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Chilled Water System
- Water Cooled

| (Above WB)

Cooling Tower

u """"""""""" Water flow Direction of Pump

.~ > & (toward chiller). Why?

AY

Chilled Water Flow rate = 2.4 Usgpm
Condenser Water Flowrate = 3.0 Usgpm

Toer - >

AirHandling Unit Chiﬂ?f

Chilled Water DT=5.5C (10F) 12.2C

9 J-0 Over view of Chiller Plant Room

6005833680005353:32[0302:03E:8303¢ IagpradieozqEaoopd Chiller Water Plant
(980005 Chilled Water System) 0o&936[03pE: o 220396 wb(goon:00pbi Chilled Water
System 00d9aa€ Chiller qpsi pump gpsi cooling tower qpss& AHU/FCU gpiclo€ooobi sag)| oo
system qp:03€ Heat Exchanger pump gpzdlo€oopSu Chilled Water System 008903 Water
Cooled Chiller(s) Gao5GEs Air Cooled Chiller(s) 6o056E: 326[gde) oopbeaonnd conaopdi Water
Cooled Chiller Jlo€205 system o3 Plant 03 Water-cooled plant (water cooled system)
0p@al20p0i Air Cooled Chiller do€a0p system o3 Plant o3 Air-cooled plant (water cooled
system) opeal 200

Water Cooled Chiller o3 3209dgdlon Circuit g §d[g: Air Cooled Chiller o3 saadigdlon
Circuit ¢ §:§Aloopdn Air cooled (a3) Water Cooled Chiller sacpE:5§ @0 Refrigerat Circuit o3
Chiller 323E:0pEe00:805¢CscuEsewdlyoonsaopd

Water Cooled Chiller 3¢ een&:eom Air Cooled Chiller [g¢ ewn8:c00 Chilled
Chilled Water System (Water Cooled Water System (Air Cooled Chilled Water
System) System)

o Air Side Circuit (o) Air Distribution Air Side Circuit (o3) Air Distribution System
System

J [Chilled Water Side Circuit (23) Chilled Chilled Water Side Circuit () Chilled Water
Water Distribution System Distribution System

o Condenser Circuit Air Cooled [gdeomaloppé Condenser Circuit

Q%(')]II
G [Chiller 2o038:¢| Refrigerant circuit Chiller 3203E:§) Refrigerant circuit

5. ) Circuit 3aesl326d]qp2 (Naming of Circuit)
Circuit qpe3a:0d:03C sas(supply) $Esa[u$(Return)adeupod s (Entering) $¢
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320905(Leaving) 0pgjioopdn Supply $& Return vpoopdeaeal 3a6dlendaaadigpsaopd

Chilled Water Circuit o3¢ Building (a3) Load side o3 Reference s3g9a005¢052005i Chiller ¢
32005 Leaving Chilled Water o3 Chilled Water Supply (Supply to Building) o5 2005¢05(3s
Chiller 98 320 Entering Chilled Water o3 Chilled Water Return (Return From Building) op
20059050005 chilled water loop/circuit og€ chiller qps§o0pda00503 supply side vp00d0oSE:
AHU/FCU qp2§oopd900503 demand side (load side) 0pa005005 esledenp§oopdi

Condenser Water Circuit 03¢ cooling tower 2095 chiller 330305
3200000560s6E0006[op¢ Chiller 03 Reference 2a[gd2005¢050000 Chiller o 320 Entering
Condenser Water o3 Condenser Water Supply (Supply to Chiller) op 2005005 Chiller ¢ 320905
Leaving Condenser Water o3 Condenser Water Return (Return From Chiller) op 200500520001
Air Side Circuit o€ Serving Area o3 Reference 33(gd0005¢0500p51 AHU/FCU 909050009 60003
Supply Air ( Supply Air To serving Area) op 2005005[g: 32080 [g$aw20p Air o3 Return Air (
Return Air from serving Area) op 200500520001
e  hwanpwewwes

et LD A T R ]
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MG AL WG L0 L SHT PR
TYPICAL PIPING CONNECTION TYPICAL PIPING CONNECTION TYPICAL PIPING CONNECTION
FOR CHILLED WATER PUMP FOR CHILLER FOR CONDENSER WATER PUMP

9 J.p Chilled Water Distribution System (o3) Chilled Water Circuit/Loop

Chilled Water Distribution System (33) Chilled Water Circuit/loop o3¢ Chilled Water
Pump, Chiller $& Air Handling Unit/Fan Coil Unit 03dlo€20p51 Chilled Water Pump o3 Chilled
Water Return 805c8€:0005 Chiller sa8:0Econ:ecp§oopdi Chilled Water Pump o3 Chilled Water
Supply 80508€:000503¢ 0ndbe0Eeneddh 0o50: Chilled Water Pump 2005 Chilled Water o3
Chiller 3209E:0803%:3[gE{gdo0pSn 0393 Chiller so038:03 aqyp0d 0p8:3[gEyC Chiller &l
Evaporator 3a038:3eqqps High pressure [¢€ [gobeseomnaeopé sapenvode(Heat Exchage)
38comEigSeoad

Chilled Water Circuit/loop or°>8 AHRI (Air-Conditioning, Heating and Refrigeration Institute ,
009€ ARI 0peala0p0) o00deabaonieam é(Standard) 3aq) Chilled Water Supply Temperature
@ 6.7°C [98[Gs Chilled Water Return Temperature ¢ 12.2°C [4620051 & eeropdocdsSs
(Standard Chilled water flow rate) ¢ 2.4 US Gallons per minute(USGPM) 008856cqi€ .G dlad
[g920p51 052005 Chiller sa§jgsaondyddeo od Chilled water cgopdocds: (Standard Chilled
water flow rate )oB 22035 g8E20051 pows 500RT (0o§g100) Chiller oodad:ei Standard Chilled
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water 6qopbuodsyS: (Standard Chilled water flow rate ) ¢> 500RT x 2.4GPM = 1,200GPM
[§62025u

Heat 20pb Temperature [gGoopdesepe Temperature §600p0656p3)
B:eoC:e0p§oopdi oBefo3pé Chilled Water Circuit op¢ Temperature [g&a0p5 12.2°C Chilled
Water Return Temperature ¢ Temperature §620p9 Refrigerant Circuit a3&so:og0s0000n oospSs
chiller 303E:§ Refrigerant o 82060303 §SuIaz0:00001 12.2°C Chilled Water Return 20p5
F20GP2e0:gEo 6.7°C Chilled Water Supply 33[gd[y¢ Chiller 330pE:009050g0:00001
Chilled Water Circuit o3 Closed Circuit(closed loop) vpe8l2005n Closed Circuit 33038:¢ Chilled
Water 2005 eooap Atmospheric $¢ va8eop, siEaoi

9 J.G Condenser Water Loop (o?) Condenser Water Circuit

Condenser Water loop (o‘é) Condenser Water Circuit 098 Condenser Water Pump,
Chiller $& Cooling Tower 03Glo€20051 Condenser Water Pump o3 Condenser Water Supply
8050c8€:0005 Chiller 2a8s0E0mse0p§oopdn Condenser Water Pump o Condenser Water
Return 30503&:0005038 onodeotenedd 0ogob: Condenser Water Pump 20p5 Condenser
Water o3 Chiller 203€:030p5:3[gC5[gdo0pdn ado3 Chiller 20038503 aqypzod 0p5:3[gCyE Chiller
& Condenser s203E:56qqps High pressure [¢¢ [gpdeseomaelopE sapeapcde(Heat Exchage)
38comEsgSeoapd
Condenser Water Circuit/loop 098 AHRI (Air-Conditioning, Heating and Refrigeration Institute ,
00e€ ARI vpealaopd) &(Standard) 32 Condenser Water Supply Temperature 2005 outdoor air
& 320S (web bulb temperature) edlogEeonpboopd gp:eoosiyC web bulb temperature
0005 080§ 95 0.§808§ 0CoB0§od[gEendoopdi Condenser Water Supply Temperature 2005
web bulb temperature coo5epSoopdsadly) 086§IEM 08ampSEEea0305 Standard Condenser
Water Return Temperature 20p5 35°C [462000m & Condenser water cqropboods($: (Standard
Condenser water flow rate ) ¢ 3.0 US Gallons per minute(USGPM) 0088560q€ 9.0 dladgdoopb
©p92005 Electic Driven Chiller 3a§jzsoon:320:00:320305 & Condenser water ceoopSocdsis:
(Standard Condenser water flow rate )0 s203{g§Eoopdipoes 500RT (oo§g00) Chiller
00badsell Standard Condenser water ceropdSoods|$s (Standard Condenser water flow rate ) ¢o
500RT x 3.0GPM = 1,500GPM [gdoopSu
Heat 205 Temperature [gGoopdesepe Temperature §600p5656pad Sse08:ecp§oopd
adefopE Condenser Water Circuit op¢ Heat 20p5 Temperature [4&o0pd chiller so0pE:§
Refrigerant Circuit ¢ Temperature 860009 Condenser Water Supply Temperature
a38e0C:0g0:00001 005p5: 320§§862005 Condenser Water Supply oo 200§§gE2005
Refrigerant Circuit ¢ 8apgp:od ebopogsaopdn Condenser Water Supply 20p5 Refrigerant Circuit
¢ 320GPs0d 20006800E Condenser Water Return 33(g® Chiller 350380 agobagzaogd
Condenser Water Circui/loop o3 Opened Circuit/loop upealaopbi Opened Circuit/loop 20380
Condenser Water 2005 acoo Atmospheric $& 33(go8eop 6520051
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outdoor-air inlet (32°C)

flexible

sheet-metal supply duct
PPy o diffuser

Supplyair (15°C)

return-air

Inlet(24°C) Indoor Air Temperature= 22°C

Chilled water supply temp = 6.7°C
Chilled water supply temp = 12.2°C

0 J-§ Air Distribution System (Circuit/loop)

Air Distribution System (Circuit/loop) ogE Air Handling Unit ¢ Blower aop5 Cold Air (Supply Air)
o3 Serving Area o3 cepodesmt Jesonl[gl:sC Servicing Area © Warm Air (Return Air) o3
9O0[gE:3200003 GaonCgrda0pdi GusadyC Servicing Area 6l 320§$(Temperature) ¢o 22° to
24° C [90[8e Supply Air s2p§§(Temperature) o> 13° to 15° C [gdaopbi Return Air ¢l
Temperature ¢ 24° ¢ 26 °C [99[g: outdoor air $¢ eepepgoopdi crocopSuddsiswn Chilled
Water Flow rate $& Condenser Water Flow Rate qp:03a9 deooedeon 3200dqeedloonpde)
elgpiadenp§oopd

32§§03E: deoo (Constant) crocopSuddsiss (Air Flow rate) [g¢ eenCies6000AHU o3 Constant
Air Volume system (CAV)w»aal 2000n Serving Area 6l cooling load c3326g0520¢)
eocopboods(S: (Air Flow rate) c82260008 6un:e$6000AHU o3 Variable-Air-Volume
System(VAV)opesl 2005

Chilled Water System Design

Chilled water system qpsogC saqpeadieoy qecpdoopd Circuit $ddjewn

I) Primary Only system

IT) Primary - Secondary System (Decoupled system) §§

I1I) Variable Primary system o3fg62005

0.6 I) Primary Only Circuit
Primary Chilled Water Circuit 006§jzo0p5:000 §aopd system o3 primary only system opeslao5i
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TG
Primary Only System 2005 0300098
§CzcuCaagudonaopdi Chilled water system 00d9 o3¢
Ii‘ Chilled water pump(s) 0od§jgoon §eomelopé
o Chilled Water Circuit copSs 0od§jgaon§oopd o3
Primary Circuit/Loop 006§ro0pds000§e 000 chilled water pump o Primary
ONLY Chilled Water Pump 0968l 20051 03 pump 2005
' Chilled water 03 AHU / FCU gpsaBod eepodesant
08:3600p51 Secondary Chilled Water Pump §og€
Primary Chilled Water Pump 20p5 Chilled water o3

\

Prima“&l.led Water Pump AHU / FCU gp:adafeapodeaantopsdqbecddh
(N+1 a3020§03 Secondary Chilled Water Pump
6eeonEgodeusopdi

LOAD —

Primary Only Circuit

Lo°F
BEd

l B60%to 70%
of systemflow

00pE[goo:a0pd303¢ Chillers qpso? 0obeoEooniayiC Parallel installation [gdoopS
30500050003¢ Primary Chilled Water Pump 2005 (031052025 Chillers $&ewnE:8Ea005
aB80nbeoaoningEqpieomnsdyE Primary Chilled Water Pump 32663203050005 Chiller
266320305 0008 33 | ade 3gjondeoEaoniendoopdi odad Chiller 3366320305 00d:
Sgjonbeoaozanpba? N+1 configuration vrealaogdi

po0o005e GopE Primary Chilled Water Pump gpsaopb 000583000 Chiller $&o
een&:§EoopdiDedicated Pumps 0peal 20p0n odadonbsoEooniagE Primary Chilled Water Pump
$C Chiller 03 32030305 6ente001 30560p§ 05

GomCi005pR$ (Www.acmv.org) Page 12- 6



Chapter -12 Chilled Water Plant

9 . Primary - Secondary System o§ Decoupled system

Dedicated Pumps

60zE[goo:00pd3203¢E: Chiller 060328320305
- p— Chilled Water Pump 006c:® a8:00§000808
Primary Chilled Water Circuit 000200001 Primary Chilled Water Pump o3

(ProductiolLoop} TN . Production Pump o?GéT ooéuSecondary Chilled
= — Water Pump o3 Distrubution Pump opeslaogdi

Decouples or By pass Pipe line production loop ¢ Chiller qpieen8i00p5328
2005905002:000) constant flow of water [4&
eenserpfoopdi ((powd 500RT (00§6)00)
Chiller oo6cd:eh Standard Chilled water
eeropducdsiSs (Standard Chilled water flow
Secondary Chilled Water Circuit rate ) ¢ 500RT x 2.4GPM = 1,200GPM
(Distrubution Loop) [g920051 ) 2Bead distribution loop ¢ AHUIFCU

— l“ nn $C CRAC unit gpzaopb c8326000)

Cooling load cdlogEeonpde) two-way modulating valves [¢& Chilled water flow rate o3 c3a0cd
elepeicdenp§oopdi ddelopE Secondary Chilled Water (Distrubution Loop) Pumps qpsogE
33260005 Chilled water flow rate 3203&:6608:5CEQS (Varible Speed Drive) VSD o3 Variable
Frequency Dirve (VFD) c3s260005

9 J© Primary - Secondary System o@ Decoupled system

Primary Chilled Water Circuit/Loop o3

Primary-Secondary Configuration
- Production Circuit/Loop upeslaop

Secondary Chilled Water Circuit/Loop o3
Distrubution Circuit/Loop vpeslaopdi

Primary Chilled Water Circuit $& Secondary
Chilled Water Circuit 03 §000:0005 c3&:03
Decouples o3 By pass Pipe line 0pesl 20001

Manifolded Production Pumps

Minifolded Production Pump o3 Common
Header at Production Loop (Primary
Chilled Water Circuit/Loop)

Dedicated Pumps at Production Loop (Primary
Chilled Water Circuit/Loop)
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Primary Chilled Water Pump(Production pumps) 2005 eqo3 return tee ¢pboag) chiller

32038:030p8:32005103000e0¢ supply tee afeepadaopdi oBelo3pé Primary Chilled Water
circuit/Loop &l pressure losses ¢ 230gpseon odelogp& Primary Chilled Water Pump & Pump

Head ¢ 505 ap§oopdi 0§ 00609282005 opsE005adEa005 chiller aBadndgewnEsaodi
Primary Chilled Water Circuit $& Secondary Chilled Water Circuit $6§jgcd:§o0pd system o3
primary-secondary system opesloopSi primary-secondary system 00692025 production loop
(Load Side) 320305 3 flexibility §oopdn

Dedicated Pumps at Production Loop (Primary Chilled Water Circuit/Loop)

Production Loop (Primary Chilled Water Circuit/Loop) § Dedicated Pumps qpfg¢ eenCaagé
Chiller gpseil ajzzao03(type) 32g0d(size) 20050062 (age)sE 00baxoop (Manufacturers)
0p20pS[ydeopaopdlgdeo 0o6e0E§E00N sagjreso:(type) 3agud(size) 2005006k (age)sE
006006op (manufacturers)oonod20pd Chiller gpzogE o3lgpseons (different evaporator pressure
drops) 0300051 a33a[y€ Dedicated Pumps $& individual chiller 0005
3203c805[ydeseomnaeop Dedicated Pumps 0odadiqodagningi€ ansEa005e3E0003 chiller
c0pd: Guntigjoqeonpcol

Minifolded Production Pump o?g Common Header at Production Loop (Primary Chilled Water
Circuit/Loop)

Production Loop (Primary Chilled Water Circuit/Loop) og¢ Common Header [4¢
0§qP:0300680E00sgE:0005 chiller sa§jpzaons(type) 3agud(size)i 2005008 (age)$E cpdapdon
(manufacturers)od c3obg) system complexity qp:oopdn 936 greater redundancy §oopdu
[(B[052005 Chiller $& oo€eagSoopd 0§03 egegESewrE:s8Ea0pd v§qodeomaelopE Chiller
eensuqoopdmacgesqreojeog§taeon adeadd Primary Chilled Water aopS Common Header ¢
00808 (0§60305§05ewp0da3) Chiller 3203:038:08e0006[0E Chiller ABE:03E o§mmEeam
earopboodss (rigth amount chilled water flow rate)q §$ saee{o3s00p0n Ba3§g$ balancing
valve o3 Constant Flow valve gp:03 2203y Eo0pd

Common Header [4& o§qpseil [4o00§000dGse0 6qropboodss: woopdBoe(gdaopdi Chiller ocd:
a3 J odeuntiesod 65005000 hiller 0odadiewnlig$adanddmn isolation valve o3
326CgEqo0pdI 0335805300§03E comd§ewnsesaopd Chiller gpzo caropduodsss (chilled
water flow rate) 2005 0% ¢ §0% =20 Chiller sagudsoens(size)a?
ABoSgjoreodEoopdicdsngant cuntiqepdu§oopd ewnidlolybeomaelo3pé Full Speed o3
weepad§Caeonscol isolation valve 03 3aqEogEad 0§033aqEewt:dm Coodewdties0000
Chiller gpzo Geropducds&s (chilled water flow rate) 20p0[gEo005a0:0860p5n 03324l water

hammer [4o00§003 [03e0p8E20001

Chiller gpseil Control Logic 0300$¢0 Leaving Chilled water temperature Set Point 6.7°C 03
00058 E00¢ B§:c00:q8[gd200n Leaving Chilled water temperature 20g5 Chiller i

eqropSuadsss (chilled water flow rate) og€edlogeonpdaob Chiller gpso cqropdoodsss
(chilled water flow rate) sa0005307 qpeaCag§[gtsaopd System codoad:o? instability

:efgesad eepodeogeilydoopd
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9 J.¢ Seconadry Chilled Water Circuit o3 distribution loop

Distribution Loop Varying Distribution Flow

— ﬁgl,

two-way valve variable-speed control  riding the pump curve

Seconadry Chilled Water Pump (distribution pump)oo5 the supply tee g3 the load
terminals (AHU/ FCU/CRAC Unit) qpse8a3035:320001 o 6qaopb AHU/ FCU/CRAC Unit ¢ 00s0¢
the return tee a833[g§eepadcwram Primary Chilled Water Circuit 8393 cepodagn:aoodi

Primary Chilled Water Pump $& Seconadry Chilled Water Pump o320p5 same water 03 0833
20p06qopp3[03ea050pd: codieeonEaopd pump head ¢woppdlmieon saonudeloypEedecsd
Primary Chilled Water Pump &l Head o3 Primary Chilled Water Circuit &l Friction Loss 03 coqb§)
8&&:000000: (Select cpSoonz) [G: Seconadry Chilled Water Pump &l Head o3 Seconadry Chilled
Water Circuit & Friction Loss 820305 8&C:apoon: (Select coboon:) coonalopElydoopd

Seconadry Chilled Water Circuit ¢l cqropboodsss (chilled water flow rate) 20p5
3268000535:00090%:¢l Heat Load cdlaa€o0op5000bn saesmadendiondondel Heat Load 2005
2§85¢ paBpopadcdodeeyptiadesaopdn odeloppE Seconadry Chilled Water Circuit ¢l
eqropSuddsss (chilled water flow rate) 2000 32§85¢ padpopadadadejelypCiadesaopdi
Seconadry Chilled Water Pump o% variable-speed drive (VSD) o‘} Variable Frequency Drive

(VFD) [4¢ cenCssEqupdi ad VSD 2005 part load 9§ 083260000 20§ 5082060005 Speed (ie
chilled water flow rate) [§¢ eenCegEeomaelop g&aatiegiome(Energy Saving) copdigdoopdi

Primary-secondary system § §ao0> AHU/FCU gp:og€ modulating two-way control valves o3
F0d[goonsag& ASHRAE/IESNA Standard 90.1-1999 (Section 6.3.4.1) 0pd:ondsqodqpiseq
variable-flow [gde320¢ distribution pump (secondary pump) qpso?3 VSD (VFD) qpslgé
ondsolejeentiaepd

Multiple Distribution Pumps

Multiple Distribution Pumps

s

toloads
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00393 Individal Secondary Pump gpza05
coma8deopEin3adeomn woppdaopd
3268000520Psgp: 0009[gC:d 320305
aoeagbaopd

Seconadry Chilled Water Pump o3 distribution pumpopcopSsesloopdi Seconadry Chilled Water
Pump o3 variable-speed drive [gGeenCs$E20001 supply 3055 return 305 ol 33aodgpsgnie
(pressure difference between the supply and return water piping) o3sa¢gdg) variable-speed
drive o} 6enC:$E00001 B3mdgnignie (pressure difference ) gpiagi€ variable-speed drive 2005
o§el copdudsis(Speed)ades:e00000 8zfgisnio ( differential pressure) $p5: ayi€ variable-
speed drive 20p5 0§61 cOb0ods(S3(Speed)agSeooopd

00339 Common Header ¢ Secondary
Pump 205 High Raise Building 03a03¢0m
3268000935B:qpe320305208 6B a0

AHU $& FCU o3¢l two-way modulating valve 2005 82680005208:00090:6l Heat Load

$05:00009I€ 00[gpSegpS:Bod0p5 AB a3BdeielopE supply JodsE return dododsalogpiog
system differential pressure oofyoSsgpSgGonadanoopdn ad8sasepesnse ( differential
pressure) o3 s26[§¢) Seconadry Chilled Water Pump(distribution pump )&l speed o3 cogpge$

signal 22[yd32054g[o0pd

©p50000 distribution pumping arrangement §glgbdleo primary-secondary system o3

sadfyefooBecgoogd

comaddempieamnypinyadcan csepansamypiogtean woppdoopd 3680005333
0069[gE:803 0§006:qE:B[gC multiple distribution pump configuration

§lelySoopd:00690E§E a0

powd sast Building (A), west Building (B), $¢ central Building (C) 8323 Separate distribution
pumps (A),(B) $& (C) oBlgCewn:sEq§ondenaoniangdi

ad0393 configuration [g& pump gpsadonbeoCoos(glielopt B4 flexibility comEsaopbi
BYBYIE e50050000§008:03 c0600pdEgE 3a80Ea6[yoopdI BsrdIIEESZR:
3200068000509IE 65005006 pump 00d$a3c00c0pdgEq 00!

Chilled Water System Design

9 J-00 Primary Circuit Only System with Common Header

63300503E[goo200pd0w> Primary Circuit Only System [g&20p5n Primary Circuit Only System
spoopben

Primary Chilled Water Circuit (Production Loop) 0g€oo> Primary Chilled Water Pump(s) &[S
Seconadry Chilled Water Circuit (distribution loop) 038 Seconadry Chilled Water Pump eﬁeoao
Chilled Water System o3 sl e3o0p51 ¢op€lyoon:aopd 3203E: Production Loop (Primary Chilled
Water Circuit/Loop) og€ Common Header [§¢ o§gpicdon6soCoosgEsoopdi oospds Chiller
006002320905 28:00§ Primary Chilled Water Pump 006cd4gE:8 ondeoaonigCieuradadaosdi
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eeo&sepd Chiller (Run b Chiller) saeqeacgodedl gt ¢joopde) 83260005 Garopduddsss
(rigth amount chilled water flow rate)q §g$320305 Primary Chilled Water Pump qpzaopd eqod
Common Header 8503E:03 3&: ¢ ((02dadi00058600054p2) Gedtso0pd(r300pdN o3 Chilled
Water Common Header 3203&:0 0oso¢ Chiller 22038503 o€eepadBssoCaognzoopSn 0og05:
Primary Chilled Water 20p5 Common Header ¢ 00808 (0§¢0305§0500p0593) Chiller
:2038:9380Ce0me[opé Chiller A3E:a3¢ oEmSeom eeropducdsss (rigth amount chilled water
flow rate)q §e$eagodoopdi Chiller gpzoopd sa§jrmaon:(type) 3agud(size) 2005008: (age)st
006006op (manufacturers) o3a3(gpe§EeamelopE earopduodssowan (amount chilled water
flow rate) $& Evaporator Pressure Drop o3copSs wopaBfogeon chiller gpsad paralle
Od[gEondeotamiglialoé ondadioonddeom chiller codGEsoSewn:dlon chiller
0060dsqiC:820038:03 eqoCaepPada0pd vewdmeonB8Eal odelop¢ balancing valve o3
Constant Flow valve qp:o3 saa):q) water balancing cp6$c83>600001 water balancing
Bc8o0p5en Chiller 03E:300905 0§mEEam Geropduodss: (rigth amount chilled water flow
rate)q §g$320305 balancing valve o3 Constant Flow valve gp:o? ad%:p3[gC: (Adjustment)
[gc95[gEs[gd20p5n Regardless of how many chiller(s) running, evey chiller must achieve rigth
amount chilled water flow rate for system stability. o333 balancing valve
gpondsoaogtselope chiller dBE:0005 c¥32600006quer™M03 g§l03086wpdn (chiller
:eaE0p0edg0EewE:Clcor )

Primary Chilled Water Pump(s) qpzo0pS Chilled water o3 AHU / FCU
qPada3eepade30EaR§:860000 320305 Primary Chilled Water Pump(s) Head 2005 eqo?
cdean0de3nEgEwr(Pump Head must be High enough)q§c832620051 Secondary Chilled
Water Pump §oqi€ Primary Chilled Water Pump 2005 Chilled water o3 AHU / FCU
qpeadadeepodesmEag§idafecddi Adomo§a? Secondary Chilled Water Pump
6e00Egede0s005I

9 .00 Primary Only System $& Primary-Secondary System o} $E:ap5g05qp:
Primary Circuit Only System with Common Header  Primary Circuit Only System with

Sicomsofjsqps Common Header &l adsojjsqps

o0beoe $& Pump oB: e@pspdso0pdn ( Secondary  @beagsen30005 By Pass Control

odsotefecdeo) 83260005

Plant Room 2003&:03¢ Gsepoyudoyedecd=nddl Chiller qp: Sequencing ia Staging
c05g5c0p5: gdeagInd3200I

o$qp:el Peak Power 03 cogpqi§Eoodi
0§qP:0d 6enCs0pd §&:32E0N$p5:00001
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Chapter -12 Chilled Water Plant

. -
Advantages of Primary-Only  Disadvantages of Primary-Only El]g '-'-
Lower First Costs Complexity of Bypass Control — ™ —

Less Plant Space Required Complexity of Staging Chillers

Reduced Pump Peak Power & )
Lower Pump Annual Energy Usage _ —;‘g e T
Table 1: Advantages and disadvantages of primary-only sys-

tems versus primary-secondary systems.

o R
Chillr #3 [ ' )

_ Automatic solation
A7 Valve — Typical Primary Circuit/Loop

Chiller #2 No Secondary

Chiller #1 lnnn

{0

Primary Pumps
Typical Coill

.

Bypass Valve

Flow Meter

Figure I; Primary-only system.

Common Header [4¢ 6w€:0005 0§qpaei [o00§2000Gjpen GerPSLodsS: ©ooGER[gd0RN
Chiller ocds o3 j adsewntiesod c§0050c0dChiller codad:eent:qSadeaddm isolation valve o
326C9Ceo0pd1 a3328053200§03C VoSG ewries00p5 Chiller gpo caropduodsss (chilled
water flow rate) 2005 0% ¢ §0% =20 Chiller saguSsoons(size)od
cBodgjoqjeot:§Eo0pdind=ng§opt cuntiqepdusaopd ewntsdlojgdeomalopE Full Speed o5
eegpad§Eaeoncor isolation valve o3 3aqEogEad 0§m33aqEewt:don condewntiesoopd
Chiller gpso cqropdoodsss (chilled water flow rate) 20p5[gEon0502:0880p0n 324l water

hammer [4oo0§003 [03e038E20001

9 J-0 ) Primary - Secondary System/Circuit o% (Decoupled system)
62200503E[goo:00pdOw Primary-Secondary System (Circuit/loop) [gd20p5n Primary-Secondary
System s3o0p5eoPrimary Chilled Water Circuit (Production Loop) $¢ Seconadry Chilled Water
Circuit (distribution loop), Circuit $6§gcd:§eooo Chilled Water System o3 cal a3o0p5

Primary Chilled Water Pump gqp:03 Dedicated Pumps sa6s{goopdieomEa manifold pump
(common header) [gGcopSieomés | §pon6e0E8Ea000N

$op€ Primary Chilled Water Pump gp:a0p5 Production Loop (Primary Chilled Water
Circuit/Loop) 0g€ §eaoo Dedicated Pumps qpgg®a0o5n Dedicated Pumps 83a0p5¢n Chiller
0060%203E:320305 0§ 02BY0B 3B200§00080E00260> LSNPS ado0pdn manifold pump
(common header) 8320p5¢> pump qpss¢ chiller gp:od ABo5§ed30dgprogudonsoonige§d
Header ¢o06s0¢ a305008:0005gE:{gdaopdn

236005 Seconadry Chilled Water Pump 2005 Dedicated Pumps gpswopobo3dh Common Header
[gGeenEieom Seconadry o§qpsgdlogoopd
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Primary m

Pump m
Primary

Pump m
Primary

Pump

L A
Flow Meter

Secondary Pumps

A |

AHUs

Primary m
P§P m
Primary
Pump m
Primary
Pump
I -
Flow Meter
Secondary Pumps
= AHUs 4[

Figure 1: Primary-secondary with
manifolded pumps.

Figure 2: Primary-secondary with
dedicated pumps.

320005312005 Primary - Secondary System/Circuit 93 (Decoupled system)eidgdaopdi
ogp2qI05006960 2005a005ed0p5 Commend Header [gGonbsoEaoniean Primary

Pump qpegdloq§ pooooaded Dedicated Pumps qpsgdlogoopd

©

System
pump

Check valve in
A COMMGH pipe
-F‘_/

L Ghiller pumps

Fram
o load

Secondary Pumps

T Primary Pum - s
G g g

e

Primary Circuit/Loop

Secondary Pump

|
\ e

Secondary Circuit/Loop

7]

=

Primary Pumps

)

:fl '—J_'\J

Typical Coil
il

Www.acmv.org

I od .
Primary

Figure 2: Con 'y systent.
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Chapter -12 Chilled Water Plant

e (Onstant primary flow
Variable secondary flow

v Systam coils,
Demand > Supply > two-way control valves

Supply Damand
" Bypass
3
& |

Variable-flow
distribution pump

FIGURE 1. “Decoupled” {constant primary-variable secondary flow) system.

320005358 Chilled Water system 20p5 Primary Circuit (Supply opeopdieal 20p5) 20p5 Constant
Chilled water Flow [4& eenEs0005 Circuit [9[8: Secondary Circuit (Demand vpaopbsesl 2000)
2000 Variable Chilled water Flow [4& een&00p5 Circuit [gdaopbi
peepladiondengpadadozé Constant Priamry Chilled water Flow [g&8so0p5
286ss16epEdionbergpadadsonl Variable Secondary Chilled water Flow [gE8:0000n Primary
Circuit $& Secondary Circuit o By Pass Line (305) [g¢§0ds005002:00p51 o3 By Pass Line (805)
2005 00982005 GeropdSuddsi§s (chilled water flow rate) §oj0005 Circuit $6903
a88:0360:0005 32006030200850900051 B Circuit $6961 cgropboodsss (chilled water flow rate)
2005 2003350310930 3o§§0005 200g§[b8ES 05N BelopE 3§§03¢E: § Circuit 0odecl
eqropSucdsss (chilled water flow rate) 2000 32[gr200090005 32[go0E: g $05:8Ea00N
Secondary Circuit (Demand) &l eqropboodess (chilled water flow rate) aopS Primary Circuit
(Supply) & eeropducdsés (chilled water flow rate) qpsoopd=adl By Pass Line (30)328:§)
3286s5166pEp:3203E:8:0005 Secondary Circuit (Demand) > Primary Circuit (Supply)

Primary Circuit (Supply) &1 eeropSucbsss (chilled water flow rate) copdSecondary Circuit
(Demand)&l eeropSucdss (chilled water flow rate) qpsoopdsa6l By Pass Line
(805)328:83a[gpeepEgr:e203E:B:0005N

63200503E603[g002:00pd Powrad Gre[geiyt B8gE:cot:gsniopb8Elad

Primary Circuit (Supply) flow 20p5 Secondary Circuit (Demand) flow opeBfofg€:

Secondary Circuit (Demand) 1200 GPM = Primary Circuit (Supply) 1200 GPM

BUILDING LOAD
100 TP =maem T
@1 200 GPM
10TR =00 cpw | [AHU:
@1FAT 40s
PRODUCTION LOAD
12006FM | 4'F  10TR  —smepM | Total Building
. - o & 0 Load
| @IZFAT 600 TR @1200 GPM
| (Each floor 100 TR)
MR -wme
= 200 GPM
@12FAT
Chiller 1 Chiller 2 Chiller 3 |
200TR MR W0TR H g???m = 200GPM
»L T 10TR < onncem| [ -6 |
f'nll’-ml'l" Constam 1 nnSIJIIIl ['JII?FQ‘T |
Speed | Speed ‘ Speed " !
Pump 1 ' P||mp2 PIImpJ st L
400 GPM T 400 GPM 400 GPM T F 1200 GPM
(CHILLER PLANT)
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20005038665[g002600002005 Secondary Circuit o3¢ Building Loadzaqodsabeom
eqropSucdsss (chilled water flow rate) 1200 GPM [gdoopSu Primary Circuit (Production Load =
pump 1 apcq€ Goo GPM §eoon pump 3 adseentseomalope eqropdoodsss (chilled water
flow rate) 1200 GPM [g®20p51 o324l Primary Side (Supply side) flow $& Secondary Side
(Demand side) flow o320p50p08[0300001 ABelopE By Pass Line op¢€ chilled waterg) o o5
ocdeon

Primary Circuit (Supply) flow ::oé Secondary Circuit (Demand) flow oocﬁt‘t’uyé[g&

Secondary Circuit (Demand) 1200 GPM > Primary Circuit (Supply) 800 GPM

Design Building Load

a) EachAHU far each floor

Primary  Secondary 100 TR, 200 GPM@1TF

.

800 GPM b) Total Building Load

600 TR @ 1200 GPM
Chiller 1 Chiller 2 Chiller 3
Operating Condition
200TR 200TR 00TR

a) Building is

iencir
- = e j% experiencing 50%

design load ie 300 TR

Constant Constant Constant

Speed /7y Speed I,r/\ Speed () A\ Constant

Pump 1 Pump 2 Pump3 X Yolume

W0GPM | 400GPM | 400GPM | ggo SECR Secondary v

ON ON OFF GPM TO \Purrps{.ir:itln GPM) 1200 GPM
\
Mixing Point
(CHILLER PLANT)

Secondary Circuit o€ Building Load=aqc82266000 cqropbuocdss: (chilled water flow rate)
1200 GPM [g&20p5u Primary Circuit (Production Load = pump 1 cdscq€ Goo GPM §zoo pump
J cdsomeentieomelopé earopducdss: (chilled water flow rate) 800 GPM [gdaop5i odead]
Primary Side (Supply side) flow ooé Secondary Side (Demand side) flow cood (o JOO - ©00 =
Goo) 400 GPM sp5s00051 a3eloppE By Pass Line 0gE Secondary Circuit (Demand) ¢3a0p) 400
GPM 20p5 Primary Circuit (Supply) 80005

Primary Circuit (Supply) flow 20p5 Secondary Circuit (Demand) flow coc53qps(gC:
Primary Circuit (Supply) 800 GPM > Secondary Circuit (Demand) 600 GPM
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Design Building Load

a) Each AHU for each floor

Primary Secondary 100TR, 200 GPM@1 Z'F

~———
[ - aﬁcﬁq_ N b) Total Building Load
o 800 TR @ 1200 GPM

Chiller 1 Chiller 2 Chiller 3

Operating Condition
200TR 200TR 200TR

a) Building is

experiencing 50%
oN oN OFF — }_ e
designload e 300 TR
Constant Constant Constant E 9
N

Speed (7% Seeed (7R Speed Variable

Pump 1 Pump 2 X— Pump3 Yolume
400 GPM 400 GPM 400 GPM gog |S& [ Secondary
ON ON OFF GPM |™T%  Pumps (4x 300 GPM) 600 GPM
“_Mixing Point
(CHILLER PLANT)

Primary Circuit (Supply) & egeopSuodsss (chilled water flow rate) 800 GPM [gdoopS
Secondary Circuit (Demand) &1 egropSoods$: (chilled water flow rate) 600 GPM (4520001
a3324] Primary Side (Supply side) flow 20p5 Secondary Side (Demand side) flow coo® (900 -
Boo = joo) 200 GPM 3gpsoopdi aBelopE By Pass Line 3203E:03E Primary Circuit (Supply)
©32005 200 GPM 20pSSecondary Circuit (Demand)8:a005i

Secondary Circuit (Demand) > Primary Circuit (Supply)
Primary Circuit (Supply) 800 GPM = Secondary Circuit (Demand) 600 GPM + By Pass Line 200
GPM (From Primary to Secondary)

o J.09 Chiller Sizing (Chiller 3agudsaonieq:guS[ges)
3200068000500992680005353:300305 Centralized Air Con system @i Chiller Plant Room o€

Chiller &1 saguS3a0:4p203 Selection CRSgE3z26300p5
6220053 22680005208:000903 powdygigicoonlydlecd

§eelgboddyjafepdgudeon Faea000598:(Office Building) (988 Air Con Gosed
[3620E:8§00¢0 pooso oopgsidom(gdaopdi Chilled Water Pump gpas¢ Cooling Tower Fan
203 Variable Speed Drive (VSD) gpsoodso€aon:aopdi §penjgbaaadiyeoonelops
326800053056 Air Con System o3 §sqj§3203¢:6608:5C6pd[gdaopdi

Monday to Friday : 9:00 am to 6:00 pm

Sturday : 9:00 am to 11:00 pm
3268000536 0opd§epesep $E qdso0ep(Location and Orientation)i oofgpseaoncdzadean
290500054203 326[gd[G: Thermal Simulation analysis ¢ Building cooling load profile o3

q§8E oS
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Chapter -12 Chilled Water Plant

Analysis of the design day simulated building cooling load profile for the
defined building operation hours.
Design Day: July 14

Note : Design day should be the day of a year where the peak building cooling load occurs; the
installed chiller plant capacity (excluding stand-by) should be designed based on this peak building
cooling load occurring on the specified simulated design day.

Building Cooling Load Profile (Ton)
Peak Building Cooling Load

1400 =1280RT
el

1200 |
1000
800 |
600 -
400 +
200

000 \,QQ P bp“ ® 600 ,\o“ Q:0" PP, P c:P § o° e° @ I\ 0‘) SeSP
LN SRR ol SRS R g o ey

3200053 Daily Building load Profile 20p5 sa6800058:ei sa[gEed: Building cooling load §oopdes
ondegel Profile [g900p5i o powr320305 AE8E0 oGades @& P58 9§00 Fo[gCed:
Building cooling load o3[gdeoo0pSi venmnadyé o oo RT [gdoopdn eadco ogqodesod
Design Day 0pcopS:esl 20001

o0be0€epd Chiller qps (93) Chiller Water System 2005 Building cooling load [gdoopd o joo RT
§§les>E Stand by chiller qpedlad 6enC:§€es3E83E:005qdepSi 0o50: Chiller Plant Room oo
Delivery cp6§Ea0p) Capacity 2005 Building cooling load coc53qpseepdlgdaopdi (Stand by
QP03 00p9eaR05qANN

6220050000005 Design Day 0g€ §eoon Cooling Load(RT) 03 38§ o3cSodgjesdjgoosoogd
65005 colum ood9ai Peak Load 1280RT 03 000% con2g) Ged[goozaopd
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Simulated Building Cooling Load:

Time Cooling Load (RT) % Part-load
0:00 0 0
1:00 0 0
2:00 0 0
3:00 0 0
4:00 0 0
5:00 0 0
6:00 0 0
7:00 0 0
8:00 1148.36 88%
9:00 114352 88%
10:00 1246 45 96%
11:00 1226.83 94%
12:00 119157 92%
13:00 117053 90%
14:00 1250.71 96%
15:00 1278.86 98%
16:00 1131.01 87%
17:00 1098.32 84%
18:00 95925 74%
19:00 809.54 62%
20:00 0 0
21:00 0 0
22:00 0 0
23:00 0 0

From the simulated building cooling load profile, the peak building cooling load is
1.280 RT (> 500 RT).

Chiller Plant Design Consideration o% Chiller Selection

Chiller Plant Design Consideration o3 Chiller Selection 2005 sacg$oqiuSg§eon
F26{03pC:306p[yo[Ge 226[gdeepd 2290530 gPigSE (Y5005 ey, I[P qPigcopds
83260005

Peak Load 1280RT 220305 2a[yd8Ead:e00n Chiller sogudsson: (Size) | §jpen

450 Refrigeration Ton - Water Cooled Centrifugal Chiller  aps = 0pgo RT

650 Water - Refrigeration Ton Cooled Centrifugal Chiller | C\P = 0poo RT

650 RT Chiller $C 450 RT Chiller 0303¢ ©pdaop) chiller combination eo&saopda?
condon§ialgpgsendoopdi 450 RT Chilleraopd o cd:000808q$c8325(G: 650 RT Chilleradog€
32000008086 S 832500001 450 RT Chilleraopd p ad: 350305 305 (Chiller water supply &
Return, Condenser water supply & Return) 3 & & c82260000n Electrical 3503050000 pé1 Control
& BAS 3309050005: 990000680Eqepd[gd20p5n Cost o3 sa6[gde) 9ddqodag€ 650 RT Chiller
Jods006908[gE:0005 Sejonsoyo§odooadoomaogdi 650 RT Chiller |
0320020005032002009656p20p0 450 RT Chiller o cd:on 30050833620006s6p C00S50:
2001 (oqsoqPeaoncd00pd )i 9fea05 450 RT Chiller o ad32505 00dadcd: Breakdown [gdog€
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450 RT 000 93sgjgoopdn 900RT (450RT x 2) o$e00:0000n 650 RT Chiller | ad:32505 0060ds0d:
Breakdown [46cqi€ 650 RT 205 ao003$c866p5i
0006390E
Peak cooling load 1280RT q§g$ 650 RT Chiller j ads cenqsadeabo000i
650 RT Chiller j ads a0p51 03 650 RT Chiller j ad: o3 running capacity opeslaopbi o3
Jodi30505 00dadads qodejeaodcopdieomt: o3 servicing [gopdes qdoomngiCeadd copdieomt:
200:03:6608:$Eq$320305 650 RT Chiller 0060d:006600080E 00265082005
aB32835[gdoos00pd 650 RT Chiller 00dad:03 Standby chiller vpealoopbi 650 RT Chiller o ads
@AIE: 1950RT o3 installed capacity opeslaopd

Step A-1 — Proposed Chillers Configuration

Installed capacity of the chillers (excluding standby) = 1,300 RT

Chillers configuration: 2 x 650 RT centrifugal chillers (operating);
1 x 650 RT centrifugal chiller (standby)

Chiller Size o3 egsgjod[Gsdon Chiller Plant Room & Efficiency (Full Load $& Part Load )od

03059056 8[gd005

9 J.0G Chiller Plant Efficiency -Full Loadogo5$25:é

0Co,p§EE BCA Building and Construction Authority ¢[g@20p5 Environmental Sustainability of
Building ©333603 §[gd:eegoon:dloogdi

650 RT Chiller 61 000% load efficiency ¢ 0.55 kW/ RT [gd20p5n kW/ RT 205 kilo watt per
Refrigeration Ton o 3c3a0p51 kW/ RT o3 chiller 0odcd:sEondads o3ewpdd chiller Plant Room
00695E 00d9 20g/C:qC: Efficiency comieeomEod §E:075q8320305 3203q00pSi 328¢luSen
Cooling Capacity 1 Refrigeration Ton g§jq§ Chiller 2005 electrical power o.§)) kW input
832000051 650 RT Chiller 330305 (650 RT x 0.55 kW/ RT = 357.5kW) 357.5kW [gd20p5n 650
RT Chiller 0g€ondaoaon:0005 Electric Motor ¢ 357.5kW 9§ 3ag0S3005gb20001

Step A-2: Determine the efficiency of the chilled-water plant at full load condition
Based on specifications, we have

A-2(a) Centrifugal water-cooled chiller (1 x 650 RT):
Chiller efficiency at 100% full-load = 0.55 kW/RT

A-2(b) Chilled-water pump (primary only):
i. 2 nos. of operating primary chilled-water pump installed with VSD
ii. Water flow rate per pump at full load (Q) =82 Us
iii. Operating static head (h)=20.5m
iv. Pump efficiency (n,) = 80%
v. Motor efficiency (n.) = 95%

Power requirement of chilled-water pump at full load (kW) = M
0°)(n,)n,.)

where  Q=water flow rate in Us

p=density of water in kg/m’ )
g=gravitational acceleration in m/s*
h=stafic pressure head in m
n.= pump efficiency
n-=motor efficiency
) (82)(1000)(9.81)(20.5)

Power requirement per pump (kW) = (105)(0.80)(0.95) =217 kW

Total pump power (2 nos) at full load (kW) =21.7 kW x 2
=434 kW

The chilled-water pump performance at full load = 43.4/ 1300 = 0.033 kW/RT
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Pump &l 6ebo kW o3 Formula o3 adsggjogodgjedoo:aopbi Pump o3 eep&saopd compay o3
pump supplier cdocopS: Pump Curve, pump Technical data 0303c0p5:qg8E 005
The Chilled water pump performance at Full Load = 0.033kW/ RT [gda0p51 328gluSen Cooling
Capacity 1 Refrigeration Ton g§q$ chilled water Pump qpssa0R05 electrical 0.033 kW input
83260000
A-2(c) Condenser water pumps
(i) 2 nos of operating condenser water pumps (N+1 redundancy for each
operating pump)

{iiy Water flow rate for the condenser water pump (Q) =123 U/s

{iiy Operating static head (h) = 20m

{v) Pump efficiency (n,)= 85%

{v) Motor efficiency (nm) = 94%

Power requirement of condenser water purp at full load (kW)

= _(123){10003(9.81)(20)

(107)(0.85)(0.94)
=302 kW
Total pump power at full load (kW) =302 x2 =604 kW
The condenser water pumps performance at full load = 60.4/ 1300

= 0.046kW/ET

650RT Chiller 350305 c33266000 Condenser Water Flow Rate ¢ 123 Liter per Second.

AHRI (009Ezedl ARI) standard saq Water Cooled Chiller gpzsac305 1 Refrigeration Ton
20305 36600 Condenser Water Flow Rate o> 3 USGPM per RT [3620051 o3efoppE GgoRT
chiller 320305 (650RT x 3 USGPM ) 1950 USGPM c3=262005 1 liter per Second = 15.9 USGPM
[§9q€ 650RT Chiller 30305 123 Liter per Second Condenser Water flow rate c822600001

The Condenser water pump performance at Full Load = 0.046kW/ RT [gd20p51 32831oS¢n
Cooling Capacity 1 Refrigeration Ton g§q§ condenser water Pump gp:s20305 electrical 0.046
kKW input c3=260005

A-2(d) Cooling towers

(i) 3 xidentical cooling towers ( 2 x cooling tower operating and 1 x cooling
tower stand-by)
(i) Heat rejection capacity per cooling tower = 815 RT
(n) Total heat rejection for 3 x cooling towers = 2445 RT
(v) Input power per cooling tower = 37.5 kW
At full load,

2x cooling towers will be operating at full capacity,

Cooling towers’ fan power consumption at full speed = 37.5 x 2 kW
=75 kW

The cooling tower performance at full load = 75/1300 = 0.058 kW/RT

99cAIC: Cooling Towers pad:onbs0Eaonzoopdi Cooling Tower d:enza§§03C:0p8
c33260008661C:650860p5[yd[Gs 0odadien Stand by sacgab{gdaopdi Stand by Cooling Tower
2005 6enCies0005 Duty Cooling Tower j ad3a505¢ 00060d:0ds Break down [9d9ayC Plant
Room 03 800500056628:$E8CqS 320305 30§00 [gEsgdo00i
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Cooling Tower performance at Full Load = 0.058kW/ RT [gdo0pSi 3283loden Cooling Capacity 1
Refrigeration Ton g§q$ Cooling Tower qps320R05 electrical 0.058 kW input c3=2000051

32000531320%¢: Equipment qps (Chiller, Chilled Water Pumps, Condenser Water Pumps $&
Cooling Towers) 0odg[g€:en Full Load Efficiency o3 ogodqiodBedon 68305313203¢8: Central
Chiller Plant 0o®$cd:ei Full Load Efficiency o3 63200503203€:0305098E 0005

A-2(e) Central chilled-water plant efficiency

¢ For central chilled-water plant operating at full load, the efficiency is:

Proposed design
Equipment Type based on specs
(KWI/RT)
Chillers (e.g. greater than 200 RT) 0.55
Chilled Water Pump 0.033
Condenser Water Pumps 0.046
Cooling Towers 0.058
Total: 0.687 < 0.7 kW/RT

320005009055p5:32¢ poenogtesdlyoonieansesmndsediogtondeoaon:angd chilled water
Plant & system efficiency o 0.687 KW/RT (4620051 e80503E603[goonseon ASHRAE ¢
2005005g|0dgp:326) 0.687 kW/RT system efficiency §o0p5 chilled water System 2025 High
Efficiency Optmized chiller Plant s2s0&{g620051 Excellent [gbeaonabesané system efficiency

2005 2000g§eomEigsaodi

New Technology High-efficiency Conventi onab'd“ Chiller Chiller Plants with
All-Vanable Speed  Optimized Code Based Plants Correctable Design or
Chiller Plants Chiller Plants Chiller Plants Operational Problems

kW/ton 05 06 07 08 08 10 11 12
C.O.P. (7.0) (5.9) (5.0) (4.4) (3.9) (3.5 (3.2) (2.9)

AVERAGE ANNUAL CHILLER PLANT EFFICIENCY IN KW/TON (C.O.P.)
(Input energy includes chillers, condenser pumps and tower fans)

Based on electrically driven centrifugal chiller plants in comfort conditioning
applications with 42F (5.6C) nominal chilled water supply temperature and open
cooling towers sized for 85F (29.4C) maximum entering condenser water temperature.
Local Climate adjustment for North American climates is ++ 0.05 kWiton




Chapter -12 Chilled Water Plant

Starting Sequence and Shutdown Sequece of Chiller Plant Room

- E
o1 T 02 “4~ T 03

Condenser Water Pumps Chilled Water Pumps

Codling Towers

Other Inputs
s T1, T2, T3...
‘_ pl' pz'
f1, f2, f3...

x_].. x2,

Monitor
Centre

0 J-0§) Starting Sequence of Chiller Plant Room

Centralized Chiller Plant qpzogeooonuosandyt es00dd Equipment gpsdlo&ogoopdi

Water Cooled Chiller

Primary Chilled Water Pump ( 008§ 6o Centralized Chiller Plant o3¢ Secondary Chilled Water
Pump §ooodaop5n)

Cooling Tower (Air Cooled Chiller o3 saaddgog€ Cooling Tower $& Condenser Water Pump od,
o&dln)

Condenser Water Pump (Air Cooled Chiller o3 saaddgioq€ Cooling Tower $& Condenser Water
Pump odlo&dli)

Air Handling Unit/Fan Coil Unit. o3{g8fo30005

Equipment gp:aopb 00d95E00696005 GE: apsaonhadtoopd Valve gpisCeaod GE: Interlock
coSoonoya0pdi Interlock s300p5¢n Equipment Safety, Humam safety, electrical 3508326505,
Mechanical 32q08326q05 036[o3p¢ 008958009 :[ys socps 052960 gCigd20dN (powd
Water Cooled Chiller o3¢ Chilled Water Pump $& Condenser Water Pump oeen&:o> Water
Cooled Chiller o3 cenCsgjoqesanapdoomggtsoopd Interlock oE{gdaopdi)i Interlocking o
Hardwire interlock $& Software Interlock $6§:§oopSi Hardwire interlock s300p5¢n Control
Panel 03¢ dlom[oBEgC ognieapad 0o6s0Eooniglgdaopdn Software Interlock 8320p5¢0
0052005 SlomoBea? gieaadielyod Building Automation o3 PLC ¢ Controller &1 3503828 Program

o€ GeE0on:0008gCe[yd 200N

Centralized Chiller Plant 00&9 &l operation c:03 000&q$ 3200053 Equipment gp: o3 Starting
Sequence 3203z 00d9[Gs0 0009200 20832093203E:000EqleRdI

o- Air Handling Unit/Fan Coil Unit qps 03 @0oeenssadepd 3aclopEsen Air Handling
Unit/Fan Coil Unit 2005 gScon:o0pSs26log€ AHU/FCU @i chiller water control valve gpsoogd
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Fully closed position [gde$20001 Singapore Stand $5553:2009 (CP13) =g
8325905006905 gb20051 AHU/FCU &l chiller water control valve qpesan:cd:805658053
Chiller water pump o3 00oEewE:qs0pdelgdSTill Adeana5005 GaueIRd

B:0p500r050l ABalopE AHU/FCU gp:ad ocow Sign 00oCewnqfadsndaopdi gpieamseandys
AHU/FCU $¢€ chiller water control valve qp:og€ Interlock coGoongogaopd

J- AHU/FCU gpsodeentBsoopdes005 Primary Chilled Water Pump o3 06w0&:q$350305
Primary Chilled Water Pump @i Isolation vavie o3 32qC¢¢q$c822600051Primary Chilled Water
Pump &l Isolation vavle g&Bzoopde§005 Primary Chilled Water Pump o 0ooEewnsdi Pump o
Isolation vavle gp:op€ Interlock cpdoongforo0pSi 0obds0005 Beoon Chiller gpsod
6en8:q8c83200qE Primary Chilled Water Pump qpo3copbs
c83260000326q8203053203C:66E:qepdI (powd Chiller 9 330305 Primary Chilled Water
Pump 9 cd:eenEzaepdi Pump qpod 00dadeBe 0odadieenqupdi vcoe 0§ eenld{S: ¢ Full
load condition opE Stable 3 ¢ 65005 0§ 02603 GLRE:A

Jon-0088), 6oon Centralized Chiller Plant og¢ Secondary Chilled Water Pump §ooo5a005
Secondary Chilled Water Pump §Cloo Secondary Chilled Water Pump &1 Isolation vavle o3
32C¢Eh Besn0d Secondary Chilled Water Pump o3eenE:diPump o3 Isolation vavle gpsogé
Interlock coSaongogo0pdn

o- Cooling Tower &l Isolation vavle o3 saq€g&dli Cooling Tower a3eenE:dli (Cooling Tower &l
Isolation vavle gp:SoSesaqi¢ Condenser Water Water Pump o3 ocen&:qol
660p5:00250056500a5ANI Cooling Tower o3 Isolation vavle gp:opE Interlock

QeRIe ot Tptebrony

G- Condenser Water Pump &l Isolation vavle o3 20gE¢Cdi odesnadCondenser Water Pump
oBeen&:dliPump o3 Isolation vavle qpsog€ Interlock cpdoog0300001 008d:0005 Jeood
Cooling Tower gpsod cunqadaadagECondenser Water Pump gpzo3copds
83260000326q8203053203E:600E:q0pd1 Pump qp2a’ 006cd8e 0odadieentiqepdi vcow 0§
een&{G: ¢ Full load condition o3& Stable [4&[Gs (full speed eepadff) &3 ¢ 65705 0§ 0dHG:03

6Ol

§- Chiller 03 cw&:0ln Chiller 350pE:5 Chilled Water $& Condenser Water o3 Flow [g6e [gd03
odq§ Flower switch of Differentical Pressuer switch 03 006s0Coosa0pdi Chiller qpsoopd chilled
water flow switch $& Condenser Water Flow switch 03¢ interlock cpbooagfogoopdi

Equipment 00695¢ 00delogpiop coengeoonTime delay cons§oo&aopdi o Equipment gpzo?d
Operator ¢ oo Manual een&:§E2003 Buildig Automation Sysetm ¢ Cotroller qpsod
2005905002:000) Schedule 2203¢: 3c860qPadewdE:8E200I

3200053 Starting Sequence 20p5 Chiller Plant Room 3a¢:opE320:ge0p§o0pdn 93605
cdogiodgodopaomni Indentical [g6@ao Chiller Plant Room 2005 §8E30005n aelopé
Consultant, Building Owner, Engineering Team 030005 88 Plant Room $¢ sa00&eagbadican
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Starting Sequence o3 Fine Tune coSop[o30000n Air Handling Unit/Fan Coil Unit gps ¢
000EewE:5E8E003 Cooling Tower ¢ copbioonEewnE:8€a0051 365005 Condenser Water
Pumpn a3e§005AHU/FCUI Primary Pump $& Secondary Pump og€aopbs 88 Plant Room $&
:00¢egPedi6000 Pump ¢ 000E§E0p5

o .06 Shutdown Sequece of Chiller Plant Room
Shutdown Sequece ¢> Starting Sequence &l 228320D¢p:03 e[gpEiyé 2203E:305[gE:ydoodn 5
§°§eenC:g8§c82062005 Chiller Plant Room gpzsacaE 0oddlondgeax Shutdown Sequece

055320000051

p003Es Shutdown cpog§a2005 Chiller Plant Room gpsog€ Shutdown gdqed Timing ¢
3209$3066¢03:00001 65005632 Chiller 03 32680005358:00090d:030508 25058 ad: g 850 o3
§°8005(Bg) 805 (Stop) 82005 adad 8o5(Stop) g [g& gdieaEagom(Energy
Saving)epcopSieepadoopdi Chiller 805(Stop) (B [B4gE: Cooling Tower $E Condenser Water
Pump o3 805(Stop) §€2051 Chilled Water Pump o} s2505: 80:0g) 856 (03] 805(Stop)
8E20051 AHU/FCU o §) 856 [03)g) 805(Stop) §Ea0p5n 3a0000e[rapEadeadd Chiller 3o5(Stop)
Ga0dcopds 6eates0000 Chiller water o 005 cwod Circulate cwS[gEdye
6222810500050 g{§E 001

Central air conditioning system o Energy soadiyeds Equipmented Chillero€lgdaogbi
Commercial 32680005358:qp0RE gO0ddlodemodideoncd:el go%aeaydod Air Con System
o 092820001 3268000533B:00090d: &1 aGodAloda:agy (Energy consumption) 2095 chiller
plant room & efficiency 8a6Alog€ @oobaobN

Chillergpeodondeoaoniongd compressor Dot condenser

Bpzoonedg€ponpde  elgpadeydoopdi  condenser copdecondzaodye) Heat rejection
[ge9Sogi€ Air Cooled Chiller vpo00dedd(Ge eqodsaadsgg Heat rejection [goodog€ Water
Cooled Chiller ~vp20050c5000n  Spodiyoon:a0pd  compressor  =a§jpea02:0000  chiller
B§zo00:3002:33[gd  200500dealedo0pd Centrifugal compressor o33a0%qqq) refrigerant o3
compression cpdogy€ Centrifugal chiller opeslaopbi poes water cooled centrifugal chiller
opaaadiyjeaon compressor G§jgen

(on)Reciprocating Compressor

() Scroll Compressor

(o) Screw Compressor

(20) Centrifugal Compressor o3 [gdaopSi
Chiller gpseii performance comEweomEsa? Chiller gpiel efficiency [g& §E:apdecp§oopd
Chiller efficiency o3 cooling 028 unit cpoSeo:q (produced) 20305 q60dg&:EE 0pdy

20%4g[00p003 03C:0m4) Glgpenpdoopd
English IP System 20305 Chiller efficiency ¢o kW/ RT [gd20p5i
Electrical Power input (kW)

kw RT =
per Tons of refrigeration (RT)

SI metric system 320305 Chiller Efficiency ¢o COP (Coefficient of performance ) [gdaopSi
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kW refrigeration

COP =
kW input

kW refrigeration effect = RT x 3.517

reciprocating compressor §§ scroll  compressor  qps @o@:b[omsoaé Direct expension
Refrigeration unit qpsog€ Energy Efficiency Ratio (EER) o3saa34g00001

Energy Efficiency Ratio (EER) = Cooling capacity (Btu/ h) / Electric power unit (W)

Chiller qpseil efficiency 20p5 Loading edlogé @ooobaopdi ad elope chiller 0o6cd: & Efficiency
eomteeomEad  olpgs full load (100% of rated capacity) 0d6900Rs03000
[3e8qefupsdase(gdsEn port load condition (90%, 80%, 70% ©20pd) & efficiency o3dl

c0pb938s Gudgenndioopdi Chiller c0o5crGopem 32600:805 Technical Data gp:o? 320gopyp:
egeqiuda$ 320305 Guze0RdI

% of Loading

Chiller A Efficiency

Chiller B Efficiency

100% Loading

0.55 kW/ RT

0.54 kW/ RT

70% Loading

0.65 kw/ RT

0.61 kw/ RT

F200006] 22680005358:00096 chiller plant room 20p5 100% Loading 0p€ 2§
:25p0:c0d0006eE ] 0q53a§$e0gpipw 70% Loading 0gtewniepbeddlan Chiller B
BegequSa0&oodi

2000d¢) Chiller  egequdq§eacgod Actual Cooling load profile o 0g$¢ 1 ©a88Edm
Integrated Part-Load Value (ILPV) rating o33293gqq] Chiller performance o3 odes0:§Eo0p5
ILPV 20p5 Chiller 3agps 6enC:600§o0pd ( common operating conditions ) 22¢[geaes0?
:6[gde) 005000:0005 Weightage Efficiency [gdo0p5

IPLV = 1/[(0.17 /A) + (0.39/B) + (0.33/C) + (0.11/D)]

Where A = kw/RT  at 100% Load
B =kw/RT at 75% Load
C=kw/RT at 50% Load
D = kw/RT at 25% Load

IPLV 3a0p5¢n Integrated par load Value [gdoopSi Actual loading o3 0288 eg8€eamelop
Chiller 3agpseedCs00pd H603 0§ 0S:g) 0g0dgd[gEiydo0di

Chiller Loading (%) Operation Hour (%)

100% Loading 17% of operation Hours

75% Loading 39% of operation Hours

50% Loading 33% of operation Hours

25% Loading 11% of operation Hour

Condenser Subcooling

Compressor oodads00pd:00 (Multistage 0052005 Chiller) dloogd Chiller qpzog€ liquid
refrigerant o3 subcooling cpS[gedgC refrigerant’s effect 3dqpsconoopdi o elopE chiller
efficiency copd:8e0mnsmnoopdi
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9 J.0q Chiller System qp:320305 Energy Saving $05:6omE:qp: (Simple Chiller Plant
Optimisation Strategies)

(o) Fixed start/stop Vs Optimal start/stop
Fixed start/stop e3o0p5¢n chiller plant room &l 65 090008 cunt:§§s¢ q0§503,03
9620 20050050001gCHgd20pdN Sgpoopdlyden espaopdgdeo eent:gs $E qO§S
03,60 ee[gpadeon
Optimal start/stop e320p5¢> $5053§$03¢ outdoor temp 20p5 2005050020009
2080005 §6es0lon chiller plant 0385635p5:c05 6onEadE(G0 00nCewryts
§Oqepd9§§0005 080§ $280nd3acd0S 0pC B:gp[gts (9B) outdoor temperature 20p5
2005905002:000) 220§$c058EAM chiller plant o3 8563a5p5:cudeong) Shutdown
c05[gE:0B [9d00pdi epadponadadadejaopds Optimal start/stop timing o3eg:qS§Ea0pd

2§Sepdy) (850) e500d03g] Genliqepdo? outdoor temperature © 0§ 0t 0059105
§E20051 vpSqieoneen shutdown load apdeepdi outdoor temp $& Building

3g052202:08 8056] 08 08:8Ea0p51 368000538{3ken:aqE Thermal mass
qP2e0006[oPE 3268000535B:30038:§ 32632:6052005 indoor temp o3 Gopgpded
008300028 Eg&soodi
(®) Leaving chilled water setpoint with constant primary flow.

VSD on6s0ooglieqc Constant speed [gEewnlseoon Chiller plant gpiog
leaving chilled water setpoint reset strategy o332054q$E¢a0p5 Leaving chilled water &l
temp o3 1°C [4Cc8c5§[yC Chiller energy consumption & 1% o3, 1.5% o3
eogpqSEaodn oospd: 1% B, 1.5% Save «po§Eaopdi Building  automation
0069080080009 226800052e8dgdagE Air Handling unit $& Fon Coil unit o3 6l chilled
water control valve position o3 [0305¢] reset [geo6§E 005

Chilled Water reset [gjop6§Eo0pdsebiqp:

(o) Resetting chilled water setpoint based on outdoor air temperature
Outdoor air temp [gEoq€ Building heat load gpsaopdi outdoor air temp 20pd

2005905002:000) 220§ S00d9xB§GyE Chilled water, setpoint o3[gESEa05
powzsg 0€omp8EEel outdoor temp 2005 32°-33°C [gdeoceo3p¢ Building Cooling
Load 20p5 33°C oBmac[gdg ogodoonoopdi 3amude] outdoor temp 20p5 29°C
320386908:00003€ chilled water setpoint o [gE§Eo0p5

Chilled water temp (C) Outdoor temp

6.7 C (Standard) 33 C (Standard)
7.2C 29 C and below
7.5C 27 C and below

(®) Resetting the chilled water set point based on total building load.
C005§32680005353:006961 00d$B0 load profile 0350sc0pd:e5005 Building
cooling load o3 saefgds] chillend water reset [go6§Ea0051 cooling load ooy
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(86c000gIC) Chilled water temp o3 [gCes§Eo0p5 3268000528 00b96l Load profile
2005 mofepe3a6e000533B:00096 Load profile $&0onn38E1 88ses0005353:6h Load
profile $&o0&eagdeom chilled water setpoint o3 gpege0da00:000:20&20001

(o)  Resetting the chilled water setpoint based on summer/ winter mode or time schedule.
658:68008:6paBp00030c305¢] Chiller water setpoint o3a(gpE:cd§Ea0pdi
G5epad6izngseds chilled water setpoint ¢ 6.7°C [gdaqC eaonCiepadondergpodad: 6l
3286902 setpoint ¢ 7.2°C [§98E20051 saonudelopéadead caoniepaBagé outdoor

temp o 86comeloE setpoint o3[yCeoggEgdoodi

2§ $070038E:3[gr20308056jc0pd: setpoint 03 elgpE:ad§Ea0pSi Shopping
center 02&920p5 po 00 §o§03¢ Chiller shutdown crEg$005005a0NNYE po © $983
(33,) @ $2§22q$03¢ chilled water setpoint o3 8.5°C 3203[gEa0n:§Ca0pdn Shopping
Center ©3059¢ 0 $2§3c303¢ Customer gpaspd:ag0gEs 1 Shopping 3203E:§e0dqp:
2§92 ©2d:600[gE:03, el Egdoopdi oj03a3, cooling load o3 predict cp68EagE
Chiller ciza03E:§ 03§oxgpie unload CYSepd9$03 veenEa’ chilled water setpoint
3 [4&[aEsyE chiller 320403j0o€ unload cvE8E{gE{gdo00 (§ 13.7 ICS).

() Resetting the chilled water setpoint based on AHU and FCU control valve position.
Building automation system (BAS) izacn=op3[g¢ AHU $& FCU 330300
(03, 32qp29) @i Valve position 6303820051 Control Valve gpzsanads (38 00podsagp:)
& position (%) 2095 valve 0069[gE:8el position (%) o3eAEd: valve
32663203095C00gCs [§do0pdn Valve s0sad:el position (%) 2005 90% cood
eopesdon chilled water setpoint o3 §660:00&20001 Valve 320:08:61 position ¢ 90%
coodgpies[gtsoopd Air Side (Demand side) § cooling load 88c82a665[E: (420201
Valve 320502 6l position 2005 90% $& 70% =20pC:§oqi€ Supply Side (Chiller
Side) $& Demand Side (Air Side) &1 cooling load 2005 p8gje$2005 (Match) v 2283105
2005660520001 Cwe§ Chiller water temperature 20p5 8acomEsads Setpoint [gdaodi
006§ 60epaopdiecd codgéoepropds eadaabeor
Valve 8a2:cd: @i position 2005 70% coodgpS:ag€ Chilled Water setpoint
o3[gE8E20p5m cva§) chilled water setpoint 2005 2005005000:0005 32[ygEad: setpointad,
0egpadeanayC codlgE8Eaopbn salgted: setpoint 03 cepodesagC sondgEes

ecdeonsol

dop€goonzanp) chilled water reset strategy @i control logic ¢26320050l8203¢E:
[g62025u

0o Maximum setpoint 00§03:5¢ Minimum setpoint 00$03:03
32EB0og$ c3z00005
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L 4
Determine position of
each valve

¥
Dstermine valve open most
(POSyax)

Decrease Increase

pressure prassure y

setpoint setpoint @s
k) 1 i

Delay )

Yes

Control strategy for optimizing variable speed chilled water pumps.
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Valve o020l position POS,,,, 03 326gde) 320C: p 3398

POSy 2090 90% ocoodgpsagi€ Minimum  setpoint Gepodecepododesoigs |
005§ chilled water setpoint 20pd 200b¢0oboons00pd  Minimum  setpoint 93,
©6gPa5ea0sdmn 0.2°C 880 2g$3500:c05 6on¢[3d0N

co05§ Chilled water stepoint aopd Minimum  setpoint o3, (Valve saoscdsel
position 20p5 90% Go3Pes0gEI000dNd: ) GePr>20p903E [gapde0pd

POSy 2990 70% $& 90% wo0305[9ddlon cood§ chilled water setpoint
Be[gpacdes ocdeor

POSy 9090 70% ococbspdidon Maximum  setpoint Gepodecepododeaoigs

005§ chilled water setpoint 20pd 2005005c00:0000  Maximum - setpoint
a3 veepodeoo:dlon 0.2°C  codfglli 20050050m000:gS  3a505:cdeonEogpddl
005§ chilled water setpoint 2005 Maximum setpoint o3 ( Valve sa5:cd:6i position

POSy 9905 70% 00055p5:65204| 030000050%:) GePada0p503¢ [grpdeaopdi

’

Condenser

Increase in chilled | |
water temperature/,,
“““““““ ¥/ ¥ Reduction in
Evaporator pressure differential
due to increase in
evaporating pressure

Expansion Compressor

device

Pressure

Enthalpy

Figure2.24 Pressure-enthalpy diagram showing effect of increasing
chilled water temperature.
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300053 P-h diagram 20pb vapour compression cycle 008903  eedlyoonsaog
Compressor oaé evaporator pressure ¢ refrigerant o% Condenser pressure
320366p0563:0E Compress co5qaopdI

Condenser Pressure — Evaporator Pressure = chiller Lift

Chiller Lift 20p5 chiller compressor &l 32005c05qaopd0wran (amount of work done)
[g62025u
R22 ce refrigerant o3saa3:{gjo0pd chiller compressor @i Lift 20p5 xxx [g®205
R-22 refrigerant &
7°C & Corresponding evaporator pressure ¢ 621KPa [gdaop5i
8°C &l Corresponding evaporator pressure ¢ 641KPa (9005
29.0 °C & Corresponding Condenser pressure o 1162KPa [gdo0p5
Chiller setpoint 03 7°C ¢ 8°C 93 [gEoo€adnodaqi€ Compressor o0pd 621 kPa (7°C) ¢
1162 kPa (29°C 93, compress codqupdseen: 641 kPa (8°C) ¢ 1162 kPa (29°C ) o3, o
compress cwoqepdn B elopE 20kPa cocSoomognieomelopé  Power Consumption
c0pb5050000000
(c) Resetting the chilled water setpoint based on return temperature

Chiller qpsei standard (AHR1) CHW supply temp ¢o 6.7°C [96[Gs CHW return
temp ¢ 12.2°C [gdoopSn CHW return temp 2005 12°C ¢ 10°C o3, oqjeo&scondlon CHW
Supply temp o3 [g8eus§CgllgE CHW return temp o3 8&&=0§S 12°C
a3 [u§eepodeosEoodn  CHW return temp o0pd 33&300§S 12°C o  10°C
a8 oqeoticon00pben  Cooling load pbscneomelopElydoopdn (CHW flow rate ¢o
e[gpCicdgod) (constant) vp opsogEded gt saefgdaopdi)
Variable flow system o3& Cooling load $p5:aq& CHW flow oongpS:0g050005 CHW return

temp ¢ o[gpCicdgedeor B eloPé oopad, reset cvo[gE:od constant flow system
32030500 32004q 205

Variable flow CHW pumping system o3& CHW Supply temp o3
[4EcBcdeomelopE  Chiller Efficiency deomEscong§ogE Higher CHW flow rate
cBmdeomaeloPpé pump gqpen dejzacpdapdeoopdi od elopE¢ more pumping engery
832600001 chilled water reset cpO[gEdyC saofjrqprogp:ad Chiller $& pumps $690dsch
energy consumption cAloz€ ogodoReepdI

X
e : Optimum Overall
1 . { (chiller + pumps)
= . —~
E- -'\‘ oy
g Chiller
C -‘-‘--"--— -
8| 00000 TTTeeemeemccceae--
S o
~ i e s B R ' Pumps

Chilled water supply temperature

Figure 2.26 Effect of chilled water temperature on chiller and pump
efficiency.
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60pE[goonsaopd3a03E:s  CHW  Supply temp [gSoonfgSieloppE  chiller & efficiency
¢3eomEaonaopdi Chilled water pumping Efficiency 0005 oqjeo:cono00bi Optimum
operating point 20p5 overall efficiency ( chiller $¢ pump $6§pocds ) sa[gEeds point
[do0pSn  Optimum operating point 20p5 chiller $& pump odel  performance
characteristic 0loR€ o008 3268000528:03c803¢) 6ypE:cdgdoopdi

Variable Air Volume (VAV) Air Handling Unit qp:ooé CHW supply temp
[4&[aE:elompE blower motor i power consumption Sgpiaon§Eaopdi

20600005603, §q0dqP:saq) 1 supply air temp 11°C to 13°C [9 8&E: coSoo0pd
AHU gp: 1 GenCieso00d AHU gpe3oog0d CHW Supply temp o3 8.5°C (47°F)
20832[gCedi000:q) reset apd&E00

Air con system & AHU o3, FCU cooling coil qpsaopd sensible cooling Gosgoonemd
Goode moisture (water vapour) o3copd: vuSooodeusgliyC indoor air ¢l Relative
Humidity o3038:e0s000200051 Gooade moisture 03005a0058E@E: (removalability) 205
CHW supply temperature colog€ ©oop50000n Cooling Coil 6l 32982005 Gcoei Dew
point temperature 00058690000y dehumitification (moisture removal) [gd§E2005u
CHW Supply temp [gEconecoeco  dehumitification [gdg  spS:aoneroeo  [gdoogd
a3 cloyp¢ conditioning space o0& Relative humidity (%) [4Gom ecBaoendoogd IAQ
[gocosogp: [gded con§Eaop

End
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