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Chapter-6 Air Moving Devices (Fan and Blower)

6005820600053 :qpE  6500E[Ma0pd  cpgpel  oySicdeqEopd  AB3a6E0005
:2egpropd §oopd evolecuaged(ventilation)eomsgieclogt woopSoopdi erozagpdaacoy:
(quality)r 320§ (temperature) $& ecogpseg,aqp[gSs(air movement)odssed o€ @oopda0bN
:26e0000m 3038 condensation  [gbedl[gclopé  d(mold)gp:  $E  005B:ruoigps
edlodgriamom  65dCoagpiel  oySiceqied  0380Se0§Eopdl  crunggEicoodsoddy(air
freshness)oopd 3a§e0:qpiocdoncd8Eal todoobsaopdecogp: ©dopod 8EqsC c3maba0pbooad
Sqpseso0pd(excessive) cqaggp(moisture)oodopod$Eq 3260l 0gE wanpbaopd

20fegqpoopd air movement q§jg$se0305 fan gpiod sagudmenesmSey egegud[gts
duct gp:od 0560003006s08[gEs control system gpieomCigy Gesmacd voeo[gls system
00890d: GescopSuddesgt: 00005 3agodgpiedl 0gt vonpSoodi
(.o Total Pressure | Static Pressure §§ Velocity Pressure

Fan 006ad:0000  3c005gpicopbesoopdoddomn(rotating  device) ood9[gbGs  Bsan:
ogo[gpeqod(pressure difference)od  [gdedleooopdi  aB8smiop[giqodelopé  eood
6g,0qP:e0a0R01 GOO3 codesepe F[Prrondesepad eepodogieant [gredeu:§taoopd  air
moving device gp:03 “Fan” o8ewrad “Blower” xpeal 2opdi
Fan $¢000503E0005 8zans(pressure) ads§jsoopdi

€)) Static Pressure

())  Velocity Pressure $&
@) Total Pressure o3 (9620251

Total pressure = Static pressure + Velocity pressure

Velocity pressure $& static pressure edlEsqC total pressure qoopdi Static pressure o3
fan gp: egegudepagt saadigjoopdi Total pressure o3 Velocity pressure  qq$(spe§) 820305
F20ddgoopdn Velocity pressure o ecodsgSs(air flow rate) $C duct s20p8:§ Velocity odo3
0§08:q8 200305 30dgoopdn o3 Bams(pressure)qpsoopd TP = VP + SP 2Bqg8sC
s005030068[0300p51 Bams(pressure)sl IP vasdo0pd inches of Water Gauge(in WG) o8e0pdd
inch of Water Colum (in WG) [g20p51 8saz(pressure) ¢l ST opsd 2005 Pascal(Pa) [g620p5
Static Pressure

Static s20p5en “eg, cgpiesgtied” camecun? e8adoopdi Static pressure
03 §2300p595 Gomadi0ptddeon ol BafgC powdcL:§EadN
GOOGYP: 6g,OqP:aFEaSIP0R0> PdCON:GaNEs(resistance to flow)gdoopd
GEP 3030333000  AOOGEPONGHEIN  static pressure &l 330N

opR8[320p5n (equal in all direction)i Static pressure 20pS Positive pressure

c0pdegd8E2005 Negative pressure copSs [§68E2001

Manometer o3 sa0%qj) static pressure o3 03E:8Ea0p5 $(p-6) og€lgoonsaopdsacits
U tube 03¢ eq[gpd[8s 320 00600503 air steam $& 6onCosmrje320E0:Cl 03$006900503 385§
Gcoco8a: (atmospheric pressure)sé 03esEgoondh [gbedlaonaogl edlEadndsa(gE (vertical
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difference)oopd static pressure o&{gdoopdi ealEadndealqé(vertical difference)o? inches of Water

Gauge(in WG) @8 o%&o]?@& @Soaéu

o p6() 03E[goomaopeacdE: total pressure 03038:0pg8350305 0 026D
Goocoep  odadgedsoe(facing into  the air  flow)ood:dh  Duct 3003C:§ 8z ¢

6g.0qpees00pdeco(moving air)odelopé [gdedlaneomn  total pressure oopd static pressure
c005gp: 60§ o0RdI

A

measure
scale —+ of gas

pressure

< (as
N-tube
coloured
liquid
o (-0 Manometer o G-J No Air flow

¢ 6-p (on) Static Pressure 6 6-p (o) Total pressure 6 6-p (0) Velocity Pressure

Pitot tube oBsaaddgjq) velocity pressure o303E:a8Ea0051 & G-p(0) Pitot tube oz
3860569005 §oopbersnd 32000860503 total pressure 03€:00058203E: GrudieprobielopEs(air
flow direction) o3 qo5§o0[Gecon:dl 0388000600503 static pressure  o3E:upo0pdma03Es
ecoBselopCs(air steam) $& coonCeSoyesnt condh e3lEa3admalgE(vertical difference)aod
total pressure oo§3: D¢ static pressure o§3:03  §0Soons0pd velocity pressure el
008392000 Velocity pressure 20pS duct s2038:  Grosacqi€(velocity)oedansé  Bod§od
Hpoxoopdn  6IN0dAl G0l mpadyge) velocity(FPM) o  velocity  pressure(in
WG)aB0g05098C 0051 038:6000088:  (contant value) 4005 o0pS standard air  density
320305200(gd0p0

V(feet per minute))2

Velocity Pressure(inches of water gauge) = ( 4005
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Velocity (fom) o3 4005 [gConzs] $600603§:00E8aqE “Velocity Pressure” (in of wg) o3eaopSn
Standard air 836[g2265 330305000 o005

Velocity pressure o303&g8s duct 32038:§ ecozanyE(velocity)o? 3200050 deo0s5HgE
030509820001 Duct 320382 § eozangiE(velocity)2opd esepad a30de) a3[greor20p5
G._J Positive Pressure Duct $& Negative Pressure Duct

78 A im i

'

.f/
/
I'. I I |'II.I
/) /) |
T = = \.
'll )
<';> G—g Static Pressure Total Pressure Velocity Pressure

320005010038 e0d[gooneam duct 3203855 “Positive Pressure” [gbedlcomefopE “Static
Pressure” 20p5 “Positive Pressure” [gaopdi Static Pressure 1 Total Pressure $& Dynamic Pressure

9303 eedlgaozaopd

TOTAL PRESSURE _ STATIC PRESSURE _ VELOCITY PRESSURE

-97 Pa (-0.39 in. wg) -345 Pa (-1.39 in. wg) - 248 Pa (1.00 in. wg)
— o —

=N l N :{\ TN

7 /| J 717
A - 20.3 mis
}x —/  ARFLOW —— -/ (4005 £y {JJ% }

¢ 6-g Duct 3203853 Negative Static Pressure $& Negative Total Pressure [g6edlo
3200050038 duct 32038:5 “Negative Pressure” [gdedcomaelopé static pressure 205
negative pressure [gdoopdi Static Pressure Total Pressure $& Dynamic Pressure o303 eodlg

cons00pSi Negative pressure duct [g&aop5n
Negative pressure duct [gbcor Positive pressure duct [gbeer velocity pressure 20pd

0p50005 38le 3250500§8:(negative valve)o[gdSEeon 3G 32631E:0083:000 [§63E0pd
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: N,

Fan Total Pressure

Inlet Total Pressure Outlet Total Pressure

O —] —=— ()

|

Static — Static __ =

Pressure . — Pressure — - Total
—Jotal Pressure
" Pressure -

Free Inlet - Ducted Outlet
Ducted Inlet — Free Outlet

06

6.9 Duct 320p8:§ coosi Velocity Profile
[4022038:03E  aqypidientiesoopd powlgE wd[g8Eoodi [4dsacuudopt @q8:doosq)
(velocity 3gpsq)) [g00ndieonsl eeBsamaspds(velocity $p5:)00001 oBelopé duct 3203E:q velocity
0303Es0p00p0326l03¢E GsepypigpPiodEs) qbg|(average) 0§30 3050aS c3za62005
6320050205 axial fan $¢ centrifugal fan 033 velocity profile [§dedl $03 eedlgaonzaopdi
100 % effective duct length 205 duct saguSssons(diameter)sé crosacg€(air velocity) edlogé

©0op520p5

~<+—BLAST AREA
DISCHARGE DUCT |
<+—OUTLET AREA
CUTOFF | /
e 2\
i / | — —
7/ r 4 )
. - —  — Average = 700 fpm
ﬁ Velocity (fpm)
I 500 750 1000 750
25% _
- 0% A
75% P 7
CENTRIFUGALFAN [ > O .
. 100% EFFECTIVE DUCT LENGTH
AXIAL FAN | | |
- )
N 1 =B
\’\\ . i | =
W\ —> b =
N I
T'/

& 66 Velocity profile in duct
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(@) Fan outlet velocity 2005 2,500 fpm cooSeob:agié
100 percent ef fective duct length = 2.5 x Duct diameter
) Fan outlet velocity 2095 2,500 fpm coodqpagi€ 100 % effective duct length 20p5

x Duct diameter

100 percent ef fective duct length = fpm
1000

Duct 2095 eovzeoonEoaps(rectangular) [gdog€ “Duct Hydraulic Diameter” (D) o3
0go5eé ¢eoogpbipo
2wh

w+h
h 2095 duct height [gdoopSn w 2005 duct width (62051

Centrifugal fan $& axial fan o3 &l velocity profile 20pS 100% effective duct lengths

65$6pa3eePadeam e velocity profile doocn$adeepa5oopdi
odeloppé fan el outlet 100% effective duct length eeepodeancyEs velocity 03&:updlon

§§o0pd oo%&:ooé Bodogqeon vosoms&Eaon

Inlet

Change shape Fan outlet  Balance or
louvres Hellater (contraction) diffuser control damper Delivery grille
/' Fiter | / / /

\ Ventilated space

[ ]\
= = = | |
/ ‘ Air decelerating

acceleratin Fan .
g Ducting, bends, etc

JAVAVASS

W/

Loss in
diffuser Loss across

1/ l damper

T
1
f
Loss across grille
Louvre
loss / l/

Pressure increase
in the fan Loss in ducts,

Pressure

j bends etc. 1 ;/\/|
. — —
I Filter] | | IE;;; velocity
loss /1'-—T__
I ——
Heater Loss in change
loss of duct shape

6 6-0 20000531003¢ axial fan 0060d:06808H $E duct system o Bzans(pressure)qps 350&e0E
e[pE:add o eudlgaonioopdi(static and dynamic losses through a notional system)
6. Fan $&a005e3€a0pdedlomeyp:
National Association of Fan Manufacturers (NAFM)o 0003908000290:7) fan
$C2005988200) soadimgsiqpien
Volume Fan &l outlet © agodaonepderooocopd Cubic Feet per Minute(CFM) a8ewpod
Cubic Meter per Hour(CMH)[g620p5u
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Total Pressure  Fan @i inlet pressure $& fan outlet pressure o3 [gzs2:qiodi

Velocity Pressure Fan outlet § ccogpiogodesd§ogl average velocity [gdecleocoo pressure
[g020p51 ogodesoopdecus average velocity $Ep8qeoon B3:(pressure)
0088 (9620051

Static Pressure  Fan & total pressure ¢ velocity pressure o3 §05¢jq@oo0 zans(pressure)
[g2005

Power output  Fan ¢ ool co:8Eoopd g&:3aE[ydoopdn crooncopS(air volume)sé fan total
pressure o303 horsepower(HP) a3ewro5 kilowatt(kW) [g¢ eodlgoon:oond
&3¢ [gdaop

Power input Fan & shaft 03 Gud&:q8320305 c3aabeo0n gb:ea(gd@: horsepower(HP)
a3eupdd kilowatt(kW) [gEewdlgoopd

Mechanical Fan &l power output o3 power input [§¢on:002:6000 Za§gd0pdi

efficiency

Static efficiency Fan & mechanical efficiency [90[Gs static pressure $& total pressurecdei
29 elgpoadoondgEdgdoodi

Fan-outlet area  Fan outlet ¢l eﬁwo@&nén
Fan-inlet area  Inlet collar & eﬁwo@&néu

€. Fan Equations - (IP opsd)
Standard air density 00§3s00p5 0.075 Ib/ft’(I-P opsd) 1.201 kg/m*(metric vp$d) 1.201 kg/m’

(ST 0ps®)g6205n

Total Pressure(TP) = Static Pressure(SP) + Velocity Pressure(VP)

TP = Total Pressure(standard conditions) ATP = Actual Total Pressure
SP = Static Pressure(standard conditions) ASP = Actual Static Pressure
VP = Velocity Pressure(standard conditions) AVP = Actual Velocity Pressure

Baans(pressure) qpsei opsd 2005 inch of Water Gauge(WG) [gdoopd
Fan  gpsoopd  standard  air  conditon  oopodoopd  svefgzacsqpiopt

G005 (operate)sasl

ATP = ASP + AVP p8q[gE{gCog05008E2005

Actual Total Pressure(ATP)
= Actual Static Pressure(ASP) + ActualVelocity Pressure(AVP)

Total Pressure (TP) = Actual Total Pressure (ATP) x —
Density Ratio

Acutal Density
Standard Condition Density

Density Ratio =

WWWw.acmv.org 6-7
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1

Static Pressure(SP) = Actual Static Pressure (ASP)x ——
Density Ratio

ACFM = Actual ft*/min
BHP = Break Horse Power
Actual Total Pressure (ATP) x Actual CFM
6346 x TOTAL Efficiency

Breakhorsepower(BHP) =

Actual Total Pressure (ATP) = Actual CFM
6346 x BHP

Efficiency TOTAL =

Actual Static Pressure (ASP) x Actual CFM
6346 x BHP

Efficiency STATIC =
6346 2005 038:600(constant)oo$3: 0odg[gdoRSN
Pressure $& horsepower 0300p5 onp3o0pb(standard density [gbeo o8ewrod actual

density [gbeo) density condition ¢ qopqS[gdoopdi
ft \ _ Actual CFM(ft’/min)
i ) ~ Net Free Area(ft?)

Velocity <mm

NFA o;)é “Net Free Area of the fan” cﬁ e@cx‘}ooéu

. . Vo
Velocity Pressure for Standard Air = <m)

3200050] velocity pressure $eo05$p5:0000 standard air 330305(gd20051 Velocity(fom)o3
4005 [gSontq) $6000038:008qE velocity pressure 03qoopdi 0psd2005 inch of water colum
a3000d inch wg [gdaopSi Fan 2opd standard air 03¢ ewrodoopdeecfgmaesapl eunngC

6320050] $Eo0sp5:03 32204g8Eaopdi

2
ActurlVelocity Pressure = (

|4 ) ( Air density at the fan )
4005/ * \Standard air density(0.075 Ib/ft3)

6.g).0 Fan Pressure $& Velocity Relationship

Bernoulli's equation o3322%qgje] air stream & Bsz(pressure) $& coozangE(velocity)
2005004 (relationship) o3 ced[g8Eo0p5

P1 = Inlet pressure P2 = Outlet pressure
V1 = Inlet Velocity V2 = Outlet Velocity

P1-P2 _ (V;)? - (V,)?
Pair Zg

initial velocity 20p5 0 (820001 aBelopE

P1-P2  (V,)?
Pair Zg

(V2)?
AP = pgir x (W

pressure 2005

b
Pair = 0.075 }? (Denisty of Air at Sea Level - IP unit)

WWW.acmv.org 6-8



eomEs0005028 Chapter-6 Air Moving Devices (Fans and Blowers)

t
g = 32.17 Sicz (Gravitational Constant - [P unit)
lb V,)?
AP = 0.075—5 x #ﬂ
f 2x32.17 2
Sec

40°F 2009$3 §eoon eq elaBbaopdeso(density)aopd 62.4 Ib/ft’ [gdoopSi water column 1
ft 20p5 62.4 Ib/ft* $Ep3¢00pd

62.4 Ib/ft’ = 62.4 Ib/ft> per foot height of water. o © coodSeade[gpEqf (o ))gEonagc

1ft.wg>

lb .
62. 41? per foot height ft wg x <m

b .
= 5.2)? perin.wg

Water column oodconde 8300005 5.2% pressure $&p300051

Velocity pressure 036005 pressure drop 03 §$ 96o0505:03E spom:adi0qC
0075 bift" .

(' 5..2 Iblft* )
. . wWg :( V )-
3600 sec” ) 4005

min*

AP =

2(32.17 _ﬁf.s-e.:-?)(

Velocity pressure 0005 moving air &1 dynamic velocity pressure component (620051

6320053 P8gg€g¢ c30508E00n (sea level, standard air condition 0.075 Ib/ft’) fan
20p5 standard air s26[gEee503E6wENIE 630050 GeaospS:03 saadig) $Ea0pd
2

ap, = <4005)
€.g. Fan Efficiency

Fan & static efficiency a3ewr05 mechanical efficiency 03 0305620p96p5gudg052005 o3
fan of soplgq$ oofecqpaopd ofecpcd woofeaqoopbal egfycded $¢ sacgdpdqiongd
gbsesonCqpd(performance)§oopd fan qp:od  oegiquSdeoqSmeog0d  [gdoopbn  cB=abaopd
ecodigSsair  flow) $&  Bsoms(pressure) o3 qqfsacgod  gdimal(energy)odide
$2:§800gpppbieant [gopdaf [gboophs

Fan mechanical efficiency ¢

3
CFM x Pressure (%) (1%)
Power - <M)
min
1 inch WG 20p58s: 5.2 Ib/ft® $&p8qoopdn Motor power o horsepower(HP) [g&ooo
eedlgegoopdi ft .Ib/ min [gGesdlgecpe§eon (1 hp = 33,000 ft .Ib/min ) p84[gE:o inch WG ¢

HP o3gCeodlgq$3a0305 inch WG $& HP o3 &l 2005a382000 vwdangpiod 3a00050l08¢[gE:ope
3203208: 3p00:0980q|C

Efficiency = = Dimensionless

(L) (CERE)
()
33,000 TZ_T

= Dimensionless

Efficiency =
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Fan Static Efficiency ¢»
CFM (feet per minute) x Static Pressure(inwg)
6346 x Hp
Static efficiency 205 static pressure o320p500050305[gE:gd20p5H
oSom|oBe(belt)gEewntizamn fan el od:gea(loss)gp:od GeS[gooeomdgdaopdi o§om|a3e(belt)
[5€ eentieom fan opE[gbecl §Ea0pd edigq(loss) odedjed

Static Efficiency =

€)] Imperller loss (heat)
) Belt loss (heat)
) Motor loss (heat) o3 [gdoopdi

Impeller loss Belt loss
(heat) (heat)

t Motor loss
(heat)

’ 7 Electricity '
s i m
& Pressure — l(' .

Volume Flow

6 6-q oSom[BElgEewreom fan 0odd:d (belt driven fan)

Impeller loss

heat) Direct driven fan é@ﬁe& Go 90k

(loss)gpzcd eudlg 002260000 [gdoopd
Direct driven fan og€[gedl §Ea005

! | adseq (loss) $06§jeen

Motor loss
(heat)

] (0)  Imperller loss (heat) $&

I : Power Ou
\g () Motor loss (heat)o [gbo0p5

Volume Flow
& Pressure

¢ 6-o Direct driven fan
3200053104038 [goon:00p52203E: direct drive o3 32034gjq) slippage a3wupdd belt loss(heat)
0303 wuSep:8&angi
6.6 Fan sa§jaaonyp:
“Centrifugal Fan” $& “Axial Fan” 0303 ACMV codc§iqpiopl sagpeads saad:(g[o30005

¢ 6-g Centrifugal Fan ¢ 6-00 Axial Fan
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6.6.0 Fan $& Blower o3ell [gpzgnigiod

Fan $& blower o3a [grzg0:qi0500p5 “Pressure Ratio” [gdoopdi cooopoqeadgC blower
2005 fan cood3¢) “Pressure Ratio” qpsoopdi American Society of Mechanical Engineers (ASME)o
2005005 GuI0o0pY specific ratio & 328¢Pda0Rd  =aagedd3s(discharge pressure) o3
320883 (suction pressure) $¢ @2000:000084 [§920p0n A3 specific ratio o3 fan $& blower

Qlepras0g0b 32000005
Equipment Pressure Ratio Pressure rise (mm Hg)
Fans Upto 1.1 1136 mm
Blowers 1.1to 1.2 1136-2066 mm
Compressors more than 1.20

:2090583s(discharge  pressure)oopd  33088azms(suction  pressure)pdaqi€  a8ewpod
codagi€ “Fan” 0po00deod8E[R:  32090583m:(discharge  pressure)aopS  s20&8smos(suction
pressure) qp:agi€ “Blower” oreslad88aopbi Suction pressure oopd “Positive Pressure”

copdegb8E20001 “Negative Pressure” copdeqd8Eaopdi

€.6. j Fan Rating $& 3290&=2008:(Class)

Centrifugal fan &l g&:esonCeqpd(performance) @ux: $C curve gp:oopd standard air flow rate
(SCFM)a =aa(gde] [gipaoniogoopd

Fan coodapbongps(manufacturer)el 2005005g0530q 0€coudeqyodsnlgEeslgé (sea

level)y oo eooa8aa:(barometric pressure) 29.92 inches of mercury(101.325 kPa) $&
:20§$ (temperature) 70°F(21°C)ogéfean ecood “Standard Air” =:3[gd 200500500051 od
standard air condition §§e0o0 20£qE:q) efgpodeogaopd erociaBbaopdieo(density)oopd 0.075
I/t (1.2 ka/m?)[gBoogSs

Fan opodcpbopgps(fan  manufacturer)eo:aopd  centrifugal fan & g&:eeonCepd
(performance)oopd standard air sac[gsaes(condition) seogedom  [gdoopdi Fan o
eent:00p0656pa0p0 standard 3a6[gEeese sacgSoplepiesaye 20800mud§epd goesontapd
(performance)o? air density correction factor o3sqje) 0305062051

PO OFE 200°F(93°C)ecoo0pd 70°F(21°C)opE §eoomeoet saeusgs(weight)el
©0%200 §oopdn od=nelg 326503¢ centrifugal fan 2005 sans(pressure)$6860300 GuER:
@& od:gg(power consumption) copdispS:86epdi GromRS 200°F(93°C)oRE 2peson0nud
83266000 Baa0s (pressure)o? qg$ air density correction factor 1.25(1.0/0.8)03 2a0d:giqepd
GeomOFS  200°F(93°C)opE  akgopd gbimal(power)od S 70°F(21 °C) soefg3acss)
g&:3aCad:da (power consumption)o? air density correction factor 1.25 (1.0/0.8) [€ ovsqepd

Fan saso83a00§:qp: (Fan Classes)

620050 @ox0pd Air Movement and Control Association International (AMCA)
standard ¢ centrifugal fan qp:ea0305 8gans(pressure)o? sa6gde) 200500d600 fan saeofaronss
(fan class) qp: [gdoopdn Centrifugal fan gp: 00pSee0H00%d 3280C sponf:(class of
construction)o? 68300503¢ @uxgEesdlgaoniaogd
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15— : Fan @ total pressure 2005 3 3/4 coobe(water
/ colum)coodspSeagé “Class I o
/
/ ODOS?OSODéII
5 /
£ q0l—
£ 10 A Classli Fan @il total pressure 2000 3 3/4 coode(water
g / colum)e 6 3/4 coode(water colum)saopcs
o /! P4
g // e [80qi€ “Class 11" 5 20050050005
O Class i - .
s 5 “
& -
Class | e
0 | | - |
1000 3000 5000 7000

Outiet velocity, FPM -
S (5-00 Class of fan construction

Class of Construction for Centrifugal Fan

Class Maximum Total Pressure
I 3 3% in. wg - standard
II 6 % in. wg - standard
III 12 34 in. wg - standard
v More than - 12 34 in. wg - recommended

Total pressure gpzaeaOeL fan 0opSee0o05000:0) Fae0&a00s:(fan class of construction)

[gGcneosco [g6[G: 3¢) cqqpad6epdi

6.6.p Overloading Fan $& Non Overloading Fan

Fan gp:o? “Overloading Type” $C& “Non Overloading Type” ope] sadjsmeon: $&§:
S[eps8Ca0pbn Backward curved blade centrifugal fan sa§jgeaon:o0p5 “Non Overloading”
om0 [96o0pdn Forward curved $C radial blade centrifugal fan gpsoopS “Overloading”
§rm0002 [§0o0pdi Axial flow fan qpzaopb “Non Overloading” a3wupob “Overloading” sajssaon:
2[gd $6Gp0d: §8Ea00

Non-overloading

Overloading

Forward curved

Backward curved blade centrifugal fan - -
Radial blade centrifugal fans

Axial flow fans Axial flow fans
Air Moving Device qps$& 00500050qEa30miqepd standard 000 “7he AMCA standard
Test Code for Air Moving Device”[g62005n
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Power characteristic o€ “Non Overloading” $& “Overloading” opq] $&§:§oopdn
"Non Overloading” &320pS¢n absorbed power 205 =[gCed:on$s(maximum  value)od
GepodGeo0pdesn0d ecosgSs(air flow)gpsaoneroceo @623 (power)so0sag0:
eeoeeolgdoopdn Overloading characteristic 0g¢ crod:g&s(volume flow rate) gpzaono0pSsE
=g gosems(power) copds  A3odgpiconaopdi  Power  characteristic  o0pS  impeller
G zzo00s(type)ed] o€ gonodaodi

6.q Axial Fan gp:
6.q.0 Axial Fan gp: 22006008 (Principle of Operation)

eoad0pe  sagpiondlgnid  ebcemnEieaontioong  0p&:c30500008a8l0gE  srvedlopt
gosoocdeepodfgs(force  on air) [gbecloodm  oBza0p  salgpiediogfaonds  eowon§gs
20056ePada0pd3:(reaction force)[gbeol copdu 080m30005¢P:(blades) med gt
20056epodo0pd upward lift force 20pd downwards air flow o3 [gdedlcooopdn Axial fan
copdes0pd 0SoM3CNdYPs(rotating blades)aopd aerodynamic lift o3 [gdeol coaopdn Blade lift
force [g¢ ecudiclopCs(air steam)od u3€ogns(deflect)esnt [gopd8Eaomalopé Bsadql(Ge
velocity qpoopd rogpigdedl aonoopdi

Axial Fan - gpsSecoogodep(discharge)codsalogpts $& ervoeprodseloypioaod

copbesaopd 0&ss =a[GE(parallel) [gBaopdi 0odsobiemigE ecuBsgSs(air flow)oopd
impeller o3 o&% sz;o@& (axial direction) [gobognteoonalo3pé “Axial Fan” o?ooorSggorSoaén

Force on blade

Force on blade

= .. (\__u_ =
Forward ’ s .f:-;- —————

motion E?;‘i’id- ———
¢ B0 Forces on a ﬂaioFr’T:tcemi:l; moving ¢ G-op Forces on a;():z:gf?)iirl in a moving
airstream airstream
E«?c:gﬁ;d Aircraft wing Moving air
== LA BMR B Hl HlIHM0LE

J‘IJ':.'I ."I !

still air ? ‘

<;> @—oc; Downwash from aircraft wing c[> @—og Air movement for basic axial fan
Axial fan qp:od eoococopdSgpigps(high volume) $& 8320:8688(low pressure)qqs c3a0d
F0lgp0pC Fagpsads 20ad:{go0pd!
Hub edlogé o§omscoo(blade)qp:od 0obeo€aonsoopdn Hub $& blade gp: G3ago50d
“Impeller"oyesloopdn  Axial fan sa§jgssoniqpiad  wheelsl  0§oms0005(blade)doomsed

L Moving air

‘EEZ\._."; c:h. c:‘_.‘-z.
/;
Forward //// '\ /
Fan U
impeller
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6[gde) propeller (disc) tubo axial $& vane axial vpg) F[gpsa00de050300p51 GrogPigPeS

83260005 cpbessqps(large air volume applications) sa0305 axial flow fan gp:o? saaddgog0005
O$GODS 60000204 sxagoa@&eo (hlgher noise Ievel) Gmﬁoaéu

¢ 6-0q Propeller fans ¢ 6-0q Tube axial fan ¢ G-0 Vane axial fan
o3elop& comfort application gpscooS industrial air conditioning and  ventilation

Q2320305 axial fan gp:od 3¢j 320%3{g[o300p5n Axial fan gps cenE:000088 epodad[gEen:(higher
noise level) Gaoafop¢ comfort air conditioning appllcatlon qpPep€ 32dgiecy of[meor

@%{% %) % ) r
Airflow Airflow |'
Iy

¢ G-op Propeller fan ¢ G- jo Propeller fan ¢ G- jo Vane axial fan

Trailing edge of blade
[ -

Hub diaWhe:l dia

vy T

Leading edge of blade

¢ G- Hub and Blade & G- jp “Plane of Rotation”
Axial fan &l 0&&:a005 “Axial of Rotation” [g20p51 o§om300dgpagep codelopE:ad

"Plane  of  Rotation”  opesloogdn  oSomscocdeicané(blade  angle)ad  “Pitch
Angle”pcopdiesl 205
6.q.J Axial Fan Impeller Design

(on) Propeller Fan
\ Propeller fan o3  3sa2:8800pbcpdesgps(low  pressure
{L\ applications) o3& 3203qqfo30005n Efficiency 86o0p51 Propeller

jmm— impeller qpzo3 sacn§m0505:0[g¢ [gpS 0opbee0o05§Ea05
Small hub 03¢ 0§em3c0dgps(blades) 0o6s0Eenp§oopd

66H0m0e 005ee&3m: (Mmechanical power)oopd eoo(fluid) o3a3 velocity pressure 3a(gd
g5l ose[gpliogoigCs(energy transfer) [g6o0obn 8220:8688(low pressure)sé croopcopd
qpegps(high air volume air)qg$ss0305 32084gjoopd Duct gp:sEa3e) ondsoaosecpod $6gp:o?

66056] 006908 co2:60R§0Rd!
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(®) Tube Axial

Tube axial fan 20p5 propeller impeller 8&8:qp: cooSedgEdq) efficiency comE:a001
F2003q200pY static pressure range 03c0pd:000d Gos §E §&:§ooodn Hub o€ oSomscond(blade)
()9 ¢ (9)9 220800680E0060) §oopdi

6,' = Hub & 20guda000 o&omscoadyps(blade) & 3aqiCs
l —~ = :

od0cdemPed §8Ea0001 vSomscuaSep:(blade)oopd
airfoil  O6§Eopd:§8E0pS  0SomaCdgp:  (blade)
32092005 00680005: oRdegd§E0Bi(single thickness
cross section)i HVAC $& ACMV cpbesqpiopt tube axial
fan o3 saqpsads saaddgoopd

ecoBigss $05{gCa gpigls a0gSodoqgs 03000l low pressure $& medium pressure
c00CcEeqP3a0R05 3009 gopdn  Saefgpaddgyps(drying  ovens)  Gso:addqps(paint  spray
booths)s& fume qpspbopcdoopd system qps 06000 005gRSCEgPIRE 2aaddglo300251

Vane Axial gp:00p5 8zao:zocoeaont(medium pressure)
| $C B3qyC[gE(high pressure) o sacomEsed: efficiency

SRR GEococboo:8ebi8ogdn  Airfoil 48  ofomacocdep:
%[ § N\ (blade) od:c00:0005 vane axial @ efficiency 2005
\ J 4= 32607082902 [g&20p5 8ams(pressure)3a§633(g¢

anxedimoRod 320y §Eo0p0n  Downstream 5 air
distribution om&so0p5
HAVC $& ACMV cpbcsgpiogC vane axial fan odsagpsed: 3203dqoopdi oofgreoon fan
B§rzonigpioociency€ sacgSeancadoopdi croogodsss(capacity) opeox centrifugal fan $&
£E:0080giE sagudsaen: sacgSeanicadaopdi

€.q.p Axial Fan i g&:eeonCqpd(Performance)

Axial fan qpzaopS eroapoopd(volume)gpsgps & 830z 320083200&(Medium pressure)
83260009 system qpacged cogengediydaopdi Efficiency comEseomeinopdig8Eaopd
&(6- ) 20p5 variable pitch [9¢ cwr€:0005 axial fan e performance characteristic (905
Variable pitch gp:on6e0Coonieom axial fan 00dad:0? cedgoosoopd

%
&

Bland pitch angle gp:ecoeeo eoodigss(air flow) gpiecoeco [gda0pbn gdmatadsde
(power consumption) qpsc8&edi

Axial fan qps aerodynamic stall [g6$Eo000n Stall e3oopSen 3agEads peak pressure
:2BAGe  odooqEdgdqts  3za:(pressure)ogpoliomdgls  [§8a0pbi  o&omscuadypiad
eontioom0pd eooné(blade angle) s:d:8:kopC  [g0ed8E0pSn Stall operation 2005
DsoPleer  [g0ed o5  oSomscoodyps(blades)  op§dlon@  god84gEs(fatigue
failure)gd8&aopdi Belopé axial fan gp:odegigqdaopdandl stall condition 3a8:m050:038
een&gEs (operation)od 2003[03go[gé eqpEepiecydaopd
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Variable pitch axial fan aero performance
Hub ratio: 1.73

Pressure

Flow

¢ G-jg Efficiency contour [g& peak efficiency §§E20p5 operating

o360[gaon:a0di

6.0 Centrifugal fan gp:

conditioning

Axial fan qpzoopd aerodynamic lift [§€ ecogqp:a? Bsans(pressure)gpiesyE [grod[gs
[g©20p5n Centrifugal fan gp:a0pS Googpe? e3egld: centrifugal force [gdeoom Bsans(pressure)
gpesnt  [gopdfgégdoopdn  oBelopE  centrifugal fan gpsoopd axial fan  gpocS3g)

Bzans(pressure) gpsesnt [gjepdeo:Eoopdi

Centrifugal impeller qpsoopd Grogp:nd a§Sqesmt [grpdeosom(accelerating the air)
005¢6:3xE(mechanical energy)qp:o? ceodsalo3pCs(air steam)odad copdeozoopd Air flow 2005
impeller o3 radial direction 2203&: [goboga:q€ centrifugal fan a3eupod blower 09 2005905205
0085534 croogodep(discharge)codsaloppEsoo0d copbesaopd ofi(shaft) $& coones

(perpendicular) [gd20p51 (20) 80§ coon&jgdesaoS

Air spinning in

. the same direction
as the impeller at

. the impeller inlet

'!‘{ _Inlet Vane
Control

. Air at entry being spun
by the inlet vane control

¢ 6- 6 Centrifugal Fan 39098 a3 coogpofeepodand

WWW.acmv.org

6-16



eomEs0005028 Chapter-6 Air Moving Devices (Fans and Blowers)

6.0.0 Centrifugal Fan gp: 20060083 (Principle of Operation)

Fan Inlet Impeller

Force

Vortex
Fan

Fan Casing discharge

: ‘ "ﬁ;l-.|ousing
6 6- jg Centrifugal fan impeller 82006060

Centrifugal fan & impeller 3203C:03 GoogPsaopd oEfs(shaft)maoE: oo impeller
Blgodom radial direction (0)8o§econlqjrd 3203E:0905a30:00001 BerogpiaopS impeller
Blgo5[Bee5205 volute casing 3203E:03€ 9eosesBieg005(0Eamapd erv coseoPEie) (R0)30§
Clecalol EopaReeloplowatiowrel!

Impeller qps cvpSes60m eloPé  oSomscLd(blade)ondostords  salopdfesean
Googp: s26dl§ centrifugal force 2005eepad[gEsdqom crogpiea|g€ad ogadogniqf op&ic0oges
dqoopdi Bmeal  oSomscond(blade)sslopie  Grogpsopd =:§S[GEGC(9E impeller 33[gEa3
0godag0:00p51 Impeller copdesoog) om0odad: ad03ad erogp: F:e[Felgod B:eols(continuous
flow)escBgopdi  Centrifugal fan o impeller o3¢  eodsans(pressure)géaondod  3290¢
(p)90¢[5¢ eudlgaonzaogdi

02808(0)- Grogpoopd centrifugal effect eloypE radial direction 8203E:0p8:0005(gE:9q0051

Impeller & saguSsoons(diameter)pecveco  cromed € 2005eEPad20d
centrifugal force gpsecoeeo [§daopdi Central force gpsecoew pressure gradient Sgpaon
cooeeolgdoopdn  Belopé  vSomscundypissjopiesep(blade  passage)sacgl:d  radius
qPsoonoopdsCang) static  pressure  copds  Bodgpronoopdn  0odgoSiemigE  impeller
qudzons(diameter)p3ecoeco static pressure gp: coneroeo[gdaopdH
2808(J) 0083:013C 08omscnd(blade) 0d95EdY Zologpz(blade passage)§ ogodedlodedon
(outlet area)oopd ofedlode§omn(inlet  area)oocd3gpsaopdi  BeloPE  VEEIPBCVOdGP:
lopsesep (blade passage) aopb diffuser o3ad[ge eaonlgodeosoopdi adelopé crodsss(air
flow) & relative velocity 20p5 3a0905(outlet)an05a3 Gepodagnioopdeesl e§oon(outlet area)
oqScmeomelop  eoozaagE(velocity)es:aznioopdi - crosaagE(velocity)egtogieomaelops
static pressure 3qp: corq0RdI

30808(p) copdeso00d impeller gpiedl Seom vSomscuoS(blade)aopd eg agpiesom rotational
momentum [g®edleoo0pSn Tangential directional s2038:agn:e50005 velocity gpzaonaogdi
eoogp:00pd impeller oB[godom radial direction 3203¢: 6g,aqpieseanelopE flow & absolute
oean 3gpiaono0pdi Impeller sacgod(outlet) salg&ad:(maximum)absolute velocity [gbeol copd
Gooal absolute velocity gpzcon[gésalopE Kinetic Energy(KE) gpiconoopdi Impeller s085¢
20g0>33{s(across the impeller)§ dynamic pressure copSs 3gpsconaogd
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L

 Potential Energy (P.E) Kinetic Energy (K.E
c? G- Jq Potential Energy(P.E) and Kinetic Energy(K.E)
Casing 9jeupad Housing
Casing 02680800n:qpd 6bgudgda0pd impeller 90502005 GrogP? PesoEsgs
oo eoogpe’d 3padolepd(useful)direction 900598 eepodesmE codielopS: elgptieuiqs
[00p51  Bm[gE  impeller  9ogoScna0pd  Googpel  dynamic  pressure  SagpReod
sp0d08epd(useful) static pressure sa[gdaBopds codelogpEselgpCieuzoopdi
P gynammic = % pv* p = = density
P 4ynammic = Dynamic Pressure v = velocity

Centrifugal fan qpsel casing 20p5 volute $ooa§fgdoobn oelopE  impeller
©0R0SC20pd Grogp:ad diffusion [gdeoaopdi Volute &l cross sectional area 20p5 oo[gpSdgpds
g2 ConeameloPE Grogpopd: oodaelsse(giegianoopdn 0odspSiEdgE velocity $pSsa000i
Velocity 20p5 dynamic pressure $& 0305§o5sagjgo00pd1

\\ Centrifugal Force Blade

AN
Y

Side Plate

Centrifugal force The particle leaves
increasing on partlclex_____ the impeller, fallawmg

/ \ / %K\ Ve /—a\an?f é’ae\t.ﬂtrack

f

\/\

The particle is now almast

Dotted line showing

the track of the particle. spinning at the same speed
Here it can be seen entering as the impeller, generation the
the blade passage and starting maximum centrifugal force.

to rotate

6 G- jo Blower wheel $& cooogscodsaloppCs

WWW.acmv.org 6-18



eomEs0005028 Chapter-6 Air Moving Devices (Fans and Blowers)

ecoedlog ©pSoopd work done ge[gdedl (no work is done on the air)eamaelo3é total
pressure 2005  o[pEicdc86epd  wupdbeoi(friction  $&  recirculation  elogpEoon  losses
:25p5:c05§00p51)Be[ompE dynamic pressure $00:030:60000 sa6(03pEsen static pressure s3[gdad
e[gp&cdagrieamnelopé [gdaodi

amw$ centrifugal fan oodadsel static pressure 45% 20pS impeller o3[godeomefopé
[g6e0l coqgE:(gdG: 0§ §9% 2025 casing s20pE:5 dynamic pressure ¢ static pressure s2(g63
o[gpE:cd[gEdgdoopdn Impeller ©ogabao0pd dynamic pressure(K.E) &l po% 9§03 casing
2038+ static pressure(P.E) s3(gde[gptseu:§Eoopdi

Fan discharge
casing

Fan
Impeller discharge

$ 6- @ Centrifugal fan casing gp:

Centrifugal fan gp:20pd oEcoaopderoalop:n’ (20)30§ egptiom agodagnieoaadi
Belopé  oferogfogodecoonpd Bsoopdep co&elop: wodlojeon  Centrifugal fan  gpsel
FN20YYEOGPId 990005 30850049 gboopdn Wdlo3pS8odgg(reliability) [gEwrzoopdn 83E:
26[g326560 6oaPage) copds enl:§Ea0pd

Blast Area Housing

Back Plate \ /
Cutoff

Impeller
Inlet
\ Side Panel
Bearing Inlet Collar
Support
$ 6-po Backward curved centrifugal fans ¢ 6-po Double inlet centrifugal fans

Radial blade impeller gp:aopS sagodsnons(size)sé [g§gS:(speed)opaqiC oodgrseom
o§om3c0nd(blade) sagjgeroniqpioo’ tangential velocity dqpsaopdi 93338e0q sagudoni [g5552
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(speed)opagi€ radial blade gpsaopd ecoadad g&s3at(energy)qpigp: dcopbew§C(Bs ds:
(pressure)qpsqps: 0o0d6:§Eo0pdi 986005 condeagopd radial blade gp:aopd 30303 6lgdadl

=l

Path of air particle
Tangential ){ - —
velocity '

Single/blade AN S

rotation — ~— g ~
Q G-Q J (a)Radial blade (b)Backward inclined blade (c) Backward curved blade

3200053 Qoopd  centrifugal fan oodcd:el impeller 33038:03 eoo(air particle)qps
oleepodep  cu&eloPpEiad  eudjgoonieomdlgdoopdn  erogpsoopd impeller 3203E:03  radial
direction 9203&: 0Ccxffs v§omascn(blade) gpzsé ABoopdeadl qodonged godgt: cubelopE:
e[gpsognro0pdi Groaopd qodonged cudieloptialpligs ©0532001 vSomsCLS(blade)qpzel
329803 08eent 200393 [gdeooopdi  Belopé  ecogp:  impeller  32038:03  egpeged
0Ceepad8as $& qodonqed cdielopEiapEfat: olgbeog$ o§omsruod(blade)gp:el sog8:03
603360200226 20201

aBooo53(B:  g&reaoniepd(performance)eomicogs 0Somac0od(blade)sags: cxdwm
oSomacond(blade) 0o6cd:03c0pd: GoRieo0n8E0R0I BelopE  backward inclined  blade
qpzoopS efficiency saeomE:edigd@a radial blade gp:oopd efficiency 3apdedgdaopdi Casing
qpeoopS  impeller  gogoSamoopd  eeoffeocn  Kinetic  Energy(KE)gp:o?  Potential
Energy(P.E)33(g5a3 efgplieoeomalopné soeqg03:0000 328053238: 00dglgdoopdi

Centrifugal fan gpzS§eac oSomscocd(blade) sadjpzao2:09080qE fan curve gp:s

¢a0g§oopd: opoBlegoopd

Centrifugal fan gp: stall [§6$Ee[g§eoodcopds axial fan gpieaod wed:dkeon Centrifugal
fan gps stall [96oopdeasl 08onEoopd  Bami(pressure) $&  cooopooRd(volume)ad
000560s8E2000n Centrifugal fan gp: impeller doogmSgpselopt stall [§8[gE:03 c00doe0005

Fan & cooogodgsi(volume flow rate)od spdsqpegnlgl  oB&:qO(control)§Eaopdn
[4555:0600 (fixed speed)gé copSesaopd fan qp:opl Inlet Guide Vane(IGV) o3 0n6s0lq)
Googodgss(volume flow)o3 c3a0c aBS:qud(control) 8E€o005n Inlet guide vain 03 cvode) 82003

opresntiogudesnt [gepdfd: ofamaopdecogpad impeller copbesoopdB:anpSep(direction)
32038 (46630 [gjrwd cusom efficiency ozt 08§:002:8E2000

Centrifugal fan gpsel  opfgps  GoMEssqodypiey  3padepodasdgts(quiet)sé
BaanggCo0pdndesigps(high pressure application)opC efficient [go[gEs03 [g6o0pdn Air Handling
Unit(AHU) $C Fan Coil Unit(FCU) s20scd:8:0k op€ centrifugal fan o3wopod blower gpso?d

390{):@[@00@"
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320005010gp:o0pd  backward inclined centrifugal fan oodcd:el wheel $& o§omscood(blade)
Qqpelgdlogoopd

6.. J Centrifugal Fan gpzeil Impeller $& Blade Design gp:

® © ©® ©®
Radial Backward Airfoil Radiat tip Backward Forward
blade inclined curved curved
6 6-pG 30005(blad) saqjEqs
Centrifugal fan gqpso? 830: [g¢[gE(high pressure)a33a60000s08l & qpSagpeaod duct
qp2 006s0800:00pd 326l0gE F2adHgopdn Centrifugal fan sa§jE3a0:03 impeller § 0Som3CLS
(blade) $ooe$3 =26(gde) radial(straight)i forward blade 1 backward blade $& aerofoil vpg)
28 amfgé  J[groocdecdoqoopdn  Impeller  copSoopd  eg,0005(forward)ad
eeonCoons(inclined)l ogicon:  (curved)eomelopé  “Forward Inclined/Curved Blade” o
ol aB[gE: [gBoopdn
Centrifugal fan o300pod blower 23038:5§00p scoS(blad)gpsdloogd  oBx(wheel)od
“Imperller” opesl copSn Impeller 3360l BodSoomo0pd 3c0RdgPd “Blade” wpesloogdn Side
plate blade gp:s¢ back plate qps o3gE impeller oodglgbesant oopSeemnndoomoopd
dopE[goonzoopd 3203E: impeller 2005 hub ¢onso& oE§s(shaft)edlog€ 0obs0Eomzoopdi

_—,

Radial Blade Radially Tipped

<°3 G-pg Backward Curved Blade Backward inclined blade Backward curved aerofoil
Centrifugal fan gpsel impeller qp: $& 0§0300058&E:(blade design)qpzod 635AE03E:
0600:800 §|§’33$&Dén
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Radial 200pS(straight)sacB8:§oopd v§omscood(blade)

Radial(straight) Radial Ti :00p)(straight)se03E:§oopd o§omscuod(blade)
aden e [§B0p51 936505088 tip)o3e0giaanrangdi
Forward Inclined | @§,9005(forward)a8een&:cons(inclined)oopS

Forward curved @g),0005(forward)a8 eogscons(curved)aopdi
Forward  curved | Aerofoil d6[gicpS[8e sa6go00593

aerofoil eogs00ns(curved)oopSi (3209:505500051)
Backward Inclined | §2050005(backward)a3eenEsoons(inclined)aopdi

Forward Blade

Backward curved | 6§2050005(backward)a8 eogicons(curved)aopSi

Backward curved | Aerofoil $8[gjcpS[Gs eso050005(Backward)ad cogicon:
aerofoil (curved)oopdi

Backward Blade

Aerofoil Aerofoil c’gé[gln?&ooo:ooéu

(o0) Radial Blade qp:
Radial blad impeller gp:o0pd 3agC:c0C:e0:600083E{goBs  efficiency
;2505200 [gdoopdi  Radial blade gp:el  mechanical strength  20p5
F2eomnCiadigdoodn  sacgudonopy  [g[yE8Eo0pdn  Radial impeller o3

:ad{g[gtelop (5552 =000=aond(medium  speed)odom  g8E205i
Radial blade $& modified radial blade ope] $6§:§oopSn

oSomacood(blade) (B)p o (06)pmacd  §ooodogaopdi  eodgqps(industrial  plants)opE
0gdigp:o00d3qs (material handling application)se0g05 32030300051 00dsloodd) impeller o3
special material [§¢ &:335(coating)oontecp§oopdi ©adgrRGCs(industrial)gpiogé  Beabeom
Bzagg¢[gE (high pressure) o3 coode0:8EQE:§o0p5n

oSomacood(blade)qpsel  sagfs(leading  edge)oopd  3ee0R:000S (curve)gdesnE
ocpbooseomaelope erogp: sasoelgegpeggn ofeepadqs clgdsEeor
Back plate a30upod paddle type blade gp:o0pS spider hub § 805000:200393 0068080020005
Centrifugal fan qp:op¢ radial blade fan gpsoopd efficiency 3apdeddgdoopdi Efficiency 0% o
Co% 00g8Eo0pSn 23eadd high peak pressure o3q$Eaopdi Overloading power characteristic
[g&20p5

Impeller  3agudsson:(diameter)onfd:  [g$gS:(running  speed)opoopd  centrifugal  fan
B§rzoonemscd:op radial tipped impeller fan gpsoopd sans(total pressure) salgéed: o
000d60s8E200n  Efficiency  phoopdt  Qelopé  erodigsi(volume  flow  rate)spdsoopd
cco:gss(volume  flow)  oodoodocdsp5:lon 8ao:  (pressure)oyjeoCsognsoopdn  Stall
characteristic 2005 steady [§do0pSi0065p5:32045E 32008330000 (B0
Radial Tipped Blade

Radial blade gp:od impeller copSoopdonad(direction)ad backward [g8es0& cogsoongEs
(reclined)[gb20p5n Overloading characteristic §oopSi Peak efficiency 20p5 forward curved fan
efficiency $& backward bladed fan efficiency safo3p:03¢ §Ea0p5
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Radial tipped blade 2005 sagpsads(maximum) blade tip absolute velocity o3gdeooopds
Radial impeller qpza0p5 angular momentum owan 8agp:edod [gdeooopdn Radial blade passage
320985 turbulence flow [gdedleomaelops 936 efficient o[gdeon Radial tipped blade
qpscizngSs(leading edge)o?d forward curve [goesmntengiaonigllys o§omscndyp: mlopiesep
(blade passage) 220p8:03 eoogpiegpeggy ofeepoSanom turbulence flow  [gdedlgad
eagpg§Eaopdi Baelopé efficiency sopd:c0S eomEsamnaopd
(@) Forward Blade qpz
Forward curved blade impeller & o300pSen forward curved blade
qP:onbaon00pd impeller [gdoopdi Forward curved blade impeller efficiency
20pd  airfoil $& backward curved bladed impellers & efficiency
00055p5:00001  eosgSeqlk(lightweight  construction)  eoxelopé
eqa00500a0Rdl  ofomscocd(blade)gp:  (J5)9 ¢ (Bgle  =203§
00050320051 GE05e50520p9 0§ o3CLASgPs(shallow blades) (b5

G005 impeller 32038:0 tip speed coodgp:aopd sacqiE(velocity)gE ogodognzoogdi
GeoogodsSs(capacity)opaopd centrifugal fan gpisasod forward impeller o30d:0qi€ saguSsoon:

F200500: [gdoopdi 336ads(domestic) furnace qps packaged air conditioning gpss& roof top unit
qp:p€ forward impeller o3 3203qo30005

oSomscood(blade)qp:od  impeller  copdoopd  direction 22038 336¢,000593
(forward)eogzcooggEs a3eupod eené:aondgls(inclined) [g620p5n Overloading power characteristic
[§620p51 200500b0oe00 GroBigss(air flow)oood Sgpiesantewnt:don eoogpedad overload
[§68E00p51 cooscoboop forward curved impeller 2005 oppdea duty a3eupod load gq§secg0d
ecooocopd(air volume)gpigp:o? co:8Eg&:faopdi sagpadiq§8Eoopd(peak) efficiency 9005 qo%
[36[8s backward bladed fan efficiency coo5po005
Forward Curved Bladed Impeller

oofgpieamosomscond(blade)qpdgé §E:0o50qi€ absolute velocity(blade tip) sagp:eds
[§620p51 Belopé erococopS(air volume)gpzgpiod 038:60:8E20001 BelopEé vSoMsCLd
(blade)qps s2220d:5E0000qIEIg0Sme: 2o600:c0ded: [gBecp§oopd esep oydioydioon §oopd
Falgpope forward curved blade o egegudenp§oopdi sagudmeenicodeondaopds 0§o3CNd
(blade) 226q320305 gpsgodleomalopé 0005R6gS5e053(G: egpRkoopd

ecozaqCapigts(high  velocity)elopé  0Somacond(blade)qpiogE  ododady(friction)
qpPzoopdi 0Som3ced(blade)ods] caoné(angle)oBodyé eogqeomelopE turbulence [gdedlq
Sqpsoopdn Turbulance [g8[gEselopE oSomacoodypiesjoppiesep(blade passage)ogé @bt
ecocga(energy dissipate) 3qpzaopSi Impeller edlog€ 0&omacond(blade)qpigs Aeooelops
oSomscood(blade)qps  00095C00d  Ilopsesep  >RSoyR:00N  LEomsCLS(blade)qps
0695 09 200388:05g100p5f 0300051 vomscund(blade) goEdsolgEediapt [gdedaogd
fluid shear stress SgpsoopSu Skin friction Sqpzoopdi

Efficiency pdqCgCs eqe{o3gc:(00050059080dqpgts)ss 9§EqpS(mechanical strength)
322:5051g8: 0360 32098 32052500:00051

WWWw.acmv.org 6-23



Air Conditioning and Mechanical Ventilation System (Vol. 1) GomEs005038

Tip velocity qpgps [§EeenC:§€eomelope crodigsi(volume flow rate)gqpaqpig$Eaodi
Fan curve o p2o0cb03E 32008(dip)gdesoond esepayudg§eomelope stall characteristic

3209$83:00001 Stall [§620p3 es6pad agple) een:ao&oopdi

(o) Backward Blade

oSomscood(blade) ()9 ¢ (06)9 3203820001 0SoI3CLOS(blade)qp:ad  impeller
copbaopd  B:onpbep(direction)se03&:  eonlicon(inclined)oopSn  Inclined  blade  gpza0d
pe[pEoms(flat)  Boopdd  seozdmS(curved) plate  gpefgdoopbn  Non-overloading
characteristic [g®oopSi High efficiency odeo:§Eo0pdi Plate blade qpzoopd 80% efficiency
o3e0:E(Bs aerofoil blade gpzai efficiency 2005 90% eogdaodi

Backward inclined impeller gp: &l efficiency comE:qgEsen oSomacondypaslopiesep
(blade passage)oopd copdesoopd diffuser 0393 [gbeseomaelops [gdoopdn Backward inclined

blade gpsaopS radial blade cood3gjgpSaqpieamelopé erogpa? oolgpSdgodege:(gradually)oo
diffuse pSlogoopdi ABelopé ecuBigSi(air flow) 3¢ pSpon(uniform)ooodi omsCOSyp:
lopiesep (blade passage) 30:03:038 ceoBgSs(air flow) oppBlog0005n Belopé 3¢ efficient
[020p51 Backward curved o8oupod aerofoil blade qpsoopd backward inclined blade 00053
qedaqpeomalopé 39 efficiency deomnEeaopdi
Backward Inclined Blade

Backward inclined plate impeller aop5 radial blade gp:$& oocgi€ (impeller diameter $&
running speed opaq€) 8620p5(low) peak pressure 0300060:8E05N 936005 GrococoRdypPgp:
(high volume)o3 coodeus§Eoopdi Stall characteristic 20p5 radial tipped impeller gpss&onraogdi
HVAC  application  qpzsC  ©05geobeseqps(industrial  application)oa€  saaddgo30005
98:03:0305022000520p00EcSsqp: (Erosive duties) qps3a0g0500p5: 3aaddg§Eoopdi

Backward inclined blade el efficiency 20p5 airfoil impeller ¢ q8Eeom efficiency cood
:5pdc0d $05:00p51 60o0Rd impeller ¢ tip speed cond$00:a005 velocity [gEaged agnzo0pdi
Ga0d$05009  vomscuadgps(deep blades) [gdoopdi  degponodaopdesepyp:  (corrosive
environment) $& g$:03:030500200050005es6pgp3(erosive environment)ogE airfoil impeller gp:o?
32004g|qS ©[gd8CE0pd32¢] backward impeller qpso? 3203g[o30005
Backward Curved Blades

Backward curved blade gqp:oopd s25p5:99: absolute velocity o3[gdeooopdn Radial tipped
blade qpsaopd streamlined blade passage gpigdoopdi Radial passage $& ©0qEdq)

qedaqpsoopdn  Diffuser  doogamns[gdesoopdn  eoogpiaogadlgts(separation of air  flow)o?
omaguddEfgEselopE 3¢ efficient [g520p51 Non-overloading characteristic §aopdi

Backward Inclined Aerofoil Blade

Backward inclined aerofoil o3 ACMV system qpsogE 3208:qpsoopdn  Efficiency
eomsfglielops  [pFenso0pbondgandess(large scale industrial - application)gqpiogl  gdsmat
eglome$(power saving)seogod 330340320051 Low 1 medium $& high pressure system gps
2003005 32004g8Ea0pdi 2agE: (G)8omaopd [PFrem:a0pd fan gqped cog[gE§Eaopd
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@&:03:030500egCs(erosive) o[gd§E0pd 00dgRGCEsqpa(industry application)opE saadigog0005
Erosive 20500:co0[gba0p0 qpbesiglypianl o§omacund(blade)qp:o? coating cvde) ado300p5n
Blade tip 03 205p5:c05 Goneaant [gjapde) sads{g[o30005
oofgpieomn  3cund(blade)gpicooSenag  rotational energy o $obseomaelopé
aerodynamic losses §pSso0pSn Backward blade o3 aerofoil (ooam&lgiopdag€ 34 efficiency
eomCionoopdi 6roopd  vfomscoodypmsjopiesep(blade  passage)sacpliad  eqpey go
oCaepad ognseaonelopé 34 efficient 20p51 Aerofoil $aos [gredoonieamnaelopé v§omsRd
(blade)qpsedlogE  coodeepadaopd bending st