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Gas and vapor Mixtures
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.

Dry and Atmospheric Air: Specific and Relative Humidity 
14-lC Is it possible to obtain saturated air from unsatu​rated air without adding any moisture? Explain.

14-2C Is the relative humidity of saturated air necessarily 100 percent?

14-3C Moist air is passed through a cooling section where it is cooled and dehumidified. How do (a) the specific humidity and (b) the relative humidity of air change during this process?

14-4C What is the difference between dry air and atmospheric air?

14-5C Can the water vapor in air be treated as an ideal gas? Explain.

14-6C What is vapor pressure?

14- 7C How would you compare the enthalpy of water vapor at 20°C and 2 kPa with the enthalpy of water vapor at 20°C and 0.5 kPa?

14-8C What is the difference between the specific humid​ity and the relative humidity?

14-9C How will (a) the specific humidity and (b) the relative humidity of the air contained in a well-sealed room change as it is heated?

14-10C How will (a) the specific humidity and (b) the rel​ative humidity of the air contained in a well-sealed room change as it is cooled?

14-11C Consider a tank that contains moist air at 3 atm and whose walls are permeable to water vapor. The surround​ing air at 1 atm pressure also contains some moisture. Is it possible for the water vapor to flow into the tank from sur​roundings? Explain.

14-12C Why are the chilled water lines always wrapped with vapor barrier jackets?

14-13C Explain how vapor pressure of the ambient air is determined when the temperature, total pressure, and the rel​ative humidity of air are given.

14-14 An 8 m3-tank contains saturated air at 30°C, 105 kPa. Determine (a) the mass of dry air, (b) the specific humidity, and (c) the enthalpy of the air per unit mass of the dry air.

14-15 A tank contains 21 kg of dry air and 0.3 kg of water vapor at 30°C and 100 kPa total pressure. Determine (a) the specific humidity, (b) the relative humidity, and (c) the vol​ume of the tank.

14-16 Repeat Prob. 14-15 for a temperature of 24°C.

14-17 A room contains air at 20°C and 98 kPa at a relative humidity of 85 percent. Determine (a) the partial pressure of dry air, (b) the specific humidity of the air, and (c) the enthalpy per unit mass of dry air.

14-18 Repeat Prob. 14-17 for a pressUre of 85 kPa.

14-19 Determine the masses of dry air and the water vapor contained in a 240-m3 room at 98 kPa, 23°C, and 50 percent relative humidity. Answers: 273 kg, 2.5 kg

Dew-Point, Adiabatic Saturation, and Wet-Bulb Temperatures
14-20C What is the dew-point temperature?

14-21C Andy and Wendy both wear glasses. On a cold winter day, Andy comes from the cold outside and enters the warm house while Wendy leaves the house and goes outside. Whose glasses are more likely to be fogged? Explain.

14-22C In summer, the outer surface of a glass filled with iced water frequently "sweats." How can you explain this sweating? ,

14-23C In some climates, cleaning the ice off the wind​shield of a car is a common chore on winter mornings. Explain how ice forms on the windshield during some nights even when there is no rain or snow.

14-24C When are the dry-bulb and dew-point temperatures identical?

14-25C When are the adiabatic saturation and wet-bulb temperatures equivalent for atmospheric air?

14-26 A house contains air at 25°C and 65 percent relative humidity. Will any moisture condense on the inner surfaces of the windows when the temperature of the window drops to lOoC?
14-27 After a long walk in the 8°C outdoors, a person wearing glasses enters a room at 25°C and 40 percent relative humidity. Determine whether the glasses will become fogged.

14-28 Repeat Prob. 14-27 for a relative humidity of 30 percent.
14-29 A thirsty woman opens the refrigerator and picks up a cool canned drink at 5°C. Do you think the can will "sweat" as she enjoys the drink in a room at 25°C and 50 percent relative humidity?

14-30 The dry- and wet-bulb temperatures of atmospheric air at 95 kPa are 25 and 17°C, respectively. Determine (a) the specific humidity, (b) the relative humidity, and (c) the enthalpy of the air, in kJ/kg dry air.

14-31 The air in a room has a dry-bulb temperature of 22°Cand a wet-bulb temperature of 16°C. Assuming a pressure of 100 kPa, determine (a) the specific humidity, (b) the relative humidity, and (c) the dew-point temperature. Answers; (a) 0.0090 kg H20/kg dry air, (b) 54.1 percent, (c) 12.3°C

14-32 Reconsider Prob. 14-31. Determine the requiredproperties using EES (or other) software. What would the property values be at a pressure of 300 kPa?
14-33 Atmospheric air at 35°C flows steadily into an adia​batic saturation device and leaves as a saturated mixture at ​ 25°C. Makeup water is supplied to the device at 25°C. Atmospheric pressure is 98 kPa. Determine the relative humidity and specific humidity of the air.
Psychrometric Chart

14-34C How do constant-enthalpy and constant-wet-bulb-temperature lines compare on the psychrometric chart? 

14-35C At what states on the psychrometric chart are the dry-bulb, wet-bulb, and dew-point temperatures identical? 

14-36C How is the dew-point temperature at a specified state determined on the psychrometric chart?

14-37C Can the enthalpy values determined from a psychrometric chart at sea level be used at higher elevations? 

14-38  The air in a room is at 1 atm, 32°C, and 60 percent relative humidity. Determine (a) the specific humidity, (b) the enthalpy (in kJ/kg dry air), (c) the wet-bulb temperature, (d) the dew-point temperature, and (e) the specific volume of the air (in m3/kg dry air). Use the psychrometric chart or available software.

14-39 Reconsider Prob. 14-38. Determine the required properties using EES (or other) software instead of the psychrometric chart. What would the property values be at a location at 1500-m altitude?

14-40 A room contains air at 1 atm, 26°C, and 70 percent relative humidity. Using the psychrometric chart, determine  (a) the specific humidity, (b) the enthalpy (in kJ/kg dry air), (c) the wet-bulb temperature, (d) the dew-point temperature, and (e) the specific volume of the air (in m3/kg dry air).

14-41 Reconsider prob. 4-40. Determine the required properties using EES (or other) software instead of the psychrometric chart. What would the property values be at a location at 2000-m altitude?

14-42 The air in a room has a pressure of 1 atm, a dry-bulb temperature of 24°C, and a wet-bulb temperature of 17°C. Using the psychrometric chart, determine (a) the specific humidity, (b) the enthalpy (in kJ/kg dry air), (c) the relative humidity, (d) the dew-point temperature, and (e) the specific volume of the air (in m3/kg dry air).

14-43 Reconsider prob. 14-42. Determine the required  propertles using EES (or other) software instead of the psychrometric chart. What would the property values be at a location at 3000-m altitude?
Human Comfort and Air-Conditioning
14-44C What does a modem air-conditioning system do besides heating or cooling the air?

14-15C How does the human body respond to (a) hot Weather, (b) cold weather, and (c) hot and humid weather? 
14-46C What is the radiation effect? How does it affect human comfort?

14-47C How does the air motion in the vicinity of the human body affect human comfort?

14-48C Consider a tennis match in cold weather where both players and spectators wear the same clothes. Which group of people will feel colder? Why?

1.4-49C Why do you think little babies are more suscepti​ble to cold?

14-50C How does humidity affect human comfort? 

14-51C What are humidification and dehumidification?
14-52C What is metabolism? What is the range of meta​bolic rate for an average man? Why are we interested in the metabolic rate of the occupants of a building when we deal with heating and air-conditioning?

14-53C Why is the metabolic rate of women, in general, lower than that of men? What is the effect of clothing on the environmental temperature that feels comfortable?

14-54C What is sensible heat? How is the sensible heat loss from a human body affected by the (a) skin temperature, (b) environment temperature, and (c) air motion?

14-55C What is latent heat? How is the latent heat loss from me human body affected by the (a) skin wettedness and (b) relative humidity of the environment? How is the rate of evaporation from the body related to the rate of latent heat loss?

14-56 An average person produces 0.25 kg of moisture while taking a shower and 0.05 kg while bathing in a tub. Consider a family of four who each shower once a day in a bathroom that is not ventilated. Taking the heat of vaporiza​tion of water to be 2450 kJ/kg, determine the contribution of showers to the latent heat load of the air conditioner per day in summer.
14-57 An average (1.82 kg) chicken has a basal metabolic rate of 5.47 W and an average metabolic rate of 10.2 W (3.78 W sensible and 6.42 W latent) during normal activity. If there are 100 chickens in a breeding room, determine the rate of 'total heat generation and the rate of moisture production in the room. Take the heat of vaporization of water to be 2430 kJ/kg.
14-58 A department store expects to have 120 customers and 15 employees at peak times in summer. Determine the contribution of people to the total cooling load of the store.

14-59 In a movie theater in winter, 500 people, each gener​ating sensible heat at a rate of 70 W, are watching a movie. The heat losses through the walls, windows, and the roof are estimated to be 140,000 kJ/h. Determine if the theater needs to be heated or cooled.

14-60 For an infiltration rate of 1.2 air changes per hour (ACH), determine sensible, latent, and total infiltration heat load of a building at sea level, in kW, that is 20 m long, 13 m wide, and 3 m high when the outdoor air is at 32°C and 50 . percent relative humidity. The building is maintained at 24°C and 50 percent relative humidity at all times.

14-61 Repeat Prob. 14-60 for an infiltration rate of 1.8 ACH.
Simple Heating and Cooling
14-62C How do relative and specific humidities change during a simple heating process? Answer the same question for a simple cooling process.
14-63C Why does a simple heating or cooling process appear as a horizontal line on the psychrometric chart?

14-64 Air enters a heating section at 95 kPa, 12°C, and 30 percent relative humidity at a rate of 6 m3/min, and it leaves at 25°C. Determine (a) the rate of heat transfer in the heating section and (b) the relative humidity of the air at the exit. Answers: (a) 91.1 kJ/min, (b) 13.3 percent

14-65 A heating section consists of a 38-cm-diameter duct that houses a 4-kW electric resistance heater. Air enters the heating section at 1 atrn, 10°C, and 40 percent relative humid​ity at a velocity of 8 m/s. Determine (a) the exit temperature, (b) the exit relative humidity of the air, and (c) the exit veloc​ity. Answers: (a) 13.5°C, (b) 31.7 percent, (c) 8.1 m/s
14-66 Air enters a 40-cm-diameter cooling section at 1 atm, 32°C, and 30 percent relative humidity at 18 m/s. Heat is removed from the air at a rate of 1200 kJ/min. Determine (a) the exit temperature, (b) the exit relative humidity of the air, and (c) the exit velocity. Answers: (a) 24.4°C, (b) 46.6 percent, (c) 17.6 m/s

14-67 Repeat Prob. 14-66 for a heat removal rate of 800 kJ/min.
Heating with Humidification
14-68C Why is heated air sometimes humidified?

14-69 Air at 1 atm, 15°C, and 60 percent relative humidity is first heated to 200e in a heating section and then humidi​fied by introducing water vapor. The air leaves the humidify​ing section at 25°e and 65 percent relative humidity. Determine (a) the amount of steam added to the air, and (b) the amount of heat transfer to the air in the heating sec​tion. Answers: (a) 0.0065 kg H20/kg dry air, (b) 5.1 kJ/kg dry air

14-70 An air-conditioning system operates at a total pres​sure of 1 atm and consists of a heating section and a humidi​fier that supplies wet steam (saturated water vapor) at l00°C. Air enters the heating section at l0oC and 70 percent relative humidity at a rate of 35 m3/min, and it leaves the humidify​ing section at 20oC and 60 percent relative humidity. Deter​mine (a) the temperature and relative humidity of air when it leaves the heating section, (b) the rate of heat transfer in the heating section, and (c) the rate at which water is added to the air in the humidifying section.
Cooling with Dehumidification
14-71 Repeat Prob. 14-70 for a total pressure of 95 kPa for the airstream. Answers: (a) 19.5oC, 37.7 percent, (b) 391 kJ/min, (c) 0.147 kg/min
14-72C Why is cooled air sometimes reheated in summer before it is discharged to a room?

14-73 Air enters a window air conditioner at 1 atm, 32°C, and 70 percent relative humidity at a rate of 2 m3/min, and it leaves as saturated air at 15°C. Part of the moisture in the air that condenses during the process is also removed at 15oC. Determine the rates of heat and moisture removal from the air. Answers: 97.7 kJ/min, 0.023 kg/min

14-74 An air-conditioning system is to take in air at 1 atm. 34°C, and 70 percent relative humidity and deliver it at 22oC and 50 percent relative humidity. The air flows first over the cooling coils, where it is cooled and dehumidified, and then over the resistance heating wires, where it is heated to the desired temperature. Assuming that the condensate is removed from the cooling section at l0oC, determine (a) the temperature of air before it enters the heating section, (b) the amount of heat removed in the cooling section, and (c) the amount of heat transferred in the heating section, both in kJ/kg dry air.

14-75  Air enters a 30-cm-diameter cooling section at 1 atm, 35°C, and 60 percent relative humidity at 120 m/min. The air is cooled by passing it over a cooling coil through which cold water flows. The water experiences a temperature rise of 8°C. The air leaves the cooling section saturated at 20°C. Determine (a) the rate of heat transfer. (b) the mass flow rate of the water, and (c) the exit velocity of the air stream.
14-76  Reconsider Prob. 14-75. Using EES (or other) software, develop a general solution of the problem in which the input variables may be supplied and parametric studies performed. For each set of input variables for which the pressure is atmospheric, show the process on the psychrometric chart.

14-77 Repeat Prob. 14-75 for a total pressure of 95 kPa for air. Answers: (a) 293.2 kJ/min, (b) 8.77 kg/min, (c) 113 m/min

14-78 Atmospheric air from the inside of an automobile enters the evaporator section of the air conditioner at 1 atm.. 27°C, and 50 percent relative humidity. The air returns to the automobile at l0oC and 90 percent relative humidity. The passenger compartment has a volume of 2 m3 and 5 air changes per minute are required to maintain the inside of the automobile at the desired comfort level. Sketch the psychromet​ric diagram for the atmospheric air flowing through the air conditioning process. Determine the dew point and wet bulb temperatures at the inlet to the evaporator section, in oC. Determine the required heat transfer rate from the atmos​pheric air to the evaporator fluid, in kW. Determine the rate of condensation of water vapor in the evaporator section, in kg/min.
14-79 Two thousand cubic meters per hour of atmospheric air at 28°C with a dew point temperature of 25°C flows into an  air conditioner that uses chilled water as the cooling fluid. The atmospheric air is to be cooled to 18°C. Sketch the sys​tem hardware and the psychrometric diagram for the process. Dermine the mass flow rate of the condensate water, if any, leaving the air conditioner, in kg/h. If the cooling water has a 10oC temperature rise while flowing through the air condi​tioner, determine the volume flow rate of chilled water sup​plied to the air conditioner heat exchanger, in m3/min. The air Conditioning process takes place at 100 kPa.

14-80 An automobile air conditioner uses refrigerant-134a as the cooling fluid. The evaporator operates at 275 kPa gauge and the condenser operates at 1.7 MPa gage. The com​pressor requires a power input of 6 kW and has an isentropic efficiency of 85 percent. Atmospheric air at 22°C and 50 percent relative humidity enters the evaporator and leaves at 8°C and 90 percent relative humidity. Determine the volume flow rate of the atmospheric air entering the evaporator of the air conditioner, in m3/min.

14-81 Air from a workspace enters an air conditioner unit at 30°C dry bulb and 25°C wet bulb. The air leaves the air conditioner and returns to the space at 25°C dry-bulb and 6.5oC dew-point temperature. If there is any, the condensate leave the air conditioner at the temperature of the air leaving the cooling coils. The volume flow rate of the air returned to the workspace is 1000 m3/min. Atmospheric pressure is 98 kPa. Determine the heat transfer rate from the air, in kW, and the mass flow rate of condensate water, if any, in kg/h.
Evaporative Cooling
14-82C Does an evaporation process have to involve heat transfer? Describe a process that involves both heat and mass transfer.
14-83C During evaporation from a water body to air, under what conditions will the latent heat of vaporization be equal to the heat transfer from the air?

14-84C What is evaporative cooling? Will it work in humid climates?
14-85 Air enters an evaporative cooler at 1 atm, 36°C, and 20 percent relative humidity at a rate of 4 m3/min, and it leaves with a relative humidity of 90 percent. Determine (a) the exit temperature of the air and (b) the required rate of water supply to the evaporative cooler.
14-86 Air enters an evaporative cooler at 95 kPa, 40°C, and 25 percent relative humidity and exits saturated. Deter​mine the exit temperature of air. Answer: 23,1 oC

14-87 Air enters an evaporative cooler at 1 atm, 32°C, and 30 percent relative humidity at a rate of 5 m3/min and leaves at 22°C. Determine (a) the final relative humidity and (b) the amount of water added to air.

14-88 What is the lowest temperature that air can attain in an evaporative cooler if it enters at 1 atm, 29°C, and 40 percent relative humidity? Answer: 19.3°C

14-89 Air at 1 atm, 15°C, and 60 percent relative humidity is first heated to 30°C in a heating section and then passed through an evaporative cooler where its temperature drops to 25°C. Determine (a) the exit relative humidity and (b) the amount of water added to air, in kg H20/kg dry air.
Adiabatic Mixing of Airstreams
14-90C Two unsaturated airstreams are mixed adiabati​cally. It is observed that some moisture condenses during the mixing process. Under what conditions will this be the case?

14-91C Consider the adiabatic mixing of two airstreams. Does the state of the mixture on the psychrometric chart have to be on the straight line connecting the two states?

14-92 Two airstreams are mixed steadily and adiabatically. The first stream enters at 32°C and 40 percent relative humid​ity at a rate of 20 m3/min, while the second stream enters at 12°C and 90 percent relative humidity at a rate of 25 m3/min. Assuming that the mixing process occurs at a pressure of 1 atrn, determine the specific humidity, the relative humidity, the dry-bulb temperature, and the volume flow rate of the mix​ture. Answers: 0.0096 kg H20/kg dry air, 63.4 percent, 20.6°C, 45.0 m3/min
14-93 Repeat Prob. 14-92 for a total mixing-chamber pres​sure of 90 kPa.

14-94 During an air-conditioning process, 25 m3/min of conditioned air at 18°C and 30 percent relative humidity is mixed adiabatically with 8 m3/min of outside air at 27°C and 90 percent relative humidity at a pressure of 1 atm. Deter​mine (a) the temperature, (b) the specific humidity, and (c) the relative humidity of the mixture. Answers: (a) 20.1°C, (b) 0.0077 kg H20/kg dry air, (c) 52.3 percent

14-95  Reconsider Prob. 14-94. Using EES (or other) software, develop a general solution of the problem in which the input variables may be supplied and parametric studies performed. For each set of input variables  for which the pressure is atmospheric, show the process on the psychrometric chart.

14-96 A stream of warm air with a dry-bulb temperature of 40°C and a wet-bulb temperature of 32°C is mixed adiabatically with a stream of saturated cool air at 18°C. The dry air mass flow rates of the warm and cool airstreams are 8 and 6 kg/s, respectively. Assuming a total pressure of 1 atm, determine (a) the temperature, (b) the specific humidity, and (c) the relative humidity of the mixture.

14-97  Reconsider Prob. 14-96. Using EES (or other) software, determine the effect of the mass flow rate of saturated cool air stream on the mixture temperature, specific humidity, and relative humidity. Vary the mass flow rate of saturated cool air from 0 to 16 kg/s while maintaining the mass flow rate of warm air constant ad 8 kg/so Plot the mixture temperature, specific humidity, and relative humidity as functions of the mass flow rate of cool air, and discuss the results.


Wet Cooling Towers


14-98C How does a natural-draft wet cooling tower work? 

14-99C What is a spray pond? How does its performance compare to the performance of a wet cooling tower?


14-100 The cooling water from the condenser of a power plant enters a wet cooling tower at 40°C at a rate of 90 kg/s. The water is cooled to 25°C in the cooling tower by air that enters the tower at 1 atm, 23°C, and 60 percent relative humidity and leaves saturated at 32°C. Neglecting the power  input to the fan, determine (a) the volume flow rate of air into the cooling tower and (b) the mass flow rate of the required makeup water.

14-101 A wet cooling tower is to cool 60 kg/s of water from 40 to 26°C. Atmospheric air enters the tower at 1 atm with dry- and wet-bulb temperatures of 22 and 16°C, respectively, and leaves at 34°C with a relative humidity of 90 percent. Using the psychrometric chart, determine (a) the volume flow rate of air into the cooling tower and (b) the mass flow rate of the required makeup water. Answer: (a) 44.9 m3/s, (b) 1.16 kg/s

14-102 A wet cooling tower is to cool 25 kg/s of cooling water from 40 to 30°C at a location where the atrnospheric pressure is 96 kPa. Atmospheric air enters the tower at 20°C, and 70 percent relative humidity and leaves saturated at 35 C. Neglecting the power input to the fan, determine (a) the volume flowrate of air into the cooling tower and (b) the mass flow rate of the required makeup water. Answer: (a) 11.2 m3/s, (b) 0.35 kg/s.
----------------------------------------------------
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