TI TLE' OF THE ‘I NVENTI ON HEAT EXCHANGE TUBES FI ELD OF | NDUSTRI AL APPLI CATI ON
The present invention relates to heat exchange 5 tubes which are
outstanding in heat transfer efficiency and useful, for exanple , as

t hermal cracking reactor tubes in ethylene plants (ethyl ene cracking
tubes). BACKGROUND OF THE I NVENTION In therral crackers for producing
ethyl ene, a 10 hydrocarbon material such as naphtha, natural gas or ethane
is fed to a reactor tube as a fluid mxture (about [err] K in tenperature)

wi th steam and heat t S@ﬁfi | erature (about 10900 K) with heat
éﬁ?ﬁﬁfﬁ% e|r:i{;?hﬁ‘ﬂ].It

supplied from out si passed t hrough the 15 tube at a high
velocity (e.g., about 0.1 to gksfr S8&UMNId0 g t hrough the reactor tube
when the tube is about 10 to about 13 min length), whereby ol efins such as
et hyl ene, propylene and the |ike are produced by thermal cracking. 20
It is required for the thermal cracking operation to effect efficient heat
transfer to the fl| BHIEIAF MNOUSTRIAL tARPHICra TN a hi gh velocity and to
rapidly heat the fluid to the reaction tenperature range up to the centra
portion thereof. At the sane Therpresent2-invention relates to heat exchange
5 tubes which are outstanding in heat transfer efficiency
and useful, for example, as thermal cracking reactor
tubes in ethylene plants (ethylene cracking tubes).
BACKGROUND OF THE INVENTION
In thermal crackers for producing ethylene, a

10 . hydrocarbon material such as naphtha, natural gas or
ethane is fed to a reactor tube as a fluid mixture
(about 700° X in temperature) with steam and heated to
a specified temperature (about 1090° K) with heat
supplied from outside while being passed through the

15 tube at a high velocity (e.g., about 0.1 to 0.8 second
to flow through the reactor tube when the tube is about
10 to about 13 m in length), whereby olefins such as
ethylene, propylene and the like are produced by
thermal cracking.

20 It is required for the thermal cracking
operation to effect efficient heat transfer to the fluid
passing through the tube at a high velocity and to
rapidly heat the fluid to the reaction temperature range

up to the central portion thereof. At the same time,



~

» i

unnecessary heating to a high tenperature beyond the cracking tenperature
range nust be avoided to the greatest possible extent. The reason is that

i f the hydrocarbon material is retained in a high tenperature 5 range
beyond the cracking tenperature range for a long period of tine, the

mat eri al becones converted into |ighter fractions (for exanple, nethane and
free carbon) to excess or the cracked product undergoes pol ycondensa- tion
or |ike reaction, consequently reducing the yield 10 of the desired

broduct great |y Wi &t AalBy Y e {PNOYIIdi0N diod i GAHAYRAN tifie L Ube

I nner surface to resu vant age of necessitating nore trequent

decoking. To assWadiid Az duihe Harde HINOURE al1adkedo ransf er
efficiency and to heat up the fluid inside the tube rapidly, it is

conventional pragidftddt F¥IHATR thadie RN ildhena+ba £ itdle
exanple, to not larger than 40 nmm and increase the heat transfer surface

area relative to Hytrcouiod nediial Ay thedaid{ed ieal hAxehakgperiahesehave
been proposed which, as shown in FIG 12, are forned with a corrugated

i nner wall suFfaasnge thdeydril eshaand dakimgist esagdearecivye hreingealflor @r liomg
parallel to the tube axis, thus shaped ingeniously in cross section and
t hereby gi ven an pewicshsdd thiges, 2the matarifalr kecwwqgsUrpraemed Jaganese
Pat ent Publicatiaons o
lighter fractions (for example, methane and free carbon)
to éxcess or the cracked product undergoes polycondensa-
tion or like reaction, consequently reducing the yield
10 of the desired product greatly while permitting the
deposition of free carbon on the tube inner surface to
result in the disadvantage of necessitating more
frequent decoking. |
To assure the reactor tube of an improved
15 heat transfer efficiency and to heat up the fluid inside
the tube rapidly, it is conventional practice to decrease
the bore diameter of the tubg (for.example, to not
larger than 40 mm) and increase the heat transfer
surface area relative to the content volume. Further
20 heat exchange tubes have been proposed which, as shown
in FIG. 12, are formed with a corrugated inner wall
surface, with ridges and furrows exténding helically
or in parallel to the tube axis, thus shaped ingeniously

in cross section and thereby given an increased heat

25 transfer area (Unexamined Japanese Patent Publications



-3- No.- 173022/1983 and No. 127896/1989). Al though a decrease in the

di aneter of the reactor tube is effective for transferring heat to the
fluid inside the tube nore efficiently, it is then 5 required that an

i ncreased nunber of reactor tubes be installed in the cracker to conpensate
for the decrease in the tube dianeter if thie apparatus is to remain
unchanged i n ethylene production capacity. This renders the apparatus nore
cunbersone to operate and maintain 10 while the decrease in the tube

di t tail h ljable to b
e e e AR T 365 SRR 3050 o e
of FIG 12 wherein the i nnq{ltvi@dfghslér %q_ea%ecq_rr%gl%t %rt%lry c&cQ(l? ves an

inprove- 15 nent in heat "trans |C|ency general y correspond- ing to

the increase in thedifie dald 108 HTRACE R 43 iE 331 n0hele *Pép ngd to

attain a remarkably inprove- nent in any other function over usual

(having a snooth ey YAkkasudRc @ ule hdr@ @FWddNtaR), i20is then
In view of the foregoing problens, the present invention provides a novel

heat exchange t ubheegdiiredyd atdtewds iadreadtunba oF @ aeftirC tabeys be
transferring heat to the fluid flow ng therethrough w thout necessitating a
reduction in its dinsiaddeti azrrettzl*re Zxackend twhiccmpensade dlor dat slelcerelase t he
fluid to a required
in the tube diameter if the apparatus is to remain
unchanged in ethylene production capacity. This renders
- the apparatus more cumbersome to operate and maintain
10 while the decrease in the tube diameter entails the
drawback that free carbon is liable to become deposited
on the tube wall in a shortened period of time.
The reactor tube of FIG. 12 wherein the inner
wall surface is corrugated merely achieves an improve-
15 ment in heat transfer efficiency generally correspond-
ing to the increase in the tube wall inner surface area
and can not be expected to atﬁain a remarkably improve-
ment in any other function over usual tubes (having
a smooth inner wall surface with no corrugation).
20 In view of the foregoing problems, the
present invention provides a novel heat exchange tube
which achieves a remarkably improved.efficiency in
transferring heat to the fluid flowing therethrough

without necessitating a reduction in its inside diameter

25 and which is rapidly heatable for the fluid to a required
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-4- tenperature up to its central portion, the tube being adapted for use
in thermal crackers for producing ethylene to make it possible to greatly
i ncrease the production capacity thereof and render the apparatus 5
conpact in design and easy to operate and mai ntain. SUMVARY OF THE
| NVENTI ON The heat exchanger tube of the_present invention is characterized
in that fins positioned in a direction intersecting the axis of the tube
are 10 fornmed on the inner surface of wall of the tube in one or a

plurality of regi r éﬂﬂﬁ?% fr i Nl 0 t ube
to an outlet end %@’r eoﬁalail a y of t e tube ! [pﬁJP | r?s ﬁ'gl%l Erill:gr%l(g)e %SHPI bl e
pitch. The fins @&%Pms’ﬂe hil Itq@rn&rloJ&Cédmslffor %@%@m@ helically

on the tube mall surface axially of the tube, or

are each in the form

of an annul ar pr C&@&tiéme Gid G aNtdct d Wb 18X R YrieatQly tikeriewke wald i nner
surface around the axis of the tube. The region or regions where the fins

are 20 to be fgredhdtidheadpicitprirddie dntberdnden tthe iapparatwd to the
outlet end, the angle of intersection of the fins with the tube axis, the
fin pitch, et®. areansadt abi ydeetier mmekcdsy doe apbarate windh me@adiafilinc

conditions such as the operating conditions of the 25
heat transfer effSEMMARY QRJIHE etNVENTION

heat exchange tube,

The heat exchanger tube of the present

invention is characterized in that fins positioned in

a direction intersecting the axis of the tube are

10

15

20

25

formed on the inner surface of wall of the tube in one
or a plurality of regions or all regions arranged from
an inlet end of the tube to an outlet end thereof
axiaily of the tube, the fins having a suitable pitch.
The fins are formed by a helical projection
extending helically on the tube wall inner surface
axially of the tube, or are each in the form of an
annular prbjection circumferentially extending on the
tube wall inner surface around the axis of the tube.
The region or regions where the fins are
to be formed in the interior of the tube from the
inlet end to the outlet end, the angle of intersection
of the fins with the tube axis, the fin pitch, etc.
are suitably determined in accordance with specific
conditions such as the operating conditions of the

heat exchange tube, heat transfer efficiency required,



¥ 5 .
-5- perm ssible range of pressure |osses, etc. The fins fornmed on the tube
wall inner surface in a direction intersecting the tube axis (at right
angles therewith or obliquely) act as 5 agitating elenments on the fluid
i nside the tube,- causing heat to be transferred through the tube wall to
the fluid inside the tube with an inproveg_ efficiency as the effect of the
turbul ence fornmed by agitation. Thus, unlike the conventional heat exchange
10 tube which is inproved in heat transfer efficiency by an increase of

on the formati oreBFRaPOAFEnkaBS PhobBgTPRFEnOSEBYEnthe ™ he Tine on the

nce e" agi bn"of "the fins on the

fluid inside the tube to p?ﬂguggn ggg@édeHighQStubgi?iggf fh&et and

thereby realize a uniformténperature drstribution o urd radially

fromthe tube maghrkgcéhfntHbﬁiﬁéﬁﬁigﬁeinkggsgegEﬁé_Eﬁ@sﬁuﬁécékQQ_and rapid
heating to the required tenperature. Al though ensuring rapid heating of the

fluid 20  insideatheigHbeanghesl tRerénigRdoONObEghEDe) Watt asner surface
are responsible to an increase in the pressure |loss of the fluid, whereas a

hi gh heat trgnsfagiebtiageatymenssbenacheedddillyintldetthe tgbeatcausuhgl e
suppressing the pressure loss within limts not 25 obj ectionable to the
actual operationhkgtdesi bri bgaphgerred through the tube wall to the
fluid inside the tube with an improved efficiency
as the effect of the turbulence formed by agitation.
Thus, unlike the conventional heat exchange
10  tube which is improved in heat transfer efficiency by
an increase of heat transfer area of the tube wall,
the present invention depends solely on the formation
of turbulence by the agitating action of the fins on
the fluid inside the tube to produce a great fluid
15 mixing effect and thereby realize a uniform temperature
distribution of the fluid radially from the tube wall
to the tube axis over thé entire cross section and
rapid heating to tﬁe required temperature.
Although ensuring rapid heating of the fluid
20 inside the tube, the fins formed on the tube wall inner
surface are responsible to an increase in the pressure
loss of the fluid, whereas a high heat transfer
efficiency can be achieved by effective agitation while

suppressing the pressure loss within limits not

25 objectionable to the actual operation by designing the



-6- fins in conformty with the inside dianmeter of the tube, for exanple,
by suitably determ ning the angle of intersection of the fins with the tube
axis and the fin pitch. 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
view in axial section of a tube having fins formed by a helical projection;
FIG 2 is aviewin axial section of a tupe having fins each in the forn1of
an annul ar projection; 10 FIG 3 is a devel opnent of the inner
surface of wall of the tube having the helical projection; FIG 4 is a

devel opment of the inner surface of wall of the tube haV|n% t he annular
proj ecti ons; FIG.#?ﬁ:§QaQQnéﬁFgﬁFﬁhW%%Pth§béF§&ﬁesﬁ6ﬁWﬁ§e 50f theek

f distribut f t b l1: :FIG. 6
i agr am | n axi al clqr%w%%a oY Bt va et eEm Bty P S AniLe: ,orfbuti inaof
fins on the inner, urf %t %%%\¥¥ns W%%P thFI Ee axEIG. A E%e fin

di agram show ng at eﬁﬁbralOWb 5|str|but|on 0 i A& eat
exchange tube hax%qg¥{lns FIG 8 is a dlagran1shomﬁng a tenperature
di stribution of ‘uid inside a heat exchange tube

5 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view in axial section of a tube
having fins formed by a helical projection;

FIG. 2 is a view in axial section of a tube
having fins each in the form of an annular projection;

10 FIG. 3 is a development of the inner surface
of wall of the tube having the helical projection;

FIG. 4 is a development of the inner surfacg
of wall of the tube having the annular projections;

FIG. 5 is a diagram in axial section showing

15 an example of distribution of fins on the inner surface
of a tube wall;

FIG. 6 is a diagram in axial section illus-
trating another example of distribution of fins on the
inner surface of a tube wall;

20 FIG. 7 is a diagram showing a temperature
distribution of a fluid inside a heat exchange tube
having fins;

FIG. 8 is a diagram showing a temperature
distribution of fhe fluid inside a heat exchange tube

25 having no fins;



25 havi ng no fins; -7- FIG 9 is a diagram showi ng a tenperature
distribution of the fluid inside a heat exchange tube having no fins; FIG
10 is a graph showing the fluid tenper- 5 atures at the axial portions of
t he tubes shown in FIGS. 7 and 9; FIG 11 is a graph showing the fluid
pressures inside the sane tubes; and FIG 12 is a view in cross section
showi ng a 10 conventi onal exanple of heat exchange tube. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON FI GS. 1 and-2-show exanpl es of arrangements of
fins fornmed on the inner surface of a tube wall according to the invention.
Indicated at 10 in FIG 1 F3G- Psig Pugéa9£Pm16§°WH§gailgeBPeFﬁEuFﬁbe, and

rat 10s the inner surface qof wal ube. .Fins f or med a
‘helical projecti &t ﬁaq% SR thgﬁﬁlﬁguéﬁ ﬂﬁélgﬁbg ﬁﬁ?? FﬁﬁangﬁrPéeg
axially of the tg?e FIG_ 2.shows fins 20 each in the formof an annul ar
‘proj ection 20 AVAR% &% 91§IIy extending on the tube wall inner surface

around the tube axis 10a. K@ Osg%w% ggﬁshagnh%lwﬁeEﬁé”fiﬂgdftQﬁPQEQ made

continuous in the formof a’si'ngle
5 atures at the axial portions of the tubes shown in

FIGS. 7 and 9;
FIG. 11 is a graph showing the fluid pressures
inside the same tubes} and
FIG. 12 is a view in cross section showing a
10 conventional example of heat exchange tube.
DETAILED DESCRIPTION OF THE iNVENTION
FIGS. 1 and 2 show examples of arrangements of
fins formed on the inner surface of a tube wall
according to the invention. 1Indicated at 10 in FIG. 1
15 is a tube, at 10a the axis of the tube, and at 10s the
inner surface of wall of the tube. Fins 20 are formed
by a helical projection helically extending on the tube
wall inner surface axially of the tube. FIG. 2 shows
fins 20 each in the form of an annular projection
20 circumferentially extending on the tube wall inner
surface around the tube axis 10a.
FIG. 1 shows an example wherein the fins are
made continuous in the form of a single helical
projection, whereas such fins may be formed by a

25 plurality of helical projections.



prgjeciion, whereas such fins may be forned by a 25 plurality of helical

proj ecti ons. -8- FIG 3 is a devel opnent of the tube having the fins 20
formed by the helical projection to show the helical pattern on the tube
wal I inner surfaece. Indicated at [err] is the angle of intersection of the

finbh 20 with the tube axis 10a, at p tge pitch of fins 20, and at S the
circunference (= [err]D where Dis the inside dianeter of the tube). The
pitch p of the fins 20 which are forned by a single helical projectionis

equal to the distance of agf@ %g%%p e§§ﬁ§1§§¥éﬂf 5@_%%% Qﬁh%g%kvégg
etua ea =

projection for a conplete turn about _ be axis, i.e., _
[err]Ditan [err]),eThe Qi tph f%rﬁ#ed“i:!a) G3e HlS 24 %%of'%@%nbiéofi sRloyr al i ty
of helical projections can be optionally determne ag t he spaci ng (axi al

di stance) between Hh§AdjA0eHath@lrinCdn RHY @dePRB11 I nner surface. FIG 4
Is a devel opnent of the inner surface of wall of the tube having the fins

whi ch are annul amd¥iQiAed Ais.e ke thlaaqife ioH amtelseeriohebE] thef flike fin
is 90 degrees, andthe pitch p is an optional value determ ned as an axi al
spaci ng between t2ve vAdjlraddid tAbe axins 1DG, Hie pf ivhe @A tiche offulfensal2lo,i nner
surface are fornmed in one region along the axial length of the tube
and at S the circumference (= «D where D is the inside
diameter of the tube). The pitch p of the fins 20 which
are formed by a single helical projection is equal to
the distance of axial advance of a point in the helical

10 projection for a complete turn about the tube axis,
i.e., lead L (= 7D/tan 8). The pitch p of helical fins
20 as formed by a plurality of helical projections can
be optionally determined as the spacing (axial distance)
between the adjacent helical projections.

15 FIG. 4 is a development of the inner surface
of wall of the tube having the fins which are annular
projections. The angle of intersection, @, of the fin
is 90 degrees, andthe pitch p is an optional value
determined as an axial spacing between the adjacent

20 fins 20.

The fins on the tube wall inner surface are
formed in one region along the axial length of the tube
from an inlet end 10l thereof to its outlet end 102, or

in a plurality of regions arranged axially of the tube

25 as shown in FIG. 5. (The drawing shows an example



froman inlet end 101 thereof to its outlet end [err], or in a plurality of
regions arranged axially of the tube 25 as showmn in FIG 5. (The draw ng
shows an exanpl e -9- wherein the fins are formed in three regions [err]
and A3 arranged fromthe tube inlet end 101 to the outlet end 102.)
Alternatively, the fins are forned over the entire region A of the tube
fromthe inlet 5 end [err] to the outlgg_end 102. The fins inside one
tube are those fornmed by a helical projection or those conprising annul ar
projections, or a conbination of the two types. For exanple, annul ar
projection fins ¥hergipvibedfinsiere fasmedginntheee] regnanpeli cah,
projection fins in _the regions [err] apnd [err] .in FIG 5. Thus, helical

proj ections and 5HﬁuparaﬁgBP889igﬁgkaFBesgPEEtFUéF§ et AedtastBesi r ed.

he fi 20 h LA f .15 | ts f
201 tating the f| BREFRSPAE the- obBIESEEFERLFLY nERE FOTE N I REPS h ar

' d effici ' { | t he
pressure | oss of VRS PRG; Bbekas, E88Teh, Boon RAE Fufle Ffi iR LREERC"

i nproved heat transfep 2Q, +REF bGLEREY ﬁan ge assured while suppressing the
increase in fhe pressude Poss by SUItag y ée?ernining, for

The fins inside one tube are those
formed by a helical projection or those comprising
annular projections, or a combination of the two types.
For example, annular projection fins are provided in
10 the region Al, and helical projection fins in the
regions A, and A3 in FIG. 5. Thus, helical projections
and annular projections are selectively combined as
desired.
The fins 20 on the tube wall inner surface
15 serve as elements for agitating the f£luid inside the
tube to transfer heat to the fluid with an improved
efficiency, and at the same time, become a factor to
increase the pressure loss of the fluid, whereas a
rapid heating effect due to the improved heat transfer
20 efficiency can be assured while suppressing the increase
in the pressure loss by suitably determining, for
example, the pitch p and the intersection angle 8 of the
fins in conformity with the inside diameter of the tube.
Varying the fin pitch p from region to region

25 inside the tube is an effective method of assuring



exanple, the pitch p and the intersection angle [err] of the fins in
conformty-with the inside dianeter of the tube. Varying the fin pitch p
fromregion to region 25 inside the tube is an effective nmethod of
assuring -10- -bal ance between the inprovenent in heat transfer
efficiency and the suppression of pressure |oss. For exanple, in the case
where fins are provided in discrete regions arranged axially of the tube as
5 shown in FIG 5, the fin pitch in an‘HbtionaI one of the regions is

made different fromthe S i tch,of .the regi on adjacent .thereto, and the
di fferent pitche&%?%&ﬁ? 5%@%?%6 Qﬂaﬁqsfqgﬁ%ng tih8eat FFAPFESEase where
fi f d i I t ' j . h '
G 6 Cthe onti TR iagmetey B Bd Suiedtigh Wi prdaSutl 1083 SRR 0

subregions, with guary o we AdACUsesS WHAY Fhsmade girblenear from each
other in fin pitch p'to repeat. the different- pitches'p axially of the tube.

15 Withh dihe ddihe FrigiRmhanNdrt dniged iaxi%0N% bEYieRs tabel Ast he
entire region thereof, the fin pitch [err] of an upstream portion of the
tube from the i nilstiowandn FIE it aheediial @ipeh iioh anhepedbnial @aede of
relatively small, and the fin pitch [err] of a downstream portion of 20
the tube is made thel ateigisings lisr gendd eliflfferenthifsom the fin pitch of
the region adjacent thereto, and the different pitches
p are repeated axiélly of the tube. In the case where
fins are formed in almost the entire  region of the tube

10 as shown in FIG. 6, the entire region can be divided
into a plurality of consecutive subregions, with every
two adjacent subregions made different from each other
in fin pitch p to repeat the different pitches p
axially of the tube.

15 With the tube formed with fins in some regions
or in the entire region'thereof, the fin pitch Py of an
upstream portion of the tube from the inlet end to
an intermediate portion thereof is made relatively
small, and the fin pitch P, of a 40wnstreém portion of

20 the tube is made relatively large (pl < bz). This
assures the upstream portion of rapid heating due to
a strong agitating action while suppressing an increase
in the pressure loss in the downstream portion extending

to the outlet end. When it is desired to rapidly heat

25 the fluid in the downstream portion of the tube by



-assures the upstreamportion of rapid heating due to a strong agitating
action while suppressing an increase in the pressure loss in the downstream
portion extending to the outlet end. Wien it - is desired to rapidly heat 25 -
the fluid.in the downstream portion of the tube by -11- vigorous
agitation, the relation between the upstream portion and the downstream
.portion as to the fin pitch is reversed *err]. The height h of the fins
(see FIGS. 1 and 2) 5 is suitably defé mined, for exanple, in confornmty
with the inside dianmeter D of the tube. The heat transfer efficiency can be
i mproved by agitigéorrusiaditatimy edthe inql atton hateeen ithe WP sHreddr e

| oss, by making the fins formed in different positions insgide the tube, for
10  exanpl e, ipPXthEomERE drte YT e R MAERD i35 9 fhte if,“brpwqbi vi ng
arelatively large height h to the fins in the upstreamportion (or the
downst r eam por t} e 392 (Ripe” #wd meking the fins in the downstream

portion (or the upstream portion) small_in height. 15 n order
to rapidl ybheat upha gas ﬁ’%ll’beb‘%ﬂ%gﬁ Q%r%lfgf#]tqhse (e eyI]':‘eInGeS 'prloc?uncdl nég)
reactor tube at, a hi vel oci t it is desi farmfi | t
three regi oﬁs a+%nﬁu?€%b§&i e%%/rl?ﬂée#Ubtgo%ré}g%neépﬁhgir{ennétdl%ﬁ%nﬁ h&lgfi?ét he

tube. When the éﬁgcigéiégbgiéﬁeter D of the tube. The heat transfer

efficiency can be improved by agitation while suppress-
ing the increase in the pressure loss, by making the fins.
formed in different positions inside the tube, for

10 example, in the adjacent regions, different in height h, or
by giving a relatively large height h to the fins in
the upstreah portion (or the downstream portion) of the
tube and making the fins in the downstream portion
(or the upstream portion) small in height.

15 In order to rapidly heat up a gas fluid
passed through the ethylene producing reactor tube at
a high velocity, it is desired to form fins in at least
three regions along the axis of the tube or over the
entire length of the tube; When the reactor tube is

20 up to about 150 mm in inside diameter D, it is suitable
that the tube be about 20 to about 350 mm in pitch p,
at least about 15 degrees in intersection angle & and
about 1 to about 15 mm in fin height h. 1In the case
where fins are provided in a plurality of discrete

25 regions along the tube axis, each of these regions



20 - up to about 150 mMmin inside dianeter D, it is suitable that the tube

be about 20 to about 350 nmin pitch p, at |east about 15 degrees in

i ntersection angle [err] and about 1 to about 15 mmin fin height h. In the
case where fins are provided in a plurality of discrete 25 regi ons al ong

t he tube axis, each of these regions -12- preferably has an axial |ength
of at l|east about 1 m and the adjacent rLggions are spaced apart by a

di stance, for exanple, of about 50 to about 2000 mm In the case where fins
are formed in alnost the _entire regi qn_of t he tube and when the entire

region is divi dePhefeFaPly hag an AFicH 1@6&§@b8¢|@§ %GB?EQPBﬁgtMAI@h are

made different f th f i.tch bre
may have an QX|a{?1 e %%%QQgﬁ aﬁﬁéﬂaﬁaﬂgf% ﬁbgf%g %Pﬁgthgye gﬁ%@ﬂhggs t

which is 10 det G?%Q%%? %gkgé %9 |I%bt% of ab%“%o%o abogheﬁgennhsfor

exanpl e, accordi Feter et dbe. ven oW are

exanmpl es of reactgf, luhas, I ol LAy qnew!o%%etwg' elehgue bhisyl gemed by

a 15 hel ical projection w fY ¢onsideration given t al an et ween

rapid heating andawweax%@%e%uwee%ﬁtq&e RRRAG LA gua@vaaeat 1488 o 100

mmin inside dianeter
a plurallty of consecutive subregions which are made

different from one another, for example, in pitch p,
each subregion may have an axial length of at least
about 1 m. The fins have a thickness t which is
10 determined within the limits of about 5 to about 10 mm,
for example, according to the inside diameter of the
tube.
Given below are examples of reactor tubes
for producing ethylene which have fins formed by a
15 helical projection with consideration given to a
balance between rapid heating and pressure loss
suppression.
Reactor tube about 150 to 100 mm in inside diameter D
intersection angle 8: 40-85°, pitch p: 20-150 mm.
20 Reactor tube about 100 to 50 mm in inside diameter D
intersection angle 8: 25-65°, pitch p: 50-300 mm.
Reaction tube up to about 50 mm in inside diameter D
intersection angle 8: 25-45°, pitch p: 50-300 mm.
Also given below are examples having fins

25 which are annular projections (90 degrees in intersection



intersection angle [err], pitch p: 20-150 nm 20 React or tube about 100
to 50 mmin inside dianmeter D intersection angle 0: .25-65 , pitch p: 50-300
nm Reaction tube up to about 50 nmin inside dianeter D intersection angle
[err] pitch p: 50-300 nm Also given bel ow are exanpl es having fins 25

whi ch are annul ar projections (90 degrees in intersection -13- angle
[err]) in palce of helical projection fings-Reactor tube about 150 to 100
nmin inside dianeter D pitch p: 50-150 nm Reactor tube about 100 to 50 nm
in inside diameter pitch p: 100-350 mm, Reactor tube up to about
50 mmin inside d’lnéﬁﬁ @r) B“pP@clﬁepOfl@Gléﬁﬁlmrolﬂleﬁ§18PeffLBISrred in these

reactor tubes in vario SCri bo for exa var 10
the pitch p or finRﬁac u%@oﬁ R@&Igﬁ% % é&' oM APa A0 § BXFWE g.
Exanpl es A tube (test tU?F A) forgﬁp with fins on the tube wall |nner

surface according t o Pk |ﬁVent|&n Was "15 subjected to a thermal fluid

BT ot S WSS 18 000 G e
5 pitch p: 100-350 mm.
Reactor tube up to about 50 mm in inside diameter D
pitch p: 100-350 mm.
Fins are formed in these reactor tubes in
various modes described above, for example, by varying
10 the pitch p or fin height h from region to region axialf
ly of the tube.
Examples
A tube (test tube A) formed with fins on the
tube wall inner surface according to the invention was
15 subjected to a thermal fluid analysis under conditions
simulating the operating conditions of reactor tubes
for producing ethylene with the result to be described
below. The arrangement of fins formed and the
analysis conditions are as follows.
20 (1) Tube wall
Inside diameter D: 60 mm, length: 10 m.
(2) Arrangement of fins
Fins each comprising an annular projection
were formed in almost the entire region of the tube

25 from the inlet end to the outlet end as shown in



bel ow. The arrangenent of fins formed and the analysis conditions are as
follows. 20 (1) Tube wall Inside dianmeter D0 60 mm |length: 10 m (2)
Arrangenent of fins Fins each conprising an annul ar projection were forned
in alnost the entire region of the tube 25 fromthe inlet end to the
outlet end as shown in -14- FIG 6 (fin height h 3 mm thickness t 5
mm . The fin pitch p was 100 nmin an upg?iean1portion (over about 40% of
the entire length of the tube fromits inlet end) and 300 nmin a

downstream 5 p | on. (ov.er ,aboyt, 60% of t t ybe | ength). (3) Tube wall
tenperature: [err] O#‘{Jk F&&nd hfjlerfL eqT h?e r?mdbggﬁlc W=it qu gﬂ mm)". 100 ni's
(residence time 0.1 sec) Tegperatpr 1 Nsd | t: e el 0

Coef ficient of kinematic vi scos}ﬁlry:ﬁlt(od}?'s}g fri%% g%lzgegllrﬁrglléls% es?cf} 85 FIG

detormned by The foh el g ers SR (AR HE S LT 157
cracking reaction f@ibrbiciing etdndeenhd)s énd WO rerd Jdownstream
5 portion (over about 60% of the tube length).
(3) Tube wall temperature: 1300° K
(4) Fluid inside the tube
Flow rate: 100 m/s (residence time 0.1 sec)
Temperature (inside the inlee end): 700° K
10 Coefficient of kinematic viscosity: 102.7 mmz/s
Reynolds number: 48685
FIG. 7 shows the temperature distribution of
the fluid inside the test tube_A as determined by the
fluid analysis. The temperature zone for the thermal
15 cracking reaction for producing ethylene is a region a
(1093-1120° X).
A tube having no fins (test tube B, the same
as the test tube A with respect to the inside diameter
D and tube length) was subjected to a fluid analysis
20 under the same conditions as above. FIG. 8 shows the
temperature distribution of the fluid inside the tube
determined.
FIGS. 7 and 8 reveal the following. The
test tube B (FIG. 8) having no fins has a great

25 temperature gradient radially of the tube. It is after



A tube having no fins (test tube B, the sane as the test tube A with
respect to the inside dianmeter D and tube | ength) was subjected to a fluid
anal ysis 20 under the sanme conditions as above. FIG 8 shows 'the
tenperature distribution of the fluid inside the tube determ ned. FIGS. 7
and 8 reveal the follow ng. The test tube B (FIG 8) having no fins has a
great 25 tenperature gradient radially_gf the tube. It is after

passi ng through about 4/5 of the entire length of the tube B (position

err that the fluid i h lcinit f, th b h t he, t t

gl bn & requ  e@aREAREN S hEREERARRERk: B g e hEE SHELER LRBIBRNSE RARA the
5 finned test t A (FIG..7) h Lt . gF adj .
Cadially of the 08 Boy PPt tiPRe tone ek iPBatdalEiRRoEhH  GATEATLTIE, e
t ube | engt osition ' h . '

needed for the ¢ EETRRos, EeRches, thY, BehBaTIER- B LERRIRAL LG FER, £0:T, |
as to reach a temper m&ﬁa&e@%ekiingﬂ@ac%ismmohhehéeaemerohaaaoeehey

using another tube (test tube having no fins Iike the test tube B for
heati ng UndeﬁsSU155%@H!%@E&_EQ%eSQUQFQGQdWD|Q@§ asvkbk9 bRsllt ubmpdratiee

test tube C was 38 mMmmin inside diameter DO FIG 10 shows fluid
tenperatures at igididaendl rR@ifilQys oFf thee tudst. tBhetBe time the fluid
i passes through about 2/5 of the tube length (position
xl), the fluid reaches the temperature region a needed
for the thermal cracking reaction and is heated up so
10 rapidly as to reach a temperature region i.

FIG. 9 shows the result obtained by using
another tube (test tube C) having no fins like the test
tube B for heating under substantially the same
conditions as the test tube A. The test tube C was

15 38 mm in inside diameter D. FIG. 10 shows fluid
temperatures at the axial portions of the test tube C
and the test tube A. The test tube C having no fins
on its inner surface is equivalent to the finned test
tube A in heat transfer efficiency but the inside

20 diameter (D = 38 mm) of the tube C is much smaller
than the inside diameter (D = 60 mm) of the tube A.
This means that as an advantage of the fins provided
on the tube wall inner surface, the finned tube can be
given a greatly increased inside diameter for use as

25 a tube of large diameter unlike the tube having no



and the test tube A The test tube C having no fins on its inner surface is
equi valent to the finned test tube A in heat transfer efficiency but the
inside 20° dianmeter (D = 38 nm of the tube Cis nmuch smaller than the
inside dianmeter (D = 60 mm) of the tube A This nmeans that as an advant age

of the fins provided on the tube wall inner surface, the finned tube can be
given a greatly increased inside dianetefjglor use as 25 a tube of |arge
di aneter unlike the tube having no fins. FIG 11 shows variations in the

pressure of quig .along the tube axis (pressure | osses with the tube inlet
end taken as a réff8Pfence point) as neasured 5 for the test tube A (with

fins) and the test tube C ngttho &o g)VaI?gFFg§%I% a|ﬁ§hb§?g£§?oe6fthan

‘the test tube Cin pressur 0sSe€s ss | evel

ot object i onabl ¢1,94! BechBCLAR! +6haCkLAE PPEEaLLPE- 1¥08LsdAstEhCEnet he test

tube A can 10 e made equi valent to t st tube Cwth respect to

pressure variati @ipedtiniBe Ukl ehkendalY aSke@BirkycbOpBihBY hBem¥gbaekly of
the fluid through the tube. Incidentally, FIG 11 shows that the pressure

gradi ent of the fest thebeeAti tubeChA fwakhefiak)t BAdlbhe teght tabdec
(downstream side) of point |I than at the left side (upstream side) thereof.
This change in tHe&ith no fins). The test tube A is greater than the
test tube C in pressure losses but is still maintained
at a loss level not objectionable to the thermal
cracking operation. When desired, the test tube A can
10 be made equivalent to the test tube C with respect to
pressure variations at the outlet end by slightly
lowering the velocity of the fluid through the tube.
Incidentally, FIG. 11 shows that the pressure
gradient of the test tube A is much smaller at the
15 right side (downstream side) of point I than at the
left side (upstream side) thereof. This change in the
gradient corresponds to a difference in the fin pitch
p- (The pitch p is small at the upstream side and
great at the downstream side.) Thus, the difference
20 in the fin pitch p between the upstream side of the
tube and the downstream side thereof is effective for
reducing the increase in pressure 1o§s while insuring
a high heat transfer efficiency by the agitating action
of fins.

25 The ethylene producing reactor tube which is



gradi ent corresponds to a difference in the fin pitch p. (The pitch p is
smal | at the upstream side and great at the downstream side.) Thus, the

di fference 20 in the fin pitch p between the upstream side of the tube
and the downstream side thereof is effective for reducing the increase in
pressure | oss while insuring a high heat transfer efficiency by the
agitating action of fins. 25 -17Ihe et hyl ene producing reactor
tube which is -17- inproved in heat transfer efficiency by the provision
of fins on its inner surface makes it possible to reatIXPincrease t he

product i on capacPP?rSVthéntH@PﬁaFréPﬁ REr eBR4CLBNFENBYEr ChRPEPYEREPD

t 5 d t t d t he fluid
‘nel do. the tube BinJRBST BB aFY ABAPBICRGLACTnEAREF. SFaBRERGPLENBErature Up
to the central port| Tgslngrgﬁegbghet§??ﬁu3£€ an bgibgg Lbroygh the tube

at as high a vel dErt case reduced di aneter,

and the fncreaseqhggmsldeggsgtg Rd 'ebgpexale?%x begdiay Bbnblee’ LH! d

result in the advantage o |ng a greatly I ncrease ctron
capacity when thaequhpgﬁateaegahesogesaeegsqdlma§ﬁeh§n Fustheemene, it

becones possible to greatly 15 shorten the | ength of the tube without
i npairing the fluid inside the tube can be rapidly heated to a
thermal cracking temperature up to the central portion
of the.tube, the fluid can be fed through the tube
at .as high a velocity as is the case with a tube of
10 reduced diameter, and the increased tube diameter
and high-velocity feeding of the fluid result in the
advantage of affording a greatly increased production
capacity when the equipment remains unchanged in scale.
Furthermore, it becomes possible to greatly
15 shorten the length of the tube without impairing the
production capacity. For example, a comparison of
the test tube A of FIG. 7 with the. test tube B of
FIG. 8 reveals that the latter requires a residence
time for the fluid inside the tube to pass through
20 about 4/5 of the entire tube length when the fluid is
to be heated to the thermal cracking temperature up to
the axial portion of the tube, whereas in the latter
case, a residence time corresponding to about 2/5 of
the entire tube length permits the fluid to be heated

25 to the cracking temperature up to the axial portion.



production capacity. For exanple, a conparison of the test tube A of FIG 7
with the test tube B of FIG 8 reveals that the latter requires a residence
time for the fluid inside the tube to pass through 20 about 4/5 of the
entire tube length when the fluid is to be heated to the thermal cracking
tenperature up to the axial portion of the tube, whereas in the latter

case, a residence tine corresponding to glgout 2/5 of the entire tube | ength
permts the fluid to be heated 25 to the cracking tenperature up to the

axi al portion. -18- This su sts that for use as. a rgagtog t ube for
produci ng et hyl erf®ist F&IEESHS LogpEsEaRSH ERBFERReHUPE &Bbut one-hal f

pf the latter or shorter |n Qﬁg%th whb%ﬁgé%%%Enlngtegubgakggtbgo hpgtgggher

in ethylene 5 uent 'y “maki ng

conpact  the thergaﬁpﬁgv klegle'tga%s'oqnth U5 a6l UL KR ceRveghi 98Abereact or

t ubes which are & ral”t rans f|C|ency by a decréase in

diameter, the tubg .qf 5&5&5#?#%}5|%%1%%&e%@ tob%hés§HE%@rOEnaehh9mehEerna'

transfer eff|C|ency Al houg g a relatively large dianmeter, so that

t he sane prodyucti égyyyag)eéﬁy&ﬂ@% PIcRViseRf P13 %ﬁghhgrlmugbgglanetubes
than in the prior art. For exanple, the increase in diameter fromthe test
tube to compact the thermal cracker in design.
Further unlike conventional reactor tubes
which are improved in thermal transfer efficiency by
a decrease in diameter, the tube of the invention can
10 be assured of a high thermal transfer efficiency
although having a relatively large diameter, so that
the same production capacity can be provided by a
smaller number of tubes than in the prior art. For
example, the increase in diameter from the test tube
15 C (38 mm in diameter D) to the test tube A (60 mm in
diameter D) reduces the number of reactor tubes to be
installed in the éracker to one half or smaller.
The heat exchange tube of the present
invention is prepared from a tubular body made of a
20  heat-resistant alloy (such as 25Cr-20Ni (SCH22),
25Cr-35Ni (SCH24) or Incolloy) which is selected
according to the use and operating conditions by
forming fins of heat-resistant alloy on the inner
surface of wall of the tubular body by overlaying

25 such as powder'plasma-arc welding, or inert gas arc



15° C (38 mmin
reduces the nunb
hal f or snaller.
prepared froma
25Cr- 20Ni ( SCH22
according to the

heat-resi stant alloy on the inner surface of wall

overl ayi ng 25
wel ding with use
formed as a hel

t ubul ar body abo
the welding torc
The heat exchang
produced on the

di aneter w thout

10

15

20

25

dianeter D) to the test tube A (60 mMmin dianmeter D)

er of reactor tubes to be installed in the cracker to one

The heat exchange tube of the present invention is
tubul ar body made of a 20 heat -resi stant all oy (such
), 25Cr-35N (SCH24) or Incolloy) which is selected

use and operating condiltjgons by formng fins of

. I - | di '
“H54375 Hebhabr8 87 RoRobsNEaRAB brchebrFonatRECT | ns

u s axi s and conti nuous rnterm

as

of the tubular body by

-19-
are

8§LF?£8ESStiQHSOEiﬁE”Herf?%ﬂ%?CBEOQShgggéggﬁ%&§9eéﬁg$?ng

BraghAlikrObrblectyBikabybedatehy! Bheveldi0g- oBeaL on.

e tu

_ 0l e present inven- tion“achieves an exceedingly
hi gh heat transfgpogtfiekengYsagntiheoHRlhabisagi bat i Agefhxtpgneiyect 10

he fluid inside the tube by the fins on the tube wall inner
surface, andsis assihgdtht Welaihgghoethi akeacyyeventnbesubayhfgbadyar ge

necessitating a reduction in the tube dianeter.
for the welding operation.

The heat exchange tube of the present inven-
tion achieves an exceedingly high heat transfer
efficiency as the uniform agitating-mixing effect
produced on the fluid inside the tube by the fins on
the tube wall inner surface, and is assured of this
high efficiency even when having a large diameter
without necessitating a reduction in the tube diameter.
Accordingly when used as the reactor tube of the
thermal cracker for the production of ethylene, the
tube gives a greatly increased capacity to the
cracker Dbecause the fluid can be. fed therethrough
at a high velocity and because of the increased
tube diameter, renders the cracker compact in design
when the tube has a shortened length and makes the
cracker easy to operate and maintain through a
reduction in the number of tubes installed in the
cracker.

Additionally, the heat exchange tube of the

present invention is also useful, for example, as a



Acéordfngly when used as the reactor tube of the 15 thermal cracker for
the production of ethylene, the tube gives a greatly increased capacity to
t he cracker because the fluid can be.fed therethrough at a high velocity
and because of the increased tube dianeter, renders the cracker conpact in
design 20 when the tube has a shortened | ength and nmakes the cracker easy
to operate and maintain through a reducti28n in the nunber of tubes
installed in the cracker. Additionally, the heat exchange tube of the 25
present invention is also useful, for exanple -20- boil er _tube for
produci ng st eam PRLBHEF hewber LeXiHRr PFRC HG| %F?)%!“' r %?Pl%’éh?ﬁ'&?ﬁe?‘él?%r £°F or
generating electricity, radiant tube, for heat- reatln% furnaces for steel

material s, pr eheBUBICIRBL FRFUSRNIRGLREFARQTE TOF eBTREFPH DR, etc. Because
o e o et L capsl el LSAPLEY L8 PEESRILCHbe, ITKG e PRty pron
mai nt ai n. 21for steel materials, preheater tube for manufacturing
5 reduced iron, etc. Because of the high heat transfer
efficiency, the presentltube makes the equipment

increased in capacity, compact in construction and

easier to operate and maintain.
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Whdt*Ts cl ai nmed i

s: 1. A heat exchange tube characterized in that fins

positioned in a direction intersecting the axis of the tube are forned on

the i nner surface

of wall of the tube in one or a plurality of regions

or

all 5 regions arranged froman inlet end of the tubete—an—outlet end

f the tube, the fins having a suita [ _ A heat

defined in claim1 Wnere_i%i_t he fi ns?ﬂjﬂﬂﬂﬂﬁiﬂﬂﬁﬂl@fm | east
anged fromthe inlet end to the outl L g Y9 the
tube, and the pitch of the fins_in an optional 5 one of the regions
different fromth&hpttéh elaimediiAs in the regi on adjacent to the optional

region. 3. A heat exchange tube as defined in claiml wherein the fins are
formed in alnost all regi ond-afr3RgEderFbBaNIRetPRPerhRBCEBT tR@I0LR| BRaENd

t hereof axially o
exchange tube as
three regions arr

axially of the tu
consecutive regio
the fins inther
t ube as defi ned

portion of the tu
tube is greater t

5

dt ' h of the fins ir ti |
BEns BPatbaoRRar R PetiEret Rony tpEer SREE PPE Lt RreaRl

n-clarm 1 wherein f € fTAS Th an upStrea

S

of
h of
89! PR20LRECRE ! PobEaOBh! BRE! 1hREEORyx fack E AL, PYCLANGE

m

Rl EQBLL BE bRECL: R RAPLOYEYRLE! Ve fohbeop deli e of the

an the pi
regions arranged from an inlet end of the tube to an

outlet end thereof axially of the tube, the fins
having a suitable pitch.

2. A heat exchange tube as defined in claim
wherein the fins are formed in at least three regions

arranged from the inlet end to the outlet end axially

of the tube, and the pitch of the fins in an optional

one of the regions is different from the pitch of the
fins in the region adjacent to the optional region.

3. A heat exchange tube as defined in claim
wherein the fins are formed in almost all regions
arranged from the inlet end to the.outlet end axially
of the tube, and the pitch of the fins in an optional
one of consecutive regions included in the regions is
different from the pitch of the fins in the region
adjacent to the optional region.

4. A heat exchange tube as defined in claim
wherein the pitch of the fins in an upstream portion
of the tube from the inlet end approximately to the

middle of the tube is greater than the pitch of the



-22- 5 fins in a downstream portion of the tube approximtely fromthe

m ddl e of the tube to the outlet end. 5. A heat exchange tube as defined in
claim 1l wherein the pitch of the fins in an upstrean1pUTTT6ﬁ—6T—Tﬁ§—TIﬁE;
fromthe inlet end approximately to the mddle of the t |ﬂt “NF
the pitch of the 5 fins in a dowstream portion of t ﬂ“&ﬂ“l“m ely
fromthe mddle of the tube to the outlet,£nd. 6. A heat* exchang® tube as
defined in claim1 wherein each of the fifis is an annul ar projection

C|rcunferent|ally extending on the tube wall inner surface in a direction
i nt er sect i ng > he fifBe i8xiRs Wnséfeﬁmgﬁpréﬂgpe9fthéﬁe%ﬂbn approxhmately
exchange tube as defined in cla 1 wherein the fins are forned by a

hel i cal prOJectlSﬁoﬂeFPEaWPQdéﬁtQﬁdFﬁﬁ &Hbenéot tbe quEletnged- surface
axially of the tube. ﬁxchan e.tube % defined_in % mhereln
the fins are prOV|ded in t é %I PAFi EFCBpnPEgtyRe 8F d5fing IlPeﬁ}Sﬁ?

arranged fronlph Bkl %ﬂgngg F gughgt %Hg §§|88t¥8ﬁ§r%?ﬁcﬁﬁfgi9n

conprises 5 eS|red co i 8n annul-ar pfroj

entially Ieﬁtend' 6g el RERLUREOHALhe! BREELSUREAGRDERXE mglt&?gt £8N¢he
g the tube axis at right angles there and a projection or
projections heligdlddfe of the tube is smaller than the pitch of the
5 fins in a downstream portion of the tube approximately
from the middle of the tube to the outlet end.

6. A heat exchange tube as defined in claim 1
wherein each of the fins is an annular projection
circumferentially extending on the tube wall inner
surface in a direction intersecting the tube axis

5 at right angles therewith.

7. A heat exchange tube as defined in claim 1
wherein the fins are formed by a helical projection
helically extending on the tube wall inner surface
axially of the tube.

8. A heat exchange tube as defined in claim 1
wherein the fins are provided in the plurality of
regions or said all regions arranged from the inlet end
to the outlet end axially of the tube and comprises

5 in desired combinaﬁion annular projections circumfer-
entially extending on the tube wall inner surface in a
direction intersecting the tube axis at right angles

therewith and a projection:'or projections helically



- #8%#8xt endi ng on the tube walt-inner surface axially of 10 ~ the tube. 9.
A heat exchange tube as defined in claiml wherein the—Lube—¢é;+4L44;;uﬂl4nn

in inside dianeter, 20 to 350 mmin fin pitch, 15 to 90 t he
angl e of intersection of the fin with the tube axi s, aj " uH_
fin height. 10. A heat exchange tube as defined in clal of

the regions is at least 1 min axial lengih. 11. A heat exchange t ube as
defined in claim1 which is a reactor tube for producing ethyl ene.

extending on the tube wall inner surface axially of
10 the tube.

9. A heat exchange tube as defined in claim 1
wherein the tube is up to 150 mm in inside diameter,

20 to 350 mm in fin pitch, 15 to 90 degrees in the
angle of intersection of the fin with the tube axis,
5 and 1 to 15 mm in fin height.

10. A heat exchange tube as defined in claim 1
wherein each of the regions is at least 1 m in axial
length.

11. A heat exchange tube as defined in claim

1 which is a reactor tube for producing ethylene.



