Chapter 11 Pumps and Pumping System
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Chapter 11 Pumps and Pumping System

Pumps

Pump qpso0pd hydronic system gpsog€ cpeliscd:0303 cpdesoCeusaopdi ofasasiont
Centrifugal Pump qps 320060060 $¢ 050393 6505200503 croamepSogoopdi
c05csigCopl sngpiadieoge) 3agpsediaaodig[oyoopd Centrifugal Pump sacloypCiodomn
GapaoepdI

2O (liquids)gp:od op§:3000) (93) 0oesePe C0dESEPAF ORI PUMPL?
200500568 8320p5n GrosE gases qps 8:300p5(Gs pressure spSs00pd005qP:03 fan vesl[G:
pressure qpso0pd0adgP:ad blower vpealaopdi 30R883sqPEo0pd 00503 compressor
0p200500500001 2268000535l ACMV system qpzap€ Centrifugal pump gp:od oa€agdgn
mo?:@@wéu

b

Stuffing Box
B Packing

C Shaft

D Shaft Sleeve
E Vane

F Casing

G eye of Impeller
H Impeller

| Casing wear ring
J Impeller

K Discharge nozzle

/" = |C2)
h

j S :}/ Aj\' i (”C//{\\J\\I\ . Casing

| /ll 3 A | vl
U \ L\;\f{/ ‘:I & _J_ — Impeller
7 J ), \ —— _///_ Expanding
g%b;r/j/ T— " area scroll

Cutaway schematic of a typical centrifugal pump.

09.0 Pump sa§js3a00:4p:
0§qp:03 oodeoaon:a0pd arrangement $& mechanical features 0303c305¢)
G pzo00:3[g2000:00p51 6320050] F§rmeni054P00pd ACMV system qpoge 220)gPseodd
o$qpegdlogoopd
o) End Suction Pump 0) Horizontal Split Case Pump
9) Inline Pump o) Vertical Split Case Pump
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Chapter 11 Pumps and Pumping System

00.0.0 End Suction Pump qp:
665003 66[gEp33203&: (Horizontal) 026s0E0mz00p51662005 GegEp83203¢E: (Horizontal)
oBE:0§03E:036epad§G: Vetical 2203Eg$ogndognzoopdi

End-suction

Honzontal

Single-stage Mul‘llslage

AN

Long-coupled Close-coupled Close-coupled

L3

End Suction Pump qp:

02.0. J Inline Pump gp:
Inline Pump gp:
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Chapter 11 Pumps and Pumping System

In-line

Harizontal Vertical
Split-case A
/ Single-stage Multistage
Single-stage /\ \
Long-coupled Long-coupled Close-coupled Clese-coupled

66500003 Vertical 2203¢:006s08a00:000016600p5 Horizontal o%&o&og&o@eq:cﬁ%@:
Horizontal 3203&:{g$agadoopdi

02.0.9 Horizontally Split Case Pump
eedoma3Horizontal 3203€: oxdeotaonioopbieeopd Horizontal 03E:o§opE:adeepaded:

Horizontal 2203&{g$0g052005
Horizontally Split Case Pump

02.0.G Vertically Split Case Pump
6650203 Horizontal 803E:006808000:00051660005 Vertical 03&:0§038:036epad§[GsVertical
3203¢:y809050001

Vertically Split Case Pump qp:

2005005002:60:033[gEd9a3  eepadcdoopd Fluid e Volume o  see00de[god
oR$:3659$ Pump qp2o? 32034g[o[aCg620051 3a[gaB feet (a3) meter [§Eedl[g[g: flow rate o3

gallon per minute (GPM) (23,) liter per second (I/s) [§¢ eal[goopS
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Chapter 11 Pumps and Pumping System

09. J Understanding Pump Head
9. J.0 Pump Head

0§, 000d03 Legeqiudd System 200305 c33a06000 Bgi$:sC Total dynamic Head (TDH)
o3 938 $c822600051 Head 3200560 c33206000 0w B:e0C:02:9$320305 (B) B:eoliogns
GonaeoPE [ydedl coreom 9deany(resistance) [ydoopdi v§0dad:e output 2005 20 head feet
§oopd0r00p5¢0 30§ ©ogrdaa05 6qE? G333, oP5eodgIRES3MBAYE o Jo
e BoepoboopSipsbeosgh

o%qp:éﬁ Head o% of’?:c%[: g:@):%(gooéu
Static Head s3200p5¢0 035:3c86000 6q) Gepod§ogniaed ealEcBodan|yé(vertical distance)
92005

(Static Head, ft) = (Discharge Head, ft) — (Suction Head, ft)
Static Head 2005 Discharge Head ¢ Suction Head o3s|05002dq€4goopdi Discharge
Head a32000¢0 0§ell Center line (pump datum point upcopbseal 20p0n) © 2ofgddas (receiving
tank) &l eegod52gEeadd 63ICadnH03E00m:6000 2y (verticle distance) [ydoopd

Suction Head 8320p5¢n o§ell Center line (pump datum point vacopSeeslaood) o
9O0ReRd Gagd50[yEenad eAEB0503E:000:600 [y (verticle distance) [gdoodu
900D GagEd§o[yEoopdus pump datum point 6l sacocH00besepogEoRydagIC Positive
Suction Head 0p2005¢0520051 93600 eSuend eagdso(gEaopdos the pump datum point
&l :§600desePogCopdydagE Negative Suction Head 1po005¢052001

elglgCedopfeom eqon§ondadien malgonpBeom esnodeqmondadiaacytad
o§lgCewntiaopdagiCad ofel static head oo 29p [4B20p5N 005p5: static head o§eo
320006 PEade0m edEadadaalyE(vertical distance) o§jeoonalopElydoopd

poe- elgyEedogEfeom eqmondadie eqod of) comelyogtiear cqotords
3208:§) 6q§ADR 0§lgEewntioopdagiC dBusel static head ¢ 15 ft Head (420001 9Sopepd
eqqieO$[gEa0p5 0§ pump datum point $& salgEopeamesepart §eomelopt static head (=
0) e§eon Suction Head o§eocelo3p¢ static headoopd Discharge head15 ft $&opSa0obi
PO
2505 §) 60§ 66OL:s
d9m038:0eq030 jgeumlygozty eom
6qoEond930pC: e E05Y
o§lgCewntiaopdagt cBosei static head oo
(125, ft) - (-5, ft) = 130ft Head [gdo0pd
90005 GagEd5o[gEaopd 0§ the pump

datum point 0053286 0oGo

esepaptieomelopE Negative Suction
Head (-5ft) @osooéu

(Static Head, ft) = (Discharge Head, ft) — (Suction Head, ft)
= (125ft) - (-5 ft) = 130 ft
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Chapter 11 Pumps and Pumping System

pow :[gE 0§ Gu§ o0 GeISEPZRE:L 6ae3 JHeumyEortieom cqotonds
203E:86q005§0003 0§lgEeentioopdagl Bofel static head ¢ (25, ft) - (+15, ft) = 10ft Head
[go0p5
90005 GagEd50[yEa0pd pump datum point cood=alyé ogeo esepaztieomalop Positive
Suction Head (+15ft) [g®oopSn
(Static Head, ft) = (Discharge Head, ft) — (Suction Head, ft)
= (25 ft) - (+15 ft) = 10ft

T

STATIC
DISCHARGE
HEAD
BTAL
SUCTION
_J_—
eoeo

Cooling Tower 0o6cd: i Hot water Basin 2005 0§ pump datum point coo5 og) cosajgé
o€ §o0pdn Cooling Tower 0o6ds & Cool water Basin 2005 0§ the pump datum point coob oo
coma[gEapEfagE 0B Cooling Tower 0g€onbs0Eooneoon Condenser Water Pump & Static Head
copSopSefabogSseSn

Condenser Water Pump 2005 Cool water Basin ¢ 6qo3 95opq Chiller 9ooeo Hot water
Basingsadeepadeaantopssdooodi adelompt e0uund eqqods0(gEaopd 0§ the pump datum
point coodealgé 00eo esepogtieomelopE Positive Suction Head (+10ft) [gdaopbi Discharge

Head ¢o 15ft [gdoopdi
(Static Head, ft) = (Discharge Head, ft) — (Suction Head, ft)
=(15 ft) - (+10 ft) = 5ft

pown 6
Suction Head "
discharge
elevation
35 fteet
i e ﬁ pump discharge ,__)
suction 11

elevation i (é_,)_ﬂ
Bfiei/' " | """ —:U-,F----"---_-_--"-

| friction loss, 4 ft due to valves,

|_' t fittings, etc

pump suction

Static Head, ft = (Discharge Head, ft) - (Suction Head, ft)
29ft= (35feet)- (6 feet)

Total Dynamic Head, ft = (Static Head, ft) + (Friction Head, ft)
33ft= (29f)+ (41)
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Chapter 11 Pumps and Pumping System
£O9° Q

G

discharge elevation

il
35 feet
ﬁ pump discharge

sueton it 5 {7~ —R_g_ﬂﬁ o .

Given: friction loss, ft
{4 feet due to valves, fittings, etc.)

L

Suction Lift

pump suction

Static Head, ft = {discharge head, ft) - (suction head, ft)
40 ft = (35 feet) - (-5 feet)

Total Dynamic Head = (Static Head, ft) + (Friction Head, ft)
44 ft= (40 feet) + (4 feet)

09.p Friction Head

Piping system 00®935038:03¢ 32q05006§§): (liquid) S:eoC:dlon odzaqRdel fluid
friction alo3p& head o3 pressure losses [gdedl 20001 AB=e[yE fluid 2op5 piping system
32098:09E3200g00n6o00  valves | strainers ¢ bends oo [gdedlaoneom 9dean: (resistance)
qp2 ¢ b [gdedlaonoopdi

Friction losses qpsoopd 305 material so§jzea00: (pipe material) 1 305325 (length of
the piping) 1 3053203E:03E saepdeiag:sss (fluid velocity) $E saqpSel ocdoogdyp: (properties
of the fluid) o3[gd20001 BelopE eq(water) 3 Bsaqp0§Eo0pSa33a0ddy00pd water distribution
system qpsop€ pipe diameter gpicofgEiyé flow velocity cagpspbseoom friction losses o3
eagRg$E00

Major Head Loss 20p5 3053203E5[gdedl 2005 friction eloxpé [gdedl oopbi
Minor Head Loss 20p5 valves 1 bends 1 tees ¢ fitting gpsop€lgdedl 2oodi

Friction losses 0pcopds 6ela005
Major Head Losses upcopds 6al 2001

Dynamic losses vpcopb: eelooph
Minor Head Losses o?coé: cal ooéu

Pipe Size (flow velocity)
Pipe Length
Pipe material

changes in flow area (Velocity)
Change in Flow Direction
Obstructions

Friction Head = Frictionlosses + Dynamic losses

Friction Head = Major Head Losses + Minor Head Losses

Piping systems gp:oR€ 0ns0Cooneom sadjpqjpeoon fittinggp: $& devices qpealoppE
Dynamic losses o3 Minor Head Losses qpggbedlaopdi o8 losses qpsoenanaagd fitting qpssé
device gpseil 8&Csedl 0gCaonoboopdn odelo3pE flow velocity 0069 320305 0os0d(types of
valves) gpa[gpEiagi€elgpioond ¢E:odsEaoa5e3Eea00Dynamic losses (a3) Minor Head Losses

qpgpicopdadodgelypEindaopdn odelopE om0 (types of valves) gp:ad aoteagbeom
applications 330305 0560003j6g:q050005$832520001

GomE00509$ (Www.acmv.org)

Page 7



Chapter 11 Pumps and Pumping System

pow=sgE globe 0220005 (globe type valves) chilled water $& condenser water
piping systems qp:aR€ 3a9Eead05(isolation) gp: C05§ES0R05 SagPiadieaadfyecyfoopdi od
globe 02:2005 cds0gCaesaopdbendl (fully open) §irogeonnEo high pressure drop §oopS
320000eopEed6005 globe ox0:6l 0opbesmr0ddeo3pE Bsotsgiel Bsoopdep algptidagns
comnaeo¢[gdaopdi (to the change in direction the flow). Butterfly valves 20p5 ad:o
@Ces0000354 (fully open) 0g€ sag05:c0deom o3 welyroenunndeom resistance 0doom

[gde0000

Total dynamic head (TDH) - s320p5¢0 static head 1 Friction losses (Major Head Losses) $¢
Dynamic losses (Minor Head Losses) 03edlEsconggCzolfgdoopdi

00.G Suction Head $& TDH [yooogogp:
powd: The influent pump discharges into a channel where the liquid level is 14 feet above the
pump datum line. The pump draws its suction from a wet well, whose water surface is 5 feet
above the pump. The friction head is 5.6 ft.
Static Head o3 ¢pg) o (feet) [gEesdlgd

Static Head, ft = (Discharge Elev, ft) - (Suction Elev., ft)

Static Head, ft = (14 ft) - (5 ft) = 9 ft Static Head

Calculate the Total Dynamic Head (TDH), in feet.

TDH = (Static Head, ft) + (Friction Head, ft)

TDH = (9 ft) + ( 5.6 ft) = 14.6 ft TDH
PROBLEM: The influent pump discharges into the grit chamber, where the liquid level is 8 feet
above the pump datum line. The pump draws its suction from a wet well, whose water surface
is 2 feet above the pump. The friction head is estimated at 2.5 ft.
Determine the Static Head, in feet. (Ans: 6 ft)
Calculate the Total Dynamic Head (TDH), in feet. (Ans: 8.5 ft)

PROBLEM: The polymer makeup pump discharges into the solution tank, where the liquid level
is 8 feet above the pump datum line. The pump draws its suction from a sump, whose water
surface is 2 feet above the pump. The friction head is 1.5 ft.

Determine the Static Head, in feet. (Ans: 6 ft)

Calculate the Total Dynamic Head (TDH), in feet. (Ans: 7.5 ft)

00.§) Suction Lift $& TDH [gooogogp:

po> The influent pump discharges into a channel where the liquid level is 14 feet above the
pump datum line. The pump draws its suction from a wet well, whose water surface is 3 feet
BELOW the pump. The friction head is 6 ft.

Determine the Static Head, in feet.

Static Head, ft = (Discharge Elev, ft) - (Suction Elev., ft)

Static Head, ft = (14 ft) - (-3 ft) = 17 ft Static Head

Calculate the Total Dynamic Head (TDH), in feet.

TDH = (Static Head, ft) + (Friction Head, ft)

TDH = (17 ft) + (6 ft) = 23 ft TDH
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Chapter 11 Pumps and Pumping System

PROBLEM: The influent pump discharges into the grit chamber, where the liquid level is 8 feet
above the pump datum line. The pump draws its suction from a wet well, whose water surface
is 2 feet below the pump. The friction head is estimated at 2.5 ft.

Determine the Static Head, in feet. (Ans: 10 ft)

Calculate the Total Head (TDH), in feet. (Ans: 12.5 ft)

PROBLEM: The raw water pump discharges into the sand trap, where the liquid level is 18 feet
above the pump datum line. The pump draws its suction from a sump in the reservoir, whose
water surface is 2 feet below the pump. The friction head is estimated at 4 ft.

Determine the Static Head, in feet. (Ans: 20 ft)

Calculate the Total Dynamic Head (TDH), in feet. (Ans: 24 ft)

Pump Head Calculation

Pump head is a measure of energy. The units of energy
= are expressed in feet or meters. Pump head 20p5 g&:a€ o o3
8o (feet or meters)o3esdlyoopd $p0:00dGgdo0pd

W o 33023000500 a unit of area 336003 c00SeEpPadesea

3205001000996 20001 0 GAIE 3Is0EIN 2005

006000500050pS edumnedogtadndeseepadesayt damm: a

A square inch of area, or PSI vpeslo0pSi 32q0d:00m:e06)
"acoedCondedE" smiunegpadeny§ood

a36a0d 1 PSI 6 (ft of water) $Eeudgepd sdagé
Head (feet of water) = PSIx2.31

70 feet head 03 Jeus§Caopd Pump 20p5 o Pump 320CsE00g0daaosq (differential pressure

across the pump) 6303&{o3p90q€ 30 PSI.

Pump manufacturer gpson 00dp30003050000: “head” tpooRd edlume3zaadiyforoopd
“head” qp:03 oB3&:0000005 324l center line of the pump ¢ 02e0¢ highest liquid level 303

03&:0m aayp§oopdi

2
4 3 »._J\...-_. L
o AaurReE # | T
(] b=
2 3 STATIC
2 = DISCHARGE
® o2 HEAD
] =
w

1 &
_c—)& ] g
(]
_:l:J g STATIC
= BUCTION
o A v HEAD
i _l_
=
’ E

www.pumpfundamentals.com
pumpei suction 9005$¢ discharge 00050358§e000305el resistance 1 fittings $C valves
oBefopélydedlaonean Head o3 friction head vpeslooodi
eqqe$[yEedl ogEaondeepadesaopdenocndsms (atmospheric pressure) o3 " surface pressure
head"opeal 2000
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Chapter 11 Pumps and Pumping System

Static discharge head o3¢ the Static suction head o3 $050giE Static Head o 05
System head = total discharge head — total suction head
( 0068lond4 Static 8300p) ©omcd:a? friction head odoEdl vpBameogs copdad:ooodn)
H = hd — hs
The total discharge head is made from three separate heads:
hd = hsd + hpd + hfd

hd = total discharge head
hsd = discharge static head (discharge o00503E8eoo Elevation clopElydoop) static head)
hpd = discharge surface pressure head ( Open System qp:og& atmospheric pressure o%

aﬁo%ooéu)

hfd = discharge friction head ( fluid 8:s0&:0jelo3pE[gbedlaneom Pressure losses gpz)

Total suction head g€ head o §jzdloCa0p5
hs = hss + hps — hfs
hs = total suction head
hss = suction static head (suction 500503E§eo00 Elevation clogpg[gdaop) static head)

hps = suction surface pressure head ( Open System qp:og& atmospheric pressure o%

aﬁo%ooéu)

hfs = suction friction head ( fluid &eo€se|clo3pE[gdedcoreom Pressure losses qps)

"feet of liquid gauge" a3wupcd "feet of liquid absolute" vp$dyps 3203E:
0R05g050|qPHye0§ Eaopdi "absolute s3a000¢n gauge reading o€ atmospheric pressure
(head) o3 copdedlEsoondgeiydaopd

ojpoer20pd Opened System [gdaopSi ACMV system gpzogE Cooling Tower 9§ Condenser
Water pump 03 03050§js $¢s0C0na0001 orfjpoen 03¢ suction head 20p5 325105 (negative)
00§3348[g: Condenser Water pump op€ suction head 2005 22601C:00§33gdaopbN

1 U

126 feel

L

FIG#2

u

Total suction head 03000C0g050pqS
(o) suction head 20p5 225105 (negative) 0o§035gd20p5n suction tank & eezalgé (liquid level)
2005 centerline of the pump coc5§6e520001
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Chapter 11 Pumps and Pumping System

hss = - 6 feet ( 0§00p5§a0pdesepa? Elevation = 0 ft vpupgogodgEdeomaeloE [gdoodi
32§(05 20605000 0SS Fluid &l Elevation 20p5 Pump 0005 6eo§&a0obesepogt §aopd

cneoog)
() suction tank 20p5 2¢&(0pen) Hlgdoopdi AdelopE suction surface pressure 20p5
atmospheric pressure $& p8o0pS

hps = 0 feet gauge ( atmospheric pressure 20p5 suction 9055¢ discharge 906503E ¢ndl
200566p056$20p51036[07pE ©pd20500§03:00000g0d0p5gdeo Goa:ddeRdn)

(p) suction friction head ogobopqs,

(o)orgi055203¢€ the suction friction head 03 0pdaBoR0giH2005 wewdlyol 4 feet
cp0peogjogeasph)

hfs = 4 feet at rated flow ( friction loss calculation ¢ q%ooéu friction loss calculation
0905505:03 65005 oogodsgPiopEesdlgepd)

4. The total suction head 20p5 a gauge 025935920051 3200006oFpEB6005atmosphere

Pressuer o3 0 33(gdogodgedeamalopElgdoogd
hs = hss + hps - hfs = -6 + 0 - 4 = -10 feet of liquid gauge at rated flow

Total discharge head 005
(o) static discharge head 20p5
hsd = 125 feet ( 0§00p5§a0pdesepad Elevation = 0 ft vpuagjogodgEdemeoPe [9daopd)
() discharge tank 2005 329€(Open) 0élgdoopdi Belo3pé suction surface pressure 2005
atmospheric pressure $& 08005

hpd = 0 feet, gauge

(p) discharge friction head o3 jg) feet upopsogjogadoopdidischarge friction head 20p5 pipe
:2038:09Ede0 Fluid Velocity & Fitting saee@aogododedlaz€oonpdoogd

hfd = 25 feet (c005005000i6000 B5|5:5- at rated flow)
(4) Total discharge head 205
hd = hsd + hpd + hfd = 125 + 0 + 25 = 150 feet of liquid gauge at rated flow

Total system head 2005

H = hd - hs = 150 - (-10) = 160 feet of liquid at rated flow

Note: did you notice that when we subtracted a minus number (-10) from a positive number
(150) we ended up with a positive 160.
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Chapter 11 Pumps and Pumping System

400 ft
F__I__" -
|

Hg FIG#
Vacuum

4n

1 AT

Vacuum application $&2005a3€6000 powd 03 8005005RMYgIESAepdi Pipe friction
00§53:qp:03 Hydraulic Institute Engineering Data Book ¢ quaq$gdo000u

http://www.mcnallyinstitute.com/Charts/friction_6.html

Specifications:
(0) 2205006qREPI005c0:0005 20E3BMEe 0068sbgE 320508 dlad 1000
cafiBoflgboot
(1) Specific Gravity - 0.98 (copboo:eom 220500 61 B60pd:e0 Specific Gravity ¢ 0.98
@Booéu)
(p) Viscosity - equal to water (qdeosq| Viscosity 2000 eqel qbeosg) Viscosity $&opodoopdi)
(G)Piping - All 6" Schedule 40 steel pipe - 3o53a§jzma002qpien Schedule 40 sos0E§e000 steel
pipe gpegdo05i
() Discharge 3050005 0§5¢66507 ¢ 320005 G0 Go 2[gEorEEoRdN Besn0d
eapCan§aBeapadqf eegEp33203E: co 400 326580000 90° flanged elbow 06s0E0mmz00p5
(6) Suction 80503€ a square edge inlet, four feet of pipe, one gate valve, $& one 90° flanged
elbowondeo€aonyd: 305 diameter ¢o 6 coodelgdoodi
(Q) vacuum receiver &l 32§60 level 2005 pump centerline cood § codlg&aopdi
() Vacuum coenan§adogE§eam pressure oo 20 inches of mercury, vacuum [gdaopSi
6220053 0620500:qps03 32054q)q) suction surface pressure o30305:

e inches of mercury x 1.133/ specific gravity = feet of liquid

e pounds per square inch x 2.31/specific gravity = feet of liquid

e Millimeters of mercury / (22.4 x specific gravity) = feet of liquid

system o3 pump esep ¢ $63E: 3E:¢] ogadgEdCledi

Total suction head 030305q%
(o) The suction side of the system shows a minimum static head of 5 feet above suction
centerline. Therefore, the static suction head is:
hss = 5 feet
() Using the first conversion formula, the suction surface pressure is:
hps = -20 Hg x 1.133/ 0.98 = -23.12 feet gauge
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Chapter 11 Pumps and Pumping System

() The suction friction head, hfs, equals the sum of all the friction losses in the suction line.
Friction loss in 6" pipe at 1000 gpm from table 15 of the Hydraulic Institute Engineering Data
Book, is 6.17 feet per 100 feet of pipe.

in 4 feet of pipe friction loss = 4/100 x 6.17 = 0.3 feet

Friction loss coefficients (K factors) for the inlet, elbow and valve can be added together and
multiplied by the velocity head:

FITTING K FROM TABLE
6" Square edge inlet 0.50 32 (a)
6" 90 flanged elbow 0.29 32 (a)
6" Gate valve 0.11 32 (b)

Total coefficient, K = 0.90
Total friction loss on the suction side is:
hfs = 0.3 + 1.7 = 2.0 feet at 1000 gpm.
(G) The total suction head then becomes:
hs = hss + hps - hfs = 5 + (-23.12) - 2.0 = -20.12 feet, gauge at 1000 gpm.
Total discharge head calculation
(o) Static discharge head = hsd = 40 feet
() Discharge surface pressure = hpd = 0 feet gauge
(p) Discharge friction head = hfd = sum of the following losses :
Friction loss in 6" pipe at 1000 gpm. from table 15, is 6.17 feet per hundred feet of pipe.
In 440 feet of pipe the friction loss = 440/100 x 6.17 = 27.2 feet
Friction loss in 6" elbow:
from table 32 (a), K = 0,29
from table 15, V2/2g = 1.92 at 1000 gpm.
Friction loss = KV2/2g = 0.29 x 1.92 = 0.6 feet
The friction loss in the sudden enlargement at the end of the discharge line is called the exit
loss. In systems of this type where the area of the discharge tank is very large in comparison to
the area of the discharge pipe, the loss equals V2/2g, as shown in table 32 (b).
Friction loss at exit = V2/2g = 1.9 feet
The discharge friction head is the sum of the above losses, that is:
hfd = 27.2 + 0.6 + 1.9 = 29.7 feet at 1000 gpm.
4. The total discharge head then becomes:
hd = hsd + hpd + hfd = 40 + 0 + 29.7 = 69.7 feet, gauge at 1000 gpm.
. Total system head calculation:
H = hd - hs = 69.7 - (-20.2) = 89.9 feet at 1000 gpm.
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Chapter 11 Pumps and Pumping System

Cooling

towers
Coils

Closed system Open system
A A
- 5 System curve for
S S open systems
w w
a2 System curve for  §
a closed systems o
Independent pressure or static
pressure difference
»

\{

>

Flow Flow
Closed System Curves Open Systems Curves
29.6 Pump Curves
pump curve 830050 flow rate $& pressure o3el 0050305910503 0gOHS [9&
e65lgoonigCslgboopbi pump curve 2005 o6l o3[gpieax operating points ( flow $p5:500: $¢
Pressure Head qpsqps (93) flow qpsgpisC Pressure Head $00:500:) 03 eed[yaonzaopbn Zeor
Flow ¢ ©0o&¢] Full flow 3508 2005380005 Pressure Head gqpasCo3ejesdlgoonzaopdi pump
curve 2005 flow rate & pressure o3=e[yC pump power $C operating efficiency oei

2005000|qPs 3C0R:03§8E 005N Pump curves 0 0§0000ORGPs (pUmp manufacturers) 0o

qopgaogh
A Pump curves gp:og€ flat curves (33) steep

N K,// R curves 0g] J §g 3lgps00p0n Flat curves
\\ Fat cuive BBEBEGam0§gP:aopd flow vedan

} \% ; qpegoelgpE:cdo0p3038es38 Pressure
1 Sl | 2005 welgpoennd0pd vedmnEsRdicod

% | aoafyr&iaoogdi 3elo3ps flat curves o3

3Ca3Ca000 0§gP:0pd closed systems with

Pressure

v

Flow modulating 2-way control valves gp:s20305

Flat and steep pump characteristics. 0R% 20&e0gH00I

o052 Chiller Water pump (closed system pump) gqps sa[gdsacg§ooteagdaopdi AHU $& FCU
qp:og&oof;ao&omseoao modulating 2-way control valves ooé Building Cooling Load
60 0gE0|00p56) 83262008 83260005 % 3203E: 3aE=805[ynpdjoyoopdi

adelop¢ Chiller Water Flow 2005 agp&:cd600001 93605 Pressure a33260/00
algpCicdeimangSspS:00001 Adelopt flat curves 0§ 20p5 spo0EangHedgb00!
steep curves 038€adEaom0§gp:aopd flow e elicfypEicde|Eaodt: Pressure 20p5c3056)
elgpCicdo0pn Pressure owdan 2005 copd: flow ejypird0p53203E:08056(ypCsad20001
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Chapter 11 Pumps and Pumping System

aBefopEsteep curves 033Ea3EGa00§¢P:a0pd constant flow applications such as condenser

water systems serving cooling towers qp2320g053209§ 90&egH20001 0050: steep curves
0§qp:00pd Condenser Water pump (Opened system pump) gz 92fgd309$20&a0q520001

A

Pressure

-

_— Pump curve

. Operating point

A\

Flow

System and pump curve for a pumping system

System Reistance Curve .§§ Pump Curve
[g052005 intersection o3 Operating point
0peslaodi system &l socfgzacs
BGp§re00 resistances qpzo? cozdago:
§Eeant $& B=nbe0m 8AE: flow o3
q§jez2>E Pumps qps0? Ggqodfor0pd
Friction losses oo§o3:qpz 9§a§ 200305

piping 1 Fitting 1 Valve 1 equipment pressure

o3l losses 3a§s§js03 specification $E research data o3 saelgdomestimate cpSe3005
a360a05a estimated 00§03:qps 6 weoogPy| (uncertainty) $¢ 00de0Ca0pbeR S (during
installation)a3 Construction Stage o30€ e[gpE:cdoigpieaogpedod§$§Eacpdi oBelopé safety
factors ( 220§ 005q0de §§eo00 0§36l 10% © 50% 3200) g0 copdag:d[or00p5
Befope 0§qpo0pd 320500053m2600p50005 Gpign(BigPieoos (over sized) sagudssodigp:

[96opHo30p5s

b

Pump curve at design speed

— X
/,/ e _» 4— Actual system curve
o) bé e <
= : /| 2
@ | Design system curve  / [ Fa
ol —»/ ; :
QL_ J/ ! / i : - .
/ P ' Required operating point
! I
| a

\J

Design flow Actual flow
Flow
Over sized pump for application.

dop€goonseomn design system curve o€ high safety factor o3o3copdages
0905g05%20pd system curve [gd20pdn a3 design system curve a6[gdox pump o3 egequd
330051 Begegdadadoopdus © pump curve aop5 design system curve $E [godo design
operating point o3 §§oopdn 9dea05 the design system curve o3& high safety factor
§eoonalopE actual system curve 20p5 design operating point ¢l 850g860:030602 G5epoge
actual operating point o3gded eoaopdi actual operating point 20pS c3s262005 8&E: Flow Rate
0005 3209SgP:e000 Flow Rate o [gbedleooodi

pumping power 2005 flow rate p cobs¢ (the cube of the flow rate) 03a5§0d
§r300p0103266000 flow rate 0005 0% SqpegEao0pd ooanudadigaepd pumping power
0005 §0% 29:§c305[gciydoopdn chilled water op€ overpumping [geod[gEsalo3p€ chillers 20pd
2005905002:0005 chilled water supply temperature o3 eepodesanelyapd§Eaompeor chilled
water supply temperature [gEonodameoomelopé AHU, FCU $¢ Terminal Unit gpsog€ eqeg,
©050068Eg8: (moisture removal ability ) copbsogeotsamnoopdi

c332600p50005(0Fwnie0m0§03 (oversized pumps)onbsoEoonsand System 03E:0p8 =0
96§ E 2005
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o) System gp2oopd cd=2000p9 00532005 flow rates qpse copducdesog000i

0) 33260005 flow rates o qq$ throttling valve gpzad copde) pressure loss o3 artificially
create cpSo300p5i globe valves o3 balancing valves qpso3 003 ¢ sufficient resistance
a3eepodesnt [gopdlogoopdi actual system curve o design system curve sa§:el design
operating point 93eepodeaanteg vple3aopd

BB[gepdfgEselope System comEigsgr copbood8Eea05000: energy-efficiency [gdeom
System 009 o[gd$EN higher pumping power consumption elogp& g&s3aEqpsy$03:ep
Geped02I

Preisure Pump curve at design speed
\

3‘5;;;;};‘;‘t;;a;s;a‘5;‘{5;5&%‘/97[--%---.‘.. <+— Actual system curve
i
i

/ /;:f{ i Required operating point
~ ] i
e _::’_ - i ! s
Design flow Actual flow Flow

Oversized pump with throttling.

Bo3a3zeefgeacsqopt cd3x66000 84E: flow rate o3by reducing impeller diameter
(trimming impeller) a3 00305 reducing the speed of the
pump (using a variable speed drive). Variable speed drive o% variable frequency drives (VFDs)
a3 adjustable frequency drives (AFDs) opcopSsesl adlog000i
66506l 300564 (rpM) 03 caqpyalyt 8&E: flow rate o3q§§EAlaopdi o3a variable speed
drive, VSD o3 a0ddy| ¢ 3&E: flow rate qeeanllyapdfgtelope energy saving sa0fod
o055

VSD 006s08[gEselopE c§oCongi§ opt Higher Flow Rate o3 2oc3§dlon
320905000pq§8E2001 trimming impeller eloponndeam 3a0fEaasad g §Eea0505:
e§28onq$ 0p€ Higher Flow Rate o3 32c8§dlon (0800 impeller 03 copSonbeoEaepSlgdaopd
trimming impeller 20p5 VSD 006a0€[gEs cood mp§oyo§odaangsoondo000di
C05ose 2005008:EFS B 30060365 :§SeepodesdagiE correctly-sized new pump o3
C\\)ooéooéu

Pump curve ,
\ Design system curve

<4—— Actual system curve

Pressure

» Energy consumed

/

4
 J

Flow
Design flow

Energy consumed by pump that is “throttled” to give the design flow.

GomE00509$ (Www.acmv.org) Page 16
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Original
A pumplcurve , Design system curve
i N e Energy consumed by the same
smemmemremeee=thy ) «—Actual system curve  pump if impeller diameter or
iy [Newpump cuney’ / speed is reduced to give the
@ —— _‘_f!_ /o Energy saved design flow.
i T~ 1/

mﬂﬂﬂmﬂm it ﬁ I * "\ Energy consumed

? Flow "

Design flow

Chilled Water Pump $& Condenser Water Pump o3& Pumping Power Calculation
500 RT Chiller 0080z $E g3¢) 00690Eepd Chilled Water Pump 006cd: 2030503326600
0R0O]OdR|qPE03 6320053103 E[gpOSEladN
0§0000Y:330305032206000 impeller Power 03 0051059320305 0$6 flow rate $& Pump
Head 03 23§q§c39260l00p5 impeller Power 303058 SI Unit eodgjoon $& Imperial Unit

esdgloo op J qpoglyp:aopSe

500 RT Chiller oodcd:sEa3eentiopd o§ei flow rate 03 63200501203¢E: cgudongo
0305g05§EAko0di

o) 500RT Chiller 820305 c33a6600 Chilled Water copSoods$iwn o joo alad 3l 8s[gdoogd
Required Chilled Water Flow Rate for 500RT Chiller = 500 RT x 2.4 USgpm per RT = 1200
USgpm

o) Pump Head o Friction Loss $& Dynamic Loss 03¢ 0godgio5eopsEalaopbi ofjpoensncgnd
Pump Head loss = 20 m of Water opsoogadgjodepSfgdoopd

0§ 00d%E 2203053206000 gd:zaE(power consumed) 0005 cdo§e flow $& pressure
difference ( discharge $& suction pressure 036l [gpsg0:q105) 6dlogEeooba0abN

Liquid Flow Rate x Pressure Dif ference

P P &
ump Fower Efficiency

Impeller Power Formula (SIop$d)
Flow Rate (cu.meter per sec)x Pump Head (Pa)

1000 x Efficiency

Pump impeller power (kW) =

Pump impeller Power o3 qq$s20305 Flow Rate (m3/s) $& Pump Head (Pa or N/m2) efgpod[Ge
Efficiency o:q§[gdo0pdi Pump impeller Power o3 kW unit §9$320305 1000

[§Sc0000egE{gdo0R5

236005 ST Unit cudlgjoon o€ copd$ Pump Head 6l opsde Pa or N/m2 [gdoopdi odelopE
Pump Head loss 20 m of Water o3 Pa or N/m2 o3 c[gp&:q§adsa0o0p5
Pressure = Density of water (Kg/m3) x Gravity force (m/s2)x High of water (m)
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Chapter 11 Pumps and Pumping System
P=pPg hocﬁ@“coo 20p0 Static Head o3 Pressure 33gd @ 6000 6od[gaonfgdo00d 1

Density of water (Kg/m®) x Gravity force (m/s*)x High of water (m)
= 1000 x 9.8 x 20m = 196,000 Pa = 196 kPa

Chiller Water Flow Rate o3 copd: USgpm ¢ cubic meters per second ade[gp:qadsadaopdi
Chilled Water Flow Rate = 1200 USgpm (1200 USgpm = 0.0757 cubic meters per second)
0.0757 x 196,000

1000 x .85
=17.46 kW

Pump impeller power (kW) =

Pump &l Efficiency 03 ©§)% 0paaeoog05qi05epdlgdaopd
adelopE 17.46 kW 2005 Pump il impeller 0388266000 mechanical Power [gdaopSi

Impeller Power Formula (Imperial Unit)

IP unit 220305 960050580
Flow Rate (USgpm)x Pump Head (ft of water)
Pump Break Power (HP) = 3960 x Efficiency
1200 USgpm x 3.28 ft of water
Pump Break Power (HP) = 3960 2 0 85

= 23.39 HP = 17.45 kW
17.45 kW 2005 impeller 03 cppde§320305033266000 005¢96320: (Mechanical Power)
[gD20p5n 03 v§eil impeller o3 eedom 9B F2EqIE§od005eE:$ESEa00N
a328§0de00deenCieE 0000808l cedome Mechanical Power 03 o§ell impeller Beapade§eacgond
8ax o3 Belt 2005 Transmission System 006§e§jsc®3250000n Transmission System &l
Efficiency 00p5 95% ¢ 98% [49§E2000i
Output Pump power (17.45 kW)

Input Motor Power = (7?7 kW)
a3e[oypE Motor Power a0p5 18.36 kW [gdeomaeloppé 18.7kW motor o3

0068088 E00p5n 2Beood Safety factor alogpEeaddgls oozt pump of cedom 6l
o30gCoelopE 18.36 kW o3 0q§SEuponsong€ 18.7kW motor coodoneot J[oBtenieam 22kW
motor o3 005e0E§Ea0p5 18.7kW motor o3 0odso€aoniagi€ loading factor ¢> 100%
§:0k[gb20p5n (1 18.36 kW/18.7kW motor ) 22.0 kW motor o3 0o6so€ooniag€ loading factor ¢o
83% &:JgBo0pSH ( 18.36 kW/22.0kW motor)

Transmission Efficiency (95%) =

eudomgpsaansad:opl Efficieny vpdoopdi eebom Efficieny a320oben cedomei Output
Mechanical power o} Electrical input power o2:000:{gEs[gb20201

eudomgp: 6 Standard Efficieny oo 88% ¢ 92% 0pE4gd20001 ABelopE 3200053
18.7kW motor (e&50m06i output Mechanical power) 3200503326600 Electrical input power ¢
18.7kW / 0.88 = 21.25 kWe [gdoopb

386 C:c0Cegnsn:00p08EQS 65005006006903 S00HCL5EMNI[FOAN

Chilled Water Primary Pump 25[362:000:0005 Pump [g60loopbn o30398 0§ $60:6[3s
Variable Speed Drive [g¢o0ds0€eenEssEoomonpduradadonsdi



Chapter 11 Pumps and Pumping System

Flow Rate ¢ 82 Liter per Second [g®a0p51 Pump Head ¢> 20m of Water (4920051 pump
Efficiency ¢> ©0% |48 cwbom Efficiency ¢o 95% [g6o0p0n Transmission Efficiency o3 100%
[§98€2051 93eupod Transmission Efficiency o3 pump Efficiency saopE:opé copdediEsoonsonpd
0051098082001

eudlgjonopE Flow Rate o Liter per Second sofybsCanadiyconeomnaoppé SEselgoge
1000 $& on:000:00051 65005 1000 [gEoxgEien kW sa(gd & c3eamaeogplgdoopd

p = pgl leodlgoon 205 Static Head o3 Pressure 2(9b § eoon aedgjeonfgdoopd

p (rho) is the density of the fluid (i.e., the practical density of fresh water is 1000 kg/m3);

g is the acceleration due to gravity (approximately 9.81 m/s2 on earth's surface);

h is the height of the fluid column (in metres). Other units can be used if the rest of the units
used in the equation are defined in a consistent way.

Density of water (Kg/m3) x Gravity force (m/s2)x High of water (m)= 1000 x 9.8 x 20m =
196,000 Pa

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

Power requirement of chilled-water pump at full load ( -
(10°Xn,)n,)

where  Q=waterflowrateinlis
p=density of water in kg/m” :
g=gravitational acceleration in nv's™
h=static pressure head in m
n,= pump efficiency
n-=motor efficiency
: (82){1000)(9.81)(20.5)

Power requirement per pump (kW) = (10%)(0.80){0.95) =21.7 kW

Chilled Water Pump o3 pownaa(gdogadgioslgoonsaliydoopdn Condneser Water Pump o3 copds
OB0RaR0O]IEAEAladN

Fluid &1 density qpsogi€ Pump @i Power qpiqpzcd(G: Generated Pressure copbs gpzaopdi
Fluid & Density $p5:0q€ Pump &l Power s05p5:c05000033208: Generated Pump copbs

§é30~3éll
Pump & Shaft Power 9eo05p0:e0
Pump Shaft Power = -2 (kW)

5321
QHT

(kW) SI Unit
102 1

Pump Shaft Power =

Where, Q = Volume flow rate GPM (l/s)
H = Total developed head (TDH) ft(m)
n = Efficiency factor
Air Con 9300000038 B200d:q:00p9 $Go0sp5:e0
(HP) Pump Shaft Power = —GP“’;’;;X S8
Where, Flow rate = GPM
H = Total Pump Head, ft of Liquid
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S.g = Specific Gravity of Liquid (S.g = 1 for liquid)
Liquid 008903 Specified [grodg§s20305 Volume metric flow rate o300009:a0p51 Mass flow rate
o3 spadolgdi Total developed head 320305 height of fluid column o300 8a0gi0opSN
Pressure o3 saad:0[gdi Density (a3) Specific Gravity 03 o3 Pump ewnsep) fluid condition i

20Se density [g¢ ogodes

pOI 0R€ [goonsoopd Pump Curve ¢ 32EqiE§unondeuxnodaopd 1750 rpm [g& 120
GPM flow rate qg§ cunCaoqiC Baq§S Head opdqgbepdspda Power (BHP) $& Efficiency
o3Pl

X axis 20p5 Flow rate (GPM) o3edl[g[G: Y axis 20p5 Head o3 callgaopdi

120 GPM ¢ 63IEc8adqjd: (Vertical Line) oodalogpEadag€ BHP Line , Head Curve $& Efficiency
Curve o303 [godognzoopdi

BHP [g05¢05¢ 1.6 HP o3qoopb

Head [4o5e0dq 35.5 ft o3 qoopd
Efficiency [gob¢cbe 64% o3qaopd
Data: 6'/2" impeller diameter
50 , 1750 REM
Head —70

40

Total head, ft w.
[4+]
Q
T T
!
]
I
I
I
1
!
|
1
]
i
\\
[
|
3
Mechanical efficiency, %

na
L=]

10

a 50 - 100 150 0 130

Flow rate, GPM

Performance Curve for a 6 1/2" pump at 1750RPM.

Curve (A) 2095 reservoir 00690 [gEoopdesepogEeoon safgp: reservoir 0od9ad
eenCio0pd system curve [gboopdn qpeomnsdgC [p%koopd pipe diameter o seadig
conseomelopé friction loss ¢o constant [gdaopdi friction coSagSseamelopé lift (high) c0pd
Head loss [g620p5u

Curve (B) 20pb Closed loop hedonic system ol Curve [g6o0pdn Closed loop
[g0eome[opE pipe friction loss axo§oopSi Head loss 2005 flow rate 6l $6006038:$¢ p3gj0005
Chilled Water System 2005 closed loop [g&200u

Curve (C) 20p5 Opened loop hedonic system curve [gdoopSi Condenser Water system
20pS Open loop [gdoopdi Total head loss 2opb pipe friction loss $& Static loss (ift)
$69601C:0004gEH{gdo0pd

System Curve $& Pump Curve &l intersection point 20p5 Operating Point [g62005u
35§),023p04p203E Duty Point vrcopSs eqEoond3adN
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090.q Pump Selection

Pump oodadsel Performance o3 Pump Curve ¢ [0309¢) 08 .08:gC:962005n (Determine)
cd[gts [9oopdn System ood9me0z05 3260000 Pump oBegigdepdalaqC System &l
3o flow rate o0pd Pump & flow rate [9®oopSi  (Pump  oodadsonpdiom
6en&:q5c83260005 System 3203051 Pump &l Head 2000 System Pressure loss $¢o8qepbi
poeI dop€[goonzanpd Pump Curve qpso flow rate 15 GPM $& 10 ft water pressure
loss §aoon System 0089320305 sa00EenyHed:eam Pump 008903 cgaguSAli
Gusoz00pd flow rate 15 GPM (X axis) $& Head (Y axis)10 ft ¢ Point A locate code) §8&aopb
egeqjud8Ea005 3acebed: Pump ¢ 103 [gdaopSi 103 Pump 2005 flow rate 15 GPM co:§Ea0pd
:2§§0pC 11.5 ft Head 03copSie0s§Eaoodi c83a6000) Pressure loss 10 ft c0o53a005

16

1750 RPM

14

L ‘\\1

[ 04 (1/4 HP)

el 102(;}'\”“\. 103 (1/6 HP) ’{\
f—___‘\‘\i N

~
12 S S NENGERN
6 ;ﬂ\_\\ \\ \\

100 (1/12 HP) \ \ \ \
) NN
0 \ \
0 5 10 15 20 25 30 35
Flow, GPM

Performance curvers for a group of small in-line pumps.
Pump 102 205 required flow 15 GPM Gosoopdsaqj$0p€ 9.3 ft Head 03000 cus§Eaopdi

102 Pump oBegequdes o[gd$En 104 Pump 2005 3620050005 GoBieoon Pump [g6aog5
Over sized Pump opeslaopdi [05:00pd Pump o3 Valve gp:od throttling cod[gesg (artificial
resistance [§0e30CpO[gls) c3mpbeom flow rate o} q§om  =adg§Coopd Beom

p§soqqpiG: Energy [g$:03:apeapodoogd

/

12

Head, ft w.

AN
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— |
%
4? " |55% 60w
60 S e
NENY; N 65%
G AV [N88%
{ ‘ ot K | 68%
A ES IR < 4 65%
s BB L\\ \A 60%
- N T 4 ]
?t; 408, MY S ﬁé\‘ ?‘ / ™\ 55%
N = 1\ N ~ / \\ é x
T 512 N, f‘*‘w >< \?\ SN
#’230 — ) s AL 4 1 45%
5 t““\k/\ AR
— ~ b S - \ NN
L A< g \ 3HP
20— ~~ NdPXUh Y
B emin e ¢ NddR
oyren I ST UL N S NP
10 e | [N 1 HP :

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Capacity in U.S. gallons per minute

Performance curvers for a group of pumps with impeller sizes ranging from 5" to 7" in at
1750RPM.
Pump eg:godepoat 20o3[ggepd 3a5105¢piwe
Pump &l operating point o3 maximum efficiency §oopdesepagt cgegqudas
Pump &l Operating point o3 Pump Curve & s2c005§0:03 Pump Curve &l 8oc00d o930 $60
esepRE Jescoasi
Hydonic System qp:ea0305 Pump gp:eil rpm o3
1750 rpm(60 Hz electrical supply a5:0000 §C&gpizacgnd) $¢
1450 rpm(50 Hz electrical supply 03:0005 §E€&qpezacgnd) egegudadi
Goncudeom  Pump  gpsmacgod 3500 rpm odegequd§eacdcopd:  eentiaop)andl
F20gSep0d2503 [gbeoleoopd

Pump 006cd:03 maximum capacity ¢ 928:038 eg:qd[gt:§Ead espEloaddi Maximum
flow &l 50-75% 3203E:03€ 200 Gg:qd[gE:od 3aEqE8L sagpsp CpOerR§r3o0pd
Centrifugal Pump gpsell Curve qpsoopd 8&&eilogCoonpde) Steep Curve gpzcopds (968005
Flat Curve gpscopd: [§6§Ea0pbi Hedonic System gpisocgod flat curve pump gp:od
390::>sqpsooéu

Flat Curve Pump gpsel Gom&eom soqoden flow rate $p0{gC:qpdgCielopé
[gdedlconeam Head elic[gplicdyen 305p5:c0d0m [gdaopdi adelopE Balancing [gapbepoge
33260005 flow qg§ Control [gjeodepogt sa0g$agudaroocdi

Steep Curve Pump qpscd Pressure Resistance 2opd 2§03 c80dq) onofgpdigpSi0d:amneom
System gp:og€ Constant flow qq$se0305 saadigjoopdi Cooling tower & condenser circuit

2000 $8[ogponaopdsany Jodel 320R8: god§lgElogbsamneomalopE Frictional resistance
oBsano0pSi 030393 System 320305 Steep Curve Pump 2005 saaoeagdeddgdaopd

Air-conditioning systems ogS Chilled Water Circut and condenser water Circuit

Q2320305 0§Pd=00pdi chilled water and hot water (heating) systems gp:ag€, o§qpod
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chilled water and hot water qp:w50056$320305 3203goopdn Chiller Water o3 Chiller 20380
AHUgpssE  FCU  gpsoBeepobesantl  odeonsol  cooling  Coil  gpsodlgodom  Chiller
BB[gSeepodqs 2005 vgpin 0p&dcusqoopd Chilled Water Circut o3 Closed System
068l 20001

aBspSsongnot condenser cooling systems o€ Condenser Water Pump gpzo0pd
Condenser Water o3 Chiller 350pEs¢ Cooling Tower qpsodeepadeaant odeonso in-fill

qpod[godom Chiller 888[gSeepada$ 320305 o§qpon 0g&:deuiqoopdi condenser Water
Circut o Opened System opealaopdi

Pumping system o3&:03€ o3yr:eo00 unique pipe sizing, pipe length, and fitting
gpseopE 03uS3E system curve 630580300001 pumping system sa03E:09Eg e
components (pipe length [gdeo Valve, Elbow oo fitting 00699) [gp&cd agi€ system curve
20pScopSiefypEindogriadaopdi 3p0nudelogpEadeand Seoligtiod 9dg) (flow resistances)

elgpEicdagnieomaloypEygdoopd
A

_—~ Pump curve
EEEE—— _.________-_- ‘.--FJ/
ol
)~
o » S
2 /\
o System curve — /
o
Operating point
Flow

System and pump curve for a pumping system

Pump curve s3o0p5¢> flow rate and developed pressure o3¢l 8005330580503
0q0o8gEesdlyaonfgCdydoopdi pump curve 20pd o§6l o3[gpieax operating points ( flow
$09:500: $& Pressure Head qpzgp: 9800pdb flow gpeqpesE Pressure Head $p0:500: ) 03
e5lyoon:00p0n Zeor Flow ¢ ©0oCq) Full flow 3503 Pressure Head gqpasEozejesdjgoonsaogd
pump curve 2095 flow rate and developed pressure o3=s[yE the pump power and operating
efficiency o3els005006|gP:a3c0pd:a8§8E 05 pump curves 03 0§EORORGPE (pump
manufacturers) 05¢ oa8&2001

Steep curve

Flat curve

Pressure

A4

Flow

Flat and steep pump characteristics.
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Pump curves qp:o3C flat curves o3owpad steep curves ppgaR(gP:w|§ 20
flat curves 033Ea3Eea0005¢P:2005 flow vedan gpignalypEsdaopdo3Eaesant Pressure 2005

0e[gPuEEXIH0PY vedMFsEd:cuSG|PE:S0pdN AdelopE flat curves
B33EBEeom0§yp:o0pd closed systems with modulating 2-way control valves
qP2320R053209§20EG0gH200N 005p: Chiller Water pump (closed system pump) gps
[gb3a09§ 20EeqHo0pdN AHU $& FCU gpiogEondeoaonieann modulating 2-way control
valves 20p5 Building Cooling Load cdlag€ejonpde) c82062003 82262005 %
32038:329¢32305(g|005(0300p51 Befo3pé Chiller Water Flow 2005 e[gp&:cdeoopdi adeacd
Pressure 3320000 6[gpEicdujgacygsendsoopdn odelop¢ flat curves 0§ 2005
soo¢eagedgdaopdi

steep curves 033€aBEea000§qP:00p5 flow vwdan GielpEicde@aciE: Pressure
20p50305¢) e[ypE:cda0pdi Pressure oenan 20pd copbs flow
elgpEiado0pde03:03056gpEsad20001
BefopEsteep curves 033EaBEGa0§qP:a0pd constant flow applications such as condenser
water systems serving cooling towers qps320g053209§ 20&e0g520001 0050: steep curves
0§qp:00p5 Condenser Water pump (Opened system pump) gz 22fgd309$20Ea0q520001

00.0 Pump Efficiency eomE:eoqspdicodigp:

powd o - Chilled Water System ood9opEondsoaoneons Chilled Water Pump A ¢l Flow
rate ¢ 80 L/s [46[G: head ¢ 150 kN/m2 [gdaopSn o pump A & efficiency ¢o 78% [gda0p5n
320000¢) A3 pump o3 90 percent efficiency §eoo 3afgrs pump B (9 elgpEidondeotadodagé
pump power ©p5go005000g0sepds 5k

85% ggu Required . 815 ° 90%
i ' . operating point £ 75% 80% 1
80% % A\
—_— w k q_h'h*r-.h...‘:_;'_
o i el i = ) o =R e
o e | 2| - '
e - § — e S,
gl ST 8 —
g s : \ o - ‘“*\\ Pump curves
% “‘“““*:—u’_,." Pump = | E—— -__‘-.\____\_____::__:v@‘_‘____ ’,-”
.\ curves o | K \
"I 'Required opérating point _

: Q
Flow @ Flow

Operating point for pump A. Operating point for pump B.
>=_ (QXAP)
(1000 X 1, X M)

If the motor efficiency 1, is taken as 1.0,
Saving in pump power

(Q > _\Pr( 1 1 )
1000 TI178 % Moo, /

(0.08 x 150 x 1()"‘1(‘ 1 1 )
1000 0.78 09

= 2.05 kW
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AAEN
Capacity opp8eoon Chiller $8ad: A $& B 03 &l Data 3000 Pressure Drop Across ¢

3djoppSlozeophy

Chiller A & Pressure Drop Across ¢ 30 ft of water [4&{8: Chiller B &l Pressure Drop Across ¢»
10 ft of water [gdoopSn o3 Chiller B 03 eg:qd[gCselomE 20050006000 power o3 epdli

Option A Option B
Chiller capacity 500 RT 500 RT
Pressure drop across 90 kN/m"~ 30 kN/m”
evaporator (30 ft water) (10 ft water)
Chilled water flow rate 75.6 Lis 75.6 L/s

(1200 USgpm) (1200 USgpm)

Using the following equation, the theoretical pump power consumption to over-
come the resistance across the evaporator can be calculated as follows (assuming
efficiency of 100 percent):

Pump kW = [Flow in m"/s X Pressure difference in N/m* ]/1000
Option A, pump kW = [0.0756 % 90,000}/1000 = 6.8 kW
Option B, pump kW = [0.0756 % 30,000]/1000 = 2.3 kW

Pump kW savings due to Option B = (6.8 — 2.3) = 4.5 kW

00.@ Gosgligp:

cegs (0) A pump 00cd:a005 1200 rpm $CeedCie5000532805 200 L/s 0 0p8:08E(Bs 45 kW
832600001 A pump speed 205 1100 rpm 3208 eaqpoydagE new flow rate and power
consumption o3 cRad{goln

cegd ((J) A pump 00dcd:0005 1200 rpm $EewnCe500p532305 200 L/s 03 0p5:38E(8s aopdi
236005 00d4), co3a§$ope (actual operating conditions) water flow &> 35 L/s [g[Gs the pump
motor 2005 25 kW o 23:820051 What will the reduction in pump power consumptionbe if the
pump speed is reduced to provide the design water flow of 20 L/s?

oe:g$: () The condensers of two different chillers of equal capacity have pressure
drops of 80 kN/m2 and 40 kN/m2, respectively. If the water flow rate

required is 150 L/s, calculate the saving in pump power for the condenser

water pump if the chiller with the lower pressure drop is used instead of

the chiller with the higher pressure drop.

Geegds (G)A pumping system 0069200540 L/s $& a head of 120 kN/m2 c832520051 o3 pump
& efficiency ¢ 65 % [gdoopd 65 % efficiency §eoon pump o3 85% §eooo pump

[gSe[gpEscdo0be0EdndagiE power wpby| 2005000008058
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0$5600053Ea00 QEogp:

p0e - 55 kW 66503000680800226000 Pump 0060%:0000 0068560qIE 200564 9600 (1400
rpm) $&copSocdesd: 0odomSaqi€ cBom flow rate =120 L/s 0p8:38Eg&:§0op5n 3200056jad
0§2005 0008500y 3200566 00 Jo (1120 rpm) BogEgrsayC codogrsagyE cBomwpdyjom

08:38E0pSsp51 (new flow rate o3epd)i power consumption epdqgdepdsSs i
Q1 _ 120 /s

P1 _ 55 kw

N1 _ 1400 rpm

N2 _ 1120 rpm

Q2 = Q1 x (N2/N1) = 120 x (1120/1400) = 96 L/s
P2 = P1 x (N2/N1)3 = 55 x (1120/1400)3 = 28 kW

Pump Affinity Laws
Change in speed (N) Change in impeller diameter (D)
Flow (Q) Q = Q, (:_;) _— (%)
Pressure (Ap) Ap, = _\p](:_;) e = -_\p](;%j-)-l
Power (P) P, = P, (:_1) —_— ( % )

3200050 powel 2806 0§05 BBsENYE 300deq 9G00 © BBSBAGE
200566 00 Jo (1400 rpm to 1120 rpm) o3 oqjeo:ogniaqC adousel g&3aadsge| (power
consumption) 205 §0% 0380E:02:08805n 0552 §g3300 ages0de OBad0d
2000%:c86pd (55 kW to 28 kW). 2003[yq$ 2agi05¢0 0§ ¢ 0p5:88Ce000 Pressure Head
2005 copbs speed oqeosiel $6000038: 3203E:07808:a30:0860p5n BelopE Pump Affinity
Laws 2005 Energy Saving 320305 sacg$saadioeonn Formula [gdoopdn o8 Affinity Lawso?
“cube law” vrcopSieal 0005300051 328QluSw 0§ o3 Fan 6l ad:geodn Adloopd o v§ o3 Fan
& C0P500558:00:000038:5C BOES Fo§jror0pd (power & speed3).

PO 0§D GH00PS 1400 rpm $EewIE:es0p535§803C Flow rate 10 L/s
9§19583E:06000:00001 93605 pipe system 0gE 00de0Es) 2034y 0pdeedl FwEgfeoon Flow
rate ¢ 15 L/s [98[Gs 0§6650000000 15 kW 03 053520001 aBo§3ao: 8&E: Flow rate [gdeoon 10
L/s o3 eepodesan pump speed o3 VSD 3203qq) oqe0&:e8anE[grod3agi€ 0§ Power
apgglepdyjoyeotiagoipdscd

Pump affinity laws 3oq

From pump affinity laws, the pump speed can be reduced to give the design flow

as follows:
New pump speed _ 1400 oo (10/15) = 933 rpm
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New power consumption = 15 co (10/15)3 = 4.5 kW
Reduction in pump power consumption =15 — 4.5 = 10.5 kW

o)$p5:0005 Estimation 9§0Ss0jqpsgapde§eeogadamn 32090800001 o3ogeoogpean
qoSgP:q§g§eeR0d 0§0GCRGPGP: (Pump Manufacturer) cdeq§o0pS pump curves o3
320%4g[0300p51 Pump Manufacturer o3 0§ model o3[gpz00cd 0§0063gE:Ben performance

ooéméso@[&p:ooéu

o§ondadieicomd§ewntiesoopd flow rate $C pressure o3 03 pump curves cdlogé

005§ operating point 6B ©0500:8E00p5m aB oBE:gjqoopd flow rate $& pressureaopbod
20%4g)q) system curve 03copb:e§08:8E20001 system curve 20p5 parabolic relationship §eoo

curve [ydoopdn o3 parabolic curve vpe§es:a38Ea00I

ad0303 pump curves cdlogE cond§ operating point $& system curve o3s3000:G:
G§00O0S 800500652009 Parameter qpzod 0305096 §SEoopd

Current operating point

r'y ~
—— e — \\\
ﬁrg — «— Pump curve for
I T . .
e - . current impeller size
- System curve » ! ~
o e i
& Fd LW Lo o _
N ~.4—— Required impeller size
-~ : ™ .
| Required operating point

>

10 15 Flow (I/s)
Using pump curves to select a suitable impeller size.

00.00 0§ QEIYP:
9. 0§0250Y:2005 1200 rpm $EewdC:e500002§ S0 Flow rate 200 L/s 03035:08E]: o0
0§e16eH02005 45 KW dldoB consumesapdaoodi

aBo§ &l speed 2095 1100 rpm o3 ogeo8zogniag€ new flow rate and power consumption o3

§pSh
J- 0500800260005 1200 rpm $&ewntieso0pdmgS0pE Flow rate 20 L/s

§§1958&E:0d000:00001986:255 pipe system o3¢ 000s0Ee] 2aadey00p0s8l 30§q§eoo Flow
rate ¢o

35 L/s 908 aBu§00p5 6l 665000005 25 kW ddlod consumes cp&aopbi sacnude) water flow
o3 83E:p6000:0005 20 L/s 93 eepadesant Speed o3 cagpgiedodag€ opdq) pump power
consumption coqRozege: 20503 epd

9. Cooing capacity opo8eo0n Chiller $&ad:6i condensers gpsaopb wopndcom pressure

drops §o30005n Chiller A & pressure drops o 80 kN/m2 [48[: Chiller B &1 pressure drops >
40 kN/m2 [gd20p5n Chiller $&ad:ei condensers water flow rate ¢p:a05 150 L/s [g&[o300p5
320000¢] pressure drops qp:oopd Chiller A o3 adiopdsaen: pressure drops $p0: 2095 Chiller B
o32ds0qE o3 Chiller $& o3gjonbsooonseoon condenser water pumpgp:el pump power saving
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o3 oS3l

G. A pumping system ood93203050833660> 0§61 Flow 40 L/s c8320[8s pressure head 205
120 kN/m20832600051 o application 320305 65 percent efficiency §2005 0§03 egropdesens
SeomnEso0pd 85 percent efficiency o§o3egeqSadodage power opbgooc500 §€0pdsedi
(6g1008Cepbs052)

End-

Positive slope may be
unstable for certain
/ system loss curves Best efficiency point
e (BEP) or design point

Head

Effect of cavitation
or gas entrainment

on liquid heads

Horsepower

Efficiency

0 0* 'y
Flow rate 0
Typical centrifugal pump performance curves at constant impeller rotation speed.
The units are arbitrary.

H

I Pump A Combined
Pump B in parallel

- 0,

-
.-——-n--——-"-

0 B A A+B —
Operating points

Performance and operating points of two pumps operating singly and combined in parallel.
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H

?

Combined
In series
Pump A
Pump B
0 ]
B A A+B —

Operating points

Performance of two pumps combined in series.

—
=]
=]

%
%
\
/

i
N
prake p?_*_“i_ i R -
\

Power (kW), Head (m), Efficiency (%)
on
(=]

40 Head, h f;ﬁ_
- — =2 —
[~ /Normal heade=="_| __—Z=F=og .
T -
20 = .\Naw( e ; .:.—
| 2 | Constant speed
's 1,450
2 _ |3 ¢ 5I pm
0 25 50 75 100 125 150 175 200

Capacity

Centrifugal pump characteristics at constant speed
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Pump curve at design speed

A .
——————
/.(~M 44— Actual system curve
g / -; ~
- / I
o | Design system curve /| /o
7] I ; -
o —% 1|
= P | Required operating point
~ | !
G ! i
e 2 ! i

\

Design flow Actual flow
Flow

Over sized pump for application.

00.0 J Pumping Systems qp:é g&:328egiomeo§Eupdanglaacobiyp:

Ensure adequate NPSH at site of installation

Ensure availability of basic instruments at pumps like pressure gauges, flow meters.
Operate pumps near best efficiency point.

Modify pumping system and pumps losses to minimize throttling.

Adapt to wide load variation with variable speed drives or sequenced control of multiple
units.

Stop running multiple pumps - add an auto-start for an on-line spare or add a booster pump
in the problem area.

Use booster pumps for small loads requiring higher pressures.

Increase fluid temperature differentials to reduce pumping rates in case of heat
exchangers.

Repair seals and packing to minimize water loss by dripping.

Balance the system to minimize flows and reduce pump power requirements.

Avoid pumping head with a free-fall return (gravity); Use siphon effect to advantage:
Conduct water balance to minimise water consumption

Avoid cooling water re-circulation in DG sets, air compressors, refrigeration systems,
cooling towers feed water pumps, condenser pumps and process pumps.

In multiple pump operations, carefully combine the operation of pumps to avoid throttling
Provide booster pump for few areas of higher head

Replace old pumps by energy efficient pumps

In the case of over designed pump, provide variable speed drive, or downsize / replace
impeller or replace with correct sized pump for efficient operation.

Optimise number of stages in multi-stage pump in case of head margins

Reduce system resistance by pressure drop assessment and pipe size optimization.

Positive displacement pumps are generally less efficient than centrifugal pumps. State

whether the statement is true or false

Installing larger diameter pipe in pumping system results in reduction in

a) static head b) frictional head c)bothaandb d) neither a nor b
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Generally water pipe lines are designed with water velocity of
a)<1lm/s b)upto2.0m/s c)>2m/s d) None of the above

3.

What is the impact on flow and pressure when the impeller of a pump is trimmed?
a) Flow decreases with increased pressureb) Both flow and pressure increases
) Both pressure and flow decreases d) None of the above

g, For high flow requirement, pumps are generally operated in
a) parallel b) series c) any of theabove  d) none of the above

“In case of throttling operation, the pump has to overcome additional pressure in order to
6. deliver the reduced flow”. Please indicate whether this statement is (a) True or (b)
False?
Friction losses in a pumping system is
7. a) proportional to 1/Q b) proportional to Q2
c) proportional to 1/Q° d) proportional to 1/Q*
For large capacity centrifugal pumps, design efficiencies are in

a) around 70% b) around 85% ¢) around 95% d) any of above

9 The moving part in centrifugal pump is
a) impeller  b) diffuser  c) botha &b d) neither a nor b

10 The most efficient method of flow control in @ pumping system is

a) Throttling the flow b) Speed control ¢) Impeller timming d) None

11 In case of increased suction lift from open wells, the delivery flow rate
a) increases b) decreases c¢) remains same d) none of the above

Pump efficiency generally increases with specific speed. State whether the statement is

True or False.

Throttling the delivery valve of a pump results in increased _____.

13 a) head b) power ¢) both (@) and (b) d) either (a) or (b)
The operating point in a pumping system is identified by
a) Point of intersection of system curve and efficiency curve

14. b) Point of intersection of pump curve and theoretical power curve
c) Point of intersection of pump curve and system curve

d)  Cannot be decided by pump characteristic curves
15. The intersection point of the pump curve and the system curve is called
a) Pump efficiency b) Operating point  ¢) System efficiency d) None of the above

16. If the speed of a centrifugal pump is doubled, its power consumption increases by times.
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a) two b) four C) eight d) no

change

Installation of Variable frequency drives (VFD) allows the motor to be operated with
17.

a) lower start-up current  b) higher start-up current

¢) constant current d) none of the above

In case of centrifugal pumps, impeller diameter changes are generally limited to reducing

18.
the diameter to about of maximum size.

a) 75% b)50% c) 25% d) None of the above

If the delivery valve of the pump is throttled such that it delivers 30% of the rated flow,
19.

one of the best options for improved energy efficiency would be
a) Trimming of the impeller b) Replacing the motor

¢) Replacing the impeller with a smaller size impeller d) None of the above
20. Small by-pass lines are installed some times to

a) control flow rate b) control pump delivery head

C) prevent pump running at zero flow d) reduce pump power consumption

Industry standards:
¢ Hydraulic Institute (HI) standards
e ANSI pump - ASME B73.1 specifications (chemical industry)
e API pump - API 610 specifications (oil & gas industry)
¢ DIN pump - DIN 24256 specifications (European standard)
¢ ISO pump - ISO 2858, 5199 specifications (European standard)
¢ Nuclear pump - ASME specifications
e UL/FM fire pump - NFPA specifications

-End-
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