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A recent innovation in the nanotechnology is the 

dispersion of three distinct nanoparticles in a base fluid, 

this innovation is termed ternary hybrid nanofluid. This 

development has been found to be of higher thermal 

conductivity and produces enhanced heat transfer than the 

suspension of two kinds of nanoparticles in a base fluid. 

In view of this implication, Adnan et al. [25] developed a 

mathematical model for flow dynamics of a ternary 

hybridized fluid which comprises three distinct 

nanoparticles of ����� − �	� − 
����/��
��� over a 

channel with slip and dissipative properties. A discussion 

of the impact of combined nanoparticles of Copper (II) 

Oxide, Magnesium Oxide, and Titanium oxide forming 


�� based ternary nanofluid was offered by Mousavi et 

al. [26]. The computational analysis revealed that the 

thermal conduction of the ternary hybridized nanofluid 

increased the with a rise in the volume fraction. Elnaqeeb 

et al. [27] discussed the importance of surface mass flux 

in the flow dynamics of a ternary hybridized nanofluid 

over a 3D plate that stretched bilaterally subject different 

shapes and densities. Wenhao et al. [28] employed the 

shooting method to scrutinize joint effects of natural and 

mixed convection motion of a water-based ternary 

nanofluid flow having nanoparticles shapes of spherical 

carbon nanotubes, cylindrical graphene, and platelet. Oke 

et al. [29] assessed an MHD ternary hybrid nanofluid 

containing ����, graphene and alumina over 3D plate 

experiencing rotation, slip and suction properties. The 

numerical computation disclosed that the velocity profiles 

depreciate with a rise in the stretching term along � axis, 

but the trend was changed in � direction. The use of solar 

energy as an alternative means of energy that prevents the 

emissions of ��� which post danger to human life has 

been recently discussed among some researchers. 

The recent development in supply of clean energy free 

from ��� emissions has shown that solar energy is 

significant for use in the industries and in the domestic’s 

activities. This source of energy comes from the sun and 

has the capacity to produce electricity that is free from 

��� and thus, contributes to preserving human 

environment, [30-31]. Different from fossil fuels, it offers 
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a cleaner mechanism to provide the needed energy 

without negatively impacting on the planet earth. The 

recent energy demand to meet the advancement in 

technology without adverse effect on human life, solar 

energy has become a sought after in many societies. As 

found in the literature, the solar energy is categorized into 

two types: the photovoltaic and the concentrated solar 

power, [32]. The first category involves using 

semiconductors to convert the energy from the sun into 

electrical power. The photovoltaic cells are made of 

silicon and have the capacity to release electrons when 

exposed to the sun rays, consequently, current electricity 

is being induced, [33]. On the other hand, the concentrated 

solar power uses mirror or lenses to transform solar 

energy into electricity by focusing on a small surface area. 

Besides, this kind thus apply diverse means like PV cells, 

heat engines, etc, to transform solar energy into electricity. 

The use of solar energy in agriculture cannot be over 

stressed, for instance, farm machines, water pumps for 

irrigation, are typical examples. Solar water pumps find 

usage in agricultural practices all over the world, they are 

used for the supply of water for irrigation purposes 

without increasing the greenhouse gas emissions. This 

mechanism seems to be cost effective, prevents fossil 

fuels extension, contributes to safe environment and offer 

an enhanced crop productivity, among other benefits [34-

35]. These and many more advantages have caught the 

attention of many researchers and scientists, and at such 

devoted time and energy to its study. Obalalu et al. [32] 

constructed a mathematical model of a non-Newtonian 

fluid with ethylene glycol-based hybridization of 

aluminum alloy and titanium alloy nanomaterials over a 

parabolic trough surface collector for solar water pumps. 

The model incorporated the entropy analysis and radiative 

heat flux for the measurement of solar energy water pump. 

The outcomes of the study revealed that, the Biot number, 

radiative with heat source term and slip parameter 

improve heat transmission in the system. Shahzad et al. 

[36] engaged the Oldroyd-B fluid to explain the solar 

thermal radiative improvement in the solar water pumping 

systems in the presence of entropy production. In their 

work, an engine oil is used as a base fluid for the 

hybridized �	 and �� nanoparticles subject to varied 

thermal conductivity, slip properties and heat source 

effects. The report showed that escalating radiation and 

varying thermal conduction terms caused an enhancement 

in the solar water pump system. Other related studies can 

be found in Refs [37-38]. However, the effective of solar 

water pumps can be enhanced with the use of ternary 

hybrid nanofluid. In the presence of parabolic trough solar 

collector. This insight has not been studied by the previous 

researchers and thus serve as brilliant idea to be 

investigated in the current study.

1.1�Modeling�purpose�

2�Mathematical�formulations�
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2.1.�Aspect�of�Ternary�Nanofluid�(TNF)�

(����)
�� �	 (
��)

φfg^� φ4a φ4a

 
(����)

 

JBC = #h*
(�i_)�.j

kBC

@lC
=

D@BF� + 2@lCG − 2?�D@lC − @BF�G
D@BF� + 2@lCG + ?�(@lC − @BF�)

DE�FG
BC

= (1 − ?�)DE�FG
lC

+ ?�DE�FG
BF�

EBC = (1 − ?�)ElC + ?�EBF�

JABC = #h*
(�i_�)�.j(�i_�)�.j

kABC

@BC
=

D@BF� + 2@BCG − 2?�D@BC − @BF�G
D@BF� + 2@BCG + ?�(@BC − @BF�)

DE�FG
ABC

= (1 − ?�)DE�FG
BC

+ ?�DE�FG
BF�

EABC = (1 − ?�)EBC + ?�EBF�

OABC

OBC
=

DOBF� + 2OBCG − 2?�DOBC − OBF�G
DOBF� + 2OBCG + ?�(OBC − OBF�)

JmNgABC = #h*
(�i_�)�.j(�i_�)�.j(�i_;)�.j

k mNgABC

@ABC

=
D@BF� + 2@ABCG − 2?�D@ABC − @BF�G
D@BF� + 2@ABCG + ?�(@ABC − @BF�)
DE�FG

mNgABC
= (1 − ?�)DE�FG

ABC

+ ?�DE�FG
BF�

EmNgABC = (1 − ?�)EABC + ?�EBF�
O mNgABC

OABC

=
DOBF� + 2OABCG − 2?�DOABC − OBF�G
DOBF� + 2OABCG + ?�(OABC − OBF�)

2.2.�Transformation�analysis�
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to determine the unknown constants ∆'s. This process 
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unknowns, we can determine the values of ∆'s. 
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Figure�5(a). t(Γ)   Ec

Figure�5(b). t(Γ) Ä�

Figure�6(a). t(Γ) β�

Figure�6(b). t(Γ) β�

Ä�

Ä�

Ä�

���� +  ��
�	/
��

�� �	/
��

Figure�7(a). w′(Γ) β�

ICPGRES-2024

, 05002 (2024)E3S Web of Conferences https://doi.org/10.1051/e3sconf/202456405002564

7



Figure�7(b). w′(Γ) β�

�
Figure�8(a). w′(Γ) (S > 0)

�
Figure�8(b). w′(Γ) (S < 0)
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