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Welcome and Program Introduction

Overview
Industrial Ventilation Manual and Course Materials

Presentation
Introduction to Industrial Ventilation

Presentation
Principles of Airflow

Topic
Correlating System Airflow & Pressure to Horsepower

Exercise
Problem 1, QAV - Understanding Flowrate, Velocities and Velocity Pressure

Presentation
Industrial Airstream Contaminants & Control Principles

Presentation
Hood Design

Exercise
Problem 2 - Hood Static Pressure

Exercise
Problem 3 - Determining Flowrate from Hood Static Pressure; Enclosed Hood Design




Exercise
Problem 4 - Canopy Hood Design

Presentation
Hood Airflow Profiles

Demonstration
Hood Airflow Characteristics
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Problem 5 - Guidelines for Simple Hood Design; Welding

Exercise
Problem 6 - Guidelines for Slot Hood Design; Welding
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Problem 7 - Guidelines for Chemical Backdraft Hoods; Anodizing Process

Presentation
Fan Fundamentals

Presentation
Duct Design
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Balanced Duct System A; Unbalanced Duct System B; Unbalanced Duct System C

Exercise
Problem 9 - Duct Contractions & Expansions

Topic
Ventilation Systems Drawings Review

Presentation
Fans & Systems

Presentation
Fan Performance & Fan System Effects

Workshop
Problems 10A, B, C - Fan System Effects — System Effects on Fan Performance

Presentation
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739l 1. Introduction to Industrial Ventilation

O At 2H7](industrial ventilation)™ AFFE W 299 I71E IFE W=
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Why Use industrial Ventilation?
Reduce worker exposure to éirbq_rhe chtaminants
to comply with worker exposure

regulations/guidelines (i.e., OSHA, A(fGIH)

With Dust Control

Without Dust Control.
™, LR T Vi

- Why Use Industrial Ventilation?
Comply with envirfir}mentai Federal EPA and
‘State air and water quality regulations

With Dust Control

Without Dust Control
S

Why Industrial Ventilation?

Prevent dust explosions and comply with
National Fire Protection Agency (NFPA)

regulations

West Pharmaceutical
Services, Kinston, North
Carolina in 2003

* Company made rubber
stoppers for medical use

® Six Deaths, dozens of
injuries

¢ Polyethylene powder use
as a tacking agent
accumulated above the
suspended ceiling ignited §
and caused a catastrophic
explosion

Ay

A

Why Industrial Ventilation?

Comply with National Institute of Occupational Safety and
Health (NIOSH) heat stress guidelines

HEAT EXHAUSTION OR

HEAT STROKE

3

HEAT EXHAUSTION r
SYMPTOMS i

1. aint ot dizzy
2. Extessive sweating
3.Cool, pale, dammy skin 8

4 Nauses, vomuting

6. Mustle cramps

HOW TO TREAT IT

Why Industrial Ventilation?

Provide an adequate air quality and oxygen supply in
a confined space (Cleaning and Painting Applications)

age Acceptable

Additional Reasons?

Reduce housekeeping and maintenance of equipment

NFPA=652

Standard on
the Fundamentals of
Combustible Dust

2016 Edition

"/ [combustiole Dust )
e
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00 —




7o)
O

2. Principles of Airflow
A < st

T E e

0 3719 HEEok=
(ThsF, AR83l= @971 ft, pound, pints, inch & $-2lvelel @2 &

- 3719 29 2x9 Jid olsf
- o7 A wE dERA
Specific Volume & Density At Sea Level
*The Ideal Gas Law States: PQ=nR,T e, N
*With R, = 1545 and solving for the volume of I Ib, mole, then 1 b, : il
mole of any gas oceupies 386.5 cu fi.
Q=] x1545x 530 = 3865 cn fi e 2
14.7x 124 s S e
*This means that if we divide 386.5 by the molecular weight of .. R . 0.075 Ibs
any gas or gas mixture, we will find its specific volume. ) o :
* For Air, Specific Value = 386.5/28.964 = 13,34 . Rt /
. - 11t
*Since the density of a gas is the reciprocal of its specific .
volume, then o 1 cubic foot of standard air weighs 0.075 pounds
* For Air, Density = 1/13.34 = 0.075 S/cu ft - L
aye g, Fons - 239
@ 371° T2 G Sl tE de olslzE feuyetst sdF
O TAGSE A= TR AAA eFor dotop & HKTP,
Total Pressure), 3H(SP, Static Pressure), $-5=3H(VP, Velocity Pressure)®] ©]3l<}
WAE Adsiglon, B9E AQsk felvetel sdsAl A8stal U=
- HHTP) = AYSP) + £EHVP)
- £5(V) = 4005,/ VP/df , df: density factor
SPVP&TP At Any P{)int In A System

Total Pressure

* Algebraic sum of Static and Velocity Pressures
*Measured paralle] to direction of flow

g
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9] 3. Industrial Airstream Contaminants & Control Principles
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Types of
Contaminants

= Particulate
— Solid Particies

— Liquid Particles

« Stable suspension of
particles in air or gas
— Solids
— Liquids

= Distinguished by

composition and mefhod of
formation

Aerosols-Definition

Fumes

« Splid particles

* Formed from
condensation of vapors
of solid materials
through processes such
as combustion

- Typically 0.01 to 0.1

Smoke

= Solid particles
formed from
incomplete
combustion of
organic fuels

= Has a greater
optical density than
fumes

« Solid Particles Formed
by

—. Dynamic breaking of

- materials in mechanical
‘operations (e.g.;
crushing, grinding and

~ . .sawing) ;

—_ Slatic_disintegratlon of
minerals and organic
matter

Typically £ pm and

greater

e ®

_micrometer (pm} - 0.1to10um (0.5"
- pm and smaller is
pww ~ typical
-~
Dusts

Liguid Aerosols

= A stable suspension of
liquid particles in air

« Types
— Mists and Fog
— Emulsions

« Collectors
— Centrifugal [large mists)
— Coalescing Filters and

ESPs (fine mists and
smoke)}

8,




Particle Size of Air Contaminants

Dust Cdllector Performance for
Range of Partlcle Sizes

e &= 22 o o L = Fabdr. w=:
i ..h' -
1 sasa! &
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Fhort Smenay -E
e g e .
e Mimmd | i 2 '5“
o e r
T RANGE OF PARTILE SI?PS & OOL| IJ!(.‘H)R. PERFORMANCE
Erw.
e b L =
f the Dust P
Properties o Key Point...

You Should Answer These Seven Q_uestlons o

] - Particle siZze?

= Light or. Heavy (Spectﬁc
Gravity]?

¥ - Abrasive? e} -

= Sticky {contain oiis}?

~ ~ Hygroscopic (absorb. .~

p moisture)? -

§ - Explosive.or )
Flammable?.

~ Angle of Repose?

...the type of contaminant and its particle size
will influence the type of control eguipment and
degree of control required..”

O dAd 29=4d9 =HPH e E F(Separation) B o F(filtration) ™
o] lom, AAFEAY EYWHor FH, d4Y, T=, d7g F 4
7HA W o] low, ofite] g diow ik A, =, A(sieving)
dde Asta glon, Pyt ARG =42 AAdE 493 s

olZ= olstEd, LMY
TEY2EN AAsIL, 2vtel AR ofa}k sAtellA FIshe
22 10mtol A2 o]

QA 2T

4o FENE o83 717l

Separation

= Objective is to separate the
contaminant while in suspension
= Force Mechanisms are
— Gravitational
— Centrifugal
- Impoction
— Electricol

-~

Gravitational Force
* Occurs when the gravitatidnal fotce is greater than
the terminal or settling velocity of the contaminant
= Typical for large particles 40 to 50 micron and greater

Centrifugal Force
Uses rotational
wvelocity to generate
centrifugal force
Ratio of centrifugal
force to gravitational
.. force is 100 times or
greater

Usaful when particle
size is 5 micron and
larger

Impaction

* Particles too large to follow
the gas streamliines arocund
an obstacle/droplet collide
with it

* Impaction Efficiency Ay
W= p, d,Ady

= Impaction forces and
efficiency In a wet scrubber”
drops off exponentially
when particles drop below
25
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Electrical Force
= Electrical forces
move the
contaminant on to

- very fine particles,
.0.001 uym

" Ercatic path taken by
* smalt particles when

Explains capture of

= -
Diffusion Z=— .

collection surfaces bombarded by fast . -
« Particles are moving molecules in Airstrea et b Fiber
ionized or the gas “Brownian - A
ZIOWNIAN _—
negatively charged, Motion™ . e
and electrostatic o Pamcles come'in
forces move them contact and cling onto
to collection plates the fiber
that are grounded.
~¥e ™
b -
. Sl =
Interception 7.7 : 2t
P e Impaction 7%

Particles are captured in the airstream while moving
through the media, slowing enough to graze the
surface and be intercepted

Efficiency increases when the diameter of the
particle nears the diameter of the fiber

Alrflow

Particle

_/ Fiber

= Particle impinges on
the filter media, but
does not penetrate
Inertia prohibits the
contaminant from
following the
airstream path
around the fiber
Useful for
contaminants 1.0
micron and larger

Airstredm

Alrflow G 2
+ee & f
Filtration Aide: Sieving Mechanisms of Filtration
= Diffusion T i e
* Dust cake or filter = Capture by Brownian 1:: £ \_/
membrane used to Motion gl
physically restrain or —_Random Movement | 70 |
condition contaminants * Interception | ; Z: i \
* “Surface Loading” 5 :Zrzgm;z:;\;nt £ ol
* Used to improve - Depth Filtration :: . |
contaminant release * Impaction o \_
characteristics = Capture by Inertia o e
Forces 0.01 0.10 1.00 10.00

= Particle Size

Surface Loading

O F719 vli7]e] & o8& Ad

- w5719 AS 3VIEE7F HE A9 30 AglAA ¢F 1/102 &S b)
719 A5 71579 Wk dAIglel QEAAYL 22 AdA IVIEES
1/102 Z4&StEZ AHj7AAde] S faled Y OETH 7V
ol AX|s|of gt ($ElvEtet FY)

O %o F74EH
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3l 100~300fpm (0.5~1.6m/s)Z Al A]

- 952 &= (Close capture hoods): 23 E2 EFE T 4 gloH, o4
=49 Ayl w2t 2o wjFEo] SUFHEAY Eu 28 EolF)

- €59 —'?‘—E( lotted hoods): 7}2-A|Z H]-&(W/L)o] 0.2°]3}0]1, &5 =&
2,000fpm o= A|A|

- g2 ¥ T Z(Receiving hoods): L EZHA Eolojal 2F=Ho] HME £
2 destke A Aest, 284, A 5 AR & Aol A&t

- mEe] RS faduA PEE-F-A) L AABIY FE, Auol,
aeklY 5)E Fo ACISEE vad EYA AANFORA a2
A DAY ASE A8 AR BRE i) HAF HF
s glou, Seete] A% AtARAN oA BUFE B

= (QFA

Enerqy of dispersion Examples W, fom [rmi's]

Little motion
Awerage motion
I-'igl'

i

.-':_r "'l'l

Evaporation from fanks, degreasing

Intermittent container filling; low speed conveyor
transfers; welding, pat;ng, pickling

Barrel filling; conveyor loading; crushers
Grinding; abrasive b ast' g; tumbling

Factors affecting choices within ranges

Strength of crossdrafts du
Mead for effectiveness in ¢

akesup air, fraffic, efc.
[:’r:ur
s toxicity
+ exposures from other sou
quantity of air confaménants generated —
generated

of contaminants |:’:u:| ced by the source,
ces that reduce accepiable exposure from this source
2., preduction rate, volatility, time

75-100 [0.38-0.51]
100-200 [0.51-1.02]

200-500 [1.02-2.54]
10

500-2,000 [2.54

.Li

n) =] Aoj4 % 7] F(Industrial ventilation , 29" edition, ACGIH)
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O HE Ri$&E AW
- H=e HE HgEER 72 fyuEe] ddEd T1eAA
(KOSHA-Guide, W-1-2014, AF4&7]dulo &g 7|<=x )3 A vl

TABLE 5-1. Range of Minimum Duct Design Velocities t; " QJJw,ﬂ/
.______\_% S (WA W, \
Nature of Contaminant Examples Design Velocity
\apors, gases, smoke Any desi ity (economic oplimum velocity
usuaky 1,000-2,000 fpy) [5.08-10.16 m/s]
Fumnes, metal smokes Welding 2,000=2;560fpm [10.48-12.70 m/s]

Fine light dust

Cotton lint, wood flour, litho powder

2,500-3,000 fpm [12.7-15.24 m/s]

Dry dusts and powders

Fine rubber dust, Bakelite molding powder dust, jute
lint, cotion dust, shavings (fight), soap dust, leather
shawvings

3,000-3,500 fpm [15.24-17.78 mis]

Average industrial dust

Grinding dust, buffing lint {dry), wool jute dust (shaker

general material handling, brick cutting, clay dust,
foundry (general), limestone dust, packaging and
weighing asbestos dust in texfile industries

waste), coffee beans, shoe dust, granite dust, silica flour,

3,500-4,000 fpm [17.76-20.32 mis]

Heavy dusts

Sawdust (heavy and wet), metal turnings, foundry
tumbling barrels and shake-out, sand blast dust, wood|
blocks, hog waste, brass turnings, cast iron boring dust,
lead dust

_14,000-4,500 fpm)[zo.sz-zz.aa mis]

/ i l

Heawvy or moist dusts

Lead dusts with small chips, moist cement dust, buffing
lint (sticky), quick-lime dust

4,500 fpm [22.86 mis] and up

<2< . . . o .
n) o] W4T 7] F(Industrial ventilation , 29" edition, ACGIH)
fFalEd HAFH ol 52 &7 HEE 45 (m/s)

Z7]. 7247 RE 7], 7t 2 47 50 7 10.0

3 ofAF, AstdvE &, EHF T 100 ~ 125

v Alska 7heE 7 A AR, mAg B2 FolE A F 125 7 150
Azg Exloly & AR, HEZ VbR, 'Y 23 T 150 ~ 20.0

o =] ) J A= IR ) =

uk Al a9y 7, Akl &R EREA, ey
ALY, A, FEE, AUEY 5 ' '

B B AL FiEzl, A7 £9€ a5, A= 20,0 ~ 95
s EY2ERZ, FHEHEZ, g72x ] ’

223 A E Xz 2o Z 3.0] (B =]
‘%’_@1 -ﬁ—t}l— T,‘i—%_]_ 7 e ]1_1——?:\__, “}-\__ ;f:IO] ‘_H% }:IT':;\(_]_, 225 O]/‘\j}'
MAgols] 5
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o) e S S 3z [e]
AH 7| AR SEFHHE v|EY AL S
- "= ACGIHOAN A A AISH =548 7|3 TEFEE Hies A R
A=) Ry
Uhel 5L9
<HE 3> 7o HeHY FY Al
PE DESCRIPT! ASPECT RATIO, HIL "
 HoooTv RIPTION AIRFLOW | B
T
= ¥= uH 3 % | /7S el % (md/min)
w Stot 0.20rless Q=37 14X Ml & CW/L)
X/ /‘ ot 2
/ iy 0.2 =&k Q=837 LVX
‘ﬂl/ Flanged slot 0.20rless Q=26 LVX
X Hua £ g oMo ik N N
F W3 Q=hl=26 LVX
Plain opening 0.2 or greater Q= Vi(10X2 + A) - @
H and round Ac=WH
] & 0.2 o4 s
g fethe Q60X VT 1IXF - A)
Ca A L% L]
Flanged opening 0.2 or greater Q= 0.75Vx(10X? + Ay)
Wi > VA and round A= WH
02 o4 .
% Q-E0x0TEV (10X A)
we
Booth To suit work Q=VA=VWH
,._-D-'- .l b A Q=AlVA
1 L w8 60 VWH
Q=14PVX
Canopy To suit work P = Perimeer of work R Q=60=14 PVD
Lathe e 1 = i #) &l
X = Helght above work R [.‘»_.z,—lﬁ_"ul 2 -.“'.‘_‘/ "‘|ln_.l. .
Disd g § o Ae)im)
Plain multiple
slot opening (2) 0.2 or greater Q = V(10X + As) o R A
or more siots A= HL g 1T AT 02 ol4 Q=AW 1IX* < A)
. o 2 o4 1
Flanged multiple )
slot opening (2) 0.2 or greater Q= 0.75Vx(10X* + As)
SEMoE St A= 0.2 o4 Q=60x0TAV (10X A)

1= ACAH Industrial ventilation, 29" edition

KOBHA-Guide, W-1-2014, AigE7dr]o)]

Bk 71413
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4<. Hood Design
O A 3. Determining Flowrate from Hood Static Pressure; Enclosed Hood Design

Enclosed Hood Design

Find: The airflow rate (Q) that corresponds to a hood static pressure of 2* wg with a density factor of 1.0.

See VS-50-10 for additional information

Booth Design to Accommodate Bag Breaking Operations

3
y/
Grate bars —

U —

wa/ (s | Ufs) —+ (A1) (\/f:,) .4.(//3
/ 4 (e.2&2 (/fr 3 \/j@#

|\

g / 24 [/
St [ )
| / e LA
Le \/fod = e e
s 20 poad = S0l e

N-AV= 03¢f soff = /75 A

) nd&
e o &l &

e e Lo n

www. industrialventconference.com

& ©
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5. Hood Airflow Profiles

O Foy&s e

O Hood Airflow Profiles #}&& =9 7|&F = S=8H, 7IZA
Z HlE, 3= JEHE A28 3% A4 5 ol 571A] & ok Y

89

ol

it
i

%

@ Enclosing Hoods (Z 2[4l £E)

@ Hood Aspect Ratio & Flow Coefficient (= Z7IZAM=2H| & A=)
@ General Use Close Capture Hoods (Z2&st ZXE FT=9| QUHIM AlE)
@ Specific Use Hoods (A& QI T =29| ALZ)

® Hood Airflow Distribution (2= 7|F&£3£)

—_

Enclosing Hoods

- E9)2 5B BHE oA AN B fABL] rEIE 2L
2% ZYPshor & nG

- FEE AdEn U9 s A4S R AR ddsia ausjor s
4298 B2

Hood Aspect Ratio & Flow Coefficient

- GutEEo] Fg AZA R Hlgo] > 02 o3, EFFES] A tmA2
Hlgo] < 028 dA%E
Hood Aspect Ratio

« The Hood Aspect Ratio is the ratio of the height to the length (H/L) of
the hood and is used for...

+ Determining if the hood is a simple or compound hood

Simple Hood Compound Hood
Hood Aspect Ratio > 0.2 Hood Aspect Ratio < 0.2
Simple Hood Compound Hood
Food Aspect Ratio, ITZL > 0.2 Hood Aspeet Ratia, Hil 5 0.2
!  al
)
5 e :"/‘/
e ™ T
. ¥
)/ ~. IH
et 8
QN 10X * Ay, =37V LY
P, = R VB + (F) VR SP= FHYP) + (VR B VB

b
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General Use Close Capture Hoods
EHE T FHEE ATES AEste T4l UE
- YIS E L Q = V,(10X* + A)
- ZWAE 2 T2 Q = 0.75V, (10X + A)
- ZYEFE 0 Q = 0.75V(10X° + A)

General Use Close Capture Hoods

4 General Use Close Capture Hoods
Simple Hood - Flow Formula

Simple Hood - Flow Formula, Flanged

Ata velocity at "X" and With Ay, &s the area of hood face, the flow rate for a By adding a properly sized flange, an airflow boundary layer is created
simple hood in free space with no obstructions can be estimated as extending the velocity profile outward from the hood and reduces the required
fiow rate to
Q=V, (10 X2+ A) Q=0.75V, (102 +A)
Freely Suspended Plain Hood Plain Hood - Flanged Freely Suspended Plain Hood - Flanged

Plain Hood

Freely Suspended Hood
PUNEY

Freely Suspended Hood, Flanged

Aspoct Ratio = HIL and > 0.2

Houres i
Yot -
Sicntr in iele wiatest along the

i o phe et ovugeriig

Q =V, QX+ Ap,)

Q =075V, (10X*+A )

General Use Close Capture Hoods General Use Close Capture Hoods
Simple Hood - Flow Formula, Flanged Flow Formulas - Simple Hoods

By adding a properly sized flange, an airflow boundary layer is created
extending the velocity profile outward from the hood and reduces the required
fioh tatarin « Q= V{100 +A,_J): Simple hoods suspended in free space
Q=0.75V, (10 X2 +A)
@ Q=075 V100 + A,_): Simple heods suspended in free space
Plain Hood - Flanged Freely Suspended Plain Hood - Flanged having a wide flange and suspended plenum hoods having two or
- more orifices (slots)

Freely Suspended Hood, Flanged

Mgt Bt it 2 00 & Q= V5K + A,,,): Simple hoods resting on a flat surface

Hourer 1 + Q=075 V(5 +A,,): Simple hoods having a wide flange and
o

- resting on a flat surface and plenum hoods having two or mare
ot in eelswkatend nlanse the orifices (slots) and resting on a flat surface

i o the daped coateriin

Q =0.78V, (10X*+A )

ok ki

Specific Use Hoods

- TAIZQ F=& of9} 23 Industrial Ventilation Manual®] Chapter 6
31300 AASHA BFAL Sl

- Compound Hoods (Hood Aspect Ratio of < 0.2)
- Single Slot(Orifice) Plenum Hoods



- Single Slot Tank Ventilation Hoods

- Canopy Hoods
- Receving Hoods

- Downdraft Hoods

.

Push-pull Hoods

Hood Airflow Distribution

ToA 7RE g $E9

0 oy
TN

g0z Tk &

$ THEZ7E 2,000ftm,

749~ 2,000ftm(feet per minute), EFFE
Zdd =9 A$ 2,000ftm7} WY&

Hood Airflow Distribution
Simple Hoods (aAspect Ratio>02)

« For airflow distribution across a simple hood
¢ Use one or more orifices or slots

pressure as a compound hood.
+ Size orifices or slots for 2000 fpm

{

Simple Hood, Closed Face
Hoorl Aepoet Hatsa, HL » 0.2
Sizealots for 2000 fpr

s

N

Q=N ONEEAL
P, (E1VR 1+ () VI (B VEy

7

4

&8¢

< The hood flowrate is calculated as a simple heod and the hood static

Hood Airflow Distribution
Compound Tapered Slot Hoods (aspect Ratio <0.2)

« For airflow distribution across a compound tapered slot hood

+ The haed flowrate is calculated using the length of the hood opening and
the hood static pressure is calculated as a compound hood

<« Size “H" for a hood face velosity of 2000 fpm

Compound Hood. Flanged

Hoad Aspoct Brtio = BiL « 02
el A e it

Compound Hood

Hood Awpect Ratio = Hil £ 0.2
i for 2000 o o oty

Q= 8T%1X
EP = (B (VR = (D (VP4 PV

Q =26V Ly X
BT AT AT M

Hood Airflow Distribution
Slotted Plenum Hoods

« For aiflow distribution across a slotted plenum hood

hood when using two or more orifices or slots.
= Hood static pressure is calculated as a compound hood
+ Size orifica(s) or slot(s) for 2000 fpm

+ The hood flowrate is calculated as a Specific Use close capture hood
when using a single orifice or siot, and as a General Use close capture

e

2
\/ QUi
s o) e

&y
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214+, Hood Airflow Characteristics

A 5. Guidelines for Simple Hood Design; Welding

- TN GRIFEE ARE A5 dAE =0 EAE st AA

% O0|=0M= inch, ft & LEHEQI SI T[S ALSSHX] @ot Z7[&Eo| &0 AUE X[Aat X}
O[Zt U0{ ofshist=d| st O sHAdS sHOFE

s *1ft = 12 inch” 212 2T Uojof SHHZS OlsE & US

-1 EA9 H$ Ao]E&EE Industrial Ventilation Manualoll A A 38=

71Es 83 (6-19 3 olA)

Hood Design 6-19
TABLE 6-2. Recommended Capture Velocities*
Energy of dispersion Examples Vy fom [m/s

Little motion
Average motion

Evaporation from tanks, degreasing
Intermittent container filling; low speed conveyor
transfers; welding; plating; pickling

75-100 [0.38-0.51]
100-200 [0.51-1.02]

High
Very high

Barrel filling; conveyor loading; crushers
Grinding; abrasive blasting; tumbling

200-500 [1.02-2.54]

’

Factors affecting choices within ranges

Strength of crossdrafts due to makeup air, traffic, etc.
Need for effectiveness in collection:
e toxicity of contaminants produced by the source,
e exposures from other sources that reduce acceptable exposure from this source,
quantity of air contaminants generated — i.e., production rate, volatility, time

generated
*see also ANS| Z9.2-1979
i3k \ew\ Simple Hood Design
A

A worker, using a stiff brush, is brushing a plate covered with a fine layer of lead based paint. This
actively generates dust where there are occasional disturbing air currents. Also, the worker
sometimes places their face very near the dust source.

1) Find the air velocity at the source that is required to capture the contaminant

2) If the source is 8" from the face of the hood, what is the required flowrate (cfm) ?
3) What is the face velocity of the hood ?

4) Select the design duct transport velocity and duct diameter

5) What is the effect of the flange ?

6) What happens if the source is moved 16" from the face of the hood and the flowrate stays
the same ?

7) What is the proper flange dimension ?

_18_



90 degree Included Angle

3 VF:Q/A

Source
). Capture e |
= O |2agL
V')(t 208t & “ﬁ)v‘, e PtL
Vs> Dox fon P=3" & @Bé s

G
U . E____,cj_of
. Q006 Un (5 'eh) T E e

= 00 (3003 (6 (Z)5 42
7 {‘fﬁ\LTnL/{}r;
= to Chm
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'\)f &S"QT“
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1A 6. Guidelines for Slot Hood Design; Welding

EEFEE ol g3t $HFTHY ANEAS AANE A9

&3] Zv)e &Rt 14, A Sede] Z 5o g 2AY
% PE[LIEoM o O|2EE X EsSto] MAosl=F HEE Heot U=S
Lol T A9 olfi olfERe §HEFL Aolay, 9 £RE

Aoist7] 93k

&%9] Z(H)o] 22 inch) oW &£ & Aolo] AL
(2)(2”:4/[)
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Welding Ventilation Exhaust System - Slot Hood Design
A worker is welding various parts on a workbench that is 48* long x 24* deep. The hood face is 4 ft
wide x 3 ft tall and the source is 18" from the face of the hood. Due to heat rise, the hood requires
two (2) slots. Elbow centerlines are 2 clr. Minimum duct velocitiy is 2,500 fpom. Recommended slot
velocity is 2,000 fpm, Fs = 1.78 and the hood taper angle, 4, is 45° with F,, = 0.25. Find:
1) Capture Velocity
2) Hood Flowrate
3) Slot area
4) Slot size and actual velocity
5) Distance from the bench to the first slot
6) Distance between slots
7) Distance from the upper slot to the top of the hood face
8) What is the proper plenum depth ?
9) What is the effect of the bench ?

10) What is the effect of the baffles ?
o e

(- ey
— R T
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VOl = 6

5. (0N V(EX4)
=0l (50 (5 (2 + 12Fe)

® ),B\t)_ ac*—m
3. A ’l—bliw#(’;ﬁ X (de = \ﬁ:\f: 94 wm*
A g = " -
S I S TR
m"@' —
£ ¢ =
o T A [2he=2x272 g

9 Q> oNT U (5x%h) =68
Q =BV (loxr) -

~ohEX (6 (26 4, ) < 38 dv e
1
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O A 7. Guidelines for Chemical Backdraft Hood; Anodizing Process

- Industrial Ventilation Manual®] H|o] &S a3l FAE 3|2

TABLE 13-70-1. Determination of Hazard Potential
HYGIENIC STANDARDS

Hazard Gas and Vapor Mist Flash Point, F [C]
Potential (see Appendix A) (see Appendix A)  (see Appendix B)

vooA 0-10 ppm 0-0.1 mg/m®
B 11-100 ppm  0.11-1.0 mg/m® Under 100 F [< 38 C]
C 101-500 ppm  1.1-10 mg/m®  100-200 F [38-93 C]
D Over 500 ppm Over 10 mg/m3 Over 200 F [> 93 C]

TABLE 13-70-2. Determination of Rate of Gas, Vapor,
or Mist Evolution

Degrees  Relative Evaporation®
Liquid Below Boiling (Time for 100%
Rate Temperature, F [C] Point, F [C] Evaporation)  Gassing™

¥ 1 Over200[>93] 0-20[0-11] Fast (0-3 hours) High
2 150-200 [66-93] 21-50 [11-28] Medium (3-12 hours) Medium
3 94-149 [34-65] 51-100[28-55] Slow (12-50hours)  Low
4 Under 94 [< 34] Over 100 [>55]  Nil (Over 50 hours) Nil

TABLE 13-70-3. Minimum Control Velocity (fpm) [m/s] for Undisturbed Locations

Lateral Exhaust Canopy Hoods
Enclosing Hood (see VS-70-01 and (see Chapter 6, Figure 6-11 and VS-99-03)
Class (see Section 13.70.2) One Open Side Two Open Sides V§-70-02) (Note 1) Three Open Sides  Four Open Sides
A-1and A-2 (Note 2) 100 [0.50] 150 [0.75] 150 [0.75] Do not use Do not use
A-3 (Note 2), B-1, B-2, and C-1 75[0.38] 100 [0.50] 100 [0.50] 125 [0.63] 175 [0.88]
B-3, C-2, and D-1 (Note 3) 65 [0.33] 90 [0.45) 75[0.38] 100 [0.50] 150 [0.75]
A4 (Note 1), C-3, and D-2 (Note 3) 50 [0.25] 75[0.38) 50 [0.25] 75[0.38] 125 [0.63]

B-4, C-4, D-3 (Note 3), and D-4—Adequate General Room Ventilation Required (see Chapter 4)

Notes: 1. Use aspect ratio to determine air volume; see Table 13-70-4.
2. Do not use canopy hood for Hazard Potential A processes.
3. Where complete control of hot water is desired, design as next highest class.

TABLE 13.70-4. Minimum Rate, acfm/ft2 [am®/s/m?] of Tank Area for Lateral Exhaust
acfm/ft to maintain required minimum control velocities at following

% (%) ratios (see Section 13.70.3)

Required Minimum

Control Velocity, fpom [m/s] W

(from Table 13-70-3) 0.0-0.09 0.1-0.24 0.25-0.49 0.50-0.99 1.0-2.0 (Note 2)

Hood against wall or flanged (see Note 1 below and Section 13.70.1, Note 12). See VS-70-01 Aand VS-70-02 D and E.
50 [0.25] 50 [0.25] 60 [0.30] 75 [0.38] 90 [0.45] 100 [0.50]
75[0.38] 75[0.38] 90 [0.45] 110 [0.55] 130 [0.65] 150 [0.75]
100 [0.50] 100 [0.50] 125 [0.63] 150 [0.75] 175 [0.88] 200 [1.00]

d 150 [0.75] 150 [0.75] 190 [0.95] N 225[1.13) 250 Note 3 [1.25] 250 Note 3 [1.25]

Hood on free standing tank (see Note 1). See VS-70-01 B and VS-70-02 F.
50 [0.25] 75 [0.38] 90 [0.45] 100 [0.50] 110 [0.55] 125 [0.63]
75[0.38] 110 [0.55] 130 [0.65] 150 [0.75] 170 [0.85] 190 [0.95]
100 [0.50] 150 [0.75] 175 [0.88] 200 [1.00] 225[1.13] 250 [1.25]
150 [0.75] 225[1.13] 250 Note 3 [1.25] 250 Note 3 [1.25] 250 Note 3 [1.25] 250 Note 3 [1.25]

Note 1. Use W2 as tank width in computing WiL ratio for hood along centerline or two parallel sides of tank. See VS-70-01 B and C and VS-70-02 F.
2. See Section 13.70.1, items 6 and 7.
3. While bracketed values may not produce 150 fpm [0.75 mis] control velocity at all aspect ratios, the 250 acfm/ft? [1.25 m/s/m?] is considered adequate for control.
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Anodizing Process
Small parts of aluminum are being anodized using a solution containing chromic and sulpheric acid.
The temperature of the solution is just below boiling. Recommended duct velocity is 2,500 fpm
Using the Industrial Ventilation Manual, Section 13.70 and V8-70-01, find the following:
1) Flowrate, acfm
2) Slot Size
3) Plenum Depth
4) Duct Diameter

5) Hood Static Pressure @ A

\
S ®
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9] 6. Fan Fundamentals
a M 7%
O EUetet fFARH FxE 37| SRAY dAgior F53
O #He st JaE RAFH, o= $£37] 53 ms T8
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Axial Fans
- Propelle Fans, Tubular Fans
Centrifugal Fans

Forward Curved

Backward Inclined

Radial

Radial Tip

Axial Fans - Propeller Axial Fans — Tubular b g

g g

o
(0ua} samoe 100y ued

TS

Mechanical Efficiency (%)
3

Fan Static Pressure (in wg)
e 8 2 2w
B i & b B oo
O

Radial
Paddlewheel
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742l 7. Duct Design
HE A4

O Seluelst AR v A% F1sste HEE Fu, 2F YeF
2 Bgo] ¥olt 5 AU Folk WHOE WA AL WY

O HE Al o] AUdEH Fostes 24
@O 7143
@ =

o
%
CESNCNS
)

Static Pressure Losses in a Ductwork Elbow Static Pressure Losses
System

Energy transfer required to overcome
turbulence losses in the duct

. Acceleration
. Hood entry
. Duct friction
Elbow

. Branchentry
. Contraction
. Expansion

GO\JGWU'lPlNN!—l

. Pollution Control
Equipment
. Other

w

i see
Budid i el

l—J

O $eutets A vW=e 259 gUx FoeA dFT 3

- ZHAAM Wite 5 E3 FUE 153158 F ) we} 15%S AREt
= ukd, B Fe e S Aol A R wpd &% HA 154 o)

-
& AP Ye

q A

Stack Design

Excerpted from the Industrial

Stack Designs e L.

* The best stack is a straight
cylinder

* Locate 1.5 times the highest
roof, if possible

* Stack velocities should be at
least 1.5 times the local wind
velocity

¢ 3,000 fpm is a good stack exit
velocity

* Prevents downwash for winds up
to 22 mph

A A
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Branch Entry Static Pressure Loss

Energy transfer required to overcome
turbulence losses in the branch duct
[} 1

e ]

- _._I - mEee

Duct Balancing Procedure (P 9-23)

— 3 B

5P, =-15"wg

5P, =-1" wg
2

* Compare SP, with SP, At Branch Entry

* The Larger Negative SP (SP,} is the Governing SPsi
(Row 48}, the lower SP (SP,) is the Lower SP,,, (Row 49)

*  If SP oy /SPigyer is Less Than 1.2 You Can Pull More Air
Through Branch with Smaller SP (SP,,,,..)
— Q2 corrected = Q2 original * (SP g, /SP gye,)%*

* I SPyo/SP oy, is Greater Than 1.2 You Must Redesign

A*% loBalance )

Contractions (Page 9-58)

ST N

Abru;;\“” 1?3;3%‘* 2
-—-——._';._ﬁu—“" A

Abrupt

SPeont = - [{|AVP]) + F o (VP,)]

Tapered

SPeone=- (| OVP]) (1+ F,.)

® First term: Static Pressure is converted to Velocity
Pressure

* Second term: Dynamic Loss as Conversion is not
100% efficient

® Feont I8 @ l0ss factor and depends on taper angle

Expansions (Page 9-58)

5 ______/*“/_.

* 5P, — 5P =3P,

® SPeyp = Fexp (1 AVP,[)
SP increases (regains) that occurs when airflow slows
and velocity pressure is converted into static pressure

* F, depends on taper angle and ratio of duct diameters
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A<, Duct Design

O &A 8. Merging a Branch Duct into a Main Duct

- el HES AAHES} R olF 4% &%, AL T
Unbalanced System — Change Flow in One Branch

Find: The flowrate (cfm), velocity (fpm) and static pressure (sp) at Junction C for a balanced system

15"9 J

4,800 CFM

B
/ii{
4,000 CFM
-
/ l\n)j
Ada e LY
;&’)(%)2 4,{;} plj_li 0'J7/J,i:-'°»/f
.ﬂi o) = 4
el BLUY
———
617
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OM&P Air Components,

Inc, sales@mpair.com

Version 1.02 2018 |

Industrial Ventilation System Calculation Sheet - ACGIH® Balance By Design Method

Project:  Foundations: Multiple Hoods, Change Flow “User Input Data SPOul "we *di-fan EqvSSP [*ACEM Fa
Date: “SP In "wa inlet duct "wg Inlet
Designer: *Elevation Feel ft VP In "we SSP "wg #DIV/0!
*SP Inlet (Fan) "wg
*Temperature Each Segment o' 70.0 70.0 70.0
Duct Segment Identification - - AC B-C D EQUATIONS
8+ Q__ [Duct Flowrate = actim 4800 4000 9083 1
9+ V. [Minimum Transport Velocity = fpm © =1b H,0/Ib Dry Air
10 df __|Density Factor (elevation, duct pressure only at fan) Eqn 2 - 1.0000 1.0000_| 1.0000 2
11 o |Airstream Density Ln10x0.075 | lb-cuft | 0.0750 0.0750 | 00750 df = (df,) (df,) (df) (df,,)
12 m__|Mass Flowrate Ln8xLnll Ib/min_|  360.00 30000 | 681.23
13 A, |Target Duct Area Ln8+Ln9 [ df,= [1-(6.73 x 10%) ()I"**
14 D, Duct Diameter in df, = (407 + SP) / 407
15+ D, |Selected Duct Diameter in 15.0 14.0 20.0 df;= (530) /(460 + T)
16 As___|Selected Duct Ara [3 1.2272 1.0690 | 2.1817 df, = (1 +)/[1+(1.6070)]
17 Vs |Duct Velocity Ln8=Lnl6 fpm 3911 3742 4163
18 VP;  |Duct Velocity Pressure Eqn 4 "wg 0.95 0.87 1.08 3 Qua = [Quet / (1 + )] (df)
19 = Segment Pressure; Insert -1 if negative, +1 if positive - = -1 -1 -1 Qe = [(Qua) (1 + @)] /df
20% A, Slot Area - ft 4 V = (4005) (VP /df)**
2% [ (H) f Slot Loss Factor (Fig 9-a or Chapter 6 or 13) - - VP = (V/4005)" (df)
22 v, o 0 |Slot Velocity Ln8+Ln20 fom . }i 3 ¢ 5 h=0.24T + (1061 + 0.444T)
2 VP, b T [Slot Velocity Pressure Eqnd g { o 6 Loss Factors, ;- Round Elbows
24 Slot Loss Ln2lxLn23 “wg \?. } / RD 1.00 1.50 2.00
25% F, L [Hood Entry Loss Factor (Fig. 9-a or Chapter 6 or 13) = = 093 093 j[—""" Stamped | 0.22 0.15 0.13
26 0 [Hood Entry Loss Ln25xLnl8 e 0.89 0.81 15'0 - | 5pe 033 0.24 0.19
27 S [Acceleration Entry Loss (greater of vp-duct or vp-slot) "wg 0.95 0.87 4,800 CFM 200 — 4pc 0.37 0.27 0.24
28* B s [Other Losses (correct input for density factor) 5 Twe B— 3pc 042 0.34 033
29 SP, Hood Static Pressure Ln 2426127428 | "we 1.84 1.68 Mitered, no vanes = 1.2
30% L L [Straight Duct Length (Metal, Plastic) it 32.0 10.5 \/ [ |Mitered, turning vanes = 0.6
31 Fy O [Duct Friction Loss Factor per Foot (Metal, Plastic) Equ 8 - 00141 0.0154 /(\_ 145G [ |Fiatoack (R/D, 2.5) = 0.05
2% L S [Straight Duct Length (Flexible) ft 4,000 CFM Sce Chapter 9, Fig 9-¢ for rectangular
33 Fy S [Duct Friction Loss Factor per Foot (Flexible) Eqn 8 and square elbows
34* E No. of 90" Elbows - -
35% F TElbow Loss Factor (Per Elbow) Table 6 2 & Loss Factors, F, - Branch Entry
36% A [Branch Entry Loss Factor Table 7 - 0.18
37* - ‘1: Special Fitting Loss Factor (Cumulative) = Angle Fun
38 o Cumulative Duct Friction Loss Factor 30x31)+(32x33) - 0.45 0.16 15 0.09
39 - [Cumulative Fibow Loss Factor Ln34xLn3s - 30 0.18
40 - 5 Branch Entry Loss Factor Ln 36 - 0.18 45 0.28
41 - S [Cumulative Duct & Fittings Loss Factors Ln 37+38+39+40 - 045 034 50 032
42 - Duct & Fittings Segment Loss Lo4lxLnl8 "wg 043 030 60 0.44
O F L [Other Losses (Correct for Denisty Factor i Neces - "we 20 1.00
44% VP, O [Weighted Average VP Eqn 9 wa \097/ 8 Duct Friction Loss Factor, Fy
15+ : 2 Loss From Weighted Average VP Increase 18-44 (if>0) "we 0.11 F mesginey = 0.0307(V°*2/ Q%)
46 B Duct Segment Pressure Loss (29+42+43+45)19) | "wg 227 198 0.11 Fl ey = 010311 (VS QS0
47+ SPuum __|Cumulative Static Pressure - we
48* SPhiwvan | Higher (Governing) Static Pressure = "W 2227 9 Weighted Avg Velocity Pressure, VP,
49% SPiw  |Lower Static Pressure = "wg Ci.98) VP, =[(Qi/Qs) (VP)] +[(Q:/ Q3) (VP)]
50 Quor | Corrected Volumetric Flowrate Eqn 10 acfm 4800 4283 9083 10 Corrected Volumetric Flowrate, Qcor
51 Veor |Corrected Velocity Ln50~Ln 16 fpm 3911 4006 4163 Quorr = Quesgn (SPuign / SPiow)”
52 VPor _|Corrected Velocity Pressure Eqn 4 "we 095 1.00 1.08 11 System SP = SPy - SP;, - VP,
53 e |Corrected Mass Flowrate LnllxLns0 | Ib/min | 360.00 | 321.22 || 681.23 \ Fan SP = SPy, - SPiw - VPin
54 SP _|Cumulative Static Pressure Ln 47 "wg (227 \ 12 Combined Temperature, Dry Airstreams
55% Ty Combined Airstream Temp; Insert in Row 6 of next Column Egn 12 °F \ T; = [(1hy) (Ty) + (i) (T2)] / (i + 1)
56% T, T [ ] [T #DIV/0! \
577 & | [m ] I )

www.industrialventconference.com & 4o°b 29
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O FA 9. Duct Contraction & Expansions

|55
=

E =

A

Given:

Find:

ER!

e
et

gy

Changes in Duct Diameters

The static pressure for segments A — B, C — D,andE - F
The static pressure loss from the Contraction, B — C

The static pressure regain from the Expansion, D — E

WALL
22"9 15"@ —22"9
T B J' E F
I

Q =15300 CFM [
15% { % { 15°

- l 30 | 100

%!( ¥ Wy = 'Tf Do = (40 ((<Fiomt )
o - - = = (Ltb-02b) (\+0.08)
= - oﬁ&
ol ek oy 4.4,
~ (bl <L - o.dg 3?5* - Q‘! (AUP)l
0,9\

2l Tlib ALY Do/ -
.

- ~+0,
|.'~3»lo *0a8 -»I‘1| \‘:E‘{?zo‘,]
SN T Sy = -
o0 et =iy
o4\
T
N[STEVS
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©M&P Air Components,
Inc, sales@mpair.com

Version 1.02 2018

Industrial Ventilation System Calculation Sheet - ACGIH® Balance By Design Method

Project:  Foundations: Contraction & Expansion *User Input Data *SP Out "wa *(f-fan Eqv SSP [*ACFM Fan|
Date: *SP In e inlet duct "wg Inlet
Designer: *Elevation ft VP In "we SSP "wg #DIV/0!
we
*Temperature °l 70.0 70.0 70.0 70.0 70.0
7 Duct Segment Identification - A-B B-C C-D D-I E-f EQUATIONS
s Q Duct Flowrate aclim 5300 5300 5300 5300 5300 1
9% V, Minimum Transport Velocity - fpm ® =1b H,O /b Dry Air
10 df __ [Density Factor (elevation, temperature; duct pressure only at fan) Eqn 2 - 1.0000 1.0000 [ 1.0000 | 1.0000 [ 1.0000 B
11 P Airstream Density Ln 10 x 0.075 To-cuft | 0.0750 0.0750 | 0.0750 | 0.0750 [ 0.0750 df = (df,) (df,) (df;) (df,)
12 i Mass Flowrate Ln8xLnll Ib/min 397.50 397.50 | 397.50 | 39750 | 397.50
13 A Target Duct Area Ln8+Ln9 > df,=[1-(6.73 x 10%) (2))°*
14 D |m Duct Diameter in : df,= (407 + SP) / 407
15* D, [Selected Duct Diameter in 220 150 [ (15.0) [ (2247 22.0 df,= (530) /(460 + T)
16 Ay [Selected Duct Area [S 2.6398 12272 | T2272 | 2.6398 | 2.6398 df,=(1+)/[1 +(1.6070)]
17 V4 |Duct Velocity Ln8+Lnl6 fpm 2008 4319 4319 2008 2008
18 VP, |Duct Velocity Pressure Eqn 4 "wg |V 025 1.16 1.16 025 0.25 3 Qua = [Qu /(1 + )] (df)
19% Segment Pressure: Insert -1 if negative, +1 if positive - - -1 -1 -1 | -1 Quet = [(Qua) (1 + @)] /df
20% A Slot Area - ! 4 V = (4005) (VP / df)**
— = H s = 7 = = . WALL i 5
21 ¥ ° L [Slot Loss Factor (Fig 9-a or Chapter 6 or 13) - VP = (V /4005) (df)
22 v, o o0 |Slot Velocity Ln8+Ln20 fpm B h=0.24T + (1061 + 0.444T)
23 VP, D T  [Slot Velocity Pressure Eqn 4 "wg 6 Loss Factors, F, - Round Elbows
24 Slot Loss Ln21xLn23 "wg RD 1.00 1.50 2.00
5% F, L [Hood Entry Loss Factor (Fig. 9-a or Chapter 6 or 13) - - 0.56 Stamped | 0.22 0.15 0.13
26 O [Hood Entry Loss Ln25xLn I8 Twg 0.14 5 pe 033 024 0.19
27 S Acceleration Entry Loss (greater of vp-duct or vp-slot) "wg 0.25 4 pc 0.37 0.27 0.24
28* S s [|Other Losses (correct input for density factor) - g 3 pe 0.42 0.34 033
29 SP, Hood Static Pressure Ln 24+26+27+28 | "wg 0.39 Mitered, no vanes = 1.2
30% L L [Straight Duct Length (Metal, Plastic) fit 100.0 30.0 100.0 Mitered, turning vanes = 0.6
31 Fy 0 Duct Friction Loss Factor per Foot (Metal, Plastic) Eqn 8 - 0.0093 0.0140 0.0093 Flatback (R/D, 2.5) = 0.05
32* [ s [Straight Duct Length (Flexible) ft See Chapter 9, Fig 9-¢ for rectangular
33 Fy S Duct Friction Loss Factor per Foot (Flexible) Eqn 8 land square elbows
34% No. of 90° Elbows - -
35 F. F Elbow Loss Factor (Per Elbow) Table 6 - 7 Loss Factors, F, - Branch Entry
36* Fep A [Branch Entry Loss Factor Table 7 2
37 g Special Fitting Loss Factor (Cumulative) Angle Fan
38 o [Cumulative Duct Friction Loss Factor (30x31)+(32x33) - 0.93 0.42 0.93 15 0.09
39 5 R [Cumulative Elbow Loss Factor Ln34xLn35 - 30 0.18
40 = Branch Entry Loss Factor Ln36 - 45 0.28
41 - S [Cumulative Duct & Fittings Loss Factors Ln 37+38+39+40 0.93 0.42 0.93 50 032
42 - Duct & Fittings Segment Loss Ln4lxLnl8 "wg 0.23 049 0.23 60 0.44
43* L [Other Losses (Correct for Denisty Factor if Necessary) - “we 0.98 0.64 90 1.00
44% VP, O [Weighted Average VP Eqn 9 W 8 Duct Friction Loss Factor, Fy
45 - : Loss From Weighted Average VP Increase 18-44 (if>0) "wg F'g (metplagy = 0.0307(V**¥/ Q"%
46 - Duct Segment Pressure Loss (29+42+43+45)19) | "wg | 0.63 0.98 -0.49 0.64 -0.23 Fy ey = 0.0311(V**/ Q%)
47% SP., |Cumulative Static Pressure 0.63 -1.61 2,10 -1.46 -1.69
18 | SPumen |Higher (Governing) Static Pressure 9 Weighted Avg Velocity Pressure, VP
49 S Lower Static Pressure L . VP = [(Qi/Qy) (VP)] + [(Q:/ Q) (VP)]
50 Qu | Corrected Volumetric Flowrate Eqn 10 5300 5300 5300 5300 5300 10 Corrected Volumetric Flowrate, Qe
51 Veor |Corrected Velocity Ln50+Ln 16 2008 4319 4319 2008 2008 Qeore = Quisign (SPrigh / SPicu)”
52 VP, |Corrected Velocity Pressure Eqn 4 "wg |V 025 1.16 1.16 0.25 0.25 11 System SP = 8P, - SP;, - VP;,
53 Mg |Corrected Mass Flowrate Ln 11 xLn 50 Ib/min 397.50 397.50 | 397.50 | 397.50 | 397.50 Fan SP = SPy, - SPiy - VPiy
54 SP.m  |Cumulative Static Pressure Ln 47 "wg M 063 -1.61 -2.10 -1.46 -1.69 12 Combined Temperature, Dry Airstreams
5% T Combined Airstream Temp; Insert in Row 6 of next Column Eqn 12 oF Ty = [(tiy) (Ty) + (thp) (T2)] / (i + i)
56+ 1 | [ ] [ 1, | #Divir
S7* i | | |
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7. Fans & Systems

£37] $AH

O 37 AT 39, 5357178
3 = Y
Mz Dz 3
Q| Q2= (—) =Qi{—)
Ma D1
WE 2 D2 2
HYP) | P2=P1( —) =Pi{ —)
Ma D1
M2 3 D2 5
EH | =L { —) =L(—7
Ma D1
O71M, Z|F==: N(rpm)
2&e &F : D(mm)

Fan Affinity Law: dirflow

“+Fan airflow varies directly with the change in RPM

Airflow,,,, RPM,,,

Fan Affinity Law: Pressure

“+Fan pressure varies with the square of the change in flow or speed

Pressure,,, CFM,
Pressure,;, CFM,,

Fan Affinity Law: Power

“+Fan power varies with the cube of the change in flow or speed

2
HP new = CFM""’W
HP i CFM

bt
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Flow Control Methods

% Qutlet Dampers

#+ Parallel Blade
4 Opposed Blade

%Inlet Dampers

#¢ Inlet Box Dampers
% Inlet Vane Dampers

«“»Variable Frequency Drives

“+Flow Control Methods Comparison

Paralle| Blade Opposed Blade

Outlet Dampers

Outlet Dampers

eSS

EARALLEL
BLADE
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7}2] 8. Fan Performance & Fan System Effects
O A3 A=" Atole] B
O W3 dZ2d 25 HF WFol A Ixx 2o PFow HAY wg
Rhtako 7 AXd uf Agho] xtol7t Sl

d A5 A E4o] AA vEhd (24)

t

Fan Outlet Distribution

Aurflow Exiung the Fan Housing Incurs a Static Pressure Loss. Since Static and Velooity
Pressures are Mutually Convertible -

When There is No Ducting on the Fan Outlet, the Static Pressure Loss Occurs at the
Expense of Velocity Pressure and the System Flow Rate Decreases.

When there is a Straight “Recovery” Duct at the Fan Discharge, the Static Pressure Loss is
Recovered as Velocity Pressure and the System Flow Raté is Maintained,

Fns Therdenms £ [

Avsal Fae T o i o Jiscos
{ o L e
— L B b ;
b =
& E i
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414, Fan Performance & Fan System Effects

O &4 10. Fan System Effects - System Effects on Fan Performance

Turbulent Flow System — Increase Flow Rate 10%

Given:  An industrial ventilation system is operating at 15,000 acfm, 12 “wg system static pressure, 35.1 hp
and a fan speed of 2321 rpm.

Increase the system capacity by 10%

Find:  Using the Fan Affinity Laws, find @\ = G0

Q.= 1602 X1(= (6T ofm

The new flow rate

The new system static pressure Pf D_'\ l’“J
Re @0 - B2)ru
= (R (P97 Yaw.
= = (kT 7w 3|

The new fan speed

R’.?\ = 36 |
(PuRLF" (%Tf Pwm

= ((E’%Bf_ )25\.( .

The new horsepower

(G
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el 9. APC Equipment
0 3714388

O Mo, =M, A71HZ, NEH 5 &
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Pre-Cleaner Cyclones
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VENTILATION

A Manual of Recommended Practice
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O ™West Coast Industrial Ventilation Conference; , M&P Components(5+)
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Certificate of Completion

Mr. Kim

Has Successfully Completed The

West Coast Industrial Ventilation Conference
Foundations Program

November 5-7, 2018
and i1s Awarded 32 Contact Hours

Dale Price Lead Instructor
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Certificate — &A&
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Certificate of Completion

Mr. Chang

Has Successfully Completed The

West Coast Industrial Ventilation Conference
Foundations Program

November 5-7, 2018
and 1s Awarded 32 Contact Hours

Dale Préce Lead Instriuctor
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