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Abstract—The rheological characteristics of coal-water mixture(CWM) fuel, based on the power law model,
were investigated using the Haake rotational viscometer, which produced shear rates from 0.1 to 512 s~
Test results showed that all the slurries exhibited non-Newtonian properties of shear-thinning behavior,
i.e., pseudoplastic or yield-pseudoplastic. The slurries became more viscous as the temperature, the mean
particle size, and the amount of anionic surfactant were lowered. Furthermore, the yield stress measured
in the case of no additive varied with the solid volume fraction and the coal particle size. The CWMs displayed
a higher degree of pseudoplasticity with an increase in coal content and with a decrease in the mean size
of the coal particles, the amount of additive, and the temperature. The pressure loss data obtained in the
CWM test loop were coincided with the calculated values from the correlation based on the power law con-
stants. Also, the generalized Reynolds number(N*g,)-friction factor(f) relationship could be applied to the
laminar flow of CWM fuel.
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Table 1. Analyses of coal used in the tests
Item Unit Value
Proximate analysis
Moisture wt% 3.00
Volatile matter 35.70
Fixed carbon 50.00
Ash 11.30
Ultimate analysis*
Carbon wt% 69.99
Hydrogen 4.46
Nitrogen 1.01
Sulphur 0.53
Ash 11.65
Oxygen(by difference) 12.36
Gross heating value KJ/Kg 28990
True density Kg/m® 1413

*moisture-free basis
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Fig. 1. Correction factors for the calculation of apparent
viscosity of the power law fluid.
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Fig. 2. Schematic diagram of experimental apparatus used for the pressure losses in pipe.
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Fig. 4. Yield stress dependence on the solid volume frac-
tion in CWM(no additive).
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Fig. 13. Friction factor-Reynolds number relationship for
the CWM flow.
(dp»=20 pm, CWM1002: 04 wt%, NaOH: 0.1
wt%)
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A, :constant [-]

A, :constant [-]

C,. :ratio of apparent viscosity of power law fluid
to that of Newtonian fluid, n,/n. [-]

C. :weight percent of coal in CWM [wt%]

D  :inside diameter of pipe [m]

dy.. :mass median diameter of coal particles in CWM
[um]

f : friction factor [-]

K  :flow consistency index or power law coefficient
[Kg/m-s*""]

K’ :Metzner-Reed modified power law coefficient

defined by eq. (13) [Kg/m-s*""]
L  :pipe length [m]

N  :rotational speed of the rotor [min~']

N*.. : Metzner-Reed Reynolds number defined by eq.
@ [-]

n :flow behavior index or power law exponent [-]

n' :Metzner-Reed modified power law exponent

defined by eq. (13) [-]
AP : pressure loss in horizontal pipe [Pa]
R, :radius of the stationary outer cylinder called

cup [m]

R; :radius of the rotating inner cylinder called ro-
tor [m]

T  :absolute temperature [K]

V  :cross-sectional average velocity [m/sec]

V. :volume of coal particles [m?]

V., :volume of total water in the CWM [m?®]

V.. :volume of water absorbed by coal [m®]

a : equilibrium moisture content of the coal [Kg
/Kg dry coal]

Y : shear rate [s7]

Yen :shear rate at the rotor surface for Newtonian
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LS

Yup

10.

1L

12.

. AsE 9

AEH

fluids [s7!]

: shear rate at the rotor surface for the non-New-
tonian fluids based on the power law model
[s7]

: ratio of radius of the outer cylinder to that of
rotor, R./R; [-]

: apparent viscosity [mPa-s]

: apparent viscosity of Newtonian fluid [mPa-s]

: apparent viscosity of power law fluid [mPa-s]

: apparent density of the coal [Kg/m®]

: density of the water [Kg/m®]

: shear stress [Pa]

:yield stress [Pa]

: shear stress at the wall [Pa]

: solid volume fraction [-]

: angular velocity of the rotor [s7']
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