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Hydronic Piping Systems Design Rules of Thumb

Hydronic piping system qpso? 8&EcpSlogepdongps  project =alqiE8omgps 3055E
o§3equdmnon: egeguSlogepdoyp: 3sd: 2a0g058:0kqo0Co0Rd 2agid3CVdgPgdaPSI Groad
§Edmn Rules of Thumb 00§3:qpzoonemn aBoo§B:qp:a? m§ooodamieoopd sae[gdsscjoplagp: 333§
206INoepigPadeopd: 03¢ eapanaadaopdi Gapaonslooagp: FeeslsE Rules of Thumb gp:od
[3daqds vcoeBsgrecoan(Be project 009 a3wwpdd case study oode copdogtiq crraERSN
Gooesloopgp: 0006aldeodg(gE  srscopdoneomediodes o[gd8EeomelopE (J)edlod (p)eslad
0300705 §2:00p520p03203 F2e8lo5ESl0S vodga0Edaopd

8&Esoqpa project 32EqIE&uqPEo0Rd GqraRab0RE 3cgudooy 005LI§SERES Badeagud
Fo03gP20300p5: 3209056205005 3300:00[g¢ piping (36 Fe[FapSodesapgp: 3200t GrREI0E00
32084952001
Bob3ogudsnen: agrgiud(gé: (Pipe Sizing)
(0) =[g€ad: Bsmiogeolsg(maximum pressure drop)oopd 4 ft/100 ft cood Segpcoe
() Occupied area gp:og€ 30530985 velocity 2005 sagp:ads 8 FPS 000 ugpicoq)
() Unoccupied area qp:og€ 30532038:§ velocity 3agpsads 10 FPS cood Segpscoq)

(G) Low load soefgmacs ofewrod low flow saclgmeesopl sospdiedeqeacqiE(minimum  pipe
velocity)2op5 1.5 FPS 0005 ogpbscoq

(§) ASHRAE Standard 90.1 26 95[¢e0:c000568E2005 Baansogeodsg(maximum pressure drop) o 4
Ft./100 ft [g&2000n

() Unoccupied Areas 1 Shafts 1 Tunnels 0200503220305 sagpradiea@acqié(maximum recommended
velocity) 20p5 10 FPS [gdoopSi
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(G) HVAC application gpsogE standard steel pipe $& Type L copper pipe gpsoopd soqpsed:
320%¢g[030005 JodugaSsqps(most common pipe materials) [g&20p5

(9)) Closed $& open hydronic piping system qps320305 friction loss @uxigp:od sa0d:gi§Eoopdn

@) 5", 22", 26", 28", 32", and 34" 0o0pd JodzEgUSIEIYPs(pipe sizes)oopd standard sizes

oopodeomeopé  sacgudonopocdungs  o[gd8Eeon  8&Esogpiood  3acgudonanouduagEonpd
Sodaagudmaoqpa(pipe sizes)qp:od 9300:qedi

(Q) Types K, L, and M copper pipe qp203 (o j)cocdesead sagudsson§jgd 005upq§$€aopdi (available

in sizes through 12 inch.)

(9) Standard and XS steel pipe gp:od (E)cooSezacd sagudsrongsd 0udurq§§caopdn (available in
sizes through 96 inch.)

(@) XXS steel pipe gp:od (0 ))005e3208 Fg0dm0:|d 0uS0pqd8Eaod (available in sizes through
12 inch.)

(00) Schedule 40 steel pipe qp:03 (R6)c00dezedd 3agudzendEd 0uSupq§§Eaodi (available in
sizes through 96 inch.)

(00) Schedule 80 $& 160 steel pipe gp:03 (JG)cooSesead sagudseandjEd 000urq8Ea00 (available
in sizes through 24 inch.)

(o) Schedule 5 $& 10 stainless steel pipe gp:a3 (JG)oodSesead sagudmendjEd 00durq8E0RdI

(available in sizes through 24 inch.)

(09) (00)c00500005c052005(10 inch and smaller) standard $& schedule 40 steel GoSqpsci
32038:3007 opo8[og(same dimensions)aopd

(9G) (9)co0dec0nhcud20p5(10 inch and smaller) XS $& schedule 80 steel oSqpsell 320383200
onp3[o3(same dimensions)oogS

(0g) XXS and schedule 160 3o5qps§ 3203&:3000(dimensions) a3eupod B:g8:(flow) 30305 s00500g
©§dli (no relationship)
Pipe 32§j:2002:03 c305¢) §§E205 size qpzod cuSgoonzoopdi
6. Standard Steel Pipe | 7. Standard Copper Pipe Sizes. 8. Standard Stainless Steel Pipe Sizes.
Sizes.

172", 1/2", 1/2",
3/4", 3/4", 3/4",
1", 1", 1",
11/4", 11/4", 11/4",
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11/2", 11/2", 11/2",
2, 2, 2,
21/2", 21/2", 21/2",
3, 3, 3,
4, 4", 4,
6", 6", 6",
8", 8, 8",
107, 107, 107,
12", 14", 16", 18", 20", 12", 12", 14", 16", 18", 207, 24".
24", 307, 36", 42", 48",
54", 607, 72", 84", 96",

B. Friction Loss Estimate
€)] 1.5 x System Length (Ft.) x Friction Rate (Ft./100 Ft.).

W) Pipe Friction Estimate: 3.0-3.5 Ft./100 Ft.

C. Hydronic System Design and Piping Installation Guidelines
(0) Hydronic System qp:eaogE design principle $& qpSefeqd(goal) ¢o terminal unit

qP320305  o§m§aopdBigSs(correct water flow)od oSon§a0pd 0§ (correct water
temperature [§¢ co:3q$ [§&205

(J) Common Design Errors: (soqp:a@:eog qeapglemo FP:)

(o) Differential pressure control valve o3 pump discharge bypasses 30503E oobso€aondgCe
(00dspSe3dgC Differential pressure control valve o3 pump discharge bypasses So5cR8
©02680E20EA)

(9) oedsgSimn[gCedisCanSdad: me[gsacs(maximum and minimum flows)opd  egegjdoon:0005
control valve gpzon system design pressure differentials §§es2>& control 0cpd8E[gE:

(0) Control valve gp:o} cO050d§E0p  Baamsoyeotsg(pressure  drop)oocd  Jqpsesané
egeqiud0n05eol[glan (00dspdi3adgé dzmsageolsq(pressure drop) Sgpies(gts)

(20) Primary/secondary/tertiary system qp: 830000 ¢2:0€igla (00dspbimngC  gmiogago
8&8:c0boogts)

(c) Constant flow secondary o3wupd5 tertiary system qpsod variable flow primary 280005
secondary systems qpsgE 90050305 ondeoaosgCa

(©) Pump gp: parallel operating cpdg§ 00690E20pd adlgpiogE pump @ discharge 9005 5 check
valve qpz0? oodsoocos(ga

(90) 33600050005 aacy&[od:aopd(oversized) automatic relief valve qps 0o6soEoonigEsalopé
Qodo0qad oElg$gn Bsams(pressure) caononadlgla qEdfgtiongls ooopd B sronoSmmy
[95[8€=qp: (pressure fluctuations) [gdedloopdn

() Piping System Arrangements
(o0) Pumping systems o3 8&E:x60005854 chillers 1 boilers $& cooling tower ©20p50303 one to one
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(®)

(0)

%)

pumping arrangement (each pump piped directly to each piece of central plant equipment)

a300pod headered system 06§g¢ 0o6e0E8E205
One to one System a32005¢n

(0) Chillers 1 boilers 1 cooling towers $& associated pumps ©ao0pSo3ell capacity 0pp8aopd 324
(all the equipment in the system is the same capacity) one to one pipe arrangement o%

320%¢go0&o0pdn
Headered System &300p5¢0

(0) Capacity eoppBoopd chillers 1 boilers 1 cooling towers $& associated pumps o3
o0beo€aoniagi€ true headered system o3 320%3{g| 20&o0pd

(J) Headered system o3 eeposn g&sdcomsa0p) 8&C:qp 6lgpSo0&aopdi (DO NOT USE A
MODIFIED HEADERED SYSTEM.) A modified headered sys—tem causes major operational
problems; it does not work.

(p) Headered system 8&Ccw600p0ee4l flow control device o3 onSeo€qepdi Equipment
qpesancd:d eqEapdsag) gfieogs flow control device 33[g€ balancing valve gpioBcopSs
006908qupdl qooo0pdl Sadiolgoopd equipment gpso? isolate e ooDsgP:d

Caltvetilecptiotttos)

Auto goSos00pdaesl 305qSI ¢Ea$3e0305 manual $p5gE o 22805 [gpo8Ees
control valve qpso3 o3¢] oobsoleepdn (These control valves should be provided with
manual means of opening and closing in case of control system malfunction or failure.)

(g) Boiler 1 chiller 1 cooling tower $& pump headered system gpzza0g05 Sodqps oyd[gs (g
oj.[88 [96edloopdmadl oqEdBieoq§mnoged cderNa50d esepypr CoReLIERdI

(adequate provisions for expansion and contraction of piping)
Equipment sa0:d:320305 U-shaped header connections gp: oodsoeoqepdi

Accommodate expansion and contraction (first route piping away from header, then route
parallel to the header, and finally route back toward header; size of U-shape will depend
on the temperature of the system).

Hydronic system gp:eil [§900E2005 3a600sed:(minimum recommended) 3ob3agudsaon:(pipe

size)o0pS 3/4 inch [g6205

©)

cooopoqemigé eppd2d ogodesoopd(noise generation) hydronic system gp:aopS  erosion

[g0e5200507 eudlgesoopdi

[PBeenzaopd(large system) gqpesacgo’ diversity 0o§3:qpsen
(on)Campus Heating 320305 diversity o 80% [gdoopdi

(®)
(0)

Campus Cooling 830305 diversity ¢ 65% [g®2051
Constant flow system qp2320305 load o3 diversified cpde$ c8aopdi Flow o3 diversified cobeoiq$

03 :20§§ B0d4] elgpEicdeseamnelopé [§6o05

(v0)Variable flow system qps320305 load $& flow o3 diversified co6q§ cGaopdi
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(Q) Heating or cooling system gp: 006e0€a0m:2005 central plant 22038:03  BFjadieoa$ gE[gongps
0800&sgqpzaBom o€eepadgt [goaaopd
(9) System 20pS bypass flow system [g6coi variable speed pumping system [gdco differential

pressure control [§& 6enE:a0pd3a4] system pump gp:S pressure bypass 06908 conzqepdi Bypass
flow 20p5 pump design flow & 20 percent cood ugpscoe

(@) Central plant equipment (chillers, boilers, cooling towers, and associated pumps) qp:cr‘fo
:2000588ed: 3aguSopoB(equal size units)esné Bowrod Fagudoxlgrged a38egpiesmnt egegied
20&aopdn 2[0Feds unit &l ((j)so aJeupdd (p)eo cudoopdupyps o0ds0E0m0p503 Go [¢E8E0 I

(system design may include 1/2 size units or 1/3 size units with full size equipment.)

powd- chiller system 0o693E 1,200 ton 1 600 ton $& 400 ton chiller gp: 02055088Ee0500pd: (1/3
sized units have limited application.) chiller staging cpSq§ ©053a0p5

(00) Pump Discharge Check Valves
(on) Pump discharge check valve qp:oaé center guided 1 spring loaded 1 disc type check valve qp:

[g620&2051

(9) Pump discharge check valve gpzel 2ogu53202:03 6giquS20&a0p5i Check valve o3 8&E: flow g€
full open [gdesesne (full open at design flow rate) ecooopuqeasgé check valve i
3205300220005 305329053202:0005 (0)e0¢ Jeoo:cdescd6epdi (Generally this will require the
check valve to be one pipe size smaller than the connecting piping.)

(0) Condenser water system $Coofgp: open piping system gp:ei check valve gpzoopd
e5000(g$8atisC  slamming  [g8[gC:03  omoguSun§oomigS(prevent  flow reversal  and
slamming)s20305 globe style bodies [gda0&aop5

(20) Check valve qpso3 4 to 5 pipe diameters upstream csepd 06s0€0E0p50p check valve
005G pR§logpieay(recommended by most manufacturers)§oopdi

(00) Water system gpsei 3a[gCadsesep 320:0ds(all high points)og€ air vent gpsod 006eo€ coniqepdi
Water system gpseil 3a§6ed:e5epqpiaaniads(all low points)ogE drain gp:od 006808 conzqepd
Hydronic system § automatic air vents 1 manual air vent qps $& drain qps sascd:0d 8odq
qoopdesep(safe location)qp:opE oodeoEaoeepd

(o))  Water coil gp: chiller qpai boiler gps 1 heat exchanger qps $& oofgp: similar equipment gp:
g0:00s3 thermometer qpso? supply and return piping qpsogE oodsoEoontqepd

eqsd{E  eepespopd  ;ogSod  oodupg$  thermometer  gp:od  0nGs0Co0pdsadl
eepegna0pdesep(mixing point)e dod3agqi€s ooso ogdeosaopdesep(major return streams mix at a
location approximately 10 pipe diameters downstream)og& co&eo€a0&aopb

Placing thermometers upstream of this point is not required, but often desirable, because the other
return thermometers located upstream will provide the water temperatures coming into this junction
point.
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Thermometer gp:0 030333 eepesnoopdesepy 0ndsoCamigtialopé troubleshooting cv60pd
28l cgudopoopd Liquid filled type thermometer gpsoopd dial type thermometer gpscooS 3¢
oBog)(more accurate)oopdi

(0p) Coil gp:od oegqudoopdsrsl tube velocity o3 =popi0gdcaSes Boopdn  Low  load
:efgeacsqps(conditions)ogE B:g8:(flow) ageot:8€eamelopE tube velocity ogeolsogn:cddoodn Part
load sac[gmeesopt tube velocities 2005 sacg§spd:0m laminar flow region o3a3 weepadogicoas
;op$meqE3koopdn  Tube velocities oopd  critical [gdoopdn 100 percent outside air [g&
8&8:p5000:000 coil gpeEacg0d 3p0n:a003(googoodi

Higher tube velocity o3 egeguS[ges(selection)elop water coil § higher water pressure drop
[§0c88005n Bsanzogeolsg(pressure drop) $& low load flows o3 03 2Bqe3nE egequdooCoopd Trade-
off 03 a3odgE520E 2005

(0G) Install manual air vent and drain on coupon rack to relieve pressure from coupon rack to
facilitate removing coupons. Pipe drain to floor drain.

(0g)) Manual air vent gp:o3 chemical feed tank gps§ 068020005 esosalop[gtagp: [gepdes floor

drain 02680€20&20051

(06) Makeup water s& all blowdown water connection gpss:d:op€ water meter qps 02680€
20&20001 Hydronic system gpsei (heating water, chilled water, condenser water, and steam systems
caod:gsss(water usage)od 03E:0 ©0d00&:00800: qepdi System g maintaining chemical levels
$C saemigpaglgs(troubleshooting)od 320305 0005qIE3§ayE (project budget permit) meter readings
qp03 building facilities management and control system $&§o5e005¢] logged and recorded
0068Ea00) Bomsajpeeonigp: 06s0Ea0Ea00

(0qQ) Locate all valves, strainers, unions, and flanges qp:od accessible [§do0pdesepypop 0obs0t
20&aopdi Al valves (except control valves) $€ strainers qpsoopd 8055& sagudop [g8eepdn full size of
pipe before reducing size to make connections to equipment and controls. Control Valve qpso%
0883l CV gqpeoopd 00dslonde coodSeaoicubonodoopdn Union and/or flanges qp:o? each piece of
equipment 03&:5 06s0Ecozqepdi in bypasses and in long piping runs (100 feet or more) to permit
disassembly for alteration and repairs.

(00) 23[g8(Q)eusé 2p00050zE onbenaosanpd Valve qps 320:d:320305 chainwheel operator o3¢
onbs08aeozqepdi (all valves in equipment rooms mounted greater than 7 -0"  above floor level, and
chain should extend to 5' -0" to 7' -0" above floor level.)

(o@) Balancing valve gp: sgocqé position indicator qp: &ﬁqoéu maximum adjustable stops (memory
stops) Al§qepdi

(Jo) Equipment o800pcd equipment 258:§ o38omgpiod [godo0od Baopdmedly ¢qs Bodqs
80050005 320g8Eq$320305 AB36000) valve gpraaniad:o? oodsolooniqepd

(Jo) Flow measuring device qp:aasad:o? [godg$1 0o6q§ sasolaelgoopdesep(accessible location)gp:
o€ onbsoCoosqepdi device Bo0rcd cPOBRGREP:N pR§loFP:c0n:a0pd 32038: 1 600PE5S cos0Rd

32038:(recommended by manufacturer) device ©03¢8 0o53aqCsell (00)s0 Za0>3260s(straight section
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of pipe upstream (10 pipe diameters)) $C device &l @§005 Jobzaqiliel (§)s0 3>0PIGO:
(downstream (5 pipe diameters))3 straight pipe length §eoqepd

(J) Bypass 006s0Equpdn water filter $& water softener o3 el 328:3050:03€ Show water filters and
water softener (feeding) hydronic or steam systems o chemical gp: copdeusqEopd — schematic

drawing qpes& plan dgpzod cedlgoonzeedi
(JUp)  All piping support connected to and within 50 feet of isolated equipment §§ throughout

mechanical equipment rooms gp:o3€ vibration isolator qps oodeo8aozeepdi except at base elbow
supports and anchor points.) eJlo&Al

(JS) Glycol system qps3a0305 malleable iron fitting qpso? saadselgq)

(Jg9) System m203&:§ eqel pH o3 8 to 9 of(approximately)ogE oB§:comiqepdn  pH 00§3:0000
QIsdqE 9o§[gb20p5n (pH of 7 is neutral) (Q)oood §6cq€ 320508 [3bo0pdn (below 7 is acid)i
(Q)oocdgqpaagi€ 32050:c8¢ [gdaopSi(above 7 is alkaline)i Closed system qpsei water treatment gp:
1600 to 2000 ppm Borax-Nitrite additive [gdao&aop5u

(J&)Terminal Systems
(o) DT [g68E00q) [4Ee320E 83E:pGa0E20p5n (Design for the largest possible system delta T.)

(9) Terminal unit coil qpso3 undersized ofgdeood F5pd:icdBFesnE  [gIroSaoniglioopd
BeomEoopdi Terminal unit coil o3 sos05:coS(Beesnt [grpdoonsgloopd eaocubesntd
egeg|daoiglicond Seomsoopdn (Better to have terminal coils slightly oversized than
undersized.)

terminal coils gp:og€ eqBigs: design flow rate cood (j)so SqpigEs(increasing flow rates)elo3pé
coil capacity 5 to 16 percent 3qp: con§Ea05n (p)eo Sgpiesant [gpS[gisE (tripling the flow
rate) coil capacity 205 7 to 22 percent o8 Sgpson§Eaopdi

Terminal unit coil gp:od sa0g8§[o3eniesmE(grossly oversized) egeqSondsooonag 8:§5

qoopd  [gocosn(serious control  problem)qps  [96ed§Ea0p5 Belopé  20Eergpaod  coil
g052002:03 0580007 egEgIuS0E00N

(Jq)Terminal Unit Control Methods
(o0) Terminal unit gp:od control cpbaopdsadl supply temperature o3 Geoocon:s] water flow o3
e[pEscd co:8Eo0obi(Constant Supply Temperature, Variable Flow)

(9) B58:03 deoo0onsg) temperature o3 elpE:cde0:8Ea05 (Variable Supply Temperature, Constant
Flow.)

(o) Flow Modulation to a minimum value at constant supply temperature, at minimum flow a pump
or fan, is started to maintain constant minimum flow at a variable sup-ply temperature.

(Je)Terminal Unit Design
(o0) Terminal unit qpso? 8&E:cp6o0p0204l delta T saqp2ad: qesnE [gapdooaopdi (largest possible
system delta T)
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(®)

(0)

(o)
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Terminal unit qp:od  8&E:pdoopdendl afewnod egiqudoopdsesl primary return  water
temperature  o300pod secondary return temperature §:0lo§fgbesné o30dp3es:E (closest
approach) egzgoSao&aopd

Terminal unit qpso? egequdoopdeadl full load $& partial load performance $6§:0d:03 226(gde)
egeg|oS00&2000N $6§Erd:0d comsgo operate cv68EesmE GgguSaEaopd

Coil qp20? eg:quSo0pdeedl full load o€ water velocity [gEesanE egequdooaopdi Water velocity
[48[gE:clopE coil & Bamiogeolsg gpeacdopd: part load o€ performance deomEs
c00c880pdi (Select coils with high water velocities at full load, larger pressure drop. This will
result in increased performance at partial loads.)

-End-



