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To prevent from being broken CPU
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Problem statement
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• Purpose : To maintaining the temperature of CPU below 40℃.

• Considerations and assumpsions to be optimized

① Producing a number of coolers with each CPU

- Cost must be minimized

② Cooler(Fan + Fin)

- The number of fins ∝ Total mass

③ Steady operation

④ No heat generation in the fin

⑤ Thermal conductivity and heat transfer coefficient are constant.

⑥ Fins are long straight fin because the thickness of fin is small value.

⑦ Curvature of fin is considered to expand area of fins.
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① Air 

Tinf = 28℃

hair=100 W/m^2∙℃

② Cyilnder(copper)

kcu = 400W/m∙℃

Tcyilnder = 40℃ = const

③ Fin(aluminum)

kal = 240W/m∙℃

ρal = 2702kg/m^3

④ Heat

Qelect = 65W

① Air 

Tinf = 28℃

hair=100 W/m^2∙℃

③ Fin(aluminum)

kal = 240W/m∙℃

ρal = 2702kg/m^3

② Cyilnder(copper)

kcu = 400W/m∙℃

Tcyilnder = 40℃ = const

④ Heat

Qelect = 65W

Air

Fan

CPU
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90mm

36.44mm

⑤ Radius

Rin= 18.22 mm

Rout = 45mm

⑥ Length of fin

l = 5.1927mm

⑦ Height of fin

h = 26mm
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⑥ Length of fin
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⑤ Radius
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⑧ Temperature of CPU

Tbase = 40℃

⑨ Range of fin thickness

w ≥ 0.15mm

⑩ etc

Afinned ≤  Aside,cylinder

⑨ Range of fin thickness

w ≥ 0.15mm

⑧ Temperature of CPU

Tbase = 40℃
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• Design Variables

n : the number of fins

w : thickness of a fin

• Cost Function

Cost ∝ Mtotal = Mass(al) + Mass(cu)

constant

∴ Minimize f=Mass(al)=ρal∙l ∙h ∙n ∙w
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• Constraints
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• Graphical Method
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Conclusion
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• From the optimum design

n=78, w=0.00015 m

f=0.042134 kg

• w is the least value of the range of w.

• Governing feasible region to minimize f is determined by g1 and g3.
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Comments
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• The value of h can be a variable value by the fan. 

If h is 50, n increases to 110. So f is 0.059656 (< 0.042134).

Therefore the role of fan is important to minimize the cost.

• If we don't assume the temperature of core is uniform,

the problem is more complcated and the cost is going up.

• In this problem, the curvature is constant. but it can be a variable

value. If we handle it, the number of design variables will be three. 

But its effect is small, so we use lmax when the curvature is largest .
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• www.intel.com

Intel® Core™2 Duo Processor E8000¹ and E7000¹ Series Datasheet
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