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Chapter-5 Air Distribution Systems

Zone
Damper

Main Duct Branch Duct

Branch Duct

Branch Duct

W
p ]
¢ §-0 Air Distribution System

Air Conditioning and Mechanical Ventilation System qps§ ecogp:ad c33260005 esepad
eepodesmt Jeamnteoiqs 8600051 Mechanical Ventilation o3€copds croooggps(fresh air)

deanCouigs $& 0adauaadoopdecogps(exhaust air) 6a0506gs 332600001 080398 Grogp:
o0desepe 00desepad Jeeontqencgod duct System gpo? 3203g[030005
Duct velocity s320p5¢n duct 32038:§ eq.cqpieseon crusigssSgdoopdi Duct

velocity sacp$qpegls $p5{gC:0[gde8 82260051 eromanyE(velocity)saagSapdgéaelopé
Bsmiogeolaq (pressure drop)gpigE: soads0p5[gEs(noise) $& 0r&sla(vibration) ©oopSod
[8ecl 8E20p51 cromanq€ (velocity) 32098 $p5gE:elopé croe 200SeemEanaodd of $¢
:2gSqP:00p5 duct &l 20382 gEd§o[géedlogl méoy§esadgepdi sag§omco [oplgéeoinaadl
duct 220325 e8Pz 936:e0p5:000:000393 [§68§edi
Duct $& 20058882005 deo0spSsqps
e§ox Area(A)
28:0000ps(round) duct i e§unoioz0598 Area = 3.14 x(radius)?
eooseoo& ooqpd(rectangular)duct ¢l e§oro3oz05qs Area = length x width

s§onel IP opsdoopd oopgficolsquare feet(ft’)]98G: SI opsda0p5 009qS:8om
[Square meters(m?)] [g&20p5n

Duct 30038:5 8:008:ogpie0m Bowndd [godoo§iopieon erooocopS8ss:(volume  flow
rate)o30305q8

Flow = V(velocity )x A(surface area)

G085 S:(flow)el IP vsd2005 Cubic Feet per Minute(CFM) [g8[G: SI opsda005 Cubic Meters
per Second(CMS) [g®oopSn Duct velocity & IP opsb2005  Feet per Minute(FPM)[g8G: SI
(Metric)ops®aopb Meters per Sec (m/s) [ga0p5u
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Velocity ¢ “Velocity Pressure” a3e[qpE:q§oeo0spds

Velocity(FPM)_,

Velocity Pressure(inWg) = | 2005

Where: VP = Velocity Pressure, inches of water (inch wg)
V = Velocity, feet per minute (FPM)

Frictional Losses

eoogp: duct 2203853 Bse0C:090:000094 Grosico:qdg(fluid viscosity)sE turbulence flow
odelopé erosé duct ol 3038:4q0550[gE odo3adg(friction)elopg” [gdedl cneomn dssedidke
(pressure losses)o3 “Frictional Losses” 0real 2051
Dynamic Losses

Elbow 1 reducer 1 transformation 0205 duct fitting gpzelogp& erocodseo3pEs(direction)
adoupdd e§om(area) ofgpEicdlgliclop [9oedlaonaopd flow disturbances gp:od “Dynamic
Loss” gp:up 2005690500001 “Dynamic Loss” 20p5 8sansedeqagps(pressure losses) o3(gdeoa00i

Total Pressure Losses = Frictional Losses + Dynamic Losses

Duct Terms
—Outdoor Air Inlet
Return Trunk l Supply TfU"k\A[V /—Supply Branch

T e 7
Takeoff,
_—Runout Ducts—~
Air Handling Unit  (Fitting)
'l Takeoff (Fitting) 1 ZoneTermmals
g —~—|/ | o & @%
2
B[
@ [Runouts >—Return Registers  Takeoffs | _yeader Ducts—~
E / (Ducts)_¥
° N\
g /] KX XX
/ Supply £
Diffusers

¢ §- Duct $&0005a382005 ma6al 3260l gp:(duct terms)
Main Duct (Trunk)
Air Handling Unit(AHU) or Fan Coil Unit (FCU), rooftop unit ©20p5035¢
0305§0de005002:0009 duct 03 main duct (trunk) vpesl eda05
Branch ducts
Main duct(trunk) ¢ §ogodognzaopd duct gp:o? “Branch Duct” vpesl s3a05i
Duct fittings
Main duct(trunk) ¢ branch duct 33[g® [gpog0od20pd Fa§esepqpeod duct fitting (takeoff
point) gpeopesl aopdi Duct fitting sa§jss0m: qpega§oopd
Air Distribution Devices
Diffusers 1 registers a30w05 grilles @205 croagodedlodgp:o? air distribution devices

068l 2005
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§).0 Duct sa§jzza00:qps(Types)

§).0.0 Duct dcp§(Shapes of Air Duct)
Duct gp:eil $aoen$a3c805¢) ajzmaon: od:§s F[gr:€aopdi

Duct oocn$ F0:000gI04: 05 pOqIodgps
323C:00000s (o) Airflow Characteristics 32098 (o) Air Con duct gpsog
(Round)  Duct | comEso0pdi insulation oS35
a3e0r0d () Flexible duct gp:0o053q)

Oval duct [oplo3pd2005

6c0se0oEGMD | (0) GHEP005RSI(space saver)i (o) insulation oSG0 E32001
§ (Rectangular) | esepoydeoydiopt 0690E8E0p5

Duct (1)) Duct eqp(flexible duct) gps c0053¢)
@)@)éwéu
Insulated (o) Pre-insulated duct [g&20p5u (0) Metal duct gpzaforpgpd
flexible () ooSe0qf(installation)aguSorooodi | 3aad:e[g8EA
duct (p) 320pS20eza(labor cost) 200507 () Airflow §p5:00001 830:
205 onjeosq(pressure
drop)qpzoopSi

(p) Qoooqodenzigts(sharp
bend)§jg ©[g0e320E [gjrodqepd

Round Duct $¢ Oval Duct

Round duct gz :Dé eqjszi%:@@m:c;oa%mé: 83}3:(73]90&5{:?@:@: §Gj§5§)@&)éu
Duct  [giopbaopd(automatic  spiral)ocdgpigé  28E:000ap&(round)duct  adewrod
FBpdooaps(oval duct)gp:o? [gopdlogoopdi adecd(gpz(galvanized steel sheet)qp:ad 32034qq)
c832600p0m0qp5(duct length) qesan [gopd8Eo0pSi Oval duct gpszacged Major Axis(duct
width, A) $& Minor Axis (duct depth, B)o3o3 American Society of Heating, Refrigerating and Air-
Conditioning (ASHRAE) 2800pc5 Sheet Metal and Air Conditioning Contractors' National
Association(SMACNA)e @oosgp: 32038 32033507] [gjopdeSadoopd

®

¢ §-¢ Oval duct ¢ §-G Round duct ¢ §-6 Round duct

§)-0. J Flexible Connection a8w0305 Flexible Duct
Fan ¢ [96eclameam op&slagps(vibration) duct s8o3 weepobognicoq$(transmission)

:oRod fan & duct sofoppsopl fexible connection o3 spadgogfgls [gdoopdn Duct o
oS8 8lagps(vibration)o? diffuser $& ceiling o3eeepodeoqs dEfepsats(isolation)apdaopd saes(sE
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metal duct $¢ diffuser safogpsopE flexible connector a3eupod flexible duct 03 0o6s0Eoons(gEs
[§62005

Flexible connection [gop&epd material 2005 8:com0dugbed cooopdl 8:6omah 6lg§gs
§Eo0pd(flame retardant fabric) saqjgeaoni{gdeepdn 8:84gSusS:(flame spread rating) sasod( g)
coodeempeog 8:8dgbeol s8:(smoke developed rating) 3290&(g0)c00d weoydeoqn NEPA
No.255 ASTM E84 Under Writer’s Lab Standard ¢ 6§§6038:3203¢: [gdqepdi Flexible connection
20p5  eoocoopd(air tight) sadjesson: [30qepdi (Q)eocond JqpdSoopd flexible duct gp:od
gColgieon

§).0.p Vertical Duct and Horization Duct
00690800220 326[gde) duct sagjmaens F[gr:002:00001 G3IESHHEs0E 0005 (vertical)
duct $& saaqP:30500690E0022005 (horization)duct vae) F[gps0o200051

§)-0.G Supply Air Duct | Return Air Duct and Outdoor Air Duct

eoz§Eme02:03 206(gde) duct sa§jreaon: F[gpiootoopdi

e Supply Air Duct
3205:3209E:08 copdeutepd(supply) ecoad codesoréeamaelogpé supply air duct op
;opdeofgs [§doopdi Positive pressure duct 3a§jza00ggdo0pdi

e Return Air Duct
320823003820 [g§c0pSqupaopd (return) 6o’ covdeaoneamaeloypé return air duct
07 200p5605gE: [§d20p5H Negative pressure duct 3232059620051

¢ Outdoor Air Duct
[go(outdoor)e crood coudesonéeamneloypé outdoor air duct vy savpdeodgts
[g20p5

¢ Exhaust Air Duct
88080p5600 Bewrcd eEodERd Gruad Kwdesmnteomalo exhaust air vy 265
coggCs [gdoopd

Duct 32goSse0:(Size) $& odfgpezacn (Sheet Thickness)
Duct 3agudssons(size) $¢ 3o§p3202:03 cdodg 83260009 o3[gpezacn(sheet thickness)

ogrlg{ogaoghs

Ventilation Duct

Maximum Size of Duct Sheet Metal Thickness (s309)
460 mm 2308 0.56 mm (gauge)

461 mm ¢ 1070 mm 3203 0.71 mm

1070 mm ¢ 1530 mm 3503 0.91 mm

1531 mm ¢ 2150 mm 3503 1.22 mm

2151 mm $¢ 220005 1.22 mm
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Air Conditioning Duct

Maximum Size of Duct Sheet Metal Thickness(s20p)

300 mm 8203 0.46 mm

301 mm ¢ 760 mm 2203 0.56 mm

761 mm © 1400 mm 3503 0.71 mm

1401 mm ¢ 2150 mm 3503 0.91 mm

2151mm $& 320005 1.22 mm

323C:0an8 (round) duct 220305 o3[gpszacp(material thickness) qps

Round Duct & Nominal Diameter a5[gpsea0n (G.I Sheet Thickness)
205 mm 3203 0.6 mm (gauge)

205 mm ¢ 760 mm 2203 0.8 mm

760 mm ¢ 1020 mm a3 1.0 mm

1020 mm ¢ 1525 mm 9503 1.2 mm

Round duct gp:ei elbow & center radius ooé 1.5 x Duct Diameter @Boaéu Vertical duct

 §-6 Flexible duct 02680800220 | | §-q Flexible duct gp:

§)-0.§) Duct Layout
Duct layout gp:03 8&E{giapbepagt e320050l3agi0dgp:a? sae(gdaopdi
o Duct layout 35§:p30qi€ (symmetric) coolg§(gjsq p3pores2n sacgudonny [gred§Eaopd
e Main duct o3 00058Eo0g eoocodesmEgapdes ¢ Duct codielozpCs (design pat) o3
o860 JRas8ogBoBoREBoE
e VAV system gpz30305 0pE:0an& (duct looping) [gjep&8Eaopdi
e Duct fitting qpz $p5:8E00q) $05:630¢E layout 8&EdgicrSqepd
* 36800053588 [§Coogt onbeolooieomn (exposed) duct gpizacged 3209E33[gE
(appearance) coocoq$ $¢& structure gpis¢ 030503g> 00680EqeRdN

¢ §-o Spide Goocp§ 6 §-¢ Trunk and Branch $ooqns
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Perimeter
Loop

$ §-00 Perimeter Loop $20cn$ ¢ §-00 Radial $ooqn$

§).J Duct System gqp:oB 3390&=2008:(Classification) gfgp: 20050adfge:

Duct system s0038:§ crosaayCs$i(velocity) $& 8sas(Pressure)saed o€ soafgde) duct
system gpz0? 3a§js3e00: J[g: 900500560 o0Rd!

eoozaagE(velocity)o? s26[gdg] “Low Velocity Duct System” $& “High Velocity Duct
System” opq) $6§s Jlepsoorzo0pdn Comfort air conditioning gp:o€ supply air velocity 0pS
0088560qiE Go( 00 )58:(2500 feet per minute)oood veoypagi€ “Low Velocity Duct System”p
200560500001 936205 1200 FPM(feet per minute) o 2200 FPM so03&:5000 8&Egiapdenydioodi
Supply air velocity 2005 2500 FPM cooSeoqpog€ “High Velocity Duct System” — sofgd

o g- J Round duct ooSeoSooo:c“B

820t (pressure) adede

Baas(total pressure)od s26[gde) 3a§jEza0n: o [gp:con:aodi
Duct System Class ecoBaa:(Pressure) [§85$:(velocity)

Low pressure (Class I) 3 % in-wg coodspS:agC Velocity < 10 m/s

static pressure < 5 cm water gauge

Medium Pressure (Class 1) | 3 % ¢ 6 % in wg 3203Cs
static pressure < 15 cm water gauge

Velocity < 10 m/s

- 3 P : ;
High Pressure (Class III) 6 % ¢ 12 Ya in wg sgog& static Velocity > 10 m/s

pressure 15<p < 25 cm water gauge

Duct gpzze0p8:5 ecosaayE air velocitiy)qpeoaopd saeloppagpien

(0) 006908q MEmEodspdieoqssnognd sagudmeonieanicudoopd duct gps [gapbondeolge:
$¢ ondeoleSesep  wadeamodeomelopE  sagudmeeneooiccdoopd  duct  gpso?
00650&[gE: BelopElgdoopd
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() ecosacg(air velocity) gpseomalopé dsantoqeolsq(pressure drop)gqpzoopdi BefopE fan
g&:3aEadgq(power consumption)qpsoopdi GetasEoopdendl mSoyo§od(operation cost)
(:IPSODP_’SH

() ecomaq(air velocity) sacg&lgSeomelops snpdad(gdbeclcopdn oBelopé eppdadspds
eoepd 03§oxgps(noise attenuator or silencer) 0o6s08q$ 332500001 F20dgjepd esep!

069086pd esepad Bodq cwenyPaopd erozaag(recommended air velocity)gqpsa?
G6Hlg 00220051

Recommended Maximum Duct Velocities for Low Velocity Systems (FPM)

Maximum Duct Velocity( g&[gjoopde[gCseds Duct Velocity) feet per minute(FPM)

Controlling Factor Controlling Factor Duct Friction
s@a’}:@lc}(Application) Noise Generation Main Ducts 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
o 1200 2000 1500 1600 1200
Rooms, Libraries
Theatres Auditoriums 800 1300 1100 1000 800
General Offices, High Class
Restaurants, High Class Stores, 1500 2000 1500 1600 1200
Banks
Average Stores Cafeterias 1800 2000 1500 1600 1200
Industrial 2500 3000 1800 2200 1500

From Carrfer Air System Design Manual

G5$EPOIC305E) 00§3005000:0005 GrozaayE(air velocity)

cpgpeesadepesepygp: (residences)secgod 3m/s ¢ 5m/s 303
Q4 96qE4 9Beqomgps(theatres) 4m/s ¢ 6.5m/s 3203

02260000583Eqps(restaurants) canteen gpisC omigp3a0305 | 7.5 m/s ¢ 10 m/s 32038

cuoopoEgé duct 3a§jE3202:030305¢) 00§2005002:0005 GrozaIE(air velocity)

Main duct gp:320305 g¢[gjoopd erosangE(allowable air velocity) 5m/s ¢ 8m/s3p0Cs

Branche duct qpzsac305 g&[gjaopd ecosangC(allowable air velocity) | 4 m/s ¢ 6 m/s 32038

236005 206ohgp: $¢ GrouNPGPigt cnbsoleSesep 2acd3§eomeloPpe §8goopd
ecozag|C(allowable air velocity) 03 30 m/s 3203 g&[glecp§oopdn
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Duct system o3 8&C:cpboopdsadl industry oo cood90on:a0pd ASHRAE Handbook
a3 60905 SMACNA il HVAC Duct System Design Manual 0303 o3s0:8[gs(reference) 20805
“Positive Pressure” 2005eepod[gts $qoopd duct gp§oocd “Negative Pressure”socSeepad[gc:
dqoopd duct gpscopd: §oopdi powd supply air fan 205 ecogp:od  duct 830pE:0d
qodoopdeamelopE Positive Pressure [gdedlaopbi powd exhuast air fan 20pd duct 330380
Googpzo’ pduaeomelopE duct 320pE:03E “Negative Pressure” [gdedl 2005

Duct system 2203E:§) ccozaaqE(air velocity)oopb codesep $¢ oodesep woppdlmeon

2Fe[pEicd e5a0pdi Coil gpisC eoood(filter) gps§oopd esepogt erosacgE(air
velocitiy)aopS 1000 fpm(5.08m/s) ¢ 3000 fpm(15.24m/s)eoqpsead §ooodoopdi

Duct & $8EqpS(duct strength) cogiogod[gEs(deflection) $& ecou388[gE:(leakage)odaod
duct 0038:§ @codsas(pressure) sogobieagpiedlorE  Gooboopdi  GrozangE(velocity)
260 0p¢ guonpbeon Beasd spnda(noise) op&alg(vibration) $& 8zaniageosq(friction loss)

032005 GrozaqI€ (velocity) 3a5p5: sagpizaed 3¢ GonpSlogaod

Duct System &l 22800 0m0§2005 eGogp:ad oodesepe 33260000 safgpiesepd,
eepodesmt deecntqs [gdaopdi Sheets 1 reinforcements 1 seals $& joints o3 [g¢ duct [gdesnt

[giepSo:00051 Beaepyp:a? duct i element gps wpesl 2001

REGISTER HEAD // o 80° ANGLE BOOT .—- RH. BOOT
) :{( a
¢ —
.—-END 800T
Y7 /7PE
&
\ +— CONNECTOR
+— WALL STACK
g -
o
= | <+—REGISTER HEAD REDUCER
4 (WARM AIR)
Kf(‘ PLENUM
OFFSET L
] / STARTING COLLAR \ &
& | STACK BOOT \ * )
N >+ STACK BOOT \ P e &
o
TAKEOFF fr". l S
LH. BOOT {
H
7

(£

= TAKEOFF
AN
>

FRESH
AIR INTAKE

CEILING H (COLD AIR)
END CAP HEAD i g 4 RETURN AIR DROP

$ §-0G Duct system 009 o3e0djgao:d

§)-9 Duct gz [gjopS[gé: (Duct Construction)
Duct gps 0305680205 [gpd[gEs(duct construction) [giopbepogE specification safgdoocdecdepag
6220050] 32gi05gp: dlo€a0&o000r
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(0)  ©pdooRd é(standards)aB c3ads06p503 voow BignaddgodescdoopSi poes SMACNA duct
construction standards 2005 a3ewr05 ASHRAE standard a30w05 local codes

() Duct joint sa§jpeaensgps(types) a3ewrod duct sasood(joint)qpod epbo3ad oopbesoad
Qéll

()  Duct gpzod saedlo hager [§¢ §o5e36p51 Bewrcd 630050 (support)
Go00500260seEd

(G)  Welding cod[g€: $E grinding o3sE 00520050005 $5:qps

()  Double-wall and lining

(6)  Painting (Duct qpzod apodepdesoimaeeplst GeoizadjEzaon:)

Q)  =eadgepd 0gpds 3a§jzzaen: (material types)

(®)  ©pS0dspeyE cruudBg(gts(leakage testing)o? 08:0006p5I C00598E205 euudBbe
(leakage) opbg| §qepd

Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA)
Duct Construction Manuals:
() SMACNA—HVAC Duct Construction Standards Metal and Flexible (Third Edition)
(J)  SMACNA—Fibrous Glass Duct Construction Standards (Fifth Edition)
(p)  SMACNA—Rectangular Industrial Duct Construction Standard (First Edition)
(G)  SMACNA—Round Industrial Duct Construction Standard (First Edition)
(§)  SMACNA—Thermoplastic Duct (PVC) Construction Manual (First Edition)
Duct gp:od  aB80dqed8:8E0pdesepyp: 03¢  wonbsoCooen  00bs0EaoniPeand
083266000 30mz0R00GPs 32§E20mgPHg|RSEcgeRdN
Fdamgps(toilets) $& 0eomE:a0pd Féadigp: c00See0nEa00d Return air duct gp:o?
supply air stream §ep G5epypPe 00058E04|6080005 G5epaE 0Gs0EamqEpdI
Supply air duct $& return air duct gpseil 35038:q0550[gEqP:a0p5 o8 32655E 32805gp:
peoesfgin mEieowoas 000d8Eony egpgodeoqepdi Abrasion [g8[gisabod 998Ea00
:§z000: [gdeogepdi
qod§0[og0dqpea0gtsd) esepyps(ceiling space)saogls return air qp: ogd:ngEes air
plenum 3o[gdsaadgdl qodso[03054dqp: $E GodnOdSyps(ceiling and the side-walls)od
oconoomfgé saegpad[gis(plastering) $& caotonad(gEs(painting) o3[godqepdn Masonry duct
qPedeopds 30393 [gbeeant 000d§E0g) [gjrpdaepd
329C308[gdqScdeom rigid duct gqp:a? steel 1 aluminium 1 glass-fibre batt 1 mineral wool
$C F[gregtlgjooneomn ogpdimagjseanniypi(approved materials)g&ax [giopoqepds
Duct 9800705 duct lining gpzse0305 aj00n:006000 glass fibre batt o8 mineral wool gpzaogd air
stream gpzsC AB0d§0d dBeogesilan erosion of fibres ofgdesnt cvengdeomn amadegp:
[geodeoiao: qepd
Duct gp:03 sturd [§& eaonabd(supported)eosqepdn  Duct caonab3:eosooneaon hanger
$C bracket qpsaopd cogyj(metal) gpzox [gdeoqepdn  Duct covering 1 duct lining ¢ flexible
connection material qpzo0pd 8:0eaunE§E00) 0godigps (non-combustible) [gdeoqepdi
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aea0d Bmdqodmeg  eageqplomeon  efgeacsmeg S:eaonE8E0pd  ogpdigp:
(combustible material) 03 82234g[3e005 6823050 3a9054pHsE [gpdoeo8edI
() “Code of practice for fire precautions in buildings” § dl§eo $00:qps3203E:(methods)
062006000:09|C surface flame spread rating 2005 0c0e3290¢ (class 1) coode§bcoq
326800053588 qodso[ogedel 8:8:, s8¢(flame spread rating)aopS class zero [gd3cqié duct
lining material qpsoopS class zero rating [gdqepdi
(9) &eanaopd 326l A duct 0pC 32034gj0on:00pd LgEigPsoRd &:8: $C 32e860Ee00pd
e056g 090desp5:8E00g) $05:600005 0gESigpiydaepd
Ventilation ductwork $& terminal unit qpsgdlojeoon ventilation grilles 1 air diffuser o3
200503050009 flexible connection gp: &l 326052005 $88023(2 M) co0d wdcoa
2oqe5gC: 1 qpegCielopElgdeom  eg gpigqpi(thermal movements)o  omoz05q
0069080020009 flexible joint gpza0pd 250 mm 32050005 edeoq)
Flexible joint gp:od 3a09udon0y 8:0eoma5§Ea0p9 Bewrod B:oonteernn8Eanpd(not
easily ignitable') ogoSsqpis¢ [groSooniqepdi adogobsqpsoopd British Standard BS 476: Part 5
326 0620060020009 0@ESPgEGERdI
Duct san:cd:0p8 o ao§qleq [gopdeSmeogod  cofergpoopdesepypiopE opening
qpecon:§) qepdi Air duct gpsi air duct support gpsi fitting qps $& plenum gpsi( joints qpsi seam
qpa stiffening qpa reinforcing and access opening gp: 3>33208)03 ASHRAE Handbook,
Institution of Heating and Ventilating Engineers(IHVE) guide books a%eo?oﬁ SMACNA Manuals on
[gop$s 9005005 comeom  duct qpsgjpS[gts 0o6s08[gE: d§8bpS:qps(construction standards)

3038: [godqepdi

§)-9.0 Duct [gjeodeé ogpS:madjr3aon: egiqd[gt: (Ductwork Materials)

(o) Galvanized Steel 03 sa0ddgid) Duct [gepdagi€ 6320050l d§§doR8:qp:0? Bndsne§adaopd
HVAC cobedsqpiapE(applications) Galvanized steel sheets o3 duct [gjeodg§eecg0d

20ddg|egI€ ASTM A90, A525, and A527 $& 030503 cogepd

() Carbon steel o3 saaddgd) Duct [gopdagi€ e33005d 6§§8pR8:qp03 cfudsog§a3aopd
() 24" 0005 J[3k0pS Breechings 1 flues $E stacks qps 920305 og&eoods(carbon steel) o3

32054g[0gI€ ASTM A569 $¢ 030508 coqepdi
(9) 24" co0d J[3k0pS Breechings 1 flues $E stacks qps 320305 omg&eoods(carbon steel) o3

:20dg|0gI€ ASTM A569 $& 030508 coqupdi

() Aluminum o 35084qjg) Duct [giopSagqi€ e32005d 8§§68:qp:0? cBads0g5cBaopdn
eqegoloCagpiaopdecofyde) aluminum base alloy sheet g0l 3a0ddg ASTM B209 o3

86z qepdn

(g) Stainless steel 03 Faaddgje] Duct [gepdag€ 6320053 6§§dpRS:qp0B Bodgngcdoopd
Kitchen hood $& fume hood exhaust o303 Stainless steel [§&[giapdlogoopdn Stacks and

breechings (prefabricated)qp:sgogcﬁ 3041 304L1 316 or 316L smf’m:sc;oo: stainless steel sheets
qpod 22034gj0qI¢ ASTM A167 o3 8[g&:qepdi
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SHEET METAL GAUGES
Sheet . Sheet
Thickness .
Metal Remarks Metal Thickness Inches Remarks
Inches
Gauge Gauge
0 0.3125 19 0.0437
1 0.2810 20 0.0375
2 0.2650 21 0.0343
SMACNA
3 0.2500 22 0.0312
Ductwork
4 0.2340 23 0.0280 .
Construction
5 0.2187 24 0.0250
6 0.2030 25 0.0218
Welded
7 0.1875 26 0.0187
Ductwork
8 0.1720 27 0.0170
Only
9 0.1560 28 0.0156
10 0.1400 29 0.0140 G \
11 0.1250 30 0.0125 auges Not
Permitted
12 0.1090 31 0.0109 ;
or
13 0.0937 32 0.0100
Ductwork
14 0.0780 33 0.0093 .
Construction
15 0.0700 34 0.0085
16 0.0625 SMACNA 35 0.0078
17 0.0560 Ductwork 36 0.0070
18 0.0500 Construction

Duct oopSesonabepogt saaddga$ ogpdyp:(Duct Material)

UL (Underwriters Laboratory) standard

Class 0 [Bs6000E(,gasgs 9290E2000(0) [§0eepdi( zero flame spread) 1 8:9:090058: 20808
0500(0) [gqepdi (zero smoke developed)
pown Iron | galvanized steel | aluminum 1 concrete 1 masonry 1 clay tile 2005 ogpSs
Q0 32035gi§ Eoopd

Class 1 [BseomCdj,gagSs (Jg)) coodeod:aqi€ (flame spread < 25) 1 8:8:090558: ( J§))000d
505509 (smoke developed < 50)
powd Fiberglass | many flexible ducts 02009 0gpds g0 3% g§Coopdi

Class 2 [Bs6000E(, @258 (§0) c00d500:0qiE (flame spread < 50) 1 8:8s090558: (000)c005
505:091€ (smoke developed <100)

§)-9-J Duct Seal

Duct Seal gpzeomgSaqié ccoudBog(leakage)o? cagpspdbieogCoopdi

Ductwork and plenum gpso? 6320050555 3203C: seale cpOqepdI
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ASHRAE Minimum Duct Seal Level

Duct Type
Duct Location Suppl
- dind - Exhaust | Return
< 2in. w.C. > 2 in. w.C.
Outdoors A A C
Unconditioned Spaces B B
Conditioned Spaces C B B C

ASHRAE Standard 90.1-2001 and ASHRAE Standard 90.1-2004 Ductwork Seal Classes
Seal Level Sealing Requirements *
All transverse joints and longitudinal seams, and duct wall penetrations.
Pressure-sensitive tape shall not be used as the primary sealant.
All transverse joints and longitudinal seams. Pressure-sensitive tape shall not

Seal Class A

Seal Class B )
be used as the primary sealant.

Seal Class C | All transverse joints only
Sealing Ductwork (ASHRAE Standard 90.1) American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc. (www.ASHRAE.org)

SMACNA Ductwork Seal Classes

Seal Class Applicable Static Pressure Construction Class
A 4" WC and higher
B 3" WC
C 2" WC
C 1/2" WC and higher for all ductwork upstream of VAV terminal units

Sealants and Adhesives

Water based sealant $¢ solvent based sealant based vpe) sa§jza002 $6§jpa3[grs00p5N
326e0005358:  3[gEonod(outside)  aJewnod  elgesmndcod(Underground) o030 3034
(applications) §$350305 solvent based Sealants 20p5 epoBpopsc(resistant to weather) $¢&

oq&segSeeplgpd(ultraviolet rays)aah$§Eqs a33a600051
SMACNA Recommended Ductwork Seal Classes

SMACNA Pressure Class (in. WC)
+1/2 ‘ +1 ] +2 ‘ +3 ] +4 ] +6 ‘ +10
Supply Ductwork
Outdoors A A A A A A A
Unconditioned Space B B B A A A A
Conditioned Space B B B A A A A
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Return Ductwork

Outdoors A A A A A

Unconditioned Space B B A A A

Conditioned Space B B A A A
Exhaust Ductwork

Outdoors B B A A A

Unconditioned Space B B A A A

Conditioned Space B B A A A

SMACNA-HVAC Ductwork Seal Classes

()
)
)

()
(©)

Seal Class A: 2-5 percent total system leakage (all transverse joints, longitudinal seams,
and duct penetrations).

Seal Class B: 3—-10 percent total system leakage (all transverse joints and longitudinal
seams).

Seal Class C: 5-20 percent total system leakage (all transverse joints).

Unsealed: 10-40 percent total system leakage.

SMACNA recommended seal classes.

Insulated and
sealed ducts

Amount of heat/cool delivered
fo the conditioned space

Uninsulated and
poorly sealed ducts

Amount of heat/cool delivered
to the conditioned space

50%

85%

| 6%

20%

/
Leakage \ — Leakage
o
loss 259, loss
Conduction 5% 20, Conduction
loss loss

Home infiltration Home infiltration
loss loss

Q §-0¢) Benefits of insulation and sealing ducts

Air Conditioning 350305 32034go0pd duct gpzod “AC duct” op el eap§oopSi Mechanical

Ventilation 220305 320dgoopd duct o3 "MV duct” o eslecpdoopdi Air Conditioning duct
qus'aorg&‘} duct qp:orfj insulation 0?8q$c\$39800én Mechanical ventilation duct qp:ogé insulation
[Geode$ ©cd326h Duct &l 35[gEonodog€ copdoonseonn external insulation §oocd duct e

32038:000503E copboonzeom internal insulation copSs§aopSi

Air conditioning duct $& mechanical ventilation duct o3eifgzsoiqedo0pd insulation

Ho0051 Air conditioning duct 2005 308:0sfa:(heat transfer)od omoR0SeS320205
QROP OROOE$320R

Www.acmv.org
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;woeagpodonesSi(internal insulation) a3ewro external insulation [gapdaonig§ cBaba0pdi

=

12mm@ DUCT ——GA. 24 ALUMINUM SHEET
HANGER (TYP.) /' METAL CLADDING FOR
*\7 EXPOSED DUCT ONLY

S
25mm THICK FIRE RS
RETARDANT FIRERGLASS Tt B s
DUCT INSULATION WITH Rt [ BN bs
ALUMINUM FOIL VARPOUR PN

z N

BARRIER

AlR DUCT

JOINTS FORMED BY STRIFFING
FROM THE VAPOUR BARRIER
\\ SEAL OVERLAPS WITH A QUICK
\ TACKING ADHESIVE

A
—— ANGLE UNDER CUT WITH
NEOPRENE PACKER

FLAME RESISTANT QUICK y \
TECKING ADHESIVE TO BE / \
COATED 100% OF DUCT /
SURFACE AREA GA. 18 TE WIRE — " 50mm x 50mm x 102mm
SPACED @ 305mm GAUGE £20 GALVANISED
SHEET METAL CORNER
BEATING
) o o
$ §-06 Duct 0069 0005680205 00680800
(i) (ii}-{2}
e

Vapour bamier lining
Wall penetration _\ - Compartment wall

Mineral wool
insulation - s o
material JAVAFAVAVAVAVAVAVAVAVAVAVAVAVAVAV/AVAR
Zz Z
Metal ductwork AV N\Dﬂﬂf\g"u{lﬂﬂd_lrh Vi
_k_ L_ Fire rated non-
combustible board
_Corlnl:;‘usﬁble
insuiaiion L FAre stopping material
material having same fire —
resisfance rating as
the: wall
-
Collar strap
Steel sheet Fire rated
ductwork non-combustible board

{ii)-1)
& §-oq Fire rated duct oo&t) ooéeeooo% ooSaoSooo:c‘e

§)-9-9 Duct 25[g€a0053 Insulation [gjapGoon:[gés (External Insulation)
Insulation(vapor  barrier)3s[gb3203qgjq§ 220305 external insulation o3 fiber glass

aJownod  mineral  wool material  saqjEzeondgC  [gepS§Caoopd  epboopdmadjzaeniad
ajso0pd[gddleo insulation &l sapeagPodopiesss(thermal conductivity) oopd 0.0332 W/m? °K
coodedcoa!
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2oePodopessi(thermal  conductivity)eomEieco 3208209 g8:03 0000880
(insulation) cp68Eq $pd:ec0lgda0dI
q:giEa0eS(mean temperature) 24°C 350305 insulation 3a0p(thickness)oopd 0odcoode
(25mm) [gqepdn 98600p5ss0(density) 20p5 32 kg/m* [gbqepdi 32680005358: 320585 air con
e$6p§ supply duct 1 return duct $¢ exhaust duct qps 320305[gd20R5n Air con ©Go:c02:2000
esep(non air conditioning area)aa€ onbsoepd duct qpsgddlon insulation sacpo0pS supply air
320305 $600056(50mm) [gb[Gs return $& exhaust air qpzEac05 ddCVESL(25Mmm) [goodn Air
con ©Go:a02:0009 Gsep(non air conditioning area)sl 8¢ §a0p5 Air con Go:cos0pd Gsep(air

conditioning area)el 320§ §c0053¢pieon  EFEoP[FrgEd BP0t BeloPé  dopoopd

insulation 0$39803én

§-9-G Duct 200p8:3 Insulation [gp&oo:g€: (Internal Insulation)

Internal insulation o3 epodadsasod(noise level) ogjognicoqsse insulation (vapor
barrier) [gdcoq§  qpdgudqed  $OqjgE  3a0%qgoopdn  gpieomsmigé  main  duct
qpPeap€ondentoopdi
03600p5:e0(density) 140 kg/m’ §oopd rockwool material sadjrze0:03 22ad:{g00pd Main duct i
200 (§)80m 3073203 internal Insulation o3 s20ddgjoopdi Duct 22038:5 §eseomelopt
rockwool soogp: od,cgéeoqs 32q1C:(0.46mm)§ sa6dlodgpdloopd(perforated) sacq)88ud3a(gn:
(aluminum sheet)[g¢ Baonzqepdi saagB8udssgps(aluminum sheet)edl§ saedlodgp: (perforation
holes) gp:el 9adlE: giodsnlgEedomn(total surface) i po% ¢ Go% s2a8[gdoopd

¢ §-00 External Insulation duct
Duct gpz oopSeeonaSd(construction) sadjzsaens(type) 1 32038320 (dimension) 0205
0303 32600:80508c8dlo>  SMACNA guide line gpod Gooeoneodqes cBab0pSi  SMACNA
a@ooég;o Sheet Metal and Air Conditioning Contractor’s National Association Inc (USA) &
320368105 [gd20pdn
Duct and plenum insulation (Ref Singapore Standard SS 553:2009)
Minimum duct insulation R-values for cooling only supply ducts and return ducts

Duct Location Duct location R-value (m2K/W)*
Exterior 1.06
Ventilated attic 1.41
Unvented attic above insulated ceiling 1.77
Unvented attic with roof insulation 1.06
Unconditioned space 1.06
Buried 1.06
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§)-9-§ Access Doors

Equipment qps 1 duct &l 3203€:3Csqp: 1 damper gz $¢ fire damper gp: 03 0des0:q$ $¢
[GlgCB§:a38:98 320305 a00d9odconsGaEsepPyPior access door gp: cones Beado0pd
Access door gp:0? $8006(s00g0) [gepdeaepd: oewesodoopdspdi(welding method) o3
32004gjqepd [goo0pdn Access door 2203E:005$¢ duct &1 32038:00503E 3a(jE3aon: 072000
insulation material o3 3203gqqepS[gbepdi 1.00mm s200(gE [giapSaepd

Access door 005005c0p50RE 12mm =acpdaopd neoprene rubber gasket c3Egodoons
qopdn Duct @i fire rating $& access door qp: & S:3c¥d8E3:(fire rating) oBopp8eaepdi Access

door gp0? lock cpOqfemacRed  egpodcood(latch)od heavy duty brass [9& [geod[oGe
ogoqué(galvanlzed) a3e0rod o%ew@(chromlum) e Bo@oaéu

¢ §-o@ Oval Duct Access Door Q §-Jo Access door §§ Access door frame
Access door ¢l agudsaonigp:od duct 3agudsaens(size) 3360l 00054 [giapdenoloroopd
Duct 32gudsson:(size) 33206000 access door 22gu53200:
324p580:3550:1200mm co05edo0pd duct 300mm x 400mm
324050023550:1200mm co05320pd duct 450mm x 450mm
Automatic Damper or Fire Damper :390308 450mm x 600mm

§).9.6 Duct Test Holes

Duct 35038:§ ccosaaqE(velocity) $& 8sans(pressure)o? o3E:q$320305 “Duct Test Hole”
qpoon§qepdn “Duct Test Hole” cox§qepd esep(location)od d(dawing)ogé ewSgoonsoogdi
:edodsagudzaos(hole  diameter)oopd ocoode(25mm)gdG: top screw braged sadjsoen:
[020p51 40mm x 5mm bar elogE braged cpboon:aopdi Bar $C sheet metal o3 rivet [g&

§0583002:20051 .

$ §-Jo Duct test holes ¢ 9-JJ Dut test hole ¢onso¢ air flow 03E:090

§)-9-qQ Duct fittings
efgponsiesa00d duct gpso c3aqi€ o duct 328053a38:qp0d duct fitting gpslgdlog00p5
622005010303 duct fitting qpsgbo30005m
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(o) Elbows (g) Enlargements and contractions
(J) Converging or diverging tees and wyes (§) Means to reduce dynamic losses
(?) Entrances and exits (6) Turning angle, splitter vanes

(Source: ASHRAE Handbook Fundamentals 2001)
ASHRAE duct fitting database $C fitting loss coefficients duct fitting sa§j:§jg oopSee0005003
eed[goozaopd

(o) Fitting Types Elbows Mitered — vanes (q) Fitting Types Divided Flow Y-Branch
(J) Mitered — no vanes (o) Reducing Y-Branch

(p) Fitting Types Elbows Gored - long radius (@) Divided Flow Laterals

() Fitting Types Elbows Gored — Standard (00) Divided Flow Laterals

(§) Fitting Types Divided Flow Straight Tee (09) Duct fitting -Branch

() Fitting Types Divided Flow Conical Tee (o) Duct fitting -Branch

Vanes provide smoother
VANE1 .  airflow with sharp tumns

BE]

L=(1414xD)+2
L=(1414xD)+ 2

@ (00) (00) ()
¢ §-Jo Duct fitting sgc?m:c?ms

§-G Duct Support §>§ Hanger
Maximum ductwork hanger spacing

(a.) SMACNA minimum requirements

(1) Horizontal: 8 to 10 feet maximum.

(2) Vertical: One- or two-story intervals-12 to 24 feet.
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Fqpeedodondsooom:aopd(horizontal)  duct gpod  odecB(steel)gé  [grodooneom
hanger rod qpgg¢ §ode§con:00p5n Hanger rod 3a0:ad:03€ lock nut o3 saaddgiqepds

Cross-Sectional Perimeter of Duct Maximum Spacing Between Hanger
(Hanger 00695C00d9 mo[ogps 2a0303060%)

1.5 m coodcodaopd duct 2.4m

1.6 m ¢ 2.5m 2203 1.8 m

2.5 m cood[ofso0pd duct 1.2m

(b.) Recommended
(1) Horizontal ducts less than 4 square feet: 8 feet maximum.
(2) Horizontal ducts 4 to 10 square feet: 6 feet maximum.
3) Horizontal ducts greater than 10 square feet: 4 feet maximum.
@) Vertical round ducts: 12 feet maximum.
(5) Vertical rectangular ducts: 10 feet maximum.

Ductwork Support
Ductwork saéﬁl:sam:(Type) Maximum Hanger Spacing Feet
Horizontal Ducts Less than 4 Square Feet 8
Horizontal Ducts 4 to 10 Square Feet 6
Horizontal Ducts Greater than 10 Square Feet 4
Vertical Round Ducts 12
Vertical Rectangular Ducts 10

6818805006508 c0nsa0pd (vertical) duct gpizaog05 continuous length o3€:03E support
g2 copdeozaed

¢ §-JG Deut hanger ¢ §-J§ Deut support

First cost aBo0pb¢n  onbeolefencgnd mSoyo§od(installation cost)od  adcaopdi
0b5pdimndgE  :08E:nEoqedcd  vpcopSiesl388a0pSi  Operating  cost  9320p5¢n
32004g[es00g] 0200000 GudCies00g| VLN MEoeRdo§odad a3c8aopdi Duct
system ol =008 oHSoyo§od(first cost) $& copboodeSmsoyefod(operating  cost)o3aopd
6320053132q/05¢q: 3260 3¢ Goopbo0pd
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(00) Duct 22038 63220005 Gov(cool air)oopd duct ¢ 3a0(heat)qpso? eSop[gls duct sa0p8:§
@aopdecu(hot air)e 3a0qpeadsdgts(heat loss )

(9) Aspect ratio of the duct (duct & aspect ratio)

(0)  eoogps duct 3203C:40550[gE $¢ godO3odess: (friction rate) $&

(20) Fitting 3a§je3200:(type) 03 (92001

§)-§) Duct Properties

§.9.0 Duct Heat Gain a3w0p0 Duct Heat Loss

Air con duct qp:aopd 3a098qESagPigSiqiC GoodcopdieomEa air con ©wroda0Rd
esepyp:d [godeoypognageacdaopbicomt pedona(duct heat gain) $& sapedi:q(duct
heat loss)0? c0pd938: 0gadg05gs 8020051 Supply air 61 20§ (temperature)aopS(cooled air
2005 duct $¢ duct 32[gEonade sap(heat)gp:ad pSuacdndeomejoypé)duct codergpodogresod
6co20pd 20§s  [§8on0dcmna0pbi Belopé  cdecnndeomn vwdan  3a3es0nEs(allowance)
002:98c320600001 0B[go00§n0d 2008860000 supply air a3eupod Jqproopd ecvvwdN(air
quantity) Go:@&@@ e@a&%&néu

Duct $692005 09086000 LEPAN§EIECR3 20udesonEagiC duct aspect ratio gpsoopd
duct 20p5 duct aspect ratio $p5:0005 duct 005 3a0e00aa(heat gain) 3gp:oopdi Grod:gss(air
flow rate)soSe8s ecosaayE(velocity)spdispdiyé B:ogagé eoo0pd sapedusa(heat gain)
a300p0d 2a0ed:eqg(heat loss)3qpieoaodi

eoozaqC(velocity)spbieomaope  eeooopd  duct 220R8:5 ecogp:  [opgpdgresqom
20gP03 000rgS 3§§3qo0pdi Duct insulation comEeroec 30edurg (duct heat gain)

a300pod sapedgeg(duct heat loss) $pbiecuew [gdaopd
U value 0.12 §20p5 insulation o3 saadigiogi€ 320eb0pe(duct heat gain) @o% ogeo&sognzoogdi

§)-§)- Aspect Ratio
10 y 2.0
! : ‘
IQ — e
o = oy T ==
[SQUARE DUCT] [RECTANGULAR DUCT]
Width,a=1m Width, a=2m
Height,b=1m Height,b=0.5m
Area, A=(axb)=1m* Area, A=(axb)=1m?
Parameter, P=2x(a+b)=4m Parameter, P=2x{(a+b}=5m
Aspect Ratio (a/b) = 1.0 Aspect Ratio (a/b) =4.0
0.625 0.625
De = 1.30 (ab =1.09 De = 1.30 (ab =103
(a+b) 0.250 (a+ b) 0.250

& §-J& Aspect Ratio 1.0 $& Aspect Ratio 4.0 §eox duct $6§s0 §E:0pd000sd
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Aspect ratio 8320p5¢n duct &1 qpSeamzasns(long side)od odeoonsasns(short side)gé
02200226000 Zajpoc[gdoopd & gjrpdaopdaasofort cofengaopd aspect ratio o3 cggedges

2000 FeegoReom  03gondelgdoopdn  Aspect Ratio gpigliclopE 000s0lq  cpSanedad
(installation cost)=e[gé centisEqSmSayo§od(operation cost)dl [gwrzancde5i

Duct work & ss0B:mSoyofod(first cost)opesloopd  ondeoleSonsageddd(installation
cost)20pd 32984gjq0Rd LgRds(material)own $¢ oodeoeoopd cpbemie & :§Sedlopt
9052000

Duct class [gEcmneroero opfoqedcd Jqp: coneroerofgdoopdi Duct sfox(area) $C
capacity opo3ag€ duct system el 8sa:(total pressure)qpsecoeco duct class [géecoeco
[§820p51 Duct sagudsaens(size) [paonecoeco duct class [gEaoneoeco [gdaopd

Duct Class Max; Size of Duct(inch) Semi — Perimeter
1 6-171/2" 10 - 23
2 12-24 24 - 46
3 26 - 40 32-46
4 24 - 88 48 - 94
5 48 - 90 96 - 176
6 90 - 144 96 - 238

:qudmooniop | g&ieaonCepd(capacity)opeom duct $qjgogE class [¢Eoopd duct op€
Sopoopd  od[grs(gate of metal sheet)od adgSc3=600p0n  Material ol saGCOs§oopds
3qp2c866di SeomEoop) insulation sadjisaen: 93ewrod Sonaop insulation cdzaba0pd
B elopé duct 8&E:[GpSopgp: $& consultant qpszees(gE dust class 868Eo0og 8663
8&8:00[gls  ma5p5:00:0000 “Aspect Ratio” 0303 gE{gE op§ogefod 2005000608E00
“Aspect Ratio” $p54g8:clopé godododa(friction loss)spbiaopdn ad3a[gE opSoy 0§odcopds

25050000005
'

& §-Jq Small Aspect Ratio ¢ §-J© Large Aspect Ration

690 sppd5qpod B8:q15[gE: (Sound Control)
(0) 20985 Boupod =adgPa3cdadq 20CengPoopdl Cr3d§EDRS epodad(acceptable noise
criteria (NC)) 0% 20050050

() [90e0lcepd e00da5 (sound source) & spectrum o3 o§o&:Cl

() ondesepde agodedl cnepd snndeeaediEs(resultant sound level criteria)a3oz05CN
(G)  00598E2005 sondad(acceptable noise criteria) $E resultant sound level 0303 80054k
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(§) ooeagpear(appropriate) noise control product gp:od saaddgjg 32c03§a0pd NC level o8

eepode3E [gIreddl

— >
— ——
— —

Pi:

ﬂ'

= ié

Q §-J@ Duct System Acoustics

Design guidelines for HVAC system noise in unoccupied spaces

200g[opqp: 32052320385 0§§$ 03¢ [9Oe0l 652000 CVrD98E0RS s0nd505gpP:n?

Gedlgoonzopdi
aoofizadjra00n: (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 o
Drama theaters 25
Music teaching studios 25
Music practice rooms 30-35
Schools d
Classrooms 25-30
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Large lecture rooms 25-30
Large lecture rooms, without speech amplification 25
Laboratories (with Fume Hoods)
Testing/research, minimal speech communication 45-55
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 30-40
Indoor Stadiums, Gymnasiums
Gymnasiums and natatoriums® 40-50
Large seating-capacity spaces with speech amplification® 45-55 45-55

§.9.G 6cou3Béq (Duct leakage)
6co0384(gC:(leakage) 00520056 03:0m:§E0pd OYS BR8:qPso0pS ANSI | SMACNA | ASHRAE

standard o3gbo0pdi

ceou388[gE:el sanfpeoadqp: (Impact of Leakage )

ecoudBo[gs(leakage)elopé [g0ed cndEaopd gdimaladiguagp: $¢ opSoqo§odgp:a?

£1C5 Blecotiobtouy
Energy Cost Example
Cost/year = [CFM x TP]/[8,520 x Eft] x Hours/Year x $/kwh
CFM RPM SP VP TP BHP Extra Increas
Leakage (Cu (rev/min) (in (in (in (hp) Oper/yr Oper/yr ed
(%) ft/min) wg) wg) wg) (5/year) | (5/year) | Oper/yr
WO
20,000 530 1.50 | 0.39 | 1.89 | 6.68 5,600 - -
21,000 557 1.65 | 043 | 2.08 | 7.73 6,481 881 15.7
10 22,000 583 1.82 [ 0.47 | 2.29 | 8.89 7,452 1,852 33.3
15 23,000 610 198 | 0.52 | 2.50 | 10.16 | 8,515 2,915 52.1
20 24,000 636 2.16 | 0.56 | 2.72 | 11.54 | 9,675 4,075 73.0
30 26,000 689 2.54 | 0.66 | 3.20 | 14.68 | 12,301 6,701 120.0
5-22
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63200531329/05qP:0d 326[gde) (assumed) ogoSupooazopSi

Chapter-5 Air Distribution Systems

Electric rate $0.15/kWh 0.15
52 wk x 6 d/wk x 24 hr 7,488 hr
Fan/motor Efficiency 89
initial velocity 2,501
c005$§Ea0p0ec00dBo58: (Suggested Leakage Levels)
Leakage Levels SMACNA Class 3
) Leakage (%)
Test Pressure (in wg) (CFM/100 sq ft)
0-1 3.0 2
1-2 4.6 2
2-3 6.0 1
3-4 7.4 1
4-6 9.6 0.5
6-10 13.5 0.5
Annual Operational Costs
Cost _ ( QfaanT.P ) X Hours x $
Year 8520 x Effciency Year kWh
Cost/Year = system first year operating cost ($)
Qfan = system volume flow rate (cfm)
FTP = system total operating pressure (in wg)
Hours/Year = number of hours the system operates in one year $/kwh = cost of energy
Efficiency = fan/motor drive combined efficiency
8,520 = conversion factor to kwWh (kilowatt hours)

§)-§)-§ SMACNA Ductwork Testing

(o) -4"Water Gauge 0o05g05:qE pressure rating &l 006e035$¢ 08:000(test) cpSqepd

(1.5 X Pressure Rating)

(J) -3"Water Gauge ¢ +3" Water Gauge 038 ductwork test apdecy o§dl

(p) +4" Water Gauge 0005505:q€ pressure rating &1 006e035$E 08:205(test) SN

(1.5 X Pressure Rating)

(G) ASHRAE Standard 90.1-2001 and 2004 =>q static pressures +3" Water Gauge 00058[g&00p3 duct
system & 9%03 ©05geodeSigpion  cooddaopdspd:  (industry-accepted procedures) (g8

0dce0sg§c3a0pdN

(§) 2003 IMC and 2006 IMC reference SMACNA HVAC manual for ductwork testing soq
static pressures +3" Water Gauge coo53[go0p5 duct system &l j§%03 0cSgaodesgpion
C005%2000505s (industry-accepted procedures) [§& 0des0:q§c30005

§).6 Duct soguS3oonagqjodspds(Sizing) 3aj:qj:

Bsgmseepapbedigpiancgad  3204geom

20600000:BegPisC  00dgaRGCEgpiogt

F0ddgjeon air duct system o3 8&Edgiapdepogt es305dl sagedsac00dyP0? 326[gd] 0godq0d

[o30005
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(0) 006e08qSmaR0d esep AdeaN0dge] (space availability)
() @03 q.$eoqepdesep (space air diffusion)
(P) 32059ppdq (noise levels)
(G) Duct ¢ croudBoe(duct leakage)
() eoogp: duct 320380 B:eolsopiglelopé Fpgpiodcong(duct heat gain) afewrod
s’aﬁl)qp:o@:(]f]:ogozﬁ(duct heat loss)
@ ecols§lgpe pSporcog§(air balancing)
() S:eontIeacd 8:dsqpiod ABSiqOqSspdicubigpia’ [ ong[gEsoaomg(fire and smoke
control)
@) ©800050p0qs 30d:nSoyefod (initial investment cost) $&
(00) copboodes mSoyo§od(system operating cost)o?, [g6o0p5
Duct 8&E:03 oni098:g0 005qi058dm  GancHCREeS crSogedad sacgs
qPed8opd Bowpdd pduodes mEmefod FgSeP:8Gepdi  Grod|$q(air distribution)
oeomligs ©op8omndon  ofineeod  AB8058Ea0pdi  papsieaacyigl:(discomfort) [geol
8820001 Sound attenuator 83E:000 wesmse $& wonbsoloogadelopt FacgSenndcom
F205qP: 0geded a §E20p5 eoolg§lsjeg P8p0qS 9053c860pd
Duct gps  oopSesonndaonsd(construction)  ce§maclops  ecoud8daqps(leakage)
[g8edom  eroogadedlod(terminal)qpgdean  air  diffuser gpiogE  Adsedeamecovwran
200360005 6§ SEeomeor aodeagdean duct insulation o§eomelopEaopd: sapgpiadiang
(heat gain) a300pod sapedigoga(heat loss) [§0$Ea0p51 Belopé system S&E: ai frictional loss
$C dynamic resistance 0303 q€scosgn §2:c0pd[G: o§EgD 005q058EqS 832620001
Ductwork Sizes
(0) 4" X 4" co0d eanscudoopd ervieaondoommS(rectangular) duct sagodSseen: (size) adio
olgiepdaoali
() 8" X 4" 2005 c00568E0pd sacudads sagudsaen:(smallest recommended size) [gdaopdi
() 9ess:dsE [grodenpdeon cooeoonEdooans (rectangular) duct sagoSsaonsgp:aopd
24" X 12”1 10" X 6" 72" X 36" 1 48" X 12" 03[qdaopdi (§ocnSs(evern number)gE
8536000 duct 32gud3a00: gpi0? 320984200201 )
(G)  4:1 2005 coCengpHoopd 2a[gEeds(maximum recommended) aspect ratio [gdoopSn
(§) 398 20:0056(3") oo speoosad: 328E:000ms (smallest round size) g§Ea0pdi

§).6.0 Duct saguSsaons(Sizing)ogadspdigp:
6320050] $p55000§p§Jp0d 3p0ddg)g) duct gpsel sagudsaens(size)od 030591058 E200I
(o) Pressurized Method
(®) Equal Friction Sizing Method(Constant Pressure Loss Method)
(o) Static Regain Method
(o0) Total Pressure Method
(c) Velocity Reduction Method $&
(0) Constant Velocity Method o3 [gdoopSi
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a36o05 eEM0d0lspd: akdpoopd conventional duct design method  gpigd[orGe
:2002qpseoo duct 88E:000s05:qp: (9830005
(0) Velocity Reduction Method
(J) Equal Friction Method ¢

() Static Regain Method o3 [g®20p5u

(on) Pressurized Method

0066londd duct gpi=ecged 33adeom eGPy’ FPdIEeNd qfes [gdSEeon
Belopé qoopd esepoglom mfengped: duct sagudlgbesangigapdloggaopd  0d03a3
GeP2o0H33  §oopd efgmecsop qoopdeseps [98E00 duct sagudmaens(size)od
egeq|oS[o300pd
(®) Equal Friction Sizing Method (Constant Pressure Loss Method)

Equal friction $p5s(method)od §eqliogobong $¢ 20038:3a6a008:04(flexibility)odelope
320§ 320d3gP:00pdi Duct 0odeagpoadadionl Bsmnsedgeq(pressure loss) 0odp800pS{ybesant
duct gpzo? sagudmoen: egegiudSeodgElgdoopd

System o0d9cd:d duct saqpS 0068020038:30305 $eoo 1 Pascal (1Pa/m)gSs
Baonsedigq 306308 duct gps &l sogudmeentegeqiud[g:n? “Equal Friction Method” wpesloopdn
Supply $& extract duct system gp:03 8&E:cpepogé “Equal Friction Method” o3 3205:{gjoopS

ASHRAE ol oqSoppSiqpiang oodopsd duct sacgpiopl sagpied: $C  sosod:ads
Baansadgeq(high and low limits for pressure loss per unit length)o? copdeomEs sagpiads $C
:50:ad: comagi(velocity)o? copSeamEa copdagtiogadqiodeepdi Bevrcd 88cun5e8Ea05
o0bopsd duct sacgpipd [gbedlopd Bsmsadssa(pressure loss per unit length)od copdogts
0305q05 8E20051

“Equal Friction Method” 030505t 3280880803 68200503¢ Gudlgaonzoopdi

(m)  ocoedgo friction loss per unit of length 03 22€ 20056005[0320p51 powd duct 325 00
80m0B8ez00305 Geoo 1 Pascal( 1Pa/m)gss 8sasadsaod coo568Ea001

(®)  dBooodecdooeomn friction loss(1 pa/m)sE ceodgss(air flow rate)o? saclgde) duct gps
& 32gud300: geqiudlog00pdn Friction loss chart ¢ duct sagodsaons(size) 03 gpgEaopd

(0)  Baaeadiqza(pressure loss) sagpeaddgdopd 3238 (section)oodeagpodadee friction loss o3
09050920051 3agpded:3adC:(duct section) elbow gp: $& fitting gps @ friction loss 634l
00p533E: 0R0dg|Ede 0P

(@)  esepmacizRdypeloPe duct  sogudmeons(size) o3  o[gpCadescdsaddon
2005005000:0009  friction loss coefficient 3203C: duct sagodseons(size) o [g&copd
[4Ce0C8CE0p5n  System  oodoodisl  @oollE:  Bamsedig:a(total  pressure  loss)
elgpEiadognscBgepd vurodeor

a36o05 “Equal Friction"so0: &l 30355050005 Goolg§[gpgpdponesanE(air balancing)
006§ 9053 20pd
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(o) Static Regain Sizing Method

“Static Regain Method” 2005 3¢) §oe0g:0053g> 005g105q20p05204g62005 3:2[gE 3a0gs
2ENEe000 09059/05505: )k [§B20p5r BspSsE ogadgEdaonieom duct gpe? Geo0dEeSs
20905 (equal friction method $& §E:00pagi€) ogpds(material)gpagn 32054gjq 05!

“Static Regain Method” 20p5 terminal o€ $& branch duct section o3&:z0305
Bameadgeq (pressure loss) opoBeaxnt duct sagudsronigpio’ egeqiudoos(glilgdoopdn oodsods
3¢ ocowad: branch duct section & dzazadgea(pressure loss) 20pd G§0ded: branch duct
section &l 3saeadeqza(pressure loss) $&orn8e30005

qpS0pd duct =288s(section) $& oBo0pd duct 3a3E:(section) el Bsmsadigsaqp:
(pressure losses)oppdeaant [gapdoondgliydoopdi Befopé gpdeoon duct section & duct
32Qudm0: (size)oopd odeom duct 3a38:(section) ¢ duct sagudssons(size)oood SloFsesnt
[ge9S0om2qepdi ssonudelopéadeasd oppBeomn dsanoyeolsg(pressure drop)gocogs =20305
[§620p51 cBelopE “Static Regain Method” o3 oodsloopdist =:o[Gigodqs o[gdSEeor cobom
c0bom [g§005q§ Beabeam iteration process §jg [gd2opd
(vo) Total Pressure Sizing Method

Total pressure sizing method 205 static regain method 9309050006000 005505: 0obGE
[g20p5
(c) Velocity Reduction Sizing Method

Velocity reduction $05:00p5 duct 30038 ecosacg(air  velocity)o?  a300c3
[§6e30EB8sq) ogodqeomm  $05dgbo0pbn  sacgE(velocity) qpigEelopé  [gbedconaopd
sdaqps(noise)o? omogudom:edigs 320305(gda0pSi Duct 3agud3e02:0d vegeqiudd [30oCq
005988005  ecusangE(acceptable  velocity)o  2005005qs  a30000n 200500500
coosaagE(velocity) ¢ duct 8§oxa? 0go5op(8e deoneoé duct sagudsaens(size)a? 0z050300051
228&:0008(round) duct 9Bewpod eoosecorEdooqné(rectangular) duct sagudsaen: (size)q[Ss
©o00 asadigsaqps(pressure losses)o? [§§030503§20001

05550005 [g8wmso0pd epodadgps(high noise level)od cooded§leomn qdqcdqps
o[03p90305gps ev0deSigpa ooepiadesiqp: $& saeqE3e0m :0pdicotesigPia0z0d 30gs
20&eagpoopdi crozangE(velocity) opdoopdypsag€  spndodgps(noise level) opdqgensoopda’
a3q§ ASHRAE ©3335¢p: 1 SMACNA ¢ “HVAC Duct Construction Standards”o? o3:om:8Ea0p5n
(o) Constant Velocity Sizing Method

Constant velocity method ©0pS duct gps3a0:d:820305 2005005002005 a3ewrod
oodl(tender)y  2005e05(specified)aon:ond  crosagE(velocity)od  326[gdq) duct
32QudzosgP03 0odgIE[RE: [gdoopdn qfjaopd duct ¢ ooeol 33nsedigagpi(pressure losses)
ap 0go0pEaopd

§.6. ) g053cbqeelopé [gbed can 8amedigea(Friction Losses in Duct)
Friction loss 20pS fluid viscosity $& copoBeom erosaagE(velocity)gé S:eseom

euedc8oypecoigps 00d95E 0odeme[oiogE momentum gp: o[gSeacys coodsoEmbigypielont
[g0e0l conoopd Friction losses 2005 duct oodeagpadadopd [gdeol copdi
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Equal friction method 20p5 system 0069032320305 opBeoon loss per unit of length o3
3200gq[o0pd
Friction loss 20p5 68300531 329105320005 6l 0g&eonpdi
(0) Duct sagudseens(size) [p3agiEi coozangC(velocity) $p54Gs friction loss 05520051
(J) Duct &l 2038:qi0550[gE [p36s(interior surface roughness)ag€ friction loss qpzoopdi
() ecoBeotiass: (Air flow rate) qpzagi€ friction loss qpzaopSi
(G) Duct 32g05 (length) qpzagi€ friction loss qpzaoSi

§).6.0 Head and Pressure

Head $& pressure o m[g$sacps 32908a[goocd od:g&elgpadeny§ogoopdn Head
aBo0pben fluid 0od§pedp BeoligelopE [gbedlcneam o fluid & column =o[gCotlgdood
("Head" is the height of a fluid column supported by fluid flow.) Pressure &32005¢n
opsdefonamdesepmedapf  c00deepadesomsmisl  vedn[gdoopdl  B:eoliesa0pd  fluid
(flowing fluid) 03 oB&:epdmee: A fluid &1 Head 03 03E:0m[gEsaopd 3¢) agudanoopdi ddelope
2pdqp: (liquid) gp:eacged Head s3agi€ ealEadndsealgé(cloum liquid) [gdoopdn

PO pump 2320305 (§)802 Head s3cq€ 5 meter of water cloum(WC) [g&aop5

a3ea0d 6w aeupdd endbeg 0odEEe? BE:q$3o0305 liquid codGs o column o
0s0¢ ABE:0pqopdi sonudeloptadendd ero adeupcd erodeg coddEdE Bod§od03Enes
o[968Eaomefopt [g620pdn pows crudas(air pressure)od eael cordadsa[gE 9Gewrod woy§
606l 6o05cdm[gE[sE eudlgelpadeneoosdi

Air pressure 1 Pound per Square Inch (PSI) = 51.71 millimeter of mercury( mmHg )

6coeOIE 0066AIE83x0:0005 51.71 mm of mercury (mmHg) &l 6on5cd33[gE$E p8qjoopdi
Total Pressure = Static Pressure + Velocity Pressure
Darcy-Weisbach Equation 20p5 fluid qp: pipe a300pod duct s203¢:038 [godookedsents
agn:00pdmedl [gdedaopd Bamsogeolig(pressure drop) 0edNod REdgEdeS 3eadigopd

Baasadegeq(pressure drop) 20p5 fluid gpsel gododadagpa(friction) elopé [gdedl conoopdi
Darcy-Weisbach Equation o3 fully developed flow gp:ea0g0500 32034 (62005

Darcy and Colebrook Equations
Duct 930005 305(pipe) 320385 fluid gqps [§o5008$s B:e0lsazni00pdeesl [gded conaopd
Baonsadsdq (pressure drop) 0ednNa? 03edgo5es
1000 fL pV?
r= "D, 2
A, = friction losses in terms of total pressure (Pa)

f = friction factor (dimensionless)
L = duct length (m)

D, = hydraulic diameter (m)

V = velocity (m/s)

p = density (kg/m3)
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3200053 96005503 friction loss o q§g§320305 friction factor & 00§3:03 q§gf

832620051

()  Fluid qpzoopd laminar flow (ofg¢ S:eolsesa005 306l Reynolds §3l050005 (Joow) coad
@Gm{ﬁeon (Reynolds numbers less than 2000)n Friction factor ooé Reynolds number
006¢jponpSie0l 0o gonpda0di

(®)  Fluid qpzaopS turbulent flow (o[gEBse0E:e50005 204l friction factor 20p5 Reynolds §0lod
(Reynolds number)i 32038:qi0550(q€ eqpgle3ésg (duct surface roughness) $& joint gps

el o€ gonpboogdi
Friction factor &l 02§8:03 00568
ool = —21log ( £ n 2.51 ) € = material absolute roughness factor(mm)
Jr P3.7D,  Re.[f Re = Reynolds number

Reynolds number(Re) ogo&;ﬁ

D,V

e =
1000 v
V = kinematic viscosity (m/s)
Gcos'aorgos Reynolds number(Re) ogo%q%
Re = 666.4D,V
3200053 Heo05p5:0005 friction factor o3 qfq$320305 GeEes24$Al05 (Reynolds number),

:20pCsqod50[gCeqpalogdig(duct  surface  roughness) §&  hydraulic  diameter o303

23§ 0332600001

Noncircular duct gqps o3¢ laminar flow gpsafogpé inconsistencies gpigdedlaonlgan
noncircular duct gp: 0gE laminar flow gpegdedl conoopdbensdl cBogeamssely wa§dteomelope

hydraulic diameter o3 copdo3€: 0R05gi05q§ 83262051

208&:0000nEe0podoopd D:;:t (Noncircular Duct)

D, = 2 D), = hydraulic diameter (mm)
h= p A = Duct Area (mm?)
P = perimeter of cross section (mm)

3200050] Gea05p53203C: hydraulic diameter o3 005gj058E2000

00deR, 08:000q0dgpi3aq hydraulic diameter opo8eom sadEdEeoon round
square 1 ¢ rectangular duct gps 20p5 09p86om flow resistance (at equal mean velocities)

qp:od [goedl cooopd

Rectangular Duct

Rectangular Duct o3 Flow o7 resistance op 3agp50p 2005 round duct 00§:3s33(gde(pE:qs
_ 1.30 (ab)*%?® D, = circular equivalent of rectangular duct (mm)
¢ (a+ b)o250 a = Length of one side of the duct (mm)
b = Length of adjacent side of the duct (mm)
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Flat Oval Duct
_1554 RO6%5 A = major axis of flat oval duct (mm)
‘ a2 Po230 a = minor axis of flat oval duct (mm)
AR = (nZ> +a(lA—a) P = perimeter of flat oval duct (mm)

P=ma+2(A-a)

Friction factor & 00§8:000 oqgesp40lod (Reynolds number) 3203C:q0550[gE
eqpqlo3diq(duct  surface  roughness) $&  hydraulic  diameter  oBedlog€eonpSoodi
BIgodz0dgPId  =adg] 0rN§i0305009[g¢  0gadqod[gEioopd  3a0R83acRogbeom
o3g[gd20p51 600505203 32004G|epd3a02: 0§S(Graph)e vodua[gEso0pS 38aguSaraogdi

Hydraulic diameter(D) o3 Reynolds Number(dimensionless)ogoSepogE saaddgjoopdn Duct
32098:3 B:e500pdcc0ma§jpeaons(turbulent or laminar)od edfgodq$eao305 Reynolds Number o3
a3q§c8o0p5n

Reynolds Number 2005 ( jpo0) coodgo5:qi€ “Laminar flow” 3ag®oocbec50005n (Laminar
if Re < 2300)

Reynolds Number 2095 (Jpoo) $& (Gooo) 32038{gdogE “Transient flow” w=o[gd
200560520001 (Transient for 2300 < Re < 4000)

Reynolds Number 20p5 (Gooo) coodgqpeag€  “Turbulent flow” sofgdoaocdecdoopdi
(Turbulent if Re > 4000)

§):6.G Friction Chart ¢ 8satoqje08:q(Pressure Drop) ogoSopsed:
ASHRAE ¢ friction chart 2op5

€)) Friction losses ( Pa/ m)

) Air Quantity (Liter per Second)

) Velocity (m/s)

() Round Duct Diamaeter (mm) o3¢ oopSeeonadoomoopdi

(0)  0qbogt Friction losses ( Pa/m) o3 sacqpsadadydsqps(horizontal lines)gE cod(goonsoopd
0.1 Pa/m ¢ 100 Pa/m 22a8§e005c0pb: 3203qq$ 220305 20&engHoopd esepen 0.7Pa/m
¢ 5 Pa/m 20038:00 [g620p5n 228¢00Sen 00880 03E:0p05 [gbedlconeax Friction
losses &l 00§3: [g©20p5n

(J) Air Quantity (Liter per Second) o3 &3ICcSodgdigps(vertical lines)g¢ eudlgoonsoopdi 20
L/s ¢ 200,000 L/s 8208&a005i

() Velodty (m/s) oBoncSoncdaBeentieseomn mEslqod gqiqpidygendlgoortaopd Duct
303E:09E[g0dag0:6000 Groel agnisegdoopd

(G) Round Duct Diamaeter (mm) o3 oxo0cHBeonlieseomn MEOS[GOd qdpdgs
eedlgoonsoopdi 0q00RE Clofeom saeson: G 35050 Bao:0pd $OGD
B A S W QTS
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g4t powd

25,000 CHM §eooo AHU oodcde 2088:06§eoon (round duct) main duct &
329053002203 gpall (maximum friction losses o3 1 Pa/m o3 326[gdgjogadqiodd) o8 round duct
2005 802 ( J0o) 22q00§a0pdedayi€ total friction losses ©pdggdepdspda

0q0¢  ©0dupdlon  38gudonaoodi grogCeuicoieom  erococopd(air quantity)aopd
25,000 CHM [gdoopdi oqbogCeudlgooneom  erosaqpdaacags(air quantity)oood Liter per
Second [g®20p51 BefopE 25,000 CHM 63 Liter per Second sa[gbe[gpE:qf cdsaba005
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Fig.9 Friction Chart for Round Duct (p = 1.20 kg"‘m“ and € = 0.09 mm)

Q §-00 ASHRAE friction chart
25,000 CHM x 1000 Liter per meter cube = 25,000,000 Liter per hour/ 3600 = 6944 L/s
$C Maximum Friction losses 03 1 Pa/m 32034gj0qi€ oqdedlopé aded(intersection point)oods
§§o0pd
e3IE805qPinsBeqps ¢ 6944 L/s 65epogEadEiondadE:ndadol saaqpsadad qbonsdigps
¢ 1 Pa/m 65epogEadE:ondcdEiadaldh odsasl adeod(intersection point)odd90? qopdi

03900050000 duct diameter poooSadeenEieom Mm§o[godyd: 0088203 oSS
0053820005 (2p0)9§gd20p5 (Rp0)8c880m sagi€sfean duct 2005 egprgadoRt wfeomaelopt
950mm diameter 228C:oo0cp§(round) duct odegegod qepdi 3a0qE(velocity)oopd 10.2 m/s
0§[g520001 o3 duct ajrmee0: $¢ 32004gepd esepoo3pdq ASHRAE recommend duct veloctiy
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$¢ 88005 odesofmodaepdi ojecosacgi€(duct velocity) 10.2 m/soopS recommend  duct
veloctiy cood sacg§qpsoopdadagié 950mm cood[keoo duct 03 20:qS od:ezo0&o0pd

200236000 Velocity limits 03 e3a0S0pEaugEeEdgoozaopd

Comfort Systems Industrial Systems High Speed Systems
Type of Duct m/s ftm m/s m/s ftm
Main ducts 4-7 780-1380 | 8-12 | 1575-2360 | 10-18 | 1670 - 3540

Main branch ducts 3-5 590 - 985 5-8 985 - 1575 6-12 | 1180 - 2360

Branch ducts 1-3 200 - 590 3-5 590 - 985 5-8 985 - 1575
eoooCailodyps(outlets) $& aooogadedlodyps(inlets) 035 coosacg(velocities) socgé
qPedlon crHed8Ea0m spodadyps(unacceptable noise) [gdeodEaodi
0g0345: powd
ecod:gSs(air flow rate) 18,000 CMH §eoon eooieoonEHooapé(rectuangula duct) 450mm
x 1300mm & godo30dge(opElgded coom dzmsadsdsa(frictioin losses - Pa/m) o3 ¢pdli
Air Flow Rate 18,000 CMH o3 Liter per Second § Cli

Air Flow Rate 18,000 CMH = 5,000 L/s
1.30 (ab)?625 D, = circular equivalent of rectangular duct (mm)
e — (a+ b)0.250 a = Length of one side of the duct (mm)
b = Length of adjacent side of the duct (imm)

Rectangular duct 450mm x 1300mm &i Circular Equivalent of Rectangular Duct for Equal length
20p5 808mm (9620051 800 cogpiy) 2096205
eooocopd(air quantitie) 5,000 L/s ¢ 800mm Round Duct Diamenter o3 3200dqq)
0§0¢1 ©0dgIE gododadgelopElgdedleomn dzmsadigsq (frictioin losses - Pa/m) oo 1.1 Pa/m o
58005
Friction Loss Estimate
1.5 X System Length (ft./100) X Friction Rate (in.W.G./100 ft.).

g.@.g Calculation for Duct Static Pressure Loss by Formula
Calculation for Duct Static Pressure Loss ogéo?:ooozeoao Qeoa:?é: (Formula)qp:o%
§qEgoonzaopd

35808(0) Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:11

0.001Q 3.14 x D?
Velocity = ——— T e
elocity 2 A 2
Where De = Circular Equivalent of Rectangular duct for equal length

Q = Air flow rate (L/sec)

0coeed: 0Go0s00:0000 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34,
Equation No:11 50§ GeodigSs(air flow rate) $& Round Duct Cross Section Area o3 cozg) Velocity
(V) 03 0305096200 ASHRAE $6205054gd00051 codagsa(air flow rate) (I/s) o3 Liter per Second

[gCeudlgeooelompE 0.001 s&algpadoonionpdad coy qedi
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Air flow rate = Round Duct Cross Section Area x Velocity
A = (3.14 x D¢’)/4 20p5 round duct cross section area o3 round duct diameter ¢ og0509[gC:

[§020p51 Rectangular duct [g6clon 3200501 deoosobs(formula)e? saaddge) circular equivalent
diameter [g6ez20Ea[gpEs000egEegdoopdn

CIRCULAR DUCT RECTANGULAR DUCT FLAT OVAL DUCT

2 | | 2

A=-TD | A =axb | A= T2 4b(a-b)

P= mDe : P =2(a+h) : P=mwb+2(a-b)
| = 1.30 (ab);‘.bzb | - 1.55 AC’.-’i'L‘_r
| De= (a+b) 020 | De = P 0.250

w08 ))
_ 1.30 (ab)*®%® D, = circular equivalent of rectangular duct (mm)
¢ (a+ bh)0250 a = Length of one side of the duct (mm)

b = Length of adjacent side of the duct (mm)
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:25

20808(p)
6320053 sacgE(velocity)e velocity Pressure o3 e[gp&:eom eoospd:(formula) [g&aopd
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:09
Pv =0.602 x V?
Rv = Velocity Pressure ()
\" =Fluid mean Velocity (m/s)

soeo@(c;) Hydraulic Diameter (mm)
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No: 24
_ 2 (ab)
"~ (a+b)

=0s08(§)) For Absolute Roughness Factor
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Table No: 01

88 ogodepd duct $& 2005a8E2005 absolute roughness factor 032001 ASHRAE Fundamentals
Handbook (SI), Chapter 34, Table No: 01 ¢ ©050a8Ea0p5

35e0&() Reynolds number

Re =66.4D,V
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:23

Re = Reynolds number
Dh =Hydraulic Diameter (mm)
V =Velocity (m/s)
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2:808(q) Pressure Drop
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:21

0_01_ 210 < P4 N 2.51) € 68

& = material absolute roughness factor(imm)
Re = Reynolds number

0.25

30808(0) if f>0.0180r f =0.018
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:19
1000 fL pV?
APp= —p—. -
p = 1.204 kg/m2 (for air)
Dh = Hydraulic Diameter, mm
\" = Velocity (m/s)
If f <0.018
P - 1000 (0.85f +0.0028) pV?
r- D, T2
328(e)

For Ducting,
Total Pressure = Duct Pressure Loss per m x Length

For Fittings,
Total Pressure = Velocity Pressure x Loss Coefficients

$0500909[goonieam Excel file 036330053 internet address 0¢ download cpbua8Edlaopd

http://www.acmv.org/lecture/file/Duct_Static_Loss_calculation.xls

A. Ductwork Sizing Criteria Table (Ductwork Size Criteria)

Maximum Minimum Maximum
System Friction Rate | Velocity Velocity
. . . Comments/Reasons
Type in.W.G./100 ft./min. ft./min.
ft.
General Air Handling Systems

Low 1 500 When CFM > 6,000 velocity governs;when CFM
Pressure 0.10 (0.15) -=-- 1,800 < 6,000 friction rate governs; applicable for
Ducts supply, return, exhaust, and outside air systems
Medium 2,000 When CFM > 6,000 velocity governs; when CFM
Pressure 0.20 (0.25) -=-- 2,500 < 6,000 friction rate governs; applicable for
Ducts supply systems only
High 2,500 When CFM > 5,000 velocity governs; when CFM
Pressure 0.40 (0.45) -—-- 3,500 < 5,000 friction rate governs; applicable for
Ducts supply systems only
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Transfer Air When CFM > 3,200 velocity governs; when CFM
0.03-0.05 - 1,000 L
Ducts < 3,200 friction rate governs
Outside Air When CFM > 1,200 velocity governs; when CFM
0.05-0.10 - 1,000 .
Shafts < 1,200 friction rate governs
Gravity When CFM > 3,200 velocity governs; when CFM
Relief Air 0.03-0.05 -—-- 1,000 < 3,200 friction rate governs
Shafts
General Exhaust and Special Exhaust Systems
General 1.500 When CFM > 6,000 velocity governs; When
Exhaust 0.10 (0.15) 1’800 CFM < 6,000 friction rate governs
Ducts '
Toilet 1500 When CFM > 6,000 velocity governs; When
Exhaust 0.10 (0.15) - 1' 800 CFM < 6,000 friction rate governs
Ducts '
Kitchen 2003 IMC: 1,500 FPM min.; 2006 IMC: 500 FPM
Hood min.; NFPA 96-2004: 500 FPM min.
- 1,500 2,200
Exhaust
Ducts
Dishwasher
Exhaust 0.10 (0.15) 1,500 2,200
Ducts
Acid, Mains and risers 1,500-3,000 FPM; Branches
Ammonia, and lateral 1,000-2,000 FPM
0.50 (0.60) 1,000 3,000
and Solvent
Mains
Acid,
Ammonia,
- 3,000 4,000
and Solvent
Stacks
Silane 250 Velocity across the neck of the cylinder or
Ducts cabinet window or access port
Louvers
Maximum velocity through free area; assuming
Intake === ---- 500 50% free area—max. velocity 250 FPM through
gross louver area
Maximum velocity through free area; assuming
Exhaust or .
Relief ——— e 700 50% free area—max. velocity 350 FPM through
elie
gross louver area
Notes:

(1) Maximum aspect ratio 4:1; unless space constraints dictate greater aspect ratios.

(2) Duct velocities should not exceed 1,500 FPM or noise will result.
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§).qQ Duct 8&8: [giopS[g€: (Duct Design)

9- q o Design cpdg§e0p05c32086000 32g05320005¢p: (information)
o 3200630061 335q105¢p: (client requirements)
o 20056a0nEaepd Grozac[geacs(supply air condition)
o G5EPIOY0S AdeaNHG(space availability)
o mSoqo§od (installation cost)
60 $& duct 32098z qds0[gE od5aBodg (air friction loss)
e Duct system configuration sa§jgeao0: (type) o8ewpdb duct layout
* 305eppdq(noise level)
 6cos¢ duct sajogp: 3208:0dgE: $& cLL3BE[GE(duct heat transfer and airflow leakage)
o cho?sw@sae§(ambient conditions)
e Duct [gjopbe$ ogpds(material)
e Duct insulation
e Duct system layout

* 630083Cep $E §EEooM 6§EORE: 3325q/05(codes and standards requirements)

Key design inputs Design outputs

« Design volume flow rate (m>/s) ¢ Schematic of ductwork layout & associated plant
e Limiting duct pressure loss (Pa/m) ¢ Schedule of duct sizes and lengths, and fittings
e Limiting flow velocity (m/s)

Duct gp:03 8&E: [giepdepogt 6320050 cuoorny) 0pSmbigpind 305508 c3zabo0pS

(0) erogp:od eepadcdapdesepad 0305805 (safepizaasigpadeayucdognigtiedd)eapadesant
[G1090[gE4{sE esepr q6odgdizn: $E ogpds(duct material)qps 2005000608E20051

() 92058204 duct qpzad onelgponpdigbesant [grodootaopdi Qodonged cagfgés(sudden
changes in directions)§  o[gbesne  eqpllogdaotaopdi  esepssendeadeope
ocgeegplomn 006s08qdlon smiayeolig(pressure loss)spdiesané turning vane gpsod
320%¢g[o0& 00N

() Duct gpsogdiepe oolgpdgodiogdagnieaantomn 8&&:gIroboogoopdn Angle of divergence
20p5 20° coodedcoe

() Aspect ratio 2005 (0) ¢ (G)220g8:00 [gbeepd [§6SEGE Aspect ratio (0)[gdaopd duct
qP:0d egegjda0&a0obn 00bsp5:3egE 009gSi000NE duct gps $E 323E:d00mE duct gp:
o3 320dgjooaopdi Aspect ratio (G)ooodeaypoopd duct gp:ad adsosaadselgogdl

(§) Duct gpsop&slgCs(vibration)sC son505(noise)sodieoqs 0005005006000 GrozaayE(air
velocity) 00§8sqp:3203¢: duct 3agud3a00: Ggequd[gEs(sizing) [gjap&ao&aodi

(6) godo3adg(frictional loss)$p5:q 8320305 qods0[gCeqpgoda0d ogoSsqps(duct
material)qp:0? Ssonseos 3p095gj00¢2000
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Jumper duct
T
[ —— ]
grille
Door :
| gille Supplyjair
> 4 .
/ransfergrille / Door undercut \_\\

& §-p0 Transfer duct $& 320§:88gP:03 GrogP:00desCa§aaddg|00d

Duct 8&&:0069 clizadmn sagqodgpien

()

(o)

(0)

(x0)

(c)

(o)

Dimensional Stability [g6q$
Duct &1 doocm$(shape) 1 9§Eas(strength) $& dgESuEHgEs(deformation) 02005030005
dimensional stability $& 200583E6000 3aq105¢p: [§Baopd
ecoudBoaqp:a3odS:qio[ge: (Leakage Control)
Positive pressure duct 0p¢ ecou388[gCs(leakage)elopé croedsgeat:(air loss) [g88Eo00
GLOAYEAN05000) [gooosn [gdecl§Eo0pSn Negative presure duct 0g€ Geo038g[gE:
(Ieakage)e@aé Eﬁo?ecq)cm:saaoaé saé(ﬁqpsl (ﬁqp:l sa&z%qul ocrgogsflsw): <‘:>:_go:q_p:
oCeepadamn[gs 020pd03a0p5 leakage control $¢ 2005a8E@000 3ag0dgp: [§d20pd
F05e003[gE:(Noise)
Duct gpso  soodadqpioonlgded cnfgés(noise generation)i sondo5qp: ¢4, [§E:(noise
transmission) 0205030005 s00da3(noise) $Ea005e3EGamzagdGP: [§62051
oodeolenodqepdesep(Exposure)
epa%eo?ega&cf)@&(weather)l 3’9&3;%% :39(\3$$8[§6 @8@& ogm(ﬁ§0=$:@&9@§ duct
qPeadeqon0dagud[ges (corrosive atmosphere [§6cAl[g:) &oSsgnsgp: sagepud (biological
contamination)  @[ges:o5  (underground  o3ewro5  basement) S oobeolgta
:2680005338:{gCo(outdoor) o06e0¢(gs 0205030000 exposure $C
200583 a0zag/05¢: (9200
Duct Support

Duct support saogosecogps | 3a¢je3aonsgps 1 alignment gps 1 0o6s0€a0pbesep
(position) ©20p5030005 duct support $& 2005a3Eea00mag05qp: [§9200I
Thermal Conductivity

Duct &l $§qp20? [909¢) [gCoe3p00000 duct 2a0p8:q 6o saponse(gpCig(heat
transfer)elop& sapod:cn(gls(heat gain) oBowncd sapedsgs(heat loss)gls 1 duct gpsoge
¢q23:gCs(condensation)  ©20p5032000  3QEAgPOd o gEs(thermal  conductivity)  $&
2005a3EG000mg/05qp: [§620p5

Duct gp:od  [gopdqfencgad  sacgssnsolgéeorn  $pd0pn  ocd=a0dh  o8eood

Bsgnieepanq 0056[gododg (40 $320305 32603 30[03|(expericence) $05:0p03E:a3Eqp vLHAR
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(technical knowledge) $& saecpsaoyCeomEgpz(good practices) §g§ 8360005
Duct gpzod 8a0p6§(workshop)ogé [giopd(fabricate)$Eaocd onbeoupbesep(site)ScopSs
[g0968Ea0p5n Drawing qpsog€ codjgoon:aopd duct sagudsaen: 203Eszaom(dimension)qps
F:0ds0005 internal  dimension o302 eedlgoonsgls [gdaopdi Belopé onbsoeepd duct
F2gudmos(size) 20pd G(drawing)edl§ 2203E:3000(dimemsion)coad [03iecpoopdad codd[ges
c8oopdi
§-Q- Duct Design Criteria
(0) Life-cycle cost(LCC) o} moefgde) duct sagudseons(size)egegdqsi q§§Eo0d esepogt
ao&eagpoopd duct sagudsson:(size)egqudasi
() Damper gpzo? 22034l ecolgslglpg PBparesnd(grodepdsee: duct codielompEs(duct) $¢
duct sagudsaon(size)o? configuration 3a§jedEg dsa:8esmE[grd[gelyé Beepadeom
acolsdldirg p8pr[atiaiitaoehs
sadepode(sound  level)od  s08:089$c820p51 VAV box  sa08c€  Bsaos(pressure)

332600050005 Jqproopd Bsans(excess pressure)oocdespodes(gte eepeldesadapd
33263000 Sound attenuation copdeosg$cdoopdi

() meqokoopdcobelopps(critical  path)  o8ewpcd  duct  3agudssoniegEgSaS30R05
2005905 cod:eax codeloypCs(critical path) § duct fitting qp: $& equipment gpzei
Baamsoqeolsg  (local loss coefficients)od  sagodsadidgdesant  8&E[gpdaepdi 083
Bamsoqeoleq spdeamnl [gepd[gliclop  sofgpieomesepapizncged  3238zm:(surplus
pressure) §§ 82051

(G) Supply air o ccodig&i(volume flow rate)od duct heat gain ssedlopl s3c[gde)
200500520820p51 VAV system qpzsacgod ecodgSe(volume flow rate) soo305 diversity
factors [9¢ 2005005008o000n Fan &sans(discharge pressure) $& critical path &

Baanzoyeolsg 0305034 saeqE03:00001

§)-Q- Design Procedure
Air duct system 008903 00o& 8&&:0[giepdet
» 200568008qepd GrovwdaN(supply volume flow rate)o? 0055332600051
o eoogp:p3o8ompm g seogf(space air diffusion) 220305 croagodedlodgps(supply outlets)
$C copbedlodgps(return inlets)o? osdodoyesepygs 036005
¢ 65epad 320305 cold air 8:S: (volume flow rate)oopd ceonsepadaacgod warm air
8:582 (volume flow rate)aood Jgpzecyp§oopd
060900580000 air duct system & duct design gp: $C saguSsson(sizing)eggud[gEiad
software  qpegClgjopd  88aopbn  Computer-aided duct design  gpselopé  SBogoopd
0godqodg(precise  calculation) gpssé 26omEed: spgudsREns(optimum sizing) Ggsgudaqp:
q§$E200n §:qCs Gooscodaopd air duct system gpsel duct design gp: $& agudmenigpP:n?
odgoedl0g8 og0daplge: SejegilahogoSopaoph
Design Procedure
(0) Verify local codes & material availability
(J) Preliminary duct layout
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(p) Divide into consecutive duct sections

(g) Minimise local loss coefficients of duct fittings

(§) Select duct sizing methods

(6) Critical total pressure loss of tentative critical path

(Q) Size branch ducts & balance total pressure at junctions
(®) Adjust supply flow rates according to duct heat gain

(@) Resize duct sections, recalculate & balance parallel paths
(00) Check sound level & add necessary attenuation

6200503¢ 2200054 design procedure 22505 (00)q[0503 326008805 §Esgoozaodi

(0)  8&&:00onColgapd8 sacpbeadaneiadzadgodyps(client requirement) 0oEal c8eadgEdgps
(tender specification)i ea00s38epdSdop8s(local codes) $¢ q§§C0pd vgpds(material
availability) 0303 eopadl

() oooog> duct layout so[038:(preliminary) o3 eqgaddh cooogadedlodgps(supply outlets)
$& acubeilodyps(return inlets)od fan $& main ducts 1 branch takeoffs ¢ ooe0 s0a5Al
air duct & Soogrf(duct)ed eqegEddl qfoopd esepsaoyd(space  available)o?
2005005

()  Duct layout o3 =28&:(duct sections) qpslgdesnEZ0005All 2ag¢p:(nodes or junctions)
[g0edlcncB6epdi  Duct segment gpigo  ogodedlconcBGepdn  8zaiogEoiqg()
FogpeadieooncoselopE:ad critical path vpeslaopdi 0068londe 8&EHgirpdesed critical
path 2005 e[gpE:ades0005000i

(G)  Critical path oodeogpod§ duct fitting qpeell local loss coefficient o3 00058E0g)
$05:63208[goodl

(9)  Air duct system & characteristics qp:03 226[gde] duct saguSsaontegeqiudsodiqps(sizing
methods) o3 egegeddli duct system @i space available 1 noise 1 energy use $¢ initial
cost 0303 3a6[gde) maximum design air velocity o3 20050053k critical path oodeagpod§
duct section qpssaiadel duct sogodse02:03053l

(6)  Critical path e 8sasoeo8sq(total pressure loss)o3 0gadd Air duct system oodoad:el
Bazogeosg(total pressure oss)oB ogaddli

(@) Branch duct gpzel 3agud53200:03 0050l Junction qps 1 duct fitting gqps 1 component qps

& 32gudm00: g0 c3o0ad elgplicdq) total pressure loss o3 $pd:8EaogspSieEnt

[g$03053

(®)  The supply volume flow rates o3 supply outlet 269861 duct heat gain gp:3203Es [4503
(adjusted)Aln

@) B=60g€ duct section gqpsel 3agud302:03 [gSog05(resizes)Ali total pressure loss o3
[g$ogadcl

(00) Duct section(paths)gqps 3a0:0:el aovad(airborne sound level) $& 00593 (noise)qpod
03050l c83>609I€ sound attenuator gps 026e0EAl
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§).0 Fire Damper

§)-0.0 Fire Compartment

Fire compartment 300000 &iop:e308 n§a00d 3Edgrroon0pd &(zone)aBedcdaoad
Fire compartment 0069=2038:8:000E600nE0gb:dlon 0odlgp:ad Fire compartment gp:od S:on:005

0ecnag|6:¢ eamnggiapdoozanpd

L

Fire
. Compartment (3)
- | . Fire Rated Wall
Fire Fire
Compartment (1) Compartment (2)

c? §)-9¢ Fire rated partitions contain fire damage to the compartment of fire origin.

Fire Rated Wwall \\J Accordian folded
s fire damper

Fire Rated Wwall

 a

7 X/
Service

Access Fire Damper Required When Duct Passes
Door Through a Fire Rated Wall

¢ §-0G 8s60m05gp: duct 0odeagpad Biopiwog8Eesant fire damper o> d§om:000:0

Duct 220p8:5 8:60m005¢p: [qodao§s wogndlesmnt fire dampergp: oodeoaonsaogd
Duct 32038 &seomadgp: [godo0§sogmsdlon fire damper 32038:§ 3[gE[girpSaoon:005 fusible link

2005 8:ell 32088 elopE epdeqpagniom blade qpogjen( fire damper o3 3obogneoBidsqp:od
00823298203 weepPadezNE oxieBieurapd
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F0qpcd0d 006s080oieax (horizontal) duct $¢ 63lEa30d onbsoaoneam (vertical)
duct 0pq) $6§ §eomaelopé horizontal fire damper (floor mounted) $& vertical fire damper (duct

or wall mounted) opg) copds $&Gjs Bgrro0pdn

(D FPOgPIdad 0068080060
(horizontal) duct 038 vertically fire

+ damper o3 200006908¢) qoopd Fire
:{}3\_... N - | 03:&#&?3? d?mper qp:fcz'ﬁ. 830 6%8@8: 32808
® air flow (fre  resisting  rating)  20p5

ventilation ~ duct  [goSognso0pd

—10_" T 0=
O
\'—-ED:{\—@ -

Closod Gamper ;osel s§qp: (wall)sS [036sa8:qps

noairflow (compartment floor) o &3P
58&[gCsms0 (fire resisting rating)
0005 08Geoq)

Air supply

High pressure

©

0= O Low pressure

— pa—
¢ §-08 Fire dampergpson S:og§ygieant omsadicod

Code of Practice for Fire Precautions in Buildings o€ d§eom opSsqdigpisé
305p3qepd
Wall Mounted Fire Damper and Floor Mounted Fire Damper

Floor mounted fire damper qp:o? sacgqp:cd0d [0364gCedogE ondeo€aoneamaloppé
blade gpz20p5 oygnelgeeaielopé oqeotiamn o[gd8Er Belo3pé bland gpod opsieuig§saoged
008§ (spring) oobeoaog§ c3zab2005

— | /w
= Fusible Link —
- ? Blade%

— Air return

Stack

Frame
\ /\>

150.0

"~ Blade Lock
r L SPRING
c} 09 VandH Floor mounted fire damper Fusible Links
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§.0. J Fire Damper oop5ee0005000:9

Galv. Steel
Interlocking
Blades

Fusible Link
(Replaceable)

Galvanized .|
Steel Frame

Microswitch

7
- 4
Mounting {4
Bracket &

Q900
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Chapter-5 Air Distribution Systems

Fire damper qp:03 cogsé [gopdoonsaopdeomé
(galvanized steel frame) blade gp: & S[9¢ [govd
coso0pd fusible link odcloCoopdi Fusible link 2005
Soo[g¢  [gopboonseamelopt e (165°F) op¢
epdeqpagoil: blader gpiogjoonom damper 0od9d:
Qg)gwéll

Static dampers $& dynamic damper oa¢] $6§j:§o0p5
Fire Rating

Fire rating a3o0pS¢n  &:301598C3m:03  a3ado0pd
§§[geudlgoopdn Fire rating 1 hr s32005¢0 00d50§op
8:30798E2005 vradcBoopd

Access Door: Fire damper qpz0? 0d6e0:q$1 2006
06epd 06:000q§ 320305 con§qepdeaednd

Fire Damper Installation
Fire damper qpso3 fire-rated walls | fire-rated floors $&
fire-rated partitions qpsog€ oo6s0&o300051

Standard Fire Damper o005 Static Fire Damper
Standard fire damper o3oopod static fire damper gp:o3 Fire Mode op&

eeodsenlgliodoopd duct qpsogEonn oodeoa:8Ea0di

§.9.p Fire damper gpzelopé 8san:0e08:q(pressure drop)gdedl[gé:
PRESSURE LOSS COMPARISON CURVES

A0

4 Typical Multiblade

.08

/ Fire Damper

.06

//

.04

.02

/ Type-A
// /// Type-B
L~ //

STATIC PRESSURE DROP (in W.G.)

o /
Type-C
300 600 900 1200 1500

VELOCITY (FPM)

¢ §-0@ Fire damper qpzelopé 8smsogeolsq(pressure drop)gbedl[gE:

Dynamic Fire Damper
Dynamic fire damper gp:od Fire Mode o3¢ erosocbeood@ieotiesaond duct gpiogé
006908002:8E20p51 Dynamic fire damper gpzoopd o3odesoopdeco(moving air) o3 oS

cBo0p5i oBelopé static fire damper gpzcood 3e) $Eq533260001
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(0) Type-A fire damper
Type-A fire damper gp:03 cguSengn 006e088E20001 BamispS:0005 (low-pressure part of
duct systems (up to 2” w.c.)) gpsop€ 00680E§E0R5
(J) Type-B fire damper
Type-B fire damper qp:aopd Type-A fire damper gp:cood (free area) Sgpieocnelopé
Baansoyeolsq( pressure drop)spSsoopdi
() Type-C fire damper (100% free area)
100% free area sac3§oopd3a6logE Type-C fire damper gpsodsaadigogo0pS
Medium-to-high air velocities (3,000 fpm) o3w0pod  duct static pressure 3” W.C
c0053qp:a0pd 2a9logE Type-C fire damper gpzodaaaddgfo3o0p
§)-¢ Control Dampers
ecooocopd(air volume) $& erodigss(air flow) 0303 c300cd 0B8:0ng8330305 Volume
Control Damper (VCD)gps0? 329940051 Volume damper vpcopSsesl cap§oopd Volume Control
Damper (VCD)qp:od 6§ S[epsoonzaopdi Manual or balancing dampers $& motor operated
dampers 03g620051
Damper Characteristics
(0)  Opposed blade qp:0? Balancing cpd[gSs mixing cpS[g€a modulating cod[gEs $& 2-
position control applications gp:c3oa€ a08g0opS
(J)  Parallel blade: Two-position applications (open/closed).
()  Bazmioyeolig(pressure loss)aopd cdogliesa0pdzags (full open@2000 FPM)z§S 0pE
0.15" W.G c0053eqpsq
(G)  Damper gp:ci sagodsaos(size)od 6g:qS5a0p038] crodagss(flow rate) 205 1,200-
1,500 CFM/sq.ft 0005 Gogpzay

Damper g3 eoocodelope[pliopicoqs $& ecudigSs(air flow)owoan 32505
gp:0d GaocdadSiop(control)§EqS320305 3200403 gdoopdi Damper gpsa? 328E:(round)
I eooseooné(rectangular) & o3pd(oval) o[ duct & G6EB30dg  GooaSIaEdE
[geodlooopdn  38E:000qms(round)  damper  $&  o3pdooarné(oval)  damper  gpio?
F[rso0doonpbs(single blade) [9€ [gopSlogo0pdn eovseaonE(rectangular) damper gp:o3 blade
[grzccSqpesC [gopSlogoopdn Blade gpzaopd (6)coode Buwndd (0)condess, salgpiqpdgdloiBe
00695E 006903 ceniod(linkage)yé s203c805[gbesE §odeondoo:a05i

HVAC cpScdizaog0d damper gp:od qpieomnsagS galvanized steel afewrod extruded
aluminium  020pd oy  [gepdlogopdi  [gEosrvotedod(outdoor air intake)d

o069080onepd  damper  gp:od  saogdfod(aluminium)gé  [gopdlogoopdn  sag)88ud
(aluminium)oogpoopd  adeqi  000d[gE:ad  omnzudteomalopé  [gdoopdi  adeqronodges
[§08€2005 esepypisC 0odgadesigp: (industrial facilities) 320305 0oBs(stainless steel)o3copds
2004g|e0p§oopd

WWWw.acmv.org 5-42



Chapter-5 Air Distribution Systems

.
-

/

~ o —_—— Airfoil dampers
TRIPLEV AIRFOIL

Q §-Go Figure 3-28 Triple V and Airfoil dampers
ecomé(frame) $& blade gpsoopS op§fgCs  B8[gt:  ofgboogs  [Fwns
8EHeant[gpdooias cBo0pdi Damper 0&§e(shaft)ogEondeooonongd
00dqE(bearing)gpsaopd [goods eqpad§esed Pl e lapt [50q§ 3005
@05a305g(friction)od cagpspSieo0pd 3a§jE3eengdeoooEoodi
eqgp:d 32003  oB&wa(control)8EqS 30305  ooms(valve)gpio?  3aadigjoopd
eoogp:ad a30003 BS:up(control)§EqS 33005  damper gp:od spadigopdn Valve ¢
damper $690d: 320305 8&&:000 $C ogquSO  egegudspds(selection  principle)odwd
opR8[o300p5n Damper gpzadcods valve gpscaBo€ 0opdB6[Gx(stable) 8q€a0pd accurate
control §§$330305 0qo8a5 GgeguSa0&a0di
Damper blade gpza3copS: 06 sa§jeqjelg/pdlogoopd

(o) Flat, one-piece(single metal sheet) blade

— i
W

(J) Single skin blade with a triple-v-groove shape $&
() Double- skin air foil-shaped blade 0362005
O(p-Jo) Triple V $& airfoil blade $6§g0d [gCovewntiod(external  linkage)gé

§058005002:003 Ge5[gaon:0ptn Damper 8§ox20pd F1 (36[48) $¢ F2 (saagp:) o elgpodeos
[g920p51 GomEaaon Bewpod comlansad (frame depth) 20pd D [gdo0pdn Blade width $& frame
depth o309p8qepdi me[gredoogé(flat) blade gp:od 28E:0o0amS(round) duct $& o3p
Googn$(oval) duct qp:ap€ 00680EqSeaaR05 [grpdaoniean blade ood9onpbiamn dleom(single
blade) damper qp:ogE saoddgopdn o damper blade ¢6 $6§E0d GoosEOIEGCOENS
(rectangular) damper qpsopC 320ggj00pd
Air foil Googrns damper 2005 eqpea(oBieddgdoopdi Air foil Gdlgrpdaoneamelope crogp:
blade o3 [goSognso0pdmedly [gdedlamnoopd Bsamioeolig(pressure drop) $& e90d0503
eaqpspd:eo0pdN

Triple V groove blade o3 ecosacgE(velocity) 2000 FPM 3203 soaddg§Eaopdi a8eood
1500 FPM cooSgpedlon s00da5qp: 000€[gded] cmnenpdaopd Blade gpo? cobesesnE(overlap)
5¢ interlock [gbe56330¢E [giopbooieamnaelopé 0oE{o3dgn Bod(tight closure)oo:§Ea0pdu
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Blade & wogS$i(edge) qps§ compressible sealing strip o3 orSconieomaelopé
eco0384[g8: (leakage)od eaqpspS:eooodn o3 sealing strip qp:od eqredloopd rubber foam
[8copbs [grpO8E 200303 eqEefaopd silicon rubber o3wwpod extruded vinyl [gEoopds
[g1096[e300p5n Silicon rubber gpz2005 [e3plozpda0pd

Seal qpsonbs0Eooniglialopé damper gpseil cdogEesoond saelgeaes(fully open) $&
cdo8odeso0pdsaagzacs(fully closed) o0pEeon g&see0n8eRd (performance)gp:
opofgriogoopd  eomE(frame)el  codoodoodgEdoE  blade  gpisC  00bo0S:0005:§e 52000
esepagoopds seal copdaoniglielop ecuudBE[gE: (leakage) eagpspdieoaopdi  Damper
06961 00S crou3BE[gs(standard leakage)aopd 50 CFM per square foot at 1 inch pressure
[g&20p5

006c0050832:(249 Pa)esnodopé damper sforn oodoopgSieo ogié 50 CFM gk
60038620051 Air foil blade qp:od 2900020005 low leakage damper sa§jgae0:0005 GrVVOde
83223(996 Pascal) 63200503E damper e§oon 0odoorqSico §agié 10CFM §8:000 6003862051

HVAC System gpiog€ saadigioon:aopd shut off damper qpzoopd 6coo3869505:2005 (low
leakage) damper 3a§jrmee0gda0pdi 0oBLS683:x(249 Pascal)esarod0E  damper e§oxn
00600qS:e0§oqIE 2 CFM §&: 6co038620p51 (2 CFM per square foot at 1 inch wg)i ecou388[gE:
(leakage)e[op  00&:Bsgps(reading)ezood[gls [gdedlon  controlled variable gp:o3  control
c068EgSs ayjeotzanadi

ecoudBofgis(leakage)elops  gbeaEgfioBiglgbediaopbi  egop§arodypioopd
Damper o0d9el 325p0:ad5000568E20005$:(minimum  leakage)qpsod ANSI/ ASHRAE/ IESNA
Standard 90.1-2004 03¢ eeb[gaon:aopSi)

Ultra-low leak damper §&:o0 4 CFM/ft? [962005n Low leak damper §&:w> 10 CFM/ft? (92051
Cooling load a0gSqp:aopd system gpezocpE ultra-low leak damper gp:od oobsoles
832620051

Blade qp: [§€opgCas Bo5g§saogod ecent:od(linkage)gé odsochoomo0pdi Genéiod
(linkage)o? csep $Oesepogl 000s0Cc:8C0p5N O(5-Go)RE eudlgoonsoopd blade Ob
B05§05 §odsocdffs crocdoglaediesaopd cunsod(linkage)sa§jezaon: AI§oopd damper gpzaopd
oqespSoopdn  eenlod(linkage)qpid  ecosé odBecged  (eedlesm(giodaoiangd)
H§pmoongps 2000 dsmsogeolsg(pressure drop) Sso5dGa odegEon05[gEs (corrosion)odcopds
eogpspS:00p01

Bsomeomioopd GO  odsocdaondgliclopE damper 3obesaopdmaqSS e
00&{mbgo seal [gbeooopdi sacpioofgé damper gp: 20050060p[gE0pdme8l Solio3ogd
0063083058 Egd:(seal)ogeotsamnaopdi Blade gpieogspgodognsaopdsssl ooé{oogn 3058t
o§eodpcon Damper gpso? §ododqod gEeodgs dodeuigls 0303 [ggEads:086:g(maintenance)
069 3265[3¢ 96S [gapdeosonaopd

Damper $& 03¢] 329%qepd actuator gp:od damper 32006326[g3265$3500500000m
damper com&{f: sBeliogoopd F§83203050 oo  =a505:c00d[0%ke30E (oversized)
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[gop&ooaopbi  Actuator &1 0p&:320:03 damper 0000 206[g3e$330305000  ABGAINHG)
ogeqdoonagE  005md:  [oppogaoopdsedl actuator oopS  damper o} gE8E86epd
©UPODGONGOI
Damper $& actuator qpsogpgRS 20%q8Eq8320305 damper gpsé Gwnéiod(linkage)
qPeod 968 [g[gEaBS:86:60:98 82020051 0008lodEwan Bodeny gEeny §oopd damper gp:o?
e[grodco 08[361 Grvzw 0836 Yef odesoigyp: [gIrodooEaopdi
Blade qpsgoClaopd damper o multiple blade damper vpeslaopSi Multiple blade damper
qpsg blade gpzoopS parallel blade $& opposed blade vpg) 06 $6 805 (g- @) 0z¢
Gedlgoonzoopdi
(0) Parallel blade operation &320p5¢> blade gpsoddEnSOPS:d(same  direction)
006p8008p200005: [GiE0p ¢&[gs Bod[gEs [gdo0pd
(J) Opposed blade operation &320pS¢n 0od9emyp blade gps 02660HY copdessozt
oq$ondeea blade qps 3[gp:00800593 copdes(gldgs Bod[gs ¢EgE: o3 [gBeooobi

a3 damper $6§3¢€ woppBeom wOeeoEgEdgps(operating characteristic) §o3o005
Blade 00690005:000§0005 (single blade) damper & cpbesonCqedgps(operating characteristic)
2005 parallel $& opposed blade damper o3 $&9sa{o3p:03¢ [§620p5

Actuator qpzo3 damper operator 30005 damper motor wpcoRdieslo0pdl adio
gCesaopdmacgsacs(fully open)ogt erosiogiem: sagpaddgdedicamaelogpé damper actuator
2005 adeanadesnE [0Biwoopd gdiaans(power) §oooo damper o3 comEign 8058EB8G0pd

5 g ,_—\/_\ Fan
amper off
Closed ~ / »/

-
Damper |-
| . ’—_\ Fan

Open —
. \’/ on

b Isolation Dampers

LT T T |

¢ §-Go Figure 3-31 Fans in Parallel ¢ §-G Centrifugal Fan with Inlet Vane damper

Modulating damper gpsoopd 33260000 small increment  gps=acBE:  egpeggd
g,0qp:e0q$(8odfgls ¢EgEs) damper actuator coxEsgo modulate cpSe0s§EQuRdH
Lower leakage damper gpza0p5 seal qpedl[gEsalogpé gododadg(friction) Sgpzoopdi o38gpsoopd
Qo50305q(friction)od  cogPagmigseecgnd  J[ofkensoopd damper motor (damper  actuator)
006908002:q$ 82620051 GudopoyEdyé parallel blade damper gp:og€ J[o3enso0pd actuator
006908q§ B=a600p51 (opposed blade damper gpssé §E:0050qIC)

Actuator coodcpbaagP:aopS torque o3 inch-pound [gCewdjgoopdn Damper gp:ea0R05

3odgfl gCqs Bzabeom torque o3 inch-pound [gEewdgoopdn Damper codoopqfico(l square
foot) 850305 ¢€q$i 8odes 320305 366000 529203 inch-pound g cwSgooRdi
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@o5aB30g(friction) $¢ ecud3:03 coPagsqs actuator qpsy minimum torque o3copds
eedlgeozaopdi pows minimum 20inch-Ib §[G: 8 inch-Ibs per square foot of damper area

damper gpz$¢ 200583E200) GLOTRLORD:EqIEden damper $& actuator gpso3 Normally open
operation(NO) $&§{gC [giepS(set up)oonzeap§oopdi 3amo0Se) power o§eorp0pdsesl Bevpdd
qod(fail)ogasaopdsasl damper 20pd gCagodomoyEdl: crogp: =s00delgod  B:eols(flow)
[§0e5086005

Coil qps freezing o[gdeoq$i hazardous waste qpz voCeepadeoq$ $E system o isolation
06g§ 820620051 0083260005 02005 3agdgP0Y 326[gde) damper 20pS Normally Open(NO)
0300705 Normally Close(NC) [30qepSo? addgodle3oopd
Damper 3a§j3a0:(type) ogeqiod[g: $¢ damper sogudsaons(size)egeqiuS[ge: soefgd damper
application od:§jsen
(on)  Two position only

adrogCaesaopdmacfgesncssCadodadesoopdsaagaacs (fully open/fully closed) position

56§ 32030500 [gdeomelopE two position wpesl[gEfgdooobn Fan gps isolation

0685¢ [gEosroolaednd(out door air intake)qps 8o5(shut-off)q§ 320305 32033{g0051
(®) Capacity control duty

3203§00pd capacity qesnE damper o3 control cpSs 32034q[gE:{gd20p5n VAV discharge

damper gpss¢ air balancing damper 33(g® 320¢gj0051
(o) Mixing duty

60 $8Gjpeqpesnag:q$320305 3203go0pdn Economizer damper gp: 33gdsaaddgjaopds
§)-€-0 (o) Two Position Duty

Fan system 805c30500p020q$S oofgpiesepy crogpiollgl: oBewrod duct saopte
GoogPgad(gEiode 03030568 320305 Saadigjoopdi Outdoor air intake 1 fan intake $& discharge
qpz BogE ondsolecp§oopdi Fan eenliesaopd =oq§S damper gEesfBu fan qOsmie$805
damper  3odesepdlgbeomelopé  =glsE 32805  Od(position)  $&on  [§6$§E200
[g€oodaderudsa:(wind pressure) $& stack effect odefopé [gdedcooogb infiltration [gbfgEsa?
omagudes $¢ eagpspdicoqs 20305 fan qbesopd :EES [gEuecvoledad(out door air
intake)§ damper o3 3oSese3nC supply air fan $C interlock cpbaoniqepdi BefopE  coil
qpedl 0g€ eq[gs(freezing) © omaz058E00a5

caonliepBpE  ;oadkgigti(heat loss) [g0g eagpspdieent  wOSE[gEielops
g6:30E320305 cnSayodod (heating energy cost)o00500000001

o033 damper qp:od actuator(motor) [g€ewrseaon motorized damper gps

0300705 06[gE33:03 32004g|c00:0005 gravity damper qps 3a(gdeop8E0p5 Gravity damper
qp:od Back Draft Damper(BDD) a30wpod barometric damper o8e0p05 Non Return Damper(NRD)
g0y §p§ edledogoopdn Gravity damper qpsog€  actuator(motor) ooSsooondgEs
o§eooalopé motorized damper qp:o 0o&{030go Sodes[gts(fight seal) o[gdSESM Gravity
damper gpzo0pd 6eoBioopdep 00605005:03000 B:eo:§EesmE [gjrpboozaopdi Supply 900500
8:9¢[g[G: 30[g$(return) 900538 [gSe8:8Ee33E [glopSoonsfgEialopE “Non Return Damper”
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068l 3[gE: [gda05

Exhaust fan og€ oobeo€aoni00pb back draft damper 2005 fan gdcon:qi§5 [gEovecogps
32680005358:3209C:08 oCeepod[gliod omnzudeneondcopds fan ewries$opt exhaust air
qp: fan discharge point ¢ cgodese30EgEe0:002:0001

- e A

vt

1
1007 A
80 50 /

/ 20

/16

60

RS
\

Il
-y

Y

FLOW PERCENT

il /
ol

I/
|

/
74

NNy
NI TS

o

20 40 60 80 100
STROKE PERCENT

o = ratio of system pressure drop to the drop across the
damper at maximum (full open) flow

c‘;) §-Go Figure 3-33 Installed Characteristic Curves of Parallel blade dampers
ca0nCiepaBy 2003§[gCeni0pd 3eemnndeaBigpiope stack effect cloppé [gdedlconeom
ecodaas(air pressure) o0pS damper o gEeofCecnodeInt oRSimagpiaopdi Beadl
32680005938 30038:§ crogp:oopd exhaust system o e :[gEB agodogSa §8a0pd
320004P:3203E:03 [gEosrogps make up air :2[gd ponscd:08eqpodcanaopdl Bl
olgbeoqs 520305 gravity damper qpzsaen: motorized damper 6303:9$ 380Eangdoopd

0063lond4) gravity damper gpza0pd motorized damper gpscocd 38oEangHoopdi pows &
(§9-G0)RE [goomsoopd=eadEs fan $6cd:0d =[G Eod(operating in parallel) (g€ eer:cdoopdzadl
damper g0} 0§00053E(epeqf (isolate) rSgSe005 00Es0Ea0n:0000m JejopE wpdaop) fan
Besd [Bp52003 eenE:8€a0bi

Variable Air Volume (VAV) application § low load s>c[gseesopé fan oodadiooneends(Ss
high load og¢ fan $6cd:03 [GopewntfCaopdi  Bascfgmacsdjrogt shut-off damper
oonbeoooag€  enlesaopd  fan ¢ eoogpoopd  qOcomsoopd  fan @acpEiad
[g$copSoCeepad§€aobi Parallel pumping system gp:og€ check valve gpionbeofoonig$
083260005 206om§gdo0pSt 3em0de] motorized damper o3 s0dgepdaddlon  epbaopd
32§§03E damper 8o5qepd 832005 [gooosn §oopdi
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Fan oeenCsel damper o3 gCaqiC oodgpieentieso00d fan ¢ crogp: §oesa0pd
fan 3208:03 ofeepodom  elpElysdigts(back flow)gdecleoBs short circuit [§8a3&wbi
adecogpselopé fan 6 wheel 205 6§005[g§ cvpbescBoepdi odad copdesgéelope fan o3
oon€ewnt:n80d00002dl elyplgsropdesnpd fan o3 3c3§aopd direction oo0538copSeoqs 34
gs(torque)eomEigs c83a660me[ope 6udom08d[ges(motor over load) [gded§Ea0p5

AN AN
I AIR FLOW AIR FLOW A
A

100 !,l 100 1
90
i

0 J/{.
70 /.//
f

A
|
o

8 10 0 2 4 6 8 10
Amount Open Amount Open

% Maximum Flow
% Maximum Flow

<;> -GS Figure 3-35 Two Parallel blade Triple V dampers From Different Manufacturers

AN AN
' AIR FLOW AIR FLOW NN
™ N

100 7 7
50 /S £ 50 /T

2 20 / [/ : o L/
77 £ o 7 7
E 50 / / E 50 ; /
.g 40 / / '5 A0 /
77 25 77
© 20 / [/ 20 /S /[
10 _/ ;-/-. 10 / /l
U T T T T 1 O T T T T 1
0 2 4 B 8 10 a 2 4 6 8 10
Amount Open Amount Open

Q §-G§ Figure 3-36 Two Opposed blade Triple V dampers From Different Manufacturers

Fan o3 soqfoonfewnlffse damper o3 ¢Coq€ fan plenum so0p8:5
Baons(pressure)qp:  3o0R§[gCenicnom  03805q058:§C0pd ddoyadeam  application 220305
gravity back draft damper 2005 8¢ 20eagpaopdi Fan eenl:c0da0pbsé  0od[GIEs0d
Baons(pressure) oolgpdigpds gpicono  gravity damper o sacdmaeagpod  oodelgsegigc:
@Cog600880o0n Back draft damper o3 fan discharge 928:03¢ 3a[gonbeoooniecp§oopdi Fan
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discharge esepl eoozacyE(velocity) dgpieomelopE back draft damper gp:od heavy duty
damper 2a§je3200: 35[g8[gIroS 02005

Two position 330305 =aadd{gepoge parallel blade damper o3 saadd{gjoopd [gdeo!
opposed blade damper o3 saads{gjoopd[gdee opfepigEde§eon 0odsodiaadgé Two position
205 6pdoopd damper o oed 32038205 FonLdelopEadensd adoglesanpd
mcfgzees(fully open)sé cd:odcdesaopdsacigsses(fully close position) o3opE damper
$06§jgcd:e performance orp8[o300051

Parallel blade damper gp:od egEooodomeomelopé J¢) seadgpsoopdi  Damper
o0bpoopdimom  egpooodameodcopd:  damper  $&  actuator  $69edICiconi0pd =4l
6qa005003q8 weoogpeLl 2aa00deopEadendd sagudssoneoy parallel damper gp: actuator
20p5 opposed blade damper gp:c0053e] 3agudeen03:a8 (3320:60708:q8 )30l Belopé
HVAC designer qp:aopd two position application qpssacged  ogpdseepson(vendor)sé
§00§oSom (contractor)gpzo3an GgEa00520020p9 3a§E320:03 3203g|gEeuioo000I

Two  position  damper sagudmeen:  egequdgliaopd  sags  saeqeo[oBdl
:00deopéadeadd two position damper qpsoopd 30q§ ¢EqSoon c3=a6(8: modulate cvSS

ec\.f)sgf)eou

Two position damper gpzoopd  sagudsaons(size)oFaneroecar  6roud86q(leakage)
Bqpseneroeco (988 eqedodecvecy [gBoopdi a3eadd Bsmiogeolsqg(pressure drop)
spdse00m6[opE gdimnt(energy) ad:gacopds spdser00pdN
Shut off damper gp:03 0o6soCepdesepd duct agudmen3a03E: gudop(same size) [gdesand
6gg|oSepdoodi
§-@J (®) Capacity Control Duty

Air system o eoogp: 20p330q) [gocogs Boupod Bgeogs 20305 3% g0
0068l006§ [3eomEpYS 34l§Ee 3¢) terminal 03E:0E8 Bmabaopiecudigs(air flow)o3qes
duct 0od9ap5g¢ [gpoe) egfEeon Volumer control damper o3ewr05 balancing damper gp:o3
branch duct $& selection gpsogoopdq) diffuser $& grille 03E:5 Bz Gro:g8:(design air
flow)qe$ Bsans(pressure)o’ ad$:o8cus(adjust cpdeos) qaopdi Volume control damper gpsaopd
static damper qpggdoopdn Static damper &30000¢n actuator ©dlo€S  EodAI S0 gE
cooBag&s(air flow) so[gond: p3gesepd Fa§jrme0dgb20p5 Volume control damper sa§jpssom:sC
320530 6g:qud[gE:a0pd BossegEe[col

Beso0pdecogpiod  eagpqgon[gdle  cdogesoopdaacigsaes(fully open  position)
328:3€ B=2p020600005 3odoos(throttle)gEdgdoopdn Volume control damper gpsaopS single
blade sa§jzzo00: $¢ single skin damper sa§jsza002gp:02 [§8[03(G: 02608 0pdesep§ duct sog0d
32032000 22050 [gjewSER§ 000

a3 damper gp:03 6gEo00500063E[GpO[o3eame[oPE 00d8londY F20590056g 000
Outlet egepe co:§Co0y| :260:80:656p0RE codaoEamn:ao&aod
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VAV System § fan gp:ei capacity o3 control cpde& damper qpzo? saads{goopdn Damper
style 06 $6§zw> inlet guide vane $& discharge damper 03620051 &(p-p ) op&[goonsoopd
2203¢: inlet guide vane 20pS fan &1 3208 inlet & 0dGood:a0pd damper [gdoopdi Fan ci
323Cs00q§ ao(inlet) € ondeoeflgdeomelopé damper blade qpzaopS pic-shaped [3o[G:
006005000503 301002 00B[GIESD cpd8Ea00N

Damper &1 8203po0056epodeen oamaopdeco(entering air)od (03] cppdooneodgt:
(pre-rotational spin) [gdoopSi Damper 06s08coxgEsalopé oEaxnaopdecwaodd fan el wheel
c0p520p9900593 BroopSagnicooopdi o€amnaopd eooel direction $& fan & wheel direction o}
opp8ogaieome[opé wheel 0opd sacpgpigpiadaSead sadeonpeor air volume odeagpygédyc
eomsgn unload cpS8Eeomaloe fan ¢l go:eaCodige(energy consumption) GaqREyag:0R01
co0decop¢ inlet guide vane 2005 g&szaigpd(maximum capcity) ¢ p0% 2208 cagpoyEsNE
ecoB:g&s(air flow) $& 3z0s(pressure)od cagpgSEaodi

Discharge damper qpsaopd paraller pump gpso€ oobsooonsoopd check valve gp:s
opp8lo3o0pSi Discharge damper qpsoopd deso0pd fan wooodeusqepd 8sas(fan pressure)od
eagpgsEeomalopé VAV box gpeomiigny 2a0p6apt8Eaopdi J¢) stable [g9aopd 0bHyc
ecoBag&s(air flow) o control apd&Ea0p5

Discharge damper gpzalo3p¢ fan &l performance ¢ egpEscdwagnseon Discharge damper
qp: throttling elop&gbea eds§qlisC s0050003[gl:adelopE wop 324l VAV system gpsogt
discharge damper qp2o? sa03s0(gfo3eompeor
Damper performance qpoopd 6320050l3agj05¢piedl oa€eonpSo05i

(o) Manufacturer
() Damper relative size $&
(p) Damper situation o3 [g620p5u
(0) Manufacturer
Damper coodcnbangpsei 8&E:(design) 1 [giopdoopdogobs(material) 1 cenésod(linkage) $¢
blade seal qp: ocopRB[g€ielopE damper gpiel  WOeeE&EG(performance) gp:
og)lzp:qooén
(J) Damper Relative Size
Damper &l sagodsoons(size)sé duct & 3agudsaons(size) a3wupod wall opening el
:gudm000: 0o8fgielopE damper gpici cvSeeorESEG(performance) qpzaR(gpigaoR5H
poen damper & 3agudsromisC duct 6 sagudseenioppd[gliclopE duct oBe GRS
damper 3203803 00§:08a30:00001 2a0§0731050005 wall opening G$epoRE Go0:c052000
damper  o0bsofooifgliclopé  eoogpsaopd  damper  cud3a0pCiad  elpEonsago
00€eepad$ES  woppBoopd flow characteristic gqpifgdeclom  damper c¥See0oESEe
(performance) qpsaj|gzq0pdi
() Damper Situation
Duct & direction a[pC:c3[g:sC device @& direction e[p&:cd[gEselopé damper
volselecv @ direction $& damper 2209050 Gco direction o} wopoBgEseloypé damper
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performance qpsa3[gpiqaopdi

100 -
90 /
80 P
70 AIR FLOW

60 - /’/ /.

50 \ /

40 —~ /

- s 3

20 —
10 ,:—::d % ARFLOW  —
0

10 20 30 40 50 60 70 80 a0
Damper Degrees Open

Q 9-9@ Figure 3-37 Effect of Inlet Louver on an Opposed blade damper Characteristic

& (p-9Q) o3¢ opposed blade damper i performance o3ee5(goo:ao5i

Capacity control (throttling) application og€ damper 8052008 position &cecoeo
pressure drop across the damper gpsconecoeco(gd205

Damper throttling cpd[gS:elope ecudigSi(air flow rate) $oS:com duct system §
lgseomn 32805228E:qpzcl @o5aB056e[opElgdeamndsmiadgeq (frictional losses)
oJeoSzamnoopdi godoBadaelopEgdeomBsmadiq(frictional losses)oopd ecodgSs(air flow
rate) &1 $6006038:5¢ 28gja0pdi Fan &l 3zos(pressure)aopd volume flow rate 520009324l fan
curve 22038 0005000c866pbi Two way valve gp:onbsoCoonzaopd hydronic system gps §

dqpisE 96s08008 20001
[RPP:$ R

% Flow at Constant Pressure

SN

Throttling application gpsogC parallel blade damper o3 3203qgjoopd3adl linear
characteristic §jzeogqecodeaddcopd: damper 22085820905 33jo3p: B3msoyeotsq( pressure
drop)oo5 system oodgadeel 8zan:ageosq(total pressure drop)el jo% & [§62051

Opposed blade damper o3 throttling application o3¢ 32034gjoopd3a8l linear
characteristic §g[g[G: pressure drop across the damper 20p5 total system pressure drop &
9% o§[gdoopdi odelopé opposed blade damper gpzoopd down steam o€ turbulance
[g8e0gsp5:0keamelompE throttling application o3¢ sacg&enadqpie[gclgdood

aB390553  (§-Ge) ogfewdlgoonsaopdi parallel blade damper 20pS eoodseloC:
B:o0pbep(air steam direction)od eenésognieoaopdi(deflect the air steam) odefopE down steam
S 3qj turbulance [gdedl cooopdi

32005 eodielopEiesanndoos(down stream) 32§:03€ elbow 03a3eom duct fitting
§esdlon asymmetric enter velocity alogp& 8smsoqeolsq(pressure drop) 20p5 ¢odoo:a0p5000b
Sqpscd6edn  mmudq)  erodieloptiesmndend(down stream) 3a8:03¢  diffuser  §esdlon
epp3283a0R8[gEws(Gs outlet throw patterm copS: de[gpEognic8Gepdi
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Recirculation  Significantly Even flow distribution
Z?ngs : distorted flow jacross the duct |

\
\
N\

o
¢ §-Gq Air flow through parallel @ §-Go Air flow opposed dampers

1

A J

/ NI
Duct /D,/J ) *'?\\Q Duct
—
& / Nl L g
. ==
— ] i ;(; I
Ei S OAY |
AirFlow  [*/] Ik s < ’
/I‘?/ B Y Al E
— Pad "} " ? Jo
/d o \ <CJ
e / I N N S
— Bz F
o1 b :
kd I
PARALLEL OPPOSED
OPERATION OPERATION

<;> §-Ge (3-38) Flow Pattern through opppsed dampers and parallel Damper
ABelopé eroogadedlod(air outlet)od coodapdongpsan diffuser ¢l neck a3wupdd diffuser
:8:502 03C opposed blade damper gpza3o0 006908q§ Gz gEegdaopd

Throttling application gp:og€ =oaddgepd damper gqpsei Sogod=o00:egEgIOd05
hydronic system qzog€ control valve qpsel sagudseon:egegddst 0ppda0o5i Controllability
comqfsé Baamogeolig(pressure drop) ogpicoqs =0g8:5600503 egplq giooeENE
6geg|oda0&o0odn Damper sagodseons(size) [03:0qi€ controllability veomEeon a3eo0d dsms
oysoCsg(pressure  drop)  spdsoopdi Damper  sagudsaons(size)eoo:qiE  controllability
eomEsaopdi 936005 8aaiogeotsg(pressure drop) qpsoopdi

§-€-9 (0) Mixing duty

Hroopo0pd erodselopCs(air steam) $8§0d eepesogs damper o s0d4g0300001
[g€occo(out door air) $& return air o303 eepesnfgE(mixing) [gdoopdi ¢2s13€:0000 Fwupeso
o0b9w> opposed blade damper gpzaopd throttling cwOepogE  sacgScnEengPeomaelop
eepesn[gs(mixing)codes 3098 20Eengpaddebup vpsoloropdi

gpseonsnqé mixing application  opC parallel blade damper gp:o3 =20ddgg$
sp0gSooCengpoopdn mixing cpdepogt  throttling o3o8cB0ji600 control [§de$ ©cBdi air
stream $6§jp0? GePE§AGO0 [§6205
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Parallel blade damper gpsalogp¢ ccodielopEs(air steam)gp: o3E(deflect)ogoigtselopé
throttling 220305 ©eomE:ea0500p5: mixing YES3e0305 3cgseEmE:a0pd 3qI05[gdaopd O
(9-Ge) 0g¢ parallel blade damper eloyp¢ air stream $692005 conls(deflect)gdognzom mixing

[30c08 32098 326000053207[g0ON3 Gwdgoozoopd
Opposed blade damper eloyp& ecodialogpCs(air steam)sdool mix [§0g$0053003 o(g-

§0) 03¢ ewdlgoonoodi
Outside air Return air Qutside air Return air
J+4¢u$¢+L ‘H%uH#L
AN A —e ol e f
oW W K
bbb P
Mixing plenum Mixing plenum
(a) Air streams side by side - no mixing (b) Air streams side by side with parallel
biade dampers - some mixing
Outside air Return air
bobod u by
I
- = Qutside Return
= = ar s - >R
—_— == — — -— \ - —
o~ “ L N -—
* * * Mixing plenum
f/ Mixing plenum f/ {
(c) Air streams side by side enter mixing (d) Opposed air streams - good mixing
plenum opposed to each other - good mixing
Vo Outside air Voo Qutside air
| LA \L | |
"y
NV e P ] -
W _ Retumn - -— Retum
\\,\ air - ar
‘\_ —
w a—
’— Mixing/ilenum
(e) Air streams at 90 degree angle with (f) Air streams at 90 degree angle - fair mixing

parallel blade dampers - good mixing

(? §)-6° Various Mixing Box Arrangements
ecodsalogpCs(air steam) $&9 Googpge weepesGoGloPE stratification [gded conapdi
“Stratification” &32000¢n ecodicloppCs(air steam) $89 ceepesod eqst 8o Bggd
§os[gt:o0? o8adoopbi Duct sacpliopl stratification [g6o0pbeadl [gEuecusagd (outdoor  air
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temperature)§oopd eoogpin  0odecd0pCdesG return air temperature §oopd Grogpion
0060050¢ §escBgopdi Stratification [gd[gE:elopE ecocizan§§ad oBE:upooobeadlogl vesms

080y gC: [§0§E200n Ventilation system effectiveness copdseaqpspbsagn:8Eaogdi
Damper $¢0005838000) 3q/05qp:a? damper schedule vpeal 20p5

(0) Damper Identification Tag (Q)  Blade type

(y)  Location (®)  Velocity Pressure Drop
(p)  Damper Type (@) Fail Position

(g)  Damper Size & Quantity (00) Actuator identification Tag
(9)  Duct Size (00) Actuator type & quantity
(6)  Arrangement (o)) Mounting

§)-00 Air Distribution Devices

Diffuser qps register gp: a3e0r05 grille gps ©20p5 GruagEdedlodgpoopd  (air
distribution devices) gp:0gEio&aopbi
Primary Air

Primary air 300p5¢> eroogadedlod(supply outlet)e saggCosogodesaopdecogpiod
Bc8o0p5n croozmelop soeSimncgl:] srogpo? eg aqpieo0pd
Total Air

Total Air e3o0pSen primary air $& entrained room air o3eepesd GAC:0O00R00d

econdedcoopdi  Cooling  cpSo0pdeaslop  ecuagedediod(supply outlet)o  esa:a0pbecOg):

agodao0pdl 329§:30038:5§ ccuel 30§8005 3a505:cAd Ggroopdl Beedl 3OFS[gPig0q0d
(temperature difference) efopp& buoyant effects [g6edlcnfG: ez:00p56c0qP:? G805

onjeo€zeol: egro0pdeOgP03 320005030005600001

§)-00.0 Air pattern ssén:éﬁl:
320380000 air pattern qpso? se6[gde] cooagadedlodgp:(air outlets) o3 egegioSo3aopdi
Plan View Plan View Plan View Plan View
<= = = Diffuser ——
Plan View Section View Section View Section View
J— [——— L
Circular Horizontal Vertical Plenum Slot, 2 Way Plenum Slot, 1 Way
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Plan View Plan View Section View Section View

N =777

Sidewall Straight Sidewall Spread Floor 0° Deflection Floor 30° Deflection
$ -9 eoagodd(air pattern) sa§§js0d cwdgood
Throw

Throw &32005¢  GroogodedlodgodsalgE(outlet face)o 0005005000:0008 GrozEAE
(specified ~ velocity) 2308 eepodS8Caopd mopmeo: 03 Bcdoopdn  0odsbiEgE
eoogodeilod(air outlet)e 0§:09058E000) saozmacos(distance from outlet face)od a3a3o0odn
(9-99)

200590500220009 GrozacgE(specified velocity) 20p5 150 [0.75 m/s], 100 [0.50 m/s]
aoupod 50 fpm [0.25 m/s] [g&[o300p5n ecosaag(specified velocity)qp:od terminal velocity
0pc0pd: Gal ey §oopdi
Throw 2005 mass flow $& outlet velocity $&9saedog€aopboopdi c8eab0pd throw s
320905 mass flow & outlet velocity 0303 e[gpEsadeo:8E0p5

1)
5 22v° £
— s ()° ° Typical 100 fpm
P Envelope
\z221/2° s
- ) 150 fpm
- \ |‘-—-—___
-—-_‘_‘—-_
| 221720 10 f\lﬁ I
_| Deflection 0 10 20 30 20
Throw, Feet
4 §-90 Spread vs. Throw o3 conelg€ad (sideview) $& 3260l g[o300qE[gEqd (Plan view)
P M i e e K s S P 8 A e _TBE%rﬂri
RETURN | Coanda Effect  [SUPPLY —
| | :
= E i 6ft[1.8m]
Qo
=4 — &= !
= I \ Induced ’ 5 | [ occupied ¢
o nduce o ccupied !
= '/ Room Air = Zone !
g I \ / \ i
8 / ;
= ST p :
1

M Primary Air Total Air
? 9-9G Space air diffusion with overhead cooling
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YL e P R S i b

Throw=A + B T [D]

Occupied Zone Occupied Zone

o & §§9 Outlet oodel throw [§8003 & g§-g6 Air patterns $69e[opE boundaries

Gedlgoonsd [s0edlcond

Drop

¢ (9-66) 03¢ cool total air &1 drop o3 ceS[goozoopdn Total air package $& surrounding

primary room air o3l ecoad6o0pdisooplepeged(density  differences) elogpEgdedlamnoogd
buoyancy effect $¢ entrainment of room air o3e{o3p¢ [gbeil cnoopd eodieloypE:(air stream)ei
e8lEc805(vertical spread)gdoopSn Drop 2005 total air &1 mass flow 3260l 0gE onpbeomaeoé
density 20p5  sacgSmeeBoopdn Mass flow o3 eagpyeldgé drop  seopsacoiad
eagpspO:e0$Eaopdi

Vertical Cross Section Plan View

v
Fre S v LA ] A - |

Angle of Discharge

A

| Terminal
L Velocity
Envelope Spread

T Drop — 1—Thr0w—>

Vertical Spread l

»

<+ Throw

L ]
¢ §-6q Drop (left) conzeo3pdaqi€lgEqd $E spread (right) saedlofogpSagElgéad

Spread

eooogodedlod(outlet) ood9el  spread sBo0pden  edlEadod(vertical plane)sé  saaqPdod
(horizontal plane) [g6edlaopd air stream @il [gpogode (divergence of the air stream) [g&aopSn
Spread 20p5 eooogadedlod(outlet) ¢l Gooaps(geometry) ol 0EganpSoopdi

Surface Effect

eooogodeilod(outlet) 328: gEds0[0305qi0d50[gE(ceiling surface) o 3203:qq] Drop
POP:F60:07 GaqRgSE0N crusaaqiE(supply air velocity) [gEwrsoopdsedl eg.aqpiesaopdeco
(moving air mass) $& croogadedlod(outlet) 98:§ qod50(0305 smfopesepopt Bsmespdiqos:

(negative or low pressure area) [§6c0l 20pdn
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Occupied Zone
[1364g¢ s20005(G)e0(6 ft [1.8 m]) 3203s5[Ea3 occupied zone ©r20059050001
Baang00:q5008(negative or low pressure area)elopé 6g,65a0p0600(moving air) o3 qodso[o305
qo$0[gE(ceiling surface)adonodognieoa0pbn ddo3ad(gdfgt:o? “Coanda effect” vpeal copdi
t [ [ |

l Spread L I
Throw
3
é Active/Inactive Sections
=5 s =
¢ 9-9° Spread and Throw $ §-9¢ Active and inactive sections

8zmzonjeoCsq(Pressure Drop)

eooogodeilad(air outlet)o3EsopE dsmsadagea(pressure loss)gdedlooodn 33iedigee
(pressure loss) oedana0pd Goagndedlad(air outlet)si model, size and geometry of the air outlet
360 38 oopSoopdi Bamiedigsq (pressure 10ss)o3 in. w.g. 986005 Pa [g& eedlgaopdi
ecod:g&s(air flow)gpsecoeco  croogodediod(air outlet)sl 3smzedsgea(pressure loss) gps
Gooeeolgdoopd

eooagodediod(air outlet)el 8zmsadssa(pressure loss)od system pressure ogo50p0saslogE
copdagodabagaopSs
y = AL iV, Ao E e wiT .0 Iy P Temperature

- — . — 0=+
Coanda Effect  [SUPPLY

T . )
\ / ‘\\ St tA'-\
l / \\ ’ /( Occupied
\\—

=
o
)
=
3
o
=) Induced Zone
=
@
=
o
S

L Room Air /
Y ———

M Primary Air Total Air
6§60 Space air diffusion with overhead heating

I

[ Py

6 ft[1.8m] }

Height, ft [m]

RETUR]

Sidewall Application Sill Application
30° Upward Deflection 15° Deflection
¢ §6o Upward deflection ¢ g6 Sidewall application
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P T e ] w

Suspended Ceiling 1 Suspended Ceiling l
L Greater than Greater than
L—— 2ft (610 mm] 18 in [457 mm]

(;) g-@@ Ceiling diffuser free space mounting

" L L}
' w, aF Sa b . F

Dccupiéd Zone

CEI|II‘Ig and $|Ot DIffl.lSEl’ L|ght Troﬁer Diﬁusers
:1? fad:
¢ §-6g Ceiling diffuser ¢ §-66  Slot diffuser

§).00. ) Diffuser e§js§js (Air Diffusers)

[gpddeomigSoopd air con  system  00d9lgbes  eoogodedlod(air  outlet)qps
6gq|oS[gEzoopd saeeg0B:00pdI
(on) Grilles and Registers

Louver gpsgE[giopboonsonpd  eroogodedlod(air outlet) $&  eooolaedlod(intake)gp:
ol grille edlaBecpdoopdi  oopgfidanS(square) o3eupcd  ©opeSidaHS (rectangular)
[§020p51 face size $& neck size vpe) 3aguSsren: $6§EYE Gdlgerrgoopdn ABaocd appd8Ead
(adjustable louvers) qpssé 32600006000:0005 (stationary louvers) vq) $6§jEa3(gpzoopdn single
deflection so§jgeoon: grille gqpzoopd &SR0 Gentieui§taopdi double deflection
§sz0002 grille qp:oopd horizontal $& vertical $5000500): GeoagEd633E GodEie0§Ea0N
Grille gps¢ GeOORAS§S:03  ABSiqOqSae0305  volume  control  damper(VCD)  [gEo3q)
o0beo€aoniagi€ register vpe] Gal aap§oopd
(e)Linear Bar Grille
esepscadodongppBeoy  onbeoleSanoged  qobagpsaopd grille g0  linear bar  grille
068l e32001
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(o)Linear Slot Diffuser

Linear Slot Diffuser qpsoopd 309§ qpdaqpsoopd croogodedlad(air outlet) [gfoz0005

Slot 006961 GroagedaSesep30qud0pS Ckar(V2 in. [13 mm]) o3:w0d(3%4 in. [19 mm]) $¢
o0bcoSe(1 inch [25 mm]) o3g8Ea0p5n Slot 226q320305 ((J)9¢ (00)9330368E2005 Linear slot
diffuser qpzo3 qods0[0305(ceiling)ogE 0obs0Eanp§oopd

-
| v

Round ceiling diffuser

©

oRound plaque diffuser Square plaque diffuser Perforated ceiling diffuser

NZ
7N
Round Twist Diffuser Plenum slot diffuser Light troffer diffuser

6 960 Diffuser sa§je§jpo? ewdlgoon:d

=i |
ME

¥

Q g-@@ Linear bar grille[émm] ¢ 90 Return grille ¢ §-Q0 Linear slot
spacing diffuser

N

 §-q Double deflection supply grille

Industrial Ventilation

-

Industrial supply grille Drum louver Nozzle
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i o
i B L
D
.
LA

Industrial return grille Security grille ? 995

Slot diffusers $& light troffer diffusers qpsoopd eooveanspSs(low air volumes)oopd
mefgmeesopt  throws  sooseonéefCeomelopé VAV applications  gpsogl  saaddges

20&eagpoopdi

§).00.9 Diffuser sodjs§jzolsi Characteristic Length

Characteristic length for various diffuser types
Diffuser Type Characteristic Length, L
High Sidewall Grille Distance to wall perpendicular to jet
Circular Ceiling Diffuser Distance to closest wall or intersecting air jet
Sill Grille Length of room in the direction of the jet flow
Ceiling Slot Diffuser Distance to wall or midplane between outlets
Light Troffer Diffusers Distance to midplane between outlets, plus

distance from ceiling to top of occupied zone

Perforated, Louvered Ceiling Diffusers | Distance to wall or midplane between outlets

§).00.G 6c0ogadedlod(Air Outlet)o [gded oopd epodod(Noise Level)

eoogadeilod(air outlet)e [gdeloopd eondad(noise level) 20pS Noise Criteria (NC)
sound pressure value based on an industry standard 10 dB default for room absorption.
eooagodedod(air outlet)o [gdedloopd snpdod(noise level) 20pd ecoogodedlab(air outlet)o
agodoopd  erumg()ed aeuopdaopdi  eroagodedind(air outlet)gpod  egegiudoopdeadl
ASHRAE recommended NC level values qpzo? 8[g6s03:0m:a0& 0005

Diffuser ¢ [§0edl 000005 e00505¢p:0? §E:0pdesdlgaonsd
24 in. x 24 in. module [610 mm x 610 mm], 380 cfm [180 L/s], 700 fpm [3.6 m/s] neck velocity

DiffuserType NC Level DiffuserType NC Level
(o) | Square Cone 17 (§) | Perforated Curved Vane 28
() | Square Plaque 18 (©) | Louvered Face 31
(?) | Round Cone 22 (Q) | Perforated Face Deflector 33
(G) | Modular Core 26 (®) | Perforated Neck Deflector | 37

§).00.§) Plenum Slot Diffuser ¢ [§6edlcono0pd sppdadgp:ad §8:0pdesBgoond
1in. slot, 4 ft [1.2 m], 270 cfm [127 L/s], 8 in. [203 mm] neck, 800 fpm [4.1 m/s] neck velocity

DiffuserType NC Level DiffuserType NC Level
(o) | Linear Slot 31 (p) | Linear IceTong 39
() | Linear Fixed Curved 36 (G) | Linear Wiper Blade 46
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eomEs0005028 Chapter-5 Air Distribution Systems

§)-00 Duct cleaning

Duct qps30038:d 22981 2080dqp: @eoieeseant 8&E:pdeepdi $bedCloplgen
adgReomnelope duct gpizacglsl 2068 1 32805gp: pe0ie$PEa05 c0kgEieqp(duct cleaning)

06§ 8262005

6 995 Duct qpe3203C:5 2268 1 22805¢p: 9602 650
-End-
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