ChE 310				In-Class Exercise 25			December 5, 2019

IC25_1. Solving ODEs. (This is a slightly modified version of IC22_4, which we didn’t get to during lecture 22.)
A cylindrical tank is drained through a pipe. After applying some simplifying assumptions, we can obtain the following differential equation that describes how the tank depth changes with time:

where  is the liquid depth,  is the time,  is the pipe diameter,  is the horizontal area of the tank,  is the gravitational constant (, and  is the depth of the pipe outlet below the bottom of the tank. We want to solve this differential equation to determine how long it takes for the tank height to reach 1 m, given that the initial liquid height is 6 m, , , and the tank radius is 1 m.

PS11_4. Shooting method. Solve Chapra problem 24.11. Plot the concentration of A as a function of distance, but automate the shooting method.
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PS11_3. Optimization. Chapra Question 22.19.  Let’s assume the time unit is hours.  Please plot temp and concentration from 0 to 5 hours.  Use subplots.  What is the max reactor temperature?  When is 95% conversion achieved?
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[bookmark: _GoBack]PS11_2 (Modified problem statement) – Question 22.18.  We are interested in knowing the time at which CA2 = CB2. Plot this intersection time as a function of k, with k ranging from 0.10 to 0.50 in intervals of 0.01; also consider  = 5, 10, and 20 minutes (plot one curve for each value of ).
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24.11 Compound A diffuses through a 4-cm-long tube and
reacts as it diffuses. The equation governing diffusion with
reaction is

d*A
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At one end of the tube (x = 0), there is a large source of A
that results in a fixed concentration of 0.1 M. At the other
end of the tube there is a material that quickly absorbs any A,
making the concentration 0 M. If D = 1.5 x 10~ cm?/s and
k=5x10""s"", whatis the concentration of A as a func-
tion of distance in the tube?
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22.19 A nonisothermal batch reactor can be described by
the following equations:
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where C is the concentration of the reactant and 7 is the tem-
perature of the reactor. Initially, the reactor is at 16 °C and has
a concentration of reactant C of 1.0 gmol/L. Find the concen-
tration and temperature of the reactor as a function of time.
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22.18 The reaction A — B takes place in two reactors in
series. The reactors are well mixed but are not at steady
state. The unsteady-state mass balance for each stirred tank
reactor is shown below:
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where CAg = concentration of A at the inlet of the first
reactor, CA| = concentration of A at the outlet of the first re-
actor (and inlet of the second), CA; = concentration of A at
the outlet of the second reactor, CB| = concentration of B at
the outlet of the first reactor (and inlet of the second), CB, =
concentration of B in the second reactor, T = residence time
for each reactor, and k = the rate constant for reaction of A to
produce B. If CAy is equal to 20, find the concentrations of A
and B in both reactors during their first 10 minutes of opera-
tion. Use k = 0.12/min and T = 5 min and assume that the
initial conditions of all the dependent variables are zero.





