Series 3 solutions
Exercise 1
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At t = 0, while the system is in a stationary state q;;, = 0,015m? /s, the feed flow is cut..

- At astationary state: g;, = Gour
3 p 3 —
Therefore: 0,015 ["‘T] = 0,01Vh [’"T] = h = 2,25[m]

- Mass balance:

dm d(pA)
E = dt =My — Mpye
dh
PS—= = Pin = Pout = Plin — p(0,01Vh)
dh
S =din~ 0,01Vh

a) Empty half of the reservoir
Fort = 0, q;, = 0. Therefore,

dh
— =—0,01vh
dt

By integrating the equation by separation of variables:

With S = 2[m?] et h = 2,25[m], w

b) Empty the entire reservoir

0 T
dh __001 dt = T = 600[s]
h \/ﬁ S
Note: if the flow rate q,,; were propgrtional to h,i.te. Qout = kh, then:
Sﬁz—kh = d—hlz—ﬁfdt’:h(t)zﬁ-e‘%t
dt J NI SO

Therefore, for h(t) - 0,t - .



Exercise 2
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a) Dynamic model for the system
Heat balance for zone 1:

dT.
Vpc, d_tl =qpcy (T = Ty) — U12A12(Ty — T2) — UgAo(Ty — Tp)

Heat balance for zone 2:

drT.
Vpc, d_1:2 =(qpcy (Ty = T,) — UpA12(T, = Ty) — UgAo(T, — Tp)

b) Linearity

In each differential equation, the product gT is appearing:
- If g varies, representing for instance the entry variable of the system: nonlinear model
- If g is constant: linear model

c) Comparison of the two systems

q [ mds] rie) ) ; _q>
—Tc (C] _V[mw T

240 [ m2] Ul,[mgc } To [C ]

Heat balance for case 2 (only one zone):

dT

Combined heat balance for case 1 (two zones):
dT; dT, T, + T,
voey (i + ) = 40T =T = 20 (F5— =5

Thus,
- the two systems are not equivalent,
- case 1l correspondstocase2forTy =T, =T.

d) Nonhomogeneous sections
If the two zones are not homogeneous, the system will have spatially varying parameters
(described by partial differential equations)



Exercise 3

X1 =x; +x — (U +uy) x0)=1
%y = x% — (0 — 1)% 4+ x0x, — u —uy x,(0) =1

yi=x1(1+x2) +uy
Y2 =X+ X2 — Uy

Linearize this model for the equilibrium point corresponding to u; = u, = 1, for positive
values of x; and x,.

At the equilibrium point corresponding to #; = u, = 1, the variables X; and x, satisfy the
relations:
0=x;+x, —2
0=1x%— (X, — 1>+ x,%, — 2

The solution to this system of nonlinear equations for positive values of X; and x; is:
")El - .722 = 1

By linearizing a nonlinear dynamic system around this point, the following matrices A, B, Cand
D are obtained:

A = 1 1 _ |1 1
2% +%;, —=2(X5-1)+Xx4 3 1
2r; -1 -2 =1

C = l+x, X | _ |2 1

1 1 1 1

With:

6x = Adx + Béu and 6y = Céx + Déu where 6x = [g?] etc.
2



