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Abstract 

Viscous and radiation impacts with Darcy-Forchheimer flow on two-dimensional boundary layer flow across 

the stretching wedge are looked at in this study. Here, ethylene glycol is addressed as a conventional fluid 

with dispersion of silicon oxide and aluminum oxide nanoparticles. We’ve developed a mathematical 

framework for simulating hybrid nanofluids’ physical properties. Employing similarity mechanisms, the 

highly nonlinear paired partial differential equations are turned into dimensionless ordinary differential 

equations. Then, the MATLAB based bvp4C solver is utilized to find the solution. Figures and tables 

explain the impact of flow-controlling parameters. In the next sections, tables of interesting physical 

parameters (such as friction factors and Nusselt numbers) are presented for a range of  prominent parameters. 

Keywords Hybrid nanofluid, Stretching wedge, Darcy Forchheimer flow, Viscous dissipation, Boundary layer 

flow, Thermal radiation. 

 

1 Introduction 

The border line flow across a wedge-shaped object with heat transfer has emerged as a popular topic in fluid 

mechanics over the last few decades. Thermal insulation heat exchangers, polymer processing, crude oil 

drilling, liquid metal flow in heat exchangers, air cooling in air conditioners, geothermal systems, nuclear 

power plants, the design of straps on aero plane wings for strengthen lift, drag and maneuverability, warship 

and submarine modelling, the storage of nuclear waste, etc. are some of the applications of flow past a wedge. 

The wedge flow concept was firstly introduced by Falkner and Skan [1]. Prandtl boundary layer idea was used 

by Falkner–Skan to develop the wedge flow model. An equation for the boundary layer can be transformed to 

a simple differential equation (the Falkner-Skan equation) by applying  similarity techniques. Flows that are 

not uniform, such as outer flows that are estimated at the wall as axm, where a > 0 and m are constants, are 

included in this equation. Numerous studies have been done about the implementations to Falkner-Skan 

equation, including Hartree [2], Stewartson [3], Chen and Libby [4], Rajagopal et al. [5], Botta et al. [6], 

Brodie and Banks [7], Heeq et al. [8], Zaturska and Banks [9], Kumari et al. [10], Kuo [11], Pantokratoras [12], 

Ishak et al. [13] and so forth. Hydromagnetic convection was examined by Vajravelu and Nayfeh [14] in a 

wedge and a cone. A non-isothermal wedge in the existence of the radiative heat effect is studied by Chamkha 

et al. [15]. Ahmad and Khan [16] explored a moving wedge with convection to determine the viscous 

dissipative influence on heat generation and absorption. Utilizing the spectral quasilinearization method, 

Ibrahim and Tulu [17] have analyzed numerically the problem of boundary layer flow across a wedge 

immersed in porous media saturated with nanofluid with MHD and viscous dissipation impact. It was recently 
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reported that the stretching wedge of Casson fluid had been examined empirically by Bano et al. [18]. 

For researchers and scientists, the flow of normal fluids or nanofluids through a wedge surface opens up a new 

avenue of opportunity. As a result, researchers and scientists concentrated their efforts in this direction and 

improved considerably the model with each passing day. conventional liquids (ethylene glycol, oil, and 

water) cannot fulfil today’s expectations due to their restricted heat transmission capabilities. As a result, the 

most recent generation of high thermal expansion fluids, known as nanofluids, are being successfully deployed in 

the industrial sector. As a solid-liquid mixture, a nanofluid consists of a traditional fluid and nano-sized 

particles. Nanofluids have excellent thermophysical properties due to their tiny size and high surface area 

unique to the nanoparticles; as a result, they may be used widely in MEMS and nanotechnology applications. 

Many researchers have been intrigued by a new hybrid nanofluid because of its exceptional thermal 

conductivity after extensive research into nanofluid in general. Hybrid nanofluids are a magnificent 

functioning liquid that combines two different types of nanoparticles with diameter (under 100 nm) into the 

regular fluids (water, blood, oils etc.). Heat transfer coefficients and the thermal conductivity of these liquids 

are much higher than those of ordinary liquids. These hybrid nanofluids have recently been employed in a 

variety of heat transfer applications, such as coolant in machining and manufacturing, acoustics, micro fluidics 

as well as biomedical, space and naval constructions. They have also been used in solar energy, refrigeration 

and heating. Hybrid nanofluid, which is an expansion of nanofluid, is known to be good at transferring heat. 

To achieve the homogeneous phase properties, the hybrid nanomaterial combines the chemical and physical 

characteristics of many nanomaterials simultaneously. Heat transfer and pressure drop specifications change a 

lot when hybrid nanofluids are used instead of standard nanofluids. It’s because hybrid nanofluids have a higher 

aspect ratio, a more effective thermal network, and a larger number of nanoparticles working together. Despite 

this, the long-term stability of nanofluids, the manufacturing process, the right nanoparticles composition to 

achieve synergistic effects, and the high cost of nanofluids might be the main barriers and even not be feasible 

for real-world use [19]. Sarkar et al., Sunder et al., Sidik et al., and Sajid et al. have documented in detail the 

previous and present research and development corelated to hybrid nanofluid preparation techniques, 

thermophysical characteristics of hybrid nanofluids, and recent applications of hybrid nanofluids. [20]-[23]. 

Devi and Devi [24] investigated the flow of a hybrid nonfluid over a stretching sheet utilizing 

Cu − Al2O3 nanoparticles with magnetic effects. It was then expanded to three-dimensional flow under 

Newtonian heating conditions in the work of Devi and Devi [25]. Hybrid nanofluid was found to have a higher 

heat transfer rate than conventional nanofluid in both studies. The impact of water-based hybrid nano liquid 

through mixing nanoparticles (TiO2, SiO2 and Al2O3) with varying viscosity was calculated by Adriana et al. 

[26]. Rostami et al. [27] examined the effect of magnetic field on free and forced convection flow of hybrid 

SiO2–Al2O3–H2O nanofluids from a porous vertical surface. Few recent published studies on hybrid nanofluids 

are     described in references [28]-[32]. 

Inspired by the studies described above, in the present paper, we explored Darcy-Forchheimer flow due to 

SiO2-Al2O3/C2H6O2 hybrid nanofluid in the presence of dissipative and radiative flow past a wedge by 

deploying the Tiwari and Das nanofluid model [33]. The solid volume fractions of the nanoparticles are taken 

into account in this model. The results for velocity distribution, temperature distribution, skin friction coefficient 

and Nusselt number are portrayed through graphs and tables and debated briefly. 
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2 Flow Modelling of the Problem 

Physical description 

 

 

 

 

Figure 1: Diagrammatic representation of the problem 

 

Leading equations 
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where K∗ describes the Stefan-Boltzmann constant and σ ∗ is the mean absorption coefficient. Consequently, T 4 

can be regarded as a linear function of temperature ignoring the higher order terms, whereas T 4 can be 

generalized in Taylor series about T∞ which is derived as follow [37]: 
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Boundary conditions 

Subject to the boundary conditions 

 

Non-dimensionalization 

The similarity transformations are introduced 
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Method of Solution 

In this segment, MATLAB’s boundary value problem solver bvp4c is used to figure out the non-linear 

ordinary differential equations (11) and (12) that govern the leading partial differential equations (2) and (3). 

The non-dimensional variables in these equations are used to simplify them. The purpose of simplifying 

ordinary differential equations is to make them easier to solve numerically. This section will go into detail 

about how the bvp4c is implemented for the current problem. In steps 1 and 2, we explored how to convert 

the system of ordinary differential equations for the current situation to a system of five first order equations. 

The boundary condition is converted in step 3 and the remaining of the program is accomplished in step 4. 
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Result and Discussion 

 

Table 1: Thermophysical characteristics of regular fluid and considering nanoparticles [38]- [39] 

Base fluid and nanoparticles ρ(kg/m3) cp(J/kgK) κ(W/mK) 

Ethylene glycol (C2H6O2) 1113.5 2430 0.253 

Silica (SiO2) 2650 730 1.5 

Alumina (Al2O3) 3970 765 40 

The findings of velocity profile   f ′(η) and temperature profile θ (η) for Hartee pressure gradient (β), wedge angle 

parameter (m), porosity parameter(L), Forchheimer number (Fr), radiation component (R), Prandtl number (Pr), 

Eckert number (Ec), and constant moving wedge component (λ) are explored in this segment. Tables 3 and 4 

show that the validity of current study can be verified by comparing its findings to those of previous studies. 

The impact of regulating variables on the fluctuation of skin friction and Nusselt number is demonstrated in 

Tables 4 and 5. It is noticed that the skin friction coefficient escalates with escalating values of φ1, φ2, and m. 

Table 4 depicts that Nusselt number shows increasing behavior for increasing   values of φ1, φ2, Pr, Ec, λ and R 

while decreases for m, L and Fr. 

Fig. 2a determines the impact of the wedge angle factor on the nanofluid velocity. Fig. 2a and Fig. 2b reveals 

that the nanofluid velocity declines and thermal boundary layer thickness grows as the wedge parameter is 

raised. The influence of the Forchheimer number Fr over dimensionless velocity and temperature is depicted 

in Fig. 3a and Fig. 3b. Figures assure that as Fr is elevated, the stream-wise velocity component f ′(η) rises 

and the fluid temperature decreases in the boundary layer region. 

Table 2: Applied models for thermophysical characteristics of nanofluid and hybrid nanofluid   [34]-[36]. 

 

Fig. 4a displays the impact of the porosity variable L on the velocity distribution. The fluid flow is restricted by 

the permeability of the surface when the porosity parameter is increased. It can be noticed that when the value 

of L grows, the velocity in the boundary layer region accelerates.  As a result, by growing value of L, the 

momentum boundary layer thickness is reduced. When the medium has a high porosity, i.e., when L is 

increased, the fluid has more area to flow and, as a result, its velocity increases.   The Darcian body force 

reduces flow behavior in the boundary layer because it is inversely proportional to the porosity of the medium. 

Furthermore, as illustrated in Fig 4b, the temperature distribution declines as the porosity parameter L is 

increased. As the porosity parameter L is raised, the thermal boundary layer thins out. 
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Table 3: Comparative analysis for   f ′′(0) when M = β = Fr = φ = 0 for numerous values of m. 

m White [40] Khan and Pop [41] Present Study 

0 0.4696 0.4696 0.4696 

1/11 0.6550 0.6550 0.6550 

1/5 0.8021 0.8021 0.8021 

1/3 0.9277 0.9277 0.9277 

1/2 1.0389 1.0389 1.038 

1 1.2326 1.0389 1.0389 

 

Fig.  5a and Fig.  5b illustrate the influence of λ on f ′(η) and θ (η).  Fig.  6 and Fig.  7 portrayed the effects of 

nanoparticle volume fractions φ1 and φ2 on the velocity and temperature distributions of the fluid. The fluid 

velocity diminishes and the temperature profile improves when hybrid nanoparicles are strengthened. Fig. 8a 

demonstrated the influence of radiation variable on temperature distribution. It is noteworthy to see that when 

the radiation component goes up, the temperature goes down. The Eckert number characterizes heat transfer 

dissipation by relating flow kinetic energy to boundary layer enthalpy difference. Fig. 8b illustrates the Eckert 

number influence on the hybrid nanofluid temperature field. Fig. 8c displays how the Prandtl number affects 

the temperature of nanofluids. The Prandtl number governs the relative thermal boundary layer thickness in 

heat exchange analysis. Heat dissipates more slowly when the Prandtl number is high. This implies that as 

Prandtl number grows, the thermal boundary layer thickness diminishes. As a result, as the Prandtl number 

rises, heat diffusion diminishes, hence impeding the melting process. 

 

Table 4: Comparative analysis for the temperature gradient −θ ′(0) when M = β = Fr = φ = 0. 

m Blasius [42] Khan and Pop [41] Present Study 

0 0.8769 0.8769 0.8769 

1 1.279 1.279 1.1279 

Table 5: Computation of the skin friction coefficient for varying values of φ1, φ2, and m with 

Pr = 1, R = 2, and L = Ec = Fr = λ = 0. 

 

 

Table 6: Computation of local Nusselt number for various values of φ1, φ2, m, Pr, L, Ec, Fr, λ and R. 
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Figure 2: Variation of m on f ′(η) and θ (η). 

 

(a)  Velocity profile f ′(η) for diverging amounts of m    (b) Thermal profile θ (η) for deviating values of m 
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Figure 3: Variation of Fr on f ′(η) and θ (η). 

(a)  Velocity profile f ′(η) for diverging amounts of Fr       (b)Thermal profile θ (η) for diverging amounts of Fr  

 

Figure 4: Variation of L on f ′(η) and θ (η). 

(a)  Velocity profile f ′(η) for diverging amounts of L         (b) Thermal profile θ (η) for diverging amounts of L 

 

Figure 5: Variation of λ on f ′(η) and θ (η). 

(a)  The velocity profile f ′(η) for diverging amounts of λ    (b) Thermal profile θ (η) for diverging amounts of λ  
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Figure 6: Variation of φ1 on f ′(η) and θ (η). 

 

(a) Velocity profile f ′(η) for diverging amounts of φ1   (b) Thermal profile θ (η) for diverging amounts of φ1 

 

Figure 7: Variation of φ2 on f ′(η) and θ (η). 

(a) Velocity profile θ (η) for diverging amounts of φ2   (b) Thermal profile θ (η) for diverging amounts of φ2 

 

Figure 8: Variation of R, Ec and Pr on θ (η). 

(a) Thermal profile θ (η) for diverging amounts of R        (b) Thermal profile θ (η) for diverging amounts of Ec 

 

(c) Thermal profile θ (η) for diverging amounts of Pr 
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3 Concluding Remarks 

A few of the study’s most significant findings are as follows: 

• The velocity distribution grows for larger values of m, Fr, L and λ and declines for stronger  hybrid 

nanoparticles. 

• The temperature field thickness is higher for λ, φ1, φ2 and Ec while decreases for higher      values of m, Fr, 

L, R and Pr. 

• The skin friction coefficient rises with rising amounts of φ1, φ2 and m. 

• The local Nusselt number shows increasing behavior for increasing amounts of φ1, φ2,  
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