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Abstract—Eleven styrofoam particles, with diameter ranges of 0.0765-0.454 cm and density ranges of 0.13-
0.63 g/cm?, were used to measure free-rising velocity of particles. At Re>200, drag coefficient, Cp of free
rising particle was independent of its diameter and density. The drag coefficient was calculated as a constant
value of 0.9 which showed higher value than that of free settling particle. The correlation between Galileo
number and terminal Reynolds number was given to Ga= 18Re,+2.2Re,*® and standard drag curve was found

as Cp=1(24/Re;) +2.93 Re, 2,
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Table 1. Correlation between Ga and Re,
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Clift Eq. [1)°

4 :
log Re,= —1.814+ 1.347log<—3-Ga>—0.1243[log (%Ga)]z+0.00634[[0g(§-Ga)]2(12.2<Re,<6350)

Karamanev-Nikolov Eq. [3]"

4
log Re;,=—1814+ 1.34710g<—3—Ga> - 0.1243[log(%Ga) ]2+ 0400634[10g<%Ga) ]3 (12.2<Re,<130)

iGa
Re,= 3
TV 095

Schiller-Naumann Eq. [8]°

(130<Re;<9X 10%)

Ga=:18Re,+ 2.7Re}*" (0.001 <Re,<1000)

r: applied to the free rising velocity
s: applied to the free settling velocity

b: applied to the free settling velocity and the free rising velocity

Table 2. Correlation between C, and Re,

Turton-Levenspiel Eq. [9]°

24(1+0.173 Re ™) 0.143
Re, 1416,300 Re, ™™

Cp=

Karamanev-Nikolov Eq. [3]

24(1+0.173 Re,"%) 0.143
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Re, 1+16,300 Re,

Cp==0.95

Schiller-Naumann Eq. [8]°
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(12.2<Re;<130)

(130<Re<9x 109

(0.001<Re,<1000)

r: applied to the free rising velocity
s: applied to the free settling velocity
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Table 3. Summary of experimental results

No d, Ps U, Re Ga

’ (cm) (g/em®)  (cm/sec) () Q)
1 0.0765 0.28 6.20 47 3159
2 0.093 0.13 8.97 83 6858
3 0.12 0.50 6.32 76 8467
4 0.191 041 13.30 254 40478
5 0.257 048 139 357 87001
6 0.31 0.63 119 369 108022
7 0.36 0.571 15.1 544 196151
8 0.296 0.183 195 577 207646
9 0.335 0.264 18.9 633 271168
10 0.348 0.332 17.7 616 275893
11 0454 0.403 21.2 962 547479
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Fig. 1. Estimation of two coefficients(a and b) in Eq. (12).
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Fig. 3. Drag coefficient correlations for light particles.
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Fig. 4. Effect of particle diameter(®) and particle density
(O) on the drag coefficient when Re,> 200.
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ARBYIE
a : correlation coefficient in Eq. (12) [-]
b : correlation coefficient in Eq. (12) [-]

Cp :drag coefficient [-]

C: :inertial drag coefficient [-]

C. :viscous drag coefficient [-]

d, :particle diameter [cm]

F, :total drag force [dyne]

F; :inertial drag force [dyne]

F, :viscous drag force [dyne]

g  :gravitational accelation constant [cm/s*]
Ga :Galileo number, [d p;(pi—pp)gl/n® [-]

M, :particle mass [g]

r : correlation coefficient [ -]
Re, :terminal Reynolds number, (d,U,p)/u [-]
U: :terminal settling(rising) velocity [cm/s]

V, :particle volume [cm®]

V. :fine sieve volume [cm®]

V., :initial water volume [cm®]

V. :water volume with particles [cm?®]

azlojlAa 22Xt
u  :liquid viscosity [g/(cm-sec)]
pi  :liquid density [g/cm®]

p,  :particle density [g/cm®]
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