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			Abstract

			Energy efficiency in refrigeration and air conditioning vapor compression systems has been focused on the development of modulation methods allowing variation of compressor energy consumption according to refrigeration requirements, or the use of alternative energies for running those compression systems. However, even when a compressor comes with frequency inverter, improper selection can lead the user to spend more energy during low cooling loads; or force the compressor to work under conditions for which it was not designed. Thus, the present article shows how the determination of the return gas temperature of the compressor can affect its performance and may vary according to the type of application. Therefore, the operation of reciprocating and rotary compressors was simulated under the same nominal conditions and determined its cooling effect and its compression capacity. The results show that for the same type of compressor, differences in system capacity are approximately constant regardless of the type of refrigerant used in low temperature applications. The compressor capacity for medium and low temperature systems is independent of return gas temperature using R-22.
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			Introduction

			Air conditioners, heat pumps, and other commercial refrigeration equipment are widely used in contemporary society. On–off cycling operation is a common way to control the capacity of indoor heating and cooling equipment [1]. Small capacity household or commercial air-conditioners consume tremendous electrical energy in buildings due to its huge holding quantity all over the world. Improving the energy utilization efficiency of small capacity air-conditioners will be the key factor that helps to reduce energy consumption of buildings [2]. Much effort has been devoted in performance improvement of air conditioners, wherein working efficiency enhancement of the compressor is the key technology [3-8].

			Although many efforts have been devoted for energy and financial saving of air conditioners, relative few works have been done to reveal the internal leakage characteristics [9,10]. The two key factors that affecting the volumetric efficiency of a rolling piston type rotary compressor are respectively the internal leakage and the oil supply situation [1,8,11]. At present, applications of 

new refrigerant as well as variation frequency technology bring new challenges for the development of rolling piston type rotary compressors [12,13]. In addition, according to the adjustment of the Montreal Protocol for Sub- stances that deplete the Ozone Layer, the phase-out progress of HCFCs (hydrochlorofluorocarbon) had been accelerated [14,15]. 

			The use of compressors in commercial and small-scale industrial refrigeration systems has proven to be the most profitable cost-benefit ratio technology over other cooling systems such as absorption; which has the advantage of working with economical energy sources, but with a lower C.O.P [16]. In addition to the conventional cooling systems mentioned above, people have developed multiple options as those addressed by Dieckmann et al. [17]; Canter [18] that replace the compression process with a magnetocaloric effect or Peltier effect; which clearly show the current inability to scale those systems to commercial and industrial scale; so that, vapor compression cooling systems are capable of being optimized through the implementation and development of new technologies; even more when it´s estimated that the percentage of energy required for Industrial cooling and air conditioning facilities is at least 45% [19]. This has led engineers and designers to develop alternative methods to optimize energy consumption and, in some cases, reduce it.

			Among some compression systems technologies, it´s important to emphasize the one mentioned by Dieckmann et al. [17] about the use of variable frequency compressors to achieve speed control of induction motors according to the cooling load of the system. This technology can reduce high-energy consumption due to the constant stops and starts of the compressor (compressor cycling); however, frequency control can lead to stability problems in the system; because of that, Yiming et al. [20] propose the use of a minimum stable superheating. In Wang et al. [21] is presented a model to optimize the use of scroll type liquid injection compressors to increase efficiency; while Shuaihui et al. [22] studied the performance of a compressor of the same type by using an external structure for cooling. On the other hand, in Douglas & Jekel [23] is evaluated the use of waste heat from cooling systems for its use at industrial level.

			Method Description

			Determination of return gas temperature

			Suction gas, also known as return gas is defined as the gaseous refrigerant, which is at the compressor inlet. This gas is at a temperature that depends on the application (high, medium, low) and the superheating that has collected in the suction line. However, compressor selection software rates equipment performance under “standard” conditions in order to compare compressor capabilities on the same design condition. According to international standards such as ANSI/AHRI 540 and EN 12900, compressor selection is set using return gas at 18.5 °C, when the suction temperature is above -18 °C; which is the temperature obtained for high and medium temperature.

			In Maxson [24] and some condensing units manufacturers recommend a total superheat measured at the inlet of the compressor (evaporator+suction line) of 15 to 16 °C to assure the return of dry gas to the compressor; so that the return gas temperature is given by:

			 Treturn gas (°C) = Tevap(°C) + 15 °C		(1)

			[image: ]

			Figure 1 shows the parameters of a vapor compression refrigeration cycle using R134a. For high temperature applications; where a system can operate with an evaporating temperature of 3 °C, an 18 °C return gas should be obtained; which is the temperature mentioned by AHRI 540. However, assuming an 18 °C return gas in applications of medium and low temperature, may provide a far exceeding expected compressor capacity.

			Simulation features

			According to return gas temperature set by the standard AHRI 540, cooling capacity was simulated for two types of compressors at rated capacity of 7½ HP and three refrigerants; one HCFC that although is not being produced, is still present in various refrigeration systems installed, and two HFC having 0 ODP for not having chlorine in its structure. For typical medium temperature applications an evaporation temperature of -5 °C was used, and the return gas was varied from 10 °C to 18,5 °C (Equation 1). In low temperature, where evaporation is generally about -25 °C to -18 °C, return gas temperature was varied from -10 °C to the temperature suggested in AHRI 540. Table 1 shows the conditions under which compressor capacity was simulated for different systems working with R- 22, R -507 and R- 404A respectively.

			Table 1: Simulation parameters.

			
				
					
					
					
				
				
					
							
							Parameter

						
							
							Application

						
					

					
							
							Medium

						
							
							Low

						
					

					
							
							Evaporation (°C)

						
							
							-5

						
							
							-25

						
					

					
							
							Evaporator superheat (°C)

						
							
							5

						
							
							5

						
					

					
							
							Subcooling (°C)

						
							
							5

						
							
							5

						
					

				
			

			Description of the high-speed centrifugal steam compressor

			To validate our proposed method, a monitoring process was developed during three months. The high-speed centrifugal steam compressor and the monitoring system are installed in a commercial place in the city of Barranquilla, Colombia. This city is located at 10º 57’ 50” N, 74º 47’ 47” W and averages 27,4 ºC of temperature. Table 2 shows the specifications of the high-speed centrifugal steam compressor. The monitoring system was developed using virtual instrumentation and it acquires 1 data per second of temperature, voltage and current and it calculates an average per minute. The LabVIEW software saves the information daily to a spreadsheet and it is analyzed and compared with simulation results. Figure 2 shows the front panel of the virtual instrument developed in LabVIEW. The user can setup the sampling rate of the monitoring process, select the format of the saved file (.txt or .xls) and create an HTML report of the process. 

			Table 2: Specification of the high-speed centrifugal steam compressor.

			
				
					
					
				
				
					
							
							Parameter

						
							
							Data

						
					

					
							
							Temperature rise of saturated steam (ºC)

						
							
							Jun-16

						
					

					
							
							Mass flow (MVR system evaporation – tons/h)

						
							
							01-Oct

						
					

					
							
							Efficiency (%)

						
							
							80-85

						
					

					
							
							Impeller rotation speed (RPM)

						
							
							5000-40000

						
					

					
							
							Volume Flow (m3/h) 

						
							
							3000-14000

						
					

					
							
							Working stability

						
							
							Better

						
					

					
							
							Max. Compression ratio

						
							
							1,8
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			Results and Discussions

			Net refrigeration effect
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			Figures 3 & 4 show the results obtained by varying the return gas temperature for medium and low temperature applications respectively. It can be seen that the cooling effect decreases as the return gas temperature increases; this is because when the gas temperature increases, its specific volume increases causing that less refrigerant gas enter the compressor, and consequently is compressed. This behavior is slightly more evident in reciprocating compressors due to the clearance volume that these compressors have at the top of the pistons and the valve plate; so that, it´s important to have an accurate estimate of the return gas temperature while the compressor is running, to prevent compressor selection using nominal conditions.
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			Compressor capacity
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			Although the net refrigeration effect decreases as the return gas temperature increases, the opposite behavior happens with compressor capacity as evidenced in Figures 5 & 6. A rise in the return gas temperature increases the compressor capacity; which is clearly notable in reciprocating compressors. This effect is explained as follows: while the net refrigeration effect decreases, the fact that the refrigerant can absorb more energy in the suction line to reach 18 °C allows sensible heat gain and thus the overall effect is a slight increase in capacity.

			[image: ]

			Conclusion

			Proper compressor selection for cooling requirements established, generate an efficient performance of equipment and adequate energy consumption. For this reason, this article shows a comparison of the system capacity with net refrigeration effect for low and medium temperature applications, varying return gas temperature. Some of the conclusions that can be drawn are:

			
					For the same type of compressor, differences in system capacity are approximately constant regardless of the type of refrigerant used in low temperature applications.

					Compressor capacity for medium temperature systems is independent of return gas temperature using R-22.

					The estimation of the total superheating in the suction line will allow a more accurately determination of the return gas temperature, reflected in a better compressor selection.

					By adjusting the suction temperature, compressor capacity can be accurately estimated, responding to established cooling loads.

			

			The error between the simulation results and the monitored data was less than 1% in medium and low temperature applications.

			References

			
					Cai D, Qiu C, Pan J, Yang X, He G, et al. (2017) Leakage characteristics and an updated volumetric efficiency prediction model of rolling piston type rotary compressor for small capacity air-conditioner and heat pump applications. Applied Thermal Eng 121(5): 1080-1094.

					Canter N (2009) Magnetic refrigeration: Another way to cool. Tribology & Lubrication Technology, tribology & lubrication technology, USA, p. 12-13.

					Chaiyat N (2015) Energy and economic analysis of a building air-conditioner with a phase change material (PCM). Energy Convers Manage 94: 150-158. 

					Chiou CB, Chiou CH, Chu CM, Lin SL (2009) The application of fuzzy control on energy saving for multi-unit room air-conditioners. Appl Therm Eng 29(2-3): 310-316. 

					Cohr A (2011) Energy consumption and heat recovery of refrigeration system in modern Arena Johnson Controls. Technical paper, Hoejbjerg, Denmark, p. 1-6.

					Dieckmann J, Cooperman A, Brodrick J (2007) Solid-State cooling Part I. ASHRAE Journal, New York, USA, pp. 82-87.

					Douglas T, Jekel T (2007) Heat recovery in industrial Refrigeration. ASHRAE Journal, New York, USA, p. 8.

					Gao CF, Lee WL, Chen H (2009) Locating room air-conditioners at floor level for energy saving in residential buildings. Energy Convers Manage 50(8): 2009-2019.

					Graziosi F, Arduini J, Furlani F, Giostra U, Kuijpers LJ, et al. (2015) European emissions of HCFC-22 based on eleven years of high frequency atmospheric measurements and a Bayesian inversion method. Atmos Environ 112: 196-207. 

					Kindaichi S, Nishina D, Murakawa S, Ishida M, Ando M (2017) Analysis of energy consumption of room air conditioners: an approach using individual operation data from field measurements. Appl Therm Eng 112(5): 7-14. 

					Li W (2013) Simplified steady-state modeling for variable speed compressor. Appl Therm Eng 50: 318-326. 

					Lin J, Wu J, Zhang Z, Chen Z, Xie J (2017) Experimental investigation of startup characteristics of R290 rotary compressor under low ambient temperature heating condition. Intern Journal of Refrig 77: 128-135.

					Liu X, Wang B, Shi W, Zhang P (2016) A novel vapor injection structure on the blade of a rotary compressor. Appl Therm Eng 100: 1219-1228.

					Luo B (2016) Effects of component performance on overall performance of R410A air conditioner with oil flooding and regeneration, Energy Convers Manage 110: 192-199.

					Maxson S (1993) Principles of Refrigeration-Superheat. Heatcraft Tech Topics 1(2): 1993.

					Montzka S, McFarland M, Andersen S, Miller B, Fahey D, et al. (2007) Recent trends in global emissions of hydrochlorofluorocarbons and hydrofluorocarbons: reflecting on the 2007 adjustments to the montreal protocol. J Phys Chem A 119: 4439-4449. 

					Shuaihui S, Yuanyang Z, Liansheng S (2010) Simulation research on scroll refrigeration compressor with external cooling. International Journal of Refrigeration 33: 897-906.

					Srikhirin P, Aphornratana S, Chungpaibulpatana (2001) A review of absorption refrigeration technologies. Renewable and Sust. Energy Rev 5: 343-372.

					Yiming C, Deng S, Xiangguo X, Mingyin C (2008) A study on the operational stability of a refrigeration system having a variable speed compressor. International Journal of Refrigeration 31(8): 1368-1374.

					Wang B, Wenxing S, Linjun H, Xianting L (2009) Optimization of refrigeration system with gas-injected scroll compressor. International Journal of Refrigeration 32(7): 1544-1554.

					Wu J, Wang G (2013) Numerical study on oil supply system of a rotary compressor. Appl Therm Eng 61(3): 425-432.

					Wu X, Xing Z, He Z, Wang X, Chen W (2017) Effects of lubricating oil on the performance of a semi-hermetic twin screw refrigeration compressor. Appl Therm Eng 112: 340-351. 

					Wu J, Chen A (2015) A new structure and theoretical analysis on leakage and performance of an oil-free R290 rolling piston compressor. Int J Refrig 49: 110-118. 

					Wu J, Hu J, Chen A, Mei P, Zhou X, et al. (2016) Numerical analysis of temperature distribution of motor-refrigerant in a R32 rotary compressor. Appl Therm Eng 95: 365-373.

			

		

	OEBPS/image/104967.png
R13da

sub-coolng [0 ©

Heat Rejection [20882  kw/
amid 100 T

COP 3.53

Flow [T0000 _ kg/s

le [0610 ratio

1 o 200 ¢
Lud[l00 ¢
condensng [$50 T
condenser &
expansion compressor
valve [eo®
T Power (46080 kW

4 s [T 47
SDT, bub [450 “c

Dischaige [300°C

%

: x0.22 1P e [10953  kpa
evaporator ssTdew[F0_ ¢
Suction [180
=
= evaporating[30 <
—— —
& swpeihea [150

Cooling Load [16274  kw
anmid 00 ¢
o @0 ¢

Figure 1: Parameters of a vapor compression refrigeration cycle using R134a.
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Figure 5: Compressor capacity in medium temperature.
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Figure 6: Compressor capacity in low temperature.
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Figure 2: Front panel of the monitoring system.
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Figure 3: Net refrigeration effect in medium temperature.
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Figure 4: Net refrigeration effect in low temperature.






