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Problem 1 (16 points): Freezing time for a layer of biomaterial

For this problem, you must show all intermediate steps
1) Derive the freezing time for a layer of water containing biomaterial that
is covered with a plastic wrap (Figure 1) with convection of air over the
plastic wrap (h is less than infinity), i.e., starting from energy balance,
derive how the thickness of frozen layer changes with time. Assume every parameter that you need and define all the symbols that you use very
precisely. For simplicity, consider the water in the biomaterial having no
dissolved components.
2) Refer to the formula you derived and explain how the plastic layer will
affect the time to freeze.
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Figure 1: Cross-section of a biomaterial slab being frozen from the surface
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Problem 2 (48 points): Radiative and convective heat transfer in a greenhouse
In the idealized greenhouse in Figure 3, when the solar radiation is at an angle
30ı to the vertical, the glass temperature of surface 1 is 30ı C while that of surface
2 is 15ı C (ignore any variation of glass temperature over its thickness). Ignore
reflection of solar or any other radiation from the glass surface. The three surfaces
form an equilateral triangle, i.e., the respective areas are equal. The outside air
temperature is 10ı C while the inside air temperature is unknown and what we need
to find. The floor surface is covered with plants whose surface temperature is 20ı C
and the surface can also be considered ideal or black for radiative exchange. The
outside heat transfer coefficient is 5 W=m2  K. Solar radiation is as shown in
Figure 2.

Figure 2: A greenhouse and its ide-
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F12= F21 =1-sin(α/2)
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Figure 3: a) An idealized greenhouse with plants covering the floor while the other
two surfaces are glass. b) Glass radiative property is as shown. Ignore reflection
from glass surface. c) A view factor formula that could be useful.
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1) Calculate the heat transfer coefficient for the inside of glass surface 1,
assuming natural convection and the surface being vertical. Since you do
not know the inside air temperature, you can initially assume (for this step
only) the inside air temperature to be 20ı C. Thermal expansion coefficient
is equal to 1=T .

J 15 points I

2) The radiative property provided for glass is equivalent to glass being
treated as a blackbody for radiation exchange inside the enclosure (not
counting direct solar radiation). Explain why this is so, using numerical
calculation to justify your answer.

J 4 points I

3) Write the energy balance equation for the left side glass (surface 1)
where the only unknown should be the inside air temperature. Radiation to
sky can be ignored.

J 22 points I

4) Calculate the inside air temperature.

J 5 points I

5) If your calculated air temperature is different from the assumed temperature for Step 1, how would you proceed to improve your air temperature
calculation? Answer without any calculations.

J 2 points I
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Problem 3 (24 points): Estimating Absorption of an Orally
Administered Drug

Stomach
Ms

Intestine
ks

Mi

ki

Human drug absorption in the gastrointestinal tract (GI) can be modeled by considering the stomach, small intestine and plasma as three compartments (Figure 4)
ka
and performing mass balance of drug in each of the three compartments separately.
Assume no drug initially in intestine and blood plasma.
Blood
Mb
1) The amount of drug, taken orally, that initially enters the stomach is J 5 points I
plasma
Mo . This drug is emptied from the stomach (leaving, going to the small
intestine) as a first order process with a rate constant of ks 1/s, i.e., as
kel
ks Ms . Write the mass conservation equation for the amount of drug in the
stomach, Ms , and solve for Ms as a function of time.
Figure 4: Absorption-disposition
2) The drug leaving the stomach, ks Ms , enters the small intestine. In the
small intestine, drug is lost to intestinal transit at the rate of ki and it also
leaves to the blood plasma at the rate of ka , both to be treated as first order
processes, like the amount leaving in Step 1. Solve for the concentration
of drug in the small intestine, Mi , as function of time.

J 14 points I

Following solution is provided for your convenience: Solution to
dc
C Pc D Q
dt
where P and Q does not have to be constants, is
 R

Z
R
P dt
P dt
cD e
Qe
dt C De

kinetic model. Symbols Ms , Mi
and Mb represent the total amount
of drug at any time in that compartment.

(1)

R

P dt

(2)

where D is a constant of integration.
3) The drug enters the blood plasma, as a fraction F , of the amount ka Mi
noted in Step 2, from the intestine. In the plasma, the drug is also eliminated at the rate of kel (first order process). Write (do not solve)
the equation from which you will calculate the amount of drug in blood
plasma with time.
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Your Questions (Answer any 6 out of the 10; If you answer
more than 6, we will take the first 6 only that you have not
crossed out; 2 points each—12 points total;)
1. What is the last name of the scientist who ’discovered’ Henry’s law?

2. In the context of transport phenomena, what trouble would you expect when
reaching at higher altitudes (i.e., tall mountains) and why?

3. Why does an unopened soda can explode if heated? Explain using what you
learnt in this class.

4. Does a higher partition coefficient for a drug means it is hydrophyllic or hydrophobic? Explain.

5. Why is your skin more dry in the winter than summer? Explain.
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6. If the same reaction is performed at two different temperatures for a firstorder reaction, what algebraic relationship will relate the two times needed
to reach the same final concentration.

7. For the same concentration of O2 and CO2 in air, how would you calculate
(give formula and describe) which is more soluble in water?

8. When two phases (i.e., a solid and a gas) are in contact with another, where
(spatially speaking) in the two phases does the equilibrium occur first? For
our purposes, how long does it take to reach equilibrium(give qualitative answer)?

9. What formula would you use to calculate concentration of a gas from its partial pressure?

10. (Back to Henry) A higher Henry’s constant means that the molecules are
(choose one): a) easier; b) harder; c) the same level of difficulty to solubilize.
Explain using appropriate formula.
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