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Abstract: The next-generation thermal fluid, that is, the hybrid nanofluids (hbnfs) are extensively used 

in numerous fields like industrial and manufacturing sectors as well as recent developments in 

biotechnology. Inspired by these applications, we investigated the argumentation of thermal energy 

transfer of AA7072 and AA7072 + AA7075 alloy nanoparticles (nps) suspended in H_2 O - based 

nanofluid and hybrid nanofluid flow past a non-linear porous stretching sheet. Thermal radiation, 

viscous dissipation, and heat source/sink are also studied in the modeling. The modeling PDEs are 

transmuted into ODEs by opting for appropriate similarity transformations. Furthermore, the 

transmuted equations are solved numerically in MATLAB using Runge-Kutta-Fehlberg’s fourth-fifth 

order (RKF-45) technique by adopting the shooting method. The graphical representation is 

accomplished for important physical factors to check the behaviors of flow profiles. The velocity profile 

for AA7072 + AA7075/ H_2 O is higher than AA7072/ H_2 O. By increasing magnetic field parameter 

M and permeability parameter K_1, the velocity component (f^' (χ)), gain diminished trend for both 

AA7072/ H_2 O and AA7072 + AA7075/ H_2 O. The influence of Eckert number (Ec), and Heat source 

and sink parameter (Q) displays the rising trend in temperature profile for both nano and hybrid 

nanofluid. But the hybrid nanofluid is more effective when equated with nanofluid for both Ec, and Q. 

Moreover, the Dragging friction (Df), and Nusselt number (Nn) are also evaluated. 

Keywords: hybrid nanofluid; porous stretching sheet; thermal radiation; heat source/sink. 
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1. Introduction 

The next-generation thermal fluid is a hybridization of metal nps and metallic oxides, 

has enhanced heat transmission and rheological performance as well as exhibits superior 

thermophysical properties than base fluids (oil, water, ethylene glycol, or even an ionic liquid) 

and mono nanofluids. Recently, researchers indicated that an exhaustive mixture of several 

types of nps in base fluids can substantially improve the ability of fluid combinations. The 

thermal performance can be increased when more than one np is distributed in the base fluid. 

A plethora of literature has already been reported that hnf provides better heat transfer 

enhancement, it can be utilized in advanced thermal engineering applications such as solar 

energy, refrigeration as well as heating, ventilation, heat exchanger, coolant in machining and 

manufacturing, electronic cooling, automotive industry, generator cooling, nuclear system 
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cooling, biomedical, space, ships, and defense, etc. Firstly, Suresh et al. [1], identified the 

concepts of hnfs to improve on the effects of modern nanofluids using 𝐶𝑢 − 𝐴𝑙2𝑂3/𝑤𝑎𝑡𝑒𝑟 – 

based nps by hydrogen reduction technique. Santhi et al. [2], considered the slip conditions to 

evaluate the energy and thermal transfer rate of unsteady magnetohydrodynamic 𝐴𝑙2𝑂3 −

𝑇𝑖𝑂2/𝑤𝑎𝑡𝑒𝑟 – based hnf flow over a stretching surface inclusion of chemical reaction, suction, 

thermal radiation. The influence of volumetric heat generation and chemical reaction of higher 

order on MHD hnf across the bidirectional porous stretchable sheet was assessed by Joshi et 

al. [3]. Shanmugapriya et al. [4] depicted the heat and mass transport of magnetized 𝑆𝑊𝐶𝑁𝑇 +

𝑀𝑊𝐶𝑁𝑇/𝐻2𝑂 – based hnf over a moving wedge in the attendance of thermal radiation and 

activation energy with binary chemical reaction. Saeed et al. [5] examined the thermos physical 

characteristics of cylindrical-shaped carbon nanotubes (SWCNTs and MWCNTs) and 𝐹𝑒3𝑂4  

hnf of Darcy Forchheimer flow over an exponentially extending curved surface.  

Nanomaterials are significant because of their immense thermal and mechanical 

properties. The physical properties of nanofluid formed by nanomaterials like metal and 

metallic oxides are noticeably altered by these materials. There is a new kind of nanomaterial 

known as Aluminum alloys (AAs) in which AAs play a predominant role in boosting thermal 

conductivity. AAs are widely utilized in the manufacturing of spacecraft, aircraft structures, 

construction, testing, transport utilization, etc. In addition, these AAs are acknowledged to have 

durable, demanding cool rates. Due to the high durability of AA7072 and AA7075 AAs, 

researchers explored the thermal transport behavior of hnf over various flow models. Abbasi et 

al. [6] analyzed the thermal transport of AA7072 and AA7075 AAs dispersed in methanol 

across the permeable plate with the effect of thermal and velocity slip, radiative heat flux, heat 

generation/absorption, and suction/injection. The slip effect of 3-D MHD flow of hnf across a 

stretched plane of non-uniform thickness was theoretically studied by Tlili et al. [7]. Utilizing 

a non-Fourier heat flux model, Madhukesh et al. [8] deliberated the impact of Newtonian 

heating (NH) and constant wall temperature (CWT) of AA7072-AA7075/water-based hnf over 

a curved stretching sheet. Some recent studies about AA7072-AA7075 AAs hnfs and thermal 

transport properties are mentioned in Refs. [9-11]. 

In an extremely high-temperature operating industry, the performance of thermal 

radiation plays a significant influence on the rate of heat transfer and temperature profiles. This 

potential leads to examining the impact of heat transfer on thermal radiation under the boundary 

layer flow problems. Furthermore, adding nps in a base fluid increases the fluid's thermal 

efficiency rate. Mahabaleshwar et al. [12] studied the analytical solution of thermal radiation 

of the hnf flow over a stretching/shrinking sheet with suction and injection. The investigation 

of hnf reported by Jaafar et al. [13] stated that the thickness of the thermal boundary layer 

increases as the increasing values of the magnetic and suction parameters. Asghar et al. [14], 

explored the influence of thermal hnf (alumina (𝐴𝑙2𝑂3) and copper (Cu) nanoparticles) on the 

three-dimensional magnetized rotating flow with Joule heating. Based on the available 

literature, several researchers [15-20] did the dominant work applying the thermal radiation 

concept in their investigation.  

A closer inquiry of the review literature, it is recognized that the thermal transport 

analysis of AA7072 and AA7072 + AA7075 alloy nps suspended in 𝐻2𝑂 - based nanofluid and 

hnf are not recorded over a non-linear porous stretching sheet. Here, we considered two 

different AAs, AA7072 and AA7075, suspended in a base fluid 𝐻2𝑂. AA7072 alloy combines 

zinc and aluminum with additional metallic elements such as copper, silicon, and ferrous. The 

zinc content of 7072 aluminum increases its sacrificial anode property but has very poor 
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erosion-corrosion resistance. Similarly, one of the strongest aluminum alloys, AA7075 is a 

compounded mixture of zinc, magnesium, ferrous, copper, and silicon. For the novelty of the 

analysis, thermal radiation, viscous dissipation, and heat source/sink are ingrained in the 

present mathematical model. After that, a numerical method RKF-45 technique and shooting 

method are adopted to arrive at a solution. Through table and graphical illustrations, the results 

of velocity, temperature profiles, dragging friction, and Nusselt number for AA7072-𝐻2𝑂 and 

AA7072 + AA7075-𝐻2𝑂 are presented for various key parameters. This present study's 

contribution may benefit the development of industrial requirements, particularly in the process 

of household appliances, manufacturing sectors, and the recent developments in biotechnology. 

2. Physical flow model formulation 

The heat and mass transition is examined through 2D MHD, the steady incompressible 

flow of hnf past a non-linear porous stretching sheet. The hnf is composed of the mixture of 

alloy nps AA7072 and AA7072 + AA7075 suspended in 𝐻2𝑂. A physical flow structure of the 

problem is shown in Fig. 1, where the sheet moves with velocity 𝑢𝑤(𝑥) = 𝑎𝑥
𝑚, depending on 

𝑎 < 0 𝑜𝑟 𝑎 > 0 for shrinking or stretching sheets, respectively. A variable magnetic field 

𝐵(𝑥) = 𝐵0𝑥
𝑚−1

2  is applied normally to the non-linear stretching surface. The temperature of 

hnf far away from the non-linear stretching sheet is 𝑇∞, whereas the hnf temperature at the 

sheet surface is 𝑇𝑤.  

3. Model equations 

The constitutive equations of the flow formulas of the MHD hbnf, with the effect of 

porous media, viscous dissipation, and thermal radiations, are defined as:  

𝑢𝑥 + 𝑣𝑦 = 0                                                                                                                                                            (1) 

𝜌ℎ𝑏𝑛𝑓(𝑢𝑢𝑥 + 𝑣𝑢𝑦)

= 𝜇ℎ𝑏𝑛𝑓 (𝑢𝑥𝑥 −
𝑢

𝐾
) − 𝜎𝐵(𝑥)2𝑢                                                                               (2) 

(𝜌𝑐𝑝)ℎ𝑏𝑛𝑓(𝑢𝑇𝑥 + 𝑣𝑇𝑦)

= (𝑘ℎ𝑏𝑛𝑓 +
16𝜎∗𝑇∞

3

3𝑘∗
)𝑇𝑦𝑦 + 𝜇ℎ𝑏𝑛𝑓𝑢𝑦

2 + 𝑄′(𝑇 − 𝑇∞)                                         (3) 

Associated border constraints are: 

𝑢|𝑦=0 = 𝑢𝑤(𝑥) = 𝑎𝑥
𝑚, 𝑣|𝑦=0 = 0, 𝑇|𝑦=0 = 𝑇𝑤(𝑥) = 𝑇∞ + 𝑏𝑥

𝑛

𝑢|𝑦=∞ = 0, 𝑇|𝑦=∞ = 𝑇∞                                                                        
}                                                  (4) 
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Figure 1. Flow model. 

The dynamical viscidness model for hybrid nanofluid [4]: 
𝜇ℎ𝑏𝑛𝑓
𝜇𝑏𝑓

=
1

(1 − 𝜑AA7072)
2.5(1 − 𝜑AA7075)

2.5
                                                                                                         (5) 

The density model for hybrid nanofluid: 

𝜌ℎ𝑏𝑛𝑓
𝜌𝑏𝑓

= [(1 − 𝜑AA7075) {(1 − 𝜑AA7072) + 𝜑AA7072
𝜌AA7072
𝜌𝑏𝑓

}

+ 𝜑AA7075
𝜌AA7075 

𝜌𝑏𝑓
]                                                                                                  (6) 

The consistent heat capability model for hybrid nanofluid: 

(𝜌𝑐𝑝)ℎ𝑏𝑛𝑓

(𝜌𝑐𝑝)𝑏𝑓

= [(1 − 𝜑AA7075) {(1 − 𝜑AA7072) + 𝜑AA7072
(𝜌𝑐𝑝)AA7072
(𝜌𝑐𝑝)𝑏𝑓

}

+ 𝜑AA7075
(𝜌𝑐𝑝)AA7075
(𝜌𝑐𝑝)𝑏𝑓

]                                                                                           (7) 

 

The thermal conductivity model for hybrid nanofluid: 

𝑘ℎ𝑏𝑛𝑓
𝑘𝑛𝑓

= [
𝑘AA7075 + 2𝑘𝑛𝑓 − 2𝜑AA7075(𝑘𝑛𝑓 − 𝑘AA7075)

𝑘AA7075 + 2𝑘𝑛𝑓 + 𝜑AA7075(𝑘𝑛𝑓 − 𝑘AA7075)
] ,

 
𝑘𝑛𝑓
𝑘𝑏𝑓

= [
𝑘AA7072 + 2𝑘𝑏𝑓 − 2𝜑AA7072(𝑘𝑏𝑓 − 𝑘AA7072)

𝑘AA7072 + 2𝑘𝑏𝑓 + 𝜑AA7072(𝑘𝑏𝑓 − 𝑘AA7072)
]

 

}
 
 

 
 

                                                                     (8) 
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where 𝜇𝑏𝑓, 𝜌𝑏𝑓, (𝜌𝑐𝑝)𝑏𝑓and  𝑘𝑏𝑓 are the dynamical viscidness, density, consistent heat 

capability, and thermal conductivity of the base fluid. 𝜑 is the volume fraction of the alloy nps. 

The physical assets of AA7072 and AA7075 aluminum alloys and 𝐻2𝑂 are tabulated in Table 

1.  

Table 1. Alloy nps and 𝐻2𝑂 thermophysical assets [18]. 
Thermophysical 

Characteristics 

Unit Base fluid Nanomaterials 

𝐻2𝑂 AA7072 AA7075 

𝝆 𝑘𝑔/𝑚3 997.1 2810 2720 

𝒄𝒑 𝐽/𝑘𝑔𝐾 4179 960 893 

𝒌 𝑊/𝑚𝐾 0.613 173 222 

 

4. Dimensionless formulations model 

The similarity technology used in Equations (1) – (4) are as follows:  

𝜓(𝑥, 𝑦) = (
2𝑎𝜗𝑏𝑓

𝑚+ 1
)

1
2

𝑥
𝑚+1
2 𝑓(𝜒), 𝜒(𝑥, 𝑦) = 𝑦 (

𝑎(𝑚 + 1)

2𝜗𝑏𝑓
)

1
2

𝑥
𝑚−1
2 , 𝜃(𝜒) =

𝑇 − 𝑇∞
𝑇𝑤 − 𝑇∞

                         (9) 

By incorporating Equation (9), we get: 

𝑓′′′ −
𝜑𝐵
𝜑𝐴
[(

2𝑚

𝑚 + 1
)𝑓′

2
− 𝑓𝑓′′] −

1

𝜑𝐴
𝑀𝑓′ − 𝐾1𝑓

′

= 0                                                                                                                     (10) 

[1 + 
𝑅

𝜑𝐷
] 𝜃′′ − 

𝑃𝑟

𝜑𝐴
[𝜑𝐶 (

4𝑚

𝑚 + 1
)𝑓′𝜃 − 𝜑𝐶𝑓𝜃

′ − 𝑄𝜃 − 𝜑𝐴𝜑𝐶𝐸𝑐(𝑓
′′)2]

= 0                             (11) 

here 𝜑𝐴 =
𝜇ℎ𝑏𝑛𝑓

𝜇𝑏𝑓
, 𝜑𝐵 =

𝜌ℎ𝑏𝑛𝑓

𝜌𝑏𝑓
, 𝜑𝐶 =

(𝜌𝑐𝑝)ℎ𝑏𝑛𝑓

(𝜌𝑐𝑝)𝑏𝑓
, 𝜑𝐷 =

𝑘ℎ𝑏𝑛𝑓

𝑘𝑏𝑓
. 

The translated border constraints are: 

𝑓|𝜒=0 = 0, 𝑓
′|𝜒=0 = 1, 𝜃|𝜒=0 = 1, 𝑓

′|𝜒→∞ = 1, 𝜃|𝜒→∞ = 0.                                                             (12) 
 

The default value and the description of the control physical parameters embedded in 

equations (10) and (12) are given in Table 2. 

 

Table 2. Default value and the description of the control physical parameters 
Physical 

parameters 

Expression Name Default value 

𝒎 - non-linear stretching parameter 0.2 

𝑴 2𝜎𝐵0
2

𝑎(𝑚 + 1)𝜌𝑏𝑓
 

Magnetic parameter 0.5 

𝑹 16𝜎∗𝑇∞
3

3𝑘∗𝑘𝑏𝑓
 

Radiation parameter 1.0 

𝑬𝒄 𝑢𝑤
2

(𝑐𝑝)𝑏𝑓(𝑇𝑤 − 𝑇∞)
 

Eckert number 0.5 

𝑸 2𝑄0

𝑎(𝑚 + 1)(𝜌𝑐𝑝)𝑏𝑓

 
Heat source and sink parameter 0.5 

𝑷𝒓 𝛾𝑏𝑓

𝛼𝑏𝑓
 

Prandtl number 6.2 

𝑲𝟏 2𝛾𝑏𝑓

𝐾𝑎(𝑚 + 1)𝑥𝑚−1
 

Permeability parameter 0.2 

𝝋𝐀𝐀𝟕𝟎𝟕𝟓 - volumetric fraction parameter of 𝐴𝐴7075 0.2 

𝝋𝐀𝐀𝟕𝟎𝟕𝟐 - volumetric fraction parameter of 𝐴𝐴7072 0.2 
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5. Dragging friction and Nusselt number 

The dragging friction 𝑆𝑓𝑥 combined with the Nusselt amount 𝐻𝑡𝑥 are the interesting 

physical quantities that controlled the hybrid nanofluid fluid and specified as: 

𝑆𝑓𝑥 =
𝜏𝑤

𝜌𝑏𝑓(𝑢𝑤(𝑥))
2, 

 𝐻𝑡𝑥  =
𝑥𝑞𝑤

𝑘𝑏𝑓(𝑇𝑤 − 𝑇∞)
                                                                                         (13) 

where 

 𝜏𝑤 = 𝜇ℎ𝑏𝑛𝑓
𝜕𝑢

𝜕𝑦
|
𝜒=0

, 𝑞𝑤 = −[𝑘ℎ𝑏𝑛𝑓 
𝜕𝑇

𝜕𝑦
|
𝜒=0

+

16𝜎∗

3𝑘∗
(𝑇∞

3 𝜕𝑇

𝜕𝑦
)|
𝜒=0

]                                                  (14) 

The dimensionless translation of Eq. (13) is as follows: 

𝑆𝑓𝑥(𝑅𝑒𝑥)
0.5 =

1

(1 − 𝜑AA7075)
2.5(1 − 𝜑AA7072)

2.5
√
𝑚 + 1

2
𝑓′′(0)   

𝐻𝑡𝑥(𝑅𝑒𝑥)
−0.5 = −

𝑘ℎ𝑏𝑛𝑓
𝑘𝑏𝑓

√
𝑚 + 1

2
[1 + 𝑅]𝜃′(0)                                   

}
 
 

 
 

                                          (15) 

where 𝑅𝑒𝑥 =
𝑎𝑥𝑚+1

𝜗𝑏𝑓
 is the local Reynolds number. 

6. Numerical Procedure and validation 

Equations (10) and (11), along with border constraints (12), are solved utilizing the 

shooting technique together with 𝑅𝐾𝐹45 method by converting BVP into an IVP [17]. At the 

initial stage, 

𝑓′′′ =
𝜑𝐵
𝜑𝐴
[(

2𝑚

𝑚 + 1
)𝑓′

2
− 𝑓𝑓′′] +

1

𝜑𝐴
𝑀𝑓′

+ 𝐾1𝑓
′                                                                           (16) 

𝜃′′ =
1

[1 + 
𝑅
𝜑𝐷
]
[
𝑃𝑟

𝜑𝐴
[𝜑𝐶 (

4𝑚

𝑚 + 1
)𝑓′𝜃 − 𝜑𝐶𝑓𝜃

′ − 𝑄𝜃

− 𝜑𝐴𝜑𝐶𝐸𝑐(𝑓
′′)2]]                                 (17) 

Introducing the new variables as: 

𝜉1 = 𝑓,      𝜉2 = 𝑓
′,      𝜉3 = 𝑓

′′,      𝜉4 = 𝜃,      𝜉5 = 𝜃
′                                                                                        (18) 

The matrix form of the governing equations with 𝜉 = [𝑓, 𝑓′, 𝑓′′, 𝜃, 𝜃′ ]𝑇 can be written as 

follows: 
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𝑑

𝑑𝜒

(

 
 

𝜉
1

𝜉
2

𝜉
3

𝜉
4

𝜉
5)

 
 

=

(

 
 
 
 
 
 

𝜉
2

𝜉
3

𝜑𝐵
𝜑𝐴
[(

2𝑚

𝑚 + 1
) 𝜉

2
2 − 𝜉

1
𝜉
3
] +

1

𝜑𝐴
𝑀𝜉

2
+ 𝐾1𝜉2  

𝜉
5

1

[1 + 
𝑅
𝜑𝐷
]
[
𝑃𝑟

𝜑𝐴
[𝜑𝐶 (

4𝑚

𝑚 + 1
) 𝜉

2
𝜉
4
− 𝜑𝐶𝜉1𝜉5 − 𝑄𝜉4 − 𝜑𝐴𝜑𝐶𝐸𝑐(𝜉3)

2
]]

)

 
 
 
 
 
 

             (19) 

with 

 

𝜉1|𝜒=0 = 0, 𝜉2|𝜒=0 = 1, 𝜉2|𝜒=0 = 1,

𝜉3|𝜒→∞ = 𝛼1, 𝜉2|𝜒→∞ = 𝛼2.                 
}                                                                                                (20) 

where 𝛼1 and 𝛼2 are unknowns. Initially, the shooting technique is implemented to get 

an initial guess value for unknowns. Then, the captured IVP Eqs. (19 - 20) are solved 

numerically by using the RKF-45 method. To aggravate the validation of the analysis, the 

obtained results are compared to those from previous studies, resulting in similar findings (see 

Tables 3 and 4). 

Table 3. Computational values of 𝑓′′(0) for various 𝑚 in the absence of 𝜑1, 𝜑2, 𝑀, 𝑎𝑛𝑑 𝐾1 = 0 
𝒎 Cortell [19] Elayarani et al. [20] Present work 

0 0.6276 0.62779 0.6276 

0.2 0.7668 0.76705 0.7668 

0.5 0.8895 0.88974 0.8895 

1 1.0000 1.00017 1.0000 

3 1.1486 1.14874 1.1486 

10 1.2349 1.23501 1.2349 

20 1.2574 1.25755 1.2574 

 

Table 4. Computational values of 𝜃′(0) for various 𝑚 and 𝐸𝑐 in the absence of 𝜑1, 𝜑2, 𝑀, 𝑄, 𝑅 𝑎𝑛𝑑 𝐾1 =
0, 𝑎𝑛𝑑 𝑃𝑟 = 1 

𝑬𝒄 𝒎 Eldabe et al. [21] Elayarani et al. [20] Present work 

0 0.75 1.25270 1.25272 1.25267 

0 1.5 1.43937 1.43936 1.43939 

0 7.0 1.69930 1.69928 1.69929 

0 10.0 1.72894 1.72891 1.72893 

0.1 0.75 1.21994 1.21994 1.21998 

0.1 1.5 1.40515 1.40515 1.40508 

0.1 7.0 1.66257 1.66254 1.66250 

0.1 10 1.69188 1.69185 1.69182 

7. Graphical Results  

This section highlights the physical mechanism and trend of velocity and thermal fields 

behind each figure.  
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8. Velocity field 

The influences of 𝑚 on the velocity field (𝑓′(𝜒)),  for AA7072-𝐻2𝑂 and AA7072 + 

AA7075-𝐻2𝑂 nanofluid and hnf are plotted in Figure 2. The upsurge in the 𝑚 value declines 

the 𝑓′(𝜒) for all two cases. To see the influence of magnetic parameter 𝑀 on 𝑓′(𝜒), results are 

drawn in Figure 3. This figure talks about the velocities of both AA7072-𝐻2𝑂 and AA7072 + 

AA7075-𝐻2𝑂 nanofluid and hnf decline near the convective surface, and these variations are 

almost insignificant for both types of fluids. The velocities of AA7072-𝐻2𝑂 nanofluid is rapid 

decrement as compared to that of AA7072 + AA7075-𝐻2𝑂 hnf. The volumetric fraction 

parameters 𝜑AA7075 and 𝜑AA7075 plays an important role in the study of hnf. To analyze the 

influence of volumetric fraction parameters on 𝑓′(𝜒), Figures 4 and 5 are depicted. Here, the 

arguments of 𝜑1 and 𝜑2 improves the velocities of both cases. For AA7072 + AA7075-𝐻2𝑂 

hnf, dominating behavior of AA7072-𝐻2𝑂 nanofluid is observed. Figure 6 shows the influence 

of 𝐾1on 𝑓′(𝜒). Increasing 𝐾1 values decline the velocity profile for both cases. 

 

     
 

 

 

     
 
 

 
 

 

Figure 2. Influence of 𝑚 for 𝑓′(𝜒). Figure 3. Influence of 𝑀 for 𝑓′(𝜒). 

Figure 4. Influence of 𝜑1 for 𝑓′(𝜒). Figure 5. Influence of 𝜑2 for 𝑓′(𝜒). 
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9. Thermal field 

The impact of non-dimensional physical parameters on the temperature profile of 

AA7072-𝐻2𝑂 and AA7072 + AA7075-𝐻2𝑂 nanofluid and hnf are illustrated in Figures 7–15. 

We captured from Figure 7, for improvement in 𝑚, temperature for both AA7072-𝐻2𝑂 and 

AA7072 + AA7075-𝐻2𝑂 nanofluid and hnf rise near the stretchable surface, that is, at 𝜂 =

0 𝑡𝑜 𝜂 = 1.5, after the thermal field slows down. The fluctuation in the temperature profile for 

varied values of 𝑀 is illustrated in Figure 8. The plotted figure shows that for stronger magnetic 

parameters AA7072 + AA7075-𝐻2𝑂 hybrid nanofluid has a better thermal field than the 

AA7072-𝐻2𝑂 nanofluid. Variation in 𝜃(𝜒) against 𝜑1 and 𝜑2for both cases is portrayed in 

Figures 9 and 10. Due to high thermal conductivity, the temperature profile of both fluids starts 

increasing, beyond 𝜂 ≥ 1.5, the temperature profile decreases asymptotically for both cases. 

The impact of 𝑃𝑟 on the thermal field is represented in Figure 11. The enhanced 𝑃𝑟 values 

reduce the AA7072-𝐻2𝑂 and AA7072 + AA7075-𝐻2𝑂 nanofluid and hnf temperature because 

the higher 𝑃𝑟 values retain lower thermal conductivity. One can observe from plotted Figure 

12 that the upsurge in radiation parameter declines the thermal field. The behavior of the 

temperature profile with the increment of the Eckert number is displayed in Figure 13. The heat 

capacitance of AA7075 aluminum alloy nps is greater than AA7072 AA np. Because for 

AA7075 alloy nps, the temperature profile of AA7072 + AA7075-𝐻2𝑂 hnf rises compared to 

AA7072-𝐻2𝑂 nanofluid. The stimuli of heat source/sink parameter on thermal characteristics 

of AA7072-𝐻2𝑂 and AA7072 + AA7075-𝐻2𝑂 are plotted in Figure 14. For raising values of 

𝑄, the dominant effects of temperature profile are observed for hnf compared to that of 

nanofluids. Figure 15 reveals the impact of the permeability parameter on the thermal field for 

two different fluids. The rate of declination in the thermal field is slower for hnf when 

compared to nanofluid.  

Figure 6. Influence of 𝐾1 for 𝑓′(𝜒). 
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Figure 7. Influence of 𝑚 for 𝜃(𝜒).  Figure 8. Influence of 𝑀 for 𝜃(𝜒).  

Figure 9. Influence of 𝜑1 for 𝜃(𝜒) . Figure 10. Influence of 𝜑2 for 𝜃(𝜒). 

Figure 11. Influence of 𝑃𝑟 for 𝜃(𝜒).  Figure 12. Influence of 𝑅 for 𝜃(𝜒).  
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10. Conclusions 

2-D MHD hnf with AA7072 and AA7075 aluminum alloy nps, thermal radiation, and 

heat source/sink are defined in this present work. The numerical results of the simulated 

problem were accomplished using the RKF-45 technique together with the shooting method. 

The following are some of the most significant aspects of the results: 

Velocity field under the influence of growing non-linear stretching parameter (𝑚), 

magnetic parameter (𝑀), and permeability parameter (𝐾1), behaves in the opposite manner in 

AA7072-𝐻2𝑂 and AA7072 + AA7075-𝐻2𝑂 nanofluid and hybrid nanofluid. 

Irrespective of the volumetric fraction parameter of 𝐴𝐴7075 (𝜑𝐴𝐴7075), and volumetric 

fraction parameter of 𝐴𝐴7072 (𝜑𝐴𝐴7072), 𝑓
′(𝜒) has a higher magnitude for all nanofluid and 

hybrid nanofluid.  

Enhanced  Eckert number (𝐸𝑐), heat source and sink parameter (𝑄), and permeability 

parameter (𝐾1) causes 𝜃(𝜒) to grow while that of radiation parameter (𝑅) declines for both 

types of AA7072-𝐻2𝑂 and AA7072 + AA7075-𝐻2𝑂 nanofluids.  

Figure 13. Influence of 𝐸𝑐 for 𝜃(𝜒).  

 

Figure 14. Influence of 𝑄 for 𝜃(𝜒).  

Figure 15. Influence of 𝐾1 for 𝜃(𝜒).  
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Hiked 𝜑𝐴𝐴7075 and 𝜑𝐴𝐴7072 contributes greater dragging friction (𝑆𝑓𝑥) in both 

nanofluids while rising in 𝑚,𝑀 and 𝐾1 leads to the decay of viscous drag in both types of 

nanofluids. 

The rate of heat transfer (𝐻𝑡𝑥) increases due to hybridity and also with an increment of 

volume fraction parameters 𝜑𝐴𝐴7075, 𝜑𝐴𝐴7072, 𝐸𝑐, 𝑄 and 𝐾1 for nanofluid and hybrid 

nanofluid. 
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