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Motivation 

ÅObjective 

-- Modify PSA simulation 

-- Diagnose convergence  
    problems in PSA 
    optimization  

ÅPressure Swing Adsorption (PSA) 

-- Gas separation (e.g. H2 ς CO2) 

-- In IGCC power plant 
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Pressure Swing Adsorption (PSA) Superstructure[2] 

State variables: #   #   Ñ   Ñ  T 

5 operating steps (time slots): 
       h   ̡   ˒   Pads  Pdes  

Additional control variables:  ts  Lbed 

 

Cyclic steady state 
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PSA modeling[4]
 

ÅMass balance              ρ  ” π  

ÅMass transfer         Ὧήᶻ  ή  

ÅEnergy balance        
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ÅMomentum balance 

ÅAdsorption Isotherm 

ÅIdeal gas equation 

ÅCheck valve equation, Bed connection  
     equations, Auxiliary equations 

PDEs 

DAEs 
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PSA Simulation 

üSystem discretization  
    Discretize space domain[1] 

    Finite volume method    

 
 
    

 
üFlux limiter  
    
   
 

ÅKeep sharpness of steep fronts  
ÅPrevent oscillations 

convert PDEs to ODEs 

Smearing Oscillation 5 



Two types of flux limiters 

Van Leer[4] 
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Non-differentiable 
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WENO
[3] 

Differentiable 

Two types of flux limiters 



WENO performs similarly as van Leer to maintain accurate fronts 
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Without flux limiter, the simulation is poor near fronts.  

No flux limiter VS van Leer       WENO VS van Leer 

Difference in CO2 
concentration 

Mole/m3 

Difference in CO2 
concentration 

Mole/m3 



WENO is computationally more efficient 

Time to reach cyclic steady state 

WENO Reduce 
17.84% 
computational 
time 
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Optimization formulation[1] 

Separation specific energy 

Bed equations 

Quality 
requirements 

CO2 ǇǳǊƛǘȅ җфн҈ 

CO2 ǊŜŎƻǾŜǊȅ җфл҈ 

Variable bounds 

10 



Periodic Boundary Condition Formulation[1] 

ÅAdd cyclic steady state equations 

 

 

 

 

 

ÅOptimal variables:  initial states and control variables 

 

 

 

#   #   Ñ   Ñ  T 

Step 1 Step 2 Step 3 Step 4 Step 5 

Switch Beds and Repeat 

Step 1 

ΧΧ 

 h ̡   ˒   Pads  Pdes ts  Lbed 
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Convergence troubles[1] 

ÅSensitivity calculation    
-- Expensive (more than 95% computational time) 
-- Approximate within integrator tolerances, O(10-6 to 10-10) 

ÅHard to converge 

-- Large number of iterations, computational time  
-- Infeasibility 

ÅSensitive to initial guess 

MATLAB  fmincon 

SQP 

Active-set 

Interior-point 
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Optimization Diagnostics 

Optimization ends up with no feasible solution 

 
Final iteration 92 

Objective value 85.08 

Constraints violation 0.989 

KKT violation 29.69 

Large KKT violation is caused by  ˒ 

Check approximate Hessian matrix at 
final point, large elements also 
correspond to ˒    
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