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Topology Optimization of the Channel Structure in Microfluidic Chips

DONG Xin, LIU Xiaomin

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In order to study the influence of non-Newtonian fluid viscous effect on the channel
structure design and layout of microfluidic chips in topology optimization, an optimal topology
design is proposed for the “double-in-one-out” microchannel structure with different flow length
design domains. The topological optimization of the microfluidic structure for Newtonian fluid
and non-Newtonian fluid is carried out by density method. The effects on topological structure of
two different objective functions, including pressure drop function and energy dissipation function
are analyzed. The optimal structure and viscosity distribution under different conditions are
compared. For non-Newtonian fluid, an improved cross viscosity model is used. The results show
that the viscous effect of non-Newtonian fluid is independent of the convergence point of the inlet
double pipes and the length of the flow channel at Re=0.1 (Stokes flow) when the objective
function is pressure drop. The optimal topology of non-Newtonian fluid is similar to that of
Newtonian fluid at Re=100 (Navier-Stokes flow) and the confluence point of inlet pipes is moved
backwards with the increase of channel length. When the minimum energy dissipation is set as

the objective, the viscous effect of non-Newtonian fluid at Re= 0.1 shows that the flow inlet
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angle decreases with the increase of channel length. In the optimal topology of Newtonian fluid,

the outlets of the design field are double-pipe outflows. in which there is no convergence point in

the short pipe and square pipe. In the long tube, double inlet tubes are merged into a single tube

and then split to form an oval ring structure.
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