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HIDPSOH RI D JHQHULF EDWFK SURFHVVODKHUHDW R K BV RG XFW UMHKXWUHYVHQW I
D ORQJ VRDN WLPH DW D FRUUHVSRQ®RUQWXH CRIRGEKANK L G DFSCBQUR DFK LV ILQ
6LWXDWLRQV VXFK DV WKHVH UHTXLURI YV)SHH® ULD/OD ¥FDUGID EABHAD XWKDWKM QRW
FRPEXVWLRQ V\VWHP PXVW SHUIRUP DFURRMYRPLKXJBRUQRWHMXQWAUKLYXFK D FR
FDVH IURP QRPLQDO WR EDUHO\ D WHQWK RI FDSDFLW\ 6HYHUDO
GLIILFXOWLHYVY DULVH IURP DWWHPSWLQJ WR FRQWURO D FRPEXVWLRQ
VIVWHP WR RI LWV GHVLIJQHG FDSDFLW\ JLUVW EIMQNAH YARJRRVY
W\SLFDOO\ EHKDYH ZHOO DW H[WUHPH WXUQGRZQ 3RWHQWLDO SUREOHPYV

ZLWK WKH EXUQHU LWVHOI LQFOXGH 594 zD\ WR DYRLG WKH SUREOHPV D

, WXUQGRZQ DV GLVFXVVHG DERYHW LV

e 'HWHULRUDWLRQ RI IODPH VKDSH pgo7p\v |LUH DW WKHLU GHVLJQ FDSC

* ,QDGHTXDWH PL[LQJ RI IXHO DQG R\l vyvy UHTXLUHV D FRQVWDQW KHDV

e 3RRU DQFKRULQJ WR WKH EXUQHU \RREdHH| QVWHDG RI GHFUHDVLQJ WKH L

e &RPSOHWH ORVV RI IODPH HDFK EXUQHU LW LV QHFHVVDU\ WR G|

ILULQJ DW RQH WLPH 8QGHU WKLV V

JXUWKHUPRUH DW YHU\ ORZ WXUQGRZQQSUIREDHRDIOFRR PWENHoHIK\FOH YD

WKH IXUQDFH SHUIRUPDQFH GXH WR GHEYHBMHUG ZR\EW K LI VRO XK XV HQV X

ILULQJ GR VR DW WKHLU GHVLJQ FRQG

e 3RRU FRQYHFWLYH KHDW WUDQVIHY IXUQDFH KDV WZHOYH EXUQHUV :KF

e 3RRU IXUQDFH SUHVVXUH FRQWUR®| WKH FDSDFLW\ DOO Rl WKH EXUQHU

e 7UDPS DLU LQILOWUDWLRQ WKH GHPDQG |IDMKHQWRKUHH EXUQHUYV

OHDYLQJ WKH UHPDLQLQJ QLQH 7KH

$OORZLQJ DLU LQILOWUDWLRQ LQFUH D WHW RUXGIVS I\OWE. E3LLQ LI HRIWG B R B BIHIUOLWR X

HITHFWV ERWK RQ IXHO HIILFLHQF\ DQG HRYHBUFEGHKEMW FXDQLM\ WKXV PDLQWDLC

IXUQDFH &RQWUROOLQJ LQ WKLV PD

7UDGLWLRQDOO\ IXUQDFH GHVLJQHUVFBRYIH WD QG WHGQWKE FEPDRNQHRY LW L

DSSURSULDWH ZDVWH JDV YHORFLW\ SURVQ YW DA LDRR ¥FRIVSKRX WD D/\W Gk R X QHW

UHFLUFXODWLRQ IDQV WKDW VWLU WKHDZ®FMHP DEWLHYV UH-SMKHAQH YWD WX RQDR H KR

RUGHU WR HQVXUH JRRG FRQYHFWLRQ TKHGUHFKHBDMWOBWRRQG/\VWHPY WKH
ZHUH JHQHUDOO\ GLIILFXOW WR PDLQWDKI® WLPGE RUMINVQ WRE GXURFUOWY RQ

WUXO\ DFKLHYLQJ JRRG DWPRVSKHUH VAKIHQU MQXH WEKKWROXHIK R XWR W K H7 H ?'W L H W F

IXUQDFH YROXPH OHDYLQJ GHDG VSRWX H LPVDHLRU WCKUD ZXD® R FWRZ WKW N DSSUR
WKH DWPRVSKHUH FRXOG VWDJQDWH FRQWURO EHFRPHV YHU\ GLIILFXOW

DWPRVSKHUH LV OLNHO\ 7KLV FRQWU

KDYLQJ D ODUJHU QXPEHU RI EXUQH

7HPSHUHGQRPEPXVWLRQ H[SHQVLYH IURP D FDELAKDEXVW B Q @IRL

LQGLYLGXDO F\FOH VROHQRLG YDOYHV

$ FRPPRQ DSSURDFK WR FRPEDW WKH SUYRBEHEYPHNNRELHEWHEP Wk FRPSRQH
YHU\ ORZ ORDG RQ WKH FRPEXVWLRQ VRMYHP LV WR XVH WHPSHUHG
IODPH FRPEXVWLRQ )RU WKLV FRQWURO VFKHPH WKH FRPEXVWLRQ DLU
IORZ LV IL[HG LUUHVSHFWLYH RI WKH DFWXDO FRPEXVWLRQ §HHG $V
GHPDQG IRU KHDW IDOOV WKH IXHO IORZ PRGXO0DWHNE W& \6 BIPPUW b RLG J
WKH FRPEXVWLRQ DQG FRQVHTXHQWO\ WKH KHDW 7KH PDMRU EHQHILW
WR WKLV VFKHPH LV WKDW LW PDLQWDEZ®M UK | LIVF IDHGRW Z B M WZAD \J D W RFRODKP H ' H
WR NHHS WKH IXUQDFH DSSURSULDWH®OXWLRQOHBGDDKXYW LRRURYWQIDWH
WHPSHUDWXUH XQLIRUPLW\ DQG KHDW WUDRNLEWHGWZLW R BERRVKHUN VSRS D6 )
WR HPSOR\ ,WV PDMRU GHILFLHQF\ W KFRXJ&VH JLWKQW WIKIH EVDN E K GLRTQKEHH S W
EHFRPHV KLJKO\ LQHIILFLHQW DW YHU\ KORZHKBIQ W BHPLQG\ MNHSRYHLU VOLJ
WKDW D FHUWDLQ SURFHVV UHTXLUH\ERPERRQWRDQED INOHP SWKWDDW SURYBGHV
f) DQG LQ RUGHU WR PDLQWDLQ SURSIHQYIJ DWPR Y SEKHDYG PRPLODO FDSDFLW
DQG FRQYHFWLYH KHDW WUDQVIHU WK MK BHP DG X RWHER P ERR/QM R D QN F L
YROXPH RI ZDVWH JDV LQ WKH IXUQDFIRSFHQ WKXWBQRPUGLOIELGEGLWLRQDO
IHHW SHU KRXU )LIJXUH VKRZV IRUspHEDXYGIHW KWK D W LDWDKMH MWMW SURYLG
GHPDQGV ORZHU WKOGKOERRW QFOXGH WHORPDVMWIHVKH VDPH VWLUULQJ LV HII
SDUWV RI D F\FOH D WHPSHUHG 10DPHKN\VWTHPLDHWXQW AR W HTGIUMWMIYRQDO I
PRUH IXHO WKDQ ZKHQ ILULQJ DW QRPLODEY PREIGLOIPRQVVKHELVOHDG LK W
FRXQWHULQWXLWLYH UHVXOW H[SODLRRPG DWW GP RAURH WE HWIDALSK OLVGH WKIH.QJ
DSSHQGL[ FRPHV DERXW EHFDXVH LW LV QHFHVVDU\ WR KHDW D YHU\
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DGGHG EHQHILW RI PRUH VLPSOHJIXUK®DFH SUHVVXUH FRQWURO

VKRZV D VFKHPDWLF RI WKH K\EULG VVWKWHXSJUBGBFWQFBXGIHRGNLIF® H[SDQG

WKDW WKHUH LV D VHSDUDWH MHW DLUX@LOH JERQ WIKRIO R\HEW LEG IV N RIOGIRIRR &\ \I

ZLOO RSHUDWH GXULQJ ORZ KHDW GHPWRGWKBREWKRHUZUXHDWKRQUHY WLR I o

WKH DX[LOLDU\ HTXLSPHQW LV LGHQWLMANM®W MPRFBR XFR® SHRWHRQDOO\ IQOBHXRDC

VA\VWHP D WHPSHUDWXUH XQLIRUPLW\ RI f)
VSHFLILF IXHO FRQVXPSWLRQ 2YHUD
LQFUHDVHG IURP WRQV SHU \HDU \

%XUQHU 6SDFLQJ +\EULG 6\WWHP ,PSURYHG IRU (PLVVLR
)W VKRXOG QRW EH VXUSULVLQJ WR QRW IR}g\}éﬂ %'F &;@ Y\E
DOVR FULWLFDO WR SURSHU WHPSHUDWXU H {L(N

ORDG DQG WKH IXUQDFH 7KH PRVW
SURSHU VSDFLQJ LV WR SHUIRUP D FR

&) DQDO\VLV &) FRQVLGHUV WKH S LB%( i L\J/I\_NELHUGUI
IXUQDFH DQG GHWHUPLQHV DQ\ QXP ‘>\{§ v
WHPSHUDWXUH SUHVVXUH IORZ YHO V\é/"_s' R
&)' DQDO\VLV W\SLFDOO\ UHTXLUHV VLJF%/t PD Bl—h( (59 %ﬁ A

HUIRUP D LQWH HW WKH PRGH
SHUIRU QG LQWHUSU G OWR HQVXUH WKDW WKH SURSHU FRPEL

$IWHU HVWDEOLVKLQJ WKH JULG RU EC%/ K R ng‘ EEUQ3HUU|_
YROXPH WKH &)' DQDO\LV VROYHV UH H

HTXDWLRQV IRU HDFK SRLQW LQ WKH PH ﬁsg \}Eg %’z{ gg% DQC

FKHPLFDO FKDUDFWHULVWLFV DW HDFKY K'Y'v P V% H[W(

WKH HQJLQHHU WR GHWHUPLQH WKH SURSHU E HU DUUDOQ
95R¢%L%9ﬁ¢ R HSWUDWLY

)LIXUH D VKRZV DQ H[DPSOH RI SRRUO\°GR

FRPSDUHG WR SURSHU SODFHPHQW LQ _E @HV ILIXU HSUHVHQW
WKH YHORFLW\ SDWKOLQHV RI WKH ZDVW&QB LOYZRUWKS SRWLRY wiow
SLF RI UHJHQHUDWLYH FRPEXVWLR

DSSOLFDWLRQV $ WKLUG FXVWRPHU

$ FRPSOHWH &)' DQDO\VLV FDQ EH F'e" LIQ '?(FH KHVH ZHUH FDU
FXPEHUVRPH 7KDQNIXOO\ PDQ\ KHDW FHV KI
LQ VL]JH DQG FRQILIXUDWLRQ 7KHU LQFU"
EXLOGHUV KDYH GHYHORSHG UXOHV RI FV
WKH UHTXLUHG WHPSHUDWXUH XQLIRU

VWUDWHJ\ DQG DOPRVW KDOYLQJ WKH |XHO FRQ
DGYHUVH HIIHFW RQ WHPSHUDWXUH XQ
HPSKDVLY SODFHG R SURSHU ORFDWL
&DVH 6WXGLHV Q

&ROFOXVLRQV
6HYHUDO EULHI FDVH VWXGLHV ZLOO VHUYH WR LOOXVWUDWH WK SRVVLEOF

EHQHILWV RI FKRRVLQJ D SURSHU EXUQHY DQRG ERQWU OGYWHBWS'V\/\ 5SSURDE
SVEULG 6\WWHP YV 5DWLR &RO W WUHDW DSSOLFDWLRQ ,W LV LP

XVWLRQ VWUDWHJLHV WR GHWHU
,Q RUGHU WR DFFRPPRGDWH D ODUJHUP lprﬁf('i?ﬁ WHPSI
VWHHO UDLOURDG UDLOV KDG WRV\H[S WLRQ
HILVWLQJ DXVWHQLWL]LQJ IXUQDFH % FU‘\Q LV Qf
XSJUDGH RI WKH FRPEXVWLRQ V\VWHP c? LPQ WKH
FDU ERWWRP IXUQDFH ZLWK D VLPSOHY ITHFW
VIVWHP ZKHUH WKH EXUQHUV ILUHG RQ k SHUH'
ZLWK DOO RI WKH SUREOHPV DVVRELD! P (C
VIVWHP DV GLVFXVH ® DERQBO ORDG ' QFHU LW LV
LQ DQ HLJKW KRXU F\FOH ZLWK D WHP E{ﬁ_‘ 'I'J Q_V\J W w E%@@LQHHU
RI DERXW f)* f) PHDVXULQJ WKH OR ti P%Fgé ERPSH\'TV'T_E{(]V
DOO EXUQHUV ILUHG DFURVYV WKH WRS Q
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VSDFLQJ LV DOVR FUXFLDO LQ PDLQWDIDIRRXGWSBRIXHOXDULO®UBGHWUYU HDBM3H FRPE
SURGXFWLYLW\ WR PDLQWDLQ D FRQVWDQW IORZ RI Z

WXUQGRZQ FRQGLWLRQ WKH FRPEXVYV
$V VHHQ LQ WKH FDVH VWXGLHV RITHUHER QMWD QWKIHOREZ IRUHD GH U 1IWHGCDE G V |
UHDOL]DEOH EHQHILWY IURP XVLQJ WKHUDERVRM W/IHF KR ORDO BHHMRPHY IRDUJIHLU

UMURILWY RQ DQ H[LVWLQJ LQVWDO O DWILRRUQ HRAS RQGL @HA SBREBAW  )LIXUH
DQG FRPEXVWLRQ HIILFLHQF\ DV BWXQ
$SSHQGL] YHU\ ORZ QHW KHDW GHPDQGV WKH |

WKDW WKH SURFHVV DFWXDOO\ UHTXLL

7KH ZDVWH JDV LQ D FRPEXVWLRQ sum‘i‘%z LQQRHBW \. @3” H b ’% MH DEY
DPRXQW RI KHDW WKDW LV WKHQ XQDY It_l*wl? 0 : R R\F’j’\é/KHF
N
H

SURFHVKDW KHDW UHPDLQV LV WRH XV#H %% J XVW

IL\U DW
GHWHUPLQH WKH FRPEXVWLRQ HIILFLH W{%J%%Dé \I_Wl_R%HGX
p WY @ H WPk Qu H V X O

WRWDO JURVV KHDW SURYLGHG E\ H L%Sﬁ(}/
VKRXOG EH REYLRXV WKDW LQFUHDVHERZEWWH L
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JLIXUH SHODWLYH FROQOWULEXWLRQV RI FRQYHFWLRQ DQG WKHUPDO UDG

¢ AIR

%__ ]

Y/ /7
', 7

J)LIXUH 6DPSOH FRQYHUJLQJ SRUW EXUQHU I1RWH WKH VPDOOHU RXW
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JLIXUH &RPPRQ DUUDQJHPHQW RI KLJK YHORFLW\ EXUQHUV LQ RUGHU

JLIXUH *HQHULF EDWFK SURFHVV VKRZLQJ UDQJH RI GHPDQG G.
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JLIXUH $FWXDO IXHO UHTXLUHG DV D IXQFWLRQ RI KHDW GHPDQG WR PCLC

75% 25%
Burner1 Burner1
Burner2 Burner2
Burner3 Burner3
Burnerd Burnerd
Burner5 Burner5
Bumer& Bumer&
Burmner?7 Burmner?7
Burner 8 Burnerd
Burner9 Burner9
Burner 10 Burner 10
Burner11 Burner11
Burner12 Burner12

Time T1 T2 T3 T4 5 T6 Time T1 T2 T3 T4
D E
JLIXUH 5HSUHVHQWDWLRQ RI ILUL@JIKWHDKA BIB\P | RU D DQG
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JLIXUH 6FKHPDWLF RI K\EULG VROXWLRQ EXUQHU DQG DXJ[L

D E

JLIXUH &) DQDO\WLYV VKRZLQJ SRRU D DQG JRRG E EXUQHU VSDF
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JLIXUH $LU WR )XHO 5DWLR DQG &RPEXVWLRQ (IILFLHQF\ DV D I>
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