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Abstract. The present article discusses the impact of microbial activity by considering Sutterby nanofluid over a stretching surface 
with the Brownian motion and porous medium. Thermophoretic effects are the measure concerned to balance the temperature of 
the fluid to generate the improved results. We include these effects in our model with some other parameters like Brownian motion 
and microbial activity. The stratification phenomenon is considered for the evaluation of heat generation/absorption over the 
horizontal sheet in the Sutterby nanofluid. The porous medium and chemical reaction with microbial activity is further analyzed 
in an incompressible Sutterby nanofluid. With the help of some suitable similarity transformations, the initial boundary conditions 
and the governing partial differential equations of our model are converted into the coupled structure of ordinary differential 
equations and final boundary conditions. The Spectral quasilinearization method (SQLM) is used to numerically solve these 
ordinary differential equations to evaluate the impacts of various parameters taken in our model. The graphical representation of 
different parameters is analyzed for the flow, temperature, solutal and microbial distribution. The coefficients of physical interest 
are also analyzed and show good results in favor. The rise of nanofluid parameters declines the flow profile of the fluid while 
enhancing the temperature profile and falling for the thermal stratification phenomenon. The Sutterby nanofluid model also 
incorporates the behavior of dilatant solutions and pseudoplastic which is helpful in various engineering processes and industries. 
This model is ideal for polymeric melts as well as high polymer resolutions. 

Keywords: Stratification; Sutterby nanofluid; Spectral quasilinearization method (SQLM); Nanofluid; Microbial activity. 

1. Introduction 

The analysis of the stratification process has gained the attention of researchers due to its application and occurrence in various 
industries and natural fields. The stratification process is the establishment of numerous coats with diverse densities of the fluid, 
due to temperature changes. Diversification of fluids, fluctuation of the temperature, and solutal variances are all involved in the 
stratification process. Handling the temperature difference of oxygen and hydrogen in the atmospheres, for the evolution of species 
exists in the environment. 

It involves various processes and industries like heterogeneous substances in the atmosphere and food industries, 
manufacturing technologies, agricultural fields like industrial salinity and food, and thermal stratification mechanisms in 
reservoirs (on the ground as well as below the ground), rivers, and oceans. Additionally, thermal stratification helps water to be 
anoxic by dwindling oxygen from piercing the different layers of water. Due to its broad applications in various disciplines, it 
attracted the attention of researchers. Many researchers started their investigations by considering numerous situations and using 
parameters for them. 

The thermal and solutal stratification of non-Newtonian fluid by using different parameters such as doubly stratified non-Darcy 
porous medium and Maxwell fluid flow with varying viscosity were discussed by Narayana et al. [1] and Khan et al. [2] and doubly 
stratified Darcy porous medium saturated with power-law fluid and doubly stratified with Williamson nanofluid flow were analyzed 
by Cheng [3], Narayana et al. [4] and Hamid et al. [5]. While the slip geographies in stratified stagnant fluid flow deformed by Riga 
plate of varying thickness were discussed by Anjum et al. [6]. Moreover, many researchers [7-9] have been investigating the 
stratification phenomenon to the continuation of the previous works in the literature [10-15]. 

The effect of viscous dissipation through a porous medium on convective heat transfer have been investigated by researchers 
with different parameters [16-18]. These researches examined the impact of heat and mass transfer on natural convection with 
viscosity in a non-Darcy porous medium from a vertical cone drenched with non-Newtonian fluid.  
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Stratification phenomenon with the radiation effect of Sutterby nanoliquid for thermal analysis was discussed by Khan et al. 
[19]. While the magnetic effect in dually stratified medium with Sutterby fluid flow over a stretching surface was analyzed by Bilal 
et al. [20]. Porous media’s intrinsic properties, as well as their vast versatility in necessitates a collaborative approach, Clogged-up 
arteries, metallurgical and geosciences, digestive organs, haematuria, neurons and arteries are all examples of porous media. 
Darcy’s correlation has been used to depict the effect of porous geometry. Permeability is a feature of porous media that determines 
how well it can transfer fluid. In authenticity, the assumptions employed for viscosity and non-Newtonian fluids occupying porous 
space are inappropriate. Non-Newtonian fluids differ from viscous materials in several ways. For non-Newtonian liquids, a modified 
Darcy’s law formulation including rheological characteristics must be used. The progress already made using Darcy’s porous 
medium and discussed by many researchers [21-23]. 

Significant contributions to the heat and mass transfer field have been done in past and they are always trying to find new 
solutions to this phenomenon. Of multiple methods in use to emphasize the thermal productivity of energy systems, the one which 
attracts researchers is the use of microorganisms in bioconvection and nanofluid. 

The superior elasticity in swimming microorganisms of the macroscopic fluid flow turns as a bioconvection fluid flow, in which 
keen mobile microorganisms rises the dimensions of natural fluid by generating a bioconvective torrent in one way. Several works 
[24-30] were presented to classify the motile microorganism with some specific properties like oxytactical or chemical, negative 
gravitational characteristics and, gyrotactic traits. The concept of mixing motile microorganisms into nanofluid was came in mind 
of Kuznetsov [31], who further analyzed the better fluid stability, microscale mixing with improvement in mass transfer. The 
practice of bioconvection in microbial expansion, thermobioconvection, biofuels, bio-microsystems, and bioengineering structures 
was further investigated in recent years. The gyrotactic microorganism flow in mixed convection with convective boundary 
conditions and in the presence of velocity-slip was observed in [32-34]. Whereas Saleem et al. [35] came with the phenomena of 
mixed convection over the truncated and rotating cone with gyrotactic microorganism, respectively. Sudhagar et al. [36] and Mahdy 
and Nabwey [37] investigated the effects of Gyrotactic microorganism on mixed convective nanofluid flow passing over vertical 
cylinder, microorganisms time-mixed convection nanofluid flow of a spontaneously rotating sphere by Newtonian heating and 
unsteady Mixed Bioconvection Flow of Eyring Powell Nanofluid with Motile Gyrotactic Microorganisms, respectively. On the other 
hand, Waqas et al. [38], Hussain and Malik [39] investigated the Magneto-Burgers Nanofluid Stratified Flow with Swimming Motile 
Microorganisms, and MHD nanofluid flow with convective boundary conditions containing gyrotactic microorganism, respectively.  

The gyrotactic microbes in nanofluids catch scientists and researchers surveillance as a consequence of accessibility in bio-
technology. Hady et al. [40] and Rosali et al. [41] investigated numerically a natural convection non-Darcian nanofluid drenched in 
porous medium containing gyrotactic microorganisms passing through the vertical cone. Mutuku et al. [42] and Khan et al. [43] 
discussed the Microvolumes, nanofluid stability, and microscale mixing by mixing nanoparticles in mobile microbes suspension. 
Bio-microsystems utilize these phenomena to optimize the celluloses production which evaluate the nanoparticles toxicity in chip-
shaped microdevices [44, 45]. The importance of carrageenan and alginic acid in the fabrication of natural gas and crude oil was 
investigated by Gamal [46]. The bioconvection phenomena to sustain the permeability was further investigated by Stewart and Kim 
[47].  

The industrial and commercial application of Microorganisms is to prepare biofertilizers, bioactive secondary metabolites 
(alcohol), biofuel, etc. Conversion from biomass to biodiesel with the use of one microorganism known as Algae was discussed by 
Singh [48]. Stamenkovic et al. [49] investigated the microbial fertilizers from the planting growth-promoting microorganisms (PGPMs) 
which helps to grow the crops. The cyanobacteria and eukaryotic microalgae used in the production of biofuel and bioactive 
metabolites accrual were further discussed by Radakovits et al. [50].  

The objective of this study is to discuss the impact of Sutterby nanofluid flow on microbial activities passing through a stretching 
sheet in Darcy porous medium with the boundary conditions taken as flow slip variable and the Biot numbers. The governing partial 
differential equations are solved by using SQLM taking some suitable similarity variables and boundary conditions. The effects of 
different parameters are further analyzed to highlight the results.  

2. Problem Formulation 

We consider a two-dimensional Sutterby nanofluid for the heat absorbing/generating flow with microorganism biological 
activity incorporation with porous medium. 

The model represented graphically by taking the assumption of flow in direction of �-axis, velocity component � parallel to �-
axis, taking the sheet in � direction, where � is the velocity in � direction, which is perpendicular to the plate. Figure 1 shows the 
geometry of the problem graphically. 

 

 
 

Fig. 1. Physical representation of the model. 
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The governing equations for the Sutterby nanofluid flow with thermophoresis, porous medium and microbial activity is written 
by Eqs. (1) – (5) through the suitable conditions for the boundaries in Eq. (6): 
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The boundary conditions for equations (1) to (5) are given in the following form: 
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(6) 

Here the flow mechanisms towards �  and �  axis are represented by (�, �) , respectively, �" , ��∞ , ��  are the densities of 

nanoparticles, fluid, and microorganisms, respectively. � and 4" are the conductivity and the specific heat at constant pressure, 

respectively, �0 and E  are the magnetic field and Hall parameters, respectively, the kinematic viscosity is denoted by 
, ��  is the 
thermal expansion while �$ is the solutal coefficients of expansion, % is represented as microbe coefficients of expansion, the 
temperature and free-stream temperature are denoted by �  and �∞, respectively, while, � and �∞ are the concentration and 
ambient concentration of the fluid, the microbial and free stream microbial concentration of the fluid are denoted by � and �∞, 
the gravitational acceleration is denoted by � and &, F, (  are the thermal diffusivity, fluid viscosity, and ratio of of nanoparticles 
to the base fluid for heat capacitance, respectively, *+, *�  and *� are the solute Brownian diffusion coefficient, thermophoretic 
diffusion and the microbial Brownian diffusion coefficient, respectively, GH, �, / are the Activation energy, Constant exponent, and 
Chemotaxis Constant, respectively, 04 is the maximum cell swimming speed (/04 is assumed to be constant), *� and 8�  are the 

microorganism diffusivity and the conductivity of the solid, ℎ� , 892  are the convective heat transfer coefficient and microbial 
reaction rate constant, respectively. 

3. Renovating the Equations 

The following dimensionless similarity coordinates are used to convert PDEs from Eqs. (1) - (5) into ODEs with the suitable 
boundary conditions in Eq. (6): 

� = H�I ′(K), � = −√H
I K = �√H

 , N(K) = � − �∞�0 − �∞

, O(K) = � − �∞�0 − �∞
, P(K) = � − �∞�0 − �∞

. (7) 

Invoking above coordinates in Eqs. (1) - (5), we see that the continuity equations are satisfied and the remaining Eqs. (2) - (5) 
with the help of above similarity transformations with the boundary conditions are converted into the following equations: 

(1 − 1
6*QRQI ′′2)�I ′′′ − �*QRQ

3 (1 − 1
6*QRQI ′′2)(� − 1)I ′′′I′′2 + II ′′ − I ′2 − (*H + U)I ′ + VW

RQ2 [N − EWO − R/P] = 0, (8) 

N′′ + ZW[IN′ − I ′N + E/N′O′ + E\N′P′ + E@N′2] − ZW^1I′ + ZW'N = 0, (9) 

O′′ + ZW(IO′ − I ′O) + E@
E/ N′′ − ZW_Q^2I′ = 0, (10) 

P′′ + ^/(IP′ − I ′P) − Z/[O′P′ + ((0 + P)O′′] + E@
E\ N′′ = 0. (11) 

I ′(0) = 1 + aI ′′(0), I(0) = 0, I ′(∞) → 0, I ′′(∞) → 0, 
N′(0) = −�b@(1 − N(0)), N(∞) → 0, 
O′(0) = −�b4(1 − O(0)), O(∞) → 0, 
P′(0) = −�b�(1 − P(0)), P(∞) → 0, 

(12) 
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Here the prime represented the differentiation wrt K. Specifications used in our model in Eqs. (8) - (11) are explained below. U  
measures the applied magnetic force, the Sutterby fluid parameter is denoted by *Q, ratio of inertial forces to viscous forces is 
represented as RQ, VW calculates the ratio of buoyancy to viscous force, ratio of thermal buoyancy to solute buoyancy is denoted 
by EW, R/ calculates the ratios of thermal transport due to microorganisms via convection, ZW is the ratio of momentum and 
thermal diffusivities, G4  is the relationship between a flow’s kinetic energy and the boundary layer enthalpy difference, E/ 
measures the random movement of particles in a fluid, E@ measures the movement of microscopic particles due to a force of a 
temperature gradient, E\ measures the random movement of microbes in a fluid, ^4 is the ratio of momentum diffusivity and 
mass diffusivity, ^/ is the ratio of momentum diffusivity and microbes diffusivity, Z/ is the biconvection Peclet number, the ratio 
of microbes movement as a result of swimming to microbes movement due to diffusion, (0  is the constant microorganism 
concentration difference parameter, and a is the velocity slip parameter, �b@ is the thermal Biot number, the ratio of the heat 
transfer resistances inside of and at the surface of a body, �b4 is the solutal Biot number, and �b� is the microbial Biot number. 
The parameters defined in Eqs. (8) -(11) are written as follows: 
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(13) 

4. Momentum, Heat and Mass Transfer Coefficients 

The quantities of physical interest are considered to get in more depth of the model described in this study. To measure the 
shear stress on the surface we calculate the local skin friction �� , the Nusselt number E� by the ratio of convective to conductive 
heat transfer across (normal) the boundary, determine the ratio of the convective to diffusive mass transport for the Sherwood 
number ^ℎ, and the local number of motile microorganisms density, Ee, the ratio of convective microorganisms to the diffusive 
microorganism transport. 

The local coefficient of skin friction: 

�� = (;12 �:;2
= −2RQ−1/2I ′′(0), (14) 

the local Nusselt number: 

E�g = �h;d(�; − �∞) = −N′(0), (15) 

the Sherwood number: 

^ℎg = �h1*+(�; − �∞) = RQ1/2O′(0), (16) 

and the local density number of the motile microorganisms: 

Eeg = �h9*�(�; − �∞) = RQ1/2i′(0), (17) 

where 

(; = −F��
�� |k=0, h; = −d ��

�� |k=0, h1 = −*+
��
�� |k=0, h9 = −*�

��
�� |k=0. (18) 

5. Numerical Solution using the Spectral Quasi-linearization Method 

The set of three non-linear dimensionless ordinary differential equations (8) - (11) with the boundary constraints (12), 
respectively, are solved numerically to a high level of perfection utilizing SQLM. Before the past half century (1965), Richard Bellman 
and Robert Kalaba developed the Newton-Raphson’s method as a quasi-linearization method. The principal objective of the QLM 
is to linearize the non-linear terms by utilizing Taylor series associated with the governing equations, by assuming the infinitesimal 

gap between (W + 1)lℎ and Wlℎ iteration index. This method is very effective for its fast convergence. The terms that are not linear 
in the above differential equations, will be converted into a recursive sequence with linear components. At first, we have to define 

the functions n , N,̅ O ̅ and P ̅ for equations (8) to (11), respectively, as follows: 

n = (1 − 1
6*QRQI ′′2)�I ′′′ − �*QRQ

3 (1 − 1
6*QRQI ′′2)(� − 1)I ′′′I′′2 + II ′′ − I ′2 − (*H + U)I ′ + VW

RQ2 [N − EWO − R/P] = 0 (19) 

N ̅ = N′′ + ZW[IN′ − I ′N + E/N′O′ + E\N′P′ + E@N′2] − ZW^1I ′ + ZW'N = 0 (20) 

O ̅ = O′′ + ZW(IO′ − I ′O) + E@
E/ N′′ − ZW_Q^2I ′ = 0 (21) 

P ̅ =  P′′ + ^/(IP′ − I ′P) − Z/[O′P′ + ((0 + P)O′′] + E@
E\ N′′ = 0 (22) 
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By applying the QLM method on equations (5), (14) and (22), the recursive process are generated as follows: 

H0,qIq+1′′′ + H1,qIq+1′′ + H2,qIq+1′ + H3,qIq+1 + H4,qNq+1 + H5,qOq+1 + H6,qPq+1 = Ru , (23) 

/0,qNq+1′′ + /1,qNq+1′ + /2,qNq+1 + /3,qIq+1′ + /4,qIq+1 + /5,qOq+1′ + /6,qPq+1′ = Rv̅, (24) 

40,qOq+1′′ + 41,qOq+1′ + 42,qOq+1 + 43,qIq+1′ + 44,qIq+1 + 45,qNq+1′′ = Rw̅ (25) 

x0,qPq+1′′ + x1,qPq+1′ + x2,qPq+1 + x3,qIq+1′ + x4,qIq+1 + x5,qNq+1′′ + x6,qOq+1′′ + x7,qOq+1′ = Rz̅ (26) 

Based on the boundary conditions:  

Iq+1(0) = 0,     Iq+1′ (0) = 1 + aI ′′(0),      Iq+1′ (∞) → 0, 
Nq+1(0) = −�b@{1 − N(0)},    N′q+1(∞) → 0, 
Oq+1(0) = −�b4{1 − O(0)},    Oq+1(∞) → 0, 
Pq+1(0) = −�b�{1 − P(0)},    Pq+1(∞) → 0, 

(27) 

The coefficients in equations (23)-(26) are given by:  

H0,q = (1 − 1
6 *QRQI ′′2)� − �*QRQ

3 (1 − 1
6*QRQI ′′2)(�−1)I′′2 ,  

H1,q = �(1 − 1
6 *QRQI ′′2)� (− 1

3*QRQI ′′2)I′′′ − �(� − 1)*QRQ
3 (1 − 1

6 *QRQI ′′2)(�−2)  (−1
3*QRQI ′′2)I ′′′I′′2 − 2n

3 *QRQ(1
− 1

6*QRQI ′′2)(�−1)I′′′I ′′2 + Iq,  
H2,q = −2Iq′ − (*H + U),    H3,q = Iq′′,   H4,q = �q��2,   H5,q = − �q��2 EW,  H6,q = − �q��2 R/ 

(28) 

/0,q = 1,          /1,q = ZWIq + ZWE/Oq′ + ZWE\Pq′ + 2ZWE@Nq′ ,  /2,q = −ZWIq′ + ZW',  
 /3,q = −ZWNq − ZW^1,        /4,q = ZWNq′ ,          /5,q = ZWE/Nq′ ,         /6,q = ZWE\Nq′  

(29) 

40,q = 1,  41,q = ZW_QIq, 42,q = −ZW_QIq′, 43,q = −ZW_QOq − ZW_Q^2, 
44,q = ZW_QOq′ , 45,q = E@

E/ 
(30) 

x0,q = 1,  x1,q = ^/Iq − Z/Oq′ , x2,q = −^/Iq′ − Z/O′′, x3,q = −^/Pq, 
x4,q = ^/Pq′ ,       x5,q = �l�",         x6,q = −Z/((0 + P),        x7,q = −Z/Pq′  

(31) 

By satisfying the boundary conditions, the following functions represent the initial assumption: 

I0(K) = 1 − Q−�,  N0(K) = ( �b@
1 + �b@) Q−�,  

O0(K) = −( +�11++�1) �l�� Q−�,      P0(K) = −( +��1++��) �l�" Q−� 
(32) 

During the conversion of K = �g(g+1)2  (Kameswaran et al. [36]), to convert the characteristic domain [0, _g] to the standard 

interval [−1, 1] which is essential to use the SQLM, Gauss-Lobatto collocation nodes are represented as: 

�� = 4�� (�b
E) , b = 0 (1) E,       �� ∈ [−1, 1] (33) 

where E  indicates the number of collocation nodes.  
The fundamental notion of the spectral collocation technique is to inferential the derivatives of unknown variables at the 

collocation nodes by constructing a differentiation matrix [D] as a matrix vector product. As the [D]-matrix has domain [−1, 1], we 
can scale by assuming *1 = 2��� for the characteristic domain [0, _g] as: 

xVqxK (K) = ∑ *���(K�)�

�=0
= *V9, � = 0 (1) E,   (34) 

where V = {�(K0), �(K1), �(K2), �(K3)…………. �(K� )}�  signifies the vector function at the collocation nodes. The high differential can 
be traced as:  

Vq(�) = *�Vq (35) 

Then one has: 

�11Iq+1 + �12Nq+1 + �13Oq+1 + �14Pq+1 = Ru , 
�21Iq+1 + �22Nq+1 + �23Oq+1 + �24Pq+1 = Rv̅, 
�31Iq+1 + �32Nq+1 + �33Oq+1 + �34Pq+1 = Rw̅, 
�41Iq+1 + �42Nq+1 + �43Oq+1 + �44Pq+1 = Rz̅, 

(36) 

�11 = xbH�(H0,q)*3 + xbH�(H1,q)*2 + xbH�(H2,q)* + xbH�(H3,q)�, (37) 
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�12 = xbH�(H4,q)�, 

�13 = xbH�(H5,q)�, 

�14 = xbH�(H6,q)�. 

�21 = xbH�(/3,q)* + xbH�(/4,q)�, 

�22 = xbH�(/0,q)*2 + xbH�(/1,q)* + xbH�(/2,q)�, 

�23 = xbH�(/5,q)*, 

�24 = xbH�(/6,q)*. 
(38) 

�31 = xbH�(43,q)* + xbH�(44,q)�, 

�32 = xbH�(45,q)*2, 

�33 = xbH�(40,q)*2 + xbH�(41,q)* + xbH�(42,q)�, 

�34 = xbH�(46,q)*. 
(39) 

�41 = xbH�(x3,q)* + xbH�(x4,q)�, 

�42 = xbH�(x5,q)*2, 

�43 = xbH�(x6,q)*2 + xbH�(x7,q)*, 
�44 = xbH�(x0,q)*2 + xbH�(x1,q)* + xbH�(x2,q)�. 

(40) 

In matrix form, this can be written as: 

⎣
⎢⎢
⎡�11 �12 �13 �14�21 �22 �23 �24�31 �32 �33 �34�41 �42 �43 �44⎦

⎥⎥
⎤

⎣
⎢⎢
⎢⎡

nq+1
Nq̅+1
Oq̅+1
Pq̅+1 ⎦

⎥⎥
⎥⎤ = 

⎣
⎢⎢
⎡RuRv̅Rw̅

Rz̅⎦
⎥⎥
⎤

 (41) 

 

  

  

Fig. 2. The effect of velocity slip parameter. 
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6. Results and Discussion 

The impact of nonlinear MHD nanofluidic bioconvection flow with microbial activity is investigated with the boundary 
conditions by considering flow slip parameter and the effects of Biot numbers for thermal, solutal and microbial. The following 
results for various parameters used in the investigation are further discussed with the help of plotted diagrams. 

Figure 2 displays the impact of velocity slips parameter a , which shows that the enhancement of a  discriminates the 
dimensionless velocity profile while the reverse effect has been observed for the solutal profile of the fluid. Enhancement of velocity 
slip parameter shows the rise in slip velocity but the fall in fluid velocity. The occurrence of slip conditions changes the velocity of 
the flow near the sheet from the velocity of the stretching sheet. Because of this effect, the temperature profile initially increases 
at the boundary layer which lies between 0 ≤ K ≤ 4 and then in the reverse trend by falling in the boundary layer region K ≥ 4, while 
the microbial concentration profile rises in nature.    

Figure 3 shows the effect of thermal Biot number �b@ on the temperature, solutal and microbial profile. Enhancement of this 
parameter improves the temperature profile initially at the boundary layer which lies between 0 ≤ K ≤ 4 but then decreases in the 
boundary layer K ≥ 4, while the solutal and microbial concentration of the fluid rises. Due to the decrease in fluid velocity, the 
temperature, solutal, and microbes profiles increase at the boundary layer as they are incorporated themselves by the slow velocity 
of the fluid. 

  

 

Fig. 3. The effect of thermal Biot number. 

 

  

Fig. 4. The effect of themophoresis parameter. 



Sutterby nanofluid over a Darcy porous medium 811 
 

Journal of Applied and Computational Mechanics, Vol. 9, No. 3, (2023), 804-819 

Figure 4 demonstrates the impact on the temperature and concentration gradient for the different values of thermophoresis 
parameter E@. For larger values of E@, the thermal boundary layer width with the temperature profile exhibit the dominant behavior. 
The strategy of thermophoresis is a technique by which particles heated are drawn from a hot surface toward a cooler location. 
Consequently, the temperature initially increases at the boundary layer which lies between 0 ≤ K ≤ 4 then shows the reverse trend 
in the boundary layer K ≥ 4. The solutal profiles of the fluids improve for the higher values of the parameter. 

Figure 5 brightens the impact of the solutal Biot number �b4 on the profile of temperature, concentration, and microbial 
concentration of the fluid. For higher values of �b4, the temperature initially increases at the boundary layer which lies between 
0 ≤ K ≤ 3.5, then reverse its nature by falling in the boundary layer K ≥ 3.5. While the concentration profile increase and the 
microbial concentration of the fluid decrease for the increase of the parameter. 

Figures 6 highlights the function of the coefficient of Brownian motion coefficient E/ that arranges the temperature and solutal 
concentration of the fluid. The higher temperature distribution is obtained when the Brownian motion coefficient is enhanced. 
Consequently, the layer of thermal boundaries grows thickens. As the Brownian motion parameter improves, the random motion 
of the fluid particles increases, result in increasing the heat output. As a result, the temperature distribution of the fluid initially 
increases at the boundary layer which lies between 0 ≤ K ≤ 4 but then starts to decrease in the boundary layer K ≥ 4 while the 
solutal distribution exhibits a decrease in the profile. 

  

 

Fig. 5. The effect of solutal Biot number. 

 

  

Fig. 6. Consequences of solutal Brownian motion. 
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Figure 7 brightens the impact of the microbial Biot number �b� on the profiles of the solutal and microbial concentration of the 
fluid. Rise in the parameter, increases both the solutal and microbial concentration of the fluid. 

Figures 8 reflects the influence of microbes’ Brownian motion parameter. The enhancement of the microbial Brownian motion 
parameter decreases the both solutal and microbial concentration profiles of the fluid. 

Figure 9 shows the effect of the Prandtl number. The most significant reason for the decline of nanoparticle concentration is 
the temperature rise of the flow field, which is mediated by the temperature of the plates. As a result, the temperature profile 
increases but the solutal profile of the fluid decreases for the increasing values of the Prandtl number. 

Figures 10 shows the effect of the Reynolds number, on the microbial concentration profile of the fluid. As the increasing 
concentration of the nanoparticles exists in the nanofluids, causes a decrease in the velocity profile. But due to the increase in 
Reynolds number, the intermittency of the turbulent-fluids increases as the fluids come closer to the boundary layer, which 
increases the velocity profile of the fluid. The graphical representation shows that the increasing value of the Reynolds number, 
initially decreases the velocity profile at the boundary layer which lies between 0 ≤ K ≤ 2, and increases the thermal profile at the 
boundary layer which lies between 0 ≤ K ≤ 4 but later on reverses its nature by increasing the velocity profile in the boundary layer 
K ≥ 2 and decreasing the thermal profile in the boundary layer K ≥ 4. While the solutal and microbial concentration of the Sutterby 
nanofluid decreases with the increasing value of the Reynolds number. 

  

Fig. 7. The effect of microbes Biot number on microbial. 

  

Fig. 8. The effect of microbes Brownian motion. 

  

Fig. 9. The effect of Prandtl number. 
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Fig. 10. The effect of Reynolds number. 

  

  
Fig. 11. The effect of Darcy number. 

 



814 Shweta Mishra et al., Vol. 9, No. 3, 2023 
 

Journal of Applied and Computational Mechanics, Vol. 9, No. 3, (2023), 804-819   

  

  
Fig. 12. The effect of Sutterby fluid. 

  

  
Fig. 13. The effect of power index on microbial. 

Figures 11 shows the effect of Darcy number confirming that the Darcy number decreases the velocity. Darcy medium increases 
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the flow rate by helping fluid flow stream easier. As seen in the thermal profile of the fluid which initially decreases at the boundary 
layer which lies between 0 ≤ K ≤ 4 then increases in the boundary layer K ≥ 4 for the increasing value of the parameter. The reverse 
trend is observed for the solutal and microbial concentration profile of the fluid. Initially, it increases at the boundary layer which 
lies between 0 ≤ K ≤ 6 and 0 ≤ K ≤ 5, respectively, and then decreases for the increase of the Sutterby fluid parameter in the 
boundary layer K ≥ 6 and K ≥ 5, respectively. 

Figures 12 shows the effect of Sutterby fluid confirming that the Sutterby fluid parameter decreases the velocity profile. The 
reason behind this effect is the resistive forces applied to the fluid particles, which reflects the decrease in the kinematics viscosity. 
As seen in the thermal profile of the fluid which initially decreases at the boundary layer which lies between 0 ≤ K ≤ 4.5 and then 
increases for the increasing value of the parameter. The reverse trend is observed for the solutal and microbial concentration profile 
of the fluid. Initially, it increases at the boundary layer which lies between 0 ≤ K ≤ 5 and 0 ≤ K ≤ 4.5, respectively, then decreases 
for the increase of the Sutterby fluid parameter in the boundary layer K ≥ 5 and K ≥ 4.5, respectively. 

Figures 13 shows the effect of the Power law index �, which is an association between shear rate and shear stress, that affects 
the viscosity of the fluid. The increasing value of the shear decreases the viscosity of the fluid in the boundary layer. The graph 
shows that the flow behavior of the fluid is falling with the rising of the power law index, while thermal behavior initially declined 
at the boundary layer which lies between 0 ≤ K ≤ 5 then further increase in the boundary layer K ≥ 5 with the increase of the 
power law index parameter. The reverse behavior was observed for the solutal and microbial concentration, which was initially 
increased at the boundary layer which lies between 0 ≤ K ≤ 6 and 0 ≤ K ≤ 5, respectively, and then decreases in the boundary layer 
K ≥ 6 and K ≥ 5, respectively, with the increasing value of the parameter. 

Figures 14 shows the effect of the Velocity profile which is depicted for the higher value of M in the graph. Lorentz forces are 
physically related to the Magnetic field parameter M, reflects higher values of M leads to the higher resistive forces, which causes 
the fall in velocity profile. While the buoyancy force causes for the fall of temperature profile, since the magnetic power enhanced 
as the particles within it strengthen is magnetism on lower temperature. But the shape and the magnet materials of magnetic fields 
have different effects with temperature profiles. Alnico, NdFeB, SmCo and ceramic are the examples of these types of magnetic 
materials, which show different results on temperature profile. Sometimes the excessive increase in the thermal conductivity of 
the fluid comprising to the electrical conductivity of the fluid causes the Lorentz force, affects the increase of the temperature 
profile. 

The results of this figure reveal that the temperature profile decreases at the boundary layer which lies between 0 ≤ K ≤ 4.5 for 
increasing value of magnetic field parameter but after a threshold point in the boundary layer, K ≥ 4.5, it gives a reversal and start 
increasing for the values of magnetic field parameter. The solutal and microbial profiles also reflect the same behavior as 
temperature profile initially increases at the boundary layer which lies between 0 ≤ K ≤ 5.5  and 0 ≤ K ≤ 5 , respectively, for 
increasing value of magnetic field parameter but after the threshold point it starts decreasing in the boundary layer K ≥ 5.5 and 
K ≥ 5, respectively, by considering that the electrical conductivity is enhanced compared to the thermal conduction of the fluid. 

  

  

Fig. 14. The effect of magnetic field parameter on microbial. 

 



816 Shweta Mishra et al., Vol. 9, No. 3, 2023 
 

Journal of Applied and Computational Mechanics, Vol. 9, No. 3, (2023), 804-819   

Table 1. Values of the skin friction coefficient, ��RQg1 2⁄  for different values of M, taking ¡ = 0. 

M Awais et al. [51] Present work 

0 1.9991 1.99910892 

0.1 2.0101 2.01012537 

0.5 2.1102 2.11019805 

1.0 2.3902 2.39025318 

 

  

Fig 15. Residual error of the Velocity slip parameter. Fig. 16. Residual error of the Magnetic field parameter. 

  

Fig. 17. Residual error of the Brownian motion parameter. Fig. 18. Residual error of the Microbial Biot number parameter. 

 

Fig. 19. The norm of residual errors for different parameters. 
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The results of our study in this paper are compared with the Awais et al. [51] for the skin friction coefficient and given in Table 
1. The results from the comparative table clearly verify the accuracy of the current work. 

The effect of velocity slip parameter for the residual error diminishes to the order of less than 10-5 in only 3 iterations and 
reaches its stable state. The effect of magnetic field parameter for the residual error diminishes to the order of less than 10-5 in 3 
iterations and reaches its stable state. The effect of Brownian motion parameter for the residual error diminishes to the order of 
less than 10-5 in 3 iterations and reaches its stable state. One can see the same results for the effect of Microbial Biot number. 

7. Convergence Analysis 

The convergence analysis of the proposed model for the velocity profile, thermal, solutal and microbial are shown in Fig. 19 by 
execution of the residual error. 

The above graph of residual error is plotted for the considered profiles against the number of iterations. The norm of the residual 
errors for all profiles are less than 10-8 after 10 iterations, which confirms that the method proposed for the considered model is 
reliable. 

8. Conclusion 

The analysis of stratification phenomena at the boundary layer with velocity-slip parameter and Biot numbers (like thermal, 
solutal, and microbial) were investigated by considering two-dimensional Sutterby nanofluid flow containing microorganisms over 
a stretching surface. The influence of various parameters for the velocity, temperature, concentration, and microbial profiles were 
analyzed graphically and showed justified results. The results established in this work are summarized as follows: 

 Increasing the flow slip parameter, enhances the temperature, solutal, and microbial profiles but the reverse effects are 
shown for velocity profile. 

 Enhancement of thermal Brownian motion increases the temperature and solutal profile.  

 The increase of thermal Biot number will increase the temperature, solutal and microbial profile.  

 Increasing the solutal Biot number decreases the microbial concentration of the fluid but the growth has been observed in 
the temperature and solutal behavior. 

 Enhancement of the microbial Biot number increases the solutal and microbial concentration of the fluid. 

 A decrement trend has been observed for solutal and microbe concentration in the boundary layer for the increasing value 
of the microbial Brownian motion. 

 The enhancement of Darcy number increases the solutal and microbial concentration of the fluid, while decreases the fluid 
flow and temperature profile. 

 By increasing the value of the Power law index, a decrement trend has been observed for velocity and temperature while 
shows a increment trend for solutal and microbe concentration in the boundary layer. 
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