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Hydrodynamic Forces e

Drag Forces
Stokes ”D|:>| F = 37T“Ud\
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Hydrodynamic Forces cesen

Reynolds Ud
Number [ —
U

Drag Forces

0.687
1<Re<1000]IF Yc, -2+ 0 R ]
Re

ME 437/537-Particle G. Ahmadi




Cunningham Correction Ceeiser

Cunningham Correction Ceisen

For 1000 >Kn >0
Stokes-Cunningham F = 3ruUd
Dra D —
g C .
Cunningham
Correction

C, = 1+%[1.257 +0.4e714]
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Variations of C_ with d for A = 0.07 pm

Diameter, pm C
10 pm 1.018
1 pm 1.176
0.1 pm 3.015
0.01 pm 23.775
0.001 pm 232.54
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Droplets fuke

Non-Spherical Particles Cortsen

For Bubbles | IF

> |FD = ZnufUdl
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F, =3nuUd K

|de = (g Volume)'” \
m

K=Correction Factor
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Correction factor =
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du®

T =(u' —uP)+1g

dt

Relaxation Time

__mC, _ d’p?C, Sd’C,
3nud 18u 18v P

| - -6 42 |
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u’ =(u' +1g)(1-e"")

Terminal Velocity = Equilibrium Velocity after Large Time

| t - 2 |
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Stopping Distance = Penetration distance for
an initial velocity of u,

—t/ _
u’ =ue " |xP =uPr(l-e")

0

x? =u’rt

(0)

|Xp(um) z3d2(1um)|
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_t/
xP =xP +ulr(l-e")

+(u' +1g)[t—1(l—e")]

Particle Path **=

ME 437/537-Particle G. Ahmadi

Saffman (1965, 1968)

1242, f P du’ 1/2
F sary =1.615pv""d"(u’ —u )|d_y|

duf
Sen(——
g(dy)
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LiftForce oma Partce Touching o Plang €120

Lit Foree in Tl Boundary Laper Clerksen

Leighton and _ 4.2

Acrivos (1985) FL(L—A) =0.576pd"y

Saffman FL sar) = 0.807pv'?d’y*"?
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Velocity Field in the Inertial Sublayer

+ 1 + i
u =—Iny +B
| K \

u ,ou

u \
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Viscous Sublayer ceser

Turbulent stress is negligible
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Brownizn Viotion **

Langevin
Equation — _+Bu n(t)

|B=3nud/Ccm=1/r

N(t) = White Noise

g _ 2KTB
Spectral Intensity | B [>m =
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Brownian Votion ™

Mass
Diffusivity n—) D———x (t)

2 dt

Diffusivity

Il.. | | kT kTC \
D: = C
Bm 3rnud
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Compter Simulation Procedure Ceeksen

® |G, =,-2InU, cos2nU,
G, =4-2InU, sin2nU,

® Amplitude of the Brownian force
is given by

TS,

t.)=G.
n(t;) = G; At
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Diffusion and Fck's Law e

Fick’s Law [l ) J:_Dg_c
X

Diffusion oc _ 2
Equation || = TV Vc=DV-c

_kTC,
3nud

Diffusivity |INEF
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oc o’c Y
—=D—
ot oy
Similarity Variable
C(0,t)=0

| ne—Y

4D
oc _oOcon_oc 1 ¢ 9 1

dy ondy on 4Dt oy>  on® 4Dt
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Particle Diffusion ta Wall e

oc_odcon_dc -y

ot 811 ot 811 2t/4Dt on 2t

Similarity Equation

d%c dc dc 2
L ® g } (%) = -1 +InA
|dn M \III an
dC > n g
o [
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Particle Difsion tp g Wall S
Tl

C(y,t) =Cgerf(y/~4Dt)

| 2 ¢ o
erf(&)Zﬁle&dE» m Ierf(OO)=1

Cn=0)=0
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Diffusion

Velocity

Diffusion

Boundary IE > = 4/ Dt
Layer

Diffusion

Foree 1B }lF =3nudu, /C, |
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Convective Ditfuson o Dt Platp €testsen

Flat Plte - Sﬁmﬁﬂaﬁﬁy Variables Siesisen

M t u@ + V@ =v 0%u
omentum ||} } x oy ay?
Mass | 1N g EET
ox 0Oy

2

Concentration | ||} ’ u@+ V@ =D 2 (2:
15,4 oy oy
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| = VUXf(T])\ W

Momentum/Mass Concentration
] 1 _ 1
|ff +21""'= Ol c"+=S fc'=0] fs.=>
2 ¢ D
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Flat Plate - Simndlarity Yoriables Cisisen

Boundary |f(0) =f'0)=0 | |f'(oo) ~1
Conditions

s

Blasius o |vx lfl

Solution = 5\/;0 f"'(0)=7=0.332

>|f:%n2 e

Near the
Plate I I l
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Me Clarkson

n
CoIeXp(—vlscf)dz »
C = s 0 'Yl = —
jeXp(—ylch3)dZ
0

[exp(—y,s.z”)]dz
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Diffusion in 2 Tube Flow Stetsen

(Iy’ R_—/ ;—r_l '

Laminar r
o]

DiﬂlﬂSﬁ@Im ﬁm 1 Tunbe Flow Cheiomn

Diffusion \
Equation
R 5X
I Boundary Condition I

Similarity
l_I I_l o Variable
C —

2
R
W
2y ‘
u~u,—+...
. R : :
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o= [y m
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Ditfusion to a Cylinder ¢

Diffusion
Equation

Boundary
Conditions
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Ditfusion to o Cylinder case

Diffusion ANy
Equation

oc  Oc o’c
u—+v—=D—

ox dy Oy

Boundary y=0, =
Conditions INE > y = oo, -
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Direct Iﬁmﬂt@pﬁ@m Limit Carkson

P, > No Diffusion

Let 12 \
X = jsm x,dx,, el
Diffusion Equation
oc D 0 1y OC
= (v,
oy aAU oy, oy,
y, =0, c=0
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Similarity Equation | [} > £= Vi

- 2/3
X

AN

_ AP, dc 12 de
dg dé(a dg

—) |4

1

—

1/3 \/E
=L (AP) Iexp {—%APef}dz

0
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e Similarity Method

e Separation of Variable
Method

e Integral Method
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