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Numerical simulation and analysis of reductive atmosphere in air

staged pulverized coal combustion

CHEN Denggao, LI Zhenshan , CAI Ningsheng
(Key Laboratory for Thermal Science and Power Engineering of Minisiry of Education , Tsinghua University , Bejjing 100084 , China )
Abstract : Air staged pulverized coal combustion is a widely used low NO_ combustion technology. Numerical simulation method has been
used to help improving the combustion inside the furnace in order to further reduce the pollutants during combustion process. The predic-
tion of reductive atmosphere is the foundation for accurate prediction of NO_ emission,H,S erosion,and so on. The main purpose of the pa-
per is to propose a route for reasonable numerical simulation of air staged combustion. And apply the proposed methods on the simulation of
actual boilers and analysis the effect of the prediction accuracy of the reductive atmosphere. The main content includes ;D The characteris-
tics of pulverized coal air staged combustion was discussed. A research routine for the development of numerical simulation models and its
application was developed. This includes the model development and validation based on air staged combustion drop tube furnace experi-

ments ,and application of the developed model on commercial CFD simulation platform for numerical simulation of air staged combustion.
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@ A drop tube furnace experiment platform was built to form a temperature and species field that is similar to actual boiler. The combus-

tion stability of the system was quantified by online measured coal feeding rate and gas species concentrations. Experiments under different

conditions were designed and conducted to obtain key results, for example the concentration of CO,H, and coal conversion. Thirdly,a coal

reaction model that can simulate both oxidation and gasification reaction was developed and coupled into commercial CFD platform. The de-

veloped models were applied on the simulation of a 600 MWe super critical wall fired furnace. @ The simulated results with consideration

of char gasification and without that were compared in terms of the distribution of reductive gases,NO_ distribution and emission,and coal

conversion. The results showed that the proposed routine gave a good prediction of the air staged combustion process ,especially the reduc-

tive atmosphere. It was found that without the consideration of char gasification, the formation of reductive gases,NO,_ emission and char

conversion cannot be reasonably predicted.
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Transformation of coal,the formation of NO, and H,S and the evolution of ash in the process of pulverized air

Fig. 1
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Fig. 9 Particle size analysis and RR model fitting

116

PREEEs U E BT A E 3 )2 REeEs KA B
—JZ I OFA Wi SEUT MBS A 45 & 2 T OFA M
F1o e KU 0 L3 2, AR KU L 911 2 4 209%



T
o

A R A T I s SR R B R T K B

www.chinacaj.net

2019 4F55 1

EX

YRR 67.2 ke/s,
g

HHGEMEAG SR /

n\ NN
! ~ ~
! 1
11
RV |
A N JEhG JpgE |
| BN w7 puss| som | 4} |
Z 1147 m : fﬂﬁ ! : OFA
S| T 1 FOFAd-oolos | M | e
b e L Forate—" ol
) F % ! I e .
Bl E & oo leul 1”4 s
Al DR DOOOS IV SRS G
- el g
= £ | % \
2 b ] %\\ B Aex
ey
FHHE K AL

10 #paHE A
Fig. 10  Boiler structure diagram
% P BNEG A P R 7 0 A HAT B R 2 A X
Prbk, S BRI A, HOR I 172 7 Ji A7 B (B A
o PLEZSTA ) T80 73 W% A% S8k 460 7,

FEPIIET Fluent V- S5 HEFT , 35 SLAHME 13 KL
SRR URLIE 3o 5 TBOAH A PA% BT H R IR AR T
AT SCBY | — e BERUTTR SRR IR P1 A
B SHMCR 8 B WSGGM 7 ik 4k, A Bk be
K ED R 2 [8 8 K4y .CO H, BRRBER Y, R
FH AL AT S AR S HGE i Maffei 25 (1)
AT (AR R T A, = 7.24 x 107", #
WALBE E,, =238.3 kI mol ™), £EJR W R H] UDF
T A AL BRBE S BOR A Karlstrom 25100 i 480 ALK
Bz B (5 ok IR N R AT T Ay, = 1.73 x
1077, iEMkAE £, =93 kJ mol "), SALSHCK
UURE IR S8, TR AR E 5, ] NO,
B NO, MR SRR, R o fE kS Ak X
LR s . O AR, B R A A
@ AR S AR

&2 600 MW X I HUPIEITSE
Table 2 Operating parameters of 600 MW wall punch furnace

W% I {7 Bkt M/ C o BABIOEL (kg - s7') B/ (kg - s7") it/ %
— WA 24 98 6.17 148. 08 23.2
R bets o .
=S REHULR 24 328 15.13 363. 12 57.0
L2 8 328 12.91 103.28 16.2
MR 4 328 5.71 22.84 3.6

4 REER5ITiE

4.1 TFEIPRRGERIE R R SR M hESH
HE
CO H, AL R g6 25 R an & 11 frR, wf
PIE H BEIRE TE R, CO A H, AR Bos hn, <4k
BRI
WFFE M 3T UikEy, R & A 5 K
RICAE e A B T 22 SR 7 A R R
2. WMAFAE— 2 RORLAR A3, % LA 2 BT TG
7 SRR S AT IR s ) EARTTRE Y b iR 2511
/N ABRSORE F B FERR e ik B v ) A 2 S BUBURL TR
JETH i, PR 2 v B 9 SRt B AN 1T
@) $UA B TT I [R] s A 1R A 1k S8 RS A
W BE BRI A T 430, BRI 3R B A IR 251G R
I, A3 Bl 77 4 2 800 1 o R T 0T R G T
CFD $U{E MU 3h 11 2= 0y 2, 13 8 o, |
tb3h 12 B%500 . A(CO,) =3.065 kg/(m® - s - Pa) ,
E(CO,) =219.7 kJ/mol; H,0 SAksh 1 ¥ S50 N .
A(H,0) = 0.12 kg/(m* - s - Pa) E(H,0) =

180. 1 kJ/mol,
K12 2 CO 5 H, BT 04,3 AN EE
T ARG S R & HAR 22/ T 10% ,
TSR SR R S5 & B IR 25 R R
BRI R X S A AR RN Cco A H, YR,
4.2 JhmiPiERGRENIR Eipb i
K13 A5 1 2R ERETE L0, .CO H, K57
BB, R AR B R TR A, (o 0 <
JETH i, AR ARG A, AR R R
AT LAE AT RN, KOG T i
ey, L B AT A R R T ) B4 5 B IR
B, BT AR JOE TR R , BARTEA 4R
S AVE Y R AR Y Ty (R fA il -2 s
A CO M H, SEENS O, IO, bR T BRGEHE
I, % e AR B g 1 O, WHABEE B, MARIIERE
T B0 A () —BOME | 1200 iy A LR 2 A XU T
FE AR TR, 48 A 28 S B I DL o0 4
BRI, H— R Ui /N 2 =R FE KA T O, #E
KRG il 544 co M H, . A% RS
H,CO WET IR, SR 3 [ AR G, TR AE OB T
117



2019 4F55 1

www.chinacaj.net

ik h g H K

$25 %

WETCHTH CO =, CO MR Wi BE BRAK, 750 i
UL TE 0, KB, AN EAALIT TC I i I8 R IX | 3
bR AR, ZHUEMBIEAmOTE BT
A1 SO, FEIR JFPE SR 8k J5 AR B COS AT H,,S,

oA R K V4 B U 5 0o R O R IR
I, ST O3 Ak B0 S AR, AN 2™ A W Y
el JE o, DR T IG5 BN v e Tl ) kA Ho el
TR ARG IR A1 H, , T H, A2

12 T T2 100 1400 C
< . . s enl 1300 C
2 ol 1300 C 4 = £ 80 1200 C
g 22t )
% o = T 60
gl . 1200 C 1 = o
= Qg 240 -
o Boar fd
T 4L ¥ SN
@) o 2 90 +
Q T
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
SRR /m SREFEES /m SR B /m
B 11 CO,H, flf # L RITIE P I 5 4R
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20 : s !
a @ 1200 C = 01200 C
o 01300 C 20% z 1300 C
= L o o = 3F ©° 20%
& [ cla0 T A g [ o400 C o
- e
£ "2 ) ° 2
- I~ o
= - -20% *:(i 5 ° -20%
<R Dn @ 4 o}
Elé 5+ z o w-rTlé 1F
= &
8 I I I .:I:'N L 1 I
0 5 10 15 20 0 1 2 3 4
COMRRBT #(dry, KB 18 )/ % H, A3 e (dry B 1H )/ %
H12 CO 5 H, EHFME 2= 47
Fig. 12 Agreement plot of CO and H, from experiment and simulaiton
prs
N - S URES te
==X ﬁ
—— -2 o 8 0=
(a) AFE UL
st Stz
ks i I 16 £ 4
< 5 <
: = {122 35
i — &K i 8 KT &
HU — /|| < HU g HU 2 x
stz ! B = | e oK
a—" 3 1 298 E
[S== —| o' 0 O 0 :N

H13 %1 EWMBRBEE .0, .C0HH, KR, %= E

Fig. 13 Distribution of temperature, 0, ,CO and H, volume fraction of the first layer burner

B AR . CO Fl NO, IRF A H /A dn &l 14
FIE7R o SRS X CO YR BEVE b B = B AR 1k, CO R R
Ay B X IO SRR X, AN R A AR UT, Hh
F CO HIETHH , LGB R IX , RFF &2 S5
BRI TR B, AR AT, 3 B bRt
OFA Z Al TS ALl cO RBL B i, A i i T
OFA JCILTE %55, CO TRV X IHFES1E | 1X 1 AR
SEy R O co HERg

118

4.3 NO, LR

PORMRBE F= A B9 NO, AT THC ( Bl &4k &
W) iR, Hoh CH, AR R BT CH,
T A0k 0, #EBIH AR, T A B E TR PR
SRR ARNLE, SEGTHERER, BARSI8L,
CO H, A ®JE NO, MIRETT, L7 B (E R 4L o
HuH 4 NO, 7EIRJR X ik s, B/l 15 R NO, #iFh®
i B =, A RS, BT CO HAE#K



www.chinacaj.net

WAOB o A5 A 23 O AR R R DR S R UL N e 23 A 2019 4E56 1 4
2100 16 1000
1750 1338 750 &
1200%31%% 8 8 500 R

ui=| = Y
O 250 5
750 4 3 o
300 0 0
(a) NERESM
2100 16 1000
1750 12 g 750 &
2 b &
1200 2 g8 = 500 R
IE, W =S
750 4 8 250 S
300 0 0
(b) BrESA

H14 REATIEE COFr NO, KL% 04 = H
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