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The main aim of this article is to analyze the flow properties of energy and mass transport 
flow of ethylene glycol (C2H6O2) based nanofluid over an infinite porous plate. A constant 
velocity U0 is applied to the plate, and warmth and attention are unspecified to fluctuate 
harmonically as of a steady denote at the shield through occasion. Three kinds of fluid 
nanoparticles namely Cu-C2H6O2, CuO-C2H6O2 as well as TiO2-C2H6O2 nano fluids are used. 
Through graphs and tables, the impacts of different fluid flow parameters are examined. 
The new parameters added in this analysis are thermal radiation and the angle of 
inclination. The objective of this work is to derive exact solution by perturbation method 
and analyze the variations in the flow. The diffusion thermo parameter as well as the 
radiation absorption parameter have been observed to improve the speed, the hotness, 
plus the resistance between skin cells. An examination of the skin friction coefficient 
numerically in detail for the engineering industry. This development has main 
consequences for Particles of nanoscale. The solid particles have an elevated 
conductivity, which accounts for this of Cu, CuO than those of TiO2. In addition, by means 
of an augment in the substance response constraint, it is seen so as to the solutal border 
layer thickness decreases. 

Keywords: 

MHD; nanofluid; radiation 
absorption; Dufour effect; porous 
medium; chemical reaction 

 
1.Introduction 
 

Recently, attention has been drawn to mesoscopic approaches. The primary heat transmission 
method in many applications is free convection. Because of its many uses in businesses, electronics, 
solar energy, and the cooling of electrical and mechanical components, convection has an essential 
place in nature and engineering. Nanofluid may be suggested as a practical means of enhancing 
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heat transfer. The transport process is now being improved by scientists and engineers in various 
engineering systems, such as heat exchanges, electrical strategy, substance reactors, in addition to 
others. It is feasible to alter various system components being studied for this purpose, such as 
temperature transport surfaces or operation all liquid. As a grouping of graceful liquid and Particles 
of nano size of hard substance, nanofluids (Nfs) can be regarded as useful operational liquids that 
can be used in a variety of engineering systems. It has been extensively explored how nanofluids 
can enhance thermal, electrical, and power electronics' warmth relocate capabilities. Water, 
ethylene glycol, as well as mineral oil are heat transfer in conventional cooling systems. Coolants 
such as nanofluids (Nfs) have a better thermal conductivity and cooling performance than 
conventional coolants. A major reason for nanofluids' popularity is their ability to transfer heat. 
Because nanofluids are being used in real time, researchers are constantly seeking to understand 
the properties of these nanofluids.  Researchers are drawn to nanofluid applications because they 
inform their study uses in accordance with the present social concerns. Ali and Salam [1] have 
specified a review on some of the properties as well as uses of Nanofluids in various sectors of 
society. Such as defence, solar desalination, oil transformers, refrigeration etc. Eastman et al., [2] 
have compared their thoughts of nanofluids with Hamilton–Crosser theory [3]. Recent 
technological advances in machine learning and artificial intelligence have endeavour by Sharma et 
al., [4] to present their views with an emphasis on the implementations of nanofluids in these 
fields. Jama et al., [5] have investigated on diverse nanofluids with different base fluids and 
demonstrated some of these applications like biomedical applications, automotive cooling, 
magnetic sealing, nanofluid detergent etc. Experiments conducted by Kleinstreuer and Feng [6] 
recommended using a variety of measurement strategies in arrange to determine the thermal 
conductivity of Fluids with nanostructures. Several projected models for determining the 
nanofluids' thermal efficiency have been explored by Junhao et al., [7]. The run of a hybrid fluids of 
nanoscale through a shrinking riga shield was the topic of discussion between Nur et al., [8]. 
Malvandi et al., [9] incorporated three nanoparticles to transfer the heat over a blowing /suction as 
a boundary value problem. 

Bhattacharyyaet al., [10] taken a look at the implications of partial slip-on laminar pour, by 
considering the occurrence of dual solutions and solving the problem from a mathematical 
standpoint. Emed and Pop [11] conveyed some of the variations among nanofluids and hybrid 
nanofluids. They also analyzed the behaviour of these fluids and found that there were three 
distinct regions of stability. Sajad et al., [12] discussed about hybrid fluids of nanoscaleby means of 
a mixing of water and Ethylene-glycol with different hybrid particles of nanoscale. They have solved 
the problem by Akbari- Ganji’s method and compared with the numerical explanation. Manohar et 
al., [13] established hybrid carbon nanotubes problem solved with the maple program with three 
various base fluids and analyzed in depth.  Javali et al., [14] have investigated about sinusoidal 
radius activity in the flow of hybrid fluids with nanostructures. Muhaimin et al., [15] concentrated 
on CNT nanofluids with thermal stratification by observing the thermo physical properties at 
SWCNT as well as MWCNT.  Physical parameters were compared on MHD flows with hall current 
effects Das et al., [16] using Laplace technique. Chandra Shekar et al., [17] have put more interest 
on the study of nanofluids past a porous square cavity. Adnan et al., [18] have 
completedanarithmeticalexamination on the nanodiamond materials. Dave et al., [19] discussed 
about graphene nano fluids with dust particles. 

It is generally believed that liquid such as water, different types of oils, in addition to ethylene 
glycol contain a small thermal efficiency, which is the major obstacle to increasing heat transfer 
rates beyond a certain point. Many authors have suggested that wavy geometries and/or metal 
nano particles can solve this problem. As an innovative project, Choi et al., To improve thermal 
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conductivity, they added solid components of nano size (less than 100 nm in diameter) into the 
base fluid. Nanoliquid when compared with micrometre and millimetre-sized particles, nano liquids 
possess single substance with corporeal properties such as reduced pumping power, high stability 
with low sedimentation, and high thermal conductivity without clogging microchannels [20]. 
Nanofluids (Nfs) are used in a variety of industrial processes, including heat exchange, lubrication, 
and microchannel heat sinks. Since forced convection flows inside of channels are widely used in 
industry, increasing the thermal energy transmission coefficient has long been a source of 
frustration among heat transfer (HT) experts. Veera Krishna et al., [21] study of the Casson hybrid 
nano fluid's radiative MHD flow over an infinitely fast vertical porous surface. Suspending tiny solid 
particles in the fluids is an inventive method of enhancing the heat transfer of fluids. In 1995, the 
term "Nanofluid" was first used to describe this new type of fluid by Choi. a variety of applications 
in contemporary A wide range of science, technology, and engineering fields, including chemical 
manufacturing, automobile manufacturing, solar collectors, nuclear reactors, industrial cooling, and 
gas sensing, etc. There are several ways to improve the warmthrelocate of prepared solutions, 
single of which is to hang up. Microparticles (Cu, CuO, Ag, Au, MgO, Al2O2, TiO2, etc.) with sizes 
stuck between 1 and 100 nm in the base liquid (such as water, C2H6O2 (ethylene-glycol), glycerine, 
or blood C2H8O6) (sodium alginate). The idea is to enhance the beneficial thermal properties of 
microparticles and avoid. Hayat et al., [22] the temperature profile decreases as the thermal and 
slip stratification parameters are increased, according to an analysis of MHD nano fluid flow under 
double stratification and slip conditions. The activation energy in a reactive system is a crucial 
energy required for chemical species atoms or molecules to initiate a reaction. Khan et 
al.,[23]alumina with hydro magnetic dissipation was studied A moving wedge is passed by a 
nanofluid. In the energy equation, they included the impact of thermal radiation. Hayat et al., [24] 
examined the effect of radiation warmthrelocate in a container. Sheikholeslami and Seyednezhad 
[25] simulated effects of an excitingmeadow on particles of nano sizegratis convection in a 
permeable medium. 

Many industrial, scientific, and engineering applications have recently focused on the 
magnetohydrodynamic boarder line sheet pour of nano liquid plus warmth transport. Because 
nanometer-sized materials through single substance plus bodily properties contain numerous 
applications in industries, including electronics cooling plus transformer cooling, nano fluids are 
widely used. This study is particularly relevant to boilingundulating, dissolverotating, extrusion, 
glass threadmanufacture, wire drawing, manufacturing of artificialplus rubber sheets, as well as 
polymer sheets and filaments. Many researchers contributed to this field of study, including 
Venkateswara Raju et al., and many researchers [26-31] researched the aforementioned uses of 
nano fluids, a computational analysis of nanofluid MHD marangoni convection pour by means of 
warmth plus accumulation transport characteristics across an absorbent media. Ahmed Zeeshan et 
al., [32] deliberated energy analysis of non-Newtonian nanofluid flow over parabola of revolution 
on the horizontal surface with catalytic chemical reaction. Salahuddin et al., [33] analysed Variable 
thermo physical characteristics of Carreau fluid flow by means of stretchable paraboloid surface 
with activation energy and heat generation.Salahuddin et al., [33] considered Variable thermo 
physical characteristics of Carreau fluid flow by means of stretchable paraboloid surface with 
activation energy and heat generation.Salahuddin and Muhammad Awais [34] examined a 
comparative study of Cross and Carreau fluid models having variable fluid characteristics. 
Salahuddin et al., [35] detected the impact of Soret and Dufour on permeable flow analysis of 
Carreau fluid near thermally radiated cylinder. Salahuddin et al., [36] examined A permeable 
squeezed flow analysis of Maxwell fluid near a sensor surface with radiation and chemical reaction. 
Salahuddin et al., [37] studied a noteworthy impact of heat and mass transpiration near the 
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unsteady rare stagnation region. Salahuddin et al., [38] analysed a flow behaviour of Sutterby 
nanofluid near the catalytic parabolic surface. Salahuddin et al., [39] studied Analysis of transport 
phenomenon in cross fluid using Cattaneo-Christov theory for heat and mass fluxes with variable 
viscosity. 

Keeping the above-mentioned facts, a distinct kind of synthetic fluid known as the Nanofluids 
contains nanoparticles.We are encouraged to employ nanofluids as a coolant instead of regular 
liquids because of their increased thermal conductivity and improved heat transmission 
capacities.The analysis of energy and mass transport in a C2H6O2-based nanofluid flowing freely in 
excess ofacountlessabsorbentshield has been described.In this manuscript, we explore the exact 
and closed form solutions to the poweras well asaccumulationtransfer analysis of a free 
ventilationpour of a C2H6O2 nanofluid over anever-endingabsorbentshield. Perturbation is used to 
obtain speed, hotness, plus attentiveness solutions.  In this analysis, the new parameters added to 
the published literature of Durga Prasad et al., [31] are thermal radiation and the angle of 
inclination.This novelty is taken based on the importance of these results in petroleum industries. 
 
2. Formulation of the Problem 

 
Regard as an uneven two-dimensional, free convectional warmth plus accumulation transport 

pour of the ability to conduct electricity Hydrophobic nanofluids past a semi-infinite affecting 
permeable wall entrenched a uniform absorbentintermediate. The physical model a co-ordinates 
classification is show in Figure 1. 

 

 
Fig. 1. Schematic drawing of the physical model 

 
The flow is assumed to the X-direction which is taken along the plate and Y- axis is normal to it. 

The plate inclined at an angle  with the vertical and a uniform magnetic field of strength 
0B  is 

applied in the direction which makes an angle  with the positive X-axis. Diffusion thermo, Thermal 

radiation, constant heat source, Radiation absorption and first order Chemical reaction effects are 
considered. 
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2.1 Basic Governing Equations 
 
The basic equations are used which result from the conservation of mass (The continuity 

equation), conservation of momentum (Navier-Stokes equation), conservation of energy (Energy 
equation) and conservation of concentration (Diffusion equation) in the following form. 
 

. 0q =
              (1) 

 

2.
q

q q X p q
t

  
 

+  = − +  
 

           (2) 

 

2T
C Tp

t
 


= 


            (3) 

 

2C
D C

t


= 


              (4) 

 
whereas the velocity vector, ρ is the density of the fluid near the plate, p is the pressure, µ is the 
coefficient of viscosity, 

pC is the specific heat at constant pressure, T is the temperature of the fluid 

near the plate, k is the thermal conductivity of the fluid, rq is the radiative heat flux, C is the species 

concentration in the fluid near the plate and D is the species diffusion coefficient. 
In the present analysis, it is assumed that: 
 

i. The absorbent wall is extendedsufficient in 'X -direction in order that the pouruneven 

are function of 'y and 't . 

ii. Applied on electrical field and induced magnetic field are neglected. 

iii. Initially the plate and the field are at the same temperature 'T and 'C . 

iv. When ' 0T  , the temperature and concentration at the plate are fluctuating with time. 
v. The fluid is C2H6O2 based nanofluid containing three types of nanoparticles are Cu, Cuo 

and TiO2. 
vi. The nanoparticles have uniform shape and size. 

vii. Both the fluid phase and nanoparticles are in the thermal equilibrium state. 
 

Under the above boundary layer approximation, the governing equations for the nanofluid flow 
are given by 

 
2.1.1 Continuity equation 
 

' '

' '
0

u v

x y

 
+ =

 
              (5) 
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2.1.2 Momentum equation 
 

( ) ( )2

'' ' 2 '
' ' ' 2 2 '

0' ' ''
cos sin

nf

nf nf nf

uu u u
v g T T B u

t y Ky


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   
+ = + − − − 
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2.1.3 Energy equation 
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2.1.4 Species equation 
 

( )2
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Suctionrestrictionstandard to the shield is, 0v V= − (constant), where v is self-governing of y. As 

ofcorporealexplanation the governing Eq. (9) to Eq. (12) becomes, 
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where 'u  and 'v is the speedmechanism in Xalong withY- axis correspondingly. nf  is the density of 

the liquid nanoscale, nf  is the stickiness of the fluid nanoparticles, nf is the coefficient of thermal 

elongation of fluid nanoscale,  is A fluid's conductivity is determined by its electrical conductivity, 

and gravity's acceleration is determined by its acceleration, ( )p nf
C  is the temperature 

capacitance of the nanofluid, 'K is the permeability permeable intermediate, 'T is the temperature 
of the nanofluid, Q is the rate at which a heat source produces volumetric heat in response to 
temperature, 𝛼𝑛𝑓 is the thermal diffusivity of the nanofluid. is the solid volume fraction of the 

fluid nanoparticles, nfK  and sK are thermal conductivities of the base liquid plus solid, rq is the 

radiative warmth flux  respectively.  
The suitableborder linecircumstances for the speed, warmthplus concentrations fields are as 

follows, 
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where 'T the limited warmth of the Hydrophobic nanofluids and Q is the supplementary warmth 

basis. As opposed to that, f  
and c are the solid's and fluid's coefficients of thermal expansion, 

correspondingly, f and 
c are the parts of the fluid and solid that have different densities, 

correspondingly, whereas nf is the stickiness of the liquid nanoscale, nf
 
is the thermal 

diffusivity of the fluid nanoparticles, and ( )p nfC is the Capacitance of the fluid to warmth, 

radiative warmth flux rq . 

There is no self-absorption in the optically wide limit, but there is emission emitted by the limits 

that the liquid absorbs. According to Cogley’s model )(4)(4 1
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The thickness, thermal diffusivity, warmth capacitance of the nan liquid is known 
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The viscosity, thermal diffusivity, heat capacitance of the nanofluid is given by 
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The Dimensionless variable is described in the following. 
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Here 

 

i. rP  is the Prandtlnumber, 

ii. S is the suction parameter, 
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iii. M is Magnetic field parameter,  

iv. rK is the chemical reaction parameter,  

v. cS is the Schmidt number, 

vi. 
rG is theGrashof number,  

vii. K is the Permeability parameter, 

viii. uD is the Diffusion thermo parameter, 

ix. R is the Radiation parameter. 
 
By means of non-dimensionless constraint quantities of Eq. (15), the equations Eq. (10) to Eq. 

(12) reduces to the subsequent non-dimensionless figure. 
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With the border linecircumstances 
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3. Solution of the Problem 

 
Eq. (16) to Eq. (18) are Combined nonlinear the closed form solution of partial differential 

equations is possible. Though, analytically, it is possible to transform these equations into 
conventional differential equations. The main advantage of perturbation method is obtaining of the 
exact solution.We assume that velocity, temperature, withattention are expressed as follows: 
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0 1( , ) i ty t e   = +                                   (22) 

 

where  << 1 is a parameter 
 
Substituting Eq. (20) to Eq. (22) in equations Eq. (16) to Eq. (18) and equating zerothin addition 

to here are some ordinary differential equations based on first order equations. 
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    `                 (28) 

 
The boundary conditions Eq. (19) becomes 

 

0 1 0 1 0 11; 0; 1, 1, 1, 1, ; 0u u at y   = = = = = = =  

 

0 1 0 1 0 10; 0; 0, 0, 0, 0, ,u u as y   = = = = = = →
                  (29)

  
By substituting the border linecircumstances (Eq. (29)) in Eq. (27) to Eq. (28) we get  

  
5 3 1

0 5 3 4

m y m y m y
u B e B e B e

− − −
= + +  

6 4 2

1 8 6 7

m y m y m y
u B e B e B e

− − −
= + +  

3 1

0 1 1

m y m y
B e A e − −

= + (26) 

4 2

1 2 2

m y m y
B e A e − −

= +  

1

0

m ye −
=  

2

1

m ye −
=

            

 
Substituting the standards of equation Eq. (26) in equations Eq. (16) to Eq. (18), we get 
 

0Lr0u000 Q CP -D - =  F  −+ CSPE r

1Lr1u1r11 Q CP -D - =  )CiFP(  −+ CSPE r
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( ) ( )5 3 61 4 2

5 3 4 8 6 7( , )
m y m y m ym y m y m y i tu y t B e B e B e B e B e B e e − − −− − −= + + + + +

                (30)
 

 

( ) ( )3 1 4 2

1 1 2 2( , )
m y m y m y m y i ty t B e A e B e A e e  − − − −= + + +

                  (31)
 

 

( )1 2( , ) ( )m y m y i ty t e e e  − −= +
                     (32) 

 
3.1 Shearing Stress 

 
The shearing stress at the shieldin dimensional shape is given by 
 

( )5 5 3 3 4 1 8 6 6 4 7 2

0

( ) i t

y

u
B m B m B m B m B m B m e

t


=

 
= = − − − + − − − 

                  (33)

 

 
3.2 Nusselt Number 

 
The non- dimensional co-efficient of heat transfer defined by Nusseltnumber is given by 

 

( )1 3 1 1 2 4 2 2

0

( ) i t

u

y

N B m A m B m A m e
t



=

 
= − = + + + 

 
                  (34) 

 
3.3 Sherwood Number 

 
The non-dimensional co-efficient of mass transfer defined by Sherwood number is given by 

 

1 2

0

i t

h

y

S m m e
t



=

 
= − = + 

                       (35) 
 
4. Result and Discussion 

 
To highlight the key characteristics of the flow, The results are reported for the properties of 

heat and gathering transmission with fluid nanoparticles in Figure 2–16 and in Table 2 and 3. 
Numerical discussion is made of the impact of fluid nanoparticles on the distributions of speed, 
temperature, plusattentivenessin addition to on the coefficients of skin friction, heat transmission, 
and rate of heataccumulation. We have chosen, Sc=0.60, S=0.1, Kr=0.5, Q=2, K=4, M=0.5, QL=2, 
Gr=2, R=0.5, Du=2, α=π/6, γ=π/6, φ=0.05, 71.0Pr1,1,02.0 ==== andt   

The additional variables, which are provided in figures, are varied over a range. Table 1 shows 
thermo physical properties of base fluid (Ethylene Glycol) and three different nano particles in S.I 
units.  

 
 
 

  Table 1 
  Thermo-physical properties of Ethylene Glycol and nanoparticles 
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Physical properties /Base fluid    
 (kg/m3) 1114 8933 3970 6500 

 (J/kg K) 2415 385 765 540 

 (w/m K) 0.25 401 40 18 

 (1/K) 57 ×10-5 1.67 ×10-5 1.89 ×10-5 0.85 ×10-5 

 
4.1 Magnetic Field Parameter's Impact (M) 

 
Figure 2 demonstrates the common nanofluid velocity patterns for the nanoparticles. Cu, CuO 

and TiO2 for varied the magnetic field's values constraint (M). It is clear from the graph that as the 
strength of the magnetic field rises, the fluid's nanofluid rapidity decreases. The Lorentz force is a 
resistive-type force that develops as the magnetic field's effect of a transverse effect on a liquid 
that conducts electricity. The border layer's fluid is prone to moving more slowly as a result of this 
force. Since the magnetic field retards these results numerically match assumptions for natural 
convection flow. In contrast to CuO-C2H6O2 and TiO2-C2H6O2 nano liquid, the Lorentz force influence 
on Cu-C2H6O2 nano liquid is the most significant. With a raise in the strength of the intriguing field, 
the outcome velocity is also reduced. 
 

 
Fig. 2. Velocity profile for magnetic field parameter 

 
4.2 Effect of Grashof Number (Gr) 

 
Figure 3 demonstrates the result of Grashof number Gr on fluid velocity u for nanofluid )0(  . 

Figure's result shows that the fluid's velocity over the border linesheetraises by rising the values of 
Grashof number Gr for nanofluid with nanoparticles Cu, CuO and TiO2. Additionally, it is noted that 
the highestspeed of the Cu-C2H6O2 nanofluid is greater than that of the CuO-C2H6O2 and TiO2- 
C2H6O2. 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 108, Issue 1 (2023) 136-157 

 

147 
 

 
Fig. 3. Velocity profile for Grashof parameter 

 
 
4.3 Effect of Heat Source Parameter (Q) 

 
Figure 4 are graphical depiction of the temperature and velocity profiles at various values of Q 

with Cu, CuO and TiO2 fluid nanoparticles. These numbers clearly show that when Q increases, the 
speed and hotness profiles also do. This is because an add to in heat generation or absorption 
specifications causes a reduce in the speed contours. Due to the hotness absorptions coefficient's 
dominance, it is stated that the velocity specifications velocity will decrease. It is also clear from 
Figure 11 that the heat will decrease when the heat source specification Q improves. 
 

 
Fig. 4. Velocity profile for heat source parameter 

 
4.4 Effect of Dufour Number (Du) 

 
In Figure 5, it is depicted how the Diffusion-Thermo parameter (Du) affects the speed sharing of 

the Cu-C2H6O2, CuO-C2H6O2 and TiO2-C2H6O2 nanofluids, respectively. For both conventional and 
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nanofluids, it is observed that the border layer becomes thicker with Du. Thus, as the Dufour 
number rises, Additionally, the hydrodynamic border line sheet thickness.  
 

 
Fig. 5. Velocity profile for Dufour parameter 

 
4.5 Effect of Permeability Parameter (K) 

 
The Figure 6 depicted the impacts of permeability of the penetrable medium on velocity 

outlines of u. The magnitudes of the velocity constituents for improve with an enhancing in the 
penetrable specification K. The outcome velocity is also boost up with enhancing K for together Cu-
C2H6O2 as well as CuO-C2H6O2 and TiO2-C2H6O2. Lesser the penetrability lowers the fluid velocity is 
noticed in the complete liquid regions. 
 

 
Fig. 6. Velocity profile for permeability parameter 

 
4.6 Effect of Radiation Absorption Parameter (QL) 

 
The heat and speed patterns for dissimilar principles of QL with Cu, CuO and TiO2 nanoparticles 

are graphically represented in Figure 7. These figures amply demonstrate that the speed and 
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hotness profiles likewise enlarge when QL increases. This happens because the buoyancy force 
quickens the flood when heat is absorbed. Additionally, it’s been discovered that the thermal 
boundary layer for Cu nanoparticles is significantly thicker than for CuO and TiO2 nanoparticles. 
Large QL values are connected to a stronger predominance of radiation conduction over 
absorption, which results in thicker thermal and momentum border line layers and enhanced 
buoyant force. 
 

 
Fig. 7. Velocity profile for radiation absorption parameter 

 
4.7 Effect of Suction Parameter (S) 

 
Figure 8 demonstrates how fluid velocity u is affected by the suction parameter S for nanofluid 

)0(  . As an output of shape, it is evident that the fluid's cross-boundary sheet velocity decreases 

by increasing the suction constraint S for nanoparticle-containing nanofluid Cu, CuO and TiO2. It is 
important to note that nanofluids with nanoparticles have a stronger result on the liquidspeed 
when the suction parameter S is present. Cu, CuO and TiO2. Additionally, it is noted that Cu-C2H6O2 

nanofluid's maximum velocity is higher than that of the CuO-C2H6O2 and TiO2- C2H6O2 nanofluid. 
 

 
Fig. 8. Velocity profile for suction parameter 
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It is demonstrated how Du affects the heat profiles within the boundary layer in Figure 9. For 
Cu, CuO and TiO2 nanofluids, it is seen that the hotness of the nanofluid raises with rising principles 
of Du, indicating that Du causes to increase the thickness of the thermal boundary layer. 
Additionally, at lower values of the Dufour number for both conventional fluids and nanofluids, the 
thermal border linesheet shrinks extraspeedily. Physically, lessening Due to Du, species gradients 
have a noticeably smaller effect on the temperature field, which leads to noticeably minorhotness 
function values and a cooling of the border line sheet regime. Alternatively, the concentration 
function in the boundary layer regime rises as Du decreases. The contribution of hotness gradients 
obviouslymodifiedaccumulation diffusion in the domain. 
 

 
Fig. 9. Temperature profile for Dufour parameter 

 
Figure 10 illustration of radiation's influence on temperature silhouettes. Radiation 

specifications improve flow temperature profiles when increased. Physically, increasing radiation 
warms the flow and increases the thickness of the thermally boundary stratums. 
 

 
Fig. 10. Temperature profile for radiation parameter 

Figure 11 are graphical depiction of the temperature and velocity profiles at various values of Q 
with Cu, CuO and TiO2 fluid nanoparticles. These numbers clearly show that when Q increases, the 
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speed and hotness profiles also do. This is because an add to in heat generation or absorption 
specifications causes a reduce in the speed contours. Due to the hotness absorptions coefficient's 
dominance, it is stated that the velocity specifications velocity will decrease. It is also clear from 
Figure 11 that the heat will decrease when the heat source specification Q improves. 
 

 
Fig. 11. Temperature profile for heat source parameter 

 
Figure 12 shows that temperature enhances with raising the values of Prandtl number. It’s 

observed that maximum temperature of CuO-C2H6O2Nanofluid is superior to that of theCu- C2H6O2, 
TiO2- C2H6O2nanofluid. 
 

 
Fig. 12. Temperature profile for Prandtl number 

 
The heat and speed patterns for dissimilarprinciples of QL with Cu, CuO andTiO2nanoparticles 

are graphically represented in Figure 13. These figures amply demonstrate that the speed and 
hotness profiles likewise enlarge when QL increases. This happens because the buoyancy force 
quickens the flood when heat is absorbed.Additionally, it’s been discovered that the thermal 
boundary layer for Cu nanoparticles is significantly thicker than for CuO andTiO2nanoparticles. 
Large QL values are connected to a stronger predominance of radiation conduction over 
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absorption, which results in thicker thermal and momentum border line layers and enhanced 
buoyant force. 
 

 
Fig. 13. Temperature profile for radiation absorption parameter 

 
4.8 Effect of Schmidt Number (Sc) 
 

Figure 14 depicts the modification of the flow field's attentivenessborder linesheetfor H2, He, 
H2O vapor, and NH3. This figure displays the concentration distribution in the presence of the flow 
field. It is clear from comparing the curves in the aforementioned picture that the flow field's 
concentration border linecoating thickness decreases at every location as the Schmidt number 
rises. As a result, the attentiveness buoyant effects are lessened, which lowers fluid flow. Along 
with the lowering of the attentiveness profiles, the border sheet of concentration also falls. 
 

 
Fig. 14. Profile of concentration for the Schmidt number 

 
 
4.9 Chemical Reaction Parameter Effect (Kr) 
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The patterns of attention for dissimilar levels of the harmful substance response restrictionKr 
(>0) are given in Figure 15. The fluid's concentration will be reduced by an increase in the 
substanceresponsestricture. Less diffusion results from higher concentrations of Kr, which cause 
the chemical molecule diffusivity to decrease. They were therefore created by a species transfer. A 
rise in Kr will suppress the concentration of species. The concentration distribution decreases 
everywhere in the flow field when the reaction parameter is increased. 
 

 
Fig. 15. Concentration profile for chemical reaction parameter 

 
The effects of the suction parameter (S) on it displays the species concentration profiles. in 

Figure 16. The solutal border linesheet thickness reduces as the suction parameter raises the 
species concentration. This is because the suction often stabilizes border growth. From a physical 
perspective, these effects are undoubtedly substantiated. 
 

 
Fig. 16. Concentration profile for suction parameter 

 
The variations in skin friction under the influence of significant parameters are clearly shown in 

Table 2 for three types of nanofluids.  
  Table 2  
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  Skin friction 
Gr M K QL Du Kr φ α Γ Skin friction(τ) 

Cu-C2H6O2 TiO2-C2H6O2 CuO-C2H6O2 

1         0.5210 0.2456 -0.2456 
2         0.8452 0.6452 -0.1045 
3         1.6592 1.4564 0.1366 
 0.1        1.2345 1.2866 0.0386 
 0.5        0.8567 0.8546 -0.1543 
 1.0        0.6542 0.5234 -0.3164 
  2       0.6421 0.5920 -0.3682 
  4       0.8543 0.8436 -0.2065 
  6       1.1845 1.2456 -0.0465 
   1      0.7892 0.8651 -0.1723 
   3      1.3497 1.4723 -0.0672 
   5      1.5943 1.7795 0.0684 
    0.1     0.7368 0.6864 -0.1434 
    0.2     0.7489 0.6998 -0.1385 
    0.3     0.7548 0.7045 -0.1358 
     3    0.9043 0.8358 -0.1534 
     5    0.9345 0.9978 -0.1555 
     9    0.9864 1.2926 -0.1566 
      0.05   0.8275 0.9768 -0.0145 
      0.15   0.7668 0.6843 -0.0832 
      0.25   0.5120 0.4465 -0.1255 
       π/12  1.3152 1.1729 0.0639 
       π/6  0.9875 0.9766 -0.0301 
       π/4  0.8638 0.7728 -0.1166 
        π/12 1.1870 1.1564 0.4115 
        π/6 0.9475 0.9227 0.3218 
        π/4 0.7518 0.6945 0.1792 

 
Also, the changes in Nusselt number are depicted in Table 3 for three types of nanofluids.  

 
  Table 3 
  Nusselt number 

 

 
 
5. Conclusions 

S Du φ QL Q  

Cu-C2H6O2  CuO-C2H6O2  Tio2- C2H6O2  
0.2       0.2407   0.2369 0.2467 
0.5     0.2190 0.2147 0.2220 
1.2       0.1485 0.1428 0.1427 
 0.2      0.2468 0.7112   0.7307 
 0.3    -0.0083 0.6852 0.7042 
 0.4    -0.2635 0.6592 0.6777 
  0.06   0.1805 0.1786 0.1832 
  0.18      0.2399 0.2363 0.2463 
  0.3   0.2679 0.2653 0.2770 
   3  0.0949 0.0876 0.1017 
   5  -0.2088 -0.2236 -0.2021 
   7  -0.5126 -0.5347 -0.5060 
    4 0.7207   0.7246 0.7408 
    5 0.9079 0.9147 0.9330 
    6 1.0751   1.0844   1.1047 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 108, Issue 1 (2023) 136-157 

 

155 
 

 
The study's findings with the novelty of including thermal radiation and angle of inclination can 

be stated as the following deductions: 
 

i. As far as nanoparticles are concernedCu, CuO andTiO2, with an increasing heat source 
parameter, magnetic field restriction, and suction restriction, boundary layer fluid 
velocity decreases, while it increases with agrowing Grashof number, Dufour digit, 
permeability parameterand radiation absorption constraint. 

ii. As the Dufour number rises, the thermal border linecoating thickness increases, 
radiation absorption parameterand Prandtl number rise. 

iii. A decrease in species concentration occurs with a rise in the suction constraint, the 
substanceresponseconstraintand the Schmidt number. 

iv. Skin friction coefficient is significantly affected by M and QL. 
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