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Abstract

The behavior of the Fe,Os/water nano-fluid with turbulent flow is numerically studied. The nano-
particles Fe;05; with a diameter of 36 nm were scattered into water with volume fractions of 0,2%,
0,6%, 0,8%, 1%, 1,5% and 2% in water with 20C° circulating in a circular tube with Reynold 's number
(3000 — 22000) are examined under constant heat flow condition. A "single phase model" numerical
method is employed. The results showed an excellent agreement between data correlates, our
numerical and experimental results, as well as that Fe,O5; nano-particles have been added to the base

fluid to increase the heat-transfer characteristics.
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Introduction

Nano-particles are today a major challenge in
technology and economics. In many key fields, such
as health, energy or industry, these offer very
promising innovations. Nanofluids are
anemometric particle dispersions (typically less
than 100 nm in diameter), called nano-particles, in
a base fluid in order to improve certain properties.
[1-4]. The first fluid dispersed by nano-particles was
prepared by Choi in 1995[5].A number of authors
have done experimental and theoretical research
on improving heat-transfer with nanofluids [6-13].
Their results have shown that the heat-transfer
rate of nano-fluids is higher than that of base fluids
(water).
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Much is being done about the Al,O; nanofluid,
which is being experimentally studied by Kim et
al.[14] on the impact of the nanofluid on the heat-
transfer via a circular tube in a turbulent Al,O; n
nanoparticle regime. The use of Al,Os;/water nano-
particles was shown to increase the n heat-transfer
rate. The rate of improvement was 15 % and 20 %.
The Sundar and Sharma[15] measured the heat
transmission factor in an experimental study on
turbulent flow through a uniformly heated pipe and
also the Al,Os/water friction factor for various
Reynolds numbers.

In FesOs/water nanofluid flows through a horizontal
tube, we have very little work in literature other
than experimental study , for example the study of
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Syam et al.[16] in which the authors investigated
the effect of the use of FesOs/water
experimentally,

In another experimental study, Syam et al [17], the
authors carried out a thermal and physical study to
find the different properties of nanofluid
Fes04/water for different initial temperatures (20,
40 and 60C°), they recorded several important
tables of properties.

A recent experimental study [18], the authors
continued the work of Syam et al [17], they have
made available a very important table of properties
which contains the physical and thermal properties
of FesOs/water for other initial temperatures (30,
40,50 and 60C°).

The purpose of this study is to help in a further
turbulent convection using Fe304/water
Nanofluids in circular tubes with a diameter of 36
nm Fe304 particles.

We used in this article the Single-phase Fluid'
approach for studying Fe304/Water thermal
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q=3500W/m?
Yy v 3

behavior nanofluids with multifaceted Reynolds
(3000-22000) and volume fraction range ($=0,2 %
to $=2%) with friction, velocity distribution, drop in
pressure and Nusselt numbers. The results
obtained by the finite volume method are
achieved.

1. Mathematical formulation and numerical
methods
Figure 1 represents the geometry of the tube
studied, dimensions are 1.7 m and 0.014 m in
length and diameter respectively.

2.1. Boundary Conditions
The nano-fluid used is a mixture of 36 nm of water
and Fes0, particles. The fluid enters the pipe at the
same temperatureTO = 293 K, the velocity derived
from the number of Reynolds we select, usual non-
slip conditions with the same thermal flux condition
g”=13.5Kw/m? Static measuring pressure at the
outlet is given on tube wall Pgage=0.
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Fig 1. Schema of the configuration under investigation

2.2. Governing Equations.

In this article, the steady-state control of the equations can be expressed as follows for fluid flow and heat-
transfer in the "single-phase fluid" with constantly physical properties Newtonian and incompressible [19] .

Continuity equation.

V.(p?) =0 (1)

Momentum equation.
V.(p#) = —Vp + V. [u(V + ViT) - 2V. 51| + pg
Energy equation.
V. (pBC,Tur) = 7.(KVT,)
2.3. Turbulence Modeling.

(2)

(3)

The k-g -model with improved treatment of the walls proposed by Launder and Spalding [20], Shih et al
[21], is considered in the current work. The k-u model has two equations: the kinetic energy turbulent and

the dispersion rate
V. (pmv;nk) =V (ii—km Vk) + Gtm — PmE

V. (pm ‘_/:HE) =V. (ﬂz_km VE) + % (Cl Gk,m - CZPm‘S)

Where
RZ

Hem = PmEIu = (6)

— — T
Gk,m = Mt,m(vvm + (VVm) )
2.4. Nanofluids Physical Properties.
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(5)

(7)
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The nano-particles of this study are supposed to be distributed evenly into the basic fluid so that particle
concentrations are uniform and the following equations are used to calculate the different physical and
thermal characteristics of the resulting compound.

The density [22]-[23].

pn = (1 —@)ppy + @pp (8)

The specific heat [24].

(Cp)nf =((1- (P)(Cp)bf + @(Cp)p)fpnf (9)

Nanofluid dynamic viscosity [25].
According to experimental results of Maiga et al.[25] , the dynamic viscosity is calculated by the equation.
pnp = (1239 + 4.3¢ + Dy (10)
Nanofluid thermal conductivity [26] .
With the same parameters taken to calculate dynamic viscosity, and thermal conductivity is calculated by
the formula specified in. [26].
knf = (497(,02 +2.72¢ + l)kbf (11)
The thermophysical properties of the base fluids n (water) and nano-particles (Fes0,) are specified in Table
1, respectively. All the properties were adopted from Sarkar [17].

Table 1: Thermo-physical properties of Fes04 nanofluid with 36 nm of diameter at 20C° temperature [17]

Property
p, Kg/m3 k, w/mK Cp, J/Kg.k K4, mPa.s | Volume concentration
d%
998.5 0.6024 4182 0.79 0%
1008.12 0.6524 4174.97 0.84 0.20%
1017.74 0.67453 4167.95 0.93 0.40%
1027.36 0.69023 4160.92 1.01 0.60%
1036.99 0.7154 4153.9 1.32 0.80%
1046.61 0.72978 4164.88 1.44 1%
1070.67 0.73787 4129.32 1.56 1.50%
1094.73 0.75256 4111.76 1.65 2%

3. Grid Independence Test

Figure 2 shows the network independence check for numerical solution, where the Nusselt number is
checked, the state 1 network system (1000 x 100) was adopted which did not require more time and
energy for the computer, because the very small deviation between them and the experiment value was (
Less than 1.3%).
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Fig 2. Grid test for Re=10000 and $=0.0%

eISSN1303-5150 @ www.neuroquantology.com

72



NeuroQuantology | March 2024 | Volume 22 | Issue 2 | Page 71-82| doi: 10.48047/nq.2024.22.2.NQ24008
Medjahed Driss Meddah et al/ Improvement Of Heat-Transfer Using Non-Newtonian Nano-Fluid Fe3sOs Under Constant Heat Flow In Horizontal Tube

4. Numerical Validation and Method.
The equations (1-7) are solved using the FLUENT code [19] by means of approach to control volume. The
basis of this method is spatial integration and conversion of preservation equations into algebraic
equations.
The Nusselt Number numerical values are compared to the estimated values as in following equations.
(a) Gnielinski's [27] single-phase fluid correlation.

g(Re—IOOOJ.P?‘

Nu = 12
1+ 12.7-(5)9'5 (Pr2/3-1) (12)

For 2300 = Re = 5.10° and 0.5 < Pr = 2000
Where f = (1.58 [nRe —3.82)72

b) Notter and Rouse [28] single-phase fluid correlation.

Nu = 5 + 0.023Re %86 py0-347 (13)

(c) A correlation is developed by Sander with experimental data that is useful to estimate the number of
Nusselt and Fe304/water nano-fluid valid in the range of 3000 < Re < 22000, 3.72 <Pr< 6 Sander [16] .

Nu = 0.02172Re®8Pr0* (1 + ¢)0>181 (14) 73
The numerical values of friction factor are compared by the equation (15) of Blasius [29] valid for 3000 < Re

<10°.

f = 4x0.0791/Re%2%> (15)

160 o
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Fig 3. Validations of Nusselt number with the proposed correlations and experimental results with the
numerical results.

To check that the Nusselt number from this numerical study is correct, we compared the results obtained
by studying water flow with different Reynolds numbers from 3000 to 22500 with the values obtained from
the experimental study of Sander [16] and the results of the equations Gnielinski [27] and Notter and
Rouse. [28]. Figure 3 shows agreement and good convergence between the studied values, experimental
values and equations Figure 4 shows the results of the comparison the friction factor in this numeric study
with the experimental study results of Sander and the results obtained from equation 20, the results were
also very identical which indicates the reliability of the values.
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Fig 4. Validations of friction factor with the proposed correlation with experimental and numerical results

5. Analysis of the results

In this part, the nano-particles concentrations Fe304 were increased from ¢ = 0.2, $ = 0.4 and ¢ = 0.6 and
the following results were obtained.
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Fig 5. Effect of nano-particles volume fraction of FesO4-water on the Nusselt number at different numbers of
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In Figure 5, the results of this study show a good convergence of Nusselt number between our simulations
compared to Equations 15, 16 and 21 with different nano-particles concentrations Fes04(a) ¢ = 0.2% (b) ¢ =
0.4, (c)p=0.8.

As for comparing our results and experimental results of Sunder [16], we note that the variation of the
results became greater than 4% when ¢ = 0.2% at the Reynolds value of 18000, but at ¢ = 0.4%, the same
error 4% corresponds to the Reynolds 16000, as for ¢ = 0.6%, the error starts early at the Reynolds value
only 14000, so whenever the nano-particles concentrations Fe30O4increases, Sundar's experimental
results[16] begin to deviate from the results obtained with correlations 15, 16 and 21 and the numerical
study.
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Fig 6. Effect of nano-particles volume fraction of Fe304-water on the Nusselt number at different Reynolds
numbers
Changing the nano-particles concentration Fes0s from $=0% to $=2% with different Reynolds numbers
from 3000 to 22500 was represented in Figure 6 to obtain the different Nusselt numbers, it was observed
that the Nusselt number improved with increasing nano-particles concentration on the one hand, and by
increasing the Reynolds number on the other hand, and it was also noticed that this improvement of
Nusselt numbers increases with increasing of nano-particles concentration Fe30..
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Fig 7. The ratios of the increase of the Nusselt number from value ¢ =0% to ¢ =2% for Reynolds numbers,
3000, 6000, 12000, 18000 and 22000

Figure 7 shows the variations of a Nusselt number against different the nano-particles concentrations (¢)
for several Re numbers 3000, 6000, 12000, 18000 and 22000. The Nu number increases significantly with
increasing the Re number, for small Re number values (3000) the percentage increase of the Nu number
does not exceed 8%, at Reynolds 12000, the rate of Nu number improvement increased to 14.6%, and this
increase was close to 26% at Reynolds 22000.

On the other hand, this curve (Figure 7) shows that changing the nano-particles concentrations (¢) values
from 0.2% to 1% is the region in which the largest percentage increase in Nusselt number occurs, while
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when the percentage of nano-particles concentrations (¢) is less than 0.2% and exceeds the value of 1%,

the Nusselt number does not increase by great values, especially for small Reynolds numbers.
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Fig 8. Effect of nano-particles volume fraction of Fe304-water on the Friction factor at different Reynolds
numbers

To study the change of the friction factor with the change of Reynolds number and the proportions nano-
particles concentration Fes0,, Figure 8 was obtained show a comparison between the numerical study
results and the experimental study of the Sandar on the one hand and the result of equation 20 for three
percentages of nano-particles concentrations $=0.2%, $=0.4% and ¢$=0.6% on the other hand for different
numbers Reynolds,where the Darcy equation [30] was used to calculate the friction factor.

_ 2DAPyy
}C?I,f L2 pnf (16)

A great convergence was observed between the results of this study and the results of equation 20 when
the water is devoid of nano-particles ($=0.0%), as shown in Figure 4, with the increase of nano-particles
concentration, the results of this study remain close to the results of equation 20 as shown in Figure 8,
while the experimental results of Sandar are somewhat higher for the small Reynolds values. When
Reynolds values exceed 12000, a great convergence was observed between the various results, whether
numerical, experimental or analytical 20, as well as the friction factor decreases with decreasing Reynolds
number and with decreasing of nano-particles concentration in all cases Figure 9.
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Fig 10. The variations of the pressure drop vs. Reynolds number for different volume fractions
Figure 10 shows the changes of pressure drop vs. Reynolds number for different nano-particles
concentrations. The pressure drop increases significantly with the increase of the nano-particles

concentrations and also with the increase of Reynolds number,
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Fig 11. The relation between Nusselt number and pressure drop vs. Reynolds number for $=0.1% and $=1%

To achieve a good heat-transfer represented by an increase in the Nusselt number, it requires an increase
in the nano-particles concentrations (¢%) values and an increase in the Reynolds values, as shown in Fig.
11, but on the other hand, this increases, lead to an increase in pressure drop, for example, Re=12000 is
considered the best because Nusselt number after this value of Reynolds number increases by small values,
unlike pressure drop increases by significant values.
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Fig 12. Comparison of the correlated Nusselt number data and simulation results
Figure 12 represents the comparison between the Nusselt numbers obtained from the correlation (15) and
our modeling results for different Reynolds [(Re), (300<Re<2300)], with several nanofluid concentrations
(=0 to $=2) the results were very consistent as the error does not exceed the value of 4%.
Figure 13 (a) and (b) show the temperature contour in the last part of the tube, for the nanofluid (¢= 0.2%)
at Reynolds number 10000, and 22000 respectively, temperatures at Re = 22000 were lower than at
Re=3000. The reason for this was the flow velocity and the presence of nano-particles that affect the

temperature distribution.

RN

(b) Nanofluid ($=1.0%), Re=22000
Fig 13. Temperature contour in the end part of the pipe

Conclusions

In this study, a numerical investigation of the
turbulent flow of Fe3Os/water nanofluids flowing
inside a horizontal tube with 1.7 m long and 0.014
m in diameter, exposed to a uniform and constant
heat flux boundary condition of 13500W/m? with a
single phase approach, was performed,
successfully.

e The thermal and physics properties were
approved from the studies in literature, in
the study of Sundar et al. [17], where the
particle of Fe304 with a diameter of 34 nm

elSSN1303-5150
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with nanoparticle volume concentration
from 0.2% to 2%.

First, the best grid was determined, which
gave results close to the experimental
results.

The numerical results represented by
friction factor , Nusselt number and
pressure drop obtained in this study were
compared with the results of Sundar et al
[16] to ensure the reliability of the results,
the congruence was very large between the
various numerical and experimental results.
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The  convergence was  particularly
significant for Reynolds numbers
Re>=12,000 for the different nanoparticle
volume concentrations.

It has been proven that an increase of
nanoparticle volume concentration and
increase of Reynolds leads to an increase in
the Nusselt number, where when the
Reynolds values was elevated, this increase
was significant, and the study also proved
that the nanoparticle volume concentration
confined between ($=0.2% to $=1%) is the
increase of the values of Nusselt number
with a significant and large value. Whereas
for the nanoparticle volume concentration
less than 0.2% and greater than 1%,
increments in the Nusselt number was not
significant, especially for small Reynolds
numbers.

By comparing the change of Reynolds
number and the change pressure drop in
the same curve, we notice that the increase
of Nusselt number increases with the
increase of Reynolds number, but at the

Nomenclatures

Ck, Cu  constants
Cp capacity heat
D diameter pipe
dnp diameter nanoparticle
f friction coefficient
h heat-transfer coefficient
I turbulence intensity
k thermal conductivity
k turbulence of kinetic energy
L length pipe
Nu Nusselt number
P pressure
Pr Prandtl number
Re Reynolds number
T Temperature
U, Medium velocity vector components
V,W

Greek symbols
A difference

particle volume fraction

£ dissipation rate of turbulence kinetic

energy

elSSN1303-5150

Scop

W.m?2.K?

W.m1K?

same time the pressure drop was increase
too, so the increasing of Nusselt number
must be balanced with the reduction of the
increase in pressure drop.

Nusselt values obtained numerically
maintain a good conformity with previous
available data approach (15), as the
deviation does not exceed 4%.

es and Perspectives.

Continuing with a numerical study with the
same conditions in small Reynolds
numbers, (laminar flow) and compare it
with turbulent flow.

Continuing the study with other values of
nano-particles diameters.

Using and comparing single-phase and
multi-phase approach.

A comparative study of nanoparticle
Fes04/water with some other nanoparticle
materials.
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overall energetic efficiency
kinematic viscosity

uT turbulent dynamic viscosity
dynamic viscosity, Pa.s

T shear stress

o density

vT turbulent kinematic viscosity

w speciffic turbulence dissipation rate

Indexes — exponents

m mean quantity
bf refers to base fluid
0 guantity evaluated at the inlet
friction quantity
nf refers to nanoparticle
nf refers to nanofluid
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