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-Abstract-

Characteristics of Rainfall Protection for Stacks

Jong-Chul Kim"'" -

Tae-Hyeung Kim"

Department of Environmental Engineering, Changwon National University”

A stack must be designed to 1) reduce or eliminate
rainfall or snowfall into a industrial exhaust system,
2) minimize a resistance to flow, 3) maximize the
vertical dispersion of the contaminated air and 4)
minimize maintenance. The weather cone stacks and
the elbow-type stacks are very popular in Korea.
But they add some resistance to the exhaust system
resulting in reduction of air flow rate, but also
deflect the noxious contaminants downward in
undiluted form. To solve these problems, ACGIH
{American Conference of Governmental Industrial
Hygienists) suggested the vertical discharge stack
with concentric space between the upper stack with
larger diameter and the lower stack with smaller
diameter. The preliminary test showed that the
vertical discharge stacks did not have the good

rainfall protection. The reversed cone were newly

A4 0199941 79 89, A Eel 1999k 1094 19

devised to satisfy the requirements for the good
stack. Subsequently, the amount of rain being
penetrated through the stacks was measured while
the stacks were simultaneously and naturally
exposed to rain in the same area outside. Test
results indicate that none of the stacks tested
completely exclude rain. The efficiency of rainfall
protection and the pressure loss C(kfficient were
compared. The temporary conclusion was reached to
the point that the reversed cone stack is the best

one. Further research is underway.

Key Words : Weather cone stack, Elbow stack,
Vertical
stack, Rainfall

coefficient, Dispersion of the contaminated air
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Down-wash &40 @alelx YL 2453 % (Clarke, 1965 ; Hama, 1963). Siukat® ul YHHA
WA S glofok sel, FA7} grsel Age]  OF PR Mol AR ol 223l
golatal AZH|7F Adsfor & Aolr} 7)¢) Fo] ole) w253 WolA| 7] Ytolrh EF
oq L]»E]-,,] 2o A Wae A @ g 2 AOlY VAR 2R $TVIRYE MwEHs
o EE ALS A9 SOl Uz FEY 3758 W s doA wWEATS F/HAA VI
w0t} ol@A oM WEE SHEI|I} o) B T 8o P& ATk £571 FHHE A
W94 Ron 39059 A AFReenry) 71T ASle] AT
AU Fwe Ao FAX G Fale A £ 18 e 2, A8 dolA 4F 54 =
A= Aoe 22w 4 Qo 19 12 A 52 Rel 4XeE $3Y L AUTIE v
M Eo] 9le A8 (Weather cone) 2 172 8 Roke] W2 M| &S FARS AFolth F 1
(Elbow) 20|t S Fzepd AsE ) Ay F59 AA] gl
MO A BES AMLEE of mm Ad o]k AXEE Q5E & 7 At
o Eale 957} st AbzbRokol} “7al B 50 dEE B
l

fFolse 714 &7 "*3‘1}71"*]

A2 o7 S5 ke ¥ MPold squ WL sk
ojflah FES MAsHAE 947 folE psa € AHEF FH(Vertical Discharge Stack)(©]3} ]
o wrha Axe 2o Avd wod o oy F FHOE @wo] Ad wh grkClarke, 1965 ;
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Table 1. Ratio of stacks installed in industry

Company Nusr;bcirs of Weather cone stack Elhow stack Otfset stack
Number % Number % Number %
A 70 25 36 10 14 35 20
B 57 40 70 7 12 10 18
C 77 24 31 21 27 32 42
Hama, 1963 ; ACGIH, 1998 ; ASHRAE, 1993). °]¥] Boky A B 25 B S AHE Wl
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Fig. 2 Vertical discharge stack.
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Fig. 3 Design criteria of weather cone stack.
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Fig. 4 Design criteria of elbow stack.
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Fig. 5 Vertical discharge stack.
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Fig. 6 Schematic diagram of reversed cone stack. o] 9l FE Bfot)
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Fig. 8 View of experimental stacks.
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Fig. 9 Schematic diagram of the experimental facility for the estimation of K-factor.
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Fig. 10 Computational domain and boundary conditions.

£33 (CFD-ACE1998 ; B&=, 1997), 438 & &7 oIMe 1974 Launder?t Spaldingel 9 Ajte
938 Patankard] 9] Aoty SIMPLE-C €18Z  k ¢ Bdg AH&stath 29 102 74 f58 A3
& o]238}99 ch(Patankar, 1980 ; °]A&, 1997). A #A e s AARAIG ARAAE el
FE F7Y 3 459 AME) e a7 2 sl

Table 2. Rainfall penetration for experimental stacks

\\\ Elbow Vertical discharge Weather cone Reversed cone
T 2D %w
; 1H $
, H -
Stack type | T‘% Tu
D D
o~ >
Exit direction H H W=1.3D W=2D
Design factor ’ o | 6p 0510751 1 0 H 0 H
S D 3D D -
EJW SN DL D| D D 0.23D 0.25D
D D
Rain
penetration 411131 2150(139132122119: 1 2 6 4 8 3 6
(%) |
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Fig. 11 Effect of wind velocity and upper stack height on rainfall penetration for vertical discharge stacks.
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Fig. 12 Effect of wind velocity and weather cone distance on rainfall penetration for weather cone stacks.
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Table 3. Two-way analysis of variance for factors affecting the rainfall penetration of vertical discharge stacks

By Sum-of-  Degrees of Mean Forat p F-critical
actor Squares Freedom Stjuare ratio value”
Wind velocity 18319.68 30 610.66 169 1.57E-30 1.5
USH" 19450.84 4 4862.71 135.33 1.68E-43 245
Error 431192 120 3593
Total 42082.45 154

1) USH : Upper stack height
2) Significance level a=0.b

Table 4. Two-way analysis of variance for factors affecting the rainfall penetration of weather cone stack

Factor Sum-of- Degrees of Mean F-ratio p F-critical
0 Squares Freedom Square value”

Wind velocity 111657 30 31.22 233 2.72E-03 165
DIST" 457 47 2 228.73 14.29 8.38E-06 315
Error 960.14 60 16.00
Total 2534.18 92
1) DIST : Distance between weather cone and exhaust opening
2) Significance level @ =006
o F%3 FHY PAEHE BT S I

WAy 2%
A

L
Exceld ©] &3} BAHEM ¥ (Analysis of variance:

ol o)F EFo|] +5H4 H&xl:qﬂrﬂ Hojd Aoz
ANOVA)®] o] X ¥ (Two-way ANOVA).Z 2 HuHAW wZeMe AFE 1060dY ALE S
F8 Btk ¥ 32 oF FHY 4 H5lel ol A 3UHE 109 Aol chlgd * Detroit # %
A oolF#e] oot F&o gt HFE F 3139 oA FYHUEH, E 55 o] 7HEdY FAFE
A5E o) g3t BA Aijo|al, F 4% AE & o did WIE(%)E RAE Aot
5o glojA] Abzbe] AR Eolo} 44 dig 4FE £ 5% Faskd FEeE A 2% 23l
A3 daolt}, 1 A3} FHol o]F FEI AZE 3, 8% o)4o] 18 ~ 85mvs o EE5S Hgon
3 259 95 fY@ AA FFE AL YLE HER Hol HAFEHEL 4 ~ 45m/s Y& L F 9l

Table 5. Percent frequency of wind velocity in Detroit, Michigan

Wind velocity

Percent frequency of wind velocity

(m/s) Mar. Apr. May June July Aug. Sept. Oct.
Calm 0 - 1 1 2 2 2 1 1
0-18 4 5 9 7 13 13 10 10
18 - 36 24 22 32 31 37 40 33 33
36 - 58 33 3H 36 40 35 36 36 34
58 ~ 85 27 31 18 19 14 10 17 20

85 - 112 8 6 2 1 1 2
112 ~ 138 3 1 1 - - ~ 1 -
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Table 6. Percent frequency of wind velocity for 10 minutes

Wind velocity

Percent frequency of wind velocity

(m/s)

July  Aug.  Sept.  Oct.  Nov. Dec. Jan Feb. Mar. Apr.
Calm ( 7 10 43 15 15 10 9 6 8 10
0-18 68 76 52 ) 6% 16) 8 &0 72 72
18 - 36 23 13 4 8 14 13 11 13 26 15
36 - b3 1 1 1 1 3 1 1 l 3 1
58 - 85 1 - - 1 - 1 1 1 1
85 - 112 ' - - - - - - - -
112 - 138 - - - - - - - - -
t}oold ds] & 6& B A9 ZAv|7kel 1998L4 Al F49 ato] ol FAE 4 YU
74 19999 4971 9] FEFEe thsk NE(%
S A Adjolty, olE sl £ - F‘/]ﬁ%?}
of F&o] nl=re] H{-ol vlg) ofF vrow 1 Hyt 2. Hi7INE &3
50| Ldm/sol E78S & 4 ok wehs] 2 A+
Azpe} vgo A YA AL AT zfol= A I 7 =259 wr|AEE S48 Aot
Table 7. Pressure loss coefficients for the experimental stacks
‘\\ Elbow Weather cone Reversed cone
2 %l
Stack type | \H 1 H [‘%@—H
D D
N Ko
Exit direction H W=15D | W=D
Design factor 05 | 075 ‘ 1 i i
EIWISI NS D D b | O Jomp O |o2p
D D
Pressure
loss coefficient 0.54 063 014 | 003 | 053 | 013 | 197 | 019
(K-factor)
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Fig. 13 Pressure loss for elbow stack.

70

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0.0

0.4 0.6 0.8 1.0
Gap between cone and exhaust opening (H)

Fig. 14 K-factor for weather cone stacks.
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Fig. 15 K-factors for the various gaps between reversed cone (width @ 2D) and exhaust opening.
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Fig. 16 K-factors for the various gaps between reversed cone (width @ 1.5D) and exhaust opening.
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Fig. 17 Simulated air flow from weather

cone stack.
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cone stack.
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