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Liquid Cooling System Using Planar ECF Pump for Electronic Devices

Woo-Suk Seo”, Young-Bog Ham', Jung-Ho Park’, So-Nam Yun' and Soon-Young Yang“

ABSTRACT

This paper presents a liquid cooling concept for heat rejection of high power electronic devices existing in notebook
computers etc. The design, fabrication, and performance of the planar ECF pump and forced-liquid cooling system are
summarized. The electro-conjugate fluid (ECF) is a kind of dielectric and functional fluids, which generates jet flows
(ECF-jets) by applying static electric field through a pair of rod-like electrodes. The ECF-jet directly acts on the working
fluid, so the proposed planar ECF pump needs no moving part, produces no vibration and noise. The planar ECF pump,
consists of a pump housing and electrode substrate, achieves maximum flow rate and output pressure of 5.5 em’/s and
7.2 kPa, respectively, at an applied voltage of 2.0 kV. The forced-liquid cooling system, constructed with the planar ECF
pump, liquid-cooled heat sink and thermal test chip, removes input power up to 80 W keeping the chip surface
temperature below 70 C. The experimental results demonstrate that the feasibility of forced-liquid cooling system using
ECF is confirmed as an advanced cooling solution on the next-generation high power electronic devices.
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Fig. 4 Fabricated planar ECF pump
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Fig. 5 Definition of design parameters

Table 1 Specification of electrode designs (see Fig. 5)

Substrate L B. L. L, No. of
No. (m) [ (um) (um) (um) | stages

1 35 100 200 900 212

2 35 100 300 800 212

3 70 100 200 900 212

4 35 70 200 960 212

S 35 100 200 400 344

6 35 100 150 450 344

7 35 100 150 300 424
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Physical Property FF-lenaz
Density [kg/m*} (15TC) 1.688x10°
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Boiling point [C] (1atm) 210
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