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Fluid Piping Systems
ACMV  228qi€&umypancgnd pipe sizing 1 duct sizing cvd[gl:aopd esodojecgesioy
[ovdesloy =00p8a0de [g60p0n  Sodmagudsao:(pipe size)sé pump head calculation 2095
3268(3260 o0na3[pG: 3200gjqoopd 9333§ oppBoopdi ogedurgaopdmesat 35p5:c0S BgpEoodi
:200gjqepd @oos(table) 1 :ag/053a0005¢p: 1 reference ea3p0GP: 33:0d: oro8(0300001
326e00053Jq§) ME system qpopl soakmagpiadieomn fluid $8§pe> eqst o)
[§620051 BelopE MEE 32EqiEomgps ACMV 2EqiE8omgp: saes[gé eqsCeroodel oaboogdyp:

:6[oP&:0d :0600:805 Boong§ 832600001 GINARE erusteqadel oahoogdyqpind 225690
Gedlgoonopd

Physical Properties of Fluids

:epdgp:  B:00CgisC 20053800  ochoogBypiod  sropdgecocngs  Beaboobi
0360000:e0(density)$&  Goxqbq(viscosity)oopd saqpSqp: B:08igliss 2005a3E0pd FeepBro0pd
0r20g35064k [gdo0pdn
98600p5es0 (Density)

:2epdobeel 2BEoopdso(density)od p [g¢ 00decdeudgeno§oopdn Standard condition S
0060p0sda000p5S Jeomssepogiel saec:§$(mass per unit volume)aopd 9B6o0p5eo [gda0di
Fluid ood9el 036a0p5se0(density) s3aopSen  standard condition saelgeeesogé §oopd mass o3
a000p5(volume)s¢ o2002gE: [§620p5n Standard indoor condition e32005¢0 S298:el 30GS 20°C 5E
Gcoood3: 101.325 kPa (sea-level atmospheric pressure) [gdoopdi cocopSoopd aaisCeapdad
c805q] e[p:cdeseanelopt eudggrdodmeoas d206(geee$000903 2005005e[gE: [daop5

The densities of air and water (Fox et al. 2004) at standard indoor conditions of 20°C and
101.325 kPa (sea-level atmospheric pressure) are

p ater = 998 kg/m3
pair = 1.21 kg/m3
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ecoiqbq(Viscosity)

Fluid ood§jgel coiqdg a300pSen andagod saagngps(adjacent fluid layers) egagpigSaod
9doomsg [gdaopS(Viscosity is the resistance of adjacent fluid layers to shear.)i Fluid & 8:eo8sq o3
@doodg ﬁﬁwéu
Viscosity

eoxqbaqpag€ high viscosity op 200500d0p51 Goqbaqpgs(high viscosity) e3o0pden
8:008:q8 32098005807 BcBoopdi 6q§86: $& PSS eaEo0S B¢ corqbeomelopé Bisoligs
005320051 226p0gP:00p5 Za6gYR00S J6) Gosgdaod

Fluid o06§goopd 3q) eosqdeco S:eoligs 0053ec0 [9da0pdi cosqdagpsoopd 3aqpdgp:
8:e08:00q8320905 0§06:3>E (pump energy) adsa60001
cosqdg(viscosity of a fluid)oB $05:( ))§Eg¢ eodlgSEaopd
(o0) Absolute or dynamic viscosity

Absolute or dynamic viscosity s300p5¢n fluid qps de[gpEsgEs(internal deformation) o3

99002288 008803 Gw[goopdme03Eaa0m [§60pSN(This is a measure of a fluid's resistance

to internal deformation.) Dynamic viscosity & Oﬁ&fo Pascal seconds (Pa s) or Newton

seconds per square metre (Ns/m?) (§62005n [1Pa s = 1 Ns/m?]

(@) Kinematic viscosity
Kinematic viscosity &3a0p0¢n absolute viscosity $& density o3¢l sagjg(ratio) (9S00
Kinematic viscosity &1 oa$6¢> metres squared per second (m?/s)g620051

BoPen0g€:] [gBedloopd 83mayjeosq(Pressure Loss in Pipes)

;egs 20q0(fluid)gp: 305 Boupod duct so0p8:S B:e08s(flow)aopdaadl saclogpCigpagd
(several factors)elopé Bsm:0083:0ye0€4gEs(loss of pressure) o3woncd Bs:§dmygs(pressure
drop) [gdedloopbu

() goba3edg(friction)gqpaalogpé 8zaniogeotsq [ded(gE:
3obmpl: qodsnlg€  [036:0064g8e(roughness of the inside surface of the pipe)
BobaaqiCs(pipe diameter)sé 3aqpSel ochoogdqps(physical properties of the fluid)eloppé
@050305¢(friction) [gbeclaopdn
Fluids $& 3oSmacp8: qodsnlg€almelop: [gbedloopd ¢o5o305g [§620pdn [gbedloopd
@05a30de(friction)owdanoopd SodsagiEs(diameter) 1 saag€ (fluid velocity, V) $& saqpdel
ocMo0g3gp: 3260l0RE ©o0p52000I

() egdodielopt elgplicdfgliclope smiogeoliy [goedl[gés(Changes in size and shape or

direction of flow)
Fluid 8:e08:e50000 Jodsagudsaons(diameter) a[pC:cdfgls $&  305oo0amns (shape)
o[pE:cdlgls Bovpdd codielogps(direction)elgpEgla BioopSep elgplicdgé: oBelopé
Bza0: ogpeosq [gdedl00pd

(0) sa0n§E0migs Z0M:Eaadigp:(obstructions) gpzalopE Bsatoyeotsq [gdedl[ges
doSamdgE fitting o300nd valve 0p€ [gbedloopd Bsansogeotag(pressure loss)aopS 323E:
$ooans 6[§pEon§:0005805(cylindrical straight pipe)gp:agé [gbedloopd 8smingeoligoond
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Bqpzoopdi
BodqpeopE Bamoyeotsg [g6edleonopd 3280 maelo3pEqls(major cause of pressure loss)
2005 20008 Za00sgps FoxszeBigps(obstructions) qpselopE [gBoopd

elgpon§ieso00d dodgps(straight pipe)3aogtsy saqpdyqp: Bssolsesoopdasedl flow plattern
opp8o0pdn Sobaagudenen: wefpliagl€ dodondengpadadiont flow pattern aopd opodesoopdi Valve
a30w0d fitting qpsogt sepSqp: B:eofs00pd04l flow pattern elgpCaadagnioopdi 3200050 (9)$E(0)
ABefopE flow pattern olgpEscd[ge: [gbeclon extra pressure drop [g6edloopS Pressure drop o3
op0pdo0phepds qprg> §oopds

SI unit 0pE Baas(pressure)od 03E:0000 vpsden Pascal [gdoopbi 0068loodd) bar [§¢ oBE:up
60y elgpadenp§oopdi D'Arcy equation [g¢ friction loss 00§3:03 30508 Ea0pd

f XLXxv?
hfriction =5 - < 4
2 xg xd
Where: L = Length (m)
v = Flow velocity (m/s)
g = Gravitational constant (9.81 m/s2)
d = Pipe inside diameter (m)
hriceion = Head loss to friction (m)

f = Friction factor (dimensionless)
Laminar flow Critical Zone Turbulent flow
v K 4
0.08 =T
n.o7 Il'! 3 a::::h_hh [0.05000
LT 0.04000
0.08 \ ST 0.03000
4]
0.03 oy 0.02000
L
0.04 I 0.01000
\ RM—""H
0.03 vy HH== 0.00500
\ Nl Relative 1
L [T roughnes d
\'\\“—x -_hh“"““-n_
0.02 ] 1] 0.00100
Friction factor ] “‘x_‘ah““m-__
h ST 0.00050
f= 2 M | T
L l"."l_ H-\'\.\ "
d g I 0.00010
[
0.M vd =N
Reynold's number Re= — Baet
T [
DDDB I | I T TTTTITIT I | ‘_\-_\"""-"'— I:II:IDI:":H
1000 10,000 100000 1,000000 10,000,000 100,000,000

<°3-o Estimation of friction factor
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305038 [gdedoopd Bzmiogeoligod wogadel friction factor o S o3odqs coopdi
a3oopcd oBoonq§ Baopdi Friction factor 9090 dodzaguSmeens(pipe size) 1 220p8: god§n[gE
[036:006sq(inner roughness of the pipe) sacqE(flow velocity) $& fluid viscosity o3 saedlopé
©00p50000i Friction factor 03 0g05q$ Bss0Cse500p9 sac[geacs(flow condition)aBcopds a8conqepd
B:e08ie5000) Ioc[gzacs(flow condition)sdaopben Turbulent 930S Liminor flow ©20pd flow
F2§z002:03 83030001

$-0 03 =padqjoopdn Friction factor o3 9§08:q8320305 3odel 32038:q0550[gE [38:008:g
(roughness of pipe)od 93q§ o8ewrod o§ess(estimate) a3sa600p5n Friction factor ogo5q$ chart ogé
Reynolds number $& pipe friction o3socbedesd(relationship)od eedlgoonzaopd Friction factor 205
B:eo8egaa§jrmaons(type of flow) saedog€ @onpSo0pdn (Re numbers <2320 the fluid flow is laminar)
(Re number is >= 2320 the fluid flow is turbulent.)

Re 00§8:0005( Jp J0)o00d $pb:aq€ :eolses000d flow sa§jpeaonza0pd liminar flow [gdaopdi
Re 008832 (_jp J0)c00d Sqpeag€ turbulent flow [g6o0p5

6an0dRE 6edlgoonnpd @uxs(following table) Jodgpiel sa0p8: qodsn[gE (36008
(values of absolute roughness of pipes, k) oo§8:qp:03 GuSgoonsoopdi dodma0z8: gEdsn|ge
[036:0063q k (absolute roughness of pipes)sé dodzaqCs(inside diameter of pipe) ¢oode0¢ (relative
roughness k/d) o3 ogoSoﬁ&oaéu

Table -1 the absolute roughness of pipes is given below

Type of pipe Absolute roughness of pipes (k in mm)
Plastic tubing 0.0015
Stainless steel 0.015
Rusted steel 0.1to0 1.0
Galvanised iron 0.15
Cast iron 0.26

63m050RE  §:qE:0005 ogadsobi(sample calculation of pressure drop)gé $6§°006903
poe3[gd 0z05[goonzoopdi 50m*/h cpoopbBssSienog0di :a0303e60:800 (000) §aopdi(G)oo5ed0d
ondegp:a’ 3aadigjoopdn (A pipe of 4” Dia carrying water flow of 50 m*/h through a distance of 100
metres.)

Sodmagjpeaon:(pipe material)oopd Cast Iron sa§je3a00: [§620p0n 200p8:q0550[gE (03620089
(absolute roughness)2op5 0.26 [g&aopdn

(0) vooeBign 3053203C: Bseotses0000 fluid 6l sacgE(velocity) 03 0g0dqs cdeabo0bi
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comEiooangé
| Flow ,m” / h
Velocity ,m /s = . " - 7
. 3600 x Pipe Cross Section Area,m-
~ Flow ,m" /h
3600 {3.14><{d! 1000 }Zi
B 50
3600 | 3-14%(100/1000) /
J600x| 4
=1.77m/s

Ro_ PYX (%}(}[])
i

() 90300 Re $Cl0503 0g05gs c8o0bi

Where:

= Density (kg/m3) = 1000

Mean velocity in the pipe (m/s) = 1.77
= Internal pipe diameter (mm) =100

a
u
d
/= Dynamic viscosity (Pa s). For water at 25 C, the value is 0.001 Pa-s

P 9 00) _ 1000x1 E;(ll 00/ }UU): e
U 0

Relative roughness, k/d = 0.26/100= 0.0026
$-0 ¢ Re $Cloda0p5 177000 (982005 (corresponding to Re = 177000) k/d of 0.0026, friction

factor in the turbulent region is 0.025 oo Re 00§3:5¢ k/d 00§3:03 w0l friction factor 00§8:03

0ad0p0pdi Turbulent region a30RE Gepod§esa0p5H
fLv? 0.025 x 100 x 1.772
HeadLoss = hgriction = 29d = 100

2X%X981 x (m

= 4.0 mper 100 meterlength

Bodyprzaoged 6§§6pR$: (Standard Pipe dimensions)

Bodqe320305 dq$dpR8:(piping standard)qpsg> §oopdn  American Petroleum Institute (API)
¢ 6§56pp8:qP:03 sagprads 320d4g[o300p5m Schedule number gpsfg¢ Sodqpo? sadjpzans 1 2es0¢
20082 J[ep:(pipes are categorized) coo:a0pbi Schedule number qpzoopd dodgpsel 9882000830z
(pressure rating of the piping) $¢ 058005652005
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Sodmasndznons(schedules ranging) (00)§s §o0p51 0065p:sagE $8E00pd Bsam:03 Bod)
Bodqpea? 32908(00)¢ lep00200001 328690 F2e0E300§:0005 (§) ¢ 2o[gEade(0ko) 320 [gboopdi
(lowest at 5 through 10, 20, 30, 40, 60, 80, 100, 120, 140 to schedule No. 160)u

doSangé Jodaagudaaeni(nominal size) piping 150 mm $& codaopd Bodgpizacgod
schedule 40 (sometimes called ‘standard weight”)oop5 lightest [gdoopdi  eedodqps(water)
compressed air 3o5$& steam 3odqps: applications capdesagpiza0305 schedule 40 o3 saadigo30005

BamggCoopd(high-pressure) compressed air 830305 schedule 80 805 o3 saaddgfo300051
schedule number opSaduEgbeo Sodqpiei 3a[gEonadaaqiCs 2203E:30m o8 (same outside diameter)
[0320051  cpodepbopgpi?  c30dq tolerance  sagpbiccbomn  F[gesoopdn  (not  withstanding
manufacturing tolerances)i Schedule number c‘?qps(increases)meco §q3;o? $qu(wall thickness

increases) coneeo [gdoopdn  ABelopE 220p8:0005 ZoqiEizanyd eaqpspdi(actual bore is reduced)
Ogazwéll

powd- 100 mm 305 schedule 40 pipe & sa[gonadzagCs(outside diameter)oopd 114.30 mm
[g920p51 Sod4§zacn(wall thickness)oopd 6.02 mm [g6o0pdn 3203C:0005§ saqiCs(bore) saoqudo0pd
102.26 mm [g20p5n

Dia 100 mm 305 Schedule 80 pipe & 33[gEonabaaqCs(outside diameter)oopd 114.30 mm
[g620p5n 3oSseacn(wall thickness)oopd 8.56 mm [g620pdn odelopé 3a09E:00053a5iE:(bore)200d
97.18 mm [9620051 Bodsagudsaeniopeandcopd: dodel schedule $dlodeocnaqié $8Ea0p) Ba:
ooppdeon 3054 3209005 vopo8ogeon Godme038:a005 sagi€imanyed Bropd: vopadlmean
Pressure drop in components in pipe systems

3od0sdm0038:§  component  gpselopé  [gdedloogd  Bzmiogeosg(Pressure  drop in
components in pipe systems)o3 Minor head loss 0pealed Gezoom:eadoopdn Pipe system gpiogé
[g6e0la0pd Minor head loss o3 632005012203E: Ge5[g8Ea051

k x v?
2xg

Rhninortoss =

Whereh, ,inor0ss = Minor head loss (m)
k = minor loss coefficient
v = flow velocity (m/s)
g = acceleration of gravity (m/s2)

Pipe $C tube system gpsop€ 320%3gpsa0pd(most common) component qpseil Minor loss
coefficient qpso3 codjgoonzoopd

Table 2: Minor loss coefficients

Component Minor Loss Coefficient, k
Flanged Tees, Line Flow 0.2
Threaded Tees, Line Flow 0.9
Flanged Tees, Branched Flow 1.0
Threaded Tees, Branch Flow 2.0
Threaded Union 0.08
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Flanged Regular 900 Elbows 0.3
Threaded Regular 900 Elbows 1.5
Threaded Regular 450 Elbows 0.4
Flanged Long Radius 900 Elbows 0.2
Threaded Long Radius 90° Elbows 0.7
Flanged Long Radius 45° Elbows 0.2
Flanged 1800 Return Bends 0.2
Threaded 1800 Return Bends 1.5
Fully Open Globe Valve 10

Fully Open Angle Valve 2

Fully Open Gate Valve 0.15
1/4 Closed Gate Valve 0.26
1/2 Closed Gate Valve 2.1
3/4 Closed Gate Valve 17

Forward Flow Swing Check Valve 2

Fully Open Ball Valve 0.05
1/3 Closed Ball Valve 5.5
2/3 Closed Ball Valve 200

320005038 6edjgoosoopd B¢glis¢ @uonin? saadiye) pipes $¢ fitting gpiopE [gdedloood
Baansoqeoqa’ ogodup(calculating pressure drops) $E200i

-End-




