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Work description

e Here the fluid dynamics and heat transfer
through a micro channel of different
radius and shape Is studied.

eIt Is very costly and difficulty to
manufacture the micro channel(<1000um)
structure and analyze Its performance.

e Therefore here the modeling and
simulation iIs done by using COMSOL
Multi-physics software.



Application

e This micro channel structures can be used
In various field:

o Electronics cooling structures such as on chip
micro channel cooler.

o Micro channel mixers which can be used In
biomedical as well as chemical industry.

o Localized cooling by using micro nozzle.



Electronics cooling structures such as on
chip micro channel cooler

e As electronic components get smaller and
heat transfer requirements Increase, air
becomes a less efficient coolant.

e Liquid cooling provides a means In which
thermal resistance can be reduced
dramatically

e Micro channels are most commonly used for
Indirect liquid cooling of IC’s and may be:

> Machined into the chip itself.

o Machined Into a substrate or a heat sink and then
attached to a chip or array of chips.



Electronics cooling structures such as
on chip micro channel cooler contd..
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Schematic cross section view of square micro
channel heat sink on the back side of the IC chip



Objective

e Here micro channels of different shapes
are modeled and simulated.
o Sguare shaped micro channel
o Circular shaped micro channel
o Staggered fin micro channel

e Again In each case the diameter Is varied
from 200um up to 1000um and the fluid
flow parameters as well as the heat
transfer parameters are studied and
compared.



Objective continued..

e The parameters taken into considerations

are
* Pressure variations along the length of the channel

e Temperature variations along x-axis

* Reynolds number variation along x-axis



Results and analysis for square

shaped channel

e The pressure drop Is given by:

Where

2fLpV?

Ap= D,

V: mean flow velocity

L: flow length

p: fluid density

f. friction factor depends upon aspect ratio
Dh: hydraulic diameter



Results and analysis for square
shaped channel continued..
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3D plot of Pressure variation in 200um square channel
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Results and analysis for square
shaped channel continued..
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Results and analysis for square
shaped channel continued..

Length(mm) Pressure(pa) for Pressure(pa) for Pressure(pa)
D, =1000um D, =500um D, =200um

151417.21 169938.9 175266.55
1.5 151255.27 167764.2 172624.91
2.5 151114.38 165713.4 170263.87
3.5 150975.44 163577.4 167487.90
4.5 150836.73 161543.6 164654.21
5.5 150698.04 159495.6 161950.07
6.5 150559.36 157233.2 159087.14
7.5 150420.67 155169.8 156422.09
8.5 150282.25 153079.5 153912.49
9.5 150065.62 151082.9 151410.93

Variation of pressure due to variation of D, in square
channel along the length



Results and analysis for square
shaped channel continued..
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Results and analysis for square

shaped channel continued..

 The heat transfer by convection Is
described by the Newton's law of cooling:

Q=hA(T,-T,)
where:

- Q = Heat transfer rate (W)
- h = Heat transfer coefficient (W/m2.K)
- Tw= Wall temperature (K)

° Too= Free stream fluid temperature (K)



Results and analysis for square
shaped channel continued..
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Results and analysis for square
shaped channel continued..
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Results and analysis for square

shaped channel continued..
D, =1000um D, =500um D, =200um
0.5

293.72 294.34 342.25
1.5 296.86 307.47 369.54
25 303.97 322.76 372.73
3.5 308.37 330.41 373.10
4.5 311.53 340.16 373.14
5.5 317.72 345.89 373.14
6.5 320.64 350.38 373.14
7.5 323.04 354.97 373.14
8.5 326.69 358.61 373.14
9.5 330.33 361.19 373.14

Variation of temperature due to variation D, in square channel along the length



Results and analysis for square
shaped channel continued..
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Results and analysis for square

shaped channel continued..
D, =1000um D, =500um D,=200um

292.590912 102.5356 21.3565
1.5 298.912604 133.1602 22.9564
2.5 340.482822 165.0039 24.5986
3.5 400.873792 181.1991 26.5984
4.5 388.47101 226.8120 27.3459
5.5 418.123818 298.4926 28.0036
6.5 413.431331 276.6334 28.3698
7.5 613.085691 274.5871 29.3659
8.5 568.693593 290.2206 30.699
9.5 643.552921 310.6532 31.1213

Variation of Reynolds no. due to variation D, in square channel along the length



Results and analysis for square
shaped channel continued..
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Results and analysis for circular
shaped channel continued..

Length(mm) Temperature(k) for Temperature(k) for Temperature(k)
D, =1000um D, =500um D, =200um
0.5

293.82 294.51 331.54
1.5 296.97 302.35 364.41
25 304.95 310.74 371.07
3.5 308.42 320.57 372.67
4.5 311.63 326.03 373.04
5.5 318.73 332.13 373.12
6.5 320.64 337.10 373.14
7.5 324.54 341.61 373.14
8.5 328.69 345.85 373.14
9.5 338.32 348.78 373.15

Variation of temperature due to variation D, in circular channel along the length



Results and analysis for circular
shaped channel continued..
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Results and analysis for circular
shaped channel continued..

Length(mm) Pressure(pa) for | Pressure(pa) for Pressure(pa)
D,=1000um D,=500um D,=200um

1.699389e5 1.757682e5 2.103963e5
1.5 1.677642e5 1.726745e5 2.043559e5
25 1.657134e5 1.700978e5 1.981418e5
3.5 1.635774e5 1.675109e5 1.91913e5
4.5 1.615436e5 1.646111e5 1.856679e5
5.5 1.594956e5 1.618545e5 1.794262e5
6.5 1.572332e5 1.592296e5 1.731243e5
7.5 1.551698e5 1.565561e5 1.666797e5
8.5 1.530795e5 1.539557e5 1.600415e5
9.5 1.510829e5 1.513827e5 1.535287e5

Variation of pressure due to variation of Dy, in circular
channel along the length



Results and analysis for circular
shaped channel continued..
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Results and analysis for circular
shaped channel continued..

Length(mm) Reynolds number for Reynolds number for Reynolds number for
D, =1000um D, =500um D, =200um

292.59 144.71 97.01
1.5 298.91 135.83 157.97
2.5 340.48 188.47 169.60
3.5 400.87 245.27 172.36
4.5 388.47 222.35 174.75
5.5 418.12 222.17 174.17
6.5 413.43 327.65 175.16
7.5 613.08 281.99 190.11
8.5 568.69 291.31 191.16
9.5 643.55 299.45 184.71

Variation of Reynolds no. due to variation D, in circular channel



Results and analysis for circular
shaped channel continued..
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Analysis for circular and square s

shaped channel

e From the above analysis the major issues
are:
> Pressure drop

- Mechanical stress limitation on IC chip
material

> Pumping power
e The issue high pressure drop can be
solved by using staggered fin shaped

channel i1e, continuous channels are
broken into small channels.



Results and analysis for staggered

fin shaped structure

File Edit Wiew Options Help

D=0 48

T Model Builder

| -~

"B 5 B E

=40 Model 1 fmadi}
= Definitions
= ‘p\ Geometry 1
‘Ea wiork Plane 1
Bgy Extrude 1 fe
&gy Extrude 2 (e
@] Farm Unicn
@ Materials
== Conjugate Heat
T2 Heat Transfe
P8 Thermal Inst.
5l wal 1
T2 Initial Yalues
o Fluid 1
o Inlet 1
! Outlet 1

o

o Temperature
B Cutflow 1
o Temperature
55 Mesh 1

=528 Study 1

17 step 1: Stationa
[P Solver Configura

=I5l Resulks

Data Sets
ol Wigws
L2 Derived Yalues
B Tables
@ Welocity {nitf)
Temperature {nit
& Expart
Bﬂ Reports

|

B D & [
=0 m3 [ ra =0

| £

"1 ooy RBEBEOEBF=

l Graphics ¢l Convergence Plak 1| ¢l Convergence Plat 2

. Plaot @@ a5 B by el |T|_| &
~ Data Slice: Pressure (Pa)
Data set: Solut
b Title

+ Plot Settings

Wiew: Aukon

[ show hidden abjects
Plot data set edge:

Color: ’

Frame: ’

» Color Legend

» Window Settings

Messages 3 0 Progress Log Results

1

COMSOL 4,5.0,151

License will expire in 7 days,

Murnber of degrees of freedom solved for: 20454,
Solution time {Study 13 165 s. {2 minutes, 45 seconds)

S
|

451 ME | 500 MB

A 1.5498

¥1.5112




Conclusion

e From the above results i1t 1s concluded
that:

o In staggered fin structure the pressure drop IS
minimum and heat transfer rate is maximum.
Hence this can be effectively used for on-chip
micro-channel cooling structures.



References

e [1] Colgan, E. G., Furman, B., Gaynes, M., Graham, W., LaBianca, N., Magerlein, J. H.,
Polastre, R. J., Rothwell, M. B., Bezama, R. J., Choudhary, R., Martson, K., Toy, H.,
Wakil, J., Zitz, J., and Schmidt, R., A Practical Implementation of Silicon Microchannel
Coolers for High Power Chips, Invited Paper presented at IEEE Semi-Therm 21, San Jose,
March 15-17, pp. 1-7, 2005.

e [2] Esch, B. van, Kemenade, E. van, Procestechnische Constructies 4B660,Technische
Universiteit Eindhoven, maart 2002.

e [3] Kandlikar, S. G., High Flux Heat Removal with Microchannels — A roadmap of
Challenges and Opportunities, Heat Transfer Engineering, vol. 26, no.8, pp. 5- 14, 2005.

 [4] Kakac, S., Shah, R.K. and Aung, W., Handbook of single-phase convective heat
transfer, John Wiley & Sons, New York, 1987.

« [5] Kandlikar, S. G., and Grande, W. J., Evaluation of Single Phase Flow in Microchannels
for High Flux Chip Cooling Thermohydraulic Performance Enhancement and Fabrication
Technology, Heat Transfer Engineering, vol. 25, no. 8, pp. 5-16, 2004.

« [6] Kandlikar, S. G., and Upadhye, H. R., Extending the Heat Flux Limit with Enhanced
Microchannels in Direct Single-Phase Cooling of Computer Chips, Invited Paper
presented at IEEE Semi-Therm 21, San Jose, March 15-17, pp. 8-15, 2005.

o [7] Olieslagers, R., Development and analysis of a uPIV system., WET 2006.27, Technical
University of Eindhoven, November 2006.

e [8] Steinke, M. E., and Kandlikar, S. G., Single-phase Heat Transfer Enhancement
Techniques in Microchannel and Minichannel Flows, Second International Conference on
Microchannels and Minichannels, Rochester, NY, June 17-19, pp. 141-148, 2004.



Thank you



