June 9, 1953 V. MEKLER ETAL 2,641,234
HEATER
Filed Jan. 23, 1948

. *
FO—R \ 4
D X L 4 L]
RN sy \
AN \ R
X
N [
D N
. N X
90 X \ a1
'/ N X
X N
N N
\“ N
; X N
A TATA X ’ 46547 O N ,;',/ 5 ”:. T BEGL
1 . 4 NN
b Eo / R
[ ,16‘ [ g m
1 I Y iy
[ ! 7 AN
g I [ / g“
f ! _ 42 [ \\" ﬂ“
g P Ll Lla 78 / N
AN Vo [ : 5
N | [ Y ﬂ
é [ 9 ﬂm
g SO, AP N AR AR 300 RN 7 N N7 ﬁ%
. . - \1% Vo N
! i 7 A
NARKZ2 —_— S 4 / I// v 7oz
B ey - s
] O QO =0 O O=0 EORNON : P
\erzs WP —-- o
§ V.. 4

.

7 2Lz

\&
R

Preheater Section 20

O
'_'.'_O\

(
0P
¥
N
XN

ho)

Pl =

RERRARIARENRR

N

]
|
Ny

77T L7 T HD DT 277 27 0L 30 0 L R 0 D T8

N TAD LD AL LT L P T AT D T DALY D T4 A DA A

Q

oYX

O-
) R

R

o
7
4
v
&
s
s
N

0|\

N

Q
N
Q-

O

]
[T

20

N
N,
-

Do
T
Ly
077,
7,7,
7,
[\
—
N
Ny
N

AY
[O)
[M11]
i

E
.

faadiii 2 SN = G L7
1 % NN Z V.23
N v
Y2 38 4 6 7 \\\\\\\\Q 8. i : ‘38 24 P
Naz2z) ! RN 3 s
% O - L e Yy c \:\t\\\\\\\ & c__ H 4_6_b 7N 7oA
20| Q=0LJOZ0/ O R O (0=0U0=0 [ 04 7
) N i i X 44
NS N 10755200 | TONARIN 1 247525 1 NRN 2 I NN (5 5 T o 2 9 N HF4
ZANI N> 7 N5 P N \\\\\\ = SRR N NN N7 7
el 1S oo a0 BRNE o0 ao SN«
sl CHCECNCRNC] \\ [SifcicNcwen ~ pal
1R 77NN W N B NSNS l A VAT il
<-—T!- Z N ) 74 \\\QSS\\\Q\ 4 \ o\ N7 -l;J.l i?aﬁ
' 20N L/ NN N i——\x
5 S ZANNINN Y SNV A | = 'é
”“ RS — — IV s ept— N / _U’ 14 &
~CINy -7 36 A S
AN N A ’ﬂ
g N, 1)
5 LHeactior Sectzon N\ | 3 ;g
M NN\ 46 f
f
4 NN gl
NN .
R A AT WX Sl NN : %
oy \\\\\\\ A :;
NN N NN 2 t¢
DN N AN / B 22NN
ety
:
i

2z

o
INVENTOR,

alte C. 50&@115&5

Valentine Mekler




Patented June 9, 1953

2,641,234

UNITED STATES PATENT OFFICE

2,641,234
HEATER

Valentme Mekler, Jackson Heights, Marcel J. P.
Bogart, Mamaroneck, Otto C. Schauble, Mount
Kisco, and Edward H Palchik, Forest Hills,
N. Y, assxgnors to The Lummus Company, New

York N.

Y., a corporation of Delaware

Application January 23, 1948, Serial No. 3,848
(Cl1. 122—356)

5 Claims.

1

This invention relates to improvements in heat-
ers of the tubular type for the carrying out of
chemical reactions by pyrolysis.

The particular object of our invention is to
provide ‘a tubular heater having relatively high
heat input rates in the reaction zone which are
substantially uniform throughout 360° of the tube
cross section as well as along the length of a tube
section.

Another object of our invention is to provide
an improved bafile tile and tube construction
which will provide for a high degree of reradiation
of heat to the tube units.

A further object of our invention is to provide
a tubular heater having independently fired and
controlled reaction sections and preheater sec~
tions in which the relatively cooled products of
combustion from the reaction section are passed

‘through baffle floor tile into the preheater section
-wherein they are further heated by additional hot

products of combustion generated in the preheat-
ing section for the desired heat transfer to the
tubes therein.

A still further object of the invention is to pro-
vide an improved method for the pyrolytic treat-
ment of light hydrocarbons or organic compounds
in which improved control is provided for the rate
of heat input and particularly of the residence
time so that optimum yields of desired products
may be obtained.

Further objects and advantages of our inven-
tion will appear from the following description

of a preferred form of embodiment thereof and

in which:

Pigure 1 is a substantially central vertical sec- =

tion through one unit of a multiple tubular
heater.

Figure 2 is a detailed and enlarged vertical
cross section showing the baffle tile and tube con-

_struction. -

The heater or furnace contemplated is a sub-

.stantially rectangular chamber construction hav-

ing side walls 10, end walls 12, a floor 14 and a
closed roof or top wall 16. The heating tubes 18
are generally disposed within the furnace cham-~
ber delineated by these walls and suitable heating
means such as gas or oil or similar burners 20

-are placed in the floor, and as particularly con-
‘templated herein, are also mounted at 22 in the

end walls.

It is well known that heaters of this type may
be suitably supported by columns 24 and a rain
shed 26 is also provided. The furnace walls may

‘be provided with suitable insulating fire brick in-

dicated at 28 and, if desired, the walls may be of
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separate panel unit construction such as deseribed
in the Reed et al. Patent 2,147,609. The products
of combustion pass to a stack (not shown) inter-
connected with the gas discharge outlet 38 in a
well-known manner. While the unit shown is
complete, it may be one unit of a multiple cham-
ber heater where added chambers are found pref-
erable to the construction of larger chambers.

Our invention is primarily concerned with a
heating tube arrangement whereby most effective
pyrolysis can be obtained. In designing heaters
for preheating or cracking hydrocarbons espe-
cially for cracking gases at high temperatures, it
is important to have uniform heat transfer rates
about the entire circumference of the tube sur-
face. This is particularly true in the zones where
the reaction or conversion takes place and it has
been customary in the past to use molten metal
baths whieh, of course, have many operating
cbjections.

In the usual types of tubular heaters, especially
in the petroleum cracking field, it is found that
one side of the tube is relatively colder than the
other. With gas cracking, some coke formation
is likely to occur on the colder surface of the tube.
Furthermore, where the tube skin temperatures
vary around the entire periphery of the tube, there

"is often degradation and decomposition of the

heated medium on the side of the tube where the
temperature is considerably above the average.
If the temperature is below average, then there
is a reduction in conversion yields.

Unequal rates of heat transfer on the circum-
ference of the tube also have the undesirable
effect of increasing the tube stresses on the hot
side particularly when the heat rates at operat-
ing temperature levels are of a high order of
magnitude.

A further factor enters into the cracking of
light hydrocarbons for the production of olefins
such as ethylene, propylene, butylene, or in crack-
ing or pyrolysis of organic compounds for produc-
tion of raw materials for chemicals and that is
the control of the residence time at specified tem-
perature and pressure conditions. Tt is essential
that provision be made for the variation of the
residence time for different stocks for it is essen-~
tial that the heaters be arranged to provide opti-
mum residence time and heat rate inputs for the
specified product as well as for different charge
materials.

In our construction, we provide independently
fired reaction and preheater sections so arranged
as to give such flexibility of operating conditions
that the shape of the temperature curve and the
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duration of soaking time may be changed at will
to meet the requirements for opimum yields of
varied products from a wide range of feed stocks.
In accordance with our invention we have
adapted a type of tubular heater having hafie tile
and roof tubes with cooperating plenum chamber
as shown in the Reed Reissue Patent 21,386 to
accomplish a highly efficient pyrolysis of hydro-
carbons or organic compounds. As shown in Fig.
1, the preferred heater includes a preheater sec-
tion and two reaction sections. The reaction sec-
tions each have a series of harizontally disposed
serially connected bare surface tubes 34 opposite
the burners 28, and to provide independent con-
troiled reaction sections a bridge wall 3¢ may be
provided hetween them. The reaction sections
are completed by a series of horizontal roof tiles
38 which cooperate with the upper tubes 34 as will
be hereinafter deseribed. :
Referring to Figure 2, it will be noted that the
tubes 34 are centered in arcuate substantially
parabolic suriace segtions 38¢ and. 380 of adja-
cent tile immediately above the tubes. The arcu-
ate surfaces 38a¢ and &8b are not only of the
desired shape te focus the heat rays on to the
upper surface of the tubes 34 and are suitably
.spaced above the tubes (having a radius from
1.75 to 10 times. the tube radius) {c accomplish
this purpose; but they also serve to- direct, uni-
formly, the combustion products through the
openings 3%¢ into the preheater section above.
These tile thus form a horizonial partition be-
tween the two chambers and are made of speecial
refractory material both to establish draft resist-

ance, and to effect a uniform and guided passage

of the gases over the heat absorbing surface of
the tubes. They thus pravide the desired con-
vection, and reradiation heat to the tubular heat-
‘ing surface and make it possible to have sub-

stanially uniform heat input throughout the 360°.

of the tube cross section as well as throughout
its length.

Preheating of the charge is accomplished in the
preheater section which not only has the side wall
tubes 1& but preferably has two rows of roof
tubes 48 and 41 the upper of which is provided
with roof tile 82 to-form. a diffusion bafile for the
discharge of the products of combustion to the
plenum chamber 44. These tiless may be of the
type shown in the Zimmerman Patent 2,147,610.

To avoid local overheating of the tubes 8 due
to laning or channelling of the low velocity heat-
“ing gases relative thereto, this diffusion baflle is
arranged at the outer side of the row of tubes 41

with the gas flow passages 42a¢ therein uniformly -

distributed and of less aggregate flow area than
the aggregate intertube area of the subjacent por-
tions of the row of tubes 41, thereby providing a
pressure drop between opposite sides of the baffle
which will cause the low velocity heating gases
to flow uniformly past all of the tubes in koth
TOWS.

This hafile performs two functions—it presents
a restricted area for the outlet of the hot gases
which insures slow travel of the combustion gases
through the furnace proper particularly past the
roof tubes; it also distributes the openings uni-
formly over:the entire bafffe surface, thus provid-
ing a uniform flow of heating gases across the
roof tubes.

It will thus appear that the primary products
“of combustion leaving the reaction section below
the horizontal partition 38: will pass up into the
preheater section above and be further heated by
the: burners 22 and, hy- use of the hafie: tile 42
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4
and plenum chamber 44, a blanketing effect will
be obtained which will provide substantially uni~
form heat input to all of the tubes in the side
and roof of the preheater section.

In the construction which has heen described
the transfer of heat to the tubes {8 in the pre-
heater section takes place substantially entirely
by radiation. The travel of the combustion gases
takes place at such a rate that very little con-
The tubes in the roof of
the furnace (or in the exit side, where the gases
da not leave the furnace at the roof) are spaced
at suflicient intervals to prevent a rapid fiow of
gases. past the lower row of tubes. The restricted
exit areas in the diffusion baffle above the roof
tubes are such as to prevent rapid passage of
gages past these tubes, and also such as to insure
a uniform distribution of the gases across the
roof-tubes. The result is a heat transfer wherein
convection plays a very slight part except in the
second row of roof tubes as explained above. The
upper row of tubes 41, of course, will be heated
both by radiation and by reradiation and by con-
vection effect.

It is-also possible to include floor tubes 48 which

-will ke heated by radiation from the burners 22

as well as by the convection effest of the gases
passing up through- the tile 38.

It will be obvious that this form of heater lends
itself easily to a- two-stream: parallel flow of Suid
through the heater, the heating in the two streams
heing at a substantially uniform and egual rate
and to the same final temperature throughout.
Thus ona stream may flow serially through half
the tubes 41, half of the tubes 48, and one group
of wall tubes I8 and half of the flaor tubes 46,
and thenee through half the reaction tubes 34
while the other stream flows through the remain-
ing half ef the heating surface. At the floor
tubes 46, the flow may be split and thence into
four groups of tubes 34 in the reaction section
and thence out the outlets 48¢, 48b and 48c and
484,

The time: of reaction for pyrolysis of hydro-

-cartbon gases and: organic chemicals is frecquently

very short and may be in: the order of a fraction
of a second. The pressures are also quite low,
the: discharge pressure being substantially atmos-
pheric and the inlet pressure is as low as possible
to accomplish the movement of the products
through the heater. Temperatures on the other
hand are frequently in. the high range of 1350
to. 1450> F: and heat input rates may vary from
5000 to 15,000 B. t. u. per square foot per hour.

Specific. examples of Important uses for a
heater of this type include the pyrolysis of pro-
pane, ethane, propylene and other light hydro-
carbons to produce lighter olefins and it may also
be used in the organic chemical field as, for ex-
ample, in the pyrolysis of acetone to ketene. As
will be appreciated sueh appiications depend upen
very ‘precise- control and time-temperature rela-
tions: to obtain optimum yields of the desired end
products.

While we have shown and described a preferred
form of embodiment of our invention, we are
aware that modifications may be made thereto
and we therefore contemplate that such modi-
fications as come within the scope and spirit of
the description herein and the claims appended
hereinafter are within the contemplation: of our
invention.

Features disclosed in this application but not
claimed are claimed in our divisional application

‘Sexial Na. 326,976, filed December:19;, 1952,
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We claim: Coe

1. A fluid heater comprising a housing, ver-
tically spaced, horizontally extending partitions
dividing the interior of said housing into super-
posed chambers including an upper chamber, an
intermediate chamber and a lower chamber, each
of said partitions forming the roof of the cham-
ber therebelow and the floor of the chamber
thereabove and having gas exit apertures dis-
tributed over the area thereof, burner means to
conduct combustion in said lower chamber, burn-
er means to conduct combustion in said inter-
mediate chamber, and rows of fluid heating roof
tubes within the lower and intermediate cham-
bers respectively, beneath the respective parti-
tions and distributed across the area thereof,
said tubes being exposed for radiant heating by
said combustion within the respective chambers
and having inlet and outlet means and being
connected for fiow of & fluid to be heated first
through the tubes of one of the chambers and
subsequently through the tubes of the other
chamber, said gas exit apertures enabling dif-
fused flow of combustion gas from the lower
chamber through the other chambers in succes-
sion said partitions being formed of rows of tiles,
said gas exit apertures being formed by spaces
between the tiles, and the tiles of the partition
which forms the roof of the intermediate cham-
ber being supported on the adjacent roof tubes.

2. A fluid heater comprising a housing, ver-
tically spaced, horizontally extending partitions
dividing the interior of said housing into super-
posed chambers including an upper chamber, an
intermediate chamber and a lower chamber, each
of said partitions forming the roof of the cham-
ber therebelow and the floor of the chamber
thereabove, burner means to conduct combustion
in said lower chamber, burner means to conduct
combustion in said intermediate chamber, rows
of fluid heating roof tubes within the lower and
intermediate chambers respectively, disposed be-
neath the respective partitions and distributed
across the area thereof, and a row of floor tubes
within the intermediate chamber, said partitions
having gas exit apertures distributed across the
area thereof and enabling a diffused How of com-~
bustion gas from the lower chamber through the
other chambers in succession, said gas exit aper-
tures being located directly over the respectively
adjacent roof tubes and being narrower than the
latter to cause the escaping gas to flow around
the upper side of the tubes, and said floor tubes
being disposed directly over the gas exit aper-
tures respectively of the partition therebeneath,
with clearance for fiow of combustion gas around
the under side of the tubes from said apertures
to the intermediate chamber, the tubes of all of
said rows being exposed for radiant heating by
said combustion within the respective cham-
bers and having inlet and outlet means and be-
ing connected for flow of fluid to be heated
through the roof tubes of the intermediate cham-
ber and subsequently through said floor tubes
and the roof tubes of the lower chamber, in suc-
cession, whereby the fluid may be preheated by
the heat in the intermediate chamber and con-
verted by the heat in the lower chamber.

3. The heater of claim 2 wherein the inter-
mediate chamber has side wall tubes connected
to the roof tubes of the intermediate chamber to
receive the fluid therefrom and connected to said
floor tubes to deliver the fluid thereto.

4. A fluid heater comprising a housing having
a lower wall, a vertical dividing wall extending
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upward from the lower wall ‘of said hdusing,
horizontally extending partitions dividing the in-
terior of the housing into a plenum chamber, a
preheater chamber directly therebeneath and a
pair of reaction chambers directly beneath said
breheating chamber at opposite sides of said
dividing wall, said wall extending into the pre-
heater chamber and terminating below the top
thereof, burner means for conducting combus-
tion at opposite sides of said wall within the
preheater chamber and the reaction chambers,
said partitions each forming the roof of the
chamber therebeneath and the floor of the
chamber thereabove and each having gas exit
apertures distributed over its area, roof tubes
within each of said reaction chambers and dis-
tributed across the roof area and exposed to
radiant heating by the combustion within the
reaction chambers, two groups of roof tubes in
the preheater chamber distributed across differ-
ent portions of the roof area, tubes at the side
walls of the preheater chamber opposed to said
dividing wall and exposed to radiant heating by
the combustion within the preheater chamber,
each of said groups of roof tubes having inlet
means for fluid to be heated and the roof tubes
of each reaction chamber having outlet means
for said fluid, and connections for passing the
fluid from one of said groups of tubes through
the tubes at one of said side walls and through
the tubes of one of the reaction chambers, in
succession, and for passing the fluid from the
tubes of the other of said groups through the
tubes at the opposite side wall and the tubes of
the other reaction chamber, in succession.

5. A fiuid heater comprising a housing, a hori-
zontally extending partition dividing the interior
of said housing into superposed chambers, said
partition forming the roof of the chamber there-
above and the floor of the chamber therebelow
and having gas exit apertures distributed over
the area thereof, a row of fluid heating roof
tubes within the chamber below said partition
and distributed across the area of the partition,
the tubes of said row being located respectively
beneath said gas exit apertures, a row of fluid
heating floor tubes within the chamber above
the partition and distributed across the area
thereof and located respectively over said gas
exit apertures, burner means for conducting com-
bustion within the chamber below the partition,
burner means for conducting combustion within
the chamber above the partition, said tubes being
exposed for radiant heating by said combustion
within the respective chambers and having inlet
and outlet means and being connected for flow
of a fluid to be heated first through the tubes
of one of said chambers and subsequently through
the tubes of the other chamber, and combustion
gas outlet means for the chamber above the par-
tition, said gas exit apertures being narrower
than the tubes thereabove and therebelow and
there being spaces between the partition and said
tubes for flow of combustion gas around the
tubes from the chamber below the partition to
the chamber above the partition.

VALENTINE MEKLER.
MARCEL J. P. BOGART.

- OTTO C. SCHAUBLE.
EDWARD H. PALCHIK.
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