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Abstract: Recently, there has been a notable increase in focus on the organic Rankine cycle
(ORC) progress. The system has remarkable abilities in the application of low-temperature and
sustainable energy. This study examines the energy assessment of a hermetic scroll expander in an
ORC. The chosen organic working fluid was R134a. Thermal oil served as an organic fluid in the
heat source system, while an electric heater functioned as a heat supply. The thermal oil temperature
was kept constant in this study at 65 °C. The study used a preliminary EES model and an experiment
to evaluate the achievement of ORC in terms of power output and thermal efficiency. Certain
modifications were made in EES concerning the heat supply and condensation temperature to predict
the amount of power output and thermal efficiency. Based on the simulation result at this condition,
we obtained a power output of 0.580 kWth with a net thermal efficiency of 2.9%. The results of the
experiment demonstrate a power output of 0.381 kWth, 0.113 kWe of electric power, and a net
thermal efficiency of 3.08%. The deviation between the simulation and experimental results was
4.87% for net thermal efficiency and 12.75% for turbine power output. The validation of the ORC
model is based on the performance of the provided ORC prototype. Finally, the numerical model is
used to investigate potential improvements for the prototype.

Keywords: ORC; scroll expander; thermal efficiency; power output; modeling; experimental

1. Introduction

Utilizing organic Rankine cycle (ORC) devices to
generate power from renewable energy and low-quality
heat sources has gained more attention recently. Waste
heat recovery has been effectively applied by ORC.
Unlike the steam power cycle, ORCs use hydrocarbons,
refrigerants, silicone oil, solvents, or other organic
compounds. The ORC can improve thermodynamic
efficiency at low heat source temperatures and produce a
more efficient expander compared to the standard steam
Rankine cycle. Autonomous operation, low operating
pressures, and few maintenance requirements make it an
excellent choice for low-medium quality heat-to-power
conversion.

Heat sources derived from renewable resources have
unique characteristics and drawbacks, including the
relative reliability of intermittent supply and limited
capacity. As a result, it's essential to improve thermal
storage from renewable energy sources by incorporating
various sources, including solar, biomass, and geothermal
energy, into the setup of existing heat conversion devices.

The ORC architecture closely resembles the steam

Rankine cycle but features a more streamlined set of
components. The ORC component undergoes a phase
process that begins with the pump providing high pressure
to the organic fluid, followed by heating up in the
evaporator to vapor and superheat phases, and finally
converting the pressure vapor into mechanical energy on
the expander. Within the condenser, a cooling medium
leads to the low-vapor-pressure organic fluid condensing.

The main pump circulates the low-pressure organic
liquid back into the system from the condenser, which
turns into liquid saturation, initiating a new cycle. The
addition of a recuperator after the expander in a system
with a high expander output temperature can improve
thermal efficiency by acting as an internal heat
exchanger!?. The average heat transferred to a cycle is
greater than in a basic ORC, while the heat rejected into
the environment is relatively low. This difference in heat
transfer temperature leads to an enhancement in cycle
overall efficiency?.

Choosing the organic fluid is a critical aspect of the
ORC system. The thermal-physical characteristics of the
organic fluid gain a substantial influence on thermal
efficiency, expander outcome, system stability,
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= heat transfer fluid
— cooling water

Fig. 1: Schematic diagram a small-scale ORC was proposed.

component size, safety, and environmental factors 9. To
maximize heat extraction from the thermal stream and
achieve high efficiency in the cycle, working fluid
selection is essential. Organic fluids frequently contain
complex molecules with high molecular weights, low
boiling temperatures, and low pressures. In the vapor T-s
diagram, these liquids are categorized based on their angle
of saturation. Wet liquids have a negative angle, dry
liquids have a positive angle, and isentropic liquids have
a zero angle. Since dry and isentropic liquids are in an
overheated state after expansion, they are more
advantageous than wet liquids like water in an ORC at
lower operating temperatures. Eliminating the need for
unnecessary heating equipment and preventing damage
caused by liquid droplets building up on parts along the
liquid path. These characteristics could greatly decrease
the size of the evaporator and the need for expander
preservation, thereby reducing the system's fund and
operational expenses.

Tchanche et al.”) researched to examine the suitability
of various organic liquids for low-temperature ORC.
Twenty distinct liquids were examined and their
properties were compared regarding flammability, toxicity,
expansion ratio, volume rate, and thermal efficiency. The
results reveal that not one of the fluids under investigation
possesses all of the necessary qualities; choice shall entail
weighing the advantages and disadvantages of each fluid.
R134a had the most favorable organic fluid qualities for
the applications, followed by R152a, R290, butane, and
isobutane. In their study®, Branchini et al. looked into the
ORC in great detail by figuring out six different
thermodynamic parameters to see how well it worked.
These variables include recovery efficiency, heat
exchanger size parameters, cycle efficiency, and specific
work.  Aromatic chemicals, siloxane compounds,
refrigerants, and hydrocarbons were used as organic fluids

in the investigation. Moreover, the analysis offers valuable
recommendations for choosing the optimal fluid design
and ORC depending on the given operational
characteristics and applications. To classify the most
appropriate organic fluid for a broad heat source, spanning
a wide variety of temperatures, Larsen et al. used several
regression analysis tools to establish the optimal thermal
cycle performance. The research findings conclude that
refrigerants and dry alkanes are the primary fluids that
exhibit ideal properties. The best organic fluids are listed
by Rahbar et al.® in a review of small ORC applications
with subcritical configurations. These fluids are divided
into three categories according to the evaporation
temperatures: low, medium, and high. The best organic
fluids in the low-temperature category include R134a,
R245fa, R152a, R236fa, R227ca, R143a, R236ca,
isobutane, and ammonia.

In addition to the selection of organic fluid, no less
important in affecting ORC performance is the selection
of expansion device type. The choice of expansion device
is greatly impacted by the organic fluid type, the capacity
of power output, also the cycle operating circumstances.
There are two categories of expansion machines:
volumetric type (screw, reciprocating piston, scroll, and
rotary vane expanders) and velocity type (axial flow and
radial inflow turbines). Scroll expanders are the greatest
appropriate expansion devices concerning micro-scale
ORCs with power capacities between 0.1 and 2 kWe. In
general, scroll expanders utilize and modify scroll
compressors in air conditioning and refrigeration systems.
The actual performance is slightly lower compared to the
theory since it is not specifically designed for ORC
operating conditions.

Researchers have experimented with ORC using R134a
and a scroll-type expander. Zanelli et al. studied the
properties of electrical power, filling factor, and isentropic
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efficiency against pressure ratio fluctuations in a small-
scale ORC hermetic scroll expander”. Within the variety
of 2.4-4, the electrical generation is 1-3.5 kW when the
isentropic efficiency is between 63 and 65%. A test bench
was designed by Wang et al.!® to examine the
demonstration of a 6.8 cm® displacement R134a scroll
expander. The performance of an ORC scroll expander
was evaluated using a dynamometer concerning speed,
pressure ratio (2.65-4.84), and scroll sealing pressure.
According to the test results, the isentropic efficiency was
about 70%. Between the following temperatures 120 °C
and 138 °C, Moradi et al. 'V monitored the achievement
of an irreversible micro-scale ORC. Isentropic efficiencies
for the expander and pump ranged from 17% to 34% and
35% to 55%, respectively, under typical situations. A 200
W net power result was the highest possible. Martin et al.
used R134a to convert an automobile scroll compressor
into an expander with a 1 kW ORC capacity '?. Martin et
al. experimented to find the ideal the temperature of heat
source from 75 °C to 95 °C in terms of efficiency and
electrical power produced. The system demonstrated
optimal performance, with an efficiency of 3.3% and
279.58 W at 1.25 MPa of input pressure and 67.7 °C of
temperature at the turbine. Mu et al. are modifying an air
screw compressor to employ R134a as a screw expander
in a micro-scale ORC!¥, The test rig was operated in the
range of temperatures 55 °C to 65 °C by utilizing WHR
arrangement as a heat source. The results show the screw
expander's average isentropic efficiency of 68%, while the
range of thermal efficiency is 1.2% to 4.56%. Muslim et
al.'¥ also used a scroll compressor as a turbine expander
to conduct an experimental study on the working fluid
R134a. The achieved thermal efficiency results range
from 2.5% to 4.45% when the temperature is 90.5 °C. Zhu
et al.'” studied an experimental on a small-scale ORC
with six variations of load resistances namely 18.6, 19.4,
26.2, 34.7, 64.0, and 75.6 Ohms in terms of electrical
power output, electrical efficiency & scroll expander,
pressure ratio. A rapid linear increase in power output with
speed is the result of a low resistive load. When a resistive
load is applied at a constant RPM, the power output and
rate of power output decrease steadily.

The operating temperature influences how an ORC
system chooses its working fluid in an effort to obtain the
optimal system design'®. While this was happening,
information on the working fluid's thermodynamics was
needed to determine the application efficiency at various
temperature  ranges!”. All  conceivable  organic
possibilities share a low boiling point as well as a lower
critical temperature and pressure than water'®'? due to its
advantageous safety factor considerations, which include
its non-toxic and non-flammable features, R134a
refrigerant, for instance, is frequently utilized in the ORC
system?”. The employment of scroll expanders?'??,
which have two spiral blades, orbiting and fixed scrolls, a
distinctively poor rate of flow and rotation speed, and a
high ratio of pressure, dominates low-capacity systems.

However, contrasted with alternative volumetric
expanders, this particular model has increased isentropic
efficiency, reduced noise and vibration, great
dependability, and fewer moving parts—all of which
make it suitable for small-scale systems (5 kW)
Numerous academics have discussed the thermodynamic
performance of an ORC unit with an internal heat
exchanger (IHE). The IHE installation improves
thermodynamic performance, enhancing energy and
thermal efficiency?®>%. Even the studies of Saleh et al.*?
as well as Budianto et al.>» can be improved even further
by combining IHE and superheat.

Based on the background of ORC research, we studied
a hermetic scroll expander in a small-scale ORC equipped
with a recuperator and utilizing R134a organic fluid. This
research examined the performance of the ORC under
different operational circumstances, both mathematically
modeling the ORC and performing calculations for its
thermodynamic performance experiment. The objective
study aims to provide additional prediction and validation
for small-scale ORC units with minimal heat recovery that
utilizes thermal oil as a heat source.

2. Methodology Research

2.1. Thermodynamic analysis description

The system comprises heat sources, organic fluid, and
a cooling system. The evaporators, condensers, and
turbines (scroll expanders) coupled to generators,
recuperators, main pumps, and evaporators support the
primary component of ORC. The evaporator heats the
organic fluid R134a, used by the ORC, creating vapor that
turns the expander. The vapor outlet expander then passes
through a recuperator and a condenser. Back at the
evaporator, the condensed fluid is pumped. An outline of
the structure's small-scale ORC mechanism is presented
in Fig. 1. Table 1 describes the energy equation for
individual components.

In this case model, we considered the scroll expander's
volume as a key parameter for all of the different working
fluids. The scroll-type expander transfers a fixed volume
of fluid per revolution. It was determined that the mass
flow rate remained constant and steady. When calculating
the rate of mass flow for working fluids, it is important to
consider the volumetric scroll expander's 38 cc per
revolution capacity, with the operating expander running
at 3050 rpm. The rise of the temperature factor in the
evaporator has an influence on the total quantity flow rate
in the simulation calculation. Since it affects each organic
fluid depending on its evaporator temperature function.
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Table 1. The energy equation of each component.

No. Component Energy equation model
L. Pump Wp = 1hyyp(haa — hy) (€8]
Nis_pump = (has — h1)/(ha — hy) 2)
2. Evaporator Qevap = My (hs — hap) 3)
3. Expander Wr = mys(hs — hyg) “
Nis_exp = (hs — hy)/(hs — hyg) Q)
4. Condenser Qcona = Mg (hap — hy) (6)
5. Recuperator Qug =€ (Thwf Cp(Tyq — TZa)) @ Dummy load
6. Thermal - Wr
th =7
Efficiency Qevap ®)
Wr =W ©)
NMnet = Q—
evap

2.2. Modelling approach

For simplicity in the analysis, we made the following
considerations: there is no pressure decrease in the line
system, the intake and output have equal mass flow rates,
and steady-state conditions. The energy equation in Table
1 shows the exact calculation of the model ORC
employing the app engineering equation solver (EES).
The physical characteristics of working fluid were
examined using REFPROP. In these simulations, we
consider an assumption that the effectiveness of a
recuperator is about 0.7. The isentropic effectiveness
values for the expander and pump closer to the actual
component are 0.5 and 0.4, respectively. Anticipated
improvements in efficiency are expected as the pump
experiences a larger pressure discharge and the scroll
expander experiences a lower pressure discharge. Based
on the rate of the amount of the heat source, organic
working fluid, and the condenser's heat rejection, the EES

Condenser

Evaporator

Cw /

Sensors of pressure and temperature were installed at

Fig. 2: Facilities for Small-scale testing of ORC.

software forecasts the power output expander and net
thermal efficiency. The heat source has a temperature
range of 60 °C to 105 °C, and the condenser has a
temperature range of 30 °C to 35 °C.

2.3.Experimental approach

The experimental ORC testing facility is presented in
Fig. 2. It comprises a fluid main pump, a recuperator, a
plate heat exchanger, a scroll expander embedded with an
electric generator, a condenser, and instrument control. An
electrical heater heats the thermal oil, providing the heat
source. The inner pipe of a recuperator contains one fluid
stream, while the outer stream circulates within the
annulus created by the coaxial pipes. A tube-in-tube (or
pipe-in-pipe) heat exchanger is used to achieve this. A
recuperator has a counter-flow configuration, where two
different types of fluid enter from opposite sides.

the intake and outflow of each significant element. The
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amount of electrical power generated was measured using

0.30 -
a power meter, which comprises a voltage number, current
number, and power factor on a scroll expander generator. 0.25 A —o
A turbine flow meter was mounted there to track the rate " el
of working fluid flow. A main pump with a variable B 0.20 A 3 aan
frequency controlled the variation of the quantity of I R
organic fluid. The heat supply temperature used in the test o 015 - 3 [
ORC was set at 65 °C while controlling the main pump at B ==
a frequency of 30 Hz. The condenser temperature is E 010 &=7 b=
maintained at 30 °C. A summary of the operating s
parameters of the prototype ORC in this study is presented
. 0.05 A
in Table 2.
17 - 0.00 ; . . . . .
}g) i } 30 325 35 37.5 40 42.5 45
&0 %’1 ] %/%’ Frequency of pump, hz
R 12 %’ Fig. 5:. Frequency of the motor vs. mass flow rate of the
g 1 ,% centrifugal pump
510 - y
29 A&
Z) § i %,% Table 2. Summary of ORC prototype operating parameters
2 6 %’ Parameters Value
E i ] ’%/}’ Temperature of thermal oil 63,8 - 64,5 °C
3 A ,}’ Mass flow rate of thermal oil 4,5 m*/h
% 1-¥ Temperature of cooling water 28 -30°C
‘f é é ;‘ g é % é é 1.0 1I1 1I2 1I3 1I4 1.5 Mass flow rate cooling water 4 m’/h
Pressure measured, barg Frequency of centrifugal pump 30 Hz
Fig. 3:. validation of pressure sensors on ORC components Table 3. The results of uncertainty for respective sensor device

& thermodynamic performance.

100 - No. | Parameter Uncertainty
1. Pressure sensor inlet pump, P1 +1,1%
o 90 1 //%] 2. Pressure sensor outlet pump, P2 +0,3%
o_ﬁ; 80 % 3. Pressure sensor inlet evaporator, P3 +1,3%
ug 70 - %/’/ 4. Pressure sensor inlet expander, P4 +1,3%
) /,/" 5. Pressure sensor outlet expander, P5 +1,6%
2 60 - /% 6. Pressure sensor inlet condenser, P6 +£2,2%
g 50 ,@’f/ 7. Temperature sensor inlet pump, T1 +3,7%
S , 8. Temperature sensor outlet pump, T2 +4,0 %
40 ,g 9. Temperature sensor inlet evaporator, +4,0 %
30 B . . . . . 3
30 40 50 60 70 80 90 10. | Temperature sensor inlet expander, T4 +3,0%
Temperature measured, °C 11. | Temperature sensor outlet expander, TS +3,9%
12. | Temperature sensor inlet condenser, T6 +3,4%
Fig. 4:. validation of temperature sensors on ORC 13. | Temperature  sensor  oil  inlet +3,9%
components evaporator, T7
14. | Temperature  sensor  oil  inlet +3,7%
evaporator, T8
15. | Turbine flowmeter organic fluid, m wf +1,0%
16. | Turbine flowmeter heat transfer fluid, +0,5%
m oil
17. | Heat supply, Qin +0,40%
18. | Work of pump, Wp +0,18%
19. | Work of turbine scroll expander, Wt +0,06%
20. | Efficiency thermal +0,40%
21. | Net thermal efficiency +0,40%

To ensure the quality of measurement results, several
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instrument sensor equipment are verified & validated to
read the measurement results including temperature
sensors, pressure sensors, and volumetric flow rates. The
sensor verification method is performed in situ by
comparing the measurement results with a reference
measuring instrument that has higher accuracy, for
temperature parameters with a calibrated 30 - 90 °C scale
mercury thermometer while for pressure parameters with
a calibrated pressure meter. The reading of the
measurement results was reproduced 7 times, and then
calculated the average, deviation, uncertainty values,
correction results, and % error readings. The validation
results of the temperature sensor, pressure sensor, and
turbine flowmeter readings are shown in Fig. 3,4,5
respectively, while the details of the uncertainty values for
each sensor are provided in Table 3.

3. Result and discussion

3.1. Modeling output

The program EES was used to forecast how the ORC
system would function in certain situations. Figure 6
illustrates how the power turbine expander and net
thermal efficiency change with variations in heat source
temperature including condensation temperatures. The
power expander and thermal efficiency at a specific
condensation temperature are correlated linearly along
with a rise in heat supply. Since the quantity rate of the
organic fluid increases in direct proportion to the heat
entering the evaporator. As a result, a curve line is used to
represent the correspondence between thermal efficiency,
power output, and temperature input from the heat supply.
The actual test conditions, supply heat's temperature was
obtained at 65 °C, and the condenser temperature was
30 °C. Therefore, according to the modeling results, a
power output of 0.580 kWth was obtained, has a net
thermal efficiency of 2.93% and thermal efficiency of
3.76%. The prediction value when compared with the

experimental test results shows a deviation in the results
where the scroll turbine output power generates 0.381
kWth and 3.08% in thermal efficiency. Since the
experimental data is only one case, the deviation value for
net thermal efficiency of 4.87%, and power output is about
12.75%.

Quoilin et al’® have investigated modeling &
experimental studies of ORC scroll expanders with HCFC
123 organic fluid and two hot air flow heat sources.
Modeling is done with a semi-empirical approach which
incorporates each sub-model of the scroll expander,
condenser, evaporator, and pump components to consider
the parameters used more closely to the actual and
accurate. Based on the validation results between
measured and predicted results, the maximum
temperature parameter is 3 K in the range of 70 - 130 °C
and the shaft power parameter is 6% in the range of 400-
1800 W.

Wu et al.>® have modeled a special case of the scroll
expander working process based on input from five
experimental test variations using R123 fluid. The model
areas covered include the expander geometry model,
internal leakage, and energy conservation with Matlab
software. The deviation range between experimental and
modeling results was around 3.4% to 37.5% depending on
electric loads.

3.2.Experimental analysis

Operation tests were done to evaluate the results of
achieving thermodynamic performance in ORC under a
set temperature heat source of 65 °C, a main pump set of
30 Hz, and a temperature condenser maintained at 30 °C.
The R134a organic working fluid accepts heat transfer
through the evaporator component when the heat supply
is set at 65 °C and the thermal oil quantity rate is 4.5 m3/h.
The main pump operates at 30 Hz, and has an average
organic fluid rate of quantity of 0.1 kg/s. The result of the
distribution of temperatures and pressures against the

9,0 A 4,00
Thermal eff, Thermal eff, [
8,0 Tcond 30C Tcond 35C l 350
70 Net thermal eff,
! Tcond. 30C I 3,00
Net thermal eff,

x 60 1 Tcond 35C <
= 250 £
2 <
2 50 4 -
S a
? P K- mmm LR < 2,00 ag
T 4,0 LT T T e e---- 0---- o
13 X - s e 1 [
§ o7 -0~ -1,505

3.0 7 ) o _,O’/’ l

- .o L 1,00

ke Power output turbine,
Tcon
™ cond 35C L 0,50
Power output turbine,
00 . Tcond30C . . . . 0,00
60 65 70 75 80 85 90 95 100 105

Heat source temperature, oC

Fig. 6: The result of the prediction of net thermal efficiency and power output for R134a.
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Fig. 7: Distribution of temperature and pressure operating

ORC.
1,00 - - 7.0
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Z 0805 '
E 0.70 1 L..Totalsupp\‘,rheat =0 5
=}
S 0,60 4 Z
= a0 2
-1 g
o 0,50 Power output of turbine 20 E
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= =
5 0,30 4 ‘ Work of pump L 2,0 3
T 0,20 A =
H 10 =
& 010 4 2
0,00 0,0
ThNANARRIACERRBENSEYR
Time, s

Fig. 8: power output turbine expander, main pump, and heat
supply in evaporator.

timeframe of an experiment is depicted in Fig. 7. The
organic fluid's temperature rose after going through the
recuperator and evaporator, increasing pressure and
raising the temperature to an average of 53 °C. Thermal
oil is able to be distributed to the evaporator at an average
temperature of 64 °C to a thermal supply made up of
electric heaters operating at a set temperature of 65 °C.
Afterward, transmitted to the R134a fluid, the average
temperature of the thermal oil drops to 58 °C. Although
the thermal oil inlet temperature to the evaporator
averages 64 °C, the expander inlet temperature is in the
range of 58 - 60 °C. To ensure the refrigerant is sub-cooled
at the pump inlet, the condenser outlet is at 9.5 bar and the
temperature is below 37.5 °C.

16,0 - A Superhea temperature Met thermal efficiency - 45%
14,0 A F 4.0%
__ Net thermal efficiency

12,0 [ 3.5% &
O 3,0% g
5100 4 0% 2
E [ F25% O
m 80 4k =
5 20% M
o 6.0 4 o
E ! Temperature superheat & 15% E
e ]

401 | 1o% £

20 b 0,5%

0,0 0,0%

T lANARTRRACEREE RS 3 4H
Time, s

Fig. 9: Net thermal efficiency and superheat temperature.

124 50
5 122 4 s
2 a0 5
Z 120 { £
S Frequency of expander | Voltage output 35 £
5 118 30 ;
f 116 + Power electric - Voltage Current Frequency 5 £
‘wed oo R
) ] 15§
=]
#1124 _ 2
= Power output electric Current output e
= 110 A 5 =

108 0

CMNARAARSIREERREASSEY

121

Time, 5

Fig. 10: Electrical power output profile.

Eq. (3), (4), and (8), (9) define the total heat supply in
the evaporator, the work performed by the turbine
expander, the cycle thermal efficiency, and net thermal
efficiency, respectively. Figure 8 displays the turbine
expander's work, the pump's work, and the overall heat
supply as determined by the experiment. The total thermal
capacity provided by the heat source was approximately
5.36 kWth, the turbine output was 0.381 kWth, and the
work of the pump was 0.217 kWth. The thermal efficiency
analysis and superheat at the inlet expander are displayed
in Fig. 9. The amount of net thermal efficiency is
dependent on the superheat temperature and turbine
output power. During the transition to a steady state, it can
be seen that there is a change in superheat temperature and
turbine output power. The correlation of the net thermal
efficiency parameter with superheat conditions gives
results that are consistent with the results of the Feng et
al.3® experimental study using R245fa working fluid.
Abadi et al.'” in an experimental study of a 1 kW ORC
with azeotropic mixture fluid R134 & R245fa at a hot
water temperature of 80 C was able to produce a thermal
efficiency of 3.5%. The change in heat source temperature
fluctuations greatly affects the performance of the cycle.

During the test, the generated electric power was
connected to a 300-watt incandescent lamp (as a dummy
load capacity). In this condition, the scroll expander
turbine is able to rotate the scroll expander at an average
speed of 2300 rpm at a frequency of 38 Hz, producing 3
phases of electrical energy having a power output of 113
watts and an average voltage of 275 volts. The results of
the electrical power produced by the scroll expander are
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Fig. 11: sensitivity analysis of temperature differences at the expander inlet to the electric power & net thermal efficiency
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O Power output turbine experiment
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57.5 58 58.5

59.5 60 60.5 61
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Fig. 12: sensitivity analysis of temperature differences at the expander inlet to the power output turbine.

presented in Fig. 10. On the whole, the quality of
electricity generated by the scroll expander with a dummy
incandescent lamp load is relatively stable. The evolution
of the electrical output parameters including power,
voltage, and current based on the number of incandescent
lamps based on the operating time is similar to the
investigation's findings by Wu et al® using R123
working fluid on a scroll expander. They have performed
experimental tests with variations in pump frequency of
30% & 50% capacity at similar heat source temperatures
for the parameters of power output, voltage, and current
of the generator under varying electric loads.

The scroll expander is capable of producing an average
power of 0.381 kWth with a net thermal efficiency of
3,08%. These outcomes, when compared to those of
modeling analysis performed under the identical condition,
produced a power output of 0.580 kWth, with a net
thermal efficiency of 2.9%. Many variables may
influence experimental and model results including fluid
flow rate, pressure drop, heat loss, and isentropic
efficiency of the pump and expander, therefore affecting
power output and thermal efficiency. This statement is
confirmed by the study of Oh et al.?”), where the isentropic
efficiency of the scroll expander is actually reduced due to

the appearance of internal mass leakage. These results are
undoubtedly different in terms of both of these metrics.
Based on Fig. 7 temperature distribution, when the
heater temperature is set at 65 °C, the thermal oil
temperature distribution is obtained in the range of 63.8 -
64.5 °C. Thermal oil heat is transferred to organic fluid
through the evaporator component so that the temperature
when entering the expander turbine is in the range of 58 -
60 °C. Organic fluid temperature parameters at the inlet
turbine expander are very important in determining
turbine output power, electrical output power, and net
thermal efficiency. Sensitivity analysis on changes in
turbine expander inlet temperature to electrical power &
net thermal efficiency in detail is presented in graph Fig.
11, while its effect on turbine output power both in
experimental tests and model predictions is described in
Fig. 12. There is a deviation between experimental results
and model simulation predictions of about 11.0% in
turbine power output and 12.84% in net thermal efficiency.

4. Conclusion

Investigations have been done on the ORC system
using R134a. Two methods were used in the analysis of
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the evaluation of the thermal efficiency and power
generated from small-scale ORCs: modeling via EES and
experimental methods. In EES, several variations of heat
source and condensation temperatures were carried out to
obtain predictions for the amount of thermal efficiency
and ORC power generated. In experiment conditions, the
temperature of the heat source is set and maintained at 65
°C, the main pump flow rate frequency is 30 Hz, and the
outlet fluid temperature of the condenser is kept at 30 °C.
The simulation result achieves a power output of 0.580
kWth with a net thermal efficiency of 2.9%, while the
experiment results deliver a power output of 0.381 kWth
and a net thermal efficiency of 3.08%. There has been a
deviation in results between model simulations and
experimental tests in terms of power output and net
thermal efficiency of 12.75% and 4.87%, respectively.
The wvalidation of the ORC model is based on the
performance of the provided ORC prototype. This study
contributes to the validation between experimental test &
empirical modeling results at a 65 °C heat source through
R134a working fluid. These results of tendency strengthen
previous studies related to the comparison of experimental
test results and numerical models. It is generally
influenced by the various factors of fluid flow rate,
pressure drop, heat loss, and isentropic efficiency of the
pump and expander. Furthermore, the choice of working
fluid also tends to influence system efficiency, and R134a
refrigerant was considered based on its suitable
thermodynamic  properties  for the  operating
characteristics, as well as its lower negative impact.

ORC with a scroll expander is a novel approach to
generating electricity from thermal sources that operate at
low temperatures. A series of tests will be conducted to
evaluate the temperature of the heat source and the mass
flow rate of the organic fluid, with the objective of
validating the optimal ORC system in the future.
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Nomenclature
WHR Waste heat recovery
IHE Internal heat exchanger
Nen Thermal efficiency, %
Nnet Net thermal efficiency, %
My r Rate of mass flow organic fluid, kg/s
G, Heat capacity, J/kg-K
h Specific enthalpy, J/kg
Wy Power output turbine expander, W
Wp Work of centrifugal pump, W
Nis exp Expander isentropic efficiency
Nis pump Pump isentropic efficiency

)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)
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Qevan Heat enters in evaporator, W

Qcona Heat rejected in a condenser, W

Qiur Heat absorbed in recuperator, W
£ Effectiveness of IHE
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