creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

8H9] AT H LA

QA AL

'g}—z

3

2

2018 @

Tor



Njo
o

o

!

Njo

A
B

1

—

AEAA} B9

s}

o

Cl

T
o W w
T
F oF oF




SR

WRFEY A (Stirred Tank) & ThYst JEH 2 3|dstes R ZHH
WAl (single—phase) ¥ thA(multiphase) 2] A4S &3sl=4)
AFEE L Qlth ol e W AE AE, ok, EdF S kst
Wokell A Ame] 7ty 9 g4 WS flete] AREEI glon,
AN=e] B4 A(phase) ol web o2 7HA Feje] A e dAfrt

]

AR ARbARl AP H e ARE TSk wWtRAY ded

SEEEICE IR

RN OE EDRCE Y

ol Agstol WA AR WS B B fek mebd
H

2 AT AaRAIYs (CFD)& Abgste] AA A PelA
AREEl NP AE ERY stal, 3deke dEe ] direl &gt
hoe) BAVEE BT Tew b A HA3e] A9 n

AAS AL, veket A e} ThAREVE

2tk Disk Turbine,

Jejel Qaels), sjol
%

2!
e
o,
ol
ol
2
:?L_',
1%
0%
|o
[l
=X
= X
st
S
2l
i
o
Y
o
g A
%0
3!

Pitched Blade, Rushton
W o) spai)

Blade$} F 3] 7hAatn

i

-
N
i

TS wREYAAA 7Y 7hA e At
1 -":r'-\.ﬁ-! ":I:I' 1:]

| &) =

'Iu



olth. deie) Exk olele] sho]x
guol shaRuy)e Qe 54
e}

B3 WA sakstel pavt

+r v AAe} L AHKAe] 1A A
<A & uf 7kao) RAFHE A ks Eulerian EES ARESEl o,
Standard k— e EE-& AR&sto] GRS st tHdRE 34
REU2E Mixture BEdS AR5 9™, MRF (Multiple Reference

Frame) R2& AREste] 3jdets 289 a4 s st

FR0o] : AAFAG S, tHd+-§, sparger, 7k #AE, wREEYA
3 W :2017-24308

i A 21



AL L M Boeeeeeeeeeeeeeeeoeeseseessssssseeesseesssssseesssessssssseeeeen 1
Al L A AT BT e 1

Al 2 A AT W oo 4

L T ] ettt 4

2. AT R A s 7

B DT T ettt 9

A, T B et e 11

Al 2 A A B A oo e e e e e ——————aaa 13
Al 1 A AT 13

Al 2 A AR A e 20
A3 A BA 7R OlE A M 23

I < OSSR SRSRSRRIN 25

2 T B Al AT e 29

Al 3 B FNAD I it ee e e e e e e ereeeeeerraaeeaaaas 32
A1 A DAY FFE A e 32

1. Disk Turbine 28] A5 A e 32

2. Pitched Blade E.2 2] A5 324 oo 34

3. Rushton Turbine 2] W5 A oo 35

Al 2 A AT T e 39

1. Disk Turbine 28] T 5 A e 39

2. Pitched Blade E.2 2] T 5 3247 oo 45

3. Rushton Turbine =22 T8 AT o, 53

Al A A B B et treeaet—eaean——.eaa—aaaa—.aarn—aaann, 59
Al L O O 59

Bl 3L B B e e e ettt e e e e eeanen 61
P AN 0 1Y 1 ot~ Vo AT 65

i A 21



™

2.1] Tank B0 7281 7] ARG 15
2.2] A} Bl H AL s 15
2.3] Disk Turbine E2°] AA F4 Data. coooevvevenienne 21
2.4] Pitched Blade 299 A2+ #4 Data...cccoeceveveennnne 21
2.5] Rushton Turbine 222 Az} #F4 Data. ...ccoveeeennen.. 22
2.6] THdr& CFD A 71 s 24
3.1 8y H Hy FF E SFlUA 37
3.2] PRk a el M Gas Hold Rate.....oooveeveeuvennnane. 58

1) 8



(22 2. 1] HFE T B e, 13
(23 2.2] 9d3e] 228 H BAF e, 14

[7¥ 2.5] Rushton Turbine® 7z} 7}~ #uj7] =<l ¥H wyle o

B e 19
(29 2.6] wrte= 9 dfe] wdl d Ax G4 20
[Z2¥ 3.1] Rushton Turbine?] & HE8 E3 . i, 33
[77¥ 3.2] Rushton Turbined % Streamlin€.........oevvo.... 33
[2¥ 3.3] Pitched Blade?] 5 S5 T . i, 34
[2¥ 3.4] Pitched Blade?] +3& Streamline.........ccocveveenen. 34
[Z2¥ 3.5] Rushton Turbine?] & HE8 &3X. . o 36
[2¥ 3.6] Rushton Turbine®] & Streamline............ccocv..... 36
(29 3.7] &8y 2d 8 5N UA X s 37
[79) 3.8] Disk Turbine + Pipe sparger 1 +&alAd4d%}........... 40
[29 3.9] Disk Turbine + Pipe sparger 2 &34}, ........ 41
[2¥] 3.10] Disk Turbine + Ring Sparger &3l d¥}, ... 42
(2% 3.11] 7k #u7] 2 8 b uiF 3719 #3953

.............................................................................................. 43
[2¥] 3.12] Pitched Blade + Pipe Sparger 1 +%&|44d3}......46
[72¥ 3.13] Pitched Blade + Pipe Sparger 2 %3] Zdu}......47
[2¥ 3.14] Pitched Blade + Ring Sparger &34 4d ¥ ....... 48

v .__x_! _'a.l.-_'|'!. -
I 5 | I


공전원_연구보고서(정성윤)v3.doc#_Toc533607901
공전원_연구보고서(정성윤)v3.doc#_Toc533607903
공전원_연구보고서(정성윤)v3.doc#_Toc533607903
공전원_연구보고서(정성윤)v3.doc#_Toc533607904
공전원_연구보고서(정성윤)v3.doc#_Toc533607904
공전원_연구보고서(정성윤)v3.doc#_Toc533607905
공전원_연구보고서(정성윤)v3.doc#_Toc533607905
공전원_연구보고서(정성윤)v3.doc#_Toc533607906
공전원_연구보고서(정성윤)v3.doc#_Toc533607907
공전원_연구보고서(정성윤)v3.doc#_Toc533607908
공전원_연구보고서(정성윤)v3.doc#_Toc533607909
공전원_연구보고서(정성윤)v3.doc#_Toc533607910
공전원_연구보고서(정성윤)v3.doc#_Toc533607911
공전원_연구보고서(정성윤)v3.doc#_Toc533607912
공전원_연구보고서(정성윤)v3.doc#_Toc533607913
공전원_연구보고서(정성윤)v3.doc#_Toc533607914
공전원_연구보고서(정성윤)v3.doc#_Toc533607915
공전원_연구보고서(정성윤)v3.doc#_Toc533607916
공전원_연구보고서(정성윤)v3.doc#_Toc533607918
공전원_연구보고서(정성윤)v3.doc#_Toc533607919
공전원_연구보고서(정성윤)v3.doc#_Toc533607920

.............................................................................................. 49
[2%] 3.16] Disk Turbine X299 0~5%2 7[AAHEE
AT TE s 51
[728] 3.17] Pitched Blade XEH=9 0~5%2 7IAAAEE
AT TE. s 52

[2¥] 3.18] Rushton Turbine + Pipe Sparger 1 %3443}, 53
[2% 3.19] Rushton Turbine + Pipe Sparger 2 %3443} 54
[2¥] 3.20] Rushton Turbine + Ring Sparger &34 ¥}, ...55

[28 3.21] 7} Euj7]) 2d 9 wurel g i 37)o By)Ed

&) 8


공전원_연구보고서(정성윤)v3.doc#_Toc533607922
공전원_연구보고서(정성윤)v3.doc#_Toc533607922
공전원_연구보고서(정성윤)v3.doc#_Toc533607923
공전원_연구보고서(정성윤)v3.doc#_Toc533607923
공전원_연구보고서(정성윤)v3.doc#_Toc533607924
공전원_연구보고서(정성윤)v3.doc#_Toc533607925
공전원_연구보고서(정성윤)v3.doc#_Toc533607926

ALFAE

A 1A 4T #A

Fe7k £ Abgshs Bukd &, =ER, digtd TV HAaEy el
FAZ AMEE= TEFT-LCD9F #2 taZdle]l #de Ax
A Color Filter, TFT (Thin film Transistor), Cell &% 0.2 o]Fo]A

o=

th. o]F Color Filter$} TFT ¥4 w4t 33E =5 54

of
o)
flo

d

det= A" gk we] FEE 7] (Substrate) ol A Fshal
Photolithography & 73& X83%tt}. Photolithography #7382 ZFeFs]

D

71% A4 — PRYEE —

¢

A H, dle whA ok - ety AEe] Aolo o
SAHAAY BaHA FForA dets S A Aot
eEd yHazdle] Axle AAY Alero ¢ FEls)

PRAIE+= TFTS Color Filter 3% R FolA A& A=
I Ay A3e 2ZA trEth TFT 3404 AleEE PRAREE
= uol glels FAdstr] sl AFREE, 55 Al fd ZE ¥

11}-
T owEuE g4 AREE § dAdEe] B AlAEANE, Color Filter

Y Photoresist : W¢] UV ol uks-sle] 51384 Wsls doy)e= 1EA 53}
E2M, WA WaferAlZ, Display Panel® 22 gF2 7|3 fo o8] 71X A
5& A%3l7] &l M3 ¥ Photolithography &4l ARE5 = A 2Q1 A
Tolt}, "ol ZALE 999 '] PAE = Positive Type] PRI} HlS 1%
%2 gl dde] J4d 5= Negative Type®] PRE T3t} A

1 -":rxq ""l::l' 1_-l

| 3]

11!



AREARAAl oE THA s AAE] Slske] tiefd Ao

AyHon wdHe] Aol Azgow Aeu e, Aol o] Ay
¢ A% ot 2 AF WA Bow AP W okl 1
DR P FASHL AR FAME Color PR 9 A2
S ARYAES O% wFskstofor ATk e 71EY 2]

o]
oFsliAH, Lokl 71Ee] dAeEiA A otk 53

=
71E9 AR5 E 7HEoZste] M-S vElY= PR HlE] <tE} 9RE
-
JIA B2 & PRol| E3tE o] Q= SRS #Ests Zlo] Folng £

olg} o] PRell EFHEol Sl FES AASY AF FAH
EFeE AA FH s ATV Aste] dRAAY
e idsth, s T vkt x=¥o] HPHm  Qrh. §hE)
AN E FES AAS] Aste] dHtH o ® TR, A, Filtration¥}
2 UHES AYSAT ol T FAHES EE sl Feo=
PR¥} & a#AsFES 4 wWees #sta, PREY &H=E

ARG E = IS F718AY] HEE 2 ThsAdol lernw Aadt

? Sparging : ¥ukE o= Metallurgy Aol A B5E TSl Aa, ol
T2 524 VIAE =olgel 55 Wi *—XHOV‘ 71AE A O}L Gt
@ty g}t wpol o, AoF ﬂ.o%oﬂ/q Solution E3H-&AellA F=Fo] W
42 AAst= AR

9 l__;rﬁ'! _CI_‘,I_ 1-]' el



.
>4

-

ks
-

OO]:

fol o

e}

7 9

S NS

S|
b e o

b A
s

s
s

THAEoR By 2k

=

=

7}

o

=

G Sy

A A 2

4

1
T

EER

017

-
el

HASE o

2H|

ol
=

2z 33

T =]
& ©

b e 271

=)
=)

e
oy

B

»/_”:
1o

152 m
iy
95

o

-

o

7}
5017

I’J—E

2 o]

S

o
=

Fo2 HrUl Al

3

}%]_]__O

o= 9

-

)
gl

o] %

= o]
Sparging &%

AR

L

L.

=

=

SR H A e A
ol ool



A22 AT+ Y&

M

B/

Mo

)
oF

PR& A Z8}7]
o] FUE

;OU
=)

g
-

Iy

V2o

S

ZkA AFA el 0.05~0.1%

=]
-

_%]_

P =
TR

ol

Azl ¢7|ZHH

Mo

o
Ei

Mo

)
~

N

230k

u) 2]

S|
=

ok
el

AZTH S

o wepd

g
oF

ks

HE ZFolof
RS

S

A
=

M-

H}

Ko

—_—

o] 2]

Al

o

=

P
{|m

50%2]

A =

]

[e)

[e)
T

o]

=
T

0.1~0.2%%]

Al Eoll oF

==
5

PR A|Z3}H

3oy  Sparging

37 9

A

=

1k=e

T8 =

ether acetate) 9}

PR 2]

~E Bo¥

Az}

5~6kgf/cnt

U 7o
PGMEA (Propylene Glycol

&

2ol

ls

STl

monomethyl

S
5
ol

Njo

o 7}

Apo] 28]

¥t

0.1~3m'7}A] o
g wHEE oAM= FE HAES

gol=

1A
[e)

Zol,

A
“

(<))
=

ﬂn,ﬂ

il

Ho

S
on

)

9lste] Sparging &4

=0 FEAAE

il

o AAT Azke] Adel] wheh 14§45

A 74 3lth Saturation® Uh.

S

>~ H
TR

A

BAolA ¥

514

71% Linear

1=

7
°)

Y

i

gl

A =4

5]

%

2

}o] Sparging ¥4S 2, 3m B oA

S

o] Linear

==

-

ant F49



re
oz
=2
R
rir
S
H
ram
=]
rE
o,
u
wn
(@)
&
D
c
o}
>
1
2
T
rir
o
At
2,
A
)
P

r g

A R AE Eddsta fEdds skl AR EAAE
go}st el

A S Xggkel] Qlo] AAe] FHEAFS WFolA AlLsith
THRAA BHE Fol7l A REEES ¥ wwrdae] =77}
AAYE FEEHE FHFE o BlEste] SIRAACk Stk AT £ E
AA HAYZFO] IRt a W2 399 JA7A7F g3 o sk
WE FEYALLY HEFSA HH olF Foto] FEol AhaYAtel F3
9 Rk o) w wiEEe= Aolgtn b # wf, FRAA adE
=dist st7] flaix = A 7ka {EFY ST gEe Al EAkS
HAdist & 5 UAe ddee sha el BdE e Ao
Tt & ot

iy .
mepa 2 Ao M= ARdoll A ARt o thefatAl &8H o Sl
Pitched Blade, Disk Turbine, Rushton Turbine® #< fdAHE
AAFA e Abgste] EE®star, of7]el Pipe, Ring type®] 7k
A7) FEfel wel Ao dgel &F rhAl] FAMEE Eelsta
k20l EaE Hdsteles Rdls Fe Ae 540 % sglth

AA dHeel Egol= e tiste] AARAIGES &85}
5]

st om (2], 7AAY, ZAdS4E Flat Turbine® Curved Blade
Turbine T3¢ 2 FAlgsrs &§-3tho
A5k 3], ©15d, HAH = Pitched Blade®t Rushton Blade
Ao deiA dA e FHAEEr Fete] weEl wybr] Uy
T35 £5%e tsiA CFXE &3t FA84s Aastqlvt4]

_V}i
=
=
of¢
ol
2
El
r!I.
oX,
ofr
o
)
rl



el
=

}‘\l_

= &

A %

< e 7tAE "A

M #4d

atef, BN

# o 3

ofi

oy
)

—_
fite]

tel 7429 EAbs Hos

S

e 5

7
ﬁo
Jo

0

ol
N

oF

ofi

ol

|
fie)
;.o.b

-

ﬂ
z]t

H
i~
Ko

)

)
~



0

o3
Gl

B/

ofi
o
B

T

il

==
5

&, o]
i

o)
=

Fu = AR dHS B0 wel 1o

—

0

¢+

B

<

ol

Folob A3t =449 Al

S

o }
RS Ry

te, AE9

A5

=
-

w3717k

st

3719 7]

H

™

fite)
A

ol

HAIRE A Z M=

S

0



;Oﬂ
ﬁO

o

A7 Wb wep ole

)

1oH
]O

bl sAsto

5]

= H23)

2 g &

e 9} 1o wh

Z'

o] O ES Al

N

Ho

ol

T
—_
N

i

ojiy

A

AR 9

ol

-53:

3o

s

T

s, o

S A}f

7}
At (phase) ¢}

3

Dz

2% g,



sl e AaAska, HAF T2 iEE A al HoRsles

71419 FFARAEEY] FhHe AdToRHd ) wRtR g

R S F7kskslth
AAF A e L2 73:E Ansys Fluent 18.25 A3} 0w A A

ol

=
HhSo] AR EE A AsE EE e, dx vlae 3R
A st siAls ABsAt MY EAE 142 dHy 3o 9%
F72] ol diste] FAEAS A on Zb dde] H ¥k
el oA frEel did £ Holass Flsiion, 232
o171¢l Pipe, Ring Gl 7k Fuli7]olA 7tAs 358 o o299
ol este] ZIAIZE oud fres HoleA FRlekgith. v
FEfelA 10xEF M e AAeRon, wrRtya i 7144

N wdle yAoA JHEFel 282 wHEE F | Pitched Blade,
Disk Turbine, Rushton Turbined 222}, Pipe 17}, Pipe 27l, Ring
types &3t 97 FEje ®bE7IE EHWE oflvh wrRR A ol
°F 80%2 =o] A= B7E 7HEsto] sid = A3kl o, Ansys
Workbench® Automesh Programs ARg3sto]l AxE 435S
B3 948 AYa S dFei= Tetra meshd AME3sIY] AAE
T8kl o, Wg7]:= Hexa mesh® AFE3dte] meshE 738kt

Mesh?] #22 RE ®do odte] orthogonality’} 0.10]4° =

Accept 7}F=3 07 Asystelt)
A GEe AL 9ale] Aol ALAle] A9 EAbAto] Bl E 9
ez A 2 W, 0% A4 Aste] AHEHE Bulerian RS

=
Agatgon, BRANS sl MLA BHEA e Aol



G0 Agan old] weh W& WHEL L= FES AT
g% Standard K-e R AEaT, DAURAE A4S

X&st7] 9ske] Mixture @S AFEsR on, Ao 3] Hde] 9ot

10 A 21



DB FFE o] §ake] hARADE AA (@S ol FAkeh
A

o Al
WS Falo] 4bg, a8 WEE Qon) oHd W Qe
S0 9% dRAE 204 Aojuy] W] A Hee) wE
dRAEY E4e BAsa dFes AL doE WY Eee

H-$715  AAStaL  Scale—ups sl APS AYsAL
HAL AA APgoer d2 HARE gy AR o]y W
718 ARgsild H kA FEje] wkgrel 3 ZzdAT w7
ol Mz FES FHEA] wkE7]

%
-tk 714, A g aRte A s S 71A9 &5 A

Azl B HAEE, 7IAe WE AV|dE JFS 7] uZo

&S A= Aol 7 st

CFD E9™2 Agol AA el o 224 a4
(Harvey and Geaves, 1982[6]; Placek et al., 1986([7]; Pericleous
and Patel, 1987[8D) ol F= AR&H Ao M, Fof Abxfde] st a4
(Ranade et al., 1989([9]; Ranade and Joshi, 1990[10]; Kresta and
Wood, 1991[11D)el ol &=t o] CFDE =gt 2
sl ge] st FEId7IHS F2 MRF  (Multiple Reference
Frame) @} SM (Sliding Mesh)©] 2 AFg-¥ 3 Qi

GRS dAstr] flsh oekst sV Ee] AT AA
@A dolyes dRFrES v FWet, oS0 E7kssl]

Hizel, o' 54 Aol dRfed dds dgs] o= A 2



ojul7p glvk. wEbA o]y Ed dRfRsel Barak
34138l Reynolds—averaged Navier—Stokes equation (RANS)
71vge]  dwrAew  del Abg(Ahlstedt and Lahtinen,1996[12];
Jaworski etal.,1997[13]) ®t}. & 349 W o2+ Large Eddy
Simulation (LES), Direct Numerical Simulation (DNS)$g} &

7ol F9 A" fFrEs BEAF @ g Ao, A @

of,
tlo
é
[
of
5
Jo
offt
tlo

Largrangian—Eulerian
ARE-E T Largrangian 71 A&Abe] EA8ks A 4SSy
FA5He sl ol u, Bulerian 71%& ARAFA} gel, b
)=]
o

dq Wl SAlsts 2AE AdEE #He ek B fee

ErEdlAls ddsty] feiAs ZIAl, A Asgre =4 A
ek oyt Az Agets el wigt iAol Fgsith olEe I
Drag?} Non Drag Force® T8 A& 4 °mW, Scargiali et al.
(2007) [14] &= 19 A7 wHtRF oA Drag Force’} mRE &=
W59 7}~ Hold—up? #AE 7]&3stSth Bakker and vanden Akker
(1994) [15]= AH+=°= 7]#| bubble® =A7]o] wWE& bubble W%
s st I E FEOoEA ZIA, A 1 s B AE 4
7}2~9] Hold—upg AdA = Al+E T3t

flof o] v wwute Ao Rty sl dFs 71A= 249 F8o
AT Aszrel &, aelan CFD &4 7Ijel] gt A48 Ao Rk



A 2 & A A

A1Ad AY 24

(28 1] FFolM Argsta e el o] ofst
MNEFes BASHT B39 &%« 289 old, ol 1.61m, A&
1.28molth. @A F4ol4= Disk Turbine FEje] gAY S ALg-afar
gorm Egol=o = 12700tk ABAYAS JtestA 7] 98k
AnkAQl  wwrRFe]  AAVIERT dE#e  Folrt mnkYa o)
apeto w2 sHAl AAEel vk o] AAS 430mo]
Aok Wk se] vpEhAS 150me] . o] gk e

HoAr s FEe ST (19 1]

7k BEule AAE ®A ARRRE AddEgou, Al
£ 9stel (29 2.1]3 Ze] nigowiy dd d Zow
gdystalet. 7 ®airel A4 26mel™, deols 70melth [
wEE T 7R dAAREE 100~500me] T

13 A J‘ﬂ :‘?;-I}] S



ol AFE HYstr] fste] EERS A FA ARFS
(29 2.2]19F [ 2.2]¢ Yedi 3Tt Pitched Blade®} Disk Turbine<
Blending, Suspension, Dissolving? £&E%Z dWtdo =z ALy,
Rushton Turbine Pitched Blade ©i¥] & dAdgs& Qo= 3o
GasE wAlste 5= F2 A8 (11 2.2]

ANSYS

R18.2
Academic

a) Pitched Blade b) Disk Turbine c) Rushton Turbine
(2% 1.2] g4y =g H A

Disk Turbine? Blade ¢+ 127l°]9 Pitching Zt%* 70%0]H
Blade® Aol 50mm, 0]+ 44mmo]t}. Pitched Blade$] Bladei 471,
Blade?] Zol&= 200mm, *°]+= 80m=z X233 Rushton
Turbine<> Disk Turbine® &3t Blade = 1270, ZHol9 #ol:=

Z}7} 50mm, 45mm= 2 AE 3FATh (¥ 2.2]

14 s A2



[ 2.1] Tank % 7}AEu]7] Aok

- - . SEE SR
-3 (mm) 59| A% AFZE A7 €3 npe 7-4
WHFEI T 1,610 1,280 70 150

Pipe _ _
TFA Bl 7| 70 25
Ring _ _ —
72 )] 400
[ 2.2] 912 29 H ALY
Qe A
5 () : - ‘ :
Pitched Blade Rushton Turbine Disk Turbine
dAy A7 500 370 430
Disk 57 — 7.3 4
Disk &7 - 336 430
Blade =9] 80 45 60
Blade 29| 200 50 50
Blade F7 12 5.1 6
Blade 5 (71) 4 12 12
Blade Pitching
A ) 45 0 70
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Disk Turbine, Rushton Turbine, Pitched Blade® 37}# 3 Ej<]
Y29 Pipe @l 7k Eui7]7F Tank Wil 170 B+ 270 A
g A% 1213 Ring iz B 4 oo A & A19
3I7HA AeE dre] T 97FA wRkR Al Ao ik REE
APk (19 2.3], [19 2.4] [19 2.5]

AA gl Pipe type? 7FA FHi7)7F 178 A A Holql= Disk
Turbine FEje] w27} HA =] glth. Ring FH 9| 7k Hoi7]E
A7) fleix s At A s A Alzketojop o vl g5 HEH]
el Pipe @Efe] ZFAEwi7]7F 270 AAHAS W 7pAe] BAlE ot
Ring Feje] Euj7]e} FdeA A& Flstazt sio

Ring @S 7tAdu71E AAsh7] flsiA ddel9h wrte 9]
viezkz AAIE 300mE HASR ST Ring 7 Bui7)e=

Hheto 2HE 150me] $ XA AT
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[18 2.2] Disk Turbine® Z} 7}A Huj7] 22 ¥ wHrel g A4
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[1¥ 2.3] Pitched Blade?] z} 7}A Huj7] 2dl W wylels A4
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A 24 A= B4

Ansys Workbench® mesh A X235 AFE3] §19 9714
A mde] djeid AAE AR ew Az A7 wRkR st
Y] EF 15~20 mE ST s 59 94 A
7] W&o Workbench® mesh A ZTRIHozTE= FHo| &2
Hexa mesh S A gshx] gormz o Ao # S
Az o] fold Tetra mesh@ ZAAES FASATE. wutel A9

2

Yol Ga9dede 7% Hexa mesh® AXE A STt 19

i)
rlo
g
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[3% 2.3] Disk Turbine 299 Az} =4 Data.
2d T8 Nodes  Elements Min Max 37 X ZAzf
Disk o=zl 21,125 68,523  0.11  0.99  0.62 0.18
Turfme FWEE 517504 553,234 015  1.00 097  0.09
Pipe 171 A 538,629 621,757  0.11 1.00  0.93 0.15
Disk ol 24,980 87,162  0.11  0.99  0.65 0.17
Turfme wHrel . 527,135 606,282  0.10 1.00  0.94 0.11
Pipe 2 7 A 552,115 693,444 0.10 1.00  0.90 0.15
Disk ozl 16,840 60,247  0.11  0.99  0.61 0.19
Turfme wurel s 16,840 60,247 0.11 0.99 0.61 0.19
Ring 7 671,001 751,926  0.11 1.00  0.94 0.14
[3 2.4] Pitched Blade 2499 Az} #4 Data.
2d TE Nodes  Elements Min Max R Z=HzAt
Pitched 9% 10,084 37208 013 099  0.70 0.18
Blide WHFE S 420,722 441,094 0.11 .00 0.97 0.09
Pipe 171 A 430,806 478,302 0.11  1.00  0.95 0.12
Pitched 2327 5361 26,590  0.24 099  0.76 0.12
Blide WHFEl S 445,183 501,482 0.13 .00 0.95 0.11
Pipe 2 7} 7 450,544 528,072 0.13  1.00  0.94 0.12
bitched 9% 11,553 43451 015 099  0.69 0.19
Blide kel s 386,693 410,333 0.17 1.00  0.97 0.10
Ring | 398,246 453,784 0.15  1.00  0.94 0.14

21



[3 2.5] Rushton Turbine =492 AA} #2 Data.

g T Nodes  Elements Min Max B4 TFHUA
Rushton 9%l 15054 56855 011 099 071 0.8
TwbRC Guga 428530 463521 003 100 0.96  0.10
Pipe 17} A 443584 520,376 0.1  1.00 093  0.14
Rushton 98l 16448 68,941 010 099  0.69  0.18
TubRe G 453,678 506341 002 100 0.95 0.1
Pipe 2 7} A 470,126 575,282 0.10 1.00 092  0.15
Rushton  ©®# 5424 26613 016 099 074  0.14
Turfi“e w¥bel s 402,679 431,361 0.16  1.00  0.96 0.11

Ring A 408,103 457,974 0.16  1.00  0.95 0.12

97pe] Algrdo] wsdk ZAA  Orthogonal 2 #HS E=

etk BE BdoA A}l HiF Orthogonality F2  gkol
0.901 4z wHojy FA ZAxE FASGoH, el A
Az i 5090 WelZ A e
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A 32 &4 71 9 o]E4 H7

A7} ~E SpargingstR = u
ojeto] HAtEo], owg fF
AAS Fstol FRlsts Aolth. AAl FACA TS AASH

1= 449 PRel #AA7F~E  Sparging 3ok AW S
sl dagde o] PR &, AA7tAEs 372 hAshe

A4 e AFstAe T A3t FARE Ao o dE e 98k 2ol =4
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¥ 2.6] HTE

CFD 314 7]4.

CFD
i =]
oldlg] G
i E@ﬂtq o Steady
AR 304 =
Ar%38l4 | Transient
Primary phase : water
gA-f-E5 8 A Eulerian Secondary phase : air
Phase interaction : A7 ¢Fg+
gl A mixture -
BEERPY Standard Near—wall treatment
k—e — standard wall function
87 qlalel Vulle g
. reference
3| A 100rpm
frame
scheme Phase coupled simple
Gradient
— green gauss cell based
Momentum
Solution — second order upwind
method Spatial Volume {fraction

Discretization

— first order upwind

Turbulent kinetic energy
— second order upwind

Turbulent dissipation rate
— second order upwind

3 ey 211
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R, A2 FEe] 5 vheet FH
b Eat [ e e e
1 HAE ZF S AR 4ol de AEeRE Hosta, I AAWE
WestA 7 As 7 e A9E 7HelA A (Free Surface)
freolgl Aottt AAdAddA B 4 Qe A
o 94, daA, 71# 9o ZH A$E & F Qv F WAL
o] % (transitional flow) &2 Mo AHAle] 7pA9] Falbabo]
Fabe & W el dojye e dAdEs
ZH(dispersed) &3, A5 AtololAl thefst HAMGEHE HolH,

NAE Zabdelzt 7 & w ZIA|e] £gl, AAS] EHee uhet

<
)
N
oftt
10
Jdo
of
o
il
Mr
u
]
X
i
)

1o

Ao ® AF5d 5 Volume of Fluid (VOF) EEg&
AREske] SIS e, ASWAACREFE AAEE AA
& (volume fraction) ] o & AFe] AAWS %9 AHES e 3
T ot AAE ARtEE AREES] > 0 ~ 19 #e M
1594 e Ae 7HE7I
T 19 gtoeE dA

S oRE ANEE %S AN

th

X9,

o
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ko
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rlo
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_
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o H
jehl

A fE5e FA8H, VOF BHs 915 Ay 22 ofefie}l 2o

[17],[18]
% + V- 0(agp,l) = Sq + Tpoymy, | (2.1)
% + V-d(aypyil) =0, (2.2)
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S¢= phase qZ E°]2+ 2%9 mass source®|™, my = phase
pollAd qR ©]&3F= mass transfer rateo|th. ZVzFe] AF UlF-oA =
olsh= A" Wy g7l wWEel A (2.2), (2.3)¥% #o]
ALSLAA source®@ 00]™, & Fe] AAWAAMRE Edo] M=

olsdor AAWAMY AAZLEUS A

EKl
{0
Jo
off
o

Hbd o] 7]A 9F 22 FAbgo] Ao AFEAo 2 HEste] W&}
A=z 3erd B84 A3 285 S bubble columns, YA

4 &

Aol &2 tEARD oo, o]Hd #+5° 4> Eulerian B2
[e=]
-

S A regimed FE52 dSst A HIYsE= A
g3k, olst AHAAE V] Sk FedARE ThAel A9
3345 W4, bubbled A7, 7o} AA = AN A A,
a3 =4 A4 A, Gas holdup &+ 2Lelstt}t. bubble columns<e}
TS BT Bol= FA9 regimes AWFH 22 bubble¥} churn—
turbulent®] regimesS Xt} bubble2 7}A9 £HE7F Sem/so]a
A4 2~6me HHAZ =AY, 7FA9 £E7F Sen/s, 27 15mn

o]4 o uwj= churn—turbulent® regimes 7] AlF3TE FE

;
Jdo

WE e Zzhe el dhsl AEHoE A%WHA, LEWHA,
oAUA WA g FEoEd AAHL 7 o AWS FHs:
VOF mdsbs 99 d%d s ATse 2l AXREs
£5F REE Addch A skl o2 AN R 9%

d
okl
o~
)
Moo

FA3+= Lagrangian 22 ¥+= th=24 Eulerian R4 7}
FAUFo A AlZte| wel WEtshs FAMS AFEE kS AlAbsta
o] & HHgsted f-wo gt S Rl Eulerian X E 9

Al AL vk 2
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e 7q e , 2.4
;tpq + F-a(aqquq} = szl(mm —rnqp) + Sq ( )

Mass transfer Source

2o0ea®) | 7.9 (a0, 02 ) = -a,Vp + V-To + ayp,g + DragF
o aPqVs ) = -a,Vp Ty (g rag Forces
Pressure Friction = Bouyancy

+ Non Drag Forces .

2l (2.4)% EBulerian 2499 dA&wtgAoltt, AWE FHst=

VOF walst tesd #wel Suge] A Aol thste] mugy o

4 @2H)E SEWHACR fAd Hgas Ae A AdYw
magor godd. A4S fA¢ Aedt g, Ro)d
mage Azt 4w AgdE B¢ dee 39 (drag o
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(2.6
AT
u; (X, t) = (X, t) + 4 (X,t) (2.8)
S——— S———
=7t EE AMZFET  Fluctuation
M M
o o
(2.9)
a(pu;) 0w _Q d % aRU
at K ax ax; oy \Fax;) T ax;

(2.10)

- om 0w\ 2 om. 2
Rij=—pu;ij = ur + o —§Mra5ij—§,0k5'

Fluctuation %2 &o=z #d s 4 Q. 18lal o] Az Hit
2ds Al P os veRpdd 4 (2.9 9 #Y. Rij= RANS
=z

dS Aostr] fdlA 78S 58 tensor #HOE o] 2 2

A9 AP e HrE A oE of
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Turbulent kinetic energy k = ui’dj/Z

Turbulent dissipation rate

2
Standard k—e &2 Ur = f(%)

Standard k—e¢ Ed2 pr 9 Zk=

sto 2 Wi S JEsit [20],([21]
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2. Pitched Blade 229 4HF 8% 34
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Ae & 5 Uitk 248X 149 M A9E WY Piped) Ring
o 7t Buj7elA] #3712 Sparging & wf mHFE I R spA
To wgeh AA el AHEF thmwga wde] BAEE
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1. Disk Turbine =29 ttit 5 a4
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AT Y7 579 ¥-9)F 3 (Disk Turbine)
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Abstract

Model Suggestion and Verification
for Efficient Gas Dispersion
in Stirred Tank Using CEFD

A4 A ¥ (Sung—vyun Jung)
Department of Engineering Practice
Graduate School of Engineering Practice

Seoul National University

The Stirred tank is used to mix single—phase or multi—phase
fluids using different types of rotating impeller. These stirred tanks
are used for processing and chemical reactions of materials in
various fields, such as food, medicine, and chemicals depending on
material properties and phase. The performance of a stirred tank
varies depending on the size and shape of the impeller blade and the
angle at which it is pitched, creates different types of flow in the
tank. And the performance of these flows can be assessed in a
variety of ways.

On the other hand, assuming that there are two phases in the
tank (liquid_continuous phase, gas_dispersed phase), the purpose of
the mixing is to maximize the distribution of gases in the liquid
present in the stirred tank. Gas injected from the gas distributor
into the stirred tank is diffused and dispersed by the rotating
impeller and is in contact with the liquid material in the tank. The
injected gas exists making flow in the stirred tank, but the

buoyancy force is applied, is released through exhaust on the top of

3 ) 211 ";
= 3] 2] &



the tank. Therefore checking the total amount of gas (total volume
fraction) and flow pattern of gas dispersion inside the stirred tank,
it can assess the performance of the stirred tank that mixes multi—
phase fluids.

In this study, we used Computational Fluid Dynamics (CFD) to
model the stirred tank that used in chemical industry and identify
the dispersion of gas by turbulence of rotating impeller. In order to
design a more efficient stirred tank that optimizes the dispersion of
gas, various impeller and gas distributor were modelled and
analyzed by CFD.

Three types of impeller, pipe and ring gas distributors were
modelled and simulated. It was assessed that Pitched Blade impeller
with ring gas distributor model has most excellent performance of
gas dispersion. Unlike a pipe—type gas distributor under the end of
the impeller blade, the ring—type gas distributor that is located in
the vertical lower part of the impeller provides a gas dispersion
throughout the tank.

For the Computational Fluid Dynamics analysis technique, it used
the Eulerian Multi—phase model to simulate the gas dispersion flow
where gas of dispersed phase exists in liquid of continuous phase.
For simulating the turbulence of liquid, Standard k—e model was
used. For Multiphase Turbulence Modeling, Mixture mode was used.
MRF (multiple reference frame) model was used for simulation of

rotating impeller

Keywords : Computational Fluid Dynamics, gas dispersion, stirred
tank, gas—liquid multiphase flow, Eulerian model
Student Number : 2017—24308
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