LCD & 45 £ & @3z 3ia3 it 7 3
An investigationof flow fretd of LCD panel
storage system



LCD & % f 88 2 3Lz in33m3 i 7 1
An investigation of flow field of LCD panel storage

system

oAl FH

Ay

Student: Jieh-Chou Huang

hERGE T g

|

Advisor: Wu-Shung Fu

(P gzl X
L~
A Thesis

Submitted to Department of Mechanical Engineering
College of Engineering
National Chiao Tung University
in Partia Fulfillment of the Requirements
for the Degree of
Master of Science
in
Mechanical Engineering
June 2007

Hsinchu, Taiwain, Republic of China



Bl 3L R @ K F
wmXPREABEFELT

RH__MOM T B BAREE_D & [ 7E o

mkﬁg(#ﬁ)Lﬁi)@$@»1£4wﬁﬂlmﬂﬁ
13 10 A
(#30) An inestigation of flew field of
LCD panel slologe  System

ARFLERAE FEAZAGRERT

niX%& 8




LCD & 4 § #% 4 sh2 indiag M F g

ELiiRas PR e e

2
A2 A EP LM EIRR T HEERK- SR e BT e L AT &
LCD & 4 f ok h sz jms> L AR A AL B BAI " 3 PR EAEFFU R
Ml REEARE S B FFUNT » A B R Be F+ ™ ¢ gyngd g &
pdsaE LB (TR R o

L fo cmiplath 1 ¢ A i e R ik Bk 0 LI

Kt
o
—t
Ff
&
4iF
Ui
1%
N
—
N
N
,1‘;\
”

G W i AT RIEGR 52 R g A W IR SR
Bop# s gm0 A5 2 SRR GE Wl s et 5 B (7R s
A2 B RS AAES RIIY e FRE R LB R K BT L R 5

’E’;ﬁ'vq ARy N EERT Fo



Aninvestigation of flow field of LCD panel storage system

Student : Jieh-Chou Huang Advisor : Wu-Shung Fu

Department of Mechanica Engineering

National Chiao Tung University

Abstract

The aim of this study isto simulate anew generation of LCD panel storage
system by using the high Reynolds k — &, .turbulent model. Fan filter units (FFU) of
the storage system are installed on the upside of. the'system. It is different from the
storage system used at present. The flow fields of cassettes of the storage system and
the particles lifted by moving sefvice wagon are examined.

The results show that the flow field has greater velocity through the LCD panel
storage system to prevent particles to deposit. Part of fluids is prevented by the
moving vehicle and turn flow direction to flow to the back region of the moving
vehicle. Generally, the phenomenon of the fluids forced to be stagnant in the LCD
panel storage system is not observed. Besides, hazardous particles are not lift above

the bottom of the LCD panel storage system by the moving vehicle.
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4. 1-1 Fed-Std-209E¥% % B % %

Class Limits
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Volume units Volume units Volume units Volume units Volume units

SI English | (m°) (ft%) (m*) (ft%) (m®) (ft*) (m°) (ft*) (m°) (ft*)
M1 350 | 9.91 75.7 2.14 30.9; 0.876 10.0 0.283 - -
M 1.5 1| 1240 35.0 265 7.50 1065 3.00 35.3 100 - -
M 2 3,500 99.1 757 21.4 309 8.75 100 283 — 1 -
M 2.5 10 12,4005 350 2,650 75.0 1,060 30.0 353 10.0 - =
M 3 35,000; 991 7,570 214 3,090 87.5 1,000 28.3 - -
M 3.5 100 — - 26,500? 750 10,6005 300 3,530 100 - =
M 4 — — 27,700; 2,140 30,900; 875 10,000 283 - -
M 4.5 1000 — - - - - 1 = 35,300 1,000 247 7.00
M5 — — - - — - 100,000 2,830 618 17.5
M 5.5 10000 — — - - — - 353,000 10,000| 2,470 70.0
M 6 — — - - — - 1,000,000 28,300 6,180 175
M 6.5 100000 — — - - — — 3,350,000 100,00( 24,700; 700
M7 - = - = - = 10,000,000; 283,000 61,8005 1,750
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REETENE BEAIFAY o RFE S A RE O oB 31977 0 3B B AR AL R T

5 32
3 "URE AR 2 h T 22 425 (conservation equatiorng)# it 4- T
%(pcp) + div(par ¢-T,gradg) =s, (3-1)

H¢ U =U-Ue éiﬁ%ﬁﬁﬁiakﬁ’ RN iE )iuc-u}flﬁ PR gs TR APMEE T,
fos, # 5] & #h4c Tk d(diffusion){k ik i dic(source)-

B(3-1) A 1T

d - -
< quuv Y I(pu;qo— r,gradg) [6S = J’s¢,dv (3-2)
S v

Vo

T T, T,
45 (3-2)5 - #4838 v
1.4% %778 (diffusion terms)
T,= ;(pﬁrwds’)j —;<r¢,ﬁ¢ﬁé)j =2.C,-2D, (3-3)
PHACH H ¢ BT T T A kAT

DJ' = rw,j\.fjl (¢N _%)4'{@40[%_ fjl ﬁj@jm}jj (3-4)

2 fj 2 8®AF o dyy 5 PRINZ £ 0T, 56 ek



2.% /R 3E (source term)

Ta =8 =54 3-%)
3.4t IR

$n 38 11 Upwind Differencing Schemgd® » 395(3-3):% crde > i

B d T}lj%\. =

w_r % F 2 |
CJ = Fj{w\H ,FJ <0 (3 6)
H
Fj E(par Eé)l -(3-

F, Ao jfrg il £4e® 3867 > #etie pfel o S p 3EE 5] -

FELH o GART AT E

AL s -
gv

Aot =S AL+ + Bogf .
fe

A (3-10)
H o

LA, & $in & AR -
23+ B R G AT Ap Mg .

3.B, =(pV)° | &
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3-2 PISO#c it 2+ &

178 &2 fg5¢ ¢

(1)F "TF o £ Apsd

Aol =H (uir,]m)+ Bouls +5, + DF’(F)NT+ - P“T—) (3-11)
H
H (ui,m) = z Anui,m (3'12)

m DP(P,\',“+—P,\’,‘_)£rfJ‘z%?4P PR AR E RS R 0p/ox 0 Dp 5 S e thdic 4ol

3-4-
()7 VE M@ F 25
B! - BS +Z(p“u;sj):o (3-13)
j
U, » RELE =6 S chik o #F &
203 EEE g (mass flux) 2 3RS = B o S fe ok B R
d (3-11):% 7 4 3 )
Actr? =H (U7, )+ Bu’, + 5.+ De (R - Ry (3-14)
B(3-1A)N &~ (313N T AL R 4 S qr N

AR =D APn+s (3-15)

# ¢ g L kiR3E(source term) i ghik A u” foul hdidic o

2.jatr AL :

(1)7g B3+ & F¥ £ (predictor term):
Auf = H(ul )+ BouS, + s + D, (P - PY) (3-16)

P

Ho PO LRI B A E R o A B EUY T S 4250 (3-14)9 5 -
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(2)% - =x & & 3+ & p# < (first corrector stage)

FESENFFEFE TP LT L
=H{u% )+ B, +s + D, (RY - RY) (3-17)
iJ S AENT A5
PY =3 AR +s, (3-18)
AR PO, g % e smid g ulfeu sadio T 8 B i A U
feul e n (@175 E 9 -
(3)7} 4r ig 1t 3+ & P+ £ (additional corrector stage)
AUEY = H(u®)+ B, +s +D,(RY - RY) (3-19)
=> AP +s (3-20)

q=123.: @B % o Hd ADE Wl RR R qETY R HiEfE

FTE D ERTILE

STAR CDF _,-1» /n }%‘Fﬁq—\'l T 5 ;é‘ {F ‘—,, P]:(H]L,_ ;__
1. & - BFEFFH P (time stepydfe & = e o

2. F - AT Al AN R RSB E o T

Begk|) <(# i)
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3-3 4 fi& /F # 4 #(sliding mesh)

A2 A EA Y BESFHE Y FRSOET 0 T AR RS R
217 o 4o 3-5%757F o

d B 3-5¥ & HiT @+ ehieg(vertex number) B 5 1-6 2% 11-16
BLo @ AR SHHRER LT TRARG A TR G %5 (boundary
number): # & ®] % 1-52 6-10c & # @A > Pl AUPRFR k1 R E R
EHPERABET L ZERABEFNLTHHE) MBS IR 7 AH
BT U pRE Rt R LR RN R 2R BB e o RS
AHET o AHERIERBRAFSE A B e X (AT TR i B
o de R RS 1 e 62 B R4 2 (5 2 (ARl s 290 6 4pdaT o LS

F - B REIEPEERREN EM G DR ER Tk o

(ﬂn
e
2!
oy
=
3
F_L

3
o=

245
Y& (7B B IER) BRES RS T TR R B B

LA R A - R e AR TS 0 TR AR

A R CRrE ST W SR
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A
B & FEE ZREA
R fEATRIERE COMPILE
STAR-CD
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Vertex mumber

- 3 Fl ) _':T /

Mesh block g g . . |
14 _ |15 16

2 3
1 ] 12 7 13 8 9 10 ‘h“"‘““uh.__
Boundary number

—_—

Mesh block

;
Y11 V12 V13 V14 V15 )16 Lower mesh block moves,
\ \ distorting the mesh

;
/13 [f14 [15 [16 The interface slides to
' a new position

[ ]
Las
L
L
|
L=

- 11 12 13 14 1 16 Lower mesh bleck moves.
F g LY i reducing the distortion

Lah

L=

Bl 3-5 4 #fait 72 S 7 LR
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KRG I AR 22 gk Ty
FHROTE B ENPILBEI P ETRE A e S LD p R o2
R o d NEERI A S R EFF OB e ke
FAEY I A AR B AR BRI AR RS IV T A A
PR 2R 410 R P EE D T s 2 1k PR TS
WA oA 2 > BRI AL D o R e B LRI e
AT A GRS PLE P24cH 4-2> #0184 pi(PL-P T L R AP
iR G 3mmo gt BRSO EMG R 2 B ORSAR G M) 0 AR EET Y
M GRE Y Ak B R o et B Ao B 4-3 0 R B B o
Sl BITMEEEF AL PR (P3P foftitE A 4 R - R o Aoyt
FOLfRAFTIOE e o o RS T Bl BB KRR R B TS - R
SR AL AR RS I AR Ao ) 440 SR S IV A Fenddior ik
Wil i A 4 RS (P3-PA e 2 en 5k g3y gk 3n & 4 Ap b R 7S
(P1-P2) > 4 4-1 5 34 & $dicfs & FB% (P1-P2) & (P3-P4) 1 i ¥ 73]
FI* 534 FRIRB I P & 2% % 5 hiadk (permeability

coefficients) e ™1 T & A M 0 41 ZEEFRA T 42 iR EERESE -
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P3 e P4

AN

P3 & P4 P3 o@ P4

Bl 4-3 1% ¥ %% EEagia A 4 RET LR

P3 e » P4
Porous Media Region

Ple e P2

Bl 4-4 1% 331 TR LR ey B T
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FoA-1 A1 5 T ECR S B S R O )

AP=P1-P2 |41* & i 7 & 4 /R
E%g U %
(¥ i~ : Pa) P3-P4 i~ : Pa)
50 28.058 28.131
10% 6.657 6.672
15% 3.813 3.820
20% 1.578 1.572
25% 1.014 1.009
30% 0.664 0.669
350 0.475 0.475
40% 0.353 0.352
45% 0.272 0.274
50% 0.178 0.181
60% 0.136 0.136
75% 0.066 0.070
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B 455 R4cE A B ILEFER I LB > FFU> 2 &2 5 0.38
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LR B AR 2 FR ISR A S 012 m/s oo MRS E T B IR Rdeik
BRI f iR L 5 el 2/ o

ARG R R R 49 R S P ER A g
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FHRICF T LB 3 FFU M c @R =45 0.88 m/sk % > @ P4-1ipir B 3t 5
20%> 3 BRMAL TR NER Py WA R4 o B 4105
ERI AR R > B R ARTHEA Y T RA RART S A g R e
Ao RALNZZEBABeF T FERETIR Y22 agdBe kh 2
#RIMP EE Ren0.12m/s @ % - BEIF o FraE RSFR A Ltd o &
AR 0.08m/s A& RFL AL F B ES @ EE®F O o
R e R A R BRI EenE R S A R P o
Bigrnwhg rv A b BRI REAB e FF oI EEF A0
P2 g fgin? g5d T A2 0ging s B4LR25FFFFTLE - B
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Wy B g

(%)

P14 P1 35

P2 60

P15 P3 60
P4 3

P5 10

P16 P6 50

P7 50

P8 35

P9 35

P14 35

P15 30
P16 0




YELOCITY MAGNITUDE
i

ITER= 371

LOCAL Mx= 1.104
LOCAL MN= 0,1392E-02

1.558
. 1.447
1.335
1.224
1113
1.002
0.6903
0.7740
0.6677
0.5564
0.4451
0.3339
0.2226
01113
0.4470E-07

Bl 4-6 Fufi B hosk 3 HOA AR 7 L )
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T
T \‘,A
5| VELOCITY MAGNITUDE
\ 'S
S ITER= 371
LOCAL Mx= 1111
LOCAL WN= 0.1358E-04
“PRESENTATION GRID™

1556
1447
1.335
1224
1113
1.002
0.6303
0.7790
0.6677
0.5564
04451
0.3339
0.2226
01113
0.4470E-07

Y

.

B 47 - fokag+ ™ b= iis 4
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VELOCITY MAGNITUDE

tArS

371

ITER

01767

LOCAL M

B B B B e B e B B B o e e 1

T

= 0.1358E-04

LOCAL kN

*PRESEMTATION GRID™

0.2270
0.2108
0.15946
0.1784
0.1621
0.1459
0.1237
01135

0.8723E-01
0.8107E-01
0.6486E-01

0.4564E-01

0.3243E-M
0.1621E-M

0.7451E-08
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N 4 P8 | 20
or ——— Pg-1| 5
L P2-1| 35
il g | T P22| 20
P2-3 > P2-3 15
— P4a1| o0
P4-1 / < P23
— ///"// P42| 25
T e P P4-3| 20
-~ el P4-4| 30
- N P6-1| 5
P6-2 —p» /4 P26 P6-2 5
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P6-4 F—» P6-4 0
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P22 | 50
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P26 | 60
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YELOCITY MAGNITUDE
i

ITER = 1208

LOCAL tx= 1199
LOCAL MN= 0.8293E-04

1.19%

1114

1.028
09424
08567
077man
06554
05397
05141
04254
03427
02371
01714
0.8574E-01
0.6292E-04
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] 4-10 I 4 7 2x LA 2 BRI ST L W
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VELOCITY MAGNITUDE
(RS

ITER = 1208

LOCAL Mx= 0.2002
LOCAL MM= 0.2720E-05
*PRESEMTATICN GRID*

n.zzz7
0.2063
01909
01750
015391
01432
01273
01113
0.9544E-01
0.7954E-01
0.6363E-01
04772E-01
0.3181E-M
01591E-01
0.7451E-08
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P24 - N P7 3
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Poo —— P2-2 50

P2-3 50

P2-3 — — _\\ P21 P24 50
MES———a P22 P4-1 0

P4-1 /:/:' : P4-2 35

- - w | P43 | 30

e L N P23 P6-1 0

o ST P6-2 30

19 P6-3 20

o2 | — P6-4 0

o3 —" P21 25

i > P22 45

P23 60

P24 0
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VELOCITY MAGNITUDE
IAfS

ITER = 420

LOCAL Mx= 2139
LOCAL MM=0.1317E-06

1.5958
1447
1.335
1.224
1.113
1.002
0.56303
0.7790
06677
0.5564
0.4451
0.3333
02226
01113
0.4470E-07

Bl 4-13 = b 3 » ¢ A jnec L HCA 2 R R B
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YELOCITY MAGNITUDE

E

420

ITER

0.5733
0.1111E-02
*PRESENTATICN GRID*

LOCAL b
LOCAL kN

0.z2z70
0.2108
0.1348
0.1734
n.1e6z1
0.1453
0.12497
01135

0.9723E-01

0.6107E-01
0. F4E6E-01

0.4864E-01

0.3243E-M1

01621E-01

0.7451E-08
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