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1. Steam enters a 1.6 cm diameter pipe at 80 bar and 600 deg C with a velocity of 150 m/s. Determine the

mass flow rate, in kg/s. (Problem 4.3)

2. Air enters a one-inlet, one-exit control volume at 6 bar, 500 K, and 30 m/s through a flow area of 28

cm^2. At exit, the pressure is 3 bar, the temperature is 456.5 K, and the velocity is 300 m/s. The air

behaves as an ideal gas. For steady state operation, determine

(a) the mass flow rate, in kg/s

(b) the exit flow area, in cm^2

(Problem 4.16) 



3. Nitrogen, modeled as an ideal gas, flows at a rate of 3 kg/s through a well-insulated horizontal

nozzle operating at steady state. The nitrogen enters the nozzle with a velocity of 20 m/s at 340

K, 400 kPa and exits the nozzle at 100 kPa. To achieve an exit velocity of 478.8 m/s, determine

(a) the exit temperature, in K.

(b) the exit area, in m2.

(Problem 4.36)



4. An air conditioning system is shown in the figure in which air flows over tubes carrying Refrigerant 

134a. Air enters with a volumetric flow rate of 50 m^3/min at 32 deg C, 1 bar, and exits at 22 deg C, 0.95 

bar. Refrigerant enters the tubes at 5 bar with a quality of 20% and exits at 5 bar, 20 deg C. Ignoring heat 

transfer at the oouter surface of the air conditioner, and neglecting kinetic and potential energy effects, 

determine at steady state 

(a) the mass flow rate of the refrigerant, in kg/min 

(b) the rate of heat transfer, in kJ/min, between the air and refrigerant. 

 



5. Separate streams of air and water flow through the compressor and heat exchanger 
arrangement shown in Fig. P4.100. Steady-state operating data are provided on the figure. Heat 
transfer with the surroundings can be neglected, as can all kinetic and potential energy effects. 
The air is modeled as an ideal gas. Determine

(a) the total power required by both compressors, in kW.

(b) the mass flow rate of the water, in kg/s.

(Problem 4.100)



6. An 8-ft3 tank contains air at an initial temperature of 80oF and initial pressure of 100 lbf/in^2 

The tank develops a small hole, and air leaks from the tank at a constant rate of 0.03 lb/s for 90 s 
until the pressure of the air remaining in the tank is 30 lbf/in^2 Employing the ideal gas model, 
determine the final temperature, in deg F, of the air remaining in the tank.

(Problem 4.11)



7. A power cycle operates between hot and cold reservoirs at 327 deg C and 27 deg C, 
respectively. At steady state the cycle develops a power output of 0.45 MW while receiving 
energy by heat transfer from the hot reservoir at the rate of 1 MW.

(a) determine the thermal efficiency and the rate at which energy is rejected by heat transfer to

the cold reservoir, in MW.

(b) Find the reversible thermal efficiency of the same power cycle and calculate the power output

for the ideal reversible case with the same heat transfer into the cycle.

(Problem 5.38) 
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