Om R

72 2 4
19621 24 8U A

- B EBARAGK) 71 £ +&
o A £ A}

HZ Bk KBHER
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Figure 1.1 Sequence of events for one cycle of sudden closure of a valve.
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Figure 1.2 Power failure without a check valve.
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Figure 1.3 Power failure with a check valve.
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Figure 2.5 Typical air valve installation.
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Figure 2.8 Flow at check valve.

20

Moving Ball X
DN 100

Swing
DN 100

Mgximum reverse velocity, n/s
E)
*

0.5 Nozzle (w) ]

DN 300

Nozzie {s)
DN 300

Deceleration, m/s?
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Figure 2,10 Pressure relief pilot valve.
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Figure 2.11 Direct - acting pressure relief valve.
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Table 3.1 An example of calculation flow.

&9 3 B | A A E
BN N = L . - S L
1! E—%"“ﬂ‘r N=8 i
2 | HEZFAEEFY Q.=1.23 m’s
2 _ R e . ,
3 | HEZ BAFNGFA H,=75m
4 Sé“ BANA N,,—sso rpm
5 'Séizt_ g 7,=0.85
6 %91 H| & r=10
7 *‘%7175‘7——1%@1 . P= 1170kW(%“‘)
8 24%71 »Vé GD ‘=450 kg - m*
9 | ®z a4y GDI—lzokg m*
10 HRRe B GD*=GD,*+GD, f=570 kg m*
N et Y St g S I I
TREEE T ;P_98)Qn 98X1X123X75~—1064kw
| M 085
974P, 974x 1,064
3t _—— —=‘4—-—*7\4_
12 | gxEoa (Mn N, 850 0.881
r‘( _ aisM, 375><1 178 o
! 3T o] 2 —— T —
13 ‘%_4 BA 5 ‘K Gb N, 570X880 =1,178kg.m1
14 | B2 4% | Q=N-Q,= 8x1.23= 984m‘/s
15 ¥ 7 | D=2,400 mm
16 | &2 3] L=1550m
4Q 4x984
7 o & . T — s
17 | #2u 4& DT g —218ms
S e - S _ N e —
| 2 1,§25D ) 2071 4123 EVER
D __x_ .
1+F t \[1+21 10" 0.018
18 | s AgE e Bo A G E, k=2.07x10°kg - m*
i Zee]l FRAAS, E=2.1x10" kg - m*
% | (B A 16X 10", 3% : 10X 10", A8} ¥ d W : 0.03X10")
o T4, t= 0018m
R A 937><2 18”7"7 7777777777 -
Lo A zfaVJL: - .
19 | 48 Qe 2=y 98x7‘3 =2.78
o o N 21: 2 717550 - -
| | X
-} X | Rl
20 ‘ = o} g BAj T \l a 947 3.31
21 | seprlgr A% Ku=0.881x3.31=2.92
‘ H,=10.666 - C ' - D 7. Q- L
RS- RPN !
2 | eeed =10.666x 120 ' x 2.4 "X 9.84"x 1550 =2.3 m
H, 3 T
23 »%i%@A H FFA @ v & Hq X 100= -7 -x 100=3.1%

l

n
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Figure 3.1 Pipeline end and pressure gradient line
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dA —3m, 3.8m, 17.3m7} F&] 2t}
@@ TR AL AF Y #E =59 A
18 & Figure 3.13} o] 2 F = FA|ghcl}.
® 2 A AALY @& 2AA(EE wFA])
o 9 E ddstd B2 FA YT E
adch

3.2 H1 tFejMel 2y

3 4 ol oA T HA
Mg 2HA FHE DA o2 Iz S
4 Qlth ojate] M & 27| A DA A B2Y
P& Mg oz A & ¢ U= o] ALE
olng, FAGANE A9 HE Y ¥H 4
22 AT d22d T2 A 3, AFEHE
ALE-3F R A & A A3 e Aol whghE st

338 E
7h AR E o] B2 AAHT wowl -5t
Z438ka1, o] Aol oF 10m7t W 5] 4ol

g Reig= )
U Alatde @3k B8 s s M o] Rto] 5~
Tmo|Y 2 =& A& 773t
o} A4k o H A 9te 3t Figure 3.13 Zo]
BASIC WATERHAMMER PROGRAM.

HGL DATUM AT VALVE.

aaoaaoa

DIMENSION HP(11),QP(11),H(11),Q(11)

HEZg 223 B2 EAGelN pRFUAR
o ol Welzbn glow, $F el A el By
o 49t}

3.4 04

HBEAgA dZd Hu ot oF 14
kg/em?olm, B2 2 WBFo HEAHL 15
kg/em? Lo, =3 Eeld Ao ofgt A A &
ZSto] S H7] e HEFA v bAoA
(downsurge)$} ¢ A o] A {upsurge)& FA] o Ao
g e Aol E A A AL ddojHl o &
Fe AANE =& f3td AFEE AT
FRALGE B8t 20m*e} A2 AR A} o
AP E XU S AT BRAAMY HA o
HFuld e 2t 38 HAE vEAFIn e,
dEdEE 4T d3EH2 USE ¢ F U
{Figure 3.1 Z&3).

4% MAZROHS ARE
S2HBA MY

4. 1 $=A4%g 2| FAZE Y (basic water-
hammer program)

RESERVOIR AT UPSTREAM END OF PIPE AND VALVE AT DOWNSTREAM END.

DARCY WEISBACH FRICTION, HR, & INITIAL VALUE OF VALVE CDA
=SQRT(QO * = 2/(2 *+ G » H0)) GIVEN IN DATA.

OPEN(UNIT=6,FILE= ‘b.out’ ,STATUS= ‘unknown’ )

DATA A, XL, D, F, G, HR, CDA, TC,EM,TMAX,N,IPR
1 /1200.,600.,5,.018,9.806,150.,.009,2.1,1.5,2.6,5,1 /
NS =N+1
R =F+XL/A2.*G*D* *5x 7854 % * 2 x FLOAT(N))
B =A/G *.7854* D * D)
DT =XL/(A « FLOAT(N))
C FIND STEADY STATE FLOW AND STORE INITIAL VARIABLES
Qo0 =SQRT(2. * G » CDA » CDA * HR/(R * FLOAT(N) » 2. * G » CDA » CDA+1.))
DO 201 =1,NS
H(D =HR-(I-1)*R*Q0*Q0
20 QD =Q0
CVP =5* Q0 * QU/H(NS)
T =0.
K =0
TAU =1.

WRITE(6,25) A, XL,D,FHR H(NS),Q0,CDA, TC,EM,G,TMAX,DT,B,N,IPR
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25 FORMAT( A, XL, D, F=" 2F8.1,2F8.4/ HR, H0, Q0="2F8.2,F8.3/
2’ CDA, TC,EM="3F8.3/ G,TMAX,DT,B="F8.3,F8.12F8.3/ N, IPR=",
3214/ HEADS AND DISCHARGES ALONG THE PIPE’// TIME X/L= ",
4'0. 2 4 6 8 1. TAU )

30 WRITE(6,35) T,(H(I), 1 =1,NS), TAU(Q(),I=1,NS)

35 FORMAT(F8.3,5H H=6F8.2,F7.3/10X,3H Q=,6F8.3)

40 T =T+DT
IF(T.GT.TMAX) GO TO 99
K =K+1
COMPUTATION OF INTERIOR POINTS
DO 501 =2,N
CP =H{I-D+Q(I-1)«(B-R* ABS(QI~- D)
CM =H{I+1)-Q(I+1)* (B~ R * ABS(QI+1))

HP(I) =5=*(CP+CM)
50 QP(I) =(HPD -CM)B
BOUNDARY CONDITIONS
HP(1) =HR
QP(1) =Q(2)+(HP(1)-H(2)- R * Q(2) * ABS(Q(2)/B
IF(T - TC) 55,60,60

55 TAU =(1-T/TC)* *EM
CV=TAU » TAU * CVP
GO TO 70
60 TAU =0.
cv =0.
70 CP =H(N)+Q(N) * (B - R * ABS(Q(N)))

QP(NS) = -CV+B+SQRT(CV*CV+B«B+CV*CP*2)
HP(NS) =CP - B * QP(NS)

DO80I =1,NS

H(D) =HP(D
80 QI =QP(I)

IF(K/TPR * IPR - K) 40,30,40
99 STOP

END

A, XL, D, F=1200.0 600.0 .5000 .0180
HR, HO, Q0=150.00 143.49 .477

CDA, TC, EM=.009 2.100 1.500
G,TMAX DT,B= 9.806 2.6 .100 623.245
N,IPR=51

HEADS AND DISCHARGES ALONG THE PIPE

TIME = 0. 2 4 .6 8 1. TAU
.000 = 150.00 148.70 147.40 146.09 144.79 143.49 1.000
= 477 477 477 477 477 477
.100 = 150.00 148.70 147.40 146.09 144.79 154.28 929
= 477 477 477 477 477 .460
.200 = 150.00 148.70 147.40 146.09 155.53 165.79 .861
= 477 477 4717 477 .460 442
.300 = 150.00 148.70 147.40 156.79 167.00 178.08 794
= 477 477 477 .460 442 422
.400 = 150.00 148.70 158.05 168.20 179.24 191.11 728
= 477 477 460 .442 422 401
.500 = 150.00 159.30 169.41 180.40 192.22 204.93 665
= 477 .460 442 .423 .402 379
.600 = 150.00 170.62 181.56 193.33 205.99 219.46 .604
= .444 442 .423 .402 .380 .356

(347)



18 R RS EEE, H2148 B4R, 1997

700 H= 150.00 172.21 194.45
Q= 407 406 .402

.800 = 150.00 173.81 197.64
Q= .369 .368 .364

.900 = 150.00 175.42 200.83
= .328 .327 323

1.000 = 150.00 177.01 203.99
= .285 .284 .280

1.100 = 150.00 178.56 207.04
= .240 .239 235

1.200 H= 150.00 180.02 209.94
= 192 191 .188

1.300 = 150.00 181.37 212.59
= 143 142 .139

1.400 = 150.00 182.57 208.59
Q= 091 090 .098

1.500 = 150.00 177.22 202.63
= .038 047 .058

1.600 H= 150.00 170.07 194.56
Q= .004 .006 .019

1.700 = 150.00 167.34 184.17
= -.027 -.024 -.017

1.800 H= 150.00 164.10 177.69
= -.052 -.049 -.041

1.900 = 150.00 160.36 170.20
= -.072 .069 -.059

2.000 = 150.00 156.10 161.68
= -.085 -.082 -.071

2.100 = 150.00 151.32 152.14
= -.091 .087 .075

2.200 = 150.00 146.05 141.59
= -.089 -.085 -.072

2.300 = 150.00 140.27 130.00
= -.078 -.074 -.059

2.400 = 150.00 133.96 123.33
= -.058 -.053 -.046

2.500 = 150.00 133.06 117.30
= -.027 .031 .026

207.05 220.47 234.73 .544
.380 357 .332
221.49 235.70 250.64 .487
357 .333 307
226.23 251.56 267.17 .432
317 .308 .281
230.87 257.64 284.19 .379
274 265 255
235.38 263.47 284.87 329
229 221 221
239.62 262.60 283.52 281
182 .185 .188
237.15 259.67 279.91 235
144 150 157
232.65 254.47 273.74 192
.106 116 127
225.92 246.74 264.80 153
.070 .083 099
216.74 236.27 252.81 116
035 .053 .074
204.91 222.82 237.57 .083
.003 025 051
190.26 206.22 218.84 .054
~.027 .001 .032
179.00 186.29 196.45 .029
.043 -.020 .016
166.23 169.24 170.20 .010
.053 -.027 .005
151.93 150.16 152.27 .000
.055 -.027 .000
136.08 134.96 133.48 .000
.049 -.028 .000
124.64 119.41 117.66 .000
044 -.023 .000
113.34 107.34 105.35 .000
-.032 .017 .000
106.04 99.28 97.02 .000
-.019 -.010 .000

» Water supply systems

4.2 He Mazz o) cfsh 274
(Simulation of Fluid Transients in
Piping and Channel Systems)

A computer program SIMDRU is used to cal-
culate unsteady fluid flow in fully filled pipe
systems(waterhammer and mass oscillations),
and in open channels(back water curves, posi-
tive and negative surges).

It is particularly applicable to

- Transportation lines for water, sewage, and
oil

« [rrigation systems

* Hydropower systems

« Cooling water systems of thermal power
plants

+ Long distance heat transport networks

+ Oil — hydraulic systems

The topography of the system to be modelled
is not restricted. The following components can
be simulated : pipes, pumps, air chambers,
valves, check valves, open channels, weirs,

stand pipes, air inlet valves, pressure relief

(348)



¥ 2 Fi R KRR 19

(He | v;(\;alrv;tc )Emfu
! <
- —

1
GVAV

=}
<

Head al valve (m)

ST (-t
.
<
[ dt\\\t:—x

reservoir \\C\J’ R =

T

Valve ,
Flow {m3/s)

<

0l

) 1 B 3 F 5
Time {s)

Figure 4.1 Response in single pipeline due to
valve closure

valves, condensers, and surge tanks.

SIMDRU contains complete subprograms to
calculate the stationary pressures and flows in
the system. They serve as the initial conditions
for the simulation of the pressure and flow
variations resulting from pump failures as well
as the operation of valves and gates. The
time - dependent pressure and flow oscillations
can be output both numerically and graphical-
ly. This is followed by a summary of all the
maximum and minimum values.
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Figure 5.1 Longitudinal pipeline profile of YongIn booster pump station(4th stage).
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Figure 5.3 Schematic diagram of booster pump station and measuring layout.
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Figure. 5.5 Effect of varying polytropic coefficient
on pressure head at pump exit for V¥,
=2.0m% D, ,=110mm.
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Figure 5.8 Comparison of measured and predicted results for D, ,=110mm with initial air volume.

Table 5.1 Comparison of measured and predicted pressure head, air volume and its occurring time with
initial air volume.

T

|

Initial Minimum Maximum
Air Pressure Air
Volume Head Volume
\ I (m?*) (m) (m*)
‘ 14 51.9 1.965
2.0 55.2 2,701
! 2.6 59.1 3.437
.. ,,,,_+, ,,,,,,,,, e e —————
1.4 I 50.2 1.963
2.0 54.6 2.704
2.6 574 3.422

Occurring Maximum Minimum Occurring
. Pressure Air .
Time Head Volume Time
(sec) (m) (m?) (sec)
11 111.6 1.067 30
12 106.2 1.662 33
14 101.0 2.335 38
9.7 114.0 1.082 28.2
11.6 106.3 1.666 33.4
13.6 101.4 2.261 37.5

Table 5.2 Comparison of measured and predicted pressure head, air volume and its occurring time with
orifice diameter.

Orifice 1 Minimum Maximum  Occurring Maximum Minimum Occurring
Inner ! Pressure Air . Pressure Air .
Dia. Head Volume Time Head Volume Time
(mm) (m) (m?) (sec) (m) (m*) (sec)
L I I s
90 55.2 2.673 12 | 99.3 1.731 34
110 55.2 2.701 12 106.2 1.662 33
125 55.0 2.689 12 108.0 1.633 33
90 54.6 2.704 11.6 99.0 1.757 34.2
110 54.6 2.704 11.6 106.3 1.666 334
125 54.6 2.704 11.6 109.8 1.627 33.1
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Com.parison of measured and predict-
ed pressure head at pump exit for V* ;.
=2.0m*® with orifice diameter.

ol#lopgt g}l AA 150mme] ¢ AXPE 9
la A WS 90, 110, 125mm = ul3o] 7t 4
AAS F8T F A4 A2 va - HE
Rt X333 4 ¥E 5 Figure 5.9
g, v A WAS Edoz dedt
< 433 @3tElon, Al zho] X gl whet A
245 B} we] A €l Table 5.2 o - 3
248 2 FUAE ol a3 2PN E MR
v wate] el e AAA F719 Ha9Es
FHPALY F71e avA Wata YA o, 2

(354)



L FiRe KEHR 25

gnA AL 125mmolA 90mm= 9] o 24
74t Aol gt A E e o 1.0kg/em™ 3 =

s o
53 & E

2 Ao E dloj 7t dxd HEZHREA
AN FHPGN A EFAHE A3 1, oo
Ao A AF 9 AAJDR7 7 E ol ojd
3 gL v alexl FAAN AEE B3 =
Al e 2 dEE 4

(1) FR AL A8 JHAFF FERE
A, edHs FEAF, G AsE R HoE
FA @A) g Fao] AA et os, FXA
AFL o] Mggho] z+zb 1.3, 0.7, 1,050m/sY W &
A guis 9 FrAAUINE P F 2A
Aok

(2) AW A 27 F7 Aol F71eE &
719 gE¥slgo] FolAY] o #of FHEY
9] F7)+ ol 1, B2 g uisle FAass
t}h 274 AXF el WA FYo2ZA Y
e 4gs galgen, AZko] Aol oz}
FAZREE B} ge] ZHsEAG. FAALE T
 $43849 1237174 A a3 vlad #
gxstgen], HxuzAd zAgste o - F
248 2 2 BYANE FelH o2 S

(3) FAALE 23d =54 FEL F 5%
olule] 242 dZ3gon, AYdE HAZRED
W AA HZHZA ) i LHARYAE M
Aded ol FE3A AEE oz gudr.

¥

ngd

1) Streeter, V. L., and Wylie, E. B., 1967, Hydraulic
Transients, McGraw - Hill, New York.

2) Fox, J. A., 1977, Hydraulic Analysis of Unsteady
Flow in Pipe Networks, Wiley, New York.

3) Wylie, E. B, and Streeter, V. L., 1978, Fluid Tran-

(355)

4)

5)

6)

7

8

=

10}

11)

12)

13)

14)

15)

16)

17)

18)

sients, McGraw — Hill, New York.

Chaudhry, M. H., 1979, Applied Hydraulic Tran-
sients, Van Nostrand Reinhold, New York.
Watters, G. Z., 1980, Modern Analysis and Con-
trol of Unsteady Flow in Pipelines, Ann Arbor
Science, Ann Arbor.

Stephenson, D., 1981, Pipeline Design for Water
Engineers, 2nd ed., Elsevier, Amsterdam.
Watters, G. Z., 1984, Analysis and Control of
Unsteady Flow in Pipelines, 2nd ed., Butter-
worth, Woburn, Mass.

Wylie, E. B., Streeter, V. L., 1993, Fluid Tran-
sients in Systems, Prentice Hall, Englewood
Cliffs.

Zielke, D. W,, 1980, Simulation of Unsteady Pipe
Flows.

BHRA Fluid Engineering, 1983, 4th Internation-
al Conference on Pressure Surges, Bath, Eng-
land.

olela], Z41%, 1985, AT AR A, A&
Wetam AT Ed Fa BaA.

w34, 1980, bt H B AL B5) S BYLY
S22 o] B8 AT, QAR AL A4}
DD

Hodgson, J. E., 1983, Pipeline Celerities, M. S.
Thesis, University of Alberta, Alberta.

A3, 1984, FRA YA A g F=d g ©
@ A7, RN R Bt N =T,

£Z€], 1985, Waterhammere] E &3] 43 &
AT, MUt ey A =

274, 1986, TH @ GA 2ol 2§ HEA oo W
Hol MAZE i 2 &, Adgn dishd A
ALeH9l =8

HHEE, 1987, oW E o] &% G REA Y=
ol Aol FHE A B HEH A7, AN
Ao E Y MALE =

o]y, 1989, ¥ HEZAZANA Y +HE
A AT, S A o HA e =g



