Chapter 1. Single Particles in a Fluid

1.1 Motion of Solid Particles in a Fluid: Drag Force
1) Drag Force, F:

Net force exerted by the fluid on the spherical

particle(diameter x) in the direction of flow

Fo=Col 5 )4

Area Kinetic
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friction wunit mass fluid

where (C, : Drag coefficient

cf. for pipe flow
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where 7 Fanning friction factor
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w

Cp vs. Rep — Figure 1.1

where U : the relative velocity of particle

with respect to fluid

- For Rep < 1 (creeping flow region)
Fp=>31dnU
Stokes(1851)° law
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- For 500¢ Re,<2x10°



Cp=0.44

— For intermediate range
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Table 1.1

2) Motion in a Gas: Non-continuum Effect

Mean-free path of fluid
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where
n, - nDumber concentration of molecules

d, - diameter of molecules

For air at 1 atm and 25°C A\ = 0.0651 uy
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continuum .
Fluig“molecules
Continuum regime transition regime free—-molecule regime

Knudsen number, Ku

A
Kn= d,
- Continuum regime : Kn~(0 (£0.1)
- Transition regime : Kn~1 (0.1~10)

- Free molecule regime : Kp~oo (>10)



Corrected drag force

3nd U
FD: Cc

where (, : Cunningham correction factor

C.=1+Kn[2.514+0.8exp(—0.55/Kn)]

d,, Wm C.
0.01 22.7
0.05 5.06
0.1 2.91
1.0 1.168
10 1,017

In air at latm and 25°C

1.2 Particle Falling Under Gravity Through a Fluid

1) Terminal Settling Velocity, U,

A The velocity of free falling particle when
& Fo=F,—Fy
0 g ) = o
Fg
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For StoKes law regime
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~Ur= 181

d,, Wm | Up cw/s
0.1 8.8x10™
0.5 1.0x107
1.0 3.5x10°
5.0 7.8x10
10.0 0.31

*For unit density particle in air at 1 atm and 25°C

Worked Example(additional)

Example. In 1883 the volcano Krakatoa exploded, injecting dust 32Km up into the
atmosphere. Fallout from this explosion continued for 15 months. If one assumes
settling velocity was constant and neglects slip correction, what was the minimum
particle size present? Assume particles are rocK spheres with a specific gravity of

2.7.

(P,—PJedyC. _ 2.7-980 - dy- 1
18u 18-1.81-10*

29 - 103 - 102
15 - 30 - 24 - 3600

o dp: 3. ].9UWL

L Up=

=0.0823 cm/s

2) Terminal Settling Velocity for NonStoKesian particles

In Newton's regime
dy(p,—p)g\"?
Ur= 1.74(%)

For intermediate regime : Trial and error(Numerical) or

CpRe = %f’&%’;_—pg =K (constant)

l

log Cp=log K—2log Re,



Log K

Log Gy

Log K

From PRe or

Worked Example 1.6

¥ 4,7 for given (U,

Cp 4 gu(p,—py ,
Re, 3  (het K

log Cp=log Re,+ log K’

From the Figure above,

g — Re
P Uy

Worked Example 1.5

http://www. processassociates. com/process/separate/ternvel htm = [,

http://www, processassociates. com/process/separate/termdiam. htm™—= 4 b

3) Transient Response to Gravitational Field



In general,
Particle motion in gravity

dUu
Mo dt
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For Stokes’ law regime, F,=3tduU
Rearranging,
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where r;;igﬁ—jhﬂééi

Integration yields

U=U/1—exp(—t/1)] U

* 0{7[M = 2[Fe
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Relaxatien time fon Unit Density Particles at Standand

Benditiena
Particle diameter, um Relaxation time, s
0.01 6.8x10
0.1 8.8x10 "
1.0 3.6x10 "
10 3.1x10 "
100 3.1x10 "

Table 1.2



1.3 Nonspherical particles

* (C, for nonspherical particles - Figure 1.3

1) Dynamic shape factor, X
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Dynamic shape facters of powdens

Powders

Dynamic shape factor

sphere
cube

cylinder(L/D=4)
axis horizontal
axis vertical

bituminous coal

quartz

sand

talc

1.00
1.08

1.32
1.07
1.05-1.11
1.36
1.57
2.04

2) Equivalent Diameters:

Spheres with the same properties

- Volume-Equivalent diameters

Surface-area equivalent diameters

— Terminal velocity-equivalent diameters

Stokes diameter : d5f=[

Aerodynamic diameter : dﬂ::[

- Shape factors

Sphericity, w
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d,=5um d,=4.3um d,=8.6um

p,=4000kg/m®  p,=4000kg/m? p,=1000kg/m?
x=1.3
Ur=2.2mm/s Ur=2.2mm/s Ur=2.2mm/s

Irregular particles and its equivalent

spheres

1.S Migration of Particles by Other External Force
Fields

A= 2|78 Zf(external force field)SIOfA HekE got SZ QICH.

ol If S&IYE migration, 1 HEE migration velocitys} FEC}

In Stokes' law regime

T
Fo—F, _3uwd, .,

ext C mig
C

where (,, : migration or drift velocity in the fields

e.g., For gravitational field,

p,ed;
Fo=g dy0,~0)g = Ur=Tgit s

terminal settling velocity
Flux by migration

7= CUmz'g

where ('@ particle concentration

1) Centrifugal migration
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Acceleration of centrifugation,
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2) Electrical Migration

where

U= gy
=2 JISEE dg 4 Yooz
RULCH.
F= qf= n.ek
g + charge of particles
E : strength of electric field
¢ + charge of electron
(elementary unit of charge)
n, - number of the units
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