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Problem 2. (25 points) 

A current field of research is further understanding of dopamine (DA) dynamics in the brain. One 
way that this can be understood is by obtaining a live brain slice, roughly 300 µm thick, from a 
mouse. In order to keep the slice alive, researchers flow artificial cerebral spinal fluid (aCSF) over 
the slice at a rate of 1 cm3/min. During imaging, the slice (0.5 cm x 1 cm) is placed on a glass slide 
with the longer dimension (1 cm) placed perpendicular to fluid flow. We can assume the neurons 
sustain a concentration of 1x10-6 mol/L (or 1x10-9 mol/cm3) at all points in the slice and the 
properties of aCSF are the same as those of pure water. You also know the diffusion coefficient of 
dopamine in water is 7.6 x 10-10 m2/s (or 7.6 x 10-6 cm2/s) and the kinematic viscosity is 1 x 10-6 
m2/s (or 1x10-2 cm2/s).  The aim of this experiment is to understand how much dopamine is lost to 
the flow of aCSF.  

a. Draw a picture of the system and label all parts and show the dimensions. 

 

 

 

 

 

 

 

  

b. What is the mole balance that describes the profile of DA in the water and what are the 
boundary conditions for this balance? Be sure to explain what assumptions you have made 
in in the equation that you give for the mole balance and why they are made. 
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c. Draw a concentration profile for this system. 

 

 

 

 

 

 

d. Write an expression for the flux of DA from the brain slice for a fixed position (x) in the 
direction of the flow? 

 

 

 

 

 

 

  

 

e. What is the average flux of DA from the surface? 
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Problem 3. (30 points) 

Liquid A is flowing with velocity v = 0.001 m/s through a cylindrical reactor of length L = 0.5 m 
and diameter D = 0.1 m that is completely filled with spherical catalyst pellets of diameter Dp = 1 
cm. A forms B via the reaction 𝐴 → 𝐵 at the surface of the catalyst pellets with reaction rate 
coefficient k = 0.1 cm-2 ·s-1. The concentration of A in the bulk fluid is 1 mol/m3, and the diffusivity 
of A is DAB = 1x10-2 m2/s. The kinematic viscosity is n=1x10-5 m2/s. 

a. (5 points) What is the mole balance for this problem in terms of CA? Neglect radial 
concentration gradients in the reactor. 

 

 

 

 

 

 

 

 

 

b. (10 points) Nondimensionalize the mole balance and show which term(s) can be neglected 
based on the parameters given. 
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c. (10 points) Now consider a single catalyst pellet in the reactor. Assume the particles are 
far enough apart so that C = CA,bulk far from the particle. Assume the fluid around the 
particle is stagnant (reasonable given the packed nature of the reactor). What is the flux of 
A at the particle surface assuming the reaction rate is very rapid? Assume the pellet radius 
is 0.5 cm. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

d. (5 points) Calculate the mass transfer coefficient, kl, for this system. 
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