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-~ Metallization

Simplified resistance network.
/ 1 J: junction
-I- :

E: epoxy
JEA JBA B: board
A: ambience
e cont: contact
— A LED unit — — . '
—== RJA RJBA RJB+RBA hs: heat sink

conv: convection

and are of comparable magnitude
RJB RBA

Our task : Minimize R
BA

RBA I:{cont T I:\)hs + R

conv
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Table 1 Natural convection correlations for isothermal horizontal surfaces

Y

&, x 0

14

0.2

Converted correlations

0.4 0.6 0.8 1 1.2
afm]

for Ra=10° Width of  Length of
(for the purpose the plate  the plate
Authors Correlation of comparison) (@), m (L), m Fluid Ra range
Al-Arabi and Sakr [3] Nu=0.54(GPr)"®  Nu= 1.077(GrPr)"2 0.65 13 Alr 10 < Ra < 107
Fishenden and Saunders [2]  Nu=0.54Ra"23 Nu = 1.077(GrPr)?2 061 0.61 Air 107 < Ra < 107
Sharma and Adelman [4] Nu =0.782Ra" ¥ Nu =2.638Ra"> 0212 0.141 Water 1.79 % 10° < Ra<10"
Reilly et al. [5] Nu=10.59]Ra"2? Nu=[.179Ra"2 0.2 0.098 — —
Al-Arabi and El-Riedy [6] Nu = 0.17Ra" Nu = 1.55Ra? 0.302 0.149 — —
Yousef et al. [7] Nu=0.7Ra"? Nu = [.397Ra" > 0.15 0.25-0.6  Air 2% 10° =Ra = 10°
Lloyd and Moran [8] Nu = 0.622Ra% Nu = [.2Ral2 0.1 0.1 Air 3% 10f <Ra=4x 107
Yang et al. [9] Sh=0.54Ra"H Nu= L.077Ra"2 0.127 0.127 Electrolyte 2.2 x 10* <Ra < 8 x 10°
Wilkes and Peterson [10] Nu=0.125Ra"5 Nu=2.245Ra"2 0.025 0.025 Air 104 < Ra < 107
Griffith and Davis [12] h=5.063(AT)"12 Nu = 1.669Ra"2 01 — Air —
Giesecke [13] h=2.63(AT)"% Nu=1.116Ra"> 1.2 — Air — A B
Fujii and Imura [ 14] h=3.158(AT)225 Nu= [.015Ra"2 0.6 — Air — y —
Michiejew [15] Nu =0.16Ra!/? Nu = .01Ra"? 0.13 0.3 Water — —
Radziemska Nu=0.54(GPr)"®  Nu=L077Ra"? 025-1.0 — — 10* < Ra < 107
and Lewandowski [16]  Nu=1.71Ra"? Nu=1.71Ra"? 0.4 0.1 Water 10° < Ra < 10°
Nu=1.519Ra%2 Nu=1.519Ra"2 0.05 0.1 Water 107 < Ra < 108
Nu=1.219Ra"2 Nu=1.219Ra"2 0.1 0.1 Water 10° < Ra < 108
Nu = 2.802Ra"? Nu =2.802Ra"> 0.0048 0.1 Air 10% < Ra < 107 |
Nu=2.393Ra"? Nu=2.393Ra"2 0.0092 0.1 Air 10* < Ra < 107 EE
Nu=1.216Ra"? Nu=1.216Ra"? 0.1 0.1 Air 10* < Ra < 107 ——
Nu=2.363Ra’2 Nu=2.363Ra"2 0.025 0.1 Air 104 < Ra < 107
Nu = 2.836Ra"? Nu=2.836Ra"> 0.204 0.1 Air 10* < Ra < 107 Ty
Nu = 1.556Ra’2 Nu = 1.556Ra"2 0.0531 0.1 Air 104 = Ra = 107
Nu = 1.463Ra"? Nu=1.463Ra"> 00714 0.1 Air 10 <Ra <107 | = = — = -
Nu=1.531Ra"? Nu= 1.531Ra"? 0.033 0.1 Air 10 < Ra < 107
Nu=1.337Ra%2 Nu=1.337Ra"2 0.0659 0.1 Air 104 < Ra < 107
Lewandowski et al. [17] Nu =1.228Ra"? Nu = [.228Ra"? 0.07 0.1 Air 10° < Ra < 10°
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H=10 mm, F,=2 mm, Upward facing

_comparison between pin
fin heat sinks.

—M— Pinfin
——4@——— Plate fin

Average heat transfer coefficient, h (W/m’K)

40 50 60

Average temperature difference, T,-T/ (K)

il
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Gray-Upward
Solid-Sideward
Void-Downward

- 2
sample 3, N = 3.789 pins/cm

- 2
sample 4, N = 6.316 pins/cm

10 20 30 40 50 60 70
Average temperature difference, T-T , K

Average heat transfer coefficient, h (W/m’K)

[ O
o L N W A~ O

o P N W b 01O N 00 ©

Gray-Upward
Solid-Sideward
Void-Downward

N = 6.316 pins/cm’

20 3 40 50 60 70
Average temperature difference, T,-T,, K

Performance comparison among the three orientations, Pin fin.

80
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—&—— Sample 1
—A—— Sample 2
——w¥—— Sample 3
—»—— Sample 4
—4—— Sample 5
—4@—— Sample 6
—@—— Sample 7

—@—— Sample 1
—&—— Sample 2
——w—— Sample 3
—»—— Sample 4
—«4—— Sample5
—@—— Sample 6
—@—— Sample 7

2.5
-6 . .
Rax10 Rax10®

- Re ‘ fe% Nu vs. Ra number for all the test samples (a) upward; (b) sideward; and (c) downward.

o -

e S, (mm) S (mm) N (pins/cm?) H (mm) A A,
e g Sample #1 2 8 0.947 10 1.758
— : Sample #2 2 5 1.916 10 2,533

= Sample #3 2 3 3.789 10 4.032
Sample #4 2 2 6.316 10 6.053
Sample #5 2 2 6.316 §) 4.032
Sample #6 2 2 6.316 4 3.021
Sample #7 2 2 6.316 2 2.011
Flat Plate — — 0 0 1

Geometric details of tested heat sinks.
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Q;,=13.8W,H =10 mm

—A— Upward facing
—w— Downward facing
- Orientation effect

| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
2 3 4 5 6

Number density, N (pins/cmz)

o
~

Number density versus thermal resistance and orientation effect.
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cEEENoteh, hollow surface
PUOT Heat Transferz2009, Vol. 1815//082501-1

...........

Without notch

3 5 7 9 11 13

ad
Fin spacing 'S'mm ;

M| —e—s50w —s— 1000 —— 150w —— 200w 18 .. |
-

Without notch
0 Y With 40% notch

34 5 6 7 8 9 1011 1213 14
Fin spacing 'S' mm

——50W —=— 100W — — 150W —— 200W
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85(2010) 2870-2877.
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Perspective view of Hollow/single perforated pin fin heat sink

Upward facing

e~ (]

"I 01

Nu

Upward arrangement
Solid pins
Hollow/perforated pins, D,/D,=0.33
Hollow/perforated pins, D,/D,=0.5
Hollow/perforated pins, D,/D,=0.66

»p>O®

8 12 16
Rax 10%

»D>O@®

Sideward arrangement
Solid pins
Hollow/perforated pins, D/D,=0.33
Hollowiperforated pins, D/D,=0.5
Hollowiperforated pins, D/D,=0.66

°
P QB

ol

AN



http://www.nctu.edu.tw/

50 4

Thermat Conductivity [W/m K]
8

Graphite Imm Heat Treated @ 10°C/min

] T T T v

ae a1 02 03 04 05 0e a7

Density [g/cm’]

Figure IN Phot of encasurod data and results of 3 rew model which incompones
lemgih

{a)

(LM

Figure 4. SEM Images of fosm samples, (a) small. wmiform

Pigure | SEM imagos of mesophase pitch-derived foams

TABLE | Propenies of various graphite foams made with the ORNL method compared to commercially availahle PocoFoam ™

Average balk Maximum oPlane theemal r-¥ Plane thermal
Foansing Gaaphitzzamion density deviation in conductivity 2. conductivity A,
priess fate { Comin ) (plem’) demslty (%) (Wim K) (Wim K
ORNL graphite foam A 10 45 A7 125 el
ORNL graphite foam A | 0.45 37 149 2
ORNL |35 graphwe foam B 10 0.59 - 150 -
ORNL gmphite foam u | 059 181 ol
PocoFoam'™. biflet 001013 061 32 182 65
e
1600 —a—X.Directon |
— 00 3 {
x
i 1200 — —_
21000 {
5 800 1
3 w0
E 400 = R
- |
0o
0 2 4 6 L] 10 12 4 18 “ 20
Graphitization Rate [*Cl/min]

Flgare 2 Fdtect of final heat treatment rate (graphitzation) on the thermal properties of grphine foams made with process A
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Fig. 1. Experimental apparatus: (1) housing, (2) aluminum contacts, (3) metal foam
specimen, (4) voltmeter, (5) IR camera, (6) holder, (7) amperemeter, and (8) power
supply.

“Experimental data on heat transfer

Aluminum foam properties

erihancement In the Strlp Of Foam Specific suraface Porosity Pbrme.ﬂ))ility. Ligament diameter

metal foam at natural convection in both . weewfi? ) K IORW  deriOm
- = 20 1700 900 481 033

vertical and horizontal 0 200 ss0 24 o0

plates demonstrates that heat transfer is
increased dramatically

(up to 18-20 times for metal foam of 20 ppi)
relative to the flat

plate of the same overall dimensions.
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- L. - el
1ds for Electro ynamics which is tt dy of the
Ne.e n elec — -

ect of an electri -_l ) -

A

1

- —
- M

1'an, i'mpressible fluid is subject to the presence
eld, the Navier-Stokes equation becomes:

——

——

= —Vp+uVN + pg+ f

e

’*f-'": : EHD body force
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Corona wind
A fluid motion driven by an electric field is termed a coron
ectrode geometry wind or an ionic wind. a—

- S

L

Corona region (lonization region)

Near the charged electrode, ionization occurs
and creates positive ions and free electrons in a
process known as the electron avalanche. The
positive ions are attracted toward or repelled
away from the curved electrode (depending on
the polarity). The electrons thus migrate in the
opposite direction.

Needle
electrode electrode

-— —

Typical-electrode types. (ot i

Unipolar region TS
The energized electrons, accelerated

by the electric field, inelastically ‘
collide N
with the neutral atoms, entraining the
stagnant fluid from the ambience to the
grounded surface.
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PO -
1:-

¢
A

/ 1
el
‘| Positive ion

= "-I—’Ii‘g_h voltage
. telectrode GND

Positive corona generation and ionic wind.
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n'

(|on|zat|on) -Q‘Umpolar region

,__,,_ ]:Ilgh voltage | Negative ion
electrode | - ; GND

= Electron

Negative corona generation and ionic wind.


http://www.nctu.edu.tw/

e = =
@2 38 =¥

C Juwe Y A
Nartional Chino Tlmg Unim‘rsir_:/

The electrode arrangement.
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wire electrode heatsink

LED lamp substrate

== = [llustration of the electrode arrangement.

R — —
g A —
— -

a - —

—

" Enhancement ratio E, =

natural

h'= hEHD - (Tb _Ta)natural
hnatural (Tb _Ta)EHD
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(b)

Flow visualization, (a) 0 kV,
(b) +5 kV, (c) +10 kV.
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P 2R AR 2 B o

——&——  2needles ——@——  Positive 6 needles
O 3 needles <O~ Negative 6 needles
18— —- 6 needles 184 77 v —- Posntl\_/e 12 needles
— A — 12 needles — - —A-—- Negative 12 needles .0

14 16

Voltage (kV) Voltage (kV)
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Clamp

Schematic of a piezoelectric fan.
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Half Coverage

Different arrangements of the piezoelectric fans.
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Verical, Full Coverage
- = = = Yertical, No Coverage
- = Horizontal

Enhancement in heat transfer coefficient for the four different
fan positions in the enclosure. The area is based on the heat source [4].
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DC power
supply
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Schematic of the experimental setup
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Piezoelectric fan
Heat sink

Vertical

- Signal

—— Ampllfler
— ~ Generator

Piezoelectric fan

= _'. C = Heat sink

Arrangement of the piezoelectric fans
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EHD needle array + plate-fﬂ'r"
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= WD 1 & F -10 kv ]
W f 1 W i
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1k Natural convection 3 1E Natural convection
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- ] ] ] ‘ ] ] ] ] ] - - ] ] ] ] ] ]
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Dependence of the enhanced ratio on the power dissipation
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——

senerally, for-both pin finand plate fin heat sinks, the upward
ielrlef Jflr'ﬁfrlflJﬂ YABIGSIENNGIESIBANIANSISISCOBICIENTS,
JlJV}‘y’ " > . 2\\/c . @ , ' '77 ‘ 5 Ownwar aCIng

Js:ﬁ.sme 2

With the same fin height of 10 mm and fin spacing of 2mm, the
Al fe ,sfer coefficient of pin fins are greater than those of plate
Lm;,w 0% ~ 23% due to the more open ends for inducing air flow.

= ‘;,Jf‘ 1e orientation effect on the pin fin heat sinks becomes less
; — monounced as the pin height or as the number density Is
———= gradually increased. This interesting result is attributed to the

— choklng phenomenon occurring inside the heat sinks.
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JESION s:n,an :s]ﬂall pe taken to avoid flow field interference of the corona wind

=

Genierated from 'the individual electrode.

-

»
-

—

~ &
I‘nr- r ga Ve polarlty slightly outperforms the positive one by 6% due to its

efa:‘?}rmnt density and mobility between the electrodes and the grounded

== — ’;EI—ID has been proven as a feasible cooling technique in the present study by
showing a threefold heat transfer enhancement at the expense of small power
= ~ consumption.
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jjfj convection
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|® Bz3dx¢ = —
e ,um,_ ls of Convectlve e sfer

| -: A"‘A;‘_ 5. _’T

- = |
MEOnStraints:
Ug,r:f \ T IS given and must below certain

LRLE _S 10ld I|m|t Q is also given, T, could be
_emfled an upper bound as a constraint.

£
_;

'—4‘-’_

= “For design to meet the constraints. One
_needs to..

(a) Increase A?
(b) Increase h?
(c) What more can one do?

P
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Some common Ways for
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OMCEpt oflnterrupted surtaces

. Boundanyrestart & Mixing

Plain fin - continuous fin Interrupted surface
| [ 2 A L1 L~
- Performance Performance —— — 7
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2 34 7~ ¢ Various kinds of improvements

| - ImplementaM’
dWne 6 Plate fin heat: sm@rmg hea FImprovement

PyAIncreasing heat d|33|pat|ng Surface. Generally, smaller f|n

:,r)rlf‘jﬂffhl:‘r'f 10) .0,0.0) (‘(‘el’r‘ JIC | ""IJ‘ dCC.

HITIS[ r~ g can be lower than 1 mm
(0.9 mm I this study)
IRLAICH ,ess 0.2 mm

- -

‘-/‘ -~

‘<..~—

-—
- -

— ;y‘pe 11: Heat sink with Interrupted fin geometry which improves
",'—’: -convectlve heat transfer coefficient via periodical renewal of

~ boundary layer such as slit or louver fin.

"‘ ,'

louver fin
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neffectlve at low velocity but still
from considerable pressure drop.

flow effect.
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SCHEMATIC OF DUCT FLOW VS. FIN-DIRECTED
FLOW FOR LOUVER FIN GEOMETRY AT SMALLER AND
LARGER FLOW VELOCITIES. (Yang et al. IJHMT, 2007)
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Interrupied surraces..

ASriallerafin per 40 T ]
e DA - :
aecentuates the e N
AUCEflow effect, JT M

=resulting in fully _

"‘developed flow _ _
QILRIBIETIOTale fowminroam o roiam | omunroem
the heat transfer [ Rl
PE rformance. T 10* 10’

X"=(L/D,)/(RegPr)
INVERSE GRAETZ NUUMBER NUMBER X* VS. j7FOR

LOUVER, SLIT AND PLATE FIN. (Yang et al., IJHMT, 2007)
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Rectangular Winglots
/ Longitud uml Vortices
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Wedge type, double sided
single sided
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~transfer

~ perfermance with
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iﬁ. j— ‘A? Int. J. of Heat and Mass Transfer, Vol. 45, pp. 1933-1944.
i = Int. J. of Heat and Mass Transfer, Vol. 45, pp. 3803-3815.
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by Non- unlformity_ -

IPlace the T

l \Pheat transfer region.
‘Check the effective local

)
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S

“ emperature difference. 1
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== Placmg enhancements at
those having lower
temperature difference are
generally more effective.
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(@ @234 x¢ \ortex Generators.. .

- Implementations . 2
dWPENIIENSEarsink withidense vortex generatoraline menp
sintroduce swirl flow; €oanda deflection flow or: destabilized
llowfieldifromivertex generators ordimple/protrusion:
SUUCLUrE e gEnE IS USINg MIe or Staggereo
layout such as semi-circular, delta and dimple vortex
QEnerator.

! 3

-L- me—~

;;,_ sink with loose vortex generator: The enhancements of this
= category are still vortex generators or dimple/protrusion structure but with

R

——_Sparse arrangement of vortex generator.
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== (f) Triangular
~ Attack VG
(g) Dimple VG

(h) Two Groups
Dimple VG
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he original concept of Using-dimple..
Main flow - Upwash flow Main flow _-/\’_

.....................

N et ot ot B $  H észibé;éb%tfkéxfﬁff? SAvas

(b) Protrusion

D =3.05 mm

Oq = 0.5 mm

» Drag reduction O = 0.2 mm

« Longitudinal Vortices

* In this study, fin thickness is 0.2 mm,

« the length of cavity is 2 mm, effective cavity depth is 0.3 mm 59
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——Louver
—@-Slit

—@-Semi-circular VG
—-Delta VG

—-Dimple VG

—>—Delta VG + Plate
-Triangular VG
—eTriangular attack VG
—£-Two Groups Dimple VG

4

5

6 7 8 9, -1 2 3

10
X*=(L/D)/(ReyPr)

4

5

Rerformance
comparison

-

20 —

[EEN
o
|

—-Louver
-@-Slit .
-@-Semi-circular VG -
—-Delta VG —
—-Dimple VG -
—>—Delta VG + Plate .
—[Triangular VG .
—e-Triangular attack VG ]
—£-Two Groups Dimple VG|

(h- hplate)/hplatex 100 %
S o
| |

N

_30 | |
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Performance evaluation
based on \/G=1 Criterion

itack and two-groups dimple
= effectively reduce required surface are _
,..The type II and type III fin geometry

possesses the lower heat transfer @xﬁ/%

~coefficient in most situations along wi %
their significant pressure drops lift th
out of the choice of vortex generator T e lower o Delta VG + Plate
subject to the VG-1 criteria. -o-slit -O-Triangular VG
«The asymmetric combination using ol DGR wifi S
heat sink with loose vortex generator ~#-Dimple VG
(Type 1V) fin can be quite effective.
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Very small fin spacing also jeopardize the
formation of LVG
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mEM So, what’s next?. e
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2Oupligue Dimple nieanne

bt et et ]

Cannelure channel
Depth: 0.1 mm
Width: 0.4 mm
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The original ideasor
3 oblique dimple..

D (‘J AN D) | re————

g :then the flow path

Y r\ 0 ‘need for significant amount dimples
= Reduce the number of dimples to decrease the

m-,
-~ -
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Fig. 1. Model of flow in an isolated rectangular pit [2] in a
wall.
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Fig. 2. Increment of the drag coefficient as a function of the
dimensionless depth of the pit [4].
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Results:

—— plate fin

—+— Oblique Dimple Gap 4-12 fin

—)— Oblique Dimple Gap 6-12 fin

—{F— cannelure fin (I)

—— cannelure fin (1)

—ll— Oblique Dimple Gap 4-12cannelure fin
—@— Oblique Dimple Gap 6-12cannelure fin (I)
—4&—— Oblique Dimple Gap 6-12cannelure fin (Il)

2 3
Velocity(m/s)

[e)]
o

The Heat transfer coefficient (W/m?k)
N D
o o

oresthan2096uncreaseHTCI&

—l— plate fin
—+— Oblique Dimple Gap 4-12 fin

—O— Oblique Dimple Gap 6-12 fin

—}— cannelure fin (I)

—O— cannelure fin (Il)

—ll— Oblique Dimple Gap 4-12cannelure fin
—@— Oblique Dimple Gap 6-12cannelure fin (1)
—4A&A—— Oblique Dimple Gap 6-12cannelure fin (Il)

1 2 3 4 5
Velocity(m/s)
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CE b \\hy cannelure structure s
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Evidence from previous data
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Fig. 13. Friction and heat transfer on indented walls,
D the dynamic (velocity) boundary layer; A - the thermal boundary layer,

Vi ,/////,m%% &L

ap, Pa

oo \ No. |D, mm rI{, mm | R, mm | t, mm | h, mm f, %—"
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Fig. 12. Geometric parameters of the walls studied.

Fig. 10. Distribution of the pressure drop along the axis of a
duct with an isolated hemispherical pit in the wall [15].
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Conclusions —

1n patterns'can e classified' Egories, namely.
:J,g plaln fin heat sm?'(T’“pe b) mterrupted fin geometry
ypEllRdenseaoriexaaenerator@y/peliil) sleosevoriexs s
gan rRLOYE (IWpe 1\V) and thelr combinations.

NS ol Uind'that the heat transfer performance is strongly related to
me ofe) eloplng/fully developed flow characteristics. The result
,_—:-s. - *Ihe present experiment suggests that the asymmetric
em“blnatlon using loose vortex generator arrangement (Type V)
can be quite effective.

.-'-
...—.
"
"

-—
-

* The triangular attack VG is regarded as the optimum enhancement
design for It could reduce 12~15% surface area at a frontal
velocity of 3 m/s~5 m/s. The asymmetric design is still applicable
even when the fin spacing is reduced to 0.8 mm.
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Conclusions .«

~—— Jb

———

S Cogle ned con- caylt vity and dimple is quite
SHECUVE TN HEAL traiSTErana pressure arop
fv‘d.l!:r o1, provided the numbers are low.

2Enne Sltire structure may reduce the boundary
1:; hlckness to further reduce pressure drop.

- — >,’_'4 -
e
pre—

‘he cannelure structure is especially effective
.at fuIIy developed region.

~* |n the best condition, more than 20% Increase
In HTC and 20% reduction of pressure drop IS
achieved.
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Hon. & metal Foam >
UReTsEleat Transfer, 2010, Vol. 132 /121901-1

e

Table 1 Carbon and aluminum foam properties

K d, k. a
(m?) Cr 4 € (m) (W/mK) (m™)

6.98 < 1077 NA 5.08x 107 9.78 2760
1.21 X 1078 NA 1.02 % 1073 9.78 1770
1.98 % 107® NA 2.03% 1077 9.78 804
1.66 % 1078 0.806 5% 1074 48.6 5.24
1.66% 1078 0.752 6.5% 10~ 97.2 5.24
1.66% 1078 0.735 6107 61.8 5.24

" Table 2 Volumetric heat transfer coefficient and upper wall temperature for each carbon/

aluminum foam

LI1A D1 L1

Uy h, T Uy h, iy, h, T
(m/s) (W/m*K) (°C) (m/s) (W/m® K) (m/s) (W/m* K) (°C)

1.6 12,400 73.0
2.1 20.500 55.6
2.6 32,500 46.2
32 39.500 42.1
37 46,400 39.3
42 50,400 37.8

54,300 36.6

54,400 36.2

10,100 1.5 10,500 77.6
13.600 ; 2.0 15.100 614
19.400 25 21,700 510
24,100 3.1 27,100 45.7
27.800 ¥ 35 31.800 423
29.800 39 34,000 40.7
32.200 - 36,400 394
33,700 . . 37.300 38.6

Wt =
AN O\ =

i e i
00 WA =

10 PPI 20 PPI 40 PPI
hr Tw.u Uy hr hr Tw.u
(W/m*K) (°C) (m/s) (W/m® K) S (W/m® K) (°C)
12.900 59.4 1.1 15.500 : 23.000 88.7
26.800 44.7 1.7 35.800 47. : 42,200 574
45,300 37.8 2.2 58.200 X 66,700 453
70,000 33.1 3.0 105,000 3 104,000 38.3
89,100 31.0 3.5 155,000 : 138.000 35.0
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— | Fig. 13 Hypothetical heat exchanger in cross flow with (a) lou-
-‘g vered fin and (b) carbon/aluminum foam confiaurations

Mean Air Velocity (m/s)

Fig. 16 Comparison of compactness factor for louvered fin
and foam configurations
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Fig. 177 Comparison of power density for louvered fin and
foam configurations

Fig. 15 Comparison of coefficient of performance for louvered
fin and foam configurations
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Asingal (fi
Atotal Ac n)

1.2899E-02

1.8849E-05 ~ 1.5865E-04

0.045  0.035 0 0 0 0.004 0.002 0.01 5.7908E-03 = 2.5132E-05 ~ 1.9376E-04
| 0.045  0.035 0 0 0.002 0 0 0.01  3.2750E-03 ~ 4.0000E-06  8.0000E-05
| T

= 43{& ;*?, 5%5
P 4 70.045. - 0.035 0 0 0.002 0 0 0.01 3.2750E-03  4.0000E-06 ~ 8.0000E-05
0. 3 X5 0 0 0 4.6507E-03 ~ 9.5342E-06 ~ 1.3256E-04
- 4 0045 0.035 0.0015 0.004 0.01
3 O%x9 0.6695E-03  1.5613E-06 = 6.4456E-05

8 0:.045 0.035 0 0 0 0 0 0.01


http://www.nctu.edu.tw/

_4AUEIEE

—_ e A
O — DN W

O — N W e oY 0 o0 O

pumping powerfrRz r* &

T ]

e A e g
—— = le‘étalé‘/‘nl

#2171 5%5

7 7199

—— o if 3

P E3

e
pd

0.1 0.2 0.3 0.4 0.5 0.6 0.7

pumping power


http://www.nctu.edu.tw/

-

‘:— e -

> Nirijeelfe Jﬂ‘/s‘@f prsandsitsiaugmentations
> Foreeel onvectlon CONCerning passive heat
Ielisteraugmentation.

2 il ‘ﬁ-ée of special fin patterns are presented

— —ano ,compared

'_.e'
— — ‘./

-—"'5'

== For. more effective fin design, consider the
~ design by Non-uniformity.
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