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Abstract

Fluid mixing is ubiquitous and essential in many natural and industrial systems. Understanding the
mixing processes that occur in these diverse system is essential for predicting many aspects of practical
importance. The objective of this study is to perform the experimental and numerical investigation of
the flow and mixing in a static mixer. Three different types of mixing elements, Sulzer, SSM and
PPM were used. Glycerin and hydraulic oil were used as mixing fluids. Pressure drop was measured

using a manometer.

.M E

TYFN? YN 237 o4 Aol
seg 7 meatn FAe ETREE AU
#4¢ FWste Aol oHY TURNE
EEol 44 £3Y7 £9 stz ERP
AZ aA UE 4 49 £389 FF
agittor= Witel, W@, TER, FBY R A
34712 7499, ZHz FEHE 2w
(mpeller)s] ol FFo2 Eiol olFoinut
+3y TRRAL A 2o FHLLY T
ge 1 BRo] wetn A8 A Yol A4
Aed, Zads, 48 ¥ 429 330 713 o
whes AR 712Y TEFN Yun
5R& 4aYel HN BHLAY ALARo)

:‘%mt}m AAAFA TSR
Josdaaa e
&F) AP ERE

an, A&z A2 @ aFERe] ud A
i, AFAN BXE 7938 & ¢ AU wg
A 72y EFFAY FHE oRIAAH nYx
FA8 F5%, T L 2AFEE, © deps}
FXHERe dAxd Agdd. 53 -
(in-line) HAAANY 2ejd YME EFL A
W 718 AA3A Fn #A ol$89 B
2 BN d&A o AR (flow division), ¥
8} A Z(rotational circulation), % 43 ¢](radial mixing)
o Fgo o3 27FA o] 3o HA, 1A, EA
€ ERA e AAZ fA9 A% EFFF)
AHgdr 28€ gAE Al2"d FHPLL: AN
od £ER7 fla, 98 d¥€e nHE 9
A dEdEz Y Aol BERFogh.

a8y gIg 459 AgdE EFsn H
A deWES JEEE B Wi EFEE
9 F5E44d O dFE APHo2y £33
ARoz atx @L3A RaAY, GA &F
AN EHeH &Y FoFE 93 AYAEY
AAZAC wg ¥ses T o] &5+ Y

- 557 -



Ao o] E&T EFEY ¥ ZHAA HA
dUEY HAZRP g N FFNMY
FAGEA 540 B o/t Yasg®.

28Y "o dig 484 AT FH A
F RF52 UdE £ o A4 £5E 718354
AANSLEL 2% 23AFs} FAY W%
e ARBAHE =& dFoit. o
ATE Fot FH&AH golg=4®Y, gde
3 Helessyd T84SO, AFK IR #us
400 5ol gj@ A7k Yok F WA BFE Y
AEEE &A% FUEAYE f=de 9+
olty. ojglg AT HPaEH FFANNY
2RAA, GAAED 5o g AFEHE
At

#T¢ B0 LEZ U £XF PL
olgdted FEEA ¥ HAYAL d¥ AFA,
A4H Ageg ATY F AE £A4%%e] s
ok 289 gAe 40 @ £AH4F Q4
T AFEY ALYy pFFAY 285 £
A whyge] W= 1980W ] Futo|F RAnH
2t} Avalosse®} Crochet’®, Arimond9} Erwin®”,
Dackson3} Nauman®, Ling#} Zhang'¥e] <j3jA
Kenics A9l S JE &S M8y $i% £33
A7t 495 Khakhar5'9,  Kuschs}
Ottino"'”, Ling"0& rggw 24
(partioned-pipe-mixer ; ©]3 PPM)¢] #53 H4
ASE #Axoz #4439 Namane
Kenics 242} PPMe] &x3ol ofdt olde] #
AoA o]4d 7I1AL HAY dHEE Alold
Aol 4YolA T4 AFHEFL WFAJA RE
dx AAsgch. €8 Langs'®e 48 CFD
S/WE c°]&3ld *§F HFEZAs8Y Sulzer SMV
YA #5E Y3t JdFE YA
Mickaily-Huber"” £& 2§ #% XA Sulzer
el BytPL HARAT o) HobbsPe
o]4] Kenics HAo] uig iy e d47 9
A JdENEE Alole) ¢e#E(developing flow)
& FAEY FER g 2314 SAHE o] &
¢ RAAde dd FF FEZAAAM Kenics B A
e 33y 23 s

B d79 2xL 2HY M9 &3 % ¢
g AP A A¥YR ATE FY9sa, 29

9 @9 dWER FAHE PPM 2d g HAHsF
o £AA AFE Yo APE 28¢ 2A
ol A5AA R HHAHA r19sanA dd.

2. AEER o oy

E adAFdAE Figld Jgd RAF} Ze
Sulzer®, SSM(Sin Sung mixer)d &3 PPM3
JAHEE AFET, o T JdYUEEL FF
g 4 e 2HY M E AFXe Y FaF

- & ZA%YeH, OAE sHE o83 o

AEEE #FYses HJYd 4TE FYHAG-
AZY AYAE FolM SSMYLS ¥ A7AZE
284 AMFEA ALy 2do|th Figle dad
EEL 77 3709 @9 dHuEY =Foe 3
ve =4 dIdAEE FAST 2HUAHE =
492 AzRg oy dgdEe FF/del F3
B Llojvh dewES] AP 9N Fre 3
A3 & 40mmo)ct. Sulzerl& B 47}
2"0e dEYHESF)/NY KenicsH2]AE= @ #
gael £71 3242 EEUd 47 ddye=
®old YA REES FAT YA FTFoA ¢
&do) AN ¥Y 5ol ol ©Ho] gl
o £ 478 FoA Med 29e Sulzeryd
£ 943 gdg& PHeoAw HYAL Fiae
Ao YPEYFE €9 AR &R
€& FAAT A Fe JEAA u9d Bdo|
t}.

Fig2e Alzdg 2d9g 9Ae ALF=E Je
v Azd 949 94 FEE 40mm 379
59 oladu@ez AP F3E FAs
A7 A2 92 2HAEH FLERE AHESR
t}. Table 1o]& YAy §A EAXE Yetd.
gy fA9 AZ P3aE 272 e,
HEE ol43o 39 WHIAZRE oladue
2 A%y AR Y3z FAH8 FFEY% 9
FHoE 4% "z AZd 719l ¥ =E(Viking
Spur Gear Single Pump SG-0570)° <] &j4] &7}
gREo. 7o) WEe 94y KB Alojde Y
AoAE X3 9y Frd IIFHe ¢EE
289 7ol WxE 34 fE AT 4

- 558 -



AN FEAT FFL FF WA ETHA A
d #F 22989 FFAE o83 2E3A
% &3 fFAe 449 AZEII2FY BAq
FAgte AAFdA EFE 5 Ae 7EWE]
4 A2 AASNES 37] Jal 2423 o) A
e, AZ@ FYALE FHHAd F9
g 3718 WENE F IEF =¥ Sx=
HBsA-

Fig. 1 Mixing elements (from top to bottom ;
Sulzer type, SSM type and PPM type).
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Fig. 2 Schematic diagram of static mixer system.

Table 1 Mixing fluid properties

density(kg/m*) 1257.6
Glycerin Z
viscosity(N ¢ s/m”) 1.4915
density(kg/m®) 870
Hydraulic oil 4 "
viscosity(N e s/m”) 0.03828
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Fig. 3 Schematic diagram of PPM element model.
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Fig. 4 Finite element mesh of PPM element model.
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Table 2 Measured pressure drops and calculated

Z-factor
Mixing Element
. A4P(Pa) Z-factor
Fluid type

Sulzer 4786 3.52
Glycerin SSM 4391 3.23
PPM 1838 1.35
Sulzer 478 4.67

Hydraulic
. SSM 427 4.17

oil

PPM 137 1.33
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Fig. 5 Tracer mixing in the exit cross section
(from top to bottom ; Sulzer, SSM, PPM)
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Fig. 6 Evolution of the axial velocity contour in
the element cross section
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