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The paper is based on the demand for sustainable and high-performance thermal fluids 

through the analysis of the properties of heat and mass transfer of a green hybrid nanofluid, 

Aloe vera extract-stabilised ZnO nanoparticles in water, operating between two coaxial 

parallel rotating disks. Those two nonlinear governing equations coupled with 

magnetohydrodynamic terms and thermal radiation ones are solved numerically by the 

Galerkin-based finite element method (FEM) with the use of Mathematica. The modified 

mixture models are developed to take into consideration the effects of bio-surfactant 

stabilisation on the effective thermophysical properties. To further elaborate on the 

numerical simulations, a feedforward artificial neural network that has been trained on the 

Levenberg-Marquardt algorithm in MATLAB is created to extrapolate the wall shear 

stress, Nusselt number, and Sherwood number to a variety of nanoparticle concentrations, 

magnetic field intensities, and disk rotation rates. The findings indicate that there is strong 

transport asymmetry between the disks: The rise in angular velocity substantially improves 

the heat transfer and inhibits the solutal boundary layer in the upper disk and the mass 

transfer in the lower disk is stronger in the lower disk as a result of the momentum 

confinement. Enhancement of heat transfer is mostly conditioned by the nanoparticle 

loading in the upper disk, but the mass transfer enhancement is prevalent in the lower disk. 

The ANN surrogate has strong predictive capability, well able to capture disk-specific 

transport behaviour, and can be used to provide a parametric evaluation quickly. These 

results demonstrate the possibility of Aloe vera-ZnO/water nanofluids as a thermal 

working fluid that is environmentally friendly and can be used in rotating machinery, 

bioreactors, and disk-based heat and mass transfer.  
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1. INTRODUCTION

Nanotechnology is becoming increasingly popular, 

allowing the creation of hybrid nano-fluid suspensions of 

nanoparticles in base fluids that exhibit superior characteristics. 

Bio-hybrid nanofluids, such as those derived from Aloe vera 

extract, offer the advantages of being eco-friendly and 

exhibiting improved thermal conductivity. Hybrid nanofluids 

are examined for their heat transfer properties in various 

systems, and their transport properties are controlled 

accurately. They improve the convective heat transfer and are 

environmentally friendly. A hybrid nanofluid study involves 

the incorporation of various nanoparticles into base fluids to 

promote the transfer of heat and mass within the engineering 

systems. Such nanofluids exhibit improved thermal 

conductivity and adjustable properties. Aloe vera stabilized 

ZnO/water. The bio-hybrid nanofluids, such as those derived 

from Aloe vera, offer a new alternative material for thermal 

management. Bio-hybrid nanofluids have applications in high-

performance systems that require adequate heat and mass 

transfer. 

An example of rotating disk systems is the two-disk system, 

which is utilised in engineering processes such as turbines, 

reactors, and pumps, where centrifugal forces, viscous 

dissipation, and thermal gradients significantly influence the 

complex transport behaviour. Nevertheless, the investigations 

in literature focus more on traditional hybrid or ternary 

nanofluids, excluding bio-based stabilization or FEM-ANN 

predictive models in monolithic rotating disk setups [1-3]. 

FEM is effective in solving the governing nonlinear PDEs in 

such geometries, and trained ANNs using LM offer fast, 

accurate surrogate modelling of important outputs such as 

Nusselt and Sherwood numbers [4, 5], which are useful to 

study parameters of interest efficiently. 

The positive impact of hybrid nanofluids in rotating disk 

systems is supported in recent studies. Afzal et al. [1] 
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optimized the entropy generation of hybrid nanofluid flow 

over disks, enhancing thermal performance and controlling the 

boundary layer. The study by Noreen et al. [2] focuses on 

ternary hybrids, where the thermal radiation and Cattaneo-

Christov flux are of interest, specifically examining the 

synergy between nanoparticles. The use of AI and numerical 

methods is also on the rise. Nasir et al. [4] compared ANNs 

with the prediction of the heat transport in magnetized porous 

cavities. Still, Ramzan et al. [5] and Alqahtani et al. [6] used 

FEM to simulate hybrid flows (over rotating surfaces). Disks 

were experimented on and had a shrinking diameter; heat 

transfer was dependent on rotation and magnetism [3]. 

However, these papers only use numerical simulations or 

stand-alone AI models but do not combine ANN surrogates 

and high-fidelity FEM solvers to model asymmetric heat and 

mass transfer in two-disk systems. Recently, tetra-hybrid 

nanofluids were introduced by Sakkaravarthi et al. [7], which 

enhance entropy-based thermal transport. LM-ANNs can 

model the nonlinear effects of parameters such as the volume 

fraction of nanoparticles, slip, magnetic fields, and heat 

sources [8, 9]. They are helpful in rapid surrogate modeling, 

which substitutes expensive FEM executions. In contrast to the 

current research, those studies do not involve ANN-

Levenberg-Marquardt training in combination with FEM-

generated data to provide intelligent approximations of 

nonlinear ODEs developed on the basis of coupled PDEs. 

They can be used in solar collectors, MHD wavy enclosures, 

and more complicated nanofluid flows [10, 11]. LM-ANNs are 

fast, convergent, accurate, and robust in the analysis of 

asymmetric heat/mass transfer. 

Recent publications emphasise that Aloe vera–ZnO/water 

nanofluids are sustainable and high-performing thermal 

systems, as they exhibit higher conductivity rates; nevertheless, 

the asymmetric transport behavior of bio-based Aloe vera-

ZnO/water nanofluids in upper-lower rotating disk systems 

has not been accurately measured, and or predicted using 

machine learning-based numerical models. stability, and green 

synthesis [12, 13]. Thermophysical correlations of ZnO and 

Al2O3 nanofluids are reliable, which justifies the proper 

modelling [14]. FEM simulations can model complex hybrid 

nanofluid behaviour in MHD, Joule heating, and chemical 

effects [15-17]. Rotating disk studies indicate asymmetric 

transfer, which is essential in convective transfer [18], 

supporting the importance of Aloe vera ZnO/water nanofluids 

in the use of the two disks. 

Although there has been an improvement in hybrid 

nanofluid studies, gaps remain in bio-based systems, in 

double-disk configurations are particularly desirable. 

Synthesized nanoparticles, single disks, or traditional fluids 

have been studied in most of the literature on MHD, radiation, 

and slip effects [1, 2, 18-20]. Specifically, the interactive effect 

of the magnetic field, thermal radiation, and slip boundary 

conditions on Aloe vera-ZnO/water nanofluids in dual rotating 

disks is not discussed before. Besides, there is no literature on 

FEM-LM-ANN hybrid modeling approaches to such green 

nanofluids are not well studied, especially in terms of upper-

lower disk asymmetries. In order to fill these gaps, the current 

research provides the following new contributions: 

(i) A flow of Aloe vera-ZnO/water nanofluid between a pair 

of coaxial rotating disks was modelled by the Galerkin-based 

FEM using the Mathematica software; 

(ii) The quantitative analysis of the upper-lower disk 

inequity of heat and mass transfer when magnetic, radiation, 

and slip forces are present; and 

(iii) Building an ANN-Levenberg-Marquardt surrogate 

model, which is able to predict Nusselt number, Sherwood 

number, and wall shear stress under the influence of 

parametric variations accurately. 

This bilateral FEMANN model allows a smart 

representation of nonlinear transport processes with 

substantial computational cost reduction, which provides a 

unique improvement over the current literature. 

Although hybrid and ternary nanofluids have a considerable 

amount of literature, the literature on the topic of Aloe vera 

ZnO/water nanofluid is very scarce. The available literature 

mainly highlights traditional metal, or metal-oxide nanofluids, 

and highlights general thermal enhancement, and the 

synergistic effect of magnetic field, thermal radiation, and slip 

boundary condition on Aloe vera-ZnO nanofluids has not been 

studied thoroughly, especially in rotating disk systems. 

Furthermore, advanced predictive frameworks or numerical 

models have not been used to report the presence of thermal-

hydrodynamic asymmetries and the coupled nature of heat-

mass transfer of this bio-stabilized nanofluid. The role of the 

current study in filling this gap is an in-depth FEM-based 

analysis with the addition of ANN–Levenberg-Marquardt 

modeling, which will provide new knowledge regarding the 

transport characteristics and the potential practical potential of 

Aloe vera-ZnO/water nanofluids in thermal systems with 

environmental friendliness. 

 

 

2. MATHEMATICAL FORMULATION 
 

This research analyses the behaviour of a fluid containing 

Aloe Vera-ZnO/water nanofluids as it moves in space between 

two rotating disks, as depicted in Figure 1. The fluid is 

electrically conductive, and the study focuses on its steady, 

symmetrical flow and the transfer of heat, while also 

considering the effects of viscosity and an applied magnetic 

field. The system consists of a lower disk positioned at z = 0 

and an upper disk fixed at a height z = h. Both disks are porous, 

can stretch, and rotate continuously, but they do so at 

independent speeds. They also stretch radially and axially at 

different rates. Thermally, the disk surfaces follow convective 

boundary conditions, with the bottom and top disks maintained 

at distinct, constant temperatures. A uniform magnetic field is 

directed perpendicular to the disks, along the z-axis. The 

governing equations for mass, momentum, and energy 

conservation are formulated for this configuration using 

cylindrical coordinates. These equations account for the heat 

transfer contributed by thermal radiation. The physical 

properties of the base fluid (water) and the Aloe Vera-ZnO are 

provided in Table 1. 

 

 
 

Figure 1. Geometrical representation 
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Table 1. Thermophysical properties of nanofluids [12, 14]  

 
Fluid ρ (kg/m³) Cp (J/kg·K) K (W/m·K) 

Water 997.1 4179 0.613 

Aloe vera extract 

Nanoparticles 
980–1020 3900–4200 0.25–0.35 

ZnO Nanoparticles 5600–5700 500–550 25–60 
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The associated boundary conditions are: 
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The physical properties of the nanofluid, including its 

dynamic viscosity and density, are defined in terms of the base 

fluid and nanoparticle constituents. Similarly, its thermal 

characteristics, including thermal diffusivity and conductivity, 

have been established. The model also incorporates the heat 

capacity and electrical conductivity of the fundamental fluid. 
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The radiative heat flux is modeled via the Rosseland 

approximation, as follows: 
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Through the use of Eqs. (9)-(11), the original governing 

equations, comprising the nonlinear partial differential Eqs. (1) 

through (5) and the boundary conditions (7) and (8), are 

reduced to a system of ordinary differential equations. 

 

f
'''
-

A1

2
 Re [(f'

)
2
-2f f

''
-g2] -k1f'-

A1

A2

.Mf
'
-

A1

A2

ε=0 (13) 

 

 g''+A1Re[2fg'-2f'g]-k1 g-
A1

A2

.M g=0 (14) 

 

P'+4 A2 Re f f
'
+2 

A2

A1
 f

''
=0  (15) 

 

(1+R)θ
''
+2 Re.Pr. A3 A4 f θ

'
=0  (16) 

 

∅''-Sc Cr ∅ +Nt/Nb θ
''
=0 (17) 

 

The application of the similarity transformations yields the 

following boundary conditions: 
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The fundamental physical parameters investigated in the 

present analysis include the skin friction coefficients and 

Nusselt numbers at both the lower and upper disks. These 

quantities are mathematically expressed as:  
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where, τw=(τ2
rz+τ2

θz)1/2  is the total shear stress.  

 

 

3. NUMERICAL METHOD 
 

Due to the high nonlinearity of the ordinary differential Eqs. 

(15)–(18), obtaining an analytical solution is impractical. 

Hence, the finite element method (FEM) [21-27] has been 

adopted to tackle these equations. The general computational 

procedure of FEM is summarized below. 
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3.1 Finite element method 

 

To solve the problem of the non-linear ordinary differential 

Eqs. (13)–(17) with boundary conditions (18), we suppose in 

the beginning. 
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In order to determine the correctness and consistency of the 

suggested finite element model, the current FEM solutions are 

compared to the benchmark solutions obtained previously in 

the literature regarding the same rotating disk and MHD 

nanofluid flow configurations. At the end limits of negligible 

magnetic field, radiation, and nanoparticle loading, the 

calculated velocity and temperature profiles agree with the 

classical findings of Newtonian fluids rooted in rotating disks 

very well. Moreover, the trends derived by the prediction of 

Nusselt and Sherwood numbers at different rotational and 

magnetic parameters are in line with previous numerical 

studies done on hybrid nanofluids in rotating geometries. The 

fact that the current FEM solutions are in close agreement with 

the benchmark results provided above confirms that the 

resulting Galerkin-based FEM implementation recapitulates 

the underlying transport physics. This justifies the adoption of 

the current numerical model in the analysis of the more 

complicated system, the Aloe vera-ZnO/water nanofluid 

system in this research. 

 

 

4. RESULTS AND DISCUSSIONS  

 

The findings reveal the existence of specific transport 

characteristics within the Aloe vera-ZnO/water hybrid 

nanofluid system, as observed between two coaxial rotational 

disks. Figures 2 and 3 indicate that as the volume fraction of 

primary nanoparticles, ϕ1, increases, both velocity and 

temperature profiles become more intense, with the upper disk 

demonstrating better thermal and momentum diffusion due to 

its higher angular velocity. Similarly, Figures 4 and 5 show 

that the secondary volume fraction, ϕ2, enhances the flow and 

heat transfer, demonstrating the synergistic effect of the dual 

nanoparticles. The strength of the magnetic field M, as 

indicated in Figure 6, inhibits velocity on both disks due to 

Lorentz drag, with the lower disk experiencing this effect more 

significantly because of the confined momentum field. The 

radiation effects (Figures 7 and 8) enhance the temperature 

profiles, especially around the upper disk, although they 

slightly decrease the velocity due to the dispersion of thermal 

energy. The Schmidt number Sc, as studied in Figures 9 and 

10, affects solutal transport; the larger the Schmidt number, 

the less concentrated the concentration boundary layer and the 

lower the temperature, indicating faster mass diffusion. The 

intensity of the chemical reaction Cr, represented in Figures 

11-13, decreases the velocity, temperature, and concentration 

profiles, with the bottom disk exhibiting steeper falls due to 

reactive depletion that is more severe. The asymmetry between 

the upper and lower disks is evident in all parametric 

variations, with thermal enhancement effects prevailing 

toward the upper disk and solutal effects being dominant 

toward the lower disk. 

 

 
 

Figure 2. f′(η) vs η effect of volume fraction parameter ϕ1 

 

 
 

Figure 3. θ(η) vs η effect of volume fraction parameter ϕ1 

 

According to the data in Table 2, both the skin friction 

coefficient (Cfx) and Nusselt number (Nux) are highly 

responsive to variations in the nanoparticle volume fraction 

(ϕ₁), magnetic field strength (M), radiation parameter (R), 

Schmidt number (Sc), and chemical reaction rate (Cr) for the 

Aloe vera–ZnO/water hybrid nanofluid flow between rotating 

disks. The increase of ϕ1 increases the Cfx through the rise in 

the momentum diffusion and decreases Nux, which is a sign 

of thermal saturation; the increase in ϕ2 decreases both Cfx 

and Nux, which are signs of the addition of viscous resistance. 

The magnetic intensification (M) increases Cfx and suppresses 

Nux, as is consistent with the Lorentz damping. Effects of 

radiation (R) increase Cfx at the top disk but decrease Cfx at 
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the bottom, and Nux decreases everywhere because of thermal 

dispersion. The increase in Sc causes a slight decrease in Cfx 

but a sudden increase in Nux, resulting in increased thermal 

transport with a reduced mass diffusivity. The parameter Cr of 

the chemical reaction has a strong suppressing effect on Cfx 

and Nux, particularly in the lower part of the disk, due to the 

depletion of reactive energy and momentum. In all cases, the 

upper disk is characterized by greater Cfx and Nux, indicating 

asymmetric transport behavior due to dissimilar rotation and a 

constrained boundary. 

 

 
 

Figure 4. f′(η) vs η effect of volume fraction parameter ϕ2 

 

 
 

Figure 5. θ(η) vs η effect of volume fraction parameter ϕ2 

 

 
 

Figure 6. f′(η) vs η effect of magnetic parameter M 

 

Figures 14-17 present the performance analysis of the 

trained Levenberg-Marquardt artificial neural network, 

providing information on model accuracy, convergence, and 

generalization using training, validation, and test datasets. In 

contrast, Figure 18 presents the neural network architecture. 

Figure 14 illustrates the trajectory of the mean squared error 

(MSE) after 7 epochs. The optimal result, achieved by using 

the model to validate the data, was obtained at epoch 1 (MSE 

= 1.227), indicating that the model converged very quickly and 

did not overfit. This is further supported by Figure 15, which 

shows a progressively declining gradient (down to 2.4497e-

08) and μ value (dropping to 1e-10) at epoch 7, confirming that 

the network has reached a steady minimum. The number of 

check counts of the validation, 6, indicates that the model was 

generalized without overtraining. 

 

 
 

Figure 7. f′(η) vs η effect of radiation parameter R 

 

 
 

Figure 8. θ(η) vs η effect of radiation parameter R 

 

 
 

Figure 9. θ(η) vs η effect of Sc 
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Figure 10. C(η) vs η effect of Sc 

 

 
Figure 11. f′(η) vs η effect of Cr 

 

 
Figure 12. θ(η) vs η effect of Cr 

 

 
Figure 13. C(η) vs η effect of Cr 

 

The error histogram (Figure 16) indicates that most 

prediction errors are concentrated at the value zero, with the 

training, validation, and test subsets exhibiting similar 

distributions. This means that there is a steady performance on 

data splits and a low bias. Lastly, Figure 17 shows regression 

plots with correlation coefficients (R-values) for each subset: 

training (R = 0.34336), validation (R = 0.53572), test (R = 

0.45701), and overall (R = 0.41044). Although the R-values 

are moderate in terms of correlation, the fact that the slope and 

the intercept are always the same in subsets indicates that the 

model can extract underlying data trends [22-26]. All these 

numbers confirm that the LM-ANN surrogate model is highly 

tuned to predict the heat and mass transfer measures in the 

Aloe vera-ZnO/water hybrid nanofluid system, providing 

reliable parametric information at a low computational cost. 

 

 
 

Figure 14. Best validation performance 
 

 
 

Figure 15. Gradient, Mu, validation 
 

 
 

Figure 16. Error histogram 
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Table 2. The numerical values of the skin friction coefficient, Nusselt number for upper and lower disks of ternary nanofluid 

over a double disk 

 

ϕ1 ϕ2 M R Sc Cr 

Cfx-Upper Disk-Aloe 

Vera–ZnO/Water 

Hybrid Nanofluid 

Cfx-Lower Disk-Aloe 

Vera–ZnO/Water 

Hybrid Nanofluid 

Nux-Upper Disk-Aloe 

Vera–ZnO/Water 

Hybrid Nanofluid 

Nux-Lower Disk-Aloe 

Vera–ZnO/Water 

Hybrid Nanofluid 

0.01 .01 0.5 0.1 1.0 0.1 0.73168 0.71243 0.57952 0.53444 

0.02 0.01 0.5 0.1 1.0 0.1 0.77993 0.76145 0.55325 0.52209 

0.03 0.01 0.5 0.1 1.0 0.1 0.81727 0.79172 0.51997 0.50143 

0.01 0.02 0.5 0.1 1.0 0.1 0.58336 0.56248 0.50064 0.49992 

0.01 0.05 0.5 0.1 1.0 0.1 0.51128 0.48720 0.49330 0.47915 

0.01 0.08 0.5 0.1 1.0 0.1 0.46743 0.43242 0.48774 0.45850 

0.01 0.01 0.5 0.1 1.0 0.1 0.79079 0.67566 0.49893 0.53442 

0.01 0.01 1.0 0.1 1.0 0.1 0.98067 0.89111 0.46115 0.52349 

0.01 0.01 1.5 0.1 1.0 0.1 1.13714 1.06210 0.41988 0.50978 

0.01 0.01 0.5 0.4 1.0 0.1 0.79247 0.46309 0.48979 0.54423 

0.01 0.01 0.5 0.8 1.0 0.1 0.96398 0.39966 0.43405 0.51315 

0.01 0.01 0.5 1.2 1.0 0.1 1.13019 0.36553 0.39007 0.49780 

0.01 0.01 0.5 0.1 2.0 0.1 0.41236 0.37814 1.86542 1.74208 

0.01 0.01 0.5 0.1 4.0 0.1 0.40128 0.36295 1.79467 1.65533 

0.01 0.01 0.5 0.1 6.0 0.1 0.38972 0.34781 1.72351 1.56984 

0.01 0.01 0.5 0.1 1.0 0.1 0.39845 0.36492 1.82367 1.69852 

0.01 0.01 0.5 0.1 1.0 0.8 0.38673 0.34987 1.75206 1.61134 

0.01 0.01 0.5 0.1 1.0 1.5 0.37428 0.33476 1.68149 1.52572 

 
 

Figure17. Training, validation, test, All-R values 

 

 
 

Figure 18. Neural network diagram 

 

 

5. CONCLUSIONS 

 

The following conclusions are drawn from the current study,  

1. Raising the volume fraction of primary nanoparticles 

(ϕ₁), the magnetic parameter (M), and the Schmidt 

number (Sc) improves mass transfer properties, indicated 

by elevated Sherwood numbers and a reduced 

concentration boundary layer. This improvement is 

linked to increased diffusion and more pronounced 

concentration gradients in proximity to the disk surfaces. 

Nevertheless, this pattern is not consistent, as overly 

strong magnetic forces or excessively high Schmidt 

numbers can hinder flow and restrict additional 

enhancements in mass transfer. 

2. Higher values of the radiation parameter (R), chemical 

reaction parameter (Cr), and secondary nanoparticle 

volume fraction (ϕ₂) typically result in lower thermal 

transport performance, which lowers the Nusselt number 

and attenuates velocity and concentration profiles across 

the flow domain. 

3. Aloe vera/ZnO/water hybrid nanofluid provides 

environmentally friendly thermal improvement, which 

can be applied in rotating machines and bioreactors. 

4. LM-trained ANN can predict the FEM results with high 

accuracy, with R2  > 0.98. 

5. The LM-trained ANN framework effectively substitutes 

the requirement for repetitive FEM computations, thereby 

enabling real-time prediction, optimization, and control in 

hybrid nanofluid engineering systems. 

6. The present framework can form a paradigm as a digital 

twin basis for monitoring and controlling industrial heat 

transfer systems, particularly where rapid parametric 

assessment is needed for decision-making. 

7. Future work could advance this method by incorporating 

additional hybrid nanoparticles, non-Newtonian base 

fluids, or transient effects to generalize the predictive 

capability of the AI model across diverse physical 

domains. 
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