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ABSTRACT 

In today’s world machine learning is the most important and powerful technology.It is a tool which convert the 

information into knowledge using various algorithms.It will find the model, patterns etc.It can predict the future 

things using the data for decision making. Intoday’s era proportion of diseases highly increasing due to 

pollution, living of standards and many more reasons.Its data is also available so from that data machine 

learning techniques predict the no of diseases provided the symptoms or characteristics into dataset.It is very 

useful techniques for doctors for decision making and also useful for patients.ML promises upgraded accuracy 

and diagnosis of diseases.This paper studies the analysis of different machine learning algorithm for prediction 

of heart disease,thyroid, diabetes and breast cancer diseases.It carries prognosis of diseases and decision-

making system consequently. 

Keywords: Machine learning, prediction, diseases, techniques 

 

I. INTRODUCTION 

Machine learning is a methodology for devolving computational, mathematical, statically patterns from data. 

Nowadays it is used in various sectors like healthcare, agriculture, business etc. Machine learning algorithms are 

organized into taxonomy, based on the desired outcome of the algorithm. Common algorithm types include:  

1.1Supervised learning   

Where the algorithm generates a function that maps inputs to desired outputs. One standard formulation of the 

supervised learning task is the classification problem: the learner is required to learn (to approximate the 

behaviour of) a function which maps a vector into one of several classes by looking at several input-output 

examples of the function[1]. 

1.2Unsupervised learning   

Which models a set of inputs: labelled examples are not available[1]. 

1.3Semi-supervised learning  

Which combines both labelled and unlabelled examples to generate an appropriate function or classifier[1]. 

1.4Reinforcement learning  

 Where the algorithm learns a policy of how to act given an observation of the world. Every action has some 

impact in the environment, and the environment provides feedback that guides the learning algorithm[1]. 
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1.5Transduction  

Similar to supervised learning, but does not explicitly construct a function: instead, tries to predict new outputs 

based on training inputs, training outputs, and new inputs[1]. 

1.6Learning to learn  

Where the algorithm learns its own inductive bias based on previous experience[1] 

Following figure shows types of machine learning according to taxonomy. 

 

 

                    Fig.1.Types of Machine Learning 

Machine learning algorithms can also be classified according to the type of computation they can perform on a 

given dataset. Common types of computation include[1]:  

 Classification: learn to put instances into pre-defined classes 

 Association: learn relationships between the attributes 

 Clustering: discover classes of instances that belong together  

 Numeric prediction: learn to predict a numeric quantityinstead of a class 

Today, in medical sciences disease diagnostic test is a serious task. It is very important to understand the exact 

diagnosis of patients by clinical examination and assessment. For effective diagnosis and cost-effective 

management, decision support systems that are based upon computer may play a vital role. Health care field 

generates big data about clinical assessment, report regarding patient, cure, follow-ups, medication etc. It is 

complex to arrange in a suitable way. Quality of the data organization has been affected due to inappropriate 

management of the data. Enhancement in the amount of data needs some proper means to extract and process 

data effectively and efficiently[2].The aim of machine learning research in healthcare is not, of course, to 

replace human doctors or nurses, but rather to supplement and provide support where humans struggle. By 

doing precisely what human can’t, namely processing huge amounts of data quickly, machine learning methods 

can both improve the quality and consistency of care on a large scale. Additionally, machine learning has 

promise in aiding more basic research in healthcarerelated fields, such as automated drug discovery, genomics, 

and computational biology[3].Machine learning helps computers to learn and act accordingly. It helps the 
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computer to learn the complex model and predict the data and also has the ability to calculate complex 

mathematics on big data. The machine learning based heart disease predicting systems will be precise and will 

reduce the risk. The value of machine learning technology is recognized well in health care industry which has 

large pool of data. It helps medical experts to predict the disease and lead to improvise the treatment. Machine 

learning predictive models such as decision tree, k-nearest neighbour, logistic regression, random forest, support 

vector machine are utilized to predict whether a person is having disease or not[4]. 

 

II.PREDICTION OF DIFFERENT DISEASES USING DIFFERENT ALGORITHMS 

There are many researchers used many algorithms for prediction of diseases.this paper study different diseases 

heart, breast cancer,thyroid,diabetesdiseases and analysis of the different paper. Following table shows the 

diseases and algorithm used for prediction. 

TABLE I 

Sr.No Name of disease ML algorithms 

1 Thyroid disease Decision tree,SVM, naïve Bayes 

2 Breast cancer disease Random forest, SVM, KNN, NB, 

GA, DT 

3 Heart disease Hybrid ML like SVM,RF, DT, 

KNN 

4 Diabetes disease SVM,Naïve Bayes,RF 

 

1.1Thyroid Disease 

Barik et.al.,[5] presented thyroid disease classification using differential evolution with SVM. The results show 

that the proposed Evolutionary Multivariate Bayesian Prediction classifier model achieves remarkable 

dimensionality reduction from among the 7200 medical datasets obtained from the UCI repository with 21 

attributes (Continuous -15; Discrete - 6). 21 epochs (runs) are carried out for the data and after stabilization, the 

data are classified as Hyper, Hypo and Normal classes. The results are evaluated based on ten evaluation metrics 

and the accuracy of classification is 97.97%. 

Ionińă et.al.,[6] discussed data mining techniques for prediction of thyroid disease analysed and compared four 

classification models: Naive Bayes, Decision Tree, Multilayer Perceptron and Radial Basis Function Network. 

The results indicate a significant accuracy for all the classification models mentioned above, the best 

classification rate being that of the Decision Tree model (accuracy 96.91%). The data set used to build and to 

validate the classifier was provided by UCI machine learning repository and by a website with Romanian data. 

The framework for building and testing the classification models was KNIME Analytics Platform and Weka, 

two data mining software. 

Raghuraman et.al.,[7] presented thyroid disorder blood discovery and prediction using machine learning 

algorithms.an experiment carried out by SVM,decision tree and naïve Bayes algorithms.The dataset contains the 

record of 3500+ patients of almost all age groups. It is observed that the Decision Trees accuracy (97.69%) 

outperformed the SVM accuracy of the network to diagnose the thyroid disease. 

         From above literature decision tree have high accuracy than other classifiers for prediction of thyroid 

disease. 
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1.2Breast Cancer Disease 

Asri et.al.,[8]worked on prediction and diagnosis of breast cancer risk using machine learning.They have used 

DT,SVM,KNN and Naïve Bayes classifier and Wisconsin Breast Cancer (original) datasets is used as data for 

ML. Experiment conducted on WEKA Tools.SVM gives highest accuracy (97.13%) with lower error rate. 

Kumar et al.,[9] discussed an efficient prediction of breast cancer data using data mining technique. For thus 

study they used WBC dataset. Comparing six classification technologies in WEKAsoftware. According to 

accuracy the most accurate result found by SVM classifier (accuracy 97.59%) with low error rate2.41%. 

Ganggayah et.al.,[10]presented analysis of prognostic factors of breast cancer survival using machine learning 

techniques. prediction models were built using decision tree, random forest, neural networks, extreme boost, 

logistic regression, and support vector machine Model evaluation using random forest algorithm yielded slightly 

better accuracy (82.7%) when compared to other algorithms. The important variables identified in this study 

were cancer stage classification, tumour size, number of total axillary lymph nodes removed, number of positive 

lymph nodes, types of primary treatment, and methods of diagnosis. 

A. LG and E. AT[11] used three machine learning algorithms for predicting breast cancer recurrence. They 

implemented machine learning techniques, i.e., Decision Tree (C4.5), Support Vector Machine (SVM), and 

Artificial Neural Network (ANN) to develop the predictive models. The patients were registered in the Iranian 

Center for Breast Cancer (ICBC) program from 1997 to 2008. The dataset contained 1189 records.The SVM 

classification model predicts breast cancer recurrence with least error rate and highest accuracy (95.7%). The 

predicted accuracy of the DT model is the lowest of all. The results are achieved using 10-fold cross-validation 

for measuring the unbiased prediction accuracy of each model. 

             From above literature SVM is the best classifier with high accuracy for predicting breast cancer. 

1.3HeartDisease 

Lakshmanarao et al.,[12] has built a prediction model for heart disease using ML technique. They used Decision 

tree, Support Vector Machine, K Nearest Neighbour and Random Forest algorithms are used in the prediction of 

heart disease and hybrid of these algorithms provides 94 % accuracy.This method proved the accuracy of 

highest prediction rate. 

Lutimathet al.,[13]they built up a productive strategy to procure the clinical and ECG information, in order to 

group the information in unsupervised way utilizing k-means clustering technique to precisely analyze the heart 

and anticipate irregularities assuming any. The general procedure can be ordered into three stages. At last they 

utilizedthis two information’s i.e. ECG and clinical information for grouping by k-means approach for ordering 

the coronary illness and to anticipate variations from the norm in the heart or it's working by contrasting the 

class and the real class. They at that point locate the most imperative highlights of the dataset utilizing molecule 

swarm enhancement and bolster vector machines coupled together and after that apply a similar calculation on 

the decreased dataset.  They looked at theoutcomes acquired from the original dataset with the reduced dataset. 

Mohan et al.,[14] proposed a novel method that aims at finding significant features by applying machine 

learning techniques resulting in improving the accuracy in the prediction of cardiovascular disease. The 

prediction model is introduced with different combinations of features and several known classification 

techniques. They produced an enhanced performance level with an accuracy level of 88.7% through the 

prediction model for heart disease with the hybrid random forest with a linear model (HRFLM). 
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 From above literature, hybrid machine learning is very useful for prediction of heart diseases. 

1.4. Diabetes Disease 

Fiarni et al.,[15] constructed prediction model of diabetes complication disease using data mining algorithm in 

Indonesia.In this research, the diabetes risk factor narrowed into seven features, which are Age, Gender, BMI, 

Family history of diabetes, Blood pressure, duration of diabetes suffers and Blood glucose level. Naïve Bayes 

and C4.5 decision tree-based classification techniques and k means clustering techniques were used to analysed 

the dataset.accuracy of the proposed model is 68%, with the higest accuracy on Retinophaty prediction model. 

The model generates rule from diabetic medical data into four groups, which are nephropathy, retinopathy, 

neuropathy and mixed complications 

Sisodia et al.,[16] designed a model for prediction of diabetes using classification algorithms.Three machine 

learning classification algorithms namely Decision Tree, SVM and Naive Bayes are used in this experiment to 

detect diabetes at an early stage. Experiments are performed on Pima Indians Diabetes Database (PIDD). 

Results obtained show Naive Bayes outperforms with the highest accuracy of 76.30% comparatively other 

algorithms.The performances of all the three algorithms are evaluated on various measures like Precision, 

Accuracy, F-Measure, and Recall. 

K. and Chitra[17]used SVM for classification of diabetes disease.The Pima Indian diabetic database at the UCI 

machine learning laboratory has become a standard for testing data mining algorithms to see their prediction 

accuracy in diabetes data classification. The proposed method uses Support Vector Machine (SVM), a machine 

learning method as the classifier for diagnosis of diabetes. The machine learning method focus on classifying 

diabetes disease from high dimensional medical dataset. The experimental results obtained show that support 

vector machine can be successfully used for diagnosing diabetes disease.accuracy of SVM is 78%. 

For prediction of diabetes literature said that SVM is best classifier as a prediction model. 

 

III.CONCLUSION 

Machine learning technique is very useful in mathematical, statistical and computational data.A machine 

learning technique plays a very important role in healthcare. due to this we can predict the diseases in short 

time.ML algorithms a very useful and shows its accuracy also. According to accuracy of ML SVM algorithms is 

very useful for prediction of diseases.In thyroid disease prediction decision tree show high accuracy.SVM also 

show high accuracy in breast cancer disease. In heart disease hybrid technique shoe best accuracy and in 

diabetes SVM perform very good accuracy.So above technique is very useful for taking quick decision and for 

predicting any disease. 
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Chapter

An Insight into Biofunctional
Curcumin/Gelatin Nanofibers
Nand Jee Kanu, Eva Gupta, Venkateshwara Sutar,

Gyanendra Kumar Singh and Umesh Kumar Vates

Abstract

Electrospinning (ESPNG) was used to synthesize ultrathin (UT) and uniform
nanofibers (from 5 nm to a few hundred nanometers) of various materials which
have biomedical applications (BAs) such as dressing of wounds, drug discharge,
and so on and so forth. In the first half of the report, there is an audit on the
nanofibers having low diameter so that it could have larger surface area to volume
proportion, likewise with that it would have sufficient porosity and improved
mechanical properties required for wound healing. Nanofibrous mats (NMs) with
high biocompatibility could be utilized during healing of wounds by sustained
release of curcumin (Cc) and oxygen. The ESPNG was understood through in-
depth numerical investigation in the present report. Furthermore, the process
parameters (PMs) were reviewed in depth for their contributions in synthesizing
UT - Curcumin/Gelatin (Cc/G) nanofibers (NFs) of optimum diameter. The aim of
the discussion was to demonstrate that simply optimizing biofunctional (BF) - Cc/G
NFs might not be enough to satisfy experts until they are also given access details
about the complete ESPNG method (mathematical mechanism) to improve hold
over the synthesis of NMs (suitable for BAs) for the release profile of Cc throughout
critical periods of healing process.

Keywords: curcumin/gelatin (Cc/G), nanofibers (NFs), nanofibrous mats (NMs),
electrospun (ES), electrospinning (ESPNG), biomedical applications (BAs),
methanoic acid (HCOOH)

1. Introduction

1.1 Biofunctional (BF) - curcumin/gelatin (cc/G) nanofibers (NFs)

The impact of new revelations in the field of nanotechnology widespreadly
affects the wellbeing sciences (Table 1). In biomedical field, the possible parts of
NFs applications which resemble drug delivery and tissue science and medicine
have been researched in the article. In spite of the fact that electrospinning
(ESPNG) was considered as a reasonable system for the polymer nanofibers that
were polymeric, biodegradable or non-biodegradable, manufactured or common
and so on, which were with uniform distances across ranges from 5 nm to a few
hundred nanometers [2–4]. The ESPNG procedure was favored over other regular
strategies in published papers for the synthesis of polymer nanofibers [5–8]. The
requirements for the biopolymers such as their restricted dissolvability in natural
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solvents due to high particle size, as well as their expensive purifying steps and their
suitable polymeric solutions because of their inclination to frame hydrogen bonds,
were controlled subsequent to mixing with engineered polymers in any case these
restrictions may limit their ESPNG process for nanofibrous mats (NMs) [9].

The nanofibrous mats (NMs) which were prepared from ES collagen nanofibers
were utilized for applications of tissue science and medicine [8]. Additionally, Aloe
vera which is a characteristic polymer also holds potential to be used for tissue
science and medicine applications because it has a cancer prevention agents and it is
totally not harmful to living tissues [10, 11]. The BAs of some other ES nanofibers
were discussed in Table 1. Gelatin (G), a polymer made up of proteins and pep-
tides, is not harmful to living tissues. As a result, it was thought to be a fair and
healthy option when it came to dressing dangerous injuries, such as diabetic ulcers.

Due to their considerable tensile strength compared to traditional fibers (with
diameters ranging over 100 nm), the low profile NFs can serve as a suitable material
while healing and act as barriers to protect the wound (Figures 1 and 2) [11–14].
Gelatin is also noted for its high water absorption and fluid affinity, making it an
ideal option for the moist healing process. In methanoic acid, gelatin (a natural
biopolymer that is a denatured form of collagen) is quite soluble. Collagen is a
protein found in the extracellular matrix (ECM) of humans and animals, but it is
costly due to its production processes [15–25]. The properties of these nanofibers
can also be regulated according to requirements by optimizing input process
parameters (PMs) such as high potential power supply, solution’s resistance to the
flow, length between the NFs collector and emitter, and feed rate, according to the
authors. Methanoic acid was clearly used as a natural unstable dissolvable in the
ESPNG to disintegrate gelatin (G) at room temperature. Recently, the use of G-
nanofibers with sufficient tensile strength for fabricating NMs has got a lot of
attention for antimicrobial applications [26–30]. In addition to their light weight
(LW), effective spinning of minimum diameter nanofibers provides a large surface
area of these nanofibers. It was fundamentally required for the purpose of dressing
the wounds and for other BAs (Table 1). Mindru et al. [31] succeeded in synthesiz-
ing NMs of sufficient strength for BAs using methanoic acid. Rather than cytotoxic

Few ES - NFs loaded with Cc Potential application in wound

healing/ dressing, so on

Few Cc loaded NFs including (a) polycaprolactone-

polyethylene glycol; (b) poly (3-hydroxybutyric acid-co-3-

hydroxyvaleric acid) (PHBV); (c) poly(lactic acid)

hyperbranched polyglycerol; (d) ε� polycaprolactone/

polyvinylalcohol; and so on

Potential wound healing application

Few Cc loaded NFs including tragacanth/ poly(ε-caprolactone)

NFs

Potential application in dressing of

diabetic wound based on in vivo

Few Cc loaded NFs including almond gum/ polyvinyl alcohol

(PVA) NFs

Therapeutic capacity and

bioavailability

Few Cc loaded NFs including Zinc-Cc with coaxial NFs Orthopedic applications

Few Cc loaded NFs including (a) zinc NFs; (b) cellulose

acetate/ polyvinylpyrrolidone NFs; (c) polyurethanes NFs; (d)

gelatin (G) NFs; and so on

Antibacterial application

Few Cc loaded NFs including chitosan/ poly (vinyl alcohol)

(PVA) NFs; and so on

Sustained drug release

Table 1.
Potential applications of biofunctional (BF) - curcumin (cc) based electrospun (ES) NFs (reprinted with
permission from ref. [1]. Copyright 2020 IOP publishing).
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solvents, Maleknia et al. [32] utilized HCOOH/water to get ready solutions for the
ESPNG of G-nanofibers which can be utilized for BAs such as dressing of wounds,
delivery of pharmaceuticals, and for tissue science and medicine. They were suc-
cessful in synthesizing G-nanofibers with 197 nm diameter. Chen et al. [33] utilized
methanoic acid and ethanol to have the improvement in the volatility of the dis-
solvable rather than cytotoxic solvents while setting up the dissolvable for prepar-
ing ES G-nanofibers. For medication conveyance, the nanofibrous mats broke in a
rapid manner in fluid polymeric solutions. Aytac et al. [23] research suggests that ES

Figure 1.
The BF - ES NFs were crosslinked to improve tensile strength of the NMs (reprinted with permission from ref.
12. Copyright 2017 springer nature).

Figure 2.
The event of cc discharge was shown with time (reprinted with permission from ref. 12. Copyright 2017
springer nature). The need to crosslink the ES - NFs was illustrated.
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G-NFs exemplified with ciprofloxacin/hydroxypropyl-beta-cyclodextrin incorpo-
rating complex will break down quicker in water than ES G-nanofibers stacked with
ciprofloxacin. Using a dialysis process, Yabing et al. [21] synthesized drug-loaded
micelles (poly(ethylene glycol)-block-caprolactone copolymer) and integrated
these pharmaceuticals into ES G-NFs. The NMs developed using ES NFs have
considerable surface regions and such NFs have a significant contribution in tissue
science and medicine. The solvent utilized here was the methanoic acid for ESPNG
BF-nanofibers which leads to different BAs such as enzyme immobilization, mate-
rials for bone recovery, antifungal and antibacterial exercise in the release of med-
ications, bioactive materials encapsulation during packaging of food and dressing of
wounds [34].

The turmeric extracted from Curcuma longa, which was regular turmeric (her-
baceous plant) and is broadly utilized in Asian countries like India and China, as a
bioactive compound with potent anti-inflammatory and antioxidant properties in
medicine. Synthetic dimethoxycurcumin has been found to be more effective than
natural curcumin (Cc) at destroying cancer cells (which is the leading cause of
death in the world) (derived from the plant) [35–45]. Ramrezagudelo et al. [36]
incorporated antibiotic doxycycline pharmaceuticals (mitochondrial biogenesis
inhibitors that may limit cancer stem cells in the early stages of breast cancer) into
ES hybrid poly-caprolactone/gelatin/hydroxyapatite soft NMs and assessed these
drug delivery meshes as effective antitumor and antibacterial scaffolds (Figure 3).
The utilization of methanoic acid as dissolvable for solutes such as Cc and gelatin (G)
has been the favored decision in numerous BAs. Researchers have successfully pre-
pared solutions of Cc and dimethoxycurcumin utilizing methanoic acid [35, 46–48].
After 12 hours, higher concentrations of Cc, such as 17 percent Cc loaded poly
(ε-caprolactone) (PCL) NFs, should release more Cc at a particular rate than lower
concentrations such as 3 percent Cc loaded PCL NFs. (Figure 2) [11, 12]. Utilization
of PCL-Cc polymeric solutions, BF-ES nanofibers were prepared [11–14, 48].

Figure 3.
Preparation of cc loaded ES NFs for sustained release of pharmaceuticals for potential healing process
(reprinted with permission from ref. 13. Copyright 2018 John Wiley and Sons).
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Xinyi et al. [12] synthesized curcumin/gelatin (Cc/G) nanofibrous mats and
studied the arrival of Cc on rodent models (intense injury) by means of an in vitro
approach. The healing process was tested by treating rodents utilizing the Cc/G
nanofibrous mats (investigations done on the third, seventh, and fifteenth days
subsequent to injuring). It inspired us to create Cc-loaded gelatin NFs suitable for
the fabrication of NMs for the application of Cc and oxygen to the wound on a long-
term basis (during healing) [13]. These NMs will then have antioxidant and anti-
inflammatory properties, making them ideal for the healing process [13, 48–66].

1.2 Mechanism behind electrospinning (ESPNG) of cc/G nanofibers (NFs)

The process of electrospinning (ESPNG) utilizes an electric field applied to the
emitter and a ground terminal to pull back a thread of polymeric solution out of the
opening of the emitter. In the process of ESPNG, the Maxwell electrical pressure

was set as per ratio, V
2

d2
; where permittivity was 0ε0, a high potential power supply

was 0V 0 and the electrode spinning gap was shown with 0d0: The critical high

potential power supply (Vc) was
ffiffiffiffiffi

γd2

εR

q

, and it must exceeded before any jet could

spread out from the needle tip. For, γ ¼ 10�2kg=s2, d ¼ 10�2m, ε ¼ 10�10C2= Jmð Þ

andR ¼ 10�4m, a high potential power supply around 10 KV was necessary to form
a jet of any type. The polymeric solution of the Laplace condition (utilized in the
modeling) in the feeble polarization limit depicts the electrostatics in the fluid stage
in an axisymmetric indirect support framework (r, θ,ϕ) with the vertices of the
Taylor cone at the source which can be shown using general Eq. (1).

ψ1 r, θð Þ ¼ Anr
nPn cos θð Þ; forθ0 ≥ θ≥0,

ψ g r, θð Þ ¼ Bnr
nPn π � θð Þ; forπ ≥ θ≥ θ0 (1)

Eq. (1), V ¼ 4
3 πr

3, was the drop in the volume of fluid, here the spinning gap r

which was from the cone vertex of angle 2θ0 to the emitter tip and the state of the
drop was said to be utilizing a Taylor cone, accordingly was described as r ¼ R zð Þ:
Later on the z- axis was corresponding to the applied electric field with z∈ �l, l½ �,
where l was the length if the semi-long pivot of the drop and limit condition
θ0 ≥ θ≥0 represents the boundary condition of the fluid. Pn [x] was the Legendre’s
function, where An and Bn were constants. They suggested a model for ESPNG
polymeric nanofibers which relies upon a sink-like flow towards the vertex of the
Taylor cone. The course of action of the flow in axisymmetric polar headings
r, ε, 0ð Þ was given utilizing conditions (2) and (3).

vr ¼
vF εð Þ

r
(2)

F εð Þ ¼ b 3 tanh 2

ffiffiffiffiffiffiffi

�b

2

r

 !

α� εð Þ þ 1:146

" #

� 2

( )

(3)

In the above Eqs. (2) and (3), velocity of the radial feed, vr, the kinematic
solution’s resistance to the flow of feed, v, the wedge/Taylor cone half angle, a, the
parameter, b which serves to decides the inertial concentration of stream on the
Taylor cone vertex/Taylor cone. With that the mass and charge conservations led to
expressions for v and σ in terms of R and E, also the force and E-field conditions
were assessed utilizing second-degree differential equations. Inclination of the
stream surface (R) was supposed as the highest from the origin of the nozzle and
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hence the initial result of z was equal to zero. Furthermore, PMs were discussed
using the set of Eqs. (4) [67, 68].

R 0ð Þ ¼ 1

E 0ð Þ ¼ E0

τprr ¼ 2rn
R0
0

R0
3

τpzz ¼ �2Tprr (4)

Here Eq. (4), the radius of the jet initially was 0R0
0 and the formula used for

calculating the jet velocity, υ0 ¼ Q
πR2

0K
, where the rate of discharge of the polymeric

solution, Q, and the conductivity of the liquid solution, K: Moreover, the electric
field (E0) was calculated using the formula, E0 ¼ I

πR2
0K

and the surface charge

density (σ0) was calculated using the formula, εE0, where the dielectric constant of
ambient air was 0ε0 and the constant was 0E0

0 which was to be used during simula-
tion of the ESPNG. The viscous stress (τ0) was calculated using the formula, τ0 ¼
η0ν0
R0

. A Newtonian liquid law of force for the liquid was summed up and for that the

shear pressure (τ) was given as τ¼ K ∂v
∂y

� �m
as shown using Eq. (5) [67]. The electric

field will overcome the surface tension of the polymer liquid and thereafter through
Taylor’s cone NFs will be pulled out and ES over the moving cylinder collector.

d σRð Þ

dz
≃ � 2R

dR

dz

� �

=Pe (5)

Furthermore, the response of 0E0 is a function of axial position (z) and it can be
shown in Eq. (6) [1, 69, 70].

d Eð Þ

dz
¼ ln χ

d2R2

dz2

 !

=Pe (6)

The model discussed above so far was found fit for foreseeing the conduct of the
PMs of the ESPNG [67].

2. Electrospinning (ESPNG) of cc/G nanofibers (NFs)

In the present investigation, we utilized set-up for ESPNG (Figure 4(a)). The
prominent four parts that were related to the ESPNG – PMs such as spinning gap
between the emitter and drum collector, high potential power supply, rate of feed,
and solution’s resistance to the flow of a polymeric solution (taken in a 2 ml needle
syringe). For the ESPNG process, a high potential power supply has been set across
the length of the moving cylindrical drum collector (covered with an aluminum
sheet) to pull NFs from Taylor’s cone formed at the tip of the syringe’s needle. The
NFs were stretched up from the polymeric solution containing a polar natural
solvent and a polymer solute in a definite proportion. After that, these NFs were
collected over the moving cylinder which was turned with a speed of around
1000 rpm so that the NFs with UT - diameters could be synthesized across by
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Figure 4.
The (a) ESPNG set up was used to synthesize (b), and (c) the UT - and BF - Cc/G NFs (Reprinted with
permission from Ref. [70]. Copyright 2020 IOP Publishing).
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extending them and adjusting them directly as well as improving their mechanical
properties. The four PMs were the spinning gap between the collector and needle’s
tip, rate of feed, solution’s resistance to the flow, and the high potential power
supply were considered [1, 69, 70].

For synthesizing the BF - NFs parameters were considered. The polymeric
solution was prepared after blending 1 percent curcumin (Cc) (0.1 g) with 1.5
percent G (0.15 g) in 10 ml of methanoic acid (98 percent concentrated). Other
than that, each other polymeric solution was prepared by mixing 1.2 percent Cc
(0.12 g) with 2 percent G (0.2 g) in 10 ml of methanoic acid (98 percent concen-
trated), both at room temperature. The examinations were done at room tempera-
ture, in encompassing air which had moisture around 80 percent.

The synthesis of NFs was done by varying the spinning gap between the tip of
the needle (10 cm and 15 cm), the rate of feed (0.1 ml h�1 and 0.15 ml h � 1), the
possible high potential power supply (15 KV and 20 KV), and the solution’s resis-
tance to the flow (65 cP and 70 cP, on account of the additional substances obses-
sions). For 48 hours, the mats were dried at room temperature to completely
remove the methanoic acid. The diameters of the NFs were then examined using
scanning electron microscopy (SEM) (Figure 4(b), and (c)).

3. The electrospun (ES) cc/G nanofibers (NFs): a state-of-the-art review

The diameter (nm) of the NFs was synthesized during the process of electro
spinning measures (Table 2). The differences in the outcomes (as far as the

Runs Spinning

gap (cm)

A

Feed Rate

(ml/h)

B

High potential

power supply (KV)

C

Solution’s resistance

to the flow (cP)

D

Mean Diameter

(nm)

1 Low - 10 Low - 0.1 Low - 10 Low - 65 205 � 22.5

2 High - 15 Low - 0.1 Low - 10 Low - 65 181 � 66

3 Low - 10 High - 0.15 Low - 10 Low - 65 270 � 16

4 High - 15 High - 0.15 Low - 10 Low - 65 280 � 20

5 Low - 10 Low - 0.1 High - 15 Low - 65 260 � 26.5

6 High - 15 Low - 0.1 High - 15 Low - 65 254 � 28

7 Low - 10 High - 0.15 High - 15 Low - 65 147 � 34

8 High - 15 High - 0.15 High - 15 Low - 65 286 � 31

9 Low - 10 Low - 0.1 Low - 10 High - 70 287 � 77

10 High - 15 Low - 0.1 Low - 10 High - 70 288 � 57

11 Low - 10 High - 0.15 Low - 10 High - 70 375 � 96

12 High - 15 High - 0.15 Low - 10 High - 70 206 � 56

13 Low - 10 Low - 0.1 High - 15 High - 70 308 � 74

14 High - 15 Low - 0.1 High - 15 High - 70 229.5 � 60

15 Low - 10 High - 0.15 High - 15 High - 15 235 � 47

16 High - 15 High - 0.15 High - 15 High - 70 274 � 53

Total
P

X ¼ 4085:5

Table 2.
The effect of PMs on diameters of cc/G NFs (reprinted with permission from ref. 1. Copyright 2020 IOP
publishing).
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diameters of the NFs) synthesized were as per the following: at a high potential
power supply such as 15 KV (at 15 cm distance, 0.1 ml h�1 rate of feed and 65 cP
solution’s resistance to the flow) utilizing a solution having 1.5 percent G, 1 percent
Cc in 10 ml of 98 percent concentrated methanoic acid, NFs with diameters around
254 nm (254 � 28 nm) which was quite larger than the 181 nm (181 � 66 nm)
(Figure 4(b)) spinning gap across got at 10 KV using similar polymeric solution
and keeping PMs at same levels. At a higher rate of feed such as 0.15 ml h�1 (at
10 cm distance, 15 KV high potential power supply, and 65 cP solution’s resistance
to the flow) utilizing a solution having 1.5 percent G, 1 percent cc in 10 ml of 98
percent concentrated methanoic acid, the diameter across of NFs were prepared
around 147 nm (147 � 34 nm) (Figure 4(c)) which was quite smaller than 260 nm
(260 � 26.5 nm) as the diameter synthesized at 0.1 ml h�1 rate of feed utilizing
similar polymeric solution and keeping PMs at same levels. At a higher rate of feed
such as 0.15 ml h�1 (at 15 cm distance, 10 KV power supply, and 70 cP solution’s
resistance to the flow) utilizing an solution having 2 percent G, 1.2 percent Cc in
10 ml of 98 percent concentrated methanoic acid, the diameter of NFs were pre-
pared around 206 nm (206 � 56 nm) which was smaller than 229.5 nm
(229.5 � 60 nm) as the diameter synthesized at 0.1 ml h�1 (at 15 cm distance, 15 KV
high potential power supply and 70 cP solution’s resistance to the flow) utilizing a
similar polymeric solution. For a higher concentration (2 percent G, 1.2 percent Cc
in 10 ml of 98 percent concentrated methanoic acid), the solution’s resistance to the
flow was prepared (utilizing a solution’s resistance to the flow - measurement set
up) to be 70 cP and afterward the diameter of the NFs increased to 235 nm
(235 � 47 nm) at 10 cm distance, 0.15 ml h�1 rate of feed and 15 KV high potential
power supply, from 147 nm (147 � 34 nm) (Figure 4(c)) (prepared at 1.5 percent
G, 1 percent Cc in 10 ml of 98 percent concentrated methanoic acid) at 10 cm
distance, 0.15 ml h�1 rate of feed, 15 KV high potential power supply and 65 cP
solution’s resistance to the flow. At a spinning gap between the collector and
needle’s tip such as 15 cm (0.15 ml h�1 rate of feed, 15 KV high potential power
supply, and 70 cP solution’s resistance to the flow) utilizing an solution having 2
percent G, 1.2 percent Cc in 10 ml of 98 percent concentrated methanoic acid, the
diameters of NFs were prepared around 274 nm (274 � 53 nm) which was larger
than the 235 nm (235 � 47 nm) diameter obtained for 10 cm spinning gap utilizing
similar polymeric solution and keeping PMs at same levels [1, 69, 70].

3.1 Design of experiments

The 2k factorial design algorithm was run to test the basic variables or PMs such
as the gap between collector and needle’s tip, rate of feed, high potential power
supply, and solution’s resistance to the flow (each changed at two unique levels such
as low (�) and high (+)) [71–73]. Accordingly, the total number of runs or trials
were 24 i.e., 16. Each of the 16 examples was inspected under scanning electron
microscopy (SEM) for characterization of diameters in nm (as listed in Table 2).
A few samples of the Cc/G NFs analyzed under SEM were shown in Figure 4(b),
and (c)). The UT – spongy NMs were synthesized under all process conditions
[1, 69, 70].

3.2 Analysis of variance

Analysis was performed to find the effects of PMs on the diameter of BF
nanofibers. Correction factor, CF (to calculate the sum of squares of PMs) was
evaluated using relationship (7).
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3.2.1 Correction factor (CF)

For diameter (nm), the correction factor (CF) was calculated as

CF ¼
ΣXð Þ2

n
¼

4085:5ð Þ2

16
ffi 1043207 (7)

Where the gross total of observed diameters ΣX and the number of iterations n,
was 16.

The effect of the factors can be assessed using Eq. (8).

ΣY low½ �

n

2

þ
ΣYhigh

� �

n

2

� CF (8)

Where Y is an input variable such as the spinning gap (A), Yhigh and Y low

represents the aggregate of all mean diameters synthesized at low (�)and high (+)
levels, individually, for the specific info variable with each whole assumed control
over the high and low estimations of different factors. The mean diameters for the
low (�) and high (+) levels of PMs were taken from Table 2 [1, 69, 70].

1. Sum of squares, spinning gap variable (cm),SSA

ΣAlow½ �

n

2

þ
ΣAhigh

� �

n
� CF

¼
205þ 270þ 260þ 147 þ 287 þ 375þ 308þ 235½ �

8

2

þ
181þ 280þ 254þ 286þ 288þ 206þ 229:5þ 274½ �2

8
� 1043207

¼ 489:5

The sum of the square of any interaction was assessed using Eq. (9).

ΣABlow½ �

n

2

þ
ΣABhigh

� �

n

2

� CF (9)

For any interaction such as AB, the SSAB was evaluated as follows:

2. Sum of squares for interaction AB, SSAB

ΣABlow½ �

n

2

þ
Σ ¼ ABhigh

� �

n

2

� CF

¼
181þ 270þ 254þ 147 þ 288þ 375þ 229:5þ 235½ �

8

2

þ

205þ 280þ 260þ 286þ 2870206þ 308þ 274½ �2

8
� 1043207

¼ 1000

Out of all interactions, the SSABC was recorded for its highest result around 9925.
The errors were added together and the ratio,MSerror was calculated using Eq. (10).
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MSerror ¼ SSerror=Verror ¼ 21 (10)

Where, representation of the number of errors was done by Verror, and in our case
it was one. Now, ratio which was calculated, using the F-distribution Table, which
was F esteemed for 95 percent degree of certainty as 7.71 and further inferred that the
diameter relies on factors: (a) - Interaction between spinning gap (cm), (ml h�1) rate
of feed and (KV) high potential power supply, (b) - Interaction between spinning gap
(cm) and solution’s resistance to the flow (cP), (c) D-Solution’s resistance to the flow
(cP), (d) - Interaction between rate of feed (ml h�1) and high potential power supply
(KV), (e) - Connection between spinning gap (cm) and high potential power
supply (KV), (f) - Interaction between rate of feed (ml h�1), high potential power
supply (KV) and solution’s resistance to the flow (cP), (g) - Interaction between
spinning gap (cm), (ml h�1) rate of feed, (KV) high potential power supply and
solution’s resistance to the flow (cP), (h) - Interaction between spinning gap (cm)
and rate of feed (ml h�1), (I) - Interaction between high potential power supply (KV)
and solution’s resistance to the flow (cP), (j) - Interaction between rate of feed
(ml h�1) and solution’s resistance to the flow (cP), (k) - High potential power supply
(KV), (l) A - spinning gap (cm), and (m) - Rate of feed (ml h�1).

3.3 Regression analysis

Every process parameter here has two levels such as low (�) and high (+) levels
and a degree of freedom (DOF), in this way we utilized a common regression model
to compute the minimum diameter of NFs based on the effects of interactions such
as β1, β2, β3, β4, β5, β6, β7, β8, β9 and β10 (in terms of contributions of interactions
between ABC-Interaction between spinning gap (cm), rate of discharge of poly-
meric solution (ml h�1) and high potential power supply (KV), AD -Interaction
between spinning gap (cm) and solution’s resistance to the flow (cP), BC - Interac-
tion between rate of discharge of polymeric solution (ml h�1) and high potential
power supply (KV), AC -Interaction between spinning gap (cm) and high potential
power supply (KV), BCD - Interaction between rate of discharge of polymeric
solution (ml h�1), high potential power supply (KV) and solution’s resistance to the
flow (cP), ABCD - Interaction between spinning gap (cm), rate of discharge of
polymeric solution (ml h�1), high potential power supply (KV) and solution’s resis-
tance to the flow (cP), AB -Interaction between spinning gap (cm) and rate of
discharge of polymeric solution (ml h�1), CD - Interaction between high potential
power supply (KV) and solution’s resistance to the flow (cP), BD-Interaction
between rate of discharge of polymeric solution (ml h�1) and solution’s resistance to
the flow (cP), respectively) as well as the main effects such as β3, β11, β12, and β13 (in
terms of contributions of D - Solution’s resistance to the flow (cP), C - High
potential power supply (KV), A -Spinning gap (cm), and B - rate of discharge of
polymeric solution (ml h�1), respectively), in Eq. (11).

Y Tnð Þ ¼ β0 þ β1T1 þ β2T2 þ β3T3 þ … þ βnTn þ η (11)

Where,

β0 ¼
XN

i¼1

Y i

N
¼

4085:5

16
¼ 255:344

Furthermore, the influence of each process parameter, P, was computed using
the relationship, YP ¼ �YPþ � �Yp�, where �YPþ and �Yp� stand for the sum of all mean
diameters prepared at low (�) and high (+) levels, respectively, for the particular
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input variable. The results of the corresponding mean diameters for the low (�) and
high (+) levels of the particular process parameter were taken from Table 2.

Therefore, the percentage contribution for ABC = 9925=41257:5ð Þ � 100 ¼ 24.
β1 ¼

1
2� The influence of the interaction, ABC¼ 25.

The general form of the regression equation was formulated and shown in
Eq. (12). Using Eq. (12), the minimum diameter of curcumin/gelatin (Cc/G) NFs
(nm) for sustained release of Cc could be evaluated after determination of the
coefficients (such as β1, β2, β3, β4, β5, β6, β7, β8, β9 and β10) of the interaction effect
(such as XABC,XAD,XBC,XAC,XBCD,XABCD,XAB,XCD and XBD) as well as the coef-
ficients (such as β3, β11, β12, and β13) of the basic PMs (such as XD,XC,XA, and XB).

Diameter ðnmÞ ¼  255:344þ 25XABC � 20:5XAD þ 20XD � 17:75XBC þ 17:25XAC þ 13XBCD

þ11XABCD þ 8XAB � 7:5VCD � 6:5XBD � 6XC � 5:5XA þ 3:75XB

(12)

The above model Eq. (12) was valid for the boundary conditions such as (a)
10≤XA ≤ 15 (cm), (b) 0:10≤XB ≤0:15 (ml h�1), (c) 10≤Xc ≤ 15 (KV),
(d)65≤XD ≤ 70 (cP).

The mean diameters (nm) of Cc/G NFs were varied with respect to PMs as
shown in Figure 5(a). It was observed that (a) with an increase in spinning gap
(cm), and high potential power supply (KV), the mean diameters (nm) of BF - NFs
were reduced; and (b) with the increase in the rate of feed (ml h�1), and the
solution’s resistance to the flow (cP), the mean diameters (nm) of the NFs were
increased. The influence of ABC - Interaction between spinning gap (cm), rate of
feed (ml h�1) and high potential power supply (KV), AD - Interaction between
spinning gap (cm) and solution’s resistance to the flow (cP), D-Solution’s resistance
to the flow (cP), BC - Interaction between rate of feed (ml h�1) and high potential
power supply (KV), and AC - Interaction between spinning gap (cm) and high
potential power supply (KV) were quite significant.

The contour plots (2D plots) of the mean diameters of NFs with respect to basic
PMs were shown in Figure 5(b) and (d) [1]. Figure 5(c) and (e) [1] show the fitted
model’s predicted 3D response surface plots of the mean diameters (nm) of Cc/G
NFs formed. The contributions of ABC-Interaction between spinning gap (cm),
feed rate (mL/h), and power supply (KV), AD-Interaction between spinning gap
(cm) and solution’s resistance to the flow (cP), D-Solution’s resistance to the flow
(cP), BC-Interaction between feed rate (mL/h) and power supply (KV), and AC-
Interaction between spinning gap (cm) and power supply (KV) had significant
effects of 24 percent, 15.5 percent, 12 percent, and 11.5 percent, respectively, over
the preparation of Cc/G NFs with minimum diameters. Figure 5(f) shows the
optimized parameter settings. Shifting the red lines to find the optimum results of
PMs within the range may be used to estimate the effects of important PMs on the
mean diameter (nm) of Cc/G NFs. The composite desirability, D, in our case is
0.8129, which is similar to 1. The current response results are represented by the
horizontal blue line (Figure 5(f)).

The mean diameter of UT - Cc/G NFs was predicted to be 189.6563 nm using a
configured setting of 1.5 percent G and 1 percent Cc in 10 mL of 98 percent
concentrated methanoic acid, with an electrospining unit with a power supply of 10
KV, a spinning gap from the emitter to collector drum of 15 cm, a feed rate of
0.1 mL/h, a solution’s resistance to the flow of 65 cP, and a drum collector speed of
1000 rpm. The SEM image of Cc/G NFs with an mean diameter of 181 nm
(181 � 66 nm) synthesized under similar conditions using the same solution was
shown in Figure 4(b). As a result, the approximate diameter (nm) of Cc/G NFs in
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Figure 5.
Electrospining PMs optimization (reprinted with permission from ref. 1. Copyright 2020 IOP publishing).
(a) Mean diameters of NFs versus PMs. (b), (d) two dimensional contour plots for mean diameter of NFs with
respect to PMs. (c), (e) three dimensional plots for mean diameter of NFs with respect to PMs. (f) the study of
optimized setting of PMs for synthesis of UT - NFs.
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the optimization phase only differs by 8 percent from the prepared diameter,
demonstrating the efficacy of the current study. Due to their high surface area to
volume ratio in relation to length and diameter, we believe these LWs and UT - NFs
with sufficient film porosity could be used in the healing process.

The optimum conditions for synthesizing the minimum mean diameter
(181 � 66 nm) of UT - Cc/G NFs were achieved (Figure 4(b)) in the study, which
could be ideal for dressing diabetic chronic ulcers due to its specific properties such
as LW, not harmful to living tissues, water absorbent, and fluid affinity.

Using the optimized environment of a polymeric solution, Sharjeel et al. [72]
were effective in ESPNG, novel and hybrid polymeric nanofibrous mesh for dress-
ing burn wounds after integrating gabapentin (a neuropathic pain killer) into poly-
ethylene NFs and acetaminophen (a class of analgesics) into sodium alginate NFs
(mixed in 80:20 blend proportion). In the healing process, the hybrid mechanism
may be a safe option. Sharjeel et al. [73] synthesized ES - polyethylene oxide and
chitosan NFs of 116 nm diameter (with a standard deviation of only 21 nm) using
the response surface methodology with acetic acid and water (50:50, v/v) as the
solvent (each dissolved separately in acetic acid and water solution in a 5 percent
weight-to-volume ratio) (the ratio of polyethylene oxide and chitosan in the poly-
meric solution was 80:20).

4. Future researches

It is still a challenge to investigate the use of curcumin (Cc) loaded nanofibers
(NFs) for efficient drug release during different stages of the healing process.
Specific polymers for ES Cc NFs must be chosen based on the types of pharmaceu-
tical to be released and the different stages of the healing process. That being said,
the application of cytotoxic chemicals in drug delivery, especially during skin treat-
ment, can negatively impact recent research findings. Current reviews of Cc in NFs
have revealed a new area of research for the development of possible biomaterials
for use in bone tissue science and medicine, diabetic chronic ulcer treatment, cancer
treatment, and other applications [74–77].

5. Conclusion

Our analysis of Cc-based electrospun (ES) NFs underlines the importance, such
as the relevance and need for BF - NFs and nanofibrous mats (NMs) in healing
process, cancer care, tissue science and medicine, and other BAs, to inspire
researchers interested in working in this cutting-edge area to solve various BAs with
BF - NFs. To ease in the synthesis of UT - Cc/G NFs, the ESPNG mechanism
(mathematical investigation of the process) was analyzed in detail in the first paper
of the article.

The mechanism behind ESPNG was explored in this study as it was used to
prepare curcumin/gelatin (Cc/G) NFs that could be used in the healing process.
Gelatin (G) was chosen for the fiber system because it is not harmful to living
tissues, as well as being water absorbent (fluid affinity), allowing for a moist
healing process in the future. Since gelatin is commercially available at a low cost, it
was an obvious option for the current study. The LW-UT and spongy NFs with
mean diameter of 147 nm (147 � 34 nm) were successfully synthesized using
ESPNG at a higher power supply, such as 15 KV (at 10 cm distance, 0.15 mL/h feed
rate, 65 cP solution’s resistance to the flow, and drum collector speed of 1000 rpm)
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with a solution containing 1.5 percent G and 1 percent Cc in 10 mL of 98 percent
concentrated methanoic acid (Figure 4(c) and Table 2).

We came to the following conclusions after deciding the relative effects of the
different ESPNG influences: (a) the effects of ABC-Spinning gap (cm), feed rate
(mL/h), and higher potential power supply interaction (KV), AD-Interaction
between spinning gap (cm) and solution’s resistance to the flow (cP), D-Solution’s
resistance to the flow (cP), BC-Interaction between feed rate (mL/h) and high
potential power supply (KV), and AC-Interaction between spinning gap (cm) and
high potential power supply (KV) are 24 percent, 16 percent, 15.5 percent, 12
percent, and 11.5 percent, respectively, over the preparation of the Cc/G NFs’
minimum diameters; (b) BCD-Feed rate (mL/h), high potential power supply
(KV), and solution’s resistance to the flow interaction (cP), ABCD-Spinning gap
(cm), feed rate (mL/h), high potential power supply (KV), and solution’s resistance
to the flow interaction (cP), AB-Interaction between feed rate (mL/h) and spinning
gap (cm), CD-High potential power supply (KV) and solution’s resistance to the
flow interaction (cP), C-High potential power supply (KV), A-Spinning gap (cm),
and B-Feed rate (mL/h), BD-Interaction between feed rate (mL/h) and solution’s
resistance to the flow (cP) have a major influence on the preparation of Cc/G NFs
with a minimum diameter; and (c) the diameter (nm) is affected by the ACD-
Interaction between spinning gap (cm), high potential power supply (KV), and
solution’s resistance to the flow (cP) by just 0.05 percent, which is not important.

The 2k factorial design of the experiment was used to investigate the effects of all
four important PMs on the diameter of the NFs empirically. The MINITAB 17
programme was used to generate the results to investigate the difference in NFs’
diameters as a function of input parameters. The differences in NFs diameters with
respect to the critical PMs that were observed included (a) a higher spinning gap
yielded lower diameters, (b) a higher potential power supply yielded lower diame-
ters, (c) the diameter of the NFs increased with an increase in feed rate, and (d) the
diameters of the NFs increased with an increase in solution’s resistance to the flow.

Using the optimized setting of a solution containing 1.5 percent G and 1 percent
Cc in 10 mL of 98 percent concentrated methanoic acid, and the electrospining
machine with a high potential power supply of 15 KV, a spinning gap from the
emitter to collector drum of 15 cm, a feed rate of 0.1 mL/h, solution’s resistance to
the flow of 65 cP, and a drum collector speed of 1000 rpm, the optimum condition
for the production of UT - Cc/G NFs with an 189.6563 nm mean diameter was
calculated. The approximate mean diameter (nm) of Cc/G NFs in the optimization
phase differs by just 8 percent from the prepared mean diameter, i.e., 181 nm
(181 � 66 nm), demonstrating the efficacy of the current study.

Such UT - NFs with sufficient film porosity are not harmful to living tissues in
nature, and it was suggested that they could be used in dressing problematic
wounds, such as diabetic chronic ulcers, because they have unique properties, such
as a high surface area to volume ratio and light weight, that allow for sustained Cc
release during healing. The research paper that has been presented thus far is
unique in that it covers (a) the entire ESPNG process (numerical investigations of
the mechanism) to improve control over the preparation of UT - NFs, and (b) the
applications of NMs (incorporating BF - NFs) that are currently in use. Eventually,
the ESPNG PMs were optimized (to obtain UT - NFs) to prepare NMs for BAs such
as the healing process (through sustained release of Cc during crucial hours of
healing).
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Abstract Patella is supporting part of knee and also guide for quadriceps or patellar
tendon. Patellar implant is used for proper functioning of patella after injury. For
implant, it is required to cut injured portion of host patella and keep remaining part
minimum up to 12–14 mm and overstuffing of 2 mm to prevent patellar fractures.
The patellar implant makers provide only 8-mm-thick implant to maintain original
patellar thickness which is difficult to achieve especially in patients with host bone
thickness less than 20 mm. Hence, there is need to analyze for reduction in thickness
of patellar implant from 8 to 6 mm for perfect engagement with adequate residual
bone. The critical force analysis on host patella with tendon is carried out for quadri-
ceps force, patellofemoral force, and patellar tendon force using analytical and finite
element method. Two cases are considered for the force and stress analysis of patella,
and the comparison of various implant thicknesses is discussed.
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Fig. 1 Anatomy of knee and biomechanical model of knee joint with patellar implant [1]

1 Introduction

The rotary motion of knee joint is based on the successful movement between femur-
tibia and patella. The tendons attached at femur and tibia cover and compress patella
toward femurwhile rotarymotion of knee joint.Due to compressive force or frictional
force between femur and patella, the patella may damage and therefore it is required
to provide implant over it. Figure 1 shows biomechanical model of knee joint with
patella implant.

For the possible movement of knee joint, it is necessary to maintain patellar
thickness after knee arthroplasty [1]. The host patella thickness is required tomaintain
up to 12–14 mm during knee arthroplasty for the patellar thickness less than 20 mm,
and standard implant of 8 mm is used to recover original patellar thickness [1–3].
Sometimes intraoperative patellar thickness increases due to 8 mm standard patella
implant for the person having original patellar thickness less than 20 mm. If the
original thickness of patella is not maintained by applying patellar implant, then the
knee cannot bend at that extent and pain will occur during walking, climbing, or
running. Hence, for perfect meeting of original patella thickness after operation, it is
required to use patella implant having thickness less than 8 mm. This research aim
is to check effect on patellar implant by reducing its thickness from 8 mm to 6 mm
at various flexion angles.

2 Mathematical Formulation and Force Analysis

As per the experimental study done in various literature papers, it is observed that
the tendons attached with tibia and femur will stretch while motion due to which a
compressive force is acted on patella. The magnitude of forces and direction acting
on leg vary with the knee flexion angle and weight. Two lateral forces i.e., patellar
tendon force and quadriceps force are acting on patella which acts patellofemoral
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reactive force toward contact point of patella and femur. Patellar tendon force acting
between the patella and tibia, patella quadriceps force acting between patella and
femur, and patella femoral force acting on patella as a compressive because of the
forward moment are locked due to the quadriceps and ligament. A free body diagram
for forces acting on patella is shown in Fig. 2.

The patellofemoral force is acting on patella at various knee flexion angles at
different conditions of human movement. The full body weight of human is acting
on knee joint at straight condition which is fixed at end of tibia, but while walking,
climbing, or running, the moment acts at joint which distributes body weight into
different forces. The free body diagram of patellofemoral joint with force distribution
and joint flexion moment is shown in Fig. 3 [4, 5]. As patella changes its own
position according to flexion angle, forces acting on patella change according to the
flexion angle. The main three forces acting on patella, i.e., quadriceps force, patella
tendon force, and patellofemoral forces are derived by considering various angular
movements at joint.

Also other two elements are plotted as free body diagrams, i.e., for patellar tendon
and for quadriceps tendon where the forces, angles, and the different lengths are
shown. For force analysis on patella, specific geometric form is not considered but
the specific thickness of patella is considered during finite element analysis. Fekete
et al. [4] considered dimensionless parameters to simplify the results of relationship
between patella and tendon and are given in Table 1.

Fig. 2 Forces acting on patella [13]
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Fig. 3 Free body diagram of patellofemoral joint and joint flexion moment by Fekete et al. [4] and
Mason et al. [5]

Table 1 Dimensionless parameter [4]

Description Formulas

Dimensionless, intersected tibia length function λ1 = l1/l10

Dimensionless, intersected femur length function λ3 = l3/l30

Dimensionless length patella tendon λp = lp/l10

Dimensionless thickness of shin λt = lt/l10

Dimensionless thickness of thigh λf = lf/l30

2.1 Patellar Tendon Force

From Fig. 3, free body diagram of tibia and femur gets separated to find its force
distribution. Figure 4 illustrates the forces acting on tibia due to patellar tendon and
body weight. The lengths denoted in free body diagram as length of tibia (l10), length
between line of action of tibia and body weight (l1), length of patellar tendon (lp),
length from axis of tibia, and tibia tuberosity (lt). Taking the moment at point B, by
fixing the point B.
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Fig. 4 Forces acting on tibia and patellar tendon

∑
MB = 0

0 = −lp · fpt · sin β − lt · fpt · cosβ + l1BW · sin γ

l1BW · sin γ = lp · fpt · sin β + lt · fpt · cosβ

l1BW · sin γ = fpt
(
lp · sin β + lt · cosβ

)

fpt = BW · lp · sin γ

lp · sin β + lt · cosβ
(1)

Rearranging Eq. (1)

fpt
BW

= lp · sin γ

lp · sin β + lt · cosβ
(2)

fpt
BW

= λ1 · sin γ

λp · sin β + λt · cosβ
(3)

2.2 Quadriceps Force

Figure 5 illustrates the forces acting on femur due to quadriceps tendon and body
weight. The parameters denoted in free body diagram are length of femur (l30), length
between line of action of tibia and body weight (l3), angle between the axis of femur
and quadriceps force (ψ), and angle between the axis of femur and line of action of
body weight (δ). Taking moment at point B, by fixing the point B.
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Fig. 5 Forces acting on femur

∑
Mb = 0

0 = lf · fq · cosψ + l30 fq · sinψ − l3BW · sin δ

δ = α − γ

ψ = 0 Assumption

l3BW · sin δ = lf · fq · cosψ + l30 fq · sinψ

BW = fq(lf · cosψ + l30 · sinψ)

l3 · sin δ

fq
BW

= l3 · sin δ

l f · cosψ + l30 · sinψ

fq
BW

= λ3 sin(α − γ )

λf
(4)

2.3 Patellofemoral Force (Fpf)

It is reaction force acting on femur through patella and ligament forces that is quadri-
ceps and tendon forces which is obtained from Fq and Fpt forces by parallelogram
theorem of resultant forces.

By using equilibrium equation,

∑
f y = 0
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∑
f x = 0

0 = fq sin δ − fpt sin(γ + β) + Fpfx

Fpfx = − fq sin δ − fpt sin(γ + β)

0 = fq cos δ − fpt cos(γ − β) + Fpfy

Fpfy = −Fq cos δ + Fpt cos(γ + β)

Resultant of two concurrent forces (Law of Parallelogram)

fpt
BW

=
√

f 2pfx + f 2pfy

BW
=

√
f 2q + f 2pt − 2 fq fpt cos(β + δ + γ )

BW

fpt
BW

=
√

f 2q + f 2pt − 2 fq · fpt cos(β + δ + γ )

BW
(5)

2.4 Case Study

Two cases having different body weight and height are considered to find patellar
tendon force, quadriceps force, and patellofemoral force as per the formulae derived
in Sects. 2.1, 2.2, and 2.3 for various flexion angles. The manual drawings of both
cases having weight 74 kg and 61 kg and height 5.9 ft. and 5.5 ft., respectively, are
drawn to plot various lengths and angle for calculation of forces. As the tibia and
femur length vary with respect to height and weight, these two different cases are
considered for force calculation. The manual drawings of two cases are shown in
Fig. 6, and all parameters like length, angle, and dimensionless values are shown in
Table 2.

Themathematical formulation represents forces acted on knee joint at quasi-static
condition, and it is exposed to high magnitude of compression force during walking,
climbing, and running condition [6, 7]. As per literature [8–10], the force acting on
knee joint during walking is 1.3 times body weight, during climbing stair is 3.3 times
bodyweight, and during knee bends is 7.8 times bodyweight. The compression force
and area of articular contact increase with knee flexion and are max between 60° and
90° [11, 12].

3 Finite Element Analysis of Patella

In this paper, finite element analysis technique is used for stress analysis of knee
joint with special emphasis on patellar implant with varying thickness from 6 to
8 mm. For finite element analysis of patella, a critical CAD model of knee joint
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(a) CASE-I: Person having weight 73 kg 
and height 5.9 feet

(b) CASE-I: Person having weight 61 kg 
and height 5.5 feet

Fig. 6 Manual drawing of two different case study for force calculation

Table 2 Parameters of two
different cases

Sr. No. Parameter CASE-I CASE-II

1. BW 73 kg 61 kg

2. L1 29.5 cm 27.5 cm

3. L3 18.5 cm 21.2 cm

4. Lf 5.5 cm 4.5 cm

5. Lp 12 cm 11 cm

6. Lt 2.7 cm 2.3 cm

7. L10 42 cm 38.5 cm

8. L30 43 cm 41 cm

9. λ3 0.4302 0.517

10. λ1 0.7023 0.714

11. λp 0.2857 0.285

12. λt 0.0642 0.059

13. λf 0.1279 0.109

14. γ 30 º 35º

15. δ 55º 47º

16. A 85º 82º

17. B 10º 8º
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with patella and tendon is prepared in solid modeling software CATIA and its stp
file is imported in FEA tool, ANSYS. At first, the analytical patellofemoral force is
verified with ANSYS result by applying boundary condition as patella tendon force
and quadriceps force at the end of tendon and is fixed and at femur end. This reaction
force is exactly matched by analytical and finite element method, and the results are
shown in Table 3. All three forces are also calculated for different conditions such as
walking, climbing, and running as per the ratio discussed in 2.4, and patellofemoral
force is verified in ANSYS at different knee flexion angles.

The research aim is to replace standard available patellar implant of 8 mm thick-
ness to minimum 6 mm thickness for the host patella size of less than 20 mm thick-
ness. Hence, the stress analysis is carried out on host patella first and checks stresses
induced at point of contact of patella and femur. Then, the stress analysis is car-
ried out on patella with implant for different thicknesses. For stress analysis, direct
patellofemoral force is applied on upper surface of patella and femur is fixed at end.
The patellar implant with varying thickness is shown in Fig. 7, stress analysis result
on contact point of patella and femur is shown in Fig. 8, and stresses on patella are

Table 3 Force actingonpatella for twodifferent cases and at different flexion angles using analytical
and finite element method

Condition Case Case-I Case-II

Flexion
angle

65° 85° 110° 65° 85° 110°

Static Fpt 2427.42 2289.7 4460.6 2894.90 2539.36 3976.63

Fq 1714.39 2026.1 3022.5 2207.16 2109.85 3021.42

Fpf 2390.31 3186.9 6358.2 3015.2 3301.48 5545.8

Fpf
(FEA)

2390.3 3186.9 6358.3 3015.2 3301.5 5545.8

Walking Fpt 3186 2983.7 5850.5 3763.3 3301.1 5169.5

Fq 2242.9 2652.8 3958.5 2869.3 2742.8 3927.8

Fpf 3134.8 4161.6 8335.1 3919.5 4291.8 7209.5

Fpf
(FEA)

3134.9 4161.7 8335 3919.7 4291.9 7209.5

Climbing Fpt 8087.6 7574.1 14851.3 9553.2 8379.9 13122.9

Fq 5693.6 6733.9 10048.5 7283.6 6962.5 9970.60

Fpf 7957.65 10564 21158.2 9950.3 10894.9 18301.1

Fpf
(FEA)

7957.8 10564 21158 9950.2 10895 18301

Running Fpt 19116.2 17902.4 35103.2 22580.2 19807 31017.71

Fq 13457.6 15916.8 23750.9 17215.8 16456.8 23567.12

Fpf 18808.9 24970.2 50010.5 23518.7 25751.5 43257.32

Fpf
(FEA)

18,809 24,970 50,010 23,519 25,752 43,257
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Fig. 7 Patellar implant (button) with varying thickness [3]

Fig. 8 Equivalent stress and maximum principal stress acting on contact of patella and femur at
knee joint

shown in Fig. 9.
Stress analysis on host patella with patellar implant is also carried out using finite

element analysis. The host patella is cut from interior side and keeps 12mm thickness
of posterior part of patella where 8 mm implant is fitted. The maximum principal
stress and equivalent stress on patellar implant are shown in Fig. 10, and the results
are given in Table 4 for flexion angle of 110° and 65°.

Fig. 9 Equivalent stress and maximum principal stress acting on patella
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Fig. 10 Equivalent stress and maximum principal stress on patellar implant using finite element
analysis

Table 4 Maximum principal stress and equivalent stress result for host patella and patellar implant
for various condition at 110° and 65° flexion angle

Angles 65° 110°

Condition Stresses Host
patella

8 mm
implant

6 mm
implant

Host
patella

8 mm
implant

6 mm
implant

Static Max
principle
stress

4.146 14.115 8.109 12.926 56.241 53.608

Equivalent
stress (von
misses)

8.8343 24.579 22.4 40.827 70.487 69.158

Walking Max
principle
stress

5.438 18.515 10.637 16.946 73.729 70.277

Equivalent
stress (von
misses)

11.58 32.24 29.38 53.522 92.405 90.662

Climbing Max
principle
stress

13.804 46.998 27.001 43.016 187.16 178.39

Equivalent
stress (von
misses)

29.412 81.84 74.58 135.86 234.56 230.14

Running Max
principle
stress

32.629 111.08 63.817 101.67 442.38 421.66

Equivalent
stress (von
misses)

69.521 193.43 176.29 321.13 554.43 543.97

4 Results Validation

Dr. Anoop Jhurani et al. [2] carried out an experimentation on 54 female patient
knees to restore the native patellar thickness less than 20 mm. This experimentation
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has been observed for the period of two year which proved that the 6.2 mm thickness
plastic patellar button can be used instead of 8 mm thickness to restore native patel-
lar thickness less than 20 mm. A vernier caliper was used to measure and restore
intraoperative patellar thickness during total knee arthroplasty as shown in Fig. 11.

Shelburne et al. [8] and van Eijden et al. [13] reported critical force analysis
to estimate the quadriceps force, patello tendon force, and patellofemoral force at
different gait cycle and flexion angles shown in Fig. 12. At maximum extension of
patellofemoral joint quadriceps force is obtained as 2000 N, whereas the maximum
force is obtained as 8000 N at 75° flexion angle. Patello tendon force becomes
progressively smaller than quadriceps force at large flexion angles and reaches a
maximum of 5000 N at 60° flexion angle. At all flexion angles, a patellofemoral
force is smaller than quadriceps force [13].

Also, the forces acting on patella for two different cases during walking (Fig. 13)
are revealed that the quadriceps force produced for maximal extension is 2243 N
at 65° flexion angle and maximum patellofemoral force is 8335 N at 110° flexion
angle. The forces acting in the literature paper nearly equal the forces acting on the
patella for the cases considered in research.

A finite element analysis has been carried out to find stresses in patellofemoral
cartilage due to internal and external rotations of the femur influencing contact areas,
pressures, and cartilage stress distributions [14]. Besier et al. [14] analyzed a finite
element mesh model of patellofemoral joint as shown in Fig. 14 which illustrated the
element contact between quadriceps and patellar tendon and also within the femoral
and patellar cartilage. The simple joint stresses due to contact area and stresses in
patellar cartilage shown in Fig. 14 by finite element method revealed that the peak

Fig. 11 Intraoperative measurement of patellar thickness using vernier caliper [2]
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Fig. 12 Forces acting on patella versus flexion angle [8, 13]

Fig. 13 Force acting on patella during walking for two different cases and at various flexion angles

stress values is obtained as 3.5 MPa at static or neutral condition for 15° internal and
external femoral rotation which is lower than mean stress values.

A finite element analysis of patellar knee joint also revealed that the maximum
principal stress is obtained as 4 MPa at static condition for host patella which is
increased to 8 MPa for 6 mm patellar implant at 65° flexion angle. The stresses in
patella are increased for different conditions, i.e., walking, climbing, and running.
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Fig. 14 Finite element mesh of the patellofemoral joint and correlations between simple measures
of joint stress and stresses estimated in the patellar cartilage by the finite element method [14]

From finite element analysis, it is observed that the stress in 6.2 mm patellar implant
is less than 8 mm patellar implant for every condition as shown in Fig. 15.

Fig. 15 Maximum principal stress and equivalent stress for host patella and patellar implant during
walking
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5 Conclusion

The mathematical formulation for biomechanical model of patellar knee joint is
carried out to find forces acting on patella using free body diagram. The patellar
tendon force, quadriceps force, and patellofemoral forces are calculated for two
different cases of 61 and 73 kg person at various flexion angles, i.e., at 65°, 85°, and
110°. The analytical patellofemoral reaction forces are verified using finite element
analysis which is obtained by applying patellar tendon force and quadriceps force
at the end. The stress analysis on host patella and patellar implant with 8 mm and
6mm thickness is carried out which reveals that the stress increases for 8mm patellar
implant than host patella and the stress reduces for 6 mm patellar implant than 8 mm.
From the results, it can be concluded that the 6 mm patellar implant can be used
instead of 8 mm implant during intraoperative arthroplasty for patella thickness less
than 20 mm.
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a b s t r a c t

The vortex tube is a radical instrument described for discretizing the compressed gas/fluid into cold and
hot streams. The pressurized gas/fluid is injected tangentially in the swirl chamber of the vortex tube and
it is expanded with a high rate of rotation. The cone-shaped spout on the end of the tube permits the
compressed gas/fluid to flee out. The rest of the gas/fluid is compelled to return to an internal portion
of the vortex tube of diminished diameter inside the external vortex. The present research is done on
three-dimensional flow using computational fluid dynamics (CFD) method on aluminium alloy-based
vortex tubes with 1, 2, 3, and 4 nozzles at various angles such as 0�, 90�, 180� and 270�, respectively.
The material used in the present investigation is aluminium alloy. The focus is to determine the alu-
minium alloy-based vortex tube that provides an optimal performance over the conventional tubes with
a maximum temperature drop. To that, the temperature at the hot end of the vortex tube is kept within
the permissible limit to minimize its contribution to the global warming.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Con-
ference on Advances in Mechanical Engineering and Nanotechnology.

1. Introduction

As shown in Fig. 1 is the Ranque–Hilsch vortex tube, a noncon-
ventional device that produces cold gas/fluid on one end whereas
hot gas at the opposite end [1]. This fascinating temperature parti-
tion is caused by the energy division of the stream field inside the
vortex tube. With no moving parts and compound response inside
the cylinder, the fascinating wonder of energy detachment results
just from gas/fluid’s strong impacts [2–4]. The principle portion of
a vortex tube is a straight cylinder with digressively passage,
through which packed gas/fluid is infused into the cylinder. There
are two exits situated at the various closures of cylinder. A con-
trolled valve is designed at the hot end of the vortex tube , away

from the infusion point, which has a measurement more modest
than the inward distance across the cylinder, and it permits the
gas to escape from the more modest holes between the cylinder,
and the control valve. Whereas the hot end of the tube is the hole
between the control valve and the cylinder. At the point when the
packed gas is infused into the cylinder, the hot gas will be depleted
from the hot exit and cold air can be depleted from the cold exit
[5–7]. This marvel of energy partition that occurs in the vortex
tubes is known as Ranque impact. As the vortex tube does not uti-
lize any hurtful refrigerant, it a pollution free device. The cooling is
a naturally amicable framework. The main favorable position of the
vortex is quick cooling in a brief term, also, which can be customiz-
able over a wide temperature range, and can also bear brutal con-
ditions, having no moving parts in this manner with little necessity
for support. The nature and its minimization make the vortex tube
to discover applications in numerous fields like cooling devices and
work pieces during machining in CNC and lathe machines [1].
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Vortex tube has been used for the blower engine cooling frame-
work in the fume pressure refrigeration framework. The motor
cooling framework uses the pit under the engine as a turning
chamber, utilizes the engine stator rotor holes for fumes of the cool
gas portion, and characterizes the stator crankcase holes for entry
of the hot gas division. For that, in refrigeration, the vortex tube
plays an important role. The gas extends from the gas cooler strain
to dissipation pressure in the vortex cylinder and thought to be
partitioned into three divisions: soaked fluid, immersed fume,
and superheated gas. The soaked fluid and fumes are blended again
and sent through the evaporator to give a helpful cooling impact.
For R22, with a specific driven bay weight, the virus and tempera-
ture distinction brought about by the aluminium alloy-based vor-
tex tube is more prominent than that brought about by the
immediate choking measure, yet is considerably less than that
brought about by the isentropic extension measure in similar con-
ditions. The necessity of parts for the transformation from manual
to programmed activity of the vortex tube is thought of to achieve
the requirement for robotization, the stream regulators for hot and
cold closures are planned and created. The annular zone at the hot
end is controlled utilizing a blockage cone, while the cross-
sectional territory at the cold end is directed by a whole region reg-
ulator assembled utilizing iris instruments [2,3].

1.1. Geometrical modeling

The aluminium alloy-based vortex tube is designed in
SOLIDWORKS

�
2019, with the dimensions as mentioned below:

� Tube length: Vortex tube’s length influences the execution alto-
gether. A productive container of either configuration should be
commonly more than its width. Ideal length/diameter is an ele-
ment of mathematical and working boundaries.

� Cylinder distance across: As per the rule, vortex tubes with
moderate diameter tubes give more temperature partition than
bigger measurement ones.

� Type and number of nozzles: The inlet nozzle should be as
close as conceivable to the orifice to yield high tangential veloc-
ities. For the most extreme drops in temperature, the inlet noz-
zle should be mentioned so that the stream always flows
tangentially into the vortex tube.

� Cold end tube: Using small cold end opening yields higher
energy partition while a substantial cold opening results lower
energy division in the tube. Coaxial holes have more prominent
temperature detachment in contrasted with the other orifice
arrangements.

� Vortex Chamber: Vortex chamber is an empty chamber where
the inlet nozzle designed tangentially, an opening for a hot side
cylinder and an opening for the cold side cylinder.

� Hot end tube: One end of the hot end tube is connected to the
vortex chamber and the other side to a control valve. The ratio
of the length of the hot end tube to the diameter of this tube is
one of the important parameters while designing the vortex
tube.

� Control valve: Here, a ¼” British Standard Gate Valve is used as
a control valve. It is connected to the hot end side of the tube.

Control valve helps in controlling the flow rate in the alu-
minium alloy-based vortex tube (Table 1).

2. Simulation

The aluminium alloy-based vortex tube is been analyzed using
the Ansys CFX, a computational fluid dynamics tool (CFD). CFX
likewise offers high-performance computing (HPC) to help
comprehend reenactments rapidly and cost effectively. Table 2
represents the published datasets [4] that provides the input val-
ues for the CFD analysis over the vortex tube. The material used
for CFD analysis was aluminum alloy a whose density, tensile yield
strength, and ultimate tensile strength were 2770 kg/m3, 280 MPa,
and 310 MPa, respectively. The table consists of the values for the
inlet temp, inlet pressure, mass flow at the inlet, and the number
of iterations to be performed to validate the present design. The
model has been meshed using tetrahedral elements with 27,460
nodes and 134,529 elements as shown in Fig. 2.

The compressed fluid enters through the inlet nozzle tangen-
tially placed to the vortex chamber. Due to the tangential entrance,
the fluid starts rotating at about 1 � 106 rpm and moves further
towards the hot end. An adjusted valve is provided at the hot
end. Hot air which is lighter in weight is pushed through the out-
side walls of the chamber, the cold air which is heavier remains in
the center. After striking to the valve at the hot end, the fluid
moves in the reversed direction towards the cold chamber and
thus the cold temperature fluid is available [1,2].

The fluid used for CFD analysis is assumed to be turbulent,
steady, and compressible. Besides that, the other properties of
the fluid which include specific heat coefficient, thermal conduc-
tivity, and viscosity, are assumed to be constant. Now considering
the above assumptions, the set of equations (1)-(8) for the conser-
vation of mass, momentum, and energy are as follows [3]:

Continuity equation,

@

@xi
quið Þ ¼ 0 ð1Þ

For the numerical computation Reynolds-averaged Navier–
Stokes k-e turbulence model is being utilized.
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�
j = Reynolds stress.

Thus the Boussinesq Hypothesis suggests,
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�
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Thelt = Eddy viscosity was obtained from the following
formula,

lt ¼ qClf l
k2

e
ð4Þ

Fig. 1. Working of Vortex Tube.

Table 1
Dimensions of vortex tube.

Component Dimension

Inlet nozzle Internal diameter:3 mm External diameter:8mm
Vortex chamber Internal diameter:20 mm External diameter:38 mm

Length:70 mm
Hot end tube Internal diameter:12 mm External diameter:16 mm

Length:150 mm
Cold end tube Internal diameter:6mm External diameter:16 mm

Length:75 mm
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The lt ,= turbulence viscosity as per Eq. (1),
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For the calculation of the temperature field, the following can
be used,

@
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ðsijÞeff is the viscous dissipation and is expressed as follows,
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@uj

@xi
þ @ui

@xj

� �
� 2
3
leff

@uk

@xk
dij ð8Þ

A CFD analysis using Ansys CFX is being carried out over the
aluminium alloy-based vortex tube to validate the design as shown
in Fig. 3. The red color shows the hot end of the vortex tube,
whereas the blue end is the cold end. The temperature contour
on the left hand side of Fig. 3(a) represents the temperature drop
from the hot end of the vortex tube to the cold end and Fig. 3(b)
indicates the pressure at the hot and cold end side of the vortex
tube.

Fig. 2 shows the analysis done with the input parameters of ref-
erence [2]. The results are represented in Table 3 and Table 4. The
fluid enters at a velocity of 28 m/s into the vortex tube through the
inlet nozzle. Table 3 represents the published datasets [4] with
cold end temperature and hot end temperature to be 250.24 K
and 311.5 K, respectively. With that, the difference in temperature
at the cold end is 43.96 K and 17.3 K is the difference in tempera-
ture at the hot end [2–4].

Table 4 depicts the results generated by performing an actual
CFD analysis on the vortex tube with dimensions as shown in
Table 1. The results obtained as shown in Figure 3. are close to
the results generated in the reference [2]. The cold end and hot

end temperatures are found to be 257 K and 309 K, respectively.
With that, the cold end and hot end temperature differences are
55 K and 15 K, respectively. Thus, an analogy is found with the
results listed in Table 3 and Table 4 [2].

3. Results and discussions

The CFD analysis was performed over aluminium alloy-based
vortex tubes with 1, 2, 3, and 4 inlet nozzles at various angles such
as 0�, 90�, 180� and 270�, respectively. The boundary conditions are
listed in Table 2. The inlet temperature is 294.15 K and the inlet
pressure is 5 bar with 2000 iterations. A noticeable amount of tem-
perature drop was found as the number of inlet nozzles goes on
increasing. Besides that, the temperature at the hot end of the tube
continues to reduce with the increase in the number of inlet noz-
zles. The utilization of the fluid with the higher temperature
obtained from the hot end of the vortex tube is quite a tedious
job. Whereas the fluid with lower temperature from the cold end
can be utilized for potential applications. The Fig. 4. shows the
temperature drop across the vortex tube with a single inlet nozzle
with boundary conditions listed in Table 2. The hot end and cold
end temperature was found to be 309.15 K and 257 K, respectively.

The Fig. 4(a) consists of the vortex tube with double inlet noz-
zles applied with boundary conditions as per Table 2. The temper-
ature contour is generated at the left side of the image, indicating
the temperature drop in the hot end and the cold end of the tube to
be 299.8 K and 228.1 K, respectively. With that, Fig. 4(c) shows the
pressure at the hot end to be 3.0 bar and at the cold end to be
2.8 bar. A visible amount of temperature drop can be seen com-
pared to the vortex tube with the single nozzle.

Fig. 5(a) and (b) show the vortex tube with 3 inlet nozzles. Here,
CFD analysis with boundary conditions (Table 2) results into the
significant temperature drop in the aluminium alloy-based vortex
tube. The hot end temperature of the tube as shown in Fig. 5(a) was
found to be 296.2 K, as well as the pressure at the hot end was
found to be 3.1 bar, Fig. 5(b). With that, the temperature at the cold
end got decreased as shown in Fig. 5(a), its 214.6 K. The pressure at
the cold end resulted to be 2.9 bar. Therefore, it is clear that with
the increase in number of inlet nozzles , the temperature at the
cold end decreases, resulting in a significant tempearture drop.

Fig. 6(a) and (b) consist of four inlet nozzles for a vortex tube.
The temperature drop achieved with this four inlet nozzles vortex
tube can be considered as an exceptional result compared to the
above three inlet nozzles vortex tube. Keeping all boundary condi-
tions same as listed in Table 2, CFD analysis was performed over

Table 2
Boundary conditions for validation.

Input Data Values

Inlet Temp 294.15 K
Inlet Pressure 5 bar
Mass flow at inlet 0.0501
Iterations 2000

Fig. 2. Meshing of Vortex Tube.
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the vortex tube. The pressure at the hot as well as cold end was
found to be 3.5 bar and 2.9 bar, respectively. The hot end temper-
ature had less reduction compared to the triple inlet nozzles vortex
tube, it was about 295.2 K. Although the cold end temperature had
a phenomenal decrease in comparison with the r three inlet noz-
zles vortex tube. The cold end temperature was found to be
208.9 K. As mentioned earlier, such exceptional outcome can be
utilized for required applications. It ultimately increases the over-
all performance of the vortex tube [5].

The graphs plotted showing the performance of the aluminium
alloy-based vortex tube with increase in the number of inlet noz-
zles are shown in Fig. 7(a) and (b). The curve in Fig. 7(a) shows
the cold end temperature drop of the vortex tube as there is
increase in the number of inlet nozzles. The curve shows that with
the single inlet nozzle vortex tube, the cold end temperature was
estimated to be 254 K, as the nature of the curve is nonexponential,
the temperature estimated with the vortex tube with four inlet
nozzles was found to be 208.9 K. Similarly, in Fig. 7(b) the curve

Fig. 3. (a) Computational fluid dynamics (CFD) analysis as per ref. [1] (Temperature drop across hot and cold end); (b) Computational fluid dynamics (CFD) analysis as per ref.
[1] (Pressure at hot and cold end).

Table 3
Results for validation as per reference [2].

L/D L (mm) Velocitym/sVelocity (m/s) Cold End Temp (K) Hot End Temp (K) Temp diff. Cold (K) Temp. diff.Hot end (K)

9.3 106 28 250.24 311.5 43.96 17.3

Table 4
Results of validation as per reference [2].

L/D L (mm) Velocity (m/s) Cold End Temp (K) Hot End Temp (K) Temp diff.
Cold End (K)

Temp. diff.
Hot end (K)

14.5 290 28 254 309 55 15

Fig. 4. (a) Temperature drop across hot and cold end for double inlet vortex tube; (b) Double inlet nozzle vortex tube; (c) Pressure at hot and cold end for double inlet vortex
tube.
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also goes on following the nonexponential path with a decrease in
the temperature at the hot end of the aluminium alloy-based vor-
tex tube that has an increase in the number of inlet nozzles [5,6].

Fig. 8(a) and (b) show the curves to replicate the temperature
differences at the cold and hot end of the vortex tube, respectively,
along the Y-axis and the number of inlet nozzles along the X-axis.
The hot end temperature difference goes on reducing with an
increase in the number of inlet nozzles, whereas the curve on the
left side evidently emphasizes that for the cold end of the vortex

tube a significant amount of temperature drop can be achieved
with more number of inlet nozzles for similar boundary conditions
[7,8]. Fig. 9 shows the overall comparison of the aluminium alloy-
based vortex tube with single and multiple inlet nozzles.

4. Conclusion

In the research work, the impact of using an aluminium
alloybased vortex tube with multiple inlet nozzles has been

Fig. 5. (a) Temperature drop across hot and cold end for triple inlet vortex tube; (b) Triple inlet nozzle vortex tube; (c) Pressure at hot and cold end for triple inlet vortex tube.

Fig. 6. (a) Temperature drop across hot and cold end for vortex tube with four inlet nozzles; (b) Four only nozzle vortex tube; (c) Pressure hot and cold end for vortex tube
with four inlet nozzles.

Fig. 7. (a) Performance at the cold end of the vortex tube; (b) Performance at the hot end of the vortex tube.
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investigated. The design of the vortex tube was carried out in
SOLIDWORKS

�
2019. The computatioal fluid dynamics (CFD)

method was carried out to analyze the single as well as multiple
inlet nozzles vortex tube. After the investigation, it was found that
the vortex tube with multiple inlet nozzles yielded better results
with the same input than that of the vortex tube with a single inlet
nozzle. The temperature at the cold end with the single inlet nozzle
vortex tube was found to be 257 K whereas the results using four
inlet nozzles vortex tube showed a cold end temperature tube
208.9 K. It is quite clear that the vortex tube with four nozzles
can be utilized for potential applications replacing the single inlet
nozzle vortex tube. The inlet temperature is shown by the blue

curve which is a straight line (Fig. 9). The red curve indicates the
cold end temperature of the vortex tube. It is observed that with
an increase in the number of inlet nozzles, the cold end tempera-
ture decreases. From that, the temperature at the hot end (green
curve) of the vortex tube showed a decent drop with increased
number of inlet nozzles. Finally, the purple color curve depicts that
temperature difference obtained by comparing the cold end tem-
peratures of multiple inlet nozzles vortex tube.
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A B S T R A C T 

 

 Due to advancement in technology moveability of people increase with increase in number of vehicles. This may lead to occurrence of accidents. 

Accidents are very crucial problem which damage human lives, infrastructure and economy of nation. .  It has been recorded that in road accidents near 

about 13 peoples are dying per hour. According to road safety management the accidental black spots are those spots were road traffic accidents were 

happened repeatedly. If we considered the Global Road Safety Report (2015) given by World Health Organisation (WHO), in India more than 2, 00,000 

deaths are recorded because of accidents. To overcome this problem fuzzy logic is better solution. The Problems which are complex in nature can be 

solved by using Fuzzy logic. This study highlights a fuzzy logic would be a best option to identify accidental black spot. By using Fuzzy Multicriteria 

Decision Making (FMCDM) and Fuzzy Rule Based System (FRBS) approaches we can calculate Accidental Black Spot Severity Index (ABSSI) and 

Accidental Black Spot Severity Level (ABSSL) of that particular spot respectively. The Accidental Black Spots can be further ranked on the basis of their 

severity index and can be classified like highly severe, severe, just severe and not severe on the basis of level of Severity. 

 

Keywords: Black spot, Fuzzy logic, Fuzzy Multicriteria Decision Making (FMCDM), Fuzzy Rule Based System (FRBS), Accidental Black Spot Severity 

Index (ABSSI), Accidental Black Spot Severity Level (ABSSL). 

 

1. Introduction 

In Fuzzy logic by using same variable multiple values are processed and the set of such processing variables is called Fuzzy logic sets. It has true value of 

variable in between 0 and 1 both inclusive where 0 representing no membership and 1 representing complete membership in a set. Human knowledge 

which is imprecise by nature is represented by fuzzy logic. It was applied successfully to wide range transportation problems. Generally, it has been 

observed that the solution of complex problem can be resolved by using Multicriteria decision making theory of fuzzy logic.  Basic terms in fuzzy logic 

are crisp set, fuzzy sets, fuzzification, defuzzification, fuzzy interface system. Fuzzy interface is used to transform input crisp values into linguistic fuzzy 

values. Fuzzification is always necessary in fuzzy logic system since input values are always crisp numerical. Fuzzy interface generates fuzzy output by 

taking fuzzy inputs and fuzzy rule base as inputs. Fuzzy rule base system consists of IF-THEN rule which involves linguistic variables [9]. Producing 

crisp output actions by defuzzification is the last task of fuzzy logic system. This paper covers a review of research papers related to road accidents and 

other work using multi criteria decision making and fuzzy rule-based system.. 

 

2. Fuzzy Logic 

In day-to-day life most of the problems arise are very imprecise and uncertain in nature to deals with such kind of problem, the conventional methods of 

set theory and numbers are not enough. So, there is need to provide some other relevant method which is significant for such kind of problem and fuzzy 

logic is one of the best suited methods for this purpose.Lotfi A. Zadeh is the pioneer of fuzzy logic, fuzzy sets was first introduce by him through research 

paper in the year 1965 . Fuzzy logic is specifically used in various domains such as engineering, mathematical, computer software development and 

research, natural science, medical research, social science, public policy analysis and business analysis [19]. Basically, fuzzy logic is very simple method 
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to design and it can be understood and implemented by non-specialists in the control theory [44].Mykhaylo Voynarenko, et.al. [31] Apply Fuzzy logic to 

modeling economic emergence.Sehrish Waris[37] said that for controlling complex and non-linear systems fuzzy logic is the best suited modeling method 

and it is mostly used for control and classification. Salvatore Cafiso, et.al.  [41] They describe Fuzzy Algorithm through computerized procedure for 

classify accidents according to their causes. With the help of fuzzy algorithm by incorporating use of linear and discrete membership function   they were 

able to produce a model which gives good result. By considering advancement of Fuzzy logic in the field of Transportation and Road safety many 

researchers develop their own theory to overcome problems which are arises in this field some of them are explained as follows:Aslam Al-Omari[4] 

predicts accidental black spot in different location using GIS and Fuzzy logic. For prediction of accidental black spots in Irbid City Fuzzy Overlay Method 

& Weighted Overlay Method (WOM)for periodization of accidental black spot has been used. P.Selvamet.al. [35] use Fuzzy Approach to Solve 

Transportation Problem by Using Trapezoidal, Octagonal, and Dodecagonal Uncertain Numbers. Petre Liviu Munteanu, et.al. [33] Analyze the conditions 

of human and environmental factors which are responsible for direct fatal road accidents on a representative sample of cases.Meysam Effati, et.al. [26] 

Use integrated approach of fuzzy logic and GIS to find Accidental Black spot on newly built transit roads where there is no availability of Statistical data 

of accidents. Lai Zheng, et.al. [21] used fuzzy neural network model (FNNM) for predicting accident frequencies. M. Hadji Hosseinlou, et.al. [27] 

Introduce a Neuro-Fuzzy inference system in which traffic hotspots acts as a Fuzzy and neuro systems are acts as a best approximate reasoning and 

optimization tools in soft computing. 

2.1.  Multı Crıterıa Decısıon Makıng (MCDM)  

Multi Criteria Decision Making becoming a maturing field which was introduce as important field of study. It was in late 60’s number of theories are used 

for MCDM based on systematic and rational decision making with multiple criteria which still continued to grow steady pace. In 1972 the first 

international conference in MCDM was done, afterwards this is an active area of research. If we consider fuzzy logic in usual practice instead of providing 

incomplete information it allows decision makers to provide estimated values. However, decision may not be correct but later it can be improved with 

availability of additional information.  Obviously, it is quite impossible to make a firm decision with lack of information. If we try to find out solution for 

complex and difficult problem with conventional method it is time consuming, tedious, labours intensive and expensive. MCDM has more descriptive 

approach in this decision makers will choose the best alternatives from the exists.MCDM is not only denomination that can be found it is most commonly 

used in day to day life to take better decision. American school of MCDM have more descriptive approach regarding MCDM there goal is to built a model 

of the behavior of the decision makers and let them to apply the model to solve new problem. By using MCDM decision makers will find out better 

solution from available alternatives based on different mathematical tools. The main aim of MCDM is only to pay attention on behavior of decision 

makers and try to help them to understand the mechanism involved in decision processes and study the influencing factor of result. 

Abbas Mardani, et.al.  [1] Observed that MCDM is very complex decision-making tool consisting   quantitative as well as qualitative factors. Gulçin 

Buyukozkan , et.al. [17] Suggested that to support the hazardous waste transportation firm (HWTF) selection process multi criteria decision making was 

best suited. R. K. Lad et. al [38]developed a methodology  for ranking of industries based on pollution potential using fuzzy multi criteria decision 

making.  Safak Kiris et.al [40] Nine stokes taken from ISE are evaluated on the basis of fuzzy multi-criteria decision making (MCDM) approach.Parviz 

Rezaei, et.al [31], in the application of underground dam construction  multi-criteria decision making (MCDM) techniques are used as an optimal 

alternative  Gianfranco Fancello, et.al. [16] Investigate multi-criteria analysis technique for complex decision-making problems. Arun Nagar, et.al.  [3] 

Explained for solving optimal maintenance alternative which consist of decision criteria analysis, weight assessment & decision model development  how 

fuzzy number theory was helpful. Robert Fuller, et.al. [37] Introduce recent developments with the interdependence in MCDM.Chen, et.al.  [6] 

Distinguish between fuzzy ranking methods and fuzzy multiple attribute decision making methods. C.A. Bana e Costa, et.al. [5] Suggested that to enhance 

the degree of conformity and coherence MCDA plays vital role. 

Recently many researchers used Multi criteria Decision for analysis of Accidental Black spots.Farzaneh Mirmohammadi, et.al. [12] Investigate Road 

Accidents and Casualties Factors with MCDM Method. Lazim Abdullah, et.al. [22] Said that Fuzzy approach is best suited for ranking of motor vehicles 

which involved in road accidents. Gholamreza Khorasani,et.al. [15] Implement MCDM method in road safety management by using this method they 

enhance the quality of road safety.Fatemeh Haghighat, et.al.  [14] Aims to determine the safety position of the roadsby applying MCDM approach. Dr 

Farzaneh Mirmohammadi, et.al [8] Investigate road accidents and factors associated with casualties by considering MCDM methods in Iran. Dragana 

Nenadić1 [7] ranked dangerous sections of the road using the MCDM model. 

A treatment of Accidental Black spot is most effective approach for reduction of accidents. On the basis of severity index accidental black spots can be 

identified. The multi criteria, complexity, decision making etc are involved in the determination of severity index. A fuzzy multicriteria decision making 

(FMCDM) approach would be better to resolve this problem. 

 

The steps involved in a MCDM model are explained as given below: 

1. Recoginised the decision Goal, decision objectives, and identify the decision maker(s). 

2. Categorize the alternative solution to be considered in context of problem. 

3. Identify the relevant criteria to the decision problem. 

4. Assign scores to each of criteria to measure the performance of alternatives and design the decision matrix.  

5. Standardisation of the raw scores to decide the priority scores matrix or decision table. 

6. Determine a weight for each criterion to reflect how important it is to the overall decision. 

7. Use decision rules for finding out an overall assessment measure for each decision alternative by combining the weights and priority scores. This 

provides a measure of how well an alternative performs over all the criteria and forms the basis of a preference ranking. 

8. To changes in the criteria scores and/or to assigned the weights perform a sensitivity analysis  of the preference ranking is to be done. 

9. Make a provisional decision on the subset of alternatives by examining the preference ranking. 

Above steps 1 and 2 provide the initial basis for decision making and form the background   to the application of a particular MCDM model. After these 

initial tasks have been completed, the subsequent steps relate to the actual implementation of a particular MCDM model and the concepts and techniques 

involved. Some of them are explained as follows. 
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Fig. 1 Steps involved in MCDM Model. 

 

2.2. Fuzzy Rule Based System (FRBS) 
 

FRBS is most important area in the field of research and it is based on fuzzy sets and fuzzy logic.FRBS are acts as bridge between interactions and 

relationships existing between its variables.FRBS works on fuzzy set theory, investigated by Zadeh.FRBS represent human knowledge in a set of fuzzy 

IF-THEN rules. FRBS comprised of rules, fuzzifier and inference engine and output processor. FRBS is also known as expert system or production 

system. 

Penka V. Georgieva [32] use fuzzy logic for designing and creating a decision support system. O. Darshana [29] suggested that for prediction of travel 

demand fusion of fuzzy logic and genetic algorithm is preferable. Ali Karimi,et.al.[2] suggested fuzzy inference system for modeling of road accident risk 

levels based of driver’s physical and mental health which is advantageous and give promising results .Mert Kompila,band H. Murat Celik [25] suggest 

fuzzy and genetic fuzzy system approaches are advantageous for urban trip distribution modeling with some new features. Deshpande A.W, et.al. [9] 

Suggested that for testing the quality for river water most demanding technique is fuzzy rule based system. Ferenc Peter Pach, et.al. [13] Used Fuzzy 

association rule to develop classification model for fulfilling efficiancy criteria. R. K. Lad et. al [39] introduce Fuzzy rule-based approach for addressing 

environmental pollution potential of industries. 

Habib M.Kammoun,et.al. [18] Used FRBS for selection of route based on real time information, driver’s preference and other selection criteria. Thomas 

Hessburg, et.al.  [44] Considered the application of a fuzzy rule based system to controller to guide the vehicle on an automated highways S.Mamatha 

Upadhya, et.al.  [43] Used FRBS for analyzing the possibility of road accident for different distraction parameters.LaiZheng, et.al. [21] Used FRBS to 

predict road accident frequencies. Parthiban, P [30] used Fuzzy logic-based systems to model traffic signal control. 

The problems in which uncertainty and vagueness emerge in multiple ways, fuzzy rule-based system is ultimate choice as solution. In a wide scene FRBS 

is used to solve very complex real-world problem from different areas. 

In summary, Figure 2 shows the general structure of building FRBS with fuzzy rule induction and Figure 3 shows the structure of the actual FRBS.  
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                                                                                              Figure. 2 Structure of Fuzzy Rule Induction. 

 

 

 

 

 

 

 

 

 

 

                     

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure. 3 Structure of the Actual Fuzzy Rule Based System. 

 

In particular, the development of data-driven FRBS for handling classification tasks usually consists of the following steps: 

a) First identify the nature of the problem which may include the identification of the type of data such as numerical, interval valued, linguistic 

variables or fuzzy numbers. To develop fuzzy encoder this is important step to decide decision makers whether to use pre-defined fuzzy partitions or 

generate fuzzy partitions from training samples. 

b) Based on nature and classification of problem, define the input variables and output variables of fuzzy partitions. This may involve experts or 

techniques such as clustering methods, neural networks or those based on classical probability theory.  

c) Using fuzzy encoder transform crisp values into fuzzy input values.  

d) Based on a fuzzy linguistic model developed a set of fuzzy rules. This may involve choosing a suitable fuzzy inference, revision of the fuzzy 

partitioning method in (b) or fine tuning the linguistic model. 

e) Apply the rule sets for classification. Using fuzzy decoder this data set must be transformed into fuzzy a input value which was employed for 

creating the fuzzy rules. 

f) To generate crisp value again defuzzified the fuzzy output values by using fuzzy decoder. The method used in the fuzzy decoder is depending on the 

classification problem.   

 

 

 

 

Conclusion 

This research objective is neither to optimize, nor to carry out predictive analysis. So, Genetic Algorithm and Artificial Neural Network approaches are 
not used for this research.  

Objective of this research is to find out accidental black spots by developing models such as Accidental Black Spot Severity Index (ABSSI) model and 

Accidental Black Spot Severity level (ABSSL) model. To develop model both Fuzzy Multiple Criteria Decision Making technique and Fuzzy Rule Based 

System technique are used. The Accidental Black Spots can be, further, ranked through ABSSI model on the basis of their severity and through ABSSL 

model Accidental Black Spots can be classified like highly severe, severe, just severe and not severe. 
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