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Description

[0001] The present invention relates to a discharge
merging portion, a pump casing, and a pump apparatus.
[0002] A pump apparatus is conventionally used for
various applications in various kinds of houses and in a
site such as a factory. For example, an inline pump in
which a pump section and a motor section are integrated,
and a suction port and a discharge port of a pump are
arranged on the same line is widely used because the
inline pump is easily attachable in a middle of a pipe. In
acase where the inline pump is installed in a construction
facility, it is desirable to avoid stoppage of liquid supply
when one inline pump has failed or one inline pump is
subjected to periodic inspection.

[0003] To avoid stoppage of liquid supply, a case
where two inline pumps are arranged in parallel such that
one of the inline pumps backs up the other inline pump
can be seen in markets of various countries. There is a
product that is called a twin pump in which two inline
pumps are arranged in parallel, one suction port and one
discharge port are connected to the two inline pumps,
and the two inline pumps share one suction port and one
discharge port. Note that, in the following, in a case where
the two inline pumps do not share one suction port and
one discharge port, namely, in a case where each of the
two inline pumps includes one suction port and one dis-
charge port, each of the pumps is called a single pump.
[0004] In the case where the twin pump is installed, if
trouble occurs on one of the pumps, or the like, parts
other than a casing of the pump having the trouble are
detached, and an upper part of the casing is covered with
a blank flange. Examples of the parts other than the cas-
ing include an electric motor disposed on the upper part
of the casing, a rotary shaft coupled to the electric motor,
and an impeller fixed to the rotary shaft and housed in
the casing. In the twin pump, operation can be continued
by the other pump during a pump maintenance period or
during a period when a spare part for the failed pump is
prepared.

[0005] It is desirable to provide a pump requiring a
small space and having a long lifetime. A pump manu-
facturer requires downsizing of devices to be incorporat-
edinanown productin order to downsize the own product
as much as possible. To meet the request, in a case of
the twin pump, a length of a header pipe to branch a pipe
into pipes for two single pumps or to merge pipes can be
reduced as compared with a case where the two single
pumps are arranged in parallel. Further, a valve such as
a check valve for backflow prevention is shared by the
two pumps configuring the twin pump, which makes it
possible to achieve space saving. As a result, the twin
pump manufacturer can meet space saving required by
a customer. Further, alternately operating the two pumps
configuring the twin pump makes it possible to simply
double the pump lifetime.

[0006] A reference value is determined for perform-
ance difference between the two pumps configuring the
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twin pump. Further, positional relationship between the
suction port and the discharge port, a distance between
the suction port and the discharge port, and the like are
preferably set to the same as those of the single pump
in terms of installation and operation of the pump. Thus,
PTL 1 discloses a technique in which a passage is ap-
propriately designed to suppress performance difference
between two pumps different in shapes. In PTL 1, rotary
shafts of the two pumps are arranged such that the rotary
shafts of the two pumps are symmetrical about a line
connecting a center of a suction port and a center of a
discharge port. Therefore, itis considered that efficiency
of the pumps is sacrificed. Further, an on-off valve of a
discharge merging portion substantially has a flat surface
shape. Therefore, it is considered that the efficiency of
the pumps is sacrificed. Also, in PTL 2, an on-off valve
of a discharge merging portion substantially has a flat
surface shape, and it is considered that efficiency of
pumps is sacrificed.

PTL 1: European Patent Laid-Open No. 2161455
PTL 2: German Patent Laid-Open No. 3142638

[0007] An aspect of the present invention is made to
solve such issues, and an object thereof is to provide a
discharge merging portion for a plurality of passages to
transfer a liquid, reduced in pressure loss as compared
with an existing discharge merging portion.

[0008] Tosolvethe above-describedissues, according
to a first aspect, a discharge merging portion used to
transfer a liquid, includes: a first opening into which the
liquid from a first discharge passage portion flows; a sec-
ond opening into which the liquid from a second dis-
charge passage portion flows; a discharge port from
which the liquid flowing in from the first opening or the
second opening flows out; and an on-off valve configured
to close the first opening and the second opening, in
which the on-off valve includes a first surface to close
the first opening, and a second surface to close the sec-
ond opening, the first surface and the second surface are
opposed to each other, each of the first surface and the
second surface includes an upstream end part positioned
on an upstream side of the liquid which is transferable,
and a downstream end part positioned on a downstream
side, at least one of the first surface and the second sur-
face is a curved surface curved toward another surface
that is the first surface or the second surface opposed to
the one surface, and the curved surface is recessed to-
ward the other surface relative to the upstream end part
and the downstream end part of the one surface, and a
recessed amount is increased toward an intermediate
part of the one surface positioned between the upstream
end partand the downstream end part of the one surface.
[0009] In the present aspect, at least one of the first
surface and the second surface is a curved surface
curved toward the other surface that is the first surface
or the second surface opposed to the one surface. There-
fore, a surface shape of the on-off valve (flap valve) is
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approximate to a shape of the passage (i.e., curved sur-
face shape). Since the first surface (or second surface)
has an appropriate passage shape, head loss (pressure
loss) is reduced. As aresult, it is possible to provide the
discharge merging portion for the plurality of passages
to transfer the liquid, reduced in pressure loss as com-
pared with an existing discharge merging portion. When
the discharge merging portion according to the present
aspect is applied to, for example, a twin pump, efficiency
of the twin pump is improved by reduction of the pressure
loss, as compared with an existing twin pump.

[0010] Ascompared with a case where the first surface
(or second surface) has a flat surface shape as in the
existing discharge merging portion, an area receiving the
liquid such as water is increased in the present aspect.
As aresult, pressure for closing is increased as compared
with the existing discharge merging portion, which makes
it possible to surely close the passage.

[0011] According to a second aspect, in the discharge
merging portion according to the first aspect, one of the
first surface and the second surface is a flat surface.
[0012] According to a third aspect, a discharge merg-
ing portion used to transfer a liquid, includes: a first open-
ing into which the liquid from a first discharge passage
portion flows; a second opening into which the liquid from
a second discharge passage portion flows; a discharge
port from which the liquid flowing in from the first opening
or the second opening flows out; an on-off valve config-
ured to block inflow of the liquid from the first discharge
passage portion and the second discharge passage por-
tion; and a valve fixing portion including a third opening,
a fourth opening, and a fifth opening that respectively
face the first opening, the second opening, and the dis-
charge port, and in which the on-off valve is disposed, in
which the on-off valve includes a first surface to close
the first opening, and a second surface to close the sec-
ond opening.

[0013] Accordingto afourth aspect, a discharge merg-
ing portion used to transfer a liquid, includes: a first open-
ing into which the liquid from a first discharge passage
portion flows; a second opening into which the liquid from
a second discharge passage portion flows; a discharge
port from which the liquid flowing in from the first opening
or the second opening flows out; and an on-off valve con-
figured to close the first opening and the second opening,
in which the on-off valve includes a first closing portion
including a first surface to close the first opening, and a
second closing portion including a second surface to
close the second opening, the first closing portion in-
cludes a third surface opposed to the first surface, the
second closing portion includes a fourth surface opposed
to the second surface, each of the third surface and the
fourth surface includes an upstream end part positioned
on an upstream side of the liquid which is transferable,
and a downstream end part positioned on a downstream
side, an interval between the third surface and the fourth
surface is increased from the upstream end part toward
the downstream end part, and a position of the second
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closing portion with respect to the first closing portion is
fixed.

[0014] According to afifth aspect, a discharge merging
portion used to transfer a liquid, includes: a first opening
into which the liquid from a first discharge passage por-
tion flows; a second opening into which the liquid from a
second discharge passage portion flows; a discharge
port from which the liquid flowing in from the first opening
or the second opening flows out; and an on-off valve con-
figured to close the first opening and the second opening,
in which the on-off valve includes a first surface to close
the first opening, and a second surface to close the sec-
ond opening, the first surface and the second surface are
opposed to each other, and a surface of the on-off valve
does not allow the liquid to pass therethrough, and an
inside of the on-off valve is porous.

[0015] According to a sixth aspect, a discharge merg-
ing portion used to transfer a liquid, includes: a first open-
ing into which the liquid from a first discharge passage
portion flows; a second opening into which the liquid from
a second discharge passage portion flows; a discharge
port from which the liquid flowing in from the first opening
or the second opening flows out; and an on-off valve con-
figured to close the first opening and the second opening,
in which the on-off valve includes a first surface to close
the first opening, and a second surface to close the sec-
ond opening, the first surface and the second surface are
opposed to each other, the on-off valve is made of an
elastic material, each of the first surface and the second
surface includes an upstream end part positioned on an
upstream side of the liquid which is transferable, a down-
stream end part positioned on a downstream side, and
an intermediate part positioned between the upstream
end part and the downstream end part, when receiving
pressure from the liquid, the intermediate part of the first
surface is recessed toward the second surface relative
to the upstream end part and the downstream end part
of the first surface, and when receiving pressure from the
liquid, the intermediate part of the second surface is re-
cessed toward the first surface relative to the upstream
end part and the downstream end part of the second
surface.

[0016] According to a seventh aspect, a discharge
merging portion used to transfer a liquid, includes: a first
opening into which the liquid from a first discharge pas-
sage portion flows; a second openinginto which the liquid
from a second discharge passage portion flows; a dis-
charge port from which the liquid flowing in from the first
opening or the second opening flows out; an on-off valve
configured to block inflow of the liquid from the first dis-
charge passage portion and the second discharge pas-
sage portion; and a valve fixing portion including a third
opening, a fourth opening, and a fifth opening that re-
spectively face the first opening, the second opening,
and the discharge port, and in which the on-off valve is
disposed, in which the on-off valve includes a first surface
to close the first opening, and a second surface to close
the second opening, the on-off valve includes a first clos-
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ing portion including the first surface, and a second clos-
ing portion including the second surface, the first closing
portion includes a third surface opposed to the first sur-
face, the second closing portion includes afourth surface
opposed to the second surface, each of the third surface
and the fourth surface includes an upstream end part
positioned on an upstream side of the liquid which is
transferable, and a downstream end part positioned on
adownstream side, an interval between the third surface
and the fourth surface is increased from the upstream
end part toward the downstream end part, a position of
the second closing portion with respect to the first closing
portion is fixed, each of the first surface and the second
surface includes an upstream end part positioned on the
upstream side, and a downstream end part positioned
on the downstream side, at least one of the first surface
and the second surface is a curved surface curved toward
another surface that is the third surface or the fourth sur-
face opposed to the one surface, the curved surface is
recessed toward the other surface relative to the up-
stream end part and the downstream end part of the one
surface, and a recessed amount is increased toward an
intermediate part of the one surface positioned between
the upstream end part and the downstream end part of
the one surface, a surface of at least one of the first clos-
ing portion and the second closing portion does not allow
the liquid to pass therethrough, and an inside of the clos-
ing portion is porous, and at least one of the first closing
portion and the second closing portion is made of an elas-
tic material.

[0017] According to an eighth aspect, a pump casing
used for a pump apparatus to transfer a liquid, includes:
a first pump casing; a first suction passage portion con-
nected to the first pump casing; the first discharge pas-
sage portion connected to the first pump casing; a second
pump casing; a second suction passage portion connect-
ed to the second pump casing; the second discharge
passage portion connected to the second pump casing;
a suction branching portion connected to the first suction
passage portion and the second suction passage portion;
and the discharge merging portion according to any one
of the first to seventh aspects, connected to the first dis-
charge passage portion and the second discharge pas-
sage portion.

[0018] According to a ninth aspect, a pump apparatus
includes: a first electric motor; a first rotary shaft coupled
to the first electric motor; a first impeller fixed to the first
rotary shaft and housed in the first pump casing; a second
electric motor; a second rotary shaft coupled to the sec-
ond electric motor; a second impeller fixed to the second
rotary shaft and housed in the second pump casing; and
the pump casing according to the eighth aspect.

Fig. 1is a schematic view illustrating an embodiment
of a pump casing;

Fig. 2 is a schematic view illustrating an embodiment
of a first pump apparatus;

Fig. 3 is a top view of the pump casing;
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Fig. 4 is a perspective view of the pump casing;
Fig. 5 is a bottom view of the pump casing;

Fig. 6 is a detailed diagram of a discharge merging
portion;

Fig. 7 is a detailed diagram of an on-off valve;

Fig. 8 is a detailed diagram of the discharge merging
portion;

Fig. 9 is a detailed diagram of an on-off valve;

Fig. 10 is a detailed diagram of the discharge merg-
ing portion;

Fig. 11 is a detailed diagram of an on-off valve;
Fig. 12 is a detailed diagram of the discharge merg-
ing portion;

Fig. 13 is a detailed diagram of a valve fixing portion;
Fig. 14 is a detailed diagram of the discharge merg-
ing portion;

Fig. 15 is a detailed diagram of an on-off valve;
Fig. 16 is a detailed diagram of the discharge merg-
ing portion;

Fig. 17 is a detailed diagram of an on-off valve; and
Fig. 18 is a detailed diagram of the discharge merg-
ing portion.

[0019] Some embodiments of the present invention
are described below with reference to drawings. Note
that, in the following embodiments, the same or equiva-
lent members are denoted by the same reference nu-
merals, and repetitive descriptions are omitted in some
cases. Further, characteristics described in each of the
embodiments are applicable to another embodiment
without conflicting with each other.

[0020] Fig. 1illustrates apump apparatus, in particular,
a twin pump to which a discharge merging portion ac-
cordingto anembodimentis applied. Fig. 1is a schematic
view illustrating a pump casing 18 including the discharge
merging portion according to the embodiment. The pump
casing 18 is used for a pump apparatus 16 to transfer a
liquid. One pump casing 18 includes a first pump casing
181, afirst suction passage portion 201 connected to the
first pump casing 181, and afirst discharge passage por-
tion 221 connected to the first pump casing 181. The
pump casing 18 further includes a second pump casing
182, a second suction passage portion 202 connected
to the second pump casing 182, and a second discharge
passage portion 222 connected to the second pump cas-
ing 182.

[0021] The pump casing 18 further includes a suction
branching portion 24 connected to the first suction pas-
sage portion 201 and the second suction passage portion
202, and a discharge merging portion 26 connected to
the first discharge passage portion 221 and the second
discharge passage portion 222. The first pump casing
181, the first suction passage portion 201, the first dis-
charge passage portion 221, the second pump casing
182, the second suction passage portion 202, the second
discharge passage portion 222, the suction branching
portion 24, and the discharge merging portion 26 are in-
tegrally formed as a casting. Some of these portions, for



7 EP 4 102 078 A2 8

example, the first discharge passage portion 221, the
second discharge passage portion 222, and the dis-
charge merging portion 26 may be manufactured as cast-
ings other than the other portions. In other words, the
first discharge passage portion 221 and the first pump
casing 181 can be formed as an independent part, and/or
the second discharge passage portion 222 and the sec-
ond pump casing 182 can be formed as an independent
part.

[0022] Thefirst pump casing 181 and the second pump
casing 182 substantially have the same shape in the
present embodiment. The first discharge passage por-
tion 221 and the second discharge passage portion 222
substantially have the same shape. The present inven-
tion is not limited to the case where the first pump casing
181 and the second pump casing 182 have the same
shape. The present invention is not limited to the case
where the second discharge passage portion 221 and
the second discharge passage portion 222 have the
same shape. The first pump casing 181 and the second
pump casing 182 may have the same shape or different
shapes. Likewise, the first discharge passage portion 221
and the second discharge passage portion 222 may have
the same shape or different shapes.

[0023] In a case of the same shape, it is possible to
easily settle performance difference of the two pumps
within an ISO reference value, as compared with an ex-
isting technique. Various ISO reference values are
present depending on a type of the pump and a grade of
the pump. For example, a flow rate difference
(m3/minute) between the two pumps is within +9%, and
a total pump head difference (m) is within =7%. Exam-
ples of an ISO standard include ISO 9906. Note that ISO
9906 is illustrative, and the present embodiment can
adapt a similar standard other than ISO 9906.

[0024] The suction branching portion 24 corresponds
to a section from a suction port 20 to a part branched to
the first suction passage portion 201 and the second suc-
tion passage portion 202. More specifically, the suction
branching portion 24 corresponds to a section from the
suction port 20 to a start end part 58 of the first suction
passage portion 201, and a section from the suction port
20 to a start end part 60 of the second suction passage
portion 202. The discharge merging portion 26 corre-
sponds to a section from a part where the first discharge
passage portion 221 and the second discharge passage
portion 222 merge with each other to a discharge port
22. More specifically, the discharge merging portion 26
corresponds to a section from a terminal end part 281 of
the first discharge passage portion 221 to the discharge
port 22, and a section from a terminal end part 282 of the
second discharge passage portion 222 to the discharge
port 22. The suction port 20 of the pump apparatus 16 is
a connection portion between the pump apparatus 16
and a pipe (not illustrated) on a suction side of the pump
apparatus 16. The discharge port 22 of the pump appa-
ratus 16 is a connection portion between the pump ap-
paratus 16 and a pipe (not illustrated) on a discharge
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side of the pump apparatus 16.

[0025] As described above, the first discharge pas-
sage portion 221 and the first pump casing 181 can be
formed as an independent part, and/or the second dis-
charge passage portion 222 and the second pump casing
182 can be formed as an independent part. In the case
where the first discharge passage portion 221 and the
first pump casing 181 are formed as an independent part,
a boundary between the first discharge passage portion
221 and the first pump casing 181 is, for example, a con-
nection portion 284 illustrated in Fig. 1. In the case where
the second discharge passage portion 222 and the sec-
ond pump casing 182 are formed as an independent part,
a boundary between the second discharge passage por-
tion 222 and the second pump casing 182 is, for example,
a connection portion 285 illustrated in Fig. 1. Positions
of the connection portion 284 and the connection portion
285 are illustrative. The boundaries may be provided at
positions close to the discharge port 22 more than the
positions of the connection portion 284 and the connec-
tion portion 285, or the boundaries may be provided at
positions far from the discharge port 22 more than the
positions of the connection portion 284 and the connec-
tion portion 285.

[0026] The pump apparatus 16 includes a first pump
apparatus 161 and a second pump apparatus 162. The
first pump apparatus 161 and the second pump appara-
tus 162 may have the same configuration or different
configurations. In terms of compatibility, however, the
first pump apparatus 161 and the second pump appara-
tus 162 preferably have the same configuration. In the
present embodiment, the first pump apparatus 161 and
the second pump apparatus 162 substantially have the
same configuration. In other words, a first impeller 51,
the first pump casing 181, and the first discharge passage
portion 221 respectively have the same dimensional
shapes as a second impeller 52, the second pump casing
182, and the second discharge passage portion 222. A
rotation direction 54 of the first impeller 51 is the same
as a rotation direction 56 of the second impeller 52. On
the other hand, the dimensional shape of the first suction
passage portion 201 and the dimensional shape of the
second suction passage portion 202 are slightly different
from each other.

[0027] In the present embodiment, the first pump ap-
paratus 161 and the second pump apparatus 162 are
centrifugal pumps; however, the first pump apparatus
161 and the second pump apparatus 162 are not limited
to the centrifugal pumps as long as the first pump appa-
ratus 161 and the second pump apparatus 162 are non-
positive displacement pumps. In other words, the first
pump apparatus 161 and the second pump apparatus
162 may be turbine pumps, axial-flow pumps, or mixed
flow pumps.

[0028] Since the first pump apparatus 161 and the sec-
ond pump apparatus 162 substantially have the same
configuration, the configuration of the first pump appara-
tus 161 is described with reference to Fig. 2. Fig. 2 is a
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schematic view illustrating an embodiment of the first
pump apparatus 161. The first pump apparatus 161 in-
cludes a first electric motor 101, a first rotary shaft 121
coupled to the first electric motor 101, and the first im-
peller 51 that is fixed to the first rotary shaft 121 and is
housed in the first pump casing 181.

[0029] Although not illustrated, the second pump ap-
paratus 162 also have a second electric motor, a second
rotary shaft coupled to the second electric motor, and the
second impeller 52 that is fixed to the second rotary shaft
and is housed in the second pump casing 182, as with
the first pump apparatus 161.

[0030] Inthefirst pump apparatus 161, the firstimpeller
51 is a centrifugal impeller. The rotary shaft 121 is rotat-
ably supported by a bearing (not illustrated). The rotary
shaft 121 and the firstimpeller 51 are integrally rotatable.
The rotary shaft 121 and the first impeller 51 are rotated
by the electric motor 101. A liner ring 102 is disposed
around a fluid inlet 51a of the first impeller 51. The liner
ring 102 is fixed to the first pump casing 181.

[0031] A casing cover 122 is disposed between the
electric motor 101 and the first pump casing 181. An
opening at an upper part of the first pump casing 181 is
closed by the casing cover 122. The electric motor 101
is fixed to the casing cover 122. The first pump casing
181 and the casing cover 122 are formed as castings. A
shaft sealing device 15 sealing a gap between the rotary
shaft 121 and the casing cover 122 is disposed on a rear
side of the first impeller 51. The shaft sealing device 15
is held by the casing cover 122. Examples of the shaft
sealing device 15 include a mechanical seal. The above-
described blank flange (not illustrated) is disposed at a
position of the casing cover 122 at maintenance or the
like. The blank flange is attached by using screw holes
62 (see Fig. 3) circumferentially arranged for attachment
of the casing cover 122. The blank flange has a disk
shape, andincludes, on an outer edge of the blank flange,
attachment holes circumferentially arranged at positions
corresponding to the screw holes 62.

[0032] The pump casing 18 includes the suction
branching portion 24 including the suction port 20, and
the discharge merging portion 26 including the discharge
port 22. The first impeller 51 is disposed inside the first
pump casing 181. The suction port 20 and the discharge
port 22 are arranged on one straight line. The pump ap-
paratus 16 in which the suction port 20 and the discharge
port 22 are arranged on one straightlineis called aninline
pump apparatus. In the present embodiment, two inline
pumps are arranged in parallel, one suction port and one
discharge port are connected to the two inline pumps,
and the two inline pumps share one suction port and one
discharge port. When the two inline pumps share one
suction port and one discharge port, these pumps con-
figure one twin pump as a whole.

[0033] A difference between one inline pump as a twin
pump and two inline pumps (two single pumps) arranged
in parallel is described. In the two single pumps arranged
in parallel, discharge ports of the single pumps are con-
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nected to respective pipes on a discharge side, and the
two pipes are then merged to form one pipe on a down-
stream side. Further, on a suction side, one pipe is
branched into two pipes, and the two pipes are connected
to suction ports of the respective single pumps. In con-
trast, in the twin pump, two discharge passage portions
are merged at the discharge merging portion 26 on the
discharge side, and the merged passage portion is con-
nected to a pipe at the discharge port 22 of the twin pump.
Further, on the suction side of the twin pump, a pipe is
connected to the suction port 20 of the pump, and is then
branched into two suction passage portions through the
suction branching portion 24.

[0034] When the electric motor 101 rotates the firstim-
peller 51, the liquid flows into the pump casing 18 from
the suction port 20. More specifically, the liquid flows into
the first suction passage portion 201 from the suction
port 20, and then flows into the fluid inlet 51a of the first
impeller 51 through the first suction passage portion 201.
The rotating first impeller 51 applies velocity energy to
the liquid, and the velocity energy of the liquid flowing
through the first pump casing 181 is converted into pres-
sure. The pressurized liquid is discharged from the pump
casing 18 through the discharge port 22.

[0035] Various methods of operating the first pump ap-
paratus 161 and the second pump apparatus 162 are
usable. A method of operating only one of the first pump
apparatus 161 and the second pump apparatus 162 and
stopping the other pump apparatus, or a method of op-
erating both of the first pump apparatus 161 and the sec-
ond pump apparatus 162 at the same time is usable. As
illustrated in Fig. 1, the discharge merging portion 26 in-
cludes an on-off valve 28. The on-off valve 28 closes the
discharge passage portion connected to the stopped
pump apparatus based on operation states of the first
pump apparatus 161 and the second pump apparatus
162.

[0036] For example, when the first pump apparatus
161 operates and the second pump apparatus 162 stops,
the on-off valve 28 is moved to a position 282 illustrated
by a dotted line by hydraulic pressure from the first dis-
charge passage portion 221, to close the second dis-
charge passage portion 222. When the second pump
apparatus 162 operates and the first pump apparatus
161 stops, the on-off valve 28 is moved to a position 281
illustrated by a dashed line by hydraulic pressure from
the second discharge passage portion 222, to close the
first discharge passage portion 221. When the first pump
apparatus 161 and the second pump apparatus 162 both
operate at the same time, the on-off valve 28 is moved
to an intermediate position 283 illustrated by a solid line
by hydraulic pressure from the first discharge passage
portion 221 and hydraulic pressure from the second dis-
charge passage portion 222.

[0037] Figs. 3to 5 each illustrate a configuration of the
single pump casing 18. Fig. 3 is a top view of the pump
casing 18. Fig. 4 is a perspective view of the pump casing
18. Fig. 5 is a bottom view of the pump casing 18. Figs.
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3 to 5 eachiillustrate the pump casing 18 in a state where
the components other than the pump casing 18, namely,
the first electric motor 101, the first rotary shaft 121, the
first impeller 51, the second electric motor, the second
rotary shaft, the second impeller 52, and the like are de-
tached from the pump apparatus 16. The suction port 20
is provided in a suction flange 34. The suction flange 34
is to connect the pump casing 18 to a pipe. The discharge
port 22 is provided in a discharge flange 36. The dis-
charge flange 36 is to connect the pump casing 18 to a
pipe.

[0038] The pump casing 18 can include leg portions
46 and 48 provided in the first pump casing 181 and the
second pump casing 182. The reason why the leg por-
tions 46 and 48 are provided atthese positionsis because
a bottom part of the first pump casing 181 and a bottom
part of the second pump casing 182 are located at the
lowest positions in the pump apparatus 16 as illustrated
in Fig. 2.

[0039] Fig. 6 illustrates an embodiment of the dis-
charge merging portion 26. Fig. 6 is a detailed diagram
of the discharge merging portion 26. As illustrated in the
drawing, the discharge merging portion 26 used to trans-
fer the liquid includes a first opening 106 into which the
liquid from the first discharge passage portion 221 can
flow, a second opening 108 into which the liquid from the
second discharge passage portion 222 can flow, the dis-
charge port 22 from which the liquid flowing in from the
first opening 106 or the second opening 108 can flow out,
and the on-off valve 28 that can close the first opening
106 and the second opening 108.

[0040] A detail of the on-off valve 28 is illustrated in
Fig. 7. Fig. 7 is a detailed diagram of the on-off valve 28.
Fig. 7(a) is a side view of the on-off valve 28, Fig. 7(b) is
a front view of the on-off valve 28, Fig. 7(c) is a plan view
of the on-off valve 28, and Fig. 7(d) is a perspective view
of the on-off valve 28. The on-off valve 28 has a first
surface 110 to close the first opening 106, and a second
surface 112 to close the second opening 108. The first
surface 110 and the second surface 112 are opposed to
each other. The first surface 110 and the second surface
112 include upstream end parts 1101 and 1121 posi-
tioned on an upstream side of the liquid which is trans-
ferable, downstream end parts 1102 and 1122 positioned
on a downstream side, and center parts 1103 and 1123
(intermediate parts) positioned between the upstream
end parts 1101 and 1121 and the downstream end parts
1102 and 1122, respectively.

[0041] Thefirstsurface 110 is a curved surface curved
toward the second surface 112 opposed to the first sur-
face 110. The second surface 112 is a curved surface
curved toward the first surface 110. The center part 1103
of the first surface 110 is recessed toward the second
surface 112 relative to the upstream end part 1101 of the
first surface 110. Further, the center part 1103 of the first
surface 110 is recessed toward the second surface 112
relative to the downstream end part 1102 of the first sur-
face 110. The center part 1123 of the second surface
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112 is recessed toward the first surface 110 relative to
the upstream end part 1121 of the second surface 112.
Further, the center part 1123 of the second surface 112
is recessed toward the first surface 110 relative to the
downstream end part 1122 of the second surface 112.
[0042] A recessed amount is increased from the up-
stream end part and the downstream end part toward the
center part. The recessed amount of the second surface
112 is described as an example. The recessed amount
at a point 168 on the second surface 112 is a length of
a line 170 that perpendicularly extends from the point
168 on the second surface 112 to a plane 160 connecting
an upstream end 156 and a downstream end 158 of the
second surface 112. The recessed amount of the first
surface 110 is similarly defined.

[0043] The recessed amounts of the first surface 110
and the second surface 112 are preferably determined
such that a surface shape of the on-off valve 28 (flap
valve) minimizes pressure loss. The surface shape is
preferably a shape approximate to a shape (curved sur-
face shape) of a passage formed by the flowing liquid so
as not to inhibit the flow of the liquid as much as possible.
The on-off valve 28 has a suitable passage shape as
illustrated in the drawing. Therefore, pressure loss (head
loss) is reduced. As a result, efficiency of the pump ap-
paratus is improved. As compared with an existing case
where the first surface 110 and the second surface 112
are flat surfaces, an area receiving the liquid such as
water is increased. As a result, in the present embodi-
ment, force to close the passage is enhanced, and the
passage can be surely closed as compared with the ex-
isting case.

[0044] The on-off valve 28 can be fabricated by press
molding or resin molding. The on-off valve 28 is config-
ured by a thin plate member made of a metal or a resin.
The passage in the discharge direction is formed by the
on-off valve 28 having the curved surface shape. There-
fore, head loss is reduced, and pump efficiency is im-
proved. The passage surfaces, namely, the first surface
110 and the second surface 112 each have the curved
surface shape or acurved line shape. Therefore, the area
receiving the water is increased as compared with a flat
surface, and the passage is easily closed. A procedure
of assembling the on-off valve 28 to the discharge merg-
ing portion 26 is as follows. After the on-off valve 28 is
manufactured as a part, the on-off valve 28 is attached
to the discharge merging portion 26 by inserting a rotary
shaft 114 of the discharge merging portion 26 into a hole
1141 (see Fig. 7(b)) of the on-off valve 28. Next, a cover
is placed on the on-off valve 28, and the cover is fixed to
the on-off valve 28 by attaching screws to six screw holes
120 (see Fig. 6) provided in the on-off valve 28. The cover
includes, at a position corresponding to the rotary shaft
114, a recess or a hole that can receive the rotary shaft
114. As a result, the on-off valve 28 is rotatably disposed
inside the discharge merging portion 26. The cover also
functions as a lid of the discharge merging portion 26.
[0045] As described above, the on-off valve 28 is ro-
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tatable around the rotary shaft 114 provided in the dis-
charge merging portion 26. To do so, the on-off valve 28
includes the hole 1141 into which the rotary shaft 114 is
insertable. A height 116 (see Fig. 7(a)) of the on-off valve
28 is substantially equal to a distance between a bottom
part 118 (see Fig. 6) of the discharge merging portion 26
and a lower surface of the cover (not illustrated) of the
discharge merging portion 26. The reason why the height
116 and the distance are made equal to each other is to
reduce, when the first surface 110 or the second surface
112 closes the first opening 106 or the second opening
108, liquid leakage caused by a gap between the cover
and the first opening 106 or the second opening 108.
[0046] Note that the phrase "being recessed toward
the second surface relative to the upstream end part and
the downstream end part of the first surface" can be par-
aphrased as "protruding toward the second surface" or
"having a convex shape". Further, the recessed shape
of the first surface 110 and the recessed shape of the
second surface 112 illustrated in Fig. 7 are each approx-
imate to a side surface shape of a column or an elliptic
column. As the recessed shape of the first surface 110
or the second surface 112, a spherical surface or a part
of a surface of an ellipsoid may be adopted. These re-
cessed shapes are curved surface shapes curved along
the passage of the liquid flowing from the second opening
108 of the discharge merging portion 26 to the discharge
port 22. Since the recessed shapes are the curved sur-
face shapes curved along the passage of the liquid, the
recessed shapes can reduce the head loss. The re-
cessed shape of the first surface 110 can be similarly
configured. Further, in the presentembodiment, the cent-
er part 1103 is adopted as the most recessed part; how-
ever, the most recessed part is not limited to the center
part 1103. As the most recessed part, a part close to the
upstream end part 1101 more than the center part 1103
may be adopted, or a part close to the downstream end
part 1102 more than the center part 1103 may be adopt-
ed.

[0047] Anon-offvalve 2801 havinga configuration sim-
ilar to the configuration illustrated in Figs. 6 and 7 is de-
scribed with reference to Figs. 8 and 9. Fig. 8 is a detailed
diagram of the discharge merging portion 26. Fig. 9 is a
detailed diagram of the on-off valve 2801. Fig. 9(a) is a
side view of the on-off valve 2801, Fig. 9(b) is a front view
of the on-off valve 2801, Fig. 9(c) is a plan view of the
on-off valve 2801, and Fig. 9(d) is a perspective view of
the on-off valve 2801. In the on-off valve 2801 illustrated
in Fig. 8, a length 126 (see Fig. 9(c)) in a width direction
is less than a length 1261 (see Fig. 7(c)) of the on-off
valve 28 in a width direction. Further, the on-off valve
2801 is solid. In contrast, the on-off valve 28 is hollow as
illustrated in Fig. 7(b). The on-off valve 2801 is solid but
the width thereof is narrow. Therefore, weight difference
between the on-off valve 2801 and the on-off valve 28 is
small.

[0048] Each of the first surface 110 and the second
surface 112 includes two surfaces 128 and 130 that are
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curved surfaces. The center part 1103 of the first surface
110 is recessed toward the second surface 112 relative
to the upstream end part 1101 of the first surface 110.
Further, the center part 1103 of the first surface 110 is
recessed toward the second surface 112 relative to the
downstream end part 1102 of the first surface 110.
[0049] Next, Fig. 10 illustrates another embodiment of
the discharge merging portion 26. Fig. 10 is a detailed
diagram of the discharge merging portion 26. In the
present embodiment, one of the first surface 110 and the
second surface 112 is a flat surface. In the drawing, the
first surface 110 is a flat surface. A detail of an on-off
valve 2802 is illustrated in Fig. 11. Fig. 11 is a detailed
diagram of the on-off valve 2802. Fig. 11(a) is a bottom
view of the on-off valve 2802, Fig. 11(b) is a side view of
the on-off valve 2802, Fig. 11(c) is a front view of the on-
off valve 2802, Fig. 11(d) is a plan view of the on-off valve
2802, and Fig. 11(e) is a perspective view of the on-off
valve 2802.

[0050] The second surface 112 is a curved surface
curved toward the first surface 110 opposed to the sec-
ond surface 112. The center part 1123 of the second
surface 112 is recessed toward the first surface 110 rel-
ative to the upstream end part 1121 and the downstream
end part 1122 of the second surface 112. The recessed
amount is increased from the upstream end part 1121
and the downstream end part 1122 of the second surface
112 toward the center part 1123 of the second surface
112.

[0051] The surface shape of the second surface 112
is a passage shape (curved surface shape) as in the em-
bodiment illustrated in Fig. 7. Therefore, as compared
with an existing on-off valve having a flat surface shape,
the head loss is reduced. As a result, efficiency of the
pump apparatus is improved as compared with the ex-
isting pump apparatus. As compared with the existing
on-off valve having a flat surface shape, an area of the
second surface 112 receiving water is increased. As a
result, the first opening 106 can be surely closed as com-
pared with the existing on-off valve.

[0052] In the present embodiment, one side is re-
cessed, namely, has a curved surface shape, and the
other side is a flat plate. As a result, in a case where
pump performance is different between the first pump
casing 181 and the second pump casing 182, the on-off
valve 2802 can absorb the performance difference to re-
duce the performance difference between the two
pumps, namely, right and left pumps of the twin pump.
For example, it is assumed that the pump performance
by the first pump casing 181 is superior to the pump per-
formance by the second pump casing 182. In this case,
when the on-off valve 2802 according to the present em-
bodiment is used, the pump performance by the first
pump casing 181 is not changed as compared with the
case of using the existing on-off valve. However, the
pump performance by the second pump casing 182 is
improved. Therefore, itis possible to reduce the perform-
ance difference between the two pumps as compared
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with the case of using the existing on-off valve.

[0053] Next, Fig. 12 illustrates still another embodi-
ment of the discharge merging portion 26. Fig. 12 is a
detailed diagram of the discharge merging portion 26. In
the present embodiment, the discharge merging portion
26includes an on-off valve 2803 and a valve fixing portion
134. The valve fixing portion 134 includes a third opening
1061, a fourth opening 1081, and a fifth opening 2201
that respectively face the first opening 106, the second
opening 108, and the discharge port 22, and in which the
on-off valve 2803 is disposed. The on-off valve 2803 in-
cludes the first surface 110 to directly or indirectly close
the first opening 106, and the second surface 112 to di-
rectly or indirectly close the second opening. A detail of
the valve fixing portion 134 is illustrated in Fig. 13. Fig.
13 is a detailed diagram of the valve fixing portion 134.
Fig. 13(a) is a plan view of the valve fixing portion 134,
Fig. 13(b) is a side view of the valve fixing portion 134,
Fig. 13(c) is a front view of the valve fixing portion 134,
and Fig. 13(d) is a perspective view of the valve fixing
portion 134.

[0054] To reduce the pressure loss, an internal space
of the valve fixing portion 134 is preferably wide as much
as possible. To do so, an outer shape and an outer di-
mension of the valve fixing portion 134 are matched to
an internal shape and an internal dimension of the dis-
charge merging portion 26. Further, an internal shape
and an internal dimension of the valve fixing portion 134
are configured such that the internal space of the valve
fixing portion 134 is wide as much as possible. In the
present embodiment, the discharge merging portion 26
has a fan shape. Therefore, the valve fixing portion 134
also has a fan shape. Further, a member of the valve
fixing portion 134 is preferably thin or small. The valve
fixing portion 134 is fixed to an inside of the discharge
merging portion 26 by interference fit, welding, or the like.
[0055] The third opening 1061, the fourth opening
1081, and the fifth opening 2201 are preferably openings
as large as possible in order to reduce the pressure loss.
The third opening 1061, the fourth opening 1081, and
the fifth opening 2201 are at least greater than the first
opening 106, the second opening 108, and the discharge
port 22, respectively. In the valve fixing portion 134 illus-
trated in Fig. 13, a framework thereof is configured by a
thin frame 136, and parts other than the frame 136 serve
as the openings.

[0056] The on-off valve 2803 is preferably the on-off
valve according to any of the embodiments of the present
invention. However, the on-off valve 2803 is not limited
thereto, and the on-off valve 2803 may be an existing on-
off valve. The on-off valve 2803 is rotatably attached to
a shaft portion 138 of the valve fixing portion 134. After
the on-off valve 2803 is attached to the shaft portion 138,
the valve fixing portion 134 is fixed to the rotary shaft 114
of the discharge merging portion 26 by using the hole
1141 of the valve fixing portion 134.

[0057] In a case where the first surface 110 and the
second surface 112 of the on-off valve 2803 respectively
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close the third opening 1061 and the fourth opening 1081,
to indirectly close the first opening 106 and the second
opening 108, a sliding portion and a movable portion
caused by direct contact are not present between the
discharge merging portion 26 and the on-off valve 2803.
A seal portion and/or a sliding portion/movable portion
can be provided between the valve fixing portion 134 and
the on-off valve 2803. As a result, i) it is possible to sep-
arately and independently fabricate the shaft portion 138
for rotation of the on-off valve 2803, from fabrication of
amain body of the discharge merging portion 26. Further,
ii) it is possible to separately and independently fabricate
a seal configuration of a movable portion and a fixing
portion between the valve fixing portion 134 and the on-
off valve 2803, from fabrication of the main body of the
discharge merging portion 26.

[0058] From the facts i) and ii), the valve fixing portion
134 that is manufactured by, for example, pressing and
includes the hole 1141 is disposed inside the discharge
merging portion 26. This improves fixing stability of the
on-off valve 2803. In a case where a seal surface is pro-
vided between the valve fixing portion 134 and the on-
off valve 2803, the seal surface of the valve fixing portion
134 is a metal surface. The first opening 106 and the
second opening 108 are castings, and the metal surface
is smoother than a surface of the casting. This improves
sealing property. Further, since the valve fixing portion
134 includes the shaft portion 138 to fix the on-off valve
2803, there are advantages as follows. Since the valve
fixing portion 134 can be attached to the discharge merg-
ing portion 26 by welding or the like, hole processing of
the discharge merging portion 26 is reduced. For exam-
ple, a hole or a recess for attachment of the on-off valve
2803 may not be provided in the cover.

[0059] Next, Fig. 14 illustrates still another embodi-
ment of the discharge merging portion 26. Fig. 14 is a
detailed diagram of the discharge merging portion 26. In
the present embodiment, an on-off valve 2804 that can
close the first opening 106 and the second opening 108
includes a first closing portion 146 having the first surface
110 to close the first opening 106, and a second closing
portion 148 including the second surface 112 to close
the second opening 108. A detail of the on-off valve 2804
is illustrated in Fig. 15. Fig. 15 is a detailed diagram of
the on-off valve 2804.

[0060] Thefirstclosing portion 146 includes a third sur-
face 150 opposed to the first surface 110, and the second
closing portion 148 incudes afourth surface 152 opposed
to the second surface 112. The third surface 150 and the
fourth surface 152 include upstream end parts 1501 and
1521 positioned on the upstream side of the liquid which
is transferable, and downstream end parts 1502 and
1522 positioned on the downstream side, respectively.
An interval 154 between the third surface 150 and the
fourth surface 152 is increased from the upstream end
parts 1501 and 1521 toward the downstream end parts
1502 and 1522.

[0061] An angle 172 (see Fig. 14) between the first
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surface 110 and the second surface 112 is preferably
less than or equal to an angle 176 between a center line
174 of the discharge merging portion 26 and the first
opening 106. The position of the second closing portion
148 with respect to the first closing portion 146 is fixed.
The first surface 110 and the second surface 112 are
each preferably recessed as illustrated in Fig. 6; howev-
er, the first surface 110 and the second surface 112 each
may be a flat surface without a recess.

[0062] In the present embodiment, since the on-off
valve 2804 includes the first closing portion 146 and the
second closing portion 148, the on-off valve 2804 in-
cludes two flaps. When one of the first closing portion
146 and the second closing portion 148 is in a pressure
receiving state to receive pressure from the liquid, the
other closing portion is in a closing state to close the first
opening 106 or the second opening 108. The first closing
portion 146 and the second closing portion 148 share a
pressure receiving function and a closing function. As a
result, itis possible to surely achieve closing. An existing
on-off valve includes one flap. Therefore, when one of
surfaces of the flap is in the pressure receiving state to
receive pressure from the liquid, the opposite surface of
the flap is in the closing state to close the first opening
106 or the second opening 108. One flap performs both
of the pressure receiving function and the closing func-
tion. Therefore, when the received pressure is varied and
the position of the flap is changed, the closing function
is directly influenced and is varied. In the embodiment
illustrated in Fig. 14, even when the received pressure
is varied and the position of one of the flaps is changed,
influence on the other flap is relaxed, and influence on
the closing function is accordingly reduced.

[0063] Next, Fig. 16 illustrates still another embodi-
ment of the discharge merging portion 26. Fig. 16 is a
detailed diagram of the discharge merging portion 26. In
the present embodiment, the first surface 110 and the
second surface 112 are opposed to each other and are
flat surfaces. A surface of an on-off valve 2805 does not
allow the liquid to pass therethrough, and an inside of
the on-off valve 2805 is porous. A detail of the on-off
valve 2805 is illustrated in Fig. 17. Fig. 17 is a detailed
diagram of the on-off valve 2805. Fig. 17(a) is a plan view
of the on-off valve 2805, Fig. 17(b) is a front view of the
on-off valve 2805, Fig. 17(c) is a side view of the on-off
valve 2805, and Fig. 17(d) is a perspective view of the
on-off valve 2805.

[0064] The first surface 110 and the second surface
112 of the on-off valve 2805 may not be flat surfaces.
The first surface 110 and the second surface 112 are
each preferably a curved surface recessed as illustrated
in Fig. 6; however, the first surface 110 and the second
surface 112 may be flat surfaces without a recess. The
surfaces of the on-off valve 2805 are smooth, and a pen-
etrating portion such as a hole connecting any of the sur-
faces and the inside of the on-off valve 2805 is not pro-
vided on all of the surfaces. The on-off valve 2805 in-
cludes one flap in which the inside of the on-off valve
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2805 is porous. Such a structure can be fabricated by
using, for example, a 3(d) printer. The on-off valve 2805
is made of a metal, a resin, or the like. The on-off valve
2805 is preferably made of a lightweight material. Since
the on-off valve 2805 is porous and is made of a light-
weight material, the on-off valve 2805 smoothly moves.
As aresult, the pressure variation when the two right and
left pumps operate at the same time can be suppressed
as compared with pressure variation when an existing
heavy on-off valve is used.

[0065] Next, Fig. 18 illustrate still another embodiment
of the discharge merging portion 26. Fig. 18 is a detailed
diagram of the discharge merging portion 26. Fig. 18(a)
is a diagram illustrating a position of an on-off valve 2806
when the pump does not operate, or when hydraulic pres-
sure to the on-off valve 2806 by a water flow from the
first discharge passage portion 221 and hydraulic pres-
sure to the on-off valve 2806 by a water flow from the
second discharge passage portion 222 are equivalent to
each other. Fig. 18(b) is a diagram illustrating the position
of the on-off valve 2806 when the first pump operates
and the on-off valve 2806 closes the second opening 108
by a water flow 171 from the first discharge passage por-
tion 221. Fig. 18(c) is a diagram illustrating the position
of the on-off valve 2806 when the second pump operates
and the on-off valve 2806 closes the first opening 106 by
a water flow 173 from the second discharge passage
portion 222.

[0066] In the present embodiment, the on-off valve
2806 is made of an elastic material, forexample, arubber.
Each of the first surface 110 and the second surface 112
includes the upstream end part 1101 positioned on the
upstream side of the liquid which is transferable, the
downstream end part 1102 positioned on the down-
stream side, and the center part 1103 positioned between
the upstream end part 1101 and the downstream end
part 1102. When receiving pressure from the liquid, the
center part 1103 of the first surface 110 is recessed to-
ward the second surface 112 relative to the upstream
end part 1101 and the downstream end part 1102 of the
first surface, which forms the first surface 110 into a
curved surface. When receiving pressure from the liquid,
the center part 1103 of the second surface 112 is re-
cessed toward the first surface 110 relative to the up-
stream end part 1101 and the downstream end part 1102
of the second surface 112, which forms the second sur-
face 112 into a curved surface.

[0067] The surface shape of the on-off valve 2806 be-
comes a shape curved along the passage. As a result,
the pressure loss is reduced, and the efficiency of the
pump apparatus is improved. The pressure loss is re-
duced as compared with an existing on-off valve by mak-
ing the on-off valve 2806 deformable by pressure of the
water flow.

[0068] The first to sixth aspects are described as the
embodiments according to the present invention. The
first to sixth aspects can be optionally combined. The
above-described seventh aspect as an example of the
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optional combination includes all of the first to sixth as-
pects.

[0069] Although the exemplary embodiments of the
present invention are described above, the above-de-
scribed embodiments of the present invention are to fa-
cilitate understanding of the present invention, and do
not limit the present invention. Needless to say, the
present invention can be modified and improved without
departing from the spirit of the present invention, and
includes equivalents thereof. Further, the components
described in the claims and the specification can be op-
tionally combined or omitted within arange where atleast
a part of the above-described issues is solved or within
a range where at least a part of the effects is achieved.

16 Pump apparatus
18 Pump casing

20 Suction port

22 Discharge port

24 Suction branching portion

26 Discharge merging portion

28 On-off valve

51 First impeller

52 Second impeller

106 First opening

108 Second opening

110 First surface

112 Second surface

134 Valve fixing portion

161 First pump apparatus

162 Second pump apparatus

201 First suction passage portion
202 Second suction passage portion
221 First discharge passage portion
222 Second discharge passage portion
1061  Third opening

1081  Fourth opening

1101  Upstream end part

1102  Downstream end part

1103  Center part

Claims

1. Adischarge merging portion used to transfer a liquid,
the discharge merging portion comprising:

a first opening into which the liquid from a first
discharge passage portion flows;

a second opening into which the liquid from a
second discharge passage portion flows;

a discharge port from which the liquid flowing in
from the first opening or the second opening
flows out; and

an on-off valve configured to close the first open-
ing and the second opening, wherein

the on-off valve includes a first surface to close
the first opening, and a second surface to close
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the second opening,

the first surface and the second surface are op-
posed to each other,

each of the first surface and the second surface
includes an upstream end part positioned on an
upstream side of the liquid which is transferable,
and a downstream end part positioned on a
downstream side,

at least one of the first surface and the second
surface is a curved surface curved toward an-
other surface that is the first surface or the sec-
ond surface opposed to the one surface, and
the curved surface is recessed toward the other
surface relative to the upstream end part and
the downstream end part of the one surface, and
a recessed amount is increased toward an in-
termediate part of the one surface positioned
between the upstream end part and the down-
stream end part of the one surface.

2. The discharge merging portion according to claim 1,
wherein one of the first surface and the second sur-
face is a flat surface.

3. Adischarge merging portion used to transfer a liquid,
the discharge merging portion comprising:

a first opening into which the liquid from a first
discharge passage portion flows;

a second opening into which the liquid from a
second discharge passage portion flows;

a discharge port from which the liquid flowing in
from the first opening or the second opening
flows out;

an on-off valve configured to block inflow of the
liquid from the first discharge passage portion
and the second discharge passage portion; and
a valve fixing portion including a third opening,
a fourth opening, and a fifth opening thatrespec-
tively face the first opening, the second opening,
and the discharge port, and in which the on-off
valve is disposed, wherein

the on-off valve includes a first surface to close
the first opening, and a second surface to close
the second opening.

4. Adischarge merging portion used to transfer a liquid,
the discharge merging portion comprising:

a first opening into which the liquid from a first
discharge passage portion flows;

a second opening into which the liquid from a
second discharge passage portion flows;

a discharge port from which the liquid flowing in
from the first opening or the second opening
flows out; and

an on-off valve configured to close the first open-
ing and the second opening, wherein
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the on-off valve includes a first closing portion
including afirst surface to close the first opening,
and a second closing portion including a second
surface to close the second opening,

22

each of the first surface and the second surface
includes an upstream end part positioned on an
upstream side of the liquid which is transferable,
a downstream end part positioned on a down-

the first closing portion includes a third surface % stream side, and an intermediate part positioned
opposed to the first surface, between the upstream end part and the down-
the second closing portion includes a fourth sur- stream end part,

face opposed to the second surface, when receiving pressure from the liquid, the in-
each of the third surface and the fourth surface termediate part of the first surface is recessed
includes an upstream end part positionedonan 70 toward the second surface relative to the up-
upstream side of the liquid which is transferable, stream end part and the downstream end part
and a downstream end part positioned on a of the first surface, and

downstream side, when receiving pressure from the liquid, the in-
an interval between the third surface and the termediate part of the second surface is re-
fourth surface is increased from the upstream 15 cessed toward the first surface relative to the

end part toward the downstream end part, and
a position of the second closing portion with re-
spect to the first closing portion is fixed.

upstream end part and the downstream end part
of the second surface.

7. Adischarge merging portion used to transfer a liquid,
5. Adischarge merging portion used to transfer aliquid, 20 the discharge merging portion comprising:

the discharge merging portion comprising:

a first opening into which the liquid from a first
discharge passage portion flows;

the second opening,

the first surface and the second surface are op-
posed to each other,

the on-off valve is made of an elastic material,

12

a first opening into which the liquid from a first
discharge passage portion flows;
a second opening into which the liquid from a

a second opening into which the liquid from a 25 second discharge passage portion flows;
second discharge passage portion flows; a discharge port from which the liquid flowing in
a discharge port from which the liquid flowing in from the first opening or the second opening
from the first opening or the second opening flows out;
flows out; and an on-off valve configured to block inflow of the
an on-off valve configured to close the firstopen- 30 liquid from the first discharge passage portion
ing and the second opening, wherein and the second discharge passage portion; and
the on-off valve includes a first surface to close a valve fixing portion including a third opening,
the first opening, and a second surface to close a fourth opening, and a fifth opening thatrespec-
the second opening, tively face the first opening, the second opening,
the first surface and the second surface are op- 3% and the discharge port, and in which the on-off
posed to each other, and valve is disposed, wherein
a surface of the on-off valve does not allow the the on-off valve includes a first surface to close
liquid to pass therethrough, and an inside of the the first opening, and a second surface to close
on-off valve is porous. the second opening,
40 the on-off valve includes a first closing portion
6. Adischarge merging portion used to transfer aliquid, including the first surface, and a second closing
the discharge merging portion comprising: portion including the second surface,
the first closing portion includes a third surface
a first opening into which the liquid from a first opposed to the first surface,
discharge passage portion flows; 45 the second closing portion includes a fourth sur-
a second opening into which the liquid from a face opposed to the second surface,
second discharge passage portion flows; each of the third surface and the fourth surface
a discharge port from which the liquid flowing in includes an upstream end part positioned on an
from the first opening or the second opening upstream side of the liquid which is transferable,
flows out; and 50 and a downstream end part positioned on a
an on-off valve configured to close the first open- downstream side,
ing and the second opening, wherein an interval between the third surface and the
the on-off valve includes a first surface to close fourth surface is increased from the upstream
the first opening, and a second surface to close end part toward the downstream end part,
55

a position of the second closing portion with re-
spect to the first closing portion is fixed,

each of the first surface and the second surface
includes an upstream end part positioned on the
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upstream side, and a downstream end part po-
sitioned on the downstream side,

at least one of the first surface and the second
surface is a curved surface curved toward an-
othersurface thatis the third surface orthe fourth 5
surface opposed to the one surface,

the curved surface is recessed toward the other
surface relative to the upstream end part and

the downstream end part of the one surface, and

a recessed amount is increased toward an in- 70
termediate part of the one surface positioned
between the upstream end part and the down-
stream end part of the one surface,

a surface of at least one of the first closing por-

tion and the second closing portion does notal- 75
low the liquid to pass therethrough, and aninside

of the closing portion is porous, and

at least one of the first closing portion and the
second closing portion is made of an elastic ma-
terial. 20

8. Apump casing used fora pump apparatus to transfer
a liquid, the pump casing comprising:

a first pump casing; 25
a first suction passage portion connected to the

first pump casing;

the first discharge passage portion connected

to the first pump casing;

a second pump casing; 30
a second suction passage portion connected to

the second pump casing;

the second discharge passage portion connect-

ed to the second pump casing;

asuction branching portion connected tothe first 35
suction passage portion and the second suction
passage portion; and

the discharge merging portion according to any

one of claims 1 to 7, connected to the first dis-
charge passage portion and the second dis- 40
charge passage portion.

9. A pump apparatus, comprising:

a first electric motor; 45
a first rotary shaft coupled to the first electric
motor;

a first impeller fixed to the first rotary shaft and
housed in the first pump casing;

a second electric motor; 50
a second rotary shaft coupled to the second
electric motor;

a second impeller fixed to the second rotary
shaft and housed in the second pump casing;

and 55
the pump casing according to claim 8.

13
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Fig. 2
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