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The invention relates to the detection of flqy in
a pipe énd particularly, but not exclusively, to the
detection of clogging of a pipe in which the material
conveyed comprises pulverized objects or a slurry.
Related Background Art
) -In a po;yolefin production Plant, for example,

pd],yolefin produced in a fluidized bed olefin

_ poljmérization reactor is transported to a reactor of

a next process, or a reservoir th.rough' a
transportation pipe. . S

| Temperature at the exit of the fluidized olefin
poljmerization teactor and in a pipe for the
transportation is 60 ~ 100°C. At this temperafure
range polyolefin ‘has so high viscosi*_;y and
solidification that there is a risk that it may clog
the transportation pipe.

To avoid such risk in transporting polyolefin
from the fluidized bed polyolefin 'poly"meriz_ation
reactor to a next process, geixei:ally a pressure
difference of 3 - 25 kg/cm® is generated between the
polymerization reactor ‘and the next process to
transport the polyolefin at high speed by the pressure
difference. | | )

Conventionally the clogging of the transportation
pipe 'is prevented by transporting polyolefin thus at
high speed, but still the transportation pipe tends to
be clogged. In the fluidized .bed olefin



10

15

20

25

2
polymerization reactor, for example, sometimes lumps
are formed in the reaction process, and the lumps

stick to valves of the transportation pipe and clog

the pipe.

To detect clogging of the transportation pipe,
convéntionally operators on patrol press a souna scope
stick against the transportation pipe and directly
listen to vibratory sounds of the transportation pipe
caused by the flow of polyolefin to judge occurrence
of Eldgging.

Thus - the <detection’ of clogéing of the
transportation pipe of the polyolefin depends on human
audition. Such detection results sometimes contain
personal differences, and there is a risk that
clogging may be overlooked.

Since the patrol is periodic, if the

transportation pipe are clogged immediately after a

patrol, the operation is continued with the clogging-

unremoved, and a clogging state is worsened. When the

- operation is continued with the clogging state

unremoved, the clogging material is solidified, and
the transportation pipe sometimes havéztd be removed
and chénged.
But, since the pquolefin is trané@éfted thrdugh
the transportation pipe at a flow rate as high as 10 -
300 m/s, it is véfy difficult to dispose flow meters
and electrodes._ The presence of projections, such as
flow meters, e;ectrodés, etc., in the transportation

pipe can be sources of the clogging and adversely
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| The above-described problem is not limited to the

transportation pipe for polyoclefin and arises in

transportation pipe for other pulverized materials,
slurry, etc. | '

0 ' ON |

In view of the. above-described problem this

invention has been made. An object of this invention

is to provide a pipe clogging detecting device which

incessantly monitors_ states of a pipe through which

“fluid is flowing, and when clogging occurs,

immediately alarms the occurrence to operators.

Another object of this invention is to provide
means for removing clogging from a pipe when the
clogging is detected.

The above~described objects and other objects of
this invention will be apparent from the following
description.

Provided according to the present invention is a
pipe clogging detecting device comprising a plurality
of containers, a pipe interconnecting said containers,
said pipe being apt to be clogged with fluid passing
through said pipe, a vibration sensor provided on said
pipe, said vibration' sensor detecting vibrations
generated wheh the fluid passes through said pipe, and
detecting méans for detecting occurrence of clogging
in said pipe, based on output signais from said
vibration sensor.

" When the pipe is not clogged, f£luid flows through
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the pipe, and vibrations generated by the flow of the
fluid are of higher level. As clogging develops, the

-level of vibrations is decreasing. Accordingly the

‘clogging state in the pipe can be detected by

converting the vibrations into electric signals with
a vibration sensor provided on the pipe, and analyzing
the electric signals. '

Output 'signals of the vibration sensor contain
those of vibrations which are not associated with the
fluid through the pipe, i.e., vibrations generated by
motors, etc. in the plant. Accordingly it is

preferable that only the signals of a frequency band

_corresponding to vibrations generated by the fluid

through the pipe are extracted. _

When the pipe is clogged,' the clogging objects
can be forcediy removed by feeding a purge gas of high
pressure into the pipe. _

The present invention will bécome more ful-ly
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration only, and thus are not to
be considered as limiting the present invention.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific
examples, while indicating preferred embodiments of
the invention, are given by way of illustration only,

since various changes and modifications within the
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spirit and scope of the invention will become apparent

" to those skilled in the art from this detailed

description.
_ ON © INGS

Fig. 1 is a block diagram of the clogging
detecting device according to Embodiment 1 of this
invention which is applied to a transportation pipe of
a fluidized bed 61efi,n polymerization reactor.

Fig. 2 is an electric circuit didagram of one
example of a signal.,pro_cessing circuit of the clogging
detecting device according to Embodiment 1.

Fig. 3 is graph of one exémple of trend records

“taken by a computer of the clogging detecting device

according to Embodiment 1, (a) indicating actuation
signals for the solenoid valves in the transportation
pipe line, (b) represehting actuation signals for the
solenoid valves' in a purge gas feed pipe, (c)
representing signals from the signal processing
circuit. - |

Fig. 4 is a block diagram' of the clog’ging
detecting device according to Embodiment 2 applied to
a system including a plurality of transportation

pipes.

'W

This invention will be explained by means of

preferred embodiments with reference to the drawings

~ attached hereto.

Embodiment 1

Fig. | 1 shows the clogging detecting device 4
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according to this invention which is used. in a
transportation pipe 3 between a fluidized bed olefin
polymerization reactor 1 and a product hopper 2. In
the fluidized olefin polymerization reactor 1 a mixed
phase of a gas and a pulverized body, and it is
fluidized by the circulating gas and fresh gas (not
shown) fed from below a distribution plate 5. When a
catalyst is injected into the mixed phase in this
state, a polymerization reaction goes on, and
polyolefin is produced. Pressure in the fluidized bed
olefin polymerization reactor 1. is about 10 - 30
kg/cm®G, and temperature therein is about 70 - 100°C.

The polyolefin produced in the fluidized bed
olefin polymerization reactor 1 is transported to the
product hopper 2 through the ti'ansportation pipe 3 by
means of pressure difference between the reactor 1 and

the product hopper 2. A solenoid valve 6 is disposed

" near the exit of the fluidized olefin polymerization

reactor 1 in the transportation pipe 3. A solenoid
valve 7 is disposed also near the entrance of the
product hopper 2. When the plant is in operation, the
solenoid valve 6 is normally opened, and the solenoid
valve 7 is periodically opened and closed, so that the
polyolefin is intermittently transported. The
solenoid wvalve 7 is opened generally for a short
period of time of 10 - 60 seconds.

In the fluidized bed olefin polymerization
reactor 1 it sometimes happens that some lumps are

formed in the .process of the reaction and clog the
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transportation pipe 3 itself or the solenoid valves 6,

7, with the result that the polyoclefin cannot be taken

out of the fluidized bed olefin polymerization reactor

de

To avoid such situation, generally the

transportation pipe 3 is connected to a pipe for

feéding a purge gas for precluding the clégging and
removing the clogging objects. In the shown
embodiment, purge gas feed pipes 8, 9 are connected
immediately after the solenocid valve 6 and immediately
before the solenoid valve 7 respectively. The
respective purge gas feed ﬁipes 8, 9 have solenoid
valves 10, 11. The solenoid valves 10, 11, and the
solenoid valves 6, 7 in the transportation pipe 3 are
suitably opened and closed so that a purge gas of
higher pressﬁre than the interior of the fluidized
olefin polymerization reactor 1 'is fed into the
transportation pipe 3, and the interior of the
transportation pipe 3 is cleaned, or the clogging
objects are forcedly removed. |

In the normal plant operation, during the

‘transportation of polyolefin is stopping, by closing

the solencid valve 7 and opening the solenoid valve 11

concurrently, the high pressure purge gas is caused to

.flow reversely from a feed point B to the fluidized

bed olefin polymerization reactor 1 through the
transportation pipe 3 to preclude the clogging.
During this operation, the solenoid valve 10 in the

purge gas feed pipe 8 is closed. The actuation of the
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solenoid wvalves 6, 7, 10, 11 are sequentially
controlled by a sequencer 12.

The clogging detecting device 4 according to this
invention includes a vibration sensor 13. The
vibration sensor 13 is mounted on the outer surface of
the middle portion of the transportation pipe 3. The
vibration sensor 13 conver;s vibrations caused by the
polyolefin or the purge gas fiowing through the
transport_:ation pipe 3 into electric sigﬁals. " The
vibratiQn sensor 13 is provided by a piezoelectric
element or others. The electric signals from the
vibration sensor 13 are converted by a converter 14
into'signals of a voltage level which is easy to
process, and supplied to a signal processing circuit
1s.

Fig. 2 shows one example of the signal processing

- circuit 15. The forward half of the signal_processing

circuit 15 consists of partial circuits 16, 17. The
partial circuit 16 includes switches 18 - 20,
amplifiers 21 - 23, a low-pass filter 24 and a high-
pass filter 25. The partial circuit 17 includes a
switch 26, amplifiers 27, 28, a low-pass filter 29 and
a high-pass filter 30.

The partiai circuit 16 detects vibrations caused
by the flow of the purge gas. The low-pass filter 24
and the high—péss filter 25 pass only signals of a
frequency band (1.5 k - 4 XkHz) corresponding to
vibrations caused by the flow of the purge gas and cut

off other signals corresponding to vibrations caused
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by motors, etc. in the plant. The partial circuit 17
detects vibrations caused by the flow of the
polyolefin. The low-pass filter 29 and the high-pass
filter 30 pass only signals of a frequency band (0.5
k - 1.5 kHz) corresponding to vibrations caused by the
flow of the polyolefin.

The switches 18, 19 turn on when the respective
solenoid valves 10, 11 are opened. The switch 20

turns on when either of the solenoid valves 10, 11 is

opened. The switch 26 turns on when the solenocid

valve 7 is opened. ' These switches 18, 19, 20. 26 are

~ actuated in response to a signal from the sequencer

12. The sequencer 12 is incessantly supp'lied with
actuation signals as answer-back signals from the
respect:.ve solenoid valves 6, 7, 10, 11.

The thus extracted electric signals of the
'specific frequency bands by the partial circuits 16,
17 of the signal processing circuit 15 are inputted to
the amplifier 34 and amplified to be list.ened to as
flow sounds of the polyolefin or pui_rge gas through the
transportation pipe 3 by a speaker 55 ‘as electric-
acoustic transducing means disposed in a centralized
control room (not shown) . It is preferable that the
switch 36 is turned on and off so that the speaker 35
timingly utters flow sounds. |

The s:.gnal processing circuit 15 includes an

- average processing circuit 32 and a peak retaining

circuit 33. = Electric signals of the specific

frequency bands extracted by the partial circuits 16,
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17 of the forward stage are rectified by a rectifying
circuit 31, and then outputted to the computer
(detecting means ) 37 through the.aﬁerage processing
circuit 32 and the peak retaining circuit 33.

The compﬁter 37 is supplied with signals of the
vibration sensor 13, and actuation signals of the
respective solenocid valves 6, 7, 10, 11 through the
sequencer 12 and the signal processing circuit 15, and
these signals are recorded as trend records. Fig. 3
shows one example of trend records recorded by the
computer 37. (a) represents actuation signals of the
solenoid valve 7 in the transportation pipe, (b)
indicates actuation signals of the solenoid valve 11
in the purge gas feed pipe 9, and ¢ represents output
signals from the signal processing circuit.

As shown at (é) and (b) in Fig. 3, the solencid
valves 7, 11 are periodically opened and closed
alternately.

When the solenoid valve 7 is opened (sections C; -

Cs), the solenoid valves 10, 11 are closed. The
solenoid valve 6 is normally opened. In this state,
the polyolefin is transported from the fluidized bed
olefin polymerization reactor 1 to the product hopper
through the transportation pipe 3. '

In this state, the switch 26 is on, the other
switches 18, 19, 20 being off. -Signals of the
vibration sensor 13 through the converter 14 are
converted into signals of suitable magnitudes by the

amplifier 27, then those of the signals which have
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frequencies outside a range of 0.5 k - 1.5 kHz are cut
off by the low-pass filter 29 and the high-pass filter
30. The extracted signals are converted into signals
of suitable magriitucl_e_s by the amplifier 28, and
supplied to the speaker 35 and the rectifying circuit'

31 and outputted from the signél processing circuit

18,

When -the soiehoid valve 11 is opened. (sections D4
- Ds), the solenoid valves 7, 10 are closed, and the
purge gas is fed into the fluidized bed olefin
polymerization reactor 1 through the transportatlon
pipe 3 from the purge gas feed pipe 9.

In this state, the switches 19, 20 are on, the
other switches 18, 26 being off. Signals of the
vibratién sensor 13 are converted i;lto signals of

suitable magnitudes by the amplifier 22, then those of

~ the signals which have frequencies outside a range of

1.5 k - 4 kHz are cut off by the low-pass filter 24
and the high-pass filter 25. The extracted signals

are converted into signals of suitable magnitudes by

.the amplifier 23, and supplied to the speaker 35 and

the rectifying circuit 31 and outputted from the
signal processing circuit 15. |

In the sections ¢, C,, Cs, peak values o_f signals
from the signal Ipro'cessing circuit 15 are above 60% of
the maximum peak value, and the transportation pipe 3_ |
is not clogged. It is shown that the polyolefin is
being smoothly transported. In the secti;ans Dy, Da,

D;, Ds as well,. peak values of signals are sufficiently
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large. It is shown that the purge gas smoothly flows
reversely. But in the sections C;, C;,, and the section
D;,, peak values of signals are so small that it is
shown that «clogging has take place in the
transportation pipe 3.

Thé computer 37 beforehand stores a set reference
level (60% of the maximum wvalue in this embodiment)
based on this fiﬁding to judge whether or not peak
values of signals in the respective sections C, D are
above the reference level. When a peak value of the
signals are below the set reference 1level, the
computer 37 actuates suitable alarming means, such as
an alarm speaker 38 or others to alarm to operators in
the centralized éontrol room that the transportation
pipe 3 is clogged. |

When an alarm is made, the operators interrupt
the control of actuatinglthe solenoid valves 6, 7, 10,
11 by the sequencer 12 and instead operate a control
board in the centralized control room to remotely open
aﬂd close the solenoid valves 6, 7, 10, 11 so as to
remove the clogging by means of the purge gas.

Various modes of the flow of the purge gas can be

proposed.

For example, first after all the solenoid valves
6, 7, 10, 11 are closed, the solenoid valve 10 is
opened, and next the solencid valve 6 is opened. Then
the solenoid valve 6 is opened to feed the purge gas
of a higher pressure than a pressure in the fluidized

bed olefin polymérization reactor 1 from the purge gas
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feed pipe 8 intb'the transportation pipe 3 to cause

the purge gas to reversely flow into the fluidized bed

olefin polymerization reactor 1. Clogging of the

transportation pipe 3 between the feed point A and the
fluidized bed olefin polymerization reactor 1, and the
solenoid valve 6 is removed. .

When this operation fails to remove the clogging,
after all the solenoid valves 6, 7, 10, 11 are closed,
the solenoid valve 11 is opened, and in addition the
solenoid valve 6 is opened. And the high-pressure
purge gés is fed ihto the transportation pipe 3 from
the purge gas feed pipe 9 to-be causea'to reversely
flow into the fluidized bed olefin polymerization
reactor 1.

When clogging has occurred between the feed point

B and the product hopper 2, the -above-described

operations cannot remove the clogging. The next

operation is necessary. First all the solenoid valves

6, 7, 10, 11 are closed, and then the solenoid valves

| 11, 7 are sequentially opened to feed the purge gas
. from the feed point B into the transportation pipe 3

to be sent under pressure into the product hopper 2.
When this operation cannot remove the clogging,
the solenoid valves 11, 6 are closed, the solenoid
valves 10, 7 are opened to cause the purge gas to flow
from the feed point A to the product hopper 2.
The opérators suitably combine the above-
described four modes, listening to alérms from the

speaker 55._ Repetition of combinations of the four
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modes by several times can normally remove clogging.

I'I'hus, according to the pipe clogging detecting
device according to Embodiment 1 of this invention,
operators can detect a clogging state of the pipe in
a remote centralized control room or others without
going to the pipe, and can quickly take a suitable
procedure for removing the clogging state.
Accordingly a situation in which clogging objects have
solidified, and the transportation pipe has to be
dismounted to remove the solidified clogging objects
can be precluded. _

A detection of clogging can be followed. by
removal of the clogging, and accordingly manual labour
of operators can be decreased.

In addition, this invention can contribute to
stable operation of the plant including the pipe, and
rationalization of patrols in the plant.

odiment

Fig. 4 shows a system including a plurality of
transportation pipes 34, 3;. In this embodiment
vibration sensors 13y, 13, are provided respectively on
the transportation pipes 3;, 3;. A clogging detecting
device 4 includes a number of signal processing
cifcuits 15,, 15, corresponding to a number of the
vibration sensors 13y, 13;,. The clogging detecting
device 4 also includes change-over switch 39. Each
signal '-f:'vrocessing circuit 155, 15; incfhdés low-pass
filters, high-pass filters, amplifiers, etc.

Frequencies and amplifying ratios are optimumly set
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depending on vibration characteristics of the
transportation pipes 3, 3,. Operators can listen to
sounds. corresponding to vibrations of the
transportation. pipes 3,, 3;, changing over output
signals'of the signal processing circuits 15;, 15; by
the switch 39. By following the same procedure as in
Embodiment 1, clogging in the transportation pipes 3,
3; can be removed. The operators can listen to alarms
from a speaker 38.

With reference to Fig. 4, a system including two
transportation pipes 34, 32, and three reactérs 1 - 13
has been éxplained. This invention can be applied to
large-scale systenms including " more than two
transportation pipes, and more thén three reactors in
the same way as above.

In Embodiments 1 and 2, the:clogging detecting
device 4 according to this invention is applied in the
transportation pipe 3 from the fluidized olefin
péiymerization reactor 1, but this invention is not
limited to such an application.l This invention is
applicable to detection of clogging in the general
£luid transportafion pipes. '

From the invention thus described, it will be
obvious that the invention ﬁay be varied in many ways.
Such'variations are not to be regarded as a departure
from the spirit and scope of the invention, and all

such modifications as would be obvious to one skilled

‘in the art are intended to be included within the

scope of the following claims.
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CLAIMS:

1. A pipe clogging detecting device comprising:

a plurality of containers; .

a pipe interconnecting said containers, said pipe
being apt to be clogged with fluid passing through
said pipe; ' '

a vibration sensor provided on said pipe, said
vibration sensor detecting vibrations generated when
the fluid passes thrbugh said pipe; and

detécting"means for detecting occurrence of

'clogging in said pipe, based on output signals from

said vibration sensor.

2. A pipe clogging detecting device according to
claim 1, wherein said detecting means extracts out of
output signals of said vibration sensor signals of a
frequency band corresponding to <the vibrations
generated by the fluid through said gipe, and judges
that said pipe is clogged when the signals of the
frequency band are below a set reference level.

3. A pipe clogging detecting device according to
claim 2, wherein |

the fluid through said pipe is polyolefin and a
purge gas for removing clogging in said pipe;

there is provided purge gas feeding means for
feeding the purge gas into said pipe;

there is provided valve means for causing one of
the polyolefin and the purge gas to flow throudh said
pipe; énd L

the frequeﬁcy band is_O.SkF:“IJSkHz when the
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fluid admitted to flow through said pipe by said valve
means is the polyolefin. |

4. A pipe clogging detecting device according to

- c¢laim 2, wherein

the fluid through said pipe is polyolefin and a
purge gas for removing clogging in said pipe;

there is provided purge gas feeding means for
feeding the purge gas into sa.:.d pipe; .

'~ there is provided valve means for causing ‘one of
the polyolefin and the purge gas to flow through said
pipe; and

the frequency band is 1.5k - 4kHz when the fluid
admitted to flow through said pipe by said valve means

is the purge gas.

5. A pipe clogging detecting device according to
claim 1, wherein said detecting means includes an

average processing circuit for averaging the output

| signals of said vibration sensor.

6. A pipe clogging detecting device according to
claim 1, wherein

the detecting means includes‘ a peak retaining
circuit for retaining peak values of the output
signals cf said vibration sensor.

7. A pipe clogging detecting device according to
claim 1, comprising alarming means for giving alarms
when clogging is detected in said pipe by said
detecting means. ' -

8. A pipe clogging detecting device according to

claim 1 comprising means for converting the output

Sheet Has Been Replaced
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signals of said vibration sensor into sounds.

9. A pipe clogging detecting device according to
claim 1, wherein the fluid through said pipe includes
polyolefin.

10. A pipe clogging detecting device according
to claim 1, wherein

there are provided a plurality of pipes;

there are provided the same number of vibration
sensors as said pipes; and

there are provided the same number of detecting
means as said vibraﬁion sensors. . _

11. Flow detection apparatus cdmprising means
for sensing vibration generated by a flow of material
in a pipe and providing a signal in response to said
vibration and processing means for processing said
signal and providing an indication of a flow conditio
in said pipe. | )

12. Flow detection apparatus substantially as
hereinbefore described with reference to the

accompanying drawings.
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