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[ )
Q fin Actual heat transfer rate from the fin

(I ~ Ideal heat transfer rate form the fin

Qfinmax If the entire fin were at base temperature

Qin = MinhAg, (T, = Tyi)
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Source:Electronic cooling
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Figure 3. Processor Thermal Characterization Parameter Relationships
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nergy & Resources Laboratories Subject to concentrated heat sources

To investigate the influence of the heater size

(concentrated heat source) with and without vapor
chamber.

Comparison of the heat spreading ability of the vapor
chamber and those of copper/aluminum plate

Three heaters with different sizes were used: 40 x 40
mm?2, 20 x 20 mm?, and 10 x 10 mm?

Input power: 50 W
Frontal air velocity: 3, 5 and 7 m/s




Airflow

Heat sink
— L e Schematic of heat sink

Base block attached on the base
— block
Heat

e Three block were used:

vapor chamber, copper
and aluminum plate

e Thermocouple (T-type) location on
the top surface of the base block

e . thermocouple location




d Heat sink and the base blocks

e The attached heat sink: 21
fins.

* Fin height: 20 mm
e Fin thickness: 1 mm.
Base blocks (from left to

right: vapor chamber,
copper and aluminum plate)

Thickness: 5 mm
Length: 86 mm
Width: 71 mm.
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o Surface temperature rises and thermal resistance of each base block
under different frontal air velocity

e Heater size: 40x40 mm

U@s) T (C) Ty (C) Ry (C/W)
Vapor 3 22.5 20.61 + 0.34 0.041
17.8 15.85 0.31 0.040
15.1 13.06 0.32 0.042
23.2 20.64 1.10 0.055
18.7 16.07 1.10 0.054
15.6 13.26 1.08 0.054
24.8 20.50 1.33 0.095
20.3 15.97 1.28 0.093
17.6 13.25 1.26 0.089

chamber

Copper
plate

Aluminum
plate

5
7
3
5
7
3
5
7
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e Heater size: 20x20 mm
U (m/s) Tt (C) Tio (C) R ('C/W)

Vapor 3 244 20.36 + 0.36 0.088
19.5 15.34 0.35 0.089
16.9 12.71 0.33 0.084
25.1 20.48 1.23 0.100
20.6 15.89 1.22 0.100
17.6 12.90 1.18 0.099
30.0 20.48 2.36 0.208
25.5 15.94 2.38 0.202
22.5 13.24 2.34 0.188

chamber

Copper
plate

Aluminum

plate

=1 h [ =3 h | =] h
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e Heater size: 10x10 mm
U (m/s)s i (C) Tio (C) R (C/W)

3 31.8 20.22 + 040 0.251
26.5 15.24 0.42 0.240
23.4 12.48 0.44 0.226
31.5 19.55 1.56 0.270
26.8 15.10 1.50 0.250
23 .8 12.40 1.45 0.244
35.7 20.17 2.72 0.343
30.8 15.38 2.65 0.338
28.1 12.76 2.62 0.325

chamber

Copper
plate

Aluminum

plate

=1 h | =1 Lh | =] Lh




 The root mean square and the maximum

difference of the five measured temperatures on
the top surface of the base blocks.

e ol

U=5 /e | Vapor chamber

U=15m/s |-& Vapor chamber
—4— Copper plate

—4— Copper plate

—&— Aluminum plate

1.55 — N

U | ] |
10 20 40

Heater length (mm)

)
T

[E—
Maximum difference of Ttop (°C)
.

—&— Aluminum plate

r.m.s of Ttop (°C)

-2
T

- : = _u

10 20 40
Heater length (mm)
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T Discussion (Vapor chamber)

When compared to pure aluminum and copper, the vapor chamber has the
lowest thermal resistance due to its excellent ability of heat spreading.

The thermal resistance (both conductive and spreading resistances) becomes
larger when the heater size is reduced.

The heater size has a significant influence to the temperature distribution of
the Cu/Al plates, but has only slight effect on the temperature distribution of
the vapor chamber.

The room mean square of the top surface temperature is smallest for the
vapor chamber.

The vapor chamber has better heat spreading ability than copper/aluminum
plate.
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1. A. Faghri, “Heat Pipe Science and Technology”, Taylor & Francis.
2. G. P. Peterson, “An Introduction to Heat Pipes”, John Wiley & Sons.
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