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ABSTRACT

Turbine by—-pass syslems can substantialy improve tlhe behaviour
of base load power plants submittied to cyclic operatlion or fregquent
load rejections.This technical solution ensures & better malching of
the boiler slteam and the turbine metal temperatures during stari—up
or re—-start. A 100% capacily by-pass system can also provide a wguick

re-start capability after shorl load rejectiions.

The use af the by—pass systems usualy brings fuel and condensale

savings,reduce solid particle errosion but they also renquire a more;,

sophisticated control system.and careful tuning of lhe plant componenls.
A detailed study is therefore required in order tlo determine tlhe
design ceonditions for & by—-pass system (including controls) both for a

new power plant and for an exislting one.

Our model is based on a medium size (550 Mw generator oulpul)
reheat fossil power plant.The FEPSE general cycle model includes some
110 elements and 230 streams.Specific operations,schedules and controls
are included for each of lhe cases presented henceforth.Mostl of them
occur under usual,steady-stale operating conditions but there are a few
ones representing only lest cases.In all the models, a "minimum change"
approach towards the general cycle model has been adopted.

The attempt lo use Llhe general model for all the cases,with specific
changes, has failed.Severe divergence problems and detection of their source

led us finaly to the conclusion that sepparate models of each case are much

more appropriate.



INTRODUCTION

The turbine cycle heal and mass balance including active hy—pass

syslems are notl usual for

power plant performance calculations.Several

controls are simultaneously activated in order lo ensure the vendor

operaling prescrip

main condenser sleam inlet enthalpy

tions such asicold reheat steam maximum temperalures

;turbine ljoad:a.s.o0.0n lhe other

hand some variables are allowed to change only along vendor supplied

curves such as:pump efficiecy as function of inlet flow and pressure;

throttling valve flow as function of inletl pressure:lurbine stage

parameters (bowl pressure,enLhalpy,efFiciency) as functions of SEﬁam flows

a.s.0.The modelling of the differenl by—pass operating cases 1is therefore

quite complicated since the outcome

cannot ke foreseen.

Cur purpose was to delermine &
for as many cases Aas possible to be
configuratiaon of PERPGE elemenls.The

difficulty and some of the possible

of several different restrictions

modelling stralegy which will allow
solved with ihe same basic
ezamples presented illustrate botih lhe

sglutions of the problem.

in order lo getl & more realistic power plant model we preferred lhe
|

vendor provided scheduled data to the constant estimates.lt should be noted

that the modelled turbine has been used by the vendor in a power plant

provided with a high and an intermediate pressure by—pass syslems.
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/. TURBINE BY-PASS SYSTEM PURPOSE AND DESCRIPTION

The turbine by—-pass system enables the plant operator to achieve
several important objeclives such as:

-matching the temperatures of lhe entering steam and the tlurbine
‘metal during start—up (or re—startl) especialy for power planls in cycling
operalion;

~providing a quick re-starl after load rejection by keeping Phe
boiler fully loaded; ‘Q,

~providing a fast valving capability through partial load rejection.

It might be concluded LHat the by—pass sysltem gives additional
Fiexibility to hase~load designed power plants.

For a turbine cycle with reheal,two by—pass systems have lo be
pravided,for the high and intermediate (including low) pressure groups
respectively.

A rather complex control system has 1o be developped for such &
power plani.Without presenting it in full detail,we have to remind some
of its features which are mandatory for tlhe model.0One control branch
lkeeps the cold reheal temperature at a certain value,using spray from
the boiler feed pump outlet.A second control branch keeps the main
condenser steam inlet at a certain temperature (or enthalpy).f spray
from the condensate pump outletl 1is used for this purpose.The high
pressure turbine throtlling valve is load controled when the plant is
f;eeping lhe boiler at full load (constanl pressure operation).For the
high pressure by—pass lthe valve opening is conlroled by the pressure
in the main steam line.

For the intermediale pressure by—pass,lhe control system has 1o
activate both the by~pass and the throttling valve according to lhe

pressure in the hotl reheat line and the turbine leoad C13,CZ23.
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2. TURBINE CYCLE FULL MODEL DESCRIPTION

The turbime cycle full model is presented in fig.2-1.The boiler
is not modelled in detail,a pair of INPUT/DUTPUT elemenis is used instead
(no.1 and 50).For tlhe turbine,elements of lype 08 (general turbine slage)
are used (no.%,6,7,8,9,10,11,12 and 13).Vendor supplied schedules are used
to link the extractlion pressures,enthalpies and efficiencies lo the steam
flow.Far the boiler feed and condensate pumps (no.23,40 and 105)
efficiency versus flow schedules are built in the model.

Although TTD and DCA versus turbine load schedules for allséhe
heaters (no.19,20,22,23,27 and Z8) were at our disposal,it musl Le
emphasized lhal they are nol adequate for by-pass cycle balances since
the steam and water conditions are unusual.A full descriplion of the
heaters is needed for a DESIGN mode Fun.AL this stage of the study we
decided that an estimate of tlhe TTD's and DCA's hased on experience can
2st1ill be satisfaciory.No pressure drop has been taken inlo account.

The model includes the sealing system of the lurbine and the air
preheating heater (no.101).

The streams connecting the turbine to the heaters (sleam exilraclions
no.173,125, 132, 134, 147, 148 and 149) have a constanl percenlage pressure
drop.

The reheater (no.32) pressure drop is given as a constani percentage
of the cold reheal pressure.

Some valves (no.46,532,108 and 109 for example) have been introduced
only for computational purposses ,they do notl appear in the real plant.

Eged =4

The model has 113 elements, 133 streams,3 or 4 controls.30 or 33
schedules, 10 to 15 operalions.
For a standard 100% boiler and turbine load cycle, with PEPSE

provided defaull converjence data the balance is solved wilnin I2Ye)

iterations.
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These valves have lo ensure a 0.0 flow in lhe downslream lines.A 0.0

extraction flow does notl neccessarily produce a 0.0 outlet drain flow

at the respecltive healer although no drain inlet is present (see healers

no.z23,28 ).
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3. TOTAL TURBINE LOAD REJECTION WITH
FULL BOILER LOAD

Several modelling attempls were made until & converjed solulion has
been oblained.

The first allempl was to shut only the lwo valves situated at ilhe
high and intermediate pressure Turbines inlets (no.33 and 103).This
attemplt was nol successful because flows greater than 0.0 did still
appear in lhe evtlraction streams.Even after we closed them and Llhe heater
drain lines too no solution could be ecbtained (see fig.3-1.).10
appears that the solving order established by PEPSE for & normai
turbine cycle model - with active turbine elementls - is not su{géble
for & total by—pass calculation.

The seccond attempl has been to define lwo envelopes (see fig.3-2.)
One envelope (no.1) included the aclive elements and the other (no.2) thé
inactive ones (lurbine elements).ln order to define the boundaries of the
{wo envalopes,slreams of the type & were used (marked with * in fig.3-2.
such as 103,174,201 arround the high pressure turbine) .PEPSE solved
first envelope no.1 and then no.2 and oblained a converged solution
within 172 iterations.

Another attempl consisled in & different approach:all the inactive
elements (i.e. lhe turbine elements,their connecting streams,the low
pressure heaters,a.s.o.?) were eliminated from the overall model (see
fig.3-3.) and only ihe elemenls actively involved in the by-pass
operalion retained in the model.The new model has only one pair of
INPUT/0OUTPUT elementls (no.1 and 50) and one pair of SINK/SOURCE elemenls
(no.48 and 49).This model is the simplest to pe used for this case.
However,this configuration could not he solved.The program did notl
identify the cause and the "abnormal"” terminations gJave irrelevant
warning messajes (such asimaximum number of iterations attainedjenergy

or mass balance nol attained;thermodynamic parametlers ErrOonNeouUs;a.5.0."7.

11-8
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Afler & considerable amount of time and effort the real cause has been
identyfied:the model is of lhe "closed flow circuit" type!

The altermnative using lype & slreams for the lines no.138 and
no.149 could nol be solved eilher.Afler several lrials a new

configuration has heen devised (see fig.3-4.).These lines were “"cut"

and two pairs of SOURCE/SINK elements were introduced (no.219/222 and

no.227/226) .Some special operations were added in order to have for each

pair the same paramelers (pressure,temperature, entropy,flow) on Loth

sides.This last configuration has been solved within 49 iteratibps.

It should be noted that Ulhe maximum and minimum flows given for the
have an important influence on the number of iterations needed

splitlers

and somelimes even on the possibility to reach a solution al all.
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4, PARTIAL TURBINE LOAD USING
THE BY-PASS SYSTEM

Al power plant start—-up or at parlial load rejection the Lurbine
cycle is characterized by & higher boiler load than lhe %urbine gz,

Ywo main alternales have been tried:
a. The full model (see fig.2-1.) has been provided wilh & supplementary
cet of operations and controls in order to obtain the specified Loiler
and turbine loads.The high and intermediate pressure (including low) -
turbine power oulpuls were separately controled. i
. Option 3 (generator putput specified) has been used in conjunclion
with a special operaltion in order to oblain the given load and in tlhe
mean time keep the boiler steam production at a given value.The use of
the INLET element alone would have caused the automatic reduction of
boiler load.Therefore,the full model has been altered and & supplementary
SOURCE type element used 1o supply steam Lo the high pressure by—pass
line.

Alternate a.

The boiler was kept at 100% load and the turbkine at 70% load.The high
pressure heater (no.28) and the deaerator (no.Z4) were fed wilh steam
from the cold reheat.The electrical driven feed watler pump (no.105) was
activated (see fig.4—1.).The precision for ihe controled values has been
reduced to 10%. A converged splution has been obtained within 22 |
iterations.

The same resull (convergence and small number of iteraltions) has
been obtained for lhe model in fig.4-2.The high pressure bhy—pass line has
been proQided wilh a sepparale SDURCE element (no.3233).Under Lhe same
operaling conditions,the deaerator (no.zZ4) and the hoiler feed pump

turbine (no.25) were supplied wilh steam from the intermediale presssure

turbine (see fig.4-2.).



For a 100% boiler load and 30% turbine load,the model in fig.a=1.

could not be solved,when all the elements were included in one envelofpe.

As we could see from the "golving order' array;, the solution path adopled

by the program was not appropriate (first trhe turbine elementls and then

the bhy—pass related lines and sprays).

We divided thne mcdel into lwo envelopes,as for lhe lotlal py—pass butl
wilh the turbine elements in envelope 1.This approach led to a converged

splution within 30 iterations.

The solulions obtained for the normal and total by—-pass operalion

were calculaled with high convergence precision.This explains the

relatively high number of iterations needed.The partial load by—-pass

calculation: were conducted at a lower precision and thus a relaiively

lower number of ilteraltions was needed.A special remark should be made

regarding lhe cases where the high precision required led to divergence

of the solution.This situation is probably due to & combination of steep

fupction changes and lhe PEPSE calculation procedure (Newtaon).

Although not specificaly for the use of PEPSE,it should be noted

thoungh that lhe schedules for TTD's and DCA's of lhe healers have to be

abandoned for all lhe cases nresented in this section.The exacl answer

is to use the DESIGN mode (if all the neccessary data are available).

Otherwise,good engineering judgemenl or measurements should provide

the values.
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Alternate b.
The use of the special option 3 (the generator oulpul 1s Jiven) has
not led to any convergent solution.Sometlimes it even broke down 1in a

“catastrophic' manner (1log0.0 !').7This is probably due lo very strong

“jumps' in lhe iterating process.

11-20
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5. CONCLUSIONS

Al this stane of our experience wilh PEPSE, we mighl conclude thal

specific models have 1o be built for each turbine cycle gperaling

condition.This approach seems to he less Lime consuming and the resulis

more predictable than the use of a main model and ils derivales.

Usualy,lhere are several modelling possibilitlies for each operaling

condition.Whatever should be Tlhe user*s strategy in building the model s

—either from small solved blocks or from a modified main model— The

final resullt (convergence) cannot be anticipated.The superposition of

several constricting conditions (i.e. schedules,controls,buill-in

gplions,a.s.0.) can lead to unprediclable oulpuls.
It looks that for certain “elassical' power plant configuralions,

some kind cf solution “charis” (i.e. solving order}) should be Huill

for alternate models.These “chartls" could help substantially lhe user

in modelling special applications such as the by-pass operation.
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