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Abstract
Refrigeration has its vital role in the human life for the preservation of temperature sensitive substances. The high energy consumption and non-portability of conventional cooling systems led the human era to think about some distinct type of chilling systems. Solar Powered Peltier Refrigerator (SPPR) is a distinctive type of chilling system which employs sun energy to power the thermoelectric module for the cooling of space to be refrigerated and its performance is directly dependent upon the solar insolation rate. The solar system receives maximum solar irradiance at an angle of 90o with the sun. The intelligent dual axis tracking system of the sun light increases the power output of the solar system by maximum utilization of the available resources. The objective of this research was to design and inspect the performance of a SPPR for the cold storage of perishables, vaccines and medicines etc. A performance analysis of the system with the fixed panel solar system and dual axis solar tracking (STS) system by keeping the SPPR at standard ambient temperature of 25oC is done. It indicated that the COP is directly dependent on the input power and cooling rate of the system. It was observed that the change in cooling load is a function of the refrigerated space. The highest and lowest values of COP were recorded as 1.19 and 0.27 for directly powered SPPR with fixed panel and 2.07 and 0.39 in case of solar tracking system respectively. 
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1. INTRODUCTION
Preserving foods, beverages, drugs and vaccines that are very sensitive to atmospheric temperature and ecological disorders is one of the serious challenges around the world. Refrigeration is the process of obtaining and maintaining the temperature below the ambient temperature[1]. One of the most important applications is the preservation of perishables by storage at low temperatures. Conventional refrigeration systems are very energy intensive and refrigerants constituted by CFCs are environmentally harmful and contribute to global warming by depleting the ozone layer[2][3]. The chlorine present in these refrigerants is the main cause of the ozone layer diminution. The conventional refrigeration systems require high pressure and low pressure sides to make the refrigeration cycle complete, so they are hard to be manufactured into a handy and light weight solar device used outside. The Peltier Refrigerator (PR) does not need any low pressure or high pressure sides or any moving parts or fluids[4].
Because of the current electricity crisis and rising prices in Pakistan, it has built an ideologically inspired thought to take advantage of sun energy for environment friendly refrigeration methods and to improve its effectiveness in this regard. Energy obtained from sun is currently the cleanest, affordable and efficient alternative to energy, as global warming and energy prices rise every day. The usage of solar energy at domestic and industrial scale is the most provoking thought of the world[5]. The solar-powered Peltier refrigerator (SPPR) uses solar energy to power the thermoelectric module rather than the traditional electrical energy to generate cooling and potentially improve the standard of living of people in areas far from the power resources. Thermoelectric generation and cooling based on the Seebeck and peltier effect respectively have very stimulating capabilities paralleled to the conventional systems[6].
The energy extracted from a conventional solar panel is variable and is not always raised to maximum. This is because of the static settlement of the solar panels at an angle in the direction of the sun, thus restricting the exposure area. The power output of the PV panel is generally determined by the sunlight concentration on the solar panel. This offers the basis for the highest power that can be generated if the PV panel is tilted perpendicularly to the incident sunlight. Sun changes its direction during the course of the day, so there is the necessity to develop a suitable mechanism to continually adjust the of PV panels position perpendicular to the solar irradiance[7].
STS plays a significant role to confirm that the solar panels can receive the concentrated amount of solar radiations at all the times. The electricity generation of a solar system can be increased to 35 % by a well-designed tracking system and hence improving the overall efficiency of the solar system[8]. There are two major categories of solar tacking i.e. sunflower-tracking system and program-tracking system. The later has a strong adaptability due to its provision of varying the facing angle by figuring the sun trail with programming and with low cost. The intelligent dual axis tracking of the sun can results in the rise in power output of the solar panel by maximum utilization of the available resources. Instead of installing more panels the maximum power can be obtained by implementing solar tracking hence reducing the overall system cost[9].
The objective of this research is to design a compact sized SPPR for cold storage of food items and for the feasible utilization in remote areas. Compared with fixed solar panels, the use of biaxial photovoltaic solar tracking system for performance surveys, and by optimizing the energy generated by solar cells to make the whole system more efficient and cost-effective is the core of this research work. A tracker generates more power than a static array with the equal number of modules. This added gain can be counted as a percentage of the output of the static array. A research finding has revealed that the usual rise in the power output using dual axis STS is between 20-50 %[10].
Peltier coolers are small, light in weight, reliable, insensitive to position of orientation, low noise, handy and cheap[11][12]. Although the COP of the Peltier refrigerator is not as high as the traditional refrigeration system, a great deal of work is being done to improve the COP. Better design and materials are emerging, so there is a lot of hope that Peltier refrigerators can be used with the traditional refrigeration systems for household and commercial level[13].
2. MATERIALS AND METHOD
2.1. Design of Peltier Refrigerator (PR)
The major parts used in the design and fabrication of Peltier Refrigerator (PR) are its outside casing, insulation, inside box (cold sheet), peltier module, heat sink, PV cells and fan for cooling. Acrylic is selected for the refrigerator body. It is a tough, low cost, durable, nontoxic, excellent electrical insulator and suitable for outside use. It has a thermal conductivity of 0.20 W/m 0C. Polyurethane insulation material is ideal for refrigeration appliances, with excellent insulating properties, solid structure, safety, light weight advantages, thus maintaining the cost of refrigerators and freezers down. Insulation of 50 mm thickness was used in the refrigerator. In order to obtain an even cooling effect in the peltier refrigerator, a metal cold plate is used. Thermal conductivity is the major characteristic in the selection of cold plate material. Aluminum has been selected for this purpose. It is a strong, tough having too low density and is an excellent thermal conductor having thermal conductivity of 205 W/m 0C. The assembly of the designed refrigerator is shown in Figure 1. 
2.2. Characteristics of Major Components of Peltier Refrigerator
Peltier module of Model Number TEC1-12706 having Seebeck Coefficient (α) of 0.04224 (V/ºC) has been used in this research. The module have an electrical resistance and thermal conductivity 2.90 (ῼ) and 0.495 (W/moC) respectively with a maximum voltage and Current of 15.40 Volts and 6.50 Amperes. The search and selection for a suitable thermoelectric cooler (TEC) to optimize a cooling system design can be a tedious task as there are many product ranges from several TEC manufacturers[14]. Epoxy is used as sealant in between the peltier module and heat sink[15][16]. The base area of sunflower heat sink used is found to be 11025mm2. There were total 32 fins with 96 sub-fins to increase the surface area. The length, thickness and height of each fin were 70 mm, 1 mm and 26 mm respectively. 
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[bookmark: _Toc421180819]Figure 1: Assembly of Thermoelectric Refrigerator                      
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The thermal resistance of Heat Sink was 205 W/m˚C [17][18]. The cooling fan (FFB 0612 MARRIAGE) having 8000rpm air flow rate of 1.42 m3/min is used for the heat removal from sink.
2.3. Design Parameters of Peltier Refrigerator
To meet the highest cooling needs in the local climate of Lahore the input design factors are chosen conferring to the ultimate load conditions in the selected region. The maximum usual ambient temperature (Ta) of Lahore and the minimum temperature (Tw) of water set in the refrigerator were considered as 40 °C and 0 °C respectively. The safe temperature range for polio vaccines is -2 °C to 15 °C [13]; therefore, the lowest temperature selected is within this range. In order to make the PR movable, small and light box, volume has been selected as 7.50 liters. Various cooling loads calculated for the refrigerator are shown in Table 1, while the desired Peltier Cooler was selected such that to cope up the required design conditions. In the present study, a peltier module of 100.1 watts was used with a cooling fan of power consumption of 4 watts. A 20% safety factor was added to cope up the power variations caused by changes in insolation rate. Hence overall power utilization of the peltier refrigeration system (PRS) was found to be 125 watts. Two 75-watt solar panels have been selected for the peltier fridge.
Table 1: Cooling Load of Peltier Refrigerator
	Sr. #
	Component
	Symbol
	Units(Watts)

	1
	Product Load in PR
	
	29.03

	2
	Transmission Load in PR
	
	7.20

	3
	Miscellaneous Load in PR
	
	3.62

	4
	Total Cooling Load in PR 
	
	39.85


2.4. Design of Solar Tracking System (STS)
The main components of the STS are pedestals, bearings, anemometers, gears and motor systems. The foundation of the STS is made up of iron. This heavyweight construction gives the strength to the system to bear heavy loads on the panels and to protect against outdoor turbulences. The photovoltaic panels are fixed at the top of the STS by means of a frame. The main drive in the STS is along the two axes: the horizontal axis and the vertical axis. The main input in the movement of the STS is delivered by the installed revolving parts, namely the motors and gears [7][8]. 
Stepper motors are used in this particular solar tracking study. It converts the digital pulse to the rotation of the mechanical axis and the pulse sequence associated with the direction of rotation of the axis. The speed is related to the frequency of the input pulse, and the total rotation is related to the total number of input pulses. For a vertical axis stepper motor (PK266-01A) with a step size of 1.80. A 24 V motor with 0.71 A, produces a torque of 1.17 N.m. On the other hand, a horizontal-axis stepping motor (34 PM-C007) having a step of 1.80 is used. The current consumption of the 5.5 V motor is 1.25 A and 1 N.m. of the holding torque. Worm gear is perfect for the solar tracking. In this research, a worm of one inch along with a worm wheel of three inch having reduction ratio of 55:1 is used. Another major part is bearing, for Horizontal Axis as there is very small contact point so balls or rollers “bear” the load and vertical Axis bear axial and radial loads so rolling element bearing with large contact area are the best choice[9]. To calculate the quantity of material needed and numerous limitations in the development and fabrication of the STS model, a CAD model was established in the Creo-parametric.
The dimensional collisions of the horizontal axis elements of STS and vertical axis elements of STS were removed by taking suitable dimensions of thickness, width and height. Further deliberations for the settlement of the motor and face plate axis limitations were also contemplated. By developing a CAD model all these size and size conflicts were removed and avoided. This step was very important for the complete and efficient operation of the entire mechanical system. The schematic of dual axis tracker is shown in Figure 5.
3. EXPERIMENTAL SETUP AND PROCEDURE
Experimental work to check the performance of SPPR was performed in the Refrigeration & Air Conditioning (RAC) laboratory of the Mechanical Engineering Department, U.E.T. Lahore KSK Campus. Experimental setups include solar trackers, solar panels, PR, thermocouples, and multimeters. The schematic diagram of the experimental set up is shown in Figure 6.
PR shown in Figure 6 is complete experimental setup using solar tracking system. The ampere meter is connected in series to give value of current in amperes. The digital volt meter is connected on the board with PR which is showing value of voltage for TER in volts. The PR experimental unit used in this experimental wok is made known in Figure 7 having the highest refrigeration capacity of 63 watt. 
[bookmark: _Toc421180838]3.1. Experimental Procedure
The experimental setup consists of STS, digital multimeter and peltier refrigerator which were connected with each other. First the experiments were performed with the fixed position of solar panels directly coupled with peltier refrigerator and then the same exercise has been repeated by using dual axis STS. PR was filled with a water of 7.5 liter volume and the hot side and the cold side temperature of the thermoelectric module were recorded using temperature sensors. The temperature of water inside the PR was recorded by infrared temperature gun. 
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             Figure 4: CAD Model of STS	                                      Figure 5: A schematic diagram of solar tracker
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          Figure 6: Setup during Testing	                                            Figure 7: Peltier Refrigerator Unit
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3.2 Experimental Result and Discussion
[bookmark: _Toc421180840]3.2.1. Experimental Strategy
The weather data as shown in Fig. 8 was collected for the sites considered and the solar insulation rates for the day are given in Fig. 9. A graph of solar irradiance corresponding to time is presented in Fig. 9.  The investigations were carried out in two different stages.
Phase 1: Performance analysis of Peltier Refrigerator directly coupled with fixed PV panels.
Phase 2: Performance analysis of Peltier Refrigerator directly coupled with PV panels using Solar Tracking System (STS).
[bookmark: _Toc421180841] 3.2.2. Experimental Results
The weather in Lahore-Pakistan becomes extreme in June, when the temperature rises more than 40.0 °C. In summer, temperatures in Lahore-Pakistan range from 40.0 °C to 46.0 °C. 


Figure 8: Variation of temperature of different months during sunlight hours

The characteristic temperature in Lahore-Pakistan is below 5.0 °C in January. Lahore experienced winter in from December to February with seasonal temperature variations of 5.0 °C to 8.0 °C. The usual annual highest and lowest temperatures and sunshine hours are presented in Figure 8. The solar insulation rate (SIR) of Mechanical Engineering Department, U.E.T. Lahore (KSK Campus) was measured by radiometer for whole sunny day of September 2015. The experimental study of PR was carried out in two different stages. To attain the maximum current two PV panels were connected in parallel and the experimental results were bringing into being from the refrigeration test unit. 
[bookmark: _Toc421180844]3.2.3. Variation of Current and Voltage with Solar Irradiance
Figure 9 shows the comparison of variation of voltage and insulation rate with respect to time in case of fixed solar panel and using solar tracking system. It can be seen that solar insulation rate in both phases vary from 7:00am to 6:00pm.At start using fixed panel its value is 113w/m2 after that its value increases and at 12:30pm it reaches the maximum value of 850w/m2.Then its value start decreasing and is 78 w/m2 at 6:00pm in evening. In phase 2 by using solar tracking system a same trend has been achieved as shown in Figure 9 but higher values of solar insulation rate as compared to phase1 i.e. maximum value of 948 W/m2 and minimum value of 120 w/m2.
Fig. 9 shows the variation in the current and voltage corresponding to the time from 7:00AM to 6:00PM. It indicates that in both cases voltage and current vary with respect to time. It illustrates that at 12:30PM because of highest solar insolation rate the voltage and current from PV cells are maximum. The maximum value of voltage gained during phase 1 is 14.4 V and with solar tracking system its value is 15.3 V. It can be seen that there is less variation in current with respect to time but the trend remains same as in voltage and insulation rate. The maximum and minimum values during phase 1 are 4.8A and 4A respectively and on the other hand in phase 2 these are 5.78A and 5.3A respectively. The values of insulation rate, voltage and current are higher by using solar tracking system as compared to fixed solar panel. 


[bookmark: _Toc421180845]Figure 9: Comparison of variation in insulation rate, current and voltage with time (phase 1&2)

3.2.4. Variation of Module, Heat Sink, Ambient and Water Temperature
The comparison of variation of the hot side, cold side of peltier module and the ambient temperature are shown in Figure 10 for phase 1 & 2. It was detected that in case of directly coupled fixed panel SPPR the cold side temperature is dropped from 25 0C to 0 0C and in case of solar tracked SPPR from 250C to -5 0C. The hot and cold side temperatures of the module and the heat sink surface temperature depend on the ambient temperature of the surroundings. These parameters also change when the ambient temperature changes with respect to time. 
This is because the heat is discharged into the atmosphere. A very low temperature inside the PR can be obtained at a very low ambient temperature, and therefore a better cooling effect but a very poor cooling effect at higher ambient temperatures. This experimentation has been carried out at a standard ambient temperature of 25oC to compare the performance results. From Figure 10 it can be seen that hot side temperature increases from 25oC to 36oC during phase 1 and from 25oC to 37oC during phase 2. It can also be seen that cold side temperature varies from 25oC to 0oC in phase 1 and from 25oC to -5oC in phase 2. So the total heat transferred is increased by using solar tracking system that is why the water temperature of 0oC is achieved at 4:30pm in phase 2 while the corresponding water temperature was 1.5oC in phase 1.
3.2.5. Variation of Cooling Rate, Input Power and COP
Fig. 11 illustrates the deviation in input power to the system, chilling rate and the COP of the PR with reference to time for phase 1 and phase 2. It indicates that the COP is directly dependent on the input power and cooling rate of the system. 
It can be observed that the change in cooling load is greatest at the beginning of the run time, and then it is reduced slightly and becomes almost persistent for a long of time interval, then eventually further decreases and then increases slightly. The COP of the system varies with input power and cooling load. The COP has a maximum for the highest cooling load and the lowest input power. In case of SPPR with fixed plates, the maximum and minimum COP values ​​are 1.19, and in the case of solar tracking systems, the maximum and minimum COP values ​​are 2.07 and 0.39.


Figure 10: Comparison of variation in Temperatures with time (phase 1&2)

Figure 18: Comparison of power, cooling rate and COP with time (phase 1&2)

4. CONCLUSIONS 
In this research design and performance improvement of solar powered peltier refrigeration system is presented using solar tracking system. The SPPR can be used commercially and also for domestic purpose. SPPR has more COP values ​​for solar tracking system as compared to fixed panel system. It can be concluded from the results that the peltier cooler performance depends on the solar radiation rate receiving the PV panels. Since the PV panels are connected directly to the PR, hence for the continuous operation of the SPPR solar irradiance is essential. Therefore in remote and sunny areas, where access to the national grid is not possible, it will be most feasible. The SPPR performance is also dependent on the temperature gradient across the two sides of peltier module. The current from PV panels and the solar irradiance has a linear relationship. It was detected that the highest cooling rate was obtained at the start because of the large temperature gradient between the refrigeration space and the product to be refrigerated. The ambient temperature has an effect on the hot side of the thermoelectric module. Thus, by maintaining the SPPR in an air-conditioned room and keeping the ambient temperature constant at 25 °C, very good results were obtained. The highest chilling ability of the thermoelectric refrigerator is about 25°C to 30°C lower than the ambient temperature. The COP value of the thermoelectric cooler is greatest at the beginning of the cooling process because the cooling rate is the largest at the beginning. SPPR is environmentally friendly because it does not use any dangerous and environmentally polluting liquid refrigerant. 
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Tc(F)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	23	21	19	17	15	13	11	10	9	8	7	6	5	4	3.5	3	2.5	2	1.5	1	0.5	0	Th(F)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	26	27	28	29	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35	35	35.5	35.5	36	36	36	Tc(T)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	22	19	15	12	10	8	6	4	3	2	1	0	-0.5	-1	-1.5	-2	-2.5	-3	-3.5	-4	-4.5	-5	Th(T)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	26	28	30	29.5	30.5	31.5	32.5	33.5	33.5	33.5	34.5	34.5	35.5	35.5	36	36	36.5	36.5	36.5	37	37	37	Tw(F)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	23.5	22	20.5	18	16.5	15	13.5	12	11	10	9	8	7	6	5.5	5	4.5	4	3.5	3	2.5	2	Ta(F)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	Tw(T)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	23	20.5	17.5	15	12.5	10	9	8	7	6	5	4	3	2.5	2	1.5	1	0.5	0	0	0	0	Ta(T)	0.29166666666666691	0.31250000000000017	0.33333333333333331	0.35416666666666724	0.37500000000000017	0.39583333333333398	0.41666666666666724	0.43750000000000017	0.45833333333333393	0.47916666666666724	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.5833333333333327	0.60416666666666696	0.62500000000000033	0.64583333333333348	0.6666666666666673	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000033	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	25	Time(Hours)
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P(F)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	50.8	53.535000000000011	55.44	56.682000000000002	59.064	60.048000000000002	60.620000000000012	61.335000000000001	62.92	63.936	64.224000000000004	64.8	63.616	62.3	61.134	59.296000000000056	58.752000000000002	58.05	56.068000000000012	55.282000000000011	53.406000000000006	52.48	51.839999999999996	Qc(F)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	0	14.63	29.259999999999987	43.89	29.259999999999987	43.89	58.52	73.149999999999991	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	58.52	P(T)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	71.55	74.664999999999992	76.45	78.525999999999982	80.910000000000025	82.614000000000004	82.760999999999996	84.75	86.07	87.248000000000005	88.127999999999986	88.433999999999997	86.7	84.524999999999991	83.657999999999987	82.07	80.366	79.52	77.004000000000005	76.175999999999988	73.440000000000026	71.819999999999993	70.61999999999999	Qc(T)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	0	29.259999999999987	43.89	73.149999999999991	87.78	73.149999999999991	58.52	87.78	117.03999999999999	117.03999999999999	117.03999999999999	117.03999999999999	117.03999999999999	102.4100000000001	102.4100000000001	102.4100000000001	102.4100000000001	102.4100000000001	102.4100000000001	102.4100000000001	117.03999999999999	131.66999999999999	146.29999999999998	COP(F)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	0	0.27327916316428552	0.52777777777777779	0.7743198899121414	0.49539482595151063	0.73091526778577165	0.96535796766743642	1.1926306350370912	0.93006993006993	0.91529029029029063	0.91118584952665649	0.90308641975308634	0.9198943661971839	0.93932584269663	0.95724146955867551	0.9869131138694005	0.99605119825708055	1.0080964685615847	1.0437326104016538	1.058572410549546	1.0957570310452029	1.1150914634146338	1.1288580246913613	COP(T)	0.29166666666666713	0.31250000000000039	0.33333333333333331	0.35416666666666713	0.37500000000000039	0.39583333333333398	0.41666666666666752	0.43750000000000039	0.45833333333333393	0.47916666666666752	0.5	0.52083333333333304	0.54166666666666696	0.5625	0.58333333333333259	0.60416666666666696	0.62500000000000089	0.64583333333333404	0.66666666666666763	0.6875	0.70833333333333304	0.72916666666666696	0.75000000000000089	0	0.39188374740507648	0.57410071942446061	0.93153859868069167	1.0849091583240638	0.88544314522962109	0.70709633764695934	1.0357522123893785	1.359823399558497	1.3414634146341458	1.3280682643427741	1.323472872424633	1.3499423298731261	1.2115942028985482	1.2241507088383661	1.2478372121359786	1.2742950999178757	1.2878521126760563	1.3299309126798591	1.3443866834698592	1.593681917211329	1.8333333333333333	2.0716510903426788	Time (Hours)
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