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ABSTRACT

In this study, a field test was conducted to study the water hammer, which is a hydraulic transient phenomenon occuring at
a rainwater pumping station. The drainage pump subject to the field test was a vertical shaft two floor mixed flow pump with
a pump bore of 2,000 mm and a motor power of 1,320 kW. To test the hydraulic transients phenomenon of the drainage pump,
the pressure sensors were installed on the pump discharge side and the outlet of the check valve. In the electrical transient test,
the voltage, current, and the power facter of the motor were measured using a power meter. The measured pressure and electrical
values were stored in a data acquisition system. A field test for water hammer phenomenon that occur when starting and
stopping the drainage pump were conducted in cases where the electric butterfly valve was throttled and when it was full open.
As a result of the field test, it was analyzied that the method of cutting off the power of the drainage pump after significantly
throttling the electric butterfly valve can reduce the flow velocity in the discharge pipe, but the effect of increasing the pressure
of the drainage pump appeared greater. It was observed that the flap valve closed before the check valve when the power to
the drainage pump was shut off, and when the flap valve closed abruptly 1 second before and after, slamming occurred. This

may cause the valve disk and the valve seat to be damaged by the impact, therefore, caution is required.
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Table 1 Design conditions of rainwater pumping station

Description Design condition

4,080 M'/min(68 M'/sec)

Planning capacity of drainage

Planning downstream water surface

+ X
(Discharge level) () 1265 m
Suction sump high water level (HWL) (+) 40 m
Suction sump low water leve (LWL) (+) 0.0 m
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Fig. 1 Layout of rainwater pumping station
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Fig. 3 View of rainwater pumping station
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Table 2 Specifications for main drainage pump

Data
1,320 kW

Data Item

2,000 mm

Item

Pump bore Motor power

Specified
capacity
Total pump
head

Speed of
revolution

510 m*/min Motor current 185 A

Power supply
voltage

Number of
pole

11.7 m 6,600 V

267 rpm 26 pole

600 650 | nesws
caPACITY (r/min) | ()

150 200 s 400 450 500 550

a0 0o so
™| errciency ()

Fig. 4 Performance curve of main drainage pump
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Table 3 Measuring equipment manufacturer and model

Description eaSL.lrmg Model Manufacturer
device
Discharge Pressure PSHH+001K
Sensys
pressure transducer AIG-FC
Discharge Pressure PSHHO0005K Sensvs
pressure transducer AIG 4
Electr%cal power | Digital power 316921 Hioki
mput meter
. . National
Data collection | Data acquisition NI9208 ationa
Instruments

# A Discharge pressure |

DAQ

# B Discharge pressure |

Data collection

device
Electrical power input |

Fig. 5 Measuring equipment block diagram
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Fig. 6 Main drainage pump longitudinal drawing
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(a) Pump discharge pressure at the front and rear of the check valve
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Fig. 8 Hydraulic transient according to start and stop of
main drainage pump (valve open rate = 25%)
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Table 4 Status of inside and outside water levels in

rainwater pumping station

Start Stop .
Operati
Inside | Outside Inside | Outside ng
Time water | water Time water water time
level level level level
10:00:52 | 0.53 m | 5.06 m | 10:05:13 | 041 m | 506 m | ™0
22 sec

Table 5 Hydraulic transient according to start of pump

o
(O]
18]

Time Pressure | Pressure Voltage | Current | Power Motor
(sec) head head ) ) factor | POVET
PT1 (m) | PT2 (m) (kW)
0.00 -1.391 0.029 6,588 0 0 0

18.54 -1.373 0.035 6,262 | 3663 | 0264 | 10483

20.42 0.072 0.041 6.283 | 360.7 | 0214 840.9

2442 0.673 0.035 6,269 | 4119 | 0431 | 19235

24.94 1.544 0.039 6,550 | 1044 | 0962 | 1137.6

26.22 2.144 0.401 6,552 | 107.8 | 0976 | 11934

33.66 1.688 0.601 6,539 | 107.1 | 0976 | 1183.1

38.54 1.667 0.432 6,551 1058 | 0976 | 11713

Table 6 Hydraulic transient according to stop of pump

(valve open rate = 25%)
p

Pressure | Pressure

Time head head | Voltage | Current | Power I];/(I):Zi
sec PT1 PT2 \Y A factor
(se0) v | @ )

(m) (m)

160.00 | 1.662 0.728 6,554 105.5 0.977 | 1169.3

27132 | 8734 8.388 6,515 139.7 0.960 | 1512.6

278.28 | 3.865 3.883 6,555 0 0 0

287.32 | -2.694 0.034 6,585 0 0 0
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Fig. 9 Hydraulic transient according to start and stop of
main drainage pump (valve open rate = 100%)
AE712 Aol 35HEA 715 AFe 3719 A7 s

SR, A2 6,308 V7R A2 HolF )
Ml I} Mg o] wel EEule B o] QrE A
AZHE Ao A Tt 26, 7420 YA
ojuj e ALME7L ), FuljH o] PAHARHE
7F A7) ol AE71¢] 715 ARt 52 30.00%00 7
7+ 439 A9} 1,774 kWol Hojgto 2 A= ]It EZu)|o
A el BAE weEt HE S5 dE(PTDS 32,122
o 2.2 b Abpsh, e 2l s g
= & 5 ek =, ZRA0 ofsf gEo] HAFHl wEt
AFE 32,1220 AAAF(185 A) ©]5}2l 109 AR A4S
Aow ZREY,
hBLe gaHoe 715K e Sl o
[fd 25 FAA7]7] fl8l AE e Eeto|iErt ¢
M efollA 5719 LS At o &, Full

HU

5 5

3 3T
= et

o}d

3l
X
il

T
>gwo1'

S=ERMDIHEE =28 M243, M2, 2021



MISHIRO| £t DTHA0| BEH AT
Table 7 Status of inside and outside water levels in Table 10 Comparison of electrical transient according to
rainwater pumping station pump start
Start Stop Item Valve open 25% Valve open 100%
Inside | Outside Inside | Outside | Operating Motor Max. Over Max. Over
Time water | water Time water | water time rated starting starting
(b)/(a) | current (c)(a) | current
level level level level current current . current .
duration duration
10:1422 [ 0.52 m | 5.08 m | 10:16:10 | 0.42 m | 5.08 | min © © ©
L] Doz o8 ARHBHT BAZ M TS M g see 185 A | 4119 A | 223 | 6.40 sec| 439.8 A | 238 | 6.02 sec
Table 8 Hydraulic transient according to start of pump Table 11 Comparison of hydraulic transient according to
pump start
. Pressure | Pressure Motor
Time head head Voltage | Current | Power power Valve open 25% Valve open 100%
(sec) V) (A) factor
PT1 (m) | PT2 (m) (kW) Check valve | Max. pressure | Check valve | Max. pressure
0.00 -2.321 0.040 6,609 0 0 0 Qpening time head (m) Opening time head (m)
24.50 -2.294 0.042 6,308 379.8 0.192 791.8 (sec) PTI PT2 (sec) PT1 PT2
26.74 0.056 0.039 6,321 358.5 0.221 868.8 1.88 2.144 | 0.601 2.24 2.126 | 0.566
30.00 0.363 0.038 6,265 439.8 0372 | 17743
30.52 1.021 0.051 6,547 113.1 0.863 | 1097.9 = = =
4, 2ABY HINY EM
32.12 2.126 0.439 6,586 109.3 0975 | 1215.2
41.96 1.677 0.566 6,583 106.0 0977 | 1179.9 41 EE 7|§ E‘:I ’é‘,'XI Al _Jlg_y_:aﬁg
44.50 1.652 0.423 6,597 105.4 0977 | 1175.8
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Table 12 Comparison of hydraulic transient according to

pump stop

Valve open 25% Valve open 100%

Reverse flow | Pressure head | Reverse flow | Pressure head

occuring time PT1 (m) occuring time PT1 (m)
(sec) Max. | Min. (sec) Max. | Min.
0.96 8.734 | -2.69%4 1.14 1.612 | -0.039
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