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Fig. 2.2.2: How to determine the static pressure p_, the dynamic
pressure p, - and the total pressure p, ,
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Fig. 7 Pressure Changes During Flow in Ducts
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TABLE 7 — RECOMMENDED MAXIMUM DUCT VELOCITIES FOR LOW VELOCITY SYSTEMS (FPM)

CONTROLLING FACTOR

CONTROLLING FACTOR—DUCT FRICTION

APPLICATION NOISE GENERATION Main Duclts Branch Ducts

Main Ducts Supply Return Supply Return

Residences 600 1000 800 600 600

Apartments

Hotel Bedrooms 1000 1500 1300 1200 1000

Hospital Bedrooms

Private Offices

Directors Rooms 1200 2000 1500 1600 1200

Libraries

Thedhens 800 1300 1100 1000 800

Auditoriums

General Offices

High Class Restaurants

High Class Stores 1500 2000 1500 1600 1200

Banks

Avarags Stoves 1800 2000 1500 1600 1200

Cafeterias

Industrial 2500 3000 1800 2200 1500

(High velocity systems) dsllall cde judl 4alaiy - o
A g all e o) sed) Gl Jane g il Al g dn g pall (10 £l sedl 75 58 Ao s (3-8) U Sy

(fpm) ¢l sellde yu

(m/s) ¢ s¢d) de yus

(cfm) Qlall Jaxe

(M3/s) ) Jane

5905
4921
4527
3937
3543
2952
2559

30
25
23
20
18
15
13

59328-38139

38139-25426

25426-14832
14832-9958
9958-5932
5982-2966
2966-1000

28 - 18
18 - 12
12-7
7-4.7
47-28
2.8-14
1.4-05

(&m&bﬂ)@\W\ﬁ\ﬂ\Méﬁ
velocity reduction de ) =a8a3 -]

A Jsasl falelide pudl Jula 50 il da g pall 22y (i ) el 8-2 Jsaall lada de jull sl oy Led

A 5y el
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@M DesignTools DuciSizer .. — O x
Exit Print Clear Units About
|68°F Air STP | a
Fluid density 0.075 Ib/id
Fluid viscosity 0.0432 Ib/fft-h
Specific Heat 0.24 Btuflb*F
Energy factor 1.08 Btu/h*F-cim

Flow rate 3600 cfm
Head loss in.WC/100 ft
O velocity 1573.8 | fpm

E quivalent .
i diameter n

Duct size |22 | inx [18 | in
E quivalent Diameter 2044 in

Flow Area 2.2921 i}

Fluid velocity 15706 ft/min
Reynolds Number 279,493

Friction factor 0.01778

Yelocity Pressure 0.1537 in'wC

Head Loss 016 inWC/100 ft

McQuay
[ i conditioning

WA W MCguay. com

ARl 33353 3ny al 5301 8 gl d3manes 3 sed) sl (o p U JS) A sl e yudl g B8 3p3m (S Cum
ANSEAY) alie Sl Lpalasind ala G NSEAY) 38a 33 555 3lsel) all e 5 gl (e 40 Jandl s all
I A8 JNA (e lld ()5S A g pall laa ) o sllaall dniecall a3 o5 g el el JDMS

In.wg =100 * in.wg / 100 * L equivaient + in.wg loss at outlets - in.wg velocity regain + in.wg of
any friction due to equipment (cosling coil or heating coil or stated in table 8-1)

equal friction s sluiall SV -2

Glb day g Aol 43y Hlall i o ) jaally MSIAY) 2lia 205 25 8-2 Jsaall (e Ao yu JLiidl) oy 48 jlall o288
(S Sl Az sall 5 5 AN g 5l 5 cule Ukl JS3 AL oS SISiaY) ailie dad 220
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Ll Flowrate 3600 | ctn
[FlHead loss  |-163 in WC/100 ft

@ DesignTools DuctSizer .. — O X
Exit Print Clear Units About
|68°F Air STP ~| a
Fluid density 0.075 Ib/ftd
Fluid viscosity 0.0432 Ib/ft-h
Specific Heat 0.24 Btu/lb*F
Energy factor 1.08 Btu/h*F-cfm

LI Velocity 1573.8 | fpm
Equivalent .
o diameter n

Ductsize [22  |inX [16 | in
Equivalent Diameter 20.44 in

Flow Area 22921 1}

Fluid velocity 1570.6 ft/min
Reynolds Humber 279,493

Friction factor 0.01778

Velocity Pressure 0.1537 in'wWC

Head Loss 0,16 inwC/A100 it

McQuay
[ ooy

WOWW . mCguay.com
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If the velocity in the duct is higher than the fan outlet
velocity, use the following formula for the additional static
pressure required:

A A
Loss = 11 [( 4000 ) ) (4.':-.':-n ) ]
where WV, = ductvelocity
V, = fan outlet velocity
Loss = in.wg

If the fan discharge velocity is higher than the duct
velocity, use the following formula for the credit taken to
the static pressure required:

| IV
can = = [(wm) (w) |

AUl A5y Hhall Jae Galal ga bl g s 3y

Al DA el el (e b SlaaV) Larcall pasil 00N 283al) andiu ALl 4y Hlally e IS LS

O Aa el (e y : : o : BONNS 3)

Al

In.wg = 100 * in.wg / 100 * L equivalent + in.wg loss at outlets - in.wg velocity regain + in.wg of
g g q g g y reg
any friction due to equipment (cooling coil or heating coil or stated in table 8-1)

static regain Sy gla jiuy) 44 )k -3

i | Adc ) dad aad aalll s il Ay L 28l g de ) 4l 2aas 4%y Jlall pa
saall Ade pudl dad paald o (ST A8l (3 lall ke 3 24laall v ; =
;@Lﬂ\ujhd\m}g

Gain = 0.75*{(\V1/4000)>-(\V2/4000)*}=friction loss into second branch=in.wg*Leqivatent

Zlas S5 Aaal) dday JAN (e dast (S e jilbde jull e jued il 5 V) aall ) sdie JSG Al el 2aai Y
g 5SY1) C3lia sl LS Jshall 5 Al sedl saall Jsha g sana (2 Lequivalent === Lequivatent. / QOO daill
.CEMJL Gaxill Jara 8 QO‘Glj (L‘&);VG)

&) ol gl Sl 3 sell aall (ulia 3 jaa ade a5l ¢ 8K J ghall Aa b e callay 26 4 sale
el dlea¥) Jshall (e %30-10 Jics 450
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£l Y1 138 (5 oy (5301 GISUEAY) S8 3ym3 SUY e et 5 AR ANl (po A Joiny (1 5 Ay 5as0m3 A peal
AUl A8l (e ) S JSy 20 g pla i) agle alris (3 )

Int / 100 ft=lOO*GaIn / Lequivalent

) el il el W yeas il Guliial) duaail (lSial aglia) dald dad JS p2aid elld 3ya ey

Z8Ma)) JDA (e Ay gal) (e o stlaal) Maa W) asecal) apaail 20000 A8Ma) it ZEl) A8 RIL a1 IS LS
: (QL‘;)"“M G& Ll o~ &})3-“-’ Al Cua ‘;“‘.FJM aall L (S5 ] equivalent O L (5l uﬁj) adal)

In.wg =100 * in.wg / 100 * L equivaient + in.wg loss at outlets - in.wg velocity regain + in.wg of
any friction due to equipment (cooling coil or heating coil or stated in table 8-1)
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(5 ol RS 8 kil 50ty 5y () Akl A8 (e s 58 LSl A sl Ly sl 03501 5,00 i Lall 30
o sllnall Jaiall o e Ay Ll lly sl ) ZiLl (0 80 ke a5 130 431 4y 5501 5 )5l S paall )55
ol padlly I ady Lk 138 oo ) ol 3 SISEaY] e Ciil] o slaal) Jaieall a5 glassas 4306 Bim 5 yal
O sl Jlae | (e JI85 43 Hhall lli () Lyl 48 jre g s Apbiill 48Ul (g0 1508 jh 53 g8 Gl g (Jadd 400 5l
AV Gk Gy et Ao 4 )lae hilad s jaa sz i IS @A 4paS aaai) apuall

STATIC ECILIAL
REGAIM FRICTICNM
METHOD 5P, | METHOD 5P,

i, wig) {irn. wig)

Air handling equi prient 1.5 1.5

Duct fricticn Rx) .33

Terminal pressune A5 A5

Static regain credit - =12

Total 1.75 | 1.85
) 1,88 -1.75

Acdditional hp = 175 = 6. 3%appo,

A B% increase in horsepower often indicates a larger
fan  motor  and  subsequent increased  electrical
transmission costs,

i) cila) id) g (duct) @l seal) JSi
Lily (55 alasial Y1y ROUND DUCT s RECTUNGULER DUCT ole 5 DUCT ) of <y of a3y

Lealy ¢y 0l adaliall 281S5 JaF o U S5 LS &1 5 ROUNDUJ! giassi & sauaal | jai. RECTUNGULER DUCT
(W/d o Al Jisd Eus (ASPECT RATION) 3_siall e L) Al 13 dldatusal) alaliall o day jal) adalial)
¢ 13 (1:3 Ll 5 122 Ly o3 121 Aaas Juzadl) Jumdl S <8 LS5 ) DEPTH &WIDTH

Cigan (e Jy Jehiiss e il (Width =depth) @i & olsedl e O flow J) s e Juzadl 431 Yl -
. flow Jturbulence

Jamall 830 5 s 13 5 AN (0 s Law sl (55 QS e Jans 431 -

Duct size — duct — width * depth

air=n
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height 3 JlieY) & 339 ae width 4 2 o e s i Plane view awi Wild au )il 5 asaail) vic
. liall depth J) wasil ceiling

ALl 3kl ) 3kl aladinls duct size ) wasd ol «—

pdll Gmmy ymje e duct ) JS4

Feu | =

- > 14”%10 GE—» 12"*10
¥ T

SUPPLY PLEMIUM REDUSER

- duct A e o5 Al Slapdaill ey oS4

: Take off Je .1
duct J elss) ye o) A (diffuser & grill) ) sedl 7 )3 (58 Laxie duct U take off dee &L -

V.D

F.C.U -+ -
H Ll 14"+ 2"

OF 22 A i3l duct U depth ) 3 adadlls & 685 Cus duct U take OFf daxs o555 Lild Take off dac xie
. take off A depth 3 (e ST w5 duct U depth A o sSs
90° rals 45° 4440 e take Off J) bl o 683 Liils take Off Jec i -

Telephone no.:01126069943 www.facebook.com/thefutureway Page 13




mlﬁl/h/ Future way courses at Brooklyn Academy o) 5el) ol yaa apana Gualuad) L)

aalill e Al Lala take Off A 2 Reducer das die 5 &gea Eigan (50 Aoy o) sl Hspal ¥ lldy -
duct Ju s Eilaa) ade a5 cand) il 138 5 take OFf I oladl 8 calus Y L) i e take off J a2l
flow rate -l 38 & gaal

. a= 10 <« Take off J) 2 reducer J des a5 -

. take off ) xic flow rate ) 4uS & Ss3ll (v.d) Volume damper «aS s oty JSEl (e Lagf sy -
(.55 elbow I dee duct I b Lalas i Liaf il (105

147*10”

> 147*10”

Aol (385 Cugasd @llh 5 elhow ders a5t il size 3 i duct ) OsSos Flow A1 slas) s xie -
duct U pseal & gas aae g |osses Al pas (e Jul

a5 olai) (g caldl ) Guliall (it Jae duct ) dae ie L a sl Of OSedd) o G Ol Gaa ey -
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T

AND QUTLET AREAS.

1

15" MAX.

/ T
\K W= Wy
L\L\‘j

OFFSET TYPE 1
{ANGLED)

\ 60" MAX.

7/

! W
1
A‘L‘—.‘x

OFFSET TYPE 2
(MITERED)

—t—

i
* W
6" (150 mim) _L
THROAT RADIUS
MINIMUM

OFFSET TYPE 3
{RADIUSSED
OR OGEE)

OFFSETS 2 AND 3 AND TRANSITIONS MAY HAVE EQUAL OR UNEQUAL INLET
TRANSITIONS MAY CONVERT DUCT PROFILES TO
ANY COMBINATION FOR RECTANGULAR, ROUND OR FLAT OVAL SHAPES.

-——L—-{

2@

CONCENTRIC TRANSITION
8 MAX. 45 DIVERGING, B0° CONVERGING

N—
1

8

ECCENTRIC TRAMSITION
B MAX. 30°
(EXCEPT 45% IS PERMITTED
AT ROUND TO FLAT OVAL)

(25 mm)

L

DL’
j_ | ;"_ &%N%AL
[

|
(25 mm)—w| 1* ‘$

B |

STANDARD BELLMOUTH
{ON SHORT PATTERN BELL
C= 3" (76 mm)
B = A+ 4" (102 mm)})

FIGURE 2-7 OFFSETS AND TRANSITIONS

HVAC Duct Construction Standards Metal and Flexible » Second Edition

2.9
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SMACNC (3 Al Jsaally Jardl a3 420 sl Ol jaall (Galat 2ic

MAXIMUM Pair at 3 m Spacing Pair at 2.4 m Spacing Pair at 1.5 m Spacing Pair at 1.2 m Spacing

HALF OF

DUCT WIRE/ WIRE/ WIRE/ WIRE/

PERIMETER STRAP ROD STRAP ROD STRAP ROD STRAP ROD
P/2 =760 254 x 0.85 34 254 x 0.85 34 254 x0.85 2.7 254 x 0.85 2.7
P/2 = 1830 254 x 1.31 9.5 254 x 1.00 6.4 254 x0.85 6.4 254 x 0.85 6.4
P/2 = 2440 254 x 1.61 9.5 254 x 1.31 9.5 254 % 1.00 9.5 254 x0.85 6.4
P/2 = 3050 381 x Lol 12.7 254 x 1.61 9.5 254 x1.31 9.5 254 x 1.00 6.4
P/2 =4270 38.1x 1.61 12.7 38.1x 1.61 12.7 254 x 1.61 9.5 254 % 1.31 9.5
P/2 = 4880 Not Given 12.7 381 x 1.6l 12.7 254 x1.61 9.5 254 x 161 9.5
P/2 = More SPECIAL ANALYSIS REQUIRED

ppanaill giial) s G 0 5l sall pidiesal) gliall dlacs M0 Jghanll 2025w

TABLE 14 — RECOMMENDED CONSTRUCTION FOR RECTANGULAR SHEET METAL DUCTS
Low pressure systems

MATERIAL GAGE

i Stoel Al ol RECOMMENDED CONSTRUCTION®
(in.) U.S, Gage B &5Gage | Transverse Joints, Bracing and Reinforcing
Duct | Slip | Duct | Slip

Up to 24 24 24 22 20 Pocket slip or Bor-S slip, spoced not more than eight feet apart.

M» = - 22 = Pocket Bar-S od than four feet rt.

2110 60 2 2 20 18 et slip or Bar-S slip, spaced not more r feet opart.
Reinforced pocket slipt or reinforced Bar-St, spaced not more than four feet
apart,

$1te 72 2 2 18 16 1%" x 1%" x " diagonal angle reinforcing! or 14" x 14" x K" girth
angle reinforcing} located midway between joints.
Reinforced pocket slipt or reinforced Bar-S slipt spaced not more than four
feet apart.

7310 90 20 20 18 16 14" x 14" x K" diagonal angle reinfordngt or 1'4" x 114" x K" girth
angle reinforcing} located midway between joints.
1%" x 4" band iron stay bracing for duct width 73" 10 90",
Reinforced pocket slipt or reinforced Bar-S slipt spaced not more than four
feet cpart.
1%" x 1%4" x " diagonal angle reinforcingt or 12" x 1%4" x K" girth

91 and Up 18 20 16 16 angle reinforcing] located midway between joints.
1%" x A" band iron stay bracing for duct width 917 to 120",
1%" x A" band iron stay bradng spoced 48" apart for duct widths
121" and uvp.

*All ducts over 18" in either dimension are cross-broken, except those to which rigid board insulation is opplied or areo of duct where outiet
or duct connection is to be installed. Duct seams are either Pittsburg lock seam or longitudinal seam.

fReinforce joint with 1% " x 4" band iron.
{Angles are ottached to duct by tack welding, sheet metal screws, or rivets on 6" centers.

Telephone no0.:01126069943
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Futueles

TABLE 15 — RECOMMENDED CONSTRUCTION FOR ROUND SHEET METAL DUCT
Low and High Pressure Systems

pucr MATERIAL GAGE RECOMMENDED CONSTRUCTION
DIMENSION Steel Aluminum
(in.) U.S. Gage B & S Gage Reinforcing Joints and Seams
Upto 8 24 2 Round duct sections are joined to-
9 to 24 22 20 gether by welding, by @ coupling,
1%” x 1%” x %" girth angle re- or by belling out one end of duct.
23%36 2 18 pirdhscitacibs il ot
1%" x 1%" x A" girth angle
37 10 48 20 18 lnfovd:q :;ae:d on 6" um‘:: i The seams on round duct may be
o ded 4 I
072 18 16 14" x 14" x %" girth angle re- tudinal seam. e
73 ond Up 16 14 inforcing spaced on 4’ centers.
SMACNA (s g A 48y jhyg
TABLE 1-24
UNREINFORCED DUCT
(WALL THICKNESS)
oucT PRESSIURE CLASS (In WGE)
DIMENSION yT— o
12 1 F 3 4" & 10°
Do & dn K 26 25 24 24 24 22
Jel o a1 BT B 26 25 24 2z ] 18
112" s L5 2 26 24 22 20 18 16
13,147 g 5o 5% 24 22 20 18 18

15,15 Heo |G 22 20 18 18 18

1718 4 Som prs 22 20 18 LI_
19,20 Spm |24 50 18 16

21,22 BEOC g% 18 18 1%

23, 2 lﬂ,n-ﬂ' L7 18 18 18

a5, 28 faf;.t:" 5 18

27 28 ed JEia 16 Reinforcement is
29,50 A50O % 1% required.

-3 ?fpﬂ x..';a\m

This table gives minimum duct wall thickness (gage) for use of flat type jpint systems. Plain § and
hemmed 5 connectors are limited to 2" wg maximem. Slips and drives must not be lesa than two
gagas lighter then the duct wall nor balow 24 gage. Double 5 sips must be 24 gage for ducts 30°
wide or less and 22 gage for greater width,

Duet Geasger 26 22 20 18 16
Minimurm Flat Slip and Drive Gage 24 22 20 18
St Flgure 1- 7 Tor joing types.

Telephone no0.:01126069943
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Wity Al ) il sadl) Jpuar sl 3ok
Al J) gaa gy

S

A - DRIVE SLIP B- § SLIP C— INSIDE GROOVE
SEAM

_ REINFORCED

BAR -5 SLIP E - SLIDING SEAM F ~POCKET JOINT SECTION AT
CLIP PUNCH
G-STANDING SEAM H=-PITTSBURGH SEAM

Fig. 58 — Joints and Seams For Low Pressure System

glall (g yaal =
.(galvanized steel duct) oilss zla Llle CapSill 8 axd el ~Lall

bl e duct OV s Sl Qg

Weight= 2*(w-+d) *length*T*p

T — Thickness of duct
p density = 7850 kg/m3

EBla gl dals s llia g cliluall 4 Excel sheets aadind okl g

Telephone no.:01126069943 www.facebook.com/thefutureway Page 18
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iglall Jo
Fiber Glass (=2 il 3ala (3 S5 zlall J e
anldie 0y 36/ @824 o) 3p/paS 16 058 d ol A8 = Al ]

Joad &S S5 roof Jlsriser J) G Bale gsSag (aplad) o) sell m jaall duct J) Joe s =2l J ol
Van2 e 0S5 3o/ aaS 48 5l 3a/paS 24 (s

O 4S8 (9585 usald a W) 30le (e Sl sl J e Jue &4 ((accosted lining insulation) <isall J s
zlall Jie by plenum Jdle b Cuas kg/m3 72 Jadl 8alad A86S]) () S5 5 a0 9 p2dini Bdle oSIymm 15 -9
.plenum J) (w sie 5-3 il

Duct test =

el mbaiduct JI ol e alSH o el g gl jlaal iy Sles (e 3ke 45 :Smoke Test -
Ade LA dray Ca Gy i 48 Sy (52l

ol JlSe 2055 duct J) (B LS Jaa) a6V jaes ekl ae JlIL L3AY) 138 Jee o3 2 Light Test -
SA T A e a5 s

clia Ja o jail baiall dlae S J g dag e Gyb oo duct J (A baall a8 a8 Cus: pressure test -
Y a) s
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YA G

-

iy

Air Velocities oSl Jala ¢l sgdl e s -

Sl Aadall A .38 50 e Ay pladl) cliplail) dde pudl & 35 Y 5 ISl cpaal el ) Aa) ) 8 las age ale o
20 5l a5 ) AL Jesy) ke s Lo b G5 JS s Lo liall bt 8 al) olls 5 dati o (S

: N sanly LS itV Il e loliy il ol

TABLE 19 — OCCUPIED ZONE ROOM AIR

VELOCITIES
ROOM AIR
RECOMMENDED
VELOCITY REACTION APPLICATION
(Fpm)
0-16 Complaints about stagnant none
air
25 Ideal design—favorable all commercial
opplications
25-50 Probably favorable but 50 oll commercial
fpm is approaching maximum applications
tolerable velocity for seated
persons
65 Unfavorable—light papers
are blown off a desk
75 Upper limit for people mov- retail and
ing about slowly —favorable dept. store
75-300 Some factory air conditioning factory air
installations — favorable conditioning
higher
velocities for
spot cooling

Occupied Zone <l J sadial) (\Sal) -

3 e ans 60 Aliaay Tl sall ) 48 jall dpia )l (e 28 6 5 e 1.8 g ) (e (058 (2l A all (e aaadly @lld aaay

- ) JSAIL LS a3 D

_—
— ——

T

Occupied
Zone

l

360"

Telephone no.:01126069943

www.facebook.com/thefutureway

Page 20




HL_IFEMQ/ Future way courses at Brooklyn Academy o) sed)l Ol yan aana i) L)

Outlet Through or Blow T50 -

aliaa s A58all 8 a8 50 ) e ) latie a3 il 5 7 aal) o ey e S lle AEY) diladll 4
23 50 5100 3150 el vie cliluall Zazkally a5 T150, T100 and T50 JI et s &3 s a5l

: Sl JSEN I3 5 A8 3

Diffuser
Under Test

Isovel

50 fpm

150 fpm

|t Throw

Figure 4: Plan view of ceiling-mounted outlet indicating location of
150, 100 and 50 fpm isovels (from ASHRAE Standard 70-2006).

Drop -
(Sl JSAIL WS T50J) () de ) ladie Joad ) FE (- INA

Side View

Ceiling May or May Not Be Present

1

Top View
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Laminar Flow Outlet -
: Sl IS LS Lgie = HA) il (S5 5

LAMINAR FLOW HEMISPHERICALFLOW

1

e, —
e

’?‘,’.ru:;‘
AR

Figure 22. Laminar Flow Figure 23. Hemispherical
Diffusion Pattern Flow Diffusion Pattern

Lo JalSILy ALl ) sell s o o Jlaall e g sill 138 8 Y o) sgl) ens my 5l all il o 3 Jall) Caaay
Aphal) kil & Qi g il a5 & gh el a1 ) selly

Turbulent Flow Outlet -
;‘";L“d\

CIRCULAR FLOW CROSSFLOW
PLAN VIEWS

- =

— >

;
:

|
CEILING |
DIFFUSERS |
| ELEVATION VIEWS
T [
(\f}iL\/D NN YIE N
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Conada Effect -
&Y\wbﬂ\u&»c_&uz\dﬁjdaﬁ)ﬂ\ c«\ﬁ:u_ghar\ayaus.uﬂbc‘)lad\wc)u\ ¢l sed) Blaill oa

o ile S 5 Cagn 3l OS5 SIS (g Ty Sl Jolis ol s e SR 3 130 i) e ) 8 331 sy
e ALl el e iy a0 (g S i 5 Al (ALl sl atine (i 33 52 Y (5 5 sell aal
Ade Toliy Gla U Jae aiy e 38 5 Topd) e uSi e Josi Conada Effect s_aUall 0¥ 0.7 & z AU

Isothermal Effect -
a0 ol (B A8 )5 2 Al e g Al ol sedl Ol b (e Telis Tisg, Tioo and Tsp af caas o) sell Cla S
138 Jaasd 40 55 438US (e 302 yall elli 50 ) & jaall e g Jad) o) sl (580 el pe 58 @8l 5l & (S5 ) sal)
elli 5 o il Sl A lgeadinl die moaual Jalas ) zliad = JUSH (0 Tyg0, Tigo and Tsp o Jza () dalall
0.75 & dadll

Neck 48,0 -
Flexible ol & i) (e 05 L Wlle 5 = Al Al sell peall cp Joay (531 (33a1) 58

Air Pattern -
1t JSAIL LS = el e ol sell 7505 Jlsa o 3l (A
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Figure 4: Air patterns

Plea Vies Plan Vi Plain Viaw Flan Ve
— [R— —_— DEfugar ——
Flan Ve Section Weaw Sectinn Weave Sectian View

— .,

1 "

Circular Herwantsl Wartics Plenum Shat, 2 Wiy Pleaum Shat, § Wiy
Flan View Plan View Socman View Section View
l|||||||I Il'lrl'nr.l'nlar
£ earall Strakght Sidawall Spraad Aoord* Dalkaction Flanr 30 Deflecton

Characteristic Length L -
(AN Jsaall WS 7 sl o o cana @b g Al Jailal) g o Al (s Rdlsall 5l il (g Adliall Caial 58

Tso/L -
: AN J g2l LS = Hlaall JLid) B 1as age Jalal) 12a

ADPI -
O o)) ol et LalS 28 511 13a ) ) LalSa 48 jall o) sl 2 5Ll o) el 4 o g3y (A Sl (g2 e yamy a8 ) oo
;Q\ﬂ\d;d#\&acpdﬁw\guédﬁg):\ﬁﬂ\¢\}A}G)$A\¢\}A
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G\ﬂ}@j‘ k:J“)ALA 6554;‘433 ‘_yndt¢nj‘ kTJLgX

W [onaire Krowladge Series Papars 17

ﬂmnt'“.

1.4 L]

High Sidewsll :“" Mo Distance fo 250
Grile iR wall perpendicular
| e 140 18 72
L 125 16 78
— M
[res—— B3 15 a5
Ciroular Ceiling o Wl e e 250 (¥ 76
[iffuser wall or Infersecting
i Yot £ air jut 190 0.8 &1
L = 125 0.8 a8
- =
P—wy B5 048 a3
Sl Grille, o e !.Ezi_]lr;glm ro:fm 230 17 B1
Straight Vanes = i in dire
= =E st flow 190 1.7 72
S y! 125 13 &6
e
- B5 0.4 a5
Sill Grill, ok Ve Length of room 250 07 84
Spread Vanes i Motk in direction of
E;F::"l=:"“*'\ letlhmu 140 07 a4
N e s 125 .7 54
- Sactiom Aok [i5] 0.7 94
Perforated, urrﬂuw Distance o wall 15-160 20 oG
Ipuvered ceiling ) or medplane between
diffusars = oullets
g=
LTI
W inic dsanferl raman b 10 Teathemal raakonal S0 dam  —s Wahirai somechinn o
ASHRAE (s Jsaall &l Jual
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Terminal Room Load, Tooll for Maximum | For ADPI
Device Btu/h-ft? Hu:fum ADPI| ADPI  |Greater Than| Fange of Toll
a0 1.8 68 - -
) ; &0 1.8 72 70 16t022
H'gzﬁhﬁ”" 40 1.6 78 70 121023
20 1.5 a5 80 1.010 1.9
<10 1.4 a0 a0 0.7 to 2.1
a0 0.8 76 70 0.7101.3
Circular Ceiling 60 0.8 83 80 07to1.2
Diffusers 40 0.8 a8 80 05to1.5
20 0.8 93 90 0713
80 1.7 61 60 1.5101.7
Sill Grille, 60 1.7 72 70 1.4t01.7
Straight Vanes 40 1.3 a6 a0 1210 1.8
20 0.8 a5 a0 0B8to1.3
80 0.7 94 a0 0.6 to 1.5
Sill Grille, 60 0.7 94 80 06to 1.7
Spread Vanes 40 a7 a4 - -
a0 0.7 4 _ _
- B0 0.3 BS 80 0.3 to 0.7
Gg'i'r'r:gfrft 50 0.3 88 80 031008
. 40 0.3 o 80 03to11
{For TraglL) 20 0.3 g2 a0 03015
) 60 2.5 a6 B0 =38
U&Tfu:gzﬂf 40 1.0 92 90 <3.0
20 1.0 a5 90 <d4.5
Perforated, 11 to 50 2.0 a5 80 141027
louvered ceiling
diffusers 80 1.0t03.4

Table 2: Ajr diffusion performance index [ADPI) selection guide (from Table 4, Chap-
ter 37 of the 2011 ASHRAE Handbook—Applications),

Characteristic Lengthd! e g2 sy Sl JSi

Figure 24: Boundaries created by two air patterns

— —

-

Deccupied Zone
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Figure 31: Characteristic length illustration

L P S e ey S R i K VAT U e S i L S TP
— NS
i Lo oL oL L

High Sidewall Grill

Ceiling and Slot Diffusers

=

Spa

Sill Grill

Dceupied Zone
Light Troffer Diffusers

4B ) de ju

: ) Jgaall A gall 3 gaall ()55

TABLE 20 — RECOMMENDED OUTLET

VELOCITIES
TERMINAL VELOCITY

APPLICATION (FPM)
Broadcost studios 300-500
Residences 500-750
Apartments 500-750
Churches 500-750
Hotel bedrooms 500-750
Legitimate theaters 500.750
Private offices, acoustically treated 500-750
Private offices, not lreated 500-800
Motion picture theoters 1000
General offices 1000-1250
Dept. stores, upper floors 1500
Dept. stores, main floor 2000

After all the foregoing limitations have been

successfully dealt with, the air distribution principles

() dsaadl e aal )l 7 il Liag) i
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GRILLE LOCATION

¥FPM OVER
GROSS AREA

Commercial

Above occupied zone

Within occupied zone not near scats
Within occupied zone near scats
Door or wall louvers

Undercutting of doors

800 and above
600-800
400-600
500-1000

600*

Industrial
Residential

400

800 and ahove

*Thru undercut area

1Al Jgaadly Las daad g sl pual) -

Room Types NC/RC | dBA dBC
) ) Traffic Noise A 45 Ti
Room:s with Intrusion from Ouldoor Noise Sources Arcrait Fiyovers A e 0
Aesidences, Apartiments, Condominiums Living Areed =0 = E0
Bathrooms, Kilchens, Ltility Rooms a5 40 60
Individual Rooms or Suites 30 s G0
Mealing/Banguet Rooms 30 35 60
Holels/otels Gorridars and Lobbies 40 45 85
Service/Support Areas 40 45 65
Exgtulive and Private Offices 30 a5 GO
Caonference Rooms 30 35 5]
Orffice Bulldings Teleconference Rooms ] 30 55
Open-Plan Offices 40 a5 65
Corridors and Lobbies 40 a5 65

Table 1: Examples of recommended NC values (from 2011 ASHRAE Hondbook—HVAC Applications).

t AUl Jsandl Lyl
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Table 9: Design guidelines for HVAC system noise in unoccupied spaces

Room Types RC /NC
Private Residences 25-35
Hotels/Motels
Individual rooms or suites 25-35
Meeting/banquet rooms 25-35
Corridors, lobbies 35-45
Service/support areas 35-45
Office Buildings
Executive and private offices 25-35
Conference rooms 25-35
Teleconference rooms < 25
Open-plan offices <40
- With sound masking <35
Corridors and lobbies 40-45
Hospitals and Clinics
Private rooms 25-35
Wards 30-40
Operating rooms 25-35
Corridors and public areas 30-45
Performing Arts Spaces [+
Drama theaters 25
Music teaching studios 25
Music practice rooms 30-35
Schools d
Classrooms 25-30
Large lecture rooms 25-30
Large lecture rooms, without speech amplification 25
Laboratories (with Fume Hoods)
Testing/research, minimal speech communication 45-55h
Research, extensive telephone use, speech communication 40-50
Group teaching 35-45
Church, Mosque, Synagogue
General assembly 25-35
With critical music programs c
Libraries 30-40
Courtrooms
Un-amplified speech 25-35
Amplified speech 30-40
Indoor Stadiums, Gymnasiums
Gymnasiums and natatoriums® 40-50
Large seating-capacity spaces with speech amplification® 45-55

Thevalues and ranges are based on judgment and experience, not quantitative evaluations of human reactions.
They represent general limits of acceptability for typical building cecupancies. Higher or lower values may be
appropriate and should be based on a careful analysis of economics, space use and user needs,

EWhen quality of sound in the space is impaornant, specify criteria in terms of RCIN). i the quality of the soundin
tha space is of secondary concern, the criteria may be specified in terms of NC or NCB levels of similar magnitude.

¢ An experienced acoustical consultant should be retained for guidance on acoustically critical spaces (below
RC 30) and for all performing arts spaces.

1Some aducators and others believe that HVAC-related sound criteria for schools, as listed in previous editions
of this tabla, are too high and impade learning for affected groups of all ages. Ses ANS| Standard $12.60-2002
for classroom acoustics and a justification for lower sound criteria in schools, The HVAC component of total
noise meets tha background nolse requirement of that standard if HYAC-related background sound is RC 25(N).
“RC or NC criteria for these spaces need only be selected for the desired spaach.

Reference = 2007 ASHRAE Applications Handbook, Table 42, page 47.34
* AHRI Standard BB5-2008, Table 15, page 31
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Rl S A Ual 68 (I DB JSU Ad gila dad 1) Jgand) aaayg

Typical Sound Pressure Levels of
Well Known Noises:

Jet Airplane, 45 meters away 140 dB{A)
Painful 130 dB(A)
Wery Uncomfortable 120 dB(A)
Circular Saw 110 dB(A)
Nightclub 100 dB{A)
Semi Truck 90 dB(A)
Sidewalk of a Busy Road 80 de(a)
Household Vacuum, 1 meter away 70 de(a)
Mormal Conversation a0 dB{a)
Inside Average Home 50 dB(A)
Quiet Library A0 dB{A)
Bedroom at Night 30 dB(A)

Telephone no0.:01126069943
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Aalidal) ¢l gl 7 A JSET -

lgaa g I (<)

Figure 14: Figure 15:

Figure 17: Figure 18:

Figure 20: Figure 21:
Round Twist Diffuser Plenum slot diffuser

Round ceiling diffuser Square ceiling diffuser

Round plaque diffuser Square plague diffuser

Figure 16:
Louvered face diffuser

Figure 19:
Perforated ceiling diffuser

Figure 22:
Light troffer diffuser

V i

»

Figure 6: Double deflection supply grille Figure 7: Return grille

Figure 9: Linear bar grille, 1/4 in. Figure 10: Linear bar grille, 1/2 in.
[6mm] spacing [13 mm)] spacing
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Figure 36:
Industrial supply grille

Figure 37: Drum louver

Figure 39:
Industrial return grille

Figure 40:
Security grille

Figure 38: Nozzle
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$15¢0 £ Aa JLGd) ciighd -
Gsthdl il ¢ g paad -]

Jsb dand o5 el (A (pxe dae 548 jall Jsha (8 2 i) (e ame 220 (al L Glld (S5 L J) pass 22
e Jeanis A jall G jal 5e¥) ai Jee g o3 Lo ) dad lld (5K Jghall sasall = i) axe e 48 jal)
i SV daills Jaall 2y Lo Vg A dasd

IS e oy a3l 3an3 3 L 1 ) gz lial) o A stlaal) Al Gl (i 8 (S 1 sale
oaall aaaall daall 848 jall Jshal sasall daall a7 HAD 230 3aaT 3

2l z il e Je el e Lple J ganall 2 il Jos o) 58 A4S danidy 7 jae ST ¢ 5ell d0aS 2283 4
el

23T Y NCJ 058 o) lld & e g i daia sall aall Jad Y Cuay il UK (e (gial) Galda jLas) -5
(Al Jgaadl WS el gually Aaldl) gy jailly daia gall aadll

TDC - SQUARE NECK / LOUVERED FACE / SUPPLY / HORIZONTAL BLOW PATTERN

=
= Neck Vel. 300 400 500 600 700 800 900
= Val. Pressure 0.006 0.010 0.016 0.022 0.031 0.040 0.050
E Total Pressure 0.042 0.075 0.117 0.169 0.229 0.300 0.379
& Return Factors Total cfm 75 100 125 150 175 200 225
.E SP=1.1TP NC - 13 16 23 g n kL
3 NC +1 Side cfm  Throw | cim  Throw cfm Throw cfm Throw cfm Throw cfm Throw cfm Throw
E [ K Th #-10-14 100 1116 145 10-13-18 150 11-14-20 175 -15- 13-16-23 F] .1/
=8 N T LN 4610 1 5 817 | 65 b1098 | 75 gioqs | @8 9Tid6 | 100 1027 [ 3 J0idie |
= ; X W 469 | a8 5711 | 47 6812 56 1513 G S 91115 [TEEETET]
i 0.25 ¥ 19 358 25 479 31 57-10 38 7-B-11 4 7912 50 8-6-13 56 8-10-14
= AL EEN [ T R 2 I B7-10 K] TET] L1} T8 50 [E5H B 8014 |
=] Return Factors Total cfm 169 225 281 338 394 450 a06
g SE=11TP NC . 15 21 26 kll] 34 3
E HE + 1 Side cfm  Throw | cfm  Throw cfm Throw cfm Throw cfm Throw cfm Throw cfm Throw
g g il 169 TI057] | 725 1a17za | 781 161877 | 358 17-21-30 &I 52337 | 450 20-24- 5D 71-7%5-35
= % CT0G, LR ] -0-16 113 B10-18 | 141 10-14-20 | 164 11-16-27 197 3-17-24 | 745 15-18- 253 16-19-27
?_ 0.956 3 ¥ 4 way outlets and others for any other air patterns, }0:‘:2:%2 ‘g"as ]f'_lg'_fé }?g ]I‘?Ezn 1?; };};57
_E it! AL LES 4 ~ — — - e —— - 10-12-17 E 1-13-16 | 113 11-14-20 177 12-15-21
= Returm Factors Totghcim 300 400 500 600 700 800 900
= SP=1.1TP C . 7 2 28 32 5 38
= NC + 1 Side cfm  Throw cfm  Throw cfm Throw _cfm ThErw cfm _Throw cfm Throw cfm Throw
12 17 500157078 7357 | o0 717536 | 600 73739 [ B00 7320 | 900 7aaids
X LY 4 R TSN 1520 131877300 5-21-30 1i 400 707434 | 450 2536
12 I3 M3 11318 | 150 521 | 1 41028 | 225 150826 | 283 162028 | 200 12la0 | 338 2332
1.00 4l Th fi-10-16 100 4-13-19 125 liis21 | 150 131623 | 175 14-17-25 200 15-19-26 225 16-50-28
Z I - A T ol 10 Oy | s Triegi 150 Teiegs | s Teirg 100 Toied 17 Teptgs |
Return Factors Total cfm 469 625 781 938 1094 1250 1406
SP=1.1TP NC 1 19 25 29 k2] 37 40
o~ NEC + 1 Side cfm  Throw cf Thro cfm il | cim Throw cfm Throw cfm Throwe cfm Throw
r 15 X 460 19-75-35 | 635 3284 Through lor veocities 150, -39 1004 31-38-53 1750 33-40-57 1408 30-43-50
— x| S7RGT Xay Zt 026 TSI 1TT8 1 0 and 50 fom. I I 22 O £
15 3 X 176 13-16-73 | 234 15-1% i73-33 410 20-25-35 | 469 2-77-38 577 73-28-00
1 1.56 hi 17 71220 | 186 111623 | 195 141826 | 234 16-20-28 173 182231 | 3 19-23-33 352 20-25-35
ft? Ad XY 1! J-12-20 196 111624 195 14-18-26 FEL] 16-20-24 FEE] 18-22-41 FiE] 14-73-34 352 H-25-35
Retumn Factors Total cfm 675 900 1125 1350 1575 1800 2025
SE=1.1TP NC 12 20 26 | 35 38 4

ity Gl a5 o slaall Neck Velocity J)s NCJ) 3 saas oo sllaall (583l 3iay ) Hhaud) jlias -]
Al Gaay Al 48 )l ulae Ll
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(Bl Jsaadl mim e g8 LeS (550 Tp U A e Jsaall D

A

Ceiling Opening = A plus 32"

Duct Size minus 4"

Duct Size, diameter ———

13//3" T

+ 37/'/3"

1 —

f —=] 1%"

A plus 5%s"

TSNS

1/4" |

A 2l s (53 )lall 48 ) Gl Galaldl da sl Gualde (8 A s Galall J 50l 7 SIS (0 438 1) (lie o G
ke Y1 A AUl AaaBlall da) g L 5 Ly )85 16 4dde & gena

238 o 9 sl) Al dm g I3 iy hhy s Cpe (e G B e oS ) (5 landll il 6
Neck Velocity d's NCJI (s IS aa JSLie Gaany Y 4558 (g0 38U 5 Jsaall (g0 4,

1a elall Cang Ty, Tagp d8bae e 3 5o 5l 7 Al e dy flail sa asa s Jla (8 Jlie W) A3V s -
:Square Outletd) ae el g Jull Joil) iy zm s LS (AU gl AU = jae 1aaTul g =yl (e oladY)
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REMOVING CENTER CORE OPTIONAL PATTERNS
., O 51 Sguare o Al o Bt &
0
N i O 1 (e
m o A2 O 52 Square OBz o
1. Remaove shipping clips 2 Way he
oE2 [ X m grz[—* _'| O G2 Square
O — o o |
L] ]
, , I — =Y
ay
Corner
oA x OE3 o _x — For A3, X Y
| | | | For A3-2, X>Y, X<2Y
T T For B3, X=2Y
2. Push core sideways ) Xy x=2¥
against spring > oAz %] oes |'_’< ] Mote: Dimensions X and ¥ shown

3 Way — 1 - here are the proportions of
@ Y By availabde rectangular duet
—L — sizes, Duct sizes are
X=Y, X<2¥ K=2Y available in 3-inch increments.

Dimension X is always the
longer dimension for eash
o gar dimengion for
<>

= . core option.
i
3. Hold core securely and allow to drop 4 Way @ @m

down . . . L
Note: Patterns are shown in plan view (looking down into inlet)

a5 llyy (alall J saally ea sall saalls e jlia s Tp/L 4l e J el ooy dualidl 3 5hadll & 6
@l Jala sS85 O (ghdial ge g z Al 2o Huad aa g gl e (S5 115 a8Y) ADPIJ)
A sthall

Conall 3 il ol LS )55 el o 580l OO dlaical) il dad 3o gllaa 8 shall o34 3 -7
Juanilggle Jpuanll 5 S i Lilinl) Aall oa anling 53 5 IS Takaall e Tl lli (15 )
i gibal) Bl s ¢y S5 g SN (Al SBE) (o g it o3 ) A8DMal) (hn Sl S e ol 2l
Aa el LY B! il sel) seall adlia ) gLl

A
Velocity Pressure Eq.3

(v W _
V', = | ——| = Neck Velocity fpm
: [ 003) o

Total Pressure . Eq.4
?-:rr= Sl,u?+ Plr?
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HVAC DUCT
CONSTRUCTION
STANDARDS
METAL AND FLEXIBLE

Comfon Distribution SECOND EDITION - 1995

Cout of Discambsrt

Designing for

By David A. Jsha, PE., Marbier A3

SHEET METAL AND AIR CONDITIONING CONTRACTORS'
NATIONAL ASSOCIATION, INC,
4201 Latayette Center Drive

o, c” CHOOSING THE RIGHT
erumewsercns IR OUTLETS

ANSI/AHRI Standard 881 (Sl) with Addendum 1

SECTION EG

2011 Standard for
Performance Rating
of Air Terminals

Engineering Guide
Air Distribution

ENGINEERING GUIDE

IR0 Nailor

v
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Futu

ME 425

Air Distribution & ASHRAE Outlet Selection

Keith B Flrls-r PE

s e i Taleh tabes,_sishomsl

Related Commercial Resources

CHAPTER 20

SPACE AIR DIFFUSION

hocts, amd roems themselves. . affect room e diffmion, this
y ai ternsinals: and e direct ¢ffect va oocu.

it comort. This chapser is intendsd o presct HVAC desigswnn
Farinfor

* Diffwser
~ Diffcr o hlght or owtlc velciy: i s asocited i
oumt of mixing provided by o floar di
ditioms ncar a how-sicemall TOV difuser)

Foe room hcal loads, the major fuctons sec

‘maionsm el et s o Cler 1, P -

air distribetion stratogics, tools. and wuidelimnes for
lication, see Chapter 57 in mnmum (E Hard.
bk HIAC Appficarions, Chapier 20 in the 3012 ASHRAE Hand-
braok—HVAC Syrtems and Equipment provides .nmnpum o the
- - F o

. Toads in space

* Load type {point or distributed source]

* Elevation ofload {e.g. averbead lighting, person standing on
oo, floar-ta-csiling plazing)

? Rt il

vl o el 5 sedestion ook s
ocen air diffusion methods can be classified as ane of (he fol-

Jowing s shown i Fote

i prodce bt o 10 thermal

R pol are o
Gt e s

INDOOR AIR QUALITY AND SUSTAINABILITY

i e pate et o this

A dif ncdoor sir quality (LAQ) and

type ol

* Faly (bermaly statfd sstmspros s o o mising
i the oxeupicd space. Themanl displacemnent vealls-

Um)unrumpl(ul this type of system

s process spece whibs creating stratified conditions in the wl-
b i con-

ditionieg desigs rs examples of i s of ssten.

 ccnain ponion of the space for thesmal comfart andor process.
cotrol. Examples of task mbienl systeens are persosally coa-

thermal comfar, b bilding’s
life. Choices minde ca esign process ar importas, Th LS.

o i Coume' (LGB 2000 Ly i Enery an
Emvivanimenéal Design (LEED) g systemn, which was omginally

requisites and ¢ redins for incrensing vensilation cflcctiveness
mpesng hrma ot Thes et nd otons o
are refatively easy o achieve if good room ai diffasion design prin-
ipls, Mo, e sanands are ol (s Chapess 3 o1 h &
2011 ASHRAE Hamdbook—HVAC Applications).
A change ffctiveness i afotddinetly by he oo i s
o operaticn, bul is very

trolled desk referred to s
mnmuwsm‘mmmnmwmm
im Figure 1. local temperatare and_carbon dioxide

(00 soncon o o s profiles,although their rales usu-
y diffr,

“Nir disribuion syscrs, such as thermal displacement vemiila.

ton DV smrfor i i bt (UFAD) et o s

lnclpmducc»nrymgnmmmﬁnfmunawwm i, Fox -

level supply, thermal plumes that develap o the

Foom play & major role in u.v...gmm\mwmmlmg.m.-m
od

bined cffccts of various fictars, but s Largely driven by the charug-
eristics o

e v ee. Yt s v b e 1 oy 3
e <venso g ASHRAR Sl 15 et
his standard i tests i well-controled lsbo-
o, and shouk) ot b spplcd disetly 1 sl b g
ANSASHRAE Standand 62.1-2010 provices a table of ypical
vales 10 help predict 20n¢ i ditribulion eflectivensss, For v
i, el desgedeling bl s it syt

-psfoct air mising. m cooling moe, and yield an it change
ecimemessf 10,

Displacenmeet s dissbution (UFADD) systemss
ave the posential for values greates than 1.0, More informaion on
el o s o s o ok
e T 203, Dplacemen sy perormanie  dscribed i
Chen and Glicksman GO0Y 3. o and iy (200D s
UFAD i el (Thes s ASHRA books e roded by -

sirflow,
For rooem suply asrow, the majr fhcioss ane
Tl oo iy sl quamty
oo sapply i temperatine
The proparation of this chaptee i asigned to TC 3.3, Room A Disiribu
0.
Capyright & 2013, ASHRAE

Technical € infoe.
e SR AAERAE St £2 115 5 ot
wser's manual (ASHRAE 2010).

APPLICABLE STANDARDS AND CODES

The following sundards and ¢ odes shoud be reviewed when
applyimg various room sir difFusion methods

Ay Sl AL 3

Fifusebas,
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