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Effect of particle composition characteristics on flow characteristics of

dense fine particles solid-liquid two-phase flow
WU Weidong » WANG Yanping . FANG Hua ,CHEN Bozhou
(Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to further investigate the flow characteristics of dense fine particles solid-liquid two-
phase flow under rotating condition, and explore the influences of particle concentration, particle size and
shear rate on the flow characteristics, the composite medium made up of glass beads and water was chosen
to be investigated. The effects of particle concentration and particle size on the settlement velocity of group
particles were firstly analyzed. Then, the shear stress and viscosity of the fluid under different working
conditions were measured by a rotating rheometer, and the rheological characteristic curve and viscosity
curve of the fluid with different concentrations under the same particle size were drawn on the basis of
regression analysis.Finally, the influences of particle concentration, particle size and shear rate on rheological
properties of mixed media were analyzed according to the orthogonal experimental table (s (4 X2')).The results
show that under the rotating conditions, the solid-liquid two-phase flow of dense fine particles conforms to
the characteristics of expansive non-Newtonian fluid, and the viscosity has an increasing exponential
relationship with the shear velocity. The fluid viscosity decreases with the increase of particle size and
increases with the increase of particle concentration. The most important factor that affects the rheological
properties of mixed media is particle concentration, followed by particle size, and finally shear rate.

Key words: solid-liquid two-phase flow; dense fine particles; orthogonal experiment; flow characteristics

:2019—03—01 : 2019—09—02
(51676174)
(1992— ), s .

,E-mail: wangyp@zstu.edu.cn



[9-12]

[13]

., Tang

[14]

. Krieger

[8]

59
b
[15]
b
[16]
b o
e 60 ;
b
[18]
o b
e : 15%
2 o ’
’
’ o
’
’ b b
b
b
b
. b
, N \ 3
b
’
1
- ’
b
b o b
, Anton Paar
MCR52 N
o 1,
1
X: w/% Y: D/mm Z. }//57l
1 25 0. 10 1000~2000
2 35 0. 05 1000~4000
3 45 — —
4 55 — —




60 ( ) 2020 43
) L (4X2%) s o
X, (), @A) 0. 05 mm 50%
, 2 o , o )
2 L (4%24) . )
X Y z ’
1 1 1 X, Y1 Z,
1 2 2 X, Y, Z,
2 1 1 X, Y, Z, 2.2
2 2 2 XY, Z, .
3 1 2 XY, Z, ,
3 2 1 X;Y2 7, , 1— 2 o
4 1 2 X, Y. Z,
1 2 1 X, Y. Z,
1.2.3.4 .
1
’ 1 0. 05 mm
(H—(2) :
V,/V, = —w)" (D
p—d, 7 L0 1oRepm (2)
1+0 253Rep” ™
.V, ,m/s;V,
sm/ssw Vo5 n
;Rep o
Swanson [16] :0. 10 mm
V,=7 75X10 "m/s,Rep =0. 86;0. 05 mm
V,=2 08X10* m/s,Rep=0. 116, 2 010 mm
3 s
3 T=ky" (3)
:T »Pajy s ik
D/mm w/% V,/(mes™1) m .
25 0. 55X10* , 0 05.
0. 05 5 ‘ 28X107f 0. 10 mm
45 0.13X10°°
55 0. 05X 10 J 4.5,
25 2.22X10°° 4 0.05 mm
35 1. 19X10°¢ w/% R?
010 45 0. 57X107° 25 =3 687X 10 7y 0. 999
55 0. 24X107 35 r="5 223X 107 %y 0. 999
.0, 10 mm 45 =11 554X 10 " "3 0. 999
55 =38, 703X 107% yh 1 0. 999

0. 05 mm .



5 0.10 mm 6 0.05 mm
w/ % R? ®
25 =15, 030X 1075y *6* 0. 994 25% 35% 45% 55%
35 =30, 609X 10 %y 0. 997 A —Q 0151 —0 0137 —0 0151 —0 0221
45 =05, 724X 10 7 yh o1 0. 993 B —18060X10* —3 0914X 10" —3 9000X10* —@ 4085X10*
55 =7 769X10 7 y" ! 0. 995 C Q 0161 Q0138 Q 0155 Q 0197
1.2 4.5 , R? 0 9916 0 9946 0 9830 Q 9910
, 3 7 0.10 mm
n 1, w
25% 35% 45% 55%
| A —0 0038 0 0102 —0 0088 —0 0129
° ’ ¢ B —6 2046X10" 9 6154X107" —8& 6060X 10" —2 2923X 10"
4 3 @ C Q 0068 —0 0072 0 0075 0 0146
) k ) o R? 0 9280 0 9543 0 9646 0 9548
, . 3— 4 ) .
2.3 )
? ’ ’ ’
3.4 . : i ,
p=Aexp(By) +C 4) , ,
iy ,Pa+s;A.B.C . ; ,
, 0. 05.0. 10 mm , ,
) 6.7, .
2.4
1, Lg (4X2Y)
) 8,
8
/
X Y z (MPa-s)
1 1 1 4 22
1 2 2 5 67
2 1 1 4 32
2 2 2 6. 25
3 0.05 mm 3 ! 2 519
3 2 1 6. 45
4 1 2 6. 53
4 2 1 10. 10
K, 9. 89 20, 86 25. 09
K, 10. 57 28, 47 24, 24
K, 12. 24
K, 16. 63
ky 4. 94 5 21 6. 27
ks 5 28 7.12 6. 06
ks 6. 12
K, 8 31
R 3,37 191 0. 21




62 ( ) 2020 43
8 8 s [4] , , s .
. (1. . 2010, 27(4); 575-579.
. R ) , [5] ; ,
3 , (R=3 37). (Il ., 2018, 33(6): 1403-
(R=1 91, (R=0 21), i
(6] ; ) ,
3 (7. . 2018, 34(22): 53-
60.
L7] ; . .. CFD
’ [J1. .
N 2017 (1): 46-52.
, [8] Krieger I M, Dougherty T J. A mechanism for non—
Newtonian flow in suspensions of rigid spheres [ J].
2) , Transactions of the Society of Rheology, 1959(3) . 137-
152.
‘ [9] , .
) (1], . 2002, 33(7); 8-15.
b ol . .
’ n= [M]. : . 1991; 38-254.
L. . [11] . .
) . L . » 2000(5) ; 22-26.
[12] NiJ R, Wang G Q, Borthwick A G L. The kinetic
. theory for vertical profile of particle concentration in
D dilute and dense solid — liquid flows [ ]J]. Journal of
Hydraulic Engineering. 2000, 126(12) . 893-903.
’ ) [13]
[D]. : , 2016 83-96.
’ [14] Tang X L, Wu J. An improved LES on dense particle
’ — liquid turbulent flows using integrated boltzmann
’ equations [ J J. Canadian Journal of Chemical
Engineering, 2007, 85: 137-150.
[15]
: [D]. : . 2005 50-68.
[1] , ; [16]
. . 2018, 46(6): 633- [D]. : , 2005 29-31.
638. [17] , , ..
(2] , , (1. . 2008(1); 107-109.
Ll » 2012, 29(4); (18] .
543-548. [J1. » 2012, 22(3): 237-240.
(3] , , 90° [19] , . .
Ll » 2014, 31(3): (1. , 2015,
228-234. 20(1) . 46-52.



