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Introduction:-

Throughout the last 20 years, the frontier of microfluidics has expanded rapidly. It has been shown that heat sinks
with minor channel dimensions has many industrial applications such as automotive and aerospace microchannel
heat exchangers, cooling of high power electronic devices pumps [1], heat transfer for microelectronics cooling,
condensation heat transfer, chemical reactions in microfluidic devices [2]. Also, the customer demands of lower
prize and greater reliability are forcing rapid market modifications and enhanced product developments. Due to
these gnhancements in micro channels, the heat fluxes have increased extremely and expected to fast go beyond 100
Wicm* [3].

The major disadvantage of electronic systems was the temperature rise. The performance of electronic system
decays suddenly when the temperature of the electronic devices rises away from a certain threshold limit. Large
fluctuations of temperature become responsible for the service life of the electronic equipment [4].

Using water as a cooling fluid has some disadvantage in microchannels, as the narrow operating temperature range
and lower thermal conductivity. There are many ideas for improving cooling technology for electronic equipment
that produced high heat generation; one of these methods was using Nanofluids. Nanofluids is a new type of heat
transfer medium having a nanoparticle (1-100nm) that are distributed in uniform and constant form in a base fluid.
This new coolant method gives a novel direction for very high cooling performance by combination of a
microchannels heat sink with nanofluids [5]. The word ‘nanofluid’ denotes to a two-phase mixture collected of a
liquid phase and discrete nanoparticles in suspension. Thus nanofluids could be a promising replacement for pure
water in microchannel where there is need to more efficient heat transfer and further improving in performance of
the liquid-cooled microchannel heat sinks [6].
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Microchannel heat sink was first proposed in the 1980°s by Tuckerman and Pease (1981) [7] for electronic cooling.
They used silicon micro channels, with water as the working fluid, to dissipate power from an electronic chip. These
channels capable to dissipated up to 790 W/cm? while maintaining a chip temperature below 110°C.

Microchannel heat sink studied by Duangthongsuk and Wongwises (2011) [8] experimentally using Al,O-water
nanofluids. They studied Reynolds number effects and particle concentrations on thermal and fluid characteristics.
The particle concentrations were of 1, 2 and 3% of Al,O-water nanofluids, with total power of 100 W. Their results
showed that the heat transfer values of nanofluid were greater than base fluid by about 7-15%.

The thermal and fluid characteristics for square microchannel heat sink studied by Manay et al. (2012) [9]
numerically. The working fluid was water as a based and nanofluids of Al,O and CuO particles with four volume
fractions of 0%, 0.5%, 1%, 1.5% and 2%. They assumed single phase of flow with uniform dispersals of the
particles in water. The calculations give the values of Nusselt number and the pressure drop. Their results show that
when Reynolds number and the volume fractions increased the heat transfer improved. Also they noticed that the
greatest global improvement was attained at volume fraction for CuO-water nanofluid of %2 at Reynolds number of
100.

The thermal and fluid characteristics of microchannels investigated numerically by Sheikhzadeh et al. (2013) [6]
using Al,O-water nanofluid as a coolant. Different volume fractions of nanoparticles and various Reynolds numbers
are used in this study. Their results composed calculation of Nusselt number, thermal resistance, pressure drop and
temperature along the microchannels. They concluded that using nanofluid increased thermal augmentation with
small increased in pressure drop, and increasing Reynolds number resulted in rise pressure drop and reduced thermal
resistance.

Khaeffef (2014) [10] studied The thermal and fluid characteristics of rectangular microchannels heat sink using
nanofluids as coolant numerically. He used Reynolds number in the range of 100 to 400 with heat flux of 50, 100
and 150 W/cm?. He used Al,Os-water and cu-water as nanofluids with volume concentrations of 10%. He
concluded that when Reynolds number increased, pressure drop and heat transfer also increased while friction factor
reduced. Also he noticed that enhancement in heat transfer using Cu-water larger than using Al,O5-water.

Rectangular microchannel heat sink studied by Adham et al. (2016) [11] using nanofluid as working fluid. They
used SiC-HO and TiO,-H,O with particles concentrations of 1%, 3%, 5%, 7% and 9% to improved heat sink
performance using thermal resistance method with genetic algorithm. They noticed that by increasing particles
concentrations the thermal resistance reduced and driving power growth. They observed that SiC-HO consumed
more driving power than TiO,-H,0O, also at the same operating conditions the nanofluids have low thermal
resistance compared to water.

Ebrahimi (2016) [12] studied three dimensional rectangular miceochannels heat sink numerically at different
Reynolds numbers. They used Al and Cu at different particles volumes from 0.5% to 3% for two nanofluids with
water as base fluid. The improvement in heat transfer and increasing in pressure drop using water-Al,O and water-
CuO was 2.29-30.63% and 9.44%-53.06%, 3.49%-16.85% and 6.5%-17.70%, also the total efficiency was enhanced
by 2.55%-29.05% and 9.78%-50.64% for the two nanofluids respectively.

The objective of the present work is to investigate the thermal and hydrodynamics characteristics of nanofluids in
heat sinks with divergence microcchannels. Thus, the present study deals with three dimensional numerical
simulations of laminar nanofluids flow and heat transfer characteristics through MCHS using two nanofluids Al,O
and TiO, with nanoparticle volume fraction of (1, 3, 5, 7)%. The Reynolds number is the range of 50-250, and the
heat flux is fixed at 90 W/cm®. Results of interests such as temperature distribution, Nusselt number and effect of
Reynolds number on Nusselt number were reported in this paper.

Mathmatical Model:-

A schematic diagram of the heat sink is presented in figure 1. One column of channels consists of five divergence
channels are taken to reduce the computational time as shown in Figure 1 (a). While Figure 1 (b) represents details
of one divergence channel. The heat sink is made from silicon and two nanofluid is used as the cooling fluid.
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Figure 1:- schematic model for the whole heat sink
(a) Schematic of heat sink column (five channels) (b) one divergence channel

Governing equations:-

The problem under consideration concerns the flow through heat sink contains different microchannels. Heat
transfer in the heat sink unit is a conjugate process combining heat conduction in the solid wall and convection in
the working fluids.

To investigate the thermal and flow characteristics of these models, the following assumptions are prepared
(1) Three-dimensional, incompressible, laminar and steady state flow is assumed.

(2) No slip flow is supposed.

(3) The energy dissipation is negligible.

(4) Radiation heat transfer is negligible.

(5) Gravity effect is negligible.

(6) Constant liquid and solid properties are assumed.

The system of equations for 3D based on the previous assumptions, governs the single phase model equations

include the continuity, momentum and energy equations, can be written as follows [13]:

Continuity equation
ou ov ow

—+ +—=0 @)
ox oy oz
Momentum equations in X, y and z directions (Navier stokes equations) can be written as [13]:
ou ou ou u du du
U—-+v —+w—:—i@+i(—z+—2+—z) 2
OX oy oz pox p X oy
ov N v 10P u 0 OV o (3)
U—+V —4+W—=—-——+—(5+ 5+
OX oy oz p oy p ox° oy oz
2 2 2
Uu—=+V — %—_iap_',i(aiw_kaw +6\2/) (4)
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Energy equation for fluid and solid walls can be written in the following form respectively [14]:

aT aT aT kK 0T 8T o (5)
U —+4V —+W — = + +

ox oy oz pCp “ox* oy* oz?

2 2 2
6TS+6TS+6TSZO (6)
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The boundary conditions:-
Based on the figure 1 and the previous assumptions, the following boundary conditions are applied to the
computational domain in the present study:
1) For all channels (fluids) atx =0 (inlet) u =u;, ,v=w=0, T=Tj,
ou @ ow 6& =0

atx=L (outlet) P 0, .
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. . a
Solid—fluid interface u=v =w =0, —kf% = —k; % T=Ts

2) Solid wall (heat sink) all the walls adiabatic except the top sink where
= 9T
q = constant = — sar,
Method of Solution:-
The heat sink under consideration has a 0.24, 3.5 and 26mm width, height and length respectively. It contains
microchannel with a square cross section of 100um x100um at inlet and divergent with angle 0.5° along the channel
length of 26mm. The calculations made firstly using water as a base fluid then repeated with two nanofluids with
different nanoparticles volume concentration. The solid particles are titanium dioxide (TiO,) for the first nanofluid
and Aluminum oxide (AL,03) for the second which dissolved in water. The volume fractions used are (1 %, 3 %, 5
%, and 7%) for each nanofluid.

The nanofluid enters the channel with a uniform velocity and temperature. Constant heat flux (90 W/cm?) was
supplied on the upper wall of the heat sink. The other wall assumes adiabatic. The thermo-physical properties were
assumed to be temperature independent and, the flow was steady state.

Thermo physical properties of the nanofluids such as density, viscosity and thermal conductivity are consider the
significant parameters for calculating the heat transfer performance; they are usually expressed in nanoparticle
volume fraction ¢. The nano properties (the density, specific heat, viscosity and thermal conductivity) that required
for flow were calculated using the following equations [11]:

The density:
Perr == @ps+ @ py @)
Specific heat:
(o Cp)eff =1- QD)(p Cp)f +o(p Cp)p (8)
Viscosity:
i
Herf = (1_(;)2.5 9)
Thermal conductivity:
kp+2kf)-2¢@(kf—k
keff — ( 14 f) (p( f P) (10)

T Gepr2kp) o (kp—kp)

where Cps, Cpp, Cpefr, Hr Heft, P Pps Pefts K Ko @nd Kegr specific heats of base fluid, nanoparticles, effective specific
heat of nanofluids, viscosity of base fluid, effective viscosity of nanofluids, density of base fluid, nanoparticles, the
effective density of nanofluids, thermal conductivity of base fluid, nanoparticles, effective thermal conductivity of
nanofluids respectively.

The thermo-physical properties of nanoparticles can be shown in table 1.
Table I:- Thermo- physical properties of nanofluids

properties TiO2

0] 0% 1% 3% 5% 7%
pu(kgm™) 4175 1029.788 1092.964 1156.14 1219.316
g (NS'TM?) | - 0.001029 0.001082 0.00114029 0.001203
Coni(Jkg™ K™ 4157 4041.844 3785.836 3557.806 3353.407
Ko(Wm™'K™) 8.4 0.62494 0.65556 0.68722 0.719965
properties Al,O;

0] 0% 1% 3% 5% 7%
poikgm™) 3970 1027.918 1087.354 1146.79 1206.226
Ut (Ns'm?) | - 0.001029 0.00108 0.00114 0.001203
Coni(Jkg™ K™ 765 4026.177 3740.084 3483.646 3252.479
Ko(Wm™K™) 40 0.627656 0.664011 0.70182 0.741188

In the present study the nanofluid is treated as a single—phase fluid due to very small particles taken, this assumption
can be appropriate due to tiny size of the particles and it fluidized simply in water. Under such assumption the fluid
flow and heat transfer governing equations are simplified since the base fluid and particles are assumed in thermal
equilibrium and move with the similar velocity.

247



ISSN: 2320-5407 Int. J. Adv. Res. 5(10), 244-254

Model validation:-

The grid dependence test was done using several different mesh sizes for better result accuracy. Commercial mesh
generator software, ICEM CFD, is used to generate the numerical domain and a CFD solver and Fluent, is used for
the simulation of laminar flow.

Four mesh sizes were used and the governing equations were solved based on these four meshes respectively. First
mesh size is (60 x 162 x 10), the second mesh size is (70 x182 x 15), the third is (80 x212 x20) and the fourth is
(90x262 x 25) in z, y, x directions respectively.

The results obtained from these meshes at Re =50 are summarized in table Il bellows which shows the number of
nodes and number of elements used and fluid temperature at x=5mm from channel inlet region.

Table I1:- Grid Independency Check

Serial No. No. of nodes bulk Temperature(K)
1 60 x162x10 304.78101

2 70 x182x15 304.7844

3 80 x212x20 304.78609

4 90 x262x35 304.8099

From these results it can be seen that the solution becomes independent of grid at third grid type and increasing the
size of mesh more than the third one do not have a significant effect on the results.

To check the accuracy of present numerical model with nanofluids- as a cooling fluid, validation is made by
comparing the numerical results of present model with that of Noh and Sidik reference [15]. The model presented in
[15] consists of a micro-heat sink of dimensions 57pm x 180pum x 10mm width, depth and length respectively, with
a single rectangular channel of dimension (900pmx 100umx10mm). Thermal boundary condition was a constant
heat flux of 90 W/ cm? acting at the top wall of heat sink.

Figure 2 represents a distribution temperature on the top wall of the channel using the present model and numerical
results of ref. [15] with diamond — water as a coolant fluid. From these curves it can be noted that, the agreement
between results of present model and results of [15] is accepted since the mean error 0.69 %. From these results it
can be observable that, the present model can be carefully used to simulate a MCHS with nanofluids as a cooling
fluid.

Results and discussion:-

Nusselt Number:-

The influences of various volume fractions of the nanoparticles on the average Nusselt number on channel 1 walls
are presented in figures 3 and 4 for TiO,-water and Al,O5-water respectively. It is clear that the Nusselt number of
nanofluid is higher than that of the base fluid as the presence of nanoparticles and Nusselt number increases with the
volume concentration of it. This behavior belongs to the increases in the thermal conductivity of the nanofluid, as
the concentration of nanofluid increases, which are the favorite factors for heat transfer enhancement. In
concentration range studied (1-7%), the effect of the increase in thermal conductivity and the collision of
nanoparticles are more noticeable than the increase of the fluid viscosity (Ky increases by 20% and 24% while p
increases by 19%) for two nanofluid respectively. These figures show that the addition of nanoparticles to base fluid
results in enhancement of heat transfer, because of the distribution and random movement of nanoparticles inside the
fluid.

Figure 5 indicate Nusslet number along channel 1 for TiO,-water and Al,Os-water nanofluids at different volume
concentrations. By looking at these figures, it can identify that Al,Oz-water gives higher value of Nu at the same
volume concentrations compared of TiO,-water. This belongs to higher thermal conductivity of Al,Os-water as
compared to TiO,-water at the same volume concentrations. Increases of 31.86% and 27.14% of Nu can be found
when using 7% volume concentrations of both Al,O3; and TiO, respectively.

Average Nusselt number on channels walls are presented in figures 6 and 7 for TiO,-water and Al,Oz-water

respectively. These figures show the variation of Nu with various volume concentrations of nanoparticles. It is
obvious that the Nusselt number increases with volume concentrations of nanofluids. At the same time it appears
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that the upper channel (channel 1) has the higher value of Nu followed by channel 2,...etc, this occurred owing to the
channel location on the upper of the rest channels and near the heat flux applied from the top sink.

Pressure drop:-
Another important parameter in the MCHS operation is the pressure drop. The pressure drop is related to the
pumping power required for driving the fluid flowing through the MCHS.

Figures 8 and 9 represent the relation between pressure drop and nanofluid concentration. From these figures it can
observed that there is small difference between the pressure drop for both pure water and nanofluids when small
volume concentration of nano particles is used. But when the concentrations of nanofluid increases higher pressure
drop obtains compare with base fluid, this is due to increases the intensity of working fluid with volume
concentration and the fluid becomes more viscous at higher volume fractions.

When compares these figures, it's clear that the pressure drop for Al,Oz-water is larger than that for TiO,-water, this
belongs to the difference of density and viscosity for two fluids appears in table 1.

Figures 10 and 11 represent Nu/AP variation with volume concentrations for TiO, and Al,O3 for five channels. It
can observe that Nu/AP reduced with increasing ¢, this is belonging to the increasing of the pressure drop with
increasing volume partials of nanofluids. The pressure drop of Al,O; was larger than that to TiO, at the same
volume concentration so Nu/AP for TiO, was better than that for Al,Os.

Effect of Reynolds number:-

In order to show the Effect of Reynolds number on nanofluids, one of five channels is choose, it’s the middle one
and the thermal behavior of nanofluids at Re range (from 50 to 250) is drawn on TiO,-water with volume
concentrations of 3%.

Nu variation along the channel length at different Re was shown in figure 12. From this figure it is clear that when
Re increases, Nu also increase and the maximum increased of Nu obtain at the entrance region since beyond this
region fluid become fully developed, Nu has been found to increase as much as 26% compared to that of the base
fluid when using 7% nanoparticles concentration. When velocity increase more particles cooperate of heat transfer
through channel and increasing the concentration of the nanoparticles strengthens the mechanisms responsible for
the enhanced heat transfer. Moreover, at high Re (flow rates), the disordered movement of the nanoparticles
increased the mixing fluctuations and caused an increase in the heat-transfer coefficient

Figure 13 show the wall temperature variation along the upper channel at TiO,-water 3% volume concentrations, it
was clear that when Re increase the average wall temperature reduced. The average wall temperature growth
reduced when Reynolds number increased because a greater mass of fluid was available to transport the equivalent
quantity of heat. So in order to obtain good temperature distribution along the channels walls it was preferred to
increase Reynolds number.

At the same time figure 14 represent average fluid bulk temperature variations along the upper channel at TiO,-
water 3% volume concentration. Fluid temperature has the same behavior as the wall temperature it decreases when
Re increases, a reduction of 15.17% of fluid temperature occurred when using nanofluids.

Figure 15 represent variation of Nu with Re along five channels at TiO, 3%. From this figure as Re increase Nu also
increase due to increase of heat transfer. Also this figure show that channel 1 has large Nu value than other channels
this belong to its location near the upper surface of heat sink where the heat flux applied.

(Nu/AP)(D
. . . . . Nu_/AP)water
channels at different nano particles volume concentrations can be seen in table 111. From this table it can be seen that
as ¢ increased the HTEP reduced; this belongs to increase the pressure drop with increase ¢. From table 111 it can be
seen that at the same nano particles volume concentration the HTEP for TiO,-water was larger than that for Al,Os-
water.

The Heat Transfer Enhancement performance of heat sink (HTEP) which represented by (( for five
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Table 111:- the thermal heat sink performance for two fluids at five channels
D% TiO,-water
Chi Ch2 Ch3 Ch4 Chb
1 1 1 0.992278 1 1
3 1.003861 0.988417 0.992278 0.996124 0.992509
5 0.996139 0.996139 0.988417 0.988372 0.996255
7 0.992278 0.992278 0.988417 0.992248 0.996255
Al,Os-water
Chi Ch2 Ch3 Ch4 Chb
1 1 1 0.996139 1 1
3 1 0.992278 0.996139 0.996124 1.003745
5 0.988417 0.988417 0.980695 0.976744 0.988764
7 0.965251 0.965251 0.957529 0.968992 0.966292
Conclusion:-

In the current study, the fluid flow and heat transfer through divergence microchannels heat sinks using two

nanofluids have been investigated using numerical simulation. The effect of nanofluids type, volume fractions and

Reynolds number on Nusslet number, pressure drop and heat sink performance were investigated. The following

conclusions were obtained:

1. The Nusselt number of the nanofluids increased with increasing volume fraction of the suspended nanoparticles,
and the Reynolds number.

2. The fluid which has high density gave the best value of Nu.

3. The fluid outlet temperature and the temperatures on the upper wall of the heat sink were reduced with
increasing of Reynolds.
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Nomenclature
A Heat transfer area, m? C, Specific heat at constant pressure, J/kg.K
Dy Hydraulic diameter, =4 A¢/P , m Hcn, Channel height, um. L Channel length, pm,
t Separating wall thickness, mm Ks fluid Thermal conductivity, W/m.K
Nu Nusselt number, = th" P, Ap Pressure, Pressure drop, N/m 2
f
H, sink height, W, sink width, m Re, Reynolds number, = 228
T¢, Ts Temperature of fluid, wall K u,v,w Velocity inx,y, z, m/s
W, Channel width.... mm X, ¥,z Cartesian coordinates
Greek Symbols
Dynamic viscosity p Divergence angle 6, Degree
Fluid density o @ volume fraction of nanofluids
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