1/14 Heat transfer tube and cracking furnace using the heat transfer tube Technical Field 5 The
present disclosure relates to a heat transfer tube which is especially suitable for a heating furnace. The
present disclosure further relates to a cracking fur{ﬁﬁe using the heat transfer tube. 10 Technical
Background Cracking furnaces, the primary equipment in the petrochemical industry, are mainly used
for heating hydrocarbon material so as to achieve cracking reaction which requires a large amount of
heat. Fourier's theorem says, 15 qdt Ady wherein g is the heat transferred, A represents the heat
transfer area, k stands for the heat transfer coefficient, and dt/dy is the temperature gradient. Taking a
cracking 20 furnace used in the petrochemical industry as an example, whep the heat transfer area A
(ihich & determined 57 A e GIRP oF hE GPECNI AL GO RALdF A HEFgracient cicl are
determined, the only way to improve the heat transferred per unit area g/A is to improve the value of

the heat transf%c%%gﬂcﬁggk, which is subject to influences from thermal resistance of the main fluid,

thermal resista boundary layer, etc.
5

The present disclosure relates to a heat transfer tube which is especially suitable for a
heating furnace. The present disclosure further relates to a cracking furnace using the

heat transfer tube.

10  Technical Background

Cracking furnaces, the primary equipment in the petrochemical industry, are mainly
used for heating hydrocarbon material so as to achieve cracking reaction which

requires a large amount of heat. Fourier’s theorem says,

15
q_ ,d
A dy

wherein q is the heat transferred, A represents the heat transfer area, k stands for the
heat transfer coefficient, and dt/dy is the temperature gradient. Taking a cracking
20  furnace used in the petrochemical industry as an example, when the heat transfer area
A (which is determined by the capacity of the cracking furnace) and the temperature
gradient dt/dy are determined, the only way to improve the heat transferred per unit
area g/A is to improve the value of the heat transfer coefficient k, which is subject to
influences from thermal resistance of the main fluid, thermal resistance of the

25  boundary layer, etc.

In accordance with Prandtl’s boundary layer theory, when an actual fluid flows along
a solid wall, an extremely thin layer of fluid close to the wall surface would be
attached to the wall without slippage. That is to say, the speed of the fluid attached to
30 the wall surface, which forms a boundary layer, is zero. Although this boundary layer
is very thin, the heat resistance thereof is unusually large. When heat passes through
the boundary layer, it can be rapidly transferred to the main fluid. Therefore, if the

boundary layer can be somehow thinned, the heat transferred would be effectively



In accordance with Prandtl's boundary layer theory, when an actual fluid flows along a solid wall, an
extremely thin layer of fluid close to the wall surface would be attached to the wall without slippage.
That is to say, the speed of the fluid attached to 30 ,the wall surface, which forms a boundary layer, is
zero. Although this boundary layer is very thin, the heat resistance thereof is unusually large. When
heat passes through the boundary layer, it can be rapidly transferred to the main fluid. Therefore, if the
boundary layer can be somehow thinned, the heat transferred would be effectively 2/14 increased. In
the prior art, thBGFATELe pipe of a commonly used cracking furnace in the petrochemical industry is
usually structured as follows. On the one hand, a rib is 5 provided on the inner surface of one or more
or all of the reqj from the.in the qutlet e t xjal direction of th nace coil in
the cracking f&rﬁgﬁg, %@é g?( eil%s%gg?rggﬁy%g%gtéf %\%?nﬁj%ﬁiengﬁhég#ﬁﬁegjeﬁ Ilc%c"ilﬁeaI'(r)?n{g;({éln axial
direction thereg¢treheudfakhedrgirnzals devabyestetpigthaséodpagitaintenentiuiando agitoitninimize the
thickness qf the,bayasanthaYeretbe GekefernachandBednpetaudgeas kb inerealivauiggontinuously

weaken the role of the rib as time lapses, so that the function of reducing the boundary layer thereof
will become srﬂ%ﬂl@t’f"@ﬁ“{ﬂé'ﬁ'ﬂﬂé?%@ﬂﬂddr?)‘fHPQIR)f/tBF’ fiwaags ol HbmCErrE AR StHEC @ Brovided on the
inner surface afxterdtuspackypipe thEhserfinsfaen e sha dducectheithitbmeas akilledbettsiary layer.

However, as the coke on the inper surface_ of the furnace pipe is_increased, these fins 15will similarly
et lose eftectu el L A e e W B R MBI ements oo
as to further impitiodzadhe thiclstessetfabe dbthddiyracs el coke Soimataey dfettienenserfton

10  thereof would continuously weaken the role of the rib as time lapses, so that the
function of reducing the boundary layer thereof will become smaller. On the other
hand, a plurality of fins spaced from one another are provided on the inner surface of
the furnace pipe. These fins can also reduce the thickness of the boundary layer.
However, as the coke on the inner surface of the furnace pipe is increased, these fins

15 will similarly get less effective.

Therefore, it is important in this technical field to enhance heat transfer elements so as

to further improve heat transfer effect of the furnace coil.

20 Summary of the Invention

To solve the above technical problem in the prior at, the present disclosure provides a
heat transfer tube, which possesses good transfer effects. The present disclosure
further relates to a cracking furnace using the heat transfer tube.

25
According to a first aspect of the present disclosure, it discloses a heat transfer tube
comprising a twisted baffle arranged on an inner wall of the tube, said twisted baffle

extending spirally along an axial direction of the heat transfer tube.

30 In the heat transfer tube according to the present disclosure, under the action of the
twisted baffle, fluid flows along the twisted baffle and turns into a rotating flow. A
tangential speed of the fluid destroys the boundary layer so as to achieve the purpose

of enhancing heat transfer.



To solve the above technical problem in the prior at, the present disclosure provides a heat transfer
tube, which possesses good transfer effects. The present disclosure further relates to a cracking
furnace using the heat transfer tube. 25 Accordin% a first aspect of the present disclosure, it
discloses a heat transfer tube comprising a twisted baffle arranged on an inner wall of the tube, said
twisted baffle extending spirally along an axial direction of the heat transfer tube. 30In the heat transfer
tube according to the present disclosure, under the action of the twisted baffle, fluid flows along the

twisted baffle dﬁd’@&ﬁ@tmw"&%faﬁﬁﬂ'ffewbﬁft%ﬁﬁﬂrgrgd@%a&'m@ MR %Efr&fg'}ﬁé'ﬂoundary layer
so as to achle\eerdhedmlrrfpmm@ﬂ&rﬂhamﬁhgr\hemamﬁablegllé Imeyeerﬁmkmedmnerrmahmwrsted baffle is
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these holes can alter eflow Irections o SO as enhance ur ence iIn the heat transfer

tube, thus destiesiiagitbdhedaraaty layer anddeiienedne thie pnsesd saleheinb daaitignséit khansfer. In 5
addition, flyids fiamoHiffRIREFEMEEHRMS EARRIGREAAICEINRARAL I IRLIthibgsEtRQlesoARd flow

downstream, thereby further reducrng resistance to flow of the fluids and reducin pressure loss. Coke
pieces carried HAHOHUARYBSFPAR Y i BUEhr eHUEah BRISiaB s B E ¥ Rh Sife HdS At h facilitates
the discharge eddhergopespiecesss1oka meeéercedrembmnbnﬂems tae adopatshiercuym tesa of the
plurality of holeﬁs to Lhe area of the twrst ollclﬂe%f la.is IS |n$ range f fro Othe Colkto 0.95:1. When the ratio is

ownstrea 18
of a small value |n the Above range, gat transter tube 16 or |gh capachy, %u’t the pressure drop of

the fluid is great. As the value of the ratro turns greater, the heat transfer tube would be of lower

capacity. By (16 RIGSRAFEARRIHATHE ARV 2 Sorallse.cceaieinghiiy BeRdie daigranges from

0.6:1 to 0.8:1, the capacity of the heat transfer tube and the pressure drop of the fluid both fall within a

proper scope. Fiia ?éﬁ%r%eﬁmﬂr dtdR B Eem %L AteRitvel oY R‘betaﬁij%ériﬁ Rb18s to an axial

length of the twistéidvaaftierangasdveratye: 1hio k& radéib ane emifosigheanhddis twistaw baffle has a
twist angle of between 0 toﬁ 80 When the t\K \%ﬁjls I 1lﬁtlve maII th reﬁs%re of the fluid

and the tangerﬁra?ssjﬁeeeoogf e ?oftlg Png';sfﬂﬂe are b th'small. eerrg ThedhEat ranster tube is of poor

effect. As the titdsstandgidauwaslinhgedf tllomang@mial Spet @remrmthnng)ﬂmn Wwdldlrmasease so that
the effect Qf the-ngRl UaRRERT NP OWAHIADLRHDPLRYE Bt 881 to 0.8:1, the capacity of the

heat transfer tube and the pressure drop of the fluid both fall within a proper scope.
The ratio of an axial distance between the centerlines of two adjacent holes to an axial
length of the twisted baffle ranges from 0.2:1 to 0.8:1.

20 In one embodiment, the twisted baffle has a twist angle of between 90° to 1080°.
When the twist angle is relatively small, the pressure of the fluid and the tangential
speed of the rotating fluid are both small. Therefore, the heat transfer tube is of poor
effect. As the twist angle turns larger, the tangential speed of the rotating flow would
increase, so that the effect of the heat transfer tube would be improved, but the

25  pressure drop of the fluid will be increased. When the twist angle ranges from
120°-360°, the capacity of the heat transfer tube and the pressure drop of the fluid both
fall within a proper range. One single region of the heat transfer tube can be provided
with a plurality of twisted baffles parallel to one another, which define an enclosed
circle viewed from one end of the heat transfer tube. In a preferred embodiment, the

30 diameter ratio of the circle to the heat transfer tube falls within a range from 0.05:1 to
0.95:1. When this ratio is relatively small, the heat transfer tube is of high capacity but
the pressure drop of the fluid is great. As the value of the ratio gradually increases, the

capacity of the heat transfer tube would be decreased, but the pressure drop of the



25 pressure drop of the fluid will be increased. When the twist angle ranges from 120-360, the capacity
of the heat transfer tube and the pressure drop of the fluid both fall within a proper range. One single
region of the heat transfer tube can be provided V\ﬂ}?f plurality of twisted baffles parallel to one
another, which define an enclosed circle viewed from one end of the heat transfer tube. In a preferred
embodiment, the 30 diameter ratio of the circle to the heat transfer tube falls within a range from 0.05:1
to 0.95:1. When this ratio is relatively small, the heat transfer tube is of high capacity but the pressure
drop of the fluiff&geytd ﬂ%cﬂ‘ig'%}ﬁﬁj@fﬁﬁ@'la%ﬂ?é%dﬂ?%@?@ﬁ%gg,”ﬂ% ch R oPHB heat transfer
tube would be theargasig, diuthéhieeptr @sasiie triop oitiiee gldsétaidropoufdiacaaidinglylduiatl small. When

ihis raio ranges M Bi6chie 8- BN S3paei. f e DERLANSIETAUe AN e ressure drop

of the fluid wo ive proper scope IS arrangement renders only the portion
closed to the hgdnherbeptfeaniibetvibalnig lgsavriddeditmanivittied brffirowbHRdhtheedeitpartiittion 5 of the

heat transter tulpqraciuallyfRmsdehanaR: 15iis Wandwhen $he dwd iausibraug e heat transfer

tube, part of the fluid can directly flows out of the tube through the channel, so that not only a better
heat transfer effEYELANDIRHIEVIE P E35F X e YL Saafi i diloWRoPdbIE At Bfannel also
enables the cokeopigtcer thihmauiokhatistalgadtnerekainrads i ritepredansedshivbatbment, the ratio

of the axial Ien&teh % tput?et\f\éisstclada %fg% In oirrén\%rd{ﬁ‘mc %rngf tpse hea 4 éramg,fgor %uq%(;iéss range from 1:1
to 10:1. When this ratio is re?atslveiy small, the angenefia speea ot the ro ating ﬁO\B IS relatively great,

so that the hedietrasifbr disbleaigegdfthéggfreapacity but the pressure drop of the fluid is relatively 15 great.
As the valye of the ratio gradually increases, the tangential speed of the rotating flow would turn
smaller, and thus the capacity of the heat transfer tube would be decreased, but the pressure drop of

the fluid would fufnPEpkeIfiReH SPRATAR 1o *HR e hpomdid): {eng . oF MRarviREE dibilfy b fhe heat
transfer tube anmdheiphess wiettl apaofrineféiuicheuldaalb iidhin respectvevpenaaissanpes. The twisted

baffle of 20 such size further enables the fluid in the heat transfer tube with a tangential speed
cuficient enoul IS LS8 18 BRaTARL L R R R  B re TRS R mehievea
and there woultdetransfaalidieténathigh feapeoike hot seefpressideotiroheohét thaddferelatilelysin one

embodiment, 3ong EHEAIBRIODY Mk INRCERRAIRARGEAHRAGRE AN dxedlbs apnnegirg to a radial

inner end of the twisted baffle. With the arrangement of the casing, the rotating flow of the fluid would
not be affected By th@4l8vitiRsT YRR BRSiHYS W cERRaFAE TS Svas ARt BBRHI4PYIRY of the fluid,
enhances the hieaticanstei ang pedugesiegkeDméntuieaidinsien wadliérumermare rikie casing also

wnisted bae, TR h e I S e INLC, e LA L8 TEr e e presERPport (1
drop of the fluid would fall within respective proper scopes. The twisted baffle of
20  such size further enables the fluid in the heat transfer tube with a tangential speed
sufficient enough to destroy the boundary layer, so that a better heat transfer effect can
be achieved and there would be a smaller tendency for coke to be formed on the heat

transfer wall.

25  In one embodiment, along the trajectory of the circle a casing is arranged and fixedly
connected to a radial inner end of the twisted baffle. With the arrangement of the
casing, the rotating flow of the fluid would not be affected by the flow inside the
casing, which further improves the tangential speed of the fluid, enhances the heat
transfer and reduces coke on the heat transfer wall. Furthermore, the casing also

30 improves the strength of the twisted baffle. For example, the casing can effectively

support the twisted baffle, thus enhancing the stability and impact resistance thereof.

According to a second aspect of the present disclosure, it discloses a cracking furnace,

a radiant coil of which comprises at least one, preferably 2 to 10 heat transfer tubes



5/14 according to the first aspect of the present disclosure. In one embodiment, the plurality of heat
transfer tubes are arranged in the radiant coil along an axial direction thereof in a manner of being
spaced from each other. The 5 ratio of the spacing/g' tance to the diameter of the heat transfer tube is
in a range from 15:1 to 75:1, preferably from 25:1 t0 50:1. The plurality of heat transfer tubes spaced
from each other can continuously change the fluid in the radiant coil from piston flow into rotating flow,
thus improving the heat transfer efficierc@/é 10In the context of the present disclosure, the term "piston

flow" ideally maSHSHA LR Ha L HhsRAMh LRHRSESENHIHEHEN direction but by no means in the radial

direction. Practically however, only approximate piston flow rather than absolute piston flow can be

achieved. 15C r i rior ar resent di re e in. lowi spects. To
Degin i, the g s el BT g along
the twisted baffil@natenaardrbdirgction theigsfiniprovangenheftaaime rmparep &eiofagiedlisd, thestroying the

boundary layeranpchaHygyARMINsRINBRAS e LRMNAICHRehE Radi HANSE Ie KlirfaG iy #in Of holes

provided on the twisted baffle 20 can change the flow direction of the fluid so as to stre%gthen the
turbulence in the h&f tranRielerild Hpr 2eHidelite Dis el atrdraitprdet HhrsiBiCHksides, these
holes further reeiusedtreotrsisanashimibesfoshpigthwdifidd sotHhatgicessuieflosspistiuriivav decreased.

Moreover, coke pieces cagried.in the fluid ¢ Iso move dawnstream through these holes, which
promotes the d%%ﬁgtﬂgﬁg @qﬂ% tbgliém |{aocvég.6¥ﬁﬁ16}éer$t opﬁag sfgr se(ﬁyé %n%'gion of the heat transfer tube is
provided with a plurality of twisted baffles parallel to one another, which define an enclosed circle

viewed frag o fRckefse beaieigOsIRl deRsaEepiabaRanal ik aptdgnERLAgactaly forms

a channel, which_can lower pressure loss and is favorable for rapid discharge of the coke pieces.
Furthermore, dii Rl Wil etsh BB B dlev ULSHY U RaAg paihiy Hieradig digstieking, twisted
baffle and innepragitdfitheheat trengfesjrerfaspisispifrRicaxitgtagethssoueesiortfeofuid is turned
into a completearr(])h%tgr%ﬂiglogg, which further improves the tangential speed of the fluid, thus further
enhancing the Reat tsnster and reducing formation of coke on the wall of the heat transfer tube. In
addition, the casing can support the twisted baffle, thereby improving the stability and impact

15 Compared with the prior art, the present disclosure excels in the following aspects. To
begin with, the arrangement of the twisted baffle in the heat transfer tube turns the
fluid flowing along the twisted baffle into a rotating fluid, thus improving the
tangential speed of the fluid, destroying the boundary layer and achieving the purpose
of enhancing heat transfer. Next, the plurality of holes provided on the twisted baffle

20  can change the flow direction of the fluid so as to strengthen the turbulence in the heat
transfer tube and achieve the object of enhancing heat transfer. Besides, these holes
further reduce the resistance in the flow of the fluid, so that pressure loss is further
decreased. Moreover, coke pieces carried in the fluid can also move downstream
through these holes, which promotes the discharge of the coke pieces. When one

25  single region of the heat transfer tube is provided with a plurality of twisted baffles
parallel to one another, which define an enclosed circle viewed from one end of the
heat transfer tube, a central portion of the heat transfer tube actually forms a channel,
which can lower pressure loss and is favorable for rapid discharge of the coke pieces.
Furthermore, along the trajectory of the circle a casing is arranged. Therefore, the

30 casing, twisted baffle and inner wall of the heat transfer tube form a spiral cavity
together, wherein the fluid is turned into a complete rotating flow, which further
improves the tangential speed of the fluid, thus further enhancing the heat transfer and
reducing formation of coke on the wall of the heat transfer tube. In addition, the

casing can support the twisted baffle, thereby improving the stability and impact



6/14 resistance of the twisted baffle. Brief Description of Drawings 5In the following, the present
disclosure will be described in detail in view of specific embodiments and with reference to the
drawings, wherein, Fig. 1 schematically shows %%frspective view of a first embodiment of the heat
transfer tube according to the present disclosure; 3. Figs. 2 and 3 schematically show perspective
views of a second embodiment of the heat transfer tube according to the present disclosure; Fig.
4 schematically shows a cross-section view of the second embodiment of the 15heat transfer tube
according to tHESVRREHPIHE IR Paffley . 5 schematically shows a cross-section view of a third
embodiment of the heat transfer tube according to the present disclosure; 20Fig. 6 schematically

shows a persp ﬁté' %é’f‘ t?g . P% e bodiment of the heat transfer tube according to the present
disclosure; : a perspective view of a heat transfer tube in the prior art; and
25

5 In the following, the present disclosure will be described in detail in view of specific

embodiments and with reference to the drawings, wherein,

Fig. 1 schematically shows a perspective view of a first embodiment of the heat
transfer tube according to the present disclosure;
10
Figs. 2 and 3 schematically show perspective views of a second embodiment of

the heat transfer tube according to the present disclosure;

Fig. 4 schematically shows a cross-section view of the second embodiment of the

15  heat transfer tube according to the present disclosure;

Fig. 5 schematically shows a cross-section view of a third embodiment of the

heat transfer tube according to the present disclosure;

20 Fig. 6 schematically shows a perspective view of a fourth embodiment of the

heat transfer tube according to the present disclosure;

Fig. 7 schematically shows a perspective view of a heat transfer tube in the prior
art; and
25
Fig. 8 schematically shows a radiant coil of a cracking furnace using the heat

transfer tube according to the present disclosure.

In the drawings, the same component is referred to with the same reference sign. The

30 drawings are not drawn in accordance with an actual scale.

Detailed Description of Embodiments

The present disclosure will be further illustrated in the following in view of the



Fig. 8 schematically shows a radiant coil of a cracking furnace using the heat transfer tube according
to the present disclosure. In the drawings, the same component is referred to with the same
reference sign. The 30drawings are not drawn in ;iE rdance with an actual scale. Detailed Description
of Embodiments 7/14 drawings. Fig. 1 schematically shows a perspective view of a first embodiment
of a heat transfer tube 10 according to the present disclosure. The heat transfer tube 10 is provided
with 5 two twisted baffles 11 and 11' for introducing a fluid to flow rotatably. The twisted baffles 11 and
11' are paralle8"¥88% other and extend spirally along an axial direction of the heat transfer tube 10,
the structure of which is similar with the double helix structure of DNA molecules. The twisted baffles

%ﬁ\%s\ﬂewd)tpgtﬁvs]ﬂ/nﬁ%%nﬁeﬁttm 2%%% }’r%g?é”}' passage 12

11 and 11' hav, ist le @% 90
(i.e., acircle 1(!?I 2%5?1‘?3&%% %&ﬁ B Sﬁgt e axial direction o eat trans e 10. However,

the twisted bafflds &acaridingta tledusesotgisplomsrl bhelbsriitignafer Léridaliporyadrs Y2thwhich will be
described in thgfollnuiagndiestsipg Paftssrieininaitng ¥kl bagiagerranhsdnderstood as

a trajectory 15 surface which is achieved through rotating one diameter line of the heat transfer tube
10 around a mRaHRt therdbiandra: RARIEL R frAe BURGIAIMH R 5H LY X% YAl of the heat
transfer tube 1@ingptieardfyirer rdantranefed lbn1Co tisasty duectof sirid bR fHies Idefiitn thérwpweetical passage
can be formed through removing from a cylinder coaxial with the heat sfer tube 10 a central portion
o1 the wisted alTog D N D SO S 8 R S e e
twisted baffles etveten0n and-ig80° carihsé teeyraedinmatthsougly verécalvensorgtdd iedflescirtland 11' both
comprise g top, gdge AN %Q‘?&Odza é’r%fr kiR arPhERER WallRs @il Jhiyisied side edges
which always contact with an innér wall of the heat transfer tube 10. 25

the twisted baffles can also be a sheet body instead of defining the vertical passage 12,

which will be described in the following.

The twisted baffles not defining the vertical passage can be understood as a trajectory
15  surface which is achieved through rotating one diameter line of the heat transfer tube
10 around a midpoint thereof and at the same time translating it along the axial
direction of the heat transfer tube 10 upwardly or downwardly. In contrast, the twisted
baffles defining the vertical passage can be formed through removing from a cylinder
coaxial with the heat transfer tube 10 a central portion of the twisted baffles not
20 defining the vertical passage, by means of which two identical parallel twisted baffles
as shown in Fig. 1 can be formed. In this way, the two twisted baffles 11 and 11’ both
comprise a top edge and a bottom edge parallel to each other as well as a pair of
twisted side edges which always contact with an inner wall of the heat transfer tube
10.
25
An embodiment of the twisted baffle as indicated in Fig. 1 will be described with the
twisted baffle 11 as an example in the following. The ratio of the axial length of the
twisted baffle 11 to an inner diameter of the heat transfer tube 10 is in a range from
1:1 to 10:1. The axial length of the twisted baffle 11 can be called as a “pitch”, and the
30 ratio of the “pitch” to the inner diameter of the heat transfer tube 10 can be called a
“twist ratio”. The twist angle and twist ratio would both influence the rotation degree
of the fluid in the heat transfer tube 10. When the twist ratio is determined, the larger

the twist angle is, the higher the tangential speed of the fluid will be, but the pressure



An embodiment of the twisted baffle as indicated in Fig. 1 will be described with the twisted baffle 11
as an example in the following. The ratio of the axial length of the twisted baffle 11 to an inner
diameter of the heat transfer tube 10 isin a rangeglrﬂ{n 1:1 to 10:1. The axial length of the twisted
baffle 11 can be called as a "pitch”, and the 30 ratio of the "pitch" to the inner diameter of the heat
transfer tube 10 can be called a "twist ratio". The twist angle and twist ratio would both influence the
rotation degree of the fluid in the heat transfer tube 10. When the twist ratio is determined, the larger

the twist angle JPRHYS AghBYItheest 8l50aPe FoLaBP LS Wifbe utHreR BLElGrd L gFL4 drop of the
fluid would alseeteetedrae sponditvgly higbendTidstvaisirowiadfiecdrl dsabtlantefluds witheahtatst ratio and

twist angle whi fluid | t r 0 ficiently high
tangential spe?&%@é@ﬁé’z‘)@bﬁ)ﬁ%}) %%%%\%%%ﬁg@%ﬁﬁ\ég %;H;{g%agé%%% %%a@ t@aﬁ%%%je%ggtg gﬁﬁ e achieved. In
this case, a srayey Sotdhdleh @pdarieekéraoskrs Rifastdaonbheamineedyvan drisheasseat sraglisfer tube can be

resulted aRd theRERss U BERP f HaerdWrLaR B HErlad asiithiararnrgeerisblesqrPe. Since the

twisted baffles 11 and 11' extend spirally, the fluid would turn from a piston 10 flow into a rotating flow
under the guidSiseledranf theiRratWamae £1 Badlvie ch0ils Saairiadas WiBkLaR RS eRiaN ould destroy

the boundary layseso as to enhance heat transfer. Moreover, there would be a smaller tendency for
coke to be formed on the inner wall of the heat transfer tube 10 in view of the tangential speed of the
fluid. Further, besides improving the heat transfer effect, the channel defined by the twisted 15 baffles
11 and 11' (i.e Sitise thertivialedadtieelasnddatiexiendsbielyoththBuitrereul® tagifididatestin Fig. 4) can

also redugg thesgsisiansedaihaididfiMnggtarendhedRAL EARSTRELURSAP11N addition. the

channel is also beneficial for the discharge of the coke pieces peeled off 20 Figs. 2 and 3
schematically $HWRNHA SR8 R BEHMEH b ERSE N BEROHAMEY IAVETiSEASHEiaRTe thedtwisted baffles
11 and 11' arethpiicpreveeganithdrowsudd bd akinalibeténdsted haftiekd koabscafarencanoplerdluids flowing

axially or radially can hpth flow thrqugh.the holes 41. In this way, under the guidapce, of the twisted
baffle 11, not dﬁﬁ%gﬁq&(}e} H?Jelvc\jq Srﬁri’% (gerroilé angﬂ'é‘w"?%” aosPttc}?I ere¥d e {ﬁ'@ﬂ%@fﬁﬁ@e@ Lfﬁje' boundary
layer, 25 but alsdtpeisdebidss dhiiayinglde Adasiraosktngfechiane dbanmstréefimedihidhegrdatitd reduces the

pressure |gss %faﬁh%fﬁﬂdanﬁﬁrihﬁféﬂ%’ %ﬂﬁ@api&a%‘éﬁié;@ﬁ]éhﬂgn%ﬂrﬁﬁé% BAfR tErerofpthe holes 41,

facilitating the operation of mechanical decoking or hydraulic decoking. Fig. 4 is a cross-section view

of Figs. 2 and H4ialeR BpAch aepRostaR et IR 1BF THaHRAW g RarRiIuEE BeRt30 Fig. 5

schematically shavfer aubirdoembastimenttoé tremeaidrassipsrsigal forTthe sistieigee gfttee third
embodiment is s%stg&tialfl?\élg%eoﬁame as that of the second embodiment. The differences
therebetween fid ihRISE owing points. At the outset, in the third embodiment, along the trajectory of
the vertical passage (i.e., the circle 12

20  Figs. 2 and 3 schematically show a second embodiment of the twisted baffle. In this
embodiment, the twisted baffles 11 and 11’ are both provided with holes 41. Taking
the twisted baffle 11 as an example, fluids flowing axially or radially can both flow
through the holes 41. In this way, under the guidance of the twisted baffle 11, not only
can the fluid turn into rotating flow so as to reduce the thickness of the boundary layer,

25  but also pass through the holes 41 smoothly to flow downstream, which greatly
reduces the pressure loss of the fluid. Furthermore, coke pieces in the fluid can also
pass through the holes 41, facilitating the operation of mechanical decoking or
hydraulic decoking. Fig. 4 is a cross-section view of Figs. 2 and 3, which explicitly
demonstrates the structure of the heat transfer tube 10.

30
Fig. 5 schematically shows a third embodiment of the heat transfer tube 10. The
structure of the third embodiment is substantially the same as that of the second
embodiment. The differences therebetween lie in the following points. At the outset,

in the third embodiment, along the trajectory of the vertical passage (i.e., the circle 12



9/14 in Fig. 4) a casing 20 is arranged, which is fixedly connected to radial inner ends of twisted baffles
11 and 11' so as to support the twisted baffles 11 and 11' and also improve the stability and impact
resistance thereof. Besides, the casing 20, the tw'bz?g baffles 11 and 11' and an inner wall the heat
transfer tube 10 together enclose spiral 5 cavities 21 and 21'. When a fluid enters into the spiral
cavities 21 and 21', it would turn from a piston flow into a rotating flow and separated by the casing 20,
the rotating flow would not be influenced by the piston flow in the casing, so that the rotating flow

would have a My Bifgaitia Spéea R WM PHrivherngetrd foraal BB RgScBking on the
wall of the heatviistagfeaffidaelVdhen theoratatingufipywsthe€ flasedusasfléh e Bpinel dadbiesi2d and 21, they

can enhance tk r id in_the. t fer 0 the jnerti t thereof,
thus further enﬁ%apnt%i\%a“fﬁé %@; tf%‘rqgl er%}fge%{.aﬁﬁ %ae Epﬁ:ge}f%g?fe%égeﬁﬁ%’c}ﬁ%%%riaagg’r}ﬁ?1?rv %%%nieter ratio of
the casing 20 terflesHdaandakisfndiabénneriwall theairge teoateo 10Be11fbtogether, esslasatseiike sheets can

pass through thg fR3ipg &R YRIGRHeCHALES éh‘@r@'iﬁﬁB%Q%ﬁ?ﬁaﬁ%ﬁﬂK;@ﬁhﬁ?&szllﬁsit”v%i%”d also be

understood that although the twisted baffles 11 and 11' in the embodiment as indicated in Fig. 5 are
provided with FYRST thaifioRHavhARR 2 JOftny W A0 BoHRGAdRE Witkasadies T some
embodiments, watity Viidvineidaddenqal s ediheredosythirespik® o v liciy .c2fl fgigsGteahematically
indicates a fou%rt\a{em 0dvivmvgonutI gfh%he Q%athtga?sr{eg ﬁ'al?% 1eO. Ittﬁlpour!%tag no{ﬁd htgle{\ttg rg\%isfted baffle 40
in Fig. 6is différent from any one of the twisted Baffes iqgs. 7 {0 B'if that the twisted baffle 40 does
not enclose a vertiteslusigserjengsoshibevivahl PigthelheatSranblersivivel Yiherethd adtrtiag ewisreduce the

thickness 25 ofilfip RRYAHRANYRISERAIARERAMSHIENSIRM A2 AMERERR dhemivighed baffle 40

decrease the resistance to the fluid flowing along the axial direction so as to reduce pressure loss

thereof. In one! &R EFABEAMER L AHEIehB O EIHAEFRCA BRSO (i IUFEIRS CBPHIEY B to the area of
the twisted bafflead@arangesréoonnC Qheletred Hbbddifedtfhieerather ofj@ncaxiadtib ssameechtigeen the

centerlines of o adiagent nolgs Afio A0an axiahlenath ofabs wistec baffle 0 angesfrom 0-2:1 to
0.8:1. The present disclosure further relatés to a cracking furnace (not shown in the drawings) using
the heat transfeartihss trocagmilemeasingcRBbubish Aaciidelds thésisehoadis of Bk kakahaetone skilled in the
art and therefore will not be discussed here. A radiant coil 50 of 10/14 the cracking furnace is provided

with at least one heat transfer tube 10 as described above. F_igg. 8 schematically indicates three heat
transfer tubes YoSOHFerSIPaHECEFRAE tHadisfEP Bl 0 gttt At bh el hixiAl Eigection in the
radiant coil in amanesmfdainicaracedrion aachrotitd hathexasspe, the raikeafRimf@xial distance of

actually can also be provided with no holes in some embodiments, which will not be
explained here for the sake of simplicity.
20
Fig. 6 schematically indicates a fourth embodiment of the heat transfer tube 10. It
should be noted that a twisted baffle 40 in Fig. 6 is different from any one of the
twisted baffles in Figs. 1 to 5 in that the twisted baffle 40 does not enclose a vertical
passage as shown in Figs. 1 to 5. The spiral twisted baffle 40 can reduce the thickness
25  of the boundary layer and at the same time, holes 42 provided on the twisted baffle 40
decrease the resistance to the fluid flowing along the axial direction so as to reduce
pressure loss thereof. In one specific embodiment, the ratio of the sum area of the
plurality of holes 42 to the area of the twisted baffle 40 ranges from 0.05:1 to 0.95:1.
And the ratio of an axial distance between the centerlines of two adjacent holes 42 to
30 anaxial length of the twisted baffle 40 ranges from 0.2:1 to 0.8:1.

The present disclosure further relates to a cracking furnace (not shown in the drawings)
using the heat transfer tube 10 as mentioned above. A cracking furnace is well known

to one skilled in the art and therefore will not be discussed here. A radiant coil 50 of



5 two adjacent heat transfer tubes 10 to the inner diameter of the heat transfer tube 10 is in a range
from 15:1 to 75:1, preferably from 25:1 to 50:1, so that the fluid in the radiant coil would continuously
turn from a piston flow to a rotating flow, thus im ing the heat transfer efficiency. It should be noted
that when there are a plurality of heat transfer tubes, these heat transfer tubes can be arranged in a
manner 10as shown in any one of Figs. 1 to 6. In the following, specific examples will be used to
explain the heat transfer efficiency and pressure drop of the radiant coil of the cracking furnace when

the heat transf&EtGBEKH JHEBRER ROV S MR A L G8e e tidesder1i8heLohas 8o radiant coil of
the cracking fushee ERig@reasuhpechatichll§ hetiddwansies hiaesrd3fes inchica@driafeighly. thiee inner

diameter of eaﬁga}%ktéh%%e.@hggrrﬁ;%ﬁﬁ#;)ﬁiﬁe@ltmm 8 '(lj'ngc &r?ﬁtﬁ% ; n' aﬁ)tf E%ﬁ ﬁpglosed circle to

the heat transfer _ as a twist'angle o 0 a twist ratio of 2.5. The
distance betweabibgiochtifieeprasedinoarrse atise 00 B0 Entasraiiolafge adahdsianes efiameter of the

heat transfer tyhg daseeiMaR ifahaue iR dd O RS i draaTer Inaddaf thRsiertan eeikis 1,270.13

KW and the pressure drop is 70,180.7 Pa. 25 Example 2 The radiant coil of the cracking furnace is
arranged with 8'HeEN98 Gy 1adel 194 AR TRigO 2. Prlihnd talrifiadiit Eaif of the heat
transfer tubes b o rnvaddr bendiamelgr atiohohihe pivtloskelcitele iothiaderinransfer tube is

0.6:1. The twisltr%drg\%fgle E]%s a vvtirst %9'8@5%89 andsﬁ tvyés%aﬂgto(r %hSt' '\Il'vlﬂe d'{ﬁta}gc? b(aetween two
adjacent heat franster tubes 10'is b0 times asr]a¥'ge as the inRer diameter of the heat fransfer tube.
Experiments halusaoMed baak tiaesfesduheaniise loead bainsferratiremaodikisrranggd in b 2&NBY KW and the

pressure ¢§op i3 dhhGaRPofeOfagsatiyeexample 1

In the following, specific examples will be used to explain the heat transfer efficiency
and pressure drop of the radiant coil of the cracking furnace when the heat transfer
tube 10 according to the present disclosure is used.

15

Example 1

The radiant coil of the cracking furnace is arranged with 6 heat transfer tubes 10 as
indicated in Fig. 1. The inner diameter of each of the heat transfer tubes 10 is 51 mm.

20  The diameter ratio of the enclosed circle to the heat transfer tube is 0.6:1. The twisted
baffle has a twist angle of 180° and a twist ratio of 2.5. The distance between two
adjacent heat transfer tubes 10 is 50 times as large as the inner diameter of the heat
transfer tube. Experiments have found that the heat transfer load of the radiant coil is
1,270.13 KW and the pressure drop is 70,180.7 Pa.

25

Example 2

The radiant coil of the cracking furnace is arranged with 6 heat transfer tubes 10 as
indicated in Fig. 2. The inner diameter of each of the heat transfer tubes 10 is 51 mm.
30 The diameter ratio of the enclosed circle to the heat transfer tube is 0.6:1. The twisted
baffle has a twist angle of 180° and a twist ratio of 2.5. The distance between two
adjacent heat transfer tubes 10 is 50 times as large as the inner diameter of the heat

transfer tube. Experiments have found that the heat transfer load of the radiant coil is



5The radiant coil of the cracking furnace is mounted with 6 prior art heat transfer tubes 50'. The heat
transfer tube 50' is structured as being provided with a twisted baffle 51' in a casing of the heat transfer
tube 50', the twisted baffle 51' dividing the heat trﬂﬁfgr tube 50 into two material passages
non-communicating with each other as indicated 1n Fig. 7. The inner diameter of the heat transfer tube
50'is 51 mm The 10 twisted baffle 51" has a twist angle of 180 and a twist ratio of 2.5. The distance
between two adjacent heat transfer tubes 50" is 50 times as large as the inner diameter of the heat

transfer tube. B rmmEtsRAIReRIGH R A E ARALYaREfer load of the radiant coil is 1,264.08 KW

and the pressure drop is 71,140 Pa. 15 In view of the above examples and comparative example, it

can be derived%t ith the heat transfer efficiency of the radiant coil in the cracking
furnace using t Q%pgr%%rﬁ;\}r%ta%%%?mg%sfer tube, the heat transfer efficiency of the radiant coil in the

cracking furnace using the heat transfer tube according to the present disclosure is significantly

improved. Jhe-hea ansiei sl oriFa UMY iSdmREWRS iorReRabiah 38rbR7 Rida KW and the

pressure drop is also well controlled to be as low as 6,573.8 Pa, The above features are very

beneficial for hyRirddrBE ERASRIY a6 At ugtsH Gh RRIRIRLYMadrw LR BapdRaltliszEd with
reference to prieferabdingxeiipdessat exisfulsiiirye0d the sysedicalflcdiclopadinxanephestto other
altemative examples, 35.80cfor s, of e disdlesure. apd ebviaus mediications and eanvalents
thereof. Particularfy, aslong as there are n structaral concfﬂg}s, the technical featares disclosed in
each and everjnéicateplie bighé. pressénitcdideiostereot dhedeaidnabifrsdubitid@rie hoterTiheany way. The

scope of the Pigaqay disrlpreerein dissigredrohauid ol heiimiied by he pastislardlisclosed

examples as described above, but 30encompasses any and all technical solutions following within the
scope of the foMRIWRASH “YQiAdacERTeatiEamater tubes 50" is 50 times as large as the inner diameter

of the heat transfer tube. Experiments have found that the heat transfer load of the
radiant coil is 1,264.08 KW and the pressure drop is 71,140 Pa.

15 In view of the above examples and comparative example, it can be derived that
compared with the heat transfer efficiency of the radiant coil in the cracking furnace
using the prior art heat transfer tube, the heat transfer efficiency of the radiant coil in
the cracking furnace using the heat transfer tube according to the present disclosure is
significantly improved. The heat transfer load of the radiant coil is improved to as

20 high as 1,270.13 KW and the pressure drop is also well controlled to be as low as

6,573.8 Pa. The above features are very beneficial for hydrocarbon cracking reaction.

Although this disclosure has been discussed with reference to preferable examples, it
extends beyond the specifically disclosed examples to other alternative examples
25 and/or use of the disclosure and obvious modifications and equivalents thereof.
Particularly, as long as there are no structural conflicts, the technical features
disclosed in each and every example of the present disclosure can be combined with
one another in any way. The scope of the present disclosure herein disclosed should
not be limited by the particular disclosed examples as described above, but
30 encompasses any and all technical solutions following within the scope of the

following claims.



1. A heat transfer tube comprising a twisted baffle arranged on an inner wall of the tube, said twisted
baffle extending spirally along an axial direction of the heat 5transfer tube. 2. The heat transfer tube
according to claim 1, characterized in that the twi i baffle is provided with a plurality of holes. 103.
The heat transfer tube according to claim 2, characterized in that the ratio of the sum area of the
plurality of holes to the area of the twisted baffle is in a range from 0.05:1 to 0.95:1, preferably from
0.6:1t0 0.8:1. 4. The heat transfer tube according to claim 2, characterized in that the ratio of an
15axial distancel&ietsveen the centerlines of two adjacent holes to an axial length of the twisted baffle
ranges from 0.2:1t0 0.8:1. 5. The heat transfer tube according to claim 2, characterized in that the
twisted baffle has a twist angle of between 90 to 1080, preferably between 120 to 360. 6. The
heat transfer tube deébh@Ridransteaitvbs conmrasiesri duisiedrafdnarsingne eegiomoetieiheht transfer tube

is provided witiha it abifyafvistisiasPriteeRan!I§lifmgnacagothesduiredshne an eretosed circle
viewed from one end of the heat transfer tube. 7. The heat transfer tube according to claim 6,

characterized IS tHE%iameter ratio of the circle to the heat transfer tube falls within a range from
0.05:1 to 0.95:1, preferably from 0.6:1 to 0.8:1. 308. The heat transfer tube according to claim 6,

characterized in th | circl ing,is.alr hich is fixedly connected
to a radial inner en%'_jﬁ ge t%/?/?sr%é%*%%ﬁ% ?ﬁ%&%ﬁﬁéqgc%ﬁgsgégﬁrr%ﬁl@?%u t\a{H gt:qcﬁc?r m%ﬁet% claim 6,
characterized ipatfediReoridrs viitha Rixialiteehie s the twisted baffle to an inner diameter of the heat

transfer tube is a range from 1:1 to 10:1, preferably from 2:1 to 4:1.

10 3. The heat transfer tube according to claim 2, characterized in that the ratio of
the sum area of the plurality of holes to the area of the twisted baffle is in a range
from 0.05:1 to 0.95:1, preferably from 0.6:1 to 0.8:1.

4. The heat transfer tube according to claim 2, characterized in that the ratio of an
15  axial distance between the centerlines of two adjacent holes to an axial length of the
twisted baffle ranges from 0.2:1 to 0.8:1.

5. The heat transfer tube according to claim 2, characterized in that the twisted
baffle has a twist angle of between 90° to 1080°, preferably between 120° to 360°.
20
6. The heat transfer tube according to claim 5, characterized in that one single
region of the heat transfer tube is provided with a plurality of twisted baffles parallel
to one another, which define an enclosed circle viewed from one end of the heat
transfer tube.
25
7. The heat transfer tube according to claim 6, characterized in that the diameter
ratio of the circle to the heat transfer tube falls within a range from 0.05:1 to 0.95:1,
preferably from 0.6:1 to 0.8:1.

30 8. The heat transfer tube according to claim 6, characterized in that along the
trajectory of the circle a casing is arranged, which is fixedly connected to a radial

inner end of the twisted baffle.



510. A cracking furnace haying a radiant coil, characterized in that the radiant coil comprises at least
one, preferably 2 to 10 heat transfer tubes according to claim 1.  11. The cracking furnace according
to claim 10, characterized in that the plurality of Hansfer tubes are arranged in the radiant coill
along an axial direction thereof 10 in a manner of being spaced from each other, the ratio of a spacing
distance to the diameter of the heat transfer tube is in a range from 15:1 to 75:1, preferably from 25:1

to 50:1.
9. The heat transfer tube according to claim 6, characterized in that the ratio of

the axial length of the twisted baffle to an inner diameter of the heat transfer tube is a

range from 1:1 to 10:1, preferably from 2:1 to 4:1.

5 10. A cracking furnace having a radiant coil, characterized in that the radiant coil

comprises at least one, preferably 2 to 10 heat transfer tubes according to claim 1.

11. The cracking furnace according to claim 10, characterized in that the plurality
of heat transfer tubes are arranged in the radiant coil along an axial direction thereof
10 in a manner of being spaced from each other, the ratio of a spacing distance to the
diameter of the heat transfer tube is in a range from 15:1 to 75:1, preferably from 25:1
to 50:1.



