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1.1 R MHEME L

75 LURT K FH 3 40 4.5 BN LB AU A R J5e 1
e B, Han % ) 3 T GRI3.0 40 RS HL
B U2 gl R b R R A T NO. B R
W, ZHLEE X C/H/O/N (RN RS, H8&
325 NEETLRMAN 53 Frdlsy; Han % O sef T
Glarborg ] “GADM98” ¥4 M HLEE MU BRI
FriRert B S BEEXT T NC, LR &S o,
ZOLEHE X C/H/O/N {L2e 5N R4, 5 438
ANEILRMNA 64 Fah sy, EHLEME LIRS,
B ME B R L A CHEMKIN 3778
BRI B B0 R R B %t
FEBMBKA 5 CHy, Oz, CO, CyH,, CoHy, NO,
N.O, NH; #1 HCN |, ¥ T B RULBURME RN T 2%
AEETE S DB 25 [a) B K A N o O P 46 )
TTRNEEZE, REHESET RN S RN (in-
tegral reaction flow) , H¥FMXT R M IFE/PMT 2% K
LR trgE B EPR, G- HA BT
HLF” (skeletal mechanism) F¥]5 R4k R M AL, 3C
ik (8] b “BFIE AE&F 100 NEITRNF 38
Mgy, UK (9] PREEH 105 PMEETTR A 39 F
5. FEMCEAL b, RAWRASMRE (quasi-steady-
state assumptions, QSS) , ¥4 £ M B M EEA
St B/ INT44 2 BRAE M40 S A P A5 40 oAb .
FECHR 8] ik RHERRASMRIRK QSS di4itF 22
A, BHR 16 MAFEEAS, 54512 NO, N,O, NHs,
HCN, O,, CO, H,, CH,, C3H,, CoHy, CoHg, HNCO,
CH,CO, COq, H20, N ; FEICHK [9] H i EVERRA
BRitny QSS A srdtF 25 9, FEA S 141, #257
& N, NO, N,O, NH3, HCN, CO, H,, CH,, CyHs,
C3Hy, 04, CO,, H,O #1 OH.

EBML N ik, WA 3I4E & ML 4%
T B H T R VR & P 4 8 — M BUR M R

Sk,i = 8—,41 (1)

B Sk AT ¢ XS b I BURE R

Xe AL b BIBER AL A AFESTRN ¢ )R NH
RRY (HW R HER ki = AT’ exp(-E;/RT)
#iE) KIFRET. EHEELEEFS, BaR

ARIEIC R xS T & 5 M BB R A
{H Sk,max = m?X(Sk,z’) , AR T LRNR RN
FHOR AT & AN o0 RN X B Al 2 AR X R AR
&

Sk,i/Skmax <0 (2)

ZERA, WX MRS ER, ZE8/N, W
MR LR NN EE. LhNATEZ LR
BT 0 BTN ZE, AT 1% ~ 5% (3CiEk
8,9] L 27%).

b NRES R A EEREN, 5%
AT

ks =k
max(ky, , kr,)

RAMHE TR N « BEEEWE L, Kk, BR
BRI E R RN EEEH, k. RREILRM
Mdi e R B, EALarEsN, N
R3S RN B R R, B RN R (L P
WA, BIZ RN RTEARE . 3 (3) H#Y & 1% ATEL
5%~10% (LK (8] X 5%). {AFAESLIREETHER
EE: BRFNRNARENL () AW #E-F4, H
REZ RN ES RN EEEB R, XNZ R
FmNTRERK, NEHEZAR, FHEHLERMAL
T H L 5 T R b FEAL B AL R (R 4L

AN E K, EATLURET
AR SR 6 B g

<4 (3
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K K
g =ky, [T Xe" - ke, [ X5 (4)
k=1 k=1

Ho g RESTRI i ESRBEAERH, RET
BRI BRI S R, tRE T REAR
EWMBREATI . KR 0 B, TEREAR o =
> (i —vioa LS k BERE. EXE v, £
i=1

RPN LERY vyl Rl SBH 24 8 R
FEHLER T b R, SR F AR AR B
F 5 METTR I8 %

At
/ g:dt
%
max ( / qidt>
g 0

KA At KR R BLFRFEERS ], 73R SN I 7 S
B BEA B RARE, 2 BN TR 3 50 R T K SR i 2R
BUEREAME. K (5) o 6 AT 1%~5% (3CHK (8, 9)
R EY 2%).

<4 (5)
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gL (2),(3) #(5) BRI, B EMN R
AR —FER BT

23 “BTAIE &, - PRAHERS
(QSS) 5 Pl 5T R A LA 5B T QSS 4
4 017 )
Wk — Wil
X max(wh, wi) <4 (6)
S o R b R, G AR b RO
K. QSS 414y fE RN T REMR AR R, R B Tk
THERPR A, 3 (6) F1 6 ATER 0.1%~1%(3C

wk [8] 1HR 0.5%).
A WERA A R AR 70 R 0l 2 T BN 7
dX, o
Tk =wr = E(U'kv; — V)g =0 (7)

ERRETHS EHBETER BR, KBHE (7
H QSS 4 4 vk B, BRI BB kR, W
WX RN E MR A LT EA, F
FEXHERE TR RIEHE (7) HET QSS 4
DHE AN, LA -RER. g
Bxt T QSS 4 o Bt R B /MR ST RN B 2,
XFERT AR R ZH /N R LA AR W
BN 8Ll CBFHLE MBRABKRERR (7)),
AR TEFEA»NLFELERRN (HE
HATEASBBELEY) , IMEHNTEA S
H AT Ak REATLER 9190 R4k LI ) B K 065
“BFHLE PRE TR NERER. RIEXLE RN
BEEFZBATMITEH S EEL 7N ERE.
ASCEELLRT I TAERAE L, B mifbe RNHL
A, Bpgtst C/H/O/N/S {2 RN R%, {5kt
“GADMO8” ¥4 5 SpLE 0 2% C/H/O/N b
RN RGN ERBIEE; B KA Glarborg M3
AR NPLE O By 66 NEILRNA 15 M
3. RHERTEBE-NEEE 242 NETRN A
63 ML “B TR . BRAKHRLLERR 15
PNEEH, 2HR: COz Oy, CO, CHy, CoHs,
H,, H,O, NH3, HCN, NO, SO, SO,, SO3, HyS 1 N».

1.2 E{tRNIES CFD #FHES

KT HERUREE E N SR =gl AR, FERMN
ZRNHLEYS CFD BFHME. ASCK R RN LE
A = 4E U BREs CFD F2/F “AIOLOS”, #ilit &
SR IR R NO, s iR, “AIO-
LOS” 7 [ 1 B e K2 7 R i K B BR
B, BRI fE Hod FR A E R IAR R, AT LA Rt

B i Y, B, AR (B4 NO,
M SO.) HLL K S R SE.

HTENRREIERE - MEROY BT
12, Mt AIOLOS BFRGEFER T X—IBFHR
B ARG . B R AT B S AR R
FERFHRR UL K AR SR R L. SRR
BT T 3 AL, B WA,
15 AT R ST A R A A, 3 3 A
WIBXE, AR R ARE. MR
BRI R DL B e A2 2

5r(00) = grloue) = 5o (DL 32) 45, @)

BZHREERE—RE ¢ KIEREM, MR,
PROTFIRSL N TR iR, ¢ AEREEM
8 NTHELE, AR GReYNRE; Xt
FEATHRE, » READ m: BB TR
TR RERTE AN IR E R T o X

SEER, uw AREEMER; [, AR
%ﬁ [21]_ '

AIOLOS HFRAA MAER B it H =
FTEEL, FAXEEDBRS TR ERDRGTE
(semi implicit method for pressure linked equations
consistent, SIMPLEC) i /R ETF+HH
(pressure implicit with splitting of operators, PISO)
ROCEREY - TR 13RI P, SRR A
k-e AERYEUE TN R, A P AR AR LR H 16 A
W B R - R H 7 (BSAE T
RNk SRR, AR ok B H 7 IEBRER AN
BN IZEh) , BETEROR A B R RE. EARRE
ERERE RS, KM PISO MR EEY - K
B WA, WMRELCRA ke A, SEMHR
KA R E “TEB” AL

B RBR T 43 A B AN R R ARAR Y PR R 41, B
PR R AR R 7 SE AR, & R 7 105 AH
b %, RN #EERAH I E IR, EEH
MR BRER 4R (B4 Hy, CO, COy,
H,0, C.H, %) 5H Solomon ) The B - ZMEA M
ARy [24] {functional group-depolymerization vapor-
ization cross linking model, FG-DVC ) i), £
AR BRGEAN R R R AR AR B b S5 AR K A SR [5]
RIEERY.

JRFIf) AIOLOS #fFH1, B4 7+F He, CO,
CO,, Oq, H,0, CHy, C;Hg 1 No. 7EILA M4 X



% 6 M

B/MRS - BEBREE S NO. A1 SO AR 141 RN LA 763
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Fil HoS, iX 40 53 R A A NO, #1 SO, HySRE4Al 77
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(¥R 5377 73 A

1.3 mRSRNERXEERMLE

WA AR MRS E, FlniRte
##EA (eddy-dissipation-concept, EDC)1?%26]  Pe-
ters BT 7 | Pope i) PDF(HER %
ATERY) HEEE P S E N A TR
5 - BERE A P % i EDC i RN R R
AIOLOS MRy —HucRH, HR3LHE
BOUE 22 2R RORs b TR X 380 2 S A i RO iR
4" (fine structures) & “SFuE )£ (sarrounding fluid)
PAER Sy, AR AME R E A WA RO K AT RO
BA" X, I HAE AR S RN (well-stirred
reactors) % [, HXIE FRIFMAA" X188 £7 75 T
BRI EH. “HREE" KB ¥ 2 % & it
Al RE I RERCE « MR RE v RE

™ = 0.41(v/e)"® (9)

WA KT EMRERH v HTRE
?IJ [30]
v* = [2.13(ve/k?)0%)? (10)

AF bk AWENEE T HRES KB FHER
i EIFOAT B R G A, T DURE ST R SFE
HH 2 X SR A 43 B R R R )

Myw] = ——t——(w] — ) (11)

(1 =)
A wp £ DURE KBAD b 0 RPE
K, M ROFE, w; Mo 3RRAS kW
BURE" #1 BT KRR 8, o7 B W
BUR-E" DI FARE R
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Fig.1 Scheme of the entrained flow combustion reactor

(EFCR)

CO;, Oz, SO, FI HCL) @ F AL A SL TN &,
NO, KMt 7 (U E.

R A B R, PR E
1. SHEEH 1kg/h B L5kg/h, HHEBRKZE
% 1.5 Nm®/h, M-SR R 200°C, JRER

] 1 BRRIEHE
Table 1 Properties of the coals
Chemical analysis/ Bituminous  Bituminous
(%) Polish coal Goettelborn coal
moisture (raw)* 1.57 1.69
proximate analysis
(wt%, dry basis)
volatile 30.46 31.94
fixed carbon 62.87 57.32
ash 6.67 10.74
volatile (wt%, daf basis) 32.64 35.78
ultimate analysis
(wt%, dry basis)
carbon 78.90 74.16
hydrogen 4.86 4.42
nitrogen 1.25 1.18
sulfur 0.57 1.12
chlorine 0.14 0.22
oxygen 7.61 8.16
LHV (MJ/kg dry basis) 31.19 30.89

* “raw” analysis stands for “as fed to the furnace”
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Fig.2 Comparison of experimental and modeling results of

gas component in EFCR (wall temperature 1150°C)

HIHEIUE, FAfbee RO B 2 RS e 4 R Y)
LB, RE CO KK (£) 78mg/Nm?) &
THHEME  (2) AR R BRI 7R 7 A B L
BORE, WAL RNYLERDIE R Sk Ry
ARUBE  (3) ERFAHFT, W RMLEEN
SRMBEARE R, WESKE 20% L L.

EFRAL Y R LB, BRI
B, O WitHEME TIRKMH, XK COz itH
R TR, XRAERE JOREE B ER
HRELBE, WE LA —2EE; ME2(c)
ALIERA Y, BT ER CO M A ikl mi
BB, 1 NO W # v+ HEE MBI T 1%
fE, XHE—FRIIERE RO ERNEG RS
SCPRELE, WIE LA —EER. BRRXEY R
MM B EEUN S RE A HHE, BEHSHER
BIR: Oz, COz Fil NO ¥R EHIHE RS (S5 LA
W& B

B 3 ARk Polish MMMt SO2 KW RN ES =
FERIWR B - RS LA R AEREELA, BT R
R THAFMELERFRE TR ILE, Fi
SOy [ k7 Fau IR B A IS5 RAT S RN

F 2 ke Polish MM SN A% H N R<HE
BEF RS R E. T SRR TH
0; fl CO; MERMEH/IEFT. HTHERERN
S|P HEENERK (4 55), Fit CO MHERUE
R, EEBHEP, CO HEMEEMR, Xu6
H5RAMERBRRERERX. NO WHRsERE
1250°C #1 1150°C W & B1REF, To7EBARER K
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1500
[ ]
1 a
«I’? 1200
-—--E ]
! 900 .
Zéo | — 1250°C polish
E 600
~
N
C
v 3004
0 L T T T T_"_‘r“_‘
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Fig.3 Comparison of experimental and modeling results of SOy concentration along the reactor height

R 2 #Ai% Polish RIRA 5 M35 th O R SHME R R RIS Rxt B

Table 2 Comparison of experimental and modeling results of gas emission at the reactor exit

for burning Polish bituminous coal

Wall temp./ 0s/  COu/ co/ NO/ SOs/
°C % % (mg-N~"1m~3) (mg-N~1m~3) (mg-N~1m~3)

1250 cal. 3.05 15.99 0 731.8 1298

exp. 3.15 16.07 38.25 715.9 1330

1150 cal. 3.05 15.99 0 666.4 1301
exp. 3.08 15.99 78.28 663.7

1050 cal. 3.06 15.98 1.25 565.2 1307

exp. 3.06 15.96 50.43 450.7 1382

950 cal. 3.25 15.80 11.25 480.1 1298
exp. 2.92 16.21 75.79 316.7

& 3 1% Goettelborn YRR I F 88 th O R SHEAE MK IR Bl 45 Bt iR

Table 3 Comparison of experimental and modeling results of gas emission at the reactor exit

for burning Goettelborn bituminous coal

Wall temp./ (67} COy/ Cco/ NO/ SO2/
°C % % (mg:N"1m~—%) (mg:N~1m~3) (mg-N~lm~3)

1250 cal. 3.09 16.07 0 1167 2554

exp. 2.97 15.92 37.48 1131 2633

1150 cal. 3.09 16.07 1008 2560

1050 cal. 3.10 16.07 772.8 2568

950 cal. 3.16 16.01 0 , 665.3 2565

2.3 IRUGRIW

B 4 A AR IR A R NO iR BEHT RN A% &
BRI, AT IREEXTF NO WA MBI K, 7E
WHIEHIR, BEERREEM, NO WARKEY

B, NO WA FERE RNASK AT, HAE
FEBRER S 02 0.5~0.6 m AbRES D2 R A LE i, Xt
RLH B RFR1Z) 4 1.5~2.0s. %} F Polish 4, 7& NO
ARSI RIERRBTEL, IR BEM 950°C 4% 1000°C i,
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Fig.4 Modeling results of NO concentration distribution

along the reactor height for various wall temperatures
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. XATRES PR R A MR IR P I
AR 5y A RA K.

Bl 5 AREYHRET SO2 HY UM 28 e B B
SERIEER, T EREEHE, BEXNT
SOz MAERA —E# W, TG RN, TRIEX
T SO2 Wy R JL-F MR, Bl iXKRE
TEEW, BEREW SO MAERKE, i M SO,
FIAERER. KT NO B4R, XTF Polish 4%, #
PRGERIIRE B, WA 950°C 3 mE| 1000°C i,
SO, MW BINA, WHBEMEE, SO0,
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e
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5 TEEEERT SOz WRMNEMEMRE S fEMER
Fig.5 Modeling results of SO concentration distribution

along the reactor height for various wall temperatures

KHgn, MiREAE 1150°C LUTE, SO» B4 RH
JEILEAR. HMBXFRINE DL, 7T RES PR R
FVRE IR PR LA B 5 B A TR K.

X THEMARE RN NO B4R, tEBHET
TR ERR EIRSE, GREBVHEN T NO A
HE/NIE .

3 Fit5RE

ARICRAEE NO, 1 SO, A KUV HLER i 45
RSB ERIER, 52T RRMREEERE D CO,
NO, 1 SO, SRR FHetE. Wi 5LRXTH,
K T BRI R, Rt T RRGR IR B AT AR A 2
JESREX T NO, ERBIF M. 25REHY Oz, CO;
il NO WEHRM A RESRUEMSERHF, X
FRAR AL 2 RN AL ER R SR MR O B (T vk R -
SATEEH, REAREGN BBERUN S RE
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BRNE. EERER, FANEMERSERE
KBTS E—ERE. SO KIHHSIRBER
Y& BT, RYDRARMAETRMHET LR
il SO, MIAERUIRE. BEXT T NO B4 s ML
K, it EFEE N, BEREKHEM, NO f4 Kk
FEEA BAgn; X T ARRGER, TREFE— MR A,
XA NO ARG IEFER. BEX T SO 14
IR — R W, TARREE R, it ELEA,
RENRET SO2 M B A i % ILFBHHEH, ¥
BREAREm SO, KA AR, MM SO M4
. FEERWHERAEX T NO AR m:
/N,

IO R 2% B B AR 5 A R XY S S B
[AREEHR) Fh AT, FHExl
SHHTH— PR
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MODELING OF THE NO, AND SO, FORMATION IN PULVERIZED COAL
COMBUSTION WI(TH DETAILED REACTION MECHANISM V

Wei Xiaolin**) Han Xiaohai** Uwe Schnell! Giinter Scheffknecht! Benedetto Risio**
* (Institute of Mechanics, Chinese Academy of Sciences, Betjing 100190, China)
**(RECOM Services GmbH, D-70569 Stuttgart, Germany)
t(IVD, University of Stuttgart, D-70569 Stuttgart, Germany)

Abstract  The present work introduces a numerical simulation approach to calculate the concentration
profiles of CO, NO,, and SO_, and study the effects of combustion temperature and pulverized coal particle
size on NO formation during pulverized coal combustion coupled with detailed chemical reaction mechanism
and CFD software. The numerical data are validated with the experimental ones. The results show that there is
significant effect of the combustion temperature and not obvious effect of coal particle size on the NO formation.
Increasing temperature obviously enhances NO concentration. There might exist different temperature points
corresponding to the fast rate of NO formation for various coals. Meanwhile, combustion temperature has effect

on the release process of SO, and little effect on the final concentration of SO,.

Key words pulverized coal combustion, detailed reaction mechanism, NO,/SO, formation, numerical simu-

lation
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