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Abstract — Heat transfer characteristics between the horizontal tube and the fluidized-bed proper have been investigated in a
bench-scale pressurized fluidized-bed combustor for the combustion of anthracite coal. Effects of fluidizing velocity(0.9, 1.1,
1.3 m/s), bed temperature(850, 900, 96pand amount of excess air(10, 20, 30%) on the individual heat transfer coefficient
have been determined. The heat transfer coefficient has increased with increasing bed temperature, while it has decreased with
increasing fluidizing gas velocity. The values of heat transfer coefficient in the pressured fluidized-bed combustor rave been
the range of 370-720 WAK, which are much higher than those of typical value(200 3rin the atmospheric bubbling flu-
idized-bed combustor. The heat transfer coefficients have been well correlated in terms of operating parameters by way of

dimensionless as well as dimensional forms.
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Fig. 1. Schematic diagram of bench scale pressurized fluidized-bed combustor.
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Fig. 2. Schematic diagram of horizontal heat transfer tube.
Table 1. Properties of anthracite coal 700 . . .
Component Weight percent, %
Proximate analysis Moisture 9
\olatile materials 5 600 -
Ash 36
Fixed carbon 55 x
i g
Elemental analysis Carbon 58 ; 500 1
Hydrogen 2 N
*Calorific Heating Value: 4,530 kcallkg =
400 -
ez A FAEeH, 3714 F45S 0.9-1.3m/E At
At 2717 EL 10, 20, 30% A= L= 850, 900, 956C= H 300 L

850 900 950

galglon, 559 25, A9 Y7ot 7Y W £ a8y

Wrh5eo 2iE ZuAARAS, hE AN 59 ol gw Temperature, °C

0% Zol7F 0.67 nel i, Ao 2HE 1.08 mYA ] e AL Fig. 3. Effects of temperature on the heat transfer coefficient(excess
& ARgEle] 7 gl Y] AYEAGATE T8l Bl wErge. =20%).
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Fig. 4. Effects of fluidizing velocity on the heat transfer coefficient at
950°C.
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A : heat transfer area of heat exchange tutf@ [m
G : specific heat [J/kgK]
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, : bed diameter [m]
d . particle diameter [m]
E : amount of excess air [%]
h : individual heat transfer coefficient [Wki
hy  individual heat transfer coefficient based on tube inside areg?R)/m
h, : individual heat transfer coefficient based on tube outside areZHjV/m
k : thermal conductivity [W/mK]
Km : thermal conductivity of heat exchange tube [W/mK]
L : length of heat exchange tube [m]
m : flow rate of fluid [kg/hr]
Q : heat capacity [W]
T : temperature [K]
AT,  :log mean temperature difference [K]
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U, : overall heat transfer coefficient based on outside area?dy/m
Ug : fluidizing velocity [m/s]

Xm . thickness of heat exchange tube [m]

Je2jol~ Xt

1] : viscosity [kg/mhr]

P : density [kg/m]

Dimensionless number

Ga  : Galileo number, b, (P,~P))9/Mg
Nu : Nusselt number, Hy/k,
Pr : Prandtl number, /K,

Re : Reynolds numberymju./i,

=Ry

g : gas phase
p : particle

w : water
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