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This manuscript deliberates on thermal radiation and viscous dissipation possessions on 

magneto-hydrodynamic (MHD) bioconvection stream of a new variety of water 

established the upper-convected Maxwell, Nanoliquid covering Nanoparticles and 

motile gyrotactic microorganisms over an absorptive vertical moving plate. Nanoliquid 

bio convective is developed through the mutual possessions of buoyant forces and 

magnetic field on the collaboration of motile microorganisms and Nanoparticles. The 

leading nonlinear PDE of the problem are transforming into a structure of nonlinear 

ODE over suitable similarity conversion and shooting method procedure joined with 

Runge–Kutta–Fehlberg integration pattern, the exemplary BVP is attempted 

numerically. A parametric investigation of the complete stream regime is supported out 

to demonstrate the possessions of the leading constraints, specifically bioconvection 

Lewis quantity Lb, traditional Lewis quantity Le, bioconvection Peclet quantity Pe, 

buoyancy quotient constraint Nr, bioconvection Rayleigh quantity Rb, Brownian 

motion constraint Nb, thermophoresis constraint Nt, Hartmann quantity Ha, Grashof 

quantity Gr, radiation constraint R Eckert quantity Ec, microorganisms concentration 

variance constraint Ω and a suction/injection constraint fw on the flow, temperature, 

volume fraction of nanoparticles and motile microorganisms density outlines as well as 

the friction quantity, the local Nusselt quantity, the local Sherwood quantity and the 

local density quantity of the motile microorganisms. 
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1. INTRODUCTION

Bioconvection flow is used to pronounce the occurrence of 

macroscopic convective motion of the liquid initiated due to 

the gradient of density generated by united spinning of 

microorganisms. These self-propelled motile microorganisms 

inclines to concentrate close the upper portion of the liquid 

sheet, and this accumulation makes the upper sheet much 

thicker than the lower section and eventually yield variability, 

which consequences in producing the several movement 

outlines into the scheme [1-6]. Bioconvection has abundant 

applications in biological and bio-microsystems, for case, 

enzyme biosensors and biotechnology due to the momentum 

transport improvement and collaborating, which are 

significant concerns in many micro-systems. Microbial-

enhanced oil repossession is another potential use of 

bioconvection theory, in which microorganisms and nutrients 

are inoculated in oil-bearing stratums to correct permeability 

variation. In a broader sense, the ability of motile 

microorganisms to spin in a specific way can be utilised to 

extract information from cells, purify principles, and 

distinguish between various sub-populations (for example, to 

distinguish fast swimmers from sluggish [7-9]). In these 

presentations, bioconvection would avoid effective separation 

as it would basis collaborating among dissimilar kinds of cells. 

Bioconvection schemes, on the other hand, can be classified 

based on the directional movement of various types of 

microorganisms, but they all spin in an upward direction 

(having larger density than the base liquid). For example, 

chemotaxis or oxytactic microorganisms spin upward due to a 

gradient in oxygen concentration because they require a 

specific amount of oxygen to be active, gyrotactic 

microorganisms whose swimming direction is determined by 

a balance in viscous and gravitational torques, and geotactic 

microorganisms spin alongside gravitational possessions [10, 

11]. In accumulation, the model of nanoliquid bioconvection 

has also comprehensive circle of applications, for example, 

nanomaterial dispensation, automotive coolants, purification 

process of medical suspensions, polymer covering and 

intellectual structure plan. The idea of nanoliquid 

bioconvection was principal presented by Kuznetsov [12-14] 

and later on numerous authors and analysts explored the 

communication of nanoliquid with bioconvection underneath 

numerous physical circumstances [15-20]. 

The Maxwell liquid belongs to the sub class of rate type of 

liquids. This liquid model predicts the relaxation time 

belongings. Liquids belong to the differential type cannot 

predict such effects. Stability scrutiny method of Maxwell 

liquid in porous medium past an elongating sheet was 

addressed by Wang and Tan [21]. Nadeem et al. [22] 
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considered the numerical behaviour for Maxwell liquid past an 

elongating surface in accordance with nanoparticles. Ramzan 

et al. [23] presented optimal solution for Maxwell stream at 

nanostructure level. Nagendramma et al. [24] scrutinized the 

multiple slips and radiation belongings of Maxwell nanoliquid 

stream phenomenon. Hayat et al. [25] demonstrates Maxwell 

nanoliquid stream in 3D platform. The upper convected 

Maxwell liquid (UCM) is one of the visco-elastic liquids. 

Sakiadis steady stream of UCM over a stiff external was 

communicated by Sadeghy et al. [26]. Succeeding Taylor 

series linearization approach for UCM approved by porous 

elongating surface was exemplified by Motsa et al. [27]. 

Coupled heat and momentum consequence of UCM liquid 

over a stirring surface was analyzed by Hayat et al. [28]. Heat 

transport interrelated study of UCM liquid was described by 

Vajravelu et al. [29]. 

The way disciplines of fish and flocks of birds benefit from 

the presence of others can be learned from nature. Fish and 

birds fundamentally position themselves in hydrodynamically 

effective configurations when migrating in flocks. 

Microorganisms can also change their surroundings in large 

numbers, whether intentionally or unintentionally, using a 

mechanism known as bioconvection. The spinning of 

microorganisms commonly causes the nearby liquid to be 

prolonged, causing the liquid to convict. Furthermore, the 

resulting large-scale liquid flow improves mixing and nutrient 

source. Kuznetsov [30-32] was the first to recognize bio-

convection as the movement or upswing of motile microbe 

suspensions. Geng and Kuznetsov investigated the interaction 

between bacteria and nanoparticles [33-35]. 

It is clear that immovability of nanoparticles develops over 

the addition of gyrotactic microorganisms. The influence of 

gyrotactic microbes for occasion algae and bacteria in stream 

of nanoliquids due to elongating/shrinking sheet is examined 

by Zaimi et al. [36]. Tham et al. [37] scrutinized the sundry 

convection stream of nanoliquid containing gyrotactic 

microorganisms towards a solid sphere surrounded in a porous 

medium. Aziz et al. [20] addressed the free convection border 

stratum stream of nanoliquid covering motile microorganisms. 

Xu and Pop [38] explored the completely established sundry 

bio-convection stream of nanoliquid occupied in a flat channel 

embracing the nanoparticles and gyrotactic microorganisms. 

Khan et al. [39] investigated the properties of nanoparticles 

and gyrotactic microorganisms in a non-Newtonian liquid free 

convection stream enclosed by a porous material. According 

to Ibrahim and Makinde [40], it plays an important function in 

monitoring the concentration and temperature differences 

between hydrogen and oxygen in the environment, which may 

influence the rate at which different types progress. Alsaedi et 

al. [41] and Ramzan et al. [42] investigate the effects of 

magneto-hydrodynamics (MHD) and asymmetrical 

convection in a stretchable stream of viscous nanomaterial 

with gyrotactic microorganisms. Liquid stratification is 

unquestionably caused by changes in concentration and 

temperature, as well as the mixing of liquids with different 

densities. When both heat and momentum transfers are current 

at the same time, it's intriguing to investigate the influence of 

double stratification.  

Furthermore, the study of streams in the presence of double 

stratification and sundry convection has numerous 

applications in the field of manufacturing, including heat 

dissipation into the atmosphere through seas, lakes, and rivers, 

thermal energy storage through solar ponds, and heat transport 

from thermal sources through power plant condensers. There 

have been some attempts to investigate the impression of 

double stratification with sundry convection. For example, 

Srinivasacharya and Surender [43] discovered double 

stratification properties in a nanoliquid stream with various 

convection. Hayat et al. [44, 45] describe the appearance of 

twofold stratification over an elongating sheet and cylinder in 

the presence of thermal radiation and sundry convection. 

Hayat et al. [46] recently looked at the perception of double 

stratification in stream of viscous liquid with sundry 

convection. 

In the vast majority of industrial and physiological 

transactions, the repute of non-Newtonian liquids appears to 

be rather evident. Disparity, main, and rate kinds are the most 

used classifications for these liquids. The considered model 

belongs to the rate category resource grouping and has the 

capacity to designate relaxation time features. In the extrusion 

of a polymer expanse from a die or the drawing of malleable 

films, a rate type model is applied. Because of its simplicity, 

the Maxwell classical theory has gained a lot of attention from 

recent researchers.  

The rigorous solution for helical streams of Maxwell liquid 

with shear stress on the border was investigated by Jamil and 

Fetecau [47]. Zierep and Fatecau [48] investigate the 

Rayleigh-Stokes problem using Maxwell liquid. Hayat et al. 

[49] investigate the effects of thermophoresis and Joule 

heating in an elongated stream of Maxwell liquid over a 

convective border condition. The heat transfer in a Maxwell 

liquid subjected to thermal radiation and viscous dissipation 

above an extended surface was obtained by Hsiao [50]. 

Ramzan et al. [51] presented optimal solutions for various 

convective Maxwell nanomaterials. 

According to the findings, the effects of thermal radiation 

and viscous dissipation on the bioconvection MHD stream of 

Maxwell nanoliquid including nanoparticles and gyrotactic 

microorganisms have yet to be investigated. Much for non-

Newtonian liquids, the difficulty narrows even further. As a 

result, our primary aim is to look at the Maxwell nanoliquid 

stream that is constrained by a stretchable surface. Explicitly, 

the novelty of the existing examination is demonstrated by the 

following features. We must first investigate the impact of 

gyrotactic bacteria. Furthermore, the analysis should be 

carried out in the context of Magneto-hydrodynamics (MHD). 

After that, look into the thermal, solutal, and motile density 

stratifications. The effects of a variety of appropriate 

limitations on the flow, temperature, concentration, and motile 

density microorganism fields are investigated. The density of 

Nusselt, Sherwood, and motile is calculated. 

 

 

2. MATHEMATICAL MODEL FORMULATION 

 

We deliberate a stable border sheet flow of a water-based 

electrically conducting the upper convected Maxwell 

nanoliquid comprising gyrotactic microorganisms past a 

permeable vertical flat plate with thermal radiation. The 

stream is subjected to a uniform transverse magnetic field of 

strength B0. There is no applied voltage and the magnetic 

Reynolds magnitude is small, hence the induced magnetic 

field and Hall effects are insignificant. As earlier mentioned, 

the occurrence of nanoparticles is supposed to have no result 

on the direction of microorganisms’ swimming and on their 

spinning flow. It is supposed that the nanoparticle suspension 

is constant (there is no nanoparticle accumulation) and dilute 

(the concentration of nanoparticles is than 1%). This is a 
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logical notion, since nanoliquid bio-convection is predictable 

to occur only in a dilute suspension of nanoparticles; else, a 

large concentration of nanoparticles would consequence in 

increased viscosity of the base liquid, which would suppress 

bioconvection [14]. Adopting the Boussinesq estimate, at the 

same time, seeing thermophoresis and Brownian motion 

belongings due to nanoparticles according to the scheme 

developed by Buongiorno [15], while the model for 

bioconvection due to oxytactic microorganisms is based on the 

approach presented in Refs. [23, 24], the boundary-layer 

estimates of the continuity, momentum, energy, nanoparticle 

concentration and conservation for microorganisms equations 

are:  

 

(i) Continuity:  
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(iii) Equation of energy: 
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(iv) Concentration of nanoparticle: 
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(v) Conservation of microorganisms: 

 

2 2 2

2 2

( )

C

w

B

bWn n
u v n n

x y x x y y

n n n
D

x y x y

 

 

        
+ + +   

  −        

   
= + + 

    

 
(5) 

 

where, u and v are the flow constituents along the x and y 

directions correspondingly, ρf is the base liquid density, p is 

the liquid pressure, T is the local temperature, α is the thermal 

diffusivity of the base liquid, DB is the Brownian diffusion 

quantity, DT is the thermophoretic diffusion quantity of the, Dm 

is the diffusivity of microorganisms, g is the gravity vector, β 

is the volume expansion quantity of the liquid, σ is the 

electrical conductivity of the liquid, μ is the viscosity of the 

liquid, τ=ρCp/ρCf is the ratio of the effective heat capacitance 

of the nanoparticle to that of the base liquid, γ is the typical 

volume of a microorganism, b is the chemotaxis constant, Wc 

is maximum cell spinning speed (bWc is supposed to be 

constant), n is the concentration of the microorganisms, ρm is 

the microorganisms density, ρf is the base liquid density, ϕ is 

the nanoparticle capacity fraction.  

By using the Rosseland estimate (Brewster [52]), the 

radiative heat flux in the y' direction is given by: 
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where, σ1 is the Stefan-Boltzmann constant and k1 is the mean 

absorption quantity. 

Presumptuous that the temperature variances within the 

stream are adequately lesser so that T4 can be extended in 

Taylor successions about the free stream temperature T∞ to 

yield: 
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where, the higher-order terms of the expansion are ignored. By 

using (6) and (7), Eq. (3) gives: 
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(8) 

 

We deliberate the borderline conditions, 
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where, Tw, ϕw, nw are temperature, nanoparticle capacity 

fraction and density of the motile microorganism at the plate 

apparent. The corresponding ambient standards are denoted 

correspondingly by T∞, ϕ∞, n∞.  

Subsequent [25] the free stream flow and the 

suction/injection flow are expected to be: 

 

0 ( )U x = ax  and 1/2( ) wV av f= −  (10) 

 

where, a>0 is the preliminary elongating rate, fw>0 signifies 

transpiration (suction), fw<0 resembles to injection and fw=0 is 

the case of an impermeable plate surface. 

Presenting the subsequent dimensionless variables and 

magnitudes:  
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where, η is the similarity variable and ψ is the stream purpose 

defined as: 
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Substituting Eqns. (6) – (9) into Eqns. (1) – (5), we attain 

the subsequent system of similarity equations: 
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The boundary conditions becomes: 
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where, primes denote differentiation with respect to η. and Ha 

is Hartmann quantity, Gr is Grashof quantity, Nr is the 

buoyancy ratio constraint, Rb is the bioconvection Rayleigh 

quantity, R is the radiation constraint, Pr is Prandtl quantity, 

Nb is the Brownian motion constraint, Nt is the thermophoresis 

constraint, Ec is Eckert quantity, Le is the traditional Lewis 

quantity, Lb is the bioconvection Lewis quantity, Pe is the 

bioconvection Peclet quantity, Ω is the microorganisms 

concentration difference constraint and fw is the 

suction/injection constraint.  

The quantities of practical interest in this study are the skin 

friction Cf, Nusselt quantity Nu, Sherwood quantity Sh and 

density quantity of the motile microorganisms Nn defined as: 
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where, τw, qw, qm and qn are the friction factor, surface heat flux, 

the surface movement flux and the surface motile 

microorganisms flux defined by: 
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Substituting (19) into (18) we obtain, 

 
1/2Re (0)x x fCf C f = =  (20) 

 
1/2Re (0)x xNu Nu = = −  (21) 

 
1/2Re (0)x xSh Sh = = −  (22) 

 
1/2Re (0)x xNn Nn = = −  (23) 

 

which are the local friction factor Cfx, local Nusselt quantity 

Nux, local Sherwood quantity SHx and local density quantity of 

the motile microorganisms Nnx, correspondingly and 

Rex=U0x/ν is the Reynolds quantity. 

 

 

3. NUMERICAL PROCEDURE 

 

Under the borderline conditions (17), the set of Eqns. (13)-

(16) are combined nonlinear boundary value problems (BVPs) 

that are numerically solved using a shooting approach with a 

Runge–Kutta Fehlberg integration pattern. The fourth order 

Runge–Kutta Fehlberg iteration pattern is used to integrate the 

collection of IVPs until the stated boundary conditions are met, 

after which the equation is converted into a set of initial value 

problems (IVP) with unknown initial values that must be 

established by guessing. 

New variables are created: 
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Eqns. (13) and (16) are then condensed to systems of first 

order differential equations as: 
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subject to the following initial conditions. 
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x x x s x

x s x x s x x s

= = = =

= = = = =
 (29) 

 

In the shooting technique, the unknown initial conditions s1, 

s2, s3 and s4 in (29) are supposed and (25)-(28) integrated 

numerically as an initial valued problem to a given terminal 

point. The accuracy of the assumed missing initial conditions 

was checked by comparing the calculated value of the 

dependent variable at the terminal point with its given value 

there. If variances exist, better values of the missing initial 

conditions are attained and the procedure repetitive. From the 

practice of numerical computation, the liquid flow, the 

temperature, the friction factor t, the Nusselt quantity, the local 

Sherwood quantity and local density quantity of the motile 

microorganisms are comparative to f(η), g(η), f'(0), θ'(0), C(0) 

and χ'(0), respectively. 

 

 

4. RESULTS AND DISCUSSION 

 

For designs of the results, numerical values are connived in 

Figures 1-26 and a comprehensive debate on the possessions 

of the leading constraints, specifically bioconvection Lewis 

quantity Lb, traditional Lewis quantity Le, bioconvection 

Péclet quantity Pe, buoyancy ratio constraint Nr, 

bioconvection Rayleigh quantity Rb, Brownian motion 

constraint Nb, thermophoresis constraint Nt, Hartmann 

quantity Ha, Grashof quantity Gr, Eckert quantity Ec, the 

microorganisms concentration difference constraint   and 

the suction/injection constraint fw on the flow, temperature, 

nanoparticles volume fraction and motile microorganisms 

density outlines as well as the friction factor, the local Nusselt 

quantity, the local Sherwood quantity, the local density 

quantity of the motile microorganisms is carried out in this 

section for constant value of Pr=0.71. 

 

 
 

Figure 1. Influence of Ha on f'(n) 

 

 
 

Figure 2. Influence of Pr on f'(n) 

 

 
 

Figure 3. Influence of R on f'(n) 

 

 
 

Figure 4. Influence of Gr on f'(n) 

 

 
 

Figure 5. Influence of Nr on f'(n) 
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Figure 6. Influence of Le on f'(n) 

 

 
 

Figure 7. Influence of Rb on f'(n) 

 

 
 

Figure 8. Influence of Ω on f'(n) 

 

 
 

Figure 9. Influence of Nb on f'(n) 

 

 
 

Figure 10. Influence of Nt on f'(n) 

 

 
 

Figure 11. Influence of fw on f'(n) 

 

 
 

Figure 12. Influence of Ha on θ(n) 

 

 
 

Figure 13. Influence of Pr on θ(n) 
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Figure 14. Influence of R on θ(n) 

 

 
 

Figure 15. Influence of Nb on θ(n) 

 

 
 

Figure 16. Influence of Nt on θ(n) 

 

 
 

Figure 17. Influence of Ec on θ(n) 

 

 
 

Figure 18. Influence of fw on θ(n) 

 

 
 

Figure 19. Influence of Ha on χ(n) 

 

 
 

Figure 20. Influence of Ω on χ(n) 

 

 
 

Figure 21. Influence of fw on χ(n) 
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Figure 22. Influence of Le on χ(n) 

 

 
 

Figure 23. Influence of Lb on χ(n) 

 

 
 

Figure 24. Influence of Nt on ξ(n) 

 

 
 

Figure 25. Influence of R on ξ(n) 

 

 
 

Figure 26. Influence of fw on χ(n) 

 

4.1 Flow outlines 

 

Figures 1-11, correspondingly demonstration the effect of 

the several values of the constraints Ha, Pr, R, Nt, Nb, Gr, R, 

Nr, Le, Rb, Ω and fw on the flow outlines. In Figure 1, we 

perceive that due to rise in Hartmann quantity Ha, there is a 

drop in the flow supply. In accumulation, we find that the flow 

declines as Prandtl quantity Pr escalations, as plotted in Figure 

2. Figure 3 confirmations that the flow profile upsurges when 

radiation constraints R rise. We perceive from Figure 4 that as 

Grashof quantity Gr elevations the flow profile rises. Figure 5 

portrays that the flow declines as buoyancy ratio constraint Nr 

escalations. We also perceive from Figure 6 that as the 

traditional Lewis quantity Le growths the flow profile 

intensifications. The influence of bioconvection Rayleigh 

quantity Rb on flow outlines is exposed in Figure 7. It is 

initiate that flow declines with growing values of Rb. Further, 

it is clear from Figure 8-10 that as the Brownian motion 

constraint Nb and thermophoresis constraint Nt and 

microorganisms concentration change constraint Ω upsurges, 

the flow profile increases, but it declines when the suction 

constraint fw rises as shown in Figure 11. 

 

4.2 Temperature outlines 

 

The variations of temperature outlines for dissimilar values 

of the constraints Ha, Pr, R, Nt, Nb, Ec and fw in the figures 

12–18 are revealed. Figure 12 elucidates that as Hartmann 

quantity Ha surges the temperature rises. In addition, the 

temperature outlines decline as Prandtl quantity Pr rises as 

shown in Figure 13. In Figure 14, we notice that due to an 

intensification in radiation constraint R, there is a rise in the 

temperature outline. From Figure 15-17, we may observe that 

the temperature outline rises as the Brownian motion 

constraint Nb and thermophoresis constraint Nt and Eckert 

quantity Ec upsurges, while Figure 18 shows that it declines 

when the suction constraint fw rises. 

 

4.3 Nanoparticle concentration outlines 

 

Figures 19-23 signify the nanoparticle concentration 

outlines with dissimilar constraints Ha, Ω, Le, Lb and fw. 

Figure 19 shows that as Hartmann quantity Ha rises the 

nanoparticle concentration outlines upsurges. In addition, the 

nanoparticle concentration outlines surges as microorganisms 

concentration difference constraint  rises as shown in Figure 

20. In Figure 21, we notice that due to rise in the traditional 

Lewis quantity Le, there is decline in nanoparticle 

concentration outlines. From Figure 22, we may observe that 
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the nanoparticle concentration outlines decline as the 

bioconvection Lewis quantity Lb, while Figure 23 

demonstrations that it declines when the suction constraint fw 

rises. 

 

4.4 Motile microorganisms density outlines 

 

The effects of the numerous pertinent constraints Nt, R and 

fw on the dimensionless density of motile microorganisms are 

scrutinised in Figure 24–26. The dimensionless density of 

motile microorganisms rises as buoyancy ratio constraint Nr  

surges is shown in Figure 24. In Figure 25, we perceive that 

due to rise in the radiation constraint R, there is decline in the 

dimensionless density of motile microorganisms’ outlines. On 

the other hand, the dimensionless density of motile 

microorganisms declines with a rise suction constraint fw as 

shown in Figure 26.  

 

4.5 Effects of constraint variations on Nux, Shx, Nnx 

 

Table 1 shows that Demonstrates the effects of many 

thermophysical constraints Nt, Nb, Pe, R, Ec, Rb and Le on the 

local Nusselt quantity, the local Sherwood quantity and the 

density quantity motile microorganisms. It is apparent that all 

constraints accumulative effects on local Sherwood quantity 

Shx. In addition, the rate of heat transport portrayed by the 

local Nusselt quantity and the density quantity motile 

microorganisms on wall upsurge with cumulative values of Pe 

and Le, but they decline with climb of Nt, Nb, R, Ec and Rb. 

 

Table 1. Numerical values of the local Sherwood quantity and wall motile microorganisms flux corresponding to dissimilar 

values Nb and Nt 

 
Nt Nb Pe R Ec Rb Le Nux Shx Dmx 

0.10 0.10 1.0 0.01 0.01 0.10 0.10 0.460041 2.08574 0.817714 

0.15       0.428209 2.11859 0.813935 

0.20       0.418146 2.15398 0.792693 

0.10 0.1      0.460041 2.08574 0.817714 

 0.2      0.438792 2.22898 0.796824 

 0.3      0.418576 2.25005 0.712850 

 0.1 1.0     0.460041 2.08574 0.817714 

  2.0     0.462855 2.08828 1.962055 

  3.0     0.464834 2.09031 3.694051 

  1.0 0.01    0.460041 2.08574 0.817714 

   0.05    0.448461 2.09496 0.808462 

   0.1    0.435158 2.10513 0.797722 

   0.01 0.01   0.511274 2.04269 0.873675 

    0.05   0.488501 2.06184 0.849025 

    0.10   0.460041 2.08574 0.817714 

    0.01 0.1  0.460041 2.08574 0.817714 

     0.2  0.438792 2.19283 0.813935 

     0.3  0.418576 2.22898 0.796824 

     0.1 0.1 0.460041 2.08574 0.817714 

      0.2 0.460796 2.08631 0.903403 

      0.3 0.461435 2.08682 0.990881 
 

 

5. CONCLUSIONS 

 

The boundary layer stream of a water-based nanoliquid 

comprising motile microorganisms past a vertical permeable 

flat plate is considered numerically. The convective procedure 

is controlled by the buoyancy constraint Nr and bio-

convection constraints Pe, Lb and Rb. Based on the numerical 

results, the following summary is arrived at.  

(1) Both the liquid flow declines and the hydrodynamic 

border layer thickness declines with intensification in Rb, Nr, 

Ha, fw, while the converse is true for amplified Nt, Nb, Gr, Ec, 

Ω and fw. 

(2) Cumulative the Ec, Nt, Nb, Ha and fw, lead to an 

escalation in both the liquid temperature and the thermal 

boundary layer thickness with a converse effect noted with 

escalation in fw. 

(3) An escalation in Rb, Ha, Nt, Nr intensifications the 

dimensionless nanoparticle concentration, whereas, the 

reverse is pragmatic with improved Le, fw, Gr, Nb and Ec.  

(4) Growing Lb, fw, Pe and Ω diminishes the dimensionless 

microorganism conservation, while an escalation is pragmatic 

on the same with improved Nr, Rb and Ha.  

(5) An escalation in Nt, Nb, Pe, R, Ec, Rb and Le leads to an 

escalation in the local Sherwood quantity.  

(6) Accumulative Pe and Le upsurges both the Nusselt 

quantity and the local density quantity of the motile 

microorganisms but they reduction with cumulative Nt, Nb, Pe, 

R, Ec and Rb. 
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