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Chip Heat Flux (Watts/sq cm)

Limits of cooling technology

ITRS 2002 Roadmap
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LimItS oT Alr-cooled Design

Air in flow
(Impinging flow case)
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Heat Transfer Augmentation of Cold-Plate

a Heat Transfer Augmentation (Q = UAAT,,)
Q : heat transfer rate,
U: overall heat transfer Coeff.
A: Area

AT.: mean temperature difference

> Increase A
> Increase U
> Reduce AP at fixed Q



 \Why enhancement? Do you really need

enhancement?
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Do you really need enhancements?
h: heat transfer coeff.

A area

n. fin efficiency
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enhancement — Q Is not the
sole objective.
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Some objectives for enhancements.

 Maintain Q and AP, reduce A

 Maintain Q and A, reduce effective
temperature difference

* Increase Q subject to same A
 Maintain Q and A, reduce pumping power



Fundamentals:

. dT Y
0 Conduction OI=—kA@ A /
_ Tx.y)

» Increase A
» Use high k materials q"
> Increase temperature gradient?
dT/dy = (T,- T)I(Y,- Y1)
0 Convection iR Preastream il s
q=hA(T,-T,)=-kA —
» Increase A

~ Increase h (convective heat L o 7,
transfer coeft.)

Thermal
boundary
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Example of Increased A

O Increase aspect ratio
» Limit to manufacturing
» Mal-distribution is likely

0 Increase fin type A DW=1
o DW=2
O D/W=4
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Increased heat transfer coeff.

o Air cool to liquid cool, single-phase
to two-phase

o Augmentation

TABLE 1.1  Typical values of the

Buoyancy-driven
flow
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Single phase flow pattern
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Augmentation of single-phase flow




Augmentation in turbulent flow

Three-dimensional Ridge-type two-
roughness (“uniform dimensional roughness
roughness”) (“repeated ribs”)

Groove type two-
dimensional roughness
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~ Turbulent

5 core




Augmentation - with the presence of fins

0 OSF interrupted surface
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Max Power Dissipation (W)

Water-cooled Micro-channel HXs
Usually with micro-channels
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Coolermaster: AQUAGATE Mini:




Hitachi Water Cooling Laptop
(Prototype Model)

Reservoir Tank




- Examples

-channel HXs

Micro




Micro-channel HXs - Examples

---- inlet

heat exchanger

> expansion capillary

J-7T)

-- -- evaporator

- - - -- heat load




Does the heat/flow characteristics in micro
channel behaves like macro channel?
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Apply the conventional Plate HX

D




Augmentation based on plate HXs

dimension: 50 mm x 50 mm x 2 mm

U - type Chevron (V) (OSF)

Courtesy of Prof. C.Y. Yang, Department of Mechanical Engng., NCU, cyyang@ncu.edu.tw
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Temperature Distribution ..

Power

Flowrate Inlet
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comparison o erma

Resistance vs. pumping power
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A comparison with some existing
commercial products

Dimension: U, V: 50 x 50 x 2 mm3
C:40x40 x4 mm3
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Serpentine vs. multi-port design

AP = 4.9 kPa
Q=47.94W
AP = 45.2 kPa
Q =199.93W
AP = 3.4 kPa
Q=48.72W
AP = 1.2 kPa
Q=13.73W AP =2.17 kPa

Q=126.91W



V,, = 1.0 (m/s):

Flow mal-distribution:
AV ax = 0.2852 (m/s)

Non-uniformity of Temperature field:

ATyjay = 1.345 (°C)

{
AQuax = 148 (W)
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V (m/s)

Transverse Velocity Distribution
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Temperature distribution of

I
Effect of number of port (20, 40, 60)

Velocity profiles of 20(0), 40(0)

and 60(A) channels for Vin =1.0 m/s.

20 (0O), 40 (O)and 60 (A)
channels cold-plates for

Vin = 1.0 m/s.
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MC Lu et al., (2004)
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Influence of Guide Plate, Contil.
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Effect o

uiae Plate — Ry,

R, (CC/W)
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Inlet locations

Effect o

Lu and Wang, (2005)
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Energy & Resources Laboratories

PIV Flow Visualization
| Arrangement —
Uniform Gap
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Energy & Resources Laboratories
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Copper Fin-and-tube HX

Aluminum Brazed Heat Exchanger
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Various Fin Patterns

Note: ERL has the biggest database for all kinds fin patterns

Design software are available (please call, Mr. J.S. Liaw at 03-5914220; jsliaw@itri.org.tw)



echnology Evolution

*Thermal Boundary Layer Restart
Instability
*Thermal Wake Management
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Type of vortex generators

Longitudinal vortex outperforms the transverse vortex

Eectangular Wingints :
Longitudinal Vortices
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Benefits of vortex generator

* Prevent Boundary Layer separation
 Improve heat transfer performance with acceptable pressure drop

Re=1500,STPL Re=1000,STVG5

Int. J. of Heat and Mass Transfer, VVol. 45, pp. 1933-1944.
Int. J. of Heat and Mass Transfer, Vol. 45, pp. 3803-3815.
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ummary

Liquid Cooling Is considered as an alternative for
high-flux electronic cooling applications.

*Heat Transfer augmentation is an effective way
for laminar flow cold-plate

Mal-distribution could be a concern for multiple
port channel cold-plate

*Radiator is the final place to dump heat — it is very
crucial to choose suitable fin pattern
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