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Abstract: The simultaneous evaluation of heat/mass transference procures momentous 

significance in polymer industry and engineering activities. Extensive utilizations of such aspects 

include propylene flares, heat exchangers, energy transfiguration in chilling towers and 

amputation of post fortuitous heat in nuclear reactors. Owing to such prospective demands, we 

interpreted the Jeffrey liquid reactive flow under non-linear convection. We scrutinized the 

transference of heat/mass under generalized Fourier-Fick relations. Thermal conductivity depends 

on temperature while mass diffusivity is dependent on concentration. Besides, heat source along 

with first-order chemical reaction aspects are accounted. Relevant transformations are exerted to 

achieve non-linear differential systems which are solved through homotopy scheme. Influences of 

divers factors are exhibited via graphical benchmark. 

Keywords: Generalized Fourier-Fick laws; Chemical reaction; Jeffrey material; Heat source; 

Variable thermal conductivity; Nonlinear convection; Variable mass diffusivity. 

1 Introduction 

Flow analysis subjected to mixed convection has vital contribution in numerous engineering 

systems for illustration electronic equipment’s, solar collectors and heat exchangers [1]. The 

mixed convected flow turn out to be more substantial when temperature-dependent buoyancy 

force between solid surface and free-stream become larger, which ultimately influence both 
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thermal and flow fields significantly. Several investigations featuring mixed convection aspects 

have been elaborated by researchers under various assumptions. For instance, Waqas et al. [2] 

evaluated micropolar material dissipative flow employing homotopy scheme. They further 

accounted mixed convection along with Robin's condition in this research. Chemically reacted 

Casson nanomaterial dissipative flow under buoyancy forces and hydromagnetic aspects is 

formulated by Ibrahim et al. [3]. Irfan et al. [4] addressed mixed convection features in radiative 

Carreau nanoliquid stretching flow under activation energy. Robin's condition effectiveness in 

buoyancy-driven stratified nanomaterial flow is elucidated by Waqas et al. [5]. 

The heat transportation phenomenon is yielded via movement of thermal energy from one entity to 

an-other entity owing to temperature variation. Such entities can be liquid, gas or solid, or inside a 

liquid or gas. The fascination towards transportation of heat is rising noticeably owing to its 

copious technological and industrial demands. Extensive demands of heat transportation can be 

viewed in abundant engineering and industrial activities. The most advantageous demands are 

energy production, cooling process and fuel cells in distinct atomic mechanisms. To foresee heat 

transportation, Fourier's [6] introduced an effectual model to foresee heat transportation 

characteristics. The surprising attribute of this liquid model includes macroscopic systems 

analysis. Besides, the modeling subjected to Fourier's model outcomes energy expression having 

parabolic nature. Cattaneo [7] proposed the generality of this concept via relaxation time addition 

which converts Fourier's energy expression into hyperbolic type. This formula permits the heat 

transportation via thermal waves having restricted speed. Later, Christov [8] modified [7] via 

upper convected type derivative replacement with usual derivative appearing in it. Few researches 

under Cattaneo-Christov model of heat transportation are given in Refs. [9-18]. 

Indeed various simulation algorithms are utilized for non-linear analysis. Here, we opted 
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homotopy scheme [19] for computational analysis. 

2 Formulation 

An incompressible non-linear convective Jeffrey material stretching flow is modeled. The 

generalized laws (Fourier-Fick) are accounted for heat/mass transportation. Thermal conductivity 

depends on temperature while mass diffusivity is dependent on concentration. Besides, heat source 

along with first-order chemical reaction aspects are accounted. The governing 2D expressions 

under aforesaid aspects are: 
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Here 2 illustrates relaxation time,   liquid density,  2 1,   linear (solutal, thermal) 

expansion coefficients, Q  heat source coefficient, 1 relationship between 

(1) 

(2) 

(3) 

(4) 
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relaxation/retardation times,   and  mass and heat flux relaxation times,C T  pc  specific heat, 

and  fluid temperature and concentrationT C ,  4 3,   nonlinear (solutal, thermal) expansion 

coefficients, 1k  reaction rate,  and  ambient fluid temperature and concentrationT C   and 

 and  velocities of fluid in horizontal and vertical directions respectively and  stretching rate.u v c

Expressions of variable diffusivity  D C  along with variable conductivity  K T  are:
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in which  ,D K  elucidate ambient liquid (mass diffusivity, thermal conductivity) and  2 1,   

smaller parameters elaborating concentration and temperature characteristics for solutal and 

thermal dependent diffusivity and conductivity. 
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Eq. (1)  is authenticated mechanically whereas Eqs. (2) (5)  are: 
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The dimensionless drag-force  1/ 2Re
xf xC  is expressed as: 

   1/ 21
Re 1 '' 0 .

2 xf xC f   

(14) 

(13) 

(15) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 July 2020                   doi:10.20944/preprints202007.0657.v1

https://doi.org/10.20944/preprints202007.0657.v1


6 

It is important to mention that computations for Nusselt along with Sherwood numbers are not 

possible. In fact heat-mass fluxes subjected to non-Fourier-Fick situations are not obtainable in 

explicit form. Thus Nusselt along with Sherwood numbers computations in non-Fourier-Fick 

situations are not possible. 

3 Computational algorithm and convergence 

We applied homotopy process [19]  for nonlinear computational analysis. In this process, 

-curves are essential for confirmation of convergence. As a consequence we unveiled -curves in 

Fig. 1 . Flat parts in this figure ease to achieve acceptable estimations of auxiliary variables 

 , , .f    We detected 1.30 0.25f    , 1.40 0.25     and 1.35 0.25     

with 1 2 0.1,t c S            1 2 0.2,N     0.4,  1 0.5,N    0.8Sc 

and Pr 1.0.  Furthermore, convergence is established iteratively (see Table 1). Clearly Eqs. 

 9,  11,  13  converge at 25th order approximations.

Fig. 1.  curves for ,f   and .  
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Table 1: Convergence scrutiny for diverse order approximations considering 

1 2 0.1,t c S            1 2 0.2,N     0.4, 
1 0.5,N    0.8Sc   and

Pr 1.0.  

Order of 

approximations 

(0)f   (0)   '(0)  

1 0.9580 0.7080 0.7648 

5 0.9321 0.4450 0.5768 

10 0.9282 0.4097 0.5627 

15 0.9280 0.4046 0.5625 

20 0.9278 0.4041 0.5622 

25 0.9278 0.4041 0.5622 

30 0.9278 0.4041 0.5622 

4 Analysis 

This fragment accentuates the notable aspects of appearing variables versus velocity field 

  'f  , concentration field     1/ 2 and skin-friction Re .
xf xC   Since we have extended 

the analysis of [14], therefore we scrutinized the characteristics of those variables which arises 

through the consideration of non-linear convection and chemical reaction. In view of that, Figs. 

2 10  are delineated and described. The change in  'f   curves against   is evaluated

through Fig. 2. Clearly  'f   curves are augmented because of   increment. Physically,

buoyancy force appears in expression of   and higher   yields sturdier buoyancy force. 

Actually such sturdier buoyancy aspect creates a force within liquid flow which leads towards 

larger  ' .f   From Fig. 3, we have scrutinized that larger t  lead towards sturdier momentum 

boundary-layer. Indeed, difference between temperatures (wall and ambient) upsurges for higher 
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t  which yields increment in  ' .f   The attributes of N  on  'f   are portrayed in Fig. 4.

We found higher  'f   subject to enhance .N  Since N  encompasses buoyancy forces

(solutal and thermal). In fact solutal buoyancy force upsurges when N  is increased which 

ultimate upsurges  ' .f   Fig. 5 reports c  features on  ' .f   As anticipated  'f   enlarges

when c  is enlarged. Actually, difference between concentrations (wall and ambient) rises for 

larger c  which yields  'f   augmentation. Figs. 6 and 7 depict   influence on  . 

Obviously liquid concentration boosts with the escalation of 0.   On the other hand, it 

dwindles for 0.   Actually a rise in 0   communicates higher destructed reaction rate 

which disperses material specie efficiently. For that reason,     rises. In the same way, higher

0   values imparts towards larger generated reaction rate which creates the material specie 

effectively. Hence,     diminishes. Fig. 8-10 highlight 1 t c, ,  , ,   and N      influences

against 
1/ 2Re

xfC . As anticipated, 
1/ 2Re

xfC  increases when   is enlarged. On the other hand, 

antithesis effects are seen for 1 t c, ,  ,   and N    . 

Fig. 2.   versus  ' .f 
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Fig. 3. t  versus  ' .f 

Fig. 4. N  versus  ' .f 

Fig. 5. c  versus  ' .f 
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Fig. 6. 0   versus  . 

Fig.7. 0   versus  . 

Fig. 8. 1  and    versus 
1/ 2Re .

xf
C  
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Fig. 9.  and t   versus 
1/ 2Re .

xf
C  

Fig. 10.  and cN   versus 
1/ 2Re .

xf
C  

5 Concluding remarks 

This letter discloses non-linear convective Jeffrey material stretching flow under variable 

diffusivity and conductivity. Heat/mass transfer account heat source, generalized Fourier-Fick 

expressions and chemical reaction. The abovementioned analysis leads to following conclusions: 

 Velocity field  'f   rises when ,  ,   and t N    are increased. 

 Destructive chemical reaction parameter  0   yields higher     in comparison to
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generative chemical reaction parameter   0  .

 Influences of ,  ,   and t N    on  'f   and
1/ 2Re

xfC  are opposite. 

 The traditional Fourier-Fick expressions can be achieved by putting 1 0    in Eqs. (11) 

and (13). 

 The considered fluid model reduces to viscous liquid when 1 0 .    
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