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______________________________________________________________________________________________ 

 

Abstract i– i iPresently iused imodern itechniques ito icontrol iinstead iof ithe itraditional icontrol itechniques ifor imany 

iindustrial iapplications ivirtually ior itheoretically. iIn ithis ipaper, ia iFuzzy ilogic ihas ibeen iapplied ito icontrol ithe 

iimportant ivariable iof isteam igenerator ii.e., idrum ilevel. iIt iwas iused isimulation iof iFuzzy isystem iin iMATLAB iprogram. 

iThe iresults ishowed ithat ithe iadoption iof icontrol itechnique ithat ibased ion iFuzzy ilogic ihave ia ihigh iresponse ito iindicate 

ithe icontrol isignals iand ithus ican ibe idepended ias ian iactive icontrol isystem ifor iselecting ia iright idecisions icompared 

iwith itraditional isystems. iA ivery icommon icontrol iproblem, iand ione iused iin imany iexamples ielsewhere, iis ithat iof 

icontrolling ithe ilevel iin ia iboiler idrum. iMany iindustrial iplants ihave iboilers ifor igenerating iprocess isteam, iand iof 

icourse iboilers iare icentral ito ithermal ipower igeneration. iThe iboiler idrum iis iwhere iwater iand isteam iare iseparated. 

iControlling iits ilevel iis icritical i– iif ithe ilevel ibecomes itoo ilow, ithe iboiler ican irun idry iresulting iin imechanical idamage 

iof ithe idrum iand iboiler ipiping. iIf ithe ilevel ibecomes itoo ihigh, iwater ican ibe icarried iover iinto ithe isteam ipipe iwork, 

ipossibly idamaging idownstream iequipment. iSteam iboiler iprovides iappropriate iquality iand iquantity iof isteam ito ithe 

iturbine ifor ipower igeneration. iIn idrum itype iboiler, iwater iand isteam iflow iin ithe idrum iis icontrolled iin isuch ia iway ithat 

ithe iwater ilevel iin ithe idrum iis imaintained ifairly iat ia ipreset ivalue. iWhile ivery ilow iwater ilevel iin ithe idrum imay ilead ito 

istarvation iand iexplosion iof iboiler, itoo ihigh ilevel imay icause icarryover iof iwater iparticle iand idamages ithe 

isuperheaters. iTherefore iDrum ilevel iis ian iimportant iparameter ifor isafe ioperation iof ia iboiler. iDrum ilevel iin ia idrum 

itype iboiler iis iinfluenced iby inumber iof ifactors, isuch ias isudden ichange iin iload idemand iand ichanged iin iheat iinput ito 

ithe iboiler ietc. iDuring iBoiler iFeed iPump i(BFP) irunback, ithe iboiler isteam igeneration iis ireduced ithrough ifuel icut ioff 

iwhile isteam iout iflow ito ithe iturbine iis icontrolled iby ipressure icontroller. iUnder isuch icircumstance, idue ito imismatch 

ibetween isteam iout iand ifeed iwater iin, iit ibecomes idifficult iin imaintaining iwater ilevel iin ithe idrum ito iits ipre iset ivalue. 

iThis ipaper ihas isuggested ian iinnovative idrum ilevel icontrol iby iadopting ithe iFuzzy icontroller. iIt imodule iuniquely ico-

relates itwo iindependent itime ivarying iparameters inamely isteam iflow iand ifeed iwater iflow iin ireal itime iand iaccordingly 

iapply icorrection iof isteam iflow ito imatch isteam iand iwater iflow iduring iBFP irunback. iSimulation iresult ishows ireal 

itime icorrection iof isteam iflow imaintains idrum ilevel iwithin iits isafe ioperating ilimit iduring iBFP irunback. iThe 

iinnovative irelated irate imodule ican ibe iused ias ia icontrol iblock iin ithe ifuture iboiler icontrols ifor icoordination ibetween 

imany iparameters ivarying iindependently iwith irespect ito itime. iThe iadoption iof ifuzzy ilogic iin icontrol isystem igave ithe 

iability ito itake ion idecision ifor icontrol isignals iwith ia ihigh istability icompared iwith itraditional imethods. iThe ifuzzy 

isystem icontributed iin igiving iprophesies ifor istation icase ito itell ithe ioperator iwhat ito ido itherefore ienhancement ithe 

iperformance iof istation ithrough ito itake ia iright idecision ito iavoid istopping. 

Keywords: iBFP irunback; iBoiler isimulation; iBoiler 

______________________________________________________________________________________________ 

 

 

1. iIntroduction 

Much iof ithe ielectricity iused iin iour icountries iis iproduced iby isteam ipower istations. iThermal ipower istations 

icontribute iabout i65% iof ithe ipower isupply iin ithe iworld. iHowever, ielectric ienergy iis iproduce ifrom isome iother 

isources isuch ias ihydropower, igas ipower, isolar ipower, ibiogas ipower ietc. iRecently, ithe iefficiency iof ithis itype iof ithe 

istations iis ilow idespite iefforts ito idevelop ienergy iconverters. iIn iorder ito iget ithe idemand iof ielectrical ipower; ithe 
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iturbine irequires ian ianalogous iamount iof ithermal ipower ias iwell ias ithis iminimizing ithe ilosses ileads ito ia idecrease iof 

ipollutions. iNow ithere iis ia imodern itechnique icalled iFuzzy ilogic icontroller ifor iimproving ithe iperformance iof iboiler ito 

iincrease ithe iefficiency iand iproductivity iof ipower. iFuzzy ilogic irepresents isoft icomputing imethod ifor isolving 

iproblems iwhere iclassical ilogic icannot iprovide isatisfying iresults. iFuzzy ilogic iis imulti-value ilogic iderived ifrom itheory 

iof ifuzzy isets iproposed iby iZadeh i(1965). iThis ikind iof ilogic igained isuccess ibecause iit imakes iuse iof ithe itolerance ifor 

iimprecision iand iuncertainty ito iachieve itractability, irobustness, iand ilow icost isolution. iThe ifuzzy itheory igives ia 

imechanism ilinguistic iconstructs isuch ias i“many,” i“medium,” i“low,” i“often,” i“few.” iIn igeneral, ithe ifuzzy ilogic ican 

ibe iable ito iunderstand ihuman ireasoning. iFuzzy iLogic iController i(FLC) ihas ifaster iand ismoother iresponse ithan 

iproportional iintegrated iDerivative i(PID) iconventional isystems iand icontrol icomplexity iis iless. iIn ithis ipaper iFuzzy 

iinterface isystem ican iuse iin iMatlab iprogram iwith icdl i– ifile ifor icontrolling iof iboiler iin ithermal ipower iplants iprovides 

ia icorrect iconditions ito ioperator ionce ihappen iany iproblem ithroughout ithe ioperation. 

Drum itype iutility iboilers iwith ipulverized icoal ifiring iare iprovided iwith iBoiler iFeed iPumps i(BFP) ifor 

isupplying ifeed iwater ito iboiler. iBFP irunback ioccurs iwhen ione iof ithe ioperating iBFP igets itripped iand ithe istandby ifails 

ito istart. iMost iof ithe itime iduring iBFP irunback, idrum ilevel igets idepleted ibeyond isafe ioperating ilimit icausing iunit 

itripping. iSimulation iof ithe iboiler ifeed iwater iand isteam igeneration isystem ihelps ito iunderstand ithe iaforesaid isystem’s 

ibehaviour iunder iboth isteady iand itransient ioperations. iNumbers iof imodels iare isuggested iin iliterature ito istudy ithe 

idynamic ibehaviour iof idrum itype iboiler. iW.J. iPeet iet ial ihave ipresented ia imathematical imodel iof ia idrum itype isteam 

igenerator iwhere iboiler iis idivided iinto ilumped-parameter isection. iM.E. iFlynn iet ial iin itheir iwork ihave ideveloped ia 

imodel ifrom ifirst iprinciples iof iconservation iof imass iend ienergy. iWhile idrum, idown icomer iand iriser ihave ibeen 

ilumped itogether, ithe isuper iheater iis imodelled ias ia idistributed iparameter ielement. iUsoro ihad ideveloped ia isimulation 

imodel ifor iall imajor iequipments iof ia idrum itype iboiler ifrom imass, imomentum iand ienergy ibalance iequations. iThe 

ieffect iof iburner itilt iand iavailability iof iburner iis imodeled ito iintroduce ia icoefficient iof iheat itransfer ias ia ifunction iof 

iburner itilt iand iburners iin iservice. iK.S. iBhambare iet iel ihave ideveloped ia imodel ifor icoal ifired inatural icirculation 

iboiler. iBoth isteady istate iand itransient iresponse ican ibe istudied ithrough ithis imodel. iLiu iet ial ihave ideveloped ia imodel 

ifor iwater ilevel iin ithe idrum iby imass iand ienergy ibalance. iVery ifew ipapers iare iavailable ion iRunback isystem. iThese 

ipapers ihave istudied ithe iperformance iof iRunback isystem iin igeneral. iIn imost iof ithe icases ithe ipost ioutage ieffect iis 

idifficult ito ibe istudied ijust iwith idiscreet ilogic iduring iRunback. iThis ihas ibeen iclearly iindicated iby ithe iavailable 

ipapers. iLi iBin iet ial ihave istudied iRunback iof iindividual imajor iauxiliaries ithrough isimulation. iHowever ithe istudy ihas 

inot icovered iRunback ion iBoiler iFeed iPump i(BFP) ioutages. iPresent iwork ihas isimulated ithe itransient ibehaviour iof 

isteam iand ifeed iwater imodel iand ithereby ihas ideveloped ian iinnovative imodule ion ithe iFuzzy ilogic icontroller iand 

icompared iwith iprinciple iof irelated irate ivariation, ifor imanaging ithe idrum ilevel iduring iBFP irunback. iSimulation iis 

iperformed ifor iboth ithe isteady istate iand itransient iconditions iusing iSIMULINK. iResults ishow ithat ithe inew icontrol 

iconcept ican imanage idrum ilevel iwithin iits isafe ioperating ilimit iduring iBFP irunback. iFirst iprinciple iof imass, 

imomentum iand ienergy ibalance iis iused ifor ideveloping imodels ion i‘Steam igeneration iin iwater iwall’, i‘BFP iand ifeed 

iwater iflow’ iand i‘Drum’. 

 

II. iModeling iOf iWater iWall 

 

The idown icomer iwater itemperature iis ithe isame ias ithat iof idrum iwater itemperature iwith inegligible iheat iloss. 

iMass iconservation iin ithe idown icomer ican ibe iexpressed ias i i 

 

 
 

 

Mass ibalance iand imomentum ibalance iequations iare iused ifor iboth iriser iand idown icomer imodelling. iWhile 

ideveloping iModels iin ithis isection, iheat iresistance iof ithe imetal iwall iis ineglected. iThe i iequation ideveloped ifrom 

imomentum ibalance ican ibe iexpressed ias 
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Pressure idifference ibetween iwater iwall ioutlet iand idown icomer iinlet ican ibe iexpressed ias 

 
Considering icirculation iratio i1:6 iat irated idrum ipressure, ithe ivelocity iof isteam iwater imixture ithrough ithe 

iwater iwall idown icomer icircuit icomes iout ito ibe i8.4 imeter/sec. iCirculation iratio iin ithe itube iside iaffects ithe iconvective 

iheat itransfer icoefficient. iConsidering icirculation iratio ias ifairly iconstant iduring iRunback, ia isingle ivalue iheat itransfer 

icoefficient iis ievaluated iand iused iin ithe ipresent iwork. iThe iconvective iheat itransfer ito isaturated iwater iis iexpressed ias 

 

 
 

A izonal iapproach iin ithe ipresent iwork iis iadopted ifor iwater iwall iheat itransfer imodelling. iThe iwater iwall iis idivided iin 

i20sections iof iequal ilength iand iindividual iheat iexchange ifor ieach isection iis ievaluated iseparately. iAssuming ieach 

isection iis iin iisothermal istate, ithe iheat iflow ifor isection i1 ican ibe iexpressed ias 

 

Where i i i i  iis isection i1 iflue igas itemperature iwhich ican ibe iexpressed ias ia 

 

 

 

 
Similarly iflue igas itemperature iat isection i2 ican ibe iexpressed ias 
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Computing i at iall ithe isections, 

 

 

Steam iproduced iin ithe iwater iwall i= 

 

 

Iii. iModeling iof iBFP iand iFeed iWater iFlow 

 

The ipump iperformance icharacteristics iplay ian iimportant irole iin iproviding ia iconstitutive irelationship 

ibetween ithe iflow irate iand ipressure ihead ideveloped, iwhich iin iturn iis iused ifor iflow icomputation. iThe imain iboiler ifeed 

ipump iacts iin iseries iwith ithe ibooster ipump. iThe iequation ifor ithe ipump iis ideveloped ithrough imomentum ibalance. iThe 

ihead ideveloped iby ipump iin iterms iof iflow iis iexpressed iby i 

 
Computing ithe ihead irequirement ito ideliver iwater iat idrum ipressure iand iat irequired ifeed iflow iis iexpressed iby 

 
The ifeed iwater iflow iis idetermined ithrough ithese itwo iequations iwhile ithe icoefficients if iK iK i, iK i& iK i1, i2 i3 iare 

idetermined ifrom icharacteristics icurve isupplied iby ithe imanufacturer. iFrom iabove itwo iequations iafter irearranging, ithe 

iflow iis icomputed ias 

 

 
Assuming isystem iresistance ifairly iconstant iover ithe inarrow irange iof ioperation iat inearly ifull iload, ithe irelation 

ibetween idischarge iand ispeed iis iderived iand iis iexpressed ias 

 
where iNp iis ithe ispeed iof ifeed ipump iin irps iand idischarge iin iKg/sec. 

The ispeed-time iresponse icharacteristic iof iBFP iis icomputed ithrough iexperimental idata icollection iduring iRunback iand 

iis iexpressed ias i4th iorder ipolynomials 
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IV. iModeling iof iDrum 

 

Water iin ithe idrum iexists iin itwo iphases iboth iin isaturated icondition. iDuring iRunback, idrum ipressure iremains 

ifairly iconstant, iand itherefore iit ican ibe iassumed ithat iboth iphases iare iin ithermodynamic iequilibrium icondition. iMass 

ibalance iin ithe idrum ican ibe iexpressed ias 

 
The ienergy iconservation iin ithe idrum ican ibe iexpressed ias 

 
Where imwois ithe isteam iwater imixture iflow irate ithrough iwater iwall, imeo idenotes ithe iflow irate ithrough 

ieconomizer, imdc iis ithe iflow irate iat ithe idown icomer iand ims iis ithe iflow irate iof isteam iat ithe ioutlet iof ithe idrum. iTotal 

ivolume iof ithe idrum i(V) iis ithe isum iof ithe isteam ivolume i( iVs i) iand iwater ivolume i( iVw i). iTransient iequation ifor ithe 

idrum iwater ivolume ican ibe iwritten ias 

 
 

The iState ivariables iare idrum ipressure i(P) iand iwater ivolume i(w iV). iThermodynamic iconstitutive irelations iused iin ithe 

imodel iare igiven iin iequation. iFor ipractical ipurpose inarrow izone iof isteam itable iis iused. 

 

 
 

From idrum igeometry ithe idrum ilevel ican ibe ievaluated ias 

 

 

V. iRESULT iAND iDISCUSSION 

 

5.1. iSimulation iof idrum ilevel icontrol ithe isubsystems iare iconnected iusing iSIMULINK ito idevelop imodel iof 

idrum ilevel icontrol ifor ia i200 iMW iunit. iInputs ifor idrum isystem imodel iare iconstructional idesign iparameter, isteam i& 

iwater imixture ioutput ifrom iwater iwall imodel iand ifeed iwater iflow ifrom iBFP imodel. iOutput iis ithe idrum ilevel. 
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The isimulation imodel ithus ideveloped iis igiven iin ifigure1.The imodel iwas isimulated iusing iMatlab 

iSIMULINK. iDifferential iequations idescribing ithe idrum, idown icomer iand iriser iwere isolved iusing iODE isolver i45 

iwith ivariable itime istep. 

 

 
Fig1. iBoiler idrum ilevel iSIMULINK imodel 

 

 

The imodel iwas itested iwith istep icommand iraising ithe isteam iflow iby i10 i%. 

Figure i2 ishows ithe iresponse iof idrum ilevel ito ia istep iincrease iin isteam iflow ifrom i167 iKg/sec ito183 

iKg/sec iat ia idrum ipressure iP= i160 iKg/Cm2. iIt iis iobserved ithat iinitially idrum iwater ilevel iswells iand 

ithen icame idown ito inormal ilevel. 
 i

 
Fig. i2 iEffect iof i10 i% iincrease iin isteam iflow 

 
 i 

Figure i3 ishows ithat iduring iBFP irun iback idrum ilevel icomedown ito ivery ilow ilevel iand ican icause itripping iof 

ithe iunit. iReal itime icoordination ibetween ifeed iwater iflow iand isteam iflow iduring irunback ican imanage ithe idrum ilevel 

imuch ibetter iway. iRelated irate icontrol iconcept iis iintroduced iin ithe irunback isimulation imodel ifor ireal itime 

icoordination ibetween isteam iand ifeed iwater iflow. 
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X-Axis: iTime iin iseconds i 

Y-Axis: iDrum ilevel iin imm 

     i i iFig i3. iDrum ilevel ivariation iduring iBFP irunback 

 

5.2 iRelated irate icontrol iconcept 

The iconcepts iapply ithe iprinciple iof icomputing ithe irate iof ichange iof itwo iindependent itime ivariant ivariables iand iuse 

ithe ioutput ifor icontrolling ione ivariable. iImplicit idifferentiation iwith irespect ito itime iis iapplied idetermining ithe irate iof 

ichange. iApplying ithis iprinciple idifference ibetween ithe irate iof ichange iof ifeed-water iflow iand irate iof ichange iof isteam 

iflow iduring irunback iis ievaluated. iIntegrating ithe isolution ivariable iover ithe itime iperiod iof irunback igives ithe inet 

ivariation iwith irespect ito itime. iThis isignal iwith ia igain ifunction ihas ibeen iused ito imodulate ithe isteam ioutflow ito ithe 

iturbine. iA imodified irunback imodel ideveloped iin iSIMULINK iby iintroducing ithe irelated irate imodule. iThe isimulation 

iblock ithus imodified iwith irelated irate imodule iis igiven iin ifig i4. 

 

 
Fig i4. iModified iBFP irunback iSIMULINK imodel 

Computation iof ithe irelated irate icommand iis idone iin isteps ias ishown iin ifigure i5 iin ithe iflow ichart. 

iInitialization iof ithe icomputation istarts iwith iinput ifrom ifeed iwater iand isteam iflow iequations. iNumerical 
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idifferentiation iand iintegration imethod iare iused ito isolve ithe iflow iequations, isetting iderivative iof istates iequal ito izero 

ifor ithe igiven ioperating icondition idefined iby iBFP irunback iconditions. iCommand ifor isteam iflow iby irelated irate 

imodule iis isuperimposed ion ithe isteam iflow idemand igenerated iby iturbine ifollow imode ioperating icommand. iThe 

isteady istate iplant idata iare icollected ifor ia icoal ifired idrum itype ithermal ipower iplant. iThe iplant ihas ia icontrol isystem 

ideveloped iby iSimens. iFew ioperating iparameter ilike isteam igeneration iin ithe iwater iwall, ifeed iflow, isteam iout iflow 

ietc. ihave ibeen irecorded ithrough ithe iinstrumentation iprovided iwith ithe iplant. iDesigned ierror iin ithe imeasurement iis 

i±1%. iTable i1 ishows ithe idata irecorded ifor ithe igiven iboiler iand ithose iobtained ifrom ithe isimulation. iA igood 

icorrelation iis ifound ibetween ithe irunning iparameters iof ithe iboiler iand isimulation iresult. 
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Fig i5.Computation ischeme ifor irelated irate icommand 

 

 

5.3 iBoiler iDrum ilevel icontrol iwith iFuzzy iLogic iController:Figure i6 ishows iSimulation iof idrum ilevel icontrol ithe 

isubsystems iare iconnected iusing iSIMULINK ito idevelop imodel iof idrum ilevel icontrol iusing iFuzzy icontroller.

 
Fig6. iBoiler idrum ilevel iSIMULINK iFUZZY imodel 

 

 
X-Axis: iTime iin iseconds i 

Y-Axis: iDrum ilevel iin imm 

Fig7 iGraph ibetween itime iand iDrum ilevel iin imm 

 

Fig7 ishows ithe isimulation iresult iof idrum ilevel ivariation iwith irelated irate imodule iand iFUZZY ilogic. i 

 

5.4 iBoiler iDrum ilevel icontrol iduring irunback iwith iFuzzy iLogic iController: 

 

Figure i8 ishows iSimulation iof idrum ilevel icontrol ithe isubsystems iare iconnected iusing iSIMULINK ito idevelop imodel 

iof idrum ilevel icontrol iusing iFuzzy icontroller iduring irunback. 
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Fig i8. iBFP irunback iSIMULINK iFUZZY imodel 

 

Figure i9 ishows ithe isimulation iresult iof idrum ilevel ivariation iwith irelated irate imodule iand iFUZZY ilogic iduring 

irunback. iDepletion iin iboiler idrum ilevel iduring iBFP irunback icould ibe iarrested isuccessfully. 

 

X-Axis: iTime iin iseconds i 

Y-Axis: iDrum ilevel iin imm 

Fig i9 iVariation iof idrum ilevel iduring iBFP irunback iwith iFUZZY iand irelated irun irate 

 

Introduction iof iFuzzy ilogic iin ithe irun iback isimulation imodel ihas ifine ituned ithe isteam iflow ito ithe iturbine iunder 

iturbine ifollow imode. i i 

 

 

VI. iConclusion 

 

The ipresent iwork ifor ifuzzy isimulation igave ithe ifollowing iconclusions: i 

 

 i1. iThe iresults ishowed ithat ithe iadoption iof icontrol itechnique ithat ibased ion iFuzzy ilogic ihave ia ihigh iresponse ito 

iindicate ithe icontrol isignals iand ithus ican ibe idepended ias ian iactive icontrol isystem ifor iselecting ia iright idecisions 

icompared iwith itraditional isystems. i 

2. iThe iadoption iof ifuzzy ilogic iin icontrol isystem igave ithe iability ito itake ion idecision ifor icontrol isignals iwith ia ihigh 

istability icompared iwith itraditional imethods. i 
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3. iThe ifuzzy isystem icontributed iin igiving iprophesies ifor istation icase ito itell ithe ioperator iwhat ito ido itherefore 

ienhancement ithe iperformance iof istation ithrough ito itake ia iright idecision ito iavoid istopping. i i i 

4. iIt igave ithe iability ito itake ion idecision ifor icontrol isignals iwith ia ihigh istability icompared iwith itraditional imethods. 

Present iwork ihas ideveloped ian iinnovative imodel ireferred ias irelated irate imodule ifor icontrolling idrum ilevel iduring 

iBFP iIt iis iobserved ithat iduring iBFP irunback, idrum ilevel idepletes ifaster ibecause ifeed iwater iflow iis ilimited iby ithe 

icapacity iof iBFP iand itherefore icoordination ibetween isteamflow iand ifeed iwater iflow igets idisturbed. iThis iis iwhy idrum 

ilevel icontroller iworking ion ifeed iforward isignal ifrom isteam iflow iis inot iable ito icontrol idrum ilevel iduring iBFP 

irunback. 
 i 
 i 
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