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Abstract The purpose of this present paper is to evaluate the analytical solution of 

Brinkman type fluid through an accelerated plate with heat transfer. The dimensional 

governing equations reduced to non-dimensional form by using appropriate dimensionless 

variables. The non-dimensional equations are solved to obtain velocity and temperature 

profiles by using Laplace transform method. This research is to determine how physical 

parameters, Prandtl number, Grashof number, Brinkman type fluid parameter and time 

embedded in the fluid flow models effect the behaviour of velocity and temperature profiles. 

The effect of these parameters is illustrated graphically by using MATHCAD software. 
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1 Introduction 
 

The movement of energy in a medium caused by a difference of temperature is known as heat 

transfer. Heat transfer is a process of heat flowing through a boundary of a system from a higher 

temperature surrounding to a low temperature surrounding due to difference of temperature and 

environment. Heat describes as a transport or in a system, it is called boundary [1]. Convection is 

one of the methods for the heat to transfer. 

 Convection incorprates heat transfer and circulation in conduction to cause molecular in the air 

to travel from hotter to cooler regions.The motion of heated molecules is based on two forms of 

convections which are free convection and mechanical convection. Free convection generates a 

circulating current that distributes heat uniformly across the prepared material. 

In this research paper, Brinkman type fluid is one of the examples of non-Newtonian fluid as 

suggested by H.C. Brinkman. The fluid flows over a highly porous media and it has its own 

special term of viscosity [2].  

 

2 Literature Review  

 

2.1 Free Convection Flow of Newtonian Fluid by using Laplace Transform 

 

A Newtonian fluid is a fluid in which at any point, the viscous stresses resulting from its flow are 

linearly correlated to the local strain rate which the rate of change over time of its deformation. 
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There are few differences between Newtonian and non-Newtonian fluid stated in some of the 

researches. Non-Newtonian fluid has twice velocity as the Newtonian fluid velocity, and the 

volume flux amplitude of non-Newtonian fluid is higher than the amplitude of Newtonian fluid 

[3]. The harvested voltages and electrical power in Newtonian fluid are higher than in non-

Newtonian fluid [4]. Laplace transform method can solve the second problem of stokes for 

Newtonian fluid simplier and direct [5].  

 

2.2 Free Convection Flow of Brinkman Type Fluid by using Laplace Transform 

 

Non-Newtonian fluid has greater energy dissipation and better heat transfer than Newtonian fluid 

[6]. The influence of thermal radiation on unsteady free convection is studied by considering MHD 

flow of incompressible Brinkman type fluid in a porous medium with Newtonian heating. They 

considered four important situations of flow due to impulsive motion of the plate., uniform 

acceleration of the plate, non-uniform acceleration of the plate and highly non-uniform 

acceleration of the plate. Laplace transform method is used to solve the combined effect of heat 

and mass diffusion on time fractional free convectional incompressible flow of Brinkman type 

fluid over an oscillating plate [7]. Laplace transform method together with Hankel transform can 

be developed to get analytical solution for the influence of a transverse magnetic field in a 

cylindrical tube for Brinkman type fluid [8]. 

 

2.3 Accelerated Plate 

 

When the temperature of accelerated moving vertical plate has a temporarily ramped profile, 

unsteady hydromagnetic free convection mass and heat transfer flow with hall current of a viscous, 

incompressible, electrically conducting, heat absorbing and optically radiating fluid past a plate 

and Laplace transform method is used to solve the exact solutions of momentum, energy and 

concentration equations [9]. A study is discovered that an accelerated motion of the porous plate 

generated the flow of unsteady MHD flow of a viscous incompressible electrically conducting 

fluid under the transverse magnetic field and Hall current, Laplace transform technique is used to 

form analytical solution of governing equation [10]. Fourier Sine and Laplace transform method 

can be used to obtain the solutions for the velocity and shear stress corresponding to the unsteady 

flow induced by an infinite constantly accelerating and oscillating plate in an incompressible 

generalized Maxwell fluid [11]. 

 

3     Mathematical Formulation 
 

By taking unidirectional and one-dimensional flow, and using the Boussinesq 

approximation, the free convection flow is governed by the momentum and energy equations: 

 

𝜕𝑢′

𝜕𝑦′
+ 𝛽∗𝑢′ = 𝜇

𝜕2𝑢′

𝜕𝑦′2
+ 𝑔𝛽(𝑇′ − 𝑇′∞) 

(1) 

𝜕𝑇′

𝜕𝑡′
=

𝑘

𝜌𝑐𝑝

𝜕2𝑇′

𝜕𝑦′2
 

(2) 

u’ = 0           T’= 𝑇′∞        for y’≥  0 and t’ ≤  0 

u’ = At’        T’= 𝑇′𝑤        at y’ = 0 fot t’ < 0 

u’→  0          T’→  𝑇′∞      y’ →  ∞ 𝑓𝑜𝑟 𝑡′ >  0 

(3) 
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Some suitable dimensionless variables are introduced in order to convert equation (1), (2), (3) into 

dimensionless form. 

𝑢 =
𝑢′

(𝜇𝐴)
1
3

     𝑦 =
𝑦′𝐴

1
3

𝜇
2
3

     𝑡 =
𝑡′𝐴

2
3

𝜇
1
3

     𝑇 =
𝑇′−𝑇′∞

𝑇′𝑤−𝑇′∞
 

(4) 

 

By substituting equation (4) into (1) and (2) together with initial and boundary conditions (3), then 

dimensionless equation for both momentum and energy equations are obtained as, 

 

(i) Dimensionless form for momentum equation (1) 

 

𝜕𝑢

𝜕𝑡
+ 𝛽1𝑢 =

𝜕2𝑢

𝜕𝑦2
+ 𝐺𝑟𝑡 

where; 

𝛽1 =
𝛽∗𝜇

1
3

𝐴
2
3

 and 𝐺𝑟 =
𝑔

𝐴
𝛽(𝑇′𝑤 − 𝑇′∞) 

(5) 

(ii) Dimensionless form for energy equation (2) 

 

Pr
𝜕𝑇

𝜕𝑡
=

𝜕2𝑇

𝜕𝑦2
 

where: 

Pr =
𝜇𝜌𝑐𝑝

𝑘
 

(6) 

The initial and boundary conditions in dimensionless forms are, 

 u = 0          T = 0        for y ≥  0 𝑎𝑛𝑑 𝑡 ≤  0 

u = t           T = 1        at y = 0 for t > 0 

u →  0        T →  0      as y →  ∞ 𝑓𝑜𝑟 𝑡 >  0 

(7) 

 

4          Laplace and Inverse Laplace transform 

 

In order to solve momentum and energy equation to obtain velocity and temperature 

profiles, Laplace transform method is used. 

 

(i) Energy equation: 

 

Transformation equations and initial conditions (7) will be used to transform equation (6) into 

ordinary differential equation together by implementing homogeneous equation technique, 

eventually we can get, 

 

�̅�(𝑦, 𝑠) =
1

𝑠
𝑒−𝑦√𝑠Pr . 

(8) 

(ii) Momentum equation 

 

By implementing Laplace transform identity and non-homogeneous equation technique, together 

with the initial conditions (7), 
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�̅�(𝑦, 𝑠) = [
1

𝑠2
−

𝐺𝑟

𝑠𝑠(1 − Pr) + 𝑠𝛽1
] 𝑒−𝑦√𝑠+𝛽1

+ [
𝐺𝑟

𝑠2(1 − Pr) + 𝑠𝛽1
] 𝑒−𝑦√𝑠𝑃𝑟 . 

(9) 

Next, implying the inverse Laplace transform to obtain the analytical solutions for the velocity 

and temperature profiles, 

(i) Velocity profiles 

 

𝑢(𝑦, 𝑡) = 𝑢1(𝑦, 𝑡) − 𝑢2(𝑦, 𝑡) + 𝑢3(𝑦, 𝑡) + 𝑢4(𝑦, 𝑡) − 𝑢5(𝑦, 𝑡) 

where; 

𝑢1(𝑦, 𝑡) = (
𝑡

2
+

𝑦

4√𝛽1

) exp(𝑦√𝛽1)erfc (
𝑦

2√𝑡
+ √𝛽1𝑡) 

+ (
𝑡

2
−

𝑦

4√𝛽1

) exp(−𝑦√𝛽1)erfc (
𝑦

2√𝑡
− √𝛽1𝑡)  

 

 

𝑢2(𝑦, 𝑡) =
𝛽3

2
exp(𝑦√𝛽1)erfc (

𝑦

2√𝑡
+ √𝛽1𝑡) 

+
𝛽3

2
exp(−𝑦√𝛽1)erfc (

𝑦

2√𝑡
− √𝛽1𝑡)  

 

𝑢3(𝑦, 𝑡) =
𝛽3

2
exp(−𝛽2𝑡 + 𝑦√𝛽1 − 𝛽2)erfc (

𝑦

2√𝑡
+ √(𝛽1 − 𝛽2)𝑡) 

+ 
𝛽3

2
exp(−𝛽2𝑡 − 𝑦√𝛽1 − 𝛽2)erfc (

𝑦

2√𝑡
− √(𝛽1 − 𝛽2)𝑡)  

 

𝑢4(𝑦, 𝑡) = 𝛽3erfc (
𝑦

2
√

Pr

𝑡
)  

 

𝑢5(𝑦, 𝑡) =
𝛽3

2
exp (−𝛽2𝑡 + 𝑦𝑖(√𝛽2Pr)) erfc (

𝑦

2
√

Pr

𝑡
+ 𝑖√𝛽2𝑡) 

+
𝛽3

2
exp (−𝛽2𝑡 − 𝑦𝑖(√𝛽2Pr)) erfc (

𝑦

2
√

Pr

𝑡
− 𝑖√𝛽2𝑡)  

(10) 

(ii) Temperature profiles 

 

𝑇(𝑦, 𝑡) = erfc [
y

2
√

Pr

𝑡
] . 

(11) 
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5 Result and Discussion 
 

 
Figure 5.1 Temperature profiles for different values of Pr with t = 1.0. 

 

Figure 5.1 shows the effect of Pr on the temperature profile corresponds to constant t. It is observed 

that the temperature decreases as the value of Pr increases. The graph above shows that the curve 

of the temperature profile declines more rapidly as the value of Pr increases. 

 

 
 

Figure 5.2 Temperature profiles for different values of t when Pr = 0.7. 

 

Figure 5.2 displays that the effect of time, t on the temperature profile corresponds to fixed value 

Pr = 0.7 referred to a study done by Zakaria et al. (2013). From the figure above, it is demonstrated 

that the temperature gradually in time, t.  It is noted that the temperature decreases with increasing 

of time, t to its free stream value. 

  

 
T(y,t) 

 
T(y,t) 
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Figure 5.3 Velocity profiles for different values of Gr when Pr = 1.5, 𝛽1= 0.8 and t = 1.0. 

 
Figure 5.3 indicates that the effect of different values of Gr on the velocity profile with constant 

number of Pr, 𝛽1 and t. It shows that the higher the value of Gr, the higher the velocity as Gr is a 

ratio of bouyancy force to viscous force. 

 

 
Figure 5.4 Velocity profiles for different values of Pr when Gr = 5.0, 𝛽1= 0.8 and t = 1.0. 

 
Figure 5.4 shows that when the values of Pr increases, the velocity decreases as Pr is a ratio of 

momentum diffusivity to the thermal diffusivity. Momentum diffusivity is also known as viscous 

force. 

 
 

Figure 5.5 Velocity profiles for different values of 𝛽1 when Pr = 0.7, Gr = 5.0 and t = 1.0. 

 

Figure 5.5 shows that the velocity profile with different value of 𝛽1. It is observed that the higher 

the Brinkman fluid parameter in the boundary region gives out the lower the velocity of fluid. 

 

 
u(y,t) 

 
u(y,t) 

 
u(y,t) 
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Figure 5.6 Velocity profiles for different values of t when Pr = 14, 𝛽1= 0.8 and Gr = 7.0. 

 
Figure 5.6 shows that the velocity of Brinkman fluid increases with the increasing in time, t. It is 

also to be noted that for very small values of t, the velocity profiles are nearly flat, but assume 

parabolic shapes near the plate as t increases. 

 

 

6 Conclusion 
 

It is observed that, the velocity increases when the values of Grashof number and time 

increase while decreases for higher values of Prandtl number and Brinkman type fluid parameter. 

Temperature profiles also increase for higher values of time but decrease for higher values of 

Prandtl number. As a conclusion, it is clear that there are a few factors that effects the temperature 

and velocity of Brinkman type fluid which are Prandtl number (Pr), Grashof number (Gr), 

Brinkman type fluid parameter (𝛽1) and time (t). The aim of this research is to provide the 

solutions for the convection flow of Brinkman type fluid over an accelerated plate. 
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