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Per-Unit Power Ladder System for Energy Conservation of Variable Speed Pumps
by Integrating Affinity Law with Least Square Method
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Abstract

This paper presents energy saving techniques for variable speed water pumps. By applying the
affinity law and estimating the least squares parameter, this is called the Per-Unit Power Ladder System.
A study is conducted with four centrifugal pumps at distribution pumping station, Mahasawat water treatment
plant. Based on the research results, the system provides delivery pressure models, pump-up switching
conditions in up-down manner and the optimal scheduling patterns. The techniques presented are tested in

actual operation. When the specific energy consumption index used as a comparison before and after study,

it has been found that this technique can save energy more than 11.59%.

Keywords: energy conservation, variable speed pump, affinity law, least square method
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DELIVERY PRESSURE MODELS
using Least Square Method
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(Optimal Pump Scheduling)
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Power Ladder System)

4. szuutulamasinindeaniie (Per-Unit Power
Ladder System, PUP-Ladder)
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Pressure Models)
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P = 000682Xn  — 240840
elivery pump
, (18)
R = 0.99097
- sUlluy 3 IASDF U NSRRI
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elivery pump
(19)
R = 0.99245
- sulluy 2 A3 DG U TINTOURY
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ivery pump
(20)
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Power (p.u., referred to Affinity Laws)
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Pump speed (p.u.)
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U 9 Mdslwihdnnuseniie P,

91n3U71 9 iunanisduvesidslifise
e mmﬁwmum?mguﬁwﬁLaum%aw%fauﬁ”u awuls
i'm'mﬁul,ﬂ?aaauﬁwﬁmmL%ﬁ@ﬂwhf"fu LLUUﬁLﬁu 4-
pumps mvﬂmwamu"l,v\lﬂwaﬂﬂmm waztiloanAng
ﬁaumsmauman ﬂmaamuivxlﬁmLmaqawﬂmvum
anandudnuvureniids 3 vssA1A1u3950U 7
Wasuwlas ndinanundnediu azanunsaindueisis
tulafdalniindoninelddagui 10 aangud 10 1y
é’hashwaamimguLmeimmum%ﬂgufﬂﬁmw%
flgn 1Wuiseanisguaneiusefudsuey 2.5 bar Wlev
miLU'%EJUWMNEULLUUﬂﬁﬂJmum%aqUﬁw NUINIT
WFonguuuy 3-pumps azU3lnAndsnusand 4.15 p.u.

Pump Speed
Delivery Pressures (bar) Estimated Power Consumption (p.u.)
PER-UNIT
RPM
2-pumps 3-pumps 4-pumps 2-pumps 3-pumps 4-pumps 2-pumps 3-pumps 4-pumps
600 0.86 0.86 0.86 1.24 1.50 1.68 1.26 1.89 252
620 0.89 0.89 0.89 1.30 1.61 1.82 1.39 2.08 278
640 0.91 0.91 0.91 1.37 1.72 1.96 1.53 2.29 3.06
660 0.94 0.94 0.94 1.44 1.83 2.09 1.68 251 3.35
680 0.97 0.97 0.97 1.51 1.94 223 1.83 2.75 3.67
700 1.00 1.00 1.00 1.57 2.05 237 2.00 3.00 4.00
720 PE-4o3===p--1w5--+_ 103 D 164 216 250 D 218 520 ([ 435 D
740 1.06 1.06 1.06 I 1.71 2.27 2.64 | 2.36 3.54 4.73 I
,lé% 1.09 1.09 \Il 1.09 1.78 2.38 i 277 2.56 .84 5.12
=~ Zo
780 1.11 \ 1.11 1.11 1.84 2.49 > 291 277 4 15 553
"""" = Sy
o] 1.14 | 1.14 1.14 191 2.60 3.05 2.99 Y48 597

820 1.17 1.17 1.17 1.98 2.71 3.18 3.21 4.82 6.43
840 1.20 1.20 1.20 2.04 2.82 332 3.46 5.18 6.91
860 1.23 1.23 1.23 211 293 3.46 3.71 5.56 7.42
880 1.26 1.26 1.26 218 3.04 3.59 3.97 5.96 7.95
900 1.29 1.29 1.29 2.25 3.15 3.73 4.25 6.38 8.50
920 1.31 1.31 1.31 231 3.26 3.87 4.54 6.81 9.08
940 1.34 1.34 1.34 2.38 3.37 4.00 4.84 7.26 9.69
960 1.37 1.37 1.37 2.45 3.48 4.14 M 5.16 7.74 10.32
980 7&1.40 1.40 1.40 251 3.59 azs 549 D 823 10.98
1000 1.43 1.43 1.43 2.58 3.70 4.41 5.83 8.75 11.66

5U7 10 52UV PUP-Ladder
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THAILAND
5197 1 uwIAenaUsEndaaInszuY PUP-Ladder
Combination 4-pumps | 3-pumps | 2-pumps
Pump speed (rpm) 720 780 980
Delivery pressure (bar) 2.50 2.49 2.51
Estimated power (p.u.) 4.35° 4.15° 5.49°

*A1g11 AB 380 kW wag 700 rpm

AN5197 2 HaN1SNRERUMIBEUSUSYUU PUP-Ladder

Combination 4-pumps 3-pumps | 2-pumps
Pump speed (rpm) 720 780 980
Delivery pressure (bar) 2.50 2.51 2.54
Suction pressure (bar) 0.80 0.79 0.82
Consumption power (kW) 1,685 1,638 2,050
Consumption power (p.u.) 4.43° 4.31° 5.40°

*A1g1U Ao 380 KW uaz 700 rpm

M13799 3 Roulun1aduLAseIguINTIRvgn

Speed (rpm)
Conditions
4-pumps | 3-pumps | 2-pumps
aduan d-pumps 1u 3-
umps %50 @aUaN 3- 920
pamp 840 <

pumps Hu 4-pumps

adua1n 3-pumps LHu 2-
pumps 130 #aUan 2-

pumps WJu 3-pumps

700
620 <}:ﬁ>
a

< Y] aa )
1A113L5259U 780 rpm FednwugIsnsunaUsyndaly
sU 10 adredududule 3adufiuivesszuudule

e

negevasaiieduduaudululfvesssuu PUP-Ladder
Ienanaasdinisned 2 azdiuldinanisnadeuaied
wanafanns19d 2 tenagdenndaslumaieatuiuansiad
1 Fyanansnaguliinszun PUP-Ladder thuflennsanns
lfiAnnaUsendandsnuiuiniosguinuuuuiu
anuisaseuld uazanwanisneasatesruisldtouls
miaﬁmﬂ%aguﬁwﬁaﬁqm LAnafan1a7 3

5. an1sNAaazaiUse

915197t 3 Wunanismaaent esfuluien
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yhamuUnveaaiosguin Insanzmaduluseugs uay
9ndilontsufoRaunieaguin a1 NPSHA > NPSHR
e [18] Famsanseuiihiaueil Wunsuosnislueas
Unditliidsnansenuseiaiesguih dmsunisaduiaios
quﬁmﬂaazLaum%"aqquﬁwasmﬁw 1-2 wdes Tueany
Foensindes WundeIan 02:00 - 04:00 U. wAZHILA
a1 04:00 u. tHugdiuan f\]%ﬁﬁﬂﬁiLaULﬂ%@ﬁQUﬁﬂﬁﬂ 16
dloannuiseuves 2- pumps 891 700 rpm Iﬁﬁwms
aauisumumu 3-pumps 7iANUEITEU 620 rpm e 3 m
u,a”maa6']quia‘umummmaqmimmu UZ5411P il
WLTY AUieTUl 920 rpm Iwmmimumiaqqumaﬂ 1
#1 3w 10U d4-pumps 1A21115250U 840 rpm lumns

maslnideniiey wazuaniieg1ulSeuieulafnmse Sy ma’iéfaqqumaum%mquﬁw A1u1509 e nu
= = v 1% | o YR o A 1
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==Delivery Pressure (bar) for Monday
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==Delivery Pressure (bar) for Sunday
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