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Abstract—Heat transfer characteristics of membrane water wall have been determined in a pilot-scale
fluidized bed coal combustor. The effects of fluidizing velocity(2.2-3.2 m/s) and bed temperature(800-960C )
on individual heat transfer coefficient and heat flux have been determined. The heat transfer coefficients
of the in-bed membrane water wall increase with bed temperature, while it exhibits a maximum value with
fluidizing gas velocity. Also, the heat transfer coefficients of membrane water wall were slightly lower than
those of typical horizontal and vertical tube located in a fluidized bed. The heat transfer coefficients of free-
board membrane water wall appeared to be 30-40% of those of in-bed membrane water wall and they increase
with fluidizing velocity and bed temperature.
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Fig. 1. Schematic diagram of fluidized bed coal combustor.
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1. Screw conveyor p. Preheater

l. Fan q. Bag filter
m. Combustor r. Stack

n. Pump

o. Cyclone
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Fig. 2. Elevation view of membrane water wall tube.
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Fig. 3. Plane view of wall tube and water supply tube.
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Table 1. Experimental conditions

&1e]

Table 2. Size distribution of coal and bed material

Coal feed rate, kg/hr 400-700
Coal size, mm 0-10
Fluidizing velocity, m/sec 2.2-32
Bed temperature, C 800-960
Static bed height, m 0.7-0.75
Air flow rate, Nm%/hr 1,660-2,100
Freeboard pressure, mmH,0 +50

A FR=HEE el

olge] Al F 2-3A7ke) AU fE5F &
400500 ol Estel, o] W E] AH5eE A} o
g A7t AR s FEdte] 55
4455 ¥4 Foh FdFEH ¢ F53F
FE58H A7) A1, 5% X7t Fdv &
shem T} & 700C o] Aol o) 2 v|g] T3t calibra-
tion4]el] wpe} FAgkg FF3tch FAg LarAdg(F
Agt+oi) 7} FAel AdAFHAH F5F 22E 43
AatA S o) wl e BrodR e TS A3
Zo|mA Foivte) TFaks weEo) o)/ 23S
A HE2 257} 000-950C o o=l HEdRS BF

of

& Foela TR FE

HzARY FFo) FRHAN F5F LEE o2 o
Aok A% el A4 ez A2sH o
ol o] WyE AREFE LTI FETEC) 5
& vle) 4l 99 el 2BsHe A 12 pen 2%7)
=A% 4708 A7 SADPR) A ehbe S5t ¢

#zjol] th@ A A Ao ule} fEAE] W Ao S &
Aste A A4t el o2 g ot
R fﬁ*"’“] wa g Rgefe] & Fodw A4
ol da £ A7 55 ol FA=Ee 8
dojrtn °€l_x-i W FHEol AR F AR ED-S
A 2EAE F71H T AL R MEAA F
Zxo|8 A He) £F Axr|Ae A ZE
WHE S 71H 7|2 2HEE, o] o Ale]ZE3 W
ol £38 v|4h3)= AesE A Wr 2elgoh
Merz}t 7], F 59 TFEe] 4T o {539
E7F £20C oA A §2E wE Gtz 2k
Falal o)2jd F Al BE Agulolels #3lsich
g -ddAd]el glol4 Al 1470¢] AR F 107
d =3 ZeRE T8 AdgEie] o)A
shaz, vheR] 470 G RE AAeI| g 2pdst
# sz BE] W2keg Tgslel AbHsb(phase change)
2 upA)stm A dAdge] dolUrE st 2 el 59
Aoy GALASF P I
AbZgl B gagadd 1341

)*rrrl

—\‘J—°lﬂ°im£l

o

pstEs H31AH HM3E 1993 63

Size range Cumulative(%)
(mm) Coal Bed material
952 -7.93 3.05 1.06
793 -4.76 10.60 11.83
4.76 -2.00 37.07 49.62
2.00 -042 75.63 90.67
042 -0.15 91.81 94.99
0.15 -0.074 98.49 99.31
0.074-0.000 100.00 100.00
Mean size(mm) 044 0.73
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Fig. 4. Heat transfer between membrane water wall and
fluidized bed.
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Fig. 5. Effect of fluidizing velocity on heat transfer coeffi-
cient(in-bed membrane water wall).
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Table 3. Comparison of maximum in-bed heat transfer coefficient(hym,)

Investigator Mean particle size T,
(pm) (o) o

Meulink et al.[19] 920 850
Tuzla et al.[20] 465 500
Grewal[ 21] 900 827
Bak et al.[22] 480 900

560 900

780 900
This work 440 880-920

U; oo

(m/sec) (kcal/m?hrC ) Tube type
1632 275  Horizontal

1.2-4.2 340 P

1.2-24 275 >

0.7-2.0 286 Vertical

0.7-2.0 274 >

0.7-2.0 232 2

24-32 220 Membrane wall
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Fluidizing Vel. : 2.7-2.8m/sec
320 Static Bed Height : 70-80cm

(a) : In-bed Zone, (b) : Freeboard Zone
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Fig. 6. Effect of bed temperature on heat transfer coeffi-
cient(in-bed and freeboard membrane water wall
tube).
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Fig. 7. Effect of fluidizing velocity on heat transfer coeffi-
cient(freeboard membrane water wall).
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Fig. 8. Heat transfer coefficient as a function of height
from the distributor.
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Fig. 9. Variation of heat transfer coefficient with freeboard
elevation.
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ARBIIE
A, :heat transfer area of heat exchange tube [m?]

Cyr  : specific heat of fluid flowing in tube [cal/gT ]
G  : specific heat of water [cal/gC ]

D; :inside diameter of heat exchange tube [m]
D; :log mean diameter of heat exchange tube [m]
D, :outside diameter of heat exchange tube [m]

d, :particle diameter [mm, um]

E, :freeboard elevation [m]

H  :height of wall tube from the distributor [m]
hpmar : maxium in-bed heat transfer coefficient [keal/m?

hrc ]

h;  :individual heat transfer coefficient based on
tube inside area [kcal/m*hrC ]

h, :individual heat transfer coefficient based on

tube outside area [kcal/m?hrC ]

k  :thermal conductivity [kcal/mhrC ]

k, :thermal conductivity of gas [kcal/mhr<C ]

k. :thermal conductivity of heat exchange tube
[kcal/mhrC ]

L :length of heat exchange tube [m]

M, :flow rate of cooling water [kg/hr]

Np, :Prandtl number [-]

Nk :Reynolds number [-]

T, :bed temperature [T ]
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T; :temperature of fluid [C ]
T; :water inlet temperature [C ]
T, :water outlet temperature [C ]
AT, :temperature difference between bed and water
at tube inlet [T ]
AT, :temperature difference between bed and water
at tube outlet [T ]
AT, :log mean temperature difference [T ]
T. :temperature of membrane tube wall [T ]
U, :fluidizing gas velocity [m/s]
U, :overall heat transfer coefficient based on out-
side area [kcal/m?hrC ]
Xn :thickness of heat exchange tube [m]
FHoES
1. Well, J. M,, Byrd, J. R. and Krishnan, R. P.: Proc. of

10.

the 7th Int. Conf. on FBC, 2, 1107(1982).

. Rajan, R.R. and Wen, C.Y.: AIChE ], 26, 642(1980).
. Choi, J.H.,, Son, J.E. and Kim, S.D.: HWAHAK

KONGHAK, 26, 494(1988).

. Park, Y.S. and Son, J. E.: HWAHAK KONGHAK,

28, 320(1990).

. Kim, S.D.: HWAHAK KONGHAK, 17, 85(1979).
. Saxena, S.C., Grewal, N. S. and Gador, J. D. : “Ad-

vances in Heat Transfer”, Vol. 14, 149(1979).

. Kunii, D. and Levenspiel, O.: “Fluidization Engi-

neering”, Chapter 13, 2nd ed., John Wiley & Son,
New York, 313(1991).

. Botterill, ]. S. M. : “Fluidized-Bed Heater”, Academic

Press, New York(1975).

. George, S.E. and Grace, J.R.: AICKE ], 28, 759

(1982).
Hashimoto, O., Mori, S., Hiraoka, S., Kojima, T.
and Tsuji, K. : Int. Chem. Eng., 30, 254(1990).

a5t M313 M35 199314 63

e

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.
24.

25.

26.

Biyikli, S., Tuzla, Z. and Chen, J. C. : Powder Tech-
nology, 53, 187(1987).

Farag, I. H. and Tsai, K. Y. : Proc. of the 11th Int.
Conf. on FBC, Vol. 3, 1207(1991).

Carson, W. R. : Proc. of the 8th Int. Conf. on FBC,
Vol.1, 208(1985).

Wu, R. L., Lim, C.]., Chaouki, J. and Grace, J.R.:
AIChE ], 33, 1888(1987).

Lee, C. K., Choi, J. H. and Son, J.E. : Energy R&D,
8(4), 16(1986).

Gelperin, N. L. and Einstein, V. G. : “Fluidization”,
ed. by Davidson J. F. and Harrison, D., Academic
Press, London, 471(1970).

Zhang, H.C, Cen, K. F., Xie, C.L. and Huang, G.
Q. : Proc. of the 7th Int. Conf. on FBC, Vol. 1, 819
(1982).

Choi, J. C., Kim, Y.J.,, Moon, S. H. and Kim, S.D.:
HWAHAK KONGHAK, 23, 153(1985).

Meulink, J. P., Haasteren, A. W. M. B. V. and Tem-
mink, H. M. G. : Proc. of the 8th Int. Conf. on FBC,
Vol. I, 179(1985).

Tuzla, K., Biyikli, S. and Chen, J. C.: Proc. of the
8th Int. Conf. on FBC, Vol. I, 159(1985).

Grewal, N. S., Zobeck, B.]J., Mann, M. D. and Haji-
cek, D.R.: Proc. of the 1987 Int. Conf. on FBC,
Vol. 2, 1153(1987).

Bak, Y.C., Son, J.E. and Kim, S.D.: HWAHAK
KONGHAK, 23, 213(1985).

Basu, P. : AIChE Symp. Ser., 74, 187(1978).
Vreedenburg, H. A. : J. of Appl. Chem., Suppl. Issue
1, S26, 526(1952).

Kharchenko, N. Y. and Makhorin, K. E. : Int. Chem.
Eng, 4, 650(1964).

Gormar, H., Renz, U. and Verweyen, N. : Proc. of
the 10th Int. Conf. on FBC, Vol. 2, 1241(1989).



