160-151 yoyo (11 o yloss 17 093 1396 yous ()30 SHilSo W Ii4o dlxo

g3 ale dolinle
O 3 Sl (witigo

mme.modares.ac.ir

I

TG

T bt OVhw LIWS1 9 Lyl T Ob > J1 (300 9 228 (i

A

O 5y (o)) csimed plol 8oL sy ¢ oMuslaljl oltsl (SlSo uwige ¢yblio]
tohidi@iausr.ac.ir 18155/144 i, oo (g5 #

sasSs Qo SleYb!

Jo imgsy

1396 5,005 17 :cdly o
1396 ;40 05 : 54y
1396 ubi 19 ol 2 &l

5 Jold (jem Casl 00 (w5395 5 (225 Sipo Pl Ol 0jen S 09 BUBI  Slusdl ploale 1 5L adllas
O &8 ool 28 U8 i by Wygiyy (s e g lFn o (e & Cul (590> alae s b slalgial plind S5 5 5559,
@9 8 B (390 polal C 9 S5y 30,5 B Jl 275 Cge 4 jen 3)Skes 2 (lshE )8 (29l 5 (23 @l

230 G (228 @l 35 s 0)lSl5y abolie g dslone Jlow (sl gloll (SuS ilen LS 5y S50 slajio)l 55 305 &9 b5 k5
g 2 @ @ Jbw @3 g @by Gl olej ok )3 LIST s (215 bygis) (Sgd e & 008 Jlosl g ilizél b Slagal o3en
@ rles G3en (9,0 Ol sl it la5ig) (i3 s & (oIS Ao S 35 9338 (il S - Spdioe i (e Lok
05 03l bt Sl sl lall (SasS e dwlone b (peiomeds sl Slingdl by wiee sloaasls 1 (S pol () <8 ol 4yl Ll & St Jlow

el ol

ole meplio ollyy 38 ol ) 03l (6l 2 a8l Shgdld b & o Slugdl i ) (S8 ol bawgie e &
Ot (Bpae (5551 GRIF G g Slemr SVl bS] 53 0l 593 slaen ety Yl Sl y> gl (6)95 208
ool 4Bl (6 S ik

Experimental and numerical investigation of effect of chaotic flow on mixing of
highly viscous fluids

Amir Tohidi

Mechanical Engineering, Yadegar-e-Imam Khomeini (RAH) Shahre Rey Branch, Islamic Azad University, Tehran, Iran
* P.0.B. 18155/144, Tehran, Iran, tohidi@iausr.ac.ir

ARTICLE INFORMATION ABSTRACT

In this study, the effect of chaotic advection on laminar mixing is analyzed experimentally and
numerically. Mixer includes two circular rotors and a circular stator such that that rotational speed of
each rotor could be controlled by time. This kind of mixer is widely used in the food and
pharmaceutical industry. The performance of the mixer was investigated experimentally with dye
Ke - injection and image recording. Moreover, the effect of chaotic flow on mixing numerically is studied
ywords: . . . N . . s A .
Chaotic mixer qualitatively and quantitatively with Lagrangian fluid particle tracing, calculating the stretching rate of
Mixing fluid elements and Poincare sections. The experimental results indicate that as a result of applying
Highly viscous fluid sinusoidal perturbation on rotational velocity of rotors, weak mixing zones will disappear with the
Laminar flow passage of time, and fluid particles will be distributed uniformly in the surface of the mixer. Numerical
simulation shows that the mixer flow is sensitive to initial condition when rotational velocity of rotors is
variable, and this is one of the important factors in chaotic flow. Furthermore, calculation of stretching
rate of fluid elements indicates that average exponential value of fluid elements stretching in the chaotic
flow is two times more than non-chaotic one. This research, based on scientific concepts and theoretical
application of chaos in fluid mechanics, denotes that the efficiency of low-speed mixers in highly
viscous fluid mixing is increased without any increase in the consuming energy.
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Fig 1 Chaotic mixer geometry
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Fig 4 Dye mixing in the mixer with constant speed of rotors
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t=480 s t=540s

t=600 s
Fig 5 Dye mixing in the mixer with sinusoidal speed of rotors
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Fig 6 a- Divided geometry b- Mesh of mixer geometry
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Fig 11 Streamlines for mode 1 (sinusoidal speed of rotor)
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Fig 14 Poincare section of fluid particles trajectories in a) non-chaotic
mixer b) chaotic mixer
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Fig 15 Phase state of fluid particles in a- non-chaotic mixer, b- chaotic
mixer
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