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TLV ( Threshold Limit Value ) : sesusanududuvesarsindniinansznusuau dsene

Tag ACGIH ( American Conference of Governmental Industrial Hygienists )

Blﬂaona o

TWA ( Time-Weighted Average exposure ): anuauduvesensmiinunidufinauags

g

18 uunazsevveam ity usnunlalas

. . . o a a 2] §
LEL ( Lower Explosive Limit ): snégavesms aalvl 3o n3 sziiia vosund n3o lo f

gamini Und Inine nosiduveauna wse lo lu orma Tasilsuas

oy . . 4 5] a A o ) 1
Ceiling exposure limit : a1a3311 ¥oIATUTY vound wio lo uSnanhu iWala

f1vua Tag OSHA ( Occupational Safety and Health Act)

. ' 1 { A A
Odor Detection Threshold : aanuduiv upa wie lo nisu 18 nau
o 0 ' o 4 a ° A
Odor Recognition Threshold : sanududu uia wie lo 1lanau auawnsn snauld
. . a 1 a s A a
Volatile Organic Compound ( VOC ) : asszme nannaiuilsznoy 103a150un3o(daldia)

Part Per Million( PPM ) : @ lududiu vivhieda anududy vesuaiy

!ﬁﬂ?ﬁﬂ ITUUITUIEINA
Dilution Ventilation Systems : 5UU32U180108 fithemanieuen $es
Local Exhaust Ventilation ( LEV ): szuusz11g pImARaIMmdsmIzi

. o o a 9 A a o a & o
Air Change S UIUNMTUT INIAUITEND MUV UNUNDINIANIENINTISUIYDDN Aty $1uu

' a Y Ao
INIUBD 1]53“(5151’?@\1 NNINIIISUIY

. { ¥ 9 { { ¥
Make-up air : oymandosmsdn 1 unui ermends Ndessziieosn
sd o & A g9g v 4
Hood : ginsainsau meldidumadhiveseimends Tuszuuszins o1mea iveaduguoimeide
Y o @ o a A
Damper : 1¥dmsuilsy Usmnaay TumsnszaelSinaay voeszuuszingeinia

1 o 1% Yo { g t;
Duct : nodmsul¥d1ase 010 N 15U

. . ' o a o . ' o 1
Differential pressure : aNUUANA VOIUTIAY ADAY ( Static pressure ) TEHIN 2 AUNUY
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Pressure drop : anuuana1a vesmsia i 2 dumis luszuy ss11eeme 3wt AE AN (
Friction ) LlQ1 ms'lwaﬁi"'luﬂau ( Turbulence )

Pressure loss : wﬁwmﬁqﬂggﬁﬂ PNLUVTELIY 91NIF HAUAADINAIMNT AN ( Friction ) aZM3
'lwaﬁﬂuﬂau ( Turbulence )

Static pressure (SP ) : ussaunnszihlunniian Tasvesva i a1 uan waz a1 an

Velocity pressure ( VP ): usssuishliinamsnasuiluianiainslva luvag vesluaiing
44
AaDUN
Total pressure ( TP ): #asauniwAdia 5213119 Static pressure 1402 Velocity pressure 19g
o R 2 A A
MTNDUATOIHNIBNLTA
I~ 4 o v W @ o I~ o a ' '
Manometer: Wunsesiiodmsviausaaulasniliaziluvasngids U idnveurad Tageum

USIRUDINTLALANNUANAN Vo4 Vourad lunaea

. 3 4 o v o o ' oA o ' '
Pitot tube : Lﬂu&ﬂ?@ﬂﬁ@ﬁWﬂiU’Jﬂ mmuﬂsznauﬁ'aﬂm 21Ne 'ﬁmuﬂueg“lu w’f'umg{ufj'ﬂma
Fa

@ 1 Y o . . ' 1 o
1A ﬁ’nlﬁﬂ’mhlﬂ 4 Static pressure , Velocity pressure Uai& Total pressure TAgBIUALTIAY 910

&£ q 9 ' o
Manometer 34 1%91U3 WU
Standard air density : ANUHUMUUYDIDINA N ANNITVINTFIU (Standard condition )
Standard condition : lumsszineormealugaaimnisy 9egi gungll 70 F, 50 % RH uaznd1y
£
AUVTTIMA  29.92 HItsen

. 3 A A
Capture velocity : AnusIndeamsaeaanilsndnlyly Hood
. < A 4 A
Face velocity : anui2luuunszuny voanuiila Enclosure hood
. < i
Slot velocity : a3 1M¥0u12 ( Slot ) Y99 Hood
. 3 ' A9 A o Y] '
Transport velocity : anwialuneaundeans 1o Hoarumsandig NG ERITERE)

. < y 1
Stack velocity: anui aseszine

4
@

{ o a @ 4 a 4 2 Qy
System effect : wansznudldinamIgadondsa iesnmsanas gilnsel tazilaag v

FEUV 52118 01NMA gNABIANHANITINTG

F
@ a d @ o 1
Fan Total Pressure ( FTP ) : 133auanagiiuved waay m@’fm@_ﬂ (Suction ) 1az e (

. & o o v - - oD A A
Discharge ) Lﬂu WANU MNUUANABDINITATINTY 'ﬂ’ﬂﬁﬂ’]ﬂ’]ﬂlﬂa@uﬂ Gluiz‘ll‘ﬂixﬂ’lﬂ@’]ﬂ’lﬁ

Air horsepower (ap ): sasndesngaivilienis@amis @20 Fan Total Pressure (FTP)

Aa

A4 A ' o v Ao qy ' VoA
AADUN ﬁlmamagiugﬂ "llf]\iﬂ'la<1‘1/I1/l161‘r‘if]'lﬂ1ﬁw1u§$ﬂﬂ‘1/l@ NUA[SYUN DY

U
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Brake horsepower (bp ): f1aandeamings q lumsinuvesiaau e 1418 Usuaay uaz

FTP Taglifieds dsz@ninm vo sinaw d1limsgaydelu sinay Brake horsepower 92 1111 Air

horsepower Y13 & szansmmniana ( Mechanical efficiency factor )

Fd
o A 1o

v o Y o { a
Shaft horsepower ( sp ): A9 bp TINAUMAINADINTVY Loss NAAYU gﬂ"ﬂu S Wad , engnwIu

U

1 o J
FEHI HAAN LAT INAIVBINDIADT
g A 7 o o v s
Rated horsepower (rp ): @® Nameplate 15351 fuowmas 11 ldmisuiaenlduemes
d‘ U =
NEINY VUIUNIINAA
Hot process : vuyumswaa Mgamil ¥1nn1 gavgiieimeilng
. ) by
Boiler : viviodu'lori
Incinerator : WwuNIVYE
Hazardous Waste Incinerator : #9820 un318
Medical Waste Incinerator: ww1veg 15aneuna
Municipal Waste Incinerator: ¥ yusU
Furnace : wmviaoy
Aluminium Furnace: mviaswagiitioy
o A 1 ] < @
Open surface tank : dulladnauu dalvg) wdudeg
Plating process: vuUmM3syy
Pickling process : vuumimanuazela lagasmanslunia

Dipping process : vuiumsianuazein 1aeasnms 3ulunsa 13e a9
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AarAa Jd
Wanavesoinia

v d
NYNTaYINYNIA ( Conservatiion of mass )
£ A VA A o ™
ﬂ!;]WNiWuﬂTiblﬂa VYDIDINIA ITNITU AUNIT ABLIUDY 15D NHNIT NITDUINHNIA Iﬂﬂﬂ’lll‘l]ll?ﬁ (m)
1 B A A A 2 @ :J’ = < Y @
VYDIFIUNUIVDITEUU ISUAIAIN N IAIMUIY (t) AIUY sy iz‘U‘]Jﬁllﬂﬁhlﬂ’N BAIINIT
A A~ @ Y 1w 4
naguulaaves wia oM uNa LAWNNY FUd
dm = 0
dt
o w ° Y & A 2 ~ A
dmSumailU1d lumsszueomea lugaavnssuinu eman lvalunetiug sgfSeuaiiouns

A = ] B - A LA 4 9o
Ilwaﬂﬁﬂ']\uﬂﬂ:l !51%%1%@mﬁuu¢lu Gluﬂ’]ﬁlﬂaﬂullﬂaq NUNHUINAND

@

= <3| g v o 4 a = Y = =
N §‘°]J“Vl 1 LﬂHWH§1uﬂ’15Vlﬁﬁ 6lJ’t‘Nﬂ’]SIll“l’iﬁ!,L‘U‘IJ ﬁ]ﬂ@’l’ﬂﬂ lunamafer [WnuaeIeenNIufY)

weu Wuaumsez 1§

p1A1V1=p2A2V2

/O = ANUARUULUY "UEN"’UENVlTiE’I; lb/ft3

A 4 9 o ' 2
A NUNUUINAVDIND ; ft

vV = anusundsved vedlua ; FPM.

o '3 ' { ' I
GL‘L!EZUU§$U1ﬂ@1ﬂ1ﬁQ@]ﬁ1Wﬂ§§N mmﬂuﬁuuﬁmzﬁmmﬁ Llé}’l ANUUUNIUY Gllﬂxisllﬂﬂhlﬂﬁﬂ

¢ o o ¢ o '
Yuognu AnuAuaNYIH Ay 9z 1a1

pl = loz
AV =AY,
Q=9Q

o Q= AV =dasim3lva ; f£ /min

v d o
NNNToYINYWANIIY ( Conservatiion of energy )
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wofua I8Hmswa aums wdsnuTaeia I Taeldanuduiugszrig wdaameatd ( Kinetic
energy ) Lagnasnums va ( Flow energy)lmzwﬁﬂﬂuﬁ/ﬂa’(Potential energy ) aumsiiannsn
@ou'd Tunsdl 7t lna edrederiiosTas lufimsgaidondeny ves veslna Asad1u14

Vi2g + PO+ Z = madil

AN fi/s

Zh.
1)
<

Il

A 9y 2
g =-anusuiesninuseldunveslan; ft/s
@ 4
P = ANuAuANYIAl ; b/
£ = AnunuiY; b/
[ A Y a
Z = 32AUMTIoYA01NDY ; fi
[ ] I
Tunsiazimey veeauns glinyIe 1Hluanugavesvedlva ( ft of water )

A a Y
D W1T]U 2 g %Zhlﬂ’n

|
S

(V- V) 2g}+ {(P,-P)/ P}+(Z,-2) =
uazd msgaude Hadu nga i 1 2 2 awnsaiiouauns 1an
(V] /2g b+ {P /D }+2Z, = { V) /2g}+ {P,/D}+ Z+Loss(12)

AINAY ( Pressure )
ms Tnavesormia Tusie afinnudu Masy 3 ¥ia daeiu fo
1. Static Pressure ( SP)
2. Velocity Pressure (VP)
3. Total Pressure ( TP )
ANUEY 19 3 Hanudiug fu dal
TP = SP+ VP
Static pressure (SP) : ‘IJNﬂ%JGEJﬂ’jW “ Frictional pressure “ %30 “ Resistante Pressure “ awwiald
Wa 130 1Az Ay Aemves iy wwnszin NnNAN Tagved lna ﬂzag:'lﬁ"ﬁq AN YE18AI 1AL DAAD

@

uay ANueu denstieg Daudhorma lifimsndeui uazlu vaziormasy nasui wiludnilfina
] Y
anudmnlumslvan Ame  mavesanuAumuil 3¢ 1 Juuny vesvealna
o 1% 1 3 4 1 Y] s
dm$u luszuy 52110 017 Static pressure dzdinniluau o ogn1sauga vosiaan uazdl
T A 1 9 [ @
Ay wIN esgn AL vosriaaw
. I [ A o Y a A A a =1 l
Velocity pressure (VP) : 111 anwean A ldina manaoun Tuianianslva wiieg aasana
y s 4 4 aa o 4 ~ s I
Tz Nvealualimandeun szlinamaudedny manasunvesvedlva uaziian iy vanaue aeld

Wiaaudainaueg

ENCO TRAINING BY P Macthee nih 2



™

Uﬂﬁ 3 Wﬁﬂa{ﬂ’@q@]ﬂ1ﬁ S S L L . . . L . L . L L . . . S . L . S S " """ ENCOENGINEERING AND TRADING CO..LTD.

Lﬂullﬂllﬁ}ﬁ Velocity pressure ( VP ) 1lag Static pressure (SP) ﬁﬁuﬁﬁuﬂmf LL@]'W‘%‘Q@]: SEARY
w1 Augud Tunaideanu

ANUFURUT 551319 ANUSIVOILINA 11ag Velocity pressure (VP)

V = 4005 VVP
v = anusims lva ¥d 0mA ; ft/ min
VP = Velocity Pressure ;inch. of water
Total pressure (TP ): Y1004 AUAU fidoams Tumsisudu tag Snuinsiva vesmImasuiivea

A ' '
21e N1 11 Fu Mo

v o d
MMNUEEIN AINNETNNHD 531’7?’7\? SP ,VvP, TP

Total pressure )+ Static pressure = Velocity pressure
1.39" 1.39"

ALY U
W,

=139~
[~-139 ~‘

=

wand anuay luaniw 1 oame lidins lva

Total pressure - Static pressure = Velocity pressure
-039" -1.39" +1.0"

B
D 2

Air flow ——= 4005 FPM Suction

- 039

udaag aAnwuay u vie @1 A1 ussems
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Total pressure - Static pressure = Velocity pressure
1.39" 039" +1.0"

= I s

waea anuay Tu e ga 0 usseIMA

Air flow — =

Hood Static pressure Static pressure Velocity pressure Static pressure Velocity pressure
-1.35" -1.39" +1.0" -2.0" +1.0"

- 135 ¢

e

__N _

Suction

Air flow ——=

wa nsznuvestinmage v anwanlune nlaeu’ll
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NaNHNINOINIA ( Air pollution )

a A ' 5 ' ' 3
NANHNIINA viwed msldulanasuediamilansenarwedruaotuegluoime i
1A a ' Y a o 9 ¥a o ' s o @ o
szgznmasiiloslulSinuganiszaulndvuh ldinaduasounuyud Jumsiiuneuguaimewss
Ao F A v da A
uaziius vienswiauoun
\ | ' Yy 1V
uiseamilu 2 Uszianlvajg laun

1. 9UMARN 9 (Particulates) laun aynniasveglueima

4] ' A a aaa = =
2. Mz lo@1ee (Gas and Vapour) Minaninigasermuniiluaniumsaiinieg

1. 93401AM19 (Particulates)

uvalenilu
y Q’ A

1.1 aunAHAvINFeliTIn (Viable particles) ldunwInazesunasvosie Jaunsdaan wu
4

A J 1T Ao o 1 [l A
wuaiise 51 ados E]‘lgﬂWﬂLWQWHMﬂLﬂu{]ﬂJﬁWIE]q%ﬂWW WU IsAroutia

y a Q' a . i v A = 4 a
1.2 @Hﬂ]ﬂﬁ!ﬂﬂiﬂﬂﬁ@uhjﬁ%?ﬂ ( Nonviable particles) UNINAINNINITUBINUBEY LUALTTITUVIA

leun
-fu Dust)  Wueymaveudsiivuialvgind 5 Micron
- AU (Smoke) 1ueymARTvIIAENN3 1 Micron iRavinin lusd i ey sal
~ @i (ash) Wueymaiidnndiluiudsiimdeninenlniliauysaliazussgg
- 13 (Soot) 1ueumaiiinTInmMITNEIveseL A NYe M VOLTIRAINNTIHN
i eyl

3 { < a ' . aaa
- W31 (Fume) 1T uoyMANNVIAGENINNNAIINAILLLY (condensation) w04l 91n1fnsen
A & < ' . 1 J = J o
VNBUA FIVUIRILLANNIT 1 Micron 1¥U @E]ﬂvl"lfﬂsllﬂﬂiﬁﬁg 5’«]3Jllﬂﬂﬂﬂﬂﬂll°lfﬂm@\1@l$ﬂil
= ;’f 1 4 A { A 1
- azem"la (Mist) HUHIAR4LLA 500 um ‘lﬁ’uﬂaqmﬂmﬂummmm ﬁﬁ!ﬂﬂiﬂﬂﬂ'ﬁﬂ’)ﬂuuu

ﬂlﬂﬂblﬂﬂgﬂHWJ"]JNE]EjN“H%{@Lﬁﬂmﬂ!.!ﬂﬂﬁ?“l]@ﬂﬂl@ﬂmﬂ?lmﬂ‘lmﬂuﬂﬁ‘UNEJﬂ‘N

2. Masaz o199 (Gas and Vapor)

Taun

2.1 090 l¥AYPIMIT VB (Carbon oxide ; co x) Nanaylaun
Jd d I a
2.1.1 m3ivaulasanlaa (carbon dioxide ; co2) 1WupInlsznovvIeIMe Tagindudd
v s o Ao qYa a o A 2 v o
liunmsveulasen loaillumsnmldnauansnieema Hagiucox Muaniuareons
< 1 o 1 a 1 1 s
Uszinm 0.7 Aduaetl Jeihldimansznuaeguvgiilan NiSen Usngmsaiseunszan

13 ¢ . . 0 Aa gy 1
2.2.2 M3vaUNRUBN 1A (Carbon monoxide ; co x) W umanhaannsr Tl

1]
~ @

¢ I @ ' A 1 a ' YA F2 a
avysol Wumah lifid-nau liRamssemenewaiouasenindsdiad lasud 1 lulsmaunn
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lﬁ' a
uni 4 wawynNeIng —===SSSSoSSooooooooooooooooooooooooos

2.2 eon lsAveadales (Sulphur oxide ; SOx) 1dun S02 1ay So3AannMaw Insdves
o s A4 A A daw P v a3 o ' a A a Ao o 3
Famlosnioomasnidamosiueg wu siunazawiu wsomavninmsngalans lasdamos
¢ ' o A da
2.3 oonlsanveaalulAsau (Nitrogen oxide ; NOx) JaliA NO 1ag NO291adesiatiinamn
mwn Tngdanen Ngaungiige
J & { 2 I o
2.4 lalasmsveu (Hydrocarbon) Wuasdszneviiimsveu uas lalaswu Wundn
a d 1
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Characteristics of particles and particle dispersoids.
{Adapted from Lapple, 1961.}
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Table 5-2 Types of Air Contaminants

Airborne Size Range,
Material pm Characteristics

Dust (Airborne)  0.1-30.0  Generated by pulverization or crushing of solids.
Typical examples are rock, metal, wood and coal
dust. Particles may be up to 300-400 um but those
above 20-30 pum usually do not remain airborne.

Fumes 0.001-1.0 Small solid particles created by condensation
from vapor state, especially volatized metals as
in welding. Fumes tend to coalesce into larger
particles as the small fume particles collide.

Mists 0.01-10.0 Suspended liquid particles formed by condensa-
tion from gaseous state or by dispersion of
liquids. Mists occur above open surface electro-
plating tanks.

Smokes 0.01-1.0  Aerosol mixture from incomplete combustion of
organic matter. This size range does not include
fly ash.

Vapors 0.005 Gaseous forms of materials that are liquids or

solids at room temperature. Many solvents gen-
erate vapors.
Gases 0.0005 Materials that do not usually exist as solids or
' liquids at room temperature, such as carbon
monoxide and ammonia. Under sufficient pres-
sure and/or low temperature they can be
changed into liquids or solids.

Scurce: Reference 11.
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3. MITEVIEeIMAYeIHKA 1N ( Process building or General working area or Dilution ventilation
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2.1 Air Change
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CFM = Room Size (ft') x NO. of Air Change /hr.

f11 Number of Air per Change per hour e frequency of ventilation per hour m1301nA1319

60

B191M 1 Air Change Per Hour

Ventilation Schedule
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Air Change Method _
Find total volume of space to be ventilated. Determine the

required number of air changes per hour.
CFM = Bldg. Volume (ft}) / Air Change Frequency

Consult local codes for air change requirements or, in absence
of code, refer to “Suggested Air Changes”, page 41.

Air Change
Type of Space Frequency
: (minutes)

Assembly Halls 3-10
Auditoriums 4-15
Bakeries 1-3
Boiler Rooms 2-4
Bowling Alleys 2-8
Dry Cleaners 1-5
Engine Rooms 1-1.5
Factories (General) 1-5
Forges 1-2
Foundries 1-4
Garages 2-10
Generating Rooms 2-5
Glass Plants 1-2
Gymnasiums 2-10
Heat Treat Rooms 0.5-1
Kitchens 1-3
Laundries 2-5
Locker Rooms 2-5
Machine Shops 3-5
Mills (Paper) 2-3
Mills (Textile) 5-15
Packing Houses 2-15
Recreation Rooms 2-8
Residences 2-5
Restaurants 5-10
Retail Stores 3-10
Shops (General) 3-10
Theaters 3-8
Toilets 2-5
Transformer Rooms 1-5
Turbine Rooms 2-6
Warehouses 2-10

41
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2.2 MSAMUININNNIZANNSUIALATI ( Calculation of Ventilation Base of Heat Gain )
1 9 Fa Fa

ﬂ'Jm%’aumﬂﬂﬁuuazﬁmizmaaaﬂ"lﬂﬁu mﬂmﬁqmmwiuuazmaum 91717 YU INNITLURN
o a A ¢ A ¥y A S Y A A Py v .
INFUDNANDINAY HIDANNIDUNTEUIYDDNITNUDIADT Lﬂuﬁu FIUNN ANUTOU AUNE ( Sensible

¥ o o a Aq ¥ v

Heat ) t1ag AUTOU LLI?JQ ( Latent Heat ) Tﬂﬂﬁ”lll”liﬂ mmmmmmuﬂimmmmﬁ ‘V]Gl"lﬁz‘]ﬂflllﬂ
% dy
U

CFM = Total Sensible Heat ( Btu/hr )

1.08 x Temp Rise (F)

CFM = Total Latent Heat ( Btu/hr)

0.67 x Grains of Water / Ib dry air

2.3 MIMUINUIN indoor air quality requires

Air Quality Method
~ Designing for acceptable indoor air quality requires that we
address:
* Qutdoor air quality
» Design of the ventilation systems
- Sources of contaminants
* Proper air filtration
« System operation and maintenance

Determine the number of people occupying the respective
building spaces. Find the CFM/person requirements in Ventila-
tion Rates for Acceptable Indoor Air Quality, page 42. Calculate
the required outdoor air volume as follows:

People = Occupancy/1000 x Floor Area (f%)
CFM = People x Outdoor Air Requirement (CFM/person)

Outdoor air quantities can be reduced to lower Ieygals if proper
particulate and gaseous air filtration equipment is utilized.
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Ventilation Rates for A;c&ptable Indoor Air Qualityt

S Ogtdo?:et:ir Occupancy
i

i (CF:.,?:GE on) |(People/1000 )
Auditoriums ' 19 150
Ballrooms/Discos 25 100
Bars 30 100
Beauty Shops 25 25
Classrooms 15 - 50
Conference Rooms 20 50
Correctional Facility Cells 20 20
Dormitory Sleeping Rooms 15 20
Dry Cleaners 30 30
Gambling Casinos 30 120
Game Rooms 45" 70
Hardware Stores 15 8
Hospital Operating Rooms 30 20
Hospital Patient Rooms 25 10
Laboratories 20 30
Libraries 15 20
Medical Procedure Rooms 15 20
Office Spaces 20 7
Pharmacies 15 20
Photo Studios 15 10
Physical Therapy 15 20
Restaurant Dining Areas 20 70
Retail Facilities 15 20
Smoking Lounges 60 70
Sporting Spectator Areas 15 150
Supermarkets 15 8
Theaters 15 150

TAdapted from ASHRAE Standard 62-1989 “Ventilation for Acceptable Indoor Air Qual-

ity”.
1 1 ' 4
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5. Weausgu1e01Me ( Fan)

6. Uaveszuie AU ( Stack )

GENERAL MODEL FOR AIR POLLUTION CONTROL SYSTEM
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9a1lszasn vesildes

1. waninNszuweonanlasaszineanaluussama

2. 1ldealssnusag azderelumsiena

Tums eenubunINg vosildes Hog wate nguf Aren

ANUPINNINZAUFIAINTTY (Good Engineering Practice) GEP Height
HGEP = Hb + 1.5L

Hb = ﬂ’ﬂijgﬁﬂlﬂﬁiiﬂﬂ!

L = augiuednins, mwm%’nmaﬂiwmiuum VUUNUNANNAY ‘H?E]

v a v ! '
Tasaadne vsnalnamedsany NNANUEININATIANNGIVDI 1T
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HOOD uas miseaniuy HOOD

A
N13@aen HasnN1s eenuuy HOOD
Fa ' v 1
M3OALLL HOOD 11uagiinugeennin 1ied91n I n1nzmsiinu vie dunadey i
1 1% 1 a 9 Yy v YA a a A o
uanaeny Tusaazyuiums saa uazmsldnu wazd desmsIntilszansam lumsga nie Hesiu
o A ' v A o 9q ¥
unEdy A9 9 NI218000 30U VoA NN 11 ls HOOD 1111 “ Encolser “
A oA ] & P o R = A 1 Y o '
Tums eonuuy 130 @onlE 91U UYL 3 ABIAINIDNFIAN 9 HAEBE19AWAY 15U
- ANUHMUILUEY U89 91MALdY
I~ a 9 1
- anuiluiiy vindesua vy
- ANUTNTUYR ANy
- uwgl Yo IMAAY
- ANYAY VBIDINIFNTY
- puaulatuwzoun vowany

A ~ k4 Y a a A = Y] o [ a
1o N9z Ideenuuy HOOD Tdiidszansnmanga Nilade van 9 og 3 Uszms Tumsiosan

A v [ d’l
wenl¥ HOOD fail
v =2 o A A o A ] a
1. 92805 1UDN 8A51IM3 Ina veseIMIende n3e anyme M3 lvangndesvesoimade
Y = a Ao Y a a d?
2. ABINTIVDY VWIUMSHAnNI 1F N uany YU
3. 9zApanI Ut anbagmsmnuveswinnu Mfiany st uSnuseu A
SIGNEER

4
=2

£ 3 A a) & a? Ty A A a

Fannusanthnmailaves HOOD Huvzduegiu M doina iy
¥ia Y99 HOOD

Tagna liuda azuia'ld 3 wiialug) q drefude

1. Enclosure Hood

(a) Enclosures - contain
contaminants released
inside the hood
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wwarunu omade Tasldnunsa fivhnma da dlelildemmds eenunnisuen Hood
iy Hood Aifllsz@ngammaga fafiqa saude msld Usmmaudes oz wdsaw 714 Adosdae ¥
p1vvzuen Wuwiia 1Wad 1@ (One open side ) 13 1A @998 1U( Two open side ) ?Tuaéﬁumﬂ%’am

msmsuiaauves Enclosure Hood

Yimar an awsav ldan e vesiud e ( Open area ) 1z S ITRUTeuTA (
Face velocity )

4

a P <3 {1 ] =
UTiams'iva (Q) = fiui 11la (Openarea) X ANWSNWIMTDUA ( Face velocity )

Fd v
ANWIs7 veureulla azaglusae 50—300 fi/min Yuediy YLIUMS HAA 11U T W1509
#9717 ACGIH , OSHA

Table 5-6 Face Velocity Guidelines for Enclosures®

Operation Face Velocity,? ft/min
Welding booth 150
Paint spray booth 100-200
Laboratory hood 100-150
Abrasive blasting room 500
Belt conveyor enclosures 150-200
Bin or hopper enclosure 150-200
Mixer 100-200
Metallizing enclosure
toxic 200 (with respirator)
nontoxic 125
Melting furnace 150-250 4 products of combustion, if any
Swing frame grinder booth 150
Machining toxic materials 300

aSee OSHA standards for specific chemicals or operation to see if legal
standards apply.

bFace velocity is also expressed as ft*/min of air per ft* of openings into hood
or enclosure. Units cancel to yield velocity units (ft/min).

ENCO TRAINING BY 10 Macthee ni 2



™

U‘n‘ﬁ’6 HOOD uag mseanuuy HOOD

ENCO ENGINEERING AND TRADING CO.,LTD.

2. Receving Hood

Fan

Contaminants ;<
rising from
hot process

== =k

(b) Receiving hoods - catch
contaminants that rise or
are thrown into them

9

. 9 (2 A Aa o a Ao A 5

Receving hood dzminzdmsy vuaumswan nllunalods Tanvaz sy ¥ vua veq

4 1

Hood vzuegiu Usuemedeindlilu Hood

Y o o A A a [ Ay Aa s Ad A '

Yo100v09 Hood wilail Ao und , lo wie duilivinaan fidluiy aeszuumswielives

d' 1 a d’d = 9 9 a =

AY Nogsous yuIuMsHan NlszezInasin Hood 32 lufimsgnaaidnlilu Hood wazd uSm seuq I

@ dld 4' A 1A o Y a a a dy
anvazeImd Nmanlasunilas aaeanal nie liie szildilsz@nsammsge anas Hood wtiail
119701058071 “ Canopy Hood *

msmfSuiaanved Canopy Hood
a5 v 18 2 dnuazalenufe

Canopy hood 11390 (Qaumgiind )

Q =14 (P)(D)(V)

1319 Q = Yswnmau ( CFM)

P = ANNENIVBUFUTOVUDDA H30 qaauany  (ft)

1 @ A a A =

D = 3282HNINVOVN 130 ¥aly 1uunIAI Do hood (ft)
2 A 1 1

V = A7W159% Hood 0¢1u%33 50- 500 FPM
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Canopy hood ”l%’ﬁ'ueumumsﬂﬁﬁqmﬂgﬁ ( Hot process )

Circular high Canopy hood :

‘HOT SOURCE

—=—> Ds

HYPOTHETICAL l

POINT SOURCE ™

FIGURE 3—20 DIMENSIONS USED TO
DESIGN HIGH—CANOPY HOODS FOR HOT
SOURCES (Ref 3—7).

qas De= 0.5Xc"™"
Xc=y+z
z = (2Ds)"*
Vi = 8(As)"> (Th-Ta) */xc"*
Df= Dc+08y

Qt= Vf.Ac.+ Vr.(Af-Ac)
4o : Dc = Column diameter at hood face, ft.
y = Distance from the process surface to the hood face, ft
z = Distance from the process surface to the hypothetical point source, ft.
Ds = Diameter of hot source, ft.
Vt = Velocity of hot air column at hood face , fpm.
As = Area of the hot source, ft'
Ac = Area of the hot air column at the hood face, lid
Th = Hot source temp., F
Ta = Ambient temp., F
Vr = The required air velocity through the remaining hood area, fpm.
used 100 —200 fpm.
Af= Total area of hood face, ft2
High Canopy rectangular hood : zAalTuaan 35187 1Y Circular hood LLﬁﬂZLLﬂﬂﬁﬂﬁaz

v A 4 ) A 4 ) v v v
AU Iﬂﬂwuﬂ YD Y11 hood LLAZWUN YD Hot source 'ﬂ’]llﬂ%'lﬂ ATUNIN X AU
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. Low Canopy Hood : 11n Hood 92084910 tyiaaina ( Source ) 11itAu 3 ¥a 11 ¥09 Hood
Traina1 unaana (Source ) T 1 vln

Total flow rate for circular low canopy hood mldann
Qt =4.7 (Df)"¥ (Th=Ta)"*

Total flow rate for rectangular low canopy hood wldnn

1.33 0.42

Qt =Lx6.2b " (Th-Ta)
1o Qt = Total hood air flow , cfm. Th = Hot source temp. , F
Df =Diameter of hood , ft. Ta = Ambient temp. , F

L = Length of rectangular hood , ft

b = Width of rectangular hood , ft

3. Capturing Hood
A A qu 2 o o 2 A ' A 9 9
Hood ¥Hiatiaz 19 11u39v0901me AseuAquuazivgadianisniilziueglueimaneglusios
a wa < c:)d ' a9 3
’LIQUGN"I‘N ANULIIULTENIT “ Capture velocity” m%:'lwammmmﬁmm"lﬂ“lu Hood 932 UIUIN

o s < [ a <] o
dulseans anwsimsivda (Capture Velocity) (lu’t‘)”IﬂW’f‘]Jil’Jﬂ!ﬂ”lﬂT]NﬂﬂﬂJGQ Hood ANULTIVDINITIV

= I a o o a A
o a1 udaIZAY TUIULAE NAN Y99 ANNANLIn Vlﬂfﬂfuﬂ?ﬂ?ﬁ

Fan

(c) Capturing hoods - reach
out to draw in contami-
nants

Y o A dwd
. Y9310Av09 Hood ¥ilaiine
a ~ ~ ~ < @ =
1. dSmaemeanlsinn miazdesliianusivesnssvdansomaeade 911114 Hood

Y o w = A Ay A o o=
2. ‘UE]iﬂﬂﬂ‘UENigEl%iﬂﬂlhﬂ Hood 99 1MALTINADINITNILIVYA

vzl 2 9a
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Capturing Hood agiiufilded 4 uuu fe

a.) Side —draft capturing Hood

- Yo A a ﬂ A A A o dayy
M3 ¥ uluau¥en Hood wHail a2t ULUUNADUNYITODY unn ld

b.) Slot Hood

v Y=Y ! o . ]
12195z u1e01mAvesduila (open surface tank) TuTseguiiggudae I wieaudug 7
Y = Y I v A o A o £ o A 1
AR AU Fedriinnuneaunneg1d Hood dndathdndadenileds ;5on31 Push-pull Hood”
v

= dy = J Y A A @ @ A A o
v wui vz ldleeniuleeunuNINTEeNUMTNIZIUB 0 INIAHIBHINT

Y a A 4 ) v 3 A
Yala® pressure drop NI Slot qmmmmmﬂﬂwaﬂwmmm N Slot EIQ

W/L 2 0.2 S R

(a) Side draft hood (b) Slot hood

c¢.) Downdraft Hood
=57 ~ Y @ . 1a 19 1 A (A wa dy
UANHUENAA1YNY Side — draft Hood LLGWIﬁ“I/INﬂﬁﬂﬂ’E]§ﬂ1ua1\1ﬂl@\1ﬂﬂﬂﬂgﬂiﬂxﬂu Hood UV UDE

I Y A A o @ o A~ a 24 o o @ ~ @ 1
Gl“])'vlﬂﬂ WaNNITNINIUNVAITIININ Solvent nuMstalavaziautazudinan Msians uazvauag
U

@

v
A9 ¥0910AUDY Hood LLVTAD
Qy d'd ' )
1. Funundvialugzaniagaves Hood

4 4
2. gungivesduaudiganezilienmaiinnuruniy anasezased¥uan Hood 14

d.) Low Volume , High —Velocity Hood
IS a A a 1o A A A A @ = 3 A
1111 Slot Hood ¥HANIAY WAADYNUIATOINDTTOINTDOIINT i]ZJJﬂ’J”I?JL'i’J‘V]‘]JWﬂV]NﬂﬂZIQ

< = ' a
(ANULTINITNT) @1%ﬂ$q3ﬂ\‘1 10,000-12,000 nlmaum
o o =2 A o I Aa o q ¥ (& AHq Yy A 9 o
ANHUSNITIVYA Wimnmmmﬂmwﬂwﬂﬁmmammhnﬂammuaﬂ ANYUSUD
19 v a wa a & v v <
Hood ﬁlzaammu‘laflmnzﬂmmzﬂgumm Hood %uﬂu%mli\ﬂuﬂﬁ@‘ﬂiﬂﬂ LW§1$i]$Gl’f]\161"]5ﬂ’ﬂiJLi’Jq\i

12 u’: o Aq ' o,; A dgl "o a
PNUU mmuwimzagﬂizmm 7-9 ‘V}!Gl‘lﬂ FIVSVHRYNUFUAVD Hood
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Fan

(c) Downdraft hood (d) High velocity, low
volume hood

A3 INA WU A199 Y83 Hood

DUCT VELOCITY DUCT VELOCITY

FACE
VELOCITY

SLoT
VELOCITY

CAPTURE
VELOCITY
SOURCE

CAPTURE VELOCITY—AIR VELOCITY AT ANY POINT IN FRONT OF THE HOOD OR AT THE HOOD
OPENING NECESSARY TO OVERCOME OPPOSING AIR CURRENTS AND TO
CAFTURE THE CONTAMINATED AIR AT THAT POINT BY CAUSING IT TO FLOW

INTO THE HOOD.

FACE VELOCITY—  AIR VELOCITY AT THE HOOD OPENING.

SLOT VELOCITY— AIR VELOCITY THROUGH THE OPENINGS IN A SLOT-TYPE HOOQD. IT IS
USED PRIMARILY AS A MEANS OF OBTAINING UNIFORM AIR DISTRIBUTION
ACROSS THE FACE OF THE HOOD,

PLENUM VELOCITY—AIR VELOCITY IN THE PLENUM. FOR GOOD AIR DISTRIBUTION
WITH SLOT-TYPES OF HOODS, THE MAXIMUM PLENUM VELOCITY
SHOULD BE 1/2 OF THE SLOT VELOCITY OR LESS.

DUCT VELOCITY—  AIR VELOCITY THROUGH THE DUCT CROSS SECTION. WHEN SOLID MATERIAL IS
PRESENT IN THE AIR STREAM, THE DUCT VELOCITY MUST BE EQUAL TO OR
GREATER THAN THE MINIMUM AIR VELOCITY REQUIRED TO MOVE THE
PARTICLES IN THE AIR STREAM.

AMERICAN CONFERENCE HOOD NOMENCLATURE
OF GOVERNMENTAL LOCAL EXHAUST
INDUSTRIAL HYGIENISTS [mme———57 [ooe T

Y
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Capture velocity t1az M13%1133191a3 Y29 Hood %4ia A1)

o b

g
H e -0
i )
i‘——SOUR’CE ﬁ X
SOURCE 2y
FREELY SUSPENDED HOOD LARGE HOOD
Q= v(mxz +-A) LARGE HOOD, X SMALL——MEASURE X

PERPENDICULAR TO HOOD FACE, NOT LESS
THAN 2X FROM HOOD EDGE.

SOURCE \\Q—‘—
—— % —— )

""!'/ FLANGE WIDTH > VA

SOURCE
\r -

HOOD ON BENCH OR FLOOR HOOD WITH WIDE FLANGE
Q= v(5><2 + A) Q =V 0_75(wox2 + A)

SUSPENDED HQODS
(SMALL SIDE-DRAFT HOODS)

REQUIRED EXHAUST AIR FLOW, CFM.
DISTANCE FROM HODDZFACE TO FARTHEST POINT OF CONTAMINANT RELEASE, FEET.

HOOD FACE AREA, FT
CAPTURE VELOCITY, FPM, AT DISTANCE X.

NCTE: AIR FLOW RATE MUST INCREASE AS THE SQUARE OF DISTANCE OF THE SOURCE FROM THE HOOD.
BAFFLING BY FLANGING OR BY PLACING ON BENCH, FLOOR., ECT. HAS A BENEFICIAL EFFECT.

<B RO
o un

45" MINIMUM

—--I j=—04 D D

—

CANOPY HOOD

Q = 1.4 PDV(P=PERIMETER OF TANK, FEET).

NOT RECOMMENDED IF WORKERS MUST BEND OVER SOURCE. V RANGES

FROM 50 TO 500 FPM DEPENDING ON CROSSDRAFTS. SIDE CURTAINS ON TWO OR THREE SIDES TO
CREATE A SEMI-BOOTH OR BOOTH ARE DESIRABLE.

AMERICAN CONFERENCE
OF GOVERNMENTAL FLOW/CAPTURE VELOCITY

INDUSTRIAL HYGIENISTS [5ms e =y [Feore -
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HOOD TYPE DESCRIPTION ASPECT RATIOW/L AIR FLOW
/
sLOT 0.2 OR LESS Q = 3.7 LvX
FLANGED SLOT 0.2 OR LESS Q = 2.6 LVX
ey 0.2 OR GREATER B 2
x PLAIN OPENING AND. ROUND Q = V(10X +A)
A = WL (sq.ft.)
@)
)c
v 0.2 OR GREATER e 2
e . = 0.75V(10X +A
. % FLANGED OPENING R T Q ( )
. |
Lo ‘-H l BOOTH TO SUIT WORK 0 = VA ="MWH
!
W
Q = 1.4 PWD
SEE VS— 89-03 :
e CANOPY TG SUIT WORK P = PERIMETER ':'_{;
i) D = HEIGHT
N ABOVE WORK
LAIN MULTIPLE 5
SLOT OPENING 0.2 OR GREATER Q = V(10X +A)
2 OR MORE SLOTS
FLANGED MULTIPLE 2n 00,
SLOT OPENING 0.2 OR GREATER Q = 0.75V(10X" +A)
2 OR MORE SLOTS
—

AMERICAN CONFERENCE
OF GOVERNMENTAL
INDUSTRIAL HYGIENISTS

HOOD TYPES

DATE

1—88

IFIGURE

ol
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M300NUUL Hood 1HYUIUMIHEN V04 Iiﬂﬂui’)‘ﬂﬂﬁ’iﬂ‘i‘i&l

4.3-67 EXHAUST REQUIREMENTS FOR VARIOUS OPERATIONS
Operation Exhaust arrangenent Remarks

Abrasive biast Tight enclosures with For 60-100 fpm downdraft or 100 fpm

TOOMIS

Abrasive blast
cabinets

Bagaing mavchines

Belt conveyors

Bucket elevator

Foundry screens

Foundry shakeout

Foundry shakeout

Grinders, disc
and portable

Grinders and
crushers

Mixer

Packaging
machines

Paint spray
Rubber rolls

(calendars)
Welding (arc)

air infets (generally
m roof)
Tight epclosure

Booth or enclosure

Hoods 2t transfer
paints enclosed as
much as possible

Tight casing

Enclosure

Enclosure

Side hood (with side
shields when possible)

Downdraft grilles in
bench or floor

Enclosure
Enclosure
Booth
Downdraft
Enclasure
Booth

Enclosure

Booth

crossdraft in room

i‘or 500 fpm through all openings, and
a minimum of 24 air changes per
minute

For 100 fpm through all openings for
paper bags: 200 fpm for cloth bags

For belt speeds less than 200 fpm,

V' =350 cfm fr belt width with at least
150 fpm through openings. Far belt
speeds greater than 200 tpm, ¥ =

560 ctm/ft belt width with at least
200 fpm through remaining openings

For 100 cfm/ft* of elevator casing
cross-section {exhaust near elevator
top and also vent at bottom if over
35 ft high)

Cylindrical—400 fpm through openings;
and not less than 100 cfm/ft* of cross-
section; flat deck—-200 fpm through
openings, and not less than 25 ¢fm/ft?
of screen area

For 200 fpm through all openings, and
not less than 200 cfm/ft? of grate area
with hot castings and [50 ctm/ft? with
cool castings

For 400500 cfm/ft* grate area with
hot castings and 350400 cfm/ft* with
coal castings

For 200—400 fpm through open face,
but at least 150 ¢fm/ft* of plan working
area

For 200 fpm through openings

For 100-200 fpm through openings

For 50-100 fpm

For 75-150 fpm

For 100-400 ipm

For 100-200 {pm indraft, depending
upon size of work, depth of booth, etc.

For 75100 fpm through openings

For 100 fpm through openings

Source: Air Pollution Engireering Manual, J. Danielson, Ed., U.S. Department of Health, Education, and Welfare, National
Center for Air Pollution Control, Cincinnati, O., 1967, p. 31.
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Typical velocities found in industrial operations

Velocity .
Miles Meters Feet
Hour Segond Nfinute
(mph) (m/s) (fpm) Location
0.03 0.01 3 Settling velocity of heavy respirable particles
0.5 0.2 40  Random air movement in industrial settings
0.6 0.25 50  Minimum capture velocities at emission sources
1.1 0.5 100  Lab fume hood face velocity
1 ; 0.5 100 Begin to feel air movement on dry skin (due to
pressure; moisture on skin will increase
sensitivity)
3iz 1.5 300 Typical eddy velocities left in wake of person
walking briskly
8 3.5 700 Maximum velocity of air blowing on person for
an extended time, e.g. 8 hours
8 3.5 700 Average wind velocities
Velocity :
Miles Meters  Feet
per =i Sper per
Hour Second Minute |
(mph) (m/s)  (fpm) Location
20 9 1800 Maximum velocity of air blowing on a person
.+ for 30 minutes (e.g., for cooling)
23 10 2000  Duct velocities not requiring particle transport
34 15 3000  Stack exit velocity
40 18 3500 Maximum velocity of air blowing on a person
for a short time, e.g., 10 minutes at a
supplied-air island
45 20 4000  Duct velocities for transport of average
industrial dusts
57 ot 5000

Duct velocities for transport of heavy
industrial dusts

ENCO TRAINING BY p /%&fk&
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4.3-66 RECOMMENDED MINIMUM DUCT VELOCITIES

Nature of contaminant

(Gases, vapors, smokes,
fumes, and very light
dusts

L

Medium-density dry dust

Average industrial dust

Heavy dusts

FOR EXHAUST SYSTEMS

Examples

All vapors, gases,
and smokes; zinc
and aluminum ox-
ide fumes; wood,
flour, and cotton
lint

Buffing lint; saw-
dust; grain, rub-
ber, and plastic
dust

Sandhblast and
grinding dust,
wood shavings,
cement dust

Lead, and foundry
shakeout dusts;
metal turnings

Duct velocity,
ft/min

2000

3 000

4 000

5 000

Source: A.D. Brandt, [ndustrial Health Engineering, John Wiley & Sons, Inc.,

New York, N. Y., 1947.
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( Accelreration of air and hood entrance losses )
[ 1 d'y A'l 9 d' cs' 9 ' a 9 a ~ cs'
ANusULANA1 Ndeamaiie Iomenaaeuin 1 luihanada sdeslisuniisans o
o ya o ' o Y A 1A A < A ~
mldinesnsuseveseIna ﬂflﬂmmﬂ‘naguwmmzi’flumimaauw HaZEINITND1¥ UL Turbulence
losses ﬁﬂmﬁmﬂ@"lﬁ
Fmsumsmlfinasasse 3edeamsndanu Wi Velocity pressure (VP ) Naaandaeny

3
ANULIIVDIDINA

.
1 2

@91 Turbulence loss 39TaunAIaIN Fosmailaszismlfounlasmuglsveshneila
Fa vzduiiusiy dunlszansveemadh (Ce) & i1 Ce 921aANIIAYDI Turbulence losses A1
1hn megaiterysaiiuy Tunengud 0z 1iifa Turbulence losses Faozlim Ce=1

Static Pressure ¥9411AM139a (SPh) Wumsialasass Tvediu fiwenh Fulsznoudie
wianu M 1iRa §a51199 1A% Turbulence losses

a2 ldaums V = 4005. Ce . VVP
® Ce =1 uay SPh = VP

ala V = 4005. V'sPh

4

9IN9INa1IW &7 91 Static Pressure ¥911NN19g0 udasldnsoungu Naas T Hay

v
Turbulence losses (he) Faanmsne il

SPh = VP +he
o ' Y \ S
A1MIU NTIDNUUY A1 VDI ﬂﬁqt‘glﬁﬂ ﬂ’JﬁJﬂuﬁ‘NﬂNﬁfh (he) mumnﬁ)zszﬂﬁlﬂu

v 4
v W @ <
Decimal fraction ( Fh) 494 Velocity Pressure (VP ) aaiy aumsiiamwisn 14 1dnunn anwsiena

he = Fn + VP
mmﬁug tytﬁy?ms’; vune ( Pressure Drop Through Ductwork )
ms Twavesernanieluse sxdeanuiuanudmums luaidessin
1. Friction losses

2. Dynamic ( Turbulence ) losses

ENCO TRAINING BY P Macthee nih 1



T

L L L L . . . . . T T T T T T T T TS T ENCOENGINEERING AND TRADING CO.,LTD.

= Y =
unin 7 mmﬂugzym&r?mzumwwmmﬂ —————————————————————————

£ L. a & a A o o 1 A2 v
9 Friction losses NAVUIN MILTIAT VDIDINIFA NUNUINGD mummmumumﬂwa U
Fd 1 g v
9101 @IU Dynamic losses Lﬂﬂ%ulﬁ@ﬂmﬂ N7 ”1wafﬂu‘ﬂau Y93I91N1F ( Air turbulence ) luvsnan
' =] A A A 3 A < A A a A A
1IN VlWaNTLl‘VI'fJ “H\THJﬁEl“Ll‘V]ﬁ‘VI'N TID ANLI LiJE]lliﬂG]'liJ ﬂﬂﬂ!ﬂﬁﬂuﬂﬁ'ﬂ%ﬁ mmﬂaﬂuu‘ﬂm
g A o I a @ =
ﬁu‘ww%m WaUDN Friction losses 1i6i¢ Dynamic losses L‘]Jum@iﬁlﬂﬂﬂ’n&lﬂuqmumﬂ(Pressure drop )
dg} d' L} \
ﬁuuulumms mawmﬁ'lwamuvm
= s A Ao Yo A B @ .
NYPYUOIVDIYA prhnlenue1ma A Static Pressure ('SP) U3INNU Velocity Pressure (
VP) ﬁﬁ;ﬂ Upstream Tunemams lvave191er 92D Static Pressure (SP) UInNU Velocity Pressure (

VP) ﬁi}ﬂ Downstream 1UAAN14MS 1Mav0991Mf VIN AU Friction LAY Dynamic losses
SP1 + VP1 = SP2 + VP2 + Losses

9 1] E
Friction losses $19%ua Mtnavununauuunan azutlsiuTasnsa /U ANNeIne uay
v o 1 ) & o o T < ~
ulswndu Auvine idurigudnatse uennniuazilsdulasase fufideaesvesnnuiiomai lna
Fa
HIUND a7 Dynamic losses %ﬁuﬂgjﬁn
1. fﬁwmuuaz;ﬂuuu VD190 ( Elbows )
a a < ~ '
2. anudvesmslasuuilasnnuisrveseman lmanelune
v o A A ) = o 3 oy A A o o
iy ieivzowuzaNuA U lussuune 3 uily desdulaoanasnulumssom
v Y I [
ANMUAY Nuana sTrialatoisaes vessyuy Taemslfiaan Feiaay 9291801M9N Static
pressure ( SP) 3NBIND AUMILIFUZANVA UMY VBITEUY 1D
4 Fa ] Fd FA )
auiy W leddy Ae Mmasduan manuaugads TnaTunmua e Mrua WIAY9
o J 9 = o’: =\ = o d"
Waaw uaz weames Timingay Taennugads 19 2 Uszinn U5 waziden A9l
. . = T =) =)
L. Friction losses : M3 lviauo01me 9gdiog 2 juuuy fio nis lvaunusiuisen wag ms
Tvauvviluiluy
~ a é’ A 1 1 = 3 o ' 3 a a
m3 lnanuuswGeunadudeoima luaed Tuneaswaziinnusiding anwisinga

£ ::? 1o 1 1 1 R a Y [ ~ 1 05:
HI VUDYNUND umaxm‘lﬂ 1unM3# Friction losses 92 W15 1010191 h11’(’5’1Lt1J14lL!,']J‘1J TTUTIVIMUU LA

wlgai
Re =(/Ovd)//LL =vd/U
1o Re 79 Reynolds number ( 133 e )
L Ao ANuHLILY ( Ib/ft)
v fo anusivessime ( FPM )
d 7o gzzf’uvhgruﬁﬂmwawiﬂ ( ft)
JL AD AN INA ( 1o/ ft. min )
UV de anuntiavarieime ( f / min )

4
=1

Y
a7 losses Tuneasaium ldaingasasil
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hf = f(L/d).(v2/2g)

2 @ =
hf A9 ANUAUGUITY

! (inches Wg. )
fio Darcy Friction Factor

(1% vidae )
( wldan Moody Diagram )
Ao ANNYIVBIND ( ft)

. a d? A ﬂ y 1 A 1 9

2. Dynamic Losses : INAUU !Nﬂﬂ'ﬁuh’iﬁ"llﬂﬂﬂ']ﬂ'lﬁl LU "ﬂu‘ﬂau LUDBINA "l‘ﬂamu U
Vo ' Y ' ' . '
N0 ANHUSHAN Taun ‘lhﬂ‘l/lNig]ﬂ (hood ) , N93® (elbows ), NBVYY (-expensions ), NOAA (

v 1
contractions ) , NOLYN ( branch entries ), HuInilaniseon (caps) mmﬂuqay,aﬂmmu%meJaﬂumn
9
VUIA Lm$q§lﬂi']\1 11!5$1J‘]J5$‘]J']flﬂ']ﬂ'lﬂ ﬁauqlmy %L‘ﬂu Dynamic losses Iﬂﬂllﬁ'lﬂazlﬂﬂﬂ ﬁm

2.1 1hnviega (hood ) : 9z UUBENY ANUAS YB3 hood 1ABIN ACGIH
2.2 1990 ¥50 101A9 ( elbows) :

Loss = k ,°( @/ 90O ) VP (inches Wg.)
' As v o
ko = flloss fractor ‘Vliﬂﬂzlll 90
O = yuveswields

23 19V ( expansions ) :
Nov818 TUNUN ( Sudden expansions )

Loss = ( 1- A1/A2 )2. Vlz/ 2g (inches Wg.)

' < =
noveeY !1]1134%!583

Loss = k.V2/2g (inches Wg.)

24 v199A ( Contractions ) :

Loss = k.V'/ 2¢g (inches Wg. )

2.5 viouen ( Branch entries ) :

Loss = k.V'/2g (inches Wg. )
nuantanigesn ( Caps):
Loss = k.V'/ 2g (inches Wg. )
i k gldnn ACGIH
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N5 Amaugeasluszuunean

Tael% ns1wl Ducting Design

a

4
o % 1 a, g
lumsdnam anwaugade ( pressure 1oss ) wosszuu eay Tasmsil swdesliglnsaisie

Vg

@

2
a
1. 0351 DUCTING DESIGN
2. @151 MYVINT ANNENINDAT
< .
3. 3N udasnnuisa iu Velocity pressure
4. 91519 ATUIY Pressure loss
5. 919719 Transport Velocity
o Y a ¢ 1 o Yoy ¥y v a 4
TumsfuIm Pressure loss UBNIN IzADUATIN QUNID HIY 119 5 U0 YNAULE) VzdoUAToY G
Y '
g 1il A
a 1 3 . . . F4 = < a k4
1. uuIMsAUNoaunaviua ( Single line Diagram ) Sraunsaewtunin loTuuasn 14 02
< a 1 g ] 4 Y
N30 vouRY uuaAune tazgUnsal a1ee lu szuunean1d asudu
2. dmua Ysinaauilaenegannya luszuume
3. fmue anvene luueazenumsiy Usuaay
o o = 2 A il ' ] M
4. tvua anuirlune Yuednu Uszinnves udaide ( Exhaust ) 1 1va diume Fedwisog laan
#1519 TRANSPORT VELOCITY

' A
5. Mruaga 4199 luszuuneay laeisuenga 1119 910 fiaay 1niga Tagiannuuinadane

YonI35234

1]
~

A ' < A a A Y o 1Y
1. lunsdifl Hood vou@azyaiga 1l Hood N iy nTeyta@erny amnso fuim anuau
qide 1Inganed ienniaanuniiga ldiae
A 1 A I A J A a A o a9 '
2. Tunsaiii Hood veusiazyaiga 111y Hood N 1luuu wesiaRedny uall 194e Lazovey
1 1 :d‘ 4' ya [ = =) ~ 9
A Meaw i lnaige Tiae anudugadenlSeuisudig
3. Tunsdif Hood Tundazyalimiiounu 19 Aa arwdugapde veauine A% Hood wiia Slot
Hood 1z Capturing Hood 11/3euiioua e
@au /sznow n31W DUCTING DESIGN az1lsznou a1e 1du nil 4 1du deiude
{ & " (a < \ A a |
@il 1 snduwduven alSunaay W © CFM « szoglunuiueuaoini fiaudalsnaay og
Y 9
NS89 N3 U
< Y ' < ' = T < <3 Y Ao '
swiluduvenainnusd luvioay Brvedly «FPM « azidhudu Nifee 91041819921909
asl Tlywou dhe veansu
{ o 1A 1 < 2 IS 2 a 2 g
wuil 3 swiluduvenvuiavesie inthailu « 1« azifudwion Fuandre mesn’l
Y
AU

Y A S Y ' = = L. = ] IS 2 ;I 1 ]
@aun 4 wuiduuen a1 ANVTIANTUGYLTY ( Friction loss ) WH28 Wy 1 Ao anueIne

A3 100 Yo
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910 151 Ducting Design a11159 83118189
YSaaan 513y 1000 CFM  Trasumedlenaiu 153 2000 FPM lsvean vina 9 i3 9zi A
v A I Av :’ I r Y 1 A = A
augadslunenss 0.7 #Aniwvenue1IMensa 100 Wa  vaz S 1medn eI 200 W aziina i
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Table 7. AIR FLOW RESISTANCE CAUSED BY ELBOWS AND BRANCH ENTRIES
EXPRESSED AS EQUIVALENT FEET OF STRAIGHT DUCT
(Adapted from Industrial Ventilation, 1956)

j

)
\R\
j kD
Diameter l 90° Elbow 60° Elbow 45° Elbow Branch entry
of duct, Throat radius (R) Throat radius(R) Throat radius(R){Angle of entry ()
in. [T.0D[ T.5D[2.0D[1.0 D[1.5 D[2.0 D 1.0 D[ 1.5 D 2.0 D[45°[ 30°15°
|

3 | & 4 3 4 3 2 2 1 1 3 2 1
4 7 B 4 5 4 3 4 3 21l 5| 3| 1
. 9 6 5 7 5 4 5 4 3| 6| 4] 2
6 11 7 | 8 8 “ 4 0 4 3l 7| 50 2
7 12 9 7 9 6 5 7 5 s |96 3
8 14 10 8 ‘ 11 7 b 8 5 £ 1yl 70 3
9 17 12 10 | 12 9 7 ) 6 | 5128 |4
10 20 13 11 | 14 10 8 10 7 6 (14 | 9 | 4
11 |23 16 13 | 17 12 | 10 | 11 8 6 |15 |10 | 5
12 ‘ 25 17 14 | 20 1% | 12 | 9 7 [18 |11 { 5
14 30 21 iy | 23 16 | 13 14 | 10 8 |21 |13 | &
16 i 36 | 24 20 | 27 18 | 15 17 | 12 10 |25 |15 ’ 8
18 41 28 23 | 32 2z | 18 20 | 13 11 |28 |18 | 9
20 | 46 | 32 26 | 36 24 | 20 23 | 16 13 [32 |20 [m
22 53 37 | 30 | 39 27 | 22 27 | 18 15 |36 |23 |11

24 59 40 33 | 44 30 | 25 30 | 20 16 |40 |25 |13
26 L b4 | 44 | 36 | 48 33 | 27 32 | 22 18 |44 |28 |14
28 71 | 49 40 | 52 35 | 29 35 | 24 ‘ 20 |47 |30 |15
30 |75 | 51 | 42 |55 38 | 31 37 | 26 21 |51 |32 |16
36 92 | 63 | 52 | 68 | 46 | 38 46 |32 | 28i|= = |-

40 105 2 | 59 |15 51 | 42 52 | 35 | 29 B | -

48 130 849 73 | 91 62 | 51 64 | 44 | 36 |- |- |-

e e i .___l._ T M | =N (IRt | ARSI | | [ l—; 1 o [R——
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sp = FTPx Qx Kdl xd
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p = 133xsp

1o sp = Shaft horsepower ; hp

9
A o

FTP = Fan total pressure , 1¥ 19 AIAWAUGQIToN1UAY8I5ZUD ; in We.
Q = Volume flow rate ; CFM
Kdl = 1.1 wemes lvajnii2hp , Jude waad
= 1.3 wees 2 hp A , Judao waiad
= 1.05 T0TAgn3a
d = density correction factor = 1 ﬁ STP ; Unitless
f = Unitless factor = 6356
ME = Mechanical efficiency factor , # linsw W% a1 0.6

o
rp = Rated horsepower , YVH1ANBIADI N 1FU ; hp
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Duct Design
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ENCO ENGINEERING AND TRADING CO.,LTD.

Scrubbing Velocities for Dry Particles in Round Ducts®

Non-specific materials Velocity
fpm mps
Very fine, very light dusts 2000 10
Fine dusts and powders 3000 15
Medium industrial dusts 3500 18
Coarse dusts 4000 - 4500 20-23
Heavy dusts 5000 23 4
Yelocity Velocity
dpm = _mps. fpm = _mps
Abrasive blasting dust 4000 20 Limestone dust 3500 18
Alurninum dust, coarse 4000 20 Lint - 2000 10
Barrel filling and dumping 4000 20 Magnesium dust, coarse 4500 23
Belt conveyors 3500 18 Metal Fumes 2500 13
Bins and hoppers 3500 18 Metal turnings 5000 i
Brass turnings 4000 20 Metalizing booth 3500 18
Bucket elevators 3500 18 Paper dust 3500 18
Cast iron boring dust 4000 20 Plastics buffing dust 4000 20
Ceramics, glaze spraying 2500 13 Rubber dust, find 2500 13
other operations 3500 18 codrse 4000 2

Carbon black 3500 18 Sandblast dust 4000 26
Clay 3500 18 Sander dust 3000 15
Coal, fine powder 4000 20 Silica dust 4000 20
Cork, ground 2500 13 Soap dust 3000 15
Cottorr dust 3000 15 Soapstone dust 3500 18
Flour dust 2500 13 Soldering and tinning 2500 13
Foundry, general 4000 20 Tailpipe exhaust 3000 135

tumbling mills 5000 25 Wood dust: flour 2500 13
Grain dust 3000 15 light dry sawdust 2500 12
Grinding, general 4000 20 shavings 3500 18
Lead dust .. 4500 23 heavy chips 4000 20
Lead dust with chips 5000 25 Wool 3000 15
Leather dust 3500 18 Zinc oxide fumes 2500 13

o i e e s e S T —————— T o — b T .

¥ “Serubbing” velocities are those velocities
with sufficient turbulence to lift particles off
the duct surface as settling occurs;

also, “transport” velocity;

also, “target” velocity.

D Jeff Burton

For wet and sticky materials, provide
cleanouts, sloping ducts, and drains for
periodic cleaniout. For air with no
industrial particles, duct velocities of
1800-2000 fpm (9-10 mps) are considered
optimum, considering initial and operating
costs, noise control, and naturaliy-occuring
dust transport. Sources: 1,2,8,11

ENCO TRAINING BY P /”aatéw

i 12



unil 7 anuaugeaslussuyssuigeina

TABLE 12. Transport Velocities for Different Materials
Minimum Transport
Velocity
Material, Operation, or Industry /s fpm
Abrasive blasting 17.8-20.3 35004000
Aluminum dust, coarse 20.3 4000
Asbestos carding 15.2 3000
Bakelite molding powder dust 127 2500
Barrel filling or dumping 17.8-20.3 35004000
Belt conveyors 17.8 3500
Bins and hoppers 17.8 3500
Brass mmings 20.3 4000
Bucket elevators 17.8 3500
Buffing and polishing
Dry 15.2-17.8 3000-3500
Sticky 17.8-22.9 35004500
Cast iron boring dust 23:0 4000
Ceramics, general
Glaze spraying 12:7 2500
Brushing 17.8 3500
Fertling 17.8 3500
Dry pan mixing 17.8 3500
Dry press 17.8 3500
Sagger filling 17.8 3500
Clay dust 17.8 3500
Coal (powdered) dust 20.3 3000
Cocoa dust 15.2 3000
Cork (ground) dust 127 2500
Cotton dust 15:2 3000
Crushers 15.2 3000 or higher
Flour dust 12.7 2500
Foundry. general 17.8 3500
Sand mixer 17.8-20.3 3300000
Shake-out 17.8-20.3 33004000
Swing grinding booth exhaust 15.2 3000
Tumbling mills 20.3-25.4 4000-5000
Grain dust 12.7-15.2 2500-3000
Grinding, general 17.8-22.9 35004500
Portable hand grinding 17.8 3500
Jute
Dust 12.7-15.2 2500-3000
Lint : 15.2 3000
Dust shaker waste 16.3 3200
Pickerstock 15.2 3000
Lead dust 20.3 4000
with small chips 254 5000
Leather dust 17.8 3500
Limestone dust 17.8 3500
Lint 10.2 2000
Magnesium dust, coarse 20.3 4000
Metal turnings 20.3-25.4 40003000
Packaging, weighing, etc. 15.2 3000
Downdraft grille 17.8 3500
Pharmaceutical coating pans 15.2 3000
Plastics dust (buffing) 19.3 3800
Plating 10.1 2000
Rubber dust
Fine 127 2500
Coarse 22.9 4000
Screens
Cylindrical 17.8 3500
Flat deck 17.8 3500
Silica dust 17.8-22.9 35004500
Soap dust 152 3000

= Enco

Soapstone dust
Soldering and tinning
Spray painting
Starch dust
Stone cutting and finishing
Tobacco dust
Woodworking
Wood flour, light dry sawdust and
shavings
Heavy shavings, damp sawdust
Heavy wood chips, waste, green
shavings
Hog waste
Wool
Zinc oxide fume

Material

T

AND TRADING CO.,LTD.

17.8 3500
12.7 2500
10.1 2000
15.2 3000
17.8 3500
17.8 3500
122 - 2500
17.8 3500
20.3 4000
15.2 3000
[ 3000
10.1 2000

Minimum Transport

Very fine, light dusts

Fine, dry dusts and powders
Average industrial dusts
Coarse dusts

Heavy or moist dust loading

Velocity
m/'s fpmj_
10.2 2000
15.2 3000
17.8 3500
20.3-22.9 4000-450)
22.9 and up 4500 and g

Source: Reference 2.
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Duct Design

Damper Pressure Drop
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DAMPER FACE VELOCITY -fpm

w = CFM
V (Velocity) = Sq. Ft. Damper Area

Adapted from HVAC Systems Duct Design, Third Edition, 1990,
Sheet Metal & Air Conditioning Contractor’s National Association.
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Duct Design

Screen Pressure Drop
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Adapted from HVAC Sysiems Duct Design, Third Edition, 1990,
Sheet Metal & Air Conditioning Contractor's National Association.
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Duct Design

Velocity and Velocity Pressure Relationships

Velocity Velocity Pressure Velocity Velocity Pressure
(fpm) (in wg) (fom) (in wg)
300 0.0056 3500 0.7637
400 0.0097 3600 0.8079
500 0.0155 3700 0.8534
600 0.0224 3800 0.9002
700 0.0305 3900 0.9482
800 0.0399 4000 0.9975
900 0.0504 4100 1.0480
1000 0.0623 4200 1.0997
1100 0.0754 4300 1.1527
1200 0.0897 4400 1.2069
1300 0.1053 4500 1.2624
1400 0.1221 4600 1.3191
1500 0.1402 4700 1.3771
1600 0.1596 4800 1.4364
1700 0.1801 4900 1.4968
1800 0.2019 5000 1.5586
1900 0.2250 5100 1.6215
2000 0.2493 5200 1.6857
2100 0.2749 5300 1.7512
2200 0.3017 5400 1.8179
2300 0.3297 5500 1.8859
2400 0.3591 5600 1.9551
2500 0.3896 5700 2.0256
2600 0.4214 5800 2.0972
2700 0.4544 5900 2.1701
2800 0.4887 6000 2.2443
2900 0.5243 6100 2.3198
3000 0.5610 6200 2.3965
3100 0.5991 6300 24744
3200 0.6384 6400 2.5536
3300 0.6789 6500 2.6340
3400 0.7206 6600 2.7157

For calculation of velocity pressures at velocities other than those

listed above: P, = (V/4005)? |
For calculation of velocities when velocity pressures are known:

=4005 ~ (Vp)

ENCO TRAINING BY P Maethee wih 16
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Duct Design

Typical Design Velocities for HVAC Components®

Intake Louvers Velocity (FPM)
» 7000 cfm and greater 400
Exhaust Louvers
» 5000 cfm and greater 500
Panel Filters
» Viscous Impingement 200 to 800
 Dry-Type, Pleated Media:
» Low Efficiency 350
» Medium Efficiency 500
» High Efficiency 500
« HEPA 250
Renewable Media Filters
» Moving-Curtain Viscous Impingement 500
« Moving-Curtain Dry-Media 200
Electronic Air Cleaners
« lonizing-Plate-Type 300 to 500
» Charged-Media Non-ionizing 250
» Charged-Media lonizing 150 to 350
500 to 600
Steam and Hot Water Coils 200 min.
1500 max
Electric Coils
» Open Wire Refer to Mfg. Data
» Finned Tubular Refer to Mfg. Data
Dehumidifying Coils 500 to 600
Spray-Type Air Washers 300 to 600
Cell-Type Air Washers Refer to Mfg. Data

High-Velocity, Spray-Type Air Washers 1200 to 1800
"Adapted from ASHRAE “Pocket Guide”, 1993

ENCO TRAINING BY P Maethee wh 17
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Table 7. AIR FLOW RESISTANCE CAUSED BY ELBOWS AND BRANCH ENTRIES
EXPRESSED AS EQUIVALENT FEET OF STRAIGHT DUCT
(Adapted from Industrial Ventilation, 1956)

[

8
\R\
! D+
Diameter 90° Elbow 60" Elbow 45° Elbow Branch entry
of duct, Throat radius (R) Throat radius(R)] Throat radius(R)|Angle of entry (8)

in, 1,0OD[ 1,5D [2,0D[1.0D|1.5D[2.0D| 1.0D[1.5 D|2.0 D[45°| 30°[15°
3 & 4 3 4 3 2 2 1 1 3 2 1
4 7 5 4 5 4 3 4 3 2 5 3 1
5 9 b 5 T 5 4 5 4 3 6 4 2
b 11 ¥ 6 8 5 4 6 4 3 7 & 2
7 12 9 T 9 6 5 ) 5 4 9 6 3
8 14 10 8 11 7 6 8 5 4 [11 T 3
9 17 12 10 12 9 7 ] 6 5 |12 8 4
10 20 13 11 14 10 8 10 i 6 |14 9 4
11 23 16 13 17 12 10 11 8 6 |15 110 5
12 ‘ 25, | 1 | e 20 | 23 | 12 | 9 7 |18 |n | 5
14 30 21 17 23 16 13 14 10 B |21 |13 &
16 36 ‘ 24 20 | 27 18 | 15 17 | 2 1o |25 |15 | 8
18 41 28 23 32 22 18 20 13 11 128 |18 9
20 ‘ 46 | 32 26 | 36 24 20 23 16 13 |32 (20 |10
22 53 | 37 30 | 39 27 22 27 18 1s (36 |23 |11
24 | 59 40 i3 44 30 25 30 20 16 (40 |25 |13
26 64 | 44 | 36 | 48 33 | 27 2 | 22 18 |44 |28 |14
28 71 49 | 40 52 35 29 35 24 ‘ 20 |47 |30 [!5
30 |75 | 81 J 42 | 55 38 | 31 3 | 26 21 |51 ‘33 16
36 92 | 63 52 68 46 38 46 32 26 (= |- |~
40 105 T2 | 59 5 51 42 52 35 ‘ 29 | - | = -
48 | 130 I 89 l 3|9 1 _62_ 51 b4 44 i _ifz = |-
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Table 4-3 Ventilation System Pressure Losses

Typical Magnitude,

Type of Loss Inches of Water . Reason
Acceleration loss 0.25-1.5 Energy needed to
accelerate air to duct
velocity
Hood entry loss 0.1-2.0 Turbulence as air enters
hood and ducts
Duct friction loss 1.0-5.0 per 100 ft of duct Friction as air moves

Turbulence Losses

Elbow 0.1-0.3 per 90° elbow
Branch entry 0.1-0.3 per 45° entry
Enlargements and 0.1-0.5 per enlargement
contractions or contraction
Air cleaners 0.5-10

through duct

Turbulence as air
changes direction or
velocity

Friction and turbulence

Table 4-2 Typical Pressure Losses From

Air Cleaners

Pressure Loss?

Type Inches of Water

Filter 3-8
Cyclone 1-6
Electrostatic precipitator 0.5-1
Scrubber

Packed tower 1-3

Wet centrifugal or 2-6

venturi collector

Carbon adsorption bed® 1-10

“Actual pressure loss is highly dependent on collection efficiency.
"Depends on carbon pore size and air velocity through bed.

ENCO TRAINING BY 10 Macthee
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Duct Design

Rectangular Equivalent of Round Ducts
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Duct Design

Recommended Metal Gauges for Duct

Rectangular Duct Round Duct
izt | U3. T BES | graneter | Sgfe S [ Apahe
to30in. | 24 | 22 to 8 in. 24 22
31-60 22 20 9-24 22 20
61-90 20 18 25-48 20 18
91-up 18 16 49-72 18 16

Wind Driven Rain LouversT

A new category of product has emerged recently called a
wind-driven rain louver. These are architectural louvers designed
to reject moisture that are tested and evaluated under simulated
wind driven rain conditions. Since these are relatively new prod-
ucts, several different test standards have emerged to evaluate
the performance of these products under severe wind and rain
weather conditions. In addition, manufacturers have developed
their own standards to help evaluate the rain resistance of their
products. Specifying engineers should become familiar with the
differences in various rain and pressure drop test standards to
correctly evaluate each manufacturer’s claims. Four test stan-
dards are detailed below:

Dade Co. |Power Plant| AMCA 500 HEVAC

Test Test Test* Test
Wind Velocity 16-50 22 0 135
m/s (mph) (35 -110) (50) (30)
Rain Fall Rate 220 38-280 100 75
mm/h (in./h) (8.8) (1.51t0 10.9) (4) (3)
Wet Wall Water 0.08
Flow Rate 0 0 (1'25) 0
L/s (gpm) ‘
Airflow Through 6.35 (1,250) | 6.35 (1,250) | 3.6 (700)
Louver 0 Free Area Free Area Free Core
m/s (fpm) Velocity Velocity |Area Velocity

+Table from AMCA Supplement to ASHRAE Journal, September 1998.

*AMCA Louver Engineering Committee at this writing is currently updating
AMCA 500-L to allow testing of varying sizes, wind speed, and rainfall
intensity and is developing a Certified Ratings Program for this product
category.

ENCO TRAINING BY P Maethee wih 21
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Duct Design

U.S. Sheet Metal Gauges

Steel Galvanized
Gauge No. (Manuf. Std. Ga.) (Manuf. Std. Ga.)
Thick. in. Lb./ft.2 Thick.in. Lb./ft.2
26 .0179 750 0217 906
24 .0239 1.00 .0276 1.156
22 .0299 1.25 .0336 1.406
20 .0359 1.50 .0396 1.656
18 .0478 2.00 .0516 2.156
16 .0598 2.50 .0635 2.656
14 0747 3.125 .0785 3.281
12 .1046 4.375 .1084 4.531
10 1345 5.625 .1382 5.781
8 .1644 6.875 .1681 7.031
Vi 1793 7.50 - —
Mill Std. Thick Stainless Steel
Gauge No. Aluminum* (U.S. Standard Gauge)
Thick. in. Lb./ft.2 Thick.in. Lb./ft.2
26 .020 282 .0188 .7875
24 .025 300 .0250 1.050
22 .032 452 0312 1.313
20 .040 564 .0375 1.575
18 .050 .706 .050 2.100
16 .064 .889 .062 2.625
14 .080 1.13 078 3.281
12 .100 1.41 .109 4.594
10 A25 1.76 141 5.906
8 .160 2.26 A72 7.218
4 190 2.68 .188 7.752

*Aluminum is specified and purchased by material thickness rather than gauge.

ENCO TRAINING BY P Maethee nih 22
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( GENERALIZED DESIGN REVIEW APPROACH 2 )
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S S S T T T T T T T T T T T ENCOENGINEERING AND TRADING CO..LTD,

ABSORPTION

SYSTEM
DESIGN

ADSORPTION
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SYSTEM
DESIGN

CONDENSER
DESIGN

BIO-FILTER
DESIGN

COMBINATIONS
EQUIPMENT
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COMPLIANCE ACTIVITY AND SCHEDULE CHART
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Data needed for designing
air-pollution control systems

Table VI

Physical form (gas, liquid, solid)

Flowrate of stream

Concentration of material to be collected

Particle size distribution

arigtions in flow or concentration
(extent and time)

Physical properties
(solubility, resistivity, ease of handling)

Chemical properties
(reactivity, corrosivity, toxicity)

Temperature and pressure of stream
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Table 5-2 Types of Air Contaminants

Airborne Size Range,
Material pum

Characteristics

Dust (Airborne) 0.1-30.0

Fumes 0.001-1.0
Mists 0.01-10.0
Smokes 0.01-1.0
Vapors 0.005

Gases 0.0005

Generated by pulverization or crushing of solids.
Typical examples are rock, metal, wood and coal
dust. Particles may be up to 300-400 ym but those
above 20-30 um usually do not remain airborne.
Small solid particles created by condensation
from vapor state, especially volatized metals as
in welding. Fumes tend to coalesce into larger
particles as the small fume particles collide.
Suspended liquid particles formed by condensa-
tion from gaseous state or by dispersion of
liquids. Mists occur above open surface electro-
plating tanks.

Aerosol mixture from incomplete combustion of
organic matter. This size range does not include
fly ash.

Gaseous forms of materials that are liquids or
solids at room temperature. Many solvents gen-
erate vapors.

Materials that do not usually exist as solids or
liquids at room temperature, such as carbon
monoxide and ammonia. Under sufficient pres-
sure and/or low temperature they can be
changed into liquids or solids.

Source: Reference 11.
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Methods For Particulate Collection—Table |

Brownian Separator

The Brownian Separator removes low-viscosity liquid particulates in the particle size
range from 0.01 to 0.05 microns. This patented device consists of filaments, usually
glass, arranged so that the space between them is less than the mean free path of the
particle to be collected. Thus, the particle cannot escape; it must collide with one of
the filaments where it is captured. Eventually, liquid builds up on the filaments and runs
down 1o a collection point.

Filtration

The panel filter or baghouse will remove solid particles down to the 0.1 micron level.
The panel-type filter is limited to relatively light dust loadings because cleaning is time-
consuming and costly. The baghouse, on the other hand, can be used with heavy grain
loadings. These units are made up of a large number of cylindrical bag filters, which
may be cleaned automatically to provide continuous operation. The baghouse should
not be used for oily, hygroscopic or explosive dusts. Gas temperature is limited by the
composition of the filter medium.

Electrostatic Precipitator

In this common collecting device, a high voltage is imposed on a relatively siow-moving
gas stream. Charged particles are attracted to the grounded electrode, where they
are periodically removed by rapping, vibration or washing. Conventional precipitators
are quile bulky because of low air velocities. They have the advantage of providing
dry coilection, generally down to the 0.2 to 0.5 micron range. Theoretically there is
no minimum limit to the size of particles that can be collected.

Centritugal Collectors

Available in a number of difierent designs, cyclone separators rely on centrifugal force
to drive particles to the wall of the chamber where they drop out of the gas stream
into a collector. They are useful for relatively coarse separations. A large-diameter
cyclone will remove particles 15 microns and larger. Small-diameter units, usually con-
nected in parallel, are etfective down to the 10-micron range.

Inertial Separators

A variety of dry mechanical collectors are based on inertial impaction of particles on
baffles arranged in the gas stream. Because there is a practical limit on how closely
together the baffles can be placed, these devices are best for separations above 20
microns. However, some new designs can achieve 5 to 8 micron separations.

Gravity Settling

The oldest and simplest means of particie separation is the gravity settling chamber,
in which particles fall onto collecting plates. These are usetful for removing coarse dusts
above 40 microns, and may be placed ahead of other separation equipment.

R T B
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Equipment For Removing Gases and Dusts—Table Il

Spray Towers

In spray towers the gas stream passes at low velocity through water sprays created by
pressure nozzies. These units are simple but only mederately effective. They will re-
move particles down to the 10 to 20 micron range and absorb very soluble gases.

Wet Cyclones

In this version of the cyclone separator, swirling gas flows through water sprays. Drop-
lets containing dusts and absorbed gas are separated by centrifugal force and col-
lected at the bottom of the chamber. Wet cyclones are more effective than spray towers.
They will absorb fairly soluble gases and remove dusts down to the 3 to 5 micron range.

Venturi Collectors

The venturi design relies on high gas velocities on the order of 100 to 500 ft./sec.
through a constriction where water is added. The impact breaks the water into drop-
lets, with the fineness of spray determined by gas velocity. Venturis collect particles
to the 0.1 micron level and recover soluble gases.

Perforated Impingement Trays

Here, gas flows through small orifices at 40 to 80 ft./sec. and hits a liquid layer to form
spray. The liquid captures particles and gases and is collected on impingement baffles.
Performance is relatively good with particle collection possible down to 1 micron and
absorption of fairly soluble gases.

Packed Towers

Packed towers were primarily created for gas absorption. With some new designs,
they can also be used for dust removal. Gas-liquid flow may be concurrent, cocurrent
or crossflow. Two kinds of mass and particulate transfer are possible. depending on
the packing. Extended surface packings provide absorption by spreading the liquid
surface, and collect particles by cyclonic action. Recovery is limited to 10-micron sizes
and larger. With filament packing, absorption by surface renewal is twice as effective
and particles to 3 microns are separated by inertial impact. A cross-flow tower gives
the highest solids handling capability with the lowest pressure drop.

Nucleation Scrubber :

This process grows submicron particles, down to 0.01 micron, by condensation. It
collects grown particles on filament-type packing by inertial impact at low energy. At
the same time, absorption occurs as in a conventional cross-flow packed tower.

Turbulent Contactor

With this device gas flows through spherical packing made up of 0.5 to 2-in. balls,
which oscillate or bounce in liquid. Particles down to the 1 to 5 micron range collect
by baffle impact on the spheres. Gases will absorb in the turbulent liquid and absorp-
tion efficiency will depend on the number of stages.

Wet Filters
This is an open filter whose efficiency is improved by spraying with water. Its absorp-
tion ability is limited to those gases that are very soluble.

Chromatographic Recovery

The chromatographic unit (proprietary) contains inexpensive extended surface solids
with a mono-to-termolecular coating of an active reagent. Thus the solute gas need
only diffuse to the surface of the solid where it reacts either by ionic or molecular re-
action. Where the reaction is ionic, the absorption is generally irreversible. Where the
reaction is molecular, the absorption can be reversible and the solute gas can be stripped
off essentially pure.
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43-2 FORCES INFLUENCING SMALL PARTICLE COLLECTION
IN AIR POLLUTION CONTROL DEVICES
Class of air Particle diameter,
pollution control device Force or mechanism micrometers’
Settling chamber Gravity : 50
Cyclone
Large diameter Centrifugal + impaction 25
Small dizmeter Centrifugal + impaction )
Mechanical cent. rotor Centrifugal + impaction >
Scrubber
Simple spray tower Impaction + direct interception 25
Packed tower Impaction + direct interception 5
Wet cyclone Impaction + direct interception + centrifugal 5
Inertial-power driven Impaction + direct interception + centrifugal o
Sett-induced spray Impaction + direct interception 5
Venturi Impaction + direct interception <
Filter .
High velotity impingement ; ~ Impaction + direct interception . 10
Spun glass prefilters ; Impaction + direct interception ; 5
Deep fiber bed Impaction + direct interception + diffusion 1
High efficiency cellulose-
asbestos or all glass
superfine fiber Impaction + direct interception + diffusion |
Plastic fiber-superfine Impaction + direct interception + diffusion + electrostatic 0.1
Cellulose ester membrane Impaction + direct interception + diffusion + electrostatic 0.01
Bag or screen woven fabric Impaction + direct interception + diffusion <l
Reverse-jet felt : Impactibn + direct interception + diffusion <1
Electrostatic precipitator
Single stage high voltage Electrostatic |
Twao stage low voltage Electrostatic =

aMinimum particle size collected at approximately 90% efficiency under usual operating conditions.

Source: Air Pollution Manual, Part 11, Control Equipment, American Industrial Hygiene Association, Detroit, Mich., 1968.
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4.3-3 COLLECTION EFFICIENCY
OF PARTICULATE CONTROL EQUIPMENT! -2

Efficiency, %
Particle size, micrometers

Collector type Overall 0-5 5-10 10-20 20-44 =44
Battled settling chamber 58.6 15 22 43 50 90
Simple cvelone 65.3 12 33 57 82 91,
Long-cone cyclone 842 40 79 92 95 97
Multiple cyvclone, 12 in.

diameter 74.2 25 54 74 95 98
Multiple evelone. 6 in.

diameter 938 63 95 98 995 100
Irrigated long-cone

cvelone 91.0 63 93 96 98.5 100
Electrostatic

precipitator 97.0 72 94 .5 97 99.5 100
Irrigated electrostatic ) ;

precipitator 99.0 97 99 99.5 FO0 100
Spray tower 94.5 90 96 98 100 100
Self-induced spray

scrubber 93.6 85 96 98 100 100
Disintegrator scrubber 98.5 93 98 99 100 100
Venturi scrubber, 30 in.

pressure drop 99.5 99 99.5 100 100 100
Wet impingement scrubber 979 96 98.5 99 100 100
Baghouse 99 7 99.5 100 100 100 100

REFERENCES

I. C.J. Stairmand, “The Design and Performance of Modern Gas Cleaning Equipment,” J. nst.
Fuel, Vol. 29, 1956.

2. C.J. Stairmand, “Removal of Grit, Dust, and Fume from Exhaust Gases from Chemical
Engineering Processes,” Chem. Eng., December 1965, p. 310.
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Limitations of Collection
Equipment—Table Il

Equipment

Settling chamber

Baffle chamber

Packed crossflow (T)

Packed crossflow (S)

MNucleation

Precipitator

Baghouse

Chromatographic
baghouse

Dry cyclone

Wet cyclone

Packed countercurrent

Thermal venturi

Venturi
Brownian separator

Disadvantage

Size

Reentrainment and dust buildup
Irrigation minima

Plugging

Irrigation minima

Size and maintenance

Bag life y

Bag life

Plugging with damp conditions

Plugged nozzles and misting

Plugging

Erosion, minimum gas temp.
1,200 F.

. Mist carryover

Cannot handle solids
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Figure 1.4 Applicability of various air pollution control technologies based on air
flow rates and concentrations to be treated. (From Kosteltz, A.M. et al., in Proceedings
of the 89th Annual Meeting and Exhibition of the Air and Waste Management Association,
Pittsburgh, PA, 1996. With permission of KPMG Management Consultants, Ottawa,

Ontario.)
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Power requirements, HP/1,000 cfm,

DIRECT RELATIONSHIP between power input and particle size recovered is valid only for inertial impact collectors—Fig. 1

ENCO TRAINING BY 1P Macthee wih 14



TM

Ho o A o o o
unil 8 Vumeunseenuuy taz taenlyginseitniinenta ================ EICO RIS M0 THONGCO LT

U

o d' Y ) d =) 4
11 Qﬂﬂﬂﬂﬂ15ﬁ1@ﬂﬂimﬂﬂﬂﬁu!!ﬂﬁ

LU
o
o
g s
353
=]
338
¢ o
oo
Ll it 1
=
w—y

Jamoy feudg

[ (S) Waunaiajunon payaey

[ 1anjuap

A sama] Ael]

Pawer requirements, HP/ 1,000 cfm,

(S) aLInajunG paqaed[
f (1) U3N2IBILNDD payaey
(d) 103023002 Juangung |

[ iamoy Aeil
auo|aka Jam

[ (d) 1012281900 40 {[) mojjs5012 payoeg
L (d) (fp) owydesdorewoiy)

(5) waun203 payoed |

Moy feay [
(1) Waunaoa payaed |:

(o) J01RaANL 10
(1) Moyys5040 payaed |

b= —

i 3
[&]

0
CO.
CiO;
S0,

A
o
wl

MH3
HF

SiF.

HCI

-

solubility

gases
High
solubility
gases

Low
POWER REQUIREMENTS for absorption equipment vary widely—Fig. 2.

ENCO TRAINING BY 1P Macthee w1 15



”

o

Ei E OA
ENCO ENGINEERING AND TRADING CO. LTD.

S S S T T T T T T T T T T T T ENCOENGINEERING

o

o

V11U NI

insai

P
i 17]

1

A

VHUADUNITOONUVID Has taen

8

a
unn

1

NeuszuUla 1A

=

=
M1l

Auy Wwnipsiy
WNIPIWMDT oul g4
WhHIPaW-MO sty

Auy -
yB1y-wnpapy -
WnIpsws.-ma autd

MoY Auy
LIPS LE-MO™) —

Auy Auyy
uonREUBIUGT) sZ15

LB A |
P

A 3iqe]

LWINPaUL-MOT]
Wi ipats-mo
WNIPaL-MoT
WINIPALL-MOT
LUNIPAW-MO"
ybiH
MO
Auy
Auy

moy
SED) [BUWLION

Y1y Mmo7
yorH Bk
urnpap b1
MO Mo
YoiH MO
Moy ubiH
ybipy Mo
Mo ubiy
wnipsy WPy
1505 3303
Buhe.adp) jesrden)
R

SwelsAs |0U0d voRnjjod-1e jeianas roy apind uosuedwos oy

JGNIS HRIVRA

peq jaqy vyl

paq Jaqiy xoyj

18MO0) PaYyIRJ
JOlEIBUIDM |

Jalendidsad 211818013813
o)) &qesodsiny
J3qJ0tpR UDLLEY
asnoybeg

(043u0D

i 16

ENCO TRAINING BY P /%@fm



DING CO.LTD.

NGINEERING AND T

OFE!

ENcO

ENC

o @
HUI1UADINIA

logilns

VHUADUNITODNUVD Uas J@d@ﬂ

unn 8 1

a

U

RHINZaNN Nany

1

U

ATTNNSLEDN IUVUVUVIUA 91NA

o

R 3 g
(<1

B w3 8F s &
O Ow o O Ry

=

q

Bt

B o3 M Ty e

31}

=

o Py

o Bon e B om

a

o & &

ﬂ%émmﬁg

2

0 o0 m [ TR

i)

T

STanjues
Iier

{dHH PR DMAY
SABQURIIS TOTYBITOWOS

saaqaye Aeads

siamoqy Apadyg

#MOTI TaTTe-I8d

Taxoy peyoed juaIIRaG]
{MyA) sIsuyses Iy
{oMa) sucToks gam

(doA) Xomoq
Payoed quadrnozaymo;

{JEH} MOTI S3015

Jutpeor uiTH BuTpeol Moy w97 IS @i g £3ITTqNTOS #0OT  fqrTTOM(oR yITH

uwd £ anoqe sgyng

sprobry
PaUTRZ TR

Zepm
S18TH

totredicsge SBD

SIQYLIIS Jam JO s5add]

BB OIDE = J '%CAOLCR = D IxcE =7

{'pepusunaost jou = yN

"PRI93[[03 s3sBE 9; Jo JySram Aq yaared  uo paskq

Ar souRYge uondiosqe sen “siseq aSmucouad ¢ wo sazis I Ut paps(ioo saranued jo Jaquinu

i U0 PASEQ AT SALOUBIININE WEYS 9t | "SATIS PAXIW Jir SHIN

£-6 24e),

ed Uruoo snossmrs [ewiroN :Aay)

i 17

ENCO TRAINING BY P Macthee



= = 4 d o o 4 e oo o ——— — e o o e e o e
uni 9 maaenlvginsaihineimalvinisnzaunvgaainssy ============== GO TN A0 TONGCO LD

uni 9

= Y d o & 4 [
13 !ﬁ@ﬂ?‘b’@i’ﬂﬁﬂlﬂ]ﬂﬁ@7ﬂ7ﬂ ?W!WN?&’@'?J Y @AaIHNIIN

| = Yy a Y A o
mudSeuiiay Yea VYerds veeszuy a1

1. la#laau (CYCLONE )

Y

=
VO

Yy A
volad

1.Tasea$1951A9n

1. dsz@nom lunisiveymad Tasmmizuuia

A g 1 1
f@nnn 10 Tuasou

o w ' Yy 9
2. MIVIPPINHNY, T¥auiios

2. g iudunaauiy

1
o A a @

29109 1503 QUNYV LT LA

e

3.

4 1
@ ~

=< A Y o
Iu nu msaen ¥ Taamue ey

a

4 Pressure drop ¢ ﬂzagﬂu%’m 2-6 in.Wg

Iz o v o Y ¥
s dumsmIauuuni ’mmsﬂm'lﬂazmﬂ

IV [
A A

Fd
6.409msiun lumsaadaios

2. Wet scrubber

Y

=
Vo

Yy A
Voledl

Ed ]
1. lifiuaniy 9uh 2

F
1. g lvinainde

J

v A 4 a o 9
2. iﬂ@\iﬂ'ﬁwuﬂiuﬂ'ﬁﬁﬂﬂﬁuaﬂ

2. fuindn 1deziTlen

= [T <
3. Hanwennso lumstudunazuna

{ o
(Tagmwz Miluenamiien )

@ 1 ' Y
3. ﬂﬂJﬂ'] MINANTIU LUNINAN LVUH

a

) o < A
4 danuansalumsduung NN euvnd tag

E) Q

4
AU

v i
4. 92109 Plume tazazo03ii1 oonfidang

Y o Y

'y 0o o o o
5. AUNUA ( ﬂﬂll@]ﬂ\?ﬂﬁ JEUVVIUAUUTE )

a

i
Y

5. Pressure drop (101 Mawhndesms 9199

6. M5V Process Wi 1153AUBEUAD Pressure

= 1o o
drop ¥e3szUVL T il

v W 3| a A A
6. IM3dud udeu vesrlu asausnu 7 Alen

a

v DY o q ¥ a v
TN LN VN i]%‘i/lﬂﬁlﬂﬂﬂﬂlﬁ?llﬂ

9

7. o BUszansmmlumsduge dmsuu

<3 1Y A
YUIA 180 (UAADINY Pressure drop )

7. e lumsthgesnega

L]

ENCO TRAINING BY P /%etke i

i 1




4’ A % d o o v [
unn 9 f)h'm@ﬂ?“ﬂfq)ﬂﬂ?ﬂﬂ”llﬂ@7ﬂ7ﬂ?ﬁ!ﬁﬂ7s‘fﬁwﬁﬂ@ﬁﬁ7ﬂﬂﬁiﬂ

3. Electrostatic Preciptators
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