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ABSTRACT: This paper discusses the 

steady 2D hydro-magneticradiative flow, 

mass and heat transfers of an Oldroyd-B 

liquid towards a stretchy surface along with 

heterogeneous and homogeneous reactions 

including heat generation. The heat flux is 

established on Cattaneo-Christov concept. 

Appropriate similarity transformations are 

applied to transmute nonlinear PDE to ODE. 

The homotopy setup is helped to crack the 

nonlinear ordinary system. The contributions 

of several physical constants are examined 

and discussed. The Opposite trend is got in 

the velocity graph for growing values of 

Deborah numbers. 
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1. INTRODUCTION 

 

The non-Newtonian liquids are 

important in boundary layer flow by reason 

of their industrial relevant applications. 

Instance of non-Newtonian liquids may 

contain sauce, lubricants, shampoos, pulps, 

ketchup, and sugar solutions.  Few more 

research reports about non-Newtonian 

liquids are caught by Refs. [1]- [3]. The 

appearance of the Cattaneo-Christov 

heatflux (CCHF) and reaction rate effects in 

magneto-hydrodynamic flow of Oldroyd-B 

liquid was studied by Loganathan et al. [4]. 

Imtiaz et al. [5] considered CCHF model in 

the convection mass and energy transference 

of a 3
rd

-grade liquid flow over an extending 

plate. 

The hydromagneticnon-Newtonian 

liquid flow with radiative and heat source 

impacts over a stretchy surface was attracted 
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by several scholars due to its industrial 

utilization. Pal [6] examined the impression 

of hydro-magnetic viscous fluid flow 

induced by a permeable extending plate with 

Hall current effects. Bhattacharyya et al. [7] 

presented the fluid flow of the micro polar 

liquid embedded in a porous reducing 

surface with heat transference rate and 

thermal radiation impressions.       

Suction/blowing impacts over a stretchy 

sheet of magneto convection flow of viscid 

fluid was detected by Mukhopadhyay [8]. 

Hayat et al. [9] performed the mixed 

conviction and convective boundary impacts 

of radiative Maxwell fluid flow along with 

nanoparticles a stagnation point flow. 

Shehzad et al. [10] considered the Maxwell 

liquid flow induced by porous extending 

sheet with variable thermal conductivity. 

Several researchers studied 

heterogeneous-homogeneous responses with 

various types of fluids, such as a flow with 

micro-polar fluid by Shaw et al. [11], a flow 

with nano fluid by Kameswaran et al. [12], 

and a flow with viscoelastic fluid by Khan 

and Pop [13].Zhang et al. [14] inspected the 

upper-convected flow of Oldroyd-B non-

Newtonian liquid over a time dependent 

extending sheet with the impressions of 

revised viscous dissipative impact, reaction 

rate, and Cattaneo-Christovduple diffusion 

concept. Oldroyd-B liquid flow with 

nanomaterials in an MHD stagnation point 

flow of was deliberated by Hayat et al. [15], 

in the existence of Cattaneo-Christov heat 

and mass fluxes, thermophoresis, and 

Brownian motion impacts. An investigation 

of energy transference of an unsteady 

Oldroyd-B liquid flow over an extending 

cylinder was investigated by Yasir et al. 

[16]. Shankaralingappa et al. [17] inspected 

the Oldroyd-B fluid flow of over a stretchy 

sheet with the Cattaneo–Christovduple 

diffusion, the relaxation reaction rate, heat 

source or sink, and thermophoretic element 

deposition.  

 

Jangid et al. [18] examined a study 

on the Cattaneo-Christov heat flux theory of 

the Carreau liquid flow with ternary 

nanomaterials over a slopped reducing 

sheet. The steady MHD Casson fluid flow 

with between two similar plates over an 

extended porous wall along with radiation 

explored by Jangid et al. [19].Li et al. [20] 

inspected the entropy creation and 

stagnation point flow of Carreau liquid with 

nanoparticles along with the Cattaneo-

Christov heat flux concept. The influence of 

MHD Darcy–Forchheimer3
rd

-grade fluid 

flow with nanoparticles near a linearly 

elastic sheet with the velocity slipping 

impact, Newtonian heating, and theory of 

the non-Fourier thermal and mass flux 
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inspected by Loganathan et al. [21].Wahab 

et al. [22] discussed the heterogenous and 

homogenous reactions of inclined hydro-

magnetic Carreau fluid flow with nanoscale 

heat transferences. Rehman et al. [23] 

explored the heterogenous and homogenous 

reactions of generalized Newtonian fluid 

flow insight of slopped hydromagnetic 

impression. A homogeneous and 

heterogeneous reactions of hydromagnetic 

mixed convection viscid flow in the 

company of heat source/sink between 

endless long concentric cylinders was 

considered by Abbas et al. [24]. Naveed et 

al. [25] explored the hydromagnetic coupled 

stress fluid flow over a porous oscillatory 

stretchy sheet with heterogenous/ 

homogenous reactions. Ramzan et al. [26] 

considered the nano fluid (graphene 

oxide/water) flow with homogeneous, 

heterogeneous reactions and heat 

generation/absorption impacts over a 

permeable channel. Sharma et al. [27] 

inspected the micro polar ternary hybrid 

nano fluid (𝑇𝑖𝑂2 − 𝐶𝑢𝑂 − 𝑆𝑖𝑂2/𝑏𝑙𝑜𝑜𝑑)  

flow with homogeneous-heterogenous, Joule 

heating and dissipation impacts over a 

curved surface. Ahmed et al. [28] analyzed 

the MHD stagnation hybrid nano 

fluid (𝐴𝑙2𝑂3 − 𝐶𝑢/𝑏𝑙𝑜𝑜𝑑) flow passed 

through a sheet with homogenous-

heterogenous reactions. Yasin et al. [29] 

explored the peristaltic radiative Carreau 

hybrid nano fluid(𝐶𝑢 − 𝐴𝑔/𝑏𝑙𝑜𝑜𝑑)flow in a 

symmetric channel in the company of the 

mixed convection, Joule heating, viscid 

dissipative, and heat source or sink 

impacts. Alsaedi et al. [30] inspected the 

thermal and solutal transfer and entropy 

creation in hydromagnetic radiation fluid 

flow with nanoparticles over heated 

stretched surface.  

The mathematical outcomes of the 

nonlinear flow and heat transferences 

equations are derived by homotopy analysis 

method. This study is reported on Oldroyd-B 

fluid flow with CCHF model. The important 

effects MHD, heterogeneous-homogeneous 

chemical reactions and radiation are 

incorporated into the current work. 

Homotopy technique is working for the 

nonlinear ODE systems. Different flow 

parameters over various distributions are 

discussed and reported. 

 

2 PROBLEM DEVELOPMENT 

Consider the 2-D stretchy sheet flow 

of radiative Oldroyd-B flow (density is 

constant) with the heat generation impact. 

The velocity of surface is supposed as u1w = cx,c > 0. Wherec > 0 is the stretchy 

rate. The twice different temperatures on and 

far from the sheet are indicate by Twand T∞with Tw>T∞. Bmis the magnetic strength, 
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it is assigned erect to the stretchable surface. 

The effects of heterogeneous- homogeneous 

reactions for cubic autocatalysis surface are 

respectively stated by A + 2B → 3B, rate =kcab2and A → B, rate = ksa. The 

governing relations are: 

 

 

   

 

Fig. 1.Schematic diagram 

𝜕𝑢1𝜕𝑥 + 𝜕𝑣1𝜕𝑦 = 0   − − −   (1) 

𝑢1 𝜕𝑢1𝜕𝑥 + 𝑣1 𝜕𝑢1𝜕𝑦 + 𝐴1 (𝑢12 𝜕2𝑢1𝜕𝑥2 + 𝑣12 𝜕2𝑢1𝜕𝑦2
+ 2𝑢1𝑣1 𝜕2𝑢1𝜕𝑥𝜕𝑦) = 𝜇 𝜕2𝑢1𝜕𝑦2  

−𝜇𝐴2 (𝑢1 𝜕3𝑢1𝜕𝑥𝜕𝑦2 + 𝑣1 𝜕3𝑢1𝜕𝑦3 − 𝜕𝑢1𝜕𝑥 𝜕2𝑢1𝜕𝑦2 − 𝜕𝑢1𝜕𝑦 𝜕2𝑣1𝜕𝑦2 ) −
𝜎𝐵𝑚2𝜌 (𝑢1 + 𝐴1𝑣1 𝜕𝑢1𝜕𝑦 )    − − − −       (2) 

𝑢1 𝜕𝑇𝜕𝑥 + 𝑣1 𝜕𝑇𝜕𝑦 = �̂�𝜌𝑐𝑝 𝜕2𝑇𝜕𝑦2 + 𝑄𝜌𝐶𝑝 (𝑇 − 𝑇∞) − 1𝜌𝑐𝑝 𝜕𝑞𝑟         𝜕𝑦                    

(3) 𝑢1 𝜕𝑎𝜕𝑥 + 𝑣1 𝜕𝑎𝜕𝑦 = 𝐷𝐴 𝜕2𝑎𝜕𝑦2 − 𝑘𝑐𝑎𝑏2 -------   (4) 

𝑢1 𝜕𝑏𝜕𝑥 + 𝑣1 𝜕𝑏𝜕𝑦 = 𝐷𝐵 𝜕2𝑏𝜕𝑦2 + 𝑘𝑐𝑎𝑏2  − − − (5) 

Then, the boundary conditions are 

𝑢1=𝑢1𝑤 , 𝑣1 = 0, 𝑇 = 𝑇𝑤 , 𝐷𝐴 𝜕𝑎𝜕𝑦 = 𝑘𝑠𝑎, 𝐷𝐵 𝜕𝑏𝜕𝑦 =−𝑘𝑠𝑎at𝑦 = 0 𝑢1 → 0, 𝑣1 → 0, , 𝑇 → 𝑇∞, 𝑎 → 𝑎0, 𝑏 → 0 as  𝑦 → ∞      − − −  (6). 

where (u1, v1), ρ, A1, σ, A2, μ, , cp, DA, DB and a0 are the velocity components, density, 

relaxation time, electrical conductivity, 

retardation time, kinematic viscosity, 

specific heat and the corresponding diffusion 

types co efficient of Aand B and the ‘+ve’ 

dimensional invariable. Using CCHF theory, 

we get the governing system of equation. 

𝑢1 𝜕𝑇𝜕𝑥 + 𝑣1 𝜕𝑇𝜕𝑦 + 𝜆 (𝑢12 𝜕2𝑇𝜕𝑥2 + 𝑣12 𝜕2𝑇𝜕𝑦2 +(𝑢1 𝜕𝑢1𝜕𝑥 + 𝑣1 𝜕𝑢1𝜕𝑦 ) 𝜕𝑇𝜕𝑥 + 2𝑢1𝑣1 𝜕𝑇2𝜕𝑥𝜕𝑦) +(𝑢1 𝜕𝑣1𝜕𝑥 + 𝑣1 𝜕𝑣1𝜕𝑦 ) 𝜕𝑇𝜕𝑦) = �̂�𝜌𝑐𝑝 𝜕2𝑇𝜕𝑦2 +
𝑄𝜌𝐶𝑝 (𝑇 − 𝑇∞)  − 1𝜌𝑐𝑝 𝜕𝑞𝑟𝜕𝑦         ---    (7) 

Where Q is the internal heat source/sink. 

The radiative heat flux is taken as 

qr = − 4σ03k∗ ∂T4∂y , 

Consider the next similarity transmutations 

ɳ = √𝑐𝜇 𝑦, 𝑢1 = 𝑐𝑥𝑓′(ɳ), 𝑣1 = −√𝑐𝜇𝑓(ɳ), 𝜃(ɳ) = 𝑇−𝑇∞𝑇𝑤−𝑇∞ , 𝑎 = 𝑎0𝜙(𝜂), 𝑏 = 𝑎0ℎ(𝜂)      (8) 
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Replacing equation (8) in equations (2), (4), 

(5) and (7), we get 𝑓‴ + 𝑓𝑓″ − 𝑓′2 + 𝛼(2𝑓𝑓′𝑓″ − 𝑓2𝑓‴) +𝛽(𝑓″2 − 𝑓𝑓𝑖𝑣) − 𝑀(𝑓′ − 𝛼𝑓𝑓″) =0    (9)                                                                              (1 + 43 𝑅𝑑) 𝜃″ + 𝑃𝑟𝑓𝜃′ − 𝑃𝑟𝛾(𝑓2𝜃″ +𝑓𝑓′𝜃′) + 𝑃𝑟𝐻𝑔𝜃 = 0         (10) 1𝑆𝑐 𝜙″ + 𝑓𝜙′ − 𝑘𝜙ℎ2 = 0   (11) 

𝛿∗𝑆𝑐 ℎ″ + 𝑓ℎ′ + 𝑘𝜙ℎ2 = 0     (12) 

The resultant limitations are 𝑓(ɳ) = 0, 𝑓′(ɳ) = 1,𝜃(ɳ) = 1,𝜙′(𝜂) =𝐾𝜙(0), 𝛿∗ℎ′(𝜂) = −𝐾𝜙(0) at ɳ = 0 𝑓′(ɳ) → 0,𝜃(ɳ) → 0, 𝜙(ɳ) → 0, ℎ(ɳ) → 0 

asɳ → ∞  (13) 

Where, α = A1c &β = A2c, M = σB02ρc ,   𝑃𝑟 =𝑣𝐶𝑝k̂ , Rd = 4σ∗T∞3kk∗ , γ = λc, Hg = Qcρcp , Sc =
vDA , k = kca02c , K = ks√vDA√c , δ∗ = DB/DA are the 

non-dimensional relaxation & retardation 

time constants, magnetic parameter,  Prandtl 

number, radiation constant, thermal 

relaxation time, heat generation constant, 

Schmidt number, effectiveness of the 

homogeneous chemical reaction, 

effectiveness of the heterogeneous chemical 

reaction and  the ratio of the diffusion 

coefficient respectively. 

Here, chemical classes B and A have 

concentrations b and a with rate constants Ksand Kcrespectively. Because both 

reactants are of isothermal nature. With the 

hypothesis that diffusion coefficients of 

chemical classes B and A are of the equal 

consequence, it steers us to assume DBand DAare alike i.e.,δ∗ = 1. Thus, 𝜙(𝜂) + 𝚑(𝜂) = 1   (14) 1𝑆𝑐 𝜙″ + 𝑓𝜙ʹ − 𝑘𝜙(1 − 𝜙)2 = 0   (15) 

Then the equations (11) and (12) becomes 𝜙′(0) = 𝐾𝜙(0), 𝜙(∞) → 1      (16) 

The non-dimensional forms of local heat (𝑁𝑢𝑥) and mass (𝑆ℎ𝑥) transfer coefficients 

are defined as: 

𝑅𝑒−12𝑁𝑢𝑥 = − (1 + 43 𝑅𝑑) 𝜃′(0), 𝑅𝑒−12𝑆ℎ𝑥= −𝜙′(0) 

Order 

−𝑓′′(0) −θ′(0) −ϕʹ(0) 

Ref. 

[1] 

Extant Ref. 

[1] 

Extant Ref. 

[1] 

Extant 

1 

5 

20 

30 

40 

1.1833 

1.1439 

1.1435 

1.1435 

1.1435 

1.1833 

1.1439 

1.1435 

1.1435 

1.1435 

0.6111 

0.5484 

0.5464 

0.5464 

0.5464 

0.6111 

0.5484 

0.5464 

0.5464 

0.5464 

0.2186 

0.2002 

0.2018 

0.2021 

0.2021 

0.2186 

0.2002 

0.2018 

0.2021 

0.2021 
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Table 1. Comparison of convergence of 

HAM solutions when𝑀 = 0.5, 𝛽 = 0.2, 𝛼 = 0.1, 𝛾 = 0.5, 𝑘 = 0.7, 𝐾 = 0.6, 𝑃𝑟 =0.9,𝑆𝑐 = 0.9, 𝐻𝑔 = 𝑅𝑑 = 0. 

3. SOLUTION METHODOLOGY 

The primary conditions and auxiliary 

linear operators can be denoted in the 

procedure 𝑓0 = 1 − 𝑒−ɳ, 𝜃0 = 𝑒−ɳ, 𝜙0 = 1 − 12 𝑒−𝑘𝜂 𝐿𝑓 = 𝑓‴(𝜂) − 𝑓′(𝜂), 𝐿𝜃 = 𝜃″(𝜂) − 𝜃(𝜂) 𝐿𝜙 = 𝜙″(𝜂) − 𝜙(𝜂) 

Which satisfy the property 𝐿𝑓[𝐸1 + 𝐸2𝑒ɳ + 𝐸3𝑒−ɳ] = 0 𝐿𝜃[𝐸4𝑒ɳ + 𝐸5𝑒−ɳ] = 0 𝐿𝜙[𝐸6𝑒ɳ + 𝐸7𝑒−ɳ] = 0,  

 

 
 

Fig. 2.h-curves for𝚑𝒇, 𝚑𝜽 𝐚𝐧𝐝 𝚑𝝓. 

The special explanations are 𝑓𝑚(ɳ) = 𝑓𝑚∗ (ɳ) + 𝐸1 + 𝐸2𝑒ɳ + 𝐸3𝑒−ɳ 𝜃𝑚(ɳ) = 𝜃𝑚∗ (ɳ) + 𝐸4𝑒ɳ + 𝐸5𝑒−ɳ 

𝜙𝑚(ɳ) = 𝜙𝑚∗ (ɳ) + 𝐸6𝑒ɳ + 𝐸7𝑒−ɳ 

Here𝐸𝑗(𝑗 = 1 − 7) 

4.  RESULTS AND DISCUSSION 

The auxiliary constants working a 

substantial part for solutions of converging 

series. The h-lines are plotted with 15𝑡ℎ-

order of similarity values in the Fig. 2. The 

acceptable range of the auxiliary constants 

are −1.3 ≤ ℎ𝑓≤−0.1, −1.2 ≤ ℎ𝜃≤−0.1 and 

−1.3 ≤ ℎ𝜙 ≤ 0.0. Furthermore, the serious 

results converge in the total section ofη(0 <𝜂 < ∞)when ℎ𝑓 = ℎ𝜃 = −1 and ℎ𝜙= −1.2.  

Table1. Displays the comparison of 

convergence of HAM solutions with Hayat 

et al. [1]. Our findings are found to be quite 

consistent. The movement, concentration 

and temperature profiles, surface drag force, 

local Sherwood and Nusselt numbers for 

various combinations of relaxation time 

invariable, retardation time constant, thermal 

relaxation time constant, radiation constant, 

heat generation constant, heterogeneous and 

homogeneous chemical reaction constants 

are analyzed for the fixed values of M =0.5,β = 0.2,α = 0.1,γ = 0.5,Hg =−0.5, Rd = 0.3, k = 0.7, K = 0.6, Pr = 0.9 

and Sc = 0.9.  

The outcomes of relaxation (α) and 

retardation (β)time invariants on the flow 

Journal of Engineering Sciences Vol 15 Issue 1,2024

ISSN:0377-9254 jespublication.com Page 15



 

 

 

component 𝑓′(η) are plotted in Fig. 3(a) and 

Fig. 3(b). These Figs evidently show that 

both α and β have opposite trend on the 

velocity field𝑓′(η). It is recognized 

evidence that a growth in relaxation time 

reduces the velocity, but velocity rises for 

higher retardation time. We have drawn Fig. 

4(a) to see the discrepancy of radiation 

constant(Rd) on the temperature. It is 

distinguished that the momentum and 

thermal boundary layer fatness enhances 

upon growing the radiation constant. Fig. 

4(b) determines the behavior of Hg on the 

temperature field θ(η)  for Hg > 0, the 

energy creation phenomenon appears. This 

energy creation supplies additional energy to 

the liquid that agrees to an augment in the 

temperature boundary layer fatness. The 

effectiveness of heterogeneous-

homogeneous reactions K and k on 

concentration field is designed in Figs. 5(a) 

& 5(b). For rising the energy of 

heterogeneous and homogeneous reaction, 

the concentration profile diminishes.  

Figs. (6) & (7) present the numerical results 

for the local Nusselt number (𝑅𝑒−12𝑁𝑢𝑥) 

and the local Sherwood number (𝑅𝑒−12𝑆ℎ𝑥) 

for varied range of physical numbers. Figs. 

6(a) & 6(b) exhibits the impact of α and βwith thermal relaxation time(γ) on heat 

transfer rate. It is perceived that α and β has 

reversal effects on heat transfer rate. From 

Fig. 7(c), it is evident that local Nusselt 

number reduces for rising the heat 

generation. Fig. 7(d) depicts those large 

values of radiation constant lead to higher 

Nusselt number. Figs.7(a)-7(c) show that the 

local Sherwood number diminishes on rising 

the heterogeneous-homogeneous chemical 

reaction and retardation time constants. 

Also, Sherwood number increases for 

relaxation time constant. 

     
 

 

(a) 

 

      
 

(b) 

      Fig. 3 Efficiacyof 𝛂 𝐚𝐧𝐝 𝛃 on 𝒇′(𝜼). 
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      (a) 

 
(b) 

Fig. 4 Efficiacy of 𝐑𝐝 𝐚𝐧𝐝 𝐇𝐠 on 𝛉(𝛈) 

 
      (a) 

 
(b) 

Fig. 5 Efficiacy of 𝐊 𝐚𝐧𝐝 𝐤 on 𝛟(𝛈) 

 
      (a) 

 

 
(b) 

 
(c) 

 

 
(d) 

Fig. 6.Efficiacy of 𝛂, 𝛃, 𝐇𝐠 𝐚𝐧𝐝 𝐑𝐝 on 

Nusselt number 
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         (a) 

 

         (b) 

 

         (c) 

Fig. 7. Efficiacy of 𝐊, 𝛂 𝐚𝐧𝐝 𝛃 on 

Sherwood number 

5.  CONCLUSION 

The extant work examines the impact of 

heat source and radiation using CCHF 

model on 2D Oldroyd-B fluid flow with 

heterogeneous and homogeneous chemical 

reactions. The present analysis has the 

following observations.  

 Deborah numbers 𝛼 and 𝛽have quite 

reverse impacts on the velocity field 

and mass transfer rate. 

 Heat transfer rate improves for 

higher radiation and heat generation 

parameters and found the 

diminishing behavior for higher 

Hartmann number values. 

 Heterogeneous and homogeneous 

reactions show inverse performance 

on mass transfer rate. 
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