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Stagnation Properties

17-1C A high-speed aircraft is cruising in still air. How will the temperature of air at the nose of the aircraft differ from the temperature of air at some distance from the aircraft?

17-2C How and why is the stagnation enthalpy ho defined? How does it differ from ordinary (static) enthalpy?

17-3C What is dynamic temperature?

17-4C In air-conditioning applications, the temperature of air is measured by inserting a probe into the flow stream. Thus, the probe actually measures the stagnation temperature. Does this cause any significant error?

17-5 Determine the stagnation temperature and stagnation pressure of air that is flowing at 44 kPa, 245.9 K, and 470 m/s. Answers: 355.8 K, 160.3 kPa

17-6 Air at 300 K is flowing in a duct at a velocity of (a) 1, (b) 10, (c) 100, and (d) 1000 m/s. Determine the tempera​ture that a stationary probe inserted into the duct will read for each case.

17-7 Calculate the stagnation temperature and pressure for the following substances flowing through a duct: (a) helium at 0.25 MPa, 50°C, and 240 m/s; (b) nitrogen at 0.15 MPa, 50°C, and 300 m/s; and (c) steam at 0.1 MPa, 350°C, and 480 m/s.

17-8 Air enters a compressor with a stagnation pressure of 100 kPa and a stagnation temperature of 27°C, and it is com​pressed to a stagnation pressure of 900 kPa. Assuming the compression process to be isentropic, determine the power input to the compressor for a mass flow rate of 0.02 kg/so Answer: 5.27 kW
17-9 Steam flows through a device with a stagnation pres​sure of 850 kPa, a stagnation temperature of 400°C, and a velocity of 275m/s. Assuming ideal-gas behavior, determine the static pressure and temperature of the steam at this state.
17-10 Products of combustion enter a gas turbine with a stagnation pressure of 1.0 MPa and a stagnation temperature of 750°C, and they expand to a stagnation pressure of 100 kPa. Taking k = 1.33 and R = 0.287 kJ/kg . K for the prod​ucts of combustion, and assuming the expansion process tobe isentropic, determine the power output of the output .unit mass flow.

17-11 Air flows through a device such that the pressure is 0.6 MPa, the stagnation temperature is 400°C,  and the velocity is 570 m/s. Determine the static pressure and temperature of the air at this state. Answers: 518.6 K, 0.23 MPa

Speed of Sound and Mach Number

17-12C What is sound? How is it generated? How does it travel? Can sound waves travel in a vacuum?

17-13C Is it realistic to assume that the propagation of sound waves is an isentropic process? Explain.
17-14C Is the sonic velocity in a specified medium a fixed quantity, or does it change as the properties of the medium change? Explain.
​

17-15C In which medium does a sound wave travel faster: in cool air or in warm air?

17-16C In which medium will sound travel fastest for a given temperature: air, helium, or argon?

17-17C In which medium does a sound wave travel faster: in air at 20°C and 1 atm or in air at 20°C and 5 atm?
17-18C Does the Mach number of a gas flowing at in a constant velocity remain constant? Explain.
17-19 Determine the speed of sound in air at (a) 300 K and (b) 1000 K. Also determine the Mach number of an aircraft moving in air at a velocity of 280 m/s for both cases. 
17-20 Carbon dioxide enters an adiabatic nozzle at 1200 K with a velocity of 50 m/s and leaves at 400 K. Assuming constant specific heats at room temperature, determine the Mach number (a) at the inlet and (b) at the exit of the nozzle Assess the accuracy of the constant specific heat assumption. Answers: (a) 0.0925, (b) 3.73
17-21 Nitrogen enters a steady-flow heat exchanger at 150 kPa, 10°C, and 100 m/s, and it receives heat in the amount of 120 kJ/kg as it flows through it. Nitrogen leaves the exchanger at 100 kPa with a velocity of 200 m/s. Determine the Mach number of the nitrogen at the inlet and the exit of the heat exchanger.

17-22 Assuming ideal-gas behavior, determine the seppd of sound in refrigerant-134a at 0.1 MPa and 60°C.
I

17-23 The Airbus A-340 passenger plane has a maximum takeoff weight of about 260,000 kg, a length of 64 m., a wing span of 60 m, a maximum cruising speed of 945 km/, a seating capacity of 271 passengers, maximum cruising altitude of 14,000 m, and a maximum range of 12,000 km . The air temperature at the crusing altitude is about -60°C. Determine the Mach number of this plane for.the stated conditions.

17-24 Steam flows through a device with a pressure of 0.8 MPa, a temperature of 400°C, and a velocity of 275 m/s. Determine the Mach number of the steam at this state by assuming ideal-gas behavior with k = 1.3. Answer: 0.433

17-25  Reconsider Prob. 17-24. Using EES (or other) software, compare the Mach number of steam flow over the temperature range 200 to 400°C. Plot the Mach number as a function of temperature.

17-26 The isentropic process for an ideal gas is expressed as PVk = constant. Using this process equation and the defi​nition of the speed of sound (Eq. 17-9), obtain the expression for the speed of sound for an ideal gas (Eq. 17-11).

17-27 Air expands isentropically from 1.5 MPa and 60°C to 0.4 MPa. Calculate the ratio of the initial to final speed of sound. Answer: 1.21

17-28 Repeat Prob. 17-27 for helium gas.

One-Dimensionallsentropic Flow

17-29C Consider a converging nozzle with sonic velocity at the exit plane. Now the nozzle exit area is reduced while the nozzle inlet conditions are maintained constant. What will happen to (a) the exit velocity and (b) the mass flow rate through the nozzle?

17-30C A gas initially at a supersonic velocity enters an adiabatic converging duct. Discuss how this affects (a) the velocity, (b) the temperature, (c) the pressure, and (d) the density of the fluid.

17-31C A gas initially at a supersonic velocity enters an adiabatic diverging duct. Discuss how this affects (a) the velocity, (b) the temperature, (c) the pressure, and (d) the density of the fluid.

17-32C A gas initially at a supersonic velocity enters an adiabatic converging duct. Discuss how this affects (a) the velocity, (b) the temperature, (c) the pressure, and (d) the density of the fluid.

17-33C A gas initially at a subsonic velocity enters an adi​abatic diverging duct. Discuss how this affects (a) the veloc​ity, (b) the temperature, (c) the pressure, and (d) the density of the fluid.

17-34C A gas at a specified stagnation temperature and pressure is accelerated to Ma = 2 in a converging-diverging nozzle and to Ma = 3 in another nozzle. What can you say about the pressures at the throats of these two nozzles?

17-35C Is it possible to accelerate a gas to a supersonic velocity in a converging nozzle?

17-36 Air enters a converging-diverging nozzle at a pres​sure of 1.2 MPa with negligible velocity. What is the lowest pressure that can be obtained at the throat of the nozzle? Answer: 634 kPa

17-37 Helium enters a converging-diverging nozzle at 0.7 MPa, 800 K, and 100 m/s. What are the lowest temper​ature and pressure that can be obtained at the throat of the nozzle?

17-38 Calculate the critical temperature, pressure, and den​sity of (a) air at 200 kPa, 100°C, and 250 m/s, and (b) helium at 200 kPa, 40°C, and 300 m/s.

17-39 Quiescent carbon dioxide at 600 kPa and 400 K is accelerated isentropically to a Mach number of 0.5. Deter​mine the temperature and pressure of the carbon dioxide after acceleration. Answers: 388 K, 514 kPa
17-40 Air at 200 kPa, 100°C, and Mach number Ma = 0.8 flows through a duct. Find the velocity and the stagnation pressure, temperature, and density of the air.

17-41 Reconsider Prob. 17-40. Using EES (or other) software, study the effect of Mach numbers in the range 0.1 to 2 on the velocity, stagnation pressure, tem​perature, and density of air. Plot each parameter as a function of the Mach number.

17-42 An aircraft is designed to cruise at Mach number Ma = 1.2 at 8000 m where the atmospheric temperature is 236.15 K. Determine the stagnation temperature on the lead​ing edge of the wing.
Isentropic Flow through Nozzles

17-43C Consider subsonic flow in a converging nozzle with fixed inlet conditions. What is the effect of dropping the back pressure to the critical pressure on (a) the exit velocity, (b) the exit pressure, and (c) the mass flow rate through the nozzle?

17-44C Consider subsonic flow in a converging nozzle with specified conditions at the nozzle inlet and critical pres​sure at the nozzle exit. What is the effect of dropping the back pressure well below the critical pressure on (a) the exit velocity, (b) the exit pressure, and (c) the mass flow rate through the nozzle?

17-45C Consider a converging nozzle and a converging​-diverging nozzle having the same throat areas. For the same inlet conditions, how would you compare the mass flow rates through these two nozzles?

17-46C Consider gas flow through a converging nozzle with specified inlet conditions. We know that the highest velocity the fluid can have at the nozzle exit is the sonic velocity, at which point the mass flow rate through the nozzle is a maximum. If it were possible to achieve hypersonic velocities at the nozzle exit, how would it affect the mass flow rate through the nozzle?

17-47C How does the parameter Ma* differ from the Mach number Ma?

17-48C What would happen if we attempted to decelerate a supersonic fluid with a diverging diffuser?

17-49C What would happen if we tried to further acceler​ate a supersonic fluid with a diverging diffuser?

17-50C Consider the isentropic flow of a fluid through a converging-diverging nozzle with a subsonic velocity at the throat. How does the diverging section affect (a) the velocity, (b) the pressure, and (c) the mass flow rate of the fluid?

17-51C Is it possible to accelerate a fluid to supersonic velocities with a velocity other than the sonic velocity at the throat? Explain.
7-53 For an ideal gas obtain an expression for the ratio of the velocity of sound where Ma = 1 to the speed of sound based on the stagnation temperature, c*/co.

17-54 An ideal gas flows through a passage that first con​verges and then diverges during an adiabatic, reversible, steady-flow process. For subsonic flow at the inlet, sketch the variation of pressure, velocity, and Mach number along the length of the nozzle when the Mach number at the minimum flow area is equal to unity.

17-55 Repeat Prob. 17-54 for supersonic flow at the inlet.

17-56 Air enters a nozzle at 0.2 MPa, 350 K, and a veloc​ity of 150 mls. Assuming isentropic flow, determine the pres​sure and temperature of air at a location where the air velocity equals the speed of sound. What is the ratio of the area at this location to the entrance area?

Answers: 0.118 MPa, 301 K, 0.629

17-57 Repeat Prob. 17-56 assuming the entrance velocity is negligible.

17-58 Air enters a converging-diverging nozzle at 0.5 MPa with a negligible velocity. Assuming the flow to be isen​tropic, determine the back pressure that will result in an exit Mach number of 1.8. Answer: 0.087 MPa
17-59 Nitrogen enters a converging-diverging nozzle at 700 kPa and 450 K with a negligible velocity. Determine the criti​cal velocity, pressure, temperature, and density in the nozzle.

17-60 An ideal gas with k = 1.4 is flowing through a noz​zle such that the Mach number is 2.4 where the flow area is 25 cm2. Assuming the flow to be isentropic, determine the . flow area at the location where the Mach number is 1.2. 
17-61 Repeat Prob. 17-60 for an ideal gas with k = 1.33.

17-62 Air at 900 kPa and 400 K enters a converging nozzle with a negligible velocity. The throat area of the nozzle is 10 cm2. Assuming isentropic flow, calculate

and plot the exit pressure, the exit velocity, and the mass flow rate versus the back pressure Pb for 0.9 >=Pb >= 0.1 MPa. 

17-63 Reconsider Prob. 17-62. Using EES (or other) software, solve the problem for the inlet condi​tions of 1 MPa and 1000 K.

17-64 Air enters a converging-diverging nozzle of a supersonic wind tunnel at 1 MPa and 37°C with a low velocity. The flow area of the test section is equal to the exit area of the nozzle, which is 0.5 m2. Calculate the pres​sure, temperature, velocity, and mass flow rate in the test section for a Mach number Ma = 2. Explain why the air must be very dry for this application. Answers: 128 kPa. 172 K, 526 m/s, 680 kg/s

Shock Waves and Expansion Waves

17-65C Can a shock wave develop in the converging sec​tion of a converging-diverging nozzle? Explain.

17-66C What do the states on the Fanno line and the Rayleigh line represent? What do the intersection points of these two curves represent?

17-67C Can the Mach number of a fluid be greater than 1 after a shock wave? Explain.

17-68C How does the normal shock affect (a) the fluid velocity, (b) the static temperature, (c) the stagnation tem​perature, (d) the static pressure, and (e) the stagnation pres​sure?

17-69C How do oblique shocks occur? How do oblique shocks differ from normal shocks?

17-70C For an oblique shock to occur, does the upstream flow have to be supersonic? Does the flow downstream of an oblique shock have to be subsonic?

17-71C It is claimed that an oblique shock can be analyzed like a normal shock provided that the normal component of velocity (normal to the shock surface) is used in the analysis. Do you agree with this claim?

17-72C Consider supersonic airflow approaching the nose of a two-dimensional wedge and experiencing an oblique shock. Under what conditions does an oblique shock detach from the nose of the wedge and form a bow wave? What is the numerical value of the shock angle of the detached shock at the nose?
17-73C Consider supersonic flow impinging on the rounded nose of an aircraft. Will the oblique shock that forms in front of the nose be an attached or detached shock? Explain.
17-74C Are the isentropic relations of ideal gases applic​able for flows across (a) normal shock waves, (b) oblique shock waves, and (c) Prandtl-Meyer expansion waves?
Steam Nozzles

17-108C What is supersaturation? Under what conditions does it occur?

17-109 Steam enters a converging nozzle at 3.0 MPa and 500°C with a negligible velocity, and it exits at 1.8 MPa. for a nozzle exit area of 32 cm2, determine the exit velocity. mass flow rate, and exit Mach number if the nozzle (a) is isentropic and (b) has an efficiency of 90 percent. Answers​(a) 580 m/s, 10.7 kg/s, 0.918, (b) 551 m/s, 10.1 kg/s, 0.865

17-110 Steam enters a converging-diverging nozzle at 1 MPa and 500°C with a negligible velocity at a mass flow rate of 2-5 kg/s, and it exits at a pressure of 200 kPa. Assuming the flow through the nozzle to be isentropic, determine the exit area and the exit Mach number. Answers: 31.5 cm2, 1.738

17-111 Repeat Prob. 17-110 for a nozzle efficiency of 95 percent.

Review Problems

17-112 Air in an automobile tire is maintained at a pressure of 220 kPa (gauge) in an environment where the atmospheric pressure is 94 kPa. The air in the tire is at the ambient tem​perature of 25°C. Now a 4-mm-diameter leak develops in the tire as a result of an accident. Assuming isentropic flow.
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