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	Attentions：
1. There are 【6】 problems on this exam, of which you are instructed to work only 

   【5】. If you work all 【6】 problems, only the first 【5】 will be graded. 

Each problem gets 【20】 points.
2. Please answer the problems by order. Don’t need to copy the problems on the answer sheet. Write all your answers on the answer sheet.
3. Do not write your name on the answer sheet.
4. (   )open book    ( x )close book


(1) (20%) A refrigerant 22 vapor-compression system includes a liquid-to-suction heat exchanger in the system. The heat exchanger warms saturated vapor coming from the evaporator from -10 to 5℃ with liquid which comes from the condenser at 30℃. The compressions are isentropic in both cases listed below.
(a) Calculate the coefficient of performance of the system without the heat exchanger but with the condensing temperature at 30℃ and an evaporating temperature of -10℃.

(b) Calculate the coefficient of performance of the system with the heat exchanger.

(c) If the compressor is capable of pumping12.0 L/s measured at the compressor suction , what is the refrigeration capacity of the system without the heat exchanger ?
(d) With the same compressor capacity as in (c) , what is the refrigeration capacity of the system with the heat exchanger?
(2) (20%) The catalog for a refrigerant 22 , four-cylinder , hermetic compressor operating at 29 r/s , a condensing temperature of 40 ℃ , and an evaporating temperature of -4 ℃ , shows a refrigerating capacity of 115 kW. At this operating point the motor (whose efficiency is 90 percent) draws 34.5 kW. The bore of the cyclinders is 87 mm and the piston stroke is 70 mm. The performance data are based on 8 ℃ of subcooling of the liquid leaving the condenser. Compute (a) the actual volumetric efficiency and (b) the compression efficiency.
There are【7】 pages. This is page 2
(3) (20%) The air-source heat pump referred to in Figs. 2 and 3 operates 2500 h during the heating season , in which the average outdoor temperature is 5℃. The efficiency of the compressor motor is 80 percent , the motor for the outdoor air fan draws 0.7 kW , and the cost of electricity is 6 cents per kilowatthour. What is the heating cost for the season?
(4) (20%) A two-stage refrigerant 22 system using flash-gas removal and intercooling operates on the cycle shown in Fig.4. The condensing temperature is 30℃. The saturation temperature of the intermediate-temperature evaporator is 0℃ , and its capacity is 150 kW. The saturation temperature of the low-temperature evaporator is -20℃ , and its capacity is 250 kW. What is the rate of refrigerant compressed by the high-stage compressor?
(5) (20%) As shown in Fig 5 , such that the temperature at point 2 is 52℃. The mass rate of flow delivered by the solution pump is 0.6 kg/s. What are the rates of energy transfer at each of the components and the COPabs of this cycle?
(6) (20%) A refrigerant 22 condenser has four water passes and a total of 60 copper tubes that are 14 mm ID and have 2 mm wall thickness. The conductivity of copper is 390 W/m．K. The outside of the tubes is finned so that the ratio of outside to inside area is 1.7. The cooling-water flow through the condenser tubes is 3.8 L/s

(a) Calculate the water-side coefficient if the water is at an average temperature of 30℃, at which temperature k = 0.614 W/m．K , ρ= 996 kg/m3 , and μ=0.000803 Pa．s
(b) Using a mean condensing coefficient of 1420 W/m2．K , calculate the overall heat-transfer coefficient based on the condensing area.
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Fig.1 Pressure-enthalpy diagram for R-22
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Fig.2  Evaporator heat-transfer rates of a heat pump with varying outdoor temperature.The condensing temperature is constant at 40℃.
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Fig.3 Heating capacity, evaporator heat-transfer rate, and compressor power of an air-source heat pump as a function of outdoor-air temperature.
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Fig.4 Two compressors and two evaporators operating with intercooling and flash-gas removal.
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Fig.5 Absorption system with heat exchanger.
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Fig.6 Temperature-Pressure-concentration diagram of saturated LiBr-water solution.
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Fig.7 Enthalpy of LiBr-water solution
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Table 1 Water ：properties of liquid and saturated vapor

	Temp

[C]
	Pressure

[kPa]
	Specific volume

[L/kg]
	Enthalpy

[kJ/kg]
	Entropy

[kJ/kg．K]

	
	
	vf
	vg
	hf
	hg
	sf
	sg

	8
	1.0720
	0.0010001
	121.0
	33.60
	2516.2
	0.1213
	8.9513

	10
	1.2270
	0.0010003
	106.4
	41.99
	2519.9
	0.1510
	8.9020

	12
	1.4014
	0.0010004
	93.84
	50.38
	2523.6
	0.1805
	8.8536

	40
	7.375
	0.0010078
	19.55
	167.45
	2574.4
	0.5721
	8.2583

	42
	8.198
	0.0010086
	17.69
	175.31
	2577.9
	0.5987
	8.2209

	96
	87.69
	0.0010406
	1.915
	402.20
	2669.7
	1.2615
	7.4042

	98
	94.30
	0.0010421
	1.789
	410.63
	2672.9
	1.2842
	7.3796

	100
	101.33
	0.0010437
	1.673
	419.06
	2676.0
	1.3069
	7.3554
























































































































































































































































