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Abstract: We performed numerical simulation using a DPM (discrete phase model) to identify the optimal
operation ranges in two representative PM burners widely used in domestic 500-MW pulverized coal-fired
power plants. Recently there has been an increased utilization of low-cost coals such as sub-bituminous coal.
We investigate the effects of coal blends on the distribution ratio of coal to air by varying the mass flow
rates of pulverized coal and primary air and the particle size. We present and discuss optimal conditions for
the distribution ratio of coal to air in PM burners.
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Table 1 Governing equations and the numerical models
used in the present study
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Momentum conservation equation
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Fig. 1 Distribution ratio of coal to air in PM burner
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Table 2 Kinds of coal used

S

et NCA
SE #1 Tugnuisky(30%)+Arutmin(70%)
TE #2 Tugnuisky(15%)+APAU(85%)

Table 3 Boundary conditions used in the present numerical calculation

(=8 ZEF #1 ZE #2 Design point w4
ST EEFRY 5.889 5.889 11.155 9.353 Kg/sec/m
o|2e 2 7 5.626 5.626 14.0820 4.683 Kg/sec/m
S Y= A 22555 A 22555 A 22555 A 22555 pascal

e ZE 7 7 7 %

PM B4 27 A& 0.511 0.511 0.511 0.511 m




S -
494 SAg - A .
Weak Conc
Conc Weak
t
218 \
Nog Left Wall > Upper Wall
< Right Wall
d
J d
— X y
¢/ - Actype ’ B-type
N 4 Inlet 4 TInlet

Fig. 2 Schematic of the PM burners:, in the right
boiler, the left schematic denotes the type A
and the right one means the type B

S
P —

floh riob 2
[ullsugpul

[N

Distribution [%]

—71 T~ 1 ' 1 1 1 " T 1 17
50 100 150 200 250 300 350 400 450

Particle size [um]

Fig. 3 Particle distributions according to kinds of

coal used

=

=

o F71st A
1 ol A

o] 6~7

A48 FA S

=)

=

=

o]
H

-

"
A QsFeFel Thr

ol A o] 2wl

o Am H

e T
SR AYS Fig 29 o] PMHUY S HAA|A7 =,
14524(A %), 12470B&)7H 2] AR}, 14112(AF),

12103BE)Me] 242 FAsh olgle] Table

20l= A&H vEete] FRE YERATLE 97)
Al gEre Aol AlFE NCARY 9=
BEE AMgsda 8 419 w2 S LA 6
Z710 4 Zk2E 2010 49 793} 498Ul A H
H AR JRE VFo R AskS 5339

Aol AREE M EEHS
Hato] A
7] g

KR

R

el =4l o] APAUEHO]
02 g Hlaf 2 Ak 2 A4S 9]

Aste g
of s Aikes FAsidoy A
B HAA Fol AF ATelAN =E:E S
AHgaER e ol hEbdl A A (design point)
Aol Fujrield AA A AFE
AFstlzel & AFeA=
Arshe Aol #H4-A &
Al stE oA AHE

TREAS

i

i

=
=]
om0
o & o I ) mv |

23 case°l o3|
AEE 7R
Al 71l E
@5h7] o= tha
1ol A€ <
skl
RIS

Kg/sec/m

o
2w

<
s
0.5
thal AlLkek A

3.1 ZHH7| off M(TtEH ZEF #1
Figs. 49} 5& 7t



Agall HuolMel e wE

1.55e+01
1.47e+01
1.39e+01
| 1.32e+01
1.24e+01

1.16e+01 §
1.08e+01
1.01e+01
9.30e+00
2.52e+00

7.75e+00
6.97¢+00
8.20e+00
5.43e+00
4.65e+00

3.88s+00
3.10e+00
2.33e+00
1.55e+00
7.75e-01
0.00e+00 e

Fig. 4 Concentration distributions of pulverized coal
in type-A PM burner; (a) single coal, (b)
blended coal #1, and (c) blended coal #2.
(Kg/sec/m)

7.05e+00
6.7 0e+00
6.35e+00
5.99e+00

. 5.684e+00
5.29e+00
4.93e+00
4.586+00
4.23e+00
3.88e+00

3.53e+00
3.17e+00
2.82e+00
2.47e+00
2.12e+00

1768400
141800
1.068+00
7.056-01
3.53e-01 /4

0.00e+00 FERETTH

(a) (b) (c)
Fig. 5 Concentration distributions of pulverized coal
in type-B PM burner; (a) single coal, (b)
blended coal #1, and (c) blended coal #2.

(Kg/sec/m)
R T8 FEE EAS fola 1Eo)A]
ML Frel 3715 vepdh i 2 A
gelslr] Y&kl Fig. 60l Erjz] FAtel] uh

e
o\
e
frtl
Hz
=
oX,
o
of
N
=
mu}
=
o
c
o
)
@

e Bl 5ol Bek A A A 195

12

B Conc
o I Weak
0.8+
0.6+
0.3+
0.0

Ratio

CHE =EM =E2
(a)
20
I Conc
[ Weak
1.6 4
1.2+
©
=
o4
08+
04+
00 T T
Chet EEN EE2
(b)

Fig. 6 Comparison between the ratios of mass flow
rate of coal and air for conc and weak
according to kind of coal; (a) type-A (b)
type-B

(F71A 8 v)E& P
v om ek %S ae st
G 23] Weak o2 I
Fig. 6914 %= H o] Atjd o
v} /g o] & 4] 8]

WAEe $4e AAAE MBS fUF] o
siha Agsae W 44 5E9 14 §7)
Qarel Washa vEEI 13 B9 F9%
Qg sheta 744 )

a5
=

2 74 wEee]
-1

Figs. 49 5% 1| ol
o9 el W%l mEw Aol AR
A% Weak Ho3 wol ASAx BES 4



N
N
(O
Mo
ox
riet
=
ot
)

O
N 2L
O Z oo N Ay Ko FE s oot 3o

H
7} wEEe $H47F omw od Fol
2

sHE e & F vt T3 Holszae
H3t o] 9ol wEE &
3 #A 9

oX
olf
2
)
rlo
i
k)
3
%0,
oo
tlo
1o -
&
¥
o
o,

T = ES el

Fig. 6014 XX Fuj7] FAvhs
ol = o] A0t FAsA AR
Bl ROl Hole @ +
B& o] 59 (upper wall)e] ZdALzto] o]
o]0z miEgke] AR FulE 4
Weak HE WaFomol 253 7oA
= 1" AzAger <l HH9

R
)
ol

%0
o

rlr
[os}
o O oft X2

SoH 2 o e

ML o mo
iR

jus)
==

N
D
o mA o

ol
N

wul7le) Rl 45g
1

Y,
ofil
Ho
to to off wo
o

X

_ELAEJQ_!N

oo Mz ol ol SE, ol rir
o me Mr ¥ o 2 M 2 T O £ X oo gy fo

(.
S
i)
(ot
au)
Rid
1o,
o
o
il
a
QL

aY)
pu!
(ot
uu}
S,

2,

2

=

M
e

off

1

Hr rlo

H

lo

X

2

ih)

k)

*
o
<
rr
e
o
=
(e}
4
)
&
>
=
S -
<A
N
S
s
b
§2 b B o Y

o
2
=)
M
uu
WE,

4
N
1o

X

fo

Toted - Y

TARE S F o Zu7]l Yol Bo o
B 37 ol Zads o 5 v At
BEFAJA FA4L o]F HoA =oJEE st
Figs. 79 82 W E&e] =5 ekl a4t
o4 Aol A% Atz Bz v vEe
o] fr&ol EEF #10] kel nE Ao ow o
vol ol ¥EYE & & ek ol ww o
718 Aol Bzl e A d =3
o FESTE v QE BE 4B
o FWMAEA geEoy 7)o Eul Hes
dastes el B2 4 g A olgd HEe

B.40e+00
B.08e+00
5.76e+00
5.44e+00
5.12e+010
181400
4.48e+010
4.16e+00
3.848+00
3.52e+00
3.20e+00
” 2.88e+00
2.56e+010
2.24e+00
1.92e+00
1.60e+00
1.28e+00
8.60e-01
B.40e-01
3.206-01 4 }
0.00e+00 EARRRNI

(a) (b)
Fig. 7 Concentration distributions of pulverized coal
in type-A PM burner at design point; (a)
single coal and (b) blended coal #1.
(Kg/sec/m)

2,456+00
2.33e+00

| 2208400

O 2.08e+00

1.96e+00
1.848+00
1.72e+00
1.58¢+00
1.47e+00
1.35e+00
1.23e+00
1.10e+00
9.80e-01
B.58e-01
7.35e-01
6.13s-01
4.90e-01
3.68e-01
2.45e-01
1.238-01
0.00e+00

'm

|

(@) (b)

Fig. 8 Concentration distributions of pulverized coal
in type-B PM burner at design point; (a)
single coal and (b) blended coal #1.
(Kg/sec/m)



Age myolMel dzde i v

I Conc
[ Weak

iy
he
g
0
Ml
s
=}
b

) B Conc
3.0 [0 Weak

0.0

(b)
Fig. 9 Comparison between the ratios of mass flow

rate of coal and air for conc and weak
according to kind of coal, (a) type-A (b)

type-B
o AN add 5 e #HA 7
ree Qi 2718 Ase AL @ we
u HE gng +

e A A S K ol
= dlel B Feld & ek
Telste] 4 2384 AFEARE] AA

oA wEE 4t A7E WekE] she W]
Byl s 74]/\}0}031:]- A2t A7E& 60 ~ 90 m
o= u}lfqﬂ-ﬂil 7 casell Al AAHS T35kl AL

A} Table 4oﬂ e At 2o A B
Conc®} Weak YEo] ut& m&EE 3 &7]e] A%
frgo] 4w deizl g2 v ek kol
w7l B4 #AAGle]l Cone HER =4 e}
Ui F71e] & AF A9 Weak 502 BY
o] AL Conc =02 =A vepwtr). 3l Euj7)
A2l 749 Conc, Weak H Eo]A]2] —cHH 5
HEW 7]/ vzt 7H o] ARl

HE

9 tlo

mz
N o
R of

e

&

M
=
A
oX,
=2
r 2]
rot
-
:(|>L_'4
1%
rO
-

497

Table 4 Mass flow rates of coal and air, and their
ratios according to particle size of coal at
the design point

Diameter A-type
() Duct Coal Air Ratio
Conc 2.663 2.764 1.038
60 Weak 2.020 6.589 3.262
Conc 2.939 2.770 0.943
63 Weak 1.745 6.583 3.772
Conc 3.206 2.630 0.820
70 Weak 1.377 6.722 4.882
Conc 3.581 2.441 0.682
» Weak 1.102 6.911 6.272
Conc 3.765 2.375 0.631
50 Weak 0.918 6.978 7.599
Conc 3.765 2.376 0.631
8 Weak 0.918 6.977 7.598
Conc 3.673 2.390 0.651
%0 Weak 1.010 6.963 6.894
Diameter B-type
(am) Duct Coal Air Ratio
Conc 4.683 5.142 1.098
60 Weak 0 4211 o0
Conc 4.683 5.711 1.220
63 Weak 0 3.641 00
Conc 4.683 5.933 1.267
70 Weak 0 3.419 o0
Conc 4.683 6.157 1.315
» Weak 0 3.195 00
Conc 4.683 6.218 1.328
80 Weak 0 3.135 00
g5 Conc 4.683 6.196 1.323
Weak 0 3.157 00
Conc 4.683 5.906 1.261
20 Weak 0 3.448 00
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