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Abstract

In order to analyze the nonlinear properties of boiler water-steam system, second-order and
fourth-order model is presented by using object-oriented and acausal modeling language, Mod-
elica, and the corresponding simulation is made on the platform of Dymola. For calibrating the
model parameters which cannot be measured directly, the residual sum of squares between si-
mulation results and measured data from a real device is calculated and the minimum is taken as
the criterion based on pressure and water level responses to a step in fuel flow rate of 10MW at
medium loads. After calibrating, the reliability of the model is improved.

Keywords

Boiler, Modeling, Model Calibration, Modelica

IRk R G ModelicalZ iR 5 1RBVERE

Vi TR, BEGESARM R, B
METRERY, SihTRR, R

STLHEMLBN IRt = KN, Sl =, KiE
Email: hgfzs@126.com

Weks i 20144F3H15H; BRI EN: 20144F4H14H; FHHE: 20144F4H23H

®


http://www.hanspub.org/journal/mos
http://dx.doi.org/10.12677/mos.2014.32005
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

iRk &4t Modelica G5 5 1Y bR 8

 E

AT AHRIPIOK R G, 2T AN R LR REEE S ModelicaZ 3L T #RFIUK R A —FA
PUErModelicati !, JF7EDymola & L 4T T 45 K. ZETHEZK MK EF R 780 FIFH 7 Modelica
PREREE. B TRAPFETEERUERNSH, US50%A% T AEHIN10 MW T AKALHER
PR 2N iRkE, B R R X N B H A RS MNURR R R ERRET M, FFBhix
ERBR/MOY BRI SHEATIRE, BdtrERR T EENTREE.

XA
%ﬁh’ @ﬁr ﬁﬁﬁﬁ?i, Modelica

1. 818

RO GV AR ER RGN —FEE A ST Sl 7E Tk A b2 —fh i Z i e 2
Wk E . R LR ERR RBBEAMPAMBITRE . FRE X KB RZAELIERS[2], K
I3 ST — N 5 ) T B [ B SO R R B SRR B SR I R M B — T E BAT 55 . P2 S T AR
FLH BV T KRERBAL[3]-[7]. IXLERRI AT DUAZE DL R LK FifaSmiiy, BATRIAL ML i s
RSN T 2aE %, EAREMARGIEREE: KHRGHHRIERG I BAH AR
SeREE ) Tl N AR S RS, SRR T MR 2K, AE A REEm S0 PIEREARE &
Bt GG, (ARG LB 2, @ K EARET RS TR, R T SR
FEMARE o R, THFEAT KEME AT, XA SEAMUEDN B2 5 Hes . th/MER 4,
B SORBEE R BN R TS B S HH BT AR E . ASCK 24U G — @ IE S Modelica B BER IR
IKRGE, MBS RS A 5, b 7 NS, [FIRRA Modelica £ 84 6r & T. A
SRR AT B ) S B AT AR E, e TR TS B
2. B G—EIRIES—Modelica

Modelica J&—Fih T I B2 WL R 40 2 S 40— SRS 507 M = AR (0 — PRI AR % . S T4 )
AR R0 R AR 5 . 2 ARG — @A AR 5L i H Elmaquist T 1978 4E 82 1, B 5 1 B ASCECD. Gproms.,
NMF., ULMEZMERIES, N1 4RSI EEE S IERIREL S, 1996 49 H, EHERER
FHURE )T 2 08B R ARG B G —E S I, X P — My B @GS 5 9 Modelical8].

Modelica K H i [ G B AR 3R AT A, Sl I B 2 AN AR p L S AR IS R v SEE A M, RIS A e fb
B DL — MG R R A RN T RS, 20T REHATERL, KRG RASENH . Ak
MLEIF R G, IR T R RSB . BT R A AR B B AR, S B AR HiE VR
BSCREFREAR, E&TYHRGNES, [EERNERYERGEES 0 B IFREE S K9]

3. KPR RGHEE
3.1 xR ¥EE

JLTIH) B IREIA AR SR T B ] 1 R . g /KAE BTV AR S2 GRS EUT B AN BTV AR
e, B E BRI Sk, S KL T R - EIHE - TRE T S AEh. EIHE RN



YR K 248 Modelica ZE4E 5 R bR &

Steam supply

Feedwater

Riser

Downcomer

Water Drum\\/

Figure 1. Schematic diagram: Boiler Water-Steam
System
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model DrumBoiler2ndOrder "Basic balance equation model™
Modelica.S5Iunits.Fressure p(start=8.5e&, fixed=true);

parameter Modelica.STunits.Volume Vt=8E8 "Total wvolume";

parameter delica.SIunits.Mass Mtm=300e3 "Total metal masa™;

paremeter Modelica.S5Iunits.SpecificHeatCapacity Cp=550 "Metal Cp":

Mpdelica.S5Tunits.Mass Mt ({fixed=~false, start=le3) "Total masa"™;
Mpdelica.S5Iunits.Energy Et(fixed=false, start=1e&) "Total energy";
Modelica.3Tunits.Volume Vwt "Total steam volume";
Modelica.SIunits.Volume V1t ({start=57.5, fixed=true) "Total water wvol";
Modelica.S5Iunits.Temperature T;

// Global mass balance
Yt = prodv*Vvt + prodl*Vlt;
der(Mt) = amdot - bmdot;
// Global energy balance
Et = prodv*prohv*Vwt + prodl*prchl*V1it - p*Vt + Mtm*Cp*T;
der{Et) = Qg + amdot*ahdot - bmdot*prohv;
// Volume constraint
Vt = VWt + V1t;
=]
=
end DrumBoiler2ndQrder;

Figure 2. Second-order model of Modelica
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model DrumBoilerdthOrderd0
extends FowerFlantlib.Boiler.DrumBoilerModel.DrumBoiler2ndOrder;

// Riser mass balance

Mr = prodv*an*Vr + prodl*({l - am)*Vr;

der{Mr) = mdc - mr;

// Riser energy balance

Er = prodv*prohv*am*Vr + prodl*prohl* ({1l - am)*Vr

- p*VriMrm*Cp*T;

der({Er) = Qg + mde*prchl - (ar*prchv + (l-xr)*prcohl)*mr;
am = prodl/ (prodl - prodv)* (1l - prodv/ar

Sprodl - prodv) *1n({l+xr*(prodl - prodv) /prodv)):

hc = prohv - prohl;

// Static momentum balance

prodl*Rdce* (prodl-prodv) *g*an*Vr = k*mdc~2/2;

Msd = prodv*Vsdb;

// Bubble ma3s balance

der(Msd) = xr*mr - msd -mecd;

ncd =(prohl-ahdot) /he*amdot+ (prodv*Vadb*der (prohv) +prodl*Vid*der (prohl) -
{(Vadb+V1d) *der (p) +Mdm*Cp*der (preT) ) /her

m3d= prodv* {(Vadb - Vad0)/Tad + xr*mdc + xr*beta* (mdc-mr);
V1t=V1d+Vdc + (l-am)*Vr;

dl = (V1d + Vadb)/R4-1.2;

xv=prodl*xr/ (prodv+ (prodl-prodv) *xr) ;

=

end DrumBoilerd4thOrder00;

Figure 3. Fourth-order model of Modelica
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record SaturationBoundaryProperties
"properties on both phase boundaries, including some derivatives™

extends Modelica.Icons.Record;
5I.Temp K T "3aturation temperature”;
3I.Density dl "Liguid density™:
3I.Density dv "Vapour density™:
3I.%pecificEnthalpy hl "Licquid specific enthalpy™:
3I.%pecificEnthalpy hv "Vapour specific enthalpy™:
Feal dTp "deriwvative of temperature Wwrt saturation pressure’;
Real ddldp "deriwvatiwe of density along boiling curve™;
Feal ddwdp "deriwative of density along dew curwve”;
Real dhldp "deriwvatiwe of specific enthalpy along boiling curwve™;
Feal dhwdp "deriwative of specific enthalpy along dew curwve™;
3I.MassFraction x "wapour mass fraction™;

end SaturationBoundaryProperties;

Figure 4. The record of saturated parameter
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function FaturationWaterP

input Modelica.dIunits.Pressure p “specific enthalpy™;

output Modelica.Media. Comnon. SaturationBoundaryProperties pro;

protected

Modelica.Media.Interfaces, PartialTwoPhaselledium, Jaturationfroperties sat;
Modelica.Media. Commen. TF97PhaseBoundaryProperties bprov;
Modelica.Media. Common. IF97PhaseBoundaryProperties bprol "property record™:
algorithn

pro.T: =Media.Vater.WaterTF97_fixedregion. saturationTenperature (p) ;

sat.psati=p;

bprol: =Modelica.Media. Uater. IF97_Utilities.BaseIF97.Regions.boilingourve pip);
bprow: sModelica. Media. Tater. TF37_Utilities. BaseIF97. Regions. dewcurve_pip) ;
sat.Tsat:=pro.T:

pro.hl:=hprol.h;

pro.hw:=hprov.h;

pro.dl:=Modelica.Media. Vater.WaterIF37_base.bubbleDensity (3at);
pro.dv:=Modelica.Media. Vater.WaterIF97 hase.dewbensity(sat);

pro. dhwdp: =Hodelica.Media. Water. TaterTF37_fixedregion. dbevEnthalpy_dPressure sat) ;
pro.dhldp:=Nodelica.Media. Water. TaterIF37_fixedregion. dBubbleEnthalpy dPressure(sat):
pro.ddldp: =Modelica.Media. Water.PaterIF97_fixedregion.dBubbleDensity dPressure(sat);
pro.ddvdp: =Hodelica.Media. Water. Dater TF37_fixedregion. dbeubensity_dPressure {sat) ;
pro.dTp:=Hodelica.Media. Water. WaterIF97_base.saturationTenperature_derp(p) .
pro.x:=0;

end ZaturationWaterP;

Figure 5. Function of saturated properites
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Figure 6. Curve: Pressure of disturbed experiment
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Figure 7. Curve: Temperature of disturbed experiment
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Figure 10. Comparison of model and measured data for perturbations in steam flow rate
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