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Abstract. This study aimed to investigate on the effect ofapeeters in nanofluid flows

in a Channel with Navier Slip and Convective Coglirhe nanofluid in a channel modal
was developed for determining the effect of différgparameter on velocity and
temperature of nanofluid and to determine the eftdcNavier slip. The appropriate
mathematical model for the problem was derived frtm laws of conservation,

momentum and energy balance where both first acohselaws of thermodynamics are
utilized to analyze the model problem. Using diszegion finite difference method

together with Runge-Kutta Fehlberg integration sehémplemented on the Computer
using Matlab software, the governing partial diffietial equations was solved
numerically.

The Alumina (Al,O,) and Copper(Cu) nanoparticles was used to formulate

water based nanofluid. The findings showed thabfith Alumina-water and Cu-water
nanofluids velocity increases with time until iaohes their steady state, but Alumina-
water reaches its steady state earlier than CurwEte nanofluid velocity increases with
Reynolds number (Re), pressure gradient, (A) butredeses with an increase in
nanoparticle volume fractiof. The nanofluid temperature increases with Eckertlrarm
(Ec), but decrease with an increase in Biot nuniBgrand nanoparticle volume fraction

(9).
Keywords: Channel; Parameters; Nanofluid; Navier Slip; Cative Cooling.

AMS Mathematics Subject Classification (2010): 82D80

1. Introduction

Nanofluids is formed when nanoparticles is suspéridea base fluid, typically water.
Materials used as nanoparticles includes; Oxideanties-AbO;, CuO-Metal carbides,
Sic Nitrides- AIN, SiN Metals, Al, Cu Metals, Nondthals- Graphite, Carbon nanotubes
Layered- Al+ALO;, Cu+ C Base fluids includes; Water ethylene-ocethylene-glycols
and other coolants oil and other Lubricants Biddfuand Polymer solution. The figure
below shows the formation of nanofluids:

145



Issa Shaban Mfinanga
| |

a)
oo
L : ‘J' a%
-e_o - -
£ 3 —‘.}::—- — -
-
o o o - > oo
- “’t oo ©
s e i e N rvoga rtic e
symthesirer Nunopartich + Basefhokd Stabsbe e rofMuid
(L s mic ation )
b) Dispr ruant addition

ﬁ;{tg

U Mrasormic ot bon

Figure 1. Nanofluid formation

Mkwizu and Makinde [1] in 2014 investigated on #metropy generation in a variable
viscosity channel flow of Nano fluids with convesicooling. The results were as
follows; the non-fluid viscosity and temperatureofiles increases with an increase
Eckert number (Ec), but decreases with an incrgaBiot number Bi). Nanoparticle
concentration increases along the centreline regimhdecreases near the walls, with an
increase in Eckert number (Ec) and Thermophoremianpeter (Nt). Also they observed
that the skin friction increases with Eckert numfiec) and pressure gradient (A), but
decreases with Eckert number (Ec) and Thermoptsopasameter (Nt).

Anoopet al [2] in 2009 conducted an experimental investigatito convective
heat transfer characteristics, in the developimggoreof a tube flow, with alumina-water
nanofluid. They found that the enhancement of hemisfer coefficient of alumina
nanofluids depended on particle sizes and the obrreeheat transfer coefficient of
nanofluids enhanced with increasing nanoparticteentration.

Makinde and Eegunjobi [3] in 2013 did an investigat on analysis of inherent
irreversibility in a variable viscosity magneto-mgdynamic (MHD) generalized Couette
flow with permeable walls. They found that the oml design and the efficient
performance of a flow system or a thermally desigsgstem can be improved by
choosing the appropriate values of the physicahmaters, and this was because there
are effects towards the upper and lower movingeplat

Chenet al [4] in 2014 from the investigation they made, tli@ynd out that for a
lower Brinkman number, the local Nusselt numbetha& nanofluid on the hot wall is
greater than that of pure water and increases \aith increasing nanoparticle
concentration. Vice-versa was also true for higbarkman number. Finally, the average
entropy generation number of the nanofluid wastless that of pure water.

Khanaferet al [5] in 2003 presented a theoretical analysis fooyancy-driven heat
transfer enhancement in a two- dimensional enatostilizing nanofluids. Abu-Nada [9]
reported the application of nanofluids for heanhsfer enhancement of separated flow
encountered in a backward facing step.

Biancoet al [6] in 2011 investigated on an entropy generatioalysis to find the
optimal working condition for the given geometryden given boundary conditions, they
proposed a simple analytical procedure to evaltlge entropy generation and the
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outcomes were compared with the numerical calaratiA comparison of the resulting
Nusselt numbers with experimental correlationslaiée in literature was accomplished.
They found that to minimize entropy generation, dpdéimal Reynolds number must be
determined.

Rashidiet al [7] in 2013 conducted a study based on entropg@dion in steady
magneto-hydrodynamic (MHD) flow due to a rotatingrqus disk in a nanofluid. The
main purpose of this research was to use the sdawandf thermodynamics efficiently in
calculations of rotating fluidic systems. Also famdental objective of the second law
thermodynamics analysis had also been achievedtbatthe minimization of entropy in
the swirling disk flow regime, when the magnetidenaction parameter, suction
parameter and nanoparticle volume fraction dectease

Ehsanet al [8] in 2011 conducted a numerical investigation f@at transfer
performance and pressure drop of nanofluids fldwsugh a straight circular pipe in a
laminar flow regime and constant heat flux boundamydition. The results indicated that
the particle volume concentration, Brownian motemd aspect ratio of nanoparticles
similar to flow Reynolds number increase the heandfer coefficient, while the
nanoparticle diameter has an opposite effect ohelae transfer coefficient.

Jawadet al [9] in 2016 presented a study focused on the ptaten of a
numerical solution for copper-water nanofluid thybwa stretching channel with spherical
and cylindrical shape nanoparticles. The analydisnanofluid in a channel with
stretching walls under slip effects was made bsothicing the conservation equation of
nanoparticle volume fraction into Hamilton-Crossemanofluid model. The study
revealed that the thermal boundary layer thickriesgeases by increasing the solid
volume fraction.

Matofali [10] in 2020 he did an investigation oretbkffects of navier slip and
upper wall permeability of nanofluids flow with ceegctive cooling. The mathematical
model of channel flow of nanofluids (alumina or @epas nanoparticles) was used. The
study revealed that, the velocity of nanofluids rdase with increase in friction and
increase in nanoparticle volume fraction causee@edse in velocity of nanofluids,
whereas the nanofluid temperature increases witkefEcnumber, pressure gradient
parameter, time and space. Nanofluid temperatuie degreasing with an increase in
Reynolds number and nanoparticle volume fraction.

Mkwizu et al [11] in 2015 conducted numerical investigation irgntropy
generation in a transient generalized Couette #bwanofluids with convective cooling
and come with these results such that the Alumiatemnanofluid tends to flow faster
than Cu-water nanofluid, the temperature of Cu-watanofluid rises higher than
Alumina-water nanofluid and Cu-water nanofluid prods higher skin friction than
Alumina-water nanofluid.

The Alumina-water nanofluid produces higher entrgpyeration rate than Cu-
water nanofluid near the lower wall, but as it agmwhes the upper wall, Cu-water
nanofluid produces higher entropy generation ize tAlumina-water nanofluid.

2. Mathematical model

The effects of Navier slip on flow of water basethofluids containing Copper (Cu) and
Alumina (Al,Os) as nanoparticles are considered. This study asstinat the lower wall
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doesn't move at >0 where by the upper wall moves and exchange hehtamnbient
surrounding following the Newton’s law of coolinfjake a Cartesian coordinate system
(X, y) where x lies along the flow directiony is the distance measured in the normal

direction as shown in the figure 4 below;

aT
u=0, —knfazh(T—Tw), y=a
d
ury, = —Bu T=T, y=0

v

v

v

v

v

Figure2: Schematic diagram of the problem under considarati

The governing equations for the nanofluids momerdmchenergy in one dimension with
assumption above, can be written as follows

ou 1 0P | Unfd%u  Owp,

= > — (1)
0x Pnf 0X  pny 0y Pf

oT 92T nflins [0u]?

o =ty oy + LA 2] @
0x dy?2 knr Loy

whereu is the nanofluid velocity in the x-direction, Ttise temperature of the nanofluid,
P is the nanofluid pressurejs the timea is the channel half widtty,, is the ambient
temperaturey,, s is the dynamic viscosity, ¢ is the nanofluid thermal conductivity,
Pny is the density of the nanofluid, amg,; is the thermal diffusivity of the nanofluid
which are given below as (Abu-Nada 2008; Makind&Z2®013a; Bejan 1982);

Hnf = g (3)
Pnr = (1 —@)ps +(sop;, (4)
kn PCp),
D = e T e )
knp _ (ks—2kf)—2¢(kf_is)
ke (kst2kp)+o(kp—ks) )
(pep),,, = A= 0)pcy) , + 0(pcy), (7

The nanoparticles volume fraction is representedplfey = 0 correspond to regular
fluid), prandpg are the densities of base fluid and nanopartiespectivelykrand k;
are the Thermal conductivities of the base fluidd amanoparticles respectively,
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(pcp)fand (pcy) are the Heat capaciies of the base fluid and ratioles

respectively. The initial and boundary conditions as follows;
U(y,0 =0, T(y,0)=0
u@t)=0T(0O1) =T,

Hr 5 (0,8) = =Bu(0,0)

oT
s 55 (@) = h(T(@,0) = T,)

where thel,, is ambient temperature of the wall.
Table 1 below presents thermo physical propertfesater, copper and alumina at the
reference temperature.

(8)

Table 1. Thermophysical properties of the fluid phase (Weded nanoparticles

Physical Fluid Copper (C,) Alumina(4l,05)
Properties Phase(Water)
Cpo(J/kgK) 417¢ 38t 76E
p(kg/m3) 997.1 893: 397(
KW /mK) | 0.61: 401 40

We introduce the dimensionless variables and pasmas follows:

T-T, tu = opP c
Qz—w,W:E’t:—,yf:ﬂ’P: VA= ——, X:f’n:X,Pr:—#fpf’
Tw U a Pr X a a ke
vz (pep)y  (kgt2kp)+e(kp—ks) _Uq

c

- lT - ’
CPfTW (pcp)f

© (ks+2kp)—o(kp—ks)" 7€ T vy

The dimensionless governing equations together thétappropriate initial and boundary

conditions can be written as;
ow A 1 o%w

o Re(1-9+7Ps/p ) ¥ Re(1-0+%P5/p ) (1-0)?5 an?’ (1)
0 1 220 E. aw\?
Ot mPRo(1-@+@T) 0N | Re(1-@+¢1)(1-)25 (W) ’ (12)
With initial and boundary conditions;
w(n,0) =6(n,0) =0
w(,t) =6(0,t) =0
ow a
W 0.1y=-P2wor) (13)
an M

06 (1,t) = —mBif(1,t)
an ) - mbl )

3. Numerical procedure
Using a discretization finite difference methode thonlinear initial boundary value
problem (IBVP) in equation (8) and (9) can be sdlvweimerically. We use partition of
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the spatial interval0 <7 < 2 into N equal parts and define the grid siZe; :% and

the grid point7, :(i —1)A/7 andl<i < N +1, the first and second partial differential
equations were discretized using the central diffee method. LedV (t) and 8 (t) be

the approximation ofW(77,t) and 8(1,t) then the semi-discrete system for the
problem becomes;

d_W — A + 1 Wit1—2Wi+Wi_4 0-4)
ax _o25( (1— Ps —o2s((1— Ps (an)? ’
(1-6)25( (1-0)+¢ /pf (1-0)25( (1-0)+¢ /pf
a8 _ i (9i+1—29i+9i—1) Ec (Wi+1—Wi—1)2 15
dX  mP.(1-6+61) (An)2 Ro(1-6+67)(1-6)25 247 ’ (15)

Equations (14) and (15) are systems of first oatelinary differential equations with

known initial conditions and boundary condition.eBle can be easily solved iteratively
using Runge-Kutta Fehlberg integration techniquelémented on computer using
Matlab.

4. Results and discussion

In this study, pure water has been consideredeabake fluid and the nanoparticles used
are copper@u) and alumina Al203). The Prandtl number of the base fluid (water) is
kept constant at 6.2 and the effect of solid voldraetion is investigated in the range of
0< ¢ < 0.3. Numerical solution for the representative velpfield and temperature field
has been carried out by assigning some arbitrapsarh specific values to various
thermophysical parameters controlling the flow egst(see figure 4.3- 4.11). The
detailed discussion and graphical representatiothefresults of above equations are
reported in this section.

4.1. Effects of parameter variation on velocity profiles

In this section, nanofluid velocity profiles arkifitrated and effects of various parameters
on nanofluid velocity are presented. Figure 3 andegpicts the variation of velocity
profile of two different nanofluids for a given seft parameter values as space and time
increases.
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In figure

with Navier Slip and Convective Cooling
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Figure 3: Nanofluid velocity profile with increasing time (t)

3 it is observed that the velocity incgea with the increase of time for a given

set of parameter values, as the space increasesathefluid velocities decreases,
Alumina-water nanofluid tends to flow faster at theft plate than copper-water
nanofluids as time increases. This result may be tuthe low density of alumina
nanoparticle as compared to copper nanoparticle.

Velocity(w)
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Figure 4: Nanofluid velocity profile with increasing spacg (
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In figure 4, it can be noticed that the nanofluilocity increases with time as well as
space, the nanofluid velocity is maximum at thdél whthe lower plate and minimum at
the wall of the upper moving plate, Alumina-watemofluid tends to flow faster than
copper-water nanofluids as time increases. Thigitresay be due to the high density of
copper nanopatrticle as compared to Alumina nanicpert

081
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3041
02r t=05,06,07,08
A=1,Bi=5Ec=2f=1,0=01Pr=62Re=1
(L | | 1 | | 1 1 | |

0 002 004 006 008 01 012 014 016 018 02

t
Figure5: Nanofluid velocity profile with increasing (t)
From figure 5, it can be observed that an incraaséme (t) causes an increase in
velocity. This result may be due to the fact timet fiuid flow doesn’t have nanoparticles
such that f = 1.

02

t=05,06,07,08
015 A=1Bi=5Ec=27f=1, 6=01,Pr=62 Re
=1

0.05

|
0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

n
Figure 6: Nanofluid velocity profile with increasing (t)
From figure 6, it can be observed that an incréagame span (t) causes an increase in
velocity from ;) 0.6 to 0.95. Also the fluid velocity increasewly from the lower plate
and increasing faster as it approaches the uppts. gthis result may be due to the factor
that the fluid flow doesn’t have nanoparticles stiedt f = 1 and the velocity of the plate
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tends to increase the velocity of the water floughsthat water move with the resultant
velocity.

012~

015~

A=1,Bi=5,Ec=2, ¢$=0.1,Pr=6.2,Re=1

0105

3 01F

0.095

009 -

0.085

008 -

Figure7: Nanofluid velocity profiles with increasing (f)
Figure 7, shows that, an increase in nanopartigipurities (f) causes decrease in
velocity. This result may be due to the density #ralviscosity of the nanofluid which
increases with an increasing nanoparticles impufigain the observation show that the
nanofluid velocity increases to the maximum at ti@ving upper plate of the channel
flow.

009 - ———————— Copper-water

A=2,Bi=6Ec=0.1,f=1, $=01,Pr=62,Re=0.1,

007 - =10, 20, 40, 50

| |
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[

Figure 8: Nanofluid temperature profiles with increasingcpé)
Figure 8 revelled that an increase in spagec@uses an increase in temperature. Also
there is high temperature when the space is 0 @andtémperature at the upper plate
when the space increases above 0. This result majub the factor that temperature
increase when the space of the channel flow islsandl the temperature decrease when
the space is large.
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Figure9: Temperature profile with the increase in time (t)

Figure 9, shows that, an increase in time (t) cawke decrease in temperature. This
result may be due to the convective cooling dukeat loss to the ambient surrounding
from the channel walls. Moreover, it is observeat tiihne temperature decreases with the

increases of time.
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Figure 10: Temperature profile with the increase in Biot num{is)
The effects of the Biot number Bi on temperaturaifas is illustrated in Figure 10. It is
noted that the nanofluid temperature falls as tloé Bumber increases since an increase
in Biot number indicates a rise in convective cogldue to heat loss to the ambient
surrounding from the channel walls.
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Figure 11: The temperature profile with the increaset)n (

Figure 11, shows that there is a decrease in tetyyerwhen there is an increase in
nanoparticles to the channel flow, this may be doethe fact that nanoparticles

introduced into the channel flow absorb heat anttb@eeduce temperature. Not only that
but also at the lower plate there is low tempemttompared to the upper plate, this
effect may be due to the factor that there is tlaidnal force between the upper plate
and the moving nanoparticles at the lower plate.

5. Conclusion

Computational model and thermodynamic analysishef Effect of Navier slip and
Parameters in nanofluid containing Copper (Cu) Alinina (Al,O3) as nanoparticles is
presented. Using a sem-discretization method tegethith Runge-Kutta Fehlberg
integration scheme the transient problem is nurallyidackled. Some of the results
obtained are as follows:

The Alumina-water nanofluid tends to flow fasteathCu-water nanofluid. For both
Aluminawater and Cu-water nanofluids their veloditgreases with time until they reach
their steady state, but Alumina -water reachestéady state earlier than Cu-water. The
nanofluid velocity increases with Reynolds numbBe) pressure gradient, (A) but
decreases with an increase of nanoparticle voluamidn¢. The nanofluid velocity is
maximum at the lower plate of the channel flow amdimum at the wall of the upper
plate as the space increases. The temperatureuafidd—water nanofluids rises faster
than that of Cu—water nanofluids. The nanofluid gemature increases with Eckert
number (Ec) and space increases, but decreasendfluid temperature is noticed with
an increase of Biot number (Bi) and nanoparticleive fraction §).
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