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Resumen

En este estudio, se llevd a cabo un estudio de dinamica de fluidos computacional (CFD) en 3D en
ANSYS (FLUENT) para examinar el rendimiento térmico de un radiador de automdvil usando
refrigerante convencional e hibrido con nanoparticulas (NP) de Al.Os. Una mezcla hibrida de agua
pura (H20) y etilenglicol (EG) en la proporcién volumétrica de 50:50, se acopld con nanoparticulas
de Al>0O3 con una fraccion de volumen de 1% - 4% a diferentes temperaturas de entrada. EI nimero
de Reynolds se varié de 4 000 a 8 000. A partir de los resultados numéricos obtenidos, se encontro
gue un aumento en la fraccion de volumen de nanoparticulas condujo a un aumento en la tasa de
transferencia de calor y una caida de presion en el radiador del automdvil. Ademas, se encontr6 que
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a un namero de Reynolds de 8 000, el uso de la mezcla hibrida como fluido base aument6 el nimero
de Nusselt en un 55.6 % en contraste con el agua pura. Sin embargo, la suspension adicional de
nanoparticulas de 4% Vol. Al>O3 en la mezcla hibrida existente aumentd el nimero de Nusselt en
un 70%. Ademas, se encontrd que un aumento en la temperatura de entrada del radiador provoco
una mayor mejora en la tasa de transferencia de calor. Para Re=8 000, 4% Vol. Al,O3-nanofluido
de agua, la tasa de transferencia de calor aument6 en un 54.57 % al aumentar la temperatura de
entrada de 60°C a 90°C. Por lo tanto, se recomienda que los radiadores de los automdviles funcionen
a una temperatura de entrada alta con nanofluido que contiene una concentracion muy alta de
nanoparticulas adecuadas y un agente anticongelante en una proporcién volumétrica adecuada para
lograr un mejor rendimiento térmico.

Palabras-clave: Simulacion. Nanofluido. Etilenglicol. Radiador automotriz. Mejora del calor.

Abstract

In this study, a 3D computational fluid dynamics (CFD) study was conducted in ANSYS (FLUENT)
to examine the thermal performance of an automotive radiator using conventional and hybrid coolant
with a Al,Os nanoparticles (NPs) . A hybrid mixture of pure water H>O and ethylene glycol (EG) in
the volumetric proportion of 50: 50, was coupled with Al,O3 nanoparticles with volume fraction of 1%
- 4% at different inlet temperatures. The Reynolds number was varied from 4 000 to 8 000. From the
numerical results obtained, it was found that an increase in nanoparticle volume fraction led to an
increase in heat transfer rate and pressure drop in the automotive radiator. Also, it was found that at a
Reynolds number of 8 000, using the hybrid mixture as a base fluid increased the Nusselt number by
55.6% in contrast to pure water. However, further suspension of 4% Vol. Al,Os nanoparticles into
existing hybrid mixture increased the Nusselt number by 70%. Furthermore, it was found that an
increase in the inlet temperature of the radiator caused more enhancement in the heat transfer rate. For
Re=8 000 4% vol. Al>Oz-water nanofluid, the heat transfer rate was enhanced by 54.57% when
increasing the inlet temperature from 60°C to 90°C. Therefore, it is recommended that automobile
radiators be operated at a high inlet temperature with nanofluid containing a very high concentration of
suitable nanoparticles and an anti-freezing agent in an adequate volumetric proportion to achieve better
thermal performance.

Keywords: Simulation. Nanofluid. Ethylene glycol. Automotive Radiator. Heat enhancement.

1. Introduction

The advancement of technology in the automobile industry has increased the demand for high
performance engines, and to achieve this, carbon neutrality, fuel management, and reduction in
weight of engine components (such as radiators and engine blocks) must be taken into consideration.
To avoid derailing from the aim of this study, automobile radiators will be focused on. An
automobile radiator is a heat exchange device that is incorporated into a vehicle to cool the large
quantity of heat generated in the engine, thereby facilitating the efficiency and performance of the
vehicle. If the engine is not properly cooled, setbacks such as deformation and failure of engine
components and knocking may arise.

One of the many approaches to increasing the efficiency of radiators is by applying an anti-
freezing agent to the base fluid, usually water, as a coolant to quickly transfer the heat generated in
the engine (Ting et al., 2019). However, in some circumstances, the thermal performance of the
coolant is usually called to question. For this reason, nanoparticles are now being used to increase
the performance of coolants because of their high thermal conductivity (Abbasian Arani &
Memarzadeh, 2021; Ebrazeh & Sheikholeslami, 2020; Zaharil, 2021).

Recently, several studies and efforts have been made by researchers to improve the cooling
performance of radiator in vehicles of different kinds. (Peyghambarzadeh, Hashemabadi, Hoseini,
et al., 2011; Peyghambarzadeh, Hashemabadi, Jamnani, et al., 2011) experimentally studied the
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enhancement of heat transfer in a car radiator by using Al2O3/H>0 and Al>Os/EG nanofluid (NAF)
as a coolant at varied flow rates (2-6 LPM) and fluid inlet temperature. They concluded that the
Al>0O3 NAF yields about 45% increase in the enhancement of heat transfer in contrast to pure water.
(Oliet et al.,, 2007) explored a parametric study by investigating the factors influencing the
performance of an automotive radiator.

The factors considered in this study include coolant and air mass flow rate, air temperature,
and the density of the fin. They indicated that the performance of the radiator improves as the mass
flow rate of air and coolant increase, at higher fin angles, smaller spacing between the fins, and
lower air inlet temperature. (Trivedi & and, 2012) conducted a CFD analysis to investigate the effect
of the varied pitch of tubes on automobile radiators. They suggested that a higher heat transfer rate
can be achieved in radiators when the tube pitch is within the optimum value. The impact of dimples
on forced convective heat transfer was analyzed by (Gadhave, 2012) and (Guntaka et al., 2009)
examined. However, they found that the surface with dimples tends to have better heat transfer
enhancement in contrast to the plain surface because of the turbulence caused by the dimples.
(Nguyen et al., 2007), and (Chavan & Pise, 2013) used Al.O3/H,O NAF to study thermal
characteristics in a cooling system. At a volume fraction of 6.8% and 1% respectively. They both
recorded about 40% increase in heat transfer coefficient at a volume fraction of 6.8% and 1%
respectively. (Eastman et al., 2001) and (Heris et al.,, 2014) studied the effective thermal
conductivities of EG having 0.3%, and 2.5% copper nanoparticle concentration respectively. They
concluded that heat transfer is enhanced by approximately 40% and 50% respectively, compared to
EG without a nanoparticle. (Nabil et al., 2020) experimentally investigated heat rejection and exit
temperature of the Cu and CuO-H»O based NFs in the vehicle radiator with concentration ranging
from 1% to 4%. They indicated that Cu with 2% nano concentration has the maximum heat rejection
rate and the lowest temperature at the exit of the radiator. (Habeeb et al., 2020) numerically explored
the performance of spark ICE radiators consisting of fins made of Al, Cu, and Br with EG-based
nanofluid of volume fraction ranging from 20% to 60%. They claimed that fins made of Cu offered
the best performance in lowering the temperature of the ICE. (Umirov & Abdurokhmonov, 2021)
developed an algorithm for estimating the finned plate water radiator. They proposed that their
algorithm is efficient enough in selecting the most suitable design parameters for the radiator.

From previous studies, it is evident that either H20O or EG is used as a base fluid in automotive
radiators. Therefore, this study is unique in that it assesses the heat transfer charateristics of Al.O3
hybrid-based fluid (i.e., a mixture of H>O and EG is used as base fluid) and Al.03/H.0O NAF in an
automotive radiator at different nanoparticle concentrations.

2. Methodology

2.1 Model Description

The ANSY'S design modeler was used to create the geometry of the automotive radiator used
in this study. The radiator contains three main parts, which are the inlet, flat tubes and fins (body),
and outlet. The schematic diagram of the geometry configuration in several views is shown in Fig.
1(a)-(d). The information on the dimensions of the proposed automotive radiator is given in Table
1.
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(a) (b)

(c) (d)

Inlet

Fin

Outlet

Fig. 1(a) Orthogonal view of the automotive radiator (b) Frontal view (c) Orthogonal view of
the tube side (d) orthogonal view of the fin side

Table 1: Dimension and specification details of geometry configuration

Description Unit/Specification
Inlet/outlet pipe diameter 50 mm
Radiator height 700 mm
Radiator length 500 mm
Radiator width 40 mm
Tube height 420 mm
Tube length 10 mm
Tube width 30 mm
Number of tubes 33
Tube spacing 7.5 mm
Tube arrangement Linear
Fin thickness 5 mm
Fin width 40 mm
Fin spacing 5 mm
Number of fins 41
Material used Aluminum

2.2 Mesh Generation
Effective numerical discretization is important to maximize the computational resources and to
achieve accurate results. As shown in Fig. 2(a) through 2(b), ANSYS mesh was used to generate an
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unstructured patch conforming tetrahedron mesh for all the domains of the proposed geometry, with
an element size of 5mm assigned to the body of the radiator and 0.1 mm to the fin side. As shown in
Table 2, It has been found that mesh quality measures such as skewness, orthogonality quality, and
aspect ratio are all within the acceptable range.

Table 2: Mesh quality report

Quality Maximum Value Acceptable Range
Orthogonality Quality 0.8569 > 0.75
Aspect Ratio 35.614 <100
Skewness 0.6032 <0.85
(a) (b)

Fig. 2(a) 3D view of unstructured tetrahedron grids (b) 2D view of wireframe grid

2.3 Problem Formulation
This subsection summarizes the governing equations, assumptions, and boundary conditions

(see Table 4) employed to solve the proposed study. The flow and heat transfer problems in the
automotive radiator were solved by using the 3D incompressible steady Navier-Stokes equation.
The RNG (k-¢) k-epsilon equation was used because of the possible laminar-transition-turbulence
flow in the radiator. The governing equations are further simplified for the ease of solving the flow
and heat problems based on the following assumptions (Manca et al., 2012):

1. Steady-state, turbulent, single phase, 3D incompressible nanofluid flow and heat transfer

2. Thermo-physical properties of the fluid and solid are constant

3. Thermal radiation, natural convection, gravitational and magnetic force are ignored

4. Viscous dissipation is neglected.
The governing equations are as follows:
Continuity Equation

a —
ax; (pX) =0 D)
Momentum Equation

olpuwy) _op @ [ (0u;, 9U; 2o 0Ux 9 (_ T
axX; _axi+ax,- H ax,-+axl- 35"faxk + an( pUIT}) (2)
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Where Reynolds stresses is indicated by —pU; U/

T =y, (Ui, %Y _2 k) 5.
—pUTT] = U (axj + 6Xi> : (pk +U, axk) 9;; (3)
Energy Equation
o(puivy) _ op , o [ (9U; , 0Uj 2o 0Uk O (T
ox;  ax; + 0X; 'u(axj + ax; 3 Yoaxg + axj( Y ()
E=h-24+% 5
- p 2 ®)
where turbulent viscosity (u;) is expressed as;
pCyk?
u, = 245 (6)
Therefore, turbulent kinetic energy (k) is defined as
9 V=9 He) Ok _
ax; (pkUy) = ax; (“ + ak) oX; + Gy~ pe ()
€ is dissipation rate, and is expressed as;
2 -9 Ke) e G —Crne
3 PeU) = 5| (1 5) S| + Cue G = Cach )

Where destruction rate (pe) and generation rate (G) can be defined as;

G, = —pUiU L (9)
The constants used for turbulent transport equations are; C, = 0.09, C;, = 1.44, C;, = 1.92,0, = 1,
o, =1.3

Nanofluid thermophysical properties

Al,05/H,0 EG-based NAF are used, considering the volume fraction(®) of Al, 05 nanoparticles
(NPs), which varied from 1% to 4%. The material properties of water, EG and Al,05; NPs employed
for the studies are presented in Table 2 below. The following are the effective properties of the NAF:

Density correlation (Fedele et al., 2012)
pnar=(1—@)pr + Bpyp (10)

Specific heat correlation (Ho et al., 2008)
PnarCPyar = (1 — @)Cpr + OCpyp 11)

Dynamic viscosity (Masoumi et al., 2009)
tnar = Up + (pnpUpdyp/72C8) 12)

Where § is the boundary layer thickness and Uy is Brownian velocity, both could be expressed below

as:
_ 1 | 18KpT _3|m
Ug = " /—nprdNP,and 6= \/;d,vp (13)
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Where dyp and Ky represent NP diameter and Boltzmann constant
C = pnar~ [(z1dyp + 22)0 + (z3dyp + 2,4)]
Where mean diameter of NPs and is expressed in nanometer.

z, = —0.000001133, z, = —0.000002771
z3 = 0.00000009, z, = —0.000000393

Thermal conductivity (Chon et al., 2005)

k = k. |164p0746 ar_ 0-369 knp 0.746 (P )0.9955 (R )1.2321
NAF F a YNAF eNAF

NP kp

Where Pryar, Reyar, and K are expressed as:

UNAF
Pr, = —
NAF PNAFXNAF
_ PNaF kT
Reyap =5 5— —
TUNAF'mf

K = 1.3807¢™23
Where 1,,, - represents the mean-free path of the base fluid.

Heat transfer coefficient calculations

(14)

(15)

(16)

(17)

(18)

(19)

The following procedures were taken with respect to Newton’s cooling law to obtain the rate at

which heat is transferred (Incropera et al., 1996):

Q = hexpt ASAT = hA,(T, — T,)

Tb — Ti;TO

The rate of heat transfer (Q) can also be written as follows:

Q = mC,AT = mC,(T; — T,)
m = pV = pUA,
Eqg. (20) is substituted in Eq. (21) to obtain the heat transfer coefficient in Eq. (24)

me (Ti_To)

h =
expt As(Tb_Tw)

Thus, Nusselt number (Li et al., 2014) can be obtained as follows:

Nu — hex;;(t Dy

Reynolds number (Belnap et al., 2002) is calculated as;

(20)

(21)

(22)

(23)

(24)

(25)
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Re = % (26)

Friction factor (Saysroy & Eiamsa-ard, 2017) can be defined as;

f — LZAP2 (27)
Gy

Where A, represents the surface area of the tubes, 1 indicates mass flow rate, T, denotes the
bulk temperature, T,, represents the tube wall temperature, T; denotes the inlet fluid temperature, T,
indicates the fluid outlet temperature, and C, signifies the fluid specific heat capacity. A:indicates the
tube cross-sectional area, Dy, represents the tube hydraulic diameter, L represents tube length, p denotes
fluid density, f represents fanning friction factor, m indicates mass flow rate, AP indicates pressure
drop and mean inlet velocity is represented by U.

Table 3. Material properties (Roy et al., 2004) for base fluid and nanopatrticles at 300K

Material p(kgm™3) C,(Jkg 'K 1) kWm k1) pu(Pa.s
Pure water 998.2 4182 0.6 Lm0
EG 1114.4 2 415 0.252 0.0157
Al,04 3970 765 40 -
Table 4. Boundary condition
Inlet velocity Corresponding Reynolds number (4 000-8 000)
Coolant inlet temperature (T;) 90 °C-60 °C
Pressure outlet 0 Pa
Wall of the tubes (convection 10 W/m?k
boundary condition)
Air temperature (T,) 35°C

3. Numerical Procedures

The ANSYS (FLUENT) commercial code was used as a simulation tool to solve the problem,
k—e turbulent model with options of standard, realization, and enhanced wall treatment was adopted to
perform the analysis under the finite volume approach of a SIMPLE algorithm. The least-square cell
based was set for the spatial discretization scheme, second-order was set for pressure, the second-order
upwind scheme was set for both momentum and energy equations, and turbulent Kinetic energy and
turbulent dissipation rate were both solved with the second-order upwind scheme. The default value
was used for under-relaxation factors, and convergence criteria of 1e-6 were set for all the equations.

4. Results and Discussions

4.1 Grid independence Test

To select a suitable grid for this study, a grid sensitivity test was implemented in ANSYS
(FLUENT) software for six different cases of grids based on the coolant outlet temperature of the
radiator to reduce computational time. As shown in Table 5, the coolant outlet temperature of
Al>03/H20 NAF with a nanoparticle concentration of 1% and a mean diameter of 25 nm for Reynolds
number 8 000 was compared for different grids stated above. It was observed that by further increasing
the grid size beyond case 5 shows no significant change in coolant outlet temperature. Therefore, case

5 was selected for this computational study.



| The Journal of Engineering and Exact Sciences — JCEC

Table 5. Grid independence data coolant outlet temperature for Al.Os-water nanofluid at Re =
8000, 0 = 1%

Mesh Node Element Tout (°C)
Case 1 709081 1109286 79.3
Case 2 757716 1648542 80.4
Case 3 801975 2368651 83.1
Case 4 819618 3143221 86.6
Case 5 929422 3870183 88.2
Case 6 980089 5268302 88.4

4.2 Validation of Model

The model is validated by contrasting the simulated results of Al,0; — water NAF entering the
radiator at an inlet temperature of 90 °C and a volume fraction of 4% for 4 000 < Re < 8 000 with
the empirical correlation of Dittus- Boelter and Pak and Cho. As presented in Fig. 4, a good agreement
is established between the numerical data and the available correlations. The maximum relative error
between the simulated result and the Dittus-Boelter correlation is 3.66%, while the value is -1.75% in
the Pak and Cho correlation. This led to providing confidence in the accuracy of our proposed model.

Dittus-Boelter correlation (F.W. Dittus & L.M.K. Boelter, 1930)

Nu = 0.023Re%8pr03 (28)
Pak and Cho correlation (Pak & Cho, 2007)
Nu = 0.021Re%8pPr0> (29)
80
Q
70 o >
60 o
50 R
2]
3 40 Q
30 < Present work
20 Dittus-Boleter
10 oPak & Cho (1998)
0 lllllllllllllllllllllllllllllll
3000 4000 5000 6000 7000 8000 9000
Re

Fig. 4. Comparison of simulated results for Al.Oz/water NAF with avaialble correlations.

4.3 Influence of volume fraction of aluminum nanoparticles on thermal performance

Fig. 5, 6, 7, and 8 show the effect of volume fraction of Al,0; NPs with a mean diameter of 25
nm at an inlet temperature of 90 °C for different Reynolds number (Re) ranging from 4 000 to 8 000
on the Nusselt number (Nu), heat transfer rate, pressure drop (AP), and skin friction factor(f),
respectively. As shown in Fig. 5, the Nu number uniformly increases with the Re in all cases of the
volume fraction. It is revealed that the Nu becomes more intense as the volume fraction of NPs
increases from 0% to 4%. At Re=8 000, 1.55 times the Nu of pure water is obtained by adding 4% of
Al>O3 NPs, whereas 3%, 2%, and 1% of NPs yield 1.42, 1.29, and 1.14 times the Nu of pure-water,
respectively. Itis indicated in Fig. 6 that the heat transfer rate increases with the Re and volume fraction
of the Al,03 NPs. At 4 000 < Re < 8 000, 4% vol has the highest rate of heat transfer while, pure
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water has the lowest heat transfer rate. Meanwhile, at Re=8 000, suspending a 4% volume fraction of
NPs into pure water enhanced the cooling rate of the radiator by 2.29%. However, using 3%, 2%, and
1% vol increases the rate of heat transfer by 1.97%, 1.58%, and 0.97% as followed. The reason for this
is that when NPs are suspended to the base fluid, random motion is generated to reduce the thermal
boundary layer, which in turn increases the heat transfer enhancement. As illustrated in Fig. 7, the AP
(pressure drop between the inlet and outlet of the automotive radiator) increases with Re as @ of
nanoparticles rises. At Re = 8 000, pressure drop of 13.9239 Pa, 8.62749 Pa, 5.02203 Pa, and
2.70952 Pa are achieved by adding 4%, 3%, 2%, and 1% Al,03 NPs, respectively, in contrast to a
pressure drop of 1.33869 Pa for pure water. Subsequently, at Re = 4 000, pressure drop of 3.3909 Pa,
2.10108 Pa, 1.22279 Pa, and 0.659974 Pa are obtained by suspending 4%, 3%, 2% and 1% Al,O0; NPs
into pure water. In Fig. 8, the results reveal that for all cases of volume fraction, the f decreases as the

Re rises from 4 000 to 8 000. At 4 000 < Re < 8 000, no significant change in f is reported as @
increases from 1% to 4% or vice versa.

80 170
70 168
60 § 166 //@/
50 @
c 164
S0 3
€ 162
30 =
20 ;lirlen/Water § 160 === Pure water
p=2% = 9=1%
10 9=3% 158 0=2%
—O— P=4% 0=3%
—— 0=4%
o +—r—r—mt—tr——t——t—r—trd 156+
3000 4000 5000 6000 7000 8000 9000 3000 4000 5000 6000 7000 8000 9000
Re Re
Fig. 5. Nu of Al,0; — water NAF vs Re for | Fig. 6. Heat transfer rate of Al,0; — water
different@at T; = 90 °C NAF vs Re for different volume fractions (@)
atT; = 90 °C
16 0.000175 T === Pure water
—— (=4% | P=1%
0=2%
14 1 e (P=3%
i 0=4%
e & 0007 T 4
5
10 8
3 S 3
& g §o.000165 ¥
S 8 ]
6 Ny
& ]
4 0.00016 7
2
e P - e e S — 0.000155- + + + + + 1
3000 4000 5000 6000 7000 8000 9000 3000 4000 5000 6000 7000 8000 9000
Re Re
Fig. 7. Pressure drop of Al20s-H20 NAF vs | Fig. 8. f vs Re for different volume fractions
Re for different volume fractionsat T; = (@) atT; =90°C
90°C

4.4 Influence of anti-freezing agent on thermal performance
Fig. 9 shows the effect of the coolant (EG) on the heat transfer performance of the radiator. Here,
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the thermal performance obtained in pure water (H,0), mixture of H.O/EG and mixture of H.O/EG
4% Vol. Al, 05 NPs is compared at Re ranging from 4000 to 8000. As observed in Fig. 9, those base
fluids consisting of EG have a better heat transfer enhancement than pure-water, because EG as an
additive has a higher specific heat capacity and a lower freezing point, which is quite good for
automobile radiators. However, the addition of NPs to the existing base fluid containing an anti-
freezing agent has excellent thermal performance when compared to others. At Re = 8 000, in contrast
to pure water, the Nu is increased by 55.6% by using a mixture of H.O/EG in a volumetric proportion
of 50: 50, while the further addition of 4% Vol. Al,0; NPs to the mixture of based fluid and EG
increases the Nu by exactly 70%.

160 Je—sk— Pure water
] Pure water +Ethylene Glycol
140 J==6=— Pure water+Ethylene Gycol+Al203 particles

120
100
2 a1
60

40 »/*/”/X/K

20 1

o +—r—r—-—+——+t————t+ -+t
3000 4000 5000 6000 7000 8000 9000
Re

Fig. 9. Nu vs Re for different nanofluidsat T; = 90 °C

4.5 Influence of inlet temperature (T;) on heat transfer rate

Fig. 10 shows the relationship between the heat transfer rate and Re for Al,05/H,0 NAF with
a volume fraction of 4% for T; of 90 °C, 75 °C and 60 °C. As shown in the plot, the heat transfer
rate slightly rises with Re and T;. At Re of 8 000, the highest heat transfer rate of 167.94 KW was
reported at a 90°C inlet temperature, followed by 75°C inlet temperature that produced a heat
transfer rate of 122.16 KW, and the lowest heat transfer rate of 76.29 KW was observed at a 60 °C

inlet temperature. Similarly, at Re = 4 000, 90°C,75°C and 60 °C inlet temperature yield
167.88 KW, 119.92 KW, and 74.98 KW respectively.

180 T
] &— —O
150 1
s
<50}
py ]
S
& ]
b
“'?? 90 T
§ H—k % S——X
2 ]
= 60 1
g -
T —e—Ti=90C
30 1 Ti=75C
—¥— Ti=60C
0 — -ttt
3000 4000 5000 6000 7000 8000 9000
Re

Fig. 10. Heat transfer rate vs Re for different inlet temperatures
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4.6 Temperature contour plot

Fig. 11 visualizes the temperature distribution of the automotive radiator. As displayed in
Fig.11(a)-11(c), the heated NAF from an automobile’s engine block enters the radiator through the inlet
at very high temperature, cools as it is being convey through the tubes in the radiator by losing heat to
the fins and leave the radiator via the outlet at a low temperature, where it is further utilized to cool the
heat generated in the engine. Non-uniform stratified thermal layers are evident on both the fin side and
tube side, where the temperature continues to decrease from the top of the radiator to the bottom as
heated NAF flows through it.

®) ©

Temperature
Contour 1

[ 363.1

362.2
r361.3
r 360.4
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3086

- 337.6
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I 3249
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[K]
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LELER BN IR AR SLEl DI R ML BTN [ IR ELIT 3N 0

3

- o
"

P
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Fig.11. Temperature contour plot for 4% Vol. Al,0; — water nanofluid at Re = 4 000 (a)
3D-view (b) xy- plane at z = 20 mm (c) Side view

4.7 Pressure contour plot

Fig. 12 displays the pressure distribution in the radiator. There is no evidence of pressure drop
is visible at the fin side as shown in Fig.12(a). More so, As shown in plot 12(b), the pressure of the
NAF decreases as it flows down the radiator, the pressure at the outlet is appreciably lower than that
of the inlet.
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Fig.12. Pressure contour plot for 4% Vol. Al,0; — water NAF at Re =4 000 (a) 3D-view (b)
Xy- plane at z = 20 mm (c) Side view

5. Conclusion

In this study CFD study was conducted to investigate the thermal characteristics of an automotive
radiator using pure water (H,0), mixture of H.O/EG and AlO3-H.O/EG NAF at different Reynolds
numbers, volume fractions, and inlet temperatures. The following conclusions are drawn:

1. The addition of NPs of a certain volume fraction to the base fluid enhances the heat transfer rate
of the automotive radiator.

2. For all the nanoparticle concentrations considered, the heat transfer rate, Nu, and 4P all increases
as the Reincreases.

3. Among others, an automotive radiator operated with Al,O3-H,O/EG NAF yielded the highest
value of Nu and heat transfer rate.

4. At 4000 < Re < 8000, continuous increase in the volume fraction of Al,05; NPs in the base
fluid from 0% to 4% yields no appreciable changes in skin friction factor.

5. Higher heat transfer enhancement could be achieved by adding EG to the existing NAF which
contains H2O as base dluid.

6. The heat transfer rate of the automotive radiator improves as the inlet temperature increases from
60°C to 90°C.
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