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ABSTRACT-Solar-thermal power plants have enjoyed
limited success in the energy market till date. The
ability to better characterize the performance of
existing solar-thermal technologies as well as investigate
the potential of new technologies is a crucial step in
developing more economically viable designs. Organic
Rankine cycle is primarily used to generate power from
low temperature applications. . Organic Rankine cycle
similar to conventional Rankine cycle the only change is
that instead of water as working fluid, organics fluids
like refrigerates and azeotropes are used. ORC proves
to be a good option for a small and medium sized plant,
generally of less than 10 KW

The objective of this report is to evaluate the various
working fluids to extract the energy from a low grade
and low temperature heat sources like solar power,
geothermal and waste heat recovery. Organic Rankine
cycles have unique properties that are well suited to
solar power generation. The thermodynamic potential
of a variety Organic Rankine cycle working fluids and
configurations are analyzed. To check for appropriate
working fluid various working fluids have been
analyzed like R-236fa,R-236ea,R-245ca and toluene

The parametric study of various working fluids on excel
sheet for turbine inlet pressure is being done along with
it, efficiency calculation based on recuperation and no
recuperation is being done and the graphs are plotted
as the result of the study

INTRODUCTION

The global demand for energy continues to increase while
traditional energy resources are becoming scarcer.
Exacerbating the situation is growing realization that the
use of traditional fuels carries a significant environmental
burden. Adoption of environmentally benign and
renewable energy conversion technologies is essential if
our society is to retain its advanced lifestyle in the face of
global development

Economic opportunity drives the energy market just as it
drives every market

Maximizing the economic opportunity associated with safe
and renewable energy technologies is an essential step
towards increasing their use. Taxes, penalties, incentives,
public awareness and government mandates can all
influence the economic opportunity associated with
renewable energy technology. The principle focus of this
thesis, however, is improving economic opportunity by
providing tools for the evaluation and optimization of
several specific renewable technologies: organic Rankine
power cycles and thermal energy storage

Parabolic trough solar-thermal power generation is a
proven technology. With several utility scale plants in
operation for nearly 20 years. Current large-scale systems
rely on traditional steam based Rankine cycles for power
production. Organic Rankine cycle per plant are more
compact and less costly than traditional steam cycle power
plants and are able to better exploit lower temperature
thermal resources. Utilizing organic Rankine cycles allows
solar-thermal power generation to become a more modular
versatile means of supplanting traditional fuels. While they
have great potential, organic Rankine cycles have received
relatively little attention

ORGANIC RANKINE CYCLE

Organic Rankine cycles are analogous to traditional steam
Rankine cycles with an organic fluid as the working fluid
in place of water. Many different organic fluids have been
proposed and utilized as ORC working fluids, and fluids of
particular interest for solar power applications .The
following is a brief list of fluids that have been used or
proposed for use in Rankine cycles: Toluene, Xylene, n-
butane, R-11, R-22, R-248

The component processes that occur between the state
points labeled as shown in fig are as follows:

1-2 The working fluid is expanded through a turbine
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2-3 The turbine exhaust is used to preheat the working
fluid exiting the pump

3-4 The working fluid is condensed

4-5 The working fluid is pumped from to high pressure
5-6 The working fluid is heated by turbine exhaust
6-1 Heat is

added to the working fluid

Figure > X:
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Process floww for a typical solar driven RO

Figure 2.2 shows the genceral shape of a T-s diagram corresponding to the typical

ORC configuration just described.

SOLAR POND

They are large shallow bodies of water that are arrange so
that the temperature gradient are reversed from the normal.
This allows the use for collection and storage of solar
energy which may, under ideal conditions, be delivered at
temperature 40-50 C above normal

ZONE OF SOLAR POND
1. UCZ (Upper Convecting Zone) : Top layer

1. This is a zone, typically .3m thick, of almost low salinity
which is almost close to ambient temperature

2. UCZ is the result of evaporation, wind induced mixing,
and surface flushing

3. Usually this layer is kept as thin as possible by use of
wave suppressing mesh or by placing wind breaks near the
ponds

2. NCZ (Non Convecting Zone)  : Middle layer

1. In this zone both salinity and temperature increases with
depth

2. The vertical salt gradient in the NCZ inhibits convection
and thus gives insulation effect
3LCZ (Lower Convecting Zone) : Top layer

1. This is a zone of almost constant, relatively high salinity
(typically 20% by weight) at high temperature.

2. Heat is stored in the LCZ, which should be sized to
supply energy continuously throughout the year

ORGANIC RANKINE MODEL

The model is designed to compare and evaluates the
potential organic Rankine cycle configuration
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Figure 3.1: )Iodeled. components in an ORC with single-stage expansion and recuperation

THERMODYNAMIC ANALYSIS AND PARAMETRIC
STUDY

R-134a is done. A parametric study was carried out to
obtain the cycle efficiency of ORC along various saturation
pressures. This is done to find the effect of turbine inlet

In research work, thermodynamic analysis of various pressure on the efficiency of the cycle

working fluids like toluene, R-236fa, R236ea, R-245fa and

4.2 Thermo-physical Properties of various working fluids

Parameters Toluene R-236fa R-236e¢a R-245Ca
Chemical C;Hs or

Formula CsHsCH4 |"CF3CH2CF3 | C3H2F6 C3H3 F5
Molecular

weight (g/mol) 92.1381 152.04 152.0383 134.05
Slope of

saturated vapor Almost

line Negative Isentropic Negative Negative
Critical

temperature

) 318.6 124.92 139.29 174.42
Critical

Pressure (MPa) | 4.1263 3.2 3.50198 3.925
Boiling point at

1 atm ("C) 110.6 -1.44 6.19 25.13
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Parameters Toluene R-236fa R-236ea R-245ca

Assumptions of the cycle

1.Turbine inlet temperature 70°C 70°C 70°C 70°C

2.Turbine inlet pressure

3.Condenser saturation temperature | 0.074246 Mpa 1.9396 Mpa 1.5720Mpa .92819Mpa

4.Condenser saturation pressure 40°C 40°cC 40°cC 40°Cc

5.Carnot efficiency

=(T boiter-T condenser)/ T boiler 0.0078923 Mpa 0.4377 Mpa 0.33765 Mpa 0.17347 Mpa
42.857% 42.857% 42.857% 42.857%

Turbine and Generator

Calculation

1w Turbine

=W giecrric/generator efficiency(.85) 1176.47 KW 1176.47 KW 1176.47 KW 1176.47 KW

2.inlet condition

hi1=
Sl= 638.95 KJ/Kg 291.87 KJ/Kg 460.08 KJ/Kg 365.45 KJ/Kg
3. turbine efficiency 1.8661KJ/Kg 0.89125KJ/Kg 1.7481KJ/Kg 1.0988KJ/Kg
:(htha)/(hl-hz)
Therefore hya
4.Turbine work per kg of working | 575.599KJ/Kg 270.331KJ/Kg 437.0535KJ/Kg 335.736KJ/Kg
fluid
=h;-hz,
5. turbine work =(Mus*W,) 63.3505 KJ/Kg 21.539 KJ/Kg 23.0265KJ/Kg 29.93KJ/Kg
Therefore My=

18.570kg/sec 54.620kg/sec 51.092kg/sec 39.307kg/sec
Calculation of Condenser
Q rejected=Mui(h2-hs) 8267.169 KW 9469.9609 KW 9560.09KW 9162.12KW
We also know that
Q rejected=Mor Cp(T exhaust= T inet)
Therefore M 197.44 Kglsec 226.175 Kg/sec 226.35 Kg/sec 216.82Kg/sec
Calculation of pump
V = .0011752 .000746 .00072723 .00074201
Ps= .074246 1.9396 1.572 .92619
Ps= .0076923 A3777 .55765 177347
1.W p=V5(ps-pa) 07797 KJ/kg 1.1405 KJ/kg .89765 KJ/kg .56001KJ/kg

We also know that
Wp=(hs-hs)

2.Therefore hg=

3.Pump efficiency
=(hg-ha)/(hea-ha)

Therefore

Hoa=hs+(W,/pump efficiency)

130.48797KJ/Kg

130.529 KJ/kg

98.1005 KJ/Kg

98.7192 KJ/kg

250.817 KI/Kg

251.202 KJ/kg

103.026 KJ/Kg

103.322 K/kg

Recuperator Design
Effectiveness
e=(hz-h3)/(h2-z min)

e=

h3‘min:

therefore

ha=(e*(h2-h3min))

Q recuperator:wa(hZ'hB):wa(hG'hB)
Therefore hg=

0.85
534.41KJ/Kg

542.8895KJ/Kg

164.439 KJ/Kg

0.85
233.65KJ/Kg

239.184KJ/Kg

129.9592 KJ/Kg

0.85
397.2KJIKg

403.17KJ/Kg

283.8035 KJ/Kg

0.85
295.15KJ/Kg

301.237KJ/Kg

135.790 KJ/Kg

Calculation of Boiler

Qpboiter=Mut(h2-he) 8983.20811 KW 8843.567KW 9005.966KW 9028.15KW
Efficiency of cycle
=(Wurbine=W pump)/ Qbeitel 13.0802% 12.462% 12.554% 12.787%

1JERTV31S061020

www.ijert.org

904



International Journal of Engineering Research & Technology (I1JERT)

ISSN: 2278-0181

Vol. 3 Issue 6, June - 2014

SUT9rTI

SoTpTTess

1519h0'998L

T686EY0T

8079901

LS8TT

1S8T60

ST86'5656

91

QT

96661

STI96CT0'ET

(STETS 6206

SENTRR988L

iall

§HoE0l

%0

§T88I1C | TrTg16

6ELT6E

1660

818160

199mTe el

BI6020°TL68

9ESHOZ'Y06L

EESOBE'0T

580400

PLLEETT

BYSLOET

8E0LT99

19L0v'SS

EELTe

%161

HWISTAT

TOL0E9'SETe

ELLBTST6RL

sl

LOSHOI

(S0

L6TTAT | 956 L0¢6

SLLee

56

618060

8VLBLIETT

TLLELY'ETO06

1T1996'SH6L

L00£TE°0T

666407

BL6LTT'T

TEMTE

BT6ETELS

L0619'S8

11914

96681

§SE9BE69TI

ET9€H'E906

SLBSTE TR

9901t

150

{0850

(SF9CT | 6CC 1886

SELEOr

$E160

618880

TI6TS6e et

815119906

9vESH0'866L

68S0YT'01

LT'S880T

E89z0T'7

19T

¥R60'L186

SOET0'9S

SE00'TE

96L81

TELBIS95TT

T61909'8SE6

9TE0S'PIT8

(601

LSL01

{160

6600

{671%

9180r

S8

618980

880€€S8TT1

9E9LER'6L06

8Y8EL9'0T08

SgELTToT

(5'LT601

1862807

BETT'SEL

L0886

ET180'9%

8L6'0

96581

96E00L68TT

Laonoores

TTESST'S9re

LSOl

§EE801

90050

FOFIET | S06 3896

90 TH

8

61880

8CSLLETTI

96H6'6116

9491E0°0508

ESE6STOT

1258601

60007

EET89EL

1T6L'ST66

TREE'9s

SHE0

9681

SLSHBIETT

£S0809'9¥S6

%962 7018

§1L901

Fol01l

8580

LT8SET | re0¥L36

(6891

ast

618180

88gILLSTTL

LS9GE8'E8T6

LLLOYETTS

180101

8198011

9649507

QTwee

E18's1001

PBLIL'YS

STEL0

9181

e

L10088°¢LS6

0869

Rt

§H011

1110

FA8 960 | C9L8166

S 1F

SEIS

818080

6TT0LTTT1

ELVIITTOZ6

€C887L'6CT8

TShPP0°0T

QUETTIT

ST

reliyiizg

I8TS00T

9TTKe9s

SL69'0C

966L 1

L6SHELS0TT

SHS0S'ESLS

67996'9098

F10F01

£90En

19670

1974 | 8L6101

§S9 T

L

61880

90L6L580T1

VE6680°6476

L8E696'9LT8

8LL88L5'6

[CR0ALS

009207

6T

E08'6710T

RITLS

1850

96LLT

EOSLTETT

BSOEH8186

LELLT8 0028

¢Iszor

S8l

{10

(6L SHT | EET6001

160tk

e

61890

80CT¥R98'TI

6960ET'9THE

8E0706'1¥ER

60vB99L'6

GETHITT

6060T0°T

%91t

TE0°TLE0T

STLLT'SS

8T

965L 1

SSURITELTT

ETBYS 2001

(87968°9.88

)

FI0911

AL

OFIST| ILSEC0!

(St

S0

§I8L0

woijesadmay
m
lovanyg

uojesadniay
M

uorypp
1eay

uonesadnoay
UM
uoipalay
183y

fouaoy

J3jogu
UoippY
1e3H

Yiom
dwnq

pin
Bugo0)
joaiey
Moy
sse

uopalay
123K
RPU0)

ping
Suyiom
joaley
Moy
SSel

pig
Suyiom
[Hom
auging

anssalg
el
auginy

£JO7 4 40} Apnig aujawedeq £'p ajqeL

[

m
ey

noneiRdRy
A
PPy
ey

TonRRdmRy
A
Toaby
R

fowpgg

g
wappy
=Y

Yoy
dung

o)

S

il

oy
MO

nonby [ pmy
W | Sy
EEEG %z&

MO
S

pmy | 36 |
Smyoyy | W
Aoy | mqm]
g

T97SHS60°ET

60T807°¢868

L501S8'808L

91zt

(413703

1800

8E8'T0L

856018

TSTE6'ST

SENTT9

ThL0'0

B0P9¥996TT

1966857L06

BEBYET'868L

1765801

8BS EEL

88507

TETYHT

E61'65%8

S60vT'6T

SET

9L

TR TT

SLSU9'T916

BB8YEC'L86L

PREESETT

SESTHR6

5600

000°200

1607998

B96¢E'6T

500809

97000

LSTB0ELTT

ET1999'TEL6

6861508

EELOS'TT

108'9266

Tu0'0

SSE0'602

9IETSL8

GEETS6T

506209

9478900

TL8E86YTT

99028 TTH6

SIET LET8

EPE96STT

BS'YPIO0T

18890°0

WECTT

8L0'0L68

BLE6'6T

1006

9479900

COGBEEETT

1925261656

GBLSLE'E9ER

19551t

796001

S19900

usm

WL

9TZET0

SBrT'Ss

9TH90'0

BISHTOTTI

99TTLETH6

QTLSLL9M

144140

ESTINT

60190

880

916

37h44

Wi

90’0

660589911

85796'8996

TBLE0E ¥6t8

168051

ET95H0T

£L1900

SN

SL'T6

BEBEC0T

SIgLLs

9570900

892080021

TLL898'%L6

TET99T 7098

LE6R0TT

8L01901

LE6S0°0

9650

8L09ERS

1E8E8 0L

(LN

978500

99Tr608°TI

69E¥9'7966

TUET06'98L8

88628807

960807

10500

BYTT0E

60679

A

s

917900

Lonesadnay
ym
houanyp

vonesadniay
Y
uomppy
1e3H

Loesadnay
L)
uopala
183l

Tovaoiy3

108
uoppy
oK

YoM
duing

png
fuo0)
Jostey
noyg
ssep

papalay
123K
RUBPUO)

pnyg
Supom
3y
Jodley
Mol
SSeW

pinig
Buryiom
/YoM
auging

anssalg
8l
auginy

uanoL oy pnisaujaueq 'y 3eL

£00H7 40} Apmig dmaueseq ¢y 3geL

SLe8F9Tl

LUTTTH

$HOCT0E8L

[y

1

8680

800

§079%

0T¢ | S90EC

st

§T8g9cc Tl

ECERCLT08

SLEaT9I6L

THLF01

00801

£880

FIEt

19339

991¢ | SBBLTT

1“1

L9

§LTC8968

HT9CSL

(il

il

690

SL6T

LLS61%

IS | 19670

Ul

LIBLOGET

L6031

§09L1708

{IE0!

13901

180

§ECE

81786

BT | T

Usl

SCELeceTt

$L08Y 7916

1CH8 818

gLz

gL

e80

FE98

£K01066

[rTe (W1

1r1

SISl

S 116

TELLL%908

10T01

g0l

{80

IFL&

€066

LT | SLeETT

urt

SHO0ETI

S106¢176

SLELYO0IS

910701

FEI

180

6L8EC

1561666

e |SEw

1

LIS6ERTI

1SS TIH

BLEET 9608

11566

106¢TT

%L0

Fift

gopLI0n

% |

g

L3ETHO0TI

(OLLELHE

SOLBTEES

(e85

16411

18L0

(910

S FEE0!

U (ST

ikl

H006 1

(11104

8061 7¢68

Y0¢L86

Lt

0

QLT

STLLENT

BTHE | 9910

1

toneduy
!
fowpgy

ToneRdmy
s Rrog

TPy
wy

tonenday
il
L
wy

fowpgyg

ahqu
Wiy
B

o
dung

pmig
S0y
joary
A0
s

wonaby
my
BSIRpU0)

P

oy
M

piny | amssag
Sumpoy | Sy

PN
g

L
Jogay,

B30574H Joj pmis ujauweseq 1 3geL

905

www.ijert.org

IJERTV 315061020



CONCLUSION

Various working fluids were analyzed with varying turbine
inlet pressure and various graphs were plotted to show the
effect of turbine inlet pressure on various parameters

1. The fig 5.1 shows the plot for the efficiency of various
working fluids at various turbine inlet pressure from the
figure it can be said that the toluene reaches to the
maximum efficiency but the effect of turbine pressure is
more in case of toluene whereas the effect is much less on
the rest of the fluids

2. Fig 5.2 shows the plot for mass flow rate of the various
working fluids required for generation of nominal power
1MW.From the graph it is seen that the toluene requires the
most minimal mass flow rate for the same R-236fa requires
much more mass flow rate as compare to rest of fluids.
Thus the toluene suits the most viable option according to
mass flow rate

3. Fig 5.3 depicts the heat addition required in the boiler
generation of the same turbine work under different turbine
inlet pressure fig 5.3 toluene requires the less heat addition

4. From the above graphs, it is indicated that the toluene
gives out to be the best option for a 1 MW solar operated
power plant .The other important analysis done here is the
effect of recuperate on the overall efficiency of the plant

5. Fig 5.4indicates the increase in the efficiency of the
plant with use of recuperation for toluene
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