
PHYS-310 Demographics, Heat Transfer, Heat Engines, Problem Set #2. Due Friday 4/12 
 
1) Please go to: http://www.animatedengines.com/ and pick out at least 4 engines that interest you and watch the 
apps for each. Please identify how and where WE put work into the gas, and then add heat and then the gas does 
work FOR us that we get out. Also be aware of why the work we get out is more than the work we put in. 

 



 
2) Go to Gapminder.org, and click on “Try our new tools” at the top of the webpage. Explore demographics of 
the world’s people. Pay particular attention to the country of your community of interest. How did the things 
you’re looking at develop over time? Take at least two screen shots to discuss with your colleagues. 
 
3) Coal Power Production 
Coal and natural gas are the two predominant forms of fossil fuels used for generating electricity in the world.  
Compared to the NGCC, coal is a worse polluter on two levels – criteria pollutants (like toxins), and in terms of 
CO2 production.  

a) What does NGCC stand for? Natural Gas Combined Cycle 
Why does burning coal emit more toxins into the atmosphere and what are some of these toxins? Coal has 
two problems: it’s a solid (so it can’t be used in a Brayton Cycle, eliminating it from combined cycle 
efficiency), and it’s a solid (locking in all the toxins making it hard to purify). These toxins include mercury and 
sulfur. Mercury is a big one. There is mercury in the ocean only because we burn coal to generate electricity. 
There is enough mercury in the ocean to make some fish at the top of the food chain (like tuna) toxic... 
especially for pregnant women. We've found that the toxicity of the Atlantic fish have decreased since we've 
stopped using so much coal in USA and Europe. Likely when China stops using so much coal, Pacific fish will 
also have less mercury. Additionally, sulfur results in SO2 and SO3, which result in very acid rain. 

b) For the same amount of electricity, coal emits more CO2 than the most efficient Natural Gas electricity 
generation by what factor? ~ 3 

c) Why is it that Coal Electricity emits more CO2 than natural gas electricity generation? Please give two 
reasons. Coal has two problems: it’s a solid (so it can’t be used in a Brayton Cycle, eliminating it from 
combined cycle efficiency), and it inherently has greater carbon intensity. For instance, natural gas has 
many C-H bonds, producing lots of energy and water upon combustion. Coal has way more C-C bonds, 
emitting more CO2 in combustion. 

d) What portion of the world’s coal does the US consume? China? What portion of the world’s NG does the 
US consume? China? 

 
4) Guessing Energy: Please do this question in two parts: 

a) What do you think requires more energy: you riding fast on your bicycle, or a hot cup of coffee? By what 
factor do you think they vary: That is Ebike ~ ___ Ecoffee  

b) Please do the calculations and see which has more energy. 



 
5)  I make a house out of adobe, (mud, cob, earth whatever you like to call it). The walls are 3m high, 4m wide, 
and is 50 cm thick. Assume that the roof is really well insulated, so no heat escapes from it. It is 70 °F inside and 
30 °F outside. This provides an inside temperature of about 293 K and a temperature difference of about 22 C 
a) How much power do I need to dissipate in the room to keep the temperature constant? 
b) I put a window in one wall. It is 2m wide and 1m high. It’s single paned, perfectly transparent glass of 
thickness 2 mm. Estimate the house’s heat loss with the window. 
So, DH made this calculation extra challenging. Not only did he provide no units, but he sometimes refers to 
resistivity, such as 3 mm window glass having an R value of 0.005(Km2/W), and sometimes to the inverse, the 
thermal transmittance, U=1/R, such as that for air is usually 6(W/m2K). So, let’s stay alert. We have three 
independent heat flows: convection/conductivity (in series) through the adobe walls, radiative cooling through 
the window, and convection/conductivity (in series) through the window pane. So, we need to set up something 
like the circuit diagram in page 391: 

 
Our diagram will have three parallel circuits with a few changes: 

a) We said that our window pane is 100% transparent, so the radiative cooking will go directly from the 
house to the outside world without being in series with conduction across the glass. We will need to make 
some kind of estimate about the emissivities of the inside and outside of the room. I looked up and saw 
that brick has an emissivity of ~ 0.8, so I’ll use that. 

b) Conduction/convection series through the adobe walls will be limited by conduction through the ½ m 
earth wall, because it is thick and not very conductive, but we will check this to be sure. 

c) Conduction/convection series through he window will be limited by the convection because the thin 
window provides very little resistance to thermal flow, but we will check this. 



So, our diagram will look something like the 
following:

 
In series we add resistances. In parallel, we add transmittance. We set out to find the resistance of each of these 
three heat transfer mechanisms: 
We start with radiative cooling. We can find the exact value, or make the linearization with temperature I 
showed in class: 

 
Using the emissivity for brick and the average temperature of 283 K, I get Urad ~ 4.1 W/m2K 
For the single pane glass, it seems that Table 11.2 provides the full Ucond/conv=6.1 W/m2K, so we don’t have to 
calculate anything, but we can verify that the glass thickness plays little role in the insulative properties by 
looking at table 11.1. The R value of 3 mm glass is 0.005, meaning that the R value of 2 mm would be 2/3 that. 
Thus the U factor is huge!... as if it wasn’t even there. Thus, the insulative properties of the window lie in the 
convective heat transfer between the air and glass surface. This may not be the case with earth. The thermal 
conductivity of earth is about 1 W/mK, and because we know that P=Ak(dT/dL) = (k/dL)AdT, we can make a U 
value for the half meter walls: Ucond = (k/dL) ~ 2W/m2K, which is way less than the convective heat transfer from 
the thin windows, so the conductivity measurement will dominate. Adding them correctly like conductance in 
series, we get about 1.5 W/m2K. Alas, we cannot just add these three conductances because there are different 
areas for the window (2 m2) and the earthen wall (48m2 - 2m2). In any case, we get a total conductance of the 
window to be: 



UWin = Urad +Ucond/conv = (4.1+6.1)W/m2K = 10.2 W/m2K. The window loses about 7 times the heat as the wall 
per surface area. Multiplying by the surface area and the temperature difference, yields the approximate power 
loss to the cold outside: 
Through the windows: P ~ 450 W 
Through walls: P ~ 1450 W 
Total Power Loss ~ 1900 W 
 
 


