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AT

39 9 U H, 660 MW & $HIIell glfed sffashifad ddig eIfkh 09 &1 9™dbe <Hl 5
gR1 [afia SwrTfder el & Argq | fAfr= weres aRR™l # vawsii serdm a1 Sirg
DI S 2| AMHTA Tadsl qeIdT U B 7g g5ead yare IRRYfT &d &x & forg A
JgQ FETeT BRI (HE2 <16, G4 419 d9HH Ud YA J9HE) Bl gedq A T
(Taguchi) frdeds faf &1 IualT exa A fHar a1 | OF Tad dR®T & Idd & -
TRIAAN & AT JATE JRATBIT BT AT Lg AN Sl F9g (Orthogonal array) @
U H B g | UH—UP U & U9TAl DI Fe—AT Sird RAei—c—rsd 3urd (Signal-
to-noise S/N ratio) faeryor Ta UAIRIRTT 3ifs IRT=T (ANOVA) & gRT &) T8 | = &
Py I qeIld € b @t uTa H 83.43% I 3feraT (Contribution) & AT HEH q1d HIH Bl
RIS G&TdT OR Haifeleh FHTael Ureiel 8 Ud $¥e d1a 12.99% 1 ARl & A1 & 919
& JIIHT BT AT 3T 2 | 3id # fageryor & fafSmm=aar &1 Sita &) 78 vd aRema |aemiig
faam T |

Abstract

In this paper the exergy efficiency of a 660MW coal fired supercritical thermal power plant
under various operating conditions have been investigated through a thermodynamic model of the
plant developed by using Cycle Tempo 5. Operating condition for maximization of exergy efficien-
cy is optimised through the application of Taguchi design method by using three factors namely
condenser pressure, main steam temperature and reheat temperature. The operating conditions are
planned with three levels of each of selected three factors as the orthogonal array of Lg. The effects
of individual parameters are investigated by signal-to-noise (S/N) ratio analysis and analysis of
variance (ANOVA). Findings of the study reveals that condenser pressure is the most dominat-
ing parameter on plant exergy efficiency with a contribution of 83.43% followed by main steam
temperature with 12.99%. As the analysis says that, the parameter with highest F- value will have
maximum impact on response variable, the same has been checked by confirmation test. Thus, the
result of analysis is checked and validated.

ST I : TR 31T IRTRT (ANOVA), STCTHIBRT, Il SRaall g, Rivsiei—c—igd
(S/N) 3rguTa, T, SARTIDHR fFrael
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R

M= HAR UG 319 [1] 71 s Urdferds (Parametric) 1eaad« # rashifad (Subcritical),
rfaspifaes (Supercritical) Td uRT—3rfashifad (Ultra-supercritical) ®iaer grfed ofs o= #
919 AT BT 600°C, GARITYA TTIH BT 537°C Ud HafTH @ BT 0.09 bar IR ReR I@aw
A1 SHYUT ST61 BT TAH AF T B oG AHA SRl 5 TRUYT HIFSTIR B SUANT PR
AIF BT AR [HAT| IV Y JIRUD © A1 373 ARV dTell AR Siel AT Sqawedl
R IR B gU Adhifcd, 3ffcshifdd Ud WRI—aifcshifae eRh AIF & @bl bl d1dry qefdr
I 40.40%, 42.48%, 3R 43.03% W &I |

IR HAR UG 39 [2] 7 U eI § 250 MW & Tdh 3fashifclds, JAwrad, Jaoidd
Jad SIS qlfed A ot |93 & = R W sgwiia fear| fee= 4 3= wu 9
SAM Td SHoll Ager AHIBROIT BT SUANT [ 11| |93 ¥ AU AMaeID Albsi Pl
SUANT IFD fageiyor ¥ fHar a7 | 99 S, exarsd, uw, [ufA Ud WRUT Sl Al Pl
UHIhd PR TAR JJwiud el B Hceld (MATLAB) T0MT AHCdIR & §RT Aheldydd
AT AT | 250 MW &HaT dTell W33 @ fog IR @ fafi=T srarersii § S9& aafdd gemer
@ R # Fhel WIF <&, PIAT @Ud &R UG 99 YdI8 &% $ AMI Bl gorr eel &
HATAT W TS I AFL PR AT Fael &1 fAfemm=IedRer fhar war | srgwiua el
q < gRem HAmgE o |

U WY BRI e §d Sevd fAgdE sraspifad wfh A3 @1 qerdl H gl @R o,
FEIERA TG 3 [3] 7 IR B sHhTsdl o A, gu ud sifaamies &1 aiferarg
el SR o | f[aeiaa Fesl @1 g9maeiiadr o1 R? vd ANOVA faeeiyor fafel & grRT Sifar
TAT| B IRIARd WhH Urad Qo) &1 e @ fafr= aRadeeia == o) AiRar
BT fgeryor fhar | Fesl &1 fAfM=IeRor Ffe fAeiyor & gIRT T2 UhH Uraell BT SCaHiaRul
fESTTg= 3l gaauRa=a (Design of Experiments) @ AT R TR® HaTSIaiol (Response
Surface Methodology, RSM) & &RT T TT | JTeT—3TeT el @ Uaidd (a2l &1 SudRT
PP DI led dUg eRE FIF & Adtgd R0 (Predictive control) &7 &< Td
Jfheud foar |

g SIgE [4] 7 TP Y H dFeR A9 M & qd & gdTe il BT SUART BRd
STA—ACIHAT ATl AATHG el wnfud fear| g9 Y 9 arafds e & feeq & om
qrell 3M® BicAgdal ¥ 921 o WaT aon fafy & andry wifts w3 # andfig wadgred fHE=or
Mo & @ 3R FEAHIHRT & folt Aoigd Hev U 8T & |

i wIfh WAl & Fwred & sedHiexRel & fofg T v gArar faffl b1 ST SR
Irel THE WY BT B G fIaRer okgd F S ey uF [5] # fear 2| i vd WRaR
[6] = T S/N 31Ut Td ANOVA &1 STINT &R Tth FIF Bl Yool Gerdl IR rararvi
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dqHE, FUE S Ud g% 99 B 9
@ Y9G BT eI fhar| I=|IA 99 ArIHE
P FEH YAl RS & ®U H GRIT dAqT
g® 918 qIATaRvIY AT9H o7 | 99T Ud 311
[7] T 3T U WReR [8] 7 YA A urerd
qrareRei qroH, Fef~= &4 99T /1Y J9H1
R IR BRA U T&D & A WRI Bl oADR
T AT H AT d918 3R IADH
3T B AU TAh AYH DI RISl qerd
B SiE DI | I8l SN JFgurd fagetyor ve
UATfeIRT 8 aRu=T (ANOVA) dern Ris
(Regression) faweryor fdar &R Th—vd Uraret
@ g9rEal DI Fd fhar| ardeReiig qroEE
aifd JEGRI UEd Uil AT S
RV @ gite W1 &I qAT J=TeT a3l
D FTEAFNBRY & [y T Afedd Bl
Uh 9%d fAf & w9 § yrar| SIfie g o
[9] 7 @RTA Wed (Cost function) H AfFHfera
Ul BT S5 WR I $HR v afd fafe
B SUINT T o | g Hidl A fagd Scare
@ folU USRI &Rl & §edq 3Maed B
@I A &1 SuART 9T ud s [10]
o |

FeNeraren
9 WY BRI & AT =R0T TR E -

(i) I B FAPITPST feraelsr T argmur
—He <l 5.0 JTgHUY WITCIR Bl
SUART TR WA B SERMAH ael

IR B qAT AR BT [ &1 gl
(eT@d) & o 9 [5, 11] ¥ fobar ar ? 1

(i) IR Fafer a1 SrgurRiver - U e
@ I A &1 [ grweR Sl
R fhar T o | I Wik fafe wel vd
TeT § AT UehH UTaell & YT Sfffdeds

SEAHIARYT & oIy Ua geaRera ufshan
g & | e faverser # g
& Ul & 3ffidheud & forg aipfar fafer
TP YRRl HIETH SUAEl $R § |
aqfa fafyr § feer ==or 81 €1 [12-15]:

(i) ufore =R (Response Variable) a1 Sgea
(Objective) 3T 2TSCYC UM AL
(Output quality characteristics) —foT=TaT
sedHiaRY fear ST @, @1 fafeal
AT HIAT| A AT | g [IA
UGl GeTdT B |

(ii) fFRIF0T BR®I (Control factors) AT WshH
urgal (Process parameters) (GciHT e
d, WuE S@, g 99 duEE g
QRIS ATYH) B U8 dRA1 Sl b
IIrATE =R AT I DI YHTAT B Febdl
& |

(iii) TRV FRST & ORI TAT ITHT [T
gexuaR™ (Interactions) @7 fErROT BT

(iv) AT el 998 (OA) &1 g
HIAT dAT OA & oIl (Trails) # avie
IR YRIE0T ATl HRT |

(v) REFii—g—sd (S/N)  o/urd Ud
AR @it aRu=7 (ANOVA) fafer
BT SYANT R TAET b uRUE BT
fawetyor & T |

(vi) S%CH  Afdeus UTedll B WHE ST
BT |

(vii)gROTH eIt gead AfAHT Uraali Bl
AATYT BT |
faveryor # SuanT fHy U =0T HRGI

P SAD WRI B AT ARt 1 H g Ly

AR Sl g B SYANT B JATeT

BROI B foly TIR fHY 70 ifden fama

(Design layout) @7 Rl 2 & gacr 1T 8 |
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IR 1 TETd BRBI Bl WX BT TG

Levels
Symbol Parameters 1 > 3
CP Condenser Pressure (bar) 0.08 0.10 0.12
MST Main Steam Temperature (°C) 517 537 557
RHT Reheat Temperature (°C) 545 565 585

AR 2 ¢ Ly JMARTS G TE $ ol FRIF0 BRI BT YIS Je—a
Trial No. | MSP CP RHT
1

[E=Y

olo|~N|lo|lo|s|lw]|N
wlw|lw|d|N|N -
wlNvlR|lw[dRlw |-
N |lw|R|lw|[dw |-

(iii) Rrostet-g—sirgar (S/N) 3srgurd faeawor - Ryee—c—fsd aefiq S/N Tifsd —eye &
@ %eld (Log Functions) B & TIT UTdeT Sf¥cteror # IuRera faarvn/fafdear (Variation)
$1 A 2| IR STANT fhy S aret o9 AHe fafet & faudd, agfa fafdr & aderor
gRumAl & "e fages dor "y gFf R fIaR aR gRad ERel §1d &I Sl ©
S/N U |HId: O @Rl W B 8 dl—dlav—g—dex (Lower-the-better, LB) 1
BIg3R—<—dcX  (Higher-the-better, HB) Td & =ffimai—g—dex (Nominal-the-better, NB).
Ifp wlRh W93 H g Jare ARl H JAfABdH Yol Qe aie-ig 8kl ©, S¥lely
IHT eI H RISl G&rdl Bl HB I[uTac W eeToT &1 da+ fhdm SIrar 2 | $H®T AR
g & & Uh¥ UTerdl BT S| Wk 98 BT & o1 TR S/N S1urd Afdiead 8ram & [12, 13].

HB ToTaeT Sffieteron o1 f=TgaR erad fhar o war &

S 1 1
n (N) =-10 10g10 <E X y—lz>
TET n(S/N) BTZIR—G—dTR AT & foft S/N 31U U4 y; I JanT ¥ iffefead drerait
& faf=1 F9El @& A1 ARIdd <R IR ee gRT S @ TS aRdfdd GaRToll qetdT
() @ ST & T n GRAeAT (Trial) # Iexra (Repetitions) @1 AT & [12, 13]. Taii
Serarall [16] @ TOMT gROMA e |ia S/N Jrgurdl & |aRefl 3 # fewamr w7 |
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ARYY 3: T |IF H AR TeEre sravertel & foly yaRToll IR ud S/N Siurd
Trial {CP  [MST |RHT |1y (%) |S/N ratio(dB)
0.08 |517 |545 [40.087 |32.06007
0.08 |537 |565 [40.551 |[32.16003
0.08 |557 |585 [40.987 [32.25292
0.10 |[517 |565 [39.454 [31.92182
0.10 [537 |585 [39.915 |[32.02272
0.10 |[557 |545 [39.895 |[32.01837
0.12 |517 |585 |[38.911 [31.80145
0.12 |537 |545 [38.904 |[31.79989
0.12 |557 |565 [39.336 |31.89580

Olo|N|Oo|O|R~|WIN|F-

(iv) et 3ie AR (ANOVA) [5] - Tfa fafer o= ama # uab—vah uraet &1 awgot

fer Wy Fd T8 B GdhdT, WG UAaT (ANOVA) @ gRT I8 §Wd & | gAmET U
TiRerer fafy 8 [17] e STt ufasard! @ (Response variable) a1 S2% (Objective)
R =T FRIF0T BRSI & F9Tg B AT A1 DR D (o1 fbdT ST & | TArar &l Ao
T8 TRIETT B H AT S € b U SIWSETT Bl B I Afhedd Hrad g WY
I yaTfad HRa € [12, 13]. I8 faveryor 5% favassigdr R (Confidence level) OR faar
ST B

ANOVA 7T & It MINITAB ATHcdIR &1 SYANT fhar a1 € 3R aRumat &7 |rell 4
H gurrar T € | gRemEl W W § fh i g9 |aifde uaei) U & e v
STl 3 U IRTET 83.43% © Ud §9 AN 12.99% & W1 R 419 ATYHE BT IR
SIS

IR 4; RIS GeTdT & ot ANOVA & gRoumd

Source | DoF [AdjSS Adj MS | F-Value |P-Value | % contribution
CP 2 3.33953 | 1.66976 [54252.9 |[0.000 |83.43%

MST 2 0.52006 |0.26003 |[8448.71 [0.000 |12.99%

RHT 2 0.14324 |0.07162 |2326.96 |0.000 |3.58%

Error 2 0.00006 | 0.00003 0.00%

Total 8 4.00289

(v) BRBI BT Tedd T sd Bl [5] - CP, MST g RHT & forv wren ufoare (Reaia)

Td #eg S/N U o 1 7 AWy SR € | grael Wi & I 35ead Sfaerll b fora
1 ¥ oY fa=gall & wu d qwidr A7 21 S/N U W AEIRT A4l bl aRell 5 7 fear
T 2| $H9d AfRad, AR 6 H TUY FAR Yol ST & oy Seaad ufdwre v
Seaad S/N U &g Iraal BT |AIT gead Wk A1B3C3 & ®U H =rd fdhar |
T TE] H, e I H FaSS Uakoll qefdiedl d e e 7 sedd eEre
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3fEReITy § : WH T WR 1 W, I A9 A9 WR 3 TR UG G191 o+ W

3 IR BT A1 |

(vi) gRewdes Tdetor [5] - UshH UTecll BT $edH WR MR PR & Ugar $9bT SUANT R
T # gaR &I gfaardl @R (Response variable) & Ual ¥ 9fIs@moll & iR S9!

gfte &A1 Ufhar &1 3ifaw =ror & | wfdsgarfl B S arefl S/N- rgard b o [18] |
qoars fafer & &1 o Wl 2

npredicted = nm + Z(ni - rlm)

i=1

&I Ny, S/N 3UTT BT Bl ARY, 1), STCAH WR W ARI S/N U, 0, AR yraai
BT G & | S/N U H GoIR P FRON 6 H IAARIT TAT & |

Main Effects Plot for SN ratios

Data Means
CP MST RHT
32.2
§ 32.1
=}
o
Z
(%]
5 32.0 / //
c
®©
(]
=
31.9
31.8
1 2 3 1 2 3 1 2 3

Signal-to-noise: Larger is better

s 1: =\ SIN SruTd faves UshH vrerdt
AR 5 A S/N 3uUrd & oy afcrrg |aRof
Level CP MST RHT Overall Mean S/N Ratio
1 32.16 31.93 31.96
2 31.99 31.99 31.99

3 31.83 32.06 32.03 31.9933
Delta 0.33 0.13 0.07
Rank 1 2 3
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AR 6 : YFASll Q& & oy YiedhRe URIeToT &7 iRemA

Starting process Optimal process parameters
Levels parameters Prediction Actual
A2B2C3 A1B3C3 A1B3C3
Exergy efficiency, % 39.915 41.036 40.987
S/N ratio 32.02272 32.2634 32.2529
Improvement of S/N ratio 0.2302
Prediction error 0.010

(vil) FFgel fectuer & fafdarmeaar @t wifg
& [5] -

() aroft 6 & W B 5 gfoRrdy ==
AT YISl qeqdr R I F- AN Bl
Eferd fRer @ ugl #) waifdes wwra
BIAT © | 9 o¥g fawelyor &R = &1
Pl BT yAE H RRIGR @1 gite aleror
@ gRT Bl © |

(il) "TRBIHAT IIEToT:

I UREHIAT (Null Hypothesis, Hy) -
AT SRG TR U9 & Faw | o
HRES AeH I Aedqol el © |
defedd UREHeIAT (Alternate Hypothesis,

Hp) - UGl &R$ WR U¥1G & Had #
e BRe shifacyol/meayget & |
T URBAT DI I fal ARGl
a1 & forg fofa e 2g wafda e
g

fIeaa i & a WR W, Hy &I dad
N I P > a Td AIPpd AT BN AR
P<a.

Bl 95% fawadReT R & folg, o =
1- 095 = 005

gaq= Brd H, IR 4 I Ig @I AT
5 & 1 g/l &1 P-AT 0.05 | BH
2 3rifq vawell qerar & e # A RS

Igd &1 Sifoageimradfia € W g
gaTal B ATHT STAT—37eNT B |

Arfad srguirer

AR AP BRI aTfed eARh FIH

@ UBfa Afwifies TeR @ B 3Ed W
g % 39 oy o # yanr @1 g R @
ITIANT VA 1 (i 21fh wa=1 | fobar
ST WAl © | AFIT B IR B AR

YATGHR] Tl BRPI Bl ITdh Hed & A
@ FFHU I Y& B §U 3R ST AHI
@& AT DI UTAfAehdr ad §Y HAFT DI qErdn
¥ gfg @1 I w2 |

forspd wd sifosy & ong ferder
qdATST N MR &

IfETdl HRE (JB1 W Tadsll qeqdl) W
PRDBI D AT UHIG BT eqIT
1fe, SN 3gurd Td ANOVA &l Ui
RS A AT HIF Yadoll el W
8343% @I Hfaed BReN @& W
et g9 Haifrd IHTHR HRS & 3R
B d1a 12.99% RRIER & A1 g4
AT ITYATT BT HH 37T 2 |

T OIRh WIF & g9 Y UGl
Terar & forw T =R_f @& wWRl & ded
H SSdq YaTeA Jraverel &I ffved fhar
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AT | JETERY & oY, acid fageiyor o
AU T WR 1 W), &I 99 J9HH
R 3 UR UG YAAIUT A9 YA WR 3
R YT T |

ANOVA T 95% fagaa=iadr R &
AT B TS TAT YehRS WA gRT 3
WHH Ul @ Sdd WX B g fear
T SR Sfad: FRgul fageivor ud gRomEi &
faffmrgar &1 dUe F-AiRegar A den
IREGAT YRIETTT & gRT fhar T |

afosr & oter forder — aaq™ Y 31|
H HIF B el qdT WR b A gTe
BRGI B JITEl BT AT BT SMHA fhar 1T
2 | T 3 AraraRviiy Ud FeETed BRBl ©
UATal BT eI WA B I Hraf § fhar
ST Fhl B |

o U HF UYH ISl debeiiat oIl Br
FaATaed B eraract

Alphabetically  sorted | qofarer TR
terminology in English | presy rearachy
Cycle Tempo AThol T )
Efficiency cerdl

Exergy TSI
Modeling el

MW LRIEIS
Optimum geaq
Parameters Tl
Regeneration SRR
Reheating eI
Simulation IR
Supercritical arferepifere
Validation fAfra=rHvoT
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