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Effect of Excess Air and Superficial Air Velocity on
Operation Characteristics in a Fluidized Bed Coal Combustor
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ABSTRACT

The effects of air velocity and excess air on combustion characteristics were studied in a
fluidized bed combustor. The domestic low-grade anthracite coal with heating value of 2010 kcal/
kg and the imported bituminous coal from Australia with heating value of 6520 kcal/kg were
used as coal samples.

The combustion characteristics of mixed fuels in a fluidized bed combustor could be inter-
preted by pressure fluctuation properties, ash distribution and gas emission. The properties of
the pressure fluctuations, such as the standard deviation, cross-correlation function, dominant
frequency and the power spectral density function, were obtained from the statistical analysis.

From this study, the combustion region increased with increasing air velocity but decreased
with excess air due to combustion characteristics of anthracite and bituminous coal.
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1. Fluidized bed combuster 10.
2. Prcheater 11.
3. PID temp. controller 12.
4. Digital multithermometer 13.
3. Pressure transducer 14
6. Power supplier 15.
7. Amplificr 16.
8. Personal computer 17.
9. Cvclone

Fig. 1 Experimental facilities and
stem at high temperature
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Table 1 Experimental conditions

) initial

air

. in-bed bed

velocity aric]
cle .

{m/sec) par (C)

(mm)}

aspect . CNCCsS
. anthracite A
temperature | ratio fracti ar
Taction
(L/D) (%)

0.25~0.40 | multi-sized 900 1 00~10 }01~217

Table 2 Operation conditions for air velocity and ex-
cess air experiment.

Run anthracite | Bituminous air |Excess| flow
No. feeding feeding velocity | air rfate
ratetkg/hr) | ratetke/hr) | (m/see) | (96) | (m/hr)
0.87 2.04 0250 | 1943 18.0
2 095 220 0304 { 1943 222
3 1.30 3.04 0.338 1943 26.4
4 1.40 3.26 0.394 1943 28.8
5 0.9 220 0.250 0.10 18.0
6 0.95 2.20 0304 { 3880 26.4
7 0.95 220 0358 | 51.71 2838
23 HATiA B
7txZzA o AFTEE Fig. 29 JERAT o
S7tAERH R F5EF9 freeboard, cyclone
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to gas analyzer

. Cooling bath

6. Drver
. Water condenser 7. Suction pump
8. Sample gas header

9. Combustor

1

2

3. Coarse filter
4. Fine filter
5.

. Flowmeter

Fig. 2 Flue gas analysis system
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Table 3 Analyses of coals
j Anthracite Bituminous
Proximate analvsis(wt%)
moisture 18 6.7
volatile matter 6.5 275
fixed carbon 270 574
ash 64.7 84
Ultimate analvsis(wt% on drv basis)
C 30.0 72.3
11 0.7 43
0] 42 117
N 0.3 0.4
S 03 0.2
Ash analvsis(wt?)
SiO» 33.0 65.5
Al 282 279
Fe:03 27 22
KoOs 39 1.4
TiO: 1.3 15
MgO 19 04
Table 4 Particle size distribution of coals
o wt % »
anthracite bituminous
0.0265 12.39 1040
0.0575 1.26 0.64
0.068 1.90 1.08
0.081 301 211
0.097 237 0.63
0.115 2.03 0.94
0.137 339 215
0.163 330 243
0.194 348 245
0231 4.31 277
0.274 9.60 6.14
0.359 16.03 10.37
0.305 2091 16.16
0715 1578 2379
1.015 1794
do (mm) 0.342 0.58
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Fave Fgol



N
oL 2
24
Ho
2

o e rle
S o

© 4R

tlo
o

o,
o
gid

2 ML g o
2
e
4
2
)

o yg &

o 1z
B

L
oA

o A

el
£

} FAgy fFoAgo] z+z
2010, 6520 keal/kg©]
Table 4] &

UHER AT

)
;
Er

ufng
{a
R
B!
o X —a

S
)
R
®
3
s
B

=2
X
1422
_>'~I_,
Mo
o
o
i
dlo
o
e
&
X0
A

w
[N
|
48
K
[

T
flo oo
E 4o >
e
o i
2 o
ot
ol
lo
ol
o
Ho

du ox

Jz
o
L Hie o

2

N

X
© v ox [ o o o I o
(8 MU ol dr x® N oHr KA Ml

ot & 2
e m .
2
oy o
o
10 g ol
1A

2
>

ol

2
o
=
ith|
-0,
4

BUAS. 4

wpe
o
lo o o
&Y
s
_1}3L‘oh’,r'§‘l
o (0 4o £
R

rr

olgste] Fulel EPEE 5T

pud )=}
Ard Aoz Fodgte] ETFu7E RAUIR
30%<) 392 BT 2 fFFo ugt dx
RS A4S 249 ¢EE yeldo
&3 FYFvivle] wE ZAxe Aol o
<3 Zth 7% 485 nEe Ane ABYF
78] 8 dASA FAT AEHdA EEF Fo]
o #BdFrive HAae 72 AgzddM Fd
T Mt FAZE /A7 AHE 58 7L
ANA BYF7HE -G Aot & vluzy
oA FEZUe #5853 74 d&Ee dFs
o AixRsge] Aot gldn # & Utk
Fig. 3014 d¥tal {FE3ws7|de o2 4
gol dojya ek BAMRo R RE (.1molA
ZAg o] 0.15molA FAHE #ET ZA

g AHE&E Fd=e
AFEI FYA A
o] ASE murgs
2 Bysdenz 2]
2= Aok ek FWe
1 lean phase7} EA443HA Hol & 3189
melA 2e ghEle] uehb: @gom A

Moo @R
z >

o
9
o
o
o)
o
—V‘—]'
inj
ihid
2
gd
nx
o)
2
el
oo

s A

AR M FUHRIT 0.lmEH

Yol w2 FF= A Yehte Aoz
It} Mgho] {530 FYHUS B+ F
SAlo gEa z2halzp dojub ojufe]
o] 7hxvt EAStD JYARFSoe TtaE
FAE webx FARo2RE 0.1mAHd
Uzt AFHo) #AEd Yepe 4=
A st Ao g HME & rh

T3 Fig. 34 Y F5371Ale d&5Rd
A B FrEEG MERed W gho] ¢ &
#Heg A oA vl Atk ojE Y
Halgo F7ME st YAHES AR AR
gloy, ARGl e e 2P0 w2 ¢H
743t gkel HAavr 2HA JElda ok o] A
v frE53ddA 7127 353 AR freebo-
ard2 BZ53%E splash¥HozH A449dEs &
AAEe T dAvt dejvnz dAE= A

)]

A%
Lo W oo oo B

1<)
28 do 2o o

2,

P &
i
> Jo i
oi),':
o
BN
2
0%
=
i
=4
)
o
N
)
_?.li
2
O‘l)ll

% Pl we AWRE K&
4%, 3, 2
st ok 2@eNA SR
oA uE 43 AW TREE 27}
@ 3718 e Ak ol F
bl F7h2 Astel wAKE RS

#

l Jo o =
B Lo
)
e
>

M
i
o
[
£y

N by

9]

N

Journal of KIIS Vol. 14, No. 3, September '99



+

~w_nw ﬂ:_ﬂf%mawﬂa,ﬁ%%wﬂmﬂ
o = N o o R o > %
SF. FEe T FA0 . g%
T T R = ol R
W8 T amARBTHNgNET L E
W & R o 0RO o NS
fo 1o & 3 N = }\Jo_b.omﬁ
o o joeal N =OEK o A —
I =] ke Zo&ﬂmﬂv = o o B
w N g o 4 =5 1o < ok 9 -
] &odﬂ_‘w L_.__m,/i ‘.HH
ﬂ.m.u o 1o zaLlﬂ_&o Z,._,_| ;. MFL
Sy mﬂ.wunrﬁ.ﬂ%1ﬂ__7:d._aoﬂ
w P T oE o = & JAREY ok © e
3K —_— 5 vy M yo oF W — A
A B o R R -
No Ao - pﬂ e o B o & T
I TR mﬂmoo#m_ ' doz0 0
[l S| B o oMo N w o F g =~
o mag e Ewo g Mma T
g L FGFET AT T Ay w
k3 TSN oW T T :
G R BEENE®E 4T 4
PR O LR B B
W W oy OF Fo ko B of Ak T W RS A W ok b
WS HER OB THIMGT FT o RT
-*_OTQ
o

Brton

oo < oe  F3285
SOAun

1 H
¥ =04 ® 5 edmxp
o

V/0484

Snong

B NN

* x o 4 ose mOOOO
4 a

538
°s40 o
_ (@]

<o) M o

(pgr)sunssaid upsy

o B
HE
‘.Aroi,rl;l
w0l
o <Oz
;obﬂﬁ
ﬂcn_t,ml
ﬂw_oqm.
-
: o
BN
quwﬂ.
£
H e
=z P
T
T =W
oﬂa_x_o..;o
ax o oF
D
or],mﬂ
uxobﬁo
SURGS
T T OB
@
123
[%]
Q.
T 83
o)
Lot
L ©5
O >0
® B <
c 29
o >
>3
{9} o
c 5
£ £
3 509
n 20
O )
o 5 £
= 2%
¢ 9
2
=8
[sp]
o
[N

PR 7F 7}

%

2 7]%9]

o}

{Xa=03)

—
X —~
% 5320
zt _00.135 N
B 28451 = sk
IH: oL
T m LR ..h\
1ho > OS¢ >
o 2H3EE oo 2
W Sooco <
By [ =]
oL 1 mu g
= Mm o o SE
.uAI . o a] ﬁlo 5
iy ?
o g
Slo B 4w Ce ¥ O =
o =
_&O _.ﬂ T T nu.
o
o w0
W 0 = 8 3
r : ; > >
F\ 5 o O (e o
Fo 2% (D)uonDpIAZp  pIDPUDYS
4
o ae = < I's
o
o
2 x 2
8 2 oenw « c
T 9 £
.2 a ~—
E . g 2
g5 i 3
D OoONoON ® . ‘ !vJ. 3
§ NN °3
£ O000VOo0O o
11111 >
O NN N
£ oo oo- £
5 d6sgoo c® o= . <
» WAD“AI <
$830g4n
EEEERE
Od0edsm ™~
T i o
© N 2 O

(odx)o0usIa)ip BUnssSaUd

Fig. 5 Standard deviation of pressure fluctuation for air
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d, : particle diameter[mm)]

d_p ‘mean particle diameter[mm]
E.: excess air percentagel%]

U air velocity[m/sec]

X, ! anthracite mixing fraction
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