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For the condensed ethanol to have room temperature, a condenser is required that
uses water as a heat exchange medium. In this study, the design and construction of a
temperature control system for the condenser are carried out using an RTD PT100

Keywords: sensor with 99% accuracy. Additionally, the ethanol that has been distilled is measured
Crude palm oil; distillation; condenser; by a DS18B20 temperature sensor with an accuracy of 97%. The control system in this
temperature control; Computational final project successfully reduced the water temperature from 27°C to 6.5°C in 16
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1. Introduction

In general, there are several stages in the production of cooking oil from palm oil, starting from
crude oil, purification, fractionation, packaging and market distribution. In the stage of purifying
crude oil, there are two commonly used methods, namely chemical refining and physical refining,
which are known to have lengthy processes due to several stages that need to be carried out [1-4].
To refine crude palm oil, there is a purification process that needs to be conducted to remove
impurities from the raw material. One of the extraction methods used is liquid-liquid extraction,
which is useful for separating crude oil from its impurities by bringing the crude oil into contact with
a solvent. A specific type of liquid-liquid extraction process called continuous counter current
extraction is employed in this study. In this process, a vertical column is used to bring together the
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heavy liquid and the light liquid in opposite directions. The heavy liquid enters the top of the column,
while the light liquid enters from the bottom. During the process, the light liquid binds to the
impurities from the heavy liquid and exits through the top of the column. On the other hand, the
impurity-free heavy liquid exits through the bottom of the column. The temperature of the light liquid
(solvent) and heavy liquid (crude palm oil) in this method is maintained at room temperature, ranging
from 252C to 282C [5]. Therefore, this method is safe to use without requiring heating to raise the
temperature of the two liquids [6].

In this study, crude palm oil (CPO) serves as the heavy liquid and ethanol serves as the light liquid
used to clean impurities in CPO. Ethanol is chosen as the solvent because it is a safe and non-toxic
solvent. Furthermore, ethanol is a versatile solvent that can be used for filtering or extracting
compounds that are polar or semi-polar, non-toxic and can be mixed with water. Additionally,
ethanol is capable of extracting compounds such as flavonoids, saponins, tannins, anthraquinones,
terpenoids and alkaloids [7-9].

In the process of extracting crude palm oil, there are two outputs: safe-to-consume cooking oil
and impurities mixed with ethanol. The ethanol can be reused for repeated extraction processes,
eliminating wastage. To separate the ethanol from the impurities mixed with crude palm oil, a
distillation process is carried out. Distillation is a separation operation used to separate two or more
liguid components based on their difference in boiling points [10-12]. Ethanol has a relatively low
boiling point at 78.39°C [13-15]. Compared to the impurities such as free fatty acids in crude palm
oil, which have a boiling point of around 220°C [16-20]. Therefore, ethanol at 78.39°C will change
phase into vapor. The ethanol vapor can be condensed using a condenser that is supplied with low-
temperature water. However, if the circulating water in the condenser is not replaced or continuously
cooled, it will take a long time for efficient condensation of ethanol vapor. To expedite the
condensation process and ensure efficiency, a cooling system is required to maintain the water at a
low temperature. The condenser system includes supporting components such as a compressor,
refrigerant condenser, expansion valve and evaporator. In this plant, the evaporator is installed in a
water tank to cool the water inside it.

The temperature of the water in the water tank is monitored and controlled to meet the
requirements of the distillation process. The water that exits the water tank is circulated towards the
condenser, which is in the form of a coiled stainless-steel pipe installed directly above the distillation
column. When the ethanol vapor encounters this coiled pipe, it condenses into liquid ethanol. The
liqguid ethanol is then directed to the ethanol storage tank to be reused as a solvent for CPO
extraction. The temperature of the water in the condenser needs to be controlled effectively during
the distillation process to ensure proper distillation and maintain the temperature of the ethanol
used for extraction according to the requirements of CPO extraction.

Therefore, in this study, a temperature control system for the condenser is designed using an RTD
PT100 sensor to measure the water temperature in the water tank. The measured results will be
displayed on a Human Machine Interface (HMI) installed on the panel box door. Through the HMI
interface, users can input the desired set point temperature for the water according to their needs.
When the temperature reaches the set point, the controller will automatically deactivate the
compressor. Thus, the implementation of this condenser temperature control system can enhance
the effectiveness and efficiency of the ethanol distillation process.

CFD simulation with Ansys Fluent software will be used to compare the temperature distribution
in the condenser pipe and walls with measurements from an RTD PT100 sensor installed in the
system.
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2. Methodology
2.1 Component and Control System Design

In Figure 1, the temperature control system for ethanol distillation in a mini plant for cooking oil
production is presented. It consists of several equipment such as a compressor, water tank, water
pump, storage tank for ethanol mixed with CPO impurities, ethanol storage tank and a distillation
unit. The distillation unit comprises a boiler, which acts as a heating element to convert liquid ethanol
into ethanol vapor and a condenser, which converts the ethanol vapor back into liquid ethanol for
reuse in the CPO extraction process.
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Fig. 1. Piping & instrumentation diagrém

Additionally, there are temperature sensors used in the system. An RTD PT100 sensor with a 20
cm long stainless-steel probe is installed at the outlet of the water tank to measure the temperature
of the water in the tank. Furthermore, there is a DS18B20 temperature sensor installed in the ethanol
storage tank. This sensor is used to measure the temperature of the ethanol produced from the
distillation process.

Fig. 2. Three-dimensional design components ethanol refinery condenser in cooking oil production
mini plant
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The materials used as the foundation for the condenser, water tank and compressor are 1.2mm
thick hollow iron with dimensions of 4cm x 4cm and the base is made of 10mm thick plywood. The
condenser coil is placed on top of the distillatory and at the bottom of the distillatory, there is a tank
for ethanol mixed with impure palm oil (CPO), equipped with an electric heater. Additionally, there
is a water tank made of acrylic with dimensions of 40 cm in height and 15 cm in diameter. Inside the
water tank, there is a copper evaporator with a size of 5/16, which functions as a water cooler. Apart
from that, there is a wiring design in this research, which can be seen in the following image.

In Figure 3, it depicts the wiring for the RTD PT-100 temperature sensor with the MAX31865
module, which is used to convert the analogue signal to digital. The digital signal is then transmitted
to the Arduino Uno board and further relayed to the Raspberry Pi 4B through serial communication.
As for the DS18B20 sensor, it consists of three cables: two for VCC and GND and one data cable that
connects to a digital pin on the Arduino Uno.

RTD PT100
DS18B20

v

Raspberry Pi 4B Arduino Uno

Fig. 3. Temperature sensor wiring

In Figure 4, it illustrates the wiring of the control system for the compressor and pump. There is
a 5V 2-channel relay, where one channel serves as a switch to connect the 220 VAC voltage. This is
used to power the Omron LY2N relay, which can handle a current of 10A. The Omron relay is used to
switch the 220 VAC voltage to activate the compressor. Additionally, there is a 1-channel relay used
to switch the 12V pump, which is responsible for water flow.

220VAC

Fig. 4. Control system wiring diagram
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2.2 Computational Fluid Dynamics Model

In this research, modelling begins with several stages with pays attention to the results of
experiments that have been modelled on objects. Full description of the method These CFDs are as
follows [21]:

2.2.1 Creation of geometry model of ethanol distiller condenser pipe

The geometric model of the plant was made using Solidworks software and then exported into a
file in STEP format so that it could be imported into the workbench Ansys software. The ethanol
distiller condenser pipe has dimensions of 50 cm high and a pipe diameter of 10 mm in spiral shape.
The condenser pipe flows water at a temperature of 6.5°C which cools the ethanol distiller condenser
pipe and outside the condenser pipe will be filled with ethanol vapor at a temperature of 79°C.

2.2.2 Meshing

CFD is run by the ANSYS Fluent program which has a Finite Volume concept Method. Meshing
functions as a geometric control volume divider into elements smaller and smoother to get more
convergent results in the analysis [21]. The model from 2.2.1 is then meshed to form a geometry with
a size of 0.001. This size is used to break down and form the future net making it easier to simulate
the model that has been created.

2.2.3 Setup

In determining which model is most appropriate, some variables must be considered and defined
before performing calculations in the Fluent application. Like phase variables, fluid materials,
boundary conditions and operating conditions. Several conditions are regulated in this CFD
simulation which can be seen in Table 1.

Table 1

Boundary condition

Variable Information
Thermal inlet 6.5°C
Multiphase Volume of Fluid
Velocity inlet 1.2m/s
Pressure outlet 0

Wall condition No slip, smooth wall
Gravity 9.81 m/s?

Wall motion Stationary wall
Sheer condition No slip
Temperature wall 79 °C

Material Stainless steel

The variables specified in Table 1 are entered in each section of the Ansys Fluent setup. In section
"general" which includes mesh, solver, time and gravitational settings acceleration. In this study, the
gravity value uses a value of -9.81 m/s2 on the Y axis. Next, in the "models" section, there are several
options such as: multiphase, energy and viscous. In this final assignment, we use the energy equation
so that in the "energy" option, select "On", for fluid flow in this final assighnment use k-epsilon which
can be set to the "viscous" option, then to multiphase using the volume of fluid method. Next, choose
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the material used in the condenser geometry model This ethanol distillate is selected in the
“Materials” section. In this research the material the condenser uses is stainless steel 304, then for
the condenser pipe winding uses stainless steel 304 material. Stainless steel 304 was chosen due to
the advantages of being resistant to corrosion because it contains 10.5% chromium or more. The
fluid that flows in the condenser pipe is water-liquid and the fluid that fills the condenser chamber is
ethyl-alcohol-vapor. Furthermore, in the boundary condition there are arrangements for the water
outlet for defined variables such as the temperature of the water coming out of the condenser pipe
coil, In this research, the water coming out of the condenser pipe coil has a temperature of 25°C
because in the condenser experiences heat transfer from the heat of the ethanol vapor which
propagates through the condenser the temperature of the water in the condenser pipe, the water at
the condenser inlet which initially has a temperature of 6.5°C experiences temperature mixing with
temperature ethanol vapor 79°C so that if calculated using the black principle equation then the
water has outlet water with a temperature of 25°C. Then the results of the calculation of the basic
black equation are input on Boundary Condition Ansys Fluent setup. The next step is to set the value
of the fluid barrier wall as in Figure 3. Wall 1, namely condenser tube walls made of 304 stainless
steel material which has momentum and does not move (Stationary Wall) and the sliding condition
is No Slip. The wall temperature of the condenser pipe has a temperature of 79°C because it will be
in the distillation tube filled with ethanol vapor at a temperature of 79°C. While for the second wall,
the section is water in the condenser pipe which has a temperature of 6.5°C. Then the final step in
the Ansys Fluent setup is run calculation. The purpose of this run calculation is to run numerical
simulations based on initial conditions and parameters that have been determined in the previous
stage. After the simulation process is run, Ansys Fluent will calculate a numerical solution for the
given model and the parameters determined.

3. Results
3.1 Results of Ethanol Distillation Plant Construction

The results of the plant construction in this research can be seen in Figure 5. There are several
components included, such as a compressor unit used to cool the evaporator located in the water
tank to cool the water. There are two pans in Figure 5, the upper pan has functionality for the place
of the impurities of CPO mixed with ethanol, while the lower pan is the place of the extracted CPO
after being separated from the impurities. Additionally, there is a panel box containing electronic
components used in this final project, including a 12VDC power supply, Raspberry Pi 4B as the
controller, Arduino Uno for reading measurements from all sensors, relays used to switch voltage to
activate actuators and an LCD used as the human-machine interface in this research.

Furthermore, there is a distillation unit consisting of a boiler, which is used to heat the ethanol
mixed with CPO impurities to separate the ethanol from the CPO impurities. There is also a condenser
used to condense the separated ethanol vapor.
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Condenser

Boiler

RTD PTIOO0

Water Tank

Fig. 5. Results of hardware construction

Figure 6 shows the results of creating the human-machine interface from the local computer in
the laboratory, displaying the readings from the RTD PT100 and DS18B20 sensors in Celsius. There is
also a real-time graph to monitor the plant's dynamic changes in water and ethanol temperatures.
Additionally, there is a panel to set the setpoints for the condenser and boiler units, which also
includes a dynamic response graph.
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Fig. 6. Human-machine interface of distillation plant

3.2 Sensor Test Result
3.2.1 RTD PT100 temperature sensor validation

The sensor validation is performed to ensure that the readings from the RTD PT100 temperature
sensor are accurate and correct. The validation is done by comparing the readings from the RTD
PT100 sensor with a thermometer measuring device. During the validation process of the RTD PT100
temperature sensor, the following static characteristic parameters are error and accuracy generated
by the RTD PT100 temperature sensor in this validation process.

In Figure 7, the results of the water temperature readings from the RTD PT100 temperature
sensor compared to the validator thermometer can be observed. The validation process is carried
out by heating the water from a low temperature to a high temperature and then cooling it back
down to a low temperature. The graph shows that the RTD PT100 temperature sensor closely follows
the temperature readings from the validator thermometer, with a slight error when the water
temperature increases or decreases.
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Based on the conducted sensor testing, it can be concluded that the RTD PT100 sensor has an
average accuracy of 99% and an average error of 1%. The validation results demonstrate that the
error percentage is below 5%, indicating that the RTD PT100 sensor is suitable for use in this research.
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Fig. 7. RTD PT100 temperature sensor testing

3.2.2 DS18B20 temperature sensor validation

The sensor validation is performed to ensure that the readings from the DS18B20 temperature
sensor are accurate and correct. The validation is done by comparing the readings from the DS18B20
sensor with a thermometer measuring device. During the validation process of the DS18B20
temperature sensor, the following static characteristic parameters are sought: error and accuracy
generated by the DS18B20 temperature sensor in this validation process. These parameters will help
assess how closely the DS18B20 sensor's readings align with the readings from the thermometer,
indicating its precision and accuracy.

In Figure 8, the results of the water temperature readings from the DS18B20 temperature sensor
compared to the validator thermometer can be observed. The validation process is carried out by
heating the water from a low temperature to a high temperature and then cooling it back down to a
low temperature. The graph shows that the DS18B20 temperature sensor closely follows the
temperature readings from the validator thermometer, with a slight error when the water
temperature increases or decreases.
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Fig. 8. DS18B20 temperature sensor testing
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Based on the conducted sensor testing, it can be concluded that the DS18B20 sensor has an
average accuracy of 97% and an average error of 3%. The validation results demonstrate that the
error percentage is below 5%, indicating that the DS18B20 sensor is suitable for use in this research.

3.3 Performance System Test

In Figure 9, it represents the dynamic response in the form of readings from the RTD PT100 sensor
and the relay condition representing the on and off state of the compressor. The graph in Figure 6 is
a cut-off portion taken at the 90-minute mark to provide a clearer view of the dynamic response. It
can be observed that the initial water temperature for cooling the condenser is 27°C and then the
temperature decreases from 27°C towards the setpoint value of 6.5°C. The graph in the figure shows
oscillation caused by the on/off control system's characteristics. It can be seen that the water
temperature experiences overshoot, which is due to the temperature variable not immediately
increasing when the relay is off. There is still residual cold temperature caused by the evaporator,
resulting in the temperature dropping to 5.9°C. As the relay remains off for a longer duration, the
water temperature gradually increases, exceeding the 6.5°C setpoint. Subsequently, the relay turns
on again to activate the compressor, which functions to cool down the water in the water tank. As a
result, the temperature drops back to 6.5°C. This process continues continuously.
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Fig. 9. Control system dynamic response

The graph indicates that the circulated water temperature within the condenser remains within
the range of 6.5°C to 9.69°C. Data related to peak time, rise time, settling time and steady-state error
generated by the control system are presented in Table 2.

Table 2

Control system dynamic response
Parameters Information
Maximum Overshoot 0,6°C (9,2%)
Peak Time 18 minutes
Rise Time 16 minutes
Settling Time 51 minutes

Error Steady State 18%

Table 2 represents the dynamic response of this system in reaching the setpoint of 6.5°C, which
takes 16 minutes and it takes 31 minutes to reach a steady state. The steady-state error is calculated
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to be 18%, as indicated in Appendix 8. The steady-state error of the control system in this final project
is relatively large. However, the on/off control system used effectively maintains the condenser
temperature within the range of 6.5°C to 9.7°C.

3.4 Result of Computational Fluid Dynamics (CFD) Simulation

Once all the predefined variables have been input into the CFD Fluent setup, initialization and
calculation are performed to observe the results of the created simulation. The final step of the CFD
simulation is to analyse the results [22]. One of the analyses includes examining the temperature
contour of the simulated condenser pipe to observe the heat distribution on the condenser pipe
surface. The simulation results of the condenser pipe's temperature contour can be seen in Figure 10
below.

Temperature

Contour Coil
77.520
73.082
68.643
64.204
59.765
55.327
50.888
46.449
42.010
37.571
33.133
28.694
24.255
19.816
15.378
10.939
6.500

[C]

Y

L

Fig. 10. Result of CFD simulation at condenser pipe

A combination of the water temperature inside the pipe and the ethanol vapor outside the pipe.
Inside the condenser tube, it is filled with ethanol vapor, with a temperature ranging around 79°C.
To indicate the heat distribution on the condenser pipe, a legend is provided on the left side of Figure
10, which shows the corresponding temperature of the condenser pipe when the plant is operating.

Furthermore, the CFD simulation also provides results for the water inside the condenser pipe of
the ethanol distillation tube. The water inside the pipe is used to cool the condenser pipe, which is
responsible for condensing the high-temperature ethanol vapor into liquid ethanol at room
temperature. The simulation results for the contour of the water inside the condenser pipe can be
seen in Figure 11.

In Figure 11, it can be observed that the water inside the condenser pipe undergoes a heat change
from an inlet temperature of 6.5°C to 24.2°C. The temperature distribution on the condenser pipe
can be seen through the colour gradient presented in the CFD result in Figure 11.
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Fig. 11. Result of CFD simulation at water inside
condenser pipe

Furthermore, there are also results from the CFD simulation conducted on the condenser tube,
which can be seen in Figure 12 below.
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Fig. 12. Result of CFD simulation at condenser surface

In the CFD simulation, the condenser tube is observed to have a temperature ranging around
25°C. Inside the condenser tube, it is filled with ethanol vapor, which has a temperature ranging
around 79°C. To indicate the heat distribution on the condenser tube, a legend is provided on the left
side of Figure 12, showing the corresponding temperature of the condenser tube when the plant is
operating.

Next, the simulation results in Figure 11 and Figure 12 are compared with direct measurements
on the condenser tube, which can be seen in Table 3. The purpose of this comparison is to assess the
agreement between the simulation results and the direct measurements. By comparing the
simulation results with the direct measurements, we can evaluate the accuracy and reliability of the
simulation model in representing the real-world behaviour of the condenser tube. Any discrepancies
or variations between the simulated and measured values can provide insights into the performance
and validity of the simulation.
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Table 3

Comparison of the CFD results and real measurement
Location CFD Simulation Real Measurement
Shell (Surface Condenser) 25°C 26,8°C

Water Outlet 25°C 27,7°C

In the measurement during plant operation, the temperature of the condenser tube was
measured using an infrared thermogun focused on the surface of the condenser tube's cover to
determine the actual surface temperature. It is observed that the surface of the condenser tube has
a temperature of 26.8°C. Furthermore, the results from the CFD simulation of the water inside the
condenser pipe are compared with the measurement taken at the outlet of the water on the upper
side of the condenser tube using a digital thermometer. It can be observed that the water
temperature at the condenser outlet is 27.7°C. The change in temperature from the inlet to the outlet
is caused by the heat transfer of ethanol vapor to the condenser pipe, resulting in a temperature
increase of 21°C in the outlet water from the condenser pipe.

In Table 3, it is evident that there are temperature differences between the CFD simulation and
direct measurements conducted using an infrared thermogun to compare the simulation results with
direct measurements in the plant. The CFD simulation results show a temperature of 25°C on the
condenser surface, while the measurement using the infrared thermogun reads 26.8°C. Furthermore,
the CFD simulation results indicate a temperature of 25°C at the condenser water outlet, whereas
the direct measurement shows a temperature of 27.7°C. It can be concluded that the CFD simulation
for the condenser surface has a difference of 1.8°C and the simulation of the condenser water outlet
has a difference of 2.7°C compared to the direct measurements. This difference is due to heat
transfer Mechanisms such as Conduction, Convection and Radiation. CFD may not fully account for
all heat transfer mechanisms or may simplify them. Real measurements often capture complex
interactions that CFD might miss. Also, material properties with Inaccurate or variable material
properties (e.g., thermal conductivity, specific heat) can lead to significant differences between
simulation and measurement.

4. Conclusions

The temperature control system for the condenser utilizes an RTD PT100 sensor to measure the
temperature of the water flowing through the condenser pipes. The RTD PT100 sensor has a 1% error
percentage and a 99% accuracy rate. Additionally, the temperature control system for the condenser
is equipped with a DS18B20 sensor, which is used to measure the temperature of the distilled
ethanol. The DS18B20 sensor has a 3% error percentage and a 97% accuracy rate. The development
of the ethanol condenser temperature control system using Arduino Uno has been successful in
receiving sensor data from the RTD PT100 and DS18B20 sensors. In this control system, the Raspberry
Pi 4B is used to regulate the condenser temperature to match the predefined setpoint. The actuator
employed in this project is a compressor, which effectively cools the water in the water tank. The
control system implemented in this project utilizes an on/off system that successfully lowers the
water temperature from 27°C to 6.5°C within a duration of 16 minutes.

Acknowledgement

The authors gratefully acknowledge financial support from the Institut Teknologi Sepuluh Nopember
for this work, under project scheme of the Publication Writing and IPR Incentive Program (PPHKI).

24



CFD Letters
Volume 17, Issue 8 (2025) 13-26

References

(1]
(2]
3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]
(12]

(13]

(14]

[15]

[16]

(17]

(18]

[19]

Cai, Di, Song Hu, Peiyong Qin and Tianwei Tan. "Separation of butanol, acetone and ethanol." Emerging areas in
bioengineering 1 (2018): 255-285. https://doi.org/10.1002/9783527803293.ch14

Chew, Sook Chin and Kar Lin Nyam. "Refining of edible oils." In Lipids and edible oils, pp. 213-241. Academic Press,
2020. https://doi.org/10.1016/B978-0-12-817105-9.00006-9

Evangelista, Nathan S., Frederico R. do Carmo and Hosiberto B. de Sant’Ana. "Estimation of physical constants of
biodiesel-related fatty acid alkyl esters: normal boiling point, critical temperature, critical pressure and acentric
factor." Industrial & Engineering Chemistry Research 57, no. 25 (2018): 8552-8565.
https://doi.org/10.1021/acs.iecr.8b01310

Gharby, Said. "Refining vegetable oils: Chemical and physical refining." The Scientific World Journal 2022, no. 1
(2022): 6627013. https://doi.org/10.1155/2022/6627013

Gunawan, Setiyo, H. Wirawasista Aparamarta, Fadlilatul Taufany, Arief Prayogo, SH Anugrah Putri and Christian
Julius Wijaya. "Separation and purification of triglyceride from nyamplung (Calophyllum inophyllum) seed oil as
biodiesel feedstock by using continuous countercurrent extraction." Malaysian Journal Of Fundamental And
Applied Sciences 16, no. 1 (2020): 18-22. https://doi.org/10.11113/mijfas.vi6n1.1439

Hamm, Wolf, Richard John Hamilton and Gijs Calliauw, eds. Edible oil processing. No. Ed. 2. Hoboken, NJ, USA:
Wiley-Blackwell, 2013. https://doi.org/10.1002/9781118535202

Hikmawanti, Ni Putu Ermi, Sofia Fatmawati and Anindita Wulan Asri. "The effect of ethanol concentrations as the
extraction solvent on antioxidant activity of Katuk (Sauropus androgynus (L.) Merr.) leaves extracts." In IOP
conference series: Earth and environmental science, vol. 755, no. 1, p. 012060. IOP Publishing, 2021.
https://doi.org/10.1088/1755-1315/755/1/012060

Japir, Abd Al-Wali, Jumat Salimon, Darfizzi Derawi, Murad Bahadi and Muhammad Rahimi Yusop. "Separation of
free fatty acids from high free fatty acid crude palm oil using short-path distillation." In AIP Conference Proceedings,
vol. 1784, no. 1. AIP Publishing, 2016. https://doi.org/10.1063/1.4966739

Jesus anderson A., Lays C. Almeida, Edson A. Silva, C. Lucio Filho, Silvia MS Egues, Elton Franceschi, Montserrat
Fortuny et al., "Extraction of palm oil using propane, ethanol and its mixtures as compressed solvent." The Journal
of Supercritical Fluids 81 (2013): 245-253. https://doi.org/10.1016/j.supflu.2013.06.011

Kua, Yin Leng, Suyin Gan andrew Morris and Hoon Kiat Ng. "Simultaneous recovery of carotenes and tocols from
crude palm olein using ethyl lactate and ethanol." In Journal of Physics: Conference Series, vol. 989, no. 1, p. 012005.
IOP Publishing, 2018. https://doi.org/10.1088/1742-6596/989/1/012005

Kulkarni, Sunil J. "Distillation-researh, studies and reviews on modeling, simulation and combined mode
separations." Int. J. Res. Rev 4 (2017): 44-7.

Kaat, Arne, Kaie Ritslaid, Keio Kutt, Risto llves and Jiuri Olt. "State of the art on the conventional processes for
ethanol production." Ethanol (2019): 61-101. https://doi.org/10.1016/B978-0-12-811458-2.00003-1

Mena, T. P. and S. Marfu’ah. "Antibacterial activity of free fatty acids, potassium soap and fatty acids methyl esters
from VCO (virgin coconut oil)." In IOP Conference Series: Materials Science and Engineering, vol. 833, no. 1, p.
012023. I0P Publishing, 2020. https://doi.org/10.1088/1757-899X/833/1/012023

Nafiu, M. O., A. A. Hamid, H. F. Muritala and S. B. Adeyemi. "Preparation, standardization and quality control of
medicinal plants in  Africa." Medicinal spices and vegetables from  Africa (2017): 171-204.
https://doi.org/10.1016/B978-0-12-809286-6.00007-8

Oey, Sergio B., H. J. Van der Fels-Klerx, Vincenzo Fogliano and Stefan PJ van Leeuwen. "Effective physical refining
for the mitigation of processing contaminants in palm oil at pilot scale." Food Research International 138 (2020):
109748. https://doi.org/10.1016/j.foodres.2020.109748

Onuki, Shinnosuke, Jacek A. Koziel, J. Hans van Leeuwen, William S. Jenks, David Grewell and Lingshuang Cai.
"Ethanol production, purification and analysis techniques: a review." 2008 Providence, Rhode Island, June 29—July
2, 2008 (2008): 1.

Saha, Anupam and Sunirmal Bhattacharjee. "Research and Review: Based on Distillation, Distillation Types and
Advancements: A Short Summary." Journal of Advances in Pharmacy Practices 1, no. 1 (2019): 8-16.

Saini, Sonu, Anuj K. Chandel and Krishna Kant Sharma. "Past practices and current trends in the recovery and
purification of first generation ethanol: A learning curve for lignocellulosic ethanol." Journal of cleaner
production 268 (2020): 122357. https://doi.org/10.1016/j.jclepro.2020.122357

Sousa, Ana M., Thalles A. Andrade, Massimiliano Errico, José P. Coelho, Rui M. Filipe and Henrique A. Matos. "Fatty
Acid Content in Biomasses: State-of-the-Art and Novel Physical Property Estimation Methods." International
Journal of Chemical Engineering 2019, no. 1 (2019): 2430234. https://doi.org/10.1155/2019/2430234

25


https://doi.org/10.1002/9783527803293.ch14
https://doi.org/10.1016/B978-0-12-817105-9.00006-9
https://doi.org/10.1021/acs.iecr.8b01310
https://doi.org/10.1155/2022/6627013
https://doi.org/10.11113/mjfas.v16n1.1439
https://doi.org/10.1002/9781118535202
https://doi.org/10.1088/1755-1315/755/1/012060
https://doi.org/10.1063/1.4966739
https://doi.org/10.1016/j.supflu.2013.06.011
https://doi.org/10.1088/1742-6596/989/1/012005
https://doi.org/10.1016/B978-0-12-811458-2.00003-1
https://doi.org/10.1088/1757-899X/833/1/012023
https://doi.org/10.1016/B978-0-12-809286-6.00007-8
https://doi.org/10.1016/j.foodres.2020.109748
https://doi.org/10.1016/j.jclepro.2020.122357
https://doi.org/10.1155/2019/2430234

CFD Letters
Volume 17, Issue 8 (2025) 13-26

[20] Tan, Choon Hui, Chao Jie Lee, Sze Ning Tan, Dickson Tik Sang Poon, Cheryl Yi Ern Chong and Liew Phing Pui. "Red
palm oil: A review on processing, health benefits and its application in food." Journal of oleo science 70, no. 9
(2021): 1201-1210. https://doi.org/10.5650/jos.ess21108

[21] Talib, Muna Ali, Adel A. Eidan, Ahmed Hasan Tawfeeq and Fatima Muhammed K. AL-Fatlawe. "Effect of Changing the
Water Flow Rate on the Efficiency of Hybrid PV/T Uncovered Collectors without Glasses: Numerical Study." CFD
Letters 16, no. 2 (2024): 91-104. https://doi.org/10.37934/cfdl.16.2.91104

[22] Hussein, Diyar F. and Yaser Alaiwi. "Efficiency Improvement of Double Pipe Heat Exchanger by using TiO2/water
Nanofluid." CFD Letters 16, no. 1 (2024): 43-54. https://doi.org/10.37934/cfdl.16.1.4354

26


https://doi.org/10.5650/jos.ess21108
https://doi.org/10.37934/cfdl.16.2.91104
https://doi.org/10.37934/cfdl.16.1.4354

