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ABSTRACT

A numerical simulation of hybrid nanofluid flow in five microchannel heat sink geometries with interrupted
fins was carried outyand the results were compared with a simple geometry. The simulations were performed
using the finite «wwolumewmethod and the SIMPLE algorithm in ANSYS Fluent for laminar, steady, and
incompressible flow at Reynolds numbers ranging from 100 to 600 and nanoparticle volume fractions of 0, 0.01,
and 0.02. Various parameters'were>calculated and analyzed for different cases. The highest pressure drop
occurred in the geometry with triangular interrupted fins at a Re=600 for the base fluid, which was 9.3 times
higher than that of the simple geometry. The maximum enhancement in the Nusselt number, about 49.4%, was
also observed in this geometry.«The order of geometries in terms of thermal resistance was as follows: simple
geometry, square fins, hexagonal fins, circular fins, rhombic fins, and triangular fins, indicating the role of fins
in reducing thermal resistance.,After.identifying the optimal geometry, the effects of fin arrangement and
height were investigated, and the best performance was obtained for triangular fins with a height of 0.06 mm, a
nanoparticle volume fraction of 0.02, and a Reynolds number of 600, achieving a performance evaluation
criterion of approximately 1.8.
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1. Introduction

In recent decades, engineers have increasingly utilized
microchannels to reduce dependence on fossil fuels and
enhance the efficiency of thermal management systems,
as these structures offer a high surface-to-volume ratio
and significantly improve heat transfer. Enhancement
techniques' for microchannels are generally classified
into active and passive methods, with passive strategies
such as..geometric modifications and the use of
nanofluids receiving considerable attention.

A review of previous studies shows that Tuckerman
and Pease [1] first.demonstrated the high heat-removal
capability» of «microchannels. Amiri et al. [2]
investigated«wavy \walls _combined with nanofluids.
Yuan and colleagues [3]¢intraduced hexagonal pin-fins
that noticeably reduced, thermal resistance. Rastogi [4]
explored tree-shaped networks with nanofluids. And
other researchers, including Sun [5], Sarvar [6], and
Alihosseini [7], examined the effects of pin-fins, porous
and superhydrophobic surfaces, and various nanofluids
on improving the Nusselt number, “temperature
uniformity, and pressure drop., These studies
collectively indicate that fin geometry, flow ‘pattern,
nanoparticle concentration, and Reynolds‘number play
crucial roles in thermo-hydraulic performance.

Despite  extensive research, simultaneous
investigation of hybrid nanofluids and interrupted fins
in microchannels remains very limited. Therefore, the
present study evaluates the combined effects of fin
shape, Reynolds number, and hybrid nanofluid velume
fraction, demonstrating that even simple fin geometries
can significantly enhance thermal and hydrodynamic
performance without adding structural complexity.

2. Governing Equations and Boundary Conditions
The studied geometry has been shown in Fig. 1. The
fluid flow is assumed to be incompressible, laminar, and
steady. The governing equations in conservative form
for mass, momentum, fluid energy, and solid energy are
expressed as follows:

2-1- Continuity
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(a) Base Geometry

(b) Circular-Fin Geometry (c) Diamond-Fin Geometry

(d) Triangular-Fin Geometry

(e) Square-Fin Geometry (f) Hexagonal-Fin Geometry

Fig. 1. Isometric view of the different geometries

No-slip and thermal coupling are applied at all solid
walls in contact with the fluid. The inlet velocity is
uniform (Re=100-600), inlet temperature is 298.15K,
and outlet pressure is one atmosphere. The bottom wall
is subjected to a constant heat flux of 100 kW/mz2, other
walls are adiabatic, and the hybrid nanofluid flow is
simulated in ANSYS Fluent using the finite volume
method with the SIMPLE algorithm and second-order
upwind discretization.

3. Results and Discussions

The average Nusselt number is shown in Fig. 2, to
evaluate the effect of interrupted fin shapes and hybrid
nanofluid volume fractions. Increasing the flow velocity
and nanofluid fraction enhances the Nusselt number in
all cases. The base geometry shows minor changes,
while modified geometries, especially triangular fins,
significantly increase heat transfer by thinning the
boundary layer, improving fluid thermal conductivity,
and generating secondary vortices. The maximum
enhancement, about 49.4%, occurs with triangular fins
at Re=600 and a volume fraction of 0.02.

InfFig. 3, the pressure-drop variations are presented
to evaluatesthe influence of interrupted-fin geometry
and nanoparticle volume fraction over different
Reynolds numbers.<The results show that increasing Re
intensifies shearsstresses and viscous effects, leading to
higher pressure drops in all cases.
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Fig. 2. Effect of interrupted fin geometry on the average
Nusselt number at three different volume fractions



Sharp-edged fins generate stronger flow separation
and larger recirculation zones, producing significantly
higher losses compared to rounded or streamlined fins.
Among all geometries, the triangular fins yield the
highest pressure drop, while the diamond fins show the
lowest increase relative to the plain channel. Overall, fin
shape and nanoparticle concentration play a crucial role
in determining the hydrodynamic resistance of the
microchannel:

In Fig. 4, the performance evaluation criterion is
presented for various geometries as a function of
Reynolds number.~All modified geometries show
improvement over thebase case, with triangular
interrupted fins and, highershybrid nanofluid fractions
providing the\greatest enhancement. At Re = 600 and
2% nanoparticle volume, the maximum criterion
reaches about 1.6. Thesewresults, indicate that both
Reynolds number and nanofluid concentration play a
significant role in enhancing the thermo-hydrodynamic
performance of microchannels, with their combined
effect being strongest at highflow ,rates and
nanoparticle fractions.
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Fig. 3. Effect of interrupted-fin geometry on
pressure drop at three different volume fractions
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Fig. 4. Effect of interrupted fin shapes on the microchannel

performance evaluation criterion at three different volume
fractions

4. Conclusions

This study evaluated the thermo-hydrodynamic

performance of microchannel heat sinks with various fin

shapes to identify the optimal configuration.

Simulations were conducted for Reynolds numbers from

100 to 600 across five geometries and compared with a

plain microchannel. Based on the obtained results and

conducted analyses, the following points can be noted:

e Diamond and triangular interrupted fins, higher
hybrid nanofluid fractions, and irregular fin
arrangements enhanced heat transfer and overall
performance, particularly at higher Reynolds
numbers.

o Longer fins performed better at low flow rates, while
shorter fins were more effective at high velocities
due to improved mixing and thinner thermal
boundary layers.

e Irregular arrangements generated vortices that
increased the average Nusselt number compared to
linear layouts.

e The optimal configuration was triangular interrupted
fins with irregular arrangement and 0.06 mm height,
achieving the maximum performance at 0.02
nanofluid volume fraction and Re=600.
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Fig. 1. Isometric view of the different geometries
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Fig. 2. (a) Dimensions of the studied microchannel, (b) Geometrical parameters of the fins
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Table 1. Geometrical parameters of the microchannel and fins
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Table 2. Thermo-physical properties of aluminum [18]
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Table 3. Thermo-physical properties of alumina and silica nanoparticles [17]
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Table 4. Initialland boundary conditions of the present study
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Fig. 4. Schematic of the mesh used in the present study.
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Fig. 9. Effect of interrupted fin geometry on theaverage Nusselt number at three different volume fractions

ave

30

T T 30T T
—— Basc 28 f ——Basc
—&—Circle 26 f —®—Circle
—4— Diamond 24 f —#—Diamond
== Hexagon 22 == Hexagon
—&— Square 20 —&— Square
~—&— Triangle ;q ~—&— Triangle
o If
516
=
14
A 12
10
8
6
4
2
. . . . . " o b . . . . "
100 200 300 400 500 600 100 200 300 400 500 600
Re Re
¢=0.01 () 0=0 (&
30 T
28 f ——Basc
26 f —®— Circle
24 } —#—Diamond
22 b =#=Hexagon
20 —&— Square
18 ~—&— Triangle
o 18
2,16
=
14
o 1%
10
8
6
4
2
0 b . . . . "
100 200 300 400 500 600
Re
¢=0.02 (o)

Glideo ooz S dw 30 bwgio Cdwlidue g adafino gbde p awadiad iU A SO

-5 5
45 2al0 . 42l0 .
——Basc ——Basc
43 —e—Circle 354 —e—Circle  F
15 ] —4—Diamond f —4— Diamond
o == Hexagon 37 == Hexagon [
3] —&— Square —&— Square
—&— Triangle A —&—Triangle F
259
g < E
. & 2
1657
1.5
1
19
05 0.5
(0 ==r T T T T T () = T T T T T
100 200 300 400 500 600 100 200 300 400 500 600
Re Re
¢=0.01 (o) @=0"(N),
-5
45 x 10 %
—k—Basc
41 —o— Circle
353 —4—Diamond |
- == Hexagon
34 —&— Squarc
—&— Triangle
£25
=
C
1.5 9
13
0.5
0= T T T T T
100 200 300 400 500 600
Re

¢=0.02 (»)

il oozme yS duw 30 JUlSg S0 1y Cenglio y alaiio (sLoo y dwaid y3GNe S5
Fig. 10. Effect of interrupted fin geometry on the thermal resistance of the microchannel at three different
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Fig. 15. Effect of triangular interrupted fin arrangements on the Nusselt number in the microchannel at three

different volume fractions
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Fig. 16. Effect of triangular interrupted fin arrangements on the microchannel performance evaluation criterion

at three different volume fractions
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Fig. 18. Effect of triangular interrupted fin height on the microchannel performance evaluation criterion at three
different volume fractions
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Improving the cooling performance of a microchannel containing
nanofluid using interrupted fins

Elahe Ghanaati, Ghanbar Ali Sheikhzadeh'

Faculty of Mechanical Engineering, University of Kashan, Kashan, Iran

ABSTRACT
A numerical simulation of hybrid nanofluid flow in five microchannel heat sink geometries with interrupted

fins was carried out, and the results were compared with a simple geometry. The simulations were performed
using the finite volume method<and the SIMPLE algorithm in ANSYS Fluent for laminar, steady, and
incompressible flow at Reynolds numbers ranging from 100 to 600 and nanoparticle volume fractions of 0, 0.01,
and 0.02. Various parameters were calculated and analyzed for different cases. The highest pressure drop
occurred in the geometry with triangular interrupted fins at a Re=600 for the base fluid, which was 9.3 times
higher than that of the simple geometry. The maximum enhancement in the Nusselt number, about 49.4%, was
also observed in this geometry. The order of geometries in terms of thermal resistance was as follows: simple
geometry, square fins, hexagonal fins, circularfins, rfhombic fins, and triangular fins, indicating the role of fins
in reducing thermal resistance. After identifying the“optimal geometry, the effects of fin arrangement and
height were investigated, and the best performance was obtained for triangular fins with a height of 0.06 mm, a
nanoparticle volume fraction of 0.02, and a Reynolds“humber/of 600, achieving a performance evaluation
criterion of approximately 1.8.

KEYWORDS

Hybrid nanofluid, Microchannel heat sink, Interrupted fins, Numerical simulation, Performance evaluation
criterion
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