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Combine effects of nanofluid and variable cross-section minichannel heat s ink has 
become a  remarkable option for efficient cooling of thermal devices like miniature 
electronic devices and compact heat exchangers. In this paper, the single-phase 

numerical method was employed to study the effect of different nanofluids on heat 
transfer and pressure drop penalty in the Diverging-converging minichannel heat sink 

(DCMCHS). CFD analysis carried out using commercial ANSYS software employing the 
finite volume method. The nanofluids are prepared as stable nanoparticles of Al 2O3, 
Cu, and SiO2 and suspended in deionized water with concentrations of 0-0.8% volume. 

The DCMCHS subjected to a uniform heat flux of 45000 W/m2 and the fluid flow within 
the transition’s region with Reynolds number 2000 to 2300. The va l idations of 
numerical data conducted with results from empirical correlations exhibit a  good 
agreement with about 9% deviation. The results revealed an insignificant change in 
pressure drops with a  variation of nanofluids loadings, whereas, the increase in 

Reynolds number and nanoparticle loading indicated a considerable influence on the 
enhancement of heat transfer coefficient. Al 2O3–water nanofluid shows better 
performance in terms of heat transfer than other nanofluids. The results indicate that 
nanofluid and DCMC can enhance the hydro-thermal performance of the heat sink. 

Keywords:  
Nanofluid, Heat enhancement, thermal 
devices, Nusselt number, divergent-

convergent, Copyright © 2019 PENERBIT AKADEMIA BARU - All rights reserved 

 

1. Introduction 

 
Thermal management of heat sinks and heat exchangers have become a dynamic process due to 

ever-changing needs by the users and manufacturing constraints in the devices. Electronic devices 
like IC and heat exchangers are decreasing in size with the expectation to offer high performance 

with better efficiency and use less energy. These requirements make their thermal performance a 
difficult task. Air and conventional thermal liquids failed to provide the desired heat dissipation effect 
due to their low thermal conductivity. Researches were undertaking to unravel the challenges posed 
by thermal management in electronic and process industries  either experimentally or numerically 

using either a single phase or multiphase by developing models to predict the results [1-6]. 
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Nanofluid has shown the remarkable performance as heat transfer fluid due to its enhanced 

thermophysical properties than the base fluid. Since the initial work of Choi [7] on new thermal fluid 
coined “nanofluid,” many pieces of research were conducted to exploit the benefits of using 

nanofluid as thermal fluid for heat transfer enhancement of the thermal system. They gave much 
consideration to factors that affect its thermal conductivity and viscosity, such as nanoparticles 

material, size and shape, concentration, properties of the base fluid and sometimes additional 
substances like surfactant and Ph value. [8, 9]. This innovative thermal fluid characterized by nano-

sized particles usually in the order of 1 -100 nm synthesized using stable techniques and dispersed 
through either single step or two steps methods to form a nanofluid with excellent thermal 

properties. Many researchers employed these varieties of nanoparticles such as metals [10], metal 
oxides [11], carbides [12] and carbon-based such as Carbon nanotubes (CNT) and graphene [13-15].  

Presently, use of nanofluids in micro and minichannels are intensively studied and well-reviewed 
[16-18], yet there is inconsistency in the results obtained from the studies conducted on nanofluids 

in minichannels, while some researchers observed some emerging phenomena. There is an increase 
in recognition of the use of combined passive techniques of nanofluid and minichannel for high heat 

flux removal in thermal system management. Performance evaluation of minichannel solar collector 
was conducted by Mahian et al., [19]  with four dissimilar water-based nanofluids of nanoparticle 
size of 25 nm comprising Cu, Al2O3, TiO2, and SiO2 at concentration up to 4%  and found that Al2O3-
H2O and SiO2-H2O nanofluids revealed the highest and lowest heat transfer coefficient, respectively. 
Sohel et al., [20] used a circular shaped copper minichannel heat sink having hydraulic diameter of 

500 µm to study performances of various aqueous nanofluids including Al2O3-H2O, Cu-H2O, and Ag-
H2O, they observed that heat transfer rate significantly increase by the increase of volume fraction 

of nanoparticle, and Ag-Water nanofluid has the highest performance  possibly due to the high 
thermal conductivity of its particle. Transient heat transfer and flow analysis in a multi-pass crossflow 

minichannel heat exchanger using mixture of Alumina-water-Ethylene glycol considered as 
homogenous single-phase fluid was carried out by Ismail et al., [21] and revealed that nanofluid has 

better convective heat transfer in contrast to the base fluid and at 3vol.% it reaches quasi -steady 
condition earlier than that of base fluid. 

Researchers observed that the reduction of hydraulic diameter and higher heat transfer surface 
area per unit fluid volume of nanoparticles could effectively remove excess heat and improves the 

heat transfer coefficient (HTC). Thus, they introduced a lot of methods like changing minichannel 
geometrical parameters, such as channel number, aspect ratio, cross -sections and path 

configurations [22]. Khoshvaght et al., [23] studied the use of Al2O3–H2O nanofluid in the twisted 
minichannel (TMC) having various structural parameters for laminar flow and heat transfer 
characteristics using a 3D numerical scheme for Re within 300 to 1500. The results indicated that all 
the TMCs tested, possessed improved heat transfer than the smooth circular minichannel and found 
that Heat transfer coefficient and pressure drop are higher for nanofluid compared to a base fluid for 
all the cases.  

Ajeel et al., [24] used a symmetrically semicircle-corrugated channel with SiO2-water nanofluid to 
investigate the geometrical effect of height and pitch of corrugation on the hydrothermal behaviors  
of forced convective heat transfer and flow under Reynolds number and nanoparticles concentration 

of 10000- 30000 and 0-8% vol., respectively. The results showed enhancement of average Nusselt 
number as Reynolds number appreciated and with the corrugated channel height, and the optimum 

parameters for substantial heat transfer enhancement were found in corrugation height and pitch of 
2.5 mm and 15 mm respectively. Hassan et al., [25] numerically investigated the effect on the heat 

transfer and fluid flow improvement using unique types of nanofluids to cool a Central Processing 
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Unit (CPU) system. They found that SiO2 has the highest coefficient of skin friction, and followed in 

descending magnitude by Al2O3, ZnO, and CuO.  
From the prior research works, the effect of different nanofluids in diverging-converging 

minichannel for heat transfer and flow analysis as combined passive heat transfer enhancement 
techniques are rarely investigated, and previous studies have not treated it with due diligence. Thus, 

the authors of this work believe that the study using the minichannel geometry combined with 
various nanofluids can offer more insight into the thermal management of electronic devices. The 

primary objective of the current work is to demonstrate the performance of the diverging-converging 
minichannel in terms of heat transfer and flow characteristics by studying the effect of nanofluid 

types, concentrations, and physical-thermal properties, and the consequences on pressure drop.  
 

2. Methodology  
 

This section presented a description of physical models, computational domain adopted, working 
thermal fluids used, assumptions, mathematical governing equations, and imposed boundary 

conditions about the geometry and model. 
 
2.1 Model Geometry 
 

The physical model considered in the numerical analysis of the divergent-convergent minichannel 

heat sink (DCMCHS) was used in the previous work by the authors [26] and shown in Figure 1 (a). It 
is made up of aluminium material and has ten parallel channels each of width and height of 1mm and 

1.25mm, respectively. The nanofluid flow through the channels of the DCMCHS placed on an 
electronic chip and removed heat by convection from a heat dissipated by the chip. A single channel 

as illustrated in Figure 1(b) was modeled and used to reduce the size of grid elements and save 
computational time. 
 

 
Fig. 1. (a) 3D Illustration of DCMCHS and (b) Single channel Computational 
domain 
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2.2 Governing Equations 

 
Nanofluids are produced from fine particles in nanometre scale dispersed in water, and the 

nanoparticles and base fluid are assumed to flow with equal velocity, and there exist thermal 
equilibrium between them. Also, the nanofluid flow is assumed laminar, incompressible and 

Newtonian. We considered the problem as a steady-state and the conservation equations for 
continuity, momentum, and energy in the fluid are respectively given as: 

 
The mass conservation equation: 
𝜕𝑢

𝜕𝑥
+

𝜕𝑣

𝜕𝑦
+

𝜕𝑤

𝜕𝑧
= 0                    (1) 

 
while momentum equations in x, y, and z cartesian coordinates, respectively given as: 
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Where u, v and w represent the velocity components in x, y and z directions, respectively. Also, P, ρ 

and μ represent the pressure drop, mass density and dynamic viscosity of the fluid, respectively.  
The energy equations for the fluid and solid domains are respectively given in Eq. (5) and Eq. (6) as: 
 

𝑢
𝜕 𝑇𝑓

𝜕𝑥
+ 𝑣

𝜕𝑇𝑓
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+ 𝑤

𝜕 𝑇𝑓

𝜕𝑧
=

𝑘𝑓

𝜌𝐶𝑝
(

𝜕2𝑇𝑓

𝜕𝑥2 +
𝜕2𝑇𝑓

𝜕𝑦2 +
𝜕2 𝑇𝑓

𝜕𝑧2 )                     (5) 

𝑘𝑠 (
𝜕2𝑇𝑠

𝜕𝑥2 +
𝜕2𝑇𝑠

𝜕𝑦2 +
𝜕2 𝑇𝑠

𝜕𝑧2 ) = 0                        (6) 

 
Where Tf and Ts, kf and ks are temperatures and thermal conductivities of fluid and solid materials, 
respectively.  
 
2.3 Boundary Conditions 

 
The following boundary conditions are specified for the computational domain to close the above 

mathematical equations, and from the inlet boundary all variables are initiated:  
 

I. At the inlet boundary, “velocity inlet” with temperature and pressure of the nanofluid 
specified as 30℃ (303K) and 1 bar, respectively, while “Pressure outlet” is imposed at the 
outlet with 0 Pa (gauge pressure).  

II. Uniform heat flux condition was applied on the bottom wall by a heating power of 40.5 W 
from the chip. Thus, Heat flux generated was 45000 W/m2. 

III. The walls experienced no-slip condition (viscous flow) for all directions. Thus velocity gradient 
exists in fluid and exerts resistance to flow as pressure drop.  

IV. No heat loss experienced for all the outside surfaces.  
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2.4 Thermophysical Properties of the Fluids 

 
The working fluids used in this simulation are aqueous Alumina (Al2O3-H2O), Silica (SiO2-H2O) and 

Copper (Cu-H2O) nanofluids with volume fractions of 0.005 and 0.008, and thermophysical properties  
their particles adopted from other study [27], while the base fluid (deionized-water) was extracted 

from other study [28] at 20℃ and presented in Table 1. 
 

Table 1. Thermophysical properties of water and nanoparticle at Temperature of 
303K 

Materials Density 
(kg/m3) 

Specific heat 
(J/kgK) 

Thermal 
conductivity 
(W/mK) 

Viscosity 
(kg/ms) 

Particle 
size (nm) 

Water (H2O) 995.8 4178.4 0.615 798E-06 - 

Alumina (Al2O3) 3970 765 36 - <50 

Sil ica (SiO2) 2220 745 1.38 - <50 

Copper (Cu) 8933 385 401 - <50 

 

The following relations were used to estimate the thermophysical properties of nanofluids as 
presented in Eqs. (7) to (10) respectively.  

 
The density of nanofluids was computed using Pak and Cho [29] model:  
𝜌𝑛𝑓  = (1 − 𝜙)𝜌𝑏𝑓  +  𝜙𝜌𝑝                           (7) 

 

The specific heat of the nanofluids was calculated using Xuan and Roetzel [30] relation:  

𝐶𝑝𝑛𝑓 = [𝜙(𝜌𝐶𝑝)𝑝 + (1 − 𝜙)(𝜌𝐶𝑝)𝑏𝑓](𝜌𝑛𝑓)
−1

         (8) 

 
The thermal conductivity of the nanofluid (knf ) was calculated using Hamilton and Crosser model 

[31] which modified Maxwell model for nanofluids to consider Brownian motion and involves shape, 

distribution and shell structure of particle as well as high concentration; it’s given as follows: 
 

𝑘𝑛𝑓

𝑘𝑏𝑓
=

[𝑘𝑝+(𝑛−1)𝑘𝑏𝑓 −𝜙(𝑛−1) (𝑘𝑏𝑓−𝑘𝑝)]

𝑘𝑝+(𝑛−1)𝑘𝑏𝑓 +𝜙(𝑘𝑏𝑓−𝑘𝑝)
                                   (9) 

 

where empirical shape factor n=3/ψ and for spherical nanoparticles considered in this work, 
sphericity factor ψ =1. 

 
The viscosity of the nanofluids was calculated using the viscosity correlation proposed by Maiga 

et al., [32] as follows: 
 
𝜇𝑛𝑓 = 𝜇𝑏𝑓(1 + 7.3𝜙 + 123𝜙2)                      (10) 

 
Where, φ, Cp, k, and ρ are the concentration of the nanoparticle, heat capacity, thermal conductivity, 

viscosity, and density respectively. While subscripts bf, p, and nf denote base fluid, nanoparticle and 
nanofluid respectively. 
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2.5 Data Reduction 

  
The following Eqs. (11) – (19) were used to estimate the various important thermal and flow 

parameters of the minichannel heatsink:   
 

The average heat transfer coefficient (h) and Nusselt number (Nu) were respectively obtained by: 

ℎ =
𝑞

𝑇𝑤 −𝑇𝑏
                         (11) 

𝑁𝑢 =
ℎ𝐷ℎ

𝑘
                        (12) 

 
Where Dh is hydraulic diameter which is used to expressed non-circular ducts the same way as a tube 
for dimensional similarity. Its expressed as: 

𝐷ℎ =
4A

P
=

2(Ẃ⋅�̇�)

Ẃ⋅�̇�
                       (13) 

 

While, the area (A) and wetted perimeter (P) were computed from the Eq. (14) and Eq. (15), 
respectively: 

𝐴 =
1

2
∗ (𝑊𝑡 + 𝑊𝑏) ∗ �̇�                       (14) 

𝑃 = (𝑊𝑡 + 𝑊𝑏) + 2 ∗ �̇�                      (15) 
 

Where: Ḣ, Wt and Wb represent the slant height, widths at the top and bottom sections of the fluid 
domain.  

 
Using the relation of Reynolds number, the velocity of the base fluid was estimated as follows:  

𝑅𝑒 =
𝜌𝑢𝐷ℎ

𝜇
                            (16) 

 
However, to take into cognizance the impact of base fluid during the nanofluid dispersion, its velocity 

was estimated from the following expression: 

unf =
ρbf

ρnf

μnf

μbf
ubf                                 (17) 

 
The frictional resistance of the fluid was obtained from Darcy-Welsbach relation as: 

f =
2Δ𝑃

𝜌𝑢2 (
𝐷ℎ

𝐿
)                        (18) 

 
where q, Dh, L, u, k, Tw, and Tb are the heat flux, hydraulic diameter, channel length, fluid velocity, the 
thermal conductivity, average temperatures on the wall and bulk fluid, respectively. 
 

The Pressure loss ΔP from Eq. (18) was obtained as an aggregated effect of entrance and exit 

losses, effects at the developing region and frictional losses: 
∆𝑃 = ((𝑃𝑖 − 𝑃𝑜 ) ∗ 𝜌∆𝑢2 )                      (19) 

 
Where Pi, Po, Δu are the pressure inlet, pressure outlet, and variation of velocity between inlet and 

outlet, respectively.  
 
The performance of flow in the minichannel was evaluated using pumping power as: 

𝑃𝑃 = Δ𝑃. �̇�                         (20) 
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3. Numerical Procedure using CFD 

 
A commercial CFD solver, ANSYS FLUENT 17 was used in modeling the three-dimensional forced 

convection flow and heat transfer. The control volume approach in the Finite Volume Method (FVM) 
was used in the simulation. The discretization of the convective and diffusive terms was  executed 

with a second-order upwind interpolation scheme, while the velocity and pressure fields were 
coupled using Semi-Implicit Method for Pressure-Linked Equations (SIMPLE) algorithm introduced by 

Spalding and Patankar [33]. The convergence criteria set when the normalized residual values  for all 
the variables fell below 10−6. 

3.1 Grid Sensitivity Study 
 

Checking of grid independence of the solution was conducted to ensure that the simulation 
results have no reliance on the size and the number of generated cells. Five different hexahedral 
mapped mesh generated by edge-sizing along x, y and z coordinates was used for all the simulations 
with various grids of sizes from 600000 (50x40x300) to 1228800 (64x64x300) and coded M1-M5, 
respectively. Figure 2 show the meshing of the computational domain used in the analysis.  

 

 
Fig. 2. 3D Mesh of the computational domain 

 
The relative error of the desired parameters was computed using the following equation [34]: 

 𝑒(%) = |
𝐽2 −𝐽1

𝐽1
| × 100                                  (18) 

 

Where J signifies any parameter; such as Nusselt number, pressure drops, friction factor, and 

temperature, while J1 and J2 signify the parameter values acquired from finest grids and other grids, 

respectively.  

The relative error in the Nusselt numbers between second grid (M2) to the fourth grid (M4) is 
insignificant, and the solutions on the grids with 900000 and 1228800 elements are found to be 
below 0.5%.  A similar trend was exhibited for friction factor between M2 to M4, while the error is 
nearly 3% for 600000 grids elements as shown in Figure 3, hence, grid M3 with sizes of 900000 was 
used for all the simulations in this study to save computing time and memory. 
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Fig. 3. Relative errors in Nusselt number and Friction factor for 
grid test 

 
3.2 Validation of Numerical Results 

 
The validation of numerical data to substantiate the ability of the solver to accurately and reliably 

predict the outcomes achieved through comparison with established correlations in the literature 

due to non-availability of experimental results in diverging-converging minichannels. Sieder-Tate [35] 
and Blasius relation [36] for the fully developed laminar region employed for Nusselt number 
enhancement and frictional resistance; respectively. 

Figure 4 illustrated the comparisons of the numerical and established correlations of the average 

Nusselt number and friction factor using deionized water for the range of Reynolds numbers. The 
Nusselt number increased as the Reynolds number increases in the DCMCHS. The Sieder-Tate 

correlation overpredicts the average Nusselt number for the base fluid at Re 2000 and 2300 by about 
8% and 6%, respectively as shown in Figure 4(a). For the friction factor, Figure 4(b) indicates the 

deviation of the numerical friction factor from the theoretical values of Blasius around 4% and 10% 
lower at 2000 and 2300 Reynolds numbers, respectively because of the increase of pressure drops  
as the flow velocity increases at the entrance of the channel, and to the assumptions made in the 

mathematical formulation of the simulation. Thus, the numerical results appreciably well predicted 
by the method employed since the deviations of the average Nusselt numbers and friction factor 
from the established correlations used is within ±10%. 

 
Fig. 4. Validation of results of (a) Nusselt number and (b) friction factor with Reynolds number 
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4. Results and Discussion 

 
Numerical simulations were conducted using three different nanoparticles made up of Al2O3, Cu 

and SiO2, with deionized water as the base fluid for concentrations of 0.5 and 0.8 % volume, the range 
of Reynolds numbers from 2000 to 2300 and heat flux of 45 kW/m2.  

 
4.1 Effect of Nanofluid Concentration On Heat Transfer Augmentation 

 
The concentration of the nanofluid shows a linear relationship with the average values of Nusselt 

number as shown in Figure 5(a) and 5(b), respectively. As volume concentration and flow velocity 
increases, the average Nusselt number also increases. Al2O3-H2O has the highest enhancement in 

Nusselt number of about 3% at Re of 2300 and a concentration of 0.8 %, its followed by SiO2-H2O and 
Cu-H2O with 1.9% and 1.3%, respectively. This enhancement in the Nusselt number as nanofluid 

concentration increase was due to an increase in fluid velocity and mixing of flow. A similar trend 
exhibited at a concentration of 0.5% but with less enhancement. 

 

 
Fig. 5. Effect of nanofluid concentrations on average Nusselt number (a) 0.8% and (b) 0.5% 

 
Similarly, the concentration of the nanofluid and Reynold number plays a significant role in the 

enhancement of the Heat transfer coefficient as shown in Figure 6(a) and 6(b). As volume 
concentration and Reynolds number increases, the surface heat transfer coefficient (HTC) also 
increases with the highest and lowest enhancement for Al2O3-H2O and SiO2-H2O respectively.  This 
enhancement is attributed to thermal conductivity, though Cu-H2O having the highest thermal 

conductivity value than the other nanofluids should show better enhancement, its density, and 

increased frictional resistance may affect its HTC enhancement.  However, it’s evident that all the 
nanofluid showed remarkable improvement than water at all Reynolds number and concentrations.  
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Fig. 6. Effect of nanofluid concentrations on Heat Transfer Coefficient (a) 0.8% and (b) 0.5% 

 
4.2 Effect of Nanofluid Concentration And Types On Pressure Drops 

 
Figure 7 illustrates the variation of pressure drops as a function of Reynolds number. Increase in 

physical thermal properties of nanofluid over water particularly viscosity leads to the increase in 
pressure drop from about 7% to about 13 % for the concentrations of 0.5 % and 0.8 %, respectively. 
SiO2-H2O nanofluid has the highest pressure drop due to its low viscosity ratio compared to the other 
two nanofluids. The increase in pressure drop may be due to increase in velocity as the concentration 

and viscosity increases as well as expansion and contraction of the flow passage which disturbs the 
boundary layer and enhances the heat transfer. 

 

 
Fig. 7. Variation of Pressure drops with Reynolds number for (a) 0.8% and (b) 0.5% 

 

Figure 8 illustrates the variation of friction factor with Reynolds number for the selected 

nanofluids at the specified concentrations where all the nanofluids have shown a similar friction 
factor for all concentrations. The friction factor decreases as the Reynolds number increase. Also, the 
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variation of the friction coefficient with water is also negligible, hence changes in viscosity of the 

nanofluids due to the addition of nanoparticles to deionized water has little influence on its friction 
factor. 

 

 
Fig. 8. Friction factor variations with Reynolds number for the water 
and different nanofluids 

 

During the cooling process, the geometrical nature of the minichannel affects the fluid flow which 
leads to changes in velocity and consequently affects pressure drop along the passage. However, the 
system must supplement the flow with additional pumping power to overcome the effect of pressure 
loss. The pumping power expressed in Eq. (20). Figure 9 Illustrated the effect of different nanofluids 
on pumping power of the DCMCH against Reynold number. The pumping power increases with an 
increase in the Reynolds number. Deionized water has the lowest pumping power compared to all 

the nanofluids. There is an increase in pumping power when the concentrations of nanofluids 
increases. SiO2-H2O has the highest pumping power amongst the nanofluids due to its lowest density 
since the pumping power has an inverse relationship with density. Another factor that affects 
pumping power is viscosity since the flow resistance would increase, thus causing pressure loss.  

 

 
Fig. 9. Effect of nanofluids on pumping power of the DCMCH 
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4.3 Variation of Temperature with The Flow Of Fluids In The Minichannel 

 
Figure 10 shows the changes in temperature due to the flow of fluids in the DCMCH for the 

different volume concentrations and flow velocities . The variation of wall temperature decreases 
with increasing velocity. Since Heat transfer coefficient has an inverse relation with temperature 

variation from the Newtons law of cooling, Al2O3-H2O nanofluid having highest heat transfer 
enhancement than other nanofluids indicated the least temperature value on the walls of the 

minichannel as depicted in Figure 10(a). On the contrary, it showed the highest value of temperature 
at the outlet which affirms its ability to remove the heat flux from the walls to the core of the 

minichannel and finally conveys it to the outlet as shown in Figure 10(b). SiO2-H2O due to its low 
thermal conductivity than other nanofluids has the least outlet temperature.  

 

 
Fig. 10. Variation of wall temperatures on the walls and at the outlet with Reynolds number 

 

Also, water has the highest wall temperature and relatively high outlet temperature than other 
nanofluids below 0.5% concentration, which confirms its poor potentials in heat transfer 

enhancement. There is an enhancement of about 28% by the Al2O3-H2O compared to deionized water 
obtained at Re 2000 and volume fraction of 0.008. The contours of temperature were extracted to 

observe the physics occurred during the simulations. From Figure 11, the thickness of the boundary 
layer is significant toward the center and still noticeable up to the minichannel exit since the 
nanofluids remove the heat flux and convey it to the exit. The thickness of the boundary layer is 
higher in water due to the absence of nanoparticles that may remove the heat through the Brownian  
motion effect.   
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Fig. 11. Contours of Temperature for nanofluids at Re 2300 and concentration of 0.8% vol : 
(a) Al2O3-H2O, (b) Cu-H2O, (c) SiO2-H2O and (d) H2O 

 

4.4 Performance Factor 
 

The Combined effect of Nusselt number (Nu) and friction factor (f) was employed to assess the 
overall hydrothermal behavior of the nanofluids in the DCMCH using Performance evaluation 

criterion (PEC) as expressed in Eq. 17 [37]: 
 

𝜂 =  
𝑁𝑢𝑛𝑓 /Nu𝑏𝑓

(𝑓𝑛𝑓 /𝑓𝑏𝑓 )
1/3                                                      (17) 

 
Where, subscripts nf and bf represent nanofluid and base fluid, respectively.  

 
As highlighted in Figure 12, the performance factor for the nanofluids fell between 1.00 – 1.03, 

and it increases with increase in concentration and velocity of flow. Since Nusselt number 
enhancement is higher than friction changes, the performance factor is above unity which indicates 
the applicability of the geometry in the improvement of heat transfer. 

   

 
Fig. 12. Performance factors for the nanofluids at 0.5 and 0.8 % 
concentrations 



CFD Letters 

Volume 11, Issue 4 (2019) 105-120 

118 
 
 

5. Conclusions 
 

Numerical analysis of heat transfer and fluid flow characteristics of the divergent-convergent 

minichannel heat sink (DCMCHS) has been studied using three distinct nanofluids, namely Al2O3-H2O, 
Cu-H2O, and SiO2-H2O. Comparison of results from this study with the established experimental 

results from the literature, shown a good agreement. The effect of nanofluid was evaluated and 
observed to influence the heat transfer and flow of fluids in the divergent-convergent minichannel 
heat sink. The following conclusions were drawn from this investigation:  

 
I. The addition of nanoparticles to the base fluid increased the heat transfer coefficient due to 

the rising heat flux. Viscosity and density have a significant effect on the flow of the 
nanofluids. 

II. There is a significant influence of Reynolds number on heat transfer enhancement on both 
the base fluid and the nanofluid. Recirculation and vortices creation enhance flow mixing at 
the middle of the channel because of deceleration and acceleration of the flow. 

III. Friction factor increases slightly due to corrugation of the channel passage due to divergence 
and convergence nature, and it decreases with increase in Reynolds number. The trend is 
similar across all the volume fractions. 

IV.  The enhancement in heat transfer coefficient is higher in Al2O3-H2O followed by SiO2-H2O and 
Cu-H2O. Higher thermal conductivity of the nanofluid over water and Brownian diffusion 

played a vital role in this enhancement.  

V. Based on the pumping power and the Performance factor, the divergent-convergent 
minichannel has better potential in terms of provision of adequate cooling of thermal devices 

with minimal pressure drop and pumping power. which is a factor to indicate the 
augmentation in heat transfer of nanofluid over base fluid was found to be 1.01 

VI. Significant improvement in heat transfer and the hydrodynamic impact could be achieved and 
better predicted if the numerical analysis extended to the turbulent regime and moderately 
higher volume concentration.   
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