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Background and objectives: Current article gives a comprehensive shape factor analysis of MoS2 � SiO2

water based hybrid nanofluid in a semi vertical inverted porous cone along with the influence of trans-
verse magnetic field, viscous dissipation and thermal radiation.
Significances: Mathematical investigation is carried out in Cartesian coordinates. Physical flow problem
has been tackeled numerically by means of shooting algorithm. Effect of significant emerging parameters
is displayed and examined through graphs and tables.
Conclusions: It is concluded that the presence of magnetic field resist the fluid flow and boundary layer
thickness decreases. Fluid decelerates with an increase in k and this decrease in fluid flow is more in case
of nanofluid when compared with hybrid nanofluid. Velocity decreases with an increase in S > 0ð Þ.
Moreover, it is noticed that the fluid flow decelerates more for SiO2/water nanofluid as compare to hybrid
nanofluid. For both types of nanofluids temperature distribution upsurges with an increase in Eckert
number Ec, volumetric fractions /1 and /2 in case of nanofluid and hybrid nanofluid, N as well as k.
Moreover, it is evident that the rise of temperature is significantly more for SiO2/water nanofluid.
Furthermore, maximum temperature is achieved for blade shaped nanoparticles suspended in SiO2/water
nanofluid whereas, lowest temperature measurements are observed in case of brick shaped nanoparticles
suspended in MoS2 � SiO2/water hybrid nanofluid. Skin friction coefficient and Nusselt number increases
with an increase in nanoparticles volumetric fractions /1 and /2 for nano as well as hybrid nanofluid,
respectively. Moreover, skin friction coefficient and Nusselt number are of maximum magnitude in case
of hybrid nanofluid having blade shaped nanoparticles and minimum magnitude is witnessed for brick
shaped nano particles suspended in nanofluid.

� 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

In recent years, the problem of two dimensional axisymmetric
fluid flows inside a semi vertical inverted cone has been of great
interest for many researchers and engineering. Such flows have
their significance in numerous engineering and industrial proce-
dures like it plays a vital role in manufacturing industries for the
design of reliable equipment for nuclear power plants, gas turbines
and several impetus devices for aircraft, missiles, satellites and
space vehicles etc. Migration of moisture through air contained
in fibrous insulations, grain storage, nuclear waste disposal, disper-
sion of chemical pollutants through water-saturated soil, and
others. Na and Chiou [1] studied the laminar natural convection
over a cone frustum. They considered the cases of constant wall
temperature and constant wall heat flux and concluded that tem-
perature reduces with an increase in Prandtl number and along
the cone surface. Heat and mass transfer by free convection over
a truncated cone in a porous medium having variable wall temper-
ature/concentration or variable wall temperature/concentration
flux was analyzed by Yih [2]. His work was extended by Chamka
[3] in which he considered the effect of magnetic field and thermal
radiation. His findings included that all of the local skin-friction
coefficients, local Nusselt number, and the local Sherwood number
reduced as the magnetic Hartmann number was increased. Some
recent articles addressing natural convection phenomenon include
[4–6]. Also, while all of these physical parameters decreased with
the distance along the cone surface in the presence of the magnetic
field, they increased with it in the absence of the magnetic field. In
another article magneto hydrodynamic flow has been a subject of
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Table 1
Experimental values of density, specific heat and thermal conductivity for base fluids
and nanoparticles (Xie et al. [30]and Iqbal et al. [36]).

Propertiesnconstituents Water SiO2 MoS2

Density, q kg=m3
� �

997 2650 5060

Specific heat, Cp J=kg Kð Þ 4179 730 397.746
Thermal conductivity, k W=m Kð Þ 0.613 1.5 34.5
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intense research due to its over whelming importance in numerous
fields ranging from several natural phenomena like meteorology,
solar physics, cosmic fluid dynamics, astrophysics, geophysics
and in the motion of earth’s core. The velocity fluctuations are sup-
pressed due to the damping nature of the external magnetic field.
This causes a reduction in the turbulent intensity of the MHD flow
thereby significantly affecting the thermo fluidic transport. In
applications like nuclear fusion reactors, the liquid metal blankets
are prone to such magnetic damping phenomena and there is a
chance for the degradation of the heat transfer. Some recent arti-
cles discussing the influence of magnetic force are cited in Refs.
[7–12]. Chamkha and Quadri [13] examined the effect of heat gen-
eration/absorption on hydromagnetic flow over a cone embedded
in a non-Darcian porous medium. Numerical investigation for
micropolar Casson fluid under the influence of internal heating
was performed by Mehmood et al. [14]. Recently, Ahmed et al.
[15] studied combined effects of internal heat generation and mass
transfer taking into the account convective boundary conditions.
Influence of thermal radiation and transverse magnetic field on a
free convective flow past a vertical isothermal cone surface with
chemical reaction was investigated by Afify [16]. Kabeir et al.
[17,18] studied micropolar fluid free convection flow over a cone
with uniform suction/injection and heat generation/absorption.
Noghrehabadi et al. [19] analyzed natural convection flow of a
nanofluid over a vertical cone suspended in a non-Darcy porous
medium. Some useful contributions are cited in Ref. [20–23] for
the reader’s interest.

In industry the quality of the final product highly depends on
the rate of heat transfer and material thermal conductivity. Most
of the fluids encountered in manufacturing industry are of low
thermal conductivity. Nano particles suspended in the base fluids,
termed as nanofluids are used to overcome this deficiency. Choi
and Eastman [24] introduced the pioneer concept of these intelli-
gently engineered fluids. Because of the unique characteristics of
nanofluids, they have applications in engineering and medical
sciences such as mechanical cooling, heat exchanger, targeted drug
delivery, extraction of geothermal forces etc.

Moreover, effect of nanoparticles on natural convective bound-
ary layer flow past a vertical sheet was examined by Kuznetsov and
Nield [25]. Later on, Nield and Kuznetsov [26] discussed same
problem in porous medium. A considerable amount of research
in composition of nanoparticles dispersed in base fluid has risen
exponentially. Very recently, Natural convection of nanofluid over
vertical plate embedded in porous medium: prescribed surface
heat flux was discussed by Noghrehabadi et al. [27]. Zeeshan
et al. [28] considered MHD flow of water/ethylene glycol based
nanofluid flow with natural convection towards a vertical cone
embedded in a porous medium. This work was further extended
Table 2
According to Xie et al. [30]and Iqbal et al. [36], expression for Thermophysical c

Properties Nanofluid

Density qnf ¼ qf 1� /ð Þ þ / qs
qf

� �h i
Heat Capacity

qcp
� �

nf ¼ qcp
� �

f 1� /þ /
qcpð Þs
qcpð Þf

� �

Viscosity lnf ¼
lf

1�/ð Þ2:5

Thermal Conductivity knf
kf

¼ ksþ m�1ð Þkf� m�1ð Þ/ kf�ksð Þ
ksþ m�1ð Þkfþ/ kf�ksð Þ

where m is shape factor and qf ;qs1 ;qs2 , cp
� �

hnf ; cp
� �

f ; cp
� �

s1
; cp
� �

s2
represents

specific heat of hybrid nanofluid, base fluid, solid nanoparticles of SiO2 and solid
nanofluid, kf ; ks1 ; ks2 are thermal conductivity of base fluid, solid nanopartic
nanoparticles shapes corresponding to distinct values of shape factor.
by Ellahi et al. [29] in which they studied the shape effects of nano
size particles along with entropy generation. Some recent relevant
attempts are cited in Refs. [30–36].

Keeping in view the above mentioned attempts present article
is a numerical investigation on water based hybrid nanofluid flow
towards an inverted porous vertical cone in presence of applied
magnetic field and thermal radiation. Moreover, viscous dissipative
effects are also taken into the account. Molybdenum disulfide has a
layered structure and it is used as a lubricant and catalyst because
of its unique properties such as anisotropy, chemically inertness,
and photocorrosion resistance. Moreover, MoS2 nanoparticles pro-
duct may be used as hydrogenation nanocatalysts. To the best of
author’s knowledge no attempt has been carried out to examine
the viscous dissipative effects on hybrid nanofluid flow towards a
porous vertical inverted cone. The physical flow problem has been
modeled in Cartesian coordinates and governing coupled nonlinear
equations are tackled numerically by means of after simplification.
Influence of significant parameters are examined and displayed
through graphs and tables. The novel results presented in this arti-
cle may be useful in academic research and theoretical investiga-
tion in designing reliable equipment for nuclear power plants,
gas turbines and several impetus devices for aircraft, missiles,
satellites and space vehicles etc.
Shape factors and thermal properties of base fluid

This mixture of hybrid nanofluid containing nanoparticles SiO2

/1ð Þ and MoS2 /2ð Þ in water taken as base fluid. Moreover the solid
volume fraction of SiO2 has been fixed to 1%. However, the solid
volume fraction of MoS2 varies from 1% to 5%. According to Xie
et al. [30] hybrid nanofluid volume fraction is taken as:

/hnf ¼
VMoS2 þ VSiO2

Vtotal
¼ /1 þ /2:

In addition, the thermal properties of base fluid and nanoparticles
are expressed in Tables 1 and 2 illustrates the effective property
of SiO2/water based nanofluid and MoS2=SiO2 hybrid nanofluid.
haractertistics for nanofluid and hybrid nanofluid.

Hybrid Nanofluid

qhnf ¼ qf 1� /2ð Þ 1� /1ð Þ þ /1 qs1 =qf

� �h i
þ /2qs2

qcp
� �

hnf ¼ qcp
� �

f 1� /2ð Þ 1� /1ð Þ þ /1 qcp
� �

s1
= qcp
� �

f

� �h i
þ /2 qcp

� �
s2

lhnf ¼
lf

1�/1ð Þ2:5 1�/2ð Þ2:5

khnf
kf

¼ ks2 þ m�1ð Þkbf� m�1ð Þ/2 kbf�ks2ð Þ
ks2 þ m�1ð Þkbfþ/2 kbf�ks2ð Þ

where kbf
kf

¼ ks1 þ m�1ð Þkf � m�1ð Þ/1 kf �ks1ð Þ
ks1 þ m�1ð Þkfþ/1 kf�ks1ð Þ

density of fluid, solid nanoparticles of SiO2, solid nanoparticles of MoS2,
nanoparticles of MoS2, respectively. khnf is thermal conductivity of hybrid
les of SiO2 and solid nanoparticles of MoS2. Table 3 demonstrates the
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Fig. 1. Physical flow diagram.
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Problem demonstration in Cartesian Coordinates

This physical problem development contains an inverted iso-
thrmal cone with semi vertical angle X in which two dimensional,
incompressible and steady-state flowof a nanofluid is consider. Fur-
ther, we take origin of the coordinate system at the vertex of the
inverted cone with x-axis is chosen parallel and y-axis taken as nor-
mal to the surface of cone.Moreover, heat transfer is incorporated at
the surface of an inverted cone in the presence of viscous dissipation
and thermal radiation effects. Furthermore, we assumed that tem-
perature T take constant value Tw ¼ T1 þ axk at the wall in which
constant a > 0; k is power law index and T1 is ambient value of tem-
perature having property Tw > T1. This physical background of pre-
sent engineering problem is explained in Fig. 1.

Under these considerations along with boundary layer approx-
imations, the governing equations are

@

@x
ðruÞ þ @

@y
ðrvÞ ¼ 0; ð1Þ

u
@u
@x

þ v @u
@y

¼ lhnf

qhnf

@2u
@y2

 !
þ qbð Þhnf

qhnf
g T � T1ð Þ � r2b2u

qhnf
; ð2Þ

u
@T
@x

þ v @T
@y

¼ ahnf
@2T
@y2

þ lhnf

qcp
� �

hnf

@u
@y

� 	2

� 1
qcp
� �

hnf

@qr

@y
; ð3Þ

with associated boundary conditions are

uðx;0Þ ¼ 0; vðx;0Þ ¼ vw; uðx;1Þ ! 0;

Tðx;0Þ ¼ Tw ¼ T1 þ axk; Tðx;1Þ ! T1; ð4Þ

in which u and v are velocity components in x- and y-directions
respectively with thin boundary layer r ¼ x sinX. Moreover, qhnf is
hybrid nanofluid density, lhnf is dynamic viscosity of hybrid nano-
fluid, r is electrical conductivity, T is temperature, qr radiative heat
flux, g is gravitational acceleration and vw is suction/injunction
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velocity at the surface of an inclined vertical cone, respectively.
Moreover in view of Rosseland approximation the radiative heat
flux is given by

qr ¼ �4r�

3k�
@T4

@r
; ð5Þ

in which r� is Stefan–Boltzmann constant and k� is mean propor-
tion coefficient. Under the assumption of temperature diffusion
within the flow are sufficiently small, we may expand the term T4

as a linear function of temperature in Taylor series about T1 and
neglecting the higher terms, one can get

T4 � 4T3
1T � 3T4

1: ð6Þ
To further facilitate the present analysis we consider stream func-
tion wðx; yÞ as

u ¼ 1
r
@w
@y

; v ¼ �1
r
@w
@x

; ð7Þ

where w ¼ v f rG
1
4
rx f ðgÞ in which Grx is known as Rayleigh number and

mathematically can be expressed as

Grx ¼
qbð Þhnf g cosX Tw � T1ð Þx3

m2f
: ð8Þ

In view of Eqs. (7) and (8), we introduce following similarity
transformation

u ¼ v f

x
G

1
2
rx f

0
; v ¼ �v f

x
G

1
4
rx gf

0 � f
� �

; g ¼ x
y
G

1
4
rx ; hðgÞ ¼ T � T1

Tw � T1
;

ð9Þ
Eq. (1) is automatically satisfied and Eqs. (2) and (3) along with
boundary conditions (4) associated with Rosseland approximation
for radiative heat flux (5), are reduced to the following nonlinear
set of differential equations

kþ 1
4

� 	
f 0
� �2 � kþ 7

4

� 	
ff 00 ¼ 1

U1
f 000 �M2f 0

U2
þ h; ð10Þ

Pr khf 0 � kþ 7
4

� 	
fh0 � Ec f 00

� �2� �
¼ 1
U3

khnf
kf

1þ Nð Þh00; ð11Þ

f ¼ S; f 0 ¼ 0; h ¼ 1 when g ¼ 0
f 0 ! 0; h ! 0; when g ! 1

)
: ð12Þ

in which

U1 ¼ 1�/1ð Þ2:5 1�/2ð Þ2:5 1�/2ð Þ 1�/1ð Þf½
þ/1 qs1

=qf

� �o
þ/2qs2

=qf

i
; ð13Þ

U2 ¼ 1�/2ð Þ 1�/1ð Þþ/1 qs1
=qf

� �h i
þ/2qs2

=qf ; ð14Þ

U3 ¼ 1�/2ð Þ 1�/1ð Þþ/1 qcp
� �

s1
= qcp
� �

f

� �h i
þ/2 qcp

� �
s2
= qcp
� �

f : ð15Þ
Table 4
Effect of Nanoparticles fractions on skinfriction and Nusselt number for MoS2=water and M

m ¼ 3:7 m ¼ 4:9

/1=/2 Nano Hybrid Nano

0:04 0:9315 1:2788 0:9325
Cf 0:08 1:0236 1:5056 1:0256

0:12 1:1224 1:7423 1:1254

0:04 1:5165 1:5963 1:5183
Nu 0:08 1:5174 1:6766 1:5209

0:12 1:5178 1:7585 1:5219
Where f ð0Þ ¼ S with S < 0 corresponds to suction case and S > 0
implies injection. Moreover, in above expression dimensionless
quantities such as Prandtl number Pr, Eckert number Ec, Hartman
number M, and radiation parameter N are defined as

Pr ¼ lf ðcpÞf
kf

; Ec ¼ lf x
2

G
1
2
rx

; M ¼ rhnf B
2
0x

2

lf G
1
2
rx

;

N ¼ 16T3
1x2

3k�kG
1
2
rxlf ðcpÞf

; S ¼ vwx

v f G
1
4
rx

: ð16Þ

The physical quantities of interest are skin friction coefficient Cf and
local Nusselt number Nux, which are defined as

Cf ¼ sxy
qhnf u2

w
; Nux ¼ qw

khnf Tw � T1ð Þ ; ð17Þ

where the wall friction sxy and heat transfer qw are defined as

sxy ¼ lhnf
@u
@y

� �



y¼0

;

qw ¼ �khnf @T
@y

� �
þ qrð Þw





y¼0

:

8><
>:

9>=
>; ð18Þ

In view of (8), expressions described in (13), provided the following

dimensionless skin friction CfG
1
4
rxand local Nusselt Nux as

Cf G
1
4
rx ¼

1

1� /ð Þ2:5
f 00 0ð Þ;

Nux ¼ � khnf
kf

þ N
� 	

h0 0ð Þ: ð19Þ
Computational procedure

The coupled non-linear governing boundary layer Eqs. (9) and
(10) together with boundary conditions (11) are solved numeri-
cally by using Runge–Kutta fifth order technique along with shoot-
ing method. Firstly higher order non-linear differential Eqs. (9) and
(10) are converted into system of first order differential equations
and further transformed into initial value problem by labeling the

variables as f ; f 0; f 00; h; h0
� �T ¼ y1; y

0
1 ¼ y2; y

0
2 ¼ y3; y4; y

0
4 ¼ y5

� �T .
According to the numerical procedure the above system of equa-
tions are formulated as

y01
y02
y03
y04
y05

0
BBBBBB@

1
CCCCCCA

¼

y2
y3

U1
kþ1
4

� �
y2ð Þ2 � kþ7

4

� �
y1y3 þ M2

U2
y2 � y4

� �
y5

Pr
ð1=U3Þ khnf =kfð Þ 1þNð Þ ky2y4 � kþ7

4

� �
y1y5 � Ec y3ð Þ2

� �

0
BBBBBBB@

1
CCCCCCCA
;

ð20Þ
oS2 � SiO2=water when M ¼ 0:4; k ¼ 1:0; S ¼ 0:1; Ec ¼ 0:5;N ¼ 0:4.

m ¼ 5:7 m ¼ 8:6

Hybrid Nano Hybrid Nano Hybrid

1:2970 0:9330 1:3079 0:9340 1:3420
1:5355 1:0265 1:5557 1:0286 1:6175
1:7922 1:1268 1:8215 1:1299 1:9091

1:6278 1:5192 1:6473 1:5211 1:7109
1:7354 1:5225 1:7720 1:5263 1:8919
1:8442 1:5243 1:8977 1:5297 2:0717



Table 5
Effect of suction parameter S on skinfriction and Nusselt number for MoS2=water and MoS2 � SiO2=water when M ¼ 0:4; k ¼ 1:0;/1 ¼ /2 ¼ 0:1; Ec ¼ 0:5;N ¼ 5:0.

m ¼ 3:7 m ¼ 4:9 m ¼ 5:7 m ¼ 8:6

S Nano Hybrid Nano Hybrid Nano Hybrid Nano Hybrid

0:1 1:6033 2:3204 1:6056 2:3602 1:6067 2:3838 1:6093 2:4546
Cf 0:2 1:5806 2:3337 1:5835 2:3824 1:5849 2:4111 1:5880 2:4972

0:3 1:5428 2:3385 1:5463 2:3866 1:5480 2:4208 1:5517 2:5233

0:1 0:7446 0:8838 0:7474 0:9288 0:7487 0:9568 0:7517 1:0469
Nu 0:2 0:8722 1:0004 0:8749 1:0445 0:8762 1:0718 0:8791 1:1603

0:3 1:0121 1:1259 1:0147 1:1685 1:0159 1:1950 1:0186 1:2810

Table 6
Effect of Eckert number Ec on skinfriction and Nusselt number for MoS2=water and MoS2 � SiO2=water when M ¼ 0:4; k ¼ 1:0; S ¼ 0:1;/1 ¼ /2 ¼ 0:1;N ¼ 5:0.

m ¼ 3:7 m ¼ 4:9 m ¼ 5:7 m ¼ 8:6

Ec Nano Hybrid Nano Hybrid Nano Hybrid Nano Hybrid

0:5 1:6033 2:3204 1:6056 2:3602 1:6067 2:3838 1:6093 2:4546
Cf 1:0 1:6178 2:3401 1:6202 2:3798 1:6213 2:4032 1:6238 2:4735

1:5 1:6329 2:3606 1:6352 2:3999 1:6363 2:4232 1:6388 2:4930

0:5 0:7446 0:8838 0:7474 0:9288 0:7487 0:9568 0:7517 1:0469
Nu 1:0 0:6961 0:8228 0:6987 0:8670 0:6999 0:8908 0:7027 0:9750

1:5 0:6454 0:7592 0:6478 0:7981 0:6490 0:8222 0:6515 0:9006

Table 7
Effect of thermal radiation parameter N on skinfriction and Nusselt number for MoS2=water and MoS2 � SiO2=water when M ¼ 0:4; k ¼ 0:1; S ¼ 0:1;/1 ¼ /2 ¼ 0:1 , Ec ¼ 3:0.

m ¼ 3:7 m ¼ 4:9 m ¼ 5:7 m ¼ 8:6

N Nano Hybrid Nano Hybrid Nano Hybrid Nano Hybrid

0:1 1:1781 1:8238 1:1813 1:8766 1:1828 1:9076 1:1862 2:0005
Cf 0:2 1:2198 1:8777 1:2229 1:9300 1:2244 1:9607 1:2277 2:0525

0:3 1:2578 1:9269 1:2609 1:9785 1:2624 2:0089 1:2657 2:0998

0:1 0:9347 0:8086 0:9341 0:7997 0:9338 0:7949 0:9331 0:7827
Nu 0:2 0:8491 0:9329 0:8485 0:7256 0:8482 0:7218 0:8476 0:7130

0:3 0:7775 0:6702 0:7770 0:6644 0:7768 0:6615 0:7763 0:6557

Table 8
Comparison for values of skin friction coefficient with Awad et al. [37] when
/1 ¼ /2 ¼ 0:0.

Awad et al. [37] Present Results

k BVP4c RK6

0:0 1:0857945 1:0857945 1:0857945
0:3 1:0457628 1:0457628 1:0457628
0:6 1:0122259 1:0122259 1:0122259
1:0 0:9748621 0:9748621 0:9748621

Table 9
Comparison for values of Nusselt number with Awad et al. [37] when /1 ¼ /2 ¼ 0:0
and N ¼ 0.

Awad et al. [37] Present Results

k BVP4c RK6

0:0 0:5063661 0:5063661 0:5063661
0:3 0:5524177 0:5524177 0:5524177
0:6 0:5915881 0:5915881 0:5915881
1:0 0:6361635 0:6361635 0:6361635 Fig. 2. Variation of M on f 0 gð Þ.
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y1ð0Þ
y2ð0Þ
y3ð0Þ
y4ð0Þ
y5ð0Þ

0
BBBBBB@

1
CCCCCCA

¼

S

0
S1
1
S2

0
BBBBBB@

1
CCCCCCA
: ð21Þ
Appropriate values of unknown initial conditions S1 and S2 are
approximated through Newton’s method. Computations are carried
out using mathematics software MATLAB. End of boundary layer
region i.e.,when g ! 1 to each group of parameters, is determined
when the values of unknown boundary conditions do not change to
a successful loop with error less than 10�6.



Fig. 3. Variation of kon f 0 gð Þ.

Fig. 4. Variation of S on f 0 gð Þ.

Fig. 5. Variation of Ec on f 0 gð Þ.

Fig. 6. Variation of N on f 0 gð Þ.

Fig. 7. Variation of /1 and /2 on f 0 gð Þ.

Fig. 8. Variation of Ec on h gð Þ.
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Theoretical results description

In this section the computational results of fluid velocity and
temperature distributions carried out in previous section are
examined for the effects of prominent physical parameters by
means of graphical presentations. Moreover, tables are drawn for
meaningful physical quantities namely, coefficient of skin friction
and Nusselt number for different nanoparticles shape factors in



Fig. 9. Variation of /1 and /2 on h gð Þ.

Fig. 10. Variation of N on h gð Þ.

Fig. 11. Variation of k on h gð Þ.

Fig. 12. Streamlines for k ¼ 1.

Fig. 13. Streamlines for M ¼ 2.
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case of nanofluid and hybrid nanofluid, respectively. In this regard,
Figs. 2–7 are plotted to study the influence of significant emerging
parameters on SiO2/water nanofluid and MoS2 � SiO2/water hybrid
nanofluid velocity distributions. In these figures solid lines depict
the behavior of MoS2 � SiO2/water hybrid nanofluid and dashed
lines are used to display the results for SiO2/water nanofluid,
respectively. Fig. 2 displays the effect of magnetic parameter M
on fluid flow and from this figure it is evident that presence of
magnetic field resist the fluid flow for both types of nanofluids
and viscous boundary layer thickness decreases. Moreover, it is
noticed that the fluid flow decelerates more for SiO2/water nano-
fluid as compare to hybrid nanofluid. Influence of power law index
k is examined through Fig. 3. It is depicted that fluid decelerates
with an increase in k and this decrease in fluid flow is more in case
of nanofluid when compared with hybrid nanofluid. From this fig-
ure it is concluded that the power law of temperature prescribed
on the frustum leads to decelerates fluid flow. Fig. 4 shows the
effect of suction parameter on both types of nanofluid flow. From
this figure it is evident that the velocity decreases with an increase
in S > 0ð Þ due to the fact that the suction at the surface acts in an
opposing manner leading to decelerate fluid flow. Moreover,
decrease in velocity of nanofluid is significantly more than hybrid
nanofluid. Influence of Eckert number Ec is displayed in Fig. 5.
From this figure it is witnessed that the increase in Eckert number
contribute in accelerating both types of nanofluid flow. This
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happens mainly because Ec is the ratio of advective transport to
heat dissipation potential. The increase in Eckert number indicates
an increase in advective transport of fluid which is an increase in
the fluid velocity and momentum boundary layer thickness. More-
over, this increase is significantly more in case of hybrid nanofluid.
Fig. 6 is plotted to examine the effect of thermal radiation on both
types of nanofluid velocity. It is observed that the increase in ther-
mal radiation parameter N contributes in accelerating the fluid
flow and momentum boundary layer thickness of both nano and
hybrid nanofluids. Contribution of nano and hybrid nano volumet-
ric fractions are examined through Fig. 7. It is depicted that fluid
velocity upsurges with the increase in nanoparticle volumetric
fractions. In case of hybrid nanofluid volumetric fraction of SiO2

has been kept fixed to 1%. The increase in velocity is due to the fact
that dynamic viscosity of both nanofluid and hybrid nanofluid are
in reverse relation with nanoparticles volumetric fractions. Thus,
the increase in /1 and /2 leads to decrease base fluid viscosity
and as a consequence fluid flow accelerates. Moreover, from
Fig. 7 it is observed that fluid velocity is more in case of hybrid
nanofluid.

Figs. 8–11 are plotted to study the influence of meaningful
emerging parameters on temperature distribution of nano and
hybrid nanofluid. Fig. 8 is plotted for distinct values of Eckert num-
ber keeping in mind four distinct values of nanoparticles shape fac-
tors for nano as well as hybrid nanofluids. From this figure it is
revealed that for both types of nanofluids temperature distribution
upsurges with an increase in Eckert number. This happens because
Eckert number indicates the viscous dissipative effects and the
kinetic energy produced due to resistance of viscous forces in fluid
flow leads to rise temperature. Influence of nanoparticles volumet-
ric fractions are displayed in Fig. 9. It is observed that the increase
in the volumetric fractions /1 and /2 in case of nanofluid and
hybrid nanofluid leads to rise temperature, respectively. Figs. 10
and 11 are plotted for rising values of thermal radiation parameter
N and power law index k, respectively. From these figures it is con-
cluded that nanofluid as well as hybrid nanofluid temperature dis-
tributions rises with an increase in N as well as k. Moreover, it is
evident that the rise of temperature is significantly more for
SiO2/water nanofluid for rising values of Eckert number, /1, ther-
mal radiation parameter and power law index. Furthermore, max-
imum temperature is achieved for blade shaped nanoparticles
suspended in SiO2=water nanofluid whereas, lowest temperature
measurements are observed in case of brick shaped nanoparticles
suspended in MoS2 � SiO2=water hybrid nanofluid. Detailed study
of these figures reveals that hybrid nanofluids play significant role
in fluid transport and higher temperature distribution is achieved
for nanofluid. Figs. 12 and 13 shows the flow pattren for distinct
values of k and magnetic parameter.

Tables 4–7 are listed to examine the effect of nanoparticles vol-
umetric fractions /1 and /2, suction parameter S, Eckert number Ec
and N on skin friction coefficient and Nusselt number for nano and
hybrid nanofluid corresponding to distinct shape factor of
nanoparticles,respectively. From these tables it is revealed that
both skin friction coefficient and Nusselt number increases with
an increase in nanoparticles volumetric fractions /1 and /2 for
nano as well as hybrid nanofluid, respectively. Moreover, skin fric-
tion coefficient and Nusselt number are of maximummagnitude in
case of hybrid nanofluid having blade shaped nanoparticles and
minimum magnitude is witnessed for brick shaped nano particles
suspended in nanofluid. Skin friction coefficient rises with an
increase in suction parameter S in case of SiO2/water nanofluid
while opposite trend is witness forMoS2 � SiO2/water hybrid nano-
fluid. Minimum magnitude is witness for brick shaped nanoparti-
cles suspended in SiO2/water nanofluid and maximum magnitude
is observed for blade shaped nanoparticles suspended in
MoS2 � SiO2/water hybrid nanofluid see Table 5. Moreover, from
Table 5 it is observed that Nusselt number increases for rising val-
ues of suction parameter in case of both nano and hybrid nanoflu-
ids. Effect of Eckert number Ec is studied through Table 6. It is
revealed that skin friction coefficient increases and Nusselt num-
ber decreases with an increase in viscous dissipation i.e., Ec and
thermal radiation parameter N see Table 7. Tables 8 and 9 are
the comparison for values of skin friction coefficient and Nusselt
number in a absence of nanoparticles with those of Awad et al.
[37]. It is evident that the present results are in good agreement
with results available in literature (Figs. 2–13).

Conclusions and novelty of article

Present article was a numerical investigation for convection
from an inverted cone having porous surface in case of SiO2/water
nanofluid and MoS2 � SiO2/water hybrid nanofluidic transport. The
investigation was carried out for both types of nanofluid velocity
and temperature distributions along with skin friction coefficient
and Nusselt number taking into the account for distinct nanoparti-
cles shape factors. The governing system of differential equations
were simplified and solved numerically by means of shooting algo-
rithm with the aid of computational software MATLAB. Key find-
ings of present analysis include that the presence of magnetic
field resist the fluid flow for both types of nanofluids and viscous
boundary layer thickness decreases.

Fluid decelerates with an increase in k and this decrease in fluid
flow is more in case of nanofluid when compared with hybrid
nanofluid. Velocity decreases with an increase in S > 0ð Þ. Moreover,
it is noticed that the fluid flow decelerates more for SiO2/water
nanofluid as compare to hybrid nanofluid. The increase in Eckert
number contribute in accelerating both types of nanofluid flow.
Moreover, this increase is significantly more in case of hybrid
nanofluid.

Increase in thermal radiation parameter N contributes in accel-
erating the fluid flow and momentum boundary layer thickness of
both nano and hybrid nanofluids. For both types of nanofluids tem-
perature distribution upsurges with an increase in Eckert number
Ec, volumetric fractions /1 and /2 in case of nanofluid and hybrid
nanofluid, N as well as k. Moreover, it is evident that the rise of
temperature is significantly more for SiO2/water nanofluid. Fur-
thermore, maximum temperature is achieved for blade shaped
nanoparticles suspended in SiO2=water nanofluid whereas, lowest
temperature measurements are observed in case of brick shaped
nanoparticles suspended in MoS2 � SiO2=water hybrid nanofluid.
Detailed study of these figures reveals that hybrid nanofluids play
significant role in fluid transport and higher temperature distribu-
tion is achieved for nanofluid.

Skin friction coefficient and Nusselt number increases with an
increase in nanoparticles volumetric fractions /1 and /2 for nano
as well as hybrid nanofluid, respectively. Moreover, skin friction
coefficient and Nusselt number are of maximummagnitude in case
of hybrid nanofluid having blade shaped nanoparticles and mini-
mum magnitude is witnessed for brick shaped nano particles sus-
pended in nanofluid. Skin friction coefficient rises with an increase
in suction parameter S in case of SiO2/water nanofluid while oppo-
site trend is witness for MoS2 � SiO2/water hybrid nanofluid. Min-
imum magnitude is witness for brick shaped nanoparticles
suspended in SiO2/water nanofluid and maximum magnitude is
observed for blade shaped nanoparticles suspended in
MoS2 � SiO2/water hybrid nanofluid. Nusselt number increases
for rising values of suction parameter in case of both nano and
hybrid nanofluids. Skin friction coefficient increases and Nusselt
number decreases with an increase in viscous dissipation and ther-
mal radiation.
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