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Abstract 

An exact solution has been gained for the flow of MHD nano fluid past a vertical porous 

plate under the impacts of thermal radiation and heat generation with variable temperature. 

Graphs are used to study and depict the fluctuations in velocity, temperature, and 

concentration caused by the influence of various physical parameters. Additionally, we have 

noted the numbers for local skin friction, heat transfer, and mass transfer rates and talked 

about each one's features. The findings demonstrate that a drop occurs in temperature as the 

dimensionless solid volume fraction of nanoparticles parameter ∅ is increased. 

 

Keywords: Magnetohydrodynamics; Thermal Radiation; Nanofluid; Porous medium; Heat 

source. 

 

1. INTRODUCTION 

In recent years, many researchers had a great attention towards nanofluids as it has many 

applications in various fields such as material sciences, medicine, electronics, chemical, civil 

engineering and so on. This is due to the enhanced thermo physical properties of nanofluids. 

Nanofluid is characterized as a mixture of base fluid which is suspended with solid 

nanoparticles of size 1nm to100 nm. It exhibits higher thermal conductivity and convective 

heat transfer coefficient than the traditional fluids such as water, oil, and ethylene glycol. 

Physically, the combined effects of heat and mass transfer under the impact of different 

parameters are mainly utilized in petroleum manufacturing and water purification processes. 

According to Choi S.U.S. [1], nanofuids are heat transfer fluids that contain nanomaterials 

(width less than 100 nm) to enhance the qualities of heat transmission. The ultimate goal of 

nanofluids is to maximise thermal conductivity with the fewest number of nanoparticles 

possible. Due to a nanofluid's improved thermal conductivity, it was able to cool 

microchannels without clogging and pump more effectively, among other benefits. Ahmad et 

al.'s [2] investigation of the nanofluid flow dynamics past a Riga plate used both analytical 

and numerical methods. They came to the conclusion that the size of the nanoparticles is 

proportional to the Nusselt number's magnitude. Using a computational method, Sheremet et 

al. [3] examined how the corner heater affected MHD nanofluid flow in a porous wavy cavity 

and demonstrated that the magnetic field has a detrimental effect on heat transmission. 

Chandra Reddy et al. [4,5,6,7] studied and reported MHD nanofluid flow properties past a 

moving vertical plate in the presence of radiation and thermal diffusion and also MHD 

natural convective heat generation/absorbing and radiating fluid past a vertical plate 
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embedded in porous medium. Eid et al. [8,9] gave detailed experimental characterization, 

TDDFT-DFT, and spin effect on [PEG/H2O-ZrO2/TiO2]
h hybrid nanofluid 3D flow as 

potential ceramic industry application and also reported on 3D Prandtl nanofluid flow with 

higher-order chemical reaction. 

 

Mathematical formulation: 

An unsteady Nano_Magneto Hydrodynamics fluid radiation free convective heat 

absorbing/generating fluid with variable temperature has been considered. The x-axis is taken 

parallel to the channel, while the y-axis is taken perpendicular to it. The 𝐵0uniform magnetic 

field applied to the flow in a transverse direction. When time 𝑡 ≤ 0 the fluid is at rest and the 

plate is kept at atemperature greater than the surrounding air temperature𝑇∞.  Temperature 

drops with temperature 𝑇 =
1

1+𝑎𝑡
 at time 𝑡 > 0 and the plate exponential accelerates with 

increasing time in its own plane. The species concentration drops with time‘t’ in a similar 

manner. It is presumpted that the effect of viscous dissipation is minimal and that the 

boundary layer and standard Boussineq’s approximation will work. The flow is controlled by 

the following equations in light of the aforementioned factors. 

 

𝜌𝑛𝑓
𝜕𝑢∗

𝜕𝑡∗ = 𝜇𝑛𝑓
𝜕2𝑢∗

𝜕𝑡∗2 + 𝑔𝜌𝛽𝑛𝑓(𝑇∗ − 𝑇∞) − 𝜎𝑛𝑓𝐵0
2𝑢∗ −

𝜇𝑛𝑓

𝑘∗ 𝑢∗     (1) 

 

𝜌𝐶𝑝𝑛𝑓

𝜕𝑇∗

𝜕𝑡∗ = 𝐾𝑛𝑓
𝜕2𝑢∗

𝜕𝑡∗2 −
𝜕𝑞𝑟

∗

𝜕𝑦∗ + (𝑇∗ − 𝑇∞)       (2) 

 

The associated initial and boundary conditions of the illustrated model are as follows: 

 

𝑡 ≤ 0 ∶  𝑢∗ = 0 , 𝑇∗ = 𝑇∞ ,    𝑓𝑜𝑟 𝑎𝑙𝑙      𝑦∗ ≤ 0

𝑡 > 0 ∶  𝑢∗ = 𝑈0𝑎∗𝑡∗ , 𝑇∗ = 𝑇∞ + (
𝑇𝑠

∗−𝑇∞

1+𝐴𝑡∗ )  ,    𝑎𝑡   𝑦∗ = 0  

             𝑢∗ = 0  ,                       𝑇∗ = 𝑇∞   ,                         𝑎𝑠   𝑦∗ → ∞

}    (3) 

 

Where 𝐴 =
𝑈0

2

𝜈
 

 

Introducing the dimensionless variables and parameters are as follows: 

 

𝑈 =
𝑢∗

𝑈0
 , 𝑦 =

𝑦∗𝑈0

𝜈
 , 𝑡 =

𝑡∗𝑈0

𝜈
 , 𝜃 =

𝑇∗−𝑇∞

𝑇𝑠
∗−𝑇∞

, 𝑎 =
𝑎∗𝜈

𝑈0
, 𝐾 =

𝑘∗𝑈0
2

𝜈2
,   

𝜕𝑞𝑟
∗

𝜕𝑦∗
= 4(𝑇∗ − 𝑇∞)𝐼∗

𝑀2 =
𝐵0

2𝜎𝑓𝜈𝑓

𝜌𝑓𝑈0
2 , 𝐺𝑟 =

𝑔𝛽𝑓𝜈𝑓

𝑈3
(𝑇𝑠 − 𝑇∞) , 𝐹 =

4 𝐼∗𝜈𝑓

𝜌𝑓𝐶𝑝𝑓
𝑈0

2  , 𝑄 =
𝑄∗𝜈𝑓

2

𝐾𝑓𝑈0
2 , 𝑃𝑟 =

𝜈𝑓 𝜌𝑓 𝐶𝑝𝑓

𝐾𝑓

}  (4) 

 

We obtain the dimensionless governing system of partial differential equations of the model 

as follows: 

 

𝑎1  
𝜕𝑈

𝜕𝑡
= 𝑎2

𝜕2𝑈

𝜕𝑦2
− (𝑎3𝑀2 +

𝑎2

𝐾
) 𝑈 + 𝐺𝑟𝑎4𝜃       (5) 

𝑎5
𝜕𝜃

𝜕𝑡
=

𝑎6

𝑃𝑟

𝜕2𝜃

𝜕𝑦2
− (𝐹 +

𝑄

𝑃𝑟
) 𝜃         (6) 
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The analogous initial and boundary conditions becomes: 
𝑡 ≤ 0 ∶  𝑈 = 0 , 𝜃 = 0 ,    𝑓𝑜𝑟 𝑎𝑙𝑙              𝑦 ≤ 0

𝑡 > 0 ∶     𝑈 = 𝑎𝑡 , 𝜃 =
1

1+𝑡
 ,        𝑎𝑡         𝑦 = 0  

                            𝑈 = 0  ,            𝜃 = 0   ,                         𝑎𝑠   𝑦 → ∞

}     (7) 

 

Method of solution: 

The boundary conditions (7) around the fluid in the plate must be met in order to solve the 

system of partial differential equations (5) and (6) mentioned above. 

𝑈 = 𝑈0(𝑦) + 𝜀𝑒𝑎𝑡𝑈1(𝑦)

𝜃 = 𝜃0(𝑦) + 𝜀𝑒𝑎𝑡𝜃1(𝑦)
}        (8) 

 

Equating the harmonic and non-harmonic terms with (8) in equations (5) and (6), we get   

Zeroth order equations: 

𝑈0
′′ − 𝛽2𝑈0 = −𝛽5𝜃0         (9) 

𝜃0
′′ − 𝛽4𝜃0 = 0                   (10) 

 

First order equations: 

𝑈1
′′ − 𝛽3𝑈1 = −𝛽6𝜃1                   (11) 

𝜃1
′′ − 𝛽1𝜃1 = 0                              (12) 

 

The analogous boundary conditions become: 

𝑈0 = 𝑎𝑡 , 𝑈1 = 0,        𝜃0 =
1

1+𝑡
 , 𝜃1 = 0      𝑎𝑡     𝑦 = 0

𝑈0 → 0 , 𝑈1 → 0,      𝜃0 → 0 , 𝜃1 → 0      𝑎𝑠     𝑦 → ∞
}               (13) 

 

Equations (9) through (12) are solved for under initial and boundary conditions (13), and the 

result is:  

 𝜃0 = 𝐿1𝑒−𝑦√𝛽4    ; 𝜃1 = 0               (14) 

 𝑈0 = 𝐿3𝑒−𝑦√𝛽2 + 𝐿2𝑒−𝑦√𝛽4   ;   𝑈1 = 0               (15) 

 

Given the aforementioned equations can be expressed as: 

𝜃 = 𝐿1𝑒−𝑦√𝛽4                    (16) 

𝑈 = 𝐿3𝑒−𝑦√𝛽2 + 𝐿2𝑒−𝑦√𝛽4                  (17) 

 

Skin friction coefficient: 

𝜏 = (
𝜕𝑈

𝜕𝑦
)

𝑦=0
= −(√𝛽2 𝐿3 + √𝛽4 𝐿2)                 (18) 

 

Rate of heat transfer coefficient: 

𝑁𝑢 = (
𝜕𝜃

𝜕𝑦
)

𝑦=0
= −√𝛽4 𝐿1                 (19)  

 

2. RESULTS AND DISCUSSION: 
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 Exact solution by using perturbation method is derived for velocity and temperature 

under the impacts of a variety of parameters, including 𝑀, 𝐹, ∅, 𝑃𝑟 , 𝐾, 𝑎, 𝑡  velocity, 

temperature skin friction, and nusselt number, and the results are graphically displayed in 

Figures (1) through (9). The effects of the dimensionless solid volume fraction of 

nanoparticles parameter ∅  are shown in Figure 1. This graph demonstrates that velocity 

decreases as the dimensionless solid volume fraction of nanoparticles parameter. 

The impact of the Prandtl number 𝑃𝑟 on the velocity distribution is shown in Figure 

(2). It is observed that the velocity falls off as the Prandtl number 𝑃𝑟rises. This is due to the 

fact that low Prandtl number 𝑃𝑟 fluids have high thermal diffusivity, which leads to greater 

temperatures in constant state. This, in turn, results in stronger buoyancy force, or higher 

fluid velocity, compared to fluids with relatively low Prandtl numbers𝑃𝑟. In figure (3), the 

effect of the magnetic parameter M is depicted visually. The mean velocity drops as the 

magnetic parameter increases, as expected. The transverse magnetic field's influence 

produces a drag-like resistive type of force that tends to oppose the viscoelastic fluid's 

tendency to move more slowly. 

 

 
Fig-1: velocity distributions for various values of ∅ 

 
Fig-2: velocity distributions for various values of 𝑃𝑟 
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Fig-3: velocity distributions for various values of 𝑀 

 
Fig-4: velocity distributions for various values of 𝐾 

 
Fig-5: velocity distributions for various values of 𝐹 

 
Fig 6: velocity distributions for various values of 𝑎 
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Figure (4) shows the fluctuation of velocity profiles with a dimensionless permeability 

parameter  𝐾 . This graph unequivocally shows that as the dimensionless permeability 

parameter 𝐾 is raised, the value of velocity profiles diminishes. The impact of the radiation 

parameter on the velocity distribution is shown in Figure (5). With rising radiation parameter 

values, it is shown that the velocity decreases. The velocity profiles for various values of the 

accelerating parameter "a" are shown in Figure (6). The figure shows that the velocity rises as 

the accelerating parameter rises. Additionally, it is discovered that the fluid velocity caused 

by an exponentially accelerated start (accelerating parameter not equal to zero) is greater than 

that caused by an impulsive start of the plate (accelerating parameter equal to zero).  

 
Fig-7: velocity distributions for various values of 𝑡 

 
Fig-8: temperature distributions for various values of 𝑡 

 
Fig-9: temperature distributions for various values of ∅ 
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The effects of the dimensionless time parameter "t" are seen in Figure (7). This graph shows 

that as the dimensionless time parameter is increased, velocity continues to climb. Figure (8) 

illustrates typical temperature profile fluctuation for various values of the dimensionless time 

parameter t. The findings demonstrate that a drop occurs as the dimensionless time parameter 

is increased. In the case of heat-absorbing fluids, the momentum and thermal boundary layers 

consequently get thinner. Figure (9) illustrates typical temperature profile fluctuation for 

various values of the dimensionless solid volume fraction of nanoparticles parameter ∅. The 

findings demonstrate that a drop occurs as the dimensionless solid volume fraction of 

nanoparticles parameter ∅ is increased.  
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