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_ Omola Models ForHeat Recovery-St-eàm Géherators

1-. fntroduction

Th-is report documents some basic models that can be used for build,ing up
more complex models for heat recoaery steam generators, (HRSG). The modeù
are written in Omola- an object-oriented la^nguage for model répresentation,
see [1]. The simulator, which is operating on the omola code, is called. omsim
by the CACE-group and in this report. Omsim typically checks for consistence,
sort equations, n'La,ssa,ges equations (makes substitutions) and tries, if possible,
to make index reduction, see [B]. omsim is just u¡der development and is far
from a final product. one major problem with omsim is that the models
sometimes have been manipulated in an undesirable way. An example will be
given to show where simulations can give absured answers. Anotirer major
problem is that there is no initializer to the integration routines. This mea¡rs
that initializations of all variables have to be made manually. That is even for a
small example a hopeless situation. Therefore, at present, the package is only
useful for model description (omola), not for making dynamical simulation
(unless the models are written in a Simnon-like fashiÃ).-

The attempt here is not to model a whole HRSG, but rather to demon-
strate how a general HRSG can be built up by combining three of its basic
parts: the economizer, the boiler a¡rd the superheater. one simple vertical
configuration is shown in Figure i-. The water flow is d.ownward.s *rd th" gu,
flow is upwards. First, the feed water is heated in the econornizer before iI is
entering the boiler, where it is transformed into steam and finally the steam
is heated in the superheater. Thereafter, the superheated steam is supposed
to enter a steam generator, a part that is not treated here. Nor are other parts
modeled, such as attenuators, valves, regulators, etc.

The Omola Simulation Env¡ronment
File Tools Misc Insert Connect

Figure 1. A simple configuration
the boi-le¡ and the superheater.

of the basic parts of a HRSG: the cconomizer,
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2. Terminals

Each block in Figure t has four connections: influent gas, effi.uent gas, influ-
ent water or steam and effiuent water or steam. Each connection, terminal,
has three basic quantities: massfl.ow, pressure and enthalpy. Then there are
additional information about ùirections a¡rd contents. A terminal is therefore
a record-terminal, consisting of subterminals for massflow, pressure and so on.
A terminal library is listed below.

LIBRÂBY terminals;

P¡cgsu¡cTc¡uinal ISÂ SimplcTcruinal IIITI
qua¡tity 3= rrprossur:c,r 

¡
l¡¡tit := rrParr.

di¡cction:= racross;
EID;

EnthalpyTcrninal ISI SinplcÎcruinal gITf,
quartity :=,,specific.cnthalpy'r¡
unit := "kJ/k6,';
direction := ,across;
dofault != O;

EID;

l{as sFlonlnTer¡inal f SÂ 5 i nFleTcrrninãl ¡IITE
quantity := rtmass.flos.rater,;
u¡it : = ',kt/s,'¡
direction := rin;

Ef,D ¡

l{assFlor¡0utTormin¡I I SÂ S inp).eTo¡aina1 IIITE
quantity := r,¡ass.floc.ratcr';
unit :=,'kt/s,';
di¡ection := ,out¡

EID;

Conpo s it ionTa¡ninal ISÂ S irplcTc¡aina1 If f TE
value TYPE (Gas, Ilatcr, Stoan);
dsfault TTPE (cas, Ifater, Stcau) := ¡Gas;
variability := rCon6talrt;

EID;

fnTe¡ninaL fsÁ RecordTer¡inal gIT[
componcnt s 3

ilassFlo¡r ISÂ l{assFLo¡rfnTerninal;
Enthalpy ISÅI EnthalpyTcruinal;
Pressurc fSÂ PressureTerninal.;
contont ISÂ ConpositionTcrninal;

EID;

OutTcrninal ISÄ RecordTcruinal IIITf,
componðnts:

I{assFloc fSÂ }lassFLosOutTcrminal;
Enthalpy fSÂ[ EnthalpyÎcrminal¡
P¡essu¡e ISÄ ProssurcTorminaL;
contônt ISÂ CoupositionToruinal;

The terminals in e.g. the economizet are used like this:

Gasfn isa InTo¡DinaL 
"ithcontônt ! = rGa6;

Graphic isa Basc::L¿yout sith
r-pos : =2OO;

Y-Pos : =O;
cnd;

ond;
Gas0ut isa OutTe¡ninaL vith
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content:=rCas;
Graphic isa Base::Layout sith

r-pos : =200 i
y-pos: =3OO;

end;

latcrln isa InTcr¡ína1 eith
c ont ônt ¡ = ,Ifat e!;
Graphic isa Basc::Layout rith

r_Po6 ! =4OO;
y-pos : =240;

.ndi
cnd¡
lator0ut is¿ 0utTor¡¡inal sith

cont€nt: = rlfator¡
Graphic isa Base::Layout yith

r-pos: =4OO;
y-pos 3=60;

.nd;
cnd;

A. Graphic object has been attached to specify the location of the entries
on the block, see Figure 1.

Notations

Enthalpy and pressure are denoted å and p respectively. Massflow will have
the notation ?, in the econornizer and the superheater. In the boiler model,
however, q is used for massfl.ow. The formulas are then easier to recognize from
[0]. Indices are used in short variable names to make formulas more read.able.
The short variable names are typically consisting of three letters. The rules
are that the first ietter specifies tu, h or p whether it is massflow, enthalpy
or pressure. Then, the second letter specifies ur, I or g whether it is water,
steam or gas. The third letter indicates e or / whether it is entering or leaving.
Example: hwl rneans enthalpy-water-leaving and is therefore connected to the
t erminal Wat er Out.Enthalpy.

3. Heat tansfer
The models for heat transfer from gas to water/steam is simila.r in the econo-
mizer model and the superheater model. They both use conductance between
tubes. It was therefore convenient to make fanctions calculating cond.uctance.
The model for heat transfer in the boiler model is simplified as much as pos-
sible to make it easier to simulate. However, when ever a"n equation solver
is included in Omsim, corresponding modifications can be made in the boiler
model as well to make it more accurate.

The heai transfer in economizer.orn is modeled below. Two parameters
Fsg, a slagging factor, and Aht, the heat transfer area of the tubes, are used.
The variables are h, conductance, and dTm, logarithrnic mean temperature
difference, which are both calculated by uso of firnctions importcd from the
library fi7e functions.onx. Notice the somewhat awkward function-calls.

% Eoat tra¡rsfer ------------
qT = (l-P5g)*Âht*h*dTE;
'/ h=truc*r¡go-0.6¡ fn Ìll{S, convcction dcpcnd,c otr flon rat.,

ond¡
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T but hero cc calculatc Kuc froE th. E.oE.try, too Tyllrrcd
h ISÅ GasConduct!¡cc ïITE f f¡o¡ LIBRÂRY tu¡ction!

Dt:=outo!3:Dt;
gt=outc!::cga;

Ef,D;
Í logarithnic Eóan toEporatu¡c d.iffc¡c¡co
dTn fSÂ Logllean ¡IITE i{ fro¡u LIBRÂRy fu¡ction¡

r:=TEc-TcI; % Terop. diff at hot cidc
y:=Tgl-Tvc; ./. Tenp. diff at cold ¡id¡

EID;

The
the cond

heat transfer in superltea,ter.onz is somewhat more complicated since
uctance is depending also on steam properties. The modifications axe

given below:

% Ec¡t t¡ansfcr ------------
qT = (l-Fsg)+Âht*hrdTmou;

h=1/(1/htas+1/hstcan); !l coniluct¡¡c. b.tE..D, gar and, atcan
hgaa ISÂ GasConductanco ïfTE ?l fro¡¡ LIBRÂRY fuìctions

Dtt=outo!::Dt;
ci=outcr3:ngoi

Ef,D;
hsteam ISÅ Stea¡oConductance ïfTE /. fron LIBRÂRY fu¡rction6

Dt!=or¡to!:;Dt;
B:=outer::csoi
T r =Tsl;
p: =ps1 ¡

EID;

I logarithnic Eoan t.Dporaturc d,iffc¡oncc
dT¡ean ISÂ Logl{ean ïITE I f¡o¡ LIBRÂBy fu¡ction¡

x:=Tto-Ts1; I lcnp, diff at hot cidc
y:=Tgl-Tse; /. Tenp. diff at cold ¡idc

EID;

It would be desirable
However, to make it easier
sim (lacking the equation s

below.

to use a similar heat transfer in the boiler model.
to simulate in the present implementation of Om-
olver), boilerD.om uses the more simple expression

The functions used to calculate conductances and. logarithmic mean d.if-
ference are in the library frle functions.ornlisted below.

7. Eôr,t transfe¡ f¡om gas to riser stoara
Por=Cpor* (Tg1-f5) ;

library fu:rctions;

l{ Åuriliary function defining tho 1o6Àrithrúic ¡oea¡ function
Loguean fSÂ Class IIITE

rryrva1ue TYPE ReaJ.;
valuo = if abs(r-y) ) O.OE,r,¡a¡(¡,y)

thon (r-y)/In(x/y)
clse (r+y)/2*(1-sq¡(r-y)/(12*r*y)*(1-sqr(r-y)/(2*r*y))) 

;
Ef,D;

TubeConducta¡cc fSÂ üodcl ïITE
patuot ots :

Dt ISÂ Paruøto¡i '1, Dia-uotcr of tub.a
Åg rsÂ Paranotor eith v¿r.uc:=3.14*Dr'rDt/4i cnd; T tubc c¡osa ¡cction .!c¿k fSÂ Pa¡¡:ootct; L rclatÍon constant
nl fSÂ Paructor; .l relation crponont
n2 ISÅ Parabete¡; 'l r€Lation oxponsnt

4
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vaLuó TYPE R6a1;
s ISÂ Va¡iablc¡ 7. nas¡ fLoc

T Qua¡rtities specific for thc nadia
la¡bd¿ ISÂ Variablc; ./. thernal conductivity lv/n/XJ
cta I5Â V¡riablc; I dynanic viscosity lkg,la/ÂJ
Cp fSÂ Va¡iable¡ /. spec. hcat capacit¡/ EJ/};g,/l)
Rc ISÂ Variablc¡ | Reynolds nu¡bo¡
P¡ ISÂ Va¡iablc; 7. P¡a¡dtl nut¡bc!
Xu ISÂ Variable; /. f,ussel nuuber

cquations:
Rc=c*Dt/Àtlcta ¡
P¡=Cp*ct a/lambda.
Ju=trRc -11 *pr-¡r2 ¡
valuc=tru*1a¡bda/Dt ¡

Ef,Dl I Tubcconducù¡¡cc

GasConductance ISÂ TubcConducta¡rcc IIITE
k: =0.33;
nl : =0.8;
n2:=O.33;
La¡bda:=O.046ì '1, y/B/X, thorEal conductivity of air
où¡:=2.868-5i L kS/s/a, dynuical viscosity of air
Cp:=1040.O; l, J/k6/X, Spoc. hcat capaciry of air

EID; fl GasConductance

Stoa.mConductancc ISÅ TuboConductancc IÍIT!
va¡iablos:
T ISÂ Variable;
p ISÂ Variablc;

k:=0.O23;
nl : =0, 8;
n2 : =0.4 ;
la¡obda=E. 78-2* (1. 1-erp (-T / lE2-p /1Eù ) ; !l Âpproxinatc o! ìrs o stcan t abLcs
eta=2. 3E-5* (1. 1-exp(-TllEz-p/ rEÐ ) i
cp=3000* (1. 1-oxp(-Tl1E2-plrEE) ) ;

EfD;'/. SteamConducta¡co

Notice that approximate expressions have been used here for thermal
conductivity, larnbda, dynamical viscosity, eta a¡rd specific heat capacity,
cp. A future extension could be to use real steam tables functions here.

4. 'Water/Steam- (and gas-) Tables

some water/steam tables are installed. These a¡e Iisted berow.
THP(h,p) temperature as a function of enthalpy and pressure
VHP(h,p) spec. volume as a function of enthJpy and. pressure
HTP(T,p) enthalpy as a function of temp. and fressure
T]I(T'p'sasmix) enthalpy as a function of temp., pres;ure and gas mixtu¡e
lTllT,n,easmix) gas constant/mole weight as a function of T,pLd gas mixtureHlP(p) enthalpy as a function of pressure for saturated water
vlP(p) spec. volume as a function of pressure for saturated. water
Tp(p) temperature as a function of pressure
HZP(p) enthalpy as a function of pressure fo¡ saturated steam
VrP(p) spcc. volume as a fulctiou of ¡rressure for saturated steam

when a third argument gasmia is present the calculation is made for a
specific gas mixture rather than for steam. The vector gasmir, is defined as
below:
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gasui¡ Typo Ros [7] := [0.6911, O.OZ8, 0.1692, 0., O. , 0., 0.03411i
.f,o . 820 lï I 82. co2 o2 . Âr.S

The tables can be introduced already in the va¡iable decla¡ation. Below
en example is given, which is the variable declaration for the economizer model.
The tables are introduced for gas enthalpfr gas constant, water temperature
and water density (inverse volume).

variables:
cgo ISÂ Variable; |,
ncl fSÂ Variablc; ?l

nt6 ISÂ Variable; /.
sgl fSÂ Variablc; l(
I Specific cnthalpy of

l{ass flos of crt.r ratcring
l{asg floc of cat.! J'cavi:rg
I{ass floc of gas .¡t.!i¡t
llass floc of gat loaviag

hsc ISÂ Va¡iablc; ll natcr cntcring
hgI fSl Va¡iabt¡; /. vatcr lcaving
htc ISÅ Va¡iablc IIITI value=lTp(Tgc,p6c,gasEix)+trfl.;BfD i L gat cntcringhgl ISÂ Vari¿blc IIITI value=ETp(TE1,pEI,6asuix);EfD; % gas icaving
/. Temperature of ...

Tge ISÂ VariabLc HfTE vaLuo:=TEp(hvcrpsc);EXD¡ ?l ratcr cntcring
ÎcI ISÅ Va¡iablo IJITI v¿].ue¡=T[p(hrL,pv1);EfD; L ratcr lcaving
TE. ISÂ Variable;
Tg1 ISÂ Variable;
I Dosity of ...

¡hocc fSÂ Va¡iablc I{ITE vaLuc=l/VEp(hsc,psc);EfD¡ | catcr cn,t.rint
rhosl ISA Va¡iablc yfTE yaluc:=1/V[p(h¡r1,pc1)¡EfD; f ratcr lcavinirhogl fSÂ Va¡i¡ble; T. gaa lcaving
/. Pressurc of ..,

pc. fSÂ Varíablc¡ % catcr cntcring
psl IS.À Variablci ?l Eator 1caving
pto ISÂ Va¡iablci ?l gas cntoring
p8l ÌSl VariabLoi 7. gas lcaving

qT fSÂ Variable; 7. Ecat tra¡sfor rrtc froE gas to Eat.r
gasmir Type Ror [7J := ¡9.6rt1,0.078,0.1692,0., 0., 0., 0.0341]¡

'1, I ü2 , co2 , 02 , År,so2,fo , E2o l
R ïSÅ Variable IJITI l, l/Xg,X, gas const./uolc vci6ht

init ía1 : =290;
vaLue=RTP (Tg1,pg1, gasnir) ¡

EID;
lfl, fSÂ üode1 IffTE !{ T¡ict to fool DÄSSL bclicvc an cquatioa ia dyna:lical
zo¡o ISA Paructôr HITE dofÈuIt:=O;Ef,Di
valuo Typo Real;
value :=ze¡o*BaËo: :TiEo;

EID;
The use of NIL above is a trick to make the equat ion be sorted under dy-

namical equations. Then the integration routine D.A.SSt can solve it (provided
that all variables are initiat ed properly). Hopefutly, vihen ever an equation
solver is included , this trick will not be needed anymore. The use of some-

ever it is possible. Then the causality is clea¡ and fewer variables need. to be
initialized. on the other hand, if omsim complains about an equation system
containing assiBnment one has to change to = and initialize some variables.

times and : occasionally may look strange. And it is! A rule is to use : when

5. The Economizer Model

Most of the economizer model is adopted from [z] and. the same variable nam-
ing rules have been kept here. The fo[owing assumptions are made: Metal
and water has equal temperature. Flue gas is modeled as an ideal gas (air)
with atmospheric pressure. Radiant heat transfer is neglected. Convective
heat transfer depends on gas fl.ow rate.

. 
As in [2], water temperature and densiiy are calculated by use of u¡a-

ter/steam table functions. rn [2j gas temperature depends on enthalpy and
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moisture content via a fitted expression. Here, instead., we let the relations
between enthaþy, pressure and temperature depend on the total gas mixture,
not only the moistu¡e content. The diffe¡ence from [2] is also that parametei
Ku. in the conductance relation l¿ = Ku"wf;;6 is calculated from the geome-
try, see [5]. Also, .R (gas constant/mole wãig]rt¡ is calculated as a function
of temperature, pressure and gas mixture. A listing of the equations is given
below:

oquations:
I t{ass bala:r
gcc=Ec1¡ I satcr
rgc=rgJ.; /. fluc gar

f' Encrgy bala¡cc f,o! catcr and ¡¡cta]' (0.l1=cp Dct¡I/cp ratcr) ----(¡hosltVs+0. 11 *Iftû) *dot (hnl) =¡rse*h¡rc-cgl*hs1+qT ;

ll Energy balance for gas
VE*¡hogl*dot (trgl)=k* (rge*htc-ngt*htl-qT) ; !, ¡=617." for ¡i¡

/. f,eat transfer ------------
qT = (l-Fsg)rÂht*h*dTE;
:( h=Xuc*s6c-0.6¡ In üllS, convcction dcpcad,r oD tloc rat.,
7. but he¡c ¡rc c¿lculat¡ fuc f,rou th. Econ.try, scc Tyllctcd
h ISÂ GasCondr¡ata¡cc ïITE X fro¡ LIBRÂRy tu¡ction¡

Dt : =out.r: : Dt ;
c : =ouù c¡ 3 ! ,trgc 

;
EID;
!l logarithnic Esal toEpcratu¡c d.iffc¡c¡cc
dTn ISÂ Logltean 9ITE t¿ fro¡ LIBRIRY furctions

r:=Tge-Tcf; % Ta:ap, diff at hot ¡idc
yr=Tg1-Tve; I Tonp. diff ¿t cold sidc

ETD;

:( Fluid mecha¡ics
¡hone* (pse-prl) =a5" ¡""", *cce/sqr (Cf )+XIL; T prcs"u¡c d.rop f or cat.r

Pgo=Pgl; f ao prcrsurc d.rop for gas

% Fluid properties
rhocl=¡c1/ ,t f,Iuc qa¡ dcnrity ) (idca]. ¡a¡)

Comments of the model

The dependents on dot(rhowl) and dot(rhogl) have been neglected in the
energy balance equations. The following approximation for the rate of change
of the energy stored in the metal is made:

fl{,,'"*,T,^) = fl{m^"r r-ù: fi{u, (cr,./c-)h-¡)

where cponf c* = 0.1l". The expression abs(wwe)*wwe in the pressure drop
equation, is used rather than what is often seen sqr(wwe). The equation wiil
then work even though the mass flow change direcìion. Besides, it is much
better for the nurnerics. The NIL trick, once again, is temporary and will
hopefully be removed when an equation solver is included.

6. The Superheater Model

The superheater model is taken partly form [2] and partly from [4]. The dif-
ference form the economizer model is that tirere is a temperature difference
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between metal and steam, see [+]. Àlso, the conducta¡rce become more com-
plicated as has been shown earlier. The mass flow of steam has been modeled
as constant according to [4] and opposed to [2]. Otherwise, the superheater
model looks sirnilar the the economizer model. It is Iisted below:

cquations:
/. llass balancc
cse=vsl; ?l stca¡ (¿cc. to Lindaàl, üllS us¡¡ al¡ho/dt * O)
vgc=rgJ.; I fluc gae

X Energy balancc fo! stoâr ¡¡d uctal. (Li¡d.r'r )
rhosL*Vs*dot (hsI) +Cptû*¡,fErdot (h) =¡¡sc*hso-rsIrh¡I+qT ;
Tn = Tsl, -(csc+hsc-ns1*hsl)*cTsl¡; I nctal t.Ep.!atr¡r. (Liad¡lt1)

/. Encrgy bala¡:rcc for 6as
Vtrrho6l*dot (hgl) =¡* (sa.¡hgc -ctl*hg1-qT) ¡

I Ecat t¡a¡sfcr ------------
qT = (l-Fsg)rÂbt.h,|dÎE an;

h=t/(1/hgas+1/hste¡¡¡); /. conductancc bet¡rccn gas and. stcan
hgas ISÂ CasConductalrcc tlIT[ 7. f¡o¡n LIBRÅRY fu¡ctious

Dt 3 =outo!, ¡ Dt ;
¡,3=outor!:ygc;

EID;
hstôam fSÅ StoanConduct¿ncc ÏITE .l f,ro¡ LIBR¡RY fu¡ctions

Dt:=outol3rDt;
tt:=outor: :r¡s€;
T : =Tsl;
p: =psl ¡

EID ¡

I logarithnic mea¡r temporatu¡e d,iffe¡ence
dTmean ISÅ Logl{can I|ITI '¿ f¡o¡ LIBRÂRy fu¡ctions

r:=Tge-Tsl; I Terop. diff at hot új.d.
y:=Tgl-Tse; N Tenp. diff at colil ¡idc

EÛD;

7. Fluid uech¡¡rics
rhoso* (pso-psl)=abs (r¡sc) *rse/sqr(Cf )+trIL ; f, prcrsurc d,rop for vatcr

Pt.=Ptl; l( no prcasurc drop for gas

i{ Fluid properties
¡horl=pxl/R/Tr1 : 7. flue sas dcnsit y (=rhogc) (ideal cas)

Comments of the model

see comments of the economizer model and the heat transfer section.

7. The Boiler Model

The boiler model is taken from [6] with water/steam table fi¡nctions instead of
polynomial approximations. The gas part has been made as simple as possible,
but can probably be changed to something similar to that in the superheater
model once the equation solver is included. There have been a lot of d.ifficulties
to make this model work. The model consists of just 4 balance equations and
some other relations between variables. It is shown in [O] how these equations
can be written as a third order system ïyith the states beeing drum pressure, p,
drum water volume, vw, and steam quality at riser outlet, xr. The equations
can be manipulated by hand to produce the derivative of these states on the
left hand side, as in Simnon. This has been done in boíIerD.orn, and. gives

I



a model that works well. At least, it can reproduce the same step responses
that are made in [6]. However, if the equations a¡e written down in an Omola
spirit, like balance equations, strange things will happen. Such a model is
made in boilerÛRïoftl.om, but without the gas part. The equations from
this frle is listed below:

tl F¡ot! Stoå¡
f,s fSÂ
ra ISÂ
Eg ISÂ
re ISÀ
T¡ ISA
lf¡ fSÂ

Tablcs
Variablc
Va¡iabl,e
Va¡iablc
Va¡iablc
Variablc
Va¡i¡bLc

IJITE
gITE
I¡ITE
T'ITB
I¡ITB
.I¡ITE

valuo=E2P(p);EfD; lstcr¡eathalphy
valuc=1/V2P(p);EfD; I Stca¡ donrity
vaÌuo=l1P(p);BfD; Il¿t¡roathalphy
yaluc=1/v1P(p);E¡D¡ Í ïator dcarity
v¿Iuc=TP(p)¡EfD¡ ISt¡a¡t.tûp.rrtur.
va1uo=lTP(Tfg,p)¡BfD; I poodc¡ù¡r .¡thalphy

¡eaIiz¿tioa¡:
cquatioas:
Jl Drun cnorgy bala¡cc
dot (!s *Vst *Es+rs*VI,t *Bs+D*sp*î¡) =perr+qfrrEf E-qs*Es ¡

Vst = Vdlr¡n - Vv * ¡.¡*\f¡; I TotaL stca¡a voll¡¡¡c
Vct = Ve + Vdc + 11-¡¡)+Vr; 7. totat Eatc! vol,u.r,c
Tm = Ts; 7. netal toEp=sat. stôr.¡[ tcEp correspoaing to p

'/. Druro mass bala¡rce
dot (tc*Vst+rr¡*Vst ) =qfc-qs;

.l Biso¡ €norty b¡la¡co
dot (rs*u*Vr*[s+¡v* (1-als) *Vr*[s) =po¡r+qd.cùEs-xtùqr.rE¡- (1_¡¡) +qr*Es;

% Riser uass balance
dot ( u*V¡*rs+ (1-am) *V¡*r¡r) =qdc-q!;

'/. Ilomsntu.E bala¡rcc for Donncoue¡
a.m*!¡r, (¡s-¡s ) =O. 6*k*ùbs (qdc) *qilc ¡

'/, Âverago stou-cater voLrue ¡atio in tho ¡isc¡¡ (a.n)
a¡=¡c./ (¡c-¡s ) * (1-rs/ (¡g-rs ),/:r*ln(t+(rrlrs-1) *¡¡,) ) ;

dI=(V¡¡+aD*Vr)/larun; /. Drun rato! lcy.Ì

this model ts accepted by Umsim/0mola. , the most disturbing
fact is that a simulation gives the IMRONG ansìiler. For example YlI, -40, a
negative v¡ater volume! In the present implementation of Omsim the ulix com-
mand setenu OMSIM-GA(ISSMAX l0 must be made before starting omsim.
Otherwise, Omsim will complain about index reduction of the water/steam ta-
ble functions above. If the water/steam table fu¡ctions are substituted into the
equations, i.e. the variables rs, rw, Hs, Hw, Ts and Hfw are eliminated, then
the problem with index reduction disappear. This is tried in another Omola
implementation in the file, boilerÛRÙOR2.om. However, the same simulation
error will occur. Therefore, it seems that the error is catlsed by unfortlnate
manipulations of the equations rather than by the index reduction procedure.

Another omola code for the same model is given in the frre boiler.om.
Here, the differentiation has been made by hand. A lot of auxiliary variables
need then to be int¡oduced. The Omola code is still quite nice and readable.
And fortunately, a simulation gives the correct ¿rnsrver. However, after includ-
ing the gas part, it was hard to find the steady state which is necessary in
order to start DASSL. Thus, we have to wait for the equation solver before
this model can be used. Thc rcalizotionpart of boiler.ont is listecl l¡elow:

'l dot (¡s *Es *Vs t+ts*[s I V¡¡t+n* cp*Tt[) =pos+qfc+Ef¡r-q6 *[s ;
DnucEnergyBala¡ce ISÂ SotOFDÂE ÏITE
dEdru,dEs,dEv,d& ISÅ Variablc;
/"-----------
dEd¡ru=Poc+qfu*flfc-q6r,Es; ll D¡un .nc¡ty b¿la¡cc

I



:i-----------
dEd!u¡=dEs+dEs+dh ¡

dEa= drs*Es*Vst+rs*d[s*Vst+rÉ*Es*dvst; /. atcan part
dEs= drsùEs*V¡rt+¡c*df,crvet+rc+Bc*dvct; 7. ratcr ¡lart
dE:rû= E*cp*dTs¡ ll nctal part
Vst = Vdru¡ - Vr + ¡¡*!/¡; I totrl ¡t¡rn volu¡¡¡
Vst = Vs + Vdc + (1-u)rVr¡ I Tot¡l Eat.r voluE.
Î¡u = Tsi % ¡ctal tcmp=s¿¡. st.ÊE tcDp corrcapoaing to ¡r

EXD; % Dru.EEnc!6yBala.nc.

?l dot(¡s*Vst+rg*Vgt)=qfc-qs; J| global masr ba].a¡co
D¡u¡I{¿ssBa1a¡cc ISÂ SctOfDÂE gIT[
dl{drun,d}ls,dl{r ISÂ Variable ¡

t-----------
dl{d!¡¡.u=qfs-qs i I ì'ato of n¡¡c it d¡uu

dlls=drstV6t+¡s*dVst ;
dl{s=d¡s*t/gt+rr*dvct ¡

E[D; 7. D¡u¡I{¿ssBalancc

I rtcan part
ï rrtcr part

7. dot ( rs +Es *r¡*vr+rs* Es* ( {- ¡¡¡) *y¡) =po¡r+qd,c *Es-r!*qr*Es- ( 1-rr) *qr*Ev ¡
RiserEnorgyBaluco fSÂ SotOfDÂE IIITf,
dEriserrdErsrdErr ISÂ Variablo ;

dEriser=Poc+qdc*E¡r-r!*qlrr[s-(t-rr)*qr*[c; I Riscr .nGtty ba].ancc
%-----------
dEris e¡=dE¡s+dE¡c;
dE¡s=d.¡s¡,Es*d!*Vr+rs*dgs*a¡t*Vt+rs*Es*daD*Vr; 7. stca8 pa]!t
dEre=drs,t,f,c*(1-am)r,V¡+¡g*dtre*(1-ðn)+V¡+rs*Es+(-da¡û¡*Vr; % Batcr palt

E¡D; T. RiscrEnorgyBalancc

7. dot (¡s*u*V!+!E* (1-a!) *Vr) =qdc-qr;
Riserl{assBalanco fSÂ S.tOfDÅE gfTE
dl{riser, dllrs, dl{rr ISA Variablc ;
7.-----------
d¡{!iso!=qdc-qr; 7. Riscr ¡ass ba1a¡cc
|^-----------
dl{r is e r=d}l¡s+d¡l¡g;
dl{!s=d!s * a-E*Vr+rs*du*Vr ;
dl{¡¡r=drg* (1-a.u) *V¡+¡¡r* (-da¡¡) *Vr ¡

EID; !| Rj,so¡llassBalmco

7. t{omentu.u bal¿nce f,o¡ Docncouer
a¡û*Vr* (!s-rs) =O . 6*k*ab5 (qdc) r,qdc ¡

7. Âverago atoâE-cato! volu¡e ¡atio in thc ¡iscrr (a¡)
a¡=rs/ (re-¡s ) * (1-¡sl (¡c-rÉ ) /xr*ln(t+ (r¡r/r¡-1 ) *r¡) ) ;
da¡dxr=-c-u,/rr+r¡r/ (rs+ ( rs-¡s ) *x¡) ;
da¡=dudxr*dot (r¡);

dI=(Vs+aE*Vr)/Âd¡un; /. Drun eatar levol

% --------Cas sido----------
sEl=sgo; /. uass balmce
pgl=pg€¡ /. no pressure drop for gas

l| Energy balmcc for gas
VB*¡hog1*dot(frgf)=f .t*(¡rgo*hgc-sgl*hgl-pos); L t.A=cp/cv

% Eoat t¡a¡sfer f,¡on gaa to riccr ctcan
Por=Cpor* (TgI-Ts) ;

% Fluid properticr
rhogl=pg1/R/Tg1; /. ftuc gas dcneity (=¡ho6c)

!l PartiaL dorivatives
dus=dEsdp*dot (p) ;
drs=drsdp+de1 (p) ¡

dEr=dEcdp*dor (p) ;
drn=tlrvdp+do¡ (p) ¡

(idcal gac)
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dTs=dTsdp*dot (p) ;
dVst=-dot (V¡r)+Vr+dudxr*¿ot (rr) ;
dvet=-dvst;

8. How and where to start

/Run
one of the cosmetic capabilities is the possibility to make icons. Rumors
say that the icons must be in the same directory in which Omsim is started
up. Therefore, the following flle configuration has been chosen. In the Run-
directory there are files like RunÛconornizer, RunBoilerD, RunBoiler, RunSu-
perheater and RunHRSG. Also, there are the bitmap-files of the icons. Thus,
it is here omsim should be sta¡ted up. This is done by simply making the unix
command source for one of the above Run-files, e.g, source Runùconomizer
starts omsim and load the appropriate flles for m¡rning an economizer. To
start the whole thing like in Figure L, RunHRSG is used. IJse RunBoilerD
when simulating the boiler. This uses a model that has been manipulated by
hand such that the state derivatives are to the left hand side, jusl üke Sim-
non. RunBoiler uses a more Omola-like model. However, a lot of auxiliary
variables have been introduced in order to get it to work. Consequently, a loi
more variables also need to be initialized here to simulate this model. Since
the present implementation of Omsim has no equation solver that initialize
the states before the integration routine starts this model cannot be simulated
right now (however, it can be instantiated).

/Lib
All omola models loaded from the Run-directory are in the Lib-d.irectory.
Here are following library ñles: terminals,ont, econon¿izer.om, boilerD.orn,
boiler.om and superheater.om. There a,re also ?est-files for running the d.if-
ferent models. For example Testùconomizeris loaded by Runflconomizer axrd,
defines the appropriate terminals and gives initial values in order to start a
simulation.

There are no user defined functions in omola, but functíon-Iilce objects
a¡e defined in a function library frle: functior¿.or¿. These object-functioni cart
by used like functions, even if it is a bit awkwa¡d.

9. Conclusions

Three of the basic parts of a heat recovery steam generator has been imple-
mented in omola: the econornizer, the superheater and the boiler. ¡. n"¡
evaluation of omola/omsim is not made. The purpose of this work was to
find the weak points of Omola/Omsim such that these can be eüminated in the
developing of the programs. Let us focus on two major d.ifficulties: starting of
the integration routine and manipuJations of the equations.

The integration routine DAS St have to be given a starting point.'without
an equation solver this is a hopeless situation for the user. The inclusion of an

11



equation solver has therefore high priority. However, it seems that it is more
than the initialization that is causing the start problem. A simulation of each
of the models at a time works fine. But when connecting the models, as in
Figure L, the simulator is almost stuck. It will take several minutes just to
take one single step. It doesn't seem to matter if all variables are initialized.
There is obviously a need to look deeper into what DASSL is doing in the
starting procedure.

The manipulations of the equations are another big problem. The user
is not allowed to take part of how the manipulations are mad.e. A horrible
example has been given showing that manipulations of equations can destroy
numeric properties such that simulations give wrong :Lnswers. Because of this,
a nice boiler model, written in an omola spirit, couldn,t be used. In stead, the
only boiler model that works well right now is a model written in a Simnon-like
spirit. There is obviously a lot to be done to make omola/omsim work.
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LIBRÀRY teminâlsi * Some tetminal deflnltions
PlessureTerminal ISÀ SlmpleTermlnel WITHquantlty := .,pressure,.;

unlt:= "Pa";
direction := ,acrossi

END;

EnthalpyTerminal ISÀ SimpleTerninal !{ITH
quantity :=,,specifj.c.enthalpy',;
unit : = rkJ/kgn-
dlrecÈion :=,across;
default := 0;

END,.

MassFlowlnTerminal ISÀ StnpleTermlnal WITHquantity :=,,mass.flow.rate,,,.
unlt := "kgls";dlrectlon := ,lni

END;

MassFlowoutTerminal ISÀ S:mpleTerrnlnat WITHquântlty :=,'mass.flos.rater¡i
unlt := "kgls".dlrectlon := ,out,-

END'

CompositionTermlnal. ISÀ S:npleTennLnal WITHvalue TYPE (cas, Water, Steam),.
default TYPE (cas, Water, Stean) := ,Gås,.
varlabll.ity :=,Constant,.

END,.

fnÎerminal ISÀ RecordTermlnel WITH
components:

MassFlow ISÀ MâssFlowlnTermlnaì.;
Enthalpy f SÀN EnthälpyTermlnal i
Pressu¡e ISÀ pressureÎe.rmlnali
content ISÀ CompôsitionTerrnlnal;

END;

OutTerninal ISÀ RecordTernlnal WITH
conponents:

MassFlo!', ISÀ MassFIowoLtTerminal;
Enthalpy ISÀN EnthalpyÎermlnal;
Pressure fSA PressuleTernlnali
content ISA ComposltlcnTernlnali

END;



llbrary functlons,-

* Àuxil-lary funcÈion deflning the logârltmic mean function
Logmean ISÀ Clâss WITH

x,y,value TypE Reali
value : if abs(x-y) ) 0.05*max(xry)

then (x-y) /In(z/yl
else (x+y)/2* (_-sqr(x-y) / (72*x*yl * (1-sqr(x-y) / (2*x*y\,,1, ;

t Flue gas temperatute as a functlon of Mf É hgl, see MMS
FunctionofMoistureAndÊnthalpy ISÀ Class WITH

value,TF,Molstutefract:onrenthâlpy TypE Real.;
hMMsunits ISÀ Variable WITH initlal:=80;END; * Start value to DÀSSLzero ISA Parameter WITH default:=O;END; S Fix to make DASS! believet thât thls is a dynamlcal equation ! ! ¡
hMMsunits=enth¿Lpy / 2326.0 ; * Br.u/lbm
TF = ( ( ( 3.7646e-'l - (1.?B?1e-?l*Moistu.refraction)*h.¡4Msunlt.s

+ (-1.0344e-3 + (1.6434e-4) *Moisturefraction) ) *hMMSunlts
+ (4 . 1 6-3 *MoistLrefract ion ) ) *hMMSunits+BO+ zero *Base: : Tlme;value = 5,0/9.0*(TF-32) +273.L5ì t Kelvin

END;

Tubeconductance 15À Model WITH
parameters:
Dt. lSÀ ParâmeÈer,- t Diaretet of tubes

sÀ Parameter with value:-3.14*Dt*Dtl4,. end.. * tube cross section area
SA Pârameter; t relãtion constanÈ
SÀ Parameter; t relãtlon exponent
SÀ Parameter,. t relâtion exponent.

variables:
value TYPE ReaI;
w ISÀ Vâriable; t mass fLow

t Quantlties speclflc for the media
lanbdâ ISA Vâriablei * themãl conductlvity [Vt/n/Klefa ISA Varlablei * dynamic vlscosity lkg/slnlCp IsÀ vatlablê; * spec. heat capaclty lJlkq/KtRe fSÀ Varieble; t R€ynoLds nunber
Pr IsÀ Variable,- * prandtl nmber
Nu 1SÀ Varleble; * Nussel number

equat lons :
Re=w *Dt,/Aq,/eta ;
Pr=Cp*et a/ lambda;
Nu=k * Re^ nl- *P r^ n2 ;
val-ue=NurI ambda/Dt i

END,' t Tubeconduct.ance

n1: =0.8;
n2z=0.4¡
lambda=5. ?E-2* (L. 1-exp (-Tl1_EZ-p / fES', | ;
eta=2 .3E-5* (1 . 1-exp (-Tl 1EZ-pl 1E5) ) ;
cp=30 00 r ( 1. 1-exp (-Tl1 É2-pl1 E5 ) ) ,.

END; * SteamconducÈance

t Àpproximate or use steam tables

À9
k
nL
n2

I
I
I
I

Gasconductance ISA lubeconCuctance WITH
k:=0.33;
n1:=0.6;
n2: =0 .33;
lambda:=0.045i * W/t\/K¡ t:ìermâl conductlvit
eta:'2.868-5; + kg/s/n, lynamlcal vlscoslt
Cp:=1"040.0; * J/kq/R, Spec. heat capaclt

END,' * câsconductance

Stea¡nconducLance fSÀ Tubeconduct.ance WITH
varlables:
T fSA VariabLe;
p ISÀ Varlable;

y of air
y of alr
y of air

k: -0.023t



IIBRÀRY economizer; USES terminals, functlons,.

EconomizerModel ISÀ Model WITH
t Econonizer nodel âdoFted f¡om !4MS (Babcock and Wi1t Part 1a, Fosslle and Nucl-ear Components, ECON/EC,
*

wwl ISÀ Variâble; t Mâss flow of water leavlng
wge ISÀ varj.able; * Mass flow of gas enterlng
"q] ISÀ VåriabLe,. t Mass fLow of gas leavlng
* Speclflc enthal.py of ...

hwe 1SÀ Variable,- S wâter entèrlng
hwl lSÀ Varlâblet I waÈer leavlng
hge ISÀ Varlâble IIITH value=HTp(Tge,pge,gastnlx)+NIl,;END, * gas enteringhSÌ ISÀ varlabte WITH vâl"ue=HTp(Tqt,pgl,qasnix);END; * gas íeavtngt Temperature of...
Twe ISÀ Vâriable WITH value:=THp(hwe,pwe),-END,. t wâter enteringTwl ISÀ Vâriable WÌTH value:=THp(hwl,pwl),.END,. * water leavingTge ISÀ Variâble,-
TgI ISÀ Variable;
* Deslty of ...

rhowe ISÀ Vatiable WITH value=l,/VHp(hwe,pwe);END,. * water entering
rhowl rsÀ variable wrrH varue:=1/vHp(hwr,pwr),.ENDt t water reavinirhogl ISÀ Variable; t qas leavingg P¡essure of ...
pwe ISÀ Vârlablei t wâtêr enterlng
pwl ISÀ Varlâble; t water leavlng
pge fSA Vãrlable; t gâs enterlng
pSl ISÀ Variâblè; * gas leaving

qT ISÀ Varlable,- * Heat transfer rate ftom gâs to wâter
gasmlx lype Row [7] := [0.691]-, O.O'tA, O.:-69'1-, O., O-,0., O.O341li

t I N2 , COz , 02 , Àr,so2,No , H2o ]R ISA Vârlable I{ITH * J/kgK, gas const/rnole weight
lnltial:=290;
value=RTP (T91, pgl, qasmlx) ;

END,.
NrL rsÀ Moder wlrtl * Trick to fool DAssL betleve an equatlon 1s dynanlcalzero ISÀ Pâ.rameter WITH default:=0;END;
value îype Real,.
vâ.Lue : =zero*Bâse : : Tlme;

END;

equãt lons:
* Mass balance --------
wwe=wwl,' * wâter
wge=wgli t flue gas

t Energy balance for water and metal (0.11=cp netal/cp rater)
(rhoH] *Vw+ 0 . 1 1 *!'lm) *dot (hwl ) =wwe* hwe-wwI * hwl +qT,.

t Energy balance for gas
vg*rhogl- idot (hgl ) =¡* (wgethge-wgl *hgl-qT),.

t Heat transfer ------------
qT = (l-Fsg) *Àht*h*dTm;
t h=Kuc*wqe^o.6; In MMS, convectlon depends on flow rate,
* but here we calcuLate Kuc from the geometry, see Tyllered
h ISÀ casconductance WITH t from LIBRÀRy functlons

Dt:=outer: :Dt.;
w:=outer::wge,.

END;
t logarlthmlc mean tenpe¡ature dlfference
dTn ISÀ LogMean WITH + from LIBRÀRY functlons

x:=Tge-TwI,. * Temp. diff ât hot slde
y:=Tgl-Twe,. * Temp. dlff at cold slde

END,.

* Fluld mechanlcs
rhowe* (pwe-pwl)=abs(wwe)*wwelsgr(Cf)+NIL' * pressure drop fo¡ wate¡

Pge-Pgl; t no pressure dtop for gas

cox),
section 3.2.

* SubcÕo]ed water is heated before entering lhe drum_system.t
* Metal and water has êqual temperature. Flue gas ls modelled as ant ldeal gas (alr) wlth åtnospheirc pressure. Rådiãnt heat transfer* neglected- Convectlve heat. transfãr depends on gas flow rate.t Steâ¡n table functlons for water temperãture and density.t Gas temperâture depends on enthaLpy and moistu¡e content..*
t ULf Holmberg, Dept. of Àut. Control,* Lund Inst. of Techn., Lund Sweden

termlnals: t Gas lnd wåter in and outlet
casln isa InTermlnal. wl:h

content: ='Gas;
Graphlc isa Base::Lay)ut wlt.h

. x_pos:=200..
y_pos: =0,-

end;
end;
Gesout lsa OutTerminal Hlth

content: ='Gas,.
Graphlc iså Base::Lâyout wlth

x_pos : =2 00,-
y_pos: =300,.

end,'

Waterln lsa InTermlnal cith
content: ='Weter;
craphlc lsa Base::Layout wlth

x_pos ¡ =4 00;
y_pos: =240;

end;

l{aterout Isa OuÈlermlnal wlrh
contenÈ : ='!{ater;
craphlc lsa Base::Layout wlth

x_pos : =4 00,-
y_pos: =60,'

end,'
end,.

1 con:
Graphlc lsa Layout wlth bltmap TypE Strlng:=,'econ',; end,.
pa¡ameters:

VH ISA Pârämeter wlth default ;= 0-O2¡ end,. t Volume of wâter
Vg ISA Parameter with default := 1,. end; t Volune of flue gas
Mm fSÀ Parameter with default 2= z\i endi * Metal mass
Àht rsÀ Palameter wlth defaurt := 1.6; end; * Heat transfer area of t.ubes
Dt. ISA Parameter wlth default :- 0.05; endi t Diâmeter of tubes
Cf ISÀ ParameteÌ wlth default := 0.03,. endi
t Valve constant for pressure drop.
t Should posslbly be expresslon wlth length and dlameter of tubes.

t flxed pararneters
k ISÀ Patameter ÍtlTH value z= !.4ì END,. I cp,/cv for waÈerFsg IsÀ parameter WITH value :- 0.1; END,. t slagqlng factor, tO,O.3l (MMS)

varlables:
¡rwe IsA Varlable,- t Mass fl-ow of water entering



t Fluld plopèrtles
rhoql=pql/R/Tglt !t flue gas denslty (=rhoqe)

connections:
I{aterfn.Pressure = pwei
¡{atetfn-MåssF}o!ú ='.,wei
lvaterfn.Enthalpy = 5we;

(ldeal gas)

WatèrOut . Pressute
!{aÈerOut . MassFlÕw
Watêrout . Enthalpy

Gasfn. Pressure
GâsIn.MessFlow
GâsIn. Enthâ1py

Gasout - Press ure
GasOut.MassFlow
GasOut . Enthalpy

END,' t EconomizerModel

= pwl;
= ¡rwl,.
= hwli

= pge;
= sgei
= hge;

= Pgl;
= !r9l t
= hSI;



UBRÀRY superheater,. USES ternlnals, functions;
SuperheâterModel ISÀ Model. WITH

* Superheåtet model ado-oted from MMS (Babcock and Wilcox),t Part Lã, Fossite 
"nq,Iu919?, Componenrs, SPRH?R/Hs, seciion 3.2,t and from Lindahl, TFRI-31-32, pp.-72-_76.

t
t Sâlurated steam,/watet enters the superheater and is heãted to$ superheated state_
t
+ Metâl and steam has a smaÌl- temperature difference deternlned by thet heat transfer_ FIue gas is modeiled as ân
* ideal' gâs (ai.r) with atmospherlc pressure. Radlent heat transfer* neglecÈed. Convective heat transfàr depends on gas flow rate.t Steam table funct.ions for steam temperature ãnd density.t
t ULf Holmberg, Dept. o: ÀuÈ. controL,
t Lund Inst. of Techn., Lund Sweden

terminals: t Stean and gas ln ånd out.Let
GasIn isa InTerminal wiÈh

content: ='cas;
Graphic isâ Base::l,ayout wlth

x_pos: =200;
y_pos: =0;

casout isa outTerminal v.ith
content:=,cas,.

crâphic lsa Base::Laycut wlth
x_pos: -200,-
y_pos : =3 00;

cTslm fSÀ Parameter WITH value ¡= 4E-6; END,. S heât transfer coeff.
va¡iables:

t Mass fLow of .. .
wse ISÀ Varlablei t stean entering
wsl. ISÀ VârlabLe,. $ steam leaving
wge fS.A, Variable; * gas enterlng
tngl ISÀ Variable,. + qas Leâvlng
* Speciflc enthalpy of...

hse IsÀ Variâble; * stean ênterlng
1,"1 ISÀ Varlablei * st.eam Ìeavlng
hge ISÀ VãriabLe WITH vâlue=HTp(ige,pge,gasmlx)+NI!;END; * gas enterlnghsl IsÀ Vârj-abLe wITH valuê=HTpttSf,póf,sasmlxi;st¡oi t gr" í.""inqt Te¡nperature of .. .
Tse ISÀ Variable WITH value-THp(hse,pse);END; t stean enteringTsl ISÀ Variable WITH value=THp(hsl,psl);END' * steam leavingTge ISA Varlabl,e; t gas enterlng
TgI ISÀ Varlablei * gas leâving
Tm ISÀ Variâble; t metaÌ
t Denslty of ...

rhose ISA VarlabJ.e WITH value:l-lVHp(hse,pse),.END, t steam enteringrhosl lsÀ variable WITH vatue=1/vHp(hsl,þsl);END; * stean leavingrhogl fSÀ Variable,- $ gâs leaving
t Pressure of . ..

pse fSA Varlable,- * steam enterlng
psl IsÀ Varlable,- * steam leãvlng
pge ISÀ Vârlable,. t gas enterlng
pSl fsA Variable; * gas leaving

qT ISÀ Variable; $ Heât transfer rate ftom gas to steam
h ISA Variablei * conductance between gas ând steâm
qasmlx Type Row [7] := [0.6911, O.O"tB, O.I6t.t, O., O.,0., 0.0341]..

* t N2 , Co2 | O2 , Àr,SO2,No , H2O lR ISÀ Vârlable WITH + J/kgK, gas consL/mole welght
inlt la I : =2 90;
value=RTp (Tql, pgl, gasmlx) ;

END;
Nrr lsA Moder wrrH * Trlck to foor DÀssL bêlleve an eguatron is dynemlcarzero ISA Parâmeter WITH default:=0;END,.
value Type Real;
value :=zero*Base: :Tlme;

ENÞ,.

equatlons:
t Mass balance --------
wse=wsl,' t steam (acc. to Lindahl, MMS uses drho/dt t O)
wge:wgLi t flue gâs

t Energy balance for steam and metal (Ilndahl)
rhos l-*Vsidot (hsl ) +Cpmi¡ún*dot (Tn) =wse*hse-wsl rhsl+qTt
Îm : Tsl -(wse*hse-wsl*hsl)*cTslm,. * metat temperature (findahl)

* Energy bal-ance for gas
Vg*rhogl *dot (hgl ¡ =¡* (wge*hge-wgl *hql-qT) ;

steamfn isa fnTermlnat Hlth
content: =, Steam;
Graphic isa Base::Layout wlth

x_pos : =4 00,.
y_pos: =240,.

end,'
Steåmout lsa OutTermtnaL wlth

conÈent: =, Stean,.
Graphlc lsa Base::layout wlth

x_pos: =0,-
y_pos: =60;

lcon:
Graphic lsa l,ayout wlth bltmap TypE Sttlng:=,'super,,,.
parameters: end,'

* Volume of stean
t Volume of flue gas
t MetaL mass
* Heat transfer alea of tubes
t Dlamet.er of tubes

Vs
Vg
Mm

Àhr
DT

ISÀ
ISA
ISA
ISA
ISA

Parameter
Pararneter
Parameter
Paremeter
Parâmeter

default :=
default. :=
dêfault :=
default:-
defâult :=

WÏT1
WITl
WITl
wIll
WIT.J

O.02ì

20;

0.05;

END
END
END
END
END

Cf ISÀ Parameter WIT.{ default := O.O3; END,-* Vâlve constant for pressure drop.
t Should posslbly be expresslon wlt.h length and dlameter of Èubes.

* flxed parameters
k ISÀ Paràmeter WITH value :* 1.4; END; * cplcv for waterFsg ISÀ Parameter WITH value := 0.1; Eto; * slagglng factor, [0,0.3] (MMS]cpm ISÀ Paramet.er WITH value := 460.0; END; I JTiqlK, neat cåp. for steel

* Heat ttansfer ------------
qT = (l-Fsq)*Aht*h*dTmean;

h=1/ (1,/hgâs+1/hsteam); $ conductance between gas and steam
hgas ISÀ casconductance WITH * from LIBRÀRy iunctlons

Dt:=outer: :Dt,.
w:=outer:3wge,.

END,.
hsteam ISÀ Steamconductance WITH t fron IIBRÀRY functions

Dt:=outer: :Dt;



w:=outer::wse;
T: =Tsl;
p: =psl,'

END;

* logarlthnic nean tenperaturê difference
dlmean ISÀ LogMean -r{ITH * flom IIBRARY functionsx:=Tge-Tsli t Têmp. diff at hot sidey:=Îgl-Tse; * Tenp. dlff at cold side
END,.

* FLuid nechanics
rhose* (pse-psl)=âbs.(wse) *$rse,/sqr(Cf) +NIf, t pressure drop for water

Pge=PqI; * no pressure drop for gas

* Fluid propertlês
rhogl=pq1 /R/Tg I i t flue gas density (=rhoge) (ldeat gas)

connectlons:
SÈeamln. MassFIoer
St eaml n. Enthalpy
Steamln. Pressure

SteânOut .MâssFLow
Steamout . EnthäLpy
Steamout . Pressute

Ga sIn. llassFlo$r
GasIn. Enthalpy
GasIn. Pressu¡e

Gasout . Mas sFLol,
casout . Enthalpy
casout -Prêssurè

END,' * SupetheaterModel.

= r,sei
= Þse;
= Pse,'

= hgei
= pgei

rsL
hsl
psl

1,91
Lgr
psr

= rge,'



* slmpleDrunBoilerModel
* Reference: K .f Àstrom ar_d R D BeIl. TPRT-?402
+ Àuthor: UIf Holmberg, 1.991

(1988)

LIBRÀRY boiler,. Uses terminals;

BoilerModel- IsA Mode} WITL
terminals:
GasIn isa lnTerminal with

content: =, Gas;
Graphlc isa Base::l,aycut wlth

x_pos: =2 00;
y_pos: =0;

end;
casouÈ isa OutTermlnâl with

content:=,cas,-
Graphic lsa Base::Layout with

x_pos:=200;
y_pos:=300,.

walerln lsa InTerminal with
content : :'Water;
craphic isa Base¡:f,ayout wlth

x_pos: =4 00;
y_pos::90,'

end,'
end,'
Steâmout Ísa OutTeminal wÍth

content : =' Steam,.
Graphic lsa Base::Layolt wlth

x_pos: =4 00;
y_pos : =2 60;

end,'
end,'

lcon:
Graphlc 1sâ I,ayout. wlth bltmap TypE Strlng:-.'BolIer',,. end;

parameters:
Àdrum ISÀ Pârâmeter WITH defâult := 20.0; ÊND; t Drum wet area
Vdrum fSÀ Patametet WIÎH default. := 40.0; END; t Drum vol.une
Vr IsÀ Pårameter nITH default := 37.0; END; + Rlser volume
Vdc ISÀ Palameter WITH defauLt := 19.0,. END,. t Downcomer volume
k ISA Pâraneter WITH defâuLt. := O.0l; END,. * frlctlon coefficlent

* cp ISA Palameter WITH default := 1.0; END; t speclflc heaÈ of metal.
t m ISÀ Parameter WITH default := O.oi END; t mãss of metal
varlables:
Pow ISA Varlable; t Pocer from fuel [Wjqfw IsA varlablei S Feedwater flow [kq,/s]
Tfw ISÀ Vârlable,. * Feedwater têmp [deg C]
qs ISÀ Vårlablei t Steam ftow tkS/sl

dl
am
p

Vwt.
xr
Vst

tTm
qdc
qr

fSA Varlâble; * Drün level lml
ISÀ Varlablei t Steân quallty voLume latio
ISA Vârlable; t Drum pressure lpaj
ISÀ Vårlable; t Dtum water volune [m^3]
ISA Varlable; * ToÈal water volune [m^3]
ISÀ Vârlable; * Steam quallty aÈ rlser outlet
ISÀ Varlable; * lotâl steam volume [m^3]
lSÀ Varlåble,. t âserage rnetal tenperature Ideg Cl

lSÀ Varlable;
ISA Varlâblei

IsÀ varlable WITH value:=H2p(p),.ENDt S steam enthâlphy
IsA variâbLe wrTH vatue:= (H2p (p+0.1)-HZp (p) Ì/0.1;nno;-* dHs/dp
ISA Variable WITH value:=1/V2p(p\ iEND,. * Steam denslÈy
ISA Vâriable WITH vatue:=(V2p(p+0.1)-V2p(p))/0.1*(-sqi(f/VZp(p)));END,. t$

^ rs/dp
lSÀ Varlable WITH value:=H1p(p);END,. t Water enthalphy
IsA varlable wITH vaIue3=(Htp (p+0.1)-Hlp (p) )/O.1,.END' t dHw/dp
ISÀ Va¡lable wfTH valuê:=1/V1p{p);END,. * Water denslty
ISA Variable WrTH value:=(vl.p(p+0.1)-Vlp(p))/0.1*(-sqr(1/V1p(p))),.END,. t9

^ drw/dp
ISÀ vârlable WITH value:=Tp(p);END,. t Steãm temperature
ISÀ Varlable WÌTH vâlue:=(Tp (p+0.1)-Tp (p) ) /o-1rEND; * dTs/dp

ISA VarlabLe WITH value=HTp(Tfw,p);END; t Feedwater enthalphy

Hs

rs
dHsdp

drsdp

Hw

dHwdp
rw
drwdp

Ts
* dTsdp

Hfw

V9 ISÀ Pâra¡neCer WITH defãult:= l,.END; * Volume of flue gas
rhogl ISA Varlable,- * density of gas leavlng
wge ISÀ Varlable,-
wql ISA Variable;
pge lsÀ Variable,.
pgl ISÀ Varlab].e,.
Tge lsÀ Varlâble;
Tql ISÀ Varlable;
hge isa vârj.able wlth vâlue=HTp (Tge, LO1325.0,gasmix) +NIt;end;
hgl lsa variable wlth value=HTp(TgIr1O1325.Orgasm1x),.end,.
gasnix Type Row [7j := [0.6911, O.O?8, 0.169?, 0., O-,0., 0.034].1,

$ [ N2 , Co2 , O2 , Àr,So2.NO , H2O ]
R rsA variabre wrrH vaLue=RTP(Tgl,pgl,qesmlx);END; * ,t/kqK, gas const,/mote welght

Nr], rsÀ Model wrrH + Trlck to fool DÀssL belleve an eguat.ion is dynanlcal
zero fSÀ Parameter WITH defaul.t:=0,.END;
value Type ReaL,.
value : =zero*Base : : Tlme,-

END;
cpow lsa pârâmeter wlth default:=2.5069e?;end;

t auxlllary varlabLes
damdx, Hc, eL l-, eI 2, e!3, e21,, e22 t e23. e3! r ø3 2, e33, bL. b2 r b3 ISÀ Varlabl e;
p! | p2. p3, e22I, e23 L, e3 21, e33!, e332,b2L, b3t, b32 ISÀ Varlable;

¡eal1zat1ons:
equat lons :
Vst = Vdrum - Vw + am*Vr; t Total steam volume
Vwt = Vw + Vdc + (1-am) *Vri * lotaL water volume

* E-mâtrlx ln the descrlptlon Edot (x)=B(x,u)
el1=Vsti (Hs*drsdp+rs*dHsdp) +Vwt * (Hw*drwdp+rw*dHwdp) ;
el,2=Hw*rw-Hs*rs,.
eL3= (Hs* rs-Hw*xr.r) *Vr*damdx,-
b1 =P ow+qfw*HfH-qs iHs,.
e2 L =Vst i drsdp+Vwt * drvrdpi
e2 2=rw-rs;
e23: (rs-r!r) *Vr*damdx;
b2=qfw-qsi
Hc=Hs-Hw,.
e31= ( (l-xl) *Hcidrsdp+rs*dHsdp) *an*Vr+ (rwidHwdp-xrtHctdrv¡dp) * (L-am) rVr;
e32=0;
e33= ( (l-xr) irs+xr*rvt) *Hc*Vr*dâmdx;
b3 =P ow-qclc*xr* Hc-

t solve llnear equation for derlvatlves of state vector
p1=e 21le 11,.
e22I=e22_eL2*pti
e2 3 1 =e 23-e 13 *p1;
b2 1:b2-b1 *pl;

t From Steam Tables p2-e31 /e11;



t

e32!=_e!2*p2i
e331=e33_e13 *p2i
b3 1=b3-b1*p2,

p3=e32L/e22Li
e332=e331_e231 *p3,.
b32=b31_b2 1*p3,

t state equations
dot (xr¡ =5327s332,-
dot (Vw) = (b21-e231*dor (xr) I /e22!;
dot (p) = (b1-e12*dor (Vw: -e13*dot (xr) ) /e11,.

t Riser flow
qr=qdc- (anrdtsdp+ (1-an) *drwdp) *Vrrdot (p) + (rw-rs) *Vr*damdx*dot (xr) ;
* Morûêntun baLance for Downcone!

am*Vr*(rw-rs)=0.5rk*abs(qdc)*qdc,. + where k= frictlon coeff.gdc=sgrt (2. 0*an*Vr* (rw-rs) /k),.

* Averãge st€âm-water volume ratlo ln the rlsets (am)
*
am=rwl (rw-rs) * 11-rs/ (rh'-!s) /xrrln (1+ (rwlrs-1) *xr) ) ;
damdx=-ãm,/xr+!w,/ (rs+ (rw-ts l *xr) 

,.

dl=(Vw+am*Vr)/Àdrûn,. * Drun water level
t --------cas side----------
wgl-wge; * mass balance
pgl=pgei * no pressLre drop fo¡ gas

t Energy balance for ças
VgrrhogÌ*dot (hgL) =1. 4r (wge*hge-wgl*hg}-pow) ;

* Heat transfer from gâs to riser sÈeam
Pow=cpow* (Tgl-Ts),-

t Fluid properties
rhogl=pg1/R/T91,.

t 1.4=cplcv

t fluê gas denslty (=rhoge) (ldeal gas)

connectlons:
l{återIn. MassFlow
WaterIn. gnthalpy
WatêrIn. Pressure

Steamout .MassFlow
Steanout . Enthalpy
Steamout . Pressure

Gasfn.MassFlon
Gasfn. Enthalpy
GâsIn. Pressure

Gasout.MassFLow
GasOut.EnthaLpy
Gasout . Pressu¡e

= qfwt
= llfwi

gs;
Hs,'
p;

= tigê,'
= htSe;
= pge;

erg]
hgr
pgl

END; t BollerModel



BoiLerModel IsÀ Model WITH
terminâ1s:
paraneters:

t SlmpleDrlmBollerModel
t Reference: K J Astrom ând R D Bell TFRT-?402
$ Àuthor: Ulf Hol¡nberg, 1991

I.1BRÀRY SlmpleDrumBoilergodeÌ ;

(1988)

* Dru¡n wet årea
+ Drum voLume
t Riser volume
* Downcomer volume
t friction coefflclenL
* specj-fic heât of meta]
+ mass of ¡netal

* Steam enthalphy
* Steam density
* Water enthalphy
t water denslty
$ Steam t.emperature
* Feedwaler enthalphy

END,'t BollerModet

t Test of boller

Í,IBRÀRY System,. USES SimpleDrumBoi 1erModeL ;Boiler ISA BotLerModel WITL

Àdrum lSÀ
Vdrum ISÀ
Vr ISÀ
Vdc ISA
k ISÀ
cp lSÀ
m ISÀ

variables:
Pow ISÀ
qfw ISÀ
Tfw ISA
qs ISA

Parâmeter
Parameter
Pårameter
Pärametet
Parameter
Parameter
Parâmeter

Vari able;
Vår1abLe,.
Va 11âbl-e,.
Varlable,'

ISA VariabLe,.
ISA Vârlable;

riable;
riable
riable

defauLt
default
default
default
defaulÈ
default
default

WIlH
WITH
I{ITH
WI:H
WI:H
WI:H
wt:H

:= 20.0,'END,.
:= 40.0,'END,.
:= 37.0,'END;
:= 19.0; END;
: = 0. 01i END,.
:= 1-0; END,.
: = 0. 0i END,.

parâmeters:
tL ISA Parameter wlLh
t2 lsA Pâraneter rrrlth
Powl IS.A. Parameter wlth
qsl ISA Pãrameter wlth

varlabLes:
t ISA VârlabLe; t tlme
t=Base : : Timei
$ initlals
p.initial:=?.576E6;
Vw. 1 nlt iâl : =1 3 .771,7,
xr. lnltlal :=0 .Q92354 ;
am. lnitial. : =0 . 425462 ;
qdc. inlt 1a Ì : =1"41 3 -7'1ft
qr. lnltiaI :=1. 47 3.77 I i
rs.lnitiaL:=39.937I;
rw. inlt. iaÌ : =? 29.8O9;

default.:=5.0,- end;
defeuLt:=1000. 0; end,.
defâuIt:=200.0E6i end,.
default: =130.?486,. endi

d1
am
p

Vwt
xr
Vst
Tm
qdc
qr

ISÀ
ISA
ISÀ
rsÀ

ISÀ Va
IsÀ Va
ISÀ Va

t Power from fueL lMWl
* Feedwater flow Ikqls]
t Feedwate! temp tKl
t Steam flow [kqls]

Itrum level [m]
Steâm quellty voLume ratio
firum pressure [pa]
Frun wate! volume [m^31
lotaL weter volume Im^3]
Steam quallty at rlser outLet
lotaI steam vol.ume [rn^3]
âverage ¡netaL temperature [deg cl
fowncomer flow Ikqls]
F-lser flow Ikgls]

t
*

t
t
*
t
t
t
t

tPow=If t.<t1 then Powl e]-se 220.086 endt
PÕw=Poul-,-
qfw=13 0. 74 86 t
tqs=if t<È2 then qs1 else 140 end,.
qs=qs1r.
Tf.w=280.0+273. 15,. t K

END,.

Varlâb1e
Våriable
VaÌiâble
Variable
Värlable

* From Steam
Hs ISÀ
rs ISÀ
Hw fSA
¡vJ IsÀ
Ts IsA
Hfw IsÀ

Tables
Varlable
Variâb1e
Variabl e
variâble
Variabl.e
Varlable

IiI TH
!iITH
IiITH
VÙITH
HITH
I{ITH

value=H2p (p) , END;
value=1,/V2p (p),- END,
value-HlP (p) ; END;
value=1/V1P (p) ,. END,.
value=TP (p) ; END,-
vâlue=HTP (Tfw, p) ; END;

¡eal I zat ions :
equatlons:
* Drum energy balânce
dot (rs*Vst*Hs+rw*Vwt.*llr+m*cp*Tm) =pow+qfH*Hfr4r-qs*Hs,.

Vst = Vdru¡n - Vw + a:n*Vr,. t Totât stean volume
Vwt = Vw + Vdc + (1-am¡ ryr,. * Total. wat.er vol.ume
Tm = Ts; t netal Èemp=sât. steam temp corresponing to p

t Drum ¡nass baLance
dot (rw*Vst+tw*Vwt ) =qfw-qs i
t Riser energy balânce
dot (rs*amrvr*Hs+r$ri (1.-ân) *VrrHw) =pow+qO.1¡¡r-r¡¡*qr*Hs- (1-xr) rqr*Hw,.

* Rlsêr mass baLance
dot (am*Vr*rs+ (1-em) rvrtrr ) =qdc-qr;

t Momentum bâlãnce for Downcome¡
am*Vr* (rw-rs) =0.5*k*abs (qdc) *qdci

t Àverage steam-water voLune râtlo ln the rtsers (am)
an=rw,/ (rw-rs) * (l-rs/ (rv-rs) /xtrln (1+ (rwlrs-l) *xr) );
dl- (Vw+amrvr) /Adrum,. t Drum wet.er level



t SlmpleDtumBoilerModeI
* Reference: K J Astron ând R D Bell TFRT-?402
I Author: Ulf Holmberg, 1991

Ì,1BRÀRY boller; Uses ternlnaLs,.

(1988)

BolLerModel fSÀ ModeL WITH
te¡minals:
casln ise fnTerminal with

content: =, Gas,.
crâphic lsâ Base::Lavout wlth

x_pos: =200;
y_pos: =0,-

cåsout lsa Out.Termlnal with
content : ='Gas;

Graphic lsa Base::Layout with
x_pos: =200,'
y_pos: :3 00;

end,'
end;
waterln isa fnTerminal with

content : ='Wâter,-
Graphic lsa Base::La).out with

x_pos: =4 00;
Y_pos: =90;

end,'
Steâmout isa OutTemlnêl wlt.h

cont ent : :, Steam;
Graphic lsa Base::Lalout wlth

x_pos: =4 00;
y_pos: -2 60;

end;

lcon:
Graphlc lsa Lâyout wlth bltnap TypE Strlng:=',Bo1lerr,,. end,.
parameÈers:
Àdrun ISÀ Parâmet.er WIÍH defauLt i= 20.Oi END; t Drum wet areâ
Vdrum lSÀ ParâmeÈe¡ WM defâult := 40.O; END,. t Drum volume
Vr ISÀ Parameter WII}I defãult := 3?.0; END; t Rlser volume
Vdc fSA Paråneter WIT¡I default := 19.0; END' t Downconer volume
k ISA Parameter WInl defåutt := 0.01; END; t frtct.lon coefflclenr
cp ISÀ ParameÈer WITH default := 1.0,. END' * speciflc heat of metal
m ISÀ ParameCer WInt default := 0.0i END; t mãss of metal

varlâbIes:
Pow
qfw
Tfw

ISÀ VarlâbLe; t Power from fuel [MW]
ISA Varlable; t Feedwater flow tkSls]
ISÀ Varlable,. * Feedwater temp tKl
fSÀ VariabLei S stean flow tkS/sl

rs

llw

rw

dHsdp

drsdp

dHwdp

drwdp

Ts
dTsdp
Hfw

ISA
ISÀ
ISÀ

fSÀ Varlable WITH
ISA Vârlable WITH
ISÀ VarlabLe WITH

IsÀ Varlable WITH
ISÀ Varlable wI?H
IsA Vâriable WITH
ISÀ Variâble WITI{

value:=(H2P (p+0.1)-H2P (p) ) /0.1,-END' t dHs/dp
value::1/V2P (p),.END; t Stean denslty
vaLue:= (V2P (p+0.1-)-V2P (p) ) /0.1* (-sqr(1,/V2p (p) ) ) ;END; *s

^ rsldp
value:=H1P (p) tEND; & Water enthalphy
valuê:=(H1P (p+0.1)-H1p(p) )/0.1;END; t dHw/dp
value:=1,/V1P (p),.END; t Water density
value:= (v1P (p+0.1)-VIp (p) ) /0.1* (-sqr(1/V1p (p) ) ) ;END,. *S

velue:=Tp(p);END; t steâm tmperature 
^ drw'/dp

vaÌue:= (TP (p+0.1.)-TP (p) )/0.1;END; + dTs,/dp
value=HTP (Tfw,p) iEND,. * Feedwât.er enthalphy

* steãm part
* water part

Variable WITH
vâri.âble WITH
Varlable WITH

d1
am

Vwt
xr
Vst
T:N
qdc
qr

ISA
rsÀ
ISÀ
ISÀ

rsÀ
rsÀ
ISA
rsÀ
ISA

Varlable,' t Drur ÌeveL [m]
Variâble with lnltiâ1:=0.425459;end;
Varlablei t Drum pressure [pal
Varlable,. t Drum wete¡ volume [m^31
Varlable; t TttaL waÈer voLune [m^3]

t Steâm quallty vol-rme ratio

Vq ISA ParameÈer WITH default:= 1,-END; * Volume of flue gas
rhogl IsÀ Varfable; + density of gâs leâvlnq
wgê lsÀ Varlable;
wgÌ IsA VârlabLei
pge ISÀ Variable,.
pgl ISÀ Va¡lable;
Tge IsÀ VarlabÌe;
Tql ISÀ Vârlable;
hqe isa va¡iable with val-ue=HTp (Tqe,101325.O,gasmlx) +NI!;end,.
hgl isa variable with vatue=HTp (TqI, 101325.O,gasmlx),.end;
gasmlx Type Row [?] := [0.691]., O.O7B, 0.169?, O., O.,0., 0.03411,

t I N2 , CO2 , OZ , Àr,SO2,NO , H2O 1

R ISA Varlable WIÎH value=RTp(Tgt,pgl,gasmlx),-END,. + J/kgK, gas c./mole w.
NIL ISA Modêl WITH * Trick to fool DÀSSL belleve an equatlon ls dynmlcal

zero ISA Paramet.êr WITH default:=0,.ENDi
value Type Real,-
value :=zero*Bâse: :Tlme;

END,'
Cpow isa parameter wlth default:=2.5O69e7iend;

* Temporâry auxlJ-iary varlables
dHs,dHw,drs,drw,dTs,dvst, dvwtrdam,damdx¡ ISA Vârlable,.

reaÌlzat1ons:
equat lons :

t dot (rs*Hs*Vst+rw*Hw*Vwt+m*cp*Tm) =po**Otr*tfw-qs*Hs,.
Dru¡nEnergyBalance ISÀ SeIOFDÀE WIÎH

dEdru¡¡, dEs, dEw, dEm fSA Varlable,-
*
dEdrum=Pow+qfw*Hfw-qs*Hs; * Drum energy balance*------------
dEdrum=dEs+dEw+dEm;
dEs= drs*Hsivst+rs*dHs*Vst+rs*Hs*dvst; t sÈeam part
dEw= drw*Hwrvwt+rw*dHw*Vwt+r.hr*Hw*dvwti t water part
dEm= m*cp*dÎs; t metal part
Vst = Vdrum - Vu + am*Vr; $ Totãl stean volume
Vwt = Vw + Vdc + (L-am) *Vr; t TotaÌ water voLume
Tm = Tsi t metal temp=s¿¡. steam tenp corresponlng to p

END; * DrunEnerqyBalance

dot(rs*Vst+rw*Vwt)=qf!ú-qs; t globaL mass balancê
DrunMessBalance ISÀ SetOfDAE WITH

dMdrum, dMs, dMw lSÀ Varlable;
*--------------
dMdrum=qfw_qs; t Rate of rnass 1n drum

t

Varlabl.e; t S:eam quallty at rlser out.Let
Varlable; t Tf,tal steam volume [m^3]
Varlab1e,' S averege meÈaL temperature ldeg C]
Varlablei * Dtrwncomer flow lkglsj
VarlâbLe; * Rlser flow [kgls]

dMdrum=dMs+dMw,.
dMs=drs *Vst +rsr dVst ;
dMw=drw*Vwt +rw* dvwt;

END; g Dru¡nMassBalance

t dot (rs*Hsranrvr+rw*Hw* (1-am¡ *y¡¡ =pow+qdc*Hw-xr*qr*Hs- ( 1-xt) *qr*Hw,.
RlserEnergyBâlance IsA SetOfDÀE WITH

* From St.eam Tables
Hs lSÀ Vârlable nITH vaLue:=H2p(p);END,. * Steam enthal"phy



dErlse¡, dEÌs, dErw ISÀ VarlebLe,.
*
dEri s e¡=Pow+qdc *Hw-):r *qr*Hs-(1-xr)*qr*Hw,. * Rlser enerqy balance

GasOut.MassFlow
casout . Enthâ lpy
Gâsout . pressure

END; t BoÍlerModel

= wgl;
= hSl;

dErl ser=dErs+dErw,.
clEfs=Clfs i Hs *amrVr+!s * dHs * am*Vr+fs * Hs * dam*Vr.
clErw=drw* Hw * ( 1-am) *!'¡+¡s* dHw* ( 1 -am) *y¡1 ¡¡,* 1¡¡¡" (_dam) *Vr,.

END; * RiserEnergyBalance

dot (rs*âm*Vr+rw* (1-an) *Vr) =qdc-qr,.
RlserMassBâLance ISÀ SetOfDAE WifH
dMriser, dMrs, dMrw f sÂ Varlable,.
t------------
dMri ser=qdc_qr..

t steam parÈ
t water part

t

* Riser mass baÌancet----
d¡lri ser=dMrs+dMrw,.
clMrs=drs* amrvt+¡s *dâ:n*Vr;
dMrw=drw* (1-am) *Vr+¡'i.¡* (-dam¡ *yr,.

END,' t RiselMassBa.Lance

t Momentum balance for Downcomer
am*Vr* (rw-rs) =0.5*k*abs (qdc) *qdc;

t Àverage stearn-waÈer volune rat.io in the risers (am)
am=Iwl (rw-rs) * (1.-¡sl (rw-¡s),/xr*Ìn (1+ (rwlrs-1) *x¡) ) ;dãmdxr=-an,/xr+rw,/ (rs+ (rw-rs) *xr) ,dam=damdxridot (xr);

dI=(Vw+a¡n*Vr),/Àdrum; f Drum watet level
t --------cas side----------
wgl=wge; * mass bâIåncepgl=pgei * no pressure drop for gas

* Energy baLance for gas
Vg*rhogl*dot (hgl)=1.4= (wqe*hge-wgl*hgl-pow)i t 1.4=cplcv
t Heat trånsfer from gas to riser steåm
Pow=Cpow* (1gl-Ts);

* Fluld properties
rhogl=pgL,/R/191i $ flue gas density (=rhoge) (ideal gas)

t Partlal derivatlves
dHs=dHsdp*dot (p) ,-

drs=drsdp*dot (p) ;
dHw=dHr¡dp+dot (p) ;
drw=drwdp*dot (p) ;
dTs=dTsdp*dÕt (p) ;
dvst =-dot (Vw) +Vr*damdx r*dot (xr),.
dvwt=-dvst,.

connectl0ns:
lvâterIn. MassFl-ow
WaterIn. Enthâl.py
WatetIn. Pressure

St eamout . Mas sFlow
Steåmout . EnthaLpy
Steamout . P¡essure

GasIn.MâssFlow
Gasfn. Ent.hâlpy
GasIn. Pressure

= qfw;
= Hfwi

= wgei
= hfe;
= pge;

qs
Hs
p,'



t SlmpleDrunBolIerModel.
t Reference: K J Àstrom ãnd R D BeLl TFRT-?402
+ Âuthol: Ulf Ho1mberg, 1991

LIBRÀRY SlmpleDrlmBoilet:{odel,.

(1988) END,'* BoflerModel

+ Test of boller

LI BRÀRY Syst em,- USES S inpl eDrunBoi lerModel,.
Boll-er lSA BoiLerModeL WITH
paranet.ers:
t1 fSA Parameter h'lth defâult:=5.0,. endt
12 ISA Pâraneter wlt.h default:=1OOO.O; end;
Powl ISÀ Parâmeter wlth default:=2OO.OE6t end,.
qs1 ISA Parâmet.er with default:=130.?486,. endi

varlables:
t ISA Vârlable,. + time
t=Base::Time;
t inltÍaIs
p. inltial: =7.5?686;
Vw. i nltial : =13 .71L!;
xr. initial : =0 . 092354 ;
am. lnltiaL : =0 . 425462 ;
qdc. iniÈ ia I : =).473 .77 lì
qr. j. nltial : =1 473 .77!;
rs . lnit lal : =3 9 .937 8;
rw. inlt ial : =7 29.8O9t
SPow=If t<t1 then Powl else 220.086 end;
Pow=Pow1;
qfw=130.?486;
*qs-lf tct2 then qsl else 140 end,.
qs=qs1;
'ltut=2lj.O+2'13.15t * K

ENDi

BoilerModel IsÀ Modet
termlnals:
parameters:
Àdrum ISA Parâmete¡
Vdrum ISA På¡ameter
Vr ISÀ Para¡neter
Vdc fS.A Pãrameter
k ISA Parameter
cp ISÀ Parameter
¡tr ISÀ Parâmeter

variables:
Pow ISÀ Variable,-
qfw ISÀ Variable;
Tfw fSA Varlable;
qs ISÀ Variable;

dl.
am

P

VwÈ
xr
Vst
Tn
qdc
qr

ISÀ
lcÀ

I>A
ISÀ

rsÀ
ISA
ISA
TSA

Varlable;
Varlabl,e;
Variable;
vâriâble;
Va¡ieble,.
Vårl able;
Varlable i
varl able;
Vå¡labIe;
Variable;

* From Steam
Hs ISÀ
rS ISA
Hw fSA
rw lSÀ
Ts ISÀ
Hfw rsÀ

value=H2P (p) , END;
value=1/v2P (p) ; END;
value=HlP (p) ; END,.
value=1/V1P (p) ; END;
value=TP (p) ,END,.
valuê=HTP (Tfw. p) ; END;

Drum weÈ ârea
Drum volu¡ne
Riser vol.ume
Downcomer volune
frlction coefficlent
specific heat of metaL
nass of metâL

* Steam enthalphy
* Steam denslty
t Water enthalphy
t Water denslty
t Stean tempetåture
t Feedwater enthalphy

WI IH

WI IH
WITH
WIlH
WIlH
WI?H
WIlH
WITH

END,.
END'
END,.
END,.
ENDi
END,.
END;

default:=
default:=
defaulÈ:=
defauLt:=
default:=
defauLt:=
defauLt:=

20
40
37
19
0.
1.

t ?ower from fueL [MW]
* Feedwatet flow Ikgls]
$ Feedwater temp tKl
t steam flow [kSls]

t Drm level [m]
t Steam quaLlty voLume rat.io
+ Drum pressure [pa]
* Drum water voLume [m^3]
* :otâl water votume [m^3]
* steâm quallty at riser outLêt
* :otal steam voLume [m^3]
t average metâÌ temperature ldeg C]
* Downconer flow fkgls]
* È.1ser flow Ikg,/s ]

Tâbles
vârlable
VarÍabl e
Variable
vâriable
Varlable
Variable

WITH
WITH
WITH
IIITH
HIlH
IIIlH

real 1 zat lons :
equaÈ ions :
3 Drurn energy balance
dot (rs *Vst * Hs +rw*Vwt * F:w+m* cp* Tm) =Pow+qfw* Hfw-qs *Hs,.

Vst - Vdrun - Vw + ¿n*Vr,. t Totâl steam volurne
vwt = vw + Vdc + (l-am) rvri t Total. waÈer volume
Îm = Ts; * metal temp=sat. steam temp corresponlng to p

* Drurn mass balance
dot (rvr*Vst+rw*Vwt ) =qfF-qs;

t Riser energy balance
dot (rs*am*V¡rHs+rw* (1-am) *VriHw) =p6¡¡1qO"*¡¡r-¡¡*qr*Hs- {1-xr} *qr*Hw;

t Rlser mass bâIånce
dot (am*Vt*rs+ (1-am) *Vr*rw) =qdc-qri

* Momentum balance for Downcorner
am*Vr* (rw-ts) =0 .5 *k*abs (qdc) *qdc;

t Àverage steam-wat.er volume ratl-o in the rlsers (an)
am=rw,/ (rw-¡s) * (L-rsl (rv-ts) /xr*ln (1+ (rwlrs-1) *xr) );
dl= (Vw+am*Vr) /Adrum; * Drum erâtet level



llbrary System; Uses termlnals, functions, economlzer, boiler, supetheâter; Boller lså BollerModeL wtth
craphlc lsa super::Graphlc wlth
x_pos:=75;
y_pos: =L5 0;

wwePÀR fSÀ parameter I'¡ITH default:=
hwePAR ISÀ parameter WfTH default:=
pwePAR ISÀ Parameter WITH default:=

wslPÀR ISÀ Parameter WITH default:=
hsLPÀR ISA Parameter WITH default:=
psLPAR ISA pârameter WITH default:=

wgePAR ISÀ Pârameter WITH default::
hgePAR ISÀ ParàmeLer WITH default:=
pglPAR ISA Parameter WITH default:=

Heåt_Recovery_Steam_cene¡atÕr isa model withcraphic ISe-Base :Tlayout ;
C6 ISÀ Base::Connectlon WITH

econonizer. casln ÀT boil.e.r. Gasout;
bpoinrs TypE Matrix 12, 2l := I?5.0, 209.0;

END,.
C7 lSÀ Base::ConnecÈio:ì WITH

bolLer.Gasfn ÀT superheâter. Gasout;
bpoinrs TypE Mårrtx 12, 2l := [75.0, 118.0;

END,.
C8 ISÀ Base::Connectio:ì WITH

economizer.Waterout .\T boller.WâterIn,.
bpoinrs TypE Marrtx t5, 2l := [90.0, 2].5.0,-

END,.
C9 fSA Base::Connectlon WITH

boile¡.Steamout ÀT superheater.Steamln;
bpolnts TYPE Mãrrlx -4, 2l := t106.0, LZ3.O,.

END;

75.0, l-81.01,-

?5.0, 90.01 t

100.0, 215.0,. I27.O, 2IS.Oi 1.27.O,s
^ 13?.0;106.0,137.01;

I44.0, I73.0ì 744.0, 94.0,. 90.0, B4.Ol,.

130.7486; END;
1.2361986; END'
1.30000, END,.

130.7486,. END,.
83 98 . 9,. END,.
130000,- END;

640,' ENDt
?15511; END;
101325; END'

*
t

I

t

t

t

I{aterIn.MâssF}ow
WaterIn. EnÈ ha lpy

SÈearnout.MassFlow

GasIn.MassFLow
GasIn. Entha Lpy

GasOut. Pressure

= wwePÀR; * kgls
= hwePÀRi * J/kq

= wsIPAR,. t kgls

= wgePAR; * kgls
= hgePAR;

= pqlPÀRt * ñ/n^2.

t tâke awey when connectlng
t takê away when connecting

t take a¡ray when connectj.ng

* take away when connectlng
* Èåke away when connecting

t take âway when connectlng

submodel s :
Êcono¡nizer lsa EconomlzerModel with
craphic lsa super::craphlc wlth
x_pos : =75;
y_pos:=225;

wwePÀR fSÀ parameter WITH default:=
hwePÀR ISÀ paraneter WfTH defâult:=
pwePAR ISÀ paraneter WITH default:=

pwIPAR ISÀ parameter WITH default:=

wgePÀR lSÀ påraneter WITH defauLt:=
hgePÀR ISÀ pârameter WITH default:-
pqIPÀR ISA Paræeter WITH defaul-t:=

Waterfn. MassFlow = wwePÀRi t kgls
= hwePÀRi t J/kqI{aterln. Enthalpy

* wâterout.pressure = pwlpÀR;

casfn.MassFLow = wgepÀR; * kgls
Gasln.Enthalpy = hgepÀR;

Gasout.Pressure = pgIpAR; * N/m^Z,

t lnltlal condltions
hwe.lnltla1 z= I.22686;
pwe.initial ¿= 7.60IL286;
lwe.lni.tiâl := 551"206;

t take âway when connèctlng

t take away when connectlng
t take away when connectlng

atmospherlc pressure for gas

130. ?49,. END,'
1.22686,- END,-
?.60112E6,. END;

?.5?686; END;

640; END;
403011,- END,-

101325,. END;

t inltiaLs
p. lntt ial: =7 . 5?686,.
Vw.lnitlal:=13.77LLt
xr. lnltÍal. : =0 -0940547 ;
hgL. lnltlal: =403011;
Tfw. 1nltlål : :553. l-5,.
Tge.1nltiâl:=850;
Tgl. lnltlal: =5'12 -318;
R. lnltlaI:-290;

end,'

Superheater lsa SuperheaÈerModeL wlth
Graphlc lsa super::crâphlc with
x¡:os: =75;
y_pos : =?5,'

wsePÀR fSÀ Perameter WITH default:= 130.749; ENDr.
hsePAR ISÀ Parameter WITH default:= 2.?658786; END;
psePAR ISÀ ParameÈer WITH default:= 7.5?6E6r. END;

wslPÀR ISÀ Parameter WITH default:= 130.749r. END;

wgePAR lSÀ Pa.rameter WITH defãu1t:= 640; END;
hgePÀR ISA Palameter WITH defauLt:= 7.36E5,. END;

pgLPÀR lSÀ Parameter WITH default:= 10L325; END;

* Steamln.EnthaLpy = hsepAR; t take away when connectln
t Steamln.Pressure = psepÀRi t take away when connectln

Steamout.MâssFlow = wslpÀR;

Gasfn.MãssFlow = wgepAR,-
GasIn.Ent.halpy = hgePÀRt

Gasout.Ptessu¡g = pglpÀR,.

t lnltial condltlÕns

t
*

hwl. inltlal
pwL. inltlal
lwL. Lnitlal

:= 1.236E6r.
:= ?.576516;
:- 553.113,'

hge.lnltlal := 40301"1,
Tge.ln!tlå1" := 572.318;
hgl.lnltlel:= 401005;
T9Ì.lnltlâl := 57O.473;

rhowe. initial:- ?56. 186;
t

end,.

t take ah¡ay when connectln



hse. inlrial --= 2.765a7F.6,
pse.lnltial := ?.57686;
lse.lnitlal ..= 564.34,

hsÌ.lnitlal := 2.8561386;
psl.lnitlal := 7.100{E6,.
Tsl.inltlal := 578.231;

hge.inltial :- 7.3685¡
Tge.lnltlal := 836,64t
hql.lnitlal := 681561;
TgL.lnltial := 820.715;

T¡n.inl.t1âl .= 625.4?gt
rhose. lni.tial: = 39.9384;

end;
END;


