- 1 - PIPING The present invention relates to piping for use in 5
industrial activities, which piping has a particular geonetry. Many

i ndustrial processes involve the transportation of fluids fromone part of
a plant or nmachine to another, and this is routinely achieved 10 through
the use of piping. The fluid can also be treated during its passage

t hrough the piping, for exanple by heating, irradiation, chem cal
reaction, and so on. Pipes used in this y, and particularly those used
15 to transport fluids over long distances, are normally straight, in that
their centrelines are straight lines and the walls of the pipes are
parallel to the centrelines. However, it has been found that alternative
20 geonetries for pipes can be enployed? B#iFch can provide a nunber of
advant ages over stralght pipes. In particular, a pipe fornmed as a
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to example by heating, irradiation, chemical reaction, and
S0 on.
Pipes used in this way, and particularly those used
15 to trangport fluids over long distances, are normally

straight, in that their centrelines are straight lines
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. In
particular, a pipe formed as a low-amplitude helix
ocffers several Significant advantagesg 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
equal to or less than one half of the internal diameter
of the piping.

30 When fluid enters a piece of piping shaped as a
helix 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




t- 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 | owanplitude 5 helix. .Further, the
secondary noti.on and m xi ng over the cross-section associated with the
swirl flowresults in considerable mass, nonmentum 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 displacement of the centre line froma nean
position to a lateral extrene. The anpli i one half of the full
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with the same cross-sectional area. Snal relative,
the helical centre line. The cross-sectional area of

i5 the tubing is normally substantially constant along its
length, but it can vary depending on the particular

characteristics required.
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
awirl cowponent.

25 For the purposges 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 equal 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 cross-sectional area. Smaller relative
amplitudes élso result in a wider "line of sight",
providing more space for the insertion of pressure




anplitudes also result in a wider "line of sight", providing nore space
for the insertion of pressure 3 gauges or other equipnent along the

pi ping. However, very small relative anplitudes can in some circunstances
| ead to reduced secondary notion and m xing. Wth hi gher Reynol ds nunbers,
smaller relative 5 anplitudes nmay be used whilst swirl flowis induced to a

satisfactory extent. This will generally nean that, for . a given internal
di aneter, where there is a high flow rate a low relative anplitude can be
used whilst still being sufficient to iﬁdﬁdé swirl flow 10 The angl e of
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1 has a circular, cross-section, an external dianeter DE,
with relatlve 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 squal to &5°, more preferably less than or
equal to 55°, 45°, 35°, 25°, 20°% 15°, 10° or 5°.

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 tc 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 £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 satisfactory swirl. In certain
embodiments, the helix angle is lesg than 20°.

A length of tubing having a low-amplitude helical
geometry is shown in Figure 1. This tubing 1 has a
circular cross-gection, an external diameter Dg, an

.35 internal diameter D; and a wall thickness T. The tubing
is coiled into a helix of constant amplitude R (as
measured from mean to extreme), constant pitch 2,
constant helix angle © and a swept width W. The tubing




.35 internal dianeter D. and a wall thickness T. 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 imaginary envel ope 20 whi ch extends |ongitudinally
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 al so
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 ., indeed.may fake any shape dependi ng _on requirenents. The
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c 1 npact. As an exanpl e, urbul®nce and

significant econo ‘ the reduction in
t he the tubing and the overall length of the tubing can be
15 kept relatively small, whilst at the same time the

helical configuration of the tubing promotes swirl flow

of fluid along the tubing. This alsc provides a

relatively wide lumen along the tubing, which allows

instruments, apparatus and the like to be passed down
20 the tubing.

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

25 ocut of fluid within pipes, processes where deposition oxr
contamination takes place within pipes and processes
where chemical reactions take place within pipes. This
use is applicable to either gases or liquids as a single
phase or to a mixture of gases, liguids or solids in any

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

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

35 pumping costs.

This can be gignificant in the distribution of

hydrocarbons through pipelines, including the crude oil

and gas production process. For example, petroleum




associ ated reduced pressure drop provided by swirl flow wll, 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 include 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, in that it reduces flow t-usbul ence through the flowine or
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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 Further, pipelines for the transportation of
hydrocarbon can use low-amplitude helical geometry, and
will enjoy the benefits of reduced flow turbulence and
reduced pressure logs. Of course, pipelines for the
trangsportation of other fluids, such as potable water,

25 waste water and sewerage, slurries, powders, food or
beverage products, or indeed any single phase or
multiphase £luids, 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 is in the context of penstocks and
draft tubes for hydropower applications. Reduced
pressure 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.

o 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




draft tubes for hydropower applications. Reduced pressure loss will |ead
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 inportant in the

di stribution 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 nmintained at the | owest possible level to inprove

yi el ds, including processes operated unders vacuum such as the production
of olefins by pyrolysis and the 5 production of styrene fromethyl benzene.
M xi ng within piqeerationnpbrehanices neastiamguyheresthe myasdiong hbeds
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pi pel i nes and @QﬁéééOFH%fé%ﬁéﬁ%éeoPrt%%W%ﬁegﬁtﬁBthyﬁﬁé@G?ra The
low-ampiitude 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) concentrationsg of
additives.

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

25 phase separation). This 1s 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 risers and
flowlines, production tubing for downhole use, and
pipelines for transportation of hydrocarbons and other
fluids is the reduction of slug flow. The improved
phasge mixing is also significant in pipelines, as it

35 tends to keep gasg or air in the fluid, rather then
having it collecting at the high points of the pipe and
possibly causing airlocks.

Mixing is also important in the transport of solids




further major benefit of the use of |ow anplitude 30 helical geonetry in
petrol eum production risers and flow ines, production tubing for downhol e
use, and pipelines for transportation of hydrocarbons and other fluids is
t he reduction of slug flow. The inproved phase mxing 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 nminerals by
pipeline in mnerals extraction processes, to prevent the solids from
settling out. TH% & dd@@tFon2®iikedenEht ARG CandevrI®iNertd® and/ or 5
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Further, the inproveq mxing (i1 PLLLCU AL NI hemical dosing,

and food, chemical, petrochemical and pharmaceutical

15 processing, can use 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 ig a "line of sight" Iumen 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
ugsing 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




m xi ng) and reduced pressure | oss which can be achi eved using

| ow- anplitude 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 conplete m xing of conponents prior to reaction. This wll ensure
that reaction takes place nore 35 conpletely and that materials are used
efficiently. Typically this would involve m xi ng gaseous or liquid
reactants prior to passing themover a cat&lyst. However, it is
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t he pi pe. However, as_swr] ow has bl unt er uni form
vel ocity profil deliicals (pudsl) jflomy i Rain Rimes =pf geredatsisdawi | | be over -
or under - heat ed,blgaisirngelomivantrecdfeféectiss rite hod-amd:dmide bel i cal
piping allows bhe saug.beal 1o g bLapsher 1ad:e Lhsfod QIR pidel bepenti al
tenperature between the 1nside and the .
be improved. In normal flow, the fluid at the centre of
15 the pipe moves considerably faster than the fiuid 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 inside and the
25 outside of the pipe.
Thisg 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 mixture
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 as oclefin 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




25 outside of the pipe. This can be os particular benefit when a conponent
is added to a fluid and treated in sone way (such as heating). Wth poor

m xing, the part of the mxture which is travelling quickly will be
undertreated, and 30 "the part of the mixture which is travelling.slowy
will be overtreated "however, with the very good m xing provided by the

| ow- anpl i t ude heIicaI geonetry, this can be avoided, and nore uniform
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pi pes where the degosbeven aiplficaesons ikcleidheresoddd qafitiaghes Ryt he

i nside wal lp10f thesptpe gﬂéegte%sgegarrl er to heat transfer, or
contam nates the HUF ? % t hyou or _reduces the flow of fluid
t hrough the pipe. Such™f% 1(9 other’ qg&r affPetledt ¢an BuipteSean in

the fluid, or cafeBereFedtied thyp éO@Oalmfnﬂetlﬁu@al heehed 1 QﬂEHQ@NEQﬂ t he
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15 other solid particles on the inside wall of rhe pipe
Creates a barrier to heat transfer, or contaminates the
Fluid flowing through it}'of reduces the flow of fluid
through the pipe. Such fines or other solid particles
can be present in the f£luid, or can be created by a

20 chemical reaction between the components of the fluid.

The use of low-amplitude helical piping is expacted

to significantly reduce such solid depogition 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 this effect could be
economically significant are the transport of solids in
liquid 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). 1B
similar effect occurs in other furnaces such as the
preheat 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. Recause of the blunt velocity profile,
the axial dispersion of batches can be reduced and the




internal walls of the pipe, thus extending its operating |ife before

cl eani ng, reducing the anount of heat 25 necessary, and reducing the
pressure drop conpared to the foul ed pi pe. Exanples of where this effect
could be economcally significant are the transport of solids in liquid
pi pelines, and also the production of olefins by pyrolysis, where the
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improve yields and encourage the completion of reactions
(including combustion). Improving ylelds will also
reduce downstream separation costs. Example processes
where this would be important include olefin production
and similar gas phase reactions, such as the cracking of
ftoluene to form benzene, and converzion of butene-1 to
butadiene. Where such reactions involve 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
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 usge of
low-amplitude helical geometry 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.

The improved mixing and more uniform heat transfer
will also encourage the completion of combustion
reactions without a larxrge amount of excess air (over
that required by the stoichiometry of the reactions).




but adi ene. Where such reactions involve the production of nore than one

nol ecul e of product for each nolecule of feedstock, the | ower pressure

drop in the reactor and its downstream pi pework which can be achi eved

t hrough 25 the use of |ow anplitude helical piping provides an additional

benefit fromthe | ower average pressure, because it wll reduce the

possibility of the product nolecules reconbining to formthe feedstock or

ot her unwanted byproducts. In addition, the use of 30 | ow anplitude

helical geometry in reactors for chenmical }1 petrochenical, and

phar maceuti cal JiaationF q?n |l ead to decreased.carbon deposition in
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the reactor tubes ®wii ER" & tFREF R heor tRAERETAPe Pet'PSEfeni cal
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encourage the cosgetdten rehcenibust peBveritaaidRs 1 ¥ LR drarigggnount of

excess air (overs LNl eguised, by the staichiamelry. of L reactions). -
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themto the atsphemespilbee gemeiatenbrafiswiorl sRgriioy tlwowgkotBnt he
furnace w in r I, Cl f o ' d the
renoval ofigastgg? eﬁgggad ﬁf&ﬁggfgaéét%§$g¥ﬁ%|ﬁﬁé %%égﬁﬁé% rg@ di fferent
phases, the | ow@FPrStaae, WG dde pemeYah @afasf6rt hernore be used to
separate "in |line" awnextuged ofithb £l buk dshdraviinegudef s esvt ndesi ties. The

swirling created;. ical flowte ; [ ' r.d ity
conponent s of'tg%”ﬁ%%%ﬂ?egﬁ%%%gdgkfhgb%J%gﬁﬁg%ﬁg g%%fg oa%%nggﬁsﬁgé
conponent s t owarldFREmeERthRIYRE, tassgparate "in line" a mixture of

15 fluidg having different densities. The swirling created
by the helical flow tends to displace higher dengity
components of the mixture towards the tube walls and
lower dengity components towards the centreline, as a
result of the centrifugal effect. By means of suitable

20 arrangementg, higher (or lower) density components can
be drawn off, leaving the remaining component present in
increased concentration. The process can be repeated
uging further similar in-line static separators. This
geparation can be used to remove gases from liguids, and

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

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

30 fluid either from the vicinity of the tube centreline or
from near tc 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 uged 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




result of the centrifugal effect. By nmeans of suitable 20 arrangenents,

hi gher (or | ower) 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 therefore be used to
hel p reduce slugging in the petrochem cal industry in particular. An
approach simlar to this can be used to either increase or decrease the
concentration of particles in a flowing £furd. This will be achi eved by
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pi pe downs Beanhgf.th% Egﬁtloq?maThug, g secLion of . the gqﬁianngtude
hel i cal piprng can 165 n&Rt e&mhﬁ t PERATOF 58t PUEPUPR PR ds B&nds, T-
or Y-junctions,Yiamicteprds, weiieddehapg@sonichepaadi of cposdiitsEErEen, where
the swirl flow generahedwbyrd hthe lsoMranpl o ugedhakbaaby powd i on woul d

suppy oos 11 o SERL Ao g3 A oeent, LS AN LU D 35 benet
of the swirling $9R5Wagfion, stagnation and flow instability, with
15 benefit to pumping costs and corrosion and wear in
pipes. The particular benefits of the swirling flow at
the bend, junction or the like will be reduced flow 7
geparation, leading to reduced pressure loss, raduced
sedimentation and precipitation, reduced cavitation, and
20 increased flow stability.  Low-amplitude helical
geometry pipes positioned before bends will also reduce
particulate 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 low-amplitude helical geometry can provide
many advantages in a large number of situations.




the bend, junction or the like will be reduced flow separation, leading to
reduced pressure | oss, reduced sedinentation and precipitation, reduced
cavitation, and 20 increased flow stability. Low anplitude heli cal

geonetry pipes positioned before bends will also reduce particulate
erosion wi thin pipe bends, which can be of particular benefit wth regard
to fuel feed to power stations. 25 It wilBl- thus be clear to the skilled
person that piping with a | ow anplitude helical geonetry can provide nany
advant ages incﬂ.lar.ge nunber of situations. 13- Clains: | . An olefin
production furna® having a furnace coil, characterised in that the
furnace coil conprises a tube having a centreline (40) which follows a
substantially 5 helical path, wherein the anplitude (A) of the helix is
equal to or |dss tHerrlefirepmedudtiopffumpes hayingrafiimags eetbcharagtpiised i thahibet ube so
as to provide i.ne.of si.ght .1 he - L2 An.glefin
producti on furﬁ%g{i:éée%glsl Q:ginghgf%c? t?ﬂ?] C gl{gr% (‘le,nh\%nqxgeﬁéﬁwmg ﬁ%lﬁqbes %Saug Stg&la?ly

subst ant izl | y helidat pathy widreia Shes@aplitode @) Gt e Xk 6 elal @i @t ean OBEhaldnd
wherein the 10 tuybe ils contained in an imginary envel gpe. (20) which

ext ends | ongi ChteAsrmy! digpetend1) ofihg dwpeopyes iyprarides lingo! sighialoRg Ben of t he
tube, the wd f i nvel ope defining the |ateral space occupied by

t he tube and E)Je??ér%lg‘)fg?éegl?g'r than the external dianmeter (DE) of the tube. 3.
An ol efin producti én defim@aroducdisn dhrancved claimed @i alaiy 1, Weren thetthise lesvel ope

15 has a centragl .| i t.udi nal axis (30) about ich the helical. centreline
(30) of “the  PehstEnfay Gl Sipsf Secliod id pcSelifuneertinancufeem e o
| ongi tudional &k Ss échtahddah AR imagiftary BBvab RS 20) WhitHUkich@NohMtlaakAyasq ¢! ai med

in claim2, wherein the envel ope as a central |ongitudinal axis (30)
about whi ch t he heidtic@V) equal tocthe peert 403ithaff thetebe, thbeidtipbf sidserarclopt i cal

path, and whepein t entral lonagitudinal, axis s curved. 20 5, An olefin
production f u?%%l{g%g gllg It ?réif e ?%uglﬁf} %5 }15%5]8? ?ﬁﬁ%ﬁl%ﬁ %ea%tg?%%‘ﬁ ef‘i‘?gla?

anpl i tude (A)d@hetdaeDf)elfithe tube.l €ss than or equal to 0.4 of the internal
dianeter (D) _of the tube. 6. An olefin production furnace as clained in

any precedi ng3cl ai f olHigrrspductipe furaigglas climedvia gk 3 Wherdin g enkilopor equal
(9.5, 35,0 b S AL RSB HATD ATRES ) ELLTREhpory

tube foilows a helical path, and wherein the central longitudinal axis is straight.

4. An olefin production furnace as claimed in claim 2, wherein the envelope

has a central longitudinal axis (30) about which the helical centreline (40) of the

tube follows a helical path, and wherein the central longitudinal axis is curved.

20 5. An olefin production furnace as claimed in any preceding claim, wherein the .
amplitude (A) of the helix is less than or equal to 0.4 of the internal diameter (D) of
the tube.

6. An olefin production furnace as claimed in any preceding claim, wherein the
- angle of the helix is less than or equal to 55°.

25 7. Use of an olefin production furnace as claimed in any of claims 1 to 6, for

the production of olefins by pyrolysis.




