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*Problems designated by a "C" are concept questions, and students are encouraged to answer them all. Problems with a CD-EES icon are solved using EES. Problems with a computer-EES icon are comprehensive in nature, and are intended to be solved with a computer, preferably using the EES software.

Theoretical and Actual Combustion Processes
15-6C What is the air-fuel ratio? How is it related to the fuel-air ratio?

15-7C Is the air-fuel ratio expressed on a mole basis iden​tical to the air-fuel ratio expressed on a mass basis?

15-8C What are the causes of incomplete combustion?

15-9C Which is more likely to be found in the products of an incomplete combustion of a hydrocarbon fuel, CO or OH? Why?

15-10C What does 100 percent theoretical air represent?

15-11 C Are complete combustion and theoretical combus​tion identical? If not, how do they differ?

15-12C Consider a fuel that is burned with (a) 130 percent theoretical air and (b) 70 percent excess air. In which case is the fuel burned with more air?

15-13 Methane (CH4) is burned with stoichiometric amount of air during a combustion process. Assuming com​plete combustion, determine the air-fuel and fuel-air ratios.

15-14 Propane (C3H8) is burned with 75 percent excess air during a combustion process. Assuming complete combus​tion, determine the air-fuel ratio. Answer: 27.5 kg air/kg fuel

15-15 Acetylene (C2H2) is burned with stoichiometric amount of air during a combustion process. Assuming com​plete combustion, determine the air-fuel ratio on a mass and on a mole basis.

15-16 One kmol of ethane (C2H6) is burned with an unknown amount of air during a combustion process. An analysis of the combustion products reveals that the combus​tion is complete, and there are 3 kmol of free O2 in the prod​ucts. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air used during this process.

15-17 Ethylene (C2H4) is burned with 200 percent theoreti​cal air during a combustion process. Assuming complete combustion and a total pressure of 100 kPa, determine (a) the air-fuel ratio and (b) the dew-point temperature of the products. Answers: (a) 29.6 kg air/kg fuel, (b) 38.1°C

15-18 Propylene (C3H6) is burned with 50 percent excess air during a combustion process. Assuming complete com​bustion and a total pressure of 105 kPa, determine (a) the air-fuel ratio and (b) the temperature at which the water vapor in the products will start condensing.

15-19 Propal alcohol (C3H7OH) is burned with 50 percent excess air. Write the balanced reaction equation for complete combustion and determine the air-to-fuel ratio.  Answer: 15.5 kg air/kg fuel

15-20 Butane (C4H10) is burned in 200 percent theoretical air. For complete combustion, how many kmol of water must be sprayed into the combustion chamber per kmol of fuel if the products of combustion are to have a dew-point temperature of 60°C when the product pressure is 100 kPa?

15-21 A fuel mixture of 20 percent by mass methane (CH4) and 80 percent by mass ethanol (C2H6O), is burned completely with theoretical air. If the total flow rate of the fuel is 31 kg/s, determine the required flow rate of air. Ans 330 kg/s

15-22 Octane (C8H18) is burned with 250 percent theoretical air, which enters the combustion chamber at 25oC. Assuming complete combustion and a total pressure of 1 atm, determine (a) the air-fuel ratio and (b) the dew-point

15-23 Gasoline (assumed C8H18) is burned steadily with air in a jet engine. If the air-fuel ratio is 18 kg air/kg fuel, determine the percentage of theoretical air used during this process.

15-24 In a combustion chamber, ethane (C2H6) is burn at a rate of 8 kg/h with air that enters the combustion chamber at a rate of 176 kg/h. Determine the percentage of excess air used during this process. Answer: 37 percent

15-25 One kilogram of butane (C4H10) is burned with 25 kg of air that is at 30°C and 90 kPa. Assuming that the combustion is complete and the pressure of the products is 90 kPa, determine (a) the percentage of theoretical air used and (b) the dew-point temperature of the products.

15-26 A certain natural gas has the following volumatic analysis: 65 percent CH4, 8 percent H2, 18 percent N2, 3 percent O2, and 6 percent CO2, This gas is now burned com​pletely with the stoichiometric amount of dry air. What is the air-fuel ratio for this combustion process?

15-27 Repeat Prob. 15-26 by replacing the dry air by moist air that enters the combustion chamber at 25°C, 1 atm, and 85 percent relative humidity.

15-28 A gaseous fuel with a volumetric analysis of 60 per​cent CH4, 30 percent H2, and 10 percent N2 is burned to completion with 130 percent theoretical air. Determine (a) the air-fuel ratio and (b) the fraction of water vapor that would condense if the product gases were cooled to 20°C at 1 atm. Answers: (a) 18.6 kg air/kg fuel, (b) 88 percent

15-29  Reconsider Prob. 15-28. Using EES (or other) software, study the effects of varying the per​centages of CH4, H2, and N2 making up the fuel and the product gas temperature in the range 5 to 150°C.

15-30 A certain coal has the following analysis on a mass basis: 82 percent C, 5 percent H20, 2 percent H2, 1 percent 02, and 10 percent ash. The coal is burned with 50 percent excess air. Determine the air-fuel ratio. Answer: 15.1 kg air/kg coal

15-31 Octane (C8H18) is burned with dry air. The volumet​ric analysis of the products on a dry basis is 9.21 percent CO2, 0.61 percent CO, 7.06 percent 02, and 83.12 percent N2. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air used.

15-32 Carbon (C) is burned with dry air. The volumetric analysis of the products is 10.06 percent CO2, 0.42 percent CO, 10.69 percent 02, and 78.83 percent N2. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air used.

15-33 Methane (CH4) is burned with dry air. The volumet​ric analysis of the products on a dry basis is 5.20 percent CO2, 0.33 percent CO, 11.24 percent 02, and 83.23 percent N2. Determine (a) the air-fuel ratio and (b) the percentage of theoretical air used. Answers: (a) 34.5 kg air/kg fuel, (b) 200 percent

Enthalpy of Formation and Enthalpy of Combustion

15-34C What is enthalpy of combustion? How does it dif​fer from the enthalpy of reaction?

15-35C What is enthalpy of formation? How does it differ from the enthalpy of combustion?

15-36C What are the higher and the lower heating values of a fuel? How do they differ? How is the heating value of a fuel related to the enthalpy of combustion of that fuel?

15-37C When are the enthalpy of formation and the enthalpy of combustion identical?

15-38C Does the enthalpy of formation of a substance change with temperature?

15-39C The hof of N2 is listed as zero. Does this mean that N2 contains no chemical energy at the standard reference state?
15-40C Which contains more chemical energy, 1 kmol of H2 or 1 kmol of H20?

15-41 Determine the enthalpy of combustion of methane (CH4) at 25°C and 1 atm, using the enthalpy of formation data from Table A-26. Assume that the water in the products is in the liquid form. Compare your result to the value listed in Table A-27. Answer: -890,330 kJ/kmol

15-42 Reconsider Prob. 1.)-41. using EES (or other) software, study the effect of temperature on the enthalpy of combustion. Plot the enthalpy of combustion as a function of temperature over the range 25 to 600°C.

15-43 Repeat Prob. 15-41 for gaseous ethane (C2H6)

15-44 Repeat Prob. 15-41 for liquid octane (C8H18). 
First-Law Analysis of Reacting Systems

15-45C Derive an energy balance relation for a reacting closed system undergoing a quasi-equilibrium constant pres​sure expansion or compression process.

15-46C Consider a complete combustion process during which both the reactants and the products are maintained at the same state. Combustion is achieved with (a) 100 percent theoretical air, (b) 200 percent theoretical air, and (c) the chemically correct amount of pure oxygen. For which case will the amount of heat transfer be the highest? Explain.

15-47C Consider a complete combustion process during which the reactants enter the combustion chamber at 20°C and the products leave at 700°C. Combustion is achieved with (a) 100 percent theoretical air, (b) 200 percent theoreti​cal air, and (c) the chemically correct amount of pure oxygen. For which case will the amount of heat transfer be the low​est? Explain.

15-48 Methane (CH4) is burned completely with the stoi​chiometric amount of air during a steady-flow combustion process. If both the reactants and the products are maintained at 25°C and 1 atm and the water in the products exists in the liquid form, determine the heat transfer from the combustion chamber during this process. What would your answer be if combustion were achieved with 100 percent excess air? Answer: 890,330 kJ/kmol

15-49 Hydrogen (H2) is burned completely with the stoi​chiometric amount of air during a steady-flow combustion process. If both the reactants and the products are maintained at 25°C and 1 atm and the water in the products exists in the liquid form, determine the heat transfer from the combustion chamber during this process. What would your answer be if combustion were achieved with 50 percent excess air?

15-50 Liquid propane (C3H8) enters a combustion chamber at 25°C at a rate of 1.2 kg/min where it is mixed and burned with 150 percent excess air that enters the combustion chamber at 12°C. If the combustion is complete and the exit temperature of the combustion gases is 1200 K, determine (a) the mass flow rate of air and (b) the rate of heat transfer from the combustion chamber. Answers: (a) 47.1 kg/min, (b) 5,194 kJ/min
15-51 Acetylene gas (C2H2) is burned completely with 20 percent excess air during a steady-flow combustion process. The fuel and air enter the combustion chamber at 25°C, and the products leave at 1500 K. Determine (a) the air-fuel ratio and (b) the heat transfer for this process.

15-52 Liquid octane (C8H18) at 25°C is burned completely during a steady-flow combustion process with 180 percent theoretical air that enters the combustion chamber at 25°C. If the products leave at 1400 K, determine (a) the air-fuel ratio and (b) the heat transfer from the combustion chamber during this process.

15-53 Benzene gas (C6H6) at 25°C is burned during a steady-flow combustion process with 95 percent theoretical air that enters the combustion chamber at 25°C. All the hydrogen in the fuel burns to H2O, but part of the carbon burns to CO. If the products leave at 1000 K, determine (a) the mole fraction of the CO in the products and (b) the heat transfer from the combustion chamber during this process. Answers: (a) 2.1 percent, (b) 2,112,800 kJ/kmol C6H6
15-54 Diesel fuel (C12H26) at 25°C is burned in a steady​ flow combustion chamber with 20 percent excess air that also enters at 25°C. The products leave the combustion chamber at 500 K. Assuming combustion is complete, determine the required mass flow rate of the diesel fuel to supply heat at a rate of 2,000 kJ/s. Answer: 49.5 g/s

15-55 Octane gas (CgH1g) at 25°C is burned steadily  with 30 percent excess air at 25°C, 1 atm, and 60 percent relative humidity. Assuming combustion is complete and the products leave the combustion chamber at 600 K, determine the heat transfer for this process per unit mass of octane.

15-56 Reconsider Prob. 15-55. Using EES (or other) software, investigate the effect of the amount of excess air on the heat transfer for the combustion process. Let the excess air vary from 0 to 200 percent. Plot the heat transfer against excess air, and discuss the results.

15-57 Ethane gas (C2H6) at 25°C is burned in a steady ​flow combustion chamber at a rate of 5 kg/h with the stoi​chiometric amount of air, which is preheated to 500 K before entering the combustion chamber. An analysis of the combus​tion gases reveals that all the hydrogen in the fuel burns to H2O but only 95 percent of the carbon burns to CO2, the remaining 5 percent forming CO. If the products leave the combustion chamber at 800 K, determine the rate of heat transfer from the combustion chamber. Answer: 200,170 kJ/h

15-58 A constant-volume tank contains a mixture of 120 g of methane (CH4) gas and 600 g of 02 at 25°C and 200 kPa. The contents of the tank are now ignited, and the methane gas burns completely. If the final temperture is 1200 K, determine (a) the final pressure in the tank and (b) the heat transfer during this process.

15-60 A closed combustion chamber is designed so m. maintains a constant pressure of 300 kPa during a combustion process. The combustion chamber has an initial volume of 0.5 m3 and contains a stoichiometric mixture of 4 (C8H18) gas and air at 25°C. The mixture is now ignited, the product gases are observed to be at 1000 K at the end of the combustion process. Assuming complete combustion, treating both the reactants and the products as ideal gases, determine the heat transfer from the combustion chamber during this process. Answer: 3610 kJ

15-61 A constant-volume tank contains a mixture of 1 kmol of benzene (C6H6) gas and 30 percent excess air at 25°C and 1 atm. The contents of the tank are now ignited, and all the hydrogen in the fuel burns to H2O but only 92 percent of the carbon burns to CO2, the remaining 8 percent forming CO the final temperature in the tank is 1000 K, determine the heat transfer from the combustion chamber during this process..

Adiabatic Flame Temperature

15-64C A fuel is completely burned fIrst with the stoichio​metric amount of air and then with the stoichiometric amount of pure oxygen. For which case will the adiabatic flame temperature be higher?

15-65C A fuel at 25°C is burned in a well-insulated steady-flow combustion chamber with air that is also at 25°C. Under what conditions will the adiabatic flame tem​perature of the combustion process be a maximum?

15-66  Hydrogen (H2) at 7°C is burned with 20 per​cent excess air that is also at 7°C during an adiabatic steady-flow combustion process. Assuming com​plete combustion, determine the exit temperature of the product gases. Answer: 2251.4 K

15-68 Acetylene gas (C2H2) at 25°C is burned during steady-flow combustion process with 30 percent excess at 27°C. It is observed that 75,000 kJ of heat is being lost from the combustion chamber to the surroundings per kmol of acetylene. Assuming combustion is complete, determine the exit temperature of the product gases. Answer: 2301

15-69 An adiabatic constant-volume tank contains a mixture of 1 kmol of hydrogen (H2) gas and the stoichiometric amount of air at 25°C and 1 atm. The contents of the tank are now ignited. Assuming complete combustion, determine the final temperature in the tank.

15-70 Octane gas (C8H18) at 25°C is burned steadily with 30 percent excess air at 25°C, 1 atm, and 60 percent relative humidity. Assuming combustion is complete and adiabatic calculate the exit temperature of the product gases.
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