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 1 1 1,0
( , ) 2

R

zW z t r v drπ ρω= ∫  (4.3) 

 

The mass flow rate of the solvent entering the z-plane at time t is: 

 

 2 2 2,0
( , ) 2

R

zW z t r v drπ ρω= ∫  (4.4) 

 

Adding equations (4.3) and (4.4) gives the total mass flow rate: 

 

 ( ) ( ) ( )1 2, , ,W z t W z t W z t= +  (4.5) 

 

In reference to Figure 4.2, a macroscopic mass balance of the polymer component over a 

differential volume element (DVE) bound by the z and z z+ ∆  is as follows: 

The total mass of the polymer component in the DVE is: 

 

 ( )10
2

R
r dr zπ ρω ∆∫ i  (4.6) 

 

The rate of mass accumulation of the polymer component in this DVE is: 

 

 ( )10
2

R
r dr z

t
π ρω∂⎡ ⎤ ∆⎢ ⎥∂⎣ ⎦∫ i  (4.7) 
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The total input of the polymer component across the z plane is: 

 

 ( )1 ,W z t  (4.8) 

 

The total output of the polymer component across the z z+ ∆  plane is: 

 

 

 ( )1 ,W z z t+ ∆  (4.9) 

 

Then the mass balance becomes, 

 

 ( ) ( ) ( )1 1 10
2 , ,

R
r dr z W z t W z z t

t
π ρω∂⎡ ⎤ ∆ = − + ∆⎢ ⎥∂⎣ ⎦∫ i  (4.10) 

 

By dividing both sides by z∆ and taking the limit as  z∆ approaches zero, the continuity 

equation for the polymer component is given by, 

 

 ( ) 1
10

2 0
R Wr dr

t z
π ρω ∂∂

+ =
∂ ∂∫  (4.11) 

 

In electrospinning, the mechanism of mass transfer by diffusion is considered to be 

negligible due to the characteristically small diameters found in the process. 

Assumption 3: Solvent mass transfer is by the process of evaporation only.  Diffusion is 
considered to be negligible. 
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The solvent transfer in the gas phase from the filament interface follows the principles of 

the Whitman 2-film theory.18 

The rate of solvent transfer at the interface is given by the molar flux, 2,0N : 

 

 ( ) ( )2,0 2,0 2, 2,01N ky j j j∞= − −  (4.12) 

 

where, ky is the mass transfer coefficient, 2,0j is the mole fraction of the solvent vapor, 

and 2,j ∞ is the mole fraction of the ambient air. 

The rate of total mass accumulation of the solvent component in the DVE is: 

 

 ( )20
2

R
r dr z

t
π ρω∂⎡ ⎤ ∆⎢ ⎥∂⎣ ⎦∫ i  (4.13) 

 

 

Total input of the solvent component across the z plane is: 

 

 ( )2 ,W z t  

 
Total input of the solvent component across the z+ z∆  plane is: 
 

 ( )2 ,W z z t+ ∆  

 

Evaporation rate of solvent across the filament/air interface is: 
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 2 2.0 2M N R zπ ∆i  

 

By dividing both sides by z∆ and  taking  the  limit  as  z∆ approaches zero, the continuity 

equation for the solvent component is given by, 

 

 ( ) 2
2 2 2,00

2 2 0
R Wr dr RM N

t z
π ρω π∂∂

+ + =
∂ ∂∫  (4.14) 

 

Adding equations (4.11) and (4.14) gives the continuity equation for the polymer 

solution: 

 

 ( ) 2 2,00
2 2 0

R Wr dr RM N
t z

π ρ π∂∂
+ + =

∂ ∂∫   (4.15) 

 

Then, substitute equations (4.3) into (4.11) and divide both sides by 1W  

 

 1

1

1 1 1 0z

z

d dvdA
dz A dz v dz
ω

ω
+ + =i i i  (4.16) 

 

Then, substitute equation (4.4) into equation (4.14) and divide both sides by 2W  

 

 2 2,02

2 2

21 1 1 0z

z

RM Nd dvdA
dz A dz v dz W

πω
ω

+ + + =i i i  (4.17) 

 


