Air Conditioning and Mechanical Ventilation System(Vol. 1) K< Ry 24 24

AIR DISTRIBUTION SYSTEMS

s R$ W Rs
e.NdDucts ¢ C WA (TypBRsk s C RA 5-3
e.NNdDuct , ® d(Shap@s of Air Duct) 5-3
e.Ng® Flexible Connectione d ¥ Flexible Buct 5-3
e.Ne™ Vertical Duct and Horization Duct 5-4
e.N&Q Supply Air Duct ¥Return Air Duct and Outdoor Air Duct 5-4
e.Nee Duct Layout 5-5
e.®Duct Systems ¢ RxT« A8 G o (Clas8ifisation)> * % B>8R%08 2 B>/ 2 A 5-6
e.™Ducts CBA 4 »(Buft Candréction) 5-8
e.™ND U Bt 952 B oh & Ao KEWAA C(DREROIK VRitArials) 5-12
e.™® Duct Seal 5-13
e.™™Duct, B,/ 8 sl«ngsit | Bibed ©ne (EReriab Ins@afion) 5-16
e.™QDucts 8 * / B#$eu | Bilhd ©ne {IMetnBlinsuition) 5-16
e.™e Access Doors 5-17
e.™4%sDuct Test Holes 5-18
e.™4 Duct fitti ngs 5-18
e.QDuct Support Lt Slage 5-19
e.e Duct Properties 5-20
e.e.NdDuct Heat Gaine d ¥ DyctiHed Loss 5-20
e.e.® Aspect Ratio 21
ee™ €] Pe P& ®RB AWIDipd €obtrol) 2 A 5-22
e.e.Qt, ; Wd (Dt RaRagd) 5-24
e.e.e SMACNA Ductwork Testing 5-25
eMDucts ¢ * 7 8 5 i RAK o(Sizhg) L& € WA & CWDA 5-25
eANDucts s * 7 8 {SiziRgl * < 811 2 As CRsA 5-26
eMB®,* 828 wd (R 8 K. R BB T(FRctiok LofsRsain Djict) 5-28
e.A#s™Head and Pressure 5-28
e.A%QFriction Chart ¢ 5%, Rs% « (Aress@rébrdp)e* < 8, €. 1 2 & 5-31
e.A%e Calculation for Duct Static Pressure Loss by Formula 5-33
e.d Duct" 7 Bilge d2.¢Buft Désignik 5-37
e.d.NdDesigny ¢, @51 85 8% « 3o CWRp & K ERIC&RSN) 5-37
e.4.® Duct Design Criteria 5-39
e.4.™Design Procedure 5-39
e.YsFire Damper 5-41
e.%sNd=ire Compartment 5-41
e.¥s®Fire Dampere | & KT Rx 89 RA, P d 5-42
e.¥4™Fire damper s ¢ ReA Ks '#WRRS® GQJ 1/ e8shss ul)Bei &k .01pB> / 8 & 5-43
e.%;Control Dampers 5-44
e.%3Ng« ) Two Position Duty 5-48
e.%4® (> ) Capacity Control Duty 5-51
e.23™(I) Mixing duty 5-54
e.Ne Flexible Connectione 4 ¥ Flgxible Buct 5-10
e.Ne.NeAir pattern o ¢ ¢ ¥ ¢ C WA 5-56
e.Ne.® Diffuser o ¢ ¢ ¥WAPDIffQSE)A 5-60
e.Ne.™Diffuser s s ¢ WDAGhAastBpistc Levith — 5-62
e.Ne.QK, °* « 8 K(AIPQUERt)s Bhi 2 K, T £ &®Wide Level) 5-62
e.Ne.e Plenum Slot Diffusers B! 8 €2 1 o TRET RGP L RéA & WJ %E8Ks RE B, © Rex, P d 5-63
e.NbidDuct cleaning 5-63

www.acmv.org 5-0



K< Ry 84S &4 Chapter-5 Air Distribution Systems

Chapter-5 Air Distribution Systems

Zone
Damper

Main Duct Branch Duct

Branch Duct

Branch Duct

\’/\\m/\\/
> & MoAir Distribution System
Air Conditioning and Mechanical Ventilation Systemes (/R&% ¢ C ReAW D , 8e s RG W
Ks Rx @ K, Rt 8§ KIARREWK, , &Mdchadical Ventilation 8 * / & ¢ & @& 2 dresid &gk

» Wi 4 KT REGH BB s RB 5 » 2 c(ExBalsKairk i CIRSAR © d & 8% ) & 2% B2 IF (oo GARIA!
81 2K, § RE Bo: o RN Ry BuctSgsternt CR¥x¢ M A B, Dorc el 2%

Duct velocity T d ¥e | BUCORS * / ke GHREA K, Ko RsBs 1 2 k||, DécB s | ¢
velocity o o 1 @ BRABABEAAYW B+ B&la &% CWelcity)s o 1 @6 CRAB> /
s Wo RsA ¢ Clpress#ke (rop)e CRA R PRe &1 fdlsey 8%2 & Gavibisior]) | o1 ©dw
Bsi 2K, 1 ks, &dveRMy) « o u2 2AB>/ &K §oy BKR By 2, Rudrb@dE 2
o6 |2 26 CRSe§ B /o80A 2 LWRBS/ 2K L1 B/ BWCHR e RRsBc/ 8 GKe
ducts 8% / @& %2 WECRSAT | 24A° Rk: @ FWe 8 W1 2%

Duct k% @8F 4 ¥/ ,2P.d K () REAA

£ . WARR(A)
o a WP @und) duct - £ s W, Rx Wds* (2,,2 =rgF 8 o pH
Ko AK 9 Rdt 28Bctangular)duct — £ 5 ¥; Rx ¥Wd 8 * =rptug- fea]® <

£ 8 W7 RB?—7 €1 ge:ng 8 1[§ql#afé2feet(ft2)]]332§ﬁﬂ$7 €1eT &i8d 8 1 g#e i
[Square meters(m)] Bs i 21 2 %

Duct - 8* / SiAMK] / &#/ARee RWk; B43 8. 1 2 A K RBAIKR bvjlung Aflow
rate)< ¥d 8 * < 845, 8
imcoqogue o= rRtPmt

Ko i nffldn) « 8PA €. i & Cubig Feet per Mnute(CFM) B ;.i BB € . i &Cubic Meters
per Second(CMS) Bs i & cDu@& ¥elocity —~ IP ; € 1§ & Feet per Minute(FPM)B 3. AR
(Metric); € e § @MetersperSec(m/s) Bz i e 1 & %

www.acmv.org 5-1



Air Conditioning and Mechanical Ventilation System(Vol. 1) K< Ry 24 24

Velocity s Adelocity Pressur@e ¢ Wl KB, Rg 2 A3, 8, PdKe ] 24

Tme e ey V0w

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

Frictional Losses
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e.NDucts ¢ C WD (TypBsk ¢ ¢ RA
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s ¥ €. lPqaval duct)s CRBe D d , 2 o P o 7 B¢falvaRiZed steel shee)s CR& « W WA B,

o W 5 , 2o [ (Butolendgth) & Ko RIB2 Do 9 , & GVAMHUE | CRIE - eMajor 2Axis(duct
width, A) E SMir®r@Axis (duct depth, B)8 d #Adnerita®¥ Society of Heating, Refrigerating and Air-
Conditioning (ASHRAE) ¢ d ¥l  Shdet &letal and Air Conditioning Contractors' National

Association(SMACNAY) %7, Rk o G RAs/® 3 <« I, Do 198 0289 We

> & ™QOval duct

®

> &9 Round duct

e.Ne® Flexible Connectione 4 ¥ Flexible Buct

T 2%

> &6 Round duct

eQHGQPfJe,oC—1

Fan ¢ B i 8 K. 1 & R SR¢Vilwaljon)CoRek T e & ¥ Rs 2 ¢ * (Raddfnission)
o 8% « 8an LEoMRiG. [« ReA8fExibl@ connection « d ¥ Pd A B, Byt 8o Dudt# %
8 4, &> (Vibraflon)C Retuser Eoeeith@e ¢ W ¢ Ko Rl K i2@adhBioRM Br 28 e B/ &

www.acmv.org 5-3



Air Conditioning and Mechanical Ventilation System(Vol. 1) K< Ry 24 24

metal duct k Ydiffés@r o < ReA flexibR connector ¢ d ¥l dflexiblé @uct « deg 87 / 8 © RA B> / ¢
Bail @ %
Fl exi bl e B émateddod (8 WAKS Rx 2 Bs | 2A K HRBe 2d%* R
L d wy (fRamé r@afdlant fabric) o ¢ C DA . | RABA S € Widne speddratimgy. § |/ (@@
9« 85 K iGRR MA> d Whsioke @ldvelopel |ratiBgk o T / @IP° < 8 ¢ K< C RL KEPA %
No. 255 ASTM E84 Under WP (Ca &S BL & B 2MkilBctbatacttibn
el 8Ky o Pdgair 8ght) o ¢ CWDAAoii RA @K% 8, Wd 5 %ifl&ible 8uBt « C RsA« Wd
> ¥/ 8Ges Ba DK %

e.Ne™ Vertical Dua and Horization Duct
8,87/ 8% RB» AR ¢« CHWIAS F RARAK R%. & & %W« 8 8 ,(&fticalg © RA e |
duct E %/ o20RsA o d W< 2 8 , 2hdriZatioRmustlo €G* F B> RA® RA] 2%

€.NKQ Supply Air Duct ¥Return Air Duct and Outdoor Air Duct
Ko o 6 C WA K IRADR B CWIAS F BARSBE® R&A T 8
A S u pipDuagt
0> 1 845 2] BAKIWDPIPDEKS « WY & KT Ry & Ke Rspply & d8clo ¢
s 6] 2K, BB 2 PBs@ivispressureducts ¢ CWhAs | RAB: i 81 2 %
A R e AiuDuct
o> 1 8#&o BB /188Ad B s (r€te () BB« WY 8 KT RY & Ke Retupn@iRdu@ G
0% 1 8K, BB 2 Bogadtive pressureducts ¢« CWDHA- | RAB: | 8] &°
A Out Alr®uact
B2 f(o@tdoor)s Bos <« ¥4 8 KT RY 2 Ke Rafdper REd8cGo & 6 1 8 K. AB> /
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A Ex hAr Dt
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Ducts s * ; & {Sizéysk %/ FEBl: RefBhettThickness)
Duct 5 g * 7 2 {sizelpshk %y 2 (DA o I RSN » & F B2 (Résheet fickness)

<* RsB» RA Fcel 8%

Vertilation Duct

Maximum Size of Duct Sheet Metal Thickness ¢ ° §
460 mm o ° W 0.56 mm (gauge)

461 mm ¢ ¥O70 mm o ° W 0.71 mm

1070 mm ¢ #6300 Mm o ° ¥ 0.91 mm

1531 mm ¢ 2850 mm o ° ¥ 1.22 mm

2151 mm k %/ 982 1.22 mm
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Air Conditioning Duct

Maximum Size of Duct Sheet Metal Thicknessg ° §
300 mm , ° ¥ 0.46 mm
301 mm e 60 mm o ° W 0.56 mm
761 mm s Y400 mm o ° W 0.71 mm
1401 mm ¢ 2850 mm 5 ° ¥ 0.91 mm
2151mm E %/ %8R 1.22 mm

o a W/, @dupdPduct 5 8 * «.2P B, RéMateridl thickness) s ¢ ReAx

Round Duct — Nominal Diameter e P B> R¥| Sheet Thickness)
205 mm, ° W 0.6 mm (gauge)
205mm s 60 mm o ° W 0.8 mm
760 mm ¢ W20 mm o ° W 1.0 mm
1020 mm ¢ %25 mm o ° ¥ 1.2 mm

Round duct s ¢ Refbew — centerradiuse | €1.5x Duc't DB sai nBedfea&aduct

e GRA < 12%i Y2 mestRB r ReAduCt Sdppdrae | 8> d o R, 221 2 %

» &-AFlexible ducte , 27f /7 & ° » &4 Flexible duct s ¢ Rs&

e.Nee Duct Layout
Duct layout ¢ ¢ R W ¥/ 2 A2 Bk & » Bss REL B IBC RS« W8 %
A Duct layout s > C %A yYBmme)tr iBe 1 & B R&A R 2, 2B LD 4, 2 E
A Main duct « ¥eds @ Ed WK 24/ C80K o Ry 2 BY/DRB .. 23 A 1€ (deRignepat) «
8 d W/ ¥, cREB B, Npd o d, 8528 wddBsi 2.7 2%
A VAV systems ¢ RsA, & * 4 @ g@luctlooping) B, Dpo 4 , @ Ld ¥/ 21 2 %
A Ductfitting ¢ CR&A2 A Ed yWwaaAKdaRet € V] d W 2AB, Do 4, 28561 2%
A s Ki Rx 2 . BomAR 5 527 22 ° Réddpasdbduct c CRsAx, 55X B2, B,/ 8
EZ]

» &%Spide, Pli o 2 » ®3Trunk and Branch , Pli ¢ 2
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Perimeter
Loop

, &MNe Perimeter Loop, Pl ¢ 2

e.®Duct Systems € RsAf< A& G 5 (Clas8ifikation)> * & B>8R%0 8 B>/ & A
Duct system s 8 * / & s B fveRaity) k% W.(ReSsure) K. 1/868 K B> dRtZs
system s C Rexs @AHIAS - BIBRHA0e @ Ko Gs %oWe | 2 %
Ko o o Qeddity)c ¥dK B> >At7% w Vel o cysteryo LDoi & iGgeBceityV Duct
Systemd o € 7k % CB8FDAB > RsA CRsfod faire éanditioning ¢ ¢ RsASupply &ir velocity o 1 2
8 i 2 W & £P0lQ)h ||[(25804eet per minute)? <« 8 K<« CRBLGW & el oci t yo dDucCt
e 8 2o %8 2 WRIHRQO REMfeet per minute) s 2200 FPMo 8 * 5%2R% W Wd/ 2 AB, Dy d , 2
Supply air velocity ¢ | 22500 FPM ° < @ K< CRB HC®Ph2 Vel oci ty oDRuica Sy
e 886 N8Bl &%

, &HNNRadial, Pl ; &

> EN®Roundductd , 87 / 8 ° R&A, . &MY Rectangularducte , 87 / 2° F
3 W (BESsure) a6 ¢WDp#6 ¢W‘Dp#
3 Wo(tRsh pressure)« Wik B> » P GWDAR IOREBYFAB > RA® RAe | 2%

Duct System Class

Ko 2 W{PRssure)

Be 1 G/elb#IW)e A

Low pressure (Class )

3% in-wg°«<«<2:1 8A, CW &

pressure O !

static

Vel ocity O

Medium Pressure(Class II)

3% ¢ 66%iNnWg 5 8% / 8 A

static pressure O

Vel ocity O

High Pressure (Class Il1)

s 8% / Rafic
O 25

6 ¥% ¢ %2 Y4 in wg
pressure 15<p

Velocity > 10 m/s

Ducts € Rsko 2K o/o & Afird/elocitiy)s C RAK b &1 @ BY @ Ac C RA s %Rs

(N2 8,287 /<&a |E< Ci sWs .1 84K, 2 @ RAKe &ch 2GRLENGISTS 8
Lot/ 58, Te/1 @ KRss o d PKo Rx 8Ke RIGT 8RS BB Ke A/ ;BT & GRs
s, ef/ @RwldA <Ry 2CGB:i 21 2%
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(® Ko s o Qairdelocity) s C ReA K o R ¥s Rk & @iresstréxdiof))s ¢ Rek 214 888K fan F
P 6 @ Ao (podver Rohsumptidnke |[C Rk K o8R8 8 A L%/« @ o 128 @eperdddn ost)
s CR&A:T 8 %

(M Ko o o Qairdvelocitiy) s o * 1 2cBR¥ BKRIEE Be PBs | &K WKe [« BB RLP
Ki o [«<2Mp W ((e&e attenuator or silencer) &8 , 8 / & W 8 » 8o d P& B Lho
8,87/ 2861 SR Wi 278 GKo, CRE= b €@&mmended air velocity)s C Rs
K; REM¥A:1 2%

Recommended Maximum Duct Velocities for Low Velocity Systems (FPM)

Maxi mum Dudt™* X &IG®e iDtDuce\RlocRy) feed gbf nndte&(FPM)
Controlling Factor Controlling Fador Duct Friction
s e P d @pblicdiionp d Noise Generation Main Ducts Branch Ducts
Main Ducts Supply Return Supply Return

Residences 600 1000 800 600 600
Apartments, Hotel Bedrooms
Hospital Bedrooms 1000 1500 1300 1200 1000
Private Offices, Directors
Rooms, Libraries 1200 2000 1500 1600 1200
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 Carrier Air System DesignManual

K1 s Rx Wde 93k 2872 9 Reh o 1o E@irdelocity)

o €6 CRAK, ° d WfeBideR#s): & Ry € RA 3mis ¢ %Bmiss 8%/ 24

< o * ¥d g &y 20 lRthediResy Amls ¢ B5mls, 8* / &
ReA K ¢ Rx 2 {redtawifats) GaRmten ¢ C R& R$EC Rs®, 8717.5m/s ¢ WOmM/s, 8% / 2

K75 €7 Co RiticBes ¢ @¥BDA - | Reag 3l o o 3R Bshes 1o @irdelocity)
Mainducts CRsA s 5 * £ & (s, olpe (&aB8Bable air velocity) 5mis ¢ Bmis o 8% /

Branche ducts C RA s 8 * £ & (32 0Dpe (&BEFable air velocity) | 4m/s ¢ Bm/s s 8* /

e d ¥ K6 RPREQIRSBR/CRE 2 2 P G o @ RHA B /1B K 2o s %W o RI@ xR
Ko o o (Qall@wable air velocity) <« ¥88m/s o ° W~ / @8 CB. DKo Gs e | & %
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Duct system <« d ¥ d ¥/ 2 APendusBye § 8.0« 8 > P91 RRAGSHRAE Handbook
e d ¥ [ s SMAGNR— HVAC Duct System Design ManuaP d ¥¢dld wapd  cRedferéaae3e / 21 G2 %
iPositiveePek¥sBRUB PO/, BuRG CRA:; Atfle g d i ve e PEHsRsud B0/ 8
> PgeldBch ¢ CRA. b &¥We €2 ¥ Rupply air fan e @ Ko ¢ C RAUCKHHS 8% / 2 A d wd
s 2897 8 GKePRIGS[i«tRIVReGBPi @ &5 €& b &Phast air fan e | 2duct o 8% / 846 %
Ko o ¢ ReAd ¥, € K. et 8 Ry & Bledaivé@PressurédBs | 8o 1 e &%

Duct system 5 8 */ B&s &/o%ir%/elocity)e T 8i ek, EgC/Rs%(]K 16 88 RB] < K> ¥

o Bs FKBKRY8 2CE o ¢ ReAKL (BEY) « CRA; WiWa IR B4 2, Qaird
velocitiy)e T 21000 fpm(5.08m/s) ¢ 360 OfOp(h 52 M/s)k « CRE e %o%E 8 2 1 & %

Duct — > P4 (@uct strength) Vel < * A * (@dldstion) 2%k & Gd Wi (Wak&@Bd w
duct o 8% / 2og WRREESUrE) - 1 ] €Aos ¢ CRAKE 81188 « 18] % o (eBcity)
o Ko 185 €281 &K MAKET Maisd)ys ¢ 1cdibraion) kS ¥R « (ffictiod lass)||
8 d Wilik o .8 CfveBocity) o 11 8% CRAo Kz €81 &< el 2%

Duct System « 5 o ¥W<8 Ru al@8Ko s CR¥&EI W, oo Rs¥WE8 ¢ 1 28BD RAK,; 3 Re d ¥
Ks Rx 8 K, RiRE 18 B 3 22 Shetddkeinforcements Yseals k= %40irds@G iPaHu@ B | @ K, Ry 2
B2 Dpo 4, @ ® RAs 15 RUYUECIRLelemett ¢ CR®BK> 11 8 %

REGISTER HEAD /J o 0° ANGLE BOOT .—- RH. BOOT
1= C
<
QN0 BOOT
\\3
>

+—CONNECTOR
+— WALL STACK

1
;i0's
+—REGISTER HEAD
l/‘,., (WARM AIR)
'A" : PLENUM
C OFFSET F
: STARTING COLLAR
& | STACK BOOT \
—
STACK BOOT

TAKEOFF

L.H. BOOT |
'\ TAKEOFF
D

,
FRESH
AIR INTAKE

P
'
8
EN£CAP ™ cewme fs 7S (COLD AIR)
HEAD e RETURN AIR DROP

. BN@Ductsystems | go¥#d K; R B, ® ReA, P d

e.™D u G t¢C RsA Dy /I@uet Bonstruction)

DuGtCRA 8] 2K Rx @ uBi Do ® NREB I BdA Bp RS Vd28 At @ 0N 5 %8 8 3 RS
KaRS(gths a>¢(ee¢R% 2Pt5a/ge/gqseT83/8
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(N2 61 2 @dhdards)c ¥Wd o d WHB, Rs°1«2 CRAI * R¥% PE SMUBRSNAduct
construction standards 2005 ¢ ¥d 4 ASHRARstandard: ¥¢d 4 Jogalicedes

(® Duct o oG WA {tiyRIPe.IGRAIUGT & & 0)sMtRA Wd 1 2< F G
61 2%

(™ DuctCRsA« Wdh asglBx7 8% > C¥e 21 * F o 1(sBporty d wd 5 o d 8 &
K9 Rx 29 RA KB A

(Q Weldings 4, 2 Bgrin@ngy e ¢swd 8@/ 2 G .828cc28c1 828G 11 24, CH

(e) Double-wall and lining

* Pai n(DiUMdCRsA« ¥Wd o d8 2.1 2GKT As s R¥ 2 L/ 282G Ki A

(d) o e PIAB, s &G (material@ypes)s ¢ ¢ WA | RA

*A 6l 8el G111 8AB: Al kikaog, et dtitevEct 8B o 88 | €% o < &>
(l eakapes C%h 5 %%Ws 67 2%

Sheet Metal and Air Conditioning Contractor:
Duct Construction Manuals:
(N2 SMACNA HVAC Duct Construction Stadards Metal and Flexble (Third Edition)
(®  SMACNA Fibrous Ghss Duct Construction Standards(Fifth Edition)
(™ SMACNA Rectangular Industrial Duct Construction Standard (First Edition)
(Q SMACNA Round Industrial Duct Construction Standard (First Edition)
(e) SMAQ\AS Thermoplastic Duct (PVC) Construction Manual (First Edition)
Duct ¢ CReAX Wsdd W 2, C« 28 DAL AR B, 8T8/0GKY BRI TU/REX® RA> F
o W 5 , BKRBS<* 7 25 SMRAYRA s CRAB, Do 9, 2K, A° RAg 61 2 %
o We 2 ¢ (Rile®)ReAYY R GRY 2 AP (¢ WA 2 BRI 1RGN air duct ¢ CRA« ¥
supply air stream s %W; RSRS; TR b oM B o K& GIRSS*,/228 / 29 RA s o1 2 %
Supply air duct L Seét@rGair duct ¢ ¢ ReAS / 8 A o/C8 2 (-ReRel oA 2 [B% ¢ RsA
P A K>ARABBAKL AKS § 1 BWKE GRIG 5 o Ab& 3% s Biodi B An 7Hradowr Ld w
o6 CHOB SR o] &
s C< 8 EBRSERsA, BT 4 Ripelimpiipace)s © * / ré&t#n air ¢ ¢ R RA o Rsaif ¥/ 2
plenum s Bi 2 s e A%AR 2 EBRSP ¢ PUIIERE: <« 21 Rallifs Rsthe side-walls)« ¥d
. o R RsB 2 ® ¢ Rey/@eaftering) EokTe#e ¢, @ahting) 8 d wd B2 HMasdsk duct
s CRA« W MIBEAR KL WY &, d W2l 2G% | 2 %
s > 4 W i2d » PR rigiddtitict RIC ReAsteahtdaluminium Yglassfibre batt ¥mineral wool
Loo RRA DRGBR < Rs =1 @45 ¢ C(¥PBEs D R&d ORBRBE Datscl &%
Duct e ¥¢d 4 @&tlining ¢ GRA <8P d A ° ReAgldésfiBe batt o Wiindral wool ¢ ¢ ReA aif 2
stream ¢ € Rs® b o @Bl Ris erosion of fibres ¢ o8 @ K o RE & GAC R KRsx Rs 76 BeRYx
Be O @ K2sA 9 A4
Duct ¢ C Rt W8 (K € R @uppofed)K .7 | 8D ct® Rx & , ¥Wd A K hahgeRsA K
Eodsra@kBt ¢ C ReA e 18 niptal) ¢ € RARLREK P 5 sDu@ ¥overing Yduct lining E v4le@ble
connection material ¢ C Re&A s W&y RY 2 1 9 W8 @& GRsAb u 9 Bii dikies ¢ | & %
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e VAR 4 W » 8> (@ oFoK %RY 2HBIKeo RS ¢ WAK. RY 8 § W 2 &l & B
(combustible material) < 4% PoF Ko RR & » M« 2/ BREB: PI K 5 61 & %
(¢« )ACode of practiuctei ofnar i fnibelPs tudkeadaRss 0T Redathdds)
i 6 2#A&e 2 & SURHce fll sBread ratinge | & 96 o | /(Bafs 1) <« 86 1 We & GK
o KT Rx 2 o sCUuAR 1 %RspN# >2diNtee, siréad fatng) & &class zero Bs | 2 Bt
lining material ¢ ¢ Rs& gldsezeror at Bnges « 1 & %
G) 6 NAK, RI- SRty i@MBt 8* /L, 8 Pd AB, D IRAe & R GCRALH W, 2./ 2
cRE &Y™ 85 |1 LBERAKHWLE &10A CRAB:; i 8561 2%
Ventilation ductwork E Seterghital unit « ¢ Rs& B | entilator Gslles Yair diffuser @
f <« 2¢* ; 2flekibBe@onnection s C Rt s %] 2 cH%2 2mM)® Rs2; , Wd Ki 5 ¥%
o 2 €> C¥h 24 (BReABB »// 888 K & o R0 B tBelimak Rev@ments)« Wd R *
8, 8f / &° Ribxbleditt ¢ CRAZ50BIM - s % 2 %« I Ki 5 %
Flexible joint ¢ C R s 'Wd 2 8 ¢« WA K& Rk 204 RWA 8/ 25 Ko R, d W &
easily ignitable') » i < 8/AB E BAPB RA% 4 Woeide-] & Britisi BnddrdeBS 476: Part 5
o8l 6 @HAe 2 & 9, Rhel| BAR L RHABY
Duct o RsAk o P dcAdedit (28, BBekDy 22 % < 8/ 2 GKh & HRL s RsofeRys * / &
s C RsA 9% Rk 2iact o € Biaddct support ¢ € Retngs ¢ ¢ R¥pledud « C(Rotts o C Beariks
s C Refffening « € R&Anfercing and access opening ¢ € RsA Ptss )</¥WBASHRAE Handbook,
Institution of He ating and Ventilating Engineers(IHVE) guide books ¢ ¥#d 4 SMACNZ Manuals
B4 Rsc2# ¢ %HeRBAK e Rsct ¢ CREER/ 2 2T/ B> C W, &onBriudtion StangdafiRsA
o E W @HE s o 8%

e™NDUdBt, Do §285 1 8 2 i »C2&PuckheNditerialBss Ks* A

(NeGal vani zewdd Ste@edldtBDd ¥, @09 C% 8 Ko Rx &8,Ps | P> CwW, 81 P17
HV AL , 8/ 1 ppliaRksAsy Galvahized steel sheets< Whdu dBt, Dpo 4 , 85 1 85 8F ¢ &

o e PdABSTAABGHASR5, and AST E/ 2 G <« Wd <« 81 N Ki 561 2%

(®Carbon«c Wt eedPUBBDNI. 8, C/ 8 KoRx2,Ps | P> CW, 2 PT >, 8
(¢ ) 24" 9 « @, Wd < Byseehing® Ylues kugtagkGo C R®* <« @Rs * 1 @arbdrsteel) « !

o ¢ P4 ABRSHAHAGERE B/ ¥RIG IR sib | 2 %
(>) 24" 9 < @, Wd < Byseehing® Ylues kugtagkGs C R®* <« @Rs * 1 @arbdmsteel) « !

o ¢ PdABSTMAGERE B/ ¥RIG IR b | 2 %

(™ Aluminum < ¥Wd P d DR fHp7dp 11 RRSCFLPRC W, 8 [ PIV.Ba M CRA NHL T 8 3%
Kek// &e psa CRA. R B GHb Bu m2 Bha s ¢ CRIEk ¢ PASTVHERGOBR WY 1),

6 MR/ T o 22%

(©) Stainless steel < Wde P d MRV 916 BRICELPIREC W, & io W 188 AR § R WG | 8 ¥
Ki t ¢ h e rk%tn® @abd exhaust ¢ d ¥8't catdn | eBs/s@ G B Bpd Stackspmnedl 2 %

br eec Kpirnegfsa by iCReAt; e304L/@4L Y316 or 316L 5 ¢ € WDSainledRRsbteel sheets

¢ CReA« Wd  ASTMIAMGE W CHHBB/ « @A o1 2%
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SHEET METAL GAUGES
Sheet ) Sheet
Thickness .
Metal nch Remarks Metal Thickness Inches Remarks
nches
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
N
11 0.1250 30 0.0125 Gauges 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

Ducte | 8 KT Rs & so RSP &/ #8Bi, Dps @uBt(MRsArial)
UL (Underwriters Laboratory) standard

Class0 |s WA K S RY 25 iCP &G R b |2 (2o Bante spread) Y5 mWA > d ¥WATO/ 8 @
di(t) Bs i & ¢(zefo &idke developed
C . ¢ lR® Ygalvanized steel Yaluminum Ygoncrete Yasonry Yelay tile i e 1 8 & =] &
s CReke RPdii W 2.1 2 %
Class1 |s WAK?® RY 2 @@)P 2" R® & Cef@ s p e mA> OWRDY)« & k|
L] 2A{svkde develhloped O 50
€. « Rberglass¥many flexibleducts i ¢ 1 2 @ <} @ Refes I AR, Do kd w 2
Class2 |y WAK® RY 2P £2* R %[ CaAm s p e mA> OWEIDY) « 2k ||
L1 2A{stokde devel)oped 0100

e.™@® Duct Seal

Duct Seals C R&A K « Ry B #xp #d (RaDECED CRG. | 2AK: Edw 24

Ductwork and plenum ¢ C R¥&s Reéd Pts; | SAP VIR Ad . 85 6 | & I
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ASHRABMinimum Duct Seal Level

Duct Type
Duct Location Suppl
N : PPy : Exhaust | Return
O 2 in. v > 2in. w.c.
Outdoors A A C A
Unconditioned Spaces B A C B
Conditioned Spaces C B B C

ASHRAE Standard 90.12001 and ASHRAE Standard 90.12004 Ductwork Seal Classes

Seal Level Sealing Requirements *

All transverse joints and longitudinal seams, and duct wall penetrations.
Seal ClassA » )

Pressuresensitive tape shall not be used as the primary sealant.

All transverse joints and longitudinal seams. Pressuresensitive tape shall not
Seal ClassB

be used as the primary sealant.

Seal ClassC | All transverse joints only

Sealing Ductwork (ASHRAE Standard 90.1)American Society of Heating, Refrigerating and Air-Conditioning Engineers,
Inc. (www.ASHRAE.org)

SMACNA IDctwork 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 du ctwork upstream of VAV terminal units

Sealants and Adhesives

Wat er basekdsoRabelnantbased (£e7a loa Miwlpsas RexA 0 2 ¢ CHDOA
o KT Rx 25 CuA  folside)e - @@ 4l o , d 8 2 KUndefgsoRsd)2 = daxdl s * / 2 0o e P
(appli Qatw@dnolventbased Seal ahts s Re W@esistant  weather) L/ 8 G

> s e 8R0 T 1 BiKaviBEtRWBI TP Ed W 285,28 o dW, 21 2%

SMACNARecommended Ductwork Seal Classes

SMACNA Pressure Class (in. WC)
w12 | 1 22 | 3 | x4 | 16 |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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Chapter-5 Air Distribution Systems

Return Ductwork
Outdoors A A A A A A
Unconditioned Space B B A A A
Conditioned Space B B B A A A
Exhaust Ductwork
Outdoors B B B A A A
Unconditioned Space B B B A A A
Conditioned Space B B B A A A

SMACNAHVAC Ductwork Seal Classes

(N2 Seal Class A: 25 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).

(Q Unsealed: 10i 40 percent total system leakage.

(e) 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

» & Me Benefits of insulation and sealing ducts

Air Conditioning s 8 * <s8 P d & Bdudps [C RMMC WED o, K> 1+ Ko G Miedhanical
Ventilation 5 8 * <« 2 P d A B dubpe ¢ Y@MV ductd o 9K> 1t Ko G SRGINARISAINg duct
s C RA o Blfcte 80 Rafsuldtidh o 4 » 2 5 1 2 o dM¥ghan®al Veltifdtion duct s CRA 8 s/l at i
B2 Dpo 9620805 8D L Pisis B/ 8 5 « 818 8 4 RBSdkternal insulation s %¥Weduct W
o 8% / 8As @8 RGN RAMeynRSinsulation o | Az %We | € W

Air conditioning duct E %ameianical ventilation duct 8 d ¥4 B> ReA i Re®s udl <adtei
Bs i 2 Alr ®rditioningduct e T & . € Akeft&ddsfer)8 WdRsx * ¢ 285 8% « &

www.acmv.org 5-13



Air Conditioning and Mechanical Ventilation System(Vol. 1) K< Ry 24 24

o 2 € Ko € %Rx (Bterfakinsufatioff).c8And e x ¢ ®@ nal B.nlpuwl.RteiRA: 281 & %

=

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 OUICK / \
TACKING ADHESIVE T0 BE / \
COATED 100% OF DUCT /
SURFACE AREA GA. 18 TE WIRE — " 50mm x 50mm x 102mm
SPACED @ 305mm GAUGE £20 GALVANISED
SHEET METAL CORNER
BEADING
2 EMdsDuct 8 i 887d8 KT R& 2287 / 2 ° RA, P4
[) (ii}-(2}
T

Vapour bamier lining
Wall penetration _\ - Compartment wall

Mineral wool
insulation - s o
material AVATAVAVAVAVAVAVAVAVAVIVAVAVAVAUAVAN
<z z
Metal duciwork MAY) N\Dﬂﬂf\lf‘{l JAVAY u_lru 1\
_k_ L_ Fire rated non-
combustible board

_CO|'I|'|I:;‘usﬁbIe
insulation ___ Fre stopping material
material having same fire —

resisfance rating as

the: wall

Collar strap

Steel sheet
ductwork non-combustible board

{i)-(1)
> &MNa Fireratedduct @ | 2%71d28 KT R& 287 / 2 ° RA, P d

e.™™Dycts B,/ 8 sl «n8& | Bt De0dns EBktBeAabInsulation)

Insulation(vapor barrier)s Bz | @ 5 ¢ 4 PW B« &dernad insulation < d Bbw¥ glass
e d ¥ o ominer& wool material 5 ¢ € DA . BRADR I/, RBGEL 1R BTe 8 @ Fos T DoWA 5 |
e d P& 2 BnsulaBon Pisks » € Ko € %R (@ermak corfdicijvityg &1 20.0332 W/m? °K
Sc 86 2 WK 5 W
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o 2 € Ko C %R (Bemak cofjdbdfivit®i« Ry 8 A€ | WA« &ARB Y/, 8AK
(insulation) ¢ 4 » 3|U=TQ¥#€E9 Bsi&el %

2 Co 8 # o(rietn teneraivéd) 24°C -, 8 * <ilsulation 5 © €hicknessk | 88 i @9 < 856
(28m) Ba i 2 gec,22% 1(dRM8iLy) e T 232 kg/m® Bs | 2 sool] 2R% 2 0 .CHA irkco tow
K, s Rsuppbyatuct Yaeturn duct E vextgadst duct ¢ CRA* « 2 B3 i fBrecbnd W > A° RAe |
K 1 ¢(rR\ air conditioning area)® * £ & 7 / 2dudt & (GRsA B insultioltsx © € ¢ | Rupply air
0o 8% (BYR o «(BOm) BaindMin EoextRuBtair s CRsA, 8% 88 «(285m) B2 1 A& %
con s K, A° RA&.| o@RB air conditioning area) — 5 » € > C¥WA i8re [KB0A® RAK | Fails
conditioning area)— o 2 €> C¥W1 8 9 <« & » W (CEHRBK ¢ RREBo R KBS RWES Ge |
insulation s d ¥s > 81 2 %

e.™QDucts 8 * / B #%su | Bt Dpe09n./ S@awiRedlfhsulation)

Internal insulation < & 26 P G foidete®iB<« Ce ¥ RA K insulat®nHvapo2 G
baryiBsiekisd 28" ; 8 EBic s ¢ HWRED . BEURKK « Re Reilf 5 AUBLG
c CRAS™ / 28 , 81/ 8¢ 8%
e ¥, 2 ¢ [(density) 140 kg/m® s So¥eock&dbl material o ¢ € DA - ¢ RE A B Wdin du@ %
o i 6 @)s W8 RS ™ R cintirnal Insulation <« d d PAB,DOR s & %/ & AWK, Ke RK
rockwool o | ¢ GRSAC P o *o/> SMMEMMN): B0W, Pisc 2 ¢ CReforded) 2.GC 8 ¢ N W, Po
(@luminum sheet)B ; 7 ®WGRAL Ve C 8 ¢ N1 Wa IPu B, IREANK » Sths Ee¥tsc perRdfon
holes) ¢ ¢ R&Ad d & ¢ P2 8 ARsBotad sBriacelt W% ¢ B% o 9 WBs i 21 2%

S

2 &-NpsExternal Insulation duct
Duct s CR%¥ 2 KT RYcé@nstrdicion) s ¢ ¢ DA¢&pe) 1R® Wd / 2(dimehsie) | o | 2
Wi K d W WS 2 o YBMAGMA Bride line ¢ € R« dB# Rss ¢ 2, ld||ws, .28 SMAERA
f We ! 8b 60RY Met al and Air Conditioning Contrac
s BWIKBPk Bl 2%
Duct and plenum insulation (Ref Singapore Standard SS 553:2009)
Minimum duct insulation R-values for cooling only supply ducts and return ducts

o]
2. 2.

©

Duct Location Duct location R-value (m2K/W)*
Exterior 1.06
Ventilated attic 141
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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e.™e Access Doors
Equipment s CReCt — 5 8 * / & A VdaieR Al RitsRIdnper « CREAW & KT By, 86
B, DB,/ 29 Wi 2 A WR 273 8 BRA K« RK acgeBss IDRE C'RIBRB s DM 2 8] € ¥
Access door ¢ ¢ Rk ¥@kooi 8 8 Reo 19 8 RIS o KT R2 o | (Relling &néthod) « d w
oe IPABBDG iR doOrs 8% / A5 dudt K64 ¢/ 2 As o&CHMA £ RB G
insulation material <« ¥ d PA B, Dps oli0@B B P ERBEZ BB - 85 61 & %
Access door, 8 8, 8 8 9| MmNk @ € 5 %wedprén@ rubber gasket o d ¥/ &1 Rs P° R
s 6 1 Bt  fire rating EY@c®gB doors C RsA WA 7 2 (fire ratingy @ 4 Wehs €1Aess | 2 %
door ¢ CRsfockd ¥d , 8 5 1 8o Kt CRx ®ajch)2 d e a v y dut Bs/BersssnpE& < B
e * 8 2(galvanized) . ¢ W 5 & d Wehmiun® o o 1 2We 8 rc el 8%

» & MRs0val Duct Access Door , 8@ Access door k #cegB door frame
AccessdoOr— s 5 * 7 8o i RAUCIE BK ¢ SHpizARFAK > 1 8% / 2 BE Db @ B8 Ko Gs W< e
Ducts s * 7 8 {sizelRsA o 4 W, , Bidéesdoors s ¥ 7 85 i F
a8 % &7 PL20BaM °ReA2 s » Wduet] 2 G 300mm x 400mm
s s %] & PL20Bram °ReAe , Wduct 2 G 450mm x 450mm
Automatic Damper or Fire Dampers 8 * < 450mm x 600mm

e.™AsDuct Test Holes
Ducts 8* / &#& s So@eRcity) ko ¥B.(BRelsure)c de W/ 2 A AiBBE Ted&t Hol e

6 CRA® Rs® DWLd T e s°tRA H bole olGBBN)« d Mfadving)® * /K& R B, © Rsxe | &°

o Ko Ptk 2 5 5 * (hoR; diaRsftern)e | 2 Ng < 8@ Tm)Bs.i @B screw braged o ¢ € DW¥#A s | RA

Bs i 2408 Smm b &p 1 8brdg@d o 4 , & ° RsABal B%gh&Gmetal < dr vBest/ 2 G

> CWs 7 * Fo RAe | 2%

., &@PDucttesthole s %8 T dir8ofy 8 d W 23

e.™q Duct fittings
KBs Rg 2 G8 1dBck K € RAS B «CCRUERt o | WS 8 5 , WIJUCR AN RACRMB 5 | 8 ¢ o
Ko Rx 2, PaBctiMidgccMIRAB: i 8 rcel 2%
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(N2 Elbows (Q Enlargements and contractions
(® Converging or diverging tees and wyes (e) Means to reduce dynamic losses
(™ Entrances and exits (A8  Turning angle, splitter vanes

(Source: ASHRAE Handbook Fundamentals 2001
ASHRAE duct fitting database k fitti@gBloss coefficients duct fiting » ¢ ¢ ¥WoiA2 KWRWAS . P

Ks REB. ° RAe | 2%

(N» Fitting Types Elbows Miteredi vanes (4) Fitting Types Divided Flow Y-Branch
(® Mitered i no vanes (¥4 Reducing Y-Branch
(™ Fitting Types Elbows Goredi long radius (%3 Divided Flow Laterals
() Fitting Types Elbows Goredi Standard (Ne) Divided Flow Laterals
(e) Fitting Types Divided Flow Straight Tee (Nbe Duct fitting -Branch
(#3 Fitting Types Divided Flow Conical Tee (N®) Duct fitting -Branch
Vanes provide smaother

VANE1 .  airflow with sharp tumns

L=(1414xD)+2

(A (Ne)
2 &@M™Duct fitting o ¢ C WA s C WA

L=(1414xD)+ 2

(\e)

e.QDuct Support E sblagyé
Maximum ductwork hanger spacing

(a.) SMACNA minimum requirements

Q) Horizontal: 8 to 10 feet maximum.

(2) Vertical: One- or two-story intervals-12 to 24 feet.
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2 9 ¢R99€9 d ¥ 88 2 %(hoflzérﬂaRsedudt %6(11]3 Rsﬁuﬁle#@sw ?&3'/%@,39 d 2 29 RsA K e
hangerrod s CR& B3 86" FHaRmr¢od 2 ReA, d RNt &W I PAB, Ds 61 %

Cross Sectional Perimeter of Duct Maximum Spacing Between Hanger
(Hanger® i 8> d E4/ 8 BRI*BRe ik a A

15m?eo <« &/ ; & <duce G 24m

16mse 26ms ° W 1.8m

25m?° <« @ r« Wéuct 2 G 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.
4 Vertical round ducts: 12 feet maximum.
(5) Vertical rectangular ducts: 10 feet maximum.

Ductwork Support
Ductwork s ¢ € ¥ p#ype) RsAx 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

Kn Pty 8o d W 88 ,(&ftidalg duRshs <@ R8AG <dntin@ous length & d ¥/ Subgoft / &
s CRACB GK., As sl &%

> ©@0Q Dcut hanger 2 &@e Dcut support

First cost T Wd ¢ | 8o BRY 85 1 8% &1 8 @QUnstalM#fore cost)« ¥l Wd o Wd . | 8 %
81 8,1 @A, RABMWIZ @A« d, 84102 AMWE S¥EJI WpRalinge Xost T Wd el 86 %RsS
o e PIAB, HlRy o & @ WiPd R8V2 A 1RHc. BB o <P A2 <« Co | 2TGCWE W EIWE %
system « o i GRA , 2« firsk ¥IStR oot B &, 8 2 5 1 @« dop@atingi cosly® @ wé
Ko Rx 8, Ptso >o(K 21 5CRAS 21 2
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(¢ ) Duct s 8% / && & 0 ool aine | 2duct ¢ % (Beat)s ¢ Rk & We ,dadBs 2 @A
2 €l EBHay)s 5. € ¢ CRAJNEa ASEP | AB>/ 24
(>) Aspect ratio of the duct (duct ~ aspect ratio)

(1) Ko o QRsKs 2 * / & A, Ck o/ lesRB 4 At@con htd) Loo/ 2 G
() Fitting » & ¢ ¥WDpe) R L 2.7 2 %

e.e Duct Properties

e.e.NdDuct Heat Gaine 4 ¥ DyctiHe® Loss

Air con duct ¢ CR#eolo@ 1 85 0] 29 CRARE o R &AL KMRICANL 8 21 2
K1 s Res (FRef2Wdc CR2 e * Rsh ¢ RHOR & 16 RRIUEI /1R iain) L9 267 Aduet Le |
heat loss)< ¥¥d 2 G 8"/ <88A Co«¥8ds01 . 88SUPPR &l — o » € ftethiPératire)e | &cooled air
el &duct EYRU@ B2/ & soc.Fedths CRIXE W ; € o W <)BUK S RI® K REVERRA K, |
Koel 20 2€> BWL 268 ¢ 2 o'ReWIRIGH P RK 2 Bx 2K REs, » Wd K(allBwaded)
S ReAg 1 20 W3 WEBL & HRsE W, BumIf aif @ Gwd .. %ds.2CRA: | R
quantity) K, AB> KB ALY 8HEWI/ 2.1 2%

Duct E%i 2>8dE [ RBK 2z RRY s e | & G& Kk R Auctagpec@ ratio s CRsAxe | 2
duct e I &duct aspect ratio 1 | & Aedud G« 8, » € d(pedtgdin) | Wd ¢ C Rsk¢ etk | . &
flow rate); | & AfBe JuAQNeRCity): | 2A. 1 2B/ BB C®Bs 2 €1 d(hedt; gaip) |
e AW 5 3 €2 Alledt b)) M | CRAK! 1 2%

Koo o ¢(ﬂe%CIIY)1T %#KF(RWK&)@T 2duct o 8% He2is o ¢R|5* Rs %] i
o 2 €6 CiR%Ax SMIE € We 2 ,DAldCste [ i u RA € A H K6 i d (dact hRat dain)
e ¥l o o €3 HduetMedtfoss) .||l BAK BKi 2l 2%

U value 0.12 5 %¥nsuRtiBn « ¥de P d A B, Bl Gtduethedtgdin) 22% « CF / 8 Ae* RsAe |

e.e.® Aspect Ratio

10 y 2.0
! : '
- B il
e e B R N
[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  =1.03
(a+b) 0.250 (a+ b) 0.250

. &-@Y%Aspect Ratio 1.0 k 9&s@2BRatio 4.0 %¥HuctRe %! 2 k [C¥DacA #hC e ° R,
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Aspect ratio T d ¥e | @uet%Rs %] 2 K. Rang Sde)« WdWd K. R h B t)B=s/i &G
i RoA © RAde ROMMA - / "B s W/ 8 2Bb Dpoed/ . 2G K L2MRBY IBRHG 4L A> C, 2 B> /
el 8o KeALc DAMY R | 2> dAbpect2Rati® %CRAB> / 2 AR 8@ RY &« Ci , we 2
(installation cost)s B, # 2R & A E%/ 2 Jopedatioh codt), AiSic ¢ ¥88(2 RA o Ry We 2 G | 2 %

Duct work « o i CA<« 9, @rst Ccot)¥e B> 1 ¢ ¢ 28 / &5 1 & « @nstBlatidh
cost)e | 8o e 4 P A B 2olhs 4MicBBAEl). o RY Lo 28F / 2 goed 280 Ry »2(HW, 2 #
c €81 el %

Duct cl asPss/ 8 Go R4 K&« Ch § Wi BR¥*EKo Bs | SDULt 2% Warks) k%
capacity @ €] o dddusyBtem ~ 3 ¥Wo(tRs# pressure)s C RA K odkct ¢l a Bs / & G K
Bg gQUCEQ?VS* 7 ge(SiZd)?Sﬁ< nN& o R¥Kduet gl aBs/ gGg R%sggK&)eT e %

Duct Class Max; Size of Duct(inch) Semii Perimeter
1 6-17 1/2" 10 - 23
2 12-24 2471 46
3 26 - 40 32 - 46
4 24 - 88 48 - 94
5 48 - 90 96 - 176
6 90 - 144 96 - 238

o8 785 i BASER AK(CRHCRY)BIEHK Rt L% 2 ¢ ofl DAy *&/Gact s ¢ 2
, 4 W9 £ P B@RAOf metal sheet)c d Wd PAg ; 2, dMAfesia® el 2o A> CWy 251 25
2 4 We C Rk d WKR GIr8Bioh 2:GC D § W 8 wo fhsula®il, d Wo 2 21 2 %
o d WEKJuctRERE B ¥/ & A ByrORs@iant € RICREdUS cldse GWs 2 G- R\
" dW 2#&p1d8 RTBY PABISIRALID « I We I PAB) A2 BB ANERKE LS
fispect Raticd 1 | 2 A B>/ 8B K g e(Me@ass). | 2A.P 8 W &, & QW5 2,

e < S e Rs | e %
nt
‘\/
o

2 &@&4 Small Aspect Ratio 2 &-@Large Aspect Ration

ee™ €] Pe Pe CRA« WSourd @ant®ols> CD. € B>/ 8 A

(Nb o> 3 880 d () odPsdBA B, Do B d2(Wd, (R3S B G U4¥E |2 Rabd®ble noise
criteria (NC)) < ¥de & ¢ %8 & , Pis¥s

(® FBsi 2K, 1€l RRshb@BdGource) — s p e ¢ tardma b %, 2 A,

(™M 8:28K,s RS We % °% < 2K, 1(resRiant 8ond le! cieria)¢ Wics *Py’ & AP

(Q o<2>pPlwigiegaiPeépt abl e )nkow/ st kb t & b € resdavdnggwd e
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(e) e/ 8CGK, (aRRoriatBsN 0i se conto @R p KL o dPU &tB, NG b e W
Ks Rx gKBR@pégzgz Pts¥s

— >
— ——
— —

» 8@/4Duct System Acoustics
Design guidelines for HYAC system noise in unoccupied spaces
o e PIAB, Ipe €6 CRA o> 1 28R 8%/ 83A% 3 ¥ CW, 28/ 2 B
K: R&EB. ° RAc | &%

2> 1 &As o (RUdRATYded) A 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 ClinicsPrivate rooms 25-35
Wards 30-40
Operating rooms 25-35
Corridors and public areas 30-45
Performing Arts Spaces c
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 ¢

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 amplificatiorf 45-55 45-55

e.e.QK o 7 Wd (Dt IdiGge)
Ko 7 Wd i (k&) B2 22 & & Wd A« RAILR WEH! & & @ANS RSMACNA/ASHRAE
standard & ¥¢d 4f B34 8

Ko, Widi Weg28GB>/ almpactefL&mT <« 8¢ CRA

Ko7 d ¥ (Bak&g@i3r/ RsA2 G B: i 8K, t o Rskdy/ 2.1 282G % 284,/ 2
K; R B, ° RAe | 2%

Energy Cost Example
Costlyear = [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) Operlyr Operlyr ed
(%) ft/min) wg) wg) wg) (5lyear) (5lyear) | Operlyr
WO
20,000 530 150 | 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 | 047 | 2.29 8.89 7,452 1,852 33.3
15 23,000 610 198 | 052 | 250 | 10.16 | 8,515 2,915 52.1
20 24,000 636 216 | 056 | 2.72 | 11.54 | 9,675 4,075 73.0
30 26,000 689 254 | 0.66 | 3.20 | 14.68 | 12,301 6,701 120.0
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Ko Rx 2, Ptss > C< 8 ¢ ([RSUMEH)H * o« IRBH>EFR¥&c | 2 ¥

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
o< 8> PLIwW 2.1 @BRbestedbakaydd &@)L | . 8 A
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
Fe va  |gseqd |t

e | E

Cost/Year = system first year operating cost ($)

Qan = 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 kWh (kilowatt hours)

e.e.e SMACNA Ductwork Testing

(Np -4"Water Ga@gpeAedier®t ing | a8f i BMBHBG.28:61 2%
(1.5 X Pressure Rating)

(® -3"Water G&@'Water GalLgRUACt Work ,tBKkstG o s %W, Pisk

(M +4"Water Ga@gpeMdedblerding . °i 87 i 2MBHYBT 2,561 2%
(1.5 X Pressure Rating)

() ASHRAE Standard 90.12001 and 2004 s s static pressures +3" Water Gauge °® < & , ¥d Bk v d
SYyst em®doc ¥d i <86 |od228/12As GRsRdu-a6 c §p Ped 2 GhriBBc
P 8KT As 1 8o Wdel 8%

(e) 2003 IMCand 2006 IMC reference SMACNA HVAC manual for ductwork testing » s
static pressures +3" Water Gauge ° < & ¥d Bod/ugcGie [sSy@doe Wd | < 8 || o ¢, 2/
s8> Pel] Gtnd st cgpted PBoc2BuUred8KT A1 @8 Wdel 3%

eMDucts s ¥ 7 8 5 | RAK (Sizikg) £¢ & WDR &C WA

P AL Y RAK g™ 4,22/ o PRIAABLREK ¢ Rs o KE VR 22026 Rk g FRA 2
coe PIdABailKeRaiCck Wy s e ¥ 2ReBE DRsd o BC R 5 4§ €2%eC Rt > Wi«
|—< eT e
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(N 8,87/ 851 &a 35RER Ko Rx paflesavardbiliyyow
(® Ko<« WERRK! ¢  (SPRUE airdiRsision)
(™ o e PT @ ¢ndise levels)
(Q) Ducts By, ¥ (diilekBge)|
() #Ko o CM:A o 6% / S MAB A * RA By /4 €4 € RAESENBat RRin| o ¢ wd

o 2 €% ®RsA L(Juetheat RS o ||
(4) Ko Bd B& @i R« (air haRncing)
(A & WAK RY 8 RE G K ¥WARS £ Rl 15482 & R« W),8 / 2 B, (fir and &ntolksA

control)
() KT Rx 2, dy,i2@GmAR d ; @nitid invesiiedt cost) o/ 2 G
(NB) o1 82 8 &qd1, 8 « (SysteR¥op@rating cost)® W 21 2 %

Duct Wk ¥ 2A%R%A,“/ A" RS 87348 (€« 85 &% Gk 3 WRTERS

s CRA G We 2 G128 ocdwdl g ,d828 7 2,823,28 <@i2cCdigdMrRi bad
s K< RY 8Ac* 128 1 BN R Pix < C1 8 A6 RK g A« Wdiscomfew) ¥li.cisghd,w 2
Law 8Soude attemudWodRxdL8,PILW 2% +° .87/ 8° ReAg 8 d%
oe Ps CRA °* kdeWi,81eoiRB& Ky BR[| >k B Rso We 2G| 8%

Ducte CR% 81 2K (BensBructRef . B¢ %1 8« 1 86 | K < R¥(I@afage) Ko ; Wd
Bs: i@ Rs o™ ¢ 2 K(esin®)s C RA B, iai KdifflReer ¢ CRsA8* / 2 o I ¥,y » 8 Ke R
o0 Pd o KoRy B%MY 28K RGK, %d u ¢ B Gikp &TdRIBMICJRBIS (<« Rg 2 Go | 284 o 2
(heat )gawhes ofeEP A Ll PA¢") Rk 21 2 ysterd Wil aikREicBANOSS
EcoryenGa mi ¢ reedwwd an e A, RB&ARYRR: RRs 28 RB2> Cc 2, Wi/ 84, ¢
Ductwork Sizes
(Ne 4"X4"9 c 8 ,WdKea/ ;28c1 85, (Ke &xika Ry BdBa P A 8 o(S iR d

6 Bo Do 4, 8¢/ 8 G, Pist
(® 8'X4"cl1 8 2> PLkdw 2.1 2G (smalle®ieddrine n.ds€ d) [Bssiii ZReA
(M ,PdgS%, 25 RAB:/ 28G¢G B, Ddd (Btet Gty taRs, 1 o A IRARIC:

24 1XPVA O 687 D K6V & 1XBe d wd B (i L3R rAn  NRImMbe&eG

i PiAKYUREG* 185 RA ¢ CRAWI , c PdA; CRA:] 8%
(Q 41c1 28 o/ 2GK, CRE2@ag Gmubs/f 2 ¢himpadelhriadteil @ %
(€) o> C/ A (3PY AOHMKE RS - Ke AT B J & maal 4l ¥ sBt A ) PedGod- d 4

eANdDucts s * ; & SiziRgt * <« 2.1 2As CRA
Ko Rx 2, Pts 1] 248 1 2 @ WOHMRBHE A X RWIP BAR 2D« 2 Edw 2.1 23
(< ) Pressurized Method
(>) Equal Friction Sizing Method(Constant Pressure Loss Method)
() Static Regain Method
(" ) Total Pressure Method
¢) Velocity Reduction Method %/ & G
(i) Constant Velocity Methods dpatd 2 ¢ 1 2 %
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e Il Ke R& Ko Rx 2 Psclo@# e netf doAnsall WA aiic @ « CoReAsHi JuAR
oe PdA: QIRSAKNI RS W & AR08 1 & A% RA
(Np Velocity Reduction Method
(® Equal Friction Method %/ & G

(™ Static RegainMethod 8 dp#tdt 2 o 1 2 %

(< ) Pressurized Method

81 2> PsfdiicB g BRA % I M , BMGeedRSC, 20 P& Rx 8 s WPz 228 Ed W
O d WK s RY 8B, s RS * /oBee/ RRGK,y QRBT. BRI A 2 Bs | 8 Ko RY 2 B9, At B
K1 s Re > « Beoh¥ed I o K1 ¢ GWH#RC H, B:Rs 2 Eddtitt 8ol & @ {Sizdperitd
Ke* &> Cr 8 rcel 8%
(>) Equal Friction Sizing Method(Constant Pressure Loss Method)

Equal friction 1 | @néthod)« W A& ; 0/ 8 Ho L W2 A6 K| (TRxIbELY 5 © ¥ K [«
o9 18 PdA; CBeAt i88%K ¢ & (R AW ReRT(PRedstird Pbssi 21 me | 2AB, | ¢
duct s CRehks Wd 8 KRB > C, 8K, AB>/ 2AB: i 8¢ 8%

System 8 i 2>9% (RH & s %] B 86 W RS d ¥ E&dE Pasc@l (Pa/m)k| . & #
s Wo ReAT IPud iARURRS @R ¢ ¥ + 85 | RAK ¢ * AE qy &l B> P r2iAc $¥dig n 1 e @
Supply ESext@dbduct system ¢ C RARMWE ¥ 2hEdu @k RET 7 8¢ Wh @ Jd ML o 1 &

ASHRAE ~ i P> C¥ 2 P9 |8 ,26ADTRRSS oCeReA 85 & @BRATE R/ &G 8 AT P o
s ¥Wo ReAT(NRYM @nd bW #mits| for pressure loss per unit length) <« ¥di 2 K <« Rg & & ReAH VP 2A
o 1] 2 AK PdANNeRCity)« Wd 2K« RI2HRGe*/ 2A2" 2 oW MRE B> B L
P @, €duct @ » CRA /i @ K » W IR&(pRedsard: b #per [unit length)« ¥wdi & Ge * /
8% (2HLEAR 2.1 2%

©

AEqualnFMe Ch’d dd -7 &7 GT¥2 Bs® & K2 R B 2R

(<) 2 ° 6 CmnfActidh Bss per unit of length « ¥ds /e88 & ¢ %8 & € b B s %P 2
s N8 R d W 2ALIPAscaR IPa/m)k || 3 BARSAT Pod el | /P lawd|)/ « 8dr 8 ¥

() 0 d¥e 88, %° FrictReklss(Rpa/m) k%L o2 G Ak fow &) « Wik B> dRtzs (
co s’ 7 8oKgRe#A> €, Srjction josB ehart ¢ Bict s 5 * 7 & {SizeRSAW I Rsk W

(") s ¥ ReAf(pRedstrdlisf)& e [ RAT P & A BEECUBYN 280K ¢ & foREIchonloss « !
8% « 8, € ols &0V 2T Mdubtdektion)Velbow ¢ ¢ RSMittidgGs ¢ RAriction loss « ¥
97 2Bt /(2A Cc 25l 2%

() KisRe><c2o> Fs CREEK RS & @ {sizdRsAx « Wd KB, R¥ 84, Fs
e 8 8¢ %8 29 Riiction 20€s coefficient 5 8 d WHU@ A s * & i2Rsize) « Wi, ; 2
B/ 27/ 2 LEyterd o § 8 d, Pd Ad K, W RAI(IPHtAUP | Apre
KB RY 24&0¢ Fes" o RA M &bo | &

e dWlikE R2al Fir2sdticon ®RA: 1 A (xRE 1 SRR bavandrag)
o4, 218 2> ¥
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() Static Regain Sizing Method

AStatic Regedi2n Wit S1100"0RS <« 2> Ei BIRRARMK Bd £ G 2
o> C¥H 8 8%, @8 (Re ERNIBSA° ¥R %1 AP ¥ @GR "IRBKC Rk RF 2, d , 2 5, 2
o 8% qedual friction method koo [R¥8 2 Fzive&Bajelatly BR#&E PRAB, D e | 2%

fiStatic Regaeiflnd tedhimal ke o o BikanGh duct section 8 d ¥/ 2 A, 8% « &
s Wo ReAT(pRedstrd Pshc€)] MK dRE 5% ; 20 | Rg CReACWE ° RABY REAB Al 2.
o Re& Brs ¥ o8 GBrangh duct section — ; ¥ A @résBufetlass) « 1 8K 1 Rx 2frafich duct
section — 3 Wo ReAT(pRedstrdlgsi)#A ool 8 G2 €1 Wrcel 2%

g 61 2cdud G . d(3WCBx Eoo? 8 Be duRtGo » d(SECGtIBNK 8 d ¥llw, RAT Pd A L | P,
(pressure lossesP €1 WK o HRg B 4 » & ° RsAx B> ¢ fBHRB L6B2KugRIsection ~ duct
o8 7 8o (SRS 2% d WHKJURS, o J(SECtIBNFE — duct o 5 * 7 & {SzefAk &, MWUAK. RY 2
Bo Do 4, 8 9%RA:&HK BYRY 2 GETd MiKe RERA « Qir B8 AUl MB: U8B 28
Boi 2eof¥2d% kR 2RG ¢ Regahd eMeP’H RBoAr 20B2 1 2 kLW RK, %
°, 8«MRs . 887 d & » akadidRsprocess s (BRLAR ¢ T € %
(C ) Total Pressure Sizing Method

Total pressur el &itzatnigc neet ghebdd Frd tcBouRKe RS 8° ¢« 8 1 ]
Bsi2el &%
¢ ) Velocity Reduction Sizing Method

Velocity reduction ;] & Ae Jdd8ct 5 8% / 2#g S04 velocity)« Wdh Wd o o Wd
Bsi @Ko RIBOWERK7 | 8AB: | S CAAGCtyY) ¢« CRAB>/ BAKFKRN 8B 1 &
I €1 Pdnpiselt REERx * ; 2 8 ReAJ A8 Bs i[RIGtT € %7 8 o | REE% M Co BDYNLE %
o « 8> P Ld w2 o] (BAReptable velocity)« ¥Wd 8 2 ¢ %8 3 MR | %2 s %8 2 ° RAKe Rs
Ko o o QveBcity) ¢ ftict £ 5 W, RS WE BB ; SduTts 8, & Sz < 2, €1 2 ¥%
o a ¥ /L2 £@uRdy duct ¢ ¢ W Koo 9K Ry L2 (Bctamgular) duct o s * 7 2 o (SiZB¥ABRA
6 Y%esRéte RAT P(présdure |osses) MReAR 8% < 8, €51 2%

17 @A [BR/ & GoTR P SMghCiRede level)c Wd « 8 5 > P Edly 23R8 2 5 d |
P Rspe 1 2 @@ idRak 228 > REAReAC RA: 2% 180A o € REA K <SR I o885 ¢ C ReM 8 & 8
e/ 82GKo CRR o b BeRCIty) 61 2c1 2 G TREASCHdAsEIRIBI) ¢ 1 26 C%Bs/ 8 Gs RA
e WsASBRAE Rs 4 ,18MACRSS BBHVAC Duct Const k wWd 2nRYSS k da/ deaeride
(i) Constant Velocity Sizing Method

Constant velocity method e | @ duct ¢ C RA s RA o PedsAR o8 68 829 ReAd WG d & 2
8/ terlern % o 8 & ¢ Epedfied)® RAe | 1y o o Q¥eBcity)< ¥d o K B¥%> P duct
o8 785 RAG CRACHS BLiBBHEULLE G / & G¥ RAT P(présdur |okses| ¢ ¢ R
cd 2, Ebwd/ 2.1 2

eH®, ™ ° 88 Wd (B} [|ars TR BERT(PPictich Lofj@stin Djic)

Friction loss ¢ [ & fluid viscosity £/ 2 G ¢ 8 €1 WK RSl JHbdioi.-30BEe Rs
Ks R2o D COAK, Ac CRA ¢ inonelntsulnBiss e ; Br 8 46 RAL* L 22T/ 8 G
Bi2gK., 1o Ryii @%i 0oeril ot @Ks §RIAEK 21 B 8%
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Equal fricti 8nysnmeeinBod,PdA, " | 8s8€p VK. Rsnn i¥d ¢
s e PIAB, ijeT e %
Frictiedng |KesRx @,Pts 6> CcB8s9c¢@ K,18%/ 285€81 8%
(Nb Duct o s * ; 2 {sizelRsp« WAK L5604 @usRCity) . | & Aridtiomidsss, | 8 Ac | 2 %
(® Duct — 5 8% / 8 & Cp2{irRaSurfa® roughness)s ¢ ictién loss ¢ CRs&xe | 8 %
(™ Ko i WAT / iikflodl ratd): « 2GARSATHCID#NOSS ¢ CRe&xe | 8 %
(Q Ducts s %i(ledgth) ¢ C RAfectioittoss s CR&Ae | & ¥

e.#6™Head and Pressure

Head%pe@sswwde B, 800 % 128 o7/ 8KBoeodW HeBAA
T wd el B BRI ¢ CHWIOA CHWDA | Rf / 2AS | KMi-dRsl @B P28 @K.2 B3
("Head" is the height of a fluid col u mn supported. )Py eddiudrived 1 &d ¢
7€, 1 2E£3 ¥ RS i 2K, g Ry K, 18"/ 8 e ¢ Ks Rx 8 K/ & Raik R&f1d8uli: ¢
(fl owi ng Wil Giddd¥ 2 #A&diudible aRekd °8ddARE RASRB, Wd 7% o~ 7 &« €
o8l 26(CREY ICRA - HEadd Wy %oy & kKiloudndidRidyB2 G 21 2 %

C2 spRE MP CRA 5 s <nBHREAT d WS ondier & water cloum(WC) Bz | 21 8 %

eWddKe R& K, ecdwd,d88 Ry 2KiY§p e e RO CRD
87/ 8G 8 dW 2A;, €gc] EWKoRS 8 Kq« RIIWH i 8 o GBI RSV L #d
s Bai @1, 0¥ 8Ke RK <« RE 2 G(aBi i ®d)ieBRes ulthe:RB 1B LPEI 6 Rx (
o8l 8 « K< RZLHBHRE B> KB2 R§ d WKo Gs W | 8%

Air pressure 1 Pound per Square Inch (PSI) = 51.71 millimeter of mercury( mmHg )
Ko K, Pdd @10ty 2 ; ¥WHRE min 8f mercury (MMHg) « K <« RL o0 7 5&Hbm: O 86%

R L RACE PR s ALK FLER T & DAANS™

Dar-Wgi shach Eiqaflan i @ pige c Wd d (dy 82" / 2 A8%2[ 2 A BRAT
e* RAel 208 Wts 1B 282G o(f| Rets 7)€ .84RE a pitd &™) @2 >PE A, Dpe
s ¥Wo ReAT(pRedstrd Rrfipkee [| [Bfl uis AL RA « ¥ QWKWK |RB 2iG2 K. 1% R
Dar-wgi sbach <Exdyaevelapedflows CRAs 8 * o« 2RIREB2 DB a 182 %

Darcy and Colebrook Equations
Duct ¢ ¥¢d dl o, A 0BloeR o 8 * / Bull% CRAS ¢ NBRA/ 2A:" BAiR&Ss» Re

s Wo RAT (Brassurb drdols oAy e« 2> Cc 25, 8
_ EHar
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o 9«8, Ps , PdKfyiic®hAoNWE 0sSsSWsr iBgctsi" @ 081 5 SoWs |
o I, , 2] 2%
(¢ ) Huid ¢ € RsA damidar flow , Pd i RBL / & Gk PRéyrdIds, P, Pis® 8B HL RO «

s K< C RERynolds numbers less than 2000)3%Friction factor ¢ | &Reynolds numbel

81 85 CWDAST K, 1881 /886 Rs
) Fluid ¢ C ReA tutbBentflow , Pd i P B/ & & b Mistion f&tlrke. | e 8R&nolds, P »

(Reynolds number)¥e & * / & & o L1582 -R&R{iiquct si@faee rpughness) k v46irg & ¢

K. 185s8 21 2%

Friction factor — 8 ;| 2d #AN <« 2 3 ; 2

e £ OF <mrbifw oo o |-Ratviva o
[ "8 r1 imll =|-=|I"”"’D‘H'I’

=|.q-u-’D-H-H‘8* (%813

mlF

*(3813

im % 8 nr
0 9 < 8, Pis 1] FRIAGTI I8 ct i onWdl asGetVdds 1 & o 8 * (Regnolds numikar)RIG, £, P

o 8%/ 8%, Cc 2 EwRdhet/ Buffac€ Rzolphness)e Akl @daulic  diameter & ¢ wdl
e Ws 1 80 W, , 8] 3%

O
Koo 8™ 4%‘ . DI’D-H-.‘iD.

NoncirculecaBRAduE™ &1 ars CRAKWNRD &G i s tCReAPBIz HRBKA Yo'
noncircular duct ¢ ¢ R&/ainarflow s CRA B3 | 2 K, 18, ¥R 1868 » Bissg %W, I W 8 K¢ RXK
hydraulic diameter < ¥#d G2 8 /<28~ (%188 c | & %

o a 9 ¥W/lg #8,. R dd 8 Bugti(N®rGircular Duct)
= o W ’NQ‘I AN & 'Qd @i
T o

006 wd Qaa
U NQI QABDDEITI Qwo & ¢

) 9(32 Pts zﬁgKeHyélﬁaalng&%l aSrﬁe<t%e>r(]3< gl QW%eT e %

o< 8Kst f2A: 2> ChRd CRAL b C ¢ 41 AM6e b ¢ IC W) Aound
square sk Swec@yular duct ¢ CRA 1 2 ¢ £f0o DK ¢ RsGit s teagnucael me )a
c CR& G K, B Ki el 8%

Rectangular Duct
Rect angut ¥ibwDaesidtanced €& s %] & F &oundduct® ; @ A; d WA, Bz | KB, Ry

8 43 0 O OOKOQU e)d’lﬂ)saxp 60 & Qi @i
Tm —F & W 0QeRIL ¢ QOO WMQO6 wdd
@ 0 'QEWMIDQ QM b MOIHFMQ 6 wdd
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Flat Oval Duct

8 ==| 8 A = major axis of flat oval duct (mm )
T
- =|= ® a = minor axis of flat oval duct (mm)
= =| — =|= = =|= P = perimeter of flat oval duct (mm)
boz+ = 4+

Friction fact o4 8 ; &WeKs AK, RGREBEy Asd&8ds ) pambers C« &
K> CRss [dpccstedAssjur face ESwRggitinaski c dd et ex* / 26 €
S d W > CcBowWR o CRBe PAAB, D <7 1 8A8" ¢ 81 o2 Bia® o208 k& R
W oBa i Bel 2% o PPIGAR, HLT MBEINY RSN /€8P 8 . d W d W™ ; 8¢

Hydraulic diameter(D) < ¥R&ynolds Number(dimensionless} * <« 3 R&*"F/d8&a B Dt 1 2 °

s 8%/ BRBKE2 GKy o ¢ (tevdlent DrRsminar) <« WiP d A B; 8 2 Rey@olds Numiir « wd
e We 1 80 W] 2%

Reynolds Numbere | &@™L)° <« &, 1 & Alamfiess fBwo. Bz | 8¢ 8 & ¢ than@nal

if Re < 2300)

Reynolds Number ¢ 1 & (&™) EG/(RBIB) - 8* / 2 A B filradsiert AowWd - Bs

e 8 86 %8 (dransiéat for 2300 < Re < 4000)

Reynolds Number ¢ | & (CX20) ° <« 8 ¢ C R §iTQGrbdedt flowo o Bs | 8¢ 8 85 ¢

(Turbulent if Re > 4000)

eMQFr i ct i 0snGo¥e hRatr<tqFressBrardp)e * <« 8, €. 1 8 A
ASHRAfEctonchaet &

(N Friction losses ( Pa/ m)

(® Air Quantity (Liter per Second)

(™ Velocity (m/s)

(Q Round Duct (Dri)asnvdeltBe;r/ 2 G 81 2Kf Rx 29 RA:[ 2 %

(N g , 2Frictiordlosses (Pa/m)« ¥Wd , o CRA. (¥ 8 2 CG)BAL & Kok Ke §
0.1Pa/ime¢ %O P &ms © Ws %¥WKe R o] A& s e PIAB, Ds 1 8 0.7 &M
c BP&M 8%/ 2AcRs Bsi2el 2% o0 %2 0Rs 26 WRs 8F r2iec
| ossed8;, @; IWA B:i&c] %

(®  Air Quantity (Liter per Second) < ¥d Kn Py 2(vettighklid e)Bc2 & HC Rex R
L/se 200,00 D/ss © ¥Ws W1 2 %

(™ Velocity (m/s) « Wd2s,28s«2eWddKi R 2AK, Ke Rs <, 24 3Due
a8/ 83A8 Y/ 8Bs828c* RAKe RS Kg « ¢* RA, Dy 2AB3 | 8¢

(O Round Duct Diamaeter (mm) <« ¥wd | Rsg <« 2. Wdd ki Ry 2hK; kK3 R
K:R2 B, "RAc1 8% Nlg,88%/ 8 2 Ptsa/ 8Ke RS o5 6 CWDA:
o e PUARA Becl @ EWi 2, CHWOAWI 5 5 %W, IW 2.7 2%
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8* ¢« 8,1 8A €26 Rs

250 00CHM: %HWKAHRUS | 29 Pd A % o a(d &4 ok ,) RiGE cPn So¥KG < RS
a8 7 8o i FOARGWREMRUM fr | ct | O R ¥IPoAMS a > % KB * <« 8> Graddd dusks
el @ (A Rs s % s YW tot@Trd W Go@/nd BoEBs i 87 811 8AS

g , @ BIRE , O W 4 Wo* 7 €k ERS *2/52 K, A° RA(KiR Geantifyyes d2° | 2
2000 HMB: i @ell 2, %28 2 BRKRBP, Ko, 5@ qidstityys1 2Li ter per
Secofsd el &% 2050 B¥EHM REG2tGe r  p eor B :S elckoB. AR 2 AR 1 188 ¥

2 & ASHRAE friction chart
25,000 CHM x 1000 Liter per meter cube = 25,000,000 Liter per hour/ 36 0 0= 6 9 4lL4s
EcoMa @i mum Fr i ctWd@dam ledPsdshels, D CH/ 2 (I pniteksetlei@nidPoi
s 8 e | 8 %
KnPy 89 AW« 2 6G3MK, S RIWASCHAN %8 | 2, I W 2ACWIT * F,
s WP dMK, s RE™ / @ o JAMAEBIASE BPsU W B v Bie T)PE 8R0S BOWINE ¢ 1 € 3

odw Pd i@k diaReteswWddki R§ 2AKe:Rs <, 24, , 2d B, 8;
8, 2 A; (BAMbe R By(%58% /N8 We N Rs 5 d Q68 AR HHRKERs* «28* /28 5%
95mm di ameard@al & e uynddu cctWd K * A> €, 2 (ved 0262 1y B/s2
>1 84 B i BUuBBWIAW! RA LW 8G o o APSIHFBAED. I €dbo nkme rRe Wl ura

www.acmv.org 5-30



