CRACKI NG TUBE HAVI NG HELI CAL FINS TECHNI CAL FI ELD The
present invention relates to cracking tubes for use
in thermal cracking reactors for producing ethyl ene or
the like, and nore particularly to a cracking tube
which is provided on the inner surface thereof with
fins for stirring the fluid therein and which is
adapted to suppress pressure |osses to the greatest
possi bl e extent while effectively pronoting heat
transfer to the CRBCHINGETWBE HABAGKGRELINCAIARTNG ef i ns
such as ethylene, propylene or the |ike are produced
by thermal ly cracking nmaterial gases of hydrocarbons
Ehtha natural gas, ethane, etc.). The therma
cﬂﬁ FHNGCALEEELDN i s conducted by introducing the
hydrocarbon material gas and steaminto a crackin
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heat from outside, and heating the mxture to a
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gasatBchRealiphrt a high tenperature over a prol onged
period of tine, lighter fractions

Olefins such as ethylene, propylene or the like are
produced by thermally cracking material gases of hydrocarbons
(naphtha, natural gas, ethane, etc.). The thermal cracking
reaction is conducted by introducing the hydrocarbon material
gas and steam into a cracking coil disposed within a heating
furnace supplied with heat from outside, and heating the
mixture to a reaction temperature range while the mixture
flows through the coil at a high velocity.

Typically, the cracking coil comprises a plurality of
{straight) tubes which are connected into a zigzag assembly by
bends.

To conduct the thermal cracking reaction efficiently,

it is important to heat the fluid flowing inside the coil at a

high velocity to the reaction temperature range radially



of hydrocarbons (nethane, free carbons, etc.) will be
produced in excessive anounts or the product of

cracking will undergo, for exanple, a

pol ycondensation reaction to reduce the yield of the

desired product. Pronoted coking (deposition of free

carbon on the tube inner wall) will also result to

| oner the coefficient of heat transfer, giving rise

to a need to perform decoking frequently. Accordingly

i tingapdacd the ¢enpralipdetiliiomsodnideubslchanmeewithin a
surface of the cracking coil as elenents for stirring

t hehoft gerigd bifnt tie andbte .avihiel heaikdnfl owangigh temperature
hi gh velocity produces turbul ence by being stirred by

t heo fihgsgrentiesarpdesihbatesdteand .a f dlher gaenpeheatied at a high
rapidly. As a result, the reaction is conpleted
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are replaced by nonf in portions every turn of helix.
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within the tubes and are highly efficient in heat

t ramsé elsurface of the cracking coil as elements for stirring the
fluid within the tubes. The fluid flowing at a high velocity
produces turbulence by being stirred by the fins, and can be
heated to a higher temperature rapidly. As a result, the
reaction is completed within a shortened period of time, while
production of lighter fractions dque to excessive cracking is
avoided. Furthermore, an improvement in the cocefficient of
heat transfer of the tubes makes it possible to lower the
temperature of the tubes, producing an effect to improve the
serviceable life of the tubes.

FIGS. 12 to 14 show in development proposed examples of

fins on cracking tubes (JP-A No. 1997-241781).

FIG. 12 shows fins 1 continuously extending helically



the f luid within the tubes, whereas the interna

pressure of the f luid inside the tubes builds up

owing to a great pressure |oss of the fluid,

entailing the drawback that the cracking operation
produces et hyl ene, propylene or the like in a | ower

yield. FIG 14 shows f ins 1 and nonf in portions 2
arranged alternately on a plurality of lines paralle

to the tube axis. However, the fins positioned in

paatld ebnstatheangbe cfxisclanatitn wirtddthe tube axis.
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FIG. 14 shows fins 1 and nonfin portions 2 arranged
alternately on a plurality of lines parallel to the tube axis.
However, the fins positioned in parallel to the tube axils fail
to produce a sufficient effect to stir the fluid inside the
tubes and to achleve the desired heat transfer performance.

In view of the above problems, an object of the presen't
invention is to suppress pressure losses to the greatest
possible extent while maintaining an effect to promote heat
transfer to the fluid within the tube,

SUMMARY OF THE INVENTION
To fulfill the above cbiject ,. the present invention

provides a cracking tube which has fins formed on an lnner

surface thereof and inclined with respect to an axis of the



FIG 1 is a developnent of the inner surface of a

cracking tube of the invention for illustrating an

enbodi mrent of arrangenent pattern of fins formed on

the tube inner surface. FIG 2 is a devel opnent of

the inner surface of a cracking tube of the invention

for illustrating another enbodi nent of arrangenent

pattern of fins formed on the tube inner surface.

FIG 3 is a developnent of the inner surface of a

cr ekenipr shd rafinghe filluiehihehdéothe ltubst, riie Fins being

anot her enbodi nent of arrangenent pattern of fins

f olhedrohelcarranged omeone wrf aqelufd G .t oifshellical loci, the
devel opment of the inner surface of a cracking tube

of tehe innensugsacerhaving megiong wherhdn nefiosg acepresent
of arrangenent pattern of fins forned on the tube
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FIG. 1 is a development of the inner surface of a
cracking tube of the invention for illustrating an embodiment
of arrangement pattern of £fins formed on the tube inner
surface.

FIG. 2 is a development of the in.ner surface of a
cracking tube of the invention for illustrating another
embodiment of arrangement pattern of fins formed on the tube
inner surface.

FIG. 3 1s a development of the inner surface of a
cracking tube of the invention for illustrating another
embodiment of arrangement pattern of £ins formed on the tube
inner surface.

FIG. 4 is a development of the inner surface of a
cracking tube of the invention for illustrating ancther

embodiment of arrangement pattern of fins formed on the tube



FIG 10 is a graph show ng pressure |o0ss
characteristics of the test tubes determ ned by the
experiment. FIG 11 is a diagramfor generally

illustrating the configuration of a test coil. FIG
12 is a devel opment of the inner surface of a
conventional cracking tube for illustrating a pattern

of fin formed on the tube inner surface. FIG 13 is a
devel opnent of the inner surface of a conventional
crimkengunttmcd or il lustrating another arrangenent
pattern of fins fornmed on the tube inner surface. FIG
14 i s a delel ¢pherd devellbpmenterf thef bomenfsurface of a
conventional cracking tube for illustrating another
ar caagehbattyks ofrbhefinvend ifogr fed idnludteratulyeg anntsher
surface. BEST MODE OF CARRYI NG OUT THE | NVENTI ON The
cratReagmenboHarrpagemesdnpat eenafofiing fonmed on the tube
described below in detail wth reference to the
i | FUReF fBfachbodi ments. FIG 1 is a devel opment of
the inner_surface of a tube show ng an enbodi nent of
ar r angengnt®of® h&|§ géﬁgFﬁﬁsf%&&ﬂ-His%ﬁattié‘gt He przaqgement of
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FIG. 9 is a graph showing heat transfer characteristics
of test tubes determined by the experiment.

FIG. 10 is a graph showing pressure loss
characteristics of the test tubes determined by the
exXxperiment,

FIG. 11 is a diagram for generally illustrating the
configuration of a test coil.

FIG. 12 is a develcpment of the inner surface of a
conventional cracking tube for illustrating a pattern of fin
formed on the tube inner surface,

FIG. 13 is a development of the inner surface of a
conventional cracking tube for illustrating another

arrangement pattern of fins formed on the tube inner surface.

FIG. 14 is a development of the inner surface of a



fins are present. In the enbodinent of FIG 1, four
fins are arranged along every turn of helix. The
corresponding fins 1, as well as the correspondi ng
nonf in portions 2, on helical lines representing
respective turns of helix are arranged in a direction
parallel to the tube axis. FIGS. 2 to 5 are

devel opnents of the inner surfaces of tubes show ng
ot her enbodi nents of arrangenents of helical fins

accondengibnal heracweny itabe FbH112 ek i) afdthbrl ns
formed al ong continuous helical loci which are dif f
erantangemnbet ot eexf oifnEins ormedlbe thegkabafinner surface.
inclination O 1 of the helix in a region | of the tube
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of the helix in aregionl | thereof. The fins 1 and

nonf in T craekinamtebarafathednésenthinventdopeetlide
regions ZA and ZB which are parallel to the tube

axt@scH epd deaippind nade ebb #ilivlnre fipeeeea tashacliugtrated

|l oci_are provided. Fins are fornmed discretely at the

saRPAYN@NEE - i nclinati onO al ong respective helica

loci S1 and S2. Fins 11 and nonfin portions 21 are

formed orf ¥%e Inkf i dpvebepuent of Fhﬁsiqrze%ﬁ&rﬁeﬁﬁ ﬂf a tube
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is indicated by slanting dotted lines, and connections of the
helix are indicated by vertical dotted lines. Horizontal
chain lines show regions Za wherein fins are arranged in the
axial direction, and regions Ze of nonfin portions 2 wherein no
fins are present.

In the embodiment of FIG. 1, four fins are arranged
along every turn of helix. The corresponding fins 1, as well as
the corresponding nonfin portions 2, on helical lines
representing respective turns of helix are arranged in a
direction parallel to the tube axis,

FIGS. 2 to 5 are developments of the inner surfaces of

tubes showing octher embodiments of arrangements of helical

fins according to the invention.



within regions ZA, and all or sonme of nonf in portions

21, 22 are arranged within regions ZB. FIG 5 shows

an enbodi nrent wherein helical f ins are formed al ong

four helical loci S1 to S4, and fins 11 to 14 al ong

the respective helical loci SI to S4 are arranged at
slightly wvarying intervals circunferentially of the

tube. The group of fins 11 to 14 on the respective

four helical loci Si to S4 are arranged within a

regi on ZAIG@n@ ahgwsue ifcalbbffinsnfqrméd alonglcohviddous

on these loci Si to S4 are arranged within a region
ZahelThatcelddihwhitht ard Aififierientt he tlegapglédofideclination
arranged along a wave (indicated in a chain |ine).

Thils, Bae@mikg ofole¢linabientddiomhe el d® axeagion I of
5, ~the tube inner surface has regions ZB wherein no

f i Hee dube ghaspad bydandes Ehen thexangle|ahdprldpatpgen 011 of

tube from one axi al end of the tube to the other

axt 3¢ B&dd-% hBradegiend I ghereotyi affrahing 1 and nonfin
illustrati the arran nt of fins shown in FIG 3.
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the case of a'tube having an i nsi I anme
aboyt B0at Port S0 HUbnhFe 3PP Fe N8 A1 EcPfs1 and $2. Fins

inclination O can bé about 15 to about 85 degrees,

angli & RbhEMnbordis 20 e £ medon e RbLERali Socus S1,
i ncreased or decreased for adjustnment depending on

t hei v dl2eanf rdtef impbir®lofsot 2 taie hetmsdandthBehelical locus

nunber N of helixes (p = EfN wherein E is helix |ead)

. 82, the fins 11, 12 are arranged within regions Za, and the
nonfin portions 21, 22 are arranged within regions Zs.

FIG. 4 shows an embodiment wherein helical fins are
formed along two helical loci S1 and S2, and fins along the
locus S1 are different £rom those along the locus 82 in size.
The £fins 11 along the helical locus 51 are longer than the fins
12 along the helical locus S2. The fins 11, 12 are arranged
within regions Za, and all or some of nonfin portions 21, 22 are
arranged within regions Zs.

FIG. 5 shows an embodiment wherein helical fins are
formed along four helical loci S1 to 5S4, and £ins 11 to 14 along

the respective helical loci S1 to S4 are arranged at slightly

varying intervals circumferentially of the tube. The group of



The height H (the height of projection fromthe tube

i nner surface) of the fins is, for exanple, about
one-thirtieth to one-tenth of the inside dianeter of
the tube. The length L of the fins is, for exanple,
about 5 to 100 mm and is determned, f or exanple,
according to the inside dianmeter D of the tube and
the nunber of divided f ins along every turn of
helical locus. FIG 7 is a sectional view of helical f

i NBin® 14 pbare onothéagapictiivd Foustiel dal leciude to S4 are
and shows an enbodi nent wherein f our f ins are

araangededwiditel it arreg@fom@hi, cald hi gweoup SEpposeit ipprdtions 21
in has a circular arc length (as projected on a

pl em@@ endittesehdogdnPrtoobd fariensrvangsd wikhimfa region Zs.
helical lineis n. The total circular arc length TW

of Thege ffings 1l stq R4rwithin (e pegingiZdearelaryangesl along a
proportion of the total circular arc Iength TWof the

f yage tidnHeaiat dpfechadinglinehgth C (C - 7r D) of

the tube inner surf ace, namsl¥ R(R=TWOQC , is

pr ef er abl TPUSHEGCOFding 5o @11gTthe ikpdinenehef BIGS. 2 to 5,
mnimzed gressure 0SS, while germ’tti ng the helical
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hori zontal l'y supported by a rotary drive apparatus
( "R BNeN0] oRYE ERbA D] @ PR, | 45d @ 6 the MBI BHREN that

torch 51 is fixed to a support arm 52, which is held
is the center-to-center distance between corresponding £ins on
the adjacent helical lines in the direction ¢of tube axis.
These values are determined suitably according to the inside
dlameter D of the tube.

In the case of a tube having an inside diameter D of
about 30 to 150 mm, for example, the angle of inclination & can
be about 15 to about 85 degrees, and the pitch p, about 20 to 400
mm. The pitch p is increased or decreased for adjustment
depending on the angle of inclination € of the helix and the
number N of helixes (p = E/N wherein E is helix lead).

The height H (the height of projection from the tube

inner surface) of the fins is, for example, about one-thirtieth

to one~tenth of the inside diameter of the tube. The length L



parallel to the tube axis and is novable forward or
rearward axially of the tube. A powder (material for
overlaying) is supplied by a pipe 53 to the wel ding
torch 51, which forns beads on the tube inner

surface. Plasma welding is perfornmed intermttently by
the rotation of the tube 50 and the horizontal

novenment (in the direction of the tube axis) of the

wel ding torch 51 to form helical fins conprising

besfls Heof IRE iy, Fveréyiile, labdutes ars 200hai £ ahdols

wel ding torches 51 are installed as illustrated, fins
ar@efermened| dwy exambaki, catcorting Thetheiniharidef diameter D of
helixes of fins to be forned, the angle of

i niche rtatbiecan@ thenuobep, of ldd vidiedef 1 asaclwrdt Avery turn of
(circular arc length of projected image in FIG 6) of
fielbgabdock . etc. are adjustable suitably by

varying the speed of rotation of the tube 50, the

nunber ofF Mel di he a spchbensl Vi%pﬁlheebncqhefi@ﬁet@ gpplane
hori zontal novenent thereof, the cycle of
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Helical fins are arranged over  the entire | ength of
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heat-Tesi stant all oys which are serviceable in the

enyf eReAbe WIS & Bul#RckUPRahE1y O ROERUSEW/C), is preferably
about 0.3 to 0.8 in order to ensure a minimized pressure loss
while permitting the helical fins to promote heat transfer to
the fluid inside the tube. If this value is too small, the
effect to promote heat transfer will be lower, whereas 1f the
value is excessively great, an excessive pressure loss will
result.

The helical fins can be efficiently formed as beads by
an overlaying method such as plasma powder welding (PTA
welding). FIG. 8 shows an example of welding operation.

A tube 50 is horizontally supported by a rotary drive

apparatus (not shown) and rotatable abou't its axisx. A

welding torch 51 is fixed to a support arm 52, which is held



The present invention will be further described with
reference to specific exanples. Exanple 1 Test Tubes

TI to T5 were prepared and checked f .or f ilm heat
transfer coefficient h (WM /K) and pressure | oss dP
(Pa) . Tl is according to the invention, and T2 to T5
are conparative exanples. Table 1 shows the

particul ars about these test tubes. 4)eee z EEE

CNNNii C o0 aaG@ppwy,0ii Oy.E" c

parallel to the tube axis and is movable forward or rearward
axially of the tube.

A powder (material for overlaying) is supplied by a pipe
53 to the welding torch 51, which forms beads on the tube inner
surface, Plasma welding is performed intermittently by the
rotation of the tube 50 and the horizonfal movement (in the
direction of the tube axis) of the welding torch 51 to form
helical fins comprising beads formed by overlavying.

In the case where two welding torches 51 are installed
as 1llustrated, fins are formed along two helical loci.

The number of helixes of fins to be formed, the angle of
inclination &, pitch p, the number and width (circular arc
length of projected image in FIG. 6) of fin regions
Za, etc. are adjustable suitably by varying the speed of
rotation of the tube 50, the number of welding torches 51
installed, the speed of horizontal movement thereof, the cycle
of intermittent application of the plasma arc, etc.

Helical fins are arranged over the entire length of tube
channel from the inlet end of the tube to the outlet end
thereof, or at sultable portion or portions of the channel, for
example, in at least one of a region in the vicinity of inlet
end of the channel, intermediate region thereof and a region in
the vicinity of the outlet end.

The material for forming the helical £fins is the same

| kind of heat-resistant a_lloy as the tube, such as

- 10 -
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25Cr-Ni(SCH22), 25Cr-35N1i(SCH24) or Incoloy(Trademark).
Also suitably usable are other heat-resistant alloys which are
serviceable in the environment wherein the tube is to be used.
The present invention will be further described with
reference to specific examples.
Example 1
Test Tubes Tl to TS5 were prepared and checked for £film
heat transfer coefficient h (W/m'/K) and pressure loss dP (Pa).
T1 is according to the invention, and T2 to TS5 are
comparative examples. Table 1 shows thé particulars about

these test tubes.

- 11 -
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FEEEEE Q HvNevv zFFFF O - 12 Experinental conditions
are as follows. Test fluid: air Fluid tenperature
(inlet end): roomtenperature *Reynol ds nunber:

20, 000- 60, 000 Pressure |oss neasuring section: The
results of neasurenent are shown 1000 mmin FIG 9
(fil mheat transfer coefficient h) and FIG 10
(pressure loss dP) . Each neasurenent is shown
relative to the value of Test Tube T5 at a Reynol ds
nunber ofExxRIO0CNRL rorditd ons ankeas follols.
(reference val ue%. FIGS. 9 and 10 reveal that Test
Tube Ti of " TRET f oBlris conparable to Test Tube

T2 having a_continuous helical fin and Test Tube T3
havi ng di scFétddnkgmrerature (iinledaend) angoom temperature
characteristics and is conparable to Test Tube T4 in

pressure | BE¥NOIGRR UL ps20TR8s 6920880 T3 are

greater thap Test Tube 1 in pressure |oss and result

"n a lower JFEPAUEE H59% G2SUTIEE PEEHLPRT el 006 he

oL Tt BRI Rl B ey O ol tam
heat transfer coefficient h) and FIG. 10 (pressure loss dP).
Each measurement is shown relative to the value of Test Tube T5
at a Reynolds number of 20,000 which value is takenas 1.0
(reference value).

FIGS. 9 and 10 reveal that Test Tube Tl of the invention
is comparable to Test Tube T2 having a continuous helical fin
and Test Tube T3 having discrete helical fins in heat transfer
characteristics and is comparable to Test Tube T4 in pressure
loss.

However, Test Tubes T2 and T3 are greater than Test Tube
1l in pressure loss and result in a lower yield as will be
described later.

On the other hand, Test Tube T4 is inferior to Test Tube
Tl in heat transfer characteristics and therefore has the
problem of permitting coking in addition to a lower vield.

Test Tube T5 1s a smooth-surfaced tube having no £ins
and accordingly superior to Test Tube T1 of the invention with

respect to pressure loss, but is inferior in heat transfer

characteristics and involves the problem of yield and coking
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probl em of permitting coking in addition to a | ower

yield. Test Tube T5 is a snpoth-surfaced tube having

no fins and accordingly superior to Test Tube Ti of

the invention with respect to pressure loss, but is

inferior in heat transfer characteristics and

i nvol ves the problemof yield and coking |ike Test

Tube T4. In contrast, Test Tube Ti of the invention is
adapted to ensure a mnimzed pressure |oss while

mal hkeiTesig Tube Tésired heat transfer

characteristics. Exanple 2 Next, a thermal fluid

anal ysi s Iasordnsdt .eBeasiTupea T1WE lthpeiineent ishawnadapted to
FIG 11 and sinulating the conditions under which

r efRsare amdnigddedoprpsedoeilogsevhylemaintaijeing wheedesired
pressure loss of the fluid inside the coil and yields

of hed hyirafs £a1 chasgpitesd stiigs .coi| shown in FIG 11

i ncl udes_tubes (straight tubular portions) which are
63.2X3MR1¢ 2 nsi de dianeter, 6.4 nm in wall thickness

and 9. 6 min length and which provide a first pass,

second pd¥¥Xtt /A FRepa’l g supLlspaseas cosguctieenying a

e S BB b P 45 L R S BTRE0 BhSomastome

TS St o Fon B RS o ER e 0P i BT e <o

eLUEL Ryl S0P 10 R AL chR I B vienas

St 3N Ml dfess s shown 0 FIG 15 ene,

no fins. tHaRGA 124ndRRU nTHRPES 11 1ncludes tubes (straight
tubular peortions) which are 63.5 mm in inside diameter, 6.4 mm
in wall thickness and 9.6 m 1n length and which provide a first
pass, second pass, third pass and fourth pass, respectively, as
arranged in this order from the upstream side downstream.
Table 2 shows the construction of Test Tubes T6 to T9.

Test Tuke T6 is according to the invention, and Test

Tubes T7 to T2 are comparative examples. As to the arrangement
of £ins on the tube (straight tubular portion), Test Tube T6 is

the same as is shown in FIG. 1, T7 as is shown in FIG. 13, and T8

as is shown in FIG. 12. T9 is an example which has no fins.
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Structure of T6 T 7 T 8 T 9 passes(Ilnvention)(Conp.
ex.)(Conp.ex.)(Conp. ex.) First passNo finNo finNo
finNo fin Second passNo finNo finNo finNo fin Third
passFin A*Fin B**Fin C-**No fin Fourth passFin A*Fin
B*"Fin C-**No fin (Note) * Fins A, D screte helical
fins (4 fins/tumof helix) in the arrangenent of FIG
1, 60 demapre anpgle of inclination, 3.5 nmmin the

hei ght of fins, 115.2 mmin pitch. ** Fins B:
Dlscrrel-e helical fins in the arrangenent of FIG 13,
60 deg in angle of inclin&estdabes3. 5 M in the hei ght

of finSmcidd®2) MY g n gitchy ** FipgC ™ Tony guots

heI: > glasskd N extemdénn@n)ascsmeml r@c&h;ﬁx)l (cdip. deo | i n
3) | , - J. -
LT N G B R Y i o

press.lﬁ?_%"_“gﬁsﬁh]e Nofit qutNedin of 1.8k g/ ¢ miNo(fibsol ut e
pr essUhad pasgoi | Finlaat tmwafﬁtqu:i,pt*‘GO)Ohgf@,nd Coi |
out | ef I at @ 93 . A B WIS osed| t o
flo lFIc:IEnggsr n:ﬁgé —at %}n] o “%I*qn,eof SJ‘q i «g{h| and
steamat a flow rate of 420 kg/h. Table 3 shovvs t he
tenp@foad)ure of the first to fourth passes of the

coi | pinfab! Bishers RO % Fiftitnlo? ndfo) 30
pres Sll?r € fag letéﬁ H&eﬁaﬁéﬂ @lf iAdlinkt §x§) h’]E‘l 13@&%&%?}18
out | et prl&SSllHneln| gss and

** Fins B: Discrete helical fins in the arrangement of FIG, 13, 60 deg
in angle of inclination, 3.5 mm in the height of fins, 115.2 mm
in pitch.

*** Fin C: Continuous helical fin extendmg as shown in FIG. 12, 60 dcg in
angle of inclination, 3.5 mm in the height of fin, 115.2 mm in pitch.

The analysis conditions are fluid pressure at the coil
outlet of 1.98 kg/cm’ (absolute pressure), coil inlet
temperature of 600° C and coll outlet temperature of 830° C.
Naphtha was caused to flow through cne coll at a flow rate of
840 kg/h, and steam at a flow rate of 420 kg/h.

Table 3 shows the temperature of the first to fourth
passes of the coil.

Table 4 shows the results of analysis, i.e. the pressure
and temperature at the coil inlet and cutlet, pressure loss and

ethylene and propylene yields.
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et hyl ene and propyl ene yields. [Table 3] Test tubes
Tenperature at each T6 T 7 T 8 T 9 pass of test

t ubes(I nventi on) (Conp. ex.) (Conp. ex. ) (Conp. ex.) First
pass C+*C) 849847846860 Second pass (C) 870868867881
Third pass C) 880879877906 Fourth pass (C) 915914913936
[ Tabl e 4] Test tubes T6 T7 T8 T9

(I nvention) (Conp. ex. ) (Conp. ex.) (Conp. ex.) Coil inlet
pressurper4kos k) *3.683.843.983.25 Coil outl et
pressure (kg/cn) *1.981.981.981.98 Pressure | oss of
fluid (kglen)}—*1.701.862.001.27 Coil inlet

t enper at ure (C) 600600600600 Coil¢sttubed et t enperature

( C) 830830830 aabtty | en® gyi el |d vt 99 26. §26. 526. 32¢. 1
Propy| gnss i estdubest %) |Xov&ilion)2XBomhd.Bx. D | (O¥ap.e.) [ @amplxl) €
Pressure pirg pags (C) 849 | 847 846 860
Second pass (°C) 870 868 867 881
Third pass (°C) 880 879 877 906
Fourth pass (°C) 915 014 913 936
[Table 4]}
Test tubes
T6 T7 T8 T9
. (Invention) | (Comp.ex.) | (Comp.ex.) | (Comp.ex.)
Coil inlet pressure (kg/cm?) * 3.68 3.84 3.98 3.25
Coil outlet pressure {(kg/cm?) * 1.98 1.98 1.98 1.98
Pressure loss of fluid (kg/cm?) * 1.70 1.86 2.00 1.27
Coil inlet temperature (°C) 600 600 600 600
Coil outlet temperature (°C) 830 830 830 830
Ethylene yield (wt%} 26.8 26.5 26.3 26.1
Propylene yield (wt%) 16.5 16.2 16.1 15.9

(Note) *Absolute pressure

Table 3 reveals that Té is comparable to T7 and T8 in
tube temperature and about 20 C lower than T9. This means that
T6 to T8 are comparable in heat transfer efficiency and can be
operated r:it a lower temperature.

Table 4 shows that Té is smaller than T7 and T8 in
pressure loss and excellent in ethylene and propylene yields.
Although small in pressure loss, T9 is inferior in heat

transfer efficiency and therefore lower in ethylene and
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Table 3 reveals that T6 is conparable to T7 and T8 in
tube tenperature and about 20 C lower than T9. This

neans that T6 to T8 are conparable in heat transfer
efficiency and can be operated at a | ower

tenperature. Table 4 shows that T6 is smaller than T7

and T8 in pressure |loss and excellent in ethylene and
propyl ene yields. Al though small in pressure |oss, T9

is inferior in heat transfer efficiency and therefore

| opeopyheathyiehds and propyl ene yields. | NDUSTRI AL
APPLI CABI LI TY The arrangenent of helical fins forned
OnINDESTRAAL ARRLIGREBILITY he cracki ng tube of the

i nvention enables the tube to mnimze the pressure

| oss of tTee fanrahdensrdeof e Xidrel fikhisl foymedi bhi tige inner
the tube to maintain high heat transfer

chawrfaeeiaf itbe chorckbng Haibst 0f riheyinventhooferdambes the tube
Accordlngkg the tube achi eves inproved ethyl ene and
prbpyHaréanizg shgspres sune diess aEddia Auhdringigle tthe tube
tube, has a prolon ed |ife and is therefore useful as

a ChhEgiReIMiddel 1 thenkib to crn%ﬂerkwgn ﬂv&rgﬁla}eegtftdaansfer

produci eth¥lene or the |ike. A cracking

t u%%aﬁ%?ﬁﬁiﬁ ﬁgsf%%%rée? e a‘fﬁ-%rﬁ&@ls %aH%@f £hBPeof

t, t t
st. fot PRatasTy dng thﬁ%ﬁaﬁc 12784 @pwe%{?sﬂimée fndbropylene
fglﬁgarﬁ%fi{ es d ctaﬁlatpgltvp?erl]; EP?th‘éﬁ ggg a pﬁglonged

SL cretelyon oHe Of
e R AN RS R s
Or@réékfﬁg flthded PO RSO AL S 1RGSRt An ke .

t her eof
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2. The cracking tube according to claim1 wherein the
fins have an angle of inclination of 15 to 85
degrees. 3. The cracking tube according to claim1l or
2 wherein assuming that the sumof the circular arc

l ength of fins is TW (TW= wXn wherein wis the
circular arc length of the fin as projected on a

pl ane orthogonal to an axis of the tube, and nis the
nunber of fins on one turn of the helical |ocus), and
that the circunferential |enchAhIM$ the tube inner
surface is C(C = 7CD wherein Dis the inside

di aneter of the tube) , the ratio TWCis 0.3 to 0.8.
4. The cracking tube according to claim 1l wherein the
fihs ar ehwma@?@é&@dwbermng/féverf@m%m an inner surface

thereof and inclined with respect to an axis of the tube for
stirring a £luid inside the tube,

the cracking tube being characterilzed in that the fins
are arranged discretely on one or a plurality of helical loci,
the tube inner surface having regions wherein no fins are
present over the entire axilal length of the tube from one axial
end of the tube to the ofher axial end thereof.
2. The cracking tube according to claim 1 wherein the fins
have an angle of inclination of 15 to 85 degrees.
3. The cracking tube according to claim 1 or 2 wherein
assuming that the sum of the circular arc length of fins is TW
(TW = wXn wherein w is the circular arc length of the fin as
projécted on a plane orthogonal to an axis of the tube, andn is
the number of £ins on one turn of the helical locus}, and that
the circumferential length of the tube inner surface is C (C =
D wherein D is the inside diameter of the tube), the ratio
T™W/Cis 0.3 to 0.8.
4. The cracking tube according to claim 1 wherein the fins

are weld beads formed by overlaying.
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