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Generalized Characteristics of Emulsification with
Two Different Types of Motionless Mixer
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Continuous emulsifications with two different types of motionless mixer, i.e. the needle
jetting mixer and Kenics Static Mixer were investigated in order to confirm the use of a
free jet concept as the effective volume for drop dispersion in the needle jetting mixer
Kerosene or n-heptane was used as a continuous phase, in which nonionic surfactant
(Span 80) was dissolved, and deionized water as a dispersed phase. Water droplet diame-
ters in emulsions were measured by a microphotography. The size distributions of water
droplets obeyed a log-normal function with an upper limit. The maximum droplet dia-
meter (dmax) was 2.3 times the Sauter diameter (dsz) in both types of disperser. Thier
experimental data were correlated in terms of similar dimensionless forms, and the simi-
larity of these correlations supported the validity of the free jet concept in the needle

jetting mixer..
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Fig.1 Configuration of Needle jetting mixer.
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(Di : inside diameter of pipe)
Fig.2 Mixing elements of
the Kenics Static Mixer.
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Fig.3 Droplet diameter distributions
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Fig.9 Plots of ds2U!? against ¢ in case of KSM.
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Fig.10 Plots of ds2U!2 against ¢ in case of KSM,



FRIZH LT, FarrdAVWEAICE, ¢ =0.5,
0.66, 0.74 DOFFIZIXd ;,0c U™ O Lo TUNVEA,
$=0.26 & 0.34 OFFIZIEd ;,cU 2B 60%
RRB/ORTERY @, #gEHE ) 0FEWICL
EENMAEBTCRIL I HICHTWA Z Edbhsis.

3. 3 MRTEBICKSEKRE
=— PR TIE, d,,cU™ " "DBF
BT HEEANT (1) RTRENDZERRANEDS
=2,
d3; =00086-U 1Dy =035 (v /p )03 )
FiZ, ULEBNTEENICHESENEZ T3
EREVOFME, KB & =— FAnboBEhE
WERELEZETADS (2) KDL SICHFELE?.
Vg (Dy) = (0.0086/0.43)3 - D, 43 (2)

FLT, ThLDREENS d,,c U OGS
M AEEAANTOMEBERAE LT (3) ANEBHTE 3.

~1/ . = - 172
d3; Vg ]3=0~43'U 1'DN 1/2'(Y/pc)

=043-We™0? 3)

—7, KenicsiBABDFEEITIL, Middleman® ¢ ik~
TWB LI, EBRIRESRNEZ > T2 HERE M
DEFMTOENDT L AL FERWZ2FRPESIC
EendeEILNRS. LizdoT, EHHOR
RTEELTHE, BERARMD)DE2LEIONRRETHS.
H128XUME1 312, KenicsiBARBICL AT —4
IZ2WT, HEd; ,%2D, TRLUTEKTLLIZd,;,
/DD Weber$t We=U?2D; p./y) IZxf

THREEMEZRLE. 22 TUR, =— FAEHRSL
10.3 =T T T T T T T T T ]
= - o Heptane .
% i a Kerosene ]
N S B e &
R s il )
3
10’4 Il 1 1 1 L 1 1 1 1
0 0.5 10
¢ [
Fig.11 Plots of ds2U against ¢ in case of NJM

(19)

Rt Vol.8, No.22 (1999) 63

B TIE=— 5O IEREE THY, Kenics
BE8 CIIRmEMR EmE TH 5. KPSz Eo
B} © Dir L b DKenicsIRE RS AV IREE AT
DHALERER LT L. ThODERTIE, & Hic
O/WHIDT=/Na v BERLTEY ISR
ABR L D /NZA, ZOMBNIIAIE TOEREE R
LEE-ELTWSD. BARZRIC Berkman b 1 (4)
KDL RERREEZ T3,

dyy D™l =049 .we™ 06 (4)

Flo, =— FAEERILBRTHE S (3) X
FABY (d n=0.5mm OHAE) b, iz d,, V'3
ELHEEWe y (=U%2 Dy p . /y) ELT, F
IR TR LIz, Zhid, KenicsiBEERTOMBHIC

JEHICHEVMIBICH D Z Edbs.

1 |
ey Water-Kerosene systems
o " d32/VEg!3=0.43We- 0.5
4 10 (Needle jettineg
> 4 mixer)
\ (Middleman) '/
9 102 2 &
e, NN
- . d32/Di=0.49We-0.6 ‘%
a 10~ (Berkman et al.)
S
(=]
]
T 104

1 10 102 103 104 105

We [-]

Fig.12 Correlation of ds2/Di and dse/Vg!3

with We. (Keys as in Fig.h)

1 ET T T T T T T

i F Water-Heptane systems B

B da2/VEY?=0.43We 05 7

2 102 g ) o

= E (Needle jetting mlxer)E

> F '

B IO‘ZE / . e

= E da2/Di=0.49We0- ’\‘\ 3

E - (Berkman et al) i z
A 103

S = =
o »d

<« - -4
Lo -

po-elLiumn L L1 1L llllla

1 10 102 107 102 105
We [-]

Fig.13 Correlation of ds2/Di and dse/Vg!/3
with We. (Keys as in Fig.6)



64 Kk Vol.8, No.22 (1999)

[REL R DERBSIC L DIREA B E LTED X
=84, =— FAEHRIEDFEILREE T,
KenicsiBEBOFEARMNEZ > TV HEMESF MO X
TOBENEZR & EANICHE UEBESE TV L E
zbhd, ¥, RAUHEREZRAVTERY, HEEE
AABIFEFE—HKLTWADT, FHEBBRICEKIT 5%
DA —F—D—8iE, =— FAEFERIL[IOEIL
FIRICET ORNOZUMZ T T LD LM SR 5.

3. 4 FEIRLX—IZLDEH
AR TORM % FICHBRRTE TRBRICT 5104,

Davies @ = McManamey® (IRiRAEh CREPRIMIHEO K
—Fy VRBEEERAEOEEE LB XBRITLTND
) Ko TRERTWA LS, EIULHISFET S
FEOBMER, BAMMYTVICRAT I =LY
—Pu ¢ ABROBRREERE (d,,,) Fkizthe
HEBMREICH D d;, %, FIxE (5) R¥D L S48
BT ALERSS.

06 4
dmax =€1°d32 = ¢3(Y /) Py ™ (5)

—7%, KenicsiBESRICBIT D EFALERIX, =LAV
Mo X BEHBRREICLY, TOEMEFROKXELE
LT AL MM 1 OERESZT O offlgil =
bbb, FLT, BYD LAY bidx=— FLMESH
RICBOBELVITHYE L, £REhizzv Ly
a3 Y OREL EHEAIORE~OFEEEL) &L
S>TWAHAbLDEEZLRSD.

FIT, AK-FruvrFRTo= 0.5 DFFOERE
BIBITDP & d; , DBFEERDIERER L 41

TY.  ZIT, =— FAEuRI kR onTiE,
10-2
Water-Kerosene systems
(¢=0.5)
. 10-9
S Needle jetting mixer
o~
o
o

10T 1 10 102 10% 10
Pm [W/kg]

Fig.14 Correlation of daz with Pm.
(Keys as in Fig.5)

(3) Rickvkwdbhsd,, &ML (2) KXo
VeZBAWTROBND P OHBEZRLE. Fi,
KenicsiBARRICOWTIE, 1 0flo= L A MR
THESOBENERBERE A DHIEHERV L LT
HELEPW LT ,;,0EfE® 7oy b LE.

14Xy RomBEITIEFIGIVIEICH Y,
ZIZTh=— FUEHRA RSO EFHALFRICE T2
RMOZUMNT IR,

4. ¥L¥

FACHE Ul =— FAMEREL s 0 = FAL RIS
BT 2RO U ETEDD, TO/KME L HAREC
THZOOERFEL LT, EBEHRLST A TORILT
BEBRTH DKenicsiBE B ABY, =— F/UMEHIIL
{LRBOBELR LR k=, ~T¥) 28
WTEF DR ZR<T-. F0FER, UTomEMN
(CISY (it
1) SEEESTIL, WRded, TRELTSZ &I

&Y, MIACRRIEERIESRMIC & & TR R AR
ETiEiEr@ELE DAY, EREZATHREERS
e LGERTE S,

2) MFALERDOEF I Z Z [/ L7z kT

Kix, MACBRTRILA—F—DFEEHRTH.
3) =— PSRRI TOFEFULEBROBE L L

T, KEMrE=—FADb0OHHEREZ(REL

ETANLELNE (2) RFRYUTHS.

MO

FRREZITTDICHIY, ERETEROIHN
FREE LImRER (URFELRFRFERE R
BEE) 1L, ZIALVBILRLETETS.

BE

(1) WhARRE, wEHE—, JIEGEHE, BEPAR:
“2%|=— FAERIZCLBW,/ Ox~<)Lia D
AR, ALFETFIRICE, 21(1995), 944-947.

(2) WARE, FHEE—, JIEHEE, LnEs:
“=— FOMEHE & VN LR FLILRR DR
kiik, 5-2(1996), 64-70.

(3) Davies, J.T. :

Drop Sizes in Homogenizers and Agitated

“A Physical Interpretation of

Tanks, Including the Dispersion of Viscous
0ils”, Chem. Eng. Sci.,42(1987), 1761-1676

(20)



(4) Pahl,H.M. and E.Muschelknautz :
"Static mixers and their applications”,
Int. Chem. Eng., 22(1982), 197-205

(6) FERIEH, FEED : “HWiRARPHE L HILE
REABOFHBRIZOWT” , AL LEAX,
32-10(1997), 49-52.

(6) Middleman, S.
Produced by Turbulent Pipe Flow of Inmisci-
ble Fluids through a Static Mixer”,

: "Drop Size Distributions

Ind. Eng. Chem. Process Des. Develop.,
13(1974), 78-83.

(7) Berkman,P.D. and R.V.Calabress :
of Viscous Liquids by Turbulent Flow in a
Static Mixer”, AICKE J., 34(1988), 602-609.

(8) FILHEX, FIMBH, SFHEL 7 ILFREBHEIC
BIFAoBIEmOKRE X", bk, 7-19(1998),
427-433.

(9) McManamey, W. J.

drop diameters of liquid-liquid dispersions

o y
Dispersion

: "Sauter mean and maximum

in turbulent agitated vessels at low disper-—
sed phase hold-up”, Chem. Eng. Sci.,34(1979),
432-434.

(10) Sprow, F. B.
produced in turbulent liquid-liquid disper-
sion”, Chem. Eng. Sci.,22(1967), 435-442. -

(11) Chemineer, Inc., KTEK-5

low-viscosity fluids in the Kenics mixer”

: "Distribution of drop sizes

:"Drop formation of

Kenics Static Mixers KTEK Series, Chemineer
Dayton, OH(1988).

1)

Rk Vol.8, No.22 (1999) 65

WA RE

BIIKFE THEH

WE LM AT LALYEE BF
T930-8555
BILRE LT HE 3190

Tel. 076-445-6861

Fax. 076-445-6859

BEAE © 19794F BILK%¥ K¥bi L¥HRR
fELRRET.

FLLT, K- REMERICRT 2HRBSLUHE
BENCET 2 FRICHEEE.

Jilig

HILKE THH
WHEEM AT A T¥R e
T930-8555
BILREILHRE 3190

Tel. 076-445-6860

Fax. 076-445-6859

BRAE © 19736 EILKY¥ K¥ht L¥EHRE
ELREET.

FLLT, K- - BZEEMERICKT 55
BLUHHEBEICET 2 RICHEEE.

fER &

BILKFE IFH
BEAEM AT LATHR #Hi
T930-8555
BILRFELHRE 3190

Tel. 076-445-6859

Fax. 076-445-6859

BRRE 1 19714F A WBKT K¥h LFEHRER
L RRIE RO RSB 5.

FLLT, KGE2HE>HERD, [ESBEES LU
BRI T, MO E RO RIS






