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Fig. 4 Predicted contaminant concentration in the paint spray booth
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S FEANEAS E7) 8l AHEEE A9 s Table 13 2t

Table 1. Values of the constants in the #4- £ model

C. Cea Ce2 Ok O ¢

0.09 1.44 1.92 10 1.3

4) ¥ 34+ (Wall Function)
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Fig. 5. The velocity distribution low near the wall
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]_
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Aot

O Other variables

Fig. 6 Staggered locations for u and v.

Fig. 69] 22+ o1zel AAweljA xo vy & 8 £x9 ug vol sk 429 o

a4y AAAZ b Y Fig. 73 Fig. 89 24 |

Fig. 7 Control volume for u
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Fig. 8 Control volume for v
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deuz = Za nbun*(; + b + (p*P_pE‘)Ae (20)
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3
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S
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ut + dpp—p) (30)
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ap = aptawtaytastartag

(0p—0p) AxoyLZ

b = ~7 +[ (") = (o) ] AyA 2+
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SIMPLE & 3t8l%
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Zt

-20 -



At t=t,

Prescribe Initial Flow

>l4
=t+ At

,

Evaluate Link Coefficients

v

Solve u, v, w

. ¥

Evaluate Mass Imbalances

v

|

Solve P’
C-ITER times

Repeat

v

Correct p,u,v,w

Repeat
NITER times

J

v
Solve h

v

Solve other scalars

[

Repeat
NSTEP times

]

A

v
STOP

NITER : Number of ITERations
C_ITER : Continuity ITERations
NSTEP : Number of Time STEPs

Fig. 9 Solution flowchart for SIMPLE-C algorithm
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3. A =7 (Boundary Conditions)
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2) Exhaust Opening
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al71 8l FAEY ARESE 2R 2d A HAs, 28l & ANGFAE
183 FAAME3 534 vn Hrgc vx iy 798 9% 3 F=(Unflanged

circular opening)®} T @A 2 A%3 F=(Flanged circular opening), AW3d T

A

o]

B dA7e A4d 44 A4 §4 T2 CFD-ACE(ver 40)9] % ¥
F5t71 o

[+

=(Unflanged square opening)?} Z#x] 23 AP F=(Flanged square
opening) Z& X F4-F FX(Push-pull hood)2 HA34 4EH F=v dF
& Ao 234 2 dF 249 (Axisymmetry model)2 FHR3l¢vt AW =
T F= NTRE FHCE FFoF 44 25Esd 458 ¥ vWF yzEH
=2 FHoer 3 Y3 Zd(Symmetry model)S L34 E FH-F F=
dafMe 22k g HR4Hn F4 =& 27 F - 97l FFH F59

Hsgle) o2 71§ 528 #Hrstgh

1. %38 F = (Circular opening)

M

) 9%Y F= ¥

458 F=9 A7E 37 555 4
#2o.

I

3t7] 93 24L& Fig. 10 2 Fig. 113

Fig. 10 Unflanged circular opening
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Fig. 11 Flanged circular opening

Fig. 103 Fig. 114 ¢ &+ g5 Z2e IR fFFo wdrs F 7lx=2 4
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oz Fre AR 15emolT FU H4E Wm/solth 9EH F=d 4

Zeo Wg 2y AR Yol AolFe HAX Al wE A oo &
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Free surface B.C.

5D

Free surface B.C,

Duct wall

Axisymmetry B.C,

Duct diameter : D

Fig. 12 Computational domain and coordinate system for

unflanged circular opening

Free surface B.C.

Free surface
B.C.

Wall B.C. 3D

Duct wall

E Inlet B.C.

e mimim e e o R R Em L EE S Em s EE A EEm h EE L gy e

5D

T

Axisymmetry B.C.

Fig. 13 Computational domain and coordinate system

for flanged circular opening
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Fig. 129} Fig. 139 AA &7 A & & dxo] F= 47493 Inlet
boundary condition® 2 A&t Fixed velocity A& A &3HTE =& Free
surface™ Qutlet boundary condition®.® A3}, Fixed pressure Z7£& 4%?3”}
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25y =
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g FAAHT
Fig. 14%} Fig. 15 Table 2.9
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S5 £ Bad AXES HAA

7o) Aelg Aol D olulg

- 27 -



Fig. 14 Computaticnal domain and gird for unflanged circular opening

o8ueyy

T

axisymmetry

fio
om
0pr
0k
[n

Fig. 15 Computational domain and grid for flanged circular opening
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Fig. 15914 Z@x7 23 958 F=& EWA7F N8 AFE Wal= A A
s9x, £5 H7A9 5D v AYE AdAH ez HAsHnh A A el
AAZA[L A5 =9 27 sk

F83) +39 AE T s 2UB Ao @ske] W0 olsrt 4 WE
S HoeR Fegant o 3003 X WHE AL QAT AR o] W
7t 107 1@z fAHe $£HHND, 4G £ 0

& sz A8 of 503 A=
o HHE AGE AAEET & ATl ARE AR

o] &3t F 3503 AXe TEANSE AAYE
T A Aol A8 EHT, T
A|Zko] AR},

@, 152 FEAAL o 108 3
S of 58 Ao ALl

)
>N
iV
el
r.i‘_‘}.
08‘..
ol

4) At A HF WY

(1) 958 F=(Unflanged circular opening)

229 Sd3 2ae HLske At RN Ao AFRE FE5s7] 98
Dalla Valle(1952)® 3} Garrison(1977)%2] 48242 o] £39t}.

Dalla Valle®l &AM &3 FaAL A 373 2oh

v _ 1
Vo © 1+ 12.73(X/D)? o
Garrisiono} AA|3F FAAAF &5 AAbale 21(38) 2 A1(39)9) 2t}
7‘/0 =1.1x(0.06) *”  for  X/D<0.5 (38)
?VO =8(X/D)"""  for 0.5< X/D <1.5 (39)
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e
v
it

AE A2 lpo(1995)7F Laser Doppler Anemometer(LDA)E o] &3}
Aot w3 n, B kedF EELE o] £ £ Ades vl
#th, @ CFD-ACES ol&% A4 27 AZEE #3s7 A% 4
WHE Table 33 2] 2% 4 v}

s
mn
o,
o

)

R

fiu

o¥

Table 3. Validation method of numerical solutions

s =d 1} W
=9 .=zl 23 =
Dl Vale | T5 9T #5F 23 2
o3 T4
58 4% | qpo LDAS o83 %73 A3
Garrision EZA AHAE o] &% TAA S 45
FX 84 IIpo e W R 2HS ol88 FHHY Az

(2) 97 &d 933 F=(Flanged circular opening)

ZP2) 9 9538 F=o g $A54 ZAAE Dalla Valle®e] 23 Az 2
Flynn®] Potential flow solution®& o]&& $xs)4e ZAnel v msige. =
Drkal(1970)*7¢l] 2la] A|A|g F§g dole] LAXZ 747 AF Yol e 54
o F&& A" 5 dA AAR SAAE o835t AFEAT 4(40)2 Drkall

g8 ANE FHdole) FAXNZ A7 4EY FEAT FRANAY §4L Tal
= Hol.

14 X/D
= = 1- 40
Vo V0.25+ (X/D)* “w

Table 4= SdX)7} 99 4FF F=o A4 23& T2 sl A8
WY Eoltt
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Table 4. Validation method of numerical solutions for flanged circular opening

22!

ol

2o

] 3

Dalla Valle®) 3 73} = 479 4237 A%

Flynne] <X 34 Potential flow solution2 o] &3+ X &4

—_

T3] 7 EAAE 7 9
Drakal2] &} 8] T 4 RaaE v

—

(1) 9% 3 Z=(Unflanged circular opening)

% Fig. 1~ Fig. 9¢ 2% F=o did 2814 d345 yetd agelth

A Ao} vjw

Fig. 162 Dalla Valle® 2 Garrison™¢] 4% =4 439} lpo™7t LDAMH ol
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Fig. 16 Predicted and empirical center-line velocities

for unflanged circular opening
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Fig. 17 Predicted center-line velocities for unflanged circular opening
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Fig. 18 Center-line velocities for flanged circular opening
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Fig. 19 Unflanged square opening
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Fig. 20 Flanged square opening
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Fig. 21 Computational domain and coordinate system

for square opening (front view)
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Fig. 22 Computational domain and coordinate system

for square opening (side view)
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Fig. 23 Computational domain and coordinate system

for flanged square opening (side view)
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Table 5. Number of gnid points

TR
vy X y z F 4A4| FE=
Auty T 34 34 34 39,304 | 9x9x9
ZAA &
S 34 34 25 28900 | 9X9x%9

Table 594 & & UFeo] WY Fro F AxsE 393047/M0ln F= Y+
Mol ARlTE x, v, z WF BF N E F T200E AGAZC ERA @™
AUy ool AL F AAs,E 28900712 AWE FrrosE AXY Fx Qg
X e Az, AWy Foof 1S 7297082 AAAAT
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Fig. 24 Computational domain and grid for plain square
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Fig. 25 Computational domain and grid for plain square

opening (side view)
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Fig. 26 Computational domain and grid

for flanged square opening (side view)
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Fig. 27 Predicted and empirical center-line velocities

for unflanged rectangular opening
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(2) a2 2 AW F=(Flanged square opening)
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Fig. 28 Predicted and empirical center-line velocities

for flanged rectangular opening
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g FAEHA 23 e Ay ok

3. Push-Pull Hood
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AdeS H SE7 43 dojXls £AHES
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Heinsohn'™o] E4-% Fxo) ois) QA% 2de] AL Table 634 2u},

Table 6. Configurations of push-pull ventilation system

for numerical simulation

B
Case m/s pel’QIE:I of slot (?IIB) (rIIJI/ s) QE/QB
1 0.0571 0.00725 7.88 867
p 0.0285 0.00725 3.93 17.34
3 0.0571 0.01500 3.81 8.67

&% dol 7 W7l % (QE/L) : 0.495m'/s/m
A FEH 2 vy FF (QE/A) : 0.283m/s/m

471 vH (W) 1.8m

Pull hood =¢] (SE) : 0.195m

Table 69lX & 4 1% ] Heinsohno] A AIg 4% 84 o
Zdo} 7 0.4%m/s/mz DAY, FHA =F F7 FFHQBIH} F7] §5UB)
WAzt 7 2ol i@ 2] K f&e Wl 0 vae oy g

Case 13 Case 3& vlus) B, 7] 3 €% Zo] 3 00571lm/minl.E %
AR 77 /&L Case 1] Case 3Rtk 2vf m=2A AA=o] ok & £4-F
Fool glo] F - uial frFol 2w FH wZe] f-&d AT ] FHe &8
= Rl

Case 29 Case 39 W]WelM= #£4 x=Z9 F&o] 393m/s9 38Im/sz A2
LY o, F7] FF Aold g FH-F F=9 7F WEE d2so 16
< H7kgheh

1He w7l F3E £%
o
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Fig. 29 Computational domain for push-pull ventilation system
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T 5 gudoR Uk @e $E2 ARRY E 5=

F1& Fo W7l FE&
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Foo AAE AN wgolth AR Fi XM RMA5
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Fig. 30 Computational domain and grid for push-pull ventilation system
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F4 =F BASEE AY Fd&A FA8 %71 T i]'ola 5oz 43
3k Case 29} Case 39 o 43 vl@oME, F7] fr3Fo] B Case 3914 29
=2 wFEe] A AoE vehdth 59 5oz FVE sdas F7) &%)
oW, ¥4 w=FelAM BAME 7RV EAE 3 F48 £271 AsHAY] w2
FEMR FESA VIFE HolFA E& wl7) a8l AaEHE Ao ey

44 K

o

7 &

lo w

]

o
= A

iy wWe

__E.mln _szi

- 47 -
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CFD-ACE(Ver 4.0)Z o] 23 Casel ~ Case3oll W& =234 dx= g3 2
o}

K% Fig. 35~Fig. 40°] Fx|s Aol &g F4-F #71AENHY {A /52
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Fig. 37~Fig 39 x5 ¥&9 §&5592 vebd oith Fig. 3704 43nd,
FH =TEA F27F U5 whe xF ko =z oF (75X "ol Ale=d g do] el
e AL & 5 Ak ole® A £3 Ao A g9, 7179 5Fo T

Al FAH A 7] MR zolA BRAHE 29EAY Ao) £&E Astdrh

=

Aol

rd
fie)
o
X
S
i
e e
o
i
IR
o
b
ol
ML
ol

il

_48_



0.7%

0.5

0.2%

0.75

05

0.2

0.7%

0.5

0.25

Fig. 31~ Fig. 33 Streamline for Case 1, Case 2 and Case 3. respectively
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Fig. 34~Fig. 36 Velocity contour in Case 1 , Case 2 and Case 3, respectively
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ol Al 7t mad] e A ARG aoksd et gk

Fxa)N Az e FFS F e AHER #7179
ZH w29 71Fd g8 =& F49 IVt E F= FoE Ho| oF
FooaA R3] w7l AAFA RV i @AukAHe 3] AAY AHe AT
#t}. (Case 1, Case 38 H| )

T EH w29 A S0 gy, 97 el WUy Hed
A" 7177 29EH E FesA] FE PoFA Eay] dil
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}.

EHA-E 3z 3 CFD-ACE9 34 Z 3 Heinsohno] AAI% 4|34 2
Aol wje AAsg A, Case 301 LFEEZ w7l A7 b3 S53dke A
A =H Qo Case | 2 Case 3% A9 Hl&d AAzAos AN =1 434
A ARd M= Case 39 E#7F Case 18} FF8tath

Push-pull hoodo] H& 814 AsE Wi 2¥= A1$9 Heinsohn?] 3
A Astsh WS AAD 2HE AL 5 AN o AR WFo] AN fAlA F
ER(eDd 7172 223 438 + A RoE deiy

F =Zd 3§ FAEE
}.
4. Z9338 €% F=(Plenum type Slot Hood)

FAdE 8 F=8 BF, 9/ 2 A AN HAHE 4F /7] E4FY
FAEHERZYEH APAE rEe) & AP FA wol HAHE vzl Als
dojrt. Fud &% F=7F 58302 F3 2L w7 A7 HEAE F=
A7 (Face Opening)olA 43 #% BE(Uniform Flow)st £33 TAEEE
A#ok gk, AR 7jEe] ZHEeA AAE Z Y FFRFoo gig A
< wfj§ Wk Holrh, B AT BAL ZYYY £ YA vdRE &

= ged Ak AA JIAE ZEd

AMe Bl F= RS 250 # He A IBA T2 AT
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D A2
(1) 43 &2 % 22

Fig. 408 2998 £23C 47 F4& 437 949 4894A9 Aol
%71 % Q=100CMM, A% FSP=150mmAq¢! ¥4 = #(Turbo Fan)& A X[3}
o wjz] AN §% 2dL £F7 dHAFLE 2H & £ AeE IWEHEU
100Hz)st HEWe] A o] Qe 2elygx agla ee3x AgtE A4S & A
T PtAIE o) 43Ut

A

%
3
o
o

tlo

Table. 7& 4@%A) AXHo) gz Fa FHE 73

Table. 7 Dimensions of experimental set—up

No. Component Size(mm)

9y EEFE 9 T(800X100)F &l A (75, 100)
@ HAHE 27 200, Aol 2400

B Sy @ 273 (% 200, o 400)

@ =7 27 400, o] 1,200, 60° =7
® FHE A7 400 el 1,400X4

® 357 Q=100CMM, FSP=150mmAq
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Fig. 40 Experimental facility
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Fig. 41 Plenum type slot hood
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Table. 8 7 YUY £FF=e] de 9 2A& AU otk Fag 2
ol 75cmst 10cm# RS £ Edy Zol7t B Zzd mdd dalA
£% FE QTH%L 5m/ssh 10mss, 2T £% ATHY FolE Semdt 10cm®
Adted Ayt

=2

e

Table. & Test cases for the plenum type slot hood

Edd dol : Dp M7E &% =°] ' H &% AT ¥
' (cm) -~ (em) (m/s)
5
75 o Zkzhe] A gl o sl
- A bm/s$t 10m/s=
10 0 FAEA AE A A

w52 tm/s¢ 10n/sZ2 At 3PS AN €2 gelA
< 227} el BAsty] Wi AEs w7 +FE A HEA
EY F53 SAsAT FHE HEY fiel HE WA
& F8td FFe 7Y F Uk o|FA HAM FEA {FEFE FE ATEHS
T 2% T FFe] ZAAG. AR o) SAANG H45E G
HEWe] dx5e e g2 At(differential pressure) T 457
= d3 ol o] gt
AUBEE ol &8t FEFV]9 S HAFE 2AY L, dda gHe vgdA o
W FE5L verHE ol &3t 24zt SAs %
dH s ¢ ZALE 8 dE Edd SUFeT F 6x4d A TLE £
th 2 ZAeA FAEE A AolE Lolwy] 98 643 ztzte] =3 gtels
640 FRE AAste] g flel QA FAF T gHH}e 2ol E v we
Bt 3 23 643 A A48t e g 64F FAA ddetd =4
Tk 3k Abolell Abolzb A9 @il waEkM B dfelMiE 2dva ¢Ee 6xH e
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Gt ANEE @ The AEFEE Yy 4dste 23sqd. 356 A
A 2gvads 2ASE g¥At 2EE 228 Ao A dd F&S
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Fig. 42 Orifice differential pressure .vs. Air flow rate

Fig. 42 2392 A%H G372 FAE debd Relrd.
0.9956°] “t&t7] "o 2Eala g =AHAE o 1

AM WA=E F3F¢ 2FT F de Aoz Jehdd &3 43+%
Ay AHEE 24 TEAE FA A HERE FAX9 Husty £x BA
(Calibration)& A A3k o).

QP EF U 7 =4

RAH @M FEHARYD solomat-120MSX) & Al &3l &% 3 $£8 237
8, 54 e 33 gaddth AP L £F FE2wdA 25cm HEL 51
Z Z2AAL AL 5emZ AW F 243 £ 17N FOYY. E JaEA:

_56_



&2 ATd FALA 2ABE MG Aol 48 XM olfAd £ 4l
A #h

@ &4 Az
Zdd g 758 33 =AY, AP Hodtq § 5 Table. 1, Table. 2

F4AE Aesged, 44 o
ggel Ak AW F= ¥ W
PRIy diel axd 98 442 &
Be o8 7124 drh BaA B ATl 44
F57 B A7k & Row AgsE ¢ € %9 A Adsn oA
HEL FANY A% v e,

ol

AHE31% AL, Inlet?} Outlet Boundary Condition2 Z+2t Fixed Velocity 2l Fixed
Pressure Conditiond H&atgich Bz#e A wsigdoe) 10771 2 W& Fdo
Z 7Fehg A, Al A7 204 8ol A8 F AT

(2) AL A3
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3) A3 Hlu

O =949 Zol(Dp): 75 cm

ZEd #Hol7F 7.5cms!
A s Ttk Table. 9=
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ofl o
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iz
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&k

i

4%
=
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A
nl

A& A R E Table. 19

4 3 FANN BAgs FET Ao

Table. 9 Comparison of the predicted and the measured velocities with plenum

depth=7.5 cm
_ E8d ol
2293 7.5 cm
o (m/s) EFHA
2943 45 0.15
£5%9 5m
DR 23 A 49 0.08
5m/s ZA A5 5.4 0.19
£5 %9 10cm
233 A 5.7 0.70
= =] 37
%% 0] 5em =2 A 3} 99 0.17
ATH5 ] 3 A 89 0.32
10m/s 45 10.4 0.35
Z %% 10cm
A3 114 1.41
Table. 9914 AHRW AFFFo] 5 m/sd AfolEs =3 Aate} FA 34
dakel 03~04 m/sE Aolrt @eol A AR dTHFEo] 10 m/s A5

Im/s AEZ okzhe] Fol7l iz Re i vpehyie,
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—e 8 8 g L . 4 a4 = - ==
W
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0
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Fig, 43 Comparison of the predicted and the measured velocities with slot

height=5cm and slot velocity=5 m/s

ez

-=- predicted
4l -+ measured

velocity (m/s)

10 15 20 25 30 35 40 45 50 55 60 85 70
sampling points {(cm) i

Fig. 44 Comparison of the predicted and the measured velocities with slot

height=5 cm and slot velocity=10 m/s
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Zdyd ZHol7t 75 cmelX £F %17} 5 cm?l Fool wiE FAHY Aige
Fig. 433 Fig. 449} vl A Aste} Fxa4] A7t F5oA o zbol7t 9l
o, Age wjg vl=dA debdia ok T g Lels dHEE £ PR
M £rvl @i, 5 g F 529 £x7 =4 YEbU

© &% Eol(H): 10 cm

- ]
7
5
»
Eaf
=
£l
o
2., = predicted -+~ measured‘
1 -
0 [ E— L 1 l 1 L 1 1 I 1 1 ol
10 15 20 25 30 35 40 45 50 55 60 65 70
sampling points {(cm
| pliing p (cm) J

Fig. 45 Companson of the predicted and the measured velocities with slot

height=10 cm and slot velocity=5 m/s
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Fig. 46 Comparison of the predicted and the measured velocities with slot

height=10 cm and slot velocity=10 m/s

Fig. 453 Fig. 46& &#dd Zol7l 75 cmolit €% ¥¢17F 10 cmel F=9
& FAHN e ARE el FAojtt FAAAE £% £/ 5 emd BHS v
A FE= FARANE £27 @A FHEHAT, F= F F RN e &5
7t ZAEAT AT AN Ade d9Po2 FHARAM 2 go) «3H
Atk 53] 10 m/s9) fF&elM Lapgte] ol 23

@ Z4yd Zol( Dp): 10 em
E8d Aol7t 10 cm?l A -§ol g AF 2D X84 A 22 Table. 24

AEs FUZ, Table 102 F4HAN F FA L A& Ao FT¢E A
2§ Aolrh
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Table. 10 Comparison of the predicted and the measured velocities with plenum

depth=10 cm
44 4o
= 9l %
27 9| 2 10 em
Ha( m/s ) EFEHA
=343 5.5 0.17
€% %9 bem
SRS =) 3 A 47 011
M ey | #HAR 5.7 055
10cm 227 3 4] 57 0.60
! 93 0.27
&% %9 bem
AP X a5 0.21
10m/s £ Fmo) e 114 1.1
10cm S EL 11.3 1.20

Table. 1014 Ao uw, ffAH o AT f&o et %
el Fgkol %A debdeh £% Eol 5 cmolw, U7

g Astd A @S F=AHY A5 v AR &
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Fig. 47 Comparison of the predicted and the measured velocities with slot

——

height=5 cm and slot velocity=5 m/s

- N

SR e S e S

L+
T

velocity (m/s)

-a- predicted

2 —— measured

10 15 20 25 30 35 40 45 50 55 60 65 70
sampling points {cm) ‘(

Fig. 48 Comparison of the predicted and the measured velocities with slot

height=5 cm and slot velocity=10 m/s
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Fig. 473 Fig. 482 Zad o] 10 cmolial €% ¥o] 5 cm?l =Zdd

o
A #AH AAE 2Hze Jebd Aol Fig. 473 Fig 48914 nu

Auhs FARY SE7 Wi, F BREY £571 ¥ AFE welth 1
Asdel Ads FARE YR Atk AW EE AAE Yvnw A
7} aAsA e A0 tebgoh

O £%F Fol(H): 10 cm

'S
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w
-

velocity (m/s)

N

- predicted
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=

=

o
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Fig. 49 Comparison of the predicted and the measured velocities with slot

height=10 c¢cm and slot velocity=5 m/s

_64_.



12

10 1

-&- predicted

velocity (m/s)

-+ measured

2
4] L " N T— - " - L L e . —
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Fig. 50 Comparison of the predicted and the measured velocities with slot
height=10 c¢cm and slot velocity=10 m/s

Fig. 49% Fig. 50& Zay 2ol7t 10 cmol2, &% F= %07} 10cmol oe
24 2 AN A%E B8 Aok Fig. 499 Fig. 50914 & F Y%ol 23
Aghst FAHA QAo S SARE AL T F ok

1A Zo) d@ &4 % FAH A% vws ud, FAW 207 75 em
o} €% ¥OI7 10 cm?l AFel WAMT ofel Folsk WASAE B iolA
Aol RAME A9 AAY @ ehiet

=, #Uld 2olo) Yol £ xol7t 10emY FHTE £% Fol7t 5 em
 Aeold #UFh U # P Aoz g

B A9 2nolA gRFsol B FARHY A% 5o AEHAL, £F 9
FEE SFU ol N % Eolg FolB FIF ¥4E  Ak: AsA
& wasAh
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V. £23= A7 seuge ga

1. Fdde] #4d €3 F=

bl

Z#d(Plenum)e] ¥3FH WY Fzo AMAe uRE HT ACGIHE
Industrial Ventilation manual®®] 4AAAI%S w=x Qod. Industrial Ventilation
manualell A A A BA AHES AHRH Fig. 519 WEA A3} o] ATH F%
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Fig. 51 Design parameters for Plenum type slot hood (ACGIH IV manual)
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59 120 Hol® TN FARF FAHA G 49T @F Aw A
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gl A% 2He) 2P =Fol U 97 AW UTU OFd 2R F FEI}
9 5 Q7] W) @ A NYPer SEFSol gH A AYE e F 9
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Wed, £ AT E A4 Fig 5% 28 FAGYS SEF=o oY A3
A MAAEE AAFALNL Sl BE0) B, 1 FHE MFeT &% F

ol FARE GAAE ZAL AZHUT. 1 Be BAZ SEFE Ao
A0 A Fod wSeHES Foprgtm, 1 A % o) o= HEUA
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D AN 29

Fig. 52 S2FE d7eld #URE AT & A& AAF 271 A9 AN
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Fig. 52 Coenfiguration of plenum type slot hood used for CFD simulation
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Table. 133} #Zo] Eeld Hol& VA E 2dstn Z4zte
MA s F 9714 el =3

5’-11551 DEHE]O z7e
Eed Zoldl Wl ATHE FFHET A2
oz FAAAE AAF

Table. 11 Test cases for plenum type slot hood

44 R°l(m) ATE BEFF%5m/s)
6
0.3 8
10
045
10
0.6
10

R AL Fig. 53elA 9k 2ol AFEEF | ALAZLS dFE fdt] FEAUL
45 &8t Symmetry B.C.& dAste] X84 st Al4d F (Control volume)
F= ATE /%9 05%F 7M1 & Av 37|19 Free surface® 3! Outlet
C& 4A3Arh Ouitlet BColE e ¢l &3 98- FFo] LojLiA
%)= Fixed pressure =AS 3 U714 2 Az FA04L 514,

flo

o
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Fig. 53 Calculation domain and grid for plenum type slot hood

AR FE RUTE 45F 299 27U AAE Agsgon ARre
iXjxk=21x17x312 2ARFE 11,6742 st

2) FA&Y A3

FAFH L YA Wil 10 Polatd w o= F&Th oF 2003
ol HhE A4 ZaFe) wWalgo]l 10 “oldtz WeEske AL 0¥ F+ AN
ow, 2 28A%E HE-2 208 dHez JISHJAG(NEWTEC P- 11266, RAM
384mbyte)

Edd9 dold BatA &% 474 # Y F(Unifrom flow)7t JAHE =48
dolr 7] 93] WEE&(CV : Coefficient of variation)E o] &3}gch HELS F=
FolA 77 AAEHEA A5 Zotry] 948 Ju2 AIEEHJZ, 2
A= WEEe] 20%0 el H#UFE JAGy FASAY HEEe] o it
olatd Aol Fdct e Tt kb FALS gl oE AR EF>lA
5% A= A 2 ol¢d FLE vk AL B AFAe AP FPez B
W HEEe] 20%AE FET FAHAE £FFSENY A veE FH @G
T Y& Ao Byt B AFPoAE MES 20%E FE 449 #9F o
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Fig. 545 48 7k Zdle] digt Y A3E B &R Adsted Fe@ Aoy,

20 00 f— e ——— e
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>: 10.00
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L CE

A Fdd Fel 03 m A YT HE 6 m/s
B: &£dg Ze 045 m B Y4FHE B mis
C: Zg4g 4ol 06m C A7 #% 10 m/s

Fig. 54 C.V. for the various configuration

Fig. 54914 HoJi= s} Zo] Table. 110 AAE = o] et AN dx &
T x0 disiA wEEo] 20% olst A AS FA# 4 Uvh Table. 119 B2
ZaAd dolg 97 K5 HWEAAS ¥, &5 fdZde 450, AW R &
EE €% 9479 127t HEF 5 ARQE7] dwde s Ee] oet 2de A
Atk M2bA Fig 549 A% E 3 #ds 2od, 3% §4974% Fdd Wiy
fréo] vEag@r] vivdel 7188 dEttd &7 AT FIdF7t
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Zlo] H(W/L)7} 02013191 F=ojtt Fx8]4 2AL Table. 126 AAE uvpeb 2
o] & 367} Z§-oit}

Fig. 55 Configuration of slot hood used for CFD simulation

e

Front view Side view

Fig. 56 Slot hood(W/L<0.2)

Table 12. Test cases for plenum type slot hood

Take off Zt%
W/L{(2m) ATAEE (m/s) f("o"_ )Z'"
Case 0.005, 0.1, 0.15, 0.2 95, 75, 125 30, 45, 60

e #% 10m/s
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Fig 57. Computational domain and coordinate system for slot hood (front view)
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Fig 58. Computational domain and coordinate system for slot hood (side view)
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Fig 59. Computational domain and coordinate system for slot hood (top view)
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Fig. 602 £3£5 5 Axngoz £A Mo a5 AFE ot FFH &
go] AR AA5E Z0]7] 93 Symmetry B.C.& o] &3t Alttd H 2 Free
surface® Outlet B.C.2. 2 AA3e] Fixed pressure 288 483ttt HEJdE
Inlet BC. 234 50| Fixed velocity 2222 10m/s®] #F4& 7IAA At +
F45z9 ¥ Wall BC.& AAs4

7t 2do] thg ARFE Table 139 A2l FAct Fig. 60 ~Fig. 629 Zo| &
7Y AARE PAANA F= FU9F FHAA ZAFHE A dF2 A& A
LF7 2AHA FEF FaAch

Fig 60. Computational domain and grid for slot hood

_75_



Table 13. Number of grid points

F/AC ke offC )| AT HE@ys)| X | Y | z |TOTAL
(W/L) T

2.5 31 17 32 16,864

30 75 31 17 30 15,810

125 31 17 28 14,756

2.5 31 17 18 0,486

0.05 45 75 31 17 16 8,432

12.5 31 17 16 8432

25 31 17 12 6,324

60 15 3 17 10 5,270

125 31 17 10 5,270

2.5 31 21 32 20,832

30 75 31 21 28 18228

1256 31 21 25 16,27

25 31 21 18 11,718

0.1 45 75 31 21 16 10,416

125 31 21 15 9,756

2.5 31 21 10 6,510

60 75 31 21 10 6,510

125 31 21 10 6,510

25 31 23 30 21,390

30 75 31 23 25 17.825

125 31 23 23 16,399

25 31 23 17 12,121

0.15 45 75 31 23 15 10,695

125 31 23 13 9,269

25 31 23 10 7,130

60 7.5 31 23 10 7,130

125 31 23 10 7,130

25 31 25 29 22,475

30 75 31 25 23 17,825

125 31 25 20 15500

2.5 31 25 17 13,175

0.2 45 75 31 25 14 10,850

125 31 25 12 9,300

2.5 31 25 10 7,750

60 7.5 31 25 10 7,750

125 31 25 10 7,750
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Fig 61. Computational domain and grid for slot hood(Y-Z}
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Fig 62. Computational domain and grid for slot hood(X~-Z)
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3 FA Y At

FAA¥Y FARAL

200~5003] &AL

RAM 384mbyte)

Table. 1494 R dpsh o] 4
Byt 2 WES AY £FF =9
e} WNEE9 Zol7p Bl

o

7

Table. 14 Predicted C.V. for slot hood

29 wWstzgo] 10 "ol wE s &
A 2elgel waldo] 10 Motz Wizt AL ¥ ¢

PR 208 ~40R 0.5 WAHJF.(NEWTEC P- il 266,

x84 29 wrgt AFECVIZE dgstA o
Z /o] H|BtlE Take off 24} S-S0l
& ¢ 5 Utk

Take off o7 Take off L
W/L Z}(e‘; WahE(CV.00) WL | AERE CV.06)
(m/s) (m/s)
2.5 10.47 2.5 6.14
30 75 6.85 30 15 2.57
125 422 12.5 2.97
2.h 19.87 2.5 22.44
0.05 45 75 12.37 0.15 45 75 16.24
125 858 125 1059
25 33.80 25 33.17
60 75 22.90 60 7.5 22.26
125 13.71 125 18.09
25 7.84 25 7.31
30 7h 3.99 30 7.5 2.05
125 3.40 12.5 1.70
25 20.23 25 2253
0.1 45 75 13.07 02 45 75 1555
125 954 125 11775
25 35.14 2.5 34.63
60 75 22.93 60 7.5 23.61
125 16.77 125 27.06
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Table 134 A|A1E o] e Rhd s £AMNE AN &5 x, vy, z A HF
o) £ & Wy gabsle] A AHE ug oz MEFEE Tk Fig 640 e
Wk

I B 2k

0.00 5.00 10,00 1600 2.00 2800 20.00 300
CV.{%)

AT W/L =006 I @ Take off 30° A" . Face velocity 2.5 m/s

B: WL =01 2 i Take off 45° B’ : Face velocity 7.5 m/s

C:W/WL =015 3 . Take off 60° C’ : Face velocity 12.5m/s

D:W/WL =02

Fig. 63 Predicted C.V. for slot hood

HFE(CV.%)0] 20%c1UY o #LF7F DDz 714389 Fig. 63914 2 ®
AE Hejls FELS F & Take off 257 60 ° o] Aol A AFH50] 25 m/sol
e A9¢-9-% 9% 5 rh wky /o] vl MEgol & A4S AR £
ATt o]e] Aoja AHBWH Take off 57t F42 wd 7 HHEFF50]
SE #dF AHA ge 1S ¢ F Uk

O

IV S
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Fig. 64 Take off Zt%7} 60" d o 74 Z7o] wE HF&2 Ued Aot
Take off Z4%=7l 60 ° ¥ wol& YT 125 m/sE A oz e oA
t REF HE&o 20%0)4eRE #dRH Ao HA @i Urh oA ACGIHY
AANEQ €8 d7FF%0] 10 m/s AEE FASIY d27E A8 HalA=
Take off Zt%7} 60 ° ©13l7F Sojof grt= AE & + qUth

A-A AR AL B-A B-B' B-C' C-A' c-B cC D-A' DB
A |
FAHAM=A

A W/L = 005 A’ : Face velocity 25 m/s
B:W/L =0l B’ : Face velocity 7.5 m/s
C:W/WL =015 C’  Face velocity 12.5m/s
D: WL =02

Fig. 64 C.V. for the various configuration with take off angle(60 ° )
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Fig. 65& Y47#40] 25 m/s ¥ o Take off zt=e WZ WiE&e W
Ebdl Aot} Aty o £2F= MAldl A E= Take off 2h57} 45° o] 3ol A]
HEgo] 20%e 2HE & vYehle A& ¢ F v

2000 |

35.00F |

30.00

2500/ .

C.V.(%) z000F"
15.00
16.00

5.00F :

0.00

PWA = 005 1 : Take off 30"
WAL = 0l 2 ! Take off 45°
! W/L = 015 3 : Take off 60°
CW/L = 02

oCOoOw P

Fig. 65 C.V, for the various configuration with face velocity(2.5 m/s)

o] FAa4e] ARE nRoE F= QY FUF PAo oW AR} o=AE
S PIAA H=A ot B A FAFA EAUIRE ol &t

/20| B(W/L), Take off 2%, $7F&] sl 3717 8.4 disfiA HFL

(CVIE F% WFE T $AEMS AASAY 4 2944 Pad Anas
FEWEA y2 FUL, /0] Wi X, take off FEE X, ATHEE X2 T

b 9ol sl 39 B4 £4L SPSSY FARA W F Q4w
89 B4 BHT 24RAT BV 39 BAEA Py 29 AE%

sk
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Table. 15 3-way ANOVA

i AE=EAH
Y &% - N
AFE (AR HoAF F |#98s

(2% 3187.558 7 455365 | 129983 | 0.000

Xy (£/4o] H)) 14.931 3 4977 1.421 0.285
X, (take off ZtX) 2481.713 2 1240.856 | 354.200 | 0.000
Xs (47 73 690.914 92 345457 | 98610 | 0.000

B4 A X, & Fo85e] 028652 FEHF AE A EE Aew U

Bl X, 9 X, o BAZAFAE 0000252 TS v XE AeZ Uehdth oA
02 Hol Take off ZtE, YT F&o] MES e J&E vjx= Aoz a3z
v} WA, Take off 459 /4 & o= 3o e &o] ¢ B2 FFE vz

A 29 BAHEA S AAEe] ol Table 163 #E AAE LU
Table. 16 For X, .vs. X3 2Zway ANOVA
HEe] 29l ASFYE (A= (AF HF| F H P-# | F 714H
X2(take off Z}=) | 620.4614 | 2 | 310.2307 | 41.95108 | 0.002071 | 17.99981
X3 47 %) | 1727232 | 2 | 86.36161 | 11.67829 | 0021379 | 17.99981
k2t 2058023 | 4 | 7.395058
A 8227649 | 8
Table. 169 #4432 BY X, 9 X; BF WE&o ¢S v Aoz
bt A, Xy 9 Take off ZHe7t Xy o Y7 SR ¢ 48L vlae Aoz
velwtth wabAl Take off ZE7F €23 = A9F Ao /4 AgS Wo| =

A4de I+ ALk

ol’de} ditE wlE 2R Take off 7k=d wel F= Si7oA FLFE A2

Qe H8 YT F52 FANNLE o 2s nirh Fig 659 Fig. 66914 7
AFE 9 & QY= FIP 2AL Take off 4% 60° 0|5, YFHE 25 m/so]
4 olebe AL % & Ao

94 Take off & #UF/F FA4HE 60" Lok 4L 24 55° 9} 50° 9 2ol

m/sel A 6 m/s7tA BEAIA F 127bA Fge] Bl tiE]

w

A AT
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As e AASAY. FAAY Az 2 FAZAL Qo) A7 FAHA A
ASRT 1 A= Fig 6634 2.

C.V.(%)

2rs 50 2mis 55 2.5ms 2.5mvs 3mvs 50 3nvs 55 4mvs 50 4rys 55 Sms 50 5mis 55 6mis 50 6mis 55
50 55

% %8 4] =2

Fig. 66 C.V. for the various configuration

Fig. 669 12X & Byl & YTFFEUHE Take off o] wel HE&9
2A7F ol el RS 2 4 3lth Take off ZH=7 55° & 475459 5 m/s
o] o] Hojolgt F=gl oA FAF/ HAEYE AE & F I E, 4FAE
°] 3 m/s ¥ = Take off ZEE HA3Z 50° ooz FA&oF o= RS &
7 doh

ole] Az B uf, £2F = MAA Take off ZtEF Hul 55° o|3}= sldol

o, Y FE2 35 m/s ooz FAFHM X F= YA TERE A
AN Qe Aoz &=
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i

=
[<)

FANNe FE AT F5% A4 5L W - G A9 A8Y ¥, A
3 =% mgz Ygsge 49E%, A6, 28w o

WY F= afm FH-F F

e FA94 A3 olgsted AN Adet uw - Brstch

E, EUEY SRFSY RUL Agstel 4¥H £ANN A G wwy,
A5 ot gt

9 Fme 7% LDAZA Avhel: Aol7t 16% Awol
Hg b Aoz uedvh E s Asishe] uaelMx

2) A%3 $= (Square opening)
@ FAA7 gl ANE Foo AS Ad4Ang vuids o F= 97 g9
A ARG R EA GFEJAN, AL BojEAFE v A g B
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3) Push-Pull Hood

0[[‘

FHGet)d dig & 8L Hr87] A8 2349 F4-F F=o o sA
g AN dF A3 F -] /FF L fd9 ¥ F4-F 37) FA 9
Ao Be dE32 nx= Ao2 velyts, Heinsohnd £ I A= of &
v AFAE =3 Wl

O FANY A7 22 {25 & W7 AFdEE F7109) F&50 Wy Zat
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@ F4 =&9 A St 2oy, *:::1'“71 frFel UF H +
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A Z 7t AstAd. (Case 2, Case 39 B]a)

4) 294938 £FF=(Plenum type slot hood)
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2 2499t (17 48]
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Fig. 1 Velocity field for unflanged circular opening
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Fig. 2 Velocity field for unflanged circular opening
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Fig. 3 Velocity contour for unflanged circular opening
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Fig. 4 Velocity contour for unflanged circular opening
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Fig. 8 Velocity contour combined with streamline
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Fig. 9 Axial(X) velocity contour for unflanged circular opening
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2) Flanged Circular Opening
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Fig. 10 Velocity field for flanged circular opening
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Fig. 11 Velocity field for flanged circular opening
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Fig. 12 Velocity contour for flanged circular opening

Fig. 13 Velocity contour for flanged circular opening
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Fig. 14 Velocity field combined with velocity contour

for flanged circular opening
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Fig. 17 Axial(X) velocity contour for unflanged circular opening
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Fig. 22 Streamline combined with velocity field

for unflanged square opening
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Fig. 23 Velocity field at y-z plane for unflanged square opening
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Fig. 24 Velocity field combined with streamline at y-z plane
for unflanged square opening
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Fig. 25 Velocity contour at y-z plane
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2) flanged square opening
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Fig. 28 Velocity contour for flanged square opening
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Fig. 32 Velocity field combined with velocity contour
at y-z plain for flanged square opening

- 108 -



30

a0

60

R FEEVE NN FANEE FNEY

\

|

+ 50 >
i

i

“a,.
i

30

20

[AEs AN s FEuve INEEN NN

PO N R T S W N T T S B N |

5 _LL”’
|
£

Fig. 33 Velocity contour at y-z plain for flanged square opening

ki q oo
4 30
7 ]
q 80
‘velo b
7 -
5 17
5 E
4 -1 80
3 .
f ] 50 >
0.75 ]
.5 3 40
0.25 ]
0.1 4 10
4 20
] 10
40
L 1 L A L L 1 1 1 L L L 1 & il L L L | I -
100 80 60 40 20 0
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3. Push—pull hood
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Fig. 3b~Fig. 37 Velocity contour in Case 1, Case 2 and Case 3,
respectively
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4. Slot hood

1) Plenum type slot hood

Fig. 41 Velocity field for plenum type slot hood
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plenum type slot hood

Fig. 42 Velocity contour for
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Fig. 43 Velocity contour for plenum type slot hood
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Fig. 44 Velocity contour combined with velocity field for plenum type slot

hood
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Fig. 45 Velocity contour combined at x-z plane with velocity field for
plenum type slot hood
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Fig. 46 Velocity contour combined with streamline at x-z plane for
plenum type slot hood
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Fig. 47 Velocity contour at z—y plane for plenum slot hood
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Fig. 48 Velocity contour combined with velocity field at z-y plane for
plenum slot hood
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Fig. 49 Velocity field and contour combined with streamline at z-y plane
for plenum type slot hood
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2) General type slot hood

Fig. 50 Velocity field for slot hood
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Fig. 51 Velocity contour combined with velocity field for slot hood

- 122 -



Fig. 52 Velocity contour for slot hood
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Fig. 53 Velocity contour combined with velocity field at z-v plane for slot
hood
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Fig. 54 Velocity contour and field combined with streamline at z-y plane
for slot hood
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Fig. 55 Velocity contour and field combined with streamline at z-x plane
for slot hood



Fig. 56 Velocity contour z-x plane for slot hood
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Fig. 57 Velocity contour at z—y plane for slot hood
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Fig, 58 Prediction of face velocity with W/L( = 0.05)

_129_



=545

~+—-013025BIA -=-013075BI1B 0130125BIC « 014525824 -%-01457588
-+-0145125BC +— 0160258 — 01607583 - 016012583C

Fig. 59 Prediction of face velocity with W/L ( = 0.1 )
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Fig. 60 Prediction of face velocity with W/L ( = 0.15 )

=131 -



1800 -

=X4K

—ofn

--~(023025D1A =-0230750DB 0230125DIC ~- 024525MPK —=- 02457508
—--0245125[PC +—026025[BA —- 028075088 - 026012508C

Fig. 61 Prediction of face velocity with W/L ( = 0.2 )
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Fig. 62 Prediction of C.V. with face velocity ( = 25 m/s)
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Fig. 63 Prediction of C.V. with face velocity
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Fig. 66 Prediction of C.V.
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Table. 1 Comparison of the predicted and the measured velocities with plenum (depth= 7.5 cm)

2= 4] 0]
{0 H) ! 25 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 | 71b
cm
Z=H4d3| 47 4.6 4.7 46 | 45 4.4 44 4.3 4.2 4.3 43 4.4 4.4 46 46 47 4.6
&2 o]
Sem
x| 38 | 68 | 93 (111|123 | 132 (137|140 140 | 140 1 137 | 132 [ 123 | 11.1 | 93 6.8 37
AT H5
5m/s .
=Jd7] 50 {50 | 55 56|56 | 54|54 53 54|53 5.4 5.3 56 | 0578 55 5.1 49
= F ol
10cm
Fx|8)d) 26 | 44 15 h | 58 | 61 | 63 | 64 | 64 | 64 6.3 6.1 5.8 55 5 4.4 26
="A49| 92 | 94 | 92 | 92 | 90 | B9 | 87 | 85 | 83 | 86 87 89 9.0 9.1 9.2 9.3 9.4
& & %0
5cm
#=x3A | 56 | 95 | 10 10 10 10 | 98 | 98 | 98 | 98 9.8 10 10 10 10 95 56
SEXE
10m/s
=H47% 92 1 96 {106 108107105103 | 1021102 | 102 { 102 | 103 | 106 | 108 | 10.7 | 98 9.4
B2
10cm
FH|A| 51 | 88 [ 10 [1001 {116 |122 125|128 | 128 | 128 | 125 {122 | 116 } 109 10 | 878 | 5.1
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Table. 2 Comparison of the predicted and the measured velocities with plenum (depth=10 cm)

2R
A 2.5 5 10 15 20 25 30 35 40 45 50 55 60 65 70 7 775
{cm}
=343 51 1 53| 57|57 |57 | 5455 53|53 54 54 56 56 hA 56 53 5.1
& F¥0)
bem
22| 26 | 45 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 43 4.8 48 48 4.8 45 26
YT 2
5m/s
=xA1| 30| 47 | 52 | 55 | b8 6 62 | 83 | 63 | 6.3 6.2 6 58 55 52 47 3
&£ F¥9
10cm
FxlFM| 26 | 46 | 51 | 55 | b8 6 62 | 63 | 63 | 63 6 6 ha8 55 5 46 26
ZAA7| 90 | 95 | 94 | 96 | 94 | 92 | 91 | 90 | 8H | 90 9.0 9.1 94 94 94 93 94
S 2 Zo]
5cm
28| 53 90| 96| 96| 961 96 | 95| 95 | 95 | 95 95 96 96 9.6 9.6 90 5.3
SRR
10m/s
279 59 | 95 | 103 | 11 | 115 12 [123 | 125|126 | 125 | 123 12 115 11 1031 94 59
&5l
10cm
A 52 | 91 | 102109 (115 | 12 | 123 | 1251126 | 125 | 123 | 120 | 115 | 109 102 | 9.1 52
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