATEE X0 5
EXTERNAL FPEEDWNATER PLOV RINOVED AFTER FW HEATER HO. S

PROCESS STEAR AT THE IP TERSINE 2XH AUST
AT AN ENTHALPY OF

TOTAL EQO. OF FW HEATERS

HO. OF FW HEATERS HP SECTIOW
NO. OF FW HEATERS IP SECTION
H0. OF F¥ HEATERS LP SECTION

EXTRACTIOH LIME PRESSURE DROP AT TURBIKE EXHAUST
EXTRACTIIOR LENF PEESSUEE EROP ALEL OTHERS

F¥ HEATER NO. 1

EXTBACTION STEAN PRON TURBINZ EXHAUST
TERNINAL TEMPE BATURE DIFFERENCE

DEAEN I5 PLASHED, HD{ 1}= 0

THERE IS M DBAIN COOLER SECTION, MDC{ 1}= 1
DRAEH CCOLER APPROACH TEMPERATDRE DIFFERERCE

FW HEATER RO, 2

EXTRACTION STAGE PRESSUEE

TERAINAL TENPERJMORE CIEFFERZINCE

DRAIN IS FLASHED, HD{ 2)= 0

THEERE IS A DRAINM CQOLER SICTION, WDCY 2)= 1§
DRAYY CQOLER APPEOACE TIMPZIRATUEE DIFFEREKCE

FW HEATER NO, 3

EXTRACTION STEAM FHON TUREINE EXHAUST
TEZMIMAL TEWPERATURE DIPFERENCE

DHATH IS5 FIAPED, HD{ 3}= 1

THERE LIS NO DRAIN COOLER SECTION, KDC{ 3)= ¢

P¥ HEATER NO. &

EXTRACILON STAGE PRESSURE
TERMINAL TEMPERATURE DIPFEERNCE
DEAIN IS FLASHEL, HD{ 4)= 0
THERE IS & DEALN COOLER SECTION, NOC({ &)= 1
DRAIN COOLER APPROACH TEMPERATURE DIFFERENCE

ER HEATER 0. 5

EXTBACTION STAGE PRESSUSE

TERMINAL TEMFERATJRE DIFFERENCE

DRAIN IS5 PLASHED, ND 5)= 0

TEERE IS A DERAIN-COOL ER SECTION, HDC! 5)= 1}
DEAIN COQLER APPROACH TEMEEBATURE DIFFERENCE

Pd HEATER HO. 6

EXT BACR ION STAGE PRESSORE

TER MIHAN L TEXPZRATURE CIEFERENCE

DRAIN IS FLASHED, ND{ &)= 0

TEERE I5 A DRALN COOLER SECTIOH, HDPC([ 6}= 1
DRAIR COOLEE APPROALH TIMPERATURE DIFFERENCE

FW HEATER HO, 7

EXTRACTIOHN STAGE PRESSUBE

TERMIBAL TEMPERATJEE LCIFPEREHCE

DRAIN IS PLASHED, HD! ¥1= 0

THERE IS A DRAIN CQOLER SECTION, ®DC! 7)= 1
DBAIY COOLEE APPROACH TENEEFATURE DIFFEREMCE

THERE XS WO STEAM JET AIR EJECTOR, CQAE = 0.

VALVE STEN AND PACKING LEINAGES WLLL BE CALCUIATED, LK= t

THERE IS5 A STEAE PACKING EXHANSTIZH, HCSEE= 1

72

1
1000.0 4
15000, BTO/HE
7000, LB/HR
LETM BTU/LB
=5000. LB/HR
5000, LE/HR
1w, BTO/LB
-10000. BTU/HE
-7000. LaseR
6000, LB/H
1300.0 BIB/LA
i
1
2
]
3.0 PER CENT
5.0 PER CENT
0.0 F
10.0 F
387.0 PSIA
0.0 F
10.¢ b4
0.0 F
66.7 +BSIA
5.0 F
10.0 b4
uz.6 PSIA
5.0 P
10.0 4
12.% ESTA
5.0 F
10.0 4
5.5 BSIA
5.0 4
10.0 F



==EXASPLE CASE MO 2, ===

STEAN TOBRBINE CYCLE HEAT BALANCE

PRESTO, VERSIOH 02/10/7%
CALCULATED RESULTS, PAGE 1

TABLE I ‘OVERALL PESRFORNANCE

HET TURBINE CYCLE HEAT RATE, BTIU/KW-HR
HET TURBIHE CYCLE EFFICEENCY, PEE CENT

GROS5S TURBINE CYCLE HEAT RAZE, BTU/KW-HR
GROSS TURBINE CYCLE EFFECIBHCY, PER CENT

GENEBATOR OOTPOT, MWE
SHAFT RORK, MW

POWER REQUIRED BY TURBINE-DRIVEN FR PUERP, N¥

GENERATOR QUTPUT PLUS PW PUNP POWER,

MECHANICAL LOSSES, X¥
GENEBATOR LOSSES, XW

==EXANPLE CASE ¥0 2. ===
STEAN TOUEBINE CYCLE BEAT BALANCE
FRESTO, VERSION 02/10/79

CALCULATED RESILTS, PAGE 2

TABLE IT TURRINE EXPANSION LINE

TUREIRE TEEOTTLZE
GOVERHING STAGE BOWL
GOVERWING STAGE ELEP AXD UEEP
HP SECTIOH BOWL

HP SECTION ELEP

1ST STAGE REHEATER EINLET
15T STAGE REBEATER OHILET
I? SECTICN BONL

IP SECTIIOH ELEP

L? SECTION BORYL

LP SECTIOR ELEP

LP SECTION UEEP

STEAK FLOW
L3/HR

4357000,
3347846,
4307846,
4294798,
4294798,
3948983,
3948983.
3942789,
3726931,
3210922.
2664601,

TABLE EIE THERE IS HO STEAM JET AIR BEJECTOR

7780.
43.86

7518.
85,39

646. 827
858.574

22.545
669.372

2980.
87664

FRESSURE
PSIA

3515.0
3509.6
2675.0
2675.0
717.7
747.7
545.9
633.0
177.0
177.0

1.22788
1.22788

73

TEMPERATURE
4

1000.0
995.¢
921.1
921.1
5866

1000.0
999.3
664.0
564.5
108.7

KOISTURE
PEACTION

0.9
0.0
0.0
0.0
0.0

0. 0944

ENTHALPY
BTO/LB

14821.7
121.7
1394.9
1394.9
1269.6
127¢.7
15160
1516.0
1357.1
1357.3
1011.3
1028.3

EHTROPY
BTU/LE-P

1.8729
14763
1.4763
1.4957

1.7088
1.7221
1-7T223
1.76895
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==EXANPLE C3ASE KO 2, ===
STERM TURBINE CYCLE HEAT BALANCE
PRESTC, YERSIOH 02/10/79

CALCULATED RESULTS, PAGE 3

TABLE IV FW HEATERS

PW HEATEE HO. 1 2 3 1
PE PLON, LB/ER 3357000. 3350000, 3392260. 3892240,
PR TEMPERAZGRE OUT, ¥ 502.5 435.4 369.2 290.6
PW ENTRALPY QUT, BTOU/LB 590.7 517.9 3821 260.0
F¥ TEMPEEATURE IN, F 435,15 379.9 2590.6 262.3
PN BNTEALPY IN, BTU/LB 517.9 359.7 260.0 231.1
EXTRACEION STAGE PRESSORE, PSIA 717.7 387.0 177.9 66.7
EICTION STEAM PLO¥ @ HTR, LE/HR 367361 210858, 266256, 66065,
BXTTIOS STEAM PLOF @ TUEB, LB/HR 367361, 215858, 266286, 66065.
EXCTION STH ENTHALPY @ HTR, B/LB - 1269.6 1346, 8 1337.1 1265.2
EXTTION STX ENTHALPY @ TORB, B/LB 1269.6 1448, 8 1357.1 1265.2
SHELL FRESSUBE, PSIA 696.2 363.8 171.7 62.7
SHELL TENPERATURE, P - 502.5 435.8 369.2 295.6
SEELL DRAIN PLOW, LB/HR 378388, 586515. 857760. 96532,
SHELL DRAIE TEMPERATORE, P 485, 4 389.9 369.2 272.3
SHEELL DRALR ENTHALPY, BTU/LB §25.1 354.2 2.1 241.3
HEATER DUTY, BTU/HR 3172648763.7  252833829.2  286503330.0  101004927.5
PR HEATER ¥O. 7

P¥ PLOR, LE/8E 3899240,

PN TENEEBATURE OUT, F 158.7

PW ENTHALPY GUT, BID/LB 126.6

PW TEXPERATURE IH, F 109.7

F¥ EHTHALPY IN, BTU/LB 7.7

EXTEACLION STAGE PRESSURE, PSIA 5.5

EICTION STEAX PLOW @ HTE, LE/HE 145031,

EXTTION STELN FLOW 3@ TOURB, LB/HE 1450 31.

BXCTIOR STX ENTHALPY 3 HTR, B/LB 109%.4

BXTTION STH BHTHALPY 3 TORB, B/LB 109%.4

SHELL PRESSURE, PSIA 5.2

SHELL TEMPERATURE, P 163.7

SRELL DRAIE FLOW, LB/EHR 560292,

SHELL DBAIN TENPERATORE, P 119.7

SHELL DRAIN BNTHALPY, BTU/L3 87.7

HEATER DOTY, BTU/HR 171497372, 6

==E£XAAPLE CASE HO 2. ===

STEAN TOEBINE CYCLE HEAT BALANCE

PRESTO, VERSION 02/10/79

CALCULATED RESULTS, PAGE &

TABLE IV-A EXTERNAL HEAT ADDITION (REMOVAL}

TOTAL EXTERNAL HEAT ADDED TO THE TURBIZE CYCLE IS 7092967. BLU/HR
EXTEENAL HEAT ADDIYION APTER P¥ HEATER MO 1 EITSER= 15000. BTU/HR
EXTEENAL PEEDWATER ADDED APTER FV HEATER X0 2 QPREIT = 7000. LB/ER

AT AN ENTHALPY OF HPWEXT = 430.0 BTU/LB
STEAM EENOVED PROM THE A0 2 PEEDHEATER BXTRACTION LIWE, QEXT = -5000. LB/HR
CORDENSATE RETUREED TO THE WO 3 PR HEATER,QECOND= 5000. LB/HR

AT AN ENTHALPY OF HECOND = 1000-0 BTO/LE
EXTERNAL PEEDVATER TAKEN APTER PW HEATER A0 5 QEWEXT = -7000. LB/HR

AT AE ENTHALPY QF HFWEXT = 231.1 BTO/LB
EXTER¥AL REAT ADDITICH PARALLEL 10 -FW HEATEE NO 5 EXTPAR= -10000- 3TU/AE
COHDEWSATE RETURNED TO THE COHDENSER, QECOND = -6600. LB/HR
Af AN BNTHALPY OF HECOND = 76.7 BTU/LB
STEAK IRDUCTED APTER IP EXHAUST, QPEOSS = . B000. LE/HR

AT AN ENTHALPY OF HPROSS = 3400.0 BTU/LD

5
38592400,

173.7
236249591.5

&
3399250.
163.6
158.7
126.6
12,4
1173485,
117344,
1140.6
11530.6
1.7
200.5
231757.
168.7

136. 6
129456273.7



==EXAXPLE CASE HO 2, ===
STEAY TURDINE CICLE HEAT BALANCE
PRESTQ, VERSIOHN 02,10/79

CALCULATED RESULTS, PAGE 5

TABLE ¥ CONDEHWSER

CONDENSER PRESSURE, PSIA 1.22788
COHDENSATE PLOW, LEB/HR 3499250
CONDENSATE TEMPERATURE, ¥ 108.7
CONDEUSATE EXTHALPY, BTU/LB 76.7
CORDENRSER DUTY, BTU/HAR 2750333992,

TABLE VI CONDENSATE AND PEEDWATEZR

P¥ PLCR TO F¥ PONP, LB/HR

PW TEMEERATORE T0 F¥ ruap, F

FH ENTHALPY TO PW PUNP, BTU/LB

F# ENTHALPY RESE ACROSS PW PUNP, BTU/LB
P¥ PRESSORE IXCREASE ACEOSS FW PUNP, PSI

F¥ FLCW TO STEAX GENERATOR, LE/HE
P¥ TENEE3ATURE T0 STEAN GENERATOR, F
FW ENTHALPY TO STEAM GEVERATOR, BTU/LB

HAKE-UP TC CONDENSER HOTWELL, LB/HE

STEAM FLOW FEON STEAN GENERATOR, LB/HR
STEAM ENTHALPY FROA STEAN GENERATOR, BTU/LB

THROTTLE STEAN PLOV FW PUMP TURBINE, LB/HR
THPOTELE PRESSURE PW PUHP TUBRBLNE, PSIA
THROTTLE ENTHALPY FW PUEP TURBINE, BTU/LB
EXEAUST PBESSURE PV PUNP TURBINE, P5IA
EXHAUST ENTHALPY FW PUAP TURBIWE, BTU/LB

75

2.50 IR. HGX

4350000,
369.2
342.1

17.7
4393.

4357000.
502.5
%90.7

0.

2357000,
14217

255147,

1.47346 = 3.00

IN. HGA



==EXANPLE CASE HO 2. ===
STEAN TURBINE CYCLE ABAT BALANCE
PREST0, VERSIOH 02/10/79

CALCULATED RESULTS, PAGE 6

TABLE VIX VALVE STEN AND SHAPT LEAKAGES

STEAN SEAL REGULATOR
FLOY T¢ S5R, LB/HR
EHTHALPY AT S5R, BTU/LB
FLOW FRON SSH TO NAIN CONDENSER, LB/HR
FLOW PRON SSR TO STEAM PACKING EXHAUSTEE, LBsHR
FLOW FPROR SSE TO PN HEATER HOo. 7, LB/HAR
MAXE-UP PRON THROTTLE STEAM, LB/HR
ENTHALPY OF MAKE-UDP STBAK, BTU/LB

THROTTLE VALYE STE%

LEAK ¥0. 19{DEAI®S £0 PR HEATER W0. 1), LB/ HR
ENTHALPY LEAK %0. 19, BIU/LB

LEAK WO, 20 (DEAINS TO FW HEATER HO. 32), L3/ HR
ENTHALPY LEAK KO. 20, BTO/LB

LEAK 0. 21(BRAINS TO 55B), LB/HR
BRTAALSY LEAK WO. 21, BTU/LE

HP TDRBEINE SECTION, BOWL

LEAK R@. 1(DRAENS TO SHELL OF THES TURBINE SECTION.)
ENTHALEY LEME HO. 1, BTU/LB

LEAE WO, 3({DRAINS TO FW HEBATER NO. 4), LB/ ER
ERTHALEY LEAK H0. 3, BTU/LB

LEAK ¥W0. G§({DERAINS TO SSB), LB/HR
ERTHALPY LEAK HW0. &4, BTU/LB

HP TUEBINE SECTION, SHELL

LEAK HO. 6(DRAINS TC PR HEATER NO. 4), LB/ HR
EETEALPY LEAK HO. 6, BTD/LB

LEAK #0. 7 ([DEAIXS TO SS5B), LB/HR
BETHALPY LEAK ¥0. 7, BTU/LB

I¢ TORBINE SECTION, BONL

LEAK HO. S({DRAIRS TO SHMELL OF THIS TOERBINE SECTEDON.)}
ENWTHALPY LEAK H0. 8, BTU/LB

LEARK MO, 10(DBAINS TO FW HBATER HO. 8}, LB/ HR
ENTBALPY LEAR Wo. 1¢, BTU/LB .

LEAK ¥0. 11(0BAINS TO SSR)., LB/HE .
ENTHALPY LEAK RO. 31, BTU/LE

Ip TURPINE SECTION, SHELL

EEAX HO. 13 [DRAINS TO F¥ HEATER HO. 4), LB/ HB
ENTHALPY LEAX NO. 13, BTU/LB

LEAK 1O0. 14(DRALRS TO SSB), LB/HE
£HTHALPY LEAX FO. 18, BTU/LB

870G,
1366.3
2400.
2800.
35048.

0.0

7028,
1421.7

1268.
1R21.7

858.
1421.7

39406,
1398.9

11585.
13948.9

2013.
1394.9

15105.
1269.6
2795.
1269.6

3396.
1516.0

1584,
1516-0

1215.
1516.0

2189,
1357.1

1823.
13571

76
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Appendix B

PRESTO SUBROUTINES

BIVPOL is a mathematical routine used to solve bivariate‘polynomials as
defined in Appendix I of GER-2007C. BIVPOL is called by subroutines F2
through F25.

BLOCK DATA initializes a collection of variables to their default values.
CONVRT comverts case output to metric units. It is called from METRIC.

DATAIN reads- the input data and prints out the cycle paramefers. DATAIN
is called from MAIN.

FWHEAT performs cascading feedwater heater heat balances. It is called
from MAIN for each turbine section.

FWHPAR uses the imput data to assign feedwater heater heat parameters for
use by FWHEAT. FWHPAR is called once from MAIN.

FWPT calculates feedwater pump turbine flows, enthalpies, and work. Tt is
called from MAIN.

F2-F25 are mathematical subroutines corresponding to GE Figs. 226
in GER-2007C, F25 contains both GE Figs. 25 and 26 The following is a
description of each figure:

Fig. 2. Nonreheat condensing, 2-row governing stage, design flow, ef—
ficiency correction for governing stage pressure ratio (design govern—
ing stage exit to throttle) as a function of volume floyw.

Fig. 3. PNonreheat condensing, 2-row governlng stage, part-~lioad ef-
ficiency correction for throttle flow ratio.

Fig. 4. Nonreheat condensing, 2-row governing stage, part-load ef—
ficiency correction for governing stage pressure ratio (throttle to
governing stage exit) as a function of throttle flow ratio.

Fig. 5. Nonreheat condensing, 2-row governing stage, efficiency cor-
rection for mean-of-valve loops as a function of throttle flow ratio
(optional). }

Fig. 6. 3600-rpm high-pressure turbine section, l-row governing
stage, design flow efficiency correction for pressure ratio (exhaust
to rated throttle).

Fig. 7. 3600~rpm high-pressure turbine section, l-row governing
stage, design flow efficiency correction for governing stage pitch
diameter.
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Fig. 8. 3600-rpm high—-pressure turbine section, l-row governing
stage, part—-load efficiency correction for governing stage pitch
diameter as a function of throttle flow ratio.

Fig. 9. 3600-rpm high-pressure turbine .section, l-row governing
stage, part-load efficiency correction for throttle flow ratio as a
function of pressure ratio (rated throttle to design exhaust).

Fig. 10. 3600-rpm high-pressure turbine section, 2-row govermning
stage, design flow efficiency correction for pressure ratio (design
exhaust to rated throttle).

Fig. 11. 3600-rpm high-pressure turbine section, 2-row governing
stage, part—load efficiency correction for throttle flow ratio as a
function of pressure ratio (rated throttle to design exhaust).

Fig. 12. 3600-rpm high-pressure turbine section, 1- or 2-row
governing stage, efficiency correction for mean-of-valve loops
(optional). .

Fig. 13. 3600-rpm intermediate—pressure turbine section, without
governing stage, section efficiency as a function of pressure ratio
(initial bowl to exhaust) and volume flow.

Fig. 14, 3600 and 1800-rpm reheat and nonreheat condensing section,
efficiency correction for initial steam conditions (temperature and
pressure). ‘

Fig. 15. 3600- and 1800-rpm, reheat and nonreheat condensing section,
correction to expansion line end point for exhaust pressure as a func-
tion of percent moisture.

Fig. 16. 3600-rpm condensing section exhaust loss as a function of
last stage annulus area and volume flow.

Fig. 17. 1800-rpm condensing section exhaust loss as a function of
‘last stage annulus area and volume flow.

Fig. 18. 3600-rpm condensing section exhaust loss for high;bdgk-
pressure units as a function of annulus area and volume flow.. .

Fig. 19. Mechanical losses as a function of generator rating and con-
figuration.

Fig. 20. Generator loss factor Kl as a function of generator rating
and cooling method.

Fig. 21. Generator loss factor K2 as a function of generator loading
and cooling method.

Fig, 23. Change in generator loss with hydrogen pressure, at constant
kVA.
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Figs. 24-26. Expansion line construction guidelines.

GSTAGE calculates the governing stage exit conditions as a function of
volume fiow and stage design. It is called from MAIN.

HXTRAC looks up the extraction enthalpies using the turbine expansion line
and the extraction pressures. It is called from MAIN.

’

LAGRAN is a mathematical interpolation routine.

LEAKS performs steam seal regulator calculations and contains leakage
logic from Table II in GER-2007C.8 It is called from MAIN,

LKAV is a multiple—entry subroutine containing leakage calculations de-
tailed in Table II of GER-2007C.% ENTRY LKA corresponds to block A of
Table II and so on. ENTRY IKV contains the valve-stem-leakage
caleulations. IKAV is called from MAIN and LEAKS.

METRIC prints the case results in metric units. METRIC is called from
MATIN.

PROPHS is a steam table subroutine. Given enthalpy and entropy, this
subroutine returns moisture, specific volume, temperature, pressure
and state (superheated, dry and saturated, or wet).

PROPPH is similar to PROPHS, but the input properties are pressure and
enthalpy.

PROPPS is similar to PROPHS, but the input properties are pressure and
entropy.

RATFUN is a mathematical subroutine. It perférms the rational function
calculations defined in Appendix I of GER-2007C.8 Tt is called by sub-
routines F2-F25,

RESULT is called from MAIN to print out the tables of results calculated
during the last run. See Appendix A for a sample output.

SGROUP performs stage group efficiency calculations. Using the logic from
Table I of GER-2007C,® this subroutine returns an expansion line endpoint
to MAIN for each turbine expansion line.

SSRE calculates the steam seal regulator enthalpy and flows.

STER is an error subroutine called from the steam properties subroutines.
It returns a traceback to aid in error location,

UNIPOL is a mathematical subroutine. It performs the univariate poly-
nomial calculations defined in Appendix I of GER-2007C. 8

XLOSS calculates the exhaust loss as a function of the last stage blade
length and volume flow.
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Appendix C

LIST AND LOCATION OF COMMONS

FABCEDING - PAGE BLANK NOT Fitfnco R0



AT LON MNVTIE. 39Vd DMIOIDENE.-

b
W

3

X

TEMPM

SUBROUTINES
BLOCK CONVRT DATAIN FWHEAT FWHPAR FWPT GSTAGE  HXTRAC LEAKS LKAV MAIN METRIC RESULT SGROUP  SSRE ¥LOSS  COMMONS
BLOCK BLOCK
COMPND COMPND COMPND  COMPND  COMPND COMPND
CONST CONST CONST CONST CONST CONST CONST CONST CONST CONST  CONST
CoNv CONV CONV CONV CoNv
DATA DATA DATA DATA DATA DATA
DATBLK DATBLK DATBLK DATBLK
DUTY DUTY DUTY DUTY
ENTIDL ENTHM ENTHM
ENTRM ENTRM ENTRM
EXTHT EXTHT EXTHT EXTHT EXTHT EXTHT EXTHT EXTHT
EXTM EXTM EXTM
FEED FEED FEED FEED FEED
FPT FPT FPT FPT FPT FPT FPT FPT
FWH FWH FWH FiWH FWH FWH FWH FWH
GS GS GS GS Gs GS GS
GSNEW GSNEW GSNEW GSNEW
HEAT HEAT HEAT HEAT HEAT HEAT HEAT HEAT HEAT
He Hp HP HP HP Hp
1P 1P ir iP Ip IP
1P2 1p2 IP2 IP2 1P2 P2 IP2
LEAK LEAK LEAK LEAK LEAK LEAK  LEAK LEAK LEAK LEAK LEAK
LP LP LP LP LP LP LP LP L LP
HMASSH MASSM MASSM
MIs MIS MIS MIS MI$ MIS MIS
PARI PARL PARL PARL PARI PARL PARl  PARI PARL PARL PARL
PAR2 PARZ  PAR2 PAR2 PAR2
PRESSM PRESSM PRESSM
RH1 RH1 Rl RHL RH1 RH1
RH2 RH2 RH2 RH2 RH2
T T T T . T T T
TEMPM TEMPM

£8
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SECTION INDEX
annulus velocity, 4.4.1

BLOCK DATA, 4.3,
1

boboh
BLS, 4.4.1, 3.1, 4.4.3

0

.35

Condenser, 2.3-4, 2.14, 3.3, 3.3.6, 4.4.,17, 4,4,27, 4.4,40, 4.6.3, 4.6.7,
5.2

cooling ponds, 4.4.40

cooling towers, 3.2, 4.4.40

Crl, 4.4,2

CP2, 4.4,2

cyele:
cogeneration, 3.3
high-temperature topping, 3.3
nonreheat, 2.4, 2,12
supercritical, 4.4.,29

drain cooler approach temperature difference, 2.3, 4.4.18, 4.4.45
efficiency:

expansion line, 2,1, 2,10, 2,12, 3.2
stage group, 3.1

EFM, 4.4.3, £.4.2

EFP, 4.4.4, 4.4,2

EFT, 4.4.5, 4.4.2

ELEP, 2.9-10, 4.4.1

expansion line, 2.1, 2.5, 2,9-11, 3.3.4
expansion line end point, 2,9-10, 4.4.1
EXTPAR, 4.6.1, 3.3.2, 3.4, 4.6.2, 5.2-3
EXTSER, 4.6.2, 3.3.2, 3.3.7, 3.4, 5.2-3

feedwater, 2.3, 2.6, 2.14, 3.3, 3.3.2, 3.3.5, 3.3.7, 4.1, 4.4.33, 4.4.42,
4.4.45, 4.4.48, 4,5, 4.6.5, 4.6.7, 4.6.9
feedwater heater, 2.3, 2.5-6, 2.9-12, 2.14, 3.3, 3.3.1-3, 3.3.5, 3.3.7,
.&¥ 4,4,11, 4.4, 17 22, 4 4,27, 4.4.30, 4.4, 36 4 4,39, 4, 4 45, 4,4,48,
CAlbl1-5, 4.6.7, 4.6.9, 5. 3
deaeratlng, 4.4 2, 4, 4 11, 4.4,17, 4,.4,48, 4.6.,7, 5.2
desuperheatlng, 4 4,18
drain cooler, 4.4.18, 4.4.45
drain, flashed, 4.4.17
drain, pumped, 2.6, 4.4,17~18
duty, 3.3.7
extractions, 2.7, 3.3, 3.3.1, 3.3.7, 4.4.39, 4.6.4, 4 6.8, 5.2
extraction pressures, 2 3, 3. 3 7, 4 4.36
temperature profiles, 4. 4 36, 4. 4 48, 5.3
FWHPAR, 2.3

6C, 4.4.6
GC2, 4.4.6, 4.2

PRECENIMQ:-PAGE BLANK NOT Fiipeey $H



86

generator, 2.1, 2.4, 2.13, 4.,4.6-7, 4.4.26, 4.4.37, 4.4,43, 4.4,49, 5.1
capability, 2.4, 4 4.6, 4.4.26, 4 4,43

cooling, 4.,4.7
GER-2007C, 2.1, 2.2, 2.12, 3.1, 3.3.4, 4.4,1, 4,4.7, 4,4.15, 4.4.34

GET-2050C, 3.1, 4.4.1
governing stage 2,1, 2.3, 2.5, 2.12, 4,4.28, 4.4.34

blade rows, 2.5, 4,4.28
pitch diameter, 2.5, 4.4.34

heat, external, 2.6, 2.14, 3.3, 3.3.2, 3.3.7, 4.1, 4.4.10, 4.5, 4,6.1-2,

5.2 N

heat rate, 2.1, 2,14, 3.3.4, 4.4.1-2, 4.4.4-5, 4,48, 4.4,15, 4.4.17,
4.4.27, h.h.39, bk b5-47, 5.3

HECOND, 4.6.3, 3.3.3, 4.6.7, 5.2

HEXT, 4.6.4, 3.3.1, 4.6.8

HFWEXT, 4.6.5, 3.3.5, 4.6.9, 5.2

HPROSS, 4.6.6, 3.3.4, 4.6,10, 5.2

ICC, 4.4.7
IFPT, 4.4.8, 4.4.2, 4.4,13
IMETER, 4.4.9

INAME2, 4.4,10, 4,5

IP, 4.4.11, 4.4.2

IPEAR, 4.4.12, 3.1

IPLACE, 4.4.13, 4.4.2
IRHP, 4.4.14

IRIP, 4.4.14

IRLP, 4.4.14

last stage:

blade length, 3.1, 3.2, 4,4,1, 4.4.35

exhaust pressure, 3.2

pitch diameter, 3.1-2, 4,4.1, 4,4.35
leakages, packing and valve stem, 2.1, 2.7, 2,9-12, 4,4,15-16, 5.1
LK, 4.4.15-16 :
loss, exhaust, 2,1, 2.13, 3,1-2, 4.4.1
loss, generator,. 2.1, 2.4, 4,4,49
loss, mechanical, 2.1, 2.4, 4.4,49

makeup, 3.3.6, 4.4,33
metric units, 4.4.9
motor, feedwater pump, 4.4.3, 4.4.8, 4.4,13

NAME, 4,1, 4.4-5

namelist, 4.1, 4.4, 4.4.10, 4,4.40, 4.5-6, 5.1-2
NAME2, 4.1, 4.4.10, 4.,5~6, 5.1

NCASE, 4.4.16

ND, 4.4.17, 4.4.19, 4.4.48, 5.3

NDC, 4.4.18, 4.4.19, 5.3

NF, 4.4,19, 4,4,20-22, 5.3

NFH, 4,4,20, 4.4.19-22, 4.4.30, 5.3

NFI, 4.4.21, 4.4,19-22, 4.4,30, 5.3

i

fi
*l
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NFL, 4.4.2
NHP, 4.4.2
NIP, 4.4.2
NLP, 4.4.25
NLP2, 4.4.26, 4.2, 4.4.25, 4,4.49
NOSPE, ho4,27

NRGS, 4.4.28

MRH, 4.4.29, 4.4.46

NSHAFT, 4.4.30

2, 4.4.19-21, 5.3
3
4

ORCENT II, 4.4.47

PRIP, 4.4.31
PBLP, 4.4.32
PCMU, 4.4.33
PDGS, 4.4.34
PDLS, 4.4.35, 3.1, 4.4.1
PE, 4.4.36, 4.4.19, 5.3
PR, 4.4.37
power factor, 4.4.6, 4.4.37
power, pumping, 2. 14 4,4,2
PT, 4.4.38, 4.4, 31—32 Goh 84, 4.4, 47
pump:
booster, 4.4.2
circulating water, 4.4.2
condensate, 4.4.2
drain, 4.4.2
feedwater, 2.3, 2.8-9, 2.11-12, 2,14, 4.4,2-5, 4.4.8, 4.4.11, 4.4.13,
4,4.49, 5.1
shaft—-driven, 4.4.8
PXDROP, 4.4.39
PXLP, 4.4.40, 3.2
PXLPT, 4.4.40, 3.2
PXLPIO, 4.4.40

QAE, 4.4.41, 4.4.43

QCR, 4.4.42

QECOND, 4.6.7, 3.3.3, 4.6.3

QEXT, 4.6.8, 3.3.1, 4.6.4

QGEN, 4.4.43, 4.4.6, 4. hobb, 4.4.49, 5.1

QFWEXT, 4.6.9, 3.3.5, 4.6.5

QPROSS, 4.6.10, 3.3.4, 4.6.6

QT, 4.b.bb, 4.h.6, 4£.4.32, 45.4.38, 4.4.43, hob. 47
QID, 4.b.bk, 4.4.6, 4.4.38, 4.4.43, 4.4.47, 5.1

reheater, 2.3, 2.8-9, 2,14, 3.3.4, 4.4.29, 4.4.31-32, 4.4.36, 4.4.46~47
results, 3.3.7

shaft work, 4.4.49



88

steam:
external, 3.3, 4.5
induetion, 2.1, 3.3, 3.3.4, 3.3.6, 4.6.10
process, 2.7, 2.9, 2.11, 2.14, 3.3.4, 4.6.10
steam generator, 2.4, 2.13-14, 4,4,6, 4,4,38, 4.4.41-43, 4.4.49, 4.6.2,
4,6.9, 5.1-2
steam jet air, ejector, 2.3, 4.4.41, 4.4.43
steam seal packing exhauster, 2.3, 4.4.,27
steam seal regulator, 2.3
subroutine, 2.14 -

TDCA, 4.4.45, 4.4,18-19, 5.3
terminal temperature difference, 2.3, 3.3.7, 4.4.48
throttle, 2.3, 4.4.31, 4.4.38, 4.4.41, 4.4.43-44, 4 447, 5.1
throttle flow ratio, 4.4.43
TRH1, 4.4.46
TRHZ, 4.4.46
TT, 4.4.47, 4.4.38, 4.4.44, 4.4.46
TTD, 4.4.48, 4.4,17, 4.4,19
turbines:
casing, 4.4.16
cross—compound, 2.10, 4.2, 4.4.6, 4.,4.14, 4,.4.25-26, 4,.4,49
exhaust, 3.3, 3.3.4, 4.4.36, 4.4.39-40, 4.6.6, 4.6.10
expansion efficiencies, 2.2
feedwater pump, 2.3, 2.8-9, 2.11, 4.4.5, 4.4.8, 4,4,13
high back pressure, 3.2, 4.4.40
high-pressure, 2.4-5, 2.7, 2,9-10, 2,12, 3.3, 3.3.4, 4.4,2, 4,4,14,
4.4.16, 4.4,19-20, 4.4.23, 4.4.30-31, 4.4.36, 4.4.46, 4,6.10
intermediate pressure, 2.8-11, 3.3, 3.3.4, 4.4.6, 4.6.10, 4.4.14,
4.4,16, 4.4.19, 4.4.21, 4.4.24, 4,4.30-31, 4,4.46
low-pressure, 2.8-11, 3.3.4, 4.4,6, 4.4,14, 4,4,16, 4.4.19, 4.4.22,
4.4.25-26, 4.4.30, 4.4.32, 4,4,35, 4.4,40, 4.4,43, 5.2
nonreheat, 2,12
peaking, 3.1, 4.4,12
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