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Abstract
Mixing with the aim of producing high-quality and homogeneous Received: 14 April 2024
products is one of the important processes in chemical engineering. Accepted: 23 August 2024

Mixing is usually performed in stirred tanks. The rotation of the stirrer in Page Number: 148-160

the stirred tank creates complex turbulent flows. Numerical simulation of
such flows is challenging. In general, the numerical study of turbulent
flows is performed using three methods, including Direct numerical
simulation, Large eddy simulation and Reynolds averaged Navier-Stokes
equations. Large eddy simulation is placed between the other two
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methods in terms of accuracy and computational cost, and with Keywords:

the increased computing power, large eddy simulation has received much Mixing,

attention in recent years. In this article, the research papers conducted on Stirred Tank,

stirred tanks using the large eddy simulation method have been reviewed. Computational Fluid
Different models are compared and the most suitable models in large Dynamics,

eddy simulation of turbulent flow in stirred tanks are presented. Large Eddy Simulation
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6. Scale-Adaptive Simulation (SAS)

7. Direct numerical Simulation (DNS)

8. Reynolds Averaged Navier Stokes (RANS)
9. Low pass

1. Computational Fluid Dynamics (CFD)
2. Large eddy Simulation (LES)

3. Smagorinsky

4. Lily

5. Wall-Adapting Local Eddy-Viscosity
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Figure 1. Separation of turbulent flow structures using
computational grid [7].
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5. Sharp Cutoff
6. Eddy Viscosity
7. Boussinesq

1. Subgrid

2. Convolution
3. Box

4. Gaussian
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Figure 2. Comparison of predicted radial profile of turbulent kinetic energy dissipation rate at impeller
center line with experimental data [36].

Ol jadein; sae Sl saalin Bus b calize jolgn, sae aw
38l b as sloylias ilwancd el gl s, Sl oL >
D9bse g Balo S Sl ki g, s0e

3 Selins (59,005 i S 5 IFF] LS ¢ Flacal>
ot 8l S sleadls 5 jlvan s by, Sl
Lagyl a0 Sesliwl Jlscy s Lol jo Slule g5lo,Ren
a00,S Sbyl s S e des Hrer iz L SH LS oSO
g 9 Slo Gladid b 9idl, gy (Fen E98 90 (iR
Wddwolio OYLie )0 55240 @muﬂ =i b gilwans
wWlale silwiXen by jed cuS 5 5976 g olaws 3G ¢ yupns
Gl g,y aS sloglis o« lgipo g o gy
Gl (Olwle Loy g SYeb 0529 L o5 )5 sloah
o)l iyl mli b e

0l pogle g Canl (BT gy S 0l ( Sty y95 Lowsl b
e ol (8 el ol Al JS 5 G 58,5055 ,0 2
09_.»6.4 —OyeR 6L°°J" J|)Jo| ‘_gL&:d.]Lub S O ua9.«4.’>du
St el (Sl 50 (S iy joS Lol o, slosla il
Sy A Ol L) ey o labade 16
IS GEIWETRY 1 DUW) g SRS R PN UMDY V] -SW) IS WWE TV 3 DO
9 9S8 ot Ol Sla SRy eluln Cs o pd (Seslos
2= Sl ySodzmn 0Ly LS, a5 e (003 50 whigh

[EPTR: JSEIe ¥} sk’)_ﬂ 09 ...S_;SG.«G\)‘ ok, QL\,:.A )‘| S e

oles g aiz by pem 0 pl8 S1IYA] S 5 ' S
boasls 5 (gilwand (s, sleslaiull ol > Glase 9 LS
)5 (g 2 (2275 P9y 9 SR

Cs oo (53,5 a5 o cli o lasliwl (S o5 Lol Joo ;o
blyd 5o pbMis 0l laghier (Gmptn 0 (B el
- Sl glaws, by ols lalgs o035 aiile —calise
S IV e 5 Ty ie o oSt ol U (sl [Fe Togi oo
60 S o0lisal Sty 5o ol b sty e > S
288D elade QA (e 52 Al el (Jose 00
és_wu’.o L)L"‘ ‘od_u& Z—MT 61.‘2&».: 9 liseo ).J.J C.la.w 99
Aol [0 aSd ) (wlide sloyias oS aoo cop)lis Jow ol ol
oo Sl 5 wis e aunl pl)T Gl yz o Lo jlps Soo3
LgLQoo‘.) )‘oQLL._M:"J ‘J.\_,o u_>| ...\_S)L) 4\_._>L: u_>| 00 (Tt
Ciyllae JULIS 1o b (b ,m b pudices g00e (g5luands
.J)L) LS’?

ST ol S slaalsS sileans [FY] 1K 5 T
ol s (St j3Slosl Jae 5l oyl 030 S gy o 1) Jlog jem
Sld—ols zuls ais Seolaiwl aSls 5 slo ulide (3l Jow sl
5 Al O3 gal miwcs ju ol sbrosls b (g 5lwanc
Gl o0 s, Soilasl b Slalxe gl a5 adosslin
s [FY] S 5 gm0 dalllas )3 0,00 9

Sl [y Bk g Jbpiee SSU Sy yo plyr S slaals S

4. Jahoda

1. Meng
2. Germano
3. Yoon

(\-€) 39w 9 300 0 lauhs — @)l gumnmmss Jw — Ul Gomhs (wSdae & i

- IRV L]

VEA-NE o — Sl pas g g3lb (5 Ra

I

P

e QL= (8338 o) 2 D



VEA-NE o = Ssl3] pas g g3lb (5 Ra

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

e O ($338 (w2 03 S jw 1D S Gilwdads Ghg) S S

il by 3l 095 dalllae ;3 [FV] o) Sem 5 59,8 -
apeme G S 5o Sl gl Ol Jo sl S sleals S
s Liaalin s gl s, Soslicial (y5nil, wysh (ypad
Sholis s> cdillas (LS o

S 090 b S el T ileans [FAl ) Sen 5 %)
Slaplase,Sallly BBl 5 o52ily (shnysd 0508 arjgeme SIU
S a5 (gilmans gl el (ulie Joe
Yol judgn; 6,5 lawgie g, Ly bl 5 wis Seolatul
s Gulydlas slolis b ais Sanglae LLL (oS gl - 598
o Sdes ((lad ulde Juos losliiully (Slwls 405 5
oS gl = g8 DYl jgin ) (6 S lagie By, Al e
2 =l 5 6y Sz 5 S sbeadlie Sl ss ol LLL
[fa] o) Lsan o atlige om0 slmosls Lawslia,s (F) o
=78 sosls A aoday ubde (gileand casloadasl)|
SYole jadsi ) (6 S lagio by, gl Loawlie o
L5 oI5 b s 55 B Syl LU S yil o
L osma LLU (S gl - ngh o¥olas jalsi ) (658 laugie (o)
Slvcalas o, slaosls

sl Moatlaz Bls 5 (gilaand by, 5l [0 ] 1en 5 ¥sS
b LS sl 2 090 slp yen slooy de (Ab e
Als,5 (gilwand g, w03 Sesliiul oy an SSU S 0
SYolse jaden, 6,5l wgie b9, Lo Jos jl oo dlos
S GBS 85l 4 a8 iblia 45 a5 coul WSyl - 55
Js— 8 am il ) oS m slaals )5 (giluancd S, 08
275 sloosls Ly mls dnglie S g0 i 4y (ol
345 Wiz a6 93 Lis s 5l Jow 45 slsples
= gl L B IYL s, shael o Sk Lulps (5

4, Ramirez-Cruz

5. Rave

6. Montante

7.Gu

8. Detached Eddy Simulation

oSl lloms gl Gilides oo, Sy y5Slow]
Lol oS ool 8 01520 (o058 0 1) 0l SE8 (3lwand
s il el Sl (St gl g, Sl 352
9D g0 3 lailiwl (S s losl (g s (gluand mlbs
L oS 39,00 Wl 5 conl as )1 ()28 @l ardms plizen
aalS s e 5] st 5530 sl ke 5,5

ol Siim slaals S (silwans [F0] ) S 5 "5 LY
Jdoa s S e Iy log e SB Sy o obdi
(Semlins g 8 lastivl (Seu o8l Jow gy slacgsgase
slanlo S (59,015 by, slesliiull 1y slasls 5 (59,015 o]
L dlie nlesyd a3 S il oo o)lp0 b 5l (ordse
PEtalol 5 (28 @l Ly o9 Blbs oo gl
1Al ,S $9,0 5 «hey oml o elples s 5 mece
g gacin a5 (Vo) olee )90

ded 3/2
(sfis;

< = \5/2 5/4
(S5;5:)™*+(s8isg)

vy = (CyA)? )

OLeslS @ye bl 53 ST 5410 L Rl g <l Gy O o a8
S 55 losl Jos 5l 095 dalllas jo [F£] ) 1San 5 "SI
Sl DS 9 (e puo glabsy olpenay T (o5 piilog,
O dmies 3)lliul s pen (55 50 (b2 Gl hrogs
ABlogue (S )55 Lol Jos oo Soslaiul edly cmyes
Olps Se035 pbMie &b 3530 (i 4238 (soleiiy (B
Ol leslatully Slawlors o IS jeboay .l 6lgss b 4y 5LS (e
Shls Gz (Jooe ol 3gb soplnil 5ol 5 & jg0h Jos
eSSy Renls g ooy mbMie slal > 4 peess Sl
= Fedazn g 6_!5|5 .]4")_“: ) ..\_"9."54 aS Lixeo R «Cl
Jow aile o8 &8Logugy Sy ;55 Lol Joo .S Jos g4
Gl 5 e5,0,5 45 gkl b el o il Sy 55 Lo

Bed sk (V) dobas & jg0a

ve = C02(|S] = |(S))) Ov
1. Lamarque
2. Mallik

3. Shear Improved Smagorinsky Model

Iranian Chemical Engineering Journal — Vol. 24 - No. 139 (2025)



| 2/T=0.098

0) 04 T T r
z/IT=10.098 {
03 4
\“
. \ T
/ = X I
TN\ 1 _

(b)

GYalas jul g ) (5 S tacu g sladae 51y (oo lad Cas yuu (b) (590 Cas yuu () Sy (lo) (SELas oo pou sLA B g 53 ¥ S

[YA](*) 2023 slaoals g (== 9—) (SAS) abodlis Suakal (pulills (5 jleudassds g (——) (SST) Hlaabals (S sl — 3 63

Figure 3. Time-averaged radial profiles for CT15 of a) axial, b) radial for SST and SAS turbulence models and simplified
infinitely thin blade geometry in comparison with measurement data [48].
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Figure 4. Phase-averaged axial profiles at different radial positions [51].
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