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Large Eddy Simulation of Pulverized Coal Combustion
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Abstract
A numerical simulation program for pulverized coal combustion based on LES (Large eddy simulation) has been
developed. It was validated by comparing with experimental data of a pulverized coal jet flame ignited by a high
temperature (1420 K) flue gas jet. The difference between predicted and measured coal burnout on the centerline of the
jets was less than 5 percent, which corresponds to experimental error. The predicted ignition position was in good
agreement with the experimental data. Clustering of coal particles was observed significantly when the Stokes number
of the particles is nearly equal to unity.

Key Words: Coal combustion, LES, Turbulent jet, Pulverized coal

7 =
C. RLF- 0 LB [J/kgK] St A b= 2% (-]
c, SEIVALES (1S, R

CoalH, : BROWEE [/kg] T L [K]
C, L 2= R —EHK [-] u H A [m/s]
d, BT [m] U PVAS AN IbL [m/s]
E WU =R IR+ X, 9,z JE R [m]
f A5y 2R [m*/m’] X B 0D JEAE [m]
g 9] [m/s’] B il & RAE O L% [1/m]
I < R [Wm'] oy BA B O [m]
I, U5 AR [1/m] Su, s 7 1) [m/s]
m B [kg] g W/ (=0.1 mm) [m]
n BT 0%k ¢ — AL U T A

Nu X v MK [-] r YEEAR SR

Pr 75 VK [-] n PRE R % [%]
q (BB [W] o FEMEAR 5L [Pas]
Ra WA S [1/m] D H A [kg/m’]
Re LA ) RK L1 p, DE RS [kg/m’]
S SHLHICBIT RS [m] o 2T T 7 RV UER [WmPKY

ZATHA20074E3 A 14 A, 44 B ARG RS AL 02, YT ¢ X —: Bk T
TR SAL B SIBUERT B - BRSBEREIFIEAT (T 312-8507 RILIR O B/t 0 832 FHhod 2)

-233 - ©2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.15 No.4 (2007)

T R OFEFNREH [s]
T, o ELUE O FEMERE [s]
RAF
b i NN
c S B
i D =123=xy,z2
P o KA O
r NG}
rel : FEXHE
t : ELIR
vol D RTHANVDE
char . Ty —0DfE
1 & §

Y RIRBER A T OFXFHI B 7= - T, (DRELD
PREENS T tETe Z &, (2)NOx X° CO %5 D BBz H Y
WE ORI N ENER SRS, ERRARTD
LESARTIC DT> CZOEREZME L, 2O
MBI B EBLT 5720121, KIFN O
B - RBE - RENEE A AT T D AN AL L A0 D

INFETICHR AL, k-e SLIEE T VA U 7= 5l
AT BN 2 BA%E L72[1]. & SITHERED B HTALR A
T OREHII, BT T VO E 2 &b 2 ME
NdHDH., LnL, LES (F—Y =7 4+ Ial
—ay) EREOREERILIRET VE RV
W ERIRBERRATIZIE & A s S TR0 [2]. AT
2D BHIIE, LES LT 7 /L % O 70 PR BE A
Mr7m 77 5z L, ARE RO ATMEL
TIRBE S H 2 ER A P GUTREER & B KL DFHE
FEEAZRAETHZETHD.

2 WEHEHE

2.1 HEMHELE

KW FROMMT CHEET DR OB RAL, H
&, EEE, TUXLE, BEDEN, 0, CO,, CO,
H,0, Ho,CH)DORGFATH S, Fiz, ki1 OEEE
7 77 v VERER T DPM (Discrete Particle Method)
WK VER L. KU & ERF OB &, @ik, —
VENEDOBEEEE L.

KA TO Favre F¥) LT RfFE gD —fKAb L7k
7T, RoOKXTEIND[3.4].

-234.-

v, 0

o ox.

0 0

i) =T, a—j)+s¢ m

Z O FEREHRAREEE CHER L L CHET 5
[4]. EEE L L OEREDIRIR DAL v IT— Nk
F& AT, EB)EORAFRUT I TR O B
{BITIE 2 TG EE L2232 VY, E O oRAF
OFEIIE, NA 7 U v RE[4]1E Az, R
SITIE, SEAREfEEE V-, RS OISR T
R0, A A E/N NS L (0—F U8
oD By =y MrEEL T 7 v by 1.0
ERE LT,

2.2 REETIL

LES L€ 7 v & W CEB e g7z, 3
77U RA— VIS ] OFMIZ Smagorinsky €7
JV51% V7=, Smagorinsky E% C, % 0.1 IZEXE L
7=, S LWEOMIEIZ, SIMPLE #[4]% AV /-,

2.3 HFETIL

T UVEERTEDEINEEE L ThL
DR L 2 35 L7-[6]. = DSk, DPM &
FEED.

du . .
dl’j = j;Dp (u, _Ui,j)Urel,j +8; 2)
t »Pp
& =U, . 3)
dr "/

IIT U X ERORT O LR,
RrfrETH 5. £, Cp, U, 13, Fihtfke

rel,j
Wi &AL DMHEETHY, UFORTHEL
.

Cp =24(1+0.15Re,"™")/ Re,, @)

1/2
Urel,j = (Z (u;, — Ui,j)zj (%)

F72, X(Q2), QDRI 2 WKEENL T 7
ZEEAWT, EREEE XS

©2007 The Heat Transfer Society of Japan



2.4 BERETIL

AWFGETIE, Bt & HADSL S, iz %5
BT

S HHMREMZOWTIE, BREL A IR L 72 5 < S
wEHEA (R(6), (7) %, DT % (Discrete Transfer
Method) [7iZ LV FHE L7=.

d/

— =—Ral + Ral 6

s b (6)
oT?

I, =—= @)
Vs

1 DOENHHT LA D% 36 RICERE L. 513
BREE DEHME D T2, 10 X A KAT v 7121 A5 G
OftHEE LTz, S<SHOHREZ LARWEAEIE, =
DY —AH A & [E CEICRE L.

W ARE( Ra i&, H A55+-(CO,, H,0)RCE Ak

F(F v —ROTIR ) DI L 0 Pk B & TE LT

BIDIZ T A OWIUREL( Ra , )OFFITEIZ SV Tl
B4 5. JRBEH 21X, Ny, O,, CO,, Hy,O 250D 77 A FHAK
EETVND. ZORT2REM EORFEET Y
DIE, R R —2 I E 72T 508, H
A ixiEe A ETRFICEE L2V, £z, b5
BE DR 721 Tl = 3L B — ORI i 03 4
CHZEBREMBNATVWS. FHEICEIICHTAD
R = AN X —DREEZ RO D T-DI1E, BREIC
THNAX—OBEEFHE L9, BRR
FEEZNELELT LS. @ERFREEE LT, BRI
GEHEEZEBEL T ZAORNBEREZRD 5
WSGG(Weighted Sum of Gray Gasses)[8]€ T /L4
D, ZOFETFTNLEHH L. AR TIES L SR
BB AL LT CO & HO DAEEELT-.
WA T v — DOWINAREL D FHF T OV TRt
%, R BRIRBEIC B W TIE, T v — ORI 40
um fRETH L. TAREZ 1500 C & RET UL,
TEHAEDR K E R DI EIL 1.63 pm L7220, RS
T A—=H(=nd/A)E 70 LLEIZR 5. ZO&RMTIE
A YEZE AN T T & 5[9]. F v — OWRIURE %2 (8)
THET L. f,, T XY —OKBESETHD.
B [ TEFEZ B EARIC AT 24850T, X(O9)T
FKahsd., B&iC, E, % WHIRKR-THY,

char

SCHER@) D IFIETEIE LT,

-235-

Thermal Science & Engineering Vol.15 No.4 (2007)

Rachar = fchar x ﬁchar x Echar (8)
2
r
ﬁchar = 4 (9)
3
—
3

SHRAREUZ DWW TIE, RPN ERIBEEIREL TX v
Yv N Nu R L 72[10].

107 <Re, <1

Nu=2+0.52Re)’ Pr'"’ (10)
1<Re, <10’

Nu=2+0.57Re,*Pr'"’ (11)

S, JHRIEEN, BRI X DIEEVEZE LT
B AR - DR E 2 (12) TRIE L 7=,

dm C 1 dm
p "¢ P vol

— =g + 4+ —Y CoalH 12
dt qc Qr dt L ( )

2.5 BMBETIL

H A DBREEIX Eddy Dissipation Model[ 1112 L U 7
L7z, F7z, KFOEGRKISIE, 2 KISHAE
FORNSEVFl L7z, SOSEE X, —HPIck
B RRIA DB KER[IBNC LV BE L. Fv
— Ot « HAEORE, BIRERTHE LT —
xRV TEFR LI=ET 14N L 0 3 L 7=,

3 IR

TR e DR BESEBR CTHIE U7 RBESR & 1 AR JE
[15]Z AW CEHEREZMEET 5. X 1 ICEREE
OFRZE =T F72, K2 1IN OB RS %2~ T,
HULMCERE L2 EE 7 mm D 1 Kk XL EIR
(300K) DZEREAREEHTH (K2 ©). ik
X10m/s THD. AREEXDERILLETHD C/A
1£05TH5D.

1 & ANVOMINZERE LTI IEHE , AvinG
1420 K DERRAT AZEH T2 (K2 @). HAok

©2007 The Heat Transfer Society of Japan



Thermal Science & Engineering Vol.15 No.4 (2007)

Wi 48mis THD.
ALEKSHES.

Z DA AN

£V, AREm

ARFERPEETIE, 7 MR A ZRG1T 57

o7 NEEINLTEY,

—EDVRED T A Z W54

5. DD, /z»ﬁm#%7—Fif@%mW

WT@W@W
IR DB R %7

2SI 52 Q). BfHE A

RETDUBERD . ﬁlﬁ

nf&i, a7 HAODOHRENS, / AVANAOFE

Z 5 W2 b DD,

BRCZERR TS Lo 285 & 5 2

7=, ZOERS DS OFGENFE U ERE L, Bz

EilkeES]
FEERIHH L2 a R,

B AHMAGEZ 0.16 m/s &R 7=.

PREHEL 1.74 OIFF R TH

5. AROMERZR IR,

——| Cyclone I—’| Blower|

Pulverized coal + primary air

Exhaust hood
Open E Preheated surrounding gas
area =3 Honeycomb
0
Secondary propane
Alumina _— <
beads ) |_l_| |-| Primary
— propane
<
Nozzle e
— |_|_| AirtN2
Cooling -
water SiC honeycomb Honeycomb
catalyst
Fire brick
Fig. 1 Experimental apparatus.
Outlet
t 4 4
[e——300mm———> 100mm
Velocity=0.16nys 500mm
T,~300K ©) €)
o0=1.17kg/m? [*> “
N,=0.768kg/kg
0,=0.232kg/kg
z Tmm
X <
| TTTT |
Inlet nozzle T @ T®
Velocity=4.8m/s @)
T,=1420K Velocity=10.0m/s
N,=0.760kghkg | T,=300K
0,=0.101kg/kg | N,=0.768kg/kg
€0,=0.093kglkg  0,=0.232kg/kg
H,0=0.045kg’kg C/A=0.5
(a)Whole (b)Inlet nozzle

Fig. 2 Boundary conditions.
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Table 1 Coal analysis.

Proximate analysis (wt%, dry basis)

Volatile matter(VM) 31.1
Fixed carbon(FC) 54.0
Ash 14.9
Fuel ratio (FC/VM) 1.74

Ultimate analysis (wt%, dry ash-free basis)
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N 1.9
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Fig. 3 Particle diameter distribution.
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Table 2 Coal particle diameter.

Particle name I II I v A%
Particle diameter(um) | 15 40 62.5 | 113 | 165
Mass fraction (wt%) 375 | 27.6 | 16 16.7 | 2.2
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Fig. 7 Mass fraction of oxygen and carbon monoxide.
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Fig. 11 Validation of coal burnout.
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