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Duct design

1. Air flow in ducts

Major and Minor Losses in Ducts
Loss coefficient for some fittings
Equivalent length for a fittings
Duct accessories

Pressure diagram

N o a0 & Db

Duct design
1. Equal friction method

2. Balanced Capacity method
8. Flex Ducts
9. In-Slab Ducts
10.  Avoiding Bullhead Tees

11. Return Air Boots

12. Pressurized Plenums with Home Run Ducts
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Air Flow in Ducts

Total
pressure
Element loss, in. wg
Return grille 0.04
Return duct 0.08
Filter 0.08
0.4 Heat and cool coils 0.23
Supply ducts 0.14
Diffusers 0.03
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Figure 12-26 Total pressure profile for a simple unitary system.
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Internal, External, and Total Static Pressure Drop

Internal Static Pressure losses occur External Static Pressure (ESP) losses  Total Static Pressure (TSP) loss is the
within mechanical equipment and are occur within the system outside of the  gum of the internal and external losses

usually calculated by the manufacturer mechanical equipment and are usually  jp, the system.
Examples include calculated by the mechanical

consultant. Examples include

- Dampers = Louvers

= Filters = Dampers (motorized, balancing,
. backdraft...)
= Coils
= Duct fittings

Heat exchangers
= Duct transitions and elbows

Heat recovery devices (such as _ _
wheels, heat pipes) = Air terminals

= Air valves and VAV boxes

= Filters
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Steady Flow Equation

air velocity ®
I

Volume flow rate = Area x ?
:
I
|

A, xV,=A, xV,
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Example 1: Calculating Air Flow

An airfow velocity through a duct with an area of 1ft? is 1,000 fpm.
Determine the new airflow velocity when the area is increased to 4 ft2.

V, = 5
2 A2 |

2 .
V2 _ 1t X 1,000 ft/min = 500 fpm

4 ft°
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Steady Flow Energy Equation

Ps1 + Pys + Poy + PPy =Py, + Py, + Py
Pg1 + Py + Po_P; = Py, + Py + Py

Py + (V4%129) + P, _P; = Py, + (V,?/2)

P, = Static Pressure of air at section 1 [ft]
V,2 = Velocity at section 1 [ft/sec]

P.1 = Elevations at section 1 [ft]

P, = Pressure added by the fan [ft]

G = gravitational constant [32.2 ft/sec?]

P; = Pressure loss in duct by friction [ft]

P, = Static Pressure of air at section 2 [ft]
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Example 2: Calculating Static Pressure Drop

Given the Volume Flow Rate through a duct is 8,000 cfm, the friction loss from
point 1 to point 2 is 0.5” WC. and the static pressure at point 1 is 2" WC.

Q1 = 8,000 cfm D | Q1 = 8,000 cfm
A1 = 4ft2 | : A1 = 16t
P1=2"WC | | P1="7

Ps1 i (V12/29) i Pe1 i I:)p— Pf = P82 = (V22/29) E I:)e2
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Velocity air pressure, P,

~\
Air flow — : = S
AN ('
P ]z[ v } | A Bl IC Dl |E F
' 1097 ) | 4005, I Total pressure | |
o _ _ : : Velocity
Pv in in water and V in ft/min | | | pressure

v vy
P = =
' P[1_414] [_1.29}

Pvin Paand Vin m/s

Static
pressure

Mass Density p

62.4 Ibm/ft3 and 999 kg/ Atmospheric | | I
pressure : \\/: |

Alternate units: Ft ! ! I

Pyetocity= Z—g [ft], V = ft/sec Pressure changes during flow in ducts.
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TOTAL Pressure

I:)Total N I:)Velocity

cannabis

T IDStatiC
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Friction Loss

= Tedious task to solve by equations

= Pressure Loss Charts have been prepared.
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Figure 12-21 Pressure loss due to friction for galvanized steel ducts, IP units. (Reprinted by permission from ASHRAE Handbook,
Fundamentals Volume IFP, 1997.)
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Figure 12-21 Pressure loss due to friction for galvanized steel ducts, IP units. (Reprinted by permission from ASHRAFE Handbook,
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Friction Loss
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Equivalent of a circular duct

5/8
D =13
e ({:?+ b)1/4

Dy, = Hydraulic diameter
a and b are the dimension of a rectangular duct
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Equivalent of a circular duct

Table 12-7 Circular Equivalents of Rectangular Ducts for Equal Friction and Capacity—Dimensions in Inches, Feet, or Meters

Side a of
Rectangular Diameter 12, of Circular Duct
Duct b=6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 22 24
6 6.6
7 7.1 71
8 1.5 8.2 8.8
9 8.0 8.6 9.3 9.9
10 8.4 9.1 98 104 109
11 8.8 95 102 108 114 120
12 9.1 99 107 113 119 125 131
13 9.5 103 111 118 124 130 136 142
14 9.8 107 115 122 129 135 142 147 153
15 10.1 110 118 126 133 140 146 153 158 164
16 10.4 114 122 130 137 144 151 157 163 169 175
17 10.7 1.7 125 134 141 149 155 161 168 174 180 186
18 11.0 119 129 137 145 153 160 166 173 179 185 191 197
19 11.2 122 132 141 149 156 164 171 178 184 190 196 202 208
20 11.5 125 135 144 152 1589 168 175 182 188 195 201 207 213 219
22 12.0 13.1 141 150 159 167 176 183 191 197 204 210 21.7 223 229 241
24 12.4 136 146 156 166 175 183 191 198 206 213 218 226 232 239 251 26.2
26 12.8 14.1 152 162 172 181 190 198 206 214 221 228 235 241 248 261 27.2
28 13.2 145 156 167 17.7 187 196 205 213 221 229 236 244 250 257 271 28.2
30 13.6 149 161 172 183 193 202 211 220 229 237 244 252 259 267 280 293
32 14.0 153 165 177 188 198 208 218 227 236 244 252 260 267 275 289 30.1
34 14.4 157 170 182 193 204 214 224 233 242 251 259 267 275 283 207 31.0
36 14.7 16.1 174 186 198 209 219 230 239 248 258 266 274 283 290 305 32.0
38 15.0 164 178 190 203 214 225 235 245 254 264 273 281 290 298 314 32.8
40 15.3 168 182 194 207 219 230 240 251 260 270 279 288 297 305 321 33.6

Source: Reprinted by permission from ASHRAE Handbook, Fundamentals Volume, 1989.
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Example 3: Calculate Pressure Loss

Compute the lost pressure in a 6 in., 90-degree pleated elbow that has 150 cfm of air flowing through it. The ratio of
turning radius to diameter is 1.5. Assume standard air.

Table 12-8: the loss coefficient: 0.43

. ( : _ C 4.25
V = __0J (150)4(144) — 764 ft/min V= % = = 3.88 m/s

A~ (@)DF T #(36) (7/4)(0.1524)%(60)

7\ 2 /2% 3.882
AR = CD(L] - U.4g(ﬂ] — 0.016 in. wg AR = CD[—] - 0.43[ = ]: 3.89 Pa

1” Water Guage = 248.84 Pa
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Friction Loss Fitting Table

Table 12-8 Total Pressure Loss Coefficients for Elbows
A. Elbow, Pleated, /D =1.5

D Q |- D Q —m— D i—;—- -
i Al’? ‘L Al’? l A{P
r r r
| k +
90 degree 60 degree 45 degree
Gyat D, in. (mm)

Angle 4 (100) 6 (150) 8 (200) 10 (250) 12 (300) 14 (350) 16 (400)
90 0.57 0.43 0.34 0.28 0.26 0.25 0.25
60 0.45 0.34 0.27 0.23 0.20 0.19 0.19
45 0.34 0.26 0.21 0.17 0.16 0.15 0.15
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Friction Loss Fitting Table

B. Elbow, Mitered, with Single-Thickness Vanes, Rectangular

Dimensions, in. (mm)

Design
No. r s L Gy
1 2.0 (50) 1.5 (40) 0.0 0.11
2 2.0 (50) 1.5 (40) 0.75 (20) 0.12
3 4.5 (110) 2.25 (60) 0.0 0.15
4 4.5 (110) 3.25 (80) 0.0 0.33

Satwinder Singh / tagengineering.ca
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Friction Loss Fitting Table

C. Elbow, Mitered, Rectangular

|

+ :f f * ‘5‘/4

B I

I\,f
C|[f|'
f,deg H/W=0.25 05 0.75 1.0 1.5 2.0 3.0 4.0 5.0 6.0 8.0

20 0.08 008 008 007 007 007 006 006 005 005 0.05
30 0.18 017 017 016 015 015 013 013 012 012 0.11
45 0.38 037 036 034 033 031 028 027 026 025 0.24
60 0.60 059 057 055 052 049 046 043 041 039 0.38
75 0.89 087 084 081 077 073 067 063 061 058 057
90 1.30 1.30 1.20 120 110 1.10 098 092 089 085 0.83

Source: Reprinted by permission from ASHRAE Duct Fitting Database, 1992.
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Friction Loss Fitting Table

Table 12-8 Total Pressure Loss Coefficients for Elbows

A Elbow, Pleated, /D'=1.5

D D i—:ﬁ- — D i—}— -
: | |
r r
¥ ¥
90 degree 60 degree 45 degree
Cyat D, in. (mm)

Angle 4 (100) 6 (150) 8 (200) 10 (250) 12 (300) 14 (350) 16 (400)
90 0.57 0.43 0.34 0.28 0.26 0.25 0.25
60 0.45 0.34 0.27 0.23 0.20 0.19 0.19
45 0.34 0.26 0.21 0.17 0.16 0.15 0.15

B. Elbow, Mitered, with Single-Thickness Vanes, Rectangular

Q = Air
A, W C. Elbow, Mitered, Rectangular
. | ,
i | o 7
= + W * )
T 1Y
W- Trailing edge !
<~ . |
Design Dimensions, in. (mm)
No. r s L [

1 2.0 (50) 1.5 (40) 0.0 0.11 C

2 2.0 (50) 1.5 (40) 0.75 (20) 0.12 0

3 4.5 (110) 2.25 (60) 0.0 0.15 68, deg H/W=025 05 0.75 1.0 15 2.0 3.0 40 50 6.0 8.0

4 4.5 (110) 3.25 (80) 0.0 0.33 20 0.08 008 008 007 007 007 006 006 005 005 005
30 0.18 017 017 016 015 0.5 013 013 012 012 011
45 0.38 0.37 0.36 034 033 031 028 027 026 025 0.24
60 0.60 059 057 055 052 049 046 043 041 039 038
75 0.89 087 084 081 077 073 067 063 061 058 057
90 1.30 1.30 1.20 1.20 1.10 1.10 098 092 089 0.85 0.83

Source: Reprinted by permission from ASHRAE Duct Fitting Database, 1992.
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Tahble 12-11 Todal Pressure Loss Coefficients for Diverging Flow Fiitings

Friction Loss Fitting Table

A Diverging Wye, Round, 45 deg

G{ QJ’
"qf "{J'
Branch, O,

‘d‘n‘l‘d‘: Qn."ﬂf =1 0.2 0.3 04 05 113 0T 0.8
01 0.38 0.33 0.48
02 225 0.38 0.31 034 0.46 0.48 0.45
03 G.29 1.02 0.38 0.30 0.33 0.39 0.44 048
04 12.41 225 0.74 0.38 0.30 0.3l 0.35 034
05 20.58 4.00 1.37 0.62 0.38 0.30 0.30 032
06 30.78 6.29 2.25 1.02 0.56 0.38 0.31 030
o7 43.02 9.10 336 1.57 0.85 0.52 0.38 0.31
08 57.29 12.41 471 225 1.22 0.74 0.50 038
09 73.59 16.24 6.29 .06 1.69 1.02 0.&T 048

Main, C,

A A 00 =01 0.2 0.3 04 05 06 0.7 0.8
[N} 0.13 016
0z 0.20 013 0.15 0.16 0.28
03 0.80 013 0.13 0.14 015 016 0.20
04 2.88 020 0.14 0.13 0.14 015 015 0.16
05 G.25 037 0.17 0.14 013 0.14 0.14 0.15
06 11.88 0.a0 0.20 013 0.4 013 0.4 0.14
LN 18.62 1.71 0.33 018 016 0.14 013 0.15
0E 26.88 288 .50 0.20 015 0.4 013 013
09 3645 446 0.590 0.30 0.1a 016 015 0.14
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F ri cti on Loss F itti n g Ta b I e Table 12-11 Todal Pressure Loss Coefficients for Diverging Flow Fittings joomtimed)

B. Diverging Tes, Round

ih— —_— @—'1—-
A o A,
'5‘.&1#‘3-
Branch. C,

AJA. 0J0.=01 02 03 0.4 05 06 0.7 08 08
0.1 1.20 D62 08B0 1.28 1.5 292 4.07 5.44 702
0.2 4.10 1.20 0.7z 0.62 066 0B 1.01 1.28 1.60
0.3 §.99 Z.40 1.20 0.81 066 0.62 0.654 0.70 080
0.4 15.89 4.10 1.54 1.20 0.E8 0.7z 0.64 062 0.63
0.5 24 BD G.29 281 1.74 1.20 0492 0.77 0.68 063
0.6 35.73 .99 4.10 2.40 1.62 120 0.5 0.81 072
0.7 48 67 12.19 hBl 319 212 155 1.20 0.99 085
0.8 G163 1589 7.14 4.10 270 1.54 1.49 1.20 1.01
0.8 B0.G0 20,10 809 513 336 240 1.83 1.46 1.20

Main, C;r

Ad4,  @J@.=01 02 03 04 05 06 0.7 08 08
0.1 0.13 016
02 0.20 013 015 016 028
0.3 0.50 013 013 014 015 016 0.20
0.4 2.88 020 .14 013 014 0.15 013 016 0.
0.5 6.25 0.7 017 014 013 0.14 014 015 015
0.6 11.88 050 0.20 013 014 013 014 014 015
0T 18.62 1.71 0.33 0138 016 0.14 013 015 0.14
0.8 26.88 288 0.50 0.20 015 0.14 013 013 014
0.9 3545 445 0.50 0.30 019 016 013 014 013

Sowrce: Reprinted by permission from ASHREAE Dwct Fittag Database, 1952,
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Example 4: Pressure Loss

Compute the loss in total pressure c . Straight section Branch section

for a round 90-degree branch and O, _ccqr [

straight-through section, a tee. — Ve="y Ti9o8fmn 7, =7 =1273 i
0, 250

The common section is 12 in. in ) %=%=0-” o 10 %

diameter, and the straight-through . "4 4 _oos

section has a 10 in. diameter with a - 069 '

flow rate of 1100 cfm. ‘ From fig. 12.11B

The branch flow rate is 250 cfm C,=0.14 Cp =155

through a 6 in. duct.

3 2
: v,
AR, =c_,{ £ } -0.021inH,0 AR, =C, —2—| =0.16"H,0

4005 4005
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Equivalent lengths

wlln

~ | O

Table 12-13 Friction Factors

for Various Galvanized Steel

Ducts
M Darcy
in. mm Friction Factor
4 10 0.035
6 15 0.028
8 20 0.023
10 25 0.022
12 30 0.019
14 36 0.017
16 40 0.016
20 50 0.015
24 60 0.014

Satwinder Singh / tagengineering.ca
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Example 5: Friction Loss Example

Compute the equivalent lengths for the fittings in the duct system below.

The fittings are an entrance, a 45-degree wye, the straight-through
section of the wye fitting, a 45-degree elbow, and a 90-degree elbow.

Plenum [ 400 cfm (0.19 m%/s) @ 280 cfm (0.13 m3/s) @
[

I
1 50 ft (15 m) 10in. (25 cm) \50 ft (15 m) 9in. (23 cm)

6 in.
(15 cm)

120 cfm (0.057 m3/s) @
40 ft (12 m) '

Table 12-13 Friction Factors
for Various Galvanized Steel

Ducts
Diameter Darcy
in.  mm Friction Factor
4 10 0.035
6 15 0.028
8 20 0.023
10 25 0.022
12 30 0.019
14 36 0.017
16 40 0.016
20 50 0.015
24 60 0.014

Satwinder Singh / tagengineering.ca

24/01/2019

25



Friction Loss Example

Plenum [ 400 cfm (0.19 m3/s) @ 280 cfm (0.13 m3/s)

1 50 ft (15 m) 10in. (25 cm) -\ 50 ft (15 m) 9in. (23 cm)
6 in.
(15 cm)
120 cfm (0.057 m3/s) @
40 ft (12 m) '
Path 1: 1-a-2

Lo =L+ 50 + Lyyes * 50
=19 + 50 + 4.4 + 50
= 123.4 ft

Path 2: 1-a-3

Le = I—i +50 + I—wye,Br 4 I—elbow-90 +40
=19+50+11+7.7+40
=127.4 ft

Example:
What is the total pressure loss on the critical
path?

Critical Path: 1-a-3 with Equivalent length
of 127.4 ft

We pick average pressure (friction) loss for
duct and calculate the total pressure loss
for the system.

Friction loss to be designed for =
0.08"/100ft

P=127.4 ft x 0.08"/100ft = 0.102”

Satwinder Singh / tagengineering.ca
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Duct Accessories

1. Turning vanes
. Linear
. Airfoil (More efficient)

2. Dampers

. Parallel blades (open/close)

. Opposed blades (modulate airflow)
. Balancing

. Motorized

. Backdraft

3. Fire dampers
Type A (blades inside air stream)
Type B (blades outside air stream)

4. Electric duct heaters

Satwinder Singh / tagengineering.ca
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Turning Vanes

A. Elbow, Pleated, /D= 1.5

0 0
D —=—— D = | -
AO AO
K £
90 degree 60 degree 45 degree
B. Elbow, Mitered, with Single-Thickness Vanes, Rectangular C. Elbow, Mitered, Rectangular
O L f L
— Air | f Q i | 9/‘
A + W o
? flow | 4
i — |
T =<-W—== Trailing edge
Satwinder Singh / tagengineering.ca 24/01/2019 28



Dampers

Shaft o —_—
extension @[T 0 0 e e
| E'a |
| =t |
J =5 i H.n o = |
| I l
| |
IC 5 |
S= §|}

Figure 12-25 Typical opposed blade damper assembly.

Frame

N

Q'
Clr

= =
[N /LA o

Stop~_|

Section
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Air Flow in Ducts

Volume (Q) is a function of cross
sectional

area (A) and velocity (V)

Q=AvV

however, momentum, friction and

turbulence must also be accounted for in

the sizing method

Total

pressure
Element loss, in. wg
Return grille 0.04
Return duct 0.08
Filter 0.08

0.4 Heat and cool coils 0.23

Supply ducts 0.14
Diffusers 0.03

= Fan total 0.60

L

£

g

2

o

a

E0

= 040 Distance —==

-0.12
-0.2

Supply ducts Di}users
P= Py
L
Figure 12-26 Total pressure profile for a simple unitary system.
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Static Pressure

= Force required to overcome friction and loss of momentum due to turbulence
= As air encounters friction or turbulence, static pressure is reduced
= Fans add static pressure

= Static pressure is measured in Inches-water gauge
= Positive pressure pushes air

= Negative pressure draws air
= Straight ducts have a pressure loss of “w.g./100’°

based on diameter and velocity

Equivalent Length

= Describes the amount of static pressure lost in a fitting that would be comparable to a length of straight duct
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Duct Construction

* Round ductwork is the most efficient but requires greater depth

= Rectangular ductwork is the least efficient but can be reduced in depth to accommodate smaller
clearances

= Avoid aspect ratios greater than 5:1
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Flex Ducts

= Used to dampen noise when connecting to air terminals or mechanical equipment (i.e. bathroom fans)

= Typically only used for a max 5 foot length.

= Long runs of flex duct and elbows create large pressure drops in your system.
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In-Slab Ducts

= Used to vent oven ranges, dryers, and sometimes bathroom fans.

= Must be minimum of 2’-0” from structural bearing entities (columns, walls).

Can handle little airflow (approx. 50 CFM) due to size.

Elbows always shown as two 45° joints to minimize pressure drop.

Typically seen in high rise buildings were no dropped ceilings are given near building exterior.

\ A 60 INLET BOOT
| b
b 5
\

2WWAY RAB. 5.2 g ! / )
=P 2
v 1 L s z
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7 SUPPORT
BRACKET 50" ELBOW
-r.> y We
ECCODUCT ~ \\' o
CAV CHANNEL 5
SV156 5 v \\l ~% k 4
STRAIGHT WALL . \-\ K . 45* ELBOW
DISCHARGE s N L> 4 |
(DAMPER OPTIONAL) | i E 2 ~_ 4
e S x % 30" ELBOW
1 " = RF
N WALL DISCHARGE
(DAMPER OPTIONAL)
\/l saapliis VIALL DISCHARGE
DISCHARGE EXTI :
3 p. v FLAT TOP 90° ELBOW
i (DAMPER OPTIONAL) SHORT WAY

Ny %

¥
ALUMNUM . SOFFIT DISCHARGE
GRILLE W/ FOLD J - (DAMPER OPTIONAL)
ALLMANUM STEP DOWN DIFFUSER
GRILLE W/ BEAUTY RING
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No “Bull Head” Tees

Airflow does not travel well when there is no clear path to
follow. Instead

= show the duct continuing onward past the branch (as shown
below),

= add turning vanes.

= use “pant leg” or wye type fitting (best option but most
expensive)

Poor Better
| oy {
N | 7N
| I(FF————17 4
\ L y L Better Best
N S — ! — N
| Rectangular double 90 degree tees
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Return Air Boot

Used to reduce noise emanating from
mechanical equipment in and adjacent
to occupied spaces.

Should completely obscure line of sight
to the air inlet. This forces the sound to
bounce

Specified with 1”7 acoustic insulation.

Typical “L” shaped boot is shown to the
right.

LINE OF SITETO

AIR INTAKE 15
OBSCURED
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Z-Shape Return Air Boot

Less common but more effective.

A return with two easy
turns decouples room fram
the blower noise

Moise reaches the room
because the return is close
to the blower

Satwinder Singh / tagengineering.ca

24/01/2019

37



Pressurized Plenum with Home Run Ducting

Can be used where there are multiple duct
diffusers with similar airflow requirements.

Each “home run” should be approximately the
same length with the same pressure drop.

Do not take off ducts close to fan coil or at end
of plenum.

Advantages:

= Can be used where there is very little ceiling
height (i.e. running four 6”@ ducts as
opposed to one 10’ / 10”x8”)

= Requires less overall space

Disadvantages

= Cannot handle large pressure drops

P

Ly 11

T 11
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Questions?
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Equal Friction Method

= Presumes that friction in ductwork can be balanced to allow uniform friction loss through all
branches

1. Find effective length (EL) of longest run

2. Establish allowed static pressure loss/100’
AP=100(SP)/E_

3. Size ducts

4. Repeat for each branch

Note: velocity must be higher in each upstream section
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Assignment #2: Equal Friction Method

Given:
* The system shown is supplied air by a rooftop
unit that develops 0.25 in. wg total pressure £25° b i i e
eXternaI to the unlt 0.05 in. wg AZ) 0.036 in. wg [©) 0.04 in. wg
* The return air system requires 0.10 in. wg. 1 22 ft Each branch / 20 t o
* The ducts are to be of round cross section, vz | s 2R 2/ 90 deg ®
and the maximum velocity in the main run is |
850 ft/min, whereas the branch velocities ' ©) @ /
must not exceed 650 ft/min. e e i
@
Size: i
» The ducts using the equal-friction method. 0.04 in. wg

020 cfm

» Show the location of any required dampers.
Compute the total pressure loss for the
system.
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Equal Friction Method - Example

250 cfm 120 cfm 150 cfm
C, 0.05 in. wg Ay 0.036 in. wg ) 0.04 in. wg
W 22 £t Each branch 20 ft
A(6) tums down” A (g \ 20 ft
4 ft 90 deg
f=—oH Plenum |—==
i @ 8ft O
) ®/ @ @
9 ft 10ft \ 8ft 10 ft ft
14 ft
4 ft
0.04 in. wg & 0.03 in. wg
?C@D cfm 125 cfm

Satwinder Singh / tagengineering.ca 24/01/2019

42



