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MANIFOLD FLOW SPLITTER

The present invention relates to a device and methods for dividing a multiphase
flow into several flows which has substantially the same mixture of phases.

When oil and or gas are produced from subsea wells, the produced fluid is often a
multiphase mixture. There may also be a need for treating this multiphase mixture
flow, for instance cooling it before it is separated into the different substances as
gas, oil, water, sand or other fluids following the multiphase flow. When for
instance cooling a flow it is favorable to have smaller amounts to be cooled to
ensure the necessary cooling and then it would be favorable to split the multiphase
flow into several mainly equal smaller flows.

Proper distribution of such a multiphase flow is challenging. The flow composition

may differ between the outlets in a splitting point and in the extreme one outlet may
contain only gas or liquid. For subsea systems it is for several reasons necessary to

have control of the splitting between parallel flow lines, process systems or process
equipment; 1) for equal loading; 2) for assurance of sufficient inhibited liquid.

A solution for systems with small liquid volume flow compared to gas volume flow
has been especially challenging. The challenge concerns equal distribution of liquid
and gas in general. This application is important if MEG is present in a gas-
condensate system and need to be equally distributed into several pipes to avoid
hydrate formation. It can also be important if equal loading of flow rates into two or
more lines is required.

There are some known solutions for providing splitting of a multiphase flow into
several flow paths. US Patent No. 4293025 describes a flow splitter using a tank
having an inlet and two outlets where the outlets are configured as vertical
standpipes extending partway into the tank. The fluids enter into the tank from the
top and are prevented from directly entering into the standpipes by baffles. Liquid
gathers at the bottom of the tank. The standpipes in this system are perforated such
that the liquid enters the standpipes through the perforations while vapour enters
into the standpipes from the top. This device is used for distributing a liquid-vapour
mixture for a heat exchanger. In US Patent No. 7261120 there is shown a similar
arrangement but here the standpipes are located at the top end of the tank and
projecting downwards into the tank while the inlet is located at the bottom. The
standpipes in this system are also perforated. US Patent No. 4662391 describes a
flow splitter for liquid-vapour mixtures which is basically in the shape of a four-
way piping hub. The hub has an inlet and a bottom drain directly opposite the inlet
and two outlets perpendicular to the inlet. Fluid will collect in the central chamber
of the hub. When the liquid accumulates to the point where it reaches the edge of
the side outlets the liquid divides equally among the two outlets to become re-
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entrained with a substantially equal portion of the vapour passing through each
outlet. The drain is used to regulate the height of the fluid in the central chamber.

None of these solutions gives a satisfying solution for splitting a multiphase flow
especially when the use of the equipment is subsea. An aim with the present
invention is therefore to provide an alternative device and method for obtaining a
splitting of a multiphase flow to several smaller flows which has mainly equal
content when looking at the different fluids in the flow.

This is achieved with a manifold and methods as defined in the attached claims,
where further details of the invention is given in the dependent claim and the
following description.

According to the invention there is provided a manifold for use in a flow system. A
manifold is as for a normal definition a pipe or chamber branching into several
openings. The manifold is connectable to a feed pipe. According to the invention
the manifold is formed with a lower part having an inner surface formed as a half
cylinder with a longitudinal axis oriented mainly horizontal direction during normal
use. The inner surface may also be formed with a full cylinder surface. There are in
this inner surface arranged at least two outlets in a row oriented mainly parallel with
the longitudinal axis. These outlets are connected to outlet pipe segments arranged
with a centre axis of these pipe segments extending with a downward angle from the
lower part of the manifold.

According to one aspect the manifold may be formed by a longitudinal main pipe
section, where the pipe has a mainly circular cross section. The inlet of the manifold
may be arranged at one end of this main pipe section. The centre axis of the main
pipe section would then form the longitudinal axis of the manifold, and during
normal use extend in a mainly horizontal direction. The outlets would then be
arranged in a lower half of the main pipe section and connected to outlet pipes
arranged with a centre axis extending with a downward angle from the main pipe
section.

According to an aspect the outlets may be arranged, when seen in a cross section of
the lower part of the manifold or the main pipe section, with a main axis of the pipe
segments connected to the outlets, forming an angle between 35-50 degrees in
relation to a vertical axis.

According to another aspect the outlets may be arranged at a position and connected
to the outlet pipes such that a main axis of the outlet pipe segments, at the outlet,
forms an angle of 45 degrees with a vertical axis.
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According to yet another aspect the outlet pipes may be such connected to the main
pipe that a centre axis of the outlet pipes, at the outlet, crosses the longitudinal axis
of the lower part of the manifold or the main pipe section.

According to yet another aspect there may to the lower part of the manifold or the
main pipe sections be arranged two rows of outlets in the lower part or the lower
half of the main pipe section. In one embodiment the outlet of one row is arranged
in the same transverse plane as an outlet in the other row, in another embodiment
the outlet in one row is arranged in a transverse plane in between transverse planes
of neighboring outlets in the other row.

According to another aspect the one inlet is arranged at one end of the main pipe
section. The first outlet is then arranged in a distance from the inlet. In another
embodiment there are two inlets one on each end of the longitudinal axis of the
manifold.

According to the invention there is also provided a method for distributing a mixed
flow into several pipes, comprising leading the flow mixture into a horizontal pipe
where a liquid phase of the mixed flow would position itself in a lower part of the
pipe and a gas phase in the rest of the cross section of the pipe, then taking mixture
out of the pipe in outlet pipes arranged at 30-50 degrees with a vertical axis, in the
lower part of the pipe. In one embodiment the mixture is taken out into outlet pipes
arranged at 45 degree with a vertical axis.

According to the invention there is also provided a method for cooling a multiphase
fluid, comprising leading the multiphase fluid into a manifold according to the
invention as described above and thereby splitting the flow into several multiphase
flow fractions, then cooling each of the flow fractions separately and thereafter
collecting the flow fractions to a common multiphase flow.

The invention will now be explained with non-limiting embodiments with reference
to the attached drawings where;

Fig. 1 shows a principle sketch of the flow splitting manifold according to the
invention,

Fig. 2 show a cross section through the manifold
Fig. 3 shows a principle sketch of a use of a manifold according to the invention.

Fig. 4A, B and C shows cross section through a manifold of different embodiments.
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Fig. 5A and 5B show a principles sketch of a main pipe section seen in a vertical
direction from underneath.

In fig. 1 there is shown a principle sketch of part of a manifold according to the
invention. The manifold, which is a device for splitting flow into several flows,
comprises a main pipe section 1 with a centre axis 15, having an inlet 13 at one end
of the main pipe section 1. A fluid mixture 10 is introduced through this inlet 13.
Along the main pipe section 1 there are arranged several outlets 14. These outlets
14 are arranged in a row along the main pipe section 1 and in a lower half of the
pipe, when it has a normal use configuration, and they are connected to outlet pipes
2. The outlet pipes 2 has, a least for a section 22 of the outlet pipes 2, which section
22 is connected to the outlets 14, an orientation which is pointed downwards. A
center axis 21 of the outlet pipe section 22 forms an acute angle 6 with a vertical
axis 3 with the open end of the angle oriented downwards, as may best be seen from
fig. 2. A center axis 21 of the outlet pipe section 22, may also preferably cross a
center axis of the main pipe section 1.

As shown in fig. 2 the mixed fluid flow 10 entered into the main pipe section 1 will
quickly divide itself in a liquid part 12 with mostly liquid in the bottom of the main
pipe section 1, and a more gas part 11 in the relatively upper part of the main pipe
section 1. Positioning the outlet 14 with a outlet pipe section 22 point downwards
with an angle 0 between 35 and 50 and preferably of 45 degrees gives a beneficial
and similar fraction mixture 20 of the gas part 11 and the liquid part 12 in the main
pipe section in each of the outlet pipe sections 22.

In fig. 3 there is shown a possible use of the manifold according to the invention. A
feed pipe 9 is connected to the main pipe section 1, whereto there are connected
several outlet pipes 2. The outlet pipe section 22, may only form a smaller part of
the total length of the outlet pipe 2. Each outlet pipe is further each connected to its
cooler unit 4 cooling down the fraction mixture 20. After the cooler units a pipe
section 5 lead into a collector pipe 6 collecting all the cooled mixture fractions 20 to
a main mixture 10 again and leading it through a common pipe 7 to a unit 8, for
instance a separator 8. The number of and the configuration of each cooling unit 4
and amount of inhibitors to be injected to the system is easier to calculate as the
effect of cooling a smaller fraction compared with a main stream is relatively easier.

In fig. 4A and 4B there are shown a cross section where the outlets 14 of the main
pipe 1 connected to the outlet pipe sections 22 with a center axis 21, are shown
forming different angles 0, between 35 and 59 degrees with a vertical axis 3. There
is also shown that the center axis 21 may not cross a center axis of the main pipe 1.
In fig. 4C there is shown yet another embodiment where there in this embodiment
are two rows of outlets 14 in the lower part of the main pipe 1. The outlets 14 both
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form the same angle 6 with a vertical axis 3. As shown in fig. SA and 5B where
there is shown a principle sketch of the main pipe 1 seen from beneath up along a
vertical axis, the two rows of outlets 14 may be formed in parallel or they may be
formed staggered along the main pipe 1. The outlets 14 of both rows may be formed
in pairs arranged in a common plane arranged transverse to the centre axis of the
main pipe, or they may be formed such that an outlet of one row is arranged in
another transverse plane to the center axis compared with an outlet in the other row
of outlets. In this figure one may also see that the outlets 14 are formed with a
distance from the inlet 13 connected to the feed pipe 9.

The invention has now been explained with reference to non-limiting embodiments
shown in the figures. A skilled person will understand that there may be made
modifications and alterations to these embodiments that are within the scope of the
invention as defined in the attached claims.
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CLAIMS

1. Manifold for use in a flow system, comprising a longitudinal main pipe
section (1) with one inlet (13) connectable to a feed pipe (9) and at least two outlets
(14) arranged in a row along the main pipe section (1), where a centre axis (15) of
the main pipe section (1) during normal use extends in a mainly horizontal direction
characterized in that the outlets (14) are arranged in a lower half of the main
pipe section (1) and connected to outlet pipe sections (22) arranged with a centre
axis (21) extending with an downward angle from the main pipe section (1).

2. Manifold according to claim 1,

characterized in that the outlets (14) are arranged, when seen in a cross
section of the main pipe section (1), with a main axis (21) of the pipe sections (22)
connected to the outlets (14) forming an angle 6 between 35-50 degrees in relation
to a vertical axis (3).

3. Manifold according to claim 1,

characterized in that the outlets (14) are arranged at a position and connected
to the outlet pipe sections (22) such that a main axis (21) of the outlet pipe sections
(22) at the outlet (14) forms an angle 6 of 45 degrees with a vertical axis (3).

4, Manifold according to one of the preceding claims,

characterized in that the outlet pipe sections (22) are such connected to the
main pipe (1) that a centre axis (21) of the outlet pipes crosses a centre axis (15) of
the main pipe section (1).

5. Manifold according to one of the proceeding claims,
characterized in that there to the main pipe section (1) are arranged two rows
of outlets (14) in the lower half of the main pipe section (1).

6. Manifold according to claim 5,
characterized in that an outlet (14) of one row is arranged in the same
transverse plane as an outlet (14) in the other row.

7. Manifold according to claim 1,
characterized in that one inlet (13) is arranged at one end of the main pipe
section (1).
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8. Method for distributing a mixed flow into several pipes, comprising leading
the flow mixture (10) into a horizontal pipe (1) where a liquid phase (12) of the
mixed flow would position itself in a lower part of the pipe (1) and a gas phase (11)
in the rest of the cross section of the pipe (1), then taking mixture out of the pipe in
outlet pipe sections (22) arranged at 30-50 degrees with a vertical axis (3), in the
lower part of the pipe (1).

9. Method according to claim 8, wherein mixture is taken out into outlet pipes
(22) arranged at 45 degree with a vertical axis (3).

10. Method for cooling a multiphase fluid, comprising leading the multiphase
fluid (10) into a manifold according to one of the claims 1 to 7 and thereby
splitting the flow (10) into several multiphase flow fractions (20), then cooling
each of the flow fractions (20) separately and thereafter collecting the flow fractions
to a common multiphase flow.



