
 

 

 

 

COLLEGE OF ENGINEERING 

DEPARTMENT OF CHEMICAL AND PETROLEUM ENGINEERING 

 

PROCESS DYNAMICS & CONTROL II 

CHE 532 ASSIGNMENT I 

 

BY 

 

ABUBAKAR MUNIRATU ONEHDEFOJO 

14/ENG01/016 



 

Overall material balance: 

{Accumulation of mass}  =  {mass in}  −  {mass out} 

𝑑(𝜌𝑉)

𝑑𝑡
= 𝜌𝐹𝑖 − 𝜌𝐹       (1𝑎) 

𝑑𝑉

𝑑𝑡
= 𝐹𝑖 − 𝐹                  (1𝑏) 

 

Component balance of A 

{𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑚𝑎𝑠𝑠}
= {𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑖𝑛} − {𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑚𝑎𝑠𝑠 𝑜𝑢𝑡}
+ {𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑚𝑎𝑠𝑠} 

 

𝑑(𝐶𝐴𝑉)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐹𝐶𝐴 + 𝑉𝑟𝐴 

But: 

𝑟𝐴 = −𝐾𝐶𝐴 

𝑑(𝐶𝐴𝑉)

𝑑𝑡
= 𝑉

𝑑𝐶𝐴

𝑑𝑡
+ 𝐶𝐴

𝑑𝑉

𝑑𝑡
 

Therefore: 



𝑉
𝑑𝐶𝐴

𝑑𝑡
+ 𝐶𝐴

𝑑𝑉

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐹𝐶𝐴 − 𝑉𝐾𝐶𝐴 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐹𝐶𝐴 − 𝑉𝐾𝐶𝐴 − 𝐶𝐴

𝑑𝑉

𝑑𝑡
                   (2) 

Recall: 

𝑑𝑉

𝑑𝑡
= 𝐹𝑖 − 𝐹 

Therefore: 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐹𝐶𝐴 − 𝑉𝐾𝐶𝐴 − 𝐶𝐴(𝐹𝑖 − 𝐹) 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐹𝐶𝐴 − 𝑉𝐾𝐶𝐴 − 𝐹𝑖𝐶𝐴 + 𝐹𝐶𝐴 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝑉𝐾𝐶𝐴 − 𝐹𝑖𝐶𝐴 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
= 𝐹𝑖𝐶𝐴𝑖 − 𝐶𝐴(𝐹𝑖 + 𝑉𝐾) 

𝑉
𝑑(𝐶𝐴)

𝑑𝑡
+ 𝐶𝐴(𝐹𝑖 + 𝑉𝐾) = 𝐹𝑖𝐶𝐴𝑖 

𝐹𝑖 = 𝐹 

𝑑(𝐶𝐴)

𝑑𝑡
+ (

𝐹 + 𝑉𝐾

𝑉
) 𝐶𝐴 =

𝐹

𝑉
𝐶𝐴𝑖 

𝑑(𝐶𝐴)

𝑑𝑡
+

1

𝜏𝑝
𝐶𝐴 =

𝐹

𝑉
𝐶𝐴𝑖            (3) 

𝜏𝑝

𝑑(𝐶𝐴)

𝑑𝑡
+ 𝐶𝐴 =

𝐹𝜏

𝑉
𝐶𝐴𝑖             

𝜏𝑝

𝑑(𝐶𝐴)

𝑑𝑡
+ 𝐶𝐴 =

𝐹

𝑉
∗

𝑉

𝐹 + 𝑉𝐾
𝐶𝐴𝑖      

𝜏𝑝

𝑑(𝐶𝐴)

𝑑𝑡
+ 𝐶𝐴 =

𝐹

𝐹 + 𝑉𝐾
𝐶𝐴𝑖      



𝜏𝑝

𝑑(𝐶𝐴)

𝑑𝑡
+ 𝐶𝐴 = 𝐾𝑝𝐶𝐴𝑖      

𝜏𝑝

𝑑(𝐶𝐴𝑠)

𝑑𝑡
+ 𝐶𝐴𝑠 = 𝐾𝑝𝐶𝐴𝑖𝑠      

 

With time constant  𝜏𝑝 =
𝑉

𝐹 + 𝑉𝐾
           ∗ 

𝑤ℎ𝑒𝑟𝑒 𝑡ℎ𝑒 𝑠𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 𝑔𝑎𝑖𝑛,  𝐾𝑝 =
𝐹

𝐹 + 𝑉𝑘
        ∗∗ 

Equation 3 is the dynamic equation. To find the transfer function, we’ll have to get the Laplace of 

the system: 

𝐶𝐴
̅̅ ̅ = 𝐶𝐴(𝑠) 

𝐶𝐴𝑖
̅̅ ̅̅ = 𝐶𝐴𝑖(𝑠) 

𝐶𝐴
′̅̅ ̅̅ (𝑡) = 𝑠𝐶𝐴(𝑠) − 𝐶𝐴(0) 

𝜏𝑝

𝑑(𝐶𝐴 − 𝐶𝐴𝑠)

𝑑𝑡
+ (𝐶𝐴 − 𝐶𝐴𝑠) = 𝐾𝑝(𝐶𝐴𝑖 − 𝐶𝐴𝑖𝑠)      

𝜏𝑝

𝑑(𝐶𝐴
̅̅ ̅)

𝑑𝑡
+ 𝐶𝐴

̅̅ ̅ = 𝐾𝑝𝐶𝐴𝑖
̅̅ ̅̅  

𝜏𝑝[𝑆𝐶𝐴
̅̅ ̅(𝑠) − 𝐶𝐴

̅̅ ̅(0)] + 𝐶𝐴
̅̅ ̅(𝑠) = 𝐾𝑝𝐶𝐴𝑖

̅̅ ̅̅ (𝑠) 

𝜏𝑝𝑆𝐶𝐴
̅̅ ̅(𝑠) + 𝐶𝐴

̅̅ ̅(𝑠) = 𝐾𝑝𝐶𝐴𝑖
̅̅ ̅̅ (𝑠) 

𝐶𝐴
̅̅ ̅(𝑠)(𝜏𝑝𝑆 + 1) = 𝐾𝑝𝐶𝐴𝑖

̅̅ ̅̅ (𝑠) 

𝐶𝐴
̅̅ ̅(𝑠)

𝐶𝐴𝑖
̅̅ ̅̅ (𝑠)

=
𝐾𝑝

(𝜏𝑝𝑆 + 1)
 

𝐺(𝑠) =
𝐶𝐴
̅̅ ̅(𝑠)

𝐶𝐴𝑖
̅̅ ̅̅ (𝑠)

=
𝐾𝑝

(𝜏𝑝𝑆 + 1)
 

 



 

Figure 1. 1. open loop dynamic model simulation 



 

 

1.1. Open loop dynamic model Figure 1. 2. Open loop dynamic model 



 

Figure 1. 3. Open loop dynamic model plot 



 

Figure 1. 4. closed loop dynamic model simulation 



 

 

 

Figure 1. 5. Closed loop dynamic model 



 

 

 

Figure 1. 6. Closed loop dynamic model plot 


