PI PING The present invention relates to piping for use in 5 industri al
activities, which piping has a particular geonetry. Mny industri al
processes involve the transportation of fluids fromone part of a plant or
machine to another, and this is routinely achieved 10 through the use of

pi ping. The fluid can also be treated during its passage through the
piping, for exanple by heating, irradiation, chemcal reaction, and so
on. Pipes used in this way, and partlcula{ly those used 15 to transport
fluids over long distances, are normally “straight, in that their
centrelines arestralghtllnes and the walls of the pipes are parallel to
the centrelines. However, it has been found that alternative 20 geonetries
for pipes can be enpl oyed, which can prd?Fﬁ% a nunber of advantages over
straight pipes. In particular, a pipe fornmed as a | owanplitude helix
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Pipes used in this way, and particularly those used

15 to transport fluids over long distances, are normally

and the walls of the pipes are parallel to the

centrelines.
However, it has been found that alternative
20 geometries for pipes can be employed, which can provide

a number of advantages over straight pipes. 1In
particular, a pipe formed as a low-amplitude helix
offers several significant advantages over a straight
pipe.

25 By "low-amplitude helix", we mean that the pipe is
formed such that its centreline follows a substantially
helical path, and that the amplitude of the helix is
egual to or less than one half of the internal diameter
of the piping.

30 When fluid enters a plece of piping shaped asg a
belix in this way, swirl flow is established almost
immediately. Swirl flow has a number of advantages over
conventional flow. Turbulence, and associated pressure
losses (and energy losses) can be reduced. In addition,

. 35 ag a result of mixing over the cross-section, the

| velocity profile of the flow across the pipe is more
uniform (or blunter) than it would be with flow in a
conventional pipe, with the swirling fluid tending to
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act as a plunger, scouring the pipe walls. It has been found that swrl
flowis generally established across the entire wwdth of the pipe within a
few pi pe dianeters of the entry into a |lowanplitude 5 helix. :Further, the
secondary notion and m xi ng over the cross-section associated with the
swirl flowresults. in considerable mass, nonentum and heat -transfer in
fluid within the core, and between fluid at the walls of the pipe and
fluid within the core. 10 The term "anplitude of the helix" as used here
refers to the extent of displ acenent of the centre line froma nean
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In low-amplitude helical piping of this type, where
the amplitude of the helix is less than one half of the

20 internal diameter of the pipe, there is a "line of
sight" along the lumen of the piping. Even though the
flow at the line of sight could potentially follow a
straight path, it has been found that it generally has a
swirl component.

25 For the purposes of this specification, the term
"relative amplitude"” of helical piping is defined as the
amplitude divided by the internal diameter. Since the
amplitude of the helical piping is less than or equal to
one half of the internal diameter of the tubing, this

30 means that the relative amplitude is less than or equal
to 0.5. Relative amplitudes less than or egqual to 0.45,
0.40, 0.35, 0.30, 0.25, 0.20, 0.15, 0.1 or 0.05 may be
preferred. Smaller relative amplitudes provide a better
use of available lateral space, in that the piping is

35 not much wider overall than a normal straight pipe with
the same crqss—sectional area. Smaller relative
amplitudes also result in a wider "iine of sight",
providing more space for the insertion of pressure




provi ding nore space for the insertion of pressure 3 _ gauges or other

equi pnent al ong the piping. However, very small relative anplitudes can in
sonme circunstances |lead to reduced secondary notion and m xing. Wth

hi gher Reynol ds nunbers, smaller relative 5 anplitudes may be used whil st
swirl flowis induced to a satisfactory extent. This wll generally nean
that, for a given internal dianeter, where there is a high flow rate a

|l ow rel ative anplitude can be used whilst still being sufficient to induce
swirl flow 10 The angle of the helix (or itch, where the pitch is the

| ength of one turn of the helix, and c nPe gsfined.in terns_of the

i nternal di amet f29F% ARE PFpe) STWPEPRL & P8 &vVENPPHE or TWEVRFT uenci ng

the flow. As widdry emallveelatpive gaplitideshalnk iangbee npirhastsnegsi i zed
ac?:or_di ng ]Eo thhe#él‘e@p%t i:;@di‘@ce@"ﬁiacﬂdﬁaiﬁ@{rtﬁxﬁ&ﬂcﬁ{ a;ﬂahﬂigirihﬁc_fpﬁS: ty, delnsi ty and
velocity of the ui d.bei carrie t i_pi ng. e ix_angle is
preferably |ess thaﬁhgﬁ gg‘?ﬁﬁ’rt ey@‘g}grgrorrl%r&pe'r@résf’eﬁaﬁjrjyejf erse?attﬁgﬁ or equal
to 55, 450,535, 2@lizgdessnay(Ponssd edilehamdilly fipeaks nigiduced ke gher
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helix angle"will prefera e chosen to be a / poss eto
produce sati sf aditfoeshEREED |Gf @@er PAR hbdd BBALE; ¥ 48 PR angle is
| ess than 20. Adegngth of tetn@rhavienimiseday aiphetedeshealbecalipepgeonetry
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ext ernal dianeter B,, an% i nternal di aneter D. anlgi a wall thickness T.
The t ubi ng with relative amplitude, the helix angle may be
15 optimized according to the conditions, and in particular
““the viscosity, density and velocity of the fluid being
carried by the piping. The helix angle is preferably
less than or equal to 65”, more preferably less than or
equal to 55°, 45°, 35°, 25°, 20° 15° 10° or B°.
20 Generally speaking, for higher Reynolds numbers the
helix angle may be smaller whilst satisfactory swirl
flow is achieved, whilst with lower Reynolds numbers a
higher helix angle will be required to produce
satisfactory swirl. The use of higher helix angles for
25 faster flows (with higher Reynolds numbers) will
generally be undesirable, as there may be near wall
pockets of stagnant f£luid. Therefore, for a given
Reynolds number (or range of Reynolds numbers), the
helix angle will preferably be chosen to be as low as
30 possible to'produce gatisfactory swixrl. In certain
embodiments, the helix angle is less than 20°.
A length of tubing having a low-amplitude helical
geometry is shown in Figure 1. This tubing 1 has a
circular cross-section, an external diameter Dg, an
35 internal diameter D, and a wall thickness T. The tubing
is coiled into a helix of constant amplitude A (as
measured from mean to extreme), constant pitch P,
constant helix angle © and a swept width W. The tubing




is coiled into a helix of constant anplitude A (as neasured fromnean to
extrene), constant pitch P, constant helix angle 6 and a swept width W
The tubing 4 1 is contained in an imagi nary envel ope 20 whi ch ext ends

| ongi tudinally and has a width equal to the swept wwdth Wof -the helix.
The envel ope 20 may be regarded as having a central |ongitudinal axis 30,
which may also be 5 referred to as an axis of helical rotation. The

illustrated tubing 1 has a straight axis 30, but it will be appreciated
that the central axis may be curved, or - i“hdeed may take any shape
dependi ng on requirenents, e tublng has a centre |ine %? which follows a
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15 kept relatively small, whilst at the same time the
“helical configuration of the tiibing promotes swirl flow
of fluid along the tubing. This alsoc provides a
relatively wide lumen along the tubing, which allows
instruments, apparatus and the like to be pasgsed down
20 the tubing. '

Uge of low-amplitude helical piping can be
beneficial to a large number of procegses involving the
movement or transport of £fluid through pipes, the mixing
of fluids within pipes, heat and mass transfer into or

25 cut of fluid within pipes, processes where deposition or
contamination takes place within pipes and processes
where chemical reactions take place within pipes. This
use ig applicable to either gageg or liguids as a single
phase or to a mixture of gasez, ligquids or solids in any

30 ~ combination as a multiphase mixture. Use of such piping
can have significant economic impact.

As an example, the reduction in turbulence and the
assocliated reduced pressure drop provided by swirl flow
will, under appropriate conditions, enable reduced

35 pumping costs.

This can be significant in the distribution of
hydrocarbons through pipelines, including the crude oil
and gas production process. For example, petroleum




wi |1, under appropriate conditions, enable reduced 35 punping costs. This
can be significant in the distribution of hydrocarbons through pipelines,

i ncluding the crude oil and gas production process. For exanple, petroleum
5 production risers and flowines for use either onshore or offshore can
i nclude at | east one portion which has |ow anplitude helical geonetry. The
| ow- anplitude helical geonetry inproves the flow dynamcs in the riser 5
or flowine, inthat it reduces flow turbul ence through the flowine or
riser, and thus reduces pressure |loss. -Tle-flowline or riser nay be
substantl ally vertical, substantially horizontal, or have a curved
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30 particular benefit 1s in the ¢context of penstocks and draft tubes for
hydr opower appl |1859P6ﬁ55t%@§81n9 T1ngs.

Similarly, production tubing for downhole use
15 within oil, gas, water, or geothermal wells can use
' low-amplitude helical geometry. At least one portion of
a well will contain production tubing with low-amplitude
helical geometry. The benefits will include a reduction
of flow turbulence, and reduced pressure loss.

20 Purther, pipelines for the transportation of
hydrocarbon can use low-amplitude helical geometry, and
will enjoy the benefits of reduced flow turbulence and
reduced pressure loss. Of course, pipelines for the
trangportation of other fluids, such as potable water,

25 waste water and sewerage, slurries, powders, food or
beverage productg, or indeed any single phase or
multiphase f£luidsg, can also have a low-amplitude helical
geometry and enjoy the same benefits.

Another area where the reduced pressure drop is of

30 particular benefit i1s in the context of penstocks and
draft tubes for hydropower applications. Reduced
pregsure loss will lead to increased power generation
output, and even a small reduction in pressure drop can
lead to a very large increase in power output over the

35 life of the plant.

A reduced pressure drop is also important in the
distribution of steam around power stations and other
industrial plant. It is also important for the




pressure loss will lead to increased power generation output, and even a
smal |l reduction in pressure drop can lead to a very large increase in
power output over the 35 life of the plant. A reduced pressure drop is

al so inportant in the distribution of steam around power stations and
other industrial plant. It is also inportant for the 6 operation of

chem cal reactions where the pressure needs to be maintained at the | owest
possi ble level to inprove vyields, including processes operated under
vacuum such as the production of olefi-ng by pyrolysis and the 5
production of styrene fromethyl benzene. Mxing within pipes is inportant
i n many i ndust ricesratpeh uelf remhieat heeddalonsf wbedre pHer mreeatreateedmt er and
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reduces the capaci t'éiao p i nes d rai ses the expense of
| ndeed, a furt REAIRBPBroheteOrEnsf o etkhide 6P fHikidmsl i"atge. The

low-amplitude helix, because it delivers intrinsically

15 good mixing, can reduce the amount of active chemical
‘needed to ensure a sufficient concentration to achieve
the desired purpose, and can ensure the ébsence locally
of unacceptably high (or low} concentrations of
additives.

20 Mixing is also important where it is required to
bring together two or more large streams of fluids and
ensure they do not remain separate. Mixing is
furthermore important where it ig beneficial to retain
the fluid as a stable mixed phase (to prevent unwanted

25 phase separation). This is important in the production
of crude oil and gas, where the separation of gas
creates slugging which reduces the capacity of pipelines
and raises the expense of the operation. Indeed, a
further major benefit of the use of low-amplitude

30 helical geometry in petroleum production risgers and
flowlines, production tubing for downhole use, and
pipelines for transportation of hydrocarbons and other
fluids is the reduction of slug flow. The improved
phase mixing is also significant in pipelines, as it

35 tends to keep gas or air in the f£luid, rather then
having it collecting at the high peoints of the pipe and
possibly causing airlocks.

Mixing is also important in the transport of solids




30 helical geonetry in petrol eum production risers and flowines,
production tubing for downhol e use, and pipelines for transportation of
hydr ocarbons and other fluids is the reduction of slug flow The inproved
phase m xing is also - significant in pipelines, as it 35 tends to keep gas
or air in the fluid, rather then having it collecting at the high points
of the pipe and possibly causing airlocks. Mxing is also inportant in the
transport of solids 7 by a liquid, as in the transport of sewage or the
transport of mnerals by pipeline in mnerial-s extraction processes, to
prevent the solids fromsettling out. This reduction of sedinentation (and
of mineral and/ &Y 3 iHWHiBcarHori prECFPREERITENPEI §e%RSD < §Hef i cant for
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mai nt enance and dw,g;_ouEurt her, the inproved mxing (in particular thernal
uce
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and food, chemical, petrochemical and pharmaceutical

15 processging, can uge low-amplitude helical geometry. The
benefits will include increased cross-mixing, and
reduced blocking by sediment or precipitate. In
addition, as discussed above, the low-amplitude helical
geometry will also give a reduced mixer pressure-loss.

20 Further, since there is a "line of sight" lumen along
the low-amplitude helical portion, and there are no
baffle plates or vanes as are commonly found in
conventional mixers, there is increased ease of
cleaning. These benefits will result in reduced

25 maintenance and wear.

Further, the improved mixing (in particular thermal
mixing) and reduced pressure loss which can be achieved
using low-amplitude helical geometry is particularly
beneficial in heat exchangers in power stations,

30 refrigeration cold boxes, air separation cold boxes, and
the like.

Low-amplitude helical piping can also be used to
ensure complete mixing of components prior to reaction.
This will ensure that reaction takes place more

35 completely and that materials are used efficiently.
Typically this would involve mixing gaseous or liguid
reactants prior to passing them over a catalyst.
However, it is specifically envisaged that this could be




using lowanplitude helical geonetry is particularly beneficial in heat
exchangers in power stations, 30 refrigeration cold boxes, air separation
cold boxes, and the |like. Low anplitude helical piping can also be used to
ensure conpl et.e m xi ng of conponents prior to reaction. This will ensure
that reaction takes place nore 35 conpletely and that nmaterials are used
efficiently. Typically this would involve m xi ng gaseous or |iquid
reactants prior to passing themover a catalyst. However, it is
specifically envisaged that this could be 8- used for mixing fuel and air
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bl unter vel oci t yinpfrekehent thel 1 attecandaudt frdiemibyagd orh%.@}d Elhaasf eL t]9| ang
fromthe fluid insi t I n e lmuroved. . |ln. norna ow, the u
at the centre of %gsﬁegﬁ?ﬁggﬁ%éﬁ%n8§d%¢32%%6%%3%%%%%#“¥W§ﬁg?ﬁe fluid near

the wal | s. of thdPMsEreaRdeSoiiteriRe PrpulstdcReapeiies heedf Lai goadar t he
wal s w Il be heatedpbera greater degree than the fluid near the centre of

t he pi pe. However, a i 0 a ter ¢ hus [ 20 uni form
vel ocity p¥gfile, Lt%P§&$%%§ﬂ#%E@Pyg?égiu%%a?%ﬂggggﬁ%gﬂﬁﬁggagﬁff? be over-
or under - heat ed &Gt n§Svimvarfted i flett LIPPRecPOVERMPIALEEdR hel i cal

pi ping allows thensarevhbatityophefilansiler redewhid) wnilfowet tydbfferenti al
tenperature betyeen the,lAst 49 aRd FPGn 3310465188100 dNenkl B8pe can
be improved. In normal flow, the fluid at the centre of
15 the pipe moves considerably faster than the fluid near
‘the walls .of the pipe, and so if the pipe is heated, the
£fluid near the walls will be heated to a gréatér degree
than the fluid near the centre of the pipe.

However, as swirl flow has a blunter (and thus more

20 uniform) velocity profile, it is less likely that parts
of the fluid will be over- or under-heated, causing
unwanted effects. The low-amplitude helical piping
allows the same heat to be transferred with a lower
differential temperature between the ingide and the

25 outside of the pipe.

This can be os particular benefit when a component
is added to a fluid and treated in some way (such as
heating). With poor mixing, the part of the wmixture
which is travelling guickly will be undertreated, and

30 the part of the mixture which is travelling slowly will
be overtreated; however, with the very good mixing
provided by the low-amplitude helical geometry, this can
be avoided, and more uniform treatment achieved.

This can be of serious economic benefit in furnaces

35 ' such asg olefin cracking furnaces, preheating furnaces
for refinery thermal crackers or visbreakers, transfer
line exchangers in olefin plants, heat exchangers in
power stations, cold boxes for industrial refrigeration




This can be os particular benefit when a conponent is added to a fluid and
treated in sonme way (such as heating). Wth poor m xing, the part of the
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ot her solid part hghesperes h@pllmgaaﬁowlmcqtdéhﬁecm&% c%%ﬁ@%ﬁo& hagrier to

heat transfgy, o e fluid flow ng throug or reduces
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piping is expect?govicpe SYH Il%%us L ceo:]nce?gn‘i%eb%% it t}gé{g}dﬁgegg%éégenss%g t he

internal walls o the
aking place in pipes where the deposition of fines or
15 other solid particles on the inside wall of the pipe

‘'creates a barrier to heat transfer, or contaminates the
fluid flowing through it, or reduces the flow of fluid
through the pipe. Such fines or other solid particles
can be present in the fluid, or can be created by a

20 chemical reaction between the components of the Fluid.

The use of low-amplitude helical piping is expected

to significantly reduce such solid deposition on the
internal walls of the pipe, thus extending its operating
life before cleaning, reducing the amount of heat

25 necessary, and reducing the pressure drop compared to
the fouled pipe. Examples of where thig effect could be
economically significant are the transport of solids in
ligquid pipelines, and also the production of olefins by
pyrolysis, where the deposition of coke on the ingide of

30 the furnace coils requires them to be taken out of

service for cleaning (typically every 20 to 60 days). A
similar effect occurs in other furnaces such as the
pbreheat furnaces for refinery processes.

Further, the blunt velocity profile and the
35 "plunger” aspect is extremely useful in the context of
batch processing, which is common in pharmaceutical and
food processing. Because of the blunt veleocity profile,
the axial dispersion of batches can be reduced and the




|ife before cleaning, reducing the amount of heat 25 necessary, and
reduci ng the pressure drop conpared to the foul ed pipe. Exanpl es of where
this effect could be economcally significant are the transport of solids
in liquid pipelines, and al so the production of olefins by pyrolysis,
where the deposition of coke on the inside of 30 the furnace coils
requires themto be taken out of service for cleaning (typically every 20
to 60 days). A simlar effect occurs in other furnaces such as the
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profile and the 35 "plunger" aspect is extrenely useful in the context of
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signi ficance whexs ] EQn ; I i i.pes. ar.tubes. The
conbi nati on_of %1§b§§5§%£ﬁ%£#ﬁgﬁg%g %%?%ﬁ%ﬁ¥?8?ﬁ§ﬁ%§?9€?§h§ ngﬁgll 15
i nprove yi%@ds &Y4-encourage the conpletion of reactions | (including

combustion). | nprovi ngiyg elais anpl i tads haldduteptoimstaparmisepasati on costs.
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and simlar gas phase_reactions, such as the cracking of ol uene to form
benzene, and cofSPsPoACHIHIERE- 2T t YPI5Ut adPEne o BARE O8uBR react i ons

i nvol ve the produmptbead mixing and more uniform heat transfer will
15 improve yields and encourage the completion of reactions
~ {including cowmbustion). Improving yields will also o
reduce downstream separation costs. Exaﬁple processes
where thig would be important include olefin productiocn
and similar gas phase reactiocns, such ag the cracking of

20 toluene to form benzene, and convergion of butene-l to
butadiene. Where such reactions invelve the production
of more than one molecule of product for each molecule
of feedstock, the lower pressure drop in the reactor and
its downstream pipework which can be achieved through

25 the use of low-amplitude helical piping provides an
additional benefit from the lower average pressure,
because it will reduce the possibility of the product
molecules recombining to form the feedstock or other
unwanted byproducts. In addition, the use of

30 low-amplitude helical gecmetry in reactors for chemical,
petrochemical, and pharmaceutical applications, can lead
to decreased carbon deposition in the reactor tubes,
which is of particular importance in the petrochemical
industry.

35 The improved mixing and more uniform heat transfer
will also encourage the completion of combustion
reactions without a large amount of excess air {over
that required by the stoichiometry of the reactions).
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By nmeans of sui tfabitdermore be used to separate "in line" a mixture of
15 fluids having different densities. The swirling created
by the helical flow tends to displace higher density '

ef fect.

components of the mixture towards the tube walls and
lower density components towards the centreline, as a
result of the centrifugal effect. By means of suitable

20 arrangements, higher (or lower) density components can
be drawn off, leaving the remaining component pregent in
increased concentration. The process can be repeated
using further similar in-line static separators. This
separation can be used to remove gases from liquids, and

25 can therefore be used to help reduce slugging in the
petrochemical industry in particular.

2An approach similar to this can be used to either
increase or decrease the concentration of particles in a
flowing fluid. This will be achieved by drawing off

30 fluid either from the vicinity of the tube centreline or
from near to the tube walls.

In addition, the swirl flow caused by the
low-amplitude helical portion can be used to remove
particulate matter from a flow. This is of particular

35 importance in, for example, air intakes. Air intakes
are used in a great many situations where air is
required, and in particular on vehicles where air is
required for combustion and/or cooling. Helicopter air




20 arrangenents, higher (or lower) density conponents can be drawn off,

| eaving the remai ni ng conponent present in increased concentration. The
process can be repeated wusing further simlar in-line static separators.
This separation can be used to renove gases fromliquids, and 25 can

t herefore be used to help reduce slugging in the petroéchem cal industry in
particular. An approach simlar to this can be used to either 1increase or
decrease the concentration of particles in a flowng fluid. This will be
achieved by drawing off 30 fluid either-fepmthe vicinity of the tube
centreline or fromnear to the tube walls. In addition, the swirl flow
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requi red for cortifst itonsaRRFaRe 66’61 FREC e &opt eirhlev I’QLtliCthaEB@ in
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can be wused to separate t fromt e air out_ the need fo
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hel i cal {L) can 10 be inserted streamof struciures ends, T-
or Y-junc ?ons bedRPEEF S, YRFTIEGR Bhafigeic tof 8 oRUER 2% 5E4IS sdct PBn, wher e
the swirl flow gﬂwmatedndny e folldwy ammpl Adudeahges caf porduian cwoss d

suppress flow sgpanghi Offne St agRALL QP aFthyf 'g%We!er%é@bM idpfe Wi th 15 benefit

to punping costs and corrosion._gnd_wear jn articular benefits
of the sw rling oW Bt iR Hdndal| Beetidh Y6 flhéuﬂ’]i“fé i4°%be reduced
fl ow separation, stagnation and flow 1nstab111ty, with

15 benefit to pumping costs and corrosion and wear in
T bipes. The particular benefits of the swirling flow at

the bend, junction or the like will be reduced flow .
separation, leading to reduced pressure loss, reduced
sedimentation and precipitation, reduced cavitation, and

20 increased flow stability. Low-amplitude helical
geometry pipes positioned before bends will also reduce
particulate erogion within pipe bends, which can be of
particular benefit with regard to fuel feed to power
stations. '

25 It will thus be clear to the skilled person that
piping with a low-amplitude helical geometry can provide
many advantages in a large number of situations.




separation, |eading to reduced pressure |oss, reduced sedinentation and
preci pitation, reduced cavitation, and 20 increased flow stability.

Low anplitude helical geonetry pipes positioned before bends will also
reduce particul'ate erosion within pipe bends, which can be of -particular
benefit with regard to fuel feed to power stations. 25 It will thus be
clear to the skilled person that piping with a |ow anplitude helical
“geonetry can provide many advantages in a |large nunber of situations. -13-
Clainms: 1. A reactor conprising an ol efin production furnace, the reactor
further conprising a reactor tube, charagterised in that the reactor tube
has a centreline (40) 5 which follows a“*substantially helical path,
wherein the anplitude (A) of the helix is equal to or |ess than one half of
the internal diathimt (D) of the tube so as to provide a |ine of sight
along the lunmen of the tube. 2. Areactor as ¢l ainmed in claim1, wherein
the tube has a substantially circula Cross:secto n ext er nal

di aneter (Ds) and whAresiar ©Rerising e ol P&@H%“&?Px’@&“erh‘e%?f%%ﬁ%na i nary

envel ope (20) V\hi;d;ﬁﬁ&agaeréué@rduwgiafabtei—iséﬂahﬂmﬂamhcﬂnatsb@aw@u&ﬁ@%?ﬂ)equal to the

swept width of the tube, the w th'%gp ai.g e Lhdigitiee | ateral
space occupPed Bb‘“@ﬁq@“?&ﬁ‘gmﬁmﬂw}l aglr%l}iefeglwetgﬁ%ﬁﬁgﬂ@sexterﬁgl di anet er
(DE) of the tubeequallo orfess @QinONalias the inmmalsiimietsr 1) the Pbe sp#@ei n t he envel ope

has a central | ongitudi nal i aQUlpeWhi ch the helical centreline
(40) of the t-ubepwﬁﬁﬁﬂﬁwg@’%@‘ﬁ%fﬁgﬁf"“pat Lr#,lbe"and wher e nqiqﬂe central

| ongi t udi nal axi 8 i s Agtactaf ghtaimed in cheim badeeip thy &ube bagia Fghgtap %?iré‘gﬁl 2, wherein
t he envel ope has_a centr i bl B brBerdie 1BPQ bintanled @fan t he hel i cal
centreline (40) g?sst%ﬁgoﬁ%%%n%@ﬁ%oﬁsmgwﬁ)ej ical path, a&g{%e&a? n the
central | ongPt udinmgharasiveloped2Q) whighgctends longindinally afl haga WY 8 any

precedi ng cl ai m yulenaliin bige ADI: ks () en@lope dédining theltdrdl xpaces | ess than or
equal to 0.4 of the internal dianmeter &PO of the.t uertgnggb 1;%t{ib%actor' as
claimed in any peesedgdiby gesbsindbeigpapes “‘E‘H‘éﬁ’%ﬁﬁfﬁf‘gar& R s | ess
than. or equal t 035504 rdactokla@iabied & dladA ¢ tvdhkrein divenvetopaips apentsilef i n producti on

furnace and as ol ained 0, @bl i Ml ccRaflo bl U RGRNC L1 on o

15 helical path, and wherein the centrel Jongitudinal axis is siraight.
4. A reactor as claimed in claim 2, wherein the envelope has a ¢entral
longitudinal axis (30) about which the hetical centreline (40) of the tube follows a
- helical path, and wherein the central longitudinal axis is curved.
5 ‘A reactor as claimed in any preceding claim, wherein the amplitude (A) of
20 the helix is less than or equal to 0.4 of the irternal diameter (Dy) of the tube,
6. A reactor as claimed in any preceding claim, wherein the angle of the helix i

Tess than or equal to 55°.
7. Use of 2 reactor corprising an olefin production fumnace and as claimed in

* any of claims 1 to 6, for the production of olefins by pyrolysis.




