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Numerical Analysis of the Flow Field in a Y-Type Micromixer Using
Moving Particle Semi-Implicit Method

WANG Feng., SUN Zhongguo, LIU Qixin, ZHANG Kai, XI Guang

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

Abstract: The flow field of a Y-type active micromixer with an impeller and two inlets is
numerically simulated using moving the particle semi-implicit method, in which the fully
developed velocity inlet model and the moving boundary model are combined. A high efficiency
inclined continuous inlet model based on position judgment is proposed. A local mixing rate
calculation method, which can describe ideal ordered mixing. is defined, and the key parameters
of this method are determined through numerical experiments. Simulation of the flow field shows
that for the continuous mixing of two immiscible liquids, the mixing mainly happens in the
counter current region of the chamber. The mixing index at the outlet channel fluctuates
periodically due to the multiple effects of continuous inflow, rotation of blade, and geometry of
this mixer. This paper reveals the mixing mechanism and the transportation process in a steady-
state period, and studies the influences of inlet velocity and rotating speed on mixing index. It is
found that the mixing index can be improved by properly reducing the inlet flow rate or increasing
the rotating speed, but the mixing degree will decrease if the inlet flow rate is too small.
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Fig. 1 Concept of the fully developed velocity inlet model

T A~ B[R] 25 U AT I 1 11 R OT A% N 2 A
25, 7 R 23 WIS IIHT 9 0 11 AR
1.4.2 #okERIiES 55 FXE NIRIERA
TR A i o) I 3 T2 43 A Wl J2 38 49 i o B AR, i
BWEAN 1 mm 0 48 58 EIEATIE . S N RAR
BHNEE N 1X10° m* /s, B)JE K1 000 kg/m’, @
MR A 0.119 m/s., 7EBESE M 0.2 mm A4bi% B 3
BT R M T . BEE 4 Fh 4> BER 0. 03,

0.04.0.058.0.09 mm PEfFiT& ., 45K 2 Fias.
Wit b T ELAR /)N 0 A S B S (B Ok Bz .
ZE R R AR SCGRRCRF B2k 0. 04 mm,

018
0.16
0.14f
0.12f
Tp 0.10[ /
< 0.08f @/
) BF H &/mm
0.06 "}'/ ——+—- 0.030
4 “ee 0,040
004/ e 0.058
=t 0,090
0.02 3 14 i
0 /| 1 1 1 J
0.5 -0.3 -0.1 0.1 0.3 0.5
y/mm

Bl 2 ASTRDRLF EAR F 8 P B A0 A1 5 R R X L
Fig. 2 Comparison of velocity profile between theoretical and

simulation results with different particle sizes
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Table 1 Parameters of the present micromixer
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A 548/ mm 1
AR SF/mm X mm 0.8X3
RAEZHR/ mm 3.3

Y AL G E e A/ O 27
B FHE 3/ (rad » min™ ") 2 200
WA g/ (kg » m™*) 1000
TR/ (Pa . s) 0.01
PR/ (mos ™) 0.119
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Fig. 3 Results comparison between MPS and experiment

without rotation of blade
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Fig. 4 Concept of inclined continuous inlet model
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Fig. 5 The special situation of two-liquid mixing where

traditional calculating method of mixing leads to

wrong results
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Fig. 6 Comparison of results between the improved mixing

calculation method and the traditional one
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Fig. 7 Measuring cells” length, width and position for

calculating mixing index
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curve
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Fig. 11 Diagram of velocity vector in the chamber
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Fig. 14 Flowing mechanism of the present micromixer in a period
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poor mixing regions
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Fig. 17 Change of mixing index with inlet velocity and

rotating speed
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