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Chapter-4 Control Valves and Dampers

G0 Introduction

o)3208:03  Geoeecdgdiesond control system ood9el output 8338: 3200ERES
QOGINOEP0T GAYP? §2:00pS060060l058GepdI ofsresionE valve $E damper sa§jpza00s
:Qudmon:  ogiqudfglist  ©oppBaopd  mclgmesgpiogt  S:eolsg(flow)gp:  e[gplicddnd
0R05gI0daqPigé eedlgoozangd

Valve so§jpzoon: cgiqudfglisC sogudsaon: ageqiud[gls 030000 agubondiqtioopd sacpd
©0poddl Valve qpssé damper qp: 3oqudma00: Ggequdqs 320305 cLodeoR CWOCSigypiogt
8&8soqpeaopd  ogSroqCon(control  specialist)qpisé  ABEOE  eegiegiom  mfojonadgps
qoplo3opdn Valve sadpmeon: egegdaopd 3200603 control specialist o qpE3E B&epd
[g0e005c00:  BAE:mqegegudoepspSiubs(option)qpiad  §axc0pd  coeomedod 98¢
2303056000 adlung seesl zaedl gpai(basic terminology)gpsa? 9800: 20&a0pdN

G-0.0 Study Objective

HVAC system gpsogE control valve qp:aopd eqBseolig(hot water/cold water flow)od
control cpbq$ [9[G: control damper  gpoopd GrBisoCig(air flow)od control cpdeS
:e[gdoyean oBomgp: [glog00p0n ofsesiog od device qp: 6pb03a3 3a0pEREa0R0I O3
device g3 007393 6g:qudSqepda? eudlgaonioopdi

0)2298:03 6eo(Bies00d §SE00 valve safjpaonigpisC 32004 0(application)gp:o?

Zf\%or:é;sj c0feagpoopd Bseoliq(flow)od qes opdoopd valve gpod 220%dgqepdo? o0dgod§cE

Mixing valve $C diverting valve qp: 2acp6pbo(operation) hydromic system gpssaogod
control valve qps0? osdonoy egiquddr parallel blade damper $& opposed blade damper o3

Rlgregrsn:003 soscopSoocomedladbesi damper design gpselogpé v38og(leakage) [(96ed§EH03
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§2200p5 206omedlodessE 386q(leakage)od $p5:8Ca0q) sp5:eINnE[Gpdes ek 0303
eedlgoonzaopdi Mixing damper sagodseoniegegiodd((sizing)odo? eudlgaon:aogdi

G-.J Two-Way Control Valve gp:

Fluid distribution system gp:og€ control valve 20pd sacems[oitedicon 32805323C:
(compoment)[g®aopbi 300uSefopEadeand process m20305 8336600 B:e0C:g8:(flow rate)
gflesnt  Bseos(regulate)eomalopé  [gdoopdn  Regulate  cpS[gE:doopSen  c3mabaopd
B:e08:553(flow rate) 3203E:qe308 valve 6l gEqepd 303105063 actuator woodsoé  control
c05[gC: [g520p5

HVAC system gp:cp€ control valve qpsoopd chilled water flow 1 hot water flow $&
condensor water flow 0303 c820c8 qeInt [gIpdeuidad ojseesiogt cudlgoosaopdi afeodd
steam 1 refrigerant | gases $& oil o3¢l control CYOGCROS5: opR8[eodLES: ozsediont

eeed[goonseon

G- J-0 Style and Principles of Operation
I@ Control valve gp:o3
PN

T (on) Two way
Control Valve — (o) Three way-mixing $&
(o) Three way-diverting opgj

Pump ads§rp(gpzoopdi
Mix?r;\éva\ve Three way mixing valve og& pipe
T $66qpE:0000 2008[gbG: 038305
[ oo 0086gpEir30905000503E 0nbs0t

. c0:2000

4@ Three way diverting valve o3¢ 305
_ b egplio 2008 [g6[G: 08305
— — $06qpCien 3003050050868

{ Call
Pump

é 3-Way Diverting Valve

c;) G-o Simple two-way and three-way valve circuits

ao2200001

Mixing valve 2005 steam $8903 cdlEsq) valve 0o0donde ogadognieoaodi Diverting valve
20p5 o€cmoopd steam o3 steam $69m[gd FogodSeoaopdi O(G-0)opE valve ad§pocd:el
F2006006003 GeHgoozoopd

Valve gp:2005 heating coil $& cooling coil 036l capacityod a3o0cd(gpsesanti sp5se30l)
[0e3:0E fluid B:g8s(flow rate)od modulate coSeosaopbi Two way configuration § 8:eolsq
(flow)aopd e[gpEicdegoopdn Three way valve qpsoopd Geoo8ssss(constant flow)gé centsoopd
IBiEcon(boiler [heating system]) $& chiller(cooling system)gpizacg05 co&eagdaogdi
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Control valve gp:205

(») Globe vavle

(9)  Butterfly valve $¢

(0)  Ball valve 00[g¢ Od(style) od:§js §oopdi

Globe valve gp:oopd $66AC:qPigre ©00Ce] L= §3503 F209S 3>0d:qpzo0pd Ball
valve gp:00pd 00938l 006emde RadigPIoM Wdlulgd 0%y cosjogo0pdn Valve diameter
$600050(50mm) coodcedaopd valve gpizacgod sweat (soldered) o3ewpod screw connection
[§6 20051 $6c00500005 [Beoopd valve gp:aaogab flanged connection qps [gBlo3oop5

(G- J)og¢ globe 3adjzma002 two-way single seated control valve o3 eodlgoonsaopdi Valve
body 1 single seat $¢ plug o3 Clo€oopdn Plug 205 steam $& §odsoadoonsoopdi Steam 20p5
actuator $& §odsoad0oz00pdi Actuator 2005 eedomzacudonieriond§jRot [gdoopdn Actuator
2Rt eedomeddec:  copdgelopE  steam 0pS  medafoocdlgln  eE5Be0lgt:s
[g0edl coaopdi Steam 32600005 2005858l plug o3 s§ooEeamnaeloé valve o3 gEeooobn Steam
6300580E:00p9924) plug 03 63300538 opSigeomaloE dodeoadi

Actuator

Linkage

Stem

T. IDESCRIPTION
HANDWHEEL

Compression

1
| 2 |yOKE SLEEVE
/| a8 |GLAND FLANGE
a 4
5

GLAND EYE BOLT

BONNET BOLT
) | & [BODY

) | 7 |BONNET

8 |BACK SEAT

) | ¢ [STEM

10 |DISC

11 |SEAT RING

{) G-J Two-way globe single-seated valve (fluid flow is left to right)

a0 8odcaopdzadl(full shut-off) plug o seat cdlog dgioonsoopdi Valve body $&
piping system § 30503 screwed: flangedi weldedi soldered 0o0pd $p5:0065054g¢ s00S00:
§E20p51 20a8[ggfeaqoden union ojadeom pipe fitting ood§EdEa? valve [godqSi [g§ondes
0gudmREogs 320305 copdaonzoCoopdi Valve ¢p:o0pd jammed [gbododeamelopé sacgubonmy
[go5981 [5€a§ $€ [g§copdSonbeoles Bmabo0pdi Control valve gp:ei body eolopé eeogn:
cobselopEsBionpdep(water flow direction)o? cedjgoonzaopbi 0obeoCo0pdsadl eqogniudielot:
B:00pbep (water flow direction)oS$&qS saeqg03:0000 Control valve gp:ei body eolog€ [gpegé
flow direction o3 eodlgaonseap§oopdi Control valve gp:o? isolation cpdes 20305 service

manual o3 eo5gao&oopdi

(G- J)og¢ globe valve 00696l normally open valve assembly o3 cod[goosoopdn Actuator
2005 0gj60den0demiyrdeomod(power loss)aopdsasl valve steam o [gEonodeoo0pdi o338l

valve 2005 o&agn:0000n Actuator ¢ power 03 [§0560200508050gIE valve 2005 &b Gdeao3E:
[g8e509€ Normally Open(NO) vpesl 205
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mp m

PUSH-DOWN-TO-CLOSE PUSH-DOWN-TO-OPEN
c2az8

out IN

9G-p(02)Normally Closed @ G-9(9) Push down to close .§§ @ G-G Double-seated two-

globe two-way valve Push down to Open way globe valve

O(G-p)20p5 Normally Closed(NO) valve oodgen $lgdaopbi agibodencdsm: qodeomd
(power loss)oopdsaal stem 20p5 336dlad GepodogncomelopE valve 20pd 3odesad6edi
;ofgmecs $O§ad0p8 valve 305qS 320305 steam 2005 flow direction & so&oyEeponado?
0353¢) 80deepdi Normally Open(NO) valve qp:od q§8EagEa0dqgjao&aopdi Power loss 2Be0pod
Power fail [g6ogn:0q€ open position [gdeseamaelo3pé 6605 s00500nde) B:eol{Geao3E: B:anls
650360p51 8o5c8agi€ manual valve o3 saaddg)g) 85§ Ea0pS

Actuator(modor) $& valve stem o3 §obsoo5con:0005 linkage opE free movement
:250:c05 §8Ea0pdi Slack wresl 20pdi Valve o3 flow direction 22038: o§mSg> 0o6s0E000gE
fluid & velocity pressure $& valve &l 3208$& 20905038§o0pd fluid ¢ differential pressure
030005 valve 68 gEq§320305 B2a600p5038:32:03 [30edl oaopdi ABelopé eudom(actuator)
2005 valve 80565608 00E{030gn (0p52005 free movement g o§esarE) Boonzqa0pdi 220005g)
valve o3 8:eolieg00050005(flow  direction)3203E: 0006083 6[gpEgd(¢20g8ig0) 0n6s0E
con:gi€ velocity pressure 2095 valve o3 8obgS(close) op&iemin? [gbeooopdi Valve & plug o}
32606 63200533 velocity pressure 00898t (G- j)ogE[goonzoopdn 03324 valve 20pS Soda0pd
eseponodadeepodesnt opSiglidqoopdl Valve @i stem $C linkage o3¢ §esoopd free
movement a30wr05 slack efopE velocity pressure sseomE:aopdsasdl plug o3 8c5o0pd
326[g226500 6eprde37E 098:8E200

B33 [963[Gkes005  Beeolsg(flow) o§eorpoopdsasl  velocity pressure  copSs
eqpPodaredad: free movement 2005 valve o3 03305 (crack)eooopdn 8:eosq (flow) [gScopd
[g8eclconoopdn  ofspbgé  =:[36edlE:  wequagnd8lesmt  [gbescB6epdi  B:eolig(flow)
0oo€[gded B oagn:03E: fluid & internal force 20p5 dodedlopd water hammer vpesl 2005

shock o3 [gbedleoaopdi aBmlg€ eppdadaBeopd: [gdedleooopdi Piping system o3copds
qo8:08E20051

odaelop¢ control valve o3 flow direction & 6[gpEg$ ©060E8qS 3o0Rs e300

0(G-G)og¢ balanced valve vpesl20pd double-seated valve o3¢ seat $89 A§oopSu Fluid
differential pressure p8qes[G: actuator 8obq$saog05 fluid differential pressure o so§oyC[Ge

p$:g$ ocdeon (030303 differential pressure o ooyl oR§dgt:§Eod single seated valve
qPspE 60og[gE8a00N) a8 so&oqCe) wopsiqeamelopE actuator 20pS sacgs soNES

ec\‘f)sgc‘Seou
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Gooicu5000d  actuator gpsod 200ddg§Coopdn a3eadd =acg§ ooliryGo0pd eandgE
8oboonigls§p vq§€eon Tight shut-off c[gd8€eon Leak [gdom g&s3a8 edigq [§B8Ea[g§oopd
Tight shut-off o[gdq) leak [g[gC:03 V50d8E0S HVAC system gpiogt oo3adeom valve
§j0? 3200gooEal

¢ G-§ Linear(V-Port) Valve Plug Q 9—@ Equal Percentage Valve Plug
Modulating globe 3a§jzza00: control valve gpsogé

(o) Linear(V-Port) Valve Plug $¢

(9) Equal Percentage Valve Plug 0pe] $6§jea3[gpzoopdi

Valve 000500600¢po0pd o $6§j:e modified cpboonzeamn 8&E:qpodcopds coodapd
[0390p51 Modified linear $& modified equal percentage o3 [gdoopdi o modified $6§jzo3en

characteristic 03¢ 0pa8[o300051 $(G-q)og€ flat plate plug o3 cwS[goonsoopdn Flat plate plug o3
two-position control qps§ valve [§§[g$ gEeoqs(Quick-opening duty)saoga5 saaddgjaopds

Stem
—

7222777777722 _om
7). Y

¢ G-q Quick-opening(Flat Plate) Valve Plug

100%
! Fast openi™d oo
Quick
open &Q’&
&
o
Z
[ 50%
. N
Linear ® &Q"’
&
& 4
Equal % NS %QQ.\
%@
% Lift 0%
0% 50% 100%

¢ G- Control Valve Characteristics
0(G-0)03¢ 000008 =[gE(plug lift) $E BsoCea30:0005 ep§E58:(%) 03 900H05HR3
eudlgoontoopdi Valve 6l 32085 32090561 pressure [§o:52:9)050 6e[gpCidup vpsogiod(assume)
cons00pdi Valve 20p5 3odes00pd 32§503¢E plug lift 2005 100% [g620p5 &(g-00)z0q) flat plate
plug 20p5 J0% @Ces2000205$(20% open) S full flow & 60% Bss0Cs00p51 BelopE flat plate
plug gp:o3 modulating cv6e$ wooeageon Two position control gpsaeoga500009:00E 2005
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Control valve qpsell characteristic o3 sn:copbooeomedlades valve qp: opdayad
8&&:006000200p51 valve gpz 05393 operate (o605 538600 function gps§oopd o3a3dl
eopeogqepdl  adepdesepst  oCengpoopd characteristic §oopd valve gpiod  oSonSed
6g:g|050009q$ 2266¢03:00001 O(G-R)oge gEsuCigudnrnotd puwdlgE cudgoonzaopd

% Heat Transfer
% Flow
Heat Transfer

% Flow % Lift/Controller Output % Control Output

("3 GE Combination of Coil and Control Valve Characteristics

100 S

[—
/
%0 Quick Openi
e oPenng N Ball Valve / /
Plu
) | / /
70
Linear Plug / /
60 "y
50
/ %__ Butterfly Valve
40

|/ \

PERCENT OF FULL FLOW AT
CONSTANT PRESSURE DROP

Equal Percentage
Plug
10 s
0 1
0 10 20 30 40 50 60 70 80 90 100

PERCENT OF FULL STROKE
c;) G-o0 Typical valve characteristics at constant pressure drop

&(G-00)og€ linear plug g€ % of plug lift $& % of flow o3o0pd qselgpeacdEs(linearly)
20050300g|05§eomae(oE linear characteristic §oopdi Equal percentage plug o3¢ plug lift g&gs:
$C B:58s(flow rate)oopd cobo3&s(exponential)gé sood0deso0pdi codspdizmndytadeadd valve
2005 80591890 38§55 B:e0Es00p50wan GPplicdy 3a500:c0d [4bg§ valve @i plug o oeon
qPegp 6g,60:q20p01 Valve 030598 2o80p¢E flow 20p5 cqiElgen ogeo:00pbn Minimum flow
20p5 valve 030598 3280530085 plug $E& seat vodel :EES [gbecloopdn Valve s2085E
320905 83:0yje08sq(pressure drop)orndo0pd 328053 §oopd minimum rate $¢ maximum rate
:§p03 rangeability 9360305 turn-down ratio op esl 005
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Rangeability

Maximum Flow

R bility =
angeabtitty Minimum Controllable Flow

HVAC system qpzog€ 32034go0pd control valve gpseil rangeability el sa§j:0005 (o) ¢
(o) 220384gda0pdi eqBamsalopt 035:c305¢) plug wrog:a0pdeaslogE 5% flow [gdedl §Ea00
a3 5% flow [gbedl coodcopds HVAC Control qpseomntsgd 3200600620051 dqp:aopd sa§s(ratio)
§oopd valve gpio3 g§8Eea0500p5: 3acSegiEadaopd

$(G-00)ogE butterfly valve o3 eodjgoonsoopdn Valve body 32038:03E 228&:00q0
F[grs(round disk)o? cppSeoglidyé Bseol:q(flow)od modulate cw6§Ea0051 Beo0d Bogeomn
B:e08sq(flow)qgs 83260005 3al§jop€ Buwncd modulating duty qpogE s2add{ges ofgdSEaon
Butterfly valve gpzo3 shut off cpde$ 1 eqpBgeaantadSiqs (balancing cpd§) 1 two position $&
three way control qps320305 3203{q8Ea0pSn Butterfly valve gp:ei characteristic 2095 equal
percentage $& linear plug characteristic sa{o3p:03E§00p5 characteristic §jgg®a05n

0(G-00)ag€ [goomoopd ball valve 2005 linear characteristic o393gipoopdi wopodeom
application qpsea0g05 wopodeom :eoligdd(flow characteristic) §oopd valve gz 8262051

0(G-0) $¢ (G-09)3 [goomsaopd ball valve op¢ maedlodedlodooneonn ball 20p5 valve body
2R&ipe cppdgeesnt [gepd con:oopdi Ball valve gp:od Sodsagudseon: $6c00500005
codaopl pipe system gpiog€ 3obe§i gCeS(shut-off) 320305$E balancing valve o[g6
F200ggoopdi wo93slogE  automatic  control gpiog€  onEZBGIe[3o0pdl  Reheat  coil

03336000 6o0xc0da0pd coil gp:apt 3aa9dgi00pd!

i

° Body ——  ——

Packing gland i Ste

m
Packing Thrustwasher

Seat ring H

"~— Body end
piece

Ball
¢ G-0o Butterfly Valve ¢ G-o Ball Valve Layout
Ball valve gp:ogE plug odloCeomaelops Bseolsq(flow)gpsaopd esepgpsogt 220:

olgjeoaln Ball valve 20p5 g&esa0p038] 9d3a:(resistance) o§ooecmod $o5:dkoopdi Belopé
3ob3agudme0m:0005 codaopd valve gpiod  3203q8o0p3esl  control  [gopdepogE  stable
o[gb8Ea0n &(G-0p)opE [qoorzaopd Ball valve 2005 characterized plug §oopd valve 0393 [gjeoopd
characteristic §eooaelopé 35§),6000 HVAC control application gp:ogC 32034g8Eo0p5 Standard
ball valve $¢ characterized plug ball valve 035§o0p5 flow characteristic 0303 wpda3q)
Ged{goonzoopd
Actuator [g& 03¢) 02690E(B: 32004 8E20RS valve sagjpaon: o)z

(on) Globe valve

(9) Butterfly valve $&

(0) Ball valve o3[gdoopS
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End view of the ball within the valve at different

stages of rotation
Stem seals Valve Walve Wahve
tem fully open Y4 apen fully closed

)

Fluid passes
fraely through
the arifice

@ G-op Characterized ball valve
Globe valve actuator 2005 &(G-0§))0g€ [goom:o0pd 2203E: steam o3 820005682305
@g,0qp: co20pdi Ball valve $& Butterfly valve qp:eil actuator gpsoogd valve steam o3 copdeos(Ge
(rotate) gCeor 305600051 O(G-06)0gE [goonzaopdi Two way valve gps§ Three way valve
qP:c00d GeomEioopd Sagodqpign§oopdn Two way valve gp:oopd three way valve gp:cood
eqeedloopdi 93ea0d two way valve § [gdedleom Bsasogeolsg Sqpsoopdn Two way valve

qpoopd variable flow o3 [gdedleocomelopé pumping energy o3 eagpgi8€aopbi Pump o3
variable speed drive(VSD) [§¢ ewa€:wao pumping energy o 2803000000 aagpg§Eaopdi

Operation ©cpdesa0pd coil gp:3a03C:d Gagpido voleepodesant two way valve o3
sgo?Elgj 80308(‘83(13%8@&7)0@)(5 c°3(73qp:038 3080:q:a(heat |05$)9|§8@3:38 m%)os %(Q,:Déu
Pumping energy o3copds agom8EoopSi Centralized HVAC system gp:op€ cooling coil $& heating
coil ol control valve position 205 load eologEeonode o3gp:oopdi Pump saguSsoen:
egeqiud(sizing)oopdeadlsE distribution system qp: sagudssoniegegjod(sizing)oopdseslogE load
diversity factor o3 326[gé 60p§oopdn ddelopE 0gEd:d: sanpseacyspdiapd

Q

Standard
ball curve

Characterized
ball curve

‘? G-oG Ball Valve

Two way valve 2005 load 832010532 208eagdaogd chilled water a3ewrod hot wate
0eNo30m coil 3209E:08 Bi08gCaeusaopdi defopE two way valve gp:oopd Normal operation
2§503¢ 3o083609p0d self balancing [gbe$a0p0n Three way valve gpzaopd coil 2098086005
copdieomE:s by pass [§6g) GoodcopdieomnEs Bseolsaznizaodoopd: pump flow rate velgpticdeol

Two way valve qpz§ so0:500:q05qpe§oopdi Chiller g boiler gpzoopd 2005005
00230000 :e08sg(flow)cood Jgpzdlon adewpod 8so5:dlon deseomsgd o006 wapd8E[ojeon
Two way valve gpesepopl three way valve qpisC =000:03:32004g[9€gc oBlgocoson’
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cgqE:8Ea0p5n Three way valve qpzod 23egEg¢ coil 338 eqotoopdlgbeo wofaopdlgbee chiller
$C boiler gpopl B:eoligSs(flow rate)oopd we[pl:cdeor Two way valve gpodcopds
:2054g§Eo0pdn 9Beocd boiler $& chiller gp:opE Bseosgss(flow rate) Gos&§eoqs by pass 305
a3ewnod decoupler SoSqp:ad oobeoCooniqoopdi Primary pumping $& secondary pumping
cpeiopd: 3834 320G Eaophn

Hydronic system piping qps3ac[ogpE:od safgpienspdypiopt 0odg8Eoopdn Two way valve
qp: 006eo€apaddggEselopé control valve o 220EsE 3209050005§ differential pressure o3
Sqpeooopdi saapsoolgé pump gpod constant speed [§& Gerinqi€ Sealgbgpioopbn oBad
differential pressure gpsconfgselopE system @i controllability pdqEsagniqoopdn ced3:(water

pressure) gpsonfglielopé valve gp:oopd eqEdyé op$igCgl: dlogqoopdn dBegeniod
eP§Eqs sme0mE:00d actuator 06s0Eo:gs 833620051

Piping system ogE by pass 305006e0€[gE: Bewpcd pump gpd VSD oo6s08q

eenlfgls oYgC two way valve gp:od 03] saadigegiE gdseaCaegiom(energy saving)$Eo0di
32088:3¢ nbeole mSoyodod Jqpieacdropds cun:§§o3E:S energy saving [gdeseamelops

c‘{)ﬁ saoﬁ’ll:qjos$ﬁooéll

,’/ "‘!\

=\
(s

G.G Three way control valve qp:

0(G-0)g8 [goonsaopd 22038: three way valve gpzoopd coil 320p8:08 ofeepadopd
eqoean(flow)od c320cd elgpEicdeocaddaopbs system flow 32659 [3000q€ e[gpEcdgedeon
0(G-0Q)op€ Mixing three way valve $& diverting three way valve 0303 8&:005 esb[gaonzoopdi
Mixing valve § o8cxnoopd eesdbE(two incoming steam) o300pd valve m2038:5 colC:0p5ed:
outgoing steam sa[gd ogoSognsoopdi Diverting valve 20p5 mixing valve & a[gpEigs [g6o0p5
Diverting valve § cq8sco3pE:00069000 0€anGies00d 5693390 §¢j ogodagnsoopdi Mixing valve
o3& 320905 port 03 common port (100% flow) vresl[Ge diverting valve o3& 3208 port o3
common port(100% flow) opesl aopSi $(g-00)o€ mixing valve § bottom port o3 Normally Open
to common port 200590520051 Valve steam [g€onodes$00pd 3§$S valve el common port 2005

@Ces00001

a3 port 63 Normally open(NO)op 200500520051 936005 00dslondq Bottom Port(B) vp
copb: eeleBo00500500p01 safgp: port o3 Normally Closed(NC) op 9005905 @8l aBo05i
0066l00845 upper port (826c3632096p A 9360205 V) [§6 2005005 @8l aBooobi Common out o3

COM 2800905 OUT oaopdlgé snepbeuieapdoopdn Diverting valve o3copds ao3ad§jpo
§26p0000600 §o0pdi O(G-op)oge diverting valve 6 common port o3 ee5{goonsoopd
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2§),600 valve cpodapbopgps(manufacturer)aopd 682005005038 common port cosg)
[g1c96[e300p51 6qEoRd @E305e05 bottom port © 0Eamn(G: poocdeonsE cS05EI030
ogodagn:oopdi Three way valve gpsd plug qp:od copds water hammer [g[gCs omop0des
005 two way valve qpsa3ad eqrodselogpEs(flow)o? valve seat 6320050 [godogaesnt [gepd
congo300p0n Mixing valve ¢ diverting valve $8§zcd:03¢ [giap&aondgs [go0pdn BefopE valve
body G0l 0g€ ewdjgoonsonpd flow direction 2203Eigbeen dodgp:ad oobeoaonqepdi

Mixing valve gp:o} diverting valve 3203qqqepd esepopl sa0m:adq 0% ges ©[gdSEA

o307 diverting valve gqpso? mixing valve 3200dgqepdesepogt elgptiadig eqeon Mixing
valve qp2oopd diverting valve gpscocd 3¢) 6qEa00500060006[03pE 3a09Saa5gP:a0dN

Mixing Configuration Diverting Configuration

% Flow % 100% Flow % Flow % Flow

% FIOWG 100% Flow G

¢ G-0q Mixing Valve Configurations Diverting Valve Configurations

320005¢] three way valve o3 saadgg$ c33260qi€ mixing valve gp: 006s08 3034
20&20001 036005 00dslondd) diverting valve o3 olgbocs 2d:qepd Ieefgzacsds [03eoz$E200
Mixing valve gp:od od:qoopd sacloplien two way valve gpo? coil ol return side 500
ondeo€eamaelopé [gdoopSn Return side § oodsofaonieomn two way o3 three way valve [g&
e[pE:0badaq€ mixing valve [gEa00 006e0E§E2005 Supply side § two way valve o3 diverting
valve g€ o[gpE:cd 006088E2005n Two way valve o3 supply side 0g€ oobso€aopSgdeer return
side 03¢ onbeo€o0pd[gbeo apbesmty function saq ©pSalg| sae(pE:cdao

Two way valve o3 coil & return side 03¢ onbsooondlen 3q) efficient [g6[Gs
ecodaopdeadl positive air venting (¢ coil return header ¢ 0005068005

NG. | ouT

¢ G-oe Three-way Mixing Valve @ G-o@ Three-way Diverting Valve
(G- Jo)og€ three way mixing valve oobeo€ooms) "6 3a[gdewdlgaon:oogdn Valve & port
qPeod 0pd38 $00pS G0:a00:000508 20o3[gicl Besnnd control schematic dgpzodcopd: 3505
2038:0305¢) §00p5 Gosdh Valve gpzod copds flow direction 3303E: ©$$g> 006e0Eal a3wamn
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controller ¢ Gozoopd output signal 3203E: valve qpzaopd control action 03 codeaEGLERdI

O(G-Jo)ogE valve 205 coil 03 [godagnsaopd flow 03E:320305 Normally Closed(NC)
[§820p51 220000q) coil oB[godBsogaeaond line § Normally open(coil o3[god8:a0:0005 line 9)
3203§oqC three way valve ¢ common port 60052005 0$305 $6eqpt:a? elgplsq) 0obs0E
c0:8E20001 oBea0d three way mixing valve § Normally Open(NO) port 20p5 2200500593
gCeseom port [gdoopdi AelopE O(g- o) o€ [goomoopd schematic 3203E: [g68GwpS

(G- Jo)og€ coil by pass line § balancing codso€aon:200503 cog8&aopdi Balancing valve
20pS control system 0gE Jo€aopd port odeupod 228053338: wupodeun odeadd water
distribution p8geoq§300305 balancing valve gp: 006s08q§ B=60001 0o&Sloode)  coil
Baansogeolsg(pressure drop) 3a0@8s00:00p9324] balancing valve gp:o? 006e0es ocaopd
mefgmesd [pjeopfC0pdi Balancing valve il 8smiogeolig(pressure drop)oopd coil @l
pressure drop $& 030508 (match)g§ c8aopSi Three way valve 2005 by pass position [gdes§§ope

8:e08:000) flow $E coil 22038203 100% B:e08:a0pd flow 030005 0980830k [§Bdd0di

Balancing valve oobso€aonigliedclon supply to return diffenential pressure opd
3209555:0m short-circuit [g58E20051 033241 sagpiean coil gpiogt egradea0530d [Gooose
[0 8E 2005 sa09200[gC higher differential pressure §oopd coil gpiogt equadeandy 34
[§88E20051 Two way valve gp:og€ §oop) linear $& equal percentage plug gpsadcopds three way
valve gp:ogé  §$Ca0pbi  o8eo0d  valve  cpodopbongpimanicdion  $8§adied  valve
gudmoons(size)§gd 0005pd[c86epd wupddeon Port od9op linear fashion [g& operate
00 safepseom port 00d90zE equal percentage fashion [g& operate co62005 three way valve
§jod cozq$ c[gdSEeol

qPadie0Rq0pd three way valve sadeoonien equal percentage plug [9¢
[gleo60026000 diverting valve qpsgda05i

(-3-@&% Plug style egeqoSo0d 50053E:038
~Return ¢ NC Gedgoonzoopli Constant flow o8 220382005

Balancing; NO :elopd three way valve o3 egegjodfogoopdi
Valve N a3eo0d cwodeoy el =06503C ©p520d

-Supply » Normaly Glosed to G - plug style o3 egegudoopd [gdeo constant

Coil_ flow o3 q§q§ ©[g68Eecon Balancing valve

[ 3-Way Valve @[P0$ GDO?ELG_j GGlODp_S coil O?DQ?) 100%

Return NC agn:0000[gbeor by pass line ¢ a30:0005 [gbeo
CINO | —— oppB8aopd water flow [g6c0q$ [giopdeaopdi

Salano \ Valve 2005 Bsoclg m:06s $O§Eoc3e)

aVZTféng — R oI$2009 :§Sqps3 linear plug A§oopd valve

Supply » | o3 o%q€ flow gpsoon c8Gwpdi  Equal

Normally-Open to Coil 2 N
ormally-Open to Col X_co Percentage plug o3 o%qC flow $p0sog:
a8&updi

c'} 9-Jo Typical three-way mixing valve arrangements
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Valve qp20? egeqjod[gEs(selection) $¢ sizing o[giepSeC modulating valve gpseil behavioral
characteristic gp:03 §2:0000 c0GoMEl0S00qs 832600051 Modulating control valve qps§
“Rangeability factor” vpesloopd operating characteristic §oopdn Control valve gpseil rangeability
factor a3o0pS¢> maximum flow o3 minimum controllable $& o©d:c00dg8: [gdoopdn B
characteristic 20p5 constant differential pressure sac[gzecs§igé 06:00608:03€ 03&:0m coofgCs
[§&2005

Valve oobg9el rangeability factor 10:1 o300p5en valve o0dponpbigé 08690 flow
(minimum flow) 10% qes0& cv68EgS: §oopbupadaaopdi

G.§ Valve 32§j:3000: ogeqod[gts $& 32qubsnon: egeqiudfgt:
Control valve 6g:quSepag€ 6320054 sagedgpied gonpbaopd

() Control cpS[gE:daep) fluid
o)2298:03¢ control cod[gE:dqepd fluid o> eq(water) [g920p5n Glycol solution $& Brine
solution o3o3e000 water solution gp:$& special heat transfer fluid gpso3 control ceSa8dlon
density $& visocity 0303 c305¢) 20&aagoopd correction gp: [gepSes c8o0pbn Special fluid
qpsel information gp:oB 000dcpdop (manufacturer) gp:de q§§E0pd Brine 320305
information qp:od handbook o3¢ q§8Co0pSH Steam valve 3a§p3a00: Ggegod[gtiss
320530002 6g:q[05[gE:a303 c0adrRgRzel catalog qp:aE QS Eaopd

(®) Maximum fluid temperature
Fluid temperature 2005 packing sa§jgsaon: $& valve body 1 body trim $& shut-off disk
qpeopd  aodigoonaop  cogroged:  sa§meonigpimacd]  2aofEooodeepody  §oopd
0005cpboagp: Zaadigioon:oopd  standart material 9000 oGS 250°F o3 comEsgo
58Eqp5§oopdn A 250°F 320§§20pS HVAC heating system gp:ogé §eoon malgads
2050005 qpsg> dqpzaopdi

(0) Maximum inlet pressure
Valve body selection 205 maximum inlet pressure cologE @onobaopbi sacg§[géoopd
3:j2a69000533:(high-rise building)qps§) 866000 32006¢Ps(32008 J03203)5 §eoon valve
inlet pressure 20p5 qpsecoopdi Static head elo3¢ inlet pressure qpsgE: [gda0p5 Valve
body gp:03 ANSI Class 125 $& ANSI 150 03¢) 22a0¢ $0§js§oopdn Class qp:oopd =a[gCed:
temperature 5§ normial pressure o3 PSIG [g€ eubgoontoopdi condeogmeefgsaesogt
HVAC system g5 §eom valve gpzell 98Eqp50005 nominal pressure cood dqpzaodi
Actual operating condition qpssacg05 valve body rating gp:o? valve coc5coGoagp:el
catalog qpso? oBsomo0oopdi Valve adto 305a18: =oq$S [g8edleomn close-off pressure
20pd 3a[gCeds differential pressure [gdooobn Valve 805833005 o pressure o3
cogpagnigs cBoopdi o pressure o coypagaq$ actuator 2005 3eoEQS 3200
Valve style 20p5c0p5: $8Eqp5§ qepdi Valve 0069038 [gdedlepd differential pressure o
0§08:q5 905300001 System oodcdsel 8&E:edl o€ Gonpboopdi

(o) Maximum fluid flow :
HVAC load calculation $& coil 1 heat exchanger o3& characteristic 03¢ design maximum

8:008:58:(flow rate) g§oopdu
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(c) ValveStyle:  Three way diverting 1 Three way mixing $& Two-way o3[gdoopdi
(®) Control Mode:
Modulating control mode o300 two-position control mode o3[g62005n Control mode
20p0 valve =a§jmoonsé valve plug 3a§pmeon:0d 360 @oopboopdi Modulating
application sa6{o3pE:od 326005805 §Eigoon:aopdi Standard globe valve sa§jgeaon: (flat
plug A§oopd) o3 two position duty 320305 32034g 80051 oBeo0d Globe valve gpzaopd
fully open s>§§c€ Bzaiogeolsg(pressure drop) sacgSqpseomelopE two position
2DRod  Poofecgpedecnodeor  Globe valve 20p5 8sasoyeolsg(pressure  drop)
qP2eo05copd: modulating control 220305 2a60E:ed: [gdoopdn Jodaagudmeen: $6c00dL
0005 codaqié motorized ball valve 20p5 Ssasoqeolsqg(pressure drop) =acg$spS: G
0520005000009 egegudosp option cod9lgdaopdI $6CLNBe0005 J[oFkapd Sodyqp:d
two position control 3395 32294gjaqi€ butterfly valve gp:o3 ad:q§ 20&eagdaopdi
0deopéadeadd globe valve cood Bsanoqeolig(pressure drop) 35543 egiErods
3200500000051 Modulating flow characteristic 03 3203§agi€ plug so§jse02:03 0gdode] egeqiud
20&00p51 000dpbangp: sascd:o0pd plug type §pdod [grpd8Egd: ofeon Belopé designer
qPzoopS 0000Ig§8E05 plug type gpiodomn egigudooaopdi Modulating application gqpsogE
200qgoopd valve qps full flow 2o§$5 [§dedloogd design Bsansogeosg(pressure drop)aod
valve &1 sagudsoons(size) adlopé ©oopdoopdi Control cpdgiCoopd =203¢: valve 20p5 wdy|

eomEsgd 3200600660:20p50300pd: Gw5gooRdi

S R Control
Valve
Main _: f ><]

~ ]

Coll

D‘f} Isolating Valve
¢ G- o Coil subsystem

Modulating application 320305 turn-down ratio 2005 valve eg:quSepage copdopiongs
286ecdzadeon 0odepbonypiaaadion HVAC application gp:ogE con598Ea005 turn-down ratio
§oopd valve gpi03000 00odapSjog0005n Special application gp: [gapdadagiC valve cocderboag:
$C 03EuE(consult)oo&oopdn

Valve selection [gjopbepogC saeepan(oiiad:eon parameter od:9en
(o) Desired flow characteristic
(J) Desired pressure drop

() Close-off rating o3[gdaopdi o3 2d:q[0503 652058E:03E 326002805 §Edgaon:a0di
G.§.0 Valve sogudssontegiqudat: (Sizing)

Modulating applicating gpso€ 3203gepd valve size aopd system behavior sacdl
F0JE000566padg §oopdi Gain vedaNaBropd: eddgodeoeomaelopE control system i function

$C 0066800E8EQ:03 a[gp:rdeoo0di
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coCgpiean 3qI0Ho009ed c8336200500058(0Bs00pd valve 2005 flow o comEsgn
control cp68Eg&iegeol powdsEgE 6qEERAR GrVEEONE 253006 GaOS GCLNE0PIGS
2095005000393 [§daopd

c82a60p500056a0icado0pd valve 2005 system Bsanioqeolsg(pressure  drop)o?
0RSqpieocopdl delopé GoFienoopd pump o oobsoleepdi Operating cost copds
:20Sqp: 360pdi Valve 329053000 6geqiudo0pd3adl 03905 $6910503 gonesant 20 o3[g|
egeqiod 2080

Valve size ogegodoopdsasl fully open socfgmacsopl [goedloopd Bsan: ojeolg
(pressure drop)o3copds 26[gdaepdi epboopd smsogeolsg(pressure drop) vedano? seaddg|
qopda3a0pd =aa{ges o§dl

Control expert gp:s¢ manufacturer qpzoopd sa§jE§jEe0x colgEqod(opinion)gp:sE rule-
of-thumb gps [gGoon egegdes(oyal: (962051 cBogesmmEaod valve size $& cvadd §E0pd
Baanzogeosg(pressure drop) owdan 220305 [GE:9eqps 206000 woRndagp: §eaodaopds
stable control gg$s20305 egegdoon:eax valve & Bsasogolg(pressure drop)aopd overall
system ood9cd:eil Bzanzogeosg(pressure drop)sé $E:0000qE welgpueaa50pd vedan g

[g©20&2005

Valve design 8sa:oqeolsg(pressure  drop)od  0305q$5p5:0069¢0  coil(subsystem)
o0boel Bsmioyeotsg(pressure drop)o? sac(gde] ofo:d: [daopd

Air Handling Unit 008903 sub system 006930[gd O(G- jo)ogE  ewdlgaonzaodi
c00de0p¢ supply $C return $69o3x: differential pressure available 20pS e[gpE:cdesea0d
oa[gpeicd(constant)op  osontepS [g6o0pdn Cooling coil 00696l GwS(typical) Bsmiogeotg
(pressure drop)en 3psi(6.5ft wg) [9620pbn Coil &l 3208305$¢ 320905305 oBop€ 0nbeE
co2:2005 elbow g isolation valve qpsi reducer gps 036l piping loss ¢ 4psi(8.7 ft wg) [g&2051
aBelopE supply pipe $E return pipe $69saloppirl §aepd available dsaogeolig(pressure
drop)en 3+4=7 psi(15.2 ft wg) coodgpiqepdi

on6s08gmeogaaod(installation  experience)s&  ©8:000g/05qps(experiment)  qpzsaq)
control valve com&ign 22006005gS 320305 [§820E0005 Bamiageolg(pressure drop)en coil §

full flow [g6e50005 20503 coil $& pipe system § 8zan:ogeolsg(pressure drop)eeediCel 50%
© 100% o&000[gdo0&o0pdn

[grse000500:0089¢0 control valve &l dzansogieosqg(pressure drop)en total subsystem
Baansoyeolsg(pressure drop)eil 30% ¢ 50% [gdo0Coopdn 0odspdiamnige a3qeadd ospdiyt
Bzanzogeosg(pressure drop) 2psi © 3psi 32038 00598E20507 vRsoaEgEdgdoopdi

Pump & power $o0:coqSsé @o:aCodige(energy consumption) caqpspb:cogd
20905 88&:328qIC-0ogp:00pd control valve ¢l 3sansoyjeolsq(pressure drop)o3 2 psi cood

$5:633¢8 aggdeny§oopd
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0066lod§] subsystem codoqiE:8eil Bsansoqeolsq(pressure drop)od ogabopqs 950598
o[gb8Caon Sub system codeell =a0 point $& 280 point o303 gEsutagn BEgrraocdecdefcopds
o[gb8Eaoi

adelopé  2o090donmpq§§tacpd rule of thumb gpsod 3203dqe) control valve &l
Baanzogeolsg(pressure drop)o? 20056¢05[0300p51 2psi @ 4psi 2203E: 20&engda0pd 00835006903
egeqioS[o300p51 Rule of thumb gpsoogd typical HVAC application gqp:ogE sasolelygn 32034
§Ea0p5

Globe control valve agodseen: egegdspd: 6s0050004jken valve size o3 pipe size
0005 ondeogcudoopd 2agudmentod egeqiud[ges [gdoopdi Rule of thumb gpsoopd butterfly
valve $¢ ball valve qps320305 oS0l :2ad:0[ga)

Designer o3 c8o5¢] pipe 8agud320: 6giqudspdigpign dR[grseomelopé flow coefficient
c0pbs P[gpraqpeg> §oopSi BelopE 0odelond§ rule of thumb gp:aopS eogsdguSecomEeom
qoooSgpsa? [gbeoa0pdi 34,600 oversized valve gpzod PID control loop o3 eomgo tune
c00[Ge AB:q) control cv68E2001

qPeeoo3dgC oversized valve gp:od 0pSoopd control algorithm ong) eo8 §€col
Gaeggadcdadad (:ade eqgp:od ssolaelgelgoopdes ©pdoopd control algorithm oog
[g109660:8EB866p5 wupodeor

Oversized valve gpsoopd 2og$03E: c8cd Bodeso0pd maefgsacsjrogtorn fescdbedi
854lE: sncfgmacsigdbeseomn valve o eaqpoopd turbulence flow [g& S:eoeseomaeot
e90525 agodedl cangEaopbi Valve seat qpscopds 32§§603E3 ¢od8:og0:§Eaopdi

Control valve &l design 3sa:ogeolsg(pressure drop)ad eddgod[Giesood valve flow
coefficient(C,) o3 saaddgg] valve selection 03 00oE[go6§E20p5n Valve flow coefficient(C,) 205
valve obodoged(wide-open) ¢Eesoopd=e§§S 1GPM flow B:0l:q§mooped valve 3z
oyeoCsq(pressure  drop) psi o [gdedlcooopdn 20gpsoifgE emM0dAl P8qgl:  3203¢:
e6H[g$Ea0p51 Q 20p5 GPM [3€ eedlgoonsonpd BssolgSs(flow rate) [gdaopdi

S .
c,=Q AP (Equation 4-1)

S 20p5 fluid & specific gravity [§&o0p5n Specific gravity 83a0p5¢0 60°F 32088038 §oopd
fluid density $& cqoo§(pure wate) o3el 3a§gd20001 200 °F cond spdsoopdeaen specific gravity
@ 1.0 8:kgdo0pbn AP 2005 psi [gE codlgoon:aopd valve ol Bsaniogeolsg (pressure drop)

5600551

valve oodgei valve coefficient (C,) 20p5 valve size 1 valve body 8&E:s& plug o3
el o3¢ gonpSeomejoypE manufacturer gpsel catalog gp:o3 oBsom:00&00001

pown - coil 0069 (0305 cBzpbeom design S:eol:s8:(flow rate) ¢> 30 GPM [gdaopdi Valve 6l

Design 8ga:gjeolsq(pressure drop)o? 2 psi 0005 05568308 [gjapd c8aopb
30GPM $¢ 2 psio 6330053 G005 (formula)o? od:6) flow coefficient o3 0go50p8E2005
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c, = 30 \/% (Equation 4-2)
=21.1

Small globe control valve sagudsronisé 2005a38a0pd flow coefficient( C,) 00§3:03
eedlgoonzaopdi AB(C,) 0088sqp:aopd manufacturer o3 a30dq) aR[gesaopdi Valve style $& size
RlgPeagi€(C,) 0088 oB[gps00di (C,) 00§82 21.2 205 valve size 1% $C 15 2038 oqieqpado0di
Bsansoyeolsg(pressure drop) o0§8: sacBmeoyod 9BqS PBq[g:(Equation G-p)od 3203dqq)
0305098E20201

Q Z
AP = (—) (Equation 4-3)
Cy
Representative Valves of Cv for Small Control Valves
Normal — Pipe Size Cv
>
E7 6
1 10
1
Z 16
4
Z 25
! 2
2 40

Table 4-xx Representative Values of Cv for Small Control Valves
1% Valve 20005  dsmsogeolsg(pressure  drop)oopd 3.5 psi(7.6  ft)  [g6o0p5
1% Valve 320305 8ga:oqjeolsq(pressure drop)oopd 1.5 psi(3.3 ft) [g5205

Valve soguS3a00:(size) [p3aoneco 8smsogjeolsq(pressure drop)sobiaoneco [goopSi
ValvesaguSsaons(size)a332600p50005 J[o3amnaeco control apd8EgS: agjeoseco [go0di

1§ Valve &l 8sm:03j908:g(pressure drop)ed sa0g$6p0:0005n
Branch 8santoqeosqg(pressure drop)oopd 30% co0d §pdsoopdi o 30% oBop¢ valve 3sz:
ojeoCsq(pressure drop) oSlodlm

adelopé 1% valve 2005 com&sgy control cp68EB8gepd wupodeun Pump 2005 control
valve gpseil 3smsoqeolsq(pressure drop) 2.0 psi 03 2a6[gde) size cv600gE{gd2001 1% Valve
o3 egegdaqit Bsmsoyeolsg(pressure drop)aopd 3.5psi [gbeomelopE eomign control
0068E0d[gbeoodcopds pump 08332 waderonmd§Ee0N Valve size a0pdoopds 1% $C 1%030
€051 RBelopE  design  gproopd  OqodgOdges 3RS0l GudRuEyE
o3306[ga0es§poge  2agudmaons(size) Goocodaop) valve o3om egequdoopdi Sao00delop
a86005 pump head 20p5 circuit 00d9adi03E gaiogeotsg(pressure drop) sagp:edseodn control
valve 356 038 @onpSoopSi

Valve gps 320:00:03E pump $E 308sed:600 valve qpoopd available pressure differential
gpads 0300001 Pump $& 38:ad: osepgpi sagudcuboopd valve gps(under  size)od
egeg|odoon: Gamaeloppé pump selection $E& pump energy 23:8¢03 vad8odecodCao
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Hondelopéadeadd coil gpel design load o3 eepode§ SvodeomelopE valve
qP200p5c0pbs 10% ¢ 50% =20pE:000 gEeseap§oopdi

Valve $& 00500050009 ¢0dom:qs sag0dwn valve 5 design sansogjeolsq(pressure
drop)gpsqé o3 valve 20pd eomCsgo flow control cpd8Eoopdi Two way valve qpegC
006908200 variable flow system oE pump speed cologE woopde) differential pressure across
the valve gpsconoopdi oBsconoopdn soonioo[gé B:solsgfe(flow rate) $obigi€ valve 205
200> F[ops§ Bzam:ogeosq(differential pressure drop) qpsconoopdn od3a§§opE valve aopd
3¢ Bsmzgeolag(pressure drop)o?d [gdeocomaelopE valve qp:ad over size [g6esant cvboon:
200303 (9665205

Flow control 3eom&ig&esnt cvd8E[glelomps g&:3aC 03:8¢ 2005000 cooopd Energy
efficient 3[gdaopSn Oversized valve 06s0EcogEaoqpé 332600050005 Ge3:0005 supply air
o3 [gbeo0pdi adelo3pé reheat coil o3 32034gq$ B ABeaba0p50005 Jegateomnaelop
g&:3a€ancomonn [§620pn Reheat coil o3 0cd3263 saadiggecomelops gbead|goBiep
eepod20pdi Valve 8za:ogeosq(pressure drop)ad $05:e3nt [giopdfgEselopE pumping energy
oBcopd: GgIom&Ea0di

Cooling Coil ogE oversized valve oobsofoosfgselopE coil 3203C:03E higher flow
[§8edl[B: coil © 0goda005 leaving water temperature 205 8800500220009 temperature cood
38620051 aBelopE chilled water differential temperature 38&conoopdn Lower delta T alogp
chilled water plant efficiency s3:3koopSu Oversized control valve 20p5 system load a3w0pdb load
indicator o 32c[gdq) supply water temperature o3 reset cpboopd el§poRrE Focps
aoeagpoopdi o3a3 supply water temperature o3 [§Ees08 reset cod[gEsalopé B:eoligss (flow
rate)o? [gEesmt oB8:com:§E[G: valve gps throttling cpdes eadzadeoneon a3eaod reset c0pd
operation condition 829:0%:320305 3a80Ea[g 2o¢engpad6epd vupcdaoi

poen chilled water system 2005 coil &1 GqegeudonodSERs(dehumidification)o?
a380deo 8Eo0pdi Butterfly valve gpiogE sansoqjeolsq(pressure drop)sacg$spdG: available
flow coefficient gqpsoopdn cdelopE butterfly valve gp:od sacgSeonicdesnt egegdeom
Bamsogeolsg(pressure drop) 95qpgp: [g6ecl c0pdn 0803 sagudcudaopd butterfly valve o3
egqod[gtielopé actual velocity c0pd manufacturer recommend cpSoonseoo velocity cood
3qpzoopdi Erosion [gdedlom valve 2005008:0300p51 odsaeloppCigpielopE butterfly valve 2005
modulating control 320305 waoéeagpeon saanolgE flow range gpzagi€ sacg§oBoqo00d flow
oo} qqs o[gb8Ceun Low flow wmeefgseesd oBogoopd flow ownangg§ ©cd2abdlm
3053agud302:0005 0de0é aJewnod §6e0¢ cudoopd butterfly valve o egqudlgliyt
comsgn 3008e[y8Co0pdn 30500:c0d03(gp00pd valve 6g:qudd egeqiodsods(procedure)sddjso?
CleatIsientod]!

ocoe - fully open Cv 0083 od:wpbsaen: 60% open Cv 0o$3:03300dglq) valve qpod
egeq|od$Eaopdi

303005p5: - valve size 2005 pipe size coo53cuSdlon flow 2005 egpegg(smooth) o[gd8E
Valve &l Cv 00§83: $05:680E[gjr0d[gCs(resistance gpieaant[gpdfges) o3 piping geometry factor

068l 20051
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pow 2% pipe 038 08e0€0020005 1% valve &l Cv 00§8:0005 150 [§620p5n 3¢ pipe
Caliealiiveliioeationtel 1§valve Cv 00§8:00 123 [gdaopdi 42 pipe og€ondeoaonsanpd 1% valve &
Cv o830 80 [gdoopdn Ball valve sagpiel flow coefficient gpsspSsoopdi a0:500:q0560
3200ggpOon:000d  coa&§oopd insert  gpigeedqoopdi  Coil sseslgE two way valve
ad0000(gbeol three way valve a):0000(gdee 6pba8y) opfepige§eon oppBaopd modulating flow
0 coil 32038298 oCaeepade§oon cdaodi

oBelopé two way [gocor three way [gdeo design consideration opo8agiéi valve
selection technique opp8oopdi Valve $& coil 3208& 300905 =foypiog [gdedleom
differential pressure aop5 three way valve 320305 936ee|gpEicdeon oBea0d two way valve
system qpsog¢ differential pressure 2opS pump speed edlog€ @oopSq gpian§Ea0bi
aBelop¢ three way valve gpzoopS two way valve gpiooodencq€ oversize [giopd8gselope
a88[gooogn wedl§Eaon

G-§)- Flow Characteristic Selection

Plug selection 2095 design flow characteristic eologE @oopda0pb Design  flow
characteristic 20p5 control cp&9qoopd heat transfer device edlaa€ oS00 pows chilled
water coil 1 hot water coil 02005 o3ei water flow $& coil capacity characteristic 03 s00506654
:6d ¢ goopbaopdi Fluid ¢ supply temperature aopS heat transfer device(coil) & flow $¢
capacity characteristic o33260/ 03¢ gpign 3a03E005eepody §oopdi

:
r@"] Supply main
ﬂ$ ﬂ$ | Eﬁg]-:i A
Vol o

Cooling
-@’9 coils

Isolation Control
valves valves

=T i

< EM | th

¢ 9-JJ Chilled water schematic

pown chilled water supply temperature 6.7°C ¢ 7.5°C 93 [g€onodagnsgelopE coil ¢ flow
$C capacity characteristic 03 e[gp&:c30p8a0p51 Control valve 32085 320905 3a[o3r203E foomn
differential pressure o3 0oopSq) valve ¢ [§0ed 005 pressure algp&sada0p5

O(G-Jp)oopd heating coil $& colling coil 035 B:gSs(flow) elgpC:cdyelops gdesan:
(capacity) e[gp&:c3003 ewdlqoontaopdi Heating coil @il curve 20pb non-linear &G [g&a0p5n
F2o0delopEadeadd hot water 61 2o0p§§000 ool 2p§Ec00d gpigd [gEeseomaelop
[§020p51 Coil il heating capacity 80% 63005 Gepod§§opE flow 2005 50% co0d $p5:e5[3
[020p51 o characteristic 20p5 high flow coil gps(low temperature drop)og€ 3¢ o300

Chiler #
Chiler #

coepsoopdi o3 Non linear performance o3 cogpspdieoq§eaogad hot water supply temperature
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o3 reset [godeo: §E20p5 Hot water supply temperature o3 air temperature §2:93 eepodesnt
eogpqeo:sEaoodi oso54g¢ coil el heating capacity 03 caqpRg$E200!

100

Typical 1 7
Hot Water Coil / //
90 Constant S
HW Temp >§ e /
80 7
Typical / P
Chilled ’
0 Water | i
Coil 71 e
60 z
s
; %
9 s0 ’
® / R Typical
40 ’ ¢/ Hot Water Coil
; e w/HW Temp
H e Reset
30 i
Lo
[
i
20 L
Ve
10 A
//_f M““‘ = — Laminar Flow Region
e \ | |

0 10 20 30 40 50 60 70 80 90 100
% Flow

¢ G-Jp Capacity versus flow rate
O(G-Jp)o€ flow efgplicdfglielopE heating coil capacity 6[gpE:damdn’  eodg
00200051 098 gdse[gpE3a03E: cpbesond(gEs(linearize performance) [géeoq$ hot water supply
temperature set point 03 reset cx?Seo:o:)éu Chilled water coil & sensible capacity characteristic
20p5 3¢j linear [gdoopdi spo00Selopé e3ea0d chilled water temperature $& air temperature
030005 qpego oofgig efeomnclopE [gdoopd BssoligSi(flow rate) oqjeotiognioopdbendl coil ¢l
tube 20038:§ water velocity oge0&:0n turbulance flow ¢ laminar flow s3[g8a3 algpE:adognsoogdi
Laminar flow [gdedlaopdaasl water $& tube odmafogs §eoon heat transfer coefficient
onjeoCsagnioopdi odelopE coil &1 capacity  ogeolsagniqoopd ad3adl flow $¢& capacity o3
e[pscdael qondod 0508:95 9058ca0pbi Heating coil 00b9a0305  control  valveo3
egeqSepogE hot water temperature 20pS e[gpCicdy BbegpiagiE(fairly constant) control

006qE0Rden 38 cgudapeomEsgsaopdi Valve flow characteristic $& coil characteristic 030005
so§0yConad [gdaopdi e[gpCgsfgdaopdn Valve flow characteristic s3a0pSen flow versus strok
[g2005

0(G-g)0R¢ [goom:0005 equal percentage plug 2op5 heating coil characteristic saeomEsads
offet [§6§Ee00m m2008e0gHed(gdo0pSH Heating coil duty 820305 equal percentage plug o3
F200gg[oo&aopd Colling coil & characteristic 20p5 linear curve [g92005n Heating system ogE hot
water reset 03 3200ggjc0n:0q|C hot water coil &1 characteristic ¢oc0pds linear curve [gdoopdi

0(G-g)oR¢ [goozaopdi Control sacomEsediybeogsencgnd linear plug o3 3203dg[gen
200000710001 Three way control valve gps: 006808c00:0005 constant flow system gpsogCaopds
linear plug o3 3880051 Beadd two way valve system gps§ valve 3056l8: 93005 03cdgS
og€ valve 32085E 320905 Fo[opsq differential press ¢ Sqpsanc86opdi
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00333 differential pressure [gEon05c006005 32800 $69105¢0
() Flow $p5:a30dgEeopE safgpieoon component (pipe fitting, coi) qps§ Bsansogeolsq

(pressure drop)copds $00:a30:0860pd
(®) Flow $00:a30gC:c{o3p¢ available system head 3gpzaonoopdi

ocoedign flow $05:0904gCsaloC ofgrreoon compoment gpsell dsasogeolsq(pressure
drop)oyjogns 32910503206 obioni3daes0En [G:30000 puwropE coil 61 dsasoyeotsq(pressure
drop)en 3psi [gdaopSi Fitting gpiel 8sansogeolsq(pressure drop)en 3.5 psi [gdoopdi powogé
GeHlgoonoop flow & 30GPM [g20pS System head ¢ 10.5psi §:0l: [§600p5n Fixed compoment
qpeeil Bzsoyeolsg(pressure drop)en flow &l $6006038:5E p3go0pdi Bsmoyeolsq(pressure
drop) P,kgpm? cooopoqeadgé flow 0005 50% ogeolaaqé Bsantoqeolsq(pressure drop)oopd
25% onjeots0000n System 5@ pressure head oo constant head [g6o0pSu

odelopé flow spS:emfglelopé coil $& pipe work gpsogE dsasogeolsq(pressure
drop)spSiom valve 22085E 320905 sajo3p:) differential pressure Sgpicoa0pSi Flow 2005 50%
[6005 =oqS§5 valve opE[gbecloopd Bzaiogolsqg(pressure  drop)oopd 8psi ©  16psi
a3[gConadognsoopdi Table 3-1 0gEaewSgoonsoogdi

Table 3-1 Pressure/Flow Variations in Control Circuit

Pressure Drops in Coil Circuit in psi

Item 100% Through Coil 50% Through Coeil 0% Through Coil
Pipe and fittings 4 1.0 0

Coil 3 0.75 0

Linear control valve 35 8.75 10.5
System head (constant) 10.5 10.5 10.5
Total flow coil and bypass gpm 30 ~40 30

/ Pump curve

Valve head, partially closed

A Valve head at

fully open

Head

Piped coil curve

T T
Reduced Full Flow
flow

¢ 9-JG Change in head across a control valve as it closes

Valve & 2008E 200905 [ogpiopl constant heat [gdeseom valve oopd linear
characteristic o3 co:§Eaopdi Head across the valve 3gpiconeomalopé valve 220p8:08 caqps

38 oCeepad§talg §oopdi Valve characteristic copds 90§ 6[gd8E0p5
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30300 [gooognoopd flow ogeodsagaieomelopé available system head gpscon[gé:s
[820p51 Pipe 1 two way control valve 1 coil $& pump 0300 Joaopd §iqC:eoon water circuit
006903 eoa[o3dldn Pump curve 2005 no flow [g®aopbsasl pump &l maximum pressure o3
o§SE[B:  Bzams(pressure) oo[godegpd:  oyeoliagsoopdsC  sag B:eoCsg(flow)  oolgpdigds
qP220p563 pump curve 0gE coglgE8Eaopd

100

T L

920

80

70

60 o
50 / S
40

30

20 /
ol

0

FLOW RATE, PERCENT

0 10 20 30 40 50 60 70 80 20 100
VALVE LIFT, PERCENT

? G-J§ Authority distortion of linear flow characteristics

Flow/head curve (pump curve opcopbseslaopd) 2000 P = kgpm? 900503050503
eedlgoopSi Design cp60020005 flow B:e0&:§85 value ol Bsaniadigeq(head loss)oopS pipe $C
coil &1 head loss $& 0820051 6(G-0G)03E Gwdjgoonzoopdi

Point A 2005 value fully open gCes2000 2a6[g365[g620051 Pump head 20p5 value |
pipe $& coil 03o3¢ [gdedleseom head $& p8oopdi Value 8odoopd3a6ls flow ogeotaoxs(G: pipe
$C coil 035 [gdedleomn Bsaogolsg(pressure drop)copds ogeot:oxd: pump o opS:e5e0
head 2005 Sqpzanaddopdi

Pump curve o3 reference consg) [03p00q€ flow $05sa30:0qiE B3a0(pressure) gpsod
c8&epdi Flow gpzaonagi€ pressure $05:030:0860p5n

System curve reference oo [3pd0qi€ flow gpsconag€ pressure loss copds
qPzcoc86epdi Flow $05:a30:0q€ Bzantogieolsq (pressure drop) $o0:ag30: 380pdi

Point B o8eepadogn:cdepdi Point B § §eoon reduce flow [gdoopd so§$opE valve 5
[g8edl coon zmzoneolsq(pressure drop)aopd $6e09§, dqprogzoopdi
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aB0303 flow 00505000 32§85 pump head gpson[gta’ clgql:q$ pump speed o3
eagpq@: pump head 03 332600600005 88000 flow 03 eagpg8Eoopdi Point A § §oopd

head o3 cB§:c00Gs(broken line [g& [goozaopd) flow o3 cagpqi§Caopdi Pipe $¢ coil 0303¢E flow
onjeosagnieaodeopds(pump speed o3 $p5:e30CRO[RE(GE) valve head(valve 32085¢ 2o0g05)

lopsq differential pressure ¢> s005qpiesdedi oo3ad valve i differential pressure
soodqpe esfgtelopE plug characteristic curve 20pS 9o sacpbocpbeomeon Valve 20pd
0ol esepapt eseacdcopd: cagp: d8oCeapadognicBoepd [gdaopdi More flow will go
through the valve. 00393 [98[g&:03 authority distortion [g620p5wre8l 20pdi

. //
a /&/

4
%

r—|

~
o

=2}
=}
0

FLOW RATE, PERCENT
&~ o
<) =]

w
o

n
o

pd
—

=t
o

0

i |
20 30 40 50 60 70 80 90 100
VALVE LIFT, PERCENT

c‘;) G- JG Authority distortion of equal percentage flow characteristics

(G- §)op€ linear flow(plug) 0069 distortion [gdag0:d $& O(G- jo)ogE equal percentage
flow(plug) 0od9 distortion [§6003 eedlgoonsoopdn Variable A (authority) s3o0p5¢n valve full open
[020p0 328055 §eoon differential pressure across the valve o3 valve Godel8:eded 345
[g6ecleoon maximum differential [gEoni004gE4gbo0p5n Authority Ratio 20p5 1.0 $&p80005204
characteristic curve 2005 $(G-£)3203C: [gdaopdi Maximum pressure gpscon[gEselompé ratio 0058
oJog:00p0308 curve 2095 Ge[gpCaogrzaopdi a3ewpod dyiod(distorted)agnsaodi

Linear plug 20p5 flat plug 0393 [gle cpSescnEaB6epbi Equal percentage plug 2005 linear
plug 5333 [gjp cv66e0oEBGLpdN

oBelop¢ epdoopd heat exchange 3a§jp3a00: a30wrod coil 3a§jEssen: oddleo two
way valve gpsogC equal percentage plug gpso? =20d3{g[o300001 Hydronic application
qPe=a0R05 three way valve qp:oa€ linear plug o3 s203:(qgo30005

0 10

G-§)-0 85aIR:6065 22§§03E [g6adleoon Baan:(Close Off Pressure)
Close off pressure o0pS valve 00d9 80ddl8:e0ed 3§$0RC [gdedleom =[gSeds

differential pressure [gdoopdi O(G-))$¢ O(G-p) BorE valve [gopboonsaopd  Gbypieaq
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805618:03¢ [gbedleam Bzs(pressure)aopd valve o3 0p&:eas [o3ronso0pdn Valve $& actuator
$0960I6:5 §eom close off rating 20pS valve 5 [§88Ec[gfeoo> maximum pressure cood

Sqpzapd

Shutoff
Head Pump Curve
Total System Head | /
at Reduced Flow A
System Head -
Valve AP at at Design I
Reduced Flow l Valve AP at
Head : Design Flow
A
Py A\
B System System AP at
Piping Design Flow
/ Curve

System AP at
Reduced Flow

<°3 G-JQ Pump and system curve with valve control

Valve s0:0d:c8c303E two position duty $& modulating rating duty opej close off
pressure rating $6§jz §oopSi Modulating close off duty rating o3 oo&elond¢ “dynamic close off
rating” op eel 2opSi Dynamic rating 20p5 33[§o&s two position rating coo $p5:00001 Dynamic
rating a30000¢n valve 805618:e0ed =oq$S smooth modulating [§6eoq§secg0 cdeamnodqepd
maximum differential pressure [gd20pSn Valve o3 eqpeggn 00800dgE[ge: crosdodO&:dk g&[gt:
©20pd position Beepadeoq§ecgnd c3sabeomn saigdaopd

Valve 026903 modulating application 220305 3203ge3cqi¢ B rating o3 Bsonseos
oD:0036g:q[0500E 2005

coodeopme[geeesopt [gdedloopd valve & close-off pressure o 23§ ©0532001
:005eopé 836005 system 3203E:q flow 2005 e[gpEicdeseomelopE piping $& coil 30038
Bamsogeolsg(pressure drop)ecopds c80dq) e[gptsada0pbn BelogpE pump head 20p5c0p5: pump
curve oodeagpod elgplicdeso00d GusadgS three way valve gp: oobsofaonsoopd constant
flow system § full flow (coil gqpszacgEsad eq@agpiadtofeepodaopd =aq$3) differential pressure
2005 3agp:ads (36005 Coil qps 32038203 eqEaspSiccbax0(Ge by pass pipe 3203823 eqypign
oCay€ differential pressure 286egpscol

Linear characteristic §oopd valve 20pd mixing conditioning o€ flow owdan
Sqpsconaopdi (circuit 2038038 o308l coil 3203C:08 qBgpigpiotannaopdencgnd Baans
ojeoCsq(pressure drop)oopdcopds Sgpsconen pump head 20pb pump curve oodeagPod J[gé
c020p51 AB3agi0> $690deloE valve 3085E 300905 sajopsd differential 2opS Sgpiaooopd
Three way valve &l close off pressure 205 coil $& valve assemble 035 §eooo design differential
pressure o&[gdoopdi

Two way valve system qp:s:;ogcﬁ valve differential pressure ooé assembly design
differential pressure 0005 Sqpzoopdi e F9E ©pdy dqpB6epd B0pden pump o3
©p507333 control cpboozaopd saedl 0pE vonpSoodi

Flow
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Pump gpzel head o variable speed drive [§& control cp&8Eo0p5n Pump staging $pd:
a3oupod choke valve (valve o3 82008 329E32805 [gjrwd[gEsspds) [gE0pds control cp&8Ea00i
Maximum differential pressure 20p5 differential pressure set point oedcn edlogCeondaopbn Set
point [§EaonsaqiC differential pressure copSs [§¢c866pbn adaa[y€ differential pressure 03&:upo0pd
esep(location) edlogfaopd:s gooobaopbi Pump 208:038 oB3E0pag€  differential pressure
(?)qpsooéu

GoogPBodggeongobien distribution system 0od9za0pEsq valve qps gEesqSoge design
flow condition [g®20051 a8 design flow condition § §eooo pressure o3 9§084(Gs valve §oood esep
& differential pressure o8 pressure sensor §oopd esepad Geprd630E RE30R8EDI

VSD gz 00680E00:0005 variable flow system qpzd low flow [g&a0pbsagi§opE maximum
differential pressure 20p5 3¢) 0Eqp:c8gepdi monuSelopEadeosd pump 205 A pump curve
:203Es0gme00me[oPpé BigSispdoopd(low flow)se§§S available pump head Sgp: comaelopé
[§620p51 Beagedod (G- Jp)oge [gooasaopd one valve/one pump system opE cog[gE8Eo00:
Pump oodadsel shut-off head 2005 sagEadsBsantoguogod(maximum differential pressure)od
[g&2005

Pump shut off head 3a0p5¢n zero flow (flow ©§oopd=e805) 03¢ [gdedleso005 pump
head o3 &3c8o0pdI condeogmeefgeaesogt pump o3 flow o§d §Sscodjop ewoliesqs
320905 0[g68Econ a3 flow 0§d cuntesilon pump body 320§§[gEoa5cxa(Bs seal gps eS8
ag2:8E20001 Valve qpgodoopd system qpz§ maximum differential pressure 20pS pump shut off
head &l 00600598000 [daopdi

aeo0b actual differential pressure o3 9§08:q8 9053come[opE valve gpszid:el
close of rating 03 pump shut off head coo5 Sqpsesnt GgEgScoEgE:o0pd BodgeoogPeom
%é?;@&ooéll
o0belondq) safety factor (poen 5% ¢ 25% o038:) 0069903 copdlfs SeoogpesmE
egeqjoSenp§oopdn 3a00:a0[gE  close-off fightly(valve 308056568 83260005 =adldqp:d)
safety factor copdeoseap§aopdi

82005 close-off rating ©q$Ea0pbsadl single seated valve gpssaon: double seated
valve o3 3203qj00&a051

Diameter $&c00500005 3[03:0005 double seated valve gp:ei CO rating 20p5 SSV cood
Sqpsoopdn o8eo0d DSV gpsoopd fight shut off [g88E[oeon ofsagedaopd DSV gpsei
322:520:9/05[gS 2001

G-§-G Valve Selection

cuoR0EgE valve 6giqudepapt 33600:6LIDIEIqEPIZIYIdEPIN? GEdgooEopdN
€)) Pressure rating (§) Shutoff response to leakage

) Size and flow capacity (©) Equipments and pipes connected

€)) Desired flow condition (q) Material compatibility and durability

) Temperature limits (®) Cost
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Valve Sizing

Valve 2005 system 00696 22605(liquid) 2Bewpcd enodeg( gas)od regulate apbeozopd
controlled ~ device ~ 0o09[gdaopdn  HVAC ~ oBewpdd  ACMV  system  onbgeomagn
copboodesq8a0905 valve gpoopd 3098 3a6qEn3ka0pd controlled device gpigdaopdi Valve
0o $C 390530000 OSMSY GgeguSeaoinpd system gp:aopd eomlign efficienct
(98088005 wurddeoi

822620050005 J[o3:esmE(oversized) egeqdoo:a0pd Valve o3 @0ddgg€
controllability pdq€:c86epdi Hunting [g6[g€ cycling [3o[gEs 020p503gd8E2001

832620050005 GaoscodesmE(undersized) egigSaonsoopd valve o =aadd{gegc
83260005 Bs58:(flow rate)od $320305 Baansogeolsg(pressure drop) Sqpsad&eodn 33
ojeoCsg(pressure drop) Sqpsaqi€ pump 20p5 3] 32006005 qeomeloPpE gl aXgq
BqpcB&epd

Flow characteristic o3 s2addgj] valve soqjeeaon:(type)od egegdoopd qoopdn Flow

characteristic 20pS valve i stem travel $& valve o3 [god8sogasoopd flow @& ©00500g
(relationship) [gdoopSi

Valve sa§jg320: o3[gp:gi€ flow characteristic copbs o3{gpsaopSi
Valve Authority
N = APValve
APSysL‘em
Where: N = Valve Authority
Rangeability
Maximum Flow

Rangeability = Minimum Controllable Flow

Valve gpzaanscdionl aBf) 0q8Eo005 B:g8:(uncontrollable flow) §o0p5n Plug 205 seat
¢ 04] [§800050 00005 3§§3E Plug ¢ seat 33(03p:5§00pS tolerances elopé [gEedl copd
pown- uncontrollable flow 0305605

(E)cocde globe valve &l Cv 2005 350 [gdaopdi Rangeability 20p5 10.4:1 [gda0pbn valve
20p5 wide open (fully open) [gdes§§ope full flow 85[gb20050050000m B35 valve ¢l Baans
ojeosq (pressure drop)aopd 5 psi [gdagié uncontrollable flow o3 gpd

(4 350
Uncontrollable flow (Q) = (ﬁ) VAP = <m> V5 =75 gpm

R = Rangeability
AP = Differential pressure drop across the valve

Valve Flow Coefficient
copaf
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Sizing of Water Valve

63200530 28g[g€:0000 =aefgdoqeom valv egegdoopd oBg[gEs(basic valve sizing
equation) [g®aop5u

Q
Cc, = \/ﬁ

Where: Q = Flow in gallons per minute (gpm)

Cv = Valve Flow Coefficient

AP = Differential pressure drop across the valve (psi)

Valve sizing poe>- 0 (Q $¢ Cv 00§3:03 98y €)

Given Flow rate(Q) = 90 gpm
Flow coefficient (Cv) = 51
Find Valve pressure drop(AP) = ?

6(g-

Ap_(0)2_<9°)2_31 :
= C, =\z7) =% psi

Valve sizing poe>- (AP $& Cv 00§3:03 2Bogi€)

Given Valve pressure drop(AP) = 10 ft
Flow coefficient (Cv) = b1
Find Flow rate(Q) = ?
:39@|§- 10 ft of head x 0.433 pis/ft = 4.33 psi (1 ft of head = 0.433 psi)
C, 51
Q:\/ﬁ = i3s3 = 106 gpm
Valve sizing poed- 9 (Q $& AP 00§3:03 Bag€)
Given Flow rate(Q) = 90 gpm
Valve pressure drop(AP) = 12 ft
Find Flow coefficient (Cv) = ?
:390|§- 10 ft of head x 0.433 pis/ft = 4.33 psi (1 ft of head = 0.433 psi)
C, = Qe _ 20 =39.5
VAP V12 x0.433
6 ©0pod20p) fluid gpesacged
-2
Y
S9

Sg = Specific gravity of the liquid

G-§-§ Valve Schedule:

6a:050p¢ valve $& 20056882000 3agi053a0005¢ps(valve
schedule)o? codjgoonsoopdi BAS on§oo§odomgpioopd egequdncosaopd control valves gp:od
Cv 0083:5C 000p Gud[ges 020088000
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(0) Valve Identification Tag. (®)  Capacity.

(J) Location. (@ Valve Cv.

() Valve Type. (o0) Design Pressure Drop.

(G) Valve Size. (00) Bamzogeolg(pressure drop)at Design Flow.
(§) Pipe Size. (o)) Fail Position.

(©)  Configuration. (09) Close-off Pressure.

(Q)  Flow Characteristics. (og) Valve and actuator Model Number and Type.

Processes qpsopC 32005qp:00pd valve gpsen ball valves, butterfly valves, globe valves $&
plug valves o3[g®a0p5n 32034q(d (application)od c8ode] coCangoopd valve sa§Ezaoniqps(types)
(7% og)‘cj GGS@OOO:OOéu

Valve Type Application Other information
Ball Flow is on or off Easy to clean
Butterfly Good flow control at high capacities Economical
Globe Good flow control Difficult to clean
Plug Extreme on/off situations More rugged, costly than ball valve

6.6 Control Damper

ecooocopd(air volume) $& erodigsSs(air flow) 0303 c300cd 03808330305 Volume
Control Damper (VCD) gp:od =aaddgoopdn Volume damper opcopd: eslecpdoopdi Volume

Control Damper (VCD) gp:od 56§ 3lgpsoonzoopdn coodlgé m0g8 32805(gIpdo0p5 (manual
damper) o3oopcd balancing damper $& eoSomlgEewntsaopd(motor operated) damper gps
[§8/030005
Damper Characteristics
(0) Opposed blade gp:03 balancing coS[gEa mixing cpS[g€s modulating cpS[ges $& 2-
position control application gp: 0303 saaddgjoopd
(y) Parallel blade: Two-position applications (open/closed).
() Bsmsogeolsg(pressure loss)aopd ado gEesoopd (full open @ 2000 FPM) sog§opc
0.15" W.G 0005 Segp:coq)
(G) Damper gp:6il 3agudssos(size)o? egegda0p03a8l crudigss(flow rate) copS 1,200 -
1,500 CFM/sq.ft 00053 egpicoq

Damper g3 eoocobelope[plopicoqs $& eudigSs(air flow)owdan sa5p5s
Pz 8208 B&:un(control)§EqSmoog0d saadig[ogfgl: [gdo0pSi Damper gp:od 323E:
(round) Govseoon(rectangular) $& o3pd(oval) 0oo[gé duct & $d0d Bodq) dooamSzadd:
[ge9d [p300p5n 228E:0000mS (round) damper $& o3pdooan$(oval) damper gzl salgps
o0b9ood:  (single blade)lgé  [grod[e3oopdn  Govseoon(rectangular) damper gpso?  blade
codqpgl [giewdfogoopdn Blade gpzaopd (B)cocde Bowpdd (9)condess salgpigp: [98[oGe
00695 006903 centiod(linkage)yé s2030805(gbeaant §odsoaSoonoodi
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Airfoil dampers

TRIPLEV AIRFOIL

¢ G-Je Triple V and Airfoil dampers

HVAC cobc§emaood damper qpsod gpeeomnsandqé galvanized steel a3wupod
extruded aluminum ©20p9 20gRIPegC [grdleaopdi [g€o ecvoledlod(outdoor air intake)d
o608  codepd  damper  gp:od  secqé8od(aluminum)oogrfgé  [gpdlogoopd
mogod(aluminum)  cogropd  adeqroncdgliad  omoagud§Eeomelops  [9o0bi
a5eqroncd(gls [g58E0p0 esepyp: $& 00dgapbesigps (industrial facilities) o ooBs(stainless
steel)od 3203gg|e0p§oopdi

comé(frame) $¢ blade qps 0p§[gCs BE[E: c[gdeog§ [Pt §E$eanE [gIpd congs
cBoopdi Damper o&8s(shaft)op€ oobeoaononpd 90ubqE(bearing)qp:aopd =:o[gond: eqpsd
Josopd sopeeondp [96gs Boopdi  godododa(friction)od  caqpspSieo0d  Fa§jEzaen:
cleelsioerevt]

eqgp:d @208 aBSsop(control)§ES 0305 ooms(valve)gpiod  saaddgegoopdi
coogp:ad c3o0ad aBSiop(control)§EqS 0305 damper gpiod 303goopdi Valve $¢
damper $&90d: 3005 8&8:050 $& 6geqSO eggudspda(selection principle)ofen oppd
[0300051 Damper gpzadaopds valve gpopadot 0opdB6(Gs(stable) c8q€a0p5 accurate control
§9$320305 0§85 GggS0E0RdI

Damper blade gp:a3 66 sa§jsqs [59S00

(o) Flat, one-piece (single metal sheet) blade
(J) Single skin blade with a triple-v-groove shape $&
() Double- skin air foil-shaped blade o3 [gdoopdn

O(G-Jo) triple V & airfoil blade $6§jg0d [gCoe eentiod(external linkage)gé §odsood
002003 Gedlgoonsoopdi Damper e§omaopd F1 (33[g8) $E F2 (saagps) o3 6lgpadeos [gdoopdi
comnEzaay a30w0d comEansad (frame depth) 2opS D [gdoopdi Blade width & frame depth o
opRBeepdi 3agpidaoanS(flat) blade 0od9oopdsomn deoon(single blade) damper gp:od 323C:

doogn$(round) duct $& o3pdoogr(oval) duct gpsogE 006s0Eq§320305 [giapdlogoopdn o
damper blade 96 $6§j:03 cvseoonEdaoS (rectangular) damper gp:og saadig0RdH
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Air foil doogrn& damper 20p5 eqpea(o3eds [g52000n Air foil $b [girpdooeomaelopé
eoogp:  blade o3 [godogosoopdmeal [gbeclconoopd Bsmsoqeolsg(pressure drop) $&

S9032503 GaqR$Rd:Eo0pd!

Triple V groove blade o3 ecosaagE(velocity) 2000 FPM 3203 saadig§Eaopdi a8eo0d
1500 FPM 0005 3qpsdlon e00da5qp: 00o8[gded] enp§oopdi Blade qp:od cobesesané(overlap)
$¢ interlock [g6e56320¢8 [grpSaonieamnaelopé oal{oadgn dod(tight closure)oo:§EaoaSi

Blade &l 32g&:(edge)qps§ compressible sealing strip 03 cx60oieam6(opE 6roudBd[g:
(leakage)o? eaqpspdicooopdn o sealing strip qp:od eqEedloopd epomo(rubber foam)gé
[gc968E 2003031 egEdio0pd 8cBaps(silicon rubber) o3wwpod 88&:(extruded vinyl)gEoopds
[g1098[e300p5n Silicon rubber gpza05 (o35 2005

Seal gp: 00690E0od(gEialopE damper gp:eil cdtogCesaod soegzacs(fully open) $¢
%20 Bodeso0pd aalgeaes(fully closed) 030RE §eox g&iesonEapd(performance)qp: ogafepim)
20pS1 cooné(frame)el 00600500dg0daRE blade gpisC 0ob00§:0000: fesoopd esepopt seal

copdaoniglialopé erouddolgls(leakage) caqpspSieoo000n Damper 006961 0o§ croudBE[GE:
(standard leakage)aop5 50 CFM per square foot at 1 inch pressure [gdaopSi

obcoode 830:(249 Pa)esmodap damper o odoopgfico §og€ 50 CFM g&:
ecoud8&a0pdi Air foil blade gp:od od:c00:0005 low leakage damper 33§2200:0005 G006
83223(996 Pascal) 63200503E damper e§oon 0odoorqSico §agié 10 CFM 82000 cou3BGoopdi

HVAC system gpzopE 32034g|con:00pd shut off damper gpoopd ecoudBoespS:0005 (low
leakage) damper sa§jrme00gda0pdi 00BCLN5e83:x(249 Pascal)esar0d0E  damper e§oxn
00600q$:0§qIE 2 CFM §&: 600380051 (2 CFM per square foot at 1 inch wg)i ccou388[gE:
(leakage)e[opé ecommadoopd adsofjrqp: [§ded congEaopd

Gmc@@é@&(leakage)e@)@ g&sa&@ﬁ:o%xﬁ @SGJ ooéu 09%0’_”08105 (céqp:oaén
Damper 00696l 32505:00: CL0598E0p05S:(Minimum  leakage)qpsod ANSI/ ASHRAE/ IESNA
Standard 90.1-2004 o303 eedjgoonzoopdn Ultra-low leak damper §$:o 4 CFM/ft” [gdoopSi Low
leak damper §8:0> 10 CFM/ft* [gdoopdi Cooling load sacg&qpsaopd system gpssaopC ultra-low
leak damper gp:03 006908q§ Bza620p5

Table 3-2 Maximum Damper Leakage (ANSI/ASHRAE/IESNA Standard
90.1-2004)

Maximum Damper Leakage at 1.0 in wg cfm/ft? of
Damper Area

Climate Motorized Non-motorized
1,2,6,7,.8 4 Not allowed
All others 10 20(a)

Note: (a) dampers smaller than 24 inches, in either dimension, may have leakage of 40 cfm/ft

Ultra-low leak damper §&:o0 4 CFM/ft? [962005n Low leak damper §$:w> 10 CFM/ft? (9205
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Cooling load 3a0gSqpsoopd system qpeaopl ultra-low leak damper gp:od o0beoes
832620051

Blade gp: [G€opgCas Bo5g§saog05 eentod(linkage)yé odsoc0omo0pdi Genéiod
(linkage)o? esep $OesepapE 006s0Ec0:8E0p5 O(G-Go)RE eudlgoonsoopd blade Obd
9B05§05 §ode0od: crocdoped esangd ewrtiod(linkage) sadjezao: A§aopd damper gpzaopd
oqpspio0pdn  eunsod(linkage)gp:o?  erost  ©oBeoze0dd  (wed eanl(gboomod)  sadj
F002gq200pd Bamzogeolg(pressure drop)dsoSeGa adeqronaS[ges(corrosion)aBcopd: cagpsds
602005

Bsomeomioopd GO  odsocdaondgliclopE damper BobesaopdmaqiSS  3e)
008{mbgo seal [gdeoooodn saonio[gé damper gpz 2005008 [oplgEaopdeadl Sonl{oden
0963083058 Egd:(seal) oqjeosaonoopdi Blade gps copsR05032:00p938] 00E{030gn 305$ERE:
egpoogeou Damper qp:or% el]orSooqog g(f:eo:@&l 803@0:@8: o%o% B@S&%sﬁ&:a(maintenance)

:263[5¢ 00$ [glopdeozan&aodi

Damper $& o3¢) 320d4{gepd actuator gp:o3 damper 8006330305 owean damper
eomEd: s3eC:ogiepdangs 2203053 oo 25p5:c0dd[3eamE (oversized) [gieod 20&o0p5i
Actuator &l op&:an:0d damper 20008 36[gFe$30305000 AYEANOHG GgegLd conagC
2005008: [o3pagni00pdeedl actuator 2005 damper o3 9ozt ¢E8EBGLR5 wupodeol

Damper $& actuator gp: [03pq0 32034g8EqSe0305 damper gpis¢ eentiod(linkage)
qP2o3 008 [ggEadS:a88:60:q8 82600051 odslondgean odery gEery §o0pd damper gp:od
Geic0 08381 g 0o8[36 Ge§ odesogyp: [gIreSa0E05I

hef .>; :\' P~ i
4 3 r

- ,
-
}

SIS,

SAT L

= AAM-03 [~
-l (Opposed ) ™ (Parallel ) '“\::
PARALLEL OPPOSED ke
OPERATION OPERATION

c? G-Je Typical multi-blade dampers <[> G-p0 Damper linkages

Blade qpzgndloopd damper o3 multi-blade damper vpeslaopdi Multi-blade damper gp:S blade

qpzoopd parallel blade $& opposed blade vpg) 06 $6§ §8E0p5m 6(5-Gq) $&  d(g-Go) 0zE

Gedlgoonzoopdi

(0) Parallel blade operation &300p5¢n blade gp: 0ddo005000:a3(same  direction) 0263
006p00p5s [GCon ¢E[gta Bod[gcs [gdaopd

(J) Opposed blade operation a320p5¢> ood9eord blade gp: 0060053 copbesgsort
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oy$ondpeop blade qps 93[gpi00800503 copdes(gliys Sodgts EGE? [gdeoapdi

o3 damper $8§:3€ wopBeamn cwOeeoEodyps(operating characteristic) §o300051
Blade 00690005:000§0005 (single blade) damper & cpbesonCqjedgps(operating characteristic)
a0pb parallel $& opposed blade damper 03 $6932[03p:03¢ (B0

Actuator qpzod damper operator 30005 damper motor wpeoRdieslcopdI adio
gCes00p) moe[gzacs(fully open)and crosiogSsa: sagpsad: (geilcomelogpé damper actuator
205 dea0deanE [Bien:a0pd gdsaans(power) §eooo damper 03 comEign 8a5§Ea3dRd

@ Fan
Damper off
Closed —
Damper
Fan
Dk

Open — |
t Isolation Dampers

T

@ G-po Fans in Parallel ‘ ¢ G-9 Centrifugal Fan with Inlet Vane damper

Modulating damper gpsoopd 82262009 small increment gp:z03E: eqpege> 6g.aqp:
00q$(8d[gts ¢E[gC:) damper actuator o> GomEsg> modulate cvSeL:§Eqepdi Lower leakage

damper gp:op€ seal gqp: A§gEselopé godBodg(friction) dqpzoopdi oB3gp:aopd go5o3ode
(friction)oB cogPagnq§enogad Jofwsoopd damper motor (damper actuator) oobsoCooniq$

83260005
GooopoqedgE opposed blade damper qpsé §E:00pqE parallel blade damper gpsogé
Q[03em20005 actuator 0o6s08q$ 332600001

Actuator 00050050pgpso0pS damper 305qS1 ¢CqSeac0d a33abeam ss(torque)o?
inch-pound [g¢ eudgoopdn goboBody(friction) $& 6euB3:03 eoyPegSes actuator gpsy

§00pd§ 3052009 (minimum torque) o3copds cedlgeuqoopdi GuoopLy 0pdiNGgEden damper
$C actuator gpzod Normally Open(NO) operation 0&qj[g¢ [giopd(set up) con:ea§oopd 3200006

power o§eopoopdsesl adewod qod(fail)ognoopdsasl damper 20pS gEagEdom: oS3
Googp: 3280050[g0d B:e0ls(flow) e5c8665n cepad(§

Coil gpiogé oqdge:(freezing) olgdeoq$ hazardous waste gp: woleepodeoqs sC
system o3 isolation cpOq§ ©20pd IqIOdgP:ad e[gde damper 2005 Normally Open(NO)

a300pod Normally Close(NC) [g8eepSa? addgod(o30005H
Damper sa§jgsao0:(type) egeqod[ge: $& damper sagoSsoons(size)egeqiud[geod saalgds) damper

32004q|$ (application) o3:§j §oopdu
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(on) Two position only
adogesoopd 320[gFeesss ad:0d0des0pdmaegsacs(fully open/fully closed) position
564t 32030500 [gbeaxaelo3pé “Two Position” vpesl[gE: [gdoopdi Fan qps isolation cooeé
$¢ [g€oecooedlod(out door air intake)qps 3o5(shut-off)q$ 220305 saadigjaopd

(®) Capacity control duty
2203§00p5 capacity qesan damper gpigé control cpd[gEsgdooodn VAV discharge damper
qp2s¢ air balancing damper 2[gd 2aa34gjo0pdH

(0) Mixing duty

GOSOG|p GEPe§8320R05 F20d3{go0pdn Economizer damper qps 32[gd 3203gg00pdn
G.6.0 (o) Two Position Duty

Fan 3c5c805o0p) =485 oofgresepe erogpiofamlgls a3ewpod duct saoptie
GoogP:agadag0gliadnd omagudes 320305 3203gjaopdi Outdoor air intake 1 fan intake $C
discharge qpsogC 0o6s0enp§oopdi Fan cunsesaopd 35S damper gCes(Be fan qOs:es305
damper 3obesepdgdeomaelops =ogCsé 32805 b (position) $&§on [98§E0p5 [gEoe
oBodecodzms(wind pressure) $& stack effect odelopé [gbeclconoopd infiltration [gB[gE:03
onpedes $¢ eaqpspdeoqs 320305 fan qdes0pd S [gCoecvolaedlad(out door air
intake)§ damper o3 3cbeses:E supply air fan $& interlock coSoosqERdn Belopé  coil
qpeed ot eqdgts(freezing) ¢ 0maz0d8E0001 GaonliepaBal 3aped:gegs(heat loss) (g
eaqpspdieant cvoSEgEeloE g&:3aE 30305 mEmyo§od (heating energy cost)oooSomo0p5

o034k damper gpzo? actuator(motor) [g¢ewdE:eoo motorized damper gps 930005
ngPE[ge3s:0? 320d4gjoos00pd gravity damper qps 3o[gbeogdEoopd Gravity damper gp:od
Back Draft Damper(BDD) a3wupcb Barometric Damper 2300905 Non Return Damper(NRD) gpsop
2§ el edl[0300051 mogpelqadeania’d saadigoopd(gravity) damper gpiog€ actuator (motor)
006908coxgls o§eomelopé motorized damper gp:o3ad 0oC{odgn Sodes[gls(tight seal)
o[g68EA

Gravity damper gpsoopd @oBio0pbep codDEBESR0m  Bieolidesne  [ged
conso0pdi - saogos(supply)oncdon  B:gl[gd: =olg$(return)onodad  [g§ed:8Eesnt  [gopd
conigEzelo3pE “Non Return Damper”os 68l a3[gE: [gdoopd

Exhaust fan o3¢ onbeoCoonsoopd back draft damper 2005 fan qoconqi$S [gCogecogp:
32680005358 330p8:03 ofeepad[gtiod omogudeuieaddoopd: fan cenliesgSogt exhaust air
qp: fan discharge point © aga58Ee3E gEausoooopdi

6a0nCiepaBy 30g§[gEuntoopd eaoncd3a8gpiope stack effect elopE [gdedl cneom
ecodams(air  pressure)aopd damper o3 gEeoSEean0NeINE  op&ieanigpioopdi  Bsedl
32680005358 3038 GrogP:oopd exhaust system o 00de0¢ 33[gEA] ogodogBa 862005
2000¢p: 30038203 [gEosrogp: make up air 32[gd 3202203 oCeepodanoodi  dBo3ad  o[gd
GoqS 200305 oogG[geRen? 3padigopd(gravity) damper gpszaen: motorized damper o3
cine 8§ soBscapoogS)
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100 200/75/7;// 7

80 90/;; ////%///
STk

AT

N
\ [®)
Ry

\

FLOW PERCENT

) //// /A
N7/ 4

0 20 40 60 80 100
STROKE PERCENT

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

@ G-pp Installed characteristic curves of parallel blade dampers

100 I //;7,///%
. At AN,
LA NS
= 6o / /2010/ , /
N VAVAVa 4
I
[ AN A
o WA
o a
=

0 20 40 60 80 100
STROKE PERCENT

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

@ G-96 Installed characteristic curves of opposed blade dampers
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0063loo6¢) gravity damper gpza0pd motorized damper gpscocS 38oEangoopdi pows &
(§-G0)og¢ [goom:a0pd3a03E: fan $&cd:0d :[QEod(operating in paralle)gé cet:adaopd3a4l
damper qp20?3 00§20053Egps(isolate)qs 320305 coSe0Eoomo0pdi Befopé epbaop) fan cdesd
[(3[050068 eenE:8E€a0a5

N N
1™ AIR FLOW AIR FLOW VAN
N od

= P
70 /

60 /
e
i

% Maximum Flow
% Maximum Flow

Amount Open Amount Open
Q G-9§) Two Parallel blade Triple V dampers From Different Manufacturers
AN N
/|| AIRFLow AIR FLOW N
AN N

100 - p7 100
90 90 /7
80 S A . s
Z 70 Z 70 S/
L og / / L g / 7!
7] -,
£x /7 £ /]
: . g ;7
§ 30 / = 30 /
20 20
10 / /‘ 10 / /
°C 32 4 & & 10 8 & 4 & & 1
Amount Open Amount Open

c;) 9-'\)@ Two opposed blade triple v dampers from different manufacturers

Variable Air Volume(VAV) application § low load saefgzaesope fan oobadamn cunts(de
high load o3¢ fan $60%:03 [G€on eent:§Coopdi Bevefgssesroze shut-off damper vondeo
0o2s0q€ Genses000d fan ¢ Grogps §60o:0pd fan 22038:03 [g$copd oeqpad§Eapdi Parallel
pumping system qpsogE check valve gps: 006s08aonigs 820009 206omdE [§doopdi 32000dg)
motorized damper o3 2034gepdaddlon ©pda0pd 2ag§orE damper Sodqepd gEqupd aBo0pd
[gooo§n0? qEaBEq86wpdn

Fan oeenlsol damper o gCog€ oofgpieentiesapd fan ¢ crogp: qoes0pd fan
2p8iad  ofeepodom  e[plfgsdfgts(back flow)gdedleofg: short circuit  [g8a8&0bu
aBecogpeelopé fan el wheel 2005 6570598 copSe$380pdn e[gpE{gsrobesopd fan o3 0ot
6808050000808l 220380005 direction 900538 copbeoq§ SejsieomEngd (starting torque)
Bzdeomelopt 6uBomo$d[gE:(motor over load) (g8 §Ea005
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Fan o3 20q€ 00oewns{Gse damper o3 gEagi€ fan plenum 32038:3 830: (pressure)qps
20R§[gCensamnom  08805qed8:8Ea0pdi Bapo8eom application sa0g05 gravity back draft
damper 2005 3¢ 20&eagpaopdi Fan een:c80500005¢ 00d[GEs05 Baans (pressure) oofgodigpds
qPeconom gravity damper o sacdseeagpod 0od[gpdigpdigts gSogn: cocd6wodi Back draft
damper o3 fan discharge 32§:038 s3[gonbs0Coon Gpdoopdi Fan discharge esepS
ecozaqE(velocity) SgpseomelopE back draft damper gp:o3 heavy duty damper sadjsoon:

(g6 [greSoo&a0pd

Two position 220305 220%dgjepogE parallel blade damper o3 320%dgjoopdlgbeo!
opposed blade damper o3 saadd{gjoopSjgdee ogfgpiqod w§eon 0odsp5:30dgE two position
2005 ©pdoopd damper o3 ©ed 3203g8Ea0pd FoncdeopEadendd adoglesanpd
safgzaes(fully open)sé cd:o8cdes00pd saefgmacs(fully close position) o30pE damper
$0Gjpcd:ei gdieaonCepd(performance) opo8og0005i

Parallel blade damper gp:od eqroocdoomeomelops ¢ saadigpsoopdn Damper 069
00p5:m200 GEE005206a05cVRS: damper $& actuator $6960C:c00:0000 3246l egpooaHo g
eeoogpeol 300deopéadeccd sagudssoniopay€ parallel damper & actuator 2005 opposed
blade damper &l actuator coo5 3¢ 8aguS32020BqS (S30:607E:qS ) Ba0p51 Belopé HVAC
designer qpsaopd two position application gp:3e0305 0gobieepEion(vendor)sE o§co§odomn
(contractor) gpzaB3oo0 6gEo005000000) Sa§peeen:ad egegudgeniconondi

Two position damper sogodseon: egequdgiaopd Bomeepe[didh saonudelopé
aBeaod two position damper gpzaopd 80568 9€q§$o0n c3306[8: modulate (6§ wcdsabeon

Two position damper gpsoopd sagudsoons(size) JoFecor 63864 (leakage)
BqpeecolgdBe eqid[oBieco [gdoopdn a3ead 8zaiageotsqg(pressure drop) spSseooelopE
gb:=aC(energy) ad:gacopds $pSsec00pdN

Shut off damper gp:o3 0o6so8epdesepd duct aguSmen3a03E: gudop(same size) [gdesand
6gg|oSepdoodi
G.6. J (9) Capacity Control Duty

Air system o coogp: 200330 [gdeog§ a3ewrod erogsge PBgeoa$ 220305 capacity
control damper gp:o3 3203qoopdi 00delondd terminal o3&:r¢  B360005e0B:58x(air
flow)gfq$ duct 00d900pSdsE [gopds) ©g8€eon Volume Control Damper(VCD) o8w0pod
balancing damper gp:o3 branch duct $& selection gpiogCoopdq) diffuser $& grille o3
8326600 83C: crudigss(design air flow)qq§ Bsans(pressure)od aBS:pcus(adjust) qoopd
Volume control damper gpsoopd static damper qpsgdlo3o0p5 Static damper e3a0p5en actuator
00lo€a3 0odal§aoiggC eoBigSs(air flow) salgond: Bgesepd sa§jresonydaopdi Volume
control damper 2a§jp3202:5¢ 320532022 Ggeg|EO[gE:0p5 Bdmveqg[Bscol

Ses00pbec0gpio? eagpqgongdfd adoglesoopd soelgmacs(fully open position)sf
g€ B=p0620600005 Bodaos(throttle)gi{gdaopdi Volume control damper gp:20d single blade
:§sz0002 $C single skin damper sagszoo0igp:00 [go[o3[G: 0bsoEaopdesepd duct sagud
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3038:00 329050 [gopdeap§oopd

o3 damper P03 GEEo0050eINE [grodmeomaeops 0dlmd =05 spndey
§oopdn Outlet Gsepe Go:8E00g| 3G0sadie5epoRE 006s0Ea:0E000N VAV system § fan gpzei
capacity o3 control cpSq§ damper qpso? s2034{gopSn Damper Od(style)$6§jsw> inlet guide vane
$C discharge damper o3[g&20001

a%208:0k ma[gonsigeseamaelopt leakage [g6[gE:enqpspdieooopd gasket gps oodeod
con:q$ ecd3dc0n VAV system § fan gpiel ceoogods$(capacity)od oB&:qd(control)q$ damper
qpod sa0ddgoopdi Damper Gd(style) $6§jgen Inlet Guide Vane(iGv) & discharge damper o3
[§62005

O(G-p))oRE [goomoopd 22038 Inlet Guide Vane(IGV)o3 fan @i sao(inlet)og€ damper
2[gd 0068080020 [gd20pbn Fan & 228E00am& sa0(inlet)ogE onbsoles [gdeomalopé
damper blade qpsoopS pic-shaped (g8 0260050005298 320:0%: 0oE[GE$05 S80I

Damper &l 3203p200566podge> oCamavpdeco(entering airod [3|g cppdoonseodgls
(pre-rotational spin) [§620p51 Damper oodeoaodgEselopé ofaonoopbecooopd fan il wheel
c0p520p9900593 BronpSagnicooopdi oEamnaopd ecoel direction $& fan & wheel direction o}
oppBagmieamelopd 6eH0m0pd 3ROEPIgP:Rdes ecdzabeoncun Air volume o3 Gagpy
cBo0pd304l3 inlet guide vane o3 3odq) unload cp&8EaomelopE fan ol g&:3aEad:gq(energy
consumption) GaqRogsgopdI cVodeopoRE inlet guide vane 20pd @&:egRS(Mmaximum
capacity) ¢ 0% 3208 eaqpeyes?E croigSs(air flow) $& 8za:(pressure)ad eagpg§Eoopd

Discharge damper qpsoopd paralle pump gpogE oobsooonzoopd check valve gpié

opp8lo300p5n Discharge damper gpzaopd 3eso00d fan ¢ coodeosqepd dsans(fan pressure)od
eagpqi¥CaomelopE VAV box gp: comigs soeolelggn 350p6apd8Ea0p5n 3¢) stable [gdaopd
OOGIE[9E ccuBigSa(air flow) o3 control cpE8E2005

Discharge damper gp:elopé fan &l g&ieaonepd(performance)aopd algpé:cd wagascol
Discharge damper gps throttling cpd copdsasl g&imal o0:geglsss 3200en03[gE:03 [gdedl
cnEeomaelopé w938l VAV system gpiop€ discharge damper qpso? 3a0d:0(gfogeonpeo

Capacity control cp6q$ volume damper qpss& discharge damper qp:od throttling
c0[gtielopE opposed blade gp:od  =padgooCoopdn  Parallel blade gp:od  =paddges
vooeagpeol

Fully open ¢ cd:0805eso0pd306[gzaes(fully closed)sadd throttling coboopdsesl linear
flow characteristic §[g€:0005 3280 ma6[oPEigdaopdi O(G-0p) $E(-pG) B¢ classic diagram
o3 eedlgoonzoopd

Parameter “A” 2005 8s:ogeolsq( total system pressure drop)o3 damper g&eso00d
2S¢ [gdedaopd  Bsamogeolig(pressure  drop)across the damper $& o©o:c00:000)
2§y 20p5
Control valve authority 03¢ 605[g32005 3acgsacsaagpisE oppdoopdi

a = ratio of system pressure drop to the drop across the damper at miximum (fully open)flow
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System resistance

a= -
Open damper resistance
Open valve resistnace

Valve Authority =
aive Authority Pipe loop resistance

o3 figure qpzoopd damper g&seaonéepd(performance)ondead:a’ [gpddg> wesdg§Caon

authority qps20p0s¢ saq| curve 2005 F6dad 000Hog0Rd GBgdea05R5: ItV
B2e5100051(¢ G99 5 6-06)

(0)

)

®?)

Damper ¢l g&sea0nEqpS(performance) qpsoopd 620053l sagodgpsedl 0g€ ¢oopdaogdi
(o) Manufacturer
(J) Damper relative size $&
() Damper situation o [g620p5u
Manufacturer
Damper 0ocbcobopgpiel 8E:(design)i [groSoopbogpds(material) conEsod
(linkage) $& blade seal qpz voppB[gE:elopE damper gpzel pEesonE§Eq(performance)
qP: o3[ge005
Damper Relative Size
Damper & 3agudssons(size) $& duct ol sogudsoons(size) o3ewpod wall
opening &1 32gud3300: wopdB[gtselop damper gpici CwOGeoRESE(performance)qps
Rlgp: §oopdi powd damper ¢l 3agudsrois duct &l sagudsaen: opoBgselopE duct
B¢ eeooopd damper 22038:03  oo§0Cogro0pdi 3cgSoySa0pd wall opening
esepogt GodcoSa0pd damper onbeofoondglielopé  erogpioopd  damper  cod
3203835 e[pConsign woeepad§ED wopoBaopd flow characteristic qps [gdedlom
damper cp6es0oE8Eq (performance)qp: o3{gpqoopdi
Damper Situation
Duct & codsaloppCs elgp&cdfglielopE damper vofsel ecoeh direction $&
damper 320905  Gooagcodielogps(direction)  elpEicdeomelopE  damper G
g6269008qR5 (performance ) a3[gpza 005

, 9 »

7 804+—F > /

§ 70l 1 AIR FLOW

o] O ‘ » /

. \ /

8 w S ¥ /"

§ 30 /‘v/ -/'/ \\

o

L 20 AN —

3 10":4;_’-«‘/"—/'/ K| mRFoW  —
0 : .

10 20 30 40 50 60 70 80 90
Damper Degrees Open

c:) 9-9q Effect of Inlet Louver on an Opposed blade damper Characteristic
O(-pqQ)ogE opposed blade damper @i g&seaonEepS(performance)o? ewdlgoozoopS

Capacity control (throttling) application o€ damper cj:0 8obesa0pd Foc[geacs(position)st
§:cone0 pressure drop across the damper gp:aoneeo [gdoopd
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Damper throttling cod[g€:elopE ecudigSs(air flow rate) $pSsconomn duct system §
00 32805323C:qpiel godododgeloPE [geomBzmsadsa(frictional losses) oot
2001 godadodqeloplgdeom Bamsadigeq(frictional losses)aopd ecod:gss(air flow rate) ol
$6000038:5C 08goopdi Fan & 3sas(pressure)aopd volume flow rate 0050000354l fan curve
32038 005000088epdi Hydronic system gpiogé ondeofoonongd two way valve gps [gpd $¢

06908908 0pp30005i

Throttling application qps:ogE parallel blade damper o3 3203dgjoopbeadl linear
characteristic §jzeogqeadeaddcopds damper 22085200905 33(03p: B3anioyeolsg (pressure
drop)aopS system 0069cd:ei sazoeolsq(total pressure drop)el 0% o [§620p5

) _ Significantly Even flow distribution
Recirculation distorted flow across the duct

zones profile

¢ G-pe Air flow through parallel Q G-p& Air flow opposed dampers
Duct | . Mo ‘Bucl
M e
— ,.‘w; ) - ;ﬁ .
AirFlow  [&] / .
T o]
o Kl
P/ ‘k}:_)—
- )"/ #7_7-—
o b
& Y]
PARALLEL OPPOSED
OPERATION OPERATION
¢ G-p Flow Pattern through dampers

Opposed blade damper o3 throttling application o3& 203gjo0pd3a8l  linear
characteristic §g[g5[G: pressure drop across the damper 2005 total system pressure drop i
9% 08 [g0o0p51 BelopE opposed blade damper gpzoopd down steam opE turbulance

[g8e0q s5:3keomalompé throttling application 0g¢ sacgSaa05:qpiq[gts [§d20p0N
aB39i0503 O(O G-38)0zC ewdjgoon:aopdi Parallel blade damper 205 eoodselopt:

B:o0pbep (air steam direction)od cenCsogns(deflect the air steam)eooopdn defopé down steam
S 3qj turbulance [g6edl cooopdi
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200dq eoodielopieamnndonod(down stream) 828:038 elbow o3aeoo duct fitting
§esdlon asymmetric enter velocity alogp& 8sasogeolsq(pressure drop) 20p5 0500200050005
32860 2nudq erudieloC: eem0dan0d(down stream) =a8:0pC diffuser fesdlon

ap395 3a0R8[gCene: croogadd(outlet throw pattern)copds delgpEsagn: A8dwpdi

ABelopé eroogadedlod(air outlet)od coodapdongpian diffuser el neck a3wupdd diffuser
:8:57: 3¢ opposed blade damper gp:a3oo 006s08q§ GuscogEgdaopd

Throttling c00q$ esepqpogt aadigepd damper gpsell 3agudsron: egegddaopd
hydronic system gpscog€ control valve gpscil sagod=eon: 6geguSO$E oppdoopdi Controllability
comsqf $& Bamrogeolsqg(pressure drop) ogpicog$ 309825600503 eqply) gooezNE
egegudo0&oopdi Damper saguSsaons(size) [03agiE controllability eeomEeon 03ead Bz
oysolsg(pressure  drop)  $pdsoopdn Damper  sagudmaons(size)eoo:qiC  controllability
GomE200p01 036005 Bamoyeolsq(pressure drop) gpzoopdi

G.6.9 (0) Mixing duty

Hroopo0pd erodselopCs(air steam) $8§:03 cepesogs damper o 30d4g0300001
[g€occo(out door air) $& return air 0303 eepesalgCs(mixing) [gEo0odn ¢o:ugEso0pd saurzaco
oob9en opposed blade damper gpzoopd throttling ceSepogE  sacgSontengpeomelopt
eepes[gta(mixing)cpde$ sacgs o&eagPaddunbun vasolmy[ge: [gdaopS

qpeeoonsdgC mixing application o3¢ parallel blade damper qp:o? =20ddge$
sacgaoeagdoopdn Mixing cpdepage throttling 0398 o3ogeam control [§8qS ©adadi air
stream $6§jg0? GePE§AEO40 [§6205

Parallel blade damper gpselopé ccodielo3ps(air steam)qps o3& (deflect)ogoigCialope

throttling cpOq§eecRed veomEieaddcopds mixing cpde$3e0305 FgSeomEroopd =aged
[§620051 & (9-G@) 0z parallel blade damper clop¢ air stream $692005 conts(deflect)ogrzom
mixing [46608 22098 226000053507 [§6003 GwSgoosoopd

Opposed blade damper elop& eood:alogpCs(air steam)sd9od mix [§0q$0053003 o(g-
o) 93¢ Gud[goozaodi

eoodialoppSs(air steam) $69 Googpgd weepegneomelopE stratification [gdedl cn§E
20pbi “Stratification” 8300p5¢0 eoodialoypCs(air steam) $69 weapes3 GqsE 98B B

§esat:o? o3ao0pdn Duct 320p8:03E  stratification [gdo0pbeadl [gEuecomepg$ (outdoor air
temperature) §oopd Grogpin 0od50REGeEsG: return air temperature §oopd GrogpPsed

0600503¢ §escB6epdi Stratification [goes[gt:elopé croel =o0q$03 03E:032005 sadlogt
0o$m§[gts co3oygCs [§68Ea0pSn Ventilation system effectiveness copbs cagpepdsagn:8Eaoodi
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Outside air Return air
P Vo L
\/\/u\/\/

P Vb

Mixing plenum

Outside air Return air

PAd
L

RN g
NN N Y

R

Mixing plenum

0 1

(a) Air streams side by side - no mixing

{ 1

(b) Air streams side by side with parallel
biade dampers - some mixing

Outside air Fleturn air
——
—-—
——
—-—
—_.'”— =
R ——
~a P
ford

1/ Mixing plenum /I/

(c) Air streams side by side enter mixing
plenum opposed to each other - good mixing

_ [—

/./ — - /./ -
Out&ude\ . - »_Return
air & air
L DEEEA N

Mixing plenum

(d) Opposed air streams - good mixing

* QOutside air

—J\\\{1_

\ : Return
\\.\ air
> -—

e

T

(e) Air streams at 90 degree angle with
parallel blade dampers - good mixing

; ¢ iOutsideair

Pt ke -

-

Mixing plenﬁﬁ'l

- « Retun
air

(f) Air streams at 90 degree angle - fair mixing

<;> G Various Mixing Box Arrangements

Damper $¢0005a380005 329/05qp:0d damper schedule vpGsl 20p5

(0) Damper Identification Tag
(y)  Location

(p)  Damper Type

(g)  Damper Size & Quantity
(9)  Duct Size

(6)  Arrangement

(Q)  Blade type

(®)  Velocity Pressure Drop
(@) Fail Position

(00) Actuator identification Tag
(00) Actuator type & quantity
(o)) Mounting
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DIFFERENTIAL PRESSURE ACROSS MIXING BOX (In W. G.)

. 0.0
Outside air o 10 20 30 40 50 60 70 80 90
Damper

Return air 90 80 70 60 50 40 30 20 10 0

Damper
P Degrees Open

Air flow through mixing box with 24” x 24” outside and return air dampers - 6,000 CFM
Curve @ Opposed blade dampers

Curve Parallel blade dampers
Curve @ Ideal damper (combination opposed & parallel blade)

& 9-Go Bamsoyeolsq(pressure drop)Across a Typical Mixing Box(Avery, 1986)

Intake Qutdoor air Filter
louver damper
Supply
\ / Coill fan
1 F Supply
—— | T N.C. -0.25" ) air

f—_'ﬂ NO. | ™ Return damper

—e N » Return

T \ Return

Relief Relief (exhaust) fan
louver dampers

<;> G-Go Economizer with Supply and Return Fan
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Minimum O.A. Fan

Ml =arT—>

/ Constant Volume

[N

EL . RA Damper
Closed
]
*_UQT 1 +0.3” (
~
100% O.A.

—_——
Damper<
Closed

o P J f
Minimum O.A.

T
\

rd

Q G-GJ VAV system at 100% outdoor air and minimum outdoor air

A= -0.3" % (l—‘;
QA. -

=
H
o A )_\CD 0.2 ;
A N
Relief fan

‘? G-Go Economizer with relief fan

Table 3.11 Damper applications

Control application Damper type

Return air Parallel

Outdoor air or exhaust air

— with weather louvre or bird screen Opposed
— without louvre or screen Parallel
Coil face Opposed
Bypass
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— with perforated baffle Opposed
— without perforated baffle Parallel
Two-position (all applications) Parallel

Volume Control Dampers

Isolating Dampers Regulate or stop flow of air in branches of a duct system
Balancing Dampers Limit air flow by holding damper blades at a specified position
Fan Inlet Vane Dampers Used to control air flow rate to a fan
(or Terminal Unit VAV Type Dampers) Used to control air flow
Fan Outlet Dampers rate from a fan
End -

Factors Affecting Damper Performance
Since dampers are a part of a system they are affected by their surroundings. These factors
affect the performance of dampers.

(o) Inlet and outlet conditions () In-duct obstructions
(J) Location (6)  Inlet and outlet conditions
(p) Damper Authority @ Location

(g) Damper flow characteristic

Damper Flow Characteristic
The relationship between flow rate through the damper and the position of the damper blades

Damper Flow Characteristic

To select a damper which will meet the requirements of a particular application - the relationship
between the flow rate through the damper and the position of the damper blades must be
understood.

This relationship is commonly called the damper flow characteristic

Damper Flow Characteristic (Opposed)

Use damper authority to determine installed damper flow characteristic

% Damper Authority
n Impact of the damper on total system
n The ratio of wide open pressure drop through the damper to the total duct system
pressure drop at the design flow
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By definition, authority is the ratio of the wide open pressure drop through the damper to the
total duct system pressure drop at design flow.

Selecting the Correct Damper
n Determine which installed damper flow characteristic will provide the best control
n Use the value of the damper authority which best matches the system characteristics to
determine the wide open pressure drop through the damper

Damper Application will determine which installed damper flow characteristic will provide the best
control.

The value of the damper authority which matches the desired flow characteristic is used to
determine the wide open pressure drop required through the damper.

The correct damper can then be selected.

Damper Applications

(o) 2-Position (%) Face and Bypass
(y) Static Pressure Control ©) Mixed Air Control
() Temperature Control

2-Position Application
Two Position Damper Applications -
In this application the damper is maintained in either its fully open or closed position depending
on a binary input to the actuator.
The shape of the installed damper flow characteristic is not important since the damper is not a
modulated device.
The only requirement is that it must be possible to obtain the wide open flow rate with a
pressure drop which is less than or equal to the value specified.
Generally, dampers used are duct sized to provide the lowest possible wide open pressure drop.
« Examples: 100% flow or 100% shut off.
Static Pressure Control Application
n Less common today with the use of Variable Air Volume systems and use of inlet vanes
to control fan capacity
n Damper modulated to maintain a static pressure set point at some downstream point in
ductwork
n Generally installed near the fan discharge
n The damper pressure drop must be included in the overall system resistance

Static Pressure Control Applications -
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In this application the damper is modulated to maintain a static pressure setpoint at some
downstream point in the ductwork.

The damper is generally installed near the fan discharge.

The pressure drop across the damper must compensate for the increase in pressure developed
by the fan and the reduction in the pressure drop across the ductwork as the system flow rate is
decreased.

This application is less common today with the advent of variable speed drives and the use of
inlet vanes to control fan capacity.
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