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Abstract

An analytical study to determine the effect of certain material parameters on the rate of heat transfer and rate of
mass transfer was made. The hydrodynamical equations of continuity, momentum, energy and concentration
were non dimensionalized and solution obtained by perturbation method. Using numerical values, it was
observed that increase in Prandtl number, radiation and heat absorption, depreciated the Nusselt number and
skin friction of the nanofluid. Enhancement of the magnetic Hartmann number also enhanced the skin friction
but increase in the frequency of oscillation depreciates skin friction and enhanced the rate of mass transfer. The
Schmidt number depreciates both the skin friction and the Sherwood number as it is enhanced. The Grashof
number and the modified Grashof number enhanced the skin friction while the Reynolds number depreciates it
as they are enhanced. Increase in the porosity term, depreciates both the skin friction and the Sherwood
number. Calculation of mass efflux, mean temperature and mean concentration was also determined.
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I.  Introduction

As a result of technological development and improved methods of practice in almost every industry,
the use of nanoscience and nano technology is fast gaining momentum. In 1974 Norio Tanigudi first used the
term nanotechnology. The role of thermal radiation on the flow and heat transfer process is of major importance
in the design of many advanced energy conversion system operating at higher temperature. Thermal radiation
within this system is usually as a result of emission by hot walls and the working fluid, Seigel and Howell
(1971). Preparation of nanofluids involves single-step and two-step preparation process. However, Lo et al
(2005), developed vacuum based submerged arc nanoparticle synthesis to prepare copper (cu) based nanofluids
with different dielectric liquids. The copper nanofluid used was not prepared since it is very expensive but relied
on literatures of copper nanoparticles, ethylene glycol and water base fluids and their properties to determine the
effect of heat function on the hydrodynamic properties of copper nanofluid. Eastman et al (1997) developed a
modified vacuum evaporation onto a running oil substrate (VEROS) technique, in which copper (cu) vapour is
directly condensed into nanoparticles by contact with flowing vapour — pressure ethylene glycol. Ngiangia and
Orukari (2021) and Ngiangia et al (2022), investigated the heat transfer characteristics of copper nananofluid
and made useful deductions. Soares et al,(2020), considered the Evaluation of Silica Nanofluids in Static and
Dynamic conditions by an optical fiber sensor and concluded that the method offer better results than those
obtained by traditional mathematical models. Nanofluids preparation methods require advanced and
sophisticated equipments. This leads to higher production cost of nanofluids, but its characteristics outlined
cannot be over emphasized. The choice of non-spherical shape nanoparticle in this research is predicated on the
work of Aaiza et al (2015), where they mentioned desirable properties in cancer treatment. Also the choice of
copper nanoparticle with ethylene glycol and water as based fluids to form copper nanofluid is because it
possesses higher thermal conductivity and stability than other nanofluids. Enhanced thermal conductivity and
improved heat transfer are potent factors in scientific and engineering applications. The usual known base fluids
that are in use, needs not only modification but enhancement of the aforementioned properties. It is of necessity
that the application, mainly in viscosity and thermal conductivity that the analytical study of copper nanofluid
and its properties is proposed. The study will afford engineers and scientist the opportunity to select or choose
among a host of base fluids which of them and the nanoparticle required for producing the needed mean thermal
conductivity and effective viscosity for industrial application.
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Mathematical Formulation of the Physical Problem

Following the formulation of partl of Amadi and Amos (submitted) the dimensionless governing equations are
rewritten as
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The boundary conditions also transform into
u(0,t)=u(,t)=0,0(0,t)=0,0(1,t)=1,c(0,t)=0,C(L,t)=1
And parameters defined.

Method of Solution
The problem is solved and the solutions as contained in Amadi and Amos (submitted) is restated as
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And the parameters all defined.
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Skin friction, Nusselt number and Sherwood number

The skin friction at the walls of the channel, the heat transfer coefficient and the mass transfer coefficient, give
vital scientific and engineering information on some properties of the copper nanofluid.

The skin friction

ou
T =|— =g m,+pg,m, +Am, +Am, +Am, +Am,
oy
y=0
iot
+(B,my+ B,my, + Am,+Am, +Am, +Am,)e' %
Case 1
ou
T=|— =pg,m, +pB,m, +Am, +Am, +Am, +Am,
oy
y=0
iot
+(pm,+p,m, +Am, +Am, +Am +Am,e (®)
Case 2
ou
T = — =B,m, +B,m, +Am, +Am, +Am, +Am,
oy
y=0
iot
+(Bemy + Bom, + Am,+Am, +Am, +Am,)e ©)

The heat transfer coefficient is given as
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The mass transfer coefficient is stated as
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Further, the mass flux (Z ), the mean temperature (9m ) and mean concentration Cn respectively are obtained
by evaluating the integrals
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1. Results And Discussion
RESULTS

Table 1: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Prandtl number when

N=107,0=0.62,0w =123,y =0.00,M =0.21,Re =100,

Gr =0.03,Gc =0.05,Sc =0.15,k, =1.49,p =la’=1

Pr T Nu sh
071 — 4.68180 x10 321613
081 ~ 4.72119 x10 * 354692
091 47508 x10 7 380158
1ot — 4.79678 x10 Z 425318

Table 2: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Radiation term when

Pr=0.71,Q =0.62,w =1.23,y =0.01,M =0.21,Re =100,

Gr =0.03,Gc =0.05,S5c =0.15,k, =1.49,p =la’=1

N T Nu Sh
1.07 _ 4.68180 x10 2 -3.21613
2.07 _ 4.92317 x10 % -3.97385
3.07 _ 5 07895 x10 2 -4.80075
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4.07 -5.68498 --

- 5.17379 x10 %

Table 3: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Absorption term when

N =1.07,Pr=0.71, 0 =1.23,y =0.01,M =0.21,Re =100,

Gr =0.03,Gc =0.05,5¢c =0.15,k, =1.49,p =la’=1

Q T Nu Sh
0.62 _ 4.68180 x10 2 -3.21613 --
0.72 47972 x10 2 -3.23851 -
0.82 _ 4 77408 x10 2 -3.25991 --
0.92 -3.28008 --

— 4.82322 x10 %

Table 4: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Porosity term when

N =1.07,0=0.62,w =1.23,Pr =0.71,M =0.21,Re =100,

Gr =0.03,Gc =0.05,5c =0.15,k, =149, p=1a =1

x T Nu Sh
001 ~ 4.03149 x10 * - -
004 - 6.2262 x10 “ - -
007 ~1.08274 x10 © - -
0.10 - -

1.18991 x10 %

Table 5: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Magnetic field when

N =1.07,0 =062, =123,y =0.01,Pr =0.71,Re =100,

Gr =0.03,Gc =0.05,S5c =0.15,k, =1.49,p=1a" =1

M - Nu sh
021 ~ 4.03149 x10 * - -
0.51 3.49064 x10 2 - -
0.81 1.23615 x10 2 - -
111 - -

6.35315 x10 *

Table 6: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Frequency of oscillation when

N =1.07,Q=0.62,Pr =0.71,y =0.01,M =0.21,Re =100,

Gr =0.03,Gc =0.05,5¢c =0.15,k, =1.49, p =la’=1

2] T Nu Sh

1.23 _ 4.03149 x10 2 -3.21613 0.0991857
143 _ 408981 x10 2 -3.2118 0.11452
1.63 2 -3.20393 0.129572

— 4.12406 x10°
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1.83 _ 41442 x10 2 -3.05865 0.144344

Table 7: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Schmidt number when

N=1.07,0=0.62,w =123,y =0.00,M =0.21,Re =100,

Gr =0.03,Gc =0.05,Pr =0.71,k;, =1.49, p =la’=1

sc T Nu sh

0.15  4.03149 x10 % - 0.0991857
035 & 11531 x10 2 - 0.0962341
055 & 161 x10 2 - 0.0936341
0.75 £ 03163 x10 ? - 0.0470213

Table 8: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Grashof number due to temperature when

N=107,0=0.62,0w =123,y =0.00,M =0.21,Re =100,

Pr=0.71,Gc =0.05,Sc =0.15,k, =1.49,p =la’=1

Gr T Nu Sh
0.03 _ 4.03149 x10 % - -
0.06 ~3.94369 x10 2 - -
0.09 ~3.23663 x10 2 - -
0.12 .

- 3.6954 x10 % -

Table 9: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Grashof number due to concentration when

N=107,0=0.62,0w =123,y =0.00,M =0.21,Re =100,

Gt =0.03,Pr =0.71,Sc =0.15,k, =1.49,p =la’=1

Ge T Nu Sh
005 ~ 4.03149 x10 * - -
0.08 ~ 4.08967 x10 - -
0.11 ~ 4.33908 x10 * - -
014 — 4.58848 x10 “ - -

Table 10: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Reynolds number when

N =107,Q=062,w=123,y=0.01,M =0.21,Re =100,

Gr =0.03,Gc =0.05,S¢c =0.15,k, =1.49,p =la’=1

Re T Nu Sh

100 ~ 4.03149 x10Z -

200 — 2.08562 x10 “ -
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300 ~1.17991 x10 ®

400 ~ 5.62616 x10 "

Table 11: Computed values of the skin friction, Nusselt number and Sherwood number for various values of
Porosity term when

N =107,0=062,w=123,=0.01,M =0.21,Re =100,

2

Gr =0.03,Gc =0.05,S5¢c =0.15,Pr =0.71,p=1,a0” =1
k, T Nu Sh
149 — 4.03149 x10 % - 0.0991857
249 — 5.54165 x10 * - 0.0918653
849 ~ 6.32473 x10 % - 0.0838305
449 - 0.0770789

— 7.07076 x10 %

I11.  Discussion
Table 1 shows the variation of the skin friction and the heat transfer coefficient. Taking the

astrophysical mean Prandtl number of 0.71at mean temperature of 25 ° c , further increase, reveals that both the
skin friction and the Nusselt number are depreciated.

Radiation is brought about by conduction heat transfer as shown in Table 2, increase in radiation,
caused a decrease in the skin friction and Nusselt number. This observation is consistent with the study of Gao
et al (2018). Table 3, shows that, increase in the absorption term corresponds to a decrease in both the skin
friction and Nusselt number of the channel walls through which the copper nanofluid flows. As depicted in
Table 4, increase in porosity showed that the skin friction decreases but later showed marginal enhancement.
Table 5 displayed the variation between the skin friction and the magnetic Hartmann number. Increase in
magnetic field term shows a corresponding increase in skin friction early but later showed a decrease as the
Hartmann number is further increased. The relationship between the frequency of oscillation and the skin
friction as well as the rate of heat transfer coefficient and the rate of mass transfer coefficient depicted in Table
6, showed that, as the frequency of oscillation increases, a decrease is observed in the skin friction. Increasing
the Schmidt number as shown in Table 7, brings about a decrease in both the skin friction and the rate of mass
transfer coefficient. Grashof number approximates the ratio of the buoyancy to viscous force acting on a fluid in
boundary layer. Therefore, the skin friction enhances as a result of increase in Grashof number due to
temperature as illustrated in Table 8 and same result is observed in the skin friction as the Grashof number due
to concentration is increased as shown on Table 9. Increase in Reynolds number means more collision of the
copper nanofluid with the channel walls but increase viscosity hence reduces the skin friction as observed on
Table 10. This result is the same with the result of Ngiangia and Nwabuzor (2019). Table 11 illustrates that an
increase in porosity term results to a corresponding depreciation in the skin friction as well as the rate of mass
transfer coefficient and the result is in agreement the work of Ngiangia and Nwabuzor (2022).
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