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Abstract 
 

  Two nanofluids of -Al2O3 and Diamond with water base fluid used in rectangular 
micro channel heat exchanger with heat flux exposed from the bottom side. CFD Fluent is 
used for the flow calculations. For both nanofluids with grain size of less than 50 nm and 
concentrations of particles materials 1-5%  is used. The   Thermal    conductivity, heat 
transfer coefficients, friction factor, pumping power, and  pressure drop calculated for the  
flow ranging from 500 to 2000  Reynold number . The maximum Temperature  attains in 
the channel at 60 oC for the heat flux of 100 w/cm2 for diamond nanofluid and 80 oC for -
Al2O3 nanofluid. The temperature reached above 100 OC for a heat flux of 200 w/cm2 for 
both nanofluids. 
 
Keywords: Nanofluid; Microchannel heat exchanger; Heat transfer enhancement. 
PACS: 04.40.Nr; 88.40.me; 44.15.+a. 

 

1. Introduction 
 

Many ideas in conventional heat transfer presented to improve heat transfer either by 
the geometrical arrangement or including mixture of fluid. Since the last decade a 
demanding requirement for ultra-heat transfer become a need to cool electronic devices. 
First is to find an optimum geometrical arrangement to extract heat generated from a high 
source of heat [1-5] and secondly to decrease the characteristic length which inversely 
increase the heat transfer coefficient [6]. For both the heat transfer coefficients and thermal 
conductivity found that to be enhancement. 

The thermal conductivity of the coolant based not only on pure material but a new 
advantages being discovered that a nanofluids having to enhance thermal conductivity by 
fourfold over conventional fluids, while nanofluids are mixture of nano particles of selective 
materials into a base fluids [7-13].    

The optimum particles size is only effective shown experimentally with less than 50 
nm grain size independent of the materials, which reasoned to the surface area of the 
particles dispersed in the base fluids. There is a marked increase with respect to particles 
thermal conductivity in relation to its intrinsic properties such variation noticed for AL2O3, 
cu, and diamond, respectively [14]. 
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Consequently, there is an increased need for utilization of a variety of duct 
geometries for heat transfer applications with forced convection and internal flow shows 
efficiently improved [15], due to the size and volume constraints in applications, such as 
aerospace, nuclear, biomedical engineering, and electronics, the utilization of non-circular 
flow passage geometries are required, particularly, with respect to compact heat exchangers 
duct [15]. Many investigators optimized results for different geometries related to heat 
transfer enhancement which indicates that the triangular and the square cross have 
marginally better than that of the circular cross section [14].   
   Shah [16] and Shah and London [17] studied the heat transfer characteristics of 
laminar flow in a wide variety of channel shapes, including equilateral triangular, equilateral 
triangular with rounded corners, isosceles triangular, right triangular, and arbitrary triangular 
cross-sectional ducts, for an extensive range of thermal boundary conditions. Furthermore, 
Gupta et al. [18] studied fully developed laminar flow and heat transfer in equilateral 
triangular cross-sectional ducts with constant heat flux. 
  Limited studies regarding the use nanofluids as coolants in micro and minichannel 
heat sinks exist in literature. Nguyen et al. [19] have investigated the usage of nanofluids in 
cooling electronic devices with nanofluids as the coolant marked reduction in the junction 
temperature was observed, especially at higher flow rates and higher particle loading 
percentage.  

For more than a decade, investigations have been conducted research for better 
understanding of fluid flow and heat transfer characteristics in silicon-based microchannel 
heat sinks designed for applications in electronic cooling. It is important to note that in 
silicon-based MEMS technology, unlike larger-scale conventional heat exchangers, 
microchannels are fabricated as an integral part of silicon wafers, often with noncircular 
cross-sections due to the fabrication processes used, i.e., trapezoidal, triangular or 
rectangular. The cross-sectional shape of a channel can have a significant influence on the 
fluid flow and heat transfer characteristics in noncircular microchannels. Typically, a 
coolant is forced through a large number of parallel channels, which are in contact with a 
hot surface, to convect evolved heat away and provide a near-uniform temperature field in 
the device to be cooled.  Micro channel cooling is a promising way to solve the cooling 
problem for computer chips. In micro channel cooling a fluid is flowing through a micro 
channel in close contact with the electronic chips. Due to the large area to volume ratio of 
the micro channel, the heat removal is larger than by conventional air cooling. Heat transfer 
by forced convection for gases is in the range 25-250 kw/m2[20], whereas experimental 
micro channels with water have shown a heat flux of 500 kw/m2 [21]. The aim of this work 
is to study the heat transfer enhancement for two nano materials with water of distinct 
intrinsic thermal properties in a rectangular microchannel that exposed to different heat flux 
range up to un ultimate heat that give surface temperature of near 80 degree. The fluid flow 
variation from 500 to 2000 Reynold number also considered as to show  its effectiveness in 
heat transfer. 
 

2. Governing equations 
 

In order to examine the impact of various nanofluids utilization on the MCHS 
cooling performance, the following assumptions are made:(i) both fluid flow and heat 
transfer are in steady-state and three dimensional flow; (ii) fluid is in a single phase, 
incompressible with laminar flow; (iii) all the surfaces of heat sink exposed to the 
surroundings are assumed to be insulated except the bottom of the microchannel heat sink 
exposed to constant heat flux. The continuity, momentum and energy equations [12], for the 
current problem with an assumption of steady laminar, and incompressible flow conditions 
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together with the specified boundary conditions, are solved using the finite volume based 
computational fluid dynamics solver FLUENT 12.0 [10]. The second order upwind scheme 
is used for the analysis. The equations are used for this 3-D laminar incompressible flow 
analysis are: 
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3. Mathematical formulation 

 
3.1.  MCHS model 

 
The physical configuration of MCHS (Micro Channel Heat Sink) is schematically 

shown in Figure. 1. The heat supplied to the bottom plate is removed by flowing fluid 
through a number of microchannels.  The thermophysical properties for the types of 
nanoparticles, base fluid (water), and the nanofluids with particle volume fraction of 0, 1%, 
3%and 5% are listed in Table 1. For the two types of nanofluids,( -Al2O3 and Diamond 
with H2O), the density, thermal conductivity, and dynamic viscosity appear significantly 
higher that the pure water (13%,11%), (12.8%,20%) and (20%, 18%) respectively, while the 
specific heat of nanofluids is lower  with  a relative decrease of (3.5%, 13%). 

 
 

Table 1: Thermal physical properties of nanofluid at 293 0K. 
 

Nanofluid Al2O3- water  Diamond -Water 

 ρnf (Cp)nf μnf knf ρnf (Cp)nf μnf knf 
0.00 998 4147. 0.0010 0.5970 998 4181.8 0.0010 0.5970 
0.010 1030.21 4113.5 0.0011 0.6134 1023.3 4055.6 0.00108 0.63797
0.030 1089.60 4045.2 0.0013 0.6484 1073.5 3820.58 0.00113 0.69110
0.050 1148.99 4011.2 0.0017 0.6856 1123.79 3606.56 0.00119 0.74894
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3.2 Physical Model  
 

A micro-channel heat sink usually consists of a number of identical channels. 
Numerical simulation of the entire unit needs large amount of CPU time.  A schematic 
diagram of the proposed micro-channel heat sink is shown in Figure. 1.  The geometry 
consists of a rectangular channel 230 μm (Width) X 230 μm (Height) in cross-section, and 
10 mm (Length) in length. A uniform heat flux of 100,200 and 250 W/cm2 are applied at the 
bottom surface of heat sink whereas the other sides adiabatic boundary conditions are 
applied.   As a hydraulic boundary conditions, a uniform velocity is applied at the channel 
inlet, the velocity in x and y direction are zero and velocity in z direction is calculated 
depends on the selected value of Re, hydraulic diameter and properties of nanofluid.   The 
fluid inlet temperature is specified in the inlet region while at the exit, pressure was 
specified. 

 
3.3 Geometry and preprocessing 

 
The computational domain, meshing, labeling boundary conditions were created in 

the commercial pre-processor software GAMBIT 2.3.16 as shown in Figure.1. Three 
different meshes, 1 × 105, 2 × 105, and 4×105 tested and compared in terms of the heat 
transfer coefficient. It is found that mesh number of around 2 × 105 gives about 1% 
deviation compared to mesh size of 4 × 105; whereas the results from mesh number of 1 × 
105 deviate by up to 8% compared to those from the finest one. Therefore, a mesh of around 
2 × 105 (20 × 20 × 500) elements was considered sufficient for the numerical investigation 
purposes. 

 
 

 

 

Fig. 1: Schematic Diagram of the Micro-channel Heat Sink. 

 

3.4 Solver criterion 
 

The CFD method follows the use of commercial software ANSYS Fluent 12.0 to 
solve the problem. The specified solver in Fluent uses a pressure correction based iterative 
SIMPLE algorithm with second order upwind scheme for discretizing the convective 
transport terms. The convergence criteria for all the dependent variables are specified as 
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0.00001. The   values of under-relaxation factor found to be most suitable are shown in 
Table 2.  

 
Table 2: Relaxation Factor 

 
Variables Pressure Density Momentum Energy 
Values 0.3 1.0 0.08 1.0 

 
3.5 Thermo-physical properties of base- nano fluids and nanoparticles 
 
The base-fluid considered in this work is water. Thermo-physical properties were 

obtained as polynomial functions of temperature found some were else [22] as:   
 

2.75388.11057.3 23   TTw                             (5) 

while the water viscosity is given by 
 

 2.143
3.238

5 1010591.2   T
w                  (6) 

and the thermal conductivity of water is calculated from 
 

5981.01053.610354.8 326   TTKw                                                        (7) 

 
The specific heat of water is considered constant at Cpw = 4200. The physical properties of 
the base fluid and nanoparticles are shown in Table.3 
 

Table 3: Physical properties of base fluid water, alumina and Diamond at 20°C (293 K) 
 

Material ρ (Kg /m3)  Cp (J 
/Kg.K) 

k (W /m.K)    μ (Ns/m2) 

Water 998 4181.8 0.597 0.001003 

-Al2O3 3880 773 36  

Diamond 3510 497.26 1000  

 
 

3.6 Nanofluids Thermal properties.  
 

In mixing the nanoparticles with base fluid in the concentration used for this study, 
as for the nano fluid density and specific heat estimated in the following relationship.   
 

   
  pbfnf   1                 (8) 
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                               (9) 

 
For the viscosity Enstein [24] expression is used in determine the dynamic viscosity 

for particles in diluted fluid which is      5.21   bfnf  
for  < 5%.   But other used 

different relations for larger particles size [19],       15.2150 2   bfnf and (Maiga et 
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al., 2004) [25] has used modified experimental fitted data to takes account of interaction of 
particles and the fluid for Al2O3-Water nanofluids.     13.7123 2   bfnf . The  

Diamond –water nanofluids are estimated and given in table.1   these parameters are of 
equation 8 and 9 and 10 for density, specific heat and dynamic viscosity respectively, but 
the thermal conductivity are estimated graphically from Figure 2. 
 

 

 
Fig. 2: Experimental data for nanofluids ( - Al2O3 and diamond with water based fluid). 

3.7 Thermal Conductivity   
   

Theoretical model influenced thermal conductivity of nanofluid. Many investigator 
since Maxwell model[27] for thermal conductivity of suspended solid/liquid in the micro 
and macro scale size particles cannot explain fully the nanofluids behavior but it can be 
assumed  as for the static mode of the thermal conductivity of nonofluids. Only recently 
other investigators  used Both the Maxwell static thermal conductivity and the dynamic 
Brownians and Enstien random motion are effective contributors, but  The Brownian motion 
mean free path is far shorter than that the diffusion length of stoke Enstien [24] which is the 
dominant parameter in heat distribution in nanofluid.  

In a nanoparticles mixture dependence founds to have good heat transfer 
characteristics related to particles size and has been found that the enhancement are at 
maximum of 50 nm grain size and for larger sizes give a study state Figure 3.  

Figure 4 shows the dynamic Brownian motions contribution while it is shown 
constant as related to Maxwell model. The classical Maxwell model [27] For solid liquid 
mixtures, for relatively large particles size macro and mille metric sizes is good for low 
solid concentration Bruggeman (1935) [33] proposed a model depending on the Maxwell 
with modification of shape factor and Hamilton and Crosser (1962) [34] introduced   the 
shape factor to account the effect the shape of the particles which reveals that Maxwell’s 
model is a special case of Hamilton and Crosser’s model for sphericity equal to one. 
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Fig. 3: Comparison of the experimental results of the thermal conductivity ratio for 3 vol. % (-Al2O3)-water 
nanofluid with theoretical models as a function of particle size. 

 
 

             
 

Fig. 4: Experimental data for temperature-dependent conductivity and the Maxwell model. 
 

The thermal conductivity of the present nanofluid increment with temperature by   
up to fourfold over a small temperature range (20–50°C) Das et al. [35]. This phenomenon 
cannot be explained by classical models such as the Maxwell model [27] as shown in 
Figure. 4. 

To explain this deviation the Brownian motion of nanoparticles in nonofluid 
expressed well in Brownian motion suggested by Enstien [24]. The calculation carried out 
by the following equation: 
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3
  

,were bfL : Mean free path for water=0.738 (nm)    and  35   (nm)  for Al2O3  ans    is 

constant for considering the Kapitza resistance per unit area.= 0.01. 
    

3.8 Pure and nanofluid temperature. 
 

In the system being considered, the energy generated by the exposed heat flux on the 
bottom of MCHS is absorbed by the working fluid.   The nanofluid- and pure fluid-cooling 
MCHS, then energy absorbed by the working fluid can be written as, 

      nfnfnfnfinfonfnfnf TVCpTTVCpQ 
..

 , 

       ffffifofff TVCpTTVCpQ 
..

 ,  

 noting   that the thermal capacity of the nanofluid is usually smaller than that for the pure 
fluid because of the low specific heat of nanoparticles. From Newton’s law of cooling, the 
local heat transfer coefficient for both nanofluid- and pure fluid-cooled MCHS can be 
written as    )()()()()()(" xTxTxhxTxTxhq fsffnfsnfnf  , 
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 in order to established a heat transfer enhancement by the nanofluid If the , hnf (x) > hf (x) 

and Qnf >Qf   conditionally  
.

nfV  = 
.

fV and Tnfi = Tfi, we observed that 

    fifonfinfo TTTT                                                                                              (10)  

   )()()()( xTxTxTxT fsfnfsnf                                                                            (11) 

 by Combining Eqs. (10) and (11), it can be found that  
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)()( xTxT sfsnf                                                                                                          (12) 

This result indicates that nanofluid-can cool MCHS better that pure fluid.  
 

4. Results and discussion 
 

     In order to distinguished the various effect of nanofluid behavior a single choice of 
rectangular tube geometry for a specified well established nanoparticles concentration for 
two well-known materials that is the gamma alumina and diamond, the choice of these types 
of particles due to its role with fluid. 

In order to eliminate the surface interaction between particles and fluid one is 
diamond, which is completely inert with water only surface adhesion can be accounted for.  
However, alumina surface adherence to water is different from diamond whatever inertness 
it possesses. From some of the estimated results, for the same flow conditions, the friction 
factor it appears nearly constant for different concentration from diamond while for alumina 
it has linearly changing with the flow. This mean that the water adhesion or some surface  
reactivity differed from that of diamond which indicates clearly that water adhere to alumina 
surface causing larger apparent size then a drag effectively contribute to a more pumping 
power as shown in Figure 5.  

 
 

 
 

Fig. 5: Pumping power- Friction Factor relationship of Micro-channel heat sink with water, water is the base 
fluid with   -AL2O3 and Diamond nanoparticles. 

 
 
Despite that both nanoparticles shared enhancement of heat transfer with a good 

thermal conductance from the wall of the microchannel Figure (6 and 7). On the other hand 
the thermal resistance behavior are inversely  proportional to pumping power while the 
thermal friction factor  is directly proportional to pumping power Figure (5 and 8) 
respectively.  
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Moreover the diamond nanofluid having almost a friction less behavior for a specific 
flow conditions, only for low flow rate (RE=500) of diamond nanofluid a sedimentation 
effect appears as shown in Figure (8). Also it confirms this result from pressure drop Figure. 
9 then the water diamond adhesion solely effective as far as the pressure drop linearly 
changing with the volume fraction.  The same contribution appears for the friction factor 
and particles volume fraction as shown in Figure (10). 

 
 

 

     
   

Fig. 6:  Effect of Surface Heat Transfer Coefficient versus volume of fraction of (Diamond and Al2O3-water) 
for different flow velocity. 

 
 

 
 

Fig. 7:  Variation of Wall Temperature versus volume of fraction of (Diamond and Al2o3-water)   for different 
flow velocity. 
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Moreover the diamond nanofluid having almost a friction less behavior for a specific 
flow conditions, only for low flow rate (RE=500) of diamond nanofluid a sedimentation 
effect appears as shown in Figure (8). Also it confirms this result from pressure drop Figure. 
9 then the water diamond adhesion solely effective as far as the pressure drop linearly 
changing with the volume fraction.  The same contribution appears for the friction factor 
and particles volume fraction as shown in Figure (10). 

 
 

 
 

Fig. 8: Thermal Resistances of Microchannel heat sink with water, water is the base fluid with - AL2O3 and 
Diamond nanoparticles 

 
 

 
 
 

Fig. 9:  Variation of Pressure Drop versus volume of fraction of (Diamond and Al2o3-water) for different flow 
velocity. 
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Fig. 10:  Variation of Friction factor versus particles volume fraction of (Diamond and  - Al2O3-Water) for 
different flow velocity 

 
From Figure 11 it is complementary evidence to what has obtained that the pumping 

power linearly increasing with the volume fraction for the diamond but a slight nonlinear 

increment for -AL2O3 which is related to the previously mentioned behavior. The 
conclusive result is that the thermal resistance with the volume fraction have a linear 
changing with the volume fraction is an indicative to the value of the thermal conduction 
enhancement as shown in Figure 12.  
 

  

Fig. 11: Variation Pumping Power versus volume of fraction of (Diamond and   - AL2O3-Water) for different 
flow velocity. 
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Fig. 12: Thermal Resistances of Microchannel heat sink with water, water is the base fluid with (Diamond and 
- AL2O3) nanoparticles. 

 
The obtained results were carried out by numerical simulation on rectangular tube 

geometry, for two nanofluid types with four concentrations each. The velocity characterized 
the flow from 500 to 2000 Reynold number. On these conditions of nanofluid types, 
concentrations and flow the bottom heat flux exposed to microchannel of 100 and 200   
W/cm2, found to be at the 200 W/cm2 a high temperature ranging above 100 0C. Due to this 
result it limits this   configuration to a 100 w/cm2 to be a useable value. 

In conclusion graphing of pumping power flow and temperature are given in fig 13 
and 14. From these results an equilibrium characterized the flow between 1000 and 1500 
Reynold number for an attained temperature of (40 -60 0C) for diamond and the temperature 
reached for a Lumina nanofluid reached (60-80 0C)   
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Fig. 13: Pumping Power Flow-Temperature Diagram for Diamond-nanofluid   at heat flux of 100 W/cm2. 

 

 

Fig. 14: Pumping Power Flow-Temperature Diagram for    -AL2O3-nanofluid at heat flux of 100 W/cm2. 

 

5. Conclusion 
 

The simulated flow inside a rectangular micro channel for the two nanofluids mainly 
-Al2O3 and Diamond with water base to conduct heat flux exposed from bottom side of the 
channel to be constant at 100 w/cm2 and 200 w/cm2.   
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The flow of the fluid assumed laminar in range of 500 to 2000 Reynold numbers, for 
both nanofluid having concentration of 1%, 3% and 5%. 
  The obtained results that the added nanoparticles to water base fluid increased the 
friction factor, also an increasing in surface heat transfer coefficient with both   
concentration of nanoparticles, however for diamond nanofluid a  higher transfer  coefficient 
than that of alumina which also reflect the better conductivity of diamond than -Al2O3 in 
term of its intrinsic thermal properties. 

Both nanofluid the thermal resistance decreased with increasing concentrations 
which the friction factor increasing with direct proportionality to the concentration. 
The wall temperature attained for both nanofluid having maximum 60 0C for diamond and at 
a maximum of 80 0C for alumina nanofluids. 

It is of interest to see experimental result for Borazone nanoparticles (Cubic BN) 
with fombileen fluid in order to see the effect with no surface interaction and less friction 
coefficient. 
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