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Abstract: Wastes from engineering components are difficult to recycle. According to
previous studies, several waste enginering components can be used to produce small-scale
power plants. Therefore, this research aims to modify cooling cars compressor into an
expander (turbine) which is used in an Organic Rankine Cycle (ORC) system power generator.
The ORC main components used in this research are the expanders, evaporator, condenser,
and working fluid pump. The compressor used in place of the expander is TRSEQ9 type
Sanden brand with a capacity of 0.5 hp. The experimental results showed that the expander
rotation is between 1650-2750 rpm, with a 2.5-4.45% thermal efficiency.

Keywords: Condensor, Evaporator, Expander, Organic Rankine Cycle, Scroll Compressor

1. Introduction

Presently, the need for renewable energy power
generation is rapidly increasing with the development of
several technologies from many resources, such as solar,
biomass, geothermal, and ocean. Other technology that
is getting research attention is small-scale Organic
Rankine Cycle (ORC) for power generator that can be
used in remote areas.

Many studies have been carried out in ORC
Technolgy. For instance, Simone A et al.V conducted a
research that uses a combustion-engine heat source as
input. Sorawit S et al.? also used a solar collector as a
heat source in developing an ORC main component.
Guoquan Q et al. ¥ carried out similar research using
biomass as a heat source for ORC generators by
converting the working fluid into steam. Meanwhile,
Wolfgang R et al.” examined ORC using geothermal as
a heat source to vaporize the working fluid. In addition,
several studies utilized the waste heat from an internal
combustion engine (ICE) for the ORC system. This was
applied in solar, geothermal, and biomass energies®®).
Also, ORC technology is also suitable and applicable to
other heat sources, such as Ocean power generation due
to the differences in seawater temperature. It is
commonly called Ocean Thermal Energy Conversion
(OTEC), Desalination System (Making Fresh Water),
and power plants using a compression cooling system
modification. The expander is one of the ORC
components that can be classified into two types. Firstly
based on their velocity such as axial and radial flow, and

secondly as a positive displacement, namely scroll
thread, and piston®!®.  Many small-scale ORC
expanders have been used in several systems due to its
exponential rotation speed in recent years. However, it
is relatively more expensive for commercial purposes®?.
Platell et al.!¥ compared the positive expander with
other types using a small-scale unit to determine the
component parts displacement. Similarly, Muswar et
al.™® used a drum vessel consisting of a heater and heat
exchanger as a heat production source for ORC.
Meanwhile, M. Sharma et al.'® used an expander as a
turbine with an inlet temperature of 150 °C, while P.
Animest et al.!”? discussed CO? as a medium in
environmentally friendly experiments. Furthermore, M.I.
Alhamid et al.'® examined the cooling tower efficiency
for the equipment, especially condenser components, as
a coolant to liquefy the working fluid. This device can
operate using working fluids types similar to those
conducted by M.A. Islam et al.'® and M.T.Kibria et
al.?), This research converted heat from renewable
energy sources to electricity using Organic Rankine
Cycle (ORC) technology. Some of the most important
components used in this system are the evaporator,
condenser, working fluid pump, expanders, and other
supporting components. Furthermore, this research
focuses on the expander, which acts as the main
component that activates the generator to generate
electricity. The expander is a modified version of the
scroll-type vehicle air conditioner compressor, with the
output designed to produce rotation and energy
efficiency.
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2. Methodology of Research

This methodology describes the experimental process
of operating a car scroll air conditioning (AC) as an
expander in the ORC system. This experiment was
carried out by planning, selecting, assembling, testing,
measuring, calculating, and analyzing the system. These
stages are shown in Figure 1.

Calculation
Experiment Tools

Problem Solving

Selection of
Main
Compenent
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Yes

Taking Data

Fig. 1. Experiment Step of ORC System Power Generation

Figure 2 shows an experimental diagram of an ORC
small-scale power plant. It indicates that the main
components are evaporator, expander, condenser, fluid
pump, etc.

The Power Generation of Organic Rankine Cycle

Water
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Hot Water Punp

Cooling Pump
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Figure 2. Diagram of the ORC System Experimental

In figure 2, number 1 is used to denote an expander. It
is the main component used to couple the generator to
produce electricity. Furthermore, the number 2 is the
condenser, which acts as a heat exchanger. It lowers the
temperature and changes the working fluid R-134a

phase. At number 3 is the pump used to circulate the
working fluid. Finally, the number 4 is the evaporator,
which acts as a heat exchanger to evaporate the working
fluid. The experimental data is calculated using the
following equations.

Wexp = m (h1 - h2) 1)

Equation 1 is the power output of expander Weyp. It
produces by the mass flow rate of fluid after leaving the
heat exchanger (evaporator) and the delta enthalpy
from inlet and outlet of the expander.

Woump = 1 (s — o) ()

Equation 2 shows that the heat transfer energy is
carried out in the condenser, thereby changing the the
working fluid phase liquid.

Qin=rm (h1—hs) 3)

Equation 3 shows that the working fluid flow is
sucked in by the pump and flows to the heat exchanger
to change working fluid phase from liquid into vapor.

Qout = m (h2 — ha) 4)

Equation 4 shows that the incoming energy generated
by the heat exchangeris the maximum steam produced,
as shown in Qnw.

nih = (ha=hz ) / (hi—h2) (5)

Equation 5 shows the thermal efficiency of the
system due to the work process between the ratio of the
pump operation and the expander. The experimental
devices used in this research is shown in Figure 3.

Fig. 3. ORC experiment tools

Some ORC research experiments with a variety of
expanders are shown in table 1.
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Table 1. Experiments of ORC with varians expanders

Working Temperatur Type of Max. #exp
No Authors fluid range (°C) expander (%)
1. Nguyen et.al.?) n-Pentane 31-81 Turbine 49.8
2. Kang et.al.?? R245fa 37.4-854 Turbine 82.2
3. Peterson et.al.? R123 35.3-168.9 Scroll 49.9
4. Kane et.al.% R123 7-165 Scroll 67
5. Lemort et.al.2> R245fa 68.4 - 139 Scroll 71.03
6. Quoilin et.al.?® R123 25-130 Scroll 68
7. Declaye et.al.?” R245fa 26.6 -97.5 Scroll 75
g | Manoakos R134a 37-60 Scroll 50
9. Saitoh et.al.?®) R113 35-136 Scroll 65

Rolling
30) —

10. Wang et.al. R245fa 14 -115 piston 45.2

A scroll-type compressor branded Sanden TRSEQ9
model 3786 (made in Japan) was used in the ORC
experiment. This compressor has not been previously
used as an expander in the ORC system. The novelty of
this research is shown in Table 2.

Table 2. Scroll Expander Specification

Parameters Specification
- Type : Sanden TRSE09
- Model : 3786
- Serial Number 1 61595011A2
- Dislacement :97.9 cclrev
- Refrigerating Capacity :2.2-88 kw
- Power Consumption :14-46 kW
- Discharge Pressure 1 1.67 MPa
- Suction Pressure : 196 MPa
- Rotation : 1500 RPM
- Sub Cool .10 °C
- Super Heat :5 °C
- Electric Rating 112 Volt
- Weight ;5.5 kg
- Height : 160 mm

Furthermore, the working fluid used in this ORC
system is R-134a with the specifications shown in Table
3.

Table 3. Property of R-134a

Characteristics Conditions

Boiling Point : 26.1 °C
Auto-Ignition Temperature : 770 °C
Ozone Depletion Level : 0
Solubility In Water 0.11 % by weightat25 °C
Critical Temperature : 122 °C
Cylinder Color Code : Light Blue
Global Warming Potential (GWP) 1200

Fig. 4. Expander from Sanden TRSE09 Compressor

Figure 4 shows a car scroll compressor, which is
modified into an expander as the main part for the
experimental equipment. The scroll compressor has
various advantages for refrigeration over the piston or
screw. In addition, this type of rotational load provides
excellent and lighter vapor pressure as the working fluid
for the refrigerant.

3. Result and Discussion

Figures 5, 6, 7, 8, and 9 are graphs of the
experimental results.
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Fig. 5. Temperature and Time in Cooling

Figure 5 shows that the temperature in the cooling
system changed in 4 main components, namely the
evaporator, condenser, compressor, and expansion valve.
The temperature change is almost constant even though
there is a slight fluctuation, especially in the expansion
valve, where it drops to 15 °C at 200th seconds and
becomes constant.
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Fig. 6. Temperature and Time in ORC

Figure 6 shows the ORC component such as the
evaporator, condenser, expander, and pump. At the start
of the system operation, the temperature remains
constant and changes at the 700" second. Furthermore,
each main component undergoes a drastic temperature
change, especially in the evaporator component, with an
increase of 90 °C at 1100th second.
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Fig. 7. Temperature and Time in Resource

Figure 7 shows that the temperatures for heating (100
°C) and cooling water (15°C) are almost constant.
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Fig. 8. Revolution and Time in Expander

Figure 8 shows the expander rotational speed. In the
10th second, the rotating speed is 1,650 rpm, and it
reaches 2,750 rpm in the 20th second. Furthermore, the
expander rotation stops at 480th seconds.
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Fig. 9. Efficiency and Temperature in ORC

Figure 9 shows that the change in thermal efficiency
to the temperature changes starts at a temperature of
90.5 °C with a thermal efficiency of 2.5%. Furthermore,
it fluctuated until it reached a final temperature of 99.8
°C with a thermal efficiency of 4.45%.

4. Conclusion

The experiment carried out using the Sanden TRSE09
model 3786 as a car AC scroll compressor, was
modified into an expander to produce the following
conclusions:

1. The highest temperature at the evaporator is
reached at 99.8 °C using a heater set at 100 °C and a
cooler set at 7 °C,

2. The thermal efficiency used in the ORC system,
ranges from 2.5% to 4.45% with fluctuating system
temperature conditions.

3. The expander's rpm rotation ranges from 800-2750
rpm with rotation times from Oth to 500th seconds.

This research is useful as a reference for renewable
energy development in small-scale power plants with
the ORC system. In general, this power plant scale is
needed in remote areas that lack electricity.
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Nomenclature

Wexp work of expander (kW)

Wp work of pump (kW)

Qin energy inlet (kW)

Qout energy outlet (kW)

m mass flow (kg s2)

h specific entahlpy (kJ kg™)

Greek symbols

n thermal efficiency of ORC (-)
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