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ABSTRACT

In present study a mathematical model is developed in EES software for single phase Ejector Refrigeration System. The model is then used to determine the performance of natural refrigerants R717 and Propane. The ejector cycle of cooling is very much suitable for the applications where large amount of low-grade heat is released in the environment while refrigeration may also be required in the same application, as it is often the case in the chemical and food processing plants and automobiles. Under such circumstances, non-mechanical, thermally activated ejector machines may represent an excellent mean of heat recovery for cooling. As in coming time the refrigerants having ozone depletion potential and global warming potential will be completely phased out, then the natural refrigerants will have scope of their use in place of present refrigerants. On the basis of above, in present study the analysis of Propane and Ammonia (R717) is carried out.  


For validation of the mathematical / theoretical model, the performance for R11 was simulated on the computer program by varying the evaporator temperature from 277 to 289K, the boiler temperature from 336K to 358K, the condensing temperature from 298 to 303K and by choosing the area ratios (Ar) 4.0, 5.76 and 7.84. The theoretical performance computed using the model is compared with that of experimental data available in the literature. The calculations of the performance of R717 and Propane have been made taking the following operating temperatures:
· Boiler temperatures: 
Tb = 333K, 343K, and 353K,

· Condenser temperatures: 
Tc =298K to 313K in steps of 5K

· Evaporator temperatures: 
Te =268K to 278K in steps of 1K

The results of the above analysis are also compared with the results of Vapour Compression Refrigeration (VCR) cycle. The COP of propane is found more then R717 for all area ratios considered for analysis.

________________________________________________________________________

CHAPTER 1

                    INTRODUCTION

________________________________________________________________________

INTRODUCTION

At present most of the conventional cooling and refrigeration systems are based on mechanical vapour compression system. These vapour compression cycles are working on the high-grade mechanical and electrical energy. The high-grade mechanical and electrical energy is generated most of the time by the combustion of fossil fuels and thus contributes to an increase in greenhouse gases and generation of air pollutants. The excessive use of fossil fuel for energy requirement to operate such processes can lead to problem of ozone layer depletion and global warming due to greenhouse effect.

 The products of combustion have adverse effects on human health and the environment. In past few years the effect of global warming have been seen in various areas, like the reduction in the ice cap of glaciers, changes in the temperature patterns of most of the cities of world, rise in the sea level. The frequent appearance of the cyclones in the costal regions is also having relation with global warming. The high-grade energy is also directly adding more heat to the global warming as most of the energy used in various systems is at last dissipated into the environment, in form of heat.  

Environmental considerations and the need for efficient use of available energy demand the development of the alternate processes, which are based on the use of low-grade energy. These alternate processes adopt entrainment and compression of low-pressure vapour to higher pressures suitable for different systems. In these systems the compression process takes place in absorption, adsorption, chemical or jet ejector vapour compression cycles. Jet ejectors have the simplest configuration among various vapour compression cycles. In contrast to other processes, ejectors are formed of a single unit connected to tubing of motive, entrained and mixture streams. The ejectors also do not have valves, rotors or other moving parts and not has mechanical losses. The ejectors are also available commercially in various sizes and for different applications. Jet ejectors have lower capital and maintenance cost than the other configurations.

The jet ejector cycle also has the drawback as ejectors are designed to operate at a single optimum point. Deviation from this optimum point results in deterioration of the ejector performance. The ejectors also have very low thermal efficiency.

The ejector cycle of cooling is very much suitable for the applications where large amounts of low-grade heat are released in the environment while refrigeration may also be required in the same application, as it is often the case in the chemical and food processing plants and automobiles. Under such circumstances, non-mechanical, thermally activated ejector machines may represent an excellent mean of heat recovery for cooling. Ejector-based heat pumps and refrigerators have been known for a long time, but their potential has not been fully exploited and despite their relatively low efficiency, they remain very attractive mainly because of their simplicity and reduced overall cost. In the last few years, there has been a renewed interest in this technology to be used on its own or in combination cycles with other technologies such as absorption or mechanical compression. The various applications of jet ejectors include refrigeration, air conditioning, removal of non-condensable gases, transport of solids and gas recovery. The function of the jet ejector differs considerably in these processes. For example, in refrigeration and air conditioning cycles, the ejector compresses the entrained vapour to higher pressure, which allows for condensation at a higher temperature. Also, the ejector entrainment process sustains the low pressure on the evaporator side, which allows evaporation at low temperature. As a result, the cold evaporator fluid can be used for refrigeration and cooling functions. As for the removal of non-condensable gases in heat transfer units, the ejector entrainment process prevents their accumulation within condenser or evaporator. The presence of non-condensable gases in heat exchange units reduces the heat transfer efficiency and increases the condensation temperature because of their low thermal conductivity. Also, the presence of these gases enhances corrosion reactions. However, the ejector cycle for cooling and refrigeration has lower efficiency than the Mechanical Vapour Compression units, but their merits are manifested upon the use of low-grade energy that has limited effect on the environment and lower cooling and heating unit cost. 

Although the construction and operation principle of jet ejectors is very simple, the following sections provide a brief summary of the major features of ejectors. This is necessary in order to follow the discussion and analysis that follow. The conventional jet ejector has three main parts: the nozzle; the suction chamber; and the diffuser (Fig. 2). The nozzle and the diffuser have the geometry of converging/ diverging venturi. The diameters and lengths of various parts forming the nozzle, the diffuser and the suction chamber, together with the stream flow rate and properties, define the ejector capacity and performance. The ejector capacity is defined in terms of the flow rates of the motive steam and the entrained vapour. The sum of the motive and entrained vapour mass flow rates gives the mass flow rate of the compressed vapour. As for the ejector performance, it is defined in terms of entrainment, expansion and compression ratios. The entrainment ratio is the flow rate of the entrained vapour divided by the flow rate of the motive steam. As for the expansion ratio, it is defined as the ratio of the motive steam pressure to the entrained vapour pressure. The compression ratio gives the pressure ratio of the compressed vapour to the entrained vapour. The COP of the system can give the overall performance of the ejector system. The effect of various system parameters on COP is studied with the refrigerants R717 and Propane.

______________________________________________________________________

CHAPTER 2

                    LITRATURE REVIEW                       

________________________________________________________________________

LITRATURE REVIEW

Many theoretical and experimental studies have been done to understand the fundamental mechanisms of ejector operation and to understand the effect of various parameters on the performance of ejector cycle. Some of the recent studies, on the heat operated ejector system of refrigeration are reviewed as here under.

Domanski (1995) theoretical analyzed three vapor compression cycles, which are derived from the Rankine cycle by incorporating a liquid-line/suction-line heat exchanger, economizer, and ejector. These addendums to the basic cycle reduce throttling losses using different principles, and they require different mechanical hardware of different complexity and cost. The theoretical merits of the three modified cycles were evaluated in relation to the reversed Carnot and Rankine cycle. Thirty-eight fluids / refrigerants were included in this study. The finding shows that the ejector cycle improves the COP for all refrigerants. The improvement comes from both increased capacity and reduced compression work. The COP improvement is sensitive to the ejector’s efficiency. This dependence increases strongly with the efficiency of the ejector. Menegay and Kornhauser (1996) used an experimental apparatus for the analysis of ejector expansion refrigeration R-12 cycle (EERC), in which an ejector was used to recover part of the work that would otherwise be lost in the expansion valve. As per this study the performance, COP, improvements of 7% to 9% can be expected in for air conditioning and heat pumping applications with the use of single phase ejector in “ejector expansion refrigeration cycle (EERC)”. 

Sun (1996) studied experimentally the effect of variable- geometry of ejectors in achievement of optimal performance. Here the effect of ejector geometries on performance is analyzed. Technical data including flow rates, entrainment ratio and ejector geometry are provided for a 5kW steam-jet refrigerator. These data can be used as guides in designing ejector-cycle refrigerators with other cooling capacities. The experimental and theoretical studies have shown the limitations of fixed-geometry ejector- refrigeration cycles for low COP values and difficulty in achieving optimum performance under various operating conditions. Variable-geometry ejector cycles may be used to overcome these problems. Detailed design data for these variable-geometry ejectors are presented through this study. Sun (1997) also studied a new way for harnessing solar energy, using a combined ejector-vapour compression cycle. This combined cycle brings together the advantages and eliminates the disadvantages of the two common conventional cycles. H20 is used as the refrigerant in the ejector sub-cycle and HFC-134a in the vapour compression sub-cycle. The study shows that the combined cycle is: (i) a potentially high performance system with a potential increase in system COP by more than 50% over the conventional cycles; (ii) a “green” system that conforms to all foreseeable ozone preserving regulations and reduces “green house” effects; and (iii) a cost effective system with low maintenance. The combined cycle uses water in the ejector cycle and HFC-134a in the vapour compression cycle. Sun (1999) compared the performance of eleven refrigerants using the computer simulation program for ejector refrigeration systems. These refrigerants include water (R718), halocarbon compounds, i.e., CFCs (R11, R12, R113), HCFCs (R21, R123, R142b) and HFCs (R134a, R152a), a cyclic organic compound (RC318), and an azeotrope (R500). The results show that a steam jet refrigeration cycle has the lowest COP value. For CFCs, R12 gives better performance; for HCFCs, R142b gives high COP value; the HFC refrigerants tested have comparative performance, with R152a giving the best performance among all the other refrigerants. 

Gokutn (2000) evaluated the optimum performance of an endoreversible heat engine driven combined vapor compression absorption and ejector cycle for refrigeration. This combined cycle brings together the advantages of conventional refrigeration systems. The computer simulation is performed to find out the performance of the cycle. Simulation results show that the combined cycle has a significant increase in system performance over conventional systems. Its COP value is at least 14% higher than its sub-systems. Cizungu et al. (2001) carried out computer simulation of a vapour jet refrigeration system using a one-dimensional model based on mass, momentum and energy balances. The simulated performance of the system was in good agreement with the available experimental performance from the literature. A comparison of system performance is carried out for the same ejector geometry using the environmentally friendly working fluids R123, R134a, R152a and R717 (ammonia). The results suggest that, for different boiler temperatures, the entrainment ratio and the system efficiency (COP) depend mainly on the ejector geometry and the compression ratio. Based on this comparative study, it is concluded by them that all the selected working fluids give more or less the same performance characteristics, depending on the ejector geometry and the operating conditions.

Dessouky et al. (2002) developed a semi-empirical model for design and rating of steam jet ejectors. The model gives the entrainment ratio as a function of the expansion ratio and the pressures of the entrained vapor, motive steam and compressed vapor. Also, correlations are developed for the motive steam pressure at the nozzle exit as a function of the evaporator and condenser pressures and the area ratios as a function of the entrainment ratio and the stream pressures. This allows for full design of the ejector, where defining the ejector load and the pressures of the motive steam, evaporator and condenser gives the entrainment ratio, the motive steam pressure at the nozzle outlet and the cross section areas of the diffuser and the nozzle. Ouzzane and Aidoun (2003) developed a mathematical model and computer programs, this work allow the design and detailed simulation of ejectors for refrigeration and heat pumping. They are particularly suited to handle a large number of deferent refrigerants. Model is also validated against the experimental R141b, has shown very good agreement under all conditions.


Disawas and Wongwises (2004), a new experimental data on the performance of a two-phase ejector refrigeration cycle (TPERC) was taken. In this cycle, a two-phase ejector was used as an expansion device. The TPERC enables the evaporator to operate as in a liquid-recirculation system. The results were compared with those of the conventional refrigeration cycle (CRC). The effects of external parameters, i.e., heat sink and heat source temperatures on the system performance are discussed as: 1) The motive mass flow rate of the ejector was highly dependent on the heat sink temperature and independent of the heat source temperature. 2) The heat source and heat sink temperatures have a significant effect on the cooling capacity. 3) The TPERC shows an improvement in the COP during low heat sink temperature. However, the improvement becomes relatively less as the heat sink temperature increases. 4) The compressor pressure ratio and the discharge temperature of the TPERC are lower than those of the CRC. This results in better lubrication and an increased lifespan.

 Aidoun and Ouzzane (2004) are also made a one-dimensional computer simulation model, based on a forward solution technique of the marching conservation equations has been used to study ejector operation and performance in a large range of important refrigeration working conditions. Operation parameters such as the entrainment ratio u, compression ratios Pexit/Pev, Pb/Pexit and the geometric ratio (D/Dc) were found to significantly affect performance. The use of this model has allowed us to perform simulation studies of ejector operation in the case of refrigeration and heat pumping applications. The model makes use of the NIST database and subroutines for thermo-physical, as well as transport properties of the refrigerants currently available. The simulation runs undertaken have shown that for fixed ejector dimensions, operating conditions greatly affect the performance as well as the overall ejector behavior. Wongwises and Disawas (2005) experimentally studied, the system Performance of the two-phase ejector refrigeration cycle (TPERC). The TPERC uses a two-phase ejector as an expansion device while the conventional refrigeration cycle (CRC) uses an expansion valve. The experimental study shows that the TPERC gives a higher cooling capacity and a higher coefficient of performance. Moreover, the pressure ratio and the discharge temperature of the compressor of the TPERC are lower than those of the CRC.
Sankarlal and Mani (2007) had developed studied an ejector refrigeration system. In this study, performance of ejector refrigeration system has been experimentally studied with three different area ratio ejectors by varying operational parameters namely generator, condenser and evaporator temperatures. Effect of non-dimensional parameters like compression ratio, expansion ratio and area ratio on the system performance is studied. Entrainment ratio and coefficient of performance of the system increase with increase in ejector area ratio and expansion ratio and they increase with decrease in compression ratio. 

Deng et al. (2007) In their study describes a theoretical analysis of a trans-critical CO2 Ejector Expansion Refrigeration Cycle (EERC) that uses an ejector as the main expansion device instead of an expansion valve. The computer modeling of the ejector expansion cycle based on one unit of mixture refrigerant mass in the ejector is used in this study for analysis of the performance of cycle. The performance of the ejector expansion cycle, internal heat exchanger cycle and convention cycle for various is compared in this study. Nehdi et al. (2007) carried out a computer simulation of the improved cycle using a one-dimensional model based on mass, momentum and energy balances. Refrigerant characteristics were evaluated using NIST subroutines for equations of state solutions. According to the results of simulation of the improved cycle, it has been shown that the geometric parameters of the ejector design have considerable effect on the system’s performance. the best performances are obtained with R141b. Compared with the standard cycle the COP of the improved cycle shows an increase of about 22%. Chaiwongsa and Wongwises (2007) studied three two-phase ejectors, used as an expansion device in the refrigeration cycle. The effects of throat diameter of the motive nozzle, on the coefficient of performance, primary mass flow rate of the refrigerant, secondary mass flow rate of the refrigerant, recirculation ratio, average evaporator pressure, compressor pressure ratio, discharge temperature and cooling capacity, are studied. They also discuss the effects of the heat sink and heat source temperatures on the system performance.  In an earlier study, 



From the review of the studies done on the use of ejector refrigeration system it is observed that a lot of work is being carried out by the various researchers in this direction.  The various studies can be categorized in following basic classes, subsonic and supersonic flow and single-phase flow. Other class of the studies is the use of ejector as an expansion device in the vapour compression refrigeration system. A further advance class of study includes the use of Ejector and Generator in place of compressor for refrigeration using waste heat from other processes.



Some of the studies are experimental in which the performance of Ejector systems are analyzed using various refrigerants, in some studies the optimum ejector geometries are studied for a given refrigerant fluid. In recent studies various researchers have carried out the performance of environment friendly refrigerants. 

                     From the review of the related research it is observed that heat operated ejector refrigeration system is an upcoming area. However most of the work is done on CFC, HCFC and HFC refrigerants and limited work is done on natural refrigerants. HFC refrigerants though have zero Ozone depletion potential yet their global warming potential (GWP) is high. Now a days the environmental impact of global warming is a big concern among environmentalists and even general people. So the coming time is the time of refrigerants, which are having least effect on environment i.e. having zero ODP and low GWP. Hence natural refrigerants R717 and Propane are chosen for the analysis in the present study. These refrigerants have negligible impact on the environment.

  Some work has been done on R717, but with Propane in Ejector refrigeration system no work has been done so far. As in coming time the refrigerants having ozone depletion potential and global warming potential will be completely phased out, then the natural refrigerants will be used in place of present refrigerants. In the light of above, in present study the analysis of natural refrigerants Propane and Ammonia (R717) is carried out with heat operated Ejector Refrigeration cycle.  

________________________________________________________________________

CHAPTER 3

THEMODYNAMIC ANALYSIS OF THE EJECTOR SYSTEM

________________________________________________________________________

THERMODYNAMIC ANALYSIS

A system analysis of ejector refrigeration system is carried out in the present study. Governing equations based on the balance of mass, momentum and energy are derived for components of the system.
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Fig.1: Schematic diagram of Ejector refrigeration system
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Fig. 2: Schematic diagram of Ejector showing various sections
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Fig. 3 Ejector refrigeration system on T-S diagram
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Fig.4 Ejector refrigeration system on P-H diagram

Analysis of the ejector

The ejector under consideration is shown in the above Figure. The motive flow from the condenser enters the ejector at a relatively high pressure and zero velocity, i.e. stagnation condition corresponding to state (0) and expands to a pressure at state (1). The secondary flow from the evaporator is then induced into the ejector by the low-pressure flow at its nozzle exit. Both fluids mix together in the mixing chamber section. The mixed flow at the end of the mixing duct state is discharged into a diffuser, and then the diffused flow exits from the ejector to the condenser. 

Assumptions made for analysis

To simplify this analysis, the following assumptions are made in this study:

1. The refrigerant was at all times in thermodynamic quasi-equilibrium.

2. Characteristics and velocities were constant over cross section (one-dimensional model of flow).

3. All fluid characteristics are uniform over the cross section after complete mixing at the exit of the mixing tube.

4. There is no external heat transfer.

5. Mixing occurs at constant pressure in the ejector-mixing region with the assumption that the fluid momentum is conserved. 

6. The system is in thermodynamic equilibrium. All flow processes are analyzed based on their average velocities and temperatures. 

7. One-dimensional steady state flow of saturated vapor.

8. Losses in the mixing chamber are represented by a friction factor; the losses in the primary nozzle, secondary nozzle and the diffuser are taken into account by assuming respective sub-component efficiencies.

9. At the entrance of the cylindrical mixing tube, the suction fluid velocity reaches the speed of sound (choking condition)

The variation in the fluid velocity, enthalpy and pressure as a function of location inside the ejector is explained in the below passage:

· The motive steam enters the ejector with a negligible subsonic velocity.

· As the stream flows in the converging part of the ejector, its pressure is reduced and its velocity increases. 

· The increase in the cross section area in the diverging part of the nozzle results in an increase in its velocity to supersonic conditions.

· At the nozzle outlet plane, point (3), the motive steam pressure becomes lower than the entrained vapor pressure and its velocity increases.

· The entrained vapor at point (e) enters the ejector, where its velocity increases and its pressure decreases to that of point (3). The flow of the entrained fluid reaches the sonic velocity or at chocking condition

· The motive steam and entrained vapor streams may mix within the suction chamber and the constant cross section area of the mixing chamber, where mixing occurs.

· In either case, the mixture goes through a shock inside the constant cross section area of the diffuser. The shock is associated with an increase in the mixture pressure and reduction of the mixture velocity to subsonic conditions, point (4). The shock occurs because of the backpressure resistance of the condenser.

· As the subsonic mixture emerges from the constant cross section area of the diffuser, further pressure increase occurs in the diverging section of the diffuser, where part of the kinetic energy of the mixture is converted into pressure. 

Thermodynamic analysis of the ejector

In present study a mathematical model is developed in EES (Klein, 2006) software for single phase Ejector Refrigeration. The model then used to determine the performance of Natural refrigerants R717 and Propane.

· The condition of the fluid at various sections of ejector:

Boiler side entry: - Tb; Vb=0    and   Pb, Hb, Sb, are for saturated vapour at Tb 

Evaporator side entry: - Te; Ve=0    and   Pe, He, Se, are for saturated vapour at Te
Exit of primary nozzle: - 

Primary fluid: - Pp3, Vp3, Hp3 (after expansion through nozzle)

Suction fluid: - Ps3, Vs3, Hs3    (after suction, applying chocking condition)

After mixing in mixing tube: - Pm, Vm, Hm            

After normal shock: - Py, Vy, Hy
Exit of diffuser: - Pd, Vd, Hd

· Applying chocking condition for suction flow at entry of mixing chamber, i.e. point ‘3’ 

  Critical pressure ratio
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As per the assumptions the exit pressure of nozzle is uniform


                                   Ps3=Pp3                                                                (3)

· Calculation of suction flow velocity at entry to the mixing chamber

 Enthalpy after isentropic expansion 
  

                                              Hs3i=H (Ps3, Se)                                              
    (4)

Now actual enthalpy after expansion considering losses
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· Calculation of mass flow rate of suction fluid

 Area of flow of suction fluid at point ‘3’ 


                               As3= (Am-Ap3)                                                     
(7) 

 Density of suction fluid at point ‘3’
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· Calculation of velocity of primary fluid at exit of nozzle

Enthalpy after isentropic expansion 
  

                                 Hp3i=H (Pp3, Sb)                                                          
(10)

Now actual enthalpy after expansion considering losses
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· Calculation of mass flow rate of primary fluid

Density of primary fluid at point ‘3’
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· Calculation of entrainment ratio and total mass flow rate
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· Now calculation of condition after mixing in the mixing chamber        

Applying momentum balance on the fluids entering the mixing chamber

Pressure rise after mixing= momentum before mixing – momentum after mixing
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Rearranging the above equation using (15) and (16)
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 Applying energy balance on the fluids entering the mixing chamber

     Stagnation enthalpy after mixing= Stagnation enthalpy before mixing
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         Rearranging the above equations using (15) and (16)
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  Density of fluid after mixing 
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 Mass flow rate after mixing
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· Initial value of ‘Pm’ is assumed equal to Ps3, and then by iteration actual value of ‘Pm’ calculated, which satisfies the mass balance i.e. 
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Mach No of flow after mixing
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· Calculation for the condition of fluid after shock in the mixing chamber, If Mach no. of fluid in the mixing chamber Ma is more than 1

 From continuity equation
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From momentum equation
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  From energy equation
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 Pressure ratio across shock
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· The condition of fluid at the end of mixing chamber, If Mach no. of fluid in the mixing chamber Ma is less than 1





Hy=Hm






(30)





Py=Pm






(31)





Vy=Vm






(32)
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· The condition of fluid at the exit of diffuser
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· Assuming constant pressure mixing and neglecting velocity of the fluid at the diffuser exit, the entrainment ratio can be deduced as
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· Neglecting the pump work, the COP is defined as the ratio of refrigerating effect to the heat supplied to the boiler
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Computational procedure  

The flow diagram in the figure 5, indicates the brief logical procedure of the solution of above thermal analysis of ejector. For the given ejector geometry and the given operating conditions Tb, Tc, Te and Pb, Pc, Pe the above equations are solved by the prepared software. The chocking condition applied to the suction fluid at the entrance of the mixing chamber, the pressure at the chocking point Ps3 is determined through critical pressure ratio.



Considering assumption of uniform pressure mixing the exit pressure of primary and suction fluid is also taken same, Pp3=Ps3. By the exit pressure and efficiencies of the nozzle flow, the condition of both primary and suction fluid is determined. The exit fluid velocities, Vp3 and Vs3 are also determined using the area of the flow passage of the primary and suction fluid.  The condition of the fluid after mixing, Hm and Vm, are evaluated by incremental iteration assuming a random value of Pm. The criteria taken for the iteration of Pm is the conservation of mass flow before and after mixing. The condition of the flow in the mixing chamber is also checked for the normal shock. If the mach no of flow of mixture is more then 1, then the fluid parameters are calculated across the shock. At the end the diffuser exit condition Hd and Vd are also determined from the energy balance and mass balance. Finally the entrainment ratio and COP are calculated.


                      

Fig.5 Flow Diagram for computation procedure for Ejector

The input parameters taken for computation

Ejector Parameters: (From Sankarlal and Mani, 2007)

	S no.
	Parameter
	Ejector 1
	Ejector 2
	Ejector 3

	1
	Area Ratio
	Ar.
	7.84
	5.76
	4.00

	2
	Primary nozzle throat dia.
	dt
	0.5
	0.8
	1

	3
	Exit dia.of primary nozzle
	dp
	0.8
	1.3
	1.7

	4
	Dia. of mixing chamber
	dm
	1.4
	1.9
	2

	5
	Length of mixing chamber
	Lm
	14
	19
	20

	6
	Exit dia.of diffuser
	Ld
	11.5
	16.2
	17.2

	7
	Mixing nozzle length
	Lx
	0
	0
	0

	8
	Angle of diffuser
	
[image: image44.wmf]q


	3o
	3o
	3o

	9
	Angle of mixing nozzle
	B
	0o
	0o
	0o


The efficiencies of the Ejector: 

Primary nozzle Efficiency
=95%

Suction Nozzle Efficiency
=95%

Diffuser Efficiency:

=95%

The refrigerants taken for study:
For validation of the program calculations: - 
R11

For performance analysis: -

R717 and Propane

The temperature parameters for study:
Boiler temperatures: - 

Tb = 333K, 343K, and 353K,

Condenser temperatures: - 
Tc =298K to 313K in steps of 5K

Evaporator temperatures: - 
Te =268K to 278K in steps of 1K
________________________________________________________________________

CHAPTER 4

RESULTS AND DISCUSSION

________________________________________________________________________

RESULTS AND DISCUSSION

Reference calculations

 For validation of the program w.r.t R11 and R717

For validation of the mathematical / theoretical model, the performance for R11 was simulated on the computer program by varying the evaporator temperature from 277 to 289K, the boiler temperature from 336K to 358K, the condensing temperature from 298 to 303K and by choosing the area ratios (Ar) 4.0, 5.76 and 7.84. The theoretical performance computed using the model is compared with that of experimental data available in the work of Cizungu et al. (2001).  

Fig. 6a and fig. 6b shows the variation of entrainment ratio with compression ratio for area ratio 4.0 and 5.76 respectively for R11. The corresponding temperatures are Tb = 340K, and Tc = 303K, for fig. 6a and Tb = 351.5K, and Tc = 303K for fig. 6b. Since the condensing temperature Tc is fixed, the evaporator temperature Te is the variable (Te=273 to 283K for fig. 6a and Te=273.5 to 286.5K for fig.6b). It can be seen that the simulated performance of the model agrees well with the experimental performance in the range of the operating conditions and ejector geometry considered. Fig. 7b shows the variation of COP of the ejector refrigeration system with boiler temperature. The COP of the system is computed corresponding to the experimental performance of ejector configuration of Ar= 4.0, 5.76 and 7.84 at Tc = 300.7K, and Te=281.8K; the respective boiler temperatures are Tb=336K, 347K and 357.5K. It can be observed that the theoretical COP of the simulated model agrees fairly well with the experimental data from the literature mentioned above. Fig. 7b depicts the variation of COP with the evaporator temperature for the given conditions of Tb=353K, Tc=302K and Ar=5.76. It can be seen that the COP increases as the evaporator temperature increases. The computed COP of the model agrees well with the experimental COP from the data in literature mentioned above.


Fig. 8 shows the variation of COP with compression ratio for Ar=4.0 and boiler temperature Tb=333K and similarly fig. 9 shows for Boiler temperature Tb=343K, for R717.  The corresponding evaporator and condenser temperatures are varied as, Te= 268 to 278K, and Tc = 298 to 313K. It can be seen from the figures that the simulated performance of the program developed under study is agrees well with the reference performance in the range of the operating conditions and ejector geometry.  


So from the above validations the program developed for the heat operated ejector refrigeration system is giving result that are agreeing fairly well with the reference data available in the literature. So this program can be used for study the performance of such ejector refrigeration system with the various refrigerant fluids or the refrigerants under study i.e. R717 and Propane. 

Calculations for R717 and Propane
The calculations of the performance of R717 and Propane have been made taking the following operating temperatures:

· Boiler temperatures: 
Tb = 333K, 343K, and 353K,

· Condenser temperatures: 
Tc = 298K to 313K in step of 5K

· Evaporator temperatures: 
Te =268K to 278K in step of 1K
The performance analysis of the heat operated ejector refrigeration system is given here under

Performance of R717 with Ejector of Ar=4.0

For boiler temperature Tb=333K the COP of the system is varying from 0.06 to 0.34 for Tc= 298K and 0.01 to 0.14 for Tc=303, as shown in fig. 10 and 11. At these parameters the COP increases with increase in evaporator temperature or compression ratio. For condenser temperature 303K the COP values are low as given above, and if the condenser temperature further increased, COP becomes zero.



At Tb=343K the fig 12, 13 and 14 indicates that the COP of the system, at Tc=298K is 0.11 to 0.41, at Tc=303K is 0.01 to 0.22. The effect of condenser and evaporator temperature on the COP is same as above. At this boiler temperature the COP is not zero up-to Tc=308K, but have values lower then 0.1. The COP of the system at the boiler temperature Tb=353K (fig. 15, 16, 17), Tc=298K is 0.15 to 0.48, at Tc=303K is 0.5 to 0.26, and at Tc=308K is less than 0.13, with higher condenser temperatures Tc=313K the COP is zero.

Performance of R717 with Ejector of Ar=5.76

For boiler temperature Tb=333K the COP of the system, at Tc=298K is 0.03 to 0.28 and at Tc=303K is less then 0.1, as shown in fig. 18 and fig. 19. At these parameters the COP increases with increase in evaporator temperature or compression ratio. For condenser temperature Tc=308K and more the COP becomes zero.



At Tb=343K the fig. 20 and 21 indicates that the COP of the system, at Tc=298K is 0.08 to 0.36 and at Tc=303K is 0.01 to 0.16. At this boiler temperature the COP is zero at Tc=308K. The COP of the system with the boiler temperature Tb=353K (fig. 22, 23, 24), at Tc=298K is 0.13 to 0.44 and at Tc=303K is 0.03 to 0.24 but at higher condenser temperatures (Tc = 308K and 313K) the COP is not more then 0.1.

Performance of R717 with Ejector of Ar=7.84

For boiler temperature Tb=333K the COP of the system, at Tc=298K is 0.02 to 0.27 and at Tc=303K is less then 0.1 as shown in fig. 25 and fig. 26. For condenser temperature Tc=308K and 313K the COP becomes zero.



At Tb=343K the fig 27 and 28 indicates that the COP of the system, at Tc=298K is 0.07 to 0.36 and at Tc=303K is 0.01 to 0.16. The COP is zero at Tc=308K and 313K. At boiler temperature Tb=353K (fig. 29, 30, 31) the COP of the system, at Tc=298K is 0.13 to 0.42 and at Tc=303 is 0.02 to 0.22, but at higher condenser temperatures (Tc > 308K) the COP is not more then 0.1.



So from the above discussion it can be concluded that, for a particular boiler temperature the COP decreases with increase in condenser temperature. Also for a particular boiler temperature the COP of the system is high at Ar=4.0, then COP at Ar=5.76, and minimum at Ar=7.84 keeping all other parameters same as elaborated in figs. 32, 33, 34, and 37. These figures show the comparison of COP with ejectors refrigeration system of different area ratio with R717. These figures show that the COP is higher for Ar=4.0, keeping all other parameters same, and the COP at Ar=5.76 is at second number, and with a little difference COP at Ar= 7.84 is minimum. The magnitude of the difference is about 50% at maximum and about 10% at minimum, depending on evaporator temperature.



The effect of condenser temperature Tc and Tb on the COP is shown in the fig. 35 and 36. This indicates that the COP reduces very rapidly with increase in the Tc,  as there is approximately 20% decrease in COP with 1K rise in Tc. This means, the COP of the ejector refrigeration system is very sensitive to the change in condenser temperature. The COP increases with the increase in the boiler temperature Tb, the COP rise is about 5% to 7% with 1K rise in Tb. 

RESULT DISCUSSION WITH PROPANE

Performance of Propane with Ejector of Ar=4.0

For boiler temperature Tb=333K the COP of the system is varying from 0.08 to 0.37 as shown in fig. 38. For condenser temperature Tc=303K the COP values are varying from 0.001 to 0.18 as shown in fig. 39. The COP values are less than 0.05 for Tc=308K (Fig. 40), and if the condenser temperature further increased, COP becomes zero.


At Tb=343K the fig 41, 42 and 43 indicates that the COP of the system, at Tc=298K is 0.12 to 0.42, at Tc=303K is 0.025 to 0.225, and at Tc=308K less then 0.1. At boiler temperature Tb=353K (fig. 44, 45, 46, 47), the COP of the system, at Tc=298K is 0.14 to 0.45, at Tc=303K is 0.05 to 0.26, at Tc=308K is 0.01 to 0.13 but have values lower then 0.05 at TC=313. 

Performance of Propane with Ejector of Ar=5.76

For boiler temperature Tb=333K the COP of the system, at Tc=298K is 0.07 to 0.38, at Tc=303K is 0.01 to 0.18, and less than 0.1 at Tc=308K, as shown in fig. 48, fig. 49 and fig. 50.



At Tb=343K the fig 51 and 52 indicates that the COP of the system, at Tc=298K is 0.12 to 0.41, at Tc=303K is 0.02 to 0.22 and less then 0.01 at Tc=308K (fig. 53). The COP of the system at boiler temperature Tb=353K (fig. 54, 55, 56), at Tc=298K is 0.14 to 0.43, at Tc=303K is 0.05 to 0.25, at Tc=308K it is 0.01 to 0.12 but at Tc=313K the COP is less than 0.05.

Performance of Propane with Ejector of Ar=7.84

For boiler temperature Tb=333K the COP of the system, at Tc=298K is 0.1 to 0.57, at Tc=303K is 0.005 to 0.31, and at Tc=308K is 0.02 to 0.14, as shown in fig. 58, 59 and 60. If the condenser temperature further increased, COP becomes zero.



At Tb=343K the fig 61, 62 and 63 indicates that the COP of the system, at Tc=298K is 0.13 to 0.47, at Tc=303K is 0.04 to 0.27, and at Tc=308K is 0.001 to 0.13. At boiler temperature Tb=353K (fig. 64, 65, 66, 67), the COP of the system, at Tc=298K is 0.15 to 0.47, at Tc=303K is 0.06 to 0.27, at Tc=308K is 0.001 to 0.14, and at Tc=313K is less than 0.05.



So from the above discussion it can be concluded that, for a particular boiler temperature the COP decreases with increase in condenser temperature.  Also for a particular boiler temperature the COP of the system is high at Ar=7.84, then COP at Ar=4.0, and minimum at Ar=5.76 keeping all other parameters same as elaborated in figs. 68, 69, 70, and 73. These figures show the comparison of COP with ejectors refrigeration system of different area ratio with Propane. These figures show that the COP is higher for Ar=7.84, keeping all other parameters same, and the COP at Ar=4.0 is at second number, and difference COP at Ar=5.76 is minimum. So for the ejector systems working with Propane, the Ar=7.84 is superior than other ara ratios considered for analysis.

            The difference in the COP at different area ratio is not prominent at Tb=353K (approximately 5% to 10%) but it increases at low boiler temperatures. The difference is maximum at Tb=333K (approximately 20% to 35%), as shown in fig. 68, 69 and 70.



The effect of condenser temperature Tc and Tb on the COP is shown in the fig. 71 and 72. This indicates that the COP reduces very rapidly with increase in the Tc, as there is approximately 20% decrease in COP with 1K rise in Tc. This means, the COP of the ejector refrigeration system is very sensitive to the change in condenser temperature. The COP increases with the increase in the boiler temperature Tb, the COP rise is about 5% to 7% with 1K rise in Tb. 

Performance Comparison R717 and Propane

Comparison for Area Ratio Ar=4

The COP of the R717 is more then Propane, for Tb=333K, Tc=303K (0.04 to 0.15 more, Fig. 75), and for Tb=353K, Tc=298K (0.01 to 0.025 more, fig. 78). For all other parameters the COP of propane is more, but not having much difference (Fig. 74, 77, 78 79, 81) and it is almost same for Tb=343K, Tc=298K and Tb=353K, Tc=303K (Fig. 76, 80). For this area ratio the COP is not having much difference.
Comparison for Area Ratio Ar=5.76

The COP of propane is again more for the combinations of Tb, Tc: 333K, 298K (0.05 to 0.1 more); 333K, 303K (0.06 to 0.08 more); 343K, 303K (0.04 more); 353K, 308K (0.03 more), as given in the fig.82, 83, 85 and 88. The COP is not significant difference for Tb, Tc: (343K, 298K; 353K, 298K; 353K, 303K), as given in the fig.84, 86 and 87. The difference in COP of the refrigerants is less for combination of high boiler temperature and low condenser temperatures. For low boiler temperatures and high condenser temperatures the COP of propane difference is more. 

Comparison for Area Ratio Ar=7.84

For this ejector configuration at Tb=353K and Tc=298K (fig.93), the COP of propane is more than R717 but difference is small (0.02 to 0.05). For all other combinations of the parameters under study the COP of Propane is higher then the R717 and difference varies as, at Tb, Tc: 333K, 298K (0.08 to 0.3 more); 333K, 303K (0.1 to 0.2 more); 343K, 298K (0.05 to 0.1 more); 343K, 303K (0.05 to 0.1 more); 353K, 303K (0.04 to 0.05 more); 353K, 308K (0.04 more), as shown in fig. 89, 90, 91, 92, 94 and 95.

So from the comparative data it is evident that for low area ratio the COP of Propane is more than R717 but difference is small, the difference in performance increases with increase in Area Ratio. For all area ratios the COP of Propane is higher for most of the combinations of parameter taken for study. 

Performance Comparison with VCRS

From the analysis of the comparison data of Ejector Refrigeration system (ERS) and VCRS, it is observed that the COP of the ERS is not more then the 10% of COP VCRS under the parameters taken for study. Further it also indicates that the COP of ERS is very sensitive to the evaporator and condenser temperature, and it maximum performance is there for some fixed parameters. If the temperature parameter changes from optimum point then its COP reduces drastically. The comparison of both systems is shown in the fig. 96 to 102.

____________________________________

CHAPTER 5

CONCLUSIONS AND SCOPE FOR FUTURE REASEARCH ____________________________________

CONCLUSIONS

In present work, the performance analysis of a heat operated ejector refrigeration system is done with natural refrigerants R717 and Propane. The discussion and analysis of the obtained results permit the following remarks:

1. The COP of propane is higher than R-717 for same ejector and temperature parameters.  

2. The COP of R-717 is high for area ratio Ar=4.0, reduces at Ar=5.76 and Ar=7.84 by 0.03 to 0.05.  The COP at Ar=5.76 is more than Ar=7.84 by 0.01.  

3. The COP of Propane is high for area ratio Ar=7.84, reduces at Ar=5.76 and Ar=4.0 by 0.02 to 0.2.  The COP at Ar=4.0 is more than Ar=5.76 by 0.01.

4. The COP for both, R717 and Propane is high for higher boiler temperature and low condenser temperatures. 

5. The COP for both, R717 and Propane with ejector refrigeration system is very sensitive to the change in condenser temperature

6. The COP for both, R717 and Propane reduces with increase in the boiler or heat source temperature. 

7. For low area ratio the COP of Propane and R717 is not having much difference but for high area ratios the propane is better then R717.

8. The COP of ERS not more then the 10% of COP of VCRS for same parameters. The COP of ERS is also relatively more sensitive to the evaporator temperature then VCRS.

In conclusion, the natural refrigerants Propane and R717 can be used for refrigeration, by selecting optimum or suitable ejector for the given conditions, at the places where a lot of low-grade heat is available in plenty amount. The ERS system efficiencies are low compared to VCRS, but it will have advantage over VCRS as it works on low-grade heat in place of high-grade mechanical work.
SCOPE FOR FUTURE WORK
· Performance analysis of these natural refrigerants with experimental ejector refrigeration system.

· The study for finding out the optimum geometry of the ejector with propane and other natural refrigerants.

· The similar performance analysis can be done with other natural refrigerants like Propylene etc.
· Performance comparison of the ejector refrigeration system with different natural refrigerant.
________________________________________________________________________

FIGURES
________________________________________________________________________
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[image: image46.emf]Fig. 6b  Comparison of Calculated Entrainment Ratio with reference 

Experimental data for R11 

At Ar=4.0; Tb=67; Tc=30; Te=0 - 10
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[image: image47.emf]Fig. 7a: Comparison of Calculated Effect of Evaporator temperature on 

COP with reference Experimental data for R11 at Area Ratio=5.76,

 Tb=353K and Tc=302K 
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[image: image48.emf]Fig. 7b: Comparison of Calculated Effect of Boiler temperature on COP with 

reference Experimental data for R11 at Te=281.8K and Tc=300.7K
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[image: image49.emf]Fig. 8  Comparison of Calculated COP with reference Data For R717;

 at Ab=333K and Ar=4
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[image: image50.emf]Fig. 9  Comparison of Calculated COP with reference data For R717;

 at Tb=243K and Ar=4
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[image: image51.emf]Fig. 10  COP of R717

at Ar=4, Tb=333, Tc=298

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

2.831 2.723 2.62 2.522 2.428 2.338 2.253 2.171 2.093 2.018 1.946

Compression Ratio

COP


[image: image52.emf]Fig. 11  COP of R717

at Ar=4, Tb=333, Tc=303
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[image: image53.emf] Fig. 12  COP of R717

at Ar=4, Tb=343, Tc=298
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[image: image54.emf]Fig. 13  COP of R717

at Ar=4, Tb=343, Tc=303
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[image: image55.emf]Fig. 14  COP of R717 

at Ar=4, Tb=343, Tc=308
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[image: image56.emf]Fig. 15 COP of R717 

at Ar=4, Tb=353, Tc=298
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[image: image57.emf]Fig. 16  COP of R717 

at Ar=4, Tb=353, Tc=303
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[image: image58.emf]Fig. 17  COP of R717

at Ar=4, Tb=353, Tc=308
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[image: image59.emf]Fig. 18 COP of R717

at Ar=5.76, Tb=333, Tc=298
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[image: image60.emf]Fig. 19  COP of R717 

at Ar=5.76, Tb=333, Tc=303
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[image: image61.emf]Fig. 20 COP of R717

at Ar=5.76, Tb=343, Tc=298
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[image: image62.emf]Fig. 21  COP of R717

at Ar=5.76, Tb=343, Tc=303
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[image: image63.emf]Fig. 22  COP of R717

at Ar=5.76, Tb=353, Tc=298
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[image: image64.emf]Fig. 23  COP of R717

at Ar=5.76, Tb=353, Tc=303
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[image: image65.emf]Fig. 24  COP of R717

at Ar=5.76, Tb=353, Tc=308
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[image: image66.emf]Fig. 25  COP of R717 

at Ar=7.84, Tb=333, Tc=298
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[image: image67.emf]Fig. 26  COP of R717 

at Ar=7.84, Tb=333, Tc=303
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[image: image68.emf]Fig. 27  COP of R717 

at Ar=7.84, Tb=343, Tc=298
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[image: image69.emf]Fig. 28  COP of R717 

at Ar=7.84, Tb=343, Tc=303
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[image: image70.emf]Fig. 29  COP of R717 

at Ar=7.84, Tb=353, Tc=298
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[image: image71.emf]Fig. 30  COP of R717 

at Ar=7.84, Tb=353, Tc=303
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[image: image72.emf]Fig. 31  COP of R717 

at Ar=7.84, Tb=353, Tc=308

0

0.1

0.2

0.3

0.4

0.5

0.6

3.812 3.667 3.528 3.396 3.27 3.149 3.034 2.923 2.818 2.717 2.621

Compression Ratio

COP


[image: image73.emf]Fig. 32  COP Comparison of R717 at different Area Ratio and 

at Tb=353, Tc=298
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[image: image74.emf]Fig. 33  COP Comparison of R717 at different Area Ratio and 

at Tb=343, Tc=298
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[image: image75.emf]Fig. 34  COP Comparison of R717 at different Area Ratio and 

at Tb=333, Tc=298
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[image: image76.emf]Fig. 35  The Effect of Condenser Temprature on COP of R717

at Tb=343, Te=273 and Ar=7.84
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[image: image77.emf]Fig. 36  Effect of Boiler Temperature on COP of R717

at Tc=298, Ar=7.84, Te=273
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[image: image78.emf]Fig. 37  Effect of Area Ratio on the COP of R717

at Tb=333, Tc=298, Te=273
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[image: image79.emf]Fig. 38  COP of Propane 

at Ar=4, Tb=333, Tc=298
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[image: image80.emf]Fig. 39  COP of Propane 

at Ar=4, Tb=333, Tc=303
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[image: image81.emf]Fig. 40  COP of Propane 

at Ar=4, Tb=333, Tc=308
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[image: image82.emf]Fig. 41  COP of Propane 

at Ar=4, Tb=343, Tc=298
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[image: image83.emf]Fig. 42  COP of Propane 

at Ar=4, Tb=343, Tc=303
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[image: image84.emf]Fig. 43  COP of Propane 

at Ar=4, Tb=343, Tc=308
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[image: image85.emf]Fig. 44  COP of Propane 

at Ar=4, Tb=353, Tc=298
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[image: image86.emf]Fig. 45  COP of Propane 

at Ar=4, Tb=353, Tc=303
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[image: image87.emf]Fig. 46  COP of Propane 

at Ar=4, Tb=353, Tc=308
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[image: image88.emf]Fig. 47  COP of Propane 

at Ar=4, Tb=353, Tc=313
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[image: image89.emf]Fig. 48  COP of Propane 

at Ar=5.76, Tb=333, Tc=298
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[image: image90.emf]Fig. 49  COP of Propane 

at Ar=5.76, Tb=333, Tc=303
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[image: image91.emf]Fig. 50  COP of Propane 

at Ar=5.76, Tb=333, Tc=308
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[image: image92.emf]Fig. 51  COP of Propane 

at Ar=5.76, Tb=343, Tc=298
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[image: image93.emf]Fig. 52  COP of Propane 

at Ar=5.76, Tb=343, Tc=303
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[image: image94.emf]Fig. 53  COP of Propane 

at Ar=5.76, Tb=343, Tc=308
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[image: image95.emf]Fig. 54  COP of Propane 

at Ar=5.76, Tb=353, Tc=298
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[image: image96.emf]Fig. 55  COP of Propane 

at Ar=5.76, Tb=353, Tc=303
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[image: image97.emf]Fig. 56  COP of Propane 

at Ar=5.76, Tb=353, Tc=308
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[image: image98.emf]Fig. 57  COP of Propane 

at Ar=5.76, Tb=353, Tc=313
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[image: image99.emf]Fig. 58  COP of Propane 

at Ar=7.84, Tb=333, Tc=298
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[image: image100.emf]Fig. 59  COP of Propane 

at Ar=7.84, Tb=333, Tc=303
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[image: image101.emf]Fig. 60  COP of Propane 

at Ar=7.84, Tb=333, Tc=308
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[image: image102.emf]Fig. 61  COP of Propane 

at Ar=7.84, Tb=343, Tc=298
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[image: image103.emf]Fig. 62  COP of Propane 

at Ar=7.84, Tb=343, Tc=303
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[image: image104.emf]Fig. 63  COP of Propane 

at Ar=7.84, Tb=343, Tc=308
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[image: image105.emf]Fig. 64  COP of Propane 

at Ar=7.84, Tb=353, Tc=298
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[image: image106.emf]Fig. 65  COP of Propane 

at Ar=7.84, Tb=353, Tc=303
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[image: image107.emf]Fig. 66  COP of Propane 

at Ar=7.84, Tb=353, Tc=308
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[image: image108.emf]Fig. 67  COP of Propane 

at Ar=7.84, Tb=353, Tc=313
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[image: image109.emf]Fig. 68  COP Comparison of Propane at different Area Ratio and 

at Tb=353, Tc=298
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[image: image110.emf]Fig. 69  COP Comparison of Propane at different Area Ratio and 

at Tb=343, Tc=298
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[image: image111.emf]Fig. 70  COP Comparison of Propane at different Area Ratio and 

at Tb=333, Tc=298
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[image: image112.emf]Fig. 71  The Effect of Condenser Temprature on COP of Propane 

at Tb=333, Te=273 and Ar=7.84
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[image: image113.emf]Fig. 72  Effect of Boiler Temperature on COP of Propane 

at Tc=298, Ar=7.84, Te=273
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[image: image114.emf]Fig. 73  Effect of Area Ratio on the COP of Propane 

at Tb=333, Tc=298, Te=273
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[image: image115.emf]Fig. 74; COP of R717 and Propane at Ar=4, Tb=333, Tc=298
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[image: image116.emf]Fig. 75; COP of R717 and Propane at Ar=4, Tb=333, Tc=303

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

268 269 270 271 272 273 274 275 276 277 278

'Te' Evaporator Temprature

COP

Propane

R717


[image: image117.emf]Fig. 76; COP of R717 and Propane at Ar=4, Tb=343, Tc=298
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[image: image118.emf]Fig. 77; COP of R717 and Propane at Ar=4, Tb=343, Tc=303
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[image: image119.emf]Fig. 78; COP of R717 and Propane at Ar=4, Tb=343, Tc=308
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[image: image120.emf]Fig. 79; COP of R717 and Propane at Ar=4, Tb=353, Tc=298
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[image: image121.emf]Fig. 80; COP of R717 and Propane at Ar=4, Tb=353, Tc=303
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[image: image122.emf]Fig. 81; COP of R717 and Propane at Ar=4, Tb=353, Tc=308
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[image: image123.emf]Fig. 82; COP of R717 and Propane at Ar=5.76, Tb=333, Tc=298
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[image: image124.emf]Fig. 83; COP of R717 and Propane at Ar=5.76, Tb=333, Tc=303
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[image: image125.emf]Fig. 84; COP of R717 and Propane at Ar=5.76, Tb=343, Tc=298
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[image: image126.emf]Fig. 85; COP of R717 and Propane at Ar=5.76, Tb=343, Tc=303
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[image: image127.emf]Fig. 86; COP of R717 and Propane at Ar=5.76, Tb=353, Tc=298
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[image: image128.emf]Fig. 87; COP of R717 and Propane at Ar=5.76, Tb=353, Tc=303
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[image: image129.emf]Fig. 88; COP of R717 and Propane at Ar=5.76, Tb=353, Tc=308
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[image: image130.emf]Fig. 89; COP of R717 and Propane at Ar=7.84, Tb=333, Tc=298
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[image: image131.emf]Fig. 90; COP of R717 and Propane at Ar=7.84, Tb=333, Tc=303
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[image: image132.emf]Fig. 91; COP of R717 and Propane at Ar=7.84, Tb=343, Tc=298
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[image: image133.emf]Fig. 92; COP of R717 and Propane at Ar=7.84, Tb=343, Tc=303
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[image: image134.emf]Fig. 93; COP of R717 and Propane at Ar=7.84, Tb=353, Tc=298
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[image: image135.emf]Fig. 94; COP of R717 and Propane at Ar=7.84, Tb=353, Tc=303
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[image: image136.emf]Fig. 95; COP of R717 and Propane at Ar=7.84, Tb=353, Tc=308
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[image: image137.emf]Fig. 96: Comparison of COP ERC (max.) and COP VCRC for R717

 at Tc=298K, Te=268K-278K

0

2

4

6

8

10

12

268 269 270 271 272 273 274 275 276 277 278

Evaporator Temprature

COP VCRC

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

COP ERC

VCRC

ERC


[image: image138.emf]Fig. 97: Comparison of COP ERC (max.) and COP VCRC for R717

 at Tc=303K, Te=268K-278K
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[image: image139.emf]Fig. 98: Comparison of COP ERC (max.) and COP VCRC for R717

 at Tc=303K, Te=268K-278K
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[image: image140.emf]Fig. 99: Comparison of COP ERC (max.) and COP VCRC for Propane

 at Tc=298K, Te=268K-278K
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[image: image141.emf]Fig. 100: Comparison of COP ERC (max.) and COP VCRC for Propane

 at Tc=303K, Te=268K-278K
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[image: image142.emf]Fig. 101: Comparison of COP ERC (max.) and COP VCRC for Propane

 at Tc=308K, Te=268K-278K
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[image: image143.emf]Fig. 102: Comparison of COP ERC (max.) and COP VCRC for Propane

 at Tc=308K, Te=268K-278K
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________________________________________________________________________

TABLES
________________________________________________________________________

	Ar=4,  Tb=333K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.07928
	2.831
	0.05575

	269
	2.274
	0.09776
	2.723
	0.07529

	270
	2.203
	0.1177
	2.62
	0.09613

	271
	2.136
	0.1405
	2.522
	0.1184

	272
	2.071
	0.1639
	2.428
	0.1423

	273
	2.008
	0.1908
	2.338
	0.168

	274
	1.948
	0.2203
	2.253
	0.1958

	275
	1.89
	0.2527
	2.171
	0.2259

	276
	1.834
	0.2885
	2.093
	0.2603

	277
	1.78
	0.3302
	2.018
	0.2961

	278
	1.728
	0.3769
	1.946
	0.3374


Table 1a

	Ar=4,  Tb=343K, Tc=298K

	
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.1158
	2.831
	0.1096

	269
	2.274
	0.1347
	2.723
	0.1313

	270
	2.203
	0.1561
	2.62
	0.1531

	271
	2.136
	0.178
	2.522
	0.1777

	272
	2.071
	0.203
	2.428
	0.2041

	273
	2.008
	0.2302
	2.338
	0.2309

	274
	1.948
	0.2597
	2.253
	0.2614

	275
	1.89
	0.292
	2.171
	0.2944

	276
	1.834
	0.3293
	2.093
	0.3304

	277
	1.78
	0.3685
	2.018
	0.3698

	278
	1.728
	0.4142
	1.946
	0.415


Table 1b

	Ar=4,  Tb=353K, Tc=298K

	
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.1414
	2.831
	0.1537

	269
	2.274
	0.1614
	2.723
	0.1756

	270
	2.203
	0.1828
	2.62
	0.199

	271
	2.136
	0.2059
	2.522
	0.2253

	272
	2.071
	0.2321
	2.428
	0.2521

	273
	2.008
	0.259
	2.338
	0.2825

	274
	1.948
	0.2898
	2.253
	0.3152

	275
	1.89
	0.3217
	2.171
	0.3507

	276
	1.834
	0.3583
	2.093
	0.3874

	277
	1.78
	0.3985
	2.018
	0.4293

	278
	1.728
	0.443
	1.946
	0.4753


Table 1c

Table-1a, 1b, 1c. COP of Propane and R717 at Ar=4, Tc=298K and Tb=333K, 343K, 353K

	Ar=4,  Tb=333K, Tc=303K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	
	3.294
	

	269
	2.577
	0.003416
	3.168
	

	270
	2.497
	0.01663
	3.049
	

	271
	2.421
	0.03172
	2.934
	

	272
	2.347
	0.04688
	2.825
	0.01258

	273
	2.276
	0.06423
	2.721
	0.02944

	274
	2.208
	0.08293
	2.621
	0.04737

	275
	2.142
	0.1031
	2.526
	0.06648

	276
	2.079
	0.125
	2.435
	0.08815

	277
	2.018
	0.1503
	2.348
	0.1101

	278
	1.959
	0.1779
	2.265
	0.1351


Table 2a

	Ar=4,  Tb=343K, Tc=303K

	
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.02792
	3.294
	0.006896

	269
	2.577
	0.04098
	3.168
	0.02244

	270
	2.497
	0.0558
	3.049
	0.03782

	271
	2.421
	0.07065
	2.934
	0.05511

	272
	2.347
	0.08752
	2.825
	0.07342

	273
	2.276
	0.1056
	2.721
	0.09172

	274
	2.208
	0.1251
	2.621
	0.1123

	275
	2.142
	0.146
	2.526
	0.1343

	276
	2.079
	0.1699
	2.435
	0.1578

	277
	2.018
	0.1945
	2.348
	0.1831

	278
	1.959
	0.2227
	2.265
	0.2116


Table 2b

	Ar=4,  Tb=353K, Tc=303K

	
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.05372
	3.294
	0.05067

	269
	2.577
	0.06791
	3.168
	0.0667

	270
	2.497
	0.08301
	3.049
	0.08358

	271
	2.421
	0.09908
	2.934
	0.1025

	272
	2.347
	0.1173
	2.825
	0.1214

	273
	2.276
	0.1357
	2.721
	0.1426

	274
	2.208
	0.1565
	2.621
	0.1651

	275
	2.142
	0.1777
	2.526
	0.1892

	276
	2.079
	0.2018
	2.435
	0.2137

	277
	2.018
	0.2279
	2.348
	0.2413

	278
	1.959
	0.2563
	2.265
	0.2711


Table 2c

Table-2a, 2b, 2c. COP of Propane and R717 at Ar=4, Tc=303K and Tb=333K, 343K, 353K

	Ar=4,  Tb=333K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	 
	 

	269
	2.909
	 
	 
	 

	270
	2.819
	 
	 
	 

	271
	2.732
	 
	 
	 

	272
	2.649
	 
	 
	 

	273
	2.569
	 
	 
	 

	274
	2.492
	 
	 
	 

	275
	2.418
	 
	 
	 

	276
	2.346
	0.01258
	 
	 

	277
	2.278
	0.02861
	 
	 

	278
	2.211
	0.0459
	 
	 


Table 3a

	Ar=4,  Tb=343K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	 
	3.528
	 

	271
	2.732
	 
	3.396
	 

	272
	2.649
	0.002553
	3.27
	 

	273
	2.569
	0.01498
	3.149
	 

	274
	2.492
	0.02821
	3.034
	0.001278

	275
	2.418
	0.04231
	2.923
	0.01652

	276
	2.346
	0.05834
	2.818
	0.03262

	277
	2.278
	0.07452
	2.717
	0.04967

	278
	2.211
	0.09295
	2.621
	0.06883


Table 3b

	Ar=4,  Tb=353K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	0.007486
	3.528
	 

	271
	2.732
	0.01897
	3.396
	0.007308

	272
	2.649
	0.03195
	3.27
	0.02116

	273
	2.569
	0.04488
	3.149
	0.03665

	274
	2.492
	0.05951
	3.034
	0.05295

	275
	2.418
	0.07417
	2.923
	0.07016

	276
	2.346
	0.09077
	2.818
	0.08731

	277
	2.278
	0.1085
	2.717
	0.1065

	278
	2.211
	0.1276
	2.621
	0.1269


Table 3c

Table-3a, 3b, 3c. COP of Propane and R717 at Ar=4, Tc=308K and Tb=333K, 343K, 353K

	Ar=4,  Tb=353K, Tc=313K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.377
	 
	 
	 

	269
	3.271
	 
	 
	 

	270
	3.17
	 
	 
	 

	271
	3.073
	 
	 
	 

	272
	2.979
	 
	 
	 

	273
	2.889
	 
	 
	 

	274
	2.802
	 
	 
	 

	275
	2.719
	 
	 
	 

	276
	2.639
	0.008119
	 
	 

	277
	2.561
	0.02054
	 
	 

	278
	2.487
	0.03373
	 
	 


Table-4 COP of Propane and R717 at Ar=4, Tc=313K and Tb=353K

	Ar=5.76,  Tb=333K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.07318
	2.831
	0.02798

	269
	2.274
	0.0916
	2.723
	0.04564

	270
	2.203
	0.1115
	2.62
	0.06439

	271
	2.136
	0.133
	2.522
	0.08435

	272
	2.071
	0.1574
	2.428
	0.1067

	273
	2.008
	0.1842
	2.338
	0.1307

	274
	1.948
	0.2148
	2.253
	0.1553

	275
	1.89
	0.2487
	2.171
	0.1831

	276
	1.834
	0.2862
	2.093
	0.2145

	277
	1.78
	0.3299
	2.018
	0.2473

	278
	1.728
	0.3812
	1.946
	0.2846


Table 5a

	Ar=5.76,  Tb=343K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.1096
	2.831
	0.08359

	269
	2.274
	0.1286
	2.723
	0.1037

	270
	2.203
	0.149
	2.62
	0.1241

	271
	2.136
	0.171
	2.522
	0.1468

	272
	2.071
	0.1947
	2.428
	0.1711

	273
	2.008
	0.2216
	2.338
	0.1971

	274
	1.948
	0.251
	2.253
	0.225

	275
	1.89
	0.2831
	2.171
	0.255

	276
	1.834
	0.3199
	2.093
	0.2874

	277
	1.78
	0.3589
	2.018
	0.3241

	278
	1.728
	0.4059
	1.946
	0.364


Table 5b

	Ar=5.76,  Tb=353K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.1357
	2.831
	0.1302

	269
	2.274
	0.1549
	2.723
	0.1513

	270
	2.203
	0.1755
	2.62
	0.1737

	271
	2.136
	0.1986
	2.522
	0.1985

	272
	2.071
	0.2225
	2.428
	0.2239

	273
	2.008
	0.2494
	2.338
	0.251

	274
	1.948
	0.2786
	2.253
	0.2812

	275
	1.89
	0.3104
	2.171
	0.3138

	276
	1.834
	0.3466
	2.093
	0.3489

	277
	1.78
	0.3849
	2.018
	0.387

	278
	1.728
	0.4288
	1.946
	0.4284


Table 5c

Table-5a, 5b, 5c. COP of Propane and R717 at Ar=5.76, Tc=298K and Tb=333K, 343K, 353K

	Ar=5.76,  Tb=333K, Tc=303K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	 
	3.294
	 

	269
	2.577
	 
	3.168
	 

	270
	2.497
	0.01218
	3.049
	 

	271
	2.421
	0.02633
	2.934
	 

	272
	2.347
	0.04237
	2.825
	 

	273
	2.276
	0.05964
	2.721
	 

	274
	2.208
	0.07927
	2.621
	0.0129

	275
	2.142
	0.1006
	2.526
	0.03051

	276
	2.079
	0.1238
	2.435
	0.05021

	277
	2.018
	0.1504
	2.348
	0.07028

	278
	1.959
	0.181
	2.265
	0.09283


Table 6c

	Ar=5.76,  Tb=343K, Tc=303K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.02327
	3.294
	 

	269
	2.577
	0.03647
	3.168
	 

	270
	2.497
	0.05051
	3.049
	0.01074

	271
	2.421
	0.06548
	2.934
	0.02657

	272
	2.347
	0.08148
	2.825
	0.04328

	273
	2.276
	0.09951
	2.721
	0.06094

	274
	2.208
	0.1189
	2.621
	0.07966

	275
	2.142
	0.1398
	2.526
	0.09954

	276
	2.079
	0.1635
	2.435
	0.1207

	277
	2.018
	0.188
	2.348
	0.1443

	278
	1.959
	0.2173
	2.265
	0.1696


Table 6b

	Ar=5.76,  Tb=353K, Tc=303K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.04918
	3.294
	0.02714

	269
	2.577
	0.06281
	3.168
	0.0425

	270
	2.497
	0.0773
	3.049
	0.05864

	271
	2.421
	0.09348
	2.934
	0.07645

	272
	2.347
	0.1099
	2.825
	0.0944

	273
	2.276
	0.1284
	2.721
	0.1134

	274
	2.208
	0.1482
	2.621
	0.1344

	275
	2.142
	0.1694
	2.526
	0.1567

	276
	2.079
	0.1933
	2.435
	0.1804

	277
	2.018
	0.2181
	2.348
	0.2058

	278
	1.959
	0.2462
	2.265
	0.2329


                                   Table 6c

Table-6a, 6b, 6c. COP of Propane and R717 at Ar=5.76, Tc=303K and Tb=333K, 343K, 353K

	Ar=5.76,  Tb=333K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	 
	3.528
	 

	271
	2.732
	 
	3.396
	 

	272
	2.649
	 
	3.27
	 

	273
	2.569
	 
	3.149
	 

	274
	2.492
	 
	3.034
	 

	275
	2.418
	 
	2.923
	 

	276
	2.346
	0.01186
	2.818
	 

	277
	2.278
	0.02891
	2.717
	 

	278
	2.211
	0.04835
	2.621
	 


Table 7a

	Ar=5.76,  Tb=343K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	 
	3.528
	 

	271
	2.732
	 
	3.396
	 

	272
	2.649
	 
	3.27
	 

	273
	2.569
	0.01039
	3.149
	 

	274
	2.492
	0.02361
	3.034
	 

	275
	2.418
	0.03773
	2.923
	 

	276
	2.346
	0.05364
	2.818
	 

	277
	2.278
	0.06985
	2.717
	 

	278
	2.211
	0.08911
	2.621
	 


Table 7b

	Ar=5.76,  Tb=353K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	0.002892
	3.528
	 

	271
	2.732
	0.01449
	3.396
	 

	272
	2.649
	0.02613
	3.27
	 

	273
	2.569
	0.03914
	3.149
	0.008745

	274
	2.492
	0.05298
	3.034
	0.02382

	275
	2.418
	0.0677
	2.923
	0.03968

	276
	2.346
	0.0842
	2.818
	0.05638

	277
	2.278
	0.101
	2.717
	0.07402

	278
	2.211
	0.1199
	2.621
	0.09266


Table 7c

Table-7a, 7b, 7c. COP of Propane and R717 at Ar=5.76, Tc=308K and Tb=333K, 343K, 353K

	Ar=5.76,  Tb=353K, Tc=313K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.377
	 
	 
	 

	269
	3.271
	 
	 
	 

	270
	3.17
	 
	 
	 

	271
	3.073
	 
	 
	 

	272
	2.979
	 
	 
	 

	273
	2.889
	 
	 
	 

	274
	2.802
	 
	 
	 

	275
	2.719
	 
	 
	 

	276
	2.639
	0.002838
	 
	 

	277
	2.561
	0.01455
	 
	 

	278
	2.487
	0.02768
	 
	 


                                 Table 8

Table-8 COP of Propane and R717 at Ar=5.76, Tc=313K and Tb=353K

	Ar=7.84,  Tb=333K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.09433
	2.831
	0.01971

	269
	2.274
	0.1157
	2.723
	0.03718

	270
	2.203
	0.14
	2.62
	0.05658

	271
	2.136
	0.1666
	2.522
	0.07637

	272
	2.071
	0.1972
	2.428
	0.09844

	273
	2.008
	0.2324
	2.338
	0.1221

	274
	1.948
	0.2732
	2.253
	0.1475

	275
	1.89
	0.3228
	2.171
	0.175

	276
	1.834
	0.3838
	2.093
	0.2059

	277
	1.78
	0.4621
	2.018
	0.2397

	278
	1.728
	0.5771
	1.946
	0.278


Table 9a

	Ar=7.84,  Tb=343K, Tc=298K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.126
	2.831
	0.07646

	269
	2.274
	0.1465
	2.723
	0.0957

	270
	2.203
	0.1686
	2.62
	0.1161

	271
	2.136
	0.1935
	2.522
	0.1387

	272
	2.071
	0.2206
	2.428
	0.1619

	273
	2.008
	0.2502
	2.338
	0.1876

	274
	1.948
	0.284
	2.253
	0.2153

	275
	1.89
	0.3228
	2.171
	0.2462

	276
	1.834
	0.366
	2.093
	0.2784

	277
	1.78
	0.4143
	2.018
	0.3147

	278
	1.728
	0.4729
	1.946
	0.3542


Table 9b

	Ar=7.84,  Tb=353K, Tc=298K

	 
	Propane
	R717

	Te, K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.347
	0.15
	2.831
	0.1241

	269
	2.274
	0.1705
	2.723
	0.1454

	270
	2.203
	0.1925
	2.62
	0.1672

	271
	2.136
	0.2162
	2.522
	0.1911

	272
	2.071
	0.2428
	2.428
	0.2167

	273
	2.008
	0.2718
	2.338
	0.244

	274
	1.948
	0.3034
	2.253
	0.2733

	275
	1.89
	0.3392
	2.171
	0.3058

	276
	1.834
	0.3773
	2.093
	0.3398

	277
	1.78
	0.4225
	2.018
	0.3777

	278
	1.728
	0.4712
	1.946
	0.419


Table 9c

Table-9a, 9b, 9c. COP of Propane and R717 at Ar=7.84, Tc=298K and Tb=333K, 343K, 353K

	Ar=7.84,  Tb=333, Tc=303

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.003225
	3.294
	 

	269
	2.577
	0.01772
	3.168
	 

	270
	2.497
	0.03411
	3.049
	 

	271
	2.421
	0.05183
	2.934
	 

	272
	2.347
	0.07196
	2.825
	 

	273
	2.276
	0.0949
	2.721
	 

	274
	2.208
	0.1212
	2.621
	0.003831

	275
	2.142
	0.1526
	2.526
	0.02111

	276
	2.079
	0.1905
	2.435
	0.04035

	277
	2.018
	0.2382
	2.348
	0.06094

	278
	1.959
	0.3062
	2.265
	0.08398


Table 10a

	Ar=7.84,  Tb=343K, Tc=303K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.03641
	3.294
	 

	269
	2.577
	0.05062
	3.168
	 

	270
	2.497
	0.0658
	3.049
	0.001295

	271
	2.421
	0.08283
	2.934
	0.01691

	272
	2.347
	0.1012
	2.825
	0.03269

	273
	2.276
	0.1209
	2.721
	0.05009

	274
	2.208
	0.1432
	2.621
	0.06851

	275
	2.142
	0.1685
	2.526
	0.08888

	276
	2.079
	0.1962
	2.435
	0.1097

	277
	2.018
	0.2265
	2.348
	0.1329

	278
	1.959
	0.2626
	2.265
	0.1577


Table 10b

	Ar=7.84,  Tb=353, Tc=303

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	2.66
	0.06067
	3.294
	0.01882

	269
	2.577
	0.07515
	3.168
	0.03422

	270
	2.497
	0.09059
	3.049
	0.04975

	271
	2.421
	0.1071
	2.934
	0.06676

	272
	2.347
	0.1255
	2.825
	0.08469

	273
	2.276
	0.1452
	2.721
	0.1036

	274
	2.208
	0.1665
	2.621
	0.1237

	275
	2.142
	0.1905
	2.526
	0.1458

	276
	2.079
	0.2154
	2.435
	0.1684

	277
	2.018
	0.2447
	2.348
	0.1935

	278
	1.959
	0.2755
	2.265
	0.2203


Table 10c

Table-10a, 10b, 10c. COP of Propane and R717 at Ar=7.84, Tc=303K and Tb=333K, 343K, 353K

	Ar=7.84,  Tb=333K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	 
	3.528
	 

	271
	2.732
	 
	3.396
	 

	272
	2.649
	 
	3.27
	 

	273
	2.569
	 
	3.149
	 

	274
	2.492
	0.0149
	3.034
	 

	275
	2.418
	0.03594
	2.923
	 

	276
	2.346
	0.06107
	2.818
	 

	277
	2.278
	0.09235
	2.717
	 

	278
	2.211
	0.1366
	2.621
	 


Table 11a

	Ar=7.84,  Tb=343K, Tc=308K

	 
	Propane
	R717

	Te K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	 
	3.667
	 

	270
	2.819
	 
	3.528
	 

	271
	2.732
	0.000875
	3.396
	 

	272
	2.649
	0.01361
	3.27
	 

	273
	2.569
	0.02723
	3.149
	 

	274
	2.492
	0.04252
	3.034
	 

	275
	2.418
	0.05975
	2.923
	 

	276
	2.346
	0.07836
	2.818
	 

	277
	2.278
	0.09851
	2.717
	 

	278
	2.211
	0.1223
	2.621
	 


Table 11b

	Ar=7.84,  Tb=353K, Tc=308K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.003
	 
	3.812
	 

	269
	2.909
	0.002599
	3.667
	 

	270
	2.819
	0.01368
	3.528
	 

	271
	2.732
	0.02543
	3.396
	 

	272
	2.649
	0.03851
	3.27
	 

	273
	2.569
	0.05244
	3.149
	 

	274
	2.492
	0.06731
	3.034
	0.01192

	275
	2.418
	0.08394
	2.923
	0.0275

	276
	2.346
	0.101
	2.818
	0.04327

	277
	2.278
	0.121
	2.717
	0.06056

	278
	2.211
	0.1416
	2.621
	0.07884


Table 11c

Table-11a, 11b, 11c. COP of Propane and R717 at Ar=7.84, Tc=308K and Tb=333K, 343K, 353K

	Ar=7.84,  Tb=353K, Tc=313K

	 
	Propane
	R717

	Te-K
	Com. Ratio
	COP
	Com. Ratio
	COP

	268
	3.377
	 
	 
	 

	269
	3.271
	 
	 
	 

	270
	3.17
	 
	 
	 

	271
	3.073
	 
	 
	 

	272
	2.979
	 
	 
	 

	273
	2.889
	 
	 
	 

	274
	2.802
	 
	 
	 

	275
	2.719
	0.004202
	 
	 

	276
	2.639
	0.01618
	 
	 

	277
	2.561
	0.03022
	 
	 

	278
	2.487
	0.04456
	 
	 


Table 12

Table-12 COP of Propane and R717 at Ar=7.84, Tc=313K and Tb=353K

	Tc=298K; Tb=333; Te=273K

	Ar
	Propane
	R717

	4
	0.3769
	0.168

	5.76
	0.3812
	0.1307

	7.84
	0.5771
	0.1221


Table 13 Variation of COP with Area Ratio for R717 and Propane

	Tc=298K; Ar=7.84; Te=273K
	
	Tc=298K; Ar=7.84; Te=273K

	Propane
	
	R717

	Tb-K
	COP
	
	Tb-K
	COP

	333
	0.2324
	
	333
	0.1221

	334
	0.2333
	
	334
	0.1293

	335
	0.2342
	
	335
	0.1364

	336
	0.2363
	
	336
	0.1432

	337
	0.2382
	
	337
	0.1498

	338
	0.2399
	
	338
	0.1563

	339
	0.2415
	
	339
	0.1625

	340
	0.2442
	
	340
	0.1696

	341
	0.2468
	
	341
	0.1754

	342
	0.248
	
	342
	0.1821

	343
	0.2502
	
	343
	0.1876

	344
	0.2535
	
	344
	0.194

	345
	0.2555
	
	345
	0.2002

	346
	0.2573
	
	346
	0.2062

	347
	0.2601
	
	347
	0.211

	348
	0.2616
	
	348
	0.2167

	349
	0.2642
	
	349
	0.2223

	350
	0.2654
	
	350
	0.2277

	351
	0.2677
	
	351
	0.2339

	352
	0.2698
	
	352
	0.239

	353
	0.2718
	
	353
	0.244


Table14. Variation of COP with Boiler temperature for R717 and Propane

	Tb=333K; Ar=7.84; Te=273K
	
	Tb=343K; Ar=7.84; Te=273K

	Propane
	
	R717

	Tc-K
	COP
	
	Tc-K
	COP

	298
	0.2324
	
	298
	0.1876

	299
	0.2006
	
	299
	0.1565

	300
	0.1712
	
	300
	0.1274

	301
	0.1439
	
	301
	0.1

	302
	0.1186
	
	302
	0.07431

	303
	0.0949
	
	303
	0.05009

	304
	0.07279
	
	304
	0.02722

	305
	0.05209
	
	305
	0.005591

	306
	0.03267
	
	306
	 

	307
	0.01442
	
	307
	 


Table15. Variation of COP with Condenser temperature for R717 and Propane

	Comparison with R11

	Te-K
	COP
	Exp

	277
	0.1735
	0.2

	278
	0.196
	0.22

	279
	0.2203
	0.24

	280
	0.2446
	0.265

	281
	0.2729
	0.29

	282
	0.3038
	0.32

	283
	0.3375
	0.35

	284
	0.3745
	0.385

	285
	0.4153
	0.42

	286
	0.4638
	0.46

	287
	0.5146
	0.5

	288
	0.5756
	0.54

	289
	0.6403
	0.58


Table 16: Comparison of Calculated Entrainment Ratio with reference 

Experimental data for R11 at Ar=5.76; Tb=78.5oC; Tc=30 oC; 

Te=-0.5 oC - 13.5 oC

	Comparison with R11

	Parameters
	COP

	
	Theo
	Exp

	Ar=4
	Tb=336; Ar=4
	0.2483
	0.23

	Ar=5.76
	Tb=349; Ar=5.76
	0.3252
	0.33

	Ar=7.84
	Tb=358; Ar=7.84
	0.4114
	0.42


Table 17: Effect of Boiler Temperature on COP for R11 

at Te=281.8K and Tc=300.7K

	Compairison with R717

	at Ab=333K and Ar=4
	 at Tb=243K and Ar=4

	Comp. Ratio
	COP
	Comp. Ratio
	COP

	
	Ref
	Exp
	
	Ref
	Exp

	2.172
	0.26
	0.268
	2.172
	0.38
	0.372

	2.251
	0.24
	0.247
	2.251
	0.33
	0.328

	2.333
	0.22
	0.224
	2.333
	0.298
	0.29

	2.417
	0.2
	0.2
	2.417
	0.265
	0.259

	2.503
	0.18
	0.176
	2.503
	0.24
	0.234

	2.591
	0.165
	0.155
	2.591
	0.22
	0.212

	2.682
	0.15
	0.138
	2.682
	0.201
	0.194

	2.775
	0.135
	0.12
	2.775
	0.186
	0.176

	2.87
	0.12
	0.104
	2.87
	0.175
	0.164

	2.968
	0.104
	0.091
	2.968
	0.16
	0.151

	3.069
	0.09
	0.08
	3.069
	0.15
	0.14

	3.172
	0.075
	0.067
	3.172
	0.14
	0.127

	3.277
	0.06
	0.056
	3.277
	0.13
	0.116


Table 18: Comparison of Calculated COP with reference Data for R717

	R717
	
	R717

	Tc-K
	Te-K
	COP
	
	Tc-K
	Te-K
	COP

	298
	268
	5.931
	
	303
	268
	4.98

	298
	269
	6.183
	
	303
	269
	5.167

	298
	270
	6.454
	
	303
	270
	5.365

	298
	271
	6.744
	
	303
	271
	5.575

	298
	272
	7.057
	
	303
	272
	5.8

	298
	273
	7.395
	
	303
	273
	6.039

	298
	274
	7.762
	
	303
	274
	6.295

	298
	275
	8.16
	
	303
	275
	6.569

	298
	276
	8.595
	
	303
	276
	6.863

	298
	277
	9.071
	
	303
	277
	7.181

	298
	278
	9.595
	
	303
	278
	7.524


Table 19: COP of R717 on vapour compression refrigeration cycle



At Tc=298K and 303K

	R717
	
	R717

	Tc-K
	Te-K
	COP
	
	Tc-K
	Te-K
	COP

	308
	268
	4.267
	
	313
	268
	3.712

	308
	269
	4.411
	
	313
	269
	3.827

	308
	270
	4.563
	
	313
	270
	3.947

	308
	271
	4.722
	
	313
	271
	4.072

	308
	272
	4.891
	
	313
	272
	4.204

	308
	273
	5.07
	
	313
	273
	4.342

	308
	274
	5.259
	
	313
	274
	4.488

	308
	275
	5.459
	
	313
	275
	4.642

	308
	276
	5.673
	
	313
	276
	4.803

	308
	277
	5.9
	
	313
	277
	4.974

	308
	278
	6.142
	
	313
	278
	5.155


Table 20: COP of R717 on vapour compression refrigeration cycle



At Tc=308K and 313K

	Propane
	
	Propane

	Tc-K
	Te-K
	COP
	
	Tc-K
	Te-K
	COP

	298
	268
	5.731
	
	303
	268
	4.762

	298
	269
	5.975
	
	303
	269
	4.942

	298
	270
	6.237
	
	303
	270
	5.132

	298
	271
	6.518
	
	303
	271
	5.335

	298
	272
	6.821
	
	303
	272
	5.551

	298
	273
	7.149
	
	303
	273
	5.781

	298
	274
	7.504
	
	303
	274
	6.028

	298
	275
	7.889
	
	303
	275
	6.292

	298
	276
	8.311
	
	303
	276
	6.576

	298
	277
	8.772
	
	303
	277
	6.882

	298
	278
	9.28
	
	303
	278
	7.212


Table 21: COP of  Propane on vapour compression refrigeration cycle



At Tc=298K and 303K

	Propane
	
	Propane

	Tc-K
	Te-K
	COP
	
	Tc-K
	Te-K
	COP

	308
	268
	4.027
	
	313
	268
	3.446

	308
	269
	4.164
	
	313
	269
	3.555

	308
	270
	4.309
	
	313
	270
	3.668

	308
	271
	4.462
	
	313
	271
	3.788

	308
	272
	4.624
	
	313
	272
	3.913

	308
	273
	4.794
	
	313
	273
	4.044

	308
	274
	4.975
	
	313
	274
	4.183

	308
	275
	5.167
	
	313
	275
	4.329

	308
	276
	5.372
	
	313
	276
	4.482

	308
	277
	5.589
	
	313
	277
	4.645

	308
	278
	5.822
	
	313
	278
	4.817


Table 22: COP of  Propane on vapour compression refrigeration cycle



At Tc=303K and 313K
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ANNEXURE
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ANNEXURE

Program for calculation of Performance of Refrigerants in single phase ejector refrigeration cycle

Parameters supplied as input


tb

 te

 tc

 ldr

 theta=3


 eta_s=0.95


 eta_p=0.95


 eta_d=0.95


 f_m=0.03


 dt

 dm

 dp

 Ld
Area calculation for flow passage


 Am=pi*dm^2/4


 Ap=pi*dp^2/4


 At=pi*dt^2/4


 As=(Am-Ap)


 dd=dm+2*Ld*tan(theta)


 Ad=pi*dd^2/4


 phi=Am/At

Calculation of Saturation Property of fluid at the initial conditions


 Pb=P_sat(R$,T=Tb)


 sb=Entropy(R$,T=Tb,x=1)


 pe=P_sat(R$,T=Te)


 se=Entropy(R$,T=Te,x=1)


 pc=P_sat(R$,T=Tc)


 k1=(Cp(R$,T=Te,x=1))/(Cv(R$,T=Te,x=1))

 
 he=Enthalpy(R$,T=Te,x=1)

Calculations for chocked flow of suction fluid


( ps3/pe)=(2/(k1+1))^(k1/(k1-1))


ps3= pp3

 hs3i=Enthalpy(R$,s=se,P=Ps3)


 hs3=he-eta_s*(he-hs3i)


vs3=sqrt(2*eta_s*(he*convert(kj/kg,m^2/s^2)-hs3i*convert(kj/kg,m^2/s^2)))


 rho_s=Density(R$,h=hs3,P=Ps3)


 m_dot_s=As*vs3*rho_s

Calculation for primary fluid at exit of nozzle


 hp3i=Enthalpy(R$,s=sb,P=Pp3)


 hp3=hb-eta_p*(hb-hp3i)


 vp3=sqrt(2*eta_p*(hb*convert(kj/kg,m^2/s^2)-hp3i*convert(kj/kg,m^2/s^2)))


 rho_p=Density(R$,h=hp3,P=Pp3)


 m_dot_p3=Ap*vp3*rho_p


 m_dot_p=m_dot_p3


 m_dot_m=m_dot_p+m_dot_s


 mu_1=m_dot_s/m_dot_p

Calculation for fluid after mixing


 vm=MIXING(vp3,pp3,hp3,vs3,ps3,hs3,mu_1,m_dot_m,f_m,ldr,Am,pe,1)


 hm=MIXING(vp3,pp3,hp3,vs3,ps3,hs3,mu_1,m_dot_m,f_m,ldr,Am,pe,2)


 rho_m=MIXING(vp3,pp3,hp3,vs3,ps3,hs3,mu_1,m_dot_m,f_m,ldr,Am,pe,3)


 pm=MIXING(vp3,pp3,hp3,vs3,ps3,hs3,mu_1,m_dot_m,f_m,ldr,Am,pe,4)


 m_dot_mm=MIXING(vp3,pp3,hp3,vs3,ps3,hs3,mu_1,m_dot_m,f_m,ldr,Am,pe,5)


 M_m=vm/SoundSpeed(R$,h=hm,P=pm)

Calculation for normal shock in mixing chamber


 k2=(Cp(R$,h=hm,P=Pm))/(Cv(R$,h=hm,P=Pm))


 rho_y=TEST1(M_m,Rho_m,hm,pm,vm,k2,1)


 hy=TEST1(M_m,Rho_m,hm,pm,vm,k2,2)


 py=TEST1(M_m,Rho_m,hm,pm,vm,k2,3)


 vy=TEST1(M_m,Rho_m,hm,pm,vm,k2,4)


 m_dot_my=rho_y*vy*Am


 sy=Entropy(R$,h=hy,P=Py)

Calculation of fluid properties at exit of diffuser


 hdi=Enthalpy(R$,s=sy,p=pc)


 hd=hy+(hdi-hy)/eta_d


 rho_d=Density(R$,h=hd,P=Pc)


 rho_d=(m_dot_p+m_dot_s)/(Ad* vd)

Calculation of COP of fluid at input conditions


 a=sqrt(((hb-hp3i)/(hdi-hm))*eta_p*eta_d)


 b=sqrt(((he-hs3i)/(hdi-hm))*eta_s*eta_d)


 x=1+f_m*ldr/2


 mu_2=(a-x)/(x-b)


 COP=mu_2*((he-hc)/(hb-hc))
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Calculate Hd and Vd at exit of diffuser and COP


Also calculate Mu_1 and COP





Calculate Properties after Normal shock
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Adjust 'Pm'





Assume ‘Pm’ and then calculate Vm and Hm for fluid after mixing





Calculate flow velocities Vs3 and Vp3





Take uniform exit pressure for primary and secondary nozzles, Pp3=Ps3





Input Parameters Tb, Tc, Te


Ejector Geometry





Calculate exit pressure Ps3 for chocked suction fluid flow
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