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Abstract1

Under certain conditions, the Eyring-Powell fluid models Newtonian or shear-2

thinning fluids. It has been found to be of major use in paint industries and armour3

production. Also, Coriolis force is the only explanation for many natural and arti-4

ficial events such as the direction of cyclones and the true direction of sun rays on5

earth. In this paper, Coriolis force is studied on the flow of shear thickening Modified6

Eyring-Powell fluid is investigated. The flow is modelled as a system of PDEs which7

are transformed into a system of ODEs by means of similarity variables. A numer-8

ical solution of the equations are sought using the Runge-Kutta scheme alongside9

the Shooting technique. The outcomes show that increasing Coriolis force increases10

temperature but decreases velocity.11

Keywords: Eyring-Powell fluid; non-Newtonian fluid; Modified Eyring-Powell fluid;12

Table 1: Nomenclature
symbol Meaning symbol Meaning
u, v velocity in the x, y-directions q deformation parameter
T temperature ρ density

Tw, T∞ temperature at the wall and free stream f ′ dimensionless velocity
κ, α thermal conductivity and diffusivity cp heat capacity
θ dimensionless temperature Pr Prandtl number
δ, ϵ dimensionless Eyring-Powell parameters B,C Eyring-Powell constants
µ, ν dynamic and kinematic viscosity K Coriolis parameter

Table 2: Abbreviations
symbol Meaning symbol Meaning

EP Eyring-Powell MEP Modified Eyring-Powell
MF Magnetic field CNTs Carbon nanotubes
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1 Introduction13

The two most general classes of fluids are Newtonian and non-Newtonian fluids. Fluids14

are Newtonian if they are modelled by Newtonian law while non-Newtonian fluids deviate15

from the Newtonian law of viscosity. The deviation of the non-Newtonian fluids from the16

Newtonian law cannot be explained by a single equation and thus, various non-Newtonian17

fluids are captured into different constitutive equation that can govern them. Eyring-18

Powell (EP) fluid is an example of non-Newtonian fluids. The constitutive equations of19

the EP fluid are obtained from the kinetic theory of fluid and this makes it more viable20

in practice. The model is able to model creep [27] and sudden acceleration dampen [10].21

Applications of the Eyring-Powell fluid include body armours [24], crude oil extraction22

[8], biomedical applications [7], cosmetics and paints [4], and clay slips and greases [23]23

However, due to the intrinsic alternating shear-thinning/shear-thickening prop-24

erties of the Eyring-Powell fluid, authors reported two sharp contrast in the behaviours25

of the Eyring-Powell fluid. Some recorded increased velocity [26, 11, 3, 2] while others26

recorded decreased velocity [14, 1]. This seeming contradiction was taken care of when27

Oke [15] introduced the deformation parameter and proposed the Modified Eyring-Powell28

(MEP) fluid. Initially, Eyring-Powell fluid was considered to exhibit either Newtonian29

fluid properties or the properties of shear-thinning fluid depending on the chosen con-30

ditions. It was remarked by Oke [15] that the shear-thinning characteristics of the EP31

fluid cause seemingly contradictory results on the effect of the EP parameter on flow32

velocity". The deformation parameter enabled the MEP fluid to exhibit shear-thinning33

or shear-thickening characteristics depending on the values of chosen for the deformation34

parameter.35

Coriolis force deflects the direction of a flowing fluid in a rotating frame. The36

Coriolis force has been studied and verified to have equal order of magnitude as other37

magnetohydrodynamic forces [5]. Artificial inclusion of Coriolis force in some industrial38

processes have proven effective in photobioreactor and sewage treatment [6]. Koriko et al.39

[12] and Koriko et al. [13] expounded the impact provided by Coriolis force on the motion40

of air over non-uniform surface and deduced that flow velocity and skin friction decreased41

as Coriolis force increased. Oke et al. [21] investigated the impact of rotation on an MHD42

Newtonian flow over a non-uniform surface and remarked that temperature increases43

with Coriolis force and magnetic field strength simultaneously. Oke et al. [22] provided44

an insight into how Coriolis force affects the dynamics of Casson fluid over a rotating non-45

uniform surface and remarked that the velocity decrease with increasing Coriolis force.46

The effects of both Coriolis force and volume fraction on the transport of a suspension47

of 47nm alumina nanoparticles in water over a nonuniform surface was explored in [19].48

The outcome showed that heat source and surface rotation have effects on every flow49

property. Oke [17] studied the impact of thermal radiation on MHD MEP flow over a50

nonuniform surface. The study showed that Coriolis force reduces with increasing Coriolis51

force. By considering different geometry of various nanoparticles, Oke [16] explored the52

effects of rotation and these properties on the flow of gold-water nanofluid on surfaces with53

non-uniform thickness. The results showed that Coriolis force reduced the skin friction54

coefficient. Oke et al. [20] studied a 3D MHD flow of ternary-hybrid nanofluid over a55

rotating surface. The flow considered the suspension of CNTs, graphene and alumina56

nanoparticles in water. The outcomes showed that velocity increases with increasing57
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Coriolis force.58

The MEP fluid is a relatively new class of fluids and it requires more work to fully59

understand the properties of the fluid. This study is another step in understanding the60

flow of MEP fluid. The effects of Coriolis force is considered on the flow MEP fluid. We61

consider only the shear-thinning characteristic of the MEP fluid in this study.62

2 Methodology63

2.1 Governing Equations64

Relaxation theory uses the additivity of forces in summing the force necessary to destroy a65

strong bond with the force required for a weak bond. Using the relaxation theory, Powell66

and Eyring [23] proposed the shear stress for the EP fluid as67

τ = µ∇−→v +B−1 sinh−1
(
C−1∇−→v

)
. (1)

Gross [9], however, remarked in general that the elastic system does not follow the expo-68

nential law of stress decay. Rather, it is composed of a multiplicity of different elementary69

systems that follow the exponential law individually. This prompted Oke [15] to modify70

the Eyring-Powell model by introducing a deformation parameter q. The shear stress for71

the MEP fluid was72

τ = µ∇−→v +
[
B−1 sinh−1

(
C−1∇−→v

)]q
.

and the deformation parameter q ∈ Z produces the characterisation of the MEP fluid as73

follows; q = 1 gives the EP flow, even values of q gives the shear-thinning and odd values74

of q gives the shear-thickening fluids. By taking the first two terms of the Taylor series75

and ignoring higher orders, we have76

∇ · τ = µ∇2−→v + (BC)−q (∇−→v )q−1
q

(
1− q + 2

6C2
(∇−→v )2

)
∇2−→v ,

and the momentum equation becomes77

ρ
D−→v
Dt

= −∇p+ µ∇2−→v + (BC)−q (∇−→v )q−1
q

(
1− q + 2

6C2
(∇−→v )2

)
∇2−→v .

ux + vy =0 (2)

uux + vuy + 2Ωu =
µ

ρ
uyy +

q

ρ
(BC)−q

(
1 +

q + 2

6C2

(
∂u

∂y

)2
)(

∂u

∂y

)q−1
∂2u

∂y2
(3)

uTx + vTy =αTyy,

(
where α =

κ

ρcP

)
(4)

and the conditions

at the wall : u = ax, v = 0, T = Tw (5)
at the free stream u→ 0. T → T∞. (6)

3

By boundary layer analysis, the equations for MEP flow over a rotating surface (as
shownin figure (1)) is
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Quantities of engineering interests are the skin friction coefficient Cf and heat transfer78

rate Nu;79

Cf =
νuy (y = 0)

U2
w

, Nu = −xTy (y = 0)

(Tw − T∞)

Y

X
on the wall: u = ax, v = 0, T = Tw

B̄

boundary layer

u

v

2.2 Similarity Transformation80

The similarity variables adopted for transforming equations (2-4) are81

η = y

√
a

ν
, ψ =

√
νaxf(η), u = ψy, v = −ψx, Θ =

T − T∞
Tw − T∞

. (7)

The equations reduce to the system of dimensionless ODEs(
1 + qϵ

(√
δf ′′
)q−1

(
1− q + 2

3
δ (f ′′)

2

))
f ′′′ −Kf ′ − (f ′)

2
+ f ′′f = 0 (8)

Θ′′ + PrfΘ′ = 0 (9)

with the conditions82

f ′ (0) = 1, f (0) = 0, Θ(0) = 1, f ′ (∞) → 0, Θ(∞) → 0.

The Prandtl number Pr, and the EP fluid parameters ϵ and δ are defined as83

Pr =
ν

α
, ϵ =

1

µBC
, δ =

a3x2

2νC2
,

The non-dimensional skin-friction coefficient and heat transfer rate are84

Re−1/2Cf = f ′′ (0)

(
1 + ϵ− ϵδ

3
f ′′ (0)

)
, Re1/2Nu = −Θ(0) ,

where85

Re
1
2 =

1

x

(ν
a

) 1
2
.

4

Figure 1: Flow configuration
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2.3 Numerical Solution86

Equations (8-9) are rewritten as a system of first order ODEs by setting87

X1 = f, X2 = f ′, X3 = f ′′, X4 = Θ, X5 = Θ′

and we have

Ẋ1 = X2, Ẋ2 = X3, (10)

Ẋ3 =
X2

2 −X3X1 +KX2

1 + qϵ
(√

δX3

)q−1 (
1− q+2

3
δX2

3

) , (11)

Ẋ1 = X2, Ẋ1 = −Pr ·X1X5, (12)

with the boundary conditions88

X1 = 0, X2 = 1, X4 = 1, at η = 0; X1 = 0, X4 = 0 as η → ∞. (13)

The system of equations (10-12), alongside the conditions (13), are solved using89

the 3-stage Lobatto IIIa by coding it into MATLAB [25, 18]. The absolute tolerance is90

taken to be 10−8 while the relative tolerance is taken as 10−8. When the parameters are91

not the subject of discussion, the following values are used92

q = 2; ϵ = 0.1; δ = 0.3;Pr = 7;K = 1.

3 Results and Discussion93

The MEP flow over a rotating flat plate is analysed and discussed. Coriolis force and94

MEP parameter ϵ are investigated and the outcomes are outputted in form of graphs and95

tables.96

The direction of a fluid on a rotating surface often appears deflected. The inertia97

force responsible for the deflection is the Coriolis force. The magnitude of the Coriolis98

force increases as a consequence to increase in the rotation of the surface. Rotation99

enhances thermal energy in the system and consequently, increases the thermal boundary100

layer. This explains why temperature profile has risen, as seen in figure 3. (3.1). However,101

as a result of rotation, flow tends to deflect sideways and the primary flow is opposed.102

As shown in figure (3.2), increasing rotation, and consequently the Coriolis force, brings103

about a reduction in the flow velocity.104

The choice of q = 2 represents a shear-thinning modified Eyring-Powell fluid. The105

more the fluid deviates from the Newtonian fluid behaviours, the more the shear-thinning106

behaviour. As ϵ→ ∞, the viscous boundary layer thickness reduces and the flow velocity107

is increased (as shown in figure (3.3)) while the thermal boundary layer declines, leading108

to a decline in the temperature profiles (as in figure (3.4)).109
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Figure 2.1: variation of temperature profiles with Coriolis force

Figure 2.2: velocity profiles with Coriolis force
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Figure 2.3: velocity profiles with MEP parameter

Figure 2.4: temperature profiles with MEP parameter
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4 Conclusion110

This paper investigates the MEP fluid flow on a rotating surface. The shear-thinning111

MEP fluid is considered in this study by setting the deformation parameter q to 2. The112

governing PDEs are nondimensionalised and the resulting system of ODEs is numerically113

solved. The outcomes of this study shows that;114

1. Raising Coriolis force inadvertently raises temperature but drops the velocity.115

2. Eyring-Powell parameter ϵ increases velocity but decreases temperature.116

References117

[1] Agbaje, T. M., Mondal, S., Motsa, S. S., and Sibanda, P. (2016). A numerical study118

of unsteady non-Newtonian Powell-Eyring nanofluid flow over a shrinking sheet with119

heat generation and thermal radiation. Alexandria Engineering Journal, pages 1–11.120

[2] Akinshilo, A. T. and Olaye, O. (2019). On the analysis of the Erying Powell model121

based fluid flow in a pipe with temperature dependent viscosity and internal heat122

generation. Journal of King Saud University - Engineering Sciences, 31(3):271–279.123

[3] Babu, M. J., Sandeep, N., and Raju, C. S. (2016). Heat and Mass transfer in MHD124

Eyring-Powell nanofluid flow due to cone in porous medium. International Journal of125

Engineering Research in Africa, 19:57–74.126

[4] Caton, F. and Baravian, C. (2008). Plastic behavior of some yield stress fluids: from127

creep to long-time yield. Rheologica Acta, 47(5):601–607.128

[5] Debnath, L. On unsteady magnetohydrodynamic boundary layers in a rotating flow.129

52(10):623–626.130

[6] Deng, L., Li, T., Bi, M., Liu, J., and Peng, M. (2017). Dependence of Tropical Cyclone131

Development on Coriolis Parameter: A Theoretical Model. Dynamics of Atmospheres132

and Oceans.133

[7] Eberhard, U., Seybold, H. J., Floriancic, M., Bertsch, P., Jiménez-Martínez, J., An-134

drade, J. S. J., and Holzner, M. (2019). Determination of the effective viscosity of135

non-newtonian fluids flowing through porous media. Front. Phys., 7(71).136

[8] Fetecau, C., Aziz, T., and Mahomed, F. M. (2017). Applications of group theoretical137

methods to non-newtonian fluid flow models: Survey of results. Mathematical Problems138

in Engineering, 6847647.139

[9] Gross, B. (1947). On Creep and Relaxation. Journal of Applied Physics, 18(2):212–140

221.141

[10] Herrera, J. and Anik, M. (2013). Application of Shear Thickening Non-Newtonian142

Fluid to Minimize Head and Neck Injury. Eleventh LACCEI Latin American and143

Caribbean Conference for Engineering and Technology.144

8

UNDER PEER REVIEW



[11] Javed, T., Ali, N., Abbas, Z., and Sajid, M. (2013). Flow of an Eyring-Powell Non-145

Newtonian Fluid over a Stretching Sheet. Chem. Eng. Comm., 200:327–336.146

[12] Koriko, O. K., Adegbie, K. S., Oke, A. S., and Animasaun, I. L. (2020a). Cor-147

rigendum: Exploration of coriolis force on motion of air over the upper horizontal148

surface of a paraboloid of revolution. (2020 phys. scr. 95 035210). Physica Scripta,149

95(11):119501.150

[13] Koriko, O. K., Adegbie, K. S., Oke, A. S., and Animasaun, I. L. (2020b). Exploration151

of Coriolis force on motion of air over the upper horizontal surface of a paraboloid of152

revolution. Physica Scripta, 95(3):035210.153

[14] Malik, M. Y., Hussain, A., and Nadeem, S. (2013). Boundary layer flow of an Eyring-154

Powell model fluid due to a stretching cylinder with variable viscosity. Scientia Iranica155

B, 20(2):313–321.156

[15] Oke, A. Theoretical analysis of modified eyring powell fluid flow. 132:104152.157

[16] Oke, A. S. Combined effects of coriolis force and nanoparticle properties on the158

dynamics of gold–water nanofluid across nonuniform surface. 102(9).159

[17] Oke, A. S. Coriolis effects on MHD flow of MEP fluid over a non-uniform surface in160

the presence of thermal radiation. 129:105695.161

[18] Oke, A. S. (2017). Convergence of Differential Transform Method for Ordinary Differ-162

ential Equations. Journal of Advances in Mathematics and Computer Science, 24(6):1–163

17.164

[19] Oke, A. S., Animasaun, I. L., Mutuku, W. N., Kimathi, M., Shah, N. A., and Saleem,165

S. (2021). Significance of Coriolis force, volume fraction, and heat source/sink on the166

dynamics of water conveying 47 nm alumina nanoparticles over a uniform surface.167

Chinese Journal of Physics, 71:716–727.168

[20] Oke, A. S., Fatunmbi, E. O., Animasaun, I. L., and Juma, B. A. Exploration169

of ternary-hybrid nanofluid experiencing coriolis and lorentz forces: case of three-170

dimensional flow of water conveying carbon nanotubes, graphene, and alumina nan-171

oparticles. pages 1–20.172

[21] Oke, A. S., Mutuku, W. N., Kimathi, M., and Animasaun, I. L. (2020a). Coriolis173

effects on MHD newtonian flow over a rotating non-uniform surface. Proceedings of174

the Institution of Mechanical Engineers, Part C: Journal of Mechanical Engineering175

Science, page 0954406220969730.176

[22] Oke, A. S., Mutuku, W. N., Kimathi, M., and Animasaun, I. L. (2020b). Insight177

into the dynamics of non-Newtonian Casson fluid over a rotating non-uniform surface178

subject to Coriolis force. Nonlinear Engineering, 9(1):398–411.179

[23] Powell, R. E. and Eyring, H. (1944). Mechanisms for the Relaxation Theory of180

Viscosity. Nature, 154(3909):427–428.181

9

UNDER PEER REVIEW



[24] Seybold, H. J., Eberhard, U., Secchi, E., Cisne, R. L. C., Jiménez-Martínez, J.,182

Andrade, R. F. S., Araújo, A. D., Holzner, M., and Andrade, J. (2021). Localization183

in Flow of Non-Newtonian Fluids Through Disordered Porous Media. Frontiers in184

Physics, 9(635051).185

[25] Shampine, L. F., Reichelt, M. W., and Kierzenka, J. (2010). Solving Boundary Value186

Problems for Ordinary Differential Equations in MATLAB with bvp4c.187

[26] Sirohi, V., Timol, M. G., and Kalthia, N. L. (1987). Powell-Eyring model flow near188

an accelerated plate. Fluid Dynamics Research, 2:193–204.189

[27] Xu, Q. (2016). Development of Advanced Creep Damage Constitutive Equations for190

Low CR Alloy Under Long Term Service. PhD thesis, The University of Huddersfield.191

10

UNDER PEER REVIEW


