Week 4 Challenge Homework Solutions

Question 1:

Beer brewing begins with steeping grains in hot water, releasing the sugars inside. The sugar water
is then heated to a boil and hops added. The hot temperature of the boil extracts oils from the
hops and provides sanitation from unwanted bacteria. The whole mess is cooled down and once it
is safe enough for yeast to survive, they are added. The yeast converts the sugars to alcohol, and the
oils from the hops provide many things including flavor and antibacterial benefits.

(a) If 16.5 Ibs of grain at 67 °F are added to 5 gal of hot water and the equilibrium temperature
of the mixture is to be 154 °F, what must the initial temperature (strike temp) of the hot wa-
ter be? The specific heat of malt grains is about 0.44 times that of water. Also assume no
energy is lost during the time the system comes to equilibrium.

(b) How much did it cost to heat the 5 gals of tap water from 110 °F up to the strike temp? As-
sume the heating takes 47 minutes, electricity costs 15 ¢ per kilowatt-hour, and only 10%
energy is lost during heating.

(c) During the one hour steeping stage, where the water and grain mixture started at 154 °F, the
mixture only lost 2 °F. What was the average energy per time lost by the mixture.

(d) The steeping was done in a cylindrical vessel (cooler) with outside dimensions 20 inches tall
and 15 inches in diametet. The thickness of the walls is 1 inch. Estimate the thermal conduc-
tivity of the steeping vessel assuming a room temperature of 67 °F.
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Question 2:

At the Earth’s distance from the Sun, the intensity of solar radiation is 1370 W/m2. The tempera-
ture of the Earth is affected by the greenhouse effect of the atmosphere. This phenomenon is caused
be our atmosphere’s absorption of infrared light emitted by the surface, which makes the surface
temperature of the Earth higher than if it were airless. For comparison, consider a spherical object
of radius » with no atmosphere at the same distance from the Sun as the Earth. Assume its emissiv-
ity is the same for all kinds of electromagnetic radiation and its temperature is uniform over its sur-
face.

(a) Explain why the projected area over which it absorbs sunlight is /2 and the surface area

over which it radiates is 4n/%

(b) Compute its steady-state temperature.

(c) Use Known Values sense-making to determine if this a reasonable value.

(d) Why would an increase in greenhouse gasses such as water vapor, carbon dioxide, and me-

thane be cause for alarm?
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