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AT T o mwxhmmL

area, m’

area of heat exchanger, Section 6.6.7

inside area of heat exchanger, Section 6.6.7

outside area of heat exchanger, Section 6.6.7

Helmholtz free energy, J

specific Helmholtz free energy, J/kg, or molar Helmholtz free energy in J/mol
constant in heat capacity of ideal gas, liquid, or solid, Eqs. (4.123)—(4.126)
constant in Antoine’s equation, Eq. (5.57)

constant in Clausius—Clapeyron equation, Eq. (5.63)

constant in virial equation of state Eq. (5.70)

constant in regular solution model Eq. (9.74)

constant in Redlich—Kister equation, Eq. (9.77)

constants in Margules equation, Eq. (9.78)

Poynting factor, Eq. (10.15)

constant in heat capacity equation, Eq. (14.4)

correction term in pressure for van der Waals equation in Section 5.3
constant in van der Waals equation, Eq. (5.34)

constant in Redlich—-Kwong Eq. (5.65)

activity coefficient of component 1

acceleration, m/s

area per molecule, A*/molecule

constant defined in Eq. (2.26)

second virial coefficient constant in virial equation of state Eq. (5.70)
second virial coefficient constant in Eq. (5.72)

second virial coefficient constant in Eq. (13.28) for osmotic pressure
constant in heat capacity of ideal gas, liquid, or solid, Egs. (4.123)-(4.126), K~
constant in Antoine’s equation, Eq. (5.57)

constant in Clausius—Clapeyron equation, Eq. (5.63)

constant in Redlich—Kister equation, Eq. (9.77)

excluded molar volume, m*/mol

1

constant in van der Waals equation of state Eq. (5.34)
constant in Redlich—-Kwong equation of state Eq. (5.65)
number of components in the Gibbs phase rule Eq. (8.89)
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XXii List of symbols

integration constant

heat capacity, J/K

constant in heat capacity of ideal gas, liquid, or solid, Eqs. (4.123)—(4.126), K2
constant in Antoine’s equation, Eq. (5.57)

constant in virial equation of state Eq. (5.70)

constant in Eq. (5.72)

constant in Redlich—Kister equation, Eq. (9.77)

<

specific or molar heat capacity at constant pressure, J/K - mol, Eq. (4.104)

S

specific heat capacity per unit mass at constant pressure, J/K - kg, Eq. (4.104)

<

molar heat capacity of a mixture, Eq. (4.127)

=

specific or molar heat capacity at constant volume, J/K - mol, Eq. (4.98)
specific heat capacity per unit mass at constant volume, J/K - kg, Eq. (4.98)
concentration, in gas or liquid phase, mol/l or mol/m?, Section 16.13

speed of light, 3 x 10% m/s

constant in Section 2.1.2

constant in heat capacity of ideal gas, liquid, or solid, Eqs. (4.123)—(4.126), K?
constant in virial equation of state Eq. (5.70)

constant in Eq. (5.72)

thickness, m or cm

differential, exact

<

<

differential, inexact
energy, J
electric field, V/m, Eq. (2.74)

Hmaeaexgoboe > annnnaaaaanan

E; kinetic energy, J

E, specific kinetic energy, J/kg
E, potential energy, J

E, specific potential energy, J/kg
Er total energy, J

e, unit vector in x-direction

e, unit vector in y-direction

e, unit vector in z-direction

F number of degrees of freedom in the Gibbs phase rule Eq. (8.89)
F function in Section 17.4

F force, N or dyn

F force per unit mass N/kg

Fy buoyancy force, Section 2.3
Feompress  compressive force

gravity force, N
pressure force, N
tensile force, N

surface tension force, N
function, generally

function in Section 17.4
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List of symbols Xxiii

function in Eq. (7.9)

fugacity, atm or bar

fugacity of pure component 7, atm or bar
fugacity of component i in a solution, atm or bar

S

efficiency of a real engine divided by the efficiency of an ideal heat engine,

Eq. (7.24)

Gibbs free energy, J

specific Gibbs free energy, J/kg; or molar Gibbs free energy in J/mol

universal gravitational constant, 6.674 x 10 '° N m*/kg*

function defined in Eq. (14.35), related to the probabilities of various states
or g acceleration due to gravity, m/s>

©oeQQaQ

gravity vector

component of gravity vector in the z-direction
function in Eq. (7.11)

enthalpy, J

specific enthalpy in J/kg or molar enthalpy, J/mol
Henry’s law constant, Eq. (11.6)

height, m

electric current, Eq. (2.76)

dimensionless Henry’s law constant, Eq. (11.9)
Nernst partition coefficient, Eq. (12.6)
equilibrium constant of reaction, Eq. (16.74), dimensionless

AR AN~ S oI

equilibrium constant of reaction in terms of fugacities, in Eq. (16.76), dimensionless

~

N

equilibrium constant of reaction in terms of partial pressures in the gas phase, in Eq.
(16.75), dimensionless

ke

equilibrium constant of reaction in terms of mole fractions, Eq. (16.76),
dimensionless

mass transfer coefficient in the liquid phase, Eq. (11.11)

equilibrium constant of reaction in terms of mole fractions in gas phase, Eq. (16.78)
mass transfer coefficient in the liquid phase, Eq. (11.10)

equilibrium constant of reaction in terms of fugacity coefficients, Eq. (16.79)
Boltzmann’s constant, 1.38 x 10 >* J/K

reaction equilibrium constant; may have dimensions; see Section 16.13

length, m

SETEFAAAD

length in x-direction, m

length, m

molecular mass (or molecular weight)

function of two or three variables, Chapter 4

number of systems in an ensemble, Chapter 14
number-average molecular mass (or molecular weight)

=

mass, kg
mass flow rate, kg/s

5 33 xR

unit vector
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W:ﬁ:::m:xmzNZSZZZZ

NIRRT NN

TS
S )

i

pCXt
pr
Pg
Pint
DPi
Po
Pr
P
Pv
Px
Py
P-
P
Py etc.,
4!

QO IQND- 1O

number of moles

number of molecules, Chapter 14

number of components

function of two or three variables

Avogadro’s number, 6.023 x 10?*> molecules/mol
number of moles of component i

number of molecules at surface

number of molecules

number of moles

efficiency of a heat engine, Chapter 7

number of systems with the same properties, Chapter 14
unit vector

efficiency of a heat pump

efficiency of a refrigerator or air-conditioner

number of phases in the Gibbs phase rule Eq. (8.89)
probability of a state or of a configuration, Chapter 14
pressure, Pa, atm, psi, or cm of water

pressure matrix

pressure tensor

ensemble-average pressure, atm

critical pressure, Pa, bar, or atm

vapor pressure, Pa, bar, or atm

reference or atmospheric pressure, atm, or Pa

reduced or dimensionless pressure, p/p.

external pressure outside a system

pressure in film

gauge pressure, atm, or Pa, p—pq

internal pressure, atm

pressure inside a spherical drop or bubble, Eq. (15.35)
pressure outside a spherical drop or bubble, Eq. (15.35)
pressure for a spherical interface

pressure for a flat interface (infinite radius of curvature)
vacuum pressure, atm, or Pa, po—p

pressure in the x-direction

pressure in the y-direction

pressure in the z-direction

components of the pressure matrix

partial pressure of component 1 in a gas mixture, atm
heat, J
heat flow rate, J/s

heat per mol or per unit mass, J/mol or J/kg or (J/s)/(kg/s)

canonical partition function, Eq. (14.24)
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Orev reversible heat

q electric charge, Eq. (2.74)

R universal gas constant, 8.314 J/mol/K

R radius, m

R electrical resistance, Q

r radius, m

7 inside radius in heat exchanger, Section 6.6.7

7o outside radius in heat exchanger, Section 6.6.7

r radial coordinate

S area, m’

S entropy, J/K

S specific entropy in J/K - kg or molar entropy in J/K - mol
S selectivity, Eq. (10.1)

T absolute temperature, K

T. critical temperature, K

Tc cold fluid temperature in heat exchanger

Tx hot fluid temperature in heat exchanger

Tiq ideal gas temperature, K

T, reduced or dimensionless temperature, 7/

T; temperature of surroundings, K

t time, s

t unit tangent

U internal energy, J

U specific internal energy, J/kg, or molar internal energy, J/mol
U overall heat transfer coefficient, in J/s - K - m%, Eq. (6.32)
U; overall heat transfer coefficient, in J/s - K - m? based on inside area
U, overall heat transfer coefficient, in J/s - K - m? based on outside area
Uy translational kinetic energy, Eq. (5.13)

u velocity of molecule, m/s

14 voltage, V, Eq. (2.76)

V volume, m?

Ve critical molar volume, m*/mol

V. reduced or dimensionless molar volume, V' /7,

v volume of liquid phase, m’

14 specific molar volume, m*/kg, or molar volume, m*/mol
7, partial molar volume, m*/mol

v velocity, m/s

w steam quality, no units

w work, J

w rate of work, J/s

w rate of total work, J/s

W electrical work, Eq. (2.74)

Witrev irreversible work
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XXVi List of symbols

=

oy reversible work

shaft work

rate of shaft work

Wt total work

displacement or distance, m

N

=

mole fraction in mixture, usually in a liquid phase, x; or x,

=
>

mole fraction of A in mixture
binodal mole fraction

-

mole fraction in a mixture, usually in a gas or vapor phase
coordinate, or distance

compressibility factor,

partial molar compressibility factor

coordinate or height or depth, m

NN NS

concentration, Section 16.13, mol/l

Superscripts

E excess property over the ideal solution

o0 at infinite dilution as the mole fraction of the solute goes to zero

L liquid phase

mix after mixing, or of mixing, two or more components to form a solution
A% vapor phase

Subscripts

b binodal, Section 9.5

sp spinodal, Section 9.5

Greek symbols

a Lagrange multiplier in Section 14.4

p Lagrange multiplier in Section 14.4, equal to 1/(kg7), Eq. (14.36)
By Volume expansivity, K™’

I'orI;  surface excess molar density, mol/m?, Eq. (15.35)

I, surface density of componenti (i =1, 2, ...)

y surface tension, mN/m or dyn/cm, Eq. (15.28)

Yo surface tension of solvent, mN/m

Y ratio of heat capacities, C,/C,

A difference or sum

thickness, m
small quantity of n

™ O
B

height, m or cm
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e extent of reaction, equilibrium

&4 extent of reaction, dynamic, Section 16.4

extent of reaction, equilibrium

angle

empirical temperature, in degrees Celsius (or Fahrenheit)
isothermal compressibility, bar '

distance or thickness, m

Lagrange multiplier, Section 17.4

chemical potential, J/mol

viscosity, poise (C.G.S. units) or Pa - s (S.1. units)
Joule-Thomson coefficient, K/atm

ViT Joule-Thomson coefficient, Eq. (6.72), K/atm

SRR 223 5
~ Q

v stoichiometric coefficient of a reaction, Chapter 16
II osmotic pressure, N or atm
p density, g/cm® or kg/m’
Pa density of air
Pe density of gas phase
Pl density of liquid phase
Ds density of solid phase
T stress, N/m?
T stress tensor
P; fugacity coefficient of pure component i
qAﬁi fugacity coefficient of component i in solution
Q number of systems in an ensemble, Chapter 14
w Pitzer’s acentric factor, Eq. (5.79)
Other symbols
surface integral
S
volume integral
\
line integral
¢
line integral along a closed line
c
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