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Atomization Characteristics of Coal-Water Mixture Fuel
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Fuel Technology Research Team, Kovea Institule of Energy Research,
Taejon, 305-343, Korea

Abstract— Coal-water mixture(CWM) fuel has attracted much attention as a substitute fuel for oil
by which high economics and short-term commercialization might be realized in comparison with other
coal conversion technologies. There are many factors that affect the CWM combustibility, such as the
physical properties of CWM, the performance of atomizer and burner, operating conditions, capacity
and load of the hoiler, etc. Particularly, atomization quality is extremely critical to achieving acceptable
carbon conversion efficiency of CWM fuel and maintaining the flame stability, because the coal particles
in the CWM droplets burn as agglomerates. This paper presents the R&D results about the CWM
atomization characteristics, including the significance of CWM atomization quality, the atomization and
combustion mechanism, the type of CWM atomizer, size and size distribution of CWM droplets and
some factors that influence the atomization performance.
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Fig. 1. Variation of burnout times with coal rank for
a 500mm drop”.
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Table 1. CWM Droplet size correlations in twin-fluid atomizers.

Authors [Ref.] Atomizer Type

Droplet Size Correlations

Hedley et al External Mixing SMD = 8200P "™
[78] (plain-jet type)
- B M .5 9
Pohl et al. YJet. BV,”JML“'I (1 + VL) holo_nz
(60, 79] (1 exit hole) M,
MMD = .3 2
p- MI/ d,
De Michele et al. | Y-Jet internal o Vyid,
(76, 80 8 exit holes) MMD=182d,(—_— )
Meyer et al. External Mixing M
(38, 39] (Paker-Hannifin Ato-| SMD= B, + B, (1 + ML)
mizer) *
Garbett et al. Ext.errTa] Mixing SMD= A - (MA)B
[81] (plain-jet type) (. V&) M,
Thambimuthu et al. | External Mixing p. VD, o M, o
(44, 56] (plain-jet atomizer | SMD=0.058 Du( . ) (1 +E) - Sub-sonic Regime
with an unswirled air ) ‘
P, VA Dn 077
flow) SMD=1346D,(— _ . Sonic Regime
Y-]et panzD.. 078
SMD =3057 D,
Kang et al. Y-Jet _ _ - 1w
MMD=0.0263 d, s 1+
(51, 57, 58] (1 exit hole) (p;,VR"(i, ) ( MA/ML)
(K Yﬂ 1)205 075
*+ 00050 d”( p.od, ) (1 * MA/ML)

3 173

Andreussi et al. Y-Jet Internal Dy 1 D p, VD, "
[76, 821 8 exit holes) [( D. ) - ("2" D, ) :| - a’( s )
Huang et al. Air-Blast MD = M Nd' S M N
[83] (used in CWS gas - IE 1 d JZI 4, .
turbine combustor) 100W, 100 ,21 MW,
NJ: M L ’ T M N
d‘i ’ 21 (Wj/ d’.i) 21 |Zl M’ W"
Smith et al. Air-Blast (1 . 1 ).,.x
in-j M./M,
(59, 72] (plain-jet type) SMD=212 X 10’ N \
VR._ p“(l.x
Vli’l 28
| (K(4a)) L
+ 1.08 X 10° v (1+ o)
L LA LW
Ren et al Y—Jet Internal pA(VL—VA)zdﬂ 05 MOLM.»«
[77, 84] (DZ-type atomizer) SMD:10500( M’é\)
v (1 + M, /M, ) (1 + cosy)™
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a . Normalizing coefficient [-]

A, Constant [-]

b Coefficient [1/m"]

B . Constant [-]

c - Coefficient [-]

d  : Diameter [m]

D  : Diameter [m]

D. : Characteristic dimension [m]

D., :Mass median diameter [m]

D,, : Mass median diameter of solid [m]

d,. ‘Mass median diameter of coal particles in
CWM [pm]

G Mass velocity in the exit holes [Kg/m’-sec]

K ! Flow consistency index or power law coefficient
[Kg/m *sec® "]

m :exponent in eqn. (1) [-]

M Mass flow rate [Kg/sec]

M Moment [Kg - sec/m]

N* : Normalized number [-]

N« : Reynolds number [-]

n . Flow behavior index or power law exponent [-]

P*  Critical pressure at the throat of nozzle [Pa]

P* ! Pressure correction for the critical discharge from
the mixing chamber [Pal

P, . Static pressure in the mixing chamber [Pa]

r . Lashing angle of the air flow [-]
: Gas constant [Kg *m’/K -mol “sec’]
t . Nozzle Thickness [m]

Tw * Absolute air temperature in the mixing cham-
ber [K]

V. Air velocity [m/sec]

V. Velocity of sound in the gas phase [m/sec]

Vi Relative velocity between liquid jet and atomizing

air [m/sec]
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. Molecular weight [mol ']
. Phase slip ratio [-]

Greek letters

a : Liquid volume fraction [-]
a’ : Constant in eqn. (8) [-]
v - Ratio of specific heats at constant pressure and
constant vlolume [-]
y : Shear rate [1/sec]
I' : Dimensionless group [-]
¢ . Coefficient in eqn. (1) [-]
u  : Viscosity [Kg/m *sec]
v * Kinematic viscosity [Kg/m sec]
P I Density [Kg/m’]
6 ! Surface tension [Kg/sec’]
Subscripts
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L I Liquid or CWM fuel
m ! Suspension
M : Mixing chamber
N [ Nozzle
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