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DEVICE FOR CARRYING EQUIPMENT THROUGH A CONDUIT AND
METHOD FOR USE OF THE DEVICE

The present invention relates to a device for
carrying equipment, for example a flowmeter, through a
conduit and to a method for use of the device. A known
equipment carrier device comprises an elongate body for
carrying the equipment and a passive centralizing system
to position the elongate body in the conduit so that the
position of a central axis of the body relative to the
position of the longitudinal axis of the conduit is
maintained within a predetermined range.

Such an equipment carrier device is for example
described in SPE paper No. 5089 entitled 'The full bore
flowmeter' by B C Leach, J B Jameson, J J Smolen and Y
Nicolas, American Institute of Mining, Metallurgy, and
Petroleum Engineers, Inc., 1974. In the known device the
passive centralizing system comprises six protective
centralizer skids and six centralizer arms, which are
with one end connected to the body by axially
displaceable hinges, the other end of each arm being
mechanically linked to a protective centralizer skid. The
protective centralizer skids are pushed against the inner
surface of the conduit by the centralizer arms which are
actuated by springs. The central axis of the elongate
body is maintained within a predetermined range from the
longitudinal axis of the éonduit by the reaction forces
between the outer surface of the protective centralizer
skids and the inner surface of the conduit. These
reaction forces not only depend on the relative position
of the central longitudinal axis of the elongate body but
also on uncertain quantities such as variations in spring
stiffness and the friction in the axially displaceable
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hinges. As a result of the presence of three centralizer
skids at each end of the known device the magnitudes of
the accumulated friction forces between the skids and
inner surface of the conduit are high and variations in
the spring stiffness of the various skids make a precise
positioning of the central axis of the elongate body
within the conduit impossible.

It is an object of the present invention to overcome
these disadvantages of the known device.

To this end the device according to the present
invention comprises:

- an elongate body for carrying equipment;

- a centralizing system to substantially centralize the
elongate body in a conduit; which system comprises
four support arms joined to the elongate body, each
support arm being provided with means for varying the
extension of the support arm relative to a central
axis of the body;

- wherein the first support arm and the fourth support
arm are located at or near the ends of the elongate
body and the second support arm and the third support
arm are located at or near the middle part of the
elongate body.

In a suitable embodiment of the device according to
the invention the first and the fourth support arm are
arranged in a plane in which the central axis of the
elongate body lies, and, when seen in the direction of
said central axis, the second and the third support arm
are arranged at either side of said plane such that the
angle between the second and third support arms is about
120° and the angle between said plane and each of the
second and third support arms is about 60°.

When used in this specification the term "about 120°"
indicates that the relevant angle is between 100° and
140°, and preferably between 110° and 130°, and the term
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"about 60°" indicates that the relevant angle is between
40° and 80° and preferably between 50° and 70°.

The centralizing system suitably comprises a position
control system that causes the centralizing system to
adjust the position of the elongate body if the position
of a central axis of the body relative to the longitu-
dinal axis of the conduit is outside a predetermined
range, which control system includes a controller,
distance measuring devices arranged near each support arm
to measure the distance between the inner surface of the
conduit and the elongate body, means for transmitting a
signal representing the measured distances to the
controller, and means for transmitting controller output
to the adjusting means. Each distance measuring device
measures the distance in a predetermined direction, for
example perpendicular to the central axis of the elongate
body.

Suitably each distance measuring device comprises a
feeler provided with a rotary incremental encoder.

During normal operation the device may be pulled
through the conduit. One method is pulling the device
with a cable or a pipe string with little torsion
stiffness. If it is necessary to maintain the equipment
at a predetermined tangential orientation relative to the
inner circumference of the conduit, the equipment may be
arranged on at least one pipe section which is secured to
the elongate body by a bearing which enables said pipe
section(s) to rotate relative to the body while remaining
in a co-axial position relative to the central axis of
the elongate body, and an orientation control system is
present which comprises a motor for rotating said pipe
section(s) relative to the body in order to maintain the
pipe section(s) at a fixed tangential orientation
relative to the inner circumference of the conduit.

Alternatively the device may be pulled through the
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conduit by a string that has a large torsion stiffness,
or with a string of which the end is guided. In that case
suitably the equipment, the support arms, and the
distance measuring devices are arranged on a pipe section
which is secured to the body by a bearing which enables
$aid pipe section to rotate relative to the body while
remaining in a co-axial position relative to the central
axis, and an orientation control system is present which
comprises a motor for rotating the pipe section relative
to the elongate body to maintain the pipe section at a
fixed tangential orientation with respect to the inner
circumference of the conduit.

Instead of pulling the device through the conduit,
the device of the present invention can also be pushed
through the conduit.

The equipment carried by the elongate body suitably
includes two flowmeters arranged in the same plane and
axially spaced apart at the elongate body. The use of two
axially spaced flowmeters allows determining the flowrate
of fluid flowing through the wall of the conduit into a
volume element having a diameter equal to the diameter of
the conduit and a length équal to the distance between
the two flowmeters.

The invention further relates to a method of using
the device according to the invention for detecting the
presehce of a leak in a conduit.

The method comprises:

(a) providing the device according to the invention with
equipment comprising two axially spaced flowmeters;

(b) moving the device in a longitudinal direction through
a conduit;

(c) measuring substantially contemporaneously the
flowrates of fluids passing through each of the
flowmeters; and

(d) detecting the presence of a leak in the conduit by
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calculating the difference, if any, between the two
flowrates.

To allow measuring multiphase flow, in particular the
flow of o0il, gas and water, through the conduit the
equipment may include a multiphase flowmeter, such as a
multi—capacifance multiphase flowmeter as described in
European patent application publication No. 510 774.

The invention will now be described by way of example
in more detail with reference to the drawings, wherein

Figure 1 shows schematically a side view of the
device according to the present invention within a
conduit which is shown in a longitudinal sectional view;
and

Figure 2 shows a frontal view of the device and a
cross-section of the conduit taken along line II-II of
Figure 1 when seen in the direction of the arrows.

Reference is now made to Figures 1 and 2. These
Figures show an equipment carrier device 1 which is
located within a tubular conduit in the form of a pipe 2.

The device 1 comprises an elongate body 5 provided
with equipment in the form of two flowmeters 6 and 7. The
flowmeters 6 and 7 are multiphase multi-capacitance
flowmeters of the type described in European patent
application publication No. 510 774, which is
incorporated herein by way of reference.

The device 1 further comprises a centralizing system
to substantially centralize the elongate body 5 in the
pipe 2, which system includes a position control system
(not shown) that causes the centralizing system to adjust
the position of the elongate body 5 if the position of a
central axis 9 of the body 5 relative to the longitudinal
axis of the pipe 2 is outside a predetermined range. In
Figures 1 and 2 the central axis 9 of the body 5
coincides with the longitudinal axis of the pipe. It will
be understood that the longitﬁdinal axis of the pipe is
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the axis of symmetry at the centre of the pipe and that
the central axis of the elongate body is, if the body has
a generally cylindrical shape (as shown), the axis of
symmetry at the centre of a cylinder that envelopes the
outer surface of the body.

The centralizing system comprises four support arms
15, 16, 17 and 18 joined to the elongate body 5. Each
support arm 15, 16, 17 and 18 is provided with adjusting
means (not shown) controlled by the position control
system to adjust the radial extension of the tips of each
of the support arms 15, 16, 17 or 18 relative to the
central axis 9 of the body 5. The adjusting means can be
a servo controlled motor which can adjust the angle
between the support arm and the central axis 9 of the
elongate body 5; or it can be a device that can adjust
the length of the support arm. The first support arm 15
and the fourth support arm 18 are located near the ends
of the elongate body 5, and they are arranged in a plane
in which the central axis 9 of the elongate body 5 lies.
This plane coincides with the plane of drawing of Figure
1. The second support arm 16 and the third support arm 17
are located near the middle part of the elongate body 5,
and the angle between each of the two support arms 16 or
17 and the first support arm 15 is 120°.

The support arms 15, 16, 17 and 18 substantially
centralize the elongate body 5 within the pipe 2 such
that the central axis 9 of the body substantially
coincides with the longitudinal axis of the pipe 2. This
can be understood as follows. A body has generally six
degrees of freedom, three rotations and three
translation. However, in this case the translation in the
direction of the central axis 9 and the rotation about
the central axis 9 are irrelevant. Consequently the
elongate body 5 has only four degrees of freedom: two
rotations about mutual perpendicular axes 19 and 20 which
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are perpendicular to the central axis 9 and two
translations in the directions of the axes 19 and 20. The
four support arms 15, 16, 17 and 18 cooperating with the

- curved inner surface of the pipe 2 are sufficient to

constrain the two rotations and the two translations.

The position control system includes a controller
(not shown), distance measuring devices in the form of
feelers 21, 22, 23 and 24 provided with rotary
incremental encoders (not shown) arranged at the body 5
near each support arm 15, 16, 17 and 18 to measure the
distance between the inner surface of the pipe 2 and the
central axis 9 of the body 5, means (not shown) for
transmitting a signal representing the measured distances
to the controller, and means (not shown) for transmitting
controller output to the adjusting means of the support
arms 15, 16, 17 and 18.

The body 5 is further provided with a connector 25 to
secure the body 5 to a cable (not shown) for pulling the
body 5 through the pipe 2. Said cable may be provided
with leads through which electric energy is supplied for
powering the active centralizing system, the position
control system, and the flowmeters 6 and 7, and leads
through which the signals from the flowmeters 6 and 7 are
transmitted to a signal processing device (not shown)
which may be mounted outside the pipe 2. The connector 25
is provided with means to connect the leads in the pull
cable to corresponding leads (not shown) in the elongate
body 5.

During normal operation the body 5 is pulled through
the pipe 2 at a predetermined velocity. The two flow-
meters 6 and 7 define a volume element having a diameter
equal to the internal diameter of the pipe 2 and a length
equal to the distance between the two flowmeters 6 and 7.
The downstream flowmeter 6 meaSures the flowrate of the
fluids in the pipe 2 leaving the volume element and the
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upstream flowmeter 7 measures the flowrate of the fluids
entering the volume element. A difference between the
flowrates measured by the two flowmeters 6 and 7 will
indicate that there is a leak in the wall of the pipe 2
and the difference equals the fluid flow through the
leak, which fluid flow can be into or out of the volume
element. In Figure 1 the opening through which fluid
leaks is referred to with reference numeral 30. The terms
'upstream' and 'downstream' refer to the positions of the
flownmeters relative to the direction of the fluid flow
through the.pipe 2; in Figure 1 the fluid flow through
the pipe is from right to left.

It will be understood that in determining the
absolute magnitude of the flowrate the velocity at which
the body 5 is pushed or pulled through the pipe 2 has to
be taken into account.

The feelers 21, 22, 23 and 24 are provided with
rotary incremental encoders which provide signals that
represent the distances between the outer surface of the
body 5 and the inner surface of the pipe 2. These
distances are used to determine the position of the
central axis 9 of the body 5 with respect to the position
of the longitudinal axis of the pipe 2. If the position
of the central axis 9 relative to the longitudinal axis
of the pipe 2 is outside a predetermined range, the
position control system causes the arms 15, 16, 17 and 18
of the active centralizing system to adjust the position
~of the body 5 so that the position of its central axis 9
relative to the position of the longitudinal axis of the
pipe 2 is within the predetermined range. To this end the
position control system determines which of the four
support arms 15, 16, 17 and/or 18 has to be adjusted and
to which extent, it then activates the relevant support
arm or support arms.

In the above an application has been described



- 9 -
wherein the device is used for measuring fluid flow
through a conduit in the form of a pipe 2, such as a well
tubular. The conduit can also be an open borehole
traversing an underground formation. The device of the
present invention can be suitable for use in an open
borehole traversing an underground hydrocarbon bearing
formation, as it will allow to determine in situ the
influx of fluids into the borehole. The device is very
suitably used in a horizontal borehole.

The device of the present invention can also be used
to carry equipment through a pipeline, in which case the
device may be pushed or pulled through the pipeline by
means of a piston or pig driven by the fluid flow through
the pipeline. '

In the device as shown in Figure 1 the second support
arm 16 and the third support arm 17 are located near the
middle part of the elongated body 5 at different
distances from the first support arm 15. To allow using a
shorter elongate body, the second and third support arm
can be arranged at the same distance from the first
support arm. The same applies to the feelers 22 and 23.

The free ends of the support arms 15-18 may be
provided with wheels or skates (not shown) to facilitate
an easy movement of the arms 15-18 along the inner
surface of the pipe 2.

As shown in Figure 1 the flow meters 6 and 7 are
mounted on pipe sections 31 and 32 which are arranged co-
axially around the central axis 9 of the elongate body 5
and which can rotate relative to the body 5 about the
central axis 9 in order to maintain the flow meters 6 and
7 at or near a selected angular orientation relative to a
reference plane, which plane is referred to as the norm.
The norm can be a vertical plane in which the
longitudinal axis of the pipe 2 lies or a plane oriented
at a predetermined angle from such vertical plane. To
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ensure that the flowmeters 6 and 7 are maintained within
a predetermined angle from the norm, the flowmeters 6 and
7 are arranged on rotatable pipe sections 31 and 32,
respectively, which are arranged coaxially with the
central axis 9 of the elongate body 5. The rotatable pipe
sections 31 and 32 are joined rotatably with the elongate
body 5 by bearings which allow the pipe sections 31, 32
to rotate relative to the body 5 while remaining co-axial
to the central axis 9. The elongate body 5 further
comprises an orientation control system (not shown) which
comprises a gyro-compass (not shown) and a motor (not
shown) for rotating the pipe sections 31,32 relative to
the body 5 if the gyro-compass senses that the
orientation of the flowmeters 6 and 7 deviates from the
norm. |

In an alternative embodiment (not shown) of the
device according to the invention the device is pulled
through the pipe by a pipe string (not shown) that has a
large torsion stiffness, or by a string of which the end
is guided. In that case the tangential orientation of the
end of the string relative to the inner circumference of
the pipe 2 is determined, and consequently the angular
position of the elongate body connected to the end of the
string by means of the connector is determined as well.
In other words the elongate body cannot rotate about the
longitudinal axis of the pipe 2. In this case it is
advantageous to arrange the equipment, the support arms,
and the distance measuring devices on an elongate pipe
section (not shown), which pipe section is arranged
coaxially with the central axis of the elongate body and
joined rotatably with it by bearings, wherein the device
further includes an orientation control system comprising
a motor to rotate the pipe section relative to the
elongate body and the inner circumference of the pipe 2
if the orientation of the equipment deviates from the
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norm. _

Alternatively the elongate body may be connected to
the end of the pipe string by a bearing and a servo-
controlled motor is present for rotating the elongate
body, together with the equipment and support arms,
relative to the end of the pipe string if a gyro-sensor
senses that the orientation of the equipment deviates
from a vertical reference plane in which the central axis
9 of the elongate body lies.

It will be understood that in an alternative
embodiment of the invention (not shown) the four support
arms may consist of calipers in the form of bowable
spring blades of which the ends are connected to nuts
that are mounted at opposite ends of a spindle which is
rotatably secured to the elongate body such that the
spindle is rotatable about the central axis of the body.

Each spindle may be actuated by a motor such that if
the spindle rotates in one direction the blade stretches
and if the spindle rotates in the opposite direction the
blade is bowed such that a mid-section of the blade is
moved away from the central axis of the elongate body. In
that case the rotation of the spindle relative to the
elongate body may be monitored to measure the extension
of said mid-section of the blade relative to the central
axis, and, in case said mid-section touches the inner
wall of the conduit, to measure the position of the
elongate body within the conduit.

If the second and third support arms consist of
bowable blades and are both mounted at the middle part of
the elongate body then the ends of these arms may be
connected to a pair of nuts which are mounted on a single
spindle.

Instead of using bowable spring blades for forming
the calipers, each caliper may also be made of two stiff
sections that are at one end interconnected by an elbow-
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joint and at another end connected by a knuckle-joint to
a nut which is mounted on a spindle that is actuated in
the same way as described with reference to the bowable
spring blades.

Instead of actuating each spindle by a motor, one or
more spindles may be actuated by a torsion spring which
is released when the device has reached the area of the
conduit where measurements are to be taken.

It will further be understood that if several pieces
of equipment have to be carried through a conduit several
equipment carrier devices may be used which carry each
one or more pieces of equipment. In that case the
elongate bodies of adjacent equipment carrier devices may
be interconnected by a universal joint. In this way a
train of equipment carrier devices may be formed. The
presence of a support arm at or near each end of the
elongate body and a pair of support arms at or near the
niddle part of the elongate body of each device ensures
that each section of the whole train of equipment carrier
devices is centralized within the conduit, even if the
conduit is curved and/or has an irregular or unround
inner surface.

While several embodiments of the invention have been
shown and/or described, it will be understood that the
invention is not limited thereto since many modifications

may be made and will be apparent to those skilled in the
art.
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CLAIMS

1. An equipment carrier device comprising:

- an elongate body for carrying equipment;

L- a centralizing system to substantially centralize the
elongate body in a conduit, which system comprises four
support arms joined to the elongate body, each support
arm being provided with means for varying the extension
of the support arm relative to a central axis of the
body;

- wherein the first support arm and the fourth support
arm are located at or near the ends of the elongate body
and the second support arm and the third support arm are
located at or near the middle part of the elongate body.
2. Device according to claim 1, wherein the first and
the fourth support arm are arranged in a plane in which
the central axis of the elongate body lies.

3. Device according to claim 2, wherein, when seen in
the direction of the central axis of the body, the second
and the third support.arms are arranged at either side of
said plane, the angle between the second and third
support arms is about 120°, and the angle between said
plane and each of the second and third support arms is
about 60°.

4. Device according to any one of the claims 1-3,
wherein the centralizing system comprises a position
control system that causes the centralizing system to
adjust the position of the elongate body if the position
of a central axis of the body relative to the longitu-
dinal axis of the conduit is outside a predetermined
range, which control system includes a controller,
distance measuring devices arranged on the elongate body
near one or more support arms to measure the distance

* [ L M s *
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between the inner surface of the conduit and the body,
means for transmitting a signal representing the measured
distances to the controller, and means for transmitting
controller output to the adjusting means.
5. Device according to claim 4, wherein each distance
measuring device comprises a feeler provided with a
rotary incremental encoder.
6. Device according to anyone of the claims 1-5, wherein
the equipment is ﬁounted on at least one pipe section,
which is secured to the elongate body by a bearing which
enables said pipe section(s) to rotate relative to the
body while remaining in a co-axial position relative to
the central axis of the body, and an orientation control
system is provided which comprises a motor for rotating
said pipe section(s) relative to the body.
7. Device according to claim 4 or 5, wherein the
equipment, the support arms, and the distance measuring
devices are arranged on a pipe section, which is secured
to the elongate body by a bearing which enables said pipe
section to rotate relative to the body while remaining in
a co-axial position relative to the central axis of the
body, and an orientation control system is provided which
comprises a motor for rotating the pipe section relative
to the body.
8. Device accordihg to anyone of the claims 1-7, wherein
the equipment includes a flowmeter for measuring the flow
rate of fluid(s) passing through the conduit.
9. Method of using of the device according to claim 8
for detecting the presence of a leak in a conduit,
comprising:
(a) providing the device with two axially spaced
flowmeters;
(b) displacing the device in ldngitudinal direction
through a conduit;

(c) measuring substantially contemporaneously the

* [ L M S *
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flowrates of fluids passing through the flowmeters; and
(d) detecting the presence of a leak in the wall of the
conduit by calculating the difference, if any, between
the two measured flowrates.
10. Method according to claim 9, wherein the flowmeters
are multiphase multi-capacitance flowmeters.
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