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ABSTRACT
 An organic Rankine cycle (ORC) is similar to a conventional steam cycle energy conversion system, but uses an organic fluid such as refrigerants and hydrocarbons instead of water. Available heat resources are: solar energy, geothermal energy, biomass products, surface seawater, and waste heat from various thermal processes. This report presents existing applications and analyzes their maturity. Binary geothermal and binary biomass CHP are already mature. Provided the interest to recover waste heat rejected by thermal devices and industrial processes continue to grow, and favorable legislative conditions are adopted, waste heat recovery organic Rankine cycle systems in the near future will experience a rapid growth. OTEC power plant operating mainly on offshore installations at very low temperature has been advertised as total resource systems and interest on this technology is growing in large isolated islands. Potential source of waste heat are textile, steel, oil refinery, paper, etc which generally have temperature below 300oC. There are no means by which this energy can be technically and economically utilized. Organic Rankine cycle is one of the way in which this energy can be utilized. To find the different parameters for the optimization of this energy is aim of our project.
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I. INTRODUCTION
Organic Rankine cycle is not much different from traditional Rankine cycle but it uses heat source which is at low temperature generally below 300oC. Utilizing this energy to run rankine cycle is definitely a way to extract energy from sources which is generally discarded. It is technically sound and economically feasible. It will not only reduce demand of electricity but also helps in reducing thermal pollution. What’s more important is that unlike process heating or cogeneration it directly gives us the electricity which is most convenient form of energy. In our project we have selected the organic fluid on different parameters, obtain various correlation and to select the organic fluid which gives the maximum power output. As the critical component in an ORC system, an expander determines whether the whole system is relatively efficient and cost effective. Expanders, can be categorized into many types, such as axial turbine rotary expanders, scroll expanders and reciprocal piston expanders. The dynamic modeling and control are also very significant for ORC systems. The design methods are the guarantees of the efficient and cost effective ORC systems.

A working fluid in organic Rankine cycle machine plays a key role. It determines the performance and the economics of the plant. This justifies the abundant literature dedicated to fluids selection for very different heat recovery applications from which characteristics of good fluids can be extracted

• Vapor saturation curve with zero or positive slope (ds/dT) 

• High latent heat of vaporization

• High density (liquid/vapor phase)

• High specific heat

• Moderate critical parameters (temperature, pressure)

• Acceptable condensing and evaporating pressures (>1 bar and <25 bar resp.)

• Good heat transfer properties (low viscosity, high thermal conductivity)

• Good thermal and chemical stability (stable at high temperature)

• Good compatibility with materials (noncorrosive)

• High thermodynamic performance (high energetic/exergetic efficiency)

• Good safety characteristics (nontoxic and nonflammable)

• Low environmental impacts (low ODP, low GWP)

• Low cost and good availability
II. DETAIL STUDY OF ORGANIC RANKIE CYCLE

For each process in a power cycle, it is possible to assume a hypothetical cycle or ideal process which represents the basic intended operation and involves no external effects. For the steam boiler, this would be a reversible constant pressure heating process of organic fluid, for turbine the ideal process would be a reversible adiabatic expansion of vapour, for the condenser it would be a reversible constant pressure heat rejection and for the pump it would be reversible adiabatic compression of the fluid ending at the initial pressure. When all these four processes are ideal, the cycle is the ideal cycle, called a RANKINE CYCLE. For the purpose of analysis the Rankine cycle is assumed to be carried out in a steady flow operation
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Fig.1. Rankine CycleFig.2.p-V and T-s diagram for Rankine Cycle




Process1-2: It is a reversible adiabatic or isentropic compression which is carried out by pump. Here change in volume of fluid is to be negligible so that we assume constant volume process.

For reversible adiabatic compressionby use of general property relation

Tds=dh-vdp

ds=0 (for isentropic process)

dh=vdp.

h2 –h1=v1 (p2-p1)                       …(1)
Process2-3: This process is carried out by boiler in which fluid convert from liquid to vapour at constant pressure.

For boiler heat addition, Q1=h3-h2         …(2)
Process3-4: This process is carried out by turbine which is to be ideal to obtain maximum work output. For ideal process we assume that there is no irreversibility such as friction and hence there will be no entropy generation within the turbine. Also we assume turbine is insulated from its surrounding so that there will be no heat energy transfer from the turbine to its surrounding and hence no entropy change will take place due to heat transfer within the turbine.

For the turbine work output can be given by

WT=h3-h4... (3)
Process4-1: This process is carried out by condenser where 1vapour condense into liquid at constant pressure.

Heat rejection from condenser can be written as,Q2=h4-h1...(4)

Cycle Efficiency=Net work output/Heat addition

= ((h3-h4)-(h2-h1))/(h3-h2)… (5)

Neglecting pump work in comparison to turbine output

= (h3-h4)/ (h3-h2)...(6)
III. THERMODYNAMIC ANALYSIS OF THE ORC
We have a power plant that have a rated capacity of 120 KW and a turbine having efficiency of 90%. Heat is entered at different temperature ranging from 90oC to 180oC which is characteristic of typical waste heat that is rejected from different waste heat source such as steel industry, iron ore industry, mills, power plants etc. If heat enters at a temperature in the range of 120oC to 130oC than mean temperature of heat addition will be 125oC. When it gives heat to the working fluid than assume some loss in the heat exchanger than temperature of working fluid will be 123oC. At this temp fluid is assumed to be saturated and enthalpy corresponding to this temperature is taken from Refprop. Ambient temperature is assumed to be 32oC. At the exit quality of fluid is assumed to be 90%. So enthalpy of fluid at exit is again calculated from Refprop. Now we have enthalpy of fluid at inlet and outlet and power output. So from here we have calculated mass flow rate for various refrigerant at various temperature. Result is tabulated below.

3.1. Analysis of R11

This Tabular data shows the variation of mass flow rate of R11, Enthalpy at turbine inlet and corresponding
Efficiency variation.
Table 1
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Range
170-160
160-150
150-140
140-130
130120
120110
110-100

100-90

waste heat

165
155
145
135
125
115
105
95

refrigerant

163
153
143
133
123
113
103
93

inlet(K1/Kg)

457.32
455.86
453.61
450.77
447.47
443.8
439.02
435.58

outlet(KJ/Kg)

388.403
388.403
388.403
388.403
388.403
388.403
388.403
388.403

(kg/s)
1.934694391
1.976567789
2.044770245
2.137882748
2.257323604
2.406869205
2.634161118
2.826235948

0.13563
0.13318
0.12938
0.12452

0.1188
0.11234
0.10377
0.09748




3.1.1. Graphs of Refrigerant R11
[image: image3.png]oss R11 R11
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3.2. Analysis of R245fa

This Tabular data shows the variation of mass flow rate of R245fa, Enthalpy atturbine inlet and corresponding efficiency variation.

Table 2.
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Range
150-140
140-130
130120
120110
110-100

100-90

waste heat

145
135
125
115
105
95

refrigerant

143
133
123
113
103
93

inlet(K1/Kg)

492.2
491.94
488.76
484.12
478.56
472.41

outlet(KJ/Kg)

410
410
410
410
410
410

(kg/s)
1.622060016
1.627206899
1.692906721
1.798884691
1.944768573
2.136409763

0.1503
0.14991
0.14503
0.13779
0.12894

0.1189




3.2.1. Graphs of Refrigerant R245fa
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3.3. Analysis of R141b

This Tabular data shows the variation of mass flow rate of R245fa, Enthalpy at turbine inlet and corresponding efficiency variation.

Table 3.


[image: image6.png]Temprature Avg. Temp of Avg. Temp of Enthalpy at turbineEnthalpy at turbine Mass Flow rate Efficiency

Range
160-150
150-140
140-130
130120
120110
110-100

100-90

waste heat

155
145
135
125
115
105
95

refrigerant

153
143
133
123
113
103
93

inlet(K1/Kg)

536.38
529.59
5243
518.62
512.64
506.43
500.03

outlet(KJ/Kg)

435.257
435.257
435.257
435.257
435.257
435.257
435.257

(kg/s)
1.318526283
1.413432556
1.497403876
1.599430603
1.723031329
1.873369583
2.058470865

0.16968
0.16031
0.15285
0.14467
0.13585
0.12648
0.11658




3.3.1. Graphs of Refrigerant R141b
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V. RESULT

Efficiency of rankine cycle decreases with increase inambient temperature, it have detrimental effect onamount of work extracted from turbine. Further withincrease in mass flow rate power output increases. Forsame power output mass flow rate is minimum for R141b.Also due to absence of chlorine it is environment friendly sothis fluid is selected. For large cycle power output efficiencyfurther increases though still it is quite low as compared totraditional rankine cycle which have efficiency in the rangeof 40%. For our cycle efficiencyis around 13%.
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Fig. 9.Comparison between Different Refrigerant on the Basis of Mass Flow Rate
VI. CONCLUSION

Organic rankine cycle is a sure way of utilizing waste heat and convert it into work i.e. electricity. By using different optimized value we can increase the performance. There are various sources which have large amount of waste heat which is discarded. We try to find alternatives of different sources of electricity, orc is a way in which there is no extra fluid is burnt. It takes heat from already existing resources and also technically viable and economically feasible. Therefore we must have to go for ORC in today’s scenario countries like India which in spite of 5th in electricity generation still a deficit of 4.7%. Therefore we must have to look all other alternative source but first of all we have to look possibilities where we just discard energy.

NOMENCLATURE

QA      Heat given to steam Generator (KJ/s)

QR        Heat rejected by condenser (KJ/s)
WT       Turbine Work (KW)
WP     Pump work (KW)
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