Pumpamise maksumuse analtiis (WaterGEMS)

Ulesande pustitus
Selles naites vordled sa kolme erineva pumpamise strateegia kulutusi energiale:

1) Konstantse poorete arvuga pumpamine mahutiga
2) Konstantse poorete arvuga pumpamine mahutita

3) Poorete arvu reguleerimisega pumpamine mahutita

Sa vordled neid strateegiaid 24h EPS mudeliga. Enamik mudeliandmestikust on juba ette
valmistatud.

Ava fail: PumpamiseMaksumus.wtg.
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Sa pead sisestama tarbimisgraafiku tabeli 1 kohaselt. Seejarel seo see iga s6lmega (kdigis
stsenaariumitest).

Tund Kordaja
0 0.8
3 1.0
6 1.2
9 1.4
12 1.2
15 1.0
18 0.8
21 0.6
24 0.8

Pumba efektiivsuse kdverad kdikide stsenaariumite |Gikes on defineeritud jargmiselt:

— Efficiency Type = Best Efficieny Point
— Motor efficiency = 95%

— BEP efficiency = 75%

— BEP Flow =657.191/s
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Stsenaarium 1: Mahutiga

Pumbad tootavad/ei toota jargmiste mahutite HGL seadetel:

Sees, kui T-1: HGL < Valjas, kui T-1: HGL >

PMP-4  1106.7 109.4

PMP-5 1105.2 108.2

Stsenaarium 2: Pump + mahuti

PMP-4 on alati sees. PMP-5 k&ivitub kui torus P-18 on vooluhulk suurem kui 657.19 |/s
(teistel juhtudel on PMP-5 viljas). Mahuti T-1 ning toru P-16 on sellest stsenaariumist valjast.

Stsenaarium 3: Poorete arvuga pump

PMP-4 on sagedusmuunduriga, mis on {les seatud réhu hoidmisele s6lmes J-1 taissurvet
116m. Maksimaalne suhteline kiirus on 1.0. PMP-5 seaded on samad, mis stsenaariumis 2.
Ka selles stsenaariumis ei osale mahuti T-1 ning P-16.
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Probleemi lilesseade

Lahtefail sisaldab mudelit ning Ghte stsenaariumit (Base). Selles stsenaariumis on margitud
k&ik olulisemad andmed sGlmede / torude / pumpade / mahutite kohta.

Tarbimise andmed

1) Lisa tarbimisgraafik. Vali riba pealt: Components > Patterns. Vali vasakust sektsioonist
Hydraulic, seejarel kliki New.

b Patterns - =
D ;e [E =T D - - Pattem | Library | Motes

- Hydmauiic Start Time 0:00:00 :

HIRRET,T; | Tarbimine 1

H Constituert Starting Multiplier: 1.000

Pump Pattern Format: Stepwise v
: Reservoir
..... Valve Settings Hourly | Daity Factors | Monthly Factors

2) Alusta tarbimisgraafiku Umbernimetamisest. Kliki Rename ning sisesta: Tarbiminel.

Sisesta:
e Start Time = 0:00:00
» Starting Multiplier = 0.8.

» Sisesta alloleva pildi kohaselt tlejadanud tunnikoefitsiendid.
* Pattern Format = Continuous

Markus: Tabelisse saad vaartuseid lisada mistahes elektroonisest dokumendist lihtsa
kopeerimise teel (CTRL-C ning CTRL-V). Tabel on esitatud materjali alguses.
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Oxkhe= B e

= Hydraulic

Constituert Starting Multiplier:

Pump Pattern Format:
Reservair
Valve Settings Hourly | Daity Factors | Monthy Factors|
Valve Relative Closure D x

Operational (Transient, Valve)
Operational {Transient, Pump) Time from Start Multiplier
Operational {Transient, Turbine) (hours)

Power Usage 3.000
©.000

9,000
12,000
15,000
18,000
21,000
24,000

L e R N S

Hourly Hydraulic Pattern
Tarbiminel

t t t t
5.000 10.000 i15.000 20.000
Time (hours)

3) Sulge Patterns dialoogi.
4) Niud tuleb see tarbimisgraafik lisada sdlmedele. Vali riba pealt: Components >
Demand Center > Demand Control Center.

=2

O~-XBl%~-@|d| &~ s~
¢ dunctions || Hydrants | Tanks | Surge Tanks | Customer Meters |

D Label Dern?;‘lsﬂ(?ase) Pattern {Demand)

694,40 |Fined
594,40 | Fixed
694,40 |Fixed
594.40 |Fixed
594.40 | Fixed
6594.40 |Fixed
594,40 |Fined
594,40 |Fined
594,40 |Fined

5) Tee veerus Pattern (Demand) parem klikk. Vali Global Edit. Vali tarbimisgraafik
Tarbiminel ning kliki OK. Sulge aken.
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Efektiivsuse andmestik

1) Jargnevalt pead defineerima pumba efektiivsuse kdvera.

2) Valiriba pealt: Components > Pump Definitions Pane tahele, et hetkel on defineeritud
kaks pumpa (Pump Definition — 1 on tihi).

D X % =] |$v | Head Eﬁc:enqu Mator | Transient | Library | Motes |
Label Pump Definition Type: | Standard (3 Point) v
= Pump Definition - 1
5 Pump Definition - 2 (PMP-5) E‘J’,;; '}ﬁ;d
S Pump Definition - 3 (PMP-4) Shutoff- i 0.00
Design: 0.00 0.00
Max. Operating: 0.00 0.00

3) Vali Pump Definition — 3 (PMP-4) ning vali seejarel paan Efficiency Sisesta jargmine

info:

*  Pump Efficiency = Best Efficiency Point
* BEPFlow =657.191/s
* BEP Efficiency = 75%

=

OXB=IE e

Label

@'ﬂ Pump Definition - 1

Sl Pump Definition - 2 (PMP-5)
&8 Pump Definition - 3 (PMP-4)

Pump Efficiency Type: | Best Efficiency Point
BEP Flow: 657.19 L
BEP Efficiency: 750 A

[ Define BEP Max Flow?

User Defined BEP Max Flow: 131438 Lis

4) Vali paan Motor ning sisesta jargmine andmestik:

*  Motor Efficiency = 95%

WATER | Pumpamise maksumus (WaterGEMS) | Raido Puust | 2024 7/34



&

DX%EI|Qv I|Head |E?|cienqr|M°'f°F |Transient|Library|Nut&a|

Label []ls Varable Speed Drive?

=] Pump Definition - 1 Mator Efficiency: 3
EPump Definition - 2 (PMP-5)

HF‘ump Definition - 3 (PMP-4) Pump Relative Speed vs Motor and Drive Eficiency

O X

Effidency
(%)

Pump Definition - 3 (PMP-4)

{oh) Aouspiya dwng

T
1 000.00
Flow (L/s)

Coefficients: a = 67.06 m; b = 1.433e-006 m/(L/s)"c; c = 2.459

| Close || Help |

Markus: Pane tahele, et pumba efektiivsuse graafikut esitatakse punase joonena.

Nild sisesta efektiivsuse andmestik ka Pump Definition -2 (PMP-5) osas.

Algtingimused

Koikide stsenaariumite juures PMP-4 algselt t66tab ning PMP-5 ei to6ta. Kdige lihtsam on

neid seadeid maarata pumpade tabelis. Selleks vali riba pealt: View > Flex Tables > Pump
Table.

Markus: Juhul kui sa selles dialoogis ei nde veergu Status, tuleb sul see esmalt sinna lisada
[abi Edit nupu.

MO Y I ER N EE

Hydraulic Hydraulic
Elevation Pump - Grade Grade Flow (Total) Fump
D Label m Definifion | Status (nitial) | g Sy (Discharge) s @
(m) (m)
96z PMP-3 95 |PMP-4 54,36 | 39: Pump Definit| On (M/A) (N/A) N/A)
97: PMP-5 97 |PMP-5 54,36 | 38: Pump Definit| 3113 - N/A) (N/A) (M/A)
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Arvutusseadete maaramine
Arvutused viiakse |dbi 24h EPS simulatsioonina.
1) Valiriba pealt: Analysis > Options.

2) Veendu, et oleks valitud Steady State / EPS Solver ning kliki nupul New.
3) Nimeta see kui 24-Hour EPS.

Calculation Options
OXB=Ia
=20 Steady State/EPS Solver
. -{#4 Base
: B EEl 24-Hour EPS
= _ Transient Solver
--{# Base

4) Sea jargmised parameetrid (24-Hour EPS on valitud):

* Simulation Start Date: <Sisesta tdnane kuupdev>
* Time Analysis Type: EPS

* Start Time: 0:00:00

* Duration (hours): 24

* Hydraulic Time Step (hours): 1.0

4 i Calculation Times

Simulation Start Date 22062017
Time Analysis Type EPS
Start Time 0:00:00
Dwration (hours) 24 000
Hydraulic Time Step (hours)  1.000
Reporting Time Step <Al
4 Hydraulics
Engine Compatibility WaterGEMS 2.00.12

|Ise Linear Interpolation For b False
Convergence Check Freguen 2
Convergence Check Cut OF 10

Damping Limit 0.000
Trials 40

Accuracy 0.0M
Emitter Exponent 0.500

5) Sulge vajadusel dialoog Calculation Options.
6) Salvesta oma fail.
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Stsenaarium 1 — Mahutiga
Jargnevalt lood sa esimese stsenaariumi seaded. Koik seaded maaratakse riba valiku:
Components > Controls kaudu. Dialoogis Controls pead sa esmalt madratlema tingimused

(Conditions) ning tegevused (Actions) ja seejarel need omavahel kokku kombineerima. Sul on
vOimalus luua seaded ka labi Control Wizard to6vahendi.

Mahuti seadete defineerimine

1) Vali meniist Component > Controls.
2) Paani Controls kliki Control Wizard nupul

Controls | Conditions | Actions

O A-KmnEe
% Control Wizard “
p Tank on On HGL off Off HGL
—— = Operator {m) Operator {m)
Create Cancel Help

3) Hupikmendist vali PMP-4 / PMP-5 tarvis jargmised seaded:

*  Pump: PMP-4

* Tank:T-1

* On Operator: <

* OnHGL(m):106.7
*  Off Operator: >

* OffHGL (m): 109.4

*  Pump: PMP-5

* Tank:T-1

* On Operator: <

* OnHGL(m): 105.2
* Off Operator: >

* Off HGL (m): 108.2
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OX

Purmp

96: PMP-4
97: PMP-5

5) Kliki nupul Create, kui oled |6petanud.

Markus: Peale nupul Create vajutamist loob Control Wizard erinevad tingimused (Conditions)
ning tegevused (Actions) vastavatele paanidele ning seob need ka seadeteks paanil Controls.

6) Sa peaksid ndgema niilid nelja seadet paanil Controls.

Cortrols | Condttions | Actions

OXBE-&-1% m5Be

Control Set: <All> W Condition Element: <All> W
Type: <All> W Action Element: <All> W
Priority: <All= Y]
[} Type Priority Description
LC151  Simple <default> IF T-1 Hydraulic Grade < 106.70 m THEN PMP-4 Pump Status =On

Simple <default> IF T-1 Hydraulic Grade > 109.40 m THEN PMP-4 Pump Status = Off
LC157  Simple <default> IF T-1 Hydraulic Grade < 105.20 m THEN PMP-5 Pump Status = On

LC158  Simple <default> IF T-1 Hydraulic Grade > 108.20 m THEN PMP-5 Pump Status = Off

7) Sa void klikkida paanidel Conditions ning Actions, et vaadata mismoodi on need
taidetud.

Markus: Need neli stsenaariumit on vajalikud esimese stsenaariumi tarvis, kus pumpade
t66d kontrollib mahuti veetasapind. Me seome need (he loogilise seadete grupi alla.
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Loogilise seadete grupi loomine

1) Vali samast dialoogist Control Sets Manager > Contol Sets

Cortrols | Condtions | Actions |

OXB-&-% BN B e
C | Set- | Control Sets. . |
Edit Control Sets for LC1531...
Type:
Add/Remowe Control Sets...
Priarity:

2) Kuvatakse dialoog, et seadete gruppe ei eksisteeri ja lubatakse meil uus luua. Kliki
Yes.

There are no control sets available.
Would you like to add a new Control Set?

Label
Tank Controls|

4) Kliki OK, et sulgeda dialoog. Kuvatakse Control Sets dialoog, milles vali linnukestega
kdik pumba seaded veerus Tank Controls.

if Then Else Tank Controls.
LC151: IF |T-1Hydraulic Grade < 106.70m PMP-4 Pump Status = On <Maone> [v]
LC152: IF |T-1Hydraulic Grade > 109.40 m PMP-4 Pump Status = Off <Mone> [+]
LC157: IF |T-1Hydraulic Grade < 105.20 m PMP-5 Pump Status = On <Mone ||
LC158: IF |T-1Hydraulic Grade > 108.20m PMP-5 Pump Status = Off <Mone> [v]
ot Beaes el e
4 of 4 elements displayed

5) Sulge dialoog. Salvesta oma fail.

WATER | Pumpamise maksumus (WaterGEMS) | Raido Puust | 2024 EEPYEY



Mahutiga koost66 stsenaariumi loomine

Jargnevalt loo uus alternatiiv ning stsenaarium nimetusega Tank Control, mis sisaldaks sinu
poolt loodud loogilisi seadeid.

1) Riba pealt: Analysis > Alternatives.
2) Laienda sektsiooni Operational, parem klikk Base-Operational Controls peal.
3) Klii seejarel nupul New > Child Alternative, et luua uus alam alternatiiv:

Altematives

OXbBEE=EEY 0
E Active Topology
[F] User Data Extensions

IE Physical

IE Demand

[ Initial Settings

IE Operational

=- @- Ease-Opemtlunal Cl:untn:nls

24 Operational Atemative - 1
-

e - - - B

4) Nimeta uus alternatiiv kui Tank Controls, tee seejarel topelt-klikk selle peal, et seda
redigeerida.

5) Vali: Control Set > Tank Controls.

=< Operational : Tank Contrals (PumpamiseMaksumusFinished.wtg) = B
- - 0

Operational Controls System Data

Control Set: 161: Tank Controls vil=|]|=

6) Sulge dialoog ning vali: Analysis > Scenarios.
7) Kliki nupul New, et lisada uus Child stsenaarium ning nimeta see kui Tank Controls.
Seejdrel tee see aktiivseks stsenaariumiks klikkides nupul Make Current.

Scenarios
D" w =] - . -3 ==.+ 1 Eﬂearch (7]

=20 Base

8) Jargnevalt tee topelt-klikk Tank Controls stsenaariumil ning vaata Properties akent.

Stsenaarium périb kogu baas-topoloogia, fiilisikalised parameetrid, ldhtetingimused ning
teisedki alternatiivid stsenaariumilt Base. Ainsaks erinevuseks on alternatiiv Operational =
Tank Controls ning Steady State/EPS Solver Calculation Options = 24-Hour EPS.
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4 Altematives

Active Topology <= 23: Base-Active Topology
Physical <= 24: Base-Physical
Demand <= 25: Average Daily-Cument
Initizl SEl'tings <|» 26: Base-Initial Settings
162: Tank Controls

<= 28: Default-Age Scenario
Cnnstltuent <= 29 Default-Constituent
Trace <= 30: Default-Trace Scenario
Fire Flow <= 31: Base-Fire Flow
Energy Cost <> 32: Base-Energy Cost
Transient <= 139: Trangient - 1
Pressure Dependent Demand <> 33: Base Pressure Dependent
Failure History <> 141: Base Failure Histony
SCADA z|= 144: Base SCADA
Izer Data Extenszions <= 34: Base-lzer Data

4 Calculation Ophons
Steady State/EPS Solver Calc 146: 24-Hour EPS
Transient Solver Calculation | 1= 134: Base
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Stsenaariumi kadivitamine

1) Kaivita stsenaarium. Vali riba pealt: Analysis > Compute ning vaata seejarel
Calculation Summary akent. Iga ajahetke kohta peaks olema roheline ikoon.

BEWe

Time (hours) Balanced? Trials  Relative Flow Change Flow Supplied (L/s)  Flow Demanded (L/s) F ~
O Al Time Stepsf(.. True Ell 0.0006752 356.43 390.91
Qo0 True 4 0.0001475 664.52 32858
Qo2 True 4 0.0002620 0.00 32858
@100 True 2 0.0000001 0.00 354.86
(i pAvy] True 2 0.0000001 0.00 38115
[i PX True 4 0.0002608 701.59 381.15
@300 True 2 0.0003689 700.34 407.43
@400 True 2 0.0005350 654.37 43372
9500 True 2 0.0006373 685.11 460.01
(i IRE] True 4 0.0003324 0.00 460.01
@500 True 2 0.0000001 0.00 486.29
[i I¥:x) True 4 0.0004336 T21.41 486.25
[i plii} True 2 0.0003660 72433 512.58
@:00 True 2 0.0006752 72045 538.86
@500 True 2 0.0001061 71352 538.86
9 0.00 True 2 0.0003751 70269 51258
[i RIE:H True 4 0.0004005 0.00 512.58
900 True 2 0.0000001 0.00 486.29
1200 True 2 0.0000000 0.00 460.01 v

2) Sulge dialoog Calculation Summary ning vaata moningaid tulemusi.

3) Hoia all SHIFT klahvi ning vali sGlmed J-1, J-3 ning J-9 ning tee parem klikk, seejarel
vali Graph.

4) Vali aknas Graph Series Options, sektsioonis Results > Pressure, et vaadata nende
kolme sGlme vabasurveid.

Series Label Format: |${E|ernenl} - &(Scenario) - ${Field)

Scenarios Elements Fields
¥ B TEID-
+[]  Cument Scenario =0 Junction =

E‘D Base EI Common
Tank Controls - Hydraulic Grade

]| | Demand

Pressure
Fire Flow
Geometry
Physical
Pressure Dependent Demand
Results
Results (Fire Flow)
Results (Pressure Dependent Demands)
Results (Statistics)
Results (Transient)
Results (Water Quality)
Transient {Initial)
User Defined
Water Quality

["] Show this dialog on graph creation Help

5) Kiliki OK, et kuvada graafik.
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Mew Graph
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5.00 8.00 10.00 12.00 14.00 16.00 18.00 20,00  22.00
Time (hours)

= 1-1-Tank Controls - Pressure = J-9 - Tank Contrals - Pressure
= 1-3-Tank Controls - Pressure

6) Kliki nupul Add to Graph Manager, et salvestada graafik. Kui kusitakse graafiku
nimetust, sisesta Pressure Comparison J-1, J-3, and J-9.

MNew Graph Mame
|F‘ressure Comparison J-1, J-3, and J-9

7) Kontrolli, et sdlmed oleksid kasvavas jarjekorras. Selleks kasutada Up ja Down nuppu,
et jarjekorda muuta (vaata pilti).
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Animatior

w — J-3 - Tank Controls - Pressure
w — J-9- Tank Controls - Pressure

8) Graafiku esituse muutmiseks kliki Chart Settings nupul, vali paan 3D ning kliki kastis 3
Dimensions, et muuta graafik 3D graafikuks.

| Series | Panel | fxes | General | Tiles | Walls | Paging | Legend = 3D

[ 3 Dimensions Loom: ] 100%
W% 15K Rotation: g

[l Orthogonal Elevation:

[w] Zoom Text Honz. Offset:

Quality: Vert. Offset:
Best Quality w

I Clip Points Perspective:

Help...

9) Kliki Close, et vaadata graafikut.
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|5 Graph: Pressure Comparison J-1, J-3, and J-9 - b
Graph | Data
R R-2 B N5 000 Time: [0.00
Pressure Comparison J-1, 1-3, and 1-9

600.00

575.00

550.00
® 525.00
o
=
2 spo.00
=
Z
0
@
& 475.00

450.00

425.00

400.00

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)
M -1-Tank Controls - Pressure [ 1-3 - Tank Controls - Pressure
Bl -3 - Tank Contrals - Pressure

10) Sulge graafik ning vali element PMP-4.
11) Parem klikk ning vali Graph, vali seejarel Flow (Total) graafiku atribuudiks. Muuda
graafik 3D esituseks (vaata ulal toodud samme).

Markus: Void valida ka Flow (Absolute) parameetri.

Graph: New Graph = =

G'@'H@lp:_ﬂ 00 Time: [0.00

New Graph

750.00

687.50

625.00

562.50

500.00

437.50

375.00

312.50

Flow (Total) (Lfs)

250.00

187.50

125.00

62.50

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

W PMP-4 - Tank Controls - Flow (Total) ||

12) Kliki nupul Add to Graph Manager, et salvestada graafik. Kui kisitakse graafiku
nimetust, siis sisesta Pump PMP-4 Flow. Seejarel sulge graafik.

13) Taida selle materjali I6pus olev tabeli veerg Mahutiga. Tulemused leiad graafikutelt
vOi tabelitest.
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Markus: Ara vasta hetkel veel energeetikat puudutavatele kiisimustele. Seda vaadatakse siis
kui kdik stsenaariumid on juba (iles seatud.

Stsenaarium 2: Pump + mahuti

Jargmised kaks stsenaariumit kasitlevad juhtumeid, kus mahuti ei osale t6ds. Selle
Ulesseadmiseks (et mitte kaotada juba tehtud t66d), pead sa looma kaks erinevat
alternatiivset topoloogiat — teisisdnu hetkel on vaja luua alternatiiv mahutita T-1 ning toruta
P-16.

1) T-1 ning P-16 mitteaktiivseks tegemiseks vali menllst Analysis > Alternatives ning
laienda sektsiooni Active Topology.

Htmﬂlm
[ = EE O
B ] v Tovdoa,

P |#%& Base-Active Topalogy
@ User Data Bxtensions

2) Vali Base-Active Topology, tee klikk nupul New, et lisada uus alam alternatiiv. Nimeta
see kui: No Tank

5 Altematives

D X % E. -}4_'- =] . E- 'g'
E|||=|_§_| Active Topology
=) E— Base-Active Tc:pnlng{,’

= o T

. ||_E| User Data E:densmns

3) Tee topelt-klikk selle redigeerimiseks. Paanil Pipe, véta ara linnuke P-16 eest.

=< Active Topology : No Tank (PumpamiseMaksumusFinished.wtg) = B
SREEEY)
| Fipe < Lateral | ] Junction & Hydrant [ Tark | ] Reservoir | Tap & Customer Meter | [ Pump 2 SCI4|*
= 1D Label Iz Active? A
108: P-11 | 108 |P-11
109: P-§ ] 109 |P-3
110: P-12 ] 110 [P-12
111: P-18 O 111 |P-18
112: P-6 O 112 |P6
113: P-9 O 113 |P9
114: P2 O 114 |p-2
115: P-14 | 115 |P-14
116: P-16 116 |P-16 ]
W
* |w| =Base data [w| =Llocal data [] =Inherited data

4) Paanil Tank vota ara linnuke vastavast kastist 7-1.
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G NSE

|E F‘ipel < Lateral |E Jund.ionl ] H}rdrant| 1 Tank |E Reservoir | & Tap | @ Customer Meter I 2 F‘umpl = SClIIZ‘

& D Label Is Active?

95: T-1

95 [T-1 [l

5) Sulge dialoog. Sellega oled uue topoloogilise alternatiivi loonud.

Jargnevalt pead looma uued loogilised pumba seaded. PMP-4 tootab niitd alati, kuna
mahutit enam ju eksisteeri. Suurematel vooluhulkadel on vdibolla vaja sisse lllitada ka pump
PMP-5. Selle seade defineerime nii, et kui vooluhulk torus P-18 on suurem kui 657.19 |/s, siis
pump PMP-5 lilitab end sisse.

6) Vali riba pealt: Components > Controls. Vali paan Condition. Lisa uus Simple tllpi
tingimus, mis Utleks jargmist: IF (P-18 Flow > 657.19 I/s).
7) Sea parameetrid alljargneva pildi kohaselt:

Condition Type: Element
Element: P-18

Pipe Attribute: Flow
Operator: >

Discharge: 657.19 |/s

Condition Element:

T-1 Hydraulic Grade < 106.70m
T-1 Hydraulic Grade = 105.40 m
T-1 Hydraulic Grade = 105.20m
T-1 Hydraulic Grade = 108.20m
P-18 Flow > 657.19 L/s

Element:

Operator:

Discharge:

Condition Type: [] Description

[{"%e" %a %o v b

Fipe Attribute: Summary:

{C166: P-18 Flow > 657.19 L/s}

8) Kuna sa juba oled defineerinud tegevused (PMP-5 = On) ning (PMP-5 = Off), siis ei pea
sa neid uuesti looma. Void kohe minna paanile Controls ning lisada uue seade:
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IF (P-18 Discharge > 657.19 I/s) THEN (PMP-5 = On) ELSE (PMP-5 = Off).

Markus: Vajadusel kasuta Find Condition hipikut.

Cortrols Cond'rtionsl!\d.ions
OXB-&- 1% Mt B2

Control Set: <Al v Condition Element: <All= v
Type: <Al Y] Action Element: <Al W
Priority: <All> W

D Type Priarity Description

LC151  Simple <default> IF T-1 Hydraulic Grade < 106.70 m THEN PMP-4 Pump Status = On

LC152  Simple <default IF T-1 Hydraulic Grade = 109.40 m THEN PMP-4 Pump Status = Off

LC157  Simple <default> IF T-1 Hydraulic Grade < 105.20 m THEN PMP-5 Pump Status = On

LC158  Simple <default> IF T-1 Hydraulic Grade = 108.20 m THEN PMP-5 Pump Status = Off

LC165  Logical <default> IF P-18 Flow > 657.19 L/s THEM PMP-5 Pump Status = On ELSE PMP-5 Pump Status = Off

Control |L‘ = ,|
[] Evaluate as "Simple” Cortrol [] Priority: <defautt> ~ [¥]Has Bse?
IF: [P-18 Flow > 657.19 L/s v [o)[~]#] | THEN: [PMP-5Pump Status =On v [%[[~|[#8] | ELSE: |[PMP-5 Pump Status = O v |[%u[~][#8]
== ]
[111:p2 MY

= 5 — O
b 5

|e57.13 | Us

9) Nuud vali Add/Remove Control Sets.

Contraols |Cur1d'rtiuns | Fl.c:tinr15|

OXB-&-% N B2 e
Control Sets...
Edit Control Sets for LC169...

Type:
o Add/Remowe Control Sets...
Pricrity:

Control Set:

O X B =

Labed Count

&/ Tank Controls 4
No Tank 0

11) Sulge dialoog. Ava nild Edit COntrol Sets for...
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Controls |Cund'rtiuns | .Puc:tiunsl

(X B -& - % (3 ch Q
Control Set- Control 5ets..

Edit Control Sets for LC169... |
Type:

Add/Remowve Control Sets...
Priority:

12) No Tank osas vali ainult viimati tehtud seade.

If Then Else Tank Controls No Tank
T-1Hydraulic Grade < 106.70 m PMP-4 Pump Status = On <MNone > ]
T-1Hydraulic Grade > 109.40 m PMP-4 Pump Status = Off <MNone >
T-1Hydraulic Grade < 105.20 m PMP-5 Pump Status = On <Mone >
T-1Hydraulic Grade = 108.20 m PMP-5 Pump Status = Off <Maone>
P-18 Flow > 657.19 L s PMP-5 Pump Status = On PMP-5 Pump ...

|| el | =[]

[} ||

[¥] Show All OK || Beort || Cancel || Hebp |

5 of 5 elements displayed

13) Sulge dialoog, klikkides OK.

14) Sulge Controls dialoog.

15) Vali riba pealt: Analysis > Alternatives.

16) Laienda sektsiooni Operational > Base-Operational Controls. Seejarel kliki New, et
lisada uus alam alternatiiv. Nimeta see Gimber kui No Tank. Tee topelt-klikk selle peal,
et seda redigeerida.

5 Altematives

OXBhEE=EE ¥ O
EI||=|_'§_| Active Topology
. E-f#% Base-Active Topology
E- Mo Tank
IUzer Data Extensions
Phiysical
Demand
Initial Settings
Operational
= E- Base-Operational Controls
----- i [#% Tank Controls

----- Bt Tork
o1 Ao

o-E-E-E-E
@l“l\ﬁ\@lﬁl

17) Vali: Control Set: No Tank.
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¢  Operational : No Tank (PumpamiseMaksumusFinishedwtg) - &

- - g
Operational Cortrols System Data
Control Set: 170: Mo Tank v l—|]=
* || =Base data [ =Local data [ = Inherited data

18) Sulge alternatiivide aken ning lisa nlilid need muudatused ka uude stsenaariumisse.
19) Vali riba pealt: Analysis > Scenarios. Vali Base. Kliki New ning seejarel vali Child
Scenario nimeta see kui No Tank Constant Speed.
20) Tee &sja loodud stsenaariumil topelt-klikk ning muuda ara jargmised alternatiivid:
e Active Topology = No Tank
e Operational Alternative = No Tank.
e Steady State/EPS Solver Calculation Options = 24-Hour EPS

Active Topology 165: Mo Tank

Fhysical <> 24: Base-Physical
Demand <> 25: Average Daily-Cument
Initial Settings <|» 26: Base-Inttial Settings
Operational 171: Mo Tank

Age <> 28: Default-Age Scenario
Constituent <= 29: Default-Constituent
Trace <|= 30: Default-Trace Scenario
Fire Flow <|= 31: Base-Fire Flow

Energy Cost <|» 32: Base-Energy Cost
Transient <= 135: Transient - 1
Fressure Dependent Demand <I> 33: Base Pressure Dependent
Failure History <> 141: Base Failure History
SCADA <|= 144: Base SCADA

Uszer Data Extensions «|= 34: Bage-User Data

4 Calculabon Ophons
Steady State/EPS Solver Calc 146: 24-Hour EPS
Transient Solver Calculahon 1 <[> 134: Base

21) Arvuta stsenaarium ning kontrolli, et arvutustulemustes ei esitata veateateid.

22) Sulge dialoog Scenario ning vali riba pealt: View > Graphs.

23) Ava graafik nimetusega Pressure Comparison J-1, J-3, and J-9. Kliki nupul Graph Series
Options ning vali No Tank Constant Speed stsenaarium (vota linnuke dra Tank Controls
stsenaariumilt).
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Series Label Fornat: | S(Element) - ${Scenario) - ${Field) =]

Scenarios Elements Fields
R R B il

PN Currert Scenario i =B Junction

Tank Controls H Hydraulic Grade
No Tank Constant Speed Demand
[ | Pressure
Fire Flow
Geometry
Prysical
Pressure Dependent Demand
Results
Results {Fire Flow)
Results {Pressure Dependent Demands)
Results {Statistics)
Results (Transient)
Results (Water Quality)
Transient (Initial)
User Defined
Water Quality

[] Show this dialog on graph creation _

Tdida dra materjali IGpus esitatud tabelid, et vastata seda stsenaariumit puudutavatele
kGsimustele.
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Stsenaarium 3: Pdorete arvuga pump

Sagedusmuunduriga pumba stsenaarium kasutab sama topoloogiat ning loogilisi seadeid, mis
ka konstantse kiirusega pump. Seega saad sa luua sellest stsenaariumist alam-stsenaariumi.
Ainus muudatus, mis kahte stsenaariumit eristab, on see, et PMP-4 on niilid pddrete arvu
reguleerimisega.

Esmalt muuda PMP-4 &ra kui sagedusmuunduriga pump. Selleks lood sa uue flilsikalise
alternatiivi nimetusega Variable Speed.

1) Riba pealt: Analysis > Alternatives ning laienda sektsiooni Physical Alternatives. Lisa
uus Base-Physical alternatiiv ning nimeta see kui Variable Speed (rohkem muudatusi
ara selle akna kaudu tee). Sulge vajadusel Alternatives dialoog.

2) Menldlst Analysis > Scenarios ning loo alam-stsenaarium No Tank Constant Speed alla
nimetusega No Tank Variable Speed.

Scenarios
[ X =1 ~w B 55 E E |ESsearch @
= Base

----- Tank Controlg
=~ '## No Tank Constant Speed

b No Tank Variable Speed

3) Tee topelt-klikk dsja loodud stsenaariumil ning muuda fiisikaline alternatiiv kui
Variable Speed ning sulge dialoog.

4 Altematives
Active Topology <l= 165: Mo Tank
173: Variable Speed
Demand <= 25 Average Daily-Cument
Initial Sethings <= 26: Base-Initial Settings

4) Parem klikk stsenaariumil No Tank Variable Speed ning vali Make Current.
5) Tee topelt-klikk elemendil PMP-4, et vaadata selle parameetreid.
6) Aktiveerivalils Variable Speed Pump? Seejarel vali:

* VSP Type: Target Head

* Control Node: J-1

* Hydraulic Grade (Target): 115.8

* Relative Speed Factor (Maximum): 1.0
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7)
8)

9)

4 Physical

Elevation (m) b4 86

Installation Year 0

Zone <None:

Pump Definition 35: Pump Definition - 3 (PMP-4)
Pump Station cMNones

|z Variable Speed Pump? True

Target Head

Control Node 23 01

Target Head Type Hydraulic Grade

Hydraulic Grade (Target) (m) 115.80
Relative Speed Factor (Maxin 1.000
Control Mode on Suction Side False

Arvuta stsenaarium (Analysis > Compute).
Selleks, et ndha, kuidas pumba t66 mdojutab rohkusid, vaata sGlmede J-1 ning J-3
réhkusid koikide stsenaariumite korral (samal graafikul).
Hoida all SHIFT klahvi ning vali mélemad s6lmed, parem klikk ning vali Graph.

10) Dialoogis Graph Series Options vali Tank Controls, No Tank Constant Speed, No Tank
Variable Speed stsenaariumid. Vali J-1 kui element, mida graafikul esitada ning
parameetrina vaata Pressure vilja.

Series Options “
Series Label Format %({Element) - &{Scenario) - 2{Field) >
Scenarios Fields
Ty BTEI DL
~[ ] Cument Seenario =] Junction
é O Base EI Common
¥  Tark Controls o J3 -] Hydraulic Grads
Mo Tank Constant Speed ]| ] Demand
No Tark Variable Speed ]| ] Pressure

m-{ ] Fire Flow
wm-{]  Geometry
w-{ ] Physical
w-{]  Pressure Dependent Demand
[ Results
@] Resuts (Fire Flow)
-] Results (Pressure Dependent Demands)
-] Results (Statistics)
-] Results (Transient)
m-{ ] Results (Water Quality)
@] Transient {Intial)
w-{ ] User Defined
m] Water Quality

[ Show this dialog on graph creation Help

11) Kliki Add Graph to Graph Manager nupul ning anna graafikule nimetus (nt Pressure
Comparison Across Scenarios).
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B2 B2 000 Time: 000

Pressure Comparison Across Scenarios

o
o
)
i
C
3
n
n
@
=
o

400.00 ‘ - - -
0.00 2.00 4.00 6.00

T I. T I. I. I. I. I. il
8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00
Time (hours)

M J-1-NoTankVariable Speed - Pressure [ 1-1 - No Tank Constant Speed - Pressure
B J-1-Tank Controls - Pressure

12) Taida materjali 16pus olevad tabelid. Kliki nupul Graph Series Options ning vaata
tulemusi J-3 sdlme kohta.
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Energia maksumus

1) Riba pealt: Analysis > Energy Cost > Scenario Energy Cost.

2) Kliki Energy Pricing nupul ning redigeeri Energy Pricing — 1 rida.

3) Nimeta see kui Uniform Energy Price

4) Tariff Type = Constant

5) Energy Price = 0.10 €/kWh. Tarbimise p&hist maksumust ei arvesta.

5] Energy Pricing = =
[ ¥ =1 Tariff Type: Constant v
Label Tariff Type Energy Price: 0.10 £k\wh
Uniform Energy Price Constant

6) Kliki Close nupul, et sulgeda dialoog Energy Pricing.
7) Jatka dialoogis Scenario Energy Cost ning vali stsenaarium Tank Controls.

8) Lisa PMP-4 ning PMP-5 energeetika arvutustesse ning seo neile veerus Energy

Pricing > Uniform Energy Price.

9) Kliki nupul Compute ning arvuta pdevane pumpamise energia kulu.

10) Vaata energia maksumust ning infot pumba/mahuti kohta.

11) Niid vali stsenaarium No Tank Constant Speed ning arvuta ka see labi.
12) Nuud tee seda sama ka No Tank Variable Speed.

13) Kui oled |IGpetanud, siis valju dialoogist Scenario Energy Cost.

4 Scenario Energy Cost = =
Summarny PU’T‘DS Tanks | Variable Speed Pump Batteries | Turbines
37 2 Scenario: | 163: Tank Cortro v e T
% 163 Tank Controls i} Label Energy Energy Pridng EE;;:EES Unit Carbon Emission
F e | N Calculation? Calculation?
i 95iPvP4 82: Uniform Energy Price O
97 |PMP-5 82: Uniform Energy Price O
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Kaablilt veele efektiivsuse vaatamine

1) Loo uus graafik PMP-4 osas.

2) Dialoogis Graph Series Options vali stsenaariumiks Tank Controls ning valjadena vali
Results (Energy Costs) > Wire to Water Efficiency.

3) Kliki OK, et vaadata graafikut.

BR-2-B|lodE 000 [

Mew Graph

—
£
=
=
"]
c
=
=
=
o]
L
o
E
]
=
o
2
w
5
=

N

- — - — - —
10.00 12.00 14.00 16.00 18.00 20.00 22,00 24.00
Time (hours)

= PMP-4 - Tank Controls - Wire to Water Efficiency I

4) Vaata graafikut ning ka paani Data.
5) Margi lles efektiivsuse vahemikud materjali IGpus olevatesse tabelitesse.

Markus: Ara kasuta miinimum efektiivsusena olukorda, kui pump on vilja lulitatud.

6) Muuda graafiku esitust, et vaadata niidd Pump Head, kirjuta lles pumba
maksimaalne ning minimaalne tdstekdrgus.
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New Graph
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== PMP-4 - Tank Controls - Pump Head I

Markus: Margi lles need minimaalsed ning maksimaalsed vaartused, kui pump tootab.

7) Kasutades samasid graafikute toovahendeid, margi lles ka teiste stsenaariumite
efektiivsused ning pumba tdstekdrgused.

8) Sa void kasutada ka olemasolevat graafikut ning muuta lihtsalt dra stsenaarium. Aga
vOid luua ka omaette graafikud.

Markus: Stsenaariumite omavaheliseks vordlemiseks saad info lisada ka lihele ja samale
graafikule.
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Tulemused

Kasutades graafikuid ning tabeleid tdida ara alljargnevad tulemuste tabelid ligikaudsete
vaartustega. Ara kirjuta tabelitesse vaartuseid, mis on saadud alghetkel. Esimene tabel tiida
peale EPS simulatsiooni.

Parameeter Mahutiga Konstantne Sagedusmuunduriga
pumpamine pump

Max vabasurve J-1
(mH20)
Min vabasurve J-1
(mH20)
Max vabasurve J-3
(mH20)
Min vabasurve J-3
(mH20)

Peale energeetikat puudutavaid arvutusi tdida dra alljargnev tabel.

Parameeter Mahutiga Konstantne Sagedusmuunduriga
pumpamine pump

Max W-to-W Efficiency

PMP-4 (%)

Min W-to-W Efficiency

PMP-4 (%)

Max taissurve PMP-4

(mH20)

Min tdissurve PMP-4

(mH20)

Paevane energiakulu

(€)
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Naite kisimused

1. Mahutiga siisteemis, miks muutub réhk s6lmes J-1 rohkem kui J-3?

2. Sagedusmuunduriga siisteemis, miks muutub r6hk solmes J-3 rohkem kui J-1?

3. Mahutiga siisteemis, mitu korda pump paeva jooksul kdivitub? Kas seda on palju?

4. Kas antud siisteemis on pumbad piisava voimsusega?

5. Milline stsenaarium omab madalamaid kulutusi energiale. Milline aga oleks
vaiksemate jooksvate kuludega?

6. Miks on energiakasutus koige suurem just konstantse pumpamise korral? Mida
teiste stsenaariumite juures tehti, et vihendada kulutusi.

7. Mis oli sagedusmuunduriga pumba suhteliste kiiruste vahemik? Kui jargitava solme
rohku tosta, kuidas voiks kiirus muutuda?
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Vastused

Parameeter Mahutiga Konstantne Sagedusmuunduriga
pumpamine pump
:\rllnaljl(z\:)a)basurve J-1 59 72 55
:\rllr::;lg)basurve J-1 a1 64 55
maljl(z\;)a)basurve -3 49 71 54
:\rllr::;/(a);aasurve -3 45 60 50

Peale energeetikat puudutavaid arvutusi tdida ara alljargnev tabel.

Parameeter Mahutiga Konstantne Sagedusmuunduriga
pumpamine pump

Max W-to-W Efficiency
PMP-4 (%) 71.2 68.9 70.3
Min W-to-W Efficiency
PMP-4 (%) 70.5 43.9 48.8
Max taissurve PMP-4

4. . .
(mH20) 54.9 65.9 50.0
Min taissurve PMP-4

1. . 49.1
(mH20) 51.6 59.6 9
:’:)evane energiakulu 691 986 730
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Naite vastused

1. Mahutiga siisteemis, miks muutub réhk s6lmes J-1 rohkem kui J-3?
Mahuti plutab vabasurvet kontstantsena hoida. Pumba sisse/vélja lllitus mdjutab sdlme J-1
asukoha tottu rohkem.

2. Sagedusmuunduriga siisteemis, miks muutub réhk solmes J-3 rohkem kui J-1?

Rohku hoitakse sdlmes J-1 konstantsena.

3. Mahutiga siisteemis, mitu korda pump paeva jooksul kdivitub? Kas seda on palju?

5, ei ole Gilemaara.

4. Kas antud siisteemis on pumbad piisava voimsusega?
Jah, pumbad liilitavad end valja voi to6tavad mitte tdispooretel.

5. Milline stsenaarium omab madalamaid kulutusi energiale. Milline aga oleks
vaiksemate jooksvate kuludega?
Mahutiga slisteem omab vdiksemat energiakulu, samas sagedusmuunduriga pump
omab vaiksemaid jooksvaid kulutusi. Pumba sagedusmuunduri maksumust tuleb

vorrelda mahuti maksumusega ning lisaks tuleb analiiisida modlema plusse ja
miinuseid.

6. Miks on energiakasutus kdige suurem just konstantse pumpamise korral? Mida
teiste stsenaariumite juures tehti, et vihendada kulutusi.
Konstantse kiirusega pump ei saa end valja lilitada, kui puudub mahuti voi pdorete
arvu maha votta, kuna puudub ka sagedusmuundur.

7. Mis oli sagedusmuunduriga pumba suhteliste kiiruste vahemik? Kui jargitava solme

rohku tosta, kuidas voiks kiirus muutuda?

Vahemik on 0.87 — 0.92. Kiirus kasvab kui tdstekdrgus suureneb.
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