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Molecular weights and mols: m nM= , air 28.97 g/molM = , water 18.02 g/molM = , Avagadro’s number: 236.0225 10× . 
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Relative humidity & vapor pressure: 2 2
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First-order ODE: dy B Ay
dt

= − . For a step function change and constant A and B, 
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Emission factors (EPA AP-42): 
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Combustion of hydrocarbons: ( )2 2 2 2 2C H O 3.76N   O H O Nx y a bC c d+ + → + + , a = astoich if stoichiometric combustion, 
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Tank filling: ,
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When a liquid puddle of species k sits at the bottom of a tank being filled with species j, emissions come from both j & k, 
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Lapse rate: 
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Gradient diffusion of A: A
daJ b
dz

= − , where 
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 and A = mass, energy, momentum, … For mass, j
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Gaussian plume model: [hs is actual stack height, δh is additional plume elevation due to buoyancy of the plume] 

• Absorbing ground: 
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, where sH h hδ= +  = effective stack height. 

• Reflecting ground: 
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• Absorbing ground w/ inversion: 
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, 

where H = effective stack height and HT is the elevation of the reflecting part of the inversion. 
• Reflecting ground w/ elevated inversion (fumigating plume): 
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• Fumigating approximation, reflecting ground, elevated inversion, far downwind: 
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• For all the above, b

y axσ = , d
z cx fσ = + . Note: x in units of km and σy and σz in units of m. Use Tables 1 & 2 for a-f. 

 

  
 

 
 

  



Gaussian puff diffusion model for absorbing and reflecting ground:  

• Absorbing: ( )
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• Reflecting: ( )
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• For all the above, b
xi yi axσ σ= = , d

zi cxσ = . Note: x, σyi, and σzi are all in units of m. Use Table 3 for a-d. 
 

 

 
 

Particles: number, 
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 where vr = relative particle velocity, rv v U= −


  , where v  is the particle velocity and U


 is the air velocity.  
 Kn is the Knudsen number, λ is the mean free path of air molecules, and C is the Cunningham correction factor, 
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 Stokes: 24  for Re < 0.1
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 Equation of particle motion: 
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 Terminal settling speed: 
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Gaussian plume with particle settling (for particles the ground is always absorbing): Set H0 = H at x = 0, and then 
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Gaussian puff with particle settling (for particles the ground is always absorbing): Set H0 = H at x = 0, and then 
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Particle settling in containers, rooms, ducts, etc.:  

 Grade efficiency for particulate APCS: Vt (or vr) = fnc(Dp), so η = fnc(Dp) & Grade efficiency: ( ) 1
(in)p
cD

c
η = − . 

Settling in box, room, container of height H: c tt H V=  = critical time; laminar and well-mixed are two extremes: 
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 Settling in duct: c
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Inertial separation devices: 

 Terminal radial speed, inertial separation: 
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Standard Lapple cyclone: ( )
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Pressure drop and required power: 
2 2

4
2

40.96 2621.44Q QP
WH D

ρ ρ ∆ = = 
 

, blower
blower

Q PW
η
∆

= , where 2

4
DW =  & 2

2
DH = . 

Air cleaners in series and parallel: For m cleaners, j is cleaner number in series or parallel. 
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Rain, Spray Chambers, and Wet Scrubbers as Air Pollution Control Systems: 

C&E single-drop collection grade efficiency: ( )
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Slinn single-drop collection grade efficiency: ( )
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Total (C&E and Slinn) single-drop collection grade efficiency: ( ) ( ) ( )
total CE Slinnd p d p d pD D Dη η η= + . 

Overall collection grade efficiency for spray chambers and wet scrubbers: ( ) 1 expp
c
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Spray chamber: ( ), total
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Wet scrubber: Lc must be estimated or calculated, depending on size and shape of the packing material. 
Other Air Pollution Control Systems: Many other APCSs have the same equation as above for grade removal efficiency, but 

each has a unique critical length that depends on particle diameter and needs to be calculated or measured, 
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c
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Air filters: (ε = porosity, U0 = upstream air speed, L = filter thickness, η f (Dp) = single-fiber collection efficiency) 

C&E single-fiber collection grade efficiency: 
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Cheng single-drop collection grade efficiency: 
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Total (C&E and Cheng) single-fiber collection grade efficiency: ( ) ( ) ( )
total CE Chengf p f p f pD D Dη η η= + . 

Overall collection grade efficiency for air filters: ( )
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Electrostatic Precipitators: (ESPs) ( ) ,plates

ESP

1 exp 1 exp t s
p

c

w ALD
L Q

η
   

= − − = − −   
   

, wt = terminal drift speed or migration 

speed, As,plates = total surface area of collector plates, QESP = total actual volume flow rate through the ESP. 
 

Polydisperse Aerosol Particle Statistics for Grouped Data:  j is bin (class) number and we assume lognormal distributions.  
• j = bin number, range Dp,min, j < Dp ≤ Dp,max, j, width ∆Dp, j, mid value Dp, j for j = 1 to J. 
• nj = number of particles in bin j, and nt = total number of particles in the sample, nt = Σnj . 
• mj = mass of particles in bin j, and mt = total mass of particles in the sample, mt = Σmj . 
• f (Dp, j) = number fraction of particles per bin width for a number distribution. 
• g(Dp, j) = mass fraction of particles per bin width for a mass distribution. 

 Histograms: Since non-equal bin widths, plot ( ),
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∆
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 For lognormal distributions, ( ) ( ), ,50number numberp gm pD D=  and ( ) ( ), ,50mass massp gm pD D= , 
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