MECH 558
Combustion
Homework 1

Motivation and Overview
Text: Ch.1



Homework Assignment #1
Due:  Friday, September 11
1.  Energy Density of Fuels and Batteries. Find the energy content (kW-hr) in a C-battery (you will need to look this up) and compare that energy to the calculated energy content (kW-hr) in the same volume of liquid heptane (C7H16), liquid ethanol (C2H5OH), gaseous H2 (14.7 psi, 68 °F) and gaseous CH4 (14.7 psi, 68 °F).  Cite your sources for liquid density and heating value for all fuels and show all calculations.   Comment on results.
2. Mass and Molar Concentration of Atmospheric Gases.  Determine the effect of elevation above sea level on oxygen and carbon dioxide concentrations.

a. Calculate and make a plot the molar concentration [kmol/m3] and mass concentration [kg/m3] of O2 and CO2 as a function of altitude (0 to 30,000 feet above sea level).   
b. Calculate the mass of oxygen contained in your lungs for each breath at sea level, on top of Long’s Peak and on top of Mt. Everest.    How many breaths would you have to take on top of Mt. Everest to equal one breath at sea level?   
Hint: use the following empirical equation for the variation in density with height above sea level:
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Where  is the density of air in kg/m3, and h the height above sea level in m.

3.  Rate of Production of CO2 from Anthropogenic Sources.  Using the measured data from the Keeling Curve, estimate a time rate of change of atmospheric CO2 mole fraction, d(ppm,CO2)/dt, from the slope of the curve.  Given this value, calculate the net global rate of CO2 addition into the atmosphere in kg/year.  Hint: You will need to estimate the total mass of gas in the atmosphere by integrating the above empirical equation for density from the surface of the earth to infinity.   Note that the earth is a sphere, so the integral must be converted to a volume integral with respect to radius, r. 
4. Problems from Textbook, Chapter 2.

2.2, 2.8, 2.9, 2.11, 2.12
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