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Abstract. In order to solve the problem that no suitable technologies are available for the sudge

removing of rainwater storage tank , a novel set of dudge discharge regulator has been designed, its

principle is explained, its structures and components are introduced, the working conditions are
analyzed. The analysis results show that the regulator has strong adaptability to various circumstances.
The regulator can automatically adjust its port size and relieve the blockage under certain congestion
conditions.

Introduction

In rainwater runoff, sands and leaves were carried from the ground into the rainwater collecting tank,
furthermore they will deposit on the bottom of storage tank, if it is not promptly cleaned up, the
sediment will accumulate more and more, and the sludge will pollutes the water, the storage tank
cannot exert their effects. In engineering applications, many ways are used to flush the silt™™, but the
current dredging method have a commom problem, they cannot remove the dudge in the water. In
order to improve the water quality, extend the storage time of rainwater in the collecting tank, asludge
discharge regulator is designed. It can provide solutions for dredging sludge in rainwater collecting
tanks.

Thefunctional requirements of the sudge discharge regulator

The discharge regulator is used in the rainwater storage tank. It can adjust the opening degree of the
port according to the dudge density and flow state, and it can automatically remove the block and clean
itself without extra control and energy.

The principle of the underwater udge discharge system is shown in figure 1,
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Theregulator isinstalled in the bottom of the Sudge groove of the rainwater storage tank. By using the
dudge collecting equipment, the sludge is collected to the port of the sludge discharge regulator, and
the dudge is discharged into the sludge well, and then, the sludge pump pumps the sludge out of the
well, and the relatively clean rainwater is retained in the tank.

The structure and principle of the sudge discharge regulator

The structure and principle of the regulator are shown in Figure 2, the regulator consists of water
chamber, air vent, water inlet port, water inlet chamber, grille, comb, vent pipe, seat, shaft, Sudge gate,
sludge channel, check valve and discharge port. The seat is mounted on the foundation of the rainwater
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storage tank. The water chamber is jointed to the seat. The water chamber can rotate around the shaft
freely. The air vent and the water inlet port are on the top of the water chamber. The grille is welded
around the water inlet port. The comb is mounted on the foundation of the regulator body. The water
inlet chamber is formed between water chamber and the grilles, and it can keep the inlet water clean.

In rainwater storage tank, the clean water flows into the water chamber through the inlet port. The air
vent interlinks to the atmosphere through the vent pipe to balance the pressure between the water
chamber and the atmosphere. The check valve is mounted on the bottom of the water chamber. It
adjusts the water pressure which is in the water chamber and the sludge channel. When the discharge
port isblocked, the flow in the Sudge channel will reduce or no liquid flow. The pressure in the dudge
channel will be lower than the pressure in the water chamber. The check valve will open and then the
water will flow out of the water chamber. With the water level in the water chamber drops, the weight
of the regulator will reduce. When the total weight of the regulator and the water is less than the
buoyancy, the regulator will rise, the discharge port will be enlarged, and the blocked sludge will be
released. In the meantime, the clean water flows out of the water chamber, dilute the sludge in the
dudge channel. Therefore the flow ability of the Sludge is enhanced. When the blockage is dredged, the
flow through the sludge channel will return to normal state, the pressure rises up and the check valve
opening will reduce. The water in the tank will rise up, the weight of the water will rise up, then the
regulator drops down to the normal position. While the regulator rotates, the grille and the comb will
move relatively. The dross which is filtered on the grille will be removed automatically to make sure
that the water in the water chamber is cleaning.

The opening and closing condition of the sludge discharge regulator

Thegravity of water inthe water chamber isthe direct factor to make the regulator up or down. When
the water weight and the regulator is less than the buoyancy of the regoulator, it will rotate upwards,
then the discharge port opens. When the water weight and the regulator is heavier than the buoyancy of
the regulator, it will rotate downwards, and then the discharge port closes small. The relation between
the volume of the water chamber, the relation between the gravity of the regulator and its structural
characteristics is

284T,
V,L,,,cosQ, = ﬁ (
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Where, V,,isthewater volumeinthetank, L, isthe distance fromthewater gravity center to the center
of the shaft, ¢, is the angle between the line of which from water gravity center to the shaft and the
horizontal line, py, isthe water density, g is the gravity acceleration. T, isthe resistance momen, S, is
the reliable coefficient. Formula (1) showsthat the resistance momen T, is the basics of design.

In this paper, T,=600Nm, p,=1000kg/m3, g=9.8m/2 , £1=1.2 , pu=45° , L,=0.3m, V,= 0.6927 n’.
The regulator material properties and its gravity position can be calculated by the following formula

B2Tr
(Px=Pw)g . (2

)

Where, Vi isthe volume of the water chamber material, L, isthe distance from the gravity center of
the water chamber to the center of the shaft, ¢, isthe angle between the line of which from the gravity
center of the water chamber material to the center of the shaft and the horizontal line, px isthe density
of the water chamber material, S, isthe reliable coefficient.

In application T,=300~1000Nm, p,=8930kg/m3, p,=1000kg/m3, g=9.8mV/s2 , f,=1.2 , ¢=45° ,
Lx,=0.3~2m, then we obtain the result of relation of the material volume and the moment arm. Figure 3

ViLxoCOSQ, =
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shows the curve of the relation of the material volume and the moment arm at different resistance
moment T,.
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Fig. 3 Curve of the relation of the materoal
volume and the moment arm
The opening and closing condition of the check valve
Thekey factor which affectsthe work state of the udge discharge regulator isthe opening and closing
condition of the check valve. The opening of the check valveis controlled by the hydraulic pressure of
the dludge channel. The analysis of the check valve is shown in Figure 4. The closing condition is
represented by the formula (3)

Fig. 4 The analysis of
the check valve

_ D1s,L,+6,L,sin6-T,

Rmax =
Pw9SnLz . (3)

Where, p; isthe flow pressure in the dudge channel, S, is the outside area of the check valvelid, L is
the distance between the center of gravity of the check valve lid to the center of the shaft, G, is the
weight of the check valvelid, @ isthe angle between the line of which from the center of thelid shaft to
the center of the lid gravity and the vertical plane, S, is the areathat the water in the water chamber
pushes on the check valve, T, is the resistance moment of the shaft. In this paper, p;=0.0033Pa,
S=0.001n7, L,=0.02m, G=18N, 6=15°, T, =0.0005Nm, S,=0.0008n7 hyx =0.591m,

The opening condition is represented by the formula (4)

B G;L,sin@ + T,
™ pwgSal, (@

In this paper, hpin =0.597m.

The pressure value of p; affectsthe opening and closing condition of the check valve. The structure of
the dudge channdl affects the value of p;.

Design of theinlet port

After the blockage releasing, the flow in the udge channel will soon restore to the normal state. The
water inlet port is normally in opening state, and it is aways in the water. By the opening and closing
condition of the dludge discharge regulator, it can be determined that when the volume of the inlet
water reaches to bW, the discharge regulator begins to decline until to the set position.

Assume that the returning response timeis Tp , the section area of the inlet port can be calculated by
the following formula

bV,

Ny = ———

Po€oy29HTo

(5)

424



£

ATLANTIS

PRESS Advances in Engineering Research, volume 164

Where, A, is the area of the inlet port section, &, is contracted factor of the flow, ¢, is velocity
coefficient, H is actual head. After the blockage released, in T, time the sludge discharge regulator
begins to sink until to the normal status.

In the paper, bW =0.35m°, ¢, =0.82, &, =1, H= 5.5m, Ty=6s, A;=0.0082n"’.

Design of the check valve orifice

When the discharge port is blocked by large pieces of sudge, the fluid pressure in the Sudge channel
will be reduced. The water inthe water chamber will push the check valve lid off and flows out rapidly.
When the total gravity of the water in the water chamber and the regulator is smaller than the

buoyancy, the regulator will go up. The discharge port will enlarge , then the large pieces of dudge
will be discharged. The outlet area of the check valve is calculated by the follow formualr

A _ 2(@00Ao2gHTy +Vi)
.=

To' uy2gh . (6)

Thus, T, time later after the blockage released , the sludge discharge regulator begins to rise.

Where A, is the outlet area of the check valve, V,, is the internal volume of the tank, Ty is returning
response time of the sludge discharge regulator. Inthis paper, To=6s, To=10s, V,,= 0.6927m", ¢,=0.82,
=1, ©=0.82, H=5.5m, h=0.579m, A,=0.0082n7, A,=0.0805n" .

Conclusion

The resistance moment T, isthe basis of the structural design, it determines the size of the structure.
The material density of the sludge discharge regulator must be bigger than water, the discharge
regulator falls down by gravity.

Thewater level in the water chamber is higher than the set point, the water weight and the regulator is
heavier than the buoyancy of theregulator, it will rotate downwards, and then the discharge port closes
small.

The water level in the water chamber islower than the set point, the water weight and the regulator is
less than the buoyancy of the regoulator, it will rotate upwards, then the discharge port opens.

The grille rotates relatively to the comb, and the comb removes the dross which isfiltered on the grille
automatically, so asto make sure that the water in the water chamber is cleaning.
Thedischargeregulator can remove sludge under water, prevent the rainwater from polluting, then the
rainwater can be good utilized for long-term. Therefore, in rainwater storage system, the sudge
discharge regulator could be widely applied.
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