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Abstract: To further increase the thermal conductivity of polymer composites, a multi-scale numerical prediction
method was applied to investigation of the CF flow induced orientation in micro-injection molded
polyamide/carbon fibers (PA66/CFs) micro heat sink as well as its influence on the thermal conductivity of
composites. Firstly, the Moldflow was used to determine the orientation tensor of the CF, the Comsol Multiphysics
was used to develop the corresponding micro cell of the composite , and an orthogonal experiment method was
utilized to study the effects of processing parameters including melt temperature, mold temperature, maximal
injection pressure and injection flow rate, on the thermal conductivity. Then, on the basis of prediction data
analysis, the optimal combination of the injection molding processing parameters was obtained. Finally, the
optimal combination results were confirmed using simulated experiment, which verified the feasibility of the
proposed multi-scale numerical prediction method. The results show that the influential parameters in descending
order of importance are melt temperature, injection flow rate, maximal injection pressure, and mold temperature.
Moreover, the obtained optimal combination of the investigated factors is identified as the melt temperature of 360 °C,

mold temperature of 70 °C, maximal injection pressure of 220 MPa and the injection flow rate of 3x10™* cm?/s. In
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addition, the maximal variation of the flow-induced thermal conductivity is determined as 0.36 W/(m-K), which is

1.5 times that of polymer matrix. The findings in the present work provide theoretical basis and data supports for

further increasing the thermal conductivity of polymer composites from a new viewpoint of processing control.

Key words: polymer composite; micro heat sink; injection molding; thermal conductivity; multi-scale numerical

prediction
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Fig. 1 3D model of gear-shaped micro heat sink
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Fig. 2 3D mesh model and sampling positions for the micro
heat sink
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Tab. 1 Investigated factors as well as their levels
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Tab. 2 Simulation conditions and results based on the
orthogonal design
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Fig. 3 Rheological property of the PA66/CFs composite
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