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Study on the Thermal Behavior of
Immersion Cooled LED Lighting Engines
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Abstract: This study is aimed at investigating the thermal behavior of immersion-cooled high power LED

lighting engines. 3D CFD models have been generated for the numerical analysis. Five cases in terms of

the configuration of LED chips have been explored for various passive cooling conditions of the lighting

engine, i.e., the natural air convection with a lens, the natural air convection without a lens, the deionized

water-immersion cooling condition with a lens.

The numerical

study reveals that the deionized

water-immersion cooled lighting engine has nearly twice better thermal performance than the natural air

convection cooled lighting engine containing a lens. The investigation has also demonstrated that the four

chips configuration has the better thermal performance than the single chip configuration.
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Fig. 1 The thermal model of a LED lighting engine
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Fig. 2 Configurations of the LED chip array
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Fig. 3 Flow fields (a) at a LED lighting engine and
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Fig. 4 Temperature fields (a) at a LED lighting
engine and (b) near LED chips
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Fig. 5 Temperature values of the LED chips and the
air inside the lens of a LED lighting engine

for various configurations of the chip array
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Fig. 6 Temperature values of the LED chips of a
LED

configurations of the chip array
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Fig. 7 Temperature values of the LED chips and the
deionized water inside the lens of a LED
lighting engine for various configurations of
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Fig. 8 Thermal resistances of LED lighting engines
associated with various cooling methods for
various configurations of the chip array
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