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Solve the following problems: 

1) 4 kg of refrigerant R-134a is kept in an 80-litre vessel at the pressure of 160 kPa. Determine (a) 

the temperature, (b) the quality, (c) the enthalpy of the refrigerant, and (d) the volume 

occupied by the vapour phase.  

2) A Carnot refrigerator requires 1.5 kW per tonne of refrigeration to maintain a region at -30°C. 

Find (a) COP of the system (b) Highest temperature of the cycle. 

3) The working temperatures in the evaporator and condenser coils of a refrigerator are -30°C 

and 32°C, respectively. If the actual refrigerator has a COP of 0.75 times the maximum COP 

then find the power input for a refrigerating capacity of 1.5 tonnes. 

4) Two refrigerators A and B operate in series. The refrigerator A absorbs energy at the rate of 1 

kJ/s from a body at temperature 300 K and rejects energy as heat to a body at temperature T. 

The refrigerator B absorbs the same quantity of energy which is rejected by the refrigerator A 

from the body at temperature T, and rejects energy as heat to a body at temperature 1000 K. 

If both the refrigerators have the same COP calculate (i) The temperature of the body; (ii) The 

COP of the refrigerators; (iii) The rate at which energy is rejected as heat to the body at 1000 

K.  

5) Complete the blank cells in the following table of properties of refrigerant-134a. In the last 

column describe the condition of refrigerant-134a as compressed liquid, saturated mixture, 

superheated vapor, or insufficient information; and, if applicable, give the quality.  

T, °C P, kPa Specific volume 
(v, m3/kg) 

u, kJ/kg 
Condition description and 

quality (if applicable) 

-12 320    

39.37 1000    

40  0.17794   

 180 0.0700   

 200  249  

6) A Carnot heat engine receives heat from a reservoir at 900°C at 800 kJ/min and rejects the 

waste heat to the ambient air at 27°C. The entire work output of the heat engine is used to 

drive a refrigerator that removes heat from the refrigerated space at -5°C and transfers it to 

the same ambient air at 27°C. Determine (a) the maximum rate of heat removal from the 

refrigerated space and (b) the total rate of heat rejection to the ambient air.  
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7) Complete the following table from the steam table  

Temperature 
(T, °C) 

Pressure        (P, 
MPa) 

Specific volume 
(v, m3/kg) 

Enthalpy             
(h, kJ/kg) 

Quality  (x)  

 1 0.1944   

250.4    0 

 10   0.8 

700 20    

800 15    

8) An air refrigerator operates between 1 bar and 8 bar pressure limits. Air is drawn from the cold 

chamber at 9°C, compressed and then it is cooled to 29°C before entering the expansion 

cylinder. Expansion and compression process follow the law PV1.35 = constant. Calculate the 

theoretical COP of the system. Also, draw the P-V diagram of the cycle. (For air take γ = 1.4, Cp 

= 1.003 kJ/kg K) 

 

Fig: Schematic of Air refrigerator 

9) A spring-loaded piston-cylinder device is initially filled with 0.059 Kg of R-134a liquid-vapour 

mixture whose temperature is -35°C and whose quality is 80 per cent. The spring constant in 

the spring force relation 𝐹 = 𝑘𝑥 is 6.5 N/mm, and the piston diameter is 0.3 m. The R-134a 

undergoes a process that increases its volume by 50 percent. Calculate the final temperature 

and enthalpy of the R-134a. Also, draw the process on P-V diagram. 

10) A piston-cylinder contains 3 kg of wet steam at 1.4 bars. The initial volume is 2.25 m3. The 

steam is heated until its temperature reaches 400°C. The piston is free to move up or down 

unless it reaches the stops at the top. When the piston is up against the stops the cylinder 

volume is 4.65 m3. Determine the amounts of work and heat transfer to or from steam.  

11) A cold storage plant is required to store 20 tonnes of fish at -8°C. The fish is supplied at 30°C. 

The specific heat of the fish above freezing point is 2.93 kJ/kg K and below freezing point is 1.26 

kJ/kg K, respectively. The freezing point of the fish is -4°C. The latent heat of the fish is 235 

kJ/kg. If plant requires 75 kW to drive it, find (i) The capacity of the plant, and (ii) Time taken 

to achieve cooling (Assume actual COP of the plant is 30% of the ideal COP) 



12) A 0.4 m3 rigid tank initially contains refrigerant R-134a at 14°C. At this state, 70 percent of the 

mass is in the vapor phase, and the rest is in the liquid phase. The tank is connected by a valve 

to a supply line where refrigerant at 1 MPa and 100°C flows steadily. Now the valve is opened 

slightly, and the refrigerant is allowed to enter the tank. When the pressure in the tank reaches 

700 kPa, the entire refrigerant in the tank exists in the vapor phase only. At this point the valve 

is closed. Determine (a) the final temperature in the tank, (b) the mass of refrigerant that has 

entered the tank, and (c) the heat transfer between the system and the surroundings. 

13) A vessel of spherical shape having a capacity of 0.8 m3 contains steam at 10 bars and 0.95 

dryness. Steam is blown off until the pressure drops to 5 bars. The valve is then closed and the 

steam is allowed to cool until the pressure falls to 4 bars. Assuming that the enthalpy of steam 

in the vessel remains constant during blowing off periods, determine : 

(i) The mass of steam blown-off, 

(ii) The dryness fraction of steam in the vessel after cooling, and 

(iii) The heat lost by steam per kg during cooling.   

14) 0.2 m3 of air at 4 bar and 130°C is contained in a system. A reversible adiabatic expansion takes 

place till the pressure falls to 1.02 bar. The gas is then heated at constant pressure till enthalpy 

increases by 72.5 kJ. Calculate: (i) The work done; (ii) The index of expansion, if the above 

processes are replaced by a single reversible polytropic process giving the same work between 

the same initial and final states. 

(Take cp = 1 kJ/kg K, cv = 0.714 kJ/kg K).  

15) A system consisting of 1 kg of an ideal gas at 5 bar pressure and 0.02 m3 volume executes a 

cyclic process comprising the following three distinct operations: (i) Reversible expansion to 

0.08 m3 volume, 1.5 bar pressure, presuming pressure to be a linear function of volume (p = a 

+ bV), (ii) Reversible cooling at constant pressure and (iii) Reversible hyperbolic compression 

according to law pV = constant. This brings the gas back to initial conditions. (i) Sketch the cycle 

on p-V diagram. (ii) Calculate the work done in each process starting whether it is done on or 

by the system and evaluate the net cyclic work and heat transfer. 
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