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Abstract 

This research aims to analyze the influence related to viscous dissipation and Brownian 

motion on Jeffrey ternary-hybrid nanofluid flow upon anunsteady moving surface along 

mixed convection and thermophoresis. The surface mass flux is also regarded to be zero so 

that the nanoparticle fraction is preserved in the presence of a very large 

obstruction.Similarity transformations are used to change the governing non-linear PDEs in 

the direction of ODEs, which can be solved through numerical calculations via the shooting 

technique and the fourth-order R.K. integration scheme,Thedifferent graphical results are 

reviewed in detail with different parameters used. The staggering effect of related constraints 

on heat and velocity curves is inspected by varied schemes. The computational data for the 

skin friction coefficient andheat transfer rate are also graphically mentioned. It was found 

from the graphical results show that when Deborah's number and Hartmann's number 

decrease, the velocity curves rise, and as the mixed convection parameter increases, the 

velocity curves fall. Eckert number, Deborah number, Hartmann number, and mixed 

convection parameters have been detected to reveal the temperature profile. Ternary hybrid 

nanoparticles are especially susceptible to these phenomena. The increased Brownian motion 

of ternary hybrid nanoparticles results in a higher temperature because of the transformation 

of kinetic energy to heat energy. Concentrations of ternary nanofluids are enhanced by 

increasing the thermophoresis parameter. Because of the higher fluid density, the skin friction 

value for the Eckert number increased. 
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1. Introduction 

                          Suspension of nanoparticles in conventional base fluids isgot great interest 

toInvestigators and scientists because of the special thermal performance in several branches 

of the engineeringDisciplines. Excellent performance by nanofluids was outstanding and led 

to successful results in the phenomenon of heat transfer, which alerted scientists to work on 

different groups of nanoparticles known as "hybrid nanofluids". From the experiments, it was 

discovered that the heat transfer rate of the hybrid nanofluid is greater than the heat transfer 

rate of the monolithic nanofluid. El-Zahar et al.[1] used the nanofluid to investigate the effect 

of  Brownian motion and viscous dissipation over Jeffrey flow on an unstable moving surface 

using mixed convection and thermophoresis. Ramzan et al. [2]used differently shaped Al2O3 

particles with the base liquid to confirm the thermophysical properties of thermal transfer of 

an unstable thin film flow across an extended surface across convective boundary conditions 

and they found that Al2O3 nanoparticles possessed high heat transfer.Aybar et al. [3] added 

tiny particles into a fluid known as base fluid. Therefore, for each basic fluid, its heat 

conduction is raised.As an illustration, we can rely on Akbar et al. [4]for the heat 
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conductivity of nanofluids, different models have been studied,  Such as Hamilton and 

Croeser are among the most widely used models for heat conductivity models about 

nanofluids. Akbar et al. [4]Researchers looked at how different nanoparticles performed in 

terms of heat transfer and continued [5]to talk about how heat radiation and different thermal 

conductivities affect the elongation layer.They then looked into the numerical analysis of the 

transmission of magnetohydrodynamic nanofluids through an expansion plate. [6]. We may 

discuss diverse aspects of nanofluid flow[7]&[8]. Manzoor et al.[9]investigated the 3-D  

unstable flow of the second-order nanofluid through thermal electrophoresis and under the 

impact of Brownian motion (Nb).They observed that the temperature&nanomaterials should 

be reduced to reduce higher values of the instability coefficient. Faizan et al.[10]research on a 

nonlinear system of PDEs in a cylindrical axis was created using the Buongiorno method to 

investigate the role of wall stress and heat transfer rate in the unstable shear behaviour of 

nanofluid flow on an exponentially expanding and contracting cylinder.Yun-Xiang et al. [11] 

used the biotransformation flow of a magnetic Maxwell nanomaterial through an extended 

cylinder under the effects of slip. They analyzed the flow by encountering the new activation 

energy and thermal radiation features.Jie Liu et al. [12] used an unstable Casson nanofluid 

along a radiant extended surface with a stagnation point dependent on the load condition and 

heat source, they noted that the increasing values of Brownian motion coefficient increase 

and decrease Sherwood number, fluid concentration, and Schmidt number, and conversely, 

the thermal transfer coefficient increases. Khan et al. [13]applied the third-order fluid model 

to discuss the behaviour of a non-Newtonian fluid through buoyancy flows and an extended 

permeable surface. Additionally, Freidoonimehr et al. [14]. dealt with a nanofluid's free 

convective laminar movement under the influence of a magnetic field in a porous media 

moving along a vertically extended surface. 

Recent studies have shown that nanofluids have a much larger impact on the heating capacity 

of an object than ordinary fluids.The suspending of nanomaterials enhances the transmission 

of the heatcapacity of the working fluids, and hence it improves the thermophysical 

characteristics that make the object more efficient.Thenanofluids and their effects 

onadvanced technology and scientific knowledgehave shown rewardingresults that 

encourageinvestigators to consider the thermophysical characteristicsofnanofluids. The 

suspending of onenanoparticlehas no special applications in industrial and engineering 

problems, so it is not sufficient for the required thermal efficiency. Therefore, a “hybrid 

nanofluid” is applied.ByMakishima [15]a hybrid nanofluid is createdthroughinvolves 

combining two or more nanoparticle types into a single base fluid.Different cooling systems, 

thermal generators, and engineering issues have all benefited from the increased efficiency of 

heat transmission that hybrid nanofluids provide. Sarkar et al. [16] observed that compared to 

monolithic nanofluids, hybrid nanofluids have superior thermal conductivity and pressure 

loss properties. Hybrid nanofluids have been used by numerous scientists and scholars due to 

their excellent heat transfer capabilities.Wakeef et al. [17] used the application of mixed 

Al2O3 and CuOnanofluids to study their effect on surface roughness and thermal radiation 

using Buongiorno's generalized nanofluidic model. Seddik et al. [18]examined the 

preparation methodology, and the strength of the hybrid nanocomposite and explained the 

uses of hybrid nanofluids in current technology and science. The strength and thermophysical 

characteristics of hybrid nanofluids were investigated, and Xian et al. [19] reported some 

advanced properties.Both Kazmi et al. [20] and Soltani et al. [21], who conducted 

experimental research into the effect of the hybrid nanofluid, found that the working fluids 

exhibited a significantly different rate of heat transmission when the nanofluid was 

present.X.Sun et al. [22]discussed the importance of the nanoparticle size, water-transporting 

copper nanoparticles, and spatially-dependent heating. Sabu et al. [23]looked into the 

structure of the nanoparticles over the flow of a MHD Al2O3 nanofluid on a heated turntable. 



UtilitasMathematica  

ISSN 0315-3681 Volume 121, 2024  

 

70 

 

Dawar et al. [24]researched the impact of MHD on a nanoflux model in a thin iron oxide that 

has a rotational tilt based on sodium alginate revealed to incident solar energy. Wenhao et al. 

[25]addressed the effect of three-way hybrid nanofluids on the motion of a colloidal solution 

and found that increasing the three distinct nanoparticles moved at random.Manjunatha et al. 

[26] found that more heat is generated by the ternary-hybrid nanofluid as well as increased 

flow momentum for the larger volume fraction. Xian et al.[27]found that graphene-based 

ternary hybrid nanofluids, unlike Newtonian performance at greater concentrations, exhibited 

the features of the shear-thinned fluid at low concentrations through the study of two 

dehydrated water-deionized ternary-hybrid nanofluids.Muhammad et al.[28]analyzed the 

impact of ternary hybrid nanofluids on the water with different forms of nanoparticles, and 

the Observations revealed thatthe use of water-based triple-hybrid nanofluidsincreases the 

rate of heat transmission. 

The main goal of this research relatesto modelling the influence of Brownian motion (Nb) 

and viscous dissipation on Jeffrey's ternary-hybrid nanofluid flow upon anunsteady moving 

surface with thermophoresis.Given that thermophoresis-assisted flow of Jeffrey ternary-

hybrid nanofluids across an unsteady stretchy surface is not discussed 

elsewhere.Additionally, the roles of the ternary-hybrid nanofluid parameters, Deborah, and 

Eckert numbers were computationally submitted. 

2. Mathematical Model 

We considered a magneto-mixed convection Jeffreyternary-hybrid nanofluid flow upon an 

unsteady moving surface.By considering thermophoresis and dissipation effects, we 

discussed the characteristics of Brownian motion. Since we assume no mass flux of 

nanoparticles, we can use a constant magnetic strength B0, applied perpendicular to the 

surface. The concentration distribution is C∞, whereas the ambient temperature field persists 

at T∞, and the constant temperature at the surface is Tw.The governing equations that regulate 

the fluid flow are given by[1] 

 𝜕𝑢𝜕𝑥 + 𝜕𝑣𝜕𝑦 = 0       (1) 𝜕𝑢𝜕𝑡 + 𝑢 𝜕𝑢𝜕𝑥 + 𝑣 𝜕𝑣𝜕𝑦 = 𝜈𝑇ℎ𝑛𝑓(1+𝜆2) {𝜕2𝑢𝜕𝑦2 + 𝜆1 ( 𝜕3𝑢𝜕𝑦2𝜕𝑡 + 𝑢 𝜕3𝑢𝜕𝑦2𝜕𝑥 − 𝜕𝑢𝜕𝑥 𝜕2𝑢𝜕𝑦2 + 𝜕𝑢𝜕𝑦 𝜕2𝑢𝜕𝑥𝜕𝑦 + 𝑣 𝜕3𝑢𝜕𝑦3)} +1𝜌𝑇ℎ𝑛𝑓 [(1 − 𝑐∞)(𝑇 − 𝑇∞) 𝛽𝜌𝑓∞𝑔 − (𝑐 − 𝑐∞)(𝜌𝑝 − 𝜌𝑓∞)𝑔] − 𝜎𝑇ℎ𝑛𝑓𝜌𝑇ℎ𝑛𝑓 𝐵02𝑢   (2) 𝜕𝑇𝜕𝑡 + 𝑢 𝜕𝑇𝜕𝑥 + 𝑣 𝜕𝑇𝜕𝑦 = 𝛼𝑇ℎ𝑛𝑓 𝜕2𝑇𝜕𝑦2 + 𝜇𝑇ℎ𝑛𝑓(𝜌𝑐𝑝)𝑇ℎ𝑛𝑓 1(1+𝜆2) {(𝜕𝑢𝜕𝑦)2 + 𝜆 1 (𝑢 𝜕𝑢𝜕𝑦 𝜕2𝑢𝜕𝑥𝜕𝑦 + 𝜕𝑢𝜕𝑦 𝜕2𝑢𝜕𝑡𝜕𝑦 +𝑣 𝜕𝑢𝜕𝑦 𝜕2𝑢𝜕𝑦2)} + 𝜀[𝐷𝐵 𝜕𝑐𝜕𝑦 𝜕𝑇𝜕𝑦 + 𝐷𝑇𝑇∞
(𝜕𝑇𝜕𝑦)2]        

  (3) 𝜕𝐶𝜕𝑡 + 𝑢 𝜕𝐶𝜕𝑥 + 𝑣 𝜕𝐶𝜕𝑦 = 𝐷𝐵 𝜕2𝐶𝜕𝑦2 + 𝐷𝑇𝑇∞

𝜕2𝑇𝜕𝑦2       (4) 

 

Initial and boundary conditions for this system are given by 

For the case t < 0 we keep𝑇 = 𝑇∞ and  𝐶 = 𝐶∞ at any value of  𝑥, 𝑦 . 

For the caset ≥ 0  ew pwwk 𝑢 = 𝑈𝑒, 𝑣 = 0 , 𝑇 = 𝑇𝑤, and 𝐷𝐵 𝜕𝐶𝜕𝑦 + 𝐷𝐵𝑇∞

𝜕𝐶𝜕𝑦 = 0 at y = 0 

For 𝑢 → 0 we have, 𝑇 → 𝑇∞ and 𝐶 → 𝐶∞ as 𝑦 → ∞  (5) 

 

Where u and v are the x- and y-direction flow velocities, respectively and 𝜈𝑇ℎ𝑛𝑓,  𝜇𝑇ℎ𝑛𝑓, 𝜌𝑇ℎ𝑛𝑓 are the ternary hybrid nanofluid kinematic viscosity, ternary hybrid nanofluid dynamic 

viscosity and ternary hybrid nanofluid density respectively. The symbols 𝑔 is the gravityand 
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λ1-retardation time,𝜎𝑇ℎ𝑛𝑓is  the ternary hybridnanofluid electrical conductivity,T is the 

temperature,𝛼𝑇ℎ𝑛𝑓 symbolizes ternary hybrid nanofluid thermal diffusivity,B0 indicates the 

magnetic field,𝐷𝐵 the coefficient of Brownian diffusion, λ2-the proportion of relaxation to 

retardation times,𝐷𝑇 is the coefficient of thermophoresis diffusion, C and T for concentration 

and fluid temperature respectively.The following similarity transformation is used to 

transform the governing equations into a system of nonlinear ordinary differential equations. 𝜓 = (𝑎𝜐𝑓)0.5𝜏0.5𝑥𝑓(𝜏, 𝜂), 𝜂 = ( 𝑎𝜐𝑓)0.5 𝜏−0.5𝑦,  𝜏     = 1 − 𝑒−𝑎𝑡, 𝑢 = 𝜕𝜓𝜕𝑦 , 𝑣 = − 𝜕𝜓𝜕𝑥  𝜃(𝜏, 𝜂) = 𝑇−𝑇∞𝑇𝑤−𝑇∞
, 𝜑(𝜏, 𝜂) = 𝐶−𝐶∞𝐶∞

       (6) 

Ternary hybrid nanoparticles were correlated by[29] (𝜌𝑐𝑝)𝑇ℎ𝑛𝑓 = 𝜑1(𝜌𝑐𝑝)1 + 𝜑2(𝜌𝑐𝑝)2 + 𝜑3(𝜌𝑐𝑝)3 +  (1 − 𝜑1 − 𝜑2 − 𝜑3)(𝜌𝑐𝑝)𝑓(7) (𝜌)𝑇ℎ𝑛𝑓     = (1 − 𝜑1 − 𝜑2 − 𝜑3)𝜌𝑓 + 𝜑1𝜌1 +                          𝜑2𝜌2 + 𝜑3𝜌3(8) 𝜇𝑇ℎ𝑛𝑓 = 𝜇𝑓(1−𝜑1)2.5(1−𝜑2)2.5(1−𝜑3)2.5      

 (9)
(𝑘)𝑇ℎ𝑛𝑓(𝑘)ℎ𝑛𝑓 = 𝑘1+2𝑘ℎ𝑛𝑓−2𝜑1(𝑘ℎ𝑛𝑓−𝑘1)𝑘1+2𝑘ℎ𝑛𝑓+𝜑1(𝑘ℎ𝑛𝑓−𝑘1) ,  (𝑘)ℎ𝑛𝑓(𝑘)𝑛𝑓 = 𝑘2+2𝑘𝑛𝑓−2𝜑2(𝑘𝑛𝑓−𝑘2)𝑘2+2𝑘𝑛𝑓+𝜑2(𝑘𝑛𝑓−𝑘2)  , (𝑘)𝑛𝑓(𝑘)𝑓 = 𝑘3+2𝑘𝑓−2𝜑3(𝑘𝑓−𝑘3)𝑘3+2𝑘𝑓+𝜑3(𝑘𝑓−𝑘3)  .               (10) (𝜎)𝑇ℎ𝑛𝑓(𝜎)ℎ𝑛𝑓 = 𝜎1(1+2𝜑1)−𝜑ℎ𝑛𝑓(1−2𝜑1)𝜎1(1−𝜑1)+𝜎ℎ𝑛𝑓(1+𝜑1)  , (𝜎)ℎ𝑛𝑓(𝜎)𝑛𝑓 = 𝜎2(1+2𝜑2)+𝜑𝑛𝑓(1−2𝜑2)𝜎2(1−𝜑2)+𝜎𝑛𝑓(1+𝜑2)  ,  (𝜎)𝑛𝑓(𝜎)𝑓 = 𝜎3(1+2𝜑3)+𝜑𝑓(1−2𝜑3)𝜎3(1−𝜑3)+𝜎𝑓(1+𝜑3) .      (11) 

Using Eqs. (6-11), Eqs. (2), (3), and (4) can be simplified into the following nonlinear ODE: 𝜇𝑇ℎ𝑛𝑓𝜇𝑓 𝜌𝑓𝜌𝑇ℎ𝑛𝑓 1(1+𝜆2) [𝜏 − 𝛽(1 − 𝜏)]𝑓 ′′′ + 𝜇𝑇ℎ𝑛𝑓𝜇𝑓 𝜌𝑓𝜌𝑇ℎ𝑛𝑓 𝛽(1+𝜆2) [𝜏(1 − 𝜏) 𝜕𝑓′′′𝜕𝜏 − 12 (1 − 𝜏)𝜂𝑓(𝑖𝑣) +𝜏(𝑓 ′′2 − 𝑓𝑓(𝑖𝑣))] − 𝜏2 (𝑓 ′2 − 𝑓𝑓 ′′) + 𝜌𝑓𝜌𝑇ℎ𝑛𝑓 𝜏2𝜆(𝜃 − 𝑁𝑟𝜑) + 12 (1 − 𝜏)𝜂𝜏𝑓 ′′ −(𝜎)𝑇ℎ𝑛𝑓(𝜎)𝑓 𝜌𝑓𝜌𝑇ℎ𝑛𝑓 𝜏2𝐻𝑎𝑓 ′ = 𝜏2(1 − 𝜏) 𝜕𝑓′𝜕𝜏 (12) (𝑘)𝑇ℎ𝑛𝑓(𝑘)𝑓 (𝜌𝑐𝑝)𝑓(𝜌𝑐𝑝)𝑇ℎ𝑛𝑓 1𝑝𝑟 𝜃 ′′ + 12 𝜂𝜏(1 − 𝜏)𝜃 ′ + 𝜏2𝑓𝜃 ′ + 𝜏 (𝑁𝑏𝜃 ′𝜑′ + 𝑁𝑡𝜃 ′2) +𝜇𝑇ℎ𝑛𝑓𝜇𝑓 (𝜌𝑐𝑝)𝑓(𝜌𝑐𝑝)𝑇ℎ𝑛𝑓 𝐸𝑐(1+𝜆2) {𝜏𝑓 ′′2 + 𝛽 [𝜏 (𝑓 ′𝑓 ′′2 − 𝑓𝑓 ′′𝑓 ′′′) − (1 − 𝜏) (12 𝜂𝑓 ′′𝑓 ′′′ − 𝜏𝑓 ′′ 𝜕𝑓′′𝜕𝜏 +12 𝑓 ′′2)]} = 𝜏2(1 − 𝜏) 𝜕𝜃𝜕𝜏(13)  1𝑆𝑐 𝜏𝜑′′ + 12 (1 − 𝜏)𝜂𝜏𝜑′ + 𝜏2𝑓𝜑′ + 1𝑆𝑐 𝑁𝑡𝑁𝑏 𝜏𝜃 ′′ = 𝜏2(1 − 𝜏) 𝜕𝜑𝜕𝜏         (14) 

The following is a transformation of the initial and boundary conditions: 𝑓(𝜏, 0) = 0, 𝑓 ′(𝜏, 0) =  𝜃(𝜏, 0) = 1, 𝑁𝑏𝜑′(𝜏, 0) +  𝑁𝑡𝜃 ′(𝜏, 0) = 0,  𝜃(𝜏, ∞) = 𝑓 ′(𝜏, ∞) = 𝜑(𝜏, ∞) = 0       (15) 
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Where Nb = εDBC∞
ν

is the Brownian motion parameter,Nt = εDT(Tw−T∞)T∞ν
isThermophoresis 

parameter,Sc = νDB represents the Schmidt number,Ec = Ue2Cp(Tw−T∞) is the Eckert number,λ =GrxRex2 is the mixed convection parameter,pr = υρcp/k is the Prandtl number,Rex = Uex/ν is the 

Reynolds number, Ha = B02σaρ
 is the Hartmann number,β = aλ1 relates the Deborah 

numberNr = (ρp−ρf∞)C∞(1−C∞)β(Tw−T∞) indicates the buoyancy ratio parameter and Grx = gβ(Tw −T∞)(1 − C∞)x3/ν2 is the Grashof number. 

Skin friction factor and local Nusselt number are given by:  𝐶𝑓𝑥 = −𝑅𝑒𝑥−0.5𝜏−0.5 11 + 𝜆2 {(1 + 𝛽)𝑓 ′′(𝜏, 0) − (1 − 𝜏)𝛽[𝜕𝑓 ′′(𝜏, 0)𝜕𝜏 −   12𝜏 𝑓 ′′(𝜏, 0)]}, 𝐶𝑓(𝜏, 0) = 𝐶𝑓𝑥𝑅𝑒𝑥0.5 = −𝜏−0.5 11+𝜆2 {(1 + 𝛽)𝑓 ′′(𝜏, 0) − (1 − 𝜏)𝛽[𝜕𝑓′′(𝜏,0)𝜕𝜏 −  12𝜏 𝑓 ′′(𝜏, 0)]   (16)                             𝑁𝑢𝑥 = − 𝑥(𝜕𝑇𝜕𝑦)𝑦=0(𝑇𝑤−𝑇∞) = −𝑅𝑒𝑥0.5𝜏−0.5𝜃 ′(𝜏, 0), 𝑁𝑢(𝜏, 0) = 𝑁𝑢𝑥𝑅𝑒𝑥−0.5 = −𝜏−0.5𝜃 ′(𝜏, 0)        
(17) 

3. Results and Discussion 

This particular section is provided to analyze the heat conduction and convection properties 

on a Jeffreyternary-hybrid nanofluid flowing vertically towards an unstable surface. 

Variations in velocity, temperature, concentration, local skin friction, and the Nusselt number 

are represented in Figures 1-17, and their graphical interpretation is discussed. 

Figure 1 indicates the impact of the Eckert number on the temperature distribution. From 

this, we observed that fluid temperature rises with the Eckert number.Because In reality, with 

larger numbers of Eckert numbers, the maximum amount of heat energy is moved from a 

high-temperature to a low-temperature region, resulting in more heat transfer. Hence the 

temperature profile increases with Eckert number. 

 
Figure 1: Effect of Eckert number on temperature 

 

           The influence of the mixed convection parameter (λ) onthe velocities and temperatures is 

depicted in Figures 2 and 3. Flow reveals that higher values of λ are associated with better 

velocities and slower temperature declines in this case. This is becausemixed convection has 

already taken place when the buoyancy effect on free convection becomes significant. This 

means thatraisingthe mixed convection parameter value results inhigher buoyancy. 
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Figure 2: Effect of mixed convection parameter on velocity. 

 
Figure 3: Effect of mixed convection parameter on temperature. 

 

The velocity, temperature, and concentration graphs for various values of the Deborah 

number are shown in Figures 4, 5, and 6. As seen in Figure 4, as increases β, surface friction 

during surface stretching decreases, causing a corresponding decrease in velocity.In the 

thermal boundary layer, the temperature distribution improves as β enlarges and the 
associated thermal boundary layer thickness increases because of a decrease in velocity in the 

boundary layer. Species concentrations have the same qualitative behaviour as temperatures. 

 
Figure 4: Effect of Deborah number on velocity. 
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Figure 5: Effect of Deborah's number on temperature. 

 

 
Figure 6: Effect of Deborah number on concentration. 

 

As shown in Figures 7 and 8, Ha has the effect of decreasing the boundary layer's average 

velocity, which causes the layer to become thinner. As can be seen in Figure8 . the 

temperature profiles rise as Ha gets larger. This graphic shows how the transverse magnetic 

field makes the thermal boundary layer thicker. This is because the application of a transverse 

magnetic field causes a body force, such as the Lorentz force, to act against the motion. 

Therefore, the increased temperature is due to the resistance supplied by this body force to 

the flow.   

 
Figure 7: Effect of Hartmann number on velocity. 
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Figure 8: Effect of Hartmann number on temperature. 

Figures 9 and 10 show the impact of changing Nt and Nb on the awareness Field separately. 

As the thermophoresis parameter increases, the boundary layer thickness at the centre of 

attention increases(Figure 9). Given that 𝑁𝑡 = 𝜀𝐷𝑇(𝑇𝑤−𝑇∞)𝑇∞𝜈 , the thermophoresis value can be 

expressed mathematically. An increase in Nt implies that more particles in the fluid are 

moving from a hotter zone to a cooler zone, increasing the thickness of the convective 

cooling layer, which is known as the boundary layer. Therefore, as depicted in Figure 9, the 

attention attributes will be enhanced by an increase in Nt. The Brownian action parameter is 

reduced by the ternary hybrid nanofluid's nanoparticle concentration. The Brownian motion 

of particles inside the fluid creates a retarding effect that works against the transferring 

fluid.eventually, the mass transmission price ϕ(η) reduces shown in Figure 10.  

 

 

 
Figure 9:Effect of thermophoresis parameter on concentration. 
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Figure 10: Effect of Brownian motion parameter on concentration. 

 

The impact of Prandtl variation (Pr) on the temperature and concentration distribution is seen 

in Figures 11 and 12. As the Prandtl number rises, the temperature drops quickly. agrees 

with the physical fact that the effect of a decrease in Prandtl number on the thermal boundary 

layer of a ternary-hybrid nanofluid is similar to that on the thermal boundary layer of a 

conventional fluid. An increase in Pr is thought to lower concentration. 

 
Figure 11: Effect of Prandtl number on temperature 
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Figure 12: Effect of Prandtl number on concentration 

Figure 13 shows the result of analyzing the Schmidt number(Sc) over the concept of the 

ternary hybrid nanofluid. It is clear from this study that as the Schmidt wide variety Sc is 

increased in estimation, the concentration of the ternary hybrid nanofluid decreases. The 

Schmidt number is defined as the ratio of the viscous forces to the mass diffusion forces. 

When the Schmidt number is increased, the viscous forces of the fluid are amplified while 

mass diffusion is lowered. Thus, as the mass diffusion is minimized, the fluid's visibility falls. 

 
Figure 13: Effect of Schmidt number on concentration. 
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Figure 14: Effect ofEckert number and mixed convection parameter on local Nusselt 

number. 

 

Figure 14indicates the Local Nusselt number for the Eckert number vs. the mixed convection 

parameter. The Eckert number is used for calculating heat dissipation. Improving heat 

transport requires the use of mixed convection to maximize thermal characteristics. In the 

cases of CuO-nanoparticles and CuO+ TiO2-hybrid nanoparticles, the Nusselt number rises as 

the mixed convection parameter is raised to higher values.Because of the higher thermal 

conduction of the created hybrid nanofluid, its heat transmission performance is improved. 

Specifically, if CuO + TiO2 + MgO-ternary nanoparticles, the Nusselt number is reduced 

because the thermal conduction of the third nanoparticle is lower than that of copper and 

aluminium. 

Figure 15 shows the Skin friction for the Eckert number vs. the mixed convection parameter. 

Specifically, if CuO-nanoparticles, the skin friction value reduceswhenraising the valuesl , 
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whereas the skin friction ( f
C )value increases with adding nanoparticles and enhancing the 

fluid density in the case of CuO+ TiO2 -hybrid nanoparticles and CuO+ TiO2 + MgO-ternary 

nanoparticles. 
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Figure 15: Effect ofEckert number and mixed convection parameter on skin friction. 
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Figure 16: Effect of Brownian motion parameter and the ratio of relaxation to retardation 

times on local Nusselt number. 

 

Figure 16 shows how the local Nusselt number varies as a function of the Brownian motion 

parameter and the relaxation-to-retardation time ratio. The rate of heat transmission decreases 

for nanoparticles and hybrid nanoparticles and it is increased for ternary hybrid nanoparticles 

as larger values of. Adding more nanoparticles to a fluid causes the particles to flow more 

quickly and efficiently, which boosts the heat conduction of the fluid and, in turn, raises the 

fluid’s temperature. 
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Figure 17: Effect of thermophoresis parameter and Deborah number on local Nusselt 

number. 
 

Figure 17 shows how the local Nusselt number changes depending on the thermophoresis 

parameter and the Deborah number. whereas the thermophoresis (Nt) strength causes the 

ternary hybrid nanoparticles to transport the hotterregion to the colderregion, This causes the 

thermal boundary layer to thicken, the Nusselt value has decreased as Nt has increased. In 

rheology, materials' fluidity is described by their Deborah number ( b ), which is calculated 

under controlled flow circumstances. Furthermore, a larger increase parallels a notable 

decrease in Nu. This is because an increase in the Deborah number ( b ) indicates an 

elastically solid material, lowering the Nusselt number, whereas a decrease in the Deborah 

number indicates a vicious impact relative to the elastic impact. 

4. Conclusions 
Thermophoresis is used to investigate the effect of Brownian motion (Nb) and viscous 

dissipation on the mixed convection flow of a Jeffrey ternary hybrid nanofluid via a 

fluctuating surface. A ternary hybrid nanofluid is created when three distinct types of 

nanoparticles are mixed with the base fluid. Since the highest derivative term contains a 

singularity, the governing equations are transformed using a transformation of similarity to 

yield a set of PDEsthat are sensitive to the initial conditions; the numerical solution is 

obtained using a fourth-order R.K. integration scheme and shooting methods, the outcomes of 

these numeric calculations are illustrated graphically and discussed in detail for a range of 

input values. 

 Deborah's number and Hartmann's number both decreased, whereas higher values of 

the mixed convection parameterincreased the velocity profile. 

 There has been an improvement in thermal properties as measured by the Eckert 

number (Ec), Deborah number( b ), and the Hartmann number (Ha), and its decline as 

measured by the mixed convection parameters(l ). 

 As the Brownian motion factor has increased in value, mass diffusion has decreased, 

but thermophoresis and the Deborah number have increased in mass diffusion. 

 Brownian motion increased the Nusselt value, but thermophoresis and the Eckert 

number both decreased it. 

 The increased effective motion of the particle due to Brownian motion also increases 

the thermal conductivity of the fluid, which in turn raises the fluid temperature. 
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 This study concludes that ternary hybrid nanofluids have a greater thermal flow rate 

than either hybrid or nanofluids. 

 A higher Eckert number indicates higher fluid density, which in turn increases the 

skin friction value. 

 When the Prandtl and Schmidt numbers are increased, the temperature and 

concentration distributions are flattened. 
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