Homework Assignment #5


1. Explore adiabatic isochoric combustion of iso-octane. Using the EES chemical equilibrium code, obtain the combustion temperature, combustion pressure, equilibrium mole fraction of CO, equilibrium mole fraction of NO, and equilibrium mole fraction of O2.  Obtain data at equivalence ratios of 0.6, 0.8, 1.0, and 1.2.  Assume an initial temperature of T = 450 K and an initial pressure of P = 10 atm.  Using your understanding of adiabatic combustion temperature, stoichiometry, and reaction chemistry, offer explanations why each of the species varies the way they do with equivalence ratio.

2. The result of a dry gas analysis of an engine exhaust are CO2=10.7%, CO=5.8%, and N2=83.5 %.  Stating any assumptions, use the rich gas equations to find (i) the gravimetric air/fuel ratio, (ii) the gravimetric composition of the fuel, and (iii) the stoichiometric gravimetric air/fuel ratio.

3. A four-stroke engine is running on methane with an equivalence ratio of 0.8. The air and fuel enter the engine at 25 C, the exhaust is at 527 C, and the heat rejected to the coolant is 340 MJ/kmol fuel.  a) find the STP heating value of the fuel at the inlet conditions; b) find the enthalpy of formation of the reactants (MJ/kmol_fuel) using heat of formation data; c) find the enthalpy of exhaust products (MJ/kmol_fuel) at the exhaust temperature; d) find the thermal energy that passes out the exhaust MJ/kmol_fuel (also express this as a percent of input fuel energy); e) estimate the arbitrary efficiency of this engine; and f) determine the power output of this engine assuming a total displacement volume of 5 liters, a volumetric efficiency of 72 percent (based on air flow), and a speed of 1500 rpm.

4. Sketch the configuration of equipment and software in the engine bay needed to obtain measurements for a brake specific emissions calculation.  Outline the equations and procedures you need to follow to convert volumetric emissions measurements into brake specific CO, brake specific CO2, brake specific HC, and brake specific NOx.  Label and describe each step in addition to organizing the relevant equations for each step in the process.

5. Prepare a detailed outline for a 5-page SAE technical paper that includes a descriptive title, logically sequenced/meaningful subsection labels, identifies all figures/tables that you intend to use/replicate/modify, and supplies complete citations for all your references.
