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Chapter 10- Hydronic Piping Systems

Heating system $C cooling system ¢psop€ cq(water)od heat transfer cobg§$3a0305
sadglogeamelopE “Hydomic” vp el eda00becd(mgE: [gBoopd 3a0086dlCigpign [gEwo0pd d:cd
BB 206800053334pegd dloCoopd campus facilities 030393 Fag§[o3sen:00pd 3680005
39qp:(large-scale commercial buildings)gqp:og€ saadgfo30005 chilled water system(cooling 320305)
$C steam oQewpod hot-water system(heating =acpcb) gps @dscda0pd hydornic system g

(5830065

00.0 Components in a Hydronic System

Hydronic system co®9opEdloCea00 components gpsgd

6 7 (0) Pump
1 () Load
(p)  Control valve
5 2 (G)  Balancing valve
(§)  Source
3 )  Air removal system $&

(@) Expansion unit o3[gda0o5i

¢ 00-0 Hydronic system 0069
00. J Hydronic Piping System sadjszao0sqps

Hydronic system qpzo 228m8dgC steam a3eupod hot water & chilled water ())§js S[ap:
000200001 [gEoeco(atmosphere)sé 03eop 6 §io§o? 3a6[gde) closed system $E open system vrgjeods
§E§3:%Eﬁaae§u
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Chillers and Chilled Water Systems [Ceppieledleptont )

@ 43F ®245F

40F 45F 250F 240
57F‘ 55F 185F] 190F
q) 00- J Cooling hydronic system 9 20-9 Heating hydronic system
Expansion
Chamber

Pump
Closed System Open System
¢ 00-G Closed system ¢ 00§ Open system

Closed water system qpscd 8zans(pressure)sC 2o0S (temperature)odo? soc[gde) sadjp3a00:

Sleps0o0z0000i

Closed Water Systems so§jrso0n: 8a¢(Pressure) 320§$(Temperature)

Low Temperature Water(LTW) [gCods a0z 160 psi | 3a[gCed: 30§S 250°F
Medium Temperature Water(MTW) [gCed: 830z 160 psi 250°F ¢ 350°F 32038:
High Temperature Water(HTW) 2[g¢ed: 8302 300 psi 2[gCed: :20§S 350°F
Chilled Water Systems(CWS) [gCed: 830z 120 psi 40°F ¢ 55°F(44°F ¢ 45°F)

Hydronic piping system gp:od 3odsaeqeacgadsaed g€ wonpbgropds sadjrenen: grioonzoopd
(0) Two pipe system
) Three pipe system
%) Four pipe system
Direct return system $C Reverse return system opgjeopds return o3E:03 =oc[gde)
H§pz000: Jeprecpdoopdi Primary $& secondary system opgjoopd: 0§03 326[gde) oo F[ap:
e0poopd

Two pipe system o3& 805( j)eqpEson Adoopdn 805(0)eqpEsoopd supply 305 (g6 oy$
Bodondegpesaopd return 3odlgbaopdi Heating $& cooling o 0odE505 32034qjqf olgb§Eaon
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Il

§) 00-5 Two pipe system ¢ 00-q Two pipe system og&:f?seo:n valve qp:

way valve

A

3 way valvd (Mixing)

0 xO
@ HA =Hot Water Actuator

D_{ HV= Hot Water Valve

CA =Cold Water Actuato
CV= Cold Water Valve

¢ 00-© Three pipe system ¢ 00-@ Three pipe system 0380{):0033 valve gp:

20.p Four Pipe System @il 5202000505

0065060050 heating $& cooling $6§pod:320305 eS00dgE:Belzap§S (individual zone
temperature)od control cpd8Eo001
()  Spring and Fall season gp: § chilled water $& hot water 0303 0o8[gEs05 Gus8Eaopdn
(®) @SqPegopdqopd  p§ogefodod  2005ame08E0dI cemlimmpiegmaon: ooyt
heating cvSepS 2Bewrod cooling pbepd 020pda3 od:engecdi
() Fan speed o3 226520059 cenE:8Eaomaeodpé sondadulgbedl col
eeq(water) sacgudonop §8E[gEs eqredigts(cheap) 1 22680 coniaagqud ofgts(nontoxic) $¢
Bsecnongud[ges(non-flammable) [g8gc: odelopE [gdoopdn eqoopd eqd(solid) saqpd(liquid) $E
eq:eqeg, (gaseous) 226s[gC oopdGEE00I
eqd(ice) o3 cooling system gp:og€ cooling effect o3 BecpdE  aB3&:e0pbio00s
(storage)q§=o0305 saadgjoopdn 6ed(0)edE 2000 144 Btu(335 ki/kg) cooling effect o o3eapé
0o:§Cgd:  §ooohi  eqd(0)edlCad  we[pEicdoopbesapd§  (constant temperature)  ood§oE
epdegp(melting) cooopdsedl 144 Btu owdan §eom sapgdieal(Heat energy) o3 edupognzoopdi
Saturated steam o3 heating operating 936005 heating system gpiogE saadigjoopdi Steam
& latent heat of vaporization 20p5 steam @i 3sas(pressure) adl0gE @onpboopdn Ie:§s (o) edlE

(1 Ib) §eoxn steam o} eooopdazai(atmospheric)esodogE condense(seesad) cdoddon 970 Btu
q§8Ea0p51(2256 KkJ/kg of steam) eqed saqpd(liquid)sscigzaesogE heat transfer medium =o(gd

:20)dg[gC:00p5 Bsgseepmng 0g05e[g0305001 egEonHIIRE0Rd oofgpimaad 08 E3EL5
eupodeon System 0009 &l 305a303E eqod heating operation 82005000w> cooling operation 8309050

o8gCs05 ma0dig§E200
10-3



Chillers and Chilled Water Systems [Ceppieledleptont )

Hot
water
retum

Tu.o way main

i.ahes

1:—@%{

Wwater

‘sunply\ AN _
main Chulled water ~ Challed water
+ supply main refummam ¥ ¥
(3 20-00 Pipe ¢/w two coil 4 Pipe ¢/w one coil 9 00-00 Four pipe system

eqo3 system 0069 3203E:5 heat carrier 32[g6 3205(g[gE:e[opE @605 oaHooBgp:
oe[gp&cdognicon(an§olesaog) 0mm00dd: Gael oahagdyp: elgptiadeor )

Hydronic system qpsoogd heat transfer system qp: [98fo3oopdn 220§ [¢Cesep(high
temperature)esepe sap(heat) 0303 9dup c00desnEognid: 320886 coodesep(low temperature)ad

eepdGSRE Fop(heat) qpd @8 c00da0pd system gped  “hydronic  system”  opeal 005
pownaaige chilled water system 1 hot water system 0200503 [g620201

Hydronic system qps0? 060009 Gapcoepogt 32008ad80800p0I vooezae0e
:65[g¢ caelion>o0q3gp: (properties of water) 3zaosqps(pressure distribution)s& flow qpso? [gdoopd
30300 290¢ FeglgC hydronic system qpscil properties qpod §0:c0pdgscda0pdi 0ocBuo Zaend
:265[g¢ 32§:§geoon hydronic system gzl 8&E: 0d cood[gCs ofgdoopdi

Coil
~
R ——F — R
4 Branch ¢
\
p—k{ b6 —k
\ -
\ /(.oll A
R F——  —R
¥
“\ Supply Retumn /! A
main main v
B J

A K
: : Ty
Challer —@— Chiller <

~ ~

Water Water
(a) pump (b) pump
Q 00- 9 J(0) Two-pipe direct return system (9) Two-pipe reverse system
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(B 00-0p Primary —Secondary System Source
00.G Properties of Water (cq@iochoogiqp:)

eq? speuiagl equopd oyed[gs, (expend)aonaophi eqeiogudgs, (expend)s§iod
apeooadyps(researchers) o> ™ Steam Table" (g€ 0560003 Gopad ©odonE:00E0m:00051 G620R5

20§$ 39.2°F(4°C) Beepadoopd 326l eqeiodoopbieo(density)oopd sa[gad: [gBoopb

Hydronic system qpsog€ §oopd Bssés(flow) o3 volume flow (g€ eodlgenp§oopd
Gallons Per Minute(GPM) 0068560qi€ Alad opdy 8:e0€:00001 copduoda0p0i Bewnod liter per
second(L/s) codogr&agi€ cBom wpdy| Bse0tses00p5 coduodesa0pd vp GEigooRdi

eqoopd compressible fluid 0od§jHgdeomeloPE HYS  =00cdIOy  [§OegE
expansion $& contraction [gdaopbi Closed system 320p8:03¢ §eom eegp: 320305 expansion $¢
contraction [g8[g&:0} 320905 20&engpaopd Bdagp: [gapdes d3a62000

Pipe arrangement qpzo 622005313203:(G )§j S[ap:$Coopd

(0) Single loop (9) Two pipe direct return §§
@) One-pipe main (G) Two pipe reverse return o3gdoopdn
(on) Single Loop

Terminal unit qpseascd:0d 300§:c305(serie) GoG): §odsoodSaoneamaelope “series loop”
068l B[gH{gdoopd

e

. —
Terminal —
unite

Pump

Pump

l“@—i B —
- g HW or CHW ] - '
‘( gEﬂﬂl’a!l)l ! erminat units
HW or CHW
generator | —E_[_ ..... | .
- el

(a) (o)
O 00-0G 2200050102005 series loop piping system sa§jezaon:d(a)lsometric Drawing $&(b)
Schematic [§&, ew5lgoonzoogdi
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Chillers and Chilled Water Systems

Terminal
units .

HW or CHW
generator

(a)

comEo005098,

Terminal
HW or CHW units

generator P

)

<‘;> 00-0§) Split series loop piping system (a) Isometric (b) Schematic

Terminal units

HW or CHW
generator

o 00-06

Pump r -
HW or CHW
3 generator
(b)
¢ 00-0q

Terminal units

s

ANL
>

HW or CHW
generator

Return

L

N

y

PG

@ 00-00
Two direct retum system

Terminal units
(buildings)
— -

Terminal units

HW or CHW /”}.ﬁ A

o [Ny

Return

generator plant

¢ 00-0@
Two-pipe reverse return system(a)lsometric- two pipe reverse return to a number of building(B)
Schematic
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BOILER
I |
@zm PRING
DIRECT RETURN TWO - PIPE SYSTEM
SUPPLY PIPING
BOILER
‘ ! [ | |
RETURRY FIRNES
REVERSE RETURN TWO - PIPE SYSTEM
<°3 00~ Jo
To other From other
units units

Terminal units

p———
3-way valve

S

4
cr—;w jﬂ

¢ 00~ Three pipe system

00.¢) Water Hammer [38[gé:

F20$qEdagPiean JodondeapE §eom valve oF 30dc3050000 38l§EopE water
hamm [g®edl conoopdn Sodadopt Bsesa0pd fluid oodGjgel velocity 20pd valve 305c3aigtelopE
velocity head ¢ pressure head =:5[3633 elgpC:cdogniom Jodzaogiope pressure wave ©00d9
[g0e0l 2005 o3 pressure wave 2005 saadeiaglgSsss sonic speed 4860 ft/s(1480m/s) [gE valve ol

0o[gPz00d005 GepodaBr valve 0533 [g§eapaSamnoogdi 0dsa§Eapt valve 2005 ad:0805(8: c5don
pressure wave 2000 oofgr2on0nad e[gpesontadnd valve SBgSancdad $& §oog gt Faiad:

opSadeogieoopd(dissipated [§620p5)2edd [gdesc8dudi

F2ndg 3050005 oBegsieomelopE pressure wave o valve sB[gSeepadoopd sa§fapt
water hammer o[gbed 8Econ 3a0g§en0505 [gdedl a0pdi [gE:co§aopd B8adqd8eq serious damage

(6880005
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Chillers and Chilled Water Systems [Ceppieledleptont )
00,6 Stratification [g[gC:

6q20pd IpGOGPNEREEEomE0d[g0 (poor inductor) co&§gdoopdn e3ea G625
©20pd 6qEocd 3] Ge:aopdI 632:00P) GEED YD GeIEA] (hot water layer) copdcoddon
¢o0pd eqel buoyancy force elopE eaaopd eqeisscc§iclopé eqsdb cepesrom 0ppda0dd
eqel 32048 93 eepodogrcdfepd a3ea0d ¢o0ob eq(hot water)od eeasaopd

ee@ag(cold water layer)edad copdcdohaqi€ eqpaopd buoyancy force clop¢ aedl0d
oo §esfd: eea:0000 eqel IecuigSelot 68300508 §escBbupdi ABeasdjEod 0obPodep
ofdiepbdlon opaachel aepesnagrr Béupd eopoboor Byl wpds eoppdool eqsbdjioopd
320900305 Befap: 209000y §es(gtia? “Stratification” vpesl copdi
23098590 §0300p0 VpsOgYp:

Hydronic system gp:od 83&gopbepogt  saclgdoocomanepigpid osdonoy  go:c0pd
206omeedolfgl: Bewrod Pengn §300 opsocofgl: ARelopE nugliaopd cRASqOSegp:
[giopS0005 032025

Condenser ~ water — pump o3  c3m00600p00005  JoFoopd  sagudmeeniod
ogeqIuSB[gts(oversize)zagns

32680007209 Fo4pspopE chiller plant room 2005 elgesanchood(Basement) og€ oopdeSs

cooling tower 2005 @aedlefi00d (roof top) o€ oopb§oopdn Cooling tower o condenser
water(CW)oopd ongrelgagsans(gravity) elogpé =0[4C ¢ Basement § pump ol suction 3odsa0pod
8sc08:00000p51 BelopE 830D 323E:0% copdogedes eadup tasologoopdi Pump ¢l head 20p5 6qo?
roof top § cooling tower o3 eepodes:t oR&:dqoopdi B=:[gdadel friction losses  gp:
32090503c0pds copdogod cusgepd v upsosofozoopdl odelopE over size pump o3 wosogtagd
0RedgIed 6gequd [032000n Chilled water pump 03 3262005 3agud3ae20005 Gadicu5200)d pump
o3egiqdd[gts

326800072861 o30¢og) chilled water pip friction o3 00o& cEdgE520p5 354l chilled water
20p5 basement § chilled water pump 220pC:03 oenclgadsa: (gravity) clop¢ Bseotsognzoopdi
ABefopt B B053208:03 copdogades cdup e:ugtign vpsologoopdi Chilled water circuit 2095 closed
loop [g®e000 ao3p€ friction losses 63000 005882050 tasoloyfgEselopt chiller water pump 2005
0832600050005 Jeo0:c05000) pump 33gud3ee:03 GgEgId80005[032020!
00.q sppSodqp:(Noise) (dedlfac:

6qadpE eeo $& vapour bubble 0§oopd 3281§jE0pE S0dBS egBreotglielops ©pSo0d
320003q olgbedleodl 1 Air con system qp:opC 320%geoon Sa[gCads velocity limit 20p5 8 ft/s(2.4
m/s)gdoopdi 98ea05 velocity [gEeomalopE sondadqp: [goeil cBGepdn spodad(noise) [gdedl[glssé
320p 0305e0gEs(erosion)copd: a30dq) [§0eol erpdoopSi 0odspdiaadg eppdad(noise) offgéselopt
erosion copds o[gd8Eaun snpdad(noise) qpign [goedl[gEselopE pump & impeller qpzopE cavitation

[g0edl conaopdi ea50gRbigp: agElgSen qd8ieny §oopd

Hydronic system qpzo? 8&&:giopdepog speepea(Biadizacnben B:eoligls 9d3a:a0pS(flow
resistance) o3 00058E00g PeSMSO(gbesNE ROdYA[GE: [§6oodn 9z (resistance)od
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Baansoyjeotg(pressure drop) opcopSs eal aopdi Bsazogeolsg(pressure drop)o? saqpdel 33(gE(height
of liquid column)[g¢ eeSgenpdoopdi Head loss vacopSs agpadecy Goodi

Head loss calculation [gopS[gEsel 32800 epbgudqeden

()  006e0€upd pump &l 33206000 pump head o 2005005q§ | GudoLg 32o4gE pump head o3
:60:ed: 30desep a300rod Head loss sagpsad: §2005 point 03 egegede] 0gadopegoosd

(®) System oobpad:aopd 83E: flow condition op€ balance [gdescoqs 1 0odgSizE
2005005005600 G5epogt Geepd B:58: (flow rate) 35p3saq) §9S-

(0)  Automatic control valve gqp: 320305 3260005 sagiodmacOGA(information) qpgdea
minimum pressure drop at design flow rater control valve @i CV 00§34 low load condition o€
[g6edlconed Bsmsoplgeqod (differential pressure) o3 gfjqs-

Pipe system oodgopE pipe friction $& fitting loss vpe) $6§: §oopdi Head loss o3 height of fluid

column (g€ eed[goopdn 0 sagfopt §eoon fluid & temperature

20.0 Flow 3o§joongp:

Fluid 008§ 305 oGopE &:00pd 324l laminar flow (low velocity) 286005 turbulent (high
velocity) flow [gdedl 2051

LAMINAR FLOW > Limner flow aBo0oden fluid 320380 particle

: ' : GoosgP:aopd 00dp3oodpnopd: opodel codseloP: 2203E:

28§ particle coosqpisC :PQC og, agpsagn:oopdi 006903

0069 cogPoncilgts cepeagiyts w§eol

TURBULENT FLOW - Turbulent  flow aBoopben  particle  gqpsoopd
@ ag€lg$eom =§E[gE vgsroom egagpies(gts [gdoopdn 0ode

L 7 L 7
"~ :"! " ‘J [ | ! $C 009 cepegd gocogigd egagPies(o3apdN

Low velocity(limner flow) upgjeopds 200500dg] @ high velocity(turbulent flow) oagjeopd:
2005000 ©qaopd  $69[Fps] velocity of transition e320pd critical zone co&§oopdn A3 critical
zone(velocity of transition)coo5§620p5 velocity s:cd:00p5 low velocity(laminar flow)[g®Gs critical
zone(velocity of transition)oooS[ge 20pd velocity qpesanzad:a0p5 High velocity(turbulence flow)qps

[§Boc

v
1 - - -
- I
d - B e I
- v i
i - ] E—_
Laminar Flow(Re < 2000) Disturbed Turbulent Flow Disturbed Turbulent Flow

(Re >2000 and Re <4000) (Re>4000)

Flow sa§jszaongqpzadadody) velocity profile qpzo3[gp:do? 2200050003E ewdlgoonzaopdi
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Chillers and Chilled Water Systems

comEo005098,

Heigghit ——=

Laminar |

Turbulent

Flames I

\
v/
\

Flames

__— Breakpoint

-

Belopé  laminar  flow  Bewrod
turbulence opRlgps 20059005q§ 30305 LoLdgO
critical zone(velocity of transition)od 0005005
083250000

Critical velocity 0pS 8ol internal
diameter $C fluid & viscosity adlopé gonpSoogbi

Reynolds numbers(Re)el 00§83z (€ flow sa§jsza0m:

o3 Flepegtioopd 88 qculign go:c0pd coeom
>~ edoSeo00d!

Flowy Welocty —=

Reynolds number(Re) 2100 cocsp5:0qi€ laminar flow [gdoopdi
Reynolds number(Re) 4000 cocdgpzagi€ turbulent flow [gdaopSn
Reynolds number(Re) 2100 $& 5000 [o32:03€ transition flow [g205

Reynolds number a32005¢0
V.D.w
u
where V = Velocity ft/s(m/s)
D = Internal pipe diameter, ft(m)
M = Dynamic viscosity Ib/ft.s(Pu.S )

Re =

ee(water) 220305 a30gi€ Re ¢0
(IP unit ) (SI unit )

V.D.w V.D.w
Re =7742 Re =1000 i

PO - GICYER0WDS og&awocﬁ §0500pd GomdisizagC:oopd 220 mm(diameter) S
efgeoond ¢ 0godagn:0od velocity 20p5 100 km/h [g®aopS Air properties table o3 aa%(qq) Re 03
0g050gE Re= 420,000 [gdaopdn Re= 420,000 2005 8acy&[03iwnieomelopE crost 99308 20pSaods
3205 qR2o0pdN

20.@ Laminar flow

Low velocity elo3p& laminar flow [gdedl confgés [gdoopdn Laminar flow alo3p¢ 98302505z (low
resistance) copdi Horizational pipe qpszacptsy laminar flow(low velocity) [g¢ 8:0lon stratification $&
temperature  gradient [§®edl§Ea0pdi powr-po0pd GRS Jodel Feedanndozt(lower  friction
elopC)g§oopd §5dgC B:e0ties(Ge 20500:c0d Jeza20000 GRS BodEl GENDNAHORE 2a55:cd
6520000 §843C 320900009 (g0 00§om B:eo€iescB86pdi 0303 BcBondy 32058:03E laminar
flow elop¢ stratification $C temperature gradient [gdedl[g€:0005 hydronic system ogE oo
3206000 326p[g6o001

Head loss calculation og05q0daedgCselopE laminar flow [gbedleseom system gp:ad
6 [4E8€a0p0n Oversize pipe qpa equipment gpselopE laminar flow [96ed§Eo005n Future
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expansion(egCong§ot 8eabwpd capacity)zaogod oversize cpboosgls elopoopds laminar flow
[g8edl 2005

aBefop¢ hydronic system ood9 o3 full load condition sa005900005 minimum load condition
2030500058 laminar flow &l ad:ofjegp: o[gded eent 8&E: [grpdaotaopdi

00,00 Turbulence Flow

Bllgeqeuieood osd(city water distribution)og€ ce20p5 008036000 Jodmacgtse [god8:(Gs
20dgepdopodad eepodoopdn 080393 once-through cold water distribution network gpsza005
Hazen-William formula o3 3205g8€ea05c0pd: Hazen-William formula 20p5 hydronic circuit qps
:2R0d wootergPeon 3:ad:00dda0pd resistance head loss o ogadgio5o0d formula ¢o “Darcy
Weisbach equation” [gbo0p5i Darcy Weisbach equation 2095 uniform diameter §2005 305988:03000
ogodg) qoopdi Belope dodaagudssontopep(uniform pipe diameter)esep 0odogi:del Head loss
o303 ogodq edlCopqoopdi dodzagudsaon:(pipe size)opep 3a3C:0pE Sodeac|gpE(straight pip)3od
F26p000p5s Gloopdi Valve 9300pod elbow ©20p3 pipe fitting qpscopds §8E0p01

Darcy-Weisbach equation o€ 223&:589 doEoopdn ocoedEsen straight pipe friction loss [gB[3s
3030088:e0 valve € fitting gzl friction losses [gdo05i

H = Straight pipe &l friction loss + valve fitting qps@i friction loss

L V?
ictionl Straight pi =f—=. —
frictionloss for Straight pipe = f D' 2g
VZ
friction loss for Valv, pipefitting = K E
L V? LK V2
/ D’ 2g 2g

F= friction factor given by the Colebrook equation

L= length of pipe run, ft(m)

D = internal pipe diameter, ft(m)

K = sum of the resistance coefficient(k)for the valve and fitting installed in the pipe run

(@) Friction factor 03 §g§320305 Colebrook & equitation o3 32034{gjg$ 33260005
W) fi Z—Z@‘i 0§32 g 320905 calculator B3=oo3{gie B=ado0S

B =god())qodelopE straight pipe friction o3qdq$ 220305 chart ¢ ©odop[gEsoopd
c0608:980R¢ cp[Rodgpiean $pdi{gdoopdi Straight pipe friction 03 cwdcS:gEont 3a00:gPso0Rd
;e 260 00d9wn ft per 100 ft afeupod millimeter per meter [g620001 328¢00Sen - 8800508
3056l 3265 200 ft §oopd 3aqiC pipe friction(ft) opdg§oopd0? cedlylgts [gdo0pdi

powd -pipe size(6”) $& flow rate(350 GPM) 03 a3cq€ chart ¢ voduraqE Sodeacgtsd velocity
4 ft/s $& straight pipe friction loss 0.9 ft per 100 ft o3 qoopdn 0odsp5e3a0igC Gu(000) gP53d
320305 0.9 ft pipe friction §oopdn sa0005¢) 88 =padigoopd 30den Go(§0) g€ 0.45 ft [gdoopdn
005qepd chart ¢ closed systemi schedule 40 steel pipe chart [gdaopSi

Straight pipe friction loss 2005 sa0q§(temperature)s eqaaenon: cdlogt ¢oopSood
glycol-water mixture 820305 same chart o3 32038 Ee005000: Faes(error) 3a5p5:cad §oopdn Chart
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Chillers and Chilled Water Systems [Ceppieledleptont )
& temperature range ¢> 40 ¢ 400°F(4 to 204°C)32098:000 [§020p51 320GE 400°F coyfdlon - glycol-
water mixture [gcg€ Dorcy-Weibach equation o3 saadigjs] 0305505[gEg¢ 20SmSad:eom saegnd
§8€2001

Valve §& fitting friction loss oopd fluid &l properties $& pipe & properties 03¢
©200583Ec01 Fluid 2095 paopdlgbeor eeaoopdfgbeor dodel internal surface 20p5 [36:00p3gbeol
eqpoRd [gbeo valve and fitting friction loss & 0§80 we[gplcdeon Valve $& fitting el
geometry s¢ fluid velocity edlopCoon @onpdaopbi ddelogpé sagubopaopd 805 size $E geometry
Od opagi€ friction coefficient(k)oopd copds 0poBag0005 "k factor” vpeopbieal aopdi

K factor o} pipe friction manual gpse copdieomea valve s¢ fitting cpodapdan (manufacturer)
qP2ode copdieont: §§Eo0di
H valve or pipe fitting = K 5
158 V o S ko et Gopedopfoses
K=H"
c05cSiglqpiopt 3200050 Heo0so5E ©og0d3 valve gp: 1 fitting gp:od equivalent length
[5€ esBlgg) straight pipe friction loss $& cAlEs[G: chart ¢ vo5op (03005
poe - (o) V5§D globe valve 2000 B:g8s(flow rate) (GPM 4000 or 252
L/s)§o0pd eq@aogod 320%gog¢  k-factor ¢o 5 [gdoopdi Equivalent pipe length 336 ft(102 m)sé
p3qj00pdi k-factor = 5 030dsq)
VZ
Hygipe = K@
g€ 0gedu8Eo0ad equivalent pipe length 336 ft(102 m) 1 pipe dize 12” $C flow
4000GPM(252 L/s)o3 320%(qq] closed system & schedule 40 pipe chart ¢ ©0508E20001

00.00 Jobzagudmentegequde$ 2aafgdeagodyp:(Basic of Pipe Sizing)

2005905002600 flow rate 00d9320305 Pipe @i internal diameter [Bscooagq€ fluid
velocity spdsogosf@e friction loss copbs $pd:00000001 Sod[Bsamnero godadodgelopEgdeom
absea(friction loss) spds00600 [gdaopdi

elopCsen [Frenso0pdBod (larger pipe)gp:oE currying capacity gpseomeopE 1 cross
sectional J[o3keomelopt $& sa0qE[gslg$(high velocity)od coadd§Eeomelop¢ [gdoogdi Fitting loss
c0d: Fa§3) B0ds5:0000001

Distribution system qpsog€ straight pipe loss ¢ total head loss &1 80% ¢ 90% [gd20pdn Valve
¢ fitting loss > 20% © 10% 32038 [gd20pdn Pipe system gp:od uniform pipe friction coefficient
[§0e320E saguSsaon:(pipe size) gp:ad egeqdecy §oopdi
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Hydronic system qpsell 305 32g0b3a0: geqedepagt 0.5 to 3 ft per 100 ft 9300pod(5
mm to 30 mm per m)od doonsq) GgpgIEdeY §o0o5n 0delondE Gsep 3290533 §olon friction loss
o3 5 ft per 100 ft 3300 G0 Sodaagudzeen: 03 egeqied §E0pdi

1997 ASHRAE Handbook-Fundamentals 506 3c532g008s00:6g:q/056 (pipe sizing) sa0g05
. Max. 4 ft/sec velocity in pipe 2”
»  Suggested 4 ft/sec velocity in pipes larger than 2" 200590560:00:20201
Central plant room o30R€ valve gpsi bend qpsi fitting qpsga0? 60, [gE8E205N Central plant
room ad0p€ Jobmae(epC (straight pipe) ¢> ©§o0ea0’ §pd:Ckaopdi

Hydronic pipe system gp:cd 8&E: [gopbepogt 2908 () e0& [9€ [gopdecy §oopdi vooe

:e0¢ ¢ preliminary sizing (g8 1 30300 =0e0C ¢o detail head loss calculation $& size revision
[G1p8[gE: BfgBoopdu
00.9 J 85 oz{gbedleam Friction Loss gp:

Friction losses oopb fluid viscosity $& oopBeom saq€ (velocity) [gEognesoopd

eedcdmpecosgp: 00b9sE  obesalogniop  momentum  gpimslg§EacyScoodeombigqpielopt
[g6edl conaopdn Friction losses 20p5 pipe a300p0 duct sagpbondeagpadadiazt [gbedlaopS

Pressure drop equation

Fully developed [g&[g:000: flow & friction lo3p&lgded conoopd Bsanogeotsg (pressure drop)
o3 Darcy-Weisbach equiation o3 saadgigjogodupaopdi

1) ()

IP 0psd ST opsd

Ap = pressure drop(ft) Ap = pressure drop(Pa)

f= friction factor — dimensionless(from | f= friction factor — dimensionless(from Moody Chart)
Moody Chart) L= Length of pipe(m)

L=Length of pipe(ft) D = Internal diameter of pipe(m)

D = Internal diameter of pipe(in) p = fluid density at mean temperature kg/m3

p = fluid density at mean temperature V =average velocity m/s

V =average velocity ft/s

3200050 P8¢9 (equation) o @&:32EGH (energy form) [§¢ 682005A3203E: G[PEscdewdlg§Eaopdn

Ap L\ (pV?
ah="g =f(5)-<7>

Ah=energy loss(m)
g = acceleration of gravity , m/s2

Darcy-Weisbach Equiation 20p5 22625 (fluid) qps 305 a300pod duct 32098:5 [godo0§sB:e0t:
ag0:000038] 33msededeq (pressure drop) 0edEd 0RdgIER0R0 28l 0xEaydED 320%:gooRd
Baomalegea(pressure  drop)oopd  saepS(fluid)qpsel  9odoBodegps(friction)elopé  [gBedl conoopd
Darcy-Weisbach equitation o3 fully developed flow qps3a030500 32034{g§ 20001
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Bamsadsq(pressure drop) o3qg$aacgad friction facton pipe ol 326001 dodei 2a0pCs 3aqiCs
(diameter) 8:c08:a0:0005 fluid ol 986a0pdico(density) $& Sod=aopCsd fluid cidsogaigSs(velocity)
0303 283q§c33200000n Friction factor &1 00$3:0005 g 32005580:6000 nan§:on§dgdaopd

The friction factor f1s a function of pipe roughness £, mside
diameter D. and parameter Re. the Revnolds number:

Re = DVp/u 3)

where
Re = Reynolds number, dimensionless
€ = absolute roughness of pipe wall. m
1 = dynamic viscosity of fluid. Pa-s

The friction factor i1s frequently presented on a Moody chart
(Figure 13 in Chapter 2) giving f as a function of Re with €¢/D as a
parameter.

A useful fit of smooth and rough pipe data for the usual turbulent
flow regime is the Colebrook equation:

. . 1.74—:log(g§+ ]S'Tj 4)

Another form of Equation (4) appears in Chapter 2. but the two
are equivalent. Equation (4) 1s more useful m showing behavior at
limiting cases—as €/D approaches 0 (smooth limit). the ]8.?.-"Reﬁ
term dominates; at high €/D and Re (fully rough limit). the 2e/D
term dominates.

Equation (4) is implicit in £ that 1s. fappears on both sides. so a
value for fis usually obtained iteratively.

Friction factor &1 00§8:0005 30daa0pC:sd) ol [3G:qiegpan pipe & 32038: 3oC:(diameter)
Reynolds Number(eegesy &Aod) $C friction & dynamic viscosity cdedloa€eoopdaoodi addsagad
F000OgP: o 0058k 0Ni005005(9E gedgEd[gE: Fac§santgdea o3glgdaopdi ddelopé
0§50 0050p[aE:a0p5 dgjagudonangd

Air conditioning system 2005 aadiqPieoon 305( ) §fjoopdn Schedule 40 pipe &
Galvanized Iron Class C (Class C GI pipe) o3 [gda0pSi o3eo3p¢ chilled water 320305 schedule 40 pipe
0§00 0083:qp2ad adop[aliys Sodeaoptsd ol [3biiegpa Sodsacpt: saqCs(diameter) Reynolds
Number(eegesy $0Alod)$C  friction & dynamic viscosity sxad:oBoopdagls  0gadqod[Goo:
[gBoga20005

632000RE 6edlgaoieomndaodd closed system 330905 [gdoopd Closed system aopd chiller
water circuit 9360305 chilled water S05qp2320305 [§Bo0pdup a8c8oopdi dodeadjesaanien schedule 40
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pipe [gdoopdi Design criteria 2a[gd co(000)qpS200805320505 friction loss 3 ft oBoon cocdepd
[g62025n FluideiBsognsgs(velocity) 2005 10 ft/sec cood eeoapagses [g6200N

630d 0gO32q 3ogiC:(diameter) (0)coode§ean 3052005 B:gSs(flow rate) 7 GMP o3
c005%8E[G: B0d320p8: Braolrogaroogd  =acyCoodd 2.4 ft/sec [gboopdn sagiti(diameter) (j)coode
§eoonBodaopd B:g8s(flow rate) 40 GMP o} coo5d$EB: B0d3a0p8:8:e0C: agnsaopd sacgE (velocity)
20pd 3.8 ft/Sec [g®oopdi
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CLOSED SYSTEMS
gl JB 20283 A4 56 B ip U5 2253 4 5 6 8 0 15 202530 40 60 80 I00
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FRICTION LOSS (FEET OF WATER PER ICOFT)
Design Criteria: 3" Frictional Pressure Drop per 100° Pipe Length with a Maximum Velocity of 10 fi/'sec
Figure -1 Friction Loss for CLOSED Piping Systems: Schedule 40 Steel Source: Gamer Systems Design

encdeun:oopd schedule 40 steel pipe so0pS: chilled water 980005 condenser water
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8eoCialopt [g6edconeom velocity $& pressure drop &l so0H00ga3es(goopdi Design colum 2095

consultant qpz M&E engineer qps add{gecpdieoon recommended value [§6@o0 3 ft of water pressuer
drop per every 100ft of pipe run o3 3a6[gdejogadq0H0oseax colum [gdoopdn ofeaod Velodity in side
the pipe 2095 10 ft/sec(3 m/sec) cocdedqgoi

Pipe Sizing Criteria Schedule 40 Steel 5-40 Steel

Design: 3'/100'PD, 10 fps maxvel  High: 5'/100' PD, 12 fps max vel Maxim: 7'/100' PD, 15 fps max vel

NominllOutside Wall | Inside Design High Maxim

Pipe PiametefhicknesDiametefP.D. per\elocity Flow P.D. penVelocity Flow JP.D. penVelocity Flow
Size (in) (in) {in) | 100 ft |(ft/sec)| (gpm) | 100 ft |(ft/sec)| (gpm) | 100 ft |{ft/sec)| (gpm)
0.28 0.675| 0.091 | 0.493] 3.0 0.9 0.5 5.0 1.7 1 7.0 2.5 15

0.50 | 0.840 | 0.109 | 0.622] 3.0 1.6 15 5.0 21 2 7.0 26 2.5

0.75 | 1.050| 0.113 | 0.824) 3.0 21 3.5 5.0 2.7 4.5 7.0 33 5.5
1.00 § 1.315| 0133 | 1.049] 3.0 24 6.5 540 3.2 8.5 7.0 3.7 10

1.25 | 1.660 | 0.140 | 1.380) 3.0 2.6 12 5.0 3.7 17 7.0 4.5 21

1.50 | 1.500| 0.145| 1.610) 3.0 3.2 20 5.0 4.3 27 7.0 5.1 32
2.00 | 2.375| 0.154 | 2.067] 3.0 3.8 40 5.0 4.8 50 7.0 5.7 &0
250 | 2.875| 0.203 | 2.469] 3.0 4.3 &5 5.0 5.7 85 7.0 6.5 a7

2.00 | 3.500| 0.216 | 3.068] 3.0 4.8 110 5.0 6.3 145 7.0 7.6 175

3.50 | 4.000 | 0.226 | 3.548] 3.0 .3 160 5.0 7.0 200 7.0 8.5 250

4.00 | 4500 | 0.237 | 4026] 3.0 5.8 230 5.0 7.6 200 7.0 8.8 350

5.00 | 5.563 | 0.258 | 5.047 ] 3.0 6.4 400 50 8.3 520 7.0 10.3 | e40
6.00 | 6.625| 0.280 | 6.065] 3.0 7.7 690 5.0 10.0 | s00 7.0 12.2 | 1,100

8.00 | 8.625| 0.322| 7.891] 3.0 9.0 1,400 ) 5.0 12.0 | 1,300] 7.0 141 | 2,200

10.00) 10.75 | 0.365 | 10.02) 2.7 10.0 | 2,500 | 3.8 12.0 | 3,000 | 5.8 15.0 | 3,700

12.00] 12.75| 0.406 | 1194} 2.1 10.0 | 3,500 ] 3.0 12.0 | 4,200 | 4.6 15.0 | 5,200
14.00) 14.00 | 0437 | 13.13) 1.9 10.0 | 4,200 § 2.7 12.0 | 5,100 | 4.1 15.0 | 6,300

16.00] 16.00 | 0.500 | 15.00) 1.7 10.0 | 5,500 ] 2.3 12.0 | 6600 | 3.6 15.0 | 8,300

18.00] 18.00 | 0.562 | 16.88] 1.5 10.0 | 7,000 ] 2.0 12.0 | 8,400 | 3.0 15.0 | 10500

20.00Q 20.00 | 0553 | 18.81] 1.3 10.0 | 8,900 ] 1.8 12.0 | 10400 2.6 15.0 | 13000

22000 2200 | 1.250 | 20.75] 11 10.0 | 10500} 1.6 12.0 | 12600] 24 15.0 | 15700

24.00Q 24.00 | 1.360 | 22.64] 1.0 10.0 | 12500] 1.4 12.0 | 15000 2.2 15.0 | 18700

26.00Q 26.00 | 0.750 | 25.25] 0.9 10.0 | 15500] 1.3 12.0 | 18600 2.1 15.0 | 23300

28.00] 28.00 | 0.750| 27.25) 0.8 10.0 | 18100) 1.2 12.0 | 21700] 2.0 15.0 | 27100

20.00Q 30,00 0.750 | 29.25] 0.7 10.0 | 20800} 1.1 12.0 | 25000 1.9 15.0 | 312300

32.00Q 32.00 | 0.750 | 31.25] 0.6 10.0 | 23800} 1.0 12.0 | 28500] 1.8 15.0 | 35700

24.00Q 34.00| 0.750 | 33.25] 0.5 10.0 | 2e900]} 0.9 12.0 | 32200 1.7 15.0 | 40400

26.00Q 36.00 | 0.750 | 35.25] 0.4 10.0 | 30300] 0.8 12.0 | 28300 1.6 15.0 | 45400
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comEo005098,

20.0p Pump Sizing Example (Open System)

T L

4m C=<) | Cooling

tower

Y - Water level

Heat exchanger

(:) 20-

pow- 320005dcpEeEA|Goo:e condenser water circuit 330305 336600 pump head o} 0geddl

Water flow rate = 450 CMH
Pipe diameter = 300mm
Pipe length = 100m

Number of Valves =

6(Gate Valves, fully open)

Number of Strainers =

2 take pressure loss to be the same as for the fully open

globe valve
Number of pipe bends = 15(90 Deg Standard)
Pressure Drop across Heat Exchanger | 5m

ojpoenozd pump head o codq§sa0p05 Friction Losses $& Dynamic losses 006deqiCsd0?

0050k GOICq§[gH200N

Friction Losses 2op5 pipe size(flow velocity)r pipe length $& pipe material o3edl og€eapSaogSi
Dynamic losses ooé changes in flow area(Velocity) chages in flow direction §§ obstructions

Bz opE gooboopdi

Friction losses o% ASHRAE Handbook - Fundamental &l friction loss for water in commercial
steel pipe chart ¢ 0050p20p9505:{3¢ oS 0ReS[gda0EdN Formula $&copSiopadupSEangd
()  Pipe diameter c3&:0005 pononcHBeotie56000 M§EOEGod3E:qpsgdacpdi Pipe Diameter
300mm (\%&ooé 33@)(\%& @&Déu

(®) Water Flow rate = 450 CMH

= 125 L/s - Volume Flow Rate(L/s) c®E2005 edlEadnd

c8&:qpegbo0p0n Water Flow rate = 450 CMH = 125 L/s c8E0005 328eepEdEs [g620001

BcC:5803E:g050050 32005(point) 0269036000 A point © pressure drop (20gP:cdHd
3206:66pEadtiw) 70Pa/m Pressure Drop o3 qaopdi Pipe Length = 100m x 70Pa/m = 7,000Pa 2005

Friction Losses. 0® 300m 305ada3E 125 L/s - volume flow rate ago:ag€ velocity ¢ 1.7m/sec [g62000
Chart 6dlg 9005900593 eg: Gentie56000 M§S[§Ed3E:(Velocity cdE:w)e050n8E2001
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Ref. ASHRAE Handbook — Fundamentals (friction loss for water in commercial steel
pipes)
Normal pipe design is for 150 Pa/m (1.5 ft wg / 100 ft)

Dynamic losses
Number of Valve = 6(Gate Valve, fully open)
Number of Stariner = 2(take pressuer loss to be the same as for fully open globe valve)
Number of pipe bends = 15(90 Degree Standard elbow)
j 2
vV

AP = pressure loss in Pa

K = loss coefficient

V = Velocity (mis)
p = density (kg/m3)
Nominal 90° L 90° 45° Return.  Return : Swing
Pipe En En EN Bend  Bend Long-  Tee- Tee- Glove Gate Angle Check
Dia.,, mm Reg. Long. Long  Stapdard  Radius Line Branch.  Valve Valve Valve Valve
25 043 = 04l 02 0.43 043 026 10 13 - 4.8 2.0
32 0.41 037 022 0.41 038 D25 695 12 — 3.7 2.0
40 0.40 035 0:21 040 035 0.23 0.90 10 — 30 20
50 0:38 030 020 038 030 020 - 084 9 0.34 25 20
65 0.35 028 0.1 0.35 027 0.18 0.79 8 0.27 23 2.0
] 0.34 025 0.18 0.34 0.25 0.17 076 7 022 2.2 2.0
100 o3 022 0.18 0.31 0.22 0.15 0.7 6.5 0.16 2.1 2.0
150 029 . 018 017 0.29 018 0.02 062 6 0.10 2.1 2.0
200 0.27 016 Q.17 027 0.15 0.10 0.58 . 87 0.08 21 2.0
250 025 014 0.16 025 014 0.09 0.53 57 0.06 2.1 2.0
300 024 013 0,16 024 043 0.08 0.50 57 0.05 2.1 2.0

(o) Fully Open Gate Valve () 9ei Semzqeo&g (pressure drop) cgobd

Number of Valve = 6(Gate Valve, fully open)

Fully opened gate valve & K 00§83 oo 2200050 @uaien 300mm 305 (030503 0.05{g6200
(Velocity)?

Pressure drop for fully opened Gate valve = K x density of water x 2

Pressure drop for fully opened gate valve = 0.05 x 1000 kg/ cum x 1.7 m/s x 1.7 m/s/ 2
= 72.25Pa/Gate Valve
Fully opened gate valve 0o&9eh 83a:03908:q (pressure drop) ¢ 72.25Pa [g620201
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o3elopE 6 Valves x 72.25Pa/Gate Valve = 433.50Pa for 6 no. of fully opened gate valve

(®) Strainer () 961 83a:09008:q (pressure drop) ogcdl

(Strainerei pressure drop 2095 fully opened globe valve &l pressure drop $& opp80050p vpsog)
Ogo%ooén )

Number of Strainer = 2

fully opened globe valve @il K 00§93 ¢ 8200050 @umied 300mm 805 030503 0.24{g6205
(Velocity)?

Pressure drop for fully opened globe valve = K x density of water x >

Pressure drop for fully opened globe valve = 0.24 x 1000 kg/ cum x 1.7 m/s x 1.7 m/s/ 2
= 8236.5Pa/ globe valve

fully opened globe valve a3eupdd Strainer cod96i pressure drop ¢ 346.8 Pa [gbaopSi

aBeloyp€ 2 Strainer x 8236.5Pa = 16473.00 Pa for 2 no. of Strainer

(0) 90° Elbow(Standard o3 eupob Regular) (o) 96 8sanioyeoliy (pressure drop) ogoddi
Number of pipe bends = 15(90 Degree Standard elbow)
Pressure drop for Regular(std) 90° Elbow & K 00§3: ¢ 3200050 @oonien 300mm 805 [030509i€ 5.7

[§2025u

(Velocity)?
2
Pressure drop for standard 90° elbow = 5.7 x 1000 kg/ cu m x 1.7 m/s x 1.7 m/s/ 2

= 346.8 Pa/ elbow
Standard 90° elbow 0o&9ch 3sms0q80Csq (pressure drop) ¢ 346.8 Pa [gdaopdi
adelop¢ 15 elbow x 346.8 Pa/ elbow = 5202 Pa for 15 no. of standard 90° elbow

Pressure drop for 90° Stadard Elbow = K x density of water x

Pipe Dia 300mm K Value Density |Velocity Square/ 2 = (1.7*1.7)/2 | Dynamic Loss (Pa) per fitting|No of Fitting Dynamic Loss (Pa)
Fully Opend Gate Valve 0.05 1000 1.445 72.25 6 433.50
Fully Opend Gate Valve 5.7 1000 1.445 8236.5 2 16,473.00
Dynami Loss |90 Deg Std Elbow 0.24 1000 1.445 346.8 15 5,202.00
Total Dynamic Losses 22,108.50

Pressure losses across heat exchanger= High of Water(H) x Density of Water x G
= 5m x 1000 x 9.8m = 49,000 Pa

Cooling tower static head = High of water(H) x density of water x G
= 4m x 1000 x 9.8m = 39,200 Pa

Type of Pressuer Loss Pressure Loss (Pa)
Friction Losses 70Pa/m x 100m= 7000Pa 7,000.00
Dynamic Loss 22,108.00
Pressuer losses across heat exchanger= 5m x 1000 x 9.8m 49,000.00
Cooling Tower static Head 39,200.00
Total Pressure Loss for Pump 117,308.00
Pump Head in meter of water 11.97
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Qgnop¢ pipe diameter veo002:d0qE

()  Chart ¢oodopoopdspdigtogodopgs 8dE:8amsoyeolsy (Design Pressure Drop) (o8ewpod
Friction loss) o3 805(0) 8omag€ 150Pa(150Pa/m) o3 336(gdgjog0dg0epd(gba0p5i 150Pa/m
design pressure drop 20p5(1.5ft/100ft) 02690E002005 30510060gE  1.5ft of water

pressure drop $EopoBo0p

®) Water Flow rate = 450 CMH = 125 L/s

() Pressure drop o3&:00p5 ma0qpscBodcdEiqpigdoopdn Volume flow rate(L/s) 380005
GAEBHBEeqpilgdoopdi 150Pa/mod  sacgpc®odcdEie 125 L/s oBedladaScdl:o chart
edl¢neodag€ pipe diameter o3q§$Eoop0i

-End-
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