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The present study investigates numerically MHD flow near the stagnation point of 

micropolar fluid through a shrinking sheet containing nanoparticles under the influence of 

chemical reaction and external heat. The study is an attempt to investigate the flow 

behaviour of micropolar nanofluid because of its importance in heat transfer process in 

industries as well as cooling systems. The governing equations are converted to nonlinear 

ordinary differential equations by implementing similarity transformations. Numerical 

results are investigated in the form of figures and tables by using MATLAB built in solver 

bvp4c for various dimensionless parameters. The impacts of external heat parameter on 

temperature and chemical reaction factor on concentration of the nanofluid are illustrated 

in the form of graphs. It is observed that the temperature of the nanofluid and nanoparticle 

volume distributions increase when Biot number attain larger values. Rise in 

Thermophoretic parameter increases the nanoparticles concentration in the boundary layer. 

Numerical data are presented for Nusselt number and Sherwood number. 
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1. INTRODUCTION

Problems related to fluid flow over shrinking or stretching 

surfaces have struck the eyes of modern researchers because 

of its numerous applications in industries like food 

manufacturing, production of paper, polymer extrusion etc. 

Micropolar fluid is a type of Non-Newtonian fluid which can 

explain the intrinsic motion and deformation of many 

materials like suspended particles, polycrystalline materials 

etc., that Newtonian fluids are not able to do so. Microploar 

fluid consists of suspended rigid small body particles in 

viscous medium and its model was first introduced by C. A. 

Eringen [1]. Unlike Newtonian fluid, micropolar fluid 

provides greater resistance to motion of the fluid and is used 

in industries for its various applications like lubricant fluids, 

colloidal solutions, biological fluids etc. Sakiadis [2] was the 

first investigator to explore the boundary layer flow problem 

past a continuous extending surface. Uddin [3] investigated 

two dimensional, steady micropolar fluid flow through an 

inclined surface with varying electric conductivity in porous 

medium. Haq et al. [4] investigated numerically the flow 

problem of micropolar nanofluid with radiation and buoyancy 

effects. In fact, many researchers under many different 

situations studied the flow characteristics of micropolar fluids 

[5-7]. 

The stagnation point flow of fluids basically non- 

Newtonian fluid has attracted the attention of research workers 

from a very long time because of many important applications 

in submarines, missiles designing etc. Heimenz [8] used the 

numerical Keller box method to study MHD boundary layer 

fluid flow considering viscous dissipation and external heat 

effects near the stagnation point. Kamal et al. [9] obtained dual 

solutions for stagnation point MHD flow of nanofluid over 

stretching/shinking sheet. Haq et al. [10] investigated MHD 

stagnation point flow with thermal radiation where he 

explored the zero normal flux condition near the wall of the 

sheet. Ghaffari et al. [11] adopted the numerical Chebyshev 

Spectral Newton iterative scheme to study the flow behaviour 

of viscoelastic fluid over a stretching surface with oblique 

stagnation point considering radiation. 

Nanofluid is a fluid containing nanoparticles suspended in 

a base fluid, which have quite high thermal conductivity. The 

applications of nanofluid are seen in petroleum engineering, 

medical therapy etc., because it is chemically stable and shows 

enhanced heat transfer rate. Hsiao [12] studied heat and mass 

transfer flow problem with nanoparticles, convection, 

magnetic field, viscous dissipation and radiation. Tiwari and 

Das [13] studied numerically the flow due to nanofluid in a 

heated lid-driven square cavity with mixed convection and 

uniform heat flux and found that the convection is due to the 

buoyancy forces. Mansur and Ishak [14] studied numerically 

nanofluid flow past an extended/shrinking plate under 

convective boundary conditions. Hayat et al. [15] investigated 

the flow problem with convective boundary conditions of 

Maxwell nanofluid under the existence of magnetic effects. 

Hayat et al. [16] investigated Casson nanofluid model past an 

extending surface with radiation, external heat, and chemical 

effects. Vasantakumari and Pondy [17] analysed the two 

dimensional viscous incompressible nanofluid flow through 

an inclined surface with heat generation or absorption effects 

using Homotopy Analysis Method. Siddik et al. [18] analysed 

micropolar nanofluid with thermal, radiative and solutal 

convection conditions above a shrinking surface at the 

stagnation point. Many researchers studied fluid flow 

problems with nanoparticles, heat generation /absorption and 

chemical reaction on different geometry, which can be looked 

in the literature [19-21]. 

From the above listed reviews of literature and the growing 
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popularity of micropolar nanofluid in engineering and 

industrial sector, we are inspired to analyse numerically the 

flow problem of micropolar nanofluid for stagnation point 

MHD flow over a shrinking sheet with heat source and 

chemical reaction. The numerical solution is obtained by using 

Matlab’s build in solver bvp4c. 

 

 

2. PROBLEM FORMULATION 

 

Consider the stagnation point two dimensional flow of a 

laminar, incompressible micropolar nanofluid flowing in the 

direction normal to a shrinking sheet. The sheet is at a higher 

temperature and the fluid is electrically conducting. A 

stationary magnetic field of strength B0 is applied in the 

transverse direction. The electric field is also taken into 

account but due to zero polarization voltage, it is equal to zero. 

The shrinking sheet is in contact with hot fluid of temperature 

Tf due to which the sheet gets heated up. The free stream 

temperature is T∞ and free stream concentration of the fluid is 

C∞. Joule heating and Viscous dissipation effects are neglected. 

The governing equations of the problem are: 

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0  (1) 

 

𝜌 (𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
) = −

𝜕𝑝

𝜕𝑥
+ (𝜇 + 𝜅)

𝜕2𝑢

𝜕𝑦2 + 𝜅
𝜕𝜗∗

𝜕𝑦
+

𝜎𝑒𝐵0
2(𝑈 − 𝑢)  

(2) 

 

𝜌𝑗 (𝑢
𝜕𝜗∗

𝜕𝑥
+ 𝑣

𝜕𝜗∗

𝜕𝑦
) = 𝛾

𝜕2𝜗∗

𝜕𝑦2 − 𝜅 (2𝜗∗ +
𝜕𝑢

𝜕𝑦
)  (3) 

 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼

𝜕2𝑇

𝜕𝑦2 + 𝜏 (𝐷𝐵
𝜕𝐶

𝜕𝑦

𝜕𝑇

𝜕𝑦
+

𝐷𝑇

𝑇∞
(

𝜕𝑇

𝜕𝑦
)

2

) +

16𝜎𝑇∞
3

3𝑘∗

𝜕2𝑇

𝜕𝑦2 +
𝑄

𝜌𝑐𝑝
(𝑇 − 𝑇∞)  

(4) 

 

𝑢
𝜕𝐶

𝜕𝑥
+ 𝑣

𝜕𝐶

𝜕𝑦
= 𝐷𝐵

𝜕2𝐶

𝜕𝑦2 +
𝐷𝑇

𝑇∞

𝜕2𝑇

𝜕𝑦2 − 𝐾1
∗(𝐶 − 𝐶∞)  (5) 

 

where, 𝜗∗ = (𝜗1, 𝜗2, 𝜗3) and 𝜏 =
(𝜌𝑐)𝑝

(𝜌𝑐)𝑓
. 

Boundary conditions are: 

 

𝑢(𝑥, 0) = 𝑏𝑥, 𝑣(𝑥, 0) = 0,  𝜗∗(𝑥, 0) = 0, 

−𝜅
𝜕𝑇

𝜕𝑦
= ℎ1(𝑇𝑓 − 𝑇),  −𝐷𝐵

𝜕𝐶

𝜕𝑦
= ℎ2(𝐶𝑓 − 𝐶), 

𝑢(𝑥, ∞) = 𝑈 = 𝑎𝑥, 𝜗∗(𝑥, ∞) = 0, 𝑇(𝑥, ∞) = 𝑇∞,

 𝐶(𝑥, ∞) = 𝐶∞. 

(6) 

 

where, b<0 denotes rate of shrinking of the sheet and the heat 

and mass transfer coefficients are h1 and h2 respectively. 

The similarity transformations used to make the Eqns. (1)-

(5) dimensionless are as follows: 

 

𝑢 = 𝑎𝑥𝑓′(𝜂), 𝑣 = −√𝑎𝜗𝑓(𝜂), 𝜗2 = −𝑎√
𝑎

𝜗
𝑥𝑔(𝜂), 

𝑝 = 𝑝0 −
𝜌𝑎2

2
(𝑥2 + 𝑦2), 𝜂 = 𝑦√

𝑎

𝜗
 , 𝜃(𝜂) =

𝑇−𝑇∞

𝑇𝑓−𝑇∞
, 

𝜙(𝜂) =
𝐶−𝐶∞

𝐶𝑓−𝐶∞
  

(7) 

 

where, p0 represents stagnation pressure. 

Dimensionless forms of Eqns. (1)-(5) by using (7) are as 

follows: 

 

(1 + 𝑅1)𝑓′′′ + 𝑓𝑓′′ − 𝑓′2 + 𝑀2(1 − 𝑓′) − 𝑅1𝑔′ + 1
= 0 

(8) 

 

𝐶1𝑔′′ + 𝑅1𝐴1(𝑓′′ − 2𝑔) + 𝑓𝑔′ − 𝑓′𝑔 = 0 (9) 

 

(1 +
4

3
𝑅𝑑) 𝜃′′ + 𝑃𝑟𝑓𝜃′ + 𝑃𝑟𝑁𝑏𝜙′𝜃′ + 𝑃𝑟𝑁𝑡𝜃′2

+ 𝑃𝑟𝜆𝜃 = 0 

(10) 

 

𝜙′′ + 𝑆𝑐𝑓𝜙′ + (
𝑁𝑡

𝑁𝑏

) 𝜃′′ − 𝐾1𝑆𝑐𝜙 = 0 (11) 

 

where, 𝑀 = √
𝜎𝑒𝐵0

2

𝜌𝑎
, 𝑅1 =

𝜅

𝜇
, 𝐶1 =

𝛾

𝜇𝑗
, 𝐴1 =

𝜇

𝜌𝑗𝑎
, 𝑅𝑑 =

4𝜎𝑇∞
3

𝑘𝑘∗ , 𝑃𝑟 =
𝜇𝑐𝑝

𝑘
, 𝑆𝑐 =

𝜗

𝐷𝐵
, 𝜆 =

𝑄

𝑎𝜌𝑐𝑝
, 𝐾1 =

𝐾1
∗

𝑎
, 𝑁𝑏 =

(𝜌𝑐)𝑝𝐷𝐵(𝐶𝑓−𝐶∞)

(𝜌𝑐)𝑓𝜗
 and 𝑁𝑡 =

(𝜌𝑐)𝑝𝐷𝑇(𝑇𝑓−𝑇∞)

(𝜌𝑐)𝑓𝑇∞
. 

The boundary conditions (6) in dimensionless form take the 

form as follows: 

 

𝑓(0) = 0, 𝑓′(0) = 𝑁, 𝑔(0) = 0, 𝜃′(0)

= −𝐵𝑖1(1 − 𝜃(0)), 

𝜙′(0) = −𝐵𝑖2(1 − 𝜙(0)),

 𝑓′(∞) = 1, 𝑔(∞) = 0, 𝜃(∞) = 0, 𝜙(∞) = 0. 

(12) 

 

where, 𝑁 = −
𝑏

𝑎
, 𝐵𝑖1 =

ℎ1

𝜅
√

𝜗

𝑎
 and 𝐵𝑖2 = −

ℎ2

𝐷𝐵
√

𝜗

𝑎
. 

Couple stress and local skin-friction in non-dimensional 

form are: 

 

𝑀𝑤 = 𝜇𝑢𝑤 (1 +
𝑅1

2
) 𝑔′(0) (13) 

 

𝐶𝑓𝑅𝑒𝑥

1
2⁄

= (1 + 𝑅1)𝑓′′(0) (14) 

 

Nusselt number, 

 

𝑁𝑢𝑥𝑅𝑒𝑥

−1
2⁄

= − (1 +
4

3
𝑅𝑑) 𝜃′(0) (15) 

 

Sherwood number, 

 

𝑆ℎ𝑥𝑅𝑒𝑥

−1
2⁄

= −𝜙′(0) (16) 

 

where, 𝑅𝑒𝑥 =
𝑢𝑤𝑥

𝜗
.
 

 

 

3. METHOD OF SOLUTION 

 

Eqns. (8)-(11) with respect to the boundary restriction (12) 

are solved numerically using Matlab’s built in solver bvp4c 

which implements a collocation method to obtain the solution 

of boundary value problems. Eqns. (8)-(11) are converted to 

set of first order differential equations. 
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𝑓 = 𝑦1, 𝑓′ = 𝑦1
′ = 𝑦2 , 𝑓′′ = 𝑦2

′ = 𝑦3, 

𝑓′′′ = 𝑦3
′ =

−𝑦1𝑦3 + 𝑦2
2 − 𝑀2(1 − 𝑦2) + 𝑅1𝑦5 − 1

(1 + 𝑅1)
, 

𝑔 = 𝑦4, 𝑔′ = 𝑦4
′ = 𝑦5, 

𝑔′′ = 𝑦5
′ =

−𝑅1𝐴1(𝑦3 − 2𝑦4) − 𝑦1𝑦5 + 𝑦2𝑦4

𝐶1

, 

𝜃 = 𝑦6, 𝜃′ = 𝑦6
′ = 𝑦7, 

𝜃′′ = 𝑦7
′ =

−𝑃𝑟𝑦1𝑦7 − 𝑃𝑟𝑁𝑏𝑦9𝑦7 − 𝑃𝑟𝜆𝑦6 − 𝑃𝑟𝑁𝑡𝑦7
2

(1 +
4
3

𝑅𝑑)
, 

𝜙 = 𝑦8 , 𝜙′ = 𝑦8
′ = 𝑦9, 𝜙′′ = 𝑦9

′ =
𝐴

(1+
4

3
𝑅𝑑)

, 

 

where, 𝐴 = − (1 +
4

3
𝑅𝑑) 𝑆𝑐𝑦1𝑦9 + (1 +

4

3
𝑅𝑑) 𝐾1𝑆𝑐𝑦8 +

(
𝑁𝑡

𝑁𝑏
) 𝑃𝑟𝑦1𝑦7 + 𝑁𝑡𝑃𝑟𝑦9𝑦7 + (

𝑁𝑡

𝑁𝑏
) 𝑃𝑟𝜆𝑦6 + (

𝑁𝑡2

𝑁𝑏
) 𝑃𝑟𝑦7

2. 

The boundary conditions are given by: 𝑦1(0), 𝑦2(0) =

𝑁, 𝑦4(0), 𝑦7(0) = −𝐵𝑖1(1 − 𝑦6(0)),  𝑦9(0) = −𝐵𝑖2(1 −

𝑦8(0)), 𝑦2(∞) = 1, 𝑦4(∞), 𝑦6(∞), 𝑦8(∞). 
 

 

4. RESULTS AND DISCUSSIONS 
 

The numerical results obtained are illustrated by figures and 

tables. The dimensionless physical parameters for which the 

numerical results have been obtained 

are  𝜆,  𝐾1, 𝐵𝑖1 , 𝑁𝑡 ,  𝑁𝑏 ,  𝐵𝑖2, 𝑀, 𝑅𝑑 𝑎𝑛𝑑 𝑁 .The results are 

obtained by setting the values of the parameters 𝐶1 = 0.1,
𝐴1 = 𝑃𝑟 = 0.2, 𝑆𝑐 = 𝐵𝑖1 = 𝐵𝑖2 = 0.3, 𝑀 = 0.5, 𝑅𝑑 = 0.4,
𝑁𝑡 = 𝑁𝑏 = 0.4, 𝑁 = −0.5,  𝑅1 = 2.0, 𝜆 = 0.1 and 𝐾1 =
1, and the value of one parameter is changed at each time for 

obtaining the graphs. 

Figure 1 depicts the impact of heat generation parameter 

𝜆 on temperature profiles. The increasing values of λ enhances 

the temperature as it generates heat in the flow field, which 

increases the temperature inside the thermal boundary layer. 

Figure 2 reveals that the value of ϕ(η) decreases exponentially 

with the increasing values of η. It also reveals that ϕ(η) 

decreases with increase in the values of λ. Thus we can 

conclude that the concentration of the nanoparticles decreases 

as we go away in the normal direction from the shrinking sheet. 

This concentration also decreases with increase in the values 

of external heat source and with the decrease in the values of 

the kinematic viscosity. 

Figure 3 illustrates the impact of chemical reaction 

parameter K1 on temperature of the micropolar nanofluid. It is 

spotted from the figure that the larger values of chemical 

reaction parameter contributes to the decrease in the 

temperature. Figure 4 represents the influence of K1 on 

concentration of the nanoparticles. The increment in the values 

of K1 reduces the nanoparticles concentration as well as 

concentration boundary layer thickness. Chemical reaction 

parameter is inversely proportional to the constant  𝑎 . 

Therefore lower values of a will reduce the nanoparticles 

concentration in the boundary layer. 

Figure 5 depicts the consequence of heat transfer Biot 

number 𝐵𝑖1  on temperature profiles. It is spotted from the 

figure that the increasing values of 𝐵𝑖1  increase the 

temperature profile. The increment in temperature is seen 

because the convective heat transfer at the surface of the sheet 

increases the thermal boundary layer thickness. Moreover Biot 

number and heat transfer coefficient are related directly to 

each other and hence greater values of Biot number enhance 

heat transfer which ultimately higher the temperature. Figure 

6 reflects the distribution of nanoparticles concentration 𝜙(𝜂) 

due to thermophoretic parameter  𝑁𝑡 . The figure shows that 

concentration profile is enhanced with higher values of  𝑁𝑡 . 

Thermophoresis is the process by which tiny particles move to 

a colder region from the hotter one i.e. 𝑁𝑡  is dependent on 

temperature gradient of the surrounding. The thermophoresis 

force is increased by the larger values of thermophoretic 

parameter in the region near the boundary layer which 

ultimately leads to a larger nanoparticles volume concentration. 

The impact on nanoparticles concentration distribution 

𝜙(𝜂)  due to Brownian motion parameter 𝑁𝑏  is shown in 

Figure 7. The increasing values of 𝑁𝑏 decrease the boundary 

layer thickness, thereby decreasing the concentration profile. 

The impact of 𝑁𝑏  on nanoparticle volume fraction is just 

opposite to 𝑁𝑡. Figure 8 represents the impact of mass transfer 

Biot number Bi2 on concentration profiles. From the figure, it 

is observed that the concentration profile is enhanced with the 

increasing value of Bi2. Concentration increases because the 

thermal boundary layer thickness increases with the increase 

in the value of Bi2. 

Figure 9 and Figure 10 reflects the change in velocity and 

microrotation profiles due to magnetic parameter 𝑀. Lorentz 

force is produced due to the magnetic field and it provides 

resistance to the momentum of the particles of fluid. It is seen 

from Figure 9 that the velocity boundary layer shifts towards 

the sheet due to the Lorentz force. In Figure 10 it is seen that 

the microrotation profiles increases upto 𝜂 = 0.5 and after that 

it decreases asymptotically till the end of the boundary layer 

with the increasing values of magnetic parameter. The 

decrement in the microrotation profiles is basically due to the 

Lorentz force which hinders the fluid velocity. 

Figure 11 reveals that the change in temperature profile due 

to radiation parameter 𝑅𝑑. The temperature and its associated 

boundary layer thickness increase for the larger values of 

radiation parameter. The thermal radiation provides heat into 

the fluid due to which the temperature and the thickness of the 

boundary layer are enhanced. 

The influence of Shrinking parameter, 𝑁 on velocity and 

microrotations profiles are depicted by Figure 12 and Figure 

13 respectively. It is observed from Figure 12 that the velocity 

profiles decrease with the increasing values of Shrinking 

parameter. In fact, a reversed fluid flow is noticed for the 

increased magnitude of 𝑁  near the sheet’s surface. From 

Figure 13 it is seen that the enhanced values of N increases the 

microrotation profiles. 

Table 1 and Table 2 are computed to check the numerical 

accuracy of the current work with the previous work of Siddiq 

et al. [18]. Numerical values of couple stress and skin friction 

coefficient are obtained for 𝑀 and 𝑁, when the value of the 

parameters are taken as 𝐶1 = 0.1, 𝑅𝑑 = 0.4, 𝐴1 = 𝑃𝑟 = 0.2,
𝑆𝑐 = 0.3, 𝐵𝑖1 = 𝐵𝑖2 = 0.3, 𝑁𝑡 = 𝑁𝑏 = 0.4, 𝜆 = 0 and  𝐾1 =
0.  The present results show good match with the results 

obtained by Siddiq et al. [18]. 

Table 3 shows the influence of 𝑃𝑟, 𝑅𝑑 and 𝐵𝑖1 on Nusselt 

number for 𝐶1 = 0.1, 𝑁𝑡 = 0.4, 𝐴1 = 0.2, 𝑀 = 0.5, 𝑆𝑐 =
0.3, 𝑁𝑏 = 0.4, 𝐵𝑖2 = 0.3, 𝑁 = −0.5,  𝑅1 = 2.0, 𝜆 = 0.1 

and  𝐾1 = 1. It is seen that Nusselt number is enhanced for 

larger values of 𝑃𝑟, 𝑅𝑑 and 𝐵𝑖1. 

Table 4 shows the influence of the parameters 

𝑆𝑐, 𝑁𝑡 , 𝑁𝑏 and 𝐵𝑖2 on Sherwood number for  𝐶1 = 0.1, 𝐴1 =
𝑃𝑟 = 0.2, 𝐵𝑖1 = 0.3, 𝑀 = 0.5, 𝑅𝑑 = 0.4, 𝑁 − 0.5,  𝑅1 =
2.0, 𝜆 = 0.1 𝑎𝑛𝑑 𝐾1 = 1 . Sherwood number increases for 

increasing values of 𝐵𝑖2  and 𝑆𝑐 . A very small increment in 

Sherwood number is observed for larger values of  𝑁𝑡 . For 
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0.2 ≤ 𝑁𝑏 ≤ 0.8 the values of Sherwood number remain the 

same but when 𝑁𝑏 = 1 an increment in Sherwood number is 

noticed. 

 

Table 1. Comparison of the current outcomes of skin-friction 

coefficient for several values of M, N with Siddiq at al. [18] 

 

𝑀 −𝑁 
(1 + 𝑅1)𝑓′′(0) 

Siddiq et al. [18] 

(1 + 𝑅1)𝑓′′(0) 

Present result 

0 

1 

2 

3 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.25 

0.5 

0.75 

1 

0.77352 

1.12096 

1.81906 

2.61387 

0.81718 

0.87217 

0.87054 

0.78922 

0.7735 

1.1210 

1.8191 

2.6139 

0.8172 

0.8722 

0.8705 

0.7892 

 

Table 2. Comparison of the current outcomes of couple 

stress for several values of M, N with Siddiq at al. [18] 

 

𝑀 −𝑁 
𝑔′(0) 

Siddiq et al. [18] 

𝑔′(0) 

Present result 

0 

1 

2 

3 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.25 

0.5 

0.75 

1 

1.10512 

1.38129 

1.81669 

2.19515 

1.00758 

1.18905 

1.33185 

1.38322 

1.1051 

1.3813 

1.8168 

2.1449 

1.0076 

1.1891 

1.3319 

1.3833 
 

Table 3. Data collection of local Nusselt number for several 

values of 𝐵𝑖1 , 𝑃𝑟 and 𝑅𝑑

  

𝐵𝑖1 𝑃𝑟 𝑅𝑑 −(1 +
4

3
𝑅𝑑)𝜃′(0)  

0.1 

0.2 

0.4 

0.8 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.2 

0.2 

0.2 

0.2 

0.1 

0.2 

0.4 

0.7 

0.2 

0.2 

0.2 

0.2 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.1 

0.4 

0.7 

1.0 

0.0626 

0.0908 

0.1171 

0.1368 

0.0926 

0.1068 

0.1181 

0.1231 

0.0926 

0.1068 

0.1181 

0.3356 
 

Table 4. Data collection of Sherwood number for several 

values of 𝐵𝑖2 , 𝑆𝑐, 𝑁𝑡 and 𝑁𝑏

  

𝐵𝑖2 𝑆𝑐 𝑁𝑡 𝑁𝑏 −𝜙′(0) 

0.1 

0.2 

0.4 

0.8 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.1 

0.2 

0.3 

0.5 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.1 

0.3 

0.5 

0.7 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

0.2 

0.5 

0.8 

1.0 

0.0850 

0.1477 

0.2343 

0.3314 

0.1546 

0.1818 

0.1960 

0.2120 

0.1957 

0.1959 

0.1962 

0.1967 

0.1960 

0.1960 

0.1960 

0.1961 

 
 

Figure 1. Variation of 𝜃(𝜂) due to 𝜆 

 
 

Figure 2. Variation of 𝜙(𝜂) due to 𝜆 

 
 

Figure 3. Variation of 𝜃(𝜂) due to 𝐾1 

 
 

Figure 4. Variation of 𝜙(𝜂) due to 𝐾1 
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Figure 5. Variation of 𝜃(𝜂) due to 𝐵𝑖1 

 

  
 

Figure 6. Variation of 𝜙(𝜂) due to 𝑁𝑡 

 

 
 

Figure 7. Variation of 𝜙(𝜂) due to 𝑁𝑏 

 

 
 

Figure 8. Variation of 𝜙(𝜂) due to 𝐵𝑖2. 

 
 

Figure 9. Variation of 𝑓′(𝜂) due to M 

 

 
 

Figure 10. Variation of 𝑔(𝜂) due to M 

 

 
 

Figure 11. Variation of 𝜃(𝜂) due to 𝑅𝑑 

 

 
 

Figure 12. Variation of 𝑓′(𝜂) due to N 
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Figure 13. Variation 𝑔(𝜂) due to N 

 

 

5. CONCLUSION 

 

The current study is an attempt to analyse the flow 

behaviour of micropolar fluid containing nanoparticles 

through a shrinking sheet because of its importance in heat 

transfer process in industries as well as cooling systems. The 

outcomes derived during the study are: 

1. Temperature profiles are enhanced for the increasing 

values of heat generation parameter, heat transfer Biot 

number and radiation parameter whereas chemical 

reaction parameter shows a opposite impact on it. 

2. Concentration profiles increase with the increasing 

values of thermophoretic parameter and mass transfer 

Biot number whereas it decrease with the increasing 

values of chemical reaction parameter and Browinan 

motion parameter. The concentration profiles increase 

as well as decrease for heat generation parameter. 

3. Larger values of Shrinking parameter decreases the 

velocity profile whereas the magnetic parameter shifts 

the velocity boundary layer towards the sheet. 

4. Microrotation profiles decrease for greater values of 

magnetic parameter and increase for shrinking 

parameter. 

5. Couple stress and coefficient of Skin friction increase 

with the increase in the values of Magnetic parameter. 

6. The local Nusselt number increases for the larger 

values of heat transfer Biot number, Prandtl number 

and radiation parameter. 

7. The increasing values of mass transfer Biot number and 

Schmidt number increase the local Sherwood number 

but a minor increment in Sherwood number is observed 

for larger values of Thermophoresis parameter and 

Brownian motion parameter. 
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NOMENCLATURE 

 

a, b constants, 𝑠−1 

𝐴1 microinertia density parameter 

𝐵0 magnetic field strength, 𝑊𝑏. 𝑚−2 

𝐵𝑖1 heat transfer Biot number 

𝐵𝑖2 mass transfer Biot number 

𝐶 fluid concentration 

𝐶1 dimensionless spin gradient viscosity, 

𝐶𝑓 surface volume fraction 

𝐶∞ ambient fluid concentration 

𝑐𝑝 specific heat capacity, 𝐽. 𝑘𝑔−1. 𝐾−1 

𝑇 fluid temperature, 𝐾 

𝑇𝑓 sheet temperature, 𝐾 

𝑇∞ ambient fluid temperature, 𝐾 

𝐷𝐵 Brownian diffusion coefficient 

𝐷𝑇  thermophoretic diffusion coefficient 

j microinertia density, 𝑚−2 

𝜅 vortex viscosity, 𝐾𝑔. 𝑚−1. 𝑠−1 

k* absorption coefficient 

k thermal conductivity, 𝑊. 𝑚−1. 𝐾−1 

𝐾1
∗ rate of chemical reaction 

𝐾1 chemical reaction parameter 

M magnetic field parameter 

N shrinking parameter 

𝑝 pressure, 𝑃𝑎 

𝑝0 stagnation pressure, 𝑃𝑎 

𝑁𝑏 Brownian motion parameter 

𝑁𝑡 Thermophoretic parameter 

𝑃𝑟 Prandtl number 

𝑄 heat generation/absorption rate, 𝑊. 𝑚−3 

𝑅1 vortex viscosity parameter 

𝑅𝑑 thermal radiation parameter 

𝑆𝑐 Schmidt number 

𝑇𝑓 sheet temperature, 𝐾 

𝑇∞ ambient temperature, 𝐾 

𝑢 velocity component in 𝑥 direction, 𝑚. 𝑠−1 

𝑣 velocity component in 𝑦 direction, 𝑚. 𝑠−1 

𝑅𝑒𝑥 local Reynolds number 

𝑈 velocity away from the sheet, 𝑚. 𝑠−1 

 

Greek symbols 

 

𝛼 thermal diffusivity of the fluid, 𝑚2𝑠−1 

𝛾 spin gradient viscosity, 𝑘𝑔. 𝑚. 𝑠−1 

𝜇 dynamic viscosity, 𝑁. 𝑠. 𝑚−2 

𝜌 fluid density, 𝐾𝑔. 𝑚−3 

𝜗 kinematic viscosity, 𝑚2. 𝑠−1 

𝜆 heat generation/absorption parameter 

𝜎𝑒 electrical conductivity of the fluid 

𝜎 Stephens Boltzmann constant 

𝜃 dimensionless temperature 

𝜙 dimensionless nanoparticles concentration 

𝜗∗ microrotation, 𝑠−1 

𝜏 ratio of nanoparticle heat capacity and base fluid 

heat capacity 

 

Subscripts 

 

p nanoparticle 

f base fluid 
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