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Abstract
In this paper a new examinations of the effect of micro channel geometry on high-pressure dispersion and
emulsification were carried out. Forced convection heat transfer from arrays of micro channels was regarded
for fixed volume and fixed pressure drop constraints. Order of magnitude relationships were advanced for the
optimal dimension of a number of original duct shapes containing the parallel plate channel with rectangular,
square, rhombus, isosceles right triangle, circular duct and elliptic duct. Using the exact examination technique
to generate a rounded expression for the optimal duct shape was advanced for all ducts regarded, where rounded
analytical results demonstrate that the optimal shape is the parallel plate channel duct array but with addition a
triangular or rectangular duct to the parallel plate. Comparison of the approximate results with exact results from
the conventional design illustrates outstanding acceptance for the optimal duct dimensions.
Keywords: micro channel, forced convection, optimal geometry.

1. Introduction

Micro-Electro-Mechanical Systems, or MEMS, is a technology that in its mainly common form can be definite
as miniaturized mechanical and electro-mechanical elements that are made using the techniques of micro
fabrication. The critical physical dimensions of MEMS devices are able to vary from well below one micron on
the lower end of the dimensional spectrum, all the way to a number of millimeters. Likewise, the kinds of
MEMS devices can vary from comparatively simple structures having no moving elements, to very complex
electromechanical systems with multiple moving elements under the control of integrated microelectronics. The
one major principle of MEMS is that there are at least a number of elements having some sort of mechanical
functionality whether or not these elements can move. The word used to define MEMS varies in different
sections of the world. In the United States they are mainly called MEMS, while in some other parts of the world
they are called “Microsystems Technology” or “micro machined devices”. Micro electromechanical systems
(MEMS) based devices find their applications in a wide variety of emerging technologies, ranging from the
micro actuators, micro sensors, micro reactors to the micro channel heat sinks and the thermo-mechanical data
storage systems.. Micro fluidic systems typically have characteristic lengths of the order of 1-100 um. Kumar,
(2009) [1].The predictions of this theory agree fairly well with known experimental data related to heat transfer
in the conventional size straight channels Kays, Crawford, (1993) [2-3]. The development of micro-mechanics,
stimulated during the last decades, a great interest to study flow and heat transfer in micro-channels. A number of
theoretical and experimental investigations studied the effect of the geometry on the performance of the micro
channel ducts devoted to this problem were performed during Tso and Mahulikar (1995-2005) [4-8]. The data
on heat transfer in laminar and turbulent flows in micro channels with different geometry were obtained. Several
special problems related to heat transfer in micro-channels were discussed: effect of axial conduction in the wall
and viscous dissipation effect Tso and Mahulikar, (1998) [9-11].

There are a lot of experimental study The micro channel heat sink under the Micro-Electro-Mechanical Systems
(MEMS) has first been illustrated in Tuckerman and Pease (1981) [12], their theoretical analyses and
experimental tests were conducted to investigate the characteristics of heat transfer in the micro channel heat
sink. Up to 790 W/cm? of heat flux was implemented to Very Large Scale Integration (VLSI) with high power
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density. Yu-Tang Chen et. al. (2004) [13] presented a experimental investigation of fluid flow and heat transfer
in micro channels Methanol was used as the working fluid and flowed through micro channels with different
hydraulic diameters ranging from 57-267um in the experiments. The phenomenon shows that the surface
roughness, viscosity, and channel geometry have great effects on flow characteristics in micro channels. And the
numerical and analytical studies including Khan et. al. (2007) [14] used entropy generation minimization method
is applied as a unique measure to study the thermodynamic losses caused by heat transfer and pressure drop for a
fluid in cross flow with tube banks. And also Khan 2009[15] presented an entropy generation minimization
(EGM) procedure is employed to optimize the overall performance of micro channel heat sinks. This allows the
combined effects of thermal resistance and pressure drop. They developed new general expressions for the
entropy generation rate by considering an appropriate control volume and applying mass, energy, and entropy
balances. Jung Yim Min et al. (2004) [16] studies the effect of tip clearance on the cooling performance of the
micro channel heat sink under the fixed pumping power condition. From the numerical results, they have shown
that the thermal resistance of the flow is decreased. As a result the overall thermal resistance, attains a minimum
value when Hc=w¢ is about 0.6. Anther numerical study presented by Muzychka (2005) [17] considered a heat
transfer from arrays of micro channels for fixed volume and fixed pressure drop constraints. Order of magnitude
relationships were developed for the optimal reference dimension of a number of fundamental duct shapes
including the rectangle, ellipse, and regular polygons. Buyukalaca, et al. [18] applied an exact method of analysis
to obtain results for a single duct for the equilateral triangle, square, circular, and parallel plate geometries. The
method of analysis is quite involved due the use of complex generalized empirical correlations developed by one
of the authors. Bejan and Sciubba (1992) [19] first considered this problem for an array of parallel plates
with application to the cooling of electronic systems. Using the intersection of asymptotes method, obtained
expressions for the optimal plate spacing to channel length ratio, bg,/L, and the maximum heat transfer per unit
volume in terms of a dimensionless parameter which is now referred to as the Bejan number S. Petrescu (1994)
[20], In the present work, the approximate analysis method of Bejan and Sciubba (1992) [19] is applied to
several other channel shapes to determine the optimal passage size to length ratio in terms of the Bejan number.
It will be shown that these optimal dimensions are independent of the array configuration and thus represent a
basic constructional unit for built up systems. Depending upon the passage shape, several potential packing
arrangements can be chosen, each with its own characteristic performance. Results for individual shapes are
compared with those reported in Muzychka (2005),[17].

2. MODEL DEVELOPMENT

The geometry of a finite volume micro channel heat sink also contains an array of a non-circular of flat plate
with square passages is shown in Fig.1. The length of the heat sink is (L), the width is (W) and the height is (H).
A coolant passes through a number of micro channels along the z-axis and takes heat away from the heat
dissipating electronic component attached below. There are channels and each channel has a height and width.
The thickness of each fin is (2w, ) whereas the thickness of the base is (t,). The temperature of the channel walls
is assumed constant. At the channel wall, the slip flow velocity and temperature jump boundary conditions were
applied to calculate friction and heat transfer coefficients. The system under consideration consists of a fixed
volume to be cooled by means of laminar forced convection. These passages may be arranged in such a manner
that their number is maximized. By using a several construction of flat plate particular passages with rectangular
duct, square duct, rhombus duct, isosceles right triangle duct, circular duct, elliptic duct. The following
assumptions are made throughout the analysis: the duct walls are isothermal (negligible conduction resistance in
the array), uniform flow distribution (equal flow in all ducts or channels), laminar flow, constant cross-sectional
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duct area, no inlet or exit plenum losses, Prandtl number range Pr > 0.1, and a finite control volume (V = HWL).

Fig. 1. Convectively cooled finite volume for the flat plate with square duct geometry micro channels

3. Hydrodynamic Analyses

The pressure drop associated with flow across the channel is given by Khan, et.al (2009), [15]

pU,, L
Ap = K o+ f— || 1
p Z{Q(Dhﬂ (1)

Where the friction factor depends on the Reynolds number, channel aspect ratio, and slip velocity coefficient

Khan, et.al (2010), [21]
fo 24 (1) (1 N
Re D 1+a —1+ N R
h

From data of Kays and London (1964) [22] and derived the following empirical correlation for the entrance and

exit losses (k) in terms of channel width and fin thickness

2
w
Kee =1.79 2.32(LJ n 0.53(—‘3} ...... 3
Wi+ Wy Wi+ Wy

If the (G) is the volume flow rate, then the total mass flow rate can be written as Khan, et.al (2009), [15]
m=pG

Average velocity in the channel is given by Kays and London (1964) [22]

The value of N for a given array must be determined for the cross-section, HW, in terms of a characteristic
dimension of the duct or channel in the array. Where N is the number of channels given by Khan, et.al (2009),
[15]
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4. Thermal Analysis

An array of ducts or channels with small cross-sectional characteristic reference length scale, the heat
transfer rate for fully developed flow gives

Q. =pU,_NAC,(T;—T;) ........... (6)

The mean velocity, Uooin any one duct or channel assuming uniform flow distribution, may be determined
from the fully developed flow Poiseuille number defined

AApLc
0=—
“PLPO Lc

And can write the heat transfer rate in terms of the fundamental flow quantities

0. - pCpAzAch(Ts— 1)) -
: HPLPo

Where A is the cross-sectional area of an elemental duct or channel, N is the total number of ducts or

channels, T is the mean wall temperature, and T is the fluid inlet temperature. The mean velocity, U, in any
one duct or channel assuming uniform flow distribution, may be determined from the fully developed flow
Poiseuille number defined as Liu and Garimella, (2005) [22]

P)(Ap/L)Lc
Po, = (ATPX il e o (8)
yr.8;
Eq. (7) may be written in alternate form Liu and Garimella, (2005) [22]
pC (T,—T;)ApLc
Qsyoem = e 9)
0
NA®Lc
Q eomety = e (10)
Gom  pLPo,
The heat transfer rate is determined from
K Pr2Ap*(T.~T,)
Q, =0.7611—" NIENCE EN(APPL)Y? (11

The optimal duct or channel size may be found by means of the method of intersecting asymptotes [23]. The
exact shape of the heat transfer rate curve may be found using more exact methods such as expressions found in
Shah and London [22] for individual geometries an approximate value for the reference duct dimension may be
found. Intersecting Egs. (7) and (11) gives after simplifying and collecting the system and geometry terms, the
above equation may be written in the following form:
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L

Lc 3/8 é 5/8
Po,, P

Where (Be = DpLZ/au) is the Bejan number as defined in [20]. The right hand side is only a function of the duct
shape and aspect ratio, while the left hand side is a system parameter which is constant and independent of duct
shape or aspect ratio once a cooling volume, V = HWL, is specified. When the hydraulic diameter is chosen, Lc
= 4A/P, the optimal solution is determined by solving:

Be!’* =0.9027

Be'* = 0.5365% PO .. (13)

Substituting Eq. (13) into Eq. (12) gives the following results for the optimal plate spacing:

1

bopt 2
L =2726Be ... (14)

The maximum heat transfer rate for a fixed volume can be obtained from Eq. (7) using the optimal result
determined by Eq. (13). The number of ducts or channels N, which appears in the final result, may then be cast
in terms of the cooling volume cross-section HW. In this way, the maximum heat transfer per unit volume may
be determined. Subsequent results may then be presented in terms of the following dimensionless heat transfer
per unit volume:

Where { = HSVL is the heat transfer per unit volume, and can be consider the flat plate micro channel as the

rectangular fin, to compute the efficiency of the heat dissipation.

_ tanh(mH) (16)
77fin —mH ................
2h,,
Where m =
Kw,,

5. Elemental geometries

Consider several common geometries which are convenient in electronics cooling and compact heat
exchanger design. These include arrays of parallel plates, circular tubes, rectangular channels, elliptic ducts,
polygonal ducts, and triangular ducts, as shown Table. 1,and Fig .2 method of intersecting asymptotes.
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Table. 1 Elemental geometries model

hydraulic diameter, 4A/P

Models surface area, perimeter, m
Under study mm.
Parallel plates with | A —gah—(n ht) | P=2[(a—n,t)+n,(t+h)] D. — 2(ab—n h)
e R

rectangular shape (@+n;h)
Parallel plates with A:ab—nshz P=2a-nh+4h 3 4(ab—nsh2)

pE———
square shape 2a-n;h+4h)
Parallel plates with | A =ab—n h? | P=2a-2nhcos45+4nh ab—n h’
thombus shape " 2a-2n,hcos45+4n h)

_ 2ab—n,h%in60

Parallel Plate with A:ab—%nthzsinGO P=2a-nh+3nh b
h

triangular shape a—nh

Parallel plates with d?n P=2a-n_d+mn_d 4ab—7n, ht

D,

circular shape 2a-n,t+2n tE(s)

6. Result and Discussion

The approximate solutions for the optimal duct geometry have been obtained using the simple approach of Bejan
and Sciubba (1992) [19]. By using simple (MATLAP-7) program to solve above equation to study the effects of
the (Reynolds numbers, aspect ratios, Poiseuille numbers, Prandtl number geometry and average velocity) on the
parameter of (maximum heat transfer, heat dissipation, optimal plate spacing (boy / L), optimal heat transfer and
plate spacing (Qmax / boyt) - FOr the most common and useful shapes examined, we see that arrays of Parallel plate
with rectangular and Parallel plate with triangular duct appear to yield maximum heat transfer per unit volume.
Intuition would tend to agree with these results, as Parallel plate with circular duct (PCM).Parallel plate with
ellipse duct (PEM) have the lowest Poiseuille numbers and hence lower flow resistance, while at the same time,
these duct shapes can also provide for a large surface area per unit volume. see that from (Fig. 3) effect of
channel aspect ratio on the Poiseuille numbers at superior performance where Pr=0.1 and the number of passages
equal to n=2 for all models. The arrays of parallel plate with rectangular channels and equilateral or isosceles
right triangles appear to yield maximum Poiseuille numbers and the lowest one is the parallel plate with circular
channels. And (Fig. 4) shows the effect of Reynolds number (Re) on the efficient of heat dissipation at Pr=0.1
and the number of passages equal to n=2 for all models. The arrays of parallel plate with rectangular and right
triangles channels give the highest heat dissipation compared with the another models and the ellipse give low
value of the heat dissipation at the high Reynolds number and show that with increasing the value of Re, the
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heat dissipation well increasing for all models. But from (Fig. 5) effect of channel aspect ratio on the optimal
plate spacing (boy / Lc) at Pr=0.1 and the number of passages equal to n=2 for all models show that the models
of parallel plate with circular and ellipse will increasing the value of channels (boy/ Lc) with increasing of
channel aspect ratio while the models of parallel plate with rectangular will decrease with increasing of aspect
ratio but another model will seem constant in this range. And from the (Fig. 6) the average velocity increase with
increasing of the optimal heat transfer plate spacing (Qmax / byy) at Pr=0.1 and the number of passages equal to
n=2 for all models. (Fig. 7) illustrate the effect of channel aspect ratio on the heat transfer rate (QS) at Pr=0.1
and the number of passages equal to n=2 for all models, show the decreasing of heat transfer rate with increase
the aspect ratio and the heat transfer rate (Qmax) increasing with channel aspect ratio at Pr=0.1 and the number
of passages equal to n=2 for all models with maximum value of heat transfer rate at the model of rectangular
channel. Show in (Figs 8, 9) illustrates the effect of channel aspect ratio on the Poiseuille numbers at Pr=10 and
the number of passages equal to n=8 for all models show the decreasing the Poiseuille numbers with increasing
the channel aspect ratio. And present study present that the heat dissipation of the ellipse model increasing the
Reynolds humber Re at Pr=10 and the number of passages equal to n=8 but another model seem constant in (fig
10). The optimal heat transfer plate spacing (Qmax / bqy) increase with average velocity on the at Pr=0.1 and the
number of passages equal to n=2 for all models in (fig 11). To study the effect of channel aspect ratio on the heat
transfer rate (QS) at Pr=0.1 and the number of passages equal to n=2 for all models using (Fig. 12) show that the
rectangular model higher than the circular about 52% at € aspect ratio, b/a=0.4 and by 87%compard with
rhombus duct model.  (Fig. 13) shows the effect of Reynolds number on the maximum heat transfer rate (Qmax)
at Pr=0.1 and the number of passages equal to n=2 for all models, the model of rectangular appear increasing
about 20% compared rhombus duct model but by 14% with circular model at Re=3125 the relation between
channel aspect ratio and the efficient of heat dissipation by the effect of (Pr) and the number of passages (n) for
the models of rectangular and square passages shapes. Use fig.16 to study the relation between Reynolds number
Re and the heat transfer rate (QS) by the effect of (Pr) and the number of passages (n) for the models of
rectangular and square passages shapes and to compare present work with anther studies using (Fig. 17)
comparison the numerical results given by the present study flat plate with ellipse duct with the results of Y.S.
Muzychka [17] for ellipse duct, the effect of channel aspect ratio on the maximum heat transfer rate (Qmax) at
pr=0.1 for all model of ellipse the results show that the arrays of parallel plate with ellipse channels of the

present show increasing about 57% at the same (¢ aspect ratio b/a=0.5).
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Fig. 2. Elemental geometries being considered.
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Fig. 3. Effect of channel aspect ratio on the Poiseuille numbers at Pr=0.1
and the number of passages equal to n=2 for all models.
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Fig. 4. Effect of Reynolds number Re on the efficient of heat dissipation at Pr=0.1
and the number of passages equal to n=2 for all models.
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Fig. 5. Effect of channel aspect ratio on the optimal plate spacing (b / LC)
at Pr=0.1 and the number of passages equal to n=2 for all models.
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Fig. 6. Effect of average velocity on the optimal heat transfer plate spacing (Qmax / bont)
at Pr=0.1 and the number of passages equal to n=2 for all models.
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Fig. 7. Effect of channel aspect ratio on the heat transfer rate (Qs) at Pr=0.1
and the number of passages equal to n=2 for all models.

69


http://www.iiste.org/

Innovative Systems Design and Engineering www.iiste.org

ISSN 22221727 (Paper) ISSN 2222-2871 (Online) ™
Vol.5, No.11, 2014 IIS'E
12
——PRM
115
—a—PSM
111
—A-PPM
. PTM
——
Qmax
10
—PCM
95
—PEM
9 : : : : :
1500 2000 2500 3000 3500 4000 4500
Re

Fig. 8. Effect of channel aspect ratio on the heat transfer rate (Qnay) at Pr=0.1
and the number of passages equal to n=2 for all models.
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Fig. 9. Effect of channel aspect ratio on the Poiseuille numbers at Pr=10
and the number of passages equal to n=8 for all models.
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Fig.10. Effect of Reynolds number Re on the efficient of heat dissipation at Pr=10
and the number of passages equal to n=8 for all models.
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Fig. 11. Effect of average velocity on the optimal heat transfer plate spacing (Qmax / bobt)
at Pr=0.1 and the number of passages equal to n=2 for all models.
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Fig. 12. Effect of channel aspect ratio on the heat transfer rate (Qs) at Pr=0.1
and the number of passages equal to n=2 for all models.
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Fig. 13. Effect of channel aspect ratio on the maximum heat transfer rate (Qmax)
at Pr=0.1 and the number of passages equal to n=2 for all models.
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Fig.14. the relation between channel aspect ratio and the efficient of heat
dissipation for the models of rectangular and square passages shapes
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Fig.15. the relation between Reynolds number Re and the heat transfer rate (Qs) for
the models of rectangular and square passages shapes
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Fig.16. the relation between maximum heat transfer rate (Qmax) and the average velocity U
for the models of rectangular and square passages shapes
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Fig. 17. comparison present study flat plate with ellipse duct with the results of Muzychka (2005)[17]

7.

Conclusions

Parallel Plate Duct Flow is the most common geometry used to form the core structure of both devices in

microchannel geometry. In this work the numerical result show that the heat transfer rate (Qma) at pr=0.1

increasing with increasing renoldes number and the Poiseuille numbers decreasing with the channel aspect ratio

at pr=0.1 and the number of passages equal to n=2 for all models. The optimal heat transfer plate spacing (Qmax /

bopt) increasing with average velocity show that the rectangular model higher than the circular about 52% at €

aspect ratio, b/a=0.4 and by 87%compard with rhombus duct model.
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