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Abstract: In the current analysis, steady incompressible Sutterby fluid flows over a stretching cylinder 

are studied. The influence of variable thermal conductivity is considered in the presence of thermal 

slip, Darcy resistance, and sponginess. The impact of the induced magnetic field is considered to 

analyze the results at the cylindrical surface. The governing equations are established as partial 

differential equations using the boundary layer approximation. Appropriate transformations are used 

to convert partial differential equations into ordinary differential equations. The numerical technique, 

namely (bvp4c), is applied to ordinary differential equations to develop the results. The numerical 

results, such as heat transfer rate and skin friction, are revealed by tabular form to demonstrate the 

physical impact of governing factors. The physical impact of governing factors on induced magnetic 

hydrodynamic, velocity, and temperature profiles is presented through various graphs. The velocity 

function deteriorated due to the augmentation of the Sutterby fluid parameter.  
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1. Introduction 

The incompressible steady boundary layer flow of induced magnetic field Newtonian fluid over 

a stretching cylinder has achieved several claims in engineering and industrial areas. The induced 

magnetic field has achieved much attention from the authors due to several applications, including 

technological and scientific phenomena such as magneto-hydrodynamic boundary layer control 

technologies and magnetic hydrodynamic energy generator systems. Several applications in the real-

life problem of magnetic hydrodynamics are as follows: heat exchanger processes, cancer treatment 

therapies, copper thinning wire, manufacturing power generators, etc. In the industrial problem, 

magnetohydrodynamics plays a critical role in controlling the cooling rate. Romig [1] discussed the 

impressions of magneto-electric fields on the electrically conducting fluid. The presented results have 

been developed experimentally. Tikhar et al. [2] studied the stability analysis of magnetic 

hydrodynamics at a stretching sheet. Numerical results have been developed. Phillips et al. [3] revealed 

the impression of the induced magnetic hydrodynamics. The induced magnetic hydrodynamics has 

been applied to gene transcription in different animals to analyze the effects of changes. Heine et al. [4] 

used the induced magnetic hydrodynamics of triple and double bond hydrocarbons, as well as 

cyclobutadiene and benzene. Ghosh et al. [5] debated free convection using the induced magnetic 

hydrodynamics. The Casson fluid model is considered to analyze the impact of the induced magnetic 

hydrodynamics on the stagnation region studied by Raju et al. [6]. The influence of homogeneous–

heterogeneous reactions for Casson fluid is highlighted at the stretching surface. Al-Hanaya et al. [7] 

discussed the induced magnetic hydrodynamics for micropolar fluid using the SWCNT and MWCNT 

at a curved sheet. Khan et al. [8] deliberated the impact of Burger's nanofluid with a chemically 

interacting induced magnetic field on a stretchable nonlinear plate. Abbas et al. [9] debated the impact 

of a hybrid nanofluid in the presence of induced magnetic hydrodynamics in a stretched cylinder. 

Authors have recently industrialized the impact of induced magnetic hydrodynamics on various 

surfaces under a variety of assumptions (see Ref. [10,11]). 

The study of boundary layer flow has proven preferable to Newtonian fluid in different physical, 

engineering, and industrial processes, such as gas turbines, the assembling of polymers, power 

generators, paper creation, glass fabrics, and wire drawing because of its applications in real life. It is 

one of the fluid models that extends the surprising performance of non-Newtonian fluids such as 

dilatant fluids and pseudo-plastic with properties that capture both the shear thickening and thinning 

properties of the flow. In particular, the shear thinning and shear thickening characteristics of high 

polymer aqueous solutions like carboxymethyl cellulose, methyl cellulose, and hydroxyethyl cellulose 

are reminiscent of Sutterby's model fluid. The use of diluted polymer solutions in industrial practice 

spans a wide variety of requests, including the spray application of agricultural chemicals, the 

reduction of drag in pipe flows, and the creation of household cleaning products. Analysts consider 

Sutterby liquid to be one of the most significant non-Newtonian liquids. Sutterby [12] was the first 

scientist to present the Satterby fluid model. Their nominal concentrations were 0.3, 0.5 and 0.7%. The 

viscosity data for each solution was filled with a generalized Newtonian viscosity model that accurately 

represented zero-shear viscosity. For each Natrosol solution in each conical segment, data on laminar 

flow rate and pressure drop are collected. Sutterby [13] was studied in two parts. Data on the viscosity 

of the polymer solution used in the convergent flow experiment. To fit these data, a new three-

parameter viscosity model is used, which performs better than previous three-parameter models. The 

correspondence between velocity and pressure loss in laminar flow in a cylindrical tube were derived. 



10148 

AIMS Mathematics  Volume 8, Issue 5, 10146–10159. 

Tetsu et al. [14] discussed the non-Newtonian Sutterby fluid having natural convection. Batra and 

Eissa [15] studied the incompressible Sutterby fluid with heat transfer from free convection in the 

eccentric annulus. Akbar and Nadeem [16] highlighted the influence of peristaltic flow in the presence 

of Sutterby nanofluid. Hayat et al. [17] discussed the peristaltic flow numerically with the existence of 

radiative Sutterby nanofluid vertically. Ahmad et al. [18] debated the squeezing flow of Sutterby fluid 

with chemically radiative mixed convection at a stretching surface. Imran et al. [19] studied the 

influence of Sutterby fluid with chemically radiative mixed convection under the peristaltic mechanism. 

Sabir et al. [20] discussed the numerical results for Sutterby fluid flow having induced magnetic and 

radiation. The Sutterby fluid model is considered for the different flow assumptions at stretching 

surfaces by several authors, see Refs. [21,22]. 

Thermal conductivity has played an energetic role in the modern fluid dynamics at the stretching 

surface due to several applications of the real problem. Several authors have studied the constant 

variable thermal conductivity, which has been extensively studied in the literature. Due to that situation, 

the results of variable thermal conductivity using the perturbation method for convicting fin were 

developed by Krane [23]. Abu-Nada [24] developed the natural convection flow of nanomaterial fluid 

using temperature-dependent properties. Roslan et al. [25] deliberated the numerical results of variable 

thermal conductivity using the nanofluid model with Buoyancy-driven. Lin et al. [26] discussed the 

radiative Marangoni convection for non-Newtonian nanofluid flow using the variable thermal 

conductivity on an expansion plate. The numerical results have been developed for the phase flow 

Power-law fluid model. Gbadeyan et al. [27] analyzed the velocity slip and convicting heat of Casson 

nanomaterial fluid flow using the variable thermal conductivity. Maboob et al. [28] highlighted the 

temperature-dependent properties of Maxwell fluid flow under mass convection at a rotating disk. 

Ahmad et al. [29] deliberated the temperature-dependent properties of Maxwell nanofluid with 

chemical and bio-convective effects at stretching surfaces. Recently, few models of temperature-

dependent properties of various fluid models on various stretching surfaces were studied by several 

authors, see Refs. [30−35]. 

We consider the steady flow of the incompressible induced magnetic field of Sutterby fluid over 

a nonlinear stretching cylinder. The slip impact is considered under the Darcy resistance and 

sponginess. The current analysis takes into consideration the temperature-dependent properties of 

liquids. Under the flow assumptions, the partial differential equations have been developed using the 

boundary layer approximations on the governing equations. Using appropriate transformations, 

differential equations can be transformed into dimensionless differential equations. A numerical 

approach is used to solve the dimensionless differential equation. The numerical results, such as 

Nusselt number and skin friction against the involving physical factors, are presented in tabular form. 

The results of velocity, temperature, and induced magnetic hydrodynamic profiles against physical 

factors, are presented through graphical form. The result of this study provides a new development 

method, which in turn will be very useful in the engineering and industrial fields. 
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Figure 1. Flow pattern of Sutterby fluid over a circular cylinder. 

2. Materials and methods 

The incompressible steady flow of Sutterby fluid at a stretching cylinder is deliberated. The flow 

pattern of Sutterby fluid over a circular cylinder is presented in Figure 1. The temperature is an 

important factor that defines the thermo-physical properties of fluids. The thermal conductivity of the 

fluid is in a direct relationship with temperature, which has been experimentally proven. In 1950, 

Stanford University experimentally produced an electrically heated test panel that could determine 

heat transfer coefficients for specific causes. Temperature differences were typically less than 25 𝐹. 

As a result, the effects of temperature dependence on fluid were so negligible that they could be 

considered constant properties. Variable thermal conductivity is revealed as 𝐾(𝑇) = 𝑘∞(1 + 𝜖𝛩(𝜁)), 

where 𝜖 is a very small parameter and constant thermal conductivity. If 𝜖 = 0, it becomes constant 

thermal conductivity. Thermal slip is applied to the surface of the stretching cylinder. The impact of 

the induced magnetic hydrodynamics has also been publicized in the current analysis. 𝑇𝑤 is the wall 

temperature, 𝑇∞  is the ambient temperature, 𝑟  and 𝑧  are the radial axis and horizontal axis of the 

cylinder. 𝑈𝑤 is the wall stretching of the cylinder, 𝐻𝑒 free stream of induced magnetic field, 𝐻1 and 

𝐻2 are the horizontal and radial induced magnetic field components of the cylinder. 𝑢 and 𝑣 are the 

velocity components along horizontal and radial directions. Boundary layer estimates are used to 

advance the differential equations according to the above assumptions. The differential equation 

system is as follows: 

𝜕𝑢

𝜕𝑟
+

𝑢

𝑟
+

𝜕𝑣

𝜕𝑧
= 0, (1) 

𝜕𝐻1

𝜕𝑟
+

𝐻1

𝑟
+

𝜕𝐻2

𝜕𝑧
= 0, (2) 
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𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑟
 −

𝜇𝑒

4𝜋𝜌𝑓
(𝐻1

𝜕𝐻1
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𝜕𝐻1

𝜕𝑟
)

= (
𝜐0

2
)

𝜕2𝑢

𝜕𝑟2
+ (

𝜐0

2
)

1

𝑟

𝜕𝑢

𝜕𝑟
− (

𝜐0𝑚𝑎2

4
) (

𝜕𝑢

𝜕𝑟
)

2 𝜕2𝑢

𝜕𝑟2
+

𝑅𝑧

𝜌𝑓
, 

(3) 

𝑢
𝜕𝐻1

𝜕𝑥
+  𝑣

𝜕𝐻1

𝜕𝑟
−  𝐻1

𝜕𝑢

𝜕𝑥
− 𝐻2

𝜕𝑢

𝜕𝑟
=  𝜂0 (

𝜕2𝐻1

𝜕𝑟2
+

1

𝑟

𝜕𝐻1

𝜕𝑟
), (4) 

𝑢
𝜕𝑇

𝜕𝑥
+  𝑣

𝜕𝑇

𝜕𝑟
=

1

 𝜌𝑐𝑝

1

𝑟

𝜕

𝜕𝑟
(𝐾(𝑇)𝑟

𝜕𝑇

𝜕𝑟
), (5) 

with relevant boundary conditions are as following:  

𝑢 = 𝑈𝑤, 𝑣 = 0, 𝐻1 = 𝐻𝜊 , 𝐻2 = 0, 𝑇 − 𝑇𝑤 = 𝜛
𝜕𝑇

𝜕𝑟
,   𝑎𝑡  𝑟 → 𝑎, 

𝑢 → 0, 𝐻1 → 𝐻𝑒 , 𝑇 →  𝑇∞,   𝑎𝑠 𝑟 → ∞. 

(6) 

Introducing the stream functions are: 

𝑢 =  
1

𝑟

𝜕𝜓

𝜕𝑟
,   𝑣 =  −

1

𝑟

𝜕𝜓

𝜕𝑥
,   𝐻1 =  

1

𝑟

𝜕𝜓1

𝜕𝑟
,   𝐻2 = −

1

𝑟
 
𝜕𝜓1

𝜕𝑥
,   𝜁 =

𝑟2 − 𝑎2

2𝑎
√

𝑈𝑤

𝜐𝑓𝑥
, 

𝑇 =  𝑇∞ + (𝑇𝑤 −  𝑇∞)𝛩, 

(7) 

where 𝜓 =  √2𝑈𝑤𝜐𝑓𝑥𝑎𝐹(𝜁) and 𝜓1 =  𝐻𝜊𝑎√
𝜐𝑓

𝑈𝑤
𝐺(𝜁) are functions of stream velocity and magnetic 

field. The partial differential equations are changed to a dimensionless system as shown below using 

the appropriate transformation from above: 

(1 + 2𝜁𝛾1)𝐹′′′(𝜁) + 2𝐹′′(𝜁)𝐹(𝜁) − (𝐹′(𝜁))
2

−
𝛽1

2
(1 + 2𝜁𝛾1)2  (𝐹′′(𝜁))2 𝐹′′′(𝜁)

+
𝜆1

2
𝐹′(𝜁) +

1

12
𝛽2(𝐹′′(𝜁))

2
𝐹′(𝜁) − 𝛽0(𝐺(𝜁)𝐺′′(𝜁) − 𝐺′(𝜁)𝐺′(𝜁))

= 0, 

(8) 

𝜆0(1 + 2𝜁𝛾1)𝐺′′′(𝜁) + 2𝜆0𝛾1𝐺′′(𝜁) − 𝐺′′(𝜁)𝐹(𝜁) + 𝐺(𝜁)𝐹′′(𝜁) = 0, (9) 

(1 + 𝜖𝛩(𝜁))(1 + 2𝜁𝛾1)𝛩′′(𝜁) + (𝑃𝑟𝐹(𝜁) + 𝛾1 + 𝜖𝛾1𝛩(𝜁))𝛩′(𝜁) = 0, (10) 

with the following boundary conditions: 

𝐹(0) = 0, 𝐹′(0) = 1, 𝐹′(∞) = 0, 𝐺(0) = 0, 𝐺′(0) = 0, 𝐺′(∞) = 1, 𝛩(0) − 1 =
𝜆2𝛩′(0),   𝛩(∞) = 0. 

(11) 

Here, ( 𝜆2)  denotes to thermal slip, (𝛾1 =
1

𝑎
√

𝑣𝑙

𝑈0
)  denotes to curvature parameter, (𝛽1 =

𝜐0𝑚𝑏2𝑈0
3𝑧2

𝑙3𝜐0
)  denotes to Sutterby fluid parameter, (𝜆1 =

𝑣𝑙

𝑘𝑈0
)  denotes to sponginess parameter, 
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(𝛽2 =
𝜐0𝑚𝑏2𝑈0

2𝑧2

𝑙2𝜐0
) denotes to darcey resistant parameter, (𝛽0) denotes to magnetic field parameter, 

(𝜆0) denotes to magnetic Prandtl number, (𝜖) denotes to variable thermal conductivity,  and (𝑃𝑟 =
𝜐0

𝛼
) 

denotes the Prandtl number. The skin friction is defined as 𝐶𝑓 =
𝜇𝜏𝑟𝑧

𝜌𝑈𝑤
2 ,𝑟=𝑅 where 𝜏𝑟𝑧 is the shear stress. 

The dimensionless heat transfer is Nusselt number 𝑁𝑢𝑍 =
𝑞𝑤

𝑘( 𝑇∞−𝑇𝑤)𝑟=𝑅
  and 𝑞𝑤  is heat flux. The 

dimensionless quantities of skin friction and Nusselt number are defined as: 

𝐶𝑓𝑅𝑒
1/2 = 𝐹′′(0) −

𝛽1

4
𝐹′′(0)(4𝐹′(0) + 4𝛾1

2𝐹(0))
2

− 4𝐹(0)𝐹′(0) + 𝜆1𝐹′′(0)2, 

𝑁𝑢𝑍𝑅𝑒
−1/2 = (1 + 𝜖𝛩(0))𝛩′(0). 

3. Numerical method 

The dimensionless system of differential equations (9−11) through boundary conditions (12) is 

elucidated through a numerical scheme. The numerical scheme, namely the fifth-order Runge–Kutta–

Fehlberg method, is applied using the MATLAB software packages. The convergence criteria 

absolutely were taken as 10−6. The main selection of appropriate finite values of 𝜁∞. The standard 

finite values of 𝜁∞ is taken as 𝜁7 in boundary layer analysis, which satisfies our problem assumptions. 

The values of 𝜁∞ = 7 show that our results are corrected asymptotic values of the numerical solution. 

The procedure for a numerical solution is defined. The first step is transforming the higher-order 

dimensionless differential equation into first-order differential equations. The process of converting 

differential equations is defined as  

𝐹(𝜁) = 𝑆∗(1); 𝐹′(𝜁) = 𝑆∗(2); 𝐹′′(𝜁) = 𝑆∗(3);   𝐹′′′(𝜁) = 𝑆∗𝑆∗1; 

𝑆∗𝑆∗1 = (
−1

(1 + 2𝑥𝛾1) −
𝛽1

2
(1 + 2𝑥𝛾)2 𝑆∗(3)𝑆∗(3) 

) (2𝑆∗(1)𝑆∗(3) − 𝑆∗(2)2

−
𝛽1

2
(1 + 2𝛾1𝛾)2   (

𝜆1

2
𝑆∗(2) +

1

12
𝛽2𝑆∗(3)𝑆∗(3)𝑆∗(2)

+ 𝛽0(𝑆∗(5)𝑆∗(5) − 𝑆∗(4)𝑆∗(6)) )) ; 

𝐺(𝜁) = 𝑆∗(4); 𝐺′(𝜁) = 𝑆∗(5);  𝐺′′(𝜁) = 𝑆∗(6);   𝐺′′′(𝜁) = 𝑆∗𝑆∗2; 

𝑆∗𝑆∗2 = (
−1

(1 + 2𝑥𝛾1)𝜆0
) (2𝜆0𝛾1𝑆∗(6) + 𝑆∗(4)𝑆∗(3) − 𝑆∗(6)𝑆∗(1));  

𝛩(𝜁) = 𝑆∗(7);  𝛩′(𝜁) = 𝑆∗(8);  𝛩′′(𝜁) = 𝑆∗𝑆∗3; 
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𝑆∗𝑆∗3 = (
−1

(1 + 2𝑥𝛾1)(1 + 𝜖𝑆∗(7))
) ((𝑃𝑟𝑆∗(1) + 𝛾1 + 𝜖𝛾1𝑆∗(7))𝑆∗(8)) ;  

with boundary conditions are  

𝑆∗0(1);  𝑆∗0(2) − 1;  𝑆∗𝑖𝑛𝑓(2); 𝑆∗0(4);  𝑆∗0(5);  𝑆∗𝑖𝑛𝑓(5) − 1;  𝑆∗0(7) − 1
− 𝜆2 𝑆∗0(8);  𝑆∗𝑖𝑛𝑓(7). 

4. Results and discussion 

In this section, we will develop a mathematical model to solve differential equations (9−11) with 

the given boundaries. The differential equations are elucidated by a numerical procedure known as the 

bvp4c technique. The impacts of physical parameters are shown graphically as well as numerically in 

tabular form. Figures 2−6 explored the results of the stretching parameter, Darcy resistance parameter, 

Sutterby fluid parameter, magnetic hydrodynamic parameter, and sponginess parameter on the velocity 

function. Figure 2 shows the inspiration of the stretching parameter on the velocity. The velocity 

function revealed increasing behavior due to boosting values of the stretching factor. Figure 3 reveals 

the impression of the Darcy resistant parameter on the velocity function. The Darcy resistant parameter 

and velocity function have the same behavior of increasing.  Figure 4 shows the effects of the Sutterby 

fluid parameter on the velocity function. Velocity function deteriorated by augmentation of Sutterby 

fluid factor. The distinction between the induced magnetic hydrodynamic parameter and velocity 

function is presented in Figure 5. It is seen that the velocity profile is enhanced by increasing the values 

of the induced magnetic hydrodynamic parameter. Figure 6 presents the impacts of the sponginess 

parameter on the velocity function. The velocity function declined due to sophisticated values of the 

sponginess parameter. Figures 7−10 depict the influence of the Prandtl number, thermal slip, stretching 

parameter, and variable thermal conductivity on the temperature function. Figure 7 revealed an 

impression of the Prandtl number on the temperature function. The curves of the temperature function 

declined due to greater values of the Prandtl number. Figure 8 depicts the impression of thermal slip 

on the temperature function. The temperature function declined due to the increase of thermal slip. The 

variation of a stretching parameter and temperature function is represented in Figure 9. The 

temperature function reveals boosting values due to increasing values of the stretching parameter. The 

variation of variable thermal conductivity and temperature function is depicted in Figure 10. The 

temperature function was boosted due to improving values of variable thermal conductivity. The 

inspiration of the magnetic Prandtl number and stretching parameter on the induced magnetic function 

which is reported in Figures 11 and 12. Figure 11 reported the impression of a magnetic Prandtl number 

on the induced magnetic profile. The induced magnetic function was enhanced due to boosting the 

values of magnetic Prandtl number. Figure 12 depicts the impact of stretching parameters on the 

induced magnetic function. The curves of the induced magnetic function and stretching parameter have 

the same behavior of increasing.  

Table 1 reveals the impact of the curvature parameter (𝛾1 ), Sutterby fluid parameter (𝛽1 ), 

sponginess parameter (𝜆1), Darcy resistant parameter (𝛽2), magnetic field parameter (𝛽0), magnetic 

Prandtl number (𝜆0), variable thermal conductivity (𝜖), Prandtl number (𝑃𝑟), and thermal slip (𝜆2) on 

the friction factor and heat transfer. The values of curvature parameter (𝛾1) is growing with declining 

the values of heat transfer and friction factor. The variation of Sutterby fluid parameter (𝛽1) with heat 
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transfer and friction factor is presented in Table 1. The friction factor values are boosted by increment 

of Sutterby fluid parameter (𝛽1) but is declining the heat transfer by improving the values of Sutterby 

fluid parameter (𝛽1). The variation of sponginess parameter (𝜆1) with heat transfer and friction factor 

is presented in Table 1. The friction factor values are boosted by increment of sponginess parameter 

(𝜆1) but is declining the heat transfer by improving the values of sponginess parameter (𝜆1). Table 1 

shows the variation of the Darcy resistance parameter (𝛽2) with heat transfer and friction factor. The 

heat transfer values are boosted by increment of Darcy resistant parameter (𝛽2) but is declining the 

friction factor by improving the values of Darcy resistant parameter (𝛽2). The variation of a magnetic 

field parameter (𝛽0) with heat transfer and friction factor is presented in Table 1. The heat transfer 

values are boosted by increment of magnetic field parameter (𝛽0)و but is declining the friction factor 

by improving the values of magnetic field parameter (𝛽0). Table 1 shows how the magnetic Prandtl 

number (𝜆0) varies with heat transfer and friction factor. The friction factor values are boosted by 

increment the magnetic Prandtl number (𝜆0), but is declining the heat transfer by improving the values 

of magnetic Prandtl number (𝜆0). The variation of variable thermal conductivity (𝜖) with heat transfer 

and friction factor is presented in Table 1. The friction factor values do not change as variable thermal 

conductivity (𝜖) increases, but increasing variable thermal conductivity (𝜖) decreases heat transfer. 

Table 1 shows how the Prandtl number (𝑃𝑟) varies with heat transfer and friction factor. The friction 

factor values do not change by increment of Prandtl number (𝑃𝑟), but is boosted the heat transfer by 

improving the values of Prandtl number (𝑃𝑟). The distinction between thermal slip (𝜆2), heat transfer, 

and friction factor is offered in Table 1. The values of the friction factor do not change by increment 

of thermal slip (𝜆2), but the rate of heat transfer is declined by improving the values of thermal slip 

(𝜆2).  

 

Figure 2. Impact of stretching factor on velocity. 

 

Figure 3. Impact of Darcy resistance factor on 

velocity. 
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Figure 4. Impact of Sutterby fluid factor on 

velocity. 

 

Figure 5. Impact of magnetic field factor on 

velocity. 

 

Figure 6. Impact of sponginess factor on 

velocity. 

 

Figure 7. Impact of Prandtl number on 

temperature. 

 

Figure 8. Impact of thermal slip on temperature. 

 

Figure 9. Impact of stretching factor on 

temperature. 
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Figure 10. Impact of variable thermal 

conductivity on temperature. 

 

Figure 11. Impact of magnetic Prandtl number 

on induced magnetic field. 

 

Figure 12. Impact of stretching factor on induced magnetic field. 

Table 1. Numerical values of −𝐹′′(0) and −𝛩′(0) for various prominent factor. 

𝛾1 𝛽1 𝜆1 𝛽2 𝛽0 𝜆0 𝜖 𝑃𝑟 𝜆2 −𝐹′′(0) −𝛩′(0) 

0.0 0.3 0.4 0.1 0.3 0.5 0.4 1.5 0.2 1.2254380 0.65314076 

0.2 - - - - - - - - 1.2147324 0.55427329 

0.4 - - - - - - - - 1.1867793 0.51551367 

0.6 - - - - - - - - 1.1306222 0.49428495 

0.4 0.1 - - - - - - - 1.1525344 0.51599928 

- 0.3 - - - - - - - 1.1867793 0.51551367 

- 0.5 - - - - - - - 1.2332398 0.51495428 

- 0.7 - - - - - - - 1.3076062 0.51427441 

- 0.3 0.2 - - - - - - 1.1450581 0.51810286 

- - 0.4 - - - - - - 1.1867793 0.51551367 

- - 0.6 - - - - - - 1.2282558 0.51299404 

- - 0.8 - - - - - - 1.2695100 0.51054327 

- - 0.4 0.1 - - - - - 1.1867793 0.51551367 

- - - 0.2 - - - - - 1.1848012 0.51556424 

- - - 0.3 - - - - - 1.1828305 0.51561477 

- - - 0.4 - - - - - 1.1808670 0.51566527 

Continued on next page 
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𝛾1 𝛽1 𝜆1 𝛽2 𝛽0 𝜆0 𝜖 𝑃𝑟 𝜆2 −𝐹′′(0) −𝛩′(0) 

- - - 0.1 0.1 - - - - 1.2355300 0.50768416 

- - - - 0.3 - - - - 1.2113314 0.51156742 

- - - - 0.5 - - - - 1.1867793 0.51551367 

- - - - 0.7 - - - - 1.1618936 0.51951714 

- - - - 0.3 0.1 - - - 0.21245362 0.65030768 

- - - - - 0.3 - - - 1.1300063 0.52425453 

- - - - - 0.5 - - - 1.1867793 0.51551367 

- - - - - 0.7 - - - 1.1982429 0.51368566 

- - - - - 0.5 0.2 - - 1.1867793 0.51923223 

- - - - - - 0.4 - - 1.1867793 0.51551367 

- - - - - - 0.6 - - 1.1867793 0.51193227 

- - - - - - 0.8 - - 1.1867793 0.50854610 

- - - - - - 0.4 1.0 - 1.1867793 0.45237524 

- - - - - - - 1.5 - 1.1867793 0.51551367 

- - - - - - - 2.0 - 1.1867793 0.58023805 

- - - - - - - 2.5 - 1.1867793 0.64528597 

- - - - - - - 1.5 0.2 1.1867793 0.51551367 

- - - - - - - - 0.4 1.1867793 0.46789617 

- - - - - - - - 0.6 1.1867793 0.42825255 

- - - - - - - - 0.8 1.1867793 0.39475003 

5. Conclusions 

We considered the incompressible Sutterby fluid flow over a stretching cylinder. The influence of 

variable thermal conductivity is deliberated. To analyze the results at the cylindrical surface, the impact 

of the induced magnetic field is considered. Thermal slip impacts are considered in the presence of 

Darcy resistance and sponginess. The main results are presented as  follows:  

● The velocity function deteriorated due to higher values of the sponginess parameter. The Darcy 

resistant parameter and velocity function have the same behavior of increasing. 

● The velocity function was augmented due to greater values of the magnetic field factor (𝛽0). 

The values of the Sutterby fluid parameter (𝛽1) were enhanced, which reduced the velocity 

profile. The skin friction values are boosted by increment of Sutterby fluid parameter (𝛽1) but 

is declining the rate of heat transfer by improving the values of Sutterby fluid parameter (𝛽1). 

● The values of the sponginess parameter (𝜆1) improved, which decayed the velocity profile. The 

heat transfer values are boosted by increment of Darcy resistant parameter (𝛽2) but is declining 

the skin friction by improving the values of Darcy resistant parameter (𝛽2). 

● The heat transfer values are boosted by increment of magnetic field parameter (𝛽0), but skin 

friction is decreased by increasing the magnetic field parameter (𝛽0). The skin friction values 

are boosted by increment of magnetic Prandtl number (𝜆0), but is declining the rate of heat 

transfer by improving the values of magnetic Prandtl number (𝜆0). 

● The curves of the induced magnetic function and stretching parameter have the same behaviour 

of increasing. The induced magnetic function was enhanced due to higher values of the 

magnetic Prandtl number. 
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