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Designation of Excess Air for Controlling Flame
Temperature Causing Slag Melting of a Power Plant
Using Lignite with High Calcium Oxide
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ABSTRACT

Effect of excess air on flame temperature in a coal-fired boiler of a 300 MW power plant using
lignite with high calcium oxide as fuel was considered. In this study, the % Excess Air was in a range
of 22.5%-28.5% or % Excess O, at 3.85-4.65% and the lignite composition was consisted of 37.05-
40.24% carbon (C) and 89-4.66% hydrogen (H). If the % Excess Air was not appropriate, the flame
temperature (F7) might be too high and the slag in the combustion gas and was melted on the boiler
surface. When the excess air was too high, this might reduce the boiler efficiency.

The Adiabatic Flame Temperature, AFT of the above lignite at various values of %Excess air
could be evaluated. It could be noted that, for the %Excess Air in the actual range, the actual Flame
Temperature, F'T could be found to be 0.598 AFT and an empirical equation could be set in a form
FT =0.598(540.54x” —1460.8x +2165.4) where x was the %Excess Air during 22.5-28.5%. This

equation could be used to denote the value of %Excess Air of which the F'T was not over the limit of the
slag melting which was 1,100°C. Thus the suitable % Excess Air could be set quickly to control the F'T
accurately compared with the manual control by the operator of which the %Excess Air was adjusted
with 5% step change. The developed method was tested in two actual cases, and it could be found that
the operation could be easily performed. The time to keep the FT to be in the limit could be done quickly.
Lower lignite consumption was found and the boiler efficiency could be maintained over 80%.
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m313h 1 Lignite Coal Ultimate Analysis (Joyaluanuidedl)

Sample No. 1 2 3 4 5 6 7 8 9 10
Carbon (%) 3446 | 34.16 34.95 40.04 | 4032 39.66 | 40.59 41.03 40.58 | 40.73
Hydrogen (%) 4.25 4.04 4.17 447 4.57 4.75 4.61 4.6 4.82 4.81
Nitrogen (%) 1.41 1.28 1.25 1.42 1.45 1.49 1.5 1.45 1.52 1.49
Sulfur (%) 3.25 3.23 3.14 3.58 3.48 3.64 3.26 3.18 3.8 4.22
Oxygen (%) 23.67 19.47 20.25 20.98 22.05 21.44 21.12 21.44 21.02 | 1994
CaO free SO3 (%) 27.83 23.80 22.98 29.00 23.02 27.20 29.49 27.97 26.85 | 29.19
HHV (kl/kg) 12,397 | 12,313 | 12,041 | 12,233 | 12,518 | 10,697 | 12,325 | 12,376 | 12,409 | 12,715
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Parameter Value
Main Steam Temp (°C) 540
Main Steam Pressure (Bar) 160
Main Steam Flow (kg/s) 265
Reheat Steam Temp (°C) 540
Reheat Steam Pressure (Bar) 38
Reheat Steam Flow (kg/s) 243
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Mass O2 Required
Carbon (C) 34.46x100 = 0.3446 32
034467 = 09189
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ydrogen (Ho) X 0.0425 x% ~0.340
Sulfur (S 3.25x100 = 0.0325
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Oxygen (0) | 23.67x100=02367 | —0.2367
Nitrogen (N2) | 1.41x100=0.0141 | -
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Summary of Results
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Air (°O) °O (°O) (S °O (S S °O °O (°C) |AFT (°C)
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Summary of Results
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22.5% 1118 81.18%
25.0% 1092 80.83%
28.5% 1071 80.39%

iedeyamaanginlarezidewdnimdesn
ATAIUIUAINAITIIR 5 eI 22.5-28.5% 11
w5 dSeuNeusIusenINeAIINMSAIUIMLILAY
a1 18nmanaaoulugaenm % excess air 3513
22.5-28.5% uaaan a3 6

wngit 4 win 18 hnsfewtSinmemadauiiu
Tulsmagaiu sz ligamgilarTrliisanasuay
Sadamaniznudolszansamueaniteloth uaziileo
w151 luri9ve9 % Excess air 22.5-28.5% v
wuhdadruvesnisilaounlasves % Excess air
nn 1% winlfszansamue e levhuideunag

auTaeianlszuna 0.13%

AFT vs. % Excess Air
2000
1800 -+
1600
1400
1200 -
1000
800 -
600 . - ‘
400 ——y=23.81x2- 25.31x + 85.669
200 M
0 | | : |
20% 22% 24% 26% 28%

- 90
| 89
88
L 87
- 86
85
84

X AFT
AFT
W Eff.

y = 540.54x? - 1460.8x + 2165.4

¥ =7314x2- 4502.2x + 1760.4

FT, deg. C
Boiler Eff.

82

81
+ 80

30%

% Excess air

a o o ¢ ' A ~ a
Eﬂﬂ 4 'ﬂ311]ﬁllwuﬁigwQWquWQIJLﬂa?@gLﬂﬂLU@]ﬂ

voamswn g fuemeadAuuazlseansnne

v
nite'lorin

‘ﬁ' a d‘ \
WeNITUIANNITINNIINIUN 4 58nI19
guuginlalezifeiuan (AFT ) fuguuginlad v
1amM3 159114939 (FT Actual)

71N 4 uaras ganginlatezi@ouan Tusie %
excess air 22.5-28.5%

86

AFT = 540.54 x*-1460.8 x + 2165.4 (10)

aamgin)ad lwanmsldauese 9103109 4 Tuse %

3 U L]

excess air x = 22.5-28.5% annsamrualugy

FT =7314 x*-4502.2 x + 1760.4 (11)

Wideyaeunaitlatesifsiuan (AFT)

U a U

@ a

wisuiieunuguuginlaldvinnsldauese (FT
Actual) Tunaaza1ves % Excess Air Juyag 22.5-

28.5% 22l mumaei 7

M13197 7 uaasarganginisen lud uazmad19ves

gaunginla
Detail 1 2 3 Aver.
% excess air 22.5% 23.6% | 28.5% -
AFT (°C) 1864 1834 1793 -
FT (°C) 1118 1092 1071 -
FT/AFT 0.600 0.595 | 0.598 | 0.598

' a Yq ¥ a ° v
ﬂ']qmﬂﬂulllw1vlﬁﬂ1’]1“ﬁ\1'luﬂﬁ\1 m%mu’;m“lmm
AFT lag

FT =0.598(540.54x —1460.8x +2165.4)  (12)

< T A 1 A a
naaums (12) awwwin'lain lunsainldouiun
Y
Heusadmuasenilszneuveuremas uazdadiy
A/F 1150 % excess air @14 9 3za1w15an1 AFT 14
o [ @ J o

waz1n AFT dra1uisofimuanNuaduiusn
gungiladlvess FT azamnsoinequugl FT
& wazanaums s mua FT 91 1,100°C azanunso
o . k2 o 2 d’l A Aa
fi1ua % excess air latas d1uTui¥oiwaan

s Ay

p9A1lsznouNngA
dWehaums (12) TlFewdeudunsldau

v v 1
wiie lerrnmiinauAunieniuquagungives
v vy oy
w T Taena 1 dedredralunsaidnuidans il dq
minnuaunsosaz 1935mslasuan Air Fuel Ratio
) . ' IS ' 4

#18m3150 % excess air uuuasaluaeslyl el

v Ay YA Y
lagmngiidoum Inindoenis

U



]
=

2
asaianun 1 TsaWiuinng Iddemasauiu
' Ea
nunuantiaaal

C=40.04, H=4.47, N=1.42, S=3.58, 0=20.98
e ld % excess air 71 22.5% wuhguugiinladlvn
19911 1,115°C doamsnruguagungiinladTulldé
A1 1,100°C rietlosnumsnediveudiviaou (Slag)

Tunisaruquouugine st Indndina
1,100°C Wu31015AIUANUDUIANFINT NI
wuniesvy higwisasmuaanuduiuives %
excess air fumgamginar vl winnuezilsum %

. 1 I 1 1 a
excess air tnuaveiuaos 1 lugsgumnginias v
Aneuliuaaduaiguugitinuieareiulunu

9

50°C vz1l5uann1 % Excess air as3az 0.5% Excess
. o q Yy o 1= 3 A 9oy y a
air hlddesSuang 5 a5 9 az o Idmguivigil
181191 1,100°C uanmsauauuuuldaunis (12)
T Y o ' @ ~ S a <
awsarelimsdiumansadsuiesnsufedn

' Ay t!‘ Y
fﬂminmqummumwmmwmgﬂ1/1 5 llﬂ@t’ﬂ@

windniwag Iilsezaninminganh

1116 223

1114 % -&- By Manual

1112\ TN, —<-By Math Mode| = 22.8

110
o 1108 L \\ 23.3 =
8 1106 \ 0\\ o
':_ 1104 \-\ \& - é
& 1102 ; o 53 100

1100 X : X BN

1098 e iR

1096 »

1094 25.3

0 5 10 15 20 25 30
Time (min.)

51l 5 nsdiAnui 1 uSeufeumsnruguuuuilng

U

o A PRl o
ﬂ“]Jfﬂﬁﬂ'J“]J‘f’]il@s]}'JElﬁiJﬂ"IiV]NﬂﬂlﬁﬁWﬁﬁi"lﬂﬂﬂiﬂ

a Y
gaungiimsw il

87

Engng.J.CMU.(2016) 23 (2)

0.813
H By Manual
. Rl * By Math Model
X
< 0811 i~
g Taa
S o081 Sk s
:E = \_\\\
£ 0809 ~L N
[ N
a N
S 0.808 N
[+a]
0.807
0.806 4 e
20% 21%  22% 23% 24% 25%
% Excess Air
d‘ AR d' 1 @ o o 1
31]7] 6 NFUANEIN 1 MANUTUNUTILHIN

Y
szansamueanieiiiiu % Excess air

910M351U5UA1 % Excess Air Tasns lganns
a CaRl 1%
AAlaMEAsBIeaINITnanTLezIa1 lun1slsuas 20
Ea v '
wingenisUivarlu 1ade arwgdn Suaziiy
Uszansnmldng 0.108% awgia 6 i ln Tselulilh
a d’l o ] d‘ 9 o" = a A 1
wwniodludwmiannie leshdiUsz@niamgana
[ U d! a A'l d‘ Y :’ =
15uAuY manual H3lumsAuaiesnvde lowd
9
Uszansain 80.914% aziins 1 iBomasar1uiu
270.84 dudodTua uazInAuATean e lo1idl
2
Uszansnin 80.827% aziins i ¥otnaso Uiy
v v
271.93 dudod1Tua azuaINIT0anens1n15 149
Y v
Wwomainuruadldog 1.1 duaedalus w3e 26.28
Ea
@ [ a 1 a A 4 1
fuaodu (SnnFomasouiuan lud 569.70 vnee
o £ o v v a & a PR
au) e ldandunumskansinansoinas laoa
14,973.36 umaeiu
v Y
asaiany N 2 Tsa lWfuinnz 1disemasouiu
A vAa o d’l
unuauiAAall
C=34.16, H=4.04, N=1.28, S=3.23, 0=19.47
1iio 14 Excess air 1 20% quugin)adlnld

111 1,160°C dosmsniungulilsz@ansamueniie

Y v
Torhiim1ndifes 81% uazquugiladlulddind
1,100°C



w.opAlwAaNNs s.anMenn lia: n.ngsaaAslsou

1170 19

—4—By Manual
1160 = 20
b -¥-By Math Model
1150 »
\ N 21
\ g o
O 1140 \ N =
o | LY » o
Y1130 ~ a
2 N & 8
E120 e =
j \ X
1110 1 * 2 °
\ Nig
1100 3
* Yo 25
1090
0 5 10 15 20 25 30
Time (min.)

5UR 7 nsdidnyi 2 nlSeuisumsaruguuuning
o - PR o
fuMInUAUAIBEUNMINIAdamaas$Iel5y

gaurgiimaw Ingd

Tunsauaugamgifean ndiidind 1,100°C
msisuguuginad ldmdeulsuaatuniquugi
huue aefwRuni 50°C azdSuaant % Excess
air A%eaz 1.0% Excess air M¥doaumie 5 ade
el 1dAgmngfifid1nda 1,100°C udnmsarugu
suulFauns (12) annsarelimsdsuaiauise
Ysuiiiesnduferfannsanunuimaiuiidgesmsay

510 7 1deenamiudniuaz sz ansawngann

1] L]

0.818
= By Manual

_ 0.816 AN # By Math Model
R 7. s
< 0.814 S
> i
o SN
5 0812 B
S TR
£ os1 Tl
o S~
= S
5 0.808
[=2]

0.806

0.804

20%  21%

25%

22% 23%
% Excess Air

24%

d' AR d' 1 @ o o 1
ﬁ“lJ‘ﬂ 8 NTUANYIN 2 AMANUANNUTILHIN

U

v
a a E) o w .
szansnmveaniionnu % Excess air

1InM31U5ua1 % Excess Air Taons1daunis
a Jd 1 @
ANAFANTFITAINITDAATTEL1IA 1UNITUT A9 20
9 v 3
wingenisUivarlu 1ade arwgdn 6 uaziiy

Uszangnn'fie 0.076% amgalii 8 i lWTsa vl

88

a d’l o 1] d‘ 9 o" ) a A 1
wwniodludwmiainde leshilsz@niamgana
o 1 & a A A 9 J a
15uAuY manual Falumsaunieanviie lownd
9
Uszansain 80.87% az1in15 1 ¥1¥0 a0 1UN U
v 1 v Y
271.80 dudodTua uazIn@uATean e lo1in
2
Uszansnin 80.82% 221015 191%0InaI0 11U Y
v v
271.93 dudod1Tua aziuaINIT0anenI1n15 149
9 v
Worndsouuaslans 0.13 dudedlue use 3.26
Ea
@ [ a 1 a A 4 1
fuaodu (SnnFomasouivan lud 569.70 vnee
o £ o ] ] a & a PR
an) e ldandunumskaasinansoinas laoa
1,858.30 1maeiu
K g/’ = 1 [ 1
NATAANYING 2 nsaNUIN5U5uA1 Excess
air #1283 1Fauns N PreauITaanIzeal
[ 1 [l 1 <3 1 o 8
Ysualidhganthmne ldedresaaiaziniug a
Y
Mldalsza@ninmueande loriliargeaniinsds

Amuuvlna

5. agUwamsIde
= a o 1 9 d’l a 1 a
INNITANEIITENUIINT IFIFOIWAID U U
a s a s Aao ' s
an'ludunaiFonson ledgenionsidiuvesmsvou
I A = 9 Yy A
warenlszneudu 9 mua1sen 1 aglnanuseun
wavinnse Indfauysogaga laiiu 1,883-
1,885°C nsunmermadiuinu (Excess Air) 20%
' a v YAy ¥
waznaanvesguuginieluioun ludnldenms
° a s . .
furanuumse Indinauysel (Adiabatic Flame
Temperature: AFT) fugauvgiin ldvinnisldau
v
¥3afiAunIny 598-600°C dwmsumsanerluaiui
Nnu31 A5 Excess Air vo4159 lelflusing
9208119529 22.5-28.5% Excess air uazlunsaini
YU % Excess Air tinnsoaann 9 1% szanali
v 1]
dszansamveande lovinddsuniasnin 0.13%
iesnnguugilad Iiimsulasundasuaznisls
a g a
aumsnuasamansseluaruguagunginiad’li
v ' A
ansaimldvde levhddsz@nsamiiuiu 0.076-
9
0.108% wazaams I yemasauiiuld 26.28 fudeiu

9 v
A usinuaemacldag 14,973.36 vmasiu aniia



Engng.J.CMU.(2016) 23 (2)

daensnaaszeznarlumsiSunasagurginad 6. nafnssnilsema
Y "o ' A f
Idedumindinimsasuquuui@y yovounn M3 IWihihonaauvalszmealne 2ld

NUATUAYUNTIVY LAZVDVO VA NMAIYIIAINTTY
139NA VINeaeTe v uazvevUAMKUILIY
wunieeTsa I msTdidendania

iq ¥ ’Y { o aw
Uszme lnei ldnnueyasizdaanunhiive

Y a
DNA1ID DY

(113 InlihéhowalszmetIne. sua§uilzs Boiler 159 IWiuninng n3oeii 8-13 14 wan luditin1 CaO ga.
Unit 12, 2014; 3.
[2] nuafesd Mesads 1snd. med lu'lawiind IL aanfumaluladwszeeund suys, 2531,

[3]Joseph, G. and Singer, P.E. Combustion Fossil Power (4th Edition). Combustion Engineering Inc.,
1991.

o Aa [ 0o w A o 1 o a [
[4]du59 305 1a. M3 Tl TIUANYNUHIIINTUNYININGRY, 2547.

@ a § a Y o @ Aa 4 1 o a @
[5] fyaun Yaedosd. wermasuazmswn nd. dniniuiuvsgmasnsaiuninends, 2544,

[6] Kouprianov, V.I., Tanetsakunvatana, V. Optimization of excess air for the improvement of
environmental performance of a 150 MW boiler fired with Thai lignite. Applied Energy, 2003;
74: 445-453.

[71BOZZUTO, C. Clean Combustion Technologies. A Reference Book on Steam Generation and
Emissions Control fifth edition, Alstom Power Inc., 2009.

[8] The American Society of Engineering. Performance Test Code Steam Generating Units PTC 4.1,
1974.

89



