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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present study, the mixing of two incompressible miscible fluids with different density and
Received 17 May 2016 viscosity has been investigated in a two-dimensional microchannel equipped with an oscillating stirrer
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Available Online 14 August 2016 in different excitation frequencies. Although most studies in the field of fluid mixing have studied the

mixer performance when the two fluids were absolutely identical, the mixing makes sense when two

fluids have non-uniformity such as different temperature, concentration or properties. The aim of this

seii‘?:gds' study is to evaluate the effect of various properties of the fluids in mixer performance and mixing value.

Mixer Simulation has been performed in Re=100 and Sc=10, between 0.1 and 1 Strouhal number by using

Microchannel element based finite volume method by means of commercial code CFX. Mixer performance has been

\D/iesncso'g’ty evaluated in three different modes: mixing of two identical fluids, mixing of two fluids with different
density and mixing of two fluids with different viscosity. The results show that, mixing of the fluids
with different properties leads to change in mixer performance, and has unique performance in each
case. In comparison with similar properties fluids, mixing of fluids with different viscosity and density
show lesser tendency in mixing. It has been shown that variation of Strouhal number has lesser effect on
mixing index changes. The ratio of maximum mixing index changes to base mixing index in the case of
different density and viscosity is 54.01 and 51.15 percent, respectively, while the value is 577.94
percent for the mixing of similar fluids.
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Fig. 1 Schematic view of micro mixer with an oscillating stirrer
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Fig. 7 Developed velocity profile at R=0 and comparison of the
developed velocity profile for the present study and analytical
Solution at R=1.5
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(b) Diagram of mixing index at 0.1 < St < 0.5, (c) Contours of concentration distribution at 0.6 < St < 1, (d) Diagram of mixing

indexat 06<St<1

30 bl jasle Jleges (0) 0.1 S St <05 Jlag,iul sue odgamme jo cbilé Lol (W) 1 (S=1,R=0) LS oles b Jhw 90 LM 8 Sl
Jlog il doe s3game o LM asls Jlages (3) 0.6 < St < 1 Jlogiwl sae 0dgame jo clale 19ul5 (z) 0.1 < St < 0.5 Jlag il sae sdgamme

8 osloib 16 0753 1395 LLT .y 0 il i

06<St<1

114


https://dorl.net/dor/20.1001.1.10275940.1395.16.8.35.2
https://mme.modares.ac.ir/article-15-10294-en.html

[ Downloaded from mme.modares.ac.ir on 2025-04-04 ]

[ DOR: 20.1001.1.10275940.1395.16.8.35.2 ]

VoD 9 (5 S Slxw

ol ilwgs U jed 4 Juze JLLT9 5o 53 )3 wglitio v i) 9 I b Yl 93 LWAT 533e )

Seugy LYW lie 0.5 Jlade 4 Jlog sl sae jisl38l Lo ,S snaliv
Sty Sl wald lade cnl 5l Ao & Jlag il sue (2al331 L g asly
Jlegital sae e pitad LW (e 2alS 5 Gal8l )3 (005 Jlns
<8)5 5k o (Dlgy) aly I3 (asls Glsie 4 o5 ol 0.5 Ggllas
5 osllas Jlagmul sas 5l Jlagiul slael (235 alols 156 ol st
5,5 oaalin 3 Jsaz 10 olei oo |, LS

Oliee 20l5 45 350 950 (al wals lsie B 9 2 Jgoor 50 anlie b
o 6o Sy el Sgline Jlows 90 Sz a5 > 45 LSS
a5 wloyoo |y Egdge ol 3 3 Cend Gy SalS Jlow 95 &5 > &
Jbw g0 &8 b & s el Sglite Jlw 93 JBs &5 > 0
Jhw 30 LS 5 6,05 b Jlogsial sue enl LSy SIS
5 Oy i Sglice S oLl Jls 39 o5 I gl 1058 o
e Lol sl 0y Glasgi 0)90 S Ll 0.8 Jlag sl soe 5l L3 JUS
Slpesd S 0y Glusgi 050 Se bl Dpss 08 Jlog il d0e
0)55 3| oy Sl AL oy sl 0)e0 i (sl &5 Lol Wigd s ol
g oo ol (T =1Ts) o ol

Sy 955 5 Slogs S G p d, Hal sl 2 e Gle wlo
wedls oJlow (JB Gl 51 (LA gl Gl elen 4 Jlw @
ol wedier Jlew [, 50 Sl b JuiS 4 e (ol SR
Obea boplp ol ol o)ly (69500 5 Slog Copm 4 o> UL Sl
Gty e S5 5l Gl Gl 5w e i (1S Ty ((Slugs ey
Sy Glod b ply Slpss QU 5 Ll @S Jbw 4 00)ly Slag
AP el e it jdd Sy 85 0900 saie O ) Slug
3 eS g JUS S o lawgie Ce gy (JUIS 5 alais SO o LS
35 Hlgs gl 0,90 S g w0y Jawgy Jlew 45 08 ly Sless e
Syden (T = nT) 0y Slluogs oglis 0590 Wiz b ply o yuicie

U605 Jlog sl sae yo /D = 11 abaii (o .05l b Jlag yil
oty DS asls b 5l am 0.9 Jlbg il sae 5 g abais oyl
ity ol o 4 azel Ll )l L Jlag il plo 4 o |, el
I s, JUIS oy 50 5 Job yo amly als 3 o1 j0 o8 ol Slag
Iy o Slae oy i 0.5 Jlag,iwl soe abi cpl 51 L3 6 s o .08
xe 055 co sanlie LS| asls Jagas j a5 jebilen Ll wcasls
el sl ¢ cwl atila ol Olpess a4 dhai cpl 5l LY
39.14 x/D = 11 ahis o LMl Ladls 4 Cand (9,5 0 LMus
Ao, 64.349 (M1 0.9 Jlog il sae 10 a5 5 so 40 adl e doyd
5 Job 5o a3 0.9 Jlagrwl sae ;0 sas 0 lis (pl g ablb o
018 bglie 0t odalie o5 jsblen WIALES (5 i Ay JUI e
Oy e oo 00l Collae Jlog iwl sue a5 0.9 Jlagul sae o
sas o LMl asls il b g wl ple 4 cad 1) o Slee
5 53 (DIy) aly BEST (a3l Slyie & s 5o opllan Jlag i
sllan Jlog il sae | Jlog il olael 555 alls b 55500 45,5
Wi gy &S S 005 cdnlin 2 Jeaz jo lgi se 1, LS
5 el (Ts) 03 Glogi glis 0,58 S5 b canlizte JUS po Dyt ol
Lyl 35! sl LS50 b el (T) 65503 ol 4
Orizpen ol ot 4B L 0 (T =Tg) 0y lags slis 0)90 S,
ol oyp0 gl o "3 USE" sillas ond esls lis clilé gl guls

iloas ool Lz (£ =0) op

rgliia K b Yoo 90 L3S -3-4
SSles g LS Jlw 95 J&> 39 Ol 5B 23wl o
Mg g clile Lol g 008 JI3 (omyn 3y90 oS bgle
b 90yl &5 s Gl (Jgyal sae 10,0 bMus! a3l
"9 S5 5 1, wies (S = 25,R = 0) oglite byl Jx Ll LS

sae 990 julsn, sae jo JUS 29,5 0 al bUS asls 4 ¢ (S = 1,R=0) (LS olss b Jlw g0 LS UINMISLWI)ﬂZ Jeos

A0 sl

Table 2 Increase or decrease of the amount of mixing of the two fluids with the same properties (S = 1, R = 0), to mixing index at outlet

at Re =50 and Sc = 10.
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Table 3 Increase or decrease of the amount of mixing of the two fluids with a various density (S = 2.5,R = 0), to mixing index at outlet

at Re =50 and Sc = 10.
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Fig. 9 Mixing of the two fluids with a various density (S = 2.5, R = 0): (a) Contours of concentration distribution at 0.1 < St < 0.5, (b)
Diagram of mixing index at 0.1 < St < 0.5, (c) Contours of concentration distribution at 0.6 < St < 1, (d) Diagram of mixing index at
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Fig. 10 Mixing of the two fluids with a various viscosity (S = 1,R = 1.5): (a) Contours of concentration distribution at 0.1 < St < 0.5, (b)
Diagram of mixing index at 0.1 < St < 0.5, (c) Contours of concentration distribution at 0.6 < St < 1, (d) Diagram of mixing index at 0.6 <
St<1
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Table 4 Increase or decrease of the amount of mixing of the two fluids with the various viscosity (S = 1,R = 1.5), to mixing index at outlet at

Re =50 and Sc = 10
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