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Development of Check Valve Reducing Water Hammering Effect

Hajime SHIRAISHI, Hiroyuki TESHIMA

Abstract
Plumbing systems in buildings water hummer phenomenon because of pump be starting up fast and so
air is compressed in pipes. Water hammer phenomenon will be in regard to pipe’s deterioration , leaks and
noises. To prevent these problems, we need to use method that check valve opens slowly. First we made
prototype-valve, but came up against failure behavior, reason of friction force rises, when water hammer go
on. Cosidering these reasons, researcher checked up spool prototype design and refined, in the next place
made dynamic mathematical model. The researcher confirmed the advantageous effects by using simulation.
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Fig. 1 Proto-conception picture of check valve
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F: Water hammer force. x: Moment arm for F.
y: Moment arm for .

Fig. 2 Schematic of enhanced spool
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mx+cx—uf=F+F sinf (1)
Fxa+(F sinfxe)—(F cos@xd)=/b (2)
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Direction of
movement

F: Water hammer force [N]

x: Spool movement [mm]

m: Mass of spool [kg]

c: Coefficient damper [0 ]

f: Perpendicular force [N]

u: Coefficient of dynamic friction [ ]
a Moment arm for F [mm]

d: Moment arm for h [mm]

e Moment arm for g [mm]

0: Spool angleto F[° ]

Fig. 3 List of symbolsfor motion equation
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Fig. 4 Spool movement and perpendicular force without
guide-bar angle
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Fig. 5 Spool movement and perpendicular force with
guide-bar angle 45-degree
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f= F><a+Fsin6';e*FCOS€><d (3)

ooooOo0o0ox 0000000 00OD0ODODOO
O00000x000000000.O00000
oooooooooocoooooooocOOOO
oooooooooocoooooooobooboooo
oooooooooooooooooome ooo

O0o00oOmooooo0o00oo0 FRgMmOonono

oooooooooooooooOoDOombosboono
ooboooooooooon

gooooooboooboobooooooob
O0000FrRgMmOOOOODOODOOCOOOOO
ooooomomb0OO0O0OO0O0O0O0O0OOOCODOO
Co0ooooomomO0O0O0O0O0O0O0C0OOO00m
oooo

0000000000000 0 Fegm O 00mo
O000000000MmO00000FgM OO0
UMmOOoO00O000O0O0OO0O0O0OO0O0DOOO0DOOO0

Spool displacement

0.6 30 %
—_— N 1 -
= 1 \ =
\E 05 i \ Perpendicular * 1 ©
+ | force ] 20 e
2 041 ” 3
< | ] b=t
=] | ] =
S 03[ T
< N 1 2
B 0.2 bbd ity ] 3
B R R g lo £
3 01 : oy
S 1 5
= 1 a8
wn 0 -10

0 1 2 3

Time[1/10s]
Fig. 6 Spool movement and perpendicular force with

damper coefficient 1.0 fixed
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Fig. 7 Spool movement and perpendicular force with
damper coefficient changed
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Fig. 8 Cross-section view of water intake
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Fig. 9 Improved conception picture of check valve
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