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ABETRACT

A =imple power plant steam header moedel has been
developed 1or nmpormal operatdon and coperational transient
siwulat.ions The st.a1 Ling basis haz= besn t.he the
time-rexponse analysis of the power plant. =steam header
and iLls related plant components The analygis of the
time-congtants confronted againzt the uwser pegquirements
led to the concluxion that a zimple heade:r mode] bhazed on
the gquasi-static assumptlon=s can be adequately used In
most of the galculation needs where a time frequency
requirement. for information processing does not exceeds
few Hertz The header model has been eolved with the
Newton-Raphson technlgue and it= fast COnYergence
warranted ATL economic pIOgI-ATN ™un in persoral
microcompube: =



TIMULACAG NUMERICA DY COLETOR DE VAPDR

Horacio NAKATA
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RESUMO

Foi desenvelvide um programa d4e computagdio de um
modele simplificado de  coleter de wvapor para operagfio
normal e trangienbes operaclonals O ponte de partids
foram as anfdliges de Lempos dea regposta do coletor & dox
principais componentez a ele lizgados A  anallse dos
tempos de resposta controntados contra oz requisitos dos
uwsuarios levou & conclusdc gque um modelc =imples  de
coletor baseadce em hipotese guaze-extédbtica  pode ser
adequadamente usado na malorda dos  céaleuwlos onde a
f1equéncia de processamento de informaciies nde eNcoeds
alzung Hertz O medelos do colstor fol re=zolvido pela
Lécnica de Newton-Raphson & sua rapida convergéncia
permitiu  uma economia na execucdic no amblente de
microscomputados



1 INTRODUCTION

In a =team supply svstem fad hy multiple boilersz the
etiicient use of =team mav rely on the appropriatse =steam
header design, such that the plant performance s  kapt
cloze to its optimum operyating conditions Mareavelr, wheh
gteam from many beilers 12 ghared bet.ween Ltwo turblines,
generally at the dAistinet. demand levels, the pressure
dif ferensssa alang the connecting tubes play a key role in
the mass flow distributicon in the steam tube network

The hboilers pressure level iz the primary driver fon
the =s=team flow paltern, but, it 12 Iin tuen, primarily
influenced by the =steam outflow level, rezpeonding to it
wlt.th a short. time constant that is, much faster than to
the temperatuw e change driven by heat transfer phapomena

On the other extremity of the tube network Lhe m=team
fiows are doetermipned by Lhe levels of power demand
impoged o each one  of the tLurbines In general, a
turbine cont.roller 1= not very rsensitive to the steam
pressure i its mindmum Jevel in not trespassed thus the
gteaam Jdemand at Lhose points can be detoermined Even LY
the condition i nol sallsfled a =team consumptlon versus
pressure surve can readily be bullt.

Ag previouzly noted, the steam tube npetwork, steam
header included, plavs  the drelving role in determining
the =steam outflow lavels from  the bollers It is
therefore the suybject of our investigation in the present
work, bthe objlective belng the development of a rellahle
and computationally inexpensive steam header mode]l which
might.- be implemented in a full nuclear plant simulator

The time—response capability of twhe ateam hesder
model must. be compatible with the freguency-response
requirements deamanded by the the plant simulator users
In average, the Freqgquency response In a range of few
Hert=z 1=z the expected requirement, derived from the
commerclial plant analy=sls and the plant. cant.rol
gimulations The requirement also fulfills the hardware
availability, =ince the simulatpor is written for personal
micyroacomput.ers

The ateam hesader gimulation program to be developed
in thiz wark must be az =implse a= poseibls, but,
uncompromnmisingly, Lhe s ld Ly requiramant mu=st be
preservad

Complex models are, in faglk, very powerful but they
are exceszsively and Inherently time consuming, a2 they



daal with and geanarate a greal deal of wasteful detailed
stat.e wvariables Thus, =imple models which could oasess
Lhe most relevant wvarlables within acceptable acocuracy
and, at the same tLtime, were Ffast and economic would be of
valuakle help

2 STEAM HEADER MODEL DESCRIPTION
An example of steam header network which Unks the

bollers to the turblnes 1s shown in Figure 1 The Iocal
pressure  and steam flows are delfined by P and W,

razpectively, with the sub=zoripta Indicating t-he
locations
Wy Wla
S Pgoi1 —— P —_— Pia Turbkine 1
l Wiz
Sdz Praz =—-—-u P2 —_— Faz Turbine 2
Wz Wiz

Figure 1 - Steam Header Sketch

The power demand levels on each turblne may
itdependently be controlled, may sven be =shut off, 8o
that the Wiz Zteam flow direction uvan elther be positlive
oF negative, depending upon the bollsr pressure and
denand unbalsncing degr ae

In nhormal operating condition the value of Wiz i
cloge to zero and the average steam transit time from the
boller to the turbine is around hslf sscond

21 S5TEAM HEADER TIME-QONSTANT ESTIMATE

In this section a di=cusgion on the ateam headern
time-response chAaracteristicz iz pepformed The ralevant
phenomena and time dependence is treated in detail



Uonaldering a point. of interezst on the steam tube

the local pressure P will be eastimated followilng the
aimplified resistire network esketched below The end
prezzures, Pl and Piur, ar e fFixad and theay are
detearmined by the bpilors and the turbine=s, respesctivaly
The network impedances are repressnted by Ci and Oz
W Wo
—+ P
Pooll —— /oo e K e NN Prur,
T =
The =mteam flow ratez, Wi and We, depend on the
prescure difference=s according to the relationzships
Pooil = P m Cu W (Eq 1>
and
P - Plur @ €2 Wo CEq 23
The mars conservation equation applied on the steam
header s glven ag
?gzp- LA {Eq 3)
vwherea
g 1l the asteam dep=sity and
¥V iz the header volume
anhd 1lts expanzion in terms of piressure and enthalpy
results
P b dat dh p ot.
L{Eq 3
&
Thaea app: oximat.e figure for Py iz about

ﬂ‘lllcgfm!fbar for liquid and Dﬁkg/maz‘hnr for wvapor

Meanwhile

-0 1Bkg./m" € J kgD

vapol

a
the figura for T fa ‘ p , 1= about.
for liquid and -D00002kg-m €] kgd for



With the figure of g—P-Hv, an the gaturation line,

which 1a about -320(]J- kgl bar we egtimate an anthalpy
varfjation Iin the order of 320]. kg for wvapor if 1 bar of
pressurse yarjation occurraead in the boller smteam dome The
average header enthalpy wvarlation can be estimated from
the energy consarvation equation

:—Lh = (b - hd WisVpd - Che - h) Wo/tVpd ,

where h and he are the incoming and oublgoing steam flow
enthalpy, respsctively

In the instant mixture approxdmation, e, he = h,
the equation becomes

:Th w Che - h} Wi CVeD CEq 5>

The  dncoming  enthaipy, ., 1 the boller fnt.lmlpy
Thus, as an exerclze, If Waldkgss , o = 20kg/m and Y=

0 7 , an Instani. warlation of 1bar in the boller would
vield an enthalpy variation rate of 23{] kg)x= In the
sLeam header, with a time constant of 14= If We =

Bkgs® the header time constant would be of the corder of
0 As

Azguming, m @an example, a rapld pressurs Increases
of 1 bar in 1 s=econd, the first term on the left side of
Equation 4 would be sstimated to be 06ékg/m"_ while the
second term would be estimated as ﬂﬂﬂ‘lﬁkg#‘m’ That i=,
the later s aboul 100 times smaller than the formern,
nesligible for an overall egtimate

Therefere, in Lhe header energy eaquation, the
acocumdlation term 1ls  relatively amall, in tha [lrst
approximation 1t. can ke neglected The result s

d
dt

wheare
Awis {v:‘-'_p }
7F h

Pe A C W - Wo {Eq 63




Thu=s, for a typical power plant Lthe figure for A i=
of the order of

A w 1abar-kg for ldquid, and

.

A = Z2S8Shar kg for vapor

Substitution of Wi and Yo given by Equation 1 and Z
into the laft =ide of Equation & gives

:_E PLLY = £CLPCLD) CEq 7>
whara
FCLPEEY) w noF - A yv o
VCa YOz

The behavior af the pPressure o e therefors
nonllnear The estimative of Its Lipszchitz1/ oconstant,
L, I=

L = max ng{t,P(t})
ar
L = muax A + A {Eq B>
27C beml. - F a2 fP - Puur

A= an expprclss with C1 o~ 82 = ﬂﬂﬂ?barﬁ(kga’siz,
P41 - P> =~ (P - Pz) =~ O5bar, arnd A = ZS5Sbar-kg, one
eztimates a fisue for L as

L > 40 second

By approximating the left mide of Eqguation 7 with a
Lhpear expansion around a reference point te, ome gels
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d a
—_— -~ -
T PCLy = fOL.P{Lad) an{L.P{tJ} LE_(F‘{L) Plbtal?

LEq ¥}

If the refersnce point e were fixed at the Lime
when an &table equilibr-iom between W and We =till
agxisted, & =tep Increase in the pressure in the pressure
F{t1? would give

[, R i

P(L) wm Plted + [P(Li) - PCLad] e OV {Eq10)

S — SR VR

The =team heade1 time constant 7, can theresefore be
estimatad as

lr = 1oL = 00PHgennnd

In the other hand ithe Eguation 6 can be Interpreted
b an equation ol t.le reESponNs e of an
controjlerdintegrator} driven by an ermor (Wi - Wod,
where A s the gain of Lhe integrators27/ And once the
galn of an inotegrator is inverzely proportional to (t=
tame-constant, one ocan have 1t adjusted to have the
contl oller opet ational only 10 a limited requency ange

In the pregent. example the particular dependency of
Lthe steam flow relative te the precsurse dift erence
hetwren the header axtiemlties re=zulted in a clear cutoff
LE the treguency domain By comparing Eguatlon 6 2 to
Faguatdon 1) and noticing that a =tep prezsure increase
Mtady coplesponds te an error W - Wed  and  PLbed
vottegponds e the nall erron one ocan @ ewrite the
IFguatdon 10 defining (Ptad ~ PILa2]) as an error & as

P om e et CEq 112

whe e

SF m PLLY - PLeD

which by the Laplace tiansform becomes
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Therefore steam header 1z effeciively a |Jow-pass
filt.er with the threshold frequency around 1., le, of
the crder of 4GHz

Thus wilthin few tenliw of a sccend the pressure in
the header reaclhies equibbrium state And, consequently,
phenomencsnn whose treguency lies abave L will not  be
repi oduced by the header 1esponse FPor further hbeadear
L ESRONSse analysis it is Necessal y to azgess  Lhe
time-y expongse chatl acteristica of all components connected
Lo the header

If¥ a cannectihg cuoumponent time-response weile found
to be very large a vor respondingly very low frequency
npul. would be fed Lo the headerr and obviously the
neader response would tollew thas dlow freguency  But  ifF
the header ocutoft [Leguency were found Lo be too hagh,

compal al.lvely to Lhe Input frequencies of lts connectlng
components 1t would mean that bheader culoeff fregquency,
thua the intbegrator galn could have been  lowersd
without any harm to the header response Further, this
relaskation wiorald alee br ing t.he advantape in Lhe
Integr aticy procedure =ilnce the Lime-step =lze could be
enlar ¢ ed urn accounl af the slower ra8sponse

chal acterist ics of such an idealized header model

Tha= ar tificially YT PR | header time-gongtant.,
Treq Galy be chogen az the inverse of tlwe pew cuatoflT
fregquency  and the smaller integrator galnn, A, can be
derived for the Equation & by satisfying the relationship

|_’L-"'Trn-q - — A - * A
— e A
| GRS LTI CEq 12>

ey all poscllile values wihinch maxlmizes the denominators
A slmplifisd expres=sion ftor €1 and Oz above, would be

A= 0084 ¥ AP(bar) ./ rragisl |(bar-kgl {Eq 13>
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A=z example, In order to get Treq = O1m the value ot
A Iy AFP.EDSbhar ig

A = D A0bay /k;J Crreg = 0 ilzsecorall

In compardison with the i1alue obtalned from Eguatlon
4 the integraton gaur 1% apout four  Limes  smaller
The: ef ore in tlues wxampal e, t.he steam header
time—i1esponse 1z wl Lhe order o 01 mecond 1eaching an
eqprlibr i in albout 03 second o1 a step eric: input

In case o1 the tuw bines whose =team tlow 1 ates are
noet. vaery sensttdve thie hrader pressule level the =steam
devvarnd van lataen iz dlctabed mostly by the power demasnd
aof Lhe plant couonlLr olle: I= thi= case Llw second bter-m obn
the tiaht =1de of the Lapschitz expression Egeation 6,
an e neglect.ed and the resulting L value is

o — _
l L = 20-second

therefple the header time-ionatant. for the asteam headear
becoma:s

L T = [0 0FsEcond

22 - BAOILFR PRESTURE TIME-LONSTANT

Im & slmplil fed ansuinpi.lot the baoifen PresEure
reacte o btwo main diising ihputs the =steam productdon
t b vatl1atdon from the heat tyanster phenomenon and the
Slewm tilow rate wvariataon demanded by the turbines The
time-vconstants 1mvolved are an order o! magnitude apart
trom each other and tlier dominant phenomenon in a short
time lag which 1% the jpaesent. objective, is the Ssecond
RY] =

A =imple emtimatinn ot steam fFlow dependency of the
kolle: pressure can e devized from the pam law
approximat ion as
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PucilmZRT pbg "

where £ 1= Lhe compressibility factor assumed constant
And f'l::I; a boller pressure of 3%bar the ZRT i about.
22parm kg

The p1essure varlation 1al.e as function of the =steam
tlow rates can theretore be glven as

Lo
L—'PL-EIE]. - ZRI Ephcq_l_

=Ry =

which wiLth the utalization of masas conservatlon egquation,
Equation 3 can be rewrltben as

l:—tFLaL'L" B (Whawly = Wooirlbe 2 ‘Egi4)
where
H w ZRTAVecal,
¥Yoerl 1% Lhe builel steam dome velume
Weole, and Woholloe as praoductlon and sxtraction flow
1 ales, 1espectively
Yithh a +typical Yeol value of 1 3m" s B could ke of

the order of

BE= 17 {barfk,g?‘

The lazgest unbalance ot Woolhh, and Wbhelle Lo be
cornsidered In bthe prezent timeresponse =tudy can be
Ltaken by assumilg  the  largest steam rate variation
demanded by tlher turbines Azsuming a ocommercial turbine
with about skgsz in ateam consumption;, a zudden turbine
t1ip could yvield an Ilnstant. pressure varlation rate aof

d
EEPbonI = 1 bars=

On the lett hand =ide of Equation 14 the wvalus of
Weaml, is practically independent of the boiler pressure,
bhut the value of Weole 1s given by
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2
Pbo:xl - P = 02 Wholle {EL" el

Substituting the Wooile of Equation 18 inte Eguation
14, and carrying through a procedurs similar to that of
the =team header, a Lipschitz constant 1% obtalned a=

B
2461 ¥Poel - P

L. = max

which, for a pressure difference of .Sbar, vields

L = 14/ 2acond

Therefore the gheam header time-constant in a step
variation of the s=steam outflow s of the order of 007
sasond

23 - COMPARISON OF THE TIME-OONSTANTS

The sound veloclty in a steam, about S50m-s, parmits
the pressure transmission in a steam header in lass than
005 eecond while the physical wvelocity s about 40m’s
which re=ulta In abuvut 05 second +to transport Lhe
enthalpy

The boller time-constant was esstimated as 007
&econd, and the header Ltime-constant as 005 second The
elapsed time to reach an azsymptotle states 12 about three
time-conztant=s, that i= 02 second atd 015 sacond,
respectivaly

In a constant speed gteam turblne the steam deamand
iz controlled by a centrifugal device which drives the
valve aperture in a fraction of a secaond An saxperimental
time of 01 =econd is belisved Lo be representative for
mast  commercial turbines Therefore tLhe boller steam
extraction rate responds Lo the turbine demand in about.
01 second

Comparison of thse above tilgureg lesadzs Lo ‘Lhﬂ‘
conclusion that the header time-constant s sufficlently
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small to absoib the =wteam flow variationz coming from
Eoth  fthe beiler and  the turbine Moreover, f the
treguency of the Infoimation extraction Iz smaller than
10Hz the bheader can be treated gquasi-statically

Thet efore  the steam header can be assumed as IF it
had reached an equilibiium state after a vardiation of the
Bolley arul the turibilne states ovccurred The headel can bhe
aszutried to be at egquilibriam at each time-step

The energy equalaon can be straitfully considered as=
the enthalpy i= transperted In less than four time-steps
! m12ze O1secorol

3 =~ QUASI-=TATIC MODEL §0OR THE STEAM HEADER

The guasi~-static weede! ot the steam header can be
tourd iy =ampbtied =since 1he right portion of the headern
network 15 wwept by <teamnm tlow rates WLhi ard Wlhz which
a1/ gl e fnndepeanient 1 on the header Pressure, as
explammi  they are maindy dictated by the tur bine demand
les »i=

p— e

ROILERE:L ([Proild— e Pi -—=——s WL1

l Wiz

BOILERz [ Focerlz — Fz - WL2

———

— i ———— s rma

Flgure 2 - Header gquasi-static model

The eaquations which pgovein +the atate vaprisbleas 1in
thi=s model are
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z
" Poheorli -~ Ps =m  CiWy
2
Poewviz - P2 o CaWz
2
1 Ps « Fz = {a1z2Wiz {Eq 14>

Wi = Wi + Wiz

. Wz = WL - Wiz
wheare
C o K
Z oo A
k. @ £ LD, +EKL , with i = 1. 2 and 12

The unknowns, P11 Pz Wi Wz and Wiz, are determined
by tLhe Newton-Raphson method

By eliminating Fz, Wi e Wz from the two flrset
equations in the above system the result s

fix>) m O {Eq 17>

wheTe

belt = P11 - E‘.'swuz- 201 WLiWiz = C:WL:Z
fix) =
F

Belz = Pi o~ ({'}1-[}12)'\#1:2 +* Z202WlzWiz = ﬂ:‘szz

and

== (0.

The Newton-Raphson method ig written In a simplifisd
notation s

(riely - 1R . JEI I(HIM)

nr

¢Eq18)

whers
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-1 ~2C1Waz = Zi{Wlha
J" -1 c2C2=-Caa w2 4+ 202

4 CONCLUSTONS

The preasent time—rezsponse analysiz carrcled over for-
the components connecled Lo the fgteam header led Lo the
conclusion  that & Jguasi—statile headea medel might. ke
qualitatively accurate in a plant =ismulation program AF
thwe 1nfocamation axt:action Iregquency is not greater than
about one tenth of a secomnd

A complex header model to capture the scund effectl
12 1 ecommended for mole detalled wvse bul most of Lhe
plant. =imulatlons reguired dn the project and operation
stage can be fullided by the simpler model prezently
Atalysed

Computaticonally Lhe pyoglram Iz very lnexpen=sive and

Ll Mewton-Raphson melbod converges o the solutlon
vt Labty i lews than 3 iterations
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APENDIX

SIMPLIFIED HEADER SIMULATION SOURCUE LISTING

AND

EXAMFLE RUN FOR A TURBINE TRIP TRANEZIENT



{ H
{ PROGRAMIA PARA SIMGLAR COLETOR COW WENTON-ARPHSTN I
{ VERSD  OfF 9-10-97 X ¢
i t
{ —
{ ' H
{ "B¥] =-- ] ---= {P})-= # 1 =TPLIL)- Yhul =-|PLLSE Turl |
{ I |
i tcl H
! i H
! i
[ _ Wrowi2 Icl }
[ _ 1}
! }
{ B¥} - W2 -- -=(F71- WZ -(P2T1-- Wtel =={P02]) Twrl )
{ ! 1
| _ wted |
( R t
{ }
{ fed }
{ - )
( )
Pragrae COLETOR,
uses cri,
const Py o= 5 1413%, c-0 40003
var
}, s1ngl 1 integer,
tempe, tempoSyve, tpapoTranc, W10 W20 teed, Weitat,
Hgel, Hgwl, WO, H1, RZ, H1Z2, Wil HLZ, Hent,
tator, Fin, WlZn, eps, #psl, epsd,
Li UL, Ltel 132, 14,
L2, L2, Ltwd,
Cl . CL1, Ctwl, b} ERD klul, B Tk AL,
£2 . CLY Ctwd, 07, kL2, Rtu? DY roi , B,
7 k12, DI, rodd, ALD
Povl Wl , FI, Pl , PLIE, MLE , Wtel Wto) W2,
Powd W7, P2, P2} F2I7 M7  MiuY, B(2 1 kauble,

aro) arqd, argl, arod Lpat,

babel denoyvo,

19



FUNCTIOM Fxlifgel, oy doublep  doudle,
begin

FI1 1~ Pyl » Cliwdabsiy) 2 ORCEOMLISy  CISMLEdabs(L])g
end,

FUMCTION FaZ{Pgvd,n,y doublel  double,
begin

FEZ - Pogel 1 ICT-CI21%ytabeiyt + 7 Ml2wihey  CERM Mabs (L
and,

FUMCTION Jfallinviy doublel  doobie,
beain

Jiallane 2 = 3 ORC2-C12v0y + 2 O4C20WD 2
end,

FUNCTION MMaiZanviy double!  doeble,
begtn

MelZany = 2 014y + 2 ON0IWML),
wd,

FUMCTION delly doublie!  double,
BEQIN

del - 2 Q[ (02 O3 C12)0y  CioWdl  C208L7 1,
end ,

BEGIN

aseign fargl, E SUTILAGRAPHERVCOAETORT QAT 1,
rewritelargll,

aseign [argd, C SETTLAGAAPHERLLDLEVORZ? AT 1,
rearitelargdl,

[ dados geremdiricos do rolptor de vapor |
ro! = i% 10,
o2 = 1% 10,
rel? = (70, 1 -0y,

Li = B0, LU - BB, Llal =01,

L Bon.  LLF - B O, Ltu? 1.

LI - %4,

]| = & O30 4290,

o= 0+ ARELIADYy, REY - B TSLLASDAE, Rtelr- 1O GO+ eLYuiFDIDY
H = & 0 0354,

2 -, i oL, Livdi= #tu}y

pyz = & {ud 0%,
W12 =30+ P12 1

Al = § 58Py shINbL,


file:///UTlL/GRflPHER/COLETORl
file:///uTIL/BRflPHER/C0LET0R2

LY = & TMPRCNDT,
= 0 IPLRL2e0LE,
O Skkl eal b ALWRE )
€2 = 0503 Fflrod ) ATIR2 ),
O SWe1T flrolde ALZNALEDY

{ condighe dp contorno nicialb
Ppwv = 38 SCIE+D,
Pgv? = 38 SE+5,

Wtul = B 999, Mic) = 010,
Btuz =%§ , eir2 =00,
WLl - Miu] & Mig§,
W2 - Wlu? + Wigd,

wi?oor- Nk nul,

Wl 7 RlaE+p,
Hl HEg,
il - MO,
Hgwl  H,
Hgw? M,
H1Z = HD,
HL1 - HO,
HL3 - HE,

[ valpres de chote 1hacaal )

Pl 1 Pyl
p? Pgv?,
clrecr,

] WLl + W13, NID - Ri,
- MLZ O WY WD i- W7,

Yenrn ba,
dellal - 0 02,
TEMPQSI® - 14,  Aleamnlrans = O A4

DENDYD
leepn teapp 4 deltat,

Pyvl = Pgwl + 3 Mgtiult e 1adellad.

Pov? = Poeld + | T/000000 - N7 ladellat,

emp ¥ OO0,

1 {tempoYtempoTrans)] then (TRANSIENIE MA S&ITA B Tow 2}

temp %0 7 01 0 - papl {tempn Tespoltans)/i 0210
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Ntult teag,

Wl ¢ Hiul + HEC]y
W2 = Ntud + MREly

Hgvl  HOttesp/® 0,

rpsl L9, epsi -1 0, =4,
Wile feps! ¥ 0 3] or [epsd ¥ O 0000CI) do
begin

1o,

Pin = P1 o (3 feilaned WI2V0F al{Pov] PS N1Z) ¢ 30eldipe [ R12V4F22{Pyv], M1 83 21) MpY (N12])

Widn = MIZ | fuliPgu! PINED) - FaZiPgi FL NI MG 1ML,

epsh - AbsiPl Pin 1,

eps! = AbsiRiZ MiIm},

Rl Fin 3

NIT - NI,

[f Kt340 & then 017 Abs{C12),
i1 KL Q then (17 - + Absf[I2),
Wi o1- WL o4 NIT,

LY [ S 1Y

I1 &l 40 & then L1 - Absili 1,
I1 K2 49 0 then [ - bsIC2 |,

if 1% 20 then brgn
Writein[ WOTIV{ PA PARADR Mewion-Raphson o CILETOR nap tpnvergin )
soung [700), delayp{20D), npsound,
Halty end,

end § wiole pps )

(Ll O 3Ll firol F OAEIAL ) 4
L - 0 5Ll Firo? § AZUAD )
Ctul - O Sekiui/irol & ALWR] % ,
Chu? - 0 SaiiuFfivoZ § AFIRY 7,
F2 1= Pl CIWWIfhsiit),
Pt = Pl - BLITMLdABsdiA L],
F272 = P EL2EWLMBMc{MLZY,
P11l = P13 Ciuw!ERtol®Absiniul),

FI27 - FR? ClultliudUibeilial],

fralculanda entalpias con sodeln de musiera cesianiarpa )
HL - H} + deltatd3fHgel W] JPWDS{R1E Jorn]tg
We 1= BT ¢+ deftatd[HgvI W2 1ANTS(AZELTNre2),



[f WL} 0 @ then Hemk WL else Heal - HI,
[f AbsIW12h}i GE-T Lhen HIZ HiZ% deltaibient - #i2]F8ps!MI1F{RL20LT Mereld),

If W12} O 0 then Hent - H| alse Hent (MWLM  MLMHLEIMRLL,
Hif - HLi+ deltatoibent  HUL LKL/ ERLIECLLIML Euldirgl],
PEH1ZC 0 @ thea Hemt - K} eise Hert - (W20H] « WIAHLD)HALE,
ML ? HL2+ deitat¥iMent  HLZ| Mo 20000 LT+ al)brad),

Wrytebni - -- - =- - lempa - -, teapy & ), == roa pteracoes= a1l MLE ),

Weikelnd Pgvl P10 PLE PEIL

Pgelbc 12 8, Plac 12 B, Plivc 17 8, PLLAC L2 B3
Writejnd Pgvd P2 P}2 PI12 -,

PowZbc |} A, P2ag 12 B, PXac 17 @, P222uc 17 BY,

Wrotefnd W1 M§  Miwl -, WL 1T, « WE 12 B, Nhul L2 81}
Mritelni WL , WL2 17 &),
Wratefn{ WZ WL7 - Miul - W2 Il o WL 1Y &, W42 LD E);
Wribelnd + =mem mo s s s e o e emaees -0,
{ Writelnl HL M LHLE2 A, , HLE 12 8y,
Wraiteini KL . HL2 12 ),
Writelny HZ HL2 H} .10, , HLE 12 By
!
Writelniargl Leapo, , W17 e, LY 12 8,
' iz 174
. WE 12 b, LT 52403,
Writelnlaval, Liwpo, , Pgvltc 17 6, Plic 12 B, (JI1LRL 12 8

. Pgviic 12 B, . P 17 B, P28 12 8),
(readin, )

11 tenpo ¢ teappSie  then gote DEROVO,
Writeinl ¥is dz Rodada 1§,
clasefargl],

clowelargd),

ENJ | PRINCIPAL }

23



24

Flow Rates{kg/E)

TURBINE TRIFP TRANSIENT SIMULATION RESULTS

506y

B Turbine 1

504z

Ei Turkine 2

10 00

800

800

700

600

500

4 00

3 00

200

100

0 oG
QQQ

FIGURE A1

0 aqQ 0 60 o 8ad
tf: secnnd)

Magss flow rate wvariations at points A
B ¢ D and E for the trip in turbine 1





