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Flow Resistance and Drag-reduction Properties of Coal Water Slurries in Pipe Flow

With the Presence of Wall Slip

CHEN Liang-yong, DUAN Yu-feng, LIU Meng, ZHAO Chang-sui
(Institute of Thermal Engineering, Southeast University, Nanjing 210096, Jiangsu Province, China)

ABSTRACT: Experimental study was carried out on a
pilot-scale slurry transportation apparatus to determine flow
resistances of coal water slurries (CWS) in pipes. Based on the
analysis of wall-slip behaviors and rheological properties, three
flow regimes were put forward to describe the pipe flow of the
test slurries. The effects of these factors (solid concentration,
slurry temperature, coal particle size, pipe diameter and the
flow regime) on flow resistance properties and drag reduction
were investigated. The results suggested that when these factors
changed, the flow resistance were varied by changing wall-slip
behavior and rheological properties of coal water slurries. The
effects of these factors on friction factor and drag reduction
were closely related to the flow regime. If those pipe flows
with different solid concentration, temperature or coal particle
sizes belong to the same flow regime, the trends of change in

drag reduction with flow velocity would keep similarity.
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Fig. 1 Schematic diagram of experimental setup
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Tab.1 Operating conditions(effects of temperature and
concentration)

1/C dy/um P [N % 0l P
20 134.5 1.465 57.2 41.7 0.730
20 134.5 1.465 57.2 47.2 0.826
20,32,43,52 134.5 1.465 57.2 49.5 0.865
20,32,43,52 134.5 1.465 57.2 51.7 0.904
20,32,43,52 134.5 1.465 57.2 53.8 0.940
20 134.5 1.465 57.2 55.1 0.963
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Fig. 2 Size distribution of the coal particles
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Tab. 2 Operating conditions(effects of coal particle size)
1C dy/um o Pl %o o % O Pm
20 36.9 1.465 54.3 51.7 0.953
20 1345 1.465 572 51.7 0.904
20 538.6 1.465 59.7 51.7 0.866
20 10797 148672 7421 63870 0861
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Tab.3 Wall slip behavior of coal water slurries/coal water paste
KIESH 1°C

dy/um 0% 20 32 43 52

36.9 51.7 1=0.002 1(7,~294.5)"" — — —

134.5 41.7 T — - -

1345 472 u=0.002 197, — — —

1345 49.5 #=0.006 3(z,~13.4) =0.008 45(7,~6.7) #=0.010 6(z,—~17.4) u=0.012 6(7,~15.7)
134.5 51.7 u=0.001 15(7~175)"*"" 1=0.000 9(7,~137)""" 1=0.000 62(r,—114)" 48! 1=0.000 5(7,~82)"*
134.5 53.8 u=0.001 01(7~227.7)"% u=0.000 87(7—174)""  1=0.000 82(r,~123.5)"**’ u=0.000 61(7,~96)"**
134.5 55.1 u=0.001 07(7—341.2)"2% — — —

536.8 51.7 u=0.004 66(7,~95)" % — — —

1079 63.8 1=0.008 04(7,~60.4) — — —
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Tab. 4 True rheological characteristics of coal water slurries/coal water paste
KK #°C

dy/um 0% 20 32 43 52

36.9 51.7 =138+0.287/"'% — — —

1345 41.7 =0.089 7y — — —

1345 472 £=2.50+0.122y — — —

134.5 495 =24.0+0.306 7 7=26.5+0.2907% 7=25.0+0.228)""" £=26.0+0.174 %8
134.5 51.7 7=93.5+0.907%%¢ 7=79.5+0.982,7%7 7=82.0+0.929y"8™ =80.0+0.867)%6%
134.5 53.8 =156+1.298)" % =123+1.091 96 7=109+0.931y*77 £=90.0+0.833 %
134.5 55.1 £=296+0.0424 )43 — — —

536.8 51.7 =123+0.193" — — —

1079 63.8 =78.0+2.072y — — —
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