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FLOW DETECTION 

The invention relates to the detection of fl~~ 

a pipe and particularly, but not exclusively, to the 

detection o'l! cloqqing of a pipe· in whiCh the material 

·5 conveyed comprises pulverized objects or a slurry. 

Related Bac1sqtound. Art 
··In a po).yolefin production plant, for example, 

po~yole'l!in produced in a 'l!luidized bed olefin 

polymerization reactor is transported to a reactor of 

10 a next process, or a reservoir through a 

transportation pipe. 

Temperature at the exit of the fluidized olefin 

polymerization reactor and in a pipe for the 

transportation is 60 ·- l00°C. At this temperature 
15 range polyolefin has so high viscosity and 

solidification that there is a risk that it may cloq 

the transportation pipe. 

To avoid such risk in transporting polyolefin 

from the fluidized bed polyolef in polymerization 

2 o reactor to a next process, generally a · pres~ure · 
di:f'l!arence o'l! 3 ~ 25 kg/cm2 is generated between the 

polymerization reactor ·and the next process to 

transport the polyolefin at high speed by the pressure 

di:f:ferenca. 

25 Conventionally the cloqqinq o:f the transportation 

pipe·;s prevented by transporting polyoletin thus at 

high speed, but still the transportation pipe tends to 

be cloqqed. In the fluidized . bed olefin 

._ ~ .. 



...... 

5 

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, 

conventionally operators on patrol press a sound 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 

10 of e:1oqging. 

Thus· ·. the -detection· of clogging of the 
~ 

transportation pipe of the polyolef in depends on human 

audition. Such detection results sometimes contain 

personal differences, and there is a risk that 

15 clogging may be overlooked. 

Since the patrol is periodic, if the 

transportation pipe are cloqqed immediately after a 
, 

patrol, the operation is continued with the clogqinq· 

unremoved, and a clogging state is worsened. When the 

20 operation is continued with the clogging state 

unremoved, the clogging material· is solidified, and 

the transportation pipe sometimes have "to be removed 

and changed. 

But, since the polyolefin is trans_ported through 

25 the transportation pipe at a flow rate as high as 10 -

--· --
JOO m/s, it is very difficult to dispose flow meters 

and electrodes. The presence of projections, such as 

flow meters, electrodes, etc., in the transportation 

pipe can be sources of the cloqqing and adversely 
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enhance the cloqqinq. 

The above-described problem is not limited to the 

transportation pipe for polyolef in and arises in 

transportation pipe for other pulverized materials, 

5 slurry, etc. 

SlJMMARY OF THE INVENTION 

Xn view of the above-described problem this 

invention has been made. An object of this invention 

is to provide a pipe cloqqinq detectinq device which 

10 incessantly monitors states of a pipe throuqh which 

: ··fluid is flowinq, and when cloqqinq occurs, 

immediately alarms the occurrence to operators. 

Another object of this invention is to provide 

means for removinq cloqqinq from a pipe when the 

15 cloqqinq is detected. 

The above-described objects and other objects of 

this invention will be apparent from the followinq 

description. 

Provided accordinq. to the present invention is a 

20 pipe cloqqinq detectinq device comprisinq a plurality 

of containers, a pipe interconnecting said containers, 

said pipe beinq apt to be cloqqed with fluid passinq 

throuqh said pipe, a vibration sensor provided on said 

pipe, said vibration sensor detectinq vibrations 

25 generated when the fluid passes through said pipe, and 

detectinq means for detectinq occurrence of cloqqinq 

in said pipe, based on. output siqnals from said 

vibration sensor. 

When the pipe is not cloqqed, fluid flows throuqh 
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the pipe, and vibrations generated by the flow of the 

fluid are of hiqher level. As cloqqinq develops, the 

level of vibrations is decreasinq. 

clogging state in the pipe can 

Accordinqly the 

be detected by 

5 convertinq the vibrations into electric.siqnals 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 

10 fluid through the pipe, i.e., vibrations generated by 

motors, etc. in the plant. Accordingly it is 

preferable that only the siqnals of a frequency band 

corresponding to vibrations generated by the fluid 

through the pipe are extracted. 

15 When the pipe is clogqed, the clogging objects 

can be forcedly removed by feeding a purqe qas of high 

pressure into the pipe. 

The present invention will become more fully 

understood from the detailed description qi ven· 

2 o hereinbelow and the accompanying drawings which are 

qiven by way of illustration only,- and thus are not to 

be considered as limitinq the present invention. 

Further scope of applicability of the present 

invention will become apparent from the detailed 

25 description qiven hereinafter. However, it should be 

understood that the detailed description and specific 

examples, while indicating preferred embodim~ts of 

the invention, are qiven by way of illustration only, 

since various chanqes 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. 

BRIEF DESCRIETION OF THE DRAWINGS 

5 Fig. 1 is a block diagram of the cloqqing 

detectinq device accordinq to Embodiment 1 of this 

invention which is applied to a transportation pipe of 

a fluidized bed olefin polymerization reactor. 

Fiq. 2 is an electric circuit diaqram of one 

10 example of a siqnal processing circuit of the cloqginq 

detectinq device according to Embodiment 1. 

Fig. 3 is qraph of one example of trend records 

taken by a computer of the cloqqinq detectinq device 

accordinq to Embodiment 1, (a) indicating actuation 

15 siqnals for the solenoid valves in the transportation 

pipe line, (b) representinq actuation siqnals for the 

solenoid valves in a purqe gas feed pipe, (c) 

representinq siqnals from the siqnal processing 

circuit. 

20 Fig. 4 is a block diagram of the cloqging 

25 

detecting device according to Embodiment 2 ·applied to 

a system including a plurality of transportation 

pipes. 

DESCBifTION OF THE PREFEBRED EMBODIMENT 

This invention will be explained by means of 

preferred embodiments with reference to the drawinqs 

attached hereto. 

Embodiment 1 

Fiq. 1 shows the cloqqinq 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 

5 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 s. When a 

catalyst is injected into the mixed phase in this 

state, a polymerization reaction goes on, and 

10 polyolefin is produced. Pressure in the fluidized bed 

olefin polymerization reactor 1. is about 10 - 30 

kg/cm.2G, and temperature therein is about 70 - 100°c. 

The polyolef in produced in the fluidized bed 

olefin polymerization reactor 1 is transported to the 

15 product hopper 2 through the transportation 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 

2 o v-.1 ve 7 · is disposed also near the entrance of the 

product hopper 2. When the plant is in ope.ration, the 

solenoid valve 6 is normally opened, and the solenoid 

valve 7 is periodically opened and closed, so that the 

polyolef~ is intermittently transported. The 

25 solenoid valve 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 

foJ:'lD.ed 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 polyolefin cannot be taken 

out of the fluidized bed olefin polymerization reactor 

.1. 

To avoid such situation, generally the 

transportation pipe 3 is connected to a pipe for 

feeding a purge qas for precludinq the cloqginq and 

removinq the cloqginq objects. In the shown 

embodiment, purge gas feed pipes 8, 9 are connected 

10 immediately after the solenoid valve 6 and immediately 

before the solenoid valve 7 respectively. The 

respective purge gas feed pipes 8, 9 have solenoid 

valves 10, 11. The solenoid valves 10, 11, and the 

solenoid valves 6, 7 in the transportation pipe 3 are 

15 suitably opened and closed so that a purge gas of 

higher pressure 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 cloqginq 

20 objects are forcedly removed. 

In the normal plant operation, during the 

transportation of polyolefin is ~topping, by closing 

the solenoid valve 7 and opening the solenoid valve 11 

concurrently, the hiqh pressure purge gas is caused to 

25 . flow reversely from a· feed point B to the fluidized 

bed olefin polymerization reactor 1 through ·the 

transportation pipe 3 to preclude the clogging. 

Durinq this operation, the solenoid valve 10 in the 

purge gas feed pipe 8 is closed. The actuation of the 
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solenoid valves 6, 7, 10, 11 are sequentially 

controlled by a sequencer 12. 

The cloqqinq detectinq device 4 accordinq to this 

invention includes a vibration sensor 13. The 

5 vibration sensor 13 is mounted on the outer surf ace of 

the middle portion of the transportation pipe 3. The 

vibration sensor 13 conve~s vibrations caused by the 

polyolef in or the purge qas flowinq through the 

transportation pipe 3 into electric siqnals. The 

10 vibration sensor 13 is provided by a piezoelectric 

element or others. The electric siqnals from. the 

vibration sensor 13 are converted by a converter 14 

into siqnals of a voltage level which is easy to 

process, and supplied to a siqnal process~ng circuit 

1s 1-s. 
Fig. 2 shows one example of the siqnal processinq 

circuit 15. The forward half of the siqnal processinq 

circuit 15 consists of partial circuits 16, 17. The 

partial circuit 16 includes switches 18 20, 

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 hiqh-pass filter 30. 

The partial circuit 16 detects vibrations caused 

25 by the flow of tl;le purge qas. The low-pass filter 24 

and the hiqh-pass filter 25 pass only siqnals of a 

frequency band ( 1. 5 k - 4 kHz) correspondinq to 

vibrations caused by the flow of the purge qas and cut 

off other siqnal°s correspondinq 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 siqnals of a frequeney band (o.s 
5 k - 1. 5 kHz) correspondinq to vibrations caused by the 

flow of the polyolefin. 

The switches 18, 19 turn on when the respective 

solenoid valves 10, l.1 are opened. The switch 20 

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

10 opened. The switch 26 turns on when the solenoid 

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 supplied with 

actuation siqnals as answer-back signals from the 

15 respective solenoid valves 6, 7, 10, 11. 

The thus eXtracted electric siqnals of the 

speci~ic frequency bands by the partial circuits 16, 

17 of the siqnal processinq circuit 15 are inputted to 

the amplifier 34 and amplified to be listened to as 

20 flow sounds of the polyolefin or purge gas through the 

transportation pipe 3 by a speclker 35. as· electric­

acoustic transducinq 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 

25 timinqly utters flow sounds. 

The siqnal processinq circuit 15 includes an 

averaqe processing circuit 32 and a peak retaininq 

circuit 33. Electric signals of the specific 

frequency bands extracted by the partial circuits 16, 
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17 of the forward staqe are rectified by a rectifyinq 

circuit 31, and then outputted to the computer 

(detectinq means ) 37 throuqh the average processing 

circuit 32 and the peak retaining circuit 33. 

The computer 37 is supplied with siCJ?lals of the 

vibration sensor 13, and actuation siqnals of the· 

respective solenoid valves 6, 7, 10, 11 throuqh the 

sequencer 12 and the siqnal processinq circuit 15, and 

these siqnals are recorded as trend records. Fiq. 3 

10 shows one example of trend records recorded by the 

computer 37. (a) represents actuation siqnals of the 

solenoid valve 7 in the transportation pipe, (b) 

indicates actuation siqnals of the solenoid valve 11 

in the purqe qas feed pipe 9, and c represents output 

15 siqnals from the siqnal processinq circuit. 

As shown at (a) and (b) in Fiq. 3, the solenoid 

valves 7, 11 are periodically opened and closed 

alternately. 

When the solenoid valve 7 is opened (sections c1 -

20 Cs), the solenoid valves 10, 11 are closed. The 

solenoid valve 6 is normally opened. In this state, 

the polyolef in is transported from the fluidized bed 

olefin polymerization reactor 1 to the product hopper 

throuqh the transportation pipe 3. 

25 rn this state, the switch 26 is on, the other 

switches 18, 19, 20 being off. · Siqnals of the 

vibration sensor 13 through the converter 14 are 

converted into signals of suitable magnitudes by the 

amplifier 27, then those of the siqnals which have 
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frequencies outside a ranqe of 0.5 k - 1.5 kHz are cut 

off by the low-pass filter 29 and the hiqh-pass filter 

30. The extracted signals are converted into siqnals 

of suitable magnitudes by the amplifier 28, and 

5 supplied to the speaker 35 and the rectifyinq circuit 

31 and outputted from the siqnal processinq circuit 

15. 

When.the solenoid valve 11 is opened (sections o1 

- 05), the solenoid valves 7, 10 are closed, and the 

10 purqe qas is fed into the fluidized bed olefin 

polymerization reactor 1 throuqh the transportation 

pipe 3 from the purge qas feed pipe 9. 

In this state, the switches 19, 20 are on, the 

other switches 18, 2 6 beinq off. Siqnals of the 

15 vibration sensor 13 are converted into signals of 

suitable magnitudes by the amplifier 22, then those of 

the signals which have fre~encies 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 

2Q are converted into signals of suitable macpiitudes by 

the amplifier 23, and supplied to the speaker 35 and 

the rectifyinq circuit 31 and outputted from the 

signal processinq circuit 15. 

In the sections c1, c2 , Cs, peak values of signals 

25 from the signal processing circui.t 15 are above 60ll of 

the maximum peak value, and the transportation pipe 3 

is not clogqed. It is shown that the polyolefin is 

being smoothly transported. In the sections o,, Oz, 
C], o5 as well, pe~ values of signals are sufficiently 
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larqe. It is shown that the purqe qas smoothly flows 

reversely. But in the sections c3 , C4 , and the section 

04, peak val.ues of siqnals are so small that it is 

shown that cloqqinq has take place in the 

5 transportation pipe 3. 

The computer 37 beforehand stores a set reference 

level ( 60% of the maximum value in this embodiment) 

based on this findinq to judqe whether_ or not peak 

values of siqnals in the respective sections c, D are 

10 above the reference level. When a peak value of the 

siqnals are below the set reference level, the 

computer 37 actuates suitable alarminq means, such as 

an alarm speaker 38 or others to alarm to operators in 

the centralized control room that the transportation 

15 pipe 3-is cloqqed. 

When an alarm is made, the operators interrupt 

the control of actuatinq the solenoid valves 6, 7, 10, 

11 by the sequencer 12 and instead operate a control 

board in the centralized control room to remotely open 

20 and close the solenoid valves 6, 7, 10, 11 so as to 

remove the cloqqinq by means of the purqe qas. 

Various modes of the flow of the purqe qas can be 

proposed. 

F~r example, first after all the solenoid valves 

25 6, 7, 10, 11 are closed, the solenoid valve 10 is 

opened, and next the solenoid valve 6 is opened. Then 

the solenoid valve 6 is opened to feed the purge qas 

of a hiqher pressure than a pressure in the fluidized 

bed olefin polymerization reactor 1 from the purge gas 
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feed pipe 8 into the transportation pipe J to cause 

the purqe qas to reversely flow into the fluidized bed 

olefin p9lymerization reactor 1. Cloqqinq of the 

transportation pipe 3 between the feed point A and the 

5 fluidised bed olefin polymerization reactor 1, and the 

solenoid valve 6 is removed. 

When this operation fails to remove the cloqqinq, 

after all the solenoid valves 6, 7, 10, 11 are closed, 

the solenoid valve 11 is opened, and in addition the 

10 solenoid valve 6 is opened. And the hiqh-pressure 

purge qas is fed into the transportation pipe 3 from 

the purge gas feed pipe 9 to be caused to reversely 

flow into the fluidized bed clef in polymerization 

reactor 1. 

15 When clogqinq has occurred between the feed point 

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

operations cannot remove the cloqqinq. The next 

operation is necessary. First all the solenoid valves 

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

2 O 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 cloqqinq, 

the solenoid valves 11, 6 are closed, the solenoid 

25 valves 10, 7 are opened to cause the purqe qas to flow 

from the feed point A to the product hopper 2. 

The operators suitably combine the above­

described four modes, listening to alarms from the 

speaker 35. Repetition of combinations of the four 
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modes by several times can normally.remove cloqqinq. 

Thus, according to the pipe clogging detectinq 

device accordinq to Embodiment 1 of this invention, 

operators can detect a cloqging state of the pipe in 

5 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 cloqqinq objects have 

solidified, and the transportation pipe has to be 

10 dismounted to remove the solidified cloqqing 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. 

15 In addition, this invention can contribute to 

stable operation of the plant including the pipe, and 

rationalization of patrols in the plant. 

E1Dbodiment 2 

Fig. 4 shows a system includinq a plurality of 

20 transportation pipes 31, 32• In this embodiment 

vibration sensors 131, 132 are provided respectively on 

the transportation pipes 31, 32• A cloqqinq detecting 

device 4 includes a number of siqnal processing 

circlii ts 151, 152 corresponding to a number of the 

2 5 vibration sensors 131, 132 • The cloqqinq detectinq 

device 4 also includes change-over switch 39. Each 
. ~ 

siqnal 'i>rocessinq circuit 151, 152 includes low-pass 

filters, hiqh-pass filters, amplifiers, etc. 

Frequencies and amplifying ratios are optimumly set 
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dependinq on vibration characteristics of the 

transportation pipes 31 , 32 • Operators can listen to 

sounds correspondinq to vibrations of the 

transportation pipes 31 , 32 , chanqinq over output 

s siqnals of the siqnal processinq circuits 151, 152 by 

the switch 3 9. By followinq the same procedure as in 

Embodiment 1, cloqqinq in the transportation pipes 31 , 

32 can be removed. The operators can listen to alarms 

from a speaker 38. 

10 With reference to Fiq. 4, a system includinq two 

transportation pipes 31 , 32 , and three reactors 11 - 13 

has been explained. This invention can be applied to 

larqe-scale systems includinq more than two 

transportation pipes, and more than three reactors in 

15 the same way as above. 

In Embodiments 1 and 2, the cloqqinq detectinq 

device 4 accordinq to this invention is applied in the 

transportation pipe 3 from the fluidized olefin 

poiymerization reactor 1, but this invention is not 

20 limited to such an application. This invention is 

applicable to detection of cloqqinq in the qeneral 

fluid transportation pipes. 

From the invention thus described, it will be 

obvious that the invention may be varied in many ways. 

25 Such variations are not to be reqarded 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 followinq claims. 
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l. A pipe cloqqinq detectinq device comprisinq: 

a plurality of containers; 

a pipe interconnectinq said containers, said pipe 

5 beinq apt to be cloqged with fluid passinq throuqh 

said pipe; 

10 

a vibration sensor provided on said pipe, said 

vibration sensor detectinq vibrations qenerated when 

the fluid passes through said pipe; and 

detectinq means for detectinq occurrence of 

cloqqinq in said pipe, based on output siqnals from 

said vibration sensor. 

2. A pipe cloqginq detectinq device accordinq to 

claim 1, wherein said detectinq means extracts out of 

15 output siqnals of said vibration sensor siqnals of a 

frequency band correspondinq to the vibrations 

qenerated by the fluid throuqh said pipe, and judqes 

20 

I 

that said pipe is cloqqed when the· signals of the 

frequency band are below a set reference level. 

3 • A pipe cloqqinq detectinq device accordinq to 

claim 2, wherein 

the fluid thr~uqh said pipe is polyolef in and a 

purge gas for removinq cloqqinq in said pipe; 

there is. provided purqe qas feedinq means for 

25 feedinq the purqe qas into said pipe; 

there is provided valve means for causinq one of 

the polyolef in and the purqe qas to flow throuqh said 

pipe; and 

the frequency band is o. Sk - 1. SkHz when the 
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fluid admitted to flow throuqh said pipe by said valve 

means is the polyolefin. 

4. A pipe cloqqinq detectinq device accordinq to 

claim 2, wherein 

the fluid throuqh said pipe is polyolef in and a 

purqe qas for removinq cloqqinq in said pipe; 

there is provided purqe qas feedinq means for 

feedinq the purqe qas into said pipe; 

there is provided valve means for causinq one of 

10 the polyolef in and the purqe qas to flow throuqh said 

15 

pipe; and 

the frequency band is 1.Sk - 4kHz when the fluid 

admitted to flow throuqh said pipe by said valve means 

is the purqe qas. 

5. A pipe cloqqinq detectinq device accordinq to 

claim 1, wherein said detectinq means includes an 

averaqe processinq circuit for averaqinq the output 

sign:als of said vibration sensor. 

6. A pipe cloqqinq detectinq device accordinq to 

20 claim 1, wherein 

the detectinq means includes a peak retaininq 

circuit for retaininq peak values of the output 

signals of said vibration sensor. 

7. A pipe cloqqinq detectinq device accordinc;J to 

25 claim 1, comprisinq alarminq means for qivinq alarms 

when cloqqinq is detected in said pipe by said 

detectinq means. 

8. A pipe cloqqinq detectinq device accordinq to 

claim 1 comprisinq means for convertinq the output 
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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 vibration sensors. 

11. . Flow detection apparatus comprising means 
for sensing vibration generated by a flow of material 
in a pipe and.providing a siqnal in response to said 

15 vibration and processing means for processing said 
signal and providing an indication of a flow conditJ.on 
in said pipe. 

12. Flow det.ection apparatus substantially as 
hereinbefore described with reference · to the 

20 accompanying drawings. 


