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Exhaust Ventilation Air System

A typical local exhaust ventilation systems consist of the following basic elements:

Hood to capture pollutants, vapors, and/or excessive heat

Ducts to transport polluted air to an air-cleaning device or vent the exhaust air from the
building

Air-cleaning device to remove captured pollutants from the airstream for recycling or dis-
posal

Air-moving device (e.g., fan or high-pressure air ejector) to provide motive power to over-
come system resistance

Exhaust stack to discharge system air to the atmosphere



Exhaust Ventilation Air System

These elements are covered in detail by the following chapters of the American Conference of
Governmental Industrial Hygienists (ACGIH) publication Industrial Ventilation: A Manual of Rec-
ommended Practice for Design (2019), or ASHRAE Handbook—HVAC Applications (2019):

Hoods: ACGIH chapters 6 and 13
Air-cleaning devices: ACGIH chapter 8
Fans: ACGIH chapter 7

Stack design: ACGIH chapter 5, Section 5.12, and/or ASHRAE chapter 45



Duct Design

Learning Objectives
* Overview — Basic Equations
* Pressure Losses
* Hoods
* Duct Shape
* Duct Fittings for Exhaust
* Transport Velocity
* Duct Sizing
* Example Design



Basic Equations

Cross-sectional Areas

Round: A, = tD* @
4

Rectangular : A, = WH

Flat Oval: A, = (ra?)+ a (A-a) \ - )
4 i




Basic Equations

Velocity V=Q = A, ,=Q
A, %

If Q cfméL/s]) and A (ft2[m?]) are known, the duct velocity, V (fpm, m/s) can be
calculate

Example 1: If the volume flow rate in a 22 in. (560 mm) duct is, Q = 5000 cfm (2360 L/s), what
is the average velocity of air in the duct.

D =22 inch (1.83 ft) [ 560 mm]
A, = m(1.83)% = 2.64 ft?(.25 m?)
4
V = 5000/ 2.64 = 1894 fpm [(2360/.25/ 1000) = 9.6 m/s]



Basic Equations

Velocity V=Q = A, ,=Q
A, %

Example 2: If the design volume flow rate is 13,000 cfm (6135 L/s) and
the velocity is 4000 fpm (20.3 m/s), what is the diameter.

A,=Q/V=13,000/4000 = 3.25 ft> (Multiply by 144 to get in?) = 468 in?
[A,=Q/V=6135/20.3/1000 = 0.30 m?]

D=./4Ad/m
D=./4x468/m=24.4 inch
D=.,/4x.3/1=0.62m (618 mm)




Basic Equations - Converging Flow

According to the law of conservation of mass, the volume flow rate after flows converge is equal
to the sum of the flows before convergence at constant density.

Q. =Q,+Q

Where:
Q = common (upstream) volume flow rate, cfm (L/s)
Q = branch volume flow rate, cfm (L/s)
Q = straight-through volume flow rate, cfm (L/s)
STRAIGHT-TRHU STRAIGHT-TRHU
(UPSTREAM) (DOWNSTREAM)
Qs, As Qc, Ac

BRANCH
Qb, Ab



Pressure

pt — ps T pv

"

Pitot-static tube




Total Pressure

Total pressure (p,) represents the total energy of the air flowing in a duct system.

Energy cannot be created or increased except by adding work or heat (typically at
the fan)

Energy and thus total pressure must always decrease from an inlet to the fan or
once the air leaves the fan.

Total pressure losses represent the irreversible conversion of static and kinetic
energy to internal energy in the form of heat.

These losses are classified as either friction losses or dynamic losses.




Static Pressure

Static Pressure is a measure of the static energy of air flowing
Air which fills a balloon is a good example of static pressure
Equally exerted in all directions

The atmospheric pressure of air is a static pressure = 14.696 psi at sea level. One psi
~ 27.7 in. of water, 1 atm~ 407 in. of water [101.325 kPa]

Static pressure will decrease with an increase of velocity pressure
Static pressure can increase if there is a decrease in velocity pressure (static regain)



Velocity Pressure

Velocity pressure (p,) is always a positive number in the direction of flow
Will increase if duct cross-section area decreases

Will decrease if duct cross-sectional area increases

When velocity pressure increases, static pressure must decrease

When velocity pressure decreases, there can be a gain in static pressure



Velocity Pressure

Where:
p, = velocity pressure, in. of water (Pa)
V = velocity, ft/min (m/s)
p = density, Ib_/ft3 (Kg/m3)

S| pvzpvz/z

For standard conditions, p = 0.075 b, /ft3 (1.204 kg/m3)



Pressure — Changes in Pressure

Ap, =Aps + Ap,

Derived from the Bernoulli Equation

piVE g pVE g
L iz = < Apei-
29, + 90 P1Z1 = Psz + 29, + 70 P2Zy; + Api1-_2

(ASHRAE 2017 Handbook, Chapter 21)

psl+



Pressure Losses

Friction Losses

Dynamic Losses



Pressure Losses

Darcy-Weisbach Equation (asHrAE 2017 Handbook, Chapter 21)

L
ap. = (5-p,) + (O *p,

f = friction factor

L = Length, ft (m)

D;, = hydraulic diameter, ft (m)
p, = velocity pressure, in wg ( Pa)
C = loss coefficient

Left hand side is the Darcy Equation for the friction losses.
Right Hand Side is the Weisbach Equation for fittings or other dynamic losses.

The ASHRAE Duct Fitting Database Determines Friction Losses and Fitting Losses and
Coefficients and includes over 200 types of fittings



Pressure Losses

Friction — Colebrook Equation

The Colebrook equation was developed to calculate the friction
factor, f; requires you to also know the Reynolds Number, Re and
the absolute roughness, € (ftfmm]), which is determined
experimentally.



Tablel Duct Roughness Factors
1 2 3

Press Ure L Osses Absclute Roughness =, ft {mm}

(f rO m AS /—I R A E Duct Type/Material Range Roughness Category
Drawn tubmng (Madison and Elliot 1946) 0.0000015 {0.00046} Smooth 0.0000015 {0.00046}

2021 Handbook)

PVC plastic pipe (Swim 1982) 0.00003 to 0.00015 {0.009 to Medium smooth 0.00015
0.046) 10.046}
pa g e 2 1 . 7 Commercial steel o wrought iron (Moody 1944) 0.00015 {0.046}
Alunminum. round, longitudinal seams. crimped slip joints. 3 ft {0.91 m} 0.00012 to 0.0002 {0.037 to 0.061}
spacing (Hutchinson 1953)

Friction chart:

Galvamized steel. round, longitudinal seams. vanable joints (Vanstone, 0.00016 to 0.00032 {0.049 to Average 0.0003 {0.09}
drawband. welded. Primarily beaded coupling), 4 ft {1.22 m} joint spacing 0.098}
(Griggs et al. 1987)

Galvamzed steel. spiral seams. 10 ft {3.05 m} jomt spacing (Jones 1979) 0.0002 to 0.0004 {0.061 to 0.12}

Galvamzed steel. spiral seam with 1, 2. and 3 nibs, beaded couplings. 12 ft 0.00029 to 0.00038 {0.088 to
{3.66 m} jomnt spacing (Griggs et al. 1987) 0116}

Galvamzed steel. rectangular. various type jomts (Vanstone, drawband. 0.00027 to 0.0005 {0.082 to 0.15}

welded. Beaded coupling). 4 ft {1.22 m} spacing® (Gniggs and Khodabalkhsh-
Sharifabad 1992)

PHENONE QUCT, AU I01L 06 [ INTef10f [ACe, SECTIONS CONNECTad With a
four-bolt flange and cleat joint (Idem and Paruchur: 2018)

5 ft {1.52 m} spacing: 0.00049 to 0.00128 {0.149 to
10 ft {3.05 m} spacing: 0391}
0.00025 to 0.00098 {0.075 to
0.298}
Wright Friction Chart:
Galvamized steel. round, longitudinal seams, 2.5 ft {0.76 m} joint spacing, = = Retained for historical purposes [See Wright (1945) for
0.0005 ft {0.15 mm} development of friction chart]
Flexible duct, nonmetallic and wire_ fully extended (Abushakra et al 2004, 0.0003 to 0.003 {0.09 to 0.9} Medmm rough 0.003 {0.9}
Culp 2011)

Galvanized steel, spiral, corrugated.” Beaded ship couplings, 10 ft {3.05 m} 0.0018 to 0.0030 {0.54 to 0.91}
spacing (Kulkarni et al. 2009)

Fibrous glass duct, ngid (tentatrve)* —

Fibrous glass duct liner. air side with facing matenial (Swim 1978) 0.005 {1.52}

Fibrous glass duct liner. air side spray coated (Swim 1978) 0.015 457} Rough 0.01 {3.0}
Flexible duct, metallic cormgated, fully extended 0.004 10 0.007 [1.2 t0 2.1}

Concrete (Moody 1944} 0.001 to 0.01 {0.30 to 3.0}

"Griggs and Khodabakhsh-Sharifabad (1992) showed that = values for rectangular duct construction combine effects of surface condition. joint spacing. joint type. and
duct construction (cross breaks, etc.). and that the =-value range listed is representative.

hSpiral seam spacing was 4.65 . {119 mm} with two corrugations between seams. Cormogations were 0.73 in {19 mm} wide by 0.23 in. {6 mm} high (semicircle).

“Subject duct classified “tentatively mediuvm rough™ because no data available.



Pressure Losses

(from ASHRAE 2021 Handbook)

Table1l Duct Roughness Factors
1 2 3

Absolute Roughness &, ft {mm}

Duct Type/Material Range Roughness Category
Galvanized steel, round, longitudinal seams, variable joints (Vanstone, 0.00016 to 0.00032 {0.049 to Average 0.0003 {0.09} (
drawband. welded. Primanly beaded coupling), 4 ft {1.22 m} joint spacing 0.098}
(Gniggs et al. 1987)
Galvanized steel. spiral seams. 10 ft {3 .05 m} joint spacing (Jones 1979) 0.0002 to 0.0004 {0.061 to 0.12) (
Galvamzed steel, spiral seam with 1, 2, and 3 nibs, beaded couplings, 12 ft 0.00029 to 0.00038 {0.088 to (
{3.66 m} joint spacing (Griggs et al. 1987) 0.116}
Galvanized steel. rectangular. various type jomts (Vanstone. drawband, 0.00027 to 0.0005 {0.082 to 0.15} (

welded. Beaded coupling). 4 ft {1.22 m} spacing® (Griggs and Khodabakhsh-
Shanfabad 1992)



Pressure Losses

Dynamic

The right-hand side of the Darcy-Weisbach Equation is
the Weisbach Equation

Apt,fittings — Z(C) *Pv



Pressure Losses

Dynamic -How Loss Coefficients are Determined
Ap¢ fitting
p,

Apt,fitting =C * pv, C =

PL—7 FL—1
Ly PL-2
1.540.5 Dy == | f Apr,l-g = Apsj_g + (pv7 —pvg) — (L7-1Ap,{7-1 e L2-8Apﬁ2-8)
> 15 :'*n? |
i L.
FROM SUPPLY SYSTEM i ' -8 PL-8
AND FLOW MEASURING 3.0+£0.5D0,,~= }._
SYSTEM I\ A | & =11 D@
wF 1
t
L £l
. - - o 24 Dpa Apt,1—2

I ! ]
f - / C
TEST FITTING - o u,% s J 7 p b 8
L i

e =
i e
[ i
I |
PL-Z &
7 TAIL DUCT
-8

s




Pressure Losses

Dynamic — Loss Coefficients , ASHRAE Duct Design Database
APt fitting
p,

AP; fitting = € *pv, C =

ASHRAE Duct Fitting Database (DFDB)

* Has 232 Fittings

e (Calculates Loss of Round, Rectangular and Flat Oval Duct and Fittings

* (Calculates and Takes into Account Density — Can Change Air Properties

 Determines Pressure Loss Base on Input Dimensions and Flow Rates

* Can Look at Complete Fitting Loss Coefficient Table Data, Print it or
Export it to Excel

* Can Lookup Fittings in Table View by Filters

* Resultsin I-P or Sl



Pressure Losses

Example Using ASHRAE Duct Design Database [-P
Friction Loss, 10” Diameter, Airflow is 1000 cfm, L = 100 ft, € = 0.0003 ft

CD11-1 Straight Duct, Round

(Colebrook 1239)
INPUT
Ciameter (D) in. 10
Length (L) ft 100
Absolute Roughness (&) ft 0.0003
Flow Rate () ofm 1000
Density (RHO) fom/fta3 0.075
Calcuiate
QUTPUT
Velocity (V) fpm 1,833

Velocity Presure (Pv) in. wg 0.21
Reynolds Mumber (Re} 156,017 Q D
Friction Factor {f) 0.0186

Fressure Lass (Fo) in. wg 047




Pressure Losses

Example Using ASHRAE Duct Design Database S/
iction Loss, 254 mm Diameter, Airflow is 472 L/s, L =30 m ,e = 0.09 mm

CD11-1 Straight Duct, Round

(Colebrook 1939)
INPUT
Diameter (D) mm 254
Length (L) m 30
Absolute Roughness (ei) mm .09
Flow Rate (Q) L/s 472
Density (RHO) kg/m~3 1.204
Calculate
OUTPUT
Velocity (V) m/s 9.3

Velocity Presure (Pv) Pa 52

Q
Reynolds Number (Re) 156,719 D
Friction Factor (f) 0.0185

Pressure Loss (Po) Pa 114.4




Pressure Losses

Example Using ASHRAE Duct Design Database I-P
Example: 10” Dia, 90° Smooth Radius Elbow, R/D = 1.5. Airflow is
1000 acfm. Elevation is 5000 ft.

INPUT
Diameter (I
Flow Rate ()
Density (RHO)

Calculate

OUTPUT

Velocity (Vo)
Vel Pres at Vo (Pv)
Loss Coefficient {Col

Fressure Loss (Po)

cfm
lbm/ft~3

in. wg

in. wg

10
1000
0.062

1,833
0av
(IR R
0.02

CD3-1 Elbow, Die Stamped, 90 Degree, 1/D = 1.5
(UMC 1985, Report SRF785)

/

907




Pressure Losses

Example Using ASHRAE Duct Design Database Sl

Example: 250 mm Dia, 90° Smooth Radius Elbow, R/D = 1.5.
Airflow is 472 L/s. Elevation is 1524 m.

CD3-1 Elbow, Die Stamped, 90 Degree, r/D = 1.5
(UMC 1985, Report SRF785)

INPUT
Diameter (D) mm 250 \
Flow Rate (Q) L/s 472 ] 90"

Q
Density (RHO) kg/m”3 0.996 D

A (@]
Calculate o

;
v

OUTPUT
Velocity (Vo) m/s 7.6
Vel Pres at Vo (Pv) Pa 29
Loss Coefficient (Co) 0.1

Pressure Loss (Po) Pa 3.1



Pressure Losses

Example Using ASHRAE Duct Design Database [-P
Example: D.=10in., D,=8in. D =12 in., Q= 2200 cfm and Q, =1400 cfm. Elevation is 5000 ft.

ED5-1 Wye, 30 Degree, Converging

(Sepsy 1973)
INPUT
Diameter (Ds) in. 10
Diameter (Db} in. ]
Diameter (D) in, 12,0 Ps
Flow Rate {Qs) cfm 2200 0%
Flow Rate (Qb) chrm 1400 A
Density (RHO) lomy/ft3 .06z . -
2in (50mm)
Calculate Load Defaults
o
ay [
QUTPUT Os [F
BRANCH ol
Velocity (Vb) om 4011 %
Vel Pres at Vb (Pvb) in. wg 0.83 04“' 5
Loss Coefficient (Ch) 0.12
Branch Pressure Loss {Pob) in, wg 0.10
MAIN
Velocity (Ws} fpm 4034
Velocity (W} fpm 4 584
Vel Pres at s (Pus) in, wg 0.84
Wel Pres at Ve (Pyc) in, wg 1.0%
Loss Coefficient {Cs) -0.03

hain Pressure Loss (Pos) in. wg -0.03



Pressure Losses

Example Using ASHRAE Duct Design Database S/
Example: D.=250 mm, D,= 200 mm D_.= 300 mm, Q= 1050 L/s and Q, = 660 L/s Elevation is

1 630 m. ED5-1 Wye, 30 Degree, Converging
(Sepsy 1973)
INPUT
Diameter (Ds) mm 250
Diameter (Db} mm 200
Diameter (Dc) mm 300
Flow Rate (Qs) 1050
Flow Rate {Qb) Lis 660
Density (RHO) kg/m~3 0.989
Calculate Load Defaults
G —Ds (17(25mm) min,
OUTPUT | e Tt mrd]
BRANCH il {
Velocity (Vb) my/s 21.0 - L et
Vel Pres at Vb (Pvb) Pa 218 % Tl e v+tammm)
Loss Coefficient (Ch) 0.09 BN 2(50mm)
Branch Pressure Loss (Pob) Pa 20 Ao }
MAIN
Velocity (Vs) my/s 21.4
Velocity (Vo) my/s 24.2
Vel Pres at s (Pys) Pa 226
Vel Pres at Ve (Pyc) Pa 289
Loss Coefficient (Cs) -0.02

Main Pressure Loss (Pos) Fa -6



Pressure Losses

Friction Efficiency — Roughness vs Velocity, I-P

Example: 24” Round Duct, L = 100 ft, Standard Density

Using ASHRAE Databas Standard Density
Standard Corrugated

Galvanized Duct
(e =0.0003 ft) | (¢ =0.003 ft)

Velocity
Velocity | Pressure | Q=AV Flow | Ap;Friction | ApsFriction
(fom) | p, (in. wg)| Rate (cfm) | Loss (in.wg) | Loss (in. wg)

1000 0.06 3150 (0.05} .

2000 0.25 6300 0.19 0.28
3000 0.56 9450 0.41 0.62
4000 0.99 12550 | o0.71] [ 1.09




Pressure Losses

Friction Efficiency — Roughness vs Velocity, I-P

Example: 610" Round Duct, L =30 m, Standard Density

Using ASHRAE Database, SI Standard Density

Standard Lined Duct,
Galvanized Corrugated
(e =0.09 mm)| (¢=0.9 mm)

Velocity Q=AV
Velocity | Pressure | Flow Rate | ApsFriction | Ap;Friction

(m/s) p, (Pa) (L/s) Loss ( Pa) Loss ( Pa)
5.1 16 1500 3.0} @
10.1 61 2950 46.0 66.9
15.1 136 4400 8.3 147.7

20.1 243 5875 1710 E62.3 |




Pressure Losses

Friction Efficiency — Roughness vs Velocity

Example: 24” (610 mm ) Round Duct, L = 100 ft (30 m), Standard
Density using ASHRAE DFDB

Observations:

d Factor of 13+!! Increase in Pressure Loss when Velocity is Increase by a Factor
of 4, From 1000 to 4000 fpm (5 to 20 m/s)

s 0.05 in wg (13 Pa) increased to 0.71 in wg (171 Pa)

d Factor of only 1.2 to 1.4 Increase in Pressure Loss When Roughness (g ) is
Increased by a Factor of 10

s At 1000 fpm (5 m/s), 0.05 in wg (13 Pa) increased to 0.07 in wg (17.7 Pa)
s At 4000 fpm (20 m/s), 0.71 in wg (171 Pa) increased to 1.09 in wg (262 Pa)



Pressure Losses

Equivalent Round for Rectangular and Flat Oval Duct — Converting Duct
Sizes

2 rigy0.625
Rectangular: p, - 130WH)
(W + FH)0.250
0.625
| 55 4 xO625 55[ d+ a(A _fwa]
Flat oval: D == JAK -

pl-230 [Ra + 2(A4 - a)]920

D.= Equivalent Round, in (mm)

AR = Cross-section Area, in? (mm?)

W= Rectangular Width, in (mm)

H = Rectangular Height, in (mm)

A = Flat Oval Major Dimensions, in (mm)
a = Flat Oval Minor Dimensions, in (mm)



Pressure Losses

Fitting Efficiency — Round Elbows

Example: Diameter = 10 inch, Standard Density using ASHRAE
DFDB

- S — . . P ‘ T J\/ i
i T o T - 5 i . i - . o o AL‘h %X -
From ASHRAE DFDB g b — | |- b 9| L/ Lo || o |
) [ /> : § 5 \

-

_ 1

1 ; 1 | A ol I F

Smooth Radius, R/D = 1.5 Smooth Radius, R/D = 1.0 5 Piece, R/D=1.5 3 Piece, R/D = 1.5 (Table Mitered w Vanes Mitered without Vanes
Velocity
Pressure | q=AvV Loss Loss Loss Loss Loss Loss
Velocity | p.(inch [Flow Rate| Coefficient Ap, (inch Coefficient Coefficient Coefficient | Ap:(inch | Coefficient | Ap:(inch | Coefficient | Ap;(inch
(fpm) water) (cfm) C water) C M} C M} C water) C water) C water)
| 1000 0.06 545 0.11 0.01 0.24 0.01 0.20 0.01 0.34 0.02 0.48 0.03 1.19 0.07
2000 0.25 1090 0.11 0.03 0.24 0.06 0.20 0.05 0.34 0.09 0.48 0.12 1.19 0.30
3000 0.56 1635 O.E 0.06 0.%4 0.13 0.20 O.E 0.34 0.1_9 0.48 O.E 1.19 0.67
4000 0.99 2175 0.11 0.11 0.24 0.24 0.20 0.20 0.34 0.34 0.48 0.48 1.19 1.18

Best Better Better Good Good BAD




Pressure Losses

Fitting Efficiency — Round Elbows

Example: Diameter = 250 mm, Standard Density using ASHRAE
DFDB

/ ‘ AC *
) / L
—| —~{ \ _1— /I\ !
2 /

From ASHRAE DFDB, SI b —| | b —f f— p —2 -

! PR WA R N 1 1 =7} 1 !

Smooth Radius, R/D=1.5 Smooth Radius, R/D = 1.0 5 Piece, R/D=1.5 3 Piece, R/D = 1.5 (Table Mitered w Vanes Mitered without Vanes
Velocity [ Q=AV Loss Loss Loss Loss Loss Loss
Velocity | Pressure |Flow Rate| Coefficient Coefficient Coefficient Coefficient Coefficient Coefficient
(m/s) | p,(Pa) (L/s) C Ap, (Pa) c Ap, (Pa) c Ap, (Pa) c Ap, (Pa) c Ap, (Pa) c Ap;(Pa)
5.2 17 257 0.11 1.87 0.24 4.08 0.20 0.34 5.78 0.48 119 20.23
15.7 149 771 0.11 16.39 0.24 35.76 0.20 0.34 50.66 0.48 71.52 1.19 177.31
N— - - — N——
20.9 263 1026 0.11 28.93 0.24 63.12 0.20 0.34 89.42 0.48 126.24 1.19 312.97
:
Best Better Better Good Good BAD




Pressure Losses

Preferred Duct Fittings - Elbows

90"

\90“ I Q@
[ 0 . A
D TO" l O
: -
PREFERRED ACCEPTABLE AVOID
CD3-10 (7-Gore, 90°, CD3-9 (5-Gore, 20°, CD3-15 (Mitered, 20°)

r/D = 2.5) r/D = 1.5)
CD3-11 (Flat-back, 90°)



Pressure Losses

Preferred Duct Fittings - Wyes

Qui| Ap
r-1—-|—0b1
- [ 1 1 _
(1in, min, oriQ"Cmoxb.; L \l { .
309 ; "
T
(1in, min. 0,1[2)5 ;222117 Zl tﬂn‘
L_I let— 1in,
let—ael Dy
ObZIAb'Z
PREFERRED PREFERRED AVOID
ED5-9 (60°) ED5-9 (60°) ED5-4 Bullhead Tee

plus CD3-16 (60°) without Vanes



Pressure Losses

Preferred Duct Fittings — Branches

”

30/“( -
PREFERRED NOT RECOMMENDED AVOID
ED5-1(30° Wye) ED4-1 (Wye) ED5-3 (Tee)

plus ED5-1 (Transition)

Junctions (Laterals and Tees)

PREFERRED ACCEPTABLE AVOID

ED5-1 Wye ED5-1 Wye ED5-10 Double Wye, 45°
Close Coupled



Pressure Losses

Preferred Duct Fittings — Fan Inlet Connections

f

B e

PREFERRED

ED7-2 (Centrifugal, Single Width Single Inlet
[SWSIT)

ACCEPTABLE

Tapered inlet

5% Max.

5

i

PREFERRED

ED7-2 (Centrifugal, SWSI)
with SD4-1 (Transition)

4—}—.-—

.f.r\‘l\ [
| R ==K

B = twice wheel dia. minimum

E—_-/B ._..i A = twice wheel dia. minimum
e
W

C = wheel width minimum
4 C

BT -

ACCEPTABLE




Pressure Losses

Preferred Duct Fittings — Stacks

RECOMMENDED
DISCHARGE VELOCITY: D

3000 fpm MINIMUM

DRAIN
BEST: NO CAPS OR HEADS

STACK HEADSD
Q DRAIN LIP Q
O
PERIPHERAL
_ ™9/ DRAIN
{ LIPAND
=¥ pRAIN
! HOLES \_
DRAIN
O =
G H | y ORAIN
VERTICAL OFFSET POWERHOUSE

GOOD: DRAIN-TYPE STACKS

INVERTED CONE
DRAIN HINGED COVER
TUBE
| U
6]

CONE CAP

4

L M N
POOR: SHOULD NOT BE USED

P Q



Designing the Exhaust Duct System

Overview

Step 1 Determine air volume requirements based on the required
capture velocity and Hood intake area. Include an allowance
for leakage.

Step 2 Determine the type of Hood and Location.

Step 3 Locate duct runs. Avoid unnecessary directional changes
Step 4 Determine the allowable noise (NC) levels.

Step 5 Determine the minimum transport velocity

Step 6 Determine duct sizes to maintain the transport velocity
Step 7___Use round sizes when possible

Step 8 Determine system pressure requirements. Include total
pressure losses of components.

Step 9 Sum the losses in each path to the fan.



Designing the Exhaust Duct System

Overview

« Step 10__ Determine the design leg(s)
« Step 11__ Determine the required fan operating pressure

« Step 12__ Analyze the design to improve balancing and reduce material
cost.

-« Step 13__Select fan according to proper guidelines for the operating
pressure and maximum total volume flow rate

« Step 14 Analyze the design to make sure it meets the acoustical
requirements.

« Step 15 Select materials that minimize cost and meet SMACNA Duct
~ Construction Standards.

« Step 16__ Analyze the life-cycle cost of the design.

« Step 17___Commission the design to make sure it meets the Owner’s Project
Requirements (OPRS)



Pressure Losses — The Design Leg

Critical Path

Critical paths are the duct sections from a fan outlet to the
terminal device with the highest total pressure drop for supply
systems or from the entrance to the fan inlet with the highest
total pressure drop for return or exhaust systems.




Designing the Duct System Overview

Selecting the Design Method

Use the Manual of Recommended Practice of Design (AGCIH 2019) to
calculate hood airflow rates

e Air quantities are actual airflow based on the air density

 Hood velocity determines the effectiveness of the hood regardless of the
acfm. If the actual airflow is not high enough the velocity will not capture
the air contaminants.

 Hoods are designed for particulate control, not collections although there
often is a collector.

e Particles that settle out should be cleaned up to prevent reentrainment due
to foot traffic and air currents.

* Velocity pressure should be corrected for density.



Designing the Duct System

Transport (Conveying) Velocity — Constant Velocity Design Method

Called Constant Velocity Design Method because You Must Maintain a
Constant Minimum Transport Conveying Velocity So Contaminants
Don’t Fall Out of the Airstream

* For vapors, gases and smoke, you can design with Equal Friction (See
the Duct Systems Design Guide (DSDG) chapter on Designing with
Equal Friction). Velocities should still be in the range of 1000 to
2000 fpm (5 to 10 m/s)

* Table 2-1 in the in the SMACNA Round Industrial Duct Constructions
Standards (Round IDCS) Third Edition are Ranges of Minimum
Transport (Conveying) Velocities for varius materials



Designing the Duct System

Transport (Conveying) Velocity — Constant Velocity Design Method

N
Duct | Nature of ) Conm ) . .1inimr:m| -
p Examples : Abrasion | Conveying Velocities
Class | Contaminant centration :
fpm (m/s)
Mon—abrasive, non—commosive ap-
) pln.::llln:sm;l, mc]u.rlm;: -:nntam.ma:a.:u.l _ 1000 = 2000
Crases duct sections ol make=up air and None None (5 = 10)
general  ventilation systems, and
1 ZASCOUs cmigsion control systems.
Fumes, Vapors, | Zinc and aluminum oxide fumes,
Smoke and welding fumes, paint overspray, ctc ; 2000 = 2500
gzt e il e oo g Light None 5
Aerozols (Spray, (10 =13}
Mists, and Fog)
Vory Fine, Light | Cotton lint, wood flour, litho pows- . 2500 — 30N
Dhast der, eic. Light Ligat (13 —=15)
Fine rubber dust, Bakelite molding
1 Ca PR -
Dry Dusts énd F:I.J'r'rlil.- -;].J'?L jute lint, cotton 1.1LLS.I- 3000 — 4000
i) light shavings, leather shavings, Low Moderate .
Powders J . (15 =24)
soap dust, dry fine sawdust. grain
dust, and buffing and polishing dust




Designing the Duct System

Transport (Conveying) Velocity — Constant Velocity Design Method

Duct
Class

Nature of
Contaminant

Examples

Con=
centration

Abrasion

Minimum
Conveying Velocities
fpm (m/s)

Fpd

Average
Industnal Dust

Class 3 materials in low to moderate
concentralions, mncluding pranie
dust, silica flour, material handling
(peneral), bnck cuttmg, clay dust,
foundry (gencral), limestone dust,
abrasive cleaning operations, dry-
ers, kilns, boler breaching, sand
handling, manganese, steel chips,
coke, clc.

Moderate

High

Clags 2 malerials in moderate o
high concentrations, mcluding saw-
dust (heavy and wet), grinding dust,
buffing lint {dry), wool jule dust
{shaker waste), coffec beans, shoe
dust, etc

High

Moderate

3500 — 4000
(18 — 20}

e A s sbaelels Tes Tzl o mcsdios




Designing the Duct System

Transport (Conveying) Velocity — Constant Velocity Design Method

Duct | Nature of . Cone= " ‘ Hifnim?m -
s Examples : Abrasion | Conveving Velocities
Class | Contaminant centration
fpm (m/s)
Class 3 materials in high concentra-
tions, metal tumings, foundry
: shakeout and tumbling barrels, sand i 5 4000 = 4300
ey Ensts blast dust, wood blocks, hog waste, ligh High (20 = 23}
brass turmings, cast tron boring dust,
4 lead dust, etc,
Heavy. Moist Lead dust with small chips, moist
I:I; ,:; .:I-'. .} a cement dast, wet furnace slag, wel Higl Hieh 4500 and up
El ‘1 g moriar, buffing lint (sticky), quick ' & {23 and up)
o limee dust, ete.
5 Corrosive I::l“r:HTW‘]:]PP:_H:{H“T.HLkh:tfmul_“w Lizht g 1000 = 2000
Fumnes WInS IMMLY, P albITRE ldTiks Comnlaimn- AR TaneG 1_5 " II'I:I
mg corrosive chemicals, ete.
Table 2-1 Duct Classes and Minimum Conveying Velocities




Designing the Duct System

Constant (Transport) Design Method Steps

Size all main and branch duct at the constant transport velocity. Round
duct sizes down so as to maintain the minimum required velocity.
Calculate the total pressure loss for each section including hoods,
duct, junctions, collectors or other items.

If by hand, a spreadsheet will be helpful

For each main and branch of a junction be sure to account for the
straight-through and branch loss coefficients

Tabulate the total pressure required for each path from the hood inlets
to the fan)

Determine the critical path and maximum operating pressure
Determine the excess pressure for each non-critical path

Use smaller sizes or additional airflow in the non-critical paths to
balance the system (don’t use blast gates or dampers unless Class 1)




Designing the Duct System

Example

Size the system shown using constant minimum velocity. € = 0.0003 ft (0.12 mm) . RH%=50. The design
parameters are shown in the Table. Size to 0.5-inch (12 mm) sizes. Used the ASHRAE DFDB for Calculations

DUST COLLECTOR




Designing the Duct System

Adjustable tongue (kesp adjusted to not
more than 1/4" [6 mm] from wheel)

Example — Hoods Used | o

1"to 14"
= [25 to 38 mm]

S 1) B

da | NFra

[~ Opmming fo be Chip trap
ﬁ:-u r:i I::IEI-QII:“ if desired
{1
w1200 pm [5 040 esa] EXHAUST FLOW RATES, acfm [ﬁ.m]fs]
Wheel dia. b I T
inches [mm]  finches [mm]| acfin [am's]| aclm [am’s)

Upto5 [Uptol125]| 1 [25] | 220 [0.01]| 220 [0.1]
510 [1250250]| 1.5 [38] | 220 [0.11]| 300 [0.15]
10w14 [250103501( 2 [s0] | 300 [015]| sp0 [0.25]
14016 [350t0400]| 2 [50] | 390 [020] | 10 [031]
\'\‘ Dipening 3 be sizd in bdle 161020 [400t0500]| 3 [75] | 500 [0.251| 740 [0.37]
1 et el B ) vl 2040 P | 1060 ma's]

201024 [500w6001| 4 [100] | 610 [0311| 880 [0.44]

5

6

241030 [600 w 750] [125] | BEG [0.44] | 1,200 [0.60]
€1 = 150 acim'’ [8.73 am e’ opaming
Wit it ity = 3,580 o [17.58 ma] 01036 [750 1o 900 (1501 [1,200 [0.60] | 1,600 [0.80]

Fy = 124
* No more than 25% of wheel exposed.
Minimum duet velocity = 4,000 fpm [20.00 m's]
Chipping and Grinding Table F, = 0.65 for straight take-off
e e g oot Fy = 0.40 for tapered take-off

Grinding Wheel Hood



Designing the Duct System - Example

Minimum Velocity Hood Air Required Temperature Density Length
Section Hood fpm m/s |Loss Coefficient| cfm L/s °F i & Ib, /ft> | ke/ m’ ft m
VS-80-19 Chipping
1 & Grinding Table 3500 17.5 0.25 800 378 90 32 0.072 1.147 38 11.6
VS-80-11 Grinding
2 Wheel 4000 20 0.40 500 236 90 32 0.072 1.147 20 6.1
3 4000 20 1300 614 90 32 0.072 1.147 30 9.1
Collector Ap = 3 in wg (746.5 Pa) 1300 614 20 32 0.072 1.147
Duct Between | Friction Rate 0.2 in wg/100 ft ( 1.64
6 Collector and Fan Pa/m) 1300 614 90 32 0.072 1.147 15 4.6

DUST COLLECTOR




Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses |-P

Sections 1 and 2

Constant Velocity Duct Design Example £ = (L0003 ft RH=50%
1 2 3 4 5 6 T 8 g9 10 1 12 13 14 15 16 17
" Minimum . " ; ;
Air ) : Maximum Maximum | Duct Size | Actual Velocity "
ASHRAE Fitting Code | Qty, | Temp., [l’:“ﬁr'g' f"e""’“g;e DuctArea [Duct Dia., D,,|D (W x H, Af Velocity, | | D“tcht o |Pressure, ov, 'f"?" ':t‘::e; Ap, 't“' o
g - b acfm s pmzf:i; (in%) in. x a),in, fpm engti, in. of water | TC'EN waier
= % E Fitting Description
2 2 = Source
DFDB Drawil 1 awi prpp | Round J4Ad Round | neng | prawi DFDB ¥
ng rawing I0CS av 4 A ,fT[ Down rawing A{;{:l[i)-lﬁor
Hood: ACGIH,
ACGIH -V 0.25
V3-80-19
Duct CcD11-1 3500 3249 6.47 g 4074 38 [Round Diaj 145
1 3 2 iﬂ‘ Flazl—back E.It:UW CD3-11 800 ag 0.073 0.0a8
apped wye wi 3
albow: Db=6 in.. Dc=6 Giry il
Wye, main: Ds=6in.. &
Dc=75in. Db=45in. |02 " T
099 0.81 X
B OB e L e i € e S o e e S e s A A e o 2.25
Hood: ACGIH (2010),
VE-80-11" (Tapered  |ACGIH-IVM .
Takeoff)
Duct chD11-1 4000 479 45 4527 20 [Round Dia] 1.33
90° Flat-back Elbow CD3-11 0.09
2 3 1 90 Flat-back Elbow  [CD3-11 500 80 0.072 0.09
45° Die Stamped
Elbow CcD3-3 0.1z
Wye, branch:
Ds=6in. Dc=7.5in,, EDS-1 0.34
Db=4.5in.
122 1.04 A 1.27 \
L L B L et L Bt q 2.60 -




Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses S|

Sections 1 and 2

Constant Velocity Duct Design Example £=0.12 mm RH=503%
1 2 3 4 5 6 T 8 9 10 11 12 13 14 15 16 17
mnlmum -
Maximum " Duct Loss
: g | Velocity, Mazximum : Actual : i
ASHRAE Fitting Code Air Gy, | Temp.. | Density. | °5 07 Buct | puctDia.. | 5280 | yaigeny, | Dust | Velocity Pressure. | Coaef- | o 5
alls " Kalm Area W=xH A Length, m pv. Pa ficient
e - = [Table 2- 3 O, . mm. mis
3 £ 2 . g 11 [m*) # al. mm co
& 2 = Fitting Description
a " 2 Source
w o d
. . R d R d )
DFDB Drawing | Drawing | DFDB | et b JaAd/m [ T DFDE | Drawing DFDB ACGIH or T
DFDB
Popd il ACGIH - M 025
WS5-80-13°
Duct CoOT-1 17.5 0.0216 165. 54 152 20.8 1.6 [Round Dia] 354
1 3 2 gl:l' Flatd—back EI:DTb CO3-11 378 33 1147 0.03
apped wue with elbow: 3
Db=152 mm. Dc=152 e il
‘wye, mair: Ls=T122
mm.. Oz=131mm.. ED5-1 -0.13
Ob=11d mm .
249 0.81 2.7
Section 1Total 5857
Haood: ACGIH (2010),
WS-80-11* [Tapered ACGIH - WM 0.40
Takeaoff]
Duict COT-1 Z20 00115 122.57 114.0 231 £.1 [Round Dia] 353
30" Flat-back Elbow CO3-1 0.03
2 3 1 30 Flat-backElbow | CO3-1 236 32 1147 0.03
45" Die Stamped Elbow |CO3-3 0.1z
‘wue, branch:
Ds=152 mm, De=131  |ED3-1 0.34
mm, Ob= 114 mm
306 1.04, 315,24
Section 2 Total = 67124




Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses |-P
Sections 3, Collector and 6

Duct CcD11-1 4000 7.72 7.5 4237 30 [Round Dia] 0.94
3 Collector - 1300 90 0.072
1.07 0 0.00
T 0 I 0.94
4o a i I i s L B e o s s s 3

CD11-1, size at 0.2 in. )
Duct water/100 , == 0,004 f . - 13 1410 15 [Round Dia] 0.03

Bellmouth {collector to

= ducty D1=18in., ERZ2-1, Loss Coefficient
6 E[ - [Ho=120in., Wo =72in. |pased on v, gl M8 ol e
bellmouth radius=4
Transition to fan inlet:
D1=13 % in., Do=18in.,|ED4-1 017
L=24in.(6=12%)
0.03 0.20 0.01
BN G A e 0.04

Path Total Pressure Loss:

Path Total Pressure Losses Ei Yotal Imbalanc
Terminal Path Pressure
(in. water) {in. of water) {in. of water)
Hood 1-3-Collector-6 2.25+0.94+3.00+0.02 6.23 0.35
Hood 2-3-Collector-6 2 G0+0.58+3.00+0.02 6.57 0
aAIC:GIH (2010) Chipping and Grinding Table: 48 in. (W) by 36 in. (H) opening. 5.3% dif

bACGIH (2010) Grinding Wheel Hood: 18 in. wheel diameter, 3 in. wheel width.



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses S|
Sections 3, Collector and 6

Duct cD11-1 20 0.0307 197.71 191 214 9.1 [Round Dia] 2399
3 Collector - 614 3z 1.147
263 0 0.00
I e L D s e 239.90
- - - OBl e e e e R e R i R e R R e B e e e R e R e R i R e S s St e et e e 746.5
Duct CD11-1, size at 1.64 Pam, 2= 12mm . — 332 % 4.6 [Round Dia] 7.5

Bellmouth {collector to

duct): D1=457 mm.,  1eps 4 | gss Coefficient based on

6 B = Ho=3048mm, Wo = 514 32 1147 0.02
=1829mm, bellmouth "'
radius=100 mm
Transition to fan inlet:
D1=337 mm, Do=457 |ED4-1 017
mm, L=610 in. (& = 12%)
29 0.20 580
I O T e Ry R R R s e i e e R i e e e B i e e R R R b e e o s 13.30
Path Total Pressure Loss:
Path Total Pressure Losses ath Total Pressure | Imb ce
Terminal Path
(Pa) (Pa) (Pa)
Hood 1-3-Collector-6 5857 +239.9+7465+13.3 15854 855
Hood 2-3-Collector-6 G712 +239.9+746.5+13.3 1670.9 0
ACGIH (2010) Chipping and Grinding Table: 1219 mm. (W) by 914 mm (H) opening. 5.1% dif

t>.*"\CGIH (2010) Grinding Wheel Hood: 457 mm wheel diameter, 76 mm wheel width.



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses

Imbalance

Path Total Pressure

Path

Path Total
Pressure

(in. of water)
6.23
6.57

. (Pa)
(in. of water)

15854
1670.9

1-3-Collector-6 0.35

0

2-3-Collector-6

5.1% dif



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses

Balancing with Airflow

Q. = the Corrected Airflow for Balancing, cfm (L/s)

Q, = the Original Airflow in the Section that Needs Balancing, cfm (L/s)

Ap,, = Higher Pressure Loss in the Section to be Balanced Against, in. wg (Pa)
Ap, = Lower Pressure Loss in the Section to be Balanced Against , in. wg (Pa)



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses

Balancing with Airflow

Example Balancing with Airflow — Increase Airflow in Section 1 to Balance the System.

|-P S|
Section 2 |[AP, = 2.60 |inwg 0P = 6/1.2|Pa
Section1 [AP, = 2.25 |inwg AP, = 585.7|Pa
Ql = 800 |cfm Ql-= 378|L/s
New Q; = |860 |cfm New Q, = 405|L/s




Designing the Duct System

Constant Velocity Duct Design Example - Balancing

Balancing with Airflow
Example — Revisiting the Spreadsheet Calculate Sizes and Pressure Losses Sections 1 and 2, I-P

Keep sizes, increase flow rate

1 2 3 4 5 i1 T g a3 10 11 12 13 L) 15 16 17
Minimum :
Rir T pos Velocity, | Mazimum | Maximum Sl?uc:] Actual Duct P\I:LD;::: L Coef el
ASHRAE Fitting Code | Oy, IR ensity, fpm Duct Area | Duct DOia.. IcE Yelocity, | Length, _ o bR el 4Py, IN. O
'F Ibmift3 T _ (WxH A pv. in. of | ficient CO water
= s " acfm [Table 2- [in%1 D,.in. 5 fpm It
-] - ¥ 5 A e % al. in. water
= 2 = Fitting Description
2 = ] Source
e o 5]
1) f R d K 3
DFDB i:;' Drawing | DFDB IE‘E‘:':'E il 5‘::: DFDB | Drawing DFDB ACGIHH or 3
OF0B
Hood: ACGIH,
G Appendis C, Figure C-1 0.25
W5-50-13°
Dt co1-1 J— M Mg M4 = 4330 35 [Fiound Dial 1.76
1 3 7 EEI' Flatd—back El:n-i-.-b CO3-M R0 an 007 0.05
apped wye with elbow: =
Ob=6in.. Do=Gin. 3 R 2
Ywiue, main: Dz=6in.. ~
De=7.5im.. Db=d.5in. |T00 1 BU1L
115 n.a1 0.33
Section 1 Total 2.69
Hood: ACGIH (2010),
YS-80-11 [Tapersd Appendis C, Figure C-2 0.40
Takeaff]
Dt coO1-1 4000 4.73 4.5 4527 20 [Fiound Dial 133
90" Flat-back Elbow CO3-1 0.03
2 3 1 90" Flat-back Elbow CO3-1 500 30 0.ovz 0.03
45" Die Stamped Elbow | CO3-3 0.1z
‘wue, branch:
Ds=Gin.. Oe=7.5in., |EDS-1 0.34
Ob=4.5in.
122 104 127 ;
2 60

Section Z Total




Designing the Duct System

Balancing with Airflow

Example — Revisiting the Spreadsheet Calculate Sizes and Pressure Losses Sections 1 and 2, SI

Constant Velocity Duct Design Example - Balancing Keep sizes, increase flow rate
1 2 3 4 5 [ T i 9 10 L 12 13 iG] 15 16 17
Minimum .
Maximum g Duct Loss
i i Velocity, Maximum p Actual 8 +
ASHRAE Fitting Code Air Ory, | Temp.. Densltz. mis Duct Duct Dia.. Size D Velocity, Duct Velocity Pressure, IE:c!ef ol -
alls *C Kaglm Area W xH A Length, m pv. Pa ficient
c - = [Table 2- 2 O, . mm. mis
-] - 2 - s 1 [m*]) x a). mm Co
= [ = Fitting Description
o " g Source
0 o m
DFDB Drawing | Drawi prop | Pound Keap DFDB | Drawi OFOB T
raw ing rawing Iocs an Size rawing ACGHH or &
OFOB
Haod: ACGIH,
2 Appendix C, Figure C-1 0.25
WS5-80-13"
Ohact CO71-1 M Mg Mg 152 2.3 1.6 [Found Dia) 455.1
1 3 2 gﬂ' Flatd-back EI:DTb CO3-1 ’ 4005 ‘) 2 0o7e 0.05
apped wye with elbow: _ \ ‘
Ob=152 mm. Oz=152 EERh i
wWye, main: Us=13
mm.. Oe=191mm., EOS-1 -0.13
Ob=11d mm
300 0.81
Section 1 Total 7011
Haod: ACGIH [2070], \v
WS5-80-11 [Tapered Appendix C, Figure C-2 0.40
Takeaff]
Ohact Co71-1 Ml Ml M 4.0 2351 .1 [Fiound Oia] 353
A0 Flat-back Elbow CO3-11 0.03
2 3 1 30 Flat-back Elbow | CD3-11 236 32 1147 0.09
45" Die Stamped Elbow |CO3-3 0.12
wue, branch:
O==132 mm, De=131 ED51 0.34
mm, Ob=114 mm
306 104 8.2
Section 2 Total _ T1.2
L] L] L= | L P L] L] L] L L] L] L] L] L] T o ST L]




Designing the Duct System

Balancing with Airflow

Example — Spreadsheet Calculates Sizes and Pressure Losses (I-P)
Sections 3, Collector and 6 (revised for balancing)

Duct CD111 4000 7.90 s 4443 30 [Round Dia] 1.08
3 5 4 1360 90 0.072
1.18 0 0.00

Oy el e e e 1.08

B MO s o s e S e e o e i i 3

CD11-1, size at 0.2 in. )
Duct water 00 ft. ¢ = 0.0004 f . - 13 1475 15 [Round Dia] 0.034
Bellmauth (collector to
= duct): D1=18in., ER2-1, Loss Coefficient
. & Ho=120 in., Wo =72in., |based on V, wizal P jis s Gk

bellmouth radius=4

Transition to fan inlet:

D1=13 % in., Do=18in. |ED4-1 017

L=24in. (6 = 12°)

0131 0.20 0.03
1] e 0.06
Path Total Pressure Loss:
= PRTh 1 otaT =
Path Total Pressure Losses Pressie lance
Terminal Path
{in. water) {in. of water) {in. of wate|

Hood 1-3-Collector-6 2.69+1.08 +3.00+0.06 6.83 0.00
Hood 2-3-Collector-8 2.60+1.08+3.00+0.06 6.74 0.09

1.36% dif



Designing the Duct System

Balancing with Airflow

Example — Spreadsheet Calculates Sizes and Pressure Losses (Sl)
Sections 3, Collector and 6 (revised for balancing)

Duct CD11-1 IA, NIA INIA 191 224 9.1 [Round Dia] 2722
3 6 6 641 32 1.147
301 0 0.00
b L O 272.2
DB O e e e e B e L B B B e R B e T e S s S e o S e B s Bt i e 746.5

Bellmouth {collector to
duct): D1=457 mm. ;
J ER2-1, Loss Coefficient based o
Ho=3048mm Wo |- (a 32 1.147 0.03
=1829mm, bellmouth | "'

J
Duct CD11-1, size at 1.64 Pam, = .12mm . - 332 7.4 4.6 [Round Dia] 8.5

=
6 &
radius=100 mm
Transitien to fan inlet:
D1=337 mm, Do=457 |ED4-1 017
mm, L=610in. (6 = 12%)
33 0.20 6.6
e e e o L e L o L e e L L o L L 151

Path Total Pressure Loss:

Path Total Pressure Losses Path Total Pressure
Terminal Path
{in. water) (Pa)
Hood 1-3-Caollector-6 7011 +2722+7465+151 17349
Hood 2-3-Collector-6 6712 +2722+7465+151 1705.0 209

W



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses, |-P

Imbalance Corrected

Original More Balanced
atn |otal -
Path Pressure Ronee
. Path Total imbalancy _ _
Pressure (in. of water) | (in. of wate
(in. of water) | (in. of water)
1-3-Collector-6 6.23 0.35 6.83 0.00
6.57 0 6.74 0.09
2-3-Collector-6
1.36% dif

5.3% dif



Designing the Duct System

Example — Spreadsheet Calculate Sizes and Pressure Losses, S|

Imbalance Corrected

Original More Balanced

Path Total Pressure

Path

Path Total Pressure

(Pa) (Pa)

1-3-Collector-6 1585.4

17349 0.0

2-3-Collector-6 1670.9

1705.0

5.1% dif 1.72% dif



Summary

v Equal Friction Designs for 1000 to 2000 fpm (5 — 10 m/s) Should
be Used to Size Sections not Carrying Fumes or Particulates

v’ Constant (Transport) Velocity Should be Used to Size Other
Sections

v’ Get Hood Loss Coefficients from the Industrial Ventilation
Manual from ACGIH

v Efficient Fittings Should be Used

v’ Consider Increasing Airflow in Non-Designh Legs to Help Balance
the System. Don’t use Dampers or Blast Gates for Balancing

v Smaller Duct Sizes or Less Efficient Fittings can also be Used
After the Initial Design to help Balance the non-design legs,
which should Lower First Cost



Questions?

Thank You

Questions?

Patrick Brooks, P.E.
pbrooks@smacna.org



