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Abstract: Modeling Pressure Drop in Fluidized Cylindrical and Conical Beds

This study introduces an innovative methodology for modeling pressure drop in cylindrical and conical
fluidized beds, employing four different algorithms, Support Vector Machine (SVM), and (SVM) in
conjunction with three optimization algorithms: Particle Swarm Optimization (PSO), Dragonfly Algorithm
(DA), and Grey Wolf Optimizer (GWO). Unlike conventional approaches, our method integrates
dimensionless parameters, such as the Reynolds number, into the modeling process. This novel inclusion
of dimensionless numbers represents a departure from traditional practices in the field. Through
comprehensive evaluation, our best-performing dimensionless model using SVM-PSO achieved an
impressive coefficient of determination (R?) of 0.99715, a Root Mean Square Error (RMSE) of 0.047, and
an average absolute relative deviation (AARD) of 0.5235% when trained on the dimensionless parameters
dataset, exceeding the performance of the traditional parameters. Utilizing dimensionless numbers
facilitates better comparability and generalizability across different experimental setups and conditions, and
it enables more robust and accurate modeling by reducing the influence of scale variations inherent in raw
data. This significant finding demonstrates the potential of leveraging dimensionless numbers for accurate
prediction of pressure drop in fluidized beds and suggests promising avenues for further research in this
domain.

KEYWORDS: Pressure drop, fluidized bed, fluidization, support vector machine, dragonfly algorithm, particle
swarm optimization, grey wolf optimizer.

Résume : Modélisation de la perte de charge dans les lits fluidisés cylindriques et coniques

Cette étude présente une méthodologie innovante pour modéliser la chute de pression dans les lits fluidisés
cylindriques et coniques, utilisant quatre algorithmes différents (SVM), (SVM) en conjonction avec trois
algorithmes d'optimisation hybrides: Partiale Swarm Optimization (PSO), Dragonfly Algorithme (DA),
Grey Wolf Optimizer (GWO), et pour notre méthode intégré des parametres sans dimension tel que le
nombre de Reynolds, cette nouvelle inclusion représente une rupture avec les pratiques traditionnelles dans
le domaine, notre modéle a atteint une coefficient de détermination(R2) impressionnat de 0.99715, erreur
quadratique moyenne RMSE de 0.047, et (AARD) de 0.5235%, l'utilisation de cette méthode facilite une
meilleure comparabilité, généralisable dans différents configurations, et permet une modélisation plus
robuste et précise en réduisant l'influence des variations, cette découverte importante pour une prévision
précise de la chute pression dans les lits fluidises, et suggére des pistes pous plus des recherches.

MOTS CLES: Perte de charge, lit fluidisé, fluidisation, machine a vecteurs de support, algorithme de libellule,
optimisation des essaims de particules, optimiseur de loup gris..
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General Introduction

The fluidization process and in particular, the pressure drop (AP) in it is considered one of the
processes that require precise adjustment of many parameters to obtain good results. Therefore, it
is considered difficult to build accurate dynamics to control it. Many existing models have been
developed based on mass and energy conservation equations to develop these models [1], but this
was not feasible from a standpoint technical and economic [2], and from here we turned to artificial
intelligence techniques such as artificial neural networks (ANNSs) and support vector machines
(SVMs)Which are considered effective methods in this field [3-5].

One of the challenges faced by students, teachers, and even experienced engineers in various fields
of study and research, especially in the field of chemical engineering, is the use of different
measurement systems. Although there is an international system of units (SI) that is widely used
in mathematical equations, many places and countries still use alternative systems. Moreover,
some experimental correlations for physical and chemical properties used in various equipment
cannot be easily obtained in the international system. This can make it difficult for professionals
to communicate and collaborate effectively and may lead to errors in calculations and
measurements, [6] another problem is some international standards do not cover chemical
engineering quantities and units [7]. It is possible to make errors when deriving units in derived

units, certain publishing houses don't mandate writers to use a particular system of measurement
[8].

Fluidized beds are typically employed when is required a high contact area between solid particles
and a fluid phase [9], fluidized beds are usually constructed in two main shapes: cylindrical and
conical, and we cannot ignore the fact that the cylindrical shape is the most widely known [10], it
is used in chemical engineering operations for processes like absorption, distillation, adsorption,
and catalysis [11], reactor systems and heat transfer [12], however, in some fields, the need for
conical fluidized beds appears because they have some properties that are not found in a cylindrical
bed, such as the gradation in the sizes of particles in the bed. Among these industries is the

pharmaceutical industry [13].

One of the main obstacles facing anyone who wants to use machine learning techniques is the
number of parameters that must be adjusted accurately and correctly, whether the adjustment is

manual or through trial and error, to ensure that the algorithm runs correctly [14], especially in the

-1-
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field of chemical engineering, in which artificial intelligence is usually not used, despite the large
number of applications in which it can be employed in this field [15], especially using the support
vector machine (SVM), which has gained great popularity due to many features such as the
possibility of non-linear modeling of processes, and the dimensions of the input space do not matter
when used [16]. We remain faced with the problem of determining the optimal parameters to
achieve the best result [17]. Therefore, a meta-heuristic optimization algorithm was used to find
and adjust the best parameters within a short time [18], many meta-heuristic optimization
algorithms have been modeled whose structure is inferred from nature [19], in this work, we used
Particle Swarm Optimization (PSO), which has the advantages of ease of use, requires only a small
number of parameters, and is effective in the field of computing. It has proven its reliability well
[20], Grey Wolf Optimizer (GWQ) was also used, which proved to be very good in premature
convergence and local optimization problems [21], Finally, we used Dragonfly Algorithm (DA),
which is the latest among all of the above, and whose advantages include accelerated operations
to obtain effective solutions, and suitability for various optimization problems [22]. We have used
the previous skillful optimization algorithms in addition to the algorithm of (SVM) to calculate

pressure drop prediction in fluidized beds to come up with several results for comparison.

There is no literature exists concerning the utilization of Support Vector Machine (SVM)
algorithms for predicting pressure drop (AP) within cylindrical and conical beds in the context of
fluidization. Moreover, there is a discernible lack of inclination toward the adoption of SVM

methodologies within the discipline of fluidization research.

Therefore, this work aims to build four models Support vector machine(SVM), SVM-Particle
Swarm Optimization (PSO), SVM-Dragonfly Algorithm(DA), and SVM-Gray Wolf Optimizer
(GWO) to predict pressure drop (AP) and compare the four different results with each other, and
to compare the two models, the normal one and the dimensionless model, and to draw the results
of the final study to be the first in this field.

For this purpose, we divide our work into 03 chapters

Chapter I: Generalize about pressure drop in fluidization, this chapter is dedicated to giving a

general idea about pressure drop in fluidization and discusses its basic matters.
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Chapter Il: Generalize about artificial intelligence, in this chapter, we talk about Artificial
Intelligence, which defines it and gives us a look at it, we also talk about the algorithms that we

will use in our work and their basic structure.

Chapter I11: Experimental Study and Modeling of Pressure Drop in Fluidized Beds, the third
chapter in which we will talk about the detailed steps for modeling our work, from preparing
databases to the methods and metrics used, then reviewing the results of different models, leading

to the comparison between them in more than one aspect and in more than one way.

Finally, in conclusion, we will recall the essential results obtained and we will propose

perspectives of our study.
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Chapter I: Generalize about pressure drop in fluidization

I.1. Introduction

The first appearance of fluidized bed processes in industrial circles occurred in 1920s [12]
when it emerged and emerged academically as a new field of chemical engineering sciences and a
phenomenon of transportation, especially in the fifties of the last century. Its development
continued over the years until it became today one of the fields that have made a great difference
and achievements, especially in operations like converting coal, petroleum, and water refining into

the food, agricultural, and pharmaceutical fields [23].

Perhaps one of the most important factors that must be understood in the fluidization process
to obtain good operational efficiency is the pressure drop, as an excessive decrease in it means

increased costs, equipment wear, and other things that we will learn about below [24].

In this chapter, we will talk about the fluidization process in general, define it, and mention
its basic types. In addition, we will move to pressure drop and explain its characteristics and the

most important factors affecting it.
|.2. Fundamentals of fluidization
1.2.1. Definition of fluidization

The process of fluidization is defined as making a solid substance behave like a liquid by
passing a gas or liquid upward through it. One of the most important features of this process is the
high ability to transfer heat and mass between the fluid and solid phases, so it is widely used in

various physical and chemical processes [25,26].
1.2.2. Types of fluidization

Depending on the type of material being fluidized, there are five distinct types of fluidization
that can occur. These are, homogeneous, bubbling, sluggish, turbulent, and spouting, as described
by Kunii and Levenspiel 1991 [27].

In the following Figure 1.1 we review the different types of the fluidization process.
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Figure I. 1. The different types of fluidization [27]
1.2.3. Advantages and disadvantages of fluidization
1.2.3.1. Advantages of fluidization
There are many different and diverse benefits to the fluidization process, including [28]:

e Superior Heat Transfer: Fluidized beds are perfect for processes like drying, roasting, and
calcination that call for high heat transfer rates because of their superior heat transfer
qualities;

e Uniform mixing: Fluidization guarantees even dispersion of solid particles, leading to a
more stable end product quality;

e Continuous operation: Because fluidized beds may run continuously, throughput can be
increased and process control can be improved;

® Low-pressure drop: Low-pressure drops allow fluidized beds to function, which lowers

energy use and operational expenses.

1.2.3.2. Disadvantages of fluidization

In addition to the advantages, the fluidization process, like other processes, has disadvantages,
including [29]:
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® Uneven contact between gas and solid: The primary disadvantage of gas-solid fluidizationis
the unequal contact between steel and gas, which leads to insufficient reactions in some cases;

® Corrosion of internal bed parts: The rapid velocity of the liquid can corrode the internal parts
of the bed, resulting in shortened equipment life and higher maintenance costs;

® Depletion of solids: The fluidization process has the ability to reduce the size of solid particles
and produce finer particles;

® Possibility of entrapment of solid particles with liquid: Entrapment of solid particles with
liquid can cause contamination of downstream equipment, reducing efficiency and increasing
maintenance costs;

® Complexity of design and operation: The design and operation of fluidized beds can be
complex, requiring specific knowledge and experience.

I.3. Fundamentals of pressure drop in fluidization
1.3.1. Historical review

Since fluidization became available at the beginning of the twentieth century and the beginning
of the popularity of its various applications, this aspect has received the attention of many scientists
to conduct their studies on it. Perhaps one of the most prominent research that appeared, in the
beginning, was the pioneering works of Fritz Winkler, since the phenomenon of fluidization began
to spread in the 1930s, scientists have increased their interest in it [30], leading up to Winkler's
research in the 1940s, which was concerned with exploring the hydrodynamics of fluidized beds,
including the characteristics of pressure drop [31]. These early studies established basic insights
into the fluidization process, but they lacked equipment. Good computational tools are available
today.

After that, a major leap occurred in the world of fluidization, thanks to scientists such as Octave
Levenspiel and Warren K. Lewis. Levenspiel developed experimental relationships to predict
pressure drops in fluidized beds [32], while Lewis and his colleagues made a difference by
formulating various mathematical models to describe fluid dynamics and phenomena. Related to
heat transfer in fluidized systems [33], these theoretical developments contributed significantly to
a greater understanding of pressure drop and subsequently facilitated the design of fluidized bed

reactors and other industrial equipment.
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The theoretical side of the mathematical models continued to be developed until
experimental studies were considered important to verify the validity of the theoretical models and
to develop experimental correlations. Many experiments were conducted by researchers to verify
the characteristics of the pressure drop under different operating conditions such as different bed
heights, gas flow rates, and particle sizes. Perhaps one of the most prominent of these studies is
the study by Davidson and Harrison in the 1970s, in which they used advanced instrumentation
techniques to measure the pressure drop in fluidized layers [34]. The results they reached were
considered highly valuable data for validating theoretical predictions and increasing the accuracy

of experimental correlations.

In summary of all that was said previously, the study of pressure drop in fluidization has
witnessed great development over the past century thanks to the efforts of researchers from various
disciplines. This field witnessed a qualitative leap from early experimental investigations to the
development of advanced theoretical models, and reaching a much deeper understanding of
fluidization, which contributed to its arrival on a wide scale. From industries, and as researchers
continue to develop theoretical models and improve various measurement tools, the last step in
developing this field is to introduce it into the world of artificial intelligence to obtain predictive

models based on machine learning algorithms.
1.3.2. Definition of pressure drop in fluidized beds

The pressure drop in fluidization refers to the decrease in pressure between two points in the
system when the fluid passes through it because when the fluid passes through the particles, it
applies an upward pulling force to them. It is a crucial parameter in fluidized bed systems because
it has a major role in the behavior of the layer and the efficiency of the system which is a
phenomenon that must be studied to understand the fluid dynamics within the layer and improve
processes. Yes, it can be expressed in another language as the decrease in pressure that results

from the movement of the gas through a layer of molecules [12].

In the following Figure 1.2, we review the different bed conditions with a difference pressure drop.
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Figure 1. 2. Different bed conditions with increased with a difference pressure drop [35]

1.3.3. Effects of operating parameters on pressure drop

There are many parameters that affect, in varying proportions, the pressure drop in the fluidized
bed, whether these parameters are specific to the fluid used or the bed in which fluidization

occurred. The most important of these parameters are:
1.3.3.1. Fluidization velocity

The fluidization velocity is one of the most important parameters that is considered when
talking about the pressure drop in the fluidization process. The major role it plays is that the greater
the fluidization velocity the greater the pressure drop until a certain point is reached, called the
minimum fluidization velocity (Umsf), which is the point that separates the fixed bed from the
fluidized bed, where after reaching this point the pressure drop almost stabilizes even with
increasing velocity and is accompanied by an increase in the height of the fluidized bed with the
possibility of bubbles appearing, as the Figure 1.3 which shows the relationship curve between

pressure drop and fluidization velocity [36,37]:



Chapter I: Generalize about pressure drop in fluidization

2500 —
4 Minimum
fluidization point
2000 - % 4
. | Bubbling bed
g |
Q_ISOO T
o ] |
o
S |
2 1000 - | |
3 |
a |
500 |
‘ |
4 | Umf
0|lll1lIrlrllllllllIlllr‘llrlllllll
0 5 10 15 20 25 30 35

Superficial Gas Velocity [cm/s]

Figure 1. 3. Relationship curve between pressure drop and fluidization velocity [38]

1.3.3.2. Column diameter and bed height

Many studies have been concerned with studying the effect of column diameter and bed height
on pressure drop. It has been proven through experiments that reducing the column diameter leads
to an increase in the minimum fluidization velocity, which leads to an increase in pressure drop in
fluidized bed systems. Increasing the bed height leads to an increase in The pressure drop in the

fluidized layer, which confirms its effect on pressure drop [39].
1.3.3.3. Porosity

Porosity is the percentage of void volume in the bed and plays an important role in the
fluidization process. It is one of the parameters that attracted many researchers to study it and its
effect on the fluidization process in general and pressure drop in particular. As for the effect it
plays on pressure drop, with increasing porosity The pressure drop in the bed decreases. This fact
is because as the layer expands and the porosity rises, the total drag on the particles decreases [40].

It is calculated through the following relationship:
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o = (Vt-VS) (1.1)
Vi

Where Vs the volume total or volume of the bed and Vs is the volume of solids or particles.
The following Figure 1.4 shows an example of pores between solid molecules in a porous medium.

Pore Space

Figure 1. 4. Pores in a porous medium [41]

1.3.3.4. Diameter and density of particle

The effect that particle diameter plays on pressure drop is a complex phenomenon that involves
many different factors, as some studies indicated a significant decrease in the minimum
fluidization velocity with the addition of smaller particles, and other studies showed an increase in
pressure drop with a decrease in particle diameter, as a summary of the above art. Much research
indicates that while smaller particles can reduce the minimum fluidization velocity, they may also
increase the pressure drop, and other factors such as particle shape can further complicate the
relationship. We also cannot ignore the particle density and its effect on the pressure drop, since
as the particle density increases, the fluidized bed becomes more stable, which leads to a decrease
in vacuum, meaning that the greater the particle density, the greater the pressure drop [42-45]. The

particle density can be calculated from the relationship:

s =7, (1.2)

where is ms the mass of particles and Vs is the volume of particles.

-10 -
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1.3.3.5. Viscosity of fluid

Increasing the viscosity of the fluid leads to an increase in the minimum fluidization velocity.
The reason for this increase is that the more viscosity the fluid increases, the more force it requires
to move the solid particles, which leads to a greater increase in pressure drop across the layer. In
addition, turbulence within the vicinity of the fluidized bed can be reduced, leading to lower
pressure across the fluidized bed. There are other factors related to viscosity, such as temperature
and geometry of the fluidized bed, which are factors that must be carefully considered when

designing a class system [46].
1.3.3.6. Density of Fluid

An increase in fluid density leads to an increase in pressure drop in the fluidized bed. This
relationship is affected by other factors such as particle size, particle density, and fluid velocity. It
is very important to focus on fluid density and its relationship to pressure drop to reach a deeper
understanding of how fluid properties affect the dynamics of the fluidization process in general
[12]. The fluid density can be calculated from the relationship:
Yy

Pr = v (1.3)

Where ms is the mass of fluids and Vs is the volume of fluids.
1.3.3.7. Bed Geometry

The bed geometry is one of the pivotal parameters in the process of fluidization and pressure
drop as we mentioned previously, things such as the height of the bed and the diameter of the pipe
play important roles. There is an aspect that we did not talk about that also plays an important role,

which is the shape of the bed. It can be divided into the two most famous forms:
1.3.3.7.1. Cylindrical beds

Cylindrical beds, also known as packed beds, are commonly used in chemical engineering
processes that require rapid transfer of mass and heat, such as catalytic chemical reactions, and the
ability to move and mix molecules easily within the bed. The pressure is calculated using the Ergun
equation, and pressure drop is one of the things that is taken into consideration when designing
and operating these systems. Below is a Figure 1.5 showing the general appearance of this family

[11]:
-11 -
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Figure 1. 5. Example of cylindrical beds [47]

1.3.3.7.2. Conical beds

The geometric effect of the conical bed has a significant impact on pressure drop, as after
conducting experiments it was found that it is useful in the process of reducing pressure and
therefore very useful in reducing costs in fluidization operations. The following Figure 1.6 shows

the general appearance of this type of bed [48]:

-12 -
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1.3.4. Mechanisms contributing to pressure drop
Many other factors affect the pressure drop processand are taken into account when we talk
aboutthe fluidization process, the most important of which are:
1.3.4.1. Frictional losses

Friction losses are an important factor in fluidization systems that lead to pressure drop.
Friction loss is defined as the energy lost in the fluidization process due to friction between the
fluid and the pipe walls. From the previous definition, we conclude that the loss of friction is

proportional to the length of the pipe and the velocity of the fluid, since the longer and rougher

-13-



Chapter I: Generalize about pressure drop in fluidization

the pipe, the greater the loss of friction, which is an important factor because it leads to decreased

efficiency, increased energy costs, and equipment wear [50].
1.3.4.2. Acceleration losses

Acceleration losses in fluidization refer to the pressure drop that occurs when a fluid
accelerates due to changes in the system, such as an increase in temperature or a change in cross-
sectional area. Acceleration losses can be large, especially in some cases, such as when the layer
is subject to corrosion or particle attrition. Understanding this is important. Side is necessary to

improve the performance of the bed [51].
1.3.4.3. Expansion losses

The term expansion losses refers to the pressure drop that occurs as a result of the expansion
of the fluid as it passes through the fluidized bed. This expansion occurs due to the increase in the
volume of the fluid because it raises the particles in the layer, which reduces the density of the
fluid and increases its velocity. Therefore, it contributes to the overall pressure drop, but it is

usually small compared to the other components of the pressure drop [52].
I.4. Experimental Techniques for Pressure Drop Measurement
1.4.1. Overview of experimental methods for measuring pressure drop in fluidized beds

The experimental methods used to measure pressure drop in fluidized beds are considered
extremely important for understanding fluidized bed behavior and for obtaining efficient fluidized

bed designs. The most famous experimental methods for
measuring pressure drops are the following:
1.4.1.1. Pressure sensors

The pressure drop across the fluidized bed is measured using a differential pressure sensor,
which measures the pressure difference between two points in the bed. We can do this by installing
two pressure sensors at different heights in the belt as shown in Figure 1.7 and connecting them
to a differential pressure sensor that measures the pressure difference between the two sensors and

uses it to calculate thepressure drop across the bed when carrying out the measurement process
using this type, it is very important to take into account the pressure range and accuracy required

for the application to choose the appropriate type to obtain the best results. For example, when the
-14 -
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expected pressure drop is several bars, we use a pressure sensor with a range of several bars. In
addition to all this, the pressure sensor must have a high enough response frequency to capture
pressure fluctuations accurately.

In general, the use of pressure sensors to obtain pressure drop measurements in the fluidized
bed can provide valuable insights into the fluid dynamics of the bed and help improve bed
performance. Still, it is important to carefully consider the selection of sensors, their installation,

and measurement techniques to obtain accurate, highly accurate documented results [53,54].
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Figure 1. 7. Layout reviews installing pressure sensors on the bed [55]

1.4.1.2. Manometers

Manometers can be used to calculate the pressure drop in the fluidization process. Manometers
are instruments used in science to measure the pressure of gases. The open manometer measures
the pressure of the gas and compares it with the atmospheric pressure. An open manometer has an
immiscible fluid arranged in a U-shaped tube such that its density is more compared to the fluid

flowing. One end is connected to the point where pressure will be measured and the other end is

-15-
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connected to the pipe near the point of interest. Pressure difference measurement in fluidization
using manometers provides engineers and researchers with adequate information to optimize

fluidized bed use and scheduling [56].
1.4.1.3. Pitot tubes

It is measured by measuring the static and dynamic pressure differences with a pitot tube.
The fluid under motion creates what is known as dynamic pressure while the fluid under rest has
static pressure. A typical pitot tube is made of a tube that enters into the flow of fluid with an outlet
facing forward in the direction of flow. This opening measures the total pressure sums of both
static and dynamic pressures. On the side of the tube, at right angles to it, there is another opening
where we measure static pressure the remaining part which can be obtained by subtracting the
static pressure from total pressure is referred to as dynamic pressure, using the Bernoulli equation
this velocity can be calculated. It is very important to take into account that Pitot pipes are affected
by freezing, which may lead to errors in the pressure measurement process. Therefore, it is very
important to ensure regular maintenance of Pitot pipes properly and to protect them from freezing

under cold temperatures [57].
1.4.2. Considerations for experimental setup and data acquisition

Many considerations must be taken into account for experimental setup and obtaining data,
including [45,58]:

e Choosing the appropriate membranes for the base, which when we choose, we choose them
suitable for pressure;

e To obtain and store data, for this purpose we can use a Central Processing Unit (CPU)
processing unit and a graphic interface program such as lab view which we will use to read
and store data;

e It should also be taken into account that most of the pressure drop fluctuations appear at the
bottom of the fluidized bed,;

e The Froude number can be used to measure density, generally used for liquid-solid
fluidization;

o We repeat the experiment several times to obtain the best and most accurate results.

There are many considerations, and what we mentioned in this context is just a glimpse of them.

-16 -
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1.4.3. Case studies highlighting experimental investigations of pressure drop in fluidized

systems

Many different experimental studies have conducted experiments on pressure drops in
fluidized systems, with different years. We will take a sample of these studies and organize them
in Table I. 1 in which we will mention the name of each scientist along with the year in which he

experimented and mention the most prominent results obtained.

Table I. 2. Several experimental tests for pressure drop in fluidization, with most prominent results.

References | year The most prominent results

Pillay They explored multistage fluidization and made correlations between

[59] 19g3 | Pressure drop and solids holding time with relative velocities, Froude
number, and particle and perforation characteristics.

Chakrabarti Pressure gradient measurements were made for different combinations

[60] 2005 of phase superficial velocities ranging from 0.03-2 m/s.
Hashizume 2008 A calculation method for predicting the pressure drop in riser tubes
[61] could reproduce almost all data with an accuracy of 20%.
Hashizume 2009 A calculation method for predicting the pressure drop in the riser
[62] could reproduce almost all the data with an accuracy of 20%.

The selected software in general gives reliable predictions of pressure

Zakeri [63] | 2012 | 4,45 p to an F-factor of about 3 Pa 0.5 at high liquid loads

The addition of a second immiscible phase is accompanied by an

Eain [64] 2013 increase in pressure drop relative to the single-phase flow case.

The pressure drop increases with higher volumetric qualities for the

Hamad [65] | 2017 <o of constant water flow rate.

The flow resistance coefficient experiences a decrease with the
Peng [45] 2022 | increase in the modified particle Reynolds number and densimetric
Froude number.

I.5. Pressure drop models

The development of practical and theoretical models for calculating pressure drop has

undergone many modifications since its inception. As science advances, our understanding of the
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various factors affecting it increases. We will present some examples of the most important models

in this field, including:
1.5.1. Forchheimer correlation

It is an equation developed by the scientist Forchheimer to describe and calculate pressure drop
in porous media, the experimental correlation was developed using analogy with pipe flow with
coefficients as correction factors to calculate viscosity and also inertial terminology [66]. The

equation of this model can be written as follows:

T (kv r ) ®

Where:

AP: Pressured drop (Pa).

H: Bed's height (m).

ue: Dynamic viscosity of the fluid (kg/m.s).
U: Average velocity of the flow (m/s).

p: Fluid density (kg/m?3).

F: Forchheimer coefficient (m). Which is calculated by the relationship:

F=pBVK (1.5)
K: Permeability (m?). Which is calculated by the relationship:
d?. &3
K= k= o2 (1.6)

Where also:

B: Inertial resistance coefficient (-).
k : Carman-Kozeny constant (-).

. Porosity (-).

d: Particle diameter (m).

-18 -



Chapter I: Generalize about pressure drop in fluidization

1.5.2. Blake—Kozeny equation

It is a mathematical equation that describes the relationship between pressure drop and
flow velocity in different media consisting of spherical particles that share a uniform size [67]. It
is represented by the relationship:

AP 1-€)?
AP 5oL =8 e

H €3 d,?

U (1.7)

Where:

AP: pressured drop (Pa).

H: bed's height (m).

€: porosity (-).

uf: dynamic viscosity of the fluid (kg/m.s).
U: flow velocity (m/s).

d,: particle diameter (m).

1.5.3. Burke—Plummer equation

It is a relationship that describes the relationship between pressure drop and fluid velocity,
where the pressure drop is directly proportional to the square of the fluid velocity. It can be used

at high flow speed (or high Reynolds number) [67], and is described by the equation:

AP (1-8)p
H—1.75 3 de (1.8)

Where:

AP: pressured drop (Pa).
H: bed's height (m).

€: porosity (-).

pf: fluid density (kg/md).

U: flow velocity (m/s).
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d,: particle diameter (m).
1.5.4. Ergun equation

The original Ergun equation was proposed in 1952 through a direct combination of the
Blake—Kozeny equation and the Burke—Plummer equation. It is considered a very satisfactory
equation for predicting pressure drop in Newtonian flow. The equation was considered
comprehensive because its right term is related to the viscous effect, while the left term is
concerned with the loss of kinetic energy [67]. It is represented by the equation:

LT k) M S PI) Sl

—U? 1.9
H 83 dp 2 83 dp ( )

Where:

AP: pressured drop (Pa).

H: bed's height (m).

€. porosity (-).

pf: fluid density (kg/m?®).

uf: dynamic viscosity of the fluid (kg/m.s).
U: flow velocity (m/s).

d,: particle diameter (m).

In short, the Forchheimer correlation is an extension of Darcy's law and is used in turbulent
media and includes viscosity and inertia, and the Blake—Kozeny equation is related to a specific
surface area and is used especially in spherical particles, while the Burke—Plummer equation is
derived from experimental data and takes into account the size of the particles, their density, and
layer height, and in The last, Ergun equation, includes the two-part effect of viscosity and inertia,
and is the most widely used. That is, we can say although all of these equations explain pressure
drop in fluidized systems, they differ in terms of their theoretical underpinnings, presumptions,
and suitability for various flow regimes and particle properties. Based on the unique parameters

and needs of their system, researchers and engineers select the best equation.
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1.6. Application of pressure drop analysis in industrial processes

Pressure drop analysis is one of the most important things that must be taken into consideration
when talking about fluidization processes in various industrial applications. Contributes to the
selection of appropriate conditions and process equipment. Among its most important
applications, and based on what you discussed previously, especially the relationship between it
and other parameters such as bed length, fluidization speed, etc. We can conclude the following

applications:

- Fluidized bed r eactor design;

- Identification of flow regimes;

- -Scaleup and process optimization;

- Troubleshooting and maintenance;

- Optimization of fluidization conditions;
- Bed material selection.

1.7. Conclusion

So, in general, and as a summary of what we said, the study of pressure drop in the
phenomenon of fluidization brings many, many benefits to us in various industries, in economic

and environmental aspects in general, and in the field of chemical engineering in particular.

We also clarified the phenomenon of fluidization and focused on pressure drop in terms of the
factors and parameters affecting it and the different ways of measuring it, arriving at the most

important models that dealt with it and expanding our understanding and understanding of it.
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I11.1. Introduction

The basic principle of artificial intelligence (Al) is to build an intelligent machine that thinks
like a human [68].

The origins of artificial intelligence go back to ancient greek mythology, which says that a
mechanical man can mimic human behavior. However, it seems that the quest for this became a
reality when many scientists from different disciplines such as neuroscience and computer science

came together during the war. The second global revolution to reach smart machines [68].

In this chapter, we will talk in general about artificial intelligence, define it, and mention the
most important basics in it, down to the algorithms used in our work to gain a greater understanding

of this distinctive field.
11.2. Historical Review

Since time immemorial, humans have tried to find techniques to make their daily lives easier
and reduce tasks. Perhaps the historical point in the transformation of human life occurred when
ancient humans discovered fire, as cooked foods are easier to digest and therefore require fewer
neurons, specifically in the lower part of the brain. Which controls digestion processes, as Figure

I1.1 shows, thus saving the body’s energy.

As we know, humans are at the top of the food chain, and therefore humans have always built
tools that have an impact on human development and multiply human power. In ancient times, it
surpassed the ingenious machine of Archimedes in Alexandria in particular, where in 150 AD he
was able to build a steam engine that could open the door of the temple alone, surpassing all human
muscles. Moreover, before it specifically in 1200 BC, the Antikythera machine was built, which
had the ability to perform Advanced astronomical calculations including predicting eclipses. These
and other examples show that the foundations for building automation and systems that later
developed and became the cornerstone of computer science and artificial intelligence were laid

two thousand years ago [69].

It can be noted that the first computers were not far from the machines of ancient times.
Perhaps the most notable difference is the ability to create logical operations that combine “and”
and “or”. Perhaps the element that revolutionized technology is the transistor, thanks to which

computers were made smaller and smaller, and thus the ability to perform more complex
-22 -
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mathematical operations, and the human desire to reach greater development continued, as in 1952,
Alan Turing, one of the founders of computing, created a program that could play chess, very close

to current systems.

The actual leap in this field occurred in the year 1956 when ten high-ranking people met
to define artificial intelligence, including John McCarthy, Marvin Minsky (one of the founders of
the artificial intelligence laboratory at the Massachusetts institute of technology), and Herbert
Simon (winner of the Nobel Prize in economics in 1978, and the inventor of rationality). Claude
Shannon (inventor of information theory). One of the most important goals of this symposium was
to define intelligence using computer tools, to be one of the cornerstones of the world of artificial

intelligence [70].
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Figure I1. 1. The parts of the brain responsible for hunger [71]
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11.3. Definition of Artificial Intelligence

Defining artificial intelligence is a complex matter due to many difficulties, such as that the
field is so broad that it cannot be confined to a specific research field. That is, it is a
multidisciplinary program that, in its beginnings, aimed to imitate human cognitive processes.
However, with modern development, the goal has become to develop systems that can solve
problems much better than humans, meaning that as a summary of all of the above [72], we can

summarize it in the form of the following two definitions:

Definition 1: In which we can summarize Atrtificial Intelligence (Al) as a set of algorithms
that process a set of information or data related to tasks in a manner similar to and mimicking those
that a human might undertake.

Definition 2: In which we can say that the intelligent system is therefore an artificial
intelligence system in which the components are divided into two parts:

- The physical part that contains electronic equipment such as programmable electronic cards,

computers, etc.

- The computerized part consists of several programs that can process information of different

types and forms.

Hence, we note that artificial intelligence is an expression of a link between many
disciplines such as computer science and mathematics (logic, analysis, optimization, probability,

linear algebra) and many other fields.
I1.4. The main classification of Al

The classification of artificial intelligence has faced many difficulties due to the many fields it
falls into and the classifications differ according to the advantages provided and the goals sought
from it. Perhaps the most prominent classifications are those related to simulating human activities
such as movement, learning, thinking, awareness, and creativity. Accordingly, [72,73] artificial

intelligence has been classified into two main areas:

=24 -



Chapter I1: Generalize about artificial intelligence

11.4.1. Weak artificial intelligence

We can say that it is the complete imitation of observed human behavior in which the behavior
is reproduced accurately without any addition or alteration using computer programs, and it is a

classification in which there is no possibility of evolution.

11.4.2. Powerful artificial intelligence

It is a type in which human behavior is imitated while simulating the continuation of learning
and the accumulation of knowledge more and more, and therefore it is more complex than the
first. In this type, for example, algorithms develop and gradually emerge from the framework in

which they were placed by their authors or developers.

We can see the main classification of artificial intelligence in the following Figure 11.2.

THE MAIN CLASSIFICATION OF Al

STRONG Al WEAK Al

AKA artificial general intelligence, an AKA narrow Al, an Al system that is
Al system with generalized human designed and trained for a particular
cognitive abilities. When presented task. Example: a virtual personal
with an unfamiliar task, it has enough assistant, such as Apple’s Siri.
intelligence to find a solution.

Figure I1. 2. The main classification of Al [74]

11.5. Types of Artificial Intelligence

As we mentioned previously, because artificial intelligence has become part of almost all

areas of our lives as Figure 11.3 shows, we can divide it into many sub-fields, including:

11.5.1. Machine learning

Machine learning is the field that, as its name indicates, addresses the aspect in which we

build computers that learn and improve automatically through experimentation and learning. This
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field is considered one of the most important, growing, and widespread fields of artificial
intelligence these days, and we can say that this field is the link between computer science and
statistics. The paradigm shifts and major development in this field occurred when it was linked to
new learning algorithms and theories, allowing for evidence-based decision-making. Today this

field is included in science, technology, commerce, learning, marketing, and many others [75].
11.5.2. Natural language processing

We can say that it is a set of mathematical operations for tools for the automatic analysis
and representation of human languages with theoretical motives, that is, it is based on textual
analysis, and therefore it requires a deeper understanding of the nature of language using machines,
the most prominent examples of which are: retrieving information from the Internet, compiling it,
and answering the questions it has. It is based primarily on algorithms that depend on the textual
representation of web pages, dividing parts, verifying writing, and analyzing the level of each
word. Therefore, one of its most prominent problems is dealing with paragraphs and extracting
benefits from them, as its ability in this field is limited [76].

11.5.3. Speech

Processing and understanding human speech is one of the challenges facing artificial
intelligence, and there are many applications in this field, such as speech recognition systems for
dictation, speech production for automated advertising, including human-computer interface
(HCI), and voice-activated transactions. One of the challenges in this field is processing the audio

stream and dividing it into separate words [77].
11.5.4. Planning

In this field, we mean automatic planning, which is the mechanism responsible for
choosing the correct sequence of procedures to complete a specific task in the best way. This is
done by finding the best appropriate representation of the problem area, or in other language we
can say it is a series of steps consisting of the best path that takes by dealing with the initial state
until it reaches the target state, and after that, we take the coordinates of the optimal path in terms

of time and place to run the algorithm [77].
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11.6. Al algorithm

11.6.1. Definition of Al algorithm

Artificial intelligence algorithms are about giving machines the ability to learn and study
data and make appropriate decisions by giving them a set of instructions or rules, in other words,
giving the machine the ability to think like humans and give it the intelligence to perform a set of
applications such as recognizing patterns, understanding natural language, and solving problems
[79].

11.6.2. Al algorithms work

One of the things that should be clear to everyone is that artificial intelligence algorithms
are, by their nature, more complex than ordinary algorithms. Artificial intelligence algorithms
generally neglect learning, as they receive training data through which they learn so that they can
later make predictions, make decisions, etc., and the method of obtaining them is considered. This
data and dealing with it is the main difference between the different types of artificial intelligence

algorithms.

That is, in general, artificial intelligence takes classified or unlabeled training data provided
by developers or that it collects itself, processes that data and uses it to learn and develop itself,
and then performs the tasks assigned to it using the training data as a basis. Here it is worth noting
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that some artificial intelligence algorithms They are taught to develop and improve their data on

their own while other algorithms require human intervention [80].
11.6.3. Types of Artificial Intelligence Algorithms

Many categories of classification of artificial intelligence algorithms differ in how they

are trained and how they work, including the following three main categories:
11.6.3.1. Reinforcement learning

They are artificial intelligence algorithms that learn by receiving panic responses after

performing their work, usually in the form of a "reward".

We can say that reinforcement algorithms usually consist of two parts: the agent that
performs the action and the environment in which the action is performed. The cycle begins when
the environment sends a "status” signal to the agent. The agent then performs a specific action
within the environment. After executing the action, the environment sends a signal. The reward
for the agent is either "positive” or "negative™ depending on the event. Accordingly, the agent
evaluates the last action and updates the situation. The cycle is repeated until an end signal is sent

from the environment [81].
11.6.3.2. Unsupervised learning

As its name indicates, this type refers to algorithms in which there is no teacher. In this
type, unclassified and unlabeled data is presented to the algorithm, and based on the characteristics
and features of that data and the relationships between the various points, it learns the data and
implements the appropriate action based on training on the characteristics and features of similar

data, and it is used. Mainly for clustering [82].
11.6.3.3. Supervised learning

Supervised learning is, as its name indicates, adapted from the student's learning in the
presence of a teacher or an expert. It is considered the most important and widely used
methodology in machine learning these days, and this type of algorithm works by mapping input

variables X, and output variables Y to predict invisible data outputs.

Building an already supervised learning algorithm requires a team of experts, technologists, and
others to review the results, and data scientists to test the accuracy of the results [83]. The most

famous types of supervised learning algorithms are Classification and Regression where All of
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them can either be used for classification or regression, or both. Each one is defined as
follows [80]:

e Classification : is the use of binary (0 = no, 1 = yes) to produce an either/or conclusion.
Thus, something will only ever be categorized by the algorithm as one or the other, never
as both. Multi-class categorization pertains to the arrangement of data into predetermined
categories or types that are pertinent to a certain requirement.

e Regression: a real number-either a round number or a decimal point—will appear after the
output. The algorithm typically uses the points from the dependent and independent
variables to estimate a possible other result (either forecast or generalized estimate).

There are a lot of supervised learning algorithms, including:

11.6.3.3.1. Decision Tree
One of the most popular approaches for representing classifiers in data classification is the

use of decision tree classifiers. The topic of expanding a decision tree from existing data has been
studied by numerous researchers from a variety of disciplines and backgrounds, including
statistics, machine learning, and pattern recognition. In many domains, including text

classification, medical disease analysis, smartphone user classification, photos, and many more.

Where, with this algorithm, the methods used are taken, the paint set and the results achieved are

expressed in leaves [84].

11.6.3.3.2. Support Vector Machines
It was introduced by Vapnik to solve classification and regression problems based on

statistical learning theory [85], machine learning is a branch of artificial intelligence whose
principle is developing algorithms to enable a machine to learn and perform various tasks [86], we
have turned to SVM techniques because ANN models contain some obvious drawbacks, such as
local minima, over-fitting problems [87], The data set in it is expressed by the
equation {(x;,y;),i = 1,2,..., N} Where x; and y;respectively indicate ith element in n-
dimensional space and the real-valued output and N the number of data patterns. And it is

expressed support vector regression (SVR) by the equation [87]:

f(x)=(w,x)+b (11.1)
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Where w and b stand for the regression function's weight vector and intercept, respectively.
Next, the following regularized risk function is minimized in order to create the SVM regression
problem:

N
1 1
R =7 ) LFG) = y) +5 1w P 12)
i=1

Where:

L(f(x) —y) = {I(I) LFx) =) Il —e, if|f(x)—y|>¢

otherwise (1.3)

A loss function that is e-insensitive, where ¢ is a precision parameter that denotes the radius
of the tube surrounding the regression function, f(x). We can find a function that fits the present
training data with a deviation smaller than or equal to e by substituting equation (I1.3) into (11.2).
Rephrasing the SVM regression optimization problem as:

N
i . 1 2 *
minimize - | w | +C; &+ (11.4)

It is contingent upon the limitations listed below:

yi—w,x;)+b<e+é;
(w,x;))+b—y;<e+§
§.6 >0 (1-5)
i=12,..,N

s.t.

Where constant C indicates the positive regularization constant, which performs the
function of determining the trade-off between generalization ability and accuracy in the training
data, € indicates the degree of tolerance to errors in the gap between real values and the associated
boundary values of the e-tube is represented by the positive slack variables ¢&; and ;. The

following function can then be maximized using the optimization method to derive a dual problem:

N N
1
maximize "5 Z (a; — a{‘)(aj — ]?“)(xi,xj) — SZ (a; + af)
i=1

i,j=1

y (11.6)
+ Z yila; — a;)
i=1

With the constraints:
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N
> @-ap=0
i=1

0<a;<C (1.7)
0<a/<C
\ i,j=1,2,..,N

s.t. <

Where the Lagrange multipliers a; and «; are acquired by solving a quadratic program.
The SVM for fitting functions that were produced using the maximizing function indicated above

is therefore provided as follows:
f(x) = (ai —ai){x;,x) + b (11.8)
In the dual space, the SVM regression function is finally obtained as equation (11.9):
fx) = (a; —a))K(x;,x) + b (11.9)

When a kernel function K (xi, x) that satisfies Mercer's requirements is given. Support
vectors (SVs) are sample points that appear in equation (11.9) with non-zero coefficients. The
Radial Basis Function (RBF) with width c is the often-used kernel function unless otherwise noted.
Here is how the RBF is defined:

K (x;, %) = exp(=y|lxi, x), (v > 0) (11.10)

The three free hyper-parameters C, &, and y that were previously defined have a significant
impact on the generalization performance of SVR. Where indicate penalty parameters, coefficient
of non-sensitivity, and The RBF width parameter respectively. Figure 11.4 shows the general form

of the SVR representation.

-31-



Chapter Il: Generalize about artificial intelligence
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Figure 11. 4. The form general of SVR [88]

11.6.4. Meta-heuristic algorithms

11.6.4.1. Particle swarm optimization

It is one of the Swarm intelligence algorithms that are a large branch of artificial intelligence
[89], The algorithm is based on the behavior of flocks of birds when searching for food sources.
It's a popular optimization algorithm due to its simplicity and use in a wide range of applications.
It's considered one of the oldest and most well-known algorithms in the field because of its ease
and possibility of use in various applications [90]. It was presented and detailed for the first time
in 1995 through two papers [91,92], One of the most notable drawbacks is that it's easy to fall into
local minimums and encounter convergence problems [93], Many academic articles have talked
about hybridization and improvement of the meta-variables used in them, including the
effectiveness of their various methods and applications [89]. Some articles discuss its most

prominent challenges [94].

As for the structure of the standard algorithm, in it, a swarm of particles periodically updates
their positions first so that the algorithm cansearchas necessary to reach the best solution. As for
the movement of particles, each particle moves towards its previous best position (Ppest)and the

bestgloballocation (ghest) Movement is described by the equations [89]:

Phest; = X; | f(x) = min ({f(x)}) (11.12)

where i € {1,2,...,N}, and
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Bhest = Xi | f(xH) = ;::r{‘z;“zz({f (%)), (11.12)

Where i refers to each individual particle,t is the current iteration number, f is the function
or goal for which optimization (minimization) is to be made, x is the position vector (or a potential
solution), and N is the number of particles in the swarm. The following equations describe velocity

v and position x for each iteration t+1:

Vl-H-:l = O)Vit + oy (pf)est - Xlt) + Corp (gf)est - Xlt) (“13)

xitt = xt + vt (11.14)

Where v is a velocity vector, o it is the function that expresses the weight of inertia, and
in the algorithm, it is used to reach an equilibrium between local exploitation and global
exploration r;, and r, they are random vectors uniformly distributed within the domain [0,1]°
(where D is the dimensionality of the search space or the magnitude of the current issue), c;and c,
these positive constants are referred to as "acceleration coefficients”. Figure I1.5 shows the

simulation of the process of choosing the best location for a flock of birds.

Bird 3 V

Best visited
point of the
Slock

Best visited
point by
Bird 2

Bird 2's
past

history

X Previously visited
point
@ Personal Best visited
point (pBest)
)  Global Best visited
point (gBest)

Figure I1. 5. The conceptual framework for identifying the best visit point in a swarm [95]
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11.6.4.2. Dragonfly algorithm

It was first introduced in 2016 and was inspired by static and dynamic dragonfly swarms'
behaviors [96], it was inspired by the cluster behavior of dragonflies, specifically during hunting
and migration, and is divided into two swarms: static and dynamic. The static swarm is the hunting
swarm, where dragonflies gather in small groups and fly in a limited area back and forth to hunt
prey. The second dynamic swarm describes the case of moving long distances in one direction. To
express it in another language, the two phases are called the exploration phase and the exploitation
phase, where in the case of the first swarm, movement in a limited area represents the exploration
phase of the optimization algorithm, while flying in one large swarm in one direction is useful for
exploitation [97]. Figure 11.6 shows the five basic actions of a dragonfly. The behavior of any

swarm follows the principles outlined by Reynolds [98]:

Separation, alignment, and cohesion. To imitate the natural behavior of dragonflies, the
members of the group are attracted to food and get distracted by external threats, in addition to
what is mentioned above. Mathematical models are used to update the locations with every

iteration, which can be summarized in the following manner:

(1) Separation: The goal of this process is to prevent collision between each member of the group

with other individuals and is expressed by equation (11.15):

N
S; =—Z X—-X; (11.15)
j=1

Where X displays the site of the current individual X; represents the site of the jth individual
in close proximity, and N The number of individuals hovering around.
(2) Alignment : The meaning of which is that all individuals in the same group move with the
same speed, and itis expressed by equation (11.16):
N
A = z Vi/N (11.16)
j=1

Where V; displays the velocity of the j-th neighboring individual.

(3) Cohesion: This indicates the tendency of the group to form a single bloc through the tendency
of the individual to move towards the center of the group, and itis expressed by equation (11.17):
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N

C; = E:&m/—x (11.17)

j=1
(4) Attraction: to where food is located by equation (11.18):
F=Xt-X (11.18)
Where X* points to the site of the food source.
(5) Distraction: to describe avoiding and going away from enemies by equation (11.19):
E=X +X (11.19)
Where X ~pointing to the site of the enemy.

Previous models describe the behavior of dragonflies in nature with some of their usual
behaviors, and for the simulation to be comprehensive, the location of the dragonfly is updated

with each iteration by the step vector AX expressed by equation (11.20):
AXt+1 = (SSi + aAl- + CCi + fFl + eEi) + WAXt (“20)

Where s, a,c,f,and e indicate and respectively the separation weight, the alignment
weight, cohesion weight, the food factor, and the enemy factor, and also S; A4;,C;,F; and E;
indicates to and respectively the separation, the alignment, the cohesion, s the food source and the
enemy’s location of the i-th individual. w is the weight of inertia, and t is the iteration counter,
after performing the calculations received with the step vector, the position vector is expressed by

equation (11.21):
Xew1 = Xo + AXppq (11.21)

If the dragonfly was moving in the absence of other individuals in the vicinity, DA uses
random movement or Lévy flight [99], which is used to improve random behavior and exploration

in search of solutions, where the dragonfly's location is updated by equation (11.22):

d is the dimension of the position vectors. The Lévy flight is calculated as follows by equation
(11.23):
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. rp*xo
Lévy (x) = 0.01 =

|7”2|E

(11.23)

Where ry and r2 are two random numbers in [0,1], B is a constant, and o is calculated as
follows by equation (11.24) and (11.25):

_/ r(1+ﬁ)*sin($) G

o= (11.24)
B-1
FE
Where'(x) = (x —1)! (11.25)
Seperﬁtion Alignment Cohesion
’ A Y /J) g
j 7
& o K e KL
% J:—/ J—}/ w_:_/ ﬁ\u
\ g ) 4
7
00 S J _’,"’ ~
ﬁ \ ,“/f ‘U \%/5/ // =z &
: V_?/ "_‘//j _",
Attraction to food Distraction from enemy

4 A
L R
\ \\\ // ! \ \
' R L,
@i/éj E _ M—h

- e - y
- —AL N~ 9™
4//;& NS4 \
£ f

Figure I1. 6. Simple correction patterns amongst members of a swarm [96]

11.6.4.3. Grey wolf optimizer

It was first discussed in 2014 by Mirjalili [100], An algorithm that was inspired by the behavior
of wolves. In the structure of the algorithm, the hierarchical relationship within a flock of gray

wolves in the wild was simulated. The hierarchical behavior of wolves was simulated using four
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types of wolves: alpha(a), beta(p), delta(d), and omega(w), which indicate, respectively, the best
solution and the second best solution, the third best solution, and the last remaining best solutions
[101], The algorithm includes four sections: social hierarchy, tracking, encirclement, and attack.
As for the first section, it is the one we talked about. As for encirclement, the behavior of the target

(the encircled prey) will be mathematically formulated as follows by equation (11.26) to (11.32):

If we say that X and )?p are respectively current position vectors of a grey wolf and the current

prey position, the mathematical relationship will be as follows:

D=|C-X,(t) - X(®)| (11.26)
X(t+1)=X,(t)—A-D (11.27)

Where 4 and C represent the coefficient vectors and exploitation and exploration,

respectively which is expressed in the form:

A=2d-# —d (11.28)

Ny

—2.% (11.29)

Where components a are linearly decreased from 2 to 0, 7; and 7, are random vectors
between the value [0,1], A random value represents the margin between -o. and +o which lies within
the boundaries of the field [-1,+1] which in the algorithm simulates attacking prey, where if |/T|<l,
The current position of the prey will be adopted and the wolves will attack it. The algorithm

considers vector C as the effect that arises when obstacles approach the prey in nature.

The previous equations describe the formula in its general form for the operation of the
algorithm in its two stages, the search for the best location and the hunt, which was presented and
explained by Mirjalili [100]. To create more flow and the best application of the algorithm, we can
force each of the a, B, 8, and even other values » wolves to update their location with each iteration

according to the following formula:

D; =|C - X; — X|(i=a,B,&j=123) (11.30)
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X +X+X
3

Xt+1)= (11.32)

As a summary of everything that was talked about, alpha, beta, and delta are calculated
according to the relationships explained, through which the best location for the prey is estimated

through the three best solutions, and an update is made with each iteration [101].
11.7. Conclusion

In conclusion to all of the above, we gave the most important basic points to give a first
look at the basics of artificial intelligence, starting from its definition to some historical reviews,
they also talked about the most important classifications of artificial intelligence and its basic
types, all the way to algorithms, which alone are considered an integrated world of science, finally,

arriving at an explanation and definition of the algorithms used in our work.
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Chapter 111: Experimental Study and Modeling of Pressure Drop in Fluidized Beds

I11.1. Introduction

The accurate prediction of pressure drop in fluidized beds is crucial for various industrial
processes, spanning from chemical engineering to environmental sciences. In recent years, Support
Vector Regression (SVR) has emerged as a promising technique for modeling complex systems
due to its ability to handle non-linear relationships and high-dimensional data effectively.
However, enhancing the performance of SVR models remains a significant challenge, particularly

in applications with intricate dynamics such as fluidized bed systems.

In response to this challenge, we have turned to metaheuristic optimization algorithms to
enhance the capabilities of SVR in modeling pressure drop phenomena in fluidized layers within
cylindrical and conical beds. Metaheuristic algorithms, such as Particle Swarm Optimization
(PSO), Dragonfly Algorithm (DA), Grey Wolf Optimizer (GWO), and others, offer innovative

solutions for optimizing model parameters and improving predictive accuracy.

This introduction sets the stage for exploring the utilization of SVR, both independently and
in conjunction with metaheuristic optimization algorithms, to develop robust models for predicting
pressure drop in fluidized bed systems in cylindrical and conical fluidized beds. Through this
research, we aim to contribute to the advancement of predictive modeling in fluidized bed
technology, enabling more efficient and reliable process design and optimization in various

industrial applications.
111.2. Methodology

111.2.1. Data-set collection and pretreatment

In this study, we have collected a database consisting of 406 samples from various previous
works on pressure drop in cylindrical and conical fluidized beds. 171 samples were collected for
a cylindrical fluidized bed and 235 samples were collected for a conical bed. The samples were

taken for several experiments with different bed dimensions and angles.
111.2.1.1. Normal model

For the normal model, nine parameters were selected as inputs namely the porosity of the bed

(¢), the diameter of the particles inside the bed (d,), the height of the bed (H), the density of the
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bed particles (ps), the density of the fluid used (ps), the dynamic viscosity of fluid (us), the diameter

of the inner tube of the bed (Do), in addition to the cos of the angle (Cosa), which is equal to one

for the cylindrical bed and calculated according to each bed for the conical bed and finally the
fluidization velocity (U). One output is selected which is the pressure drop in the bed (AP). Table
[11.1 shows the range of different input and output parameters along with the units for each

parameter used to build the model.
111.2.1.2. Dimensionless model

The dimensionless parameters selected to build the model aim to avoid converting units
between different systems. This model consists of five dimensionless inputs which are Reynolds
number, Archimedes number, pipe inner diameter/bed height, hydraulic diameter/particle
diameter, cos of the angle (Cosa), and the only output is the Euler number. Table 111.2 shows the
range of different parameters we used to build the model. The following equations were used to

calculate the input and output values from the normal form data. from equation (111.1) to (111.5):

dp
= — .1
Re va ( )

Where V4, it is kinematic viscosity(m?#/s) .Which is calculated from the equation. Eq (111.2):

He
Ve=—
£ o (1.2)
g-dp® pr. (ps- Pr)
Ar =
e (1.3)
Where g it is the Earth's gravitational acceleration and is equal to 9.81(m/s?).
d /d. = 2.&
n/ P=3 -8 (111.4)
E AP
u=
o U (I11.5)
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Table I11. 1. Data ranges (Normal model)

Min Max Average
&() 0.240 0.636 0.434
d,(m) 0.566x10% | 0.170x102 | 0.530x10°
H(m) 0.197x10? 0.390 0.153
Cosa(-) 0.866 1 0.991
Inputs ps(kg/md) 1396 6700 1951.500
pi(kg/m?3) 1.127 1.214 1.166
ur(kg/m.s) | 0.170x10* | 0.191x10* | 0.185x10*
Do(m) 0.050 0.180 0.145
U(m/s) 0.394x102 1.966 0.491
Output | AP(Pa) 4.639 2613.180 | 1117.470

Table I11. 2. Data ranges (Dimensionless model)

Min Max Average
Re (-) 0.153x10* 104.300 17.600
Ar (-) 24.470 277635.700 14317
Inputs
Do/H () 0.250 4.090 1635
dn/d, (-) 0.210 1.164 0.537
Cosa (-) 0.866 1.000 0.991
Output | Eu (9) 156.460 | 647278.880 | 53350.360

111.2.2. Data division and model development

After various trials were conducted for the division of the test data from 15% to 35%, the
suitable division was 20% for the test stage and 80% for the training stage. As for the four
algorithms SVR, SVR-PSO, SVR-DA, and SVR-GWO, they were conducted using MATLAB

environment.
111.2.3. Statistical evaluation

In evaluating our previous algorithms, SVR, SVR-PSO, SVR-DA, and SVR-GWO, four well-
known statistical indicators were used to be able to measure the quality of the predictive ability of
our algorithms and to be able to also compare with other works, including the coefficient of
determination (R?), root mean square error (RMSE), and the percent average absolute relative
deviation (AARD%), are given by equations from (I11.6) to (I11.8):
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2_q4_ Z?=1((Y—Ycal)2)> .
g ! < ?:1((Ycal—)7)2) (111.6)

1
RMSEz\/E (Yo — ¥)2 (111.7)

100

AARD =—7TL, (111.8)

Ycal - Y|
Y

111.3. Results and Discussion
111.3.1. Effect of inputs on output
111.3.1.1. Relative importance of inputs

It can be defined as the effect of the inputs on the output for both models. For that, an
approach developed by Ustiin et al. [102] was followed which allowed the obtainment of the
input’s relative importance. It consists of using alpha values resulting from the Quadratic
Programming (QP) with the reduced input data matrix (after removing the data that correspond to
the zero alphas). An input profiling vector is obtained after the inner multiplication of the alpha
vector and the reduced matrix. The profiling vector was then converted to percentages that sum up

to 100%, to get a clear view of the evaluation.

We can see in the following two figures 111.1 and 111.2 the amount of importance of each
input, and the type of its contribution, whether positive or negative, so that we are aware of which
of them must be reduced and which of them must be increased to obtain a pressure drop in the
range that achieves the best efficiency. Where, as we see in Figure 111.1 the inputs with the greatest
impact are fluid velocity and particle diameter with the highest positive impact, where,
respectively, there is a relative relationship of 56.8% and 50.5%, meaning it is a direct relationship.
Whenever we increase these inputs, we obtain a greater pressure drop. It is followed by the
viscosity of the fluid, bed height, and porosity with a moderate effect and with a relative
relationship of 27.7%, 25.5%, and 14.4%, respectively, and the density of the solid comes with a
low effect, and with a relationship equal to 7%. On the other hand, the strongest negative effect is
for Cos (a), then the inner diameter of the tube has a relationship of -48.2% and -29.5%
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respectively, which indicates that as we increase these specifications, we get a lower pressure drop,

and in the end the density of the fluid comes with the least negative effect, equal to -4.2%.

Histogram of Relative Importance Scores

80

Relative Importance (%)

Feature

Figure 111. 1. Histogram of inputs' relative importance (Normal model)

Figure 111.2 shows the effect of the inputs in the second model on the Euler number, which
is indicative of pressure drop, as we can see, the only input with a positive effect is the Reynolds
number, which has a relative relationship of 68.5%, and as for the rest of the descriptors, they have
a moderate negative effect. The Archimedes number is -32.5%, with a small effect of cos alpha,
pipe inner diameter/bed height, and hydraulic diameter/particle diameter, with a relative
relationship of -12.5%, -9.9%, and -3.5%, respectively.

80 Histogram of Relative Importance Scores

Relative Importance%

Feature

Figure 111. 2. Histogram of inputs' relative importance (Dimensionless model)
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111.3.1.2. Violin boxplot of the effect of inputs

Combining boxplots and kernel density charts, a violin plot illustrates numerical data.
When working with multimodal data, it can be helpful to see the whole distribution of the data.
Figure 111.3 and 111.4 show violin plots of the effect of inputs on output, whereas to read violin

shapes, areas with a larger width indicate the density of the data range at that value.

It is possible to state that the distinction between violin charts showing the influence of
inputs on output and the relative importance of inputs. Violin plots show how the output variable
is distributed over various input categories, providing information on how inputs impact the
distribution of the result. Conversely, relative significance analysis provides a numerical rating of
the relevance of each input variable by quantifying its effect on the output's variability or
prediction. Both methods offer distinct viewpoints and information kinds, but they are useful for

comprehending the connection between inputs and results.

Effect of Inputs on Output

Output

L

< R A ¢ ¢ & N é’%&

Input

Figure I11. 3. Violin plots of the effect of inputs on output (Normal model)
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Figure 111. 4. Violin plots of the effect of inputs on output (Dimensionless model)

111.3.2. SVR models development
111.3.2.1. Support vector regression model
(i) Normal model

In the present investigation, we conduct a thorough examination of Support Vector
Regression (SVR), focusing on the determination of hyper-parameters and their impact on
predictive accuracy. Our analysis is performed using the standard model framework, as specified
in Table I11.1. Through rigorous experimentation, we determined an optimal set of hyper-
parameters characterized by €=1000, y=10, £=0.09, and the Radial Basis Function RBF as the
kernel function. The results reveal significant findings, including coefficients of determination
(R=0.9324, R?=0.8484) and minimized error metrics (RMSE=0.1949, AARD=9.7106%).
Additionally, the graphical representation in Figure I11.5 elucidates the agreement between actual
and predicted pressure drops across both training and testing datasets, providing a comprehensive
comparison of the predictive capabilities of the SVR model.
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Figure I11. 5. Actual versus the predicted pressure drop values by the SVR model

(it)Dimensionless model

In the subsequent investigation, employing Support Vector Regression (SVR) within the
dimensionless model framework as outlined in Table 111.2, using the same last hyper-parameter
€=1000, y=10, &= 0.09, and the Radial Basis Function RBF as the kernel function. The outcomes
demonstrated coefficients of determination (R=0.9821, R?= 0.9628) along with a slight decrease
in error metrics (RMSE=0.1659, AARD=7.1223 %). Notably, the graphical representation in
Figure I11.6 illustrates the correlation between actual and predicted Euler numbers for both training
and testing datasets, providing a detailed comparison of the predictive performance of the SVR
model.
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Figure I11. 6. Actual versus the predicted Euler number values by the SVR model

111.3.2.2. SVR-dragonfly algorithm model
(i) Normal model

In the present investigation, we undertake an examination of a composite algorithm
integrating Support Vector Regression (SVR) and Dragonfly Algorithm (DA), with the explicit
objective of scrutinizing the ramifications of algorithmic adjustments on the selection of hyper-
parameters. To accomplish that we conduct the examination in the normal model, delineated in
Table Il1.1. The discernment of an optimal hyper-parameter configuration, characterized by
C=125.504, y=1.314, and £=0.0461, ensued from our empirical inquiry. Noteworthy findings
include elevated coefficients of determination (R=0.9840, R?=0.9653), concomitant with
minimized error metrics (RMSE=0.09632, AARD=5.4879%), denoting an enhanced predictive
capacity. Additionally, the graphical exposition depicted in Figure I11.7 elucidates the concordance
between actual and predicted pressure drop across both training and testing partitions, affording a
nuanced juxtaposition of predictive performance compared to the previous algorithmic framework

paradigm.
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Figure I11. 7. Actual versus the predicted pressure drop values by the SVR-DA model

(if)Dimensionless model

In the subsequent investigation, employing the identical amalgamated algorithm featuring
Support Vector Regression (SVR) and Dragonfly Algorithm (DA), using the dimensionless model,
as detailed in Table 111.2. The outcomes revealed a distinct set of optimal hyper-parameter values,
specifically €=68.320, y=0.8645, and € =0.0639. This iteration yielded commendable coefficients
of determination (R=0.99669, R?>=0.99322), accompanied by a modest increase in error metrics
(RMSE=0.07223, AARD=1.1549%). Notably, Figure I11.8 depicts the graphical representation of
the correlation between actual and predicted Euler numbers across both training and testing
datasets, affording a nuanced juxtaposition of predictive performance compared to the previous

algorithmic framework paradigm.
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Figure I11. 8. Actual versus the predicted Euler number values by the SVR-DA model

111.3.2.3. SVR- grey wolf optimizer model

(1) Normal model

Regarding the third algorithm, which integrates Support Vector Regression (SVR) with
Grey Wolf Optimizer (GWO), subsequent to algorithm formulation and parameter calibration, it
was implemented on the normal model delineated in Table I11.1. The optimal combination of
hyper-parameters yielded C=138.940, y=0.3368, and £=0.05114. Evaluation metrics manifested
noteworthy performance: R=0.9485, R?=0.8837, RMSE=0.17236, and AARD=3.17506%,
signifying a commendable outcome. Additionally, Figure I11.9 illustrates the correlation between

observed and predicted pressure drop across training and testing datasets.
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Figure I11. 9. Actual versus the predicted pressure drop values by the SVR-GWO

(if)Dimensionless model

Upon subjecting our dimensionless model, delineated in Table 111.2, to the same
amalgamation of SVR and GWO algorithm, the optimal hyper-parameter configuration was
determined: C=144.7099, y=2.8794, and ¢=0.08130. The evaluation metrics reflected notable
performance: R=0.99252, R?=0.98472, RMSE=0.1085, and AARD=1.5528%. Furthermore,
Figure 111.10 illustrates the relationship curve between observed and predicted Euler numbers
across training and testing datasets.

-50 -



Chapter 111: Experimental Study and Modeling of Pressure Drop in Fluidized Beds

Eu exp vs. Eu pred, R=0.99252

& 6.5 | O  Train data P
= ' Best Linear Fit 250
S — — —-Eu exp =Eu pred o ©
+ L O Test dat 2
' 6 est data o
X
()
i 55 o .
) (o]
o5 o
e S 5 & 2 © 1
I 3 d)O
T uw o
2 o) O
& 45) 1
S
1]
i 4t ]
|
©
e
5 351 7
c 1 1 1 1 1 1 1
3.5 4 4.5 5 5.5 6 6.5
Eu exp

Figure I11. 10. Actual versus the predicted Euler number values by the SVR-GWO

111.3.2.4. SVR- particle swarm optimization model

(i) Normal model:

The fourth algorithm come from the integration of Support Vector Regression (SVR) and
Particle Swarm Optimization (PSO) methodologies, aimed at optimizing hyper-parameter
selection. This novel approach was employed to minimize error values by conducting extensive
testing within the specified domain, consistent with our methodology in previous algorithms.
Application of this algorithm to a normal model, detailed in Table 111.1, yielded optimal parameter
values: C=500, y=6.5627, and €=0.0208. This parameterization effectively mitigated overfitting
concerns, resulting in improved performance metrics, as evidenced by a higher coefficient of
determination (R?=0.98179), a robust correlation coefficient (R=0.99138), and reduced root mean
square error (RMSE=0.0708) and average absolute relative deviation (AARD=1.4299%). Notably,
these outcomes surpass prevailing benchmarks in the literature, affirming the efficacy of our
approach. Additionally, Figure Il1.11 depicts the relationship between actual and predicted

pressure drop across training and test datasets.
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Figure I11. 11. Actual versus the predicted pressure drop values by the SVR-PSO model

(ii) dimensionless model

Following experimentation, the combination of the PSO and SVR algorithm was applied
to a dimensionless model, as outlined in Table I11.2. The resultant hyper-parameters were
determined to be C=218.410, y=1, and £=0.00434. Comparative analysis revealed superior
performance metrics relative. Specifically, a high correlation coefficient (R=0.99858) and
coefficient of determination (R?>=0.99715) were achieved, root mean square error (RMSE=0.0472)
and average absolute relative deviation (AARD=0.5235%). Remarkably, these advancements were
attained utilizing an equivalent quantity of vectors. Thus, our utilization of the dimensionless
model has yielded notable improvements, surpassing the accuracy of the conventional model.
Additionally, Figure 111.12 visually illustrates the relationship between actual and predicted Euler

numbers across training and test datasets.
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111.3.2.5. External validation
External validation was performed using the external validation tool downloaded from

(https://sites.google.com/site/dtclabxvplus/), which contains the tool and a full explanation of its
use.

After looking at Table I11.3, which reviews the results of the external validation of the
models and algorithms that we worked on, the table shows that most of the algorithms, in varying
proportions, provided excellent performance, with the exception of the SVR normal model (N),
which provided somewhat poor performance, as shown by the CCC and the value of the high root
mean square error RMSE where the values range down. The SVR-PSO dimensionless model (D),
showed the best results with regard to high CCC and Q? values, and lower RMSE, which indicates

good statistical significance and high robustness.
- CCC (Concordance Correlation Coefficient)

CCC takes precision and accuracy into account when assessing the degree of agreement

between anticipated and observed values. The model's precision and dependability are highlighted
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by the global CCC of 0.9408, which shows a high degree of agreement between the model's

predictions and experimental results.
- Q2 (Cross-validation coefficient)

One crucial parameter in cross-validation is Q2, which indicates the model's ability to
predict novel, unobserved data points. The robustness of the model is demonstrated by a global Q?
of 0.8511, implying that it can explain approximately 85.11% of the variance in new data.
Essentially, Q2 assesses the model's generalization capability beyond the training set. As evidenced
by the results, a Q2 value exceeding 0.5 signifies that the model is proficient in generating reliable

predictions for new observations.

Table I11. 3. External validation criteria for all models

Validation criteria

Model
R2 RMSE CcCcC Q?
SVR(N) 0.873 0.1949 0.9295 | 0.9986
SVR(D) 0.9654 0.1659 0.9819 | 0.9897

SVR-DA (N) 0.9683 | 0.0963 | 0.9833 | 0.9997
SVR-DA (D) 0.9934 | 0.0722 | 0.9966 | 0.9985
SVR-GWO (N) | 0.8997 | 0.1724 | 0.9454 | 0.9174
SVR-GWO (D) | 0.9851 | 0.1085 | 0.9924 | 0.9966
SVR-PSO (N) | 09829 | 00708 | 0.9911 | 0.9861

SVR-PSO (D) 0.9972 | 0.0472 | 0.9986 | 0.9994

111.3.2.6. General comparisons

(i) Dataset comparison: The findings reveal that among the four algorithms evaluated, the
dimensionless model exhibited superior performance compared to the normal model. This
superiority is evidenced by the normal model achieving lower values for both RMSE and AARD,
indicating enhanced predictive accuracy, alongside high R? values, signifying a greater proportion
of variance explained within the variables. Consequently, the results underscore the distinct

superiority of the dimensionless model, highlighting its quality and robustness.

(it) Algorithms comparison: When comparing the four algorithms, the SVR-PSO algorithm

consistently outperformed the others in all cases, followed by SVR-DA, SVR-GWO, and SVR
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respectively. With SVR-PSO achieving the highest R? and the lowest RMSE and AARD values.
The other algorithms were ranked accordingly. Notably, the Superiority of the three meta-heuristic
optimization algorithms towards the SVR algorithm underscores the significant role of meta-
heuristic optimization techniques. These performance differences are attributable to the distinct
mechanisms underlying each algorithm's operation. Overall, the results consistently identified
SVR-PSO, along with the dimensionless model, as the most effective among the algorithms

evaluated.

(iii) Kernel density estimation plot comparisons: To make a comparison between the work of
different algorithms using Kernel Density Estimation (KDE), we collected the actual test samples
with the predicted ones for all the experiments that we conducted and subtracted them from each
other to obtain the residual for each model. Then we represented the residual for the dimensionless
model in the y-axis and the residual for the normal model in the x-axis, and the representation was

performed by the KDE process, they were conducted using Python codes.

The KDE method works by representing points graphically, which in our case is close to
zero for most points because it is the remainder of subtracting the actual value from the predicted
value. Then it places a kernel (Gaussian in our case) on each data point, and then (sns.kdeplot) is
used to estimate the density of points in our two-dimensional space, then comes the role of the
color map (cmap) parameter, which assigns a specific color to each specific density value and
changes the colors gradually as the density decreases, which is represented digitally in the sidebar
so that the density value is shown with the corresponding color, where the other number indicates
values. The point density is lower at that point and the larger number has higher density values,
S0 as a summary, we can theoretically determine the density values for each point of color in the

two-dimensional space in a smooth and professional way.

Where, as we see in figures from figure 111.13 to 111.16, which show the KDE plot diagram
for all algorithms that are consistent with what we mentioned previously, we see in the figure for
SVR-PSO the largest point density that approaches zero for the two axes and scales according to

the algorithm used, and as we mentioned previously.
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Figure 111. 16. Kernel density estimation plot for SVR-PSO model

(iv) Correlation plot comparisons: As we can see in Figure 111.17 and 111.18, which indicate the
correlations between the inputs in both of our models, show the Pearson correlation coefficient
(R), whose range is between 1 and -1, which indicates that the correlation between the inputs is
negative or positive, as it when it is positive, it indicates that when one of the inputs increases, it
affects the other by increasing, and vice versa, when it is negative, and when its value is equal to
zero, it indicates that there is no relationship between the inputs, which is usually used to determine
multicollinearity, which occurs when there is a high correlation between the descriptors. As we
notice in the figure for the dimensionless model, there is a decrease in the value of R compared to
the regular model, which is one of the advantages of using it, as it is most suitable for overcoming
the problem of multiple linear relationships.
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In Figure 111.19, we see a graphical representation of both R?> and RMSE obtained in our
previous experiments, and in Figure 111.20, we see a three-dimensional graphical representation of
the number of AARDs within different ranges.
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I11.4. Conclusion

In this chapter, we were able to prove the effectiveness of using our various algorithms to
obtain an accurate prediction of the pressure drop in the fluidized bed, with the SVR-PSO

algorithm outperforming the rest of the algorithms.

We were able to prove the feasibility of the dimensionless system from more than one
aspect, as the accuracy is superior to the regular model, and as we saw in the figures for the
correlations between inputs and outputs, the clear decrease in correlations in the dimensionless

model, which avoids many problems, as we mentioned previously.

We were able to review more of the impact that the inputs play on the outputs in more than
one way to simplify the presentation and to enable us to obtain the greatest understanding of the

phenomenon of pressure beds in the fluidized bed and the role that each element plays in it.
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General Conclusion

In the realm of scientific research, particularly within the domain of fluidization and pressure drop
in fluidized beds, this thesis represents a significant and groundbreaking contribution. It serves as
a unique reference and guide for predicting pressure drop in cylindrical and conical fluidized beds
through the application of artificial intelligence techniques, with a particular focus on Support
Vector Machine (SVM) algorithms. As delineated in our thesis, measuring pressure in a fluidized
bed is a complex task requiring the calibration of numerous parameters to achieve accurate results,

notwithstanding the inherent risks of experimental failure.

To address these challenges, we established two primary objectives. The first objective was to
achieve highly accurate predictions of pressure drop in cylindrical and conical fluidized beds using
support vector machine algorithms, in light of the lack of previous research in this specific area.
The second objective, equally important and complex, was to develop and validate the efficiency
of a novel dimensionless system. This system aims to serve as an alternative to conventional
systems, thereby mitigating persistent issues related to unit conversions that affect both students
and educators. This new system is designed to be universal and applicable in various contexts,
thereby resolving several problems, such as the correlations between inputs that researchers

encounter when utilizing standard databases.

Finally, as a summary of all that has been said, our work is considered a precedent of its kind and
a great and important addition to the world of liquefaction, which is widely used and widely spread
in various industrial circles all over the world. We can summarize the most important results we

have reached as follows:

-We were able to build and prove the high efficiency of a dimensionless model that can be used as

an alternative to regular models that use units;

-We set a scientific precedent in the field of predicting pressure drop using support vector machine
algorithms, which is work that no one has ever done before, and not only that but also using four

different algorithms;

- The best and most accurate model was obtained using the SVR-PSO algorithm, making it the
first in our database for two models dimensionless model and the normal model with the results
and respectively (R?=0.997, RMSE=0.047) and (R?>=0.982, RMSE=0.071);
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- In our work, the weakest results were for the SVR algorithm, with the results for the two
dimensionless and normal models and respectively (R?>=0.968, RMSE=0.166) and (R?=0.848,
RMSE=0.195) which is accepted in scientific circles;

-We proved the great importance of using meta-optimization algorithms after seeing the difference

in results with and without using them;

-We can save a great deal of money, time and human energies when using artificial intelligence as
an alternative to conducting practical experiments, especially after the highly accurate and

impressive results that we saw in our study;

- Opening the door to the possibility of trying other meta-optimization algorithms such as BA,
ABC;

- Opening horizons to reconsider the system of units used globally;

-The use of Python codes allowed the results to be presented in a professional manner that

combines simplicity in presentation and ease of understanding, as we saw in the KDE forms.
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