
Unsteady state:  

𝑞 + 𝑤𝐶 𝑇𝑖 − 𝑇𝑜 − 𝑤𝐶 𝑇 − 𝑇𝑜 = 𝜌𝐶𝑉
𝑑𝑇

𝑑𝑡
 

Steady state: 

𝑞𝑠 + 𝑤𝐶 𝑇𝑖𝑠 − 𝑇𝑜 − 𝑤𝐶 𝑇𝑠 − 𝑇𝑜 = 0 

 

Subtracting steady state equation from unsteady state equation 

𝑞 − 𝑞𝑠 + 𝑤𝐶  𝑇𝑖 − 𝑇𝑖𝑠 −  𝑇 − 𝑇𝑠  = 𝜌𝐶𝑉
𝑑(𝑇 − 𝑇𝑠)

𝑑𝑡
 

Deviation variables: 

𝑇𝑖 − 𝑇𝑖𝑠 = 𝑇𝑖
′  

𝑞𝑖 − 𝑞𝑠 = 𝑄 

𝑇 − 𝑇𝑠 = 𝑇 ′  

Controller design  and evaluation of  their effectiveness [1-5] 



     

Rearranging the equation using deviation variables 

𝑄 + 𝑤𝐶(𝑇𝑖
′ − 𝑇′) = 𝜌𝐶𝑉

𝑑𝑇′

𝑑𝑡
 

𝑄 + 𝑤𝐶𝑇𝑖
′ = 𝑤𝐶𝑇 ′ + 𝜌𝐶𝑉

𝑑𝑇′

𝑑𝑡
 

1

𝑤𝐶
𝑄 + 𝑇𝑖

′ = 𝑇′ +
𝜌𝑉

𝑤

𝑑𝑇′

𝑑𝑡
 

Taking the Laplace transform of both sides 

1

𝑤𝐶
𝑄(𝑠) + 𝑇𝑖

′(𝑠) = 𝑇′(𝑠) +
𝜌𝑉

𝑤
𝑠𝑇′(𝑠) 

𝑇 ′ 𝑠  1 +
𝜌𝑉

𝑤
𝑠 =

1

𝑤𝐶
𝑄 𝑠 + 𝑇𝑖

′ 𝑠                     ;                𝜏 =
𝜌𝑉

𝑤
 

𝑇 ′ 𝑠  𝜏𝑠 + 1 =
1

𝑤𝐶
𝑄 𝑠 + 𝑇𝑖

′ 𝑠  

𝑇 ′ 𝑠 =
1/𝑤𝐶

𝜏𝑠 + 1
𝑄 𝑠 +

1

𝜏𝑠 + 1
𝑇𝑖
′ 𝑠                      ;                   

1

𝑤𝐶
: ℎ𝑒𝑎𝑡𝑒𝑟 𝑔𝑎𝑖𝑛 

𝜏 =
𝜌𝑉

𝑤
=

𝑉

𝑤/𝜌
=

𝑉

𝐹
=

1750 𝐿

500 𝐿/𝑚𝑖𝑛
= 3.5 𝑚𝑖𝑛 



     

1

𝑤𝐶
=

1

 500
𝐿

𝑚𝑖𝑛
  

1 𝑘𝑔
1𝐿

  
1 𝑚𝑖𝑛
60 𝑠

  4.184
𝑘𝐽

𝑘𝑔𝑜𝐶
 

=
1

34.87

𝐶𝑜

𝑘𝑊
= 0.028

𝐶𝑜

𝑘𝑊
 

𝑇′ 𝑠 =  
1

3.5𝑠 + 1
  

1

34.87
 𝑄 𝑠 +  

1

3.5𝑠 + 1
 𝑇𝑖

′ 𝑠                       

Measuring element transfer function: 

 
𝑇𝑚
′ (𝑠)

𝑇 ′(𝑠)
=

1

𝜏𝑚𝑠 + 1
 

𝑇 ′ 𝑠 =
1

𝑠
 

𝑇𝑚
′  𝑠 =

1

𝑠
 

1

𝜏𝑚𝑠 + 1
 =

𝐴

𝑠
+

𝐵

𝜏𝑚𝑠 + 1
 

𝐴 =  
𝑠

𝑠(𝜏𝑚𝑠 + 1)
 
𝑠=0

= 1 

𝐵 =  
(𝜏𝑚𝑠 + 1)

𝑠(𝜏𝑚𝑠 + 1)
 
𝑠=−1/𝜏𝑚

= −𝜏𝑚  

𝑇𝑚
′  𝑠 =

1

𝑠
−

𝜏𝑚
𝜏𝑚𝑠 + 1

=
1

𝑠
−

1

(𝑠 +
1
𝜏𝑚

)
 

𝑇𝑚
′  𝑡 = 1 − 𝑒−𝑡/𝜏𝑚  

0.85 = 1 − 𝑒−15/𝜏𝑚  

𝜏𝑚 = 7.91 𝑠 = 0.132 𝑚𝑖𝑛 

𝑇𝑚
′ (𝑠)

𝑇 ′(𝑠)
=

1

0.132 𝑠 + 1
 



     Simulink Model  



   

clear all 

clc 

Kcplot(3,1)=0.0; 

offset(3,1)=0.0; 

for i=1:3 

    z=[10,30,80]; 

    Kc=z(1,i); 

    [t,x,y]=sim('hw_part_c',30); 

    plot(t,y(:,1)) 

    hold on 

    [norow,nocol]=size(y); 

    offset(i,1)=y(norow,2)-y(norow,1); 

    Kcplot(i,1)=Kc; 

end 

grid 

title('Deviation in Tank Temperature vs time for Kc=10,30,80'); 

hold off 

figure; 

plot(Kcplot,offset); 

title('Offset vs Kc For Set Point Tracking'); 



    

 Simulink Model: 



   

clear all 

clc 

Kcplot(3,1)=0.0; 

offset(3,1)=0.0; 

for i=1:3 

    z=[10,30,80]; 

    Kc=z(1,i); 

    [t,x,y]=sim('hw_part_d',20); 

    plot(t,y(:,1)) 

    hold on 

    [norow,nocol]=size(y); 

    offset(i,1)=y(norow,2)-y(norow,1); 

    Kcplot(i,1)=Kc; 

end 

grid 

title('Deviation in Tank Temperature vs Time For Kc=10,30,80'); 

hold off 

figure; 

plot(Kcplot,offset); 

title('Offset vs Kc For Set Point Tracking'); 



    Simulink Model:  

clear all 

clc 

h(1,:)='g-'; 

h(2,:)='r-'; 

h(3,:)='b:'; 

h(4,:)='--'; 

h(5,:)='k-';  

taui=1; 

for i=1:3 

    z=[10,30,80]; 

    Kc=z(1,i); 

    [t,x,y]=sim('hw_part_e',50); 

    plot(t,y(:,1),h(i,:)) 

    hold on  

end 

grid 

hold off 



    

clear all 

clc 

h(1,:)='g-'; 

h(2,:)='r-'; 

h(3,:)='b:'; 

h(4,:)='--'; 

h(5,:)='k-';  

Kc=10; 

for i=1:2 

    z=[1,5]; 

    taui=z(1,i); 

    [t,x,y]=sim('hw_part_e',50); 

    plot(t,y(:,1),h(i,:)) 

    hold on  

end 

grid 

hold off 



   

Simulink Model 



    

clear all 

clc 

h(1,:)='g-'; 

h(2,:)='r-'; 

h(3,:)='b:'; 

h(4,:)='--'; 

h(5,:)='k-';  

taui=1; 

for i=1:3 

    z=[10,30,80]; 

    Kc=z(1,i); 

    [t,x,y]=sim('hw_part_f',50); 

    plot(t,y(:,1),h(i,:)) 

    hold on  

end 

grid 

hold off 



   

clear all 

clc 

h(1,:)='g-'; 

h(2,:)='r-'; 

h(3,:)='b:'; 

h(4,:)='--'; 

h(5,:)='k-';  

Kc=10; 

for i=1:2 

    z=[1,5]; 

    taui=z(1,i); 

    [t,x,y]=sim('hw_part_f',50); 

    plot(t,y(:,1),h(i,:)) 

    hold on  

end 

grid 

hold off 

 



   

Simulink model 

clear all 

clc 

h(1,:)='g-'; 

h(2,:)='r-'; 

h(3,:)='b:'; 

h(4,:)='--'; 

h(5,:)='k-';  

for i=1:3 

    z=[0.132,5,10]; 

    taum=z(1,i); 

    [t,x,y]=sim('hw_part_g',50); 

    plot(t,y(:,1),h(i,:)) 

    hold on  

end 

grid 

hold off 



          


