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A Practical Engineering Guide for Improving Industrial Pumping Systems Efficiency
Operating Near BEP and Optimizing the System within the Preferred Operating Region (POR)
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Hydraulics Pump/System curves, duty point, static/friction head, losses
Efficiency Pump, motor, VED and wire-to-water efficiency
Reliability BEP/POR/AOR, NPSH, cavitation, vibration
Energy Specific energy, control losses, annual energy and cost
Optimization VED, trim, reselection, parallel staging, piping
Verification Qualified opportunities, M&V, digital monitoring
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Energy assessment and field diagnostics Detailed mechanical design and stress analysis
Pump/system curve reconstruction OEM-certified pump selection for final procurement
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M&V planning concepts Contractual savings certification by independent party
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From Loss to Qualified Saving Opportunity

Observed loss / gap

Measured & repeatable

Root cause understood

Feasible intervention

Process constraints satisfied

Qualified opportunity

Not every loss is a saving opportunity — qualify the opportunity before claiming savings.
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Fundamentals of Pump-System Hydraulics
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Pump Curve vs System Curve - Operating Point
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H_total = H_static + H_friction + A(P/pg) + A(V%/2g)
sl blaw] pas wazmy oS asully lasially cumwlioll B9 cunmy @83l Loy oSy é>sidall plaill (b

RUNVAVL SRV INT ISV LRVTA
o Vaiuo (SuiliwY g8 )1 iy Loy 5930] goyo go LUJ.n..).quBAJI o S p.]a&a Q\.ch_,\SlS.;:SJI u_aJI)uw

H_system = H_static + K Q2

Hydraulic and Electrical Power | aul eSlg &Sl ougll 602l 1.2
P_hyd (kW) = Q(m?*h) x H(m) x SG/ 367
P_elec = P_hyd / (n_pump x n_motor x m_vfd)
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Energy Conversion Chain and Efficiency Boundaries

n_vfd n_motor n_pump

Grid / VFD —{ Motor } Pump Shaft —{ Hydraulic Output

P hyd =Q xH x SG/367 | P_elec =P_hyd/(n_pump x n_motor x n_vfd)
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Why Static Head Changes VFD Savings Potential
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Engineering Assessment Methodology & Standards
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EEESC Pump-System Assessment Logic

Define boundajGpllect field d onstruct cur)
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Measured loss - engineering cause - feasible action - constraints satisfied - M&V - Qualified saving opportunity
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Minimum Field Measurement Architecture

Flow meter N

BEP / POR / NPSH
- Diagnostics
Suction pressure
ump / System Mode
Discharge pressure - Energy / Cost
Opportunity

Power analyzer /
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Measurement & Verification - Adjusted Baseline vs Measured Energy
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BEP, POR, AOR & Reliability Diagnostics
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BEP, Preferred Operating Region (POR) and Allowable Operating Region (AOR)
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NPSH and Cavitation | a9=illg NPSH 3.4

NPSH Margin and Cavitation Risk
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o &l Toml puii 2ie Lasd lawgioll puds oYl Ol ssime $ig *

Vibration and Condition Monitoring | alo il asl ollg 1Yl 3.9

w3 ado uidl sl el bl Wls (Jeusll pudg LYl wlwlal ANSIHI 9.6.4 (] uiw Hydraulic Institute

o o T 38 LYl L uis oY NPSHs a5 ulls He Q go ol Ll clasll gubadl o .alall

Operating-Region Quick Diagnosis | Jusiill giogo cons g jawsiis 3.10

POR JLuu._;_ Low flow, recirculation, radial load Minimum flow, valve position, pump sizing
POR J=>I> anlaiclloslaS o jlei Jiasl Maintain and monitor

POR (jrou High flow, motor load, NPSH pressure NPSHA, motor kW, system resistance
AOR 7,5 anlaicVl lblxe glas)l Immediate engineering review
shutoff < 9 Heat rise / very low flow Minimum continuous flow protection
run-out < 9 Power/NPSH limits Motor and suction-system limits

u“ u‘“__l—“—:ld" (FL-‘-‘LD .
63L go Hg Q pmai 2ic < poiwl 3] 8K gougdl 109 183020 Jusini alasi aic laad yglai alSuinodl culS |5]
S Sl il I elllasallall 8laS I Jails kW
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Control & Optimization Strategies

siog VFD sudy (sing (b ainll &S puull ol bypass ol izl plaziwl wllall (6 oSl G $all Juaall @z,
gilnio LiST jwlgall G gl 459 0ll Lad ol awallall HLisl 83le] HoSi

Control Strategy - Why Variable Speed Can Reduce Power

100
S 80
o
(%]
(]
©
k]
8 601
]
2
o]
[a
S 40-
Qo
o
<

=@= Throttling
20 1 =o- \/FD / speed control
=8 Bypass
50 60 70 80 90 100

Required Flow (% of design)
Control Strategy Comparison | 19-9-)‘-‘-” S Ro pS.x;.“ d)JoJ 4Ja.uuo &JJLii.o Js.w

VFD | variable Speed Control ac ull jusio oSl 4.1

5911 Jiy ol ac il Gaan) oSey 13931l e cllall iy (SIEoY! saall lgde ity il anlas¥l i
e Y Sl GSwliwdl gl ol anla¥l A3 gos g Mo 393> peio aliull oulsd $35 6xilly g3l
orlrall plaill inio el camy D3 izl puiiy dpnsSall 6,20l a8Mle
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Affinity Laws - Effect of Speed on Pump Curves

= 100% speed
1.0 1 = 90% speed
= 80% speed
m— 70% speed
0.8 1
©
©
(V]
T
el
U]
N
© 0.6 1
£
o
4
0.4 A
0.2

O.IO 012 0j4 0.|6 0;8 l.IO
Normalized Flow
pdinity Laws | &6 ] i uilia asbad| uiled S
Q/Q;=Ny/N; | HyH;=(Ny/N;?> | PyP;=(Ny/Nyp)?

Impeller Trimming & Reselection | ,LizYl sslelg a5 g ,0ll (08 4.2
ST awallall HLas| gole] ol a>g 0l ad 09Ss 289 «po o JSuin Oversized dxollally G G Joxdl olS 13]
Slaill 59359 dzianl &S il wlinie plaziwl vz 13> dasmio 4 uw s Ll VFD Jikis o sslaS
aadall sVl wlizio o8 JiauS aladl uilsd go Jolaill pacg 7 oomoll

Parallel Pumping | sl e wlollall Jusis 4.3

wizio ity $lodll e puiralle Jysins xie arowdl 3931l Yaro gz (xS Y ioballall 833010 dnlaiVl (5

wlazg 82 Jsiws Jau POR J| o8l samg JS e Ladsly 29 Sl Jdwid] Lanelle JS Jukiins dladig roE.l'o.i.”
caaasio Jlo>| aic

Piping and Valves | < loloually juwlgall 4.4

lally coud! bglas (9 a9 uall it wle | iz e

S lasio 8 )l B Josi il gidl wlolose yaxd @

slegdl Js39 0l plasl pas wcamudl o andll gloSYI a0 o

gl Sl wlelwg adle aSISEsY aslgall OS5 boaie Lolais] jlasll ,uSS awl o @

Optimization Decision Matrix | =il ol,bs a,las 4.5

28lg9 urio Ll . harmonics: «J )=o)l §91g5
VFD - oS + j ‘! >
6 540 SIS M7 190 minimum speed/NPSH
| ller t ! 9 ! A . c .
mpeller trim i aasill jaaxio oily J> dzivaoll &S il 592>
Pump reselection OH S27 S © [ iclg bslas Sudiid| Cadgig CAPEX
p P” ”3 LWJl ULC« d._u_.)Lo.LC 9 © A 9999
Pipe resizing B S duSaui 281g9 wollaa]l head (jpas S o/ dwido aalSs
Parallel sequencing 9 o Sl POR w8 wlasgll cliy) el 79 o S
o ibgigo

VFD | static Head and VFD Decision |5 lc SulwY| s )| il 4.6
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o8 e anallall crimio Jms 28 w8 48 unns a6 padl] yass 0l iCollaall g9l alaze lgimy H_static oS I3]
sloicl b calzall plaidl crizmio oy e il siall oSl o 095 U3 rSwliwdl g3,Jl ol wale

PoaN3 e awino w995 s

Why Static Head Changes VFD Savings Potential

100 A
== | ow static head / friction dominated
=== High static head system
80 1
T
©
© 604
<
€
()
@
>
(V5] 40 -
20 1
High static he

Speed reduction is m werful when friction dominates.

s the practical speed reduction range.

0 100 200 300 400 500

Flow Q

VFD | Static Head vs VFD Potential QIJS-QS @S.ul.wuw &9).” gecy) e 1 S
Parallel Pump Sequencing | S| Jwlwilly sjledl e wloallall 4.7

Parallel Pumping - Combined Curve and System Operating Point

= One pump
120 { === Two identical pumps in parallel
= System curve
100 A
I 80 A
e
©
[J)
T
60 1
40 1
20 1

0 100

200 300 400 500 600 700
Total Flow Q

Parallel Pump Operating Points | .___SJ'|3.1'J| wle u.u.u::.uos 6.)7|3 aallo &o Jusid | alass 1 S

JS dsriss alasi Olws oo Joms plladl gizio go eloladl] alasi oY 3931l cacliay ¥ adlio] arollo Jyaiss
B18% go POR Jzb wlellll o Koo 22c Jsl Lle laslx, staging izl oi i sylgdl am LgislaSy 8a>g

eadlall

Motors, Drives and Power Quality | & 28l 659> 8claSdl adle IS =0 4.8

oversized gl @38 J,me Jlniwl ] az ] ais U3 gog . xSalsoun mismatch gle Y oa>s & zall Jlouiwl
harmonics gaxé v LS .auuilly Jill 5,09 VFD go ($8lgilly (eall Joxdl sic I xall 8elaS gl )5
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Investment Prioritization | laiiwY| wlglsl i 4.9

Jlzol| Toido UJj9 Jl5a|
Energy impact 30% Juoli 22, g -q THE KWhiyr S
.)3+QJ|
Reliability impact 20% < ‘J'L” gl.)'? y ! ‘J'Q
' cavitation/vibration/failures
CAPEX / Payback 20% a*WL"D{-)I.) sl 6,8 Lo
Process risk 15% Selulllasiolss9> Moo 3295 Jo
. . Jaxsi gl Jiglo cadgi glizy Jo
Ease of implementation 15% § S &S

Quick Intervention Selector | <>V ,Li>Y & w ja=9 4.10

Valve throttled + variable demand

VFED / control reset

$all 2S5 sl b

System curve + speed range

Constant duty + oversized pump

Trim / reselection

OEM curve and required margin

High friction loss

Pipe/valve optimization

Measured AP by section

Multiple pumps at low load

Sequencing

Parallel operating points

Poor NPSH

Suction-system correction

NPSHA worst-case calculation

High kW at correct duty

Pump/motor restoration

Wire-to-water efficiency test

Jliwdl 1,8

Gl ol BoLausl

JiasVl Jxdl Gl oad awiss ,iSY1 Jl Bolg ol o5 15] pwball s ,blxall jaaxis szl fxl
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Applied Egyptian Case Study - Cooling Water System

ol ey dnausi pl8, Y1 alog pite s dw g adll asliSy 5,08 W] wlwlall Jew aasS Alx] iogs
isolla)l 55L6S aumi go ol usllaall He Q slay ol il

Case Study - Current vs Engineered Target

16001 mmm Current

[ Optimized near BEP
1400 A
1200 A
1000 A
800 -
600 -

400 1

200

O..

. %)
P eﬁ'\C\eﬂC\/ k & Ca\ po\N

Sl e annual cost (EGP)
n

Electrd | enerdy

pum Annud

Current vs Engineered Target | M)A.@Jl JA.@JL; aJ | = a.:')l.ii.o JS.uu

Measured Data & Assumptions | Lol ,i9Ylg ads=Jl & ULJI 5.1

i doyall alas Mol
Q (g9l ms/h 300 ddosl] Lollao
H US| g9 JI m 50 elail) Lollns
SG 1.00 _sb
aJ I aallall sslas 55% ssleSl Ladl e B suss Jusiins
a9 gimol| arallall selaS 80% oslaSII uJaqu:Jsl WD D
J o)l 55laS 93% JUadl Lo anl
Jasaid | wle Lw hiyear 8,000 S ginw Jarain
asUall aay =5 EGP/kWh 2.50 Juo=il) LB solaisl ol yusl

Calculations | wllw=lJl5.2
P_hyd =300 x 50 / 367 = 40.87 kW
P_elec,current = 40.87 / (0.55 x 0.93) =79.91 kW
P_elec,target = 40.87 / (0.80 x 0.93) = 54.94 kW
AP =24.97 kW - 31.25% reduction in electrical input
P2 amy 9645.5 o )lay Buws G ol véysio alasi 25 08 85l Jies %80 (J] %55 (o drallall 85laS puuzi
Dguaboll puogi 09 "%25+" &S

Annual Energy & Cost | agiudl aalSillg aslall 5.3

asl oSl & aall kw 79.91 kw 54.94 kw 24.97-
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& gind | aslall Mwh 639.25 Mwh 439.48 99 MWh 199.77
ay g | aalSall EGP 1,598,121 EGP 1,098,708 89 EGP 499,413
s ol INgiw V| kwh/m? 0.266 kwh/m? 0.183 31.25%-

- Case Study - Specific Pumping Energy

0.266

0.25 1 31.2% reduction

0.20 1

0.15 4

0.10 1

Specific energy (kWh/m3)

0.05 A

0.00 -

Current Optimized

Specific Pumping Energy | &g_wub.).” al =l w9 c.ao.U 4.&3.J| asllall 1 S

tluiwYl s90>

¥ el o5laSs 9 ,)ly 39210l Sl go drallall 55aS uuni yoliidl 5 @l Alall 03m o8 %31.25 s
ool a3 axzl,0g paiill a2 Lo ulid Ji5 Gamo 4955 aniz Vg 5] wlitio (ls poss

Sensitivity to Pump Efficiency | dwllall 8¢leS) dapwlbuzdl Jud= 5.4

n_pump kW input MWhlyear Cost (M EGPlyear)
55% 79.91 639.2 1.598
60% 73.25 586.0 1.465
65% 67.61 540.9 1.352
70% 62.78 502.3 1.256
75% 58.60 468.8 1.172
80% 54.94 439.5 1.099

Llall il oslaSIl soimo go g Ji ‘lais anldid Bl 55, cond uosdl aos ol gogr Jeazll Iin
9680 Ll 6 ilio 6345 ol,adl Jx wlwlially OEM (uizio plaziwl czy i) Eilage gusnil

Opportunity Qualification | aJl=l awl )5 9 auo ,all Jwli5.5

J=15 H=50 mg Q=300 m3/h gusxi e ol Gwoin i»u _9i awwlio awalls ol wls] i %80 Laagll slaic! Jus

trim ol vawallall [Lis] sole] o JiasVl soYl ol guits 38 .auwlio I 0 6,289 Josio NPSH margin go [POR
S s, |8 "arallall 56l4S g8, Jx aSuinll a8lgs jass ol VFD gl

Al o Collasll gaxill

Hydraulic duty ddosl) (s> laS Hlaige H=50 mg Q=300 m3h
OEM feasibility POR ;9 duty (8= &> g yolduall sizrio
NPSH A lowl e cuwlio Juold ay NPSHA
Motor/VFD 3923l (oo ac udly HLillg 8,8l
Process oSl ol adas)l 3y, le il Y
M&V ddigo Jusuin wlelw go s/ Jud kW,QH wlid
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Measurement & Verification - Adjusted Baseline vs Measured Energy

140 A

130 A

110 A

- Adjusted baseline / expected energy
= Measured energy

1001 == Improvement action

Verified saving area (concept)

0 5 10 15 20 25
Period

Post-Action M&V Concept | Suaid| s &n.z..” alas JS.».-

KW 3,5 plasianl sz Y Hol Q uss 13] szl asg Jid alilos Juriiss wY> (b 6,080l Lakially o2l wla,
aygllaall adsall aoxxll puSay (it Salg o T390 pazinnt ol uwlwdl bas Jasd i foxzg plxll

What the Case Demonstrates - and What It Does Not | aiis o) log awl o]l aiond Lo 5.7

JS ol cut ¥ S aoasdl wls sic 8,3a)l Gle n_pump guuss 555 wanS elads bl Glaio cuis awl,Jl

Jlsw | 80l Jiomi b LS dagd Ldoslall wlizall ;Sao %80 | Jsosll Ol Vg %31.25 §ix, gdso
955 289 ] dno il Jigmi pudds gamill LS Grawain
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Digital Twin & Predictive Maintenance

Lasll 405
SlsinYlg 6,08)lg basially §920| gons soime dnslio plas ] aidge pwlé dlo> oo pudill Juadll Isn Jais
aSuidly arallal) wwiid z3905 go wlolosall all>g

Digital Twin / Continuous Performance Monitoring Architecture

Sensors
Flow ¢ Pressure * Power ¢ Vi

Engineering Model
ump + System Cu

Analytics

aPoristorian / SCADA « NPSH * SEC * Anomaly

>

Action layer
VED setpoint * maintenance ¢ sequencing

Digital Twin Architecture | & roiaial| &8l ally duad I dolgill & lase 1 JSui

Continuous Monitoring | & o]l a8l )l J| 5,921 pwliall 0 6.1
g._,\.ul.?tf .SCADA 9i Historian &0 Jl)myl CJI)I)J«S VFD/PLC_9 6).).5.” J.L?Log Ja.v.;a.”g d_9)u.“ wble JaJ_J uicu
Jus LYl GLauSL geay Lo {plaily aellall dlay y (d=all sl o) lale 6 mad wlis (e bl ol uise

S aalSs ol Jlac (J]| aloms
Recommended Dashboard KPIs | & lia)l a>9) &l uige 6.2
KPI o3|
Operating flow / head Jusud| alass xo=i

slal) aSsd| (o plUail sslaS
ol @8lall JNgiwl olxil
cioxilly cull bl
&S5 Seall aall
Szl Colwl pgd
e rive | Jogmill al5 5L

Distance from BEP / POR status
Wire-to-water efficiency
Specific energy kWh/m3
NPSH margin indicator

Vibration / bearing temperature
Valve position / VFD speed
Qualified saving opportunity

Predictive Maintenance vs Hydraulic Diagnosis | 5 gl ix cowd asuill aluall 6.3

ol POR (¢ xumy Sulo o Juriss azais Ll 0550 28 aiS) 1aSuilSin 8l3lxo pac axus 090 26 1Yl glas,|
pladl awsin e ailuall Lad Jx adeell Lkl alasi go aSwilSiedl | wlly god wxg A cajgxi

Smart Alarm Logic | aSyJl w)luYl glais 6.4

Hydraulic deviation

kW go a9 ginll alay =l ¢, Q/H

plaill iming wlolaall o i

Cavitation risk

T pitio o s
Jle o + 5l unl/slogio

strainerg 6J|).>d| a> )>9 NPSHA &?b

Efficiency drift

Jiloo ziuty g l;._z_u.).'i &Y p KWh/m3

Control loss

d.l:u d...z“ ,ol.mag i VFD speed

control philosophy Jauo i'))l.(«!

Mechanical anomaly

psi 092 gy &yl >/l jinl
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| Sdg b

OT | Data Quality and OT Governance izt oYlg lilul 855> 6.5

bad-quality flags. . wlall wla>g dimestamps 5] cazy . lwlu> 3979 > ,70) d8gige ruai ¥ drad Jl dolsill
&lually Jusaiidl 9,9 a=>l,0 go SCADA/PLC go ol xic read-only Jgwosll 592>4 (calibration metadata

iz =l setpoints (e xeizo jub T Jyasi sl izl

Digital Readiness Checklist | w8 JI Joxill 4 jnls aoils 6.6

il Minimum requirement
Flow and pressure tags Calibrated, timestamped and mapped to the same pump

Electrical power Real kW / energy, not current-only estimate

Speed / VFD Frequency or rpm plus control mode
Equipment state Run/stop and pump sequence status

Historian Sufficient retention for trends and events

Maintenance log Work orders/events with timestamps

Data quality Bad-value flags and unit dictionary

Cybersecurity Approved read-only analytics access where possible

Suggested Data Frequency | ¢ iso)l o Ulul 55,5 6.7

Monthly energy management

min - daily aggregation 15

Operating-point analytics

min 1-5

Transient/control troubleshooting

seconds to sub-minute as needed

Vibration condition monitoring

per condition-monitoring strategy

M&V reporting

interval consistent with baseline/model

EEESC Information & Knowledge Center
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EEESC J onall wilsss aulaall g3ladl | gludl JLaall

Field Forms & Checklists

Tl aod>
Lo oyl o9 Junbis (aluaaid] ulilly Jo¥l muuall slil plaziw 6 uiolo lgsd Juadll lsn 99,
il sl b apwlwl obly glis pxs oo

Pump-System Identification Form | wall pllai cay yei 6 loiwl 7.1
JBoYI [ doyall

Plant / Area

Pump Tag / Service

Pump Type / OEM / Model

Rated Q / H / Speed

Motor kW / Efficiency

Control Method Throttle / Bypass / VFD / On-Off

Operating Hours

Process Requirement SJoE H
Fluid / SG / Temperature
?Available OEM Curve Yes / No

Field Measurement Checklist | auilauo]l owlwlall aails 7.2

Measurement Done Unit Field note
Flow Q O m3/h Stable / variable
Suction pressure O bar(g)/bar(a) Gauge location documented
Discharge pressure O bar(g) Gauge elevation documented
Electrical kW O kW phase true power-3
VFD frequency / rpm O Hz / rpm Record control mode
Fluid temperature O c® For vapor pressure / density
Valve positions O status / % Suction + discharge + bypass
Vibration O mm/s or spectrum Optional for detailed diagnosis

Qualified Opportunity Register | algoll ozl duo 9 Jzw 7.3

Observed gap

Evidence / measurements
Root cause
Proposed action
Process constraints

Expected kW reduction
Annual hours
Expected kWh saving

CAPEX / OPEX
M&V method
Decision Qualified / Needs study / Reject
EEESC Information & Knowledge Center 2026 24 ixé.o
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EEESC Pump-System Assessment Logic

Define boundajgpollect field d onstruct curyveBiagnose gafualify opportunitierify savings

Measured loss - engineering cause - feasible action - constraints satisfied - M&V - Qualified saving opportunity

Opportunity Qualification Workflow | d.n:u“ gJ! c;lilg,.;.” 0o cuo).n.“ ,J.mzl; ,J.uuluu ,JS..w

Minute Walk-Through Screening-20 | &85 20 - g uw guwo a9 doils 7.4

Sesly JShiw §gize 3 lall plowo
Ssolall Lzl slsl ggiao Bypass
Sedodl il 135 dinaxin 48w 2is VFD
Pfilter/valve j& S )9 ri0 sk lbsio (8,9
Sguolg jljsal ol cavitation wgwo
§aajgo pressure gl flow uLLu 2> Y
§sd=all duty (o uiSs US| dawallall
Tedgll plago Joaxll QoaRio I y=all
S J = impeller JJ aa,Uno jul gl d>lio yu& OEM curve

Ooooo|ooo|oio|-

399 sl polall pladl aglsl g5, LSt S50 199 3979 wini ¥ anilall o whli] 6as el 1]
LS 3 9 axiogall Jualll dungiog ISO/ASME 14414

Suggested Final Assessment Report | leill cusill o 85 S 7.5

# Section Minimum content

1 Executive summary Duty, current kW, main gl[agn05|s, qualified
opportunities
P&ID / schematic, included equipment,
2 ST SANEELT measurement points
. Instrument accuracy, timestamps, operating
3 Data quality conditions
4 Hydraulic analysis Pump/system curves, BEP/POR/AOR,
NPSH
5 Electrical analysis kW, motor loading, VFD, power quality as
relevant
6 Opportunities Action, energy, cost, reliability, constraints
7 M&V plan Baseline, variables, 'meters, post-action
period
8 Action register Owner, priority, CAPEX, due date, status
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Technical Appendices & Quick Equations

Tl 2ol
AoV Clwlly ppiill slil gdgall yuaige lezliz il lallaslly wlazglly Yslrall g ow &z 10

Quick Formula Sheet | &= uw «Yoleo 8.1

isgoll A
Hydraulic power P_hyd(kW)=Q(m3/h)xH(m)xSG/367
Electrical input P_elec=P_hyd/(n_pumpxn_motorxn_vfd)
System curve H=H_static+KQ?
Wire-to-water efficiency n_wtw=P hyd/P_elec

Specific energy SEC_pump=kWh/m3
Aﬂlnlty - flow Qz/Q]_:Nz/Nl

Aﬁlnlty - head H2/H1=(N2/N1)2

Affinity - power P2/P1=(N2/N4)3

Annual energy E_yr=kWxoperating hours
Annual cost Cost=E_yrxtariff

Useful Unit Conversions | éxu00 wlasg wlg=i 8.2

bar 1 kPa = 10.197 m water head at 4°C 100
m3h 1 L/s 0.2778
L/s 1 m3/h 3.6
hp 1 kw 0.7457
psi 1 kPa 6.8948
ft 1 m 0.3048
gpm (US) 1 meh 0.2271
kwh 1 MJ 3.6

Glossary | «l=llaas)l jugols 8.3

Jlais| adlouasll wizoll
BEP Best Efficiency Point sis daallall égL"‘F wlel alags
(M IIXo )Ja.‘)/as).w
: : wle laslx, BEP Jo> Jiaso Yla
POR Preferred Operating Region N
pereiing wed aloicYlg sslasll
AOR Allowable Operating Region do g iy “)'XU J.9""|"° gwsl Jlai
NPSHA Net Positive Suction Head Available 2 'DUb‘dl Ue CL‘T"” OML@JI

NPSHR / NPSH3

Pump-required suction condition

uajl..aj'o.)xzj wllaio
LV awllall

VFD / VSD Variable Frequency/Speed Drive 2 lllae uudl 9 oS
OEM Original Equipment Manufacturer a.;l,o;yl asivanl| &S il
M&V Measurement & Verification wlye9g)l o gaxillg Hwlall
PSAP Pump System Assessment Professional Hydraulic Institute (o (sigo !

Quick Decision Rules | as w8 45,9 8.4

b paislie PN3 o i85 Vg s pladl (rizias VFD uis | 5usie callally Bgixe plosall oS 15) ¢
VFD 9, leiiwd! Jub reselection of trim ¢, 16 :oversized awollally Bl Jysiuidl olS 15 «
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ool axdleo Jud as ol ol 8921l g8 ,5 Y LEimio NPSH margin olS 13]
.sequencing ,usi Jué operating points wlw> xel 1slsilly Josi wholl 836 wils 13] ¢
I =xally aSid] 289 e anallall 389 Juasl ieul duty go Ras 0 KWh/m3 oS 15] «
Investment-Grade Y Screening axuiill oo ‘daigo st ol dioljio st wlilul culS I5] «

Common Engineering Mistakes | lguiz o asibio cllas] 8.5

.ovld 9o rall 933l ga nameplate flow ,Lic|
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Pocket Rule
Measure Q + suction pressure + discharge pressure + real KW + speed at the same operating condition. Without these
five elements, diagnosis should normally remain preliminary
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