PSET 2 – ChE 421 Fall 2018 – Due Sept 4, 2018
Individual Problems (turn in at start of class Tuesday)
1. CSTR:
a. Derive, with the help of your book, the general dynamic model equations that govern a CSTR with a simple liquid phase, irreversible chemical reaction where chemical species A reacts to form species B.  The reaction can be written as AB.  Assume reaction is first order.  Assume CSTR is perfectly mixed.  Also assume that the mass density of the feed and product streams are equal and constant.  Also assume that the volume of the reactor is held constant (with an overflow line).
b. The book considers a CSTR with the following parameters:[image: ]
Show that you can solve the models found in (a) with these parameters for step changes in the cooling water temperature from 300 to 305K and 300 to 290K.  Plot the dynamic response of the reactor temperature and reactant A concentration due to these step changes (you will want to solve this numerically).
2. 
[image: ][image: ]
[image: ]


3. 
[image: ]

4. [bookmark: _GoBack]Solve:
Model the temperature response of an electrically heated stirred-tank process (held at constant volume) that experiences a sudden change in water temperature of the inlet stream – changing from 10°C to 15°C.  Plot the response of tank temp and heating element wall temp as a function of time until it reaches a new steady state. The system has the following process parameters:
· Mass of copper heating element = 500g
· Heat capacity of heating element =  0.385J/(g°C) 
· Area of heating element = 1.2m3
· Resistance of heating element = 2k
· Current through heating element = 1A
· Water in tank – density = 1 g/cm3
· Volume of tank = 100L
· Heat transfer coefficient = 400 (W/(m2K))
· Flow rate through tank = 100mL/s
· Heat capacity of water = 4.186 J/(g°C)
· Temperature of water coming in before perturbation = 10°C

5. Practice Laplace transforms
[image: ]
6. Solve:
[image: ]
7. Solve:
[image: ]
8. Solve:
[image: ]



Group Problems (submit a copy of your solution to Dillon via SLACK)
1. 
[image: ]
[image: ]
2. Solve:
[image: ]
image6.png
Find the Laplace transforms of the following functions,
using the information in Table 3.1. (However, some of the
individual terms in these functions may not have Laplace

indr) + 1 =3+ Y 4 5
(©) fl1) =t cos(dr) + 15
() f(t) = (t=1) cos(d(t = 1)) + £
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Using PFE where required, find x(7) for

st
@ X0 = e+ 367
) Xoy=2E2

© X(6) = 5

@ X = e
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Use Laplace transforms to find the solution to the follow-
ing set of equations

for x = ¢~ and zero initial conditions.
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For the equation,
FHSyH6p0=T, JO)=0, yO)=1

Use the partial fraction method, to find y(1).
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Plot the level response for a tank with constant
cross-sectional area of 4 ¢ as a function of time for
the following sequence of events; assume an initial level
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of 10 ft with the drain open, and that level and outflow rate
are lincarly related. The steady-state inflow and outflow are
initially equal o 2 ft/min. The graph should show numerical
values of level vs. time.

(a) The drain is suddenly closed, and the inflow remains con-
stant for 3 min (0 < ¢ <3).

(b) The drain is opened for 15min, keeping the inflow
at 2 ft/min, where a steady state is essentially reached
(BLI<18).

(©) The inflow rate is doubled to 4 ft’/min for 15 min
(18 <1<33).

(d) The inflow rate s returned to s original value of 2 ft/min
for 17 min (33 < ¢ < 50).
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Bioreactions are often carried out in batch reactors. The
fed-batch bioreactor model in Section 2.4.9 s also appli-

&) cablc to batch reactors if the feed flow rate Fs sct equal
to zero. Using the available information shown below,
determine how much time s required to achieve a 90%

% conver-
sion of the substrate. Assume that the volume V of the reactor
contents is constant.

Available information:

@) Initial conditions:
XO)=005g/L, SO)=10g/L, PO)=0g/L.

(@) Purameter values:
V=1L, p,=020n"", Kg=10g/L,
Yys=05g/g, Yo =028/8
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Parameter Value Parameter Value

q 100 L/min E/R 8750 K
Ca 1 mol/L kq 7.2 % 10" min™!
T 350K UA 5% 10* J/min K
4 100L T.(0) 300K

o 1000 g/L () 05mollL

C 0.239J/g K 7(0) 350 K

-AH, 5% 10% J/mot
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image3.png
‘The liquid storage tank shown in Fig. E2.12 has two inlet
streams with mass flow rates w, and w, and an exit stream with
flow rate wy. The cylindrical tank is 2.5 m tall and 2 m in diam-
eter. The liquid has a density of 800 ke/m*. Normal operating
procedure s to fill the tank until the liquid level reaches a nom-
inal value of 175 m using constant flow rates: w, = 120 kg/min,
w, =100 kg/min, and w; =200 kg/min. At that point, inlet




image4.png
flow rate w, is adjusted so that the level remains constant.
However, on this particular day, corrosion of the tank has
opened up a hole in the wall at a height of 1m, producing
a leak whose volumetric flow rate ¢, (m“min) can be

approximated by
4y =0025vh =1

where 4 i height in meters.
(@) It the tank was initially empty, how long did it take for the
liquid level to reach the corrosion point?

(b) 1f mass flow rates wy, w,, and w, are kept constant indefi-
nitely, will the tank eventually overflow? Justify your answer.
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In medical applications the chief objcctives for drug
delivery are (i) to deliver the drug to the correet location in
the patient’s body, and (ii) to obtain a specified drug con-
centration profile in the body through a controlled release of
the drug over time. Drugs are often administercd as pills. In
order to derive a simple dynamic model of pill dissolution,
assume that the rate of dissolution r, of the pill in a patient
is proportional to the product of the pill surface arca and the
concentration driving force:

re = kA = cy)

where c,, is the concentration of the dissolved drug in the
aqueous medium, c, is the saturation value, A is the surface
area of the pill, and k is the mass transfer coefficient. Because
¢, ¢,,, even if the pill dissolves completely, the rate of
dissolution reduces 10 7, = KAc,.
() Derive a dynamic model that can be used to caleulate pill
mass M as a function of time. You can make the following sim-
plifying assumptions:
(i) The rate of dissolution of the pill is given by r, = kAc,.
@) The pill can be approximated as a cylinder with radius
rand height 4. [t can be assumed that 4/r > 1. Thus the
pill surfacc area can be approximated as A = 2srh.
(b) For the conditions given below, how much time is requircd
for the pill radius £ to be reduced by 90% from its initial value
of ry?

p=12g/ml r,=04cm h=18cm
¢, =500g/L  k=0.016cm/min





