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Abstract: The aim of this study is to inspect the joined effects of 

attractive field and mixture nanofluid on bioconvection of a Casson 

nanofluid stream along a growing sheet coincided with gyrotactic 

microorganisms. The key fractional differential conditions are 

decreased to a bunch of nonlinear conventional differential 

conditions taking an aide of some suitable similitude changes. The 

mathematical aftermaths are determined by considering the bvp4c 

capability of Matlab. The effects of attractive field boundary, 

Brownian movement and attractive field on non-layered speed, 

nanoparticle fixation, temperature and thickness of self-moving 

microorganisms are deciphered through diagrams and outlines. The 

liquid speed close to the surface and the Nusselt number is reduce 

with attractive field. Attractive boundary upgrades oneself moving 

microorganism transition however a converse outcome is seen for 

thermophoresis. Likewise, the difference between the current 

outcomes with previously visited results is as one. 

 

Keywords: MHD boundary layer flow; Bioconvection; gyrotactic 

microorganism; Casson Flow; Brownian Motion; Thermophoresis; 

Hybrid nanofluid.  

 

 

LITERATURE REVIEW: 

The microorganisms are delegated "outrageous psychrophiles" (cold cherishing <0 ○C), "thermophiles" 

(between 50 ○C to 80 ○C), "hyperthermophiles" (between 80 ○C to 121 ○C) in light of the scope of 

temperature they can endure. The class of microorgan-isms is picked according to the prerequisite of 

the climate. Platt's report [1] was quick to examine the term bioconvection when he noticed the "Benard 

cells" structure because of the development polyg-onal examples of Tetrahymena (e.g., ciliate, lash) in 

thick cul-tures. The investigation of Ghorai and Slope [2] depicted the example arrangement in the 

microbial suspension through bioconvection. 

Choi and Eastman [3] acquainted nanofluids with satisfy the requests of the business to have a liquid 

that has better intensity move qualities. These nanofluids are framed by suspend-ing the nanosized metal 

particles into the customary liquid. Xuan and associates [4,5] had caused the warm scattering in the 

movement to expand the course of intensity transport. These examinations demonstrated that the 

nanofluids track down various applications in the field of industrialized cooling, assembling of cleanser, 

biomedical applications, atomic reactors, central processor innovation, and so forth. Sinha and Misra 

[6] examined the prompted attractive field on magnetohydrody-namic (MHD) stream and it was reached 
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out to Bionanofluids by Basir et al. [7]. A portion of the purposes of magnetonanofluids are in MHD 

siphons and gas pedals, growth treatment, treatment of hyperther-mia, attractive reverberation imaging, 

sanitized gadgets, blockage evacuation in veins, MHD Power generators, and so forth, Refs. [8-13]. 

Nanofluids have significant power in microfluidic gadgets where lacking blending was constantly an 

issue. Moreover, the joule warming produced by dynamic blenders would have harmed the bio-

applications. To defeat this issue, Kuznetsov [14] supplanted the dynamic blenders by motile 

microorganisms for upgrading the blending that lead to bioconvection in nanofluids. These 

microorganisms settle the nanoparticles suspended in the liquid and their development causes bio-

convection. It is a phe-nomenon instigated by the aggregate development of self-pushed 

microorganisms. Kuznetsov broadened his review from bioconvec-tion to thermo bioconvection [15-

17]. Aziz et al. [18] concentrated on the progression of nanofluids within the sight of gyrotactic 

microorganisms. Tham et al. [19,20] pushed on the significance of Bio-Convection in biomicrosystems 

for microfluidic types of gear. Shaw et al. [21] saw that the intensity move of a nanofluid was 

exceptionally influ-enced by Thermophoresis and Brownian movement. The examinations connected 

with bioconvective progression of nanofluid in permeable square depression within the sight of 

oxytactic microorganisms should be visible in [22] and [23]. Khan and Makinde [24,25] talked about 

bioconvection and noticed an expansion in the thickness of the base liquid because of the presence of 

microorganisms. Gireesha et al. [26,27] talked about the effect of Brownian movement and 

Thermophoresis on the three-layered bioconvective stream. These works spurred the designers to utilize 

bioconvection in biomicrosystems, biomedical, and microfluidic gadgets, power modules, wastewater 

treat-ments, assembling of liquor, pastry shop items, and so on. 

Suspensions containing the single class nanoparticle may not have every one of the necessary qualities 

for a particular application. For instance, Al2O3 shows apparent synthetic inactivity and strength 

however will offer low warm conductivity. While, particles like aluminum (Al), silver (Ag), copper 

(Cu), and so on, have higher warm conductivity and are unsound and synthetically receptive. Thus, the 

blending of these nanoparticles with various physical and compound bonds structures nanofluid called 

mixture nanofluids and track down applications in atomic wellbeing, drug industry, cooling of 

electronic radiators, and so forth. Hayat and Nadeem [28] investigated that the hybridization of the 

liquid expanded the pace of intensity move. Chamkha and collaborators [29-31] examined the normal 

convection in the mixture nanofluid under attractive field in a square nook. Manjunatha et al. [32] talked 

about the progression of Cu Al2O3 H2O half breed nanofluid affected by factor thickness. 

Ag TiO2 is a photocatalyst utilized as an antibacterial specialist since Ag improves the photocatalytic 

movement of TiO2 under the UV radiations by decreasing the recombination pace of photoexcited 

charge transporters that upgrades the natural builds as a result of the hydroxyl extremists framed by the 

protons [33-34]. The antibacterial action of Ag TiO2 against E-Coli under apparent light was read up 

for 0.15% silver doped titanium di-oxide with 0.05% centralization of dopant showed the most 

noteworthy decay pace of Rhodamine [35]. Moreover, the plasmonic design of Ag TiO2 incorporated 

with optical fiber can be utilized as dampness sensor. The axisymmetric stream of nanofluid assumes a 

significant part in medication and modern mechanical cycles and one of such is the stream past a slim 

needle. For example, in the clinical field, the majority of the created and delivered immunizations for 

human and creature security against sicknesses are comprised of lessened organisms in the liquid 

antibodies. These microbiomes of people and different creatures experience stream in numerous locales 

of the body, including the digestive system, stomach, urinary parcel, mouth, and lungs under different 

temperatures. In persistent blended tank bioreactors and photobioreactors, microorganisms are 

presented to laminar and tempestuous streams produced to upgrade their development and bioprocesses 

(like maturation) by guaranteeing supplement blending, gas trade, and ideal light openness. 

Subsequently, a genuine endeavor is had to dissect the effect homogenous/heterogeneous compound 

response on laminar progression of Ag TiO2 H2O crossover nanofluid through slender needle. The 

uniqueness of the issue is utilization of bioactive blenders to agglomeration of Ag TiO2 nanoparticles 

and avoids the statement of nanoparticles. 
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Figure 1 Physical model of the flow 

 

MATHEMATICAL FORMULATIONS: 

Here, we consider a nanofluid where the essential fluid is water, including electrically directing 

nano strong particles and gyrotactic microorganisms. We guess that the suspension of nano strong 

particles to be static and doesn't will generally combination inside liquid medium. It is likewise 

accepted that the presence of nanoparticles has no impact on the swimming course as well as on 

the speed of swim of microorganisms. This theory is solid just when nanoparticles fixation is lesser 

than 1%. In this way, for bioconvection strength, it is expected that the suspensions of nano strong 

particles are weakened in the fluid medium. 

 

Table 1: Properties of Nanofluid and Hybrid nanofluid: 

Properties Nanofluid Hybrid nanofluid 

Density 

( )3.kg m−
 

( )1nf bf np   = − +  ( )
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2 2 2
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Thermal 

conductivity 
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( )
( )

2 2

2

np bf bf npnf

bf np bf bf np

    

     

+ − −
=

+ + −
 

( )
( )

( )
( )

2 2 2

2 2 2

1 1 1

1 1 1

2 2
,

2

2 2

2

np nf nf nphnf

nf np nf nf np

np bf bf npnf

bf np bf bf np

    

     

    

     

+ − −
=

+ + −

+ − −
=

+ + −

 

Electrical 
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          A direction is outlined having the beginning stage at the base corner of this sheet, where the 

x - hub stays upstanding and the y - hub stands opposite to the vertical. The movement of nanofluid 

stretches out to y > 0. Two comparable powers are applied to x - hub, however from inverse 

bearings to such an extent that the sheet is extended keeping up with the beginning fixed as 

displayed in Figure 1. The extended plate shifts along its surface with the extending speed uw=ax 

with ''a" as a positive steady. A sidelong attractive motion with uniform strength B0 is executed 

oppositely to the plate. It is to be respected that there is no predominance of apparently carried out 

electric field. Attractive Reynolds number is immaterial; consequently, the inward attractive 

motion is negligible contrasted with apparently executed attractive transition. 

In this audit, this temperature qualification is believed to be irrelevant. It is normal that the gathering of 

suspended nanoparticles is debilitate for the balance of the bioconvection instability. The nanoparticles 

are suspended using surfactants, with the objective that it prevents the agglomeration and surface strain 

among water and nanoparticles. Water, an optically thick medium is chosen to be the base fluid as it 

gives an environment that is the most suitable for the reliably passed gyrotactic microorganisms on to 

make due. This study expects round shape for the suspended nanoparticles. 

The agglomeration of nanoparticles can be thwarted by using dynamic blenders either as engineered 

compounds or as microorganisms. Including dynamic blenders as manufactured compounds is neither 

effective nor holds the machine back from being hurt. In this manner, the use of self-prompted 

microorganisms is loved over manufactured substances. These microorganisms are heavier than the 

enveloping medium where they move and they are tending to swim upwards. These microorganisms 

answer explicit lifts by swimming in a specific heading [36]. Considering this response, the 

microorganisms are appointed gravitaxis, phototaxis, magnetotaxis, chemotaxis, gyrotaxis, etc, and the 

development of these microorganisms is obliged by gravity, light, appealing field, substance species, 

and mass point, independently. This study consolidates gyrotactic microorganisms that move due to the 

greatness of mass tendency and requires no additional power for its development. In this manner, 

including these microorganisms as powerful blenders is reasonable and useful. The microorganism's 

development in the nanofluid can be approximated as 

Mm M M D M = + −            (01) 

Where cbW
C

C


 
 =  

 
. Here, both C and changes in the centralization of the mass liquid C , are 

viewed as in the model because of the reality these microorganisms move in the homogeneous mass 

liquid during bioconvection. 

 

A magnetic field B0 is applied opposite to the progression of the electrically leading crossover nanofluid. 

The connection of attractive field with the actuated current J and the Lorentz force f is characterized as 

( )2

0hnf x inf J B B v U=  = −           (02) 
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Table 2: Thermophysical properties of base fluid and nanoparticles [33]: 

 ( )3.kg m −
 ( )1.S m −

 ( )1 1. .W m K − −
 ( )1 1J.kg .pc K− −

 

2H O  997.1 65.5 10−  0.6071 4179 

Ag  10490 663 10  429 235 

2TiO  4250 62.4 10  8.953 686.2 

 

The thermophysical properties are characterized in (Table 1) and their actual constants are yielded 

(Table 2). Under the above stated considerations, the fundamental equations can be gained from 

model projected by Xu and Pop [20] as follows: 

( )

( ) ( )
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 

  
+ = − −

  
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         
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+ = +

   

  
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   2

cbW N
M

C y y















   

−    
      

   (02) 

With the appropriate boundary conditions are 

, 0, , 0,   0

, , ,   

TP
x y w BM w

in

x in in in in

DN T
u ax u T T D M M at y

y T y

u U T T N N M M as y

  
= = = + = = = 

  
→ → → → → 

     (03) 

The energy equation in (02) is outlined utilizing the possibility of Rosseland [37] where warm radiation 

is accounted. The Plank number and the optical thickness are the significant boundaries worried about 

the impacts of radiation on the stream and intensity move. Obviously, during the disentanglement of 

Rosseland estimate, these two boundaries vanish after the determination. This determination will lead 

to another boundary called radiation boundary as the thorough radiation coefficient. This boundary is 

result of Board number and the optical thickness [38] and it is characterized as follows: 

* 44

3
r

T
q

k y

 
= −


          (04) 

This guess incorporates dissemination term that was presented in light of the hypothesis of preservation 

of energy. Since the temperature distinctions between wT and T  is thought to be essentially little, the 

Rosseland guess can be linearized by growing T4 as per the Taylor series about inT . The decreased 

development subsequent to dismissing the higher request terms is 
4 3 44 3in inT T T T= −           (05) 

By using this expression, the energy Eq. in (02) reduces to 
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( ) ( )

2 * 32 2
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The following similarity transformation transforms the partial differential equations to ordinary 

differential equations: 

( ) ( )

( ) ( ) ( )

, ,

, ,
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in in in

w in in w in

a
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      (07) 

The stream capability is characterized as ( )xu axf
y





= =


and ( ) ( )

1

2
y bfu av f

x





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
. 

The local skin friction coefficient, local Nusselt number, local Sherwood number and local 

microorganism number are defined as 

2
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    (08) 

The continuity Eq. in (02) is satisfied for the above-mentioned transformation and the transformed 

systems of equations are 
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The associated boundary conditions are 

( ) ( ) ( ) ( ) ( ) ( )0 0, 0 1, 0 1, 0 0 0, 0 1
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The dimensionless parameters presented in (09-10) are 
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Also, the reduced dimensionless physical quantities are 



Mathematical Statistician and Engineering Applications  
ISSN:2094-0343  

2326-9865  
 

13331 

Vol. 71 No. 4 (2022)    

http://philstat.org.ph  

Skin friction
( ) ( )

( )2.5 2.5

1 2

1
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1 1
Cfr f

 
=

− −
, Nusselt number, ( ) ( )1 0
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Nur RD





= − + , 

Sherwood number for nanoparticles, ( )0Shr n= − , Microorganism’s number, ( )0Mor m= −  

SOLUTION TECHNIQUES: 

The changed overseeing Conditions (09) alongside the limit conditions (10) are switched over 

completely to introductory worth issue and are tackled utilizing RKF-45 strategy with the assistance of 

shooting method 
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       (12) 

Using the above relations, the Equations (09) are converted to first order equations as follows: 
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 + +  +  
 
     (13) 

The associated initial conditions are 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1 2 3 1 4 5 2

6 3 7 2 8 9 4

0, 1, , 1, ,

, , 1,BM

TP

d a d a d a d a d a

N
d a d a d a d a

N

 

  

= = = = = 



= = − = = 


    (14) 

In the above starting worth issue, five circumstances are known and the excess ( )1 2 3 4, , ,    still up 

in the air by utilizing shooting strategy. Afterward, the calculations are performed by setting 10 = for 

the far field limit conditions and are addressed utilizing RKF-45 request technique with a precision of
510−
. This technique decides the legitimate step size and at each step, two approximations are made 

and analyzed. In the event that these two approximations hold close concurrence with one another, it is 

acknowledged. Else, the step size is additionally diminished and the calculation is rehashed until 

required exactness is accomplished. The outcome is confirmed by contrasting it and the current writing 

and the correlation is shown in Table 3. 
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Table 3: Validation of results: 

 

 

 

 

 

 

 

 

 

 

 

 

STATISTICAL ANALYSIS: 

From table 4, the creators have processed the coefficients of relationship ( r ) between the different 

relevant components of the stream and actual amounts and introduced them in table 5. Here we can see 

that all the connection is huge as their qualities are exceptionally near +1 or - 1. Likewise utilizing the 

information from table 5, creators have assessed the qualities coefficients of assurance ( 2D r= ) in table 

6, which empowers us to check up the strength of affiliation and control of fitting variable of the stream 

on the actual amounts.  

 

Table 4: Values of physical quantities for various values of flow factors: 

 

BMN
 TPN

 FM
 

Cfr
 Nur

 
Shr  Mor  

Base 

fluid 

Ag-TiO2 

Nanoflu

id 

Base 

fluid 

Ag-TiO2 

Nanoflu

id 

Base 

fluid 

Ag-TiO2 

Nanoflu

id 

Base 

fluid 

Ag-TiO2 

Nanoflu

id 

0.1 

0.2 0.5 

1.5420

1 
1.48953 

0.3080

4 
0.32454 

0.4357

7 
0.49166 

0.4512

9 
0.51214 

0.3 
1.5389

4 
1.47650 

0.3241

9 
0.34522 

0.4572

3 
0.51223 

0.4651

2 
0.52365 

0.5 
1.5122

4 
1.46234 

0.3329

8 
0.35221 

0.4687

0 
0.52873 

0.4785

8 
0.53248 

0.7 
1.5011

4 
1.44234 

0.3385

1 
0.36875 

0.4758

2 
0.53854 

0.4861

2 
0.54214 

0.9 
1.4988

5 
1.42012 

0.3422

9 
0.38445 

0.4806

7 
0.55231 

0.4965

6 
0.55648 

0.3 

0.1 

0.5 

1.5344

9 
1.47056 

0.4215

2 
0.44151 

0.4731

4 
0.53454 

0.4921

5 
0.63846 

0.3 
1.5441

4 
1.47715 

0.3792

0 
0.39784 

0.4701

5 
0.51223 

0.4756

1 
0.63155 

0.5 
1.5511

5 
1.48120 

0.3451

9 
0.37514 

0.4670

7 
0.50265 

0.4621

5 
0.62526 

0.7 
1.5677

8 
1.49024 

0.3171

7 
0.34985 

0.4639

8 
0.49235 

0.4526

1 
0.61949 

0.9 
1.5689

8 
1.51021 

0.2936

4 
0.30001 

0.4609

1 
0.47231 

0.4452

1 
0.61414 

0.3 0.2 

0.0 
1.5122

6 
1.47225 

0.3246

0 
0.40121 

0.3012

4 
0.42516 

0.4012

5 
0.52164 

0.3 
1.5233

1 
1.48954 

0.3296

6 
0.42151 

0.3251

4 
0.44215 

0.4215

1 
0.54241 

0.6 
1.5419

9 
1.49235 

0.3325

9 
0.44556 

0.3398

9 
0.46587 

0.4426

5 
0.56231 

Pr  

( )0  

Qasim et al. [39] Suleman et al. [40] Present work 

0.72 1.23664 1.23665 1.23665 

1 1.0000 1.0000 1.0000 

6.7 0.3333 0.33331 0.33332 

10 0.26876 0.26877 0.26876 
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0.9 
1.5511

2 
1.50784 

0.3344

7 
0.46554 

0.3654

2 
0.48562 

0.4652

1 
0.58289 

1.2 
1.5622

4 
1.51264 

0.3357

7 
0.48215 

0.3894

5 
0.50231 

0.4833

2 
0.60314 

 

It is seen that Brownian movement has a huge negative effect on skin grinding of the stream, while it 

has a profoundly certain effect on warmth and mass exchange capacity of the stream. Yet, on the 

opposite thermophoresis has a positive effect on skin contact however negative impact on warmth and 

mass exchange of both nanoparticles and microorganisms. It is also witnessed that external magnetic 

field has elevates the all around performance of the flow system in all factors. 

 

Table 5: Correlation of Coefficients ( r ) between various factors with various physical 

quantities: 

r  

Cfr
 Nur

 
Shr

 
Mor  

Base 

fluid 

Ag-TiO2 

Nanofluid 

Base 

fluid 

Ag-TiO2 

Nanofluid 

Base 

fluid 

Ag-TiO2 

Nanofluid 

Base 

fluid 

Ag-TiO2 

Nanofluid 

BMN  
-

0.98343 
-0.95642 0.965548 0.97457 0.96475 0.96847 0.94227 0.94851 

TPN  0.97596 0.944587 -0.96551 -0.98674 
-

0.98594 
-0.98644 -0.9649 -0.97388 

FM  0.99277 0.98556 0.96784 0.97870 0.97676 0.979221 0.96781 0.97092 

 

Table 6: Coefficients of Determinations ( D ) between various factors with various physical 

quantities: 

2D r=  

Cfr
 Nur

 
Shr

 
Mor  

Base 

fluid 

Ag-TiO2 

Nanoflui

d 

Base 

fluid 

Ag-TiO2 

Nanoflui

d 

Base 

fluid 

Ag-TiO2 

Nanoflui

d 

Base 

fluid 

Ag-TiO2 

Nanoflui

d 

BMN  
0.96713

5 
0.914739 

0.93228

3 
0.949787 

0.93074

3 
0.937934 

0.88787

3 
0.899671 

TPN  
0.95249

8 
0.892245 0.93221 0.973656 

0.97207

8 
0.973064 

0.93103

2 
0.948442 

FM  
0.98559

2 
0.971329 

0.93671

4 
0.957854 0.95406 0.958874 

0.93665

6 
0.942686 

 

 
Figure 2 Velocities under the influence of MF 
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Figure 3 Temperature under the influence of NBM 

 

 
Figure 4 Temperature under the influence of NTP 

 

RESULT AND DISCUSSIONS: 

The mathematical calculations have been performed to investigate the impact of different boundaries 

on the temperature, focus and microorganism's thickness profile. The outcomes are acquired as 

diagrams outlines including the way of behaving of skin grinding coefficient, Nusselt number, and 

motile thickness number. We are centered on the examination of the outcomes between base fluid and 

Ag+TiO2/H2O hybrid nanofluid. 



Mathematical Statistician and Engineering Applications  
ISSN:2094-0343  

2326-9865  
 

13335 

Vol. 71 No. 4 (2022)    

http://philstat.org.ph  

 

Figure 5 Fluid densities under the influence of NBM 

 

     We observe in figure 2 that the velocity of the flow is constantly diminishes with higher magnitude 

of external magnetic field as this elevates the Lorentz force that increases the drag force in the flow. 

But in nanofluid flow it is highly effective to hinder the flow due to the presence of metallic 

nanoparticles. 

Also, we are interested to overview the effects of Brownian motion and thermophoresis in the flow 

character. In figure 3, it is staged that temperature of the flow risen up with higher Brownian motion in 

the particles. And obviously it is better effective in the flow with nanoparticles in it. Similarly, 

thermophoretic event also elevates the temperature of the flow and more significantly in hybrid 

nanofluid flow as shown in figure 4. 

The influences of Brownian motion and thermophoresis on the nanoparticle density are staged in figures 

5-6. Here we’ve seen that density is increased with higher Brownian motion and thermophoresis event. 

Also flow concentration is much higher in hybrid nanofluid flow. 

It is interesting to observe that the presence of nanoparticles in the flow mark the effects of Brownian 

motion and thermophoresis on the micro-organism density of the flow in figures 7-8. Both NBM and NTP 

increase the micro-organism density of the flow. 

 

Figure 6 Fluid densities under the influence of NTP 
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Figure 7 Microorganism densities under the influence of NBM 

 

 

Figure 7 Microorganism densities under the influence of NTP 

 

CONCLUDING REMARKS: 

After cautiously noticing the bioconvective Casson stream of hybrid nanofluid with gyrotactic 

microorganisms over vertical slendering plate, we came to the accompanying perceptions. 

• Externally applied magnetic force increase the overall performance of the flow like in heat 

transmission and mass transmission. 

• Brownian motion and thermophoresis both have significant influence in characteristics of the 

flow. And more influence in hybrid nanofluid flow. 

• Due to the presence of metallic nanoparticles in the base fluid, Brownian motion and 

thermophoresis are able to regulate the temperature, density etc. of the flow more prominently. 

• We can regulate the performance of the flow by regulating the magnetic field, Brownian 

motion, thermophoresis to obtain the highest level of efficiency of the system. 
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