




















































































 

  

43

 

CLAIMS 

1. A method for separating a multiphase fluid stream comprising a heavier fluid 

component and a lighter fluid component, the method comprising:  

causing the fluid to flow along a first helical flowpath, the first helical flowpath 5 

having a first pitch, the first helical flowpath being sufficiently long to establish a 

stabilised rotating fluid flow pattern for the stream; 

causing the uniform rotating fluid to flow along a second helical flowpath, the second 

helical flowpath having a second pitch, wherein the second pitch is greater than the 

first pitch; 10 

removing the lighter fluid from a radially inner region of the second helical flowpath;  

increasing the rotational velocity of the fluid leaving the second helical flowpath to 

establish a vortex; and 

establishing a vortex separation region, in which the vortex is established into which 

the remaining lighter fluid fractions are caused to migrate. 15 

2. The method according to claim 1, wherein the multiphase fluid stream 

comprises a gaseous phase and a liquid phase. 

3.  The method according to either of claims 1 or 2, wherein the multiphase fluid 

stream comprises a plurality of liquid phases. 

4. The method according to claim 3, wherein the fluid stream comprises an 20 

aqueous phase and a hydrocarbon phase. 

5. The method according to claim 4, wherein the aqueous phase comprises water 

produced from a subterranean well and the hydrocarbon phase is oil produced from 

the said well. 
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6. The method according any of claims 1 to 5, wherein the first and second 

helical flowpaths are formed such as to elevate the critical Reynolds number of the 

fluid stream. 

7. The method according to any of claims 1 to 6, wherein the fluid flow is 

stabilised in a flow regime having a Reynolds number below the critical Reynolds 5 

number. 

8. The method according to claim 7, wherein the fluid flow is stabilised in a 

transient flow regime. 

9. The method according to any of claims 1 to 8, wherein the pitch of the first 

helical flowpath remains constant throughout its length. 10 

10. The method according to any of claims 1 to 9, wherein the pitch of the second 

helical flowpath increases in the direction of flow along the second flowpath. 

11. The method according to claim 10, wherein the pitch increases in a stepwise or 

a continuous manner. 

12. The method according to either of claims 10 or 11, wherein the pitch of the 15 

second helical flowpath increases along substantially the entire length of the second 

helical flowpath. 

13. The method according to claim 12, wherein the pitch increases up to 5% for 

each turn of the second helical flowpath around the longitudinal axis of the flowpath, 

preferably up to 3%, more preferably about 1% for each turn. 20 

14. The method according to any preceding claim, wherein the increase in 

rotational velocity is provided by causing the fluid to flow along a third helical 

flowpath. 

15. The method according to claim 14, wherein the cross-sectional area of the 

third helical flowpath is decreased along the length of the flowpath. 25 
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16. The method according to claim 15, wherein the decrease in the cross-sectional 

area occurs in a continuous or a step-wise manner. 

17.  The method according to either of claims 15 or 16, wherein the decrease in 

the cross-sectional area occurs along substantially the entire length of the third helical 

flowpath. 5 

18. The method according to any of claims 13 to 17, wherein the Reynolds 

number of the fluid flow is at or below the critical Reynolds number. 

19. The method according to any of claims 13 to 18, wherein a means is provided 

to stabilise the vortex. 

20. The method according to any preceding claim, further comprising introducing 10 

the fluid stream into a fluid-fluid settling region, in which the lighter fluid 

components are separated from the heavier fluid components under the action of 

gravity. 

21. The method according to claim 20, wherein the fluid stream is caused to rotate 

in the fluid-fluid settling region. 15 

22. The method according to claim 21, wherein the rotation is imparted to the 

fluid stream upon exiting the vortex separation region. 

23. The method according to either of claims 21 or 22, further comprising 

centralising the rotational flow of the fluid stream within the fluid-fluid settling 

region. 20 

24. The method according to claim 23, wherein the cross-sectional area of the 

fluid flow path in the fluid-fluid settling region is reduced in the direction of flow. 

25. The method according to any of claims 20 to 24, wherein fluid richer in the 

lighter fluid component is removed from the lower central region of the fluid-fluid 

settling region and passed to the upper central region of the fluid-fluid settling region. 25 
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26. The method according to any of claims 20 to 25, wherein the separation of the 

lighter fluid component from the heavier fluid components is enhanced by the 

addition of additives active in inducing droplet coalescence of the lighter fluid 

component. 

27. The method according to any of claims 1 to 26, further comprising causing the 5 

fluid stream to enter a fluid removal region, in which a fluid stream consisting 

essentially of the heavier fluid component is removed. 

28. The method according to claim 27, wherein the fluid stream is caused to rotate 

in the fluid removal zone, the said fluid stream being removed from the central region 

of the fluid removal zone. 10 

29. The method according to any of claims 1 to 28, further comprising a sediment 

collection region, from which sediment is periodically or continuously removed. 

30. An apparatus for separating a multiphase fluid stream comprising a heavier 

fluid component and a lighter fluid component, the apparatus comprising:  

a feed conduit for establishing a stabilised rotating fluid flow pattern for the stream; 15 

a first conduit having a first helical flowpath, the first helical flowpath having a first 

pitch; 

a second conduit having second helical flowpath, the second helical flowpath having a 

second pitch, wherein the second pitch is greater than the first pitch; 

means for removing the lighter fluid from a radially inner region of the second helical 20 

flowpath;  

a conduit for retaining a vortex, the said conduit being arranged to receive fluid 

leaving the second helical flowpath; and 

means for increasing the rotational velocity of the fluid disposed between the outlet of 

the second helical flowpath and the inlet to the conduit for retaining a vortex. 25 

31. The apparatus according to claim 30, wherein the first conduit comprises a 

tube having a helix extending longitudinally therein to provide the first helical 

flowpath. 
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32. The apparatus according to either of claims 30 or 31, wherein the second 

conduit comprises a tube having a helix extending longitudinally therein to provide a 

second helical flowpath. 

33. The apparatus according to claim 32, wherein the means for removing the 

lighter fluid comprises a collection conduit extending coaxially within the second 5 

conduit, the helix extending within the annulus around the collection conduit. 

34. The apparatus according to any of claims 30 to 33, wherein the first and 

second conduits are adjacent portions of a single tube. 

35. The apparatus according to claim 34, wherein means for removing the lighter 

fluid comprises a collection conduit extending coaxially within the single tube, the 10 

collection conduit having openings in the portion extending within the second conduit 

for the collection of fluid. 

36. The apparatus according to any of claims 30 to 35, wherein the pitch of the 

first helical flowpath remains constant throughout its length. 

37. The apparatus according to any of claims 30 to 36, wherein the pitch of the 15 

second helical flowpath increases in the direction of flow along the second flowpath. 

38. The apparatus according to claim 37, wherein the pitch increases in a stepwise 

or a continuous manner. 

39. The apparatus according to either of claims 37 or 38, wherein the pitch of the 

second helical flowpath increases along substantially the entire length of the second 20 

helical flowpath. 

40. The apparatus according to claim 39, wherein the pitch increases up to 5% for 

each turn of the second helical flowpath around the longitudinal axis of the flowpath, 

preferably up to 3%, more preferably about 1% for each turn. 

 25 
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41. The apparatus according to any of claims 30 to 40, wherein the means for 

increasing the rotational velocity of the fluid is a third helical flowpath. 

42. The apparatus according to claim 41, wherein the cross-sectional area of the 

third helical flowpath decreases along the length of the flowpath. 

43. The apparatus according to claim 42, wherein the decrease in the cross-5 

sectional area occurs in a continuous or a step-wise manner. 

44.  The apparatus according to either of claims 42 or 43, wherein the decrease in 

the cross-sectional area occurs along substantially the entire length of the third helical 

flowpath. 

45. The apparatus according to any of claims 30 to 44, further comprising a means 10 

for stabilising the vortex. 

46. The apparatus according to claim 45, further comprising a conduit for 

collecting the lighter fluid component from the vortex, the means for stabilising the 

vortex is provided by a tapered portion in the region of the opening of the said 

conduit. 15 

47. The apparatus according to any of claims 30 to 46, further comprising a vessel 

for receiving the fluid stream, the vessel having a volume sufficient to sufficiently 

reduce the Reynolds number of the fluid stream flow such that fluid entering the 

vessel may be subjected to gravity separation. 

48. The apparatus according to claim 47, wherein the first and second helical 20 

paths, the third helical path if present, and the conduit for retaining the vortex if 

present, extend within the vessel. 

49. The apparatus according to either of claims 47 or 48, further comprising 

means for inducing a rotational flow in the fluid stream entering the vessel. 
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50.  The apparatus according to claim 49, wherein the means for inducing 

rotational flow comprises a tangential outlet in the conduit through which the fluid 

stream is introduced into the vessel. 

51. The apparatus according to claim 50, further comprising means for 

centralising the rotational flow of fluid within the vessel. 5 

52. The apparatus according to claim 51, wherein the means for centralising the 

rotational flow within the vessel comprises an inverted cone located coaxially within 

the vessel. 

53. The apparatus according to claim 52, wherein the inverted cone comprises a 

fluid guide extending helical along its outer surface in the direction of fluid flow. 10 

54. The apparatus according to any of claims 49 to 53, further comprising a 

conduit extending coaxially within the vessel, the conduit having openings therein 

through which lighter fluid components may leave the fluid stream. 

55. The apparatus according to claim 54, wherein the conduit has an outlet for the 

lighter fluid components within the vessel, the outlet being disposed upstream of the 15 

fluid stream inlet. 

56. The apparatus according to any of claims 30 to 55, further comprising a 

heavier fluid collection zone, a heavy fluid collection conduit being disposed centrally 

within the collection zone, the conduit having a plurality of openings therein to collect 

the heavier fluid. 20 

57. The apparatus according to any of claims 30 to 56, further comprising a solids 

collection zone and means for removing solids from the collection zone, the means 

removing solids on an intermittent or a continuous basis. 

58. An apparatus for separating a multiphase fluid stream comprising a heavier 

fluid component and a lighter fluid component, the volume flowrate of the multiphase 25 

fluid stream being subject to variation over time, the apparatus comprising a plurality 
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of separation assemblies as recited in any of claims 30 to 46 and operable to 

accommodate different fluid flowrates;  

the apparatus further comprising means for selectively operating one or more 

separation assemblies according to the volume flowrate of the multiphase fluid 

stream. 5 

59. The apparatus according to claim 58, further comprising means for feeding a 

purge fluid to each separation assembly. 

60. The apparatus according to either of claims 58 or 59, further comprising a 

separation vessel as recited in any of claims 47 to 57, each of the separation 

assemblies extending within the separation vessel. 10 

 


