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A numerical analysis of an active micromixer with the oscillating stirrer at the
different aspect ratios by LBM

Hojjat Khozeymeh-Nezhad, Hamid Niazmand®
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present paper, a numerical simulation is performed to analyze the aspect ratio (AR) effects of a
Received 26 May 2017 rectangular stirrer along with two other parameters, dimensionless frequency (St) and amplitude (K) of

Accepted 27 August 2017

Available Onlin 22 Septerber 2017 stirrer on the mixing efficiency of a straight microchannel by LBM. Results showed that at low

amplitudes mixing efficiency is slightly influenced by the AR at low values of St, while for intermediate
values mixing efficiency increases with the decrease of AR. Moreover, at large values of St, mixing

Keywords:

Active Micromixer efficiency reduces with the increase of AR up to 0.5, while it increases at larger AR values. In the limit

Oscillating Stirrer of large amplitudes considered in this study, efficiency increases with the increasing AR up to 0.7,

Aspect Ratio while decreases after that for high values of St. However, for low and intermediate values of St, mixing

LBM performance is more efficient at lower values of AR. Furthermore, it was shown that in low frequencies,
the mixing efficiency decreases and then increases with the increase in AR for all values of K such that
more efficient mixing occurs for AR closer to one. In higher frequencies, mixing efficiency decreases
and then increases as AR increases in small value of K, while this trend becomes inverse at large values
of K. Generally, for intermediate values of amplitudes, AR closet to one corresponds with the highest
mixing efficiency.
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Fig. 2 lllustration of the velocity curved boundary for D2Q9 lattice.
Black circles (@), empty circles (o) and gray circles (#) denote the
nodes on the curved boundary x,,, the boundary nodes in the fluid
region x; and solid region x,, respectively [18].
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Fig. 10 Mixing efficiency variations in the micromixer outlet vs.
Strouhal number at the different aspect ratios of stirrer and K = 0.5
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Fig. 11 Mixing efficiency variations in the micromixer outlet vs.
dimensionless number of oscillation amplitude at the different aspect
ratios of stirrer and St = 0.1

aals dm g dae hlie jo Fhelsey, 2,5 0 LS ool il s 11 0
St =0.1 5 ;00 alize g ke slocand o lug

(@) K=0.1

f

S VT - Y N Y -

Fig. 12 Concentration contours at two different oscillation amplitude
(@)K=0.1and (b)) K=0.5in AR =St = 0.1
(D) K=4(a) K= 0.1 cilseo Loy acels g0 0 cdale gla,guls 12 JSC&

AR=St=01 ,505

95 —— r - . — -
AR=0.1 e

90 [ ---- AR=05 P N T~
I — - — AR=0.7 e LR
85 [ -—-—-—-AR=09 /.~

pue (%)

PRI Y

PR

P R

0.1

0.2

0.3

0.4

0.5

el 0093y

e S 5g8 -7

(rad) (3o Glug ails A

(M) Giep Jsb caas o3l a

Oy 6 ke S AR

(M) (300 250 ciuai o3l b

Jow cdile c

(MS™Y) 3 gsSms S ey o301 c
(m?s™1) oy A5y D

ALl alizee Dl o ol cepu e
e o dolre )3 0,8 auje8 AU f
6 Gyen ouilS 2 fo

clale aolas )0 0,3 398 &5 g
(M) S bgles, elis)| H

Oy Glugs day g aield K

(M) Fbsless, b L

s o sl sl o o m
sy Aolre (gl Jlal s yilo M

425

K
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