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Description

[0001] The presentinvention relates to a vertical sub-
mersible pump and, more particularly to a vertical sub-
mersible pump to be placed underwater to pump up water
in a wall or the like.

[0002] General deep-well pumping equipment using a
vertical submersible pump will be described on the basis
of Fig. 3. Fig. 3 shows a case where a vertical submersible
pump 107 is installed in a well with a sectional view of a
structure below ground. There is well water 103 at a pre-
determined water level in the well. The vertical submers-
ible pump 107 is installed in the well water 103 so as to
be submerged in the well water 103 as a whole. The
vertical submersible pump 107 is provided at its bottom
with a submersible motor 101 above which a pump body
102 is provided. There is provided a suction casing 108
for sucking the well water 103 on the submersible motor
101 side, as well as there is provided a discharge casing
109 for feeding the well water on which pressure is in-
creased by using an impeller (not shown), on a opposite
side with respect to the suction casing 108.

[0003] Discharge piping 104 is connected to the dis-
charge casing 109 so as to extend to the ground surface.
There is provided a predetermined control device 105 in
the middle of the discharge piping 104 on the ground
surface. The control device 105 includes a pressure tank
branched from discharge piping 104, a pressure sensor
that detects pressure in the discharge piping 104, and a
control unit that controls start and stop of feeding water
(any of them is not shown). There is provided a distal end
106 on a downstream side of the control device 105 so
that the well water flows out from the distal end 106.
[0004] Next, a detailed structure of the pump body 102
will be described on the basis of Fig. 4. The suction casing
108 includes a lower portion that serves as a suction
opening 110. On the other hand, the discharge casing
109 includes an upper end portion that serves as a dis-
charge opening 111. In a space between the suction cas-
ing 108 and the discharge casing 109, an intermediate
casing 114 and an upper casing 116 are provided in order
frombelow upwards, and a hollow cylindrical outer casing
124 is provided around the outside thereof.

[0005] Animpeller 113 and a diffuser 117 are arranged
inside the intermediate casing 114, and the impeller 113
is fixed to a pump shaft 112 that transmits driving force
of the submersible motor 101. Thus, the impeller 113
rotates with rotation of the pump shaft 112. An example
shown in Fig. 4 is a multistage pump in which a plurality
of sets of the impeller 113 and the diffuser 117 are pro-
vided. The pump shaft 112 is provided with an upper end
that is rotatably supported by a bearing 119 provided in
the upper casing 116.

[0006] The suction casing 108 and the discharge cas-
ing 109 are joined to the outer casing 124 by using joining
thread portions 118a and 118b, respectively. In addition,
a check valve 120 and a check valve seat 121 that is
brought into contact with the check valve 120 are provid-
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edinside the discharge casing 109. In a vertical submers-
ible pump after operation, weight of well water in the dis-
charge piping 104 is applied from above the check valve
120, so that backflow of the well water downward from
the check valve 120 is prevented. On the other hand,
when the vertical submersible pump is restarted, the well
water pressurized by the impeller 113 presses the check
valve 120 from below to open the check valve 120.
[0007] Next, operation of the pump body 102 in the
vertical submersible pump 107 will be described. When
the well water is used at the distal end 106, first, water
supply is started by using the well water in the pressure
tank, because the well water pressurized in advance is
contained in the pressure tank. In the beginning of the
water supply, pressure in the discharge piping 104 is ap-
proximately equal to pressure in the pressure tank. How-
ever, if the water supply is continued, the pressure in the
discharge piping 104 decreases. As a result, pressure
detected by the pressure sensor decreases. If the pres-
sure decreases to a specified value or less, the control
unitdetects the decrease in pressure toissue a command
so thatthe submersible motor 101 starts operation. When
the submersible motor 101 starts, the pump shaft 112 of
the pump body 102 is rotationally driven to pressurize
the well water, thereby starting water supply to the dis-
charge piping 104.

[0008] On the other hand, when the distal end 106 is
closed, the well water is supplied to the pressure tank to
cause pressure in the pressure tank and the discharge
piping 104 to increase. As a result, the increased pres-
sure is detected by the pressure sensor. If the pressure
in the pressure tank and the discharge piping 104 in-
creases to a specified value, the control unit stops the
submersible motor 101 to stop pumping up from the pump
body 102. At that time, the well water supplied into the
discharge piping 104 is held in the discharge casing 109
and the discharge piping 104 by operation of the check
valve 120 provided in the pump body 102.

[0009] Unfortunately, the conventional art described
above has the following problem. That s, in order to start
pumping up by operating the vertical submersible pump
107, it is necessary to fill inside the pump body 102 with
the well water. When a new vertical submersible pump
107 is installed, there is no well water above the check
valve 120. As a result, the check valve 120 is opened
with ingress of the well water to discharge air remaining
inside the pump body 102 below the check valve 120 to
the outside. On the other hand, if the vertical submersible
pump 107 is operated at least once for pumping up,
weight of the well water is applied to an upper portion of
the check valve 120. As a result, the check valve 120 is
not opened, so that air is not discharged.

[0010] The state as describe above occurs when a wa-
ter level of the well water 103 lowers to a level lower than
a level of the suction opening 110, for example. That is,
the well water filled inside the pump body 102 falls as the
water level lowers, so that air flows into the pump body
102. After that, even if the water level of the well water



3 EP 2 918 842 A1 4

returns to a level higher than a level of the discharge
opening 111, air inside the pump body 102 is not dis-
charged to the outside. As a result, so-called an air lock
state occurs, so that it is impossible to pump up the well
water 103. In order to restore the state, it is necessary
to temporarily lift the vertical submersible pump 107 to
the ground surface to remove the well water in the dis-
charge piping 104. Thus, itis necessary to use the vertical
submersible pump 107 on the precondition that a water
level of the well water 103 is always higher than a level
of the pump suction opening 110.

[0011] In order to solve the problem above, there is
provided a structure in which a small hole 122 is provided
in a side surface of the upper casing 116 as shown in a
portion B in Fig. 4. Accordingly, even if the water level of
the well water 103 returns to the previous level again
after lowering to a level lower than the level of the suction
opening 110, air inside the pump body 102 is discharged
to the outside through the small hole 122. As a result, it
is possible to prevent the air lock from occurring (refer to
Japanese Utility Model Laid-Open No. 2-7393).

[0012] However, the vertical submersible pump of the
conventional art described above also has the following
problem. Thatis, pressurized well water is always ejected
from the small hole 122 during operation of the vertical
submersible pump. When the vertical submersible pump
107 is installed in a well, an outer peripheral surface of
the vertical submersible pump 107 is close to a well wall,
so that an ejecting flow F impacts on the well wall from
proximity. As a result, the well wall may be damaged.
[0013] In order to solve the problem above, there is
provided a structure in which a cover 123 is provided to
allow the ejecting flow F to vertically escape (refer to Figs.
5A, 5B and 6A, 6B). However, in this case, the number
of components and the number of man-hours are in-
creased. In addition, in a case where the cover 123 is
attached to an outer surface of the outer casing 124, an
outer diameter of the pump body 102 is increased. As a
result, the cover 123 interferes with the well wall to result
in increasing a diameter of the well. The vertical sub-
mersible pump 107 that is a subject of the present inven-
tion can be installed up to a maximum depth of about 150
m, and a well may be excavated more than the maximum
depth. In that case, a construction period and the amount
of operation are required more, so that it is impossible to
efficiently install the vertical submersible pump 107.
[0014] The presentinvention is made to solve the prob-
lem described above, and it is an object of the present
invention to provide a vertical submersible pump of ca-
pable of appropriately releasing air from aninternal space
of a pump body when a water level of well water is re-
covered, without damaging a well wall and increasing an
outer diameter of the pump.

[0015] In order to solve the problem described above,
in a first aspect, a joining thread portion is formed in at
least a part of an outer surface of a discharge casing
used in a vertical submersible pump. The joining thread
portion is configured to be threadedly engaged with a
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female thread portion formed in an inner surface of an
outer casing. The joining thread portion including at least
one air releasing groove that cuts across a thread of the
joining thread portion.

[0016] According to this structure, the vertical sub-
mersible pump operates as follows. That is, if a water
level of well water temporarily lowers to alevel lower than
a level of a suction opening, air flows into a pump body.
Even if the vertical submersible pump is operated as it
is, pumping-up cannot be performed due to airlock. How-
ever, if the water level of the well waterrises or the vertical
submersible pump is submerged in the well water, it is
possible to drain air inside the pump body to the outside
through the air releasing groove. As a result, even if the
water level of the well water varies with respect to the
pump body, there is no possibility that the air lock occurs.
[0017] In addition, since the air releasing groove is
formed along a longitudinal direction of the vertical sub-
mersible pump, influence of an ejecting flow on a well
wall during pump operation is eliminated without increas-
ing the number of components and the number of man-
hours. Further, since it is unnecessary to increase an
outer diameter of the pump, it is not required to increase
a diameter of the well. As a result, when the well is ex-
cavated, it is possible to allow construction to proceed
without increasing the diameter of the well, whereby a
construction period can be shortened.

[0018] Inasecondaspect,inadditiontothefirstaspect,
the air releasing groove is formed parallel to a direction
of a central axis of the discharge casing.

[0019] In a third aspect, in addition to the first aspect
or the second aspect, a bottom of the airreleasing groove
islocated at a position deeper than a bottom of the thread.
[0020] In a forth aspect, in addition to any of the first
to third aspects, the air releasing groove has a cross-
sectional shape that is at least one shape selected from
a group consisted of a rectangle, a circle, a rhombus, an
ellipse, a triangle, and a semicircle.

[0021] In afifth aspect, the vertical submersible pump
includes a suction casing having a suction opening
through which well water is sucked, an impeller for in-
creasing pressure in the well water, an intermediate cas-
ing with which the impeller is covered, the discharge cas-
ing according to any one of the first to fourth aspects, an
upper casing that is provided between the discharge cas-
ing and the intermediate casing, a check valve provided
inside the discharge casing, and an outer casing with
which an outer periphery of each of the intermediate cas-
ing and the upper casing is covered.

[0022] In a an assembly of a discharge casing and an
outer casing used in a vertical submersible pump accord-
ing to a sixth aspect, a joining thread portion is formed
in at least a part of an outer surface of the discharge
casing, a female thread portion configured to be thread-
edly engaged with the joining thread portion formed in at
least a part of an inner surface of the outer casing, and
atleast one air releasing groove that cuts across a thread
of the thread portion is formed in at least one of the joining
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thread portion and the female thread portion.

Fig. 1 is a sectional view of a vertical submersible
pump in accordance with one embodiment of the
present invention;

Figs. 2A to 2C show a discharge casing to be used
in the vertical submersible pump disclosed in Fig. 1;
Fig. 2A is a cross sectional view of the discharge
casing taken along the line D-D of Fig. 2B;

Fig. 2B is a sectional view of the discharge casing
taken along a central axis L;

Fig. 2C is a front view of the discharge casing in a
case where an air releasing groove is provide in a
front face;

Fig. 3 is a general structural view of deep-well pump
equipment;

Fig. 4 is a sectional view of a vertical submersible
pump in accordance with the conventional art;
Figs. 5A and 5B is a partially enlarged view of a ver-
tical submersible pump in accordance with an im-
proved conventional art;

Fig. 5A is an enlarged view of a portion correspond-
ing to a portion B of Fig. 4;

Fig. 5B is a cross sectional view of the portion of Fig.
5A taken along the line C-C; and

Figs. 6A and 6B illustrate a flow direction of an eject-
ing flow of the conventional art disclosed in Figs. 5A
and 5B.

[0023] Hereinafter, the vertical submersible pump in
accordance with one embodiment of the present inven-
tion will be described with reference to the accompanying
drawings. An invention made by combining any of indi-
vidual components described below is intended to be in-
cluded in a technical idea of a subject of the present in-
vention.

(General Outline)

[0024] WithreferencetoFigs.1and2Ato2C,ageneral
outline of the vertical submersible pump in accordance
with one embodiment of the present invention will be de-
scribed. Since deep-well pump equipment including the
vertical submersible pump is common to that disclosed
in Fig. 3 as the conventional art, description of the deep-
well pump equipment is omitted hereinafter. In the de-
scription below, although the vertical submersible pump
is described in detail in a case where well water is used,
an available object is not limited to the well water, and
any kind of liquid is available.

[0025] The vertical submersible pump includes a pump
body 2 in its upper portion, and a submersible motor 1
(partially shown) in its lower portion. The pump body 2
includes a suction casing 8 for sucking the well water, an
intermediate casing 14 that accommodates an impeller
13, an upper casing 16 that supports a pump bearing 19,
and a discharge casing 9 arranged above the upper cas-
ing 16, in order from below upwards. Further, the pump
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body 2 includes a hollow cylindrical outer casing 24 with
which the suction casing 8, the intermediate casing 14,
the upper casing 16, and the discharge casing 9 are cov-
ered from the outside.

[0026] The suction casing 8 and the discharge casing
9 are co-axial with the outer casing 24, and are configured
to be joined by using joining thread portions 18a and 18b,
respectively. Thus, an outer diameter of each of the suc-
tion casing 8 and the discharge casing 9 is approximately
equal to an inner diameter of the outer casing 24. Since
the present embodiment has a feature in the discharge
casing 9 and the outer casing 24, first the discharge cas-
ing 9 and the outer casing 24 will be described.

(Discharge Casing)

[0027] The discharge casing 9 is provided at an upper
end of the pump body 2 to supply well water to discharge
piping 4. The discharge casing 9 includes a hollow cylin-
drical large diameter portion provided on a lower side
thereof, a hollow cylindrical small diameter portion pro-
vided on an upper side thereof, and a hollow truncated
conical portion that integrally connects the large diameter
portion and the small diameter portion. An upper end of
the small diameter portion serves as a discharge opening
11 to which the discharge piping 4 is connected.

[0028] A female thread is formed in an inner surface
of the discharge opening 11 so as to threadedly engaged
with a male thread formed in an outer peripheral surface
of the discharge piping 4. In addition, a groove is formed
in an inner surface of a lower end of the discharge casing
9 along a circumferential direction to support a check
valve seat 21. That is, a ring-shaped outer periphery of
the check valve seat 21 is fitted in the groove.

(Joining Thread Portion)

[0029] The joining thread portion 18b is formed in at
least a part of an outer peripheral surface of the large
diameter portion of the discharge casing 9 to join the
discharge casing 9 and the outer casing 24. The joining
thread portion 18b of the present embodiment is formed
over almost the whole area of the large diameter portion.
The joining thread portion 18b may be formed only in a
part of a lower portion or an upper portion of the large
diameter portion, or a part of an intermediate portion
thereof.

(Air Releasing Groove)

[0030] An air releasing groove 25 is formed in a part
of the joining thread portion 18b of the discharge casing
9 to release air in the upper casing 16 described later to
the outside. The air releasing groove 25 is formed to ver-
tically extend so as to cut across a thread of the joining
thread portion 18b. In particular, in the present embodi-
ment, the groove is formed along a direction (namely, a
vertical direction) of the central axis L of the discharge
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casing 9. The air releasing groove 25 of the present in-
vention is not limited to the structure described above,
the groove 25 may be formed at a moderate angle in the
joining thread portion 18. That is, a structure in which the
thread is cut across to communicate with the outside is
available. Although it is certainly advantageous to form
the groove in a direction parallel to a direction of the cen-
tral axis L of the discharge casing 9 in consideration of
easiness of machining, the direction is not necessarily
limited to the above.

[0031] The air releasing groove 25 of the present em-
bodiment has a generally rectangular cross-sectional
shape as shown in Fig. 2A. However, any cross-sectional
shape, such as a rectangle, a circle, a rhombus, an el-
lipse, atriangle, and a semicircle, is available. In addition,
the air releasing groove 25 of the present embodiment
is configured to always communicate with the outside.
Thus, when the pump body 2 is normally operated, the
well water pressurized in the intermediate casing 14 and
the upper casing 16 leaks to the outside through the air
releasing groove 25. Since this leakage sometimes af-
fects pump performance, some measures may be taken
to close the air releasing groove 25, if necessary. For
example, it is thought that the air releasing groove 25 is
provided with an on-off valve with characteristics in which
the valve is closed by pressure of the well water during
operation and is not closed by air pressure while the op-
eration is stopped.

[0032] As shown in Fig. 2A, a bottom 25a of the air
releasing groove 25 is positioned deeper than a bottom
of the thread of the joining thread portion 18b so that the
air releasing groove 25 is not closed by a thread of the
outer casing 24 even when the discharge casing 9 and
the outer casing 24 are threadedly engaged with each
other. Although the air releasing groove 25 is formed to
reduce a thickness of a sidewall of the discharge casing
9 at a position of the groove, a depth of the air releasing
groove 25 is determined so as to have a dimension suf-
ficient to secure required strength. In addition, although
only one air releasing groove 25 is formed in an example
shown in Fig. 2A, for example, a second air releasing
groove may be provided at a position 180° apart in a
circumferential direction of the discharge casing 9, or
three air releasing grooves may be provided every 120°.
As a matter of course, four or more grooves may be pro-
vided, however, it is not preferable to provide a number
of grooves more than necessary in consideration of the
leakage of the well water described above. If a function
of closing the air releasing groove 25 if necessary is add-
ed, a number of the air releasing grooves may be pro-
vided.

[0033] As described above, the air releasing groove
25 of the present embodiment is formed in the discharge
casing 9. However, the present invention is not limited
to the above. That is, if another air releasing groove is
provided in a female thread portion of the outer casing
24, a similar effect can be expected. In a case where
another air releasing groove is provided in the outer cas-
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ing 24, itis required to apply groove machining to an inner
surface of the outer casing 24. In this case, the groove
machining is difficult as compared with that to an outer
surface of the discharge casing 9. A case is also thought
where a thickness of a sidewall of the outer casing 24 is
thin as compared with that of the discharge casing 9.
Thus, the air releasing groove may be provided in the
outer casing 24 only in a case where machining means
and a thickness of the sidewall can be secured.

[0034] In addition, it is also thought that the air releas-
ing groove is formed in both of the discharge casing 9
and the outer casing 24. In particular, if positions of the
air releasing groove 25 of the discharge casing 9 and the
air releasing groove of the outer casing in the circumfer-
ential direction can coincide with each other after joined,
it is possible to form an air releasing groove with a larger
cross-sectional area. In addition, even in a case where
there are formed air releasing grooves with a depth of
the order of a height of each of the thread of the joining
thread portion 18b and the female thread portion, an air
releasing groove with a sufficient cross-sectional area
can be secured if positions of the respective air releasing
grooves in the circumferential direction coincide with
each other. Thus, strength of the discharge casing 9 and
the outer casing 24 is not reduced. However, since it is
required that a relationship of positions of the discharge
casing 9 and the outer casing 24 in the circumferential
direction after joined should be constant, it is desirable
to take proper means.

(Check Valve)

[0035] There are provided inside the discharge casing
9 a check valve 20 and a check valve seat 21 that is
brought into contact with the check valve 20. The check
valve 20 has a plane shape of an generally circle, and a
vertical sectional shape having a central portion of a trap-
ezoidal shape and an outer periphery portion of an gen-
erally L-shape. The check valve 20 is supported by the
discharge casing 9 by using a support mechanism (not
shown). On the other hand, the check valve seat 21 is a
ring-shaped member that has a sectional shape of an
generally S-shape. The check valve seat 21 has an out-
ermost periphery portion that is fitted in a circumferential
groove formed in an inner surface of the discharge casing
9 so that the check valve seat 21 is supported by the
discharge casing 9.

[0036] The checkvalve 20is a metal member, and lifts
from the check valve seat by pressing force from below
to allow well water and air to flow upward. In particular,
in a case of a new vertical submersible pump, since there
is no well water filled above the check valve 20, the check
valve 20 is opened by even a small pressing force. On
the other hand, in the vertical submersible pump that is
operated at least once, the well water in the discharge
piping 4 remains above the check valve 20. Thus, weight
of the well water applies to the check valve 20 to close
the check valve 20, so that backflow of the well water
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downward from the check valve 20 is prevented. After
that, when the vertical submersible pump is restarted in
a state without air lock, the well water pressurized by the
impeller 13 presses the check valve 20 from below to
openthe checkvalve 20, so that water supply is restarted.

(Outer Casing)

[0037] The outer casing 24 is a casing with which the
discharge casing 9 described above, the suction casing
8, the intermediate casing 14, and the upper casing 16,
are covered. The discharge casing 9 and the outer casing
24 are joined by using the joining thread portion 18b de-
scribed above. Thus, a female thread portion to be
threadedly engaged with the joining thread portion 18b
is formed in an inner surface of an upper end of the outer
casing 24. In addition, a female thread portion is also
formed in an inner surface of a lower end of the outer
casing 24, and the joining thread portion 18a of the suc-
tion casing 8 is threadedly engaged with the female
thread portion.

(Suction Casing)

[0038] Nextthe suction casing 8 will be described. The
suction casing 8 is provided in a lower end of the pump
body 2, and is connected to the submersible motor 1.
The suction casing 8 is provided with a suction opening
10 through which water is sucked. The joining thread
portion 18a to be threadedly engaged with the outer cas-
ing 24 is formed in an outer peripheral surface of an upper
end of the suction casing 8.

[0039] In addition, a hollow net-like member 26 having
an inverse truncated conical shape is provided inside the
suction casing 8. The net-like member 26 is provided to
preventalarge foreign material from entering the impeller
13. Thus, a large number of holes are formed in a surface
of the net-like member 26, so that it is possible to prevent
a large foreign material from passing through the holes
while the well water is allowed to pass through the holes.
However, the net-like member 26 is not an essential com-
ponent of the present invention.

(Intermediate Casing)

[0040] The intermediate casing 14 accommodates the
impeller 13 and a diffuser 17 to increase pressure on the
well water. That is, the impeller 13 rotates with rotation
of a pump shaft 12 described later to apply speed energy
directing radially outward to the well water. The well water
to which the speed energy is applied is pressurized by
the diffuser 17 to be supplied to the impeller 13 in the
next stage. The intermediate casing 14 forms a pressure
rising passage for the well water along with the impeller
13 and the diffuser 17. The pump body 2 in accordance
with the present embodiment is a multistage pump in
which a plurality of sets of the impeller 13 and the diffuser
17 is provided. Since one intermediate casing 14 of the
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present embodiment is provided for each of the sets of
the impeller 13 and the diffuser 17, the number of inter-
mediate casings 14 corresponding to the number of stag-
es is arranged along the central axis L so that the inter-
mediate casings 14 are in juxtaposition with each other.

(Upper Casing)

[0041] Next, the uppercasing 16 will be described. The
upper casing 16 is arranged between the intermediate
casing 14 and the discharge casing 9. The upper casing
16 is a hollow cylindrical casing that accommodates a
bearing 19 for supporting the pump shaft 12 thereinside.
That is, a bearing support mechanism extends from a
surface of an internal wall of the upper casing 16 in a
direction of the central axis L to support the bearing 19
at a position on the central axis L.

(Pump Shaft)

[0042] The pump shaft 12is arranged inside the pump
body 2 along the central axis L. The pump shaft 12 is
provided to rotate the impeller 13 described above, and
is coupled to a rotary shaft of the submersible motor 1.
The pump shaft 12 and the rotary shaft of the submersible
motor 1 are splined to each other, and an upper end of
the pump shaft 12 is rotatably supported by the bearing
19 in the upper casing 16 described above.

(Action of Air Releasing Groove)

[0043] Next, action of the air releasing groove 25 that
is one of features of the present embodiment will be de-
scribed. The air releasing groove 25 is formed between
an outer peripheral surface of a lower end of the dis-
charge casing 9 and an inner peripheral surface of an
upper end of the outer casing 24. A lower end of the air
releasing groove 25 communicates with a space of the
upper casing 16. An upper end of the air releasing groove
25 communicates with an external space of the pump
body 2. Thus, even if the discharge casing 9 is joined to
the outer casing 24, internal and external spaces of the
upper casing 16 always communicate with each other
through the air releasing groove 25.

[0044] If the vertical submersible pump of the present
embodiment is operated at least once, the well water in
the discharge piping 4 remains above the check valve
20 by operation of the check valve 20. In this state, if a
water level of the well water lowers below the suction
casing 8 for some sort of reason, air enters the inside of
the intermediate casing 14 and the upper casing 16.
Thus, the well water inside the intermediate casing 14
and the upper casing 16 falls. After that, when the water
level of the well water is recovered, the well water enters
through the suction casing 8. At this time, in a case of a
conventional vertical submersible pump 107 in which the
air releasing groove 25 is not formed, the well water can-
not enter the inside of the pump body 102 because a
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passage for releasing air is not formed. As a result, so-
called air lock occurs. If the air is released from the check
valve 120, there is no problem, however, since weight of
the well water is applied to the check valve 120 from
above, the check valve 120 is not opened at all by pres-
sure of the air. As a result, it is impossible to release the
air.

[0045] On the other hand, in a case of the vertical sub-
mersible pump of the present embodiment, since the air
releasing groove 25 described above is formed, air inside
the intermediate casing 14 and the upper casing 16 is
gradually released to the external space with ingress of
the well water. Ultimately, when the vertical submersible
pump is completely submerged in the well water, air in-
side the pump body 2 is also completely released to the
outside. As a result, it is possible to completely prevent
the air lock.

[0046] As described above, since the air inside the
pump body 2 can be always discharged, there is no con-
cern about the air lock even if the water level of the well
water varies. In addition, since the air releasing groove
25 isformed in a direction approximately parallel to a well
wall, it is possible to eliminate an adverse effect on the
well wall due to the ejecting flow F during pump operation
without increasing the number of components and the
number of man-hours. Further, since it is unnecessary
to increase an outer diameter of the pump, it is not re-
quired to increase a diameter of the well. As a result,
when the well is excavated, it is possible to allow con-
struction to proceed without increasing the diameter of
the well, whereby a construction period can be short-
ened.

[0047] Since the effect described above is an example
of effects that can be achieved by the vertical submersible
pump in accordance with the present embodiment, the
present invention can also achieve an effect other than
the effect above. Thus, interpretation of a technical idea
and a technical scope of the present invention should not
be limited on the basis of the technical effect described
above. In addition, it is unnecessary to combine all of the
respective components described in the embodiment of
the invention, so thatan invention achieved by combining
any of the respective components is also assumed by
the present application. Thus, even if a combination of
specific components is not specified, it should be inter-
preted that all combinations are substantially disclosed.
[0048] The presentinvention is available for a vertical
submersible pump that is used while being submerged
underwater.

1, 101 submersible motor
2, 102 pump body

4, 104 discharge piping

8, 108 suction casing

9, 109 discharge casing
10, 110 suction opening
11, 111 discharge opening
12, 112 pump shaft
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13, 113 impeller

14, 114 intermediate casing

16, 116 upper casing

17, 117 diffuser

18a, 18b, 118a, 118b joining thread portion
19, 119 pump bearing

20, 120 check valve

21, 121 check valve seat

24, 124 outer casing

25 air releasing groove

25a bottom of air releasing groove
26, 126 net-like member

103 well water

105 control device

106 distal end

107 vertical submersible pump
122 small hole

123 cover

F ejecting flow

L central axis

Claims

1. Adischarge casing (9) used in a vertical submersible
pump (107), the discharge casing (9) comprising:

a joining thread portion (18b) formed in at least
apart of an outer surface of the discharge casing
(9), wherein

the joining thread portion (18b) is configured to
threadedly engaged with afemale thread portion
formed in an inner surface of an outer casing
(24),

at least one air releasing groove (25) that cuts
across a thread of the joining thread portion
(18b) is formed in the joining thread portion
(18b).

2. The discharge casing (9) according to Claim 1,
wherein the air releasing groove (25) is formed par-
allelto a direction of acentral axis (L) of the discharge
casing (9).

3. The discharge casing (9) according to Claim 1 or 2,
wherein a bottom of the air releasing groove (25) is
located deeper than a bottom of the thread.

4. The discharge casing (9) according to any of Claims
1 to 3, wherein of the air releasing groove (25) has
a cross-sectional shape that is at least one shape
selected from a group consisted of a rectangle, a
circle, a rhombus, an ellipse, a triangle, and a sem-
icircle.

5. A vertical submersible pump (107) comprising:

the discharge casing (9) according to any one
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of Claims 1 to 4;

a suction casing (8) having a suction opening
(10) through which water is sucked;

an impeller (13) for increasing pressure on the
water; 5
an intermediate casing (14) with which the im-
peller (13) is covered;

an upper casing (16) that is provided between

the discharge casing (9) and the intermediate
casing (14); 10
acheckvalve (21) provided inside the discharge
casing (9); and

an outer casing (24) with which an outer periph-

ery of each of the intermediate casing (14) and

the upper casing (16) is covered. 15

6. An assembly used in a vertical submersible pump
(107), the assembly comprising:

a discharge casing (9); and 20
an outer casing (24), wherein

ajoining thread portion (18b) is formed in atleast
apartof an outer surface of the discharge casing

9,

afemale thread portion configured to threadedly 25
engaged with the joining thread portion (18b) is
formed in at least a part of an inner surface of

the outer casing (24), and

at least one air releasing groove (25) is formed

in at least one of the joining thread portion (18b) 30
and the female thread portion, the at least one

air releasing groove (25) cutting across a thread

of the at least one of the joining thread portion

(18b) and the female thread portion.
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Fig. 2A
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Fig. 5A

TR
(@]

\%

|
|

122

P ()
v
VAW A AVSWaAwN) V7 7 2 7 7 7

/}7\\

123/
124

116

Fig. 58

124

14



EP 2 918 842 A1

NONNNNN

AN

Loondormal et

an

| SR AN W AW

Lr.v

L

Fig. 6A

=

Fig. 6B

15



10

15

20

25

30

35

40

45

50

55

EP 2 918 842 A1

D)

Europiisches
Patentamt
European
Patent Office

Office européen
des brevets

no

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 15 15 8639

DOCUMENTS CONSIDERED TO BE RELEVANT
Catego Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
Y CN 202 348 701 U (SUZHOU WODA GARDEN 1-4,6 INV.
MACHINERY CO LTD) FO4D9/00
25 July 2012 (2012-07-25) FO4D13/10
* abstract * FO4D29/42
* figure 1 * FO4D29/62
Y JP 2003 014250 A (MATSUSHITA ELECTRIC IND [1-4,6
CO LTD) 15 January 2003 (2003-01-15)
* abstract *
* figure 2 *
* figure 3 *
* figure 5(b) *
A JP S57 26296 A (HITACHI LTD) 1-6
12 February 1982 (1982-02-12)
* abstract *
* figure 3 *
* figure 5 *
A US 2 851 951 A (DETERS ELMER M) 1-6
16 September 1958 (1958-09-16) TECHNICAL FIELDS
* the whole document * SEARCHED (PO
----- FO4D
A GB 2 098 660 A (MARLEY WYLAIN CO) 1-6 F16L
24 November 1982 (1982-11-24) E21B
* the whole document * FO4B
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

The Hague 7 July 2015

de Verbigier, L

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X: particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

after the filing date

D : document cited in the application

L : document cited for other reasons

&: member of the same patent family, corresponding
document

16




EP 2 918 842 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 15 15 8639

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

07-07-2015
Patent document Publication Patent family Publication

cited in search report date member(s) date

CN 202348701 25-07-2012  NONE

JP 2003014250 15-01-2003 CN 1393667 A 29-01-2003
JP 2003014250 A 15-01-2003
KR 20030001251 A 06-01-2003

JP $5726296 12-02-1982  JP S5726296 A 12-02-1982
JP 56343598 B2 31-08-1988

US 2851951 16-09-1958  NONE

GB 2098660 24-11-1982 AU 543490 B2 18-04-1985
AU 8309282 A 25-11-1982
CA 1176913 Al 30-10-1984
GB 2098660 A 24-11-1982
Us 4406582 A 27-09-1983
ZA 8202941 A 27-04-1983

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

17




EP 2 918 842 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2007393 A [0011]

18



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

