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(eJ n. class and home problems 

The object of this column is to enhance our readers' collection of interesting and novel problems in 
Chemical Engineering. Problems of the type that can be used to motivate the student by presenting a 
particular principle in class or in a new light or that can be assigned as a novel home problem are re­
quested as well as those that are more traditional in nature that elucidate difficult concepts. Please sub­
mit them to Professor H. Scott Fogler, ChE Department, University of Michigan, Ann Arbor, MI 48109. 

Our student readers are encouraged to submit their solution to the following problem to Prof. Robert 
L. Kabel, ChE Dept., Pennsylvania State University, University Park, PA 16802, before December 15th, 
1979. The student who submits the best solution before the deadline will be given a complimentary sub­
scription to CEE to begin either immediately or, if he prefers, after his graduation. (Penn State students 
are not eligible.) We will publish Prof. Kabel's solution in a subsequent issue. 

THE MIRROR FOG PROBLEM 
R.L.KABEL 
Pennsylvania State University 
University Park, PA 16802 

The Kabel bathroom cabinet has two sliding 
panels very much like the windows in a classroom. 
The panels have mirrored surfaces and when 
closed are as shown in Figure 1. 

As you can see, when the left panel is opened 
it completely covers the right panel, leaving a 
space between them 4 mm thick. One night at 
10 :00 P.M. my wife took a hot shower. The 
panels were both closed and the mirrors became 
completely clouded over with condensed water 
vapor. After her shower she opened the left 
panel fully to get some things from inside the 
cabinet. Thus at 7 :00 A.M. the next morning I 
found the following arrangement shown in Figure 
2 (where the items shown are merely bottles, 
toothpaste, etc.). Before shaving I closed the left 
panel and found most of the right panel still 
clouded with moisture. 
A. Create a microscopic model which could be used to 

determine how long it would take for the covered 
mirror to clear completely under the conditions that 
prevailed during the night. No solution is required; 
however, you may assume that a few days and a 
computer are available to solve this problem if you 
need them. Although it is clear that this is a simul­
taneous heat and mass transfer process, assume that 

Closed 
FIGURE 1 
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the heat transfer is inherently rapid enough that 
only the mass transfer process need be considered. 

B. Making any necessary assumptions, obtain a nu­
merical estimate of the time tr when the mirror is 
completely clear if the thickness of the water film 
R = 0.013 mm, the diffusivity of water vapor in air 
DAB = 2.47 (10-5)m2•s-1, the concentration of water in 
saturated air is CAs = 17.3 g•m- 8, distance between 
panels is X = 4 mm, and the length of each panel 
YM = 0.3 m. 

Continued on page 213. 
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analytical solutions can be obtained for this and 
other problems via the spectral representation of 
.L. This work is as yet unpublished and is 
presently the subject of a doctoral dissertation by 
Papoutsakis [11]. 

There are thus a substantial class of problems 
of interest to engineers that can be solved using 
the elegant theory of selfadjoint operators. The 
need for familiarity with abstract formulations 
should now be evident. This entire subject has 
been for some years. under preparation into a 
book by the author in collaboration with Amund­
son, which it is hoped will some day see the light 
of print. • 
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MIRROR FOG PROBLEM 
Continued from page 155 

PRELIMINARY DISCUSSION 

We first remember the steps in model building: 
define specific objectives, establish physical and 
chemical principles, make assumptions, derive 
equations, specify initial and boundary conditions. 

OBJECTIVES AND CRITERIA: To find the time 
t r when the mirror is completely clear. Part A: since this 
will be a moving boundary problem, t r will be the time 
when the fog line reaches· the closed end of the vapor 
space. Part B: we can calculate the amount of condensate 
on the mirror, so the time would be the time required to 
evaporate that much material. 
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PHYSICAL AND CHEMICAL PRINCIPLES: There 
are no chemical principles involved. Since heat transfer 
is taken to be rapid, the system may be taken as iso­
thermal and the problem is simply one of evaporation and 

condensate film 
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'FIGURE 3. All surfaces impermeable except front 
opening. 

diffusion. Given the two closely spaced large parallel plates 
it may be expected that there will be little concentration 
difference across (x-direction) the space between the plates. 
Also because of the fact that there is no flux at any 
boundary except at the open end (-y direction) and the 
system is symmetric in z direction, the problem is one di­
mensional (i.e., at any value of x and y, nothing will vary 
with z). Mass will be transferred out because of a con­
centration gradient established between the fogged region 
(where C = Csnturnted) and the opening y = 0 (where 
C = Croom) . Following the shower, it is assumed that the 
room returns to house ambient conditions (this is easily 
achieved overnight with the door open, i.e., rapidly, com­
pared to the defogging process since the outside mirror 
clears in < 0.5 hr.). However note that the point in the 
slit where C = c. retreats farther into the slit as time 
goes on. Thus the diffusional path increases and we have a 
moving boundary problem. 

ASSUMPTIONS: Several assumptions have been indi-
cated already. · 

• CA =I= f(x,z). 
• The system is isothermal. 
• All boundaries except the open end are impervious to 

mass transfer (doubtful in the actual experiment). 
• The room air returns quickly to constant composition. 
• The initial amount of condensate is known. 
• Bulk flow in the system is negligible (air flows in to 

balance H 20 flow out). The error due to this assump­
tion was shown to be about 5.5%. 

• The volume of condensate film is negligible. 

You are now ready for Part A and B. • 
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