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ABSTRACT: This paper focuses on the numerical optimisation of a combined hybrid microchannel heat sink with
rectangular solid fins. The axial length and volume are fixed, and external structure is allowed to vary. The simulation
was performed on an elemental unit cell of the microchannel heat sink . The purpose of the optimisation is to discover
an optimal geometric arrangement in internal and external configurations that minimises peak temperature in the
microchannel heat sink. A high-density uniform heat flux of 250 W/cm? is assumed to be dissipated on the bottom
wall of the unit cell by microelectronics circuit boards devices. Computational fluid dynamic code was used to
discretized the fluid domain and solve a set of governing equations. The influence of hydraulic diameter, external
structural shape and fluid velocity on peak temperature and global thermal resistance, is discussed. Coolant or water
of Reynolds number range 400 to 500 in a forced convection laminar flow is introduced through the inlet of the
computational domain to remove the heat at the bottom of the rectangular block microchannel. The results show that
when the fluid velocity is increased from 9.8 to 12.3 m/s across the axial length of the micro heat sink, more heat is
removed from the bottom of the combined heat sink. The results revealed that the pump power increased by 37.1% in
combined microchannels with fins and from by 27.2% in finless micro heat sink. The result of the study is validated
with what is documented in open literature for a traditional micro heat sink with circular flow channel and the trends

agree.

KEYWORDS: Microchannel structure, configuration, combined microchannel and micro fins

[Received Nov. 14, 2022; Revised April 4, 2023; Accepted April 14, 2023]

Print ISSN: 0189-9546 | Online ISSN: 2437-2110

I INTRODUCTION

Microchannels have become a phenomenon in heat transfer
and thermal management. Microchannel heat sinks account for
capacity of high heat dissipation in microelectronics (Gupta et
al., 2021; Qiu et al., 2021; Hajialibabaei and Saghir, 2022).
The high heat transfer surface area to volume ratio is what
accounts for the excellent thermal efficiency (He, Yan and
Zhang, 2021). The design methodology employed in
microchannel heat sinks or heat exchangers are based on the
heat transfer and pressure drop associated with the device (Han
et al., 2012). In the construction of most microchannel heat
exchangers, each channel is defined by two parallel plates
separated by fins or spacers (Kern and Kraus, 1972). The
research on microchannel heat exchangers is largely
concentrated on the effect of micro heat sink structural forms
on efficiency (Chen et al., 2021). Heat transfer efficiency and
minimum flow resistance of microchannel heat exchangers
were experimentally compared for optimised structure with the
other three having contrasting arrays of elements under the
same constraints. The results of the experiment revealed that
the microchannel heat exchanger with optimised structure has
a higher thermal performance to flow resistance than the three
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other structures considered (Chen et al., 2021). Khan et al.
(2022) carried out a numerical analysis on the flow and heat
transfer features of microchannel heat sink with perforated pin
fin. The performance of the micro heat sink was evaluated
within the Reynolds number ranges of 150 to 350 with the six
evenly spaced cylindrical pin-fins perforated. The researchers
discovered improvement in Nusselt number at the smallest
perforation of 0.33 but decreased Nusselt number as the
perforation diameter increased. The highest value of overall
thermal performance was found to be at the perforation size of
0.5.

Researchers have been conducting numerical studies of
microchannels heat exchangers because of the need to provide
more viable ways of improving the heat transfer and cooling
abilities of electronic devices. The novel work of Tuckerman
and Pease (1981) used forced fluid flow through the
microchannel heat sink to cool microelectromechanical
systems (MEMS).

Heat exchangers are widely used in industries to increase
heat transfer. Heat exchangers embrace a diversity of models,
shapes and configurations. Most of them are used to enhance
the transfer of heat between two flowing mediums at different
temperatures. Others consist of a solid cooling or heating
system. The heat transfer process in heat exchangers usually
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involves conduction through the solid, and convection between
the solid and the fluid. According to Bejan (2016), the very
name ‘heat exchanger’ means that the function of the
equipment is to transfer a certain quantity of heat between two
or more substances at different temperatures.

In a bid to investigate the constructal law and its usefulness
in geometric optimisation, Bello-Ochende et al. (2013)
performed a numerical and analytical study of square flow
channels using a vascularised material having localised
internal cooling property with heat flux applied at one side of
the heat sink. The goal of the study was to reduce the highest
temperature in the material body of the solid substrate. The
numerical results revealed that the material property affected
the efficiency of the flow channel to a high degree. Salimpour
et al. (2011) used the constructal approach to numerically
optimise different cross-sectional shapes of microchannel. The
researchers were able to develop some correlations, which
helped in predicting the dimensionless heat transfer and
optimal hydraulic diameter. The results of the study revealed
that the square shapes had the best heat transfer per unit
volume.

Constructal theory is used to geometrically optimise flow
architecture and structure for the purpose of increasing heat
transfer and fluid flow (Bejan and Dan, 1999; Bejan et al.,
2000; Rocha et al., 2002; Bejan and Fautrelle, 2003; Rocha et
al., 2005; Kulkarni, 2005; Pramanick, 2007; Reis, 2009; Bello-
Ochende et al., 2010; Cetkin, 2010; Bello-Ochende et al.,
2011). The law does not predict flow architecture in advance
but allows the system to evolve (Reis, 2006). Bejan and
Lorente (2006) reviewed the theory recently and argued that
under certain global constraints, the flow architecture should
be able to provide little resistance or should increase access to
flow. The unit structure that is subject to global constraint and
the flow channels' geometric shape are both free to morph.
Researchers such as, (Azoumah et al., 2007; Wu, Chen and
Sun, 2007; Zhou et al., 2007; Fan and Luo, 2008; Han et al.,
2012), have also reported their work on constructal design
methodology.

The parts used to extend primary surfaces are referred to as
fins. Fins comprise of a vast range of types, shapes and
arrangements. In extended surfaces, conduction and
convection are most often used for heat transfer, while
radiation heat transfer is neglected (Bejan, 1993; Ryu et al.,
2003). The cooling of electronic equipment using micro pin-
fins is gaining attention because of their capacity to dissipate
high heat fluxes and improve the thermal management of
microelectronic devices. Experimental research using micro
pin-fins has revealed that their use in the heat sink increases
the heat transfer surface area, reduces to the barest minimum
the thermal resistance, reduces space used, lower the mass and
cost of the pin-fins (Kim et al., 2004). Other researchers,
(Kosar et al., 2005; Kosar and Peles, 2006; Naphon and
Sookkasem, 2007; Siu-Ho et al., 2007; John et al., 2010;
Vilarrubi et al., 2018) have also reported their research work
on pin-fins of diverse configurations.

Yeh (1997) used an analytic approach to show how the
dimension of circular and rectangular micro pin-fins with fixed
volume and heat transfer could be maximised. He observed
that micro pin-fins with insulated tips had the best aspect ratio

with reduced fin volume. Diez et al. (2010) reported the effect
of roughness on micro pin-fins which were truncated with
changing diameter for hyperbolic, trapezoidal and concave
parabolic designs. The efficiency and effectiveness of smooth
pin-fins, as well as temperature distribution were accurately
predicted by the approximate method of truncated power
series.

The novelty of the combined constructal design with solid
rectangular fins positioned on the block micro-heat sink made
from an aluminum substrate to remove heat deposited at the
base of the combined micro-heat sink with fins is presented in
this paper. Three rows of rectangular micro solid fins are
modelled and placed on the heat sink and numerically
simulated with water as cooling fluid. The fluid flows through
the channel and optimise the internal and external
configuration, while cooling the entire system including the
solid fins (extended surfaces). Convection heat transfer in the
cooling fluid and heat conduction in the solid substrate make
up the conjugate solution for heat transport in the
computational unit cell. The heat flux and temperature
continuity at the solid-fluid interface link between conduction
and convection of heat. The study result showed that the
combined microchannel has high thermal efficiency and lower
pump power than the traditional heat sink without fins.

Nomenclature

A channel cross-sectional area

d diameter

dy hydraulic diameter

H height of heat sink

kg thermal conductivity of fluid

ks thermal conductivity of solid wall
M width of unit cell micro heat sink
N axial length of heat sink

n number of channels

q" heat flux

Re,, Reynolds number of water

Roin dimensionless thermal resistance
Ty1 exit temperature

Tin inlet temperature

Trnax maximum temperature

t distance from bottom to channel
t, distance from the top micro heat sink to channel
ty channel to channel thickness

Vin inlet velocity

\Y volume

elemental volume

<
E-3

Greek symbols

o thermal diffusivity
Gy specific heat

W viscosity

v kinematic viscosity
p density

¢ volume fraction of solid material
T shear stress
Subscripts

in inlet

max maximum

min minimum

opt optimum

out outlet
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Il. GEOMETRY DESCRIPTION AND
COMPUTATIONAL DOMAIN

The constructal physical models of a hybrid (this means
having a circular cooling channel, but rectangular micro-fins
added) microchannel heat sink is presented in Figures 1 and 2.
In Figure 1, rectangular fins are placed on the rectangular block
microchannel with circular flow channel of global fixed
volumeNxHxM,.. The geometric design is aimed at finding the
design that gives optimal thermal efficiency, using constructal
design technique. The coolant used is water and the heat
transfer is a conjugate.

Figure 1 shows the diagram of a constructal rectangular
block microchannel heat sink with solid rectangular fins
mounted on it. Figure 2 is a unit cell symmetrical geometry
with three (3) rows of rectangular micro-fins to serve as the
computational domain. The volume of the elemental unit cell
is given as N x H x M. The hydraulic diameter d, is
surrounded by solid material structure with thicknesses t, t,
and t.

Mx ,,

3'1/@ H
hi

;
:

e

Unit cell computional
domain

Figure 1: Microchannel heat sink with rectangular solid fins

a b

t:

mmdmndj;
Water Flow 7

ti

Figure 2: Unit cell computational domain

Figure 2 has circular cooling channel of diameter d and
solid rectangular micro-fins of external sides a, and b,, and
external height h;. On the bottom surface of a micro heat sink
made of a highly conductive solid aluminium material with a
conductivity of 202.4 k(Wm™1K~1), a high-density heat flux,
q" is applied. The rectangular fins are placed on a
microchannel bottom with circular flow channel. The inlet and
temperatures are T;,, and T,,,; for all the configurations studied.

The three rows and forms of rectangular solid fins are
centrally mounted on the unit cell microchannels (Achanta,
2003; Yaghoubi and Velayati, 2005; Adewumi et al., 2013), as
shown in Figures 1 and 2. The external sides [, X b; X h, of
the rectangular micro fin are a; = 40 um and b, is 20 um,

while the external height h; is 40 wm. The aspect ratio of the

vertical solid rectangular fins (ﬂ) is 2 and falls within the

by
manufacturing constraints in Eqn. (9). The unit cell
microchannel heat sink with solid rectangular fins is inserted
into the computational domain and fluid (water) is allowed to
flow through the microchannel heat sink, the water removes
the heat deposited at the bottom of the microchannel. The
conjugate heat transfer method was employed to combine the
convective heat transfer in the liquid with heat conduction in

the solid substrate.

A. Design variables and manufacturing constraints

The solid substrate has fixed axial length N, height H and
width M, resulting in a fixed elemental volume v_el,ast_1,t 2
and d_h varies, subject to manufacturing constraints. The ratio
of solid volume over the total volume is determined as the solid
volume fraction, ¢. The design under consideration has the
following design variables and manufacturing limitations.

The constraint on the heat sink elemental unit cell volume
is set as

Vg = N X H X M = constant 1)

The combined heat sink with fins has an elemental volume
of

Veicom = Vet + Vet gy + Veipy T+ Ver gy = constant  (2)

where, Vel is the elemental volume and number of

rectangular fins attached to the heat sink.
The cross-sectional area of elemental volume is

A=HxM 3)
The void fraction or porosity is
¢ =, (4)
elcom
The manufacturing constraints for micro heat sink are
t; = 50um ®)
H—(t; + a) = 50um (6)
The external aspect ratio (AR) of the heat sink unit structure
is

AR = @
Elemental volume of circular channel is
v, = %dZN (8)

The aspect ratio of circular fins is subject to the
manufacturing constraints in Eqns. (9).
05<2<4 9)

1
The elemental volume of rectangular micro-fins is

Veif = hya,b, (10)
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Micro fins spacing is
Sy = 50um (11)
Il.  MATHEMATICAL EQUATIONS AND
BOUNDARY CONDITIONS
For the cooling fluids, the following are the continuity,
momentum, and energy Equations:

V.5=0 (12)
p(V.V¥) = —Vp + uv?v (13)
psCpop (.VT) = k,V2T (14)

The energy equation for the solid regions is written as
ksV2T =0 (15)
The heat flux at the liquid-solid interface is given as

aT _ T (16)

$onlwan = on wall
For the fluid at the channel walls, the no-slip boundary
condition is specified.
And at the outflow, there is no stress, therefore;

du v ow
E—O,a—o,a—o,forx—N,QSZSd+t3andt1S
y<t;+d 17)

The Reynolds number of the fluid pumped across the
combined microchannel is

d
Rew=P’L_h,f0rx=0,t3SzSt3+dandt1SyS

d+t, (18)

The fluid inlet velocity is u, = u;,, v, = 0,w, = 0 and
the inlet temperature is
T=Tyforx=0,t;<z<t;+dandt; <y<d+t;
(19)

while thermally developed flow is assumed at the outlet,
the temperature at outlet is then.

T=Ty,forx=Nt;<z<t;+dandt; <y<d+
ty (20)

The thermal conditions assumed for the bottom-side of
the heat sink is given as;

kSZ—JT/= —q,for0<x<N,0<z<Mandy = H (21)

The global thermal resistance is expressed in
dimensionless form by Olakoyejo et al. (2012) as follows;

kp(TwN—Tin) _ kgAT
Rmin = q''N = q''N (22)

A. Solution and numerical method

The governing Egns. (12) — (15) were discretised and
solved numerically using a finite volume method using
commercially available Computational Fluid Dynamics (CFD)
software ANSYS FLUENT 18.1. The computational domain
was generated using the enclosure tool in ANSYS fluent
(Figure 3 aand b) is divided into many control volumes via the
finite volume method (Patankar, 2018). The SIMPLE
algorithm was utilised to carry out the pressure-velocity
coupling, and the momentum and energy equations were
computed using the second order upwind method (Gad-el-Hak,
2002; Laermer and Urban, 2003; Chen and Cheng, 2009;
Ismail et al., 2009; Ighalo, 2010; Chai et al., 2011). The
convergence was established when for the continuity and
momentum, and energy equations, the residuals were lower
than 10 and 107, respectively.

(a) (b)

Fig. 3: 3-D microchannel heat sink design (a) using ANSYS design modeler

and (b) discretised domain of the micro heat sink

B.  Grid refinement test and code validation

A grid study is done on the mesh size until an
insignificant change in temperature is obtained and the
convergence solution. The monitored quantity temperature is

- (ATmax)i_(ATmax)i—l S 001 (23)
(ATmax)i

The uniform heat flux used in the simulation and
optimisation was employed for the grid refinement test. The
combined (hybrid) microchannels with solid fins, are
constructed in design modeler environment and discretised
using irregular mesh type, hexahedral and tetrahedral
computational cell settings.

The geometrical details of the combined microchannel
heat sink with solid rectangular fins for the grid refinement test
are as depicted in Table 1. The Reynolds number of the fluid
(water) pumped across the microchannel axial length is Re,, =
500 and the mesh sizes are progressively increased until the
monitored quantity of outlet wall temperature of less than 1%.
Further grid refinement shows negligible change in the wall
temperature (Table 2). For reliability, reduced computational
expenses and time, the mesh with nodes and elements chosen
for the simulation and optimisation for microchannel heat sinks
with circular flow channel and solid rectangular fins is 290 819
and 1 033 776. Further grid refinement does not significantly
alter the results of numerical analysis.

The CFD code used in this simulation was validated by
plotting and comparing the thermal resistance and Bejan
number (Be) obtained in the present prediction and model with
the results of Olakoyejo et al. (2012). The values in the results
show excellent agreement, with deviation of less than 1%
(Figure 4). The results of the correlation give confidence and
accuracy about the numerical process and code used in this
present study.

Table 1: Dimensions for grid refinement

M ts t, d hy a, by N
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

0.1 0.032 0.064 0.036  0.40 0.040  0.020 10
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Table 2: Grid independent test results for v,; =
0.15 mm?,Re,, = 500

Node Elements T g (KO v

290,598 1,032,001 349.13 0

290,819 1,033,776 349.13 -

290,852 1,035,703 349.06 0.0363

290,952 1,038,703 349.09 0.00042
=} —[— Olakojeyo et al.

—(O— Present study

@\@
N

8.8x10™

- (KIW)

4

o 8.0x10"4

7.2x10" 1

3.8x10° 4.0x10°

Be

Fig. 4: Numerical code validation: Comparing the thermal esistance
with present study

3.6x10°

IV. OPTIMISATION TECHNIQUE AND RESULTS
PRESENTATION

The key parameters affecting the design were
determined, and the optimum conditions that minimise peak
temperature were found, using the ANSYS FLUENT 18.1
design exploration optimization tool. The thermal efficiencies
of microchannels with a circular cooling channel, but with
solid rectangular fins was discussed. Thermal potentials are
achieved by performing a numerical simulation and
optimisation on the micro heat sink with fins of varying total
volume V of 0.15 to 0.17 mm?3 and fixed axial length of N =
10 mm. The design space for the response surface of cooling
channel d;, isin the range 0.036 to 0.047 mm, the differences
in the thickness from the bottom-side of the combined micro-
heat sink and the flow channel is t; > 0.05 mm, the width M
of the combined microchannel varied from 0.01to 0.115 mm
and the difference in thickness t, from the flow channel to the
top of the combined microchannel is in the range of 0.051 to
0.064 mum, while the thickness between the flow channels t;
is in the range 0.032 to 0.033 mm.

The range of porosity ¢ is 0.0692 to 0.1009. The
constructal solid rectangular fins positioned on the
microchannel heat sink with circular cooling channel has three
solid fins placed in the positions 5, 5.05 and 5.1 mm
respectively, on the micro-heat sink. The total fixed volume of
the three (3) micro fins on the unit cell is 96000 um?2. The heat
flux dissipated at the bottom is 2.5 x 10W /m? and the
cooling fluid is in the range of Reynolds number, Re,,, 400 to
500. The inlet temperature of water is 298 K with constant
thermos-physical property (Table 3). The minimised global

thermal resistance or measure of performance, R,,;,, is given in
dimensionless form in Eqn. (21).

O —[O-Re, =400

\ ~O~—Re, = 450
Re =500

3554 O D\ * O

\ D/

O
350 - /O
| \O/O

345 1

"

Tmax’ K

N=10mm

L L]
0.040 0.044

d

L]
0.036

. mm

Fig. 5: The effect of diameter on peak temperature

Figure 5 shows the presence of an optimal hydraulic
diameter of the microchannel heat sink that minimises the peak
temperature. Figure 5 presents the effect of d;, on T,,,,,. There
was a decrease in peak temperature as the Re,, increases until
the diameter corresponding to the minimum temperature is
reached. The optimal diameter that gives the minimum
temperature at different Reynolds numbers is in the vicinity of
0.0415 mm. The peak temperatures corresponding to the
optimal d; for Reynolds number of 400, 450 and 500 are
352.94, 347.27 and 343.87 KThe micro heat sink cools fastest
at highest fluid velocity (Re, = 500) v, of 10.8 m/s.
Similarly, the effect of hydraulic diameter (dj,)o,. On peak
temperature is presented in Figure 6. (dy)op. increases with
decrease in T,,,, at the right-hand-side (RHS) of Figures 5 to
8. The peak temperature decreases until the value
corresponding to the optimal diameter is reached, after which
any further increase in the hydraulic diameter results in
increase in Ty, as seen in the left-hand-side (LHS) of the
curves (Figures 5 to 8). At Reynolds number range of
400 < Re,, < 500, the peak temperature diminishes sharply.
The combined micro heat sink optimises at 0.0455 mm for the
Reynolds number range of 400 < Re,, < 450 and 0.0456 mm
at Re,, = 500. The results show the (d,)op: > dp, Which is
good for the performance of the micro heat sink. The combined
microchannel optimises with larger channel width (diameter),
as seen in Figures 5 and 8. It means that to increase heat
dissipation in the heat sink, more fluid is allowed to flow
through the large, optimised channel diameter. In addition, the
results show that cooling in the microchannel is achieved by
increasing the Reynolds number of fluid and by implication
enhanced maximised thermal conductance or minimised
thermal resistance.

The peak temperature is plotted against the

. . . . . . a
dimensionless diameter as summarised in Figure 7. As Fh
increases, Ty, decreases for the Reynolds number range of

0.048
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400 < Re,, < 500. The peak temperature decreases by 2.6%
as the Reynolds number increases from 400 to 500. The
optimal dimensionless diameter is 4.2 x 103 for the range of
Reynolds number under consideration. More cooling is
achieved as the Reynolds number of fluid is increased. In Fig.

8, the plots show that external aspect ratio % increases with

decrease in T,,4,. The external structure of the micro heat sink
continues to adjust in order to give minimum temperature in
the entire volume of the combined heat sink. The optimal
aspect ratio is about 1.40 for the range of Reynolds number
considered and the temperature decreased 357.9 to 343.9 K.

. \ —@—Re,_ =400
Re_= 450 L
355 - .\—V—Rew= 500 ./
) o—/
X
g 350+
[ V\
v /V
345- \ v
v—"
0.040 0.044 0.048 0.052

(dh)Opt’ mm

Fig. 6: Effect of optimised hydraulic diameter on peak temperature

u —M—Re =400

\ Re, = 450 n
355 - I\A_Re":%u l/
l/

%
5350-

3454 \A /A

|
0.0044

0.0640
d/N
Fig. 7: Effect of dimensionless hydraulic diameter on peak
temperature
The effect of Reynolds number Re,, of water on solid
material ratio is depicted in Figure 9. It can be seen that the
ratio of thicknesses increases with the fluid velocity. The ratio
% increases from 1.33 to 1.64 when the Reynolds number

L]
0.0036 0.0048

rises from 400 to 500 and after the combined microchannel is
optimised, the corresponding optimised thicknesses

(iﬁ) that minimises peak temperature increases from 0.58
17 opt

to 0.71 at a Reynolds numberof between 400 to 450. And as

the Re,, continues to rise from 450 to 500, the graph appears

to flatten, as seen in Figure 9. Similarly, the ratios of Z—l
2

2
increases in the range 400 < Re,, < 500. As it is observed,

the values of 2 and (t—l) rises steadily as the fluid velocity
tz opt

and(t—l) , increases from 0.73 to 089 as the Reynolds number
Oopt

2

increases.
E\ —[%—Re, =400
Re_= 450 x4
355 4 ﬁ\—XFReﬁ 500 BI/
@—/
X
g 350+
- BXZ\
345 \ b4
—
. L] . L] b L] A L]
1.32 1.38 1.44 1.50
HIM
Fig. 8: Influence of external aspect ratio on peak temperature
184 —@—(tt),,
-0-2t/t
] tit, /.
1.54 _“(2‘3"1)09[ /.
- .-/.
D” ./
N
1.24
N
8§
? 0.9 |
< @ o ° °
5 o
<064 @—
-4
& T v T v T v T v T v T
~ 400 420 440 460 480 500

Re

w

Fig. 9: Effect of Reynolds number on the ratio of thicknesses of solid
material substrates

Figure 10 shows minimised temperature as it is affected
by the fluid’s Reynolds number. For a Reynolds number range
0f400 < Re,, < 500, the value of (Ty,qx)min decreases, as
seen in Fig. 10. The minimised temperature decreases from
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352.94 to 343.89 K as the Reynolds humber increases from 400
to 500. As the Reynolds number of the fluid increases by 20%,
(Trnax)min decreases by 2.6%, as seen in Figure 10. Therefore,
decreasing the minimised temperature, decreases the global
thermal resistance, as shown in Figure 11.

_m_ (Tmax)mm
352 -
X
-
E
—-:E 348 -
E \
%
3444 N=10mm \IZ
L v L) v L)
400 450 500
Re,
Fig. 10: The effect of Reynolds number on minimised temperature
. 3
m R_ x10
1.28 4
|
£
o” 120 1 [
O
1.12 4
N =10 mm =
L) v 1 . )
400 450 500
Re

w

Fig. 11: Effect of Reynolds number of water on global thermal
resistance

In Figure 11, the global thermal resistance R,
decreases, as Re,, increases. The results show that R,
decrease by 16.5% as the Reynolds number of water increases
by 20%. More cooling is possible as the fluid velocity increases
rapidly.

The performance of microchannel without fins is
compared with microchannel with fins and presented in Fig.
12. As Re,, increases, R, decreases. The microchannel
without fins decrease by 24% as against the microchannel with
fins that decrease by 16.5%, at the same Reynolds number
range of 400 to 500.

—@—MCH without fins x 10°
MCH with fins x 10°

1

144 o
c
E \
@ °
\.
1.24
L L ]
400 450 500
Re,
Fig. 12: Effect of Reynolds number of water on global thermal
resistance

The results are correlated for the optimised geometry in
Eqgns. (24) and (25), within a deviation of less than 1% as
follows:

Rmin = aRe,,~**?(Microchannel without fins) (24)
Rmin = PRey, ~®7*(Microchannel with fins) (25)
The correlation constants « and 8, are 2.61 and 0.263
respectively.

Figures 13 and 14, show the influence of Re,, on the
pump power (PP) of the microchannel. As the fluid velocity
increases, the pump power requirement of the microchannel
increases. The pumping power defines the economy viability
and energy demand of the system. The lower the pump power
the better. Therefore, increasing the velocity of the fluid results
in increased PP. The PP employed to drive the water through
the entire volume of the microchannel is expressed by
PP = v;,AAP (26)
where v, is the inlet fluid velocity, A, is the area of the cooling
channel and AP is the pressure drop across the entire length of
the microchannel.

21+
| —0O~—Pump power | /D
18 4
= 0
o
o /
154 /EI
O
12 Y v T T T
400 450 500
Re

w

Fig. 13: Influence of Reynolds number on pumping power
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[
204 | —@-Pumping power | /
/ .
. [ )
o /
154 /.
[ ]
] v 1 v L] v 1 v 1
8.4 9.0 9.6 10.2 10.8

V., mis
n
Fig. 14: Influence of velocity of fluid on pump power

Figures 13 and 14 show that as the Reynold number of
fluid and velocity increases by 20%, the PP of microchannel
with fins increases by 37.1%. The pumping power increases
when the Reynolds number and velocity of fluid increases. It
is observed that at low Re, the PP is low, which is
accompanied by low cooling in the micro heat sink. But at high
Re,,, the PP increases with equivalent increase in cooling in
the combined microchannel heat sink, as seen in Figures 13
and 14. The result and trend agreed with what was reported by
Adewumi et al. (2013).

254 ~[—MCH without fins
—®—MCH with fins X

20+ m/m

PP, W
.\

154 ./

400 450 500

Fig. 15: Influence of Reynolds number on pumping power

Figure 15 shows the effect of Re,,, on the pumping power
of finless and finned micro heat sinks, as the Reynolds number
of the fluid increases, the PP increases, as expected. The trend
shows that the micro heat sink without fins has the higher PP
compared to the combined microchannel with fins. The Pump

power PP is correlated with the Reynolds number Re,,, with the
deviation of 3% between the values in Egns. (27) and (28) as
PP = pRe,,*** (Microchannel without fins) 27
PP = yRe,,**** (Microchannel with fins) (28)
The correlations are correlated with correlation constants
p and y of values 3.39 x 1073 and 3.43 x 1075,

V. CONCLUSION

This paper presents a numerical simulation of combined
microchannel heat sink equipped with rectangular solid fins. A
fixed volume of micro heat sink with rectangular micro fins
having fixed axial length is simulated to remove excessive heat
generated from heat flux intensity at the bottom-side of the heat
sink. The range of Re,, of fluid (water) applied across the
micro heat sink is 400 to 500 with constant thermo-physical
properties. The cross-sectional shape of the structure is
adjusted until optimise variables that corresponds with the
minimised temperature is achieved. The optimisation results
showed that as the Re,, increases, the temperature diminishes
across the microchannel structure. The higher the velocity of
the fluid the better the cooling capabilities.

The optimised values and minimum temperatures are
reached at each fluid velocity applied. The micro heat sink
optimises well and corresponds to the applied Re,,. It was
observed from the study that despite the increase in heat
transfer area occasioned by additional vertical rectangular fins,
the combined heat sink with solid rectangular vertical fins in
comparison with the heat sink without fins has lower
resistance, and there is an optimum spacing in the vertical fins
and flow channel that corresponds to minimum global thermal
resistance or maximum global thermal conductance in the
combined microchannels with rectangular fins for a given
bottom surface area M X N.

The pumping power PP of the configuration under
consideration is calculated and results show that PP increases
with Re,,. The combined microchannel with solid rectangular
fins consumes lesser energy and more economically viable
than the finless heat sink. The constructal technique deployed
in the geometric design of combined microchannel heat sink
with rectangular solid fins proved exceptional useful in
improving the heat transfer properties of the micro heat sink
and performed better than the traditional micro heat sink
without fins. The study is recommended for cooling
microelectronic and microelectromechanical (MEM) devices.
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