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Simulation of Fluid Flow Through Propeller in Prepolymer Reactor
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Abstract

When fluid flows through a pump’s propeller, the flow velocity increases while its pressure
decreases. These phenomena might lead to cavitation in front of the propeller, consequently inducing
vibration in the system and possibly resulting in damage to the propeller. To prevent cavitation, one must
prevent fluid vaporization as it passes the propeller, by ensuring that flow pressure near the propeller

remains above the fluid’s vapor pressure.
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In the prepolymer reactor, the system consists of two main components —the reactor pipe system
and a propeller for moving the fluid within the system. The fluid at the bottom of the reactor system is
subject to suction by the propeller and flows through the propeller at high velocity, resulting in increased
turbulence and vaporization. We use computer aided engineering (CAE) to study the properties of the
flow and to simulate its pressure field, velocity field, and observe the behavior of fluid streamlines within

the system. The focus of this study was to compare the effect of a vortex breaker on the fluid’s behavior;

we found that the vortex breaker can effectively reduce the fluid’s velocity in front of the propeller.

Keywords: Propeller, computer aided engineering, fluid flow simulation, Vortex Breaker

1. UNAI
& A a & Aa A
TuduaaunsaSoulndinesveinInaalng
a Qq: a v v v lﬂl o
Twstwaunuaunsondalaaron1slaiaIasnin
Ujniondagnainnasriia 1w tasadl i
WU autoclave, D9NIWLLLGABLIDY (continuous
stirred tank), LA389Ujn30dlUY fluidized bed w38
di a 6 1 a
wsasufnsatuvuvialraiwiion (tubular  loop
d a cql/ veR =< a
reactor) [1] T3lun AR IeAn=DITzULMINE
A A o A A & ' a
Inalwslwaudrsiaiasdfnsoiuuuvialnarwion
A @ A o < a a &
launaaAMHNN beanTuaaRATaS N INaLNDS
A A a £ o a
fo slurry SIvAadUuIINNITHENN WY DI LN IWE U
(Propylene) Uaz@aL39UAToN (catalyst) 7lna
A ' oA A a & '
wisuagidaiiasnigluiniasdjniot awavia
nllutn3asd Jnyotlasna ldazfvwialnguszd
o ) e 4
luWauuy axial dugunisilunistuinfanvas
Tnaneluszuy
iasnluszuurhd jismilluwaiduguneal
lunstuiafensasinadsiulunidoiiagaiu
lumsnasanns inazadsvad wan lnaculuwa
& A o s ' A A, ] %
lagdsingnisoindanyadaniandinadalune
WUU axial @8 Iws9a1ne (cavitation) laslwss
da X X Lae A a .
amanifiaduitazvinlidszaniawvesluwa
anadatdunn M ldluwatianisnansew saude

o

dnliAamssuasifiouuaziFoaasfiadulusz
Snee [2,3] ustitosanlumsdnsnwgdnssuns
Aalwssomaluszuudsismsnasasiuyinle
pinuazdelgdingoun FoiumIsiaasmslna

PaIU I MR IZULAILAITETNITAINI THN 9

2@INT3 (Computer Aided Engineering, CAE)
AT NAAITAS VYOI NALTIAI U T
CFD) 1Tun
w3asfialunisiiwenganssunislnavesaes

(Computational  Fluid  Dynamics,
Twanmeluszuuiadwisnmanzan [4] tWavnld
whlawg@nssnvesvedlnausiamlunaunas
Nﬂﬂitﬂﬂ‘ﬂa\‘lmiﬁﬂ@ﬁ‘l vortex breaker ‘ﬁﬁ@iami
navaswaslnaneluszuy
2. nHHUaZnanns

2.1 Reynolds — Averaged Navier — Stokes
(RANS) equations

FUNIANNGaLTDY (continuity equation)
op

—+Ve(pU)=0 1
VeV (1)
RUNILULUUAY (momentum equation)
M+V-(pU ®U)
ot (2)

=—Vp+V-{r—p@}+SM

il p A ANuRwILIUIEIEI NG,

U fa Manuin

p Ao AANNAK

Sp A8 momentum source

T @@ molecular stress tensor

pURU  fa auLauLIdluad (Reynolds
stress)

2.2 The Shear Stress Transport (SST) model

\{waSnai [5.6]
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1. 394 K—w model n’lﬂlu"}?umauwm (inner
boundary  layer) iU k—g model §NuuanT
WayLv® (outer region of the boundary layer)

2. Jiudyediadniazas shear stress  lu
yauwanfansaeuriauauildfodseasd
(adverse pressure gradient)
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(1=R)pouz ® OX; OX;
lag = tanh(argf) (5)
arg, = min max[ 1/? ;SOZOVJ; 4p6°’2l§ (6)
B oy yo ) CD,Y

A A A v o A A
Way @@ iwzmglﬂawm‘ﬂq@ uaz CDy, Ad
positive portion of the cross-diffusion term

1 ok ow ~10
CD,,. =max| 2pc, , ———,10 7
ke ( P mzco@xi 8Xi J ( )
F=0 \favinan@n (k—& model) uay F =1

ieagflutugaiy (k—o model)

wazAunitatulan (turbulent Eddy — Viscosity)

%euhe
" max(a;0,SF,)
F, =tanh max{ 2k SOOVJ (9)
B oy y Q)

\la B~ =0.09, k =0.41,
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F, usz F, @@ blending function
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Tagfidnasi ¢; 9N k—¢ model (Wilcox):
6y =0.85, o4 =05,
B, =0.075, ¢, =5/9
Aaafi ¢, N k—o model:
ok =1.0, o, =0.856,
B, =0.0828, ¢,=0.44
2.3 Rotational Forces
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Tapf
Seor =—2p0x U (12)
Setg = —Pwx(@xT) (13)

A A . A .
Lda r @a location vector Llaz U @a relative
frame velocity
2.4 Multicomponent Flow
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ot axj
(14)
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2.5 L3AVDITTUY (System Head)

=0 (15)
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System Head = [Total Discharge Head]

— [Total Suction Head]
H= i+V—2+Z —|—+—+Z (16)
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(1) uWuUNd Vortex breaker uaz (2) wuufilaif
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- ARG 0.0833 cP
' 3
- AMUAWILUY 495 kg/m
- BATIMT AR 0.650 AT a9
a n:id a 3 1 aaa n:i' s
2) uSnmAIMIENaLIUfATI ANaunUTwT Iw
=
AULAR?
- ANNKHa 0.101 cP
' 3
- AMUAWILUY 545 kg/m
- 9AINIT AR 2.73 AW/TILN
3)  USWdeanvadwed e (Out  Flow)
° v a o 2
frualAnnuauvedlnadiuniiaan 40.3 kglcm
A A & A
vadlnanluinIasunsohidu slury 9sns
NENTTAINILNT INRLAS catalyst
- anuniia 0.148 cP
' 3
- AMURWILIUL 552 kg/m
maavl,mlm:uuﬁmsmquqm%gmﬁmﬁﬁ
20 °C uazauawlavasvadinaluszuun 20 °C
fa 1.01 MPa
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azfidgenin aaulomafinanuanseslnaaszdn
nianuanladadasnin inlwnsiialnssenme
yosvasmaluszuudininde

2) anuauvasvad nannszyinuluwalunydl

] @ v
a

Afans Vortex breaker Wud1ni1 eItHn13Aae
Vortex breaker fioLﬂum?ﬁ’Jzla@]mﬁmﬁzmwﬁﬁl:
Aedunvluaitasananusuasmasivad
nazthivluwagafiuly

3) ANLSIV8IVBI LRAANNAANIINNT IS
vsmduwniluwaluszuufaass Vortex
breaker 3zdd181AN Lwimwﬁamﬁﬂ’lunﬂ
famalunsdinlildfaas Vortex breaker azfien
alilieh Lﬁmﬁnmﬁ@n’ﬁmmumawaa"lmu%nm
munihlunarilianuseslwaaufianiens
Tnaandnas aIwn13Aans Vortex breaker 39778
AANIIRAUINTEIVEI IRalHaaaIdanInarI®
luna

4) Wawssufisusasmslnansemswion
289289 MaMuluIzUUNLIN 805MT Rav8IV89
Inalunydififaas Vortex breaker gani asann
nsgaFenasnulumslnasinia
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(n) 4 Vortex breaker
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(ﬂ)ﬁ Vortex breaker (m)vlaiﬁ Vortex breaker

El]ﬁ 5 MINTLANLANNLIIVBINT AR

1.15504001 1.18504001

[5
N S
388204000 ' 385204000
'v 4003 000084000
i [mst1] N

(ﬂ)ﬁ Vortex breaker ("IJ)vl,&iﬁ Vortex breaker

,ﬁl!

&
o ]

P 6 =
3']_]“/] 6 LINLABININULIIY ?J\‘lﬂ']ivl‘ﬂﬂ

@)l4ifl Vortex breaker

(ﬂ)ﬁ Vortex breaker

3UN 7 LRWANT lAaasuad lran nariwlunwa

lun1sidSouifisynanisdnaasalnuan
ANNLTI 8ATIMNT MAALALLEATBIVDS AR lwITUD
Tuns@idn1senas vortex breaker uazlaifinns
a@@ﬁ‘l vortex breaker ﬁmmﬁ’nauluw‘”@ 1000,
1250, 1478, 1750 W&z 2000 IAUL/WN LANAAI
ugasluas9n 2 - 6 LLE\]::E‘]J“?]I 8
a13797 2 anuawadsasvesivafinziy

luna (MPa)
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@797 3 anuanaaIvead mausIslune (MPa)

AL i Vortex breaker ai% Vortex breaker

JaU AN | na9 | wad | Wi | nae | a9

luwa | luwa | luwa | luwa | luwa | luwa | luwa

1000 3.953 | 3.957 | 3.959 | 3.955 | 3.958 | 3.959

1250 3.951 | 3.957 | 3.960 | 3.954 | 3.959 | 3.959

1478 3.949 | 3.957 | 3.962 | 3.952 | 3.959 | 3.960

1750 3.946 | 3.957 | 3.963 | 3.950 | 3.960 | 3.962

2000 3.942 | 3.957 | 3.965 | 3.948 | 3.961 | 3.963

ANINN 4 ANNULSIVBIVDI MAR IIZULUSLI A

@AURUN Vortex breaker (m/s)

AN i Vortex breaker 144 Vortex breaker
J0U A | e | anusr | anud
luwa Li),a'ﬂ“qﬂ aune Laﬁﬂﬂqﬂ e
fiams | milwa | fiems | milua
1000 1.438 0.3535 3.408 0.3001
1250 1.778 0.4547 4.243 0.3887
1478 2.087 0.5470 5.005 0.4697
1750 2.456 0.6570 5.916 0.5663
2000 2.729 0.7583 6.754 0.6551

3NN 5 BAINMT MAAVBITaI anTsluIzuy

AN i Vortex breaker 154 Vortex breaker
38U Mass Volume Mass Volume
luwa flow flow flow flow
(kg/s) (m’/hr) (kg/s) (m’/hr)
1000 6.918 40.42 5.361 34.97
1250 7.978 52.03 6.943 45.28
1478 9.604 62.63 8.387 54.70
1750 11.54 75.27 10.11 65.92
2000 13.33 86.91 11.69 76.26
(fl’]i’]dﬁl 6 LIAVDITEUY (M)
ANULSIT0U fi Vortex 144 Vortex
luwa breaker breaker
1000 1.002 0.702
1250 1.504 1.103
1478 2.206 1.405
1750 3.108 2.007
2000 4.011 2.609

anassauluna | & Vortex breaker 154l Vortex
breaker
1000 3.95489 3.95544
1250 3.95359 3.95451
1478 3.95217 3.95338
1750 3.95016 3.95184
2000 3.94799 3.95028
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