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Dynamic Characteristics of a Check Valve for Drain Pumps
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Check valves for checking reverse water flows in drainage systems sometimes make large
impacts through their sudden closure caused by accidental cutoff of drain pumps. In order to
characterize such phenomena and to find design criteria for impactless check valves, we observed the
motion of a check valve and measured its impact acceleration and pressures in the drainage pipe,
"using a subscale drainage system. Two peaks of impact acceleration were observed ; The first one
seemed due to collision of the check valve and the valve seat, whereas the second one did due to water
column separation and recombination caused by the low pressure during the closure state of the
valve. The former can be reduced by adding mass to the check valve and by setting an appropriate
valve-seat angle. The latter possibly can be reduced by relaxing the low pressure during the closure.
Subsequently, the check valve opened through the water-column recombination impacts and some-
times showed opening-closing oscillation.

Key Words: Pipe Flow, Multi-phase Flow, Bubble, Check Valve, Drainage, Water Column Separa-
tion
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Fig.3  Typical histories of the Pitot pressures(gauge
values) in the drainage pipe and of the opening angle of the

check valve.
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Fig.4 Histories of the impact acceleration and the

opening angle of the check valve._
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(c) Effect of the valve seat angle.
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(e) Angular velocity at collisions with the valve seat.

Fig.5 Impact acceleration peak values on the check valve,
with effects of the initial flow speed, the valve weight, and

the valve seat angle.
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Fig.6 Histories of the impact acceleration on the wall
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Fig.7 Impact acceleration peak values on the wall near
the valve seat, with effects of the valve weight and the

valve seat angle.

P (kPa) (deg)
2000 T T T Sanc T, T T
tatic pressure inside the drainige

1500 pipe near the check valve
1000 = &psriing angle 6Fthe check 30

500 5 25

V=0.72 nvs, dv/dt=2.39 m/s
0 b 0
Static pressure bottom of - 102kPa /g et

- 500 i ! 1 1 1 1

1 1 1
time (0.1sec/div)

Fig.8 Histories of the static pressure(gauge value) inside
the drainage pipe near the check valve and of its opening

angle.
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Fig.9 The bottom depth and the peak height of static
pressure(gauge value) histories in the drainage pipe near

the check valve.
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Drainage pipe

i Valve seat | ] @

A bubble cloud caused by water-column separation.

®

Bubbles are becoming minute through The valve opens through water-column
water-column recombination. recombination impacts.

Remaining bubbles are ejected.

Fig.10 High speed photos of the flow field around the check valve at its sudden closure. The time interval between the photos is 1/30 sec.
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