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ABSTRACT

Application of molecular distillation can be traced back to earlier last century.
With the development of application on molecular distillation carried out more and
more deeply and widely, theoretical research on molecular distillation has also been
carried out largely. Wiped-film molecular evaporator is a kind of high efficient and
widely used molecular distillation equipment with complexity of fluid flow and heat
transfer resulting from mechanical motion of wipers. It is important to predict the
separation efficiency and optimize the equipment design and operation by studying
the mass and heat transfer and developing a comprehensive mathematic model for
wiped-film molecular distillation process.

The movement of rotation wipers forms both falling liquid film on the
evaporator wall and bow wave in front of the wipers. Liquid fluid flow and heat
transfer in liquid film and bow wave in a wiped film molecular distillatory was
indirectly studied by using a kind of computational fluid dynamics (CFD) software,
Fluent 6.2. '

Three assumptions were introduced in order to simplify modeling processes. In
rotating coordinate system, the volume of fluid (VOF) multiphase model and the
Eurian model were applied to simulate different parts of the sdudy for the limitation
of each model. The RNG k-¢ turbulent model treating near-wall flow was properly
used in this simulation and a near-wall modeling method, enhanced wall treatment,
was used to consider the effect of the surface of evaporating cylinder.

A set of experimental equipment were designed to testify part of the simulation
results by concerning the Residence Time Distribution (RTD) curves of the
evaporating cylinder flow from the tracer concentration. Other simulating results were
also compared with the published data and were discussed in several aspects
accordingly.

It was concluded that the liquid film on the cylindrical evaporator wall
distributed well for the periodic wiping which would strengthen the mass and heat
transfer inside of the liquid film and reduce the difference in temperature and
concentration between the evaporator wall and the surface of liquid film leading to
high separation efficiency. The simulation results correspond with experiments and a

theory analysis in a wiped film evaporator similar to this proposed distillatory. The



analyses of simulating result revealed that liquid flow and temperature were fluctuant
in front and behind wipers and reversed flow appeared nearby the wipers which
proved that wipers plays an crucial role in wiped-film molecular distillation. The
effects of feed flow rate and rotational velocity were evaluated too, and it was found
that wiper movements enhance mass transfer and heat transfer by reducing film
thickness and renewing film surface periodically. All these analyses provide scientific
evidences for enhancing the separation efficiency in the distillation process and

optimize the operation.

KEY WORDS: wiped-film molecular distillation, CFD, multi-phase flow, RTD
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—_— X x

&x oy x x
B FIR BE S AR TR R

0 (1-28)
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8 AREA

2 Cayy 8oy FC, 100, cighoc,
foax T oy ot xx x Oy
oT T &T 10T cighoT

ura+uy——=a(57+;gx————;—5y—) . (1-30) .

Inuzuka %M EXBBREMER b, BIRTREAERETER THLAA
DR TRIBESGSR, BT RANBOKND FRBMMERECERL, AT
BRIRE SR A AMRAAREENRR . MIEREETTEEAT TR E, B
REA#TERBAE.

BOS TRBEES AR, SRR ERCAKRN, REEYHER
ZACR LT B X T S R MR/, HRARE R IR KR, BL A% 18
YRR, EBEEORD FREE AR T REPFERAE RN
Ao

1.44 FIBERX S FERESBSANRBEEAR

FIRAR R RN T IR RA Z M NERERR S, MIXSAHE
TEMRE @70, ZmdRd, REEEHEHTHERRBRmMANG, £8
B RREMERT, A EREARE L, ERETRAH2RET
BH, RET RGNS, BT AR .

BB FRBREEEREABRER —MEHENTIBEE T, WA
BESEND TRBSRGE, BERRREERN TR, ERERENTIBSERT,
RSB TRRTSTE R T #y R SR BEdE T RER LI, AER BB mIUE R T T M
T

MR TR AT RS RAR R R R, FEEEX I
T THAR . Nakamura* KRB RIAR T F@EMT, K THIBAE R NI
BE A JE AR IBIRA T LB K/ LB A 5175  Mckelvey ™ W 3t Sk i S BL 45
MRFESTRATHI, DCBL RN HR B H A R E ML Ak
/o Cvengrodt™ L@ i SEBGHEAT 7 15 B 1AM A E , SR /RBRIIR B 0 4k 3
Ttk BB EHEAT T 4007, B8R T SRS TR 8RBk SR R Aok BE I
W A Y R X E B B A ) 4 FARBE BT R, BR T R
. OHEHERE . BB S E RN R R R KRS A W . Gruber Fl
Steppan®® TIERF S A2 o 18 T MR R L K R S A B K R
Wl Komoril™ *7E B8 k%ot Sk ik i SR 5 45 4 0 kg o AL A RV ABUE o L4 O VR A
HAT TH, HE R T RIRSBSHBCEX L BB T AR SRR Z W, K
K PRAAAERIBEROEH TR 2B RS, RESHREERR. —&%¥

) (1-29)
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B8 XMER

HERIES, BME RS RM E R SRR O A S RN AR B LR

BT IR TRIBE N RR AR KR R R 2, BT AT HEm R
FEHFOERAMEEIRN PR ZBEEEE. Nouyen I HBASREY
ELERETHS TREBIRET TR BH TRBRE. 18 HRRENKRE
HEKER, ERIRENESRERENEEXR., LR R AR AR 7 &3
RIRBRFOL, AN AE R BRI A 1% BLAL SBH D35 9 TR BRI W Tk Rk
HEREHE . BEER. SRSOEERBOEFRE)FSHNAES T&
TR,

Lutsian'**'fi th St bR A4 F 2618, JCIR0BE Py 308 J7 700 £ JRBRL A /T e R 43
TREBRR AL AR SR R D, (BAGERES, MR — AR R MEREIR & 1F
T, AN RME RS TRIBET T 2EAR, B ERERBE. RER
Ji B L IR)GR B A AR, 3 AR B R T R P 55 TR Aok
B, 45 AR B A BRI RAMEI, BT HFEER, =R
FEARRIBIRRSS, AT THEHE, RAAMERTRUNSEREEHFARMR
Ko

jtsh, Badin'®nt BRI S F AR ABASHA B RARE R RE

TTTHE, BT 54 TRRIBRUMOLEEER, e etz T
RS Cvengros %CIEE BARMA BB R R, 4 FEMBiOT
BT THI9, TR FEsidET, dTENRK, [k EfREL
BN, —BARHX R MBI MPWA LUZ8% . Bhandarkerl ERAMEE ST
0.3Pa BN, BEESARUERZW, EdERTE, SINARERSER
HEFYE. BELSRIEEN LFAR 1Pa B, 2 FRRHEXNRARZET .

Ferron' I H BUR 2 8 12, X465 FHIAT AT TR B Lutisan> ™!
A Batistella"14) 5 it 4% R 8 1 H AL — SRR A SRS T
ARMIBRUETHENL, BRTRE. BERMEHESEEER, RN T 4TRSS
WEHBHHE M.

1L5itERENEIR

1.5.1 #{iA

HARNAZKEFAETARRREZH IR T, AARELEHR TR
SPHE. B FEMRER TR AW EE @ 19 3B T H 1A /) % (Computational



F—F WiRER

Fluid Dynamics, f&j#% CFD) RELHEHHEEMEAGER, MEITHHE
Tish Rk SFEMEXYERZ O RLFBH . CFD MEABATLUES
A ERREN R R Z R EEENYE NG, A—R7ERANMBEER LS
ZEREMESRAH, B — RN XBLEXTREEHA LSRR
BXRMARET R, RERERETBRARBHERIEET.

CFD H#RETLERTEMRBERN. EXERT, MEETENITEH
B ERHTIRN. XIS AT, Eidk# Navier-Stokes (il
B) TERRBRENRITREIM T ERREER ETHE, E5F EdTF R
8, KfEME, RAMREN. Eit, BEHBALFREEDREHZETRER
R ENT R B SE T E R EERR SR ERA R & RERE
BRIELFENASIIS, WTRRW R¥ERT Z R 8k )% (CFD)X
— X FER

SRMEHERRANGRELE, RERMTMEETTEEM, BF
FERBRR . Fahsh. AGZeMUBHENRE, FHL, EFSREAN.
ATy Sxe 5 W

BRAMNMAHERRERAF LR, SMHEHERERTR, 2EITRT
FMK RN RETE T MR EM. RERRD. EER. FExE. K
BENRBFM A, R R W HAA N ERFR MM, KK THHEREHETH
MR, Ay XTHERADENNATER: BRESEESRS TRt
ITHEMEL, AHTREHERHE. XN TERBER, REORRA G4 H
FRETAER . MIXRUUEAR R RB

B, 7ERA CFD KYJ5 kX SRR st AT S E R, (DEARRILRBR
BB BZFIXRRNMD RN ER RS, SREERUNHERS: &
AERTERIARE, REEURELEL. QRF, B HIEN
BEBEBATE, WHREN L. BRTE. FRERES, XBRTETEAR
RBFEHA T ROEHN T ER KRBT %, EREUWELIRREL, D7 FMHH
e E. C)BFEHTHEMBRIS . ¥R EAFD TR LR Z AR
EHZHMRES IRENTAEPENERZ S, dTFRENFRZELRE
7%, tLfn Navier-Stokes Jif#st R — AN+ RAMIFLM TR, BEKRBHTEE
Hig EARAXEEN, FTUFEEL LRI, U ERRNIERTEME
Btk

1.5.2 it Bk hE s A
E+EER, CFD HTRAMKRE, BRTRBRENFEFRH LT
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B8 kFE

HiEmE Mg SR SRPMHFETLE, W Reynolds £, BAERLTLIE
Bh CFD FREETHN L. rEY RAKRS). #Hk. 2 TFHRESHRN
B, JUEERCUEE TR R ER AT T RERL. CFD R {UEN—
MIRTR, T HEEIRITTREAFTRE. TATE. FETE. SR TE.
BEEHTE. TLFESTREEER. ARONABE IEXNTREEL
-
KEHL. AR ERAAEYE A SRR
KHURIATR CHL%E AT 88 AT
REREI X RERI M
BB K& OB E
RE G mERAYREE REHERHER
BERZEANT[AS RIFES
B F L2
B R RE AT KB 38 TR IR L
RS RN 8
RERAXENEF TS G
BANPHAHNED = , '

SHXLE R R AR, o ZFEEHTREANER A KENYEHERIL
%, MIEKEZ XA CFD AR MU FF R, CFD ERRCKETZEER
BAZ BT = 4 Rh h ii TL  EIRIZ B 8 B 2 e R R

1.5.3 CFD IR 9 F I 12/ R A

FERVERB 20 30F, BRFA T RGN E s BE B A b
T iR A R BT T SUEAREL, NN i SR Fluent, B =4
JAESHERY, YEF] Realizable k-¢ it EUAI R 2 X IS BRI 8 X AR 5D,
FFM VOF HREEFESBATHRIME, mEN XA CFD H{EEKYE
Fluent, B . —4EMRY, FENEFEAHR T, %M RNG k-¢ #1 Realizable k-¢ B FP i
BRUAT I LR, K59 5 SR B Sk B BT, 7S VB e T
S S R B AL UL R R A S B R .

L6 2BARAR

BRI 28 VB AR ROM PR T R P e BRRIMEAKE A, 33k T R omnfe
B, MRS BMRATAEF. BT, ERED FEBEARKNARRE
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B8 AMGR

RIFHBIT R S EIRA T —E MR, MILSEMRMBLTHANE T —Eit
. BHEIBEA S 7 THES SBMFS A R0, FA 22 BEREN
HARNGERN, WAEHRR SR ESENRESEN 2 ELBOENESE
TH—BHT. PIAMBERS FRELE, BRI REEEEBERS TR
BRORTORERUETEEEN.

WIUE R T H AR ) SRR R B A TR R AR 5 e Rad 2
HATRERBIG, RAFA CFD HEEKM: Fluent6.2, 45&LFrn ¥R
ARRBBERENE BT T EARR, BT ERE, B ZRBEER . e
AERTT, A RNG k- &R, JEFH VOF FIRkHy 2 ARV AR BEAT P AR AL,
SR FH S5 B [ BR Sk SR IE BE R B AL B, B T =4 Z P, FmKisR M
FERE . BEMREFNRN, XA FERBESEE R EET, RRARKE
B BEM. 5B e R0 RSB E RS R AT T 204

XIS RRA T ZHEBATRE, BRI R REHTEH
i i) 77 T RO BT AR SRR R T T B STR R UE, REREEEMLERE
ATE RO BB AR R 7 18 45 SR 1T 08 b 20 B9 5 9 0 3 20 o LA S 56 0 UF ROBEATL 45 R
HEAT T SCHR LRI AE
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T RETUMR

RS TR RO AT OB B E BT, MERH RS ERT
HH T ER R KR T ERTAA—MH R LIS KIME—T7iE, XX LB
KRAFTIEERG: ENASHALERNCSHRRETES N, HHT%
EAEN. BRRRERHNERT, ATRIBATHEEROTEE, AN
RELVEEXELRGLRBIEMULLE . RiE. BENTTR. MAdEN SR
HHEESLRHRLEES.

21 AN ELRE PR

2.1.1 ZBE B9 %

S EE SRR RN ELR PR EREFR . FHN
(AR IR i N BT S35 SE B tH B SR BT eI ] . ZEJE B AR,
AFERAN TR ETHREFAEARR, XRER AR FERED
B4 B ) B JBLAS [B] o IX PR RLAACRE L 28 2 P 7% B AN [R) BT 8] 43 A 5 oy 457 B B 1)
#i (Residence Time of Distribution, RTD) ",

& Bt B 20 M0 BB R M AS I — AN E B, EEEE M RN ENBER
Hr®. N2 Bl 5 EetEsmile, o7 7 ##sbr kN 88 W A
WAPRE, AR EKIMERE. N e RNSBREHE LT EER, HHesuE
WREM TR B RNE [R5, AT RN 28 A B R TS R T
HFRE R Z W EHERISH, TR N 2 et AT IR B 28 4408 I SE B [ B3R 11
EBITH.

2.12 BEHE S HHNES &

EENRNLRNR T EEELETEM-HNRAR, REERYATIAA
FEAFMOREEFIYRE, B G 8E R & s, e fAksh 2 g5t
fE. KRATEHORENERE AN YR FEARMR. 550, ER
B RE R BIMRTIR T, RERH ORI R AT AR RO,

HRER RSB RERN, MADSKEAN, REELHEESNE



FoFE RELEHA

AR, WERERE S RS HERNE O, ¥R RERE & WL
# (NaCD 8. BRABRIERHI(N,S,0:) %W . EHMMINaNO)FH . a1 AFIH
L Q0 395 B R e ot RO LR, SEEFSEEISE ¢2000 K¥ETE
RIE L, UESAKARBERS, FH NaCl e RER, 05 & ABAkEF
WEBER, BIRTHE. NERIEROB AL FIE B 5o mnsh 2.

HEPEATHRE&ESR, 5TREFEHAMETENERRDER, HEB
MR EE AR R, LR ERNN R BR TSR IKRE, BERRBEAS
Mk, FUREBASRE, NMRBESHEBESOBBNFK.

213 E/REE

HTHFI 8. R BRFEN ARSI FERE, T 6EREAR O 2
ARABIET, BTRIHREY BURRRAE . AR R AR AR B AR OB Bk —
AEEY BAATIA, BRI d Danckwerts (1953) 12, {E#AHRIER
B, EHTREEEAKKORE.

ERrRR L TREEM . © SEATAAEERNS—#E EHR
HYSMRFRE, i AR R LHREHE: QFA—&E LRAAiRss
mE, RAENERYT SREAREY: OWRENRBRENESL R,

SRR TR S, BUYHEETROTA T

2
%%:ngz—f—ug—g @D
KPR SEO M AT BRY D IERIER v. AEEGEENSH.

TELR A RS, BT A S 7:% 2-2)
‘ _ [exc(pa
W% F RID M. 7=2_ . - (2-3)
[c(eyar
H (2-1) (2-2) A
u=£ 2-4)
H

oy RTD HhZRRI—F 30
XNFERGR, FERMREARERR G TE x=L 47T LAE:

[-7)
v ! exp| — 4 (2-5)

o) LGOI




BT ARIRHAR

KRR 5 = [ 27| [ ()a] (2-6)
mm%mm-}ﬁ;\, F(x)H @5 BRHRA, S8EERATHNY:

s =s(&) +2(22-) 27
ulL ulL
2 [rc(n)ar 1
[c)a
FIR(2-4)s 2-7) -8)FATUKHERIZH Do

% RTD M MEERTER: o6 =(l‘-) (2:8)

L

2.2 LR &

2.2.1 LW EEIT

B2- 10 Se R A B T AR R AR A B . RS &M T AT R,
BEERRK, FENEE. RMNOEEENERBUNATMOAS I HER, K2
FAX MRS, BOEXRPARX—R, HREREERTRE: R,
InFAE HR B BN Tt MR B B A B BAKI M, 25 T s oA Eikié
BEMAK, BEREMERHEEREERZRERITRE,

)

| e s s

ULt
~)

{

w ~
!
P

»

+
A

CI-RTREDE; - O; 3458 -SHumAD; s-E49O; e-dten; 7-
BT 8-HABE: 9-SASHO; 10-ABKEO; 11-AEAAD;

M 2-1 BB FREETIEE
Fig 2-1 Evaporator of wiped film molecular distillation



BoE WEIRHR

AR R R & N E 2257 7R:

"3 - A
3 2
5 == J

1-I3k; 2-805; 3-MEH: 43K 5-BHAA: 6 REEMEA;
B 22 FRBRERRE
Fig.2-2 Schematic drawing of the cold model experimental apparatus

R TR A, EEE A5 OB AN SR A, BRI
TEHRIKERS 1. 2. 3. 4.
IRREFESH.
ik EWE: 0~3000rpm; o
RIBRREAR: Somm; MR Bl CRABBKE HE ;
HYHR: 8mm; ¥THAE: 200mm; #7F54EEEE. 0.5mm; MR BIUK
VP

222 BB EER

FEERAE: EHEHAMIREE—F (AITRID , 8N —8 (KT
DDS—1IA, bl EHFENE AR , R4, 10mLEEA40D, 10mLESE
53, 100mLAEH 13X, 0.1mLBRE 1%, SmLREHVESH 21X, 100mLE&
& 13%.

LRI R, EBK, R=F (Hd) .

23 XBAR

2.3.1 2 EFEmE

(1) Feibrias P mA R K
(2) FF/E ik fEHIRE 255 3h;
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BE REIRUIA

(3) $TFFEE R I FFaaRE R}, BB R

(4) WEHIBERHEE 120rpm, BEEEE 0.05m/s, FRABRICFEMTT IR Z
BB AN QR AR AEEE, EERKER, BRI E,
(ST EAE, MEBEIEE 0.05m/s, FIEIRHEH 4 %14 150rpm, 250rpm,
450rpm B (3% 1445 B i [8) 5

(6) LB, (4) H3lE, WEFELEEN 0.1m/s, FIEBEHIEA 120rpm, 150rpm,
250rpm, 450rpm B} (% 445 B8 B ) 5

() PR (@), (5). (6) #:lF, WERN=F (H#) Rk E R,

(8) LRER, XASEHITEREIENLE.

2.3.2 (FE R A dh £ 2

2321 #&IE

LARHE 2R

(1) HX7.455gKC1, MAERZEEKTLEEMR, EAHF100ml, HAEBO:
(2) 10mIFHEOMAI100mIAEMS, TAF|100ml, BHERO;

(3) 10mIEBEOMAI00mIAERF, EAF100ml, BHEHEO:;

(4) W EBRAERSEABB, WESH41mol/L, 0.1mol/L, 0.01mol/L, 0.001mol/L,
0.0001mol/L;

(5) W SABRBIUHIE, HhrEiisk.

2 LB RTHIES KRR

(D REE 12 PR, HBELREE, THSAHRIERD;

(2) ##% 1mol/L KR KCl /R ERFIE

(3) #E& 10mLATFAR IS I AR B 4K

2322 BEAIIRE

(1) 7eERbEl A R 218K

(2) FIEBIBERHNRL:

(3) fTHFERIEI, Fraaidtel;

(4) WHEHEE 150pm. FHHEEE 0.05m/s;

(5) WERENEEG, MKebXFEAN ImolVL FIFAHE I SmL;

(6) RINFFH54ERE 2s i —IK, HEBELAR 0.3mL;

(D BHBEERXFAKETE (FERLAHN M), FILER:

(8) ¥ FfHFEa i 0.1mL % 100 £5, % 10mL, HAHBESNWHBEE, 2
KERER,

21-



(9) BEHBRERMFAHE 150pm, HEEE 0.1m/s LAREEHE 300rpm, HEEE
# 0.05m/s. 0.1nvs, EF L EHE,

(10) HERIR MRS, LRAR, LMD, KHE SRR,
2323 BHEABTERS

T3l 25 CRAFIRMERRKE KBS RN
Table 3-1 Concentration and electric conductivity of KCl standard solution at 25°C

FALEKE mol/L 1 0.1 0.01 0.001
HEE us/cm 111310 12852 1408.3 146.5

HR 3-1 FELHIR AR 0L

Concentration C (mo1/L)

— T T u Y
0.0 0.2 04 0.6 0.8 1.0

BEHE (S/cm)

B 2-3 25 CEALFRAE HiZ B
Fig.2-3 KCl electrical-conductance calibretion

KB FENN S~6us/om, TEEMFRUFKRERBESR, HHET
B, REMAKETER 0, MELFHLREN 0, HITEHBMNEEIINA
AH: y=9E-06x. .

24 TWERSIT

24.1 FEMBEERSH

LR YE T AKMA=ZBEKKAMHIEEE (0.1n/s, 0.05m/s) T, BEHH
JERHEPIAR (120rpm, 150rpm, 250rpm, 450rpm), YpkifEIEERE b i &t
B2, KRAM: FEHEAR=R, BEEE 0.1n/s, HIMEBEEE 120rpm B,
B TYEDRE K L BERHE K B R 38 4% A, AT LA B TE 45 TR B 3 Sk g B B,
HZRERZERHRIRE—FWERIGR A BRSBTS MIE A, M
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BIE ARIRTR

FEBERLAK, BEELER 0.1m/s, FBEASFEE 450rpm B, KR E ¥ £ A4 E
BB K.
%32 BCKHAN=ZWENRFZHA THEENE

Table 3-2 Residence time of water and glycerol at 25°C

¥ pm 120 150 250 450
e 005 AWK 745 7.8s 8s 7.7s
HE A= 62s 62.3s 110s 150.5s
ms 01 FEK 1.5s 2.1s 2.3s 1.8s
A= 34s 34s 50.5s 91s

HBT, REEARE (945mPa.s) K TFKAKE (0.890mPa.s), FrillfE
Wef g 3-2 fiw, BPebEEGKE, BFAEERMNREZERD, TR
HEEEREMPHERZRRN LEENRINEERE.

il BB 28 % T YRS B I 1] ) 5 e K A R R A 4 AN R T A B 2 3l )
HKE, TERFEEK, BREENK, SREMNAEK, YHEEECEERAN, &
PRTERE EI1S BRI LAMD, &6 IR A IR ERIARHET 4T, REFT
RERE FI| L F XU B s o0 B F MR R i s B R, HLEI LSS FRTSIE R M
REEERK, WMEMTE, FRAE TRAEZEMR. ERAR= N, &
REEIX, FHeEEAEEM, ERUAKR, LFEEEGMNRKE, SR EHE
WK, MHDREMOBRAEREEYS. 218, RHERREASHE, TR, 49
FHERKRN, SESEETBRAERRBANIMEREANEE. EEFER
o, ERNET KA S ERYRIRETE, LEARTREEY RS 5 IE i
17, FIUSBRERKOYRN, BHRESHEFE-—CUHAEEEE,

242 EBEESHE RSN
HREENE RN EEREEMY FRABAENEERE, HEEN

RIS FEYMYEHE R R B LA B, SRR HE AR MR AERRE

H A, LR A ZER KR SR E T EX .

STELHE 24 5 2-5 FrosfE B (E) 20 A0 jl 2 AT A1 40, e & 150mpm T, i
FHEERE, HFREEESMEYS;: BEi®E 300rpm KM%, *HE 2-6
55 2-7 BrR G Bt 1] 2 A7 22 2 R IR, BB 3R] 42 %) 5 B s 1] FO B W AR AR 5

Shr b, HEd S RESITBENS AR —Bki, FELE, Bk
AESHHHE; BEdE, BTRE. RASE&GHEZH, FHEAERMEE,
BARFFRAEMIGSS . BelehEE, NE2452-6 FHLafUUEH, K
ME, SEMETHELMET, #H £ RTD A LEEA. MidEmEFEE,
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B ARIRHR

Q0.6 Q205 — -
<05 b G0
T 0.4 =
é | 1—9, 0.3
::; 0.2 'E 0.2
do.1 %01
§ o . “ g o -
s 10 15 1] 5 10 15 20
time/s time/s
Bl 2-4 #3# 150rpm, Hi 2K 0.1mv/s B & B 2-5 ¥ 150rpm, HiE 0.05m/s B &
HUH £ (A4 1E) RTD HUFf k8l 17 RTD
Fig. 2-4 Typical RTD in the apparatus with Fig. 2-5 Typical RTD in the apparatus with
150rpm. 0.05m/s 150rom. 0.1m/s
Q0.8 0.8
Zos5 t 3 os
E 0¢} go4}
Toat Bo3 |
g0z | g0z |
go1 | §o1 t
0 —_ 0
0 5 10 15 20 5 10 15 @
time/s time/s
B 2-6 $53# 300rpm, FEE 0.1nvs B & 2-7 ¥ 300rpm, FiH 0.05m/s i 5B
HURE 2 9% ] RTD FE A8 RTD
Fig. 2-6 Typical RTD in the apparatus with Fig. 2-7 Typical RTD in the apparatus
300rpm, 0.05m/s with 300rpm,0. 1m/s

RifEE B RS RISBRE TR, AHTRAERREENYSSMH. X
HEEER, MHE2-5 527 fin, SEMEERKANBESALFR, it
TRAAERT HOFF B I A 5 A0 LR AT LA S, AN AR 3 SRR BE 2R BT T o X8
9, BAERE RN R R A S R A A AR AR S R . B SERR
P, —REBEEFRGENEEENEEREE, WRERBRELT N,

2.5 AETWNGE

AEEH BT SO R EET TR AR, dTFEREHHR, LR+
DRIFAF —ERRE, EERRMTILA: (D THEMEAER) FRBEEE
EREZEBTHRE, REEH—RDT 10Pa; MLHRPRAT HERE, BR
FEMXME Y EEFHERZER, dlbl BN SR nsnE 5 LhRTF
E—MRE; ) TREFEFWRLESD, XATHRBEBANFTE, BiEd
BRIOERNL, BRARERK: Q) TREBLELSERD, S UHEPHEIELE
RXH T BT EME R AT

LR A58 SR T YRR BE | B B8 S AR R e 2 R B T
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=8 AHEERTR

B A5 B B () e 1 5 R o [ 3 A 0 S 0« 5 SRR O I LSS S kL R e ]
KA R YR P RN R T A 2 50, BB A8 55 O K 2 5 AR R Y4
R AR YR AR IR, BRIR S HE SBK, T RENER RS
K355 4, TR ERR ML R RN LEHH N EERE, E4H
HEERNTRED BT, EHEELTK, QRERRENBBRERTE,
AR TF/REFIZERR P K5I 205 ; S RoRE BEYDRLEEAT 15 B oo R 00 22 oS R 22 )
F R AR H R KB I A LRI 2 AR K Fluent ML F o (30843
i ROREE TR B2 S i - R L B
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B=F BENREHN

=% BENESSH

BERAOTHEBRL A MR GR, N THEFARYELE, K
BRERG A TRAK. TEREDESREHRE. REN%E. WiH
SATBRMEETE. THEILA. BEMTERE, EFEREHERES, B
BRBMRMRE, RIGERGH, REAEATERESPERETHE.

RAEVEIHIBEA TR B P, ZKEE S BERE 2 18] F) = 4E X5
ARRKER. B, BRXEBOAE—EMEE, W ERIKIRABET R
Rk, Z KB ERBARGSD, SRAERPIR, FELBANS5LHSHIRE,
BEERAR THIEMNRRRIINRE: B=, HRAKBNEEHEVEFE, F
DR MR EEE; BE, BNIET, JIRSE—ERE FHTERE.

REW RS, TEABREDEZRGFROERBERETE. 4
TUBERY, SRR RS RO B E A By R AN AT B K P A A

3.1 ZHEFRE

BARAMIRERE LB KENSARS). EHREREIERGD, £H
REAZPHHOBSEFEE ZHES, Frigi8 ml e XCh B E HFEEHIH
Y, XY R AT P RERE MR WM S SR th i,
AR E R E A EBRL, MRAEARERR, R eEfNERARHE. &
MR 5 FRIBREPREESBERERE, FUEMA CFD AiETHIR N,
HAEFEXN & H ZARRARTFHEMHIA R,

WEHRAA N ER TR R OIEAN T B2 MR 4L T 2R, ZHR AR
4y K & 4 - % 4 K F (continuous-continuous flow) M % 4 - B 8 #i 3
(continuous-dispersed flow)BAKEY, B 574 FF BUE THE M5 2 Ab B £ ARV -
—RG TR A ELEA, TR RABTL N B BOBhL, ZEH4% B H AR FR T X 5
PULHEATIRER, EATIRMIBRB-PE B HVE: H—RNRIEF—HBMAEL
fH, HEMHZEMEEBE, EESETERTE, BAERMKR-Bh iE.

BRPr-HI R BH A Y TR E- BRI R G0, KPR hiEs
H, BRERKBREFAE, MBS ESETHERG P REMRF. REH
RREEHEIN. HEABRREEIERMEME_MHF SRS RES
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AN, —RRE KB BAR AR /DT 10%. 0 F 5B I T ST ot R ML i,
EAIZ AR E IR E MRS, 1t BRA-hgBiR %S, B
MM ZRTTUASE. REMEERTHR. Bh-hs 8B J5E Z A
TREE TR BAMBAREHIREE. XS BERFLRNEHL. BENEHR
MRBT AT LE L, WHEAERTEBRA S FRIELEE.

ERRBL-BRR kS, ARAARAE IR FREENM R BT —FAH
B AR AR A S, BULSINEARR RS, BREr-Bh 77 ik 0t
F-ETKBARMZIE. RENRESEEINERFRENESHHM
W, MEKsE. REMRENLTHRAZEATRXE, TR FHRKE, A
MR, RENRENTHRMSI NEERREK. KR-RR 7% ERRE VOF &
B, BERE MK,

3.1.1 VOF #38!) (The Volume of Fluid Model)

VOF #RS R —Fh e B 2 f R A% T MR T EREE it RFEFRIE Ak T2
(MAC F) B3R | R BER A, MAC IiESE— KRR E T R A 456
AR, BN R B HRBORERS . RIS T RIRE A R ik
BRI A RR S, KKRIKT MAC £ R AB U EATER
BT A, VOF ] MBI B REANER—RE, ANEFRELERN
WHENFE R, B AEAEE R R mRIAE ¥R RS . 7 VOF
BERG, FRMGHGASAE-EHEHRE, HENELRLNEMIESAT
A, #EFRTHREAD T EHOEIRE.

VOF #EI7E Fluent = /5% 5 BR %1
(1) LAFHBEBORERS, TIERBEKRRES;
) B REHIABLARRE—REARRE, FAVFHERBPREEMEE

R ATETE:

(3) RE—HRE T R4,

(4) VOF &, RERIIE &R B MR ol & K 1 M B 2 1t FR SN
(5) fH VOF RN, AREBRIA S RA RV HER,

(6) KR ERFMEIAREH T VOF R,

3.1.2 R &#& %! (The Mixture Model)

BEBENMRE—FEACRZ MBS, ZRENENMNRERAKENETE,
I SRR E BER IR & B, BEBEH TR/ PNER TRZ). A
B VURABE R 2 B E 0L, & TR 75 B OB B X I R 3 4E %
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iRz,

RS HERITE Fluent 9 i 5 FH BR 4l :

(1) BAEE DR B BURRES, AREERHRE K$ES,

Q) RAERD, RE—HTES:

(3) BAKRD, Rl E RBHRENEE BN KA RNEE,
@) BEERSD, Reetnliee RBMEDE K BNZR AR
(5) RAEEIREES BEALFAE AR R HE A

(6) BEHERFAREEFH BN RPKAR;

(7) BRAERAREH TGS,

8) BAWAIARREH TALRIEE s SR,

3.1.3 EX$i48E! (The Eulerian Model)

BRI Fluent FRE AN SHIER, SRIT—EASH N M5B
B R R R ARG — . B R A B R A N B AR AT LA R
FT R BIE ) R SAR T M R S, 25 i) o & 4 0 5 E AR E LR, 46
Hi%3%, HHAERRNERERERSE: HEMESAPES, fhBIESAH
LB, FRAEESE. R RREOMEER: EARAERASRELE
A TE—ARI. BRAIZE Fluent T LIS A B, RAAMAEE A,
MATCLR . Sk, BEELTARNBES .

W R 5 S TR LR, B0 MR, BATTR TR
B
Frhr B R AE Fluent 57 B8 B BR 61
(1) BORBRES (HEFTRAS 9 E 4 BB (U5 SATME R
Q) BKRAER S, REAERURRRE (REEERRRRTERENM):
() BRALMERIA fo VP A7AE ] IR AR A s
@) BRIERI A T TA TS
(5) BRBASTI BB BB R A5 KA R
6) BRBMEA R AHANBIE. R
(7) BRHER R RS AAE
8) BKIHI FAS S RIS R RIS, TRENER. BES
©) BT EVAEIE R EE 1 & - & R,
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3.2 i AR A

AR S AR RASNRRES, BRASIRERAREEEZ TR
BHTHR, BRERZRREH RENABHREENEE; MRARSTES
BZRAEMETR, MATRONEESHERSTNK, EEREZ MKH KR
BN A RINEE. ANREIRERERMR, REXEEHLTELME
FEE, MEAS FRABBANREASEER SR, SHRABRENTOTH
FRFRREZ A () WL, BEWS, EREETRERSN T AL
AFERBERBERR; (b) BIRZR, SRR amEE 5 AR RIRE
B '

WL RS Ty, XS ERRAN R AR LSRR,
RERFIR R, EIFBIRF MAE KL BRSNS ME TR, BR-LEFTET
Hh, MAEBEED, WNHEHAERRNER. LTht, BEsrRTakE
flE b, 2R ERSSM, RETUANBERT, XECRENHEREFETT
H. ARGEENTETRASHRMNAANNEE, HREUFEACHER
R E X LA R,

| woemwmnre |
[

| . ]

B TR (DNS) FEENERN

PRI HE(LES) lﬁl‘iﬂzﬁli& (RANS)I S PIgE
I‘-"i%iz‘iﬁﬁﬁ l

lm::u )mmm&&mmmﬁ
|<wsv>umm&&laﬁ;t|—l

TRME L WA

B 3-1 Fluent FPim iR G R B
Fig.3-1 Composition diagram turbulent models in Fluent
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E=% BWENMASHH

MM ERHANRRYE, ARPBREMFEFERTEEEREER, K
M FARE AR SRS R AW B 3-1 BoR T iR Ak 2,
WHERGENERGPRU T EH T EMHHAERORBAEL, CFD %4 Fluent
ARETEENBHITE (RANS) MKRERL (LES) 44 T #fMER., 2 RSM
KRR EEN SR, ©5Z T Boussinesq HiEREBIRNFZ AT HE X &g
BT —pu, NFIERF. FIFE, Spalart-Allmaras B 5 k - £ R R
ZHMETHAE BN HEAEOAR, a8 ARAT A 850512, e
HHET RIS TR, FE L, Fluent FEIRHA T T Boussinesq A EHIFF
k- o MBIYIN N HE(SST) k- FWHFmAREEER, Kb SST k-oMfisRIZ
BT k-0 WREER k- MR MRS, BIFHHE T M RN S r%iE
MRt BEB k- BERRTFMERIRRRS, NHLER 2, THHENE
Bk —e WTRRL, HAREEE R o R i AL B X S R i AR T 1 728 % BB 19
W ARAT N TR .

3.2.1 frife k- WA KA

Wik —e T RERR BRI PN RRAER, REMTENEE, F8
KBANER, FEMKERE. 7€ Fluent T, Frik k- #A! 5 M Launder
Spalding R 2Z /5, MERLERRGUHEHPEENTRT, E45E ENABE
ZHE. AAEHTEET. BEE%. FRHSNA, ERALRIZFRE K
1, BETIURMER S RFEENBR R EMEEREY, STHERRERINAY
FEmMARRARLE, k- MY ARFAGEE ESRE. KARMHTURAK
EXRRER L ROME, KUk - BRI LAEE LRSI E T LT LS
M EFNFESR: FRIAMMN: B, BEARBEARS, TR EN
THR=HFIRAS . BRI k- BRI T LT LRS00 B AR )
B3, SEied: BHW: BEHSER: MBEORA, EFHHRS: RAFK. MA
EHERHXE, ALERRPBRRAN &S BAE, MR RTRS
KRB LRk k- A, FEAANKER, FUENRSS—EEES
& 1) P AR UE &k — & BERDGEATIE .

3.22RNG k-cWHi2HER
RNG k- BRIFE TR TH AR, RNG k- BRI Gk —c HRIE
AL, FEMYGEET:

(1) triek— e ERRIE AL G0 E U PR IR, T RNG k—e SAMER T ™4k
Mgt J ks

-30-



F=% BHENMAE 5

(2) FERNG k- BRI FRRBRMT —HEBREZH M &M4, TLLE
1T IR B TR

(B)RNG k- BETRE T RATHRAER, =BE T RIEMROERE:

(4) TEprHE b~ BRI Prandd BE—NHEH, 7 RNG k- A PR
Prandtl 2 —/M#H A

(5) Pk - RER—FREBHEHIER, RNG k- HAMRM T X BEE B HM
SRR AR, AXMAREEFHRBEREX .

EMEBTFIRFE A8 RNG k- BRILUARAE k — ¢ AE MU RO AT SE. &
RAERTRAUTRERF TR SRR, Fi, £ H0/LAERMRE, R
BERERE, WEER, SIYEAREENRE), 1K Prandd FRGKHER, KE
EHRAARBSI AR . E Sk — o BERIMHLEL, RNG &~ BIBI AT X BEAb
Rygtkifsl, FskmEs mmRERs), REZBMRERS, KEHERORIE
sy, S, BIRABEEI SRS AT ERH T

3.2.3 Realizable k—c WA IZIER

75 Fluent B THRAEk — #ALH RNG k—£ R4, iEF Realizable k—¢
iR, Realizable k—g MR 5HRHE k- AR TEHRE A,
(1) Realizable k—& BB A imtkatEIg in T —A A
QFEHEBEIN T FHER TR, ZANHRERET A0 2 5L B i 3h 0 15 i 6
.

Realizable k-¢HEEEHPIELE RNG k- A —H, REEHTEIGE
BEALMIRAARS) . MR ED hRARS) . RERERTARS). €5 BN
WS ER. BRASERAERN TR, T BEH Fief SR TRdEDY
MBIV i FEMR AN E RS R, Realizable k — & MRAR A—A
FERE R HERENBHER X R ARG B RN, X R E A%
RITETE SR PRSI 2 (8 T P E B (MW, iIXFEISM R BESE R D2 7 28— JiE
HEERPHAIEL, HTRXERY, BENBTEESERETEEER.

324 ERXEARGE

IR BN 32 B MR K, PR b TREAEZEE R,
DR A S B PP A S AR IR BRI 2K, e R TRIE AR, KA R4kl A )
275 FE LR, T ELIAL A 5 52 BE 0 LB M40 7 EE % H3ka . T fs At
RUE H TR T O R R RSO, 852 k-£ . RSM I LES XL
PR R A E Qe R RO X IR 3. WAl 5 7 R0 3 A A 2O
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ROGEERBE L, FEEFE—MEEMNERRENEELE,

KRFH, ERXAFA=AXE: BRIER, RIXERE, 57t
HEsR. REAREAETREESER. REUERFRTAS: BALRE,
REZ BB EAE B NER, HELTFeeinsh: TEE, #2
NERSWmRAREZE, REMRNBEESEH, XIETLHAM.

BTN EX SRR —MIERAEERAIHEERH AR
2, SHEERABEMEER, MEXARE R HE2RARNEERS LR
MXBHEER;: H—MAEBERTER, S ERMERRATRENXE,
A5 BE T A0 32K A g R e 30 X S 6 P IS4 R 40 ok BT 7 PRI I ZE IR B i 5
WX FHAEE, KO ARENBRABRL, SMHERT, TEA
“UTBE IR R AR PRGN D X HA T3 . HRIELL LA, Fluent FiR{EE T =
FRAA N R R0 28 T L RE DX PSR RY . v R 3. JE P RS or B s SR BE i i
H,

FrRUESE B % (Standard Wall Functions) F 22350 ) X ORI SRACEE 1R X
AR, BIFRAESE R A K B B B S R BRI A, B
BT ; JEE4T 5% 5% % (Non-equilibrium Wall Functions) 7EARvE RS 55 S i35 |,
SK P B2 BV R v 3 UL B T PR SR TG TR TR B E, % HE 00 B s 4 i
ITTHDIEA, E—LF R THIEMERGE, gEEFEREadiR. FR
Rz 24, ¥IREEM KA (Enhanced Wall Fuctions) 2 —FiEEEH
BRIk, Bl RREREES T —MWEER, R RTINS E 6
I, ENRRER ROERE, BAXEREREMAERER TAEONER
RER, FREILREIPMNE BT, 0K mEEE, b TEEXRA
IR R T VAR B I, B0 AT BE I MRS R AR SUB AR Y ik KT, A
ANGR K HE IR/ %o B [T BR 40 P A% MRS R RE, Fluent 885K XUZ B F1I8 SR BE T 2R
BH%EE.

3.3 A Eh X E AR B O] RE IR AR

EEFZ% R TN A EKEFE LA T3 8Tk, BTkrEs) Ll
SEMBRRNEHRER. BRFEEBEEVEXRSELIZAD, H CFD &
P el AFE B I S % AR R P SRS, FORMR IR IR B R & IS
). P 3.2 T LA B AR B R Bt BE P B A AR A AR AL . 297 L e 1A R AR
XAEhere n P, BTRFEUT52% RZUMAINERIZS, EbEfka R
B e B R LR LR
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g inpab S

(AFRBHHR (b) BERS 4R R
Bl 3-2 #EAR R SRR R K

Fig. 3-2 Transforming coordinates to a rotating reference frame

(1) ZRRE, FeHLarTT Z %,

() TR, REFRLAR X

() ZHHE, X Thest ik, ife—MERHREINE, BHEEN x
y BEK z BhCh TEFE -

34 MRIASHRTR

EILHER, EEREBARNITZIEM, REE RTINS R i
KR ETFEE R, EHET . BERS. ZEROTRRE. MIEREER.
HHER, R EEREEGER, FRTHFSKETHEREHERE, &K
W E T A0 & Fri AR S A5 3 BE R T

EESMAZHEREDEFLKSFEP, F%XE CHAM A A %HEN
PHOENICS, Gosman 2 &% # TEACH %% K% FLOW3D, % Fluent A 7
HEH ] Fluent &%, PARZEE AEA A7 #HH CFX Al STAR-CD. HAHBITFR
T —8iXH %M, . TEAM fl FACI . iHERE D ERG—BKEE=/A
gy, BT S BERNEAES . BT Bk 23 B IR A s,
FRUTERENZRIHAANUGRERE. AREERMNTEFEBR DR, AT
A LMERT R E R R Jo 5 B 2R A 19 R S AR AT B R A B A KR

C EBRERTPE RS F A Fluent6.2 BT HEERITE .

SRR AR AL BREAT 00T, TUME, EVEREAEESBFAE,
WA AR KB B, MBS TR KI S Aidt i VOF ZARKRY
ATLMES R K EERART IS A5 EARER, RERNEORR S
RE BRI 5 A, AT LABIAG 38 4153 4% B I (A1 0 A i 46 SR ZREAR AL B A,
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WATLMEM VOF it A MR EH T i, REHTFRBERERR
AR, MERESEFE—ERE. A THETUBHETOEES I, EH
AU ARSI BT EMESE TR OB AR R AT B, Xt R b M E
BESH 5 AT 4. '

BES FREBBR RS TRESORAETH FOFCERERER
EBRAREPREE R, FITERER, NMREBSERE, AHREAE TR
HEEIRNG k- WEE, MR RERCEIRRRX MR kRS, RS
AR R IR R AR BB F A, BB FRIRE T bAa F e e, ik, Bk
R S B KT 5 -
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FE RUEFSHH

FME BRRFESIHTHE

4.1 REFLGHA T EMIER S

FIBA S F AR RE R AE R B[ AR E - MESMEEE2E, Tk LA
tETZ, EdTEDRARIM RN T HRAER, #85 7R EME
RAMERHRRBRER . WA, SRLERARHIREA S FRE S R
Brh, AR SXEREE Z A # = 4E X AT R XA

B 2-1 AW HEASHHERAS TRIGEE, LIRS, YWRNEE O
BRI AR T E e AL, IEAS DA A AL 5K B E 2 [ MARR T, R
BB 1 EB), WIS MIERREEE .

EHTR. KABWHOR, CREABAEANRER, BANNDLKR
itk WAMPREREER 1mm, PIAEAA 8mm M TREZKEEE 0.3mm,7ET
HXEAL Z S EXFRMA, FREEE KN 200mm (B 5-1,5-2).

AT JREME R BoRE AR, ERCBE MRS, REERHYSH
WP . Sext e YT EEAT MRl 2, Wl 4-1 Frzs, ZESMRIEME L 5 404k
WIS, TEVIRR T WA T B 80 A PR TE |, €A submap %1153 2R /G 4R cooper
VEX BN R GEHEAT RIS . SR 15 R,

(a) FE ML R4H 2153 (b) AT LI EAER &5
P 4-1 . HEdim b A RIR S 5 SR
Fig. 4-1 2-D grid scheme of computational fluid area
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4.2 BFRBLEH

4.2.1 M Z AR

%mﬁ%ﬁﬂ%mmﬁ@mﬂ,ﬁ%ﬁﬂgmﬁﬁﬁﬁﬁ@ﬂﬂﬂﬁﬁm,
4.2.1.1 VOF ##!

: £/ VOF AT A IR SR % B o ) 234 e WANIR BE 37 70 A B0 TR
e, FEARBEEBEETIVARE: OERERTES, 2) BRIl
BFRBHEM, Q)BmMELRER.
VOF ARBIMMERMERWRES HAGRA AT E, S8n—NME, R
FIt—ARE, BERSE, EFEROEES, EHAESR, BTHEK U
H:

@iﬂ?-VaL =0

ot 4-1
Ho L RERHARK, GREZR;
@, +a; =1 (4-2)
TR HERETURTA:
p=a,p +(1-a,)p; (4-3)

BAMMEREBAEHE-MER IR, EASROEREHEHILER,
FHETBEWMT R

%(pa)w-(paa)=~Vp+[p(v5+vaf)]+p§+ﬁ (4-4)
REE A
ba?(pE)+V-[D'(pE+ =Yk, VT)p (4-5)

VOF &%, BB EMEE T BN FREFHLR.

E= (ypE +aspEs)
(o, +agpg)

iZEkeﬂ REPIES, BRESMILZHN. MEZS—H, ERMEEEF
TERMBAEZRT, FEE 50 A B AR T 2 R 2R
BT ERATHENE AL, BRFHAFEA, FTEER T ER mHE

FIEE AR, BEEMBERIUTERSTE (The Geometric Reconstruction
Scheme), MM TEX 5% (The Implicit Scheme) XK H &,

4.2.1.2 BRpriEH

(4-6)
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Bz KUESSUHE

e I RK R R AT AL, T S XK B0 N SROHE A P S 5 A, th T
ROBRGHAT LA BRE: () ERBRTES, QW ERERAZNMA 3)2
B E R I AR . ‘

LMK ER G, FEERASBAEENEFET RO E, BXURGHN
WE, IAMmKFELRE. ﬁﬁ&?ﬂ%*ﬂ%iﬂﬁﬁaq, q RARZHTH—H,

ERAMBRETBEMSENZE, FESHEMEHERENSBTHEER.
g HRELEHTER:
%(aqpqhv-(aqpqu?):imm -7

p=!

He ’hpq RAT M p HE MR ELIE.
T M) B P E TR

0 ~
5<aqpqvq)+v'(aqpq ,0,) =

n (4-8)
-a,Vp+V-T +Y (R, +m, 0B, )+a,p,(F,+F, +F,.)

p=l

Frf: ?q%% q HEENNZK S, P RAEMRIEENES, Fq;%%%ll

&85, ﬁh‘ﬁ,q%ﬂﬁ’ Fm,qﬂﬁﬂlﬁéﬁ, qu RABZ A EAREH S, ¥

A AR TR

ik’w =Z”:KW(DP -5,) (4-9)

Heb, K| RARFISHRTIRY, ML HZRITHR AR FRRICY
Rk .

By 2 AN BT T R R RN k- o AP R AR SR
B, KRS HMRFBE, 7T TR TRBRE P RERZF 2 RE

422 RNG k-giftan

TERBHIIE S, A RNG k- WRMER, cMk-¢EEHEER
/i1

Dk_ 3 Ok _ (4-10)

De 0 oe £ e? . £2

£e_2 =+ C, Gy = Coopia=Crpp=— (4-1D)
P Dt axj [a.‘:/‘eﬂ aij le k k 2P k 2£p k

Gk %o Rk HREAE FRRMIHIR Prandd %, WHUTARNH:
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0.6321 0.3679

| 2=13929 """ | @ +23929 | Hmol

= (4-12)
lag -13929]  |aq +2.3929| Hep
R, a,=10, o, C; BUTFARER:
* Cyp773(1—77/7]0)
C = Cap + 20
1+ fn (4-13)
n=5k/e (4-14)

Aefr, B=0012,75 =438

WIAE AL, BELFLZEWRHFENE, Foent Bl 554
FHRH BOTRRE R SHRIEEAM, Yi. THENE:
2 (p1y+v-(ooty=-J,

JRYR Y HUER, BIRERETE.

(4-15

4.2.3 18R EE AL IBAREY

WA B S 4 ARt K A 2 R A, B R AR E
WH (Re,) RBE, WMEERTHTFARR:
pk
M (4-16)
A y BREDOBENIEE, K hkshee, X kR,
Ll E B Re, >200 I, FiALTrEEmAK, HR RN ARG REL
KK, ZRe, <200 BF, WALTHMEEWX, A Wolfstein $I7 ALK .
7 Wolfstein 7 PR BARMN T P m AR, Wmifvh B B T KRB

Re =

y

= pC Nk (4-17)
Hep:
Re
l, =yC,[l—exp(— A’H
s (4-18)

&€ TFAKB:

o
£=—

L (4-19)
Hrp.

Re,
I, =yC|1-exp| - y
¢ (4-20)
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3
H, ¢, =kC}*, 4,=2C, 4,=10.
43 AR E

ARZGRER: ADAKUUER 298K #EE, RRZBmMMEER 373K,
AERET A HR 298K; WEANORYMAEEAD, EFIRBHAEREEH 150rpm
i, FOAR K HIEERHE B (Feed flow rate 8 5 24 FR )43 724 FR=0.05m/s, FR;=0.1m/s,
FR;=0.2m0/s; ZE/K FIER T BE R 2 28 0.05mys B , il i 28 955 3% (Rotational velocity
854 RV) KM% RV,=120rpm, RV,=150rpm, RV3=180rpm; H OKEI4
Ho., '

WEREIAFEEE, EHEEMEREERELERT, FHLILEREE
KN HFETFHE. REBERRESABERYR BN, MEER L
PR EEMERE: BRFRAECE, MXNEENT, HTNRETASEE
F € W E » '

BAERHEWT: BEEHN 0P, EHSHEPOELEFL (0, 0, 0)
4, BIEEHET, REEHMEER 9.81m/s%

BEATWOAR/K B 58 4143 45 B A TEp -, A6 VOF MBS BEAT AEAR S #R1E,
FBMAERSTRBERS, SABEHASHEAN UDF T Hiz), AN 7ER
OHE AR A0 mHRRES fhis.

#include "udf.h"

DEFINE_PROFILE (inlet_tracer, thread, nv)

{face_tf;

real flow_time = RP_Get_Real("flow-time");
begin_f loop (f, thread)
{ if(flow_time<¢)
F_PROFILE (f, thread, nv) =0;
if(flow_time>t&&flow_time<=¢+-1)
F_PROFILE (f, thread,nv)=0.05;
else if(flow_time>t+1)
F_PROFILE (f, thread,nv)=0;
}
end_f loop (f, thread)
}
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BLE RULR5ITR

EFRE BUERSWE

B EXAEREER, ERUTFHRE, RENED KD —NEERE
FaldEA LR ERANEH 22—, FERESE, &S ANRE
K, mRiEELE.

B 51 PRa A KR YIE, BYfireg tARER-BACLEL, B
RSN (FEREET) 0.2mm, B34 F & WA S b~d AL F RIS FHI, Ne~g
MFEIEHETFE; B 52 AERMNHRVIE, 21,2 z 2 FHEEEAD x-y &E8
50mm, 100mm, 150mm )43 ) .«

r___z.I_y___] entrance

1=-50mm

=-100mm

Z3=-150mm

uitflow

B s5-1 ttEXEEE D m A 5-2 tHEX A U
Fig. 5-1 Schematic diagram of the Fig. 5-2 Schemiatic diagram of the evaporating
computational field in radial cross section cylinder in longitudinal cross section

BRIFTR AT F z #0ZRIRER, AESE=AMARRER EMER LR
5-1:
£ 51 ZEHERBERMNENS 54

Table 5-1: points monitored in the 3-D computational area

a b c d e f g
z a by c d, e A g
z, a b, C2 d. 2 & , fz &
z, 2 b; c3 d, & A &
{ I A [ 1, 1 Ly L,




ETT BRSERSTR

P LA ) RSB 4 R AB 0 BUR I U™, B Ak A R (1)
SLRMEWE: (2) KREIE; ) 5CHMNERIHALMBHR & £ a8R L
B (4) 5CH PO BE LR . A TR FARRE PHTHFE,
EY RSN R I T AU YE T, (18 5 BB R M A AR T R 18
FHER, SWHITERRIEFFERME, FrelRA T ERRBIEM S O E &K
GRer T RN R AT RAT

5.1 BBESH

B 5-3 ff7R A 150rpm, #EELERE A 0.05m/s B 42 M #R 1 z,=-100mm _E )
WA, EABEEE, R SR AamN ks NEwiE, BRI T
FIEIZh 2P OXFR, FrLAE P R BR T — AN HOE R .

100s-00
| #00401

§

EEREEE

=—

3

H3
I_-c

(a) BREIRAIGR: (b)VOF RELR: ("HREER
& 5-3 ¥ T HIEZBIR S H
Fig. 5-3 Volume distributions beside a wiper

B b (a)F(b) 23 5 R AE IR R 2 MABAB R, (A h =
GARRIMBEUSE R, BT LLE L TR FROBCKHESN S ), e T B
RRIERERK, JIMERRERIG R 8 SRWEH=MERmERER, K&
B ) 457 B I 0 ik A2 o L B U 1 T LR A B IO A 18, BERLE R SRR IR 52
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