
Problem Sheet 9: Vapor compression refrigeration cycles 
 

1. An ammonia refrigerating machine fitted with an expansion valve works between 
-10oC and 30oC. The vapor is 95% dry at the end of isentropic compression and 
the fluid exiting the expansion valve is at 30oC. Plot the theoretical cycle on a TS 
diagram, and evaluate the theoretical COP. Assuming the actual COP to be 60% 
of the theoretical one, calculate the amount of ice formed at 0oC and the work 
consumed by the refrigerator. Assume latent heat of solidification for ice at 0oC to 
be 335 kJ/kg, and the following saturation table properties of ammonia: 

Temp (oC) hf (kJ/kg) hfg (kJ/kg) sf (kJ/kgK) sg (kJ/kgK) 
30 119.3 1217.5 0.415 4.418 
-10 -37.01 1352.7 -0.138 4.988 

 
2. A 2 T refrigerator works between -7oC and 27oC. Vapor is dry at the end of 

isentropic compression, and expansion is carried out through a throttle valve. 
Estimate the theoretical COP and power consumption of the refrigerator. The 
saturation properties of the refrigerant are as follows: 

Temp (oC) hf (kJ/kg) hfg (kJ/kg) sf (kJ/kgK) sg (kJ/kgK) 
27 97.36 1363.1 0.497 5.038 
-7 -34.076 1509.1 -0.1266 5.524 

 
3. Refrigerant 134a is the working fluid in an ideal vapor-compression refrigeration 

cycle that communicates thermally with a cold region at 0 oC and a warm region 
at 26 oC. Saturated vapor enters the compressor at 0 oC and saturated liquid leaves 
the condenser at 26 oC. Plot the process on representative T-s and p-h diagrams. 
The mass flow rate of the refrigerant is 0.08 kg/s. Determine (a) the compressor 
power, in kW, (b) the refrigeration capacity, in tons, (c) the coefficient of 
performance, and (d) the coefficient of performance of a Carnot refrigeration 
cycle operating between warm and cold regions at 26 and 0 oC, respectively. (see 
the properties of R134a in the enclosed table)   [Ans:1.4kW; 3.67T; 9.24; 10.5] 

 
4. An ideal vapor-compression refrigeration cycle operates at steady state with 

Refrigerant 134a as the working fluid. Saturated vapor enters the compressor at -
10 oC, and saturated liquid leaves the condenser at 28 oC. The mass flow rate of 
refrigerant is 5 kg/min. Determine (a) the compressor power, in kW. (b) the 
refrigerating capacity, in tons. (c) the coefficient of performance. (use the 
properties of R134a in the enclosed table). 

 
5. Modify the cycle in Problem 4 to have saturated vapor entering the compressor at 

1.6 bar and saturated liquid leaving the condenser at 9 bar. Answer the same 
questions for the modified cycle as in Problem 4. 



 
(Taken from Moran Shapiro) 



 



 





 


