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Fabrication and Testing of Liquid Cooling System for Laptop PC
Incorporated with Magnetically Driven Micro-pumps
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A novel built-in CPU liquid cooling system that dispenses with a cooling fan is proposed for a high-end
laptop PCs. This system consists of a liquid cooling jacket adhered to a CPU, a heat radiation flat plate on the back
cover of a monitor, and magnetically driven micro-pumps. First, the size of the plate and the flow rate of coolant were
determined on the basis of a thermal resistance method. Next, a micro-pump that uses a flapping elastic plate was
designed and fabricated to be less than 8 mm in height, which included a drive coil. Last, to increase the load flow rate
to the target value, multiple pumps were serially connected. As a result of a heating test, the liquid cooling system
equipped with the two micro-pumps in series, successfully dissipated heat up to 50 W.
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Fig. 1 Configuration of liquid cooling system.
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Fig. 2 Thermal resistance circuit for estimating
thermal parameters.
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Table 1 Thermal properties of radiator and insulator.

Th 1 Convective heat
. Thickness ermal . transfer coefficient Emissivity
Material conductivity 9
[mm] [W/(m K] [W/(m2 K)]
m Outside | Inside | Outside Inside
Radiator | Aluminum 1.5 236 7 1000 0.95 0.7
Insulator EVA foam 3.0 0.03 7 1000 0.7 0.7
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Fig. 3 Relationship between calculated thermal
resistance and surface area of radiator.
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Fig. 6 Relationship between convergence temperature
and flow rate.
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Fig. 8 Actuation principle of micro-pump.
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Fig. 13 Photograph of liquid cooling

system
incorporated with magnetically driven micro-pumps.
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