
Avestia Publishing  

Journal of Fluid Flow, Heat and Mass Transfer 

Volume 3, Year 2016 

ISSN: 2368-6111 

DOI: 10.11159/jffhmt.2016.005 

Date Received: 2015-07-19 

Date Accepted: 2016-01-13 

Date Published: 2016-03-22 

34 

Numerical Simulation of Al2O3/Automatic 
Transmission Fluid and Al2O3/Water Nanofluids in a 

Compact Heat Exchanger 

Mohammed Ismail, Shahram Fotowat, Amir Fartaj 
University of Windsor, 401 Sunset Avenue, Windsor, Ontario, Canada N9B 3P4 

ismailf@uwindsor.ca; fotowat@uwindsor.ca; fartaj@uwindsor.ca 

Abstract - This research presents a numerical study of the 
effects of nanoparticles on high viscosity fluid as well as low 
viscosity fluid in heat transfer characteristics. Automatic 
transmission fluid (ATF) and water based aluminum oxide 
(Al2O3) nanofluids are used in a multiport slab minichannel 
heat exchanger (MICHX) under laminar flow conditions. The 
MICHX test specimen with the test section is modelled and 
solved using a finite volume method based CFD code. Three 
different concentrations ranges from 1%-3%vol of Al2O3 
nanoparticles are considered in this study. Liquids of a steady 
temperature of 76°C are cooled through a constant air flow 
rate of 507g/s and temperature of 14°C in a cross-flow 
orientation. Different mass flux ranging from 300 to 1200 
kg/m2s are maintained for each volume concentration. The 
effects of volume fraction of Al2O3 nanoparticles on liquid-side 
heat transfer rate, dimensionless temperature, heat transfer 
co-efficient, and Nusselt number (Nu) are computed. The 
numerical results show the enhanced heat transfer coefficient 
for both Al2O3/ATF and Al2O3/water nanofluids. The 
enhancement of heat transfer coefficient of Al2O3/water is 
insignificant with the increase of nanoparticle volume fraction; 
however, it is significant for Al2O3/ATF nanofluid.    

Keywords: Nanoparticles, nanofluid, automatic 
transmission fluid, numerical simulation, minichannel, 
multiport slab, aluminum oxide. 
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Nomenclature 
𝐴 surface area, m2 
𝐴𝑇𝐹 automatic transmission fluid 
𝐶𝑝 specific heat, 𝑗/𝑘𝑔𝐾 

𝐷 channel diameter, 𝑚 
𝐸𝐺 ethylene glycol 
𝐺 generations of turbulence kinetic energy, 

𝑗/𝑘𝑔 or  𝑚2/𝑠2 
𝐺𝑙  Liquid-side mass flux, 𝑘𝑔 𝑚2𝑠⁄  
ℎ heat transfer coefficient, 𝑤/(𝑚2 𝐾) 
𝐻𝐵 heat balance 
𝑘 thermal conductivity, 𝑤/𝑚𝐾  
𝑀 mass flow rate, 𝑘𝑔/𝑠 
𝑀𝐵 mass balance 
𝑀𝐼𝐶𝐻𝑋 minichannel heat exchanger 
𝑁𝑢 Nusselt number 
𝑃 pressure, 𝑘𝑃𝑎 
𝑄̇ heat transfer rate, 𝑤 
𝑅𝑒 Reynolds number 
𝑇 temperature, ℃ 
𝑢 fluid velocity, 𝑚/𝑠 
𝑥 direction x, 𝑚 

Greek symbols 
𝜀 turbulence dissipation rate, 

 𝑗/(𝑘𝑔 ∙ 𝑠) or 𝑚2/𝑠3 
∅ volume fraction 
𝜇 dynamic viscosity, 𝑁𝑠/𝑚2or 𝑘𝑔/𝑚𝑠 
𝜌 density, 𝑘𝑔/𝑚3 
𝜎𝑘 turbulent Prandtl number for 𝑘 
𝜏 shear stress, 𝑘𝑔/𝑚𝑠2 

Subscripts 
𝑎 air 
𝑏𝑓 base fluid 
𝑖, 𝑗, and 𝑘 x, y and z components respectively 
𝑖𝑛 inlet 
𝑙 liquid 
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𝑚 mean 
𝑛𝑓 nanofluid 
𝑛𝑝 nanoparticle 
𝑜𝑢𝑡 outlet 
𝑠 surface 
𝑡 turbulence 

 
1. Introduction 
 Rapidly increased energy demands, space 
limitations, and materials savings are the key issues of 
everyday life, and thus a secured and available supply of 
energy is important for the sustainability and economic 
development [1]. Most of the energy using today is 
produced in or through the form of heat which needs to 
be transferred into a system or removed from the 
system. Enhanced heat transfer rate is a demanding 
challenge in rapid cooling and heating environment. In 
order to achieve the increased and faster heat transfer, 
Al2O3 nanoparticles suspensions in ATF and water are 
introduced due to the high thermal properties and large 
surface area of the nanoparticles. In addition, 
minichannel heat exchanger (MICHX) is employed to 
reduce the weight and increase the thermal 
performance [2]. In automotive and industrial 
applications, miniature heat exchanger has been 
becoming more popular because of its increased heat 
transfer flux, lighter weight, and enhanced heat transfer 
area density compared with conventional one [3]. 
 The use of nanoparticles in heat transfer field was 
first studied at the Argonne National laboratory by Choi 
and Eastman [4]. In order to overcome the low heat 
transfer properties of common fluids, it is essential to 
search for the solid particles having several hundred 
times higher thermal conductivities than those of 
conventional fluids as shown by Daungthongsuk and 
Wongwises [5]. It is claimed that nanofluids show 
superior stability, rheological properties, and thermal 
conductivities with no penalty in pressure drop 
compared with suspended mili-or-micro particles. 
 Improvement of convective heat transfer is 
reported by numerous researchers [6-9]. Flow boiling 
heat transfer investigations are performed in laminar 
flow condition using low volume concentration of up to 
170nm nanoparticles sizes. A heat transfer increment of 
up to 200% for Cu2O and Al2O3/DI-water nanofluids 
compared to DI-water is established. However, it is 
claimed that the improvement and applications of 
nanofluids may be slowed down by several reasons e.g. 
long term stability, increasing pressure drop, and 
nanofluids’ thermal performance in fully developed 

flow, lower specific heat of nanofluids, and greater cost 
of nanofluids preparation. 
 The effects of Peclet number, volume 
concentration and size of 𝛾-Al2O3/water and TiO2/water 
nanofluids on the heat transfer behavior were 
investigated by Farajollahi et al [10]. They conducted 
the experiment under turbulent flow condition and 
found  that for a particular Peclet number, heat transfer 
performance of TiO2/water nanofluid at its optimum 
nanoparticle concentration are greater than those of 𝛾-
Al2O3/water nanofluid. Whereas, 𝛾-Al2O3/water 
nanofluid possesses higher heat transfer performance 
at higher nanoparticle concentration. 
 The thermal performance and effects of various 
forces on particle distribution of the Al2O3/water 
nanofluid flows in a uniform wall heat flux inside a pipe, 
was studied by Bahiraei et al [11]. The Brownian, 
thermophoretic, drag, lift, and virtual mass forces were 
considered in their two-phase Euler-Lagrange model. 
They observed higher concentration of the 
nanoparticles in the centre of the pipe, which intensify 
the nonuniformity in the properties distributions and 
likewise flattens the velocity profile. It was also 
concluded that disregarding the Brownian force in the 
simulation causes a larger error at lower Reynolds 
number due to the direct dependency of the Brownian 
diffusion coefficient on the temperature. 
 Several researchers [12-14] investigated the 
influence of the concentration as well as the density of 
nanofluids to the heat transfer performance. They 
introduced Al2O3, CuO, TiO2, and SiO2 nanoparticles into 
a DI-water or an ethylene glycol (EG) and water mixture 
(60:40 by weight) in a variety of volume concentrations 
and sizes. Significantly increased Nusselt number and 
heat transfer coefficient of nanofluids are reported. The 
specific heat of Al2O3/water nanofluid is studied by 
Zhou et al [15] and found that the specific heat of 
nanofluid decreases with increase of volume fraction of 
nanoparticles. Moreover, Barbes et al [16] conducted an 
experimental study on specific heat of Al2O3/water and 
EG nanofluid at 25℃-65℃ temperatures and verified 
with the Hamilton–Crosser model. 
 Lee and Choi [17] conducted an investigation to 
evaluate the thermal conductivity of γ-Al2O3 dispersed 
in water. The thermal conductivity of γ-Al2O3 is three 
times that of water, which allows nearly three-fold 
increases in heat fluxes of liquid nitrogen–cooled 
microchannel heat exchanger. In addition, the heat 
transfer coefficients of several graphitic nanofluids have 
been studied by Yang et al [18] in a horizontal tube heat 
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exchanger under laminar flow. They claimed that the 
nanoparticles improve the heat transfer coefficient of 
the fluid system in laminar flow. However, the 
improvement is found much lower than that of the 
predicted values obtained from the thermal 
conductivity correlations. The authors recommended to 
consider type of nanoparticles, particle loading, base 
fluid chemistry as well as the process temperature 
during preparation of nanofluids in order to improve 
heat transfer coefficient. 
 A theoretical study of the thermal conductivity of 
nanofuids is introduced by Xuan and Li [19]. They 
claimed that the nanofuids showed great potential in 
enhancing the heat transfer process. They stated that 
the volume fraction, shape, dimensions, and properties 
of the nanoparticles affect the thermal conductivity of 
nanofluids. Eastman et al [20] stated that a ‘‘nanofluid’’ 
consisting of copper nanoparticles dispersed in 
ethylene glycol (EG) has a higher effective thermal 
conductivity than either pure EG or CuO/EG.  
 CuO nanoparticles in EG/water (60:40) of 0% to 
6.12% at temperature of −35℃ to 50℃ are studied by 
Namburu et al [21]. They stated that the viscosity of 
nanofluid decreases exponentially as the temperature 
increases. The relative viscosity of CuO nanofluid 
increases with the increase of %vol and decreases 
substantially with temperature for higher 
concentration. Furthermore, Garg et al [22] investigated 
the thermal conductivity and viscosity of 2%vol CuO 
nanoparticles in water/EG and claimed that the thermal 
conductivity is twice that of the Maxwell model and the 
viscosity is about four times that of the predicted value 
of Einstein model [23].  
 The viscosity and thermal conductivity of 21nm 
TiO2 nanoparticles in DI-water up to a volume fraction 
of 3% of particles at temperatures of up to 55℃ were 
also examined by Turgut et al [24]. They established 
that the thermal conductivity of the nanofluid increases 
with an increase of particle volume fraction, and the 
enhancement is observed to be 7.4% higher than the 
base fluid at 13℃. Moreover, Elçioğlu [25] 
experimentally and analytically studied the viscosity of 
Al2O3/water nanofluid for different nanoparticle 
volumetric fractions, nanoparticle diameters, and 
temperatures. Their results showed that the viscosity of 
Al2O3/water nanofluid increases with the nanoparticle 
diameter and decreases exponentially with 
temperature. Experimental investigations are 
performed to determine the viscosity of TiO2 and Al2O3 
nanoparticles suspended in a mixture of EG/water. 

Another experimental study at various volume fractions 
between 0% and 4% and a temperature range of 15℃–
60℃ is conducted by Yiamsawas et al [26]. Results 
indicate that the theoretical models are not suitable to 
predict the viscosity of nanofluids.  
 Study on heat transfer characterization of ATF 
based Al2O3 nanofluid in narrow channels is very rare in 
open literatures. Therefore, the current study dealing 
with ATF and water based Al2O3 nanofluid heat transfer 
characteristics might supplement the useful 
information for industrial applications. The main 
purpose of this study is to evaluate the dimensionless 
temperature and heat transfer characteristics of ATF 
and water/Al2O3 nanofluids as a homogeneous single-
phase fluid in a MICHX. 

 

2. Numerical Method 
 The numerical simulation is performed in a 
serpentine slab multiport minichannel heat exchanger 
(MICHX) as shown in Fig. 1a and Fig. 1b. 

 

 
Figure 1a. A photograph of MICHX used in current study. 

 

 
Figure 1b. The model of the MICHX used in current study. 
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Figure 1c. The manifold and channel meshes. 

 
 The specifications of the MICHX are presented 
below in Table. 1. 

 
Table 1. Specifications of MICHX [27]. 

Parameters  Magnitudes 
Materials of  MICHX Aluminium 
Number of channels 68 
Channel diameter 1mm 
Port to port distance  1.463mm 
Slab length (x-axis) 304mm 
 thickness (y-axis) 2mm 
 width (z-axis) 100mm 
Inner dia. of serpentine curve 20mm 
Inner dia. of Header  4.76mm 
Fin density 8 fins/25.4mm 
 height: middle 20 mm 
 height: top & bottom 10 mm 
 thickness  0.1 mm 

 
 Since the suspended particles in nanofluid are 
very fine, the particles may easily be fluidized; 
subsequently, by overlooking the slip motion between 
particles and fluid and assuming the base fluid and the 
nanoparticles are in thermal equilibrium, the nanofluid 
has been treated as a homogenous fluid. The following 
time-averaged instantaneous governing equations are 
used to compute steady state and incompressible fluid 
flow without chemical reaction: 
 Continuity:  

 
𝜕

𝜕𝑥𝑖

(𝜌𝑢𝑖) = 0 
(1) 

 
 Momentum: 

 
𝜕

𝜕𝑥𝑖

(𝜌𝑢𝑖𝑢𝑘) =
𝜕

𝜕𝑥𝑖
(𝜇

𝜕𝑢𝑘

𝜕𝑥𝑖
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𝜕𝑃

𝜕𝑥𝑖

𝜕

𝜕𝑥𝑖
(−𝜌𝑢𝑖

′𝑢𝑗
′̅̅ ̅̅ ̅̅ ) 

(2) 

 
 Energy: 

𝜕

𝜕𝑥𝑖

(𝜌𝑢𝑖𝑇) =
𝜕

𝜕𝑥𝑖
(

𝐾

𝐶𝑝

𝜕𝑇

𝜕𝑥𝑖
+ 𝑢𝑖(𝜏𝑖𝑗)

𝑒𝑓𝑓
) 

(3) 

 
 Turbulence kinetic energy: 

 
𝜕

𝜕𝑥𝑖

(𝜌𝑘𝑢𝑖) =
𝜕

𝜕𝑥𝑖
[(𝜇 +

𝜇𝑡

𝜎𝑘
)

𝜕𝑘

𝜕𝑥𝑖
] + 𝐺𝑘 − 𝜌𝜀 

(4) 

 
 The main challenge of this approach is to 
calculate the thermos-physical properties of nanofluid. 
For a single-phase model, the following equations are 
used to compute the thermophysical properties of 
nanofluids: 
 Density: 
 Applying the principle of mass conservation of the 
two species in a finite control volume of the nanofluid, 
the density of nanofluid, 𝜌𝑛𝑓 is obtained from the (Pak 

and Cho correlation [28] correlation as: 
 

𝜌𝑛𝑓 = ∅𝜌𝑛𝑝 + (1 − ∅)𝜌𝑏𝑓 (5) 

 
 where ∅ is the volumetric fraction of 
nanoparticles in the base fluid, ρnp is the density of 

nanoparticles, and 𝜌𝑏𝑓 is the density of base fluid. This 

equation is frequently used by several researchers [12], 
[25], [29-32] for calculating the density of nanofluids. 
 Specific heat: 
 The thermal conservation of energy of the two 
species in a finite control volume yields the overall 
specific heat of the nanofluid [32]. For calculating the 
specific heat of nanofluid, (Xuan and Roetzel [33] 
correlation is used. The equation is   
 

𝐶𝑝𝑛𝑓 =
∅(𝜌𝐶𝑝)𝑛𝑝 + (1 − ∅)(𝜌𝐶𝑝)𝑏𝑓

∅𝜌𝑛𝑝 + (1 − ∅)𝜌𝑏𝑓
 

(6) 

 
 Where 𝐶𝑝𝑛𝑝

 and 𝐶𝑝𝑏𝑓
 represent the specific heat 

of nanoparticles and base fluid respectively. It is an 
advanced form of Pak and Cho [28] correlation and 
used by many researchers [12], [16], [29-30], [32]. 
 Thermal conductivity: 
 There are numerous correlations to evaluate the 
thermal conductivity of nanofluid. Yu and Choi [34] 
correlation, which is the simplified form of Hamilton 
and Crosser [35] correlation of single phase 
homogeneous nanofluid of spherical nanoparticles is 
used in this study. The correlation is  
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𝑘𝑛𝑓 = [
𝑘𝑛𝑝 + 2𝑘𝑏𝑓 + 2(𝑘𝑛𝑝 − 𝑘𝑏𝑓)Ø

𝑘𝑛𝑝 + 2𝑘𝑏𝑓 − (𝑘𝑛𝑝 − 𝑘𝑏𝑓)Ø
] 𝑘𝑏𝑓 

(7) 

 
 where 𝑘𝑛𝑝 and 𝑘𝑏𝑓 represent the thermal 

conductivity of nanoparticles and base fluid 
respectively.  
Dynamic viscosity: 
 For calculating the dynamic viscosity of 
nanofluids, Brinkman [36] correlation is used in this 
study. The correlation is 

 
𝜇𝑛𝑓 = 𝜇𝑏𝑓/(1 − Ø)2.5 (8) 

 
 This is an advanced form of the well-known 
Einstein’s model [23], and applicable to moderate 
particle volume concentration less than 4%.  

 
2. 1. Boundary conditions 
 For both liquid-side and air-side, temperature 
and mass flow rate boundary conditions are applied at 
the inlet, and pressure outlet condition is specified at 
the out let. The inlet temperature of the liquid is kept 
constant at 76℃ while the mass fluxes are varied from 
300 to 1200 kg/m2s. For the air-side, a constant mass 
flow rate of 507g/s and a constant temperature of 14℃ 
are applied at the inlet of the test chamber.  
 An adiabatic or zero heat flux boundary condition 
is employed at the walls of the manifolds, serpentine 
bend, and test chamber. A no-slip boundary condition is 
applied on the wall for fluids. 

 
2. 2. Grid independency and model validation 
 In order to validate the model, a numerical 
verification including a grid dependence study and an 
overall error in mass balance (MB) and heat balance 
(HB) is performed. The detail of the grid independency 
study is previously published [27] and is not repeated 
here. The errors in MB and HB are defined as 
 

%𝐸𝑟𝑟𝑜𝑟 𝑖𝑛 𝑀𝐵 =
𝑀𝑙,𝑖𝑛−𝑀𝑙,𝑜𝑢𝑡

𝑀𝑙,𝑖𝑛
× 100  (9) 

 

%𝐸𝑟𝑟𝑜𝑟 𝑖𝑛 𝐻𝐵 =
𝑄𝑙 − 𝑄𝑎

𝑄𝑎𝑣𝑒𝑟𝑎𝑔𝑒
× 100 

(10) 

 
 The overall error in mass balance between liquid 
inlet and outlet mass flow rates and heat balance 
between air-side and liquid-side heat transfer rates in 

all cases of simulations considered in this study is 
observed in a range of ±0.11% and 0.85% respectively. 
 In addition, a set of simulation results of water 
and 50:50 ethylene glycol-water mixture (EG) were 
compared with experimental results of Khan and Fartaj 
[1] as shown in Fig. 2. The figure shows a very good 
agreement with the experimental measured data and 
ensures accuracy and reliability of the model and its 
simulation results.  
 

 
Figure 2. Comparison of numerical results with experimental 
data [𝑇𝑖,𝑤 = 76℃ and 𝑇𝑖,𝑎 = 14℃,  for water cooling;  𝑇𝑖,𝐸𝐺 =

76℃,  and  𝑇𝑖,𝑎 = 8℃ for EG cooling]. 
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3. Results and Discussions 
 
3. 1. Centreline velocity (𝑽𝒄) 

 
Figure 3. Variations of local centreline fluid velocity along the 

channel length for diff. vol. concentration of nanofluid for a 
specified mass velocity of 1117 kg/m2s. 

 
 The variations of centreline velocity of liquid 
streams at the top and bottom slabs along the length of 
the channel are shown in Fig. 3. It shows that a 
hydrodynamic boundary layer develops along the 
channels when liquid flows in the channels at the top 
and bottom slabs. The flow becomes hydro-dynamically 
fully developed before entering to the serpentine and 
leaving from MICHX. For the same mass flux of the 
liquid, the centreline velocity is lower for higher volume 
fraction. 
 
3. 2. Heat transfer coefficient (𝒉𝒍) 

 
Figure 4a: Effects of Reynolds number as well as volume 

fraction of Al2O3/water nanofluids on heat transfer 
coefficient. 

 
Figure 4b: Effects of Reynolds number as well as volume 

fraction of Al2O3/ATF nanofluids on heat transfer coefficient. 
 

 The variations of the liquid-side heat transfer 
coefficient (h𝑙) with different concentration (∅𝑙) and 
Reynolds number (Re𝑙) are shown in Figs. 4a and 4b . 
The figures illustrate that h𝑙 increases nonlinearly with 
the increase of 𝑅𝑒𝑙. It is found that the enhancement of 
h𝑙 for Al2O3/water nanofluid is 4.4%-5.3%. However, 
the trend indicates insignificant enhancement of h𝑙 with 
the increase of ∅𝑙. It is also observed that the 
enhancement of h𝑙 for Al2O3/ATF nanofluid is 2.4%-
6.4%, which shows a lower improvement in heat 
transfer coefficient for lower volume concentration; but 
the enhancement increases significantly with the 
increase of concentration. 
 

3. 3. Dimensionless Temperature (𝛉)   
 The dimensionless temperature (θ) is defined as 
the ratio of the liquid side temperature drop to the 
maximum temperature difference between air and 
liquid. The dimensionless temperature, 𝜃 is defined as 

 

𝜃 =
𝑇𝑜,𝑛𝑓 − 𝑇𝑖,𝑛𝑓

𝑇𝑖,𝑛𝑓 − 𝑇𝑖,𝑎
 

(11) 

 
 where, 𝑇𝑜,𝑛𝑓 = outlet temperature of the 

nanofluid, ℃, 𝑇𝑖,𝑛𝑓 = inlet temperature of the nanofluid, 

℃, and 𝑇𝑖,𝑎 = inlet temperature of air,℃. 

 Fig. 5 shows the variations of mass flux and 
nanofluids concentration on the dimensionless 
temperature. 
 At a particular mass flux, it is observed from the 
graph that the liquid side temperature drop is higher 
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for ATF than water. Also, the θ decreases nonlinearly 
with the increase of liquid-side mass flux (𝐺𝑙). 
Moreover, owing to its larger heat conduction, higher 
nanofluids concentration shows higher dimensionless 
temperature which indicates higher temperature drop 
for a constant mass flux. 
 

 
Figure 5. Effects of mass flux as well as volume fraction of 

nanoparticles on dimensionless temperature. 

 
3. 4. Convective heat transfer coefficient (𝒉𝒇)  

 The heat transfer coefficient is an important 
parameter for heat exchanger design. The heat transfer 
coefficient of liquid, ℎ𝑙 is defined as 

 

ℎ𝑙  =
𝑄̇𝑙

𝐴𝑠(𝑇𝑙,𝑚 − 𝑇𝑠,𝑚)
 

(12) 

 
 where 𝑄̇𝑙  is the liquid-side heat transfer rate, 𝐴𝑠 is 
the total heat transfer surface area, 𝑇𝑠,𝑚 is the liquid 
mean temperature, and 𝑇𝑙,𝑚 is the mean surface 

temperature. 
 The liquid-side heat transfer rate, 𝑄̇𝑙  is defined as 
 
𝑄̇𝑙 = [𝑚̇𝐶𝑝(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)]

𝑙
 (13) 

 
 where  𝑚̇, 𝐶𝑝, 𝑇𝑙,𝑖𝑛, and 𝑇𝑙,𝑜𝑢𝑡 represent the mass 

flow rate, specific heat, inlet temperature, and outlet 
temperature respectively. 
 The liquid side heat transfer coefficient (ℎl) vs 
mass flux (𝐺𝑙) for ATF and water at various nanofluid 
concentrations is illustrated in Fig. 6. It shows that ℎl 
increases with the increase of 𝐺𝑙  and is higher for water 

than ATF as expected. Results also show that effect of 
Al2O3 nanoparticles on the heat transfer coefficient 
higher for low viscosity fluid (Al2O3/water) than that of 
high viscosity fluid (Al2O3/ATF). For a particular 𝐺𝑙 , the 
increase of ℎl becomes 2.4%-6.4% for ATF and 4.4%-
5.3% for water in the range of 1%vol≤∅≤3%vol.  

 

 
Figure 6. Effects of mass flux as well as volume fraction of 

nanoparticles on heat transfer coefficient. 
 

 However, at a particular mass flux of 300kg/m2s, 
there is no significant improvement on heat transfer 
coefficient for Al2O3/ATF nanofluid. This is due to the 
counteract effect of the specific heat against the heat 
transfer coefficient improvement. 
  

3. 5. Nusselt Number (Nu) 
 The Nusselt number of liquid (Nul) is calculated 
by using the following equation; 

 

𝑁𝑢𝑙  =
ℎ𝑙𝐷𝑐ℎ

𝑘𝑙
 

(14) 

 
 Where  𝑑 and 𝑘𝑙 represent the hydraulic diameter 
of the channel and the thermal conductivity of liquid 
respectively. 
 Fig. 7 shows the effects of 𝐺𝑙  on 𝑁𝑢𝑙 for nanofluid 
concentration from 1% to 3% at constant inlet liquid 
temperature of 76℃ and air temperature of 14℃. It 
shows that the 𝑁𝑢l increases nonlinearly with the 
increase of Gl. The slop of 𝑁𝑢l is found steeper at lower 
𝐺𝑙  compared with those of higher 𝐺𝑙 . 𝑁𝑢l is found to be 
higher for lower concentration because its thermal 
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conductivity dominates the 𝑁𝑢l compared with heat 
transfer coefficient of nanofluids.  
 

 
Figure 7. Effects of 𝐺𝑙  and nanofluid concentration on 𝑁𝑢𝑙 . 

 

4. Conclusions  
 In this study, the effects of nanoparticles in low 
and high viscosity fluids on heat transfer characteristics 
are conducted in a multiport slab compact heat 
exchanger. The volume concentrations of Al2O3/ATF 
and Al2O3/water nanofluids are varied from 1%≤∅≤3%. 
The constant inlet temperatures of liquid and air are 
maintained at 76℃ and 14℃ respectively in all 
simulations.  
 It is found that the flow reaches hydro-
dynamically fully developed before entering to the 
serpentine and leaving from MICHX. For the same mass 
flux of the liquid, the centreline velocity is lower for 
higher volume fraction. As it is expected, the heat 
transfer coefficient, ℎl increases with the increase of 
mass velocity, 𝐺𝑙 . For a particular 𝐺𝑙 , heat transfer 
coefficient of fluids are higher for higher concentration 
of nanoparticles. The enhancement of h𝑙 for 
Al2O3/water nanofluid is 4.4%-5.3%. But, the trend 
indicates insignificant enhancement of h𝑙 with the 
increase of ∅𝑙.   
 The improvement of ℎ𝑙 for Al2O3/ATF nanofluid is 
2.4%-6.4%, which displays a lower improvement in 
heat transfer coefficient for lower volume fraction; 
however, the significant enhancement of ℎ𝑙 is observed 
for higher volume fraction. 𝑁𝑢𝑛𝑓 is observed lower than 
𝑁𝑢bf due to its dominating thermal conductivity. 
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