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Source:  Cengel, Y.A., and Boles, M.A.,THERMODYNAMICS :An Engineering Approach, 5th Edition in SI unit,McGraw-Hill, 2006.

Prepared by: Assoc.Prof.Sommai Priprem,PhD.
*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.
Composition of Gas Mixtures

13-1C What is the apparent gas constant for a gas mixture? Can it be larger than the largest gas constant in the mixture?

13-2C Consider a mixture of two gases. Can the apparent molar mass of this mixture be determined by simply taking the arithmetic average of the molar masses of the individual gases When will this be the case?

13-3C What is the apparent molar mass for a gas mixture? Does the mass of every molecule in the mixture equal the apprent molar mass?

13-4C Consider a mixture of several gases of identical masses. Will all the mass fractions be identical? How about the mole fractions?
13-5C The sum of the mole fractions for an ideal-gas mixture is equal to 1. Is this also true for a real-gas mixture? 

13-6C What are mass and mole fractions? 

13-7C Using the definitions of mass and mole fractions, derive a relation between them.

13-8C Somebody claims that the mass and mole fractions for a mixture of CO2 and N20 gases are identical. Is this true? Why?

13-9C Consider a mixture of two gases A and B. Show that

when the mass fractions mfA and mfB are known, the mole fraction can be determined from

…..
…..

13-10 The composition of moist air is given on a molar basis to be 78 percent N2, 20 percent 02, and 2 percent water vapor. Determine the mass fractions of the con​stituents of air.
13-11 A gas mixture has the following composition on a mole basis: 60 percent N2 and 40 percent CO2, Determine the gravimetric analysis of the mixture, its molar mass, and gas constant.

13-12 Repeat Prob. 13-11 by replacing N2 by 02.

13-13 A gas mixture consists of 5 kg of 02, 8 kg of N2. and 10 kg of CO2, Determine (a) the mass fraction of each component, (b) the mole fraction of each component, and (c) the average molar mass and gas constant of the mixture.

13-14 Determine the mole fractions of a gas mixture that consists of 75 percent CH4 and 25 percent CO2 by mass. Also, determine the gas constant of the mixture.

13-15 A gas mixture consists of 8 kmol of H2 and 2 kmol of N2. Determine the mass of each gas and the apparent gas con​stant of the mixture. Answers: 16 kg, 56 kg, 1.155 kJ/kg . K

13-16 A gas mixture consists of 20 percent O2, 30 percent N2. and 50 percent CO2 on mass basis. Determine the volumetric analysis of the mixture and the apparent gas constant.

P-v- T Behavior of Gas Mixtures

13-17C Is a mixture of ideal gases also an ideal gas? Give an example.
13-18C Express Dalton's law of additive pressures. Does this law hold exactly for ideal-gas mixtures? How about nonideal-gas mixtures?

13-19C Express Amagat's law of additive volumes. Does this law hold exactly for ideal-gas mixtures? How about nonideal-gas mixtures?
13-20C How is the P-v-T behavior of a component in an ideal-gas mixture expressed? How is the P-v-Tbehavior of a component in a real-gas mixture expressed?

13-21 C What is the difference between the component pres​sure and the partial pressure? When are these two equivalent?

13-22C What is the difference between the component volume and the partial volume? When are these two equiva​lent?

13-23C In a gas mixture, which component will have the higher partial pressure-the one with the higher mole number or the one with the larger molar mass?

13-24C Consider a rigid tank that contains a mixture of two ideal gases. A valve is opened and some gas escapes. As a result, the pressure in the tank drops. Will the partial pres​sure of each component change? How about the pressure fraction of each component?

13-25C Consider a rigid tank that contains a mixture of two ideal gases. The gas mixture is heated, and the pressure and temperature in the tank rise. Will the partial pressure of each component change? How about the pressure fraction of each component?

13-26C Is this statement correct? The volume of an ideal​ gas mixture is equal to the sum of the volumes of each indi​vidual gas in the mixture. If not, how would you correct it?

13-27C Is this statement correct? The temperature of an ideal-gas mixture is equal to the sum of the temperatures of each individual gas in the mixture. If not, how would you correct it?
13-28C Is this statement correct? The pressure of an ideal​ gas mixture is equal to the sum of the partial pressures of each individual gas in the mixture. If not, how would you correct it?

13-29C Explain how a real-gas mixture can be treated as a pseudopure substance using Kay's rule.

13-30 A rigid tank contains 8 kmol of 02 and 10 kmol of CO2 gases at 290 K and 150 kPa. Estimate the volume of the tank. Answer: 289 m3
13-31 Repeat Prob. 13-30 for a temperature of 400 K.

13-32 A rigid tank contains 0.5 kmol of Ar and 2 kmol of N2 at 250 kPa and 280 K. The mixture is now heated to 400 K. Determine the volume of the tank and the final pressure of the mixture.

13-33 A gas mixture at 300 K and 200 kPa consists of 1 kg of CO2 and 3 kg of CH4. Determine the partial pressure of each gas and the apparent molar mass of the gas mixture.

13-34 A 0.3-m3 rigid tank contains 0.6 kg of N2 and 0.4 kg of 02 at 300 K. Determine the partial pressure of each gas and the total pressure of the mixture. Answers: 178.1 kPa. 103.9 kPa, 282.0 kPa

13-35 A gas mixture at 350 K and 300 kPa has the follow​ing volumetric analysis: 65 percent N2, 20 percent 02, and 15 percent CO2. Determine the mass fraction and partial pres​sure of each gas.

13-36 A rigid tank that contains 1 kg of N2 at 25°C and 300 kPa is connected to another rigid tank that contains 3 kg of O2 at 25°C and 500 kPa. The valve connecting the two tanks is opened, and the two gases are allowed to mix. If the final mixture temperature is 25°C, determine the volume of each tank and the final mixture pressure. Answers: 0.295 m 0.465 m3, 422 kPa

13-37 A volume of 0.3 m3 of O2 at 200 K and 8 MPa is mixed with 0.5 m3 of N2 at the same temperature and pres​sure, forming a mixture at 200 K and 8 MPa. Determine the volume of the mixture, using (a) the ideal-gas equation of state, (b) Kay's rule, and (c) the compressibility chart and Amagat's law. Answers: (a) 0.8 m3, (b) 0.79 m3, (c) 0.80 m3
13-38 A rigid tank contains 1 kmol of Ar gas at 220 K and 5 MPa. A valve is now opened, and 3 kmol of N2 gas is allowed to enter the tank at 190 K and 8 MPa. The final mixture temperature is 200 K. Determine the pressure of the mixture, using (a) the ideal-gas equation of state and (b) the compressibility chart and Dalton's law.
13-39  Reconsider Prob. 13-38. Using EES (or other) software, study the effect of varying the moles of nitrogen supplied to the tank over the range of 1 to to kmol of N2. Plot the final pressure of the mixture as a func​tion of the amount of nitrogen supplied using the ideal-gas equation of state and the compressibility chart with Dalton's' law.
properties of Gas Mixtures

13-40C Is the total internal energy of an ideal-gas mixture equal to the sum of the internal energies of each individual gas in the mixture? Answer the same question for a real-gas mixture.

13-41C Is the specific internal energy of a gas mixture equal to the sum of the specific internal energies of each individual gas in the mixture?

13-42C Answer Prob. 13-40C and 13-41C for entropy.

13-43C Is the total internal energy change of an ideal-gas mixture equal to the sum of the internal energy changes of each  individual gas in the mixture? Answer the same question for a real-gas mixture.

13-44C When evaluating the entropy change of the com​ponents of an ideal-gas mixture, do we have to use the partial pressure of each component or the total pressure of the mixture?

13-45C Suppose we want to determine the enthalpy change of a real-gas mixture undergoing a process. The ethalpy change of each individual gas is determined by using the generalized enthalpy chart, and the enthalpy change of the mixture is determined by summing them. Is this an exact approach? Explain.
.

13-46 A process requires a mixture that is 21 percent oxygen, 78 percent nitrogen, and 1 percent argon by volume. All three gases are supplied from separate tanks to an adiabatic, constant-pressure mixing chamber at 200 kPa but at different temperatures. The oxygen enters at 10°C, the nitro​gen at 60°C, and the argon at 200°C. Determine the total entropy change for the mixing process per unit mass of mixture.

13-47 A mixture that is 15 percent carbon dioxide, 5 per​cent carbon monoxide, 10 percent oxygen, and 70 percent nitrogen by volume undergoes an adiabatic compression process having a compression ratio of 8:1. If the initial state of the mixture is 300 K and 100 kPa, determine the makeup of the mixture on a mass basis and the internal energy change per unit mass of mixture.

13-48 Propane and air are supplied to an internal combustion engine such that the air-fuel ratio is 16:1 when the pres​sure is 95 kPa and the temperature is 30°C. The compression ratio of the engine is 9.5: 1. If the compression process is isentropic, determine the required work input for this com​pression process, in kJ/kg of mixture.

13-49 An insulated rigid tank is divided into two compart​ments by a partition. One compartment contains 2.5 kmol of CO2 at 27°C and 200 kPa, and the other compartment con​tains 7.5 kmol of H2 gas at 40°C and 400 kPa. Now the par​tition is removed, and the two gases are allowed to mix. Determine (a) the mixture temperature and (b) the mixture pressure after equilibrium has been established. Assume con​stant specific heats at room temperature for both gases.

13-50 A 0.9-m3 rigid tank is divided into two equal com​partments by a partition. One compartment contains Ne at 20°C and 100 kPa, and the other compartment contains Ar at 50°C and 200 kPa. Now the partition is removed, and the two gases are allowed to mix. Heat is lost to the surrounding air during this process in the amount of 15 kJ. Determine (a) the final mixture temperature and (b) the final mixture pressure. Answers: (a) 16.2°C, (b) 138.9 kPa

13-51 Repeat Prob. 13-50 for a heat loss of 8 kJ.

13-52  Ethane (C2H6) at 20°C and 200 kPa and meth​ane (CH4) at 45°C and 200 kPa enter an adiabatic mixing chamber. The mass flow rate of ethane is 9 kg/s, which is twice the mass flow rate of methane. Determine (a) the mixture temperature and (b) the rate of entropy gener​ation during tills process, in kW/K. Take To = 25°C.

13-53 Reconsider Prob. 13-52. Using EES (or other) software, determine the effect of the mass frac​tion of methane in the mixture on the mixture temperature and the rate of exergy destruction. The total mass flow rate is maintained constant at 13.5 kg/s, and the mass fraction of methane is varied from 0 to 1. Plot the mixture temperature and the rate of exergy destruction against the mass fraction, and discuss the results.

13-54 An equimolar mixture of helium and argon gases is to be used as the working fluid in a closed-loop gas-turbine cycle. The mixture enters the turbine at 2.5 MPa and 1300 K and expands isentropically to a pressure of 200 kPa. Determine the work output of the turbine per unit mass of the mixture.

13-55 A mixture of 80 percent N2 and 20 percent CO2 gases (on a mass basis) enters the nozzle of a turbojet engine at 600 kPa and 1000 K with a low veloc​ity, and it expands to a pressure of 85 kPa. If the isentropic efficiency of the nozzle is 92 percent, determine (a) the exit temperature and (b) the exit velocity of the mixture. Assume constant specific heats at room temperature.

13-56  Reconsider Prob. 13-55. Using EES (or other) software, first solve the stated problem and then, for all other conditions being the same, resolve the problem to determine the composition of the nitrogen and carbon dioxide that is required to have an exit velocity of 800 rn/s at the nozzle exit.

13-57 A piston-cylinder device contains a mixture of 0.5 kg of H2 and 1.6 kg of N2 at 100 kPa and 300 K. Heat is now transferred to the mixture at constant pressure until the volume is doubled. Assuming constant specific heats at the average temperature, determine (a) the heat transfer and (b) the entropy change of the mixture.

13-58 An insulated tank that contains 1 kg of O2 at 15°C and 300 kPa is connected to a 2-m3 uninsulated tank that contains N2 at 50°C and 500 kPa. The valve connecting the two tanks is opened, and the two gases form a homogeneous mixture at 25°C. Determine (a) the final pressure in the tank, (b) the heat transfer, and (c) the entropy generated during this process. Assume To = 25°C.  Answers; (a) 444.6 kPa, (b) 187.2 kJ, (c) 0.962 kJ/K

13-59 Reconsider Prob. 13-58. Using EES (or other) software, compare the results obtained assum​ing ideal-gas behavior with constant specific heats at the average temperature, and using real-gas data obtained from EES by assuming variable specific heats over the temperature range.

13-60 A piston-cylinder device contains 6 kg of H2 and 21 kg of N2 at 160 K and 5 MPa. Heat is now transferred to the device, and the mixture expands at constant pressure until the temperature rises to 200 K. Determine the heat transfer during this process by treating the mixture (a) as an ideal gas and (b) as a nonideal gas and using Amagat's law. Answers; (a) 4273 kJ, (b) 4745 kJ
13-61 Determine the total entropy change and exergy destruction associated with the process described in Prob.13-63 by treating the mixture (a) as an ideal gas and (b) as a nonideal gas and using Amagat's law. Assume constant specific heats at room temperature and take To = 30°C.
13-62 Air, which may be considered as a mixture of 79 percent N2 and 21 percent 02 by mole numbers, is compressed isothermally at 200 K from 4 to 8 MPa in a steady-flow device. The compression process is internally reversible, and the mass flow rate of air is 2.9 kg/sec Determine the power input to the compressor and the rate of heat rejection by treating the mixture (a) as an ideal gas and (b) as a nonideal gas using Amagat's law. Answer. 115.3 kW, 115.3 kW 
13-63 Reconsider Prob. 13-62. Using EES (or other) software, compare the results obtained by assuming ideal behavior, real gas behavior with Amagat's law, and real gas behavior with EES data.
13-64 The combustion of a hydrocarbon fuel with air results in a mixture of products of combustion having the composition on a volume basis as follows: 4.89 percent carbon dioxide.
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