
TRANSPORT PHENOMENA II (0905342)
01- GLOBAL VIEW

ALI KH. AL-MATAR  (aalmatar@ju.edu.jo )
Expanded  from notes of Dr. Shawabkeh 7 Dr. Hamamreh

Chemical Engineering Department
University of Jordan’

Amman 11942, Jordan

mailto:aalmatar@ju.edu.jo


Outline

Books
Mass Transfer Mechanisms
Kinds of Diffusion
Importance of Mass Transfer
Notation 
Fluxes

Convective
Molecular (Diffusive)

Dimensionless Numbers





Mass Transfer Mechanisms

Mass Transfer
Mechanism

Molecular 
Diffusion

Eddy Diffusion 
(Convection)

Natural

Forced

Molecular transport is always present in mass transfer. The 
fluxes always contain a molecular term plus a convective term

Mass transfer can occur within the same phase in a fluid 
mixture or across a phase boundary.

Diffusion is the net transport of substances in a stationary solid or in stagnant fluids or in fluids which are moving only in 
laminar flow, due to a concentration gradient. It may also be present even in highly developed turbulent flow but near 
the solid surface .

Advection is the net transport of substances by the moving fluid, and so it cannot happen in solids. It does not include 
transport of substances by simple diffusion. 
Convection is the net transport of substances caused by both advective transport and diffusive transport in fluids. 



Molecular Diffusion Convective Mass Transfer

 Caused by random microscopic movement of individual 
molecules in gas/liquid/solid as a result of thermal motion.

 Extremely slow.
 Occurs in solids and fluids that are stagnant or in laminar 

flow.
 Mass transfer under turbulent-flow but across an interface 

or near solid surface, the conditions near surface can be 
assumed laminar.

 Mathematically described by Fick’s law:

 Caused by random macroscopic fluid bulk motion 
(dynamic characteristics).

 Orders of magnitude greater than molecular diffusion.
 Involves transport of materials at the interface between  

moving fluids (liquid-gas) or at interface between a 
moving fluid and a solid surface (liquid-solid, gas-solid).

 Mathematically described in a manner analogous to 
Newton's law :

dz
dcDJ A

ABAZ −=*
AC Ck ∆=Ν ΑΖ








Consider two species A and B at the same T and p, but initially 
separated by a partition.

Diffusion in the direction of decreasing concentration dictates net 
transport of  A molecules to the right and B molecules to the left.

In time, uniform concentrations of A and B are approached.

t = ∞



Kinds of Diffusion
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Ordinary Due to concentration (Chemical 

potential) gradient.

Thermal Due to temperature gradient 
(CLUSIUS-DICKEL COLUMN).

Pressure Due to pressure gradient e.g. 
centrifuges

Forced

Due to unequal external forces acting 
on the chemical species e.g., ions or 

charged particles in an electrical field 
(Nernst-Planck equation).



Importance of Mass Transfer: Applications

Mass Transfer

Industrial Daily life

Dispersion of flue gases

Pollutant sequestration and 
mitigation

Catalysis

Distillation / absorption/ 
extraction / adsorption/ SCF 
/ leaching etc.

Air conditioning

Inhaling/ exhaling/ oxygen 
absorption in the lungs

Drug release and 
absorption

Sugar dissolution in tea or 
coffee

Moth balls (naphthalene)

Sweating

Typically 50 to 90 percent of capital investment in chemical plant is for separations equipment.



Mass and Molar Notation

Concentration
mass concentration ρΑ is the mass of species α per unit volume of 
solution.
Molar concentration cΑ = ρΑ /MΑ is the number of moles of Α per unit 
volume of solution.

Fractions
mass fraction ωΑ = ρΑ/ρ.
mole fraction xΑ = cΑ/c.

Here ρ = ΣρΑ is the total mass of all species per unit volume of solution, and c = 
ΣcΑ is the total number of moles of all species per unit volume of solution. 









Notation for Velocities

In a diffusing mixture, the various chemical species are moving at different 
velocities.

vα is the velocity of species α relative to stationary coordinates.
Diffusion velocity is the difference between the species velocity and mixture velocity 
v.

Mixture 
velocity

Mass 
average

Molar 
average

Volume 
average



From Sinha, 2012

Name i yi Mi vi (m/s) yivi (m/s) yiMi wi wivi vi-v vi-v* wi(vi-v*) yi(vi-v)

NH3 1 0.65 17 0.03 0.0195 11.05 0.73814 0.02214 0.00064 -0.0009 -0.00066 0.000417

N2 2 0.08 28 0.03 0.0024 2.24 0.14963 0.00449 0.00064 -0.0009 -0.00013 5.13E-05

H2 3 0.24 2 0.035 0.0084 0.48 0.03206 0.00112 0.00564 0.0041 0.000131 0.001354

Ar 4 0.03 40 0.02 0.0006 1.2 0.08016 0.00160 -0.00936 -0.0109 -0.00087 -0.00028

S 1 87 0.0309 14.97 1 0.02936 -0.00243 -0.00860 -0.00154 0.00154

v-v* v*-v

-0.00154 0.00154

v* v



BSL p. 535

1 1

1

1

N N

N

N

v v
v v

α α α α
α α

α α
α

α
α

ρ ρ
ω

ρρ

= =

=

=

= = =
∑ ∑

∑
∑

1 1

1

1

*

N N

N

N

c v c v
v x v

cc

α α α α
α α

α α
α

α
α

= =

=

=

= = =
∑ ∑

∑
∑



One-Dimensional Convective Fluxes

Fluxes for a flow in which the fluid is flowing in the 
x direction only)

 The mass (or molar) flux of a given species is a 
vector quantity denoting the amount of the 
particular species, in either mass or molar units, 
that passes per given increment of time through a 
unit area normal to the vector. 

 The flux may be defined with reference to 
coordinates that are fixed in space, coordinates 
that are moving with the mass average velocity, or 
that are moving with the molar-average velocity. 

( ) ( )Convective Flux  Quantity/volume  Characteristic Velocity  =



Molecular (Diffusive) Flux and Fick’s First Law of Diffusion

The molecular flux is defined as

( )( )

( )

Driving ForceMolecular Flux  Diffusivity Gradient of quantity/Volume  
Resistance

Quantity/Volume= Diffusivity  
Characteristic length

= =

 
 
 

A
Ay AB

dj D
dy
ωρ= −

One-dimensional form of Fick’s first law of diffusion.

Valid for any binary solid, liquid, or gas solution, 
provided that jAy is defined as the mass flux relative 
to the mass average velocity of the mixture vy.

Can be generalized to other dimensions.



An empirical relation for molar flux, first postulated by Fick (accordingly often referred to 
as Fick’s first law), can be written as follows for an isothermal, isobaric binary mixture of 
A and B in stagnant media or laminar flow regimes:

dz
dxDcJ A

ABAZ T−=*

is the molar flux of component A in the z  direction relative to 
the molar-average velocity in kmol A/s.m2 (fluxes of molecules) 

is the molecular diffusivity of the molecule A in B in m2/s

is the total concentration in kmol (A +B) /m3. 

is the distance of diffusion in m 

is mole fraction of A in the mixture of A and B

*
AJ

ABD

Tc

Ax

z



From Soren Prip Beier, Transport Phenomena, 2013, Bookboon.



Example
A mixture of He and N2 gas is contained in a pipe at 298 K and 1 atm total pressure which is constant throughout.
At one end of the pipe at point 1 the partial pressure pA1 of He is 0.6 atm and at the other end 0.2 m pA2 = 0.2
atm. Calculate the flux of He at steady state if DAB of the He-N2 mixture is 0.687 x 10-4 m2/s.

 For steady state the flux J*Az is constant. Also DAB for gas is constant, then rearranging Eq. (1) and integrating

Also, from the perfect gas law, 

RTnVp AA = and

(2)

(3)



This is the final equation to use, which is in a form easily used for gases. Partial pressures are pA1 = 0.6 atm =
0.6 x 1.01325 x 105 = 6.04 x 104 Pa and pA2 = 0.2 atm = 0.2 x 1.01325 x 105 = 2.027 x 104 Pa. Then, using SI
units,

If pressures in atm are used with SI unit,

Other driving forces (besides concentration differences) for diffusion also occur because of temperature,
pressure, electrical potential, and other gradients.



Types of mass transfer fluxes

Flux

Stationary 
(fixed) 
point

Moving 
point

Mass flux

Molar flux

Mass flux

Molar flux

𝒏𝒏𝒊𝒊

𝒋𝒋𝒊𝒊

𝑵𝑵𝒊𝒊

Mass velocity

Molar velocity 𝒋𝒋𝒊𝒊∗

Mass velocity

Molar velocity

J 𝒊𝒊
J 𝒊𝒊∗



Diffusivities and Dimensionless Numbers

Dimensions of L2/t
Momentum diffusivity 
(kinematic viscosity)

Thermal diffusivity

Mass diffusivity

Dimensionless
Prandtl number

Schmidt number

Lewis number

v µ
ρ

=

ˆ
P

k
C

α
ρ

=

ABD

ˆ
Pr PC

k
ν µ
α

= =

Sc
AB ABD D

ν µ
ρ

= =

Le ˆ
AB P AB

k
D C D
α

ρ
= =



Total Flux and the Peclet Number (Pe)

The total flux is then the sum of the molecular (diffusive) flux and the 
convective flux.

The ratio of convective to diffusive flux is dimensionless

Total Flux = Molecular Flux  Convective Flux+

( )( )Characteristic length Characteristic velocityConvective Flux  Pe
Molecular Flux Diffusivity

= =

MT HT MomTPe , Pe , Pe Rech ch ch ch ch ch

AB

L v L v L v
D α ν

= = = =



Pe Number as a Classification Tool

Total Flux

Pe << 1 Molecular flux

Pe ≈ 1 Molecular flux + 
Convective flux

Pe >> 1 Convective flux
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