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57. ABSTRACT 
A drainage pump (10) in which the portion near the 
entrance of the impeller (12) in the suction tube (11) is 
open to the set lowest suction water level (L.W.L.) 
through an air intake pipe (15), so that air is introduced 
into the portion near the entrance of the impeller (12) 
when the suction water level (W.L.) is lower than the 
preset lowest suction water level. An air intake hole 
(14) may also be provided through the water intake 
suction tube (11) near the impeller. 

1 Claim, 9 Drawing Sheets 
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1. 

DRANAGE PUMP 

BACKGROUND OF THE INVENTION 

This invention relates to a drainage pump, and more 
particularly a vertical shaft pump of all-level all-speed 
operation type which is operated at a constant speed 
irrespective of the suction water level. 
The conventional vertical shaft pump used for rain 

water drainage is sometimes operated even when the 
water level at the suction side, namely the suction water 
level, is lower than a specified level in preparation for 
flooding. If the suction water level is low, air suction 
vortexes easily occur on the water surface on the suc 
tion side; as a result, the impulse of vortex produces 
vibration and noise, making the operation of the pump 
impossible. Therefore, various measures are taken to 
prevent vortexes on such a type of pump. FIG. 8 is a 
vertical cross sectional view of a conventional vertical 
shaft type axial flow pump. In this figure, when the 
Suction water level W.L of intake chamber a is higher 
than the water level L.W.L. corresponding to the limit 
suction water level at which a pump sucks water safely 
(critical submergence), a vertical shaft pump operates 
steadily at a speed of 100% because suction vortexes b 
are not produced. If the suction water level W.L. is 
lower than the water level L.W.L., air suction vortexes 
easily occur on the water surface. When a pump is 
operated in the condition of the water level being lower 
than the water level L.W.L, the discharge rate of flow 
is limited by the reduction in rotational speed, or a 
splitter c is installed. 

FIG. 9 is a front elevational view of another conven 
tional vertical shaft type axial flow pump. On the verti 
cal shaft pump shown in this figure, a suction tube d is 
longer than usual, an impeller e is mounted above the 
water level L.W.L. corresponding to the limit suction 
water level, and a draining pipe f is installed immedi 
ately under the impellere and connected to an air-water 
switching means g at the upper end. When the suction 
water level is above the water level L.W.L, the pump is 
operated steadily at a speed of 100%. If the suction 
water level becomes lower than the water level L.W.L, 
air is fed to a position immediately under the impeller e 
from the air-water switching means to perform the 
air-water separation because air suction vortexes beas 
ily occur. Then, the pump is operated still at a speed of 
100% under the condition of zero discharge, while the 
air and water are stirred. 
As described above, when the suction water level 

W.L. is below the water level L.W.L corresponding to 
the limit suction water level, speed reduction or air 
water separation must be performed or a splitter must 
be installed for the conventional vertical shaft pump. 
For this reason, the conventional vertical shaft pump 
requires a control system for speed reduction, or re 
quires a draining pipe f and an air-water switching 
means q. Although raising the position of the impeller e 
reduces vortexes, the water level at which pumping is 
started also rises, and the effective suction water depth 
of the vertical shaft pump decreases. Even if a splitter c 
is installed, the limit water depth h at which the pump 
does not suck air from the water surface on the suction 
side is about 1.2 times as large as the bore of the suction 
port d. To reduce this water depth h, it is necessary to 
restrict the pump discharge by controlling the rota 
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2 
tional speed of the vertical shaft pump or the degree of 
opening of the discharge valve. 
FIG. 10 is a view for explaining the construction of a 

conventional dry pit type pump. In this figure, this 
pump is installed outside an intake chamber a. The 
pump sucks water in the intake chamber through a 
suction tube i passing through the side wall of intake 
chamber a, pressurizes the water with an impellerij, and 
discharges it through the scroll chamber k. H.W.L 
denotes the highest level of water flowing into the in 
take chamber a, and L.W.L denotes the lowest water 
level at which the pump can operate safely without the 
occurrence of air suction vortexes or submerged vor 
texes. 

On the above-described conventional dry pit type 
pump as well, air suction vortexes or submerged Vor 
texes occur when the suction water level is lower than 
the lowest water level L.W.L, and vibration and noise 
may result because the pump sucks these vortexes. In 
such a case, it is necessary to decrease the discharge rate 
of flow or reduce the rotational speed. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a 

drainage pump which can operate stably even when the 
suction water level is lower than a specified level. 
To attain the above object, the drainage pump of this 

invention comprises an air intake pipe whose one end 
opens near the impeller in the suction tube and whose 
other end opens at the set lowest suction water level. 
On this drainage pump, air is taken from the air intake 

pipe into the suction tube when the water level on the 
suction side is lower than a specified level. This reduces 
the discharge rate of flow from the pump, so that air 
suction vortexes are not generated on the water surface 
on the suction side. 
Another drainage pump of this invention comprises a 

first branch pipe which is connected horizontally to the 
middle part of the suction tube and which rises verti 
cally, a second branch pipe which communicates with 
this first branch pipe and branches horizontally at one 
end so as to be in communication with the impeller 
suction portion at one end and connects at the other end 
to the air intake pipe extending vertically and having its 
open end at a position higher than the highest suction 
water level, and a main valve disposed between the first 
and second branch pipes. 
According to this invention, since the impeller suc 

tion portion is indirectly connected to the position cor 
responding to the suction water level requiring air suc 
tion, even a dry pit type pump can be operated in such 
a manner so as to make the best of the advantages of a 
wet pit type pump and preclude the entrance of foreign 
matters. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will now be described in detail with 

reference to the accompanying drawings wherein: 
FIG. 1 is a longitudinal cross-sectional view of a first 

embodiment of vertical shaft type axial flow pump for 
drainage according to this invention; 

FIG. 2 is a cross-sectional view taken along the plane 
of line II-II of FIG. 1; 
FIGS. 3(a)-(g) are schematic cross-sectional views 

for explaining the operation of the pump of the first 
embodiment; 
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FIG. 4 is a longitudinal cross-sectional view of the 

improvement of the vertical shaft type axial flow pump 
of the first embodiment; 
FIG. 5 is a longitudinal cross-sectional view of a 

second embodiment of a vertical shaft type volute pump 
for drainage according to this invention; 

FIG. 6 is a graph for explaining the operation of the 
pump; 
FIG. 7 is a longitudinal cross-sectional view of a 

further improvement of the vertical shaft type volute 
pump of the second embodiment; 
FIG. 8 is a cross-sectional view of a conventional 

vertical shaft type axial flow pump; 
FIG. 9 is a front elevational view of an improvement 

of the conventional vertical shaft type axial flow pump; 
and 

FIG. 10 is a longitudinal cross-sectional view of a 
conventional vertical shaft type volute pump. 
DETALED DESCRIPTION OF PREFERRED 

EMBODIMENTS 
FIGS. 1 through 3 show a vertical shaft type axial 

flow pump according to this invention. The embodi 
ment of the pump shown in these figures is used for 
drainage of rain water. Referring to FIGS. 1 and 2, a 
pump 10 has three small holes 14 having an area size 
equivalent to 0.5-3.0% of the area of a throat portion 13 
near the entrance of an impeller 12 in a suction tube 
(cover) 11. Also, mounted is an air intake pipe 15 which 
has an opening at a base end 15a to the throat portion 13 
at Substantially the same level with the small holes 14 in 
the suction tube 11. The air intake pipe 15 has a size 
equivalent to 0.5-3.0% of the area of the throat portion 
13. The end 15b of the air intake pipe 15 opens to the 
water level L.W.L. at which air suction vortexes are not 
generated from the water surface W.L on the suction 
side when the pump is operated at a specified discharge 
rate of flow. The air intake pipe rises from the water 
level and is bent downwardly in an inverse U shape. 
The number of the small holes 14 and the number of the 
air intake pipes 15 may be single or plural. Reference 
numeral 16 denotes a main shaft, and 17 a guide vane. 
As shown in FIG. 3(a), when the water level on the 

suction side, namely the suction water level W.L., is 
below the small hole 14, the inside of suction tube 11 is 
perfectly in the air-water separated condition, so that 
the pump operates stably in the air without intake of 
either air or water. Next, as shown in FIG. 3(b), when 
the suction water level W.L rises and reaches the lower 
end of the impeller 12, water suction from the suction 
tube 11 is started by the pumping action of the impeller 
12. The pressure at the throat portion decreases by a v 
2/2 g, where is the flow rate in pumping, is the loss 
factor of pressure, and g is the acceleration of gravity. 
This means that the pressure at that portion is lower 
than the atmospheric pressure, and the air correspond 
ing to the pressure difference &SP from the atmospheric 
pressure is sucked from the air intake pipe 15. This air 
sucked from the air intake pipe 15 blocks the passage 
between the vanes of the impeller 12, leading to the 
decrease in the discharge rate of flow of the pump. The 
pressure at the throat portion 13 becomes lower as the 
suction water level W.L. is low. When the suction water 
level W.L. is at the lower end of the impeller 12, water 
is pumped at, for example, only about 20% of the speci 
fied discharge rate of flow because of the suction of air; 
therefore, air suction vortexes are not generated at the 
water surface on the suction side, enabling stable opera 
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4. 
tion with less vibration. When the suction water level 
rises further as shown in FIG. 3(c), the pressure at the 
throat portion 13 increases, so that the amount of air 
sucked from the air intake pipe 15 decreases, and the 
amount of water sucked through the suction tube 11 
increases. As a result, the discharge rate of flow of the 
pump approaches a specified value. 
When the suction water level W.L rises to a position 

above the end 15b of the air intake pipe 15 as shown in 
FIG.3(d), air is not sucked at all because the end 15b of 
the air intake pipe 15 is submerged. As a result, the 
pump operates normally at a specified discharge rate of 
flow. Although there occur flows sucked from the air 
intake pipe 15 and the small holes 14 into the impeller 
12, their amount is far smaller than the flow amount 
entering from the suction tube 11, so that no irregular 
flow is produced, and the pump performance is not 
affected at all. 

Next, when the suction water level W.L. lowers to a 
position below the end 15b of the air intake pipe 15 as 
shown in FIG.3(e), air is sucked from the air intake pipe 
15, so that the discharge rate of flow of the pump is 
decreased. Therefore, air suction vortexes are not gen 
erated from the water surface at the suction side even 
when the suction water level W.L. is below the water 
level L.W.L. When the suction water level W.L. lowers 
to a position below the small hole 14 as shown in FIG. 
3(f), air enters through the air intake pipe 15 and the 
small holes 14, and air-water separation is performed at 
the lower end of the impeller 12, so that the impeller 12 
rotates in the air. In this case, if the small holes are not 
provided and only the air intake pipe 15 is mounted, 
complete air-water separation does not happen because 
of the line resistance of the air intake pipe 15 and the 
blocking of the base end 15a due to the flow in the 
suction tube 11 as shown in FIG. 30g). As a result, the 
hunting phenomenon takes place and pumping and air 
water separation are alternately repeated, so that tran 
sient operation may continue. If a small hole 14 is pro 
vided, however, air-water separation is performed com 
pletely when the water level W.L. is below the small 
hole 14, permitting stable operation in the air. The 
above-described phenomena were confirmed by per 
forming continuous operation of an actual vertical shaft 
pump while moving up and down the water level on the 
suction side. 
Thus, the vertical shaft pump of this invention can 

operate stably all the time under the normal condition 
without the air-water stirring at the impeller 12 or the 
generation of air suction vortexes at the water surface 
on the suction side irrespective of how far the suction 
water level W.L. lowers. Therefore, the pump of this 
type is suitable as a pump which must operate without 
decreasing its rotational speed even when the water 
level is below the impeller 12, such as pumps for drain 
ing rain water. The pump of this invention requires no 
special operation or tools, such as the rotational speed 
control of the pump and the control of the opening 
degree of a discharge valve in response to changes in 
suction water level, and provides nearly the same ser 
vice life and reliability as those of the conventional 
pump of this type even if it is used under harsh condi 
tions. 

FIG. 4 shows an improvement of the above embodi 
ment of the pump. 
According to this embodiment, an air intake pipe 15 

rises to a high position A where liquid does not flow in 
the pipe, and then is bent downward from the top, its 
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end 15b opening to the set low water level L.W.L of the 
intake chamber T. Around the end 15b, a cylinder 18 
with its both ends open is coaxially disposed with a gap 
for permitting air to flow between the air intake pipe 15 
and the cylinder 18. At the lower end of the cylinder 18, 
a strainer which can suck liquid is mounted. The upper 
end of the cylinder 18 opens to a position higher than 
the highest water level H.W.L. at which the pump can 
suck water. 

In this arrangement, the rain water or sewage flowing 
through a suction tube 11 passes through a throat por 
tion 13, is pressurized by the impeller 12, and is dis 
charged through a guide vane 17. Since the end 15b of 
the air intake pipe 15 opens at the position of the low 
water level L.W.L. at which air suction is necessary, air 
suction is performed only when the water level is lower 
than the L.W.L. In this case, the strainer 19 mounted at 
the position of end 15b prevents foreign matters on the 
water surface from entering the air intake pipe 15. Al 
though the strainer 19 sometimes has a high resistance 
due to foreign matters, air can be sucked from the upper 
opening of the cylinder 18 in this case; therefore, short 
age of suction air does not occur. 
When the water level is higher than the L.W.L, the 

water in the intake chamber T is sucked into the air 
intake pipe 15through the opening of the strainer 19. In 
this case, air is not sucked into, and no effect of air 
entrance is observed. Therefore, prescribed pumping is 
carried out through the suction tube 11, and the speci 
fied pumping performance can be achieved. Since the 
air intake pipe rises up to a high position A where liquid 
does not flow in the pipe, the amount of water flow 
from the strainer 19 is very small, which prevents the 
strainer 19 from clogging due to the suction of liquid. 
Even if the strainer 19 clogs to some degree, the perfor 
mance is not impaired. For these reasons, even if foreign 
matters enter the water flowing into the suction cham 
ber T, the function of air intake pipe 15 is not impaired, 
and sound pump operation becomes possible at any 
water level. 

FIG. 5 is a sectional view of another embodiment of 
this invention for explaining the construction of a dry 
pit type pump. FIG. 6 is a graph for explaining the 
operation of the pump. Referring to FIG. 5, the dry pit 
type pump of this invention is a volute pump used for 
moving sewage water. As shown in the figure, the 
pump 20 is installed outside the intake chamber T. This 
pump sucks sewage in the intake chamber T through a 
suction tube 21 passing through the side wall of intake 
chamber T. The sewage is pressurized by an impeller 22 
and discharged through a scroll chamber 27. W.L de 
notes the water level of sewage flowing into the intake 
chamber T, namely the suction water level of the pump 
20, and L.W.L denotes the lowest water level at which 
the pump can be operated without producing air suction 
vortexes and submerged vortexes. In the suction casing 
20a immediately under the entrance of the impeller 22, 
a plurality of air suction holes 24 are drilled in the radial 
direction, which are connected to each other by a ring 
tube 28. The side wall of intake chamber T has a 
through hole drilled at a height corresponding to the 
lowest suction water level L.W.L., which is in commu 
nication with the ring tube 28 through an air intake pipe. 
It is not particularly necessary that the air suction holes 
24 of the suction casing are at the same level with the 
through hole 29 of the intake chamber T. It does not 
matter which of them is higher because the level of the 
opening of an air intake pipe 25 is determined from the 
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6 
height of the through hole 29. The pump may be a 
mixed flow pump or a pump of other type. 
The pressure at the air suction holes 24 immediately 

under the impeller 22 is determined by the water level 
W.L and the pressure loss at the suction tube 21. When 
the water level W.L. is below the lowest water level 
L.W.L, air is sucked through the air intake pipe 25 by 
the pressure difference between the pressure at the air 
suction holes 24 and the atmospheric pressure. The 
amount of suction air Qais expressed by the following 
equation: 

where, a and are coefficients depending on the air 
intake pipe 25, His the atmospheric pressure, and Hiis 
the static pressure at the air suction holes 24. The air 
suction ratio A is expressed by the following equation: 

(1) 

Q - a (lit. a - -- 

(2) 

where, Qwis the pump discharge, g and y are constants 
determined from the cross sectional area and the pres 
sure loss factor of the suction tube 21 and the air intake 
pipe 25, Hs is the level difference between the water 
level W.L and the air suction hole 24. The pump dis 
charge Qw determines the level difference H, in which 
the static pressure His negative in relation to the atmo 
spheric pressure Hb. Therefore, if the pump discharge 
QW is large, the static pressure Hiat the air suction hole 
24 is negative even when the water level is considerably 
high. As shown in FIG. 6, when the water level W.L is 
below the lowest suction water level L.W.L., air is 
sucked through the through hole 29, air intake pipe 25, 
ring tube 28, and air suction holes 24, leading to the 
reduction in the pump discharge Qw. In FIG. 6, n is the 
pump efficiency, mn and Q are the efficiency and the 
pump discharge, respectively, in the case where the 
water level is sufficiently high, and Db is the bellmouth 
diameter of the suction tube 21. 
On this pump, the through hole 29 in the side wall of 

intake chamber T is installed at the height correspond 
ing to the lowest suction water level L.W.L, and this 
through hole connects to the air suction holes 24 in 
stalled in the suction casing immediately under the en 
trance of impeller 22 through the air intake pipe 25. 
Since the opening of the air intake pipe 25, namely the 
through hole 29, is in the water when the water level is 
high though the static pressure Hi at the air suction 
holes is negative even when the water level is consider 
ably high, the sewage in the intake chamber T flows 
into the air intake pipe 25, but the performance of the 
pump is not deteriorated. When the water level W.L is 
below the lowest suction water level L.W.L., air suction 
is performed through the air suction pipe 25, so that the 
pump discharge Qwsuddenly decreases. As a result, the 
pump can operate safely without reducing its rotational 
speed because there is no risk of producing air suction 
vortexes and submerged vortexes. When the water level 
lowers to a point where the pump discharge Qais about 
10-20% of a specified rate of flow of the pump, the 
pumped water at the suction casing immediately under 
the entrance of the impeller 22 separates into two phases 
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of air and liquid, which makes the pumping operation 
impossible. Thus, the pump performs a quiet holding 
operation. When the water level rises from this condi 
tion up to the lowest suction water level L.W.L. at 
which the pump operates safely at a specified discharge 
rate of flow, the pump starts pumping operation. 
FIG. 7 shows an improvement of the above 

described volute type mixed flow pump. In the volute 
type mixed flow pump shown in FIG. 7, a first branch 
pipe 31 is connected in the horizontal direction midway 
in the suction tube 21 protruding into the intake cham 
ber T. This first branch pipe 31 is raised vertically and 
connected to a main valve 32. The main valve 32 is 
connected to a second branch pipe 33. The branch point 
of the second branch pipe 33 lies at the position of the 
water level L.W.L requiring air suction. From this 
branch point, a small-diameter branch pipe 34 extends 
horizontally so as to connect to the ring tube 28 which 
is in communication with the air suction holes 24 of the 
suction casing. The second branch pipe 33 is connected 
to an air intake pipe 35 extending vertically. The end 
35a of the air intake pipe 35 opens at a position higher 
than the highest suction water level H.W.L. 
On the volute type mixed flow pump of this invention 

shown in FIG. 7, the pressure P1 at the first branch 
point, the pressure P2 at the second branch point, and 
the pressure P3 at the suction casing are expressed as 
follows: 

P/y = H - "V/2g (3) 
P/y = (H - H2) - (51"V1/2g+ £2" V22/2g) (4) 
P/y = (H - H2) - (51* V/2g+ is V3/2g) (5) 

where, y is the specific gravity of liquid, H is the height 
from the centerline of suction tube 21 to the highest 
suction water level H.W.L., H2 is the height from the 
centerline of suction tube 21 to the water level L.W.L 
requiring air suction, 1 is the loss factor from the en 
trance of suction tube 21 to the first branch point, 82 is 
the loss factor from the first branch point to the second 
branch point, 83 is the loss factor from the first branch 
point to the suction casing, V1 is the velocity of the 
main flow at the first branch point in the suction tube 
21, V2 is the velocity of fluid in the second branch pipe, 
and V3 is the velocity of the main flow at the suction 
casing. 
When the water level is high, the main flow at the 

suction casing is made by the pressure difference 
(P1-P3) between the pressure P1 at the first branch point 
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and the pressure P3 at the suction casing, the velocity of 50 
the main flow being V3. In the branch pipe 34, water 
also flows by the pressure difference (P2-P3) between 
the pressure P2 at the second branch point and the pres 
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sure P3 at the suction casing. Since the loss factor in 
cluding the air suction holes 24 of the small-diameter 
branch pipe 34 is higher than the loss factor of the 
main flow, the amount of water flowing in the branch 
pipe 34 is small. 

Here, we will consider the case where foreign mat 
ters flow. The first branch pipe branches in the horizon 
tal direction, and water flows by the pressure difference 
(P1-P2) between the pressure P1 at the first branch point 
and the pressure P2 at the second branch point with a 
low flow velocity of V2. Therefore, it is difficult for 
foreign matters to enter the first branch pipe 31. Even if 
it enters, sludge and the like will settle at the position 
where the pipe rises vertically because the velocity V2 
is low. If the pipe is clogged by foreign matters, mainte 
nance work can be easily carried out by closing the 
main valve. 
Air is sucked when the pressure P2 becomes a nega 

tive pressure. The condition of air suction is expressed 
as follows: 

In the case of air suction, since the second term at the 
right side of Equation (6) is zero, the relation between 
the water level at which air suction is desired and the 
discharge Q is determined from the following equation: 

H2=H-51/2g(Q/A) (7) 

where, A is the sectional area of the suction tube 21. 
We claim: 
1. A vertical shaft type axial flow liquid pump com 

prising: 
a pump casing having a liquid intake suction tube 

section having an inlet end for immersion in said 
liquid, an impeller section adjacent said intake sec 
tion and a discharge section downstream of said 
impeller section; 

an impeller in said impeller section for pumping liquid 
through said casing; 

a substantially vertical shaft connected to said impel 
ler for driving said impeller; 

a plurality of air intake holes through said suction 
tube section proximate said impeller; and 

an air intake pipe having an outlet end connected to 
one of said holes and an inlet end positioned at a 
preset lowest suction liquid level of said liquid, so 
that when the level of said liquid drops below said 
holes air enters the other of said holes to provide 
air and liquid separation in said suction tube section 
for stable operation of said pump. 
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