
Exercises Module 8 
Correction 

Exercise 8.1 

The rate of oxygen transfer is given by: 

𝐴𝐴 𝑛𝑛𝑂𝑂2,0 = −
𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑐𝑐𝑂𝑂2,𝐺𝐺 ∗

4
3
𝜋𝜋𝑟𝑟3� 

4𝜋𝜋𝑟𝑟2 𝑘𝑘𝑐𝑐,𝐿𝐿�𝑐𝑐𝑂𝑂2,𝐿𝐿,0 − 𝑐𝑐𝑂𝑂2,𝐿𝐿,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏� = −
𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑐𝑐𝑂𝑂2,𝐺𝐺 ∗

4
3
𝜋𝜋𝑟𝑟3� 

Simplify (take out constants and cancel) and separate, remember that r is a function of time 
and the concentrations are not…. 

−
3  𝑘𝑘𝑐𝑐,𝐿𝐿�𝑐𝑐𝑂𝑂2,𝐿𝐿,0 − 𝑐𝑐𝑂𝑂2,𝐿𝐿,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�

𝑐𝑐𝑂𝑂2,𝐺𝐺
𝑟𝑟2 =

𝑑𝑑𝑟𝑟3

𝑑𝑑𝑑𝑑

Here we have to apply the chain rule to show that 𝑑𝑑𝑟𝑟
3

𝑑𝑑𝑑𝑑
= 3𝑟𝑟2 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
 when r(t). Therefore 

−
 𝑘𝑘𝑐𝑐,𝐿𝐿�𝑐𝑐𝑂𝑂2,𝐿𝐿,0 − 𝑐𝑐𝑂𝑂2,𝐿𝐿,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�

𝑐𝑐𝑂𝑂2,𝐺𝐺
=
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

Separate, integrate and apply initial condition (i.e. at t = 0 , r = 0.05 cm) 

𝑟𝑟 = 0.05 𝑐𝑐𝑐𝑐 −
 𝑘𝑘𝑐𝑐,𝐿𝐿�𝑐𝑐𝑂𝑂2,𝐿𝐿,0 − 𝑐𝑐𝑂𝑂2,𝐿𝐿,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏�

𝑐𝑐𝑂𝑂2,𝐺𝐺
 𝑡𝑡 

Since 𝑐𝑐𝑂𝑂2,𝐿𝐿,𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 0,    𝑐𝑐𝑂𝑂2,𝐿𝐿,0 = 1.5·10-3 M,  and 𝑐𝑐𝑂𝑂2,𝐺𝐺 = 0.0404 M (assuming 1 bar and 25°C, using 
ideal gas law) then: 

𝑟𝑟 = 0.05 𝑐𝑐𝑐𝑐 −
1.5 · 10−3 𝑀𝑀 𝑘𝑘𝑐𝑐,𝐿𝐿

0.0404 𝑀𝑀
 𝑡𝑡 

Or 

𝑟𝑟 = 0.05 𝑐𝑐𝑐𝑐 − 0.0371  𝑘𝑘𝑐𝑐,𝐿𝐿 𝑡𝑡 

Knowing that after 7 min (420 sec) the bubble radius is 0.027 cm then: 

0.027 𝑐𝑐𝑐𝑐 = 0.05 𝑐𝑐𝑐𝑐 − (0.0371)  𝑘𝑘𝑐𝑐,𝐿𝐿 (420 𝑠𝑠) 

And then 𝑘𝑘𝑐𝑐,𝐿𝐿 = 1.48 10−3 𝑐𝑐𝑐𝑐 𝑠𝑠−1  



Exercise 8.2 

From the chart (intersection of thick black lines) the humid ratio is about 0.0115 g water / g 
dry air 

From slide 17 we see that 𝐻𝐻𝑅𝑅 = 𝑚𝑚𝐴𝐴
𝑚𝑚𝐺𝐺

= 0.6220 𝑥𝑥𝐴𝐴,𝐺𝐺 
1−𝑥𝑥𝐴𝐴,𝐺𝐺 

 g water/g dry air 

Then 0.0115 = 0.6220 𝑥𝑥𝐴𝐴,𝐺𝐺 
1−𝑥𝑥𝐴𝐴,𝐺𝐺 

 or 𝑥𝑥𝐴𝐴,𝐺𝐺 = 0.0182 
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8.4 Psychrometric Chart
SI (metric) units

Barometric Pressure 101.325 kPa (Sea level)
based on data from

Carrier Corporation Cat. No. 794-001, dated 1975

8.2 Psychrometric chart 
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Exercise 8.3 

We are asked to find and expression for 𝑛𝐴 through the membrane and can use the relation 

𝑛𝐴 = 𝐾𝑐( 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 − 𝑐𝐴,𝐵
𝑒𝑞 ) . 

We can write expressions for the transfer at each side of the membrane.  

𝑛𝐴 = 𝑘𝑐,𝐵( 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 − 𝑐𝐴,𝐵,0), and 𝑛𝐴 = 𝑘𝑐,𝐶( 𝑐𝐴,𝐶,𝐿 − 𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘) .  

From equation 4.16 module 4 we can also describe the transport in the solid membrane at 

steady state:  

0 = 𝒟A𝐷𝛁2c𝐴,𝐷 

0 =
𝑑2c𝐴,𝐷

𝑑𝑧2
 

With c𝐴,𝐷(0) =  
𝑐𝐴,𝐵,0

𝑚𝐵
 and c𝐴,𝐷(𝐿) =  

 𝑐𝐴,𝐶,𝐿

𝑚𝐶
 

Then c𝐴,𝐷 = 𝐶1𝑧 +  𝐶2 or after applying boundary conditions: 

 c𝐴,𝐷 = (
 𝑐𝐴,𝐶,𝐿

𝑚𝐶∙𝐿
−

𝑐𝐴,𝐵,0

𝑚𝐵∙𝐿
) 𝑧 +  

𝑐𝐴,𝐵,0

𝑚𝐵
 

Using Fick’s law we can write an expression for the diffusive flux through the membrane: 

jA,z = −𝒟A𝐷
𝑑c𝐴,𝐷

𝑑𝑧
  = 𝒟A𝐷 (

𝑐𝐴,𝐵,0

𝑚𝐵∙𝐿
−

 𝑐𝐴,𝐶,𝐿

𝑚𝐶∙𝐿
) 

Since at the surface of the membrane the transport is only diffusive jA,z = 𝑛𝐴 then: 

𝒟A𝐷 (
𝑐𝐴,𝐵,0

𝑚𝐵 ∙ 𝐿
−

 𝑐𝐴,𝐶.𝐿

𝑚𝐶 ∙ 𝐿
) = 𝑘𝑐,𝐵( 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 − 𝑐𝐴,𝐵,0) 

𝒟A𝐷

𝑐𝐴,𝐵,0

𝑚𝐵 ∙ 𝐿
− 𝒟A𝐷

 𝑐𝐴,𝐶.𝐿

𝑚𝐶 ∙ 𝐿
= 𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 − 𝑘𝑐,𝐵𝑐𝐴,𝐵,0 

(
𝒟A𝐷

𝑚𝐵 ∙ 𝐿
+ 𝑘𝑐,𝐵) 𝑐𝐴,𝐵,0 = 𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 + 𝒟A𝐷

 𝑐𝐴,𝐶,𝐿

𝑚𝐶 ∙ 𝐿
 

𝑐𝐴,𝐵,0 =
𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘

(
𝒟A𝐷

𝑚𝐵 ∙ 𝐿 + 𝑘𝑐,𝐵)
+

𝒟A𝐷 𝑐𝐴,𝐶,𝐿

𝑚𝐶𝐿 (
𝒟A𝐷

𝑚𝐵 ∙ 𝐿 + 𝑘𝑐,𝐵)
 

Then we have  

𝑛𝐴 = 𝑘𝑐,𝐵 (𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 −
𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘

(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
+

𝒟A𝐷 𝑐𝐴,𝐶,𝐿

𝑚𝐶𝐿(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
), 

In this expression we can replace  𝑐𝐴,𝐶,𝐿 using 𝑛𝐴 = 𝑘𝑐,𝐶( 𝑐𝐴,𝐶,𝐿 − 𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘) or rather  

 𝑐𝐴,𝐶,𝐿 =
𝑛𝐴+𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶
 , 



 

Then 𝑛𝐴 = 𝑘𝑐,𝐵 (𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 −
𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘

(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
+

𝒟A𝐷
𝑛𝐴+𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶

𝑚𝐶∙𝐿(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
) 

Or 𝒏𝑨 = 𝑘𝑐,𝐵 (𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 −
𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘

(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
+ 𝒟A𝐷

𝒏𝑨+𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶𝑚𝐶∙𝐿(
𝒟A𝐷
𝑚𝐵∙𝐿

+𝑘𝑐,𝐵)
) 

Rearrange to solve for 𝑛𝐴: 

𝒏𝑨 −
𝑘𝑐,𝐵𝒟A𝐷𝒏𝑨

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷
𝑚𝐵∙𝐿

+ 𝑘𝑐,𝐵)
= 𝑘𝑐,𝐵𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 − 𝑘𝑐,𝐵

𝑘𝑐,𝐵 𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘

(
𝒟A𝐷

𝑚𝐵 ∙ 𝐿
+ 𝑘𝑐,𝐵)

+
𝑘𝑐,𝐵𝒟A𝐷𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷
𝑚𝐵∙𝐿

+ 𝑘𝑐,𝐵)
 

𝒏𝑨 (1 −
𝑘𝑐,𝐵𝒟A𝐷

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷

𝑚𝐵∙𝐿
+ 𝑘𝑐,𝐵)

) = 𝑘𝑐,𝐵𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 (1 −
𝑘𝑐,𝐵

(
𝒟A𝐷

𝑚𝐵 ∙ 𝐿
+ 𝑘𝑐,𝐵)

) +
𝑘𝑐,𝐵𝒟A𝐷𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷

𝑚𝐵∙𝐿
+ 𝑘𝑐,𝐵)

 

𝒏𝑨 =

𝑘𝑐,𝐵𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘 (1 −
𝑘𝑐,𝐵

(
𝒟A𝐷

𝑚𝐵 ∙ 𝐿
+ 𝑘𝑐,𝐵)

) +
𝑘𝑐,𝐵𝒟A𝐷𝑘𝑐,𝐶𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷

𝑚𝐵∙𝐿
+ 𝑘𝑐,𝐵)

1 −
𝑘𝑐,𝐵𝒟A𝐷

𝑘𝑐,𝐶𝑚𝐶 ∙ 𝐿 (
𝒟A𝐷

𝑚𝐵∙𝐿
+ 𝑘𝑐,𝐵)

 

With some effort this can be simplified further: 

𝒏𝑨 =
𝑘𝑐,𝐵𝑘𝑐,𝐶𝒟A𝐷(𝑚𝐵𝑐𝐴,𝐶,𝑏𝑢𝑙𝑘 + 𝑚𝐶𝑐𝐴,𝐵, 𝑏𝑢𝑙𝑘𝐿2)

𝒟A𝐷𝑘𝑐,𝐶𝑚𝐶𝐿2 + 𝑘𝑐,𝐵𝑚𝐵(𝑘𝑐,𝐶𝑚𝐶𝐿 − 𝒟A𝐷)
 



Exercise 8.4
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