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Characterizing contents of conduits, in particular multiphase flow conduits

TECHNICAL FIELD

The invention relates to the field of determining contents of conduits. In particular
embodiments, the invention relates to determining a characteristic of contents of a

conduit containing a fluid from a multiphase flow from a well.

BACKGROUND

Fluids may be conveyed using conduits, conveniently as a multiphase flow, in which
more than one fluid is present at the same time. In oil and gas production, fluids from a
well may be conveyed in a multiphase flow. This is advantageous because where
more than one fluid is to be transported only one pipeline is needed. This is particularly
advantageous in environments that are difficult to reach, such as sea beds and harsh
climates, as the use of only one pipeline greatly reduces capital costs. Further
downstream, the multiphase flow is received through a separator which separates the
fluids of the multiphase flow before they are carried onward for further processing into a
petroleum product.

The different fluids of a multiphase flow have different flow characteristics governed by
their differing viscosities and densities. This makes it difficult to characterize
multiphase flow. It is important to be able to characterize this as the flow
characteristics describe the flow conditions. In turn, this is important for process
control. For example, in pipe equipment one may wish to avoid excessive liquid
accumulation. In separator equipment, one may wish to avoid contamination of the
separator output (e.g. water into oil or oil into water). The flow characteristics may also
indicate whether plugging of the flow or corrosion and erosion of pipeline and other
equipment is likely. Plugging can occur by the formation of waxy deposits inside a
pipeline or separator. In order to convey fluids in a multiphase flow safely, and with
proper control, it is therefore imperative to have a good knowledge about the flow
characteristics. One of the more important flow characteristics is the phase distribution

(sometimes termed flow regime).
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Flow characteristics are typically determined using empirical equations that have been
tested using laboratory experiments. However, these equations are limited as they
cannot take account of all of the variables that may be present in a working multiphase
flow system, such as inclination of equipment, variations in flow rate and so on.
Furthermore, as the test rigs used to verify the empirical equations have significantly
smaller diameters than the equipment actually used in production, the validity of the

models for the full scale production equipment is unknown.

Multiphase flow can also be predicted theoretically using models and equations but

these suffer similar limitations to using empirical models.

Other techniques for determining flow characteristics involve using flow rates or using

heat sources and associated probes.

SUMMARY

The inventors have realised that there are drawbacks with using empirical equations to
estimate flow characteristics. Flow rate techniques may be inaccurate or invasive and
therefore expensive and disruptive. In addition, it is realised that there can be
drawbacks with applying heat to equipment, in particular where such equipment may

have temperature tolerance limitations.

According to a first aspect there is provided a method of determining contents of a
conduit containing at least one fluid. The conduit is at least partially defined by at least
one wall portion. The wall portion is cooled. After said wall portion is cooled, the
temperature is measured at at least one temperature sensor located adjacent to the
wall portion. A characteristic of the contents of the conduit is determined based on said

measured temperature at the or each temperature sensor.

The first aspect may optionally include in any appropriate combination and in relation to
any aspect further features or steps as defined in the claims appended hereto.

According to a second aspect, there is provided apparatus for determining contents of
a conduit containing at least one fluid. The conduit is at least partially defined by at
least one wall portion. The apparatus is provided with at least one temperature sensor
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adapted to be fitted adjacent to the wall portion and cooling means for cooling said wall
portion. A processor is provided for measuring the temperature from the or each
temperature sensor. The processor is adapted to determine a characteristic of said

contents based on said measured temperature from the or each temperature sensor.

The second aspect may optionally include further features, in any appropriate
combination and in relation to any aspect, as defined in the claims appended hereto.

According to a third aspect, there is provided a computer device for determining
contents of a conduit containing at least one fluid. The conduit is at least partially
defined by at least one wall portion. The computer device comprises an in/out device
for receiving, from at least one temperature sensor adjacent to the wall portion, data
indicative of a temperature of the contents of the conduit in proximity to the or each
temperature sensor in response to cooling of the wall portion. The computer device
also has a processor arranged to determine a characteristic of the contents based on
the measured temperature at the or each temperature sensor.

The third aspect may include further features in any appropriate combination and in
relation to any aspect, as defined in the claims appended hereto.

According to a fourth aspect, there is provided a computer program, comprising
computer readable code which, when run on a computer device, causes the computer

device to behave as a computer device as described above in the third aspect.
According to a fifth aspect, there is provided a computer program product comprising a
computer readable medium and a computer program as described above in the fourth

aspect, wherein the computer program is stored on the computer readable medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a side view of a separator and cooling chamber according to an

embodiment of the invention;

Figure 2 is an end on cross-sectional view of the separator according to an

embodiment of the invention;
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Figure 3 illustrates schematically in a block diagram a system for characterizing

multiflow regimes according to an embodiment of the invention;
Figure 4 is a graph showing an example temperature response to a pulse of cold water
supplied to the production equipment for two sensors when measuring stratified

multiphase flow;

Figure 5 is a graph showing an example time constant for a plurality of sensors for
stratified multiphase flow in a pipeline;

Figure 6 is a finite element model of the cooling process according to an embodiment

of the invention;

Figure 7 is a flow diagram showing steps according to an embodiment of the invention;

Figure 8 is an end on cross-sectional view of a separator with an internal cooling

chamber according to another embodiment of the invention;

Figure 9 is perspective representation of a separator with transverse rod defining
therein a cooling chamber, according to another embodiment of the invention; and

Figure 10 is a cross-sectional side view of a pipeline section with a cooling chamber
showing a layer of waxy deposit, according to another embodiment of the invention.

DETAILED DESCRIPTION

Referring to Figure 1, there is illustrated production equipment 1 with a cooling
chamber 2 arranged adjacent to a wall of the production equipment 1. The production
equipment 1 in this example is a tubular separator, although the cooling chamber 2
may be used with any type of production equipment, e.g. disposed around or adjacent
to a wall thereof. The cooling chamber is arranged to receive a fluid therethrough for
cooling the production equipment, or part thereof. The cooling chamber can take
different forms. It will be appreciated that the chamber could be a channel, duct or
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annular space providing a fluid adjacent to a surface, for example an outer surface of
the wall, of the production equipment 1.

Referring to Figure 2, the internal arrangement of the cooling chamber 2 and
production equipment 1 can be seen in more detail. The production equipment 1 has a
conduit 31 defined therein for receiving a multiphase flow. The conduit 31 is provided
inside of the wall, and is defined by an inner wall surface, whilst the cooling chamber 2
is provided around an outside of the wall 31. It can be seen that a plurality of
temperature sensors 4, 5, 6, 7, 8 are also disposed around the production equipment 1.
To ensure good contact between the temperature sensors and the wall 30 of the
production equipment 1, grooves may be introduced to an outer surface of the wall.
Each groove is used to house a temperature sensor.

Referring to Figure 3, there is illustrated a system for characterizing multiphase flow.
As can be seen, the cooling chamber 2 is connected to a fluid supply apparatus 20
used for providing a flow of cold fluid, for cooling the production equipment, through the
cooling chamber. The fluid supply apparatus 20 may also be used to supply a purge
gas to the cooling chamber to replace the cold fluid. The fluid supply apparatus may
be connected to a fluid source and may include controllable valves used to stop, start
and/or control the flow of cold fluid, and optionally the purge gas, from a respective
source into and out of the cooling chamber 2.

The temperature sensors are connected to a computer device 9 using an In/Out device
10. The In/Out device 10 is used for sending instructions to and for receiving data from
the temperature sensors. The processor 11 is also used for analyzing measurements
taken from the temperature sensors. It will be appreciated that these functions may be
implemented using different processors, but for the sake of clarity only one processor

11 is shown.

Similarly, the fluid supply apparatus is connected to the computer device 9 using the
In/Out device 10. The In/Out device 10 is used for sending instructions to the fluid
supply apparatus 20, for example to control a flow valve, and for receiving data
therefrom, for example to provide valve status information or the like. A processor 11
is used for generating instructions to be sent to the fluid supply apparatus 20 to control
the flow of cold fluid through the chamber and cooling of the production equipment.
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In this exemplary embodiment, a display 12 is also provided for allowing a user to see
the results of the analysis of information from the temperature sensors. A computer
readable medium in the form of a memory 13 is also provided. The memory 13 can be
used for storing collected data, pre-programmed instructions for the fluid supply
apparatus 20 and temperature sensors, and a database 14 of thermal responses and
Prandtl numbers for a variety of fluids and fluid mixtures under different conditions.
The memory 13 may also be used to store a program 15 that includes instructions to
be executed by the processor.

Note that Figure 3 illustrates a controller in the form of a computer device 9 connected
to a single item of production equipment 1. It will be appreciated that a single computer
device 9 may be connected to a plurality of items of production equipment, or to control
a plurality of cooling chambers disposed at different points on one or more items of
production equipment in order to characterize multiphase flow in different items of
production equipment or at different points on the same production equipment.

When the production equipment 1 contains a multiphase fluid, and it is required to in
some way characterize the flow of the multiphase fluid, the processor 11 sends an
instruction to the fluid supply apparatus 20 to provide a short pulse of cold fluid to the
wall of the production equipment by providing the cooling chamber 2 with a cold fluid
for a short period of time. The time is selected to ensure that a reasonable
temperature response can be obtained, which is based on the cooling effect provided
by the cooling chamber and supply apparatus. When the cooling chamber 2 receives a
cold fluid, it begins to cool down and so cools the wall of the production equipment 1.
Heat from fluids inside the production equipment is conducted through the wall and
heats up the fluid contained within the cooling chamber 2. The fluid in this example

comprises output from a subsurface well.

When the supply of the cooling chamber 2 with cold fluid is stopped, the temperature of
the walls of the production equipment 1 starts to rise as the heat from the fluid
contained within the production equipment 1 is dissipated into the fluid contained within
the cooling chamber 2. The rate at which the temperature rises is dependent, among
other things, upon the nature of the fluid adjacent to the wall of the production
equipment 1, and in particular on the heat transfer coefficient between the inner wall of
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the production equipment 1 and the fluid adjacent to the inner wall surface. If the wall
has a waxy layer deposited on its inside surface, this also affects the heat transfer
coefficient between the wall and the fluid adjacent to the wall.

The temperature of the walls is measured using the temperature sensors. The
measurement signal of particular interest is the transient temperature response after
the flow of cold fluid is stopped. The measurement time for one cold fluid pulse is
determined by the thermal mass that needs to be warmed up. With reference to Figure
2, this includes the separator pipe wall (with any deposit), the fluid in the annulus
defined by the chamber, and the outer wall of the chamber 2. The wall of the
production equipment and the chamber wall may be formed from a metal such as steel.

The measurement time can be optimised by changing the thermal mass. For example,
reducing the thermal mass reduces the measurement time. One way to reduce the
thermal mass is to first flood the chamber 2 with a cold liquid such as cold water until
the separator wall has reached a stable cold temperature (i.e. by applying a pulse of
cold water). Once a stable temperature is reached, a pressurized purge gas, such as
air or nitrogen or the like, is supplied to the chamber and used to quickly flush out all of
the water from the chamber, such that only gas is present during the measurement
period. The thermal mass is reduced as it is effectively only the separator wall that is
warmed up, since the gas in the annulus has almost no heat capacity. Pulses of cold
fluid can then be applied and measurements of the temperature response made more
frequently.

A further benefit of gas-flushing is that liquid convection inside the chamber is avoided:
If liquid is kept in the annulus during the measurement process and different regions
are warmed up at different rates depending upon the location around the separator,
this might lead to variations in temperature of the liquid contained in the chamber. This
in turn, would start convection in the liquid which can disturb the measurement
process. The gas flushing process may therefore help to improve the measurability
and quality of measurement of the thermal response.

By subjecting the wall of the production equipment to cooling by a pulse of cold fluid,
the multiphase flow inside the equipment will also experience some cooling, at least
temporarily, which may give rise to a deposit of wax on an inside surface of the
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production equipment or wall of the conduit, near the cooling chamber. Such a wax
deposit affects heat transfer behaviour. From time to time therefore, it may be desirable
that the cooling chamber also be flushed with a hot fluid to release wax build-ups. The
supply of the hot fluid can be performed and controlled using the fluid supply apparatus
and the computer device, in a similar manner to the supply of a cold fluid, and purge
gas as explained above.

The heat transfer coefficient depends on the Prandtl, P,, number, which reflects the
fluid’s thermal properties. The Prandtl numbers for typically transported fluids (oil, gas,
water) differ enough to show a significant difference in the measured thermal response.

The Prandtl number is dimensionless, as it is a ratio of momentum diffusivity to thermal

diffusivity, and can be defined by:

P ZBZC’"U
" a  k

(1)

where v is kinematic viscosity, a is thermal diffusivity, p is dynamic viscosity, k is
thermal conductivity, c, is specific heat, and p is density. A low P, usually indicates that
conductive transfer is a dominant mechanism of heat transfer, and heat diffuses
quickly, whereas a high P, usually indicates that convective heat transfer is a dominant
mechanism of heat transfer, and heat diffuses less quickly.

It can be seen from Figure 2 that in multiphase flow, a high density fluid is likely to be
adjacent to the lower temperature sensors 7, 8 whereas a lower density fluid will be
flowing adjacent to the higher temperature sensors 4, 5. This type of flow is termed
stratified flow. The invention can be applied to other types of flow, but stratified flow is

used as an example.

Figure 4 shows an example thermal response from temperature sensor 4 and
temperature sensor 8 in an example in which the production equipment 1 is
transporting oil and water in stratified flow will therefore be different. This may be a
representative response for application of cold fluid and cooling of a wall portion for a
period of 10-30 seconds. In this example, owing to the differing densities of the two
fluids, temperature sensor 4 is adjacent to oil in the production equipment 1, and
temperature sensor 8 is adjacent to water in the production equipment 1. The
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temperature at the sensor 8 adjacent to the water falls more quickly, reaches a lower
value, and rises more quickly than the temperature at the sensor 4 adjacent to the oil.
This information can be used to assist in characterizing multiphase flow, or at least in
determining which phases are present and at what points in the conduit.

In order to improve the quality of the measurements, and improve the signal to noise
ratio, a time constant is extracted from the temperature response of each sensor from
the change in temperature after the cold pulse. A logarithmic increase in temperature
occurs shortly after the minimum temperature has been measured. Rather than
measuring the time it takes to reach a certain temperature level, which would only use
one temperature measurement point and may in general introduce a great deal of
uncertainty (although in specific cases a single measurement value can be sufficient),
determining the time constant from the logarithmic increase in temperature uses a

large series of points and smoothes out corresponding errors.

If the phases expected in the production equipment are already known (in this case
pure oil and pure water with no dispersion) then the flow regime can easily be
determined. The time constant can be used to determine one or more parameters of
the fluid, such as the type of fluid flowing in proximity to the temperature sensor.

Turning to Figure 5, an example time constant for each sensor 4, 5, 6, 7, 8 is shown. It
can be seen that the time constant over a significant period of time for each
temperature sensor 4, 5, 6 is around the same, whereas the time constant for
temperature sensors 7 and 8 are similar to each other but different to the time
constants of temperature sensors 4, 5 and 6. This clearly indicates a stratified flow
with one fluid phase in the production equipment 1 up to at least the level at which
temperature sensor 7 is located, and another fluid phase in the production equipment 1
above the level at which temperature sensor 7 is located.

The time constant can be used to characterize fluid flow, as it is affected by both the
fluid properties and the flow velocity. For example, the time constant can be measured
for single-phase flow (for each of the used fluids in turn) at different flow velocities.
This can be used to generate a look-up table of time constants as a function of the type
of fluid and the flow velocity. A measurement from a multiphase flow can be
subsequently looked-up in the table (the flow velocity has to be measured in parallel) to
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determine the phase distribution. This may be done manually or using a computer to
give an indication of fluid flow.

If a reliable model of fluid flow within the measurement geometry is available, then the
heat transfer coefficient can be calculated from the measurement result. The heat
transfer coefficient depends on the Prandtl number and the Reynolds number. The
Reynolds number is known, and so the Prandtl number can be determined. The
Prandtl number can then be compared with the known Prandtl numbers of the
expected fluids in the production equipment. Note that the material properties such as
the Prandtl number are also dependent on the bulk temperature in the production
equipment, so temperature needs to be known (either measured or simulated) and the
material parameters need to be adjusted according to the current temperature.

If the phase distribution is not already known, for example, one phase may be a
dispersion of oil in water, and another phase may be oil, then the time constant
measured at each sensor is compared with a time constant previously measured for a
known fluid that the production equipment is likely to contain. The time constant can
vary according to the nature of the fluid, the flow rate of the fluid and the temperature of
the fluid.

In this way, the characteristics of the fluid in proximity to each of the temperature
sensors can be determined and a picture can be built of the location within the
production equipment 1 that phases can be found. It will be appreciated that providing
more temperature sensors located at different points around the production equipment
1 will result in a more accurate picture of phase distribution in the multiphase fluid flow
within the production equipment 1.

In order to get even more information to characterize the multiphase fluid flow, it is
possible to calculate the Prandtl number of the fluid using the measured temperature
response using a Finite Element Method (FEM) representation of the geometry, as
shown in Figure 6. Comparing the calculated Prandtl number with previously
measured Prandtl numbers of the various fluids (e.g. oil/water dispersions at various
water cuts) can be used to give an even more detailed picture of the phase distribution.
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The simplified FEM model illustrated in Figure 6 shows the wall of the production
equipment 1, and the cooling chamber 2. Fluid flow occurs on the opposite side of the
production equipment 1 wall to that of the cooling chamber 2. The cooling chamber 2
in this model is considered to be insulated from ambient temperature, and Uy,q may be
obtained for oil, water, or a mixture of fluids. Note that Figure 6 illustrates a very simple
geometry, and more complex geometries may be modelled. For example, a layer of
wax deposits on the production equipment wall may be modelled.

Turning now to Figure 7, there is a flow diagram illustrating the steps according to an
embodiment of the invention. The following numbering corresponds to that of Figure 7:

S1. A pulse of cold fluid is applied to a wall of the production equipment carrying
multiphase fluid flow.

S2. The thermal response is measured at several temperature sensors disposed in
proximity to the production equipment. A time constant is obtained for each sensor

using the increase in temperature after a minimum is reached.

S3. The thermal response at each temperature sensor is used to determine fluid
parameters, such as the nature of the fluid, in proximity to each temperature sensor.
This may require comparing the thermal response with previously obtained thermal

responses for known fluids under known conditions.

S4. If no further information is required, then the process ends.

S5. If further information is required, then the Prandtl number of the fluid in
proximity to each temperature sensor is calculated using FEM.

S6. The Prandtl number calculated at each temperature sensor is compared with

Prandtl numbers for known fluids.

Turning now to Figure 8, there is shown production equipment 1 with a cooling
chamber 102 fitted inside the production equipment 1. The cooling chamber may be
removably fitted. In this example, the production equipment is a separator and the
cooling chamber 102 is defined by a hollow rod extending into the plane of the page,
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along a longitudinal axis of the separator. A conduit 131 is defined inside the
production equipment, for receiving a multiphase flow therein, between an inner
surface of wall 30 of the production equipment and an outer wall surface of wall 130 of
the cooling chamber 102. Temperature sensors 5, 6, 7, 8 are disposed adjacent to a
wall portion of wall 130 of the cooling chamber around an inner circumference thereof.
The temperature sensors are used to measure a thermal response upon subjecting the
cooling chamber wall portion to a pulse of cold fluid. The thermal response may for
example be a time constant or single measurement of temperature. More specifically,
in response to the application of the pulse of cold water, the sensors measure a fall and
thereafter a rise in temperature of the wall portion due to the presence of hot fluids
inside the conduit, in the same way as in the embodiment described above with
reference to Figure 2 in which the temperature sensors are provided on the wall 30 of
the production equipment. The pulse of cold fluid is provided to the wall of the chamber
by using a fluid supply apparatus 20, and may be controlled using a computer device 9.
In this way, on one side of the wall 131 a conduit is defined, by an outer surface of the
wall 130, for carrying the multiphase flow, whilst a pulse of cold fluid is supplied and
temperature sensors are provided adjacent to an inner surface of the wall 131 on
another, other opposing side of the wall 130. It will be appreciated that the chamber
will have inlet and outlets for the supply of fluid (not shown).

A benefit of the arrangement of Figure 8 is that the wall of the cooling chamber, is
thinner than that of the outer wall of the separator, reducing the thermal mass. The
thermal response is therefore quicker, reducing the measurement time needed, and
allowing a higher measurement frequency. Typically, the wall is made from a metal
such as steel.

It will be appreciated that an internal rod such as that of Figure 8 could be arranged
inside the production equipment in different orientations, for example vertically or
across a longitudinal axis of the production equipment, with temperature sensors in
different positions for measuring the thermal response to a cold pulse for characterising
a phase distribution. Such an example is shown in Figure 9. As can be seen, an
internally hollow vertical rod extends perpendicularly to the wall of the production
equipment 1, into the conduit. The rod defines a cooling chamber 302, and is provided
with temperature sensors 304, 305, 306, 308 spaced apart from each other along and
coupled to the wall 330 for measuring a temperature response upon applying a pulse of
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cold fluid to cool the wall 330. It will also be appreciated that in other embodiments,
temperature sensors could be placed both around the wall 30 of the production
equipment 1 and the wall 130 of the cooling chamber 102, to increase the
measurement information and ability to characterise the flow. At the base of the rod
inside thereof, an end wall acts to contain the fluid therein and facilitates guiding the
supply fluid through the chamber.

Although use of a time constant from the temperature response is used in the
embodiments described above, it can nevertheless be possible to derive a phase
distribution in other ways. For example, instead of the time constant, a temperature
value at a certain point in time after application of the pulse of cold fluid or modelled
responses for different fluids to give an indication of the fluid in proximity to the sensor.
The known or modelled responses could be stored in a database and looked-up

automatically.

In some embodiments, the thickness, presence and/or type of content of the conduit in
the form of a waxy layer deposited on the inside of the separator wall may be
determined, since the heat transfer coefficient depends upon the thickness of such a
layer. In order to determine whether a deposit is present or its thickness, the
temperature response may be compared with known or modelled responses for walls
with waxy layers of different thicknesses. Alternatively, the temperature response from
a sensor where it is unknown whether a waxy deposit is present may be compared with
an earlier temperature response for the same sensor, from an earlier application of a
pulse of cold fluid differences in responses may be used to infer that a waxy deposit is
present. For example, in a multiphase flow comprising an oil/gas stratified flow, it may
be assumed that a given point (in this example at the lowest point in a pipe or
separator) will always be in oil. All of the changes seen in the temperature response
from the temperature sensor at this lowest point will then be due to a build-up or
removal of deposit. Another example, in the case of oil/water stratified flow, could
similarly use the response from the temperature sensor at the highest point in the
pipe/separator to detect a change or presence of a deposit in proximity to the sensor.

Although we have referred above in particular to production equipment in the form of a
separator, application of the invention to other types of production equipment can also
be advantageous. In particular, it is useful in situations where wax has been deposited
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because the cooling from applying the pulse of cold fluid keeps the deposit of wax
intact, such that the distribution of phases inside the equipment can be kept relatively
stable during measurement of the thermal response.

In some embodiments, a single temperature sensor can be used for determining a
multiphase fluid characteristic. Such an embodiment is shown in Figure 10, where
there is provided production equipment 1, in the form of a section of pipe, through
which a multiphase flow is transported. This also shows a waxy layer 203 that has
been deposited from a multiphase flow on the inside surface of the equipment 1. In the
section shown, a cooling chamber 2 is provided around the wall of the production
equipment. A single temperature sensor 204 is provided on the wall of the production
equipment for measuring a thermal response after subjecting the equipment 1 to a
pulse of cold fluid inside the chamber 2. The thermal response can be used to

determine a thickness of the deposit or a phase distribution as explained above.

Where a single temperature sensor is used, this provides information on fluid or deposit
parameters in proximity to that particular sensor only. This may be sufficient where

there is a uniform deposit and/or uniform flow regime.

The invention allows multiphase production equipment such as pipelines and
separators to operate more safely and more effectively, as the fluid flow in the
production equipment can be monitored and any potential problems can be diagnosed.
It is particularly suitable for use with hot equipment, running at elevated temperatures,
where cooling of the equipment may provide a particularly convenient, cost effective
and safe solution. For example, it may allow temperature tolerances of the production
equipment to be relaxed or allow a temperature response to be obtained for
characterising the flow with existing equipment and temperature tolerances. The
technique is non-intrusive and so does not jeopardize equipment integrity.
Furthermore, it can be easily retrofitted to the production equipment at a later date
without interrupting existing operations. The invention can therefore be used to monitor
multiphase flow within production equipment such as a pipeline or separator. Some
types of flow can be destructive or damaging to a pipeline, and monitoring the
multiphase flow can highlight any types of flow known to be damaging. This allows
remedial action to be taken before flow becomes too damaging.
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It should be noted that term “fluid” in relation to a fluid of a multiphase flow, includes
fluids in the form of a gas or a liquid or mixed fluids, such as an emulsion or the like, for

example an oil-in-water emulsion. It also includes stratified fluids.

Various modifications may be made to the above-described embodiments without
departing from the scope of the present invention as defined in the appended claims.
For example, while the examples given above apply to a pipeline and separator, the
invention may be used to characterize the contents of any type of conduit of production
equipment for use in oil and gas production. In addition, it will be appreciated that a
cooling chamber as such may not necessarily be required. Any means of cooling the
wall portions for a time limited period of time may be suitable.
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CLAIMS:

1. A -method of determining contents of a conduit containing at least one fluid, the
conduit being at least partially defined by at least one walil portion, the method
compris‘ing:

coolihg said wall portion;

after cooling said wall portion, measuring the temperature at at least one
temperature sensor located adjacent to the wall portion; and

determining a characteristic of said contents based on said measured
temperature at the or each temperature sensor.

2. A method as claimed in claim 1, wherein the cooling step includes applying a
pulse of cold fluid adjacent to the wall portion.

3. A method as claimed in claim 1 or claim 2, wherein the determining step
comprises: o

determining a parameter of the contents of the conduit in proximity to the or
each temperature sensor using the measured temperature at the or each temperature
sensor; and determining a characteristic of the contents using the determined contents

parameter.

4, A method as claimed in claim 1 or claim 2, wherein said measuring step uses a
plurality of temperature sensors located adjacent to the wall portion, and the method
includes:

measuring a temperature at each of the plurality of temperature sensors; using
the measured temperatures to determine parameters of the contents of the conduit in
proximity to each of the temperature sensors; and '

using the determined content parameters to determine a characteristic of the
contents of the conduit.

S. A method as claimed in claim 1 or claim 2, including:
repeating said cooling step; and
measuring the temperature at the or each témperature sensor after first and

second cooling steps;

RECTIFIED SHEET (RULE 91)
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wherein said determining of a characteristic of the contents is based on both the
temperature measured after said first cooling step and temperature measured after
said second cooling step.

6. A method as claimed in any one of the preceding claims including determining
a time constant obtained from an increase in the measured temperature at the or each
temperature sensor after the pulse of cold fiuid has been provided.

7. A method as claimed in claim 6, wherein the time constant is compared with
time constants previously measured for known fluids in order to characterize the

contents.

8. A method as claimed in claim 6 or claim 7, wherein the time constant is
compared with time constants for known fluids at any of a plurality of different
temperatures and flowing at a plurality of different rates.

9. A method as claimed in any one of the preceding claims, wherein the conduit
contains any of: a fluid from a well; a fluid from a multiphase flow; a multiphase fluid; a
hydrocarbon production fluid; and a deposit.

10. A method as claimed in any one of thé preceding claims, wherein said
characteristic of the contents comprises any of: a distribution of the contents; deposit
presence; deposit thickness; and flow regime.

11. A method as claimed in any one of the preceding claims, further comprising
using the measured temperature to determine a Prandtl number of a fluid of the conduit

in proximity to at least one temperature sensor of the plurality of temperature sensors.

12. A method as claimed in claim 11, further comprising comparing the determined
Prandtl number with Prandtl numbers previously measured for known fluids in order to
further characterize the content.

13. A method as claimed in any one of the preceding claims, wherein the conduit is
part of a separator.
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14, Apparatus for determining contents of a conduit containing at least one fluid, the
conduit being at ieast partially defined by at least one wall portion, the apparatus
comprising:
| at least one temperature sensor adapted to be fitted adjacent to the wall

portion;

cooling means for cooling said wall portion;

a processor for measuring the temperature from the or each temperature
sensor,

wherein the processor is adapted to determine a characteristic of said contents
based on said measured temperature from the or each temperature sensor.

15. Apparatus as claimed in claim 14, wherein the processor is adapted to use the
measured temperature to determine a parameter of the contents of the conduit in
proximity to the or each temperature sensor, and use the determined contents
parameter to determine the characteristic of the contents of the conduit. '

16.  Apparatus as claimed in claim 14, wherein said temperature sensor is one of a
plurality of temperature sensors, and the processor is a processor for measuring the
temperature from each of the plurality of temperature sensors and is further adapted to
use the measured temperatures to determine parameters of said contents in proximity
to each of the temperature sensors and use the determined contents parameters to
determine a characteristic of said contents.

17. Apparatus as claimed in any one of claims 14 to 16, wherein the measured
temperature increases after the pulse of cold fluid has been provided and a time
constant is obtained from said increase in the measured temperature at the or each
temperature sensor, and the processor is adapted to determine the characteristic of the
contents based on the time constant.

18. Apparatus as claimed in any one of claims 14 to 17, wherein the processor is
further adapted to control operation of a fluid supply means for supplying a cold fluid
adjacent to the wall portion for  cooling the wall portion.
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19. Apparatus as claimed in any one of claims 14 to 18, wherein the processor
further comprises a database, the database storing previously measured thermal
responses of known fluids.

20. Apparatus according to any one of claims 14 to 19, wherein the processor is
further adapted to calculate a Prandtl number of a fluid in proximity to the or each
temperature sensor.

21. A computer device for determining contents of a conduit containing at least one
fluid, the conduit being at least partially defined by at least one wall portion the

computer device comprising:

an infout device for receiving, from at least one temperature sensor adjacent to
the wall portion, data indicative of a temperature of the contents of the conduit in
proximity to the or each temperature sensor in response to cooling of the wall portion;
and

a processor arranged to determine a characteristic of the contents based on the
measured temperature at the or each temperature sensor.

22. A computer device as claimed in claim 21, wherein the processor is arranged to
determine a parameter of the contents of the conduit in proximity to the or each of the
temperature sensors using the respective measured temperature and to determine a

characteristic of the contents of the conduit using the determined fluid parameters.

23. A computer device as claimed in claim 21 or claim 22, wherein the processor is

operable to calculate, for the or each temperature sensor, a time constant obtained
from a change in the measured temperature after the pulse of cold fluid has been
provided.

24, A computer device as claimed in claim 23, further comprising a database for
storing time constants previously measured for known content from a multiphase flow
under known conditions, the processor being further arranged to compare each
measured time constant with. a stored time constant in order to characterize the

content.
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25. A computer device as claimed in any one of claims 21 to 24, wherein the
processor is further arranged to determine a Prandtl number of a fluid in proximity to at
least one the temperature sensors.

26. A computer device as claimed in claim 25, further comprising a database for
storing Prandtl numbers previously measured for known fluids, the processor being
further arranged to compare the determined Prandtl number with the stored Prandtl
numbers in order to characterize the contents. |

27. The computer device according to any of claims 21 to 26, wherein the
processor is further arranged to control operation of a fluid supply means, the fluid
supply means being arranged to supply a cold fluid adjacent to the wall portion.

28. A computer program, comprising computer readable code which, when run on a
computer device, causes the computer device to behave as a computer device as
claimed in any one of claims 21 to 27.

29. A computer program product comprising a computer readable medium and a
computer program according to claim 28, wherein the computer program is stored on
the computer readable medium. '
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