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1. A vapor compression refrigeration system employing R-12 for cooling air consists of a compressor having 8 cylinders of 8.9 cm bore and 10 cm stroke running at 900 rpm, and a water-cooled condenser. The load on the plant is 5000 kJ/min. The condensing pressure is 1[image: image2.png]


 and the evaporating pressure is 0.15[image: image4.png]


. Refrigerant leaves the condenser as a liquid at 15[image: image6.png]


, and enters the compressor at 5[image: image8.png]


. The compressor delivers the refrigerant to the condenser at 79[image: image10.png]


. Neglecting any pressure losses and using the following properties for R-12; calculate:
a. The refrigerant mass flow rate, kg/hr.

b. The volumetric efficiency of the compressor.

c. The theoretical power required by the compressor.

d. The COP.

e. Heat reject in the condenser.

	Temperature
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	Pressure
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	Specific enthalpy
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	Specific volume
[image: image14.png]m?
/kg





	5
	0.15
	194
	0.123

	79
	1.00
	232
	--------


Enthalpy of liquid refrigerant (sub-cooled) at[image: image16.png]15°C = 50 kJ /kg



.
2. In a 15 T.R plant R-12, the condenser and evaporators are 35[image: image18.png]


 and [image: image20.png]—5°C



 respectively. Assuming wet compression with refrigerant leaves the evaporator at a dryness fraction of 0.9 and leaves the compressor at a temperature of 40[image: image22.png]


. Using the following table, determine:
a. Mass flow rate of refrigerant.

b. Compressor theoretical power.

c. Volume flow rate of refrigerant.

d. Cycle efficiency.

e. Cylinder diameter if the compressor has 4-cylinders of 10 cm piston stroke, a clearance volume of [image: image24.png]3%



 and rotates at[image: image26.png]257/s



with exponent of compression equals 1.2.
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[image: image27.png]



	Pressure

[image: image28.png]MN/m?




	Specific enthalpy
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	Specific entropy
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	35
	0.847
	233.5
	365.4
	1.114
	1.542
	0.00079
	0.02011
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	0.261
	195.4
	349.3
	0.983
	1.557
	0.00071
	0.0650


3. Heat pump working between 827 & 344[image: image40.png]


. The maximum temperature in refrigerant circuit is 49[image: image42.png]


. There is no under-cooling. The heat pump is used to raise the water temperature from 9[image: image44.png]


 to 32[image: image46.png]


 for comfortable heating. Using the following table of refrigerant properties; calculate:

a. The work done by the compressor.

b. The COP of heating pump.

c. Mass flow rate of comfortable heating water if the refrigerant mass flow rate does not exceed 1 kg/s.

	Temperature
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	Specific entropy

of vapor
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	Specific heat

of vapor
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	38
	0.827
	128
	484
	1.593
	1.003
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	0.344
	74
	470
	1.697
	---------


4. A standard vapor compression system using R-12 developing 15 T.R. the condensing temperature is 35[image: image55.png]


 and the evaporating temperature is[image: image57.png]—5°C



. A heat exchanger is being used between the line of suction gas to the compressor and the line of liquid leaving the condenser. The suction vapor is super heated 10[image: image59.png]


. The compressor age of clearance volume is 3% with 1.2 index of compression. Assuming liquid leaves the condenser as well as vapor leaves the evaporator both are saturated and using the following table of properties of R-12 only, calculate:
a. Mass flow rate of refrigerant, kg/s.

b. The cycle efficiency.

c. The piston stroke if the compressor runs at 1400 rpm and has 8 cylinders each 0.1 m diameter.
d. Theoretical power of the compressor.

	Temperature
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	Density
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	35
	0.847
	233.5
	365.4
	1.114
	1.542
	1272.98
	49.71
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	0.261
	195.4
	349.3
	0.983
	1.557
	1412.84
	15.39
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	5
	0.261
	----
	355.7
	----
	1.580
	----
	14.67
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