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FLOW PATTERN TRANSITION PIPE

ABSTRACT

A flow pattern transition pipe for use in a pneumatic conveyance system is provided.
The flow pattern transition pipe comprises a first expansion pipe section gradually increasing
in inner diameter in an axial direction, a second shrink pipe section following the first section
from a maximum inner diameter end of the first section and gradually reducing in inner
diameter in an axial direction away from the first section, and a third pipe section following
the second section from a minimum inner diameter end of the second section, with a
substantially identical inner diameter smaller than a minimum inner diameter of the first

section. A length of the first section is from about 3 to about S times of the second section.
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FLOW PATTERN TRANSITION PIPE

[0001] This application claims priority from Chinese Application No.
201110165304.X filed on 20 June 2011, the contents of which are to be taken as incorporated

herein by this reference.
BACKGROUND

[0002] The present invention relates, in general, to flow pattern transition pipes used in
pneumatic conveyance systems, and, more specifically, to flow pattern transition pipes used in
pneumatic conveyance systems to transfer an instable flow pattern to a relative stabler flow

pattern.

[0003] Pneumatic conveyance systems are usually used to transport powder such as
rice, cement, and ash from one place to another place, in which conditions conveyance
capability is the most important parameter. However, in some other situations, for example,
when pneumatic conveyance systems are used to convey solid feed in gasification systems, for
example, coal gasification systems, conveyance stability is as important as conveyance
capability, because an instable conveyance may bring serious problems, such as over heat, to

gasifiers.

(0004) One main factor affects the conveyance stability is the flow pattern in the
pipeline. In dense phase pneumatic conveyance, plug flows or dune flows lead instable flow
patterns, whereas uniformity flows lead stable flow patterns. In the gasification systems, solid
feed discharged from a feed vessel is tend to form plug flows, in which the solid feed
comprises both high concentration parts and low concentration parts, and therefore is

extremely instable.

[0005] Therefore, there is a need to transfer an instable flow pattern to a relative

stabler flow pattern in pneumatic conveyance systems.

[0006] A reference herein to a patent document or other matter which is given as prior
art is not to be taken as an admission that that document or matter was known or that the
information it contains was part of the common general knowledge as at the priority date of

any of the claims.




20 Jun 2012

2012203593

BRIEF DESCRIPTION

[0007] In one aspect, the present invention provides a flow pattern transition pipe for
use in a pneumatic conveyance system. The flow pattern transition pipe comprises a first
expansion pipe section gradually increasing in inner diameter in an axial direction; a second
shrink pipe section following the first section from a maximum inner diameter end of the first
section, and gradually reducing in inner diameter in an axial direction away from the first
section; and a third pipe section following the second section from a minimum inner diameter
end of the second section, with a substantially identical inner diameter smaller than a
minimum inner diameter of the first section. A length of the first section is from about 3 to

about 5 times of the second section.

[0008] In another aspect, the present invention provides a flow pattern transition pipe
for use in a pneumatic conveyance system. The flow pattern transition pipe comprises a first
expansion pipe section gradually increasing in inner diameter in an axial direction; a second
shrink pipe section following the first section from a maximum inner diameter end of the first
section, and gradually reducing in inner diameter in an axial direction away from the first
section; and a third pipe section following the second section from a minimum inner diameter
end of the second section, with a substantially identical inner diameter smaller than a
minimum inner diameter of the first section. The flow pattern transition pipe is configured to
enable a carrier gas velocity at the maximum inner diameter end of the first section lower than
a saltation velocity and a carrier gas velocity at the minimum inner diameter end of the second
section higher than a pick-up velocity, when the flow pattern transition pipe is used in a

pneumatic conveyance system for conveying a feed via a carrier gas.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a longitudinal section view of an exemplary flow pattern transition

pipe in accordance with one embodiment of the present invention.

[0010] FIG. 2 is a schematic view showing an exemplary pneumatic conveyance
system comprising a flow pattern transition pipe in accordance with one embodiment of the

present invention.
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DETAILED DESCRIPTION

[0011] Embodiments of the present disclosure will be described herein below with
reference to the accompanying drawings. In the subsequent description, well-known functions
or constructions are not described in detail to avoid obscuring the disclosure in unnecessary

detail.

[0012] The present disclosure provides a flow pattern transition pipe for use in a
pneumatic conveyance system. The flow pattern transition pipe comprises a first expansion
pipe section gradually increasing in inner diameter in an axial direction; a second shrink pipe
section following the first section from a maximum inner diameter end of the first section, and
gradually reducing in inner diameter in an axial direction away from the first section; and a
third pipe section following the second section from a minimum inner diameter end of the
second section, with a substantially identical inner diameter smaller than a minimum inner

diameter of the first section.

[0013] Upon installing in a conveyance pipeline of a pneumatic conveyance system,
the flow pattern transition pipe is capable of transferring an instable conveyance flow pattern
to a relative stabler flow pattern, as its first section enables a solid feed transmitted from
upstream of the pipeline with an instable flowrate to reduce its superficial velocity and change
into a dune-flow, then its second and third sections enable the solid feed transmitted from the
second section to increase its superficial velocity and change into an uniformity-flow, and

therefore to form a relative stabler flow pattern.

[0014] In one aspect, an axial length of the first section is from about 3 to about 5
times of the second section, to ensure an enough time for the solid feed to settle on the first

section of the flow pattern transition pipe to form a dune-flow.

[0015] In one aspect, the flow pattern transition pipe is horizontally positioned in a
pneumatic conveyance system for conveying a feed via a carrier gas, and is configured to
enable a carrier gas velocity at the maximum inner diameter end of the first section lower than
a saltation velocity and a carrier gas velocity at the minimum inner diameter end of the second
section higher than a pick-up velocity. The “saltation velocity” used herein refers to an actual
gas velocity at which the particles of a homogeneous solid flow will start to fall out of the gas

<

stream. The “pick-up velocity” used herein refers to a gas velocity required to pick up
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particles from rest.

[0016] The flow pattern transition pipe may further comprises a fourth expansion pipe
section following the third section from an end of the third section away from the second
section and gradually increases in inner diameter in an axial direction away from the third
section. The maximum inner diameter of the fourth section may be substantially equal to the
minimum inner diameter of the first section, such that the flow pattern transition pipe can be
installed between two sections of a conveyance pipe which have a substantially identical inner

diameter, to transfer an instable conveyance flow pattern to a relative stabler flow pattern.

[0017] A pneumatic conveyance system comprising the flow pattern transition pipe
provided by the present invention is suitable for conveying solid feeds comprising one or more

of coal, coke, biomass, bitumen, carbon-containing waste and etc., such as coal powder.

[0018] In certain embodiments, the flow pattern transition pipe is capable of reducing a
flow fluctuation of a feed passed through the flow pattern transition pipe to less than 10%. In
one embodiment, the flow fluctuation of a feed upstream the flow pattern transition pipe is
about 10%, and the flow fluctuation of a feed downstream the flow pattern transition pipe is
less than 10%.

[0019] Referring to FIG.1, in the illustrated example, a flow pattern transition pipe 100
for use in a pneumatic conveyance system (not shown) comprises, sequentially from an
upstream side, a first expansion pipe section 102, a second shrink pipe section 104, a third pipe
section 106 and a fourth expansion pipe section 108 along a flow direction 305 of a solid feed
300 flowing therethrough, i.e., an axial direction of the transition pipe 100. In one
embodiment, the flow pattern transition pipe 100 extends along a substantially straight axial
direction. The first section 102 gradually increases in inner diameter in the axial direction.
The second section 104, which follows the first section 102 from a maximum inner diameter
end of the first section 102, gradually reduces in inner diameter in the axial direction away
from the first section 102. The third section 106, which follows the second section 104 from
a minimum inner diameter end of the second section 104, has a substantially identical inner
diameter which is smaller than a minimum inner diameter of the first section 102. The fourth
section 108, which follows the third section 106 from an end of the third section away from
the second section 104, gradually increases in inner diameter in the axial direction away from
the third section 106. An axial length L, of the first section 102 is from about 3 to about 5
5
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times of an axial length L, of the second section 104. The flow pattern transition pipe 100 is
configured to enable a carrier gas velocity at the maximum inner diameter end of the first
section 102 lower than a saltation velocity and a carrier gas velocity at the minimum inner
diameter end of the second section 104 higher than a pick-up velocity when the flow pattern
transition pipe 100 is used in a pneumatic conveyance system for conveying a solid feed via a

carrier gas.

[0020] The flow pattern transition pipe 100 is installed in a pipeline for conveying a
solid feed, between two pipe sections 202 and 204 of the pipeline, to transfer an instable
conveyance flow pattern to a relative stabler flow pattern. When a solid feed, for example, a
powder feed discharged from a feed tank or vessel, flows through the pipeline via a carrier gas,
a flow pattern in the pipe section 202 upstream the transition pipe 100 is typically a plug flow,
in which the solid feed flow comprises high concentration parts 302 and low concentration
parts 304. In such a flow pattern, the flowrate of the solid feed is extremely instable. As the
solid feed flows into the first section 102 of the transition pipe 100, its superficial velocity
reduces, and the flow pattern changes into dune-flow, in which the solid feed deposits on the
bottom of pipe. Sequentially when the solid feed flows into the second and third sections 104
and 106 of the transition pipe, because of increasing of superficial velocity, the flow pattern

changes into uniformity-flow, which is a stable flow pattern.

[0021] In one embodiment, the two pipe sections 202 and 204, which connected by the
transition pipe 100 and therefore located upstream and downstream the transition pipe 100,
respectively, have a substantially identical inner diameter, and a minimum inner diameter of
the first section 102 of the transition pipe 100 is substantially the same as a maximum inner
diameter of the fourth section 108 of the transition pipe 100. In an alternative embodiment,
the two pipe sections 202 and 204 respectively located upstream and downstream the
transition pipe 100 have different inner diameters, and a minimum inner diameter of the first
section 102 of the transition pipe 100 is different from a maximum inner diameter of the fourth

section 108 of the transition pipe 100.

[0022] The flow pattern transition pipe can be located in any position in pipelines of a
pneumatic conveyance system, in a horizontal, vertical or angled position, depending on the
layout of the pipeline in which it is installed. For example, as shown in FIG.2, the flow

pattern transition pipe 100 can be installed in in any position between a feed tank or vessel 502
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which discharges a feed with an instable flowrate and an apparatus or system 504 (e.g. a coal
gasifier) which can benefit from reducing a flowrate fluctuation of the instable feed and
thereby transferring the instable conveyance flow pattern to a relative stabler flow pattern.
Moreover, in certain embodiments, there may be one or more aforementioned flow pattern
transition pipes installed within a pneumatic conveyance system. For example, two or more
flow pattern transition pipes may be installed in a same pipeline of a pneumatic conveyance
system. In certain embodiments, the one or more flow pattern transition pipes are positioned

in a substantially horizontal position.

[0023] While the disclosure has been illustrated and described in typical embodiments,
it is not intended to be limited to the details shown, since various modifications and
substitutions can be made without departing in any way from the spirit of the present
disclosure. As such, further modifications and equivalents of the disclosure herein disclosed
may occur to persons skilled in the art using no more than routine experimentation, and all
such modifications and equivalents are believed to be within the spirit and scope of the

disclosure as defined by the subsequent claims.

" 113

[0024] Where the terms “comprise”, “comprises”, “comprised” or “comprising” are
used in this specification (including the claims) they are to be interpreted as specifying the
presence of the stated features, integers, steps or components, but not precluding the presence

of one or more other features, integers, steps or components, or group thereto.
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The claims defining the present invention are as follows:

1. A flow pattern transition pipe used in a pneumatic conveyance system,
comprising:

a first expansion pipe section gradually increasing in inner diameter in
an axial direction;

a second shrink pipe section following the first section from a maximum
inner diameter end of the first section, and gradually reducing in inner diameter in an axial
direction away from the first section; and

a third pipe section following the second section from a minimum inner
diameter end of the second section, with a substantially identical inner diameter smaller than a
minimum inner diameter of the first section;

wherein an axial length of the first section is from about 3 to about 5

times of the second section.

2. The flow pattern transition pipe according to claim 1, further
comprising a fourth expansion pipe section following the third section from an end of the third
section away from the second section, and gradually increasing in inner diameter in an axial

direction away from the third section.

3. The flow pattern transition pipe according to claim 2, wherein a
minimum inner diameter of the first section is substantially the same as a maximum inner

diameter of the fourth section.

4. The flow pattern transition pipe according to any one of claims 1 to 3,
wherein the flow pattern transition pipe is configured to enable a carrier gas velocity at the
maximum inner diameter end of the first section lower than a saltation velocity when the flow
pattern transition pipe is used in a pneumatic conveyance system for conveying a feed via a

carrier gas.

5. The flow pattern transition pipe according to any one of claims 1 to 3,
wherein the flow pattern transition pipe is configured to enable a carrier gas velocity at the
minimum inner diameter end of the second section higher than a pick-up velocity when the

flow pattern transition pipe is used in a pneumatic conveyance system for conveying a feed via

8
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a carrier gas.

6. The flow pattern transition pipe according to any one of claims 1 to 3,
wherein the flow pattern transition pipe is configured to enable a flow fluctuation of a feed

flowed through the flow pattern transition pipe to be reduced to less than 10%.

7. A pneumatic conveyance system comprising at least one said flow

pattern transition pipe according to any one of claims 1 to 6.

8. A flow pattern transition pipe used in a pneumatic conveyance system,
comprising:

a first expansion pipe section gradually increasing in inner diameter in
an axial direction;

a second shrink pipe section following the first section from a maximum
inner diameter end of the first section, and gradually reducing in inner diameter in an axial
direction away from the first section; and

a third pipe section following the second section from a minimum inner
diameter end of the second section, with a substantially identical inner diameter smaller than a
minimum inner diameter of the first section;

wherein the flow pattern transition pipe is configured to enable a carrier
gas velocity at the maximum inner diameter end of the first section lower than a saltation
velocity and a carrier gas velocity at the minimum inner diameter end of the second section
higher than a pick-up velocity, when the flow pattern transition pipe is used in a pneumatic

conveyance system for conveying a feed via a carrier gas.

9. The flow pattern transition pipe according to claim 8, further
comprising a fourth expansion pipe section following the third section from an end of the third
section away from the second section, and gradually increasing in inner diameter in an axial

direction away from the third section.

10. The flow pattern transition pipe according to claim 9, wherein a
minimum inner diameter of the first section is substantially the same as a maximum inner

diameter of the fourth section.
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11. The flow pattern transition pipe according to claim 8 or 9, wherein an

axial length of the first section is from about 3 to about 5 times of the second section.
12. The flow pattern transition pipe according to any one of claims 8§ to 11,
wherein the flow pattern transition pipe is configured to enable a flow fluctuation of a feed

flowed through the flow pattern transition pipe to be reduced to less than 10%.

13. A pneumatic conveyance system comprising at least one saidflow

pattern transition pipe according to any one of claims 8 to 12.

10



1/2

02

i 1
bt
bz 17
! t-é....:mm...».. v
| B A A
mNﬁWﬂ%@&%« 35 tﬁ : R
\ _
“
80L 90L 40 [
ZoL “
J

I 'Old

¢10cunt o €65€0cc10c

0oL

ok

c0c 00€




1eyses

2/2

L/

05 —~

¢ 9ld

0oL

=3

uonenjonjj ssa7

c0S

¢10cunt o €65€0cc10c

ooy

LONENIONY %04~

D
/




	Bibliographic Page
	Abstract
	Description
	Claims
	Drawings

