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DESCRIPTION

FLUID MACHINE

Technical Field
The present invention relates to a fluid machine
such as a pump or the like, and more particularly to a fluid
machine which detects the temperature of a fluid being
handled, prevents shut-off operation of a pump or the like,
or changes the flow rate or pressure of the fluid based on

the detected temperature of the fluid being handled.

Background Art

Generally, when the shut-off operation of a pump
ié carried out for a long period of time, the pump causes
trouble. Specifically, since the liquid being handled by
the pump is expanded by a rise in the temperature of the
liguid in the pump, the pressure in the pump increases,
resulting in damage to the pump casing.

It is-also known that when the handled liquid is -
evaporated and atomized, the service life of a mechanical
seal and a gland packing is reduced. If the pump is of such
a structure that the handled 1liquid is used to lubricate
bearings and cool the motor, then the evaporated and
atomized liquid also reduces the service 1life of the
bearings and the motor. Heretofore, if the shut-off
operation of a pump 1is wunavoidable due to system
requirements, then it has been customary to protect the pump

with a relief pipe or the like in the shut-off operation.
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However, when the relief pipe is used, it may
accidentally bring about shut-off operation due to a rust-
based clog in the relief pipe or erroneous operation of the
valve of the relief pipe.

Facilities for producing cooling water with a
cooling tower and a circulating pump are continuously
operated irrespective of the temperature of the liquid, and
often consume more electric power than necessary.

There is also a system in which some units, i.e.,
a fan and a pump of a cooling tower, are operated when the
temperature of the liquid rises, and they are shut down when
the temperature of the liquid falls. Though this system is
a better energy saver than the former facilities, it may
fail to supply desired cooling water because the temperature
of the liquid varies depending on the temperature settings
for turning on and off the thermostat. If the range in
which the temperature of the liquid is variable is reduced,
then the above units need to be started and shut down more

frequently, and hence suffer maintenance problems.

Disclosure of Invention
In view of the above conventional problems, it is
a first object of the present invention to provide a method
of preventing the shut-off operation of a pump for
protecting the pump from the shut-off operation, and a pump
unit which employs such method.
A second object of the present invention is to

provide a fluid machine which recognizes the temperature of
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a fluid by itself and employs the recognized temperature in
coordination with the flow rate or pressure of the fluid to
allow thé entire system to save more energy.

To achieve the first object described above, in a
method of preventing shut-off operation of a pump accordihg
to a first aspect of the present invention, the temperature
of a handled liquid in the pump is detected, and the pump is
shut down if an increase in the temperature per time of the
handled liqﬁid is greater than a predetermined value.

According to the first aspect of the present
invention, the pump is reliably protected from shut-off
operation. When the pump is operated normally, it should
not be operated in error. 1In applications for circulating
hot water, the temperature of the handled liquid passing
through the pump may abruptly change as in the following
case. For example, at the same time that the pump . is
actuated, hot water is supplied from a heat source on a
suction side.

For preventing the pump from being operated in
error, in a method of preventing shut-off operation of a
pump according to a second aspect of the present invention,
a temperature of a handled liquid in the pump is measured in
a predetermined time (AT) at a plurality of (N) times, and
the pump is shut down if an increase in the temperature
across the predetermined time is greater than a
predetermined value (At) at (N - 1) times.

The method according to the second aspect of the

present invention is capable of preventing the pump from
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being operated in efror.

Specifically, the temperature of the handled
liguid is measured N times, e.g., six times, each in the
predetermined time (AT), e.g., 1 minute. If all the
temperature differences between first and second
measurements, second and third measurements, +third and
fourth measurements, fourth and fifth measurements, and
fifth and six measurements are 2°C or higher, then the pump
is shut down. In this manner, even if the temperature of
the handled 1liquid is changed (increased) transiently in
normal operation of the pump, the pump is prevented from
being shut down in error.

In order to recognize the gradient of the
increase in the temperature of the handled liquid in the
pump, it is necessary to measure the temperature at least
across, i.e., before and after, the predetermined time.
Therefore, it is time-consuming to recognize the gradient of
the increase in the temperature of the handled 1liquid.
However, if a shut-off operation of the pump occurs while
the pump is operating at the upper limit of the temperature
range according to pump specifications, then the pump needs
to be shut down as soon as possible because the temperature
of the liquid in the pump exceeds the specification range in
a short period of time.

In a method of preventing shut-off operation of a
pump according to a third aspect of the present invention,
the pump is shut down if a temperature of the handled liquid

in the pump, other than the increase in the temperature per
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time of the handled liquid, becomes equal to or higher than
a predetermined value (T). In this manner, the pump is
protected from suffering the above problems.

A pump unit according to an aspect of the present
invention has a pump, a motor for actuating the pump, a
temperature detecting device for detecting the temperature
of a handled liquid in the pump, and a control circuit
electrically connected to the temperature detecting device
for controlling operation of the motor; wherein the pump is
shut down if an increase in the temperature, detected by the
temperature detecting device, per time of the handled liquid
is greater than a predetermined value.

In this invention, the pump unit has a frequency
converter assembly for supplying electric power to the
motor, the control circuit being disposed in the frequency
converter assembly.

Recently, there have been used pump units having
a pump, a motor, and a frequency converter (inverter) that
are integrally combined with each other. These pump units

are products that are primarily designed as an energy saver.

In such a pump unit, a temperature detecting device is

disposed in a pump casing, and connected to the control
circuit in the frequency converter assembly for protecting
tﬁe pump from shut-off operation.

Since the frequency converter has a circuit for
stdring and processing supplied information to control an
output signal to the motor, it is easy to protect the pump

by recognizing the gradient of the increase in the
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temperature of the handled liquid, as described above.

According to another aspect of the present
invention, a pump unit for shutting down a pump after a
shut-off operation of the pump when the amount of liquid
supplied from the pump is reduced, characterized in that the
temperature of a handled liquid in the pump is detected, and
the pump is shut down if an increase in the temperature per'
time of the handled liquid'is greater than a predetermined
value.

In ordér to achieve the above second object, a
fiuid ﬁachine for delivering a fluid according to an aspect
of the present invention, characterized in that a flow rate
or pressure ‘of the fluid is changed depending on the
temperature of the fluid or the change in the temperature of
the fluid bésed on a predetermined control program.

In the fluid machine according to the present
invention, since the temperature of the handled fluid is
recognized, and the flow raté or pressure of the fluid can
be changed depending on the temperature of the fluid or the
change in the temperature of the fluid, the energy consumed
by the overall system can be saved. 1In a preferred aspect,
the flow rate or pressure of the fluid is changed in order
to keep the temperature of the fluid substantially constant.
The flow rate or pressure of the fluid is changed by
adjusting the rotational speed of the flﬁid machine which is
a turbo-type fluid machine.

In the fluid machine according to the present

invention, a target reference temperature for the fluid is
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predetermined, and the actual temperature of the handled
fluid is detected by the temperature detecting device. If
there is a difference between the reference temperature and
the actual temperature of the fluid, then the rotational
speed of the fluid machine is increased or decreased to
reduce the difference between the reference temperature and
the actual temperature of the fluid.

According to a preferred aspect of the present
invention, a fluid machine is characterized by a pump unit
comprising a pump, a motor for actuating the pump, and a
frequency converter assembly for controlling the motor to
change its speed, and further characterized by a temperature
detecting device disposed in the pump unit, the arrangement
being such that a signal ffom the temperature detecting
device 1is supplied to a controller in the frequency
converter assembly. A switch ié disposed in the frequency
converter assembly for changing the reference temperature
stepwise.

According to an aspect of the present invention,
a temperature detecting device for detecting the temperature
of air is separately disposed around the fluid machine, and
the preset reference temperature is automatically changed
based on a detected signal ffom the temperature detecting
device. In this structure, the fluid machine can be
operated in view of the temperature of the ambient air for

allowing the overall system to save more energy.

Brief Description of Drawings
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FIG. -1 is a cross-sectional view showing a first
embodiment of a pump unit according to the present
inventidn;

FIG. 2 1is a schematic diagram showing an
embodiment of a fluid machine according to the present
invention;

FIG. 3 1is a view showing another preferred
embodiment of a fluid machine according to the present
invention;

FIG. 4A is a front elevational view partly in
cross section and 4B is a side elevational view, and both
views are shoﬁing details of the device shown in FIG. 3;

FIG. 5 is a cross-sectional view taken along line
V - V of FIG. 4A; and

FIG. 6 is a diagram showing an embodiment where
the present invention is applied to a water treatment

system.

Best Mode for Carrying Out the Invention

An embodiment of a pump unit according to the
present invention will be described below with reference to
FIG. 1. FIG. 1 is a cross-sectional view of a full-
circumferential flow motor pump as an embodiment of a pump
unit according to the present invention.

The full-circumferential flow motor pump has a
pump casing 1, a canned motor 6 housed in the pump casing 1,
and an impeller 8 fixed to'an end of a main shaft 7 of the

canned motor 6. The pump casing 1 comprises an outer
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cylinder 2, and a suction casing 3 and a discharge casing 4
which are connected respectively to the opposite ends of the
outer cylinder 2 by casing flanges 61, 62. The casing
flanges 61, 62 comprise loose ring-shaped casing flanges by
which the suction casing 3 and the discharge casing 4 are
fixed to the outer cylinder 2. The outer cylinder 2, the
suction casing 3, and the discharge casing 4 are made of
sheet metal such as stainless steel.

A brécket 45 is mounted on an outer
circumferential surface of the outer c¢ylinder 2, and a
frequency converter assembly 50 is mounted on the bracket
45. The frequency converter assembly 50 comprisés a base 46
attached to the bracket 45, a cover 47 attached to the base
46, a frequency converter (inverter) 48 surrounded by the
base 46 and the cover 47, and a control circuit 49. The
frequency converter 48 and the control circuit 49 are
connected to each other by a signal line 81.

The bracket 45 and the base 46 have-respective
holes 45a, 46a defined therein through which the canned
motor 6 and the frequency converter 48 are electrically
connected to each other by leads 82. The bracket 45, the
base 46, and thelcover 47 are made of a good heat conductor
of aluminum alloy.

The canned motor 6 comprises a stator 13, a motor

‘frame outer barrel 14 disposed around the stator 13, .motor

frame side plates 15, 16 welded to open ends of the motor
frame outer barrel 14, and a can 17 fitted in the stator 13

and welded to the motor frame side plates 15, 16. A rotor
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18 rotatably disposed in the stator 13 is shrink-fitted over
the main shaft 7. An annular space (flow path) 40 is
defined between the motor frame outer barrel 14 and the
outer cylinder 2.

A guide member 11 for guiding a fluid radially
inwardly is held by the motor frame side plate 16 of the
canned motor 6. The impeller 8 is housed in an inner casing
12 that is fixed to the guide member 11. A seal member 85
is disposed on an outer circumferential portion of the gquide
member 11.

Liner rings 76 are mounted on inner ends of the
guide ring 11 and are slidable against a front surface
(suction mouth side) of the impeller 8. The inner casing 12
is substantially dome-shaped and covers an end of the main
shaft 7 of the canned motor 6. The inner casing 12 has a
guide device 12a comprising a guide vane or volute for
guiding the fluid discharged from the impeller 8. ' The inner'
casing 12 also has an air vent hole 12b defined in a tip end
thereof.

A terminal case 20 is fixed to the motor frame.
outer barrel 14 by welding. The leads.82 extend outwardly
from the coils in‘the motor frame outer barfel 14 through
the terminal case 20, and are connected to the frequency
converter (inverter) 48 in the base 46 and the cover 47 via
the hole 45a in the bracket 45 and the lead passage hole 46a
in the base 46. The outer cylinder 2 has a hole 2a defined
therein in which the terminal case 20 is inserted. The

terminal case 20 houses therein a thermistor 51 as a

10
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temperature detecting device. The thermistor.Sl is fixed in
position by a rubber bushing 52. The thermistor 51 is
connected to the control circuit 49 by a signal line 83.
Bearings and associated parts near the impeller 8
will be described below.
A bearing bracket 21 supports a radial bearing 22
and a fixed thrust bearing 23. The radiai bearing 22 has an

end face serving as a fixed thrust sliding member. Rotary

thrust bearings 24, 25 as rotary thrust sliding members are

disposed on opposite sides of the radial bearing 22 and the
fixed thrust beafing 23. The rotary thrust bearing 24 is
fixed to a thrust disk 26 that is fixed to the main shaft 7
by a key. The rotary thrust bearing 25 is fixed to a thrust
disk 27 that is fixed to the main shaft 7 by a key.

The bearing bracket 21 is inserted in a socket
defined in the motor frame side plate 16 with an O-ring 29
of an elastomeric material interposed therebetween. A
sleeve 31 serves as a sliding member against which the
radial bearing 22 slides.

Bearings and associated parts remote from the
impeller 8 will be described below.

A bearing bracket 32 supports a radial bearing
33. A sleeve 34 serves as a sliding ﬁember against which
the radial bearing 33 slides. Thé sleeve 34 is held against
a seat 35 that is fixed in position by two nuts 36 threaded
over a threaded end of the main shaft 7. The bearing
bracket 32 1is inserted in a socket defined in the motor

frame side plate 15 with an O-ring 37 of an elastomeric

11
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material interposed therebetween.

Stays 43 are welded to the motor frame outer
barrel 14. The stays 43 are fixed to the outer cylinder 2
by welding. The canned motor 6 is rotatable at a speed of
4000 rpm or more by the frequency converter 48 that converts
the frequency of a commercially available power supply into
a higher frequency.

A discharge nozzle 70 is fixed to the discharge
casing 4 by welding. The discharge nozzle 70 comprises an
annular member having a large outside diameter and a large
wall thickness. The discharge nozzle 70 is made of
stainless steel or the 1like which is the same as the
material of the pump casing, and has a front end face
serving as a sealing surface 70s for mating with a companion
flange (not shown). A discharge flange 71 fixed to the
discharge nozzle 70 is made of a material different from the
material of the pump casing, e.g., cast iron (FC) or the
like, and is threaded over the discharge nozzle 70. As
shown in FIG. 1, the discharge flange 71 has an upper
portion partly beveled. An installation 1leg 71L is
integrally formed on the discharge flange 71.

A pressure pickup pipe 72 has a distal end
threaded in the discharge nozzle 70. A plug 73 is removably
attached to the pressure pickup pipe 72. The pressure
pickup pipe 72 is mounted on the discharge flange 71 at its
beveled position out of alignment with a maximum-outside-
diameter portion thereof. When the plug 73 is removed and a

pressure gage 1is attached to the pressure pickup pipe 72,

12
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the discharge pressure in the discharge nozzle 70 can be
measured.

As shown in FIG. 1, a suction nozzle 74 is fixed
to the suction casing 3 of the pump casing, and a suction
flange 75 is fixed to the suction nozzle 74. A leg 75L is
integrally formed on the suction flange 75. The discharge
flange 71 and the suction flange 75 have outside diameters
greater than the inside diameters of the casing flanges 61,
62. |

Operation of the full-circumferential flow motor
pump shown in FIG. 1 will briefly be described below. The
fluid drawn from the suction nozzle 74 connected to the
suction casing 3 flows through the suction casing 3 into the
annular flow path 40 defined between the outer cylinder 2
and the motor frame outer barrel 14 of the canned motor 6,
passes through the annular flow path 40, and is guided by
the guide member 11 into the impeller 8. The fluid
discharged from the impeller 8 flows through the guide
-device 12a, and is discharged from the discharge nozzle 70
connected to the discharge casing 4.

In the present embodiment, the thermistor 51 as a
température detecting device is disposed in the terminal
assembly of the full-circumferential flow motor pump, and
fixed in position by the rubber bushing 52. The rubber
bushing 52 is effective to reduce the heat of the frequency
converter 48 transmitted to the thermistor 51. Therefore,
the temperature of the handled 1liquid in the pump can

accurately be determined. Since the terminal assembly is

13
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positioned intermediate between the motor stator 31 and the
frequency converter 48 and faces the flow path, the
temperature of thé handled liquid in the pump can accurately
be detected. The present invention is based on the fact
that the temperature of the liquid in the pump abruptly
increases in the shut-off operation of the pump, and shuts
down the pump when the gradient of the temperature ihcrease
is sharp. Sbecifically, if the temperature increase per
time is 2°C per minute, for example, the pump is shut down.
Therefore, the pump can reliably be protected.

The terminal case 20 of the terminal assembly is
made of metal (thin sheet of stainless steel), and can well
transmit the temperature of the handled liquid in the pump
to the thérmistor 51 in the terminal case 20. The
thermistor 51 thus installed with such care is electrically
connected to the control circuit (board) 49 in the freqﬁency
converter assembly 50 for reliable prevention of the shut-
off operation of the pump.

In 'the shut-off operation of the full-
circumferential flow motor pump, the temperature of the
handled liquid in the pump increases with the heat genefated
by the motor as well as the heat generated by the pump
assembly. As with the embodiment shown in FIG. 1, the
frequency converter mounted on an outer surface of the full-
circumferential flow motor pump is effectively cooled by the
handled liquid in normal operation of the pump, but the heat
generated by the frequency converter is also transferred to

the handled 1liquid. Therefore, the temperature of the

14
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handled liquid in the full-circumferential flow motor pump
is more liable to increase than the ordinary pump in the
shut-off operation. Therefore, it is highly effective to
protect the pump with the method of preventing the shut-off
operation of the pump according to the present invention.

Furthermore, the full-circumferential flow'motor
pump shown in FIG. 1 has its pump assembly and motor
operable at high speed and reduced in size by the use of the
frequency converter. Since the flow rate of water in the
pump to the amount of work done by the pump/motor and the
frequency converter is relatively small, the gradient of the
temperature rise in the shut-off operation is largé.
Therefore, the present invention is particularly effective
in the full-circumferential flow motor pump.

It 1is important to shut down the pump for
protection against use of the pump at liquid temperatures
outside its specifications as well as the shut-off
operation. Therefore, if the temperature of the handled
liquid as detected by the thermistor 51 falls out of the
specification range, then the control circuit 49 in the
frequency converter assembly 50 shuts down the pump.

The process of recognizing the shut-off operation
based on the gradient of a temperature rise is also
important from another standpoint. Specifically, a water
supply apparatus generally employs a process of shutting
down the pump with a flow switch and a timer when the pump
is used at a low flow rate. However, this process suffers

the problem of undue wear of contacts of the flow switch.
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According to the present invention, since the
contactless thermistor 51 is used to detect the gradient of
a temperature rise of the handled liquid in the pump for
shutting down the pump, the process according to the present
invention is preferable from a durability standpoint. In
full-circumferential flow motor pumps and high-speed, small-
size pumps, the gradient of a temperature rise of the
handled liquid can easily be detected as it is sharp in the
shuf—off operation.

Based on the above function of the thermistor to
detect the temperature of the handled liquid, the flow
switch used in the water supply apparatus may be replaced
with the thermistor. Specifically, if the flow rate of
liguid discharged from the pump becomes equal to or smaller
than a prescribed flow rate, then since the temperature of
the handled liquid is increased, the temperature rise is
detected by the thermistor to shut down the pump.

In the method of preventing the shut-off
operation of a pump according to the present invention, as
described above, the temperature of the handled 1liquid in
the pump is detected, and if an increase in the temperature
of the handled liquid is sharp or if the temperature of the
handled liquid falls out of the specification range, then
the pump is shut down. Therefore, the shut-off operation of
the pump can reliably Be prevented from occurring.'

An embodiment of a fluid machine according to the
present invention will be described below.

FIG. 2 shows a cooling water production facility

16
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comprising a cooling tower and a circulating pump (pump A).
A cooling water produced by the facility is supplied to fan
coil units 102 installed in various places in a building 101
by a pump B. The supplied cooling water cools rooms in the
building 101, and returns, with its temperature increased,
to a water tank 103 installed outside of the building 101,
e.g., on the roof of the building 101. The pump A
corresponds to the fluid machine according to the present
invention. The water in the water tank 103 is delivered
under pressure by the pump A to a cooling tower 105 having a
fan 104. After the wafer is cooled by the cooling tower
105, it returns to the water tank 103. The water tank 103
is supplied with make-up water.

| According to the present invention, in order to
achieve the second object described above, the fluid machine
that comprises the pump A is arranged to change the flow
rate or pressure of the fluid in its operation depending on
the temperature of the fluid or the change in the
temperature of the fluid based on a predetermined control
program. The arrangement of the fluid machine will be
described below.

In FIG. 2, when the flow rate of the 1liquid
delivered by the pump A increases, the cooling effect of the
cooling tower 105 is increased, and hence the temperature of
the water in the water tamnk 103 is lowered. Generally, the
capacity of the pump A is selected with a margin in view of
the aging of the pipes and other factors. As a result, the

flow rate of the liquid in daily operation tends to become
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excessive, and the temperature of the water in the water
tank 103 is liable to be lower than necessary. According to
the present invention, the flow rate of the liguid through
the pump A is controlled so as to be constant when the water
temperature is about 32°C (reference temperature), thus
reducing the power consumption by the pump A.

In FIG. 2, the pump A, the pump B, and the fan
104 of the cooling tower 105 are also shut down in an
initial state. At this time, the water temperature is 28°C,
for example. If the building needs to be cooled, the pump B
is started to be operated, and the water temperature
gradually increases. When the water temperature exceeds the
reference temperature (32°C), the fan 104 of the cooling
tower 105 and the pump A start operating. At this time, the
pump A is operated at a relatively low rotational speed,
e.g., a rotational speed which is 60 % of the rated speed,
by a frequency cohverter (inverter) 106.

The fan 104 of the cooling tower 105 and the pump
A continue operating for 5 minutes, for example. If the
water temperature drops below the reference temperature
after 5 minutes, then the pump A is continuously operated at
the same rotational speed until the water temperature
reaches 28°C, for example. When the Wéter temperature
reaches 28°C, the pump A and the fan 104 of the cooling
tower 105 are shut down. If the water temperature further
increases after 5 minutes, then the rotational speed of the
pump A is increased. At this time, the pump A is operated

at a rotational speed which is 65 % of the rated speed, for
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example. By thus comparing the water temperature with the
reference temperature in every 5 minutes to automatically
change or maintain the rotational speed of the pump A, the
temperature of the cooling water is kept at about 32°C, and
the power consumption by the pump A is held to a minimum
required.

In a system for producing hot water, unlike the
system shown in FIG. 2, the control program is arranged such
that the rotational speed of the pump A is decreased when
the water temperature is increased, and increased when thé
water temperature is lowered. For example, the water
temperature in such a system for producing hoﬁ water can be
maintained at about 60°C.

In the above example, the relationship between
the increase and decrease in the rotational speed of the
pump A and _the increase and decrease in the water
temperature is already knoﬁn. That is, in the example shown
in FIG. 2, it is known that when the rotational speed is
increased, the water temperature is lowered.

However, there ére instances where the above
relationship is unknown even though the reference
temperature is determined. Stated otherwise, there is a
system in which it is not known whether the water
temperature is increased or decreased if the rotational
speed is increased.

According to an aspect of the present invention,
if there is a difference between a preset reference

temperature and an actual fluid temperature, then the
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rotational speed 1is increased or decreased,l and if the
difference increases as a result, then the rotational speed
is conversely decreased or increased. This process lends
itself to a system where it is not known whether the water
temperature is increased or decreased if the rotational
speed is increased. For example, if the water temperature
is higher than +the reference temperature, then the
rotational speed is temporarily increased though it is not
known whether the rotational speed is to be increased or
decreased in order to bring the water temperature élosely to
the reference temperature. If the water temperature
increases as a result, then since it has become clear that
the water temperature tends to differ more from the
reference temperature when the rotational speed increases in
the system, the rotational speed is conversely lowered.
After the tendency of the increase or the decrease in the
water temperature in relation to the increase or the

decrease in the rotational speed has been known, the fluid

temperature can be kept constant simply by changing the

rotational speed through comparison between the reference
temperature and the actual teméerature every 5 minutes.

The pump unit shown in FIG. 1 is most suitable
for use as the fluid machine according to the present
invention, and effectively functions as the pump A shown in
FIG. é. The pump is a full-circumferential flow motor pump,
and is constructed as a pump unit having a frequency
converter assembly integral therewith.

The frequency converter assembly 50 that

20
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comprises the frequency converter 48 aﬁd the control circuit
49 has a switch capable of setting the reference temperature
stepwise. For example, the switch can select a value of
40°c, 36°c, 32°c, 28°c, 25°C, 20°c, - 5°C, or - 10°C as the
reference temperature.

In the above cooling water producing system using
the cooling tower, the value of 32°C is selected as the
reference temperature. As a result, the pump unit singly
operates to increase or reduce its rotational speed, and
keeps a consfant rotational speed when the water'temperature
is about 32°cC.

If the pump is used as a water supply pump in
applications where the fluid temperature does not change
even when the flow rate changes, then the switch may be set
to a neutral position so that the above control process does
not work.

The present invention further proposes a process
of automatically setting the reference temperature based on
a signal from a temperature detecting device for detecting
air temperature. Specifically, a temperature detecting
device for detecting air temperature is disposed near the
pump unit, and the reference temperature is automatically
set based on a detected signal from the temperature
detecting device.

If the air temperature is high depending on the
season, then the water temperature may not become lower than
a certain value no matter how high the rate of circulating

water in the cooling tower may be. In this case, the

21



10

15

20

25

reference temperature setting is automatically increased to
lower the power consumption by +the pump. Even if the
cooling effect is slightly lowered as a result, such a
reduction in the cooling effect should be accepted in view
of the recent trend in favor of more enerqy saving efforts.

FIG. 3 shows another preferred embodiment of a
fluid machine according to the present invention.

A frequency converter assembly 211 is mounted on
a surface of a pipe which guides a handled liquid. A
temperature detecting device for detecting a liquid
temperature is attached to a base 212 of the frequency
converter assembly 211 near the bottom thereof. The
temperature detecting device thus attached detects the
liquid temperature'relatively accurately. In FIG. 3, a pump
unit 201 comprises a pump 203 and an electric motor 204
which are mounted on a common base 202. A fluid introduced
from a suction pipe 205 passes through a suction gate wvalve
206 and a short pipe 207, is drawn into the pump 203 via a
pump suction port 203a, increased in pressure, and then
discharged from a pump discharge port 203b. The discharged
fluid further passes through ~a check valve 208 and a
discharge gate valve 209, and is introduced into a discharge
pipe 210.

The frequency converter assembly 211 is mounted
on the short pipe 207 by the base 212 that is made of
aluminum alloy which has good heat conductivity.

In this embodiment, the base 212 is fixed to the

frequency converter assembly 211 by bolts (not shown) and
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also fixed to the short pipe 207 by U bolts (not shown).

Electric power supplied from a control console
213 is applied from an input cable 214 as an input means of
the frequency converter assembly 211 to a frequency
converter in the frequency  converter assembly 211, which
converts the frequency of the supplied electric power. The
electric power whose frequency has been converted is
supplied from an output cable 215 as an output means of the
frequency converter assembly 211 to the electric motor 204.
The frequeﬁcy converter in the frequency converter assembly
211 causes a heat loss, which is radiated into the 1liquid
handled by the pump via the base 212 and the short pipe 207.
The temperature detecting device for detecting the liquid
temperature is attached to the base 212 near the bottom
thereof, and detects the temperature of the handled liguid.
The detected temperature is converted into a signal, which
is supplied to a controller (not shown) in the frequency
converter assembly 211. |

FIGS. 4A and 4B show the apparatus shown in FIG.
3 in detail. FIG. 4A is a front elevational view, partly in
cross section, of the apparatus, and FIG. 4B is a side
elevational view of the apparatus.

The base 212 is fixed to the short pipe 207 by U
bolts 220. The input cable 214 and the output cable 215

keep the frequency converter assembly 211 hermetically

- sealed from the atmosphere in the same manner as with an

underwater cable of a submersible motor pump, for example.

An O-ring 221 1is disposed to prevent ambient air £from
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entering the apparatus through the mating surface between
the base 212 and the frequency converter assembly 211.

A structure around the frequency converter
assembly 211 will be described below with reference to FIG.
5 which is a cross-sectional view taken along line V - V of
FIG. 4A. The frequency converter 48 is housed in a case
which comprises the base 46 and the cover 47. The base 46
and the cover 47 are fixed to each other by bolts with a
seal member 58 interposed therebetween, hermetically sealing
the case from the ambient air.

The frequency converter 48 is highly intimately
fixed to the base 46 to transfer the generated heat to the
base 46. Similarly, the base 46 and the base 212, and the
base 212 and the short pipe 207 are highly intimately fixed
to each other. Since the heat generated by the frequency
converter is suitably radiated into the handled fluid, the
frequency converter assembly does not require an Air-cooling
fan for use in general inverters. Thus, the frequency
converter assembly is free from insufficient cooling due to
a fan failure. The base 46 and the base 212 are fastened to
each other by bolts 55. Because the interior of the case is
isolated from the ambient air, the frequency converter is
prevented from insulation deterioration due to weathering
and water condensation.

A threaded cap 224 serves to keep the frequency
converter assembly hermetically sealed from the ambient air
through an O-ring (not shown). The threaded cap 224 houses

therein a switch for setting the reference temperature
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stepwise. For example, the switch comprises a rotary step
switch for appropriately adjusting the reference
temperature.

In the above embodiments, the present invention
is applied to pumps. However, the principles of the present
invention are also applicable to hot only pumps, but also
fans for forcibly air-cooling various machines and
apparatus.

FIG. 6 shows an embodiment where the present
invention is applied to a water treatment system.

The water treatment system uses a filter 300 for
treating water. The water treatment system functions by
establishing a pressure difference between the inlet and
outlet of the filter 300. The resistance applied by the
filter 300 to the passage of the fluid through the filter
300 greatly varies depending on the temperature of the
liquid.

In order to equélize the amounts of treated water
in summer and winter, it is necessary to change the pressure
generated by a pump A for delivering treated water from a
water tank 301 to the filter 300, i.e., to change the
rotational speed of the pump A.

Heretofore, it has beén customary to manually
change the rotational speed of the pump depending on the
season, but such a manual process has been tedious and time-
consuming.

According to the present invention, pressures to

be generated by the pump are determined in advance from
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liquid temperatures based on the relationship between the
liguid temperatures and resistances applied by the filter
300 to the passage of the liquid through the filter, and
stored in the control circuit 49 of the frequency converter
of the pump shown in FIG. 1, for example.

As a consequence, even if the liquid temperature
varies from time to time due to daily changes in the a_ir
temperature, the pump automatically regulates its generated
pressure to produce treated water stably.

As described above, the fluid machine according
to the present invention recognizes the temperature -of a
fluid by itself and employs the recognized temperature in
coordination with the flow rate or pressure of the fluid to

allow the entire system to save more energy.

Industrial Applicability
The present invention is applicable to a fluid
machine such as a pump for delivering a fluid wunder

pressure, a fan for supplying a gas such as air, or the

like.
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1..A method of preventing shut-off operation of a
pump, characterized by detecting a temperature of a handled
liquid in the pump, and shutting down the pump if an
increase in the temperature per time of the handled liquid

is greater than a predetermined value.

2. A method of préventing shut-off operation of'a
pump, characterized by measuring a temperature of a handled
liguid in the pump in a predetermined time (AT) at a
plurality of (N) times, and shutting down the.pump if an
increase in the temperature across the predetermined time is

greater than a predetermined value (At) at (N - 1) times.

3. A method of preventing shut-off operation of a
pump according to claim 1 or 2, characterized by shutting
down the pump if the temperature of the handled liquid in
the pump, other than the increase in the temperature per
time of the handled liquid, becomes equal to or higher than

a predetermined value (T).

4. A method of preventing shut-off operation of a
pump, characterized by detecting a temperature of a handled
liquid in the pump, and shutting down the pump if the
temperature of the handled 1liquid falls out of a

specification range.
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5. A pump unit comprising a pump, a motor for
actuating the pump, a temperature detecting device for
deteéting a temperature of a handled liquid in the pump, and
a control circuit electrically connected to the temperature
detecting device for coﬁtrolling operation of said motor;
wherein said pump is shut down if an increase in the
temperature, detected by said temperature detecting device,
per time of the handled 1liquid is greater than a

predetermined value.

6. A pump unit according to <claim 5,
characterized by a frequency converter assembly for
supplying electric power to said motor, said control circuit

being disposed in said frequency converter assembly.

7. A pump unit according to claim 6,
characterized by an outer cylinder defining an annular flow
path around a stator of the motor, and a terminal assembly
for supplying electric power from around the outer cylinder
to windings of the stator, said frequency converter assembly
being disposed near said terminal assembly on an outer
surface of the outer cylinder, said temperature detectihg

device being disposed in said terminal assembly.

8. A pump unit comprising a pump, a motor for
actuating the pump, a temperature detecting device for
detecting a temperature of a handled liquid . in the pump, and

a control circuit electrically connected to the temperature
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detecting device for controlling operation of said motor;

wherein said pump is shut down if the temperature of the

handled liquid falls out of a specification range.

9. A pump unit for shutting down a pump after a
shut-off operation of the pump when the amount of liquid
supplied from the pump is reduced, characterized in that the
temperature of a handled liquid in the pump is detected, and
the pump is shut down if an increase in the temperature per
time of the handled ligquid is greater than a predetermined

value.

10. A fluid machine for delivering a fluid,
characterized in that a flow rate or pressure of the fluid
is changed depending on the temperature of the fluid or the
change in the temperature of +the fluid based on a

predetermined control program.

11. A fluid machine according to claim 10,
characterized in that the flow rate or pressure of the fluid
is changed in order to keep the temperature of the fluid

substantially constant.

12. A fluid machine according to claim 10 or 11,
characterized in that the flow rate or pressure of the fluid

is changed by adjusting the rotational speed of a turbo-type

fluid machine.
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13. A fluid machine according to claim 12,
characterized in that if there is a difference between a
preset reference temperature and an actual temperature of
the fluid, then the rotational speed of the fluid machine is
increased or decreased, and if the difference becomes larger
as a result, then the rotafional speed of the fluid machine

is conversely decreased or increased.

14. A fluid machine according to claim 13,
characterized by a pump unit comprising a pump, a motor for
actuating the pump, and a frequency converter assembly for
controlling the motor to change its speed, and further
characterized by a temperature detecting device disposed in
the pump unit,.the arrangement being such that a signal from
the temperature detecting device is supplied to a controller

in the frequency converter assembly.

15. A fluid machine according to claim 13 or. 14,
characterized by a switch disposed in the frequency

converter assembly for changing the reference temperature

stepwise.

16. A fluid machine according to any one of
claims 13 through 15, characterized in that the reference
temperature is changed depending on the temperature of air

around the fluid machine.

17. A pump unit for pressurizing a handled liquid
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to supply the handled liquid to a water treating filter
having different resistances to the passage of the liquid
therethrough depending on the temperature of the 1liquid,
characterized by a variable-speed system for changing the
pressure generated by a pump based on the relationship
between temperatures of the liquids and the resistances to

the passage of the liquid through the filter.

31



