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his study presents an energy study of an Organic Rankine Cycle (ORC) by comparing

three organic fluids. The latter is considered as a promising cycle for the conversion of
heat into mechanical energy adapted to low-temperature heat sources; it uses more volatile
organic fluids than water, which generally has high molecular weights, thus allowing operat-

ing pressures at temperatures lower than those of the traditional Rankine cycle. This study
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devoted to the energy analysis of the ORC cycle, taking into account the effect of the operat-

ing temperatures and the choice of the organic fluid on the cycle performance. The utilized
three fluids were Toluene, R245fa and R123. The results obtained show that the Toluene
organic fluid has the best energy efficiency of the cycle with 7.45%.

Keywords:

ORC cycle, Energy Analysis, Organic Fluids, Performance, Toluene

INTRODUCTION

Currently, a continuous increase in energy con-
sumption is noted which has led to environmen-
tal problems such as global warming and the deple-
tion of fossil fuels. Total global energy consumption
increased from 575 quadrillion British thermal units
(BTUs) in 2015 to 736 quadruplets in 2040, with an
increase of 28% [1]. Organic Rankine Cycle is one of
the most commonly utilized technologies for produ-
cing electricity from low-grade heat [2], which can
be derived from Geothermal [3,5], Biomass [6,7], In-
dustrial waste [8] and solar energy [9,10]. The orga-
nic fluids used by organic Rankine rings are usually:
hydrofluorocarbon refrigerants, ammonia, butane,
isopentane, toluene depending on the nature of the
fluid, isentropic expansion from the dew curve may
conserve, decrease, or increase the vapor titer. It is,
in fact, the slope of the dew curve in the Mollier di-
agram that explains this phenomenon specific to the
nature of the fluid. The aim of this study is to esti-
mate the mechanical power that can be provided by
an organic rankine cycle by studying the effect of the
evaporation temperature and the choice of the orga-
nic fluid adapted to this type of energy conversion
system and to find the organic rankine cycle perfor-
mance by comparing three different organic fluids;
Toluene, R245fa and R123.

DESCRIPTION OF THE ORC CYCLE

The heat transfer fluid at high temperature transfers
the heat stored to the evaporator of the ORC cycle.
This fluid can reach relatively high temperatures.
The organic fluid pressurized by the pump is heated,
then evaporated and superheated in the evaporator,
by the heat energy from the heat source, transferred
to the latter. The superheated steam obtained at the
outlet of the evaporator drives the turbine, which is a
rotational movement drives an alternator for the pro-
duction of electricity. The steam at the outlet of the
turbine is directed to the condenser where it is cooled
by a flow of cooling water.
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Figure 1. Scheme of Organic Rankine Cycle (ORC)
THERMODYNAMIC MODEL
The ORC cycle is analyzed by applying the princip-

le of conservation of mass and energy according to
the first law of thermodynamics, for each of the four
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components of the organic Rankine cycle, taking the fol-
lowing hypotheses:
Changes in kinetic energy and potential energy
are negligible.
The system is adiabatic (without thermal losses).
The system  operates at  steady-state.
Mass and Energy Balance of the ORC Cycle
The input and output mass flows are equal in steady state,

we have:
m, = m,=m,=m, =m

Pump

The circulation pump allows the movement of the orga-
nic fluid from the low pressure condenser to the evapo-
rator at high pressure, it is possible to determine the con-
sumption of the pump. The energy balance of the pump
is written as follows:

WP :Ih(hZ_h]) )

The specific work consumed by the pump to compress
the fluid is written:

W :(hz'hl): V(PZ'PI) ®3)

For an irreversible adiabatic compression, the mechani-
cal efficiency of the pump is introduced as follows:

WP év WP is (hZis _h1)
7 is — - === (4)
! Wp irrév Wp (hz - h])
Evaporator

The working fluid enters the evaporator in the liquid
state and heated therein at constant pressure P2 to the
evaporation temperature, then it evaporates at constant
temperature and pressure. The energy balance of the eva-
porator is written as follows:

QEvap = rh(h3 - hz)

Turbine

The expansion in the turbine is considered adiabatic and
irreversible with a constant isentropic efficiency which is
defined as follows:

42

WT irrés WT (h3 _h4)
77 is T < = = (6)
! WTrév WTis (hs - h4is )

The energy balance of the turbine is written as follows:

WT :rh(h3 7h4) = rh(h3 -h, is) 777 mec @)

The electric power of the turbine is given by:

elec

B :77 x ®
WT.ORC sen WT,ORC

Condenser

The working fluid enters the condenser in the vapor sta-
te, condenses at constant temperature and pressure, and
exits in the liquid state where it yields a quantity of heat.
The energy balance of the condenser is written as follows:

Qcond =Ih(h4 _hl) ©)

Performances of the ORC System
The thermal efficiency of organic Rankine cycle is defi-

ned as:
W,
0y = =R (10)
QEvp.ORC
Wnct.ORC = WT - WP 11)

RESULTS

In this part we compared the thermodynamic behavior of
three types of organic fluids R245fa, R123 and toluene.
The input parameters of the organic Rankine cycle opera-
tion are as follows: TE‘yap=100 °C T, =40 °C; m=1kg/s.
The thermo-physical characteristics of the working flu-
ids of the various points of the cycle are calculated by the
Solkane and Coolpack software [11]. Table 1 represents
the thermodynamic characteristics of the various points
of the ORC cycle for the three working fluids.

In order to jointly consider the fluid having the highest
net mechanical power, and the best energy efficiency.
This study allowed us to compare the behavior of diffe-
rent types of working fluid under similar conditions. The
thermodynamic performances of the ORC cycle of the
three fluids are shown in Table 2.

The results show that the Toluene organic fluid appears
to be a good compromise for these two criteria, it is the fluid



Table 1. Characteristic thermodynamic points of ORC cycle

T[°C] P[bar] h[kJ/kg] s[kJ/kg.K] x[-]
‘Working fluid: Toluene
1 40 0.07907 -132.3 -0.3799 0
2 40.02 0.7475 -132.3 -0.3799 1
3 100 0.475 347.1 0.9306 1
4 45.37 0.07907 278.1 0.9306 1
Working fluid: R123
1 40 1.547 241.9 1.142 0
2 40.25 7.868 2423 1.142 1
3 100 7.868 442.5 1.694 1
4 50.08 1.547 414.6 1.694 1
Working fluid: R245fa
1 40 2.496 252.6 1.179 0
2 40.4 12.69 253.4 1.179 1
3 100 12.69 474.1 1.791 1
4 50.44 2.496 4442 1.791 1
Table 2. Thermodynamic performances of the ORC cycle
Working fluids
Performances
Toluene R123 R245fa
WP (kW) 0.1089 0.4445 0.7853
ump
Oy, (KW) 479.4 200.1 220.8
v
Wi (KW) 69 27.82 2991
Qg (kW) 4105 172.7 1917
on
W 68.92 27.38 29.12
net.ORC
More (%) 14.38 13.68 13.19
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Figure 2. Variation of mechanical power of Turbine with
ORC evaporation temperature according to the studied working fluids

that has the highest value of the net mechanical power

W,.ore = 68.92 kW compared with the other fluids, it is also
a fluid which presents the best energetic efficiency of the

cycle which equals ¢ore rouene =14-38 % compared to that of
the organic fluid R123 ¢gpe i =13.68 % and that of the or-

ganic fluid Sore poss =13-19 %
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Parametric Study

In this part, we studied the influence of the evaporation
temperature of the ORC cycle on the performances of the
organic Rankine cycle, namely the net power delivered
by the ORC cycle and the cycle efficiency using the three
organic fluids. To do this by keeping the condensing
temperature constant, that is to say by fixing the con-
cona=20°C), and by varying the
evaporation temperature in the range of [80 °C-150 °C].

densation temperature (T

Fig. 2 shows the effect of the evaporation temperature on
the net mechanical power provided by the ORC cycle for
the three organic fluids used. The results show that the
mechanical power supplied increases with the increase
of the evaporation temperature for the three fluids. The
Toluene fluid gives a very high mechanical power relative
to the other fluids.

Fig. 3 shows the effect of the evaporation temperature
on the thermal power received by the evaporator to feed the
organic Rankine cycle. The results show that the thermal
power required for the supply of the ORC cycle is increased
with the increase of the evaporation temperature, the wor-
king fluid Toluene uses a lot of energy during its vaporizati-
on at the evaporator.
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Figure 3. Variation of thermal power of evaporator with
ORC evaporation temperature according to the studied working fluids
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Figure 4. Variation of Energy Efficiency with ORC evaporation
temperature according to the studied working fluids

CONCLUSION

This work focused on the energy study of an Organic Ran-
kine Cycle (ORC) for the production of electrical energy,
based on the use of an organic fluid. The parametric
study of the organic Rankine cycle has made it possible
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to select the best organic fluid with good thermodynamic
performance, which is the Toluene which is the fluid with
the highest value of the net mechanical power and a yield
of high compared to other fluids. On the other hand, we
have been able to analyze and highlight the influence of
the evaporation temperature and to find that the cycle
efficiency increases significantly with the increase of the
evaporation temperature especially for the Toluene fluid
where the efficiency energy increase from 10.5% to 21.45
% over a temperature range of 80°C-150 °C.
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