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17.5 Dimensional Analysis

 =  : rate of mass transfer

Number of dimensional variables ⇢ 
Number of fundamental dimensions ⇢  Number of dimensionless variables⇢  − 

 =  , ,  , , = ( , , , , , ) = 0
[= /] =  =  / =  = /   =  = / =  = / =  =  = 

Number of fundamental dimensions;  ,  ,  è  = 3

. Concentration difference

. Physical properties

. Degree of turbulence

. Geometry = 6
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- Recurring sets

Number of fundamental dimensions;  ,  ,  è  =3

 =  →  =   = 
 =   →  =  =   →    =  ×  = 

17.5 Dimensional Analysis
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Remaining variables ;  ,  , 
1)  =  =  =    = 
2)  =  =  =    = 
3)  =  =  =     = 

17.5 Dimensional Analysis
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Modification of dimensionless groups

1)  =  = // =   = ℎ
2)  =    =   = / =   = 
3)  =  =   =   = 

17.5 Dimensional Analysis

∴  , ,  ⇒   ,  ,  = 0
Thus, ℎ ,  ,  = 0         →         ℎ = ℎ (  )ℎ = ℎ (  ) ℎ = 



Heat & Mass Transfer Chapter 17. Principle of diffusion & Mass transfer between Phases

For heat transfer =  , ,  =  =  = 
ℎ =  =                

17.5 Dimensional Analysis

ℎ = 0.023 . 
.

ℎ = 
For turbulent flow

ℎ = 1.76  For laminar flow  = ̇ = 4     = ̇   = 4    
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17.6 Case studies 

ℎ = 0.61//

Flow normal to cylinders

ℎ = 1.28./

Flow normal to many cylinders

ℎ  ~ 2.0 for small Reℎ = 2.0 + 0.6// for  ≤ 1,000

Flow normal to sphere Packed bed

ℎ = 1.17. /
For void fraction of ~0.4


