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Wave Possible Location * n Discharge Head Power
" Diameter Length Roughness e Elevation for SurgeTank | |
Velocity z e " 0 415 141.03
t i i i i = 2 2 0.063 39 4551
1 o762 /610 0013 | 1004 1265 ] = B Eo 27 =
2 0762 4828 0013 1004 2134 F]) 1= = ot 2
| ! | i — 4 0.189 293 649
» mu.mz 3219 0.013 1094 246.9 F]] - : :
= - ; — ; ; = [ 5 0.252 19.2 69.38
» ez o ns
Surge Prolection Devices Data .
Surge Tanks Data Range of Feasible Data
R Ds e c =] Hs Form: 7 To: 10 Ho: Senes Fump |5 Mo Eaeallel Fump. |4
7 z 5 18 |ea |es || ©os Form: 1 To: 10 RPM 1650 Inertia 20
v B 3 & 12 |es |es8 ||| o Form: 7 17w |E]
e - T ':' i 7 S P Simulation Data
ko4 & s d By Resrvoir 1: 120 Hv Resrvoir 2. 250
Air chamber Dats Initial Volume Form: 0 To: |7 Blv Pump station:  126.5 Brv Last Pipe: 2469
hld Votme  (Chisnd  CEdenal Doz Epan ol om0 F To:i 245 Time Simulation: 100 No. Part of Pipe: 5
CExternal  F ar To: 085
28 08 05 03 12 il & : , _
D nozzle Form: @7 To: 08 Steady Analysis | Transient Analysis J
Optimization Data
Population Size 100 No. Generation 500 Probability Crossover 07 Probability Mutation 0.01
Unit Cost of Air Chamber 1200 Unit Cost of Surge tank 500 Maximum Pressure 240 Minimum Pressure 10
Penalty Coefficient 1000000 Telorance 2
[ Run GA Optimization ]
6:% JMQQL‘%|3})}W-*JQ
Pipelines Data
w. Possible Location *
# Diameter Length Roughness - Elevation for SurgeTank
Velocity ¢ Suction?
1 0.762 610 0.013 1094 126.5 | =
2 0.762 4828 0.013 1094 2134 ¥]
v EB 0762 3219 0.013 1094 246.9 7l
. 1
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Pump Station Data

i Discharge Head Power
1 0 415 41.03
2 0063 39 4551
3 0.126 35.7 55.95
4 0.189 293 64.9
5 0.252 19.2 69.38
» NN 0328 0 70.87

No. Series Pump 5

RPM 1650

No. Parallel Pump 4

Inertia 20

‘)‘P‘ff;‘)" \Au’..w’ Slasein 39,9 j%w ¥ JS&

Simulation Data

Bv Resrvoir 1: 120
Blv Pump station 126.5

Time Simulation: 100

Steady Analysis

L8

Hv Resrvoir 2 250
Hv Last Pipe 2469

MNo. Part of Pipe: 5

Transient Analysis
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Surge Protection Devices Dala
Surge Tanks Data

# Locatior. Hs Ds Dec

c
7 2 5 1.8 a3 a8

- EBRE 18 03 08

Air chamber Data
hitia' Volume Cintamal  C BExdemal D nozzle Expon
28 as a5 0z 12

Range of Feasible Data
a Hs Form: 7 To: 10
3 Ds Form: 7 To: 10
I De Form: 7 To: 3
=] |G Form: 87 To: 085
Initial Volume Form: & To: 7
C Internal Form: 87 To: 085
C Externa Form: &7 To: 0285
D nozzle Form: 47 To: 08

Nlp s 5o 1gn daioms 5 xS0 0 Ol 4 b gy o SleMbl 5555 haled IS

Optimization Data

Population Size 100 No. Generation 500

Unit Cost of Air Chamber 1200 Unit Cost of Surge tank 500

Penalty Coefficient 1000000 Telorance 2

Probability Crossover 0.7

Maximum Pressure 240

Probability Mutation  0.01

Minimum Pressure 10

Run GA Optimization |
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Surge tank Reservoir

Elevation = 2360 m

Elevation = 2134 m o Elevation = 2469 m

L=32187 m

Air chamber
Surge tank

I=4828 m
Reservoir

Elevation = 1200 m
Elevation = 126.3 m
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VAN g =003 m e S s =4 m 14. % nt
hg=25m h,=2m (Yo 1Y)
D, =4.05 m D, =46 m .
Yi¥ao Hiyjn =+10 m Hppx =242 m h=18 m 3 h::1.0 m 431 Sl Je
400
350 [ TRrReRim oo -
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2 300 e
2]
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= 250
=
-
= 200
E
3 150 o
t : ——=— Profile of pipeline
S 100 — — — Larock et al (1999)
| it e et T D T Purposed Model
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E 100 —=— Profile of pipeline
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50
----- Purposed Model
0
0 2000 4000 6000 8000 10000
Distance (meter)
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Min Head (m) - Larock et al. (1999)
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Abstract

Surge tanks and air chambers are the most useful solution to deal with water hammer in water transmission systems
(WTS). The optimal design of these protective devices can be effective in reducing the costs of constructing and
operating a water transmission system. In this article, some software with the capability of simulating and optimizing
these protective equipment is presented. To simulate the behavior of the system in the transient condition, the
characteristic method was used. To optimize the number, dimensions and location of the surge tanks and air chambers,
the genetic algorithm was employed. Constraints of the problem included the control of negative and positive pressures
within the permissible range to prevent the cavitation and water hammer. To test the performance of simulation and
optimization models, a well-known water transmission system in the previous research was selected as a case study.
The results indicated that the critical heads were damped to a safer and allowable range; also, the total cost of the surge
tanks and air chambers was reduced by 17% by the proposed method.
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