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It has been demonstrated that B20 biodiesel can be used in diesel engines without modifying their specifcations. It is still being
developed to reduce dependence on diesel fuel by developing biodiesel with a higher percentage of palm oil. Alcohol is added to
biodiesel to reduce problems with fuel injection due to its high viscosity. In this study, the biodiesel properties of diesel-palm
cooking oil-methanol/ethanol/butanol blends are investigated in relation to diesel engine performance and potential exhaust
emissions. Te percentages of palm cooking oil used were 30%, 40%, 50%, 60%, 70%, 80%, and 85%. A 15% concentration of
methanol, ethanol, and butanol alcohol was used. According to chemical and physical tests, biodiesel with a higher palm oil
content had poorer properties. A biodiesel blend that combines diesel, palm oil, and methanol can perform almost as well as diesel
fuel in terms of exhaust emissions and engine performance.

1. Introduction

Te use of fuel oil in India has passed the peak of the balance
between production and consumption. Te tendency of this
high fuel demand is refected in the increase in the volume of
motorised vehicles and the volume of fuel oil imports shown
in the volume of motorised vehicles by 62% and an increase
in fuel imports by 26% in 2022. Biodiesel is an alternative
fuel sourced from vegetable oils or animal fats that are
produced through esterifcation/transesterifcation pro-
cesses [1]. B20 biodiesel is implemented as the main fuel for
diesel engines. Te use of biodiesel fuel results in lower
engine performance than diesel fuel despite more envi-
ronmentally friendly engine emissions [2]. Te higher the
palm oil content, the lower the engine torque and power.
Tis is due to the low calorifc value and high viscosity of

palm oil compared to those of diesel fuel [3]. Te decline in
performance of biodiesel-fuelled diesel engines can be im-
proved by adding alcohol to the fuel [4]. In addition, the
addition of alcohols such as methanol, ethanol, and butanol
also has a positive impact on reducing carbon monoxide
(CO) and hydrocarbon (HC) emissions and fuel con-
sumption produced by diesel engines [5]. Te low viscosity
properties, high oxygen content, and high cetane number in
alcohol are the main factors for lower diesel engine exhaust
emissions than when using biodiesel fuel. Terefore, in line
with the programme to reduce fossil fuel dependence, this
study observed diesel fuel blended with palm cooking oil and
methanol or ethanol or butanol alcohol additives to improve
biodiesel properties [6]. A biodiesel blend consisting of
diesel-palm cooking oil-alcohol, methanol, ethanol, and
butanol was investigated through its physical and chemical
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properties. Furthermore, the tendency of biodiesel proper-
ties was correlated with diesel engine performance and
exhaust emissions.

2. Research Methods

Palm cooking oil was obtained from a commercial shop in
Chennai city. Meanwhile, methanol, ethanol, and butanol
alcohols were obtained from a chemical store. In the process
of making biodiesel formulation, the diesel fuel-palm
cooking oil-alcohol (methanol/ethanol/butanol) were
mixed according to the measurements shown in Table 1.
Observations were made on the physical and chemical
properties of biodiesel such as viscosity, calorifc value, fash
point, and density. In the process, the biodiesel testing
method was carried out, as shown in Table 2. Te physical
and chemical properties of biodiesel B30, B40, B50, B60, B70,
B80, and B100 were evaluated for quality properties. To fnd
out the tendencies described by the physical and chemical
test results, graphs were made.

3. Results and Discussion

3.1. Viscosity of Biodiesel. Viscosity is used as a parameter to
measure fuel quality. Te higher the viscosity of biodiesel,
the more viscous the fuel and the more difcult it is to mix
with air, making the fuel injection process difcult [7].
Figure 1 shows the viscosity of biodiesel with varying vol-
umes. In general, biodiesel blended with alcohol produces
higher viscosity than 30% biodiesel without alcohol (B30).
Te viscosity of biodiesel with ethanol alcohol blends was
higher than that of biodiesel methanol and biodiesel butanol
blends. Meanwhile, the viscosity of biodiesel with methanol
alcohol blends was lower than that of biodiesel ethanol and
biodiesel butanol blends. Te highest viscosity was obtained
in fuel with 85% palm cooking oil and 15% ethanol or
B100A. Te lowest viscosity was obtained in the fuel with
30% palm cooking oil and 15% butanol or B30A. Biodiesel
fuel with high viscosity properties is detrimental to the fuel
injection process [8]. Te use of ethanol alcohol blends in
biodiesel compared to methanol or butanol alcohol blends
could produce high emissions and high fuel consumption.

3.2. Calorifc Value of Biodiesel. Te calorifc value of fuel
indicates the amount of energy produced during the com-
bustion process [9]. Te amount is infuenced by the
composition of the fuel. Figure 2 shows the trend of the
decreasing calorifc value of biodiesel with alcohol blends
compared to that of biodiesel without alcohol.Te higher the
palm cooking oil content, the lower the calorifc value. In
this case, the lowest calorifc value belongs to the fuel with
85% palm cooking oil and 15% ethanol alcohol blends
(B100A).Te calorifc value of biodiesel with butanol alcohol
blends appears to be higher than that of biodiesel with
ethanol or methanol alcohol blends. In this case, the highest
calorifc value belongs to the fuel with 30% palm cooking oil
and 15% butanol alcohol blends [10]. Te lowest calorifc
value belongs to the biodiesel with ethanol alcohol blends.
Te use of fuel with a high calorifc value will improve engine

performance. Tis is due to the large amount of calorifc
energy produced so that the quality of the combustion
process is better. Terefore, biodiesel with butanol alcohol
blends has the potential for better combustion quality and
emissions than biodiesel with methanol or ethanol alcohol
blends.

3.3. Flash Point of Biodiesel. Te fash point of a fuel is an
indicator that the fuel can burn when it comes into contact
with heat or fre. Te lower the fash point, the more
fammable the fuel [11]. Fuel fammability afects the rate of
combustion, thereby accelerating the increase in combustion
chamber temperature and maximising the combustion
process. Tis benefts the working power of the engine.
However, an excessive increase in the combustion chamber
temperature triggers the formation of NOx emissions.
Figure 3 shows the fash point test results with varying

Table 1: Biodiesel property testing methods.

S. no. Type of examination Method
1 Kinematic viscosity at 40°C ASTM D 445-062
2 Calorifc value ASTM D 5865-133
3 Flash point ASTM D 93-074
4 Specifc gravity ASTM D 1298-12

Table 2: Biodiesel formulation.

S.No. Biodiesel volume
Biodiesel volume (ml)

Solar Palm cooking oil Alcohol
1 B30�P 700 300 0
2 B30A�Q 550 300 150
3 B40A�R 450 400 150
4 B50A� S 350 500 150
5 B60A�T 250 600 150
6 B70A�U 150 700 150
7 B80A�V 50 800 150
8 B100A�W 0 850 150
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Figure 1: Te viscosity of biodiesel with varying volumes.
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biodiesel volumes. In general, biodiesel with alcohol blends
has a higher fash point than 30% biodiesel fuel without
alcohol blends. Te fash point of biodiesel with methanol
alcohol blends is lower than that of biodiesel with ethanol or
butanol alcohol blends. Terefore, biodiesel with methanol
alcohol blends has the potential to produce higher engine
performance and emissions than biodiesel with ethanol or
butanol alcohol blends.

3.4. Biodiesel Density. Te density of biodiesel is very im-
portant to determine the quality of the fuel combustion
process. Te higher the fuel density, the better the fuel
quality, which supports the perfect combustion process [12].
Te higher the fuel density, the higher the fuel consumption.
Figure 4 presents the density of the fuel with varying palm
cooking oil content. Biodiesel has a higher density when it
contains more palm cooking oil. Te density of biodiesel

with methanol alcohol blends is lower than that of biodiesel
with ethanol or butanol alcohol blends. However, the in-
crease in the biodiesel density value is not signifcant be-
tween methanol alcohol-blended biodiesel and ethanol/
butanol alcohol-blended biodiesel density.

4. Conclusion

Te diesel-palm cooking oil-methanol blend biodiesel fuel
has the highest fash point, lowest viscosity, high calorifc
value, and low density compared to diesel-palm cooking oil-
ethanol or butanol blends. Te diesel-palm cooking oil-
methanol blend biodiesel has the potential to produce
better performance and emissions than diesel-palm cooking
oil-ethanol or butanol blends.

Data Availability

Te data used to support the fndings of this study are in-
cluded in the article.
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Tis paper addresses the detection and identifcation of faws in Plug valves.Te Plug valve thermal image is acquired using a Fluke
thermal camera [TiS20]. Termal images of the Plug valve are used for the identifcation of faws such as Crack, Porosity,
Corrosion, and Internal defects. Te thermal images detect the surface faws and never subsurface faws in Plug valves. Te
subsurface faws detection is a challenging problem in valve inspection. In this paper, the thermal images obtained after the dye
penetrates the surface valve detect the surface faws more efciently after applying the Fuzzy Deep Learning Algorithms.
DyePenetrating Test (DPT) combined with Infrared Termography is proposed to identify heat fux changes and faws in the
faulty metal surface of Plug valves. In DPT, thinned paint is employed on the metal surface that displays metal porosity and even
fne cracks. After DPT, thermal images of the Plug valve are processed through the Fuzzy Deep Learning Algorithm to evaluate
faws. Te Fuzzy Algorithm is utilized prior to Deep Learning to simplify and speed up the classifcation task. Te faws are
identifed using Slicing operation and the following parametric quantities such as Accuracy, Mathew’s Correlation Coefcient
(MCC), Local Self-Similarity Descriptor (LSS), Precision/Recall, F-measure, and Jaccard Index. Te parametric quantities depict
corresponding variations with regard to surface coarseness andmetal faws.TeDPTand Fuzzy Deep Learning Algorithm identify
metal defects with 80.67% accuracy.

1. Introduction

Te American Petroleum Institute (API) criterion encom-
passes inspection, examinations, and pressure test for metal-
to-metal seated Plug valves. Te manufacturer and pur-
chaser perform the inspections. Te inspection may include
a pressure test conducted in manufacturer’s plant. During
assembling of Plug valve components, inspection is done
through Nondestructive Testing (NDT). Te valve manu-
facturer initially performs a Dye-penetrating examination.
Furthermore, liquid penetrant testing is performed
according to American Society of Mechanical Engineers
(ASME) B 16.34 standards. Moreover, Pressure test is ac-
complished with any external pressure due to seat leakage.
Moreover, when an end-clamping fxture is used, it does not

afect the seat leakage of the Plug valve. For lubricating Plug
valves, high-pressure closure test is compulsory while low-
pressure closure test is an option. Furthermore, Backseat test
is required for Plug valves and a High-pressure pneumatic
shell test is very important for Plug valve inspection. Te
pressure during testing will be 110% of maximal permissible
pressure at 100 F (38°C). Te test fuid used for a high-
pressure test can be air, inert gas, kerosene, water, or
noncorrosive liquid with a viscosity lesser than that of water.
Te test fuid temperature range shall be within 41 F (5°C) to
122 F (50°C). For low-pressure test, the test fuid can be air or
inert gas. Tese test fuids detect any leakage in the valve.
Water utilized for any test may comprise of water-soluble oil
or rust inhibitor. A wetting agent may also be included in
water. Plug valves are generally made of cast iron or stainless
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steel, and for these materials water having a chloride capacity
within 100 parts/million (ppm) can be utilized. For Shell
tests and Backseat tests, a visually detectable leakage is not
permitted from any part of the valve. For valves with ad-
justable steam seals, the manufacturer must look for steam
seals, which are capable of retaining pressure of at least 100 F
(38°C) valve grading free from visible leakage. For valves,
with nonadjustable steam seals, a visually noticeable leakage
throughout the shell test is not permitted. If the test fuid is
liquid, there shall be no seeable proof of droplets or wetting
of the outside surface of the valve. If the test fuid is air/inert
gas, no leakage will be revealed by the detection procedure.
For both low-pressure and high-pressure closure tests, it is
not permitted to have any visual evidence of leakage as well
as any structural damage anywhere in the Plug valve. Re-
cently, quality inspection of material has been automated for
increasing productivity with a quality-fnished product. Te
automation process reduces the manual inspection because
of sleek design and functionality of automated machines.
Te automated machines for material quality inspection
perform better than manual inspection. Te automation
processes detect faults in a material more accurately and
classify their quality level. Te main advantages of auto-
mated inspection over manual processing are 24/7 opera-
tion, high speed, continuous monitoring with remote access
through sensors, and working with diferent kinds of ma-
terials. Te component in an automated inspection system
consists of control circuits, sensors, image acquisition sys-
tem, and image-processing algorithms for zero defects in the
production unit.Te automation process of inspection starts
with an image acquisition of the material under inspection
through machine-vision cameras. Te machine-vision
camera captures the images of materials, transmits them to
the computer for image analysis, and decides the quality
based on image-processing algorithms. Tree parameters
that need to be taken into account while setting the camera
and lens during image acquisition are the viewing angle,
depth of feld, and target area [1]. Te image-processing
algorithms is used for detect faws in the Plug valve material.
Te Plug valve needs critical inspection during the
manufacturing process to avoid repairs and failures. Te
critical inspection prevents external and internal leakage in
oil and gas applications. Figure 1 shows the line diagram of a
Plug valve. In oil and gas applications, surface defects will
grow exponentially because of cavitations, high velocities,
high-pressure drops, throttling, and solids/slurries. Te root
cause of all these problems mentioned is solved through an
automatic inspection system over the valve surface. How-
ever, the existing automatic inspection system is performed
with machine-vision cameras or ultrasonic surface crack
detection. Te vision-based quality inspection systems an-
alyze the surface of a Plug valve without injection of the test
fuid. Te ultrasonic surface crack detection testing also
cannot analyze the surface during test pressure and test
leakage. Te solution for surface analysis in a Plug valve is
performed with ultrasonic surface crack detection and Dye-
Penetrating test. Te Plug valve surface testing of the test

fuid under pressure through thermal vision automatic in-
spection system identifes the various defects on the inner
surface of Plug valves. Infrared Termography renders
enhanced solutions for online identifcation of Internal
defects [2]. Te various defects on the surface, such as
Cracks, Porosity, Internal defects, and Corrosion, are
identifed before and after the test fuid inspection is
completed. Tese faws are the cause for initial fatigue crack
initiation (FCI) and should be reduced to enhance the fa-
tigue life of a weld joint [3]. Te investigation strongly
detected the location and type of faws [4].

Te surface valve defects identifed through the thermal
images before and after the fuid test analyze the surface
temperature during high pressure. It is necessary to acquire
thermal images over the inner and outer surfaces of the Plug
valve and study surface characteristics in terms of Cracks,
Porosity, and Internal defects. Porosity defects can be easily
eliminated in the presence of vacuum [5]. Furthermore,
images acquired after certain duration of time are used to
check the corrosion on surface, once the complete testing of
valves is fnished. Tese acquired thermal images under
diferent faults are trained using Deep Learning algorithms
after images are processed through Fuzzy Cluster algo-
rithms. Te applicability and novelty of the proposed work
are given in Table 1.

2. Literature Survey

2.1. Inferences from Literature Survey. From the review of
literature till now, the various faults are identifed using a
high-speed camera, signal processing and soft computing
algorithms such as wavelet transform, genetic algorithm, and
neural network. However, these tests were conducted only in
ofine mode, i.e., the materials were tested without test
fuids, especially in valves. Plug valves being the most fre-
quently utilized valves are primarily used in oil and gas
industries, and require multiple inspections on the surface of
the valve. In the existing system, the Plug valve is examined
using the Dye-Penetrating test, Ultrasonic test, and Fluid
test. Tese testing methods are performed independently in
ofine mode. Using Nondestructive Testing (Dye-Pene-
trating Test), we can identify the surface defects such as
Cracks. To identify the subsurface defects such as Porosity
and Internal defects, we utilize Ultrasonic Nondestructive
Testing. Using Nondestructive Testing, we can only detect

Figure 1: Plug valve with inverted plug type design.
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the Plug valve defects; however for defect classifcation, we
require a combination of the Fuzzy Slicing Algorithm and
the Deep Learning Architecture. A novel method of com-
bining these methods is required to improve the accuracy in
testing with low cost and reduce the time in a single test. Te
various research work related defect detection is presented in
Table 2.

3. Materials and Methods

Te Plug valves classify as Lubricated and nonlubricated
design along with varied port openings, single and multiple
port plugs. Te Plug valve is used under great pressure and
extreme temperature. Te Plug valves are prone to defects
such as Cracks, Porosity defects, Internal defects, and
Corrosion. Among these faws, Cracks are the major
problem, which is to be identifed at the early stage, or
otherwise it would lead to rework and consume more time.
Miniature Crack is a line on the surface of the valve and later
causes fragments, which lead to a serious damage. Tese
miniature cracks are not able to be visualized through hu-
man eye and become visible only after certain duration once
the Plug valve undergoes heavy testing. Te major cause of
these cracks because of tension in the Plug valve becomes
greater than the metal strength. When the heavy pressure
works on Plug valves, the stress develops and it accumulates.
Te Porosity occurs over the welded regions in the Plug
valve. Tis porosity forms due to trapped or shielding gases
and pressure on welded specimen is produced. Te gases are
engulfed in the liquefed specimen and later expelled on the
welded metal after solidifcation. If the porosity is in the
form of round holes then it is called as spherical porosity, but
when the holes are stretched the faws are called as
wormholes or piping. Corrosion occurs in the Plug valve
metals after reacting with the ambient temperature and
atmosphere. Te corrosion occurs due to electrochemical
oxidation because of the Plug valve metal surface reacting
with oxygen or sulfate present in the atmospheric gases. Te
Internal cracks occur in the Plug valve in the inner surface of
the welding regions. Te two types of welding metal cracks
are Root cracking and heat-afected-zone (HAZ) cracking
(under bead cracking). Weld metal cracks are faws that
occur within the liquefed metal. HAZ cracks are faws that
occur when the weld solidifes at a very fast rate, which
makes the base material to be very fragile, thereby resulting
in internal cracks. Gas porosity types such as Pinholes,
Subsurface Blow holes, and open holes are used. Pinholes
alias porosities are below 2mm hole size and present in
molds of upper surface. Subsurface blowholes’ size is of more

than 2mm in diameter, which occurs inside the cast and
seeable only after prolonged usage of the valve. Te open
holes occur during casting and the surfaces hence are easy to
detect. Cracks in valves classify into two types such as hot
cracks and cold cracks. Te hot cracks happen because of
crystallization procedure in the weld joint. Cold cracks form
after welding, when the weld happens to cool down. Te
solids or slurries of abrasive nature gradually wear down
from the Plug valve surface.Te cavity faws caused when the
pressure inside the valve falls drastically below the vapor
pressure lead to vapor bubbles. When the pressure is low in
valves, these bubbles burst causing dents onto the metal
surfaces which gradually wear down the valve body,
resulting in an abnormal noise during operation, and which
reduce the fow rates in the valves.

3.1. Detection of Plug Valve Defects through Termal Images.
Plug valve defects are detected through thermal images
acquired during the testing conditions such as Pressure test
and Dye-penetrating method. Figure 2 shows the block
diagram of Nondestructive Testing of a Plug valve through
thermal imaging. Termal images are acquired from a Plug
valve for defect identifcation using Fluke thermal camera
(Model No: TiS20). Te thermal camera consists of a 5 hrs
battery life. Te camera works on Passive Infrared Ter-
mography principle and never requires an external energy
source. Infrared thermography camera detects infrared ra-
diation emitted from an object and converts it into tem-
perature for thermal image. Te optics of the thermograph
enables the rays to concentrate on the thermal detector and
produces an image directly proportional to the radiation.
Te thermal camera needs less maintenance and is easy to
operate. Te thermal images are acquired for defects’ de-
tection from the images taken before and after, Pressure test
and Dye-Penetrating test. Pressure test: In a Plug valve, the
test fuid is liquid; the valve must be necessarily free from
entrapped air throughout the test. Furthermore, safety
coatings on the valve surface should be strictly avoided
before pressure test, since they cover the surface defects.
Dye-Penetrating inspection (DPI) works on the principle of
Capillary action. In a DPI method, thin liquid sinks into a
clear and dry surface and goes into the faws and thereby
makes faws clearly visible. For the DPI method, the items
such as cleaner, penetrant, and developer are required.
Initially, the inner surface of a Plug valve is cleaned and
impurities removed for applying the penetrant and devel-
oper. Next, the penetrant is sprayed over the inner surface of
the Plug valve using a brush. Te penetrant, which is surplus

Table 1: Applicability and novelty of the proposed work.

Technique Applicability Remarks
Machine
learning [6]

Difculty for real-time
application

Nonavailability of real-time datasets for implementation. Learning process is slow, with
issues in reusing, integrating, and debugging the models.

Neural network
[7] Not applicable Te training time is quiet long. Tere are chances for misclassifcation to occur.

Deep learning Applicable Automated feature extraction and classifcation. Training time is less with no
misclassifcations. Works efectively on real-time plug valve images.
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Table 2: Recent research work related to defect detections.

Author/Year Problem Solution

Ye and Toyama [6] To analyze the efciency of various deep learning
architectures.

A total of 7000 real-time images are evaluated. A total of 17
faws are detected.

Ajmi et al. [8] Defect detection and classifcation on small weld X-
ray image datasets.

Data augmentation and deep learning techniques utilized for
obtaining best results.

Mery [7] To automate the process of defect detection in
aluminum castings.

Convolution neural network (CNN) model utilized for
efective detection of defects

Daniel et al. [1] Internal defects in pipes (0 to 2 inches). Vertical insertion camera.

Xiao et al. [9] To detect weld bead width and depth of penetration
defects in welds. Coaxial infrared pyrometer

Schaunberger et al.
[10]

To identify weld seam defects such as pores, tapers,
and regressions (copper) Defect detected from temperature curves.

Gao et al. [11] Process stability and weld formation (laser welding) Analysis with a high-speed camera.

Lei et al. [12] Infuence of thermal efect on droplet transfer (cold
metal transfer (CMT) laser welding) Analysis with a high-speed camera and brightness curves

Huang et al. [13] Welding defect identifcation (laser welding) Te defect identifcation through electrical signals of laser
plasma and plasma fumes acquired by a high-speed camera

Gao et al. [14] To identify invisible weld defects Magneto-optical imaging system and grayscale curves
Hamade and
Baydoun [4] To identify wormhole defects in welded lap joints. X-ray computed tomography (CT) scan and Otsu

segmentation

Zhang et al. [2] To detect weld seam penetration defects Multiangle image acquisition and convolution neural network
(CNN)

Jiang et al. [5] To identify porosity defects at ambient pressures. High-speed camera. No defects under vacuum

Xie et al. [15] To detect metal rust High-speed images and Acoustic emission signal of pulsed
laser

Zhou et al. [16] To identify surface pit, spatter, softening in heat-
afected zone (HAZ), oxide, and porosity Addition of Sn foil

Choi et al. [17] To detect lack of fusion (LOF), gas pores Laser metal deposition technique and fatigue test to check
efciency.

Bacioiu et al. [18] To monitor tungsten inert gas welding High dynamic range camera and Fully convolution neural
networks and convolution neural networks (FCN & CNN).

Shah and Liu [19] To identify interfacial cracks, solidifcation cracks,
surface defects, and oxides Ultrasonic waves in resistance spot welding (URSW)

Nacereddine et al.
[20]

To detect cracks, porosity, lack of penetration
(LOP), and solid inclusion Classifcation in radiographic images.

Francis et al. [21] To analyze the potential of vacuum laser welding for
thicker areas of nuclear parts.

Achieves the required weld quality equivalent to the
electronbeam welding (EBW).

Zhang et al. [22] Comprehensive insights of laser welding process. Multiple optical sensor systems
Xu et al. [23] To identify Keyhole-induced porosity Tree-dimensional transient model
Chaoudhuri et al.
[3] To identify Inherent faws and fatigue cracks Stress analysis and micro-computed tomography (CT)

Son et al. [24] To examine the strength that exists between a
material deposited and its substrate. High bonding strength verifed through Shear tests.

Reisgen et al. [25] To detect porosity defects )Nonvacuum electron beam welding (NV-EBW)

Millon et al. [26] To identify the lack of fusion (LOF) or porosity
defects Laser ultrasonic signals.

Wu et al. [27] Expulsion identifcation Welding force signal

Xie et al. [28] Heat-afected zone (HAZ) Cracks(liquidation and
strain age cracks) Postweld hot isostatic pressing

Qian et al. [29] To identify high residual stress Spontaneous magnetic signals

Kim et al. [30] To detect welding defects in underground curled
pipelines Magnetic fux leakage (MFL) sensor signals

Hongmin and
Wang [31]

To identify tiny weld bead faws (cracks, pores, lack
of fusion (LOF), cavities) Closed magnetic reluctance signals

Zhang et al. [32] To detect faws in power disk laser welding Spectrometer signals

Li and Lu [33] To fetch a novel alloy for Biomedical utilization with
the apt Young’s modulus Powder metallurgy procedure is employed.

Proposed system To identify porosity, crack, internal defects, and
corrosion Termal images and fuzzy deep learning algorithm
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over the Plug valve surface, is removed using cotton. Next,
the developer is applied to make the faws visible to naked
eye. Furthermore, after visible inspection thermal images are
obtained from the valves to detect the invisible fow using the
proposed algorithm.

3.2. Ultrasonic Inspection. Te Ultrasonic testing is per-
formed through a SUB280 model instrument. Te instru-
ment consists of the following sections, Ultrasonic sensor
and secure power supply unit with power barrier, signal
barrier, RS485/RS232 converter, and Leak supervising
software.Te instrument checks the surface of the Plug valve
for leakage using Acoustic emission. Te Acoustic emission
of the surface of the Plug valve refects the distorted am-
plitude from the leakage surface. Te leakage surface noise
and the fuctuating amplitude show the change in pressure
feld linked with the fow of liquid in unstable condition.Te
instrument tracks the leakage for cylindrical surface in the
Plug valve and the detection of minute leakage is still a
challenging problem. For detecting the minute leakage, the
thermal images are obtained for analysis through the pro-
posed system.

3.3. Fuzzy. Fuzzy logic is performed through logical thinking
withmembership rules and functions. Fuzzy logic provides an
efective solution for complex problems, with high accuracy
and speed in execution. Fuzzy has a wide range of degrees of

membership between 1 and 0. Te partial membership arises
when an element of one fuzzy set belongs to the other fuzzy
set in the sample space. Fuzzy logic method is highly desirable
for unsure or estimate reasoning with equivocal boundaries.
Fuzzy logic algorithm is applied in image processing to resolve
uncertainty issues in image pixels. Fuzzy logic fnds the
diferences in the image pixels, which are either true or false,
for a set of pixels. Te Fuzzy logic is applied in the thermal
image of valves to detect the faults in the valves. Fuzzy logic
combines with Deep Learning techniques for fault detection.
Fuzzy clustering permits the information to be grouped in
greater than one cluster. Te membership function (μmn)
denotes the membership degree, as to which mth cluster the
nth object belongs to.

Te aim of the algorithm is to reduce the cost function,
given as.

D � 􏽘
N

n�1
􏽘

C

m�1
μl

mnin − v
2
m, (1)

N denotes the objects to be labeled (i.e., count of the image
pixels). C denotes the cluster count. vm represents the mth
cluster centroid ranging from v1, v2, . . . , vm􏼈 􏼉. l denotes the
parameter that controls fuzziness that should be greater than
1. in denotes the particular image pixel. ‖ · ‖ represents the
Euclidean distance measure. Te cost function is minimized
by continuously updating μmn and vm.
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Figure 2: Block diagram of the proposed system.
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Te general fuzzy c-means (FCM) never considers any
spatial information, therefore it is hindered by noise and
artifacts. Hence, Spatial Fuzzy Clustering along with level set
segmentation is considered for automated segmentation of
defects in Plug valve images. Initially, Spatial FCM integrates
spatial data throughout an adaptive optimization that ob-
viates the intermediary morphological functions. Te con-
trolling parametric quantities required for Level set
segmentation are obtained directly from the outcome of
Spatial FCM. Finally, the Spatial FCM regularizes the Level
set function.

Te Level set function is denoted as,

ϕ0(x, y) � − 4ε 0.5 − Bk( 􏼁, (3)

where ε is a constant quantity governing the Dirac function.
Te Dirac function is expressed as:

δe(x) �

0, |x|> ε,

1
2ε

1 + cos
πx

ε
􏼒 􏼓􏼔 􏼕, |x|≤ ε.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(4)

B k denotes the binary image expressed as Bk �Rk≥ b0 .
Where b0 is an adjustable threshold value. Rk denotes the
region of interest in the FCM outcome.

3.4. Deep Learning. Deep learning is the part of machine
learning and solves the problem like human brain, much
better than human brain. Deep learning structure is similar
to neural network, so called deep learning neural network.
Neural network can go for two hidden layers, whereas Deep
learning can go for 128 layers. Deep learning needs large
datasets and specialized hardware such as graphics pro-
cessing unit (GPU). However, machine learning needs less
number of datasets and never needs any specialized hard-
ware. Te accuracy of Deep learning is better than those of
machine learning and neural network. In Deep learning,
computers learn to carry out classifcation straightaway from
images, text, or sound. Deep learning does the same job
many times and learns. Te learning process in Deep
learning is obtained from vast unstructured, interconnected
datasets and from the learning solves the problem. Deep
learning in image processing is utilized for object recogni-
tion, classifcation, and segmentation. In object recognition,
Deep Learning algorithm can locate the object in the image,
even in multiple locations without human intervention.
Deep Learning algorithm detects faults in a Plug valve. Deep
Learning algorithm classifes the defects in low-quality
images. Te Deep Learning algorithm is able to detect the
various faults such as Porosity, Corrosion, Internal defects,
and Cracks and multiple defects in single region. Recurrent
Neural Network (RNN) is a type of Neural Network in which

the output from the current step is fed as input to the next
step; hence, it does not have the necessity to remember the
outcomes of every step. Te unique characteristics of the
RNN are the Hidden State that has the capability to store and
retrieve data in a sequence or operation. It utilizes common
parametric quantities for all the inputs, since it executes a
similar operation for all the inputs or hidden layers to yield
the output. It renders common weights and biases to all
layers, thereby lessening the issue of handling more pa-
rameters. Hence, these three layers can be merged together
into a single recurrent layer. In this paper, RNN is utilized
for fault detection.

Te current state is expressed as follows.

ht � f ht− 1, xt( 􏼁, (5)

here, ht is the present state, ht− 1 is the former state while xt is
the present input. Te input neuron might have performed
the subsequent changes in the former input, hence we
currently have the former input state rather than the present
input. Hence, every consecutive input is termed as a time
step.

Te formula for employing activation function (tanh) is
given as.

ht � tan h Whhht− 1 + Wxhxt( 􏼁. (6)

Whh is the weight of the recurring neuron and Wxh is the
weight of the input neuron. Te recurring neuron considers
the immediate former states. For longer sequences, the
expression could have many such states. When the fnal state
is computed, the next phase is production of the output. Te
output state is computed using the expression,

yt � Whyht, (7)

where Why is the weight at the output layer.
Procedure for Recurrent Neural Networks.

(1) Te input xt is given to the network
(2) Compute the present state utilizing the present input

and the former state i.e. we compute ht

(3) Te present ht turns out as ht− 1 for the following time
step

(4) Several time steps can be carried out as the situation
requires and merge the data from all the former
states

(5) After completion of the time steps, the last current
state is utilized to compute the output yt

(6) Te output is equated with the actual outcome, to
check if there is any diference and the error is
determined

(7) Te error is fed back to the network for updating the
weight and the network is trained.

4. Results and Discussion

Te Deep Learning algorithm can analyze Cluster 1 given by
fuzzy, which contains two defective Termal crack images,
assigns weights or probabilities, and fnally outputs the best
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match. Hence, the classifcation task is completed accurately
at a faster rate.

Te output images of the Proposed method are shown
in Figure 3 with the numbering from [1–17]. Image seg-
mentation is generally used to identify objects and
boundaries (lines, curves, etc.) in thermal images. More
incisively, image segmentation is the procedure of
assigning a label to each image pixel, in such a way that
pixels with a similar label have certain features such as
color, intensity, or texture in common. Te result of image
segmentation is a group of segments that collectively en-
compass the full image, or a group of contours extracted
from the thermal image. Nearby regions signifcantly vary
with regard to the similar features. Picture 3 represents
Edge Detection that possesses a wide range of mathematical
operations that intend to detect points in a digital image
where the image luminance varies sharply or has discon-
tinuities. Te discontinuities correspond to discontinuities
in depth, surface orientation, changes in material prop-
erties, and fuctuations in scene illumination. Applying an
Edge Detection Algorithm to an image may signifcantly
reduce the quantity of information to be processed andmay
therefore flter out data that may be considered as less
relevant, while saving the vital structural properties of an
image. Pictures 4 and 5 denote the images with porosity
Cluster 1 and Cluster 2, respectively. For a Good image, the
Porosity count is 162. Picture 6 denotes the original bad
image, in which the defect is indicated by a red marking,
which shows the defect in the form of tiny granules close to
each other. Picture 7 denotes the segmented image. Seg-
mentation divides an image into distinguishable regions
comprising of pixels with common properties.Te defect in
the segmented image is denoted by the red marking.
Picture 8 denotes edge detection being carried out, which is
the process of fnding out boundaries of an object within an
image. Te defective region is denoted by red marking.
Pictures 9 and 10 denote the image with porosity Cluster 1
and Cluster 2 for metal surface of valves. It clearly shows
the porosity defect, which is in the form of closely, spaced
granules, whereas the left-hand side of the images seems to
be clear. Te porosity count in the defective image is found
through pixel count and is found to be 414 holes in count.
Picture 11 denotes Termal good image, which is obtained
by utilizing Termal Imaging. Picture 12 denotes the
segmented version of the thermal image. Picture 13 denotes
Edge Detection. Te points at which image luminance
varies sharply are typically organized into a set of curved
line segments called edges. Pictures 14 and 15 denote the
images with porosity Cluster 1 and Cluster 2, respectively.
For a good thermal image, the porosity count is 54. Picture
16 denotes the defective thermal image, which is obtained
by using Infrared Termography. Infrared Termography
can identify heat patterns in the infrared wavelength
spectrum that are not visible to the naked eye. Te defect is
indicated by a red marking. Picture 17 denotes the seg-
mented image. Segmentation is the procedure of grouping
the pixels of an image in terms of color, texture, and in-
tensity. Te right-hand side defective portion of the image,
which is indicated by a red marking, is grouped together

since they are sharing the same characteristics. Picture 18
denotes the edge detection. It is the process in which image
brightness changes in the overall image are analyzed. Te
defective region in the image is indicated by a red marking.
Pictures 19 and 20 denote the porosity defect in the image
in terms of Cluster 1 and Cluster 2. Porosity is the presence
of cavities in the weld metal caused by the freezing in of gas
released from the weld pool as it solidifes. For a Defective
thermal image, the porosity count is 72.

In Infrared thermography, each pixel in the image may
refect diferent degrees of temperature. In some cases, few
pixels may refect the same amount of energy. Hence in
Figures 4(a) and 4(c) which denote the thermal images with
and without defects, respectively, the diference in refected
energy is represented through diferent colors. Figures 4(b)
and 4(d) denote the Surface plots of the defective and
nondefective thermal images, respectively. Surface plot is a
graphical version of the two thermal images equivalent to a
histogram plot. In Infrared Termography, defects are more
clearly visible and detected easily through algorithms.

Te Fuzzy Clustering outputs are denoted in Figure 5
with the numbering from [1–14] and Fuzzy Slicing outputs
are denoted in Figure 6 with the numbering from [5, 15–21].
Using fuzzy, it processes the image and forms clusters, totally
4 clusters are formed. Picture 1 comprises of Cluster 1, which
contains two Crack images. Picture 2 comprises of Cluster 2,
which contains two Porosity images. Picture 3 comprises of
Cluster 3, which contains two Corrosion images. Picture 4
comprises of Cluster 4, which contains the Internal Defect
image. A similar process is carried out for detecting Porosity,
Crack, Internal defects and for classifying them. Picture 17
indicates the index of clusters. Hence, the fuzzy performs
slicing of the input image and so fve indices or slices are
obtained. Picture 18 indicates the boundary, where exactly
the defect is located and hence further processing can be
performed. Initially, the boundary is not determined. Tese
fgures give details on slicing performed by Fuzzy on De-
fective images. Using fuzzy, 4 clusters are formed. Picture 5
comprises of Cluster 1, which contains two Defective Crack
images. Te defects in the crack images are indicated by red
markings. Picture 6 comprises of Cluster 2, which contains
two defective Porosity images. Picture 7 comprises of Cluster
3, which contains two defective Corrosion images. Picture 8
comprises of Cluster 4, which contains the Internal Defect
image. A similar process is carried out for detecting defective
Porosity, Crack, Internal defects and for classifying them.
Picture 19 indicates the ffth cluster group, hence the fuzzy
performs slicing of the input image and so fve indices or
slices are obtained. Picture 20 indicates the boundary, where
exactly the defect is located and hence further processing can
be performed. Initially, the boundary is not determined.
Tese fgures give details on slicing performed by Fuzzy on
Termal images. Using fuzzy, it processes the images and
forms clusters, totally 4 clusters are formed. Picture 9
comprises of Cluster 1, which contains two Termal Crack
images. Picture 10 comprises of Cluster 2, which contains
two Termal Porosity images. Picture 11 comprises of
Cluster 3, which contains two Termal Corrosion images.
Picture 12 comprises of Cluster 4, which contains the two
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Termal Internal Defect images. A similar process is carried
out for detecting Porosity, Crack, and Internal defects from
the Termal images for classifying defects. Picture 21 in-
dicates the ffth group of pixel clusters, hence the fuzzy
performs slicing of the input image and so fve indices or
slices are obtained. Picture 22 indicates the boundary as to
where exactly the defect is located and hence further pro-
cessing takes place. Tese fgures give details on slicing
performed by Fuzzy on defective Termal images. Using
fuzzy, it processes the images and forms clusters, totally 4
clusters are formed. Picture 13 comprises of Cluster 1, which
contains two DefectiveTermal Crack images.Te defects in
the Termal crack images are indicated by red markings.
Picture 14 comprises of Cluster 2, which contains two de-
fective Termal Porosity images. Picture 15 comprises of
Cluster 3, which contains two defective Termal Corrosion

images. Picture 16 comprises of Cluster 4, which contains
the twoTermal Internal Defect images. A similar process is
carried out for detecting defective Termal Porosity, Crack,
Internal defects and also for classifying them. Picture 23
indicates the ffth index cluster, hence the fuzzy performs
slicing of the input image and so fve indices or slices are
obtained. Picture 24 indicates the boundary, where exactly
the defect is located and hence further processing takes
place.

4.1. Deep Learning. For the Boundary detection and for
accurate identifcation of defects, the Deep Learning algo-
rithm is applied. Furthermore, the Deep Learning algorithm
can analyze Cluster 1 given by fuzzy, which contains two
defective Termal crack images, assigns weights or
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Figure 3: Fuzzy outputs for image porosity using adaptive K-means clustering algorithm.

(a)
(b)

THERMAL IMAGES AND SURFACE PLOTS

(c)
(d)

Figure 4: Metal surface and 3D plots. (a) Good thermal image. (b) Good thermal image surface plot. (c) Bad thermal image. (d) Bad thermal
image surface plot.
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probabilities, and fnally outputs the best match. Hence, the
classifcation task is completed accurately at a faster rate.Te
output of the Fuzzy becomes the input to the Deep Learning
network. Hence, the Deep Learning network does not have
to search for the best match from the universal database but
it can search from the fuzzy output. It makes use of ResNet
50 architecture, to perform the classifcation task. ResNet 50
does the classifcation by assigning weights or probabilities
and determines the best match. It will determine, if the given
input image has Porosity, Crack, Corrosion, or Internal
defect category. Tus, the classifcation of defect is perfectly
performed by Deep Learning. To enhance the training
procedure, a parametric quantity termed center loss is
merged with Resnet50.

Te center loss function is computed as

Lcen �
1
2

􏽘

N

i�1
f xi( 􏼁 − cyi

2
2, (8)

where f(xi) denotes the deep feature, cyiis the center of the
yth class, and N represents the batch size. Te Net Network
loss can be obtained by combining softmax loss and center
loss:

L � Lcls + λLcen, (9)

where Lcls is softmax loss and λ denotes the weight of center
loss. Te fuzzifcation task is performed prior to the ap-
plication of the concepts of Deep learning, since the role of
Fuzzy Algorithm is to simplify the classifcation task. Deep
Learning algorithms are without fuzzy input image then
classifcation accuracy is less. In this case, the Deep Learning
algorithm deals with the entire universal collection of images
in which the number of images will be more, also there
might be irrelevant images being mixed. Deep Learning
algorithms perform classifcation of images from an entire
database. Fuzzy algorithms lighten their task by doing the

slicing work on the images and then database is given as
input for Deep Learning. Te Deep Learning algorithms
need not analyze the entire collection of images from the
universal database, only searches from the selected collection
of image database that is rendered by the Fuzzy Algorithm.
Hence, this Fuzzy input image lightens the task of the Deep
Learning algorithms. After the aid of Fuzzy Algorithm, the
Deep Learning algorithms improve the classifcation time
and hence the output is obtained much faster. In addition,
since fuzzy has earlier worked on the images and given a
select number of images to the Deep learning to perform the
classifcation, there are absolutely no chances of misclassi-
fcation. Detection and classifcation of defects that are
present in welding thermal images such as Cracks, Porosity,
Internaldefects, and Corrosion is the universal collection of
image database. Tis will involve roughly 10,000 images for
each type. Hence, Deep Learning algorithms perform the
classifcation task directly from this universal database,
which will be tough and will encounter various drawbacks.
Hence, to overcome this, we introduced the fuzzy part,
which happens prior to Deep learning. Tis universal col-
lection of Cracks, Porosity, Internal defects, and Corrosion
images is fed as input to the Fuzzy block (algorithm). Hence,
out of the 10,000 crack images, the Fuzzy Algorithm will
flter out and select roughly say 200 relevant images and
cluster of crack images. Now, the Deep Learning algorithm
will have to work on these 200 selected crack images and
perform the best match with the defect that occurred.
Similarly, the Fuzzy Algorithm forms clusters for the Po-
rosity, Internal defects, and Corrosion images. Hence, by
using Fuzzy Algorithm the output is rendered at a much
faster pace and without any misclassifcation. Figures 7(a)
and 7(b) show the denoised crack image and Pixel classifed
images, respectively. Figures 8(a) and 8(b) show the
denoised corrosion image and Pixel classifed images,
respectively.
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9 10 11 12

13 14 15 16
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Figure 5: Fuzzy clustering.
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4.2. Evaluation Parameters. Te efciency of the proposed
technique is verifed by utilizing the mentioned parameters
in Tables 3 and 4.

4.2.1. Statistical Parameters

(1) True Positive, True Negative, False Positive, and False
Negative. A true positive is an efectual operation for prediction
of the positive class. Similarly, a true negative is an efcacious
method for prediction of the negative class. A false positive is an
efcientmethod for prediction of the false positive class. A false
negative is an efcacious operation for prognostication of the
false negative class.

(2) Accuracy. Accuracy is the fraction of predictions our
method fetched perfectly. Accuracy is given by:

Accuracy �
Number of correct predictions

Total no of predictions
. (10)

For binary classifcation, accuracy is calculated utilizing
positives and negatives as given as:

Acccuracy �
(TP + TN)

(P + N)
. (11)

(3) Precision, Recall. Precision is the count of applicable
events among the retrieved events, while Recall (sensitivity)
is the count of the total number of applicable events re-
covered. Precision and Recall depend on an understanding
and level of relevance.

Precision �
TP

(TP − FP)
,

Recall �
TP
P

,

P � TP + FN,

N � FP + TN,

FP rate �
FP
N

,

TP rate �
TP
P

.

(12)

Te coefcients regard true and false positives, negatives
and are applied, even when the classes are of various sizes.

(4) F-measure/F-value. Te Fvalue (F-score or F-measure) is a
valuation metric for a test’s exactitude. To evaluate the score,
one views Precision p and Recall r of the test: p is the total
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Figure 6: Fuzzy slicing outputs.
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count of precise positive outcomes fractioned by the total
count of positive outcomes the classifer yields and r is the
total count of precise positive outcomes fractioned by the
total count of all relevant events. Te F1 score is the har-
monic average of Precision and Recall, and accomplishes the
exact value at 1.

Fvalue � 2∗
precision∗ recall
precision + recall

􏼠 􏼡. (13)

(5) Mathews Correlation Coefcient (MCC). Te MCC is
normally a correlation coefcient amidst the observable and
predicted binary categorizations, which yield a value ranging

Denoised image

(a) (b)

Figure 7: (a) Denoised crack image. (b) Pixel classifed crack image.

Denoised image

(a) (b)

Figure 8: (a) Denoised corrosion image. (b) Pixel classifed corrosion image.

Table 3: Evaluation parameters.

S. No. Evaluation standards
Fuzzy deep-learning output

Pixel classifed corrosion image Pixel classifed crack image
Values Values

1 Accuracy 0.794 0.8068
2 FN 614 396
3 FP 4020 3952
4 Fprate 0.8627 0.9191
5 Fvalue 0.8814 0.8912
6 Jaccard index 0.788 0.8037
7 MCC 0.1818 0.1301
8 Precision 0.8108 0.8183
9 Recall 0.9656 0.9782
10 TN 640 348
11 TP 17226 17804
12 TPrate 0.9656 0.9782
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from − 1 to +1. A coefcient of +1 represents an exact pre-
diction, 0 represents a random prediction, and − 1 denotes
complete discrepancy between prediction and observation.

MCC �
(TP∗TN − FP∗ FN)

������������������������������������������
((TP + FP)∗ (TP + FN)∗ (TN + FP)∗ (TN + FN))

􏽰 .

(14)

(6) Jaccard Index. Te Jaccard Index, also termed Jaccard
similarity coefcient, is a statistical parametric quantity
utilized to fetch an in-depth cognition on the similarities
within fnite sample sets. It is denoted as the intersection of
sample sets fractioned by the union of sample sets. Te
formula for Jaccard Index is as follows.

J(A, B) �
|A∩B|

A∪B
�

A∩B

|A| +|B| − |A∩B|
. (15)

Te Jaccard distance computes dissimilarity within
sample sets. Te Jaccard distance is got by calculating the
Jaccard Index and subtracting from 1, or fractioning the
deviations in the intersection of the two sets. Jaccard dis-
tance is represented as.

DJ � 1 − J(A, B) �
|A∪B| − |A∩B|

A∪B
. (16)

Temean-squared error (MSE) and peak signal-to-noise
ratio (PSNR) are employed to ensure the image compression
quality. Te PSNR ascertains the peak signal-to-noise ratio,
in decibels, within two images. Tis ratio is employed as a
quality metric between the original and a compressed image.
A higher PSNR value increases the compressed or recon-
structed image quality.

PSNR � 10 log10
R
2

MSE
􏼢 􏼣, (17)

where R is the peak variation in the input image.
Mean-Squared Error (MSE) is the square of diferences

in the pixel values of the original and compressed images.
PSNR represents the measure of peak error. Te lesser the
MSE value, the lesser the error. What is m, n?

MSE �
1

MN
􏽘

M,N

I1(m, n) − I2(m, n)􏼂 􏼃
2
, (18)

where I1(m, n) is the Original image, I2(m, n) is the Ap-
proximate version, and M, N are the Dimensions of the
image.

LSS: LSS descriptors valuate the similarity between
images based onmatching internal self-similarities.Te local
“self-similarity descriptor” efcaciously captures the internal
self-similarities, valuated enormously over the full image, at
diferent scales, and calculates the local and global geometric
aberrations. LSS utilize the detection of objects in images,
with no prior knowledge.

5. Conclusion

Fuzzy Deep Learning Algorithm, the output of the Fuzzy
Block, is given as input to the Deep Learning block, to
simplify the categorization task. Te Fuzzy Algorithm
performs Slicing operation on the universal collection of
image database and renders selective defective images into
the Fuzzy image database. Deep Learning Algorithm does
not have to classify from the universal image collection and
classifes only the selective defective images from the Fuzzy
database. Tis enhances the speed of classifcation and leads
to zero misclassifcation of defective images. Passive Infrared
Termography’s unique feature is that it does not require an
external heat source. It rather utilizes the natural infrared
radiation coming out of the object.Te Dye-Penetrating Test
(DPT) outperforms Ultrasonic Testing, in evaluating ma-
terials, especially cast iron, through which signals are dif-
fcult to be transmitted. If the cast iron Plug valve has a huge
grain size, it causes the sound waves to fade, resulting in
faws. Te Porosity defects are indicated as closely spaced
granules. Te Porosity count in a defective thermal image is
72.Te clustering results of Cracks, Porosity, Corrosion, and
Internal defects are clearly indicated in separate images. Te
Fuzzy Slicing outputs give details on the slicing operation
performed using the index value of K� 5. Te defect
boundary is also indicated as to where exactly is the defect
located. Te defects are evaluated utilizing parametric
quantities such as Precision, Accuracy, Slicing, Jaccard In-
dex, etc. Te Parameter values are obtained for each of the 4
defects separately using the corresponding formulas. Hence,
this combination of Fuzzy Deep Learning Algorithm renders
enhanced efciency compared to existing algorithms [1].
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Te use of composites has increased exponentially in most industries, especially in the aerospace industry; the usage of composites
has increased by almost 40% in the last 15 years. Aerospace components are often subject to high-impact loads, so it is important
to use impact-resistant materials. Kevlar is known for its high-impact resistance and is commonly used as a fber with various
resins to achieve the desired properties. Tis paper mainly focuses on weaving Kevlar with basalt fber in plain weave type by the
traditional handloom weaving method. Te epoxy resin, along with the harder, is then mixed with the aluminum oxide
nanoparticles (Al2O3) in diferent percentages [1%-KB1, 3%-KB2, and 5%-KB3] to form the matrix. Te laminate fabricated is
then subjected to the high-velocity bullet impact of around 250m/s. A steel hemispherical head projectile was used in the testing,
and it was found to be penetrated through all the specimens making holes. Te impact strength for all the diferent specimens was
then estimated by calculating the bullet damage area and energy absorbed.Te plate added with 3% Al2O3 nanoparticle was found
to have improved impact strength when compared with the other two specimens. Tis plate can be used for bulletproof and other
high-velocity impact applications.

1. Introduction

A composite is a mixture of two or more chemically diferent
constituent materials combined macroscopically or micro-
scopically to yield a useful material [1, 2]. It is a mixture of
fber/reinforcement and matrix/resin. Composites are cat-
egorized based on the type of fber and resin being used in
the fabrication process; they can be naturally occurring or
manmade (synthetic). Some examples of natural composites
are wood (which contains cellulose fbers and lignin), bone,
granite (which has the particulate type of fber), and
manmade composites are concrete, and plywood. [3].
Macro-fber composite (MFC) is used for energy applica-
tions using unimorph and bimorph cantilever beams [4].
Composites have proven as a good replacement for alloys

because of their high stifness/weight ratio which also helps
in fabricating lightweight materials [5, 6]. During the fight
take-of, cruise, and landing the aircraft surfaces such as
wings, engines, turbines, and nose experience high-velocity
impact loadings. One of the major impacts is due to the bird
strikes because there will be high relative velocities between
the birds and the aircraft [7]. Te defense industry also uses
composite laminated bulletproof armor to prevent the entry
of bullets into the protected area; however, armor with
multiple fber layers was also developed in the past few
decades which gives improved penetration resistance for the
bullet [8]. Today, composites are thought to have out-
standing potential applications as primary load-bearing
structures in many industries; therefore, studies on the
impact behavior of the composites have attracted a lot of
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attention and become a burning research interest in the feld
of composite materials [9]. Composite structures are open to
diferent load conditions during their useful life. An im-
portant requirement for the efective use of composites as a
protective structure is resistance to ballistic impact loads
from foreign objects. Such applications require a clear un-
derstanding of the damage mechanism associated with the
conditions under which the projectile penetrates the com-
posite target. Residual strength after ballistic impact is also
an important consideration. Impact loads can be divided
into three categories: low-speed impact, high-speed impact,
and hyperspeed impact. Te reason for this classifcation is
that the energy transfer and damage propagation mecha-
nisms between the projectile and the target change dra-
matically as the speed of the projectile changes. One way to
raise the ballistic limit is to use fber composites [10].

Kevlar has more fascinating properties than other natural
and synthetic fbers, resulting in it being in a key position in
various load carrier applications. Te most signifcant im-
portant property of Kevlar is its high tensile strength-to-
weight ratio, which means that when compared to regular
material, it has a higher tensile strength at a lower weight [11].
Kevlar fabric has a tensile strength of 3620MPa (525,000 psi)
and a very low relative density of 1.44, which is suitable for
ballistics applications where the strength-to-weight ratio is
paramount [12]. As a fbrous polymer, Kevlar has been shown
to withstand high temperatures. Its tension/tensile strength
depletes by 10–20% at elevated temperatures, which continues
to fall within a few hours. When Kevlar is molded, the fbers
formed have a tensile strength of approximately 3620MPa
and a relative density of 1.44 [13].

Basalt fbers are prepared from basalt rocks which are
obtained from volcanic magma that is solidifed in the open
air after fowing as a hot fuid. Te general composition of
basalt rocks is, SiO2 at 51.6–59.3%, Al2O3 at 14.6–18.3%,
Fe2O3 at 9.0–14.0%, and CaO at 5.9–9.4% [13]. Comparing
the thermal properties of glass fber with the thermal prop-
erties of basalt fber, the tensilemodulus of basalt fber is about
60.4± 18.9GPa, and the tensile strength is 568± 267MPa
[14]. Basalt has several properties that make it an excellent
fber, such as chemical resistance, heat resistance, low water
absorption, and heat insulation. When mixed with other
matrices, basalt is a very good reinforcement [15]. Te me-
chanical properties of basalt fber-reinforced composites have
been completely investigated [16–18]. Te properties of
Kevlar and basalt are given in Table 1.

Te properties of Kevlar fber composites are dominant
in the axial to the transverse direction. In order to improve
mechanical properties even in the transverse direction,
hybridization is considered as the way to construct [19]. Te
transverse mechanical properties can be improved by
weaving with other fbers such as basalt, glass, and carbon.
[20]. Recently, basalt fbers have acquired particular im-
portance due to their high compound stability, heat resis-
tance, etc. [21]. Te purpose of hybridization is to obtain a
better-reinforced structure.

Hybrid composites can contain at least two types of fber
aggregates, helping to integrate the properties of the two
materials and reducing costs. 3D textile composites, as

shown in Figure 1 [22], are well known for their resistance to
ballistic forces.

Te mechanical properties of hybrid composites such as
basalt-carbon have been studied under ballistic impact. Te
results of these experiments demonstrate that the hybrid-
ization of basalt with Kevlar fbers signifcantly improves the
performance of reinforced composites [23]. Bandaru and
others studied the behavior of Kevlar–basalt composites
under low-velocity impact. Te basalt sample was found to
have the highest peak force, and it was also found that the
hybrid samples absorbed more energy than the individual
samples [24].

In many studies, researchers have explored traditional
fbers such as carbon-based polymer composites, glass, and
Kevlar fbers using computational and experimental
methods to characterize the properties of composite ma-
terials. Te energy absorption, ballistic impact performance,
and penetrating behavior of these conventional fber-based
polymer composites when subjected to dynamic or impact
loads have been investigated. Delamination, fber-matrix
compression damage, matrix cracking, and tensile failure of
yarns have been recognized as the primary failure mecha-
nisms under impact load [25].

Terefore, based on all these observations, in this present
study, the properties of the basalt hand woven with Kevlar in
a plain weaving [1× 1] manner composite in fber form with
epoxy resin were investigated. A traditional handloom
weaving process is used to hybridize Kevlar and basalt fbers,
which, although this is a time-consuming but cost-efective
process, can reduce production costs. Due to the attractive
mechanical properties, optimum adhesion, strong chemical
resistance, and wide range of coatings, epoxy resins are often
used in producing polymer-based composites [26].

2. Materials and Methods

2.1. Nanofllers (Al2O3). Recent trends demonstrate the use
of dispersed nanoparticles in polymers to improve polymer
performance, and these composites are called polymer
nanocomposites. Various nanofllers such as aluminum,
graphene, and titanium, are used as fllers inside polymeric
epoxies and other polymers. Compared with pure polymers,
polymer-based nanocomposites exhibit unique properties
due to their structure. Tis has led to the widespread use of
polymer-based nanocomposites in various engineering felds
[27].

Te inclusion of diferent concentrations of alumina
nanoparticles (Al2O3) into the polymer matrix increased
both fnal stress parameters and percent elongation. Te
existence of nanoparticles in nanocomposites acts as a bridge

Table 1: Properties of Kevlar and basalt.

Properties Kevlar Basalt
Density (g/cm3) 1.44 2.66
Tensile modulus (GPa) 124 93
Tensile strength (MPa) 3620 4500
Elastic modulus (GPa) 76 57
Elongation at break (%) 2.0 3.1
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between diferent polymer molecules to come closer together
to build a similarity index between them [28]. Yang et al. [29]
proved that the presence of up to 10% (threshold value) by
weight of distributed nano-Al2O3 particles in the polymer
matrix plays an important role in improving the chemical
and thermal properties of the nanopolymer composites
obtained. According to the study, Al2O3 nanofllers improve
the mechanical properties, but the hardening efect is
gradually reduced for Al2O3 content higher than 10% (above
a threshold value) by weight. Zhou et al. [30], in their results,
found that the thermal conductivity and mechanical
properties increased, and the material increased with the
addition of 80% alumina nanopowder, but the mechanical
properties started to decrease by 55%, i.e., above the
threshold value. So, based on all the previous observations,
nanoparticles, especially Al2O3, are known to increase the
mechanical and thermal properties of composites.Terefore,
in this study, the nanoalumina powder was chosen as fller in
the fabrication of Kevlar/basalt and epoxy composite and
examined the subsequent changes in properties. Figure 2
shows the alumina nanoparticles, and Figure 3 shows the
processing methods and testing of composites.

Most studies have carried out impact testing for Kevlar/
basalt composites, the content of nanoparticles plays a vital
role in the mechanical properties of a composite, but this
aspect is least bothered, so in this study, nanoalumina powder
(Al2O3) was added with diferent percentages into diferent
samples because it can reduce the porosity, and the density of
the material increases dramatically with a small percentage of
the addition of nanosized alumina particles, tensile strength
also increased although there was no diference in the ductility
of the material is recorded [31]. Te mechanical properties,
fexural strength, tensile strength, and Young’s modulus or
stifness of the material will be increased. If the alumina
content is too low, the intermolecular distances will increase,
reducing the impact strength, while if the alumina content is
too high, the close stacking of molecules can lead to the fragile
property of the material [32].

2.2. Fabrication of Laminate by Weaving. Te traditional
weaving process takes place on a loom.Tis process requires
two types of yarns or fbers: warp and weft. Here the warp
threads are Kevlar, and the weft threads are basalt fbers, the
warp running along the length of the fabric, and the weft
running across the length of the warp. Te woven fabrics are
shown in Figure 4.

2.3. Hand Layup Process. Te production of a composite
laminate is carried out by the traditional hand layup method
shown in Figure 5. Epoxy resin andHY951 hardener are used in
the fabrication process. Tree diferent laminates are prepared
by mixing aluminum oxide nanoparticles in three diferent
percentages viz. 10.6 g of alumina powder, 32 g of alumina
powder, and 55 g of alumina powder [1%, 3%, and 5%].

After curing, the resulting composite panels (samples) will
have a thickness of 3mm (which can be achieved by adjusting
the thickness of the mold), which is a mandatory requirement
for high-speed impact testing, and samples are cut into
150×160mm.Tree test samples were obtained, namely, KB1
(with 10.6 g of alumina powder), KB2 (with 32 g of alumina
powder), and KB3 (with 55 g of alumina powder).

2.4. High-Speed Bullet Impact Test. High-speed impact tests
are typically performed by a projectile that will be ejected
from a high-pressure pneumatic accelerator [33, 34]. A
similar confguration was used in this study, and a mild steel
hemispherical projectile with details is shown in Table 2.Te
projectile strikes the composite samples at 200–230m/s.

Te schematic test setup for the bullet (projectile) impact
test is shown in Figure 6. Additionally, the high-speed
camera was set to an appropriate frame rate to capture
several frames at impact. Te impact velocities and the
residual velocities (velocity of the projectile after striking the
specimen) are calculated from the recorded videos with the
aid of phantom cine viewer software.

Table 3 shows the diferent velocities of the projectile
before and after impact. It has been observed there is more
loss of velocity or energy in KB3. Te bullet impact before
and after in composite are shown in Figures 7–9.

3. Damage Evaluation of Composite Samples
Using Immersion Ultrasonic Testing

Ultrasonic scanning is the most popular nondestructive
testing (NDT) technique principally used for faw detection
in diferent materials such as composites, plastics, and
metals. Te widely used formats for ultrasonic scanning are
A-scan, B-scan, and C-scan [35]. In this work, an ultrasonic
C-scan was used since it is the accurate and best method for
the detection of impact in composite materials [36].

3.1. Evaluation of Absorbed Energy. Te energy drawn up by
the composites is given by the following equation [37]:

Aramid
fibers

Basalt fiber

Kevlar
(warp) fiber

Basalt
(weft) fiber

Interply Hybrid

Aramid

Basalt

Figure 1: Plain interwoven basalt/aramid hybrid composite [22].
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Alumina
powder

Figure 2: Alumina powder.

(i) Selection of materials [kevlar, basalt and Al2O3
Nanoparticles]

(ii) Hybridising Kevlar and Basalt by the hand weaving
process. 

(i) Fabrication of composite by Hand lay-up process adding
the nanoparticles in various percentages.

(ii) Performing high speed ballistic impact test on the
composite specimens.

(i) Carry out Ultrasonic C Scan to detect the impacted area
(ii) Calculating the damage area, energy absorbed and impact

strength from those values

Figure 3: Flow chart for fabrication process and testing of Kevlar/basalt-epoxy interwoven composite.

Figure 4: Woven fber.
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Eabs � 0.5∗mp ∗ V
2
i − V

2
r􏼐 􏼑, (1)

whereEabs is the energy absorbed by the composite.mp is the
mass of the projectile or bullet. Vi is the impact velocity of
the projectile or bullet. Vr is the residual velocity of the
projectile or bullet.

Te fber layers of the composites resist the penetration
of the bullet through it converting most of its kinetic energy
to absorbed energy [37]. Te absorbed energy of composites
is presented in Table 4. Te values of Viand Vr can be ob-
tained from Table 3, and the mass of the projectile is
0.00734 kg (from Table 3). Te impact energy is given by
equation (2), and the residual energy is given by equation
(3).

Impact energy � 0.5∗mp ∗V
2
i , (2)

Residual energy � 0.5∗mp ∗V
2
r . (3)

3.2. Calculating Impact Strength of the Composite Specimens.
Te impact strength of the materials can be calculated by
using the following equation [38]:

Impact strength �
(Energy absorbed)

Damaged area
. (4)

Te damaged area can be predicted from ultrasonic-C
scan images of the specimens, and the impact area can be
calculated with the aid of Image J software.

3.2.1. Ultrasonic-C Scan. Tis analysis aimed to fnd out the
extent of bullet damage on composite specimens. Two
separate tubes for channeling and receiving pulses are
spaced equally on opposite faces of the composite sample, as
shown in Figure 10. Te echoes received from the high-
quality region are taken as the threshold value such that the

receiver can detect any signal below the threshold value. In
general, the pulse energy of damaged regions is small
compared with good regions.

Te test setup of the Immersion ultrasonic testing system
and transmission setup is shown in Figures 11 and 12.

3.2.2. Estimation of Damage Area through C-Scan. Te
impacted specimen is scanned with ultrasonic C scan
nondestructive evaluation to estimate the damaged area.
Impact or damaged area can be predicted using Image J
software.

Te impact strengths of KB1, KB2, and KB3 are 2.75 J/
cm2, 4.28 J/cm2, and 3.63 J/cm2

, respectively, shown in Ta-
ble 5 and Figure13. Table 6 shows C-scan, front and back side
images of all the samples.

(i) It is evident from the values obtained that the
impact strength of KB2 (4.28 J/cm2) is higher than
KB1 (2.75 J/cm2) and KB3

(ii) In the case of KB1, the addition of alumina powder
is very low (i.e., 1% or 10.6 gm); if the alumina
content is too low, the intermolecular distances will
increase, resulting in the low impact strength [32]

(iii) In the case of KB3, the alumina powder content is
very high (i.e. 5% or 55 gm); if the alumina content
is too high, the close stacking of molecules can lead
to the fragile property of the material, so the impact
strength of the specimen is again low

(iv) But in the case of KB2, due to the moderate addition
of the alumina powder (i.e., 3% or 32 gm), the re-
sultant impact strength is higher [32, 38]

4. Results and Discussion

(i) After the high-velocity impact test, the results are
as follows:

(ii) Te bullet impact test revealed that the bullet
pierced smoothly through the composite speci-
mens in all three cases

(iii) Delamination, fber-matrix compression damage,
matrix cracking, and tensile failure of yarns have
been recognized as the primary failure mecha-
nisms under impact load [25]

Alumina
powder

Hardener

(a)

Specimen

(b)

Figure 5: Hand layup process: (a) mixing of hardener and alumina powder and (b) fabricated composite laminates.

Table 2: Details of the projectile.

Parameters Details
Material Mild steel
Mass 7.34 (g) or 0.00734 (kg)
Length 15.5 (mm)
Diameter 9.66 (mm)
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Directing
frame Composite

specimen 

High speed
camera

Computer setup for
data collection

Pneumatic accelerator

Bullet ejecting
nozzle

Connecting wires
for acquiring data

Figure 6: Schematic setup of bullet impact test.

Table 3: Velocities of the projectile.

Material Average initial impact velocity of projectile (m/s) Average residual velocity (m/s)
KB1 222.33 206.66
KB2 230 208.33
KB3 224.33 199

Bullet
(a) (b)

Bullet
Composite

specimen (KB1)

Figure 7: KB1 placed for testing: (a) KB1 before the impact and (b) KB1 bullet after the impact.

Bullet
(a) (b)

Composite specimen
(KB2)

Figure 8: KB2 placed for testing: (a) KB2 before the impact and (b) KB2 bullet after the impact.
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Table 4: Absorbed energy of the composite samples.

Material Te impact velocity of projectile
(m/s)

Impact energy
(J)

Te residual velocity of the projectile
(m/s)

Residual energy
(J)

Absorbed energy
(J)

KB1 222.33 181.41 206.66 156.73 24.67
KB2 230 194.14 208.33 159.28 34.85
KB3 224.33 184.68 199 146.8 39.34

BulletComposite specimen
(KB3)

(a) (b)

Figure 9: KB3 placed for testing: (a) KB3 before the impact and (b) KB3 bullet after the impact.

Transmitter Receiver

Composite specimen

Figure 10: Simplifed diagram of the immersion scan system.

Immersion
ultrasonic

testing 

Figure 11: Immersion ultrasonic testing system.

Composite
specimen 

Receiving
probe

Transmitting
probe

Figure 12: Trough transmission setup with the sample.
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Table 5: Impact strength of the samples.

Materials Impact area (cm2) Absorbed energy (J) Impact strength (J/cm2)
KB1 8.94 24.67 2.75
KB2 8.13 34.85 4.28
KB3 10.82 39.34 3.63
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Figure 13: Impact strength vs. composite material.

Table 6: C-scan, front and back side images of all the samples.

C-scan images Front side of the specimen Rear side of the specimen
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(iv) Composite failure is due to the high-velocity
impact of the projectile, which generates a
compression wave through the thickness of the
sample and is refected as a tension wave, causing
fber delamination or detachment between the
lamina layers [39]

(v) When the warp and weft threads break in the
collision zone, friction between the projectile and
target becomes the primary mechanism, con-
tinuing to slow the projectile [39]

(vi) Te impact area, impact velocity, and residual
velocities were predicted using the Image J and
Cine viewer software

(vii) Adding nanoparticles to composite materials
results in astonishing changes in mechanical
properties [25]

(viii) Te hybrid samples absorb more energy than
individual samples [26]

(ix) It was found that the afected area of KB3
(10.82 cm2) was larger, i.e., more damaged
composite panel; this was because the addition of
a higher percentage of alumina powder resulted
in a small intermolecular gap resulting in a series
of alumina particles in one place causing the
epoxy bond to break and lead to brittle nature of
the material [32].

(x) As the nanopowder content increases, the impact
energy increases, and as the impact energy increases,
so does the absorbed energy, so the KB3 (39.34 J)
composite sample absorbs more energy than the
other two samples, as shown in Figure 14 [20, 41]

(xi) In the case of KB1, the alumina content is too low
(1%), so the distance between the molecules is too
small, which does not help to create stronger
bonds between the epoxy molecules, so the im-
pact strength is reduced [40]

(xii) Te impact damage area is low in KB2 (8.13 cm2)
because of the strong polymeric bond, closely
packed structure, and the dense nature obtained
by adding nanofllers [31, 41]

(xiii) KB2 (4.28 J/cm2), as shown in Figure 13, gives good
impact strength compared to KB1 (2.75 J/cm2) and

KB3 (3.63). Te mechanical properties of KB2 got
heightened due to the modest content of alumina
powder that provided proper dispersion of alumina
powder which in turn provided more useable area
for epoxy to create a strong bond between the
molecules which increases the impact strength of
the material [41]

(xiv) Te presence of alumina particles gives a con-
nection between the epoxy molecules creating a
polymer bond that gives resistance to the impact
loads [28]

(xv) Te percentage of alumina (3%) present in KB2
helped in overcoming the viscous nature of the
epoxy molecules and helped to create a strong
polymeric chain that increased the impact
strength of the specimen [41]

(xvi) Te impact strength increases by two times if the
content of alumina powder is moderate (KB2),
and the impact strength of the composite starts
degrading once the nanopowder volume goes
beyond the threshold value (KB3)

(xvii) From the conclusions and results made from
[28–31], every material has its threshold value in
bearing the nanoalumina powder; the mechanical
properties of the material increase up the
threshold value and then start gradually de-
creasing and fnally leading to the brittle behavior
of the material

(xviii) From the tests performed and the results ob-
tained, it is clear that a high percentage of alumina
powder can cause higher content of porosity and
dispense of alumina particles, and the formation
of microcracks [42]

 . Conclusion

In this work, the efects of diferent percentages of nanoalumina
powder on the impact strength of Kevlar/basalt and epoxy
composites were investigated experimentally and numerically.
Te fber layers are made with the help of the weaving process,
and the fabrication of the composite is performed by the hand
layup method. Te ballistic study has been carried out to un-
derstand the behavior of the Kevlar/basalt polymer composite
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Figure 14: Absorbed energy vs. composite materials.
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with the addition of the alumina nanoparticles. Ultrasonic-C
scan was used to fnd the damage in the subsurface layers and
also to fnd the extent of the damage.

As discussed, the impact area is low in KB2 (8.13 cm2)
compared to KB1 (8.94 cm2) and KB3 (10.82 cm2). However,
KB3 absorbed more energy (39.34 J) due to the gradual
increase of impact strength from the threshold value of
alumina powder. As per the results obtained, the impact
strength started increasing with the increment of alumina
content, and once the percentage increased above the
threshold value (i.e., 3% in this study), the mechanical
properties started declining. Hence the impact strength is
higher in KB2 (4.28 J/cm2), and less in KB3 (3.63 J/cm2), and
also the impact area is less in KB2 (8.13 cm2) but more in
KB3 (10.82 cm2), this implies KB2 is more resistant to the
high-speed ballistic loads due to themodest content of Al2O3
particles.

Several experiments and tests are still being carried out
to explore the various benefts of introducing diferent
nanoparticles to composite materials. Terefore, it is not
recommended to use too high alumina powder content
(above a threshold value) if the aim is to achieve high-impact
resistance; a moderate amount of alumina powder can
provide high-impact resistance. Alternatively, the woven
Kevlar–basalt/epoxy composites can be spiked with other
types of nanofllers available in various proportions, and the
resulting changes can be investigated after the impact test.
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In this work, the silicon carbide (SiC) and titanium diboride (TiB2) reinforced as-cast Zn-Al-Cu alloy-based hybrid composites
were produced with ultrasonic-assisted stir casting. �e corrosion behavior of as-cast Zn-Al-Cu/TiB2/SiC hybrid composites with
varying 0, 5, 10, and 15 weight percent of SiC+TiB2 particulates in Zn-Al-Cumatrix alloy was investigated in this study,�e e�ect
of additional reinforcements content on the corrosion behavior of hybrid composites with respect to Zn-Al-Cu alloy was in-
vestigated. �e corrosion rate of hybrid composites was taken by using potentiodynamic polarization equipment (with 3.5 wt.%
NaCl solution). �e potentiodynamic polarization test �ndings showed that the hybrid composites’ uniform and localized
corrosion resistances were enhanced by the addition of dual reinforcements. As the weight fraction of the SiC/TiB2 reinforcement
increases, weak microgalvanic cells that form between the constituent phases of the fabricated as-cast Zn-Al-Cu hybrid com-
posites weaken, improving their resistance to uniform and localized corrosion. �e results revealed that the corrosion rate values
were reduced to 28.88% at 15% of reinforcement when compared to the base alloy.

1. Introduction

�e hybrid composites outperform typical metal matrix
composites in terms ofmechanical and functional performance
which suits to be widely adopted in structural engineering and
functional device applications[1]. With a larger reinforcement
content, typical MMCs reinforced with �bers or micron
particles can attain ultrahigh strength and improved elastic
modulus [2, 3]. But due to the inverse relationship between
strength and ductility, toughness and ductility dropped dra-
matically with increased reinforcement volume [4]. �e ad-
dition of nano-reinforcements to metal matrix alloys can
enhance strength and elastic modulus without sacri�cing
ductility and toughness [5, 6]. Furthermore, the nano-rein-
forcements have a far higher strength-to-weight ratio than their

micron-sized counterparts. However, due to the in¢uence of
strong VanderWaals forces and the intrinsic incompatibility of
nano-reinforcements with more metal matrix alloys, uniform
dispersion inMMCswithmore volume%nano-reinforcements
is extremely challenging [4]. �erefore, a limited number of
nano-reinforcements in nanocomposites (MMNCs) of most
metal matrixes showed less increment in strength, which re-
stricted their usage in the engineering and biomedical �elds [4].
A great deal of research has been done to help MMCs over-
come these di¤culties.

Hybrid reinforcing is a distinct and signi�cant tech-
nology in the design and fabrication of progressive MMCs.
�is technique’s main principle is to introduce a variety of
hybrid reinforcements into a metal matrix and rely on the
hybrid reinforcements to demonstrate their potential
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benefits to achieve synergistic effects that result in excellent
overall performance. When compared to the bioinspired
structures, the hybrid reinforcement method is more ad-
vantageous and appealing for the production of a substantial
amount of MMCs because it is based on the selection of the
most suitable type, content, and ratio of hybrid reinforce-
ments to achieve excellence. $us, the existing practices for
fabrication of MMCs are also broadly applicable to the
producing hybridMMCs. As a result, the evolution of hybrid
composites has the great potential to make a significant
contribution to expansion of the range of applications for
MMCs.

Zinc-aluminum alloys have grown tremendously in
recent years, for applications like bearings, as it provides
advantages over other standard materials [7, 8]. $e Zn27Al
alloy, in particular, is a member of the zinc-aluminum alloy
family. It has a wide range of applications. In response, it
competes with materials made of bronze, copper, aluminum,
and iron [6]. Many structural applications continue to rely
on Zn-Al-based composites [9]. As amatrix, Zn-Al alloys are
noted for their excellent combo of physical, mechanical, and
technical characteristics [10–12]. Generally, metal matrix
alloys (MMCs) are preferred for bearing applications that
require lightweight, good durability, advanced strength at
high temperatures, and corrosion resistance. At this point,
hybrid composites are very useful in the industry, especially
automotive and aerospace, due to their numerous good
properties because it has the content of at least two rein-
forcement materials inside them.

Furthermore, according to the findings of recent
investigations, the isotropic features of MMCs are im-
proved by the addition of reinforcing particles. Even
though there are different processes for making com-
posite materials reinforced with particles, stir casting is
the most common method for producing hybrid MMCs.
Stir casting in the making of hybrid MMCs has a number
of advantages including low cost, simplicity, and the
ability to disperse the particulates that serve as rein-
forcement in hybrid MMCs throughout the matrix
material [13]. However, because particles can easily ag-
glomerate in the composite material, dispersion alone is
insufficient to acquire the essential attributes of hybrid
MMCs.

Corrosion can variously impact metal matrix com-
posites, depending on their composition and the sur-
rounding environment. $e corrosion resistance of Al-
based materials must be studied, particularly for their
extensive usage in automotive and aerospace applications
[14]. In general, uniform corrosion is observed in zinc-
aluminum alloys [8]. A passive layer is formed on the
metal surface of ZA alloys in the as-cast condition, which
prevents further corrosion attacks from occurring [15].
$is passive layer provides adequate corrosion resistance
for the majority of atmospheric environments. And also,
this alloy exhibits high resistance to corrosion in the
natural environment, waters, and soils as a result of the
ability of zinc to form a protective layer on the surface
primarily of corrosive products containing zinc oxide,
simonkolleite, zinc hydroxide, or their mixtures.

Additional corrosion protection needs to be considered in
more aggressive environments, such as marine
environments.

$e corrosion behavior of MMCs in different environ-
ments where the material is likely to be exposed is an im-
portant factor in selecting the appropriate material for a
particular application [16]. It follows from the literature that
limited work has been done to study the corrosive behavior
of MMCs. Although, some studies on the corrosive behavior
of MMCs have shown that they are more susceptible to
attack than related nonreinforced alloys [8].

Numerous factors influence the corrosion behavior of
MMCs, including the alloy composition and reinforcing par-
ticles used, as well as their distribution and size in the matrix,
the fabrication technique used to make them, and the nature of
the interface between reinforcement and the matrix [16, 17].

Even a relatively minor change in any one of these elements
can have a significant impact on the corrosion behavior of the
material. $e major challenge with the usage of particles in
metal alloys for various applications is the effect of reinforce-
ment on corrosion resistance of that particular metal alloy. $e
incorporation of a reinforcing phase could result in irregularities
or defects in the protective layer that forms on the alloy surface
to counteract the effect of corrosion, by increasing the number
of sites for initiation of corrosion and making the composite
vulnerable to severe attack. $ere have been several investiga-
tions on the microstructural, tribological, and mechanical
properties of the ZA27 composites using reinforcement ma-
terials. However, there have been few investigations into the
corrosion behavior of ZA27 composites including nanoparticles.
$emain objective of this research was carried out to investigate
the impact of reinforcing SiC andTiB2 particles on the corrosion
behavior of the as-cast Zn-Al-Cu alloy.

2. Constituents and Approaches

2.1. Matrix. “$e base material for this experiment is an as-
cast Zn-Al-Cu alloy. $e dimensions of the rectangular
ingots are 150×150× 25mm and are cast by the process of
liquid metallurgy in accordance with the ASTM B669-82
standard. Zinc has a purity of 99.90 percent, aluminum has a
purity of 99.98 percent, and copper has a purity of 99.00
percent. In a crucible, aluminum and copper were placed
and heated to 650 degrees Celsius, and then, zinc is added.
$e degassing agent C2Cl6 was also added after the stirring
process was done for 5 minutes. During the duration of this
technique, grain refining was not made” [18] (Table 1).

2.2. Reinforcement. Silicon carbide and titanium diboride,
which are available commercial ceramic particles with av-
erage particle sizes of 20 microns and 30 microns, respec-
tively, and with 99.00% purity, were procured from Sigma-
Aldrich in India. Table 2 contains information about ceramic
particles, including their sizes and shapes.

2.3. Preparation of the Composites. $e alloy was placed into
the graphite crucible for 15 minutes and heated to 680°C.
Hexafluoro titanate salt (K2TiF6) with 2.7 weight percent was
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added to improve the wettability of the molten alloy. X wt%
SiC+TiB2 (X� 0, 5, 10, and 15) particles were incorporated
into the molten form of the alloy. Before administering the
particulate ceramics to the molten form of alloy, the ceramic
particles are heated to 800°C and sustained at that tem-
perature for one hour. “A mechanical stirrer operating at
85 rpm was used to mix the molten alloy, and the rotational
velocities were maintained for 15 minutes at the same level
to guarantee that the composite was of proper composition.
$e titanium alloy ultrasonic probe was immersed in the
molten slurry to a depth of 3/4 of the molten slurry’s height
in the crucible” [19].

Sonication was carried out at a frequency of 20 kHz using
ultrasonic processing. A 22-minute ultrasonic energy pulse
was used to disperse the grouped reinforcements. Following
the sonication procedure, the graphite crucible was removed
from the furnace and the molten hybrid metal matrix
composite was poured into an MS mold.

By using the Wire Cut EDM (WEDM) machine com-
posite samples were generated for testing as per ASTM
standards. Table 3 lists the materials and their composition
of the as-cast samples, as well as the designations that will be
utilized throughout this study.

2.4. Corrosion Test. $e composite specimens were tested
under a potentiodynamic polarization test in an aerated 3.5
percent NaCl solution with the pH adjusted to a value of 10
using potassium hydroxide pellets. $e pitting corrosion
behavior of produced composite specimens with varying vol
% of reinforcement was studied using an electrochemical
system (Gill-AC). Experiments were carried out on a pol-
ished surface with a 1 cm2 exposure area and a 0.166mV/sec
potential scan rate from −250mV initial potential to the final
pitting potential. $e corrosion potential (Ecorr) was de-
fined from the resulted graphs. Specimens with a higher
positive Ecorr (or a lower negative Ecorr) were thought to be
less vulnerable to pitting corrosion.

3. Results and Discussion

3.1. Corrosion Behavior of As-Cast Zn-Al-Cu Hybrid
Composites. When compared to corrosion of an unrein-
forced matrix alloy, the presence of reinforcing particles, as
well as the processing associated with MMCs manufactur-
ing, can cause severe corrosion of the metal matrix. As a
result, it is important to sustain a rate and a type of corrosion
that will not be significantly damaging to the characteristics

of the MMC during its intended life span. For hybrid
composites, the distribution and content of reinforcement
powders in the matrix alloy are critical parameters. Pitting
and crevice corrosion susceptibility, as well as other types of
corrosion, are normally determined by exposure testing or
electrochemical test methods on metal matrix composites
(MMCs).

Generally, electrochemical test methods show the pas-
sive properties of one MMC compared to another and
provide understanding of the mechanisms that can cause
corrosion. In this work, potentiodynamic curves generated
by the potentiodynamic polarization test are used to study
the pitting corrosion behavior of the hybrid composite
samples. Ecorr, Icorr, and corrosion rate (mpy) values are
obtained using the Tafel extrapolation method (Table 4).
$ese values clearly show that the corrosion rate of as-cast
Zn-Al-Cu alloy (without any reinforcement) was more than
any other composite used in this study. If we examine the
corrosion rate trend concerning the vol% of reinforcement,
it gradually decreases by increasing the vol% of reinforce-
ment. It is a well-known fact that the addition of SiC as
reinforcement can increase corrosion resistance due to SiC
plays a significant role as a physical barrier to the initiation
and formation of pits [17]. It may be attributed to the inert
nature of SiC as a ceramic material. And the formation of
Al3C4 which is mainly responsible for corrosion attack can
be avoided by processing temperatures less than 710C,
which is also the reason for increment in the corrosion
resistance in the presence of TiB2 (Table 4) [3, 17, 20].
Especially, the addition of SiC resulted in a significant
difference in the corrosion rate of the composites, as SiC
ceramic particles do not react with molten aluminum, which
prevents the development of brittle intermetallics at the
reinforcements-matrix interfaces [21].

Hybrid composite with 15% reinforcement resulted in
better corrosion resistance than as-cast Zn-Al-Cu and with
5% and 10%. As SiC can form a passive layer readily, the
presence of SiC may assist actively in the passivity of hybrid
composite which resulted in improved corrosion resistance.

Table 2: Properties of the reinforcements.

Reinforcement Density (g/cc) Melting point (°C) Young’s modulus (GPa) Tensile strength (MPa)
SiC 3.21 2730 137 625
TiB2 4.52 2970 575 754

Table 3: Wt.% of the composite samples.

S. no As-cast Zn-Al-Cu alloy (wt%) TiB2 (wt.%) SiC (wt.%)
1 100 0 0
2 95 2.5 2.5
3 80 5 5
4 85 7.5 7.5

Table 1: $e chemical constitution of as-cast Zn-Al-Cu alloy.

Material Zn Al Cu Act
Constitution (wt.%) Balance 25–28 2.0–2.4 0.01-0.02
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15% of TiB2 + SiC hybrid composite resulted in overall
better corrosion resistance than any other sample used in
this study. Generally, grain boundaries are more prone to
corrosion attack in Zn alloys, as SiC covers most of the
region at grain boundaries, inert nature (as a ceramic
material) of SiC and acting as nucleating sites for passive
layer formation may lead to the enhanced corrosion re-
sistance [17]. $e presence of TiB2 and SiC can decrease the
gradient of potential difference between the Zn-Al-Cu
matrix and SiC which is responsible for galvanic corrosion
in the case of only Al and SiC, which may be the reason for
better corrosion resistance which is evident in Figure 1 [22,
23].

4. Conclusions

Zn-Al-Cu with 7.5% TiB2+ 7.5% SiC resulted in overall
better corrosion resistance than other samples in this
study and also showed better value than as-cast Zn-Al-
Cu alloy
$e potentiodynamic polarization curves clearly show
that hybrid composite with increasing wt.% of rein-
forcement has better corrosion resistance
$e addition of SiC has a major impact on the im-
proved corrosion resistance of Zn-Al-Cu/15%

TiB2 + SiC hybrid composite due to its inert nature and
active participation in the formation of the passive layer
Due to the addition of dual reinforcements to Zn-Al-
Cumatrix alloy gives excellent resistance, no corrosion-
related pits could be noticed on the corrosion surfaces.
Only a variety of tiny microcracks, depending on the
size of the reinforcing particles, were visible on the
surfaces.
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�e dielectric characteristics of barium oxide: �erm500 nano�uids were investigated at a static frequency in this study. Barium
oxide: �erm500 nano�uids are made by dispersing barium oxide nanoparticles in �erm500 (base �uid) using a sonicator. �e
static dielectric measurements were made with a frequency domain re�ectometry (FDR) sensor. At various temperatures, the
values of several dielectric properties, including dipole moment (μ), molar polarization (P), excess dielectric constant (εE), static
dielectric constant (εO), and excess dipole moment (μE), have beenmeasured for BaO:�erm500 nano�uids. Kirkwood factor and
Bruggman factor were also computed and presented.�e �uctuations in dielectric properties concerning six distinct combinations
including 0.001 grams, 0.002 grams, 0.003 grams, 0.004 grams, 0.005 grams, and 0.006 g of nano�uid systems and four di�erent
temperatures such as 300K, 303 K, 313 K, and 323K are investigated in terms of intermolecular interactions. At all temperatures,
the abovementioned dielectric properties BaO: �erm500 nano�uids are positive-negative variations across the whole com-
bination range suggesting in nano�uids the existence of molecular interactions. Synchronization in both parallel and antiparallel
of the dipoles in the �uid’s mixture are veri�ed by the Kirkwood factor. �e Bruggman factor depicts the divergence from the
linear relationship in nano�uids, indicating molecular interactions. Dielectric properties of BaO: �erm500 are being studied to
understand better their physical, technical, chemical, industrial, laboratory, biological, and pharmaceutical applications.

1. Introduction

�e dielectric constant is a material’s ability to increase a
condenser’s capacitance. �e dielectric constant is governed
by the molecule’s permanent dipole moments and its po-
larizability in terms of structure. �e ease with which the
electron density of a molecule can be altered is called po-
larizability. �e dielectric constant rises as the dipole mo-
ment and polarizability rise.�e formation and composition
of complexes in nano�uids containing various numbers of
nanoparticle molecules are determined using dielectric
measurements [1, 2]. Researchers have been intrigued by the
dielectric behaviour of polar and non-polar substances, as
well as their combinations, at various combinations and

temperatures. Merely only a few researchers, however, have
used dielectric properties to investigate the molecular in-
teractions of nano�uids [3, 4].

Dielectric studies have become increasingly important in
understanding the interplay of the components in recent
years. �e other dipole moment in numerous H-bonded
complexes was explained using the polarization e�ect,
charge transfer e�ect, and proton transfer impact. Poor
H-bonding can be caused by poor interaction between
electrostatic charges. No chemical approach can detect such
low-energy hydrogen bonding. As revealed by Sivakumar
and Kumar, even weak interactions can be detected in di-
electric investigations [5]. �ey understood the intermo-
lecular interactions induced by dipole-dipole contact and
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H-bonding. ,ese investigations allow for the provision of
precise data on the fluids and their mixtures’ chemical
mechanics. Dipole-dipole, H-bondingrams, molecular as-
sociations, and dipole-induced dipole contact are some of
the molecular interactions between components in particle-
fluidmixtures [6].,ese interactions lead to variations in the
dielectric constant and its optimum behaviour. Excessive
dielectric constants serve as a definition for these aberra-
tions. Numerous papers [7–10] provide experimental in-
formation on excess dielectric constants, Kirkwood
correlation factor, and Bruggman factor for a variety of
binary and ternary fluid mixes. Conclusions on how systems
deviate from the behaviour of an ideal mixture may be
drawn from their study.

,e intermolecular interaction found in diverse particle-
fluid mixes determines the thermophysical properties of
nanofluids, such as density [11], dielectric constant [12], and
refractive index [13]. ,e dielectric constant and dipole
moment deviate from their ideal behaviour due to these
interactions [14]. ,e well-known method for analyzing
molecule interactions in fluids uses physical features such as
dielectric factors [15]. ,erefore, various dielectric factors
relating to the intermolecular and intramolecular connec-
tion and rotation with temperature fluctuation must be
studied to understand molecules’ structural behaviour.

It is well accepted that the thermophysical characteristics
of fluid systems, including density, viscosity, dielectric
constant, and refractive index, are directly correlated with
the molecular interactions found in various binary fluid
combinations. We learn crucial information about inter-
molecular interactions and structure from how these
qualities vary with composition [16]. Dielectric parameters,
refractive index, and thermodynamic parameters do not
vary linearly whenever a particle-fluid solution is produced.
,e deviation of these parameters from linearity is referred
to as excess parameters. It helps understand the nature of
particle and fluid bonding [2]. Dielectric fluids’ properties
and physical processes have lately sparked a rush of interest
[17]. ,e underlying difficulties are volume-induced particle
contacts and actions in fluids, connected with the dielectric
features of these fluids.

,e dielectric constant is known as a feature of solvent
systems utilized to characterize the electrical components of
materials [17]. Excess thermodynamic characteristics have
become popular in the study of chemical thermodynamics.
,us, physicists and electrical engineers rarely employ them.
As a result, we are looking for a spot in the region of binary
dielectrics where excess dielectric permittivity can exist.
Fundamental information about molecular interactions and
molecular process mechanisms can be gleaned from the
frequency-dependent dielectric behaviour of fluid mixtures.
For example, the dielectric constant of mixed solvents is
necessary for pharmaceutical and analytical sciences to
forecast a drug’s solubility and chemical stability [18, 19].

,erm500 is anH-bond fluid with a vital dipole moment.
Research [20–22] on several binary liquid systems’ dielectric
and excess dielectric characteristics is essential in chemical
and electrochemical operations. ,erm500 dielectric con-
stant enables exact conductometry and potentiodynamic

polarization measurements [23]. Glycols have lower boiling
points than non-polar molecules of the same molecular
weight and more incredible boiling points than hydrocar-
bons of identical mass. Glycols interact more strongly with
electron-withdrawing groups in a component than with
other molecules. Glycols are bioorganic solvents that are
among the essential reagents in organic synthesis. ,e di-
electric constant of mixed solvents nanofluids containing
amines is being investigated to understand better its bio-
logical, chemical, pharmacological, technical, and laboratory
uses [24].

,e present study of BaO: ,erm500 nanofluids were
generated by ultrasonic dispersion. ,e two-step process is
often used to prepare nanofluids and is the most cost-ef-
fective way to produce nanofluids on a big scale. ,e two-
step methodology is used in the current work. ,is proce-
dure involved dispersing pure, synthesized BaO nano-
particles in base fluids (,erm500). Simple mixing is
ineffective in producing stable nanofluids, which is the main
issue in the formulation of these fluids. Hence, an ultrasonic
processor is used in the current work to achieve that goal.
,is strategy for increasing reaction rate has become a
standard synthetic technique for many homogeneous and
heterogeneous chemical processes [25]. ,eir ultrasonic and
several dielectric properties such as dipole moment (μ),
molar polarization (P), excess dielectric constant (εE), static
dielectric constant (εO), excess dipole moment (μE), Kirk-
wood factor, and Bruggman factor were measured with aid
of particle volume (0.001–0.006 g) and temperature
(300–323K), and molecular interaction was investigated.

2. Experimental Section

2.1. Materials Used. ,e compounds employed in the re-
search are of evolutional spectroscopic grade and consist of a
purity of 99.99%. ,ey were utilized without additional
purification. BaO nanoparticles were first produced utilizing
an ultrasonic aided chemical precipitation technique [26].
,en BaO: ,erm500 nanofluids are made using the fol-
lowing procedure: To achieve uniform BaO nanoparticle
dispersion in the,erm500 fluid, first weigh the BaOwith an
accuracy of 0.1mg using a digital electronic mass balance
(model: AY220, SHIMADZU), then mix the BaO nano-
particles with the weighed ,erm500, and finally sonicate
the mixture continuously for 30 minutes with a cup horn
sonicator. A combination without sonication processing has
a less uniform and unstable dispersion than the generated
nanofluids with sonication processing. In this research, six
different concentrations of the synthesized Bao nano-
particles (0.001 g, 0.002 g, 0.003 g, 0.004 g, 0.005 g, and
0.006 g) were combined with the specified amount of base
fluids (,erm500). ,e suspension of the nanofluids was
then improved and made more stable by intense ultra-
sonication using a cup horn sonicator for 30 minutes at a
working frequency of 20 kHz and a 100% output amplitude
(Hielscher UP400S). To keep the temperature of the sus-
pension consistent, the sonication was carried out in an ice
bath. For dispersing the aggregated nanoparticles, the
sonication period is a crucial factor. After conducting
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multiple experiments, 30 minutes was ultimately chosen for
this study’s sonication period. In order to prevent nano-
particle agglomeration and to create a well-dispersed, stable
solution, ultrasonication was one of the dispersion tech-
niques utilized. Venlub Petro Products (P) Ltd., Chennai,
Tamil Nadu, India, provided the base fluid ,erm500.
“Chemical composition varies across heat transfer fluids and
thermal oils. Polyglycol and water-glycol fluids, silicone-
based greases, and oils are examples of manufactured goods.
,ey are made up of alkaline organic and inorganic
chemicals and are employed in the diluted form at com-
binations ranging from 3% to 10%. Petroleum or mineral
oils, as well as water, make up non-synthetic goods. Syn-
thetic fluids are more expensive than non-synthetic fluids,
but they perform better in fire resistance and cooling. Semi-
synthetic fluids have a cost and heat transfer performance
halfway between synthetic and soluble oil fluids. Non-
flammable compounds containing carbon, chlorine, and
fluorine are chlorofluorocarbons (CFCs). ,is category in-
cludes halogenated fluorocarbon (HFC), halogenated
chlorofluorocarbon (HCFC), and perfluorocarbon (PFC)
fluids” [27].

A water-bath-based temperature control system was
used to maintain a 1°C precision level. ,e sample cell is
enclosed in a heat-insulating container, and water is cir-
culated through it at a constant temperature because of a
temperature-controlling mechanism. For cells with fluids as
the dielectric medium (Cs), the capacitance of the cell can be
expressed as the ratio of its capacitance in the air at a certain
temperature to that in fluid (Co).

A dipole metre was used to measure the dielectric
properties (Mittal Enterprises, New Delhi). Two stainless
steel round discs (25mm in diameter) make up the dielectric
cell. Using specific processes, the faces are painstakingly
carved and highly polished. ,e electricity is routed through
a specially designed top with a BNC connector that directly
corresponds to the two plates of a capacitor at a distance of
around 3mm. An integrated circuit in the function gen-
erator allows it to create high-quality sine waveforms with
exceptional precision and stability.

For determining the fluid’s static dielectric constants, a
sensor was utilized. It is based on the same principle as the
FDRmethod basically. Power provides a 100MHz frequency
signal to the sensor. In order to form an electromagnetic
field, the pulse is sent to two stainless steel rods. It is possible
to measure the dielectric constant with this method because
the field travels quickly through the fluids, leading to
consistent voltage output. ,e average of the five tests was
used to calculate the dielectric constant. An accuracy of 5%
was achieved in the measurement of the dielectric constant.

Benzene is used for reference liquid. To measure the air
capacitance of the cell (Co), the capacitance of benzene (Cr),
and the capacitance fluid whose dielectric constant must be
calculated, the dielectric constant of an unknown fluid (x)
may be estimated using the relationship (Cx).

εX � 1 +
Co − CX

Co − CR

􏼠 􏼡 εR − 1( 􏼁, (1)

where εx– unknown fluid dielectric constant, εR– reference
fluid dielectric constant, CO– air capacitance, CX– unknown
fluid capacitance, and CR– reference fluid capacitance.

,e reference liquid dielectric constant (benzene� 2.26)
is denoted by εr. As an oscillator, a one-of-a-kind function-
generating semi-conductor is employed. When the data of
the resistor (R) and capacitor (C) change, the frequency of an
oscillation changes. As a result, the oscillator’s frequency
changes. ,e oscillator’s frequency may be used to compute
the cell’s capacitance and, as a result, the medium’s dielectric
constant.

2.2. Stability of Nanofluids, Particle Size, and pH Value.
Suspension stability is a critical issue in both scientific study
and practical applications. ,e reasonably long stability of
nanofluids and their stability in real-world applications
should be prioritized. HFC, HCFC, and PFC were used to
increase the stability of BaO: ,erm500 nanofluids without
adding surfactants in this study. So far, the strategies for
improving the stability of nanofluids have only been re-
ported to be stable for a few days or a few months [28]. But,
in this study, over the course of a month, it was discovered
that the suspensions of BaO: ,erm500 were stable, and
there was no discernible sedimentation. In the future study,
an effective and easy strategy for maintaining the long-term
stability of BaO: ,erm500 nanofluids will be obtained by
modifying the surface characteristics of suspended nano-
particles. It suppresses the formation of nanoparticle clusters
to generate a stable and homogeneous suspension by adding
various surfactant types. Surfactant effects of thermal con-
ductivity measurements of BaO: ,erm500 nanofluids were
also investigated. In nanofluids, the particle size of nano-
particles is critical for improving heat conductivity and
stability. ,e pH value of the nanofluids also affects their
stability. ,erm500 nanofluids’ size and pH values can be
modified in the future to optimize particle size and pH
values for increased BaO [29].

2.3. Dielectric Parameters Measurements of Bao: 8erm500
Nanofluids. According to dielectric constant values, the
derived dielectric parameters are listed below.

2.4. ExcessDielectricConstant (εE). εE indicates the nature of
intermolecular interactions and the strength of fluids [30]. It
is defined as follows:

εE
� ε12 − ε1X1 + ε2X2( 􏼁, (2)

where ε12 is the nanofluid dielectric constant; ε1 and ε2 are
the base fluids and nanoparticles dielectric constants, re-
spectively; and X1 and X2 are the molar fractions of base
fluids and nanoparticles, respectively.

2.5. Dipole Moment (μ). For calculating μ of nanofluids, the
Kirkwood factor [31, 32] is also useful. Equation (3) has been
used by Kumbharkhane et al. [33–35] to examine the
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direction of electric dipoles in fluids. ,e following is an
example of an equation that was employed:

μ2 �
27KTM2

4πNAd1

a0 − a∞

ε01 + 2( 􏼁
2

⎛⎝ ⎞⎠, (3)

where μ2 is the nanofluid’s dipole moment, K is the
Boltzmann’s constant, T is the temperature, M2 is the
nanoparticles molecular weight, NA is the Avogadro’s
number, d1 be the solvent density, ε01 be the base fluid static
dielectric constant, and a0 and a∞ are the static dielectric
constant and optical dielectric constant, respectively. De-
viation from unity in an ideal fluid mixing might imply an
interaction between the two fluid components.

2.6. Excess Dipole Moment (μE). ,e expression of μE is

μE
� μm − μAXA + μBXB( 􏼁, (4)

where μm be nanofluid mixtures dipole moment; μA and μB
are the base fluids dipole moments and nanoparticles dipole
moments, respectively; and XA and XB are the base fluids
mole fractions and nanoparticles mole fractions,
respectively.

2.7.MolarPolarization (P12). ,emolar polarization (P12) of
nanofluid mixes had been measured using the Clau-
sius–Mosotti equation that states

P12 �
ε − 1
ε + 2

􏼒 􏼓
M1f1 + M2f2

d12
, (5)

where ε be the nanofluid systems dielectric constant; f1 and f2
are the constituent’s molar combinations and the nanofluid
mixtures molar combinations, respectively; M1 and M2 are
the base fluids molecular weight and nanoparticles molec-
ular weight, respectively; and d12 is the density of the
nanofluid mixtures.

2.8. Static Dielectric Constant (ε0). As the first proof of
molecular interactions in nanofluids, the Bruggman mixing
formula [36–40] may be applied. ,e non-linearity of the
Bruggman formula best illustrates how solute-solvent in-
teractions change the effective volume of the solute. ,e
Bruggman mixing formula with a volume proportion of
nanoparticles is connected to the dielectric constant (0) of
nanofluids, which reveals the interaction between fluids and
particles. ,e Bruggman factor fB and V are predicted to
have a non-linear connection according to equation (6). In
nanofluids, this non-linear relationship reveals molecular
interaction [41]. ,e volume fraction of particles (V) may be
connected to static dielectric permittivity (εsm), nano-
particles (εsA), and fluids (εsB), which displays the interaction
between fluids and particles in the mixture as follows:

fB �
εsm − εsB
εsA − εsB

􏼠 􏼡
εsA
εsm

􏼠 􏼡

1/3

� 1 − V. (6)

3. Result and Discussion

3.1. Static Dielectric Constant (ε0). Figure 1 depicts the
fluctuations in ε0 with BaO: ,erm500 nanofluid combi-
nation at four different temperatures (300K, 303K, 313K,
and 323K). Figure 1 of BaO: ,erm500 nanofluids indicates
that ε0 data vary slightly with a rise in all combinations at all
four temperatures (300K, 303K, 313K, and 323K). ,e
creation of solid contacts in the BaO: ,erm500 nanofluid
system is responsible for the rise in ε0 data at a combination
of 0.006 g. ,e number of molecules of BaO present in the
BaO: ,erm500 nanofluids generates a good shape for the
strong interaction at a combination of 0.006 g of BaO
nanoparticles. However, the addition of additional BaO
disrupts the favorable structure at higher combinations.
,erm500 fluids’ dielectric constant rises as a direct function
of molecule length [42]. Dipole orientation is caused by
molecule rotation and intermolecular motion.

When the temperature and the volume fraction of BaO
both rise, the dielectric permittivity falls. ,e orientation of
the permanent dipoles is affected by high thermal motion,
resulting in a fast reduction in orientation polarization. ,e
reduction in dielectric permittivity as the volume fraction of
BaO nanoparticles increases. It might be attributable to the
rise in the number of carbon atoms.

,is trend might be explained by a decline in the molar
volume of the spinning molecule as the number of dipoles in
the nanofluidmixture decreases [43]. Figure 1 shows that the
static dielectric constant values of BaO: ,erm500 nano-
fluids rise as the combination of BaO nanoparticles in-
creases.,e field and dipole alignment move from parallel to
antiparallel as a result of this occurrence [44].,erm500 and
BaO have longer chains, making it difficult for the molecules
to rotate. In contrast, the static dielectric constant value of
BaO: ,erm500 nanofluids rises as all five temperatures rise
(300K, 303K, 313K, and 323K).

3.2. Dipole Moment (μ). ,e dipole moment of BaO:
,erm500 nanofluids is shown in Table 1 for six distinct
combinations (0.001 grams, 0.002 grams, 0.003 grams, 0.004
grams, 0.005 grams, and 0.006 g) and four different tem-
peratures (300K, 303K, 313K, and 323K). Except for a
combination of 0.003 grams, there is only a minor variance
in the dipole moment values for all combinations and
temperatures. ,e shape, configuration, and interfacial
charge of molecular entities all influence their (μ). ,e
variation in (μ) of Bao:,erm500 nanofluids with increasing
temperature indicates the presence of the ,erm500 inter-
action, whereas no change in (μ) with temperature rises
indicates that lack of BaO:,erm500 nanofluids association.

Figure 1 shows the Kirkwood factor (geff ) measurements
for various combinations and temperatures of BaO:
,erm500 nanofluids examined. At 300K and over the
whole volume fraction range, the geff > 1 shows that the
dipole pairs in the mixture have formed in a parallel ori-
entation. However, the geff < 1 over the whole volume
fraction range at 303K, 313K, and 323K temperatures
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suggests that the dipole pairs in the nanofluids have formed
an antiparallel orientation.

,e dipole moments of the Bao: ,erm500 nanofluids
with varying BaO combinations at four distinct tempera-
tures are shown in Table 1. ,e μ grows as the temperature
rises from 300K to 323K. Also, when the temperature in-
creases, molar volume increases.,en when the temperature
rises, the thermal disturbance rises. As the dipole elevation
increases, the effective length increases correspondingly. A
positive dipole moment shows that polarization interaction
is to blame for the higher proclivity of complex development
in particle-fluid systems [45, 46].

3.3. Molar Polarization (P12). ,e P12 of BaO: ,erm500
with different volumes and temperatures are shown in Ta-
ble 1. ,e drop in molar polarization values of BaO:
,erm500 nanofluids with increasing BaO: ,erm500
combinations is due to the weak contact between the BaO
and ,erm500 molecules. Similarly, the increase in molar
polarization values of BaO: ,erm500 nanofluids with in-
creasing BaO: ,erm500 combinations is owing to the vital
contact between the BaO and ,erm500 molecules. ,e
molar polarization values of pure BaO:,erm500 nanofluids
fluctuate at all volumes, except at 0.003 grams, which reaches
a high value at all four temperatures. ,e increased P12 value

at 0.003 g of BaO: ,erm500 is attributed to strong inter-
actions in the BaO: ,erm500 system. Polarization varia-
tions may be affected by the volumes of the nanofluid
system. Because of variations in electron negativity, the
electron density is focused on one side of a molecule. As a
result, the molecule is polarized, with both partial equal
charges [47, 48]. Using dielectric constant values BaO:
,erm500, the polarizability may be computed directly. In
reality, the interactions between them are determined by the
polarizability of the chemical and its combination [49].

3.4. Excess Dielectric Constant (εE). ,e εE values of BaO:
,erm500 nanofluids are shown in Figure 2. ,e εE data
provides the following information εE � 0 and demonstrates
that none of the interaction takes place in nanofluid, as a
result of which the mixing behaviour is best. εE < 0 indicates
that interaction takes place in nanofluids due to a total
number of significant dipoles leading to the nanofluid’s
dielectric polarization hat is lowered. εE > 0 permits inter-
action to take place in a system that increases the amount of
efficient dipoles involved in nanoparticle fluid dielectric
polarization. A measure of the intensity of the H-bond
contacts between unlike molecules is the magnitude of the εE

values; greater εE values, and vice versa, signify stronger
H-bond, unlike molecular connectivities. ,e molar
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Figure 1: Variations in static dielectric constant values as a function of BaO: ,erm500 nanofluids.

Table 1: ,e variation of the molar polarization (P12) and dipole moment (μ) values of BaO: ,erm500 nanofluids with different
combinations.

Concentration, X2 (g)
P 12 µ (D) P 12 µ (D) P 12 µ (D) P 12 µ (D)

300K 303K 313K 323K
0.000 27.3813 9.12 28.5621 8.15 29.7451 11.63 31.2314 12.98
0.001 25.7882 9.52 27.4526 8.56 29.6542 11.02 31.6587 12.15
0.002 24.8722 9.26 26.7854 8.99 28.1254 9.67 30.8956 10.01
0.003 35.8715 10.01 37.2614 10.82 39.2659 13.95 41.6985 15.65
0.004 30.115 9.54 32.1452 9.12 34.8952 9.89 36.2561 12.45
0.005 29.7935 9.57 31.6852 9.01 33.6985 9.26 35.2614 10.57
0.006 21.895 10.59 23.2658 10.57 30.6521 9.29 34.2365 10.99
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concentration that relates to the higher values of εE denotes
the stable combination [50].

Figure 2 depicts εE versus BaO combination at four
distinct temperatures (300 K–323K). εE provides significant
information regarding interaction of fluids. εE of BaO:
,erm500 nanofluids was calculated using equation (3). ,e
excess dielectric constant values for BaO:,erm500 systems
are found to be both positive-negative for all combinations.
,e εE’s negative value indicates that one of the combination
components acts as a structure-breaker. For self-association
structures based on H-bonding, some dipoles are aligned
anti-parallel. ,ese lower εE of the nanofluids below their
ideal mixing values by reducing the total amount of parallel
aligned dipoles in the mixture [51]. Negative values of (εE)

are visible in Figure 2 because the less polar configuration is
created, resulting in a decreased macro permittivity.,e (εE)
is positive for a few volumes at 300K, indicating that ideal
interaction. During this temperature range, the net dipole
moment rises. It has been obtained from Figure 2 that the
other three temperatures had similar variations of εE. It is
possible that the overall number of dipoles in the fluid is
higher than in pure fluids. ,e formation of new structures
results in a greater macroscopic permittivity [52].

3.5. Excess Dipole Moment (μE). ,e fluctuations in the μE
values of pure BaO: ,erm500 nanofluids as a function of
volume and temperature are depicted in Figure 3. It is also
discovered that μE values of BaO: ,erm500 nanofluids vary
barely slightly across all combinations, exception of 0.004 g
at all 323K. At a combination of 0.004 g of BaO, the μE for
the pure BaO: ,erm500 nanofluids system is negative,
showing that the ionic structure of the pure BaO: ,erm500
nanofluids makes no contribution to the overall dipole
moment. In order to form an ionic structure, an excess
dipole moment is required, which is related to protonation
[53]. In BaO:,erm500 nanofluids, there is a departure from

the linear relationship, indicating molecular interactions in
BaO nanoparticles.

4. Conclusion

At different temperatures (300K–323K), the dielectric
characteristics of the synthesized BaO:,erm500 nanofluids
are calculated (0.001 g–0.006 g). ,e value of the BaO:
,erm500 nanofluid dielectric constant rises with temper-
ature. ,e Kirkwood factor provides evidence for the di-
poles’ parallel and antiparallel alignment in the mixture of
the fluids. At different fluid and nanoparticle combinations
at four different temperatures, it seems that the alignment of
the dipoles along the field is changing from parallel to
antiparallel. ,e excess permittivity is positive at lower
temperatures, meaning there are more dipoles overall in the
fluids than there would be if they were pure fluids, which
would be the case if the excess permittivity were negative.
,e excess permittivity turns negative at higher tempera-
tures, suggesting that specific interactions between different
molecules are occurring.,e ionic structure of the pure BaO:
,erm500 nanofluids system does not contribute to the
overall dipole moment, as shown by the negative μE for the
pure BaO: ,erm500 nanofluids system at a combination of
0.004 g of BaO. Negative values of excess dipole moment
demonstrate the absence of any contribution to the overall
dipole moment from the ionic structure of the BaO:
,erm500 nanofluids (μE). BaO: ,erm500 nanofluids’ di-
electric characteristics value display positive-negative fluc-
tuations across the combination range at all temperatures,
suggesting the presence of intermolecular interactions in
nanofluids. BaO: ,erm500 nanofluids’ molar polarization
values change at all volumes, with the exception of 0.003
grams, which experiences a high value at all four temper-
atures. Strong interactions in the BaO: ,erm500 system
were said to be the cause of the elevated (P12) value at 0.003 g
of BaO. ,e Bruggman factor exhibits a deviation from the
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Figure 2: ,e variation of the excess dielectric constant values of
BaO: ,erm500 nanofluids.
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linear relationship in nanofluids, indicating molecular in-
teractions. Ultrasonic and dielectric investigations are used
to support the molecular interactions discovered in BaO:
,erm500 nanofluids. ,is paper provides precise dielectric
constant values for nanofluids, which are widely used in
physical, biological, chemical, industrial, pharmaceutical,
technical, and scientific applications.
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 e aim of this article is to address the problem of protecting the private property of a protected object, namely: we propose an
algorithm for detection of object movements by means of a neural network for the video surveillance system. Consistency of
perception of the external world in the form of images allows for the investigation of properties of the limited number of objects on
the basis of familiarization with their �nal number. Based on the literature analysis, the main de�nitions of the theory of image
recognition were established, such as “image,” “sign,” and “vector realization.” A comparison is made of approaches, methods, and
technologies for recognizing the movement of objects, and their strengths and weaknesses are discussed. It was found that the
neuron network is the most e�ective method for solving the problem of recognition of the movement of objects due to the
accuracy of the result, simplicity, and speed. On the basis of the structural scheme of the complex algorithm of processing and
analysis of images, the algorithm for recognition of the motion of objects by means of a neural network for the system of video
observation is developed.

1. Introduction

In today’s world, the slogan is becoming more and more
relevant.  is applies to all spheres of activity and human
life. Security of the object being protected is one of its
components, and video surveillance is one of the ways to
maintain security at the appropriate level [1].  e surveil-
lance system is a set of hardware and software designed to
monitor the territory, activities, and situation. Traditional
video surveillance systems are widespread in today’s security
agencies and show a high level of protection but have their
own shortcomings: as a result, the large amount of recorded
video material requires a high amount of memory and time
to analyze and view. Our research is focused on improving
the e�ciency of video surveillance systems [2].  e video
surveillance information system is based on modern

cybernetic methods and technologies, namely, machine
learning [1], computer vision theory [2], and the theory of
image recognition [3].

 e work of F. Rosenblatt must be noted among foreign
scientists; he proposed in 1957 a perfect machine for the
recognition of images. It was the simplest model of human
brain activity. A signi�cant contribution to the further
development of the theory of image recognition wasmade by
W. Gardner.  e identi�cation of object movements is an
extremely complex task, but all of them rely on neural
measurements, which allows for more accurate results in a
short period of time.  is is con�rmed by the practical
experience of the authors.  e aim of this research is to
develop and create an algorithm for recognition of objects’
movements by means of a neural network for video sur-
veillance systems [3]. Arti�cial neural networks are
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composed of nodes or units that resemble the neurons in a
biological brain. A signal can be transmitted from one ar-
tificial neuron to another through each connection, just as it
would be in a biological brain.

1.1..eoretical Foundations of Research. Pattern recognition
theory is a branch of cybernetics devoted to creating the-
oretical foundations for the classification and identification
of objects. *e processes of classification and identification
are called recognition, and objects are called things. Based on
the research of the authors, we shall identify the main
definitions and give a short description of each method of
the theory of image recognition. A pattern is a model that
reproduces the properties of the object being recognized. An
image is characterized by a multiplicity of recognition
features, which create a structured vector-image realization.
Often the image is replaced with a recognition class. *e
feature of recognition is a characteristic of a certain property
of the object being analyzed. Vector realization of an image
is a structured, i.e., ordered, sequence of recognition fea-
tures, which will be presented in the form of a vector row or
vector carrier. System image recognition—a complex elec-
tronic and computational method—is capable of modelling
mental processes in humans during decision making with
the aim of detecting analogies among the surveyed objects
[4]. For image recognition, it is necessary to solve two main
tasks: to divide the space of recognition signs into areas
corresponding to a certain class of objects and to identify the
relevance of the image being recognized to the corre-
sponding class. *e main approaches in image recognition
theory are as follows: (1) algebraic, the main advantage of
which is simple decisive rules; the main disadvantage of this
approach is the unreliability of recognition, as it does not
take into account uncontrolled factors that affect the rec-
ognition process; (2) geometric, which is characterized by its
universality, simplicity, and ease of interpretation of the
recognition algorithms; (3) statistical, which uses statistical
characteristics of data analysis; (4) biological, which includes
neural networks; (5) measurement; (6) the non-fuzzy one,
which is created on the basis of algebraic approach, allows
modelling the processes of recognition of images, which are
naturally overlapping in the space of recognition signs, but it
is not applied to optimization of parameters of the recog-
nition system functioning; and (7) a game-theoretic ap-
proach, in which the decision-making rules are
characterized by a high degree of complexity and a low
degree of certainty of recognition. In practice, these ap-
proaches complement one another to improve the efficiency
of image recognition. Image recognition methods can be
roughly divided into two groups: intrinsic and extrinsic [5].
*e study demonstrates the features of each group and the
methods that belong to each group and identifies the quality
characteristics of these methods and their disadvantages.
*ere are several main tasks involved in image recognition,
including the following: input data; a selection of infor-
mative features; object recognition and classification; au-
tomatic classification; dynamic recognition; dynamic
classification; forecasting.

1.2. Research Results. As evidenced by the scientific sources
on the problem of image recognition, the interest in solving
more complex tasks of recognition of objects, due to au-
tomation, and the need for image communication processes
in intelligent systems are growing every year. *erefore,
improving the implementation of recognition of computer
systems images is relevant. One of the promising directions
of solving this problem is based on using piecewise neural
networks and neurocomputers as the most progressive
method in relation to the problems of image recognition
classification [6]. At our time, a large number of neural
network archetypes have been proposed for use in the
recognition of objects.*e analysis of the proposed solutions
shows that none of the best-performing neuroscience so-
lutions would be the best. *e development of the theory of
piecewise neural networks is associated with the names of
neural networks which are useful for solving tasks in cases
where a large amount of data has been accumulated, but
there is no software to process and systematize it; the data
available are spoiled, incomplete, or not systematized; and
data are so different that it is difficult to see the links and
patterns between them [1]. *e artificial neural network
(ANN) is a system of interconnected and mutually inter-
connected neurons based on relatively simple processors.
Each ANN processor periodically receives signals from one
processor and periodically sends signals to the other pro-
cessors. Together, these simple processors integrated into the
measure are able to solve complex tasks [7]. Neurons are
most often located in the network by rank. Neurons of the
first level are usually input. *ey receive data from outside
and after their processing transfer impulses through syn-
apses of neurons to the next level. Neurons on the other level
(called adjacent, as it is indirectly connected to neither the
input nor the output of the ANN) process the received
impulses and transmit them to the neurons on the output
level. As the neurons are mutated, each input-level processor
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Motion
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Image Synthesis
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Obeservation

Segmented and
Motion Compensated
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Figure 1: An algorithm for processing and analyzing images.
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is linked to several output-level processors, each of which in
turn is linked to several output-level processors. *is ar-
chitecture is the simplest ANN, which is trainable and can
find simple interconnections in the data. Figure 1 shows a
schematic diagram of the complex image processing and
analysis algorithm. *is algorithm includes modules for
controlling the calculation process. *us, depending on the
type of tasks solved, the structure of the complex algorithm
can vary. When each stage of image processing and analysis
is completed, the obtained information is fed to the control
unit, which forms the plan for further procedures. Apart
from the control unit, the database is stored in the processing
system’s memory, which contains the required data and
various information processing procedures in accordance
with accepted regulations [8].

1.3. Image Recognition Algorithm. Information support of
the project of the automated system of video surveillance by
means of a mathematical model of recognition of object
movements can be represented in the form of a structural
algorithm of information flows, which is presented in Fig-
ure 2. As a result, the network is self-organized, i.e., after the
method is defined, modules based on different criteria
matrixes are reconfigured in a cycle, making the scheme
dynamic rather than static.

1.4. Findings and Prospects for Further Research. *e de-
velopment of video surveillance systems offers new possi-
bilities not only for the detection of offenses but also, and
more importantly, for their prevention. *e capabilities of

modern systems are also used for intelligent analysis of the
video stream received. At present, there are a lot of different
algorithms for image recognition. Each of them was created
for a particular type of image, and for its subsequent use in
the application of programming, we need to choose the most
optimal method in terms of the specific task and improve it
in specific realities. Our next task is to develop a software
maintenance algorithm for video surveillance with the help
of the runway recognition system.
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Nowadays, to reach progressive growth although being competitive in the market, the manufacturing industries are using
advanced technologies such as cloud computing, the Internet of things (IoT), arti�cial intelligence, 3D printer, nanotechnology,
cryogenics, robotics, and automation in smart manufacturing sectors. One such subclass of arti�cial intelligence is machine
learning, which uses a computer system for making predictions and performing de�nite tasks without any use of speci�c in-
structions to enhance the quality of the product, and rate of production, and to optimize the processes and parameters in
machining operations. A broad category of manufacturing that is technology-driven utilizes internet-connected machines to
monitor the performances of manufacturing processes referring as smart manufacturing. �e current paper presents a com-
prehensive survey and summary of di�erent machine learning algorithms which are being employed in various traditional and
nontraditional machining processes, and also, an outlook of the manufacturing paradigm is presented. Subsequently, future
directions in the machining industry were proposed based on trends and challenges that are accompanying machine learning.

1. Introduction

�e manufacturing industry takes on many paradigm
changes over the past due to industrial revolution that took
place in the eighteenth century with the invention of steam
engine to the development of information and communi-
cation technology. Moving on, automation and robotization
in the late twentieth century followed by industry 4.0, the
worldwide manufacturing sectors are currently dealing with
smart manufacturing areas to get ready for improving their
pro�tability through the elimination of nonvalued opera-
tions to attain a higher pro�t. Signi�cant innovations such as
deep learning, data analytics, cloud computing, IoT, 3D
printing, robotics, and arti�cial intelligence have been ap-
plied to di�erent �elds of manufacturing to achieve higher
productivity [1]. �e technological development that takes
place in the �eld of advanced smart systems has reached a
high level which leads to the way to use of modern tools like
machine learning algorithms to a greater extent in the �eld

of manufacturing. Figure 1 represents the di�erent phases
present in arti�cial intelligence for solving problems.

Collecting necessary data and information to pre-
process for the subsequent analysis is necessary for
choosing an appropriate machine learning algorithm to
solve properly de�ned problems. According to the
gathered data, the right kind of model must be established,
and it should be trained properly with the required
amount of data to achieve the best results. Furthermore,
obtained results should be analyzed and validated for
fetching the best-improved results.

Smart manufacturing takes conventional manufacturing
to a leading edge. To attain the objectives, machining pa-
rameters respond smartly to the changes according to the
process. By the e�ective collaboration of all the resources
together to make strategic innovation in the existing
manufacturing industry to achieve a prede�ned set of ob-
jectives in real time [2]. It has an e�ective data-driven system
coupled with 5Ms’ (man, machine, material, method, and
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money) and all other resources to achieve desired benefits
which are displayed in Figure 2.

Here, this paper focused on different machine learning
algorithms used in various smart machining processes were
reviewed and summarized, and a perspective on the ma-
chining industry was suggested. Furthermore, future trends
and challenges with smart machining using machine
learning were indicated as future research directions.

'e manufacturing industry has made huge advance-
ments over the years, from the early machining process to
today’s automated manufacturing process [3].
Manufacturing and industrialization systems have reached
their fourth generation of industrial revolution after un-
dergoing various inventions and repeated trials over the
years. Several improvements and changes have taken place
during this time period [4].

In the current industrial age, smart manufacturing
systems play an important role in implementing better
manufacturing technology. Global economic growth is
strengthened by smart manufacturing technologies that
increase operational efficiency and productivity. IoT and
IIoT have played a significant role in enhancing the
manufacturing system equipped with smart manufacturing
systems with the emergence of IoT and IIoT. Many in-
dustries are developing their manufacturing systems using
smart technologies, according to various researches in
manufacturing systems. Compatible existing machines and
systems with the new technology are one of the challenges
for a smart manufacturing system [5].

2. Machine Learning Algorithms Used for
Smart Machining

2.1. Processes. An ample amount of work has been done by
several researchers to describe the significance of machining
learning algorithms in different categories of smart ma-
chining operations. Machining processes are categorized as
traditional and nontraditional machining, and a summary of
algorithms is used for its dealt with herein [6].

2.2. Traditional Machining. Traditional machining is based
on the removal of materials by the use of harder tools by
using mostly mechanical energy. 'is section emphasizes
different cases of traditional machining processes which use
machine learning algorithms to optimize the process thereby
increasing productivity. Turning, milling, grinding, and
drilling operations are discussed and summarized in Table 1.

2.3. Turning Operation. Here, 5 recent papers based on
turning operations that employed different types of machine
learning algorithms are reviewed for many reasons viz,

parameter optimization, tool monitoring, and Ra predic-
tions. It reviewed in detail the use of the multiobjective
genetic algorithm (MOGA) for analysis of tool selection and
tool path length by optimizing the cutting forces that are
induced in the turning process [7]. It reviewed and studied
the way to determine the optimum cutting parameters in
terms of tool life and operation time by the modified har-
mony search algorithm. 'is has predicted the surface
roughness using vibration signals acquired in the turning
process. Most used algorithms are artificial neural network
(ANN), MOGA, genetic algorithm (GA), etc. [8].

2.4. Milling Operation. A total of 5 cases are studied here to
know the importance of artificial intelligence (AI) algo-
rithms in milling machining operations [9]. For the high-
speed milling process, he developed a model to predict
surface roughness based on the backpropagation (BP) al-
gorithm and GA [10]. Shankar et al. [11] studied the effects
of machining force and sound pressure to design an efficient
tool monitoring system using ANFIS. Garcia-Ordas et al.
[12] studied the characterization of tool wear and moni-
toring using shape and texture descriptors by support vector
machine (SVM) and K-NN. Cho et al. [13]explained the
effects of cutting force and power consumption on milling
machines for the detection of tool breakage using SVM. Wu
et al. [14] proposed comparative studies onmachine learning
(ML) algorithms for the prediction of tool wear using
random forests are reviewed. Most used algorithms include
GA, K-NN, and SVM.

2.5. Grinding Operation. Despite the fact that very few cases
for grinding operations were found for study, efforts to
anticipate the prediction of surface finishing quality were
reviewed. Gao et al. [15] have attempted to optimize material
removal rate (MRR) using the XGBoost algorithm by
identifying the undesirable noise and idle time during op-
erations. Zhang et al. [16] utilized many input parameters to
monitor the surface roughness of the work material by
IFSVR.

2.6. DrillingOperation. Similar to the grinding process, here
also a very few cases were found for the study to analyze the
finishing quality of the work material. 'is part contains a
summary of 2 papers. Shaban et al. [17] diagnosed the
machining outcome by a logical analysis of data for eval-
uation of product finishing quality and geometric profile by
considering process parameters. Shi et al. [18] have studied
the characteristics of drilling in real time to detect influx and
loss during machining operations using random forests and
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Figure 1: Steps involved in problem-solving using artificial intelligence.
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support vector machine. 'e most likely used algorithm in
these studies is RF and SVR.

3. Nontraditional Machining

Nontraditional machining is based on the removal of ma-
terials mostly by electrical energy. Very less cases are found
in the study. 'e main objective is to improve the finishing
quality of a product while optimizing the MRR and Ra
predictions. Here, machining processes such as EDM, ECM,

LBM, and AJM operations are discussed and summarized in
Table 2.

3.1. Electric Discharge Machining Process—EDM. 'e fun-
damental reason for implementing ML algorithms is to
enhance the surface quality of the product. It was used to
investigate the surface integrity, bio-activity, and perfor-
mance characteristics of WEDM on biomedical alloy for
medical applications [19]. Experiments were done on

Table 1: Cases of Traditional machining processes using machine learning algorithms.

Sl
no Purpose Algorithms Input parameters Ref. (Year)

1 Optimization of machining parameters MOGA, AI Tool path cutting force [1] (2019)

2 Multi-objective optimization Modified harmony search
Algorithm, GA Cutting velocity, DOC, feed [2] (2017)

3 Carbon emission quantification and prediction,
cutting parameter optimization Regression, MOTLBO Speed, feed, depth of cut [3] (2015)

4 Surface roughness prediction Multiple linear Regression
(MLR)

Speed, feed, depth of cut, flank wear,
vibration [4] (2015)

5 Microhardness and grain size prediction RF, GA Cutting speed, feed rate, tool edge
radius, tool coating status [5] (2015)

Cases of Milling processes using Machining Learning Algorithms

1 Prediction model of milling surface roughness Genetic algorithm range
analysis

Milling depth, milling row spacing,
speed [6] (2019)

2 Tool condition monitoring Adaptive neuro-fuzzy
Inference, ANFIS model Sound pressure, Cutting force [7] (2018)

3 Tool wear monitoring K-NN, SVM Tool images [8] (2017)

4 Tool breakage detection SVM, SVR Cutting force and power
consumption data [9] (2005)

5 Tool wear prediction RF Cutting force, vibration, Acoustic
emission [10] (2017)

Cases of grinding processes using machining learning algorithms

1 Monitoring of surface roughness (Ra) and surface
shape peak valley IFSVR Acoustic emission, grinding force,

vibration [11] (2015)

2 Material removal prediction method XGBoost learning algorithm Contact time, belt velocity Mesh size [12] (2019)
Cases of drilling processes using machining learning algorithms

1 Evaluation of quality and geometric profile
circularity, dimensional error, delamination Logical analysis of data 'rust force, cutting force, torque [13] (2015)

2 Detection of influx and loss Random forests, support
vector machine

Time-indexed drilling measurement
parameters [14] (2019)

Data Driven Intelligent System

Information

Cloud
computing

Deep
Learning

Machine
Learning

Artificial
Intelligence

Big Data
IoT

Design, Process
5M’s, Network,

Advanced
Analytics,

Techniques

Energy

Cycle time

Quality Productivity

Operations

Efficiency

Benefits

Smart Manufacturing

Figure 2: Smart manufacturing: elements and its benefits.

Journal of Engineering 3



advancedmaterial like composites using RA and ANN.Most
of the studies were focused on process voltage, pulse ON/
OFF time, wire feed rate, etc.

3.2. Electrochemical Machining Process—ECM. In this pro-
cess, major focus is on the chemical aspects of the electrolyte
used, flow rate, and gap to access and improve the quality of
the workpiece. Nayak et al. [20] successfully compared
LSSVM and FFNN algorithm to predict MRR and Ra and
suggested that LS-SVM is the most powerful machine

learning tool. 'e most likely used algorithm in these studies
includes SVR, NN, Taguchi, ANOVA, and TLBO tech.

3.3. Laser BeamMachining Process—LBM. In today’s global
requirements for the finest quality of products in terms of
precision and accuracy, LBM plays a vital role. However, the
process parameter is optimized using many algorithms that
are dealt with herein. Kang et al. [21] monitored the process
and its parameters viz beam translation and beam rotation to
control the process using CNNs. Many kinds of NN algo-
rithms were used to monitor and control the process and its

Table 2: Cases of nontraditional machining processes using machine learning algorithms.

Sl.
No. Purpose Algorithms Input parameters Ref. (Year)

1
Predict optimum process parameter for
minimum wear ratio and maximum

MRR

BpNN, particle swarm
optimization, simulated

annealing, GA

Pulse current, pulse-on time, pulse-off
time [15] (2015)

2 Investigations of surface integrity and
bio-activity performance TRMGP Servo voltage pulse off-time pulse on-

time [16] (2019)

3 Prediction of surface roughness and
MRR Taguchi, GRA ANNs Pulse on & off time wire feed rate [17] (2018)

Cases of Electrochemical Machining processes using Machining Learning Algorithms

1 Process parameter optimization for MRR
and Ra

LS-SVM, MFNN, Taguchi
technique, ANOVA Flow rate, feed voltage [18] (2012)

2
Process parameter optimization for

maximizing MRR and minimizing radial
overcut

TLBO
Electrolyte concentration, electrolyte

flow rate, applied voltage, inter-electrode
gap,

[19] (2011)

Cases of laser machining processes using machining learning algorithms

1 Process monitoring and control Convolutional neural networks
(CNNs) Beam translation beam rotation [20] (2019)

2 Prediction of surface quality,
dimensional features, and productivity

NN, decision trees, K-NN, linear
regression

Scanning speed, pulse intensity, pulse
frequency [21] (2015)

Cases of abrasive water jet machining processes using machining learning algorithms

1 Surface roughness prediction Extreme machine learning,
ANN, GPR

Cutting speed, material thickness,
abrasive flow, measurement position [22] (2016)

2 Prediction of process parameters Adaptive neuro-fuzzy inference
system

Jet pressure standoff distance number of
shots [23] (2019)

3 Surface roughness prediction Feed-forward BpNN, regression
model

Traverse speed, water jet pressure, stand-
off distance, abrasive grit [24] (2008)
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parameter to achieve the predetermined objectives. 'e
study concludes that the productivity rate of this process was
found to be high.

3.4. Abrasive Water Jet Machining Process—AWJM. 'is
process mainly emphasizes on prediction of surface rough-
ness and process parameters. Cojbasic et al. [22] predicted the
surface roughness of the process using flow, speed, and
material thickness as input parameters using ANNs and GPR.
Many other researchers have tried a lot to predict using
different kinds of ML algorithms to predict the Ra.

A novel revolution for today's industrial settings is to
effectively examine the field of machine learning and its
impact on smart machining in order to attract worldwide
attention. 'e contextual analyses reviewed in this paper
have for the most part been published in the ongoing years.

Evolution of Manufacturing paradigm.
Figure 3 shows the development in the field of

manufacturing during the last century. It also explains the
importance of advanced manufacturing methods, tech-
niques, and technologies in the industry. By looking at it, one
can say that there is significant scope for artificial intelli-
gence and its algorithms in manufacturing to attain a
benchmark.

4. Conclusions

Machining strategies play a major role in the substantial
growth of the machining industry.'e use of ML algorithms
is becoming increasingly prevalent in many industries in
order to meet market demands in the current global envi-
ronment. A review of past and present smart machining
processes with machine learning algorithms was conducted
in this paper, as well as future directions for the machining
industry were outlined. Based on the present study, ML
algorithms have a huge potential in manufacturing
industries.

Data Availability

'e data used to support the findings of this study are in-
cluded in the article.

Conflicts of Interest

'e authors declare that they have no conflicts of interest.

References

[1] AfrimGjelaj and B. Berisha, “Optimization of turning process
and cutting force using multiobjective genetic algorithm,”
Universal Journal of Mechanical Engineering, vol. 7, p. 64, 2019.

[2] S. Phuyal, D. Bista, J. Izykowski, and R. Bista, “Performance
analysis of new SCADA interface developed in C# environ-
ment,” in Proceedings of the 2020 IEEE International Students’
Conference on Electrical, Electronics and Computer Science
(SCEECS), Bhopal, India, 2020.

[3] S. Phuyal, D. Bista, J. Izykowski, and R. Bista, “Design and
implementation of cost efficient SCADA system for industrial

automation,” International Journal of Engineering and
Manufacturing (IJEM), vol. 10, no. 2, pp. 15–28, 2020.

[4] C. Zhang and J. Yang, A History of Mechanical Engineering,
Springer, Berlin, Germany, 2020.

[5] R. Farshbaf Zinati and M. R. Razfar, “Multi-objective constrained
optimization of turning process via modified Harmony search
algorithm,” Iranian Journal of Science and Technology, Transac-
tions of Mechanical Engineering, vol. 43, 2017.

[6] W. Lin, D. Yu, S. Wang et al., “Multi-objective teach-
ing–learning-based optimization algorithm for reducing
carbon emissions and operation time in turning operations,”
Engineering Optimization, vol. 47, no. 7, pp. 994–1007, 2015.

[7] M. Elangovan, N. Sakthivel, S. Saravanamurugan, B. B. Nair,
and V. Sugumaran, “Machine learning approach to the
prediction of surface roughness using statistical features of
vibration signal acquired in turning,” Procedia Computer
Science, vol. 50, p. 282, 2015.

[8] Y. Chen, Y. Sun, L. Han, and B. Zhang, Prediction Model
of Milling Surface Roughness Based on Genetic Algo-
rithms, Springer Nature Switzerland AG, Berlin, Ger-
many, 2020.

[9] S. Shankar, T. Mohanraj, and R. Rajasekar, “Prediction of
cutting tool wear during milling process using artificial in-
telligence techniques,” International Journal of Computer
Integrated Manufacturing, vol. 32, 2018.

[10] M. Garcia-Ordas, Wear characterization of the cutting tool in
milling processes using shape and texture descriptors, Ph.D.
'esis, Universidad de Leon, León, Spain, 2017.

[11] S. Cho, S. Asfour, A. Onar, and N. Kaundinya, “Tool breakage
detection using support vector machine learning in a milling
process,” International Journal of Machine Tools and Man-
ufacture, vol. 45, no. 3, pp. 241–249, 2005.

[12] D. Wu, C. Jennings, J. Terpenny, R. X. Gao, and S. Kumara, “A
comparative study on machine learning algorithms for smart
manufacturing: tool wear prediction using random forests,”
Journal of Manufacturing Science and Engineering, vol. 139, p. 7,
2017.

[13] K. Gao, H. Chen, X. Zhang, X. Ren, J. Chen, and X. Chen, “A
novel material removal prediction method based on acoustic
sensing and ensemble XGBoost learning algorithm for robotic
belt grinding of Inconel 718,” <e International Journal of
Advanced Manufacturing Technology, vol. 105, 2019.

[14] D. Zhang, G. Bi, Z. Sun, and Y. Guo, “Online monitoring of
precision optics grinding using acoustic emission based on
support vector machine,” International Journal of Advanced
Manufacturing Technology, vol. 80, no. 5-8, pp. 761–774, 2015.

[15] Y. Shaban, S. Yacout, M. Balazinski, M. Meshreki, and
H. Attia, “Diagnosis of Machining Outcomes Based on Ma-
chine Learning with Logical Analysis of Data,” in Proceedings
of the International Conference on Industrial Engineering and
Operations Management, Dubai, United Arab Emirates, 2015.

[16] X. Shi, “A NewMethod to Detect Influx and Loss during Drilling
Based on Machine Learning,” in Proceedings of the International
Petroleum Technology Conference, Beijing, China, 2019.

[17] T. Titus, “Prediction of surface roughness and material re-
moval rate in wire electrical discharge machining on alu-
minum based alloys/composites using taguchi coupled grey
relational analysis and artificial neural networks,” Applied
Surface Science, vol. 472, 2018.

[18] K. C. Nayak, “Taguchi integrated least square support vector
machine an alternative to artificial neural network analysis of
electrochemical machining process,” IOSR Journal of Me-
chanical and Civil Engineering, vol. 1, no. 3, pp. 01–10, 2012.

Journal of Engineering 5



[19] H. S. Kang, J. Y. Lee, S. Choi et al., “Smart manufacturing: past
Research, present findings, and future directions,” Interna-
tional Journal of Precision Engineering and Manufacturing-
Green Technology, vol. 3, no. 1, pp. 111–128, 2016.
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 e Internet of ings (IoT) is a phenomenon where everything is connected to everything, where the development of sensors and
microprocessors helped in the rise of embedded technologies, such as Wi-Fi and Bluetooth, and the evolution of bandwidth
available on the Internet.  is phenomenon will continue unabated due to sensor technology, programmable chips, and em-
bedded technologies. In recent years, the Internet of ings (IoT) has become one of the most prominent technology niches. IoT is
the network of interconnected devices or “things” that exchange information or send data with each other over the Internet.  e
article describes a computer prototype for monitoring and controlling the environmental parameters of a communication
equipment room. A technological tool, such as the one obtained, can be implemented in many applications, such as weather
stations, food chains, smart home systems, measuring the heart rate of humans, and fruit dehydrators.  e article’s research was
focused on an IoTelectronic device and a web platform. A major feature of this electronic device is that its Internet connectivity is
achieved using the TCP/IP protocol, an integrated feature of the Shield Ethernet board stacked on top of the Arduino mega board.

1. Introduction

Technological advances have marked the twenty-�rst cen-
tury from its earliest years: personal computers are be-
coming ever smaller, smartphones and tablets are all
increasing in popularity, and cloud computingmay be one of
the most important changes in the information society that
we are living in today [1]. A study conducted by the Mexican
Internet Association (AMIPCI) in 2015 on Internet usage
habits in Mexico reveals that 53.9 million Mexicans use the
Internet via their smartphone and spend an average of 6
hours and 11 minutes online each day.  e study predicts
that this number will continue to rise in the years to come
[2]. In total, more than 53 million people connect to the
Internet via various devices on average for six hours and

eleven minutes every day, generating an outsized amount of
data on a daily basis.  e development of systems that
operate in various ways under various approaches such as
Data Warehouses (Data Warehouses) and large data sets
(Big Data) has been one of the fruits of the development of
branches of information technology that deal with the ar-
duous task of processing this data [3]. Due to their constant
miniaturization and mass production, Internet of  ings
devices is becoming more and more important due to their
decreased cost and ability for increasing numbers of people
to access and use them. As a result of this, there has been an
emergence of a concept known as M2M, which entails those
two devices communicating with each other to perform a
task [4]. Due to this limited interaction, M2M could only be
utilized by speci�c sectors, including the construction of
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smart buildings. +e Internet created a paradigm shift in the
field of devices with the introduction of the Internet, which
became known as the Internet of +ings. +e physical ojects
and their characteristics are used in measuring [5].+ere are
devices that will allow us to exert an influence on these
objects in different ways: census, which refers to taking
measurements; control, which directs or indirectly affects
their behavior; and act, which allows these objects to make
their own decisions based on external conditions and events
[6]. However, there have been a number of alternative in-
terconnection mechanisms implemented recently that have
not yet been affected by the Internet, the main means of
sending and receiving data between objects. +is article
describes the design and development of an IoT system for
the Central American Corporation of Air Navigation Ser-
vices, COCESNA [7]. An electronic device connected to a
LAN and the Internet is used to measure the physical
properties of an environment through sensors. +is web
portal includes, as the main element, a Dashboard or an
interactive graphic that displays the information sent by the
IoT device; it also describes a mobile application on the
Android operating system that allows real-time monitoring
of physical magnitudes, such as temperature and humidity
[8]. A web portal describes the connectivity of the infor-
mation, which can be scaled and added to the country at the
Central American level.

2. Methodology

It is a project management technique widely used in the IT
industry and by large companies. It is the main advantage of
this kind of approach that it allows for flexibility and ca-
pacity to modify the product during the project since it is
used as it is being developed. An objective was determined to
develop an IoT system that monitors data through a wire-
lessly attached electronic device connected to a web portal to
display the data dynamically in real-time using a web portal
connected to the Internet. An IoT system, developed in
sprints, consists of an electronic device with sensors to
measure preselected physical parameters of the environment
such as temperature, humidity, and movement. It is LAN
and Internet connection and conforms to COCESNA
specifications. An IoT device dashboard or interactive
graphics can be displayed on the web portal as part of its
main pictorial element. +e web portal has the option to
scale and add new control rooms per country in Central
America. +e application interacts with an Android oper-
ating system to monitor physical quantities, such as tem-
perature and humidity.

2.1. IoT SystemElements. +e research was conducted in the
previous study to examine alternative IoT systems that can
be constructive. It was determined what type of electronic
device should be developed via the weighted criteria method.
+e system to be implemented has been determined to be
one with Internet connectivity via Ethernet since Wi-Fi is
out of the question due to the fact that a frequency inhibitor
or signal blocker is already installed in the Women’s Prison

nearby the COCESNA facilities. A web portal controls
objects based on a parameterized threshold based on tem-
perature or humidity. Additionally, e-mail and SMS noti-
fications of “all/nothing” actions can be incorporated into
the web portal. As a result, the information is agile and
timely enough for immediate decision-making and to pre-
vent equipment damage. +e electronic device, as shown in
Figure 1, consists mainly of a controller board for the
complex electronics (Arduino/brain), an Ethernet shield,
sensors and actuators (indicators), a relay interface for high-
voltage loads (DC/AC), switches to start and stop the device,
and an LCDmonitor for displaying sensor data.+ere is also
a cooling system consisting of two side coolers. In an open-
source development environment based on the Processing
programming language, it is based on an open-source
hardware and software platform with analog and digital
sensors.

2.2. Arduino. An open-source, hardware and software
platform that employs an analog and digital board with
computer inputs and outputs, as well as the processing
programming language. A prototyping platform using open-
source hardware and software. +e log-in page is shown in
Figure 2.

2.2.1. Ethernet Shield. A shield designed for Arduino allows
connecting to an Ethernet network. A TCP/IP protocol stack
is implemented on a physical level by the protocol stack. +e
protocol stack utilizes the Wiznet W5100 Ethernet chip. It
supports both TCP and UDP over an IP network stack. A
connection-oriented protocol is TCP, and a connectionless
protocol is UDP. TCP is comparatively slower than UDP,
which makes it a key difference between the two protocols.
In general, UDP is faster, simpler, and more efficient than
TCP, but TCP is a connection-oriented protocol, while UDP
is a connectionless protocol. Four socket connections can be
made simultaneously. Reading and writing data streams over
the Ethernet port are handled using the Ethernet library.
+is shield enables sketches to connect to the Internet. It is
powered by a 32 bit Xtensa Dual-Core LX6 processor
running at 160 or 240MHz. +e ESP8266 architecture relies
on two cores, one of them dedicated to IP and WIFI
communication, the other to the rest of the tasks, which
solves one of the most significant difficulties. +e ESP8266
architecture has one of the biggest challenges. +ere is
520 kB of RAM memory available to both processors, and it
can use an additional 8MB of external RAM memory.

2.3. Electronic Interface. +e control interface is designed
using transistors and relays. As the Arduino micro-
controller’s output pins are limited to between 10 and
30mA, the higher required current can damage the pin
programmed as an output. In order to handle higher cur-
rents, transistors are used, while a relay is used to handle
currents that are significantly higher than those that can be
handled by a BJT transistor, as well as providing isolation to
handle the alternating current. +e bipolar junction
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transistor (BJT) is used as an amplifier, filter, rectifier, os-
cillator, or even as a switch, as we illustrate in the first
section. Transistors biased into the linear region will act as
amplifiers or other linear circuits. +ere is also a Darlington
transistor shown in the diagram, which allows the relay coil
to be energized by connecting the optocoupler (the device
transmits electrical signals between two isolated circuits by
using an LED that emits infrared light and a photosensitive
device that detects the light) to the NPN transistor. Various
semiconductor materials can be used to make NPN tran-
sistors, including silicon and germanium. NPN transistors
are formed when two n-type semiconductor materials are
fused with p-type semiconductor materials. An NPN
transistor is made of semiconductor materials such as silicon
or germanium. A transistor is connected to the micro-
controller through an optocoupler, which isolates the cur-
rents flowing through the transistor from the
microcontroller output so that an LED is powered by the
optocoupler, which feeds the transistor’s base in its simplest
form. +e device functions as a switch that is controlled by
an electronic circuit consisting of resistors limiting the
current, an optocoupler controlling the transistor, and a
rectifier diode protecting the transistor. In the transistor, the
output of the relay is controlled and the internal electro-
magnet is actuated, enabling the contacts to open or close
and being capable of controlling an output circuit of larger
power than the input circuit, in a general sense, like electrical
amplifiers.

2.3.1. Sensor. Instrumentation variables are physical vari-
ables that are converted into electrical variables by a device
called an instrumentation variable. An active sensor injects
light, microwaves, or sound into an environment and de-
termines if the environment has changed. +e detection of
infrared waves is used by many alarms and passive sensors.
+is type of sensor is known as a passive infrared sensor
(PIR). An infrared passive sensor measures the infrared light
emitted by objects within its field of view.+emost common
application of these sensors is in motion detectors based on
PIR technology. A PIR sensor is commonly used in security
alarm systems and automatic lighting systems. A sensitivity
adjustment must be made to one of these sensors in order to
detect human body heat. In order to implement an IoT
system via Wi-Fi electronic cards, the following can be used:
based on the popular chip (ESP8266) that revolutionized

embedded systems with Wi-Fi, the node MCU development
board is equipped with a board. +e device (ESP32) is much
more capable, not only because it is faster but also because it
is designed to function as a microcontroller in IoT
applications.

2.3.2. Actuator. A pneumatic or electric hydraulic actuator
is capable of transforming energy into mechanical power
and triggering a process or device in order to increase ef-
ficiency. An order is received from the regulator or con-
troller, and the control element is activated in response, such
as an air conditioner, fan, or valve. Depending on what
instructions the control unit sends, these elements directly
affect the output signal of the automation.

2.4. Experimental Development. A communication test be-
tween the parts of the developed IoT system was performed
to verify its correct operation. +ese are shown in
Figures 3–6.

2.5. *e Brain of the System. Data exchange between the
Arduino Mega and Ethernet shield is carried out by the
Arduino Mega and Shield attached. Sensor data is collected
by the Arduino Mega and processed by the shield. Arduino
boards use a mega 2560 microcontroller to provide open-
source. +is board’s growth environment is used to execute
the processing or wiring language. +is information is also
sent to the Ethernet shield, which, thanks to its character-
istics, and allows the data to be uploaded to local servers with
the TCP/IP protocol. A sensor is an element that gathers and
analyzes information from the environment, which is then
sent to the controller card or brain of the system for pro-
cessing, while at the same time being sent to the network
through the Ethernet shield. A high-voltage 120VAC load
can be controlled with these devices, which consist of an
electronic interface and relay modules. +e Arduino Mega
board controls the relay modules using TTL signals. +ese
electronic interfaces allow you to control objects such as air
conditioning and fans.

2.6. Web Server. HTTP (Hypertext Transfer Protocol) is an
application that serves web pages to users, in response to
requests forwarded by HTTP clients of its equipment, based
on the HTTP (Hypertext Transfer Protocol) protocol.

Figure 2: Log-in page.Figure 1: Prototype construction.
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2.7. Router. An interconnector is a piece of hardware that
allows computers in a network to communicate. In addition
to environmental parameter information, the IoT device is
built to send other data to the server as well. As a prerequisite
to sending the information to the remote server, the router’s
administration website must be accessed in order to make
basic configurations such as enabling the port on which it
listens and responds to incoming and outgoing requests and
reserving the IP address for the IoT device using its MAC
address. +e MAC address is a unique identifier that is
assigned to a network interface controller so that it can be
used as a network address during communications within a
network segment. +is technique is consistent with how the
DHCP server of a router or network operating system de-
termines whether the device obtains the same network
identifier (IP address) over time.

2.8. Dashboard. As part of this article, you will be presented
with graphical representations or user interfaces that allow
you to view information handled by a system, for example,
temperature, humidity, movement, communication testing
signal, and SWon/off graphs. A dashboard is a control panel,
which contains the instruments and controls and faces the
driver of a vehicle or pilot of an aircraft.

2.9.Web Portal. +ere are websites and Internet portals that
offer easy and integrated access to a range of resources and
services related to the same subject. +is portal presents a
series of graphical elements to display information gathered
by the IoT device in this case study. A prototype for cloud
computing was tested locally as a first step to determine if it
could be developed and scaled for the cloud. +e results are
shown in Figure 6. Computing services can be offered over a
network, typically the Internet, under a cloud computing
system. Cloud services are also known as cloud computing
or cloud computing services.

3. Conclusions

In this article, we have discussed the concept of the Internet
of +ings (IoT) developed in the project, including its
characteristics. An IoT electronic device connected to the
cloud has been proposed as a solution for interconnecting
objects with Internet access; this device then functions as a
hub or HUB for connecting objects to the system via IO
(input/output) ports, digital and analogue channels. As
many elements as there are IO channels on the mainboard,
the IoT device can control objects and monitor them with
electronic instrumentation. +is device was built with an
ArduinoMega, which has 54 digital inputs/outputs, of which
14 can be used as PWM outputs, 16 analog inputs, and four
hardware serial ports. +ere is a 16MHz crystal oscillator on
the board that can be programmed using a computer via
USB. We developed an IoT system using low-cost hardware
and software that included the ability to communicate with
other applications so that business processes could be en-
hanced. We used devices such as sensors and actuators to
generate solutions tailored to the needs of the productive

sector. +e purpose of this project was to explore the ap-
plication of the Internet of +ings in different sectors of the
El Salvadorian economy. A monitoring opportunity of the
equipment rooms of COCESNA was identified in coordi-
nation with the association. It has enabled these rooms to
maintain environmental parameters within the tolerances
defined by COCESNA or by the manufacturer, such as
temperature and humidity, through continuous monitoring
and recording. It also provides timely alerts or notifications
through e-mails. In the event of possible overheating that
may impair the availability of the equipment’s service, the
risk to its operational stability has been reduced, and actions
can be taken accordingly.
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With the amount of data being transferred on a daily basis, it is becoming increasingly dangerous to save data on the Internet in
the face of intruders or hackers. �is study paper is one of the most e�ective ways to transmit information in a secure and
con�dential manner.�e authors previously disclosed a way for embedding a secret video inside a cover video in their prior work.
�e writers have implemented a number of techniques to incorporate the secret video. �e current work improves on the existing
approach by including encryption and decryption concepts into the video embedding process. �e secret data for either a large or
little amount of information is put on the cover video utilising the embedding technique. Our proposed method combines
compression, encryption, decryption, and secret information embedding to provide a more secure data transfer.

1. Introduction

Video embedding is a new �eld of study that aims to
provide secure data transmission. Frames from the video
�le were used to hide data in the process of video data
concealing [1]. Large amounts of data can readily be
embedded behind the frames of a �le due to the use of
frames. �e goal of the secure video data hiding approach
is to insert hidden information in multiple bits of pixels. In
the discrete wavelet transform domain of the cover video,
the concealing approach is applied. E�ective decryption is
the key issue that arises during the video encryption
process. Quantization employing cosine transformations
or wavelet transformations may not be able to restore the
encrypted input video frame more successfully during the
compression process. Pixel information was lost when
employing transforms [2]. �e pixel information was

adequately kept during the encoding process; however the
encryption e�ciency was not increased. As a result of the
existing methods, the video frame size was initially low-
ered by combining the current and prior pixels [3]. �e
encryption procedure is based on the pixel grouping and
substituting the relevant and recurrent pixels with the
message information, and the problem was solved using
e�ective block code creation. �e size of the resultant
image is approximately half that of the input image [4] (see
Table 1).

2. Literature Review

�e survey suggests that there are bene�ts and drawbacks to
the current video security methods. However, most methods
have signi�cant drawbacks when it comes to embedding
videos, such as:
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(i) Unreliable compression ratio
(ii) It is less time-efficient, less secure, and requires

more effort.
(iii) Memory complexity is another drawback.

*e goal of this research is to create a novel method for
video embedding in order to solve these problems.

2.1. Advantages of Steganography Over Watermarking.
*e types of video embedding techniques are water-
marking and steganography. Using wavelet coefficients
for information concealment, watermarking is an effective
technique that is mostly utilized in the field of image
authentication and protection. *e following are some of
the disadvantages of watermarking in comparison to
steganography:

(i) Extensive complexity
(ii) *e efficiency must be increased using a rate dis-

tortion-optimized rate control.
(iii) High sensitivity to document skewing; poor im-

munity to manipulation; image quality may be re-
duced as opposed to watermarking, steganography
has the following advantages:

(iv) *e embedded video is more sophisticated, making
it harder for an attacker to abuse it, and the video
stream is used as a cover file in this method, which
maximises protection against attackers.

(v) Additionally, it reduces the payload and additional
strain.

(vi) Offers both high-quality images and videos.

*us, the goal of this work was to use steganography to
conduct video embedding.When processing video as a series
of frames, it conceals the information to provide great se-
curity. Additionally, it removes redundant data while en-
hancing security.

3. Proposed Work

*e input and secret video are pre-processed by the supple
rectification method and contaminated in the pixel
grouping in the proposed method. In this work, the
video’s white Gaussian noise is removed using pre-
processing. *e shade picture element (SPE) algorithm is
used to process the embedded segment. *e code is made
up of the results of each patch [5]. Decrypted images can

be retrieved by performing a similar operation on the
receiver side. Because it is completely reversible, the
technology can be utilized to transmit sensitive infor-
mation in extremely secure videos. *e process’ perfor-
mance is assessed using the input and decompressed
image’s MSE, PSNR, capacity, BER, and SSIM picture
quality analyses, and compression ratios. *e new method
outperforms the old one in terms of effectiveness [6].
Figure 1 shows the block diagram of proposed work.

In this method, following the major steps involved a
complete process of information hiding in video sequences.

(1) Input the cover and Stego video
(2) Frame conversion
(3) Preprocessing
(4) Generate the embedding
(5) Encoding the process
(6) Decoding the process with reversible extraction.
(7) Measure the performances.

We have two distinct ways for video embedding:

(i) We can use the supple rectification algorithm to
preprocess the video frames.

(ii) We can use the shade picture element algorithm to
incorporate the video.

*e MATLAB software is used to simulate and evaluate
this strategy. *e major steps in developing the embedding
algorithm are listed below.

3.1. Embedding Part

(i) Read cover video and Stego video file
(ii) Divide the video into frames.
(iii) Using the supple rectification filtering algorithm,

select the frames for preprocessing (SRF).
(iv) Initially, this SRF method is utilized to reduce noise

in the cover and stego videos.
(v) Use the shade picture element (SPE) approach to

group pixels after preprocessing.
(vi) *e precompiled cover image pixel is combined

with the precompiled secret picture pixel to con-
duct the embedding procedure.

(vii) For video encoding, the cipher frame pattern (CFP)
is used after the embedding procedure.

Table 1: Literature review.

Author and year Technique Observation

Alhaj (2016) Multilayer image stegnaography According to video steganography, six bits of the secret message can be used to
decipher the hidden message.

Manimegalai
(2014) Peak-shaped technique For the purposes of spatial demonstration, multiple steganography algorithms for

JPEG images were thoroughly analyzed.

Mstafa et al.
(2017)

(MOT) algorithm and error
correcting codes (ECC)

Algorithms for video steganography have been developed in the DCT and DWT
domains, respectively. Hamming and bose, chaudhuri, and hocquenghem (BCH)

codes were used to encrypt the secret data in the communication.
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3.2. Extraction Part

(i) Using the reverse technique, extract the hidden
video from the stego video.

(ii) To extract cover and stego video, use reversible CFP.
(iii) Using the SPE algorithm’s reverse process, regroup

the pixels.
(iv) Using the reverse procedure, decode the encrypted

video and obtain the original video

4. Experimental Results

*is proposed method was used to make common video
sequences like news, container, mobile, Akiyo, etc. Here are
the results:

Figure 2 depicts a screenshot of a selected video file that
is used as a cover video, while Figures 3 and 4 depict a
screenshot of a selected video file that is used as a stego video.
After then, when the video is delivered to the target receiver,
the secret video is embedded using the SPE algorithm, and
the video is then reconstructed after the cover and stego
video is extracted [7]. A screenshot of the reconstructed
video is shown in Figure 5. *e reverse methods of picture
embedding and pixel grouping are used at this level. In this
case, reverse encoding is used to extract the embedded frame
from the compressed video sequence. *e video is finally

rebuilt by mixing the message frame and cover frame with
the least amount of pixel loss possible. *ere are additional
video clips available for the experimental outcomes. As an
illustration, we included one sample in a paper. However, we
tested a total of 20 samples.

4.1. Performance Analysis. In the first step of testing, video
data is taken and hidden using the proposed method. To
check the influence of data hiding in the quality of the stego
frames [8], performance measurements such as the peak
signal-to-noise ratio (PSNR) and mean squared error (MSE)
are utilized.

Input Cover Video Input SecretVideoConverting video
to Frames

Converting video
to Frames

Preprocessing (SRF) Preprocessing (SRF)

Pixel GroupingPixel Grouping

Shade Picture Element Algorithm (SPE)

EmbeddedProcess Cipher Frame Pattern

Cipher Frame Pattern
Reformation

Inverse SPE Process

Secret Video

Pixel RegroupingPixel Regrouping

Cover Video

Performance Measures

Figure 1: Block diagram of proposed work.

Figure 2: Cover video.
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4.1.1. Peak Signal-To-Noise Ratio (PSNR). Peak signal-to-
noise ratio (PSNR) is a common metric used to compare
encoded and unencoded video quality.*e decibel (db) scale
is used to characterize it, as seen in the following [9].

R is themaximum allowable pixel value in the image, and
MSE is the mean squared error.

4.1.2. Mean Squared Error (MSE). *eMSE is the difference
between some of the encoded video’s pixel value and the
uncompressed video’s pixel value.

*e MSE is estimated by applying Eq. to arrive at the
PSNR (2). HSI band image rows and columns are R and C,
respectively [10]. Based on the metrics of time and memory
usage during the steganography process, the complexity of
the proposed job is validated. By taking into account how
long pixel grouping and frame fusion take, the work’s time
complexity is calculated.

Table 2 illustrates the results of the proposed strategies’
performance evaluations. When compared to other video
sequences, the news and bus footage has a higher PSNR
value and lower MSE value.

Several characteristics, such as PSNR and MSE, are
shown in Table 3 to compare the proposed CFP-perfor-
mance SPE’s to that of the existing Shamir’s (t, n) with the
DCTtechnique.*is study’s findings show that the CFP-SPE
algorithm, as presented, delivers improved embedding re-
sults with great visual quality and great robustness [11]. *e
results show that the suggested technique produces the best
outcomes for all of the video sequences. *erefore, the
suggested technique is better suited for various video
samples. *e PSNR and MSE of each and every video can
then differ, and this is entirely dependent on the type of
video. As a result, the PSNR and MSE serve as the foun-
dation for the video embedding system’s performance rate.
Figure 6 shows the PSNR value comparison.

Figure 4: Embedded video.

Retrieved Cover Image Retrieved Stego Image

Figure 5: Reconstructed video.

Table 2: Performance analysis of proposed techniques.

Video sequences PSNR (dB) MSE
News 58.42 0.09
Bus 48.56 0.91

Figure 3: Stego video.

Table 3: PSNR value of both existing and proposed techniques.

Video
sequences

PSNR original
frame

PSNR of reconstructed frame
Shamir’s (t, n) with

DCT
Proposed
result

News 37.74 37.19 37.5
Bus 36.47 35.62 36.11
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Figure 6: PSNR value comparison.
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4.2. Features of Our Advanced Video Embedding

(i) Highly secure
(ii) Accuracy
(iii) Improves capacity
(iv) Less Impressibility
(v) Video error correction
(vi) More privacy

5. Conclusions

A video embedding method was proposed in this study to
address the challenges that come during the data conceal-
ment process. *e problem of lossy information is solved by
including pixel grouping as well as preprocessing into the
embedding process. Optimization and SRF analysis
employing varying boundary coefficients of cover and secret
video frames are the preprocessing techniques used in the
supple correction algorithm approach. *e SPE algorithm is
used to blend the secret message’s pixel information with the
necessary pixel information from the cover frame. Last but
not least, the video encoding process, also referred to as the
suggested method, accomplishes security using the CFP
algorithm.
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Hydrocarbon injection is an important stage in combustion, where the atomisation process is involved the atomisation process
which consists of disintegrating the fuel into small droplets, through an injector to add more transfer area, the fuel, through an
injector to add more transfer area. �e size of droplet size generated by the injector must be less than 80 μm to ensure good
combustion and avoid combustion and avoid pollutants such as CO and NOx.�is research worked with ethanol, a low-emission
hydrocarbon, which has a high viscosity whichmakes it di�cult to achieve the correct droplet diameter.�is type of study needs to
be both theoretical and experimental with simulation being a great tool to replace the latter.�e �nite element method included in
the Flow Simulation package of the SolidWorks software was used in this research. �e Flow Simulation package of the Sol-
idWorks software was used, where a Y-type injector was sketched to be evaluated. �e dynamic simulation helped to measure the
velocity �eld, at the outlet of the air nozzle, a cavity with a diameter of 0.4mm, which helps to increase the kinetic energy of the air.
�e kinetic energy of the �uid obtains the highest values of the Mach number in this area.

1. Introduction

Since the 19th century, mankind has been using oil as a fuel.
However, this resource is becoming scarce on our planet.
�e new vision of sustainability demands that any process is
in harmony with the environment, society, and the economy
and needs new alternatives that address these three pa-
rameters [1]. We are currently talking about alternative fuels,
which o�er a very interesting alternative to diesel in terms of
emissions, wear and tear cost, and availability. Injectors are
responsible for the atomisation of the fuel for a combustion
process in an engine or a furnace. Atomisation is a process
characterised by the transformation of a mass of liquid into a
spray or other physical dispersion of droplets in a gaseous
atmosphere. �is is accomplished by the kinetic energy
carried by the �uid [2]. �e study of injectors for alternative
fuels such as biodiesel ethanol and pyrolytic oil is a very
important line of research in recent years since its progress

provides alternatives to industrial processes [3]. Y-type
injectors are widely used in a steam generation used in steam
generation, electric power generation, and furnaces where
they serve the function of atomising small droplets of the
liquid fuel to be fed into the combustion chamber. Most of
the currently used fuels currently used, such as diesel, fuel
oil, jet fuel, and petroleum, are alternatives that have caused
a lot of damage to our planet. In view of the population being
dependent on energy, new solutions have hydrocarbons
such as methanol, hydrogen, propanol, and biodiesel which
are alternatives to be able to continue to generate the
necessary energy but without polluting [4]. �ese new al-
ternatives require technological changes in the accessories
that are part of the combustion process. In this work, we do
not focus on the atomisation in the injector, for which it will
be necessary to study the main parameters that in�uence this
process. One of these renewable fuels is ethanol, which can
be produced from a large number of fuels. Bioethanol has the
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same characteristics and chemical composition as ethanol as
it is the same compound. Bioethanol has to be obtained from
biomass and cannot be obtained from petroleum. -ese
studies require a theoretical and experimental and experi-
mental analysis of the different variables involved in the
atomisation process. -e works cited above compare nu-
merical results with experimental data of injection systems.
-e fundamentals of fluid mechanics can be applied to
discover how much energy is needed to achieve the required
velocities and adequate pressure to achieve adequate
atomisation.-e flow in an injector was analyzed which used
a computer model and the CFD program model, and the
CFD program FIRE, to find the flow rate.

2. Material and Methods

-e present study shows a graphical analysis using com-
putational fluid dynamics (CFD) which is one of the
branches of fluid mechanics that uses numerical methods
and algorithms to solve and analyse fluid flow problems.-is
work requires a computer which will be used to perform
millions of calculations required to simulate the interaction
of ethanol and air inside the injector cavities. It should be
noted that even with simplified equations and with a suitable
high-performance computer, only approximate results for
most iterations were obtained. SolidWorks helps mecha-
tronic systems be developed from beginning to end. In its
initial stage, the software is used for planning, conceptu-
alizing, visualizing, modeling, assessing feasibility, proto-
typing, and managing projects. As a result, mechanical,
electrical, and software elements are designed and con-
structed via the software.-emethod consists of discretising
a region of space by creating a spatial grid, by dividing a
region of space into small control volumes. It is solved in
each of them, and the discretised conservation equations are
then solved in each so that in effect, an algebraic matrix is an
algebraic matrix in each cell iteratively until the residual is
sufficiently small [5].

-e equations for continuity, momentum, energy, tur-
bulent kinetic energy, and energy by turbulent dissipation
are given in equations (1)–(5).

Continuity
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Energy by turbulent dissipation:
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Here, PB represents the generation turbulent due to the
forces off low at and can be written as

PB � −
gi

σB

1
ρ

zρ
xi

, (6)

where “gi” is the component of gravitational acceleration in
the direction xi, the constant σB � 0.9, and the constant CB is
defined as CB � 1 when PB> 0, or otherwise 0

f1 � 1 +
0.05
fμ

􏼠 􏼡

3

,

f2 � 1 − exp −R
2
T􏼐 􏼑.

(7)

-e constants Cμ, Cε1, Cε2, Cε, and Ck are empirically
defined. In AppFlow Simulation, the typical values used are
as follows:

Cμ � 0.09,

Cε � 1.3,

Cε2 � 1.92,

Cε1 � 1.44,

Ck � 0.

(8)

-e evaluation of the mean mass requires a formula
already developed by Wigg (1959), who analyzed the
mechanism of atomisation with air jets, emphasising the
importance of the kinetic energy of the atomising air, and
indicated that the energy difference between the air jet in the
inlet and the emerging spray is a dominant factor affecting
the mean droplet diameter. In 1964, using experimental data
from other researchers on the atomisation of viscous liquids
and air in Y-type injectors, Wigg succeeded in deriving a
dimensionless expression which allows to evaluate the mass
median diameter of the spray droplets [5]:

DMMD �
200V

0.5
m

0.1
F 1 + mF/mA( 􏼁0.5h

0.1σ0.2

ρAT
0.3ΔU

, (9)

whereDMMD �mass mean diameter of the spray drops (μm),
V� kinematic viscosity of ethanol (cSt), mf �mass flow of
ethanol (g/s),mA � air mass flow (g/s), h� chamber diameter
mixture (cm), σ � surface tension of ethanol(dynes/cm),
ρAT�air density (g/cm3), and ΔU � air speed of atomization
(m/s).
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3. Results and Discussion

-e Y-type fuel injector in use was dimensioned in such a
way that it operates at a power to operate at a thermal power
of 10 kW and an ethanol mass flow rate of 0.20 g/s. -e
nozzle of the air and ethanol injector nozzle is 0.4mm in
diameter. -emixing chamber where the flows converge has
a diameter of 0.40mm and a length of 1.5mm [6]. First of all,
the injector was sketched out was first sketched with the
measurements mentioned in the programme, and then the
boundary conditions were on the thickness covering the
fluid inlet were introduced [7]. For the ethanol, the
boundary conditions were set to 0.20 g/s introduced for the
ethanol lid, while for the air the stagnation pressures were
varied in order to appreciate their influence on GLR, DMMD,
and velocity [8]. -e diameter of a droplet can be measured
using several different methods. As industrial methods for
measuring spray droplet size, immersion sampling and laser
analyzers are used. -e values needed to evaluate the Wigg
equation were taken from the default tables predetermined
by the software [9]. An isometric view of air at 300 kPa with a
flow of fuel of 0.18 g/s is shown in Figure 1.

Figure 2 shows the dependence of the mass mean di-
ameter and the stagnation pressure of the air. In this study, it

was found that for air stagnation pressures higher than
200 kPa, the droplet diameter is optimal and that for
pressures approaching atmospheric conditions, such as
pressures less than 180 kPa, the results are technically in-
efficient to achieve good atomisation.

Figure 3 shows the dependence of the mass mean di-
ameter and the speed of entry into the chamber. -e results
show the velocity at the nozzle outlet of the nozzle exit
achieves a better atomisation diameter when closer to the
sonic regime obtaining values of around 15 μm.

Figure 4 shows the dependence of the mass mean di-
ameter and the GLR. It was confirmed that values should be
within the 0.10–0.20 GLR range. However, the range pro-
posed in this study is much wider for ethanol with high
atomisation performance in the range of 0.040–0.20 of GLR.
[10].

4. Conclusions

-e simulations carried out by the software Flow Simulation
for a type Y injector with thermal power of 10 kW and a
constant mass flow rate of 0.20 g/s obtained three important
graphs for the characterisation of this type of injector using
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Figure 1: Isometric view of air at 300 kPa with the flow of fuel of
0.18 g/s. -e values needed to evaluate the Wigg equation were
taken from the tables predetermined by the software V 1.451423
(cSt). mF: 0.20 (g/s); h: 0.040 (cm); σ: 22.3 (dynes/cm).

0

100

200

300

400

500

600

D
M

M
D

 (μ
m

)

400 500300200 600 700100
Pressure (kpa)

Figure 2: Dependence of the mass mean diameter and the stag-
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ethanol as fuel. In this study, it was found that for air
stagnation pressures higher than 200 kPa. the droplet di-
ameter is optimal and for pressures approaching atmo-
spheric conditions, such as pressures less than 180 kPa, the
results are technically inefficient to achieve good atom-
isation. -e results show the velocity at the nozzle outlet of
the nozzle exit achieves a better atomisation diameter when
closer to the sonic regime obtaining values of around 15 μm.
In addition, it was confirmed that values should be within
the 0.10–0.20 GLR range. However, the range proposed in
this study is much wider for ethanol with high atomisation
performance in the range of 0.040–0.20 of GLR.
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�is study evaluates improvements made to a biodiesel production process from Chlorella sp. micro algae in a locomotive pilot
plant using simulation. Energy and the main variables of the operation such as temperature, reaction time, alcohol molar
concentration, vegetable oil, and use of homogeneous and heterogeneous catalysts and their concentration, mixing intensity, and
moisture control were collected from operational data, and mass balances were tested in the SuperPro Designer retail package
v.9.5. �e result was an increase in the e�ciency of the process of obtaining company biodiesel from 86% to 92% by volume, the
same that were scaled taking into account the species’ production locality, and the results obtained showed that 26% was met by
obtaining 10MM (millions) of liters of biodiesel from the scaled plant.

1. Introduction

In recent years, the world’s population growth has prompted
a search for alternatives to meet the rising demand for
energy consumption. Even now, fossil fuels have been the
primary source of energy in most daily processes, and they
have been directly responsible for environmental damage,
such as climate change. �e recent research has shifted its
focus away from adaptation to circumstances and strategies
for mitigating the problems that society faces due to envi-
ronmental factors, such as the United Nations Conference
on Climate Change. Around 78% of energy comes from
fossil fuels, while the remaining 24% comes from various
sources. Biodiesel is promoted as a viable alternative to fossil

fuels and is touted as a valuable energy source because it can
be made from agricultural, forestry, or municipal waste.
Animal, vegetable, or recycled fats can be converted into
biodiesel via a transesteri�cation process, which has better
environmental characteristics than petroleum-based diesel.
Vegetable oils are used to make 84% of biodiesel, and using
various raw materials such as pinion, biomass, cooking oil,
and animal fat is expected to decrease. If sustainability
criteria are met, biodiesel should replace fossil fuels shortly.
However, no appropriate technological development has
occurred. �e progress is dependent on various investor
resolutions and research spending to meet regional goals.
�e market price of biodiesel today cannot compete with
crude oil prices. Still, it is expected that the price of
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petroleum derivatives, particularly fuels, will rise by 8% from
the date, resulting in a 52% increase in biodiesel demand for
automotive consumption, creating job opportunities and
growing the local economy. Biodiesel stimulates agricultural
activity which also provides environmental bene�ts such as
reduced greenhouse gas emissions such as CO, CO2, and
NOx, and because it contains almost no sulfur, no SO2 is
produced. However, using fuels with a composition of 96%
conventional diesel and 6% biodiesel results in a reduction in
greenhouse gas emissions [1].

�e transesteri�cation reaction of oils or fats (which is a
reaction between your triglycerides) and methanol, which
produces glycerin and methyl esters, can be used to make
biodiesel. In the presence of a catalyst, triglycerides are
found in Chlorella sp. micro algae oil reacts with low mo-
lecular weight alcohol (methanol, ethanol, etc.) to form
glycerin, a mixture of fatty esters. �e catalyst’s performance
and the control of optimal reaction conditions are essential
considerations in reaction transesteri�cation. �e reaction
represented in Figure 1 is a reversible reaction in which the
ROH serves as a catalyst. �e strings of fatty acids associated
with the oil or fat used in the reaction, usually acid palmitic,
stearic, oleic, and linoleic, are represented by R’, R’, and R’’.
�e transesteri�cation of fatty acids SuperPro Designer was
used to simulate Chlorella sp. micro algae Biodiesel. �e
proportion, chain length of carbons, and degree of unsa-
turation of biodiesel are all determined by fatty acid methyl
esters. Viscosity kinematics, density, cetane number, iodine
number, acid number, and enthalpy of combustion are some
of the physicochemical characteristics used to determine
biodiesel quality, as de�ned by ASTM D6751 in the United
States and EN 14214 in Europe. Biodiesel from oils rich in
fatty acids unsaturated like oleic and linoleic provides
characteristics suitable for internal combustion engines’
correct performance since their density and viscosity are
similar to diesel. It has been discovered that the presence of
monounsaturated fatty acid esters improves biodiesel ig-
nition quality and engine ¥ow.�e genus Chlorella sp. micro
algae belongs to the Euphorbiaceous family, and Latin
America is a hotbed of diversity and endemism, with roughly
22% of its species found there. �e Chlorella sp. micro algae
species, also known as pinion or piloncillo, have toxic and
nontoxic varieties. Due to its oil content of 32% to 42% and
the composition chemistry, which is close to 22% saturated
fatty acids and 78% unsaturated fatty acids, several studies
characterize it as a species with a large capacity for the
production of biodiesel [2]. Based on biomass yield, lipid
content, as well as quality of lipids, Chlorella Vulgaris is
considered an ideal candidate for biodiesel production. For
mass cultivation of microalgae on low-cost substrates, there
is a need to develop more work so that the price of biomass
output can be decreased.

2. Materials and Methods

�e current process of producing biodiesel from Chlorella
sp. micro algae oil.�e plant has an 84% production capacity
and a daily output of 4 L. Table 1 shows the detail of the plant
stream ¥ows pilot used for the base simulation [3]. Figure 2

shows the photo view of Chlorella sp. micro algae. �e pilot
plant and simulation consist of four processes: a reactor
R-101, two centrifuges DC-101 and DC 102, and a mixer of
M-101, which are the same as those in the biodiesel pro-
duction process shown in Figure 3 and are brie¥y explained
below. �e catalysis stream, which contains a 74% solution
of methanol with 26% sodium hydroxide, forming the
compound sodiummethoxide (NaOCH3), is mixed with the
methanol stream, forming the stream C-101, which feeds the
reactor R-101 through the cap, while Chlorella sp. micro
algae oil feeds the reactor through the middle part. Methanol
reacts with Chlorella sp. micro algae oil in the trans-
esteri�cation reaction is shown in Figure 4, yielding stream
C-102, which contains biodiesel, glycerol, and traces of
reactants. �e reactor has a one-hour residence time,
resulting in a conversion rate of 83 to 86%.�e C-102 stream
is passed through the DC-101 centrifuge, which separates
fats and oils from glycerol to produce as much as crude
biodiesel (C-103) as possible (C-104). To achieve biodiesel
separation from glycerol, the centrifugation processes used
properties suggested by the SuperPro Designer software
V9.5 for this type of equipment, such as the solvent type and
separator particle size, while only changing the percentages
in the mass balance [4]. �e crude biodiesel stream C-103 is
washed with acidi�ed water (C-105) with a pH of 4.5 in the
mixer M-101, with HCl in a 1 percent w/w ratio to oil
neutralize catalysis to prevent soap formation. After that, the
mixture (C-106) is sent to the second centrifuge (DC 102) to
separate the aqueous phase and extract the biodiesel and
glycerol residues [5]. Temperature, reaction time, alcohol: oil
molar ratio plant, type of alcohol, humidity, and catalyst
concentration are all factors that can in¥uence the trans-
esteri�cation process. �e biodiesel stream product should
not contain more than 0.05% water by weight. High water
content can slow down the reaction rate because water reacts
with catalysts to form soaps [6]. �e stoichiometric ratio for
transesteri�cation is 3 :1 alcohol: oil, but an excess of
methanol up to a 6 :1 ratio is usually chosen for higher
conversion. However, a higher alcohol ratio at 6 :1 may
a©ect glycerine separation by an increased solubility, which
causes the reaction to revert to the left, reducing the esters’
yield. [7].

Transesterification reaction
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CH3 O C

O
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CH3 O C

O
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CH2 OH

CH OH

CH2 OH

+ 3 CH3OH
NaOH

Catalyst

Figure 1: Transesteri�cation reaction of Chlorella sp. micro algae
Biodiesel.
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3. Results

SuperPro Designer Software v.9.5 data was used to generate
the various physical properties of compounds used in this
simulation. �e Production of biological products is ana-
lyzed and assessed by using the SuperPro Designer. �is
analysis looks at the production of citric acid, an organic acid
used heavily in the beverage industry. �e �rst commercial
product of modern biotechnology is recombinant human
insulin, which is manufactured by bacteria. �e following
operating conditions are recommended in biodiesel pilot
plants: a continuously stirred reactor with a reaction tem-
perature of 60°C and a pressure of 1 atm, with a residence
time of 60 minutes. Because of the oil of Chlorella sp. Micro
Algae oil from Ecuador contains only 1.27% free fatty acids,

the transesteri�cation stage. Because of its advantages, such
as cost and reaction speed, NaOH was used as a catalyst; the
catalyst concentration was 1%, and the alcohol: oil molar
ratio was 3 :1. �e results obtained in the biodiesel pilot
plant of the locomotive company studied before the reali-
zation of the simulation were 84%, based only on the volume
of the product at the end of the process, which represents
approximately 2.5 kg/day of biodiesel [8]. When analyzing
the di©erent operating variables mentioned in the meth-
odology and ensuring maximum conversions, a time of 90
minutes residence in the reactor, time with the that is being
worked on in some plants to obtain biodiesel in India,
yielding results of 3.9 kg of biodiesel, corresponding to 92%
conversion to the previous process in the base simulation,
which was 86% obtaining results of 3.8 kg of biodiesel,
corresponding to 92% conversion to the previous process in
the base [9].

3.1. Proposal. Deescalation of 10MM of L/year When an-
alyzing the current situation in Ecuador and before the
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Figure 3: Biodiesel yield as a function of temperature variation.
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Figure 4: Biodiesel production concerning the type of catalyst used
for the transesteri�cation.

Table 1: Details of plant stream ¥ow pilot used for the base
simulation.

Current Components ¥ow (kg/
day)

Reactor 1/R-101
C-101 Methanol catalysis 0.43
Chlorella sp. microalgae
oil Chlorella sp. microalgae oil 4.00

Centrifuge 2/DC-102

C-102

Biodiesel 3,8000
Glycerol 0.4038

Chlorella sp. microalgae oil 0.1171
Sodium methoxide 0.0125

Water 0.0160

C-103

Biodiesel 3,8100
Chlorella sp. microalgae oil 0.1116

Sodium methoxide 0.0125
Water 0.0160

C-104 Glycerol 0.4038
Mixer/R-103

C-105 HCl- water 0.1570
C-106 Biodiesel 3.8306

Glycerol 0.0403 0.0403
HCl 0.0152

Chlorella sp. microalgae oil 0.1171
Methanol 0.0055

Sodium methoxide 0.0031
Sodium chloride 0.0101

Water 0.0160
Centrifuge 2/DC-104

Biodiesel Biodiesel 3,8508
C-107 Glycerol 0.0400

Figure 2: �e photo view of Chlorella sp. micro algae.
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requirement of the change of the energy matrix, arranged to
design by simulation, of a plant of greater capacity. For the
simulation of the new plant, the information collected from
various studies on the variables involved in the biodiesel
process and the inclusion of a process for treating the
glycerin produced using the software, as shown in Table 2.
�e proposed scaling of the biodiesel production process is
depicted in Figure 3. �e proposal’s principles are based on
the simulation used in the company’s biodiesel procure-
ment process [10]. Figure 5 describes the two stages of the
simulation: reaction and two additional steps for glycerin
puri�cation. �ey are described in the following
paragraphs.

�e proposed scaling of the biodiesel production process
is depicted in Figure 4. �e principles of the proposal are
based on the simulation used in the company’s biodiesel
acquisition process. Figure 5 describes the two stages of the
simulation: reaction and two additional steps for glycerin
puri�cation. �ey are described in the following paragraphs:
Although transesteri�cation of Chlorella sp. micro algae can
occur at temperatures as low as 25°C, it is recommended that
temperatures be kept between 60 and 65°C, due to the al-
cohol. Oil concentration ratio of 3 :1. Table 3 shows that the
water content in the steam stream is 98.5%, while the water
content in the stream by the part lower than biodiesel is
98.5%, indicating that water and biodiesel have been sep-
arated [11]. �e streams from the three centrifuges enter the

mixer M-201 to be acidi�ed with HCl 38% to separate the
soaps and neutralize the NaOH residue contained in them in
the glycerin puri�cation process. Although increasing the
temperature to 60°C improves performance and reduces
reaction time, the operating variables used in the scaling
proposal from Table 3 should be considered. It is recom-
mended that the temperature not exceed 64.7°C, the boiling
point of methanol, because it will vaporize, forming bubbles
that will limit the reaction in the alcohol/oil/biodiesel
phases. To achieve the goal of 10MML/year, the operating
time of the locomotive pilot plant is used as a guide, which is
9-hours per day for 240 days. Consider the various inputs to
the process over a year, which equals 10279 tons/year, and
the output at the end of the process, which equals 9354 tons/
year, for a yield of 91% w/w. �e prices of the materials were
calculated using a bibliography and marketing studies
conducted in Ecuador [12].

�e type of catalyst used to make biodiesel is one of the
modi�ed variables. �e following are the results of a scaling
plant simulation using a heterogeneous catalyst such as
oxide zirconium (ZrO2) and the values of the variables in
Table 3: �e rate of raw material input into the process is
4759 kg per hour [13]. In comparison, the process output is
3909 kg/h, resulting from the steam currents and biodiesel
from Table 4, with an 83% w/w conversion using ZrO2.
�ese �gures are supported by experimental results using
ZrO2 as a catalyst, in which yields of 87to 90% conversion
were obtained, with a conversion of 92%, or 4334 kg/h, at

Table 2: Identi�ed variables and speci�c operation values.

Variables Values bibliographic of
operation

Reaction temperature 60°C
Molar alcohol ratio : vegetable
oil 3 :1

Alcohol type Methanol
Catalyst type NaOH
Concentration of catalyst 1% w/w
Reaction time 90min
Mixing intensity 450 rpm
Humidity 0.05%
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Figure 5: Biodiesel yield as a function of reaction time.

Table 3: Flash distiller/V-101 results.

Components kg/h % Time

Vapour

Biodiesel 0.0019 0.0022
Glycerol 0.0963 0.1092

Chlorella sp. microalgae oil 0.0963 0.1092
Methanol 0.8014 0.9078
NaOCH3 0.1573 0.1782
Water 87.1017 98.6934

Biodiesel

Biodiesel 4269.958 98,5342
Glycerol 40.4833 0,9342

Chlorella sp. microalgae oil 6.0642 0,1399
Methanol 0.3895 0,0090
NaOCH3 0.1874 0,0043
Water 15.4422 0,0356

Table 4: Flash/V-101 distiller result.

kg/hr Time

Vapour

Biodiesel 0.0059 0.0064
Glycerol 0.1058 0.1141

Chlorella sp. microalgae oil 0.1472 0.1588
Methanol 1.5813 1.7059

Oxide zirconium 0.2798 0.3018
Water 90.5761 97.7130

Biodiesel

Biodiesel 3742.099 98,0683
Glycerol 45.1496 1,1832

Chlorella sp. microalgae oil 7.1045 0,1862
Methanol 0.8423 0,0221

Oxide zirconium 10.1584 0,2662
Water 10.4569 0,2740
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the scaling plant in the Flash V-101 still using NaOH as a
catalyst, as shown in Figure 3. Homogeneous catalysts, such
as NaOH outperform heterogeneous catalysts in terms of
price and performance. As shown in Figure 5, maintaining
a 60°C range is advantageous to reaction rate, and studies
conducted in India suggest that the reaction temperature is
directly related to the alcohol: oil molar ratio and reaction
time variables. Although it is specified that excess alcohol
can be used up to a 6 :1 concentration to ensure high
conversions, this specification prevents the simulation from
being developed in the SuperPro Designer v.9.5 programs
because of the transesterification reaction in its database is
designed to operate with alcohol: oil. When working on the
scaled plant simulation with a 60-minute residence time in
reactors, a product output of 4045 was obtained, corre-
sponding to an 86% conversion; however, when using a
residence time of 90 minutes in both reactors, a parameter
with which we work in different plants in India, a value of
4759 kg was obtained. (ere was no evidence of a per-
formance improvement, which would have resulted in a
cost increase [14]. Following the acquisition of biodiesel, it
must be characterized to ensure that it meets international
standards such as ASTM D6751 in the United States.
Biodiesel must be characterized after it is obtained to
ensure that it meets international standards such as ASTM
D6751 in the United States and EN 14214 in Europe.
Biodiesel must be characterized after it is obtained to
ensure that it meets the requirements of international
standards [15, 16].

4. Conclusions

Using the oil of Chlorella sp. micro algae as a raw material,
the opportunities for improvement found with the
implementation of production processes allowed deter-
mining appropriate raw material quantities to achieve a
92% efficiency. (e proposed design, with the values of the
variables of 65°C temperature, alcohol methanol molar
ratio: 3 : 1 oil, 1% catalyst concentration (NaOH) w/w,
reaction time 90min, and an intensity of 450 rpm mixing,
resulted in a production of 10248 tons of lit biodiesel
obtained from oil of Chlorella sp. micro algae. According to
the economic analysis, the project results are profitable
because of the internal rate of return (7.42%) is higher than
that of the interest rate paid by a national bank (5%).
Similarly, it was demonstrated that achieving a positive
NPV should take at least 5 years, representing the in-
vestment’s payback time, when working at a 9-hour per-day
rate for 242 Table days.
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Modern common rail diesel engines are normally optimized with commercial diesel. As a result, the engine control unit’s
calibration is established to achieve the best compromise between performances and exhaust pollutants. Biodiesel has a faster
combustion rate and higher combustion chamber temperature than commercial diesel, which necessitates the injection of higher
fuel volumes to compensate for the lower calori�c value of biodiesel compared to regular diesel.  is study showed that by
adjusting the mapping of the engine control unit according to the fuel utilised, it is possible to improve the emissions and
performance of a common rail diesel engine running on pure Botryococcus braunii algae oil biodiesel or a blend of biodiesel and
commercial diesel.

1. Introduction

While each country bears varying degrees of responsibility
for the emission of climate-changing gases into the atmo-
sphere [1]. It is also true that regardless of their culpability,
every country today faces the severe problem of climate
change’s repercussions. is planetary nature of the problem
implies that universally approved international policies for
gradual reductions in emissions into the atmosphere, as well
as common support in anticipation of the large costs re-
quired to protect entire populations from the e�ects of
climate change, are required [2].  e necessity to invest in
alternative energy such as biofuels derived from crops such
as sun�ower, soybean, and rapeseed is thus emphasized,
especially given the role they may play in achieving the
reduction of greenhouse gas emissions. Agriculture’s con-
tribution helps us achieve the Kyoto Protocol’s goals while
lowering pollution levels [3]. A million tonnes of biodiesel
produced from domestic crops reduces hydrocarbon and
polycyclic aromatic emissions by 80% and particulate matter
and �ne dust by 50%, respectively.  e IPCC identi�ed CO2
as one of the gases responsible for the greenhouse e�ect and

human activity as one of the reasons in its �rst report in
1990.  at human activity is behind the acceleration of the
heating process and that only by drastically reducing
greenhouse gas emissions in the atmosphere will it be
possible to avoid exceeding the critical, dangerous thresh-
olds even for the maintenance of life on Earth has evolved
[4].  e recent oil crisis, as well as public interest in envi-
ronmental issues, has prompted further research into all
renewable energy options. More and more sustainable en-
ergy sources, including biomass, are gaining popularity in
the community.  e latest o�cial document presented by
the EPA is intended to provide information to interested
parties who want to evaluate the possibility of using biodiesel
as a substitute for commercial automotive diesel [5].
Analysis of data available from the EPA on regulated engine
emissions heavy duty can be summarized, which shows the
percentage of biodiesel mixed with diesel and the variation
of emissions NOx, PM, CO, and HC compared to com-
mercial diesel.  e reported results are in the most general
form possible and summarize a fact known in the literature.
As the percentage of biodiesel in a blend with the diesel fuel,
HC, CO, and PM emissions decrease while NOx increases to
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a maximum of 10% for pure biodiesel [6].*e increase in NOx
emissions with increasing concentration of biodiesel could be a
deterrent to the use of biodiesel. *e analysis of the averages of
the results of the experimental tests available led the EPA to
affirm that measurements on blends with 20% of biodiesel
show a decrease in NOx emissions. Further analysis by the EPA
aimed at understanding the phenomenon in which many
aspects have been taken into account such as the origin of oil of
biodiesel and the type of plant and test condition. *e analysis
of this pollutant was conducted also according to the type of
biodiesel used. *is research does not deal with issues such as
air quality, production, or distribution costs of biodiesel. It is
mainly focused on the environmental impact of biodiesel as a
fuel for land traction. All available public data on biodiesel were
collected first, and then an in-depth analysis to correlate all the
data was performed [7]. *e results were presented on the
influence of biodiesel on regulated emissions.

2. Description of the MultiJet Injection System

*e engine on which the testing activity was carried out is the
Simpson XRDF model. It is a modern second-hand common
rail direct injection diesel generation equipped with a 1910
cm3 MultiJet injection system of displacement double over-
head camshaft distribution and four valves per cylinder. *e
engine is equipped with a MultiJet injection system. Multiple
injections represent a strong technological evolution of the
now well-known common rail system [8].*e research center
has developed a management system for the combustion
process through the use of injections multiple. *is MultiJet
system allows a strong reduction of emissions of NOx and
particulates without a significant penalty in terms of costs.*e
raising of the maximum diesel pressure from 1600–1700 bar,
for the improvement of the flue gas post-treatment systems.
*e first-generation common rail systems have a small in-
jection pilot which is implemented a few milliseconds before
the main injection. *e concept behind multiple injections is
to divide the injection main into a sequence of three close
injections such as Pre-Main-After [9].*e preinjection allows
controlling the combustion speed of the phase premixed,
further reducing the combustion noise compared to the
common rail of first-generation.*e preinjection behaves in a
similar way to the pilot injection while guaranteeing con-
tainment of particulate matter (soot) and CO. *e engine
specification shown in Tables 1 and 2 shows the uncertainty
analysis of all the parameters. Figure 1 shows the engine setup
with a common rail injection system.

3. Characteristics of Algae Biodiesel

Biodiesel is a renewable fuel that may be made from a variety
of sources, including a wide range of algae oils [10]. *e
transesterification method provides for the production of
biodiesel appropriate for diesel engines. Biodiesel is typically
made from a blend of several transesterified oils, both to
account for market availability and to produce a final
product that meets the requirements set forth by the nu-
merous directives in place today. Algae oils differ greatly in
their properties, partly according to the quantity of fatty

acids they contain. It is noted that a considerable content of
unsaturated fatty acids improves combustion at low tem-
peratures and that the number of cetanes is strictly de-
pendent on the distribution of fatty acids. Algae oils have
various proportions of unsaturated fatty acids, which are
blended during biodiesel manufacturing [11]. Table 3 shows
the characteristics of biodiesel in this research work. Figure 2
shows a photo view of Botryococcus braunii algae.

4. Calibration Optimizations

*e engine was run on 100% pure biodiesel (B100) and a
mixture of 50% biodiesel and 50% commercial diesel during the
tests (B50) and this same volume procedure was followed by
B20. *e results were compared to experiments using com-
mercial diesel oil and comparing emissions and performance

Table 1: Engine specification.

Engine Diesel cycle, 4 strokes, 4 cylinders, bore
92mm

Stroke 90.4mm
Total displacement 1910 cm3

Relationship of
compression 17.5 :1

Maximum power 150 hp (110 kW) at 4000 rpm
Maximum torque 305Nm at 2000 rpm
Distribution 4 valves per cylinder
Diet Common rail MultiJet direct injection
Alternator 85A, 14V
Battery 60Ah, 12V

Table 2: Uncertainty error analysis.

Parameter Resolution Accuracy Range

CO 1 ppm ±20 ppm (for
<400 ppm CO) 0–10000 ppm

Nitrogen
dioxide (NOx)

1 ppm ±5 ppm (for
<100 ppm NO2)

0–1000 ppm

Operating temperature −10 to 45°C
Warm-up time 3min

Response time T90 30 sec
Operating humidity 5–95% noncondensing

Figure 1: Engine setup with common rail injection system.
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[12]. *e research’s objective was to optimize engine control
parameters based on the fuel used, to achieve the optimal balance
between engine performance and emissions levels once the fuel
was known. For this, software was utilised that allows the engine
settings regulated by the control unit motor to be changed in
real-time and during engine operation. *e performance and
emissions of the engine fueled with biodiesel and the biodiesel-
diesel blendweremeasured, andmappingwas sought thatwould
allow the engine fueled with biodiesel and the biodiesel-diesel
blend to run like when it was driven by diesel.

5. Result and Discussion

5.1. Performance. *e performance depicts the maximum
performance of the biodiesel-powered engine. It is focused
on finding engine characteristics that permitted a biodiesel-
fueled engine to generate the same torque and maximum
power as a diesel engine. Polluting pollutants from engine
exhaust were not taken into consideration during this period

[13]. Figures 3 and 4 show the torque and the maximum
power relative to three different blends. *e torque required
by the control system, which governs the amount of fuel
injected per cycle, injection timing, and boosts pressure, was
the control unit parameter on which the major action was
performed. Due to the various characteristics of the fuel
used, the performance of the engine when fueled by diesel is
significantly lower [14]. *e mass of fuel injected and the
injection advance fails to account for biodiesel’s increased
calorific value and heat release rate, which differs from diesel
fuel. To achieve the same performance as a diesel engine, it
was essential to increase the mass of fuel injected per cycle.

5.2. Pollutant Emissions. In particular, the improvements
that can be obtained for CO and NOx emissions will be
analyzed by modifying some engine parameters. In this

Table 3: Characteristics of biodiesel.

Properties Diesel AME B50 B20
Cetane number 48 52 51 51
C/H/O (molar ratio) 16 : 30 : 0 19 : 34 : 2 20 : 33 :1 21 : 33 : 2
Density, g/cm3 (15C) 0.83 0.89 0.90 0.91
Kinematic viscosity, cSt (37.8 C) 3.3 4.5 4.8 4.9
Net calorific value kJ/kg 43000 36000 42000 44000
Clod point (C) >4 >4 >4 >4
Carbon content (wt %) 86.5 77.4 74.2 72.1
Hydrogen content H (wt %) 13.4 12 12.2 12.3
Oxygen content O (wt %) — 10.5 11.1 11.2
Sulfur content S (wt %) 0.05 <0.01 <0.01 <0.01
Stoichiometric ratio A/F 14.5 12.6 12.4 12.5
Iodine number, g I2/100 g — 118 119 119
Distillation curve
10% EV 181 332 352 354
50% EV 255 340 345 347
90% EV 337 350 354 355
F.B.P. 372 353 359 360
Carbon residue (wt %) 0.01 0.05 0.06 0.06
Biodegradability No Yes Yes Yes

Figure 2: A photo view of Botryococcus braunii algae.

Diesel
BD
B50
B20

0

20

40

60

80

100

500 1000 1500 2000 2500 3000
Speed (rpm)

Po
w

er
 (k

W
)

Figure 3: Power vs speed.

Journal of Engineering 3



research, the trends of carbon monoxide emissions will be
shown (CO) and nitrogen oxides (NOx) for two different
fuels [15]. *e results will be compared with the emissions
measured by fueling the engine with commercial diesel
fuel. Furthermore, it is specified that the emissions of
nitrogen oxides for all the fuels analyzed were not cor-
rected with the air humidity in aspiration. However, the
results shown are congruent with each other. In this
experimental activity, no particulate matter (PM) mea-
surements were made due to its low concentration which
does not allow a reliable measurement with a smoke meter
conventional [16].

Figures 5–10 show the trend of the exhaust emissions in
the case in which the engine was fueled with a blend of 20%
and 50% biodiesel with diesel commercial for automotive

(percentages by volume). *e experimental results
highlight a fairly similar behavior for the B20 mixture
and diesel fuel [17]. However, there is from observing
that even at 20% (B20) the NOx emissions are slightly
higher and those CO lower, compared to a diesel with the
standard calibration of the engine control unit as already
observed for the case of pure biodiesel [18]. NOx
emissions increase while those of CO decrease. *e
explanation of these results is to be found in the different
chemical/physical characteristics of the fuels, in par-
ticular, in the different curves of distillation and the
presence of an oxygen molecule in the chemical structure
of the biodiesel [19]. *ese properties result in faster
burning and local peaks of higher temperatures than
diesel. To take advantage of lower CO emissions and
better combustion of biodiesel, the standard calibration
of the engine ECU has been modified to improve the level
of NOx emissions [20].
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6. Conclusion

In recent years, biodiesel has aroused a lot of interest
thanks to its biodegradability and the absence of sulfur, and
its low environmental impact in terms of global warming
due to carbon dioxide emissions. In this research work, we
analyzed the state of the art of biodiesel and its applicability
as a fuel in modern fast diesel engines. It has analyzed the
performance and emissions of the latest common rail diesel
engine generation fueled with pure biodiesel and with a
blend of biodiesel and diesel then compared them with
diesel to verify their applicability. *e activity was then
conducted on the optimization of the engine parameters
managed by the engine control unit to improve the be-
havior of the engine which varies with the fuel used.
Typically, a modern diesel engine is powered by biodiesel
without any modification to the engine calibration. *e
emissions of nitrogen oxides increase as the concentration
of carbon monoxide in the exhaust gas decreases. *ese
results are due to the chemical characteristics of the bio-
diesel (presence of an oxygen molecule in the chemical
structure) that make combustion faster but with very high
local temperature peaks.
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CO: Carbon monoxide
EPA: Economics of biofuels
HC: Hydrocarbon
IPCC: International Panel on Climate Change
NOx: Nitrogen oxides
PM: Particulate matter.
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In the analysis of the fuel like the liquid fuels obtained from the transesteri�cation process of Spirulina microalgae biomass, the
physicochemical characteristics correspond to fractions of gasoline, para�n, and diesel, and to determine the environmental
sustainability of its use, combustion tests were carried out on a diesel test engine (1000, 2000, and 3000 rpm) to establish a
comparison with commercial neat diesel. �e results obtained prove, based on the analysis of emissions and combustion, that this
fuel can be a direct replacement for diesel.

1. Introduction

�e environmental impact caused by waste cannot be easily
recycled, making them unusable waste. Inadequate �nal
disposal has a negative in�uence on environmental quality
and human health. �is planetary nature of the problem
implies that universally approved international policies for
gradual reductions in emissions into the atmosphere, as well
as common support in anticipation of the large costs re-
quired to protect entire populations from the e�ects of
climate change, are required [1]. �e necessity to invest in
alternative energy such as biofuels derived from crops such
as sun�ower, soybean, and rapeseed is thus emphasized,
especially given the role they may play in achieving the
reduction of greenhouse gas emissions. Agriculture’s con-
tribution helps us achieve the Kyoto Protocol’s goals while
lowering pollution levels. A million tonnes of biodiesel
produced from domestic crops reduces hydrocarbon and
polycyclic aromatic emissions by 80% and particulate matter
and �ne dust by 50%, respectively [2]. �e IPCC (Inter-
national Panel on Climate Change) identi�ed CO2 as one of
the gases responsible for the greenhouse e�ect and human
activity as one of the reasons in its �rst report in 1990. �at
human activity is behind the acceleration of the heating
process and that only by drastically reducing greenhouse gas

emissions in the atmosphere will it be possible to avoid
exceeding the critical, dangerous thresholds even for the
maintenance of life on earth has evolved [3]. �e recent oil
crisis, as well as public interest in environmental issues,
has prompted further research into all renewable energy
options. More and more sustainable energy sources, in-
cluding biomass, are gaining popularity in the commu-
nity. �e latest o�cial document presented by the EPA
(Environmental Protection Agency) is intended to pro-
vide information to interested parties who want to
evaluate the possibility of using biodiesel as a substitute
for commercial automotive diesel. EPA is an agency of the
United States federal government whose mission is to
protect human and environmental health. �e density of a
substance is determined by its mass divided by its volume.
When this index is higher, fuel will be more able to
generate energy. �e density of biodiesel fuel is greater
than that of petroleum diesel, so it generates more power
[4]. In the same way that gasoline’s octane number
speci�es gasoline’s combustibility and ignition charac-
teristics, diesel fuel’s cetane number (CN) shows diesel’s
[5]. �e higher the cetane number, the better the com-
bustion, and there is a correlation between it and ignition
delay time [6]. Compounds are structurally de�ned by
their cetane number. It is generally the case that the cetane
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number increases as the chain length and unsaturation
decrease in fatty acid esters.

2. Fuel Characterisation

,e characterization of fuel consists of identifying its
physical and chemical properties through various laboratory
tests. It is important to know these parameters because the
design of automotive fuel tanks, pumps, and lines is based on
the physical and chemical properties of the fuel to be used, to
avoid wear, evaporation losses, and pressure drops.

3. Combustion Test

,emain combustion tests that an engine undergoes include
exhaust emission and combustion process failures. Flue gas
analysis consists of measuring the amount of pollutant gases
emitted by the engine into the atmosphere. ,e following
gases are typically analysed: emissions of nitrogen oxides
(NOx and NO), carbon monoxide (CO), particulate matter,
and opacity.,emost important of which is the air emission
standard from fixed combustion sources, which establishes
the maximum permissible levels of gas emissions from the
exhaust of internal combustion motorbikes [7]. Failures in
the combustion process are necessary for the reliable and
safe operation of machinery; the risk of faults and the time
an engine is out of service can be reduced only if potential
problems are anticipated and avoided. ,erefore, one of the
tools available for the analysis of failures in the combustion
process is the analysis of the engine’s performance.

4. Results and Discussion

4.1. Optimization of the Fuel. To establish the factors
influencing the performance of the liquid fuel production
process, the data given in Table 1 are checked for normal
behaviour, which is a necessary condition for the application
of the completely randomised design. For the use of this
model, temperature is considered as an input factor and
liquid volume is an output factor, and the result is a p value
of 0.011, which is a value lower than 0.06 with a confidence
level of 96%, which shows that the temperature variable has a
significant influence on the experiment. Considering the
pressure variable with FE, a p value of 0.69 is obtained, and
with the residence time FE, the p value� 0.61; as can be seen,
the values are greater than 0.05, which shows that they are
not statistically significant and are therefore discarded from
the experiment. In addition, polynomial regression is per-
formed with the data given in Table 2 to identify the
maximum point of the curve (Figure 1), and the optimum
temperature (x-axis) is determined to obtain the highest
liquid volume (y-axis). Based on fourth-degree polynomial
regression, the following equation is obtained:

y � −1E − 2.8 + 0.0003 − 0.1356 + 14.9x − 1207. (1)

Considering this equation, the maximum critical tem-
perature point is calculated to be 377°C, which produces the
highest volume of liquid fuel.

4.2. Physicochemical Characterization. ,e physicochemical
analysis of the liquid fuel obtained determined that it has
characteristics typical of petroleum-based fuels. Table 3
provides the physicochemical properties of the algae fuel
with ASTM standard. ,e algae fuel has the characteristic
color and smell of petroleum products; the density and API
gravity correspond to medium crude oil [8].

4.3. Characterisation of Polycyclic Aromatic Hydrocarbons.
,e gas chromatograph analysis shows that of the six PAHs
analysed, the concentration results of which are given in
Table 4, fluoranthene and benzo (a) pyrene are those found
in the highest proportion in the chemical composition of the
algae fuel; the volume percentage of the six PAHs analysed
corresponds to 1.49% of the liquid fuel [9].

5. Comparison of the Combustion Process

,e emissions of nitrogen oxides (NOx and NO), carbon
monoxide (CO), particulate matter, and opacity are ana-
lysed, and to establish the failures in the combustion process,

Table 1: Liquid fuel production process tests.

Temperature (°C) Pressure (Psi) Holding time
(min)

Liquid volume
(cm3)

350

56 10 4.5
16 10 4.7
56 20 4.5
16 20 4.8

460

56 10 4.2
16 10 4.1
56 20 4.4
16 20 4.2

Table 2: Tests to determine greater fuel efficiency.

Temperature (°C) Liquid volume (cm3)
290 5.01
320 5.74
350 6.27
380 6.94
410 6.03
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Figure 1: Temperature calibration curve.
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noise and vibrations are analysed; this comparison is
established at 00 rpm and 2000 rpm of the engine.

5.1. NOx, NO, and CO Gas Emissions. ,e test data at
1000 rpm show that commercial diesel emits 94%more NOx
than algae fuel and 110% more NOx. ,e algae fuel emits
255% more CO than commercial diesel, as shown in
Figure 2. With the data obtained from the measurements
shown in Figure 2, we proceeded to transform them into
units of the reference standard; the value obtained for NOx is
120mg/m3, which is less than the value established in the
standard (2200mg/m3), and as for CO and NO emissions,
there is no standard application. In the 2000 rpm test
(Figure 2), the process fuel emits 98% more nitrogen oxide
(NOx), 98%more nitrogen monoxide (NO), and 276%more
carbon monoxide (CO) than commercial diesel [10]. With
the data obtained from the measurements shown in Figure 2,
we proceeded to transform them into the units of the ref-
erence standard; the value obtained for NOx is 120mg/m3,
which is less than the value established in the standard
(2350mg/m3), and as for CO and NO emissions, there is no
standard application.

5.2. Particulate Matter Emission. For the particulate emis-
sion test, a comparison is made with commercial diesel at
1000 rpm and 2000 rpm, taking the measurements with the
diesel exhaust gas tester [11]. Figure 3 shows the particulate
concentration at 1000 rpm, and it is observed that the
particulate emission of the algae fuel is 58.4% higher than
that of diesel. Algae fuel compared to diesel at 2000 rpm, as
shown in Figure 3, has a higher percentage of 46.3% than
commercial diesel. According to the analysis of the fixed
combustion sources in the maximum permissible limits of
emissions to air for internal combustion engines, the fuel of
the process at 1000 rpm is within the limits established for
new sources, and at 2000 rpm, it exceeds the established
value by 91.3%.

In the results for smoke opacity, where diesel and
algae fuel are compared, both are within the limits
established by the ASTM standard. In the 1000 rpm tests,
the opacity of the fuel obtained is 538% higher than the
opacity of the diesel, as shown in Figure 3. For the
2000 rpm tests, the opacity of the fuel obtained is 2589%
higher than the opacity of the diesel, as shown in Figure 3.
For the opacity analyses, a diesel exhaust gas tester was
used, which determines that the k-factor of the algae fuel
is 0.13, equivalent to 1.4% opacity, which represents a
higher index compared to the k-factor of diesel which is
0.022, equivalent to 0.3% opacity, for the data obtained at
1000 rpm. Likewise, for 2000 rpm, the k-factor is 3.77,
which is equivalent to 37.7% opacity; therefore, it is a
higher index compared to the diesel k-factor of 0.15
corresponding to 1.5% opacity [12].

Table 3: Physicochemical characteristics of the fuel obtained.

Parameter Value
Density (g/cm3) 0.88
Viscosity (centipoise) 1.11
Flashpoint (°C) 20.5
Freezing point (°C) −39.3
Cetane number 46.7
Distillation temperature of 90% (°C) 320
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Table 4: ,e concentration of PAHs in the fuel.

PAHs
Concentration

ppm %
Fluoranthene 6090 0.62
Benzo (b) fluoranthene 442 0.05
Benzo (k) fluoranthene 0 0
Benzo (a) pyrene 4893 0.50
Indene pyrene 2100 0.22
Benzo perylene 1377 0.14
Total 14 902 1.5
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5.3. Combustion Noise. Figure 4 shows the kurtosis and
crest factor values of the algae fuel, which are higher than
those of diesel, thus leading to variations in the noise am-
plitude, while the RMS value showing the noise concen-
tration at 1000 rpm is higher than those of diesel, which leads
to variations in the noise amplitude, while the RMS value
showing the noise concentration at 1000 rpm is higher than
those of diesel [13]. In this case, the kurtosis factor and the
crest factor of the algae fuel are lower than the diesel values,
which means that there is no considerable variation in the
noise amplitude, while the RMS value is higher for the fuel
obtained, which means more energy contained in the noise
and therefore more noise [14, 15], as shown in Figure 4.

6. Conclusions

After carrying out the gas and particle emissions tests, it was
determined that the diesel had better combustion results,
showing values well below the emissions of the algae fuel,
which also shows an excessive generation of white smoke, a
symptom of early combustion in the chamber. When
comparing the combustion of algae fuel, it is established that
in idling conditions at1000 rpm, the two fuels are within the
maximum permissible limits of the Ecuadorian regulations
for stationary combustion sources in the emission of NOx
and particulates. In the combustion process, acceleration
emissions at 3000 engine rpm are determined to be below the
maximum permissible limits. ,e results of the failure of the
combustion process are determined using noise and vi-
bration analysis. In the tests at 1000 rpm, 2000 rpm, and
3000 rpm, it is determined that the engine presents more
difficulties in the combustion process of the algae fuel in
comparison with commercial diesel, finding greater noise
and vibrations that generate high wear in the engine parts.
Once the results have been analysed, it is shown that the
sustainability of the transesterification process does not
constitute a methodology for the management through the

analysis of the combustion test in the diesel engine because
the fuel obtained from the process has higher emissions of
pollutants (CO, NO, NOx, particulates, and opacity) and
combustion failures affecting the engine.

Data Availability

,e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

,e authors declare that they have no conflicts of interest.

References

[1] P. R. Ganesh, K. H. Reddy, J. M. Babu, and M. S. Chandra,
“Experimental investigation of performance, emission and
combustion characteristics of a di-diesel engine fuelled with
aqueous cerium oxide and aqueous aluminium oxide nano-
particle additives,” in Recent Trends in Mechanical Engi-
neeringSpringer, Berlin, Germany, 2021.

[2] G. Vaidya, P. P. Patil, S. E. N. E. R. Arif Senol et al., “Chlorella
protothecoides algae oil and its mixes with lower and higher
alcohols and Al2O3 metal nanoadditives for reduction of
pollution in a CI engine,” Journal of Nanomaterials, vol. 2022,
Article ID 9658212, 6 pages, 2022.

[3] S. Manigandan, R. Sarweswaran, P. Booma Devi et al.,
“Comparative study of nanoadditives TiO2, CNT, Al2O3,
CuO and CeO2 on reduction of diesel engine emission op-
erating on hydrogen fuel blends,” Fuel, vol. 262, Article ID
116336, 2020.

[4] C. V. P. Pascoal, A. L. L. Oliveira, D. D. Figueiredo, and
J. C. C. Assunção, “Optimization and kinetic study of ul-
trasonic-mediated in situ transesterification for biodiesel
production from the almonds of Syagrus cearensis,” Renew-
able Energy, vol. 147, no. 1, pp. 1815–1824, 2020.
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