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Specific interfacial area of gas and liquid, 1/m

al
Total inner surface area of the condenser, m2

aP
Total surface area in the packed zone, m2

AjL
Molar liquid holdup in compartment j in distillation column, kmol

AjV
Vapor holdup in compartment j in distillation column, kmol

Aon
Initial moles in the reboiler, kmol

ci*
Concentration of gas species i at the gas-liquid interface, kmol/m3

ci0
Concentration of species i  in bulk of liquid, kmol/m3

cg,0
Molar density of gas at inlet, kmol/m3

cg,j
Gas molar concentration in reactor j, kmol/m3

CL,j
Liquid molar concentration in reactor j, kmol/m3

Cp 
Heat capacity of toluene, J/kmol K

D
Critical distance, m; Diffusivity, m2/s

DB
Mean bubble diameter, m

ea
Energy absorbed, J/m3 sec
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Enthalpy of gas species i, J/kmol
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Enthalpy of liquid species i, J/kmol

Ea,i
Activation energy of formation of species i, J/kmol

EMV
Murphree efficiency, dimensionless

fj
Fraction of the photon transmission rate to the compartment j, dimensionless

h
Planck constant, 6.626(10-34 J s

Ha
Hatta number

He
Henry’s constant, Pa/molar fraction

He0
Pre-exponential factor of Henry constant, Pa/molar fraction

HjL
Volumetric liquid holdup in compartment j, m3

HjV
Volumetric vapor holdup in compartment j, m3

Ia
The absorbed light intensity, K Einstein/m3

Ij
Molar enthalpy of vapor in component j, J/kmol

I
Photo flux rate at a given frequency ,  K Einstein/m2 s

Jj
Molar enthalpy of liquid in compartment j, J/kmol

k
Boltzmann constant, 1.381x10-23 J/K

KD
Rate constant of diffusion, 1/s

kl
Mass transfer coefficient of gaseous species, m/s

kt
Rate constant of the termination of chlorine free radical, 1/s

k0
Frequency factor, 1/s

ki,pseu
The pseudo first order rate constant for the formation of component i, 1/s

Kji
Phase equilibrium coefficient, dimensionless

L
Length of the reactor, m

Lpacking
Length of the packed zone, m

Lj
Liquid flow rate in compartment j, kmol/s

m
Amount of toluene charged in the reboiler, kmol

Mi
Molecular weight of component i, kg/kmol

NA
Avogadro constant, 6.023(1023 molecules/mol

Ne
The numbers of emitters per unit of source, K Einstein/m3 s

P
System pressure, Pa

Pj
Partial pressure of species j, Pa

P
Probability of emission at a given frequency , dimensionless

Q
Power to the wire, J

Qn
Heat duty to the reboiler, J

QR
Heat duty, J

rc
Radius of the column, m

rji
Reaction rate of species i in reactor j, kmol/m3s

R
Gas constant, 8314 J/kmol K

RA*
Reaction rate at the gas-liquid interface, kmol/m3 s

Rt
Rate of the termination, kmol/m3 s

s
Cross-section area, m2

t
Time, s

tD
Characteristic time of diffusion, s

tr
Characteristic time of reaction, s
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Mean residence time of the liquid phase, s

T
Absolute temperature, K

ug,0
Superficial gas velocity at inlet, m/s

uL
Superfacial liquid velocity, m/s

Ug
Dimensionless gas velocity ug/ug,0, dimensionless

V
Output voltage from the transformer, V

Vj
Vapor flow rate from compartment j, kmol/s

VR
Total volume of the reactor, m3

xji
Molar fraction of liquid species i in reactor j, dimensionless

xji*
Molar fraction of gas species i at the gas-liquid interface, dimensionless
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Molar fraction of gas species i in reactor j, dimensionless

z
Reactor coordinate, m



Greek


Voidage of packed column, dimensionless

e
Effective coefficient, dimensionless

g
Gas holdup, dimensionless
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Mean gas holdup, dimensionless


Adsorption coefficient of chlorine at the frequency m3/kmol m


The quantum yield of photolysis


Molecular size, m


Viscosity of liquid, Pa s


Attenuation coefficient of absorption at frequency, (, 1/m


Molar density, kmol/m3

(
Wavelength, nm


Photon flux rate, K Einstein/m2 s

(
Dimensionless length z/L, dimensionless

(i
Group contribution values for diffusional volume of component i, m3

(Hci
Enthalpy change of condensation of species i at the standard state, J/kmol

(Hfi,0
Enthalpy of formation of gas species i at the standard state, J/kmol

(H2i
Enthalpy change of the liquid species i at the standard state, J/kmol

(Hs
Heat of solution, J/kmol




Subscripts

c
component

Cl2
chlorine

F
Feed

I.D.
Inner diameter

j
Index of reactor/compartment

n
Index of condenser

O.D.
Outer diameter




Superscripts

i
Index of component i, i = 1 to 7 where 1,2,3,4,5,6, and 7 represent for toluene, benzyl chloride, benzal chloride, benzotrichloride, o-chlorotoluene, chlorine, hydrogen chloride, repsectively

L
Liquid phase

V
Vapor phase
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