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Pentium |11

[0 0.25 mcron CMOS echnol ogy
0 9.5 mlliamransistors
0 450 - 550 MHz

Li ght Bul b Silicon Package

[0 Power: 40 W [0 Power: 40 W 0 R-c: 0.94 dW
O Area: 120 cr 0 Area: 1.5 ¢ 0 R-a: 6.8 W
O Flux: 0.33 Wch O Flux: 26.7 Wcf  (no heat sink)

0 R-a: 2.5 W
L 80 «x l (heat si nk)
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] Pent i um VHz
Intel Design S

Specification: no heat &nk
T, =75°C FC: 99.5°C
(2 m/s) NC: 136.4°C

Pentium

i

@7.9 W
wi th heat isnk
NC: 96.1 °C Si - Sj

GaN - SiC

| L

100 125
Junction Temperature ( C)




[1 each new chip contains roughly twice as much
capacity as its predecessor

[1 anew generation of chipsisreleased every
18 - 24 months

1975 1980 1985 1990 1995 2000
M cro 2000 ¢

(transistors)

[] in 26 years, the
population of
transistors per
chip has increased
by 3,200 times




1980 1999 2003 2006 2012

Comp. Per Chip 02M 6.2M 18 M 39M 100 M

Frequency (MH2z) 5 1250 1500 3500 10000

Chip Area (sg. cm) 0.4 4.45 5.60 7.90 15.80

Max. Power (W) 5 90 130 160 175

Junction Temp. (C) 125 125 125 125

From: David L. Blackburn, NIST




simplicity:

low maintenance

lower power consumption

less space (notebook computers)

|less noise
fall safe heat transfer condition




E E Heat si nk
Heat source o A\VAVAVAVA G I\/\/\/\/\_0_/W\/\/\_Q (air)

(j unction)

cont act mat eri al spr eadi ng film
resi st ance resi st ance resi st ance resi st ance

R — 1 - increased heat transfer coefficient
JL fillm ~— N immersion cooling (boiling)
Z[r Z[r Impingement cooling
forced air
natural convection

. Increased surface area
Spreaders
heat sinks







PlateIFinIHE STkt

UPS, AVR, SUBWAY HEAT SINK
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SpecialtyJHeatiSinks

HEAT PIPE HEAT SINK




Plate fin heat sink
Natural convection
| sothermal

Steady state
Working fluid isairi.e. Pr=0.71




Exteri orsurfaces

e fins : top, bottom,
ends & tip

e base plate: top,
bottom, ends
and back

e 7,

e fins : side walls
e channel base

(3 ven: dimensions & temperature

Find: Nu, vs. Ray

Q: gBATbs.E
L» hb

av L

ki




e lower Rayleigh
numbers

e thick boundary
layers

||- Boundary | ayer

e higher Rayleigh f
|

numbers
e thin boundary
layers
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Channel fl ow |

e Elenbaas model
with adjustment
for end wall

e combined flow :
developing +
fully developed

1,

I Control surfaces

e open surfaces
with energy
migration




El enbaas, 191

Nu, = 2—14 Ra,{1-exp(-35/ Ra, }

Churchil |, 197}

Nu, = { Nupy + NUJQ} .

fd- fully deveped
dev - devel opig fl ow

G,f - bod ravzity fuomtion
1/4 VA Y arenty

Rab F(PI’)- Prandtl nunber fuwction
>




Nuz%luo+ 7 - 1 +%Iul

— 4+
N 21 Ng T
diffusion channel external

flow boundary
layer flow




cuboids
[ plate - Karagiozis (1991), Saunders (1936)
[1 cube - Chamberlain (1983), Stretton (1988)
[] rectangular prism - Clemes (1990)

parallel plates
[] Elenbaas (1942), Aihara (1973), Kennard (1941)

Karagiozis (1991)

Van de Pol & Tierny (1978)




Boundar y | ayer
[imt

Aspect rato
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Pl ate spactng
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Lx WxH (mm)
Chamberlain (1983) 43.2x 43.2x43.2
Stretton (1984) 38.1 x 38.1 38.1

Model

P L)z
+Nu 2 +[Nus+Nu )




Clemes (1990)
Model

units in
- 1

g

50. 43 x 50. 43
X 510. 6

P L)z
+Nu 2 +[Nus+Nu )




LxWxH (mm)

Karagiozis (1991) 150x170x9.54
Model

Saunders (1936) 76x230x.00254
Model
-1 |

10° 107 1

0" 10° 10g,10° 10° 10° 10° 10°

-1/ 2
+{NU é2+ [NU 3 T Nu 4]2}




Elenbaas (1942)
Aihara (1973)
Kennard (1941)
Model

Nu , *+




H/b Karagiozis Model Van de Pol
& Tierney

0.75 A
1.19 -
2.98

-2 L I I I

O T BT, VAR Ly I T L T BN,
10° 10° 10" 10° 101Ra%02 10° 10" 10° 10°




Anal ysi's Tool

[1 design is known a priori
[] used to calculatethe

performance of a given

design, i.e. Nu vs. Ra
L1 cannot guarantee an

optimized desgn

Desi gn Tool

[1 used to obtain an
optimized desgn for a
set of known condrants

l.e. * heat input

e max. temp.
* max. outside
dimensions
the most efficent
design




Why use ntropy eneration Inimization?

[] entropy production  amount of energy degraded
to aform unavailable for work

[ ] lost work is an additional amount of heat that could
have been extracted

[ ] degradation processis afunction of thermodynamic
iIrreversibilities e.g. friction, heat transfer etc.

L] minimizing the production of entropy, provides a
concurrent optimization of all design variables
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irreversibilities
due to:

Q"

do - ==

.Sgen ] J] TW TB

A

irreversibilities due to




e fin
. channel flow ° Pase plate

differenti al
contr ol

QB — base heat flow rate
U B — base - stream temp. difference
Ty — ambient temperature

FD — drag force
Rtotal — total fin resistance

[ ]
Syst em Si
Ext ded f
ended surface = "%

=% 3 3 S

— QB '298 +
TO

— QL% I:‘)total + FdU
T T,

U - specified
- fan curve

- buoyancy induced




Step 1: Determine problem constraints
i) power input, Q
i) maximum chip temperature, Tmax
iii) geometry , H, L, W

N
Board spacing” H




Step 2: Set maximum heat sink volume
i) package foot print=L x W
i) maximum height - board spacing minus
package height

AN
Board spacing” H




AN
Board spaci ng”

H

Step 3: Optimize heat sink

i) number of fins

ii) fin thickness
i) fin spacing

iv) base plate thickness

W




H=L=W=50mm

Fin thickness = 1 mm

Base plate thickness = 1.25 mm
Q=50W

Find: number of fins
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Number of Fins




Sgen = f(xl,xz,xg,K ,XN)

%e”=0=gi(), i =1,2,3K ,N

(00, /0% 00,/0%, O /0Xq
%92 [OX; 09y /0%, 0Q,/0%s %Xz
003/0%  O93/0%, 003/ %3 HDXs

where: @, (Quess) = g; (actual) + g/(guess) « x,

[OXq




Develop a comprehensive model to
find the best heat sink design given
a limited set of design constraints

¥ heat sink type
¥ material

¥ weight

¥ dimensions

¥ surface finish

¥ maximum volume

¥ boundary conditions
¥ max. allowable temp.
¥ orientation

¥ flow mechanism

¥ labour
¥ manufacturing
¥ material

¥ noise
¥ exposure to
touch




Heat sink design requires both a
tool & an tool

Selection 1s based on:

1 physical constraints - geometry, material, etc.

| thermal-fluid conditions - bc’s, properties, etc.
1 miscallaneous conditions - cost, standards etc.

Analysisis based on smulating a
prescribed design







DC

0
NU = [)NUgy, * Ar + Nug Af "+ %qn a:, * Bra
0

5

H[

b Hnin

[]

e = 53.509 + (0.0135)%, 0.6

| Hnin

C=125 (H/b),H/b21 n,=120-195 at t=4.96mm

m, = %2 0.64 +0.56—
1

. =157 530 at t=9.67/7mm

:141(H/b)3'17 ,H/b<1 =144 - 223 at t=14.96 mm

Modified flat plate model 0 correction term at low Ra




