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Liquid impingement jet can provide high local heat transfer coefficients between the 
impinged liquid and the targeted surface. Jet impingement is utilized in the applications 
which is related to rapid cooling and better control of high temperature in many 
applications. The studies are carried out numerically by using ANSYS Workbench 18.2. 
Hexagonal meshing and Shear-Stress Transport (SST) turbulence model is used in the 
numerical simulation. By using SST turbulence model, the effect of jet Reynolds number, 
nanofluid volume concentration on the average heat transfer coefficient of the target 
plate is analysed and discussed. For the effect of varying the Reynolds number, it is 
observed that the surface average heat transfer coefficient increases at least 76.18% as 
the Reynolds number increases from 5000 to 10000. Moreover, the heat transfer 
coefficient increases as the volume concentration increases from 0% to 5%. It is also 
observed that when the nanofluid with higher thermal conductivity will results in higher 
heat transfer coefficient where the MgO nanofluid showed the highest heat transfer 
coefficient. As a conclusion, by increasing Reynolds number, volume concentration and 
thermal conductivity of nanofluid, the heat transfer coefficient can be enhanced. 
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1. Introduction 
 

Liquid impingement jet is a technique that can deliver great local heat transfer between the fluid 
and the target plate. Jet impingement was utilized in the applications which is associated with better 
control of high temperature and rapid cooling in many industrial applications [1,2]. Tang et al., [3] 
conducted a numerical investigation showing the significance of jet impingement systems in 
achieving high heat flux rates, especially in cooling applications. Recent studies highlight that jet 
impingement heat transfer is especially beneficial in cooling applications with high localized heat flux 
requirements, such as electronics and turbine systems [4,5]. Waware, Kore and Patil [6] highlighted 
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similar applications of impingement jets in enhancing cooling efficiency in high-temperature 
processes, demonstrating their versatility in industrial settings. Impinging jet research can be 
conducted to evaluate and study the heat transfer coefficient. It had been identified that the heat 
transfer coefficients will vary with the distance from the impact plate [7]. The liquid impingement 
jet can be classified into two types which are the submerged jet and the free surface jet. Submerged 
jet is formed when the liquid impingement jet is discharged within the same medium. Whereas, as 
the liquid jet discharges into less dense medium, the free surface jet is formed. Free surface jet had 
been reported that it shows higher capacity of cooling [1,8]. The jet generated from nozzle with the 
temperature and profile and the characteristics of turbulence which is reliant on the upstream flow. 
The flow pattern in the nozzle develops into parabolic velocity profile. After exit from the nozzle, 
velocity gradient of the emerging jet which generate the shearing at the jet boundaries which it able 
to transfer momentum horizontally outward and pulling extra fluid laterally with the jet and increase 
the mass flow of the jet [9]. 

In this research, numerical simulation of multiple (3×3) impingement jet on the flat plate had 
been conducted. This research is aimed to study the phenomenon of varying the Reynolds number 
and volume concentration of nanofluid on the heat transfer characteristics of jet impingement. This 
study will use ANSYS Fluent 18.1 as a CFD simulation software to carry out numerical solution. 9 jet 
nozzles with the angle α of the impinging jet is 90°.are used. The heat transfer fluid used is 
magnesium oxide nanofluid. The nozzle-to-plate distance used is 3 mm. The nozzle diameter and jet-
to-jet distance is 1 mm and 3 mm respectively. While the concentration of nanofluid used is 0%, 1%, 
2%, 3%, 4% and 5%. The Reynolds number of the flow is 5000, 6000, 7000, 8000, 9000 and 10000. 

The conceptual design should be passed through the design phases as in the format which allows 
simple application of the suitable analysis method. The accuracy of the numerical simulation result 
is mostly affected by the quality of mesh or the surface discretization [10]. There are several types 
of meshing in terms of element shapes such as triangle and quadrilateral mesh of 2D cell types while 
tetrahedron, hexahedron, prism, pyramid and polyhedron mesh for 3D cell types [11]. For 
hexahedron mesh, it required lest number of elements to resolve most of the CFD problems and it 
can be used to predict the near wall flow activity and increase quality of mesh. 

Many of the industrial applications are concerned with turbulence flow in the whole domain. 
Over the years, various turbulence models have been developed to roughly predict the impingement 
flow and heat transfer. But there are only a limited number of studies concerned with comparisons 
of reliability, availability and capability of different turbulence models for impingement flow [12]. 
Faris Abdullah et al., [13] emphasized the importance of choosing the correct turbulence model, 
particularly for impingement jet flows where mesh quality significantly affects numerical accuracy. 
SST turbulence model can be considered as one of the most successful models where it combines 
model which is near the wall and model which is further than from the wall to employ the advantages 
of each model. The SST model predicts mean velocities better than the models and is among the 
uncertainty of the experimental results. Additional studies have shown that the SST model, when 
paired with high-quality mesh, can provide accurate predictions for complex fluid flow scenarios, 
ensuring reliable heat transfer data [14]. This shows that the SST model can predict good numerical 
solution but with a lower computational cost [9,12,15,16]. 

 
2. Methodology  

 
The numerical domain is occupied with water-MgO nanofluid. The 3-D Navier-Stokes and energy 

equations with the standard turbulence model are solved by using commercial CFD software (ANSYS 
Fluent) which are combined with the momentum and the continuity equations to simulate the 
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turbulence and thermal flow fields. Putranto and Utomo [17] and Nasir et al., [18] emphasized the 
importance of choosing the correct simulation model to ensure the accuracy of results. The SST 
turbulence model is used in this research. Ng et al., [19] emphasized that proper turbulence 
modelling, as implemented in this study using the SST model, is key to achieving accurate heat 
transfer predictions in impingement jet studies. The flow inside the jet is assumed to be steady, 
incompressible and three-dimensional flow. The radiation heat transfer effects and the buoyancy 
are ignored and thermo-physical properties of the fluid are expected to be constant. The radiation 
heat transfer effects and the buoyancy are ignored and thermo-physical properties of the fluid are 
expected to be constant. The schematic diagram of the physical geometry and computational 
domain are shown in Figure 1. 
 

 
Fig. 1. Schematic diagram of computational domain 

 
2.1 Numerical Domain 

 
The bottom partition of the numerical domain was the bottom surface of the target plate. It is 

expected that the heat was generated at a uniform rate inside the heat sink base and can be 
generated by a constant heat flux from the bottom surface of the target plate. If the heat flux from 
the bottom surface is not dissipated well, the temperature of the target plate will increase and may 
cause failure of components on which target plate is mounted. Nanofluid flows through 1 mm 
diameter jet nozzles with high velocity directly to the target plate of 12 mm ×12mm with 3 mm 
thickness. After impingement, the flow of the jet will exit from the outlet. Figure 2 represents the 
details of the nozzle plate geometry. 
 

 
Fig. 2. Geometry of nozzle plate 
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2.2 Mesh Generation and Grid Independence Test 
 
The computational domain has been divided into several structural meshes. As structural mesh 

used is the hexagonal mesh, the precise prediction of heat transfer characteristics is possible [15]. 
Hexagonal mesh is applied throughout the whole numerical domain and to predict the near wall flow 
phenomenon. Inflation technique is used. Figure 3 represents the mesh domain of the numerical 
model of multiple jet impingement.  
 

 
Fig. 3. Mesh domain of the numerical model of the multiple jet impingement 

 
Grid independence test (GIT) or known as mesh independence study is used to establish accurate 

numerical solution. Grid independence test is conducted by developing three different mesh which 
are coarse, medium and fine mesh [15,16]. Mesh resolution plays a crucial role when generating 
final numerical solution, where the grid independence test was carried out to minimize the 
discretization error [19]. Abdul-Rahman and Mohammad Rasani [20] recommended mesh 
independence studies as critical in reducing errors during turbulence model simulations, particularly 
in multi-jet configurations. The grid independence on heat transfer characteristics were checked by 
increasing the number of elements of the numerical model from 22680 cells and the mesh is 
independent when the number of elements reach 489154 cells.  

 
2.3 Boundary Conditions 

 
The numerical domain is filled with MgO nanofluid. The 3-D Navier-Stokes and energy equations 

with SST turbulence model are solved using ANSYS Fluent which combined continuity and 
momentum equations to simulate thermal and turbulence flow fields. Where shear stress transport 
(SST) turbulence model was found to work the best among the available turbulence models for 
impingement jet.  

The buoyancy and radiation heat transfer effects are neglected and thermo physical properties 
of the fluid such as density, specific heat and thermal conductivity are assumed to be constant. In 
their CFD analysis of multi-jet impingement, Zainodin, Anuar Jamaludin and Pop [21] confirmed that 
the choice of boundary conditions significantly impacts the accuracy of heat transfer predictions. 
The boundary conditions of the impingement jet are stated as: 
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i. Velocity Inlet: At the inlet boundary, Reynolds number of the nanofluid impingement jet 
are specified. The velocity of flow is calculated based on the specified Reynolds number 
where the Reynolds number varied from 5000 to 10000. A constant temperature of 300 
K is prescribed.  

ii. Wall surface: No slip condition and 300 K temperature had been applied.  
iii. Pressure Outlet: At the pressure exit boundary, 0 Pa pressure outlet, 300 K constant 

temperature and turbulence intensity of 5% are specified.  
iv. Plate: At the plate domain, no slip condition and constant heat flux of 877066.7 W/m2 

are specified. 
 
2.4 Numerical Solver 

 
A geometry of the multiple jet impingement is imported into ANSYS Fluent software to solve the 

governing equations. The flow and turbulence fields must be solved correctly to get reasonable 
prediction of heat transfer characteristics and the flow pattern of the jet impingement. Second order 
upwind scheme is applied on all terms which will affect the heat transfer. The SIMPLE algorithm is 
used for the pressure-velocity coupling. Steady state condition, 10E-6 residuals for converging 
criteria and 10000 maximum iterations is applied throughout all the simulation which carried out in 
this research. 
 
2.5 Thermo-Physical Properties 
2.5.1 Density of MgO nanofluid 
 

The thermo-physical properties of MgO nanofluid are identified at the fluids’ bulk mean 
temperature by using the widely used correlation equations in the literature. The density of the 
nanofluid can be calculated by using density correlation equation as show in Eq. (1) [22]. 
 
𝜌!" = ∅𝜌# + (1 − ∅)𝜌$"           (1) 

 
Where: 𝜌!" is the density of MgO nanofluid, ∅ is the MgO nanofluid concentration, 𝜌# is the 

density of MgO nanoparticles and 𝜌$" is the density of base fluid (water). 
 
2.5.2 Specific heat of MgO nanofluid 
 

The specific heat is one of the important properties and plays an important role in affecting the 
rate of heat transfer of MgO nanofluid. Specific heat can be defined as the amount of heat required 
to raise the temperature of 1 gram of nanofluid by 1℃. For a given volume concentration of MgO 
nanofluid, the specific heat can be obtained by using mixture formula as shown in Eq. (2). 
 
𝐶%&!" = +(1 − ∅)(𝜌𝐶%)$" + ∅(𝜌𝐶%)%, +(1 − ∅)𝜌$" + ∅𝜌%,-       (2) 

 
Where: 𝐶%&!" is the specific heat of MgO nanofluid, 𝐶%&$" is the specific heat of base fluid and 

𝐶%&% is the specific heat of MgO nanoparticle. 
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2.5.3 Thermal conductivity of MgO nanofluid 
 

Based on Bruggeman model which is effective for the spherical particles and it also think over 
the interaction between the nanoparticles, the thermal conductivity of nanofluid can be obtained by 
using Eq. (3) [22]. Other research also demonstrates that MgO nanofluids exhibit a significant 
increase in thermal conductivity, enhancing their potential in high-efficiency cooling applications 
[23]. 
 
𝐾!" = [1 4⁄ ]+(3∅ − 1)𝐾'() + (2 − 3∅) − 𝐾$", + +𝐾$" 4⁄ ,√∆      (3) 

∆= 7(3∅ − 1)*8𝐾'() 𝐾$"⁄ 9* + (2 − 3∅)* + 2(2 + 9∅ − 9∅*)8𝐾'() 𝐾$"⁄ 9; 
 
Where: 𝐾!" is the thermal conductivity of magnesium oxide nanofluid, 𝐾'() is the thermal 

conductivity of magnesium oxide particles and 𝐾$" is the thermal conductivity of base fluid. 
 
2.5.4 Viscosity of MgO nanofluid 
 

When the nanoparticle volume concentration is lower than 5%, the viscosity of nanofluid can be 
obtained by using Drew and Passman viscosity correlation equation as shown in Eq. (4) [22]. 
 
𝜇!" = 𝜇$"(1 + 2.5∅)           (4) 

 
Where:  𝜇!" is the viscosity of magnesium oxide nanofluid and 𝜇$" is the viscosity of base fluid. 
Nanofluids show unique features regarding their thermal performances. The thermo-physical 

properties of nanofluid are different from the thermo-physical properties of conventional heat 
transfer fluids. The thermo-physical properties of MgO nanofluid is calculated based on Eq. (1) to Eq. 
(4) and the results are shown in Table 1. 
 

Table 1 
Thermo-physical properties of Magnesium Oxide nanofluid 
Volume fraction (∅), % Density, 

𝒌𝒈/𝒎𝟑 
Specific heat, 
𝑱/𝒌𝒈. 𝒌 

Thermal conductivity, 
𝑾/𝒎.𝒌 

Viscosity, 
𝒌𝒈/𝒎. 𝒔 

0 1000 4180 0.6 1.003 × 10"# 
1 1025.8 4070 0.66498 1.1685 × 10"# 
2 1051.6 3965.527 0.681054 1.197 × 10"# 
3 1077.4 3865.994 0.6983107 1.2255 × 10"# 
4 1103.2 3771.117 0.71684 1.254 × 10"# 
5 1129 3680.576 0.7368408 1.2825 × 10"# 

 
3. Results  
3.1 Validation of Results 

 
A comparison between the results of this research and numerical results of research by Molana 

and Salem Banooni [24] are shown in Figure 4. The dimensionless analysis was carried out to 
compare the result of the numerical solution of this study with the result which was obtained by 
Molana and Salem Banooni [24]. The numerical solution showed a good agreement with Molana and 
Salem Banooni [24] result where the discretization errors are less than 10%. 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 
Volume 122, Issue 2 (2024) 202-218 

 

208 
 

 
Fig. 4. Validation of result 

 
3.2 Effect of Flow Distribution on the Heat Transfer Coefficient 

 
The flow of jet impingement can be analysed from the vector diagram as shown in Figure 5. Based 

on the vector diagram obtained, there are several regions or phenomenon can be observed which is 
the stagnation region, stagnation point, fountain, jet core and jet deflection. 
 

 
Fig. 5. Flow distribution of jet impingement 

 
The spreading flow patterns are as shown in Table 2. As the Reynolds number increases, the 

velocity of flow increases. Higher heat transfer is observed at higher Re because of the increment of 
flow displacement at the impingement zone and the heat will de dissipated away faster by the MgO 
nanofluid. 
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Table 2 
Contour of velocity distribution at various Re 
Velocity distribution 

 

   
Re 5000 Re 6000 Re 7000 

   
Re 8000 Re 9000 Re 10000 

 
At the jet core, the centreline velocity of the impingement jet remains constant and same as the 

nozzle exit velocity. Stagnation point can be found at the surface of the target plate in the flow field 
of impingement jet. Based on Bernoulli’s equation, the static pressure or stagnation pressure is 
highest as the velocity of the flow field is zero and thus the stagnation pressure is maximum at the 
stagnation point. It is observed that at the stagnation point, the heat transfer coefficient is the 
lowest. This is due to the flow velocity at stagnation point is zero and are forced to rest by the target 
plate. At the jet deflection zone, the velocity of the fluid flow is higher than the velocity at stagnation 
zone. Thus, resulting in higher heat transfer coefficient as compared to heat transfer coefficient at 
fountain and stagnation point. The fountain resulting from impact of flow on the plate and can be 
observed clearly between two adjacent jets. The deflection of flow from the two adjacent jets will 
interfere with each other and reduce the velocity at that region. This will cause the heat transfer 
coefficient to be lower. 

As the region with higher flow velocity, the difference in temperature of the plate is higher. This 
is due to the region will be cooled faster. Since the heat transfer coefficient is dependent on the 
difference in temperature, as the larger the temperature difference, the greater the heat transfer 
coefficient. Thus, it can be said that higher velocity will results in higher heat transfer coefficient and 
vice versa. 

    
3.3 Local Heat Transfer Distribution on Target Plate 

 
Heat was transported from the heater to the target plate’s bottom surface and dissipated by 

convection to the upper surface of the plate. It is observed that the regions of the target plate 
directly under the nozzle area were cooled slower than the other area. This is due to the stagnation 
region phenomenon whereby the fluid is trapped inside the region [25].  

To determine the local heat transfer coefficient of het impingement, an evaluation line is 
constructed as shown in Figure 6. Based on the observation, as the Re increases, the wall adjacent 
temperature decreases and the heat transfer coefficient increases. Moreover, the heat transfer 
coefficient also increases as volume concentration increases.  
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Fig. 6. Position of evaluation line of the local 
temperature 

 
Table 3 represent the contour of heat transfer coefficient of target plate of impingement jet at 

Re=5000, 6000, 7000, 8000, 9000 and 10000 respectively for volume concentration 0%, 1%, 2%, 3%, 
4% and 5%.  

 
Table 3 
Contour of heat transfer coefficient 

 

   
Re 5000, 0% Vol. C Re 5000, 1% Vol. C Re 5000, 2% Vol. C 

   
Re 5000, 3% Vol. C Re 5000, 4% Vol. C Re 5000, 5% Vol. C 

   
Re 6000, 0% Vol. C Re 6000, 1% Vol. C Re 6000, 2% Vol. C 
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Re 6000, 3% Vol. C Re 6000, 4% Vol. C Re 6000, 5% Vol. C Re 7000, 0% Vol. C 

    
Re 7000, 1% Vol. C Re 7000, 2% Vol. C Re 7000, 3% Vol. C Re 7000, 4% Vol. C 

    
Re 7000, 5% Vol. C Re 8000, 0% Vol. C Re 8000, 1% Vol. C Re 8000, 2% Vol. C 

    
Re 8000, 3% Vol. C Re 8000, 4% Vol. C Re 8000, 5% Vol. C Re 9000, 0% Vol. C 

    
Re 9000, 1% Vol. C Re 9000, 2% Vol. C Re 9000, 3% Vol. C Re 9000, 4% Vol. C 

    
Re 9000, 5% Vol. C Re 10000, 0% Vol. C Re 10000, 1% Vol. C Re 10000, 2% Vol. C 
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Re 10000, 3% Vol. C Re 10000, 4% Vol. C Re 10000, 5% Vol. C  
 
For local wall heat transfer coefficient along the evaluation line, it is observed that when the heat 

transfer coefficient increases as the Re increases. Enhancement of local heat transfer coefficient can 
be also done by increase the volume concentration of MgO nanofluid. Figure 7 represent the local 
wall heat transfer coefficient along the evaluation line for various Re at 5% volume concentration.  
 

 
Fig. 7. Local surface heat transfer coefficient for various Re at 5% 
volume concentration 

 
While Figure 8 represent the local wall heat transfer coefficient distribution along the evaluation 

line for various volume concentration at Re 5000. Based on the observation, the target plate has the 
lowest heat transfer coefficient at the stagnation point (X=3, 6 and 9 mm). This phenomenon is due 
to the flow field velocity equals to zero at the stagnation point whereby the flow velocity are forced 
to rest when it collides with the target plate. The region around the stagnation point showed higher 
local heat transfer coefficient than that of stagnation point. This is due to at the jet deflection zone, 
the velocity of jet is higher than the velocity of flow at stagnation point. At the ‘fountain’, the heat 
transfer coefficient decreases slightly as compared to the jet deflection zone. This is due to the 
interference of flow of two adjacent jet. The velocity of flow decreases at the region and thus reduce 
the heat transfer coefficient. 
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Fig. 8. Local surface heat transfer coefficient for various volume 
concentration at Re 5000 

 
3.4 Effect of Volume Concentration on Heat Transfer Coefficient 

 
The results in Figure 9 show the influence of volume concentration on the heat transfer 

coefficient. The overall heat transfer coefficient of water as Re increases. It was observed that as the 
Re and volume concentration of MgO nanofluid increases, the surface average heat transfer 
coefficient increases. The maximum value of surface average heat transfer coefficient of 79.6311 
W/cm2.K is observed at the maximum Re and 5% volume concentration while the lowest surface 
average heat transfer coefficient of 41.4598 W/cm2.K was observed at the minimum Re and 0% 
volume concentration. Yazdi et al., [26] noted a significant enhancement in heat transfer when MgO 
nanofluid concentration was increased beyond 3%, indicating the potential for optimized nanofluid 
mixtures. Hanafi et al., [27] also demonstrated that nanofluids with higher concentrations of 
nanoparticles lead to enhanced convective heat transfer in impingement jet systems. 

The increasing trend of the heat transfer coefficient of nanofluid is because of the nanoparticles 
which existing in the base fluid enhance the viscosity and thermal conductivity of the base fluid. The 
enhancement of the viscosity and thermal conductivity of nanofluid leads to the enhancement of 
heat transfer coefficient [26]. 
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Fig. 9. Influence of volume concentration on heat transfer coefficient of 
MgO nanofluids at different Re 

 
3.5 Effect of Reynolds Number on Heat Transfer Coefficient 

 
The results in Figure 10 indicates the effect of Re on the heat transfer coefficient. It was observed 

that when Re increases, the heat transfer coefficient increases while the thermal resistance 
decreases. The increasing trend is expected and well agreed with the fundamental principles of 
convective flow. This is because by increasing the Reynolds number, the thermal boundary layers 
thickness decreases and thus results in the increasing heat transfer coefficient . Moreover, the mass 
flow rate will increase as Reynolds number of flow increase, thus amplified the forced convection 
heat transfer coefficient on the target plate. Based on the result obtained, the maximum heat 
transfer coefficient was obtained at Reynolds number 10000 and 5% volume concentration where 
the value of 79.6311 W/cm2.K was observed. Balla et al., [28] research noted a linear relationship 
between increasing Reynolds numbers and the improvement of heat transfer rates in impingement 
jet systems. 
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Fig. 10. Influence of Re on heat transfer coefficient of MgO nanofluids at 
different volume concentration 

 
3.6 Heat Transfer Coefficient of Various Nanofluid 

 
The thermo-physical properties of the nanofluids were determined by the Eq. (1) to Eq. (4) 

mentioned in the previous section and as shown in Table 4. Results of Reynolds number 10000, 5% 
volume concentration of MgO nanofluid was compared with TiO2, Al2O3 and SiO2 nanofluid with 
same Re and volume concentration. 
 

Table 4 
Thermo-physical properties of various nanofluids 
 𝑻𝒊𝑶𝟐 𝑨𝒍𝟐𝑶𝟑 𝑺𝒊𝑶𝟐 𝑴𝒈𝑶 
Re 10000, 5% Vol. Concentration 
Density 1152.5 1149 1082.5 1129 
Specific heat 3568.0195 3621.449 3757.7136 3680.576 
Heat conductivity 0.7227 0.73469 0.6658 0.7368408 
Viscosity 1.2825e-3 1.2825e-3 1.2825e-3 1.2825e-3 
Velocity 11.12798 11.1619 11.84 11.35961 

 
Figure 11 represent the local heat transfer coefficient distribution along the centreline of various 

nanofluids. Based on the result along the centreline, it can be observed that MgO nanofluid have the 
highest heat transfer coefficient followed by Al2O3 nanofluid, TiO2 nanofluid and SiO2 nanofluid. It 
was observed that as the thermal conductivity of the nanofluids increase, the heat transfer 
coefficient of the impingement jet increases, research by Hanafi et al., [29] also supports this finding. 
Etminan and Harun [30] has also demonstrated that increasing nanoparticle volume concentration 
leads to an enhancement in the overall thermal conductivity of the nanofluid. In addition, Verma et 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 
Volume 122, Issue 2 (2024) 202-218 

 

216 
 

al., [31] compared various working fluids and found that MgO nanofluids outperformed other fluids 
like CuO and MWCNTs in terms of heat transfer efficiency. 

 

 
Fig. 11. Local heat transfer coefficient distribution along the evaluation line for 
various nanofluids at Re=10000 and volume concentration = 5% 

 
4. Conclusion 

 
Based on the numerical simulation that had been conducted, the following conclusion can 

conclude that: 
 

i. The flow region of the impingement jet can be observed at the vector plot of the result. 
ii. The heat transfer coefficient of impingement jet was greater than that of traditional heat 

transfer fluid such as water in this case. 
iii. The heat transfer coefficient can be enhanced by increasing the Reynolds number and 

volume concentration of the nanofluid flow. 
iv. The heat transfer coefficient can be enhanced by increasing the thermal conductivity of 

nanofluid. Based on the results of comparing various nanofluids, the nanofluid with 
greater thermal conductivity have larger heat transfer coefficient value. While the 
nanofluid with lowest thermal conductivity shows lowest heat transfer coefficient. 
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