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Abstract. Fuzzy logic to investigate the effects of the Eckert number and chemical reactions 
on the flow characteristics of a Casson micropolar nanofluid under an inclined magnetic 
field. The system of partial differential equations describing the fluid dynamics is 
converted into ordinary differential equations with the aid of fuzzy logic techniques, and 
solved numerically using MATLAB’s bvp4c method. Graphical analysis illustrates how 
variations in the Eckert number impact the velocity, magnetic field, micropolar properties, 
temperature, and concentration profiles. Results indicate that an increase in the Eckert 
number decreases fluid concentration while inversely affecting the temperature profile.  
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1. Introduction 
In recent years, the exploration of nanofluid dynamics has significantly increased owing to 
its essential roles in diverse engineering and industrial applications, including heat 
exchangers, biomedical devices, and solar collectors. Casson micropolar nanofluids, noted 
for their non-Newtonian properties and capability to integrate micro-rotational effects, 
present distinctive benefits in improving the efficiency of heat and mass transfer processes. 
Electro magnetohydrodynamics with the Casson nanofluid across the permeable Riga 
surface are impacted by biological processes [1,2]. The thermal characteristics of a ternary 
nano liquid formed of water and including metallic and oxide nanoparticles (MoS2, SiO2, 
and Au) while it navigates an annulus that is exposed to thermal expansion creatures, 
coupled transpiration, frictional warmth, and a typical field of magnets [3]. Computational 
exploration is done for the unstable magnetohydrodynamic (MHD) frontier layer slip 
movement and heat transfer of tiny fluids in a solar collector, which is possibly modelled 
as a regressive extending sheet [4]. The role on warmth emission and intake on the 
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magnetohydrodynamic boundary-layer flow of Casson nanofluid across a non-linear 
extending material in two aspects, along with the dissipated [5-8]. The ramifications of 
ultraviolet light on a two-dimensional tiny fluid’s stagnation-point movement across an 
expanding sheet were examined [9]. Numerous enzyme activities, including the transit of 
objects, diagnostic surgeries, the supply of circulating blood from the coronary arteries to 
different areas of the physique, and the regulation of warmth travel things, depend heavily 
on periodic slips are discussed [10-12]. Comprehensive research can be done on the 
repercussions of ultraviolet (UV) thermal movement and slip state on dispersion in relation 
to Casson nanofluid movement analyzed [13, 14]. The discussion focuses on the bilateral 
process triggered by Arrhenius activating in the hydromagnetic stagnation point flow of 
Casson nanofluid across an extensible sheet in a non-Darcy porous substance [15]. How 
warmth, viscosity disuse, and the biological processes modify Williamson nanofluid's 
sticking limit movement across an exponentially expanding sheet discussed [16, 17]. In an 
environment of bulk evaporation and process, constant magnetohydrodynamics (MHD) 
incompressible hybrid nanofluid flow and conveyance of mass caused by permeable 
extending surface with quadratic pace are studied [18].  The mass and warmth transfer in 
thermophoretic warming hydromagnetic nanofluid movement over a substantially 
expanding permeable sheet encased in a medium that is permeable, taking into account the 
ramifications of vacuum, infusion, and viscous dissipation in addition to warmth 
production and adsorption are examined [19]. The magnetohydrodynamic nanofluid flow 
via a permeable linear extensible sheet while it is subjected to warming by convection and 
a matrix with permeability discussed [20-24,46]. The constrained movement of fluid 
patterns is fascinating to study owing to its role in several commercial uses discussed [25-
32]. The concepts of vertex regularity within cubic fuzzy graph structures and applies these 
concepts to practical problems are discussed [34,45]. The properties of interval-valued 
quadri partitioned neutrosophic graphs and demonstrate their application in real-life 
scenarios, domination in vague graphs, complex Pythagorean fuzzy graphs, energies of 
picture fuzzy graphs, transferring cancer patients between countries and fully connected 
cubic networks explored [35-44]. 

Conventional analytical and numerical techniques frequently encounter challenges 
due to the inherent complexities and nonlinear behaviors of such systems, particularly 
when multiple parameters interact in unpredictable ways. Fuzzy logic offers a powerful 
framework for addressing uncertainties and modeling intricate relationships within fluid 
dynamics. By integrating fuzzy logic into the analysis, it becomes feasible to manage 
uncertainties more effectively and derive approximate solutions for systems where precise 
solutions are challenging to obtain or computationally prohibitive. This study aims to apply 
fuzzy logic to examine the impact of the Eckert number on the flow and thermal properties 
of a Casson micropolar nanofluid in the context of chemical reactions and an inclined 
magnetic field. The specific objectives include: 

• Developing a fuzzy logic-based methodology to convert the governing partial differential 
equations (PDEs) into ordinary differential equations (ODEs). 

• Exploring how variations in the Eckert number affect the velocity, temperature, and 
concentration profiles. 

• Offering a comparative analysis of the findings with and without the application of fuzzy 
logic to demonstrate the benefits of this approach. 
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Fig 1: 

Nomenclature 

��, �� Velocity components 
�

�
 Thermal coefficient 

�
�  Concentration  

              coefficient 
� Fluid temperature 
�∞  Uniform temperature 
	 Concentration fluid 
	∞ Uniform concentration 

 Angle of inclination 
� Electric conductivity 
              fluid 
�0 Uniform magnetic field 
� Gravitational  
              acceleration 

�′′′ Irregular heat  
                    parameter 
�� Mass diffusivity 
	�         Concentration  
             susceptibility 
�� Thermal diffusion 
               ratio 
�� Mean temperature  
��� Thermal Biot Number 
��	 Mass Biot Number 
ɤ Velocity slip 
               parameter 
��� Thermal Grashot  
               number 
 

�     Hartmann number 
��    Radiative  
         parameter 
��     Soret number 
�	     Schmidt number 
��    Dufour number 
��     Eckert number 
��     Chemical  
         parameter 
�

�
     Radiative heat 

�      Non dimensional  
         parameter 
��      Prandtl number 
���    Solutal Grashot  
         number 

 
2. Mathematical analysis 
The analysis of Casson micropolar nanofluid flow over an inclined magnetic field with 
chemical reactions, the sustainability equations for continuity, momentum, and energy are 
presented as follows 

Continuity equation 
The continuity equation ensures mass conservation in the fluid flow and is given by 
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Momentum equation 
For Casson micropolar nanofluids, the momentum equation accounts for both Newtonian 
and non-Newtonian effects along with magnetic field influence. It can be written as 

 
 
 

 
Microrotation equation 
The microrotation equation describes the behavior of microrotation within the fluid, 
considering both rotational viscosity and the applied magnetic field effects. The equation 
is 
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Energy equation 
The energy equation, accounting for heat transfer and the effects of Eckert number and 
chemical reactions, is given by 
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Concentration equation 
The concentration equation governs the distribution of species within the fluid and 
incorporates effects like diffusion and chemical reactions. It can be expressed as 

 

 
 
 
The irregular heat parameter is defined by 
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The temperature difference between T and the free surge temperature �∞ is tiny, and by 
removing components of higher order, Taylor's simplification concerning �∞ is  

bxTTw += ∞  . The following equation is the result of using Rosland’s approximation for 

thermal radiation.  

      �1 =  − +2
3

4∗
6∗ �3 78

79  −−−− (6) 

The boundary conditions as  
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The stream function : = :� , #� for that given as 

� = �:
�# , � = − �:

�  

Equations (1)-(4) are reformed into ordinary equations  

η = ;<
= y  ---------------(8) 

The velocity components are 

? = √A�  B�C�,� = 7D
79  =  A B ′�C�, � = A );E

F, ℎ�C�, 

 � = − 7D
7H  =  IAJB�C�,K�η� =  LM8∞
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Using Equation of (8) and (9) the governing Equations (2)–(4) are transformed  as 
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The transformed boundary settings are as follows, 
B′ = 1 + %B ′′, B = 0, K ′ = ��8�1 − K�,  ∅′ = ��U�1 − ∅� as η → 0, 

 B′�η� = 0, θ�η� = 0, ∅�η� = 0 as η → ∞ ---------(15)     
It is discovered that the nanofluid model lacks micropolar effects when vertex viscosity 
or � = 0 is eliminated. The Sherwood coefficient, the Nusselt, and friction coefficient are 
all defined by 
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�ℎ xyH
Mz

a = −∅{�0�-----------(18) 
Here, xyH = H|N

d  signifies the Reynolds Number. 

 
3. Fuzzification 
Fuzzification is a process used in fuzzy logic to convert a crisp mathematical equation into 
a fuzzy form. This involves introducing fuzzy variables and parameters to account for 
uncertainty and imprecision. The given system of differential equations and apply fuzzy 
membership functions, we need to define fuzzy sets and membership functions for the 
parameters and variables. Define membership functions for the key parameters and 
variables. We'll use triangular membership functions for simplicity. Convert the crisp 
values of the parameters and variables into their fuzzy counterparts. For instance, if β=1.2, 
it might be represented as 

• }�~�1.2� = 0 
• }���1.2� = 0.6 
• }���1.2� = 0.4 

Establish rules to relate input fuzzy sets to output fuzzy sets. For example, if � is Low and 
K is Medium, then B′ is High. If ���  is High and K is Medium, then K′′ is Low. Convert 
the fuzzy output sets back to crisp values using methods like the centroid method. For 
instance, If the output fuzzy set for B′ has membership values 0.6 for Medium and 0.4 for 
High, the defuzzied value might be calculated as 

B{ = 0.6 ∗ 1 + 0.4 ∗ 1.5
0.6 + 0.4 = 0.6 + 0.6

1 = 1.2 

This transformation incorporates uncertainties and imprecision into the system of 
equations. Let's convert the given system of equations into a fuzzified form 

S1 + 1
�T B�‴ + B�B�′ − �B�′�' + �ℎ′� + ���8� K� + ��U�?�� �V� 
� − ��B�′ = 0 − − − �19� 

S1 + �
2T ℎ″� + Bℎ� ′ − B�′ℎ� − � S1+ 1

�T �2ℎ� + B�″� = 0 − − − �20� 

[1 + �1{1 + 3�KR� − 1� + 3�KR� − 1�'K�' + �KR� − 1�3K3�}]K�″ 
+�1[�KR� − 1��K� ′�' + 6�K�R − 1�'K��K ′� �' 

+3�K�R − 1�3K�'�K� ′�'] + �1B�K� ′ − �1B ′� K� + ]∗B ′�  

+�∗K� + �1��?� ″ + �1�U�B�″�' = 0 − − − �21� 

?� ″ + ��B�?� ′ − *1��?� + ����K″� = 0 − − − −�22� 
 

Table 1: Comparison values of −K{�0� and −?{�0� with the results of Hayat [11]. 
� Hayat [11] Present results 

−K{�0� −?{�0� K{�0� −?{�0� 
0.8 0.65027 0.71096 0.65035 0.71341 
1.4 0.62182 0.68252 0.62178 0.68015 
3 0.59241 0.63305 0.59239 0.64610 
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4. Results and discussion 
The nonlinear equations (10) – (15) are solved numerically by MATLAB bvp4c method. 
For graphical results, we considered � =  1.5, ��8  =  0.8, � =  1.5, �� =  0.2, ]∗  =
 �∗   =  0.1, �� =  7, KR =  2,  ��U  =  0.8, ��� =  2, ��	 =  2, �� =  0.6, �� =
 0.2, �� =  0.2, �� = 0.2 and Du = 0.1 . The plots, B’�C�, K�C� and ��C� indicate the 
corresponding flow fields' curves. Figs 2-5 displays Effects of the magnetic terms on the 
velocity plot, temperature and concentration and micropolar. As soon as the M value's is 
raised, a velocity reduction is seen. When applied transversely in the flow direction, M will 
create the Lorentz force due to its strong force on fluid flow. Lorentz force in 
electromagnetism has applications in hydrodynamics, plasma accelerators, MHD 
accelerators, and other engineering fields. An electrically conductive liquid's flow is 
slowed by the Lorentz force. As a result, the Lorentz force causes the velocity and 
momentum boundary layer thickness to decrease as soon as the magnetic parameter 
increases. The temperature and concentration increase when magnetic parameter is grown. 
As a result, force will be formed on the nanofluid flow then received some heat energy. 
When M increased then micropolar also raised. Figs 6-9 depict casson parameter on the 
flow environs such as Velocity Profile, temperature, concentration and micro rotation. 
Velocity profile and microrotation declined for larger � while K, ∅ are embellished for the 
raise �. Fig 10-17 depicts the Dufour and soret factor on the flow fields. The applied 
magnetic field tends to impede fluid motion and decrease the velocity profile, K and 
microrotation as ��  increases. Dufour and soret opposite reaction in temperature and 
concentration. Fig 18-21 shows the fallout of the Eckert thing on the concentration boost 
remain reduce. The calefaction grows as Eckert number raise and concentration slightly 
increase with increasing Eckert number. Fig 22-25 shows the fallout of the Prandtl thing 
on the concentration delineation remain boost. The calefaction grows as Prandtl number 
decrease and concentration slightly raise with increasing Prandtl number. Table 1 express 
good agreement with previous work [11]. Table 2 shows Sc and Nr in Nuand Sh. Increasing 
Schmidth Nusselt boost and Sherwood fall off. The chemical radiation parameter rise in 
both Nu and Sh. Table 3 express diverse values of physical confines on Cfx, Nu andSh. 
The Magnetic and Prandtl drop and others reversed in Cfx. Dufour and magnetic diminish 
others surge in Nu. Finally, the Sherwood quantity shows Eckert and dufour grows remain 
fall down. 
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   Fig 2: Magnetic field on B{�C�   Fig 3: Magnetic field on ℎ�C� 

:     
          Fig 4: Magnetic field on  K�C�                    Fig 5: Magnetic field on ?�C� 
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Fig 6: Casson parameter on B{�C           Fig 7: Casson parameter on ℎ�C� 

                                     
Fig 8: Casson parameter on K�C�                   Fig 9: Casson parameter on ?�C� 
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Fig 10: Dufour on B{�C�                   Fig 11: Dufour on ℎ�C� 

   
                    Fig 12: Dufour on K�C�                  Fig 13: Dufour on ?�C� 
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Fig 14: Soret on B{�C�   Fig 15: Soret on ℎ�C� 

     
Fig 16: Soret on K�C�                          Fig 17: Soret on ?�C� 
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Fig 18: Eckert on B{�C�      Fig 19: Eckert on ℎ�C� 

  
     Fig 20: Eckert on K�C�                      Fig 21: Eckert on ?�C� 
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   Fig 22: Prandlt on B{�C�    Fig 23: Prandlt on ℎ�C� 
 

  
Fig 24: Prandlt on K�C�                      Fig 25: Prandlt on ?�C� 

Table 2: Distinctive values of �� and �� in �� and �ℎ 
Sc Nr Nu Sh 

0.1  2.5199 0.1704 

0.2  2.5115 0.2141 

0.3  2.4995 0.2821 

0.4  2.4910 0.3327 
 0.1 1.8730 0.3239 
 0.2 2.4910 0.3327 
 0.3 3.0128 0.3402 
 0.4 3.4598 0.3466 
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Table 3: Values of 	B , �� A�� �ℎ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. Conclusion 
Eckert number with the presence of chemical reaction on Casson micropolar nanofluid 
flow over an inclined Magnetic field are analyzed. The findings might be beneficial in 
subsequent innovations utilizing stretchy material-based aqueous platforms. 

The major findings are  
• While the humidity and concentration gradients progress, the velocity hinders as the 

Casson index and M mature. 
• The Soret quantity Sr has counterproductive consequence for K�C� and ��C� 
• The ambient temperature drops as Pr increases, and the depth of the warmth barrier 

lowers as Prandtl grows.  

M Pr �� Sr Ec Cfx Nu Sh 

1.0     -1.3204 1.6573 0.4080 

2.0     -1.7118 1.2357 0.4067 

3.0     -2.0266 0.8858 0.4070 

4.0     -2.2915 0.5909 0.4082 

 5    -1.6981 1.1692 0.4094 

 7    -1.7118 1.2357 0.4067 

 10    -1.7230 1.2891 0.4045 

 12    -1.7276 1.3096 0.4037 

  0.1   -1.7199 1.2732 0.4050 

  0.2   -1.7118 1.2357 0.4067 

  0.3   -1.7038 1.1979 0.4084 

  0.4   -1.6958 1.1598 0.4101 

   0.1  -1.7184 1.2214 0.4187 

   0.2  -1.7118 1.2357 0.4067 

   0.3  -1.7052 1.2502 0.3942 

   0.4  -1.6984 1.2647 0.3812 

    0.1 -1.8293 2.4884 0.3542 

    0.2 -1.8226 2.4102 0.3575 

    0.3 -1.8159 2.3336 0.3608 

    0.4 -1.8093 2.2586 0.3639 
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• Eckert growth in velocity and angular momentum reversed in K�C� and ��C�. Nusselt, 
Sherwood and skin friction improved in the enlarge value of Eckert. 

Casson micropolar nanofluids, which possess improved heat transfer 
characteristics and the capability to react to magnetic fields, have potential applications in 
hyperthermia therapy. Employing fuzzy logic-based control systems could enhance the 
precision of thermal energy delivery to cancerous tissues, thereby optimizing therapeutic 
outcomes while reducing harm to healthy tissues. Future research should explore the 
possible synergies by combining Casson micropolar nanofluids with other cancer treatment 
methods, such as immunotherapy or photodynamic therapy. Integrate optimization 
algorithms alongside fuzzy logic to improve the effectiveness of systems utilising Casson 
micropolar nanofluids. Investigate incorporating fuzzy logic-based control systems to 
monitor and optimize thermal processes in real-time using Casson micropolar nanofluids. 
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