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FLEXIBLE CONVEYOR ASSElVHiLY AND 
CONVEYING APPARATUS AND ll/TETHOD 

FOR LIFTING FLUID 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to technologies for 
lifting ?uid and, more particularly, is concerned with a 
?exible conveyor assembly and conveying apparatus and 
method for lifting ?uid. 

2. Description of the Prior Art 

Up to the present time, the primary technology used to lift 
?uids from wells, such as water or oil wells, is a pump which 
employs pistons, cylinders, valves, seals and other mechani 
cal devices. These mechanical devices are subject to wear, 
corrosion, leakage and other problems which give rise to 
ine?iciency, high expense in installation and maintenance, 
and consumption of large amounts of power for operation. 
Also, the greater the distance the ?uids need to be lifted, the 
greater these problems impact the use of such devices. 

Various technologies providing alternatives to pumps 
have been considered in the past for lifting ?uids from wells 
and other underground reservoir structures. One general 
type of alternative technology utilizes a ?exible conveyor, 
such as a cable, rope or chain, entrained about upper and 
lower pulleys and moving along an endless path to raise and 
convey a ?uid, such as crude oil, from an oil well. The ?uid 
is lifted from the well primarily due to an adherence of the 
?uid to the ?exible conveyor. 

Prior art representative of this general type of alternative 
technology is found in U.S. pat. nos. to Fowler (930,465), 
Carl (1,017,847), Scruby (1,703,963), Kneuper (1,740,821), 
Sloan (2,l2l,93l), Kizziar (2,329,913), Gustafson (2,704, 
981), Rhodes (3,774,685), and Jackson et al (4,712,667). As 
an example, in the Rhodes patent, a lift apparatus utilizes an 
endless conveyor in the form of a mop, entrained about a 
system of spaced idler sheaves and advanced through an 
outer casing. The endless conveyor is fabricated from ?ber 
material secured to a wire rope which will absorb the ?uid 
The portion of the conveyor that has absorbed ?uid is pulled 
up to the surface through a tubular stringer At the surface, 
the ?uid is recovered from the conveyor by passage through 
squeegee rolls of a wiper assembly. The outer casing pro 
vides an annular space for eccentrically mounting the tubu 
lar stringer which encloses the ?uid ladened portion of the 
conveyor traveling upward to the surface The casing also 
provides space for the unladened return portion of the 
conveyor traveling back downward into the well, and as a 
guide and lateral support for a cartridge mounting a return 
idler 

None of these alternative technologies have proven useful 
for lifting ?uids as evidenced by their lack of utilization for 
that purpose. They appear to have failed to recognize and 
utilize the necessary relationships that must be established 
between diameters, velocity and fluid properties. Instead, 
they have incorrectly viewed the lifting process as essen 
tially one of adhering the ?uid to the moving conveyor 
Consequently, these prior art implementations have not been 
successful and a need still remains for a viable alternative 
non-pumping technology to lift ?uids. 
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2 
SUMMARY OF THE {NVENTlON 

The present invention provides a ?exible conveyor assem 
bly and conveying apparatus and method which satisfy the 
need for an alternative non-pumping technology for lifting 
?uid. Rather than being based on a pumping action for 
creating a pressure rise to cause ?uid ?ow or relying on an 
adherence, such as by absorption, of the ?uid to the con 
veyor, the novel alternative non-pumping technology of the 
present invention applies known Couette ?ow principles to 
successfully entrain an annular volume of ?uid within an 
annulus by a riser portion of an endless ?exible rope 
conveyor moving upwardly through a ?exible tubular wall. 
Underlying the present invention is the discovery that the 
primary parameters of conveyor rope velocity and annulus 
radial dimension and their proper selection are primarily 
responsible for attainment of superior performance 

Accordingly, the present invention is directed to a ?exible 
conveyor assembly for lifting ?uid which comprises: (a) 
means for forming a ?exible tubular wall defining an elon 
gated passage and having opposite ends; and (b) an endless 
?exible rope conveyor having riser and return portions. The 
riser portion extends through the passage de?ned by the 
?exible tubular wall. The ?exible rope conveyor has oppo 
site end portions interconnecting the riser and return por 
tions and extending from the opposite ends of the ?exible 
tubular wall. The riser portion and the ?exible tubular wall 
which surrounds the riser portion form an annulus therebe 
tween extending between the opposite ends of the ?exible 
tubular wall. 

The ?exible rope conveyor is engageable at its opposite 
end portions for causing and guiding movement of it about 
an endless path relative to the ?exible tubular wall with the 
riser and return portions moving in opposite directions 
relative to one another. The radial dimension of the annulus 
and the velocity at which the ?exible rope conveyor is 
moved relative to the ?exible tubular wall is preselected so 
that the riser portion in moving relative to the ?exible 
tubular wall can cause an annular-shaped turbulent stream of 
?uid to ?ow axially through the passage of the ?exible 
tubular wall with the riser portion such that the annular 
shaped stream is not substantially adhered to the riser 
portion of the ?exible rope conveyor but instead is entrained 
by the moving riser position and moved within an annular 
core ?ow region of the annulus to thereby move ?uid 
through the passage between the opposite ends of the 
?exible tubular wall 

Also, the present invention is directed to a conveying 
apparatus for lifting ?uid which comprises (a) means for 
forming a ?exible tubular wall de?ning an elongated pas 
sage and having a lower inlet end and an upper outlet end; 
(b) an endless ?exible rope conveyor having riser and return 
portions, the riser portion extending through the passage 
de?ned by the ?exible tubular wall, and opposite end 
portions interconnecting the riser and return portions and 
extending from the opposite ends of the ?exible tubular 
wall; and (0) means for moving the ?exible rope conveyor 
about an endless path with the riser and return portions of the 
conveyor moving in opposite directions relative to one 
another. 

The riser portion and the ?exible tubular wall which 
surrounds the riser portion form an annulus therebetween 
extending between the opposite inlet and outlet ends of the 
?exible tubular wall. The radial dimension of the annulus 
and the velocity at which the ?exible rope conveyor is 
moved relative to the ?exible tubular wall are preselected so 
that the riser portion in moving relative to the tubular wall 
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causes an annular-shaped turbulent stream of ?uid to ?ow 
axially upwardly with the riser portion such that the annular 
shaped stream does not substantially adhere to the riser 
portion of the moving ?exible rope conveyor but instead is 
entrained by the moving riser portion and moved upwardly 
within an annular core ?ow region of the annulus to thereby 
lift ?uid from the inlet end to the outlet end of the ?exible 
tubular wall. 

Preferably, the riser and return portions of the ?exible 
rope conveyor are disposed through the di?erent ?exible 
tubular walls. Thus, the riser and return portions move in 
opposite directions through passages de?ned by the ?exible 
tubular walls relative to one another and relative to the 
tubular walls. 
The moving means is an arrangement mounting the 

?exible rope conveyor and being operable for moving it. The 
mounting arrangement includes roller members mounting 
the opposite end portions of the ?exible rope conveyor, and 
a motion-producing device for moving the ?exible rope 
conveyor about the endless path with the riser and return 
portions of the rope conveyor moving in opposite directions 
relative to one another through the di?erent passages. 

Further, the present invention is directed to a conveying 
method for lifting ?uid, which comprises the steps of: (a) 
providing a ?exible tubular wall de?ning an elongated 
passage and having a lower inlet end and an upper outlet 
end; (b) disposing a riser portion of an endless ?exible rope 
conveyor through the elongated passage of the tubular wall 
such that the riser portion and the ?exible tubular wall form 
an annulus therebetween extending between the lower inlet 
end and upper outlet end of the tubular wall; (c) moving the 
?exible rope conveyor about an endless path with the riser 
portion of the rope conveyor moving upwardly through the 
passage; and (d) preselecting the radial dimension of the 
annulus and the velocity at which the ?exible rope conveyor 
is moved relative to the ?exible tubular wall so that the riser 
portion of the rope conveyor in moving relative to the 
tubular wall causes an annular-shaped turbulent stream to 
?ow axially upwardly with the riser portion of the moving 
rope conveyor such that the annular-shaped stream is not 
substantially adhered to the riser portion of the moving rope 
conveyor but instead is entrained by the moving riser portion 
and moved upwardly within an annular core ?ow region of 
the annulus to thereby lift ?uid from the inlet end to the 
outlet end of the ?exible tubular wall. In one embodiment, 
the moving is accomplished by applying a circular drive 
traction to the ?exible rope conveyor. In another embodi 
ment, the moving is accomplished by applying a linear drive 
traction to the rope conveyor. 
The ?exibility of the tubular walls and rope conveyor of 

the conveyor assembly of the present invention permits the 
conveying apparatus to operate around comers and bends. 
Virtually no existing pumping technology is able to function 
reliably around bends. For example, a prior art sucker rod 
pump, such as used on a windmill, has to be employed in a 
hole that is reasonably straight. A centrifugal pump cannot 
pass around a corner so sharp that its shaft is bent, otherwise 
it fails mechanically. With respect to non-pumping technol 
ogy, such as the prior art apparatus of the Rhodes patent, by 
employing a rigid tubular stringer to enclose and protect the 
?uid ladened portion of the mop conveyor the Rhodes 
apparatus cannot operate around a comer. 

These and other features and advantages of the present 
invention will become apparent to those skilled in the art 
upon a reading of the following detailed description when 
taken in conjunction with the drawings wherein there is 
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shown and described an illustrative embodiment of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following detailed description, reference will be 
made to the attached drawings in which: 

FIG. 1 is a side elevational view of a simpli?ed embodi 
ment of the conveying apparatus for lifting ?uid in accor 
dance with the principles of the present invention. 

FIG. 2 is a longitudinal sectional view of the apparatus of 
the present invention. 

FIG. 3 is an enlarged fragmentary cross-sectional view of 
a ?exible conveyor assembly of the conveying apparatus 
taken along line 3—3 of FIG. 2. 

FIG. 4 is an enlarged fragmentary longitudinal sectional 
view taken along line 4—4 of FIG. 3. 

FIG. 5 is an enlarged fragmentary perspective view of a 
lower portion of another embodiment of the conveying 
apparatus for lifting ?uid in accordance with the principles 
of the present invention. 

FIG. 6 is an enlarged fragmentary side elevational view of 
an upper portion of the embodiment of the conveying 
apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view similar to FIG. 3, but 
illustrating another embodiment of the ?exible conveyor 
assembly of the conveying apparatus. 

FIG. 8 is a cross-sectional view similar to FIG. 7, but 
illustrating still another embodiment of the ?exible conveyor 
assembly of the conveying apparatus. 

FIG. 9 is a perspective view of an air-tight container for 
supporting the conveying apparatus at a wellsite, the con 
tainer being illustrated in disassembled condition. 

FIG. 10 is a perspective view of the air-tight container in 
assembled condition. 

FIG. I] is a side elevational view of the apparatus shown 
in FIG. 1, shown disposed around a comer or bend. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Conveying Apparatus For Lifting Fluid 

Referring to the drawings, and particularly to FIGS. 1-4, 
there is illustrated a simpli?ed embodiment of a conveying 
apparatus, generally designated 20, for lifting ?uid in accor 
dance with the present invention. In its basic components, 
the conveying apparatus 20 includes a ?exible conveyor 
assembly 22 and an arrangement 24 which mounts and 
operates the conveyor assembly 22 to lift ?uids. The con 
veyor assembly 22 includes means 26, such as in the form 
of a pair of separate elongated ?exible tubes 28, 30, for 
de?ning a pair of separate ?exible tubular walls 32, 34 
which, in turn, de?ne respective separate elongated passages 
36, 38, and an endless ?exible rope conveyor 40 disposed 
through the tubes 28, 30. The arrangement 24 mounts the 
?exible rope conveyor 40 through the ?exible tubes 28, 30 
and is operable for moving it about an endless path through 
the passages 36, 38 of the tubes 28, 30. 
The endless ?exible rope conveyor 40 has riser and return 

portions 40A, 4013, which are disposed through the respec 
tive passages 36, 38 of the tubes 28, 30, and opposite lower 
and upper end portions 40C, 40D which interconnect the 
riser and return portions 40A, 40B and extend from the 
opposite ends of the tube passages 36, 38. The riser portion 
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40A of the ?exible rope conveyor 40 and the one tubular 
wall 32 surrounding it form an annular gap or annulus 44 
between them extending from a lower inlet end 46 to an 
upper outlet end 48 of the one tubular wall 32. 

Although not so limited, as seen in FIGS. 1-4, the ?exible 
rope conveyor 40 preferably has a substantially circular 
cross-section and can be composed of any suitable ?exible 
material, for example, plastic or hemp. The material com 
posing the rope conveyor is su?iciently ?exible so as to 
permit bending of the conveyor assembly 22; however, the 
material is substantially inelastic so as to avoid stretching of 
the rope conveyor 40. Also, it should be understood that the 
term “rope” is used herein for the purpose of brevity in 
describing or characterizing the nature of the conveyor 40 
and not for purposes of limitation. Other terms such as 
“string", “band”, “strand” can be considered interchange 
able with “rope” and could have been used in its place to 
describe the type of conveyor 40 employed by the conveyor 
assembly 22. 
The ?exible tubular walls 32, 34 de?ned by the ?exible 

tubes 28, 30 surrounding the riser and return portions 40A, 
40B of the rope conveyor 40 preferably have a cross 
sectional geometry similar to the rope conveyor 40. The 
tubes 28, 30 can be composed of any suitable ?exible 
material, for example, plastic. The material composing the 
tubes 28, 30 is sufficiently ?exible so as to permit bending 
of the conveyor assembly 22; however, the material is 
substantially inelastic so as to avoid stretching of the tubes. 
An outer ?exible sheath 49 surrounds and supports the 
?exible tubes 28, 20 of the conveyor assembly 22. 
The arrangement 24 in the conveying apparatus 20 

includes rotatable roller members 50, such as in the form of 
pulleys or sheaves, respectively located adjacent to and 
mounting the lower end portion 40C and upper end portion 
40D of the endless rope conveyor 40 for movement along 
the endless path. The arrangement 24 also includes a 
motion-producing device 52 having an output drive shaft 54 
connected to the upper one of the roller members 50. 
Operation of the device 52 rotates its output drive shaft 54, 
transmitting rotary motion to the upper roller member 50 
and thereby applying a circular drive traction to the rope 
conveyor 40 to move it about the endless path with its riser 
and return portions 40A, 40B moving in opposite directions 
relative to one another through the different passages 36, 38. 
Referring to FIGS. 1 and 2, as an example, the motion 
producing device 52 is an electric motor. Alternatively, the 
device 52 can be an engine, hand crank, windmill, solar 
powered motor, etc. 
The radial dimension of the annulus 44 (being the di?’en 

ence between the diameters of the tubular wall 32 and the 
rope conveyor 40) and the velocity at which the rope 
conveyor 40 is moved relative to the one tubular wall 32 are 
preselected so that the riser portion 40A of the ?exible rope 
conveyor 40 in moving relative to the one tubular wall 32 
causes an annular-shaped turbulent stream S of ?uid to ?ow 
axially upwardly with the riser portion 40A such that the 
annular-shaped turbulent stream 5 is not substantially 
adhered to the riser portion 40A. Instead, the annular-shaped 
stream S is entrained by the moving riser portion 40A and 
moved upwardly within an annular core ?ow region C of the 
annulus 44 to thereby lift ?uid from the lower inlet end 46 
to the upper outlet end 48 of the one tubular wall 32. 

Underlying the present invention is the discovery that the 
primary parameters of conveyor rope velocity and annulus 
radial dimension and their proper selection are primarily 
responsible for attainment of superior performance. The 
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6 
conveyor velocity and annulus radial dimension are prese 
lected so as to ensure that the annulus 44 properly forms the 
annular core ?ow region C in the conveying apparatus 20 
around the upwardly moving rope conveyor riser portion 
40A. The formation of the annular core ?ow region C serves 
to enhance the ?uid lifting rate. When such core ?ow region 
C is properly formed, the annular-shaped stream S which 
occupies the region C will exhibit the characteristics of 
turbulent ?ow. 

To reiterate, the annular-shaped turbulent stream S does 
not substantially depend on adherence to the riser portion 
40A of the rope conveyor 40 for its movement. Instead, the 
proper selection of conveyor velocity and annulus radial 
dimension in combination with the creation of stresses 
within the ?uid in accordance with known Couette ?ow 
principles, by movement of the rope conveyor riser portion 
40A relative to the one tubular wall 32, produces the desired 
movement of the annular-shaped turbulent stream 8 within 
the annular core ?ow region C of the annulus 44 concur 
rently with the moving riser portion 40A of the rope con 
veyor 40. 

Referring now to FIGS. 5 and 6, there is illustrated lower 
and upper portions 56A, 56B of another embodiment of the 
conveying apparatus of the present invention, generally 
designated 56. in its basic components, the conveying 
apparatus 56 is substantially the same as the earlier convey 
ing apparatus 20. Thus, the conveying apparatus 56 includes 
a ?exible conveyor assembly 58 composed by a pair of 
?exible tubes 69, 62 defining a pair of separate tubular walls 
64, 66 and an endless ?exible rope conveyor 68, and an 
arrangement 70 mounting the rope conveyor 68 through the 
tubes 60, 62 and being operable for moving it about an 
endless path through separate elongated passages 72, 74 
de?ned by he tubular walls 64, 66 of the ?exible tubes 60, 
62. 

However, at the lower portion 56A of the conveying 
apparatus 56, the ?exible tubes 60, 62 at their lower ends 
merge into a lower annular housing 76 surrounding a lower 
roller member 78. Also, a lower inlet end 80 is de?ned by a 
?ared section 82 at an interruption 84 in the tube 62. The 
?exible tubes 60, 62 are held together by means such as a 
strip of tape 86 wound about the tubes 60, 62 a short distance 
above the lower roller member 78. 
The upper portion 56B of the conveying apparatus 56 

employs a di?‘erent motion-producing device 88 for moving 
the rope conveyor 68 about the endless path with the riser 
and return portions 68A, 68B of the rope conveyor 68 
moving in opposite directions relative to one another 
through the di?erent elongated passages 72, 74. Compared 
to the motion-producing device 52 which through the drive 
shaft 54 and upper one of the roller members 50 applies a 
circular drive traction, the motion-producing device 88 of 
FIG. 6 applies a linear drive traction to the rope conveyor 68 
via a pair of linear drives 90, 92. The motion-producing 
device 88 includes the pair of linear drives 90, 92 disposed 
on opposite sides of an upper end portion 68C of the rope 
conveyor 68. Each drive 90, 92 is composed of a pair of 
spaced pulleys 94 and a drive belt 96 entrained about and 
extending between the pulleys 94. 
The device 88 also includes a multi-roller mechanism 98 

which clamps the adjacent runs 96A of the drive belts 96 
against opposite sides of the rope conveyor 68. The adjacent 
runs 96A of the drive belts 96 move along straight paths and 
press from opposite sides against the rope conveyor 68 so as 
to apply a linear drive traction to the rope conveyor 68 The 
linear, parallel motion of the belt runs 96A pulls the rope 
conveyor 68 between them. 
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More particularly, the multi-roller mechanism 98 includes 
a pair of clamp parts 98A, 98B, each having a holder 100 and 
a plurality of rollers 102. The one clamp part 98A is 
stationarily mounted by brackets 104. The other clamp part 
98B is mounted by springs 106 and brackets 108 for 
reciprocal movement toward and away from the rope con 
veyor 68 and the opposite clamp part 98A. Also, a plurality 
of idlers 110 are stationarily mounted adjacent the one linear 
drive 92 for routing the rope conveyor 68 about it. One of 
the pulleys 94 of each of the linear drives 90, 92 can be 
coupled to and driven by any suitable source, such as a 
motor and gear box. 

Referring to FIG. 7, there is illustrated a cross-section of 
a modi?ed ?exible conveyor assembly 114 which can be 
employed by the conveying apparatus of the present inven 
tion. Similar to the ?exible conveyor assembly 22 of FIGS. 
1-4, the ?exible conveyor assembly 114 includes a pair of 
?exible tubes 116, 118 de?ning a pair of separate tubular 
walls 120, 122, and an endless ?exible rope conveyor 124 
disposed through elongated passages 126, 128 de?ned by 
the ?exible tubes 116, 118. The same mounting and oper 
ating arrangements (not shown) as employed in either one of 
the conveying apparatuses 20, 56 can be used for mounting 
the rope conveyor 124 and operating it to move it about an 
endless path through the separate passages 126, 128 of the 
tubes 116, 118. 

In addition, the ?exible conveyor assembly 114 includes 
an outer sheath 130 such as formed by a tape of glass or 
epoxy ?ber material spirally wound and wrapped about the 
?exible tubes 116, 118. Also, an elongated ?exible tension 
member 132 is provided, extending alongside the tubes 116, 
118. The sheath 130 of wrapped tape encircles the tension 
member 132 as well as the tubes 116, 118. The tension 
member 132 supports the weight of the tubes 116, 118, rope 
conveyor 124, ?uid in the tube 116, and a lower idler roller 
(not shown) when the ?exible conveyor assembly 114 is 
suspended into a well. 

Referring to FIG. 8, there is illustrated a cross-section of 
another modi?ed ?exible conveyor assembly 134 which can 
be employed by the conveying apparatus of the present 
invention. Instead of employing a pair of ?exible tubes as in 
the case of the earlier ?exible conveyor assemblies 22, 58, 
114, the ?exible conveyor assembly 134 of FIG. 8 is 
composed by a ?exible solid core 136 of foam plastic 
material, such as a single extrusion of PVC, having a pair of 
separate spaced tubular walls 138, 140 formed axially 
through the interior of the ?exible core 136. The tubular 
walls 138, 140 de?ne respective separate elongated passages 
142, 144. An endless ?exible rope conveyor 146, the same 
as those previously described, is disposed through the pas 
sages 142, 144 of the ?exible core 136. The same mounting 
and operating arrangement (not shown) is used for mounting 
the conveyor 146 and for moving it about an endless path 
through the passages 142, 144 de?ned by the interior tubular 
walls 138, 140 of the ?exible core 136. 
The ?exible conveyor assembly 134 also includes an 

outer sheath 148 composed of glass or epoxy ?ber tape 
spirally wound and wrapped about the foam core 136. Also, 
in addition to the interior tubular walls 138, 140, the ?exible 
core 136 includes an elongated ?exible tension member 150 
and signal conductor cables 152 extending through the foam 
core 136 alongside and spaced between the tubular walls 
138, 140. The tension member 150 supports the weight of 
the ?exible core 136, ?uid in the core 136, and a lower idler 
roller (not shown) when they are suspended into a well, 
while the conductor cables 152 can be used to transmit 
signals to and from downhole instrumentation. 
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The different embodiments having the constructions 

described above provide a conveying apparatus with a 
?exible conveyor assembly capable of operating while 
extending around corners and bends. For example, FIG. 11 
illustrates the apparatus of FIG. I as extending around a 
comer or bend. Virtually no existing pumping nor non 
pumping technology is capable of operating in this manner. 
At the extreme, the conveying apparatus of the present 
invention will even operate when deployed in a circular 
con?guration. 

Referring to FIGS. 9 and 10, there is illustrated an 
air-tight container 154 composed of a base 156 and a top 
closure 158 for supporting the conveying apparatus 20, 56 at 
a wellsite. The base 156 rests on the ground surface, 
wellhead, stand or casing at a wellsite. The base 156 has a 
peripheral ?ange 160 which supports the motion-producing 
device 52 and a support head 162 which supports the upper 
portion of the ?exible conveyor assembly 22, 58 of the 
conveying apparatus 20, 56. The base 156 also mounts a 
support frame 164 which supports the drive roller members 
50 of the mounting arrangement 24 (FIGS. 1 and 2) or the 
linear drives 90, 92 (FIG. 6) about which pass respectively 
the rope conveyors 40, 68. The driveline from the motion’ 
producing device 52 passes through the side of the support 
head 162 and has one or more pressure seal bearings (not 
shown) to provide pressure isolation of the ?uids and gases 
within the container 154. 
When the top closure 158 is applied to the base 156, as 

shown in FIG. 10, it is retained thereon by a plurality of 
elongated bolts 165 interconnecting the top closure 158 with 
the base 156 to form an air-tight pressure seal with the base 
156. The air-tight sealed container 154 thus encloses the 
upper portion of the respective apparatus 20, 56, except for 
the motion-producing device 52. Extending from the side of 
the container 154 is a pipe 166 through which the lifted 
?uids ?ow out to a storage location. Other pipes 168 lead 
from the top of the top closure 158 for use to transport 
natural gas away from an oil well. The upper portion of the 
conveying apparatus 20, 56 serves as a gas/liquid separator 
for the wellsite. The container 154 is air-tight to meet 
environmental air pollution requirements. 
One of the major factors in minimizing the power con 

sumption of the conveying apparatus is the balanced nature 
of the apparatus. When starting up, there will be no ?uid in 
the apparatus, therefore the power supplied is only over 
coming the friction and inertia of the rope conveyor, which 
weighs approximately the same amount on the riser and 
return sides of the apparatus. The load increases approxi 
mately linearly as the ?uid is lifted up the riser side, so for 
very e?icient start-up the apparatus could also linearly 
accelerate. When running, there is no reciprocating motion 
to cause increased power consumption by reversing direc 
tion (inertia) of sucker rods, for example. The power source 
is only lifting the ?uid and overcoming friction. Upon 
shutdown, the ?uid drains out of the riser side. If that were 
to occur too quickly, it could impose excessive stress on the 
riser side, so shut-down could also be performed gradually 
by linearly decelerating the rope conveyor, so that the ?uid 
gradually falls back. 

Because the tube on the return side of the apparatus is 
used to guide the rope conveyor back down the well, it can 
also serve at least one other function. If it is necessary to 
pump treating ?uids, such as acid or surfactants, downhole, 
those ?uids can be conveyed to the sandface via the return 
side of the apparatus at considerable pressure increase. 
Simultaneously, the spent ?uids can be removed via the riser 
side of the apparatus, if desired. Also, upon the event of 
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failure of the tube on the riser side of the apparatus due to 
wear, the direction of motion of the rope conveyor can be 
reversed making the tube on the return side the riser and vice 
versa. That will provide additional longevity prior to the 
need for replacement of the conveyor assembly. 

Experimentation And Observations Regarding the 
Eifect of Annulus Radial Dimension And Rope 

Speed on Lifting Rate 

As mentioned earlier, underlying the present invention is 
the discovery that the primary parameters of conveyor 
velocity and annulus radial dimension and their proper 
selection are primarily responsible for attainment of superior 
performance. When these parameters are carefully selected, 
experiments have shown that the volume of ?uid moved by 
the conveying apparatus and method of the present invention 
far exceeds that predicted by known Couette-Poiseuille ?ow 
principles. A detailed explanation of these known principles 
can be obtained by reference to the book: Churchill, S. W., 
Viscous Flows, The Practical Use of Theory. (1988), pgs. 
107-130, Butterworths, Boston, Mass. 
For achieving a particular ?uid lifting rate, an optimum 

set of parameters regarding conveyor velocity and annulus 
radial dimension can be preselected through trial and error 
experimentation to ensure that the annular core ?ow region, 
which accounts for the enhanced performance of the con 
veying apparatus, is properly formed around the riser por 
tion of the conveyor. The formation of the annular core ?ow 
region serves to enhance the ?uid lifting rate. When such 
core ?ow region is properly formed, the annular-shaped 
stream which occupies the region will exhibit the charac 
teristics of turbulent ?ow. 
Numerous experiments were conducted by the inventor to 

verify performance of the conveying apparatus using two 
sets of tubing and rope sizes, and several diiferent rope 
speeds and con?gurations. These experimental data are 
shown in TABLE I below. 

The series of experiments with prototype conveying appa 
ratus producing the data of TABLE I were conducted with 
di?’erent lift distances, three types of tubing and several 
types of rope. TABLE I does not distinguish between the 
particular type of tubing or rope, although the columns do 
pertain to each experimental set. The primary purpose of 
TABLE I is to demonstrate the breadth of experiments 
performed and to support the assertion that the physical 
behavior of the conveying apparatus is dependent on the 
hydraulic diameter (radiai dimension of the annulus) and 
rope velocity or speed. It is apparent from TABLE I that 
increased rope speed increases throughput. It also seems to 
show higher ?ow rates (e.g. 46 BWPD vs. 9 BWPD at 180 
fpm) with the smaller tubing size at lower rope speeds, 
which would not be logical, if the classical Couette theory 
described the whole process. 

TABLE I 

Volume Lifted vs. Rope Speed and Tubing/Rope Size 
Water Rate Lifted (BWPD) 

Rope Lift Heighttft) 

Speed 7 7 7 7 4 48 6 48 48 82 
(ft/ Tbg/Rope Dia (in) 

min) 3/4 x 3/8 5/8 x 1/4 

980 175 
690 H7 

10 

20 

25 

30 

35 

45 

55 

65 

10 

TABLE I-continued 

Volume Lifted vs. Rope Speed and Tubing/Rope Size 
Water Rate Li?ed (BWPDJ 

Lift Heightt'ft) Rose 

Speed 7 7 7 7 4 48 6 48 82 
(ft! Tbg/Rope Die. (in) 

48 

min) 3/4 x 3/8 5/8 x 1/4 

560 
M9 
350 
280 
265 
232 
210 
I95 
I80 
165 
150 
135 
80 3 

82 BI 74 62 

36 
27 
24 

73 

25 
46 

,..r 

baoneeo 
To obtain the data in TABLE I, the prototype was 

assembled and operated in a stabilized condition, i.e. until 
the rope speed and ?owrate were constant. Then, from the 
known length of the rope and lift height, timing the rope s 
travel time provided the rope speed. The ?uid ?owrate was 
measured by recording the time to ?ll a container of known 
volume, usually a one quart container. The table only shows 
a small portion of the data, since many of the data points 
represent averages of many observations. 

Also, the inventor has performed a comparison between 
the actual performance and the theoretically predicted per 
formance, according to the principles of Couette~Poiseuille 
?ow. From the data of TABLE I and graphs of this com 
parison, it has been concluded that there clearly exists an 
optimum tubing and rope diameter (and thus annulus radial 
dimension) and rope speed to meet the design objectives of 
a particular ?uid lifting rate. Also, it has been concluded that 
there exists a “core ?ow region” around the rope which 
signi?cantly enhances the lifting rate. A “core ?ow region“, 
which exhibits the characteristics of turbulent flow, is 
required to match observed performance to theory. Finally, 
it has been concluded that the behavior of the lifting process 
of the apparatus is predictable, using a modi?ed Couette 
?ow theory, which considers the radial annulus, the core 
?ow region and the ?uid density. 

It is thought that the present invention and its advantages 
will be understood from the foregoing description and it will 
be apparent that various changes may be made thereto 
without departing from its spirit and scope of the invention 
or sacri?cing all of its material advantages, the form here 
inbefore described being merely preferred or exemplary 
embodiment thereof. 

Having thus described the invention, what is claimed is: 
1. A ?exible conveyor assembly for use in a conveying 

apparatus for lifting ?uid, said assembly comprising: 
(a) means for forming a ?exible tubular wall de?ning an 

elongated passage and having respective opposite ends; 
and 

(b) an endless ?exible rope conveyor having riser and 
return portions, said riser portion extending through 
said passage de?ned by said ?exible tubular wall, said 
?exible rope conveyor also having opposite end por 
tions interconnecting said riser and return portions and 
extending from said opposite ends of said ?exible 
tubular wall, said riser portion and said ?exible tubular 
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wall which surrounds said riser portion forming an 
annulus therebetween extending between said opposite 
ends of said ?exible tubular wall; 

(c) said ?exible rope conveyor being engageable at said 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular wall with said riser 
and return portions moving in opposite directions rela 
tive to one another, the radial dimension of said annulus 
and the velocity at which said ?exible rope conveyor is 
moved relative to said ?exible tubular wall being 
preselected so that said riser portion in moving relative 
to said ?exible tubular wall can cause an annular 
shaped turbulent stream of ?uid to ?ow axially through 
said passage of said ?exible tubular wall with said riser 
portion such that said annular-shaped stream is not 
substantially adhered to said riser portion of said ?ex 
ible rope conveyor but instead is entrained by said 
moving riser portion and moved within an annular core 
?ow region of said annulus to thereby move ?uid 
through said passage between said opposite ends of 
said ?exible tubular wall. 

2. The assembly of claim 1 wherein said means for 
forming said ?exible tubular wall is an elongated hollow 
?exible tube. 

3. The assembly of claim 1 further comprising: 
an elongated tension member extending alongside said 

?exible tube and being attached thereto for supporting 
the weight of said ?exible tube and said rope conveyor. 

4. The assembly of claim 1 wherein said means for 
forming said ?exible tubular wall is an elongated solid core 
of plastic material having said tubular wall de?ned through 
the interior of said core. 

5. The assembly of claim 4 further comprising: 
an elongated tension member extending through the inte 

rior of said core alongside and spaced from said tubular 
wall for supporting the weight of said core and said 
rope conveyor. 

6. A ?exible conveyor assembly for use in a conveying 
apparatus for lifting ?uid, said assembly comprising: 

(a) means for forming a pair of ?exible tubular walls 
de?ning separate elongated passages and having 
respective opposite ends; and 

(b) an endless ?exible rope conveyor composed of a pair 
of riser and return portions extending through different 
ones of said respective passages de?ned by said ?exible 
tubular walls, and a pair of opposite end portions 
interconnecting said riser and return portions and 
extending from said respective opposite ends of said 
?exible tubular walls, said riser portion of said ?exible 
rope conveyor and the one of said ?exible tubular walls 
surrounding said riser portion forming an annulus ther 
ebetween extending between said opposite ends of said 
one ?exible tubular wall; 

(c) said ?exible rope conveyor being engageable at its 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular walls with said 
riser and return portions of said ?exible rope conveyor 
moving in opposite directions relative to one another 
through said respective passages, the radial dimension 
of said annulus and the velocity at which said ?exible 
rope conveyor is moved relative to said one ?exible 
tubular wall being preselected so that said riser portion 
in moving relative to said one ?exible tubular wall can 
cause an annular-shaped turbulent stream of ?uid to 
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?ow axially through said passage of said one ?exible 
tubular wall with said riser portion such that said 
annular-shaped stream is not substantially adhered to 
said riser ponjon of said ?exible rope conveyor but 
instead is entrained by said moving riser portion and 
moved within an annular core ?ow region of said 
annulus to thereby move ?uid between said opposite 
ends of said passage through said one ?exible tubular 
wall. 

7. The assembly of claim 6 wherein said means for 
forming said ?exible tubular walls is a pair of elongated 
hollow ?exible tubes. 

8. The assembly of claim 7 further comprising: 
an elongated tension member extending alongside said 

?exible tubes and being attached thereto for supporting 
the weight of said ?exible tubes and said rope con 
veyor. 

9. The assembly of claim 6 wherein said means for 
forming said ?exible tubular walls is an elongated solid core 
of plastic material having said tubular walls de?ned through 
the interior of said core. 

10. The assembly of claim 9 further comprising: 
an elongated tension member extending through the inte 

rior of said core alongside and spaced from said tubular 
walls for supporting the weight of said core and said 
rope conveyor. 

11. A conveying apparatus for lifting ?uid, comprising: 
(a) means for forming a ?exible tubular wall de?ning an 

elongated passage and having opposite ends; 
(b) an endless ?exible rope conveyor having riser and 

return portions, said riser portion being surrounded by 
said tubular wall and disposed through said passage 
de?ned by said tubular wall, said ?exible rope con 
veyor also having opposite end portions interconnect 
ing said riser and return portions and extending from 
said opposite ends of said ?exible tubular wall, said 
riser portion and said ?exible tubular wall forming an 
annulus therebetween extending between said opposite 
ends of said tubular wall; and 

(c) means for engaging said opposite end portions of said 
?exible rope conveyor and being operable for moving 
said rope conveyor about an endless path with said riser 
and return portions of said rope conveyor moving in 
opposite directions relative to one another, the radial 
dimension of said annulus and the velocity at which 
said rope conveyor is moved relative to said tubular 
wall being preselected so that said riser portion in 
moving relative to said tubular wall causes an annular 
shaped turbulent stream of ?uid to ?ow axially 
upwardly with said riser portion such that said annular 
shaped stream is not substantially adhered to said riser 
portion of said rope conveyor but instead is entrained 
by said moving riser portion and moved upwardly 
within an annular core ?ow region of said annulus to 
thereby lift ?uid through said passage of said tubular 
wall. 

12. The conveying apparatus as recited in claim 11, [said 
moving means] wherein said means for engaging includes: 

an arrangement movably supporting said opposite end 
portions of said rope conveyor; and 

a drive mechanism coupled with said arrangement and 
being operable for moving said rope conveyor about 
said endless path. 

13. The conveying apparatus as recited in claim 12, 
wherein said arrangement includes a pair of rotatable roller 
members entraining said opposite end portions of said rope 
conveyor adjacent to said opposite ends of said tubular wall. 
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14. The conveying apparatus as recited in claim 13, 
wherein said drive mechanism is a motion-producing device 
connected to one of said roller member and being operable 
for rotating said roller member and thereby moving said 
rope conveyor about said endless path with said riser and 
return portions of said rope conveyor moving in opposite 
directions relative to one another. 

15. The conveying apparatus as recited in claim 11, 
wherein said [moving] means for engaging includes: 

an arrangement movably supporting said opposite end 
portions of said ?exible rope conveyor; and 

a drive mechanism engaged with said rope conveyor and 
being operable for moving said rope conveyor about 
said endless path. 

16. The conveying apparatus as recited in claim 15, 
wherein said arrangement includes a pair of roller members 
entraining said opposite end portions of said rope conveyor 
adjacent to said opposite ends of said tubular wall. 

17. The conveying apparatus as recited in claim 15, 
wherein said drive mechanism is engaged with said rope 
conveyor so as to apply linear traction to said rope conveyor 
for moving it about said endless path. 

18. The conveying apparatus as recited in claim 15, 
wherein said drive mechanism is a motion-producing device 
coupled to said rope conveyor and being operable for 
moving said rope conveyor about said endless path with said 
riser and return portions of said rope conveyor moving in 
opposite directions relative to one another. 

19. A conveying apparatus for lifting ?uid, comprising: 
(a) means for forming a pair of ?exible tubular walls 
de?ning separate elongated passages having opposite 
ends; 

(b) an endless ?exible rope conveyor having riser and 
return portions disposed through different ones of said 
respective passages de?ned by said tubular walls, and 
a pair of opposite end portions interconnecting said 
riser and return portions and extending from said 
respective opposite ends of said ?exible tubular walls, 
said riser portion of said rope conveyor and said one 
tubular wall surrounding said riser portion forming an 
annulus therebetween extending between said opposite 
ends of said one tubular wall; and 

(c) means for moving said rope conveyor about an endless 
path with said riser and return portions of said rope 
conveyor moving in opposite directions relative to one 
another through diiferent ones of said passages, the 
radial dimension of said annulus and the velocity at 
which said rope conveyor is moved relative to said one 
tubular wall being preselected so that said riser portion 
in moving relative to said one tubular wall causes an 
annular-shaped turbulent stream of ?uid to ?ow axially 
upwardly with said riser portion such that said annulan 
shaped stream is not substantially adhered to said riser 
portion of said rope conveyor but instead is entrained 
by said moving riser portion and moved upwardly 
within an annular core ?ow region of said annulus to 
thereby lift ?uid through said passage of said one 
tubular wall. 

20. The conveying apparatus as recited in claim 19, 
wherein said moving means includes: 

an arrangement movably supporting said opposite end 
portions of said rope conveyor; and 

a drive mechanism coupled with said arrangement and 
being operable for moving said rope conveyor about 
said endless path. 

21. The conveying apparatus as recited in claim 20, 
wherein said arrangement includes a pair of rotatable roller 
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members entraining said opposite end portions of said rope 
conveyor adjacent to said opposite ends of said one tubular 
wall. 

22. The conveying apparatus as recited in claim 21, 
wherein said drive mechanism is a motion-producing device 
connected to one of said roller member and being operable 
for rotating said roller member and thereby moving said 
rope conveyor about said endless path with said riser and 
return portions of said rope conveyor moving in opposite 
directions relative to one another. 

23. The conveying apparatus as recited in claim 19, 
wherein said moving means includes: 

an arrangement movably Supporting said opposite end 
portions of said rope conveyor; and 

a drive mechanism engaged with said rope conveyor and 
being operable for moving said rope conveyor about 
said endless path. 

24. The conveying apparatus as recited in claim 23, 
wherein said arrangement includes a pair of roller members 
entraining said opposite end portions of said rope conveyor 
adjacent to said opposite ends of said one tubular wall. 

25. The conveying apparatus as recited in claim 23, 
wherein said drive mechanism is engaged with said rope 
conveyor so as to apply linear traction to said rope conveyor 
for moving it about said endless path. 

26. The conveying apparatus as recited in claim 24, 
wherein said drive mechanism is a motion-producing device 
coupled to said rope conveyor and being operable for 
moving said rope conveyor about said endless path with said 
riser and return portions of said rope conveyor moving in 
opposite directions relative to one another. 

27. A conveying method for lifting ?uid, comprising the 
steps of: 

(a) providing a ?exible tubular wall de?ning an elongated 
passage having opposite ends; 

(b) disposing a riser portion of an endless ?exible rope 
conveyor through the elongated passage of the tubular 
wall such that the riser portion and the stationary 
tubular wall form an annulus therebetween extending 
between the opposite ends of the tubular wall; 

(c) moving the rope conveyor about an endless path with 
the riser portion of the rope conveyor moving upwardly 
through the passage; and 

(d) preselecting the radial dimension of the annulus and 
the velocity at which the rope conveyor is moved 
relative to the tubular wall so that the riser portion of 
the rope conveyor in moving relative to the tubular wall 
causes an annular-shaped turbulent stream to ?ow 
axially upwardly with the riser portion of the rope 
conveyor such that the annular shaped stream is not 
substantially adhered to the riser portion of the rope 
conveyor but instead is entrained by the moving riser 
portion and moved upwardly within an annular core 
?ow region of the annulus to thereby lift ?uid through 
the passage of the tubular wall. 

28. The conveying method as recited in claim 27, wherein 
said step of moving includes applying a circular drive 
traction to the rope conveyor. 

29. The conveying method as recited in claim 27, wherein 
said step of moving includes applying a linear drive traction 
to the rope conveyor. 

30. A conveying method for lifting ?uid, comprising the 
steps of: 

(a) providing a pair of ?exible tubular walls respectively 
de?ning a pair of separate elongated passages having 
opposite ends; 
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(b) disposing riser and return portions of an endless 35. A ?exible conveyor assembly for use in a conveying 
?exible rope conveyor through different ones of the apparatus for moving ?uid, said assembly comprising: 
separate passages of the tubular walls such that the riser (a) means Jew-forming a ?exible tubular wall de?ning an 
portion and the one tubular wall surrounding the riser 
portion form an annulus therebetween extending 
between the opposite ends of the one tubular wall; 

(c) moving the rope conveyor about an endless path with 
the riser and return portions of the rope conveyor 
moving in opposite directions relative to one another 

elongated passage and having respective opposite 
ends; 

(b) an endless ?exible rope conveyor having ?uid-con 
veying and return portions, said ?uid-conveying por 
tion extending through said passage de?ned by said 
?exible tubular wall, said ?exible rope conveyor also 

thfough m? di?ererll Ones of. the Separale Passages and 10 having opposite end portions interconnecting said 
Wllh the T15“ Porno" movmg upwardly Lhmugh the ?uid- conveying and return portions and extending 
Passage de?ned through It": one tubular wall; and from said opposite ends of said ?exible tubular wall 

(d) preselecting the radial dimension of the annulus and which surrounds said ?uid-conveying portion forming 
the velocity at which the rope conveyor is moved an annulus therebetween extending between said oppo 
relative to the one tubular wall so that the riser portion 15 size ends of said ?exible tubular wall; 
of the rope convayor “1 movmg relauve to the one (c) an elongated tension member formed to extend along 
tubular Wall cans“ an annulfu'shapqd turbuklm Stream said ?exible tubular wall and being attached thereto for 
to ?ow axially upwardly with the riser portlon of the . . . . . supporting the weight of said?exible tubular wall and 
rope conveyor such that the annular-shaped stream 18 .d _ d 
not substantially adhered to the riser portion of the rope ml rope F‘mveym' a" 
conveyor but instead is entrained by the moving riser 20 (d) said?exible '01’e Conveyor being engageable ‘11 Said 
portion and moved upwardly within an annular core opposite end Portions for Causing and guiding move‘ 
?ow region of the annulus to thereby lift ?uid through ment of said ?exible rope conveyor about an endless 
the passage of the one tubular wall. path relative to said ?exible tubular wall with said 

31. The conveying method as recited in claim 30, wherein ?uid-conveying and return portions moving in opposite 
said step of moving includes applying a circular drive 25 directions relative to one another; the radial dimension 
[faction t0 the rope Conveyor- of said annulus and the velocity at which said ?exible 

32' The coflveying memo-‘1 a5 TP/Fited in Flal'm 30; wherein rope conveyor is moved relative to said ?exible tubular 
said step of lncludes applymg a hnear dnve traction to the wall being preselected so that said ?uid-conveying 
rope Convey?‘ _ _ portion in moving relative to said ?exible tubular wall 

33- A ?ex'ble colweyot asse'_"b 1)’ f or use m a ({olnveymg 30 can cause an annular-shaped turbulent stream of ?uid 
apparatus for movmg ?uid’ Smd assembly Compnsmg" to move axially through said passage of said ?exible 

(a) means forforming ‘1 ?exible fubular Wall de?ning {"1 tubular wall with said ?uid-conveying portion such that 
elongated passage and having respective opposite said annular-shaped turbulent stream is entrained by 
ends; and said moving ?uid-conveying portion and moved within 

(b) an endless ?exible "0Pe conveyor having ?uid-C0"- 35 an annular core ?ow region of said annulus to thereby 
veying and return portions, said ?uid-conveying por 
tion extending through said passage de?ned by said 

move ?uid through said passage between said opposite 
ends of said ?exible tubular wall. 

?exible tubular wall, said ?exible rope conveyor also 
having opposite end portions interconnecting said 
?uid-conveying and return portions and extending from 40 
said opposite ends of said ?exible tubular wall, said 
?uid-conveying portion and said ?exible tubular wall 
which surrounds said ?uid-conveying portion forming 
an annulus therebetween extending between said oppo 
site ends of said ?exible tubular wall," 45 

(c) said ?exible rope conveying being engageable at said 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular wall with said 
?uid-conveying and return portions moving in opposite 50 
directions relative to one another; the radial dimension 
of said annulus and the velocity at which said ?exible 
rope conveyor is moved relative to said ?exible tubular 
wall being preselected so that said ?uid-conveying 
portion in moving relative to said ?exible tubular wall 55 
can cause an annular-shaped turbulent stream of ?uid 
to move axially through said passage of said ?exible 
tubular wall with said ?uid-conveying portion such that 
said annular-shaped turbulent stream is not substan 
tially absorbed by said ?exible rope conveyor but 60 
entrained by said moving ?uid- conveying portion and 
moved within a continuous ?ow region of said annulus 
to thereby move ?uid through said passage between 
said opposite ends of said ?exible tubular wall. 

34. The assembly of claim 33 wherein said means for 65 
forming said ?exible tubular wall is an elongated hollow 
?exible tube. 

36. The assembly of claim 33 wherein said means for 
forming said ?exible tubular wall is an elongated solid core 
of plastic material having said tubular wall de?ned through 
the interior of said core. 

37. A ?exible conveyor assembly for use in a conveying 
apparatus for moving ?uid, said assembly comprising: 

(a) an elongated solid core of plastic material forming a 
?exible tubular wall defining an elongated passage and 
having respective opposite ends; 

(b) an endless ?exible rope conveyor having ?uid-con 
veying and return portions, said ?uid-conveying por 
tion extending through said passage de?ned by said 
?exible tubular wall, said ?exible rope conveyor also 
having opposite end portions interconnecting said 
?uid- conveying and return portions and extending 
from said opposite ends of said ?exible tubular wall 
which surrounds said ?uid-conveying portion forming 
an annulus therebetween extending between said oppo 
site ends of said ?exible tubular wall; 

(c) an elongated tension member extending through the 
interior of said core alongside and spaced from said 
tubular wall for supporting the weight of said ?exible 
tubular wall and said rope conveyor; and 

(d) said ?exible rope conveyor being engageable at said 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular wall with said 
?uid—conveying and return portions moving in opposite 
directions relative to one another; the radial dimension 
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of said annulus and the velocity at which said ?exible 
rope conveyor is moved relative to said ?exible tubular 
wall being preselected so that said ?uid-conveying 
portion in moving relative to said ?exible tubular wall 
can cause an annular-shaped turbulent stream of ?uid 
to move axially through said passage of said ?exible 
tubular wall with said ?uid-conveying portion such that 
said annular-shaped turbulent stream is entrained by 
said moving ?uid-conveying portion and moved within 
an annular core ?ow region of said annulus to thereby 
move ?uid through said passage between said opposite 
ends of said ?exible tubular walL 

38. The assembly of claim 33, wherein said ?uid-convey 
ing portion comprises a riser portion operable to lift said 
?uid against the force of gravity. 

39. The assembly of claim 33, wherein said ?exible 
tubular wall comprises plastic. 

40. The assembly of claim 33, wherein said ?uid com 
prises natural gas and oil. 

41. The assembly of claim 33, wherein said ?exible 
tubular wall and said ?exible rope conveyor have similar 
cross-sectional geometries. 

42. The assembly of claim 4], wherein said geometries are 
circular 

43. A ?exible conveyor assembly for use in a conveying 
apparatus for moving ?uid, said assembly comprising: 

(a) means for fanning a pair of ?exible tubular walls 
de?ning separate elongated passages and having 
respective opposite ends; and 

(b) an endless ?exible rope conveyor composed of a 
?uid-conveying portion and a return portion extending 
through di?erent ones of said respective passages 
de?ned by said ?exible tubular walls, and a pair of 
opposite end portions interconnecting said ?uid-con 
veying and return portions and extending from said 
respective opposite ends of said ?exible tubular walls, 
said ?uid-conveying portion of said ?exible rope con 
veyor and the one of said ?exible tubular walls sur 
rounding said ?uid-conveying portion forming an 
annulus therebetween extending between said opposite 
ends of said one ?exible tubular wall; 

(c) said ?exible rope conveyor being engageable at its 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular walls with said 
?uid-conveying and return portions of said ?exible rope 
conveyor moving in opposite directions relative to one 
another through said respective passages, the radial 
dimension of said annulus and the velocity at which 
said ?exible rope conveyor is moved relative to said one 
?exible tubular wall being preselected so that said 
?uid-conveying portion in moving relative to said one 
?exible tubular wall can cause an annular-shaped 
turbulent stream of ?uid to ?ow axially through said 
passage of said one ?exible tubular wall with said 
?uid-conveying portion such that said annular-shaped 
turbulent stream is not substantially absorbed by said 
?exible rope conveyor but entrained by said moving 
?uid-conveying portion and moved within an annular 
core ?ow region of said annulus to thereby move ?uid 
between said opposite ends of said passage through 
said one ?exible tubular wall. 

44. The assembly of claim 43 wherein said means for 
forming said ?exible tubular walls is a pair of elongated 
hollow ?exible tubes. 

45. A ?exible conveyor assembly for use in a conveying 
apparatus for moving ?uid, said assembly comprising: 
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(a) a pair of elongated hollow tubes fanning a pair of 
?exible tubular walls de?ning separate elongated pas 
sages and having respective opposite ends; 

(b) an endless ?exible rope conveyor composed of a 
?uid~conveying and a return portion extending through 
di?erent ones of said respective passages de?ned by 
said ?exible tubular walls, and a pair of opposite end 
portions interconnecting said ?uid-conveying and 
return portions and extending from said respective 
opposite ends of said ?exible tubular walls, said ?uid~ 
conveying portion of said ?exible rope conveyor and 
the one of said ?exible tubular walls surrounding said 
?uid-conveying portion forming an annulus therebe' 
tween extending between said opposite ends of said one 
?exible tubular wall; 

(c) an elongated tension member attached to said ?exible 
tubes for supporting the weight of said ?exible tubes 
and said rope conveyor; and 

(d) said ?exible rope conveyor being engageable at its 
opposite end portions for causing and guiding move 
ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular walls with said 
?uid-conveying and return portions of said ?exible rope 
conveyor moving in opposite directions relative to one 
another through said respective passages, the radial 
dimension of said annulus and the velocity at which 
said ?exible rope conveyor is moved relative to said one 
?exible tubular wall being preselected so that said 
?uid-conveying portion in moving relative to said one 
?exible tubular wall can cause an annular-shaped 
turbulent stream of ?uid to ?ow axially through said 
passage of said one ?exible tubular wall with said 
?uid-conveying portion such that said annular-shaped 
turbulent stream is entrained by said moving ?uid 
conveying portion and moved within an annular core 
?ow region of said annulus to thereby move ?uid 
between said opposite ends of said passage through 
said one ?exible tubular wall. 

46. The assembly of claim 43 wherein said means for 
40 forming said ?exible tubular walls is an elongated solid core 
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of plastic material having said tubular walls defined through 
the interior of said core. 

47. A ?exible conveyor assembly for use in a conveying 
apparatus for moving ?uid, said assembly comprising: 

(a) an elongated solid core of plastic material, a pair of 
?exible tubular walls de?ned through an interior of 
said core, said tubular walls de?ning separate elon 
gated passages and having respective opposite ends; 

(b) an endless ?exible rope conveyor composed of a 
?uid-conveying and a return portion extending through 
di?’erent ones of said respective passages de?ned by 
said ?exible tubular walls, and a pair of opposite end 
portions interconnecting said ?uid-conveying and 
return portions and extending from said respective 
opposite ends of said ?exible tubular walls, said ?uid 
conveying portion of said ?exible rope conveyor and 
the one of said ?exible tubular walls surrounding said 
?uid-conveying portion forming an annulus therebe 
tween extending between said opposite ends of said one 
?exible tubular wall; 

(c) an elongated tension member extending through the 
interior of said core alongside and spaced from said 
tubular walls for supporting the weight of said core and 
said rope conveyor; and 

(d) said ?exible rope conveyor being engageable at its 
opposite end portions for causing and guiding move 
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ment of said ?exible rope conveyor about an endless 
path relative to said ?exible tubular walls with said 
?uid-conveying and return portions of said ?exible rope 
conveyor moving in opposite directions relative to one 
another through said respective passages, the radial 
dimension of said annulus and the velocity at which 
said ?exible rope conveyor is moved relative to said one 
?exible tubular wall being preselected so that said 
?uid-conveying portion in moving relative to said one 
?exible tubular wall can cause an annular-shaped 
turbulent stream of ?uid to ?ow axially through said 
passage of said one ?exible tubular wall with said 
?uid-conveying portion such that said annular-shaped 
turbulent stream is entrained by said moving ?uid 
conveying portion and moved within an annular core 
?ow region of said annulus to thereby move ?uid 
between said opposite ends of said passage through 
said one ?exible tubular wall. 

48. The assembly of claim 43, and further comprising: 
means for urging said ?exible rope conveyor through said 
?exible tubular walls, said means for urging operable 
to urge said conveyor in either a forward direction or 
in a reverse direction, such that, when said rope 
conveyor is being urged in a forward direction, said 
?uid-conveying portion of said rope conveyor will 
move through a ?rst passage of said ?exible tubular 
walls, and such that, when said rope conveyor is being 
urged in a reverse direction, said ?uid-conveying por 
tion of said rope conveyor will move through a second 
passage of said ?exible tubular walls. 

49. A conveying apparatus for moving ?uid, comprising: 
(a) means for forming a ?exible tubular wall de?ning an 

elongated passage and having opposite ends; 
(b) an endless ?exible rope conveyor having ?uid-con 

veying and return portions, said ?uid-conveying por 
tion being surrounded by said tubular wall and dis 
posed through said passage de?ned by said tubular 
wall, said ?exible rope conveyor also having opposite 
end portions interconnecting said ?uid-conveying and 
return portions and extending from said opposite ends 
of said ?exible tubular wall, said ?uid-conveying por 
tion and said ?exible tubular wall forming an annulus 
therebetween extending between said opposite ends of 
said tubular wall; and 

(c) means for engaging said opposite end portions of said 
?exible rope conveyor and being operable for moving 
said rope conveyor about an endless path with said 
?uid-conveying and return portions of said rope con 
veyor moving in opposite directions relative to one 
another, the radial dimension of said annulus and the 
velocity at which said rope conveyor is moved relative 
to said tubular wall being preselected so that said 
?uid-conveying portion in moving relative to said tubu 
lar wall causes an annular-shaped turbulent stream of 
?uid to ?ow axially with said ?uid-conveying portion 
such that said annular shaped turbulent stream is 
entrained by said moving ?uid-conveying portion and 
moved upwardly within an annular core ?ow region of 
said annulus to thereby move fluid through said pas 
sage of said tubular wall. 

50. The conveying apparatus as recited in claim 49 
wherein said means for engaging includes: 

an arrangement movable supporting said opposite end 
portion of said rope conveyor; and 

a drive medium coupled with said arrangement and being 
operable for moving said rope conveyor about said 
endless path. 
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51. The conveying apparatus as recited in claim 50, 

wherein said arrangement includes a pair of rotatable roller 
members entraining said opposite end portions of said rope 
conveyor adjacent to said opposite ends of said tubular wall. 

52. The conveying apparatus as recited in claim 51, 
wherein said drive mechanism is a motion-producing device 
connected to at least one of said roller members and being 
operable for rotating the last said roller member and thereby 
moving said rope conveyor about said endless path with said 
?uid~conveying and return portions of said rope conveyor 
moving in opposite directions relative to one another. 

53. The conveying apparatus as recited in claim 49, 
wherein said moving means includes: ' 

an arrangement movably supporting said opposite end 
portions of said ?exible rope conveyor; and 

a drive mechanism engaged with said rope conveyor and 
being operable for moving said rope conveyor about 
said endless path. 

54. The conveying apparatus as recited in claim 53, 
wherein said arrangement includes a pair of roller members 
entraining said opposite end portions of said rope conveyor 
adjacent to said opposite ends of said tubular wall. 

55. The conveying apparatus as recited in claim 53, 
wherein said drive mechanism is engaged with said rope 
conveyor so as to apply linear traction to said nope conveyor 
for moving it about said endless path. 

56. The conveying apparatus as recited in claim 53, 
wherein said drive mechanism is a motion-producing device 
coupled to said rope conveyor and being operable for 
moving said rope conveyor about said endless path with said 
?uid-conveying and return portions of said rope conveyor 
moving in opposite directions relative to one another 

57. The conveying apparatus of claim 49, wherein said 
?uid-conveying portion comprises a riser portion operable 
to lift said ?uid against the force of gravity. 

58. The conveying apparatus of claim 49, wherein said 
?exible tubular wall comprises plastic. 

59. The conveying apparatus of claim 49, wherein said 
?uid includes natural gas and oil. 

60. The conveying apparatus of claim 49, wherein said 
endless rope conveyor and said tubular wall have similar 
cross-sectional geometries. 

61. The conveying apparatus of claim 60, wherein said 
geometries are circular: 

62. The conveying apparatus for moving ?uid, compris 
ing: 

(a) means for forming a pair of ?exible tubular walls 
de?ning separate elongated passages having opposite 
ends; 

(b) an endless ?exible rope conveyor having ?uid-con 
veying and return portions disposed through di?erent 
ones of said respective passages de?ned by said tubular 
walls, and a pair of opposite end portions intercon 
necting said ?uid-conveying and return portions and 
extending from said respective opposite ends of said 
?exible tubular walls, said ?uid-conveying portion of 
said rope conveyor and said one tubular wall surround 
ing said ?uid-conveying portion forming an annulus 
therebetween extending between said opposite ends of 
said one tubular wall; and 

(c) means for moving said rope conveyor about an endless 
path with said ?uid-conveying and return portions of 
said nope conveyor moving in opposite directions rela» 
tive to one another through di?rerent ones of said 
passages, the radial dimension of said annulus and the 
velocity at which said rope conveyor is moved relative 
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to said one tubular wall being preselected so that said 
?uid-conveying portion in moving relative to said one 
tubular wall causes an annular shaped turbulent 
stream of fluid to flow axially upwardly with said 
?uid-conveying portion such that said annular-shaped 
stream is not substantially absorbed by said rope 
conveyor but entrained by said moving ?uid-conveying 
portion and moved upwardly within an annular core 
?ow region of said annulus to thereby move fluid 
through said passage of said one tubular wall. 

63. The conveying apparatus as recited in claim 62, 
wherein said moving means includes: 
an arrangement movably supporting said opposite end 

portions of said rope conveyor; and 
a drive mechanism coupled with said arrangement and 

being operable for moving said rope conveyor about 
said endless path. 

64. The conveying apparatus as recited in claim 63, 
wherein said arrangement includes a pair of rotatable roller 
members entraining said opposite end portions of said rope 
conveyor adjacent to said opposite ends of said one tubular 
wall. 

65. The conveying apparatus as recited in claim 64, 
wherein said drive mechanism is a motion-producing device 
connected to at least one of said roller members and being 
operable for rotating the last said roller member and thereby 
moving said rope conveyor about said endless path with said 
?uid~conveying and return portions of said rope conveyor 
moving in opposite directions relative to one another. 

66. The conveying apparatus as recited in claim 62, 
wherein said moving means includes: 
an arrangement movably supporting said opposite end 

portions of said rope conveyor; and 
a drive mechanism engaged with said rope conveyor and 

being operable for moving said rope conveyor about 
said endless path. 

67. The conveying apparatus as recited in claim 66, 
wherein said arrangement includes a pair of roller members 
entraining said opposite end portions of said rope conveyor 
adjacent to said opposite ends of said one tubular wall. 

68. The conveying apparatus as recited in claim 66, 
wherein said drive mechanism is engaged with said rope 
conveyor so as to apply linear traction to said rope conveyor 
for moving it about said endless path. 

69. The conveying apparatus as recited in claim 66, 
wherein said drive mechanism is a motion-producing device 
coupled to said rope conveyor and being operable for 
moving said rope conveyor about said endless path with said 
?uid-conveying and return portions of said rope conveyor 
moving in opposite directions relative to one another. 

70. The conveying apparatus of claim 62, wherein said 
means for moving said rope conveyor is operable to move 
said rope conveyor either in a forward direction or in a 
reverse direction, such that, when said means for moving 
moves said rope conveyor in said forward direction, said 
?uid-conveying portion of said rope conveyor moves 
through a ?rst of said passages, and such that, when said 
means for moving moves said rope conveyor in a reverse 
direction, said ?uid-conveying portion of said rope conveyor 
moves through a second of said passages. 

71. The conveying apparatus of claim 62, wherein said 
?uid-conveying portion comprises a riser portion operable 
to lift said ?uid against the force of gravity. 

72. The conveying apparatus of claim 62, wherein said 
?uid includes gas and oil. 

73. The conveying apparatus of claim 62, wherein said 
endless rope conveyor and said tubular walls have similar 
cross-sectional geometries. 
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74. The conveying apparatus of claim 73, wherein said 

geometries are circular. 
75. The conveying apparatus of claim 62, wherein said 

?exible tubular walls comprise plastic. 
76. A method for moving ?uid, comprising the steps of: 
(a) providing a?exible tubular wall de?ning an elongated 
passage having ?rst and second opposed ends; 

(b) disposing a ?uid-conveying portion of an endless 
?exible rope conveyor through the elongated passage 
of the tubular wall such that the ?uid-conveying portion 
and the ?exible tubular wall form an annulus therebe 
tween extending between the opposite ends of the 
tubular wall; 

(c) moving the rope conveyor about an endless path with 
the ?uid-conveying portion of the rope conveyor mov 
ing from the ?rst end through the passage toward the 
second end; and 

(d) preselecting the radial dimension of the annulus and 
the velocity at which the rope conveyor is moved 
relative to the tubular wall so that the ?uid-conveying 
portion of the rope conveyor in moving relative to the 
tubular wall causes an annular-shaped turbulent 
stream to flow axially with the ?uid-conveying portion 
of the rope conveyor such that the annular shaped 
stream is not substantially absorbed by said nope 
conveyor but entrained by the moving ?uid-conveying 
portion and moved within an annular core ?ow region 
of the annulus to thereby move ?uid through the pas‘ 
sage of the tubular wall. 

77. The method as recited in claim 76, wherein said step 
of moving includes applying a circular drive traction to the 
rope conveyor: 

78. The method as recited in claim 76, wherein said step 
of moving includes applying a linear drive traction to the 
rope conveyor 

79. A method for moving ?uid, comprising the steps of: 
(a) providing a pair of ?exible tubular walls respectively 

de?ning a pair of separate elongated passages having 
?rst and second opposed ends; 

(b) disposing ?uid-conveying and return portions of an 
endless ?exible rope conveyor through diferent ones of 
the separate passages of the tubular walls such that the 
?uid-conveying portion and the one tubular wall sur— 
rounding the ?uid-conveying portion form an annulus 
therebetween extending between the opposite ends of 
the one tubular wall; 

(c) moving the rope conveyor about an endless path with 
the ?uid-conveying and return portions of the rope 
conveyor moving in opposite directions relative to one 
another through the different ones of the separate 
passages and with the ?uid-conveying portion moving 
through the passage de?ned through the one tubular 
wall; and 

(d) preselecting the radial dimension of the annulus and 
the velocity at which the rope conveyor is moved 
relative to the one tubular wall so that the ?uid 
conveying portion of the rope conveyor in moving 
relative to the one tubular wall causes an annular 
shaped turbulent stream to ?ow axially from the first 
end toward the second end with the ?uid-conveying 
portion of the rope conveyor such that the annular 
shaped turbulent stream is not substantially absorbed 
by said rope conveyor but entrained by the moving 
?uid-conveying portion and moved within an annular 
core ?ow region of the annulus to thereby move ?uid 
through the passage of the one tubular wall. 
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80. The conveying method as recited in claim 79, wherein 
said step of moving includes applying a circular drive 
traction to the rope conveyor: 

8]. The conveying method as recited in claim 79, wherein 
said step of moving includes applying a linear drive traction 
to the rope conveyor: 

82. The method of claim 79, and further comprising the 
steps of‘ 

(e) providing a means for moving the rope conveyor which 
is operable to urge the rope conveyor in either a 
forward direction or a reverse direction; 

(I) when the rope is being urged in a forward direction, 
moving the ?uid—conveying portion of the rope con 
veyor through a ?rst of the passages; and 

(g) when the rope conveyor is being urged in a reverse 
direction, moving the ?uid-conveying portion of the 
rope conveyor through a second of the passages. 

83. The method of claim 79, wherein said ?uid is lifted by 
said rope conveyor against the force of gravity. 

84. Apparatus for conveying a ?uid, comprising: 
an elongate ?exible tube having a ?rst end for disposal 

adjacent a source of ?uid and a second end opposed to 
the ?rst end, and having a length and internal sidewall; 

elongate ?exible rope means for conveying said ?uid, said 
rope means having a length longer than the length of 
the tube, an annular space between said internal side 
wall and said rope means having a radial dimension; 
and 

means for urging said rope means through the tube from 
the ?rst end toward the second end, said radial dimen— 
sion and the speed of said rope means with respect to 
the tube preselected such that said rope means is 
suspended by the ?uid away from the sidewall of said 
tube, and such that an annulus of ?uid surrounding said 
rope means is not substantially absorbed by said rope 
but entrained by said rope and moved by said rope 
through said tube. 

85. The apparatus of claim 84, wherein said rope means 
is selected from the group consisting of ropes, strings, bands 
and strands. 

86. Apparatus for conveying a fluid, comprising: 
an elongate ?exible tube having a ?rst end for disposal 

adjacent a source of ?uid and a second end opposed to 
the ?rst end, and having a length and an internal 
sidewall; 

elongate ?exible rope means for conveying said ?uid, said 
rope means having a length longer that the length of the 
tube, an annular space between said internal sidewall 
and said rope means having a radial dimension; and 

means for urging said rope means through the tube from 
the ?rst end toward the second end, said radial dimen 
sion and the speed of said rope means with respect to 
the tube preselected such that said rope means is 
suspended by the ?uid away from the tube, and such 
that an annulus of ?uid surrounding said rope means is 
moved by said rope through said tube, said annulus of 
?uid not substantially adhering to said rope means but 
instead being entrained by said rope means to move 
through said tube. 

87. The apparatus of claim 84, wherein said rope means 
and said ?exible tube have similar cross-sectional geom 
etries. 

88. The apparatus of claim 87, wherein said cross 
sectional geometries are circular. 

89. The apparatus of claim 84, wherein said ?exible tube 
comprises plastic. 

20 

25 

30 

35 

45 

50 

55 

65 

24 
90. The apparatus of claim 84, wherein said ?exible tube 

includes a riser portion operable to li? said annulus of ?uid 
against the force of gravity. 

9] . Apparatus for conveying a ?uid, comprising: 
an elongate ?exible tube having a ?rst end for disposal 

adjacent a source of ?uid and a second end opposed to 
the ?rst end, and having a length and an internal 
sidewall; 

elongate ?exible rope means for conveying said ?uid, said 
rope means having a length longer than the length of 
the tube, an annular space between said internal side 
walls of said tube and said rope means having a radial 
dimension; and 

means for urging said rope means through the tube from 
the ?rst end toward the second end, said radial dimen~ 
sion of said annular space and the speed of said rope 
means with respect to the tube preselected such that an 
annular core ?ow region of fluid is formed to be 
disposed between the surface of said rope means and 
said internal sidewalls, said annular core ?ow region 
not substantially absorbed by said rope means but 
entrained by said rope means to move from said ?rst 
end toward said second end of said tube. 

92. The apparatus of claim 91, wherein said rope means 
is selected from the group consisting of ropes, bands, strings 
and strands. 

93. The apparatus of claim 91, wherein said rope means 
and said ?exible tube have similar cross—sectional geom— 
etries. 

94. The apparatus of claim 93, wherein said geometries 
are circular. 

95. The apparatus of claim 93, wherein said ?exible tube 
comprises plastic. 

96. The apparatus of claim 9], wherein said ?exible tube 
includes a riser portion operable to lift said annular core 
?ow region against the force of gravity. 

97. Apparatus for conveying a ?uid, comprising: 
an elongate tube having a ?rst end for disposal adjacent 

a service of ?uid and a second end opposed to the ?rst 
end, and having a length and an internal sidewall, at 
least one corner or bend of said tube disposed inter 
mediate said ends along said length; 

elongate ?exible rope means for conveying said ?uid, said 
rope means having a length longer than the length of 
the tube, an annular space between said internal side— 
walls and said rope means having a radial dimension; 
and 

means for urging said rope means through the tube from 
the ?rst end toward the second end and around said 
comer or bend, said radial dimension of said annular 
space and the speed of said rope means with respect to 
the tube preselected such that an annular core ?ow 
region of ?uid is formed to be disposed between the 
surface of the rope and said internal sidewalls, said 
annular core ?ow region being entrained by said rope 
means to move from said ?rst end around said comer 
or bend and toward said second end of said tube. 

98. The apparatus of claim 97, wherein said rope means 
comprises a riser portion operable to lift said ?uid in said 
annular core ?ow region against the force of gravity. 

99. The apparatus of claim 97, wherein said tube com 
prises plastic. 

100. The apparatus of claim 97, wherein the cross 
sectional geometries of said tube and said rope means are 
similar 

10]. The apparatus of claim 100, wherein said cross 
sectional geometries are circular 
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102. The apparatus of claim 97, wherein said rope means urging the rope means through the tube at a predeter 
is selecledfmm the group Consisting of Tapes, bands, “rings mined speed, the speed of the rope means relative to the 
and strands. 

tub ' ad' I d ‘ ' l d t ‘ 103. A methadfor Conveying ?uid, comp?sing: e and said r ta imenston prese ecte to en ram 
, _ an annular core?ow region of the fluid around the rope 
inserting a rope means through a tube, an annular space 5 he b _ h id he "d h 

between the rope means and the interior sidewall of the mean’ t re y moving I e?“ fmm I ?rst e of! 2 
tube having a predetermined radial dimension; tube around the corner or bend toward a second end of 

disposing the tube in a path having at least one corner or the lube 
bend such that a ?rst end of the tube is disposed 
adjacentasource of ?uid; and =|= * * a: * 


