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ABSTRACT:  

“In the field of computational fluid dynamics, one of the most well-known research issues is 
the interaction between the flow of liquid and chemical reactions. According to the findings of 
a significant number of studies, it has a variety of applications in industry, one of which is the 
modeling of flow inside nuclear reactors, and many researchers have lauded it for this. 
Motivated by the use of flow in industrial challenges, this study analyses the impacts of 
chemical reaction on the magnetohydrodynamic (MHD) squeezing Casson fluid flow through 
a porous medium under the slip condition with viscous dissipation the presence of radiation 
parameter. The flow is produced when two plates are compressed together in close proximity 
to one another. Using similarity variables may successfully convert partial differential 
equations (PDEs) to ordinary differential equations (ODEs). The shooting technique was used 
to perform the numerical analysis, which entailed solving the competent governing equations 
with dominating parameters for a thin liquid layer. This was done to determine the results of 
the study. It is essential to evaluate the numerical results in light of previously conducted 
research to validate the current answers. According to the results, an increase in the distance 
between the two plates leads to a rise in the velocity and the wall shear stress. The gas's velocity, 
temperature, and concentration all drop due to an increase in the Hartmann and Casson 
parameters. Both the temperature and the rate of heat transfer rise in direct proportion to the 
amount of viscous dissipation. In addition, it has been shown that the rate of mass transfer rises 
during destructive chemical interactions, but during constructive chemical reactions, the 
contrary occurs, which results in adverse effects.” 
Key words: Chemical reaction, Radiation parameter, Squeezing flow; viscous dissipation; Slip 
boundary 
Introduction:  
“In the manufacture of hydrodynamical machines, accelerators, compression, injection 
molding, lubrication equipment, and polymer processing, amongst other processes, the 
unsteady squeezing channel flow, which is caused by the moving boundary under the influence 
of external everyday stresses or vertical velocities, is frequently encountered. The moving edge 
causes this flow because of the impact of steep rates or everyday external pressures. Since 
Stefan [1] began the study of squeezing flow using the lubrication approximation, numerous 
scholars have sequentially investigated squeezing flow issues for various geometrical 
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configurations using a wide variety of approaches. Moore [2] concluded that the Stefan 
equation is insufficient to describe the molecular mechanism of viscosity of squeezing flows. 
Instead, he indicated that the influences such as surface finish, viscoelastic liquids, elastomeric 
surfaces, and molecular effects also need to be considered partially or entirely depending on 
the complexity of the problems. Gupta et al. [3] noticed that the unsteady squeezing channel 
flow problem could be significantly simplified via similarity variables. The distance between 
the paralleled plates varies as the square root of a linear function of time. In this scenario, the 
similarity variables allow the problem to be significantly simplified. Duwairi et al. [4] studied 
heat transfer effects on unsteady squeezing channel flow, and they assumed that the paralleled 
walls were heated evenly at a constant temperature. This allowed them to examine the impact 
of heat transfer on the flow. Different scholars, such as Verma [5], Mustafa et al. [6], and Hayat 
et al. [7], conducted more studies into the unstable squeezing flow difficulties by taking into 
account a variety of physical challenges and computational methodologies.” 
“Squeezing flow between parallel plates is an important problem in the area of fluid dynamics. 
The problem can be described akin to the principle of moving pistons, where the squeezing 
behavior of two parallel plates produces a flow that is normal to the plates. Applications of the 
problem are found in hydraulic machinery and tools, electric motors, food industry, 
bioengineering, and automobile engines. Other simpler but equally important examples are 
flow patterns occurring in syringes and compressible tubes. In these applications, flow patterns 
can be classified into laminar, turbulent, and transitional flows on the basis of the well-known 
Reynold’s number. From an industrial perspective, it is necessary to study the effect of these 
different behaviors for non-Newtonian fluids, the mechanics of which have proved to be a 
significant challenge to the research community. The non-Newtonian fluid model being 
considered in our case is that of Casson [8, 9] as it is able to capture complex rheological 
properties of a fluid, unlike other simplified models like the powerlaw [10] and grade-two or 
grade-three [11] models. Concentrated fluids like sauces, honey, juices, blood, and printing 
inks [12] can be well described using this model. More formally, Casson fluid can be defined 
as a shear thinning liquid which is assumed to have an infinite viscosity at zero rate of shear, a 
yield stress below which no flow occurs, and a zero viscosity at an infinite rate of shear [13]. 
Application of Casson fluid for flow between two rotating cylinders is performed in [14]. In 
some industrial applications, the model has to deal with conducting fluids which exhibit 
different behaviors under the influence of a magnetic field. In these cases, the 
magnetohydrodynamic (MHD) aspect of the flow needs to be considered. In this article, we 
investigate this particular case for a porous medium channel and present a comprehensive 
analysis. To the best of our knowledge, this particular case has not been addressed before. A 
porous medium, identified as a material that contains fluid-filled pores, is always characterized 
by properties such as porosity and permeability. Porosity defines the quantity of fluid that can 
be held by the material, whereas permeability is the amount of fluid that can pass through it. 
Various applications include ground water hydrology, chemical reactors, irrigation, drainage, 
seepage, and recovery of crude oil from pores of reservoir rocks [15–19]. These applications 
can specifically be classified to engineering fields such as petroleum, reservoir, and chemical 
engineering.” 
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The study of heat and mass transport in combination with chemical reactions is of 
significant practical value to engineers and scientists because it occurs practically everywhere 
in various engineering and scientific disciplines. This makes it an area of study that has a 
substantial amount of application potential. This kind of flow has the potential to be used in a 
wide variety of industries, including, to mention just two examples, the chemical process 
industry, and the power industry. The impacts of diffusion thermal, radiation absorption and 
chemical reaction on the MHD free convective heat and mass transfer flow of a nanofluid 
confined within a semi-infinite flat plate were examined by Prasad et al. [20]. An unstable 
Casson nanofluid flow was used by Samrat et al. [21] in their study on the influence of heat 
radiation on the flow. This flow was conducted on a stretched surface. The effects of chemical 
reactions on different flow geometries have been studied by Raghunath and colleagues [22–
24] under the impact of thermal diffusion, chemical reaction, and a heat source. The effects of 
Soret on the unsteady free convection flow of a viscous incompressible fluid through a porous 
medium with high porosity confined by a vertical infinite moving plate with high porosity were 
examined by Ramachandra et al. [25]. The influence of frictional heating on the mixed 
convection flow of a chemically reacting Casson nanofluid over an inclined porous plate was 
studied by Sulochana et al. [26]. The researchers looked at the flow of the nanofluid across the 
plate. The effect of radiation absorption on an unsteady convective heat and mass transfer flow 
through a semi-infinite inclined permeable plate was investigated by Rani and Murthy [27] 
using a semi-infinite inclined permeable plate that was submerged in a porous medium. 

“The current effort is primarily concerned with the simulation of flow in a nuclear reactor. 
For the purpose of investigating the flow of nuclear reactions in a nuclear reactor, it is necessary 
to include chemical reaction in the mathematical model as a component. It has been revealed 
that the inability to manage nuclear reactions may result in extensive pollution of the 
environment, including air and water. As a result, when a nuclear power plant disaster occurs, 
the nuclear reaction flow is halted instantly [28]. Furthermore, the relevance of MHD and 
porous media in the fluid flow is discussed in detail. In their study, Song et al. [29] discovered 
that MHD had the best efficiency of the numerous power conversion systems tested. The 
efficiency of the power conversion is critical to the NEP system. Essentially, nuclear electric 
propulsion (NEP) is a kind of electric propulsion in which a nuclear reactor generates power. 
Saadati et al. [30] stated that a porous medium method was used to increase the safety margin 
of a nuclear reactor. One of the most pressing challenges in the operation of nuclear power 
plants is the need to enhance the amount of heat removed from the reactor. In this way, porous 
media in nuclear reactors increases the rate of heat evacuation from the reactor. Shankar et al. 
[31] have studied Magnetized impacts of Brownian motion and thermophoresis on unsteady 
squeezing flow of nanofluid between two parallel plates with chemical reaction and Joule 
heating. Recently Noor et al. [32] have possessed Unsteady MHD Squeezing Flow of Casson 
Fluid over Horizontal Channel in Presence of Chemical Reaction.” 

“Thermal radiation is more significant in high-temperature environments, which may be 
found in many engineering domains, particularly for small convective thermal transfer. This is 
notably the case for small convective thermal transfer. In addition to this, such radiation plays 
an essential part in managing the thermal transfer scheme and the thermally maintained 
procedure used in the polymer manufacturing business. In light of this fact, the researchers 
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have begun their investigation into the effects of radiation on fluid flow systems. For example, 
Mandal and Mukhopadhyay [33] used a shooting scheme to reveal their findings on the thermal 
research of a micropolar liquid moving past a stretched surface while considering the effect of 
radiated environmental factors. With the assistance of the shooting technique and the Runge-
Kutta method, Kumar et al. [34] were able to successfully simulate the motion of Casson liquid 
as it moved past a stretched curved surface while being affected by heat radiation.” 

“Along with natural convection, the thermal radiation features of the electrically 
conducting nanofluid were investigated by Ghadikolaei et al. [35]. In addition to this, the 
research on the flow of non-Newtonian liquids via porous space has obtained a spectacular 
consideration with the logic that such transport considerably contributes to sedimentation, 
space pollution, blood movement arteries, and loaded beds. Asghar and colleagues [36] have 
presented a theoretical inquiry on the physiological fluid flow in a curved channel while 
considering the impacts of a porous material. Ramesh [37] proposed an investigation that 
coupled the stress of a liquid stream with a pumping method while considering the effect of 
MHD and a porous medium. The motion of cilia was studied by Akbar et al. [38], who used 
the pumping and propulsion of a viscous liquid inside a horizontal tube containing a porous 
media. The analytical solutions for the propulsion of MHD Ree-Eyring liquid between the 
plates in different conditions concerning the motion of the plates under various influences have 
been presented by Ramesh and Eytoo [39]. Under the effects of magnetohydrodynamics, Joule 
heating, and electro-osmosis, Ramesh et al. [40] have explored the motion of pair stress fluids 
in the porous channel. The MHD squeezing flow of Casson nanofluid with chemical reaction, 
thermal radiation, and heat generation/absorption has been reviewed by Noor et al. [46]. 
Naduvinamani and Usha Shankar [47] investigated the radiative squeezing flow of unstable 
magneto-hydrodynamic conditions. Casson fluid in between two plates that is parallel to one 
another.” 

“According to the papers detailed earlier, it has not yet been established whether or not 
chemical reactions affect the squeezing flow of Casson fluid across a porous medium with 
viscous dissipation. In addition to this, it has been seen that the sliding boundary condition is 
not given as much consideration as it should be. Consequently, the study is concentrated on 
time-dependent MHD squeezing slip flow of Casson fluid through porous media with chemical 
reaction and joule dissipation in the presence of radiation parameters. The numerical solutions 
may be obtained with the use of the shooting method. In addition, the correctness of the current 
outputs has been checked by comparing them to the results that have been published in peer-
reviewed papers. In this study, we investigate the impact that key parameters have on the fluid's 
concentration, temperature, and velocity.” 

1. Non-Newtonian Casson fluid model 

“To create the governing equations for Casson fluid flow when it is compressed 
between two parallel plates, the rheological equation [41] shown below is employed.” 
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“In equation (7), ijij ee , , Where ije  are the   thji,  Component of the deformation rate, 

 is the product of the deformation rate with itself, C is a critical value of this product based 

on the non-Newtonian model, B is the plastic dynamic viscosity of the non-Newtonian fluid 

and yP  the yield stress of the fluid.” 
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(2) 

“Denote the yield stress of fluid. Some fluids require a gradually increasing shear stress to 
maintain a constant strain rate and are called Rheopectic, in the case of Casson fluid (Non-
Newtonian) flow where π>πc” 
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When Equation (2) is substituted into Equation (3), the kinematic viscosity may be expressed 
as 
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“Where 
y

cB

p




2
  denotes the Casson fluid parameter. The nature of Non-Newtonian fluid 

vanishes and it behaves as Newtonian fluid when  .” 

 

2. Formulation of the Problem 

“The time dependent MHD flow of Casson fluid through porous medium with chemical 
reaction, joule dissipation and velocity slip are explored. The squeezing of two surfaces 
generates the flow in the channel. The distance of two surfaces is 𝑦 = ±ℎ (𝑡) = ±(1 − 𝛼𝑡)1/2. The 
two surfaces are moving further as 𝛼 < 0 and the surfaces are moving closer as 𝛼 > 0 till 𝑡 = 
1Ú𝛼 with velocity 𝑣𝑤(𝑡) = 𝜕ℎ(𝑡)/𝜕𝑡 . The lower plate is exerted with the magnetic field (𝑡) 
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vertically [32]. Figure 1 portrays the geometrical model of Casson fluid flow. Also, the 
homogeneous first order chemical reaction effect is accounted in the concentration equation. 
Further, in the present analysis, symmetric flow is assumed. With these assumptions, the 
continuity, momentum, energy and concentration equations governing the present physical 
problem with necessary conditions are as follows [46, 47].” 

 
FIGURE: 1 Physical model of problem 
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Where   2/1
01 1)( tNtN   represent momentum slip. 

“For an optically thick fluid, in addition to emission there is also self absorption and usually 
the absorption co-efficient is wavelength dependent and large so we can adopt the Rosseland 
approximation for the radiative heat flux vector qr. Thus qr is given by” 
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Where k1 is Rosseland mean absorption co-efficient and σ1 is Stefan–Boltzmann constant. 
“We assume that the temperature differences within the flow are sufficiently small so 
that T4 can be expressed as a linear function. By using Taylor’s series, we expand T′4 about 
the free stream temperature T∞ and neglecting higher order terms. This results in the following 
approximation:” 
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The similarity transformation used in Pourmehran et al., [45] and Noor et al., [46] is imposed 
to transform the PDEs to dimensionless ODEs 
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Substitute Eq. (15) into Eq. (6-9) yields to obtain the subsequent non dimensional equations 
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The correlated Dimensionless boundary conditions (BCs) are 
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The significant parameters in the non dimensional equations are defines as 
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“Physically, the movement of channel is portrayed by squeezing number with S>0 shows the 
plates approaches closer and S<0 shows the plates separates further. Darcy and Hartmann 
numbers are important parameter for velocity profile. Furthermore, thermal radiation, Eckert 
number and heat generation/absorption parameters are used for regulation of temperature 
profile. The effect of chemical reaction is exhibited in the nanoparticles concentration profile. 
The flow in the simultaneous momentum and mass diffusion is described by Schmidt 
number.” 
Physical quantities of Interests 
“The physical quantities of interest which govern the flow are the local skin friction 
coefficient Cfx, local Nusselt number N ux and local Sherwood number S hx, which are 
defined as” 
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where τw, qw and qs are the wall skin friction, wall heat flux and wall mass flux respectively 
given by 
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The non-dimensional forms of the skin friction coefficient, Nusselt number and Sherwood 
number in terms of similarity variable are 
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3. RESULTS AND DISCUSSION: 
“The ordinary differential equations (16)– (18) With conditions (19-20), governing the 
radiative squeezing flow of unsteady magneto-hydrodynamic Casson fluid between two 
parallel plates are coupled and nonlinear in nature. Hence, to solve these complex flow 
equations, numerically stable Runge-Kutta fourth order integration algorithm with standard 
shooting technique [48] is used. To confirm the accuracy of the present numerical scheme and 
correctness of the obtained numerical solutions, the results are compared with those of Noor et 
al [46] and Naduvinamani, Usha Shankar [47]. This comparison is shown in Table 1. From 
Table 1 it is observed that, the present numerical results are exactly matching with the semi-
analytical results of Ref. [46,47]. Also, it is noticed from Table 1 that, the absolute values of 
wall shear stress are enhanced for the increasing values of squeezing number, whereas, the 
Nusselt and Sherwood numbers decrease. Also, it is obvious that, the negative values of the 
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Nusselt number indicate the flow of heat from the surface of parallel plates to the fluid between 
the plates.” 
 
TABLE 1  
COMPARISON OF −𝑓 ′′(1), −𝜃 ′ (1) AND −𝜙 ′ (1) FOR DIFFERENT VALUES OF 𝑆 WHEN 𝛽 → ∞, 𝐷𝑎 

→ ∞ AND 𝐻𝑎 = 𝑅𝑑 = 𝛾 = 𝑁𝑏 = 𝑁𝑡 = 0 
S NOOR ET AL [46] NADUVINAMANI AND 

USHASHANKA [47] 
PRESENT VALUES 

−𝑓 ′′(1)  −𝜃 ′ 
(1) 

−𝜙 ′ (1) −𝑓 ′′(1)  −𝜃 ′ 
(1) 

−𝜙 ′ (1) −𝑓 ′′(1)  −𝜃 ′ 
(1) 

−𝜙 ′ (1) 

-
1.0 

2.1702
55 

3.3199
04 

0.8045
58 

2.1700
91  

3.3198
99 

0.8045
59 

2.1708
51  

3.3174
99 

0.80854
5 

-
0.5 

2.6175
12 

3.1295
56 

0.7814
04 

2.6174
04 

3.1294
91 

0.7814
02  

2.6175
47 

3.1245
88 

0.78758
5 

0.0
1 

3.0072
08  

3.0471
66  

0.7612
29 

3.0071
34  

3.0470
92  

0.7612
25 

3.0067
74 

3.0477
58 

0.76758
2 

0.5 3.3365
04 

3.0263
89 

0.7442
29 

3.3364
49 

3.0263
52 

0.7442
24  

3.3345
78 

3.0247
85 

0.74478
5 

2.0 4.1674
12 

3.1185
64 

0.7018
19 

4.1673
89 

3.1185
51 

0.7018
13 

4.1647
55 

3.1185
68 

0.70171
4 

“To describe the physical insight of the present problem in depth, the thermodynamic flow 
behaviour of skin-friction coefficient, Nusselt and Sherwood numbers along with velocity, 
temperature and concentration profiles in the flow region for different set physical parameters 
namely, squeezing parameter (S), Casson fluid parameter (β), Hartmann number (Ha), 
radiation parameter (R), heat generation or absorption parameter (Q), Eckert number (Ec), 
Prandtl number (Pr), chemical reaction parameter (Kr) and Schmidt number (Sc) are 
investigated. For better understanding of the numerical results, the computer generated 
numerical data are presented in the form of graphs and tables.” 
 Effect of squeezing number 
“The thermodynamic behaviour of velocity, temperature and concentration profiles for 
different values of squeezing number (S) is depicted in Figures 2–7 with fixed values of β=0.8, 
Ha=R=Q=Ec=Kr=0.1, Pr=0.1 and Sc=0.7. The movement of the parallel plates moving away 
from one another (S>0) is illustrated by Figures 2, 3 and 4. Similarly, the movement of the 
parallel plates coming close to one another (S<0) is described by Figures 5, 6 and 7 in the flow 
region. For positive values of squeezing number, radial velocity field (F) decreases from η=0 
to η=1 and radial velocity profile increases from η=0 to η=1 for negative values of S. These 
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changes in radial velocity fields are clearly shown in Figures 2 and 5, respectively. This 
increment in velocity field is due to the reason that, when parallel plates move apart from one 
another, fluid is sucked into the channel consequently which increases the velocity field. In 
other case, when plates move close to one another, liquid inside the channel is emitted out 
which gives the liquid dropping inside the channel and hence velocity of the fluid decreases. 
However, squeezing number is a function of velocity field in the flow region.” 
“Figures 3 and 6 show the thermodynamic differences seen in the temperature profile (θ) for 
both S > 0 and S0 in the flow zone. These variations were observed in the temperature profile. 
Figure 2 illustrates how the temperature field is finally suppressed for the cases in which the 
squeezing number is allowed to increase in a positive direction. This drop in the temperature 
field is because a higher value of the squeezing number reduces the squeezing force exerted on 
the flow, which in turn has a negative impact on the temperature field. On the other hand, 
looking at Figure 6, one can see an increase in the magnitude of the temperature field for S = 
0. Since the magnifying value of the squeezing number is closely related to the decaying of the 
kinematic viscosity, the distance between parallel plates, and the speed at which plates move, 
it is evident that the temperature field is relatively high when plates move close to one another. 
This is the case because of the close relationship between these three factors. On the other hand, 
the temperature profile exhibits the behavior of a function that steadily increases from zero to 
one. This much is abundantly apparent. Nevertheless, the impact of S on the concentration 
profile in the flow zone is seen in figures 4 and 7. An increased concentration field may be seen 
for S values greater than zero, as seen in figure 4. Furthermore, looking at Figure 7, one can 
see that the concentration field goes down when S is made smaller than 0. In addition, Figure 
7 reveals that the influence of the compressing number decreases with greater values. This is 
something that can be seen. Therefore, the concentration profile is a function of the number of 
times the substance was squeezed.” 
 Influence of Casson fluid parameter 
The impact of Casson fluid parameter on velocity, temperature and concentration profiles is 
described in Figures 8–10 with fixed S=Ha=0.5, R=Q=Kr=0.1, Sc=0.7, Pr=0.7 and Ec=0.8.  
“It can be seen in Figure 8 how the value affects the axial velocity profile. Figure 8 reveals that 
a rise in the value results in a greater axial velocity field below 0.5, but the opposite is seen in 
the channel section above 0.5. This can be seen by comparing the two regions. In addition, due 
to these shifts in the axial velocity field at the channel's edges, there is a tendency toward cross-
flow in the channel's center area.” 
“In addition, Figure 9 illustrates how the value describes how the value influences the 
temperature profile. Figure 9 indicates quite clearly that there is a negative correlation between 
an increase in the Casson fluid parameter and a drop in the temperature field in the flow zone. 
In addition, the thickness of the thermal boundary layer decreases when the Casson fluid 
parameter is increased to higher and higher values. However, the reduction in thickness of the 
thermal boundary layer is caused by an increase in the elasticity stress variable. A thinner 
thermal boundary layer is comparable to lower thermal diffusivity values, which demonstrates 
a higher temperature differential in the region of parallel plates. This is the case because similar 
plates have a reduced ability to dissipate heat. In addition to this, the temperature field is a 
function of that lower, and this decline occurs from =0 to =1.0. The temperature field may be 
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normalized by raising the values. This is possible because it appears directly in the thermal 
equation (see Eq. (8)). In addition to this, it can be shown from Figure 10 that each of the curves 
in concentration profiles overlap with one another, which suggests that does not have a 
significant impact on concentration profiles. This is because it does not explicitly appear in the 
mass diffusion equation (refer to Eq. (14)).” 
 Effect of Hartmann number (Ha) 
The influence of Hartmann number on flow behaviour is described in Figures 11–13 with fixed 
values of Pr=0.7, Sc=0.7 and β=S=R=Q=Kr=Ec=0.1.  
“An increase in the Hartmann number results in a reduction in the standard component of the 
velocity profile in the flow zone, as can be seen in Figure 11. This is a self-explanatory 
illustration of the phenomenon. It is reasonable to anticipate that a negligible increase in the 
Hartmann number is to blame for the increased Lorentz forces associated with magnetic fields 
since this is pretty apparent. Because of the amplified Lorentz forces, the passage of fluid 
through the channel is met with an increasing amount of resistance. Consequently, it is to be 
anticipated that the velocity field will become less intense as the value of the Hartmann number 
rises. As a result, a tendency toward cross-flow may be seen at the channel's core part due to 
these differences in the axial velocity at the boundary. On the other hand, the temperature 
profile (θ) and the fluctuations seen in it for various Ha values are shown in Figure 12. It can 
be seen by looking at this figure that when the value of Ha goes greater, there is a muted effect 
on the temperature field. Because of an increase in the Hartmann number, there is a decrease 
in the elasticity stress variable. This decrease in elasticity stress variable is responsible for the 
deterioration of the thermal field in the flow region, which is responsible for observing a thinner 
temperature boundary layer. Additionally, the temperature field is a function of Ha that goes 
up as you increase it. In addition, it is incredibly essential to observe that, as shown in Figure 
13, all of the concentration curves that regulate the concentration field are consistent. This is 
because Ha does not significantly influence the concentration profile. Ha does not appear 
explicitly in the concentration equation (see Eq. (11)).” 
 Influence of radiation parameter (Rd) 
“The effect of radiation parameter on temperature profile is described in Figure 14 with fixed 
values of S=Ha=0.5, β=Q=Kr=0.1, Sc=0.7 and Ec=1.0, Pr=0.7. Figure 14 clearly portrays that, 
an upsurge in thermal radiation parameter eventually diminishes on the temperature profile in 

the flow region. This fact can be depicted through the relation 
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,  a small upsurge in Rd causes the decay of absorption coefficient 

1k , hence 

temperature profile decreases. Also, the slope of temperature curves close to the wall indicates that 
the heat flows from the surface plates to the fluid. Thus, from Figure 14 it is conclude that, the 
numerical results obtained in this figure are reasonable and are acceptable. Also, physically, an 
increment in thermal radiation parameter gives the greater temperature value which may be useful 
in many of the thermodynamic industries.” 
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 Impact of heat source/sink parameter (Q) 
The influence of heat generation or absorption parameter (Q) on temperature profile is 
illustrated in Figures 15 with fixed values of S=Ha= 0.5, Pr=0.7, Sc=0.7 and β=R=kr=0.1, 
Ec=1.0. It is observed from Figure 15 that as Q increases, the temperature field increases. Also, 
the thickness of thermal boundary layer increases for increasing values of Q. It is expected that, 
during the heat generation process more temperature is usually released into the working fluid. 
Owing to this reason, the temperature profile upsurges as heat generation parameter increases. 
Also, due to the exothermic chemical reactions, the temperature field increases. 
 Effect of Prandtl number (Pr) 
“The influence of Pr on temperature profile is described in Figure 16 with fixed values of 
S=Ha=0.5, β=R=Q=Kr=0.1, Sc=0.7. It is observed from Figure 16 that, temperature field 
increases for increasing values of Pr. This increment in temperature profile is mainly due to 
decrease in the thermal conductivity values. However, dissipation effects are also responsible 
for the increase of temperature field in the flow. Further, the thickness of temperature boundary 
layer decreases [44] for increasing values of Pr. This decrement is mainly due to the fact that, 
the magnified Pr values greatly decrease the thermal diffusivity which in turn causes the 
decreasing of the temperature boundary layer thickness. Generally, it is known that, Pr1 
corresponds to the high-viscosity materials like oils etc. From this observation it is concluded 
that, temperature field is an increasing function of Pr.” 
 Influence of chemical reaction parameter (R) 
“The effect of chemical reaction parameter on concentration profile is illustrated in Figure 17. 
with fixed values of S=Ha=0.5, β=R=Q=Ec=0.1 and Pr=0.7, Sc=0.7. Generally, it is observed 
that, in many of the cases the decreased concentration field is noticed for destructive chemical 
reaction. In view of this, Figure 17 confirms the results obtained in Ref. [44]. Thus, Figure 17 
clearly illustrates that, for the destructive chemical reaction concentration distribution 
decreases.” 
 
 Effect of Schmidt number (Sc) 
“The influence of Schmidt number (Sc) on concentration profile with fixed values of 
S=Ha=0.5, β=R=Q=Ec=Kr=0.1 and Pr=0.7 is described in Figure 17. Figure 17 clearly 
illustrates that, the increasing Schmidt number decreases the concentration field in the flow 
region. This fact can be justified as follows: a small upsurge in Schmidt number diminishes the 
coefficient of mass diffusion, which in turn causes the decreases of concentration field in the 
flow region. Further, it is observed that, the concentration field is a decreasing function of Sc. 
Also, the concentration boundary layer thickness decreases for increasing values of Sc.” 
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FIGURE 2 EFFECT OF S>0 ON F(Η) 

 
FIGURE 3 EFFECT OF S>0 ON Θ(Η) 

 
FIGURE 4 IMPACT OF S>0 ON  (Η) 
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FIGURE 5 EFFECT OF S<0 ON F(Η)

 
FIGURE 6 EFFECT OF S<0 ON Θ(Η) 

 
FIGURE 7 IMPACT OF S<0 ON  (Η) 
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FIGURE 8 IMPACT OF Β ON F(Η) 

 
FIGURE 9 IMPACT OF Β ON Θ(Η) 

 
FIGURE 10 IMPACT OF Β ON  (Η) 
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FIGURE 11 IMPACT OF HA ON F(Η) 

 
FIGURE 12 IMPACT OF HA ON Θ(Η) 

 
FIGURE 13 IMPACT OF HA ON  (Η) 
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FIGURE 14 IMPACT OF RD ON Θ(Η) 

 
FIGURE 15 IMPACT OF Q ON Θ(Η) 

 
FIGURE 16 IMPACT OF PR ON Θ(Η) 
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FIGURE 17 IMPACT OF R ON  (Η) 

 
 FIGURE 18 IMPACT OF SC ON  (Η) 

 
6 CONCLUSIONS 

1. “The heat and mass transfer characteristics of unsteady MHD flow of Casson nanofluid 
squeezing between two parallel plates saturated in a porous medium under the influence 
of chemical reaction, thermal radiation and heat generation or absorption was 
investigated numerically. The effects of viscous and Joule dissipation were also 
considered. The flow is induced by the motion of the upper plate towards or away from 
lower plate with an external velocity. The use of the Shooting technique derives the 
numerical answers. The numerical solutions for skin friction coefficient, Nusselt and 
Sherwood numbers are validated with the previous works and excellent agreement is 
observed from both results. The effects of physical parameters, namely, squeeze 
number 𝑆, Casson fluid parameter 𝛽, Hartmann number 𝐻𝑎, radiation parameter 𝑅𝑑, 
heat generation/absorption parameter Q and chemical reaction parameter 𝑅 on fluid 
velocity, temperature and concentration are analysed graphically. The main findings of 
this study can be summarized as follows.” 
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2. “In view of industrial use, the power required to generate the movement of the parallel 
plates is considerably reduced for the negative values of squeezing number. The 
influence of negative and positive squeezing parameter on velocity field is observed to 
be reversed. The higher values of squeezing number diminish the squeezing force on 
the fluid flow, which in turn reduces the thermal field. The thinner temperature 
boundary layer corresponds to the lower values of thermal diffusivity and it shows the 
higher values of temperature gradient for the increasing values of β. Due to the presence 
of stronger Lorentz forces the temperature and velocity fields behave like decreasing 
functions of Hartmann number. Temperature field is suppressed for the increasing 
values of thermal radiation parameter. The destructive chemical reaction intensifies the 
concentration field and constructive chemical reaction decreases the concentration 
field. The current numerical investigation has provided some remarkable insights of 
squeezing flow with non-Newtonian Casson fluid between two parallel plates. The 
numerical results presented in this paper may be useful in theoretical and experimental 
studies related to the squeezing flow phenomena.” 
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