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Abstract
Darcy-Forchheimer nanofluids can be used to improve the efficiency of oil recovery from oil reservoirs. The nanoparticles in the nanofluid can help to reduce the viscosity of the oil and increase the permeability of the rock, making it easier for oil to flow to the wells. Analysis of Bioconvective Unsteady Darcy Forchhemier Nanofluid Flow with Arrhenius Chemical Reaction and Activation Energy over A Permeable Stretching Surface was considered. The flow equations are partial differential equations (PDEs), which we translate into ordinary differential equations (ODEs) by applying appropriate similarity transformations. The Runge-Kutta-Gill method and the shooting method were used to solve these ODEs numerically. A number of tables and graphs were used to show how the evolving parameter alterations affected the flow fields. The outcome demonstrate that: The chemical reaction, Thermophoresis and Brownian motion parameter reduces the mass concentration, while large values of activation energy have the opposite effect. The mounting values of Radiation parameter (Rd) and bioconvection Lewis numbers reduce the motile microorganism profile. We noticed that as we increase the values of the unsteadiness parameter the velocity distribution profile as well as the energy distribution profile increases. As Porosity (Pr) parameter increases, energy distribution profile decreases along the boundary region. The combined effects of the controlling fluid flow parameters have greater influence on the Skin Friction, Nusselt number, Sherwood number and the microorganism motile rate transfer across the channel plate of the fluid flow model. .Interestingly, the effect of embedded fluid flow parameters on the skin friction, heat transfer rate and mass transfer rate were established for engineering/industrial purpose. 
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	Symbols
	Names 

	
	
	Applied magnetic field

	(u, v)
	Velocity component

	

	 Heat generation/absorption

	

	Initial permeability

	

	Gravity

	

	 Electrical conductivity

	

	Injection

	Wc
	Cell moving speed

	N
	Concentration of the microorganisms

	

	 Density of motile microbes

	

	 Surface temperature

	

	Surface impermeability

	Gr
	Grashof number

	
	 

	Lb
	 Bioconvection Lewis number

	Ha
	 Hartmann number

	Nb
	 Brownian motion

	

	Ratio of the heat capacitance to the base fluid

	

	Brownian diffusion

	

	Thermal diffusivity

	

	 Microorganism’s diffusivity

	

	 Volume expansion

	

	Viscosity

	

	Microorganism average volume

	

	Density of microorganisms.

	

	Volume fraction of nanoparticle

	

	Stretching rate

	

	Suction

	Rb
	 Rayleigh number

	Ec
	Eckert number

	Le
	Lewis number

	Nt
	Thermophoresis constraint

	Nr
	Buoyancy ratio

	

	Microorganisms’ concentration difference

	

	Density

	B
	Chemotaxis coefficient

	

	Activation energy

	

	Chemical reaction rate



1.0 Introduction 
Bioconvection, a captivating phenomenon in fluid mechanics, involves the spontaneous and organized motion of microorganisms, such as bacteria or algae, in response to environmental stimuli. This phenomenon has gained prominence due to its complexity and the intriguing patterns it creates in fluid media. As we delve into the intricacies of bioconvection, we uncover not only the underlying principles governing microbial interactions but also a spectrum of applications across various disciplines. Bioconvection arises from the collective behavior of microorganisms responding to environmental cues, such as light, temperature gradients, or nutrient distributions Goldstein [1]. The interactions among these microorganisms lead to the emergence of organized fluid motion   patterns, creating visually striking and complex structures. In natural aquatic environments, bioconvection plays a pivotal role in nutrient mixing, influencing the distribution of organisms and contributing to ecosystem dynamics. The study of bioconvection aids in understanding these natural processes and their ecological significance Dabiri [2]. Bioconvection has found applications in various biotechnological processes. In bioreactors, the organized motion of microorganisms enhances mass transfer, improving the efficiency of processes such as fermentation and wastewater treatment Cussler [3]. This has implications for sustainable and cost-effective bioprocessing. Understanding the behavior of microorganisms in response to specific conditions, as observed in bioconvection, holds potential applications in medicine. This knowledge could contribute to the development of targeted drug delivery systems or diagnostic tools Patten [4]. Bioconvection patterns can serve as indicators of environmental health. Changes in microbial behavior, reflected in bioconvection dynamics, can act as early warning signals for pollution or ecological disturbances, aiding in environmental monitoring efforts Friedrichs and Holzner [5]. Researchers are exploring bioconvection for its potential use in microfluidic devices and lab-on-a-chip technologies. The ability to manipulate microorganisms for controlled fluid movement holds promise for advancements in diagnostics and point-of-care applications Elgeti and Gompper [6]. Bioconvection has implications for renewable energy production. Harnessing the self-organization of microorganisms could enhance processes such as biofuel production or microbial fuel cells, contributing to sustainable energy solutions Zhang and Wang [7]. Insights gained from studying bioconvection could inspire the development of bio-inspired materials with unique flow properties. On the other hand, the Darcy-Forchheimer model takes into account the fact that at higher nanoparticle concentrations, the nanoparticles can interact with each other, leading to the formation of clusters that behave differently than individual nanoparticles. The model predicts that the thermal conductivity of the nanofluid should increase nonlinearly with increasing nanoparticle concentration, while the viscosity should increase even more strongly than in the Williamson model. Nanofluids, colloidal suspensions of nanoparticles in a base fluid, have garnered attention due to their unique thermal and flow characteristics. The application of Darcy-Forchheimer nanofluid, which considers the additional resistance to flow in porous media, presents promising avenues in various fields. Here are some notable applications: The inclusion of nanoparticles in a fluid enhances its thermal conductivity Choi [8]. Darcy-Forchheimer nanofluids, when flowing through porous media, exhibit improved heat transfer characteristics Abu-Nada [9]. This has implications in areas such as geothermal energy extraction, enhanced oil recovery, and thermal management systems.  In environmental engineering, the application of nanofluids in Darcy-Forchheimer flow regimes is explored for groundwater remediation Hwang and Choi [10]. The controlled movement of nanofluids through porous soils can help in the targeted delivery of remediation agents to contaminated zones. Darcy-Forchheimer nanofluids find application in drug delivery systems within the human body Alexis et al. [11]. The porous nature of biological tissues can be modeled using Darcy-Forchheimer equations, aiding in the design of nanofluid-based carriers for targeted drug delivery.  The petroleum industry investigates the application of Darcy-Forchheimer nanofluids in EOR processes Saboorian and Kiani [12]. 
The altered flow dynamics in porous rock formations can lead to improved displacement of oil, contributing to increased oil recovery efficiency. Darcy-Forchheimer nanofluids are explored for their cooling capabilities in electronic devices wang and Zhou [13]. The enhanced thermal conductivity of these nanofluids can be advantageous in dissipating heat from electronic components, improving the overall efficiency and lifespan of devices. In the realm of renewable energy, Darcy-Forchheimer nanofluids are considered for use in solar collectors and thermal energy storage systems Khullar et al. [14]. The improved heat transfer properties can enhance the efficiency of these systems, contributing to the utilization of solar energy. As the exploration of nanofluids in porous media continues, the application of Darcy-Forchheimer nanofluid is expected to play a pivotal role in optimizing various processes across different disciplines, offering innovative solutions to complex challenges. “To improve thermal device efficiency, it is essential to find widespread applications for ultrahigh-performance cooling technologies in the industrial sectors. The nanoﬂuid is the name given to the brand-new revolutionary liquid that has high thermal efficiency. The nanoparticles are tiny sized particles with 1–100 nm diameter and uniform dimensions. The thermal conductivity of common ﬂuids, such as water, ethylene glycol, or motor oil, may be improved by including nanoparticles” Maatoug et al. [15]. 
 Vedavath et al. [16] examine “the radiative non-Darcy nanofluid flow over a stretching sheet using energy activation and convective Nield conditions numerically”. Zhang et al. [17] investigate “the nonlinear nanofluid fluid flow under the consequences of lorentz forces and arrhenius kinetics through a permeable surface a robust spectral approach. Because nanofluids exhibit remarkable thermal transportation capabilities when compared to pure fluids in a variety of industrial and engineering applications, the study of nanofluid dynamics with bioconvection effects has significant applications”. “Considering such remarkable qualities the impact of bioconvective micropolar nanofluid flow over a thin moving needle containing gyrostatic microorganisms is investigated” by Khan et al. [18]. In Seddeek’s [19] research “the Inﬂuence of viscous dissipation and thermophoresis on Darcy Forchheimer mixed convection in a ﬂuid saturated porous media, the Darcy–Forchheimer connection was used to investigate a mixed convective ﬂow”.
Bhatti et al. [20] studied “Darcy–Forchheimer higher-order slip flow of Eyring–Powell nanofluid withnonlinear thermal radiation and bioconvection phenomenon. Their findings showed that, the fluid velocity controls by utilizing the magnetic force and inertial effects. The Eyring–Powell fluid parameter improves the velocity while a declining trend is noticed for the slip parameter”. Habib et al. [21] Examine and compare “the effects of bioconvection, double diffusion, and activation energy on the flow of micropolar, Williamson, and Maxwell nanofluids caused by a stretching surface. The noteworthy results showed that, in descending order, Newtonian, Williamson, and Darcy fluids take the lowest values for velocity, followed by micropolar fluids”. 
 [22-24] examined “the thermal radiation effects of Darcy–Forchheimer Maxwell fluid flow along an exponentially stretching surface with activation energy”. Shafiq et al. [25] “reported the influence of convective boundary conditions, thermal radiation and chemical reaction on the three-dimensional flow of Darcy Forchheimer nanofluid across a rotating surface with Arrhenius activation energy”. “Entropy formation, activation energy, and binary chemical reaction effects on the Darcy Forchheimer flow of Williamson nanofluid through a nonlinear stretchable flat surface were deliberated” by Hayat et al. [26] the activation energy is the smallest quantity of energy forced to trigger a chemical reaction in a system. Energy exists in two types: kinetic and potential. A reaction among molecules could be incomplete due to kinetic energy loss or an inadequate collision. At this point, only the minimum amount of energy is required to initiate the chemical reaction. Bestman [27] was “the first to investigate the impact of activation energy on natural action in a permeable boundary layer”. Dawar et al. [28] addressed “nonlinear stretching plates in magnetohydrodynamics pseudo-plastic nanofluid flow with activation energy. The outcome shows the velocity profile was reduced by the Weissenberg number and Forchheimer number, while the mixed convective parameter shows the increasing tendency in velocity profile”. [29-30] investigated “the mixed convective heat transfer in a turbulent flow of nanofluid”. Jamshed et al. [31] worked on “the unsteady flow of a non-Newtonian Casson nanofluid with solar radiation using the Keller box method”. “The significance of MHD mixed convective flows Casson nanofluids over an elongating irregular surface immersed vertically in a Darcy–Brinkman porous medium was exploited” by Alghamdi et al. [32]. [33-35] investigated “the onset of motion and the resulting convective motion in a shallow porous cavity filled with a non- Newtonian binary fluid”. In the presence of viscous dissipation and Joule heating, Das [36] examined “the combined effects of thermophoresis and thermal radiation on MHD mixed convective heat and mass transfer flow of an incompressible, electrically conducting second-grade fluid past a semi-infinite stretching sheet”. “The impact of Thermophoresis unsteady magneto hydrodynamic free convection flow over an inclined porous plate with time-dependent suction in the presence of a magnetic field and heat generation was examined” by Kabir and Mahbub [37]. Using the Nachtsheim-Swigert shooting technique in conjunction with the sixth order Runge-Kutta scheme, the equations were integrated. The obtained results show that a rise in Darcy number causes the velocity profile to increase, a magnetic field slows the fluid's motion. With suction, the boundary layer's growth can be managed.
2.0 Mathematical formulation

The current work addresses the boundary layer gyrostatic microorganisms conducting flow water-based nanoliquid across a vertical permeable plate. A constant transversal uniform free stream velocity  is applied to the flow as shown in Image. 1. Since there is no magnetic Reynolds number and the voltage is low, the Hall effects and magnetic field are negligible. As mentioned, it is anticipated that the presence of nanoparticles will not affect the direction or speed at which microorganisms move. It is believed that the nanoparticulate dispersion is diluted (no particulate concentration greater than 1%) and unstable (no nanoparticle coagulation). This hypothesis makes sense since nanoliquid bioconvection is only expected to happen in a diluted suspension of nanomaterials; in the absence of this, a high concentration of nanomaterials would increase the viscosity of the base fluid and prevent bioconvection. The framework for bioconvection due to oxytactic microbes is premised on the methodology Algehyne et al (2022).  
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We extend the work done by (Ebrahem et al.,[38]) hence, we have the new model as,




[image: ]The corresponding boundary conditions are given by 

With the following similarities variables

	 




  
Satisfying the conditions

Where,




, ,  Ω= microorganisms concentration difference,Le = lewis number,    Nb = Thermophoresis parameter,  Nt = Brownian motion parameter,  = chemical reaction term,  = relative temperature, E = Activation energy,  Pr = Prandtl number, Rd =Thermal radiation,  = heat Generation,  Ha = Hartman number, Ec = Eckert number , Du = Dufour, A= unsteady parameter, Fn = Forcheimmer, Gr = Grashof number, Rb = Rayleigh number, Nr = Radiation parameter 
3.0 Numerical procedures  








“The set of non-linear ordinary differential equations (8)–(11) with boundary conditions
in equation (10) have been solved numerically by using the Runge–Kutta integration scheme with a modified version of the Newton–Raphson shooting method with A,, Ha, P, Gr, Nr, Rd, Rb, Pr, Nb, Nt, and Ec as prescribed parameters. The computations were done by a program which uses a symbolic and computational computer language MAPLE” [39]. A step
size of  was selected to be satisfactory for a convergence criterion of  in
nearly all cases. The value of was found to each iteration loop by the assignment statement. The maximum value of , to each group of parameters A,, Ha, P, Gr, Nr, Rd, Rb, Pr, Nb, Nt, and Ec is determined when the values of unknown boundary conditions at  not change to successful loop with error less than 






4.0 Result and Discussion 
Velocity

Figures 1 the effect of the unsteadiness parameter (A) on the velocity and temperature profile, we noticed that as we increase the values of the unsteadiness parameter the velocity distribution profile increases. Figure 2 is the effect of permeability of porous medium  on velocity profile, we observed that, with the growth in permeability of porous medium, the drag force decreases. For this reason, the velocity profile of the fluid accelerates It is well noticed that as we vary Hartmann number (Ha) in Figures 3. Effect of porosity on velocity profile (P), one can observed clearly that as porosity increases, the velocity profile increases in the boundary region in Figure 4, the fluids gets more space to flow and as a consequences its velocity increases. Figure 5 an increase in Grashof (Gr) parameter leads to a decrease in velocity profile near the plate and as the distance from the plate increases the velocity profile keep decreasing. Figures 6 is the effect of buoyancy (Nr) parameter on velocity profile, from the above result, it was found that when the buoyancy parameter increases, the fluid velocity decreases. 
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Figure 1: Effects of unsteadiness parameter A  on the velocity distribution when, [image: ], Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, , E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 2: Effects of porous medium inertia parameter   on the velocity distribution profile when, , Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 3: Effects of Hartmann number Ha  on the velocity distribution profile when, , = 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , , P = 0.1
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Figure 4: Effects of Porosity parameter P  on the velocity distribution profile when, [image: ], [image: ]= 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 5: Effects of Grashof number Gr  on the velocity distribution profile when, , = 0.01, P = 0.1, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1
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Figure 6: Effects of buoyancy ratio Nr  on the velocity distribution profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
Temperature 

Figures 7 is the effect of the unsteadiness parameter (A) on the temperature profile, it was noticed that as the values of the unsteadiness parameter increases the energy distribution profile increases as well. It is well noticed that as we vary Hartmann number (Ha) in Figure 8 the energy distribution profile increases. Figure 9 as porosity parameter (P) increases, energy distribution profile decreases along the boundary region. Also as we increase the Grashof number (Gr), the temperature profile increases as seen in Figure 10. Figure 11 is the effect of buoyancy parameter (Nr) on temperature, from the above result, it was found that when the buoyancy parameter increases, the fluid thermal boundary layer increases. Figure 12 is the effect of bioconvection Rayleigh (Rb) on the energy profile, we notice that as we vary the bioconvection Rayleigh (Rb) number the energy distribution profile increases. Figure 13 growing values of radiation parameters (Rd) decreases the thermal boundary layer which gives a decreasing effect on temperature. This is because increasing the radiation parameter releases heat energy into the fluid. Figure 14 it is evident that the temperature distribution is an increasing function of the Prandtl number (Pr). This is because the thermal diffusity of the fluid increases due to higher values of Prandtl which further led the reduction in the thermal boundary layer thickness. Figure 15 an increase in Eckert number (Ec) causes the transformation of kinetic energy into internal energy by work that is done against the viscous fluid stresses. Due to this, increasing Eckert (Ec) enhances the temperature of the fluid. Figure 16 we observed that increase in internal heat generation  leads to increase in the energy distribution profile.
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Figure 7: Effects of unsteadiness parameter A  on the energy distribution  when, [image: ], Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], , P = 0.1
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Figure 8: Effects of Hartmann number Ha  on the energy distribution profile when, [image: ], [image: ]= 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 9: Effects of Porosity parameter P  on the energy distribution profile when, [image: ], [image: ]= 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, , [image: ],Ha = 0.1
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Figure 10: Effects of Grashof number Gr  on the energy distribution profile when, [image: ], [image: ]= 0.01, P = 0.1, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, , E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 11: Effects of buoyancy ratio Nr  on the energy distribution profile when, , = 0.01, P = 0.1, Gr = 0.01, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1
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Figure 12: Effects of bioconvection Rayleigh number Rb on the energy distribution  profile when, , [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 13: Effects of radiation parameter Rd on the energy distribution  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 14: Effects of Prandtl number Pr on the energy distribution  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Rd=0.1, Nb = 1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 15: Effects of Eckert number Ec on the energy distribution  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 0.1,[image: ], Nt = 0.1, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], ,Ha = 0.1
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Figure 16: Effects of internal heat generation[image: ]  on the energy distribution  profile when, [image: ], Ec= 0.5, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 0.1,[image: ], Nt = 0.1, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
Concentration 

Figure 17 we observed that as we augment the unsteadiness parameter (A), the nanoparticle concentration profile decreases. While in Figure 18 increase in internal heat generation  leads to increase in nanoparticle concentration profile. While Figure 19 the nanoparticle concentration profile decreases with increase in Hartmann number (Ha).  Figure 20 Increase in buoyancy ratio (Nr) decelerates the concentration of the fluid along the surface. Figure 21 it is observed that increase in concentration leads to increase in Radiation (Rd). In Figure 22 we observed that increase in Prandtl number (Pr) leads to increase in the concentration profile.  Figure 23 The Brownian parameter (Nb) has a strong influence on the dimensionless nanoparticle concentration of the fluid. The concentration of the fluid increases with increase in Brownian parameter (Nb). Figure 24 Reduction in concentration profiles is noticed with the growing values of Thermophoresis parameter (Nt) intensify the concentration profiles. Figure 25 Increase in Eckert number (Ec) leads to decrease in nanoparticle concentration profile.
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Figure 17: Effects of unsteadiness parameter (A)  on the nanoparticle concentration profile when, [image: ], Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 18: Effects of internal heat generation [image: ]  on the nanoparticle concentration profile when [image: ], Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, , n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 19: Effects of Hartmann number Ha  on the nanoparticle concentration profile when, [image: ], [image: ]= 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec= 0.5, Du = 0.01, Le =0.1, , n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ], P = 0.1
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Figure 20: Effects of buoyancy ratio Nr  on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 21: Effects of radiation parameter Rd on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
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Figure 22: Effects of Prandtl number Pr on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Nb = 1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, , E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1

[image: ]		Nb= 0.1
 oooooooooo    Nb = 0.3
+++++++++++	Nb = 0.6
-----------------      Nb = 0.9

Figure 23: Effects of Brownian motion Nb on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nt = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
[image: ]		Nt= 0.1
 oooooooooo    Nt = 0.3
+++++++++++	Nt = 0.6
-----------------      Nt = 0.9

Figure 24: Effects of thermophoresis Nt on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 0.1,[image: ], Ec = 0.5, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1
[image: ]		Ec= 0.5
 oooooooooo    Ec = 1
+++++++++++ 	Ec = 2
-----------------      Ec = 4

Figure 25: Effects of Eckert number Ec on the nanoparticle concentration  profile when, [image: ], [image: ]= 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 0.1,[image: ], Nt = 0.1, Du = 0.01, Le =0.1, [image: ], n =1, [image: ], E=0.01, Lb=2, Pe=0.1, [image: ], [image: ],Ha = 0.1


Motile microorganism

The motile microorganism profile increases with increase in unsteadiness parameter (A) in Figure 26. Also as we increase internal heat generation  the motile microorganism profile decreases in Figure 27. While Figures 28 the motile microorganism decreases with increase in Hartmann number (Ha). Figure 29 Increase in Grashof number (Gr) lead to decrease in the motile microorganism profile. Figure 30 an upgrade in buoyancy ratio parameter (Nr) accelerates the movement of fluid which weaken density of motile microorganism and therefore strengthens both of shear stress and rate of motile microorganism. Figure 31 is the effect of bioconvection Rayleigh (Rb) on the motile microorganism profile, we notice that as we vary the bioconvection Rayleigh (Rb) number the energy distribution profile increases. Figure 32 Increase in Thermophoresis parameter (Nt) leads to increase in motile microorganism.





[image: ]		A = 0.1 
 oooooooooo     A = 0.3
+++++++++++	A= 0.6 
-----------------      A = 0.9


Figure 26: Effects of unsteadiness parameter (A)  on the motile microorganism profile when, , Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , , P = 0.1

[image: ]			= 0.01 
 oooooooooo     = 0.1
+++++++++++	= 0.5  
-----------------       = 1


Figure 27: Effects of internal heat generation   on the motile microorganism profile when , Ha = 0.1, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , , P = 0.1
[image: ]		Ha= 0.1 
 oooooooooo    Ha = 0.2
+++++++++++	Ha= 0.3  
-----------------      Ha = 0.4


Figure 28: Effects of Hartmann number Ha  on the motile microorganism profile when, , = 0.01, Gr = 0.05, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , , P = 0.1


[image: ]		Gr= 0.1 
 oooooooooo    Gr = 0.5
+++++++++++	Gr = 1  
-----------------      Gr = 2

Figure 29: Effects of Grashof number Gr  on the motile microorganism profile when, , = 0.01, P = 0.1, Nr = 0.1, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1

[image: ]		Nr= 1 
 oooooooooo    Nr = 1.5
+++++++++++	Nr = 2  
-----------------      Nr = 2.5

Figure 30: Effects of buoyancy ratio Nr  on the motile microorganism  profile when, , = 0.01, P = 0.1, Gr = 0.01, Rb = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1

[image: ]		Rb= 1 
 oooooooooo    Rb = 2
+++++++++++	Rb = 3  
-----------------      Rb = 4

Figure 31: Effects of bioconvection Rayleigh number Rb on the motile microorganism  profile when, , = 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rd = 0.1, Pr = 1, Nb = 0.1, Nt = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1

[image: ]		Nt= 0.1
 oooooooooo    Nt = 0.3
+++++++++++	Nt = 0.6
-----------------      Nt = 0.9

Figure 32: Effects of thermophoresis Nt on the motile microorganism  profile when, , = 0.01, P = 0.1, Gr = 0.01, Nr = 1, Rb = 1, Pr = 1, Nb = 0.1,, Ec = 0.5, Du = 0.01, Le =0.1, , n =1, , E=0.01, Lb=2, Pe=0.1, , ,Ha = 0.1

5.0 conclusion 
Analysis of Bioconvective Unsteady Darcy Forchhemier Nanofluid Flow with Arrhenius Chemical Reaction and Activation Energy over a Permeable Stretching Surface was analyzed in this research. Using similarity transformation, the governing boundary layer PDEs were transformed as an ODE system. For various choices of the model's dimensionless parameters, the resulting ODEs were numerically solved using the shooting technique and the fourth (4)-order Runge-Kutta method. The framework for bioconvection due to oxytactic microbes is premised on the methodology described in Algehyne et al. (2022) with further extension in thermal radiation, Dofour-Soret effect, time to account for unsteadiness in the system and the Arrhenius chemical reaction. The findings from this study were further analyzed using graphs. The following is a list of some key observations that were discovered in this research. The chemical reaction Thermophoresis and Brownian motion parameter reduces the mass concentration profile, while large values of activation energy have the opposite effect. The Hartmann number, Eckert number Ec, and heat generation parameter elevate the temperature profile. The combined effects of the controlling fluid flow parameters have greater influence on the Skin Friction, Nusselt number and the Sherwood number and the microorganism motile rate transfer across the channel plate of the fluid flow model. Increasing the value of chemical reaction parameter on mass concentration profile shows that different species reacting with one another is a component in the enhancement of the concentration profile.   The molecules involved in a chemical reaction must have energies larger than the activation energy for the reaction to proceed. We further discover that the fluid velocity decreases as the Hartmann number increases. As the Hartmann number (Ha) increases, a magnetic effect occurs in which a Lorentz force is generated by the magnetic force, and this resistant force works against the motion of the fluid. This reveals that the transverse magnetic field operates in opposition to the transport processes. This occurs since there is more resistance to the transport mechanisms as a result of the Lorentz force, and the response is caused by the magnetic effect. 
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