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In this work, an experimental system was established to measure the heat transfer
characteristics, including the heat transfer coefficient, overall heat transfer, Nusselt
number, and thermal conductivity. The investigation focused on spring water and tap
water-based nanofluids containing Fe20s and ZnO nanoparticles with particle sizes of
50 nm and 70 nm, respectively. The experiments were conducted inside an automobile
engine, studying the effects of varying nanoparticle volume fractions at a constant
temperature. Fe203 and ZnO concentration in the respective based fluids was verified
between 0.02 % and 0.08 % v/v and 0.01 and 0.07 %, respectively. The spring water is
not so far used in the previous studies and is much more available in Kurdistan region.
Reynolds numbers of nanofluids inside the engine were considered between 1000 to
8000 in a different range as that of the literature review. Reynolds analogy for heat and
momentum has been employed in this study. It was observed that the thermo-physio-
mechanical properties of nanofluids increased with increase in the concentration of
nanoparticles and Reynolds number. However, the friction factor decreased with
increasing Reynolds number but increased with an increasing volume concentration of
nanoparticles. Generally, the results showed that the enhancement of the effective heat
transfer of the nanofluids reached 46%, the overall heat transfer coefficient reached
39%, thermal conductivity reached 21.35% and Nusselt number reached to 38%. at
0.08% volume fraction of Fe203/spring water nanofluid. Based on all previous
parameters estimated, the designed nanofluids in this study could be classified as a
workable nanofluid in many industry applications.

1. Introduction

In many engineering

nanoparticles [2, 3]. Heat transfer is used in
solar thermal collectors to convert solar energy

applications, to heat and power and used in thermal control

increasing the temperature is not practical
because it may cause premature damage.
Therefore, developing effective cooling
solutions to address these issues is critical, as
they can have negative consequences for
electronic devices, heat exchanger reliability,
power and performance, and heat sinks [1].
Many researchers have reported the
enhancement of effective heat transfer using
nanofluids based on metal/oxide metal
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elements in spacecraft. In many of these
devices, heat needs to be dissipated at a rapid
rate to ensure effective operation and maximum
efficiency within the system [4, 5]. Since
various remarkable technologies, including
thermoelectric cooling, phase change material
base cooling, heat pipe, and pump-based
cooling, have been done in the last few years,
still there are challenging issues in managing the
electronic and electrical devices. Lower heat
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transferring capacity remains a limitation for
these fluids. So, developing heat transfer fluids
that possess better efficiency is the need of the
hour to tackle thermal management in these
devices [6]. In industrial and thermal
applications such as cooling and heating
systems, various types of fluids are typically
used as heat providers, thus the alteration
properties of the heat transfer fluids and the
surface geometry have become a major concern
that stirs the curiosity of academics. Multiple
approaches have been adopted to develop
advanced fluids in order to overcome the
constraint of the poor thermophysical properties
of the conventional heat transfer fluids and aim
for considerable higher thermal conductivity,
following a theoretical framework presented by
Maxwell over a century ago that consists of
solid-fluid dispersion [7]. The heat transfer
coefficient can be increased by improving the
coolant properties for a particular heat transfer
method. Coolant in the heat transfer process is
referred to as a cold fluid, water can act as a
cooling fluid in the heat exchanger. Water is
used as a cooling fluid because it has high
specific heat properties with low viscosity and
very low cost so that it brings advantages to the
heat transfer application industry. Heating or
cooling fluids are important for many industrial
sectors, including transportation, energy supply,
and production. The thermal conductivity of
these fluids plays an important role in the
development of energy-efficient heat transfer
equipment [8].

Scientists tried various techniques to
enhance the heat transfer [4]. However, modern
technology makes it possible to avoid such
obstacles by providing fluids with small
enough-sized particles that can move freely in
such  passages, introducing the term
“Nanofluids” that refers to fluids that have
nanoscale particles dispersed throughout them.
They can be produced by suspending
nanoparticles sized less than 100 nm of metal
components or oxide components and /or
hybrids with conventional heat transfer fluids
[7]. Even at low concentrations, nanoparticles
can enhance the overall heat transfer
significantly [9]. Most studies done on
nanofluids in heat transfer systems such as heat

exchangers recently have reported that the
presence of nanoparticles in heat transfer fluids
increased the effectiveness of thermal
conductivity of the heat transfer fluids and
consequently enhanced the heat transfer
characteristics of the heat transfer system.
Nanofluids with appropriate selection of the
base fluid type, as well as appropriate selection
of nanoparticles in terms of material, size,
shape, and concentration in the base fluid, can
perform much better coolant than the
conventional heat transfer fluids. Hence,
nanofluids are considered to have high
suitability for the application in practical heat
transfer processes [10]. Mixed convection heat
transfer utilizing nanofluids, ionic nanofluids,
and hybrid nanofluids in a horizontal tube has
been reported by Ahmed et al. [9]. They found
that the nanofluids achieved an enhancement
reaching 15.5% for Al,Oz with a concentration
of 2% at Richardson number of 0.016. However,
no enhancement is noticed for hybrid
nanofluids. G. Yalcin et al. [11] investigated the
influence of particle size on the viscosity of
water-based ZnO nanofluids. The results
revealed the bigger-sized ZnO nanoparticles,
higher viscosity than the smaller nanoparticles
in aqueous nanofluids. The change of dynamic
viscosity depends not only on nanoparticle size
but also on nanoparticle shape.

Hussein [12] studied the effect of ZnO solid
nanoparticles suspended in water on the double
tube heat exchanger under turbulent flow. He
obtained the friction factor decreased with
increasing flow rate and is slightly increased
with increasing concentration of nanofluid and
the maximum heat transfer coefficient was %21.
Nishant et al. [13] calculated the heat transfer
characteristics of Fe2Os-water and Fe2Oz-
Ethylene glycol in a shell and tube heat
exchanger under laminar to turbulent flow
conditions. They observed an increase in
thermal conductivity and heat transfer
coefficient with the addition of particle volume
fractions. The thermal behavior of water based
nanofluids with ZnO, TiO,, and Al20s as
nanoparticles at different volume fractions in a
heat pipe heat exchanger with constant
temperature as the wall condition evaluated by
Topuz et al. [14]. When compared to distilled
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water as the base fluid, Al2O3 nanofluid with 1.0
% concentration provided the best thermal
enhancement of 15.3 % with no significant
pressure drop. Experimental study on the forced
convective heat transfer and flow characteristics
of Al>Os/water nanofluid in horizontal shell and
tube heat exchanger under turbulent flow
conditions has been investigated by Jafaar et al.
[15]. Hatami et al. [16] investigated the
properties of nanofluids such as CuO/water,
Fe,Os/water, TiO2/water, and EG/water using
computational fluid dynamics. When compared
to EG/ water, they discovered that TiO2/water
nanofluid increased the heat recovery by 10%
without any pressure drop. The investigative
research of Al-damook et al. [1] includes
numerical simulation to study the natural
convection heat transfer in a concentric annular
horizontal pipe for six different geometries
using pure water. The results showed that the
heat transfer rate of concentric elliptic and
circular pipes is nearly 40% and 37%
respectively greater than that of the other
geometries. They examined two types of
nanofluids Al>03/H,O and SiO3/H.O after
adopted the optimum geometry they
investigated the nanofluids has positive effects
compared to pure water. The heat transfer
coefficient was found to increase by 6% with a
low pressure drop for the Al>Os/H.O nanofluid
at the volume fraction of 0.5% compared to the
base fluid. Azzawi et al. [17] numerically
investigated the effect of three different
nanofluids  AlOs/water, CuO/water and
SiO/water in the analysis and compared to pure
water to enhance the convective heat transfer of
the base fluid. Varying volumes of fraction
flowing within different channel geometries,
exposed to a uniform and different hot surface
temperatures  boundary  condition,  was
successfully carried out in this study using a
single-phase approach. The results showed that
for the same hot surface temperature, elliptical
cross-sectioned channel geometry offers up to
twice compared to other type of geometries such
that compared to airfoil pipe, square, circle and
ellipse have 60%, 50% and 46% lower heat
transfer coefficient, respectively. Moreover,
Nanoparticle of Al.Oz dispersion to the base
fluid enhances the heat transfer rate by 15%.

Regarding to the fraction volumes, higher
volumetric  nanoparticle concentration of
nanofluids have higher heat transfer rate with
low pressure drop. Jafari et al. [18] reported the
effect of alumina nanoparticle volume fraction
on the overall heat processing of tomato juice in
a shell and tube heat exchanger. The heat
transfer and friction factor of Al,Oz/water flow
in a double pipe heat exchanger has been
examined by Prasad et al. [19]. It is observed a
25% increase in heat transfer at 0.03% volume
concentration at Reynolds number of 22000.
Hussein et al. [20] have researched the effect of
nanoparticles suspended in palm oil, observing
a decrease in friction factor with increasing
Reynolds number and decreasing nanoparticle
concentrations. Kumar et al. [21] noticed the
efficiency of effective heat transfer could be
enhanced using Al/water nanofluids. With
increasing concentrations, they observed an
increase in density, viscosity, and thermal
conductivity.

The novelty of this work is that no so far
research has been done by using a spring water
as a base fluid for nanofluids and Reynolds
analogy for heat and momentum is not used so
far. However, this research on the design of
nanofluid-based spring water/tap water and the
utilization of Fe>Os/ZnO nanoparticles as a
coolant for engines introduces several novel
aspects to the field. Firstly, while previous
studies have investigated the use of nanofluids
as coolants, our work specifically focuses on the
application of nanofluid-based spring water/tap
water, which offers a more sustainable and
readily available alternatively compared to
traditional coolants. These nanoparticles
possess enhanced thermophysical properties,
such as high thermal conductivity and heat
transfer efficiency, which can significantly
improve the cooling performance of the engine.
By addressing these various aspects, our work
provides valuable insights into the development
of advanced coolants for engines, emphasizing
the potential for improved engine performance,
reduced energy consumption, and
environmental sustainability.

In this work, the characteristics of the
nanofluids such as heat transfer coefficient,
overall heat transfer coefficient, pressure drop,
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friction factor, and thermal conductivity in tube
heat exchanger for automobile engines under
laminar and turbulent flow conditions with five
different Reynolds numbers of each nanofluid at
different concentrations of nanoparticles at
constant temperature have been investigated
experimentally.

2. Experimental work
2.1 Preparation of nanofluids

The first critical step in nanofluid
experimental studies is nanofluid preparation.
Nanofluids are more than just liquid-solid
mixtures. Some special requirements must be
met, such as even and stable suspension, durable
suspension, neglible particle agglomeration, and
no chemical change in the fluid [22]. In general,
two methods for producing nanofluids are used:
single-step and two-step. In the former,
nanoparticles are produced using a liquid
chemical or physical vapor deposition technique
while the nanofluid is being created [23].
Because of processes such as drying and
dispersion are avoided in this method, the
agglomeration of nanoparticles in the nanofluid
is minimal, and as a result, the fluid is more
stable. The disadvantage of the one-step
technique is that it is limited to low vapor
pressure fluids. In the latter, two-step method,
nanoparticles are synthesized separately as dry
powder and dispersed in the base fluids. This
technique has the advantage of being able to use
a wide variety of nanoparticles and base fluids
without the limitations of the previous method.
However, the agglomeration and stability of
nanofluids are issues that must be addressed [24,
25]. In the present work, the nanofluid was
prepared by the two-step method. Extensively,
the two-step method is the most widely used
because it is the most economical process to

synthesize nanofluids. In this work, Fe>Oz-tap
water and Fe.Os- spring water, also ZnO - tap
water and ZnO-spring water nanofluids were
synthesized by dispersing Fe.Os and ZnO
nanoparticles in, both base fluids, tap water and
spring water and the analyzing of base fluids
were obtained from K. M. Shareef and S. G.
Muhamad [26]. The desired particles as volume
concentrations of Fe.O3 and ZnO nanoparticles
were 0.02%, 0.03%, 0.05%, 0.06%, and 0.08%;
and 0.01%, 0.03%, 0.04%, 0.06% and 0.07%,
respectively, mixed into 3 liters for both the base
fluids. The Fe.Oz nanoparticles were obtained
from Skyspring Nanomaterials (Houston,
Texas, USA) and the ZnO nanoparticles were
obtained from Hongwu Inter National Group
Ltd.-China. The volume fraction of
nanoparticles required in nanofluids was
estimated using the following formula [27].

® (%) =

mp/Pp
My /Pp+ Mpf/Pbf

X 100 (1)

Where @ is the volume fraction, m,, is the mass
of nanoparticles, m,; is the mass of base fluids,

pp 1S the density of nanoparticles, and pp is the
density of base fluids.

Properties of the base fluids and
nanoparticles applied, some of them were tested
in the chemical engineering department lab at
323 K, are depicted in Table 1. In this research,
the nanofluids have been prepared by dispersing
a specific amount of nanoparticles in the base
fluids by using a magnetic stirrer before starting
the experiment stirring nanofluids with a
magnetic stirrer purposed to blend nanoparticles
into the base fluids within 30 minutes. During
the experiment, the stirrer was fixed on the
nanofluid tank for preventing agglomeration
and settling down nanoparticles and in this work
no surfactant was used.

Table 1: Properties of nanoparticles and base fluids at 323 K average temperature (some of them were measured in the
lab, and the resets are referenced)

Specification Tap water Spring water Fe203 Zn0O
Density (Kg/m?) 998.2 999 5,240 [28] 5,460 9
Viscosity (mPa.s) 1.0005 1.108 N/A N/A
Thermal conductivity (W/m.K) 0.6435 [30 0.8259 B30 13.55 [ 23.73 28
Specific heat (J/Kg.K) 4,181 132 4,181.80 134 628.3 [ 495,20 28]

150



Kaiwan Musleh Faisal, Badiea. A. M. / Diyala Journal of Engineering Sciences Vol (16) No 3, 2023: 147-163

2.2 Experiment setup and procedure

The schematic picture and diagram of the
experimental setup is shown in Fig.1.and 2. The
test section consists of a shell and tube heat
exchanger. The tube with an inner diameter of
0.013 m and outer diameter of 0.016 m, which
is made of stainless-steel material, a digital
display screen, a nanofluid cooling system and
a heating water tank to maintain the temperature
at a desired value, a set of thermocouples, flow
meters for both hot and cold flow to fix Reynold
number and U-tube manometer for the pressure
drop inside the engine. Four resistance
temperature detectors type PT-100 were
installed to measure the inlet and outlet
temperatures of the hot and cold nanofluids.
Two of the thermocouples, 1 and 2, measure the
fluid temperatures at the inlet and outlet of heat
exchanger shell side, and the other two
thermocouples, 3 and 4, measure the fluid
temperatures at the inlet and outlet of heat
exchanger tube side. At the entrance of the shell
and tube heat exchanger, two rotameters with

U-tube manometer

full-scale accuracy of + 5% to measure the flow
rates inside the engine and shell in order to
specify Reynold number, since the Fe2Oz and
ZnO nanofluids flow rates were 50, 100, 150,
200 and 250 L/h and the flow rate of side shell
was kept at 150 L/h. Reynolds number based on
the previous flow rate altered between 1334-
7621 for nanofluids-based Fe,Oz and 1359-7524
for nanofluids-based ZnO. All readings were
recorded steady state. The nanofluids was
flowing through the tube side as a coolant fluid,
while the hot water was flowing through the
shell side as a hot side with the engine
maintained at a temperature of 323 K. The paths
of the two working fluids were arranged in co-
current. The thermophysical properties of the
nanofluids were calculated at mean temperature.
The logarithmic mean temperature different
method is used to calculate the inside heat
transfer coefficient of the nanofluid. The mass
of the nanoparticles was measured by a precise
electronic balance with the accuracy of + 0.001

g.

Thermocouples

Figure 1. Experimental setup of shell and tube heat exchanger
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Figure 2. Schematic diagram of shell and tube heat exchanger

2.3. Thermo-physi-mechanical properties

An addition of nanoparticles into the base
fluid changes the thermophysical properties of
the base fluid, which are heat transfer
coefficient, thermal conductivity, overall heat
transfer coefficient, specific heat, density,
viscosity, friction factor and pressure drop.
Several theoretical formulas have been
suggested to calculate the aforementioned
properties of the nanofluids prepared.

2.3.1. Heat transfer characteristics

In this work, the convective heat transfer
coefficient of the proposed nanofluids inside the
tube experimentally has been calculated by

Eq.(2) [33]:
h; = __ % 2

Ai(Tw—=Tp)
Where hi (W/m2.K) is the convective heat
transfer coefficient of the nanofluid, Qn (W) is
the heat rate of the hot side, Ai (m?) is surface
area of the inside tube, Tw (K) is temperature of
the wall and Ty, is bulk temperature of nanofluid.
Related to the effective heat transfer, Nusselt

number experimentally can be estimated using
Eq.(3) [33]:

h;d;
Nu = T (3)

Where Nu is Nusselt number, di (m) is the inside
diameter of the tube, and k (W/m.K) is the
thermal conductivity of the nanofluid. For
comparing the experimental and theoretical
results, the equations of Sieder and Tate for
laminar flow and Gnielinski equation for
turbulent flow might be used for calculating
Nusselt number of the nanofluids [29, 31]:

Nu = 1.86(RePr)"/3 (%)1/3 (PL—’K)O'H 4)

(Laminar flow)

Nu = 0.012(Re®87 — 280) Pr%4 (5)
(Turbulent flow)

Where Re is Reynolds number of the nanofluid,
Pr is Prandtl number of the nanofluid, L (m) is
the length of the tube, p,,r (Pa.s) is the viscosity
of the nanofluid in the the bulk and pw is the
viscosity of the nanofluid at the wall. Reynolds
number and Prandtl number can be expressed as
follows [35]:
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_ Pnrdiv
Re = —”nf (6)
pr="4= ©)

Where p,, ¢ (kg/m?3) is the density of nanofluid, v
(m/s) is the velocity of the nanofluid inside the
tube, and Cp (J/kg.K) is the specific heat of the
nanofluid.

Overall heat transfer coefficient (U) in the
tube side of heat exchanger experimentally is
calculated as in Eq.(8) [33]:

U — Qavg (8)

ApATLMTD

Where U (W/m?.K) is the overall heat transfer
coefficient, Qavg (W) is the average heat transfer
rate between cold and hot side, A, (m?) is the
heat transfer surface area, AT, yrp (K) is the
logarithmic mean temperature difference.

Equations (9-10) used for calculating heat
transfer rates for both of hot and cold sides [33]:

Qn = mpCy, (Thi = Tho) 9)
Qc = mcCpC(Tco —T¢) (10)
Qavg = Qh:QC (11)

Where Q;, (W) is the heat transfer rate of the hot
fluid, mn (kg/s) is the mass flow rate of the hot
fluid, CPh is the specific heat of hot fluid

(J/kg.K), Ty; is the inlet temperature of the hot
fluid (K), T}, is outlet temperature of the hot
fluid (K), g, is heat transfer rate of the cold fluid
(W), T,; is the inlet temperature of the cold fluid
(K) and T, is the outlet temperature of the cold
fluid (K).

2.3.2. Thermal conductivity

The cooling process in various engineering
and industrial devices is one of the most
important challenges. Heat is generated in
various devices because of motion, ignition,
chemical reactions, etc. These devices are
cooled using a variety of fluids. These fluids
commonly have low thermal conductivity,
which tends to slow the cooling of these devices.
The thermal conductivity of the fluids can be
enhanced by adding metal and / or oxide metal
solids in the nanoscale into the base fluid. Many

researchers have been trying to improve their
thermal performance by adding different
nanofluids to various heat exchangers [22]. In
this work, the theoretical model to predict the
thermal conductivity of nanofluids was
proposed. A Maxwell model is used to obtain
the thermal conductivity of nanofluids as
follows [33, 34]:

. kp+2kpp+20 (kpr—kp)
nf — *bf kp+2kpr—0 (kpr—kp)

(12)

Where k,r is the thermal conductivity of
nanofluid  (W/m.K), k,ris the thermal
conductivity of the base fluid (W/m.K), k,, is the
thermal conductivity of nanoparticle (W/m.K)
and @ is the volume fraction of the nanoparticle
(%).

2.3.3. Viscosity

The viscosity of nanofluid is another
important property indicator. Viscosity is a fluid
friction criterion that indicates the fluids
resistance to flowing. Viscosity changes can
have a significant impact on the amount of
pumping power. As the viscosity increases, so
does the power require for pumping, and thus
the pumps energy consumption. To perform
simulations in heat exchangers, the viscosity
must also be known. Here the viscosity test was
measured by Ostwald viscometer as well the
viscosity of nanofluids can be estimated by
using Eq.(13) [38]:

— Hbf
Hnf = (1-0)25 (13)

Where u,r is the viscosity of the nanofluid
(Pa.s), upy is the viscosity of base fluid (Pa.s)
and and @ is the volume fraction of nanoparticle.

2.3.4. Pressure drop

The pressure drop in this work was
measured using manometer and calculated by
Eq.(14):

Ap = (p — pnr)gAh (14)

Where Ap is pressure difference or pressure
drop (Pa), p stands for manometer fluid density
of mercury (kg/m®), g is gravitational
acceleration (m/s?), pnys is density of the
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nanofluid (kg/m® and Ah is the height
difference of manometer fluid (mercury) (m)
which is obtained due to the manometer reading.

2.3.5. Friction factor

After measuring the pressure drop, the
friction factor can be estimated by Eq.(15) [39]:

= A—pz 15
fexp (d%)(l)nfv?) ( )
Where f,,, is the experimental friction factor,
Ap is the pressure drop (Pa), L is the length of
the tube (m), d; is the inner diameter of the tube
(M), pry is the density of the nanofluid (kg/m3)
and v is the velocity of nanofluid (m/s).

Comparison between the results of Eq. (15)
and Eg. (16 and 17), the experimental and
theoretical friction factor of the nanofluid inside
the tube might be determined [37, 38]:

f =0.316 Re™025 (16)
(Turbulent flow-smooth pipe)

f = 64 Re~! (Laminar flow) (17)
2.3.6. Density

Another important property of nanofluids is
density. However, because the volume of a fluid
changes with temperature, the definition of
density for fluids differs from that for solids. In
this study, the density of nanofluids
experimentally was measured by the Eq.(18)
[42]:

Pns = Dpp + (1 — B)ppy (18)

Where p,f is the density of nanofluid (kg/m®),
@ is the volume fraction of the particles, p, is
the density of nanoparticles (kg/m?) and Ppr 1S
the density of the base fluid (kg/m?®).

2.3.7 Specific heat

Water processes high specific heat and is
commonly used as a fluid for heat transfer in a
variety of industries as well as it is readily
available and inexpensive. Accordingly, the
specific heat of nanofluid is an essential to be
evaluated and to gain a comprehensive
knowledge of the behavior of thermophysical

parameters in terms of heat transfer
characteristics. In most cases, however, the
addition of nanoparticles has been reduced the
specific heat of the fluid that added to. Eq. (19)
can be used to determine the specific heat of
nanofluids [42]:

Cppp = D Cp + (1= 0)G, (19)

bf
Where Co,s is the specific heat of nanofluids
(J/kg.K), Cpbf is the specific heat of base fluid
(J/kg.K), Cpp is the specific heat of nanoparticle

(J/kg.K) and @is the concentration of
nanoparticle (%).

2.4. Reynolds analogy for heat and momentum

It is the first time that Reynolds analogy for
heat and momentum has been employed to
comprehensively calculate the effective heat
transfer. The three models suggested are as in
the following equations [43]:

Simple Reynolds analogy:
hy
Cp Pnf U

= 0.032 Re 025 (20)

Taylor-Prandtl equation:

h; __ 0.032Re %25

Cp Pnf U T 142 Re~0125 (pr_1) (21)
Universal velocity profile:
hi  _ 0.032 Re 025
Cp PnfU  1+0.82 Re~0-125 [(Pr—1)+In (0.83 Pr+0.17)]
(22)

3. Results and discussion
3.1 Convective heat transfer

The effective heat transfer of the four
nanofluids designed (spring water/Fe2Os3, spring
water/ZnO, tap water/Fe0O3, and tap
water/ZnO) at different volume fraction of
nanoparticles and at different Reynolds number
at 323 K has been evaluated and depicted in Fig.
3. The heat transfer coefficient of nonfluids
resulted from the aforementioned Reynolds
analogy model for heat and momentum are close
to each other, except that of simple Reynolds
analogy have a deviation of 34%. It is observed
that the addition of nanoparticles to the base
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fluid can remarkably have increased the heat
transfer coefficient with increasing Reynolds
number. The inertial forces, intermolecular
forces, and the tendency of the fluid to resist
separation  play an  important  role.
Consequently, the motion and incident of fluid
molecules increase, which leads to higher heat
transfer coefficient advantages [44]. The
turbulent flow can play an important role in high
volume concentration of nanoparticles to
prevent the agglomeration. Generally, the
enhancement of convective heat transfer
coefficient is attributed to higher thermal
conductivity of nanoparticles and decrease in
the thermal boundary layer thickness leading to
that the momentum of nanoparticles gets away
from the wall to the center of the tube and makes
a reduction in the viscosity at the wall region.
Fig. 2.a shows the lowest and highest heat
transfer coefficients which are 2450 and 3548
W/m?.K, respectively, at Reynolds number of
7680. Giving the maximum enhancement of
heat transfer coefficient is 44 % at 0.08%
volume fraction of Fe>Os/tap water. It seems the
enhancement in the presence of Fe Ozis slightly
increased than that of ZnO due to the higher
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specific surface area of Fe,Oz nanoparticles than
ZnO nanoparticles and the reason of slightly
increased due to the higher specific surface area
for Fe2O3 nanoparticles and due to the higher
thermal conductivity of ZnO nanoparticles. Fig
2.b indicates the lowest and highest heat transfer
coefficients are 2550 and 3740 W/m2K,
respectively at Reynolds number of 7680. The
maximum enhancement of heat transfer
coefficient is 46% with blank and 0.08% volume
fraction of Fe,Oa/spring water. Same trend in
Fig 2.c, it illustrates a significant enhancement
of ZnO/tap water reached to 40.6% at Reynolds
number of 7680 and no more effect beyond.
Slightly, the enhancement of the results
illustrated in Fig. 2.d demonstrates the effect of
nanofluid-based ZnO/spring water on the heat
transfer coefficient at the concentration of
0.08%v is better than that of ZnO/tap water. It
can be said that the specific surface area of
Fe>Os plays a significant rule since it is more
than the specific surface area of ZnO. From Fig.
2.b and 2d, the specific surface area of Fe O3
makes synergistic with spring water more than
the thermal concavity of ZnO with spring water.
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Figure 3. Heat transfer coefficient vs Reynold number at different concentration of nanoparticles at 323 K. (a) Fe,Os-Tap
water nanofluid, (b) Fe.Os.Spring water nanofluid, (c) ZnO-Tap water nanofluid, (d) ZnO-Spring water nanofluid.
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Comprehensively, the convective heat
transfer has obvious enhancement in the
presence of spring water/Fe;Os more than
others. This may be interpreted to the presence
of Fe203 which possesses high surface area and
smaller size. For this it can be said that, the little
higher viscosity of spring water and higher
thermal conductivity of ZnO is responsible to
make unsynergetic between the advantage of
higher thermal conductivity and higher viscosity
of ZnO.

3.2 Overall heat transfer coefficient

The overall heat transfer coefficient of
nanofluids depends on various factors such as
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the type of nanofluid, fluid of the shell, volume
fraction of nanoparticles in nanofluids,
temperature, inside and outside effective heat
transfer, and mode of flow of the shell and tube
fluids. Fig. 4.a and 4c state that the enhancement
of the overall heat transfer coefficient is around
33% at over all Reynolds number. The
maximum enhancement of overall heat transfer
coefficient is 39 % at 0.08 %v for nanofluid -
based Fe.O3 /spring water at Reynolds number
range between 6400 and 8000 as shown in Fig.
4.b and 4d. This may be attributed to the
increase of specific surface area of Fe;Os and
higher thermal conductivity of spring water
because this type of water contains many
species of metal sand metal oxides.
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Figure 4. The overall heat transfer coefficient of vs Reynolds number for four types of nanofluids at different
nanoparticles concentrations at 323 K

3.3 Nusselt number

The Nusselt number of nanofluids is
obtained using Egs. (3, 4 and 5) and the results
are represented in Fig. 4. The comparison
between the experimental results and those

obtained from Gnielinski equation for laminar
and turbulent mode of nanofluids is illustrated
in Fig. 5. Nusselt number remarkably is more
than 32 for nanofluids indicating that the heat
transfer is coeffective mode, and the
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experimental results reflects good enhancement
of nanofluids. To our knowledge, if the Nusselt
number is between 1 and 10, it is a laminar flow
with coeffective heat transfer [45]. However, the
flow is laminar, it is observed that the Nusselt

60
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number is more than 32 in the presence and
absence of nanoparticles, interpreting that the
nanofluids highly work as a successful coolant
in terms of convection.
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Figure 5. Nusselt number of different nanofluids with different nanoparticles concentration vs Reynolds number

The maximum deviation observed between
the present experimental results and the
theoretical value obtained by using Gnielinski
formula is not exceeded + 4.7%. Simply it is
noticed the higher Nusselt number is for
nanofluids -based Fe2Os/Spring water as shown
in Fig.4b. Moreover, Nusselt number of the
nanofluids in the presence of spring water for
both nanoparticles is higher than tap water.
Fig.4a, 4c point out the slight stability of the
nanofluid -based tap water. It seems the effect
of nanoparticles volume fraction reflects more
attention than the effect of Reynolds number.
The maximum enhancement of Nusselt number
was 38% at 0.08% volume fraction at the
Reynolds number between 2750 and 7600. The
lower Nusselt number of the nanofluids-based

spring water at Reynolds number between 1000
and 3200 may be attributed to the agglomeration
of nanoparticles due to the little bit higher
viscosity of spring water than of tap water and
due to the low flow rate, settle down of particles
occurred.

3.4 Thermal conductivity

Thermal conductivity is an important
property of nanofluids for studying the
convective heat transfer because it determines
how well the fluid can transfer the heat. In
addition, the thermal conductivity is the most
important in the term of the nanofluids. Because
thermal conductivity of nanoparticles is more
than the base fluids. The heat transfer can’t take

157



Kaiwan Musleh Faisal, Badiea. A. M. / Diyala Journal of Engineering Sciences Vol (16) No 3, 2023: 147-163

a place between the fluid and nanoparticle
unless the thermal conductivity of the
nanoparticles exists. Without existing the
thermal conductivity not have any transporting
of the heat. The result obtained by using Eq.

@ W Blank
@ Fe,0,-Tap water
T,7323K

(
o
8
1

(12), remarkably, the thermal conductivity of
the nanofluids of tap water and spring water
based on nanoparticles of metal oxides of Fe;O3
and ZnO as noticed in Figs 6.
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Figure 6. Thermal conductivity of nanofluids as a function of nanoparticle concentration.

Figs. 6b and 6.d point out the highest
thermal conductivity for nanofluid -based
Fe2Os/spring water and ZnO/spring water at
different concentration of the nanoparticles.
Without any doubt, this could be referred to the
higher thermal conductivities for both ZnO and
Fe20s. The maximum enhancement of thermal
conductivity approximately is 22.23% at 0.08%
nanoparticles volume fraction based — Fe>Os/tap
water, beyond this concentration there is no
significant  enhancement, as well the
agglomeration and particles settle down may
occur.

3.5 Pressure drop

In order to use nanofluids in industrial units,
the pressure drop of the nanofluids must be
measured in addition to the heat transfer
performance. Fig. 7 shows the pressure drop of
the base fluids and nanofluids proposed. It is
observed that when nanoparticles are added at
different concentration to the suggested base
fluids, the pressure drop proportionally
increases.
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Figure 7. pressure drop vs Reynolds number of nanofluids at different concentration of nanoparticles at 323 K

Obviously, the pressure drop is highly
affected by Reynolds number. This is due to the
increase of the viscosity of the nanofluids and
makes resistance to increase. Fig. 7 shows same
trends for the lowest and highest pressure drop
of tap water which is 8.27 Pa at Reynolds
number of 1476 and 248.11 Pa at the Reynolds
number of 7680. The highest-pressure drop was
251 Pa for ZnO/spring water nanofluid at the
Reynolds number of 6798 (Fig. 7.d). The
increase in viscosity and the bigger size of ZnO

are responsible of a slight increase of pressure
drop than that of Fe2Os/spring water.

3.6 Friction factor

The comparison of friction factor resulted
from the experiments and friction factor
estimated from Blasius equation Eq. (15, 16, and
17) of four nanofluids at different volume
concentrations of nanoparticles as a function of
Reynolds number is addressed in Fig. 8.
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Figure 8: Friction factor vs Reynolds number of nanofluids at different concentration of nanoparticles at 323 K

It is noticed that the friction factor is very
slightly increased with the increase of
nanoparticles volume fraction, in contrary it
decreases with increasing of Reynolds number.
Meanwhile, with respect to Reynolds number, it
is found that the diversity of experimental
friction factor at different concentrations of
nanoparticles in low Reynolds number is greater
than that of high Reynolds number, this may be
attributed to readily the particles to settle down
and due to the increase the boundary layer
thickness. Furthermore, the friction factors for
spring water nanofluids revealed a very little bit
change higher, it may be due to slightly higher
viscosity. The highest friction factor for
nanofluid based ZnO-tap water with the value of
0.0422 at Reynolds number of 1334, whereas
the highest friction factor for nanofluid based
ZnO-spring water is 0.0428 at Reynolds number
of 1359. The maximum deviation observed
between the present experimental data and the
theoretical value and Balsius equation is 2.9%.
Similarity, Figs. 7.c and 7.d indicate the lowest

friction factor for the nanofluid -based ZnO/Tap
water and ZnO/spring water is 0.0345 at
Reynolds number of 7680. The maximum
deviation observed between the present
experimental data and theoretical value and
Balsius equation is 3%.

4. Conclusion

In this paper, not so far studies have been
conducted on spring water as a base fluid for
nanofluids. Thermophysimechanical properties
of Fe;O3 and ZnO as suspended nanoparticles
with different volume concentration at 323 K in
two base fluids of tap water and spring water
experimentally is measured. The size of Fe,O3
nanoparticles was 50 nm and ZnO nanoparticles
was 70nm. The shell heat exchanger is to
maintain the temperature at a desired value and
the tube heat exchanger is used as an engine.
Nanofluids circulated inside the tube of the
engine as a coolant by different volumetric
flowrates (50, 100, 150, 200, and 250 L/h) and
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hot water passed through the shell side as a hot
fluid at a constant volumetric flowrate with a
value of 150 L/h. Reynolds numbers of
nanofluids inside the engine were considered
between of (1000 to 8000). The volume fraction
of Fe2O3 and ZnO nanoparticles in the
respective based fluids was verified between
(0.02%, 0.03%, 0.05%, 0.06%, and 0.08%) and
(0.01%, 0.03%, 0.04%, 0.06%, and 0.07 %).
The effects of nanoparticles added to the chosen
base fluids on the heat transfer coefficient,
overall heat transfer coefficient, Nusselt
number, thermal conductivity, pressure drop,
and friction factor experimentally have been
evaluated. The density and viscosity of the
nanofluids during the experiments were
investigated. As a result, the highest heat
transfer coefficient obtained from FeOs/spring
water nanofluid with a value of 3740 W/m? K,
at the volume concentration of 0.08%,
respectively at Reynolds number of 7680. The
maximum enhancement was at the volume
concentration 0.08% with the value of 46%. For
overall heat transfer coefficient the highest has
been obtained from FeOs/spring water
nanofluid with a value of 4853 W/m2K at
Reynolds number 7680 at the volume
concentration of 0.08% and the maximum
enhancement of overall heat transfer coefficient
was obtained 39% at the volume concentration
of 0.08%. Based on the obtained results, the
major conclusions and findings of the current
work are as follows:

1. Heat transfer coefficient and overall heat
transfer coefficient could be enhanced
with increasing the volume fraction of
nanoparticles and Reynolds number up to
a specific amount, then the addition is
non-significant.

2. The thermal conductivity and specific
surface area of the nanoparticles are the
main factors effecting the enhancement of
effective heat transfer of the nanofluids.
They took role-playing for enhancement
the heat transfer coefficient. The higher
thermal conductivity is not necessary, the
higher heat transfer coefficient, when the
lower the thermal conductivity particles
possess higher specific surface area.

3. For the same conditions of velocity and

volumetric flow rate, the power
consumption of nanofluid-based spring
water is 2% higher than the power
consumption of nanofluid-based tap
water.

The enhancement of the effective heat
transfer using the designed nanofluids
without straight forward side effect of
friction factor over a wide range of
Reynolds  number,  promotes the
nanofluids as a coolant for the engine
performance.
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