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A Study on Improvement of Ventilation Efficiency of
Multi—Stage Slot Hood

Hyun Seok Kim and Nam Won Paik

School of Public Health, Seoul National University, Seoul, Korea

This study was conducted to evaluate ventilation efficiency of 4-stage slot hood by
variation of slot width, flow rate, hood size and balfle size. The slot velocity, control
velocity and plenum velocity were related to slot width and the distance between source
of contamination and hood. The results obtained from laboratory experiment for local
exhaust ventilation systems were as follows :

1. When slot widths were constant(equally changed) and the velocity was 6-10 m/s, the
slot velocity from Ist slot to 4th slot gradually decreased. As the slot width-to-slot
length ratio(WLR) decreased, the slot velocity of each stage increased. But if WLR
value was less than 0.04, the slot velocity decreased.

2. When slot velocity exceeded 10m/s with constant slot widths, the slot velocity of
each stage was uniform.

3. When the slot velocity was uniform within 10 m/s and the first slot width was 14-20
mm, the slot width ratio between Ist slot and each of three other slots were 1. 1.25,
1.5 and 3.0, respectively.

4. The slot and plenum velocity were uniform when exhaust flow rate changed from 14
to 19 m*/min and there were no hood splitter vanes.

5. When the slot velocity at each stage was uniform, the control velocity at site 30 cm
away from hood No.2 increased from 0.150.30 to 0.25-0.45m/s and the control
distance from 20 to 30 cm(about 1.5 times).

Key Words : Slot width ratio, Slot velocity, Plenum velocity, Control velocity, Baffle,
W LR
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ol Bds 1 ggsiEd et =F5Ae o
H7AA Falidzle] FzH3 ok, diFow
EFEAE FAdAzRH BIde WHoRE
AR g dA, FAH HA, 2, U g A&
715 7123 o] 3lev(Allen F 1976
vhES 5, 1993) ol F A EEAE HA YA A
H AAse F49 7138 X (local exhaust ventilati-
on systems) F&H AU H dgog A
de] AlEErH(Aldem® Kane, 1982 8= 4gi¢t
A3, 1992). A fjvetl e 2HFEA
F9 =85 AETAE, HAAFY - /7
SAAHFTH, ZIAZT AFY =FFE 4 %
Hol 7|78 WgFHFoA 272 F=(exterio-
r hood) & BHAEA AM&sn Jov (&Y=
5, 199D F A7 A] AAIA] e ojolgt @
o AU design factors)?t HFHT oo
dE A= A9 fle dAFold
ACGIHA M= M3y 9 =g%3 #& #Halo
pen surface tank)ol FAWl7|ZXE HAY F$
FERY TR WE dAIRES AAEHD
om, olF MAAEgHIAd AYEL IHFE
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—92cm)Yd £€EE FTE HXA &2
% (slot velocity )& 10m/s(2000 fpm)7} %]
g Pxs3tn A ACGIH, 1988).

Hugh%& ¥=9 fd&4Hlentry loss)ol &3l
A Fzo QEC] HAH](area ratio), FEZ 0]
& Zd](aspect ratio) ¥ & (ar velocity) &
A 2 A (design factor) 2 s FAEHA
99 BAE 1EFH2(McLoone ¥, 1993),
Michael & ¥ = #%U% % (hood face velocity)
o} e oA F= AFHEAA Ae)(capture
efficiency) & W2 4wl 7133] AoJE g TA
& A A3 HEllenbecker &, 1983). L& Iwa-
sakit $2E FE /7oA SRR T £
TYEE 45 5 Ue $Yoz oo)H P taper
hood), ¥= 2=EZ2/E W 2 (hood splitter vanes),
E2E |7 E(slot width}e] H3tFa ] 95 &
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iy AT (EE, 1992)F FAu7]gA e Feo
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T o] I - A v EE Aeoln, oy
TR FEu Rl Al A ¢RE F=
AN €ZE 4o AAL: 9 L 183
I E2E £& F9% 2712 UR A e 2
A Ao zd Fe 3dRe 2 ESE(slot
velocity) @ Ao1& %7 A3tE & d4gdo] w3}
® Zd\d(plenum) WA F&o] o} =|A)¢d
ol Fr iz FYE LI EHo] Eag s
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EE 7/ 4mm o128 WG ARE A Fhu 7 F
2 28 AFsAct. a7 3¢ @ A}
Fe X 17 23 F=E 278 9Edo 53R
& AFson 71z d¥Los LT F=
No. 2¥& 19 13 21 7|e} 3= HAFE0=
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&2 4244 (1 DENSHI CO. LTD,,
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Table 1. Dimension of Pilot Hoods

Design Dimension by Hood Type
Factors Hood No. 1 Hood No. 2 Hood No. 3 Hood No. 4 Hood No. 5
@ Hood height {mm) 970 800 695 640 490
@ Hood length (mm) 720 600 520 480 370
@ Plenum width {mm) 200 200 200 200 200
@ Hood volume (2) 161 110 78 69 48
® Taper slope (") 45 45 45 45 45
® Distance between {mm) 114 100 87 80 58
slots
@ Slot width (mm) 98 75 65 60 50
® Slot length (mm) 520 400 320 280 210
*:Basic Slot Hood
the slot) & A WA z} HFvjc} 238 £ 8
150mm Histed A8 T (Sheedy, 1984952 £,
® 1993), HE WH9] &5 = £3 o Faiubao] A
45 1278 A4 € & (pitot traverse method) ¥ F
T e 4ELEZ 3o HE dH Y o8 &
® FL Ay
100mm
o | 0. 2% % D&
75mm
| o R o
I 110¢ 1. S8E %O" [LI"E' EEE"‘EQJ H‘_1§}
(1) S2& £0| S8 &%
{_ $2E FE 444 S2E Zud E& 5
BT AANY HS S2E AU 4% $EE @
(Front View) (Side View) olR 7| & HYE 220VE AAEA fAFn

Fig. 1. Design Factors in Basic Slot Hood.

SHT-2000A)& AHg3t HAERAE A zsq
=2

3. B3y

F&EEHL AAB7] A2 ZH (testing of
ventilation systems) W¥-E& ¥}Zsd(ACGIH,
1988 ; Burton, 1989) Aoj&x+ vlgogm RE
20cm FollA F= 7P (hood face) 2.2 E
10cm 422 A& ol F3iuM 2 A=z 9
A AN ZAH F HFE AEe Hojs
=2 39en, €RELEE FddA £2E
Zolg Ao 95R3Y &£2E 2949 9
(top half of the slot)$} ot# 2] ¢l (bottom half of

FHFE F 0m/ming LA AejoAa &=
E £& 10-30mm 7}A $Y3A 2A3A &2
ERES # 29 I 24 £2E 194 qut
o2 WZSTE SRESLLT} AAste 240
o E€RE ZddX S4£§FU0] oHAA gkgar
HAEZAYL 4ANE = No 10ME g A
E F Utk ole $REST7) 6.10—7.62
m/s(1,200—1,500 fpm) FE FAHZE 2
7142& 4AE 73$(Aldem, 1982) $Z7jg &
H 7hE £2E 199 $5E ARY £E7)e
FH 31 98 w4 94 £2E 4
9 &x & Hduixog ol

a8y = No. 59 ¢ €82E 7 ¢ &%
E 43R H3o Jehd AAY W7 ¢2ES
EE 10m/s ol3o 2 £RE 7} oA S4£F9

=3
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Slot Velocity(m/s)
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[¢28

Slot 2 Slot 3 Slot 4

Position of Slot

O O = LA <me fenm
= 20wun ~pde 28nury i~ J0men

Fig. 2. Slot Velocity Measured by Slot Width in Hood
No.2.

T4AZE FAEE B F o $RELE §
&F Aol "ul WHolA F(coefficient of variation,
CV.)E 2.89—4.172 NIOSHe X Bsle 247)
719 23 #HE&FA §%A CV.g 513K Taylor
%, 1977) & JEbgteh

‘to-length ratio, WLR)$} €2 E£%59 AAE »
B WLR ato] B3 zolA52(0.075914 0.045
MA) ERELEE Z7MY ol A HoAe
H ol F7HEA Ge A vedt ojd ¥
e F= A77h 48 F= No. 39 ¥E No. 4
AN E HlxsA)

Fletchere= WLR gto] 1.09 A2 E 0, 0637}
a8 (Y Az #L& €2 EZA W
2d) F=9 44 &% (centerline velocity) &
Z7HtH Gamrison, 1983)1 REd] o] x4
Foo dEQA 4¢ £2EZ ] HRAY AL
zZ} F=¥2 WLR gl 1.0s A 3E 0, 063717 =
Fletcher?] A7 &3 X3ttt 231} WLR
ftol F= No. 2, No. 3, No. 4914 z}z} 0. 045,
0.044, 0.064 w]wlo] =W WLR glo] ZFolAx
Y €2LE&E7 3784 ¢foug £2E %
= AAA WLRE] 0.040187F 5H RAAH3
Reg Jelwtd,

(2) S2E Z8 =8 A=

#H48 B F= No 29 A¥ €RE 70 7128 = No. 28 488t &£2E Ztde
TEEY £2E Zo U@ Zol9 Hl(the width- F& FY&A A dolz 23E A% &=2E
Table 2. Slot Velocity Measured by Slot Width and Hood Type

Slot Slot Velocity(m/s) by Hood and Slot
Width Hood No. 1 Hood No. 2
(mm) Slotl Slot2 Slot3 Slotd Mean Slotl Slot2 Slot3 Slotd Mean
10 - - - - 8.26 8.10 7.78 7.48 791
12 7.50 7.48 7.29 6.89 7.29 8.56 7.93 7.82 7.56 7.97
14 7.40 7.23 711 6.96 7.18 8.07 8.24 801 7.33 791
16 7.32 7.13 6.67 6.66 6.95 8.31 8.25 8.18 7.30 8.01
18 7.22 6.78 6.62 6.51 6.78 8.66 8.59 8.49 7.57 8.33
20 6.83 6.50 6.29 6.17 6.45 8.63 8.31 8.16 7.30 8.10
23 6.36 594 5.64 5.68 5491 8.06 7.63 7.58 7.14 7.60
25 5.96 554 5.33 4.58 5.35 7.61 7.40 7.22 6.78 7.25
30 - : 6.58 6.30 6.24 5.96 6.27
~No Measurment
Table 3. Slot Velocity Measured by Slot Width in Hood No.5
Slot Slot Velocity(m/s)
Width
(mm) Slot 1 Slot 2 Slot 3 Slot 4 Mean+SD C.V.(%)
14 10.23 10.27 10.58 10.39 10.37+041 4.00
20 11.69 11.62 11.29 1140 11.50+0.48 4.17
25 10.82 10.89 10.96 11.31 10.99+0.32 2.89
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Table 4. Slot Velocity and Slot Width-to-Length Ratio(WLR) by Hood Type and Slot Width

Slot Slot Velocity(m/s) and WLR’

Width Hood No.2 Hood No.3 Hood No.4

(mm) Slot Vel WLR Slot Vel WLR Slot Vel WLR
10 7.91 0.025 8.86 0.031 -

12 7.97 0.030 8.91 0.038 9.75 0.043
14 791 0.035 948 0.044 10.08 0.050
16 8.01 0.040 9.44 0.050 10.18 0.057
18 8.33 0.045 947 0.056 10.37 0.064
20 8.10 0.050 9.19 0.063 10.35 0.071
23 7.60 0.058 8.94 0.072 9.79 0.082
25 7.25 0.063 8.31 0.078 951 0.089
30 6.27 0.075 7.54 0.094 841 0.107

*No Dimension

~:No Measurement

Adeke) 5= % 5 1"- 2 E Zighol A & z}o]
(U mform Airflow)e] o] &
Rz ¢o}l HTE \.']_L 2 EHdoieE Bad

B 71F7 BAET ol dYe vEsA &
2E & 2% A3 # 5% 19 38y &2
E 199 #o] 14—18mm. 2% 17-23mm, 3T

20—28 mm, 4% 40—57 mme] LA Wl A
8 E% =7F A #YsHA £2E i
T&EAol olHAH, $F7) E‘-‘é‘"?‘ WA g o
£35lo] FFS 13.90—18.90 m/min7H2] B EA]
AL A3t 3ol Wt 54F0 fAES
o %l%tq

o i) % E 2Lu ZH(&2E 299 /%
Z2E 199 )& 1.25—1.279(1.254), &RE
3] Zu(ERE 3the] E/ERE 1d9 %)

© 1.50—1.5481(1.5080), &£ 2E 4o #u| (&
BEE 499 Z /4232 E 1the] Z)&= 3,0-3. 154
(3.080)7F fFA1E o 254 4k £RE FEdi
FEFS] o] AL olE d%‘ﬁl A e
ool oA HE AYL 3 A(E 68F)
2T No. 1, No. 3 ¥ No. 4% 7zt &2 X
rel HA v AA oHAH SrELLE F
EBAZE FAERH, 1w FRE 10 o
14—20mm °©]JW7}F 7}% ’“330}‘”‘%

7188 & No 28 AMg3le £8E %% 16

ko

=1

5.

o] =

v}

&

Slot Velocity(m/s)
>

Slot 1

Slot 2 Slot 3 Slot 4
Position of Slot

e MM =t MNEG e MN2-T I
= MNZH3 4= MN2-14 b MN2-18

x\"/“\“
) 7 —— —
E —\___‘
=
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(%
. '——-—__—_.____’/.\.
e
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—
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S MND- Y ~t- NS e NN3-S

Fig. 3. Slot Velocity When Slot Widths are
Proportionally Chagen in Hood No. 1, No.2
and No.3



mmZ YA AT 499 HAY v gA= =

AR W FSUY FAUSES EE(pleum - o & S0 o2t AOiSEof Y
velocity gradients) & 4 HE 2 448 Fad ERE £& 5YSAY A 99 22EES ¥
WRe £x7t A adde ¢ F ey HyF e v AN E 2 A9 Aol % wate

Y £5E 2.48—-2.68m/s AEE ¥ 54
QA HE ZAY9EE(2.18—2.50m/s)H
el

o =7

Table 5. Siot Velocity Measured by Slot Width and Hood Type

2 24 59

AE F= No. 20]A <] 4 A (separation dista-
nce from slot hood face)ol we} n¥s9w 7 7
EREX0 5Y¥ g ¢2E

Slot Width(mm)

Slot Velocity(m/s)

MN Slotl Slot2 Slot3 Slot4 Slotl Slot2 Slot3  Slot4 MeanxSD C.V.(%)
21 20 26 34 44 4.41 433 4.81 4.82 4.59+0.30 6.53
2-2 24 37 53 67 3.87 4.03 3.92 351 3.83+£0.22 5.64
I 2-3 50 40 30 20 5.39 4.80 4.33 3.92 4611057 12.25
2-4 60 30 25 20 5.1 418 3.89 364 4.18+0.54 13.01
25 75 30 25 20 468 3.74 3.72 3.54 3921047 11.90
26 14 17.5 21.0 42.0 6.61 6.89 7.07 6.84 6.85+£0.26 3.86
2-7 14 17.8 216 441 6.35 6.68 6.65 6.49 6.5410.28 4.26
2-8 15 18.8 225 45.0 6.5 6.47 6.55 6.24 6.4010.28 441
2-9" 15 18.8 225 450 4.80 4.72 476 4.53 4702013 227
2-10™ 15 18.8 225 45.0 4.37 442 4.53 4.36 44210.14 3.31
] 2-11 16 20.0 24.0 43.0 6.4 6.29 6.26 6.28 6.27+0.14 227
2-12 16 20.3 246 50.4 6.14 6.30 6.29 6.35 6.2710.20 3.31
2-13 17 213 255 51.0 6.33 6.31 6.29 6.21 6.28+0.17 271
2-14 18 225 27.0 54.0 6.06 6.01 6.00 5.77 5.9610.20 3.33
2-15 18 229 277 56.7 5.49 5.93 5.95 5.69 5.89310.20 3.59
2-16 19 238 28.5 37.0 6.00 5.74 872 5.47 5.73+0.25 4.37
Table 6. Slov Velocity Measured by Slot Width and Hood Type
Slot Width(mm) Slot Velocity(m/s)
MN Slotl1 Slot2 Slot3 Slot4 Slot 1 Slot2 Slot3 Slot4 Mean£SD CV.(%)
i 1-1 14 17.5 21.0 4040 548 561 5. 80 5.73 5.5610.19 342
12 15 18.8 225 45.0 470 4.77 4.78 4.58 471+£042 260
1-3 16 20.0 24.0 48.0 4.57 462 4.56 4.37 45310.15 3.40
31 16 20.0 240 47.0 7.49 7.41 7.61 747 7.5040.33 4.39
32 18 225 27.0 54.0 7.14 7.10 7.13 7.00 7.0940.33 4.63
I 33 20 225 300 60.0 6.861 6.69 6.60 6.56 6.6610.26 3.90
4-1v 15 18.8 225 45.0 8.67 8.67 9.06 8.84 881+0.25 2.87
4-2"v 15 18.8 225 450 7.14 7.08 7.39 7.26 7.224+0.20 272
4-3VWV 17 213 255 51.0 8.32 8.17 8.16 7.98 8.16+0.28 341
4-4VVVV 17 21.3 255 ’5 1.0 5.93 599 593 5.76 5.90+0.17 2.87

MN:Measurement No., Hood No- Measurpment No
*:.Cha nged Exhaust Flow Rate-18.90 m*/min
**:Changed Exhaust Flow Rate-15.03 m*/min
***:.Changed Exhaust Flow Rate-13.90 m"/min
I:When Slot Widths are Randomly Changed

;-("hanged Exhaust Flow Rate-17.87 m*/min

vv:Changed Exhaust Flow Rate-15.05 m*/min
vvv:Changed Exhaust Flow Rate-18.05 m*/min
vvvv:Changed Exhaust Flow Rate-13.10 m*/min
[I:'When Slot Widths are Proportionally Changed
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MFHANA 0cm HoijZ X9 AALEE 0.
15—0.30 m/solu, €2 E 199 £& JjFog
gle] €8E 2, 3, 499 ££1:1.25:1.5:3.0
o) v BAE 2HHYE e 0.25-0.45m/s &2
B2 JF AolAYde(HAEE 0.25m/s
4 7zez #v) 20cmAA 0emB E7HE
b weEtd F4ERle] oJHARE £2E Z&
28 A&7} 1,5—1. 674 FAES 4 5
Atk F= No. 39 HEHEAME 30cm Hof
A 91X e A& EE 0.1—0.15 m/sN A 0.5—0.
6m/s2 S7HEE B & ded ol F Aodgx
9 4L ¥ Nol, NoddMHE F7HERd &
i Ajols} glont e AFE B 5 ok

3. dfEAXiol e HolZzel ¥}

A, =859 8¢ Ad AdF A3
© T2 ZA e AdE o wet W Fo

Aaa ol g YoleaEs F - FE Ay, 7)
AZITS A, wE A Ay, ¥ - 248
71719 AM8-5E E & oy 7| Ht g A
§ EAX AFREe EFdEEe HF e
He] AR 2.06—2. 69802 A slAo} 3}
22 &R, 3Y¥H 2 AdSE AXEHA W)
Fo dge HAsg daiel AT(HE,
1992).

282z B AddMe Ay, gx8gay 3
ANE 4ol 0.6m, & 0.5m(W/L :0.83)5 71338
T oHze) Ey ge A7)z wjEL Az dAs)
o £2E ¥ No 29 MFHoegRy AHg
olF3HA EREEZ FTU L Wy &2
EZZ]:1.25:1.5:3.09 vz 238 F WS
€ AXEAE u Aojgre HEAAE AWK
tch.

o] A A elE X/ AlX:separation distance from

Mean Plenum

Measurement  Point
E. _‘. 2 ? 4 -3 e 7 8 0
1
R 232
Slot1- 8
8
a
2.18
2
Slot 2 - '31
¢ 2.50
a
a8
Slot 3 -*a
] 2.18
Slot4 -2
-

Plenum Velocity Gradients

(Non-uniform Airflow)

Plenum Velocity

01234567 /s

Section A-A

Velocity

Measurement  Point MP.V.

P 12 3 4 3 4 7 B 0

may

R 2.48
3
$

8 2.68
rg%
%'-'

g 3 2.67
'§ 2
= 2
Y

& 2.58
°
e
“A

Plenum Width:20cm
(Uniform Airflow)

Fig. 4. Profiles of Plenum Velocity in the Plenum.

— 210 —



Control Velocity (m/s)
2 £
Lo

0 lr I__i_ Hood No.2

e

(X} S Hood Xo.3
0.4{—-x 5 : ‘_J:. . :
ul

Control Velocity {m/s}

o2 ol 1|4
; L ‘L ) & (-3
» 10 20 30 "0 20 0
Separation Distance (cm) Separation Distance (cm)
Fig. 5. Comparison of Control Velocity by Slot Width Variation. [ 0remm 8 s X s —+ 200 |

* Arrow Start Points indicate the Control Velocity When Slot Widths are Equally Changed and End Points Prop-

ortionally Changed.

slot hood face, slot area)® E A8t AlojLHw W
SIAAE DEslH ZL AHANM s2E EH§
FU3A AL Wy P E 2HPE W
9] Aol&mrt EX FAEE & 5 o WE
R e £2E T AT 7phEE Sk
X/WE<LL2 4 W) Aloj&re FHEE WE
R Ao&r F7F dwgd viud o vgx
ot i BAEE 1968 F& 2 5 o
o] Fletcher7F A Al § &% (Flange) 7} 24X "
oA e FH FHhE fA A A2 F4l

M %% (centerline velocity)® Zd#7} §1&

po &

Table 7. Control Velocity Measured by Slot Width Variation

o SERt Fidte FFE Roled(Garison,
1983) W Eol HAE F= WEAHE A7}
AAE Fz9 go] 1 FFE Te Ao Yg
Wk

V. & =

P Ad3eE A¥AA 27| A4A 23 A
ZAala] £2E X2 JAHI vz 2 wE
& dXNgond i ool SrEe fo(d
RE 4¢b)e] A8 e AT <=2

Hood First Slot Control Velocity (m/s)
No. Width Separation Distance from slot Hood Face
(mm) 10cm 20cm 30cm
14 1.10 0.60 0.25
(0.67) (0.38) (0.15)
16 1.08 0.75 0.48
(0.07) (0.35) (0.15)
2 18 1.1¢ 0.75 0.35
(0.70) (0.35) (0.15)
20 1.10 0.75 0.45
(0.80) (0.58) (0.30)
14 1.20 0.80 0.50
(0.80) (0.45) (0.10)
16 1.20 0.85 0.55
(0.95) (0.60) (0.10)
3 18 1.25 6.80 0.50
(1.00) (0.60) (0.15)
20 1.27 0.90 0.60
(1.00) (0.60) (0.15)

*:Slot Velocity When Slot Widths are Propostionally Changed.

( ):Slot Velocity When Slot Widths are Equally Changed.
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Fig. 6. Control Velocity by Baffle When Slot Widths
are Equally and Proportionally Changed.
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