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Abstract

In order to ensure the stable operation of sedimentation tanks and water quality
standards, the use of numerical simulation to accurately describe the flow profile and the
solid-phase flow behavior and distribution of particles of the sedimentation tank in
potable water treatment is essential. Compared with other commonly used models for
numerically simulating sedimentation tank such as empirical models and solid mass flux
model, computational fluid dynamics (CFD) has greater advantages in simulate accuracy.
Based on the commercial CFD software package FLUENT, the flow profile and the solid
behavior are simulated by comparing the influence of different water flow rate, baffle
length and location on the particle removal efficiency, and analyze the flow profile and
solid behavior in the circular sedimentation tank. The results showed that the solid-phase
particles’ precipitation behavior and their distribution were both effective with the inlet
velocity, particle size and the location and the length of the baffle, with showing the
difference to the theory of settling ideal track. When the particle size is smaller and the
impact of the vortex is greater, the effect of the precipitation is worse; while the
appropriate length and position of baffle can make particle removal efficiency greatly
enhanced. In this study, the result supported a reliable and useful basis for optimizing the

design of the circular sedimentation tank.

Key words: Circular sedimentation tank, computational fluid dynamics, numerical

simulation, potable water treatment

II



v AT TE A R BT ) CFD BB

H x

B BT B B oo 1
L L R T B oo e e e e 1
I TRl W& AR/ L 5 N 1 S 2
R IR e (LR G L Lo 6 N/ NSO 5
L B LT T I T T oo 11
1.5 R I T T 2 oo 13

FoE TR CEDEEREILTERL oo 15
2.1 THEGRARS) J1 2 (CFD)IERBETTR e 15
PR 1S (YN 12 =i 22
IR IR S D2 01 25N BE1 1 O 27
PR =N B N b S Ry i T 34
PR i = R R Ly 36
PRI i R SRy et uT e 39

F=F MiEHTRESE T CFDEERRIUBI T HTITIR oo, 42
R N GBI R L S R A b AL 42
RN N RS A R0 T 45
3.3 AR RYH A AT T TR B oo 49
3.4 SEERUTTE AR 508 TE G UTTE LI EEIE oo 54

FME F| FADPMAE BRI E A B BRRLEITE ... 56
VO B el i A 56
4. B A I R SR A I RN e 56
4.3 N TR U TE I DPMAR L [ S B T e 57
) R DR b AU 2105 AL I 62
Vet TR A= AL b SRV G 2 AL 64

R i e o= =0 s 67
5L B T oo e e 67
5 BB T oo 67

oA 2 | s s SsS s OT 68

31 T ettt r e e e 70

B T oot e e e e e s 71

T B oot 80

I



v AT TE A R BT ) CFD BB

Yavad

E—= H

[l

1.1 1=

B B R A2 0 5 10 K A AN 1) B A i K S i, AT AT K, R )
S K B K B SR ke bk iy o IXEEaEsk, FRES /KA T 2k i, g bt
M T RIEE K . KA E L S A 1-1 B

m ﬁ
5m' — ; .

G &ﬂ %:;it e | ﬁﬁ‘.__!gﬁﬁim—ﬁﬁhﬁ‘lw

| HE | &

l* R | ® |

¥ | ¥

| ¥ &

ik } ok

& bl

'

B 1-1 GARGEERTERER

FERAE— RANRL AL, REE DA IEE 2R E AP’ X = %$m
NN PN TN 2 NG P SSE /PP DIV E IR S U S/ TR U SR DY SR NSk S e
IRAEPE T 2SS POhEd i A 1 i, W e 8 ﬁLF%W@ﬁ,mmﬁ
Jei H R RE B RORE In B I P A D, B B AR IR R AT K ORI AN AR 3
UK R4, K& EIF YR FHEDTE A 5 B, IXAERURESRE i /K i, B
fREA

Dl KA PESURE A AN R DR BT, KARER T R SRS A
25% M TUTEit, AU SRR H M R KA B R S BN HHT, A ORTTTER
(¥ v Ji B A e BRARD e i (1) = 2 BOE . B T KL A DT i ) 32
Wi, BARRM N R, i 2e T e SE bria AT il R FR s AN BT 10 Ak 22
ROR, A BB I



v AT TE A R BT ) CFD BB

1.2 IR L Z RMmYEI IR
1.2.1 STUEIBIEMIR

FEAR AP AR, AR 7 v [l R R0 EERURURL RS, e I AR 1) 20 B I ot vl LA
3 h LA JUR AR T P,

(1) 7> BCRTRL I A TR

ORI AR B AN AT SOBEPERE, A0 OREAR ELAR A Jm AN A 2R A, U
E & T THORURL IR B A TR o I RIURE £ FLT Bl R rh TOHR AN A AR AR AL, Tk
PITAZ e (A, £ T HINANIE Ot FAR UL IO K50 o 7K A0 B R AR JEE (1 B tb AT
U TIXMRM . Sy yrh, ORI 2 AR RO, [RIN2 2 T B
JSBURE R DR RIORE PR EE S BH A Y o 24X S8 T ik B I, JUREAT DASE:
N, IR TR R O R DT . R BB N, TR R -

-

X, u,——RORIITTE, m/s;
d —RL I HAR, m;
g ——H SIS, m/s’;
Cpo—PFH ) R
P p, —RLRIEAAI %, kg/m’.
A SEIG A, B R E(Co) 5 B EI(Re) 25, Bt /e iid, B & B(Co) bl IT
B2 B okt 1 S AR D WA E LR N BTl T AN A W E(Re), 7T RAK
AR 2 AT 5
(2) ZURERURLE B HTTRE
FEVRBETTVE M B K 2 BT ZREIE RE TRl T FLT R AN 5 2 HORURE IS A O
FRUCEANA o URLREA T S8 4R e, Lyt . K2 BB BETTE RS T —F,
X T ZUR G R BURLITE BT ST H ATIEANZ W o PHR IR DTS 3852 1 7V
X BURERNURL RLAE . A RO FEERTTEREAT TN 5E, JFEET T 2R BERURL )3 23 2o
(3) IMFFICkE

g (p-p), (L-1)
C, »p

W |




v AT TE A R BT ) CFD BB

AR JSE B Ry, B0k 8] ) 1) BSURT NE9RR /DS, RIORE B DT BT B IR AR BRI
AR Xt Ji] FRRORE (1) 07 25 S W o UKL PRSI e B e R 2 e B ph RIS PR ok
PRI TR o 2ARORIAR AN K i, A DT B ™ A — 8 B BRI, Tk
A ORFFAS A AU e BEAE ORI L A AREE IR, 2o — BUN [a] -4, ik
BURIVBRLCE N2, AHNIEIN T R EIREE, 18RRI EIEEINR, i
VRV 2 UL LRI AR [R] AT R0, T A i RO Re  SOCRRAE 2R B
JRKAE B i Je B AR AR T LA 88 i b s AR e ¥ 1) 5 1 I T3 — 2 UL
2% I LA RO (1 O /N T 7] BUREAE [ TR N (0 o eI (R -

u = fu (1-2)

R, VUL R A A <)

VFZ 5B\ R, BT DI BT B AR R A AR ) R 2

(4) H4ivih%

FE A YT B0 AT e AR o« AT B RO AR SR AR DT M IR G fe , JE TR (1)
FERF A SZ b DORR TS Ve IR TR B o RO [A] (1) 20 B K BT+ s 38 0 okn 46 ) (1) A2 T2 T B
P, AU IR EERE o DR Ve IR G i R R AN H S UK I I R o #5 Tl
V5 e it R DTE AR e X V5 e ik 4 34 JE T ix—2K.

KT A0 CRE TS, & LL Kynch YTTE FLS A FEAil . Kynch JT3E FEE I FE A B
WA s QOB [ 44 2 (R ATART 7K P T P [ AR (R P & 2 20 1, ELAORE LUAH ] R s T~
Dts @MURLI YR S ST fE AL B AR B2 e 2, BT u=R(C); @FEN VTR =
RIS AT AL B 5T 1), B W DU RRR BTG n . il iR, Kynch
T T R B h AR IR RURLAZ B N AT

dh d¥Y
U=-—=-— (1-3)
dt dC

X, u [ AARIORE IR R T, m/ss
h——RURL T AL I R B, ms
O —[E A BRLEE, kg/(m® - s);




v AT TE A R BT ) CFD BB

C——[EARERKR T, kg/m’.
1.2.2 S IR LN

PUVE AR B ARAm & oy Lt o2 Mg X

(1) Beymdiie i

71 20 20 50 FARB /N RUK T oA R A T B AU THE i o X AP YTIE I
ORI ZE, HETCAIER o 5 10 Bt i th A gl 50 Dy 35 PP 20 pr e st

(2) FEmUiveih

W U E T R R EE T e, EAT (8iAK) 6m—60m, 5 K H ik 100m,
HWEIKER 1.5m-3.0mo AR, TWIRSE KT 0.05, A& driidtK, fid
HK, FL iR . A TAAAKIYS), dKE R LRI, LN 10%-20%,
HZKOK IR R B o, SR ET P, A .

(3) AP iE

PRI R 7K BT F 0 A A A i [ — e JE =X, e e mT AU
VEIERTDTIE AL BE, B m] FHAE PR £ T A BE . - SRR I ] B, TR,
AR, DOERORARE, PR . S E R RARROK, hIREE,
1w PR o J ki ) ke ]

PR P TE M — R B AR TR AUK) IR B TIE , LUK ADK ) B 25
BIG o X TUTE S AR B TV K, AT AR K K 5t i) SR RAa D &,
HHHE.

(4) I

IFMAEE AN O — M s, BN ZEAR N A 4053k, A 20 HH
4070 AR, TR B BN S N TR T AR B, O AR B
MR TEE . "R THRERINTS, EA BN B B, DI Bt 48
Z, FERER.

(5) #Hi (&) Diveits

R CGE) YU 240 5 AP 1R B8 A JE I AR 2 RHR ) TRCE T-DTie it )
8 AN AT Bsh (A A EAE Rl , 8KV J7 maish i) , BORL T TRk ()
JEG B Bl 5 A RORL AR R B E BRI, AT



v AT TE A R BT ) CFD BB

1.2.3 LTI A R

FE201HEZE604FAR LAY EZER AR, R AR R D TIEN, 604-4 Uk &l
EE AT I T0EAUR, BEORRMR. RUE L R A [lie . T P IL
Ry AR BT v 248 I~ SRR R SR ToE L, 110 £ 45 7 Ak B o 3 Ao FH AR AN
APTHENE, Fin A TTvE it 5 22 H] 45 /K AR BE K FAR PR B o F IR 5F R A 22 JH 25
Sy R AR R e Y IR DTEE R

UUE R DIE S ik G 80T T BeR I8 i o JREAT 0T, JTBERCR $2
SR TR 45 AR JL AL

(1) JUBEARNE R, T EARBLAERIR SR E (ig ] L

(2) KWW AL, FLE5RIE T BT K GURLE VRS 5 (DA 91 55 1850 (Fr) i)
BN W (Re) B9 ) 5

(3) VLHESN IR ZR I 22 (R —HEE UL B 5 5 B 205 AU T B0 KR )
L TIEE) o

DRI P 5L, FA T al AR BRI A D Tie i 21 20 AL
70 FACLLG R RHEUTE,  DTVE BB BOT A A2 AR SE ORI L B 5
TR R SR E B 8 SRS KD e 1 B A K S IX 5 IR EAT (1. BITLL,
HATADTIE A B AL T 3R = i DA P R R 5o AR, 58 = s A A2 5
WA PCHE BRI BB AL, U RN 204 R g ORLDTIE RS . BR 2 30% =
RIPETE 3, (B2 H ey T E ST B b

1

1.3 TRt BERE B RIIR

FERUERAD 51, H M 1982 FEHarvey 2 — KUK 1) 54 (CED) 5 A B HE
Rl A YE B TN 46, 458 34 R A U sl 1 D B DRI 5 At 28 T
JEHEOR e N YERUE AU R = HERE A, A FAAT R 22 AR, AT X
ANFITTE M £ AT T i I B BT 5

1.3.1 EINFZE I TRAIE STIE B BER I R

[ AT E B R A 9T ELAR B, 46T 20 T4 80 4FAX. Fij#itLarsen n] A& 5
A CFDN H T =yt i, RIS BRI IEAT T fRifk, (E2URRILT “& 8"
(I477EB], Devantierfl Larockif i3t Galerkinfg B2 762 S BLFU R T — YRy ve i b i fa &



v AT TE A R BT ) CFD BB

A AT EEWEIT T DTSN N R DR T R SBUR A R, (R A T
WA X IR . AEARA T SL A T, SR T Sk i k-e R0 B, 18 400
I KB R T SR ORI I AT R A IR ZR 0 T o WA & 2 Ak, T 25
B 158 AL RE TG ] A A7 A 185 L EAT B, HLN UL V7 DT Ak R B e R e PR o
1400mg/L, X2 i v SR R ARAG E 1 B 200, IX M ARG E 1w LATE 3 199 4% 1 4
Oy KA, AR SRS FE R A o R EOSFE RN, O TS BT K, |
TBATTE /7B B S AL DB A A R, Pt LA G SIEEIN v o B A A i O 1
B, 1998 4, 1&[H ) Deiningersi A it U TTE Mt (1) 5 O ] A4 B kAT 1 4%
BRI, ABAIEIEE T PR =B TR RS, Scott A. Wells F1David
M. LaLibertedE 1T 4 i U0 i 35 FEWARA B AL, 1998 4, Scott A. Wells
HMDavid M. LaLiberte =it I 48 it 2T v vt o /K U S0 25 BEJm B se i i 4T 1
W,

2006 4F, LEBTEIR B OK2EFMcCorquodale AR H — 4 CFDASE RN 4 7 —
DOBEAT T K IR TS, TR T CEDX — 4 F RS 5 Wil ok - 7 Rtk AT 1 3k
fiff o 22X 0 T PR R A4 3 AR AU A B, A TN AR B LA AR
AP ZEE) DT IEE . McCorquodal 56 NI b i 5T K L, CFDEEBULEL AL
P T LA e v e AR A A 4, PEPEF By Barry Wroff
FIHCFDEA 1 BB T AR 5 i D Tie i i o

2007 4E, BRI ST & 0 ) Benedek Gy.Plo’sz45 AL & T 2 FRv57e
WedE RGP AR T DT AT T —4ERUE B A TR I, (DRI —4Ebtie i
P IR A, 75 0 VT DX AT A 1) 208 7 LS A0 T A B R e IR v B AL (2)
FE—YEYTIE MBI A, NI Z NAZ IR B AR & TREKI S — 21 B, JF BR
J2 TR AN BRR B N A2 P A 8 TR BE AN DTIE IR I 53%;  (3))VE B iisa 20 vl LA gk
DUE IR AR S FE TP I ah S5 A RE ], AH k0] |02 sl 4 AF I 2 B0, SCHER
A LSS M IS A A BR AT, [H]IN), MichaelWeiss. Benedek Gy.Plosz
HMIGyrilPrintemps &5 A\ SCKFCEFD FH TR0 e i 2C IT v Tt o 03 P v Ve i T R0
AR, TSVRIR T B IR RE e T RS Ve IS S AN R R,

2009 4F, HE[EAA B OAE R LRE 24 B M. Bridgeman s N3l i 70 M SR FEEL
R, JEEH W] T CEDAE N mis N i ik CFDZMT R, i RER A A%
FRURAA AAH [R] R B VR A i, R AN 5, AR TR 28 T AR IR T FE R



v AT TE A R BT ) CFD BB

LI TIRTE AR o 0 T ORRUB N U R Bt , BP0, i e HO0) 20 il 5
Bh AR AR /NG, OSSP T ST e P A AT 7 AR R i o XT3
S~ 1P LT MO N S ST A 2 (N CTH T R 1Y A R

132 ERFENISROE TS ERELTR

bt B B E AR A AW &, B V22 22 8 TG BB AR R AT
TPTHL A BTE YRIR L KL T U AT, BRI N T ot i g R Ak,
T I DAY SR AT S5 AR R T i 5 v RS

R KSR R 5 TR 2RI R O B A5 N AR 2002 A7t DALYk V5 7K A 2R
J V- GRHE TG I R B oA v Sk, R e i — U R B L T R,
H DA BRZ2 o0 idrb 4 I SRR AR AT T B SR g e, AU 4k
WPEIT e J7 BRI TUE IR BE A A AT T b B 5 SEie B xT b, B Uk 771k
(A R S AT S ANERH TS B AU R N HEAT T R RO, (A
I8 B F B e R A5, JURK LT T 8CeE ik
SR AR

2003 4F, ARAERS IR A2 B (0 #RAE B AR N H OB A U R Fluent6.0 hiUA
W) AR (R, FESh TR IR T WL R ) I IER,
S P U AT AE AN R PR B RIRRA B R RS Wi IS Rk 37 1t
1T T VETEE R 0T, 7e sy TRRDTIE IR A . DUTE i P B BObi ) (1L 12
ALY TR, IR 3] DRGSR SR g —340E 7 78 7 A3
[11]

2005 4, BT ORI R 5 TR 2B (1 S S SR k-e 7 FE R IR, SR
FISIMPLEC K fi# 7512, 1 B KB4 ) 27 A FLUEN T 49t G iy — 4 F AT
T JE AT T BUERAU, LW N A BRI IBEX, o o 7] RO
P PTE S, D, FEXIEN, BARRIH R (R A I B AR
YISm0 H RSB HEA TR 2,

2006 4, VEHR IR B v Jedas il R 5K a6 S0 = 1Y) 1 SR F A A
FLIR) 7 VL MR R I T V5 K A B T it R PR A A AR IR 43 A, 5 HAt w0
YU AT BB R S B L O AR AR A L, TSR ) 2 (CFD) B AL AE
W ERA B DB TR RAR ) % 0 A EFFLUENT ) &, HRb—Hr



v AT TE A R BT ) CFD BB

A B H R b - Wby 7 e R it A, I [ ARAT A RN A EAT TR
. SRR, [EARRORL AR — Ui (AT R A 2 ORI R AR . % R 55 H B
M DS SR R S I G B, R[] T B AR R R s ORIk A%
T PRE TN, UK DB 57 B2 i 5 ) ), L I YR K A B AR A 2 . A
P2 R 5 SEPRyG AK AL BT B X LG, RUPZEAES Rl 5, 6 TR SEpr A —
e S X,

T34k 2007 4F, o ERFEEIR O Bk S s TR 7 e - 2R IR R AR A4
W Pt SR AT T R E R ST . A ATTR FH 2 A R BR AR A,
b k-t AR 2 A Boussinesq B BRI 9T T it o i P v Y AR TRNECH S RS )
Fi. RINBFARTHE AR IR, FEAETH S5 RN S0 25 04E T, 455
W] CFDA AL A B U H RO 4 ot =X DO (R 37 « SRLEE A RS Y8 o0 A o WF IR KW,
Fr,Gr/Re* 378 1 AN AT E 43 A7 5 RS (R TF 3 5 AN 2075 8 43 A7 5 RS (R4 T 3 11
PEARL, e AT LUK B R4 F 078 S 00 0 TR 122 R A R/

2008 4F, B P R R ESTRE ) RS T WA it N K s
NI R, RAEE T FRARRRE KA B BE () 7 XA FLUENT6.1 KA T k-e 3L
D7 RERAY, R SRR SR T SIMPLESE Y, LA R T E i H e B
BHE RiF. JETFluent ™ & 7] DLBHT “IRBF IR, Wadk— 2 IR AL,
IKEN 3 EOR AT G e AR AT, $8H T 2 T Fluenti AT P U it s
B HERf T Sk . T AR I N AETE AR SEK X s FE RIS A7 AR — AN KT
[ETRDR, A R T o T I e T s o — AN TR DX R 7K M JECAR BRFALT, 12 Ak 11 T S It
i e

2009 4F, WEIRIE T RZE RN AR AN T T AR B TE DT3E it ] K R AE TG il 22
SAEAEURE ZE I (W A, B T R R UTE It ] KRB BN 1K k — & XUz it 02
B, RFAZE MRS R Ge, ) S BRI R T SIMPLE T v, #J7 RE IR 3K
T IR A BT R o S ik K R 1 K B e b IR B il 28 SRR 1, BT
ST B B S5 RS SCER R Y & R AF . R TG 2 BT YR
<150-200mg/LIf, th P AEAE—"MREKBIEX 5 R KZEA Sl /Ky, 3 2=
FERNG; mi KGR A, S B g,

DA bR HE T AR M IR CFDAUE AL, R IR 22 5 TR Bl &
RS NT 2007 R T T asRUTie bk I i = 4E AR Y, fEsh R FE R %



v AT TE A R BT ) CFD BB

F& T ARTR) AR T3 AR, LA RS AR AR 03 B A T 5 22 R s I P oS0
R T1 2 A STAR-COX A R BEA TSR Mk ARG H, DT it N 58 & 5 1] S B 0 A
AR BEK DRI G e F BT AAAEIRRRIX s BEK XKt sh RO, e
DXPIAR AN s (RIS ERAE T H I T Ao 787 0 B AR LU A SRR X U I R S i o 6 512
A RGIATINAE, AR 20 ) A AR

1.3.3 ERSNFEI IR AR TE B BUEEA R

AR, WE27HCAH CFD HUEBA N H 2] 1 V5 K AL B A (KT ie i ok fiik
FLRUAN [ 44 (1) 22 B R A SRR /K AR BRI e it P8 F CFD BEAEL R i 7T
Wb XD, JEHAE E A IR T7 TR 2D

2004 4F, V5 1)O.FLAMANTES A& IR AR ZK AL BE) 03 it b 1y e e
AT T CEDEUE RN, AT A BR 22 20 AR I8 7 V50 7K~ 0 i 7 R AT T 3R A
N T ARAF DTSN A B AN IIR S, AT IR T PIVEC ARG s b AT 7 e,

2006 4E, £Z K% ARTRERKIMR. Templeton, R.Hofmann®: A A JCFD
BN 4 11 s a3 A BBl GO BT 9T T N5 R = JRE /K AL BRI 3 T A4 A PR 52 M o
WS R L W], CEDELAL AT L] SERD AR BRI LA s 7K ) 45 B3 ISR, AT A B
SR S G TN 2 Y R R B R T B T e

2007 4, A 2 8O 2 A A 2R AL 2E B K F] I Athanasia M. Goula®§ A
¥ CFDH T3P E JE /K KM AR A6 T H /K Ab BRGTUE M Th v P DT B 1 e . 45 R K
B, UK S, Pt b —A BRI, ARG B A
I s o RTHIR AR i T KR, SUTRRE R4 T B R . X1 ekt
fFERIAT A 250 2K IPIRURE 25 B3 99.5%F% 21 76.0% . T /K AW 2E e it ,
ML A 22 gy, IR IR IS PO BRI IR . BRIk, XA 1.1 5k PG )i
25 Sl A DA I B S AR, AT 7E it P R AR e Rl X O

It Ak Athanasia M. Goula®5 A I B INTE G0 b6 7K AR BE ) g =X it i) &
TEET T CFDRRL, EELRWIST T AK AR e Bl A I ST T — AN
PEDTTE AN —AME IE RIS BIUTTE AT 6 UL, 73 A o S0 R B, $47K B/
T REEERAL D I I T LA vy TR T S 1) [ A (R B S o (A
T, RIS AR N SRR H 22 5, AR DL DR T PR (AR R B 28 4k AEARAT T
BT, Al EAOE BT e 22 BRF A 90.4%38 N2 T 98.6%.



v AT TE A R BT ) CFD BB

MEELLERTAN,  CFD B AR JOve it A i R FH Wik 1-1 P
% 1-1 CFD fEUT 3+ BN A
it R o R ‘ 9T
|| mgﬁ BN | iR it ﬁgi
WA A TE KX ;g
N i L | BB A | 2008
FLUENT 2 N k- I
. btkke | S | TR, ek | ke
M B3,
Yy = g S /
& ryg | KA ;jﬁbiﬁimiigﬁig 2007(75
STAR-CD | 3 VR i . o
we | PR PR ok, mge s | A
2 NI
AT e i A
i N 7 R~ 10 9 5 3 )
‘ IR - - ;
d | PLUBNT | 2 ke R i | s, s, a0
X * PRI . (A% )
R,
(TR LGS R
JE<150-200mg/LINf, A
. A — MR I | )
o WA | ! R ;
SIMPLE | 3| hiike | LR | GRAREA e, | 200
® BAPERERAL, )
K HE MG, 2
RV RIS,
i N AU 26— et T (AT
it o, B TR AT EROR S . 35 | 2006075
. | FLUENT | 2 | bpifEke | AT AR i e
A il ke Tﬂ:ﬂ PR ey g ol e | Al
O SR Ao A
CPDBELER LB |
FLUENT | 2 |biMike | SER | SM% | B Uimiws. s N
) AALEE)
o | A HEAK 1 B PR AL | 2008(K
FLUENT | 2 o AH RO 73 WA | IR AR DR RCRE AR | KA
fi KHEE, )

10



v AT TE A R BT ) CFD BB

1.4 $ERIVIUE AT
1.4.1 $ERITUE M S HHE =

-2, AU M KE . KRS DO AR e B A k. It
JE AR AL, vk Nt N, SR J5 1) 1) DU RS RS, MR E
A, TR ETEYIAE AR N UTRE, R AN DY i

S0E

=
8

K12 ERAyEmES R R E

1.42 ERAINIEBEEEIT51HE
(1) JLEX T
UUERL IR IR,

!
= () (1-4)

R I NEREYS)

11



v AT TE A R BT ) CFD BB

D= 4 (m) (1-5)
T
UTIEMBZKIR A
Qmet
h, = —""~ (m) (1-6)
° nA

1

ﬁl:'j’ Qv,max — E%j(ﬂﬂ‘)&-_ﬁ‘7k%s m3/h;
Qo—— VUIEMII LI 77 %, m/(m*h);

n agRiiEAE

ho—— VIEX B ROREE, m;

t —— PUEMTE, h, —BRH1.5~2.0h;
Ay— DU AR, m;

D — VUl E S, m.

(2) HleXIHE: REHM&RENR

VN: o
L = (m) (1-7)

& 1000

\Y% ANV DA H AR e, LIN-d);
N — &t AR, A
T —— WA FER ), do

(3) YLIEIBIE 5 (H)

H=h +h +h +h,+h, (1-8)

X, by TR e, — A 0.3m:;
h3— %Y*‘E%’ m;
hy Ve LA ER o ) v B (B e LA BEAH DS 5 m;

12



v AT TE A R BT ) CFD BB

h5— ﬁ?ﬂ%%ﬁy mo
1.5 AXMHRAS

HA, 6 Tt it i AR LR 32 204 2 0 T AR e i B e (1)Kt K
PITESE, AR KW S AN S, PR T AR AN S ()BT NIk
AT B HEIRE, BIEDCREE R, BORLZ e AT, BRI ITE AR (3)
Y HIE B A B 25 Br o B W BIAT AT S UTTe il R e 1 i 2 A 4K
Pabh E=2B0€, IXHEn] DU i W IEA TR S DRI, e FLAsk B 0T sl 1
8] BTEL, — e B v ITe it (M RE 25 B A2 T A2 3 47 4y A4 B I 1)
SRIMAERAE T B PERTE bR UG, FEDTIE M I H e 5 (e KU $9HAE
RIS PR B AR 4E) H A BARM I E A0k, RIS HBUE L, XA
T BERIREE I T, AN S S Ak .

b, PR T BAREOE T O M BIRERL, Brll S Sbr CREH AT L
DUFAE— B 22 . KHILICK, AR 0 a3 37 SR AR B 47 0 ek 5 A S 6 2% A1
MSLIG ZHORIATERZAAL . BAREE R BT 5, (ESCI AL, AEdithtt
BOR, M HE FMWRWANERL . BAEENE, Sl TBO R3]
MI4iR, Jovk EAMR BITTE it N it S «

ARUERME BT U 228K CFD H50R N H B Tye it 45 M ve vk at ook A
T AT Fluent X J00e it 2EA T [0 AR R A U RAAEL, 25 S AT DG B e A DT Tt
NIRRT, UM IR B A AT & B — Lo 25 M S B M . AR S TAE
M ZE NN

(1) FELAE P K3 S SOOCHR Al b, 4 17 A4 it e it 0 45 ) S G P
PRGBS /L DA K AR BE D 15 5%, B 3l 1 T AR Bl 00 22 B E AR AL
HI & R

(2) FIH Fluent B0t it 2T He it P K [0 P9 AR 50 )8l A T A gL, 4y
AT 7K GAEDTUE I A 14 (1) 0 32 R I W) IR FE 3 70 AT

(3) JEIEXANFE LOLMITHE, A Hriise it 45 K 2 BONUBURDRL AR it b7 1R 54
AYTHEB A P S AR -

FARIIWETOD BT

(1) PABESCoeklh =, BT SO R s
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(2) BB IFAER R PERT TR OCSCHR 5

(3) HEPLRE, PHEIEITN % A B AR

(4) Z5>)4EH Gambit BT SAREE, IR ) A FRAAT I BE S

(5) %A Fluent SAFMAE, HFERL R SRRAB R IBE . THE S
RIS SR 7

(6) EFLIENLENTSH, FH Gambit FAFEAT 4 SR AR

(7) A Fluent #AFSEAT HARGAR T PITHEAL, IR v B 45 AL n e vk
BT MTVPAL, L EERTAE Gambit T E BT MAS RIS 46 TAE, B A% &I 4>
FSEP RN RA S} ATP

(8) A1 Fluent BAFHEATPRARGAR N ITE ST, 38 I e v aff o ok S it 22 A
TARBAE AL, T 1R R

9) RIFHESEAR, SRR B, i, By A5, g8
WA FE DL N ;s BT RO B . BB 5 LSO RN T 3%
BAETHE, A Origin FA-2 I SC AR (b Hh 28 5

(10) FJFH DPM BERL IR EEAN [RPRLAR [ [ AH B0 AE e 3t (138 B2 5

(11) FIH DPM HERU R ERPIARAL B PR B DA S NGt TR R T B 4D 5 10
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EE RAINEM CFD #EERIEAM
2.1 1 ERIKSN 715 (CFD) AL FNIR
2.1.1 1 EREKs 1 FE#A
THEAAS) )2 (Computational Fluid Dynamics, fij#KX CFD) 4& 20 {4 60 4EAL
ARV AL AR TR GE YR 1) 22 B AEL I AR R R G, X124 R A
HEGA, BRI ANEEAR G ST LR, &8 CFD i F 3T bl 2 HY 3R
JSON R AR A, O TR Tz 2, ThRe HEE R, NHTEHEARY K. & Fh

CFD R (0 B A28 0 20 BT i LA A~ 0T 4 v 5 R 2 5 5 Pl A 20 4 32
PR, TN B2 AR A S S AR A L TR 2R DL R AR I AR A

EE

T8 CFD AR E 198 14F 35 [ (I CHAM 2 ) H H SR i i 3 55 4% 4 i) J8L 1) v
M AFPHOENICS A, [ B\ A G T j% 1 8k o CEDI B ki . &
A, St R O LA S0P RS S ARG RN . ] CFD# R L%
2-1,

#2-1 HRICFDE A

A4 R TN H]

FLUENT SRR B R A H ) R PR30 T A

PHOENICS WAl A R TE T R A
CFX TSI AR S T A
STAR-CD WA AL ARG T A
NUMECA WA AL ZAHRRE A [V 55 53 BT 4 pF
Griden. Tecplot i FH EICFD Y i b B4R 2
Pastran. Natran. Gambit. EnSight

CFD#AT Sk 4 = ALy AUACPERS . SRS, o absids. o, dirkd
I T 58 AT AL BE A GRS, R WA . BOBIL S ARATAR) o SRS 1A% O X
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SRIFTT %, WK T A AR %S AMRICE. ARG RAEBEL; 5
AEFRES I H (2T RS R Hrim sl v B85 1 (R SR I .

)L HER, CEDA TR KA RE, AR T & d ) 2 b i) — Leim Aot 5k
g o Rt R R, WiReynoldsSE Sy, IUAE 5E 4 ] LUE BhCFDF
BAETH ML B2 I SR sh . S, o FIE s i i @, JLF-4R
A DU I PSR AR S 24 1 5 8170 B AR . CEDANMYUAE S —/MilF9¢ T, i H.
AR BT THAEKR TR TR TRE, PRBE TRE, & TR, WiEgi TR, T
M3 A5 AU A A AR ]« CEDECARIL K & 21 5642 T Lo By = 4ERG Vi it S e iz
B R ) [T L
212 IHEREAFREH A REMKRLRE

(1) TR

AR 5152 ) = 4% FE AR IR Py P A P A 00 S+ B~ 1 A B S P e
e SP I . Py A o e s e s A I B HR P

@RSy TR, WK EST L.

% + div(pﬁ): 0 -1)
itl:'j ’ ,0—%‘:‘ -8
t——MJ [ s
e N
div()——HU% .
@z FE TR
olpu) (=) o
——+ dzv(puu) = dlv(,ugradu) ——+ Sx (2.22)
ot ox
pv) . ( =\, p
o + dlv(pvu) = dlv(,ugmdv) i + Sy (2.2b)
v
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M + div(pw;t) = div(ugradw)— g—p + Sw (2.2¢)
/4

ot
Ref, p——AF e ARG TE 1 )

Ue Ve W B U ATy z B IA

S =F+s., 8 =F+s, S =F +s_, Hoph, F. F . FJ2Z#HrK
PR IS, RIS« s, o S RAD I BN, TR B R T R

BUAHDL, 5, =5, =5, =0. Bk SFE I BN Q04— 4E 7 TR

@fe T HITE
6('DT) + div(p;T)z div(k gradTJ + S, (2.3)
ot c,

o, Cp—l:[ﬁ,jf%@%i;

T s

k—— A Pt 7 R HL

S, U A R S TR A P AR LB R A0 o FARR IR 4y, A
AR ARG AR O

(2) KRR

CEFDVR AR A2 A T REATCEDIF A, FH P ] 85 B v FH ok 52 T 7 B2 4T
%, Bl A CHBEG S AR . BIROTEREAR TS REHF N, iRz
W ARG, RTINS R A, R ARSI, SRR A R, sk
firtsk R T P 2-138 R,
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| ewmwr |

B

B i s
|

v
| EumsoE |

| mmoastmafss |

B

|

| rmEEoE |

B

El2-1 CFDRAFHLE R

O

SENTAR TR A SRARAT AR I R A 6201 Se AT i) . — AR UE, XD R
BrRj s DU T SRR A T 5, PR AAAS) 122 (R A ELAR S AR
BT RE e B, X FARAERKEEHLA e sh 7 M il 3 ABUE A e Bk 2k,
R H AR IR RS B R R U R . AR, T HLN s K2
SR FURIE I, DIk, RSO, I R
Oy e AT E G AT

W06 26 A5 T S A A 4 R RE AT B A T 12 P25 R L AT A K0 9 463 4
P TSR AT I B R O — AN B R e B R B Fd

WG E T SO SAE I RE TG I 2048 A SR A AR B 1 23 R A 1 DL o 1%
A, IR ERIIRAEAE . R TR R, AN EAIIR AT

TGRSR AR DX 1R 32 5 B S A 1) A% e e S R Bt ORI ) () 224k
M. XS TATA L, AT B e S kA B, AEHERE sl fEHEERED
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Witk b, BAIATG e . R AR I o A, AR RE b, IO B
FGAT o KT RIS R S AT, HERE T 545 R RS L
@XMk

K BB 7 V5 SR A ) 5 R, 002 AR Mo 43 1) R 2 ) X 8k B3R AT
B, ARG SRARTS 2 B U7 FRdL . BERRAE A (R b B s 7, DA A . IR
CL R HA 22 ot 44 P X 350047 28 50 DA A2 A (R T Bl S A e R o

AN 1) 1) R FH A RIS I, P e B ) A TE e — e Xl i, HAE K,
PRSI TR TEA S — 3R o HAT, WA o3 G 10 IUA% R E S5 A A OR8] et T
SER AR AR 2 ) B R, s — AN DU X3, AR AT AT A AT A o A 1
ATEAGN L LU B Y o 6 454 W ks A0 23 TR 4 AT b 3 B W AT 2 A1 22

Gy e e 1 W S <= v Sy < YR 2 S WP G e et 2 1
ST R T S ANTTR % NN 1T NN 7 N 5 WA G £ = Bl s L S i BRI R
KR, HE&F CFD 3AF#ECA L M MR Al TR, 1 FLUENT A
GAMBIT 1E R Hr kb P A . 240 CFD #AFn]#aek F At CAD 8 CFD/FEM #k4
FEAE RS AR T . 4 FLUENT n] DLBZIC ANSYS FTAE I kS o 244K, 25 o) AN /&
RE A%, H P ] BAT g AL O A%
@#EA E T

o TAE SR AR PN BT ST (R B4 7 RS, BEAS LA RO CERORRORE A it S A AT A )
(100 AH T BT AR BR 0 ) 8 5 R A, — ARAE SR AT T R B AR . PRI, gl 75 2
A B 7 VR S P AT BRSO B AR A B R s A I R AR R Y
VESEAR AR AL, M7 — 4106 TR S8 AR A fm AR Oy R4, AR i i =R i
BT R AT BAX LT (B, v S A FA AL B b (DUt 5 A R
KA E -

T BT NI N AR B 15 R TR 23 A BB S A 3 B U 7 R R AN RD,
JERCT BRRZ 5 AT AR ICARBNESEA RIS R B i 7.

T[] —Fh B 772, e A7 BRARARIE R SRt 00T R FH 107 s A =UAN ],
Wk 3 B A ARG 3 O

G 5 7 11 2 S o 1 B o 9 ) NP N3 ) T o Y
Jei s BRI R AT P AT Rl o] ) A 40 77 € 14D 1) R
O B B UR F AT TN -4 A
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HTHI T 25 58 A6 25 AR S A A AR L PRI, e ks I I A 0, 1
T 7 B0 BT A B WA, g 38 B B R R4 45 A R 4 A e A R e 1 R B )
B, g kaEm BT 90 AN A, X e A M B NI WO 00 IXFE, IE
[ T T ) B R R T R, A REXS T BRI AT SR A

TERH CFD 1 Ahr, ARAEAERT AL 3 Beoe e 7 Mg &l o Ja, Hfei gt Lig
SEWIER SN T E6AT, ARG HHHT AL PR R A B SR 1K ST 4 45 AF R S 4 A B vl
(177 2 BE BAH B (15 i B 2es
©45 e K= 24

TE B s a) BT T B O AR R A, I N 2 A AT a6 A A il 5 4%
P JG 3 75 245 58 AR ) BEZ BRI i L R R 20 50 RS o A, g e kAT
SR CR P RS 52 2 ) SR IS TR 2K R i HE A 2 55

7t CFD 3, XS EIFAMELT ZET MBI, (AR bRt &, et
THE RS SR 0% AT 45 T 221 5T
DR ES T HE

TERAT T ER B S, AR T BATE MR A AR T R4 . X T iX e R4,
Hew EOAFN RIS, PR WK Gauss 11 259280 Gauss-seidel 1E407%
KA, X AEZ M TR, TR Newton-Raphson J7vk. 7ER H CFD #A4+h, 1%
IR Z MASF AR, DUE A RIEBL I )l IXF5 N2, 8 TSR as BB I
@ Wit ey v

XA ) R, B I A Tn) e AN N )20 B, AEAE Sl 2 ik
IEA Gt 2. AW, PRI TE 2Rk /N R I ) B alali {0 U8 S BN, mp
Re P EURI R X TWES ), #7% H 2 xR AT I gk B R4y, Al Te) 28
Kok RIS thn] fe i Bufif R B . Rk, 7EiARat fi vk, EONHE iU Sk b
INBEAT IR, IFERGIAZFRER )G, Al .
© W Ay Hh S A5 R

W PR SRR R T AV S B S, TR S T BB AN
B EMa R Rk X, FATARHZ&ER REE FEEEL mkE.
= BEE T AN A5 AT R .
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PrBZAE I, IR e “deal EasIa) b, KRG AR BRI 25 ) BRI R s 7
R AR e B, S5 FOGTE th 2 ol AR AR AR 2R A 2 i) H 28— ) B
23 [A) BN Ta] AR A T Dl o O B FLR A Y R =S [a] BLUC R (AN 107
[ B RN, PP AN R AT B R i Sk R T R o RS T ) DAL S ik
P R B A AR i X o S (R Pl FHAN R U (R 4 4 R A SE M B R (il
BE 148, WK ANRIB O L 4 LR i ia s it . = R A HE e 15
2 KA BB R (s ) Bt 5 ) I E SR I B (O B 7R He o A o

BUENTIH CFD BRI T Eid RT3 Bl Bl A Cgn s e a2
PEFPREAT S5 R B oR .

2.1.3 FLUENT § {4125

FLUENTZ H A [ br b BB AT 3 JHCFD# A, fERE T i A FR N
60%. FLAgRRUAR . HL i KA NS S T el . & B w1 B
R St U 72 L s R I A e A B D g, ERTS MR . VRERES AR
SR IREEHLBTHSE TS A T N o A A R AR b R N B A
RS R AT BRI FRBE AT ATE B/ R A B TE R L.
Fluent(") 81 it 3 T-CED#AFHER AR, WH PR MEE AR, B0 &R 2 2%
BN ELELG , K F AN R B asoks sURVESUE 7 V2%, DASIIAE Sy 7 (1) Q0Utsl oA A o B
REURE P AIURG 52 55 07 TR B e A2 DT ey 2803 i e 45 S0 1) 2 % s o 5 i)
i

X T T R A AAEL, - FluentfRAFe it 77— R A LR e B I i A 4, mlflEAs
[ LK e T IE P . A #EFluent6. 1A 1AL FE 1K) — J7 R AT Spalart-Allmarasti
B, PIITRER A A k-e A | k-oMi2 | 58 42 TR Vi Y ) B (RSM) RA A K i f5 84 (LES) .
DA F3X Ui A 26 TSR N A LA IR TR] PR v A 420U 14

X T PIAHGL, FluentB@ 4k 1 JLABIAU K 77724t 16 #E, fFEEulerian-Eulerian /72
FlEulerian-Lagranian /5%, " Eulerian-Eulerian /7%, X AUHELLF =FiAL: VOF

7 Mixturet 5 Fil Eulerianfii #4122,
2.1.4 %A FLUENT B9 %

Fluent FA B0 I oF 500 F 1 5 325 (0 Bos DhRe, 6 TR H R 7, F2 %2
FI AP
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(1) "ERT LA B i A 508 e LA R PR 2 2 IR IR T e 8 1) ), DA R B2 S5
S5 A TN R T 3 PR ) 1 A S 56k DL SRR i S 9 I

(2) PRI & A LA S50 SR sl A B LR S ) g AT B AR, H
PNGOESEE SRR P (U Y PN AY S T VA R

(3) ARG T K S onThRe, s AR A = B DA FEALE
ARRA L R EE) 3 0% 1 P N ek 25 P 4545 o (RIS AE TSR B b mT LT SR
71 AN B AR ARAUON R N R 23 A

(4) $A ST A B AT GambitFl 5 AL B AR A Tecplot, RJ LA {H [P EAT S AR
VLR RAT Y LN

HFIH Fluent 3 A4 & Fhom K DhRE, 5k n] LAAS I AE R VE 2 K5 1 22 4 X Ry i
W RUBAE R RTsE B LA ik . TR A3, R BB i R A A T 5
BT AR N FH A —MRA R RIS T 0], B0 8k R 22 F 7 5 At ke S
B TR e /) — T 2T B

2.2 F)FH GAMBIT &4

2.2.1 JLI4REYATIEER

A3 A S B+ £ 4K 22 Athanasia MZ25 AFST K55 1% Je 1 1 K Ab 2
IR R PTE AR i AR 15 1m, MRS 9m, TSR 40.05, MAARN
h12960m*, %t AL A AL U1 I 2-2 7

]
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3

131 [ 03
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S, .
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b

Fl2-2 48N ve v LA Y
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2o I RIS L SRS R S22 SCRRBEAT LU, 2 SRR 6 Bl 8 52 A y ik »
AV EEEE R SCIRANET - DA Fex i D s e, 2-3 s

i E
T
H YI

\

E12-3 DLxH 0 FR B YT I MR AL s R

2.2.2 MIEEIRIS

PRS2 1K TAE R 20 = AN 3R — AR, R Mg, = il
Fto IWIAS R SCETF, SR A A i e DXCI A T A R PN 38 S A A (] TR 28
BTG (RG] 5 SCART Y, FESS R4k W A& S2 Fi8 W A DX A3 P 8 N AN AT
AHR] R BEE AR 50 TG o DR 1R BT s 0T T B0CMEL T A5 7R L A P AR RS e ke A R S A
Mo Ptz e B 2R LU AR, & 5 H Splitam & X B AT 1 X Skl 73,
K12-4f1 7 6
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] 5 4 3 211
Tl a8 o 10
17, 15 15 13 ._11_12
[ I N [ E:
19 29
20 21 25 |24
18 55
32 33 31 30 o8 _25—21
38 og
Lad
39 35
37

El2-4 BHRAVHEHRE S B R R

RIS T s, S FEAIE MR, AR R 7 ik i 2-2 7

223 B RFKENKE

FITAT [ CFD f) VAR i AT I FE A, 0 T as 1) ik ST A6 55 AF o b (1 i
AL XL FEATRRIG S A B A —FE . PriIL 5, SR fa ek
SRR L BT SR AR ) AR et B — B R B A TR AR R . U 4 T R
WL A4, At EA R . Bk, L5 A28 CFD I 5E Ft i 22
FAs AR ANCFDIRE A Al fEBAT L H 55 AF. CFDERI, FEA I 41
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o WEhRE DS A B A OB S B IS B S Rt
PRILFE I (IR 4 o AR ()30 v R 2-2 17

#2-2 PLIEHAREIFEGmbt FP I AR B E

T H BT R IR

Edge 5. 13, 27, 30, 42, 55, 60, 62: double sided, Successive
Ratio(Ratiol=Ratio2=1.05), Interval size=0.08;

Edge25 fl1Edge36: Successive Ratio=1.05 (Invert), Interval
size=0.02

Facel. 2. 11. 12, 24. 25. 26, 27. 34. 35: Elements:

Quad; Type: Map; Smoother: None; Interval size: 0.01

Face3. 17. 23. 28. 29. 36. 37: Elements: Quad; Type:

Map; Smoother: Nonelnterval size: 0.02

Face4. 5. 6. 7. 8. 9. 10, 13. 14. 15. 16, 33. 19. 30.
31, 32: Elements: Quad; Type: Map; Smoother:

Gambit P13 E

None; Interval size: 0.04
Facel8: Elements: Tri; Type: Pave; Interval size: 0.02
Face20. 21. 22: Elements: Quad; Type: Map; Smoother:
None; Interval size: 0.05

Face38: Elements: Tri; Type: Pave; Interval size: 0.01
81408cells, 152353 faces, 72487 nodes

Edge LK: Velocity Inlet;
Edge YI: Pressure Outletl;
Edge XF: Pressure Outlet2;
Edge ON: axis;
Edge AB/BC/CD/DE/EF/XG/GH/HY/1J/JK/JQ/LM/MP/PA :
Wall

SR 30 F7
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Bl2-5 HEIR AR R Mg R 7~ A
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2.3 W FLUENT #3173k f#
2.3.1 KAERZSRYIEF

FLUENT H 5 W P sk g 2%, B 20 55 5K fif 25 (segregated  solver) Fl#E & =K fift 4%
(coupled solver)o 73 B3R AR TV N7 A KA N7 AR T . B 2-6 R p Bk
A o 5y B RE O RIS AN TR S, R G R RN SR A e T R L B
TR R TT R 78 IRV G R SRR, PR RS R, T
JTEE B E P AR B 2-7 R SRR R P,

T PR SR A2 R SR AEAS e AR [RTR), BIEAT T SR (042 11 77 R 250 A 13k Jo 8t 57
ERTI =it IER s o= o ISR OB 5y NI s - Uiy WA O e 205801 L R =9
PN, N Eimii o R A AR A e T AR . BT TR A BRARBEAE A T o S
AT B HICR AR R IERETT V5, A BRARFE I R 2 TARECFE 1883 s Kl 43K 2% A] X388 3
fif 7 R B UK A AR B AR s AR HilA B AR B 2k s 2 kAR = AR
B W B a0 Ak, SR Ja I SRS A T FE AT AL SR IR AR

PRSI s (A DX T B ATT B A R e e T 92 R S A 28 T R () 7 7 AN [
(1) segregated solver F=2H]T-ANA Hs 4 B AR 5 5k B0k 4 PE IR A& () 3l coupled
solver 5] AR iy P Hs At () U1 530 > i 3 i i 4507 X B T DRV L R A ot
AN BRI & E ), {52 coupled solver £F ik nf I v & rp Hoad— 2 B4
g

TAR AT T FE R ARGt TR, AR BB SR AR I R T i R ARG 1 7 R A P o FR
TG EMETTRE, ARG FRREAT SR A o P 1 e s 2R I 30 X ) T RE kA T 4tk
RIS AR PR AP AN A 7 20 B 2R R A s 22 & G R 3. e Ess) [l
FEZ SR T RRA R LA ELZR IS, AR5 0 I SR AR 7 R 2 3R A3 R R0 A2 B 1K)
fEo 52U SRR A SN i e ' S A& ) B AR BOE 0, I AN E & n)
PLH —ANT7 R B AT K Al

FE T DL P sk figd g A S SRR U Aok s 5, FLUENT A3 BUF =Ml Sk i
T i

Segregated Solver: ZH LY T 41 SIMPLE 5y, Hod Y B A AN 0T 45
AR P ST B 40 8 . XA EIEANT Navier-Stokes J7 FEER K AR, 1M e X} 8l =
TIREHAT IR B IE . ZHER— PR N EE, N Rt TR 2 B%AE
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R TTEINAA ZMRee . A5 IO BRI, TR
[¥) CFD Biftl.

Coupled Explicit Solver: IXF{4 izl FLUENT /A &5 NASA BE& Tk, TE
FHR K] 483580 . %7155 SIMPLE SyEANE, 2% ™ Navier-Stokes /5
P BEATHCL SR AE, A B ECR 8 R 2 s, NI EECRE 2
Runge-Kutta #%z0, JFRH T 2 WA ISR . 5 TRSTHA, IR T4
H IR A B SR ZE AR . EEARE L, WA AN, NI 2.

Coupled Implicit Solver: %HE %2 H B A 7 FH CFD BAFHA R &1 . BRIAS&
fF, FLUENT 1§ 1 segregated solver, {H & n] i, HAMEPUAR (%1,
TR 1) BIREG U LA AR RS A0 A% (sl ml LUk B A Ba UK g U7 (coupled
implicit solver):Kf#RE M) TTHE . XFH LN Navier-Stokes J7 B AL HEAT IR 5K
fit, TR, BSO8R B 5 S 2 T Coupled Explicit /77, {H
Wty A Z W AF GEAERS S SREEARIN RN ) 1.5-2.0 £%) o W HNAFAA L, 7]
LI H segregated solver 3 coupled explicit solver, {HJ& coupled explicit solver 7
B AR IS TA) A RIS 208 — AR B e T DASK A At BV ], BTSK A
0 MG 3 2] i i ) o

K= REEL. FE.
KSR GBI A
KEEBEE (25 HE S
T3 [T i T EE AR UL FHE A
kiR, A5, W 8 Creean
_ i
8wt @5
ey e/
K 2-6 2 BSKAETTIER R TFE B 2-7 #E KM T IERERTE

KRR AR R 1552 W B A OR A 2
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2.3.2 imim iR B B IR 1R

FLUENT % FH B AR A 7 20045 Spalart-Allmaras #5278 | standard(FrifE)k—e
R RNG (FEHEALHY) k—e 171, Realizable (L5 k-g BEAL . k—o B7 . v2—f BEAY
RSM(Reynolds Stress Model, 7% W J#AY) #84 A1 LES(Large Eddy Simulation, K
W) J7idk . MR THE AT AR S 5 H AT H MAIE], S CEe
A0 TR it DA 28 S 43 g O AR . — D R R R T R AR AR (AR ) S5 K
S

I FL1¥) Spalart-Allmaras 84 5& TR ET i v B0, Rl A0 w7 2R T
B30 FUZ R 5 ) 1 1) R R e 4 . FLUENT X Spalart-Allmaras 2847 T 2eidt,
F- B A P ALE SRS 58 AN v IS A B THT pR 38 AT A I s i AN K, [ IRE Y
M ARG I, ] A PR AR o A i — Mol tH B i o ABE 28, 3 R BE i 2
E LREP A B N o bah, RS — 5 R —FF, Spalart-Allmaras A7 1) 48
B PR B 22

Fluent £ &5 FrUEFISST k- P PRI o X P AP R A AR TE 2, B 5 FEk o
SSTHIFRAEBI AL AN [F] 2 Ak 72 «

o I G2 PR B AR ER-o B TR B30 J 22 0 1) v T U AR Tk — eSS 28 R e A
o 25 L8 BN B A R SEMAE B T TR R A 2

(1) Frifk-o

Priftk-of e — P o iy, JEAE T ae a7 Ry O T R

FRAER-o 58 ()77 F4E

0 0 0 ok

—(ok)+—Ipku, )=— |, — |+ G, —-Y + S :
0 0 0 ow

— — )=—| —|+G -Y +§ :

e, G, —— I BB RE T2 (30
G, —— 1 o JTREFE MR A
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[, T — o o
Yoo Y, —— Ty A R
S, S —HraEX.
(2) SST k- w #5734
SST k- o F7Y ST A SRR X (T 5. S ANE IR 1S T IEAS R B, Mt
T3 FEAE T RE THUR 2 BE TR AR E A
SST k- o B LN 7 72«

0 0 0 Ok

—(ok)+ —\phu,)=—| T, — |+ G, Y +§ :
G )+axi(pu,) axj[ kaxjj+ Y+, @7
%(pa))+a%i(pa)ui): a—i[l"w 2—;)] +G,-Y +D +S, (28

A, D, ——EAS K
233 ITHISHENRE

Fsmsh. LT A Fluenth, BEATMARKE A G, B/ ICARBU 5.25202e-4m’,

(1) AR E: ARSI B & S AR AR ) Water-Liquid, H,O;

(2) #B1ESM:: HrEE D, x=-9.8m?/s;

(3) HFHAIIRE : A SCBIY PR 3 S 4 BN ORI T e AR
PR (0 a5 DL R 25 5 TRV B S0 v T 32 PR i e P38 Nt A P G 6 2-3 oo
FCRAR G E Kl 2-8 TR,

F2-3 EEAD., EHHOUAFMHSHKE

5t it L R T
HEA 4.5% 0.3
R 1 6% 0.05
HsJJHiE 2 6% 0.05
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= 3
Zone Name
|inlet

Momentum | Thermal | Radiation | Species | DPM | Multiphase | UDS |

Yelocity Specification Method |Magnitude, Normal to Boundary

Reference Frame |Ahsu|utg

Turbulence

]

|

Velocity Magnitude [m/s] |l]. 885 |cunstant j
E

Specification Method |Intensily and Length Scale

Turbulent Intensity [2] |1|_5

Turbulent Length Scale [m) |[1_3

OK | Cancel| Help|

&l 2-8 WEAOUFKE

(4) RGP HIN B E

gy 8 B A R s R R S BRI AT, B AR A FE SIMPLE .
SIMPLEC #1 PISO —#f .,

PISO FiL%E6 SIMPLE Sk &N EACE IR I R oids 5 2 07 R i 1253 K
(R, AR NEACE RN T 3h S IE A A IR AR i E LR, PRt B8R PISO 7E
FENEAE TP R KT SIMPLE 594 A1 SIMPLEC &%, {HJ2 i TN ISR
PR RS IR e ottty SV, By DA T S sl g BB, A2 U AR AT OSSO 5 1Y)
ISP HORK > T o PISO A&l 4 TR Wb 5, & et el DU TE %
HH.

PISO #% 2  J3 —AME AL AT LLAR BE 0 6 g A A5 R 1) i)t o 4 S AE PISO A%
i HABIT A& IF (neighbor correction), HJ LIKREVAA R 71k 1.0 BT T 1.0 M
T 5 A FH Wi A2 15 1 (skewness correction) B, U N 122K 2y 5 A1 s 5 14 S A2 5t [R5~ 2
WA 1.0, HLUek sm I EAAsh 71508 0.3, K3l @ AAshE 115k 0.7, R
AR P AE IE T, IS A AR st B 1.0 B T 1.0 M.

“I P (Upwind )T AN AT R 8925 ) 3 g SR o I i 300 XU 2t A
FH B AR S T SR AS i ) A B A o — o XUk CRH ot XU U o] LU AR
AR EAE L PR B oI T R R T S IR . — B ad XUk SUAN £ B Taylor 2050 1) 25—
TG, RO A AR M 5 e S R (PAE S5 i IR P s il M, RS =R A
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— ARG . I RS S IUER Y T TaylorZ B0 28 — TR ZE — 30, DA A R A il
G S T3 R s RO 5 — R 1R, DR T RS B o Bk

7t Fluent "' [f] Solve—Control [ B 1, A ik H s 77— B RS A 42 (PISOD,
AN it ) B A T AE BOR AR IE B P RS, TR BB A R, 45
RSB B AR 2 Ak o WIZk 2-4 FioR, bbb, 25 e BSsT F il
Bi, ASCEM Second Order & R T i BT H o

R 2-4 AFIRAFSR BB T YRS LR

Sk HIIEAR
e SHYR \
V&:1§
Pressure-Velocity
. PISO
Coupling
) RFEFTA S EAAL (Pressure: 0.3; Density: 1;
Under-Relaxation Factors
Body Forces: 1; Momentum: 0.7)
19928
Pressure _ Standard
. o Momentum Second Order Upwind
Discretization — i -
Turbulence Kinetic Energy | Second Order Upwind
- Turbulent Dissipation Rate | Second Order Upwind
Pressure-Velocity
. PISO
Coupling
: PREFAT A )2 8 A2 (Pressure: 0.3; Density: 1;
Under-Relaxation Factors .
Body Forces: 1; Momentum: 0.7) NS T
Pressure PRESTO! 10
) o Momentum Second Order Upwind
Discretization . .
Turbulence Kinetic Energy | Second Order Upwind
Turbulent Dissipation Rate | Second Order Upwind
Pressure-Velocity
' PISO
Coupling
) PREEFTH S 5 AAL (Pressure: 0.3; Density: 1;
Under-Relaxation Factors
Body Forces: 1; Momentum: 0.7)
4 18463
Pressure Second Order
. o Momentum Second Order Upwind
Discretization . .
Turbulence Kinetic Energy | Second Order Upwind
Turbulent Dissipation Rate | Second Order Upwind
Pressure-Velocit NGBS T
ooy PISO B
Coupling 10
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TRFEFTA S 8B AE (Pressure: 0.3; Density: 1;
Body Forces: 1; Momentum: 0.7)

Under-Relaxation Factors

Pressure _ Linear
Momentum Second Order Upwind

Discretization . .
Turbulence Kinetic Energy | Second Order Upwind

Turbulent Dissipation Rate | Second Order Upwind

KA S H ) HAR R E W 2-9 Biros

Equations =| =| Under-Relaxation Factors

Flow
Turbulence Pressure [g_3
Density |4
Body Forces |4
Momentum |g_7

-

Pressure-Yelocity Coupling Discretization

‘PISO

L

Pressure |Secund Order
Skewness Correction

|1 Momentum |Secnnd Order Upwind

Lal>

Neighbor Correction Turbulent Kinetic Energy |Secund Order Upwind

|1

s

Le fLellefle]

Specific Dissipation Rate ‘Secund Order Upwind
¥ Skewness-Neighbor Coupling

0K | Default| Cancel| Help |

K 2-9 KAEHISHIRE

(5) Wi E

FEIFURBEAT VLT, DR e g — IR MR . BOE W AR{E I I REAR N
“HIgate . ERAE RIS B WA AL O HED S — A8, IR IR R At
ABAN RS S 2SR N e — N AR WER TG LE
BRI e e WSO, Wt R, ez W sinis AU H, AT S fE i

K, SRR UURYIGE ST AL, AT n] BEfS AN B -

AR e A T K Ry /L, HTE N I (R AR (B X 4 R EA T T 46
s 8 XA, BEAS N TE K . X TR E R D TIE B () Fluent B8, 4

% 2-5 Froso
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* 2-5 WA THE R KA/ Fluent ¥ E

Version 2ddp
Solver:Pressure ;Based;Space: Axisymmetric;Formulation:Implicit; Time:Steady;
Fluent Solver Velocity Formulation: Absolute;Gradient: Green-Gauss Ceill Based;Porous
Models Formulation:Superficial Velocity.
Model:k-omega(2 eqn);k-omega Model:SST;Model Constants:Alpha* inf=1,
Viscous
Alpha inf=0.52, Beta* inf=0.09, R beta=8;Turbulent Viscosity:none.
Operating Pressure Operating Pressure(Pascal)=101325;Reference Pressure Location:x=0m, y=0m.
Conditions Gravity Gravitational Acceleration:X=-9.8m/s*, Y=0 m/s’
Boundary Conditions Velocity-inlet, Pressure-outlet, Wall, Symmetry

Pressure-Velocity

Coupling

PISO

Under-Relaxation

Keep all the default values (Pressure: 0.3; Density: 1; Body Forces:

1; Momentum: 0.7; Turbulent Kinetic Energy: 0.8; Turbulent

Solution Factors
Dissipation Rate: 0.8; Turbulent Viscosity:1; )
Controls
Pressure Second Order
Momentum Second Order Upwind
Discretization
Volume Fraction Second Order Upwind
Turbulence Kinetic Energy Second Order Upwind
Solution Compute from: inlet; Reference Frame: Relative to Cell Zone;
Initialization Gauge Pressure:0;Others will change automatically.
Continuity: 10
Residual Convergence
x-velocity: 10;y-velocity: 10
monitors Criterion
k: 10'6;omega: 10°

2.4 T HEAEB W A&IE ST RYEIE

X% T A /N oxet 3 RO ) P S A A o ELRR IR S o WA e B DS, BT R A%

HolkiZ, VARG, (BT AR TG M, AR TR, il
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SAOIT IR ()R, R VA 4 R R AR 22 () PT RE PR OK o TR M E AT AR {E AR R 2 i)
RS SN (R BRAIE, S T4 B SIS A ) 45 A T o A

7EGmbit kI 3 I8F, 23 SR AS ) 1R A BB AT T 36 0E o« 1B RS E 23 il R
127330, 152398, 244905, JRH 730 F AFluent™d, HAWSEHBER b, Mt
PP A LR, AR ST M ) LA 06 UE I 2 2-6 T 7R

F2-6 PIAGIHST M L

RIS EC (4D

e Sk 2

VAT B I8 A1 £ 6]

4iie

127330

10e-5

of Veiocty Wagntude ims) My 13, 2000

FEIXMIE LT, B
REAOHE AR
W8 310e-5, 4
AR SL kIR ZE IS
FEA TSR, PRI
ANREIA BIA )

152398

10e-6

BeR, ZikAR g g

Wk s10e-6, If

IR SRR 4R K
bl A8 T b

244905

10e-6

() BRI, ST Sk 22
5 REIL F]10e-6,
HHRLE S5 M
¥ 5k 15239815}
A ZEA K

Hay 13,2008
roguted, sothur]

2 LB, MR ECR 150, AR RIS LA E AR, R
HONT 160}, RS BK. NIAS SC HY 1523984 A% 54T B 1T (R T 4
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5 HAE IR RETR

Fluent AT 58 KK JE AL BRI B8, LA E R Bos R —1m B Eas e A A]
UL REEL . BN B REE, &0 LA XY -Plotk 7 3 — 07 B 1K HUS
Bl o AT RE 7S AT T rh 1 2R ) o S 4 2R

HE 1A A 0. 085m/ s I (15 [m) 9t v 4545 21 (1330 5 = B an ] 2-10 7 o

e
g3k
e
ThE
T.1%-0
a7l
2%
a8l
a3
Lok

L
I Lk
e

BN 1A
2%
22
1 A2
=214
i e
L
0e+D

SN otk ket Maick i) May 17,2008
FLUENT &3 iai, o, pous, s

B2-10 BF W A0. 085m/ s i i B ) i 71 B 2 E = B
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B EALE 0. 085m,/s I )R [a) gt v 545 21 16 52 5% e B An 1 2- 11T 7

8580
B2
B0
1 5le-12
7.1
572
5201
3ke2
e
Lok

L
I 4o
330

e
27012
2231

13512
B3
L3
25K

s oy Vechrs Colored By Vebcty Magiincs )

May 17, 2000
FLUENT 5.3 G, i, ous, 554

El2-11 #EOWEA0. 085m/shf KB MR HAREE L ERE
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BE LI 290, 085m/ s I [ B [ L U1 545 21 A 2R (1 T2 26 el A P 2- 12 7

2.90e+01
I 2. 15e+01 [
2.61e+01

2 46e+01
2.32e+01
2.18e+01
2.03e+01
1.8%+01
1.74e+01
1.5%e+01
. 1.45e+01
1.31e+01
1.16e+01
1.01e+01
8.70e+00
7.25¢+00
5.80e+00
4.35e+00
2.90e+00
1.45e+00
0.00e+00

Path Lines Colored by Particle [D May 14, 2009
FLUENT 6.2 (axi, dp, segregated, sstkw)

Kl2-12 #f OHE A0. 085m/ s By )5 ) Ji v 545 2l I K i 28 2%
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FIH XY -Ploti1 545 2 [ = 7 H Houtlet] « outlet2 133 B #4347 5 ki B i 1] 2-13
v

® outlet1
® outlet2

8.00e-02
6.00e-02 | L4 $
°
®
®
Velocity  4.00e-02
Magnitude
(m/s)
2.00e-02 |
0.00e+00 - ; ; ® :
5.84 5.86 5.88 59 5.92
Position (m)
Velocity Magnitude May 17, 2009

FLUENT 6.3 (axi, dp, pbns, sstkw)

K2-13 EHH Houtletl, outlet2 s B 410 B S &

HE2-137T LLE L, outlet] 7EX=5.88mAb ik F 5 K, SRIGEETR/D, 24351
BE IS Rl oN s outlet2 HY 7 B A9 S B W 38 K (a3, JEARFT S ve b
K 1 ) SE BRI

2.6 HELFR

kL ran:

R A A I )3 S5 55 R 2k 1l 5 25 25 SCRR b (1 4 R AT LA, Bl 2- 14
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§.95e-02
l §.55e-02
&.05e-02

16502
T.19:-03
6.74:-02
6.29:-02
L5402
5.39:-02
4.94:-02
4.49:-02
- 4.04:-02
5.59:-02
Gide-02
2.69:-02
2.25:-02
1.50:-02
1.535:-02
59503
4.49:-073
0.00e+00

Cortours of Welocity Magnitude [mis]

Jun 06, 2009
FLOENT 6.2 [axi, dp, segregated, ssthw]

(2) AHTATHEAR KB FUE Lk A

(b) AhICITHRTHHAT 2 B 5 ] ik 2 S 2k

Fl2-14 BEIHRRHELUE LB E
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HT 2= TART ST, ASHIEFETT AT 21 f) 38 P 5 R 2k P 5 2525 SRV 545 21 1R 45 R
bE, EAFAEDUAS EZE AR, I LI RN o0 A i DR FEASAHEL, Bt A b g
PR T PR B RAR TR /, AERIAR 513N 5 YA LU i PR P88 3t [ i e O AE v
Jest BRI . T U, ARSCRT T B S 22 IR e R E
B AR AT RATIRGF 1K) — B0k, BRG] T 48k,
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—
=z

=

3.1 RNEIFEIKFTR XS FT L7 B2

=5 IUEMARSET CFD {ERELIR 2 #71TiE

23t 2 R S ZAAANRES I, AR E KGR T A E — M, M
T R ) TR = AR5 o A L EELIREA IARBUR 4 2F T, BEK XS
TIRIAHWI R . 2 50K 3E 1 9 3 ¥ & 4 0.05m/s, 0.065m/s, 0.085m/s, 0.1m/sAll
0.15m/s, THEAFRNHSE = B E3-15 7R .

5. 260-02
5402
43302
46202
4402
42002
99302
385008
35702
33602
51502
29402
aT5e-03
a580-08
2302
21008
18808
16502
14708
126602
105023
Hde03
BHe03
480603
210603
0.00e+00

685002
6502
630003
60302
506502

5 4Ge-02
5.20e-02
49303
456D
438008
diedd

38308
356002
32902
30002
aMe02
24M-02
21908
192002
164602
13702

40e-02

522003
5403
aMe03
0.00e+00

Contours of Pelocty Magniude [mis) Hay 13, 2009

TLOENT 6.2 (az, dp, sagreguted, ctbu)

Contours of Pelocity Maguitad [n's) Hay 13, 2009

FLUENT 6.3 i, dp, segregated, 5otk

(a) ANHFEAO. 05m/s;

595002
G620
&26e-02
19002
15502
3e-02
BEH-02
647002
B0
575008
53902
50508
46703
435103
39508
35908
33303
25002
25203
21602
18002
1dde02
10602
TGe-03
3H9e0F
0000400

(b) ANOHIEAO. 065m/s

10601

102

AMe-02
93202
£59-02
GdTe-0d
&05e-03
ThRe-02
720002
615002
635002
59502
55102

50502
456402
424402
02

33902
290603
a54e-02
aike0d

168002

18%e08

G4Te-03
434603
0.00e+00

Contaurs at Pelocity Magnitude () Hap 13, 3009

TLOENT 6.2 (avi, dp, soqreguted, sothw)

Conteurs of Yelocity Magnitude [nis) Hlay 13, 4009

ELOENT 6.2 (3, dp, seqregated, soth]

(c) ANEJREAO. 085m/s5
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160e-01
1530
14701
140e-01
134e01
12801
1ate0t

115e-01

10Ge-01
10201
95703

69502
82902

16602
10202
6,360

SMe02
Aille-02
44003
38502
31902
25503
19102
138002
6.35:-03
0.00+00

Cantours of Pelacity Magnitude [m'z] Hay 13,2009
FLOENT 6.2 [axi, dp, seqregated, satkw]

(e) NOHWIEAO. 156m/s

E3-1 AEAOFRETHA 2R =H

T R A 2 R ) B A B 3-2 7

5.26e-02
5.04e-02
48302
462e-02

441e-02
42002
39902 \
37602

35702

33602
3.15e-02
29402
27302

25202
23102
21002

1.80e-02
1.68e-02
147e-02
1.26e-02
1.06e-02
841e-03
63100
42003
210200
0.00e+00

I 68502

—%
D)

SEDNPNS N

0.00c+00

Contours of Velocity Magnitude (mis) Way 14,2009 | [ Contours of Velocity Magnitude (] My 14, 2008
FLUENT 6.2 (axi, dp, segregated, sstkw) TLUENT 6.2 (uxi, dp, seqregated, sothu)

(a) NOWHEAHNO. 05m/s;3 (b) NOHIEAO. 065m/s
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95002 106e-01
I 5302 I 10%e-01
305002 95308
16502 90002
1502 Hd%e-02
60 Ll
6.3%-02 1402
53kl 68802
530002 BdflE
[RTI iR
| st [ awld
40402 Hl6ell
35908 424002
Sl SMe02
269c-02 el
22502 26508
180602 2iae02
138508 159e-08
39503 10602
44805 52803
0.00es00 0.00e+00
Contours of Pelocity Magnitade (mfs] May 4, 3004 Contourz of Velocity Magnitude (miz) Hay 14, 2009
TLUEKT 6.2 (axi, dp, seqregated, =tk FLOENT 6.2 fuxd, dp, seqregaed, ssthw)

(c) NEAUWHEAO. 085m/s;3 (d) ANOWIEAO. 1m/s

16001
I 13801
el

13601
13801
12001
142e01
104e-01
9502
M2
L MEEeld
T13e-02
63602
55502
40903
39002
3103
23902
16002
1.56e-03
00000

Cantours of Velocity Maguitude [mfz] Hay 14,2009
TLUENT 6.2 (s, dp, seqreqated, sath)

(e) NOHWIEAO. 156m/s

BI3-2 AR D FE v S8 2 i 5 S E 2k

R E3-1A3-21 70, BRI LU e AEAFMEEKTRE T, HEZS 0L
ARARK e N R BE I 2% (50.085my/s N, T it A 7R PUAS FZER IR X,
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TR AL, A, MEDHE R L, AT K
S =[] b RS0 b A P/ e S el b AL L

3.2 A EIFEHR AL E XA I 2 0

AN EEFIRAERE R 4 0.085m/s, PRI 1.3m IR 40, ANRFSHR AL
FERRIAIR W, oA B I = B W EI3-3 s

830002 g
I 80508 B
16502 Bl
2502 e
68002 (R
B33 [
59508 e
53308 SRk
Si0e-02 ey
L6502 Lk
L3502 L
. 3802 I e
34008 3l
25508 | ke
23508 el
21302 o
110e-02 (L
12802 31
E80e03 B
425003 L
0.00c00 040
Contours of Velacity Magnituds [1nlz] May 4, 2009 Corbns ofie kot Nagiface in Way 7, 208
TLONT 6.2 (2, dp, seqreguted, ssthw) FLUENTG.3 car o, e, 5oy

(a) TCHHHHT; (b) #HARALFy=1. Smitk
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] {0
P {3
180 150
10 12
e 2203
St (32
e Bt
Erx i iy
Y SRR
B 124
1540 (=30
3 Bt
D e
P 2L
e 2L
T R
e 102
| Ze 176
B3 B3
b2 (=20
005400 000400
Cortnrs ot Vekely Magatck gy May IT, 2008 Corbngs ofVekety Maifack i) May 17, 28
FLUBNT 5.3 al, o, poas 554 FLUEHT&.3 al o, pons, 65
(c) HWRALT y=1. 6m &t; (d) #ERAZT y=1. Tm 4t
54 B30
T 2
T4 TR
1540 1342
D G2
el B30
s SR
S50 5w
50 a2
v 13
1540 1250
35840 plti
3t el
280 2%
2540 25
20340 k)
1102 (R34
1282 (31
Bl 83043
{2 12343
e+ 00040
Conbours of ety Magathck iy oy 17, 2 Conons of Ve kel Hagiihck gy Hay 17,208
FLUENT:3 @, p, pous, s FLUENT®3 il e, ks )

(e) ¥HMRALTF y=1. 8m; () HRALTF y=2. Om
EI3-3 ANEERAETENEE =R
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T R K 3-4 PR .

850e-02

85802
807602 5t
Taatl a2
122602 THe02
BEbell T1502
370 BThel?
EEE 2002
55202 3.7
; ] 5.10e02 | 53000
457e02 4%4e02
4202 44300
12 402
140e02 15302
1870 FAL
10 27002
21202 212602
1 702 180602
127e02 13502
85003 85003
425503 44808
M08 25806
Vieowcity Vectors Colorad By Viskocity Magritude (mis) May 17,2008 | | Velocity Vectors Colored By Velosity Magnitude (m's) May 17, 2008
FLUENT 6.3 ax, dp,peos, st} FLUENT 8.3 (2, dp, s, st
(a) TCHERES; (b) HRALTy=1. 5mit

848602 P

80502 a06e 0

76302 T80

12e02 e

87802 §7802

a2 S

59002 el

351e02 S5

50902 500602

48ttt —| L6iel2

4Ue2 440

38tel 360

33602 130802

297e02 2970

254002 25402

212602 212s02

170602 1.70e02

127602 1278402

84860 848803

4268 42403

316807 15107

Velocity Vectors Colored By Velocity Magnitude (mis) May 17,2009 | Velocy Viechors Colored By Velocity Magnitude ims) May 17, 2008
FLUENT 6.3 (@, do, phrs, ssthv) FLUENT .3 (ai. dp, plns, ssthw)

(c) $4RALFy=1. 6mkt;

(d) #HtRALTFy=1. Tmitk
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848602
80602
78302
721602
678602
6.36e:02
59502
E5e02
509602
466602
. 42402
381e02
13902
297602
254602
212602
1.70e02
127602
848003
4 24003

5.30e:07

848602
80602
78302
7202
678602
6.36e:02
59402
55te02
50902
456602
4202
382602
33002
29702
254e:02
212602
170602
127602
848003
424003
312608

Velocity Vectors Colored By Velocity Magnitude (mis)

May 17,2009
FLUENT 8.3 (ax, dp, pbins, sstiw)

Velocity Vectors Colored By Velocity Magnitude (m's)

May 17, 2009
FLUENT 6.3 (ax, dp, phns, sstkw)

(e) FHRAL Fy=1. 8mit;

B3-4 AREEA BT HBINERERER

(f) HEtRALFy=2. Omitk

S IERSHALE N y=1.1m. 1.2m. 1.3m. L4m. 1.5m {15 F, 7E Fluent
B Surface->Iso-surface->Iso-value A 1.84, BIfE x=1.84m Ab#t 7 —AMHI, REW
‘B Report->Surface Integrals 1] Report Type % ¥ Area-Weighted Average, 7E Field
Variable TIE#E Velocity, T x=1.84 {7 B M FII5IE, 15 2 AN -3 did an
% 3-1 s,

R -1 AFARA BT x=1. 84m AL B PIIFIEE

H E 1.5m 1.6m 1.7m 1.8m 2.0m
/m
X=1.84m 4b
FF35E | 0.019141503 0.012002796 0.010468369 0.011848835 0.020215515
m/s
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B E s 3 N\ Origin B A BEEAY: 73 3X=1.84mAb 1) P ¥ 3t i 5 PR ok
A, wE3-30TR.

0.020 | 7
*
0.018 4
© 0.016
€
2
S
S 0.014 1
[3)
>
0.012 - *\ )
*/
0.010 4
T T T T T T T T T T T
15 1.6 17 1.8 1.9 2.0

baffle location/m

E3-3 ANFEPRALE T x=1. 84m4th 1735 i 12 fly 2% 1

HE3-30 LLE Y, SPBA7 & M y=1.5m#% In Fly=1.7mi, #Fx=1.84mB{5 e}
ot R b ev R BTN AT S B PTTISE et 82 5 sun W/ W 1 I ol w1 DR S 3 i
LN, My=1.7Tmi}, IR0 SN, FF I GOt RIORE YT R 1) 57 1 50 8 )N,
RIS TRE Y, AT DR PR B/ y=1.Tm4tk

3.3 ANEEMRAKCE XA R R

PUBR R BOREE , BTSRRI K B T e R S IR R se ), DX A 2R 3
WA Ty=1.7mAk, S 50.085m/s 54 R, TR 4370 43 1.1m, 1.2m,
1.3m, L4mF1.5mi, Tz isgmiE o, TS 25 ah it = K B 3-457

No
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4 f B K CED HUE BT

&
=N
i

3

30
190 1700
17004 T
ek T
1060 B0
B9l BER
BakD B3l
5201 [T
Ble0k e
SRk 5304
5360l S
330l Sl
o0l (i)
i —
5 S
;ggi i)
e A0
ED e
. 260
et 26504l
P 134l
Tl A5
B 150
Iy 16004
e 130
el 1060
19045 e
345 Sl
26045 Lheds
Gle-12 B2
CONDITE STTHDNENt KR Every 0 252 May 17 288 OB ITUBMEIFIE: Blergy §) 1252 ay 1,208
FLUENT 6.3 Gl op, Jois, 54 FLUENT 3 Gl o, phis 54y
3 /> kY
(a) #HRKAL. 1m; (b) KA1 2m
Ve [T
e Al
T L5t
Wiedh el
Ll [
e Ll
307601 3l
36l 3l
3641 k0
EYAE R
3344 30
EXET EAK )
2l 281
24l 25000
265401 26k
2450l il
250 2300
250l 21Dl
15601 19641
(f31) 18144
160l =]
el el
13 (bt
(3] 11344
45 8545
it B2
GiE4 B
(X 1815
3348 3
1665 16548
1613 10013
Conours of Tubuk it et Energy s in262) May 1, 20 Conrs erTubnk it ket Eiergy W3y 17, 2008
FLUENT®.3 G, s, poas, 551 FLUENT 5.3 ca, ke, 55

(c) HEtRKH1. 3m; (d) HiRKHA1. 4m
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k01
Aae
(2]
[e30)
(520

[isd)
i3]
sl
Al
aa
a0l
3l
il
28
21
2
23
204
20k4
130
)
1ateh
13804
L4
10104
e
67105
S0k
Bk 21
L2
113

Conturs arTomnkitEngt: By b m252 Way 17,20
FLUENT 6.3 o, piks, £

(e) MK AL 5m
E3-4 ANFEERKE THEERmTEsI SR
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SRl
SRR
53R
S0
Ak

L
HiE
a0
3ER
32
. i)
26D
130
Iime0u
I Toe-0b
1 420k
(i3
BERdE
Sieds
1ol
TEE-I

123
105
a7k
A2
a5
AL
150
700
[T
R
. aHe
[0
S
Al
k)
200
B
1504
1260k
aHel
BALSH

e ety Vecors Cokted By TUDIE N Kietk: Erergy ) m2s2

1 208
FLUENT 3 i, o, 8

Vekoty Vectrs Coked By Tubukatkliet: Exergy s m2s2

ey 17,2008
FLUENT &3 s 5k

(a)

SEel
aitel
Sl
Sl
S0
o)
Ll
(i)
Ll
Ll
)
k)
350
da
L)
. 25
Lkt
23k04
PRl
Ll
el
)
1.3l
.60
IuTe
4765
233
i3
3005
]
i)

FBRAKBEEA L. 1m;

eloelly Vecti Cobred By Tubteitkliet: Biery ) mZ2s2)

Iy, 39
FLUBNTE ca s 5540

(b) #HHRK A1 2m

5.86e-04
56704
547604
5.28e-04
5.08e-04
489604
460604
450604
430604
410604

29304
| 274604

284e-04
2365e04
215e04
1.95e-04
1.766-04
1566-04

3Te04
147604
9.77e05
78205
58605
3905
1.956-08
38814

E—

Velocity Vectors Colorad By Turbulent Kingtic Energy (k) (m2/s2)

Iday 17, 2009
FLUENT 6.3 (axi, cp, phns, sstkw)

(c) HHRASEA 1. 3m;
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Ei:e 21

BLS 3

BES I

B3]
Tk
ek
[X=30
3Rl
3l
k)
28l
2l
BRI
Mgl
171
Ll
Ll
fifi31
e
25
TEa-l

ekt Vectrs Cobied By Tubnkit et Eiergy ) mZeZ

Wy 1,20
FLUBNT3 b

(e) HRKEAL. 5m
EI3-5 ARER KB v AR 2 K fsh Re R B K

SMERIREEE S 1.1m. 1.2m. 1.3m. 1.4m. 1.5m 54 F, 7E Fluent 1%
'® Surface->Iso-surface->Iso-value A 1.84, BRIfE x=1.84m Abs v, —ANHI, KRG HE
Report->Surface Integrals | [f] Report Type i£#¢ Area-Weighted Average, 7F Field
Variable F1%£#f Turbulent Kinetic Energy, 1'% x=1.84 {7 & W V- ¥imiishee, 342
(RIAH Y (R~ B i sl RE W& 3-2 s
F 32 AR B E T x=1.84m &1 FEmRSNEE

PAMA B /m 1.1lm 1.2m 1.3m 1.4m 1.5m
X=1.84m At 1¥)

st e | 7:2816838e-5 | 7.1612099e-5 | 1.9399684e-5 | 1.9510066e-5 | 2.0811583e-5
PR LS RE

B LB SN Origin BB, 152 x=1.84m &K TR alaE S
PR SR I, &l 3-6 s
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—— Turbulence

A

Turbulent Kinetic Energy10e-5

2+ b f—

. : .
11 1.2 1.3 1.4 15
battle long/m

B 3-6 x=1.84m &7 FIFAR A BE T P34 3 3 e £

HIP 3-6 ATLAE H, REAE PO RGN, et LB i)~ P i 50 e 2 BLUK
NS, EREECKE S 1.3m. P EEGREERININ, i sl e A ,
XPRURLTT ORI I S5 T 1.3m I, J59e =k Ll i~ F- 24 m i
ZResl, BORLITRR R e, BT RASE RS TRE R Al I 0 1.3m.

3.4 LIRS S8 E R TR e b

1 3.3 AT, R A PRRCRC R BB N, I RO T R () S BN, AT BE
AFT AR, S T U0 ys e LR . ARVHES % SOk a1,
ARSI DRI R, A S PR itie AR R 5548 1E 5 i it R i3 kA T b
B, Wl 3-7 s,
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89802 85062
I 85503 I 80802
80602 18502
15503 72%02
302 (302
602 63762
f.2%e-02 029502
5840 55302
b 510602
494e02 46802
. 44808 . 4252
4.04e-08 3822
35902 340e2
3ol 2982
25802 23502
32502 PARS
180008 1.70e-02
13502 12762
89803 8.50e-03
44805 42503
0.00e+00 (.00e+00
Cattaurs of Velocy Magritude ils] Tun 06,2009 | Contours of Valocty Magnitude (m's) Jun 06, 2009
TLOENT 6.2 (ar, dp, seqrequted, sath) FLUENT 6.2 {axi, dp. segregated, sstkw)

(a) SERFUTIE MR

(b) MBIEJEYTIE R

Bl 3-7 SERRUTHE M 516 IE /5 UTHE i i P b

FHEL 3-7 WA, Rl AR 1 B B (D), 0 A g s 1 2 L)
(1908 DX A St A R (R TRIAE DX, 3K RO BRI 1 i o sl ATTRIORE T B [R50, AT AT
RO e T UTEM I ERRBCR .« 4R AN LS5 SR 45 e e 4 — 20 A
AT SUATS TEA o
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M FF DPM KBS BT E th 4 Bk 51 e
41 BEIREREA

DPM A8 0] DL SRARAU S (R B HOAH e HRe AT 7 (3, AUl S s
W, AR AT DO RORGE S AT PR, AR B R e, TR R IIEAS
BB HUH &I B, R 85 R o it R RAME

FluentH2 (7401 [ 5 SO ABE 70 3 33 24

(1) 1 H Lagrangian A8F5 T B3R THEROR (302 . X280 x0ib e T A8 AR

AFAF T B EUHI B S . T ).

(2) EEELAH P R T B O 5O AR KPS BEA T T .

(3) BSHCAHINFAFIAHI

(4) YBR[ 28 N s

(5) SEOEXT ORI ABE AL, nT U b 5625 & 0 T H RN R IR SRASRUUGERT (1)
BRIE .

(6) W LUGFE R AT LA S B HUH RS & TR

(7) WG IR EFN G 5T

Fluent [3% L8459 w] DU K6 Vi 22 B HOH IR i) @A T B, B RGOk (1) 4 85 5
I, WIE TR, YRGBT ORI ETE, AR AR KA .

Fluent ™I E ORI B e 55 —AH (o3 B0RD AR AR, DRI ROk — Ok 2 (7]
(A AR« RSOREAARAR 53 BOREE SEAH ()52 i B AR N LA 18 o IXFMEDE ARG 43 B
(AR 23 B ARIRAE,  — MR IEE N T 10%~12%. {E0RL 5 7R 3% ml LUK T
10%~12%, BV o] DABLHL S SO BT i 36 45 T 8OR TIESEAH 18l «

4.2 BERIRELRYK T AR HA

FEFluenth R rp,  m LU SOBRE IO WTAG 0 B T RGP RLRAREAS Rl
FURE P00 P SR AT FH SRS 2R o A s ) JASE 40 B Je P8 1 s ST 5 1A SR AT s 2% 1 7T LA
HIRAIIAACRTRL I BB R AL B/ v B, SO el iR AR Iz sl Iy, 0L (1 U1 BA%
(SN IrTe BBV b R (B A I vl TR EU s TR (B S N B WA 2R T e
(R / T RAR R BEAT V5. nI el P TR A St 1] B SCAS B 1 i ) 50 S R R
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B LA AHN AR/ i . BE R BLE AR N EDE s ARRE TR R
BRI 21, ] DAAE S 18 B AT S S s iy (AHIRIRS &%) %
SEMURLINI ) AT o AR SV Srb, RO A AERE I T IESEAN Y, TS 1)
Wik SRR S T BRI KI 20 A o T LAAZE T S 3 SR 2 A L 2 AR ) 51
G LA IA B SRR,

XA G, AR BUR BRI (DRAFESARGZ); QMESINEEUAT: (3)
U SR L ] ORGS0 s) s (XAl Rt AT e b2

P ARRRAS R, RE I BN PSR (DISINEEO QI (3)
BOEM AP K

XTARRE A L, Fluent SxAERFANIRTR] DA 1) fe i OB & (A AL s O3k T-4k
TR, AR AR UCR )R 15 T S 8 TR )7 2 S0

4.3 MATRAIE SR DPM 2B MBS HIRE

Y5 DPM ALY (R SR AR IR, AW S EOR B -

1. B SO 551 7 Fluent (B OHTHS A, AT 1) 32 B A T2 )
GRFRATIN . MIER AT ST B EH B4R (R AR 7 B S S Al & A 24
X LCYTUR F AN J T 1R A FURE F4) ok S bR AL PR AU A1 22 8 R A

2. WHARIR IR : Fluent h 424 7 10 Rl IR

O S ALY (single)

@A i J (group)
@Mt (AGEH T =400 (one)
@[5 ALY (surface)

B~V 1 Z AL w5 HE (plain-orifice atomizer)

®JE JJ- i Z Ak B (pressure-swirl atomizer)
V-4 J# - (flat-fan atomizer)

755 4t B 251k, (air-blast atomizer)

O ML Z LI (effervescent atomizer)

A M SCA h B U I YR £ (read from a file)

A XA BN BRI AT e BB, TP A O R U s A A BN G
FAFBE N — e (RIS RS B B Va D, A G0 — AN
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3. R
S — R ET % USRI . DM 7 €02 (R 2
Fr.
DBFEB L nert): WM T T-0LL I Z BN W50 BSHOMA CERL,
W)

@R (drop): & BlAAE T EESA T VORI URL . & R M T P41 0 3%
Bl EYASSSIN R

OIABERURL (combusting): & —Fft [l ARURL . EIEMEZ TP TN/ ¥e 2R
PR A HH I RE LR S AT R 1T B ALY o

FERA IR A DTvE A R b, K Fluent [ B WK 4-1 Bons

#* 4-1 ffH DPM A ] Fluent IS &

Version 2ddp
Solver:Pressure ;Based;Space: Axisymmetric;Formulation:Implicit; Time:Steady;
Solver Velocity Formulation: Absolute;Gradient: Green-Gauss Ceill Based;Porous
Formulation:Superficial Velocity.
Vi Model:k-omega(2 eqn);k-omega Model:SST;Model Constants:Alpha* inf=1,
iscous
Alpha_inf=0.52, Beta* inf=0.09, R_beta=8;Turbulent Viscosity:none.
Fluent Tracking Parameters:Max.number of Steps:50000;Step Length Factor=5;Drag
Models Law:spherical.
Injection Name:d=10, d=50, d=100, d=150, d=200,
) d=250;Injection Type:surface;Release From
Discrete
o Surfaces:inlet;Particle
Phase Model Set Injection . . . .
. Type:Inert;Material:arsenic-hydride;Diameter
Properties C . . . .
Distribution:Uniform;Point Properties: X-Velocity=0m/s,
Y-Velocity=0.085m/s, Diameter=0.00001m, Total Flow
Rate=0.15kg/s.
. Pressure Operating Pressure(Pascal)=101325;Reference Pressure Location:x=0m, y=0m.
Operating
Conditions : o . 2 2
Gravity Gravitational Acceleration: X=-9.8m/s”, Y=0 m/s
Boundary Conditions Velocity-inlet, Pressure-outlet, Wall, Symmetry
Solution Pressure-Velocity
. PISO
Controls Coupling
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. Keep all the default values (Pressure: 0.3; Density: 1; Body Forces: 1;
Under-Relaxation . T
Fact Momentum: 0.7; Turbulent Kinetic Energy: 0.8; Turbulent Dissipation
actors
Rate: 0.8; Turbulent Viscosity:1; )
Pressure Second Order
Momentum Second Order Upwind
Discretization . .
Volume Fraction Second Order Upwind
Turbulence Kinetic Energy Second Order Upwind
Solution Compute from: inlet; Reference Frame: Relative to Cell Zone;
Initialization Gauge Pressure:0;Others will change automatically.
Continuity: 1 0°
Residual Convergence locitv: 10° locitv: 10°
monitors Criterion x-velocity: 1075y-velocity:
k: 10%0mega: 10

DPM H R AR K 2 e B 7 Tl T A L 1] 4-1 s

‘L Discrete Phaze Nodel Ml
Interaction Particle Treatment
‘ [ Interaction with Continuous Phase ‘ ‘ [ Unsteady Particle Tracking ‘

Tracking |Physica| Mndelsl UDF | Numericsl Parallell

Tracking Parameters Drag Parameters

Max. Number of Steps Drag Law
|5BBBB il Ispherical j

-

[ Specify Length Scale
Step Length Factor
|75 -

-

oK | Injectiuns...l Cancel | Help

(a)DPM FHITE AR
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A Injections

Injections Eljl Create |

Id=25l] EESY

d=150 Delete

d=100 =
d=50 List |
d=10_ |

Injection Name Pattern
I Match |

Set...l Clusel Helpl

(b) S T2 il T A

& Set Injection Properties |x

Injection Name

|d=2l3l3
Injection Type Release From Surfaces 5| =|
Isurface j bottom -
default-interior
outletl |
Particle Type Laws
“ Inert  Droplet = Combusting  Multicomponent || I” Custom |
Material Diameter Distribution Oxidizing Species
Iarseni&hydride j Iunifnrm d I j
Ewaporating Species Dewvolatilizing Species Product Species

! = =l [

Point Properties |Turhu|ent Dispersion | Yet Cumhustiunl Cumpunenlsl UDF I Multiple Reactions

-

Y-Velocity [mfs)
|u.us5

Diameter [m])
|a. [T

Total Flow Rate [kg/s]
|a.15

-

I Scale Flow PRate by Face Area
I Inject Using Face Mormal Direction

ok | rile. | cancel| Help |

(c) St 1 B e TR

A 4-1 DPM B S EREE

ZEPAR K B O L=1.3m, F4HAL T y=1.7m 4L, 8] DPM BERLSHE A [l kL
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£ d=10pm. SOpum. 100um. 150pm. 200pum. 250um [FI0RIHE N SRIR A DTTE )5
[1IE s ] 4-2 PR

3576403 6026403 A
336403

32Me403 \ «
303403 Y
2866403
286403
2506403
232403
21detls
1 960403
1 760403
1516403 i
1430403
f
f

26et03
07et03
8.92e402
7146402
5.36e402
357e402
1786402
0.00e400 0.00e400
Particle Traces Colored by Particle Residence Time (s) May 19,2009 |  Particle Traces Colored by Particle Residence Time () May 19, 2009
FLUENT €.3 {axd. dp, pbns, sstkw) FLUENT 8.3 (axd. dp, pbns, ssthw)
(a) d=10pm I¥; (b) d=50pm I
[
3D o
3200 S
302 Sl
280 S
204
ik
2540
164
23040
a2}
20HHD
- 1540
i T
150
2114
1840
. T . 1405
|30 Lt
LD 1408
1012 E2
Bl L2
875401 i
Ehith] S
3301 L2kl
| Heed] 2042
(i) 0040
Partick Tiaces Cobred by Partizk Bes ke ics Tie &) May 18, 308 Parth Traces Coluril by Partih Fes kence Thoe i) Way 19,3008
FLUENT 6.3 i, Fous, 554 FLUENT al, o o, 554
(¢) d=100pm (d) d=150pm I
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BB 173405
22R4E 17645
I 211408 I o
T e
T A5
hEr 1240
15403 Lal
o 11403
e =
o SEk4D
et BT
D 15840
o 1042
P 1l
10k Ry
SRR L0
| 351402
35m40 26D
152 17340
e B7Teddl
[ o™
Partc TiacesColedlyPartce Resb i The ) May 8.0 | | Ptk Trces Cobiedby Pt Res e The ) oy 1,208
FLUBNT.3 il s, o, 5y FLUBNT Gl o, pos, 55y
(e) d=200pm F¥; (f) d=250pm B}

B 4-2 NFERARFETIRE M HE s R

H B 4-2 A 40, Rifeoh 1504 200, 250pm FRICRIBE N TTE I, fRPRAE & J11E
TR UURE TR, kK D R 6 ANV & TFm 7 . KAk 100pm [RIFI0RE
PEYTRERE R s2 e B N, WA A et T2 4 i EcaE T (BRpive b
(Ve 2) i3k, W SEIL TVR/K A 25 MIRIARA 10+ S0um R0 i 110 B 112,
T A2 B 3E 7K B R (15w, (RAE LGB DT I I R b 2 21 7 it b I
(RS, T T 1E 5 TR s .

4.4 FEIRARE X UKL TP RY 520

WA 4.3 WAILLE T, AT RTHERIIRAL T y=1.7m &b, Kiteoh 50pm [F15¢
PER, P TR R, WnlE 4-3 LB

62



v AT TE A R BT ) CFD BB

Pl
125403
213403
200403
1 20e3
B4
]
13403
1.4
16403
. 1106403
1 e
G442
B30e402
IR0
S840
HHL
35402
PRI
1. IceH2
000400

Ll
e

S35
|EB4
B3]
R
o
3514
33140
. D13
204
1He
L1140
1leH
13fe4l
12645
A0
G0
A0
e

Partck Tras: Cabredlby Parkck Reskkics The &)

oy 1,28
FLUBHTS.3 gl g, s

Parick Tiaces Cobnedly Partck Reskkice Tne )

18,28
FLUENTE o o, 58

(a) PYHRKEER 1.1m, d=50pm;

(b) HRKEAN 1.2m.d=50pm

G403
626403
SH403
G403
326403
k43
X
20403
35403
3540
. 33403
25403
Pl
231403
| See3
1 B
136403
9540
G242
340
000400

Partizl Traces Cobredby Partck Rk vce Thie ()

My 19,2008
FLUBNT &3 Gy, s 00

Partick Traces Cobred by Partik Reskince The &)

a1, 2588
FLUENTE (o, s 55

(c) BRKER 1.3m, d=50pm;
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(d) #RKER 1.4m, d=50pm
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S04

SR

SR

L4
i3
LB
4G
TNl
34
315403
2006405
261403
23405
204G
1T+
(2]

1166403
B
S1%H
250412
00000

e

Parck: Traces Cobredby Partzk Repkkice The &)

Nay 19,2408
FLUENT &3 e, i

(e) $4RKEA 1.5m, d=50pm

Bl 4-3 AR EEXTRAR 50 b m HIFURLIT R )2 W

HIP 4-3 ERB M ml s SRS Ol 1am) 1, K ks i 7K A
K 3, A 2038 43 HBORE e b Al B2 CRICRRE R kD) o (H S K B2 9 I 3 1.2m
I, AT RURLAR O NoK, IFREAE PRI LR RE 2B R, H B3 PR o o A
TR RE M /N, PR 1.3m B, i BRI s s/, AL,

TAACDTTE IR BT, Al IR B ARG BOR L 1.3m.

4.5 $EHRAL B X FURL T B R R M

AR B AN R AR A B REAE D S0um [ RTRLAE T it PR A S,
AP 1.3m, B EREY 0.085my/s I, AN ] A5 BRAS B 0 RIURLITT P2 ) 52 M

K 4-4 Prs.
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&t

iR

eSS R ) CFD BB AU 5T

B350 Wl
LTI I Shdusls
I 15203 Su3
es03 Sdee 3
f9u03 5003
Bl il
5 35uel3 el
43l 386e3
Sies03 356e03
4600403 3603
418l 20003
3%e0s 26M05
303 PRI
258003 208003
2503 1ii03
20903 148e+013
16003 183
1285403 8900402
8360402 39508
4182 20002
0000400 000400

Bartich Traces Colored by Jartcle Residence Tiie ) Hay 25, 3004

TLOINT 6.2 (2, dp, seqrequted, 2kw]

Tanticls Traces Colored by Jartile Rezidence Time 2]

Hay 25,2009
TLOENT 6.2 (axi, dp, segreqated, sxth]

(a) P4HRALE R y=1.5m, d=50pm;

T 6000413
ST I 5106l
v 54003
S S0e+03
e 4500403
e 450003
0 4200403
P 3900403
e JB0e0
30 3300403
3ledis J00e0
ey 2Me03
T 2d0e0
214 2i0u3
{31405 180603
{3143 150403
120403 180e03
GRkHE 4.00c+03
B 6.00:403
0D 300e02
00+ 0006400

(b) PHRALE R y=1.6m, d=50pm

Partih Traces Cokarel by Partick Fec kieace Thae i) W3y 18, 30

FUBNTS3 a0 568

Batticl Traces Calored by Particle Reidonce Tine 5]

Hay 25, 2009
TLOINT6.2 (3, dp, seqrequted, sothu]

(c) PHRAIE AN y=1.7m, d=50pm;
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(d) #HRAERN y=1.8m, d=50pm
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LLYTH
I 438003
415003

pREIRI
BT
BTN
322003
28905
20003
253003
230605
PRI
16400
16103

138003
118403

9.2k+02
6.3%e02
4 eeDd
230402
00000

Tatticle Traces Colored by Particle Residence Time [2) May 25,2009
TLOINT 6.2 [a, dp, segreguted, sthu]

(e) 4R AT B A y=2.0m, d=50pm

Bl 4-4 AR ESPRAR A S0pm )RR FE R
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vertex create "O" coordinates 0 0 0

vertex create "N" coordinates 5.9 0 0

vertex create "A" coordinates 0 1.7 0

vertex create "B" coordinates 0 2 0

vertex create "C" coordinates 1.84 3.1 0

vertex create "D" coordinates 1.9 15.1 0

vertex create "E" coordinates 5.9 15.1 0

vertex create "F" coordinates 5.9 14 0

vertex create "X" coordinates 5.85 14 0

vertex create "G" coordinates 4.8 14 0

vertex create "H" coordinates 4.8 13.2 0

vertex create "Y" coordinates 5.85 13.2 0

vertex create "[" coordinates 5.9 13.2 0

vertex create "J" coordinates 5.9 1.7 0

vertex create "K" coordinates 5.9 0.5 0

vertex create "L" coordinates 5.6 0.5 0

vertex create "M" coordinates 4.6 0.5 0

vertex create "P" coordinates 3.6 1.7 0

vertex create "Q" coordinates 4.6 1.7 0

edge create straight "O" "N"

edge create straight "O" "A"

71

ntx86 BH04110220

ntx86 SP2006032921

ntx86 SP2006032921



v AT TE A R BT ) CFD BB

edge create straight "A" "B"

edge create straight "C" "B"

edge create straight "C" "D"

edge create straight "D" "E"

edge create straight "E" "F"

edge create straight "F" "X"

edge create straight "X" "G"

edge create straight "G" "H"

edge create straight "H" "Y"

edge create straight "Y" "["

edge create straight "[" "J"

edge create straight "J" "K"

edge create straight "K" "L"

edge create straight "L" "M"

edge create straight "M" "P"

edge create straight "P" "A"

edge create straight "J" "Q"

edge create straight "K" "N"

edge create straight "Q" "P"

edge split "edge.19" percentarclength 0.038461538 connected
edge split "edge.6" percentarclength 0.9875 connected

edge split "edge.22" percentarclength 0.84 connected

edge split "edge.6" percentarclength 0.73417722 connected
edge split "edge.6" percentarclength 0.93103448 connected
edge create straight "Y" "vertex.20"

edge create straight "vertex.21" "X"

edge create straight "vertex.23" "G"

edge create straight "H" "vertex.22"

edge create straight "Q" "vertex.24"

edge split "edge.6" percentarclength 0.62962963 connected
edge create straight "vertex.25" "P"

edge split "edge.22" percentarclength 0.23809524 connected
edge split "edge.11" percentarclength 0.76190476 connected
edge split "edge.9" percentarclength 0.23809524 connected
edge split "edge.25" percentarclength 0.76190476 connected
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edge create straight "vertex.29" "vertex.28"

edge split "edge.31" percentarclength 0.91791045 connected
edge split "edge.31" percentarclength 0.93495935 connected
edge split "edge.33" percentarclength 0.082089552 connected
edge split "edge.41" percentarclength 0.065040651 connected
edge split "edge.5" percentarclength 0.90833349 connected
edge split "edge.5" percentarclength 0.92660535 connected
edge create straight "G" "vertex.30"

edge create straight "H" "vertex.31"

edge create straight "vertex.30" "vertex.32"

edge create straight "vertex.32" "vertex.34"

edge create straight "vertex.31" "vertex.33"

edge create straight "vertex.33" "vertex.35"

edge split "edge.48" percentarclength 0.99677514 connected
edge split "edge.50" percentarclength 0.99444282 connected
edge split "edge.18" percentarclength 0.47222222 connected
edge create straight "vertex.36" "vertex.37"

edge create straight "vertex.37" "vertex.38"

edge split "edge.53" percentarclength 0.031578951 connected
edge create straight "C" "vertex.39"

edge split "edge.55" percentarclength 0.87826087 connected
edge split "edge.42" percentarclength 0.87826087 connected
edge split "edge.31" percentarclength 0.12173913 connected
edge split "edge.30" percentarclength 0.87826087 connected
edge create straight "vertex.27" "vertex.26"

edge create straight "vertex.26" "L"

edge create straight "M" "Q"

edge split "edge.62" percentarclength 0.87826087 connected
edge split "edge.27" percentarclength 0.87826087 connected
edge split "edge.13" percentarclength 0.87826087 connected
edge create straight "C" "vertex.40"

edge create straight "vertex.40" "vertex.41"

edge create straight "vertex.41" "vertex.42"

edge create straight "vertex.42" "vertex.43"

edge create straight "vertex.43" "vertex.44"
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edge create straight "vertex.44" "vertex.45"

edge create straight "vertex.45" "vertex.46"

edge split "edge.16" percentarclength 0.8 connected

edge create straight "vertex.22" "vertex.47"

edge split "edge.57" percentarclength 0.78571429 connected

edge split "edge.58" percentarclength 0.78571429 connected

edge split "edge.59" percentarclength 0.78571428 connected

edge split "edge.31" percentarclength 0.21428571 connected

edge split "edge.61" percentarclength 0.78571428 connected

edge split "edge.65" percentarclength 0.78571428 connected

edge split "edge.66" percentarclength 0.78571428 connected

edge split "edge.67" percentarclength 0.78571428 connected

edge create straight "B" "vertex.48"

edge create straight "vertex.48" "vertex.49"

edge create straight "vertex.50" "vertex.49"

edge create straight "vertex.50" "vertex.51"

edge create straight "vertex.51" "vertex.52"

edge create straight "vertex.52" "vertex.53"

edge create straight "vertex.53" "vertex.54"

edge create straight "vertex.54" "vertex.55"

edge split "edge.15" percentarclength 0.16666667 connected

edge create straight "vertex.20" "vertex.56"

face create wireframe "edge.23" "edge.7" "edge.28" "edge.8" real
face create wireframe "edge.9" "edge.38" "edge.37" "edge.28" real
face create wireframe "edge.25" "edge.38" "edge.36" "edge.29" real
face create wireframe "edge.29" "edge.26" "edge.39" "edge.45" real
face create wireframe "edge.39" "edge.32" "edge.33" "edge.47" real
face create wireframe "edge.33" "edge.6" "edge.43" "edge.51" "edge.48" real
face create wireframe "edge.54" "edge.44" "edge.52" "edge.51" real
face create wireframe "edge.54" "edge.48" "edge.50" "edge.41" real
face create wireframe "edge.41" "edge.47" "edge.49" "edge.40" real
face create wireframe "edge.45" "edge.10" "edge.46" "edge.40" real
face create wireframe "edge.12" "edge.13" "edge.27" "edge.74" real
face create wireframe "edge.73" "edge.62" "edge.27" "edge.35" real

face create wireframe "edge.11" "edge.62" "edge.30" "edge.72" real
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face create wireframe "edge.71" "edge.60" "edge.30" "edge.46" real

face create wireframe "edge.49" "edge.60" "edge.42" "edge.70" real

face create wireframe "edge.69" "edge.42" "edge.55" "edge.50" real

face create wireframe "edge.52" "edge.55" "edge.5" "edge.68" real

face create wireframe "edge.4" "edge.85" "edge.57" real

face create wireframe "edge.57" "edge.68" "edge.58" "edge.86" real

face create wireframe "edge.58" "edge.69" "edge.59" "edge.87" real

face create wireframe "edge.70" "edge.59" "edge.88" "edge.80" real

face create wireframe "edge.80" "edge.71" "edge.61" "edge.89" real

face create wireframe "edge.61" "edge.72" "edge.65" "edge.90" real

face create wireframe "edge.65" "edge.73" "edge.66" "edge.91" real

face create wireframe "edge.74" "edge.67" "edge.66" "edge.92" real

face create wireframe "edge.84" "edge.83" "edge.92" "edge.19" real

face create wireframe "edge.83" "edge.91" "edge.82" "edge.22" real

face create wireframe "edge.82" "edge.90" "edge.81" "edge.34" real

face create wireframe "edge.81" "edge.89" "edge.31" "edge.24" real

face create wireframe "edge.31" "edge.88" "edge.79" "edge.21" real

face create wireframe "edge.87" "edge.78" "edge.18" "edge.79" real

face create wireframe "edge.86" "edge.77" "edge.78" "edge.53" real

face create wireframe "edge.85" "edge.77" "edge.56" "edge.3" real

face create wireframe "edge.14" "edge.94" "edge.19" "edge.15" real

face create wireframe "edge.93" "edge.63" "edge.22" "edge.94" real

face create wireframe "edge.34" "edge.63" "edge.16" "edge.76" real

face create wireframe "edge.24" "edge.64" "edge.76" "edge.75" real

face create wireframe "edge.17" "edge.64" "edge.21" real

face create wireframe "edge.1" "edge.20" "edge.2" "edge.56" "edge.53" \
"edge.18" "edge.17" "edge.75" "edge.16" "edge.93" "edge.15" real

physics create "inlet" btype "VELOCITY INLET" edge "edge.15" "edge.93"

physics create "outlet1" btype "PRESSURE OUTLET" edge "edge.12"

physics create "outlet2" btype "PRESSURE OUTLET" edge "edge.8"

physics create "battle" btype "WALL" edge "edge.19" "edge.22" "edge.34" \
"edge.24"

physics create "symmetry" btype "SYMMETRY" edge "edge.1"

physics create "wall" btype "WALL" edge "edge.16" "edge.75" "edge.17" \
"edge.18" "edge.53" "edge.56" "edge.6" "edge.32" "edge.26" "edge.25" "edge.37"
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"edge.23" \
"edge.7" "edge.9" "edge.36" "edge.10" "edge.11" "edge.35" "edge.13" \
"edge.67" "edge.84" "edge.14"

physics create "bottom" btype "WALL" edge "edge.43" "edge.44" "edge.5" \
"edge.4" "edge.3"

undo begingroup

face delete "face.38" onlymesh

face mesh "face.38" triangle size 0.01
undo endgroup

undo begingroup

face delete "face.37" onlymesh

face mesh "face.37" map size 0.02

undo endgroup

undo begingroup

face delete "face.36" onlymesh

face mesh "face.36" map size 0.02

undo endgroup

undo begingroup

face delete "face.34" "face.35" onlymesh
face mesh "face.34" "face.35" map size 0.01
undo endgroup

undo begingroup

face delete "face.18" onlymesh

face mesh "face.18" triangle size 0.02
undo endgroup

undo begingroup

face delete "face.33" onlymesh

face mesh "face.33" map size 0.04

undo endgroup

face mesh "face.19" "face.32" map size 0.04
undo begingroup

face delete "face.31" onlymesh

face mesh "face.31" map size 0.04

undo endgroup
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undo begingroup

face delete "face.30" onlymesh

face mesh "face.30" map size 0.04

undo endgroup

undo begingroup

face delete "face.28" "face.29" onlymesh
face mesh "face.28" "face.29" map size 0.02
undo endgroup

undo begingroup

face delete "face.26" "face.27" onlymesh
face mesh "face.26" "face.27" map size 0.01
undo endgroup

undo begingroup

face delete "face.20" onlymesh

face mesh "face.20" map size 0.05

undo endgroup

undo begingroup

face delete "face.21" "face.22" onlymesh
face mesh "face.21" "face.22" map size 0.05
undo endgroup

undo begingroup

face delete "face.23" onlymesh

face mesh "face.23" map size 0.02

undo endgroup

undo begingroup

face delete "face.24" "face.25" onlymesh
face mesh "face.24" "face.25" map size 0.01
undo endgroup

undo begingroup

edge delete "edge.5" keepsettings onlymesh
edge mesh "edge.5" successive ratiol 1.05 ratio2 1.05 size 0.08
undo endgroup

undo begingroup

edge delete "edge.55" keepsettings onlymesh

edge mesh "edge.55" successive ratiol 1.05 ratio2 1.05 size 0.08
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undo endgroup

undo begingroup

face delete "face.17" onlymesh

face mesh "face.17" map size 0.02

undo endgroup

undo begingroup

edge delete "edge.42" keepsettings onlymesh

edge mesh "edge.42" successive ratiol 1.05 ratio2 1.05 size 0.08

undo endgroup

undo begingroup

face delete "face.16" onlymesh

face mesh "face.16" map size 0.04

undo endgroup

undo begingroup

edge delete "edge.60" "edge.30" "edge.62" "edge.27" "edge.13" keepsettings onlymesh

edge mesh "edge.60" "edge.30" "edge.62" "edge.27" "edge.13" successive ratiol \
1.05 ratio2 1.05 size 0.08

undo endgroup

undo begingroup

face delete "face.14" "face.15" onlymesh

face mesh "face.14" "face.15" map size 0.04

undo endgroup

undo begingroup

face delete "face.13" onlymesh

face mesh "face.13" map size 0.04

undo endgroup

undo begingroup

face delete "face.11" "face.12" onlymesh

face mesh "face.11" "face.12" map size 0.01

undo endgroup

undo begingroup

face delete "face.7" "face.8" "face.9" "face.10" onlymesh

face mesh "face.7" "face.8" "face.9" "face.10" map size 0.04

undo endgroup

undo begingroup
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face delete "face.6" "face.5" "face.4" onlymesh
face mesh "face.6" "face.5" "face.4" map size 0.04
undo endgroup

undo begingroup

face delete "face.3" onlymesh

face mesh "face.3" map size 0.02

undo endgroup

undo begingroup

face delete "face.2" "face.1" onlymesh

face mesh "face.2" "face.1" map size 0.01
undo endgroup

save
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