67

JEBEDIENNEEE2HP IS LI0LD

Waterhammer?® I ¥ f T — L {ZDWT

il =

I 2 Z » &

Waterhammerd)ﬁﬁ"“ IZ19HHAC O # ) B2 &5 20RO BE 12 21T T Joukowsky<e Allieviod e ERBURFFE Dk 2 & £ D
FEFeH 7 B 41,1933, 193742 (3 Waterhammer |2 BT 5 FEE L o R 7 2B LT B, & DT Clo Waterhammer
NHavra—LORFEL % éﬂLORWA@mngﬁg,FKmmminw7mom%A4MX%%AL(mé %
D% DIFEEH L Sz, HE TlzKarel Haind® 3 »» ADCE A TOREDEED Y P r— LD FEEORT
Wb, EERREIIBWCEEOHFFE NN TTE L7220 FHL, Waterhammer(Z3f L Tli o> P -1 lhksE 2
BHMEN FEROLIFENE

Waterhammerdif N % (12 2o Bz & ) 4 ST & 72, Waterthammer > F v— g% EEREZKE
FTBERDIOIIGETE S,

(DEF WD SHE % D &2 FHE:
(QUES % H LB LI bfwiﬁ"w%O?éT&

T &% TREEZ WA X5 HEROIZEBL, $—v v 7, BRI 7, V) =7 V78I ET 5, E
ﬁ&WMML izttfg@%@&&ﬁ %&Uﬂ%@aﬁEH%%Téo

DI TIIENBENE SHEF WD EE D HEE LT, 7V X TN TREKDBEZ DV TR, 7L %
TN TN E B PRI OWTIRERH R4 7T A DRI TV X TN, TR, R O(G SHE
ik &2, Waterhammer o> } 0 — AV DERE T4V, BN LENROE SEEZF-C, 2> Pr—L3
NIKBEDWEZ T4 - 72,

1I

ol
(wt)

50 A
KR

BN HE

BEHOMEE

E Rz H

P A

B

BHKEE B THE
Daray-Weisbachz o> & D%
B

Eogs

TR R

WK

TR DS ® w8 X

M ZLHFoTNL4TEBVwAZEIZEBar bA—UIZDOWT

TU %S T I T O A DA ADEIR TV BABIC L ZH, WALSORBR AT b TV 55 BRI
FBIELN TV BEEEE HAURS (, BHER LTIz 2 L, OB TL S ELNTWE, BEEL
BEH—EIC 7L TN, T R BERE L T Watethammer 3 > F v — L E4T% - 72,



6 L T e

. RERIERE L ERFE
EEBREFEOMEZ FigLIIRT,

® |® ‘

—1) O ki © sv7
@ K7 ® 4T
@ @AM @ Rkl
@ 47 IR K

@
® @
5 == l 1
L ]

Fig.1. EREFOHE

KIFODEAIE £ ) QN H > 7 THAS NODEARIZEL, DN/ <4 7B L TON S > 712 WAT b, BOEBRE
(120 05m) 2B L CQOSAKIMIZE L @NRIEKEZ&8 L TEKEIZES,
(1) ENROGEAEEOHE L 2AHOBEOKBELOVT

TUX TN FEFIg2IRY &) ICREBRTH B 20 AL VESNBENR EEERDS Z LIZRBETH D,

Fig.2. ERBRICEHEALAE7L XL T, T

5,

FlgSV)J: 9 t:i?‘@’ﬁiﬁE’é‘(Flg4 t:ﬁ?j‘)L:’)Lx’(Eﬁﬁm{i,gﬁrg%&U%Lt%% 360m ./ sec ’C\y)’)ﬂ.’o %
CEEECEO—8% Figh LRT LI TV TS 7 THE» L (BRELE2/M, 7V XL 7N 7 3m,
WEITWTFRL0.05m) , EHENE SHEZHIEL 28RY 200m /sec Th - 72,



265 1 5 (1974)

=

@ FEhrine

@ MOFHWE B

@ wgd

' ®
e ®
Fig s mEECECoWEoRE Lo
Fig 4 WHECH
e —
27m N 3m J

e i T7 p:x:>7‘;uz<47'l

= ]

Fig.5. 7L %Y 7W/,8f Fofgid

1




70 BIKSE B U S

KEBTIITIVEL TN L TE LT T4 2 &REN10%721FE - 720 FE G, SREIL#I60%1 28 LT b, {E

STT7VvEL TN TZDEEDFRBOF— L T2 L BRBEOH AR Y 3 27 2% —DR &) KBEFEIZH60TIHIT
éo

(2) ERAMNBEN IV FA—NLE NI KBELZDHT

Figh Dk e 7V XL 7N, TENL 75 4 D= - T, THEBMO SN T EHET L In kW AKBES B2
L, Ehz#ss BUTA2MES, T2 ERL %7, 2V TIEAN—Z VT TRIE L IRERENOBIRE
Fig 6l 77,

20

15

10F
fv

0 0.125 0.25 0575 05 0625 075 0875 10
d/D
Fig.6. RN — R0 7D FEE & IARREOBFE

BASHIC 72 - TIE SV TIC > PRI HEERK & BEOBRE Fx » 7L, SEcdinrLs,

2. TERRROMEAR
VXTI T2 RPN AN 2> Fu— L AN KEBE 2 FHNRIENEOG SEE L # - THRET 5,
BARBOEEER L XET 2EEHFERTROED HER L EROHFRANTE 2 N5,

a EFHHRER
SH+8V+V8V+[VIVI =0 (1)
x ot

b EROBER

+V8H+a aV+ Vsind=0- e (D))
ox g ox

PLEORS LI IELEARL TR, MTHEOKE 21200 T EL OB T 50



E26%E 1 B (1974)

3. BRLIUER

71

Fig.7, Fig8 1ZK%RME & PRI L ETIRNR SHE 2 - ¢, FHEHER(), )% 2B MO K 2077,

1.0 (

08

AN
E 04 A \ / \
7 i \ f "\

(kg/cd) o 2

0 l_—g—r"———{“"—— i} / \\\‘\ 7
W)
—0.4 \/

—0.6
—0.8
3 4 5 6
HBRE
B¥fH (sec) ______._ EERH
Fig, 7. FRAME & JEBRME o0 Lok
(730 7IRGIRR 5 )
12
1.0 /[\\ /f\\ /n\
0.8 //\X } \ l
II \‘
0.6 -
2RI
0.4 = :
i
0.2 =~ 7 7N
e X Voo
jJ = = || “ P
(kg/ci) \ { \‘*—//
| | |
o VR
—0.8
V)
-1.0
2 3 ! mam °
8§t (sec) ————— x;;ﬁg

Fig. 8. FBIRfi & FERIE D LE
(7S TEASHIERES .6%D)



2 ' B RERS

TV XTI T O L KOBENRREL & 2 ARG E TR R SEE TRAKEEIHETE S,
IBEIECE S 22 S IREL T, 2OV 7T HASHESR 5 A KIRIE £ R T,

VAN

| /|
1
|
[
IR
J UL

4 S 6 7
11 (sec)

04
=

il
(kg/ct)

{

|

: \
—0.2 \
\
\

02

—04

Fig.9. WMEECE L IIE > LBED L TS IZ 513 3 EHDOED
(75V 7 PASHRER 5 )

Fig7, Fig9 &HEY 2 L) BRRKBEEIZED L T, TS L7 O BASEBRNIAE J) 3 o011 IR

ETELLDOTHE, LrL 07 0BSRMISMGEAE, RECHSTEILERLLTHAE,

V ZEOZFEIZO>NT
~ﬁtﬁ%¢%ﬁﬁ?é&mﬁéuxﬁf5i%néo

MRS

Fig.9

D~k

MK%W@K#””E#F&&LT;@&% OB R E N SR ADENEOE EEIZQR L VHET
& 5, DGR OBIERBME BRI, K ZRADRBARENMETH S, 20 L 5 IBRIICHEI N BRANGHR L

FESW AR - NG % Fig 101277 $,

E 120 |
A
b3
2
2 100}
7N
b4
3
(m/sec)
80 |
60 L
40 N . L L .
0 2 4 6 8 10

BRNEER (%)

Fig.10. ZRADEEFR & EHIRDOE SREO B
(KR&JE)



EookE 1B (1974)

73

EINERAFE L LTRIH L 72. BAp & N5 CTHEDR SHEIRBEI MO L, KBERRIT S e htbir s,

vV ¥

)

Waterhammer 2 > b B —Li2oWT, BHI TV XL 74 TR HEICOWTRN, Flzar r—nEn
P A MR AR e FE OB SEE A - T, WA BEMETELZ L &R L7z, AEFFRIZAT L CHdE
R D - IUKEBEIZIC B 2 2T 5, HAHRFINREHR L 7 — T E 72, MANHRIHELERLET,

(1)

Z & x M

Ancus, R. W.:  Air chambers and valves in re-
lation to waterhammer, of the
American Society of Mechanical Engineers, HY
D~59—~8, 661—668 (1937).

KnNapp, F.: Operation of emergency shut off
valves in pipe lines, Transactions of the Ameri-
can Society of Mechanical FEngineers, HYD—
59—10, 679682 (1937),

KArerL Haindl: The protection of low head
irrigation pipe-networks against waterhammer

Transactions

STUDIES ON THE CONTROLLING

4)

effects, L’Energic Elettrica-ng, 410—415 {1969),
2B D AT T VX LT N, 7D
e &£ OKERR, PRt A b iR
H 6 (1958),

GiuserPE Evangelisti: Water hammer analysis
by the method of characteristics (1), L Energia
Elettrica-n10 673—692 (1969) .

HHEEZ | ROEENOIEE IR,
Ho Y, 36 (286), 957—965 (1970),

H 254 bk

THE WATERHAMMER

BY REDUCING THE SPEED OF PRESSURE WAVE

Souichi NisHIvAMA

Summary

It is more advantageous that permitted stress in pipe was fully used during operation
and 1 controll the waterhammer pressure in unsteady flow.
On the standpoint of principle, the method of controlling the waterhammer was as follows.

1) Reduéing the speed of pressure wave.

2) Pressure restriction device.
In this paper,

I used the flexble pipe and controlled the waterhammer.
this experiment, the speed of pressure wave decreased by approximately 40%.

In case of
Accordingly

if the closure of valve is instantaneous, the waterhammer pressure was decreased by approx-

imately 40%.
And I used the mean speed of pressure wave, solved the basic equation of unsteady

flow, and compared with the experimental and theoretical result.
Concerning the ultimate waterhammer pressure, the experimental values agreed well with
theretical results.
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