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Chapter-2 Types of Piping Systems
Introduction

o)3208:03C chilled water piping $¢005a38000) 26[gd c0GIMEPgP:ad Ged(goozoopd
Piping system (p)qjgsS 306[g98&E: piping distribution (G)qjp 3a6[o3pEs qE:{goonsoopbn AHU 1 FCU
020pd HVAC equipment s823 cqqp: c0:3q$s00305 3a6aE03:00pd component qpesE sa0n0003 034)

006s08aon:q§ 3362005 accessory gpezae(o3pE: GeSgoonzoopdi

COOLING

EXPANSION
TANK

CHILLED
WATER PUMP

CONDENSER
WATER LOOP

@

CHILLED

WATER LOOP

COOLING
LOAD

¢ J-o Chiller 0odads0005:3lo0pd hydronic piping system (462051 Closed  piping system (chilled
water piping system) $& open piping system(condenser water piping system) ( j)§jz Jo€a05i
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Expansion Tank

Chiller

ELEVATION
DIFFERENCE

¢ J-o Open system (condenser water piping system)

Water piping system o089 [Gp9¢qS $& comEsgn 3ac0pbapbeoq§sacgnd water piping system
qpogE doCeepd valve gpa tank gpis air eliminator gp: ©20p9 328cn0og0pdcomponent qpzo?
2005005(g8s egqudlgta esepqgtiodod ACMV $& HVAC 8aEqiC8umgpion odo3pdenlgé cvba3e
6a0005geA8EBGepdI Piping system qp: 3a6[3pE:03 capamng§eacgnd piping system saqjkeaonigp:ad
3[ep:0005q§ 82260051

J-0 Hydronic Piping System sagjzeaonigp:

Hydronic system qpso? 328c0s204gE steam 86005 hot water $E chilled water opgj( ))qg
3[eps corx00p5n [g€oeco(atmosphere)sé cBeog g §iodod ac[gdg) closed system $E open system vpg)
c0pbs ez $Ea0pdn
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@ 43F ®245F

40F 45F 250F 240
57;:‘ 55F 185F 190F

c? J-G Cooling hydronic piping system <[> J-§) Heating hydronic piping system
Expansion
Chamber
Pump

Closed System Open System
Q J-@ Closed hydronic piping system ¢ JQ Open hydronic piping system

Closed water system gp:o3 3sas(pressure)sé 320§8(temperature)odo? sa6[gde) sa§jiz00:

S[epzconza0bi

Closed Water Systems so§jg300: &sz(Pressure) 320§ (Temperature)
Low Temperature Water(LTW) :[gCad: Bzans 160 psi | 3a[ged: 320§S 250°F
Medium Temperature Water(MTW) | so[q€ads 8320z 160 psi | 329q§$ 250°F ¢ 350°F 3038:
High Temperature Water(HTW) :[gCed: 8302 300 psi | :o[gCad: 320§S 350°F
Chilled Water Systems(CWS) :[gCed: B30z 120 psi | 2o0§S 40°F ¢ 55°F(44°F ¢ 45°F)

Hydronic piping system gp:o3 3o5saeq@aogabaaedlogl goopdejeopd: sadjrmaen: F[gpicon:aogdi
(@) One pipe system
W) Two pipe system
) Three pipe system
) Four pipe system
Direct return system $C Reverse return system opgjcopds return o3&:03 soclgde) sa§jsza00:
Slepreco§oopdi Primary $& secondary system opgjeopds 0§03 326[gde) 3a§jp3200: F[go: 3§ ooRd

Two pipe system o3€ 305( j)eqpEzomn A§oopSi 805 (0)eqpEsopd supply 305 [gB[G: o$
Bobonbegpesanpd return 3o5(gbooobn Heating $E cooling o3 cod[GEs05 2a24qqs c[gbSEaeon
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A =Actuatol

@ V=Valve

¢ J-© Two pipe system ¢ J-@ Two pipe system orgéof?:eoao valve qps

® ‘
p.
@ D_{ D_L HA =Hot Water Actuator

HV=Hot Water Valve
CA =Cold Water Actuato
CV= Cold Water Valve

¢ J-00 Three pipe system ¢ J-00 Three pipe system 0380."?:@030 valve qps
Piping system qpzo?3 226[gd320dgC (P)qfp 3grscoms0pdn Closed-loop 1 open-loop $& once-
thru o3 [g6205
(@) Closed-Loop (Evaporator) () Once-Thru o3g6205
) Open-Loop (Condenser) $&

J-0-0 Closed-Loop (Evaporator)

Closed-loop piping system gp:og€ @eoopd piping system a3ewrod loop 320385000654
copSu0d Go0pdl 322geono0pd adeaEms s :edogteopdy eco(ainsé Beoy g
325000008000 F[grro0pd 00d5pS:3gE 6qEopd JodzaogEidom copbouodess] [(Eosé Beoy g
(contact) o§pocaonad §05:3koopdn Closed-loop system qpso? odeqEeodades omaguS[gEs(corrosion
control) scale 1 slime $& eepd(algae) 020p503 ofgbeoleogs eopugRdiqpisé [g[g€8&(chemically
treat) codzoopSi Chemical treatment c8sabg05(requirement)qpod comEsgnenoamfG: cogpocden
5230005 20602060l0500&a00N

J-0-J Open-Loop (Condenser)

Open-loop piping system gp:oz€ 6q20pd crosé =a[godeoy, (in constant contact with the air)
e520p51 ABelopé system 2000 GrooosE 33[gode0p, (open to the atmosphere)esaopSi Open-loop
system powod9en condenser water system [g6oopdn Condenser water 2095 cooling tower o3
eepodoopdeasl cooling tower saedloese) media surface (infill) edlad ceagpisSqd: sa0qpod
98000500001 0865005 200§§86a00) condenser water gpsod cooling tower E3056[gope peoscolBs
000§ [g$c0pbood0005n ddelopé cooling tower S condenser water 205 eocosE 33[go360R 652005
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Chiller Piping ” 45° F
al:?'-_u ,-.i‘:‘:_ 3 Cu||1r
g 8 Expansion : |
‘_A__"J Tank l
| _..'_. s

Two-Way | » ] ]

m Pump 55° F Valve Three-Way

Valve

Includes:

« A chiller and/or a boiler

+ Coils that produce cooling or heating

« Two or three-way valves to control the coils

+ Piping and pump to circulate water

+ An expansion tank (insignificant water contact with air)
¢ -0 Closed-loop piping system cod903 poen=algd cwbgoonzoopdi 82000501003 a090deny0da3
§72200p52060260l0563:08 [Fpo28:0005(G: 33260000354l [gScupdeegsl 0od0p59ea8 epoyé

002200&20201

J-9-9 Once-Thru
o) system o€ eqqpsoopd system 3203€:08 008036000 ofeepad(Bs [g§ogod(discharge)
ag2:00p51 powd 0€uSeg Bewrod [§Beq eqplieqn? saadigpopd condenser water system [g620p51
Condenser water ¢ g&oc00500053a¢(rejected heat)gpzaopd [g0eqad eqpE:dad eepod§ ognzoopdi
200m06sERgepudefeoq cn5d8E05 83E:dj(acceptable from an environmental perspective)
©qepdi Open loop qps3a090502 one through sa§jpeso:03 320048 Ea0pdN
200053 system  adsdfs  ©0%:320305  3053agudmaet005505:(pipe-sizing  method)
oppBoopdi Beaod Jodmcplsd [gdedloogd odeqponodgsi(expected corrosion rates) 1 dzaos
ogjeosg(friction loss) woppdeamelopé friction loss woppdlojeon 3203gepd pipe sizing chart
oop8meon 0obspdimndgE closed loop open loop oRgpiagi€ aadgepd pipe sizing chart
@Ep:ooéu

Open-loop system q320R05200 once-thru system o3 s2a3¥{gR 005N GussigE once-
through system qps320305 chemical treatment cpdqs ocdsabeon saonudelopéadeasd open
through system qp:opC [gdeq eqplieqqps(river water)oopd system 3a03€:03 008[36000
oCeepodB [gS$ogodogmcamaelopé [96oopdi [gbeq egpliee mseqqpiod  3addgEoopdn
236005 vodosioyeacgnd ed:ojigpiod egpEa$Eeaepdi

Single Pipe
. Single Pipe System
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. Independent Decoupled Secondary Circuits for all Terminal Units
o Use Circulators Instead of Valves
o No Control Valves
. Control Zone Temperature with Circulators Only
. On/Off or Variable Speed
. No Balance Valves
o Self Balancing

Q al Water-Cooled

_ ; Condenser

- Ia: -
= 94t095°F o |

f=l=Nz]

ropengumyeed |

- Chiller -

3 gpm/fton
Condenser

Water P ° "
m bl S8°F Cooling Tower

« The water-cooled condenser is typically part of a water-cooled chiller
or water-cooled package unit

« A cooling tower rejects the condenser heat to the atmosphere
« Flow rates and temperatures are industry standards for North America
Piping and pumps circulate water

« Water is reused and exposed to the ambient conditions
in the cooling tower

¢ J-op Open-loop recirculating system 006903 $¢5233[g® ewdlgaonzaopd
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a0 B ] Once-Thru | |
3] @ Chiller with Optional !, .
L Condenser Valve *1
Source of Water to
water (river) waste or
. 9%, 9%, .. A source

* Much less common due to environmental concerns
« Water is sent to waste or returned back to source
« Large consumption of water

= Source example: river, lake, well
& J-0G Once-thru system 06903 $05933(g® cwdlgaonzaogdi

J-J Water Distribution Systems
Water distribution system qpzo3 sagjgeaon: (G)4jg(four main types) 3[gp:8Eo0p5n 32034gj00pd
Bodmoeq 320305(pipes used in the system)od ooopSe) sadjezaen: Jfgrsoos(gt: (96205 1-piper 2-
piper 3-pipe $& 4-pipe o3 (96205 Chilled water $E condenser water system piping system design gps
elopt: gEdgoon:aopdi 1-pipe system ¢ ©0oEq) oofge(p)dje(three systems)sasofeol oBsonad
e[gpadamnd(evolution)od sosc0pd20E2000n Heating $¢ cooling $8djronds 220305 320%4(g 82001
Pipe arrangement qpz0? 6820053132038:(G)§je 3[ep:§E 205
(0) 1-Pipe Systems o80wr05 Single loop
(J) 2-Pipe Systems
() 3-Pipe Systems $&
(G) 4-Pipe Systems o3[g®a0p5i

J-J-° 1-Pipe Systems

305 (0)eqpsonpdiaBom saadigoo:apd system [§&aopdi 1-pipe water distribution system
o€ opEsdooams 88:305(main pipe)dodondegpom Al§oopdi 2680005858:03 0oduc5005a0:005
1-pipe system o3 heating 320305000 2209:{g[0320051 O( J-6)0pElg cors00pd=2203¢E: supply $E return
30503 boiler $& §ode00d006e0Ea00:0005 Heating system [gbeamelogpé chiller odoeor

oo’ 88:305(main pipe)od supply $& return main 305 $6djsnd3algd 3205g0R5i
3odm0gud 3200260 0na0eadonpbs(size is constant)gdaopdi eelgpéicdeon Pipe system o eegp:aopd
zone heating terminal qps3a03&:a3 8s0&a0pdi

Terminal 3203898 eq@aspdicod(small amount of water) ofeepodogaiesyE main 3055
:200ig|cp6000:2005 dods00dugSs(special flow fitting)qpea? saoddgioonzaopd 1-pipe system qpeogé
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00690800z00p) fitting gp:o? “monoflow” fitting v eelade300p5n ad “monoflow” flow fitting qpsoopd
BamsojeoCsg(pressure drop) [gdedlcooopd

Terminal 2203E:03 oCeepodeocdonpd B:58:(flow)owdanad monoflow fitting § [gdedla0pd
Bamioyeotsg eondeol aBS:qiO(control of flow rate) copSi 1-pipe system gp:og€ zone terminal unit

qpea0p8:ad B:ofogniepd BigSs(flow rate)od oB8:qI0qS 90532005

88:305(main pipe)e eqogodognioopdesep $¢ 88:305(main pipe)ad eqlg§copd ofeepod
o0l esepeajogniopt Bsaiogeolig @00:c0bom [gbedlaopbi oBad Bsmiogeolig $05:cdd
elopEicdqgalopt cqBigs: clgpicdy qpign [g6ed§Ea005N

oBefopE 1-pipe system sagpspopC zone terminal qpsei capacity control cpbe§eacgod
B:58s(flow rate)o? regulate codq) oB§:qiO(control)oogdn  Zone terminal gpsogE airflow o3
a88:q|0gjc0pds capacity control cp68EaopS

1-pipe system @&l sa0so0gEdgps(advantages)en 3o5(0)egptiomn Afeomelope 8&E:pdo
§qCa(simple design)ooobn §eqlsaopd 83EgbeamalopE(simplicity of design) oodeo€epogé agudop
(easy installation)aopSi op§ogo§odspds(low installed cost)oopdbn o3eood 1-pipe system gpogé
a25008qi09qpz(disadvantages)gn §oopdi

cuoopoyeadgE 1-pipe system & pumping head 2005 oofgps system gpscood S[gEwnsoopdi
;ondelopEadeadd terminal P} oo§isoodeoodconeamelops  [§6oodn  Pumping  head
gpeeomelopé o&(pump) sagodseon: Sofiw:aopdi sagudseen: opBaopd oofeps distribution g
£E:0080qi€ 0§320305 g&:3aEaBe (pumping energy) Sgpzaopdi

1-Pipe System qpseil 208&:afops

1-pipe system o3 $8eAE:qpigonoop5in cpesadd(residential) qpst 32680005 sa83Cd
(smaller commercial building)qp:og€ 2a23dg3[e3o0pdn Hot water distribution system o3&
=0di{gilog00p5n Chilled water distribution 32[gd 3203g[00p503 Za0g§603 6320051 320G

Q%GOII

ocowsd: terminal 8038208 o€eepaognioopd eqyp:oopd terminal 80380 [gSogadom main
305 220p8:08 oeepodognioopdi dmedl eegpieepesog(mixing) [gdedlom boiler ¢ ogoSauo0d
eael 2080005 3860310g0200051 G20 (wWater temperature) a{gpEsad0005
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Manoflow®
Fitting

Heating
Terminal_\ -~

J'\ m— Heating-Only

Main Piping Loop
Supply and Return SYStem

(1 size throughout)

T~ System
Pump

¢ J-0§ 1-Pipe distribution system

System 3203835 eqgp: Sseolseseomcopé cepesog(mixing) [gdedl[G: =op§ oyeotiomn
BEomss cosopdesepd 500590 terminal gpiel  9agudmeonn?d  [FrenesmE  [gopdeoqd
832600051 BelopE of terminal unit qps egeqiud(selection)epagl géeog: (complicate) 90532051
832600p50005  sagudsron:  Jlofkaopd(oversized) unit gp:od  ofgbees  copdadiqeomelop
op§oqodod Sqpzoopdn Part load so6fgEeesopt sacosediesepe unit gps(end unit)oopd cBeab2005
0005 Jezadgts a3ewrod dolgEs(over or under capacity) [88Eo0p5

Unit coil 3203853 [g8edlo0pd Bsantogeodeg(pressure loss through the unit coils low) §60y
coq§ap0R05 eqzacyC(water velocity through the coils) eoagpspdiesant 8&Edgiapboomqoopdi
aBefopE saq/Cs(diameter)[o3sensaopd 3odgps(large tube diameter)o? coil BBog€ 00690E 002620251
3266320305 Jqpoopd dodgps(greater number of tubes in parallel)o? ajqoopdn Bewpdd larger coils
distribution system qpssC &E:0pdaqE esep(physical space)ogdoqod c3sabo0pdn elopé terminal
unit gpsell opSogeod(cost) dqpzoopdn 1-pipe system gpimacgod oobsoleSesep  oudoyed
0832600001

Bodondegptionpdiomn  andeolqeomaeloPpe cp§aedadoo050m0p5wy  vrsoSEeaddaopds
pump 8>guS3ae0fiwndgla dodaagudmaanoiendgla terminal unit sagouSsoondoenigl: 000p503
el onfgrronsoqo§odep: dqpdaopdi

1-pipe system qpsoopd chilled water distribution 22030532034gjg§  ©a0EenqH0RS
Fqodgps(several reasons)go §oopdi Chilled-water system opC 3203dgj00pd cegaqpdencoy: (water
quantity)oopd heating system qpsog€ =0ddgjoopd ee2aqpS3e60R:0005 Jdeomiqf Bab05i
modelopéadeadd chilled water unit coil gpsaopd temperature differential 32$p0:c0[9¢ 2096
cdqeomelopE [gdaopdi Cooling mode § Bsansop(gpsqod(differential temperature)oopd heating
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mode 03¢ eenl:aopd differential temperature cood  8s00s00p0i Bsgdieepsnq codely ddodeogs
eqB:58:2 [98[E (higher flow rate)[sE 8&E: cvSlogo0pS

1-pipe system gp:og€ chilled water [g& sa0ddgjoopdal zone terminal qp:o? sagudzaen:
[PBrerdgls macgSeseponfgls  orSoqodcdypal: olgdeoes [gScopdyq 8&Epo0Eaopdb Cooling

320905 F00[pegied20pd 5.5°C(10°F) [gdoopdi Heating cpde§sa0305 sa0qSogn[gpiqodoopd 15°C
08, [§520p51 AHU 1 FCU 0205 unit gp:od zone terminal unit o esle3eap§ooodi

(on) Single Loop
Terminal unit qpsa:cd:0? 3008305 (series) o §odsondamseomalopé “series loop”

0pealad(gEsgbo05
¢ i

Terminal —
units

Sy e —

pe V% wwaorchw| | '
i * Terminal units
‘ genarator |
HW or CHW B [
generator | 4 —— ! }
| —

(@) ()
& J-o6 3200053130005 series loop piping system sa§jzme02:03 (a) Isometric Drawing $& (b)
Schematic [& ce5{goonzoopdi

Terminal
units

Terminal
HW or CHW units
’ generator L §
{ I { —
. Pump
HW or CHW T 1 f
generator NS I f
(a) (b

53 J-0q Split series loop piping system (a) Isometric (b) Schematic
Terminal units

Pump rj—m:h

HW or CHW
generator

Terminal units,

—

(b)

HW or CHW
generator

¢ Jo® Q JOC
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Terminal units

Pump L_{ —L\ [‘i }"'L\Suppl'y

HW or CHW
generator Return

] I
L—H o

Q J-J°

J-J+J 2-Pipe Systems

2-pipe water distribution system gpzo3 heating $¢ cooling sdqjocd:z0305 320%4{g[0300001
qpead: 20d1gjoopd system [gdoopdi Fan coil unit gpa 85c0050m5E a[0Bion: AHU gpisé o3g) hot
water $& chilled water coil qps3a(gd 2a0ddg| (7300051 2-pipe system gpsogE hot water a3wupcd cold
water 03 000008 [g&[gje[gC:(alternate distribution)qjgcopSs [(§68Ea05

Heating $& cooling $&djind:20305 JodSondpood:(same  piping)sé  saadigfo300p5
200590500222000 0§$3 Gepodoopdmedl heating mode ¢ cooling mode o3 efgp&:cd0p5m o3a3
heating mode ¢ cooling mode o3copb:ieomEa cooling mode ¢ heating mode o3copS:eoms
elopEsdg$320305 2005005000000  [gEozagqS(definite  outdoor temperature)o? “changeover
temperature” opaslo0pdn

65§00503¢ cooling cpde§eaogad chiller $Ea3¢) 2adg[8e es0rEepaBagE oBEan(boiler)sE
o34 heating cp5$320305 3204qo0pd GeoEiepaBogt 3050S hot water §es(G: egepaBag chiller
eentcdo0pd324] change over [geoSo0p5i

oog,6o0  2-pipe fan coil unit gpsogE electric heater Jo€oopbi 30500ddopSiom
o0bso€aony: epadpopal c8odq) hot water distribution $& chilled water distribution $6djscds
[568Ea0p5

2-pipe water distribution system gpsog€ 2-pipe direct return $& 2-pipe reverse return vpq
06())qje [968Ea0p5n Direct $E reverse return gpesae{ogpE:od 6§00538:03¢ Gwdlg conzoopd

1-pipe system o3¢ supply $& return main 0pox oepbe[PEicdesl886o0500d: do5(0)eqpt:
00500 0068080000001 Main S0dad0pe :enlies0000 Gowdan(quantity of water flowing)
oppBoopdn Main  Jobondegpodadiog  Jodzaqls(diameter  pipe)  wegpCiad(approximately
constant)con

2-pipe system g€ supply $& return main 8050005 Bgrdadgps(separate pipes) [gdaopSi
Supply main 805 eeqpsoopd FCU/AHU 23038398 ofeepodBeesnod return main 3059803
P pleplewationtes!
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Summer Mode
Typical

Heating &
Coolin g_\
Terminal g®

-
. !,,‘-—System
Chiller . - Pump

@ J-J° 2-pipe reverse return distribution system

2-pipe direct return distribution system qps§ chiller o8ewpod ofCaone GoozpogRIECL
30532gudm02:3¢] GooscuSognieco [gdoopdn Main dodsacpl: Biesa0pd eqBigSi(quantity of water
flowing in the main) eaqpspSeognieomelopé [gdoopdn Belopé Sodmagudsaon:(saqt:)a? (pipe
diameter can be reduced) coqpq$E[gE: [g620pdn Return main op¢ sacosediesep(furthest terminal)g
Soda0gudenen: Gooscude) chiller o8ewpod oo (boiler) $E&:c0nec0 Godaagudsro: [Brwrsaneo
[g2005

2-pipe distribution system oaé 1-pipe distribution system qp:ooo% pumping head
sd:eomelopE 0§eagudseon: GadicuSoopdi 2-pipe system gpsell SasoDgIOdgPs(advantages)ed
pumping head spbseomelopE  o§sagudmeonieonicodfgls [gdaopdi  seonudelopadeadd  zone
terminal gp:03 [GEe00d0d (parallel water circuits)gé sooSconseomelopé [gdoopbn Terminal unit
B¢ cBigs: 33033o¢19§gSs20305 branch balancing valve gp: 036s08comscg€ 2 pipe system op8
flow balancing cpd g§cguSopaogdi

onfgpizanzoongod(advantage)qpien 2-pipe system @i @& terminal ood9gidad ofeepod
agnsoopd(entering each zone terminal) eeeap§S(water temperature) opp80000n 2 pipe system
qpeopE terminal unit gogodoonaopd chilled water return oopS supply main ¢ supply water $&

eepesoogoigtadle olgdedcon

Supply pipe ¢ eqsC return 3ode a0y GepesogHgt: olgdecleomelopE terminal unit
3209808 0Ceepadamnopd eqEeqs 20§Sopo8o0pdi pows- chiller water system 320305 2-pipe
system piping o3 3293¢gjog€ unit 03€:0005 chilled water 320§$ 6.7°C 0§ §§3605i

2-pipe system gpzapE 305( j)eqpls oodsooonqeamelopé 1-pipe system gpzcood ooy
0§05 Jqpzoopdi 2agudsaosonnd(systems of the same size)ag€ 2-pipe system & dodzagudsaon:(pipe
diameter)oopd 1-pipe system c0053¢) GooicuSeaodbeopd: Sa53[Rats fitting saeqeaozed Sqpigt:
elop¢ sa0B:n§oqefod(first cost) qpzoopdi
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Cooling to Heating

2-pipe system op€ changed over [gp6gs 322620001 Cooling ¢ heating a3wopdd heating ¢
cooling o3 changeover [gcodepd 32§5038 eqEa§0p5 208enqpoopd vpapsa vesags: eFS
[56qepSn a3eupcdog€ boiler a3eupdd chiller o3 thermal shock [§68Eo0pdn ma0elopE 03805
qo58:8E2051

System 23038: hot water $C chilled water $&qgocd:0d o8[gEs05(simultaneously)
c0pbuod8E[ge: o[gdCaamaelope [gdoopdn codSorE heating o3wwpdd cooling mode oodgjponn
[§68E 0005

Heating [gcoes(gEie cooling [gopdes elgpt:adaopdaeas](changeover) eqqpoopd SBam
3593 o€eepadgie§od chiller 30380800 eagpiofespadagnesxnt [gapdeudgSs (goood

Changeover [gopdes =oqj§[opoopdi condeoy saclgeacsypiogt changeover o3 olopamm
[geodes o[gd8€eon Seasonal changeover cpO[gEsoopd saodizagpsadspds(most common method)

[§6 20051 Two-pipe supplemental heating system 20pScopbs common 3203:qp:a0pd system [g20pdn

Changeover [geo6$ saq§[op[g&oopd

J-J-© 3-Pipe Systems

3-pipe water distribution system qpsogC supply main $69 $¢ return main of dlo&aobi
Supply main 090 heating 330305(g8[: 03§ supply main codegpEsen cooling 320305[gdaopdN
Zone terminal o3&:200305 305(0)eqpE:00d chilled water 220305 [9[G: 03$305(0) eqpsapd
BEcone hot water sa0R05(gdoopdn Heating $& cooling  (j)qfpocd:320305  o3(common)
[g632054gjq$ return main (o)egpEs A§oopd

Chilled water supply $& hot water supply line o3l 329u53202:03 $0$ d§86095:(normal
standard)qp:aa03E: 6g:qe5a0p0N Return 3056l 95g0d2000:0000 FagpsadieqBigss(maximum flow
rate)od 2o6[gdeepdn sagpiadieqBigSs(maximum flow rate) [gbedloopd sag§ope cooling mode

[5 euotiesdfort [9BedloopdBigs(flow rate) [gdoopdn cdelopE return dodsagudssontapd
chilled water flow o3 GomEsgo 20056e00E8E00 3agudzaengdaepdi 2-pipe system gpiogé

return main 20p5 direct return configuration a3eup05 reverse return configuration [§88E20051
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Hydronic Piping Systems GomEs005028

Summer Mode
Typical =

Heating &
Coalin g_\ o
Terminal g

E Jlaﬁ
L
-
: !,M—System
Chiller—~ E =Y Pump

¢ J-JJ 3-Pipe distribution system

3-pipe water distribution system gp:og€ zone terminal o3&:3 hot water $& cold water supply
main 305 (j)eqpe: §oopdn fan coil unit(FCU)a3eupod air handing unit(AHU) o3&:§ Sodadeqpts
%@l@é“

3-pipe system o3& egepad(summer) ¢ caonCepad(winter)od onelgpEiaopdaadl changeover
[gepdes ocd=adeon adea0d AHU/FCU sag,03 heating cpde) og§ AHU/FCU qpsa’ 0o8[gE505 cooling
c00[gCsqp o[gd8EA Hot water $¢ chilled (cold) water qps cepesnagsgEs(mixing)elopé xSy 0§od
2pSqp:8Coopdi  System  GomEigomacpbecndlgl:  [968Coopdn  3-pipe system gpiod  cwod§
3268000538 (existing building) qp:§ 6o, 8Ea0051 3203:ged(still in use) [g6205

Pumping head s3a0pSe¢n total pressure drop (ft wg) [g®oopSn Water pump gpsoopd
system 20038:5 eqqp: GomEign VEdLd8EeENE F2dfoopdesepad eepadesnt opSco:
(circulate the water through the system) $&qepdi 0§ head §60q€ 08023584 (pump energy
consumption) $p5:c8¢0pdi 0§ head $ob:eaE  BAE[GROEeOLPS: 0f head 205
adeanhesnt [gEunesqs cd2a6000i

ASHRAE 90.1

ASHRAE 90.1 2005005gj05 (0223gdqed) 32q 3-pipe system gp:od =aadiggé o§eon
mudefoptadedd caesnst cag cepegagaigts(mixing of hot and cold water in the common
return pipe) elogpé go:eat [g§:08:q [§Eed 8200

Hot water $& chilled water 030005 return 305038 eepegnagn:Eeamaeloé [§daopd
0323 eepesolgtielopE gdsmal arongt [g§:0B:g [gdeclaopd
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eomEs005028 Chapter-2 Types of Piping Systems

To other From other
units units

Terminal units

3-way valve

ot [

%
c:w%vj.

Q J-J? Three pipe system

S —

J-J-G 4-Pipe Systems

4-pipe water distribution system gp:o0pd 2-pipe system ())qfgod parallel (g 026908
condlg: [gdo0pS System 03E:03E 03uS3E supply $& return main () eqpE:d Aoopdn 3o5( ) eqpt:
Cloopd system (o) djgoopd chilled water distributing sa0g05[gdo0pS1 0830500662005 hot water
distributing s20305(g®a0p51 odelopE chilled water distributing 320305 supply $¢ return oodegptsd
[36[8s hot water distributing 220305 supply $& return codegpEsd [g6[G: epadlEs 305(g)eqpEsgdaopd

Cooling mode o€ cooling cpSe8320305 supply $& return So5(0)eqpl:BlgC chiller $&
§ods00S0ono0pdn Chilled water pipe 008§ [gdaopdi Heating mode o€ hot water distribute
068320305 supply $E return 305 (o) eqpC:8[gE boiler $& §o5e005 conso0pd hot water pipe (o) &
[§2005

3-pipe system $C woppBooobeagden hot water $& cold water o3 GepegOg(mixing)
olgbedlfge: [g620pbn Zone terminal unit o3& Bigrdgdaopd coil (J)9 (two separate coils)
Alo€20pb Coil 026903 cooling circuit $& §odso05c00i: 0§ coil 028903 heating circuit $& §od5e005
02300001 Heating $& cooling system 030005 oBsegpioncangod (completely separated) 5005

Chilled water 20p5 cooling coil 3203€:08 8:0&(flow)q] hot water 2005 o3s[gps(separate)
heating coil 35038203 8:0&(flows)oopSn 0odg5:3043E cooling coil 2038203 chilled water gpzox
o8eepod Bse0Cs0p04G: heating coil 2203E:3 hot water gpsox o€eqpadB:enlsagniaopdi Circuits
(403 Beoy,eso0pdesep ofeon 4-pipe water distribution system opE terminal unit 03¢:0pE oBs[ap:

(separate) zone control §oodu

Unit 008903 thermostat (0)98ox 006e0€aonig§ c33a000p5n  2§§038: hot water $&
chilled water (cold water) $6qjzcds q§$Ea0p5

Four-pipe distribution system 2005 two 2-pipe system ( j)qjgo?d parallel coboons[gEs [gdaopS
o) system og€ hot water & chilled water 0o8[GEs05(simultaneously) §8Ea0pSn aSqpz(zones)
gxad: cooling $E heating load 3326000932608 seasonal changeover [gepde$ oadsebeo
3268000528000920038:5  :0§:006¢,09  heating  cvdeusesod  oyfmeediqpz:  cooling
066088 Ea0pdn 98eaod gdsmad(gfiaBigeloné adad ulgIrpbooEur oxdgbenodaopd
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Hydronic Piping Systems GomEs005028

Hot water $& chilled water circuit 030005 cdsomEigadeseomalopé chilled water $& hot
water cepesolgS: opbaopdmadly olgded8Ceon 83E(gpS(design methods) valve qpssé control
c00[gE:030005 2-pipe $E 3-pipe system 035$E orp800051

4-pipe system $& 03¢) caunenedadianpd o Ccun(fossil fuel-fired boiler)od saaddgege
mSoqo§od aoodom(lower operating cost)aopdi oogj, 2-pipe system gpso€ “touch-up” electric
heater o0&eo&(built)oon:00d unit qps Ol§oopdn  Electric  heater qp3a0g0d  agibodencdamse
p&oodod Sgp:aopSi 2-pipe unit qpsogE Al§oopd electric resistance heater 03 cenC:agé or&aqed
0§0d00p5 boiler $& hot water coil 68 cen&aq€ opSoqepd 08odc0nd Sgp:apd

Distributes hot and cold water simultaneously

4-Pipe
Heating & l
Cauling_\ < '
Tarminal . i 1
Chilled
Water {
Suppl |
PP 3"\ N | Hot
Water
r Supply
TBuiIer
sl =5 ."I:. '
: i, Lio o
a8 : 8
i I E"t =
System
Chiller > ﬁglﬁumps

Q J-JG 4-pipe distribution system

4-pipe system 006e08q$320305 mHSoy§cda0pS 2-pipe $E most 3-pipe system 030005
Bqpzoopdn Zone terminal oB&:E pipe $& valve gp: 328000s08q§ cBzabeomelopE [gdoopdi
o3elopé 4-pipe system 2005 00650EqS cnsoyododsagpiadigdaopd

Four-pipe system gp:ogE terminal unit gps§ dual coil o3eopod 2-circuit coil A
conelop&aopd: eqEdqpoopdn 26800053382003E:5 305 (G)eqpe: 00690Ees 3mabeomelopé
39S BoplgEaopdi esepared cqdcd2620051 cpEoyE§odeagpiadgdapd

§posSi326800052081 VB0oudl egputio€om 0a0pd commercial building gpsoE 2-pipe system
o3 4-pipe system 0003 dsaadgpioogdi 4-pipe 0gE 200560E050m[gdg(comfort)$E  control
00688820005 2-pipe 0005 deomEsoopdn (weighed against the higher installed cost of the 4-pipe
system)

Building configuration §C space layout o3elopp& heating $& cooling o505
(simultaneously) cpdeoq$ c8ea60qiE occupant comfort 83505 (requirement) [gEwaag€ 4-pipe
system o26q§  JaoeagPoopdi  2005eanEa0damgdg(comfort)sE  control  E8E@EeoES
832600p5326lqpi0p€ 4-pipe system 2005 3a00&engHed:(makes the most sense)gdaopdn
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eomEs005028 Chapter-2 Types of Piping Systems

Seasonal changeover [gopdqs ©c8ea6000d 326800058 ¢Piaa0305 2-pipe system 20pd
moodeayPed: (96200 Cooling o28900pdigapdes a3eupod heating 00690005 [grodeSom
83260009 2268000535842320305 2-pipe system 2005 mpoofengded: (96200 0dsSiEiyE
3268000538 00p56e000506oPE  GadcopSieoms medigpizaiad: comfort comieomiqes
eomsadaejopeondoopdieomts heating $¢ cooling 0odEs05 [grpdeepd sacfgessesqp:dogC 4
pipe system 2005 3200&e0gPeds [gdoopd
J- Four Pipe System i san:000qi05¢p:

006560050 heating $& cooling $6§Eocdi30305 afodegtideizapq$ (individual zone
temperature)o3 control cpd8E20051
()  Spring and Fall season qp: § chilled water $& hot water 0303 0o8[gE505 cu:§EaopSn
(®) @8qPegp6qopd  pEoe§od0d 2005006088001 GamntimrmEcgeaon:  aogPpt

heating cp6epd 98ewrc cooling cwSepd ©a0pd03 odiongSecdi
() Fan speed 03 3265:004q¢ cent:dEaomelopé spodadelgdedcon

J-0 Direct and Reverse Return Systems

Coil
Ve
K | — R
A /
Branch
p—K{ g —
)
\ -
\ /C.ml A
c—k{___}——— S ey —
Y
l\ Supply Retum/
main main »
Y
B 1
A L ]
A K
- - 7z
Chiller @— Chailler <
N Water N Water
(@) pump (b) pump
c;> J- J9(o) Two-pipe direct return system (®) Two-pipe reverse system

Closed-loop system gp:03 direct return $C reverse return ope) c06&3[eps(classified) §E20051
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N Typical Loads
Chiller
P.D. Supply Main Drop
Pump
Head

| /’“ Return Main Drop

¢ J-JG Direct return piping (2 pipe system)

J-9-0 Direct Return

Direct return system gp:og€ return 80503 o305§ad soodoons(direct path)aopdi 305330305
mSoqo§od(piping  costs)  0050meoqs  GBod§ed  soodooxgls  [gdoopd F:50:905
(disadvantage)e> 8:58:(flow) p8qj(balance)eoq§sa0z05 fan coil unit 93ewr0d air handler 03€: 80305
balancing valve o3 32034qjg[g: [g620251

FCU 9800705 AHU gp:e3a3 s005000:0005 supply piping $& return piping obsagpS(length of
the water circuit) eoppB(different)ojeon Direct return piping og€ pump $& 8:00g> 05§a0pd FCU
320305 friction loss spSseomaelopé 3smioeoligspdiom eqypgd 30gudanny &:0E8Eaomejopé
2[goods cedigsiqp: 65086005 (Fan coils close to the pump receive greater flow rate than those
further away unless balancing is accomplished.)

Open-loop system gp:og€ condenser water system o303 cooling tower $& direct return (&

§ods00500m:0005n Balancing cpdes c8eabea0dcopds sacguSonap|gap68Eanpdn

2-18



eomso0d03§, Chapter-2 Types of Piping Systems

Source

Typical Loads

Chiller
Supply Main Drop

Pump
Head

Return Main Drop

¢ J-Jq Reverse return piping (2 pipe system)

Unit-1 || Unit-2 ﬂ | Unit-SH Unit-4[| Unit-5 H

i

b el el el J =
Supply - L2 L] L\\ /I
Return = T

-

Balancing Valves
« Water enters Unit-1 from supply
« Water leaves Unit-1 and returns directly to source
« The first unit supplied is the first returned
» Unequal circuit pressure drops result

= Circuit pressure drop through
Unit-1 < Unit-2 < Unit-3 < Unit-4 < Unit-5

» Balancing valves are a necessity

¢ J-Jo Direct return horizontal system layout
Two direct return system
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Terminal units Terminal units
(buildings)
f B > Oy O

HW or CHW /’; 2 ] Return

generaterplant 7 7 ______ A . HW or CHW
generator

t—re—T

SN Q 9o
Two-pipe reverse return system(a)lsometric- two pipe reverse return to a number of building(B)
Schematic
SUPPLY PIPING
BOILER

[ | |
RETURN PIFNG
DIRECT RETURN TWO - PIPE SYSTEM

o

BOILER
‘ ' | | |
LIKEWG&] FIRING
'REVERSE RETURN TWO - PIPE SYSTEM

Q J-90 2 pipe reverse return

J-9-J Reverse Return
Reverse return system 0 AHU 9300705 FCU 9898 e00500250009 30532105 opoBogaopd
ABefopé Bsmsoyeolig(pressure drops) sae[gdsaigé oppd(basically equal) copdn Reverse return

system gp:03 0dop FCU qpego 006e0€aon:a0pd 0Bonud 23680005358¢piaacgnd 0ppdo0b chilled
water 8:58: sacguSonon §§8Ea0a5

Gdop FCU qps3aogod o83a600pd flow rate oppdfogoopdn Bsamsogeolsg  oppBesant
[ge96e0:8Ea00d reverse return system 20p5 3a6omE:ed: [gdo0pdn 00dspSiEigE WBonudgpiogd
reverse return system oo6e0€a0&aopdn

Reverse return system gpsopE 3obsacqpsdqod(pipe lengths)eomalopé opSoqjo§od(cost)
Bqpeoopd

adeood direct return system opC balancing valve 006s08q§ 83260005 opfoqedcd ¢
£E:09809i€ reverse return system & opSoz0805 caqRs0:0005!
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Fan Coil Unit (FCU) o8ewp0d Air Handling Unit (AHU) oo&eqi€:8(individual)eh 8sansogeolsg
(water pressure drops)oopd ood95E 0069 ©o38E Gomaelopé balancing valve gp: oodsoles
8320[gE: [3620p5n ©pda0pd pipe arrange [g6cleo(regardiess of the piping arrangement) balancing

valve gps 006e08q§ 82262001

Hot

water

rctum
Tu.c way main
i- alves

ﬁlz—tgf
—E Coil

water
supply
main \ \ Chilled water  Challed water
* supply main relummam Y Y

¢ J-o Pipe c/w two coil 4 Pipe c/w one coil ¢ J-pp Four pipe system

A

J-0 Hydronic Piping System Sa§ESoemsgs ... ucvurvrrrieniieieisisssssse st 2

Q J-9G Primary —Secondary System Source
- End -

J-0:0 Closed-Loop (EVAPOrator) ...t s,

J0: ) OPeN-LoOp (CONAENSEN)....coitiitisiiiniiiiiitisinss sttt st s e,

O ONCE-TRIU .
J-J Water Distribution SyStemS...........cvviiiiiii 7



Hydronic Piping Systems GomEs005028
J:J-0 1-PIPE SYSteMS vt
Jrded 27PIPE SYSEEMS o,
J:J-9 3-PIPE SYStEMS v,
J:J:G 4PIPE SYStEMS (.,

J-0 Four Pipe System Gl Sa0s000QI00GE vurvrrrsrrsssisesinsssssss st 17

J-0 Direct and Reverse Return SYStemMS.......ivvurii i 17
J-0:0 DIrect REtUM ...,
J-0-J Reverse REtUMN ...,
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