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Abstract—The atomization and discharge characteristics of coal-water mixture(CWM) fuel at the internal-mixing
type atomizer with one exit hole were investigated using Malvern droplet size analyzer which is based upon the
laser diffraction method. Test results showed that over the atomizing pressure more than 2.0 kg/cm?, a critical flow

phenomenon occurs, and that, consequently, a linearly proportional relationship is established between air mass velocity

and absolute pressure in the mixing chamber, and further that the discharge coefficient of air is decreased with
the increase of nozzle diameter and CWM mass velocity. The CWM droplet size in the range of 50-120 yum MMD
was sharply decreased with the increase of air/fuel ratio, but was maintained at a fixed value over a certain level,
regardless of the CWM feed rate. On the other hand, its SMD was in proportion to the 0.48 power of the term,
(1+ fuel/air ratio). Alsc, along with the axial distance from the atomizer, CWM droplet size was linearly increased
and the obscuration was decreased. Since the MMD of CWM droplets is shown to be larger than that of coal particles
in CWM fuel by more than about 20 um, it was clearly verified that a CWM droplet consists of several coal particles

and water, not just one coal particle.
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Table 1. Analyses of CWM feed coal

Item Unit Value

Proximate Analysis 3.70
Moisture 28.70
Volatile Matter wt% 55.60
Fixed Carbon 12.00
Ash

Ultimate Analysis*
Carbon 69.85
Hydrogen 4.01
Nitrogen wt% 0.81
Sulphur 0.40
Oxygen(by difference) 1247
Ash 1246

Gross Heating Value keal/kg 6770

True Density kg/m? 1,495

*moisture-free basis
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Fig. 1. Measurement positions of the CWM droplet size.

7] Abelell 1A JEWHE b5 f

orifice meters} &

& i“éﬂ‘ﬁ‘:}
CWM°1_§.-—I °“t‘ 719] W F-Fo] o] FH F¥7)(twin fluid

atomizer) & A=3li glow], £3] 1 FolME A9} HEEo)
(atomizing medium) 2 FTHFH+ 7]H7 &8 Ei A7

%5 -

Orificea Meter 1

A58 - A%

ol A2 EFHE F2E B AFEGY 222174 gl
g a oleH1,2,8] webd UgE ¥ Fig3o] deha
AHY 1) e3¢ 73 Y3, $F-%eF] 30-150/hral ¥
AL ’ﬂ%a}"ﬁ\:}. Huye AlE 2 A ule} -2 H B S 9}
AL wAste] dAEd 5 e TRE Aok

3. AlEEnt % 03
3-1. BRIjMe 38 SN

dutd o @ CWMadgr HE7F & Al gd 47 o
A-EE WRERA B0l ZlAleE A FERE &
Al (mixing chamber) o] x12] Ha}ated, Pyol A2 YHI A2
TAZE i, o] F 7FA] 85e] 2zt B-Fr]e] WF-pzet 27|l
ape} d g 27 o)A R fiAgojoint dEg BT AHE IS
T 2leH10,11]. whepd & g Eell M el dFE¢ F5ES
FAE WYEY 719 7 2ES B4 AEE

Al B O

T 17]

>

CWMS) 24 filol i ¥3 54& 37-B5) vlmsjol i
wakt}.

311 8719 #% 54

Fig 4% 31401419 Adiatelo) w2 3719 A4 % Hshe

Bl 7o), Fig. 5+ ideal sonic flowell 4 #A|4kElE o] &2q)
7]-4 243 AA 274 A== FEF VLR "
Z A4 (discharge coefficient) 2] #H3} H3-e BFr]9) & 3
73‘21 viebd Zlejrh
tredx 7] ool M uhaale] givkx 713 of Db R]o] A
&S FAM o|dr|AYE BAbEE ASele oA 3 E(critical
ﬂOW) z2Asbel A Z7)9 AgEE, G o5 A4 2 348
4 Slo11, 12].
)(v‘l)/(y*l):ll/z P,

¢ ok !“l

2

(ﬁ_

y+1

YW

RT (1)

o]

Pressure
Transmitter

(RS

Atomizing
Chamber

Cyclone

Sampling
Line

)3

Fig. 2. Flow diagram of CWM atomization test facilities.
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Fig. 3. Schematic diagram of internal mixing type atomizer with

1 exit hole.
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Fig. 13. Variations of mean diameters and obscurations of CWM
droplet with the axial distance.
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: projected particle area/unit weight of particles [m?/Kg]
: dimensional coefficient in Eq. (2) [sec/m]

: weight concentration of particles [Kg/m®]

: diameter [m]
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:mass velocity in the exit holes [Kg/m?-sec]

:intensity of transmitted light [-]

:intensity of incident light [-]

: path length over which particle/light interactions occur [m]
:mass flow rate [Kg/sec]

: pressure correction for the critical discharge from the mix-
ing chamber [Pa]

: static pressure in the mixing chamber [Pa]

: gas constant [Kg:m?%/K-mol-sec?]

: nozzle thickness [m]

: absolute air temperature in the mixing chamber [K]

: molecular weight [mol ']

: radial distance from the nozzle tip {m]

: vertical distance from nozzle center [m]

: axial distance from the nozzle tip [m]

2|0|A 22X}
: dimensionless coefficient in Eq. (3) [-]
:ratio of specific heats at constant pressure and constant
volume [-]
: dimensionless coefficient defined by Eq. (4) [-]
: viscosity [mPa-s]
: density [Kg/m?]
: surface tension [N/m]
: dimensionless coefficient defined by Eq. (5) [-]

Xt

: air

: gas

: liquid or CWM fuel
: nozzle

: water
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