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Mass Transfer by Convection 

no buoyancy force 

comes into play

Similar to natural convection in 

heat transfer
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 To have a fluid in convective flow usually requires the fluid to be flowing by

another immiscible fluid or by a solid surface.

Mass Transfer by Convection 
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 An example is a fluid flowing in a pipe; where part of the pipe wall is made by a

slightly dissolving solid material such as benzoic acid.

o The benzoic acid dissolves and is transported perpendicular to the main stream

from the wall.

o When a fluid is in turbulent flow and is flowing past a surface, the actual velocity

of small particles of fluid cannot be described clearly as in laminar flow.

o In turbulent motion there are no streamlines, but there are large eddies or

"chunks" of fluid moving rapidly in seemingly random fashion.

 When a solute A is dissolving from a solid surface there is a high concentration of

this solute in the fluid at the surface, and its concentration, in general, decreases as

the distance from the wall increases.

Mass Transfer by Convection 
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A typical plot for the mass transfer of a dissolving solid from a surface to a turbulent fluid in a conduit

Mass Transfer by Convection 
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 Three regions of mass transfer can be visualized: 

i. In the first, which is adjacent to the surface, a thin viscous sub-layer film is 

present. Most of the mass transfer occurs by molecular diffusion. 

ii. The transition or buffer region is adjacent to the first region. Some eddies are 

present and the mass transfer is the sum of turbulent and molecular diffusion. 

iii. In the turbulent region adjacent to the buffer region, most of the transfer is by 

turbulent diffusion, with a small amount by molecular diffusion

Mass Transfer by Convection 
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 Mass transfer by convection involves the transport of material between a boundary

surface (such as solid or liquid surface) and a moving fluid (in forced convection

motion) or between two relatively immiscible, moving fluids.

 Convection mass transfer is strongly influenced by the flow field

 There are two different cases of convective mass transfer:

i. Mass transfer takes place only in a single phase either to or from a phase

boundary, as in sublimation of naphthalene (solid form) into the moving air.

ii. Mass transfer takes place in the two contacting phases as in extraction and

absorption.

Mass Transfer by Convection 

 Mass-transfer problems involving flowing fluids are often solved using mass-transfer 

coefficients, which are analogous to heat-transfer coefficients.
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Mass Transfer Coefficient 

 AAscA CCkN  '

 The molar flux N A is measured relative to a set of axes fixed in space.

 The driving force is the difference between the concentration at the phase boundary,

CAS (a solid surface or a fluid interface) and the concentration at some arbitrarily

defined point in the fluid medium, CA (or bulk fluid concentration, CAb)

 The convective mass transfer coefficient (defined based on concentration driving

force in mol/time area-driving force) is a function of geometry of the system and the

velocity and properties of the fluid similar to the heat transfer coefficient, h.

 The inverse of the mass transfer represent the mass transfer resistance

 AAscA CCAkn  ' Or

ck '
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Mass Transfer Coefficient 

CA1 = pA1 / RT; CA2 = pA2 / RT

 Using the following relationships between concentrations and partial pressures: 

Then

NA k'c (pA1 – pA2) / RT= kG (pA1 – pA2)=

where kG = k'c / RT

kG is a gas-phase mass-transfer coefficient based on a partial-pressure driving force.

ck '
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Mass Transfer Coefficient 

 Considering different driving force representations, the mass transfer coefficient for 

the transport of species A between two locations within a fluid can be also defined 

from the following relations:
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CA, i CAb
PA, i

PAb

xA, i

xAb

12

Mass Transfer Coefficient 

 AbiAcA CCkN  ,
 AbiAGA PPkN  ,

 AbiAxA xxkN  ,
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Mass Transfer Coefficient 

 In these equations, N A is the molar flux of species A and the mass transfer

coefficient k has different subscript and different units depending on the units of the

driving force used in the expression
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Mass Transfer Coefficient 
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Notes

Diffusing of A through stagnant, non-diffusing B
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Different types of mass transfer coefficients
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Vaporizing A and Convective Mass Transfer

A large volume of pure gas B at 2 atm pressure is flowing over a surface from which

pure A is vaporizing. The liquid A completely wets the surface, which is a blotting

paper. Hence, the partial pressure of A at the surface is the vapor pressure of A at 298 K,

which is 0.20 atm. The has been estimated to be 6.78x10-5 kg mol/sꞏm2 . mol frac.

Calculate NA, the vaporization rate, and also the value of ky and kG.

Example

This is the case of A diffusing through B, where the flux of B normal to the surface is zero, since

B is not soluble in liquid A.

PA1=0.2

PA2=0.0 In the pure gas B

1.00.2/2.01
1 

p

p
y A

A
0.02 Ayand

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

18

)( 21 AAyA yykN 

However, we have a value for          which is related to ky

lmBy yk ,
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9.01.011 11  AB yy 0.10.011 22  AB yy
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Example contd.
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lmB

y
y y

k
k

,

'


95.0

1078.6 x
ky 

-5

= 7.138 x 10 -5 kg mol/s. m2 . mol frac

Example contd.

Also, from Pyk lmBG , lmBy yk ,
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Example contd.
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  AAscA CCkN '

Mass Transfer Coefficient 

 Since the mass transfer at the surface is by molecular diffusion, the mass transfer

may also described by

0


y

A
ABA yd

Cd
DN

 When the boundary concentration, CAs is constant,

 
0




y

sAA
ABA yd

CCd
DN

 Consider the mass transfer of solute A from a solid to a fluid flowing past the surface

of the solid. For such a case, the mass transfer between the solid surface and the fluid

may be written as

The most widely used approach for defining a mass-transfer coefficient:
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   
0

'


 
y

sAAABAsAc CC
yd

d
DCCk

 Rearranging and multiplying both sides by a characteristic length, L 

 
  LCC

ydCCd

D

Lk

ASA

ysAA

AB

c








 0'

Mass Transfer Coefficient 

Sh = Sherwood number =

Or it is the ratio of molecular mass-transport resistance to the convective mass-transport 

resistance of the fluid.

AB

c

D

Lk '

Hence

 diffusion molecular by  transfer Mass 

  rate transfer mass Total

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Significant Parameters in Convective Mass Transfer
 Dimensionless parameters are often used to correlate convective transfer data.

 In momentum transfer Reynolds number and friction factor play a major role.

 In the correlation of convective heat transfer data, Prandtl and Nusselt numbers are

important.

 Some of the same parameters, along with some newly defined dimensionless

numbers, will be useful in the correlation of convective mass-transfer data.

 The molecular diffusivities of the three transport process (momentum, heat and mass)

have been defined as:


 ydiffusivit Momentum

pC

k


 ydiffusivit  Thermal
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ABDydiffusivit Massand 

 The ratio of the molecular diffusivity of momentum to the molecular diffusivity of heat

(thermal diffusivity) is designated as the Prandtl Number

K

Cp 


 Pr

y diffusivit Thermal

y diffusivit Momentum

 The analogous number in mass transfer is Schmidt number given as

Significant Parameters in Convective Mass Transfer

ABAB DD
Sc





 Mass ofy Diffusivit Molecular 

 Momentum ofy DiffusivitMolecular  
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 The ratio of the molecular diffusivity of heat to the molecular diffusivity of mass is

designated the Lewis Number, and is given by

Significant Parameters in Convective Mass Transfer

ABpAB DC

k

D
Le





y diffusivit Mass

y diffusivit Thermal

 Lewis number is encountered in processes involving simultaneous convective transfer

of mass and energy
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 In order to obtain dimensionless group for convective mass transfer, consider mass 
transfer from a pipe wall to a fluid flowing inside the pipe at steady-state, where A 
shows the transferring component and B the fluid. 

 Determination of the independent variables that affect the mass transfer coefficient 
constitutes the first step of the analysis 

 The number of variables encountered is 6, and hence, the number of π groups 
required to give the relationship among the variables is 3,

 Using the Buckingham Pi Theorem  

,φ

Dimensionless Groups

or
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where

Sh = Sherwood number = kL/D AB

Re L = Reynolds number = L/
Sc = Schmidt number =  / ( D AB)

k = overall mass transfer coefficient

L = length of sheet

D AB = diffusivity of A in B

 = velocity

 = viscosity

 = density, and

/ = kinematic viscosity.

  32Sc
k

j c
D






Dimensionless Groups

The Stanton number

Peclet number

J factor for mass transfer 

   forces Inertia 

  rate transfer mass Total


 diffusion molecular by  transfer Mass 

   forces Inertia

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Convective Mass Transfer Correlations

 Extensive data have been obtained for the transfer of mass between a moving fluid

and certain shapes, such as flat plates, spheres and cylinders.

 The techniques include sublimation of a solid, vapourization of a liquid into a

moving stream of air and the dissolution of a solid into water.

 These data have been correlated in terms of dimensionless parameters and the

equations obtained are used to estimate the mass transfer coefficients in other

moving fluids and geometrically similar surfaces.

Flat Plate

 From the experimental measurements of rate of evaporation from a liquid surface or

from the sublimation rate of a volatile solid surface into a controlled air-stream,

several correlations are available.

 These correlation have been found to satisfy the equations obtained by theoretical

analysis on boundary layers
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Convective Mass Transfer Correlations: Flat Plate

),( yxCC AA 

31Sc
c




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Convective Mass Transfer Correlations: Flat Plate

 For laminar flow over a flat plate, the thickness of the laminar hydrodynamic boundary 
layer is

 And thus, the concentration boundary layer thickness for laminar flow over a flat plate 
can be estimated by
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Convective Mass Transfer Correlations: Flat Plate

o If Sc < 1, then the concentration profile continues to develop beyond the 

hydrodynamic boundary layer. 

o If Sc = 1, then the concentration and hydrodynamic boundary layers are of the 

same thickness.

o If Sc > 1, then the concentration boundary layer resides within the hydrodynamic 

boundary layer (as for convective mass transfer into flowing liquids). 
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Flow Parallel to Flat Plates

 If the plate is long enough for the flow to be turbulent, but not long enough to 

disregard the laminar region, then 
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Average Sherwood number (ShL) at Sc =1.0 for flow over a flat 
plate, showing transition from laminar to fully turbulent regimes,

Flow Parallel to Flat Plates
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Flow Parallel to Flat Plates

 Experimental data for liquids are correlated within about ± 40% by the following for

600 < Sc < 50000

 Then The average Sherwood over the entire plate is 
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Flow Inside Circular Pipes
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Figure 7.3-2: Mass transfer from the inner walls of a pipe to gases Re < 2100 and 0.5 < Sc < 3.0

Flow Inside Circular Pipes
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Liquid film in Wetted Wall

or
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Past Single Sphere

ScPe AB Re

 Also, for liquid

2 < Re < 2000

2000 < Re < 17000

2 < Re < 48000, 0.6 < Sc < 2.7

(evaporation and sublimation )
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Past Single Sphere

 For drops of liquid falling through a gas, the mass transfer coefficient to and from drops may 
be approximately represented by

 Bubbles behave very much like drops, but their buoyancy and velocity of rise are much higher. 
Mass transfer within bubbles is relatively rapid since bubbles are filled with gas and molecular 
diffusion in gases is high. the following empirical equation is proposed by Johnson et al. 
(1969) gives a more reliable prediction

dp > 3.0 cm 

500 < Re < 2000

0.6 < dp < 4.0 cm,  

500 < Re < 2000
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Past Single Sphere

 For very low Reynold’s number, the Sherwood number should approach a value of 2. 

 Colombet et al. (2013) proposed the following relation that is valid for a spherical bubble 
whatever the value of Re and Pe, 
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Past Single Sphere
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Past Single Sphere
 for the mass-transfer coefficient associated with the transfer of a sparingly soluble gaseous 

solute A into solvent B by a swarm of gas bubbles in a natural convection process, the 
following correlation are used:
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Perpendicular to Single Cylinders

Sc
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 Experimental data have been obtained for mass transfer from single cylinders when 

the flow is perpendicular to the cylinder. The cylinders are long and mass transfer to 

the ends of the cylinder is not considered.

50 < Re < 50000
For gases 0.6 < Sc < 2.6

For liquid 1000 < Sc < 3000

Perpendicular to Single Cylinders
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A tube is coated on the inside with naphthalene and has an inside diameter of 20 mm and a length

of 1.10 m. Air at 318 K and of 101.3 kPa flows through this pipe at a velocity of 0.8 m/s.

Assuming that the pressure remains constant. Calculate the concentration of naphthalene in the

exist air

Example
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Example Contd 
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Example

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

48

But

Example Contd 
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Example Contd 
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Example

From Appendix A.3 the physical properties of air will be used since the concentration

of naphthalene is low.



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

51

Example Contd 

For gases

Also
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Example Contd 
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Mass transfer to small particles <0.6 mm

 The following equation has been shown to hold to predict mass-transfer coefficients from 

small gas bubbles such as oxygen or air to the liquid phase or from the liquid phase to the 

surface of small catalyst particles, microorganisms, other solids, or liquid drops

the molecular 

diffusion term

free fall or rise of the sphere 

by gravitational forces

Mass Transfer to Small Particles 
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Mass transfer to large gas bubbles > 2.5 mm.

Mass Transfer to Small Particles 

 For large gas bubbles or liquid drops > 2.5 mm, the mass-transfer coefficient can be 

predicted by

 Large gas bubbles are produced when pure liquids are aerated in mixing vessels and sieve-

plate columns
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Example

The mass-transfer resistance inside the gas bubble to the outside interface of the bubble 

can be neglected since it is negligible

The mass-transfer coefficient        outside the bubble is needed
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Example Contd 



Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

57

Mass Transfer to and from Packed Beds 

 Mass transfer to and from packed beds occurs often in processing operations,

including

o drying operations,

o adsorption or desorption of gases or

o liquids by solid particles such as charcoal, and

o mass transfer of gases and liquids to catalyst particles.

 Using a packed bed a large amount of mass-transfer area can be contained in a

relatively small volume.

 For packed and fluidized beds, the area of mass transfer is generally expressed in 

terms of specific interfacial area which is defined as the area per unit volume of 

packed bed. It can e expressed as: 
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 For a Reynolds number range of 10-10000 for gases in a packed bed of spheres

Mass Transfer to and from Packed Beds 

Where ε is the porosity or void fraction and dp is the particle diameter. 
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1-

59

Mass Transfer to and from Packed Beds 
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 For fluidized beds of spheres and for gases and liquids

10< Re < 4000

1< Re < 10

Mass Transfer  in Fluidized Beds of Spheres 

 For both gas and liquid packed and fluidized bed of spherical particle, 
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 The total flux in a packed bed,

Mass Transfer to Packed Beds

is total volume in m3 of the bed (void plus solids),

A is the total external surface area in m2
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 Also, the material balance equation on the bulk stream is

Mass Transfer to Packed Beds

is the mass transfer coefficient obtained from correlations
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Example
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Example Contd 
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Example Contd 

But

With

(the experimental value )
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Reynolds Analogy

 Reynolds postulated that the mechanisms for transfer of momentum, energy and 

mass are identical. 

 Accordingly: 

Where: h is heat transfer coefficient, 𝑉∞ is velocity of free stream 

o It is found to be accurate when Prandtl and Schmidt numbers are equal to one.

o This is applicable for mass transfer by means of turbulent eddies in gases. 

o In this situation, we can estimate mass transfer coefficients from heat transfer 

coefficients or from friction factors. 

 This analogy is limited in application; 

C𝑓 is skin friction coefficient, 
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  32ScStj mD 

o The analogous j factor for heat transfer as 

Chilton – Colburn Analogy 

o They defined for the J factor for mass transfer as 

 Chilton and Colburn, using experimental data, sought modifications to the Reynolds 

analogy that would not have the restrictions that Prandtl and Schmidt numbers must 

be equal to one 

  32PrHStj H 

VC

hNu
St

p

H

 Pr Re 







c
m

k

S

Sh
St

c Re
Where Stm is the Stanton number for mass transfer

Where StH is the Stanton number for heat transfer
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 Based on data collected in both laminar and turbulent flow regimes, 

Chilton – Colburn Analogy 

 This analogy is valid for gases and liquids within the range of 0.6 < Sc < 2500 
and 0.6 < Pr < 100. 

 The Chilton-Colburn analogy has been observed to hold for much different geometry 
for example, flow over flat plates, flow in pipes, and flow around cylinders. 

or
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Mass Transfer Coefficients for Tower Packing
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Mass Transfer Coefficients in Agitated Vessels
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Mass Transfer Coefficients for Flow around Simple Geometries
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Summary
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Summary
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Summary


