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ABSTRACT

Rotational flow sedimentation tank, as a important method to purify waste water in
metallurgy industry, is designed to separate ferric oxide particles from backward cooling
water, and the particles are deposited at the bottom cut. In its application, serious ferric
oxide particles sedimentation phenomenon could often been found at suction well. This
phenomenon will result in serious damage to the pump body and frequent cleaning
toward ferric oxide particles, and will produce troubles to production and management.
So it’s necessary to investigate this phenomenon deeply in the front stage. A new
rotational flow sedimentation tank is set up by changing the structure in the tank and the
inlet velocity, and the problem of ferric oxide particles sedimentation is solved
completely. The new type tank is provided with higher separation function than the
traditional rotational flow sedimentation tank,

But a few message was found in the first stage: the simulation parameters affect the
simulation veracity obviously, the structure of the rotational flow sedimentation tank
isn’t simplified by removing the suction well and fixing cone plank, the aperture of
perforation plank and the inlet velocity also affect the deposition function of ferric oxide
particles obviously. In this article, the simulation parameters and the structure
parameters in the first stage will be taken further research. The content of the research
are these aspects described as follows: optimization of the iteration number, sphericity
coefficient, reflect coefficient, number of steps and length scale; the separation
efficiency between fixing cone plank and removing cone plank are compared to decide
whether removing the cone plank or not. the effect of deposition function in the case of
changing aperture size and inlet velocity. In this article, turbulent flow model and
dynamical particle dispersion model were used to set up the numerical fluid dynamical
model of the rotational flow sedimentation tank. The preprocess module GAMBIT of
software FLUENT was used to build the improved models, and those models are
simulated by FLUENT. Then the flow field and separation efficiency curves of different
models can be obtained respectively. Through the simulation of velocity field and ferric
oxide particles distribution of rotational flow sedimentation tank, the rules of particle

separation was understanded, and the conclusions are obtained as follows:
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(1) After the optimization of parameters, the separation efficiency of rotational
flow sedimentation tank accord with the practical situation closely. This
rescarch show that the separation process of the particles tally with the
practical separation process after the optimization of parameters. Finally, it is
proved that the research of parameters is necessary.

(2) The problem of removing the cone plank to simplified the structure is
researched in this study. The result that separation efficiency is higher in the
case of removing cone plank is found in simulation. According to the result, the
cone plank is removed and the inside structure is simplified.

(3) When diameter of the aperture is A+ B. C, the difference of ferric oxide
deposition efficiency is very small. It is shown that the change of aperture size
has little effect on the deposition efficiency of ferric oxide.

(4) The inlet velocity is changed from a to g while the separation efficiency of
ferric oxide particles are simulated respectively. Then the separation efficiency
of different inlet velocity are compared with the traditional inlet velocity d.
Finally, it is fouﬁd that the separation efficiency of the inlet velocity between
e~g are higher than others , the separation efficiency for all particles is high,
while f is the optimal velocity in the experiment.

The simulation veracity is improved by optimization of simulation parameters. And
the deposition efficiency of ferric oxide is increased while the inside structure is
simplified after the rotational flow sedimentation tank is modified. The improved
measure offer necessary theoretical foundation to the design of the modified rotational
flow sedimentation tank.

Keywords: Rotational Flow Sedimentation Tank, Numerical Simulation, FLUENT,

Optimization Research
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PR ZEREO0 A i
F.=%Djp, “T" (2.6)
RF — PR ES R LR,
u—F5 r LRI REE.
SRZES e MBS AT R0
ZD3p,S--3F @7

AP SF—EEE u H W EEFZ D HAER.
SHFEHTRER LEEE, BRNRHIEESSED. RENEHURRE
HfRAh, BEREZAHETRTS '

kIR %D:pp %— - %D; (p, - P)g —3mudu, (2.8)
S:3vy s %D; 0, -‘% - %D; (0~ p,)8 - Imudu, 2.9)
MERHZHERREN, XEFHAEEED, LY
D}(p, p)g
IE SUR TV (2.10)
2 —
bt 4, = DP(‘ZS—”:’)g @.11)
u

F(2.10). RRADEER LMRAEPEEIZ AT E N A AR LERXR
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HERKEMLEM R

R, FEHHTFEP, K2.10). XERIADFE ue WRRFTRARIHRAST IR,
& Bt R,

FEEwRT, PRZINERIEEERNESNELN. EERRENE
LHURRERNRHBARNES . YFBENEEIHSY, BOHHERLRME
EEMHRGS 5 BTN E —ENEE 2 u, BRERHZITES

di 2 ,
TD20, 2 =T D30, = P) -~ dmuduy +Fy 212)
SR E R ER, RERI12DEH
Di(p, - p)g u?
Uy =
18u r
RQRIDARQRI3)F F, RREHHEW.
RQ2A3H Y up HER, FRBELS ST 4 R 7 5 5 RO 22
3w AN, BRBHSEERASEERRST BN EEE. EEERE

SRR RS ERE, TTRRERDE.

+Fy (2.13)

2.4 RIEFEFRBE LR EZBRTRAHER
2.4.1 DEWE

S BB ¢ RIGHARET R R, B B B2 BB 5 HE DRR R %4
HABYIR RIS . FEABERIAK SRS, BRI EACKENRRRRTS
BHE.

e=m,/m (2.149)

R m— RS BNELKRESTROARAE, ke/s:

m——K hEdh i O A Ak B B BRI R B, ke/s.

A B R R BK h M A8 i AT S 2 PR O B B ER 54T,
TR R R ERI B RTITIR . RIESHIIRES, REGHEFRBLEH. Wik
RIESKNEEHEARKIE,

#it FLUENT 5808, TILVASRRRBHSERE,

242 FRME ML

B DART AR, BRI EE —E AR f(d), XHF—E M
Fit, BRAATE—EREE do B, XERBHBRE 100%0 858, X
BB dede B, RE—RRHBUR REER B S EE, BEd R PRy A—
B, WIS RHZRR SR AT B Bl — M A AR, AU B HE DU o SR
(kAR FRBMANMNSBEREEIE, W LGS BNE S ERBRRRN
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2 etk

Bk, ZMETEREME A ER B FAA S RMEBMRE, L Gd), FEMEMH
£ BRI d KRR L.

BAES RN R MRS, TSR RR I R—RBX R
2. RS E R RR AR HRE.
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3 FEREERE

3 REmtIERE

3.1 #ieEs
B A% B AR A B AR AN R £ 1%, B Euler /%M Lagrange 77
E[ﬁ]“ .
% 1 RKHF TR ARITE, AP SHERLRAFEEMERENE
SR, PIMFE Euler BEATAE, MEERAER, XRERLHT TR
B, AMEENAGHKE., TR HHNRAERENBRRIEERREEX
B LA REAE T8 20 JERE BN Eh MR RS, 58 2 KT ERRAGEA RS
EYSIEEEN R, THBRMAERIER, 7 Buler VIFRTERAIFHENEZS),
£ Lagrange MR R THRBREMES), PR BENERE. ERARHEER
P, RAKRE 2 ¥k, B Lagrange ¥,
3.1.1 EEHEBEEET SRR
BERmAR - E AN ERRRstE, KasstiHa HRR:
SRR '3—5‘?' 0 (3.1)
HETE: 9 ip (3.2

(pu u,)= 2 Ky + '3!‘4_ -
d x,; 7 x; dx, dx 3 4 x, a x,

k
:x (puk)= ':T[(agl‘qf %‘) +G, +G, - pe G3)

i i

kHE:

2
eHfE: 2 -0 el Eust-C. ol 34
iz, {pu,e) 7%, (a.ﬂqy ﬂx,) + ukn": 2 P & ( )

FERYP u For i HFANERERE; TR HTRGTIER: pRRiTHE
IS p WIKEOERE, k HIRTIKEIEIAE: o HIMMBIALIERR: 19 HHRME,
AR T AA K

2

B = Hua + PCy— (3.5)

A g TRy FHREEE . HRAT FE M 0, =1.0, a,=13, Ci=1.44, C;=1.928%,
G REREFHEERERRENER, G RHEHBEMNKRBIRER, G
Gy ZME S AR, ERHEER, RS e R RkdTat
B, A5 RSER KRS & .
3.12 BHEBRIESREF R

SR BRI UERERBELRFHERM, HiEz)dER Lagrange 2
RitE. NTEREFHEER, RAEER P EBAIEE! (Discrete Phase Model)Xt
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ERKFMLFAIB L

Be it o A RLRLZ I AALE Sh B HEAT BB, AT E vl . E8n
JiF B HR RS T R TR e T E T RS RE, HFEIR TR

WARERERT LM HRTE, TUER (CAERREFHx T EARD:
d
=L Fy-u,)+8.(0, = P)/ P, +F. )

ﬁ*ﬁbﬁﬁﬁﬁﬁﬁﬂﬁ%ﬂ%ﬁﬁmﬂ.&-:%fzrzuﬁﬁﬁ%
PP
HE, v, BRI, 4 DRADDEE, p BREERE, p, WERER, D
RRTHER.

pDP’u » —ul

B Re X IT: Re w-——ﬂ-——; TR R B, B R

Cp& FRHE: C) =g +fjc-+-—-5-

ER %% o i Morsi 5 Alexander I 3CBRBIEPY. ARQ.OEMBE_HET
EAMEW, BN, EBRmENRUREIREHBESIREN S
HYIANE, ERFREER.

el LEGBR S FESRE, KARBRS MR RE. AR,
LA B Sz [ i, Bk, BIAEEENSEEHZ mKEEE
. FH CFD S B BRI R T EN, B —ERERARM
ZRRBAERNBADRE L, 803 F98e b i i i, S meis
HHAIBN R RGOSR, Bt EHTRRE.

3.2 BEEH
3.2.1 JUTHERIRYE AL

JA3) GAMBIT 3£3%3% FLUENTS/6 K58, REIRNEAM /LA, ERt
JUITHE R LA — B By LA AR A HE ot JL TR R S B R AT BB 1)
3.2.2 Migxe

BERRE R BT KT R, B3 SR L R AT
4, BEHNSBREENAEFERNFRER, FREEMKE PN SALERZY
EFRENRHAR, X—IERMBER, RNES,

HERBEEHERENEERLREZ S, SHLMREERES SKE
FEREEZRMNENMNxR, Hit, ¥WAFSERERATETRMEELF,
EMLRENEEXREERLS, EXRKEEEEMBEEY ABHEE, X
BRGNS ENER, IMERHBRERBE, YREACRTHRE. BT
5|25 (E) AL B 2 [R1AR Mk B3R, S5 M40 RT R BT AR 100 LRSS, — b TR R (R
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3 REMitRERR

AEE). FEHEMENEEEMEANFSESRZMEZ BRFEMAIMX
#, WHRSOANREHNNARSTE. XEMBHBREREE, EZHEMHE
RTAURZAE. NARK_EHE, H=ERFRTLEATE, Wk,
¥R, ZHREREEERERM4E. Bk, EERERETUNATERE
e, XREBXORLA: BAS—HEXKE, FEHERERAEBRMEE
R, BERBARERLSAANE (THEEZMK) K. SFHMKA
BT A

HTRRBEHLRE R, ENEHTZSRGITHE, SEUBRZHMER
HEE, ARERRENRSEZZWIITTEEENRAN. LM PNR
FERFEARIUANER, HERENREEHLRARSIELHRLMEE BT,
FEFLRBEHBEOTE. HBENRABREHE, TTRARNESRIHZEAR,
PAEBRARR R SEG A&, BTFZHEAAFNRE, RENTEREELRE
FRE, MMM RRE R R, B LB MEMNERF. KRB
ER KB A AN R:

O MiERANERE

M EHRBEARFERBAERIEA—GTUEE, EXFHE
FEEXEIYR, ERBEATEREL. Bidok, TLLRERNZERETF
R—RIIM=R TR, MESMFRFRBAGGET LT ERBIT RN E
mEME, RAFLNRERERERENNEARMHE, XE2RPIEHN
. ENRIEES RELRHRMEZERELN. FTUETHEHENNEA%
HRIBNANEFER, RXKAIRERELZEME, RIFERBETH
JUITHs RURHR R BRI 429 23 R

HTREEENEBLER, NRBRORRE, TEHENAFZR, X
R b3t 2 M TR FC R B9 IR R R S5 ML N T (A PO, T X S5 B
KRR I IU T kMg, FExtitK D4 RAKRBRACKEBAT T Mgt
®,

“HERRRAT

= ityea) A
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ERKFFLFARIL

ZHRRAATT

BT M%H BRI

B31 kA
Fig. 3.1 Cell types

@ UAEMLE

EHTHEGEN, HEFEEYEFE ARSI RENRKE YRR
SRIRLER, MERLRMILRAE L, ERUTFRLHRE—LL. 55 AL
REGEBNHNAE, FENBRLKSYERENGARER, DA TRERBIT
HAR 0. AEXEERERTRESANEEEE, Miga 4% TRE
— MBS AR IR KR .

¥ GAMBIT ¥, ARBEHITEA—IMUFEXEARAH KSR, BXT
HipihsREL LML REE, TUELREFEERRARE, R
ATEHMEER, BOomER. B, TTRREHEERERSERENNE
BE. ERFEEREBRANEE, EhEE FRE— NIRRT M
BERE, TNTRERESERMOEE, TLBDOREER, R XRENE
BIP MR G R 8, MRAREHEASEREMESHER. I T EARLRRY
BEEMMN, 4ANERLETELHATLE, RENRAER, EPFRMMEE
LM I T A

® FEXEHHER

BRI EREREN S KT REEN . KRR X THREERGR
e B X IR A M BERBITR A, B85
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3 RERBEERE

a. WRER. EFXEHERATMIMHBOYBEAEITIE R, ERERPHETE

Pt O £ SUA inlet, HOTHE XN outlet, HEEFIHLE LLEBRAKHEE X

REEMH, THARWIREREA interior,

b ELEM: EXERESER RN, AEHP, FHRBEE

HkEEM@d), XEFHEHE. EEHTESREN AT Y RRER

.

@ HHE PSR

%A FLUENT ARISM#42 T A GAMBIT #TREBEIRS, HiEH
(export) PRI {F.
3.23 K#FitH
3231 HHEFE

AiFE%ERAT FLUENT MBI EE S B KBS, TEXERERANEET
AR -

@ FAHE MG ER N B AREENE AR,

@ SZEAMEHERNEHAERBUERNIERTRE GRA) EE.
Eh. RESFHRESE.

@ BHEIBHGEAMEHETRAMNKE, FETEMIEBHRFTE.

SBR\|REEEERBEEE TR, FHEHE. BEFEURKRFE.
R UEREH, —MHTRES—ATBREMILA. FhiEtIhERIELIEN,
ERB/—MRAMSERE, FEHERTILIRBER.

BIREIERE BT /LSRR

@ Bk, ETHWHRRER, RENBHEEN. WRERIFHHE, M
AN BERETIHETESN.

@ HITEHHEER, FRALHNENIMERENRERERKKE x, y
Hz =R H RS EHE.

® BTEE 2 BPRBIAEE TN T EEETE, NEEEFTENL
AL EIB R TR PR Poisson BBMEHBENE, REXKBEHEEFER
KB ESMEEZUEMNEE LNARRENEE, SHHEEEHE.

@ HprmmtEsEN, XeTEMNEFHTTNESRE, Mngl kR
iR EHIEHITRE.

® HATHATEREAMHNE.

REFERBRN. REERAEREERL, FESMTEMBERIE
WITEMFE. RE, KBRELHTE, FE—1EFNRE.
ERRAERBEP, B EROEHTERETNRXTFAAENEMIER
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ERKFWA AR

Mg, XS TERRPHE— IR TEN—ALHELTE. BiE
P RE—AHE, EHTHRIFTENFRER. B AR SREFERER
(Gauss-Seide )t & B £ E MK E(AMGRHHASN S PRI B RGFEY
B, W, HuFEERRONEE x FRNEIREFBEEELER—RFINEE,
£/ AMG 75k, R RBXEFEREE—IBEHFIEES.

BMUEZ, SEKELELRNERITEMBERRBEEMERG(WE
77), REFRNERFEHFBERKET —4ZE, DHEL.

RBREBEFUE, BERE-ESH, mHRlE. GR&4. VB3
. kBHISH. BEbE. BRESFES.

3.232 HEEE

(1) BERERER R

¥ ER T H RIS FLUENT BRA 7 Bk, ERERARAAMEEE
FORMER. B RKRE S FERT BN R AL R, B E,
BBRHFE. k FRUR ¢ FREAARSRF, I m s mEshtiEmdt xR
AR AR B R, ﬁﬂﬁ%ﬁiﬁ#ﬁﬁﬁﬁ%’ﬁ%iﬁ

() 71, LEEHRAE DK

VA HRRAEBE-BNRANEE. Eh. BE. ﬁ&%, BHEHLR
BUERIELRANSE. REVHBZHEFAEHREANIAERY, BBE50WE
HHNESE M ER R, MESERTXNERS, SEGIEER. WHREHH
HEHBEEZWERES TEANBREERATEYENE. € XVHENEE,
FIReU RimBh e E S, HNERATHAN RO R EER. TEABEHR
HEERNSERE.

@ el B AKE N 43°C, W KEIER p=992.2 kg/m®, Bk
F¥ 1=0.0006321kg/(ms); S BUMIELIL Sk B2 MY BE 3% 3000kg/m® £ 8.

@ HELLATNE, ERHEER, RANEEFERNRHEETEE; &
WP S KB HM KPR E X 8 h .

@ MEHMATE, AELaEER, FEEFNSEEMAZ HPAEEN.
FZEF A FLUENT %4 S s SRS R ST N, BE—eNBRnEmE
RIBRISAERMMA ORE L, EEREIBH"AF (tap), BEREIR
AR (reflect), W OWEHHRE IR (escape). FHFEMHRE TP,

a\ “reflect” A %M BRELLRATRESDETN, THEHRBRETHE
Eo



3 ERHhHERR

Mg | 2n
EREE Vg

YRy ay e

32 BN “Reflect” I F &4
Fig3.2 “Reflect” boundary condition of discrete phase

ERRERYHETNESRIRERELF, REETERITMNZIE
TS

Vz,n
€n v (3.7

e, v, YEABRENZEREES R, TH1. 243RSAEETENE. A
B, KA RS, vAETRRESERRERE LS, F SRR Y5
BEUE,

by “trap” AR FA: AL, FHHETREMTELTHETS, FEREHN
& RARIE A “trapped”.

v “escape” AR F A BA, BURBATRIC A escaped” 3£ 1L T HIEHE

B33 BEAAK“TapdR4&4
Fig. 3.3 “Trap” boundary condition of discrete phase



ERKEF LA

T T

3.4 PBEBUAM“Escape™ A R 4
Fig. 34 “Escape” boundary condition of discrete phase

@ ERBEREHAREN 12300m’h, RIELFHERBEAK D RT#EW

(3) RBEHBE BRI

O BTFHER\EHHFEREREN, — M TENERBTHEERMME, HT
kigtEE, AR MBE T UMERKEREZ BHTLR N, 2EKES
EARRBETFREHTEERESRIEROESRE. SIMREETENELT
REEARERRAE (DT 1), BMEN THERKAKABHERT, R
aaEmiicsk. HTEESBYERRBETFHE, MNiHEARKERYEE
. X

@ FLUENT f FZETIEHIARNHEAR, B RS iiir ke
MAEFEA. BHARBRAXTENMEHARNEHTEN &L, R
HABRGRETETEHERNENE.

S AEERREE, (0= AR )— B E F ZBrig Rt i s AL
A LAIR G KR RE . RSN, —f K SIMPLE & SIMPLEC Fi%, &
EithX A SIMPLE Hi%. 3B, WahfeU RigEEEERE YA K.

@) BRIE

wiE L wRE, ERBAEMEARTERTEEERYS (F P4 3.0GHz 19
PC YL ETHE AT 72~96 N RUBHE], BREHIZE 10° HBR), BWAlHE kL
IR A R RS FIERE . RB X LT, W LER RN IZH
TETE Ak R B 43 Bt o

3.3 BiRRRBRMUEIRA
() FERTEEEE S ERURAELIRRET . LEREAAE: YH#
ERMAELAE, XBEENEEHTR, ZHERIEERENII TR, TR
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3 RERBERE

REEEE. HEENRERERNEATAFAEFER, RARRE: Y
B SES KR, AR RERE N IETT M.

(2) BERPIRBER G HFPLE. ARETE. ARKPXMLEER EXIL 4
MR, HAUERELE 35,

s AEXEYSGmINE
X% -\_“ o
AR ER” h
=

AEEPR

FAEETRE

L

M35 EXEMAETER 3.6 EVIETLEREM

Fig3.5 The position of different parts Fig 3.6 The position of different section

(@) EVELEDE 3.6.
68 B Y AIYIE: bLZ RIS A 0264k, I Y BB ETIER 68 BEFTAMILIE.

—EKE Y FETIHE:

DI .

—SAKRY FEIH:

Yl .

=ZSAE Y HETIE:

Y.

WEAKEY FRTIAE:

vilii P

P Z S mchBeg, ¥ Y ShdetetiEss o8 AT
CLZ shfR i R ek, VB Y S ETEEIESS 128 TN
BLZ b ek, 3B Y ¥ETEAEH 158 EARN

P Z e AR, B Y BhiRY S HERE 188 BEATARMY

@) BTFARHEMANERERAT MY Z HERFEET X-Y @,
ERREHBMAT NS XHERFEET Z-Y FHE.



4 BRHSHHNE

4 HUSHALL

ER RO AT XRERUS BN EAT ERETRAR®A, FHnE
MERERE. 8. FK. RERREARARGSFEUSHMEHTRILTT
R, DRERATIEBERTERERYE. DEARRBET R, BTRM
WS HE LT BT M MRSk BT R 5 L p e R RE A B R H AT
B8, URBHEAIS ORI H & EE,

4.1 XS HR A

B P EEEEMREE FLUENT 2808 ES, DTN SE R BT
RENHEERRT—EEW:

(1) BREFIERKH

BRERATRAEXFELAELURI—~FEANEERTTE. FEEX
A SIMPLE iRIENEFiG, HBEEHTE 10° KBE. BAKEEE, #
ST, EARERRREANTREATBTALHEER. BEAKREET
E-BXEZE, BRAREOEEFSNEMSERETAKRER. XHAP, EA
YHH 15500 K~50000 IX.

() FHEIK

SHAEGTRE AR EFHNEL T RAEBTENS R, SKUABREK
EHPER, AEFZRIABNAERKEPESIRINEKE. PREFELIXT
RSB BRI RS EHEN AR RRE, RESMUSMKELER
HEE, BmaERENEE. PEELEES 0.02m~1m, NS RELS
500000~3000000.

) HREERK

THFEERT, SBETREERREN. Wi, FREREABRER
ke, MBREERE, —HRIIEND -1,

(4) REZEK

RBARN G RAAS MR EMBEN G EAEL. R () hExR
¥ET 1.0 RETRARENRRFS BHE GERRMERED. En (MR &
BREST ORTPRERESREATHENZE.
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ERKFFEFAIEIT

Zone Name

]-auz

Adjacent Cell Zone
liluiﬂ

Thermal DPM IMBmEMUml Spedes] l ﬁg%ﬁ%ﬁi

Discrete Phase ModeS Conditions ./

Eundaly Cond. Type [ieflacs 74
=

Mormal Jostynomial <] Edn.. |
|

Tangent lpn!ynomial v! Edit... I
|

0K l lCancelﬂ Hzlpl

41 RERBEHRE
Fig4.1 Setup of reflection coefficients

Interaction Tracking Parameters Parallel
'E I Interaction with Continuous Phase [ {Max. Number Of Steps E ™ Message Passioy
H e ( #

Options Isauu :_'J i Shtrinj Nfemmy
T Saffman Lift Force F Specity Length & ﬁhared Memory
o N - =11 Length Scale [m) :,{ Warkpile Algnrimﬂ

iUser—Dcﬂngd Functiong o1 ~
Body Force ™
Drag Parameters rﬁ ﬁ

! !nonc
| Source Drag Law

M
% inone :J iSpherical - :_] i
K

| Scalar Updste Spray Model N v
| frone I™ Dropiet Colilsion
' Number of Scalars f Droplet Breakup i

5 3 ' MRS

oK | Injections...| [Cancel |  Help |

B 42 HRBERE. PR PEKHORRE
Fig 4.2 Setup of sphericity coefficient, number of steps and length scale



4 HRSHMIK

4.2 BHSHMRRSHKL
FHXFRRANERTE: HERRMERRBTFRLRRTRNER
B 745%. FEAERRMBEK LKL ES .

41 HKPHAKERE LA

Table 4.1 Ferric oxide partical size distribution of inlet flow

d (mm) <0.005 0.005~0.01 0.01~0.025 0.025~0.05 0.05~0.10
ERFH%) 22 08 0.2 1.5 10.5

@ (mm) 0.10-0.25 0.25~0.50 0.50~1.0 1.0-25 >2.5
ERT5H%) 40.9 213 18.1 34 1.1

42.1 ERREREE

w41 TR, RRKEEL, BREMKSTE, SRS HERBELIR
LA, B T R IR TR R & L HER.

EAME TR RO ERE TR, SR BORER 15500 K, BRE
e mE 4.3 fim. AEPATLLEH, BEMLELE 11500 KZE 13000 KRl H—EE
EHEs, MEREMKFETRTH, RENEENES. KRR RBAHHE
REFEE, SERREPRKRESE BT LR RN E.

4k IR AR R E 30000 K, MR ITERTE, Bx g 4.4 B,
METEAE S, BREMEFXZRE 26500 KZE, HEERSHHETIT, BEH
SETHEMBY, REREHANKACIE, RHEXTER, ERRGSKE
BEE L FARAEE, BRATESBIRERAEFER. X s
W BRI, BT E R AR RS AR B 30000 K.
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BRKRFWMLFM R

1000 HSk0 13000 13500 13000 'I:I-‘SIIII OO0 4500 000 15500 WO00
iterations

Basled Bopidusl; 3
TLUDNT 6.4 (34, segregrte

43 Hrtidkl GEAKH 155000
Fig4.3 Residuals graph (iteration 15500)

e e LT
AL, ) e i P A B P A Ao
e i At S S P  A B b

e A e s

25I00 6000 FAS00 ATOCO ATSO0 (28000 2H500 FV000 IYIO0 JOO0D 0500
Iterations

TLOINT 6.1 (34, ¢

M 44 FHERREMRE CERKH 30000
Fig4.4 Residuals graph (iteration 30000)
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4 B2t

422 SHESKILE

EXER MR EIEN 30000 KETEM E, SPHRPKHTHE, LIHF

AP EH KPR TIRBREUR AW, HIEFTRY:
O BER%KHK

i)

SKA

REERY

RERH
@ BREH
i
BKA

BRERRH

R#EK

30000

500000

0.1m

BLE S RPOBREE R RERBER T TR aME.
PSR E THELREBRERRET IR 42 KR 43, KERAE
—H AR TR O RRE. R REE R E AT 77 N SR 2

RPN E, HHRENSERMRE 44 IR 4.5,

%42 FUERAIFREHEMUER (0.1m, 5000000
Table 4.2  Simulated results of separation efficiency of the ferric oxide (0.1m, 500000

d (mm) 0.001 0.005 0.01 0.025 0.05 0.1
IEE(%) 159 175 246 20,6 34.9 524

d (mm) 0.15 02 025 03 05 >0.5
NEE) 100 100.0 100.0 100.0 100.0 100.0

®43 FUBESZHBOEHER (0.05m, 12000000
Table 43 Simulated results of separation efficiency of the ferric oxide (0.05m, 1200000)

d (mm) 0.001 0.005 0.01 0.025 0.05 0.1
IEE(%) 175 159 16.7 175 222 333

d (mm) 0.15 0.2 0.25 0.3 05 >0.5
TR (%) 952 100.0 100.0 100.0 100.0 100.0

K} |




EXASH 2L

R4 EHETCHEAMGESBERROERLER (0.1m, 500000)

Table 4.4 Simulated resuits of separation efficiency on a certain
ferric oxide particle diameter range  (0.1m, 500000)

d (mm) <0.005 0.005~0.01 0.01-0,025 0.025-0.05 0.05~0.10
TR F(%) 16.7 21.0 226 278 436

d (mm) 0.10~0.25 0.25~0.50 0.50~1.0 1.0-25 2.5
%) 76.2 100.0 100.0 100.0 100.0

#a5 RRBHEREMLBREDBARMEMLER (0.05m, 1200000
Table 4.5 Simulated results of separation efficiency on a certain
ferric oxide particle diameter range  (0.05m, 1200000)

d (mm) <0.005 0.005~0.01 0.01~0.025 0.025-0.05 0.05~0.10
LI R (%) 16.7 163 17 19.8 27.8

d {mm) 0.10~0.25 0.25~0.50 0.50~1.0 i.0-25 >2.5
P (%) 64.3 97.6 1000 100.0 100.0

A Ak B £ R R BT TR H B -

;- gﬁ%g, n=1,2,3,...10 (4.1)

A N—iff FLUENT 8 HTRTIR A E (RR) HERREEE
W B R TR
M—— RS P B B97K O etk b BT & R R T B R B

FHE;

g—HEH KPR B EEA LR ERET .

REAR 4.1, R 41, T 440K 45 HEFETHITEHRFEHARENS
BEETHEKE TR ERRER: PN 0.1m B, HBREN 80.6%; HK
# 0.05m Bf, EBRENR 734%. HEBEMEULRTUESE: HK 005m. F%
1200000 BRI EZBRER S —FHISERETHAN SR TRELERERE
74.5%, WAL KEN, BRB 3 PUESF & EaE M. LT R R AL K 0.05m.

H8 1200000 FERSHRE.
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4 BHSRRL

423 BREEREBHILE ,
ERRSWERFERP, FAEETRF BRI, 57T B IRE
BRMETHE. BREERRNLEARS: 03, 05, 08, AAREWT:

@ ERKH 30000
FHEH 1200000
#KH 0.05m
R E RS 0.3
RERH 0.5

@ BRKK 30000
i ) 1200000
FKHh 0.05m
HREERE 0.5
RAFRE 0.5

@ BRKRE 30000
7] 1200000
FKA 0.05m
BEERY 0.8
RBRH 0.5

HREERICH 05 WERBRILE 4.5, KEFHELSET AL TR
TIERRNR 4.6, K47, BBEAFABESERME 4.8 K 4.9,

# 46 FHBERIZHRENENMER (RBERLE0.3)

Table 4.6 Simulated results of separation efficiency of the ferric oxide (sphericity coefficient 0.3)

d (mm) 0.001 0.005 0.01 0.025 0.05 0.1
TERE(%) 16.7 198 143 190 15.1 254
d (mm) 0.15 02 025 03 05 >05
HRE (%) 65.1 833 99.2 100.0 100.0 100.0
£47 BUBREAEREHENER (BREERE08)
Table 4.7 Simulated results of separation efficiency of the ferric oxide (sphericity coefficient 0.8)
d (mm) 0.001 0.005 0.01 0.025 0.05 0.1
VLEEH (%) 135 15.1 246 103 302 548
d (mm) 0.15 0.2 0.25 03 05 >05
TLEEF(%) 100.0 100.0 100.0 100.0 100.0 100.0
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#4838 ERBHARLBREIWHENEHUER REERRO03)
Table 4.8 Simulated results of separation efficiency on a certain
ferric oxide particle diameter range _(sphericity coefficient 0.3)

d (mm) <0.005 0.005~0.01 0.02~0.025 0.025-0.05 0.05~0.10
MEE%) 18.2 171 16.7 17.1 202
d (mm) 0.10-0.25 0.25-0.50 0.50~1.0 1.0-25 525
FRER %) 452 742 912 9.6 100.0
£49 FHETRANKHEAERROEIER REERY 0.8)
Table 4.9 Simulated results of separation efficiency on a certain
ferric oxide particle diameter range (sphericity coefficient 0.8)
d (mm) <0.005 0.005~0.01 0.01~0.025 0.025~0.05 0.05~0.10
LHE(%) 143 19.8 175 202 425
d (mm) 0.10-0.25 0.25~0.50 0.50~1.0 1.0~25 »2.5
TEH(%) 714 1000 100.0 100.0 1000

BIEAR 4.1, HF 410K 48, £ 49 HEETHUAEEFRBREERK
TR R R, BRIBERYCN 035, ZBRFEN 58.3%; REEREN 0.8 Ft,
ERE 80.8%. BREERECH 05 HAOEAIHEERE 422 TEAH, HEN
73.4%, WEBULARBREEZERETHENERTUEL: REEREN 03
0.8 FELKEBRENEBRERE KR ERAE 45%RERK, KRhEE
SREET 16%F 6%; TERFEERECY 0.5 W AERE R E R LFERE, W
(0% 1%. B, EXEARETENTEN, REERIECH 05 BESHEE
FFAEELA.

424 FEREEAELE

LiFEEd, SAERTREREMGERENHIREAMHURE (R
EH1.0) SxSIERMRE (RBRE 0.0). FIUEEBTEEMNRBREMER
{H#ITHRAL . RUFTEH:
@ ERKRH

@

i
FRA

HREEAR

RERY
BARKE

30000

1200000

0.05m
0.5
0.3
30000




4 BHBHMitk

S8R
FKA

REERY

RA#EK
@ BRAKH
S%H
BKA

BRBERK

RERY

1200000
0.05m
0.5

0.5
30000
1200000
0.05m
0.5

0.8

RBZRECY 0.5 WL RAE 4.5, KMZRE KN 0.3 1 0.8 HEZK B BRI
ENES R NE 410 % 4.11, BEAFHNBRERNERMEK 4.12 F1E 4.13.

£410 FHBEAFRENRULER (RBEFH03)
Table 410 Simulated results of separation efficiency of the ferric oxide (reflect coefficient 0.3)

d (mm) 0.001 0.005 0.01 0.025 0.05 01
P (%) 206 159 16.7 182 190 381

d (mm) 0.15 02 025 03 05 >0.5
¥ (%) 86.5 99.2 100.0 1000 1000 100.0

411 FABREIDRENEHSER (RRRH0.8)

Table 4.11 Simulated results of separation efficiency of the ferric oxide (reflect coefficient 0.8)

d (mm) 0.001 0.005 0.01 0.025 0.05 0.1
(%) 7.1 143 143 15.9 173 349
d (mm) 0.15 0.2 0.25 03 0.5 >0.5
R E(%) 921 93.4 100.0 100.0 100.0 100.0

%412 FRABEAEMEKEARBEORMUER (REFRK 03
Table 4.12 Simulated results of separation efficiency on a certain
ferric oxide particle diameter range (reflect coefficient 0.3)
d (mm) <0.005 0.005~0.01 0.01~0.025 0.025~0.05 0.05~0.10

VL E(%) 182 163 175 18.6 28.6

d (mm) 0.10~0.25 0.25~0.50 0.50~1.0 1.0-2.5 >2.5
TR (%) 623 929 99.6 100.0 100.0

s
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#4.13 RREEBRARESBHENBRNER (RARH0.8)

Table 4.13 Simulated results of separation efficiency on a certain
ferric oxide particle diameter range (reflect coefficient 0.8)

d (mm) <0.005 0.005-0.01 0.01~0.025 0.025-0.05 0.05-0.10
TR (%) 10.7 143 151 16.7 262

d (mm) 0.10~0.25 0.25~0.50 0.50~1.0 1.0-25 2.5
TEE) 63.5 952 99.2 100.0 100.0

RIBAR 4.1, BRAIME L1, F413 OEETANHEHFRRBRY
TR EGRRE. RBRYH 035, HEBREH T1.6%; KHREH 08 5, &
BREH 721%. KERELEH 0.5 HEERAEERN 73.4%. LBRUEFARARAR
HRBETHERIERTUEY: REREHN 0.3 7 0.8 B HrEAS R ERAER X5
MESLFERBE 14.5%RE0H 2%E4H, BRBEYNY 0.5 HHREE .
R ERRA 05 MRMAR. ZE UL ESIT, BARLMEUB KA SN,

EAWE 30000
7] 1200000
KA 0.05m
REERY 0.5
RE#FH 0.5

B BRI R SHAFHRAERARETEITERENRITERES
BAREHMNEAER. TRSLRER RUSHMRLLEEN. HLEMN.
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Fig 5.1 Contours of velocity component of the NO.1 pump section along Y coordinate
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Fig 5.2 Contours of velocity magnitude of the NO.1 pump section along Y coordinate
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R LIE 2% 0.5m/s, TOPSHEWEN 0.2m/s. FHEWMIEK LXK, hTRAMTES,
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Fig 5.4 Contours of velocity magnitude at the NO.1 pump entrance along Y coordinate
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Fig 5.5 Contours of velocity magnitude of the NO.1 pump section along Y coordinate
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Fig. 5.6 Simulation curves of relationship between ferric oxide deposition
efficiency and particle size at rotational flow sedimentation tank
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Fig. 5.7 Simulation curves of relationship between ferric oxide escape efficiency
and particle size at rotational flow sedimentation tank
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6 FHHFAARKERUNA

6 FIIRFFLALZEEZEUIR

6.1 I

REFARME RS TER, DEKRFILOFRNEEEE, F1E
HAR FRAARR PR GX—RAETEER S TE, UEROERENET
ROKEH—FHARSE. EE—NBRPFEFATREFLREFRFIR
XTERBE KRR NENEN, FRNFLRYASHFALBHTHR. &
A, UFE. FURILE B, #AREN d HEENER, RETFLKIFL
LB YERBE RS BERENERETHA. FILRFLLBHRF R T:
ARFRAAN A, BRI C ZHER: Ko B AB—HEMERBHZIRAIIL
B, AR CHEMBEHRARNFLRE. A R CHHILBRNKRITHE B AL
REHFLOERM ERELBHAAS, OFLKEFE, FLRYTLLEILE
(I ATTIN,

FIRAEN A i, EFLRAIZRMTEFBREERERAD, & TSR
BB SRR, HEEATERNENSKMEREN 002, SHEN
3000000, =HABTHENSKREELE6.1.

F61 BHBHLER

Table 6.1 Simulation parameter summary sheet

. BH | anwm | 5% $K | mmER% | FuRy
&
(FE=) 30000 1200000 0.05 0.5 0.5
EA
(FE=) 30000 3000000 0.02 0.5 0.5
EC
(FE™) 30000 1200000 0.05 0.5 0.5

6.2 EE N HIMERR
6.2.1 BEWIMEE T

AR CFAAATRAMAESFER I WE 6.1~8 6.4 Biw, B FLILR
FIRESEEZ A 5.1 f 5.2,
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0.2m/s. ZEVTHE X F X R LK, Bt a4 ) Uk p a3 B B & e TR b L B A/,
B 0.2m/s K% 0.4m/s, FBZFHR/E 0.2m/s, BRTEERTH BTG A2 eI 5
RIfEREY MR ERE. HERTER. HERPRAMER ERMKET DL
fm, BEAIGE e,

—SKREY MYEHAEES A EPLEES, RAHRNEEEELEZR
W/ M-1.2m/s ZA-0.1nys, HREFES M T. BEEFEEMSE—SRED, ERER
R EL FEER, MEMAEERF SR L, oA Em
FERHRDTIERHER, LEBEE 0 6, WEEEHEEN 03m/s. EER
TX, HEEREEERIIEAAMN-04m/s 6D K-0.1m/s, B EERE T R
B F. BEFRMSERAD, MrEESRZENS L, MrEEEETD O
ZE 0.2m/se PLOBMMER TFTRIFE-ATHECET. PLERRERT
REHEAEEIMIKEER TS, BRAER, FHESEEAMNGRER
LR EANER. ETRR X, A ERERASER EMEE R LR
B3N, 6 0.1m/s FFZ Omys.

—BKE Y AYIHZ R EESFHRE: EPOETES, BEERNRAD, &
P73 )T B T ALBY Omy/s EATHKH 0.2m/s, EEBEIEH O M BB HEE
XEFREE, HER 01m/s, BEEENF AL OERSE. ERRX TR,
PR R A7 B A7E-0.2m/s 3 0.7m/s 2. (8], TR EBRBRENE mERE
8K, BT 0.7m/s, MIERMBEBRE, MAREEEN-0.2m/s. XFEHAE
eI X TR FE— MR T mENERR. ERERPE, #HiExfn
REHERRITELERMEAD, B 0.1n/s 3K Om/s. EEX EX, BTK
FREHRAER, FAE M RUEREE R ITIEEER KW, B Om/s FLH-0.2m/s,
FHEEERIHE— SR, B 0.2m/s HE Om/s.

—5KE Y AEEERESMRUT I RERM . POEREEEELER
7 0.25m/s B 2.25m/s 28], YTiE XS EE B 0.25m/s 3 1.25m/s 2Z [,

@ —SAR Y Ry EfRES o (FILRDKLLEHR O

RIEE 6.2 M1 6.4 HEHELEMNILEN CERT HIEE R BT 7.

511



ERRFRLFART

—SKE Y BYEREEME: FORES, FARTENSHEREE
ERHERANE 2.4m/s BAE 0.2m/s, ZETPOHIBHEE M Om/s, HAR A AN
fe ULTER T IX B4 1) 1o 228 1 40 3 B e R UTIE b R B0/ AN 0.8my/s R BT
RS, EXREIER 0 MBI RRENAEXHERS 02005, EREEPREER
B, AR 1) S5 Y 4 3o (B HE Ui b 2 12 B9 » 18 0.20/s 3 K F) 0.4mys,
FZEBRCDE] 0.2m/s, BIVFEEE T BRHE 3 44 52 20 B 452 B8P 9 FE A8 470 10 R B 11K

—SKEY HUEHMREEI N EFOHES, REEHREEEELEN
P M-1.2m/s ZH-0.1m/s, HIFEEF BT, BEELROE S, EEE
MERHP GRS REE SR, MEMEENT ENAL, #HaEEEE
ELRHRATIEHIER, LEBHIE 0 &, MREEEEY 03n/s. ERER
TR, Sl P B R MR -0.5m/s BT AD F-0.1m/s, R Bl B BE O 1)
BTF. EEEEHBERD, MAEEFRAZNHLE, HnEEEEEDOmEt
ZE 0.2nvs. POBAFER FTRHOFE—MEHECLE. PLOLERARET
K EsE QK mAMUERA R TRS, FRAER, T 0% M ME8E R
LHBHTREAER. ARERTER X, #5454 E B R
MR, B 0.1m/s TR-0.1m/s, FEEBRERIDHFRAERTE L. B
THANBER.

—5KE Y RUERMAEFE S AME: P08y, HELEHED, R
P42 0 B BE T AL AY Omys EHTIE KT 0.2m/s, ZEEBEIEN O ML ERMESE
XEFEE, HERE 010, BEEENTRRBHOEREE. EREXT
X, SR REEENTEEE-02m/s B 0.7m/s 2 1. EREXPR, HEBRGRE
BEE eyl E 2 HD, B 0.1m/s BN Omys. ZEVUER LXK, BTFKERMN
R, RARRREEERRITERLZHEAD, & om/s 246502/, 3
BEEEHHE—BRA, B 0.7m/s HE Om/s.

—SKR Y BUHSEEAFAUTFEBEI 6. PLOHPRESEETE
B 0.25m/s B 2.25m/s Z 1] TR FRESEREEBLE 0.25m/s B 1m/s 2 8.

tBE 5.2, B 63 f1E 6.4, TELEH: FHEFALRLN CH, HAERE
FIBREEEFERPIERT 025ny/s, FHIETIRE P EAMBE AT 0.5m/s:
AR AR BHERT, MEXFRXREXBREEEESRIMENN 0.25m/s,
6.2.2 FIHIKALRFLAFEE ST

65 k6.6 FRAFIREFSELBAFTARNEEESHLE. &6
EHAA—8, BFEEFILAE R FILIRLE LSS R LA .

52



6 FIWAAARHELANA

o
Jiq‘“.'

)

AFLAR B #f A&

CFAAR

B65 FREEEHEEE
Fig 6.5 Contours of velocity at the perforation plank

53




ERRFIL 2L

: TR
: P
s p /“//' 2 l S
o oF et A 5. LAy
! 7/ X 7 gach v,
? / f’y il o
t 4 %
Lo f
ot ) vl
éf‘!‘-’ / ; ; !
ff;g‘/ ‘L S
. § A AN
il ST
ﬂi/ﬁf?‘fﬂ I ,,{év/ /x ,a;f:;j, Lo
iy e S B
p e o~ ot S,
.4(/ rd “z - o”‘ g?
9y ‘*‘ i "/
P ’1‘;/ ey ;s @
L ’ A
s P
,”1/ 7 e ¢
)‘/f/ y ~ !
- ///' - 4 ” 7/

APrE 6.5 TURMR: A FEKKRLEILAERKEETT 0.4nys, TIAIRAL
B4 B R CAAKASFLAERKER 035m/s, H A ALBHER TS ALAES
0.05m/s. AEFLIREREEHREE, B A LBHKRSFAAERKENS 0.4m/s,
MHABKDE=ZFHFALRTHERND, FL A FALBETHRESREEREE
BX: B R CABARLTLARBKMELN 0350/, {EE B FFLILEE C 1D,

66 FARWERESERE

Fig 6.6 Contours of velocity round the perforation plank

54



6 FIRFFLARKEEMNIA

AUl B ILEMKAUITLEESERT C Mg M. XN ELF IR S K
WEE, AE 6.6 ATLIRM: LB D, KETILRERK, BHIALRH A HH)
FIRSKLEEREEESERRLERERNED: 5t BRBILBR C
AandARERXER—HK, BAE 6.6 TUREKI, BILETHILEERE
HEEHEDT CHFER, XEHA B MAKRFHTLEEXT CHER, HiKE
MREEHTILRY CRER. BHEXR, AN ARBHEBRENXERTF CH
R, EEMAHAERTUMNERTERSRAFALRHAZEREMTENY:
REFAARH C i, REBARRPEBEARELDT 0.5, AHEFHHIL
RELT MTREE P REH 0.25m/s.

6.3 STERMEMEB RS

BERBFARALREN B. A, CHEBERSRUBHAULRAEK 6.2, /K
W5 BB ERI R N 6.7~6.8.

55



ERKRFEW LR

00 0 0001 971 00 0 0001 9Z1 00 0 0001 9ZI 91 go<
00 0 0001 LA 00 0 0001 9zt 00 0 0001 9z1 LrA N <0
00 0 0001 921 00 0 0001 92t 00 0 0’001 9Z1 971 €0
0’0 0 0001 9zt 00 0 0001 9ZI a0 0 0001 9zt 9zt sT0
00 0 0001 9Zt 0'0 0 0001 9Z1 00 Q 0001 971 porA 0
9t A ¥'86 A '3 4 9 's6 0zl 00 0 0001 9zt 9Z1 Sto
Tl I 6’88 [ARS £9 8 L'E6 81t A [ 9°L6 1 YA ) 9zl 10
66T 114 1'¥8 901% FArA S 91 £L8 1188 SEl LT o8 601 9zt S0°0
S'Ll e ¢z8 Y01 €01 118 L68 £1r SEl LT <o 60T 9z1 ST0'0
0’61 ¥e 0'18 A1) 6'ST (174 T'+8 901 | Y 61 68 LoY pTAS 100
'St 61 618 LOT £P1 81 LS8 80T Ll Ll <98 601 9T1 S000
L9t 1 £E8 S0T ¢6 [A €06 1411 LTt o1 £L8 01t 9zt 10070
% | By | wER | BV | % | By | wew | ®v | % | %L | wE¥ | BY
5w | ww | we | mu | wew | wm | we | me [wwwm| swm | vy | mw |gew|
D> HEEHR 8 TR VIR o

9PIXO0 211193 243 JO ASUIOIPS uoneIedss Jo SINSal pAjRNUNS 79 3[qBL

HHHRNERGETGNE T9#

56



6 FIEFALSBERHPIA

100.0

——150mm —8—100mm —&— 200mn

RRE TR (%)

80.0 . :
0 0.1 0.2 0.3 0.4 0.5 0.6
d (m)

6.7 BEItER R ITHE BRI RN i 2%

Fig. 6.7 Simulation curves of relationship between ferric oxide deposition
efficiency and particle size at rotational flow sedimentation tank

HE 67RERMEkE R E—REBXREMME " Ta: LERNRB%E
0.1mm AFHS, AR BRAHFLILE TRLKERNMTESELILE D C W
B K, 185 ABATHALKEBREREREE 85% U L, TiLBEHN
B B BB ITIE R RR 0.01mm AR, HAeWw7E 85% U L AFILAETH
PR EARNR R 0.1mm~0.15mm Z [FIHREHE K, 7 0.15mm 4biXE] 100%;
TMEHARILEN B K C B, RAREE 0.2mm KR BESE2IE T K. B&E,
SRR THARKETRBEMRERK.

20.0 (

——150mn —8—100mm —&— 200mm

GEERB ()

0.0 : i
0 0.1 0.2 0.3 0.4 0.5 0.6
d (ram)

B 6.8 fEltmiekiRE N X RGNl
Fig. 6.8 Simulation curves of relationship between ferric oxide escape

efficiency and particle size at rotational flow sedimentation tank

57



BHRAFHA AR

MEFEFRMER BB R — R 2 X RN dh R aT LU . B BRI R B
B2 8K, B 01mm RAZKELRERR AR A, SRR
F 0.1mm B, FIRAEH CHRTHEILKETHIBAEET A & B 175
TR ABZEXRTF 0.1mm B, A FAALRBEM T AL RFRREE B & C HFREIE,
B AFAARS B ILANNBHAEET S LAERE 5%,

6.4 FAHFIERLS BRI

B EAMTA A SHARHER T HEAKBBRERET FHLAEAE
5%, BHABBEMEAHBHYEAEZHE EANBES. TXEETUT/LIE
FH.

@ MAESHRET, F-HRENERNSIIORE, Rt ML
It RE. B3FNREABHSHZRGAIERS, FIMEHAER
B FARFEIR DA R AR AEL), MTRGN BRI AT KE.
ARG LA B BERR, MARH P BE SRR R K, IR TRB I SR A R )
FHEMTh#SE, BERHBER. B 622/ WHAHTA, AfLKNKITLE
BEHERX, MUNEANGENRS, BHARELARY, BARNKALLER
BEMELR, HBRASERARE AALRBHER: CLENBRIRRE. M,
B 6.6 T4, FILRIEREREZEREE B KB PMIARHEFS: C B A X
MF—WEERT A FALZHBRBARAEZR, CHERARERE. A, B
Eeip AU ARRIEE AR NFLRFALEN C BTk
TR P EKMELLET 05ms, MEECHRHLEHERTHIRE FEHEN
0.25m/s. IXFEAREHAFALRN CHERTHFARBARREE. FUAFLR
BRSNS RN TENELRE, ALGFEATHRREREAX, B
ARMEIK, CIEHFTRITERER .

@ HE 6.5 TH: A LRKRIAAERKMEL B & C ABHEATHR
0.05m/s, S A LBRFILRANKKRRNLR TRERHITALZOEL, &
R E AR TR BRI TURE, 45512 MR,

@ MFRHBEMHKEIRL, FERNETEHE 0.1mm~0.15mm HIFTHL, L
BAHAWPRYERET B RCHER. XTHRERA: AFLKAREAD,
ETKALRBE BRI, SARETRAREE —EHEER.

g LR, AEAFAACYBRIUESE EOMAEEH HTE. AHY
WAL, SH=ZFFLARTHERRARHESK, FEHBHEER
#EAEE.

58



6 FIRFAALZHREELHAR

6.5 NG

BT ST P LSO REERETE, TR T4

SR B4 B DABURLREAR 0. 1mm Y 5 . BRTE 0.1mm LA TR, AFIB
AHFAILR TR TR MTERELILEN C I, HELN 5% Fhk
2% 0.1mm~0.15mm B, FL2H B R CHERTHFH A BHEERT A 5K,
HEA 3%. BFF: FLRFALALBKI BRI ERENT K.

U TFHARERAERPHRAFT R FIRFTILARLN B, SKFER
d ftRRY,

59



7 BRI K B ER T

7T MK TR A R A

7.1 KRR AR

e A Ok R F R R IR A WA — W, E—H B
FATHEMBEHAIES &, FXARUFE=. ZHRAEZND B, kMR
X d BIFEABER RER, BIEEE/LAOREHTERLE, NTmEHg
A OTE. BT EEA a. by o e £ g AFER, 23T REERG
BRI, HEHOREY d HOELEETIERERTIHR, APREREN
HOFE. BARENSERETEERKBRENRE, AT kEHER
EEH.

72 RERTRERR
72.1 BEIEEE S
RESEESHENE 7.1~E 7.6 .

axlakvelecity

0.2
0.3
a1
.05
-]
003
0.1
=015
62
-0.2%
0.3
-03%
04
“DAS
0.4
-0A%
0.6
065
=0.T
-0.7%
0.8

| e

T TTTTT TR

B bbbk
(" TR T
rd --'\._
LY

|

F_
T

VR EESFELEGIRE) R B FE R E (TR E)

61



ERKEMEFArieX

=

oa3
g o

&

2 g FE 4 B (AT HL )

ragiakwwiocity
048

o 0 GRR LETA ad VAD B AR ED =

BRI TR TTT T T T

bbdbdbddbb000000000000000E
e b b s s B nun-'—--uﬁuwu-wu-l-

wlacly-magnd ude

AREFEXEETRE)

B71 —8SXKRYHFRAVNHEESHERSHE (a)
Fig 7.1 Contours of velocity of the NO.1 pump section along Y coordinate (a)

langeniiakveiecly
oy - <
W
| | = y

Tl 5
- 5.2 & nZ ?
IR
a‘i b s j
a}\ I ||
e =02

© b m

., 04 .03 1

h a

v P oL o
- =1-

VIR B E 4L B (AT L)

62

B 1a) T A S (4% B (T ER )



7 RERHEAK R K B R R ETR

racipkvalocly velocEy-magniuds
044 } 0.16 7

| o5 PR 182
o8 B A RN = BT
! paz I‘ uz": 1% i:!
| 034 e }f 23| o1
63 - —— - |32 et

[~ 026 * = =2 18
¥ i il ' 0 13
0.8 x 1 T Aa 112
(R | 104
0.1 0.9
0.0% ﬁ 0.88
LX) : %h
008 : 0sk
1 048
0.14 o
e i
026 Eﬂ
03 .08

a
R S E L B (AT ) AHEESHLARGEMLE)

72 —BARY FRUBEZSEXSHE (b)
Fig 7.2 Contours of velocity of the NO.1 pump section along Y coordinate (b)

5
]
B
i
£

O RN RN BN O N Wy Ty

Fafars
Rlks bEubkbbL bBunbRbbS S

PmE R HE L EGTHE) B A S HABETRE)



ERKFMLEMRX

CY— 1
= |2
i EL‘I: . a u.}; Ij_.
= [ racigbvela ey
: o
% ,é’s;. g8
2 /'I:"EI ’ E%
o 0
s & 02
.nz""".
RHEESEZEGEINE)

wiocly-magniude

HE
o

HHESERERTIE)

73 —BAKEYHFRUHEEFEEIME (o)
Fig 7.3 Contours of velocity of the NO.1 pump section along Y coordinate (c)

VI 138 B 2% B (RT AR )

— ]
[ i J o
[
a ¥ 01
= =
\,’:lﬂ
0.4 = £ 0
SRR
soat
A .03 ¥
i
- 02 o
L) \I =
L. N
X %

PR FELEGTIE)



7 R AE N R TR

=F
38
1

[T | velzcly-magnaude
b =
i 1

e | ragabvalocty

[ | | ;
oA { 1 bk | 32
| 0.9

L
o
o
&
o
!-..,_‘_F"._c
"'T-—:-
2420
!h L
-

LA ] FaLL 28
07 [ FA LA 16
08 - - 24
0.5 R | - g2l 22
o4 o | | 2
s } | |

B3 . { | 18
R 16

1.4

6.2 Y ﬁ .
‘B ;_;5..
o 8- ] (]
6.1 o \ [H] |
=02 1
03 L |k
=04 X 1 1 B
0.5

R R FHELEGTHE) HEESFHEZENTRE)

Bl74 —8SKEYFAEEEFELTHE ()
Fig 7.4 Contours of velocity of the NO.1 pump section along Y coordinate (e)

[——— = ¥

——7  tangerdiakvalscity

ok

] b

axlakwelscity

1
o8

0.4
0.2
Q

-0.2
0.4
0.6
0.8
-1

1.2
-14

b o 08
]

1
1.5
-1.B
-2

PR TTTT

PRSI S ST L)

65



BERKXFHEZEART

velocty-magritide

-
4 4,78
LR
~ 428
4

3.7%

3.5

£ 0 FE K BT ) FREEEZEETRE)

B75 —SKRYFHaYHMEESHERIHE ()
Fig 7.5 Contours of velocity of the NO.1 pump section along Y coordinate (f)

:
&

H
H
"
i
2

L
qﬁ
q;.zj-iiqa ]
bbb bddo
e i = =
=
=]
o=

3 BgsR-gNEOReE-a"

w

~Jﬁ
A,
B P 04
™,
Ly
go 0.3
1 L
BRI L TEER
Bl
/
WY,
BT T T T T T T &
REAgnLslLLilibbbdbboooooDosas §

i b i i e

VI B R B (TR ) P S S (T



7 BebBE K I A SRR R

wveloclyp-magniude

1B

radakvalocty
By 158 R B mi Y\ %] 518
115 al | 08 e Ol 55
=1 138 < [ B @ 525
= =24 / i 4 5
1.2 T 5] =3
Al & l = ‘.55
] 94 ! ImEED
=1 0.6 \ V=il — 4
= 0.6 L8 —1 a1
1 045 Sos os Ny =] 34,
1 0.3 I 5 =
ey \\ s =1 3
:-15 2, 5 —1 215
] o T5 = =1 24
—.0.15 12 A=
{93 =t 1=
1-0.48 i o 1.14
—1-0% ¥ 1
1
o
o
o
o

baim s Baim

ta ;v wh

e G g |
= EE) g I Y B
=108 — -

12

B EMEFEEBETHLE) GRS E (T L)

B76 —8KEYHRIHERFERIHE (g
Fig 7.6 Contours of velocity of the NO.1 pump section along Y coordinate (g)

FRFOFERFRT, Y. #E, ERARSERNIAARREMAR, )X
B TUE AR O R ST A A

VIR RS, FAR ) A B A A (B R AR Rk
T, EPLEERK, RERRRK, HKRTENG, S¥REE 0,
RARBCOEART, VAEEET Onvs; FRHKMET, PLOEHEEXTIN
4T ERETE 0.9m/s~3.3m/s Z 8], PR TX, HitkilmiigmesEd
Bl HE S L YE e R A2 A D BRI BE T AR T SR/, (B EATEN £ 3]
THREEIRT RIS FRNDNEW, HRTHIEER BEERRETENT
[ B A R LR BB KR BKIEA a B, JRTERERER
{EMBKRMER 03m/s, TIHEKFHE N g B, X—HETD 0.9m/s. EARKPER
ER, AR R R R 3T E R e TR R R B A KSR T RS
3 — X458 P ) e B A (L ) B K (B BB K R B A 0.2m/s 19 0.5mys. 38
AGLSER KA AR A G, BRIt ot e .

STE MR EAAT S, EFOEBS, RAER0EEMAENER-E RN
AHRZRTEIER, o0 R EE R b f A A E R K AR K 0.6m/s
WE 1.75m/s, WEAEENTHET, ERAEEENFHIRAELFTERL S,
BRSNS AL, ERER TR, #KRED ¢ BRTFHOMRELS

67



ERAFW L E4RT

MEABA 0.1m/s~025m/s; HAKMENR ¢ 1 £ B, HEEFEENEXNE Y
Om/s~0.2m/s, BEHEKFEAIRENE, $hREETE Om/s~0.1m/s Z 8. EHNREEPE,
HFFRAIBARIEA, BmEEAEEKIENBED.

BEEEN MRS REEEMEN R bMOEREE. EPOEBS,
HEEEZIRA, MERARERIER, ELE280 0 HEERRERNFEHR
ik, NEFATLUNRS, FRZKEETHROEESRE, HEHE
0.09m/s~0.3m/s Z[8), ZENEX TX, BEEMEEEPHEEZNAE, 7B
ZREAFLE—A B POREAOERR: AF#ORETHITETERRE
BERR AN, B A0 B (EREHE DIEAE S 0.12m/s 1 E 0.3m/s, TIEEFIL
WP OHTELHRREELER, BAMEH 0.36m/s BZE 1.2m/s. EHEX L
X, BTFEOMEREH, E£FOAUEKRER R IUEEE RITTER L2 0
MR, MERDANRRAER S HE LB EMRERRD TS, RERERN
5 1)1 ) o

ERENMH S REERAAER B, RRBEKRET, PLOHLERKS
FEETRE 1m/s~3.5m/s ZEl. ERERTRX, REEHEHERERRITER
223 M I e A BE T AL FF AR B BTN, REKTES a B, TTERTEAEE
BAEH 0.3m/s, TBKTES g if, X—HENN 1ms. FRARREFRER LK,
WS EEMEERATELERAM D2 KETRES: X—-RKEAEE
E BOK A FESEK R 8 A 0.2m/s 383 0.5m/s.

BEE, RGESE LA SRS, 455 E A 0w EK,
EHSERERYEENARTAREL. FEMEEEORENAEmMm, &4
HUEMAEEEAEEN, TREEAENEEXTEARMSEE. #0
WA a8t, ¥mEERERKE S5 R R R XEHE 03m/s; TIEORER b
i, FIEHE 07w/s; S OFEER B, FEME L5m/s. XHBEHOHERR
e, HEEEFSHERK, #OWEER, VAEERERABHE.

7.2.2 L EIELRE 57

UL B E 6m, WAAZERIBEABERILE H R AEHES), EREkRT
Eheyt R, KREHRENK, FHH AR BP0 R B SR
E7), EEPLEPHREKREERRTFRESES. TED 7 FH#EKHET,
Y=-3.0 KL B (POBPE) ool B XA e E 5 A

68



7 BER K RE A REE TR

HOER b

O a

BOEREd

HOEE ¢

HOEE

HOEF e

69



BRAFTLEAIEI

HOEE g
|77 PLEVIREESHEER (Y=-3.0m)
Fig7.7 Contours of tangential velocity in the central barrel {Y=-3.0m>

ME 7.7 PRATATUMER: MEEHEKIENTEER, P15 53 E R
Wbz %, RRASHEENTER.

#£171 HEXER
Table 7.1 Parallel table of velocity
BOEE () a b ¢ d e f g
Vg A 0.9 14 1.8 2 2.2 2.6 3

AP UE RS R R LUR I, BKREN a B E g, TUFLEPHH
I E A RN 0.9mys 7+ 3m/s, YIFEE K KIEBOT M TREKIUE ATEHKIE
E. REEAANT:

2
hoa §¢- (7.1
8

Ak b ACRBRRITIE N A FA RS RIE RS R R R R A2 M & Zor AR
RANEHHEEBRRREZN,: vi MERFRBRER —REASSEE.

MARFTHIE: RERITIEM A FA RS TE R GRS KRS RATERNF
FRIEWH, FTUASEKRES g if, FIERRKRERR K2 T KT HKHR
A a FITHIR, BT PO P AR 5] ) 43 BE (B )38 e R B K R R
34 3 7 PR

73 PRYEMLES SN
AAEORET, SAKEIERNEEUERELR 72, SEHEI R
fhik A 7.8~ 7.9,

70




7 BEif KA A BRI

00 oot 00 0001 00 0001 00 0001 g0 0001 00 000t 00 000t §0<
00 0001 00 0001 00 0001 00 0001 00 6001 00 0001 00 0001 <0
00 0001 00 G 00t 00 0001 00 0001 oo 0001 00 0001 00 0001 £0
00 0001 00 0001 00 oo0r” 00 000t H] 000t 00 0001 00 0001 YAl
0o 0001 00 0001 00 0001 00 0001 00 0001 00 0001 00 0001 (A
00 000t 00 goot 00 0001 8y 56 00 0001 00 0001 00 0001 10
81 786 00 0001 9¢ v'96 €9 L't6 9 9't6 0T a6 €0 L66 10
14 a'v6 1784 L'S6 §6 §°06 L L8 LYAS 6'C8 ¥LT YL 9'9¢ 1424 $00
¥s 9v6 6'C L6 09 0'v6 £01 L68 981 ¥ig 90t 69 (949 L 4 §20°0
| YA 6'T6 144 L'S6 L 626 6'St 'v8 671 T'LB £8¢ L19 TES 8o 100
6'8 '16 6¢C T'Ls 6 <06 148 LS8 eyl L's8 LSe €9 L6¥ £0s §G0°0
68 I'l6 6T T'L6 6'TL 88 $6 £°06 oSt 0S8 T'0e 669 Tys gy 1000
% % % % % % % % % % % % % % w
EEH | ¥R | £TW | N1 | ¥R | =R | kTF | =002 | YR | N | kFE | ER2 | wFR | N .

-]

P

)

SpIx0 ouIa) oY) Jo Lousionys uoneredss Jo synsal pajenuns  Z'Z J1qRL

HHIAWRRMTANE TL ¥

71



BERXEWLEART

SETLRE (%)

0 0.1 0.2 0.3 0.4 0.5 0.6
d (mm)

B78 REAMKEITEE—NZXRED MR
Fig 7.8 Simulation curves of relatioehip between ferric oxide deposition

efficiency and particle size at rotational flow sedimentation tank

SHTEE (%)

B 79 Rtk pIRRE R R REIIHLE

Fig 7.9 Simulation curves of relationship between ferric oxide escape efficiency

and particle size at rotational flow sedimentation tank

B 7.8“Be it 8k LU B ——H R R REA M Z A E 7.9BE M%K% &
B— WX A 2 -

O MTHANSHEALKETS, SRETERARLIESEXRAR
Az FUER e~g HHITTREBHRRET, c AR, a b HTEIBERES
.

@ 7#FET,015mm BEKRBER RS BRREXEIT 100%,



7 R KEENSERITIR

HERRERMTEREEFRR: REN a HATHELKETRENER
&, 0.1mm LU TFHISHIRERREHRET 50%, B b MERKT 20%%; g fER
TR TR EAIET T 0% L, b a BT 40%EH: HKIES ¢
R AR THEABEBRITENERE b M ¢ BUTEREZE, HEXBTHEERE
81%~95%2.[8. MBIEE, BkFTR M ITIE R R MK M g In T K RS,
B g R T KPR RS f B RBET 2%~5%EH.

@ ME 79 PO LIERNED: HTREAZE 0.1mm AT, BEKMAEN a
R Bk B BUR R R EE 60% KA, T b &R T RERR RBRELE 20%-40%2
i8], HKHARET B RREE 20%LLTF.

M EREMETUESY, HKRERSISR, FEENTBITREE
EHRE, HKAEY a F b HPOENEERITREREN, THKAED e-g
B R B TR BB AR B T 90%L) k.

74 TR RMERE WS
FULE R ERERRETE R, SEAKEIBERFERLOBEMENTEHIN
H.
@ PLEAERNEEEAREEARERLRIYONRG. IHEDRAEA
FARRESEEPORHELRERBERATIMERE, KHREREEHERT, ER
THER: TEROEEMEAIRRERE, KmEEnfent, BRLER.

@ REAR)TH, FRERXKANAEEQPOEIEEEL, TR
BREEKRRKEEE up NTRBERERSE, EALBBEMELEME KDY
B, EftafomeE, aTENMER, #2ENEAeRER TIETRESD.
Bk EE L R RE R ETMESBNEERS,

@ FEHLFEITMEL, HTHERK, SEHEEIERRENESE, X
HREMEERANZRBEHRAETHSE: AddTFrELER, MuEEL
BB SK T 5 KRR E ST B ' ’

KB EBETEH, HAKRESKESEEMZRE, POBAN
R REREE, BRNTESENRRETF. SEAKEENLR ISR N
SHTINT : WHEKFE R a B, A0 E P K A0 1 2 E AXHER KR 0.9m)s,
HEKFER b i, HIEEELMERRN 14m/s, FHTFE—RETH, bR
KEOHE B0 T 2.5, AREBRRITENESEAE LG E & 20%454H:
T SN o b, PIMEELXHERKN 1.8m/s, b AT 04mss, X
BOAMR bEATH 1.6 15, HMMERITIRNELE 85%LL L, 8 b BEIEILEK
RERTERERT 10%54. HIERH, MiKkFEYX, HET RS ER

73



EXKEF AL AR

R IEREET R, BN EREAEE Y TR, HHKFEE e
CAER, SALRRBNSBRERANZEMERK, HKRENBENLEHED
AR FWERER: BKHER £ 0 R BBRIEE R BT, THENER
H. HUTRBERTHKREY ¢ HHRETERE: #HKHE g i, RRKTE
FHEEBREN /s (W 7.6), BLEHEBKRER £ HHTRE TR AEEE
KT 0.25m/s, X ] HE S BRA AR MR, ZETRE T KR AR S R4 MIER;
sesh, BT HEKFER K, POREA T B RS/ MR BRI e e
HIZMLBHE. FE U EBRFEEES T, g Mtk REN BRI SR 5
EWATREBRENTRL BT ENETRY, FEEANTIRERRE, 53
B/MRAETIR S KR AT R P KRB T OB HMA X R,

7.5 IhNG

EiE R P E SO B A S EERTE, TLUARM TSR

O FREFRATEBTRESERERICY: BKIAEY c~g HPTTRED E
WREBH, cAdRHRK, aMbMAEIBREREE.

@ HFHRRZE 0.1mm LT E, BEKHES a FIEA B BRIEREE 60%
4, b AT HBRBEEE 20%~40%2 8, TRHABKAE T BRR%ER
YTE 20% LA .

@ HOKWEE DA, BRI BHREERENSE, PEREEANEE.
THAKREART ¢ B, FRFIERHONE, JEREREF. BiKkiETX,
BatpaBrze oMt LRRENER TR AERHZHEAZTES
.

G ERTRR, HKWIETE e~g Y, TR BEIUEBERIILLEE, BU  ARE.

UM ENRERELHERNBRLERBNRITEMREH .
FERZ, BEEFFILILEKRD B, BEHEKFER f.

74



8 BRI

8 HiEREIN

8.1 &it

A F KA FLUENT R0 e b ST R @R E, AT itk
BEARBREMEEMIESEER HBIUTER:

) FHHAP, MHEWELKETRITRBENERRE. REERE. R#
RH. PEBSKEERSEHET TR, BRSEREE, RiRbPEIsE
MR B RS LR, TSR B R RITE A B EF &L
VR, RASHORLESERLN. FLEN.

2 HE=.

EXMBEP, BdHEFR—EHFR-BRTHRENKETRITRMNE, I
BT B R it P ETEAR, BIL T ERAREH. AFHTAR
LHFRFEMAERMBERERE, BAATHRGOIMSER, B TR LB
BUERE, 0.15mm UITFREZHEMEETREEFHERRE, HEEHEHEX
BAE 30%~40%.

3 FIKILBKPFH:

BREREN: EAREFARELP LA BEMERT, SZELKALER
IR RS BT N ER R AKEW. BA2E 0.1mm UUTH, A B
PR TR TRKEFRMITTIRBELILED CHER, BEL 5%: Bk
%% 0.1mm~0.15mm B, FLBAH B R CHATHERSEREERT A KER,
Y 3%.

@ HKFIEFIFR:

SR AKRES a~g BRT OB IR NERT T HHEHER, 50—
BB KT K d 1R T BRI MR HATI L, SR RM: HKRES D,
PBHASBEARIERENSE, FEXENE: MHAKRERT c 7, Bos
BEEALEHE, FERRRS. EifKRELR, Ba/NEBR S 0 E 5
L4 EERBRE TR MERNEBNAGTESE. B85S, BKARE g
B, BRSBIUERRA RS, B &Kk,

G EpTd, BEXEUSEuRT RIS, BE T RS B,
RALE KB BT AMB B T I A B 41, T BAH Ll —pr B AL hE A
HBEEHEKEERES, RUERRBFRITRES, BAHKAESHR
TZEYEEE . Fit, BERERENOKAETES: FEZ. FRLRILKT
L2k B, HKEEN . 4R, XARBER LN, BR—HEBEBRETUMR

75



ERAFEM AR

e, B ATHERD AR S BERE S SRR A TTE BRI, FUEREEY
YA RY S B R AR S U 4 e b AR A

8.2 EiX

() FHANERF AL BEESTFAARKAMET M HRR . BIWFELYS
RIRRLAR P RIFEF FILL, S KILABRPRAE, B ITRERE
X,

() FEFRHERRAT, KAT 7R RKE OGEET, BB
BHTHRFEVIS R T iR FRET OFREE. BUERFAEM L
BREKRTGE, HETEUELR, Mo dmlEsE.

() FFAGRNEE T BERBEEFTHENLIARN, WREETH PN
VI ERAR Y SL 00 B A A 7 SRR AP CABRAEE

76



B

FXREFIBHMBEROB ORI TR EXLTEHIR, EioRES
JERREERE, SMHATTREEANCLAER. SMMENMIA. HEN
ARG, ENRESEURMABRMEERAES, HEUTRIFER &R
g, EREDER. FRVERFFITHOMFER, ek, 556 SITR IR
BHIBHE!

AE, ERXMTRIEFOBET HFFRHEAOKOES, EhbAnR
TRRBE KR!

EXRREOTAF, TRITRRGEE. THRBHIEMEERBIZHRL
REL, EhRbiIRFRENOBEE!

PHRBETREARGERADSHAZREEEE. ATREM. BAL
BEEERINEARENTRERT A HMDMNET, EhtEREE!

Bt AR RFEATRMEN!

B RARBAFRAN, RUMEDH LK LATREMNZ SR,
FEREEBIRFE R RN R AI%¥ ]

R IEF A RS FRESHZHIANS TR, BN EL

BjE, TOMBEESEZFTFREINSMEMNESAER. HIR!

£ £
Z 00 A% +A



R P

f1]
(21
(31
4]
(5]
(6]
(7

8]
(9]

{10

[11)

(12}

{13]

[14]

{15

[16]

17]

[18]

B & X W

SPALDING D B. Mathematics and Computers in Simulation. Holland:North Holland, 1981
Batk. WEREHZCDMRARE. LR KFEER, 2005, 26(2): 160-165
LEONARD B P. A stable and accurate convection modeling procedure based on quadratic
upwind Interpolation. Comp Meth Appl Mech Engrg, 1979,29:59-98

PR, FEER, %ED. HEAKN%E (CD) EAETERTHONE. FimkTH
AR, 2000, 7(3): 166-169 '

8, EK, BRIV MEHERGHEERYMH-—FLUENT. KshH¥WRS#
B, 2001, 16(2): 254-258

KE. FEREKEEEELAFBRASMEARI SN [EAIRI]. MRIK: BRIRTLXE,
2004: 12-20

Wiig, BRI SREREARI). #7. I K%, 2002: 13-22
BHIE, BRERR. CPDERABRASGR. LEBT KSR, 2002, 2420): 137-144
HIFE, THE, ETUHFS. BARKORBEHRARIELS 58RI HTE S
fimE. SSKBTA, 2005 (1): 17-20

PRI EFX. REABRORERDZSHRI . BlE, 2005, 33(4):
13-16

BIEE, FIER, £ER. PHOENICSRZERESHRMMRBH AR LAE. HE
KEFMR, 1999, 39(4): 113-117 '

R, ¥l KEOEHRASRROBEI T RERRE. RFXFEEM, 1998,
26(6): 706-709

B30, KH, MEF. NAPHOENICSHRAH EAM R EMRAIG. LT RE
4R, 1998, 25(1): 12-19 ,

B, Fidg. BEREFRPREZ=S5EMGE. PEIEREFR, 1998, 29(5):
438-441

FhE, AR, HPE, #R. REEFIRFNESELDEROSEEL. 20
TR, 2001, 21(5): 1405-1410

TR, XF, ZEF. AESMN=8REREL. LBTEXES¥R, 2001, 35(10):
1464-1469

BIER, BZH, BE. HHEEERLR<ERMERHREENS M. HTN
W, 2002, 29(4): 197-202

HENE, BRBE. MO BEHOHRFART SRR, TS5, 2001, 6: 31-34

79



ERKEFLEARX

[19]
[20]

[21]

{22}

[23)

[24]
[25)

[26]

[27}

[28]

(29

[30]

31}

(32]

(33]

34]

[35]
36}

&5, AEE, AE. S WCPDRERN. £2 5H%%R, 2002, 2(1): 2123
RER, &M, BEM. KXSEHE BV ITR W TIEN . 2002 FLUENT
FEAPFERBIR. EE. 2002: 11-14

5.8.Thakre, J.B.Joshi. CFD simulation of bubble column reactors: importance of drag force
formulation. Chemical Engineering Science, 1999,54:5055-5060

H.P.A.Calis, J.Nijenhuis, B.C.Paikert, F.M.Dautzenberg, C.M.van den Bleek. CFD
modelling and experimental validation of pressure drop and flow profile in a novel
structured catalytic reactor packing. Chemical Engineering Science, 2001, 56:1713-1720
e, B, TR KRS R ERE/N50%. BAmELE,
2002, 18 (10) : 63-64

X%, B FLUENTRERHAREONA. SEARSNA, 2003(2): 3638
BB, T, ZHF. FLUENTHRATLEBHRAHXASNEA. . tREIT K%
tiigdt, 2004,19-21

T. Qda, T.Yano, Y.Niboshi. Development and expioitation of a multipurpose CFD tool for
optimization of microbial reaction and sludge flow. Water Science & Technology,
2006,53(3):101-110

ZR, Exh, BR%, X NNE, KEHE BEEREREERNTR SN
. hESAHEK, 2001, 17(8): 18-22

BH, BI%E, REE, ®EN, FRE. 5K ZEREGWKTNEZDENH
&, PEHIRE, 2002, 22(4); 338-341

P. Chatellier, J. M. Audic. A new model for wastewater treatment plant clarifier simulation.
‘Water Research, 2000,34(2):690-693

FEE, WU, WA, SR, WEASHEE_FBIERHNE. TEHEKS
BEK, 2005, 36 (3) : 52-54

K7, Wl HNE. ETHEREDEN_IUBRATA. SN EFEEL S5
BHFEARTHT LR, b5, 2005: 105-106

YW, B, RELE, HEM, xERE. BESEMEE_ERERRARTPE
FiH. BT, 2002, 202): 10-12

Rets, &% BEE. PRATEBRERDSE. FEREER. 2004, 32(1):
27-3

B, D&%, T4R, REF. HRAGRSEL. PELKHEK, 2005, 21(4):
58-61

FiE, De%, AR, MEhAEEpEERIL. RREFEE, 2005, 32(2): 810
David R. Schamber, Bruce E. Larock. Numerical analysis of flow in sedimentation basins.

80



2 XXM

137]

(38}

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

(47

(48]

[49]

(50]

[51]

[52]

(53]

1541
[55]

Journal of Hydraulic Engineering, 1981,107(5):575-591

Emad Imam, John A McCorquodale, J. K. Bewtra. Numerical modeling of sedimentation
tanks. Journal of Hydraulic Engineering, 1983,109(12):1740-1754

A, L Stamou, Wolfgang Rodi, Numerical modeling of flow and seitling in primary
rectangular clarifiers. Journal of Hydraulic Research, 1989,27(5):665-682

Eric W. Adams, Wolfgang Rodi. Modeling flow and mixing in sedimentation tanks, Journal
of Hydraulic Engineering, 1990,116(7):895-913

Siping Zhou, John A, McCorquodale. Modeling of rectangular settling tanks. Journal of
Hydraulic Engineering, 1992,118(10):1391-1405

REH BHE, KX VR KRBERT. ERBEKXESEM, 2003, 25(4): 64-69

XICE, EF. MRATEREDFRIEKBKARE. FELSKHK, 2005, 21 (5) ;
1-5

XKL, RELE, FEP, BRK. UASBRIEEPMAIGRATMESS SRR
BE. BEERFEME, 2005, 25 (2) ¢ 176-179

XL, BER, HEBE. AAAKIHENLEERRNEENER. SEHRE
Bl SE R AP LR IR, LR, 2005: 139-140

XTI, EEIE, BRE, &5, BUHSRIZEMREREECRAETIHNA. F
HFFEEE, 2001, 21 (4) ; 359-361 '

G.C.Glover, C.Printemps, K. Essemiani and J.Meinhold. Modelling of wastewater treatment
plants-how far shall we go with sophisticated modelling tools? Water Science &
Technology, 2006,53(3):79-89

BUKE, KUR. AOERBESBEER. £ bR ALK, 2003, 920

HRR, Bl RRAESEER. £K. X KeThlhgd, 2002, 1-8

T.J. Olson, R. Van Ommen. Optimizing hydrocyclone design using advanced CFD model.
Minerals Engineering, 2004,17:713-720 )

Kelsall D F. A study of the motion of solid particles in a hydraulic cyclone. Trans.Instn
Chem Engrs, 1952,30(1):87-108

Brayshaw M D. A numerical model for the invisicid flow Of a fluid in a hydrocyclones to
demonstrate the effects of changes in the vorticity function of the flow field on particle
classification. Inter J Min Proc, 1990, 29:51-75

Fluent Help Document

RE, BHIR. RA—EERRRNOMESM. LTEHM, 2001, 52 (1> : 1-12
BgICE. BEfRFE. B2 BR: BHRICERFHE, 2001, 347-349

MZF. BRI BVER RSN = EBERRF AR ] BR: ERAE, 2003:

81



FRAHFWMIFARI

{56]

(571

(58}
159]
{60}
[61]

23-25

S.A.Morsi and AJ.Alexander. An Investigation of Particle Trajectories in Two-Phase Flow
Systems. J.Fluid Mech, 1972,55(2):193-208

EX. BRFIEDPHRERY BRNFREHR(FT]. L. FHITXE 2003:
53-55

HAK. BT ERUTRFARX]. EK: EXK¥, 2003

EhH, B, BiEMAN%E. Jo. BEXRFEDHEH, 1998

MiZce. WEREHFSERE. R PERRITELHKE, 1991

B, BtRAN%E. LR BTN ARE, 1987

82



[1]

(2]

(3]

M xR
EEEBUEM T F LA E RZRHMIEX

hhd, BE. W%, KRR, HF. SRR BRREMMEMRE. PEWEE
RRWAL 2005 FERER, WHERR: SFEFE, TM. L#. 2005 48-51
B3, KKK, H5, BB, BR¥. FER. ET Fuent AN S BHERK
E#. ERBEREFM, 2006, 28 (4): 79-82

Guo Jingsong, Long Man, Fang Fang, Long Tianyu, Li Longjian. The CFD numerical
simulation for the solid-liquid separation effect of a rotational flow sedimentation tank.
Journal of Harbin Institute of Technology. (E##)

83



	封面
	文摘
	英文文摘
	独创性声明及学位论文版权使用授权书
	1绪论
	1.1反应器数值模拟软件及应用现状
	1.1.1通用模拟软件概述
	1.1.2数值模拟软件应用现状

	1.2 Fluent软件在水处理方向的应用现状
	1.3课题背景及研究内容
	1.3.1课题背景
	1.3.2研究内容


	2旋流池概述
	2.1传统旋流池构造
	2.2旋流池物理模型
	2.3旋流池固液分离工作原理
	2.4表征旋流池氧化铁皮去除效果的指标
	2.4.1分离效率
	2.4.2分级效率曲线


	3旋流池数值建模
	3.1数学模型
	3.1.1连续相液体湍流的数学描述
	3.1.2离散相颗粒运动的数学描述

	3.2数值模拟
	3.2.1几何模型的建立
	3.2.2网格划分
	3.2.3求解计算

	3.3坐标系及相关位置说明

	4模拟参数的优化
	4.1相关参数说明
	4.2模拟参数的校核与优化
	4.2.1迭代次数的优化
	4.2.2步数及步长比选
	4.2.3球形度系数的比选
	4.2.4反弹系数的比选


	5方案二的数值模拟研究
	5.1改进措施
	5.2速度分布规律研究
	5.2.1典型切面速度分析
	5.2.2典型切面速度矢量分析
	5.2.3水泵入口、沉淀中区及沉淀上区速度分析

	5.3分级效率曲线及分析
	5.4流场对颗粒分级效率的影响分析
	5.5小结

	6穿孔板开孔孔径数值模拟研究
	6.1改进措施
	6.2速度分布规律研究
	6.2.1典型切面速度分析
	6.2.2穿孔板过水孔及孔前后速度分析

	6.3分级效率曲线及分析
	6.4流场对颗粒分级效率的影响分析
	6.5 小结

	7旋流池进水流速的数值模拟研究
	7.1进水流速的调整
	7.2速度分布规律研究
	7.2.1典型切面速度分析
	7.2.2中心筒切向速度分析

	7.3分级效率曲线与分析
	7.4流场对颗粒分级效率的影响分析
	7.5小结

	8结论及建议
	8.1结论
	8.2建议

	致    谢
	参考文献
	附 录 作者在攻读硕士学位期间发表的论文



