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In recent years, hybrid nanoparticles have gained significant attention for their ability 
to enhance thermal conductivity in various fluid systems, making them effective heat 
transport catalysts. Despite advancements in thermal fluid technology, a gap remains 
in understanding how hybrid nanoparticles interact within non-Newtonian Jeffrey fluid 
systems, particularly under complex boundary conditions like Newtonian heating. The 
present study aims to shed light on the effect of hybrid nanoparticles (alumina and 
copper) incorporated into a Jeffrey fluid model on flow and heat transport, considering 
them as heat transport catalyst and subject to Newtonian heating to optimize thermal 
efficiency. An exponentially accelerated plate is used to induce the fluid flow, taking 
into account the effects of porosity, MHD, and thermal radiation. The examined fluid 
exhibits an unsteady one-dimensional flow, formulated by deriving partial differential 
equations, which are subsequently transformed into ordinary differential equations 
using suitable non-dimensional variables and the Laplace transformation. This research 
distinguishes itself by presenting a novel mathematical model for MHD Jeffrey hybrid 
nanofluid, accounting for porosity and Newtonian heating effects. The inverse of 
Laplace is used to generate the exact solutions for velocity and temperature profiles, 
which is not explored in existing literature. Graphical representations are generated 
using Mathcad, depicting the velocity and temperature distributions. A comparison 
with prior study from the literature demonstrates strong agreement between our 
findings and theirs. The findings indicate that the velocity and temperature profiles of 
the hybrid nanofluid are higher with Newtonian heating than without it. Additionally, 
an increase in the Grashof number, radiation, acceleration, and porosity parameters 
also leads to an enhanced velocity profile.  
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1. Introduction 
 

Magnetohydrodynamics (MHD) is the study of the behavior of electrically conducting fluids in the 
presence of a magnetic field [1]. This field combines principles from both magnetism and fluid 
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dynamics. MHD effects are commonly observed in conductive fluids such as plasmas, liquid metals, 
and saltwater, where the interaction between fluid motion, magnetic fields, and heat transfer 
governs the system's behavior [2]. In nuclear reactors, magnetic fields are used to control liquid metal 
coolant flow, while in fusion reactors, they manage plasma motion and heat during energy 
generation. In medicine, MHD techniques are employed to guide magnetized particles for targeted 
drug delivery, influencing drug release through controlled heat transfer. Given the significance of 
MHD effects, many researchers have studied their unique impact on fluid flow. Ali et al., [3] 
investigated the dynamics of Casson fluid flow in MHD systems with thermal radiation and heat sink 
effects. Sehra et al., [4] examined heat transfer and MHD effects in second-grade fluids, with a focus 
on the emerging field of fractional derivatives in fluid dynamics. Noranuar et al., [5] studied the non-
coaxial rotating MHD flow of a viscous fluid, exploring the physical interaction of magnetic fields with 
rotating flow. Ramzan et al., [6] analytically studied heat and mass transfer in Casson fluid flow under 
the influence of a magnetic field, obtaining solutions using the Laplace transform method. In certain 
cases, such as MHD flow through porous media, heat transfer characteristics are further altered. The 
ability to control fluid flow and heat transfer in porous media using magnetic fields has significant 
applications, ranging from energy systems and oil extraction to biomedical devices and advanced 
cooling systems. Understanding the interaction between MHD effects and porous media is essential 
for optimizing the performance and efficiency of these systems. Due to the complex and intriguing 
behavior of MHD flow through porous media, this topic continues to attract attention from 
researchers [7-9]. Recently, Noranuar et al., [10] explored the behavior of Casson fluid flow in a 
channel with heat and mass transfer. Haq et al., [11] investigated unsteady MHD viscous fluid flow 
through a porous medium, confined by a cosine and sine oscillating plate. Abbas et al., [12] discussed 
the influence of porosity and MHD on Casson fluid flow over an accelerated porous plate. While the 
application of a magnetic field typically retards fluid flow, which can be disadvantageous in processes 
like cooling systems where rapid fluid movement is needed, interacting MHD flow within a porous 
medium can enhance fluid control and stability, providing benefits for applications such as filtration 
or petroleum extraction. 

Newtonian heating refers to a boundary condition where the heat flux is proportional to the 
difference between the surface and the ambient fluid temperatures [13]. This is significant in systems 
where heat generation or absorption is continuously influenced by the changing temperatures of 
both the surface and fluid, such as in heat exchangers, cooling systems, or thermal management 
processes in electronics [14]. The impact of Newtonian heating on fluid dynamics and heat transfer 
processes is evident in different models. Studies have shown that Newtonian heating tends to 
enhance temperature profiles while affecting fluid velocity differently based on the specific fluid 
model and boundary conditions [15]. The investigation of Jeffrey fluid flow with Newtonian heating 
effects was conducted by Riaz et al., [16], considering fluid flow induced by a moving plate. Mohd Zin 
et al., [17] scrutinized the impacts of Newtonian heating on Jeffrey fluid flow across an oscillating 
plate in the presence of heat and mass transfer. Ramzan et al., [18] used a moving plate to initiate 
the Jeffrey fluid flow and introduced the effects of Newtonian heating and thermal radiation on heat 
transfer. Anwar et al., [19] applied ramped velocity conditions and Newtonian heating to investigate 
the motion of Jeffrey fluid near a vertical plate. Despite many studies focusing on constant boundary 
conditions, adding complex conditions like Newtonian heating can improve simulations. Newtonian 
heating provides a more accurate representation of heat transfer, leading to better predictions of 
temperature and system performance. 

The Jeffrey fluid model is a mathematical representation used in fluid dynamics to describe the 
behavior of non-Newtonian fluids. Non-Newtonian fluids are those whose viscosity is not constant 
and varies with the rate of shear strain. Compared to other viscoelastic flow models, the Jeffrey fluid 
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model is simpler. Its equations can be reduced to those of Newtonian models, making it a 
generalization of the commonly used Newtonian fluid model [20]. Unlike standard viscous fluid 
models, the Jeffrey fluid model can capture the stress relaxation behavior of non-Newtonian fluids. 
It effectively describes a category of non-Newtonian fluids characterized by a unique memory time 
scale, known as the relaxation time [21]. Concerning the Jeffrey fluid model, Zin et al., [22] addressed 
the analytical solutions for heat transfer and rotating fluid flow incorporating the magnetic field, 
porosity, and radiation effects. The study was extended by Hari Babu et al., [23], imposing the Hall 
and ion-slip effect and was also extended by Krishna [24], considering ramped wall velocity and 
temperature effects. A generalized heat transfer for Jeffrey fluid flow was examined by Asjad et al., 
[25] and was further extended by Bajwa et al., [26], considering the fluid moving through a porous 
medium with magnetic field effects and exponentially accelerating plate. Another study of Jeffrey 
fluid flow was conducted by Aleem et al., [27], considering the investigated flow within a moving 
channel, and was also performed by Siddique et al., [28], introducing the effect of heat absorption 
on thermal transport, which directly affects velocity distribution.  

In contemporary engineering and scientific endeavors, there is a concerted effort to improve 
transport processes across various systems, such as heat exchangers, electronic devices, and 
chemical reactors. This improvement can involve modifying different elements within these systems, 
such as heat transfer surfaces or the working fluid. Nanofluids, which are base fluids infused with 
solid material nanoparticles, represent effective working fluids applicable across diverse engineering 
systems [29-32]. Combining two or more different nanoadditives with the base fluid leads to the 
creation of hybrid nanofluids [33]. Hybrid nanofluids offer advantages such as increased thermal 
conductivity, improved heat absorption, and enhanced energy transport efficiency compared to 
traditional heat transfer fluids [34]. Eshgarf et al., [35] have extensively detailed the preparation of 
hybrid nanofluids, including their advantages and drawbacks. The primary objective in such 
endeavors is to analyze the behavior of hybrid nanofluids within different systems. Numerous 
researchers have contributed valuable insights into this area. Saqib et al., [36] investigated 
analytically the behavior of Brinkman hybrid nanofluid flowing through two parallel plates, where 
both plates are at rest. Ikram et al., [37] extended the study of Saqib et al., [36] by introducing the 
effect of magnetic field in fluid flow. Roy et al., [38] modelled the unsteady flow of water hybrid 
nanofluid using copper and alumina particles over an oscillating plate. Elelamy [39] used Casson fluid 
model to investigate analytically the bio-heat transfer and hybrid nanofluid flow within a channel 
with magnetic field and porosity effects. Rajesh et al., [40] applied the method of Laplace 
transformation to provide the analytical solution for the unsteady flow of hybrid nanofluid past an 
exponentially accelerated plate. Anwar et al., [41] examined analytically the mixed convection of 
Casson hybrid nanofluids flow through a moving channel, where the fluid flow is also affected by the 
thermal radiation. Ali et al., [42] provided an analytical solution for the flow of Maxwell hybrid 
nanofluid in a stationary channel using Laplace transformation.  

Based on the review, the interaction between MHD and porosity effects has not been thoroughly 
explored in hybrid nanofluid flow studies. Inspired by Zin et al., [43], who investigated MHD hybrid 
nanofluid flow using the Jeffrey fluid model without considering porosity effects, this present study 
aims to address that gap by examining heat transfer in MHD Jeffrey hybrid nanofluid flow through a 
porous medium. While previous research involving models such as the Brinkman and Casson fluid 
models has provided valuable insights into fluid dynamics, these models are limited in their ability to 
fully capture the unique viscoelastic properties and relaxation times characteristic of real-world 
fluids. The Jeffrey model, on the other hand, is well-suited for analyzing viscoelastic fluids as it 
accounts for both the elastic behavior of the fluid and its ability to flow under stress. Additionally, 
motivated by previous research on the influence of Newtonian heating in Jeffrey fluid flow, this 
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present study incorporates the effect of Newtonian heating into the analysis. Investigating the impact 
of Newtonian heating on Jeffrey hybrid nanofluid flow is essential for enhancing heat transfer in real-
world applications, such as electronics cooling, bioengineering (e.g., hyperthermia treatments), and 
chemical reactors, where precise thermal control is critical. Understanding this combination can help 
optimize thermal management in complex systems, improving both the efficiency and stability of 
these technologies. 

Furthermore, it is worth noting that the studies mentioned earlier used the Laplace transform 
method to obtain analytical solutions for their respective problems. According to Wang et al., [44], 
the Laplace transform method offers several advantages in problem-solving, including its role in 
superposing solutions and efficiently deriving exact solutions for transient problems with varying 
boundary conditions. These analytical solutions help validate numerical methods, enhance the 
understanding of physical mechanisms, and provide insights into complex phenomena such as porous 
media flow and nanoparticle transport [45]. Additionally, analytical solutions allow for rapid 
estimation and comprehension of behaviors, supporting engineering applications and numerical 
verification, while reducing computational costs and instrumentation needs in navigation problems 
by offering functional dependencies for geodesic lines [46]. Considering these benefits, the present 
study focuses on the analytical investigation of heat transfer in convective Jeffrey hybrid nanofluid 
flow, accounting for Newtonian heating. The hybrid nanofluid is assumed to flow through a porous 
medium under the influence of a magnetic field, incorporating both porosity and MHD effects. The 
problem is modeled with an exponentially accelerated plate, and the Laplace transform technique is 
applied to derive the analytical solution for the velocity and temperature of the Jeffrey hybrid 
nanofluid. 
 
2. Mathematical Formulation 
 

The mathematical model unveils the thermal properties of an electrically conducting Jeffrey 
hybrid nanofluid induced magnetohydrodynamic (MHD) flow over an accelerated vertical plate 
through a porous medium as illustrated in Figure 1. This plate accelerates exponentially with velocity 
𝑢 = 𝑢0exp(𝑎𝑡), prompts motion of hybrid nanofluid over the plate with a Newtonian heating and 
radiation effect. The model is formulated within the specified flow constraints: 

 
i) Unsteady flow and incompressible Jeffrey hybrid nanofluid flow. 
ii) Uniform transverse magnetic field with strength of 𝐵0 is applied, hence inducing the MHD 

effect. 
iii) At 𝑡 = 0, both plate and fluid are motionless at a constant temperature of free stream, 𝑇∞. 

When 𝑡 > 0, the plate starts to accelerate exponentially while the temperature is changed 
to a constant temperature of 𝑇𝑤, inducing the flow of Jeffrey hybrid nanofluid. 

iv) The hybrid nanofluid is assumed to flow through a porous medium. 
v) The radiative phenomenon is utilized in energy equation and Newtonian heating is imposed 

at its boundary conditions. 
vi) The nanoparticles are constrained to maintain a spherical shape and uniform size. Both 

nanoparticles and base fluid are assumed to be in stable state, moving at the same velocity. 
 

According to the constraints, the modelled problem is governed by the subsequent set of equations 
[17,22]: 
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𝜌ℎ𝑛𝑓
𝜕𝑢

𝜕𝑡
=

𝜇ℎ𝑛𝑓

1+𝜆1
(1 + 𝜆2)

𝜕2𝑢

𝜕𝑦2
−

𝜇ℎ𝑛𝑓

𝑘∗(1+𝜆1)
(1 + 𝜆2

𝜕

𝜕𝑡
) 𝑢 − 𝜎𝐵0

2𝑢 + 𝑔(𝜌𝛽𝑇)ℎ𝑛𝑓(𝑇 − 𝑇∞),     (1) 

 

(𝜌𝐶𝑝)ℎ𝑛𝑓
𝜕𝑇

𝜕𝑡
= 𝑘ℎ𝑛𝑓

𝜕2𝑇

𝜕𝑦2
−

𝜕𝑞𝑟

𝜕𝑦
,            (2) 

 

 
Fig. 1. Physical model of the problem 

 
subjected to initial and boundary conditions as [17, 40] 
 
𝑢(𝑦, 0) = 0,𝑇(𝑦, 0) = 𝑇∞; 𝑦 > 0,           (3) 
 

𝑢(0, 𝑡) = 𝑢𝑜 exp(𝑎𝑡),
𝜕𝑇(0,𝑡)

𝜕𝑦
= −ℎ𝑠𝑇(0, 𝑡); 𝑡 > 0,         (4) 

 
𝑢(∞, 𝑡) = 0,𝑇(∞, 𝑡) = 𝑇∞; 𝑡 > 0,           (5) 

 
with ratio of relaxation time and retardation time (𝜆1), retardation time (𝜆2), density (𝜌), dynamic 
viscosity (𝜇), permeability of medium (𝑘∗), electrical conductivity (𝜎), acceleration due to gravity 
(𝑔), thermal expansion coefficient (𝛽𝑇), heat capacitance (𝐶𝑝), thermal conductivity (𝑘),  and 

radiative heat flux (𝑞𝑟). In addition, the subscription of ℎ𝑛𝑓denotes hybrid nanofluid where its 
correlation is mathematically given as [36,37] 
 

𝜙ℎ𝑛𝑓 = 𝜙1 + 𝜙2,𝜌ℎ𝑛𝑓 = 𝜙1𝜌1 + 𝜙2𝜌2 + (1 − 𝜙ℎ𝑛𝑓)𝜌𝑓,𝜇ℎ𝑛𝑓 =
𝜇𝑓

(1−𝜙1−𝜙2)
2.5,  

(𝜌𝛽𝑇)ℎ𝑛𝑓 = 𝜙1(𝜌𝛽𝑇)1 + 𝜙2(𝜌𝛽𝑇)2 + (1 − 𝜙ℎ𝑛𝑓)(𝜌𝛽𝑇)𝑓, 

(𝜌𝐶𝑝)ℎ𝑛𝑓 = 𝜙1(𝜌𝐶𝑝)1 + 𝜙2(𝜌𝐶𝑝)2 + (1 − 𝜙ℎ𝑛𝑓)(𝜌𝐶𝑝)𝑓,   

𝑘ℎ𝑛𝑓

𝑘𝑓
=

(𝑘ℎ𝑝+2𝑘𝑓)−2𝜙ℎ𝑛𝑓(𝑘𝑓−𝑘ℎ𝑛𝑝)

(𝑘ℎ𝑝+2𝑘𝑓)+𝜙ℎ𝑛𝑓(𝑘𝑓−𝑘ℎ𝑛𝑝)
,𝑘ℎ𝑝 =

𝜙1𝑘1+𝜙2𝑘2

𝜙1+𝜙2
,                    (6) 
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with the subscription 𝑓, 1, and 2referred as base fluid, Alumina (𝐴𝑙2𝑂3), and Copper (𝐶𝑢) 
nanoparticles, respectively. Eq. (6) is utilized throughout the calculation by referring to the 
thermophysical properties in Table 1. 

 
Table 1 
Thermophysical properties of hybrid nanofluids [22,40] 
Physical properties Nanoparticles  Base fluid 

𝐴𝑙2𝑂3 𝐶𝑢 Water  Kerosene Ethylene glycol 

𝜌(𝑘𝑔/𝑚3) 3970 8933 997.1 780 1115 
𝐶𝑝(𝐽/𝑘𝑔𝐾) 765 385 4179 2090 2386 

𝑘(𝑊/𝑚𝐾) 40 401 0.613 0.149 0.2499 
𝛽(𝐾−1) 0.85 × 10-5 1.67 × 10-5 21 × 10-5 9.9 × 10-4 3.41 × 10-3 
Pr - - 6.2 21 203 

 
Making use of the Rosseland approximation provides the following expression of radiative heat 

flux (𝑞𝑟) [40]. 
 

𝑞𝑟 = −
4𝜎𝑠

3𝑘𝑒

 𝑇4

 𝑦
,              (7) 

 
where 𝑘𝑒 is the coefficient of Rosseland absorption and 𝜎𝑠 is Stehfan-Boltzmann constant, 
respectively. It is important to highlight that through the utilization of the Rosseland approximation, 
our scope is limited to optically thick nanofluids. If temperature fluctuations within the flow are 
sufficiently minor to express 𝑇4 as a linear function of temperature, then the Taylor series expansion 
for 𝑇4 around 𝑇∞ as follows, disregarding higher-order expressions: 
 

𝑇4 ≅ 4𝑇∞
3 𝑇− 3𝑇∞

4 .              (8) 
 

Considering Eq. (7) and (8), Eq. (2) is simplified to [40], 
 

 𝑇

 𝑡
=

𝑘𝑓

(𝜌𝐶𝑝)ℎ𝑛𝑓
(
𝑘ℎ𝑛𝑓

𝑘𝑓
+

16𝜎𝑠𝑇∞
3

3𝑘𝑓𝑘𝑒
)
 2𝑇

 𝑦2
.            (9) 

 
The following non-dimensional quantities are substituted [22] 
 

𝑢∗ =
𝑢

𝑢0
,𝑡∗ =

𝑡𝑢0
2

𝑣𝑓
,𝑦∗ =

𝑦𝑢0

𝑣𝑓
,𝑇∗ =

𝑇−𝑇∞

𝑇∞
,                    (10) 

 
into Eq. (1), Eq. (3) to (5), and Eq. (9). Then, incorporating Eq. (6) give the following equations (the ∗ 
sign is dropped for simplicity) 
 

𝐴0
 𝑢

 𝑡
= (

𝐴1

1+𝜆1
)
 2𝑢

 𝑦2
+ (

𝐴1𝜆

1+𝜆1
)

 3𝑢

 𝑦2 𝑡
− 𝐷𝑢 + 𝐴2𝐺𝑟𝑇,                    (11) 

 
 𝑇

 𝑡
=

1

𝐵3

 2𝑇

 𝑦2
,                         (12) 

 
associated with dimensionless conditions 
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𝑢(𝑦, 0) = 0,𝑇(𝑦, 0) = 0; 𝑦 > 0,                     (13) 
 

𝑢(0, 𝑡) = exp(𝑎𝑡),
 𝑇(0,𝑡)

 𝑦
= −𝛾(1 + 𝑇(0, 𝑡)); 𝑡 > 0,                   (14) 

 
𝑢(∞, 𝑡) = 0,𝑇(∞, 0) = 0; 𝑡 > 0,                     (15) 
 
where 
 

𝐴0 = (
𝜙1𝜌1+𝜙2𝜌2

𝜌𝑓
) + (1 − 𝜙ℎ𝑛𝑓),𝐴1 =

1

(1−𝜙1−𝜙2)
2.5,  

𝐴2 =
𝜙1(𝜌𝛽𝑇)1

(𝜌𝛽𝑇)𝑓
+

𝜙2(𝜌𝛽𝑇)2

(𝜌𝛽𝑇)𝑓
+ (1 − 𝜙ℎ𝑛𝑓),𝐷 = 𝑀 +

𝐴1

𝐾
,  

𝐵1 =
𝜙1(𝜌𝐶𝑝)1

+𝜙2(𝜌𝐶𝑝)2
(𝜌𝐶𝑝)𝑓

+ (1 − 𝜙1 − 𝜙2),𝐵2 =
𝑘𝑘ℎ𝑛𝑓

𝑘𝑓
+ 𝑅𝑑,𝐵3 =

Pr𝐵1

𝐵2
,                (16) 

 
are arbitrary constants while 
 

𝜆 =
𝜆2𝑢0

2

𝑣𝑓
,𝑀 =

𝑣𝑓𝜎𝐵0
2

𝜌𝑓𝑢0
2
,

1

𝐾
=

𝑣𝑓
2

𝑢0
2𝑘
,𝐺𝑟 =

𝑔(𝛽𝑇𝑣)𝑓𝑇∞

𝑢0
3 ,𝑅𝑑 =

16𝜎𝑠𝑇∞
3

3𝑘𝑓𝑘𝑒
,Pr =

𝑣𝑓

𝛼𝑓
, 𝑎 =

𝑎𝑣

𝑢0
2,               (17) 

 
are dimensionless Jeffrey parameter (𝜆), magnetic field parameter (𝑀), porosity parameter (𝐾), 
Grashof number (𝐺𝑟), radiation parameter (𝑅𝑑), Prandtl number (Pr), and acceleration parameter 
(𝑎) with their physical meaning is explained in Table 2.  
 
3. Solution by Laplace Transformation 
 

A flowchart summarizing the stepwise process for calculating the analytical solutions is provided 
in Figure 2 to facilitate a clearer understanding of the methodology.  
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Fig. 2. Methodology flowchart 

 
Table 2 
Physical meaning of parameters 
Parameter Physical meaning 

Jeffrey parameter, 𝜆 The parameter associates to Jeffrey fluid model and describes a non-Newtonian fluid 
behavior, capturing both viscous and elastic properties.  

Magnetic field parameter, 
𝑀 

The interaction of electrically conducting fluid moving in the magnetic field. 

Porosity parameter, 𝐾 The fraction of void (empty) space in a material compared to its total volume 
Grashof number, 𝐺𝑟 The ratio of buoyancy forces (which cause fluid motion) to viscous forces (which resist 

fluid motion). 
Radiation parameter, 𝑅𝑑 The parameter associates to heat transfer that involves the emission and propagation 

of energy in the form of electromagnetic waves. 
Prandtl number, Pr The ratio of momentum diffusivity to thermal diffusivity 
Acceleration parameter, 𝑎 The parameter associates to the movement of plate to initiate the fluid flow. 

 
Here, the Laplace transform is applied on Eq. (11) to (15), giving the following expression of 

ordinary differential equations (ODEs). 
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𝐴0𝑠�̅�(𝑦, 𝑠) = (
𝐴1

1+𝜆1
)
𝑑2�̅�(𝑦,𝑠)

𝑑𝑦2
+ (

𝜆𝐴1

1+𝜆1
) 𝑠

𝑑2�̅�(𝑦,𝑠)

𝑑𝑦2
− 𝐷�̅�(𝑦, 𝑠) + 𝐴2𝐺𝑟�̅�(𝑦, 𝑠),                (18) 

 
𝑑2�̅�(𝑦,𝑠)

𝑑𝑦2
− 𝐵3𝑠�̅�(𝑦, 𝑠) = 0,                       (19) 

 
subjected to transformed conditions 
 

�̅�(0, 𝑠) =
1

𝑠−𝑎
, �̅�(∞, 𝑠) = 0; 𝑠 > 0,                     (20) 

 
𝑑�̅�(0,𝑠)

𝑑𝑦
= −𝛾 (

1

𝑠
+ �̅�(0, 𝑠)), �̅�(∞, 𝑠) = 0; 𝑠 > 0.                   (21) 

 
At this part, �̅�(𝑦, 𝑠) and �̅�(𝑦, 𝑠) represent the Laplace transform of 𝑢(𝑦, 𝑡) and 𝑇(𝑦, 𝑡). Next, Eq. 

(20) and (21) are used to obtain the Laplace solution of Eq. (18) and (19) as  
 

�̅�(𝑦, 𝑠) = �̅�1(𝑦, 𝑠) +
𝑎1𝐵4

𝑎2
�̅�2(𝑦, 𝑠) −

𝑎1

𝑎2
�̅�3(𝑦, 𝑠),                    (22) 

 

�̅�(𝑦, 𝑠) =
𝐵4

𝑠(√𝑠−𝐵4)
exp(−𝑦√𝐵3𝑠),                      (23) 

 
where 
 

�̅�1(𝑦, 𝑠) = (
1

𝑠−𝑎
) exp(−𝑦√𝑎0 (

𝐷+𝐴0𝑠

1+𝜆𝑠
)),                     (24) 

 

�̅�2(𝑦, 𝑠) = (
1

𝑠(√𝑠−𝐵4)
) (

1

(𝑠+𝑏0)
2−𝑏1

) exp(−𝑦√𝑎0 (
𝐷+𝐴0𝑠

1+𝜆𝑠
)),                   (25) 

 

�̅�3(𝑦, 𝑠) = (
𝐵4

𝑠(√𝑠−𝐵4)
) (

1

(𝑠+𝑏0)
2−𝑏1

) exp(−𝑦√𝐵3𝑠),                    (26) 

 
In Eq. (22) to (26), 𝑎0, 𝑎1, 𝑎2, 𝐵4, 𝑏0, and 𝑏1 are the arbitrary constant written as 

 

𝑎0 =
1+𝜆1

𝐴1
,𝑎1 = (1 + 𝜆1)

𝐴2𝐺𝑟

𝐴1
,𝑎2 = 𝐵3𝜆,𝐵4 =

𝛾

√𝐵3
,𝑏0 =

𝑎5

2
, 𝑏1 =

𝑎5
2−4𝑎6

4
,               (27) 

 
 
where 
  

𝑎5 =
𝑎3

𝑎2
,𝑎6 =

𝑎4

𝑎2
,𝑎3 = 𝐵3 + 𝑎0𝐴0,𝑎4 = 𝑎0𝐷.                   (28) 

 
Since Laplace solutions in Eq. (24) to (26) involves the product of two and three functions, 

therefore the inverse Laplace transform will be needed to use the convolution theorem. To employ 
the inverse Laplace transform, Eq. (24) to (26) is set up in the form 
 
�̅�1(𝑦, 𝑠) = �̅�11(𝑠) ∙  �̅�12(𝑦, 𝑠),                      (29) 
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�̅�2(𝑦, 𝑠) = �̅�21(𝑠) ∙ [�̅�22(𝑠) ∙  �̅�12(𝑦, 𝑠)],                     (30) 
 
�̅�3(𝑦, 𝑠) = �̅�22(𝑠) ∙  �̅�31(𝑦, 𝑠),                      (31) 
 
where 
 

�̅�11(𝑠) = (
1

𝑠−𝑎
), �̅�12(𝑦, 𝑠) = exp(−𝑦√𝑎0 (

𝐷+𝐴0𝑠

1+𝜆𝑠
)),                   (32)  

 

�̅�21(𝑠) = (
1

𝑠(√𝑠−𝐵4)
), �̅�22(𝑠) = (

1

(𝑠+𝑏0)
2−𝑏1

),                    (33) 

 

�̅�31(𝑦, 𝑠) = (
𝐵4

𝑠(√𝑠−𝐵4)
) exp(−𝑦√𝐵3𝑠) = �̅�(𝑦, 𝑠).                    (34) 

 
Employing the inverse Laplace on Eq. (22) to (23) and Eq. (32) to (34) gives 

 

𝑢(𝑦, 𝑡) = 𝑢1(𝑦, 𝑠) +
𝑎1𝐵4

𝑎2
𝑢2(𝑦, 𝑠) −

𝑎1

𝑎2
𝑢3(𝑦, 𝑠),                    (35) 

 

𝑇(𝑦, 𝑡) = exp(𝐵4
2𝑡 − 𝑦𝐵4√𝐵3) erfc (

𝑦

2
√
𝐵3

𝑡
− 𝐵4√𝑡) − erfc (

𝑦

2
√
𝐵3

𝑡
).                 (36) 

 
where 
 
𝑢11(𝑡) = exp(𝑎𝑡),                        (37) 
 

𝑢12(𝑦, 𝑡) = 𝛿(𝑡) exp(−𝑦√𝑑0) + ∫
𝑦

2𝑢
√
𝑑1

𝜋𝑡
exp (−

𝑦2

4𝑢
− 𝑢𝑑0 −

𝑡

𝜆
) ∙ 𝐼1(2√𝑢𝑑1𝑡)𝑑𝑢

∞

0
,               (38) 

 

𝑢21(𝑡) = −
1

𝐵4
[1 − exp(𝐵4

2𝑡) erfc(−𝐵4√𝑡)],                    (39) 

 

𝑢22(𝑡) =
1

√𝑏1
exp(−𝑏0𝑡) sinh(√𝑏1𝑡),                     (40) 

 
𝑢31(𝑦, 𝑡) = 𝑇(𝑦, 𝑡),                        (41) 
 
with 
 

𝑑0 =
𝑎0𝐴0

𝜆
,𝑑1 =

𝑎0𝐴0

𝜆2
−

𝑎0𝐷

𝜆
.                      (42) 

 
Then, the solution of 𝑢1(𝑦, 𝑡), 𝑢2(𝑦, 𝑡) and 𝑢3(𝑦, 𝑡) are obtained by applying the convolution 

theorem, which finally give 
 

𝑢1(𝑦, 𝑡) = exp(𝑎𝑡 − 𝑦√𝑑0) +∫ ∫
𝑦

2𝑢
√

𝑑1

𝜋𝑞

∞

0
exp (𝑎(𝑡 − 𝑞) −

𝑦2

4𝑢
− 𝑢𝑑0 −

𝑞

𝜆
) 𝐼1(2√𝑢𝑑1𝑞)𝑑𝑢𝑑𝑞

𝑡

0
  (43) 
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𝑢2(𝑦, 𝑡) =

1

√𝑏1
∫ [exp(𝐵4

2(𝑡 − 𝑝) − 𝑏0𝑝 − 𝑦√𝑑0)erfc(−𝐵4√𝑡 − 𝑝) − 1] sinh(𝑝√𝑏1) 𝑑𝑝
𝑡

0
+

∫ ∫ ∫ [

𝑦

2𝑢
√

𝑑1

𝜋𝑏1𝑞
[exp(𝐵4

2(𝑡 − 𝑝)) erfc(−𝐵4√𝑡 − 𝑝) − 1] ×

exp (−
𝑦2

4𝑢
− 𝑢𝑑0 − 𝑏0(𝑝 − 𝑞) −

𝑞

𝜆
) sinh(√𝑏1(𝑝 − 𝑞))𝐼1(2√𝑢𝑑1𝑞)

] 𝑑𝑢𝑑𝑞𝑑𝑝
∞

0

𝑝

0

𝑡

0

  

                         (44) 
 

𝑢3(𝑦, 𝑡) =
1

√𝑏1
∫ [

exp(𝑏0(𝑡 − 𝑞)) sinh (√𝑏1(𝑡 − 𝑞)) ×

exp(𝐵4
2𝑞 − 𝑦𝐵4√𝐵3) erfc (

𝑦

2
√
𝐵3

𝑞
− 𝐵4√𝑞) − erfc (

𝑦

2
√
𝐵3

𝑞
)
]

𝑡

0
𝑑𝑞               (45) 

    
4. Results and Discussion 
 

In this section, graphical illustrations of the analytical solutions in Eq. (35) and (36) incorporating 
Eq. (43) to (45), are generated using Mathcad software in accordance with the thermophysical 
properties in Table 1. Further analysis on the velocity and temperature of Jeffery hybrid nanofluid is 
conducted by assigning the parameter values as 𝛾 = 0.5, 𝜆1 = 1, 𝜆 = 1,𝑀 = 2,𝐾 = 2, 𝑅𝑑 =
0.5, 𝑎 = 1,and 𝐺𝑟 = 2. 

 
4.1 Verification of Results 
 

The accuracy of the derived solution is confirmed by comparing the solutions in Eq. (35) and (36) 
with those obtained by Zin et al., [17]. This comparison is carried out by setting the nanoparticle 
volume fraction and acceleration parameter in the present study to zero (𝜙1 = 0,𝜙2 = 0, 𝑎 = 0), 
and allowing the porosity parameter to approach infinity (𝐾 → ∞). Meanwhile, for the study by Zin 
et al., [17], the modified Grashof number, Schmidt number, and phase angle are assigned to zero 
(𝐺𝑚 = 𝑆𝑐 = 𝜔𝑡 = 0). The comparison reveals that the velocity and temperature profiles obtained 
from both the current study and the previous work are indistinguishable, as clearly illustrated in 
Figure 3 and 4. This alignment demonstrates that the accuracy of the obtained solutions has been 
verified and is in excellent agreement. 
 

 
Fig. 3. Verification of velocity profile, 𝑢(𝑦, 𝑡) Fig. 4. Verification of temperature profile, 𝑇(𝑦, 𝑡) 
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4.2 Velocity Profiles  
 
Figure 5 displays the velocity profile of a hybrid nanofluid affected by the material parameter, 𝜆1 

of the Jeffrey fluid. While the velocity profile exhibits insignificant alterations with increasing 𝜆1 
values, noticeable increments can be observed upon closer examination within the zoomed-in region. 
Figure 6 illustrates that an augmentation in 𝜆  has a tendency to slow down the fluid motion. This 
phenomenon can be explained by the fact that 𝜆 represents the Jeffrey (viscoelastic) parameter, 
signifying the material's combined elastic and viscous behavior during deformation. Consequently, 
increases in viscosity and elasticity consistently oppose the fluid velocity. Changes in the viscoelastic 
parameter, 𝜆 have important implications for engineering systems where fluid flow is crucial. For 
example, in heat exchangers, a higher 𝜆 value slows fluid motion, diminishing heat transfer efficiency 

and potentially requiring adjustments in flow rates or fluid composition. In biomedical devices, such 
as blood pumps, increased viscoelasticity could hinder fluid flow, necessitating design modifications 
to ensure proper circulation without compromising performance. 
 

 
Fig. 5. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
material parameter, 𝜆1 

Fig. 6. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
Jeffrey parameter, 𝜆 

 
The effect of 𝐴𝑙2𝑂3 volume fraction, 𝜙1 and 𝐶𝑢 volume fraction, 𝜙2 on the nanofluid velocity 

profiles are illustrated in Figure 7 and 8. In these figures, increasing the volume fraction of both 
nanoparticles results in a diminution of the velocity profiles. This situation reflects the fact that 
nanoparticles in the fluid introduce additional obstacles to the flow, effectively increasing the fluid's 
viscosity. As the volume fraction of nanoparticles rises, the viscosity of the nanofluid increases 
accordingly. Higher viscosity results in greater resistance to flow, slowing down fluid particles and 
leading to a decrease in the velocity profile. The same physical behavior is exhibited for the increasing 
volume fraction of hybrid nanofluid, 𝜙ℎ𝑛𝑓, where the reduction in velocity is reported as shown in 

Figure 9. This impact is analyzed by choosing water as the base fluid. This situation is due to the same 
reason as explained for the impact of 𝜙1 and 𝜙2. Physically, changes in 𝜙1 and 𝜙2 values will 
subsequently alter the overall value of 𝜙ℎ𝑛𝑓, where its relation is stated in Eq. (6). Increasing values 

of 𝜙1 or 𝜙2 directly imply an increase in the 𝜙ℎ𝑛𝑓 value. Hence, a greater value of 𝜙ℎ𝑛𝑓 leads to the 

thickening of the fluid (making it more viscous) and consequently retards the velocity profiles. In 
biomedical devices, such as drug delivery systems or microfluidic pumps, higher 𝜙ℎ𝑛𝑓  can slow fluid 

flow, affecting precise control. Adjustments in nanoparticle concentration are necessary to maintain 
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efficiency and fluid dynamics, emphasizing the importance of fine-tuning 𝜙ℎ𝑛𝑓  in various 

applications. 
 

 
Fig. 7. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 

volume fraction of 𝐴𝑙2𝑂3,  𝜙1 

Fig. 8. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
volume fraction of 𝐶𝑢, 𝜙2 

 

 
Fig. 9. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs volume fraction of hybrid nanoparticle, 𝜙ℎ𝑛𝑓 

 
Figure 10 illustrates the impact of various base fluid types which are water (Pr = 6.2), kerosene 

(Pr = 21), and ethylene glycols (Pr = 203), showing directly the effect of different Pr values on 
velocity profiles. The Prandtl number essentially compares the rate of momentum diffusion (viscous 
effects) to the rate of thermal diffusion (heat conduction) in the fluid. Higher Prandtl numbers 
indicate that viscosity dominates within the fluid. This means that as the Pr increases, the velocity 
profile decreases, and the momentum boundary layer becomes thinner due to higher fluid viscosity. 
According to this analysis, water has the highest velocity, followed by kerosene and ethylene glycol. 
Therefore, it can be inferred that water has the lowest Prandtl number among these fluids, resulting 
in the lowest viscosity and thus the highest velocity. In heat exchangers, this finding potentially 
reduces heat transfer rates. This would require adjustments in system design, such as increasing 
surface area or optimizing flow rates, to maintain efficient thermal performance. In biomedical 
devices like cooling systems for medical equipment or blood flow simulation devices, this finding 
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affects the device's ability to regulate temperature effectively. To ensure proper function, the fluid 
properties or operating conditions may need to be modified. 

Physically, the Pr does not directly affect the velocity profile in the same way it affects the 
temperature profile. The Pr is more directly related to the thermal properties of the fluid rather than 
its momentum properties. However, there can be indirect effects on the velocity profile due to 
changes in the temperature distribution and associated buoyancy effects, particularly in situations 
involving natural convection or buoyancy-driven flows. It is important to note that the fluid motion 
in this current problem is driven by buoyancy forces (natural convection). Therefore, the steeper 
temperature gradients resulting from increasing Pr values will enhance the buoyancy forces locally, 
potentially increasing the velocity profiles. 

Next, Figure 11 illustrates the difference in velocity profiles for water without nanoparticles effect 
(convectional Jeffrey fluid), water with separately suspended 𝐴𝑙2𝑂3 and 𝐶𝑢 nanoparticles (Jeffrey 
nanofluids), and water with suspended both 𝐴𝑙2𝑂3 and 𝐶𝑢 nanoparticles (Jeffrey hybrid nanofluid). 
According to the figure, water exhibits lowest viscosity compared to nanofluids and hybrid 
nanofluids. As a result, the velocity profile tends to be highest, with fluid particles experiencing less 
resistance to flow. The decrement of the velocity profile is exhibited when the fluid is influenced by 
nanoparticles, with the velocity decrement being more pronounced for nanofluid and hybrid 
nanofluid. In the case of nanofluid, water with the suspension of 𝐴𝑙2𝑂3 has a higher velocity 
compared to the suspension of 𝐶𝑢. This is due to the density of  𝐴𝑙2𝑂3 being less than the density of 
𝐶𝑢, resulting in a less dense nanofluid that collectively impedes fluid motion and decreases flow 
velocities. 

 

  
Fig. 10. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) with 
different base fluid (Prandtl number), Pr  

Fig. 11. Velocity comparison of Jeffrey hybrid 
nanofluid (water + 𝐴𝑙2𝑂3 + 𝐶𝑢), Jeffrey nanofluids 
(water + 𝐶𝑢&water + 𝐴𝑙2𝑂3), and conventional 
Jeffrey fluid (water) 

 
Figure 12 shows the nanofluid velocity profile under the effect of magnetic field, 𝑀. The presence 

of magnetic field influences the behavior of the electrically conducting fluid (Jeffrey hybrid 
nanofluid). The motion of this fluid in a magnetic field can lead to the arise of the Lorentz force, 
known as the magnetohydrodynamics (MHD) phenomenon. When the strength of the magnetic field 
increases in a fluid flow scenario, it tends to exert a greater influence on the behavior of the fluid. An 
increase in the magnetic field strength results in a stronger Lorentz force acting on the fluid. This 
force interacts with the electric currents within the fluid, causing them to experience a greater 
deviation from their original path. Consequently, the fluid particles encounter more resistance to 
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their movement, slowing down their overall velocity. In heat exchangers, a reduced fluid velocity 
caused by a stronger magnetic field can lower heat transfer rates, requiring adjustments in flow rates 
or magnetic field strength to maintain system efficiency. In biomedical devices, such as magnetic 
drug targeting systems or blood pumps, increased magnetic field strength can slow fluid flow, 
affecting the delivery rate or circulation control. 

Figure 13 illustrates the effect of porosity parameter, 𝐾 on nanofluid velocity profile. The porosity 
parameter is investigated when the fluid is considered to flow in a porous medium. A porous medium 
is a material containing pores through which fluid can flow, and the porosity defines the fraction of 
total volume of the medium that is occupied by pores.  When the porosity of a medium through 
which a fluid flows increases, it generally has the effect of augmenting the velocity profile of the fluid. 
Greater porosity often corresponds to improved permeability of the medium. Permeability measures 
the ease with which fluids can move through a porous material. With increased porosity, the medium 
becomes more permeable, allowing fluid to penetrate and propagate through the medium more 
readily, thereby increasing the velocity profile. In heat exchangers, this result enhances heat transfer 
efficiency. This could lead to more effective designs for porous heat exchangers, where maximizing 
fluid penetration improves thermal performance. In biomedical devices, such as filtration systems or 
porous implants, higher porosity allows for better fluid transport, improving circulation and delivery 
of drugs or nutrients. For example, in tissue engineering, optimizing the porosity of scaffolds could 
improve nutrient flow, aiding in tissue regeneration. 
 

 
Fig. 12. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
magnetic field, 𝑀  

Fig. 13. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
porosity parameter, 𝐾 

 
The influence of radiation parameter, 𝑅𝑑 on the nanofluid velocity profile is depicted in Figure 

14. When radiation levels increase, more energy is transferred to the fluid and its surroundings. This 
additional energy can lead to localized heating of the fluid, causing it to expand and decrease in 
density. In turn, the decreased density can lead to buoyancy-driven flows, which can enhance fluid 
mixing and increase the overall velocity profile, particularly in regions where the fluid is heated by 
radiation. In heat exchangers, this finding could be beneficial in systems where radiation is a key 
factor, such as solar thermal collectors, requiring design optimizations to leverage enhanced velocity 
for better heat exchange. In biomedical devices, such as hyperthermia treatments or thermal 
therapies, increased radiation can lead to localized heating and improved fluid circulation, aiding in 
more effective treatment delivery. Figure 15 presents the effects of Newtonian heating, 𝛾 on velocity 
profiles, where increments in 𝛾 cause the velocity to increase. Additionally, the figure demonstrates 
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that the hybrid nanofluid exhibits the lowest velocity profile when the Newtonian heating effect is 
absent (𝛾 = 0). When the Newtonian heating effect is applied (𝛾 = 1, 2, 3), the velocity profile is 
enhanced. Newtonian heating, 𝛾, leads to localized temperature increases within the fluid, causing it 
to expand and decrease in density. This decrease in density can induce buoyancy-driven flows, such 
as natural convection, where warmer, less dense fluid rises and cooler, denser fluid sinks. This 
convective motion enhances fluid mixing and can increase the overall velocity profile, particularly in 
regions where heating is concentrated. Moreover, it is also observed that when the value of 𝛾 is 
greater, the velocity difference become prominent, and the boundary layer thickens. This situation 
shows that the velocity of hybrid nanofluid with greater 𝛾 needs a longer time to vanish and achieve 
a steady state slower that small 𝛾 values. In heat exchangers, the increase fluid velocity by 𝛾 enhances 
convective heat transfer. This could lead to more efficient thermal management, enabling systems 
to transfer heat faster and operate more effectively. In biomedical devices, such as blood pumps or 
targeted thermal treatments, Newtonian heating can improve fluid circulation and heat distribution. 
For instance, in hyperthermia treatments, controlling the heating effect can enhance the flow of 
treated fluids, increasing therapeutic effectiveness. 

 

  
Fig. 14. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
radiation parameter, 𝑅𝑑 

Fig. 15. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
Newtonian heating, 𝛾 

 
In Figure 16, the impact of Grashof number, 𝐺𝑟 on the velocity profile is depicted. The Grashof 

number, 𝐺𝑟 is a dimensionless quantity in fluid dynamics that is significant in the study of buoyancy-
driven flow, particularly natural convection. It quantifies the relative significance of buoyant forces 
compared to viscous forces within a fluid. A higher 𝐺𝑟 leads to an increase in the velocity profile, 
indicating that the buoyancy force becomes more prominent in the system when the value of 𝐺𝑟 is 
higher. This dominance of buoyancy force causes the velocity profile to elevate, opposing the 
direction of motion. An escalation in buoyancy force propels fluid movement, thereby augmenting 
fluid velocity. In heat exchangers, stronger buoyancy forces can enhance natural convection, 
improving heat transfer efficiency by promoting fluid movement without requiring additional 
mechanical pumping. This can be particularly advantageous in systems where minimizing energy 
consumption is a priority, such as passive cooling systems or solar-powered heat exchangers. In 
biomedical devices, such as ventilators or fluid transport systems, enhanced buoyancy-driven flow 
could improve circulation in regions requiring heat dissipation or targeted cooling, as seen in 
hyperthermia treatments. In Figure 17, increasing values of acceleration parameter, 𝑎 indicates a 
greater imposed velocity. The accelerated plate facilitates a more efficient flow of the nanofluid and 
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promotes boundary layer development. The interplay between the 𝐺𝑟 and plate movement is crucial 
for enhancing heat transfer processes in various applications such as thermal exchangers, cooling 
systems, electronic components, and aerospace engineering. 
 

  
Fig. 16. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
Garshof number, 𝐺𝑟  

Fig. 17. Jeffrey hybrid nanofluid velocity, 𝑢(𝑦, 𝑡) vs 
acceleration parameter, 𝑎 

 
4.3 Temperature Profiles 
 

The results of increment 𝐴𝑙2𝑂3 volume fraction, 𝜙1 and 𝐶𝑢 volume fraction, 𝜙2 on temperature 
profiles are shown in Figure 18 and 19, where growing temperature profiles for both types of 
nanoparticles are observed. Nanoparticles typically have higher thermal conductivities compared to 
the base fluid. As the 𝜙1 and 𝜙2 increase, the overall thermal conductivity of the hybrid nanofluid 
also increases. This allows for more efficient heat transfer within the fluid, leading to a higher 
temperature profile throughout the system. In addition, increasing volume fraction of hybrid 
nanofluid, 𝜙ℎ𝑛𝑓 also exhibits the same results as increasing 𝜙1 and 𝜙2, facilitating faster heat transfer 

and leading to an elevated temperature profile as in Figure 20. In heat exchangers, this could enable 
the design of more compact and efficient systems by utilizing higher 𝜙ℎ𝑛𝑓 values to achieve faster 

temperature regulation, especially in high-performance cooling applications like electronics or 
industrial processes. In biomedical devices, such as drug delivery systems or thermal therapies, 
increasing 𝜙ℎ𝑛𝑓 can improve the control of localized heat distribution, enhancing the efficacy of 

treatments like hyperthermia. In this analysis, water is used as the base fluid to suspend the hybrid 
nanoparticles. Based on Figure 21, the temperature difference between water (Pr = 6.2), kerosene 
(Pr = 21), and ethylene glycol (Pr = 203) is demonstrated, showing that water has the highest 
temperature profile and followed by kerosene and ethylene glycol. The Prandtl number, Pr is the 
ratio of momentum diffusivity to thermal diffusivity. A higher Pr indicates that thermal diffusivity is 
relatively lower compared to momentum diffusivity. This means that heat transfers more slowly 
compared to momentum within the fluid. As a result, increasing the Pr reduces the rate of heat 
transfer away from hot regions, leading to a decrease in temperature throughout the fluid and a 
flatter temperature profile. 
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Fig. 18. Jeffrey hybrid nanofluid temperature, 

𝑇(𝑦, 𝑡) vs volume fraction of 𝐴𝑙2𝑂3,  𝜙1 

Fig. 19. Jeffrey hybrid nanofluid temperature, 
𝑇(𝑦, 𝑡) vs volume fraction of 𝐶𝑢, 𝜙2 

 

  
Fig. 20. Jeffrey hybrid nanofluid temperature, 
𝑇(𝑦, 𝑡) vs volume fraction of hybrid nanoparticles 
𝜙ℎ𝑛𝑓   

Fig. 21. Jeffrey hybrid nanofluid temperature, 
𝑇(𝑦, 𝑡) with different base fluid (Prandtl number), Pr 

 
The effect of radiation, 𝑅𝑑 on temperature profile is illustrated in Figure 22, where an increasing 

trend is reported when radiation level is increased. As the radiation effect intensifies, the fluid 
absorbs more radiant energy. This absorbed energy increases the internal energy of the fluid, 
resulting in a higher temperature. Next, Figure 23 demonstrates the influences of Newtonian heating, 
𝛾 on temperature profile. As the value of 𝛾 increases, the heat profile also rises. Without Newtonian 
heating (𝛾 = 0), the hybrid nanofluid exhibits the lowest temperature profile, whereas the presence 
of Newtonian heating (𝛾 = 0.1, 0.2, 0.3) significantly increases the temperature profile. Physically, 
Newtonian heating refers to a situation where the heat flux on the boundary is proportional to the 
local temperature difference. When the Newtonian heating effect is increased, more heat is supplied 
directly to the fluid from the boundary. This additional heat input raises the fluid's temperature. In 
biomedical devices, such as hyperthermia treatments or thermal regulation systems, controlling 𝑅𝑑 
and 𝛾 can improve temperature control and heat distribution within the body. This is critical for 
ensuring the safe and effective delivery of heat in medical therapies, where precise temperature 
adjustments are necessary for therapeutic outcomes. 
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Fig. 22. Jeffrey hybrid nanofluid temperature, 
𝑇(𝑦, 𝑡) vs radiation parameter, 𝑅𝑑  

Fig. 23. Jeffrey hybrid nanofluid temperature, 
𝑇(𝑦, 𝑡) vs Newtonian heating, 𝛾 

 
To summarize all the obtained result, the behavior of velocity and temperature profiles is 

tabulated in the following table, Table 3. This table provides a clear and concise understanding of 
complex interactions within fluid dynamics. 
 
Table 3 
Result summarization of velocity and temperature profiles 
𝜆1 𝜆 𝑀 𝐾 𝛾 𝑅𝑑 𝐺𝑟 𝑎 𝜙1 𝜙2 𝜙ℎ𝑛𝑓 𝑢(𝑦, 𝑡) 𝑇(𝑦, 𝑡) 

↑ 1 2 2 0.5 0.5 2 1 0.01 0.01 0.02 ↑ - 
1 ↑ 2 2 0.5 0.5 2 1 0.01 0.01 0.02 ↓ - 
1 1 ↑ 2 0.5 0.5 2 1 0.01 0.01 0.02 ↓ - 
1 1 2 ↑ 0.5 0.5 2 1 0.01 0.01 0.02 ↑ - 
1 1 2 2 ↑ 0.5 2 1 0.01 0.01 0.02 ↑ ↑ 
1 1 2 2 0.5 ↑ 2 1 0.01 0.01 0.02 ↑ ↑ 
1 1 2 2 0.5 0.5 ↑ 1 0.01 0.01 0.02 ↑ - 
1 1 2 2 0.5 0.5 2 ↑ 0.01 0.01 0.02 ↑ - 
1 1 2 2 0.5 0.5 2 1 ↑ 0.01 ↑ ↓ ↑ 
1 1 2 2 0.5 0.5 2 1 0.01 ↑ ↑ ↓ ↑ 
1 1 2 2 0.5 0.5 2 1 ↑ ↑ ↑ ↓ ↑ 

↑ Increasing the value of parameter ↑ Increasing profile   
- Not considered ↓ Decreasing profile   

 
 5. Conclusion 
 

This article investigates the interaction between MHD and porosity in an unsteady flow of 
radiative Jeffrey hybrid nanofluid under the influence of Newtonian heating. The flow of nanofluid is 
bounded with an exponentially accelerated plate. The analytical computation is performed with 
Laplace transform method. The velocity and temperature profiles under the influences of pertinent 
parameters are illustrated graphically. The significant findings are observed as follows: 

 
i) An increase of 𝜙1, 𝜙2, and  𝜙ℎ𝑛𝑓 increases the viscosity of fluid and leads to a decreasing 

velocity profile. Meanwhile, an increase of 𝜙1, 𝜙2, and  𝜙ℎ𝑛𝑓 elevates the temperature 

profiles due to an enhancement of thermal conductivity. 
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ii) As the value of 𝛾 increases, the velocity accelerates due to less resistance to flow and the 
temperature increases because more absorption of heat occurred in the fluid.  

iii) When 𝑅𝑑 level is high, the fluid experiences less obstacles and cause the velocity to elevate. 
In addition, a growth in temperature profile is also obtained when increasing 𝑅𝑑 because 
the fluid absorbs more heat. 

iv) Increasing the strength of 𝑀 cause the retardation of velocity due to the fluid experiences 
high resistance in the flow. 

v) As 𝐾, 𝐺𝑟, and 𝑎 increases, the flow produces less obstacles and the fluid velocity increases. 
vi) An increasing velocity profile is exhibited for increasing 𝜆1 values, while decreasing velocity 

profile is exhibited for increasing 𝜆 values. This situation is reflected in the viscoelastic 
behavior of the Jeffrey fluid. 

vii) The comparison of different base fluids shows that the highest velocity and temperature 
profile are achieved when using water as the base fluid. 
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