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 Nanofluids have been widely studied over the past decade due to their extremely promising 

findings in terms of thermal transfer improvement techniques. These fluids have a number 

of potential benefits, including enhanced thermal resistance and heat transfer 

characteristics. The current study examines the numerical behavior of the square cavity 

loaded with a nanofluid for thermal enhancement under three different base fluid 

conditions (water, water-EG mixture, and EG). This square cavity edge is maintained at a 

length of 8 cm. Side edges are kept at constant high and low-temperature conditions, and 

bottom sides are insulated. Additionally, it is found that when the base fluid's composition 

changes between EG to water, heat transmission is increased. The (ℎ𝑛𝑓ℎ𝑏𝑓⁄) ratio improves 

when the percent vol density of Al2O3 nanoparticle increases, and an increase of up to 4.5 

percent is possible. Consequently, the paper concluded that the use of nanofluids aids in 

heat transfer enhancement. 
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1. INTRODUCTION 

 

Nanofluids are binary mixtures of a base fluid with metallic 

particles (10 nm - 100 nm in size). The inclusion of nano-sized 

metal particles colloquially referred to as nanoparticles have 

been found to enhance the thermal of the fluid, thus increasing 

the heat transfer phenomena. However, the degree to which 

nanoparticles absorb heat may be dependent on their volume 

concentration. Nanoparticles may improve heat transmission 

up to a specific point in their volume concentration range and 

may reduce it beyond that point. This range of optimum 

nanoparticle volume concentration levels may also be 

dependent on the concentration of the base fluid and the 

source's temperature. In aggregate, it becomes a highly 

complicated issue, and more research is necessary to fully 

comprehend this phenomenon. 

Several significant research has been conducted before to 

better understand the improvement of heat transfer through 

nanofluids [1, 2]. Kamyar et al. [3] used the lattice Boltzmann 

method to compare a numerical model to experimental data for 

a nanofluid system. They demonstrated that numerical 

methods were in close accord with experimental findings. 

They suggested that rather than modeling the nanofluid as 

either a single-phase system, a two-phase system is more 

appropriate. Additionally, they recommended that numerical 

modeling of nanofluids should include temperature-dependent 

thermophysical characteristics. 

Li and Peterson [4] studied the buoyancy-based convection 

in an aluminium oxide nano fluid. Effect of nano-

concentration was analysed for 0.5 to 6%. They inferred that 

with the advance in volume concentration, the heat 

transmission decreased. They ascribed this degradation to the 

nanofluid's increased viscosity and the occurrence of 

Brownian motion. They hypothesized that perhaps the 

thermophoresis impact delayed the start of natural convection. 

The findings of this study contradicted earlier findings. 

Dagtekin and Oztop [5] investigated the impact of 2 

different thermal partitions, their size, and placement inside an 

enclosure on natural circulation phenomena. Hwang et al. [6] 

examined a rectangular cavity and performed a buoyancy-

driven heat transfer study of water-based (Al2O3) nanofluids. 

The ratio of the heat transfer coefficients of nanofluids to the 

base fluid falls as the size of the nanoparticles rises. Putra et 

al. [7] conducted heat transfer tests on a cylindrical device 

having a bottom and top thermal temperature and nanofluid. 

There was no indication of stratification of concentration 

layers. However, there was a reduction in spontaneous 

convective heat transmission. This decrease was attributable 

to the nanoparticles' concentration and the cylinder's aspect 

ratio. Goktepe et al. [8] compared single-phase and two-phase 

models for nanofluid convection at the entrance of an evenly 

heated tube. Numerous experts have done further study in 

nanofluids [9, 10]. Nguyen et al. [11] investigated the impact 

of nanoparticle size on a water aluminum oxide nanofluid. 

They tested the viscosity of two distinct particle sizes at 

various temperatures experimentally. Yazdi et al. [12] 

investigated the impact of Brownian motion upon this 

temperature increase of a nanofluid in a cavity. They examined 

Brownian motion's impact on a hollow loaded with water and 

Al2O3 nanoparticles. Buongiorno [13], Pak and Cho [14] 

investigated the impact of the nanofluid in a circular tube on 

oxide dual metallic nano atoms of alumina (Al2O3) & titanium 

oxide (TiO2). They studied the heat transport behavior of a 

circular pipe and calculated the turbulent friction. Finally, 

Ahadi et al. [15] investigated the Soret effect's impact on the 

heat transmission of nanofluids. 
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In earlier research, the heat enhancement phenomena in 

nanofluids were analyzed using a comparison of pure water 

and pure Ethylene glycol as a primary fluid. Several pieces of 

research have also examined the heat enhancement capabilities 

of a combination of water and ethylene glycol in different 

quantities. However, no study discusses the variation in heat 

transfer behavior caused by the progressive transition from 

distilled water to a water-Ethylene glycol combination to a 

100% Ethylene glycol mixture. The current article presents a 

numerical model like any 8 cm square enclosing loaded by 

Al2O3 nanofluid. The present study is unique in that it 

investigates and reports on the impact of progressive changes 

in the mixture of the different composite fluids. 

 

 

2. FINITE ELEMENT MODEL 

 

A two-dimensional square cavity filled with nanofluid and 

measuring 8 cm in length is examined to determine the impact 

of heat transmission (or heat removal). The cavity's upper and 

bottom walls are insulated, while its lateral sides are 

isothermal. The current research analyses a nanofluid 

composed of the base fluid and aluminium oxide (Al2O3) 

particles at concentrations ranging from Approximately 1% – 

3% (volume percent concentration). The nanofluid is 

evaluated for three distinct base liquids: water, ethylene glycol 

(EG), and water-EG, as well as at four different hot wall 

temperature levels: 306 K, 312 K, 318 K, and 324 K. 

 

 
 

Figure 1. Model information with bounded values 

 

 
 

Figure 2. Discretised model 

A cavity having boundary conditions is shown in Figure 1, 

which displays a square cavity. The governing equations are 

simulated using the finite element method. The baseline fluid 

and nanoparticle combination are considered to be 

homogeneous and to act as a single system. Figure 1 depicts 

the direction of that same gravitational vector utilized in the 

simulation model. The gravity vector includes the buoyancy 

effect caused by lateral wall heating. It is shown in Figure 2 

that the study was done using a square-element mesh grid. 
 

 

3. NUMERICAL ANALYSIS 
 

The current study assumes that the flow is incompressible. 

Assuming that the nano-particles are readily humidified in the 

base fluid, the nanofluid is regarded as a single system. The 

primary objective of this study is to explore the temperature 

enhancement (or rate of heat transmission) and circulation 

behaviour of nano-fluids. Henceforth, any impact caused by 

an external force (for example, a magnetic field) is ignored. 

The model's boundary conditions are depicted in Figure 1 and 

are as follows: 

 

u=v=0, T=Th at x=0, & 0≤y≤8 
u=v= 0, T=Tc at x=8, &0 ≤y≤8 

u=v=0, 
𝜕𝑇

𝜕𝑦
= 0 at y=0, 8 & 0≤x≤8 

 (All values in cm) 
(The origin is assumed to be at the cavity's south-west corner.) 

 

Based on experimental observations, Khanafer et al. [16] 

have assessed and suggested the following values for the 

following characteristics of nanofluids: mass density 

( 𝜌𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑) , Absolute viscosity ( µ𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑) , thermal 

conductivity ( 𝑘𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑) , thermal expansion coefficient 

(𝛽𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑), and specific heat capacity (𝐶𝑝𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑
). The 

values for these properties are shown below: 

Mass Density, (𝜌𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑): 

 

𝜌𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑 = 𝜑𝜌𝑛𝑝 + (1 − 𝜑)𝜌𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑  (1) 

 

Absolute Viscosity, (µ𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑): 

 

µ𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑 =
µ𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑

(1 − 𝜑)2.5
 (2) 

 

Thermal conductivity, (𝑘𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑): 

 
𝑘𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑

𝑘𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑

=
𝑘𝑛𝑝 + 2𝑘𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑 + 2(𝑘𝑛𝑝 − 𝑘𝑏𝑎𝑠𝑒 𝑓;𝑢𝑖𝑑)𝜑

𝑘𝑛𝑝 + 2𝑘𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑 − 2(𝑘𝑛𝑝 − 𝑘𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑)𝜑
 

(3) 

 

Thermal volume expansion, (𝛽𝑛𝑓): 

 

(𝜌𝛽)𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑 =  𝜑𝜌𝑛𝑝𝛽𝑛𝑝

+ (1 − 𝜑)𝜌𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑𝛽𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑  
(4) 

 

Specific heat capacity, (𝐶𝑝𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑
): 

 

(𝜌𝑐𝑝)
𝑛𝑎𝑛𝑜 𝑓𝑙𝑢𝑖𝑑

=  𝜑𝜌𝑛𝑝𝑐𝑝𝑛𝑝

+ (1 − 𝜑)𝜌𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑𝑐𝑝𝑏𝑎𝑠𝑒 𝑓𝑙𝑢𝑖𝑑
 

(5) 
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Table 1. Properties of the base solution and Al2O3 

 

Property Water 
0.8:0.2 

W/EG 

0.6:0.4 

W/EG 

0.4:0.6 

W/EG 

0.2:0.8 

W/EG 
Ethylene-Glycol Aluminium Oxide (Al2O3) 

ρ 988 1018.549 1047.948 1073.978 1097.293 1121.669 3933.767927 

cp 4211 3854.375 3510.846 3129.035 2709.95 2366.421 770.673445 

k 0.702 0.570303 0.467237 0.384783 0.324088 0.295458 45.80750408 

µ 0.877 1.437059 2.529618 4.448979 8.159742 14.86274 - 

α×107 1.5 1.291837 1.128571 1.018367 0.969388 0.989796 134.3877551 

β 0.00019 0.000253 0.000317 0.00038 0.000443 0.000516 0.0000217 

Pr 5.99 11.06226 21.66071 41.22936 77.75158 135.6681 - 

 

Three different baseline liquids (Water, Ethylene glycol 

(EG), and Water-EG) are examined and compared in this study 

at varied Al2O3 nanoparticle concentrations (= 1%, 2%, and 

3%). The water-EG combination is tested at with varying 

compositions: 0.2-0.8, 0.4-0.6, 0.6-0.4, and 0.8-0.2 

concentrations. The thermal fluid characteristics of common 

basic fluids are shown in Table 1. The low temperature side is 

maintained at 300 K, while the temperature of the heated 

isothermal wall is studied at three different temperature levels 

are 306 K, 312 K, 318 K, & 324 K. As a result, three factors 

are examined (one at a time): (a) the percent volume 

concentration of Al2O3 nanoparticles; (b) the composition of 

the base fluid; and (c) the temperature. Table 1 shows the 

properties of the base solution and Al2O3 nanoparticles 

concerning each other. 

The density value is estimated numerically using the 

Boussinesq approximation since its value varies 

proportionally with temperature in the momentum equation's 

buoyancy component. During the numerical simulation, the 

other characteristics are considered to stay constant. With the 

above in mind, the incompressible flow's dominant continuity, 

momentum, as well as energy equations are as follows: 

Continuity Equation: 

 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
= 0 (6) 

 

Momentum Equation: 

 

𝑢
𝜕𝑢

𝜕𝑥
+ 𝑣

𝜕𝑢

𝜕𝑦
=  

1

𝜌𝑛𝑓

[−
𝜕𝑃

𝜕𝑥
+ µ𝑛𝑓 (

𝜕2𝑢

𝜕𝑥2
+

𝜕2𝑢

𝜕𝑦2
)] (7) 

 

𝑢
𝜕𝑣

𝜕𝑥
+ 𝑣

𝜕𝑣

𝜕𝑦
=  

1

𝜌𝑛𝑓

[−
𝜕𝑃

𝜕𝑦
+ µ𝑛𝑓 (

𝜕2𝑣

𝜕𝑥2
+

𝜕2𝑣

𝜕𝑦2
)]

+ {𝑔(𝜌𝛽)𝑛𝑓(𝑇 − 𝑇𝑐)} 

(8) 

 

Energy Equation: 

 

𝑢
𝜕𝑇

𝜕𝑥
+ 𝑣

𝜕𝑇

𝜕𝑦
= 𝛼𝑛𝑓 (

𝜕2𝑇

𝜕𝑥2
+

𝜕2𝑇

𝜕𝑦2
) (9) 

 

 

4. SOLUTION PROCEDURE 

 

CFD study of the square cavity's free convection issue is 

carried out using Fluent 16.0 software. A simple method is 

used with default relaxation factor settings. All the residuals 

of the governing equations are fixed at 10-6. 

The mesh sensitivity study using Al2O3-water nanofluids 

with=3% and T=Th–Tc=12 K are shown in Table 2. To perform 

a grid independence test, we used a hexagonal mesh grid 

(Figures 3 and 4). According to the findings, the numerical 

analysis may be conducted effectively using a 14400-square-

element mesh grid. 

Two studies utilize square cavities of 8 cm length loaded 

with Al2O3-water nanofluid for data validation: Ho et al. The 

cavity's vertical walls are isothermal, whereas the cavity's 

horizontal walls are adiabatically heated. The temperatures of 

both the warm and cool isothermal walls are kept around 312 

K & 300 K, respectfully. Table 3 summarises the predicted 

results in comparison with the obtained results. As the 

nanoparticle concentration rises, the variance increases from 

2.31 to 4.34 percent, but this difference is within acceptable 

limits, and therefore the technique used in the present 

numerical study is deemed verified. 

 

Table 2. Grid independence study 

 
Distribution of 

elements 

Element 

Quantity 

Flow of heat 

(W/m2) 
Nu 

41×41 1600 3876.92 39.08 

81×81 6400 3072.95 30.97 

121×121 14400 2812.9 28.35 

161×161 25600 2812.6 28.35 

321×321 102400 2737.5 27.59 

 

 
 

Figure 3. Mesh grid for sensitivity analysis 

 

 
 

Figure 4. Nusselt number variation with the mesh size 

2002



Table 3. Data validation 

 
%vol of nanoparticle Nu (from Ho et al. [17]) Nu (from Sahgir et al. [18]) Nu (from present analysis) 

1 33.4 33.04695485 32.6286731 

2 32.08 32.6144861 31.88343706 

3 30.01 32.21165602 31.31363385 

 

 

5. RESULT ANALYSIS 

 

Figure 5 (a) and (b) represents the temperature contours of 

aluminium oxide based water and ethylene glycol nano fluid. 

The percent volume concentration of Al2O3 nanoparticles is 

adjusted to 3 percent in both square cavities, and the hot wall 

edge is maintained at 324 K. With regard to Al2O3-water 

nanofluid and also Al2O3-EG nanofluids enclosures, the 

respective RAYLEIGH values are 15.6 (107) and 4.38 (107) 

(for each). The greater the Rayleigh number, the stronger the 

flow, which intensifies natural convection. As a result, the 

isotherms demonstrate that the temperature gradient at the hot 

and cold walls is more severe in the context of Al2O3-water 

nanofluids. 

 

 
 

Figure 5. Comparison of temperature contour for 3% 

concentration 

 

 
 

Figure 6. Comparison of Nusselt number for different 

nanoparticle volume fractions with respect to fraction of 

water in water/EG solution 

 

Plot of Nusselt number change with base fluid composition 

from clean EG to water-EG combination and back to pure 

water is shown in Figure 6. With the hot wall at 312 K and 

three different %vol nanoparticle concentrations, the analysis 

is completed. When shown in Figure 6, the Nusselt number 

rises as the baseline fluid composition shifts from EG to water, 

regardless of the percent vol concentration. Although the rise 

is almost linear, the figure flattens out when the composition 

becomes mostly water-based. For an 80/20 water-EG 

combination and a pure water base fluid, the Nusselt value is 

almost the same. 

The velocity curves shown in Figure 7 are displayed to 

examine the impact of the hot heated wall on heat transfer rate. 

A rise in the Rayleigh number correlates with an increase in 

the flow strength due to the increased temperature of the wall. 

This increases the amplitude and activity of the velocity, as 

shown in Figure 7. The increase in Nusselt number driven by 

an increase in amplitude and activity of velocity is shown in 

Figure 8.  

Figures 9 and 10 show the heat convection ratio of Al2O3-

water nanoparticles and Al2O3-EG nanocomposites at 

different nanoparticles concentrations (ℎ𝑛𝑓ℎ𝑏𝑓⁄) to improve 

the understanding on the impact of nanoparticle volumetric 

fraction on heat augmentation. The maximum heat 

enhancement occurs at a value of=3% and increases to 4.5 

percent. 

 

 
 

Figure 7. Comparison of velocity contour for 0.3 volume 

fractioned Al2O3-EG nanofluid (at different wall 

temperatures) 

 

 
 

Figure 8. Comparison of Nusselt number vs wall temperature 

difference (for different nano particle volume fractions) 
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Figure 9. Comparison of heat enhancement ratio of water 

nanofluid vs temperature difference for different 

nanoparticles concentration 

 

 
 

Figure 10. Comparison of heat enhancement ratio of 

ethylene glycol nanofluid vs temperature difference for 

different nanoparticles concentration 

 

 

6. CONCLUSIONS 

 

A detailed heat transfers numerical analysis on a square 

enclosure filled with nano fluids is carried out. There is an 8 

cm square hollow edge. Its horizontal walls are maintained 

adiabatic meanwhile its vertical walls remain isothermal 

(having a hot and a cold side) (or insulated). Water, water-EG 

combination, and EG are tested for Nusselt number change 

with varying wall temperatures and varying nanoparticle 

concentrations in Al2O3 nanoparticle suspensions. The 

Rayleigh number rises as the wall temperature rises, resulting 

in more activity and, as a result, better heat transmission. In 

addition, when the base fluid's composition variations between 

EG into the water, the rate of heat transmission increases. The 

(ℎ𝑛𝑓ℎ𝑏𝑓⁄) ratio improves and an improvement of up to 4.5 

percent may be obtained with an increase in Al2O3 

nanoparticle percent vol concentration. As a result, the author 

comes to the conclusion that utilizing nanofluids helps 

improve heat transmission. 
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