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MODELO MATEMÁTICO

 ( , )
( ) ( ( , ) ( , )) ( ( , ) ( , ))m

m m m m l m amb f t m f

dT t l
A C GI t D H T t l T t l D H T t l T t l

dt
   = − − − −

( , ) ( , )
( ) ( ( , ) ( , ))

f f

f f f f f f t m f

dT t l dT t l
A C C q t D H T t l T t l

dt dl
  + = −

2min 400WI
m

=max 30  5f CT = 

3 3

0.002     0.012m mq
s s
 

8



VIRTUALIZACIÓN
ESTRATÉGIAS DE CONTROL

8



VIRTUALIZACIÓN

9



ESTRATEGIAS DE CONTROL
ESTRATÉGIAS DE CONTROL

10



CONTROL STRATEGIES

ESTRATEGIA DE CONTROL PID
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CONTROL STRATEGIES

ESTRATEGIA MPC
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CONTROLADORES

PERTURBACIONES

PID

Overshoot:

Settling time:

Steady State error:

MPC

Overshoot:

Settling time:

Steady State error:

4%

2h21m
32.33 10−

0.3%

1h
31.10 10−

RESULTADOS
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PID

Overshoot:

Settling time:

Steady State error:

MPC

Overshoot:

Settling time:

Steady State error:

0%

1h24m

 46.66 10−

1.17%

33m

 41.66 10−

RESULTADOS

PERTURBACIONES



CONTROLADORES

CONTROLLER

Parameters                                  PID                     MPC 

Controller            Controller 

Permeate            Permeate

Overshoot [%]                               3.57                    0

Settling time [s]                                62                    60
Steady-state error [gpm]                       110−3                            6.410−5

                   
            

 

   

    

  
  

  

                    

 

                   
            

 

 

  

  

  
 
 

                      

    

                   
            

  

   

   

   

   

  
 
 

                        

   

                   
            

 

   

   

   

  
 
 

                        

         
              
              

                   
            

 

     

    

  
  
  

               

 

                   
            

 

     

    

  
  
  

               

 

PID

Overshoot:

Settling time:

Steady State error:

MPC

Overshoot:

Settling time:

Steady State error:

0%, 1.45%, 7%

1h22m, 1h, 43m
33.6 10−

0. 72%, 0.48%, 0.68

28m, 0m, 0m

41.2 10−

RESULTADOS
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CONCLUSIONES

The implemented virtual environment presents a high realism, it is interactive and
immersive. The virtual plant allows the interaction with the components that
conform the plant, the visualization of the evolution and state of the variables of
interest, as well as allowing the operator to insert disturbances and manipulate the
tuning constants of the MPC and PID controllers.

The distributed solar collector field requires efficient controls due to solar
irradiation which is its main disturbance and source of energy. It is observed that
the MPC has a better performance in the scenarios of high and medium irradiation
and in the presence of clouds compared with the PID control, since it has on
average less overshoot, settling time and steady-state error.

The MPC, due to its shorter settling time, better optimizes the use of solar
irradiation available throughout the day. In addition, because it has a low
overshoot, it does not exceed the maximum safe temperature of , which the
PID control does at certain points of operation. The MPC performs better than the
PID control when faced with sudden changes in the oil inlet temperature and the
solar irradiation caused by the presence of clouds.
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