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2. Problem statement il
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+ Heat sink
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3. Data Information
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3. Data Information a

0.02573 2.2E-05 1.9E-05 1.6E-05 0.72876

_ flow velocity

Flow rate= 0.0151 [m3/s]

v= 237357 [m/s]

fl

( Aluminum

<~ from Airflow in CFM=32CFM

240 2702

0.01822 0.045 0.03964
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4. Problem Analysis
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*» Design Variables

= n: the number of fins
= w : the thickness of a fin

»» Cost Function

= Cost o< Mass(total)=M(Al)+M(Cu)

s constant

~. Minimize  f=Massl(al)=pal-l-h-n-w
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» Constraints

« 81 = Qetect — Qetect = 0

. g, =nw — 2mry, < 0
- g2, =0.0006—-w<O0
2T, — NW
m g4, — W - =z <_: 0
n
- g5 = —n < 0 (n:integer)
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*» Using Excel

Propeties(Initial Statel)

89
0.0006
0.026
0.039649
0.01822
0.045
0.000686288
0.0532
22.88186082

Re= 3882.286135
Using Egn of Nu at Parallel Plate
h(n,c)= 36.84740323
Nu= 37.23117068
tanh(al)= 0.719810752
Qfin= 65.85924713
Qconv= 1.163337385
Qelect= 65
function f=  0.148743025
gl -2.022584516 <= 0
g2 -0.061079636 <= 0
93 -1E-04 <= 0
g4 -8.6288E-05 <= 0
g5 89 =  intager
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*» Using Excel

Propeties(Final Statel) Re= 3882.286135
Using Egn of Nu at Parallel Plate
n= 83 h(n,c)= 36.84740323
w= 0.000518662 Nu= 37.23117068
tanh(al)= 0.750591317
b= 0.026 Qfin= 63.7534458
Qelect= 65
= 0.01822 function f=  0.128578994
ro= 0.045 gl -6.2061E-06 <= 0
= 0.000767626 g2 -0.068318694 <= 0
g3 -1.86623E-05 <= 0
p= 0.053037325 g4 .0.000248963 <= 0
a= 2457308151 95 89 = intager
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*» Using Excel

Propeties(Initial State2)

920
0.0006
0.026
0.039649
0.01822
0.045
0.000671996
0.0532
22.88186082

Re= 3882.286135
Using Egn of Nu at Parallel Plate
h(n,c)= 36.84740323
Nu= 37.23117068
tanh(al)= 0.719810752
Qfin= 66.59923867
Qconv= 1.156439551
Qelect= 65
function f=  0.150414295
gl -2.755678223 <= 0
g2 -0.060479636 <= 0
93 -1E-04 <= 0
g4 -7.1996E-05 <= 0
g5 90 =  intager
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*» Using Excel

Propeties(Final State2)

920
0.0005
0.026
0.039649
0.01822
0.045
0.000771996
0.053
25.01866208

Re= 3882.286135
Using Egn of Nu at Parallel Plate
h(n,c)= 36.84740323
Nu= 37.23117068
tanh(al)= 0.758203224
Qfin= 63.91871825
Qconv= 1.259907059
Qelect= 65
function f=  0.125345246
gl -0.178625309 <= 0
g2 -0.069479636 <= 0
g3 0 <= 0
g4 -0.000271996 <= 0
g5 90 = intager
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*» Using Excel i

AlLtE|2 29

Statel 1 Statel 2 State2 1 State2 2

Y
W 0.0006 0.0006  0.00051866 0.0006 0.0005
n 89 88.99991 89 89.999909 920
2ot

$P$14 1487E-01 1.487E-01
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x 10 mass minimization problem
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<+ Matlab (fmincon) —l
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<+ Matlab (Patternsearch) —

© Best Function Value: 0.12497 Current Mesh Size: 1e-011
> 4 ° 0.4
©
:
5 2 = 0.2
© O
c s / \
—35 0 ° ° ° ° ° , 0 ,
© I —
=5 o 2 4 6 0 2 4 n=89.912
= Iteration lteration
5 Total Function Evaluations: 1166+ Current Best Poj W= 0.0005
2 500 'S 200
7] P o
C - —
(@] [%)] — -
: | T b | =0.12497
= * =
g : - . 1IN
> 0e : : . E 0
s 0 2 4 6 3 1 2
5 Iteration Number of variables (2)
%ﬁ Max constraint: 9.9838e-007
e 40
©
@
§ 20
(&)
3 0
= 2 4 6
Iteration
Stop

Company Logo



5. Optimum Design ol

www.thmemgallery.com

+» Add another design variable

= Considering that h is design variable

n : the number of fins
w : the thickness of a fin
h : the height of a fin

= Add more constraint for h

g, =h—0.026<0

s To minimize the volume
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<+ Matlab (fmincon) s

"n=114.479 \

w=0.0005
h=0.0174
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» About the result

From the optimum design
n=90 w=0.0005 f=0.125345 (2 vriables)
n=114 w=0.0005 h=0.01754 £=0.1071 (3 vriables)

w is the least value of the range of w in both case.

Active constraints to minimize f are g1 and g3.

Adding constraint h affects to minimize f.

Comparing the midterm data, f increases.
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= Inteld Core™2 Duo Processor ES000' and E7000'
Series Datasheet

= Inteld Core™2 Duo Processor ES000' and E7000'
Series and Intell PentiumO Dual—Core Processor E5000'
Series Thermal and Mechanical Design Guidelines

< Cost FunFan—plus—Heatsink “Optimization” -
Mechanical and Thermal Design with Reality
by Catharina R. Biber

“» Heat transfer 2nd edition by Yunus A.Cengel / Mc Graw Hill

“» Introduction to Optimum Design by Jasbir S.Arora / Elsevier
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