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Objective

] Test results on low cost, high performance, micro-
channel heat sinks.

 Data for two micro-channel geometries (2 fin height).
» 1-pass or 2-pass on water side.
d Laminar water flow
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Test Setup

DimenSionS' Water Out Water In

* Heat sink: 20 mm long x 25 I l

mm wide V
« Source area: 16mm x 16mm.
« Spreader thickness: 2.5 mm W//////

No interface resistance. Holes for

thermocouple

‘ Two 150 W

Heaters

2-pass geometry illustrated.
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Copper Micro-channels

k =340 W/m-K

Fin-H Geometry Fin-L Geometry

2.1 mm fin height 0.88 mm fin height

48 fins/in. 50 fins/in.

D, =0.491 mm, a =0.133 D, =0.288 mm, a = 0.284
Pred h = 7540 (q” = const) Pred h =10,600 (q” = const)
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Micro-Channel Sample

*

Qomega Omega Piezo Technologies, Inc.
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Test Geometry X-Section

Finned plate

2.08

Finned plate

0.88
-

Fin-H Fin-L

Ous  OmegaPiezo Technologies, Inc.
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Test Configuration

* Width of micro-channel
plate: 25 mm.

* Pass length: 20 mm.

« 2.5 mm spreader thickness
under micro-channels.

* No interface resistance.
* 150 W electric heaters (2)
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Test Setup (2-pass)

Water Out Water In

Holes for
thermocouple

‘ I\— Holes for

Heaters
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Test Measurements

. =20 C water inlet.

* Two 150 W cartridge heaters.

« Surf temp from extrapolated thermocouples.

* Heat input from q,..

» Heat balance (qge/Qyat) = 5% (-10% one test).
* Weigh method for water flow rate.

 Inverted manometer for water $p.
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2-Pass Test Results - R, (q = 200 W)

R, VS. Water Flow Rate
0.1
0.08 | NS .
2 0.06 -
$ 0.04 |
* 0.02 —&— Fin-H (2-Pass) | |
. —m— Fin-L (2- Pass)
0
8 10 12 14 16
Water Flow Rate (gm/sec)
R, ratio (Fin-L/Fin-H) = 1.1 R = LMTD/q
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2-Pass Water Pressure Drop

Pressure Drop vs. Flow Rate

20
©
. 16
S 12 |
)
° 8 |
=
2 4 —e— Fin-L
&, —a— Fin-H

0 \
0 2 4 6 8 10 12
Flow Rate (gm/sec)
Ap of Fin-H is ¥4 that of Fin-L 10 kPa = 1.45 psi

10 g/s = 0.6 ml/m
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R., and R, vs. Water Flow Rate

0.12

0.08
0.04 =

(M) d9sy ‘roy

12.12/12.14 14.98 / 14.76

Water Flow Rate (gm/sec)

9.92/9.83

2-Pass Spreading and Convection Resist.

20 x 25 mm spreader area

R, /R = 0.57

Omega Piezo Technologies, Inc.
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Spreading Resistance Calculation

4 Flow length = 20 mm

d Inlet and outlet regions each
10 mm long.

J Heat transfer exists in
inlet/outlet regions. h =7

dL, =20 mm (?)

4 R, calculation is ambiguous.

Omega Piezo Technologies, Inc.



Ri.:: 2-Pass vs. 1-Pass (Fin-L)

Rt VS. Water Flow Rate
0.1
E 4
2 0.06 -— ° .
£ 0.04 |
= O 02 —&— Fin-L (1-Pass) | |
' —®— Fin-L (2- Pass)
O \
8 10 12 14 16
Water Flow Rate (gm/sec)
Heat Balance: 1-p (0.90), 2-p (1.05) R = LMTD/q
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2-Pass vs. 1-Pass Pressure Drop (Fin-L)

Pressure Drop vs. Flow Rate

100
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<
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o
?, 1 O | /
5 —&— Fin-L-Single Pass
§ —A— Fin-L Double Pass
o —— Extrapolated

1 10 100
Flow Rate (gm/sec)

Ap (1-pass/2-pass) = 0.38 10 kPa = 1.45 psi
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1-Pass vs. 2-Pass R, and R, (Fin-L)

)
SS)
)
)

B Fin-L: Rc
B Fin-L: Rs
Fin-L: Rc
Fin-L: R

R., and R, vs. Water Flow Rate

|
(Q\| (0 0) <t o
o o o
(M) d9sy ‘roy

12.12/12.14 15.23/14.76

Water Flow Rate (gm/sec)

9.56 /9.83

20 x 25 mm spreader area

Omega Piezo Technologies, Inc.
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Effect of Heat Sink Plan Area

4 Tested size:

* A = 20x25 =500 mm?Z.

* A = 16x16 = 256 mm?2.

* 1-pass R,,; = 0.056 K/W and R, = R,/2 = 0.028 K/W
O Consider A .. = A = 16x16 mm?.
*R,=0and R, =2 x0.028 = 0.056 K/W

* R = 0.056 K/W
d What is required A,,?
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Evaluation of Results for Fin-L

Flow rate | Reynolds | Pred h Pred h Exp h

g/s Number F.D. flow x"=0.11 L =20 mm
(Ch/Hdr) | kW/m?2-k kW/m?2-k kW/m2 K

9.8 386/405 10.7 16.6 16.8

13.0 474/513 10.7 16.6 17.7

17.2 578/645 10.7 16.6 19.3

Flow rate | Reynolds | Pred h Pred h Exp h

g/s Number F.D.flow |x+=0.11 Ly, =20 mm
(Ch/Hdr) | kW/m?2-k kW/m?2-k kW/m2 K

9.83 419/1030 | 10.6 16.4 9.7

12.1 517/1272 | 10.6 16.4 10.6

14.8 629/1547 | 10.6 16.3 11.4

! 2 omega
piez

Predicted h for laminar flow with q” = const.

Omega Piezo Technologies, Inc.

1-Pass

2-Pass



1-Pass vs. 2-Pass?

1 Preferred manifold arrangement?
» 1-pass: Connections on opposite ends.

« 2-pass: Both connections adjacent.

O
OlO O
2-pass 1-pass
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Conclusions

 Low cost, high performance, micro-channel heat sinks.
 Data for two fin heights: 2.1 mm and 0.88 mm
* 1-pass and 2-pass data (Fin-L). 2-pass (Fin-H)

] 2-pass geometries:
* Rt = 0.072-0.08 K/W at 10 g/s water flow.
* Ap of Fin-H is 25% that of Fin-L.

4 1-pass Fin-L has R, 70% that of 2-pass geometry.
* Ri,; = 0.056 K/W for 1-pass Fin-L with 9.6 g/s water.
* R, /R = 0.50
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