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Motivation

A Pressure Swing Adsorption (PSA)
-- Gas separation (e.g,ld CQ)
--In IGCC power plant

A Obijective
-- Modify PSA simulation

-- Diagnose convergence
problemsin PSA
optimization
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Pressure Swing Adsorption (PSA) Superstruétt
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PSA modeling

A Mass balance 7 — (@ 1) DR

A Mass transfer — T q

A Energy balance
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A Momentum balance
A Adsorption Isotherm
A ldeal gas equation — DAESs

A Check valve equation, Bed connection
equations, Auxiliary equations
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PSA Simulation
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U System discretization-bl convert PDEs to ODFS
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Two types of flux limiters

Van Leéef!

Zi — Zi_1 ,
r= - . vof v.i1 >0
Jg+1 J
Zi4l1 — 2542 .
r = j+ j+ Zf Uj_|_l<0
Zj T Zj+1 ’

r' = 0.5(r + €)% + 0.5r ~ max(0,7)

o @iﬁere@
O (r'")

1+ 7

i+l T %5 / -
Gy =2+ 520" if v; =0

Zj—

Q@& Zitd T Zji+1 T QZjH(D(T,) if v; <0
CENTER 6




Two types of flux limiters
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WENO performs similarly as van Leer to maintain accurate fro

No flux limiter VS van Leer WENO VS van Leer
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C Without flux limiter, the simulation is poor near fronts.
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WENO is computationally more efficient

Time to reach cyclic steady state

Flux Limiter | No flux limiter van Leer WENO
Type Time(s) | Iter | Time(s) | Iter | Time(s) | Iter
2 comps 11 grids | 205.9 | 236 | 264.2 [ 232 227.0 |234
2 comps 21 grids | 1064.4 | 202 | 1772.7 | 232 15374 | 234
2 comps 51 grids | 10754.3 | 246 | 15915.3 [ 236 || 14022.2 | 236
5 comps 11 grids | 1125.1 | 234 | 1749.0 [ 234 13449 | 234
5 comps 21 grids | 5116.9 | 212 | 10124.5 | 246 | T7764.7 | 248 WENO Reduce
5 comps b1 grids | 64571.8 QGKEE.U 244 95196.@ g,ﬁg:ﬁaﬁonm
time




Optimization formulatiof!
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Periodic Boundary Condition Formulatton

A Add cyclic steady state equationszoB(w,O) = zCnB(w,tf)]

2enB(2,0) = 200p(2, 1)
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Switch Beds and Repeat

A Optimal variables: initial states and control variables
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Convergence troublés

A Sensitivity calculation
-- Expensive (more than 95% computational time)
-- Approximatewithin integrator tolerancesQ(10°to 1019)

A Hardto converge

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

A Sensitive to initial guess
~ ' “sop )
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Optimization Diagnhostics

Optimization ends up with no feasible solution

Finaliteration 92
Objectivevalue 85.08
Constraintsviolation |0.989

KKT violation q29.69 D

Large KKT violation is caused by

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