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In this article, we investigate the temperature and concentration of particles around a vessel in three different
locations using the reaction and diffusion relations, the reaction between three chemical particles, and the
relationship between temperature changes and the rate of chemical reaction. The goal and necessity of this
research is that we were able to visualize these chemical agents by using a finite mathematical fluid method,
changing the physical properties of the materials, and learning about how chemical reactions affect concen-
tration and temperature and how they relate to one another. The innovation of this essay is that it compares the
parameters of concentration and temperature of substances involved in chemical reactions in different places of
the inner vessel to the larger vessel, with and without the presence of a heat source. We also achieved the highest
and best efficiency of concentration and heat transfer of chemical reactions (a), (b), and (c) using the finite
method in Flexpde, Ansys fluent, and Design - Expert software (c). The obtained results show that the concen-
tration changes significantly as the temperature of the reactants rises and more heat is released. According to the
test conducted with the RSM method, the best efficiency and optimization of temperature and concentration
parameters occurs in heat source = 2.555°, diffusivity = 0.025 and diameter of inner vessel = 3.144 cm.

geography, and material science. The neutron dissemination hypothesis
is one example of a case study in biology. Numerically, reaction-
diffusion frameworks take the perspective of semi-linear allegorical
halfway differential conditions. Many researchers such as Abdollahza-
deh, Sadeqi, and Fakhimi and their colleagues in the field of mechanics

1. Introduction

In this article, we utilize the reaction and diffusion relations and the

relationship between temperature changes and the rate of chemical re-
action to investigate the temperature and concentration of particles
around a vessel in the three different places Reaction-diffusion models
are scientific models which compare to some amazing physical phe-
nomena. The most common are spatial and temporal changes in the
concentration of one or more chemical species: adjacent chemical re-
actions in which species transform into each other, and diffusion, which
results in the diffusion of species across surfaces in space. Reaction-
diffusion theory is connected to chemistry. Regardless of the frame-
work, non-chemical forms of dynamism can be portrayed. Cases are
found in many different scientific disciplines, including science,
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of fluids and solids and many researchers in chemical processes (on the
density of eutectic solvents, analysis on the incompressible flow field
around the solid cylinder and the thermodynamic model of the hydrogen
storage tank with CFD) did [1-8]. Industrial chemistry, reactions, and
diffusion relations have helped in the discovery and improvement of
modern and advanced industrial filaments, paints, cement, drugs, cos-
metics, electronic components, lubricants, and thousands of other items,
as well as advanced forms for oil refining and petrochemicals that pre-
serve vitality and reduces pollution. In this article, we will use Flexpde
software to solve diffusion reactions in chemical relations, and for this

2666-2027/© 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Nomenclature

Ky, Ko Kp = diffusivities

K, = Reaction coef for A + B

H; = Activation energy/k for A + B
Ky = Reaction coef for C

H, = Activation energy/k for C

ag, by, ¢p = initial distribution

tabs =  Temp+273

tfact 1 = Kj.exp(-H;/tabs)

t fact 2 = Ky.exp(-Hy/tabs)

A, B, C = Component of chemical reactions
T= Temperature
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Arrhenius characterized a corrosive as a compound that increments the
concentration of element particle (H +) in equation arrangement. The
Arrhenius condition is a few of the time communicated as k = Ae-E/RT
wherever k is that the rate of chemical response, A may be a gradual
looking on the chemicals included, E is the feat energy, R is the
encompassing gas steady, and T is the temperature [17-21]. Shirvan and
his colleagues [22-25] conducted research on topics such as heat ex-
changers and chemical reactions and equations of the energy domain by
CFD fluid methods and numerical calculations. Khan and his colleagues
investigated the modeling of fluid flow in body vessels analytically and
numerically, as well as the flow of different nanofluids in and around the
channels and the effects of electric currents on Jeffrey’s fluid [26-37].
The Leveraging a program called Flexpde and CFD, we were able to
examine the concentration of reactants and products as well as changes
in heat transfer to the center of the fluid by using relationships between
the chemically coupled fluid equations and changes in a number of

Start

| UseFnite

Element

Solving

Using E.SM method

equations

:‘ Fesults

Finish

Fig 1. Grid study of the quandary.

purpose, we will explain the FEM method. The FEM [9-16] may be a
common numerical strategy for tackling halfway differential conditions
in two or three space factors. To unravel an issue, the FEM subdivides an
expansive framework into littler; easier parts that are called limited
components. The Swedish chemist Svante Arrhenius developed the
primary chemical definitions of acids and bases in the late 1800s.

chemical parameters. We looked at the vessel’s shape, the temperatures
in various parts of the vessel, and we displayed the heat flux at the
boundaries. Additionally, the associations between temperature and
concentration as well as the connection between reaction rate and these
variables were examined. The goal and necessity of this research is that
by using a finite mathematical fluid method, changing the physical
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Fig 2. Geometry of the quandary.

properties of the materials, and learning about how chemical reactions
affect concentration and temperature and how they relate to one
another, we were able to visualize these chemical agents. The best ef-
ficiency can be achieved by reaction, reaction, and changes in heat
transport. Also by using of Design expert software and RSM strategy, we
optimize the temperature and concentration of chemical reaction by
changing the diameter of the inner vessel and amount of heat sources. In
this paper, using the reaction and diffusion relations and the reaction
between 3 chemical particles and the relationship between temperature
changes and the rate of chemical reaction, we investigate the tempera-
ture and concentration of particles around a vessel in the three different
places. The novelty of this article is to examine the parameters of con-
centration and temperature of substances involved in chemical reactions
in different places of the inner vessel compared to the larger vessel
Fig. 1.

2. Problem definition

In this paper, using the reaction and diffusion relations and the re-
action between 3 chemical particles and the relationship between tem-
perature changes and the rate of chemical reaction, we investigate the
temperature and concentration of particles around a vessel in the three
different places. We describe three chemical components, A, B and C,
which react and diffuse, and a temperature, which is affected by the
reactions Fig. 2.

I) A combines with B to form C, liberating heat.
II) Cdecomposes to A and B, absorbing heat. The decomposition rate
is temperature dependent.

) A, B, C and Temperature diffuse with differing diffusion
constants.

The boundary of the vessel is held cold, and heat is applied to a
circular exclusion patch near the center, intended to model an immer-
sion heater. What is an Immersion Heater? The simple answer is that it
may be a device that gives hot water for your house and is fueled by
electricity. The immersion water heater is partitioned from your central
warming boiler or radiators, which means that, even if you're central
warming fails, you should still be able to have warm water in your house
.A, B and C cannot diffuse out the boundary. This example shows the
application of FlexPDE to the solution of reaction-diffusion problems.
The complete equations including the Arrhenius terms that describe the
system are [21]:

2 2 2
Kt<(;7{? + %{7 + %TZ?) + 0+ Kle( — H1/(T +273)).(0.0025).A.B

K. 7T (0.0025).C.(T +273) =0

(@)
FA— FA- A Jrs23)
Kol =50 +=5) +=o5k | —Ki.e ") aB
o’ dy 0z 2)
+K,.eCHII) 0 (T 4273) =0
’B— 0B— 0'B— HI
Kb( —i +—j +—k ) —Kle (- AB
<0le+ﬁy2]+0z2 ) e( T+273> 3)

+Ky. eI 0 (T 4273) =0
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Where K;, K,,K}, and Kc are the diffusion constants, EABS is the heat
liberated when A and B combine, and Q is any internal heat source. A, B,
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c)Grid independent test for temperature
around the vessel in the top

Fig 3. Geometry of the mesh and grid independent test.

C are the chemical component, T is the temperature parameter, H; and
H, are the activation energy parameter for A + B and C species. K is the

Reaction coefficient for A + B; K is the Reaction coefficient for C. The

above equations include an energy equation and three equations related
to chemical reactions of particles. In all the equations, a thermal energy

storage source has been used, and radiation coefficients have also been
calculated for the reactant and product streams. According to the terms
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Table 1
Comparison of temperature for present work and Ebermann work [21] at
K,=0.05, H;=10, K; =1.

x=-15 x=-1 x=0 x=0.5 x =0.75 x=1
Present work 0 26 50 68.98 80 100
Ebermann [21] 0 25.88 49.87 66.90 80 100

used in the above differential equations, the radiation parameters and
the heat storage source significantly affect the behavior of the material
particles involved in the chemical reaction and cause a change in their
movement. Heat is transferred from the inner plate’s boundaries to the
boundary layers outside.

The boundary layer is : in the (0,—1) >T =0, d =0, =0,c =0  (5)

In the (—0.2, 0) > T =100, ¢ = 0,6 =0,¢ =0 (6)

Notice that the system is non-linear, as it contains terms involving A.
B and C.Temp.

There are an infinite number of solutions to these equations, differing
only in the total particle count. In reality, since particles are conserved,
the final solution is uniquely determined by the initial conditions. But
this fact is not embodied in the steady-state equations. The only way to
impose this condition on the steady-state system is through an integral
constraint equation, which describes the conservation of total particle
number.

The images above (Fig. 3) show a triangular mesh around the vessels
in different places. In the border areas around the inner vessel, the
number of triangular grids is more and the distance between the
boundaries of the grid is closer to each other, and the closer we get to the
outer vessel from the edge of the boundaries, the lower the density of the
grids. In areas where the lattice density is higher, changes in the con-
centration and temperature of the materials involved in the chemical
reaction are greater. In according to grid independent test of mesh for
regions that vessels are, the maximum grid number has been observed
around the plate in the center and it has been shown that with the in-
crease in the temperature of the reactant particles, the number of ele-
ments and networks has increased.

3. Methodology
3.1. Finite element method (FEM) and RSM method

The finite element method (abbreviated as FEM) is a numerical
method for obtaining a hypothetical solution to a set of problems
managed by elliptic partial differential equations. Such problems are
called boundary problems because they involve a partial differential
equation. (FEM) is an extremely valuable device in the field of graceful
construction of complex numerically approximate physical structures
such as for standard exposure arrangements. In statistics, response sur-
face methodology (RSM) examines the relationship between some
exemplary variables and one or more response variables. This method
was developed by George E.P.Box and K.B. Wilson in 1951. The main
idea of RSM is to use a series of planned experiments to get the best
answer. Box and Wilson recommend using a quadratic polynomial
model for this. They recognize that this model is just an approximation,
but they use it because it is easy to evaluate and apply even if little is
known about its preparation. The benefits of using this technique
include high adaptability, high accuracy, time-dependent simulation,
and improved visualization of the studied shape’s boundaries. Other
numerical models, such as ADM and HPM, can produce similar results,
but they lack the application of this method.

3.2. Validation for methods

In this section, for validation, we compared our work by Ebermann

International Journal of Thermofluids 17 (2023) 100270

et al. [21]. The amount of computational error in our work is very low
compared to Ebermann work. The maximum number of errors happened
in x = 0.5 and minimum number of errors happened in x = 1. Table 1
shows the degree of convergence of a thermal parameter of the tem-
perature of chemical reactions in different intervals. According to it,
with the increasing distance from the center of the vessel to the outside,
the temperature value in both studies has an upward trend and the re-
sults are close to each other.

4. Discussions

The set of pictures above shows the temperature changes of the
substances involved in the chemical reaction in different places of the
inner vessel relative to each other. These modes are considered about the
addition of a heat source with different heat degrees and without a heat
source. Fig. 4 (a) to (f) show the temperature changes around the vessel
fixed in the center of the larger vessel in different heat sources. Ac-
cording to the temperature lines shown around the inner vessel, we
come to the conclusion that the more heat transfer from an external heat
source to the center (similar to an immersion heater), the greater the
distance between the reactant molecules and the more heat. It is released
from the reaction of substances (a) and (b), and larger thermal vortices
with negative pressure are formed behind the vessel. By reducing the
amount of heat transfer to the center, less heat spreads around and the
thermal boundary layer is smaller than the velocity boundary layer. As
the heat transfer to the center increases, a large thermal boundary layer
forms around the inner plate. This is a heat-generating process in the
particles of the reacting material that is accompanied by the release of
this received heat outside the inner container. It is suggested that this is a
process. According to the science of fluids and thermodynamics, in this
situation, the system’s entropy increases, and the enthalpy becomes
negative. Figs. 4 (g) to (r) show the temperature changes around the
vessel fixed in the bottom of the larger vessel and top of the large vessel
in different heat sources. Here too, by adding a heat source to the center
of the vessel shape, the thermal boundary layer becomes thicker and
transfers more heat to the surroundings. The heat flux lines also move
away from each other with the addition of a heat source, and this in-
dicates an increase in the intermolecular distance of the reactants. Ac-
cording to figs. 4 (q) and (r), considering that high heat transfer is given
to the center, but behind the inner vessel, a large wake flow with a large
negative pressure is formed, which prevents heat from passing around.
In these cases, the temperature of the system increases, in fact, the heat
created in the environment is released, which results in a negative value
of heat of reaction. Therefore, we conclude that the best mode for
increasing heat transfer from substances involved in a chemical reaction
at the boundaries of the inner vessel occurs when the inner vessel is at
the lowest point of the larger vessel in mode Heat source =5.

The set of pictures above shows the concentration changes of the
substances involved in the chemical reaction in different places of the
inner vessel relative to each other. These modes are considered about the
addition of a heat source with different heat degrees and without a heat
source. Figures a to f show the concentration changes around the vessel
fixed in the center of the larger vessel in different heat sources.
Considering that the temperature of the reacting substance (here a) has a
direct relationship with the concentration, with the addition of tem-
perature and heat transfer to the center of the vessel shape, the con-
centration of the substance also increases, and the closer we get to the
outside of the center, the concentration of substance decreases. The
concentration of the reactant also has a direct relationship with the
temperature and heat transfer from the system. As the reactant’s con-
centration increases, the reaction’s temperature increases, and more
energy are released. As the heat transfer to the center increases, a large
thermal boundary layer forms around the inner vessel. This is a heat-
generating process in the particles of the reacting material that is
accompanied by the release of this received heat outside the inner
container. It is suggested that this is a process. According to the science
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a) Temperature profile around the vessel in the center for b) Stream line of Temperature profile around the vessel in the
heat source=0 center for heat source=0

¢) Temperature profile around the vessel in the center | for heat source=3 d) Stream line of Temperature profile around the
vessel in the center for heat source=3

¢) Temperature profile around the vessel in the center for heat source=5 . f) Stream line of Temperature profile around the
vessel in the center for heat source=5

g) Temperature profile around the vessel in the bottom for h) Stream line of Temperature profile around the vessel in the

heat source=0 bottom for heat source=0

Fig 4. Temperature changes across the vessel for exceptional values of warmth source.
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i) Temperature profile around the vessel in the bottom for heat source=3 1) Stream line of Temperature profile around the

vessel in the bottom for heat source=3

k) Temperature profile around the vessel in the bottom for heat source=5 . 1) Stream line of Temperature profile around the

vessel in the bottom for heat source=5

m) Temperature profile around the vessel in the top for heat n) Stream line of Temperature profile around the vessel in the

source=0 top for heat source=0

©

0) Temperature profile around the vessel in the top for heat source=3 p) Stream line of Temperature profile around the vessel

in the top for heat source=3

q) Temperature profile around the vessel in the top for heat source=5 . r) Stream line of Temperature profile around the
vessel in the top for heat source=5

Fig 4. (continued).

of fluids and thermodynamics, in this situation, the system’s entropy larger vessel and top of the large vessel in different heat sources. Ac-
increases, and the enthalpy becomes negative. Fig. 4 (g-a) to (r-a) show cording to figs. 4 (g-a) and (h-a), when there is no heat source, the
the concentration changes around the vessel fixed in the bottom of the concentration of the reactant (a) is spread uniformly on all the borders of
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a) Concentration profile of component (a) around the vessel in b) Stream line of concentration profile of component (a) around
the center for heat source=0 the vessel for heat source=0

c) Concentration profile of component (a) around the vessel in ) Stream line of concentration profile of component (a) around
the center for heat source=3 the vessel for heat source=3

e) Concentration profile of component (a) around the vessel in f) Stream line of concentration profile of component (a) around
the center for heat source=5 the vessel for heat source=5

9

g) Concentration profile of component (a) around the vessel in h) Stream line of concentration profile of component (a) around
the bottom for heat source=0 the vessel for heat source=0

Fig 4-a. Concentration alterations around the vessel for different values of heat source for component (a).
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i) Concentration profile of component (a) around the vessel in j) Stream line of concentration profile of component (a) around
the bottom for heat source=3 the vessel for heat source=3

k) Concentration profile of component (a) around the vessel in 1) Stream line of concentration profile of component (a) around
the bottom for heat source=5 the vessel for heat source=5

m) Concentration profile of component (a) around the vesselin  n) Stream line of concentration profile of component (a) around
the top for heat source=0 the vessel for heat source=0

0) Concentration profile of component (a) around the vesselin  p) Stream line of concentration profile of component (a) around
the top for heat source=3 the vessel for heat source=3

q) Concentration profile of component (a) around the vessel in r) Stream line of concentration profile of component (a) around
the top for heat source=5 the vessel for heat source=5

Fig 4-a. (continued).

the inner vessel with the maximum viscosity, and the back of the object substance (a) is reduced at the back of the object, and as we increase the
is denser than the front, but with Adding and intensifying the heat temperature, this concentration is formed with a wider range and larger
transfer to the center of the vessel, the concentration of reactant amounts in front of the vessel. According to Fig. 4 m-4-a and n-4-a, the
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a) Concentration profile around the vessel in the center for b) Stream line of concentration profile around the vessel for
heat source=0 for component (b) heat source=0 for component (b)
c) Concentration profile around the vessel in the center for d) Stream line of concentration profile around the vessel for
heat source=3 for component (b) heat source=3 for component (b)
e) Concentration profile around the vessel in the center for f) Stream line of concentration profile around the vessel for

heat source=5 for component (b) heat source=5 for component (b)

g) Concentration profile around the vessel in the top for heat h) Stream line of concentration profile around the vessel for
source=0 for component (b) heat source=0 for component (b)

Fig 4-b. Concentration alterations around the vessel for different values of heat source for component (b).

10
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i) Concentration profile around the vessel in the top for heat j) Stream line of concentration profile around the vessel for
source=3 for component (b) heat source=3 for component (b)
k) Concentration profile around the vessel in the top for heat 1) Stream line of concentration profile around the vessel for
source=5 for component (b) heat source=5 for component (b)
m) Concentration profile around the vessel in the bottom for n) Stream line of concentration profile around the vessel for
heat source=0 for component (b) heat source=0 for component (b)
0) Concentration profile around the vessel in the bottom for p) Stream line of concentration profile around the vessel for
heat source=3 for component (b) heat source=3 for component (b)
q) Concentration profile around the vessel In the bottom for r) Stream line of concentration profile around the vessel for
heat source=5 for component (b) heat source=5 for component (b)

Fig 4-b. (continued).

concentration line of substance a is compressed around the borders of Loses. These reactions cause changes in the energy level, and therefore
the inner vessel and has a high viscosity, and the concentration value enthalpy changes occur. The system defines and calculates these
decreases as it moves away from the center, and substance (a) is viscous enthalpy changes, and the environment has no role. According to the

11
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a) Concentration profile around the vessel in the center for b) Stream line of concentration profile around the vessel for
heat source=0 for component (c) heat source=0 for component (c)

¢) Concentration profile around the vessel in the center for d) Stream line of concentration profile around the vessel for
heat source=3 for component (c) heat source=3 for component (c)

e) Concentration profile around the vessel in the center for f) Stream line of concentration profile around the vessel for
heat source=5 for component (c) heat source=5 for component (c)

g) Concentration profile around the vessel in the top for heat h) Stream line of concentration profile around the vessel for
source=0 for component (c) heat source=0 for component (c)

Fig 4-c. Concentration alterations around the vessel for different values of heat source for component (c).

12



S.B. Far et al. International Journal of Thermofluids 17 (2023) 100270

i) Concentration profile around the vessel in the top for heat j) Stream line of concentration profile around the vessel for heat
source=3 for component (c) source=3 for component (c)
k) Concentration profile around the vessel in the top for heat I) Stream line of concentration profile around the vessel for
source=5 for component (c) heat source=5 for component ©
m) Concentration profile around the vessel in the bottom for n) Stream line of concentration profile around the vessel for
heat source=0 for component (c) heat source=0 for component (c)
0) Concentration profile around the vessel in the bottom for p) Stream line of concentration profile around the vessel for
heat source=3 for component (c) heat source=3 for component (c)
q) Concentration profile around the vessel In the bottom for r) Stream line of concentration profile around the vessel for

heat source=5 for component (c) heat source=5 for component (c)

Fig 4-c. (continued).

system, as heat is released from the boundary layer of the inner temperature and heat transfer from the system. As the reactant’s con-
container, the enthalpy value decreases and becomes negative. The centration increases, the reaction’s temperature increases, and more
concentration of the reactant also has a direct relationship with the energy are released. By adding a heat source according to figures p-4-a
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d) 3D concentration profile for component (c) near the vessel in the top by heat source=0 e) 3D concentration profile for

component (¢) near the vessel in the top by heat source=3.

Fig 4-d. Three-dimensional images concentration alterations around the vessel for component (c).
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f) 3D concentration profile for component ( ¢) near the vessel in the top by heat source=5 g) 3D concentration profile for
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h) 3D concentration profile for component (c) near the vessel in the bottom by heat source=3 i) 3D concentration profile for
component (c) near the vessel in the bottom by heat source=5.

Fig 4-d. (continued).

to the end, the concentration of the reactant (a) is not high compared to
the previous cases around the inner vessel, so the highest concentration
occurs in the center of the larger vessel and around at the inner vessel
boundaries, the reactant concentration values decrease. When the inner
vessel is placed at the highest point of the larger vessel, the more heat is
transferred to the surface of the inner vessel, the concentration of
reactant decreases.

The set of pictures above shows the concentration changes of the
substances involved in the chemical reaction in different places of the
inner vessel relative to each other. These modes are considered about the
addition of a heat source with different heat degrees and without a heat
source. Figs. 4 (a-b) to (f-b) show the concentration changes for
component (b) around the vessel fixed in the center of the larger vessel
in different heat sources. Considering that the temperature of the
reacting substance (here b) has a direct relationship with the concen-
tration, with the addition of temperature and heat transfer to the center
of the vessel shape, the concentration of the substance also increases,
and the closer we get to the outside of the center, the concentration of
substance decreases. The concentration of the reactant also has a direct
relationship with the temperature and heat transfer from the system. As
the reactant’s concentration increases, the reaction’s temperature in-
creases, and more energy are released. According to figs. 4 (g-b) to (i-b),
the concentration line of substance (b) is compressed around the borders
of the inner vessel and has a high viscosity, and the concentration value
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decreases as it moves away from the center, and substance (b) is viscous
Loses. By adding a heat source according to figures k-6 to the end, the
concentration of the reactant (b) is not high compared to the previous
cases around the inner vessel, so the highest concentration occurs in the
center of the larger vessel and around at the inner vessel boundaries, the
reactant concentration values decrease. When the inner vessel is placed
at the highest point of the larger vessel, the more heat is transferred to
the surface of the inner. Figs. 4 (m-b) to (r-b) show the concentration
changes around the vessel fixed in the bottom of the larger vessel in
different heat sources. According to Fig. 4 m-(4-b) and n-(4-b), when
there is no heat source, the concentration of the reactant (b) is spread
uniformly on all the borders of the inner vessel with the maximum
viscosity, and the back of the object is denser than the front, but with
Adding and intensifying the heat transfer to the center of the vessel, the
concentration of reactant substance (b) is reduced at the back of the
object, and as we increase the temperature, this concentration is formed
with a wider range and larger amounts in front of the vessel.

The set of pictures above shows the concentration changes of the
substances involved in the chemical reaction in different places of the
inner vessel relative to each other. These modes are considered about the
addition of a heat source with different heat degrees and without a heat
source. Figs. 4 (a-c) to (f-c) show the concentration changes for
component (c) around the vessel fixed in the center of the larger vessel in
different heat sources. Considering that substance (c) releases two other
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a) Two dimensional graph of temperature changes in terms of
distance from the center of the vessel to outside the environment
for heat source=0
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b) Two dimensional graph of temperature changes in terms of distance from the center of the vessel to outside the environment for
heat source=3 c¢) Two dimensional graph of temperature changes in terms of distance from the center of the vessel to outside the
environment for heat source=5
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d) Two dimensional graph of temperature changes in terms of distance from the center of the top inner vessel to outside for heat
source=0 e) d) Two dimensional graph of temperature changes in terms of distance from the center of the top inner vessel to
outside for heat source=3

Fig 5. Temperature changes of reacting materials at certain intervals with different heat sources.
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f) Two dimensional graph of temperature changes in terms of distance from the center of the top inner vessel to outside for heat
source=5 g) Two dimensional graph of temperature changes in terms of distance from the center of the bottom inner vessel to
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h) Two dimensional graph of temperature changes in terms of distance from the center of the bottom inner vessel to outside for heat source=3 1)
Two dimensional graph of temperature changes in terms of distance from the center of the bottom inner vessel to outside for heat source=5

Fig 5. (continued).

reacting substances, i.e. substances (a) and (b), by absorbing heat, then
with these interpretations and existing contours, we conclude that with
the increase of heat applied to the center of the vessel without a heat
source. Also, the concentration of substance (c¢) has an inverse rela-
tionship with the concentration of substances (a) and (b). According to
the changes in the concentration of the produced substance (c), it can be
seen that this process is endothermic. According to it, energy and heat
are received and absorbed by substance (c), and entropy decreases.
According to figures g-(4-c) to 1-(4-c), the concentration line of sub-
stance (c) is not compressed around the borders of the inner vessel and
has a less viscosity, and the concentration value increases as it moves
away from the center, and substance (c) is not viscous Loses. According
to the concentration lines of substance)c(in figs. (h-c), (j-c), and 1-(4-c),
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we conclude that with the increase of heat transfer to the center of the
inner vessel, the temperature around the borders of the vessel increases
and the rate of diffusion of substance (c) And its decomposition is very
high. Also, high-speed wake flows are formed in the front part of the
inner vessel with large vortices, and the pressure of the reactant is
reduced. Figs. 4 (m-c) to (r-c) show the concentration changes around
the vessel fixed in the bottom of the larger vessel in different heat
sources. In the case where the inner vessel is placed at the end of the
larger vessel (lower part), with the increase of heat transfer to the inner
center of the inner vessel, the concentration of the produced substance
(c) behind the inner vessel increases from the minimum value to the
maximum value, and the viscosity increases and the farther towards the
area and moving around, the concentration of substance (c) decreases
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A-concentration

a) Two dimensional graph of concentration changes of component
(a) in terms of distance from the center of the vessel to outside
the environment for heat source=0.
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b) Two dimensional graph of concentration changes of component (a) in terms of distance from the center of the vessel to outside
the environment for heat source=3.

C) Two dimensional graph of concentration changes of component (a) in terms of distance from the center of the vessel to outside
the environment for heat source=5.
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Fig 5-a. Concentration changes of reacting materials for component (a) at certain intervals with different heat sources.
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d) Two dimensional graph of concentration changes of component (a) in terms of distance from the top of the vessel to outside the
environment for heat source=0.

€) Two dimensional graph of concentration changes of component (a) in terms of distance from the top of the vessel to outside the
environment for heat source=3.
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f ) Two dimensional graph of concentration changes of component (a) in terms of distance from the top of the vessel to outside the
environment for heat source=5.

g) Two dimensional graph of concentration changes of component (a) in terms of distance from the bottom of the vessel to outside
the environment for heat source=0.
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h) Two dimensional graph of concentration changes of component (a) in terms of distance from the bottom of the vessel to outside
the environment for heat source=3.

i) Two dimensional graph of concentration changes of component (a) in terms of distance from the bottom of the vessel to outside
the environment for heat source=5.

Fig 5-a. (continued).

and reaches its minimum value. A system of reactants that absorb heat in the temperature of a system. Finally, in an endothermic reaction, the
from the environment in an endothermic reaction will have positive heat of reaction will have a positive sign. The endothermic reaction
enthalpy changes. An endothermic reaction is associated with a decrease cannot occur spontaneously but must be done on the work system for
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B-concentration

B-concentration

a) Two dimensional graph of concentration changes of

component (b) in terms of distance from the center of the vessel
to outside the environment for heat source=0.
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b) Two dimensional graph of concentration changes of component (b) in terms of distance from the center of the vessel to outside
the environment for heat source=3.

c) Two dimensional graph of concentration changes of component (b) in terms of distance from the center of the vessel to outside
the environment for heat source=5.
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d) Two dimensional graph of concentration changes of component (b) in terms of distance from the top of the vessel to outside the

environment for heat source=0.

e) Two dimensional graph of concentration changes of component (b) in terms of distance from the top of the vessel to outside the

environment for heat source=3.

Fig 5-b. Concentration changes of reacting materials for component (b) at certain intervals with different heat sources.

20



S.B. Far et al. International Journal of Thermofluids 17 (2023) 100270

9.99 I 9.9462
N N I ah&\\
9.985 a\ \
I 9.9459
9.98
9.975 9.9456
= r =]
997
I 9.9453
9.965
906 9.945
I 1
15 12 09 -06 03 0 15 A3 09 07 -05 03 0
X e-2

X

f ) Two dimensional graph of concentration changes of component (b) in terms of distance from the top of the vessel to outside the
environment for heat source=5.

g) Two dimensional graph of concentration changes of component (b) in terms of distance from the bottom of the vessel to outside
the environment for heat source=0.
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h) Two dimensional graph of concentration changes of component (b) in terms of distance from the bottom of the vessel to outside
the environment for heat source=3.

i) Two dimensional graph of concentration changes of component (b) in terms of distance from the bottom of the vessel to outside
the environment for heat source=5.

Fig 5-b. (continued).

this type of reaction to progress. Of course, when the enthalpy and en- Endothermic reactions are identified by increased enthalpy (positive
tropy changes are such that we have negative Gibbs free energy, these enthalpy changes) and a positive sign of energy.

reactions also occur spontaneously. When an endothermic reaction ab- The set of pictures above shows the 3D concentration changes of the
sorbs energy, a temperature drop occurs during the response. substances involved in the chemical reaction in different places of the
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a) Two dimensional graph of concentration changes of
component (c) in terms of distance from the center of the vessel
to outside the environment for heat source=0.
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b) Two dimensional graph of concentration changes of component (c) in terms of distance from the center of the vessel to outside
the environment for heat source=3.

c) Two dimensional graph of concentration changes of component (c) in terms of distance from the center of the vessel to outside
the environment for heat source=5.
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d) Two dimensional graph of concentration changes of component (c) in terms of distance from the top of the vessel to outside the
environment for heat source=0.

e) Two dimensional graph of concentration changes of component (c) in terms of distance from the top of the vessel to outside the
environment for heat source=3

Fig 5-c. Concentration changes of reacting materials for component (c) at certain intervals with different heat sources.
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f) Two dimensional graph of concentration changes of component (c) in terms of distance from the top of the vessel to outside the
environment for heat source=5.

g) Two dimensional graph of concentration changes of component (c) in terms of distance from the bottom of the vessel to outside
the environment for heat source=0.
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h) Two dimensional graph of concentration changes of component (c) in terms of distance from the bottom of the vessel to outside
the environment for heat source=3.

i) Two dimensional graph of concentration changes of component (c) in terms of distance from the bottom of the vessel to outside
the environment for heat source=5.

Fig 5-c. (continued).

inner vessel relative to each other. According to these 3D diagrams, the =5, and the lowest concentration diffusion occurs when the inner vessel
maximum diffusion mode of substance (c) occurs when the inner vessel is positioned at the highest point of the larger vessel in the heat
is positioned at the lowest point of the larger vessel in the heat source source=3. The endothermic reaction cannot occur spontaneously but
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must be done on the work system for this type of reaction to progress. Of
course, when the enthalpy and entropy changes are such that we have
negative Gibbs free energy, these reactions also occur spontaneously.
When an endothermic reaction absorbs energy, a temperature drop oc-
curs during the response. Endothermic reactions are identified by
increased enthalpy (positive enthalpy changes) and a positive sign of
energy Fig 5.

The above 2D diagrams show the temperature changes of the sub-
stances involved in the chemical reaction around the inner vessel in 3
different states. Diagrams a-5, b-5 and c-5 are related to the temperature
changes around the placement of the inner vessel in the center of the
outer vessel, considering the states without a heat source and with a heat
source, and the general results have been obtained. The maximum
temperature of chemically reacting substances occurs in the state of
x=—0.7 in the state of T = 145 and the lowest temperature in the state of
x=-1.5 and the state of T = 40. Diagrams p-5, e-5 and f-5 are related to
the temperature changes around the placement of the inner vessel in the
top of the outer vessel, considering the states without a heat source and
with a heat source, and the general results have been obtained. In this
mode, the maximum temperature of chemically reacting substances
occurs in the state of x=—0.7 in the state of T = 211° and the lowest
temperature in the state of x=—1.5 and the state of T = 3°. Diagrams g-5,
h-5 and i-5 are related to the temperature changes around the placement
of the inner vessel in the bottom of the outer vessel, considering the
states without a heat source and with a heat source, and the general
results have been obtained. In this mode, the maximum temperature of
chemically reacting substances occurs in the state of x=—0.7 in the state
of T = 232° and the lowest temperature in the state of x=—1.5 and the
state of T = 41°. By comparing the graphs obtained for the 3 positions of
the inner vessel, we conclude that the maximum heat transfer and
temperature of the substances involved in the chemical reaction occurs
in the position of the inner vessel in the upper part of the larger vessel
with heat source = 5. On average, this heat and temperature transfer is
19% higher than the temperature of the reacting material when the
inner vessel is placed in the center of the larger vessel and about 32%
higher than the temperature of the reacting material when the smaller
vessel is placed at the bottom of the larger vessel.

The above 2D diagrams show the concentration changes of the
substances involved in the chemical reaction around the inner vessel in 3
different states. Diagrams a-(5-a) « b-(5-a) and c-(5-a) are related to the
concentration changes around the placement of the inner vessel in the
center of the outer vessel, considering the states without a heat source
and with a heat source, and the general results have been obtained. The
maximum concentration of chemically reacting substances for compo-
nent (a) occurs in the state of x=—0.6 in the state of C = 9.43 and the
lowest concentration in the state of x=—1.5 and the state of C = 7.89.
Diagrams p-(5-a), e-(5-a) and f-(5-a) are related to the concentration
changes for component (a) around the placement of the inner vessel in
the top of the outer vessel, considering the states without a heat source
and with a heat source, and the general results have been obtained. In
this mode, the maximum concentration of chemically reacting sub-
stances occurs in the state of x=—0.6 in the state of C = 11 and the
lowest concentration in the state of x=—1.5 and the state of C = 7.54.
Diagrams g-(5-a), h-(5-a) and i-(5-a) are related to the concentration
changes for component (a) around the placement of the inner vessel in
the bottom of the outer vessel, considering the states without a heat
source and with a heat source, and the general results have been ob-
tained. In this mode, the maximum concentration of chemically reacting
substances occurs in the state of x=—0.56 in the state of C = 8.8 and the
lowest concentration in the state of x=—1.5 and the state of C = 8.12. By
comparing the graphs obtained for the 3 positions of the inner vessel, we
conclude that the maximum concentration changes of the substances
involved in the chemical reaction occurs in the position of the inner
vessel in the upper part of the larger vessel with heat source = 5. On
average, this concentration change is 15% higher than the concentration
of the reacting material when the inner vessel is placed in the center of
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a-concentration

C: Heat source

A: diameter of inner vessel (cm)

Fig 6. 2D graph RSM method in the a-concentration parameter for range of
heat source.

the larger vessel and about 22% higher than the concentration of the
reacting material when the smaller vessel is placed at the bottom of the
larger vessel.

The above 2D diagrams show the concentration changes of the
substances involved in the chemical reaction around the inner vessel in 3
different states. Diagrams a-(5-b), b-(5-b) and c-(5-b) are related to the
concentration changes around the placement of the inner vessel in the
center of the outer vessel, considering the states without a heat source
and with a heat source, and the general results have been obtained. The
maximum concentration of chemically reacting substances for compo-
nent (b) occurs in the state of x=—0.6 in the state of C = 9.98 and the
lowest concentration in the state of x=—1.5 and the state of C = 9.89.
Diagrams p-(5-b), e-(5-b) and f-(5-b) are related to the concentration
changes for component (b) around the placement of the inner vessel in
the top of the outer vessel, considering the states without a heat source
and with a heat source, and the general results have been obtained. In
this mode, the maximum concentration of chemically reacting sub-
stances occurs in the state of x=—0.45 in the state of C = 9.99 and the
lowest concentration in the state of x=—1.5 and the state of C = 9.92.
Diagrams g-(5-b), h-(5-b) and i-(5-b) are related to the concentration
changes for component (b) around the placement of the inner vessel in
the bottom of the outer vessel, considering the states without a heat
source and with a heat source, and the general results have been ob-
tained. In this mode, the maximum concentration of chemically reacting
substances occurs in the state of x=—0.36 in the state of C = 9.95 and the
lowest concentration in the state of x=—1.5 and the state of C = 9.52. By
comparing the graphs obtained for the 3 positions of the inner vessel, we
conclude that the maximum concentration changes of the substances
involved in the chemical reaction occurs in the position of the inner
vessel in the upper part of the larger vessel with heat source = 5. On
average, this concentration change is 0.03% higher than the concen-
tration of the reacting material when the inner vessel is placed in the
center of the larger vessel and about 0.6% higher than the concentration
of the reacting material when the smaller vessel is placed at the bottom
of the larger vessel.

The two-dimensional diagrams above depict the concentration
changes of the substances involved in the chemical reaction around the
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Fig 6-a. 2D graph RSM method in the a-concentration parameter for range of
diffusivity.
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Fig 6-b. 3D graph RSM method in the c-concentration parameter for range of
diameter of inner vessel.

inner vessel in three states. The concentration changes around the
placement of the inner vessel in the center of the outer vessel, consid-
ering the states without and with a heat source, are depicted in diagrams
a-(5-c), b-(5-c), and c-(5-¢), and general results have been obtained. The
highest concentration of chemically reacting substances for component
(c) occurs at x=—1.4 and C = 2.03, while the lowest concentration oc-
curs at x=—0.2 and C = 1.63. The concentration changes for component
(c) around the placement of the inner vessel in the top of the outer
vessel, considering the states without and with a heat source, are
depicted in diagrams p-(5-c), e-(5-c), and f-(5-c), and general results
have been obtained. In this mode, the maximum concentration of
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Temperature

B: diffusity

Fig 6-c. 3D graph RSM method in the temperature parameter for range of
heat source.

chemically reacting substances occurs in the state of x=—1.5 in the state
of C = 2.07 and the lowest concentration in the state of x = 0 and the
state of C = 1.512. Diagrams g-(5-c) « h-(5-c)and i-(5-c)are related to the
concentration changes for component (c) around the placement of the
inner vessel in the bottom of the outer vessel, considering the states
without a heat source and with a heat source, and the general results
have been obtained. In this mode, the maximum concentration of
chemically reacting substances occurs in the state of x = 0 in the state of
C = 2.03 and the lowest concentration in the state of x=—1.5 and the
state of C = 1.84. By comparing the graphs for the three inner vessel
positions, we conclude that the maximum concentration changes of the
substances involved in the chemical reaction occur in the inner vessel
position in the upper part of the larger vessel with heat source = 0.0n

Temperature

2

C: Heat source
1.5

25
A: diameter of inner vessel (cm)

Fig 7. 3D graph RSM method in the temperature parameter for range of
diameter of inner vessel.
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Table 2
The results of 7 tests completed in Design Expert software and the best type of optimization.
Number diameter Heat source diffusivity a-concentration b-concentration c-concentration temp Desirability
1 3.144 2.555 0.025 8.687 8.499 1.968 121.06 1.00
2 3.000 2.000 0.020 8.286 8.226 1.887 98.100 1.00
3 4.000 1.000 0.010 7.422 7.620 1.712125 62.975 1.00
4 2.000 3.000 0.010 8.292 8.377 1.795 86.225 1.00
5 4.000 3.000 0.010 8.219 8.161 1.803375 83.975 1.00
6 4.000 3.000 0.030 9.262 8.795 2.117125 154.975 1.00
7 4.000 1.000 0.030 8.194 8.228 1.850875 84.975 1.00

average, this concentration change is 0.18% higher than the concen-
tration of the reacting material when the inner vessel is placed in the
center of the larger vessel and about 0.12% higher than the concentra-
tion of the reacting material when the smaller vessel is placed at the
bottom of the larger vessel.

By using of Design expert software and RSM strategy, we optimize
the temperature and concentration of chemical reaction by changing the
diameter of the inner vessel and amount of heat sources. Twenty ex-
periments using the RSM technique were carried out in the Design
Expert software to obtain the best algorithm results.

The picture above (Fig. 6) shows the changes in material one ac-
cording to the different changes in the heat source compared to the
different diameters of the inner vessel. The range of changes in the heat
source is from 1 to 3, and the range of changes in the diameter of the
inner vessel is from 2 to 4 cm. By increasing the heat transfer to the
center of the inner vessel, the concentration of reactant a in the borders
of the vessel increases, so that it reaches from ¢ = 8.21 to ¢ = 9.19.
According to the two-dimensional diagram above, with the increase in
the diameter of the vessel, the concentration of the reactant increases,
this leads us to the conclusion that with the onset of the thermal
boundary layer, the concentration of the reactant also grows, and as the
thickness of the boundary layer decreases, the concentration of the
substances decreases.

The picture above (Fig. 6-a) shows the changes in material one ac-
cording to the different changes in the heat source compared to the
diffusivity of the inner vessel. The range of changes in the heat source is
from 1 to 3, and the range of changes in the diffusivity of the inner vessel
is from 0.01 to 0.03. By increasing the heat transfer to the center of the
inner vessel, the concentration of reactant a in the borders of the vessel
increases, so that it reaches from ¢ = 8.21 to ¢ = 9.19. According to the
two-dimensional diagram above, with the increase in the diffusivity of
the reaction components, the concentration of the reactant increases,
this leads us to the conclusion that with the increase in the diffusion
coefficient, the thermal diffusion of substance increases towards the
outside of the boundary layer, and the lower the diffusion coefficient,
the lower the heat and concentration.

The picture above (Fig. 6-b) shows the changes in material one ac-
cording to the different changes in the diffusivity compared to the
different diameters of the inner vessel. The range of changes in the
diffusivity is from 0.01 to 0.03, and the range of changes in the diameter
of the inner vessel is from 2 to 4 cm. The maximum amount of con-
centration of the produced substance (c) occurs in a state where, in
addition to the largest diameter of the inner vessel, we also have the
largest thermal diffusion coefficient. The highest value of the concen-
tration of a substance (c) is equal to 1.97 and it occurs in a state where
the diffusion coefficient is equal to 0.03 and the size of the diameter of
the inner vessel is 4 cm. The minimum concentration value of substance
¢ occurs when the inner vessel has the smallest value have.

The picture above (Fig. 6-c) shows the changes in material one ac-
cording to the different changes in the diffusivity compared to the
different heat source of the inner vessel. The range of changes in the
diffusivity is from 0.01 to 0.03, and the range of changes in the heat
source of the inner vessel is from1 to 3. The maximum temperature of
chemically reacting substances occurs when we use a heat source, such
as the 3D contour above at the heat source point equal to 2.5 and the
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chemical diffusion coefficient equal to 0.025, the maximum temperature
of the chemical reaction takes place. This position has a temperature of
140°. When we transmit less heat to the center of the plate shape, the
least temperature transfer likewise takes place, and the chemical diffu-
sion coefficient also reaches its smallest value.

The picture above (Fig. 7) shows the changes in material one ac-
cording to the different changes in the heat source compared to the
different diameter of the inner vessel. The range of changes in the
diameter of the vessel is from 2 cm to 4 cm, and the range of changes in
the heat source of the inner vessel is froml to 3. Relatively, with the
increase in the diameter of the smaller vessel and the increase in the
amount of heat transfer, the temperature of the reactive material in-
creases, and the temperature decreases by making the diameter of the
inner vessel smaller.

Table 2 shows the results of 7 of the most important tests to optimize
the chemical reaction parameters of materials (a), (b), and (c). Ac-
cording to the test conducted with the RSM method, the best efficiency
and optimization of temperature and concentration parameters occurs
in test number 1.

5. Conclusion (Results)

In this manuscript, we explore the temperature and concentration of
particles around a vessel in a variety of locations using the reaction and
diffusion relations, the reaction among three chemical particles, and the
relationship between temperature changes and the rate of chemical re-
action. The innovation of this essay is that it compares the parameters of
concentration and temperature of substances involved in chemical re-
actions in different places of the inner vessel to the larger vessel, with
and without the presence of a heat source. We also achieved the highest
and best efficiency of concentration and heat transfer of chemical re-
actions (a), (b), and (c) using the finite technique in Flexpde, Ansys
fluent, and Design - Expert software (c). The results show that as the
temperature of the reactants rises and more heat is released, the con-
centration and amount change significantly. However, in products such
as substance (c), it has an inverse relationship with reactants (a) and (b),
such that as the concentration and temperature of the reactants increase,
these values in the product decrease.

M In the section of mesh problem, in areas where the lattice density is
higher, changes in the concentration and temperature of the mate-
rials involved in the chemical reaction are greater.

M The concentration of the reactant also has a direct relationship with
the temperature and heat transfer from the system. As the reactant’s
concentration increases, the reaction’s temperature increases, and
more energy are released.

M In the case where the inner vessel is placed at the end of the larger
vessel (lower part), with the increase of heat transfer to the inner
center of the inner vessel, the concentration of the produced sub-
stance (c¢) behind the inner vessel increases from the minimum value
to the maximum value, and the viscosity increases.

H According to the test conducted with the RSM method, the best ef-
ficiency and optimization of temperature and concentration param-
eters occurs in heat source=2.555°, diffusivity=0.025 and diameter
of inner vessel =3.144 cm.
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