HVAC AIR SYSTEMS;
DUCTWORK, FANS, AIR HANDLING UNITS

By Bradford E. (Brad) White, P.E.



Duct Design Concepts
Overview

* Duct Construction: Pressure/Leakage Classes
* Friction Rate vs. Velocity

* Fitting Losses = Impact Losses

e Calculating System Pressure Drop

* Minimizing System Pressure Drop

* Noise Control

* Fan Selection Principles

* How Ductwork is Made: Understand it to Design It




Basic Duct System Design Concepts

ALWAYS:

Limit the number of transitions (size changes) in a run of ductwork.

Transition where you need to. Know why you should.

Think about access; dampers, terminal boxes, filters, coils. “Lowest ladder possible.”

Minimize Aspect Ratio; think “round/square/rectangular/flatter” in that order.

Understand friction rate vs. velocity; Watch both, balance the two (and why the duct friction

rate is only part of the story).

Understand airflow and fittings; Elbow Aside. Make it easy to get there.

Be aware of duct insulation, flanges and hangers. Ducts are bigger than you think.
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Pressure Classes, Metal Gauges and Reinforcement:

2" 3u 4u 6" '
RECTI RECT/ RECT RECTANGULAF
W.G. W.G. W.G. W.G. REINFO
STATIC NO — STATIC NO — STATIC NO e STATIC NO
POS.0R NEG. | REINFORCE- POS.OR NEG. | REINFORCE- POS. OR NEG. | REINFORCE- POS. OR NEG. | REINFORCE- RE|
MENT MENT MENT MENT
pucrt REQUIRED - pucT REQUIRED i pucT REQUIRED o pucT REQUIRED - - \
DIMENSION DIMENSION DIMENSION DIMENSION
10"dn 26 ga 10"dn 24 g2 NOT REQL 8"dn 24 ga, 8"dn. 24 ga. NOT REQUIRED
- NOT REC —
1, 12° 24 ga 11,12° 22 ga. a, 10 22 ga, 8,10 20 ga. B
13, 14" 22ga 13, 14 20ga. 11, 12" 20 ga. 822 Az 18ga Co | Co | C
15, 16" 20 ga. c-22 15, 16" 18 ga. 13, 14" 18 ga. C-20 13,147 18 ga. C-20 C-20 o
17,187 20ga c2 17, 18" 18 ga. 15, 168" 18 ga, c-18 15, 167 16 ga. D-18 D18 o
18, 200 18 ga. c-20 19, 20" 16 ga D-18 17, 18" 16 ga. D-18 17, 18" E-18 E-18 E
21, 227 16 ga. D-20 21, 22" 16 ga E-18 19, 20" E-18 19, 207 F-18 F-18 F.
23, 24" 16 ga. E-20 23, 24" 16 ga. E-18 21, 22¢ E-18 21, 2r F-15 F-18 F-
25, 26" E-20 25, 26" F.18 23 247 F-18
27, 28" F-18 27, 28" F-16
0 F-1R

Note sheet metal gauges per duct size, without reinforcing.
Thinner gauges can be used if with reinforcing, in various
combinations.
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Pressure Classes, Metal Gauges and Reinforcement:

2“ TABLE 1-5 6" TABLE 1-8
RECTANGULAR DUCT REINFORCEMENT RECTANGULAR DUCT REINFORCEMENT
W.G. REINFORCEMENT CODE FOR DUCT GAGE NO. W.G. REINFORCEMENT CODE FOR DUCT GAGE NO.
STATIC NO STATIC NO
POS.OR NEG. REI:I;?‘I;CE- REINFORCEMENT SPACING OPTIONS POS. OR NEG. nen';;?ﬁcs. REINFORCEMENT SPACING OPTIONS
DII\?:NCSTI ON REQUIRED 10" 8 & 5 & 3 212 z Dl:;l?l.on REQUIRED 10 y 6 5 ¥ 3 212 z

O @ 06006 O O, @ 1060 06 ©) ®
10"dn 26 ga. NOT REQUIRED 8"dn. 24 ga. NOT REQUIRED C-26 c-26 B-26 B-26 B-26
11, 12" 24 ga, B-26 B-26 B-26 B-26 B-26 B-26 B-26 9, 10" 20 ga. B-22 c-24 C-24 B-26 B-26 B-26
13, 14" 22 ga. B-24 B-26 B-26 B-26 B-26 B-26 B-26 11, 12" 18 ga. c-20 c20 | c22 c-24 c24 c-26 c-26 c-26
15, 16" 20 ga. c22 c24 C-24 C-26 c-26 Cc-26 B-26 B-26 13, 14" 18 ga. c-20 c-20 D-20 D22 C-24 c-26 c26 c-26
17,18" 20 ga. c-22 Cc-24 c-24 C-26 c-26 Cc-26 Cc-26 B-26 15, 16" 16 ga. D-18 D-18 D-20 D-22 D-24 D-26 C-26 C-26
19, 20" 18 ga. c-20 c-22 c-24 c-28 c-26 c-26 c-26 C-28 17,18" E-18 E-18 E-20 E-22 E-24 D-26 D-26 c-26
21,22" 16 ga. D20 | D22 | D24 | D26 | C26 | C26 | C26 | C26 18, 20" F16 | F18 | F20 | E22 | E24 | D24 | D28 | D26
23, 24" 16 ga. E20 | E22 | D24 | D26 | D26 | C26 | C26 | C26 21, 22" F16 | F18 | F20 | F22 [ F24 | E24 | E26 | D26
25, 26" E20 | E22 | E24 | D26 | D26 | c26 | c26 | c26 23,24 G18 | G20 | F22 | F22 | E24 | E26 | EX
27, 28" F-18 E-20 E-22 E-24 D-26 D-26 c-26 c26 25, 26" H-16G | G-18 G-20 F-22 F-24 E-24 E-24
29, 30" F-18 F-20 E-22 £.24 E-26 D-26 D-26 c26 27, 28" H-16G | H-18G | H-20G G-22 F-24 F-24 E-24
31-36" 616 | g8 | F20 | F22 | E24 | E26 | D26 | D26 29, 30" H18G | H18G | G2 | F-24 F-24 E-24
' ) - 31-36" 116H | 118H | H20G | H22G | G24 | F24

Note sheet metal gauges per duct size, without reinforcing.
Thinner gauges can be used but with reinforcing, in various
combinations.



SMACNA STANDARDS ‘SHQgNA proprietary Types

Pressure Classes, Metal Gauges and Reinforcement: /\
TABLE 1-11 TRANSVERSE JOINT REINFORCEMENT TABLE 1-12 TR/(NSVERSE JOINT RElNFodgsueN{
Y E J B!
H H, :[.
RIVET OR
L . - r_\ﬂ:\E’LD "Tﬂ‘i [-._ m’r‘u‘(‘nﬁm
. — * — *- — I i T
3 0 e e e = -
N ; ' . P { | FLANGED
' l—_)r—]li—. 4 - - = , " Ce—— ..l"l y 3 2] ¥
— . Wl GASKET Het 38" (WITH GASKET) g: Iz H
. (WITH GASKET) el 1 GASKET
REINF. | STANDING T10 T-11 T-12 P T-22 (T GASKED
CLASS | DRIVESLIP | STANDINGS | STANDINGS | STANDING S | STANDING § REINF. | comPANION T24 T-24a 1280 SLIP-ON
CLASS ANGLES FLANGED FLANGED FLANGED FLANGE
er WY WY li L L
HxT LF HaT LF HxT LF HxT 'T HxTxHR LF o wr wT wr wr
A | om Use B Use B V2 2.0 s Use B UseD Mt LF T (Moem.) | HxTiom) | ¥ T (Nom.) LF
B 10 1108 x 26 ga D4 §1x28ga o :f:‘;:'::. OE jix2Epa or Use D A 04 Use E Use D Use D Use D
18 x2ga 08 |ix22ga o8 |1x22ga o flixddga o8 B 10 Use E Use D Use D Use D
C 19 Usa D
1408 x 16 ga o8 § 11 x 30 ga. 0@ fix20pa oall1iaxzzga 10 158x24ga 14 c 19 Use £ Use D Use D Use D
o 27 1x22ga (*) 122 ga. [+) 1 172 x V8 Bar
: 26 9a osf1x22g0 04):26¢ga 05
118 idga iDjiniBga (+) 10 finiBga 12 4] 27 Use E
E 65 112 x20ga Usa F

Note shop-fabricated reinforcing vs. proprietary flange systems
(e.g. Ductmate, TDF, Ward Duct Connector). MOST ducts have a
default reinforcing spacing of less than 5 feet, just for showing up.
This means thinner gauges of sheet metal.



SMACNA STANDARDS @

SEAL THE DEAL: Moving air is costly. Loss of air to leakage cannot be economically recovered.
Control it.

TABLE 1-2

STANDARD DUCT SEALING REQUIREMENTS

SEAL CLASS

Sealing Requirements

Applicable Static Pressure
Construction Class

A

Class A: All Transverse joints,
longitudinal seams, and duct
wall penefrations

Cc

Class B; All Transverse joints
and longitudinal seams only

Class C: Transverse joints only

4" w.g. and up (1000 Pa)

3"w.g. (750 Pa)

2" w.g. (500 Pa)

In addition to the above, any variable air volume system duct of 1" (250 Pa) and 1/2" w.g. (125 Pa)
construction class that is upstream of the VAV boxes shall meet Seal Class C.

Always Remember: Horsepower Varies with CFM as a Cube Function.

Example: System design volume = 12,000 cfm at 4.5” WG static pressure and uses 13.0 brake HP, 15 HP Motor.
The fan does move 12,000 cfm but there is 10% leakage in the system which is needed for a critical space.

If you elect to speed up the fan to gain back this lost air it will cost a third more horsepower, forever:

12,000 *1.1=13,200(13,200/12,000)*3 =1.331 x 13.0 BHP = 17.30 BHP. A 20 HP motor is required.

This last 10% of air requires 4.3 BHP forever, assuming leakage remains constant. The most expensive air you will ever move

SEAL THE DUCTS:; Seal Class A, Leakage Class 3 minimum.

Duct Sealant is CFM You Buy Once.
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SEAL THE DEAL: Moving air is costly enough. Loss of air to leakage cannot be economically recovered.
A lack of sealing defeats the purpose of too many duct systems. Duct sealant is CFM you buy once.

2009 ASHRAE Handbook—Fundamentals Table7 Leakage as Percentage of Airflows?

Leakage System efm per Static Pressure, in. of water

100 T T = : Class ft? Duct Surface® 0.5 1 2 3 4 6

80 [ — —— - — ! 48 2 Is 24 38 49 59 77

| Ci” LEAKAGE CLASS > ' 25 2 19 30 39 47 e

% a= capt }/ 03'“// JL Leakage Class = 3 10 16 25 3 3 Sl

20 P5 P Gt Cfm per 100 SF of , 4 77 12 19 25 30 38

40 7 4 e | 5 61 96 15 20 24 3l

» - pd s duct surface area at _ 5 5 e ;0 3?

” i i 2.5 61 96 15 20 4
A .

] Ve } // A 59 1.0” WG differential 2 61 26 1 B B %

r X v A i A pressure. 4 38 60 94 12 15 19

8 5 Z pd Ve 5 31 48 75 98 12 15

E / v s ] 12 2 38 6 %4 12 15 19

A yd e pd G 25 31 48 75 98 12 15

s ™ - . - - 3 26 40 63 82 98 13
¢ 8 prd - i e 4 19 30 47 61 714 96
% 6 | P ] 5 15 24 38 49 59 77
-+ 5 / A - pd ,// 2 19 3 47 61 714 96
4 ) Pl A . 25 15 24 38 49 59 17
/ A | Thisis why Leakage 3 13 20 31 41 49 3.2

4 4 10 15 24 31 37 4
¥ d A1 ClesE 3 LG 5 08 12 19 24 30 38
2 / pd senselin most 2 10 15 24 31 37 48
/ A | LA systems. ~2% 25 08 12 19 24 30 38
d ' _ o/ Qo 3 06 10 16 20 25 32
d d (LR R A, B 4 65 08 13 16 20 26
d 16%, 33%... . 5 p4 06 09 12 15 19

0.1 02 03 04 06 081 2 3 456 810 . Adapted with permission from HVAC Air Duct Leakage Test Manual (SMACNA

1985, Appendix A). '
bPercentage applies to airflow entering a section of duct operating at an assumed pres-
sure equal to average of upstream and downstream pressures.

i i i “Ratios in this column are typical of fan volumetric flow rate divided by total system
F.g. 13 Duet Leakage Classifications " surface, Portions of systems may vary from these averages.

STATIC PRESSURE Ap, in. of water
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Aspect Ratio Progression: Round —Square —Rectangular —Flat

4,000 CFM to be moved at 0.09”/100 If friction rate. 2.0” WG
Pressure Class ductwork. 1,250 fpm velocity;
Escalating Material Weight and Cost:

Round; 24” round duct: 79” material =6.6 sf/If (24 ga.) =7.63#/If

1:1: 22x22 square duct; 92” material = 7.7 sf/If (24 ga.) =8.90#/If

2:1:32x16 rectangular; 101” material =8.4 sf/If (20 ga.) =13.91#/If
3.5:1: 42x12 rectangular; 113” material = 9.5 sf/If (20 ga.) =15.73#/If

5:1: 60x10 rectangular; 147” material = 12.3 sf/If (18 ga.) =26.51#/If

“Do what you have to do but know why and what the cost is.”

*24 ga: 1.156 Ibs. per sf.

22 ga: 1.406 Ibs. per sf.

20 ga: 1.656 Ibs. per sf.

18 ga: 2.156 Ibs. per sf.

16 ga: 2.656 Ibs. per sf.
“Ductwork sold by the pound”.

JOINT TYPE
15 OPTIOMAL
AMONG

TIE RODS LOCATED AT EQUAL
SUBDIVISIONS OF W BUT
NOT OVER 80" (15%4 mm)

\ Ducts over
120” wide...

= TIE REINF. (FIG. 1-11)

..cannot support their own
width. They need tie rods.

T-Aa, T-16,

T-21A, T-22,

T-24, T-25A

AND T-258, REINFORCMENT SIZE |/ SPACING
12 TO3 WG (125 TOTS0Pa) ... . 1, @21/2' (0T5M)
4"W.G (000Pa) ... .. 4@ 21/2 (0.75 M}
WG (1S00Pa) L L. K@ 2' (0,60 M)

NOTER 10 WG (2500Pa) ... ... ..., L@ 2 (0.60 M)

2

3

4,

5

SEE TIE ROD TEXT

USE 18 GAGE (1.31 mm) DUCT FOR 6" W.G. (1500 Pa) STATIC OR LESS AND 16 GAGE FOR
10" W.G. (2500 Pa)

OMN 10" W.G. (2500 Pa) THE MAXIMUM TIE ROD INTERVAL ACROSS THE WIDTH 1S 48" (1.2 M),
SEE REINFORCEMENT ATTACHMENT IM FIGURE 1-11.
SEE SUPPORT OF LARGE DUCTS IN FIGURE 4-6. DUCTS MUCH OVER 100" (2540 mm) WIDTH MAY

RECUIRE OTHER INTERNAL SUPPORTS FOR SHAPE RETENTION UNLESS THEY ARE SUPPORTED
AS SHOWN IN FIGURE 4-6.



Duct Sizing:

Flow Friction vs. Velocity:

<
N3
U

Duct Calculator

Friction Rate: Inches W.G. per 100
LF of Straight Duct.

AIR QUANTITY-CEp,

g
- SN
2% i :’i'/'//“,"’ 4
e
é\\\\\\‘\\\\\ . - / /////‘
\\ \\\ ™
In. of Wate,
2. ; Per ; n
\
\,o‘
o
2
Low-Velocity/ Medium-
Low-Pressure Velocity/
Friction Loss Medium-
Range for Pressure Friction
Transport; Loss Range for
0.04” to 0.08” Transport;
per 100 feet. 0.10” to 1.5” per
100 feet.

Velocity: Feet Per Minute

AR QUANTITY-CRy,

N |
Approaching

Outlets-
Slow Down before

Med.-Velocity/
Med.-Pressure

you qet to your Range for
driveway. Transport;
Low-Velocity/ <2,500 fpm.
Low-Pressure Range for 6.0” WG

Transport; <1,500 fpm. Pressure Class

2.0” WG Pressure Class



Air Velocity in Ducts:

Drives fitting losses:

* Duct fitting losses are calculated in terms of velocity pressure loss. Duct friction rate is less of a pressure drop factor.

* \Velocity pressure varies as the square of velocity.
V 2

* Benchmark: 4,005 fpm = 1.0” velocity pressure (Vp): VD = 1005

> Vp at 1,500 fom: (1500/4005)72 = 0.1403"

» Vp at 2,000 fom: (2000/4005)"2 = 0.2494” TotalPressure  _  StaticPressure  _  Velogity Pressure

> Vpat 2,500 fom: (2500/4005)"2 = 0.3896” e

» Vp at 3,000 fpm: (3000/4005)"2 = 0.5610” ‘Mﬁ '?W ‘ —J-
—

Alr W ——— 4005 T, Suction

Pressure in this pipe belaw atmaspheric pressure

Figure 2.1T - Relationship between tolal Pressure,
Static Pressure, and Veloclty Pressure

Duct Fittings have “C”-coefficients, which are multiplied
by velocity pressure (Vp) to obtain their pressure drops.
Velocity Matters.




Air Velocity in Ducts:

Drives fitting losses:

ROUND FITTINGS
CD3-1 Elbow, DMe Stamped, 90 Degree, r/l= 1.5
pin. 3 4 5 [ 7 B » 10
€, 030 020 0a6 004 002 ol 01l -|——

T i*

RECTANGULAR FITTINGS

i

CR3-1 Elbow, Smooth Radius, Without Vanes

C, = KT, where K = angle factor

| C, Values
v HIW
¥ 025 050 075 1.0 150 @ 30 40 50 &0 BO .;:}
050 153 138 129 LR 106 10 10D 106 112 LI16 LR

a
Ay

075 057 052 048 044 040 039 039 040 042 043 G
oG 027 025 023 021 01% 1B DI8 019 020 021 021
—p L5 022 020 1% 007 005 Gl4 04 005 006 017 017
200 020 008 6 005 014 013 003 004 04 015 is

Angle Factor K
L] 0 W M 45 60 TR 90 110 130 150 18D
00 031 045 060 078 050 100 113 120 128 140

]

Example:
6” round elbow at 500 fpm:

C=0.14 x 0.0156 Vp= 0.0022”

Same elbow at 1,500 fpm:
C=0.14" x 0.1403 = 0.0196”

Example:
1.5 centerline radius 90° elbow, 12x12 size, at 1,500 fpm:

C=0.17 x 0.1403 Vp=0.0238"

Same elbow at 3,000 fpm:
C=0.17 x 0.5610 Vp= 0.0954"

Vp at 500 fpom = 0.0156”

Vp at 1,000 fom = 0.0623”
Vp at 1,500 fom = 0.1403”
Vp at 2,000 fom = 0.2494”
Vp at 3,000 fom = 0.5610”



Air Velocity in Ducts:

Drives fitting losses: Turning vanes can help sometimes but can also have higher pressure drops.

, Single-Thickness Vanes {1.5 in. Vane Spacing)

r=2.00n

=011 g=15In. {} o
A."

AN
r wxH |
AR E:E’S '
FLOW
+

Mitered, M Degree, Double-Thickness Yanes (3.5 in. Vane Spacing)

C.=0.4l

r

F = 4,50,
5= 3750n

Example:
Square-mitered elbow with single-thickness vanes

closely spaced, at 1500 fpm:
C=0.11 x 0.1403 Vp=0.0154"

Note: A radius elbow with a 1.5 centerline radius at the
same velocity has an air pressure drop of 0.0238”. This
type of elbow has a lower pressure drop and saves space
but also costs 50% more shop labor to make.

Example:
Square-mitered elbow with double-thickness vanes more

widely spaced, at 1500 fpm:
C=0.41 x 0.1403 Vp=0.0575"

Same elbow at 3,000 fom:
C=0.41 x 0.5610 Vp= 0.2300”

Vp at 500 fpm = 0.0156”

Vp at 1,000 fpm = 0.0623”
Vp at 1,500 fpm = 0.1403”
Vp at 2,000 fpm = 0.2494”
Vp at 3,000 fpm = 0.5610”



Air Velocity in Ducts:

Drives fitting losses: Radius splitter vanes are a good strateqic fitting at critical points.

CR3-3 Elbow, Smooth Radius, One Splitter Vane

| €, Values

/-EPLITI'EFt 'M’ANE

HiW
riW 025 0SS0 10 150 L0 300 40

a0

.

7.0

LA

055 52 040 043 049 055 06 0TS

060 36 07 025 028 030 035 039

065 028 021 DA% 019 020 0322 023

070 022 006 014 014 005 Dle RIY

075 018 003 001 a1l 001 G2 i3

080 015 o1l oo

0ES 013 o009 0

080 011 008 007 06 G0e 06 006

095 010 007 06 00d 00F 00s 003
—> 00 008 0dE 005 00 0 Dod 00l

A8 g 008 0% LD
0F 07 0407 G0 Q0

(.54

0.26
(1%
.14
LN
g
o
oS
o5

0.93
046
028
019
.14
11
008
07
.06
003

1.00
0.49
0.30
0.20
015
011
(e
007
(06
LN

1.0%9
0.52
0.32
0.21
015
0.12
(L0
0407

ll'ﬁi

/

s
&

Angle Factor £
[ 1] MW 45 o LT
TK 0 045 060 D78 10D

!

H
FRONT VIEW

C, = KCp
R, = RICR
where
R = throat radius
Fy = splitier wane radius
CA = curve ridio
K = anghe factor

...R...I

I-_F

DEPTH

Internal proportional-radius splitter vanes divide an
elbow up into equivalent larger radius turns. The C-
coefficient drops to very low values. Pressure drops can
be almost negligible.

These fittings do come at a cost but at AHUs and fans
can save significant capacity and reduce system effect
penalties.

Example:
Square duct elbow with single splitter vane, at 2000 fpm:
C=0.05 x 0.2494 Vp=0.0125"

Same elbow without a splitter vane has a C-factor of 0.21
C=0.21 x 0. 2494 Vp= 0.0524"

Vp at 500 fpom = 0.0156”

Vp at 1,000 fpm = 0.0623”
Vp at 1,500 fpm = 0.1403”
Vp at 2,000 fom = 0.2494”
Vp at 3,000 fom = 0.5610”



Air Velocity in Ducts: Branching off
Note the “C” coefficients.

C=0.11 C=0.73

L

C=0.22

. Major main-to-branch
y St flows, 25% or greater,
=y benefit from velocity-

C=0.12 :'_.. , ‘ based take-offs.

(It’s an elbow!) - 1

P < 1e "

- L .

. e =y

P ‘./{ .; 3"
4] LA . >

J P

C=0.22 o
(It’s an elbow!) ";_-'; St

v w L A ¥ -
FUTTIN S TN 1 Sl (Vs
E MEALDM TAATR Y

Conical 30° €=0.32 ) .t 1L

i N - e 5-
[ .
J -
;| s
’ P =
o | e
gromplon 4
F "'. 3 ,- ’
» 1 D)
~C=1.35 ¢
L e "
-~ LANE ™ ' A e
— ” - .
C=0.73 Jet
.'I l"
F - rd
f d A
o ./ p -
> "y, y/
r, 1 J .
. P~ =
, ‘WS -
~ A -
¢ PPORERES. | o
ANy -, ® t - .
s’
'. Y
L e
- s I W

Hard-Tap C=1.58 /1 e o]

Bellmouth €=0.22/ = %eitm L

AN - o
- AME WEARY Tae

o :
WEARY Fm e

Ao - s
,. e LR

Final branches to air distribution devices will be at lower
velocities, so a high “C” coefficient still means a low
pressure drop. Do not worry about the end runs.

Vp at 500 fpom = 0.0156”

Vp at 1,000 fom = 0.0623”
Vp at 1,500 fom = 0.1403”
Vp at 2,000 fom = 0.2494”
Vp at 3,000 fom = 0.5610”



Air Velocity in Components:
Necessary, unavoidable and they add up. Spend wisely:

The International Energy Conservation Code (IECC), places limits
on fan system horsepower use relative to airflow.

Within air handling units (AHUs), these are of critical importance
with many components in-series. Pressure drop is year-round.

The AHU internal static pressure is often 50-65% of the total
system pressure drop. Spend wisely, using as large a cross-
sectional area as possible to keep air pressure drops (APDs) as
low as practical.

Table 8  Typical Design Velocities for HVAC Components

Mhust Element Face Yelocity, fpm
Laouwers?
I otuhos
TN frm amd gresier #Hl
Lzas thaim 000 ofm e Figure 14
Exkowst
5000 ¢fm and greater 300
Lesa than 500 cfm Sae Flpere 14
Fihera®
Pang| filsers
Visoous Dmpange i 2040 i B0
Dary-tvpe, extended-sarface
Flat {low effichzscy) Duct veloeity
Pleated medin (ingzrensdiang effcenay) Utz 750
HEPA 250
Benewable medea filiera
Pedoving-rurinin viscoss Inpangemen S
blowing-curigin dry media g 1))
Electromic air cheamers
IviuiEing type 150 o 3500 -
Hieating Cails®
Sieam and hed weater SO0t 1HHD

200 i, 0 5040 o,

Elictnic
Dipien wire Refer to mig. dacs
Fimmed tubwlar Rdier 1 miy. data
Tretumidifimg Cails® 400 b SO0
Air Washers®
Spray type Refer ta mig. datn
Cell type Fiefer vo miliz data
High-welocty spray type |2lj|‘|-.ll-l:l !E{H}

“Hgced o asEUMptans presdnbad in test

b Abessesed From Ch, 18, 2008 ASHAAE Haondbonk—1FAC Seriemes and Squipsent.
¢ bairazied from Ch 36, 2008 ASHEAE Handhook—HEAC Sanme ond S
A pkeiractinl Froem Ch. 22, 2008 ASHREAE Handbook—HVAC Serens el Eiafpviae
® 8 heireoted from L. 45, 2008 ATHEAE Hoadhook—HFAC Saems and Egaipere.



Air Velocity in Components:
Getting air in and out of your building:

50 T

Louver sizing for intake of outside air is a balancing act - '_ -
between keeping moisture out, reducing air pressure drop

ag—— - - —
and keeping the architect happy. i ! INTARE /

Too small a louver can amplify draw-in of mist, light snow and
normal rain, in addition to higher air pressure drops.

FACE ARES PER LOUWVER, t*

A solid company standard is essential . Our client architects
should be confident of getting consistent sizing criteria for
their projects across the company, founded in appropriate
criteria.

o 7 4 [ ] 10 12 14 1@ & 20
AIRFLOW 1N THOUSANDS . cfm PER LOUVER

Paramaters Lesd b Estabiuh Fagure Irvinkes Louwer Exbausd Loueer
Kinimeam froo arca (U8 m. s usoe BEL SRR, & 45 a5
Vit parariralicn, a1 025 h) Kiagligibie (esss then U01) W&
Wi TR STRC prommm drmp, N ol weli 315 nas

Fig. 14 Criterin for Louver Sizing



Air Velocity in Components:
Getting air in and out of your building

You can also be creative if the architect is on-board.

The full openings here were louvers sized in the early 1970’s as
gross area, not net free area. These were half the size they
should have been. In addition, the top half was a spandrel
beam, blocking the top half as well. Plenums were chronically
wet and rusted out.

These cowls are now a design standard at Terminal B. Intake
velocities are under 500 fom and air pressure drop is
negligible. No moisture entrainment either.




Air System Pressure Drops:

Calculated on the longest or most restrictive run, not on all system ductwork.

Take into account each duct segment; coils, dampers,
fittings, branches, elbows, offsets, termination grilles,
changes in elevation, all to find the most restrictive run. . T
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If in doubt, check your second choice of most restrictive branch.
It is not always obvious.



Air System Pressure Drops:

Calculated on the longest or most restrictive run, not on all system ductwork.

EHU-1 Sorves:.  Wesl Sida of Acagsmic Buliding CFM at |Deslgn 5 Equipmt| Equipmt PDiSacL
Exhauat E Fuan. Description CFM H W Vo “c" SP Ea. SubT Total SP
1 FD 5341 12 4F .12 0.325] 0038313 0.04

FiEings FiEing B eCilon Duct Cosefl. 1 FD 43570 42 36 0.1% 0.36E| D.065223 0.07

guan. | Description | CFM H W Vg c" 5P Ea. subT | Total 5P 3 (WoLDVED. 43370 25 100 218 0.52) 0OSEAES 021
1 LowverPlenmn 44000 1765 124 0.1 10| DOO7603| DL007G09 1 S.A-D12 43570 25 100 Q.20 L 02 0.2
1 OAD Econo. 44000 125 F] 0.105 0.52| 0046472 D.04E472 1 Induction S 6835 10 15 0.03 1] 002655 1
4 Elbaw 43570 42 a6 0.19 0.16] 0.033859] 0135435 1 Intake Wp'SD 17204 25 48 g.131- f.2 0.2
Fl Takeol 43570 e] EE 0.19 D.i] 001381 D076z SubT 1.80
1 Transiion 34085 P [ 018 001 0009841  Doooisdd DucCT SPHor PDiSect.
3 Takeof 340E5 42 55 0.18 0.11] oozo2ss| C.ooe0TEL Langih Friction SubT
1 Transiion 25180 35 &0 KK 0.02| 0003497 | DL003457 13 0.0% 00117 0.
1 Takeol 21975 F 50 0.13 0.05| 0.00669| 0.00EGE0 13 0.13 L] 002
1 Takaolt 1B0E0 35 &0 {0.005 0.02| pOD1807| ©0LOOD1807 13 D1 0.013 0.0
1 Translion 1EDED FTi] T 0.14 0.01] 0.O01361| 0001361 13 D17 00143 .01
1 Takeon 15605 a0 2 0.0 DE| DOE0373| DOEDGTS 13 0.12 0.0155 0.02
1 Takeof 10675 T3] 2 0.5 0.6 pozesas| rDoozesas 3 0.17 R 0.02
1 Transiion 1067 78 36 014 0.14| 0.020253| 0020258 20 0.18 0.03% 0.04
1__ [Takeon 5340 20 35 0.08 0.4E| 0036112 DozE1iz & 0.1% L0114 .01
1 Transkion £340 12 A5 0.12 o00i] oooizi| oooizio 24 0.1f 0 026 .03
Fl Elbow =340 12 5 0.12 0.06| 0007259 0014518 32 0.7 0.0542 0.05
] Takealt =340 17 26 012 0.50] C.O604591] 0120883 24 0.1 L.0312 0.03
1 TransHion 4440 12 [ 0.08 0.01] ooooazs| Cooooeds 11 0.07 0.0053 0.01
Fl Takeom 4440 i0 ] 0105 0.03| DO0ZA%7| 00056550 134 0.2
1__ [Transttion 4050 10 2 0.09 0.01] 0.000933| _o.oD0938 Des. 5k
1 Takeof 4050 10 A5 0.9 028 0027z| 0OOZTRRD TOTALS X
1 Takeol 7975 i0 T 0.6 0.23| 0013583 0013583 Sonagued 3.00
1 Elbow 7310 il 3z 0.07 0.16] oizizs] DuOiTiEs
4 |Elbow 2310 il 3z 0.07 0.20] 0.013473] Dos3ana
1 Takeom 7310 i0 EH o.a7 D.65| DO57062| DOST2EZ Observations:
: EEE:'"N .373 3 ﬁﬁ §§§ 3;3? E_Eg@;; HEE;:; 1. The highest system pressure drop tends to be in 100% OA
2 |Eibow 1370 1o 22 005 0.08f Coozo0sf C.OOEDTE economizer mode, because the supply fan has to draw all air
1 Takeof 1370 0 22 0.05 0.46] 0024063 0024063 . .
3 |Elbow BES 0 16 0.0z 0.26| 0.0D6161| D.01B4EZ through louvers, dampers, AFMS, without assistance from the

ST TE return fan. '

2. These are EXTERNAL static pressure (ESP) values and do not

III

count “internal” AHU components, coils, filters, sound
attenuators and casing losses.

3. Note the sum of duct friction vs. that of fittings and devices, less
than 10% of total in this case, 10-15% typically and incidentally.
Thus, fittings and devices truly define system pressure drop.

(Continued, above right.)



Air System Pressure Drops:

Internal Static Pressure, sum of worst-case, in-series devices within the AHU.

To this is added the External Static Pressure losses, some of which are on the inlet side of the AHU.
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Fan Selection:

“Bracket” your fan selections to demonstrate that the fan you chose is the most appropriate.
Criteria are: Meet the duty, have the lowest brake horsepower, highest efficiency and demonstrate stable operation with system changes.

A “sensitivity analysis”, to examine “what-ifs” is always a good exercise.

”
GEF s || Whwimm o 2075 == Duty: 44,000 cfm/4 fans = 11,000 cfm each at 6.0” s.p
. i == . "y y) . .
QEP Claes Il Maximum rpm 2706 s0 3 — =y
QEP Clas= Il Maximum rpm 3409 20}} g \; E
QEM se— Maximum rpm 2435 T " g‘ T 1
Mo Moded OEM doca not uilize class designations. Ig ” : \)\' ‘SCK
= %
TEF Wator on Frame Lt B2 i E SN
Minimum Motor Size m;[[:’l] & " § QEP Clacz | Maximum rpm 1885 ==
Wheel Dismeter 508 o] Bl w QEF Class I Maximum pm 2433 ) = By Py
Peak Pawss ipm -j:::g; el QEF Clazs lll Maximum pm 3085 22 }m T
- e I[n..::lm . QEM s Maximum rpm 2190 § M = I
Wheel Dutlst Welocity s {1.80 [mis] . Nota: Wiodal GEM d0%a not utiins oisss desigrations. - = B ‘y\s& .H\
rpm x 524 [ft/min] o i . E el
Tip Spesd rom x.0.0966 [mis] Valuma fokm 1000 [ DEP Miator on Frame Lima e E
_m I . — H EL3 aximurm rpm
) = Minimuwm Modor See = § QEPCI | Maxi 1670 7
% Wicke Open Velume (o) | S/ [mm = 0.0438) [3] ] 3 i 3 - g a - 24
pen ! 'l mhe # [pm = 00830 [3] Voluma ke x 100{ | Wheel Dismetzr F T g QEP Clas= Il Maximum rpm 2478 =
mparta data — Makr data § F QEP Clasz Il Maximum rpm 2744 5 _
Prak Pay 510 H L = B
STATIC PRESSURE [in. wg) - ° s QEM e Maximum rpm 1960 - i
CEM oV 1 2 2 4 5 [ Fi § | Wheel Outlet Vislogity ] [3 - Koa: Moded DEM does not wilize caes designations. % = E
BN _BHP | APM_BRF | RPMBRP | RPMBAP | APM_BAP | RPM_BHP | APM BHP |BPM [ v % 5.82 [Fimir] . S T —— = E B E
B000 1967 1428 1.86 | 1602 2.06 | 1750 441 [ 1008 537 Tpm x 00286 Jms] Ty e ———— o ol *
BED0 |2434 | 1547 246 1882 3.34 (1832 457 | 1070 5.85 ) 208 7.7 9 Widde Open Volume (% WOV g I 2450 [in] § | s
7000 | 2205 | 1609 251 | 1763 377 | 1907 606 | 2041 6.41 | 2168 784 | 2205 040 R - Whesl Hiameter 622 fmem] R
7500 |2450 (1703 2090 (1847 423 |1086 660 | 214 7.2 | 2236 A50 | 2366 104 | 2472 118 Pk Pawer I[:ﬂ::g:; Hﬂl N !
B000 |2622[1797 234 1934 473 | 2066 6.0 | 2190 7.60 | 2308 022 2418 108 7631 125 | 2640 STATIC PRESSURE (in. wg) - - ey ey AR
BE00 | 2786|1802 283 | 2022 527 | 247 683 | 2068 820 | 2381 100 J2400 417 [ 28502 134 | 2700 | oFM | ov 1 2 3 4 5 & Whesl Cutl=t Velecity enl / 2.08 [mi] o - “’T“‘i
0000 29501088 4.37 | 2111 G587 | 2230 7.51 | 2347 046 | 2457 10.9 2662 126 | 2663 143 | 2760 RPM_BHP | RPM EBHP | BPM BHP | BPM BHP (RPM BHP | RPM BHP | RPN T Spesd P x 641 [Rimir] -
ps500 |3114 | 2085 496 | 2902 652 [ 2347 803 | 2498 007 | o835 447 9837 135 | 2738 154 [omsp | 7000 [4866[4220 207 [1392 336 [ 4537 4T3[ 1ETA &7 i TP x 00326 [mfs] Volurma i 1000
10000 | 3278 | 21B2 G2 | 2995 7.04 | 2404 0.00 J 2500 100 | 2614 127 | 2713 145 | 2800 164 | 2002 | 7BOO | 2068|1332 252 | 1483 3.94 | 1620 542 [ 1747 699 |1874 873 % Witie Open Volums (SWOV) d"; [rom x 0.0836) [3] o H woom = = = =
10500 (3447 | 7970 633 | 2388 803 [2493 044 | 2504 118 | 2606 137 | 2702 156 (28B4 176 | 2075 | B6OO [2281[1438 306 [ 1577 461 [{707 6.20 1823 736 [1Dd3 083 [2088 116 _ — mithe £ ippm = 3152} [¥%] Vulm[m’mmuum
11000 | 3606 | 2377741 | 2482 888 | 2582 107 | 2681 127 | 2776 148 2871 168 2062 188 |G040 | D400 |2403 (4547 280 | 1675 535 | 4799 7.07 |1043 884 |2022 107 | 2127 42 oy UM oMEss
11500 | 3770 [D476 7.08 | 2577 070 | 2672 {47 | 2768 138 (2850 450 |2052 480 | 3041 204 | 3426 | 10200 | 2705|4867 442 [1777 647 1892 803 (2002 992 |06 110 J2905 139 [2304 STATIC PRESSURE [in
. wg)
L R e o e e S e o e
” - - : ] . OPM BHP | APM EBHP | RPM BHP | BPM BHE | APM BHP |PPM BHP | RPM BHP | AEM BHP | AGEM BHP
. 2600 | 3342 2003 9.0 | 2190 4.5
20” Fan: 2871 RPM, 16.8 BHP [l B B L 2282 138 | 2978 161 19464 185 |80 ‘5000 (1750|1087 ZOB | 1245 950 | 1380 522 | 1520 6.88 | 1644 B2
2202 106 | 2203 12.0 | 2383 153 | 2470 17.8 | 2558 203 | 363
14200 | 3766 [T230 76 | 2312 121 | 2307 14.4 | 2484 17.0 | 2568 105 |2840 230 [gyp | 2000 |1968| 1150 254 14320 4AE 11463 500 | 4547 7.4 | 4700 8.68 | 1816 118
: 10000 | 2188 | 1276 307 | 141E 486 | 1641 677 | 1650 8.82 | 1770 10.8 | 1873 120 [ 1976 151 | 2073 173
15000 |3078 [ 2334 112 | 2423 126 | 2505 164 | 2586 187 | 2666 215 | 2744 242 | 2823
15800 | 1100 | 2488 127 | 5534 154 2612 18,0 | %600 207 |o7er 235 | 2841 264 |ooge [ 11000 [2407 | 1373 3.60 |1500 664 |1625 7.66 | 1737 0.82 | 1841 424 |1M42 143 | 2036 166 |23 189 (2901 3
12000 | 2625 | 1474 4.1 1601 640 | 1714 B86 | 1817 100 | 1018 153 | 5013 158 | 2106 182 |2108 207 | 2280 232
” . 13000 | 2844 | 1577 523 | 1895 7.44 (1806 978 | 1003 122 9907 147 |2000 173 | 2478 200 (2984 206 | 235 253
22 Fan- 2288 RPM; 153 BHP 14000 | 3063 [ 1681 €47 (1700 851 1896 1101002 {35 | 2081 162 2160 180 [2255 218 (2336 247 2446 25
15000 | 3282 | 1785 7.23 (1886 071 (4080 423 | 2083 460 | 260 17.8 (2950 206 | 2393 236 (2413 266 |2e0 208
15000 | 3501 (1800 842 [1885 11.0 | 2082 {38 | 2174 167 | 2250 106 2338 205 |[2414 256 2404 287 | 2666 320
17000 | 3710 [1006 0.v4 | 2088 126 | 2478 154 | 2967 184 | 2340 4.6 (2457 246 | 26500 277 (2672 3.0 | 2645 344
18000 | 3038 21m 11.2 2191 144 [ 2274 174 m ms zm 235 2617 268 | 2580 304 [2658 234 (2726 369
19000 | 4457 128 160 | 2372 104 2608 202 | 2670 326

247 Fan 1942 RPM, 14 3 BHP



Fan Selection:
“Bracket” your fan selections to demonstrate that the fan you chose is the most appropriate.
Criteria are: Meet the duty, have the lowest brake horsepower, highest efficiency and demonstrate stable operation with system changes.

A “sensitivity analysis”, to examine “what-ifs” is always a good exercise.

Duty: 44,000 cfm/4 fans = 11,000 cfm each at 6.0” s.p.

1d " -
" . " N ——
20” Fan: 2871 RPM, 16.8 BHP » 15 20 25 | ,{;? . g
QEP Class | Maximum rpm 2075
QEP Class Il Maximum rpm 2706
QEP Class lll Maximum rpm 3409

RPM puts this into Class Ill.
Brake HP is higher than other
fan selections.

A 20 HP motor will be required.

Static Pressure (in. wg)

Efficiency: 61.8%

Volume (cfm x 1000)



Fan Selection:

“Bracket” your fan selections to demonstrate that the fan you chose is the most appropriate.
Criteria are: Meet the duty, have the lowest brake horsepower, highest efficiency and demonstrate stable operation with system changes.

A “sensitivity analysis”, to examine “what-ifs” is always a good exercise.

22” Fan: 2288 RPM, 15.3 BHP

QEP Class | Maximum rpm 1865
QEP Class Il Maximum rpm 2433
QEP Class Il Maximum rpm 3065

RPM puts this into Class Il.
Brake HP is 1 bhp higher than
the next larger selection (24”).
A 20 HP motor will be required.

Efficiency: 67.9%

Static Pressure (in. wg)
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Fan Selection:

“Bracket” your fan selections to demonstrate that the fan you chose is the most appropriate.
Criteria are: Meet the duty, have the lowest brake horsepower, demonstrate stable operation with system changes.

A “sensitivity analysis”, to examine “what-ifs” is always a good exercise.

24” Fan: 1942 RPM, 14.3 BHP

QEP Class | Maximum rpm 1670
QEP Class Il Maximum rpm 2178
QEP Class Il Maximum rpm 2744

RPM puts this into Class I.

Brake HP is 1 bhp lower than the
next smaller selection (22”).

A 20 HP motor will still be required.

Efficiency: 72.6%

Static Pressume (in. wg)

-
FJ

-
=

Duty: 44,000 cfm/4 fans = 11,000 cfm each at 6.0” s.p.

L)

gy, B0

p—— -y
— WOV
Density 0.07S IhTe
Density 1.2 kg/m?

e
T

Volume (cfm x 10:00)



Fan Selection- This was the winner:

But not just because of lowest brake horsepower. The system turn-down was limited by a minimum static pressure at the terminal boxes, of 0.75” and total pressure of 1.0”.
The more aggressive curve held more closely to unit performance.

Maximum turndown was limited to about 2” of 6” total and 60% of airflow. Fans operated at less than 3 bhp at this forced low-load.

Operationally, system ran at 90% airflow on average; tightly sized to load including ventilation. Net operating bhp per fan was 10.4.

Duty: 44,000 cfm/4 fans = 11,000 cfm each at 6.0” s.p.

L0, o — r_I:r
24” Fan: 1942 RPM, 14.3 BHP 0% —-
b . Dansity 0,071 IheTr
12 —| _Densaty 1.2 kgim?
QEP Class | Maximum rpm 1670 " ]
QEP Class I Maximum rpm 2178 F0%% i .
QEP Class Ill Maximum rpm 2744 10 . -

e

RPM puts this into Class I.

Brake HP is 1 bhp lower than the
next smaller selection (22”).

A 20 HP motor will still be required.

Static Pressume (in. wg)

Efficiency: 72.6%

Volume (cfm x 10:00)



Sound Attenuation:

There are several means to reduce air-borne and duct-borne sound in an HVAC system.

Start with dampening vibration transmission.

Isolate Noise and Vibration At the Source.

Packaged units should be specified with internal
vibration isolation and flexible connectors at fans.

Insulated flexible connectors are available. Use them on
cooling systems.

Use flexible connector assemblies at building expansion
joints.

Be careful using flexible connectors too close to a fan
inlet. They can get “sucked-in” and affect fan
performance. Instead, install a straight duct section of
at least 1.5 diameters between fan and flexible
connector.

Do not use vibration isolators in-series. Use one set.




Sound Attenuation:

There are several means to reduce air-borne and duct-borne sound in an HVAC system.

‘

Use near noise sources for greatest effectiveness. AHUs,
fans; within mechanical rooms.

-Longer units are more effective, especially for lower
frequencies. 3-foot nominal lengths are a minimum.

Sound Attenuators “Break-out noise” can be of concern especially at
AKA “Silereers” mechanical room walls. Mass lagging or double-wall

duct is recommended.
Excellent for targeted noise reduction at source, for specific

frequencies and for acoustically sensitive spaces. “Packless” (fill-free) types are available for fiber-

_ _ _ o _ sensitive applications such as hospitals.
When leaving a mechanical room, acoustic sealing is essential.

Detailing at fire/smoke dampers for access doors can be a

These can add appreciable pressure drop to a system.
challenge.

Higher sound attenuation characteristics often have
higher air pressure drops.

Lower pressure drop attenuators may not be as effective
in lower frequencies which are the most difficult to
attenuate.



Sound Attenuation:

There are several means to reduce air-borne and duct-borne sound in an HVAC system.

Duct Liner

Excellent for high-frequency noise reduction. Not as effective
on low-frequency sound.

Relatively low-cost; may be automated at sheet metal shop.
Difficult to clean lined ducts; may be shredded by the process.
1-Inch thick is a commonly available application, but unless at
least 1.5-inch thickness is used, it alone will not meet the

energy code for R-Value.

Full-adhesive coverage and mechanical weld-pin fasteners
must be specified.

Leading-edge nosing recommended at velocities >1500 fpm.

Not allowed in health care facilities. Is less and less favored in
general for the same reasons, fibers in airstream for example.

Best application is in low-velocity transfer ducts between
rooms, in combination with dead-end, non-vaned elbows.



Sound Attenuation:

There are several means to reduce air-borne and duct-borne sound in an HVAC system.

Most of the advantages of lined ductwork but sheet metal liner protects the fiberous liner from
erosion.

“Double-Wall Ductwork”
Solid or perforated inner walls available.
Good compromise between bona-fide attenuators and regular lined ductwork.

Allows exposed architectural ducts without unsightly external foil wrapped insulation. Paintable.

Can be shop or factory-made. Adds approximately 75% to the cost of the bare duct. Use
judiciously at AHU sources and where leaving a mechanical room.

A
' Outer Tack Weid TDC Corner

Pertorated Metal
inner Liner
TOC Flange

Minimum 1.5” required
for energy code.

328 Optional perforated liner.
See detail below. Otherwise must be
wrapped to thickness.

1-inch
Insulation




Sheet Metal Duct Fabrication:

Straight duct is mostly automated but still with some hand-labor. Fittings are semi-automated for cutting but
require significant hand labor at the shop.

“Coil Line”- rolls out rectangular
duct, even lined, in minutes.

Round duct and its child, “flat oval”
are made on a spool coil machine.



Sheet Metal Duct Fabrication:

Straight duct is mostly automated but still with some hand-labor. Fittings are semi-automated for cutting but
Have significant hand labor at the shop.

Fitting hand-labor. Tack-welding a Slip-fit 2-piece transition/offset
transition.



Sheet Metal Duct Field Installation:

o
]

Graceful offset
ductwork, 2013

Graceful ductwork from 1977, with Build-Clean/Install
new terminal induction box. Clean: Specify plastic

wrap on ends of all
ducts from shop to
Site.




Sheet Metal Duct Field Installation:

AHU Discharge, 56,000 CFM
with Turning Vanes

Heat Recovery AHU. Note in-duct
coils and access doors for fire
dampers and coil cleaning.



Sheet Metal Duct Field Installation:

In-Duct HW Coils Rectangular Ductwork with
Flanges and Tie-Rods



Sheet Metal Duct Field Installation:

Exposed Spiral Round DW Ductwork
Note “Gripple” cable hangers.

Size and height of ductwork above floor affects
field labor costs by +15-20% when lifts are
required.



Sheet Metal Duct Field Installation:

AT Y
VT — - ATASN

T TP | L

Install filters for fan-coil devices Air Handing Unit Drop; Ease the throats.
accessibly, low above ceilings or in Make it easy for air to flow.

ceiling grilles. Easier servicing!



Sheet Metal Duct Field Installation:

—

Walk-In Plenum behind louvers.
Pitched floor to drain out over
bottom louver blades.
Depth of plenum helps moisture
drop-off.

Outside View of Same Louvers



Questions?
Discussion?

Thank you for
watching this
Ductumentary!

(I quack myself up.)




