06-720 - Advanced Process Systems Engineering Spring, 2011
Homework 8 Due: 4/11/11

1. Use MATLAB to show that the solution profiles for the example:

min -b(1)
st %% = —a(t)(ult) + 0.5u(t)?)
i% = qat)u(t)
a0y = 1, b0)=0, wu(t)e€]0,5

satisfy the optimality conditions.
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Figure 1. State and Control Profiles for Batch Reactor: A — B, A - O~

7. For the singular control problem given by:

dz{t) ' ,
min ®(:(t)), st T = fi(2) + fal2)ult), 2(0) = 70, ult) € e, vol.
ohow that g > 2 in,dq‘;‘;‘;“} = p(z.u) = 0.

%. For the problem below, derive the two point houndary value problem and show the rela-
tionship of u(t) to the state and adjoint variables.

1N 21(1)2 . . 32(1)2
st Bl o 9 7(0) =1
; “"’ﬁf” = z1u(t), 22(0) =1




»

4. Solve the Catalyst Example given helow for the case where the first reaction is irreversible
(ks = 0). Show that this problem has a bang-bang solution.

min alty) +b(ts) —ao -
° legit) = —u(kia(t) “,kgb(t))
Ib(t -
: d(t) = u(kra(t) — kpb()) — (1 — w)kab(t) .
CL(O) = (g, b(O)m 0, ’U.(t) - [8, }]‘

=2



h‘ . et _r . : . - i
Z Coorrll o Mo i’%w ? AQ e P éQC_/D B~ -
- sl at eclf) =S A ,m.._;f)w: 0.6
- M gAh@mZ&.mmegmmawquméﬁw s [t
R N BT OV
el NN =G
e M’“ﬁ ikl m%ﬁhwkﬁ o B Q

N | , f |
— . ATFmadht @ éz...,wg;z_@wwm gl Cessnat L1 ( ,fw\.,, S —
wg/ -4 7 ? |
P



Verification of Profiles:

1. Solve A, =5(A +D+12.5A, A4(0)=0 (ie,u(t) =5) until A,(#)=-1/6 . This occurs

at t1 = 0.95.
7. Fromt=t1-> 0, setult) =-(1+1/A:(t}) and integrate

do = (YA + D+ u() A 12, A(t)=-1/6.
3. From t=0, integrate forward:

a = —ali + L@ a(0) =1
b=au, b0)=0

This yields the profiles below.
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