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1.  Comparison of reactor configurations. (65 points)


A 1000 liter batch reactor has been used for many years for an A—>M isomerization.  All that is 
“known” about the kinetics is that once the reaction temperature of 50C is reached, the 
concentration of A is reduced to 10% of its original value (which is 5 moles/liter) after 5000 
seconds.   


a.  Assuming the simplest possible kinetics, find an expression that predicts the concentration 
of A at any time in the reactor.


b. The normal procedure is that the reactor is stopped after 5000 seconds. The reactor is 
drained and refilled which also takes 5000 seconds.  Assuming that this done continuously 
all day, every day, what is the production of M in moles/time from this reactor?


c. With only this information, what flow of A feed and what size of reactor are needed if you 
want to produce the same amount of A per time in a CSTR?  Pick the exit condition of the 
CSTR to match the batch reactor at the end of a batch (i.e., 0.5 mol/l).


d. Compare the volumes of the batch and CSTR reactors.  Is this result (i.e., one of the 
volumes larger than the other) likely to be generally true or only because of the specific 
numbers of this problem?


e. You suspect that the kinetics are actually not always first order.  (The small amount of 
“secret catalyst” which is needed certainly adds to this thinking.).   A nominal “guess” for a 
possible kinetic expression is:


If this is the actual expression, explain any need to change the sizing of your CSTR.  


f.  Give one simple experiment that would improve the accuracy of the CSTR sizing.


rA =
k1 CA

Km + k2 CA



2.  (Very) simplified model of a virus vaccine. (35 points)


In


the authors model the yellow-fever vaccine after injection into humans.  Their simplified model 
uses 10 equations instead of the 19 for previous models.  They are able to fit the time shortly 
after the initial inoculation (a few weeks — bottom figure) and then the slow decay of the 
desired antibodies over a little more than a decade.  This long decay is remarkably linear as 
shown just below.) 




Consider this process as 


Virus —> plasma cells —> Antibodies 


V -> P -> A


as sequential reactions.  If we write  




Then the solution is




d V
dt

= - �V

dP
dt

= k1 V - k2 P

dA
dt

= k2 P - k3 A

In[�]:= DSolve[{ D[V[t], t] � - � V[t], D[P[t], t] � k1 V[t] - k2 P[t],
D[A[t], t] � k2 P[t] - k3 A[t], P[0] � 0, A[0] � 0, V[0] � v0}, {V[t], P[t], A[t]},

t]

Out[�]= ��A[t] �
�-k2 t-k3 t-t � k1 k2 v0 ��k2 t+k3 t k2 - �k2 t+t � k2 - �k2 t+k3 t k3 + �k3 t+t � k3 + �k2 t+t � � - �k3 t+t � ��

(k2 - k3) (k2 - �) (k3 - �)
,

P[t] � -
�-k2 t-t � �-�k2 t + �t �� k1 v0

k2 - �
, V[t] � �-t � v0��



Or assigning the expressions.


A plot for nominal numbers is:




a.  Will this model give the long linear tail seen in figure 2 above?  If not, what modification to 
the ode’s would be needed?


b. Find an expression for the time of the peak for the plasma cells.


In[�]:= virus = V[t] /. %50�1�

Out[�]= �-t � v0

In[�]:= plasmacell = FullSimplify[P[t] /. %50�1�]

Out[�]= -
��-k2 t - �-t �� k1 v0

k2 - �

In[�]:= antibody = FullSimplify[A[t] /. %50�1�]

Out[�]=
�-t (k2+k3+�) k1 k2 v0 ��(k2+k3) t (k2 - k3) + �t (k3+�) (k3 - �) + �t (k2+�) (-k2 + �)�

(k2 - k3) (k2 - �) (k3 - �)

In[�]:= Plot[{virus /. {� � 1, k3 � .1, k2 � .3, k1 � 4, v0 � 1},
plasmacell /. {� � 1, k3 � .1, k2 � .3, k1 � 4, v0 � 1},
antibody /. {� � 1, k3 � .1, k2 � .3, k1 � 4, v0 � 1}}, {t, 0, 20}, PlotRange � {0, 3},

AxesLabel � {"time (days)", "concentration"}, PlotLegends � {"V", "P", "A"},
PlotStyle � { Dashing[{.05, .03}], Dashing[{.02, .02}], Dashing[{.03, .07}]}]

Out[�]=
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c. One concern with vaccination is an antibody level that peaks at too high of a value which 
could cause medical complications.  With reference to the mathematical model, what could 
be done to reduce this peak?


d. How could you reduce the antibody peak without causing a decrease to the long term 
antibody level? 


e. What is the significance of the α/k1ratio?


Please note:  This very simple model is cannot and is not intended to exactly predict the 
behavior that would occur after administration of this vaccine.  However, the same is likely true 
for even the most sophisticated models of complex living or natural systems.  What the 
modeling can uncover is possible behavior scenarios which were not directly observable (for 
example the value of the intermediate peaks) and lead to possible “testable” hypotheses or 
reduce the need of the total number of experiments — possibly on humans











d NA
dt

= d VR CA
dt

=FA in- FAout - rA VR =q Af CA f - q A CA - rA VR

rA could be ... k CA


