
 
 
 

Thermodynamics worksheet for 2
nd

 year Garment engineering  

1. A steam power plant operates on a thermodynamic cycle in which water circulates through a 

boiler, turbine, condenser, pump, and back to the boiler. For each kilogram of steam (water) 

flowing through the cycle, the cycle receives 2000 kJ of heat in the boiler, rejects 1500 kJ of 

heat to the environment in the condenser, and receives 5 kJ of work in the cycle pump. 

Determine the work done by the steam in the turbine, in kJ/kg. 

The first law requires for a thermodynamic cycle 

 

 

2. A piston–cylinder device initially contains 0.5 m3 of nitrogen gas at 400 kPa and 27°C. An 

electric heater within the device is turned on and is allowed to pass a current of 2 A for 5 

min from a 120-V source. Nitrogen expands at constant pressure, and a heat loss of 2800 J 

occurs during the process. Determine the final temperature of nitrogen. 



 
 
 

 

3. Air enters an adiabatic nozzle steadily at 300 kPa, 200°C, and 30 m/s and leaves at 100 kPa 

and 180 m/s. The inlet area of the nozzle is 80 cm
2
. Determine (a) the mass flow rate 

through the nozzle, (b) the exit temperature of the air, and (c) the exit area of the nozzle. 

  

Properties The gas constant of air is 0.287 kPa.m
3
 /kg.K (Table A-1). The specific heat 

of air at the anticipated average temperature of 450 K is c = 1.02 kJ/kg.°C (Table A-2). 

Analysis (a) There is only one inlet and one exit. Using the ideal gas relation, the specific volume 

and the mass flow rate of air are determined to be 



 
 
 

 

 

4. The power output of an adiabatic steam turbine is 5 MW, and the inlet and the exit 

conditions of the steam are as indicated in Fig below  

 

 a. Compare the magnitudes of_ h,_ ke, and  pe. 



 
 
 

 b. Determine the work done per unit mass of the steam flowing through the turbine. 

c. Calculate the mass flow rate of the steam. 

 

 

 

 



 
 
 

5. A hot-water stream at 80°C enters a mixing chamber with a mass flow rate of 0.5 kg/s where 

it is mixed with a stream of cold water at 20°C. If it is desired that the mixture leave the 

chamber at 42°C, determine the mass flow rate of the cold-water stream. Assume all the 

streams are at a pressure of 250 kPa. 

 

 



 
 
 

6. Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enters the 

condenser with a mass flow rate of 6 kg/min at 1 MPa and 70°C and leaves at 35°C. The 

cooling water enters at 300 kPa and 15°C and leaves at 25°C. Neglecting any pressure 

drops, determine (a) the mass flow rate of the cooling water required and (b) the heat 

transfer rate from the refrigerant to water. 

 

 



 
 
 

 

 

 



 
 
 

 

(b) To determine the heat transfer from the refrigerant to the water, we have to choose a control 

volume whose boundary lies on the path of heat transfer. We can choose the volume occupied by 

either fluid as our control volume. For no particular reason, we choose the volume occupied by 

the water. All the assumptions stated earlier apply, except that the heat transfer is no longer zero. 

Then assuming heat to be transferred to water, the energy balance for this single-stream steady-

flow system 

 

 

 
 

 

7. Refrigerant-134a enters the evaporator coils placed at the back of the freezer section of a 

household refrigerator at120 kPa with a quality of 20 percent and leaves at 120 kPa and 

_20°C. If the compressor consumes 450 W of power and the COP the refrigerator is 1.2, 

determine (a) the mass flow rate of the refrigerant and (b) the rate of heat rejected to the 

kitchen air. 



 
 
 

 

 

 

 

8. A heat pump is used to maintain a house at a constant temperature of 23°C. The house is 

losing heat to the outside air through the walls and the windows at a rate of 60,000 kJ/h 

while the energy generated within the house from people, lights, and appliances amounts to 

4000 kJ/h. For a COP of 2.5, determine the required power input to the heat pump. 



 
 
 

 
 

 


