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Abstract. In this article, the ways where thermal radiation, besides other sources of heat, influence the magnetohydrodynamic 
stream of a Jeffery nanofluid across a widening sheet is investigated. To recover the accuracy of the nanofluid model, the effects 
of viscous indulgence, chemical response, Brownian motion, and thermophoresis have all been incorporated. The mathematical 
model of this system is first determined in PDEs format and then turned into ODEs format by similarity process. The numerical 
simulation of the ensuing nonlinear ODEs with subsequent periphery conditions is established by employing the Runge-Kutta 
fourth-order integration scheme with the shooting technique. The role of various stream considerations on stream, temperature, 
nanoparticle concentration, skin friction coefficient, Nusselt and Sherwood quantities are conveyed and explored in graphs and 
tables. In a limiting sense, the legitimacy of computational outcomes is assessed by comparing them to previously published 
data. The stream distribution quickens as the Deborah quantity accumulates, whereas the temperature and concentration 
profiles reflect the downward pattern. 

Keywords: Jeffery fluid, thermal radiation, nano fluid, chemical reaction, RK-4th order, shooting technique. 

1. Introduction 

Researchers are keen to learn more about the periphery layer stream of non-Newtonian fluids caused by a stretching sheet. 
Its great popularity can be attributed to the fact that it is applicable in many different sectors, including life disciplines, 
geophysics, astrophysics, bio-liquids and gasoline diligence, chemical diligences, and sundry more. The adaptability of non-
Newtonian fluids has inspired researchers in the academic community to investigate various constituent connections. The 
Jeffrey fluid prototypical was the subject of our research. In contrast to the usual viscous fluid model, the Jeffrey fluid 
prototypical can depict the stress relaxation property of non-Newtonian fluids. This is something that a viscous fluid model is 
unable to do. Kothandapani and Srinivas [1] evaluated the effects of a magnetic arena on the peristaltic carrying of a Jeffrey fluid 
through an asymmetric channel. The channel contained a magnetic field. Two-dimensional MHD steady free convective mass 
transport was discussed by Krishna Murthy [2] in the context of an environment that included both a heat cause and a chemical 
response. The movement of an electrically accompanying Jeffrey fluid in a conduit as it employs the Couette method to move 
through a porous media. The spontaneous system of cilia motion with a magnetic field and slip was investigated by Akbar et al. 
[3] in the context of the Jeffrey fluid model in a symmetric channel. They were able to accomplish this by employing an 
approximation with a long wavelength that was combined with an approximation with a low Reynolds quantity. In the context of 
a heat source/sink combination, Qasim [4] and Jena et al. [5] testified on the joint effect of heat and mass transfer in Jeffrey fluid 
stream over a stretching sheet applied to a transverse magnetic field. This effect was observed in the stream of Jeffrey fluid over 
the stretching sheet. The movement of the fluid that makes up Jeffrey is described as taking place over the sheet. 

Magnetohydrodynamics studies the flow of an electrically conductive fluid in the presence of a magnetic field, either external 
or induced in the fluid during its movement. Such flows have a wide application, from the steel casting industry, through heat 
exchangers in nuclear fusion reactors, to bioplasma, medicine and nanotechnologies. Electrically conductive fluids are used in a 
large number of industrial processes and technological procedures. Liquid metals, such as aluminum, mercury, or crucible steel, 
are good examples of such fluids. The interaction between a moving fluid and a magnetic field causes a variety of MHD 
phenomena that can be employed in different ways. Electromagnetic flow control in technological processes is also used to 
stabilize melts and their free surfaces, produce very fine powders, semiconductors, aluminum and super alloys with exquisite 
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characteristics. The increased interest in studying MHD phenomena is today related to the development of fusion reactors where 
plasma is controlled by a high-intensity magnetic field. Recent research has shown that electromagnetohydrodynamic (EMHD) 
flows may present a very reliable way to transport low conductivity fluids in microsystems. A number of fluids can be 
transported in such micro fluid devices with different goals. For example, the velocity of one fluid can be increased in its direct 
interaction with another, more mobile fluid, or the problem of the flow of two fluids can be applied in heat transfer devices, or 
one can perform controlled mixing of fluids. The majority of the scientific public associates the beginning of 
magnetohydrodynamics with Hartmann and Lazarus, who conducted the first experiments with liquid metals in 1937. Julius 
Hartmann also worked on different technical processes and tried to develop an electromagnetic conduction pump to transport 
electrically conductive fluids.  

Oil, water, bio fluids, ethylene, and lubricants are all examples of basic fluids that can be modified by the addition of 
nanofluids, which are particles on the nanoscale scale. From under a hundred nanometers to over a thousand, their dimensions 
span a wide spectrum. Despite nanofluids' important significance in business, health, and a range of other highly effective 
disciplines of science and technology, many researchers have acquired an interest in them. Although nanofluids have been 
around for a while, they nevertheless play an important role in the healthcare sector. Among these applications are the detection 
of malignant tumors with gold nanoparticles and the destruction of such tumors with microscopic bombs. The remarkable 
mechanical and electrical properties of CNTs (Carbon Nano Tubes) have garnered a lot of attention in recent decades. Liquids 
containing CNTs are expected to improve heat transmission close to the laminar boundary layer because to the CNTs' high 
thermal conductivity. Carbon nanotubes are spherical nanostructures with applications throughout mechanical engineering, 
optics, electronics, nanotechnology, and materials science. Choi [6] is the one who initially conceived of the concept of nano 
materials. His observations led him to the conclusion that the thermal conductivity of the fluid may be improved by the addition 
of these particles. Analytical solutions were developed by Hayat et al. [7] for the MHD nanofluid squeezing stream that occurs 
between two parallel plates. Hussain et al. [8] investigated the dynamics of a Jeffery nano-fluid across an exponentially stretched 
sheet, in addition to the radiation repercussions of their findings. Abbas [9] examined the impact of thermal radiation and 
chemical reaction response in a magnetized nanofluid stream. He did this by using a magnet. The properties of convective heat 
and mass transmission were investigated by Hayat et al. [10], who did so by inducing convective conditions. To use an induced 
magnetic field, a non-uniform heat source or sink, and a chemical reaction, Sandeep et al. [11] reported on the heat and mass 
transport behaviour of an MHD Jeffrey nanofluid over an exponentially stretching sheet. They assessed at how MHD Jeffrey 
nanofluids conveyed heat and mass.  He and Abd Elazem [12] investigated how a magnetic field affects the motion of carbon 
nanotubes suspended in nanofluids as they flow through a stretched sheet under the impact of the radiation parameter and the 
boundary condition of partial slip. Anuar t al. [13] numerically studied the flow and heat transfer of single-wall and multi-wall 
carbon nanotubes (CNTs) with water and kerosene as base fluid on a moving plate with slip effect. A nanofluid is a fluid with 
suspended nanoparticles between 1 and 100 nanometers. Metallic or non-metallic nanoparticles are disseminated in water or oil. 
A nanoscale fluid, on the other hand, has nanometer-scale dimensions and flow characteristics. This includes nanoscale fluids 
with lower viscosity or surface tension. Fluid dynamics and materials science researchers are interested in nanoscale fluid 
behaviour. Qiun and He [14] pioneered a polymer bubble spinning technology that creates nanoscale members instead of 
nanofibers. Li et al. [15] revealed that the end of a nanofiber has a comparable adhesion property, explaining how electrospinning 
can generate a nanofiber membrane or yarn. Wan [16] explained traditional electrospinning's drawbacks and needleless 
electrospinning's benefits, especially bubble electrospinning. 

A fluid is said to be non-Newtonian if it does not adhere to Newton's rule on the rate at which it cools. Shampoos, sauces, 
pastes, paints, colloidal solutions, and ketchup are just a few examples of these products. Because of the myriad of rheological 
applications that may be found in both chemical and mechanical engineering processes, the majority of fluid mechanics 
researchers are currently focusing the majority of their attention on this category of fluids. Jeffrey fluid model is offered because 
of its simpler linear model that uses time derivatives instead of convective derivatives for non-Newtonian liquids. Nanoparticle 
concentration affects Jeffrey nanofluid thermophysical parameters such as thermal conductivity, viscosity, and specific heat 
capacity. Jeffrey nanofluid has complicated thermophysical characteristics. Thermal management systems, electronic cooling, 
and energy storage use these features. Hayat [17] studies MHD boundary-layer flow of Jeffrey nanofluid across a nonlinear 
stretching surface using active and passive nanoparticle controls. Khan and Shehzad [18] investigated the flow of Jeffrey 
nanofluids is analyzed by using convective heating conditions. The nanoparticles are considered over a stretched surface that 
moves and oscillates periodically due to sine oscillations of the sheet. The generalized Couette flow of Jeffrey nanofluid through 
porous material under fluctuating pressure gradient and mixed convection is numerically modelled using variable-order 
fractional calculus by Roohi et al. [19]. 

However, due to its essential function in many branches of engineering, the substantial effect of heat radiation on fluid flow 
cannot be disregarded. In the polymer manufacturing industry, where the final product's characteristics are determined by the 
heat controlling variables, thermal radiation impacts can play a crucial role in monitoring heat transfer. In the arena of fluid 
mechanics, the term "Viscous Dissipation" refers to the process by which oscillatory stream gradients, which are caused by 
viscous strains, are eliminated. This partially irreversible phenomenon is referred to by the phrase "the revolution of motive 
drives into the inner drive of the fluid," which describes the process. Energy dissipation and the stream of non-Newtonian liquids 
are two topics that have long piqued the interest of scientists and engineers. As stated by Pop [20], factoring in the dissipation 
and transit of energy in nanoscale structures is crucial for the development of efficient circuits and energy-conversion tools. The 
dissipation of energy and the motion of non-Newtonian fluids are two areas that have fascinated scientists and engineers for 
quite some time. The effects of viscid debauchery in a non-Newtonian Casson liquefied streaming transversely a paraboloid of 
revolution's high level thermally stratified melting apparent have been addressed by Ajayi et al. [21]. Williamson stagnation 
nanofluid stream on a growing or contracted surface was studied by Khan et al. [22]. 

Chemical reactions are significant in a broad range of services, notably chemical processing, hydrometallurgical industries, 
fibre insulation, atmospheric fluxes, crop damage due to freezing, water and air pollution, ceramic and polymer manufacturing, 
fog production and dispersion, and so on. Ahmed [23] and Sandeep [24] explored the nature of chemically reactive stream-ended 
an erect plate under dynamic considerations. Ramesh Babu et al. [25, 26] observed the stream of viscid molten with biological 
reaction. 

As mentioned above Jeffrey nanofluid has several applications in various fields like aerospace engineering, biomedical 
industries, energy storage systems, etc. Despite the criticality of examining the impact of thermal radiation on MHD Jeffery 
nanofluid stream on a porous stretched surface, the literature mentioned above indicates that very little work has been done in 
this area. To find the solution we used RK method with shooting technique which has numerous applications in science and 
engineering, and is a valuable tool for solving complex problems that cannot be solved analytically. Sharma and Shaw [27] 
reports the heat and mass transfer of the 2- D MHD flow of the Casson and Williamson motions under the impression of non-
linear radiation, viscous dissipation, and thermo-diffusion and Dufour impacts. Dash and Mishra [28] analyzes free convective 
heat and mass transfer of non-conducting micropolar fluid flow over an infinitely inclined moving porous plate in the presence 
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of heat source and chemical reaction. Ibrahim et al. [29] analyzed the micropolar fluid flow. Roja et al. [30] addressed the effect of 
thermophoresis on micropolar fluid. Mabood et al. [31] reported the impact chemical reaction on MHD rotating fluid over a 
vertical plate embedded in porous medium with heat source. Sharma et al. [32] explored the radiative effect on MHD rotating 
fluid stream through a vertical sheet. 

2. Mathematical Formulation 

Incorporating radiant energy, viscous dissipation, a source of heat, and a chemical change, we address the ensures adherence 
MHD stream of an electrically charged particle, incompressible, and non-Newtonian nanofluid streaming across such an 
elongated sheet. As seen in Fig. 1, the x-axis is read in the same direction as the sheet, but the y-axis is transverse to it [33]. 

As the sheet and the plane are both stretched, the saturation of nanoparticle hits increases. We're going to make the 
following assumptions for this case: 

 The sheet is strained by the direct stream ( ) .wu x ax=  
 To generate the stream, a linearly stretched sheet is subjected to two forces that are of similar magnitude but in opposite 

directions along the x -axis. 
 An oblique magnetic field of strength 0B is pragmatic in the bearing of y -axis. 
 Both the temperature and the concentration on the sheet's surface are kept at a constant levels as wT T∞> and .wC C∞>  
 At this point, the temperature of the nanoparticles and the fluid phase are both stable. 
 It is presumed that the nanofluid has the identical corporeal possessions throughout the experiment. 

 
The following expressions are defined as being associated with a Jeffery non-Newtonian fluid: 

1 1 1.
1

R V R PI
t

µ
τ λ

λ

  ∂  = + + ∇ −   + ∂ 
,                                                  

Tension of the Rivlin-Ericksen 1R  may be calculated as: 

( ) ( )1 'R V V= ∇ + ∇ .                                                  

The governing equations for this problem in terms of the conservation of mass, momentum, thermal energy, and 
nanoparticle concentration may be stated as The following is an example of how this problem can be solved using the periphery 
layer approximations: 
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Fig. 1. The system's physical model. 
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Depending on the considerations of the boundaries: 

( ) , 0, , 0

0, ' 0, 0, , ,

w W wu u x ax v T T C C at y

u u v T T C C as y∞ ∞

= = = = = =

→ → → → → →∞
,                                                   (5) 

Radiation's Rosseland estimate expressed by the symbol: 

* 4

*

4

3r

T
q

k y

σ ∂  =−   ∂ 
,                                                   (6) 

We obtain after filtering out the higher-order terms of 4T  in the Taylor series expansion of: 

4 3 44 3T T T T∞ ∞= − ,                                                   (7) 

The subsequent transformations of similarity are being implemented right now: 

( ) ( ) ( ) ( )
1

2 , , ,
W W

T T C C a
av f y

T T C C v
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∞ ∞

− −
= = = =

− −
� ,                                                   (8) 

Now, Eqs. (2) to (5) become: 

( ) ( )( ) ( )( )2 2 1 1 0f f f f f f f M K fβ λ λ′′′ ′′ ′′′′ ′ ′′ ′+ − − − + − + + =     (9) 

2 2 21 4
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f Ec f Q Nb Nt EcM fθ θ θ φ θ θ
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  (10) 

1
( ) ( ) 0f Le Nt Le
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φ φ θ γ φ′′ ′ ′′+ + − =� �  

  (11) 

where , , , Pr, , , , ,K M R Q Ec Leβ γ  are: 
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These are the edge situations: 

1.0, 0.0, 1.0, 1 .0 at 0,

0, 0, 0, 0 as .

f f

f f

θ φ ζ

θ φ ζ

′ = = = = =

′ ′′→ → → → →∞
                                                 (12) 

The factor of skin friction (drag per unit area), the indigenous Nusselt quantity, and the indigenous Sherwood quantity are the 
corporeal quantities that are of interest. These magnitudes are defined as follows: 
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Substituting ,w wqτ  and mq  in the proceeding equation, we get: 

( )1 /2 1
Re '' 0

1x fC f
β

λ

+
=
+

, ( )1/2 4
Re 1 ' 0

3x x

R
Nu θ−  =− +   

 and ( )1/2Re ' 0x xSh φ− =−�                                                    

where Re /x wu x ν=  is the indigenous Reynolds quantity. 

3. Method of Solution 

The RK-4th order integration by means of shooting technique is used to numerically elucidate the system of ordinary 
differential Eqs. (9) to (11) with periphery conditions (12) are unraveled statistically by Runge–Kutta fourth-order integration by 
means of shooting method and numerical values are plotted in Figs. (2) to (23). The foremost constraints remain possession 
stable as: 

10.2, 0.1, 0.5, Pr 2.5, 1.0, 0.5, 0.01, 0.3K R Q M Le Nb Nt Ecλ β γ= = = = = = = = = = = =                                                    

throughout the computations. For unpredictable standards of the scheming considerations, displays are contrived for distinctive 
summaries. 

Figures 2 to 4 report the impression of proportion of relaxation to retardation times λ  on '( ), ( ) and ( ).f ζ θ ζ φ ζ�  The fluid 
stream significantly reduces as the value of λ  grows greater. This is because an elevation in λ  indicates a drop in the fluid 
retardation time, which leads the fluid to slowdown. Temperature and the volume fraction of nanoparticles are also reported to 
enhance when λ  improves. 
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Fig. 2. Effect of proportion of relaxation to retardation times on velocity. Fig. 3. Effect of proportion of relaxation to retardation times on 

temperature. 
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Fig. 4. Effect of proportion of relaxation to retardation times on 
nanoparticle concentration. 

Fig. 5. Effect of Deborah quantity on velocity. 
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Fig. 6. Effect of Deborah quantity on temperature. Fig. 7. Effect of Deborah quantity on nanoparticle concentration. 

 
Figures 5 to 7 display the influence of Deborah quantity β  on ( ), ( ) and ( ).f ζ θ ζ φ ζ′ �  It has been discovered that elevating β  

improves stream. Because β  is straightforwardly relative to the rate of stretching sheet, enhancing β  leads in the maximum 
fluid stream over the sheet. In the case of temperature and nanoparticle volume fraction, however, β  displays the opposite 
pattern. This is because of the fact that retardation time relates to the lesser temperature and weaker thermal periphery layer. 

The influence that magnetic considerations M  has on the profiles is illustrated in Figs. 8 to 10. While there is a negative 
correlation between the magnitude of M  and the fluid stream, there is a positive correlation between the fluid temperature and 
concentration. In point of fact, the rate of transfer slows down as M  grows because the Lorentz force, which inhibits the 
movement of fluids, becomes more powerful. 

The influence that the porousness of the permeable media K  has on the stream distribution is depicted in Fig. 11. When K  
continues to increase, it should come as no surprise that the periphery layer's stream would increase as well. In addition, an 
intensification in the porousness of the permeable media K  is likely to result in a higher stream rate of the fluid being 
transported through it. As a consequence of this, the pores in the porous medium will become larger, and it will be possible to 
disregard the medium's resistance. 
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Fig. 8. Effect of magnetic consideration on velocity. Fig. 9. Effect of magnetic consideration on temperature 

0 1 2 3 4 5 6 7
0

0.2

0.4

0.6

0.8

1




( 

)

 

 

M = 0.1

M = 0.3

M = 0.5

 

0 1 2 3 4 5 6 7
0

0.2

0.4

0.6

0.8

1



f 
( 

)

 

 

K = 0.1

K = 0.3

K = 0.5

 

Fig. 10. Effect of magnetic consideration on nanoparticle concentration. Fig. 11. Effect of porous parameter on velocity. 
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Fig. 12. Effect of Prandtl quantity on temperature. Fig. 13. Effect of thermal radiation on temperature. 

 
 
 
When solving problems involving heat transference, the Prandtl quantity Pr  is utilized with the goal of reducing the relative 

thickening of the momentum and thermal periphery layers. Increasing the value of Pr,  this is a dimensionless quantity that is 
defined as the fraction of impetus diffusivity to thermal diffusivity, fallouts in a diminution in the amount of thermal diffusivity. 
Figure 13 illustrates this point. When there is a greater amount of thermal radiation ,R  the fluid is able to absorb more heat, 
which ultimately results in an increase in temperature, as seen in Fig. 13. 

This conclusion is good in the sense that it magnifies the temperature implication that is shown in Fig. 14, because the large 
standards of the considerations Eckert quantity Ec  require reasonably an effect on the temperature scattering. Positive values of 

,Q  which represent the heat source, cause the thermal periphery layer to produce heat, which, in turn, causes an increase in 
temperature, as depicted in Fig. 15. 

Figures 16 and 17 illustrate the outcome that the Brownian gesticulation considerations Nb  has on ( )θ ζ  and ( ).φ ζ�  In general, 
Brownian motion contributes to the heating of the liquid in the periphery layer and helps to preclude particle testimony on the 
surface that is separate from the fluid. The temperature of the fluid goes up as the amount of Nb  that is present in it grows, 
while the concentration goes down. The relationship between the thermophoresis considerations Nt  on ( )θ ζ  and ( )φ ζ�  is 
depicted in Figs. 18 and 19, respectively. According to certain reports, not only does the temperature increase but also the 
proportion of nanoparticles as Nt  goes up. Given that both variables are found to be linearly proportional to .Nt  
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Fig. 14. Effect of Eckert quantity on temperature. Fig. 15. Effect of heat source on temperature. 
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Fig. 16. Effect of Brownian gesticulation consideration on 
temperature. 

Fig. 17. Effect of Brownian gesticulation consideration on nanoparticle 
concentration. 
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Fig. 18. Effect of thermophoresis consideration on temperature. Fig. 19. Effect of thermophoresis consideration on nanoparticle 
concentration. 
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Fig. 20. Effect of Lewis quantity on nanoparticle concentration Fig. 21. Effect of chemical reaction quantity on nanoparticle 
concentration. 
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Table 1. Appraisal of (0)φ� for varying values of M when 1 0, Pr 1.0.K R Q Le Nb Nt Ecλ β γ= = = = = = = = = = =  

M TURKYILMAZOGLU [34] KAYALVIZHI et al. [35] Present 

0.0 0.75 0.75 0.75 

1.0 0.82252 0.8225217 0.822520 
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Fig. 22. Effect of Deborah quantity and proportion of relaxation to 
retardation time on skin friction coefficient. 

Fig. 23. Effect of Deborah quantity and proportion of relaxation to 
retardation time on Nusselt number. 

As can be seen in Fig. 20, the concentration distribution of nanoparticles diminutions as the Lewis quantity Le  increases. 
Greater values of Le  are associated with a worse Brownian diffusion quantity, which results in a reduction in the nanoparticle 
concentration distribution. Figure 21 illustrates how a change in the value of a considerations called in a chemical process γ  can 
affect the profile of a concentration. It is a well-known fact that the concentration diminutions as the value of the considerations 
of the chemical reaction γ  increases. Figures 22 and 23 make it abundantly evident that the skin friction coefficient and the 
Nusselt quantity both diminution with the value of β  and increase with the value of .λ  

4. Concluding Remarks 

The current research described the stream of a dissipative and radiative MHD stream of a Jeffrey fluid over a porous stretched 
sheet as it pertains to the periphery layer. The following is an outline of the primary findings from this research: 

 On the subject of stream, the influence of Deborah quantity and material considerations could not be more different 
from one another. 

 Increased magnetic quantity decreases momentum distribution and boosts liquid energy and concentration. 
 Upsurge in porous quantity diminishes the momentum distribution. 
 Escalating Pr shrinks energy field but reverse effect is noted with radiation quantity. 
 A reduction in temperature profiles is brought about by lowering the heat generation considerations. 
 When Lewis considerations and chemical reaction factor are brought to higher levels, concentration profiles go down. 
 Brownian considerations elevate the fluid's temperature and lower its concentration. 
 Thermophoresis considerations elevate both energy and mass fields. 
 The Deborah quantity causes a diminution in both the skin friction coefficient and the Nusselt quantity. 
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Nomenclature 

u  Horizontal velocity component [m/s] ( )p fC  Fluid heat capacity [J/(kg.K)] 

v  Vertical velocity component [m/s] rq  Radiative heat flux 

x  Horizontal Cartesian coordinates [m] *k  Absorption coefficient 

y  Vertical Cartesian coordinates [m] *σ  Stefan-Boltzmann persistent 

a  Constant  k  Thermal conductivity [W/(m.K)] 

wu  Stretching velocity [m/s] 0Q  volumetric rate of heat generation 

wT  Heat of the liquefied at the wall [K] β  Deborah quantity 

wC  Concentration of the liquefied at the wall K  Porousness consideration 

T∞  Ambient value of the temperature [K] M  Magnetic consideration 

C∞  Ambient value of the concentration Pr  Prandtl quantity 

T  Temperature of the fluid [K] R  Radiation consideration 

C  Concentration of the fluid [kg/m2] Q  Heat generation consideration 

τ  Cauchy stress Le  Lewis quantity 

µ  Dynamic viscosity [Ns/m2] γ  Chemical reaction quantity 

1,λ λ  quotient of slackening to obstruction times and  wτ  Shear stress along the stretching surface 

 retardation time individually wq  Surface heat flux [W/m2] 

1R  Rivlin-Ericksen tensor mq  Surface mass flux 

fρ  Ignoble liquid density [kg/m3] fC  Skin friction coefficient 

ν  Kinematic viscosity [m2/s] xNu  Local Nusselt quantity 

0B  Constant  xSh  Local Sherwood quantity 
*K  Permeability  f  Dimensionless velocity of the fluid 

σ  Electric conductivity [m3A2/kg] θ  Dimensionless temperature 

α  Thermal diffusivity [m2/s] φ  Dimensionless nanoparticle concentration 

BD  Brownian diffusion factor Rex  Local Reynolds quantity 

TD  Thermophoresis diffusion factor ζ  Similarity variable 

pρ  Particle density V  Stream field vector 

( )p pC  Particle heat capacity [Jkg/K]   
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