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!! Introduction to Aerosols Introduction to Aerosols 
!! Drag ForcesDrag Forces
!! Cunningham CorrectionsCunningham Corrections
!! Lift ForcesLift Forces

AhmadiME 637

Aerosols are suspension of Aerosols are suspension of solid or      solid or       
liquid particles in a gas.liquid particles in a gas.
Dust, smoke, mists, fog, haze, andDust, smoke, mists, fog, haze, and
smog are common aerosolssmog are common aerosols..
Aerosol particles are foundAerosol particles are found
in different shapesin different shapes..

AhmadiME 637

Aerosols Air

Number Density 
(Number/cm)

100-105 1019

Mean Temperature
(K)

240 – 310 240 – 310

Mean Free Path Greater than 1 m 0.06 µm

Particle Radius 0.01 – 10 µm 2   10-4 µm

Particle Mass (g) 10-18 - 10 -9 4.6   10-23

Particle Charge  
(Elementary Charge 
Units)

0 – 100 Weakly Ionized 
Single Charge
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Mach NumberMach Number

Schmidt NumberSchmidt Number

Brown NumberBrown Number

Reynolds NumberReynolds Number
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λλ = Mean Free Path= Mean Free Path νν = = KinematicKinematic ViscosityViscosity

d = Particle Diameterd = Particle Diameter D = DiffusivityD = Diffusivity

vvpp = Particle Velocity= Particle Velocity vv’’ = Thermal Velocity= Thermal Velocity

vvff = Fluid (Air) Velocity= Fluid (Air) Velocity n = Number Densityn = Number Density

c = Speed of Soundc = Speed of Sound
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410310210110010110−210−310−
Particle Diameter, 

410−

Electro.
Wave X-Ray

µm

UV Vis Infrared Microwaves

FumeDefinition Dust
Mist Spray

Solid

Liquid

Soil

Atmospheric

Typical 
Particles

Size 
Analysis 
methods

Clay Silt Sand Gravel

Smog Cloud/Fog     Mist Rain

Viruses Bacteria Hair
Smoke Coal Dust Beach Sand

Microscopy

Electron Microscopy Sieving

Ultra Centrifuge Sedimentation



3

AhmadiME 637

410310210110010110−210−310−

Particle Diameter, 
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Gas 
Cleaning
Method

µm

Ultrasonic Settling Chamber

Centrifuge

Air Filter

Diffusion 
Coeff.  cm2/s

Impact Separator

Electrostatic Separator

HE Air Filter

Thermal Separator

Terminal 
Velocity cm/s
S=2

Air
Water

Air
Water

2105 −× 510− 9102 −× 11102 −×
12105 −×10105 −×8105 −×6105 −×

610− 4102 −×
7106 −× 3106 −×1010−

6.0 600
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Experiment

Predictions of various models for drag coefficient for a sphericPredictions of various models for drag coefficient for a spherical particle.al particle.
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Variation of Cunningham correction with Knudsen number.Variation of Cunningham correction with Knudsen number.
AhmadiME 637

c

c
Diameter, µm C

10 µm 1.018

1 µm 1.176

0.1 µm 3.015

0.01 µm 23.775

0.001 µm 232.54

Variations of CVariations of Ccc with d for with d for λλ = 0.07 = 0.07 µµmm



5

AhmadiME 637

pf

pf
f

D /1
3/21Ud3F
µµ+
µµ+

πµ=

Ud2F f
D πµ=For BubblesFor Bubbles

AhmadiME 637

K=Correction FactorK=Correction Factor

KUd3F eD πµ=

3/1
e )Volume6(d

π
=

AhmadiME 637

Drag

Gravity

guuu pf
p

m)(
C

d3
dt

dm
c

+−
πµ

=

Equation of Motion Equation of Motion 

AhmadiME 637

guuu pf
p

τ+−=τ )(
dt

d

ν
=

µ
ρ

=
πµ

=τ
18

CSd
18

Cd
d3

mC c
2

c
p2

c

Relaxation Time Relaxation Time 

f

p

S
ρ
ρ

=

)m(d103)s( 26 µ×≈τ −



6

AhmadiME 637

)e1)(( /tfp τ−−τ+= guu

µ
ρ

=τ=
18

gCdgu c
2p

t

Terminal Velocity = Equilibrium Velocity after Large TimeTerminal Velocity = Equilibrium Velocity after Large Time
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Stopping Distance = Penetration distance for Stopping Distance = Penetration distance for 
an initial velocity of an initial velocity of uuoo
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76.2 mm7.62 mm7.6×10-37.47 cm/s50
3.09 mm309 µm3.1×10-43.03 mm/s10

0.786 mm78.6 µm7.9×10-50.77 mm/s5
0.0357 mm3.6 µm3.6×10-635 µm/s1
0.0103 mm1.03 µm1×10-610.1 µm/s0.5
0.0009 mm0.092 µm9.1×10-80.93 µm/s0.1
0.0004 mm0.04 µm4×10-80.39 µm/s0.05

Stopping 
Distance 
u= 10 m/s

Stopping 
Distance 
u= 1 m/s

τ sec Terminal 
Velocity

Diameter, 
µm
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Variations of the particle vertical position with time.Variations of the particle vertical position with time.
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Sample particle trajectories.Sample particle trajectories.
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Lift

24
)AL(L d576.0F γρ=− &

2/332/1
)Saff(L d807.0F γρν= &

Leighton and Leighton and 
AcrivosAcrivos (1985) (1985) 

SaffmanSaffman
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