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PREFACE

This book is intended for university seniors and graduate students who would like an
overview of air pollution control engineering. It may be of value as a reference work to
engineers who are professionally active in air pollution control, but they will probably
find the treatment somewhat simpler and less detailed than their own personal expe-
rience. They may, however, find use for the treatment of areas in which they are not
personally experienced.

About half of the book is devoted to control devices, their theory and practice. The
other half is devoted to topics that form some of the background for the selection of such
devices, e.g., air pollution effects, the structure of U.S. air pollution law, atmospheric
models, etc. These topics interact strongly with the device selection and design, which
is the reason for their inclusion.

I have tried to make the book direct and clear enough that an experienced engi-
neer can read and understand any part of it without help. I have also tried to base it as
completely as possible on the basic chemical engineering disciplines of stoichiometry,
thermodynamics, fluid mechanics, heat transfer, mass transfer, and reaction kinetics so
that senior students in chemical engineering will see that this is a field in which they
can use all that they have previously learned. I have also tried to select the level of
treatment so that any interested chemical engineering faculty member can teach a se-
nior level course using the book (and the solutions manual) without requiring that the
faculty member have a personal background in air pollution control engineering. The
chemistry in this book is presented at a level corresponding to a background of one year
of university chemistry because when I teach our course there are mechanical and civil
engineering students present, who have that chemistry background.

I have been guided by two pedagogical maxims: “The three rules of teaching are,
from the known to the unknown, from the simple to the complex, one step at a time,” and
“If you don’t understand something at least two ways, you don’t understand it.” I have
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XVi PREFACE

devoted more space and effort to determining numerical values of pertinent quantities
than do most authors. I believe students need to develop a feel for how big? how fast?
how hot? and how much?

In many areas of the book the treatment in the text is simple, with a more complex
treatment outlined or discussed in one of the problems. Students are encouraged at least
to read through all the problems, to see where more complex and complete treatments
are either described or referred to. In many places in the book there are digressions not
directly applicable to air pollution and problems not directly related to air pollution.
Some of these are there because they show interesting related technical issues that do
not apply directly to air pollution control. I include these because I think they help
students build mental bridges to other parts of their personal experiences. The more
the students are able to integrate the new information in this book into their existing
knowledge base by such connections, the more likely they are to retain it and be able
to use it.

I will be very grateful to readers who point out to me typographic errors, incorrect
equation numbers, incorrect figure numbers, or simply errors of any kind. Such errors
will be corrected in subsequent editions or printings.

I'would like to thank the following reviewers for their many helpful comments and
suggestions: Candis Claiborn, Washington State University; Cliff George, Mississippi
State University; and Lt. Col. W. Chris King, United States Military Academy.

Noel de Nevers



NOTATION

Units
Symbeol Brief Description English SI
A coal ash content wt % wt %
A area ft? m?
A area of city= LW ft? m?
A constant in Antoine equation — —
A constant in Arrhenius equation 1/s 1/s
(sometimes called “frequency
factor”)
A constant in Cunningham correction — —
factor
a acceleration ft/s? m/s?
a length parameter 1/ft 1/m
a mass transfer area per unit volume ft2/ft> m?/m>
ABC chemical species in reaction rate — —
equations
A/F air fuel ratio Ibm/lbm kg/kg
AB C K arbitrary constants various various
ab characteristic dimensions — —
ab polynomial coefficients various various
b background concentration not used g/m?
b time parameter 1/h 1/s
B,C constants in Antoine equation °R °CorK
C carbon content of fuel wt % wt %
C Cunningham correction factor — —
Cy drag coefficient — —
Cp heat capacity at constant pressure Btu/(Ibmor Ibmol) - °F  J/(kg or mol) - °C
Cy heat capacity at constant volume Btu/(lbmol or Ibm) - °F  J/(kg or mol) - °C
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xviii NOTATION
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concentration

diffusivity

diameter or particle diameter

aerodynamic diameter, or aerodynamic
diameter of a drop or particle

diameter of barrier

“cut diameter,” the diameter at which
the efficiency = 50%

droplet diameter

mean particle diameter (arithmetic or
logarithmic)

outside diameter of a cyclone
separator

particle diameter

electric field strength

excess air

activation energy

electric field strength where particles
are charged

electric field strength where particles
are collected

emission factor

force

packing factor in flooding equation,
or packing factor for absorbers

drag force

gravity force

fugacity (for ideal gases, = partial
pressure)

saturated fugacity at this 7 (= vapor
pressure)

Gibbs free energy

molar flow of nontransferred
component in gas phase

molar mas velocity

gas mass velocity

acceleration of gravity

effective stack height

height in the vertical direction, or
the direction in which particles are
collected

Henry’s law constant

humidity, Ibm water/lbm dry air

hydrogen content of fuel

mixing height

enthalpy or molar enthalpy

height above floor in a gravity settler

height of slit

physical stack height

plume rise

mass transfer factor

coefficient in pressure drop equations

constant in Langmuir equation

equilibrium constant

turbulent dispersion coefficient

(Ibm or Ibmol)/ft?
ft?/s

ft

not used

ft
ft

ft
ft

ft

ft

V/ft
Ibmol/lbmol
Btu/lbmol
V/ft

V/ft

various
Ibf

Ibf
Ibf
psia

psia

Btu/Ibmol
Ibmol/s

lbmol/ft?- s
Ib/fe- s
ft/s?

ft

ft

atmospheres

wt %

ft

Btu/(Ibm or Ibmol)
ft

ft

ft

ft

1/atm
various
ft?/s

(kg or mol)/m?
m?/s

m

p(gfem?)’s

m
m

m
m
m

m
V/em
mol/mol
kcal/mol
V/em

V/em

various
N

N
N
Pa
Pa

J/mol
mol/s

mol/m?- s
kg/m?- s
m/s?

Pa

wt %

m
J/(kg or mol)




NOTATION  XiX

K mass transfer coefficient 1Ibmol/ft?: s mol/m?- s

K, equilibrium constant with activities in various various
atm

k Boltzmann constant = R/Avogadro’s not used 1.38 X102
number kg - m?/K - §?

k coefficient in modified Deutsch- — —
Anderson equation

k kinetic rate constant various various

k permeability ft? m?

k ratio of specific heats (Cp/Cy) — —

k reaction velocity constant /s 1/s

kg, ky forward and backward reaction rate various various
constants

k, mass transfer coefficient Ibmol/ft?- s mol/m?- s

L length ft m

L length of city in downwind direction ft m
(in box models)

L length of collector in flow direction ft m

L length of piston stroke in. m

L mixing height (Fig. 6.9 only) not used m

L molar flow of nontransferred 1bmol/s mol/s
component in liquid phase

L liquid mass velocity 1b/fe?- s kg/m?- s

Ly visual range constant not used km - pg/m3

M molecular weight 1bm/lbmol g/mol

m mass Ibm kg

m mass flow rate 1bm/s kg/s

N nitrogen content of fuel wt % wt %

N number of particles, or of people, or — —
of turns in a cyclone separator

N number, number of transfer units — —

Np rate of droplet flow number/s number/s

N; Separation number = Characteristic — —_
dimension/Stokes stopping number
[see Section 8.2]

n exponent in rate equation and — —
Freundlich equation

n age year year

n distance in direction of interest ft m

n exponent in series expansion — —_

n number of mols Ibmol mol

] molar flow rate Ibmol/s mol/s

(0] oxygen content of fuel wt % wt %

pH negative log,, of the H* activity — —
(= concentration) expressed in
mol/liter

P gas pressure psia or atmospheres Pa or mb

Po power ft - Ibf/s or hp kw

P penetration = 1— collection — =
efficiency

p vapor pressure psia Pa

DPwater vapor pressure of liquid water psia Pa or mb

o emission rate Ibm/s gfs

Q volumetric flow rate = V - A ft’/s m3/s

Q¢ gas volumetric flow rate ft*/s m3/s




XX NOTATION
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liquid volumetric flow rate

charge on a particle

emission rate per unit area

Reynolds number

Reynolds number for particles

Relative humidity

_ Humidit

"~ Saturation humidity

universal gas constant
(See Appendix A)

radius

reaction rate

sulfur content of fuel

Schmidt number

standard deviation

absolute temperature

quench zone thickness

thickness

time

half-life

overall heat transfer coefficient

wind speed

internal energy or molar internal
energy

voltage (or potential)

volume

velocity

average gas velocity

particle or gas velocity on a circular
path

drop velocity

drop velocity relative to fixed
coordinates

gas velocity

relative velocity

stack gas velocity

superficial velocity

terminal velocity

mass of solids/(volume of gas
X cake density)

width of a collecting device

width of city

drift velocity (in electrostatic
precipitators)

weight fraction

weight of a particle sample

equilibrium amount adsorbed

activity or concentration of compound
X

molar humidity of air,
mol water/mol dry air

amount emitted in Lagrangian
Gaussian plume equations

liquid content of transferred component

distance

ft3/s
C
lbm/hr - mi?

psi - ft}/lbmol - °R

ft
various
wt %
various
°R

in.

ft

s

s
Btu/h - °F - ft?

ft/s

Btu/(Ibm or Ibmol)

\'%
ft?
ft/s
ft/s
ft/s

ft/s
ft/s

ft/s
ft/s
ft/s
ft/s
ft/s

ft
ft
ft/s

Ibm
1bm/lbm
not used

Ib

1bmol/Ibmol
ft

m3/s

g/s - m?

N - m/mol - K

m
various
wt %

J/(kg or mol)

v
z/s
m/s
m/s

3

m/s
m/s

m/s
m/s
m/s
m/s
m/s

m
m
m/s

kg

kg/kg
atm, or mol/cm?

kg

mol/mol
m




NOTATION  XXi
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independent variable

mol fraction in the liquid phase

mol number of carbon in
hydrocarbon fuel

small quantity in series expansion

mean value of independent variable

distance in x and y directions

indices in hydrocarbon formulae,
CH,

coordinate directions or lengths

gas content of transferred component

mol fraction in gas or vapor

mol number of hydrogen in
hydrocarbon fuel

equilibrium mol fraction

elevation or vertical distance

mol number of oxygen deficiency

number of standard deviations
from mean, = (X — Xmean)/ O
in the normal distribution,
= [In(D/Dyean)]/ in the log
normal distribution.

constant defined by Eq. (12.17)
constant in Freundlich equation
filter medium resistance

dummy variable in flooding equation
dummy variable in flooding equation
dielectric constant

porosity

permittivity of free space

cumulative distribution function

equivalence ratio

latitude

efficiency

latent heat of vaporization

mean free path

reciprocal of equivalence ratio

wavelength of maximum emission

micron or micrometer

viscosity

kinematic viscosity = u/p

density or molar density

liquid density at normal boiling point

(variance)®?®

constant in Gaussian, or normal,
distribution function

Stefan-Boltzmann constant

horizontal dispersion coefficient

vertical dispersion coefficient

ratio of density to water density in
flooding equation

angular velocity

various

various
ft

ft
1bmol/Ibmol

ft

1/s

mixed

deg

Btu/lbm

ft

(never used)

not used

cP

ft?/s

(Ibm or Ibmol)/ft?
Ibm/ft?

various

various

Btufhr - ft2- °R*
not used
not used

radians/s

various

mol/mol

8.85x 1072 C/V - m
or 8.85 X 107" F/m

deg
I/kg
m

pm

=10"°m
Pa-s

m?/s

(kg or mol)/m?
kg/m?

various
various

W/m?- K
m
m

radians/s
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