CFD Analysis(A 25
Cement A X3 A

1.8 &

ALk A 938 34 (Computational Fluid Dyna
mics analysis)¥ Y2 #A computer hardware
2 software®] Ao Q3ld FF7] T ¥
Aavke] Ayl 2 3R s 1%3312‘4
#HL E°] computer?] ZlswAow <3ty A
i Az A4 A 9 el dy ojgHa
Atk HZ BEolAE CementAZETA A%S
At A¥E Jpdsled ARdnl ug
HAis AYES 742 2 2857 59 oF=
AR A G| Y-S o] §3ta vk
B aoAE AMFAGE M9 sHdel o
st Hdeti ofeiitole] gAlHF
AxTAGNA Y S8AEE A%

X!

=

r

cement

2—1 M AR A 2 st (ComputationalFluid
Dynamics) ojgt? ') 23

ARFAGS] o= gd gom <ay
12> 1 Ag d8 EAH.

- A obFE &L Folgk dAHE HA Ul
of detgHol ALHE I AsHA WP
= S2(HA], 714" = EF)

- RAIESYs(fluid dynamics): 531 U=
FrAGAA ol MB dEEo] FAEd W F
Ao ZF&ste A} 5 Alojed] BWHZHE
A FS AW &

o} o

FAGS ADE 5
24 9 @8 A 20

2
r

3
<BLd3 FAFTA>

- A A < 8Hcomputational fluid dynamics) :
ComputerZ ©ol-&, Fx|A4E H&3td 2 uf
WARAEY] ZABE do] FALET 2 FF
#H g M3 T

i Toms oot by Pastos RN 0 P 30, Y
; peras FLUERE %0 S sogiompued, Sond, SH%

<28 1> Cyclone WoliA Xl Sizeoll
2 24X dH

P 6, B0
CUBMT B4 08, wgegivt, ot RORE |

xRS O TaugResRd Welou g

<3 2> Cyclone Yioll Al tangential
velocity %

- 168 -



CFD Analysis(AALH-A ¢35 a4

)& Z% Cement AZTH B4 2 & A &7 2

AFstza dE Systemoly FHe] Hak
model & FH3ar o] 719 23 (model)ol
E9A4d fAKQES 31%?‘5}04 A G
outputg FAETh, CFDE B2 E E27)90)
o, 38 ol g, Eza( L 3, AW
si(ZY, ¥ F), ek (daT), 7143
o F(impeller 34 §) T¢ clzdA dist
o o33

- LA S8 ] : Engineering Tool (Com-
puterE ©|-&% 4Ag, A4, Trouble shoo-
ting)

22 MMRAAS Ao 53 23
A A e g Insight(‘H"?’-f'&%), Fore
sight(e=) 2 Efficiency(E&4) o] Ut

- Insight D EYA BYEE ¢E] g oy

& A systeme] Brh ©] ¢ CFD3|4
& %8 EHAE B 4 9E system

WA dojys d4E »AFE. CFD

AAE ZFAU system?] ol E FTIAF)

7INE sk aue AFdh

- Foresight : CFD+= oAw 3t ZZA(37)3} oA
LAEE d4E AZ=s7]) g "ok o)A
ZolgtA” ol olFo) ude wE g
Asget, AAE Fx9 deo] ojwx g
1 HAo AiEg AL W 714 47 ¥
W7 AP & ok A a9
modelo|y APE P3l7] Hof R ES P
g ot wElM CFDe =8¢ 3ty A4
£ AAT ez x7)o dAl & 5 Ut

- Efficiency @ Z7]d HA% AA 2 BN
E3te] AA ATHE 9 $ Qo A
T2 A7E 4 Qo A9 AMA A
LAE Ha3 & F Aok CFDE AAY 7

9] cycled @& A1 =

o o o

Borir

oel@ xzel thste] AAHQ ol EHa
# g2 2
- A 27] @A) AYud He Azl 44

g % A7
- Simulation® %3t
71 5
- AgojM e Risk ZH4: 2 v 74 53
- @l uig o83 HZ 7
- 753, 48€F, 25, AAAF

A3 o] #4422 Study

59 N8

2-3 MAFAS ProgramE2 Fxlal 4
7'%{ 1), 4

A2 %zﬂ 4.4 A9l A4 7] o
W oed 2.

1) 71234 A(Laminar Flow, Turbulent flow®l

daie F7F 7Y 298)

GHAgey 7jEUAAL A HA Navier-
Stokes equation.2 SAEom r|EZHO=Z
+ E£3, Energy, Momentum, Species®] BEWH
Ao A%

- Conservation of Mass

?.ﬂ.,,_g_(pu) S

at  dx;

m

- Conservation of Momentum
8 ]
ﬁ(ﬂ“.)"‘ é—x-:'(:ou." )=

Bp bt
-+ 3+ + F
Bx, | %, PE, '

- Conservation of Energy

L)+ ) = ;’—[ g’]

¢ dp ap du
L N S T UL A :
R ORILE R nAE PRSP

- Conservation of Species

d d d
};(pmi')"' —a;—(puimi') = g(":”,i)"’ S,

i i

2) CFDoﬂ AL EE A8 Z18E
A w29l analytic®t Rkl §L
su:q o] &2 Computer? FX|&|42Q1 7]

- 169 -



D> #3229 (Finite Difference Method)

AW E A gez FdEE A 3
A4S Taylor Seﬁesb}polyhonlial HeEE AL
st ZALEL b5, AlXbgES o)ibslste] AA
T2 o] 7 Ao HHgAe FHEsn e
B

194 s HE T P,

D> #3248 (Finite Volume Method)

A& HAAE A4y, AMgge B
volumeE(AI4t cellZ W59, o}& 7|E volume
of ALY BE WAHAELS 2 Len AR o
AAE BuE = g g og Wity

A 7

D> #8249 (Finite Element Method)

HEE HAAE ARSI, AN99E element
Z ol AN S ALstn g i 729
g, A, 215 9 EollA F83F £x
Y toolZ AMEEHIL glon FAH Qs Ropof
A& 2 Ago] o]Fo|x]7] Az

2-4 A5t ackageel A Y

CFD package®] 412 Preprocessor, Solver
2 Postprocessor®] 371219 sub-program®.2
T45] 9t}

1) Preprocessor (A &) 7))

7HEe models A4, WE % #4L 93
GridMesh) A4 $S& 43383, boundary
condition ¥ initial condition® ¥&}3}9, phy-
sical property 2473 % Solvingg $3t ou|zgd
(Matrix®] 74)& 83}

2) Solver
A€ modelo] g 4 L §A A WG
9] & T3] AT BRANE S8

(Matrix solving)

3) Postprocessor (FA4#7])

Solverdll 4 Al4td #EE 7M., 534S
gotr 7] A 7HA38t L data® processing ¥
=3

3. CFD System<| A 2FA}st

2494 CFD software:s H-g£Ao] %ol
X84 model®] "¢ ThFSIAITE EE model ol A
F83 outputS ZIH3lrlE oY Y23 #

e @AE A3 Q.

- 2} XA model AEH A o] A=

o] §i=Al ERjgta, AAzUN} 272
FoE A5 wet wg- AdHolmz 7+

g Fo8 8%

~ CFD Simulation® 232 34 43 na3

E2 3 < Data®l A

- B3 53] dense phaseo] 3t 4o o]a &

- @A Hardware k. 3]-8-8t7(convergence time,
ARg) - B 34

- Good Engineerg tiA & & gl
thgt FE-2A o] processoll A 7HE F2)

N

g o

°olgj g FAE FH3IY] Astde 2IIAY
o] A&F ol3ie}, A& A4 modeld
Aol Hesdity B2 AfAgom <3ty
Model- ing®] &d& %o "z AF 4
3% Fe ARtE 2 7R AAzRAHo}
el A ex7t Afas FAJA7} A&
27F Qo AAe Algde] At & 9
"7} Aot

4. 2ALH 7 CFD package
(FLUENT) 274

- 8 H-f CFD Program
- @A BH softwarer FVM(#3-444)S
AH&3l= FLUENT(®], FLUENTAD X
FLUENTE= H-84°] 33, AU Pro
gram® 2 14 Wi 9l&

=170 -



CFD Analysis(A4F#A 98 sj4)&

£3 Cement AZFH 4 ¢ &4 Alg &7 4

- FLUENT

t}5 Fluent AFe] ¥H-E CFD software

- Numerical method : Finite Volume Method
&Y
sonic & hypersonic flows
transitional and turbulent flows
Physical model : Heat transfer, chemical
reaction, multiphase flows

Subsonic, transonic, super

Laminar,

5. CFD2| &-& Atz

5-2. Cement M3 HojAxe] HE Fo}

5-1. Fluentel 7|2 modelling s 2}
I XHgHop !

<Modeling Capabilities>
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- Steady-state or transient analysis
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- Newtonian or non-Newtonian flow

- Convective heat transfer, including natural
or forced convection

- Coupled conduction/convective heat transfer

- Inertial (stationary) or non-inertial (rotating)
reference frame models

- Multiple moving reference frames, including
sliding mesh interfaces and mixing planes
for rotor/stator interaction modeling

- Chemical species mixing and reaction,
including combustion sub-models and surface
deposition reaction models, chemical vapor
deposition(CVD)

- Nox formation and soot formation in com-
bustion systems

- Arbitrary volumetric sources of heat, mass,
momentum, turbulence, and chemical species

- Lagrangian trajectory calculations for a dis-
persed phase of particles /droplets/bubbles,

including coupling with the continuous phase

- Flow through porous media
- One-dimensional fan/heat-exchanger perfor-

mance models

- Two-phase flows, including cavitations
- Free-surface flows with complex surface

shapes

<Applications>

- Process and process equipment applications
- Power generation and oil/gas and environ-

mental applications

- Aerospace and turbo-machinery applications
- Automobile applications

- Heat exchanger applications

- Electronics/HVAC/appliances

- Materials processing applications

- Architectural design and fire research
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