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The main goal of this article is to examine the influence of shape factors, Wu’s slip, non-uniform heat source/sink
on the radiative up and down hydromagnetic flow of SWCNT/MWCNT-water nanofluid past moving thin vertical
needle. Entropy optimization analysis is carried out. Brick, Cylinder, Platelet and Blade shapes of nanoparticles
are considered. Numerical solutions are attained by well-known shooting technique. The comprehensive dis-
cussion regarding the effects of physical parameters on velocity, temperature, skin friction coefficient and local
Nusselt number is carried on. Outcomes reveal that fluid velocity behaves in opposite manner in up and down
flows of nanofluids in the presence of increasing magnetic field strength and second order slip. Strengthening
of solid volume fractions contributes greater surface drag in both up and down flows. Moreover, the shape
effects of various kinds of SWCNT/MWCNT nanoparticles are studied and we visualized that the rate of heat
transfer is augmented when the platelet shape of SWCNT/MWCNT nanoparticles are chosen.
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1. INTRODUCTION
Magnetohydrodynamic (MHD) mixed convection flow
heat transfer of nanofluid within the boundary layer has
attracted international attention to its vast utilization in
industrial technology such as high temperature plasmas,
nuclear fusion energy conversion, MHD power genera-
tion systems, medical and nano sciences, cooling of elec-
tronic devices and communication fields. The magnetic
field which when applied in thermal design controls heat
transfer and fluid flow as well as energy efficiency and
entropy generation.1–15 Nanosized metallic particles which
when dispersed into common fluid develop nanofluids,
introduced by Choi16 augments the thermal conductivity.
Has come a long way since then the works on related
areas have been preceded and succeeded by others.17–30

Nanofluids are useful working fluids by use of which
heat transfer and therefore thermal performance upsurge.
The flow characteristics of nanofluids greatly depend upon

∗Author to whom correspondence should be addressed.
Email: sachinshaw@gmail.com
Received: 28 April 2021
Accepted: 18 October 2021

various aspects such as size, shape, volume fraction and
material type of nanoparticles etc. Indeed, nanoparticles
with spherical or non-spherical shapes exhibit greater ther-
mal conductivity compared to base fluids and are there-
fore inevitably utilized in diversified industrial sectors.
Works31�32 in the related areas have been carried on with
involvement of nanoparticles’ shape effects on fluid move-
ment with several geometries and flow characteristics.
Boundary layer flow over a thin needle is an emerging

field of research now a day because of its enormous signif-
icant usefulness in engineering and biomedical sectors.33–36

It is very important to know the distribution of entropy
generation during several thermodynamic processes where
it is apposite to minimize the rate of EG so as to max-
imize the available energy in designing practical thermal
systems.37�38 The investigations how entropy generation
can be utilized to intensify heat transportation in several
flows of Newtonian/non Newtonian nanomaterials could
be found in literature.39–45

From recent events it appears in the survey of literature
that Brick, Cylinder, Platelet and Blade shapes of nanopar-
ticles are rarely used by researchers in different nanofluids.
However, insertion of such shapes of SWCNT/MWCNT
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nanoparticles in nanofluids and the related research is
yet to be done. Therefore, the novelty of the present
research is to investigate Wu’s slip and non uniform
source/sink on the entropy optimized MHD flow of radia-
tive SWCNT/MWCNT-water nanofluid involving Brick,
Cylinder, Platelet and Blade shapes of SWCNT/MWCNT
nanoparticles past a thin needle.

2. FORMULATION OF THE PROBLEM
In the present problem it is considered that a steady, lam-
inar boundary layer (BL) flow of nanofluid over a thin
needle moving with a constant velocity Uw in a parallel
free stream. Here, the needle moves with a uniform veloc-
ity Uw in the same or opposite direction with the fluid flow
of a uniform velocity U�. Here SWCNT and MWCNT
are assumed as nanoparticles while water as base fluid. A
schematic diagram imparting physical description of the
problem is shown in Figure 1. Flow assumptions for the
considered problem are as follows:
• The flow is steady, laminar and incompressible.
• The SWCNT and MWCNT are in thermal equilibrium
with the base fluid.
• The needle is assumed as thin. So, the impact of its
transverse curvature is appreciable; but, pressure gradient
along needle can be ignored.
• Assisting and opposing flow concept are introduced.
• Convective boundary condition is implemented.
• The radiative fluid medium is dissipative characterized
by fluid friction and Ohmic heating.
• Flow pattern influenced by second order slip mechanism
is taken into account.

• Heat transfer by non-uniform heat source and sink
mechanism is considered.

By means of above assumptions, the mathematical mod-
eling for the flow phenomena under consideration is
Refs. [33–35, 41]:
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and is
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Fig. 1. Flow geometry.
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Where �u� v� are respectively, the velocity components
along axial and radial directions, �nf , �nf , �nf , �nf ,
knf , 
nf , ��Cp�nf are effective density, dynamic viscosity,
kinematic viscosity, thermal expansion coefficient, ther-
mal conductivity, thermal diffusivity, heat capacitance of
nanofluid, g is gravitational acceleration, qr is radiative
heat flux, T is fluid temperature in the boundary layer, T�
is ambient fluid temperature, where aR is mean absorption
coefficient and 	SB is Stefan Boltzmann constant.

The boundary conditions are Ref. [46]:

u= Uslip+Uw� v = 0� −kf
�T

�r
= hf �Tf −T ��

at r = R�x�

u→ U��x�� T → T� as r →�

⎫⎪⎪⎪⎬
⎪⎪⎪⎭ (6)

In Eq. (6), kf , hf , Tf are thermal conductivity, heat transfer
coefficient and temperature of heated fluid.
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In (1) and (2), l=min ��1/Kn�� 1�, � ∗ denotes the momen-
tum accommodation coefficient with 0≤ � ∗ ≤ 1, �m signi-
fies molecular mean free path, Kn= ��m/l� is the Knudsen
number.

The transformations used for non-dimensionalization:
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where U = Uw +U� �= 0 is composite velocity and f ��

is dimension free stream function. By fixing  = a (refers
to the wall of the needle) in Eq. (5), we get R�x� =
�avx/U�1/2 (describes the shape and size of the surface of
revolution).

The thermophysical properties of nanofluid:
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(10)

where n is shape factor of solid nanoparticles which
depends on sphericity factor � and related as n = 3/�.
The value of � is given in Table I.
The effective dynamic viscosity of the nanofluid:

�nf = �f �1+A�+B�2� (11)

Where A and B are constants depending upon particle
shape and shown in Table II.
Here, �f is dynamic viscosity of base fluid, �s and �f

are densities, ��Cp�s and ��Cp�f are heat capacitances, 	s

and 	f are electrical conductivities, �s and �f are thermal
expansion coefficients, ks and kf are thermal conductivities
of nanoparticle and base fluid respectively, 	nf is electrical
conductivity and knf is effective thermal conductivity of
nanofluid.
Using (9)–(11) in (2), (5) and (6) we get
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Table I. Sphericity values for various nanoparticles’ shapes.

Parameter Brick Cylinder Blade Platelet

� 0.81 0.62 0.36 0.52

Table II. Values of constants A and B for different shape of the
nanoparticles.

Parameter Brick Cylinder Blade Platelet

A 1.9 13.5 14.6 37.1
B 471.4 904.4 123.3 612.6
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Here, �, M, � are mixed convection, magnetic parameters,
and ratio parameters, Pr, Nr , Ec , Br are Prandtl, radiation,
Eckert and Brinkman numbers, �1 and �2 are first and sec-
ond order slip parameters, and Bi is Biot number.
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The local skin friction coefficient and local Nusselt number
are:
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3. ENTROPY GENERATION ANALYSIS
The local entropy generation is
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The dimensionless entropy generation rate:
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4. NUMERICAL SOLUTION
Equations (12) and (13) along with boundary conditions
(14) are solved implementing shooting process of symbolic
computer algebraic software MATLAB by converting BVP
into an IVP. At the initial stage,
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At the first, introducing the new variables as:

y1 = f � y2 = f ′� y3 = f ′′� y4 = �� y5 = �′ (24)

Further, write governing equations in a matrix form with
y = �f � f ′� f ′′� �� �′�T as
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Secondly, we transform given BVP into an IVP and use
an ODE solver in MATLAB to numerically integrate this
system, with initial conditions as
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where s1 and s2 are unknowns.
Finally, consider a guess value for unknowns and solve

Eq. (26) implementing MATLAB’s ODE solver. Shooting
process is implemented to obtain initial guess. In this prob-
lem, we have assumed maximum value of ��� as 15.
However, system is converged before the maximum value
of .

5. RESULTS AND DISCUSSION
In this section we will discuss the results from numeri-
cal computation which will enshrine the impact of vari-
ous emerging parameters. In the present problem we have
considered the general values of the parameters as fol-
lows: �= 1� �= 0�5, M = 15, �1 = 0�1, �2 = 0�1, Nr = 5,
Pr = 7, Br = 0�5, A∗ = 0�1, B∗ = 0�5, Bi = 0�4, a = 0�2,
�= 0�1, Re= 1, �= 0�001� We have considered nanopar-
ticles as single walled carbon nanotubes (SWCNT) and
multi-walled carbon nanotubes (MWCNT). Properties of
the CNTs are shown in Table III.

5.1. Interpretation of Velocity Profiles
The chapter began by acknowledging that Figure 2 demon-
strates the flow behavior for different shapes of nanopar-
ticles such as Brick (A = 19, B = 471.4), Cylinder (A =
13, B = 904.4), Blade (A = 14.6, B = 123.3) and Platelet

J. Nanofluids, 11, 305–317, 2022 309



IP: 115.240.101.50 On: Tue, 05 Apr 2022 10:06:27
Copyright: American Scientific Publishers

Delivered by Ingenta

Effects of Wu’s Slip and Non-Uniform Source/Sink on Entropy Optimized Radiative MHD Up/Down Flow of Nanofluids Shaw et al.

A
R
T
IC
LE

Table III. Thermo-physical properties of the base fluid and nanoparti-
cles at T= 300 K.

� (Kg/m3) CP (J/KgK) k (W/mK) �f (Ns/m2)

Pure water 997.1 4179 0.613 0.001003
SWCNTs 2600 425 6600
MWCNTs 1600 796 3000

(A = 37�1, B = 612.6) for up flow �� = 1� and down
flow �� = −1� for SWCNT/MWCNT-water nanofluids.
For up flow �� = 1�, fluid velocity f ′�� grows in the
order Brick, Cylinder, Blade and Platelet having magni-
tude lying between 0.251 and 0.2515. It implicates that
f ′�� attains the lower value when Brick shaped nanopar-
ticles are inserted while it attains greater value with the
inclusion of Platelet nanoparticles. It noted that for down
flow ��=−1�, f ′�� shows the same behavior in the same
order of the nanoparticles’ shapes in the magnitude range
0.2485 to 0.249. Nevertheless, the nature of the nanopar-
ticles’ shapes (Brick/Cylinder/ Blade/Platelet), f ′�� has
lower magnitude for down flow ��=−1� than that for up
flow �� = 1�. Irrespective of nanoparticles’ shapes, f ′��
has higher magnitude for up flow ��= 1� and lower mag-
nitude for down flow �� = −1� near the surface flow. As
we move away from the surface of thin needle, f ′��
upsurges in case of �=−1 while it whittles down in case
of �= 1 and later both profiles merge (f ′�� attains same
minimum value) in fluid region farther from needle surface
whatever shapes of nanoparticles may be.
In the next, the most important features in the velocity

that the profiles of f ′�� comprise of two layers (Fig. 3).
The upper layer profiles indicate the behavior of up flow
��= 1� for hydrodynamic �M = 0� as well as hydromag-
netic �M �= 0� flow of SWCNT/MWCNT-water nanofluids.
Hydrodynamic flow of nanofluids contributes larger f ′��.
As M increases (in case of MHD flow), f ′�� impedes and
the related boundary layer squeezes out. In contrast, lower

Fig. 2. f ′�� for varied � and shape of the nanoparticles.

Fig. 3. f ′�� for varied M and �.

layer profiles indicate the behavior of hydrodynamic �M =
0� and hydromagnetic �M �= 0� flow of SWCNT/MWCNT-
water nanofluids for down flow �� = −1�. In this case
f ′�� has lowest value for hydrodynamic �M = 0� flow
environment while it enhances for MHD flows (due to
increase in M). Irrespective the nature of the flow (hydro-
dynamic �M = 0� or MHD �M �= 0� or up flow �� = 1�
or down flow �� = −1�) two layers of profiles merge at
greater distance from the solid surface.
In Figure 4 we see that rise in � �� = 0�4�0�5� esca-

lates f ′�� irrespective the nature of the flow (down flow
��=−1�) or forced convection flow ��= 0� or up flow
��= 1�). At fixed � (� = 0�4, say), f ′�� grows in the
order of down flow ��=−1�, forced convection flow
��= 0� and up flow ��= 1�. In Figure 5, we observe that
f ′�� shows marginal consequence with rise in �1 sub-
ject to either up flow ��= 1� or down flow ��=−1�).
In Figure 6 it is envisaged that in the absence of second
order slip ��2 = 0�, f ′�� has higher magnitude for up
flow ��= 1� while it has lower magnitude for down flow

Fig. 4. f ′�� for varied � and �.
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Fig. 5. f ′�� for varied �1 and �.

��=−1�. Further, as �2 rises (in accordance with more
and more second order slip) f ′�� upsurges for up flow
��= 1� while it peters down for down flow ��=−1�.
However, such flow behavior disappears and only a stag-
nation flow appears significantly towards the ambient for
both �= 1 and �=−1 cases.

5.2. Interpretation of Temperature Profiles
Significantly, Figure 7 indicates that temperature profiles
��� for different estimations of Nr subject to the influ-
ence of both up flow ��= 1� and down flow ��=−1�.
Irrespective of the nature of the flow (up/down), for rise
in Nr , ��� whittles down and the related boundary layer
gets squeezed out. This is because with rise in radia-
tion parameter indicates that mean absorption coefficient
decreases thereby emaciates the temperature. At fixed Nr ,
��� has larger value for down flow while it has smaller
value for up flow. Subsequently, Figure 8 illustrates that
for up/down flow, ��� peters out for rise in Pr. So, ther-
mal boundary layer gets shrunk. In fact, rise in Prandtl

Fig. 6. f ′�� for varied �2 and �.

Fig. 7. ��� for varied �2 and �.

makes reduce the thermal diffusivity which in turn belittles
the temperature. Figure 9 demonstrates that ��� grows
for down flow and decays for up flow. Nevertheless the
nature of the flow (up/down), ��� diminishes in the
order of Brick, Cylinder, Platelet, Blade. This implicates
that rate of heat transfer would enhance in above order
of nanoparticles’ shapes. Figure 10 implicates that ���
enhances for rise in A∗ �A∗ = 0�0�1�0�5�. At fixed A∗,
�����=−1 > �����=1. It is well observed that ��� esca-
lates due to hike in B∗ �B∗ = 0�0�5�1� whatever the flow
may be (up/down). However, ����upflow < ����downflow for
each B∗ (See Fig. 11). Rise in convective heating (more
Bi) contributes significant improvement in ���. However,
�����=−1 is greater than �����=1 (See Fig. 12).

5.3. Interpretation of Skin Friction and Nusselt
Number Profiles

Figure 13 interprets the characteristics of skin friction �Cf �
for different shapes of nanoparticle subject to several flow

Fig. 8. ��� for varied Pr and �.
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Fig. 9. ��� for varied nanoparticle shape and �.

Fig. 10. ��� for varied A∗ and �.

Fig. 11. ��� for varied B∗ and �.

Fig. 12. ��� for varied Bi and �.

Fig. 13. Skin friction versus � for varied shape of the nanoparticles.

Fig. 14. Skin friction versus M for varied �.
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Table IV. Skin friction for different parameters.

Cf

M � �1 �2 a � Shape (A�B) �= 1 (Up flow) �=−1 (Down flow)

15 0.5 0.1 0.1 0.2 0.001 Brick 0�00262301 −0�00264534
5 0�01297536 −0�00759577
10 0�02589721 −0�00414135

0.4 −0�41162432 −0�41800820
0.6 0�41726371 0�41262810

0.2 0�00215424 −0�00217282
0.3 0�00182762 −0�00184352

0.2 −0�00278360 0�00277667
0.3 −0�00494698 0�00494724

0.4 0�00759794 −0�00766440
0.6 0�01141900 −0�01152595

0.005 0�00434857 −0�00436627
0.008 0�00579194 −0�00580492

Cylinder 0�00303624 −0�00305951
Blade 0�00264775 −0�00266792
Platelet 0�00356028 −0�00358476

situations. Subject to that, in the down flow regime, Cf for
nanoparticles of different shapes are related as �Cf �Brick >
�Cf �Cylinder > �Cf �Blade > �Cf �Platelet (in magnitude). It is
obvious from Figure 14 that surface viscous drag is the
largest for Brick while it is lowest for platelet under the
influence of down flow �−1 < � < 0�. Exactly adversarial
behavior is attained for up flow �0 < � < 1�. This indi-
cates that during flow Platelet contributes highest viscous
drag and Brick provides least viscous drag. In case of
� = 0 (i.e., the case when Tw − T� = 0), no viscous drag
appears (Cf = 0 at � = 0). It is a very interesting and
unique result. This result distinguishes the effect of down
flow from up flow regarding viscous drag. The variation
of viscous drag for different � against different magnetic
field strength (for different M) is shown graphically in
Figure 14. It is found that Cf upsurges due to rise in �
irrespective value of M . Further, Cf attains the negative
values for � = 0�3 and � = 0�4 while it attains positive

Fig. 15. Nusselt number versus � for varied shape factor.

values for �= 0�5 and �= 0�6. In Table IV it is informed
that rise in M augments Cf in both up and down flows of
SWCNT/MWCNT-water nanofluids. Further, hike in size
of the needle �a�, particle volume fraction ��� and �2 leads
to more viscous drag in both up flow ��= 1� and down
flow ��=−1�. Mounted �1 leads to the decay of vis-
cous drag in both type of flows. Increase in � contributes
more viscous drag for up flow while it provides oppo-
site nature for down flow. Surface viscous drag rises in
the order of nanoparticles’ shapes as Brick, Blade, Cylin-
der and Platelet in both types of flows. From Figure 15
it is seen that Nusselt number �Nu� follows a descending
trend irrespective of the character of the flow (down/up)
and nanoparticle shapes (Brick/Cylinder/Blade/Platelet).
The heat transfer rate enhances in the order of
shapes as Brick (A = 19, B = 471�4), Cylinder
�A= 13�B = 904�4�, Blade �A = 14�6�B= 123�3� and
Platelet �A= 37�1�B= 612�6�. For a specific shape of the

Fig. 16. Nusselt number versus M for varied �.
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Table V. Local Nusselt number for diverse parameters.

Nu

Nr Pr � Br M A∗ B∗ Shape (A�B) � �= 1 (Up flow) �=−1 (Down flow)

5 7 0.5 0.5 15 0.1 0.5 Brick 0.001 0.21630574 0�21625682
10 0.19479489 0�19475570
15 0.18759227 0�18755600

5 0.21343163 0�21337260
9 0.21826182 0�21822057

0.4 0.21504213 0�21504128
0.6 0.21684152 0�21675250

0.1 0.21630718 0�225828
0.9 0.21630431 0�21625536

5 0.21635944 0�21623090
10 0.21634740 0�21624856

0 0.21810173 0�21805549
0.5 0.20911048 0�20907137

0 0.21685248 0�21680676
1 0.21569258 0�21563990

Cylinder 0.21837991 0�21833414
Blade 0.22476516 0�22472206
Platelet 0.22007967 0�22003700

0.005 0.24466119 0�24463564
0.008 0.26761054 0�26759641

nanoparticle (Brick, say), heat transfer rate decreases dras-
tically in down flow (as ��� upsurges in this flow pattern).
At the region where �= 0 i.e., when Tw−T� = 0, the rate
of heat transfer starts to reduce its value and follows more
sharp reduction in the up flow regime. From Figure 16 it is
visualized that rate of heat transfer augments for rise of �
��= 0�3�0�4�0�6� against M . However, this augmentation
trend diminishes gradually. This means that least value of
heat transfer rate is attained in the ambient region what-
ever � may be. At fixed �, heat transfer rate decreases with
increasing strength of M which is obvious. In Table V it is
revealed that rise in Pr� ��A∗� and � upsurges the rate of
heat transfer while that of Nr�Br and B∗ whittles down the
same in both up and down flows. Besides, higher M yields
more heat transfer rate in down flow while it indicates

Fig. 17. Entropy generation number versus � for varied shape factor.

opposite nature in up flow. As far as nanoparticles’ shape
factors are concerned, heat transfer rate augments in both
type of flows in the order Brick, Cylinder, Platelet and
Blade.

5.4. Interpretation of Entropy Generation and Bejan
Number Profiles

It is understood from Figure 17 that entropy generation
rate NG of nanofluid has the lowest value for Brick and
highest value for Blade and intermediate values for cylin-
der and Platelet. This better understood as �NG�Brick <
�NG�Cylinder < �NG�Platelet < �NG�Blade for all values of �
lying between −1 and +1 (in both up/down flow). From
Figure 18 it is seen that NG for hydromagnetic flow of

Fig. 18. Entropy generation number versus M for varied �.
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Fig. 19. Entropy generation number versus Nr for varied Br .

SWCNT/MWCNT-water nanofluid upsurges as � rises in
the manner �NG�0�3 <�NG�0�4 < �NG�0�5 < �NG�0�6 after few
layers of nanofluid within the boundary layer. Figure 19
narrates that NG for radiative SWCNT/MWCNT-water
nanofluid has lowest value in the absence of Br �Br = 0�
while rise in Br enhances NG prominently. Figure 20
implicates that Bejan number �Be� for nanofluid enhances
in the order of the nanoparticle shapes as �Be�Brick <
�Be�Cylinder < �Be�Platelet < �Be�Blade whatever the associ-
ated flow may be (up/down flow). Nevertheless, the shape
of nanoparticles (Brick/Cylinder/Platelet/Blade), Be has
higher value in down flow �−1< � < 0� than that in the
up flow �0 < � < 1�. Figure 21 indicates that Be peters
out for different estimations of � ��= 0�3�0�4�0�5�0�6�
in the manner as �Be�0�3 < �Be�0�4 < �Be�0�5 < �Be�0�6 in
the nanofluid zone. It is remarkable to see that Be has
highest and stagnant value in the absence of Br (Br = 0
resulting in a straight line parallel to Nr-axis) (Fig. 22).

Fig. 20. Bejan number versus � for varied shape factor.

Fig. 21. Bejan number versus M for varied �.

Further, as Br rises from Br = 0 to Br = 0�5, Be abruptly
falls to a small value Be = 0�3. However, with further
increase of Br , Be peters out marginally subject to radia-
tive SWCNT/MWCNT-water nanofluid. In Table VI it is
obvious that rise in � and Re leads to escalation of NG�0�
and Be�0� in both up and down flows. Further, hike in
Nr yields the decay of NG�0� and Be�0� under the influ-
ence of up and down flows. Besides, mounted Br and M
contributes to the elevation of �NG�0�� and reduction in
Be�0� subject to �= 1 and �=−1 flow situations respec-
tively. However, rise in � augments NG�0� and whittles
down Be�0� in both � = 1 and � = −1 flow environ-
ments. Finally, NG�0� and Be�0� gets augmented in the
order Brick, Cylinder, Platelet and Blade under up flow
and down flow domains.

Fig. 22. Bejan number versus Nr for varied Br .
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Table VI. Entropy generation and Bejan number for diverse parameters.

NG�0� Be�0�

Re Nr Br M � Shape (A�B) � �= 1 (Up flow) �=−1 (Down flow) �= 1 (Up flow) �=−1 (Down flow)

1 5 0.5 15 0.1 Brick 0.001 1�4003615 1�3704814 0.1281067 0.1308405
5 10�5897424 10�4387197 0.4235129 0.4294458
10 30�1493221 29�8432205 0.5950241 0.6008553

10 1�3822662 1�3539167 0.1172416 0.1196483
15 1�3761853 1�3483378 0.1135219 0.1158217

0.1 0�4235909 0�4175507 0.4235173 0.4294496
0.9 2�3771346 2�3234095 0.0754662 0.0771763

5 1�4607009 0�5719155 0.1228758 0.3134582
10 1�5381999 0�9705398 0.1166719 0.1847434

0.2 0�8689976 0�8465673 0.2064398 0.2118137
0.3 0�4883898 0�4734094 0.3673207 0.3787727

Cylinder 1�4013354 1�3732408 0.1293494 0.1319404
Blade 1�4068123 1�3792690 0.1329333 0.1355359
Platelet 1�4019397 1�3756966 0.1303846 0.1328203

0.005 1�4443845 1�4260747 0.1417866 0.1435771
0.008 1�4802346 1�4685303 0.1522890 0.1534866

6. CONCLUSION
The present investigation explores the shape effects of
SWCNT/MWCNT nanoparticles in the presence of Wu’s
second order slip, thermal radiation and non-uniform
heat source/sink. Entropy optimization analysis is car-
ried on it. Up/down flow behavior and the associated
heat transportation have been provided. Shape effects on
the up/down flow and heat transfer of SWCNT/MWCNT-
water nanofluid over thin needle is the novelty of the
present study. The major outcomes of the current study
are:
(1) Irrespective of nanoparticles’ shapes, f ′�� has higher
magnitude for up flow and lower magnitude for down flow
near the surface flow.
(2) Fluid velocity under the influence of growing mag-
netic field strength and second order slip behaves in oppo-
site manner in up and down flows of nanofluids.
(3) Augmented � grows f ′�� for all up, down and forced
convection flows.
(4) Enhanced A∗ and B∗ causes ��� to grow while that
of Nr declines it for both type of up and down flows for
SWCNT/MWCNT-water nanofluids.
(5) Hiked a, � and �2 contributes greater surface drag in
both up and down flows while rise in �1 leads to the decay
of viscous drag in both type of flows.
(6) The heat transfer rate enhances in the order
of shapes as Brick �A= 19�B = 471�4�, Cylinder
�A = 13�B = 904�4�, Blade �A= 14�6�B= 123�3� and
platelet �A= 37�1�B= 612�6�.
(7) Rise in � leads to �NG�0�3 < �NG�0�4 < �NG�0�5 <

�NG�0�6 and �Be�0�3 < �Be�0�4 < �Be�0�5 < �Be�0�6 for the
surface flow over thin needle.
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