PSET 3 – ChE 421 – Due Sept 11 at start of class (12:45 sharp, box is removed)
1) Recall the tank draining model in which the exit flow rate was proportional to (h)-1/2, such that 

a. Develop an ODE model for the change in height as a function of time
b. Plot time response from 0 to 10 min for given parameters using a numerical solver:
qi = 0.2m3/min
ho = 2m
A = 1.3m2
C = 0.5 (constant for valve would have units of m2.5/min to work out)
c. Linearize the nonlinear term in the ODE
d. Solve the linearized form of the ODE using Laplace Transform
e. Plot the linearized solution with the numerical solution from part (b).  How do they compare?

2) Let’s model the response of a process governed by the following ODE:

Where u(t) (the input variable) is subjected to a ‘doublet test’ that looks like the following:
[image: ]
a. Write a mathematical equation for the forcing function (u(t)) in the time domain.
b. Insert the forcing function in the ODE and transform to Laplace domain.
c. Find the solution for y(t) by taking the inverse Laplace.
d. Plot the solution using the following parameters:
K = 1
H = 1
tau = 2
tw = 10

3) Derive Laplace transforms of the input signals shown below by summing component functions found in Table 3.1.  How could these be described as forcing functions in time domain...e.g. how would you write f(t) and u(t) such that they could be plotted?
[image: ]         [image: ]

4) Solve the following:

[image: ]



5) Solve the following:

[image: ]




6) Solve the following:
[image: ]

7) NEW GROUP PROBLEM Solve the following: [Solve these last two problems in your small groups and submit your answers to Dillon directly via SLACK].
[image: ]
[NOTE: the copy of this problem is bad, this should show X and S with derivative notations:
[bookmark: _GoBack][image: ]





8) Don’t DO THIS ONE Solve the following: [Solve these last two problems in your small groups and submit your answers to Dillon directly via SLACK].  POORLY Worded…don’t do this one.
[image: ]






9) GROUP PROBLEM Solve the following:
[image: ]
[image: ]
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3.15 Find the solution of

(:I—); +4x = f(1)
0 t< 0
where f(1) =1h 0<t<1/h
0 t>1/h

x(0) =0
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4.2 Consider the following transfer function:

Y _ e

GO= Ty = T0s 71

(a) What is the steady-state gain?
(b) What is the time constant?
(¢) If U(s) =4/s, what is the value of the output y(f) when

[~ 00?
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4.15 A chemostat is a continuous stirred tank bioreactor that
can carry out fermentation of a plant cell culture. Its dynamic
behavior can be described by the following model:

X =uwSX -DX
S= WX/ Y g5+ DS~ 8)

X and § are the cell and substrate concentrations, respectively,
and S, is the substrate feed concentration. The dilution rate
D is defined as the feed flow rate divided by the bioreactor
volume. D is the input, while the cell concentration X and sub-
strate concentration S are the output variables. Typically, the
rate of reaction is referred to as the specific growth rate p and
is modeled by a Monod equation,

S
K +58

Assume p,, =020h7', K, =10g/L, and Y, =0.5g/g. Use
a steady-state operating point of D =0.1h"!, X =4.5g/L,
§=10g/L,and§, =10g/L.

Using linearization, derive a transfer function relating the
deviation variables for the cell concentration (X — X) to the
dilution ration (D - D).

WS =
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4.7 A single equilibrium stage in a distillation column is
shown in Fig. E4.7. The model that describes this stage is

dH
W=L0+V2"(L1 +V)
IHx
¢ @t L= Loxy+ Voy, = (Lix + Viy)

V1= dy Xy F X+ e

Assume that the molar holdup H in the stage is constant
and that constant molal overflow occurs. Thus, L, = L, and
V,=V,.

(a) Linearize the resulting model and introduce deviation
variables.

(b) For constant liquid and vapor flow rates, derive the four
transfer functions relating outputs x, and y, to inputs x, and
¥,- Place it in standard form.

Figure E4.7
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4,13 A horizontal cylindrical tank shown in Fig. E4.13a is used
to slow the propagation of liquid flow surges in a processing
line. Figure E4.135 illustrates an end view of the tank and w, is
the width of the liquid surface, which is a function of its height,
both of which can vary with time. Develop a model for the
height of liquid 4 in the tank at any time with the inlet and out-
let volumetric flow rates as model inputs. Linearize the model
assuming that the process initially is at steady state and that
the liquid density p is constant.
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Figure E4.13a
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Figure E4.13b
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3.10 Which solutions of the following cquations will exhibit
convergent behavior? Which are oscillatory? Assume zero ini-
tial conditions for y and its derivatives.

dx | d’x
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Note: All of the above differential equations have one common
factor in their characteristic equations.




